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SECTION 6 Microscopic World

Multipfe-Cholce Questions
CE_05
Hydrogen chloride has a low boiling point because
A, weak covalent bonds exist between hydrogen chioride molecules,
B.  weak covalent bonds exist between hydrogen atoms and chlorine atoms,
C.  weak van der Waals' forces sxist between hydrogen chloride motecules.
D.  weak van der Waals’ forces exist between hydrogen ions and chloride jons.

Remarks:

Directions: Decide whether each of the fio statements is true or false: if both are true, then decide whether
or not the second statement is a correct explanation of the first statement. Then select one option from A to
D according to the following table:

Al Both statements are true and the 2nd statement is correct explanation of the Misstatement.

Both statements are true but the 2nd statement is NOT a correct expl ion of the Ist

B.
C.  The Ist statement is false but the 2nd statement is true.
D

Both statements are false.

ALOS(I)_03
! Which of the follewing best represents the reaction of (CHa)sN with BF) to form (CH3sNBRs?
A HBC'/,,
H;Q CH, B. Hac'—N—CH:;
HyCaly + 7N — f
N ¥ B,
F N
r
F
B H;C
3%,
HyCulep~ s
HC  cH, T N
HyCalyy”” + pe—pl
N F B\F F/B";"”F
F
C.
P o e
H:;CI‘ v e BTy
;N—CH3 + p—B. — HC [t
HC \F F—B;;
F
D
HC,  cH,
HC o B. HyCm=-N
2 a3 ~ N\ “F |
HiCalyy + o\ - 3
H ST
F
T
ASLOB(T) 05
Which one of the following molecules has a zero dipale moment?
A. BR B. PHy
C. 80 D. HCI
ASLI2(T)_03
Which of the following specics is NOT planar?
ow Ao Boron trifluoride - . B, Nimate(Vyion - e
C.  Phosphorus trichloride D.  Phenylethene
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DSEI2PP_02

Which of the speoies sliown betow doos NOT follow the “octet rule’?
A, NaxO B. MgO

¢ PCh D, 8Cl
DSEI2PP_16

Which of the following molccules is non-potar?

A.  BeCh B. NH;

C. H0 D. Hcl
DSE12PP_17

Amimonia Is very soluble in water, Wihich of the following statements best accounts for this
phenomenon?

A. Bath amimonia molecule and water molecule are polar,

B. Ammonia molecule aud water molecule are of comparable sizes.

C. Awmmonia undergoes fonization in water.

D, Ammonia forms hydrogen bond with water,

DSEl2_05

Which of the following molecules is polar?

A. BF: B, Ce

C. NHi D. SF
DSEL2 12

Which of the fotlowinpg melecules Is planar?

A, BFs B. NH3

C. CH; D. PCh
DSE13_23

To which of the following molecules isfare the *octet rule’ NOT appticable?
(1} Of

(2) NG

3 Cs:

A (D)only B. (2)only

C. (f)and 3)only D. (2)and (3) only
DSEI3_24

P statement 2™ statement

The hoiling point of hydrogen chloride is
higher (han that of hydrogen Muoride.

The moleculer size of hydrogen chloride is
grenter (han that of iydrogen flucride.

DSEl4_22
Which of the following molecules have non-octet struetures?

(i) NO;

2} PBn

{3) BCh

A, (D and (2)only B. {({yand 3)only
C.  (2)and (3)only D, (1), (2)and (3)
DSE14_23

When a negatively charged rod is placed near a jet of liquid runaing ot from & burette. the jet of
liquid deMects towards the rod. Which of the following may the liquid be?

(1) Water

(2) Hexane

(3) Trichloromethane

A, (f)yand (2) only B. (i)eund (3)only
C. (2)and 3)only D. (1), (2 and((3)
DSE14_24
19 statement 299 statement
All acidic gases can react with CaO(s} to All acidic gases contain hydrogen as one

form salt and water oniy. of their constituent atoms,

DSELS i1
In the species below, the underlined atom is the centeal atom, and ali non-central atoms have octet
electronic arrangement, In which of them doos the central atom NOT have octet electronic

arrangement?
A, Bk B. Ch
C. CS D. NCIs
DSEIS_24
1# statement 2™ gtatement
The boiling peint of HyO is lower than that The clectronegativity of oxygen is lower
of HF. than that of fluerine,
DSEL6_L6
Which of the following compounds has thie highest boiling point?
A, HF B. HCI
C, PH; D.  HaSe
6
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DSE16_2i
Which of the following molecules have a simitar shape?
() BCh
@ NH;
(3) PR
A. (1) and (2) only B. (1)and(3) only
C. (2 and (3) only B, (1), (@ and (3)
DSEI7_I2
Which of the following molecules is potar?
A, CO: B. PCh
C.  SiP4 D. 8B
DSEi7 24 [0OUT]
1% statement 28 statenient
Both buckminsterfullerence (Ces) and Buckminsterfullerence {Ceo) and graphite
graphite are good conductors of clectricity. are different forms of carbon.
DSE18 16
Which of the following molecules is/are nonpolar?
(1} BChL
2) PCh
(3) CHCh
A, (Donly B. (only
C.  (Hand(3)only D. (2)and (3) only
DSEI9_13
Which of the following combinations is correct?
Molecule Molecular shape
A. OF, Linear
B. CS2 V-shapd
C, NCh Trigonal planar
b. PF3 Trigonal pyramidal

- —— r—

DSE20_20

20, Refer to the sketch below :

boiling point

= == T T

‘Which of the following can explain the variation of the boiling points of the hydrogen halides 7

(4] The boiling point of HF is higher than that of HC| because the hydrogen bonds between HF
melecules are stronger than the van der Waals® forces between HCl molecules,
1#3] The boiling point of HI iz higher than that of HBr because HI molecules are more polar than HBr

moleculss,

&3] HCI has the lowest boiling point because it has the smatlest molecular size.

Howe

DSE20_22

22 Which of the following statenients concerning ice and water at € °C are correct ?

(1) only
{2) only
(1) and (3) only
{2} and (3} only

{1 ‘The density of ice iy lower than that of water because ice has an open structurs but water does not.
[#33 In ice, the hydrogen bonds bétween the molecules are weaker than the covalent bonds in the molecules.
3y In ice, each molecule links up with only two neighbouring molecules by hydrogen bonds.

A
B,
C.
D.
DSE21_10
10. Which of the following processes involves the breaking of hydrogen bonds ?

O 0w

HBr(l) - HBr(g)
CH;OH(1) - CH:OH(g)
CH;CHO(I) ~» CH:CHO(g)
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Structural Questions
ALOO()_0! {modified)

Explain why nitrogen forms only one chioride, NCls, whereas phosphorus forms two chlorides,
PCl3 and PCls.

{2 marks)

ALOO(D_01
Account for the order of boiling point for the two series of compounds below:
Hy0 > C:HsOH > C:HsOC:Hs
28 < C3H58H < C:HsS8C2Hs

(3 narks)

ALOG{I)_01
The diagrams below show the arrangement of atoms, ions or molecules in four crystalline
substances: graphite, ice, iodine and sodium chloride.
(a) Write the name of the substance of each structure in the space provided.
(b) Label, on the diagrams, the types of inleractions that are present in these substances.

}p&?o

(@) )

(6 marks)

ASLOO(IL)_09
Silicon forms a hydride with formula SiHy.
(a) Draw the three-dimensional structure of SiHa,
(1 mark)
(b}  The electronegativity values (Pauling’s scale) of H and Si are 2.1 and 1.8 respectively.
State, with explanation, whether or not SiHq is a polar molecule.

{2 marks}

... (8} . The boiling points of 8i and SiH4 are 2628 K and 161 K respectively. Explain why the .

boiling point of Sily is much tower than that of Si.

(2 marks)

ALOI(}) 01 [Same as DSEI3_01]
Explain, in tenmns of structure and intermolecular foree, wliy water is denser (han ice.
(2 marks)

ASLOI()) 0]
A negatively charged rod was brought near a jet of water running out from a burette.  The jet of
water was deflected as shown:

watey

[ C—
() With reference fo the structure of water, explain why the jet of water was deflected,
{2 marks)
(v}  State the effect on the jet of water if the negatively charged rod is replaced by a positively
charged rod, Explain your answer,
(2 inarks)
{6)  Ifcyclohexane is used instead of water and a negatively charged rod is brought near the

Tiquid jet, would the liquid jet be deflected? Explain your answer.
i {2 motks)

ALY2()_03
€0; and 510 are oxides of Group 1V elements. Account for the faet that COq is # gas while Si0x
is a high melting solid under room temperature and atmospheric pressure.
{2 marks)

ASLO2(Iy 04
For the substances below, skotch the variations of their boiling points and account for the variations.
Hydrides of Group VI elements, H30, HiS, HaSe and HaTe
{4 marks)

ALO2(11) 01
Ampiotia (NH3) and phosphine (PH3) are hydrides of nitrogen and phosphorus respectively.
Account for each of tlie following phenomenat
(#) The bond angle between two N-H bonds in NH; (about 107°) is greater than that between
P~H bonds in PH; {aboul 94°),
(2 marks)
(b) NHs is very soluble in water but PH; is sparingly soluble.
(I mark)
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AL03(1)_01
Blemental oxygen exisls in the atmosphere in two forms, Oz and Os.
(a) Draw the electronic structure of Oy,
(1 mark)
(b) Suggest why O3 is more soluble in water than Oa.
{2 marks)

ASLO3(1) 02
Asrange the following compounds it order of increasing boiling point. Explnin your answer.
CH3(CH2):CH3, CH3{CH2)3Cl, CHa(CH:)30H, CHy(CH2):CHa
{5 marks)

ALO3ID_03
The ‘octet e’ is commeonly wsed in elementary chemistry course to account for the formation of
chemical bonds.
(@) What is the octet mile?
(1 mark)
(b) With appropriato sxamples, state two fHmitations of the octet rule.
(2 marks)

ALOA(T)_02
Consider the noble gasos, He, Ne, Ar Kr and Xe. Sketch a grapli to show the variation of boiling
point of these noble gases and account for the variation,
{2 marks)

ASLO4(I)_03
The graph below shows the variation of boiling point of four hydrogen halides.

\-—/

L 1
HF HCI HBr Hi

285
080

boiling poiut / K
=3
<

<

(&)  Account for the variation of boiling point of HCY, HBr and HL
{2 marks)
(b}  Suggest why HF has the highest boiling point among the four hydrogen halides.
{Simitar to DSEI2_02]
(2 marks)
(¢} Do you agree with the following statement? Explain your answer.
*H-F bond is more polar than H-1 bond, therefore HF{aq) is a stronger acid than Hiag)."
{2 imarks)

—rcCc o oo

ALO4(ID_01 (medificid)
A gaseous compound A has the following composition by mass:
N 216%, O 492% end F 292%

(8) Deduce the empirical formula of A,

{2 marks)
(b} Ifthe molecular mass of A is in the range of 60 to 70 and hence deduce its molecular formula.

{2 marks)
{c) Draw all possible three-dimensional steuctures of A.

(3 marks)

ALOS(l)_02

Nitrogen monoxide reacts with fluorine to form nitrosyl fluoride, FNO, according to the following
equation:

2ZNO{g) + Tag) —= 2FNO(g)

Draw the electronic structure of nitrosyl fluotide.

(1 mark}
ASLOS(T) 02
@® @ Draw a three-dimensional structure for each of the fallowing species:
PH; and WHs*
(2 marks)
(i) Which species in (i) has a larger bond angle? Explain.
(1 mark)

()  The disgram below shows part of the lattice of caesium chloride with one caesium ion
labelied with a positive (+) sign.,

(0] In this diagram, mark all caesium ions with a positive (+) sign and all chloride jons
with a negative {-) sign.

{1 mark)

()  What is the ber of t chloride surrounding each caesium fon in caesium
chioride erystai?

{1 mark)

(i)  Explain why caeslum chloride is an insulator of eleetricity in the solid state, but it
conducts electricity In the molten state,

(2 marks)

Provided by dse.life




ASLO5(1)_05
In a highly prossurized steam boller, the oxygen dissolved in water can cause corrosion to the
metallic parts of the boiler. The dissolved oxygen can be removed by adding hydrazine (NzHy) inlo
ths boiler.
{a)  Draw the clectronic diagram of a hydrazine molecule, showing clectrons in the outermost
shells onty.
{1 mark)
{b)  The reaction of hydrazine with oxygen gives nifrogen and water, Write the chemical
equation for this reaction. Hence, suggest one advaniage of using hydrazine as an
anticorrosive agent in steam boilers,
(2 marks)
(¢) A steam boliler contaius 3.2%10¢ din® of water. The dissolved oxygen in the watet is 6.4 mg
dm~%, Caleulate the wass of hydrazine required to remove all the oxygen present in the
watcr.,

{2 marks)

ALOS{IT)_02 (modified) [Similar to DSEIZ_02, DSE19_06)
Account for the following: "Sulphur dioxide possesses a overall molecular polarity while carbon
dioxide does nol.™

{3 marks})

ALOS(I)_03 [oUT]
Fullerences refer {o the class of near spherical atlotrepes of carbon including Cep, Coo and Cas. They
are made by electric arc discharge of graphite rods in an Inert atmosphere. A sample is known to
contain the above-mentioned fullerenes. Suggest an instrumental methad {o show the presence of
these fullerenes in the sample and state the expected results,

(2 marks)

ASL85(1D_09
Arrange the following compaunds B, C and I in order of increasing boiling point, and cxplain
your answer.
CHa{CH21CH; CHy(CH2):0H CHiCHCOCH;
B C b

ALOG(l)_02a
Both dismond and graphite are allalrapes of carbon,
(i}  Give the meaning of the term ‘allotrope’.
(1 mark)
(i) Draw o diagram to show the three-dimensional arrangement of carbon atoms In graphite, and
indicate the Internetions between the carbon atons.
' (2 marks)
(iiily Given:
C(dinmond) —= C{graphite) = -2 kJ mol™
Explain why the conversion of diamond into graphite will not oecur spontancously under
nommal conditions,

(1 mark)

(iv) Name two allotropes of another clement in Period 2, and draw the struefures of these
allotropes.
{2 marks)
ALDGUT) 02

(a) Explin why ico is less dense than water. [Same as DSE13_02}

(3 marks}
{b) Explain why it is possible to skate smoothly on ice at temperature befow 6 °C,

(2 marks)

ALOS(II)_02
Amtmonia and hydrogen azide (HN;) are hydrides of nitrogen, Draw a possible elecironic structure

of hydrogen azide.
(1 mark)

ALQ7_Sample Paper  [OUT]

A sample of soot obtaiited from an experiment was known fo contain fullerenes, When the sample
was treated with benzene, a red solution and a bfack residue were obtained. This solution, upon
evaporation, teft behind red crystals — a mixture containing mainly Ceo and Cre.
(8)  Suggest why Ceo and Cro are soluble in benzene, while the residue is nol.

{2 marks)
(b) Suggest a method to isolate Cep and Crp from the red crystals.

(2 marks}
(v} Both Ce ond graphite are allotropes of carbon. With reference to their structures, compare

the eleetrical conducting properties of Ceo and graphite in solid state.
(2 marks)

3
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ASLOT(D_0)
Tetracthyl lead, Pb(CoHs)s, was once widely used as an anti-knock agent in petrol, This anti-
knocking function of P(CaHs)s is now conumonly performed by methyl ~-buty] ether (MTBE)
instead.
(@)  Draw the three-dimensional steucture of Pb(CaHs). (You are required to show only the
stereochemistry of the centeal atom,)
{1 mark)
(b)  Write the chemlcal equation for the complete combustion of Pb(CoHs)a.
(1 maork}
f¢)  Based on environmental consideration, suggest swo reasons why MTBE instead of
PH{CaHs)y is now used in petrol.
{2 marks)

ALO7(1)_02
Wiite the Lewis structure of 8044 and $:0:% jons, and give the oxidation state of all sulphur atoms
in each of these ions.
(4 marks)

ALO8(D_01
(a) Drow a “dol-and-cross” dingeun to show the arcangement of the outermost clectrons in the
species NH(g), and predict the shape of this species

(2 marks)

(%  Arange the H-N-H for the three species: NH:"(g), NHa(g) and NHi'(g). Explain your
ordering.

(2 marks)

ALO8(I) Ol
Both sedium and chlorine are clements in Period 3 of (he Perlodic Table, At room temperature and
atmospheric pressure, Nuz0 is a solid with a very high melting point whereas ChO is a gas. Account
for this difference in properly between Na2xQ and ChO,
{2 marks)

r—-
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ALOS(T)_04

Both diamond and graphite are allotrepes of carbon. A unit coll of diamond and a part of the
structure of graphiic are shown below:

aunit cell of diamond a part of the structure of graphite

(a) Diamond and graphite show a marked difference in electrical conductivity. Account for their
difference in electrical conductivity in terms of bonding and structure. [Similarto DSE{4_01}

(3 marks)
(%)  Buckminsterfullcrence (Ceo) is anotlier atlotrope of carbon, [ouUT}

structure of buckminsterfullerene

Suggest and explain how you would differentinte two samples of black powder, one of
buckminsterfullerene and the other of graphite by
(i)  aphysical method, and

(2 marks}
(i)} & spectroscopic method,

(2 marks)

ASLOS(E)_01 [Same as DSE13_02]
(8)  Draw the respective electronis strusture of BEy and NHs, Hence, deduce the shape of each

species.
(3 marks)
(b}  Draw the thee-dimensional structure of the product formed from the reaction of BFs with
NH;s.
(1 mark}
15
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ALOYI)_02
The compound (CN); resembles the halogen in many ways and is often described as a
“pscudohalogen”
(n) Draw the Lewis structure of (CNJa.

(1 mark)
(b) Deduce the physical state of (CN}2 at room temperature.

(¢} mark)

ASLOS(IL)_04
The table betow lists the mehting poitus and boiling point of cis-1,2-dichloroethenc and #rams-} 2~
dichloroethene.

Compound Melting point /°C Boiling paiut / °C
cis-1,2-dichloroethene -80 60
trans-1,2-dichloroethene —50 48
Explain why
(@)  cis-1,2-dichloroethene has a higher boiling point, and
(2 marks)
) frans-1,2-dichleroeticne has « higher melting point.
{2 marks)

ASL10()_04 (Madifieid)
Bath nitrogen and phosphorus are Group V clements. Phosphorus forms two chlorides, PCly and
PCls, bul nitrogen forms only one chloride, NCls.
{#) Suggest why NCls does not exist.

(2 marks)
(b} Draw the three-dimensional structure of cach of the following molecules: PCls and PCls.
{2 marks)
{¢) Suggest why phosphorus forms PI; but not Pls.
(2 matks)
ALLI{) 0}
{b) (i) Forcach of the following molecules, draw its three-dimensional struclure:
OF; and ST
{2 marks)
(ii) Suggest why SFs exists while OF¢ does nat.
(2 marks)
ALI11(T)_03 [Similar to DSE14_02]
(b)  Account for each of the following:
....... shanol is miscible sith water, but sthoxyethane Isnot, ...
{2 matks)
16
= » Y £ a i » 5 &
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ASL1I(I)_08
Polyacrylamide, polyacrylonitiile and polypropens are three polymeric materinls used as textile

~E—-CH2(!3H3"— —E“C“z?ﬂa;“ —E—CHZ?H-];—
N Ci,

fabrics.

QONH, 1
polyacrylamide polyacrylonitrile polypropene
Arrange these polymers in order of increasing tensile strength. Explain your artangement.
{4 marks)
ASL12(T) 01
{a) Draw a Lewls structure for thiocyanate fon, SCN™.
(1 mark)

ASLI3() 0t
Complete the table below for the three types of binary covalent compounds by giving ONE example
and stating its molecular shape for each type.
Type Example Molecular shape
XY2

(one lone par on X}
XY,

{no lone par on X}
XY:

(one lone par on X}

{3 matks)

ALI3()_61
(b) Amonge the hydrogen halide HT, HCI and HBr in increasing order of boiling point. Explain

your arrangement.

{3 marks})

DSEIISP_06
A negatively charged rod was brought near a jet of water running out from a burette. The jet of

water was dellected as shown:

water
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(a)  With reference to the structure of water, explain why the jet of water was deflected.
(2 marks)
(b) State the effect on the jet of water if' the negalively charged rod is replaced by a positively
charged rod, Explain your answer.
(2 marks)
(¢} I hexane is used instead of water and a negatively charged rod is brought near the liquid jel,
wouild the liquid jet be deflected? Explain your answer.
(2 marks)

DSEI12PP_(3
(b)  Consider the nitrogen compound NClj,
()  Draw the cleciron diagram of NCli. showlng electrons in the owtermost shells only.

{1 mark)
(i} The shape of NCla Is similar to that of NHj. Explain why this is so.
(2 marks)
DSEI2PP_06
The table below lists some informatien about six hydroxy compounds, A, B, C, D, E and F.
Compound Strustueal formula Bolling point at { atm /°C  Density al 20 °C/ g emy?
A CHXOH 65 0.7914
B CH3;CH,OH 78 6.7893
c CH3CH,CH,OH 97 0.8035
) CHyCH(OH)CH; 82 0.7855
E HOCH;CH;CH0H 213 1.0597
F HQCH;CH(OH)CH20H 290 12613
(a) Give the syslematlc name of E,
(! mark)
(b)  Actount for the varintion in bolling points of A, B and C.
{2 marks)
(c)  Explain why the densily of C is greater than that of D.
(2 marks)
(d) Three identical steel balls are added separately to three steel balls
identical vertical glass tubes each containing the same volume / ’
of D, B and F as shown in the diagram on the right. (2} [ s

In which tube will the sicel ball take the longest time lo reach )
the bottom? Explain your answer. (You are required (o consider D]
the intermolecular attraction forcos involved.) s

(3 marks + | mark)

— e e

DSEL2_04 [Similar to ASLO4(T)_03b]
With the aid of a diagram, explain the formation of hydrogen bonding in hydrogen fluoride.
{3 marks)

DSEIL3_01 [Same as ALOG(IN_02)
Water is the most abundant compound on the Earth’s surface, It is very important to life on Barth.
(€}  Explain, for moleculatr lovel, why the density of ice is lower than that of water,

{3 marks)
DSEL3_02 {Similar to ALOS(I)_02, ASLOS(D)_01, DSEI9_06]
Both BF'3 and NH; exist as simple inolecules.
()  For each of these molecules, draw its three-dimensional structure.
(2 marks)
by  For cach of these molecules, explain whether or not it is polar.
(2 marks)
{c) BF;reacts with NHj to give FyBNHa, Describs the bond formation hetween BIFs and NH;.
€2 miarks)

DSEL4_01 [Similsr to ALOB(IL)_04(a)]
Graphite Is a form of carbon and has a layer stracture. Graphene is an individual single layer of
graphife, Their structures are shown below:

graphite graphene

(8)  Thin sheets of graphene can be easily peeled off from graphite using adhssive faps.
O] Explain why graphene can be easily pecled off.
{1 mark)
(ii)  Explain whether graphene can conduct electricity.
{1 mark)
@ii) Draw the clectron diagram for a molecule of the compound formed by camplete
combustion of graphene, showing elecirons in the outermost shells only.
) (} mark)
{b)  Based on thic fact that graphenc can be easily peeled off from graphite, a student concluded
that graphite should have a low melting point due to its layer structure. Explain whether yoy
agree with this conclusion,

{2 marks)
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(¢} Fullerene (such as Coo) is another form of carbon. Briefly deserilse the structure of Cep, and
suggest why it is soluble in some organic solvents, [OUT)

(3 marks)
DSE{4_02 [Similar to ASLI1{}}_03b]
Draw the strycture of ethanc-1,2-dial, and suggest whether it is soluble in water,
{3 marks)
DSE16_04
Consider the molecules CQO», £8z and CHBra.
(a)  For each of the following miolecules, draw its three-dimensional structure.
@ CS:
(1 mark)
(i} CHBr
(1 mark)
(b))  Identify, with explanation, the polar bond(s) in CHzBry,
(2 marks)
(¢)  Suggest why, under room temporature and pressure, COz is a gas but CSz is  liquid,
(2 marks)
DSRI7_05
Explain the following increasing order of the boiling point of these substances:
H; <F; <HF
{3 marks)
DSE18_03 [Simitar to ALI3(1)_01]
(&) Explain whether BaCh or OCl; would have a higher melting point.
(2 marks)
{b) Bxplain the following decreasing order of the hoiling points of thiree substances:
NH3 > PHa > CHa
(3 marks)
(&) Draw a three-dimensional diagram to represent the molccular shape of SFs.
{1 mark)
DSE9_06 [Similar to ALOS(I)_02, DSEI3_02]
Consider CHCly and CCly molecules
(a) Draw the three-dimensional strueture of a CH2C1; molecule.
(1 mark)
®) () Explain why CHaClz is a polar molecule but CCly is not,
(1 mark}
(i) Bxplain why CClq has a higher boiling point than CHaClz. G i
20

DSEZ0_03abii

3 {2)
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9 Consider the following three compounds :

X : CH;CH2CH,CH,OH Y : HOCH,CH;OH Z : CH;COOCH;

Which of the following shows the decreasing order of their solubilities in water ?

A. X>Y>Z
B. Z>Y>X
C. Y>Z>X
D. Y>X>Z
4 (c) (i) Draw the three-dimensional structure of a SFs molecule.
(c) (11) Explain whether SFq is a polar molecule.
(d) Explain the following increasing order of the boiling points of the three compounds :

BF; < SF¢ < H,O

(2 marks)
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Section A  Industrial Chemistry
Answer ALL parts of the question.
I (a)  Answer the following short questions :

(i) Under certain conditions, ethanoic acid can be manufactured by the following reaction :
Rh, HI
CH;0H(l) + CO(g) ——  » CH3COOH(1)
(1) Suggest one reason why this reaction is considered to be green.

) Suggest one reason why this reaction is NOT considered to be green.
(2 marks)
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Marking Scheme Struetural Questions i
McqQ ALOO(L)_01 (medificd) i
CELL_05 C(75%) ALYG(H) 03 B ASLOS(1) 05 A ASLI2() 03 C Blecironic arrangement of P is 2, 8, 5, and its outermost clectron ean hold maximum 18 [} |
DSEI2PP 02 D DSEI2PP_16 A DSE12PP_17 D DSEI2 05  C(82%) electrons. Therefore, P can extend the octet structure and form 5 covalent bonds.
DSEi2_i2 A(84%) DSEI3 23 B (61%) DSEI3_24 C(54%) DSEI4_22 B (62%) in N, its outertost clectron shell can only necept 3 electrons to complete its actet. ', fean {1}
DSEI4_23 B (74%) DSEI4 24 D{51%) DSEl5_I1 B (77%) DSEIs_24 C {59%) form only 3 covalent bonds
DSRIG_16  A(63%) DSBI6 21 C(1%) DSEI712 B(Y%) DSEI724  C(77%)
DSEI8_I6  A{65%) DSEI9_I13 D ALDO(D)_01

H20 > C;HsOH > CHsOC2Hs
gggg—jg i Intermolecular attractlon in water and in alkanols is mainly Hydrogen bond. En MG, there [¥)

are two hydrogen bond per molecule.

In C:HsOH, there is only one hydrogen bond per melecule. %]
C;Hs0C,Hs dees not form hydrogen bond. The intennolecular atraction is mainly van der  {%]
Waals® forces (tmuch weaker than hydrogen bond).

sobps HRO> GHsOH > GHS0CHs

H:S < C:HsSH < CabIs8C,Hs

Intermolecular attraction {3 van der Waals’ forces. {%]
Strength of van der Waals® forees incereases with ne. of electron in a molecule / relative  [1]
wolecular size,

Sobpe: HeS < CpHsSH < CHsSCaHe
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ASLOO(IT)_09
(a) H

|
Sle
H \H

(b)  The difference in electronegutiviics between Siand H=2.1 - 1.8= 03
Although each 8i~H bond Is polar, four Si-H bonds are arranged tetrahedrally,
and all bond dipole moments of Si~H bond are cancelied out. Hence, Sitx is non-
pofar,

{c) SiHy has § simple moleculor structure and they are held by weak van der Waals® force,
while Si has a giant covalent stnucture, and all Si atoms are bonded by strong covalent
bond. Large amount of energy is needed to break Si-Si bond.

d ()  Anatom of the same clement with same number of proton, but different

pumber of neytron, '

(iiy  They have simifar boiling paint and chemical properties as SiHy and SiDs
have the sante type aud strength of intermolecnlar force, and same bonding
environment,

ALDI(_01

In ice and liquid water, the intermolecular altraction Is hydrogen bond.

Bach Hz0 molecule can forax a maximum of four hydrogen bonds with its neighbou /
bond tetrahedrally with four H20 molecules. In ice, the niolecules do not have translational
motion, » fce as an epen strueture,

In liguid water, translational motion of H:0
HaO(l) has a higher density.

brings the mof

close togethet. ~

ASLOKID)_01

(a)  The structure of water is non-liner.

The dipole moments on the twe O~H bonds cannof eancel each other / water has a net
dipole moment. Hence water is a polar molecule and it would be attracted by the
electeic field.

(b)  The water jet wiil be attracted towards the rod,

Waler molecules will orlentate theniselves in alignment with the electric field so that
they will be sitracted.

(e}  The jot Is not attracted. Only a weak dipole monient is induced in hexane molecules,
The atraction between the induced diploe and the olectric field is not strong enough
to cause a deflection of the liquid jet.

OR, The fiquid jet is attracted by the electric field. In the presence of an electric
ficld, a diploe moment will be induced in the hexane molecule,
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AL02(3) 03
CO; exists as simple molecules and the intermolecular attraction is van dor Waals® forces. "
8102 has a glant covalent network structure. Attraction between CO; molecules is weak, but  {1]
attraction between St and O atoms In SiOafs) is strong.
ASLO2(})_04
4
&
&
3 m
-'—-‘-0—-4—-————
HyO HaS HiSe HiTe
H:z0 is a simple molecule and they are held by strong hydrogen bond, while other arc only  {I]
hicld by weak van der Waals® force. More energy is needed to break down strong hydrogen
bond, Henes, the bailing point of H:O are much higher than that of the rest.
Other Group V1 hydrides are simple melecule and tliey are held by weak van der Wanls®  {I]
forces, While the strength of van der Wanls’ force lucreases with the moleculnr size. Since  [1]
the size of GroupV| hydrides increases down the group, hence the boiling point of hydrides
also increases down the group.
ALOAID_01
(a3  Both NHa and PHs have a pyramidal shape m
*e »
Ny P
e H s H
H M S
H e
Electronegativity difference between N and H is greater (han that between P and M. {4]
N-~H bonds in NH3 are more polar than P-H (atmost non-peter) in PHs.
Stronger repulsion between bond pairs it NH; than in PH; cause the bond angles in  {%]
NH; to have a large value.
by  Ammonia forms hydrogen bond with water. 1]
H ‘o
\ ., \H/ \H
\ 7 >~
/ey, . \\\\\
\.N [ ]
>
g H

P-H bonds in PH; are non-polar and fone pair on.P is not readify donated.. PHyss  [1] .

only spari)igiy soluble.
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ALO03(1)_0!
@ v ®
O~
(& O/ X0

() Oz is non-polar; O, has a v-shaped.
The vector sum of the dipele moments of the O~O bonds in O3 is non-zero,
& Oy molecules has o net tHpole moment 7 polar, H20 molecule has a net dipole
moment / polar,
The electrostatic attraction between O3 and HaQ is stroniger than that between O; and
H20 (like dissolves like).

ASLO3([) 02

Boiling point increases in the order:

CH3(CH2).CH; < CHiy(CHzCH; < CH3(CHa:Cl < CH3(CH2»0H

Both CH3(CH:),CHy and CH3(CHa):CH; are non-polar, Their intermolecular atiraction is
weak van der Waals’ force,

The strength of van dee Woals’ foces increases with their molecular sizg.

= The boHling point of CHy{CHzCH; Is higher than the builing point of CHa(CH2):CHs.
CH3(CHy)sCl has n net dipote moment, {ts intermolecular attraction is stranger than that in
alkanes but weakcr than the intermolecuiar between the alcohol molecnles.

Stronger hydrogen-bond exist between the alcohol molecules. & CH3(CH23OH has the
highest boiling point.

ALO3(II)_03
(8)  Octet rile ~ all atoms tend to attain the stable clectronic configuration of a noble gas
{in most case an “octet™} by sharing or transfer of electrons.
{b)  Limitations of octet rule (any TWO of the following):
l. some compound cxists as radical {specics with odd no. of clectron) e.g. NO,
2. some malecules contain aloms with electren no. greater than 8, ¢.g. PCls, SBg
3. some molecules contain aioms with eleciron no. less than 8. e.g. BCl
4, clements for from the ends of a period fall to form ions with an octet structure,
¢.g. Fe forms Fe?* and Fe**, Cu forms Cu?!
5. not applicable for atoms which form a doublet structure ¢.g. H, Li, ote.
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ALO4(1)_02
noble gases
0 I 1 2 s i 4
He Ne Ar Kr Xe

[5)
<.-196
k|
2
H.200
3

360

The intermoleculnr atiraction between noble gas malecules is dispersion force / van der
Waals® forces. The strength of van der Waals’ forces increases with the namber of
electrons / atomic size of the noble gas. » The bolling polnt of noble pas increases as the
group is descended.

ASLO4()_03

{a) The intermolecular attraction in HCl, HBr and HJ is predominantiy van der Waals®
forces. The strength of van der Waals® forces increases with increase in number of
slectrons {or molecular size). & boiling poing: HCI <HBr < HI

()  F is highly electroncgative and has a very smil size. The H~F bond is strongly
polarized, Hydrogen bonds are formed belween H-F molecules.

Exlra energy is required 1o overcome the hydrogen bonds when HF(1) bols.
4 The boiting point of HF is exceptionally high as compared with the other hydrogen
halides.
(c) No.
The strength of an acid H-~X depends on the extent of the equilibrium
H-X{aq) === H'(sq}) + X(ag)
rather thant he polarity of H-X bond.
It HF(ag), H*(aq) and F(aq) form {ight ion-pairs. Thus the concentration of H*(aq)
is lower than expected,

ALG4(N)_OL (modifield)

o) 216 492 29.2
MoleratioofN: O: F STl

=1543:3.075:1.837=1:2:1
& cmpirical formula: NOF
by  Molecular formula of A : (NORF),
60 <{l4.0+160x2+19.0Mm<70
0.923 <n< 1077, u=1 {nmust be an integer)
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Molecular formula: NOsF [ (@) [

© ?e o F i [3] €° ° b
@& | fope °
N ;N g o

e il DKL
ALOS5{1) 02
/'{, [ ®  NHe + 05 —= Ny + 2H,0 {3
o \F The products H;0 and Na are non-corrosive, 1]
OR, Nay(g) formed will be released « No other materials will be introduced into
ASLOS(I) 02 the water,
@ o PH; NH,” @2 “ Moles of NoH, = moles of 0, present :w
. 16 % 2 (1
-3
O H Mass of hydrazine requived --.3'2x—m:6x:'TW§— X 32=2048g 1
Py - N\ H ALOS(H)_02 (modificd)
H “ H %
H .
Z5%
@) NH? 80; is of V-shape Q o i
tn NH4* alt four electron pairs are bond pairs, but in PH; there are onc lone  [1] CO; is liner, O=C=0 (13
pair and three bond pales, The repulsion between lone pair and bond pair is In 80, the vector sum of two $=0 bond polarity is non-zers. In COy, the vector sum of the {1}
stronger than that between bond pair and bond pair. » The bond angles in PH3 two C=0 bond bond polarity is zere.
are squeezed to & valug less than 109°28°,
o W ALOS(I_03
Mass spectrometry 113
Peaks of nvz ratios 726, 840 and 1008 can be found in the mass spectram 3]
m
ASLOS(IN_09
Boiling point: B<D < C [
The boiling point of a compound depends on its intermolecular attrsction.
(i) 8 ] The intermolecular attraction of B is van der Wanls® forces. This aliraction force is wenkest  [1}
(i) Insolid state, the fons liave no franslational motion. » CsCl(s) is an electricat  [1) among the three,
insulator. In molten state, the cations and anions can move under the {1} The atfraction between molecules of € is hydrogen bond which is the strongest amoug the  [1]
influence of an electric fietd, three, +~C has the highest boiling point.
ASLOS()_05 ALO6()_02a
(1] Allotrope: one of the several possible fortns of an element, which are significontly  [1]
different in physical or chemical propertics / which have different structures.
(i) Diagram + labels of interatonile atiractions: 2 marks 23
27 28
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(iv)
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jtoni jo—van der Wanls' forces
il g

covalent bond

The conversion of diamond to graphite lias very high activation energy. The reaction
is very slow under normal conditions,
Ostygen and ozone

AR

On
o=0, © 07 S0

ALOG(IT)_02

(a)

®)

The intermolecular attraction in both ice and liquid water is hydrogen-band
The directional character of ydvegen bond makes the water moleculfes in ice to
arrange tetrahedrally to form an open atruc{ure.

hydrogen bondsw

When ice melts, the open structure collapses, Molecules can be packed more closely
logether in liquid water than in ice. « Ice has a smaller density than water.
HiO{s) o= H0()
Lower density Higher density
The blade of the skale exerts a high pressure on ice, The position of the above

equilibrium shifis to the right, lce melts.
The watet formed can help reduce the friction between blade of (he skate and ice,

ALOG(H)_02

o @ .0 @ @
/N::N:N: OR ./N-«-NEN:
H H

ALO7_Sample Paper  [QUT]

(&)

The residue consists of inorganic components kike graphite that is Jusoluble in

benzene, whereas Cee and Cio are nonpolar nolecules held by dispersion forces
(van der Waals' foree) and thus are soluble in nonpolar benzene,

— r— r—

i}
{1

[

[t}
[}
1

]

{1

(1

]

L}
3]

22

r—-

— — — (—

{b)  Heat (he red crysials in vacnun: or In an atmosphere of noble gas. 1Ll
Cuo and Cro will sublime out at a temperalure of 400 500 °C, depositing to form o [%4]
brown er graylsh layer of powdery molecular crystals. %}

(c)  Like graphite, fulterenes ean conduct electricity. 4
due to the presence of deloeslized electrons. ]

ASLOT(D) 01

(a) ?zﬂs
Phnc 1 n
-~ 285
CaHs \czns
(b)  Any ONE of the following: I

2Pb(CsHs)s + 270 — 2PLO + 16C0O: + 20H0
IPB(CaHsy + 410 —— Pb:0s + 24C0; + 30H0
Pu(CoHs)s + 140, — PbOy; + 8CO; + 10H,0
(¢)  Any TWO of the following: 2]
Combustion of tetraethy! tead(TEL) gives lead componnds which are highly toxic.
Leaded pefrol cannot be used in cars equipped with catalytic converier.
MTBE is an oxygen-coniaining compound. it can enhance the complete combustion

of petrol.
ALOT(H_02
o 1% s 2
0—§—0 0—§—0
i I 2
(6]
8008, of S=-+6 f1l
803 0.8, of central 8 atom = +4; [¥1
0.8. of the otlier S aton =0 [Ya}
ALOZ()_0l
® . 0 QL
[H:Nm] or (N,@ i1}
H 'H
v-shaped [
tb)  Bond angle: NH4'(g) > NHa(g) > NHx (g) 0]

In the outetmost electron shell of the N atom in the three species. the numbess of
lone-pairs and bond-pairs are as follow:
[ Species 1 No. of bond-pairs I No. of lone-pairs

36
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NHi*(g) 4 0
NH:{g) 3 i
NH:(g) 2 2

Tn each of the three species, the electron pairs in the outermost shell of N arc
agranged tetrahedrally.

The repulsion belween the clectron paits is in the order:

Lene pait-lone pair repulsion > Lone pair-bond pair repulsion > bond pair « bond
pair repulsion .

Bond angles in the species are: NH¢? 109.5 ©, NH;3 107.5%, NHy~ 104,5°

ALOB(IL)_04

Naz0 is an lonle solid in glant {onic structure, The stvong attraction between the cations
and anfons makes it a high meliing point sofid.

ChO exists as simple molecules. The luternﬁxglecular attraction jg weak van der Wanls'
foree. Jt is much weaker than jonic bond in NaxO.

ALOS(II)_04
(8)  Dismond is covalen! crystal, Ench carbon form four (single) bonds and the
electrons are loealized / no delocalized clcefrans.
« Diamond is a poor conductor / Insulator of electricity.
Lit graphite, each carbion atom is covalently bonded to only three sther carbon
ntems i ifs Iayer, one outer clectron of each carbon is free / delocalized. These
“free” electrons are delocalized and moved i the direction of an electric field /
within the layers. -~ Graphite is an elecitical conductor,
) (i)  Adding an organic sobvent {e.g. benzene), Ceo is soluble but graphite powder
is not,
Explanation: Cso exists as simple molecules snd is non-polar. It is sofuble in
non-polar solvents. Graphife Is a covalent crystal, It is not soluble i most

solvents.

OR Packing of powder to form a solid mass. Graphite eonducts
eleetricity but the other does not.

OR Check mup. / b.p, Ceo sublines but the otlier does not.

(i) Mass spectrometry: Cso gives a peak of m/z = 720 for the molecutar fon.
Explonation: Csp exists as simple molecules and its relative molecular mass is

726,
ASLoS()_ 01
@ }i«“ s
N
B »NF
BN ks

For BFj, there arc 3 bond-pair (o lone-pair) In the outennost shell of B. To minfmize
clevironiv tepulsion, the 3 bond-paits in BF; will be amanged in & trigonal planar
shape.

(%]

i

i

{1

e
{4

£
[4)
{1
{1]

48]

{1
[t

¥
¥4

i

31

For NF, thete are 3 bond-pairs and 1 lone-pair in the outermost shell in N, The [}
elcctron pairs in NF3 will also be areanged tetrahiedrally. The molecule is trigonal
pyramidal in shape. The bond angle < 109° as repulsion betsveen Ione-pair and bond-

pair is stronger than that between bond-pair and bond-pair.

® oy P
\+ - foF
/N ~=B [
wd O\
H
AL09 (1)_02
8) {N=C—C=N} 2}
(b)) (CN)z exists as aimple molecules. Hs relative molecular mass is smaller than that of  [4]
Cl,.
{CN)y is a gas. [}
ASLO9{IT) 04
(a})  The boiling point of a campound depends on its intermolecular aftraction. mn

For frans-isomer, the dipole moments of the C-Cl bonds canee! each other. thus  [%]
resulting in weak intermolecular attraction.
H- fC!
\C—C/
/ \
Cl 54
For cls-isomer, the vector sum of the two dipole mements gives rise (o a net dipole
moment, The intermolecular atteaction is stronger.

H
/

=0
o \o

(b)  Inaddition to intenmolecular attraction, the melting point of & compound dependsalse  [I]
on the degree of compectness of mocleutes in the solid state.
The cfs-isomer has a lower symmetry. It fits into a crystailine lattice relatively poorly  [i]
nud therefore has a lower melting point,

%)

ASL10{l)_04 (Modifieid)

{a)  Electronic configuration ef N: 2, 5 13
In N, its outermost eleciron shelf can only accept 3 clectrons to complets ils octet, & [1)
Il ean form only 3 covalent bonds.

32



=S £ £

— o

) al
N ¢l 1"
P. =
¢yl | e
Ci Cl

(c)  The size of I is much smaller than that of Cl,
The repulsion between P~T bonds is greater than that of P—C1 bonds, and destabilize
the Pl structure.

ASL11(I)_01

®»  ® _
Q 0 Fo;‘ :: P
O F* ] °F
R F
(ii) 5 is 8 Period 3 eloment, 1t can expand its octet structure by using

the 3% electron shell.
O is a Period 2 element. lts 2™ cfectron shelf cannot expand its
oclet struclure,

ASLLL()_03

(b)  Forwater, the intermolecular attraction is hydrogen bond.
Ethoxyethanc molecules are weakly polar, and the intermoleculnr atteaction is van der
Waals’ force.
Ethano! has an ~OH group which enablgs its molecules to form hydrogen bond with
wafter,
Bihanol molecule interact strongly with water molecules, but cthoxyethane
molecuies do not,
OR, The interaction between propane and water molecules Is so weak that it

canuot overcome lhe hydrogen bond between water molecules.

ASL11(11}_08

Tensile strength; polypropene < polyacrylonitrile < polyacrylamide

Explanation:

Polyacrylamide containg both C=0 group and NH2 group. The attraction between polymer
chains in predominntely hydrogen bond,

Polyacrylonitrile containg polar C=N group. The atiraction between polymer chains is van
der Waals’ force which is weaker than hydrogen bond,
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Polypropens is non-polar and (he attraction between polymer chains in PP is van der Waals
force which is the weakest,

ASL1I2(1)_01

(n) 16O ST se
INZC—§% / IN=C=S!

ASL13(1) 0]

Type Example Molecular shape

ox 80,/ 8nCh V-shape / bent
(one fone par on X)

XY2 .

CO2/BeChy Lincar

{no lone par on X)

XY

} BR/S0; Trigonal planar
(one lone par on X)
AL13(D_0I

(s}  Boiling point: HCI < HBr <HF
All three hydrogen halides are polar molecules,
In HBr and HCI, the intermolecular attraction force is van der Waals® force, while van
der Wrals’ foree is stronget for molecules with more electrons / larger molecular size.
4 b.p. of HBr > b.p. of HCI
F has a very smiall size and is highly clectronegative,
Hydrogen bonds are formed between HF molecules, and hydrogen bond is stronger
than van der Waals' force.
« HE as the highest b.p.

DSELISP_06

(a)  The structure of water is non-liner.

The dipole monents on the two O~H bonds cannot cancel cach other / water has s net
dipoic moment. Hence water is a polar molecule and it wouid be aliracted by the
electdie field,

(b)  The water jet will be attracted towards the rod.

Water molecules will orientate themselves in afignment with the electrio ficld so that
they wili be attracted,

(¢)  The jet is not atiracted. Only a weak dipole moment is induced in hexane molecules.
The sttraction between the induced diplos and the electrie field is not strong enough
to cause a deflection of (he liquid jet.

OR, The liquid jet is altracted by the electric fictd. In the presence of an electiic
field, a diploe moment will be induced in the hexane molecule.

DSEI2PP_03
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(i) The nitrogen in NCl; and that in NI both have the sume aunber of
electron hond-pairs and lone electron pairs / have three electron-pairs
and onc lene slectron pair in thelr outernmost shells.

The repulsion between these eleciron palrs causes both NCh and NH; to
adopt a trigonal pyramidal shape.

DSE12PP_06

(=)
(O]

©@

Propane-1,3-diol / 1,3-propanediol

All thieo compounds have & hydroxy! group / are monohydric aleshols. The boiling

point of these compounds depends on the strength of van der Waals’ forces between

molecules.

The strength of van der Waals' forces jn alcohol increnses with the carbon chain lengih

/ moleeutar size, Boiling point increases in the order: A<B < C

Far isomerle compounds with the same functional group, the strength of

infermolecular force is affected by the shape of the mofecules.

The steucture of CHyCH2CH2OH allows e molecules to have a greater arca of

contact than those of CHiCH(OH)CH3, « CHCH:CH;OH has o greater density,

OR, The structure of CH;CH(OH)CH3 makes the formation of Hydrogen bonds
Jess offective, ~ CEhCH(OH)CH; has a smaller density,

F

The rate at which the steef balls drop depends on the viscosity of the liquid / the

resistauce (frictional foree) cxperienced by the ball. This is related to the

intermolecular altraction of the liquids,

Tn the three compounds, the intermoleculer atitaction is predominately hydrogen

bonds. "The no. of liydrogen honds former per molecule is $iu P2 i Eand 3 in

. F forms the greatest number of hydrogen bonds per molecule. .~ ¥ is the most viscog

and the ball wilt drop most slowly,

OR, ¥ has the highest boiling point g the three compounds. Its
intermolecular attraction is strongest. » The ball will drop most stowly in
F.

Fifective communication (Avard ¥ indrk if candidates can b&pfc-és theiv ileas ulcdrly.)
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DSEI2_04

AL N NN
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H\\ H\\N\ \ AN
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//F/ ty

‘the drawing should show at least TWO HF molecules.
Should show complete HF molecules,

Should indicate the hydrogen bands by dashed lines.

Eaoli H atom can only fonm one hydrogen bond,

F-~H-¥ angle not necessary be drawn as 180° in the drawing.

Fluorine / F is 2 highly olectronegative slement.
The 1-F covalent bond is very Aighly polar / The H-F molecule is highly polarized.

DSE13_01

©

The atiraction between water molecules is predominately hydrogen bond.
Hydrogen bond is directional. In iee, the HxO molecules have a (etrahedral
arrangement/ are packed in an apen stracture,

I liguid water, the HyO molecules have relative motion and this leads to the collapse
of the open structuro. The malecules become ntore closely packed. ~ liquid water
has higher density than ice.

DSE13 02
() B NHa
i 0
/1!3\ e
F i H
(®)  BF3 is a non-polar molecule. The three polar B~F bonds sire synunetrically

©

arranged on the same plane / dipole moments cancel out / net dipole moment is 0.
NHs is & polar molecule. The molecule has a Jone palr in its owtermost shell and thus
the three polar N-H bonds are not on fhe same plane / diploe moments cannot
cancel out / net dipole moment is not .

In BPs, there e three (bond) electron pairs / there Is 2 vacant site / 6 eleetrons only /
electron deficient in the outermost shell of the B atom.

By accepting the lone pair of electrons from the nitrogen atom of NH; / forming dative
bond with N, boron attains the stable efectronic configumtion of neon {a noble gas).
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DSE14 01

@ o Layers of graphite arc held together by van der Wasls' forces / weak

intermolecular forces only.

(i)  Yes, graphenc has delocalized electrons / clectrons in graphene are not
localized / mobile electrans £ electrons will flow:

. s
o .':O’;‘C ;O: {Accept any symbols of electrons, ignore shape)
Not aceepted: Showing electrons in the inner shells.

(b}  No, Graphene layers are made up of a ginnt cavatent stracture.
A large amount of energy is needed ducing melting to destroy the large amonnt of
strong covalent bonds between atoms,

(¢)  Cso has a sphevical shape (ball) / and with strong covalent bonds between atoms,
C» has & simplo malecular structure,
Tlie van der Waals' forees / attractive forces between Cgo molecules are of comparable
/ similar strengtl: as thoss in erganic solvent.

DSEL4_02
Moo
HO—?-—(E—OH HO_"~oh HOCH,CH,0H
H H

{Accept condensed or sketetal structural formula)
[t has a smatler molecular size. / It is a spiatl molecule, / It has & short carbon chain.
The hydroxyl groups in it can form hydrogen bonds with water,

DSE16_04
® 0 §=C=§
[¢5) B»I'-
Br” C‘;:" H
H

(b)  C—H and C—Br bonds are polar.
{Accept if only either one of C-H or C-Br bond is mentioned}
C and H / C and Br have different electronegativities.
C Is more electron-withdrawing than H / Br is more slectron-withdrawing then C.
{Aceept if only cither C/H or C/ Br is menlloned)

(¢)  The intermolecular forces between CSz, CO, molecules are van der Waals® forces.
As C8; lips greater molecular size than COy, the van der Wasls' forces bejween CS2
molecules are stronger than those between CGa molecules.

DSEL7 05
Both motecules of Hz and K2 are held by weak vaa der Waals' forces.
The van der Waals’ forces between Fa are stronger that those between H because Inrger
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size of s than Hz.  (Accept: Fa molecule has mare electrons than Hz molecule; Not
Accept: Fa has a higher molecufar mass than iz}

Hydrogen bond exists among HF molceales and hydrogen bond is stronger than van der
Waals’ forces.

DSE{8_03

(@)  The electrostatic atlraction between Ba* and €I~ in BaCh is ionic bond. while
intermolecular attraction between OCI: molecules are van der Waals’ forces.
OR, BaClz is an fonfe compound, while OClz has & simple moteenlay structure.

As ionic bond is much stronger than van der Waals™ forees / intermolecular forces
between OCl molecules, BaCl: would have a higher melting point than OCh.
)  Both molecules of PH and CHq are hield by van der Wanls® farces / intermelecutar
forces.
The van der Waals’ forces between PHj are stronger than those between CHa because
of the larger riolecular size of PH; than CHa,
{Accept: PHa molecule has more electrons than CHd)
OR, Intermotecular forces behween PH3 molecules are stronger than that
between CHs molecules as PH; is pofar while CHg is non-polar.
Hydrogen bond exists among NH» melecules that is stronger than van der Waals”

forces.
© F
FU,, I .‘\\F
]:( I\l:
F
DSEL9_06
@) H
!
P e
N
Cl
() () The poladties of bonds in CCls cancel owt each other while those in CHaClz

do not,
{Accept drawings with suitable runotations.)
iy  CCls has a larger molecular size (than CHaCh, therefore
it has larger van der Waals® forces between moleeules / intermolecular forees,
and hence it has a highier boiling point.
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DSEZ20_03

3. @ ) v 1

H/ Nl”"’H

{hout showing the fons-paie clectians)
(i) 1;[ 1
B
7Ny
H H

by @) = B-N is the dative covalent bond. ]

(i)

(iiiy

. The lone electron pair on nitrogen atom of NH; is donated (o form a dative covalent I
bond with the boros atom of BHs.

. Both are van der Waals® forces between their respective molecules. 1

. As HiNBH; is polar but ethane is not, the van der Waals® forces between H;NBH; i
molecules are stronger than those between ethane molecules. )
(Only the 2% mark will be gives if the candidate answered in ferms of
“intermblecalar forces” instead ofvan der Waals® forces)

N—B N—B
L N_ /N
/N "ol T
— N—B s ) N—B
\N—B/ \N— N/ N
N—BR N—
/ N/ /N 7
N—B N—B
/ 0\ / N\

HEOHE

ON ®3B ON [B:}

{1 mack for showing alternuting N and B sioms)
{Ignore the double bonds in the structure}
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SECTION 7 Redox Reactions, Chemical Cells and Electrolysis
Multiple-Choice Questions

CE90_01

Which of the following clements i the third period of the Periodic Table is the strongest reducing
agent?

A.  sodium B.  sulphur

C.  chiorine D, alwminivm

CE90_05

In going down the group VI clements of the Periodic Table, there is an incresse in
{1) the size of the atoms.

{2)  the melting point of the elements.

(3)  the oxidizing power of the clements.

Which of the following combinations is carrect?

A, (1)and (2} only B.  (I)and (3) only
C. (2) and (3) only D, (1), (@) end (3)
CE99_13

A pupil, working with dilute acids in the laboratory, carelessly poured the unused acids into the
siuk. Later it was found that the copper pipe in the sink had began to leak. Which of the fotlowing
acids is/are most fikely fo have caused the damage?

{1y dilute nitric acid

{2y  dilute sulphuric acid

{3) dilute hydrochloric acid

A, (1)only B. {(2)only
C.  {I)and (2} only D. (2)and (3} only
CE90_16

Sulphuric aeid is NOT used fo prepare earbon dioxide from Hmestone because
A, the reaction between sulphurie acid and limestone is reversible,

B.  thereaction between sulphuric acid and fimestone is too vigorous.

€. sulphuric acid is a strong oxidizing agent.

D,  aninsoluble product is formed which stops further reaction.

CE9G_{9

In which of the following pairs of substances is the oxidation number of the sulphur atoms and
the nitrogen atom the same?

A, Ha804 and BNO; B.  80;and HNO:

C. SChand NO D.  Na&HS and NH3

40
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CE$0_23
A student tries to plate a copper ring with nickel using the set-up below:

l—l d.c. power supply !-]

electrolyte
copper ring

nicke] fod ——rt=

Which of the following conbination is correct?

Anode Cathode Electralyl
A, copperring aickel rod Ni**aq)
B.  nickel rad copyer ring Ni**(an)
C. copperring nlckel rod Cu'(aq)
D.  nickel rod copper ting Cut(aq)
CE99_24

Which of the foltowing pairs of metals would be expected to give the largest voltage when they
are used as clectrodes in a simple chemical cell using potassium nitrate solution as the

electrolyle?

A, ZnandPb B, Mgand Ag

C. PbandCu D. Feand Mg
CE90_27

CGas X is bubbled steadily into solution Y as shown in the set-up below:

gas X —~

In which of the following cases will NO observable change occur in solution ¥?

gas X solution Y
A, sulphur dioxide bromine water
B.  sulphur dioxide caleium hydroxide
C.  catbon dioxide bromine water
D, carbon dioxide calcium hydroxide

41
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CE91_06
Direction: Questions 6 and 7 refer lo the following clectralysis cxperiment.

2 M potassium
sulplle solution

eleclrode X - y z = eleetrede Y
[:....(:j

The gases coliecled nt electrodes X and Y respectively are in the volume ratio of

A Il B. 1:2
C. 1:4 D 2:1
CE9!_07

Wiich of the following statemenis concerning the experiment is/are correct?

(1) The pH value of the potassivm sulphate solution remains unchanged at the end of the
experiment.

{2) The concentration of the potassium sulphate solution remains imchanged al the end of the
experiment.

(3} The products of electrolysis al electrodes X and Y would remain unchanged if 2M
sulphuric acid were used instead of 2M potassium sulphate solution,

A, (1)yonly B, (2)only
C, (D)and (3) only D, {2)and (3} only
CES1_09

ctrent

wire

filter paper sonked with
sadivm chloride solution

melal Y
Which of the following combinations would produce the largest current tlow from metal X to
melal Y in the extemal circuit?

melal X nigtal Y
A, Fe Cu
B. Mg Ag
C.  Ag Zn
D. Cu Pb

42
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CES1_10
Dry chlorine is passed in cxcess over heated copper powder and iron powder ag shown in the
diagram below:

copper powder  {ron powder

dry chioring =
f 1
heat hent
What isfare the product(s) at the end of the experiment?
A, copper(li} chloride only B,  fron(l)) chioride only

C.  copper(ll) chitoride and iron(Il) chloride D coppex(IL) chloride and iron(1i}) chloride

CE9t_{2

Which of the following tests should be used to detect the presence of sulphite fons in a given

solution X?

A, On adding barium chloride solution to X, a white precipitate is formed.

B.  Onadding lead(I]) nitrate solution to X, a white precipilate is formed,

C.  Onadding dilute sulphuric acid to X, a colourless gas is evolved which can decolourize
acidified potassium permanganate solution.

D.  On adding dilute nitric acid to X, a reddish-brown gas is evolved.

CE9L_14
Suiphur dioxide is passed info a test tube containing potassiuie dichromate solution acidified
with dilute sulphuric acld. The colour of the solution gradunily changes from orange to green.

Which of the fotlowing statements conceming the above experiment is correct?
A, Sulphur dioxide is oxidizing to sulphate.

B, The green colour is due fo the presence of Cr¥*(aq) jons,

€. The dilute sulphuric acid gcts as a catalyst.

D.  The oxidation number of chromium changes from +7 to +2 in the reaction.

CE91_17

When concentrated sulphuric rcid is added to hydrated copper(IT) sulphate crystals, which of the
following would be observed?

A.  The crystals dissolve to form & blue solution.

B. The crystals change to & white solid,

C. The crystals change to a black solid.

D,  Thers is no visible change.

43

CE%1_37
Which of the following oxidation mumbers can nitrogen display in its compounds?
1 -3

2y +2

3y 43

@

A, (1) and (4) only B. {2)and (3) only

C. (1),{2)and @) only D, {1),(2), @3)md (4)
CE91_43

Chiaq) +2["{aq) — l(aq) + 2CF(ay)

Which of the following statements concerning the above reaction are correct?
{1} I(aq} acts as a reducing agent.

{2}  Chlorine s a stronger oxidizing agent than iodine.

{3)  The reaction is a displacement reaction.

A, (Iyand (2) only B, (D) and (3} only
C. (2)ynnd (3) only D, (D), @yand (3)
CE91_44

Which of the foltowing gases can be dried by concentrated suiphuric acid?
(1} hydrogen chloride

(2) amunonia

(3} sulphur dioxide

A, (3only B.  (1)and {2) only
C. (1) and (3) only D.  (2)and (3) only
CE92 08

The manufacture of sulphuric acld can be represented by the following flow diagram:

Stage 1 Stage I1 Stage 111 Stage IV
S0, SO, ,8,0, ——— H,S0,

Which stage involves the greatest change in the oxidation number of sulphur?

A. Sfagel B. Stagell
C. Stagelll D. StagelVv
44
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CE92_09
Directions: Q.9 and Q.10 refer to the following diageams:

metal Q metal P metnl R

sodium chtoride
: sofulion

sodivm chioride
solution

cell 'ollage =+{1V cellvoltago=-1.1 V

metal S

metol P

sodium ofiforide
solution

cell voltage = +1.5V

Which of the following represents the correct order of activity of the metals P, Q, R and 87

A. R,P,QS B. QPRS
c, P,Q&R D. PR,SQ
CE92 10
Which of the two metals used as electrodes would give the largest cell voltage?
A. QandR B. QandS
C. SadR D, SandP
CE92_It
Consider the following flow diagram:
Reactant X Reactant Y &
CuO(s) — Cu(s) Co**(ag)

Which of the followlng combinations is correct?

Rep Reactant Y.
A, Hap) dilute HiSOs
B. CO() dilute HNOy
C. NHi®) dilute HCI
D, C(s) concentrated HCH
CE92_12

Using | incle of reactant, which of the following chemical changes involves the highest number
of electrons?
A GO — Criag)
B. CnO#(sq) — Cr*(q)
C.  MnOs(ag) —= Mn?*(aq)
D. MnOs(aq) —= MnO:(nq)
as

r—

==

— — — r—

CE92 13
When 2 moles of oxygen gas are collected at the anode during the clectolysis of dilute sulphuric
acid, the number of moles of electrons released at the anode Is

A2 B. 4
c. 6. D. &
CE92 IS

Which of the following substances renct with hot concentrated sulphurle aeid?
()  sulphur

(2) sodium niteate

(3) hydrated copper(il) sulphate

A, {1)end (2) only B. {I)and (3)only

C, {2yand {3) only D. (1), (2)and (3)

CE92_L6

When sulphur dioxide is bubbled into sodium hydroxide solution for a long time, the final
product is

A, sodium sulphile, B. sodium sulphate.

C.  sodium hydrogensniphite. D.  sodinm hydrogensulphate.

CE92_35

Which of the following reagents can be used to distinguish between Fo**(aq) and Fe™*(aq) ions?
(1) smmenia solulion

(2) concentrated nitrle ecid

(3) acidified potassivun permanganate solution

A, (1) and (2) only B, (1)and (3)only
C. (2)and {3) only D, {1}, (2 and (3}
CE92_37

Which of the following nqueous solutions, when clectrolyzed using carbon clectrades, will
liberate only gaseous products nt bolh electrodes?
(1) KOH(@aq)

(2)  AgNOs(aq)

3y MgChaq)

A, (1)and (2) only B.
C.  (2)and (3) only D.

{1y and (3) only
(1), (2) and (3)

A6
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CESZ 38

Which of the following statements conceming the reaction between dry chlorine and hot iron
wire is/are correct?

(1}  lron(li) chloride is formed.

2) A solid product js obtained after cooling to room temperature,

(3)  Chlorine is reduced.

A, {Dyonly B. (3)only
C. (1Jand (2) only D, {2)and (3) only
CE92 40

Which of the following can be used {o distinguish between difute hydrochloric acid and diluie
nitric actd?

(! copper

(2)  siiver nitrate solution

(3}  sodium hydrogencarbonate solution

A, (2yonly B. (1)and {2) only
C.  (1)and (3) only D.  (2)and (3) only
CE92_50

1% statement 2 stajement

When concentrated sulphuiic acid is poured Concentrated sulphuric acld iz a4 strong
onto a picce of cotton clotly, the piece of oxidizing agent.
cloth becomes charred,

CES3_05
Direstions: Q.5 and Q.6 refer (o the followlng experiment:

Asilver coin, with a mass of 12.00 g, was dissolved completely in concentrated nitric acid. When
excess potassium chloride solution was added to the resulting solution, 14.35 g of a while
precipitate were obiained.

Which of the following equation comectly represents the reaction between silver and
concentrated nitrio acld?

A, Ag+2H"¥NOy — Ag'+NO; + H:0

B. Ag+4HY+NO;5~ —= Agh+4NO2+ 02+ 2H20O

C. 3Ag-+4HNO; > IAgNO; +NO+2H;

D.  Ag+4HNO; —= AgNO; +3NO; +2H0

CB93_06
What is the percentage by mass of silver in the coin?
(Relative atomic masses: Cl = 35,5, Ag = 108)
A CHE e ‘B, 60
C. 75 D. 9%

47
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CE93_12

A mixture contains copper powder and zine powder. In order to remove the zine powder, the
mixtnre is heated with an acid and filtered, Which of the following acids should be used?

A, Dilute nitric actd. B, Concenirated nitric acid.

C.  Dilute sulphmric acid. D.  Concentrated sulphuric acid,

CE93 i5

‘The oxidation number of copper remains unchenged when

A, magnesinm ribbon is added to copper(Il) sulphate solution,

B.  sodium carbonate solution is added to copper(Il) sulphate solution.
C.  carbon is heated with copper(IT} oxide.

D. copper foil is bumt in chiorine.

CE93_i6

In which of the following equations does the underlined substance undergo reduction?
A, 2H0+2K — 2KOH+H;

B, Pex(SOsp +2KI —= 2FeSO4 +Ki804 + 1

C, 2H;S+80; = 3§+2M0

D, NaClO+80; +HQ ~— NaCl+HS04

CE93_17

surent :
copper electrode made of
eleotrode metal X

dilute sulplvric aoid

With reference to the above diagram, which of the following stalements is correct?
A.  The slectrode made of metal X is the positive pole.

B.  Copper is at a higher position in the electrochemtical series than metat X,

C.  The mass of the copper electtode decreases.

D, The mass of the electrode made of metal X decreases.

CE93 22
Which of the follewing reactions would produce a halogen?
{1} sodium chioride + concentrated sulphuric acid
{2} sodium bromide + concentrated sulphuric acid
{3y sodium fodide + concentrated sulphuric acid
A, (Doaly B, (3)only
D.  (2)and (3) only

a5
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CE93_19

carbon elesirods carbon eleotrods

concentrated magnesiom
bromide selution

It the gbave experiment, which of the following major products will be liberated ot the clectrode?

cathode anode
A.  magnesium oxygen
B. magnesium bromine
C. hydrogen brombne
D. hydrogen oxygen
CE93 24

There is a gradual change in the properiies of halogens from chlorine to fodine, Which of the
following propertics are in the order
chlorine < bromine <iodine?
(1) oxidlzing power
{2)  density
{3}  boiling point

A.  {1)and (2) only B, {2)and () only
C.  {1)and (3) only D, (1), (2)and (3)
CE93_44

Which of the following statements is INCORRECT?
A. Tinis used for making food cans,

B.  Sulphuric acid is used for making soap.

C. Ammenium chloride is used for making dry eelis.
D, Chiorine is used for sterilizing drinking water.

CE93_45

¥ statement 2™ statement
Concenlrated sulphntio acid can be used to Sulphtic acid is more velatile than nitric
prepare niteic acid, acld,

49
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CLi94_04

Both rubidium (Rb) and sedium are clements in Group 1 of the Periodic Table, but rubidium is
more reactive than sodhun, When a rubidium hydroxlde solution is clectrolyzed using platinum
clectrodes, hydrogen gas is liberated af the cathods.

Which of the following statements is n correct explanation for the phe on described above?

A.  The H*(aq) ion accepts an electron mere readily than the Rb*(aq) jon,

B.  The H'(aq) ion is more mobile than the Rb'(sq) ion and migrmies faster to the cathode.

C.  Rubidium Is first liberated, but it reacts immediately with water to give hydrogen gas.

D.  The concentration of H'(ag) tons is higher than that of Rb*(aq) jons in the rubidium
hydroxide solution.

CE%4_06
Directions: Q.6 and Q.7 refor (o the following experiment:

A drap of silver nitrate solution and a drop of sodium iodine solution are placed respectively at
Xand ¥ as shown in the diagram below:

{ilter paper moistened with

microseopie shde patassiwn nitmte sofution

clectrode gleclrode

\
)
. supply

R —

20V d.

After the circuit has been closed for some time, a coloured patch is formed between X and Y.

What is the cofour of the patch?

A. brown B. pumple
C.  ycllow D.  black
CE9%4_07

The main aim of this experiment is to show that

A, ions exisl in silver nitrate solution and soditun fodine solution.
B.  sodiwm lons ean react with nitrate ions,

C. silver ions can react with iodine ions.

D, potassium nilrate is an clecirolyte.

CE94_10
On sirong heating, & solid X decomposes to give a sofid residue and a brown gas. The solid
residue can react with concentrated nitric acid with evolution of a brown gas. X is probably
A, AgNGa. B,  Cu(NO.
C.  NaNO. D.  Zn(NOa)h.
50
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CR94_12

I which of the following experiments will a redox reaction ocenr?
A, adding copper turnings to iron{IL) nitrate sotution.

B.  adding bromine waler to potassium chloride solution.

C. adding fron fillings to sflver nitrate solution.

D.  adding sodium chloride sofution to silver nitrate solution.

CE94 13
Whien a substance X is electrolyzed using plafinum electrodes, a gas is collected at each electrode.
X may be

A, silver nitrate sofution. B.  potassium chloride sohition.
C.  molten sodium chioride, D.  molien copper(Il) chloride,
CE94_15

Which of the following is NOT a suitable method of preparation?

A.  preparation of carbon dioxide from caleium carbonate and dilute sulphuric acid,
B,  preparation of hydrogen from iron and dilute sulphuric acid.

C.  preparation of sulphur dioxide from sodiwm sulphite and dilute hydrochloric acid.
D.  preparation of nitrogen dioxide from zinc and concentrated nitric acid.

CR94_34

Which of the following reagents can be used to distinguish between sodium sulphite solution and
sodium suiphate solution?

(1)  barium chloride solution

(2) acidified potassium permanganate solulion

{3) potassium lodide solution

A, (Donly 3. (2jonly
C. (1) and (3) only D.  (2) and (3) only
CE94 38

Concentrated sulphurie acid turns blue litmus paper red and then black. On the basis of these
colour chenges, which of the following deductions concorning concentrated sulphuric acid are
correct?

{1y I contains H'zq) ions.

(2) Itis an oxidizing agent.

(3) Itisa dehydraling agent.

A, (1) and (2) only B.  {1)and (3)only
C,  (2)and (3) only D. (1), {2)and (3)
CE34_49

1 statement 2™ statement

ran revets with ehlorine fo form Won(l) ~ Tron isamdu«:»iug'égéht in this reaciion,
chloride.
51

CE95_07

Which of the following substances, when mixed, would undergo a chemical reaction?
A.  copper and zine sulplinte solution

B.  caleium chloride solution and magnesium nitrate solution

C.  Iead(Il) solution and soditn hydroxide solution

D.  bromine water and sodium chlaride sohition

CE95_10

T which of the foliowing equation does the underlined substance becons reduced?
A, CQuSOy+Zn — ZnSO«+Cu

B. 2FeCl +Ch — 2FeCly

C.  Pb{OH) +2HNO; ~—— Pb{NOs) +2H0

D. MgCO;+ 2HCl — MgClz+ €0z + H0

CE9S5_11
A student ties to electraplate an iron ring with nickel using the set-up shown below.

d.c. supply

——iron ting
—solution X

nickel rod—

Which of the following combinations iz correct?

Solution X Anode Cathode
A, Tron{]T} sulphate solution Iron ring Nickel rod
B.  Iron{ll} sulphate solution Nickel rod Tron ting
C.  MNickel(Il) sulphate solution Tron ring Nickel rod
D.  Nickel(H) sulphate solution Nickel rod Tron ring
CB95 13

The reaction of cane sugar and concenteated sulphuric acid may be represcated by the following
equation.

cone. HpSQ,
CH2nO0(s) ——= 12C(s} + 11 H0{)
In this reaction, concentrated sulphuric acid acts as
A, astrongacid B.  anoxidizing agent
C.  adrying agent D.  adehydmting agent
52
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CE95_30

Fea03(s) + 3CO(g) — 2Fe(s) + 3C0:(g)

Which of the following statements is/are correct?

(1) Carbon monoxide is an oxidizing agent.

(2)  The oxidation number of carbon changes from +2 to +4.
{3} The oxidation number of Jron chauges [rom +2 t0 0.

A, (Nonly B. (2)only
C. (})and {3) only . (2)and (3) only
CH9S5_33

Which of the fotlowing statements concerning a silver oxlde cell is/are correet?
{1) The cell is rechargesble,

{2) The cell can maintain a steady vollage during discharge.

{3) Tie positive electrode of the cell is silver oxide.

A, {Donsly B. (2)only
C. {i)and (3)only D. (2)and (3) only
CE95_37
Ins the set-up shown below metal X is more reactive than motat Y,
®
L~ J
metal X ! | metal Y
lemen

Which of the following statemcnts concesning this sct-up is/are corvect?
(1}  Electeolysis ocouys inside the lemon.

(2) Chemical energy is changed into glectrical energy.

(3)  Electron flows from metal Y to metal X in the extemnal circuit,

A, (only B. (2 only
C. () and (3)only D.  (2)aud (3) only
CE95 39

Which of the following substances can conduct electricity?

(1) moften zinc chloride

(2)  an agueous solution of magnesium sulphate

(3) amixture of ethano! and water

A, (lyand (2) only B, {lyand (3) only
C.  {2)and (3) only D. (), and(3)

33
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CE95_40 |
Which of the following methods can produce hydrogea? |
{1} adding zinc o water

(2)  electrolyzing dilute sulphurie acid

(3) adding magnesium to dilute hydrochiloric acid

A. (D) and 2)only B. (1) and (3) only |
C. {(2)and (3) only D, (1), @)yomd (3)
|

CRY6_07 i

metal

silver

sodiumn nitvate
= solution

Which of the following metals would produce the simallest voltage in the above set-up?

A, iron B8, aluminium

C. copper D.  magnesium

CE96_09

Witich of the following cxperiments can be used to show that concentrated sulphuric acid is a i
dehydrating agemt?

A.  adding it to copper(ll) oxide powder B. adding it to copper{il) sulphate crystals

C.  adding it to ealcium carbonale powder D. adding it fo sodium chioride crysials

CE96_27

lead ¢leclrode _magnesiu

efectrode
1M fead(IL) nitrate—
solution

1M magnesim
nitrnte solution

Which of the following slatements concerning the above set-up is correct?
A, Elecirons flow from the lead electrode to the magnesiom electrode through the extemnal

circuit.
B. Elcctions flow hrough the salt bridge.

o

The mass of the Jead electrode remnins unchanged.
D.  Oxidation occurs at the magnesium elcetrodle.
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CE96_30
Directions: CE96_30 and CE96_31 rofer to the following experiment.

gus X gasY

coneertrated Sodiom chloride

sohition containing phenolphthaleln
electiode

Which of the following combinations is correct?

Gas X GasY
A, chlorine hydrogen
B, chlorine OXYgen
C.  hydrogen chiorine
D. oxygen hydrogen
CE96_31

Which of the following slatements cancerning the above experiment isfare correet?
(I}  Platinum clectrodes should be used.

(2)  The concentvation of Na*(ag) fons around the cathede increases.

(3} The solution changes from colourless to pink,

A, (Donly B. (Zyonly
C. (1) aund (3) only D, (2)and (3) only
CE96_15

In which of tho following processes will lead be produced?
{1) the clectrolysis of lead(l1) bromide.

(2) heating tead(If) oxide strongly.

(3) adding magnesiom to lead(ll) nitrate solution,

A, (BHonly B. {(2)only
C. (I} and (3) only Do (2yand (3yonly
CE96 38

Which of the following substances are commonly found in the waste water produced by
electroplating factories?

(1)  acids

(2) alkalis

(3) cyanides

A, (1)and (2) only B. (1) and (3) only

C.  (2)and (3) only D. ()@ and (3)

35

CES6_42

X is an element. It can form a eation X2* which has an electronic arrapgement 2, &, 8, Which of
the following statements concerning X are correct?

(1) X isnstrong oxidizing agent.

(2)  Xis in Period 4 of the Periodic Table.

{3) X burns in oxygen with a brick red flame,

A, (yand (2) only B, (1)and(3)only

C. {2y andd (3) only D. (1} {2 and (3)

CE96_46 [OUT]
I* staterent 2 statement
Zinc-carbon dry cells are rechargeable, The electrolyte used in zinc-cacbon dry cells
fs potassium hydroxide.

CE97 04

Which of the following statements conceming the elements in the third period of the Periodic
Table is correcl?

A Both sulphur and chlorine can be reduced by aqueous sodium sulphitc.

B.  Magnesium is a stronger reducing agent than sodium.

€. Phosphorous and chiorine fonn # covalent compound,

D.  Magaesium burns in oxygen to fomm an acidic oxide,

CR97 07
During the electrolysiz of M copper(If) chlorlde sofution using copper clectrodes, which of the
following changes would oceur at the electrodes?

Catliode Anodo
A, liydrogen liberated chtorine fiberated
B. copperdeposited chlorine liberated
C.  coppor dissolved copper deposited
D.  copper deposited copper dissalved
CE97 08

Which of the following conversions involves the smallest change in oxidation number of the
underlined element?

A L) —~ COul®)

B, NOs(aq) — NOaAg)

C. S0#(@q) —= SO&(aq)

D, MaOs(aq) — Min*(aq)
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CB97_0%

Metal X reacts with dilute nitcic acid to give a colorless solution. When sodinm hydroxide
solution is added to the solution, a white precipitate which dissolves in excess sodium hydroxide
solution is formed. X is probnbly

A.  copper. B. iron.
C. lead. D. magnesinon
CE97_I6
Which of the following combinations is INCORRECT?

Cliemical Method of storage
A, calcium under water
B, polassivm under paraffin eil
C. ethanol in a cool place
D. potassium permanganate sofution in a brown boltle
CE97_[1 {OUT}

oist paste of ammoniun
chloride mangauese(IV) oxide and
zinc case  carbon powder
A zinc-carbon cell is connected to a voltmeter as shown in the sbove diagram, Which of the
following stafements concerning the set-up is INCORRECT?
A.  Electrons flow frons the zine case (o the carbon rod in the extemal circuit,
B. The zinc case gradually becomes thinaer as the cell discharges.
C. Manganese(lV) oxide acts s an oxidizing agent,
p.  Ammonium chloride acts as a reducing agent,

CR97 29
An iron nail is hicaled with concenlsated sulphuric acid. Which of the following combinations is
correct?

Gas given off Color of solution formed
A.  hydrogen pale green
B. hydrogen yeliow
C.  sulphur dioxide pale green
D.  sulphur dioxide yellow
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CE97_36

Which of the following substances can be used to distinguish between concentrated nitrie acid
ani! concentrated sulphuric acid?

(1) sodium carbonate powder

(2) copper turnings

(3) canesugar

A.  (1)and (2) only B. (iyand (3) only
C.  (2)and (3) only D. (1), {2 and (3)
CE97 39

Coneentrated suiphuric acid is corrosive to skin because

(1) it is adehydrating agent.

(2) itisan oxidizing agent.

(3) cach molecule of sulphuric acid has two ionizable hydrogen atonms.
Which of the above statements are correct?

A, (1) and {2) only B, (1) and (3) only
C. (2)and (3) only D. (1), (2yand (3)
CE97 50
1 statement 2™ statement
Concentrated hydrochlorle acld can react Concentrated hydrochloric acid is a strang
with silver, oxidizing agent.
CE98_04

Dircctions: Questions 4 and 5 refer to the following experiment:
The circuit shown below is set up and the solid fead (11 bromide is hieated until it becomes molten.

—
i )

electrode 17 clectrode X

solid lead(il) bromidc

heat

Which of the following statenients concerning the experiment is INCORRECT?
A.  The bulb lights up.

B.  Arcddish brown gas is liberated al electrode X,

C. Electrodes X and Y cau be made of nichrome.

D. Oxidation occurs at electrode Y,

58

—

Provided by dse.fife




CE98 05

Which of the following can be deduced from the experimental results?

A, Solld lead([l) bromide contains mobile ions.

B.  Moiten lead(ll) bromide contains delocalized elecirons.

C.  Molten lead(lt) bromide can be decomposed by electicity,

D,  Solid lead(ll) bramide is a covalent compound but molten tead(1}) browide is an ionic compound,

CE98 06
A part of the Perjodic Table is shown below.
Group
I i mow Y vl v 0
{ a
Period 2 b [
3 2

Which of the following statements is correct?

A, The outermost cleciron shell of an atom of & is an octet structure.

B.  The metailic character of the Period 2 elerments increases from & to d.
C. ¢ forms an jonic compound with o,

D.  eisastrong oxidizing sgent.

CE98_21
Consider the following experiment.

O

salt bridge

carbon electrode X carbou elecirode ¥

acldiffed polassinm

b Iron{if} sulphate solution
peimanganate solufion

Which of the following statements concerning the above experiment is correet?

A, Permenganale ions migrate into the salt bridge.

B.  EBlectrons flow from eleeltode X to elecirode YV in the extemnal circuit.

C.  Carhon clectrodes are used beeause they are chemically inert.

D.  The haif equation for the change oceurring at electrode ¥ is Pe?* + 26~ —— Fe.

CE98_22

In which of the following reactions does the underlined substance act as & reducing agent?
A, SO +7H8 - 2S+2M0

B.  PbiNQ;); + HiSOs —= PhSOQ, + 2HNO;

C, 2HCI+MgO —= MgCh+H0

D. 2KBr+Clz — 2KCI+Bn
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CE98 38

Which of the following experiments would praduce sulphur dioxide?
(1) heating iron pytites in air

(2} henting a mixiure of iron and dilute sulphuric acid

(3} heating & mixture of copper and concentrated acld

A, (1) aud (2) only B, ({I)eud (3) only
C. (2yand (3)only D. (1), (2)and (3)
CR99 07

Subslance X gives identical product(s) when treated with dilute sulphuric ocid or concentrated
sulphuric acld. X may be

A, zinc. B.  canesugar,
C.  mmnmouia, D.  hydeated copper(H) sulphate crystals,
CE99 09

in which of the following reactions is the underlined reactant reduced?
A, Co¥ +20H" — Cu(OH);

B. 80;+2Mg — 2MgO+S

C.  2NH;4+3Cu0 ~—~ 3Cu+ N+ 3H:0

D.  Za+2AgNOy —= Zn(MNO0s): +2Ag

CE99 {0

Which of the followlng statements concerning bromine and chlorine is INCORRECT?
A, They exist as diatomic molecules,

B, Tieir atoms liave the same number of outermost shell electrons.

C.  They form fons with a single negative charge,

D.  Bromine is a sironger oxidizing agent than chlerine.

CE%9 12
Consider the electrolysis experiment shown below:
il
B (i
pure copper rod impure copper rod

—— copper(17) sulphate solution

Which of thie following statements concerning this experiment is correct?
A.  The mass of the impure copper rod decreases.
The blue colour of the copper(ll) sulphate solution gradually fades off.

B
C.  Oxidation takes placg at the pure copper rod. |
- L

" The wlectrolysis process enn enliance the corrosion resistance of copper.
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CE%9_I5

Potassium permanganate solution actdified with ditute suiphuric acid is a commonly-used
oxidizing ageut. Dilute nitric acid is not used to acidify potassium permanganate solution because
A. nitric acid Is more expensive than sulphueio asid.

B. dilute nitric acid is an oxidizing agent and would react with the reducing agent,

C.  nitric acid decomposes more readily than sulphuric neid.

D.  dilute nitric acid would react with potassiutm permanganate solution,

CE9S I8

Which of the following processes would NOT produce hydrogen gas?
A, adding calcium to water

B. adding magnesium to dilute hydrochloric acid

C.  adding copper to dilude nitric acid

D.  passing steam over red hot iron

CE99 24

In an experiment, sulphur dioxide is passed imto an iodine solution which is prepared by
dissolving some iodine in potassium iodide solution. Which of the following statements
concerning this experiment is comrect?

A, The colour of the fodine sofution changes from purple to colourless.

B.  Abrown solid is formed.

C, Adisplaccment reaction ocours.

D.  Sulplur diexide iz oxidized to suiphate ions.

CE99 33

Which of the following reaclions will accur when aluminium powder is added to silver nitrate
solution?

(1) displacement

{2} anodization

{3) redox

A, (Donly B. (2)only

C. (1) and (3} only D. (2)and (3) only
CE99_36

The equation below represents the reaction of chlorine with hot concentrated potassium
hydroxide solution:

3ChA(g) + 6KOH(aq) — 5KClKaq) + KClOs(ag) + 3H20(})
Which of the followlng statements concering this reaction iw/are correct?
{1} Potassium hydcoxide acts as a reducing agent.
(2}  The oxidation nunber of chlorine changes from 0 1o -1,
{3}  The oxidation number of chiorine changes from 0 to +5.
A, (I)only B. (2)only
C. (1yand{3)only D. (2)and (3)}only
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CE99_38

Which of the following reagents isfare commonly stored in brown bot(les?
(1) potassivm permanganate solution

(2) concentraied sulphuric acid

(3) concentrated nitric acid

A (Doenly B.  (Zyonly
C. (})yand (3) only D.  (2)and 3) only
CE99 40
Consider the following chemiceal cell:
far\
I = |
zing ol il copper electrade

m sodinm chiorlde solution

Which of the following changes would lead to an increase in the voltage of the cell?
(1) The zine electrode is replaced with a magnesium electrode.

(2) The copper electrode is replaced with an iron electrode.

(3 The sodium chioride solution is replaced with a sugar solution.

A.  (I)only B, (2only
C.  (1)and (3)only D.  (2)aund (3) only
CE99_42

Consider the Tollowing experiment:

carbon electrode ¥ carbon electrode V’

dilute hydrechioric acid dilate hydrochloric acid

gel containing copper(Il) dichromate

Which of the following slatemaents concerning the experiment are correel?

(1) Gas bubbles are evolved at electrode X,

(2)  Anorange colour gradually appears in the solution around electrode Y.

(3) The experinent can be used to show that ions migrate towards opposilely charged

clectrodes.
A, (K)and (2) only B, (})and(3)only
C. (2)and (3)only D. (1), @)and (3}
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CE0¢_05
Which of the following gases are the major produets liberated in the electrolysis of concentrated
sodiwm chloride solution using carban clectrodes?

Cathede Anode
A.  hydrogen chlorine
B. chlorine lydrogen
C.  hydrogen oxygen
D. oxygen fhydrogen
CB0_16

Consider the following equation:
3Zn{s) + 2NOy(ag) + BHYaq) — 3Zn?*(x) + ZNO(y) + dH:0()
Which of the following combinations is correct?

X 4 2
A, &g 4 aq
B, ag g i
C. ag aq i
D. 1 g aq
CEDO_28

Which of the following changes is NOT a redox reaction?
A, FeauSO4) + HaS —= 2FeSO04 + S+ HaSO4

B. 2Al1+6HCI ~— 2AICK+3H;

C. CaCOy+ COx+ HQ ~= Ca(HCO3)2

D. 2KCIO; s 2KCi+30;

CE00_30

In which of the following substances does nitrogen has the smalfest oxidation number?
A. NH; B. NO

C. MO D N

CE00_31

‘Which of the following uses of sulphurie aoid is/are correct?
(1) manufacture of soaps

(2) manufacture of paint additives
{3) maenufacture of fertilizers

A, (Lyonly

C.  {1)and (3) ouly

=

(2) only
{2} and (3) only

I~
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CHeo 35
Consider the cliemical cell shown below:

H——
salt bridge l"""
{

magnesing coppar

IM magnesiume

1M copper(Il)
sulphate solution

I sulphate solution
Benker X Benker ¥

Which of the (ollowing statements concerning the ecll isfare correet?

(1)  Oxidation takes place af ihe copper electrode,

{2)  The concentration of magnesinm ions in beaker X increases,

(3) The salt bridge allows clectrons to flow from ene clectrode to the other electrode.
A, (Yyonly B, (2)only

C. (1)aund (3)only D, (2) and {3} only

CE00_43 [OUT]

Which of the following staicments concersing a zine-carbon cell are correct?
{1)  The ammonium clderide in the cell acts as an electrolyte.

(2} The manganese{IV) oxide in the ce!t acts as an oxidizing agent,

{3} The zinc cass of the ccll acts as the positive terminal.

A, (})and (2) only B. (I} and (3} only
C.  (2yand (3) only B, (1), {2) and (3}
CE00_44

Which of the foltowing statements coneeming sulphur dioxide are correct?

{1} It can be prepared by heating copper turnings with concentrated sulphiurie acid,
(2} 1t is denser then sir

(3) U can be absorbed by sodium hydroxide solution.

A, (1) and (2) only B. (1) and (3) only
C.  (2)and (3) only D. (1) (2yand (3)
CE0D_45
1* staternent 27 statement
Concentrated sulphuric acid can tun a Concentrated  sulphuric acid is o strong
piece of filter paper black, oxidizing agent,
CEOI_07

Which of the following stateynents concerning water is correct?
A, Itreacts with calcium to give a colourless gas.

. B.  Itisastrong electrolyte. .
€. Itwms anhydsous eobali(ll) eliloride from pink to blue,
D.  Itis immiscible with methanol.
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CEO{_08

Which of the following stalentenls concerning the formation of chloride ions from chlorine atoms

is correct?

A.  The number of sliells occupied by electrons in a chlorine atom equals that in a chloride
fon. .

B, The atomic nuniber of chlorine increases by 1.

C. The mass number of chlorine increases by 1.

D.  The change is an oxidation,

CE0l_lI

Which of the following pairs of solutions, when mixed, would produce a precipitate?
A, lead(il) nitrate aund sodlum hydroxide

B. copper(ll) sulphate and sodiwm nitrate

C. zinc chloride and potassiwim nitrate

D.  iron(ll) sulphate and ecidificd potassium permanganate

CEO1_19
Consider the half eq of a redox reaction:
SH(aq) + MnO4~(ag) + Sc- —= Mn?'(aq) + 4H0(1)
Cr04% (aq) — 2C0s{g) + 2~
How many moles of MnOs(aq) fous will react completely with one mole of C20¢*(aq} ions?

A 04 B. 10
c. 25 D, 50
CROI_22

Which of the foliowing equations represents a redox resction?
A.  NH¢*(ng) + OH (aq) —= NHi(g) + H2O(l)

B. 2Cr04t(aq) + 2H*aq) — Cr07%(aq) + HhO(l)

C.  2PeSOu(s) —= FesOs(s) + SOs3(g) + SOxg)

D.  2NaHCOi(s) — NmCOx(s) + HaO(l) + COx(g)

CR01_24
Cousider the half equation:

105(ag) + xH:0(}) + yeo — I-(aq) + zOH(aq)
Which of the following combinations is correct?

X ¥ Z
A 2 2,
B 2 4 4
c 3 6 6
D. 4 8 8

[23
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CEGI_29

The oxidation number of lead in [Ph{OH)s]*~ is

A 2. B. 42,
C. 4, D, +6.
CE01_35

Which of (he following statements concerning the reaction of iron(ll) carbonale with IM
sulphuric ncid is/are correct?

(1) Sulphuric acid acts as an acid.

{2)  Sulphuric acid acts as an oxidizing agent.

(3)  Sulphuric acid acts as a dehydraling agent.

A, (Donly B. (2)only
C. (1) oand {3) only D.  {2)yand (3) only
CED1_43

Which of the following ate correct descriptions of the uses of sulphuric acid?
¢1) treatment of melal surfaces in the electroplating industry

{2) manufacture of paint additives

(3) ranufacture of fertilizers

A, (1ysod 2} only B, {(l)and (3) only
C.  {(2)and (3)only D (1),{2)and (3)
CEO1_44

Consider the set-up shown below:
flow of electrons

salt bridge

carbon electrode X carhon eleclrode ¥

1M potassium

b ! 1M iron(1I1}
iodide solution

sulphate solution
Which of the following statements are correct?

(1}  The sohition around electrode X furns brown.

{2) The mass of eleclrode X remains unchanged.

{3}  Reduction oceurs at electrode Y.

A, (1)yand {2) only B. (1) and (3) only
C.  {2yand (3} only D. {1}, () and (3)
CE02_06

Compound X dissolves in waler to give a calourless sofution, When chiorine gas is bubbled into
the solution, the solution turns brown, X is probabty
A, ammonium iodide. B.  fron(ll) sulphate.

C.  sodiwm sulphite, D.  potassium hydroxide.
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CE02_07
Sodium chromate, NaxCrOq, dissolves In water to give a yellow solution. When dilue
hydrochioric acid is added to the solution, the following reaction ocours:
2C102(aq) + 2H @g) —+ Cr07(ag) + HaO()
Which of the following statements concerning this reaction is correct?
A.  The colour of the solution changes from yelow to green,
B. Chromate ions act as a reducing agent,
C.  The oxidation number of oxygen remains unchanged during the reaction.
D.  The reaction is a newtralization.

CE02_10
Consider the set-up balow:
gleotron flow

sait bridge
b4 it

zine sulphate solution

Blectrons flow from X to ¥ in the extemal eircuit. Which of the following combinations is
eorreet?

F. 4 3 4 Z
A. carbon silver silver nitrate solution
B. zine magnesium magnesium sniphate solution
C. carbon carbon copper(H) suiphate sofution
D, zine carbon silver nitrate sofution
CRO02_I3

Which of the following equatiohs represents a redox reaction?
A, Ca(HCO;); +2HC] — CaCly +2C0; +2H,0

B, PCL+Cl: — PCls

€. Fe*+30H - Fe(OH)

D,  AlQ;+2NaOH ——= 2NasAlO: + H;0

CE02_18

The symbol of vanadium is V. What Js the oxidation number of vanadium in NHVO5?
A -1 B. +3

C. +5 D. 46

CBO2 (9

thch of the followmg ncids, \vhcu }:eatcd w1th copper, would praduce a gas?

A, dilate it sicid “dilurte Tiydrochioric dud
C. dilute sefphuric acid D.  concentmated ethanoie acid
67

CE02_30
Starch, a natural polymer, is a carbohydrate. When concentrated sulphurio acid is added dropwise
to some starch, a black sitbstance is formed. The reaction involved is

A.  dehydration. B.  depolymerisation.
C.  redox magtion, D.  neutralization.
CE62 38

Which of the following set-ups can be used to dry moist sulphur dioxide gas?

M) anlyduons caleium (2
cliloride gns

[
gos —~=y N8 v
concentrated
sulpliuric acid

A, (Dand (2)only B. (1)and(3) only
C.  (2)and (3)only D. (1), (2yand (3)
CE02 39

Which of the following statements conceming Group VI elsnients and their jons are correct?
(1) Chlorine has the highest oxidizing power antong chlorine, bromine and iodine.

(2} Todide ions have the highest reducing power among chioride, bromide and iodide jons,
{3) Bromine ls a velatile liquid at soom temperature and pressure.

A (Dand ) only B, (D)and (3)yonly
C.  {(2)and (3) only D. (1), (2)=nd (3)
CE02 41

When sulphur dioxide is bubbled into water, a colourless solution is formed, Which of the
following stateiments concerning the solution are correct?

(1}  The solution conduets electricity better than water,

{2}  The solution can change iron{III) sulphate solution from yvellow to green.

(3) The sohution can change potassium bromide solution from colourless to browa.

A, (1) and (2) only B. (1) and (3) only
C.  (2)and (3)only D, (1), (2 and 3}
CE02 47
1¥ statement 2™ statement
During electrolysis, oxidation takes place at Cations accept electrons and are discharged at
tle cathode, the cathode.
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CE03_03

Wihen o small piece of calcim metal §s put into a trough of water, a reaction oceurs. Which of
the following statements concerning this reaction is correct?

A,  Itis an endothermic reaction,

B. [ltisa redox reaction.

C.  Aslight explosion occurs. )

D, The calcium metal buras spontaneously in water,

CE03_04

Which of the following statements conceming nitric acid is INCORRECT?
A, Itis manufactured from ammonia.

B. )tisused to moke explosives.

C.  1tisused to make fertilizers.

D. Htisadehydrating agent,

CE03_07

Which of the following statements concerning halogens is INCORRECT?

A, Compounds of fluorine are added to tap waler to help prevent tooth decay.
B. Chlorine is used as a sterilizing agent.

C.  Bromine is a volatite ligquid.

D. lodine vapour is brown in colour.

CRO3_13
Which of the following substances will NOT react with bromine wafer?

A. propeue B. sulphur dioxide

C.  potassiwn jodide solution D, ammonium chloride solution
CE03_15

In the electrolysis of a copper(1l} sulphate solution, copper is uscd as the anode and cacbon as the
catliode, Which of the followiug statements concerning (his cleetrolysis Is correct?
A, The concentration of Cu*(aq) ions in the solution remains unchanged

B.  The concentration of H*(aq) ions in the solution increases.
C.  Oj(g)is liberated at the anode,
D.  Hafg) is Bberated at the cathode,

CE03_16

Which of the following conversions is NOT a reduction?
A, TFea0; — Fe

B. Cu{OHp —= Cu0

C. CH;COH — CH;CH:OH

D, Hi804 — SO
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CE03_i8&
Consider the following information abouf three elements, X, ¥ and Z,
Blement Alomic mimber
X 12
¥ 16
Z 17

Which of the following statements concerning X, ¥ and Z is correel?
A, Xrencls with Z to form an ionic compound,

B.  Yisa stronger oxidizing agent than Z,

C.  Xhas a simple molecular stracture.

D.  Yean conduct electricity in the molten siate.

CE03_23
Consider the following equatlon:

SHRS + 2KMnOs(aq) + 3H2SOs(aq) — 58(x} + 8Ha0(y) + ZMuS0a(z) + K2804(aq)
Which of the following combinations is correct?

b3 Y z
A s a aq
B. s i aq
C. aq agq s
D. ag l H

CE03_35 [OUT]

Which of the following is/are advanlage(s) of using alkaline cells over zinc-carbon cefls In
casselte players?

{)  Alkaline manganese cells have longer life time.

{2)  Alkaline manganesc cclls are rechargeable.

(3)  Alkaline manganese cells give a more steady voltage over discharge.

A, (1yonly B. (2)only
C.  (Iyand (3) only D. (2)and (3) only
CEOSSP_17

Consider the following equntion:
O(g) + 4Fe(OHY{x) —+ 2FeiOx(y) + 4H:0(@)
Which of the following combinations is corrcet?

X X Z
A s s I
B, s aq aq
C, aq 5 aq
D. aq aq 1
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CRO5SP_31

Caesium (Cs) is a group I element In the Periodic Table and its relative atomic mass is greater
than thet of potassium. Which of the following sfatements concerning cacsium is INCORRECT?
ducing agent than pot

B, Caesium reacts violently with watee,

C.  Caeslum is a soft metal,

D.  Caesiuns reacts with oxygen to form an oxide with fonmula Cs:0.

A.  Caesium is a weaker

CRO55P_40

Whicl of the following statemients concerning nitric acid is/are correct?
(1) Nitric acid is a stronger acid.

(2) Dilute nitric aeid reacts with copper to give hydrogen.

{3) Concentrated nitric actd is a dehydrating sgent.

A, (Donly B.  (2)only
C. (1) and (3) only D (2)and (3) only
CE04_05

Which of the following statements conceming nitric acid is correct?

A, Nifric acid can be used ag a fertilizer.

B. Nitrogen monoxide is a raw matezial in the manufacture of nitric ackl,

C.  Intlie laboratory, conceniraled nitric acid is commonly stored in brown boltles.

D.  The following hazard warning label should be displayed on a boitls of concentrated

nitric acld,
CE04_07
Iw which of the following compounds does sulphur exhibit the lowest oxidation number?
A.  NazS:0s B, MgS0«
C. KHSOs D, HSO:
CE04_13

Which of the following combinations concerning the uscs of metals is correct?

Metal Use

A, cadmivm making rechargeable cells
B. copper meking use in clecirle plugs
C.  chromium making duralumin

D.

zine making cans for canned food

7t

CE04_14
Chlorine can be prepared from concentrated hydrochloric acid and potassivm permanganate
according ta the following equntion:
2KMnOy + xHCl —= 2KCI + 2MnClz ¢ y1hO + 2Cly
What is the value of 27

A 4 B. §
C. 8 D. 10
CE04_18

Which of the following reagents can be used to distinguish sedium bromide solution from sodium
chloride solution?

A, bromine water B. chlorine waler
C.  1,1,1-tcichioroetinne D. potassivm fluoride soltion
CE04 24

Which of the folfowing combinations conceming the set-up shown below is corcect afier a current
has flowed through the extemnal circuit for some time?

= copper rod

silver rod -~ 1

i copper(l) sulphate

solution
Mass of anode Colour intensity of the copper(if) suiphate solulion
A. increases no change
B. decrenses no change
A= increases decreases
D. decrenses decreases
CE04_32

Which of the following substances can decolourise acidified potassium permanganate solution?
{1} sodium nitrate selution

{2) sodium sulphite selution

(3) chlorine water

A, (Lyonly B. (2)only

€. (1)yand 3)yonly D, (2) and (3) only

7
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CE04_34

Which of the following substances, when dissolved in water, gives a solution with pH greater
than 77

{1} chlorine

(2) calcium oxide

(3) sulphur dioxide

A, (Donly B. (2Q)only
C. (1) and {3) ouly D.  {2)and(3)only
CE04_38

A counterfeit gold coit s made from an alloy of copper and zine. Which of the following methods
¢an be used {o show that the coin is NOT made of pare gold?

(1}  detenmining its density

(2) treating it with dilute nitric acid

(3) treating it with dilute hydrochloric acid

A, (1)and (2) only B. {1}and (3)ouly
C.  {(2)and (3) only D. (1), (2yand (3)
CE04_39

Which of the following gases can act as reducing agents?
(1) ammonia

(2} hydrogen

(3) fluorine

A, (1)and (2) only B. {I)and (3} only
C. {2) and (3) only D, {1, (2 and (3)
CE04 40

Censider the chemical cell shown below:

e @
L |
salt bridge T

7 catbon eleclrode X

carbon electrode Y —

IM Ki{aq) wilh some

IM Fex(SO.
(SO9i(ng) shareh solution

Which of the following statements concerning the cell are correct?

(I) Electrons flow from electrode X to electrode Y in the external clreuit.

{2)  Oxlidation eccurs af electrode Y.

(3)  Ablue colour appears in the Kifaq) after the cell has operated for some time,
A, {1} aud (2) only B, (1yand (3)only

C.  {2yand (3)only D. (1,@)acd(3)

73
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CE04_43

In which if the following processes would hydrogen be produced?
(1)  elecirolysis of an aqueous solution of potassium bromide
(2) passing steam over heated iron povvder

(3  adding zinc granules to difute cthanoic acid.

A, (Dand (2) only B, (1)and{3)only
C.  (2)and (3)only D, (1), (2)and (3}
CLE05_08

Which of the following is NOT a redox reaction?
A, NHNO; — N0 +2H0

B NHa+ HNOy —~ NI¢NOs

C. MN20s+Hi0 — HNO:z+ HNO:

B, 4HNG; — ZH I +4NO + Oy

CRO0S_15

zas. SwEel Lo Swee2 Lon  Sesed o0, S84 550,

Which of the following stages involves (he largest change in oxidation number of sulphur?

A. Stagel B. Stags?2
C. Stagel D. Stage4
CE05_25

Which of tlie following processes involve chemical changes?
(1)  mixing sea water with silver nitrate sofution

(2) cvaporation of sea water

(3) electrolysis ol sea water

A, (1)aed {2) only B, {(Dand (3)only
C.  (2)aud (3)only D. (D), 2)and (3)
CE05_26

An aqueous solution of a compound reacts with difute hydrochloric acid to give a gas. This
aqueous solution does not give a precipiiate with sodium hydroxide solution. What could the

compouid be?

(1) potassium sulphile

{2}  iron(il} sulphate

(3) nmmonium carbonate

A, (Donly B. {(Ponly

C. (1yand 3}only - D. (2)and (3)only

|
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CE05_30
1% statement 27 statement
loding can  displace chlotine from lodine is a stronger oxidizing agent than
potassium chloride solntion, chiorine.
CEO05_31

In which of the following combinations will oxygen be produced as the major produet at the
anode during electrolysis?

slectrolyte cathode anode
A, 0.IMCuCl; platinum platinunt
B. 0iMCuCh copper coppet
C. sSMucCt platinum platinum
D. SMHCi copper copper
CE05 33

When a metal X is warmed with an acid Y, they react to forn a colourless solution and a brown
gas. Which of the following combinations is correet?

X Y
A, zine coucentrated nilrie acid
B. copper concentrated sulphuric acid
C.  zine concentrated sulphuric acid
D. copper concentrated nitric actd
CE05_36
Which of the following properties of Group I ¢lements decreases down the group?
A, melling point B, reducing power
C.  reactivity with water D.  tendency to form cations
CE05_48

1 statement 2™ statement

Anodization is a methed used to enhance By anodization, an oxide layer is formed fo
the cotrosion resistance of aluminium, protect the aluminium,
CE05_03
What is fhie oxidation number of cobalt in Co(NHiMCL?
Al =2 B. o
C D. 46

75

B,
giiod
D.

CE06_21

When substance X is treated with an aqueous solutios of iron(ll} sulphate, the iron({f) ions acl
as oxidizing agent. X may be

A, concentraled hydrochloric acid.

B.  aqueous ammonia,

C.  acidified potassium permanganate solution,

D.  zine granules.

CEB6 27

Which of the following reactions involve oxidation and reduction?

(1} 2KCIOy(s) —= 2KCi(s) + 30:(g)

(2} PY(s) + PbOxs) + 2ZH:804(ag) — 2PLSOu(s)+ 2H,0(0)

(3} HhOxfaq) + Hx80s(eq) + 2KI{ag) —= KaS8O4(aq) + Ix{ag) + 2 H,0()

A, {1)end (2) only B. (D oand(3)only
C. {2and (3)only D. (1), (D and (3)
CE06_29

19 statement 2 statement
Potassium Is a steonger reducing agent than Potassium atoms lose electrons more readily
sodinm. than sodium atoms.
CE06_32
Which of the following combinations is correct for a zinc-carbon cell? {ouTt]

Anade Cathode Electrolyte

A, zinc graphite manganese(1V) oxide
B. zine graphite ammonium chiloride
C.  graphite zine manganese(lV) oxide
D, graphite zine ammonivm chioride
CE06_33

Inan experiment, a copper plate and a zine plate are placed in a beaker containing ditute sulphuric
acid, The two metal plate ate touching cach other as shown in the diagram below:

copper plate — zine plate

beaker — ¥

dilute sulpharic acid

Which of the following statements correctly describes the observation in the experiment?
A, The solution in the beaker turns blus.

¢ is formed in the beoker,

A white precip
Gas bubbles are formed on the surface of the copper plate.
7%

i3 €3 33 £ [ thpovidead byl

The mass of the zinc plate remains unchanged. I T

a 14



c & c & T

CE06_38
Consider the conversions between three nilrogen compounds shown in the flow diagram befow:

Reaction 2

N = \Y
NOAp) | HNOs(aq)

A

Reaction 3

Reaction 1 Reaction 4

"No)

Which of the following stalements is correet?

A.  Reaction 1 occurs spomtancously when nitrogen monoxide Is exposed to air.

B.  The oxidation nunmiber of nitrogen remaing unchanged in Reactfon 2.

C.  Reaction 3 can be brought about by adding very dilute nitric scid to magnesiuns.
D.  Reactian 4 can be brought about by adding concentrated niltle acid to copper.

CE06_40
The set-up below shows 2 chemical cell connected to a voltmeter:

&
U

gnft bridge

copper electrode X opper electrode Y

0.02M CuSO:(nc)

1.00M CuSOa(aq)

In the sel-up, electrons flow in such n dircetion that the concentration of Cu®*(aq) jons in cach
half ecll beeomes (he same eventually.

Whieh of the followlng statements concetning the set-up Is correct?

A, The salt bridge allows electrons to flow from one half celi (o the other,

B. Ogridatlon occursat Y,

C.  Electrons flow from Y to X in the external circuit,

D.  The mnass of X will decrease but the mass of Y will increase.

CE07_19

Chiorine is bubbled Into an nqueouns sofution P for some time. The colour of P gradually changes
to brown. P is NOT likely to be

A, ealeium hydroxide solution, B.  potassium jodide sohuion,

C.  lron(l) chloride solution. D,  zinc bromide solution.
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CE07_20
Directions: Questions 20 and 21 refer (o the following experiment.

voncentrated sulphuvie weid

solution Y

Which of the foliowing combinations of solution X snd solution Y cnn be used to show that
sulphur dioxide and carbon dioxide are produced?

Solution X Solution ¥

A.  bromine water caleium hydroxide solution
B. iren{l)) sulphate solution calcium hydroxide solution
C.  acidified potassivm dichromale solution sodium hydroxide solution
D.  acidified potassium permanganate solution  sodium hydroxide solution
CE07_2t

Which of the following statements eancerning the reaction between carbon and concentrated
sutphuric acid are correet?

{1) The oxidation number of carbon changes from 0 to +4,

(2} The oxidation nwnber of hydrogen in sulphuric acid renwains unchanged.

{3} Concentrated sulphuric acid acts both as a dehydrating sgent and an oxidizing agenl.

A, {1)and {2) only B.  (1)and 3)only
C.  (2)and (3)ouly D, (1), (2)and (3)
CE07_22

Which of the following statements conceming chlorine, bromine and iodine is/are correct?
(1) They ace all coloured substances.

{2)  Their reactivity increases with relative atomic mass.

(3) ‘They all react with sodium sulphito selution.

A.  {(Donly B, (2only
C.  (1)and (3}only D.  {(2)and (3)only
CEO07_24

Consider the redox reaction represented by the equation below;
28,05 aq) + L{nq) — S406™(aq) + 20(aq)
Which of the foflowing statements is/are correct?
(I)  The oxidation number of sulphur in S20:% (ag) is +3,
(2)  One of thie half equations of this reaction is 2S5:h?{aq) — $106>(aq) +2¢~
(3)  Ianq) is oxidized by $:05%(aq) in the reaction.
A, (Donly B. (Donly
C.  {l)and (3) only D.  {(2)and (3) only
78
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CE07_25

Which of the following processes would produce sulphur dioxide?
{1) roasting iron pyrite in air.

(2)  heating zine with concentrated sulphuric acid

{3) mixing dilute hydrochloric acid with sodium sulphite

A, (1) and (2) only B, (I)and(3)only
C.  (2yand (3)only D, (1), (2)and (3}
CE07_36

The following diageam represents a chemical cell eatled fuiel cell.

4— Hyfg)
concentrated -
NaOli(aq)

Ox(g) <— ~* Hi(g) + Ha0(g)

electrode YV electrode X

" hamioal ok

Hydrogen and oxygen are passed into the fuel celf, The half equations for the 5
oceurring at electrode X and electrode Y are listed below:

at X: Hy +20H" — 2H;0 4+ 2¢"

at Y: Oz + 2H0 + 4¢~ ~— 4OH~

Which of the following statements concering the (uel cell is correct?

A.  Reduction ocours st X,

B.  Acument flows from X (o Y through the extemal gircuit,
C.  Both Hafg) and Ox{g) function as fuels in the cell.

D, The fuel cell is an environmentaliy-friendly chemical cefl.

CE07 37

‘Which of the following mixtures can produce chlorine?

A. chlorine bleach and lemon juice B, sodiun chloride and vinegar

C.  polyvinyl chloride and caustic sodn D.  hydrochloric acid and limestone

CR07_41

Which of the following ltems does NOT require the use of the products obtained from electrolysis
of brine?

A.  manufaciure of soaps B. manufacture of polyethene

€. manufacture of bleaches D.  mamifaclure of hydrochiorie acid

79

CE07_43

Which of the following bonds or attractive forces exist in ammonivm nitrate?
{I) ionic boud

{2) covalent bond

(3) von der Waals’ forces

A, (1yand (2) oniy B. (l}and (3) only

C.  {2Yand (3} only D, (1), (@) and (3)

CE07 44 [OUT}

Which of the following statements conceraing & zinc-carbon cell are correct?
{I) Manganese(IV} oxide acts as the anode.

{2) Ammenium chioride acts as an eleclrolyte,

(3) Zinc acts as the negative clectrade.

A, ()and (2) only B. (1) and (3) only
C. (2 and (3) only D.  {1),{2)and (3}
CEQ7_45

Using cerbon as cleclrodes, which of the fallowing soluliens would give hydrogen upon
electrolysis?

(8} ¥ M silver nitrate solution

(2) 2 M sodium hydroxide sofution

(3) 3 M calcium chioride solution

A, (1) only B, (2)only
C. (D) and (3) only D. (2} and (3) only
CEQ7_46

Which of the following statements concerning the reaction of concentrated nitric acid with copper
isfate correet?

{1}  Acoloutless gas Is evolved,

{2}  Onemole of NOs~(aq) ions requires onc mole of electrons for reduciion.

{3} it involves a displacement reaction,

A, (Donly B. (2)only
C. (1)and (3} only B, (2)and (3) only
CBO08_04

Consider the fonic equation Lelow:
2MnOs +x Sn¥* + y HY —= 2Mn? + x Sp** + 8H,0
What s the value of x?
A 2 B. 4
C. 5 D. 7

8o
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CE08_05

In which of the following compounds is the oxidation number of nitrogen lowest?
A, NHsCl B. NaNO;

C. NH,CGH D.  Pb(NOs)

CE08_L}

In whick of the fellowing processes does sutphur dioxide act as a reducing agent?
A.  passing sulpbur dioxide into water

B. passing sulphur dioxide inlo icdine solution

C.  passing sulphur dioxide into iron(11) sulphate sofution

D.  passing sulphur dioxide into sodium hydroxide solution

CEQ8_13

Whicl of the following statements conceming the reaction between acidified potassium
permanganale solulion and excess propene is INCORRECT?

A, The oxidation number of mang 1 from +7 to 42,

B.  The reaction occurred is an addifion reastion,

C.  The acidified potasslitm permanganate solution decolourised,
D

The structure of (he organic product is CH(OHYCHCH2OH.

CEO08_21

Which of the following substances, when mixed with bremine water, would formy a colourfess
solution?

(1}  sodium sulphile

{2) sodium ehlotide

(3) sodium iodide

A, {l)only B. {(2)ouly
C.  (I)and (3) only D. (2} and {3) only
CE08_23

Wihich of the following isfare relnted to the use of silver oxide cells in watches?
(1)  Silver oxide cells are rechargeable.

(2}  Silver oxide cells are small in size.

(3}  Silver is an expensive metal.

A (Honly B.
C.  (1)and (3) only D.

{2) only
{2) and (3) only
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CE08 24
When chlorine reacts with methane under sinlight, which of the following compounds can be
formed?

(1}  chioromethane
(2} dichloromethane
(3} hydrogen chioride
A, (1yand (2) only
C.  {(2yand (3} only

w

(1) and (3) ouly
{1}, (2)and (3)

o

CE08_28

2™ stalement
Sadium sulphite bleaches by oxidation while
sodium hypochlorite bleaches by reduction,

1# statement
The bleaching action of sodium sulphite
lasts  tonger than that of sodium
hypochlorite,

CEQ08_34

From which of the following processes can lead be obtained in a school laboratory?
A.  Lead(il) oxide is heated strongly,

B.  Lead(il) oxide is mixed with carbon,

C.  Dilate lead(J]) nileate solution is cieetrolyzed.

D.  Zincis added to dilute lead(Il) nitrate solution.

CE08 36

Which of the {ollowing processes does NOT Involve redox reaction(s)?
A,  bromination of methane

B, olectrolysis of sea water

C. thermal deconiposition of limestone

D, removal of air pollutants in car exhaust by catalytic convertor

CEO08 38

Which of the following statements coneerning concentrated sulphuric acid is INCORRECT?

A.  Concentrated sulpburic acid can be used as a drying agent far ammonia,

B.  Adding concentrated sulphuric acid to sugar will give a steamy fume,

C.  Blue Htmus paper will finally tarn black when dropper into concentrated sulphuric acid.

D.  When a benker of concentrated sulphuric acid is left in air, the volume of liquid inside
the beaker increases gradually.

52
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CE08_40
A compound is composed of element Z and hydrogen, Blectrolysis of this compound under
ften state pr of Z atoms at the cathode as bydrogen molsaules at the
anode. The following half equation shows the change occurring at the anode:
2H™ — Ha+2¢
What is the oxidation number of Z in the compound?

A 1

the same

A 2 B, -t
C. o+l D 2
CE08_44

The following diagram shows the set-up of a chemical cell,

salt bridge

carbon rod carbon rod
wixiure of FeSOs(aq) mixture of KBr{aq) and
and Fex(S04):(nqg) Brfaq)

Given that Braaq) Is » stronger oxidizing agent than Fe?*(aq), which of the changes represonted
by the following half cquations would oceur if the cell is producing a current?

(1) Ftagy+en — Fe?'(aq)

2 Fe'aq) —= Fe’'(aq)+e

{3} 2Br (aq) ~— Bnfaq) +2c

A, (1yonly B. (2)only
C. (1) and 3}only D.  (2)sud (3) only
CE08_48

Upon eleetrolysis, which of the following solutions would give hydrogen at carbon cathode sand
oxygen at platinum rnode?

(1) very dille sndium chloride solution

(2)  dilute copper(ll) sulphate solutlon

(3) concentrated potassium sulphate solution

A, (1)yonly B, (2)only
C.  (Hand (3}only D. (2)and (3) only
CE09 02

In which of the following reactions does nitrogen exhibil three different oxidation numbers in
the species involved?

A.  NHjNO; —» NG+ 2H0

B.  8NH3+3Ch — ONILCI+N2

C.  Mg+4HNOy —= Mg(NO:+2NOy + 280

D. 3Cu t SHNO; 5 3Ca(NO 4 2NO0 T 4ILO

23

CE09_04

The table below shows whether displacement reaction occurs between metals W, X, Y and Z with
their ions. v represenis that displacement reaction occurs. white 'X' represents that
displacement reaction does not oceur.

Y YA

Waq) s v
X aq) v v
Yz’(aq) Fd J
Z'(ag) :

Which of the following is the strongest reducing agent?

A X B. ¥

c Z D. Z'

CE09_13

A dranken driver breathes into a device containing dichomate ions. The oxidation number of
chromium would change from

A, 461043, B, 431046,

C.  +310+2. D, +H2io+3.

CE09_14

Which of the following is NOT an industrial product made from sulphuric acid?

A, fentilizer B. paint additive

C.  soapless detergent D.  sulphur dioxide preservative
CRO9_17

This question refers to the following micro-seale experiment.

dilute hiydroohloric acid

zine granules

Which of the following types of reaction isfarc involved in the experiment?
{1} redox reaction

{2) ncutralization

{3) thermal decompasition

C. (1) and (3) only D.  (2)and (3) only
84
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CB09_24

Which of the following substances con reaet with acidified potassiun permanganate solution?
(1) propene

{2) potassium iedide solution

(3) sodiwn sulphite solution

A. (1) and{2) only B.  {1)and (3) only
C. (@) and(3)only D. (1), (2 and (3)
CE09_30

1% statement 2" statement

When sulphur dioxide Is added o sodium Sulphur dioxide can act as a bleaching agent.
bromide solution, the mixture obtained is
colourless,

CEg9 31

Which of the following statements concerning ammonium iodide is correet?

A, Ammonium iodide soltition is a wenk alkali,

B.  Ammonium iodide solution is brown in colour,

C.  Reaction will oceur when anmimonium fodide is mixed with chlorine water.

D.  No reaction will occur shen ammonium jodide is heated with sodivm hydroxide,

CE09_34 [OUT]
Which of the fellowing would NOT oceur when a zine-carbon cell is supplying electeicity?

A.  Walteris produced. B.  Zinc case becomes thinner,
C.  Ammonium jons are conswmned, D.  Manganese compound is oxidized.
CED9 38
Inan experiment of clectroplating nickel on a copper object, which of the following combinations
is correct?
Anode Cathode Blectrolyte
A,  copper object nicke! CuS0s(aq)
B.  copper object nicket NiSOs(aq)
C.  nickel copper object CuS04(aq)
D. nickel copper object NiSOu(aq)
CE09_39

Wirich of the following processes would NOT give an obvious colour change?

A. Bubble ethicne into bromine water.

Add potassium chloride sslution 10 bromine water.

Add coneentraled nitric acid to iron(11) sulphate solution.

Eleclrolyze concentrated potassium lodide solution using platinum electrodes.

vow
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CE09_42

Which of tlie following acids can react with stiver?
(1}  difute sulphuric acid

(2} concentrated nitric acid

(3) concentrated hydrochloric acid

A, {lyonly B. (2)only
C.  (1)yand (3) only D, 2)and (3} only
CE09_44

In the electrolysis of a copper(l]) sulphate solution using copper cathode and graphite anode.

which of the following would change? |
(1} pH of the solution

(2) colour of the solution

(3) mass of the graphite anodc

A, (1)and (2} only B.  (1}and (3) only
C. (2} and (3) only D, (1), {2) and (3}
CE09_49
(# statement 2™ sintement
Sulphates can be oxidized to sulphites. Oxidation number of sulphur in sulphates is

higher than the oxidation number of sulphur
in sulphites.

CE10_05
Which of the {sllowing set-ups can be used to dry hydrogen chloride gas?

n HCK®)-= =
i

=5

+— concentrated g ,g
stfphnic acld ﬁ‘:}

ih % Heig :ryzw-;%‘%__n'

anliydrons calciv chlogide

A HCg) =

calcimn oxitde

C. HCHg)~

calefum carbonate
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CE10_09
In which of the following set~-ups would the voltineter display the greatest magnitude of voltage
reading?

A. B.
Zn(s) Cu(s) Zn(s} Cufs)
1M NaClag) IM CHaCH;OH{ag)
C. D. §
Culs) Mg(s) Cus)
IM NaCl{aq) 1M CH3CHaOH(aq)

Mpg(s)

CEl0 11

In which of the foltowlig specles does the underlined element have an oxidation number of +37
A O B.  HiPO«

C. NH& D. HNO»r

CE10_24

Which of the following is/are redox reaction(s)?
() CHi+Ch — CHCl+HCI

2y 20003 +2HY —+ CnO? +H0

{3) 2KNO; —= 2KNG;+ Oy

A,  {Dand (2)only 8. (1) and (3)only
C.  {(2)and (3) only D, (D @) and (3)
CEI8_30
1% statement 2% statement
Bromine water can react with Nai{aq). Tha reducing power of "(aq) ion is stronger
than that of Br(ag) lon.
CEIf_32

Which of the followling processes gives hydrogen gas as the major product?
A,  adding iron to dilute niteic acid.

B. adding copper to dilute sulphuric acid.

€, passing stem over hieated zing granules.

D. clectrolysis of brine using mevcury as the cathode.

&7

CEl0 34
In st experiment to study the clectrolysis of copper(11) sulphate solution, the set-up used is shown
below:

carbon elecirode X carbon electrode ¥

copper(Il) sulphate solution

Which of the following siatements concerning the above experiment is corcect?
A. Reduction occurs at X,

B, Hydrogen gas is evolved at Y.

C.  The pH of the solution increases gradually.

D.  The colour of the solution remains unchanged.

CE10_36
Consider the experimental set-ups shown I the figures below:
electrons electrons
metal X . Cun wetal Y Cu
NaCl{ag) -11—— NaCl(aq)
Figure 1 Figure 2

In Figure 1, if Cu is replaced by ¥, which of the following statements is correst?
A, Chlorine gas will be evolved at Y.

B. A solid will be deposited on the sueface of Y.

C. A greater mognitede of voltage will be recorded,

D. Electrons wifl flow from X to Y through the external circuit,

CE10_43

Solution Y is added dropwise to a solution of NaOH containing several drops of phienolphithalein.
The mixture suddenty changes from pink to colourfess. Which of the following substances may
Y be?

(1) HClkq)

2) KCliag)

(3) Chlag)

A, (Donly B. (2)only

C.  (Mand{3)only D, (2} and {3) only

&%
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CE10_47

— O

Which of the following reagents can convert iron(I1) ions to iron(lil) ions?

(D chlorine water

(2)  dilute nitric acid

(3}  potassium bromide solution
A, (1)and (2) only

C. (2)and (3)only

CE10 48

B. (i)and (3) anly
D. (1), (2)and (3)

Which of the following experiments would give n colout change?

(1)}  Sulphur dioxide is passed into a tost lube containing bromine water.

(2)  Sulphur dioxide is passed into a gas jar containing moist red flower petals.

(3)  Sulphur dioxide is passed into a conical flask containing potassium jodide solution.

A, (1) snd (2) only
C, (2)and (3) only

CE10 49 {OUT]

1% statement
When using a =zinc-carbon cell in
electrolysis, the carbon electrode of the cell
is connccied to the cathode of the
electralytic cell.

CEl1_06

B, (1)and (3) only
D, (1), (2) and (3)

2™ statement
In a cireuit using zinc catbon cell to supply
clectricity, electrons in the extemal cireuit
flow to the carbon elecirode of the zine-
carbon cell.

Which of the following processes does NO'T involve redox reaction?

A, rsting of iron nails

B.  thermal decomposition of calcium carbonate
C.  adding zinc granules to concentrated hydrochloric acid
D.  adding magnesium ribbons lo copper(IT) sulphats solution

CE}1_07

Both D and E are metals. D reacts with ESOq solution according to ihie following equation:

D¢s) + ESQu(ag) ~— DSO4(aq) + E(38)

I D and E are used as the electrodes in a lemon cell, which of the following statements

concerning the lemon cell during dischiarge is correct?
A, Blectrons flow from E fo D in the extems! cireuit,

D (aq) ions are found in the Jemon juice,

B
C.  Bacts as the negative elecirode.
D. D acls as the cathode.

—

- r— T T r

CELI_09

Which of the following statements concerning the conversion of an fodine atom to an jodide jon

is carrect?

A.  The conversion is & reduction,

B. The atomic ntunber of jodine increases by [

C,  The number of ageupied electron shells in an iodine atom is less than that in an iodide
{on.

D.  The number of occupiced electron shells in an fodine atom is greater than that i an
iodide fon,

CElL_I1
‘The following three chlorine-containing species are arranged according to the increasing order
of oxidation number of chiorine:

HCL, ), HCIO;
Which of the following species may NOT be J?
A, Ch B. Ciloy
C. ChLOs D. HOCI
CEll_14

Consider the following equation:
pCIOFT +q 802+ rH0 —> pCl+g 804 +2r H*
Which of the following combinations is correct?

2 A L
A, I 2 2
B. i 3 3
C, 2 3 2
D, i 2 3

CE11_20
Which of the following gases can be dried by using concentrated sulphuric acid?
(1} ammonia

{2)  sulphur dioxide
{3) hydrogen chioride
A, (Honly

C. (1) and (3) only

=

(2) only
(2} and (3} only

>
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CEll_21

Consider the redox renction represented by the cquation below:
PbO; + NOy 4 2H' —= Pb®* + NOy + M0

Which of the following statements is/are correci?

{1} NOs is reduced.

{2} PbO;is reduced.

(3) H is neither oxidized nor reduced.

A, {Iyonly B. (2)only
C. (1) and (3) only D, 2)aud (3)only
CEl(_26

S0.{g) is passed into each of the following solutions. In which of the solutions will a colour
change be observed?

() By

{2) TFeSO«(aq)

(3) acidified KMnO(aq)

A, (}and (2) only B.  (Hand (3)only

C.  (2)yand (3yonly D. (1), {2 asd (3)

CEil_32 [OUT]

Which of the following statements concerning zine-carbon cell is correct?

A,  Zinc-carbon cell is reciiargeable,

B. The positive electrode of zinc-carbon cell is carbon rod.

C. Zinc-corbon esil is a dry cell which docs not contain water,

D.  Azinc-carbon cell of farger size produces a higher voltage than a smaller one.

CEN_35

Which of the following statements concerning & working electrolytic cell is correet?
A.  Water must be present in the electrolytic cell,

B. The electrolylic ccll liberates electrical energy.

C.  The electrodes in the electrolytic cetl must be metal,

D. Redox reaclion must be involved in the electrolytic cell,

CEIt_37

In the slectrolysis of concentrated potassium chloride solution using carbon electrodes, gaseous
produets are jiberated at both electrodes, Afer a short period of time, what Is the theoretical
volume ratio of the gas collected at the cathode to the gas collected at the anode?

A 1:1 B, 1:2
(CO B | D, 2:1%
@t
¥ 3 '3 2 3 r 1 & s 5 5 5
& | [ & | [ 4 & o & 2

CEL1_44
The following diagram shows the set-up of an experiment.

Al

separating funnel ~—. —\—— carbot rod
ol L brine

plastic coversd mefal wire

bate wtetal wire fIercury

water with phenolplithatein

Aller some time, lhe tap of the separating funnel is opencd fo run some mercury from the
separafing funnel into a beaker containing water with phenolphthalein, Which of the following
statements concerning the experiment is/ave correct?

(1} Mercury in lhe separating funnel can increase the electricnl conductivity of the brine.

(2)  The water with phenolphthalein tuns red.

{3) The carbon rod acts as the cathode.

A, (Donly B. {(2)only
C. (1)yand (3) only D. (2)and (3) only
CEll_49
" statement 2™ statement
2M nitric acid can react with copper but 2M 2M nitric acid is a stronger acid than 2M
ethanoic acid cannot, ethanoic acid.
ALO(D)_03

The reaction shown below takes place in liquid ammonia;

NHBr + KNH; — KBr + 2NH;
Which one of the following best describes ibe reaction?
A. Displacoment B. Ncutralization
€. Redox D.  Substitution

ASLOS(I)_03

Which ane of the products listed below ts NOT obtained industrislly from the electrolysis of brine?
A, Hydrogen B.  Oxygen

C.  Sodium chlorate{l) P, Sodium hydroxide

ASLI12{i)_03
In which of the following species does hydrogen have mn oxidation of -17

e S
C. H0 D. NiR
92
& a 2 . B r 1

3 £ [ £33 £ Dl A Fdd Rv-Hodd



—

—

r - r— - r— r— r—

ASL13(1)_03

Which of the following product(s) isfare obtained when chiorine gas is bulbled into a hot
concentrated sofution of sodium hydroxide?

A, NaClOonly B. NaCtand NaClO

C.  NaClOs; only D. NaCland NaClOs

DSEILSP_02

In which of the fallowing compounds does sulphur exhibit the lowest oxidation number?
A, NaiS:Oy B. Mg804

C. KHSO; D. HS:0

DSElISP_12

Which of the following combinations concerning the set-up shown liefow is correct afler a cursent
has flowed through the exteral circuit for some time?

silver yod copper rod

copper(il) sulphate solution

Mass of snode

Color of copper(11) sulphalc solution

A. Increases No change

B. Decreases No change

C. Increases Becomes lighter

D. Decreases Becontes lighter
DSE1{SP_21

Consider the lollowing experiment:

carbon elecirode ¥ carbon electrode X

dilute hydroclilonic acid dilute liydroclitoric acid

gel confaining copper(ll) diclwomate

Which of the following statements concerning the experiment are correct?

(1)  Gas bubbles are cvolved al electrode X.

(2)  An orange color gradualty appears in the solution around electrode .

(3) The experiment can be used to show Ghat fons migrate towards oppositely charged slectrodes.
A, (Dand (@) only B.  (1)and (3) only

C.  {2)and (3)only D, (1), (2)and (3)

93
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DSE{ISP_23
1* siatement 24 statement
Bromine water can be used to distinguish

belween sodium  sulphate and  sodium

Bromine can be reduced by sodium sulphite
to colorless bromide, but not by sodium
sulphite solution. suiphate.
DSE{2PP_14
Consider the following chemical equation:

PSOxag) + ¢Ce¥(aq) + rH0() —= pSOf(aq) + gCe¥(ag) + 2¢H'(aq)

{Ce is the chemieal symbol for cerium,)
Which of the following combinations is correct?

r q r
A. l 1 1
B. ] 1 2
€. L 2 2
D, 2 t 2
DSE12PP 22
Consider the elecirolysis experiments using the following combinations of electrolyte solution
Electrolyte solution Anode Cathode
(1) Copper(ll) sulphate solution Copper Copper
(2) Copper(1}) chloride sokution Graphite Graphite
{3) Potassium sulphale solution Platinum plalinum

In which of these experiments will the concentration of the electrolyle solution remmin

UNCHANGED?

A, (Donly B. (2yonly

C. (Nand (3 only D.  {2)and (3) only
DSE12PP 23

Which of the following statements about Hithiuo-ion batterics isfare correct?

{1) I lithiom-ion batteries, the electrolyte is a lithium selt in water.

(2) Lithium-jon batteries are rechargeable.

{3) The disposal of lithiwm-ion batteries causes less harm to the environmient than that of nickel-
cadmium balteries.

A (Donly B. (2)only

C.  (1)oand (3) only D.  (2yand (3} only
DSEi2 06

What is the oxldation number of Cu in CofNH3)iCh?

A0 B 42
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DSEI2 13

The tendency of being reduced of six fonic species increase in the order as shown below:
Ba¥*(aq) < Na'(aq) < Mg (aq) <H*(aq) <Cu?*(aq) < He¥(aq)

Which of the following statements is correct?

A, Ba(s) does NOT react with H*(aq)

B,  Na(s) has a stronger reducing power than Hg(l)

C.  Hg*(aq) is the weakest oxidizing agent among the six speoies.

D.  Displacement rexction occurs when Cufs) is immersed in MgSOu{aq)

DSEi2_18

Which of the following statements concerning a hiydrogen-oxygen fuel celf iw/are correct?

(1) i produces non-polluting product,

(2)  Tho membranc in it selectively allows hydroxide fous to pass through,

(3) 1t can continuously produce slectrlcity as long as hydrogen and oxygen are supplied under
operating conditions.

A, (Donly B. ({@Qonly

C.  (1)yand (3) only D.  (2)and (3)only

DSELZ_30

Which of the following ions can act as both an oxidizing agent and a reducing agent?
A.  Pel(aq) B, Cua¥(aq)

C. CnO(aq) B, MnOs{aq)

DSEI3_16

A0 (ag) + wHOiag + sH'@EQ) —— hing) + yOxg) + zZH00)
Which of the following is the correct combination of the reaction coefficients y and z7

¥ £
A 4 5
B, S 4
c s 6
D. 6 5
DSEI3_17

Potassium peroxedisulphate (K28:05) can be obtained from the electrolysis of a saturated solution
of potassium hydrogensulphate (KHSOy),

Which of the following correctly describes the oxlidation number of sulphur in KHSO,, and the
clectrode at which K28204 Is produced during the clectrolysis?

Oxidation number of S Electrode at which K38;04 is produced

A, +6 Anode
B, - . 4 e e Cathodte
C. +4 Anode
95
P 3 § 3 1 § 3 i 1 B 1
i i i J L & : ‘ l | 1 i K

A hyesty T ' o gl @) only

D. +4 Cathode

DSE{3_06

Which of the set-ups shewn below can best be used fo anodize an aluminuny ebject?
A ’ I

platinum aluminitin platinsm '_.' = _alaminium
elecirade objeet clectrode | H. - object
difite dilute
H:804(aq) H:508aq)
C n.
platimim ahnuwinium platinum _J: 23 atiiniom
clectrode abject dectrode  [-f: 1} T object
U
concentrated concentiated
NaCl{aq) NaCi{rq)
DSEL_21
Which of the following is/are secondary cell(s)?
(1)  Alkaline mangancse cell
{2) Lithium ion celt
(3) Nickel metal hydride cell
A, {Donly B, {(2)only
C.  (1ysnd (3) only D,  (2)and (3) only
DSE13_22

Which of the following reagents can be used to distinguish between sodium sulphite and sodium
sutlphate?

(1)  trondil) chloride solution

{2)  Acidified potassium permanganate solution

{3) Concentrated nitric acid

A, (Iyonly B. (2)only
C.  (1yand (3yonly D, (2)and (3) only
DSEI4_15

Which of the following hazard warning labels should be displayed on both the reagent bottle storing
conventrated sulphuric acid and the reagent bottle storing concentrated hydrochloric acid?

(U] (2) 3
=)
) @

C, (1)and (3) only D. {2} and (3) only
%
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DSEl4_[1
The diagram below shows a set-up in which silver is being plated on a spoon:

metal M —

agueous solution of silver compound Q —

Which of the following statements concerning the above set-up s comeet?
A, M must be sitver.

B, Q con be silver chioride.

C. The spoon is connected to tlie negative pole of the battery.

D. Electrons flow from metal M to the spoon through the selution.

DSEi4_|6 [OUT]

Which of the following statements conceming a zine-carbon cell is / are correct?
(1) The zinc case would become thinner when being used,

(2) Its voltage remains unchanged when being used,

(3) tcan be recharged after use

A, (Donly B. (2)only
C. (aend (3) only D, (2)and (3) only
DSEL4_20
The diagram below shows the set-up of an experiment:
I
' L]
carbon electrode i carbon elecirode

\M_—_ sodium bromide powder

Which of the following niethods may light up the light bulb?

(1) heating five sodium bromide powder until molten

{2) sdding deionized waler Lo the sodivm bromide powder

(3) replacing the sodium bromide powder with bromine liquid

A, {l)yand (2) only B. (l)and (3} only
C.  (2)snd (3)only D. (1), (2) and (3)

97
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DSE!5_02

Which of the followlng processes would NOT give oxygen?
A. Heating mercury(H) oxide strongly

B. Electrolysis of dilutc sulphuric acid

C. Fractional distillation of liquefied air

D, Passing stean over heated magnesium

DSE15_06
The conversion of nitrogen gas to nitric acid invelves the following steps:

Step 1 Step 2 Step 3 Step 4
. NH, TS NG,

~ HNO,

In which step is nitrogen reduced?

A, Sept B. Step2
C. Step3 D.  Stepd
DSELS_I3

An clectrolysis experiment is condueted using the sel-up shown below:

very dilute NaCl{aqg) ~ liimus indicator

carbon electrode X catbon electrode Y

What are the expected colors around X and Y after lhe experiment has been conducted for some
time?

X Y
A Yellow Red
B. Red Bluc
C Biuo Red
D Red Yeliow

DSEI5_I6
Constder the following set-up at the start of an experiment:

platinun electrode platinum electrade

100 em? of
0.50 M acidified K1Cr205(aq)

00 em? of
0.50 M FeSOs(aq)

Afler a period of time, the concentration of KzCraO«(aq) drops to 0,47 M. What is the conceniyation
of Fe304(aq) af that time?
A 053M B, 047M

98

r——

Provided by dse.life




C. 04IM D, 032M
DSEI5_I7
AKi(aq) + 2C0:{g) + Oxg) — 2K:COs(nq) + 2hxnq)

Which of the following statemnents conceming the above reaction is / are correct?
(1) Kl{aq) is oxidized by O2(g).

{2} Klifaq) is oxidized by COx(g).

(3) 'The yellow color is due to the KoCOs{ag) formed.

A (Donly B. (2)only

C.  (Nand {3)only D, (2)and (3) only

DSEl6_I1

In which of the following sebstances does nifrogen have thie highest oxidation number?
A, NF; B.  M:Hq¢

C, NaNH: D. HONH

DSEl6_t2

The diagram below shows the set-up used in an eleetroplating experiment Involving four iron rods:

CuS0{aq} £

MgSQulag)

T L} = l’. o v

Rod! RodI Rod I Red IV
On which of the following iron tods would a metal be plated?
A. Rodl B. Rodli
C. RodIE D. RodlV
DSEl6_13
Gas X is bubbled steadily into solution Y as shiown in the diagram below;

gas X —» =

{ solution ¥

In which of the following combinations would NOT have a visible change in solution Y¥

Gas X Solution ¥
A, Ch(g) Kl{aq)
B, OxAg) FeSO4(aq)
D,  SOu(g) acidified NaxCrOr(aq)

99

DSEIG_14
Which of the following is NOT a redox reaction?

A.  2AgBi(s) — 2Ag(s) + Brig)

B, SOxg) + 2HiS() —= 3S(s) + 2O

C.  2KCIOs(s) — 2KCl{s) + 30:x(g)

D.  Ca(HCOakfaq) — CaCOxs) + HQ{H) + COip)
DSEI6_IS

‘The following equations shows the reaction when a secondary ceff is discharging:
2NIO(OH)s) + Cd{s} + 2HaO() — 2Ni{OH}(s) + Cd(OHN(s)

Which of the following half cquations shows the change at the negative clectrode when the cetl is
belng recharged?

A. Cd{s) + 20H(zq) — Cd{OH}(s} + Ze

B. Cd(OH)}(s) + 2¢ ~— Cdfs) + 20H (aq)

€. Ni(OHn{s) + OH'(2g) — NiO{OH)s) + H00) + &

D, NiOOHXs} + H0() + & —> Ni(OHp(s) + OH(ng)

DSEl6_20

Pb is an element in Group 1V of the Periodic Table and can form Pb¥ ion, Which of the foliowing
stalemeonts are correct?

(). The change from Pb* ion to Pb atons is a reduction.

{2) Both Pb stom and PH** {on have the same number of protons,

(3) Both Pb atom and Pb®* ion have the same number of oecupied electron shells.

A, (1)and (2) only B. (i)and (3) only
C. {(23and (3) only D. (1), (2)and (3)
DSEL6_23

1% statement 2°¢ statement

During anodization, the atuminium oxide on The corrosion resisiance of aluminium can
the surface of aluminium is reduced to be enhanced by anodization.
metal,

DSE17 08

Which of the following statenients concerning hydrogen-oxygen fuel cell is INCORRECT?
A. It contains a catalyst,

B. Water is formed during discharge.

C.  Oxygen gas s passed 1o the anode,

D. IHydrogen gas scts as the redueing agent,
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DSEi7_04
The diagram below shows a set-up with the bulb lights up:

g siap silver strip
porous pot
IM Mg(NOs)(aq) IM AgNO;(aq)

Which of the following stalements conceming the set-up is correct?
A. Silver ions migrate towards the porous pot.

B. The mass of he magnesion: strip d

C. Heatenergy is converted into electrical encrgy.

D. Hydrogen ions are discharged on the silver strip.

DSR17_11
Which of the following statements conceming zing is corcect?
A. It forms a soluble oxide when placed in NHi(aq).
B. It acts as u reducing agent when placed in HCl(aq).
C. Itundergoes oxidation when placed in MgCh(aq).
D. H fonms an acidic solution when placed in hot H2O()).

DSE17_15
Consider the following chemical equation:

ING(OH)afs) + XHCHnq) + yAuCli(aq) — INiClag) + pAu(s) +2C1"(aq) + 6H20()

Which of the following combinations is correct?

X ¥y z

A 4 2 2

B. & 2 2

c 4 3 3

D. 6 3 3
DSEI7_23

What would be observed when a few drops of concentrated nitric acid is added to Ki{ag)?
(1) Abrown solution is formed.

2)  Abrown precipitate is formed,

(3)  Areddish brown gas is released.

A, (1) and (2) only B. {I)and (3} only

C.  (2)ond (3) only D, (1), @) and (3)

161
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DSEI8_12

Which of the following is NOT a redox renction?

A, 2Mg + S0y — 2MgO + 8§

B. CaCO; + 8$i02 — CaSi0; + COu

C. CwO + Hz804 —~ CuSO4 + Cu + H0

D. 3CuS + S8HNO: — 3CuS04 + 8NO + 4H:0

DSE18 21 [OUT]

Which of the following statements concerning a zinc-carbon cell is/are INCORRECT?
(1) The geaphite rod is inseried in a mixture of graphile powder and MnOa.

(2) Potassium hydroxide acls as an electrolyte.

(3) Ammonia form around the cathede.

A, (Donly B. (2youly
C. (1)yand (3) only D, (2)and (3)only
DSEI9_03

Which of the following processes daes NOT involve oxidation and reduction?
A, Red wine tuming sour

B, TRemoving rust using white vinegar

C. Combusting natural gas in a power station

D. Removing nitrogen oxides in the catalytic convenster of a car

DSELY_H
Counsdier the following electrolytic celis:

very dilute __j_ l_ﬁ‘ o _ very dilnte
NaClisg) | A B S B NGl
| 1 T
Cor 4 ——Hah) i
Lo UL
C(e) A—Cs) Te(s)—11 ~ H—re(s)

i )
s : ..!}l;. -

Wiiat would happen during electrolysis 7
A, Oxygen fonns around A

B,  Chlerine forms around B

C.  Hydrogen forms around C

D.  Iron{ll) ions form around D.

12
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DSE19_12

Which of the foliowing stalements coneerning the fuet cell below that can form water is INCORRECT?

unregcted gas X dew ~——— unreacted gas Y

-—— hot concentrated KOH(nq)

parotisibll eicguteade/i L porous Ni efectrode B

{conted with nickel oxide) ™|

gas X— ———gas Y
A. 1tisaprimary cell.
B. Nialso acts as a catalyst,
C. X can be obtained from fractional distillation of liquid air.
D.  The rquation for the change at electrode B is: 40OH™ —= 2H0+ 0+ 4¢”
DSE{9 14

Consider the following reaction:
NH)Cri0i(s) — Cra0s(s) + Na(g) + 4H0(g)
Which of the foltowing statements is /fare correct?
(1) The oxidation number of chromium decreases.
(2) Only covalent bonds are broken and formed.
(3) Green solid turns to orange solid,

A.  (Lyonly

B. (2)only

C.  (Dand (3)only
D.  (2)and {3) only
DSE19_19

In which of the following reactions does the underlined chemica) acts as a reducing agent?
(1) 2CaHig+ 1302 — 8CO:+ 10H.0

(2) BaNO;% + N8:SO — BaSO4 -+ 2NaNOs

(3) Zo(OHY; +2NaOH —= Na;Zn(OH)

A.  (})only

B. (2)only

C. (1) and (3) only

D.  (2)and (3) only

DSE20_5
‘Which of the following ing francium (atoric ber = 87) is correct 7
A Francium has a higher meldng point than potassium.
B. Francium forms cations move readily than potassium,
€, Francium is a weaker oxidising agent than p i
D Francium has a fewer number of ocoupied electron shells than potassivm.
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DSE20_9

9. Refer to the following chemieal cell :
—@—
porous pot
zine copper
ZnS0,(8q) CuSO{aq)

Which of the following statements is correct ?

A. Copper is the cathode of the cell.
B. Zinc jons gct as the oxidising agent in the cell
& Only zinc ions can pass through the porous pot.
D. Electrons flow from copper to zine through the external circuit.
DSE20_12
12 Refer to the following half squations :

C0M(ag) > 2C0,(g) +2¢°
MnO(aq) + $H (aq) + 567 — Mn{ag) + 45,000

What is the minimoem volume of 0.010 M acidified KMnO«(ag) required to completely oxidise 15.00 e’

of 0.020 M NapCy0yaq)
A. 6.00 om’
B. 12.00 e’
G 1500 em’
D. 7500 end®
DSE20_14

4. The set-up below is used to shaw that hexane (C¢H ) contains carbon and hydrogen. Whatare Xand Y 2

A, PHSO(s)
B.  NaGH(s)
[0 anhydrous CoCl(s) limewater
D anhydrous CuSO(s) bromine water

e
3

g

Y

"

)

po—

> pump

cold water

Y
Himewater
bromine water
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DSE20_19 DSE21_22
18 Which of the following processes can form a halogen ? 22. Which of the following statements concerning hydrogen-oxygen fuel cells are correct 7
[43] When used to power vehicles, they are more environmentally friendly than using petrol engine.
) Elempbes e ey [v3} When used in space stations, they can produce drinking water in addition to energy. .,
@ Add Na,804(s) to concentrated HBr(aq). 3) ‘When used as a back-up power source in hospitals, they do not produce noise pollution,

(3) Add KX(s) to acidified KMRO{aq).

A, (1} and (2) only
A, (1) only B. (1) and (3) only
B. (2) only () (2) and (3) only
(o8 {1y and (3) only D. (1}, (2) and (3)
D. (2) and (3) only
DSE21_23
2
D321 23. Consider the following two electrolytic cells :
24 Consider the following experimental set-up :
carbon rod carbon rod copper rod copper rod
8.1 M CuSO4(aq) Eﬁ 0.1 M CuSO4aq)
carbon rod X carbonrod Y
- Electroiytic celi 1 Electrolytic ceil 2
ditute H2S0«(ag) difute H2SO«(aq) . )
During electrolysis, which of the following would oscur in Electrolytic cell 1 but not in Electrolytic cell 2 2
(€8] (as bubbles are given out.
) The blue solution becomes paler.
gel containing CuCraOx(ag) 3) A reddish brown solid is deposited.
Which of th following statements is correct when an electric current passes through the circuit 7 A (1) and (2} only
B. {1} and (3) only
A, Blue colour Is observed in the dilute H;SO(aq) around Y. C. (2) and (3) oniy
B. Gas bubbles are observed in the dilute HyS04(aq) around Y. B. (1), 2y and (3)
(54} Orange colour is observed in the dilute H3SO.(aq) around X.
D. Electrons flow from X to ¥ through the extemal circuit. DSE2] 97
DSE21_07
208 Copper(ll) oxide can catalyse the decomposition of hydrogen peroxide to form oxygen and water. In an
experiment, hydrogen peroxide solution is shaken with copper(ll} oxide in a test tube. What would be
7. The oxidation number of Pb in Pbio(V04)sF: is +2. What is the oxidation number of V 7 observed in the test tube after the completion of the reaction ?
& A a pale blue liguid
A -3 B. 2 blue solid and a colourless liquid
B. +2 (ch a black solid and a colourless liguid
€. +4 B. a reddish brown solid and a colourless liquid
D. . +5
DSE21_09
i
9. Gases discharged from coal-fired power plants contain $Oa. $O: is also regarded as an air poilutant. What

is the most suitable way to remove the SO before discharging these gases into the atmosphere 7

Pass these gases through calcium oxide.

Pass these gases through concentrated sulphuric acid.

Cool these gases to liquefy SO, for subsequent removal.
Pass these gases through an organic solvent such as hexane.

TUow>
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Steuctural Quastions
CES0_02a(i)

A teacher asked a student to describe an experiment to illustrate o redox reaction using concentrated
liydrochloric acid,

The following is the student’s answer. There are threc mistakes in this answer, two of which have
been undertined by the feacher.

'Set up the apparatus in a fume cupboard as shown in the diagram Lelow. Pour concentrated
lydrochloric acid into & filter funnel. Pass the gas generated through a U-tube containing soda lime

to dry the gas and to remove hydrochloric acid fumes. Collect the gas hy dowanvard displacement
of air”

Qas jar

U-tabe

sadda e

permanganate

(1} Write a balanced equation with state symbols for this redox reaction.
(2)  Exphaln why this reaction is an example of a redox reaction in termis of ¢hanges in oxidation
number of the reactants,

(4 marks)

CE90_04a
carbon carbon carbon carbon
elechbdssi clectrode B electrade 4 “ electrode B
—————
colourdess
colowr boundary we
yellowish-brown
Diagram I: before electrolysis Diagram IT: after electrolvsing for soma time

Diagram T shows a set-up for the electrolysis of 0.5M potassium bromide solution. After passing
electricity for some time, gas bubbles were observed at electrade A, while the solution avownd
clechiode B tuned yellowish-brown. “This colouration gradunlly extended to the bottom of the U-
tube and a steady colour boundary was formed as shown in diagram 11,

]

) Whichs of the clectrodes was the eathode?
(i)  Name the gas produced al electrode A, and suggest o chemical test ta identify this gas.
(i) Write half equations for the renctions that occurced during olectrolysis at electrodes A and B,
(v)  Name lite electeolysis product responsible for producing the yellowish-brown colour and
explain why the colowr extended to the bottom of the U-tube,
iy (1) Whal fons would migrate from the solution araund clectrode A towards electrode B
during elecirolysis?
{10 marks)

CES1_02¢
fron gheets can be tin-plated by electrolysis of eitlier tin(I1) or tin{IV) compounds before they are
used to make food cans.
[63) In the above electrolysis, whet materiaf should be used as the anode?
(i)  Based on the quantity of electricity consumed, determine whether the use of a tin{II) or

tin(IV) eompound is mors economiical in the electrolysis process,

(1)  Glve onc reason to explain why iron is first tin-plated before food cans are mads from it.
(iv)  If the tin-plated ivon sheet has been scratched to expose the iron, can it still be used to make

a food can? Explain.
(6 marks)

CE92_05a
Sod i;m hydroxide can be manufactured by the electrotysis of concentrated sodium chloride solution
i the following set-up, where A anid B are inert electrodes.
diaphragm
chlorine gas =1 / [=-hydrogen gas

concentrated sodium
ehloride solution

CTYT
SRR

T

d.c. power supply
® Bxplain which electeeds, A or B, is the cathode.
@)  Using the concept of preferential discharge of fons, explain the electrode reactions and why
sodium hiydroxide can be manufactured by the above electrolysis.
{6 marks)

108

tm = = = = 51,00 by‘dsé.life




. ST e s e e e

CE03_02n :
Turning knabs on radios are ofien made of plastics plated with metal coatings.
(i)  What is the purpose of plafing the knobs with metals?
The plastic knobs are first coated with copper and then electroplated with nickel. The clectroplating

can be conducted using the foltowing set-up:

(O

nickel rod
eleciroplating tank ——)
aqueons nickel(fi)
copper-coated knob — sulphate. NiSOs{ag)

(i)  Why is the plastic knob first coated with copper before electroplating?
(iv)  Write an ionic equation for the reaction that occurs at the cathode during electroplating.

{3 marks)
CE9%4_0lc
The table below lists some information about three metals X, Y and Z,
Metal X Y Z
Alamic aumber 12 20 -

A colourless gas
f 1y No spparent clange
Action of cold water No apparent change —

Action of (LIM A colourless gas ~ R
hydrochloric acid evolves
When Z is heated with concentrated sulphurle acid, a colourless gas evolves and the solution turns
blue.

[O)] What gas is evolved? Suggest a chemical test for the gas.

(i) Whatwould be observed if a piece of metnl X is added to the blue solution?
{4 marks)

CE94_07a

electrode made of
melst P

curhon uleclrode R

—=gathon clectrode §

electrode made of 3 '
metal @
l = ’— copprer(tl) sulphute
dilute swlphueic acid ——m———) (o —— solution

Set-up X Set-np Y
In the above dingram, P and Q arc two different metals. When the circuit is closed, a current flows
in the external cirouit. After some time, 0.36 g of copper is deposited on the carbon electrode R,

M [$)] What is the direction of clectron flow in the external circuit? Explain your answer.
196

o  rc O oo

(i Aferthe circuit has been closed for some time, what would be observed
() at the carbon electrode 8?
{2) in the copper(If) sulphate solution?
{lii}  What is the function of set-up X in this experiment?
(iv)  Which ofthe metals, P or Q, accupies a higher position in the electrochemical setios? Explain
YO answer, .
{7 marks)

CE95_09b
carbon electrode carbon electrode
5 filter paper soaked with
potassimn nitrate solution
acidified potassium as salt bridge
permanganate solution

potassinm fodide solution

When the cireuit in the set-up shown above is closed, the scidified potassium permanganaie solution

inses its colour gradually,

(i) Write a half equation for the reactfon that eceurs in the acidified potassivm permanganate
solution. Explain whether the permanganate fon is oxidized or reduced.

(1) What would be observed in the potassium iodide solution after some lime? Write a half
equation for the reaction that would oceur.

(i)  Mdentify the direction of electron flow in the exiernat circuit.

(ivy Write an ionic cquation for the reaction that occurs when sn acidified polassiim
permanganate solution and a potassium iodide solution are mixed together.

[N ¢)) What is the function of the salt bridge in the set-up?
2) Explain whether a sodium sulphite solution can be used instead of a polassium

nitrate in the salt bridge,

(8 marks)
CE96_06a
The table below lists the oxidation number of iron in two compounds:
Compound Tron{il) sulphate Iron(I1l) sulphate
Oxidation number +2 +3

O] (O] What would be observed when sodium hydroxide solution is added 1o iron(ll)
sulphate solution? Write an ionic equation for the reaction involved,
) Explain whether this reaction is a redox reaction,
(i) When iron(Il) sulphate solution is mixed with dilute sulphuric acid and n small amount of a
pumple solution, & reaction occurs and the oxidation number of iron changes from +2 to +3,
) Suggest what the purple solution may be,
€2) - What would-be observed in this reaction? Write an’ionic éqitation Tor th ¥eaction
invelved,
107

Provided by dse.life




(i)

When {ran(J1} sulphate solution reacts with an clement X, the oxidation number of iron

{10 marks)

clinnges from +2 10 9,
[43] Suggest what X may be,
) What would be observed in this reaction? Explain whether iron(tl) sulphate sofution
acts as a reducing agent or an oxidizing agent in this reaction.
CES6_06b :

A,B,Cand D are f§ur unlabeled bottics, each containing one of the following rengents:
2M ammonia solution, 2M ethanoic acid,

2M hydrochloric acid, 2M nitric acid

The follewing scheme is used to identify the four reagents:

U}
(i

(it}

Reagent in bottle
A, B,CarD

Add aplecg of
ved fitimuos paper,

Does the red litmus
paper fumn blue ?

Reagent in
boltie 4

Add copper tumings
and warm the mixture,

Are brown fumes
cvalved ¢

Rengent in
totile B

Reagent in bottle
Cot B

What is the reagent in bottle 47 Explain why this reagent turus red litnos paper biue,
What is the reagent in bottlc B? Write a chemical cquation for the reaction between this
reagent and copper lurnings, and a ehiemical equation for the infonmation of the brown fumes.

)

Suggest a test to distinguish between the reagents in bottles C and 5.
(Stnelling the

s in NOT an acceptable answer))

this test and explain your answer.

(8 marks)
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CE96G_08h(i)
The dingram below shows a ten doltar coin which Is made of two alloys, X and ¥,

When alloy X is heated with concentrated sulphuric acid, a bluish-green solution is formed and &

colourless gas is cvolved.

(4 marks)

(1)  Suggest ONE metal that may be present in X, Explain your answer.
(2)  What is the colouriess gas? Suggest a chemical test for the gas.
CE96_(%

A student carried out a copper-plating experinment in (he laboratory using the set-up shown below:

carhon anode

pply

F___\

— key

What would be observed al the carbon anode during the experiment? Write a half equation

In the copper-plating industry, 2 metal is used as the anode instead of carbon, What is this

In & copper-plating factory, the waste water is treated with sodium hydroxide solution to

[€)) Suggest TWO reasons why it is necessary to remove the toppes(11) fons from the

@) 20.0 dm® of & sample of waste water require 3.5 dm?* of 8.0 M sodium hydroxide

ation, in mol dm, of copper(If) fons in the sample.

{10 marks)

copper(ll) sulphate
solution
(i) Explain why copper(ll) suiphate solution con conducet electricity,
(i)
for the renction involved,
(i}
metal? Explain your answer.
Q)]
remove thie copper{§l) jons present before discharge.
waste waler before discharge.
solution for complete removal of the copper(1) fons present.
Caloutale the ¢
CE97_04

Beiefly deseribe how yout would conduct an expetiment, using the materials and apparatus below, fo
nickel-plate a clean metal spoon. (Disgrams are NOT required). State the cxpected abservation of

the experiment,

a clean metal spoon, a nickel plate, nickel(Il) sulphnte crystals,
o large beaker of distilled waler, a d.c. power supply and counecting wires

(8 marks)
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CE97 08b
CE97 06a : Read the following paragraph concerning chromium and answer the questions that foliow:
A student used the following experimental set-up to study the migration of jons. ! The Greek word “chrgmae” means colour. Many chromium-containing componnds and

hromium-contalning gemst are beautifully colourcd, The oxidation number of chromiun
in its compounds can be 42, +3 and +6.
! (i)  Potassium dichromate Is an oxidizing agent. The oxidation number of chromium in
potassivm dichromate is +6,

chromium rod fron rodf (1) Name ONE cotnpound which can be oxidized by potsssitm dichromate,
i 2) State the condition(s) nnder which the compound rencts with potassivt dichromate.
5 3 What product is formed from the compound in the redox reaction?
(i)  In the presence of a dilute acld, chromium@ID) fons react with atmospheric oxygen to form
chromium(Ifl) chloride solution -—° iren(il) suly : chromium(lil) tons and water,
i (1) Write the hall cquation for the formation of chromium fons.
‘The student placed a drop of potassiunt dichromate solution at A and a drop of a deep blue solution at C. I i [} Write the half equation for the formation of water,
solutions do not react and the decp blue colour of the solution al C is due to the cation present. i 3) Write the overall equation for the reaction.
3] Write the formula of the fon responsible for the orange eolour of polassium dichromate. ; {iv)  Supgest TWO ways in which cliromium can be used to prevent the comrosion of iron.
(i) Wity was (he filter paper moistened with sodium sulphate solution? ] {8 marks)
{iii) An electric current was passed through the cireuit for some time,
(1) What would be the colour change at A? ] CE97_09b
2) What would be the colour chiange al B? Expluin your answer. X and Y are different metals, A student studied the reactivity of X, Y and copper by setting up two
(iv) Using the same apparatus and materials, suggest how you could show thal the colour changes in cleetrochemical cells using the following materials and apparatus:
diffusion. Cu X Y
CE97_08a CuS04(aq) X*(aq) Y**(aq)
Aclass of students visited a chemical plant which manufactures chlorine by the clectrolysis of brine. nhatf-cell A halfcell B hatfcell C

Some of the chlorine produced is used to make chlorine bieach. At the end of the visit, each student

was given a bottle of chlorine bicach as a gift.

[6)) Explain, in temms of preferentin] discharge of jons, how chiorine Is produced in the
electrochemical process,

(i)  The students found some mcetal cylinders containing chiorine in the chemical plant. The

students were fold thal these osylinders would be used in water treatment planis.

. ; : | strips of saturated solution of  connecting wires with
[¢)) Which one of the following hiazard warning labels should be displayed on the metal ! et potassium niteate erocodile clips

Il
i
A

cylinders?

The resulls of the experiment are tabulated below:

»@' NN i . Direstion of electron flow in the external
N, | Electrochemical cell
AT |

circuit

A B ¢ D formed by eonnecting half-colls A and C Y te Cu

(2) Explain why chlorine is used in water treatment plants. formed by connecting half-cells B and C Xto¥
{5 marks) : (i) Whatis the meaning of the term ‘saturated solution’?

[ (i) Explain the usc of the strips of filter paper in the experiment.
(i) The student had to use nn additional instruinent €' deterimtae Ge disection of election fow
i in the external circuit.
: 1
10
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1) What instcument did the student use?
{2) Draw a labelled diagran to show the sct-uip for the experiment, using half-cells A
and C.
(iv)  Arrange X, Y and copper in the arder of increasing reactivity. Explain your answer.
(v)  What would be observed when a plece of capper folf is immersed in an aqueous solution
containing I mot dm® of Y** fons? Explain your answer.
{9 marks)

CED3_02 %
For each of the following experiments, state the cxpected observation and write a relevant chemical
equation.
{© A sodium sulphate sofution is added to an iodine solution (fodine dissolved in aqucous
potassium iodide),
(2 marks)

CE98_06b

The table below includes some information about three types of dry cells. The voltage of each type
of cell 13 1.5V,

Type V:i:;i; m:r Price percelt/$ | Shelflife / year Lifc / niinutes
Zine-carbon falls quite

cell (AA size) rapidly & L3 g
Alkailne

manganese  cell | remains steady 5.0 3 90

(AA size)

(S[:;f;,‘;;;?:) ozl remains steady 8.0 2 30

(The life of  cell has been detennined from its use in a test with a motorized toy.)

(i) Decide and explain which type of cell should be used in a small CD-player (Discman).

Gi)  Apeckage of 24 zinc-carhon cells is now being offercd at a special price of $49.90. Assuming
that your radio constmes one zine-carbon cell per month, would you buy a package of these
speciatly-priced cells for the use of your radio? Explain your answer,

(ili)  The half-equations below show tie changes at tlic two clectrades, A and B, of a silver oxide
¢eil during discharge:

A:Zna(s)+20H(aq) —  ZnO(s) + HO() + 2
B:Ag0(s) + HliO(ly + 20 —= 2Ag(s)+2 OH (aq)

[Q)] Decide and explain which electrode, A or B, is the anode.
(3] Write the overall equation for the reaction that would occur in the cell during
discharge.
{7 marks)
12

CE98_09b
Each of the following experiments produces a sodinm hiydroxide solution.

. = oxperiment
IActlon of sodivm on wakﬂ

[Sodium hydroxide solution

. ] experimentil
Electrolysis of brine

) What would be obscrved when o small picce of sodium Is added to water?
(i)  Explain whether experiment I or experiment I is preferred for preparing o sodiun: hydroxide

solution,

(iii)  During the clectrolysis of brine, chlorine and hydrogen sre liberated af the anode and cathode
respeetively. A sodium hydeoxide solution remains in the electrolytic colt afier some tine,

[$)] Explain why hydragen, instead of sodium s liberaled at the cathede.

) Suppose that 50.0 cn® of hydrogen is liberated at the cathode al raom lemperature
and pressure. Deduce the theorelical volume of chiorine Hberated at the anode under
the same condilions.

) Explain why a sodium hydroxide solution remains in the electrolytic cell.

(iv)  Draw a labelled diagram to show the laboratory set-up for the electrolysis of brine and the
collection of (ke gascous products.
(10 marks)

CE99_06a
Wa(e; is a compound of yydrogen and oxygen, Under suitable conditions, 80.0 om? of hydrogen and
60,0 cm® of oxygen (with one of the reactents in excess) react to give water. The volumes of both
gases are measured at room temperature and pressure,
(i)  Draw the electronic diagram of water, showing electrons in the onfermost shells anly.
(iii)  Water can be decomposed by electrolysis with the following sct-up to give hydrogen and

oxygen.
liydrogen oxygen
waler with & tille
sulphuir acld added
= electrodes
= +
()] Explain why a littke sulphuric acid has been added to the water used,
2} Suggest a suitable material for the electrodes.
[€)] Write the halfequation for the formation of oxygen,
“4) Suggest a chentlent test for each product obtained in the electrolysis.
(8 marks)
1"



CE99_08a

— ccc o e

[OUT, except (v}]

The diagram belaw shows the longifudinal scction of a zinc-cacben cell.

. B - manganese(IV) oxide
zine cnse — aud powderet carbon
enrbon rod — 3 b
noist pasie of

autnionivm chioride

® Weite s half-equation for the reaction that occurs at the zine case of the cell during discharge.
(i) State the function of following substances in a zinc-carbon ccll.
() carbon rod
(2) manganese(1V) oxide
(i)  Suggest a chemical test to show the presence of ammonium fons in the moist pasie of
ammonivm chloride,
(iv)  Explain whether you agree with the following stalement.
‘Zinc-carbon cells cause more environmental probleras than nickel-cadminm cells do.*
(¥)  Complete and balance the following half-equations for the reactions that oecur at the
electrodes of a nickel-cadmium cell,
Cd+OH" ~— Cd(OH):
NiQ; + HaG =~ Ni{OH): + OH" (10 marks})
CEO0C_06a

The flow dingram betow shows the stages involved in the extraction of zinc from zinc blende. ZnS.

0]

(i)
(i)

(v}

Stage I A ]
zitte oxide

Stage 11

roasting

4
l it ll Stage 111 . g
S electrolysis i

solution

The reaction in Slage [ gives, apart from zinc oxide. a gaseous product.
(4 Write the chemical equation for the reaction.
) Give ONE industriat use of the gascous product.
Suggest how zinc oxide can be converted to zine sulphate solution in Stage Il
The zinc sulphate solution obtained contains fons of other metals. Duting the electrolysis in
Siage IN1, zinc meta! is liberated at one of the electrodes.
[¢5] Suggest ONE way to remove ions of metats which are Jess reactive than zine from
the zine sulphate solution belore clectrolyais.
[¥)] Why is it not neeessary to remove ions of mefals which arc more reactive than zinc
from the solution?
(3) Write half equations for the reactions ocouiring at the anode and cathatle during the
electrolysis.
Give ONE use of zine in daily life,
(3 marks)
14
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CE01_07¢
The photogeaph below shows a diamond ring:

o
@iy

(i)

18-carat gold dimmond

Expiain why gold and diamond each has a high mnelting point.
18-carat gold is an alloy of gold. Suggest ONE reason why 18-carat gold instead of pure gold
is used in making the ring.
(You are NOT required fo consider the price of the materials.)
In an experiment, a piece of 18-carat gold was heated with concentrated nitric acid. A bluish
green solution was formed.
[¢)} Suggest another melal that may be present inthe 18-carat gold. Explain your answer
with the help of a chemical equation.
2) State another observation in the experiment.
{7 marks)

CEBI_08a
A pait of the Periodic Table is shown below:

{i)

1 4 m v v VI VIE 1]

2 Li Be B C N O F Ne
Period 1 Na | Mg | Al Si P S Cl Ar
] K Ca Br Kr
5 Xe

For each of the following pairs of clements, suggest ONE reaction in which both slements
behave similarly. Iy each case, write a chemical equation for the reaction involving cither
one of the elements.
) chlorine and bromine

(2 marks)
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CE91_09
(2) A student used the set-up shown below to prepare hydrogen and ehlorine by electrolysis of
a very dilute sodium chioride solution, Contrary to the student’s expectation, a calourless

gas X instead of chiorine was liberated at the anode,

lydrogen

very dilute sodiom
" chloride solution

catbon electrode ——— = carbon efectrade
L
(0] What is X7

(ii) Suggest & cheniical tost for X,

{2 marks}
()}  The oxperiment in (a) was then modified so that hydrogen and chlorine were produced at the
cathode and anode respectively.
(i) Suggest how the experiment could be modifled.
(i) Deduce the ratio of the theorctical volumes of hydrogen and chiorine praduced.
(i) With the help of a chemical equation, explain why the volume of chlorine collected
is significantly smaller than the theoretical volume,
{6 marks)

CE0L_09¢
The diagram below shows the sei-up used in an experiment to study the reaction of copper with
concentrated sulphuric acid.

copper wire

concenirated
sulphuric acid

sodin hydroxide
soflion

blue litmus
lLieat  solution &
test test
wheB tbeC

(6] During the experiment, a black substance was formed on the surface of the copper wire.
What is the black substance?

(i)  What other changes would be observed in test tube A? Write the chemical equation for the
reaciion that occurred,

(iii)  State the observation in test tubs B. Explain your answer,

{iv)  What is the use of the sodium hydroxide solution in test tube C? State the potential hazaed it

dium hydroxide solution is not used.

135

. (3 ﬁtarks)

CEO2_02
For each of the following cxperiments, state an expected obscrvation and write & chemleal equation
for the reaction involved.
(b)  Excess iron(l1) sulphate solution is added to an acidificd potassivm perntanganate solution,
{c)  Chlotine gas is bubbled into a sodium bromide solution.

(4 marks)
CEQ2 03 [OUT]
Consider the substances listed below:
ammonia, manganese(fV) oxide, potassium hydroxide,
sodium benzoate, sodium dichromate, sodium nitrite
(b)  Wiich substance is used in zinc-carbon cells? State its function.
(2 marks)

CE02 04
Using the efectrolysis of copper(il} chloride solution as an example, bricfly discuss the factors

affecting the discharge of ions in electrolysis.
(6 + 3 marks)

CE02_06a
(iii)  Bxplain why molien magnesium chloride can conduct electricity.
{1 mark)

CE02_09¢ [Similar as DSE13_09]
A student used the set-up shown below 1o conduet a microscale experiment on electrolysis,

d.c. supply
- +

carbon rod A ﬁ carbonrod B

microscope slide a drop of aqueous sodiwn
stilphate solution with
some universal indicator
(6] [$)] The initlal colour of the drop shown above was green. State the colour change of

the liquid around carbon rod A after a current was passed through (he circuit for
some time, Explain your answer with the help of a haff equation,
(2 A gas was Hberated at carbon rod B. What was the gas? Explain its formation.
(iiy  Some objects readily available in daily kfe contain carbon rods which can be vsed in this
cxperiment. Suggest ONE such object.
(i) The use of microscale experiments in studying chemistry is becoming more popular
nowadays. Suggest TWO advantages of carrying out experiments in microscale,
{8 marks)
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CE04_06b

Hydrogen peroxide (H20:) is another oxide of hydrogen.

() What is the oxidation number of oxygen in hiydrogen peroxide?

(i)  Drasw the electronic diagram of a molecule of hydrogen peroxids, showing oleetrons in the

outermost shells only.
| (iil)  Inthe presence of a dilute acid, hydrogen peroxide oxldizes iron{Il) fons and it is reduced to
| water, 2
[} Write the half equation for the reduction of hydrogen peroxide.

CE03_04

Candidates are required to give paragraph-length answers. 3 of the marks for cach of these two
questions will be awarded for (he effective communication of knowledge in Chemistry.

Discuss the similarities and differences in chemicnl propertics of coneentrated sulphuric acid and

dilute sulphiric acid. Hlusteate your answer using appropriate examples, [
(6 + 3 marks) i

CE03_0Ge

i 2) State the expeeted observation and write a chemical equation for the reaction
Ammonia reacts with copper(Il) oxide upon heating. The products are nitrogen, copper nnd water, ] involved
(i) State whether or not the reaction is a redox. Explain your answer in termis of oxidation SRSy

nuntber ¢hange. i
(i)  Write the chemical equation for the reaction of amymonis with copper(Il) oxide. i CE03_09a
(3 marks) ! The diagram below shows a sodi Iphur cell o ted to an external eircuil. This cell operates
: af a high temperature of about 370°C, which Is above the melting point of sodium and sulphur.
CE03_07s {Similar to DSE16_08] Joad

The set-up shown below is used to investigate the electrical conductivily of lead(H) bromide,
inert electrode A

i inert elecirode B
porous device —- s

— sulphur
soditn — !

0] State and explain the direction of clectron flow in the oxtemal circuit when the cell is
discharged. Write half equations for the reactlons at electrodes A and B,

- (i}  Suggest TWO Rmelions of the porous device.
When the tead(il) bromide becontes moflen, the bulb lights up. : (i} Suggest why it is necossary for the cell to operate at o high tempersture.
()  What would be observed at ¢lectrade X7 Write the half equation for the reaction involved. i (iv)  Sodium-sulphur cells are rechargeable and are used in power stations to reduce the wastage
(i)  State ONE potential hazard when earrying out the experiment, of olectricity gencrated. Suggest why these cells can be used to reduce the wastage of
(iiiy  State what will happen to the bulb when heating is stoppedd and the molten lead(il} bromide electricity. i
is allowed to cool down gradually to room temperature. Explain your answer, i (& myarks)
{6 marks) CE04_02
For cach of the following pairs of substances, suggest a chemical test to distinguish one substance
CE04_06a ! from the other and state the expected observations.
Water (H:0) is an oxide of hydrogen. Electrolysis of water in the presence of sulphuric acid gives (¢}  dilute sulphuric acid and difute nitric acid
hydrogen aud exygen in & volume ratio of 2:1, {2 marks)
{i) Suggest suitable clectrodes to be used in the clectrolysis.
(i)  Write the half equation for the reaction at the cathode and (hat at the anode during the CE04_07¢c
electrolysis. State what would be observed in cach of the following experiments and explain your answer,
(i) Whatis the funclion of sulphuric acid in the clectrolysis? (0] A beaker containing some concentrated sulphuric acid was Ieft in sir for a Jong period of
(iv)  TIsit possible to deduce the formula of water from the results of the electrolysis? Explain your I time,
answer. 4 FeEn ) . & | ©T @ marks)
(6 marks) !
| 19
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CEO0S_04
The wastewater gencrated from an electropleting factory contains dichromate lous. Before the
wastewater Is discharged, it is treated In two stages ns deserlbed below to remove the chromium-
containing substances.
Stage 1: Treat the wastewater with excess sodium suiphate solution in the presence of acid to
reduco the dichromate jons to chromium ions,
Stage 2 Add a suifable chemical 1o the treated wastewater from Stage [ to precipitate the
chromiwndill) ions.

{8)  Why is it necessary to remove chromi ining sub: from the wastewater?
(1 murk)
(b)  InSfage I, the sulphite ions are oxidized to sulphate ions by the dichromate ions.
(i) Write the balf equation for the oxidation of sulphile ions.
(i} Write the half equation for the reduction of dichromate ions,

{3 marks)
(¢)  Suggest a suitable chemical {or the precipitation of chromium(}il) ions in Stage 2.

{1 mark)

CEDS_07
A chemical cell can be made from two metal strips and a lemon. Given the foltowing materials and
equipment, outline how you can set up & chemical celt with the mavinuan output voltage.
a lemon, a copper sirip, a magnesium strip, a zinc strip, a multimeter and several connecting
wires
(Your answer should include variables that need fo be controlled.)
{6+ 3 marks)

CEG5_09
An experiment was carried out to study the elecirolysis of a concentrated sodium chloride solution
using several zinc-carbon cells as a source of electricity. The following diagram shows te set-up
used:

gas X —— gasY
carbon elecirode A ] carbon electrode B
concentrated sodinm
chloride solution
[ it} ]
zinc-carbon cells
(@ i) What is gas X?
(i) Give ONE use of X in industry,
{2 marks)
120

[GY R )] What is gas Y?

{ii) If the slectrolysis is repeated using a very dilute sodium chioride solution, another
gas will be fiberated at carbon clectrode B. Suggest an explonation for this
phenomenon.

(3 marks)
(6)  With reference to the longitudinal section of & zine-carbon cell shown below, suggest how
chemical encrgy is converted to electrical energy when the cell is produeing a cusrent.

jour]
. magnesiun(IV) oxide
ZING Case — and powdered carbon
carbon rod — i .
— moist paste of ammonium cldoride
(3 marks)
CE06_05

Sificon occurs in nature as silicon dioxide in sand and guartz. The exiraction of silicon {rom silicon
dioxide involves the following three stages:
. Cfs) :
Stage 11 Si0,(s) —}——l—:— Si(s)
hea

y Chig)
Stage 2:  Si(s) _““"‘hmt SICL(D

stage 3 sicl® — 2B g9
heat
{a)  What type of structure docs quariz have?
(1 mark)

{b)  The purpose of Stage 1 is to convert siticon dioxide fo silicon, The silicon obiained contains

siticon carbide, 5iC, as an impwity.

The structure of silicon carbide is similar to that of diamond. Draw the three-dimensional

structure of silicon carbide,

(1 mark)
(¢)  The purpose of Stage 2 and Stage 3 is to purify the silicon oblained in Stage 1,
0] 1s silicon oxidized or reduced in the reaction in Stage 27 Explali your answer,
(Gily Draw the clectronic diagram for SiCls, showing clectrons in the ontermost shells

only.
@iy The reaction in Stage 3 produces silicon nad hydrogen chloride. Suggest why the
silicon obtained after Sfage 3 is of high purity.
(3 marks)
(@)  Caleulate the theoretical mass of silicon that can be obtained from 950 g of silicon dioxide.
(2 marks)
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CE06_07
The following two methads can be uscd to convert copper mclaf inte copper(I[) nitrate solution:

dilite HNO,{aq)
Method 1;  Cu(s) ———= CUO(s) — 3 CUNO,)6an)

dilute HNO,{aq)
Method 2; Cu(s) ————— Cu(NOy),(ay)

(@)  Referto Mefhed 1.

(1] Suggest how copper metal can be converted inte copper{Il) oxide, Stage the
expected observation in the reaction that you fiave suggested.

(i} Name the type of repction that occurs between copper(1) oxide and dilute nifric
acid.

{3 marks)
(b)  In Method 2, the reaction of copper metal with dilute nitric acid gives copper(ll) nitrate,
nitrogen monoxide and water. Wrile the chemical equation for this reaction.
(2 marks)
(¢}  Which of these methods would you recommend for the conversion of copper metal into
coppet(II} nitrate solution? Justify your anawer with TWO rcasons.
{2 marks)

CE06_08
*Elemenls in Group VI1 of the Periodic Table exhibit similar chemical propertics. However, their
reactivity decreases down the group.'

Elaborate the first statenient above using two reactions of halogens. Also outline an experiment to

illustrate the second statement,

(You are suggested to usc chlocine and bromine as examples of halogens in answering this question.)
(6 + 3 marks)

CED6_t0
A student used an aluminium cen, a carbon rod and household bleach {o make a chemical cell, The
diagram below shows the set-up of the cell connecled to a load and an ammeter.

foad

earbou rad

i 4—— alulminium can

household bl

{n)  The malerials used by (he student to make the cell are readily avaiinble at home. Suggest
ONE houschold item
(i) which contains a carbon rod.
[€1))} which includes an aluminium con,
(2 marks)
122
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(b)  When the cell iz producing a current, the aluminium can undergoes oxidstion to give
aluminate fons, AI(OH)s™(ag), while at the carbon rod the hypochlorite ions undergo
reduction in the presence of water to give chioride ions and hydroxide ions,

Given that houschold bleacl: Is alkaline, write half equations for
(i) the oxidation of the aluminiym metal, and
(i) the reduction of the hypochlorite jons,
{2 marks)

(c)  The student also used the above set-up 1o fuvestigate the relation between fhe cutrent
produced by the eell and the concentration of hypoclilorite fons in the bleach.

1) Suggest TWO conditions which should be kept constant when conducting this
investigation.

(i) The student noliced that the cutrent produced by the cell increases wilh the
concentration of hypochlorite ions in the bleach. Suggest an cxplanation for the
phenomenon.

{3 roarks)
CEO7 04

A student learnt from a book that an ancient chemical cell could be made by immersing an iron rod
in a liquid placed inside a copper can. The liquid used was vinegar but not wine, The diagram below
shows the sct-up designed by him In simulating the cell.

multimeter

iron rod

vinegar
copper can

(a)  Explain, in terms of structure of properfy of particles, why the fiquid inside the ancient
chemical cell was vinegar but not wine.
(2 marks}
(b}  The student found that the iron rod dissolved gradually, and colourless gas bubbles were
given out on the {nner wall of the copper can,

(i) Write a half equation, involving iron, for the reaction that occurred at the iron rod.

1)) Write a half equation for the reaction that oceurred on the inner wall of the copper
can,

(2 marks)

(¢}  The student found that colourless gas bubbles were also given out at the suiface of the iron
rod that immersed in vinegar. Explain the observation,
(1 mark)
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CE07_0%
A certain brand of muist remover contains an acid of high concentration. The rust remover can be
used for removing tough rust stains; while the rust remover, after dilution, ean be used for removing
comparatively lght rust stains.
Write some instructions, with reasons, on how the rust remover can be used safely at home. Two
sentences have been given below as an introduction.

The rust romover should be kept out of reach from chiidren as it contains an acid of
h!sih concenlration. The rust remover showld not be swallowad bacausa it is harmiul,

{6 + 3 marks)

CEO7_11 [OUT, oxecpt (a}]
In a chemical plant, extraction of copper from its ores involves roasting copper(l) sulphide with air
inside a high temperature fiimace. Copper(l) sulphide reacts with oxygen in air according to the
following cquation:
Cu8+0;, — 2Cu+80:
The copper so cxtracted contains impurities including metals such as sifver, iron, zinc and gold, The
impure copper is then purified by electrolysis as itlustrated in the diagram below:

impure copper anode  ~—| — pure copper cathiode

—— copper(H} sulphate solution

anode sludge

(@} With reference to the reaction between copper(t) suiphide and oxygen, identify the species
undergoling oxidation and the species undergoing reduction. Explain your answers in tenms
of changes in oxidation numbers.

(2 marks}

(b  Explain briefly how impurc copper ean be purified by electrolysis as illustrated in the
diagram above, [QUT]

(2 marks)

()  Inseluble impurities deposit under the impure copper anode as *anade shidge”. According to
the information given, suggest what substances the anode sludge would contain, Explain
your answer. {OUT]

(2 marks)

(d)  ‘“Theconcenfration of copper(Il) ions in copper(IT) sulphate solution remains UNCHANGED
in the above electrolysis.” {s this statement cortect? Explain your answer. [OUT]

(2 marks)

{¢)  Sinte TWO advantages of building s factory in which contact process s carried out near the
chemical plant mentioned abave, o
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CE08_05
The diagram below shows @ set-up wilh metal strips inserted in fresh potatoes. The multimeter

reading in the set-up is +0.75V.

maltimeter

copper

Polato A Polalo B

(a)  State, with explanation, the direction of electron flow agross the connecting wire between
zine strip and magnesium strip.

(1 mack)
b (D Which melal strip it Potate B is anode? Why?
(i) Write the hall equation for the change occurred at the anade in Potato B.
{2 marks)
(¢}  Which two metal steips should be interchanged in order to increase the multimeter rending?
(% mark)
(d)  Explain why fresh potatoes should be used in the set-up.
(! mark)

{e)  What wilt the multimeter reading be if the zito strip in Polato A is replaced by another

magnesium steip, while the other three meta! sirips remain unchanged?
{1 mark}

CE08_06

A student prepares dry chiorine gas by adding difute hydrochloric acid to chlorine bleach using the
following set-up:

difute hiydrochloric acld

i

calchim oxlde
difute hydrochloric acid and chblovine bleach

(@)  There arc two mistakes in the above set-up. Complete the following table.
] Statet the misloke and Suggest a method for correction
explain why it is wrong

Mistake 1
Mistake 2
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{4 marks)
(b)  Suggest a sofety precaution in performing the experiinent other than wenring protective
gloves and safely spectacles.

( mark)
© @ Write an ionfc equation for (he reaction invelved in the preparation of chloslne,
(i) Explain, in terms of oxidation number, which species involved in the reaction in (i)
is an oxidizing agent.
(3 marks)

CE09_06
Under suitable conditions, concentrated sulphuric acid can react with glucese and copper tumings
respectively.
(») State the observatian and write a chemical equation for the reaction betiveen concentrated
suiphurle acid and glucose,

(2 marks)
)y O State the abscrvation and write a chemical equation for the reaction between hat
concentrated sulphuric acid and copper tumings.
(i) Hot concentrated sulphuric acld reacts with copper turnings inside a fest tube,
Deseribe how you should clean the test tube after the reactian.
{4 marks)

CE09_13
Electrolysis can be applicd to enhance lhe corrogion resistance of iron. Describe the chemical
principle involved in this application. Your description should include the chemical reactions
involved, and the use of appropriate clectrodes and electrolyte.
(Diagrams are NOT required.)
{6:+3 marks)

CEl0 03
A s an alkanol with threc carbon atoms and one oxygen alom in its molecule, A reacts willy acidified
potassium dichromate solulion to form compound B, la (ke presence of a small amount of
concentrated sulphuric acid, A reacts with B to form compound C. C can be separated from the
reaction mixturc and has a pleasant smell.
(2) Write the structural formulac of A, B and C,

{3 marks)
{b}  Stalc the expected obsecrvation for the reaction of A with acidified potassivm dichromate
solwlion,
(1 murk)
(€)  Suggest a mothod to separate C from the reaction mixture.
(1 mark}

(d) A compound has the same molecular formula as A but a different stucture from A, Suggest
& steactural fornuda for this compound.

(1 mmk}
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CEl0_05
The virus HINT can cavse influenza. It has an oll-based coating.
(@ Washing hands with soapy detergent can help influenza infection caused by the vitus
HINI. Suggest why soapy detergent can destroy the vius,

Kl

{t mark)
(b}  Chlorhne bleach can also help reduce influenza infection caused by the virus HiNI.
0] What type of resction is involved when chlorine bleach acts on flie virus?
(ii) Explain why it is NOT appropriate to add acid to the chiorine bleach used in (i),
(iii) The concentration of sodium hypochlerite in a brand of chlorine bleach is 0.50 M,
I volume of the bleach is difuted with 49 volumes of water. Caleulate the molarity
of sodium hypochlorite in the diluted bleach.
(4 marks)

CE10_07

Some people would use sulphur dioxide to treat food, such s the snow fungus shown below. They
would make sulphur dioxide by burning sulphur in air.

(0} Suggest a purpose of {reating snow fungus with sulphur dioxide,

{1 mark)

(b)  Exccssive intake of sulphur dioxide is hazardous to health. Suggest and explain how the
sulphur dioxide it snow fungus can be removed before cooking.

{2 marks)

(¢)  Sulphur divxide can also be ohtained from the reaction of concentrated sulphuric acid with

copper. Draw o labelled diagram to show the set-up in prepariug and collecting sulphur

dioxide from this reaction in a school Iaboratery.

(3 marks)
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CE10_09
For question 9, candidates are required to give answers in paragraph form. For this question. 6 marks
swill be awarded for chemical knowledge and 3 marks for effective communication.
The following dizgram shows a system wsed in some piers for slowing down the rusting of steel

pillars.
(=t

steel pillar _-—;- :_:_ :-— -— = platinum slloy
sen water —=—=— .;_“',, T e e
//////////%{% seu bed

Design an experiment performed in a laboratory to show that such a system can sfow down the
rusting of steel in sea waier. Labelled disgrams of the set-up, expected observation and ilie chemicat
principls involved should be included in your answer,

(6 + 3 marks)

CELQ_11

The diagram below shows a kind of traditional ‘button celf® making from mercury (4 oxide, zine
powder and sodium hydroxide paste:

sodium hydroxide poaste

posilive pole
When the cell is producing a current, the overall ccll reaclion can be represented by the following
chemical equation:
Zn+HgO0 ~—= ZnO+Hg

(a)  Expluin whether morcury(11) oxide or 2inc posvder should be at the region tabelled X,

{1 mark)
{b)  What is the function of the sodium hydroxide paste in the cell?

{1 mark)
(¢  Why shouid this kind of bulton cell be banned in the market?

(1 mark)
()  Explain whether the cell can work if mercury(Ji) oxide is replaced by manganese oxide,

while other materials remain unchanged,

(1 mark)
(e}  Explain the change of the maximum voltage supplied by the colf if zlne powder is replaced
&

by copper powder, while other materials remain uncha

6] The foliowing diagram shows the electrolytic cell used in the manufacture of sodium

bl
- T — . N20H{nq) of higher concentration

o flawing out

hydroxide:

NaCli(aq) of lower conc

Mowlng ous """_.I‘

o Q

[+]

NaCl(ag) of higher concentration '_I E
It

i

NaOH({aq) of lower concentration

flowing o == flowlng in

i

@
anod¢  cathods
{) Write a half equation for the anodic reaction,
(i) Write a helf equation for the cathedic reaction.

(iii) 1t is known that only cations ¢an pass through the membrane, Explain why stodium

hydroxide sofution of higher concentration is eventually oblained,
{4 marks)

CEll_04
The dingram below shows the sel-up of a simple chemical cell, As time goes by, the colour of fron(ll)

sulphate sohtion in {he beaker gradually fades owt,

salt bridge

chwomiim rod —— jron yod

— iron(TE) sulpliate solution

chromimn(li) chioride solution —

(0} State, with explanation, the direction of electron flow in the external cirouit,

(2 marks)

{b)  Write a hialf equation for the change oceurring at the chromium tod,
(1 mark)
© () Chromium is one of the componcnts of stainloss stecl. Suggest how chromium can

prevent iron In stainless steel from rusting.
(it) Coating chromium on fron-made objects can prevent the objects from rusting. Name

this coating process and explain how this process can prevent rusting.
(3 marks)
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CEl1_05
(@)  Sulphur dioxide reacts with sodium carbonate solution to form sodhum hydrogensulphite

(NaHSO3). NaHSO; is commonly added to red wine for preventing the ethsniol in the wine

from {urnting to ethanoic acid,

(i) State the oxidation number of sulphur in NaHSO0s.

(ii) In terms of oxidation and reduction, explain how NaHSO; can prevent ethanol from
tuming to ethaneic acid,

(iii) 0.1 utole of sulphur dioxide is dissolved in excess sodium carbonate solution to
form NaHSO: solution, Calculate the tnass of NaHSO: formed, (Assume that
sulphur dioxide is completely converted to NaHSGs.)

{4 marks)
()  Sadium hydrogensulphite (NaHSO2) reacts with zinc to form sodium liydrosulphite
{(Nax$:04) and zine hydroxide only. Na28204 is commonly uscd {0 bleach paper.

[6) Write a chemical equation for the reaction of NatSOz with zinc.
(i) What is the role of zine in the reaction?
(2 marks)
CEH_(0a

A very dilute sodiwm chioride solution is clectrolyzed using inert electrodes for a long period of
time,
(i)  State the expected observation at the cathode. Explain your answer,
(i)  State ALL cxpected obsotvations at the anode. Explain your answer,
(i)  Explain whether the resulting solution is acidic, alkaline or neutral.
I {6 marks)

CELL_I0b

A type of breathalyzer for investigating drink-driving consists of a chemical cell. The breath of the
driver is allowed to get into contact with onc of the clectrodes of the cell. If the breath contains
ethanol, the ethanol wauld be converted to ethaneic acid at this electrode and an electric current
would ba produced.

Q] Explain whetiter the above mentioned clecirode acts as the anode or cathode of the chemical

cell.
(i)  Write a half equation for the change occurring at this elecirode.
(iii)  Explain how this type of breathalyzer could estimate the amount of cthanol in the breath of

the driver.
(3 marks)
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ALSS@D_63 [OUT]
The electromative force of a now zlnc-cacbon dry coll is 1.5 V. When it is producing an ¢lectric
current, the following changes occur at the two electrodes:

Anode: | Zn(s) reacts to give Zn*(aq),
Cathode: | MnOy(s) and NFLCl(ag) react to give MnaOs(s) and NHs(g).

() Write half equations for the reactions at the anode and at the cathode, and the equation for the
overall reaction that occurs in the dry cell,
(3 marks)
(b) Explain why the clectromotive force of the dry cell drops,
(1) after it has been used for some time;
(1.5 marks)
(2) after it hns been stored for a long time without being used.
(1 mark)

ASLI9()_07 (miodified)
In & factory, stcel handles are nickel-plated in an electroplating bath containing the following
substances:

NiSQ4, Na2SOs and H3BO;

(@)  Write » half cquation for the reaction cceurring on the surface of a steel handle during the
clectroplating process,

(1 mark)
()  State the function of sach of the following substances in the electroplating bath:
(i) Na:SO04
{1 mark)
(i} H:BO
{1 mark}

(©) Rt is known that 4.50x10 efecirons have passed through the extemal circuit during the
electroplating process. Assuming that the current efficiency is 100%, calculate the thickness
of nlckel deposited on the steel handle with & surface area of 20,0 em?,

(Relative atomic mass: Ni = 58.7; Density of nickel = 8,90 g car?;
Avogadro's constant = 6.02x10% mol-Y)
(3 marks)

(d) Suggest a method to remove nickel(11) ions from the waste electrolytic solution,

{1 mark)
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ASL00()_02

In the faborafory, there are three bottles labelled A, B and C. Each bottle contalns one of the ASLON(I)_03
following reagents: Car bumpers made of steel are usually plated with chromium. Prior to the chromium-plating
Cliiaq), Nal{aq) and KBr{aq) process, the bumpers are first conted with a layer of nickel.
(") Why are the car bumpers coated with 8 layer of nickel prior to the chromium-plating
‘Three tests were carried out using the reagenis in the botties, The results are summarized in the process?
table below: ) (1 mark)
Test Observation (b}  Give TWO propertics of chromium which make it suitable for plating car bumpers.
Mixing reagent in bottle A with reagent in bottte B | No observable change (2 marks)
Mixing reagent in bottle A with reagent in bottle & | Mixture turned brown (¢) A chromivm-plating bath consists of an aqueous solution of CrOs and Fh804. What is the
Mixing reagent in botile B with reagent in bottle C | Mixture turned brown function of HaSOq in this bath?
(1 mark)
(8)  Deduce which bottle contains Cly(aq). Write the relevant chemical equations. (& A car bumper with a tota] sueface srea of 3.0 % 107 e is chromium-plated using a current
(3 marks) of35 A,
(b) If hexane is also provided, suggest how you would carry out an experiment to identify the @) A car bumper with a lotal surfuce arca of 3.0%10% em® is chiominun-plated using a
contents of the other two bottles, current of 35 A,
{2 marks) It is known that 4,5%10% electrons have passed through the extemal circuit during
{6} Stalc ONE safety precaution which should be taken when performing the sxperiment you the electioplating process. Assuming fhat the cuerent effioiency is 100%, caloudate
fiave suggested in (b), the thickness of chromium deposited on the car buseper,
! mark) (Refative atomic mass: Cr = 52.0; Density of chrominm = 7.2 gem™;
Avogadio’s constant = 6.02%10? wol*")

ASLD0(E)_03 (3 maiks)
The waste waler from an eleciroplating factory contoins ehromium in the form of dichromate(VI) (iiy  1ra current much farger than 35 A is used, what would be the effect on the quality of
tons. In order to remove chromiuns from flie waste water, green vitriol, FeSO47H;0, was first the chromium laycr plated onto the bumper?
added to reduce the dichromate{V1) ions to chromium(HT) fons: {1 mar)

ASLEO(H)_18 {modified)

Cra0727 (o +  6PRe? 3 ¥4, ST 34 et
07 <) M (eg) 70+ GFeGg) + 7HOM (@  Write the electron arrangement of an iron atom in its ground state.

(1 mark)
‘The chremium(I1L) ions formed were then precipitated as hydroxide. by With reference to thie sfructure of iron, explain why iron is an electrical conductor.
(a)  Suggest ONE reason why it is necessary to remove chromium fron the waste water, (2 marks)
{1 mark) {¢)  When iron is hieated with dry chlorine, a dark brown solid X is formed.
(b) A sample of the waste water of volume 1.0 X 10° dm? contains 1.2 x 10~ mot dn™ of @ What is X?
dichromate(V1} ions. Caleulate the minimum mass of green vitriol required in the waste (1 mark)
water treatment process, (it Bxplain why thie chlorine used should be dry.
{3 marks) (1 matk)
(6)  Suggest an appropriate reagent for the precipitation reaction, (@)  When an ecidified solution of X is heated with some iron filings, a pale green sofution Y is
{1 k) formed. Write a chemieal equation for the reaction involved,
(@)  Name TWO chemicals present in the precipitate formed, (1 mark)
(2 warks) (¢}  State the expected observation when godium hydroxide solution is added separately to
_____ { an acidified solution of X, and
(1 wark)
{ii} the pale green solution Y.
132 (1 matk)
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ASLDOUT)_t1
Suiggest a chemical test (o distinguish one solution from the oflier in cach of the following pairs.
Bquations should be given where appropriate.
Na:80:(aq) and Na2SO«(rg)
(3 marks)

ALOI(I) 04
The overalf reaction occurring it a Lectanche cell whea delivering a current can be represented by
Ihe equation:
2MnOa(s) + 2NH«CHaq) + Zn(s) — Mn205(s) + 2NHxaq) + H0() + ZnCla(aq)
(a) Write half cquations for the anadic and cathodic reactions, {Same as DSE16_88¢]
{2 marks)
() T the cell contains 25.0 g of MnOa(s), calculate the (heoretical mass of Zn(s) tial would be
consumed for the MnOa(s} to undergo complete reaction.
{2 marks)

ASLOI(I}_06 [Similar to DSELS_07(a)]
Steel objeets are nickel-plated in an elesiroplating factory. Prior o the nickel-plating process, the
steel objects are treated with an emulsion of kerosene and sodium hydroxide, then with ditute
liydrochloric acid.
(2} Explain why the steel objects are treated with
()  an cmulsion of kerosene and sodium hydroxide,

{1 mark)
(i)  dilute hydrochloris acid.
(I mark)
(1) A hollow eylindrical anode, which surrounds the stecl abject, is used in the nickel-plating
process,
(i}  Why is the anode in the shape of a hollow cylinder?
{1 mark)
(i)  Write the half squation for the nnodic reaction.
{1 mark)
(c) ~ Suggest one reasort why the current efficiency of the nickel-plating process is not 100%.
(f mark)

(d)  Stnte one enviconmental problem associated with the clectroplating industry and suggest a
possible sofution.
(2 marks)

ALOI(I) 67
Suggest 2 method to remove stains of colloldsl sulphur in a conical flask. State the chemistry
nvolved.
{2 marks)
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ALG2(IT)_03
A hydrogen-oxygen fuel celf uses concentrated potassinm hydroxide solution as clectrolytes and
nicke! as electrodes.
(a) Draw a labeled diagram to show the design of the fuel celt.

(2 marks)
(1) Briefly describe how the celt works, giving the equations for the electrode half reactions,
(2 marks)
(¢} State one advantage of using fuef cells over using batteries,
{1 mark}

ASLOZ(I5_11
Chlorine gas can be generated by the reaction of dilute hydrochloric seid with chlorine bieach.
@ O Name the active ingredient in chlorine bleach.

(¢ mark)

(i) Write a chemical equation for the reaction of dilute hydrochloric acid with chlorine
bleach,

{1 maik)

(b)  The chlorine gas generated is bubbled into two test tubes, each containing one of the
following solutions:
i) iron{11) sulphate(VI) solution

(2 warks)
(ify  potassium bromide solutton

(2 marks)
In each case, state an expected observation and write a chiemical equation for the reaction

involved.

ASLO2(II)_12
In an elccteoplating factory, sieel objects are plated with thodium (Rh). Prior to the electroplating
process, the stecl objects ars pretreated by imniersing them firstly in & warm mixture of kerosenc
and sodium hydroxide solution, and subsequently in dilute hydrochloric acid. The stes] objects are
then plated with thodium using an electrolytic bath contalning an aqueous solution of a rhiodium
salt and dilute sulphuric(VI) acid.

()  State the function of each of the following subst in (he p t process:
() Kerosenc
(I mark)
(ii) Sodium hydroxide solution
(1 mark)
(b)  Why are the stecl objects treated with dilute hydrochloric acid before they are electroplated?
(1 mark)
(©)  Suggest TWO reasons why dilute sulphuric(VI) acid is used in the electrofytic bath,
(2 marks)
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(d) It is known that 2,40%10 electrons have passed through the external circuit during the
electroplating process, causing 0.17 g of rhodium to be deposited on a stee! object. If the
current efficicney is 83%, caleulnte the oxidation state of rhodium in the thodium salt.
{Relative atomic mass: Rl = 102.9; Avogadro’s constant = 6.02x 102 mol™!)

{3 marks)
(e} Suggest ONE resson why the current efficiency in the electroplating process is less than
100%.
{1 mark}
ASLO3({I)_03
) @ Amange chlorine, bromine and iodine in order of increasing oxidizing power,
{1 mark)
(ii) Suggest kow the above order can be established experimentally.
{2 marks)

(b)  What is the meaning of the term ‘disproportionation’? JHustrate your answer using a
reaction involving chlorine.
{2 marks)

ALO3(I1_04 (modified)
Carbon monoxide is a highly toxic gas and is also an indoor air poliutont. The level of indoor carbon
monoxide can be monitared by the use of carbon monoxide detectors. One type of carban menoxide
deteciors uses an electrachemical sensing method. The detector contains two inert electrodes coated
with platinum which catalyzes the reaction of carbon menoxide with oxygen in the atmosphere,
The anodic and cathodic reactions are as foltows:

Anode: [ COg) + H:0() —= COxg) + 2H'(aq) + 2¢
Cathodic: { %Ou(g) + 2H'aq) + 2¢ — HO()

(a) Why is carbon monexide toxic?
{2 marks)
(b} Outline hiow tlie cachon monoxide detector can detect the indoor carbon monoxide level.
{2 marks}
(¢) Describe one situation in which the indeor carbon mernoxide love! would increase suddenly.
(1 mark}

ASLO4(T)_02
Por each of the following statements, state whether it is true or false. I you consider the statement
ta be false, then you have te give an example lo support your answer.
Any halogen can exhibit inore than one oxidation state in its compounds,

{{ mark)
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ALO4(I)_05
The active ingredient of houscliold bleach s sodium chlorate(l) which is manufaciured from
chlorine.
(2) With the help of a chemicat equation, suggest how sodium chilotate(l) can be oblained from
chloring.
(2 marks}
(b) Houschold bleach diluted by a volume ratio of | 1 99 iz widely used as an effective and
inexpensive disinfectant during the recent SARS epidemic outbreak. A cerfain brond of
household bieach contains 6.0 g of sodium chlorate(l) per 100 em® of the bleach. Caloulate
the concentration of sodium chiorate(l), in mof dm™>, in the diluted bleach,
(2 miarks)
(¢) Write the help of chemical equation(s), suggest why household bleach should not be used
together with toilet cleans which coniains sodium hydrogensulphate(V).
{2 marks)

ALOS{I)_07b
Sulphur dioxide can be prepared by reacting sodium sulphate(tV) solid with dilute sulphuric{VI)
acid,
()  Write (he batanced equation for the reaction.
{1 mark)
(i)  Astudent suggested to use the sct~up shown below to prepare a dry sample of sulphur dioxide
from sodium sulphate(tV) solid.

H2804(aq)

N22SOx(aq)

hieat
KOH(aq) cone. H2S04(aq)

Point out Livo mistakes in the above set-up, and suggest the corresponding rectifications,
(4 marks)
(i} Suggest a chemical test for sulphur dioxide,
(2 marks)
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ASLO5(1)_07
An electroplating factory produces nickel-plated plastic handles for drawers. In the manufaclaring
process, the plastic handles are coated firstly with copper and then plated with nicket using an
electrolytic bath containing nickel(f1) sulphate{V1) and boric acid.

® Why is it nccessary to coat thie handles with copper before they are vickel-plated?
(I mark)
(ii) Suggest a reason for plating the handles with nickel.
{1 mark)
(b)  Write the half equation for the cathodic reaction during nickel-pinting process.
: (1 mavk)
(<) Boric acid is added 1o the electralytic bath fo maintain its pH within a range of 4 to 6,
[0] Why is it necessary to maintain the pH of the electrolytic bath within a small range?
{2 marks)
(ii) Suggest how boric acid functions in the bath,
(1 mark}

(d)  Suggest why it Is NOT recommended o use a high current density in the nickel-plating
process. {Similar to DSEI2_05])
(1 mark)

ALOS(IH_02
The following three redox reactions take place at room temperature:
(1) KMnO4(s) reacts wilh concentrated HCI(aq) to give Cla(g).
(2) Fe(aq) reacts with Cla(g) to give Fe™(aq),
(3) Acidified KMnO(ag) is decolorized by SOx(g)
(a) Write a balanced equation for each of the three reactions described above,
(3 marks)
{by Is it possible to predict from the above information whether any reaction would occur in the
foltowing experiments? Explain your answer. If it i3 possibie to predict a reaction, write the
chemical equation for the reaction.
() Adding FeSOs(aq) to acldlfied KMnOs(aqg).
{2 vautks)
(i) Passing $Oa{g) into Fe**(aqg).
{2 marks)

ALOS(1)_04
"The reaction of moderately concentrated nitric(V) acid (about 6 M) with copper gives nitrogen
monoxide,
{8} Write the chemical equation for this reaction.
(I mark)
() Instead of using a test tube, a teacher carricd out a demonstration of the reaction using a
reageitt bottle as shown below. The dropper had a copper wire inside and was filled wilh 6 M
HNOs(ag) as shown.

iz

— &£ ¢ &&= — - €& 6~ =~ —

dropper
G6M HNOx(aq)

COpper wire

{i) Describe and explain the expecied observations.

(3 marks)
(i) Suggest one sdvantage of using this set-up in the demonstration.
(1 mark}
ALOG()_03b

Write chemical equations for the following reactions.
(a) The reaction of S(s) with concenirated HNO; to give S0s-(aq) and NO:(g)

(1 mark)
(b) The reaction of Mn®*(ag) with Ox(g) under alkalinc conditions to give Mn(OH)(s)

(1 mark)
(¢) 'The disproportionation of MnO+~(aq) in water fo give MnOs(aq) and MnOy(s)

(1 mark)

ASLOG(T) 03b
Account for cach of the following statements.
(i) When concentrated sulphuric(VI) acid is added to sodium iodide solid, violet fumes are

formed,
{2 marks)
{ii) Concentrated hydrochloric acid fs vsed, not concentrated sulphurie{V1) acid, in flame tests.
(2 marks)

ALOS(ID_04
The overall reaction for the discharging process of a lead-acid cell can be presented by the
following equation:
PbOa(s) + Pb{s) +4H (aq) + 28043 (aq) —— 2PbSOu(s} + 2H:0()
(8) Write the half equation of the eathode reaction and that of the anedic reaction during discharge
for a lead-acid cell.

{2 marks)

(b) Based on the above information, explain why a lead-acid cell is rechargeable.
(1 mark)
(e} Alcad-ncid sccumulator used in automoblifes consists of six-tead-acid colls connect in series.

Suggest why
() thestate of charge of a lead-acid accumulator can be estimated by measuring the density
of the acid in the accumulator, and
(1 matk)
*(ii) “an excevsively high voltage should not be used to chatge a lesd-aild iccumidator, ©°
{1 mark)
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ALO(T} 02

Write the Lewis structures of SO~ and ;05" fons, and give the oxidation states of all sulphur
stoms in each of these fons.

{4 marks)

ALOB(D_01
Excess NHs{g) reacts with Ch(g) in two steps to give Na(g) and NH4Ci(s). 1t is known thot NHs(g)
functions as reducing agent and as a base irt the reaction. For cach step, write the chemical equation
and state the function of NHa(g).

(3 marks)

ALOS(I)_02 [Stmilar to DSE13_{0]
The diagram below shows the design of a hydrogen-oxygen fuel ceil:

'y -

gy~ = =« Hip)

Pt-conlaining porous elecirode bt Pl-containing porous electrade

unraacted Oxg) « -+ unreacted Hafe) — H-01n)
g — #

—

concenlrmgd NaOH(aq)
(a} Describe the working principle of the fucl celi.
(3 marks})
(b} One advantage of using hydrogen-oxygen fuel cells is that they do not emit air poliutants,
Suggest ONE other advantage of using hydrogen-oxygen fuel cels.
(1 mark)

ALOB(H) 02
Three reagent botiles each containing 0.5 M Kl{aq), 14 M HNOs{aq) and 6,02 M KMnOu(aq) have

been kept in the laboratory for a long time, The table below lists the observation for each of the
bottles.

Solution Obscrvation
0.5 M KXaq) Tho Hquid is pale yellow
14 M HNO;(aq) There are brown fines above the yellow lignid,
0.02 M KMnOs(aq) | There are brown stains on the interior wall of the bottle.

[u cach case, account for the observation and write the refevant chemical equation(s).
{0 marks)

b0

ASLO8(1)_02
Thece reagent bottles cact: containing 0.5 M Kl(ag), 14 M HNOs(aq) and 2 M NaOH(aq) have been

kept in the laboratory {or a long time. The table below lists the observation for cach of the bottles.
Solution Observation
0.5 M Ki(ag) The liquid is pale yellow
14 M HNOs(aq) ‘There are brown fumes above the yollow liquid.
2 M NaOH(ag) White powder is found sround the stopper.
In cach case, account for the abservation and write the relevant chemical equation(s).
(6 matks)
ALOYD_02
The compound (CN) resembles the halogens in many ways and is often described as
‘pscudohiniogen’.
(1) Draw the Lewis structure of (CN).
(1 mark)
{b) Deduce the physical state of (CN)2 at room temperature,
(1 mark)

(&) Write the chiemical equation for the reaction expected when (CN) is added to dilute
NaOH(aqg) ot room temperatie.
{1 mark)

ALOS(H_07d
Suggest the most appropriate hazard warning label that should be displayed an & bottle of

NaClOs(s).
(1 mark)

ALO9{IT} 03

Account for the following: “FeSOa(aq) gives n brown precipitale upon standing in air for a long
fime”.
{2 marks)
ALIO()_03

State the expected observation in the following experiments, and account for the observation with
the ald of chemical equation(s).
Adding excess H2S0ufaq) to K2CrOs(aq), and then excess Fe8O4{aq) fo the resulting solution.
(3 marks)

ALIO(I}_67b
State under what circumstances the following practice won!d be adopted and explain your answer.
“The use of concenirated HyPOs instead of concentrated HzS04 in the preparation of hiydrogen
halides from the cortesponding sodium halides.”
(2 marks)
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AL12(H_02
) (i) Whatis the oxidation state of vanadium in VOBI,?
{1 mark)
(i) Wrile n balanced equation for the reaction between VO;*(aq) and Z(s) in an acidic
medium to give V¥*(aq) and Zn**(aq).

(1 mark}
ALI2(IT)_07
(2} Consider the eleetrochemieal cell shown below:
g ®
b, KNOx{aq)
: salt bridge
Nifs) 1 ¢ 07 Ty 4§ Cdisy
1.0 wot dm™ 1.0 mol dm™*
NiNOsh{ag) L CANONAg)
State and explain the direction of mipration of NOy (aq) ions in the salt bridge.
(1 mark)

(5) Nickel-cadmium (NiCd) battery is a type of rechargeable baltery. Hs working principle is

based on the following elecirochemical reaction in an alkaline condition:
2NIO(OHRQfs) + Cd(s) + 2H0() —= 2Ni(OH)us) + Cd(OHj)a(3)
(i)  Write the half eguution for the anodie reaction and that for the cathodic reaction when
NiCd battery is praducing current.

{2 marks)
(i) NiCd baltery maintains a steady voltage during dischnege. Explain.

{1 mark)

{c) Nowadays, lithivm-ion (Li-ion) balteries are more commonly used than NiCd batteries in

portable elecironic devices. Suggest ONE advantage of using Li-ion batteries over using

NiCd batteries.
(1 mark)
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AL13(1)_07

(8) The diagram bolow shows a set-up for investigating the effect on cell o.m.L, on the following
system with changes in silver{l} ion concentration (from 107 to0 10! mol do),

clectrode R elcctrode 8
+ .

(i) Suggest suiteble materials for use as electrpdes R and S respectively.
(1 mark)
@il (I State the function of the salt bridge.
{1 mark)
(i) Suggest why a freshly preparcd sslt bridge needs fo be used when a new
concentration of Ag*(aq) is used in the electrochemieal cell,

(1 mark)

ALI3(l1) 62
(b}  Purple KMnOq(aq) reacts with concentrated KOH{aq) to give green KaMnOq(as) and Cx(g).

Explain whether or not this reaction is a redox, and write the chemical equation for the
teaction involved,

(2 marks)
DSE118P_o4
A student used the sef-up shown below to conduct a microscale experhment on electrolysis.
d.o. supply
- +

carbon rod A & ‘é

, . |

microscope a drop of aqueaus sodiun
slide sulpliate solution with
sone universal indicator

carbon rod B

(® () Theinitial color of the drop shown above was green, State the color change of the liquid
around carbon rod A after a current was passed through the eireuit for some lime.
Explain your answer wilh the help of a half equation.
(3 marks)
(1) A gas was liberated at carbon rod B, What was the gas? Explain its fonmation.
{2 marks)

(b)  Some objeets readily available in daily lifc contain carbon rods which cen be used in this
experiment. Suggest ONE sech object, == v I T A e

(1 mark)
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DSELISP_09
There are four uninbetled reagent bottles each containing one of the white solids fisted below:
amumonium chlotide, ammonium sltrate, sodiunm hypoclilorite and sodium sulphate
Suggest how you would carry out tests to distinguish the four solids from one another.
(6 marks + | mark)

DSEI2RP_03
{8) Nitrogen reacts wilh magnesium to give magnesium nitride (Mgiha).

(i} Draw the electron diagram of magnesium nitride, showing electrons in the outermost

shiells only.
{1 mauk)

(it} Magnesium vitride reacts with water to give magnesium hydroxide and amnonia.
Write the chemical equation for this reaction, Explain whethier or not this reaction is a
redox.

(2 marks)

DSE12PP_08

The plotograph below shows a Iaptop computer which is powered by Direet Methano! Fuel Cell
(DMEC).

The operation of DMFC is based on the following reaction under an acidic condition:
2CH;OH(aq) + 30i(g) —= 2C0xg) + 4H:0(
(a) Write half-equations for the anodic and cathodic reactions, when DMEC is producing a

current.
nnodic reaction
cathodic reaction
(2 marks)
() A concentrated aqueous methanol solution is used as the fuel in DMFC.
(i) Suggest why pure methanol is NOT used.
{i mark)

(i) Circle TWO of the following hazard waming labels that should be displayed on the
contairter of 3 concentraled aquesus methsnol solution,

B 4
' LA
e O
CORROSIVE BMix FLAMMAGLE B 3 OXIDISING i fEst

Gmaky
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{c) Would you expect DMFC (o be widely uscd in powering laptop computers? Explain your

answer.
(2 marks)
DSE12 03
Consider the infonmation concerning the lemon colls shown in the dingrams below:
multimeter multinieter
L7V +10.87 Vi~

copper strip—, r— metal X slip ~ copper sirip—— 3 melal Y strip

: Temon

Cell 1 Cell 2

(a} What is the function of the lemons in these cells?
(} mark)
(b) By completing the table below, arrange metat X, metal ¥ and copper in ineressing order of
reducing power.
s Reducing powvet INCIEaging sdpe
{1 mark)
() Por Cell L, write the half equation for the change that occurs at:
(i) metal X strip (X is group 1 metal), and
{1 mark)

(ii) Copper strip.
(1 mark)
(d) For Celf 2, would the metal Y strip be the positive clecirade if the copper strip Is roplaced
with a silver steip? Explain your answer.

(1 matk)

DSEI2 05
n ord;r to prepare 50 dus’ of 0,1 M CuSO«{ag), an inexperienced electroplating worker added the
required exact amount of CuSO4+51:0(s) to water in a plastic container, He thenstirred the mixture
with an iron rod until the CuSOSHL0(s) disselved completely. Finatly, he sont a sample of the
solution to the Quatity Conirel Laboratory for analysis, but found that the concentration of
CuS04(aq) was lower than 0.1 M.
(1) With the aid of a chemical equation, explain why the concentration of the CuSO«(ag)
preparcd was lowor than 0.1 M.
(2 marks)
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{(b) The worker used the prepated CuSOu(nq) lo coal a layer of copper an a metallic object by
electrolysis. He uses the unteasonable high voltage, and found that some bubbles were
formed on the objecl and he copper layer easily flaked off. {Similar to ASLOS())_07d}

(1)  Explain why copper can be coated on the metatlic object by electrolysis.
(1 mark)
(i) Suggest what the bubbles were, and explain why the copper fayer easily flaked off.
(2 mnrks)
(c) Draw a labeited diagram of the experimental set-up vsed in a laboratory for coating a layer

of copper on a metallic objcet by efectrolysis.
(3 marks)

DSEI3_09 [Similar to CE02_09c, DSEI1SP_04]
The diagram below shows the set-up used in an investigation on the electrolysis of concentrated

|

potassium {odide solution:

carbon electrode A carbon electrode B

petri dish
concentrated Kli{aq) with a few
drops of universal indicator

(8)  State and explain the expected observation around carbon electrode A during the electrolysis,
. (2 marks}
(b) The solution near carbon electrode B pradually turned blue.
(i)  Explain this observation.
(2 maorks)
@)  Would there be any change in observation if carbon electrode B js replaced by  copper

electrode in the investigation? Explain.
{1 mark)

DSEL3_I0 [Similar to ALOS()_02)
The diagram below shows the structure of a hydrogen-oxygen fuel cell using concentraled

¢

polassium hydroxide solution as the elecirolyte.

Hafg) - ﬁ ll—‘—"‘— Ox(g)
porous nickel electrode D ; porous nickel electrode E
unreacted Hag) _l p l_
and water vapour ~ L \, — > wireacted Ox(g)

N
concentrated KOH{aq)
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(@)  Anoxygen cylinder can be used (o provided oxygen for the above fuel cell. From the hazard
warning labels shown below, circle the label that should be disptayed on the oxygen eylinder.

&Y D@

(b)  Write the half equntion for the change occurring at ench of the following electrodes when
this fuel cell is producing a current.

Electrode D

Electrade I
{2 marks)
(c) Some people have the view that cars powered by hydrogen-oxygen fuel ceils are more
environmentally friendly than those powdered by petrol.
Comment on this view from cach of the following aspects:
{i} Source of fuel
(1 mark)
(i} The car cmissions.
(1 mark)

DSE13_11

Safety airbags arc imporiant devices installed in vehicles, During n serious car crash, the chemicals
in the airbag immediately react to release a large amount of gas. An airbag henee Inflates instantly,
protecting the passenger. The main chemicals in safely altbags are sedium azide (NaN3) and
potassium nitrate (KNO3). The equations below show the reactions involved when an aithag is
inflated,

2NaNxs) — 2Na(s) + 3MNafg)

10Na(s) + 2KNOy(s) —= K20() + SNaO(s) + Na(g)
(c)  Themain function of NaNafs) is to produce Na{g) for inflating the airbags, Suggest why it is

necessary to include KNOs(s) in the airbags.

{1 mark)
DSEI14_05
Concentrated acids are common reagents found in laboratories,
(a)  Statc a safety measure in handing concentrated acids in Iaboratories.
(1 mark)

()  Explain how concentrated sulphuric acid, concentrated nitric acid and concentrated ¢thanolc
acid can be distinguishied by using copper granules.
(3 matks)
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DSE14_08
The diagram below shows a set-up in which clectrons are flowing through the cleetric wires.
Moreover, one of the electrodes in beaker A is forming fons.

[ —'1

electrote W ____clecirade X electrode Y elecirode Z
(umagnesinny) {copper)  {carbon} {carboni
MgSOsaq) ——— AgNOagq)

beaker A beaker B

{a) Stale an expected observation at each of the following clectrodes:
(i) Blecirode W
(1 mark)
(1) Blecirode X
{1 mark)
(b)  Write the half equation for ths expected change at each of the following electrodes:
(i} Electrode Y

{F mark)
{iiy Electrode Z
(1 mark)
(¢}  Complete the following table by filling in ‘anode’ or ‘cathiode’ to describe the electrodes.
Electrods W Electrade Z
I Anode / Cathode
(1 mark)
(d}  Predict, with reason, what would happen if the MgSQu(ag) in beaker A is replaced by cthanol.
(1 mark)
DSE14_09
Consider cach of the experinents below and answer the questions that follow,
{b)  Acidified potassium permanganate solution is added to sodium sulphite solution,
(i) Statc the expected color clinnge.
{1 mark)
(i1} For the reaction leading to the color change,
(1)  State the name of the fype of reaction: and
(1 mark}
(2) Write the jonle equation for the reaction.
(1 mark)
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DSEi4_ 1t
Vanadi_um is a tansition meta), its chemical symbol is V. The formulae and the colors of three
agqueous vanadium-containing lons are shown below:
Formula VO (aq) V¥*(ag) V*(aq)
Color Blue Green violet
(®) Based on the given information, suggest TWO propesties of vanadium to characterize lt as a

{ransition metal,
(1 mark)
() Vanadium siso forms the ion VO5*(aq). It the presence of acid, 1.0 mol of VO1*(nq) ions and
1.0 mol of SOx(g) react completely to form SO, (ag) ions and one of the above aqueous
vanadium-conlaining ions.
i) By considering the amount of electrons transferred, deduce the fnal color of the
solution obtained.
(2 marks)

(i) Write & chemical cquatton from the reaction in (i)
(1 mark)

DSELS 02
For sach of the following experiments, stale the expected observation, and wrile the chemical
equation(s) for the reaction(s) lnvolved.
(b)  Adding sodium sulphite solution to acidified potassium dichromate solution until in excess.
(2 marks)

DSELS_04

Lead—;cid accumulator is a sccandary cell containing suiphuric acid. It is commonly used in starting
up motor vehicle engines.
(2) What is meant by the lcnn ‘secondary cell’?

(} mark)
(b) Sugpest why a lead-acid accumulator js suitable for starting up motor vehicle englnes,

{} mark)
{c) State one environmental impact that would be imposed from the disposal of {ead-acid

accumulators,
{} mark)
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DSBIS_07 (Similar o ASLOI(T)_06}
Refer to the set-up for electroplating an object shown in the diagram below:

object

copper

copper{il) sulphate solution

(a)  Explain why oily dirts on the object should be removed before clectroplating.

(1 mark)
(b}  Copper{ll) sulphaic is an electrolyte. What is meant by the term ‘electrolyte™?

(1 mark)
(c}  List ALL the ions existing in the solution

(1 mark)
(d)  Explain why copper(Il) ions are preferentially discharged during the electroplating process.

(1 mark)

{e)  Write the half-equation of the change that occurs at the anode.
{1 mark)
(f)  State the observable change, il any, in the solution during the electroplating process.
¢1 mark}
(g) 1t is known that 2.28%10% clectrons have passed through the external cireuit during the
clectroplating process. Calenlate the mass of copper that would theoretically be plated onthe
objeet, [Similar to ASLOO()_05d]
(Relative atomic mass: Cu = 63.5; Avogadro’s constant = 6,02x10% mol™h
{2 marks)

DSEI6_08 {Similar to CEG3_07a}
Consider the experimental set-up shown below:

— i)

— — light bulb

enrbon electrode X carbon electrode Y

+ SrBrafs)

heat

(@)  Inthe above experiment, the bulb fights up when the SrBra(s) becomes mokten,
{Atomic number of Sy = 38)
(i} State the obscrvation at carbon electrode X.
(1 mark)
150

—
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(i) Write a half equation for the change that oceurs af carbon clectrode Y.
(1 mark)
(b)  Explain why the cxperiment should be perfornted in a fisme cupboard.
(1 mark)
(6}  Zinc-carbon celis are used in the above experiment, The equation bellow shows the
reaction that occurs in the zine-carbon cells when the bulb fights up.
2MOz(s) + 2NH4Cl(nq) + Zn(s) —= MnaOu(s) + 2NHs(ag) + Hz0(D) + ZnCli(aq)

()  Deduce, interms of change in oxidation number, the oxidizing agent in a zinc-carbon
cell.

(2 marks)
(i) Write a half equation for the change that occurs at the cathode In a zinc-carbon cell,
[Same as ALO1(T)_04a] '

{1 mark)

DSEL7_04

The diagram below shows a set-up for the electrolysis of a colorless solution of | M K;SO4{aq)
confaining phenolphihalein indicaior,

'\
g_,l____ t M K2SO;4(aq) containing
H phenolphthalein indicator
L

i
|
{1
1

platinum clecirods A ”——I?_ it ¢ platinum efectrode B

“
+ -
(8} State, with explanation, the expected observation around the foflowing electrodes during the
slectrolysis:
(i) Electrode A
(iiy Electrode B
{3 marks)
() Wriic the equation of the overall reaction in the efectrolysis,
(1 mark)
(t)  Bxplain whether there ate any changes in the expected observation around the following

eleetrodes during the electrolysis if the | M K2SOs(aq) is replaced with | M HaSO4(aq).
(i} Electrods A

{il) Elecirode B
{3 marks)

5]
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DSE17 06
Concentrated sulphusic acid s a reagent conmonly found in laboratories,

{0) Circle TWO hazard waming labels that should be displayed on a bottle of concentrated
sulphwric acid:

SO OOH®

(e} With the help of a chemical equation, state the obscrvation when hot concenirated sulphuric
acid reacts with copper,

{2 marks)

DSEIg_05

Electroplating and rust prevention are conmon applications of electrochamistey.
(8) The diagram below shows an incomplete set-up. Add suitable drawings and fabels to the
disgram for electroplating of silver onto the knife,

{2 marks)
(b)  Suggest » methed, besldes pajnting or efectroplating, that can prevent underground iron-
made pipelines from rusting. Explain your answer.

{2 marks)

DSE18_08
Refer to the experimental set-up as shown below:

filter paper moistened ———
with Ki(aq)

dropper with concentrated HCl(ag)
KMnOs)

(@) HClis a strong acid. What is meant by the term ‘strong aeid’?
(1 mark)

(b)  When concentrated HCl(ag) is dropped into KMnO4(s). a yellowish green gas is formed,

T What i the yellowish green gas?
{1 mark)
152

(i) Explain whether the reaction forming the yellowish green gas is a redox reaction.
{1 mark)
(€)  With the aid of an ionic equation, state the expected abscrvation when the yellowish green
gas reaches the filter paper.

(2 marks)
(d) In consideration of laboratory safety, explain where the experimeat should be performed.
(1 muork}
DSEL9 07
Consider the chemieal call as shown below:
- muitimeter
capper‘olectrods ==l magnesium cleotrode
CuSO{oq)
porous pot MgS0O«(ag}
(a) (i} Whatis the fimction of the porous pet?
{1 mark)

(i) Deduce whether the electron flow through the external circuit from the mgnesiim
electrode to the copper electrode.

¢! mark)
(i11) Write the hald equation for change that oceurs at the eathode.
{1t mark)
Consider another chemical cell as shown below:
~ multimeter
cuppeé:lsegmde gxaphite elecirode
1SO4(a
poroultp‘éi I -|— solution of Bra(aq) and KBr{aq)
®) (i) Write the half equation for the change that oceurs at the graphite electrode.
{1 mark)
(i) State the expected observation at the copper electrode.
{1 matk)

dil) Would the multimeter reading become more negative, less negafive or remain
unchanged if the solution of Bra(aq) and KBr{aq) s replaced by a solution of x(aq)
and Ki(nq), while the other conditions remain unchanged? Explain your answer,

(1 mark)
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DSEZ20_0lcu

«©) An experiment for ¥ and Z is performed as shown in the set-up below. Dilute hydrochtoric acid -
is added 1o the K,S0; crystals, then the whole seb-up is covered with a lid, 6. The diagrams below show the component of a chemical cell, an experimental set-up and how the pointer of
the voltmeter deflects when the set-up fs connected to the component.

component of & chemical eel) experimental set-up
——— transparent box
fier pyagg magnesinn
. CuS04(s) rlt}bon yoltmeter
Container (1) : Conainer (2) © (side A) (side B)
agueous sokution of Y aqueous solution of Z "
{reddish brown) (pale brown) filtar paper with Na;S0u(s) :
jron wire iron wire
copper coating copper conting
K805 erystals or iron wire on jron wire
{ii) Smtc‘ lh{ :xx;«;tgé observation in Container {1} and write an ionic squation for the The pointer of the valt ef 10 # posttive reading
seactioninylyed. when o few drops of water are added {0 the component

DSE20_02

2. An experiment was perfornied to deduce the empivical formula of an insoluble chlotids of a metal M. At
room temperature, different volumes of & 5.50 mol dm™! MINGy)(aq) were sdded To six beskers each
containing 50 cm® of 0.36 mot dm™ HCHag), The MCl(s) obtained in each beaker was filtered, washed,
dried and weighed. The mass of MCl(s) obtained and the corresponding volume of MING,).(sq) sdded
were plotted on the graph below.

Diagram (1)
3
= 4 X %
% X (a) Why does the pointer of the voltmeter deflect as shown when & few drops of water are added to
Z 2 the component ?
[
= 3 [ Write the half equution for the change that occurs af each of the following eletrodes when the
k1 pointer of the voluneter deflects
g .
g 1 i anode
X .
ity cuthode
o {c) Consider the following design medified from Diagram (I} by only remaoving the copper conting
atside A ¢
i3 5, 10 i3 20 25 36

valume of M{NO,),(aq) added / om”

() Suggest why the masses of MCl{s) for the Jast three points in the graph are the same.
{1 mark}

{h) 6} By sketching on the graph above, deduce the volume of the M{NO,),(ag} that can
completely react with 50 am® 0f 0.36 mol dw™® HCHag).

Volume of M(NO,),(aq) = o’ cappes Paing SOV ER Bisgram )
{side A} {side B}
(i) gg;?:« )W!CUWC the number of males of M{NO;},{aq} that can completely react with the Draw on Diagram {2) the expected position of the pointer of the voltmeter when water is added to
- the component.
e —— - (1 mark}
s [&] Determing, by calealation, the empirical formula of the chioride of M. Hence, deduce whether M.
would be sttver or lead. i) In the design in part {c) abave, a redox reaction ocours at side A when water is added to the
COMponent.
(6 Write a chemical equation for the
[ Name this type of reaction.
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DSE21_02

z e the hovore {1 (@) of the fably beiow, 811 In the miormetion refating 1o the elrtahele of eash
elraratyie.
Electrolyte Fleatrate pservating Produst Had¥ sguation OR Justification
ar e elevisby | owe b elecirode for the rhange oecuryed 31 1 electends
() Obxeryatianz
Graphlie
ansde
Malten
PhEL &} Half equatton:
Sruphin
catheds
£ HRIE eapum tinm
P intinum
aynde
Very dilate
Pty =
Mo {3 Peasdure
1}
Elhatioms
it
o5 Pradvets 3
Lopper
aniede
Lonseniratid
Lullr ¥ ; . -
solulion {1 Quservetinn (a3 Justifications
Copper
ntiiode
87 rmarkony

DSE21_06(b),(c)

Lead can be obtained from lead{l) oxide using the experimental set-up shown below. Besides lead,

8.
nitrogen gas and steam are also formed.
lead(l1) oxide
dry ammonia —> 2
heat
(b) Write a chemical equation for the reaction. (1 mark)
(c) Explain which of the reagents is a reducing agent in the reaction. (1 mark)
DSE21_08
*8. You are provided with the following items :
lemon, multimeter, connecting wires, Zn strip, Cu strip, Ag sirip
With the zid of a labelled diagram, suggest how you can perform an experiment to confirm (with
explanation) the order of reducing power of metals as Zn > Cu> Ag.
{6 marks)
3 : 3 2 1 r T T . ps
€ j] ¢ ] { | =) == =3 . b | S

Il

L)

)

™

(=)

™
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Consider the following chemical equation :

XNH;(g) + yOa(g) = xNO(g) + zH,0(g)

i ition of X>0O(s) is a redox reaction.
Which of the following combinations is correct ? 2(c) Explain whether the decomposit (s)
> Yy 4
A. 2 3 3
B. 2 3 6
C. 4 5 4
D. 4 5 6

Consider the following chemical cell :

multimeter

electron flow direction } electron flow direction
salt bridg

-~

Pt electrode X

Ptelectrode Y

(ARRRER NN
[ERERTR INE)

Kl(aq)

Fe(NOs)s(aq)

Q

'

|

1

1

1

[
1

beaker (1) beaker (2)

Which of the following statements is correct ?

Electrode X is the cathode.

The solution in beaker (1) gradually turns brown.

The solution in beaker (2) gradually changes from pale green to yellow.
Fe(NOs)s(aq) acts as a reducing agent.

Oowp
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The following hydrogen-oxygen fuel cell and aluminium-air cell are primary cells. Their simplified Section C

structures are shown below :

anode A
unreacted Ha(g) .J

and water vapour

(a)

()

©

Analytical Chemistry

Answer ALL parts of the question.

3 (a)  Answer the following short questions :
S |_ B! aluminium anode cathode Y (i) Suggest a chemical test to show how SO»(g) and CO(g) can be distinguished.
cathode B (2 marks)
I_ (ii) Ilustrate how CH3CH>,CHO(]) and CH3COCH3(1) can be distinguished from their respective
== e w : A 3 2! (2 marks)
concentrated KOH(aq) concentrated KOH(aq) -C\.- 1 -+ —Q = é.‘ ?f
hydrogen-oxygen fuel cell aluminium-air cell (iii)  Which one of the following chemicals is the most suitable for drying ethyl butanoate ?

What is meant by the term ‘primary cell’ ?

(1 mark)
For the above hydrogen-oxygen fuel cell,
(i) write the half equation for the change that occurs at anode A.
(ii) suggest one disadvantage of using this hydrogen-oxygen fuel cell.
(2 marks)

In the above aluminium-air cell, oxygen in air reacts with water to form hydroxide ions at
cathode Y.

(i) Write the half equation for the change that occurs at cathode Y.

(ii) The half equation for the change that occurs at the aluminium anode is as follows :
Al(s) + 30H (aq) - Al(OH)s(s) + 3e"

Write the chemical equation for the overall reaction in the aluminium-air cell.

(iii) Suggest how aluminium can be obtained from aluminium oxide.

(3 marks)

concentrated sulphuric acid, solid sodium hydroxide, anhydrous soﬂm_iglm]a,te

e T—~— (1 mark)



Marking Scheme

MCQ

CR90_01 A CE90_05 A CE90_13 A CES0_6 D
CE90_19 c CE90_23 B CE90_24 B CE90_27 (
CR91_06 B CEY1_07 c CE91_0% c CE91_10 D
cuot_12 ) CE91_t4 A CESt_17 B CE91_37 D
CE91_43 B CE91_d4 C Cr92_08 A CE92_0% A
CE92_10 ¢ CE92_11 B CBE92_12 B CE92_13 D
CE92_i$ D CE92_16 c CE92_35 D CE92_37 B
CE92_38 ) CE92_40 B CE9Z_50 B CE93_05 A
CE93_06 D CE93_12 € CE93_IS B CEY3_16 €
CE93_17 D cr93 o2 D CE3_I9 c CE93_24 B
CE93_44 B CE93_45 o CE94_04 A CE94_06 C
CRY4_07 A CE94_10 A CE94_)2 G CRo4_j3 B
CE94_15 A CI94_34 B CR94_38 B CE94_44 €
CE95_07 c CES_10 A CE95_1} o CE9S_13 D
CE95_38 B CE9S_33 N CES5_37 8 CE95 39 A
CHOS_40 ¢ CE06_07 c CE96_09 5 CE96_27 D
CHY6_30 A CE96_31 3} CE96_35 c CE96_38 o
CE6_42 c CE96_46 D CE97_04 c €E97 07 D
CE97_08 B CE97_09 c CEY7_10 A CE9T 11 D
CE97 29 D CE97_36 c CE97_39 A CEY7_50 B
CE98_04 B CBY8_0S c CE98_06 D CE98 71 ¢
CE93_22 D CE98_38 B CE99_07 c B 09 B
CE99_1D D cro9_12 A CE99_tS B CE99 1% e
CRS9 24 D CE9%_33 c CE$9_36 D CE99_38 o
CR99_40 A CH99_42 B CEG_05 A CEOO_i6 B
CE00_28 C CE00_30 A CE00_3! ) CE00_35 &
CRO0_43 A CE00_44 D CE00_45 B CEO1_07 A
CE01_08 A CE01_i1 A CEGI_19 A CEO_22 e
CEO1_24 c CE01_29 B CE01_35 A CEOL_a3 D
CEG1_44 D CE02_06 A CE02_07 c CE02_10 D
CE02_13 8 CE02_18 c CHO2_19 A CE02 36 A
cno2_38 B CEO2 39 D CROZ 41 A CE02_47 (&
CE3_03 B(55%) CEO03_04 D(69%) CE03_07 D(38%) CE0I_13 D {43%)
CEB3_15 A41%) CE03_16 B{(64%) CE03 1% A(I6%) CE0I_23 B {84%)
CRO3_35 (& CEOSSP 1T A CEOSSP 31 A CEOSSP 40 A
CR04_05 C(60%) CE04_07 A(73%) CEO4_13 A(38%) CEO4_t4 B (66%)
CE04_18 B(37%) CE04_24 B(#1%) CE04_32 B(42%) CE04_34 B (67%)
CR04_38 D (43%) CE04_39 A(d9%) CE04_40 B(S0%) CE04 43 D (43%)
CE05_08 B(#9%) CROS_IS A(63%) CE05_25 B (B4%) CE05_26 C {62%)
CE0S_30 D(61%) CEOS_3! A50%) CEB5_33 A(61%) CEOS_36 AQ(39%)
CH05_48 A(80%) CE06_03 C(53%) CE06_2! D(53%) CEBG_27 D (43%)
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CHO6_29
CR06_40
CE07_22
CE07_37
CE07_45
CRO8_{{
CE08_24
CE08_38
CE09_02
CR09_17
CE09_34
CE09_44
CEl0_11
CE10_34
CEID 48
CRII_09
CEl_2}
CE11_37
ASLOS(I)_03
DSEIISP_12
DSEI2PP 22
DSEI2_18
DSEI3_06
DSE14_1}
DSEIS_06
DSEl6_11
DSEL6_15
DSE17_04
DSB18_12
DESI9_I2

DSE20_5
DSE20_9
DSE20_12
DSE20_14

DSE20_19

c— — r— —
A(71%) CE06_32 B(47%) CE06_33 D (44%)
D{3%) Cbo7 19 A(65%) CE07 20 A(S4%)
C(59%) CE07 24 B(64%) CEO07 25 D (36%)
A(75%) CE07_d1 D (68%) CE07 43 A(24%)
D (49%) CE07_46 B(52%) CE03 04 C (65%)
B(55%) CE08 13 D (54%) CE08 21 A(45%)
D (58%) CEO08_28 D(67%) CE08 34 D (56%)
A(51%) CE08 40 D@S%) CE08_44 B (49%)
A(51%) CE09_04 C(56%) CE09_13 A(76%)
A(35%) CE09_24 D(57%) CEG9_30 B (39%)
D(46%) CE09_38 D(61%) CE09_39 B (51%)
A(S5%) CR09 49 C{64%) CE10_05 D (54%)
D (81%) CEI0 24 B(60%) CE10_30 A(9%)
D (44%) CEI0_36 C(78%) CE10_43 C (48%)
A(S1%) CE10_49 C(31%) CEl1 06 B (71%)
A(TI%)  CEIL_IY C({74%) CE!I_i4 B (70%)
D(53%) CBl1_26 B{56%) CEIl 32 B (65%)
A(58%) CEl1] 44 B(35%) CEll_49 B (39%)
c ASLI2() 03 A ASLI3() 03 D
B DSEHISP 21 D DSRIISP 23 A
A DSBI2PP 23 D DSEI2 06  B(74%)
C(71%) DSEI230  A(71%) DSEI3_I6  C(65%)
B(51%) DSE3.21  D(72%) DSEI322  D(49%)
C{61%) DSEM_I6  A(88%) DSBl4 20  A(63%)
A(72%) DSEIS_13  C(58%) DSEIS 16 D (s
A(4%) DSBIS_I2  B(50%) DSEI6_I3  C(S1%)
B(36%) DSBIG20 D(38%) DSEIG23  C(71%)
B(76%) DSEI7_Il  B(S4%) DSBIT15  B(83%)
B(79%) DSEIS21 B(41%) DESI9 03 B
D DESI® 14 A DESI9 19 A
B
A
B
C
C

r—

CE06 38
CE07_21
CE07_36
CHO7_44
CR08_05
CR08_23
CR08_36
CE08_43
CE09_14
CE09_31
CE02 42
CE10_09
CE10_32
CEID 47
CE1l_07
CEI1_20
CEl1_35
ALO()_03

—

A(67%)
AQ(8%)
D (44%)
C (68%)
A(68%)
B (65%)
C (54%)
C (44%)
D (37%)
C (65%)
B (56%)
C(83%)
C (52%)
A

B (61%)
D (48%)
D (74%)
B

DSBEISP 02 A
DSE{2PP_I4 C

DSE{2 {3
DSB13_17
DSEI4_15
DSB15_02
DSE15_17
DSBI6 14
DSE(7_08
DSEI7 23
DESI9_i}

B (60%)
A(59%)

B (70%)
D (77%)
AT3%)
D (75%)
c52%)
B (70%)
A
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Structural Questions
CE%8_02a(l)
(1) Oxidation: 2CI(aq) — Chg)+2¢”
Reduetion; 5o+ 8H'(aq) + MnOi(aq) — Mn**{(aq) +4H20()

@)

Overall: 2Mn04(aq) + 16H (ag) + 10C1-(aq) — 2Mn**(aq) + 8H:000) + 5Ch(g) (2]
OR, 2KMnO4(aq) + 16HCHaq) — 2K Cl{aq) + 2MnCla(ag) + 8H2 0} + 5Cl(g)

HC! — Ch (oxidation)

-1 1] {1
KMnQ4 — MnCl2 (reduction)
+7 +2 13
{The (+) and (-} sign for oxidalion numbers is cssential]
CE90_04a
(i) Electrade A. 11l
(i) Hydrogen 1
burss with a pop sound. 41|
(iif) Atelectrode A: 2H'(aq) + 2¢7 —+ Ha(g) [t)
At clectrode B: 2Br(aq) —= Bra(ag) + 2¢” 1
(v} Bromine {1
Bromine is heavier (or denser) than the sohution {1
it sinks to the botlom [t1
vi) () OH(aq) end Br(ag) 1]
OR, hydroxide ton and bromide ion
CE91_0Z¢
() Tinmetal [1]
({1} The usc of tin{Il) is more cconomical because tin(l) gains two moles of electrons o [2]
become tisn while tin{}V) gains four moles of electrons.
(i) ‘Tin protects iron from rusting because tin prevents the contact of fron with water sud air,  [1)
(iv) No. Iron is more reactive than tin. {1l
Iron will lose electrons and corrade faster. i1
CE92 05a
¢ Bis (he cathode beeause reduction occurs at B, 2H* +2¢- — Ha 5]}
@i} Cathode (B) atiracts Na* aud H* fons. [}
H* preferentially discharged because H is in a lower position than Na in the
efectrochemical series. (€3]
Anode (A) atfracts CI~ and OH- ions. (1
CI- is preferentially discharged b the ation of Cf is high.
Finally, as H* and CI- are preferentially discharged, m
Na' and OH" are left, i
156
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CE93_02a

(i) To improve its appearance or to give it a shiny surface,
(ili) To make the knob to conduct eleetrivity,

{iv) Ni¥*(aq)+2¢” — Ni(®

CE94_0le
(i)  Sulphur dioxide
$0; can turn acidified potassium permanganate solution from purple to colourless
(i) Anytwo:
A brown solid is formed,
Metal X dissolves,
The blue solution fades.

CE94_07a
@ (1) FromQtoR, thenStoP
beeause reduction ocours at R {Cu?* +2¢~ — Cu)
electrong must flow out from metal Q.
@) (1) Colourless gas is formed at S.
(2) The colour changes from bhue to colourless,
Gif)  Set-up X is an clectrochemicat cell (to provide clectricity).
vy Q
1t is because electrons flow from Q to R,
So Q Joses electrons more readily than R.

CEY5_09b

()  MnOy +8H" +5¢ —= Mn' +4H:0
MnO4~ is reduced becavse H receives electrons / the oxidation number of Mn chenges
from +7 to +2 / the oxidation number of Mn decrcases.

(i) The solution tums {pale) brown / yellow.
2 — ht+2e

(iify From KI solution to KMnOu solution / from right to left,

tv) [oxidation: 2(ag) —= hig)+ 2

Eeducﬁont MnOs(ag) + 8H*ag) + Se= —= Mn**(aq) + 4H20(})

I()vera!l: 2Mn0s(aq) + 16H'(ag) + 101 (ag) — 2Mu?*(ag) + SH20() + Shi(g)

OR, 2MaO¢ + 16HY + 101 — 2Mn* + 8H)O + 5k
) (1) Toallow migration (movement) of ions between tho two benkers.
@) Na, Sodium sulphite can be oxidized / rerct with permangenate iotis.

CE96_06a
@ Q) (diny) green precipitate / salid is formed
Fet*(ag) + OH-(ag) —+ Fe(CH)(s)
{2} No, because the reaction does not involve any change in oxidation number /
there is no transfer of clectron(s)

{1
i
3

{1]
{13
12]

{1

it
n
{t3
(1

(1]
(1

4

(i)
i
[
1

It}
{1]
83

{1
{1
it
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(i) (1) The purple solution is potassium permanganate / permanganale fons /
manganese(V1) / KMnQy / NaMnOs / contains MnOy~ fons )
(2) 'The solution changes colour from purple 10 yellow / brown.

Pxidation: FeP(aq) — Fo'*faq)+ e
[Reduction: MnOy(aq) + 8H*(ag) + Se= —= Mn*'(aq) + 4Ha0()
bvcraﬁ: MnOq(aq)} + 8H*(aq) + 5Fe?'(aq) — Mn**(ag) + 4H:20(1) + 5Fe* (aq)

(i) (1) Magoesium (Mg) / Zine (Zn} f Aluminium (Al
(2) Any TWO of the following:
Mg/ Zn/ Al metat dissolves.
Silvery (grey) powder deposit /
Colour of solution becomes paler (colourless}
Iron(11) sulphnte aets as an oxidizing agent beeause the oxidation number of fron
changes from +2 to 0/ decreases 7 Fe®* fons accept electrons.

CEY6_06b

@y Ais2M ammonia / 2M N3
Ammontia solution is alkaline. When ammonia ionizes in water to give OH™ which
turns red {itmus paper blue, NH; + Hz0 « NH{' + OH-

(i) B is 2M nifric acid / 2M HNO;
xidation: Cu(s) — Cu¥*(ag) +2¢”
[Rcduclion: 3e~+ 4H'(aq) + NOs{aq) — NO{g) + 2H,0(})
k)vem[l: 3Cufs) + §H'(aq) + 2NOs(ng) — 3Cu?(ag) + ZNO(g) + 4H20(1}

2NO(g) + Oag) — 2NOu(g)
Brown gas
Giiy (1)  Add apiece of pH paper / a few drops of universat indicator to the reagent.
(2) HCHwill give a tower pH / a deeper red colour .
beeause HCI tonizes (o a greater extent than CHyCOOH. HCH is a stronger acid /
HCI has a higher concentration of H*
OR (1} Add a picee of Mg ribbon / Zn granules / CaCQs(s) to the reagent.
(2 HC! will give gas bubbles at a faster rate
because HC! fonizes fo a greater extent than CHyCOOH., HC) is a stronger acid /
HCH hs a higher concentration of H'
OR (1) Measure the elecirical conductivity of the sofutions.
{2y HCI has a higher conductivity
beeause HCY iopizes to n greater extent than CH;COOH. HCl fs # stronger acid /
HC1 has a higher concentration of H'
OR (1) Mensure the pH of the solutions with a pH meter.
€2) HClhas a lower pH
because HCL ionizes to n greater extent than CH;COOH. HCl is o stronger acid /
HC has a higher concentration of H*
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CE96_08b(iii) CE97_04
()  Copper (Cw)/ nickel (Ni) i Chernical knowledge
Coppex(1) / nickel({l) fons are bluish-green in colour, [ ¢ Dissolve the nickel(II) sulphate ctystals in the distilled water (in the beaker), {1}
(2)  Sulplwr dioxide / SO, m ¢ Connect the spoon and the nickel plate to the power supply with the spoon as tlic cathode 1]
It can tum acldified (potassium) dichromate solution from orange ta green, 3] and the nicke] plate as the anode.
@da(ion: 200 +80:(g) —= SO4*(aq) + 4H'(aq) + 26~ » Immerse the spoon and the nicket plate in the nickel{{1) sulphate solution. [1}
@:duction: 6o~ + 14H"aq) + Cra072(ag) —= 2Cr(aq) + 7H20() Observation (Any TWO of the following): {21
bverall: 380s(g) + 2H(aq) + Crs07-(aq) —+ 3804%(aq) + 2Cc> (aq) + H0(}) ¢ Alayer of nickel (sifvery / greyish metal) is deposited onfo the spoon,
o The thickness of (he nickel plate decreases.
OR, it can tumn acldified {potussiun) peamanganate solution from purple to colourloss. ¢ Tite colour of the nickel(il) sulphate solution remains unchanged.
Oxidation: 2H0() + 802(g) — SO (aq) + 4H*(ag) + 2¢~ Bffective communication 3
Reduction: 5S¢~ + 8H'(aq) + MnO4(aq) — Mn*(aq) +4H0(1)
Overall:  |2H,0() + 580:(g) + 2MnOy(aq) —= 58042(aq) + 4H" (aq) + ZMn**(aq) CE97_96a
{H  CO# 1]
OR, it can tum bromine water from browa to colourless. (1)) The sodlum sulphate sofution pravides ions for the conduction of electricity /sets as an  [1]
lgxidation: 2H0(1) + 80:(g) —+ SOs*(aq) + 4H'(ag) + 20" electrolyte to complotes the circuit
[Reduction: 2¢™+Br(aq) — 2Br(aq) (it (1) The orange colour becomes paler / eolourless / fades 1]
bw“‘": 2H:0() +S0:(g) + Bra(eq) —= SO (aq) + 4H'(ag) + 2Br(aq) (2} Green/brown / purple colour was observed n
Explenation:
CE96 09b Under the influence of the electric field, cations in the deep bluc solution are {1}
0] Tn“: solution contains mobile fons, (1 attracted (o the negative pole (move to the left) and negative / Cra07% jons are
() A colourless gas (bubbles) is evolved, m attracted to the positive pole (move to the right).
40H" ——e O3+ 210 + 4o i OR, Under the influence of the electric ficld, the cations aixd anions are
i) Copper/Cu i1 respectively attracted towards the negative and posifive poles
During the copper-plating process, the copper in the anode is oxidized to glve Cu?* fons. (1] The orange negative fons and the blue positive fons mix / mest at B to give the  [1]
OR, Cu —+ Cu®*+2¢” ocours at anode, green colour,
Concentration of Cu* fons in the electrolyfe solution can be maintained. 1] (iv) Reverse the polaity of the d.c. supply mn
{iv) (1) Torecover copper nietal / To produce the Joss of copper metal i1 OR, connect the left hand electrode to the positive pole and the right hand clectrode
Cu?* lons can cauise water poflution / death of (harmful to) marine lives 18] Willicinegatveqpelt
(2} 1 mole of Cu* ions react with 2 moles of NaOH 43 Observation;
OR, Cv* + 200 — Cu(OH), orange colour will appear at the left of A and blue colour will appear at the right of C. [
Concentration of Cu®* ion
35x8 1 CE97 08a
ST 7= 0.7 M (i) During electrolysls, bolh CJ- and OH- jons migrate towards the anode (positive  [1]
[ electrode).
Since a concentrated NaCl (brine) is used, the concentration of CI- ions is much higher (1]
than that of OH-,
CI~ ions will be discharged at the anode to give chlorine. n
OR, 20— Ch+2e
(i) (1) B/toxic [
{2) Chlorine can kil} the bacleria / germs in water / sterilize water, ) - m
159 160
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CE97_08b
¢y (1) ron(H) sulphate (any iron(Il) compound / sulphur dioxide / ethanol / potassium
iodide / hydrogen sulphide)
{2)  Any one of the following:
For iron(i}) sulphate {ilie iron{J1) compound in (1))
Treat Fe**{aq) with acidified potassium dichromate / in the presence of acid / H*
fons.

For 802

Bubble SO; into scidified potassium dichromate

(or place a piece of filler paper moistened with acidified potassium dichromnie in
SO: gas}

For ethanol
Heat/ reflux ethanol with acldified potassium dickromate

Por Ki
Treal Ki{aq) with acidified potassium dichromate

For H2S
Bubble H28(g) into acidified potassium dichromate
{or place a piece of filler paper molstened with ucidified potassivm dichromate in
H;S gas)
(3} For Fe(ll): Fe** / iron(IH) ions
Far 802: $04*{nq) / sulphate ions
For C2HsOH: CH3COOH / ethanoic acid / CH:CHO / ethanal
ParKL: 12/ fodine
Ror Ha8: 8/ sulphur
Giy (1) o —- e
{2) Op+de +4H' —+ 2H20
3)  OpH4H" 4407 — 40T+ 20
(iv) making stainless steel
chromium-plating

CR97_09b
() A solution containing the maximum emount of a sclute (KNGO3) at a specified
temperatire.

(i)  The sirips of filter papers, afler sonked with the snturaled KNO: solution, is used a5 a salt
bridge (to complete the circuit)
(i) (1) voltmeter/ ammeter / multimeter / galvanometer

(i

it

{1}

L8]
M
[t
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[f]
[
i1

i
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{2)

Cu =Y

1 M CuSOu(aq)

I M Y*(aq)

halfcell A haifcell C

(1 mark for a correct dingram: | mark for labeliing the half-cells and the
volimeter/anumeter/millimeter/galvanometer)
(i¥) Reactlvity; Cu<yY <X
A more reactive metal foses electrons more readily than a less reactive metal,
OR, eleclrons flow from & more reactive metal to « less reactive metal.
OR, electrons fow from X to Y and from Y to Cu.
(v) no observable cliange
beeause Cu is less renctive than Y,

CE98_02¢

Brown colour of iodine fades / furis cofourless

foxidation: H200) + S0:%(g) — SOs*(aq) +2H' (aq) + 2¢
kleduclion: 2¢” +Liaqy — 2i(aq)

iOverall: Ha00) + 805 (g) + Ix{aq) — SOs(aq} + 2H(aq) + 2i(aq)

CE98_06b

(i}  Alkatine-manganese cell.
Silver oxide cell s not used beeause it is not of the right size,
Zino-carbon cell is vot used because its vollage drops quite rapidly.

(i) No.
The shelf life of zine-carbon cell is 1.5y and only 18 pieces can be consumed. 6 picces
wilt be wasted,
The average price per cell used = $49.9 7 18 = $2,77
which is more expensive then the normal price of a zinc-corbon dry cell.
The price for 18 zinc-carbon cells =$2.5 % [8 =345
which Is cheaper than the price of the package.

(ili} (1) Electrode A (zinc metal) because an oxidation ocours,

2) k)xidation: Zn(s) + 20H"(aq) — ZnO(s) + HaO() + 2¢-
[Reduetion: AgaO(s) + Ha0() + 2¢” —~ 2Ag(s) + 20H(aq)
I()vcmll: Za(sy + AgO(s) — ZnO(s) + 2Ag(s)
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CE98_09b

{i} Any TWO ofthe following:
Sodium melts into a silvery ball / dashes around on the surface of water / floats on surface
of water.
Sodiura burns with a yellow flame.
Colourless gas evolved.

(i) Open-ended question
Experintent If because sodium metal is highly reactive, it is dangerous to handle sodium
metal. The reaction in experiment I is too violent and difficult to control.

OR, Experiment [ because a sodium hydroxide solution with high purity can be
obtained,
(ilf) (1) Na occupies s higher position than H in the electrochemical scries 7 H* is more

readily to receive electron than Na',

{2} Atanode: 2CE —= Cla+2e
Atcathode: 2H*+2¢ —= H;
Overall; 2CF+ 21t —= Ch+H
Equal number of moles of Clz and Hj will be liberated during clectrolysis
Under the same tempesature and pressure, equal no. of moles of gases ocoupy the
same vohwne.
Theoretical volume of chlorine liberated = 50.0 cm?®

(3)  Afer removal of CI™ and H*, only Na*(aq) and OH~ (aq) ions temain in the
solution.

(iv) Labeled diagram of laboratory set-up

chlorine hydrogen
brine
carbon electrode carbon / platinum electrode

(1 mark for labelling the two electrodes; | mark for showing the collection of gaseous
products af the electrodes; 1 mark for Jabeliing tho correct products.)

CE99_06a
U]
QXX D
(i) (1} Provide mobile ions to inerease the electrical conduetivity of water.

(2) Platinum / carbon (graphite)

() 40H" —= 2H0+0p+de”

(4} Ha:bum witha ‘pop’sound
O, : relights s glowlng splint
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CE92 082
(i) Zn - Zntt+2¢"
i) {1}  Acts as a conductor of electrisity / cathode / positive pole / electrode
(2)  Acts a3 an oxidizing agent to remave hydrogen produced.
(if) Warm the paste with NaOH(aq) in order to change NH4" fon to NH;.
Evolution of a gas (ammonig)
which turns moist pH paper (red litmus) from red to blue.
OR, Gives white fumes with HCI(g) indicate the presence of NH/*,
{iv} Open-ended gquestion:
Yes, zinc-carbon cells will produce more (solid) wastes
because zinc-carbon cells are not rechargeable,
OR, No, cadmium / cadimium compounds are toxic and disposal of Ni-Cd cells can
cause pollution problems.
{v} Cd+20H" — Cd(CH) +2¢~
2¢”+NiOz +2Ha0 —= Ni(OH), + 20H

CE00_06a
(1) 2ZnS+302 —= 27Zn0 +2S0;
{2) manufacture of sulphuric acid / ammonium suiphate / fertilizers ¢ bleach / food
preservatives
(ii) Dissolve ZnQ in sulphuric acid.
(i} (1) Addzinc/ magnesium / aluminium to displace ions of less reactive metals
{2) Zn® ions will be preferentially discharged and ions of more renctive metals will
rensain in the solution
() anode :40H" —= 0O+ 2H)0 +4e-
cathode :Zn* +2¢- — Zn
{iv) making electrodes {anode}) in zinc-carbon cell / galvanized iron / brass

CE0i_07¢
()  Gold has strong metallic bond between atoins,
Diamond has & covalent network structure and strong covalent bonds exist between
catbon atoms,
(i)}  18-caral gold is stronger / not easily deformed
(i) (1) Copper/Cu
because Cu?' ions arc blue / green

bosidation: Cus) ~—r Cu*{aq) + 2e-
Reduction; e + 28 aq)+ NOs(ag) —+ NOafg) + H:0(0)
bveml!: Culs)+ 4H'(aq) + 2NOy~(aq) —= Cu*'(aq) +2NO:{g) + 2H0(})

OR. Cu+4HNO; — Cu(NOw): + 2NO; + 25,0
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Alternative answer: OR, Some of the chiorine praduced reacts with the hydroxide ions formed

Nicket / Ni during electrolysis.
beeause Ni¥* ions are green Ch+20H" —+ CI+0CI + 0
I()xidation: Ni(s) —= Ni**(aq) + 2¢~ Volume of Cla collected is smaller than the theoretical volume.
IRcduc!ion: o+ 2H'(aq) + NOy{aq) —— NO:{g) + Ha0()
Dverall: | Ni(s) + 4H'(aq) + 2NOy(aq) —= Nit*(aq) + 2NO:(g) + 2H:00) CEG1_0%¢
oR, Ni+4HNO; — Ni(NOs) +2NO» +2H:0 (iy  Copper(l) oxide / CuO [t}
(iii) (2) Brown gas evolves / The picce of gold is partially dissolved. 01 (i)  Any TWO of the following: [2]
Effervescence / gas bubbles / misty fumes
CEG1_08a Liquid in tube A turns blue / green
¢ (2) Both Brz and Clz can react with SO5*(ag) 1 Copper wire dissolves,
foxidation: H0()) +8O:*(ag) —= S04 (aq) + 2H (aq) + 26 Equation:
IRcduction: 2¢~+ Bra{aq) — 2Br{(aq) Cu + 2H804 —+ CuS0,; +2H:0 + SO t}
Overall:  [H0() + SO5*(aq) + Braaq) —= $04>(aq) + 2H'(aq) + 2Br(eaq)| (1] foxidation: Cufs) — Cu¥(nq) + 2e
OR, Reduction: 26 + 4H'(aq) + SO4~(sq) —~ SOx(g) + 2H:0()
[oxidation: HO( + SO (aq) —+ SO¢-(aq) + 2H'(aq) +2¢~ (Overall: Cu(s) + 4H*ag) + S04 (aq) — Cu'(aq) + SOx(g) + 2H0()
Eduction: 2+ Clafaq) — 2CI-(aq) (i)  Blue litmus solution tums red {11
b"“‘"‘"‘ H.0(1) + 80:7(aq) + Ch{aq) ~—+ SO(aq) + 2H'(aq) +2CI-(aq) becanse SO; dissolves in water fo give an qeidic solution fi}
(ivy To absorb excess SOz / prevent SO; to escape into air 83
Alternative answers: because SO; is loxic / harmful to the respiratory sysiem {f]
Both Brz and Cl, can react with Ki{aqy
bxidution; 20 {ag) — l(ag)+2¢ CE02_02
ﬁ’(cduc(ion: 20 +Bryag) — 2Br(aq) (b) The colour of the potassium permanganate solulion changes from purple (o yellow. n
foveralt: 2§ (aq) + Brz(aq) — ha(aq) +2Br ~(aq) k)’dd“ﬁ"“: Fe*'(aq) — Fel(aq)+e
OR ‘Redncﬁon: Se + 8HYag) + MnOs(aq) —= Mn**{aq) +4H0(1}
bxi nilon: 2 () — Io(ng) + 26 verall:  [SPe?*(aq) + 8H*(aq) + MOy (aq) — SFe¥(aq) + Mn®*(aq) +4H,0() (1]
Redugtion: 2e*+ Clhfeg) —= 2Cl~(ag) (¢) The solulion changes from colourless to brown / orange / yeilow (1
Dveralls 2 (aq) + Clifoq) — lafaq) + 2C) ~(ag) E(idaﬁnn: 2Br (aq) — Bofag + 2¢”
{Rcduc!ion: 2¢”+ Chag) — 2Ci(aq)
CEOt_09 : pverall: 2Br ~(aq) + Ch(sq) —= Bryag) +2CH-aq) m
@ () oxygen 0
(i) relights a glowing splint 50! CE02_03
(6} (i) use a solution of sodium chleride with a higher concentration / increasing the  [1] (b} Manganese(iV) oxide Lt
concentration of CI~ fons in the electrolyte. [t reacts with Ha(g) which produced at the eathods / It acts as an oxidizing agent. {1
(i) Atcathode: 2H'(uq) +2e- — Halg)
A anode: 2CIHaq) — Chig)}+2c (1}
Equat no. of motes of Hs and Ch will be Hiberated during the electrolysis
Under the same temperature and pressure, ¢qual no, of moles of all gases occupy (1]
the same volume.
So, ratio of theoretical volumesof Hz : Cla=1: 1 [
(iti) Chlorine dissolves in waler 1]
€l + Ha0 = HOCL + HCI fi] i
165 166
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CEQ2_04
Chemicet knowledge
Position of fon In the clectrochemical sorfes
if carbon / platinuimn / copper is used as the cathode, Cu?* fons instead of H* fons will be
discharged because Cu** occupies a lower position In the clectrochemical series,
In the electrolysis of dilute CuCly(aq) using carbon / platinum as anodo, OH- ions instead
of CI” ions will be discharged because OH- occuples a higher position in the
clectrochemical series.
Conceatration of fon
In the slectrolysis of very dilute CuCly(aq) wsing carbon / platinum as anode, OH- jons
wlil be discharged / Oz is liberated at the anode. If concentrated CuClz(aq) is used, CI~
jons will be discharged / chlorlne gas will be liberated instead,
Nature of electrode
if carbon / platinum is used as the anods, Clz / O; will be liberated at the anode
40H(aq) — Ou(g) + 2HO(D) + de~
If copper is used as the anede, the anode will diszolve.
Cu{sy —=+ Cu®*(aq) +2¢"
Effective communication

CE02_06a
(i) It contains mobile ions (Mg(l) and CH1)).

CE02_09¢
B (1) violet/ purple / blue
H* is discharged at carbon rod A (cathode)
2H 42 —
OH- concentration increases around carbon rod A / concentration of OH(aq) is
higher than that of H'(aq)
(2) oxygen
OH- is discharged at carbon rod B {anode)
4C0H" —= O3 +2H:0 +4e~
{iiy peucils/ zinc-carbon cells
(ili} Any TWO of the following:
save chemicals / reduce the cost of chemieals (or laboratory cquipment) used
reduce chance of chemicals hazards
reduce chemical wastes praduced / environmental problems
shorten the time required for conducting an experiment
tequire less working space for carrying ouf an experiment
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CE03_04

Chemical knowledge

Similarities in chemical properties:

o Sulpluric acid as 2n acid — HSOs ionizes in water to give H30*(ng) ions
Examples: reaction with alkali (base) to give salf and water only {ncutcafization)

HaS04 + 2NaOH —» Na;SO0s+ H:0
Reactlon with carbonate (hydrogencarbonate) (o give carbon dioxide, action on acid-base
indicator, ete.

H2804 + NaHCOy —= NmCOs + Ha0 + COz

Differences in chemical properties:

* The oxidizing power of concenirated HzSO4 is much stronger than that of ditute H280,
Example: cone, H2804 can oxidize metal/non-metal/compounds. It is commonly reduced
to 8SO2.

o.g Cu+H80¢ — CuS0y+ 80; + 2H0

Pxidation: Cus) —= Cu**(aq) +2¢
I!(cduction: 2¢~+4H'aq) + SO (ag) —= S0x(g) + 2H:0()
[ovemn: Cu(s) + 4Haq) + S0&(ng) —= CuP’{aq) + S0x(g) + 2H20(1)

*  Cone. H2SOa can act as a dehydrating agent but dilute ELSO4 camol,
Examples: conc. HzS04 can dehydrate CuS04. SHO/sugar

conc, H50,
£.8. CuSO.SH0(s) ——— CuSO4(s) + SH:0(0)
blue white
conc. Hp80,
e.g. CiaHnOpy ———— 12C+11H0
*  Cone. 12804 is a non-volatile acid but dil. H250; is not.
Examples: conc, H280a is used in the preparation of hydrochloric acid and nitric asid.
€.8. H2804+NeCl — NaHSCy+HCI
HSO4+ NaNO; — NaHSOy4 + HNO3
Effective communication

CE03_06c
i) Yes
Oxlidation number of Cu decreases from +2 (o ¢
Oxidation number of N increases from —3 to 0
(i) 3CuD +2NH3 — 3Cu+3H0+Na

CB03_07a

(i} Brown/orange / red fumes evolved
2Br = Br;+2¢

(ii) Bromine / lead(IT) bromide / lead is toxic
{Accept bromine vapour is corrosive.)
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(ili) The Jight bulb graduatly goes out / becomes dim.
At lower temperatures, movement of fons slows down. Thezcfore, o smaller current flows
through the external circuit.
When molten lead(l) bromide becomes sofld, there is no transtational motion of fons /
jons are no longer mobile. Thus no current flow through the extemal circuit,

CE04_02¢

Heat the acids with copper metal

Only HNO3(aq) gives gas bubbles / brown fumes / a blue solwt ion.

OR, Add the acids to Zn(s) / Fe(s)/ Mg(s)
HNO:(aq) gives a colourless gas which subsequently turng brown; HaSOxaq) gives
a colourless gas only.

OR, Treat the acids with BaCla(aq)} / PbINO1):(aq) / 8tChaq} / CaCli(aq).

Only H2804(aq) gives a white precipitate.

CE04_66a
() platinom (P / caxbon (C) / graphite
(i) cnthode: 2H' + 26~ — Ha
ancde: 2HzO —+= O +4H" +4e/40H — O+ 2H:0 +4e”
iy toi electrical conduciivity / o provide mobile fons
(iv) Yes
volume of hydrogen collected : volume of oxygen collected =2 |
2 In water, hydrogen and oxygen combine in mode rafio of 2 1
As the atomicity of hydrogen and oxygen arc both 2,
. Formula of water is H20

CE03_0%a
¢y PFromAteB
Sodium has & higher tendency to donate electrons than sulpir.
At electrode A:
Na —= Nat+te
At clectrode B:
S+2¢ —» §*
(i} To separate sodium from sulphur so as to prevent them from direct reaction.
To allow the passage of fons between the fwo compartutents o balance the charges.
@ity To keep sodivm and sulphur in mollen state / to keep mobility of particles inside the ]
(iv}) Sodium-sulphur cells can store up electricity produced in power station.
When there i8 a susplus of electriclty generated, the cell is charged up.
When the consumption of eleetricity is greater than its production, the electricity that has
been stored up in the cell will be used.
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CE04_06b
i ~i
(i \
4] (¢}

@iy (1) FaOarg) +2¢ +2H'@q) —= 2H0{)

2} colour changes from pale green to yellow / brown
k)xidation: Fet(aq) — Fel'(aq) + e
hcduction: Ha0(aq) + 26 + 2H (ag) -~ 2H20(1)
Dveralt; HaOx(aq) + 2Pe*(ng) + 2Hnq) —— 2Fe*{aq) + 2H0(D)
CE(4_07¢
() The mass of the beaker and its contents increases. / The volunie of lquid in the beaker
increases. B
Conc, HiS04 absorbs waler from the atmosphere / has a high affinity for water / is
hygrescople.
CE05_04

{a) Chromium-containing substances are harmfus! to marine life / toxic / poisonous,
B () SO +H0 — S04 +2H +2e”

(if} CnO#+ MH +6c —r 20574 TH0

(i) CrO#A- +8H' +380:% — 200 + 4H,0 + 3804
(¢) NsOH/NaxCO3/NH; / Ca(OH)

CEpS_07

Chemical knowledge

Toserd two of the metal slrips into the leinon to form a chiemical cell.

Measure the voltage of the cell using the multimeter.

Complete the electric circuit,

Contro! vaciables in the sxperiment such as:

— the size of the steips

— the seporatton / position between strips should be the same in each trial

~ the temporature

The highest voltage ean be obtained using a magncsiun strip and a copper strip. (Uis because
smong the three metals, Mg occupies the highest position in the electrochemical serfes and Cu
the lowest position),

Adjust the distance / position betsveen the two metgl strips untit the maximunt outpit voltage
is obtained.

Effective communication
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CE05_09 CE06_07
(n) (i) hydrogen 1Y) (a) (i}  Heat the copper metal in air. &3]
(ii)  manufacture of NH: / manufacture of CH3OH / manufacture of hydrochloric acid {1} Reddish brown copper clianges into black copper(]l} oxide. M
/ hiardening of vegetable oils. (i) neutralization {1
b () Chiorine {b) 3Cu+8HNOs —= 3Cu(NO3): +4H,0 +2NO 2]
(i) At very low concentrations, Oz will be formed / OH"(aq) discharged. [ (¢} Open-ended question
Position of O In BCS is higher then that of Ci~. / OH~ is a stronger reducing  [1] Method 1 (2]
agent than CI~, / OH- loses cleciron more readily than G-, - Less reactants / nitric acid is used. (For the praduction of 1 mol of Cu{NO3). 2 mo}
(¢) Znis areducing agent 7 Zn loses clectrons [1} of HNO; is required in method 1, while 2.67 mo! in method 2)
MnO; is an oxidizing agent / MnO; gains electrons (1} - Method 2 gives toxic product (NO) but Method 1 does not.
When the celt is connccted to an external cireuit, electrons wilf flow through the extemal m OR, Method 2
cirouit. - The conversion involve only one step.
- Inmethod 1, copper and oxygen do not easily undergo complele reaction /
CEQ6_05 react slowly.
(@) covalent ¢rystal 1
by I CE06_08
Chemical knowledge
Simitarity in Chemical propertics {41
i ieacfion Both Clz and Bra can oxidize SO3* to SO
o silicon X2+ 80" +Ha0 —= 2X-(ag) + SO +2H*

Both Ch and Brz can undergo addition with alkenes
X2+ CHy=CH; — CHXCH;X

Both Cl; and Brz can undergo substitution with alkanes
Xe+CHy —= CH;CI+HX

Botls Cl and B can react with metals {e.g. Na) to give joni¢ halides
Xz+2Na —= 2NaX

(¢} (i) Oxidized. The oxidation number of Si increases from 0 to +4. 1] Both Ch and Bry can react with Fe?* to give Fe®
€33} i1 Xa+2Be¥ —= 2X-+2Fe™
a Both Cl; and Bry can react with I~ to give I
T X2+ 21" —= 2X 413
e o Bolh Cl; and Brz can undergo disproportionation in alkalis
Xafg) + 20H(aq) —= X{aq) + OX~{aq) + H:0(})
32 Trend in reactivity 2]
@ Chlorine is more reactive than bromine.
The addition Clz(g) to KBr{aq) gives a brown solution. Bul the addition of Brz(aq) to KCi(ag)
(iii} Both H; and HCI are gases. They can easily be removed from fhe solid silicon [ gives no observable change.
produced, Effective commumication 31
@ male of Si abtained = moles of $i0, = TBit16%3 3-5106 =3 = 15.8 [11
mass of 8i = 15.8 X 28,1 = 444 ¢ [1
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CE06_10
(@) () zinc-corbon cells / pencit lead
(il}  cans for soft drinks
by (B AI+40H — ANOH)" +3¢”
Gi) OCH+H0+2¢ — CU +20H
(©) (&  Any TWO of the following:
- the volume of bleach used / the depth of immersion of the carbon rod
- the distance between the carbon rod and the slumininm can
- temperature
- g carbon red / aluminium can of the same size should be used
(i) The eleotrical conductivity of the slectrolyte increascs with the concentration of
NaGCl in the bleach.
. The current produced by the cell increases.

CE07_04

(s} Both vincger and wine contain molecules.
Only vincgar (ethanoic acid) can fenize in waler / contaitis {mebile) ions for conducting
electricity.

) () Fe — Fe*+2¢
Gy 2H'+2¢ — H2

(¢) Iron reacts dircetly with vinegat / H*(aq) giving out hydrogen gas,

CEQ7_09

Chemical knowledge

Cogrosive property.

« safety glasses / goggles / rubber gloves / protective clothlngs / avold contact with skin or
syes / wash with plenty of water if contacted with skin

« because acid of high concentration is corrosive

Dilution process

» add slowly small amount of rust remover into u lacge amount of water with stirring

s because large amount of heat given out in dilution of the rast removor (acid of high
concentralion} / avoid wust remover (aeid) splashing out

r ntial dany

o use plastic container instead of mstal / do not use to clean marble / do not mix with chlorine
bleach or caustic soda / do ot put in wamm plase

s because will damage metal contginer / damage matbie / toxic gas evolves if mix with
chiorine bleach / large t of hcat rel if mix with caustio sodr / acidic gas evolves
if put in warm place

Effective communication

(1]
3]
(1
[i]
2]
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(t]
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m

CEO07_11

(a) Specics undergo oxidation is sulphide jon, O.N. of 8 changes from -2 te +4.
Specles undergo reduction are copper(l) fon and oxygen, O.N, of Cu changes from +1 to
9 and O.N. of O changes from 0 10 ~2.

() The impure copper anode (+ve cleclrade) becomes copper(lly ions / Cu = Cu? 4 2¢°
Copper(TT) ions in the solution discharge on the pure copper cathode {-ve electrode) /
Cit + 2¢° =¥ Cu

(¢} Silverand gold
They are less reactive than capper (less readily to dissolve as ions when campared with
copper)

(43 Not earrect, Concentration of copper(li) tons drops gradually,
At anode, ironfzinie dissolve as fons because they become lons more readity than copper.
However at cathode, copper(L} ions atc always preferentially discharged.

(&) o 50:ovaifable as resource for contact process
o The cost of transportation of SOz is minimized
s Prevent air poliution induced by SOz
fAny 2 points above. 1 mark for cach point.}

Cros_05

(&) Electrons flow from magnesium strip to zinc strip / from right to lefi because My is more
renctive / easier lo be oxidized / easier to losc electrons than Zn,

(by () Magnesium strip: oxidation / losing of electrons occurs at it.
(i) Mg ——~ Mg +2¢

(¢} Interchange copper sirip and zine strip in Polato A.

(d) Fresh potatocs contain water so that ions move more easily / ions are more mobilc / more
mobile lons.

(&) The multimeter reading drops fo zero / near zero,

CE08_06

@ | Chlorine should NOT be dried by caleitm

oxide beeauge they will react.

Dry by concentrated sulphuric acid / silica
gel / anhydrous calcium chloride

Chiorine should NOT be collected by
upward  delivery  /  downward
displacement of air because it i3 denser
{han air

Chlorine should be colfected by
dowinward
displacement of air / gas syringe.

delivery !/ upward

(b) The preparation should be carried ot in a fume cupboard / well-ventilated area.

{©)

@) Cr+0Cr+2H' — Ch+H0
(i) OCK/NaOCl/ NaCIO

[wrong specios = 0 mark for whole pari {ii)]
The ON, of CI ta OC)~ changes from +1 to ¢,
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CE09 06

(2}

chars / turns black / turns brown / swells up / steam / white fumes
CeHnOs —= 6C+ 610

(b) () copper dissolves / blue solution / colourless gas/ choking smell
Cu + 2H)8S0¢ — CuSO04 + 80; +2H:0
OR, Cu+2H"+H;804 — Cu®* +8Q; + 2H0
OR, Cu +4H' + 804 —»= Cu?* +50; + 2,0

(i)  Let the test (ube cool down,

Put the whole test tube in & tank of water with mouth of the tube point downsard
and then clean it

CE09 13

Clhemical knowledge
A description of electroplating of iron:

#,

The profective layer plated on iron can be a metal such as nickel / chromium / copper /
silver.

Electrolyte used is an aqueous salt solution of the metal. Example: nickel(fT) sulphate
(solution) -

The metal {e.g. Ni) should be made anode (positive electrade / connected to positive pole
of power supply).

- The iron object should be made cathode (negative electiode / connected to negative pole of

posver supply).

The metal (e.g. Ni} (anode) is oxidized / foses electrons fo form jons,

(Accept balf equation: NE —= N#¥+2¢7)

The metal fons (e.g. Ni*") are reduced/gain clectrons on iron (cathode) surface to form
mietal (e.g. Ni)

(Aceept half equation: Ni2* + 26—~ NI

Effective comniunication

CEI 03
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CE10_05

(s)  Emulsify / Dissolve the oil in the coating.
(b) (i) Oxidation/ redox
(i) Toxic / Poisonous chlorine gas is evolved.
(i) Molarity of sodlum hypochlorite =0.5+ (I +49)
=0.61 (mol dm™)

CE10 07
(a) Dbleaching
OR, food preservation

{b) Immerse in water. / Rinse with water.
Sulphur dioxide is soluble in water.
© delivery tube

gas jar
cone, HaS04 y

copper g
A

heat

CE10 09
Chemical knowledge
(®) Setup:

stee!l / iron plativum alloy

NaCl/ sea water
(+ rust indicator)

(by  Control experiment (steel / iron not comected to negative terminal)
{¢) Observation:
Rust indicator does not turn biue (but turns blue in the control experiment).

OR, After some time there is no rusting (but rusting occurs in the control

experiment).
{d) Principle:
[‘lectmns ﬂow to sleel/ iron, and (hus stccl / iron canuot bc 0x1d|7cd to iron(JI} ions.

T Biféetive eotmagnication
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CE10_1]

(@) It should be zinc powder becanse zine undergoos oxidation / relenses clectrons in the

reaction.
(b} providing medium for jons transfer
(¢) Meroury is toxic/ poisonous,

() No. Mg occupics a higher position in the clectrochemical series than Zn.

OR, Mg is a stronger reducing agent than Zn,
OR, Mg loses electrons more readily than Zn. Mg is niore reactive than Zn.
OR, Mg0 is more stable tho ZnO.
(e} Decrease. The difference in position of electrochemical serles / reactivity series between
Cu and Hg is simaller than that between Zn and Hg,

o o
(i)
(i)

CEll_04

WCF — Clh+2e

2H0 +2¢- —= 20H"+H;

OR, 2H' + 200 — e

Unteacted Na® ions in the anodic compariment can pass through the membrane to
the cathodic compariment.

OH- fons are fornied in the reduction of Hz0 at the cathods,

OR, As H* ions are discharged at the eathode, OH™ ions remain,

{2) Electrons flow from chromium rod to iron rod in the external circuit,
Because iron(11) fons accept electrons making the jon colour fade out.
Pe?t +2¢" —= Fe

®) Cr —= Crt+3c

€ {
(i)
CEN1_05
@ O
i
ity
[OIRL
(if)

By snerificial protection. / Chromium reacls with oxygen or water more readily
than iron. / Chromium s oxidized more readity than iror.

Eleciroplaling

Chromium covered on the object can prevent iron from contacting with oxygen
and water.

+4

Sodium hydrogensulphite (NoHSO3) can react with oxygen in air,
thus it can prevent the sthanof from oxidation fo form ethauoic acid,
0.1 %{23.0+1.0+321+160x3)=1041g

INaHSOs + Zn — NayS:04 + Zn{OH):

Reducing agent.

{1

m
B3]
U]

Hi

]
[t

3

{n

{1
fi

]
U]

]
fil

)]
U]
(i1
1
1§
{1

177

CEll_10a

®

@iy

(i)

Colonrless bubbles / gas evolve,
Because hydrogen fons nre preferentially dischorged, /211" 4 2¢- — s
At the beginning, calourless bubbles / gas evolve.

After some time, a greenish-yellow gas/ pale green gas/a gas with choking smell evolve.
Because the hydroxide ion is higher than chloride fon in the electrachemical series, thus
hydroxide fons are preferentinily discharged at the bepinning, After some time, the
congentration of chloride jons is much higher than that of hydroxide fons, thus chioride

lons are preferentially discharged.
The resulting solution is gikaline.

Because H* (ag) ions are eventualiy discharged, bul OH™(aq) ions are not discharged.

OR, The resuMing solution is sodimm hydroxide.

OR, The concenteation of OR-(aq) ions afler elecirolysis is higher than that of

H*(aq) ions,

CE1l_I0b

©
@i
(i)

Anode. It is becanse the conversion of ethano) to cthanoie acid is an oxidation.
CHCH0H + H,0 - CHiCOOH + 4H* + 4e”
Higher concentration of ethanol produced larger current,

AL95(IN)_03

®

®

Atanode;

Zn(s) — Zn*{ag)+2¢”

At cathode:

2MAOxs) + NI (ag) + 260 —+ MmOa(s) + 2NHx(g) + H0()

or IMnOafs) + NHs*aq) + 267 —= MnOxls) + OH-(og) + NHx(g)
Overall equation

Zn(s) + 2MnOx(s) + 2NH4"(aq) — Zn*(aq) + MmQs(s) + 2NHy(g) + Ha0(l)

OR  Zn(s)+2MnOa(s)+ NHs (rg) — Zn**{aq) +MnzOx(s) + NHa{g) + OH{aq)
@} Ifacurent is drawn for some time, Nils(g) wilt accumtlate at the enthode,

and Inerease the joternal resistance, leading Lo a drop in electrode potential.

() Ifthe cell is allowed to stand for some time, NH*(aq) which is an acid will

react with Zn.
Zn{s) + 2NHa*(aq) —=~ Zu*(aq) + 2NHs(aq) + Hale)
With decrease in {NH4 {aq)}, the electrode potential wilt also drop.

ASLS9(I)_07 (modified)

®
)

Ni¥*(aq) + 2¢- — Ni(s)
) To increase the electrical conductivity of the electrolye.

(iiy  Boric acid is added to (he electrolytic bath to maintain @ slighlly acidic

environment,
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& Mole of electron formed = %g—%g—:; =746x1073
Mass of Ni(s)formd = w =0219g
Thickness of nickel = 8_3(',2:(920 =123 X 10 %m

(d) By precipitation of Ni**(aq) with NaOH(aq).

ASLOO(3_02

(3) BottleC
Mixing reagent A and B does not have an observable chan ge, which implies that there
is no redox reaction between A and B. As botly I"(aq) and Br(aq) are reducing agent,
and they do not react with cach other. Hence, A or B can be a Nal or KBr.
Mixtures turn to brown when A or B mix with C, where 1x(ag) and Bra(ag) are brown.
Clafag) + 2I(aq) — 2CI(aq) + T2(aq)
Clafag) + 2Br(ag) ~—~ 2CI(aq) + Br(aq)

(b)  Add hexane Into the mixture of A, Cand B, ¢ respectively,
i the hoxane layer turns from colorless to violet, the reagent contalns Nal(aq),
If the hexane layer turns from colorless to orange, the reagent containg KBr(aq).

(¢} Perform the experiment in the fomehood.

ASLO0() 03

() Because Cr*faq) is toxic,

{t) Moleof CrO(aq)= 1.0 X 105X 1.2 X 10~4 = 12
Mole of FeSO4s7H;0 required = 12 X 6 = 72
Mass of FeSO4TH20 required = 72 X (5584321 +16%4+7% 18)
= 20000 g = 20 kg

{c)  NaOH/sodim hydroxide

(d)  Chromium{DI1) liydroxide and fron({i}) hydroxide

ASLOO()_05

(a)  The nickel plating provides the smoothness / higher corroston resistance.

{b)  Sivery shiny surface for decoration.
Higher reactive than iron to provide sacrificial protection,

(€} To provide ncidic environment to convert water insoluble CrO; to water soluble
CrO4*,

@ () Ci0(ag) + 8H"(aq) + 66" —= Cr(s) + 4H:0()

4.50 x 1023
6.02 % 1023
0.748

Mole of Cr(s) formed = & e 0.125

Mole of electron = = 0.748

Thickness of chromium = o =

7Zx3x 107 00X 107 em
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(i)  Hz gas bubbles formed will hinder the deposition of chromium metal fayer.

ASLOG()_10 (modified)

)
)
©)

()
®

2,8,14,2

Iron exists as glant metallic strueture which the cations laftice soaked in the sea of
delacalized eleetvons, These delocalized elecirons have a translational motlon
along the cleetrie ficld.

(D Tron(tll) chloride / FeCls

(i) Clz can dissolve In water to give HCl(aq). and loss i¢s oxidizing propertics.

Fe**(aq) + Fe(s) —~ 2Fett{ag)

(i} Arcddish brown Fe(OH); solid forms

@iy A dirty green Fe(OH); solid forns

ASLOO(N) 11
Add few drops of acidified KMnOy(aq) into two solutions respectively.
Only Na;S0s(aq) can decolotize the pusple color of KMnQufaq). while NaaSOa(ag) cannot.

2Mn0s(aq) + 5505 () + 6H'(ag) — 2MIn*(aq) + 580:2{aq) + 3HhO()
ALOI(N)_04
(@) Anode: Za(s) —= Zn(aq) + 2e

Cathode: 2MnOy(s) + 2NHy*(aq) + 26” —= MnaOs(s) + 2NHyaq) + H:0()

(® Mo, of mole of MiiO2 =25.0 + (54.94 + (6.00 x 2) = 0.2876
Mass of Zn(s) consumed = 0.5 x 0,2876 x 65.38 = 9.40 g
ASLOIET) 06
® ® Remove oil and grease
(i) Remave metsl oxides
[CYR ()] To provide an cven discharge of nickel to nickel eations for more even
distribution of cations.
(i} Ni(s) = Ni**aq) + 2e
(¢} Part of electron is used to discharge another metal cation impurities present in the
anode,
(d}  Discharge of strong acid or strong alkali as sewage can cause pollution,
Neutralize acidic or alkaline sewage before discharge.
OR, sewage contains high concentration of toxic metal cations.
Precipitate these toxic metal cations by NaOH before discharge
ALOI() 07

Warrn with concentrated HNO; / concentrated HzSO4
§ is oxidized by HNOs / H2804 to SO2

Provided by dse.life
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ALG2(11)_03

@)

®)

(e}

+ X

OLp) > = = + Ha(1)

Pl-containing porous clectrade Pt-containing porous clectrode

i

unreacted Ox(g) & — = —» unrencted Ha(g) + H:0(g)

i
concentrated NaOH(aq)

Half equation for cathodlc reaetion:

Oxg) + 2H0Q) + 4o —= 40H(aq)

Half equation for anodic reaction:

Hig) + 20H-(aq) ~= 2H:0() + 2¢

Overall reaction:

HE + Qug) — 2HL0()

The enthalpy change of the teaction is Hberated in the form of electrical energy.
Any one of the following:

Fuel cefls are mote efficient than batteries in the conversion of chemical energy into
electrical energy. -
Fucl cells cause less environmental problems.

ASLozdn_1

{a)

)

@3] Sadinm hypochlorite / sodium Iypoeblorite(ly
Gy OCI@aq) + 2H'g) + Ci(ag) — Chiag) + HO()
G)  Solution turs from green (Fe®*) to orange (Fe™')
Ching) + 2Fe*(aq) —= 2Fe*(ag) + 2CT(g)
@iy Solution turss from colorless to orange (Brz)
Chiaqy + 2Br{aq) —= Bnfag) + 2CI(sq)

ASLO2(ID_12

)

L)
©

@

@iy Toforma wetting agent / enwision with sodium hydraxide to prevent spraying
of atkatine solution.
(i)  Toremove oil and grease on the article to be clectroplated,
To neutralize the atkaline residue and remove the oxides on the melal aticle.
To remove oxides on the metal article.
To provide acidic condition for dissolving thodiom salt,
240 x 107 x 80%

; = =3 -3
Maule of electron used for electroplating G0ZX 107 3.19 x 10
017
. s -3
Mole of Rh formed = 1035 1.65 X 10
3.19x107%
Oxidation state of Rb = '1—.65_x—15—:’- =193

« Oxidation state of Rb =+2

121

]

{4}

Ui
m

{i]
{1
n
i}
{1}
il

it
U3
i
i

4]

%]

4]
11

{®

Other eations, such as H*, in the clectrolyte may also be discharged on cathode.
2HYag) + 2¢° — Ha(g)

ASLO3(L) 03

(&

L)

(0] Oxidizing power: I <Bra< Clz

(i)  Using displacemen reactions:
Cly(g) can displace Bz from KBr(ag) and can displace I from Kl(ag).
Brafaq) can displace T from Kl{aq), but camnet displace Cl from KCl(ag).
~ oxidizing power: Ch> B> b

A redox reaction in which o specles is simultancously oxidized and reduced.

Ho0p —= H0 + O

Ch 4+ 2068 — ClO- + CIF + H0

ALG3(IT)_D4 (nodificd)

(@ It forms strong dative bond with Fe{i}) in haemoglobin and inhibifs Fe(ll} from
forming complex with Oa Thus the oxygen carrying eapacity of haemoglobin is
decreased.

(®  When there is an increase (decrease} in indoor CO level, the electrochemical reaction
will proceed at faster (slower) tate.

A larger {smaller) cutrent will flow through the CO detector.

(s)  Incomplete combustion of fossil fuels / leakage of town gas,

ASLO4(T)y 62

Folse.

E, the most electronegative eloment, can exhibit only one 0.8, of -1,

ALDA(I) 05

(®

®)

(<}

Treating Cla(g) with dilute NaOH(aq) at room teniperature.
¢l + 206 —= CFF + OCE + MO

Formula mass of NaOC1=23.0+ [6.0 + 35.5 =745
60 1
= — = ~3 -3
{Na0Cl] in diluted bleach 745 X 10 % 100 8.05 x 1073 mol dm

HSO4~ hydrolyzes in water to give H' and SO
HSOy =— H' + 804

OCH- reacts with F30? to give Ch(g) which is toxic
Clr + OCIF + 2H' === H0 + Ch
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ALOS(T)_07b ALOS(I)_04
0] Na:SOs(aq) + HoSO4(ag) —= NaSOsaq) + M0 + S0x(g) 1)) @  3Cu(s) + SHNOx(ag) —= 3CuNOxafaq) + 4H0O0 + 2NO(@) Y
(iy  KOH(aq) should not used as SOu(g) rencts vigorously with KOH(eq). An empty  {I] ®) (3 Colorless gas bubble (NO) are formed / The liquid level in the dropper [1]
conical flask (as a trap) should be used instead. 11 becomes lower (owing lo ilie gas pressure),
It is not neeessary to include the Rask containing KOH(ag) in the set-up, The liquid tnras blue owing to the formation of Cu®*(aq) jons. [
$01(g) should not be collected over water as it is very soluble. Collest the S0Ag) [1] When alf liquid [ias been driven out of the dropper, a brown gas Is formed. (1)
produced by downward delivery / upward displacement of aic / using a syringe. 1] This is due to the formation of NOx(g),
(i) Treat SO2{g) with CnO7~/H(ag). {1 2NO{g) + Oag) — 2NOig)
‘the solution changes from orange lo green. 1] (i)  Any ONE ofthe foltowing: [n
OR, Treat SOz(g) with MnO4/H'(aqg). ¢ The product of the reaction between Cu and HNQ: (NO) readily reacts
The solution changes from purpls to colorless. with Oz to give NO,, The fonnation of colorless NO(g) cannot be seen if
& test tube is used.
ASLO5(1)_07 *  Less toxic gas NOa(g) is released fo the atmosphero.
@) () Tomake the knobs & condutctor of efectricity for the nickel-plating pracess, [1]
(i)  To make it more appealing 1 ALOG(1)_03
®)  Ni*aq) + 2 —= Ni(s) 1} @  8(s) + 6HNOsaq) — HiSOszq) + 2H0() + 6NOig) 1
© @  AtlowpH, H'aq) instead of NiZ*(aq) will be discharged af the eathod. [i} (b)  4Mn’(aq) + Oxg) + BOH(aq) + 2H0() —= 4Mn(OH)(s) {1]
The current efficiency witl decrease, ()  3MnOsd(g) + 2O —= 2Me04(aq) + MnO2s) + 40H(ag) {1
At high pH, NI?*(aq) will be precipitated as Ni(OH)a(s) m
“ It is necessary to maintain the pH in a range of sbout 4 to 6, ASLOG(I)_03b
(i) H3BO; is s wesk acid, The ionization of H3RO) can replenish the HY(aq) fons  [1) {i) Hydrogen iodide vapor is formed initially. 13
lost by discharge at the cathode and imuintains the pH of the elcetrolytic bath. Concentrated sulphuric acid oxidizes hydrogen iodide to fodine )
{d})  Ahigh current density can result in a foose spongy metal doposit which may peel off  [I} lodine vapor is violet in color, {13
from the knobs, (i) Metal chloride is usually mors volatile than the sulphate. 1}
ALOS(1)_02 ALOG(I)_04
(@) 2MnOs(aq) + 10CI-(aq) + 16H (ag) — 2Mn**(aq) + 5Ch(g) + 8H20(l) [f] (a)  Cathodic resction:
Chfag) +2Fe¥(ag) —= 2CI(aq) +2Pc* (aq) [1] PbOxs) + 260 + 4H'(ag) + SO4(ag) == PbSO4(s) + 2H0() [1}
MaOs(aq) + 5804(g) +2H:0() —= 2Mu?*(aq) + 5804 {aq) + 4H*(aq) 1 Anodic reaction:
OR  2MnCi(rq) + 5505 (aq) + 6H'(aq) —= 2Mn2{aq) + 5580:2(aq) +3H0(D) Pb(s) + SO04(aq) =—= PHSO4(s) + 2e 18]
by ) The reaction ()  There is ao loss of mnterials from the cell during the charging and recharging  [i}
MuOy(ag) + 5Fe®(aq) + 8H*ag) — Mn*(ag)+§ Fel*(aq) + S0 is  [1] process.
feasible, ) (i) During the charging process, HSOu(aq) is produced. The density of the {4}
As revealed in the given experimental results, oxidizing power is in the order:  [1] baltery aoid increases.
MnO4{aq) > Clg) > Pe**(aq) ’ During the discharging process, Hz$04(aq) is consumied. The density of the [%]
Acidiffed KMnOua(aq) can oxidize Fe**(aq) battery acid decreascs.
(i)  Cannot be predicted from the given information n (i) I the battery is charged with a high voltage, the PbOa(s) formed will not  [1]
The experimental results only reveal the foliowing: adhere strongly to the fead plate. The life of the battery will become shortened.
Qxidizing power: MuOs(aq) > SG42(aq), and MnO4~(aq) > Fe**(ag) n
No comparsion of oxidizng power between SO4*(aq) and Pe**(aq) can be
obtained.
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ALOT()_02
2— k.
0 O
1 i
0—$—0 0—-5~0
it it
0 0

In §04, 0.8, of 8 =16
In $:04%, 0.8, of central s atom = +4; 0.8, of the other S afom =0

ALOS() 01

Step 1t 2NHs(g} + 3Ch(g) — No(@ + GHCl(g)
NHs(g) acts as vedueing agent.

Step 2: NHi(g) + HCK(g) — NH.CI(s}
NHx{g) acts as base.

ALOB()_02
(&  The principle of the fuel cell is based on the conversion of chemical energy released
in the reaclion
) + Oag) — 2H:0() to electrical encregy.
In the Ha(g) compartment, H(g) is oxidized to H20{l):
Hi(g) + 20H(aq) —+ 2H:0() + 2 (the negative elecirode)
In the Ox(g) compartment, Ox(g) is reduced 1o OH(aq):
Oxg) + 26LO() + 4e¢- — 40H(ag) (the positive electrode}
The concentrated NaOH{ag) acts ns an electrolyte and provides OH (aq) fans for
the ansdlc reaction.
The porous ¢lectrodes nllow the flow of Ha(gy and OHag) in and out of the
compariments.
The electrolytic reactions are catalyzed by the P1 in the electrodes.
{b)  Any ONE of the followings:
s Hi-Os fuel cells have high efficiency of ensrgy conversion,
o Ha— O fisel cells can operate continuocusty if the flow of Ha(g) and Qa{g) can be
maintained,
o Water formation which can be drunk.

ALOB(I)_02

9,5 M Kl{aq):

Sotme I(aq) ions have undergone air oxidation to give la(x), which dissolve in I"{aq) to give
brown Iy (aq).

4i-aq) + Oxg) + 4H'q) — 20(s) + 200

his) + Iagy — Laq)

{Aceept equations showing other oxidizing agent, ¢.g. Q03)

{2}
{1l
i

fH
[
U}
[
(%]
]

[}

1]
[

[}

]

i

]
14
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{4 M HNOs{ng):

FINOj3{rq) undorgoes photodecomposition 1o give NO2(g), whichi is brown both in gaseous i1}

state and in aqueous solution.

4HNOs(g) — 4NOi(g) + 2H0() + Ou(g) [t}

0.02 M KMnOs(aq):

MaQ4 (aq) undergoes slow decomposition and the decomposition is catalyzed by sunlight.  [1]

Brown MnOx(s) is formed.

AMnOs(aq) + AH(aq) — 4MaOa(s) + 30xg) + 2H0() {t

ASLO3(I) 02

0.5 M Ki{aq):

Some (aq) fons have undergone air oxidatien to give j2(s), which dissolve in I(agi to give  [1]

brown Iy {aq).

4laqy + Oxg) + 4M'(ag) —= 2ifs) + 2H0() A

L) + I(aq) —= DI(aq) ¥}

{Accept equations showing other oxidizing agent, ¢.g. O3)

14 M HNOs(aq):

HNOs{aq) undergocs photodecomposition to give NO2(g), which is brown both in gaseous  [1]

state and in agucous solution.

4HNOs(aq) —= 4NOx{g) + 2M0() + OxAg) [

2M NaOH{aq)

NaOH(aq) reacts with COu{g) in air to give NaHCOs(aq) which undergoes debydration to - [1}

give NayCOs(s).

NaOH(aq) + COxg) — NaHCOs{aq) [*]

2NaHCOs(ag) —= NmCOs(s) + H:0() 1%4]

ALO(D_02

(@) + N=C—~C=N 3 1}

by  (CN); exists a3 siple molecules. Hs relative molceular mass is smaller than that of  [1]

Ch.
(CM) is a gas.

€} (CNh(g) + 2NaOH{aq) —+~ NaOCN(ag) + NaCN(ag) + HO0) [i]

ALDS(})_07d

Oxidizing {1

ALDY(ID)_03

Fe*(aq) is readily oxidized by Oxg) in nir to Fe¥*(aq), i

Fe**(aq) undergoes hydrolysis to give brown Fe(OH)i(s). (13
186
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AL10() 03 AL13(I)_02
Adding H2804(aq) o KaCrOuaq): the yellow CrO#(aq) solutlon furns orange [%] () Yes, the oxidation state of Mn clianges from +7 to +6/ the oxidation state of O changes (1)
Cr0:(ag). from 6 (0 2,
2004ag) + 2H'ag) — CrOP (g + HOQ) m MO (aq) + 40H (aq) — AMNO2(aq) + 2H20() + Ox(g) (1)
Adding FeSO4(aq) to the orange solution: it turns green Cri*(aq), {1
6Fe?"(a)) + CruOr () + MHYag — 6Fc ' (aq) + 2Cr*(aq) + THO i DSEL{SP_04
(@) (@  Purple/bluc i
ALIO(I}_07b H* is prefentially discharged at carbon rod A (cathode)
HBr and HI and reducing agents. They react with conventrated HaSOa to give the [} 2 aq) + 26 — Halg) [t}
corresponding halogens (Bra or T2). In such cases, the non-oxidizing and nou-volatile acid 1] J'« OH" concentration increase around carbon rod A/ concentration of OH (ng) {1}
HiPOy should be used, is higher than that of H'(ag).
Concenlrated H2S04 cen only be used to prepare HCl and HF, (i) oxygen {1
OH™(aq) is morc preferentially dischiarged at catbon rod B (anode) than [1]
AL12(T) 02 804*(aq).
® @ i 40H (aq) ~— Oa(g) + 2H0() + 4
(i) 2V07(aq) +3Zn(s) + 8H'(aq) —= 2V¥*(aq) + 3Zn?Hag) + 4H0()) m {B)  Pencil / zinc-carbon cells fi1
ALI2(1T) 07 DSEI1SP_09
(1) When the cell is producing a cumment, Cd**(aq) ions will be formed at the anode. 1 3 sets of tests needed each of which carries 2 marks: (6}
NOj3"(aq) ions in the salt bridge will migrate to the snode compartment to nentralize [} - Suitable test matches the intention to distinguish certain conpounds
the surplus Cd*(aqg) jons. - Correct observation / result
(Accept explanations based on teduction of Ni**(aq) fons at cathods.) Effective communication (i}
M )  Anodoreaction:
Cd{s) + 20H"(ag) ~—= Cd(OHpK) + 2Ze- in Conduet flame tost using the samples,
Cathodic reaction: Only two sodium compounds (NaOCH and NayS0y4) give a golden yellow flame.
NiO(OH:(s) + HaO() + & —= Ni(OHj(s) + OH-(aq) 4
(i)  In the overall reaction, all species involved arc sither in solid state or in liquid  {1] Heat samples with NaOH(aq).
state. As solid and liquids have constant concentration, depleting or formation . Only the fwo ammonimm compounds (NHyCl and NHsNOs) give an alkeline gas/
of the teactant or product will have very little effect on the cell e.m.f, ammonia,
(©)  Any ONE of the followings: 13}
- Li-ion batterics have higher current / energy density Add HCl{aq)
- As compared with NICd batteries of the same dimensions, Li-ion batterdes are Only NaQOCl(aq) gives greenish yeliow gas / chiorine.
lighter.
- Li-ion batteries pose less barm to the environment when they are disposed of, Touch with moist fitmus paper / color flower petal,
- Li-ion batteries have litte memory effect. Only NaOC] gives bleaching effect.
ALI3(N) 07 Added acidified BaCli(aq) to aqueous solution of the two sodium compounds.
(8 @ R:Cns) KA Only Na2SO4(aq) gives a white precipltate,
S: Agls) %]
@y (D Tvcomplete the cirenit by allosing movement of lons between the two f1] Add acidified AgNOs(aq) to aqueous solutions of the two ammionium compounds.

half-cells but prevent mixing of the fwo solutions. Only NH(Cl(aq) gives a white preeipilate.
{1 -Some A'(aq) ions may have wigeated to the salt bridge go that the 1 : il
concentration wiil be affected.
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DSEI2PP_03

@

[0 3
24+
3[ Mg ] 2
OR,

Gy MgN2 + 6H10 —— 3Mg(OH): + 2N,
No. There is no change in oxidation number of any atom.

DSE12PP_08

®

{b)

©)

Anode : CHiOHGq) + HiO() —= COAp) + 6H'(aq) + 6¢

Cathode : Oa(g) + 4H'ag) + 4¢= —= 2H0()

(i Moethanol does not conduct clectricity. It is not snilable to be used as ke

reaction medium for the electrochomical reaction.
OR, H;0 is involved in tie half-equations,
OR, Acid is involved in the electrachiemical reaction.

(i)  Toxic and flammable

Accept both *Yes’ and ‘No’ answers, Marks will be awarded only te the explanation,

For ‘Ne' answer,

_ Hlectrical sockets can be found in most places. DMFC laptop computers will only
be used in places whete electic sockets are not available,

- The cost for the manufacture of methano! is higher than that for the gencration of
electricity in most places.

For *Yes® answers,

. The use of DMFC laplop computers will become prevalent when steingent
cnvironmentat faws arc enforced as the disposal of DMFCs causes less harm to
the environment than ofter rechargenble cells / methanol is a greener fuel than
hydrocarbons.

- DMEFC laptop computers will be commonly be used in the field work where
eleclric sockels are nol available.

Accept other reasonable answers,

DSE12_03

(@)
)
(e}

@

Provide H* 7 ions / electrolyte for (he chemical cell.

Copper, Melal ¥, Metal X/Cy, Y. X

M X —= X + 2

) 2+ 2o — Ha

No, the metal Y strip would be the negative efectrode. It is because silver Is lower
thian copper in the clectrochemical serfes / siiver is less reaclive than copper. Se
sitver should be lower than ¥ in the electrochemical series / fess roactive than ¥,

i1
i

it
(1
{n

m
2]

(m
13]
i
)]
1
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DSE12_05

(a) Displacement reaction occurred when the iron tod is dipped into the copper(ll)
sulphate solution. / Seme copper{ll} fons (Cu®'y are reduced and deposited onto the
surface of the iron rod as copper melal,

Cut'(ng) + Tefs) — Cufs) + Fe¥'{aq)
CuSOs(aq) + Fe(s) — Cu(s} + FeSO«nq
() (@  Copper is lower than hydrogen in the electrachemical series /7 Cu* is
discharged preferentially than HY when n current is applied.
(i) Hydrogenpgas/H
The hydrogen gas bubbles hinder the deposition of copper on the surface of
the metallic object, hence causing the copper metal deposited casily flaked off.
©
copper tallic object
[ CuSOy(aq)

DSEI3_09

(a)  Brown color/ yellow color is observed.

Due te the high concentration of KI in the sohution, I~ fons ave preforentinlly
discharged {o give Tz / discharged instead of OH- to give I which dissolves in
KHaq) to give brown 13~ ions.

(Note — minimum requirement: concentration gffect + preferentislly dischange of 17/
high concentration of K1 + discharge of I7)

B ()  Hisdischarged / reduced to Haat electrode B,

2H*(aqy + 26" —= Ia(g)

Depletion of H* jons makes [OH-(aq)} > {H'(aq)] / The amount of OH-
ious increases al electrode B as H is being consumed,

& Universal indicator turns blue under alkaline condilions,

(i} Accept both ‘yes’ and ‘ro’ answers. Award | mark for a reasonable explanation.
“No': B is the negative electrode. Copper will not lose electrons to give Cu?*
at the negative clectrode / Copper (Cu) cannot underge reduction at the
negative clecirade / Copper will not take part in clhiemieal changes and will
act only as the clectrode.

“Yes’: Copper and carbon have different elcctrical conductivity. Therefore the
solution near clectrade B tums blue more quickly / The current in the external
oireuit changes.

DSEI3_10
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(b)  Electrode D: Ha(g) + 20H"(aq) —= 2HO@) + 2¢-
Electrode E: Oa(g) + 2H,0(1) + 4o —» 40H(eq)
() (i} Accept both ‘agree’ and ‘dissgree’ answers, Award | mark for & sound
argtunent.

Agree: The hydrogen can be obiained from rencwable source (with one
proper example) (£.g. electrolysis of water using the elgctricity generated
from hydrapewer / reforming of CHg obtatned from anjmal manure,)

Disagree: The hydrogen gas used is produced from fossif fuel such as stears
reforming of nalure gas.
Disagree: (Elecirical) energy is cc
water).

{NOT Accept the answer is yes, because the hydrogen can be obtaned from
the electrolysis of water, and so the fucl cells do not consume fossil fuel.)

d in the production of hydrogen {from

(if)  Agree: Only water Is produced from the hydeogen-oxygen fuel cells
OR, No €02/ 802/ NOx/ CO / unbumt hiydrocatbon in the exhaust.

DSEI3_ti
()  KNO; is added to react with sodium widch is (highly) reactive / corrosive /
finmmable / strongly reducing,

DSE#4_05

{) Wearing protective gloves or plastic gloves ot gown or safety googles or any suitable
PPR/ adding concentrated acids into waterwhen diluting the concentrated acids / use
a fume cupbonrd,
Not aceepted : maintain a good ventilation,

(6} Concentrated sulphuric acid reacts with copper to liberate a colorless gas /irritating
gas / gas with chavacteristio sinell 7 black solid {copper(l1) oxide).
Concentrated nifric acid reacts with copper to liberate a brown gas / bluish-green or
blue solution,
When concentrated ethanoic acid Is added to copper gramiks, o observable changes
oceur / no reaction,
Not accepted: exothermic / biunish-green or blue solution in concenirated sulphyiric
acid.

DSE14_08

—

i

(1
(1
(3

£}

CH

i

{3

{13

{1}
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(@) (i) Theelectrode dissalves / becomes smnller / beeomes thioner graduaily.
(i)  (Colorless) bubbles / gas are given out.
® () 40H @@ —=~ Oug) + 2H:00) + de-
()  Ag'ag) + e — Ag(s)
() Electrode W Electrade Z
Anode Cathode
(d}  Electrons would not flow through the electric wires / no observable changes on all
electrodes / no reaction occurs because ethanol is not an clectrolyte / cannot conduct

eleetricity.
DSEI4_09
by (@)  Purpleacidified potassium permanganate solution is decolorized / turns into

colorless / turns into pale piok.
) (1) Redox/reduction (of acidificd potassium permanganate) / oxidation-
reduction
(2} 2MnO4(aq) + 550:%(aq) + 6H {nq) —=
2MntHag) + 5804~ (aq) + 3H0()
(State symbols are net required)

DSEN_11
{n) Vanadium exhibits varjable oxidation numbers and its ions in aquecus solution
carry colors.
®) (O 1 {molof) VO (aq) lons gains 2 (mal of) clectrons from { (mel) of 8Ox(g)
to become 1 (el ofy V*(ag).
V**(aq) is green in color,
(i) 50ug) + VO'(ap) —= SO faq) + V(g

DSEL5_02
(8)  The solution changes from orange to green. (NOT nceept “colorless gas hubbles /
$0:(g)")

Cr07-(aq) + 3S0s*(aq) + 8H'(aq) ~—= 2Cr"(ag) + 3502 (aq) + 4H,0(0)

DSE15_04
() A cell that can be recharged after use,
(b)  Ttcan provide & high current / voltage / power 1o start up the engine,
NOT accept “energy”, “electrical eneigy".
{¢)  Lead/lcad compounds arc toxic / harmful.
OR, Sulphuric acid is corrosive / irritant.
NOT accept answers like “lead compounds are pollutants / heavy metat™
NOT accept answers like ‘acid cause harm the environment™.

DSEIS_07
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(@)  Oily dirts hinders the conduction of elcctricity / hinders the plating of copper on the
object.
OR, The copper surface will easily flake off / the electroplated surface will not
be smooth,
()  Blectrolyte is a compound that conduets electricity when melted ov dissolved in
water,
OR, Electrolyte is o substonce that consist of mobile fong when melted or
dissolved in water,
OR, Electrolyte is & substance that undergoes decomposition when electrleity
is pazsing through it
(¢}  Cu?*, 80, H', OH~
(d)  Copper(ll) ion has higher oxidizing power than hydrogen lon.
OR. Copper{I1) ion undergocs reduction more readily than hydrogen jos.
OR, Copper(l} ion is lower than hydrogen the electrochemicst serles.
(&) Cu — Co* + 2¢

[§3] No observable change

(8} 2,28 x 10%*

Mote of electrons lavolved = PR

0.0379
2

= 0.0379

Mass of copper formed = X 63.5=120g (accept1,20 — 1.21)

DSEI§_08
(8) (i) Reddishbrown gas observed. (NOT accept reddish brown liquid)
(i) S&+2¢ —= Sr
(b)  Bromine gas formed is toxic / poisonous, / Bromine is toxio, / A toxic gas is formed,
Do not ageept answers ke “irritant”, “harmful™,
© () Oxidation munber of Mn decrenses / chenges from +4 to +3,
Therefore MnOa(s) is the oxidizing agent.
(i) 2MnOus) + 2NH*(nq) + 2o” —= MmOa(s) + 2NHstaqy + Ha0()
OR, INHi(ag) + 2¢” ~— 2NHi(aq) + Ha(g)

DSE17_04

@ ()  A: OH(aq) jons are {preferentially} discharged to give a (colarless) gos
{oxygen).
(Accept oxygen is not mentioned. Not accepl incorrect gas is mentioned.)
(Not accept: OFI-(aq) lons are preforentislly discharged to glve oxygen.)

iy  H'(aq) jons are (preferentially) discharged to give n (coloriess) gas (hydrogen).

(Accept hydrogen is not mentioned., Not accept incorreet gas is mentioned,)
(Not aceept: H*(ng) fons are preferentiaily discliarged to give hydrogen.)
The solution turns pink as [OH-(aq)] > [H*(aq)] (when H' jons are consumed).
(Accept only menticned concentration of OH™/ amount of OH™ /o, of mole
of OH- inctenses / acoumulate more OH-, without mentioning H*.)

() 22RO -+ 2L + O

{1

m

i
i

Y|
[
[1}]
[
]
]
M
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it
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m

i

m
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(State symbo!s nof required. Incorrect answer if wrong state symbols were given.)

(©) ()  A: No change, OH(aq) ions are (still preforentiatly) discharged to give a1}
colorless gas (oxygen).
(iiy  No change. H'(aq) ion, the only cations, discharged to give # colorless gas [}
{hydrogen).
(Accept: A Taster rate of colorless gas bubble formation will be observed with
increased concentration of BY in the solution.)
No color change in the solution / The solution wilf not turn into pink as it is
still acidic, despite the decrease In [H*(aq)} / as H'{aq} is in excess. [11 |
(Accept: The solution close to the surface of the electrode will turs pink due to ,
the discharge of H*, but the overalt color change will become niuch less i
obvicus / the solution remalns colorless due to the presence of excess H' in i
the solution.)
DSEI7_06
{a) Oxidizing and corrosive m
{c) Copper dissolves / The solution turns blue / A colorless / choking gss (bubblesy  [1]
evolves.
Cu + MH:804 — CuS0; + 2H20 + 80: ]
OR The liquid turns black / A black solid / precipitate is formed.
Ca + Ha804 — Cud + Hi0 + S0,
State symbols not required.
DSE18_05
@ - : @31
Carbou / graphite / platinwm / silver ¢ = i 1
C/Pts Ag i1 i
Tuert electrode -
aqueous silver nitrate / , l
silver nitrate solution / L J I
AENO () / Ag'(a) J l
All 3 labels correct: 2 marks, Any 1 label correct: | mark
(Accepl drawing of battery with correct poles / only + and — signs at the correct
positions / electron flow in the correct dircetion in the external eircuit,
(b)  Connert zinc / magnesium blocks (through connecting wires to the surtace of the  [1]

pipelines { scarification profection,
Zine / magnesium can release electrons more readily than iron. 1
OK, Zinc and magnesium are nore reactive than iron. / Zinc and magnestum hos
greater reduging power than fron, / Zine and magnesium is higher than
iron in the ECS,

OR, Connect the negatlve electrode of o D,C, source (through connecting wires)
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to the surface of the pipetines (and the positive clectrode to a platinum
electrode) / Cathodic protection
The electrons provided by the D.C. source prevent iron from roleasing
clectrons.

(Da not accept wrapping with plastics / alloying / use stainless stecl pipelines)

DSE18_08

@

An acid which can (almosf) completely ionizs / dissoeiate to H* lons in water,

(b (i) Chlotine/ Cl(g)
(ii}  Any ONE of the followings:
1t is a redox reaction:
¢ O.N. of Ci changes from -1 toc 0/
s O.N. of Mn changes from +7 to +2
» Ci" transfer electrons to MnO4~
s O.N. of Mn and Cl change at the same time
& MnO4~ is reduced and €I is oxidized.
(¢} The filter paper tums yettowish brown
(Do not accept yellow / orange)
A" + Ch — 2CIF +h
(dy  The experiment should be performed in & fume cupboard as ehlorine gas is toxic/
toxic gas is released.
(Do not accept well-ventilated benchcs, cto))
DSE1$_07
(® () Seperate the CuSOs(aq) and MgS0a(aq) / allow iops fo pass through / to
complete thie cireuit,
(i)  Yes, the multimeter reading is positive showing electrons flow from Mgto Cu
through the externat sircuit because
Mg loses clectrons more readily than Cu.
OR & Mg is more reactive than Cu,
* Mg is a stronger reducing agent than Cu.
¢ Mg is higher than Cu in the reactivity series or ECS.
s Mg is the negative clectrade and Cu is the positive electrods.
(Hy Cut*(aq) +26- —= Cu(s) (Ignore state symbols)
® () Ba(qg+2c— 2Br(aq) (Ignore state symbcls)

(i)  The size of the electrode decreases.
OR « The mass of the electrode decreases.
¢ The electrode dissolves.
¢ Colour around the electrode decpens,
¢ Colour aronnd the electrode becomes darker blue,
{Do NOT accept “the colour around the efectrode tums bluc™,)

(ifi) Less negative

—

{1
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{1

[
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{11
Y]

i
195

o

g | Js 5

lodine gains eleetrons less readily than bromine.

OR » lodine is less reactive than bromine,
» lodine is a weaker oxidising agent than bromine.
* lodine is higher than bromine in the ECS.
{Accept “iodine is a weaker oxidising agent™.)

DSE20_01

1L (@) 2,8,187 1

) O

(i

OR

(iif)

K>S0s(s) + 2HCl(aq) — 2KCi(aq) + H:0(0) + $Ox(g) / 2
K2SOs(s) + 21%(aq) — 2K*(aq) + H,0(1) + SOx(g)

Correct states (1 mark)

Balanced equation (I mark)

PNo mark ¥ the cheieal spectes shown b the squation sre freomest)

(Reddish brown / brown) cha.ngcs to colourless. / The solution changes to colourless. 1
Nt aceept incorrect initial colour, | Not secept pale Brown)
Bra + S0:+ 2H:0 —» 281 + 804+ 4H' 1

Y2+ S02+2H;0 —> 2V + SO+ 4H*
Y and Z have the same number of electrons / seven efectrons in the outermost shells, hence 1

simitar chemical properties (leading to similar observation).
{Not aceept “Same cheroal properties”™

DSEZ0_02

2. (a)

(b

(©)

It is because for the last three points in the graph, the amount of M(NOs), / M™ added is in
excess. /

Tt is because for the last three pomts in the graph, all HC1/ Cl- has been used up.

{Not aceept only “The reaction is completed™ is wrmcn}

6] ; s Ba
o EEXME IOLHX L0 3
© K i
o e
=
Gt
o g
3 -
E L

= i

B volume of M(NO:)n(aq) added c
volume of M(NO:)x(ag) = 18 cm’ {
{Aceeptmax 1 decimal place) .
{No mark if the answer is correet,

(i) 18/1000x 0.5=0.009 mol {Ascept D.00878 ~ 000928 mol} .
fAccept answer with no unity (Mot aceept answer with incorrect uait)

no. of mole of C1~:50 / 1000 x 0.36 = 0.018 mol

Ratio of meta! ions - chloride jons = 0.009 : 0018 = 1 : 2. The empirical formula of the metal
chloride is MCla. ) ‘ ) )

M would be lead because the ratio of Ag to Cl in its empirical formula is 1:1 while now is 122
applicable to Pb to CL.

—

1

M
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DSEZ0_06

6. (@ ¢  Toprovide anaqueous medium {dissolve CuSOu(s) and NauS04(s) so as to produce mobile |
ions.
. Magnesium is higher than copper in the electrochemical series / ECS and release electrons. 1

Mg?(aq) + 2e- (ignore state symbols} (Electro
83

® @

(Mot aceep .
() CuP(aq)+2¢ - Culs) ({gmors stare symbols) | !
(¢) The position of the pointer is higher than 0 and lower than the reading in Diagram (1). 1
{Candidates have to draw the pointer in Diagram (21
(d) ()  Fe(s) + CuSOu(aq) —» FeSOuaqg) + Cu(s) {ignore state symbols) 1
als)  {eoorestate symbols)
@iy 1 {(Metal} Displacement frzaction) 1
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SECTION 8 Chemical Reactions and Energy
Multiple-Cholce Questlons
ASLI6(1)_08
Which of the following process iz endothermic?
A, Freezing of water
B. Condensation of sicam
C. Reaction of H*(aq) with OH(aq) to give H:O(l)
D. Electrolysis of water

DSRIISP_I0

Which of the following reactions is endothermie?

A, Za@s)+ Cu¥*ag) —= Zu*{aq) + Cu(s)

B. CaCOs(s} + 2H'GqQ —+ Ca*{ag) + H0() + COag)
C. 2CiHw{g) + 1302z} — 8COxg) + 101:00)

D. Cobhn(l) — Colls(g) + Cabs(g) + CsHalg)

DSEIISP_L3
Standard enthalpy changes of severat reactions, as denoted by x, y and z respectively, ore listed In
the (able below.

Reaction Standard enthalpy change / ki mol™
Cls + Ofg) — COuAp) ¥
Hag) + %Oxg) — H0(g) y
C(s) + 2Ha(g) —= CHu(g) z

For the reaction CHy(g) + 202(g) — COx(g) + 2H:0(I), which of the folfowing is a reasonable
estimate of its standard enthalpy change?

A xty-z B, —~x-y+tz
C. x+2y-z D, -x-2y-z
DSENISP_19

In an experiment, 10.0 g of KCI(s) was added to 100 e’ of water, The mixiure was then stirred
until alt the KCY(s) dissolved, The temperature of the mixture was found to drop by 5.5°C. What is
the molar enthalpy change, in kImel™, of the dissolving process of KCI(s) under the conditions of
the experiment?

(Specific heat capacity of the mixture = 4.2 J g™ K™!; Density of water = 1.0 g an™;

Relative atomic masses: K = 39,1, C1 =35.5)

A, #2231 B, +254

C. +i723 D. +1896

i97

! | Em mmomm B, IRRd by dsdite




— &t o oo
DSEIZPP_05
Which of the [ollowing processes is endothermic?
A, HiO(Q) — HO(s)
B.  CuSOufs) + SHaO(l) — CuSO4s5H:0(s}
C, 2O — 2ZHig) +OxAg)
D. Ca(s) +2H20() — Ca{OH){aq) + Halp)
DSE12PP_I2
Consider the standard enthalpy changes of the following reactions:
lafs) + Cla(g) —= 2ICHs) AH = +14 kI mof™!
ICI(s) + Clag) — 1Ch(s) AH =88 kJ moi™
What is the standard enthalpy change of fonwation of IChy(s):
A, ~81kfmel! B. 74kl mol?
C. +74 kimol™ D. 481 kI mel™
DSBI2_07
The standard enthalpy change of combustion of some substances are shown below:
Substance Standard enthalpy change of combustion at 298 K / kJ mot™!
Ha(g) 286
C(graphite) -394
CHiCHOH(Y 1371
The standard enthalpy change of formation at 298 K of CHiCH0H(1) is
A, 275K mol™! B. 4275 kJ mol™!
C.  +691 kI mol™! D.  ~=3017kJ mol™

DSEL3_LS

For which of the following reactions must its enthalpy change be determined by INDIRECT
method?

A, Zn(s) + CuSO4(ng) — ZnSO4(aq) + Culs)

B. 2C(s)+0a(g) — 2C0(g)

C. CHCHOH(D+30a(g) — 2C0xg) + 3H:0(1)

D. MgO(s)+2HCKaq) —~ MgClxaq) + H.0()

DSEI3 I8

Under standard conditions, complete combustion of 0.050 mol of propance (CsHz) gives 111 kJ of
feal. Which of the following is the standard enthalpy change of formation of prepane?

(Standard enthalpy change of formation of H2O(I) = ~286 kJ mol™;

Standard enthalpy change of formation of COx(g) = ~394 kJ mol™)

A, —106 kJ ol B, +106 kJ mol™!

C.  ~569 k) mol™ D. 569k} mol™!

108
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DSE14_09

The enthalpy changes of three reactions under certain conditions are shown below:
Reaction
BaHe(g) +30:(8)

Enthalpy change

— B205(s) + 3H.0() ~2170 kJ mol™!

3 1
B(s)+ a Oxg) ~— = B20s(s) —635 kI mol-!

1
Halg)+ 5 Ou(g) —= H:0() —286kJ mof-!

Which of the following is the enthalpy changs of fonmation of BaHs(g) under the same condilions?

A, +42 kI mol! B.  +614 kI mol-!

C.  +677 k) mol! D.  -+1249 kJ mol!
DSE15_12

Consider the following reactions:

(1) COxg)+CaOfs) ~= CaCOjfs) AHy
(2) NHi(g) + HBr{g) — NH:B(s) AH2
(3) HF(aq) + NaOH(aq) - NaPF(ag) + H;0{) AHs

{4} NaHCOs(aq) + HCi(aq) ——=~ NaCl(ag) + COx(g) + HoO(I) ABRs
Which of the following represents enthalpy change of neutralization?

A AH, B. AH:
C.  AHy D. Ay
DSE14_12

In an experiment, standard HCI{aq) was added from g burette to a known volome of NaOH(aq)
placed in an expanded polystyrene cup. The graph below shows the temperatures of the mixture in
the cup during the process:

2
n-ff TR :

3

3045t 1

2

Texaperamure / °C
82

27

%

25

Volurae of HCl(ag) added
What is the greatest temperature rise of the mixture in the cup as estimated from the graph above?
A. «)0 YT e s . . 46«7C 4 4sankis pfsalas
C. 62°C . 66°C
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DSEL5_18
Which of the following combinations iz / are correct?

Chemical reaction Enthalpy change of reaction

(1) 2H0(1) — 2Hag) + O2fg) Positive

(2) 2C0(g)+Cag) —+ 2COxAg) Positive

(3) 2Na(s) + 2HO() —> 2NaOH(aq) + Ha(g) Negative

A, (Honly B. (@ only

C. (1) ond (3) only D. (Dend 3)only
DSEIg_24

19 statemont 2™ statement

The standard enthalpy change of formation Under standard conditions, 8 compound must
of & compound must be negative value, be encrgetically more stable than its constituent

clemnets,

DSEL7_07

In an oxperiment for studying the enthalpy change of a reaction, the variation of the temperature of
the confent in the reaction container with time was ploticd in a geaph as shown below:

The reaction starts at the third minute. Which of e following combinations is correct?

Enlhalpy change of e reaction

A, 51°C negalive
B. 45°C negative
o 3 positive

200

DSE{8_18
Consider the following information:

2H0() — 2Hg) + Oulg) AH® =+ x k) mol-!

Which of the following statements isfare correct?

(1)  The standard enthalpy change of formation of H2O(l) is -0.5 x kI mol™

]

{2) The standard enthalpy change of formation of HaO(1) is +0.5 x kJ mol™!
3) The standard enthalpy change of combustion of Ha(g} is ~ x ki mol™

A, (Donly B,
¢, (and {3)onty D,
DSEI8 22

Which of the following processes are endothermic?
{1} Melting of wax

(2) Cracking of heavy oil

(3)  Adding zinc powder to CuS04(aq)

A, (1yand (2} only B.
C.  (2)snd {3) only D.
DSE{9 09
It is given that:

{2) only
(2) and (3) only

(1) and (3) only
(13 ) and (3)

Standard enthalpy change of formation of water = —286 ki ol
Standard enthalpy change of combustion of propane =~2222 kJ mot™!
Standard enthalpy change of formation of carbon dioxide = ~394 kJ mol™!

What is the standard enthalpy change of formation of propane?

A =52k mol™ B.
¢ +52kImol™! D.
DSEL9 22

Witich of the following arc cxetherniic?

(1) Theomal decomposition of mercury(Jl) oxide solid
(2) Dilution of concentrated sulphuric noid with water

~104 kY mol ™
+104 k) mol™

(3) Reaction of mngnesium ribbon with dilute hydrochloric acid

A, {(Dand (2) only B.
C.  {2)yend{3)only D.
DSE2020:

0. Rafer 10 the standard enthalpy changes of cornbustion below :

O m O(D e

~3268 kY mol! ~3920 kf mol™! ~286 k1 mat™

{}yand (3) only
(13, (2yand (3)

What s the standard enthalpy change of the following rescrion ?

O (1)+ 3H(R) L2 O o

A ~206 ki mol™
B. —652 ki mol™
[ +206 kI mol™
D, +652 kI mol™*
a P . = =

it
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13, The enthalpy changes for some conversions are shown below : i
= ] o =+ -1 = -1 |
w AH = ~150 ki mol - X AH = +100 kJ mof > v AH = +80 kJ mol > 2 |
Which of the following combinations is correct 7 Structural Questions
W s 7, Z X AL9R(I)_02¢ ‘
' exothermie endothermic Both Ha(g) and CH3OH(I) are possible fucls for pawering vockets. Their contbuystion reactions are :
B. exothermic exothermic
C. endothermic exothermic show below,
D. endothermic endothermic 1
- Hy(g) + 50:(8) — Hz0(8)
21. Which of the following statements are correct ?
1
(1) The standard enthalpy change of formation of NH,(g) can be determined divectly from experiment. CH,0H) + 150,(8) — CO0,(8) + 2H,0(g) ]
{2} The standard enthalpy change of combustion of HoNNH (D) is negative, 2 {
® The standard enthalpy change of formation of Ny(g) is zero. (i) For each of the above reaclions, caleulate the enthalpy change at 298 K per kg of the fuel- i
A (1) and €2) only oxygen mixiure in the mole ratio as indicated in the stoichiomeiric equation.
B. {1} and (3) only ke
G (2} and (3) only (3 marks)
D ()@ md3) (i)  The effectiveness of a fuel can be estimated by dividing the enthalpy change per kg of the
fuel-oxygen mixture in its combustion reaction by the average molar mass of the product(s) i
DSE2021: in g.
14, Based on the experimental set-up in the disgram below, after 3.0 ¢ of sodium nirrate solid is completely Deduce which of the above two fucls is more effective in powering rockets.
dissolved in 50 cm® of waler, the temperature drops by 6 “C. Note: You are provided with the (‘ollowing data at 208 K¢
| Compound Molar mess/ g AH%/ ki mol™!
" COxg) 44 -394
polystyrene cup Hzo(g) 18 ~242
v — CH;0H() 32 ~239 !
2.0 g of sodium nitrate solid + 30 ¢m® of water ¢
(3 marks) i
Which of the following would give 3 drop of temperature by 3°C under the same experimental
conditions 7
AL92(1)_07b
A ABler2.0 g of sodium nitratc solid is completely dissotvod i 25 cm? of warer. . . .
B, Afer4.0 g of sodium nitrate solid is completely dissolved in 100 cm? of water. In an experiment to determine the enthalpy change of neutralization, a polystyrene foam cup was
C After 16.0 g of sodium nitrate solid is completely dissolved in 106 cm® of water. . 0 ‘ o ] o
D.  ARer24.0 g of sodivm nitrate solid is completety dissolved in 75 om of vater. used as & calorimeter. When a solution of an acid was poured into a solution of an alkali in the
calorimeter, the temperature rise was recorded by a thermometer which also served as a stirer,
15, When 7.88 g of carbon ide gas burns completely, 30 kI of heat is released. Under those State THREE sources of crror in the result obtained in such an experiment.
sxperimental conditions, the enthalpy change of formation of carbon dioxide gas is —394 kJ mol™". What is @ arks)
the enthalpy change of formation of carbon monoxide gas under the same experimentat conditions ? m
{Relative atomic masses : C=[2.0, 0 = 16.0)
: ASLINI) 02
A, ~678 ki mot™ . N . f
B. —474 kI ::r' Consider the standard enthalpy ehangos of eombustion, AHC. 23 of the alkenols listed in the lable
[+ ~314 kT molt below:
D. -110 kT mol™*
Alkanol AHC, 298/ kI mol”!
CHOH(D ~726
CHyCH;OH(l) ~1367
CH3{CH2)0H(l) -2017 |
|
CH3(CH2);OH(l) X
{8)  Explain why the combustion of CH3OH() is exothermic.
{1 mark)
(by  Estimate the value of x. Show how you arrive al your answer.
(2 marks)
202
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(& A1298K, the standard enthalpy changes of formation of CO2(g) and H1O(l) are —393 and
—286 kJ mol™ respectively. Calculate the standard enthalpy ¢hange of fonmation of
CH30H{) at 208K,

{3 marks)

ASLSH(IT)_13 [Similer fo DSEIR_066]
Compound T is the main chemical constituent of a cooking oil. T has the following structural
formule;
1
H2C--0—-8-(CH2)7CH"CHCH2CH-CH(CHZ),,CHJ
1l
HC—0~C~(CHy),CH=CHCH,CH=CH(CH,),,CH,
0
il
H,C—0—C~(CH,),CH=CHCH,CH=CH(CH,),CH,
{a} State all functional groups in T.

(2 marks)
(b) The cnthalpy change of combustion of T can be determined vsing the set-up shown below;

thermometer

aluminium can

]::

e water

flame

compound T

When 2,30 g of T was bumt, the terperature of water of mass 250 g in the alumirdum can
was found (o increase by 20,5°C.
&  Caleulate the enthslpy change of combustion of 'L, in kI mol™, under the conditions of
{he experiment.
{Specific heat capacity of water = 4,18 J ¢! K™; relative moleeidar mass of ' = 878)
(3 marks)
(i) Suggest TWO main sources of error in the experiment,
(2 marks)

203

ASLOO(ID_08
(8 The standard enthalpy changes of combustion of cyclohexa-1,3-diene {CeHs), cyclohexane
(C¢H)z2) and hydrogen are as follows:
AHP 208 [Ctla(l)) = -3584 kI mol™
AHPca08 [Collia(l)]  =~3924 k) mol™?!
AH%,25¢ [Ha{g)] =286 k} mol-!

() With the help of a chemical equation, state the meaning of the standard enthaipy change
of combustion of cyclohexane,
{3 marks)
(i) Write s chemical equation to represent the complete hydrogenation of cyolohexa-13-
diene. Hence, calculate the standard enthalpy change of hydrogenation of cyclohexa-
[, 3-diene,
{3 marks)
(b) Inan experiment {o detennine the cnthalpy cliangs of hydrogenation of cyclohexa- [ 3-diene,
0.10 mol of cyclohexa-1,3-dicne was (reated with excess hydrogen gas in the presence of' s
calalyst in a copper vessel, The vessel was immersed in 300.0 g of water. The diagram below
shows the experimental sel-ug:

thermometer

copper vessel -

(i)  Mame 8 catalyst suitable for the hydrogenation.

(Umark)
(i) Itis necessary to shake the vessel vigorously during the experiment. Explain,
{1 mark)
(i) Suggest TWQ reasons why a copper vessel was used instead of a glass vessel.
{2 marks)

(iv) At the end of the experiment, the temperature of the water incressed by 16.5°C.
(I} Caleulate the entlilpy change of hydrogenation of cyclohexa-1 3-dicne, in kJ
mol!, under the conditions of the experiment.
(specific heat capacity of the water is 42 ) g K"
{3 marks}

loulation

() State TWO ptions in your
{2 marks}
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ASLOI(ID_09 [Similar to DSEIS_08)

®

(b)

(v}

The table below lists the standard enthalpy changes of formation of three compounds:

Compound AH®; 233/ ki mol™!

CeHa0s(s) (ghicose) -1274

COx(g) -394

HO(h) -286

()  Calculete the standard enthrlpy change of combustion of glucose.
(3 marks)
(i)  Caleulate the theoretical amount of energy released when 10.8 g of glucosc undergoss
conplete combustion,

(2 marks)

The thermochemical cquation for the combustion of tripalmitin (CsiHssOs) is given below!
145
CgiHogOg(s) + Tﬂz(g) —— 51C0,(8) + 49H,0()  AHSye = — 31400 k) mel™!

Calculate the theoretical amount of encrgy released when 10.0 g of fripalmitin undergoes
complete combustion.

{2 marks)
With refe < in (a) and (b), suggest why plants store their energy mainly
in the form of carbolydrates, whereas animals storc their energy mainly in the form of fats
(tripalmitin).

ce to your ar

(2 marks)

ASLO2()1) 08 [Similar to DSE17 07}

(a)

®)

In an experiment to determine the enthialpy change of combustion of ethanel, & catorimeter
containing 200,0 g of water was used, Buring 0.185 g of ethano! caused the temperatire of
the water in the calorimeter to rise by 6.0 °C.
(i)  Draw & labelled diagram of the set-up used in the expetiment,
(2 marks)
(i)  Assuming that the heat capacity of the calorimeter is negligible, catculate the enthalpy
ghange of combustion of ethanol, ink] mol™, under the conditions of the experiment.
(specific heat capacity of the mixture is4.2J g™ K™
{3 marks)
(i)  State TWO other assumptions made in your calculation.
(2 marks)
(i) Do youagree with the following statement? Explaln your answer,
“Fire standard enthalpy change of formation of ethanol can be determined directly by
experiment.’
(1 mark)

205
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(i)  The tabie below lists the standard enthalpy changes of combustion of three substances,

Substance AH%, 298/ kJ mol™!
C(grapliite) -394
Halg) —286G
C:HsOH(1) -1368
Caloulate the standard enthalpy change of formation of ethanol, AH%; 208[C2HsOH(D]

(3 marks)
The table below lists the standard enthalpy changes of neutralization of three acids with
NaOH{aq).

Acid AH® qestization, 208/ kI mol™!
HCl(aq) ~57.3
HNOs(aq) 573
CHiCO:H(aq) ~55.2

Account for the following statements:
(i)  The standard enthalpy change of neutralization of HCl(aq) with NaOH(aq) Is the same
as that of HNOs(aq) with NaOH(aq).
(2 marks)
(i)  The standard enthalpy change of neutealization of HCl(aq) with NaOH(aq) is more
negative than that of CH;CO;H(eq) with NaOH{aq).
(2 marks)

ASLO3(11)_09 (Same as DSEI9_08}
In a thermometsic tilration experiment, 25.0 em® of 2.0 M sodinm hydroxide solutions was placed

in a polystyrene foam cup and was titrated against hydrochloric acid. The experimental results are
listed in the table below:

Volume of HCl(eq) added Zem® | 0.0 | 5.0

100 | 150 | 20,0 | 25.0 | 30.0 | 350

Temperature of mixture / °C

25.8 1 300 | 344 | 388 | 398 | 382 | 366 | 350

®)

)

(e

Plot a graph to show Ute variation of the temperature of the mixture with the volume of
HCl(nq) added,

{3 marks}
{ From your graph, determine the mamimun temperature that could be attained by
the mixiure,
(1 miark)
(iby Caleulate the molarity of the HClag) used,
(2 marks}

Using your result in (b), caleniate the enthalpy change of nentralization of NaOH(aq) with
HCl{ag) under the conditions of the experiment.
(You miay assume that the density of the mixture is 1.0 g cm™, the specific heat capacity
of the mixture is 4.2 J g™ K-! and that the heat capeity of the polystyrene cup is
negligible.)

(3 marks)

206
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ASLO4(QI)_10
Tn an experiment to determine the enthalpy change of hydration of CuS04(s) indirectly, 0.023 mol
of CuS0s(s) and 0.025 mol of CuSOsSH;0(s) were dissolved separately in 50.0 em® of delonized
water in a polystyrene cup. The maximum change in temperature of cach mixture was determined,
The table balow fists the results obtained:
The form of coppex{II) sulphate{VI} used  Maximum change in temperature / °C
CuSQq(s) +7.7
CuSO04+5H,0(s) -1.7
(8} Caloulate, under the condition of the experiment, the molar enthalpy change of solution of
cach of the following compounds.
(1) CuSOy(s)
{2) CuSO445H0(s)
(You may sssume that the copper(ll} sulphate(VI) solution formed has a specific heat
capacity of 4.2 J g™ K~ and a density of 1.0 g onvand that {he heat capeity of the
polystyrene cup is nogligible.)

{4 marks)
{b) From your resulls in (a), calculate the molar enthalpy change of hydration of CuSOu(s),
{2 marks)
(v)  Suggest why the cnthalpy change of hydration of CuS04(s) cannot be determined directly,
(1 mark)

ASLO5(1} 04
An experiment was carried out to determine the enthalpy change of the following reaction:
Zn(s) + Cu™ag) — Cu(®) + Zn¥(aq)

25.0 o of 1.00 M CuSC4(sq) was transfered 1o a polystyrene cup with negligible heat capacity,
and the temperatuse of the solution was recorded every half minute for 2% minutcs, At precisely
3.0 minutes, 4.0 g of zine powder was added to the cop, The raixfure was stirred snd its temperbure
was recorded for an additional 6 minutes. The geaph below shows the plot of temperature against
time,

%0 i

80 T

79 1

60 [

s0 RS

teraperature / °C

R N e s e

(8)  Show, by calenlation, that CuSQy is the limiting reactant,
€2 marks)
{b) Find, frotn the graph, the maximum temperature rise of the niixture. (You should show your
working on the graph.)
{2 marks)
() Assuming that the specific heal capacity and the density of the mixture are 4.2 J g~ K-! and
1.0 g o respectively, caleulate the enthalpy change of this reaction, in kJ mol*),
{3 marks)

ALBS(IN_0s
Most of the petroleum stock located on Earth is likely to be used up in 50 to 100 years if petrolenm
consumption is maintained at the current sate. With a view to culting down petroleum consumption,
some counirics have adopted an alternative fuel for motor vehicles — gasoline which contains
cthanol.

(@) Based on the standard cathalpy changes ol formation given below. caleulate the standard

enthalpy changes for the complete combustion of octanc and ethanol respectively.
Compound | ek mot

CaHiu(H) ~250
CHORE 278
COx(g) -394
00 ~286

(4 marks)

() Assuming that gasoline contains only octane, compate the enthalpy change of combustion

values, in ki ¢!, of gasoline and an aliernative fuel containing gasoline and 16% ethanol by

Aass,

{4 marks)

() Besides cutting down petrolenm consumption, suggest one additional advantage of using the
alternative fuc! over using gasoline.

{1 mark)

ALDG(T)_02

Given:
C{diamond) ~— C(graphite) AH*= -2 kJ mal'
Explain why the conversion of diamond into graphite will not occur spontaneously under normal
condition,
(I mark)

ASLOG(T)_06

When 10.0 e’ of ethyl ethanoate was mixed will 8.0 cm’ of frichforomethane, the temperature of
the mixture increased by 8.5 °C,

(&) With the help of  diogram, showing the sructures of the molecules, explain why the sbove

g process is exotherntie,
(2 marks)
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(b} Based on the data given below, estimate by caleulation the enthalpy change, in kJ miol, for

the above mixing process.

r——

——

Compound Molar mass Density Specific heat capacity
Ethyl cthanonte | 28.0 gmot! | 0.90 g em™ 1.92) gt K
Telchloromethane | 119.5 gmott | 149 gom™ 0973 g K
{3 rmarks)
ASLOGAD_11
Compound X has the following structure:
' g
H—C—C—C—C—H
11 |

|
H CH;H CH,
Complete combustion of 1.0 g of X liberates 44.5 kJ at 298 K under atmospheric pressure.
(0} Give the systematic name of X.

(1 mark)
() Caleulate the standard enthalpy change of combustion of X at 298 K.
(3 marks)
(c) Caleulate the standard enthalpy change of formation of X at 298 K.
(3 marks)

Standard enthalpy change of formation of CO2(g) and H20(}) nt 298 K are ~393.5 kJ mof~! and
~285.8 kJ mol™! respectively.

ALOS(1)_01L
The table below lists the standard enthalpy change of formation of four compotnds.
Compound AH, 258/ kY mol™'
Ha0() —-286
HCl(g) -92
Si0a(s) - 910
SiCh(l) —640

(a)y State lhe meaning of the term *standard enthalpy change of formation of 2 compound’,
{1 mark)
(b) SICl(}) undergoes hydralysis to give Si0x(s)
(i)  Wiite the chemical equation for the hydrolysis,
(1 mark)
(ii) Using the above data, caleulate the stondard entiialpy change for the Jiydrolysis, State
ONE asswinption made i your calculation.
(3 marks}
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ASLO9(ID 04
Hydrotysis of protein gives & variety of amino acids, and alanine (CH;CH(NH2)CO2H) is onc of
the amino acids commonly obtained.
(a) in the human body, slaisie undergoes biological oxidation to give cabon dioxide, water and
wren (CO(NH)). Write the chemical cquation for this reaction.
{1 mark)
() When nitrogen-containing organic compounds are burt in calorimetric experiments. the
nitrogen they contained is transformed to nitrogen molecules.
Wiite the chemicat cquation for the combustion of each of the following compounds in a
calorimetric expetiment:
() Alsine
(t mark)
(il Urea
(1 mask)
(¢) Using (he equations that you have given in (a) and {b), as well as the standard enthalpy change
of combustion given in the table below:

Compound AHC, 203 / kJ mol™!
Alanine ~1877
Uren —032

Caleulation the energy, in kJ, that can be obtained from te biological oxidation of 1.00 g of
alanine at 298 K.

{4 marks)
ASL10(TT)_67 [Shmilar to DSE14_06]
The tabls below Hsts the standard enthalpy change of formation of four compounds,
Compound AHe%e / & mol™!
H0() ~286
H20:01) —188
NH3(g} —46
NaH4(l) +51
(n) What is the meaning of the term “standard enthalpy change of formation’?
{1 mark)

() Hydrazine (NaHi) is a colorless liquid commonly used as a rockes fuel. 1t can be synthesized
in a chemical process in which ammonin is oxidized by hydrogen peroxide to give hydrazine
and water,

For the oxidation of ammonia to hydrazine.
{iy  Write its chemical equation, and
{! mark)
(i) calculste its standard enthalpy changs using the above thermochemical data.
(2 marks)
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(e) A student found the following information in a Material Safety Data Sheet (MSDS):
‘Hydrazine is extremely explosive in the presence of oxidizing materials’

The student agcounted for the phenomenon by the positive standard enthalpy change of
formation of hydrazine. Is the student's explanation correct? Elaborate your answer,
{2 marks)

AL10(IT)_02
A flight of space shuttle requires the nse of three propslianis:

Asclid propellant, which is a mixlure of powder Alls) and NH4Cl04(s}, is used to powar
the rockets carrying the shuitle. Upon Ignitlon, the solid propeilant reacts to give Al2Oa(s),
AlCis(s), NO(g) and Hz0(g). This reaction providas energy for launching the rockets and
the shultle up to the upper atmosphere.

After the shultlo separates from the rockets, the shutlle Is prepelled into its dasigned orbit
by & cryogenlc propeftant, which is a mixture of Ha(l) and Oafl).

When the shullle Is In its orbit, a hypergolis propetlant, of which the fuel is CHaNHNH:{h
and oxidant is N20«(l), will provide energy for manoeuvring the shuttle. The fusl and
oxidant react upon mixing, without ignition, to give COa(g), Hz0(g) and Nz{g).

{a) Write the chemical equation for the reaction of
B Al(s) with NH4ClOu(s), and
(1 mark)
(i} CH;NHNH:() with NaO(l),
(1 mark)
(b}  Given the following standard enthalpy change of formation, calculate the standard enthalpy
change, at 298 K, of reaction (T) and that of reaction an.

Compound AH,%ss ¢ kJ mol™!
AhOs(s) -1676
AlCI3(s) —704
CH3NHNH:(l) +53
CO2Ag) ~394
HyO(g) ~2A2
NH4ClO.(s) —295
NO() +90
N2Ou(ly —20
(4 marks)
() Suggest an advantuge of using the selid prapétiant in powering the ockets., S
(1 mark)
21

(d) The cryogenic propellant is also used to produce siectricity for use in the shuttle. Bricfly
deseribe the elecirochemical process involved,

{2 marks)
(e} State sn advantage of using the hypergolic propeHant in manceuveing the shuttle,

{1 mark)

ALLI(ID 03 [Similar to DSE16_07)
The enthalpy change of formation Al of ZnO(s) can be determined indirectly from the enthalpy
change of formation of H2O(1) and the enthalpy changes of reactions {1 and (2) below.

Zn0Gs) + 2HCHag) —w ZnChiag) + H0() Q)]
Zn(s) + 2BCKaq) —= ZuClyfaq) + Ha(g) )

An experiment ag outlined below was carried out to determine the enthalpy change of reaction (1):

25.0 crn® of 1.10 mol dm~* HCl{ag) was placed in an expanded polystytrene cup. The temperature
of the acid In the cup was measured with a thermometer at half-minute intervals.

Right at the third minute, 0.75 g of ZnO(s) was added to the cup. The mixture in the cup was then
stirced with the thermometer and its temperature was measured for an additienal 7 minutes.

The recordings of temperature are shown in the graph below:

temperature / °C

5 7 i
time / minute

(@} () Deduce the greatest temperature change of the reaction mixture. (Show your working
on the graph.)

{2 marks)
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(i} Calculate the molar enthalpy change of renction (1} under the conditions of fhe
experiment, (Assume that thet heat capacity of the expanded polystyrenc cup is
nogligible, and thet the specific heat eapacity and density of the solutions are 4.2 f g
K" and 1.6 g ot respeetively.)
{4 narks)
(b) Given Lhat under the same conditions, the molar change of reaction {2) is —49 kJ, and the
molat enthalpy change of {ormation of HyO(1} is ~286 kJ, calculate Aldrof ZnO(s).
(3 marks)

ALI3(I)_09 (modilied) [Similar to DSEL9_08]
An experiment was catried out to determine the enthalpy changs of neutralization of CCLCOH{aq)
with NaOH(aqg):
CiiCOzH(aq) + NaOH{aq) —= CCLCO:Na(eq) + Ha.0{)

A sample of 1.50 mol dm~> CCHCO;H(aq) and 1.82 mol dm~* NaOH(aq) were mixed in different
volume ratios to give mixture of 50.0 ¢m? in an expanded polystyrene cup. Ench mixlure was sfirced
and the highesl temperature reached was recorded, The graph below shows the maxmintum tise in
temperature for each of the reaction misture.

90 1TTTI N T AT fua TR 8 NSTTCany e S el & v ]

8.0

7.0

4.0

30

maximun rise in temperature / °C >

2.0

0.0 5, 100 150 200 250 300 350
vohine of NaOH(aq) used / cin® —
400 350 300 250 2006 150 100 50 09
«— volume of CC3COH(aq) used / em?

45.0 50.0

213

-

r—

— r— & M

(@)  Assume that the density and specitic heal capacity of all reaction mixtures are 1.0 g em™ and
4,2 ) gt K- respectively, and the heat capacity of the expanded polystyrene cup is neghigible.
Calculnte the eathalpy change of neutralization, in kJ mol=t, of CClCO:H(aq) with
NaOH(ag).

{5 marks)

(b) Usader the somc experimental conditions, the enthalpy change of newtralization ol
CH:CO:H(ag) with NaOH(aq} was found to be ~52 k¥ mol™, Explain why the two acids.
CCLCO:H(ag), have different enthalpy changes of nentralization with NaOH(aq).

(2 marks)

DSELISP_05
tn an experiment {o determine the enthalpy change of combustion of efhanol, a calorimeter
coniaining 200.0 g of water was used. Burning 0.185 g of cthanol caused the temperatire of the
water in the calorimeter to rise by 6.0 °C.
(a) Draw alabelled diagram of the set-up used in the experiment.
(2 marks)
(b)  Assuming that the heat capneity of the calorimeter is negligible, caleulate the enthalpy
change of combustion of sthanol, in kJ mol™, under the conditions of the experiment.
(Specific heat capacity of water = 4,2 J g™ K1)
(3 marks)
() State ONE other assumplion made in your caleulation.
(1 mark)

DSE12PP_07
(8) A student caried out an experinent to delermine the enthalpy change of the reaction of
calefum oxide with water. The set-up used is shown in the diagram below:

!l-——— thermometer

stirser

g A
water )

polypropene cup

The experimental resulis are as follows:

Mass of CaO(s) used =30g
Volume of water in the cup =500 cm’
Inltiat tomperature of water in the cup =28.2°C
Highest femperature aftained by the Ca(OH)(aq) formed = 46,7°C
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()  Calculate the enthalpy cliange, in k) mol™', of the reaction of calcium oxide with water
under the conditions of the experlment,
(Assume: density of water is 1.0 g em™® and specific heat capacity of the Ca(OH)(sq)
formed Is 42 J gt K5 the polypropene cup, thermemeter and stiveer used all have
negligible heat capacity.)
{4 marks)
(i) According to the literature, AH® for this reaction is ~82.2 mol-!, Suggest ONE
reasonable explanation for the discrepancy between the literature value and the value
obtained in (i).

(1 madk)
The diagram below shows the design of a ¢an of self-heating coffee beverage. When the
bottom of the ean Is pushed, the rod will pierce the aluminum foif and cause mixing of the
water and calcium oxide. The coffee beverage in the can will then be heated up.

/ It

3 .
1}

container

coffee boverage
Ca0(s)

polypropene

container aluminimm foil

waler

rod

(i)  With refercnce o the properties of the materinls involved, explain why
() apolypropenc container is used to contain the calcium oxide, and

(@ an sluminium conteiner is used to contain the coffec beverage.
(3 marks)
(i) Suggest ONE reasonable explanation for using calcium oxide in this type of self-
heating beverage can.
(1 mark)

2i5

DSE!2 08

Potassivm hydrogencarbonate (KHCO3) can be used to bake bread. Upon lieating, KHCO;
decomposes info KaCO3, HaQ and CQs.
{s) Explain the purpose of using KHCO; In bread baking.

(1 marky
(k) Write the chemical cquation for the decomposition of KHCO; upon heating.

(1 mark)
(¢) The enthalpy change of decomposition of KHCO;(s) can be deterntined indirectly from the

enthalpy change of the following two reactions:

KHCOs(s) + HCl{aq) — KCHag) + H20() + COug) Reaction (1)
K:COx(s) + 2HCi(ag) — 2KCi(ag) + FhO({) + COxg} Renction (2)

In an experiment to determine the enthalpy change of Reaction {1}, 3.39 g of KHCC:(s) was
added to excess HCHaq) in an expanded polystyrene cup. The experimental data obtained
arc shown below:

Initial tempernture of the reacting solution:  25.8°C
Final temperatare of the reacting solution: 20.2°C

Mass of the resitlting solution: 2758
Specific heat capacity of the contents: 43) gtk
Molar miass of KHCO;: t00.1 g

(i} Assuming (hat the heat capacity of the cup used is negligible, caleulate the enthalpy
change of Reaction (1) from the above data,
(2 marks)
(i) In another experiment performed under the same condltions, the enthalpy change of
Renction (2) was found 1o be —49.1 kJ moi~!, Calculate the enthalpy change of
decomposition of KHCO3(s) under the experimental condition,
(2 marks}
{d} According to the literature, the standard enthalpy change of formation of K,CQi(s).
KHCO;3(s), COx(g) and H20() ate as follows:

Compound AHC%,308 / k) mol™?

Ki;COsx(s) —1146

KHCO:(s) 959

COx{g) ~394

o ~286
() Using the given information, calculnte the standard enthalpy change of decomposition

of KHCOy(s}.
(i) Suggestwhy the ansiers obtained form (&)(ii) and d(i) are different.
{1 mark)
216
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DSE14_06 [Similar to ASL10(1)_07)
Petrol is a commonly used motor car fuck. It can be obtained from petroleum by fractional
distitiation

(3)

(iii) Oclane (CakHis) is @ component of petrol, Using octane as an exaniple, state the
meaning of the term ‘standard enthalpy change of combustion’ with the aid of a
chemical equation,

(2 morks)

(6} Motor cans powered by petrol emit alr pollutants such as pitrogen monoxide and carbon

monoxide. Installing o centain device in motor cars can convert these two oxides to less
harmfusl substances.
(i)  Name this device,
(1 matk)
(i)  The cquation for the reaction involved in the conversion is shown below:
2C0(g) + 2NO(g) — 2CO(g) + Na(g)
The standard enthalpy changes of formation of NO(g), CO(g) and COx(g) arc as

{follows:
Compound AW/ kI mol™!
NOtg) +903
co® -110.5
COu(z) ~394.0

Caloulate the standard enthalpy change of the above reaction.
(3 snarks)

DSE15_08 [Similar to ASLOI(TE)_09]
Natural gas is an important energy source for electricity generation. It contains mainly methane
(CHy).

®

Write the gencral formula of the molecules in the homologous scries that methane belongs
{o.

(1 mark)

(b) The combustion of methanc is an exothermic reaction. Its chemioal equation Is shown below;

CHa(g) + 20:(g) — COg) + 2H:0(})

@)  Complete the table below by stating all the covalent bond(s) that are broken and
formied during the combustion of methatie.

Covatent bond(s) broken

Covalent bond(s) formed

(2 marks)
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(i)  Suggest why the combuslion is exothermic in terms of the bresking and Yorming of
covalenl bonds,
(1 1wark)
(iiiy  Caloulate the standard enthalpy change of combustion of methanc.
(Stardlard enthalpy changes of formation:
CHu(g) = -74.8 k) moi'; CO(p) =-393.5 kJ moll; Ha0(1) = —285.9 ki mo¥h)
. (2 marks)
(¢) Some regions tend to generate electricity more by natural gas but less by coal. Give TWO
rensons from environmental protection consideration.
{2 marks)

DSE16_07 [Similarto AL11_03]
The enthalpy change of formation of MgCO(s) enn be obtained using an indireet method. Firstly,
the cnthalpy change for the reaction of MgCOx(s) with F2SOua(aq), and that of Mg(s) with
H,504(aq) are respectively determined experimentatly. Alter that, the eathalpy change of formation
of MgCOi(s) can be oblained through caleulation with given enthalpy changes of formation pf
COx(g) and H20(D).
(0}  According to definition, under which condition could that ‘heal change® of a reaction be
regarded as the ‘enthalpy change’?
(I mark)
{(b)  Explain why, instead of a direct method, an indirect method is used to oblain the enthalpy
change of formnlion of MgCOx(s).
(1 mark)
€} Inorder to defermine experimentally the enthalpy change for the reaction of MgCQOx{s) with
H2504(aq), an accurate mass of MgCOx(s) was firstly allowed o react with excess HaSOs(aq)
in a polystyrene fonm cup. The maximum tise in temperature of the mixture was then found,
After ealculation, the enthalpy change for the reaction can be obtained.
(i) Suggest onc possible error for the above experimental procedure.
(1 mark)
(i) Explain whelher the enthalpy change for the reaction of CaCOs(s) with H:804(aq) can
be obtained using a similar experimental procedure.

{1 mark)
(@) Using the information given below, caleulate the standard enthalpy change of formation of
MgCOx(s).
AH® /&) mot™?

Standard enthalpy change for the reaction of MgCOs(s) with H2S04(aq) —50
Standard enthalpy change for the seaction of Mg(s) with Hz804«(aq) 467
Standard enthalpy change of formation of COx{g) -394
Standard enthalpy change of formation of H2O(l) —286

{3 marks)
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DSEL7_07 [Siwmiler to ASLO2(II)_08]
Ethync is a gascous hydrocarbon with molecular formula CoH,.
(8)  Suggest why the enthalpy change of farmation of CzHa(g) CANNOT be determined directly
by experiment.
(1 mark)
(b)  Hess's law can be used to find enthalpy chenges which CANNOT be determined directly by
experiment. Statc Hess's law.
 mark)
(€}  Based on the entholpy changes of combustion AH. of CoHa(g), Clgraphite) end Ha(g) to
construct an enthalpy change oycle and applying Hess’s law can give the enthalpy change of
formation of C;Ha(g).
(i)  Draw, with Inbels, this enthalpy change cycle.
{2 marks)
(i) The standard enthalpy change of combustion AH®; of CaHa(g), Clgraphite) and Fa(g)
are given below:
AH% / kI moit

CaHa(g) -1300
C{graphite) -394
Hx{g) ~286
(1)  Stato the standard conditions for *standard enthalpy change’,
(I mark}
(2) Caleulate the standnrd enthalpy change of formation of CaHa(g).
{2 marks)

DSEI$ 06 {Similar to ASLI9GI)_13, ASLOY(II) 01]
Energy oxists in varions forms,
(@  Glucose (CoH1206) is one Important energy source for living things.
(i)  Write a chentical equation for {he conversion of carbon dioxide gas and liquid water
to salid glicose and oxygen gas.
(1 mark)
(i) Tho following standard enihalpy changes of formation are givew:
COx(g) = ~394 ki mol~!, HyO(l) = —286 kJ mol™, CebliaO¢(s) = 1274 ki mol-
Calculate the standard enthalpy change of the conversion in () above,
{2 marks)
(ii)  Green plants can convert carbon dioxide and water to glucose and oxygen, State the
transfoermation of cnergy in this conversion.
(1 mark)
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Burning heptane (CrHie) releases cnergy. The enthalpy change of combustion of heptane was
detenmined using the sct-up shown below:

thenmometer

alumininm can

water

LRy —
- A

methanol or heptane

Step (I): The alwminum can with a fixed mas of water was heated by butning methanol.
The temperature of water increased by 18.5 °C after 1,58 g of methanol was
bmnt,

Step(f):  The aluminium can with the same maess of water It Step (1) was heated by
burning heptane. The temperature of water increased by 25.8 °C afler 1,02 gof
heptane tvas burnt.

(i) Given that, under the conditions of experiment, the enthalpy change of combustion of’
methanol is =715 kI mol"!, caleulate the enthalpy change of combustion of heptane.
tnkJ mol™', under the same conditions.

{Relative molecular thanol = 32,0, hep =160.0)

(3 matks}
(i)  Besides the heat loss, suggest another source of error in the experiment.
(1 mark)
220
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DSEL? 08 [Same as ASLO3(1})_09, similar to ALL3(I1)_09] (b) (i)  Coloulate the number of moles of NaOH(aq) rencied with HClaq) in (a). Hence, find the
Several trials of an experiment were performed for detennining the enthalpy change of newtralization coneentration of the HCl(ag).
for & reaction, for each trinl, a 1otal volume of (00,0 em’ of a solution was obsteined from mixing (2 marks)
specified volumes of 2 HCl(aq) and 1.0 M NaOH(pq) as shown below in an expanded polystyrene (i)  Given that the initial temperature of the mixtuee for each trial is 25.5°C. calculate the
cup. The HCH{aq) and NaOH(aq) were kept at the same initial temperature before mixing. enthalpy change of neutralisation of the reaction, in kJ ot
(Density of the mixture = 1,00 g cov™;
Trial i 2 3 4 S specific heat capncity of the mixture = 4.18 1 g K
Volume of the HCl(aq) nsed / cm® 90 70 50 30 10 heat capacily of the expanded polystyrene cup : negligible)
Yolume of ile 1.0 M NaOH(aq) used / em* 10 36 50 70 90 (2 marks)
(c) The one determincd above is not the standard enthalpy change of neutralisation. What, then, is
For each trial, he mixture was stirred and its mazitnem temperature reached was recorded, A graph meant by the term “standard enthalpy change of neutralisation” ?
of the maximum temperature reached for cach trial is shown below; (1 mark)
o, _idme o A : el i DSEZ0_05bii, 111
L . BRRYNE Har ; 38 The melecutar formtla of an organic compound W Is CuHC,. 1t i soluble in water.
{8 Whet & piece of magnesium ribhon is placed into an g hution of W, hydrogen ges
evilves, According o this observation, suggest a fanctional group that W may contain,
£ mark)
{n 1t is known that one mole of W oan completely react with twe moles of NaOH,
” B} Draoy TWO possible structures of W,
o
18] Consider the following thermochemical eguation of 5 Tisati fon in standard
conditions ©
= ? CoHOng) + IMa0Hsg) - NapyCHOay) + 2H0(0 A=yl mol!
]
initial State the meaning of the term “standard enthalpy change of neutrafisation’, and deduce
temperaturs 3 the standard enthalpy change of lisation for this reaction in terms of y.
volume of 1.0 M NaOH(aq) used / cm®
(a) [t is estimated from the graph that 58.0 em? of NaOH{aq)(and 42.0 em® of HCI(aq))} is required !
for obtaining the possible maximum temperature reached in the experiment. Show how this !
estimation can bo done in the above graph.
(1 mark) (i} The standard enthalpy change of neutralisation between HCHaq) and NaOH(Gq) is !

'+
~§7.3 % mol™. Explain whether the enthalpy change deduced in {ii) above shoukd be

more negative than, less negative than or equal to —$7.3 K mol ™, i
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DSEZ0_07c

b2 An experiment is performed 10 study the following reaction © DSE21_05
BalOFy « 85008) + 2NH,CI(s) ~» BaClds) « 10003 + TNHig) 5. Hexamine (CgHizMa) is the main component of a portable solid fuel. It is a solid under room conditions and
) ) o o its structure is shown below :
{8} Whan the two solid resciants see mixed and stired 4 conigal flask, ammonis gas with 2
characteristic punpest smell is formed. Explain how ammonis gas can be tested. e //N ~ =
>
| cH, l
N l N
&
/ CHz//
N
~
H,C et CH,
€2 marks) (a) Suggest why the combustion of hexamine is exothermic in terms of the breaking and forming of
sovalent bonds.
[G3) Ba{OH); « 8H,O(s) is an alkali. What is meant by the 1erm “alkali® ? ) Ttis given that :
Compound Standard enthalpy change of formation / kJ mol™
" CsHiz2Ny(s) +123
i
{1 marky COxg) -394
{) The standard enthalpy change of formation of Ba(OH3; » 8H,00(s) is ~3345 kJ mol™, H0( -286
43} Write a thermochemical equation for the standard enthalpy change of fonnation of NO-(g) RES
Ba{OH}; « BB, 0(5). . ; ; " .
{1 Write a thermochemical equation for the standard enthalpy change of formation of
hexamine.
(it Calculate the standard enthalpy change-of the reaction between Ba(OH), « 8H,0(s) and
NHCHs).
{Standard embalpy changes of formation .
NH:(g) = ~46 k¥ mol™, Ha(x(l) = ~286 kI mot™’, NBCisy = 314 ki mol™, (i Hexamine combusts as shown by the equation below

BaCl(s) =—859 kI moi™
Ry ol CoHiaNuls) + 130x(8) — 6C0x(g) + 6H:0() + 4NOx(g)

Calculate the standard enthalpy change of combustion of hexamine.

5 {c} The following diagram shows an experimental sct-up for determining the enthalpy change of
combustion of hexamine under cerain experimental conditions.

thermometer
glass beaker
(i) Hence, explain whether the temperature of the mixtare would incresse, decrease or
remain unchanged during the reaction, water
héxantine
The data obtained are shown below :
Mass of hexamine combusted : 240 g
Mass of water : 600.0 g
Initial temperature of water : 23.5°C
Final temperature of water : 47.5°C
Malar mass of hexamine : 146.0 g
Specific heat capacity of water: 420 gt K
Assuming that the heat capacity of the glass beaker is nagligibl Jculate the enthalpy change of

combustion of hexamine under these experimental conditions,
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14. The enthalpy changes of formation of some substances under certain conditions are shown below :
Substance Enthalpy change of formation / kJ mol™!
H,O(l) -286
Na;O(s) -414
NaOH(s) -425

What is the enthalpy change of the following reaction under the same conditions ?
Na;O(s) + H20(1) — 2NaOH(s)
A. +275 kJ mol™!

B. -150 kJ mol™!
C. ~722 kJ mol™!
D. -1125 kJ mol™!
21 Which of the following statements are correct 7

(@) The standard enthalpy change of formation of graphite is zero. .
2) The standard enthalpy change of combustion of carbon monoxtde. is a negative value.
3) The standard enthalpy change of formation of carbon monoxide is equal to the standard enthalpy

change of combustion of graphite.

A. (1) and (2) only
B. (1) and (3) only
C. (2) and (3) only
D (1), (2) and (3)
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(b) (ii) It is given that the enthalpy change of neutralisation is the enthalpy change when solutions
of an acid and an alkali react together to produce one mole of water.

In the experiment, HCI(aq) is in excess. Calculate the enthalpy change of neutralisation
between Ca(OH)(s) and HCl(aq), in kJ mol™, under the experimental conditions.

(Volume of the reaction mixture = 100.0 cm’;

density of the reaction mixture = 1.00 g cm™;

specific heat capacity of the reaction mixture =4.2 J g™ K™;

heat capacity of the expanded polystyrene cup : negligible)
(Relative atomic masses : H= 1.0, 0 = 16.0, Cl = 35.5, Ca = 40.1)

(5 marks)

(c) Standard enthalpy changes of neutralisation AH,*® for two reactions are given below :

AH,* / kJ mol™
Reaction between Ca(OH).(s) and HCl(aq) -58.6
Reaction between CaO(s) and HCl(aq) -186.0

Calculate the standard enthalpy change of the following reaction.
CaO(s) + H20(1) = Ca(OH)a(s)
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Struetural Questions
ALS8Q) 02

®

@i

0 _ =242 X 1000
M=
3] AH’[CH:OH()] = AH{COx(g)] + 2aH{H0(1)] — AHS{CH3OH(13]
== 394 + 2(—242) — (—239) = ~639 ki mol~*
—639 x 1600 3 -
Aﬂ—mm 8.0 % 10 k}kg
Effectiveness of fuel

~1.34 % 10*
1): T a—— —~744

= —1.34 % 10° k) kg™!

-8 % 10°
@:

= —300
F(44+2x18)

Based on the above data, Ha(g) is more effective fucl.

AL99(1)_07b
Auny THREE of the following:

-

Heat loss to the surrounding

The specific heat capacity of the reaction mixture equals to that of water

The heat absarbed by the polystyrene foam eup / the thermometer is negligible
The dengity of the solufion is the same as that of water

ASL99(T} 02
(8)  As the energy released in forming bonds In products (C=0 and O-H} larger than
encegy absorbed for breaking bonds in reactants (C-C, C-H, O-H and 0=0)
()  The average enthalpy change for bresking | C=C and 2 C-H bonds
1 — 726 017 — 1367
= {1a67 )-;(2 1367) = 645.5 k] mol™?
Value of ¥ = —2617 + 645,5 = —2662.5 kj mol~?
€}

CIHOH( + 3/,0x(8) —~ COxg) + 2H.0)

AH%, 20s{ CH3OH()] = AR fproduct] ~ SAHC freactant]
—~726= (~393) + 2(~286) ~ AHC, 204 [ CH, OH()]
AH® 20s[ CH1OH(1)] = -239 kI mol™?
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ASL99(I)_13
) Ester group
c=C
3 Energy reloased = 250 X 4,18 x 20.5 = 2142 256 = 214K}
2,30
Mole of compond T burnt = e 2.62%x1073

~21.4

TR0 = 8178 K mel™?

Enthalpy change of combustion =

(i)  Auy TWO of the following
Incomplete combustion of compound T
Heat lost to the surrounding
Heant absorbed by the aluminium can is non-neligible

ASLO0(T)_08
() & An enthalpy change when 1 mot of eyclohexanc is burnt completely it
excess oxygen gas vader the standard conditions.
CeHin(s) + 90xg) — 6COu(g) + 6HO(D)
@Gy CeHs(l) + 2Hxg) —= CeHnll)
AHn = T AHC[reactnnt] ~ LAH {product]
=(-3584) + 2(-286) — (-3924)
=232 kJ mol™
® O Platinum / nickel
() To ensure that hydrogen gos well contact with cyclohexa-1,3-dlene and
catalyst for renction.
(jii)  Copper is o better heal conductor than glnss.
Copper has a higher strength to withstand the high pressure buill up by the

hydrogen gas.
Gv) () Energyreleased = 300X 42X 165 = 20790 ) = 20.79 k]
~20.79
Enthalpy change of iydrogenation = 10" —207.9 I mol™?

) Any TWO of the following:
No heat {ost to the sumounding
Hydrogenation of cyclohexa-1,3-dienc is completed.
There is no evapotation of cyctohexa-1,3-dlene ot cyclohexane,

ASLe(n_eo
{a) (] CsHiaOgs) + 602g) — 6COxg) + o6H0(1
AHC, 15s{CeH10s(s)] = LAH dproduct] - T AR freretant]
= §(~394) + 6(~286)— (~1274)
=-~2806 kJ mol™!
(i) 10
No. of mole of giucose = T 0.0556

Erergy released = 2806 x 0.0556 = 156 5]
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{b)

©

ASLO2(J1)_08

(o)

®)

©)

10
No. of nolfe of tripabnitin = — = 0.0124

806 [1
Energy relensed = 31400 x 0.0124 = 389K i
Under the same mass of carbohydrafe and fat, carboliydrate pravides less amount of {I}
encrgy to support the plantwith fower metabolic rate, while fat provides larger amount {1}
of cnergy to support animal with higher metabolic rate.
0] [2]
thermometer
aluminium van
—t——— watey
e flOMNE
ethanol
=
(i)  Energy liberated = 200.0 X 4.2 X 6 = 5040} !
0.185
22— = 3
Mole of ethanol used 73 4.02 x 18 o
Bnthalpy cl £ combustion = oo = ~1253 K] mol~*
uthalpy change of combustion = yem—amey = j mo 0
(i)  There is no heat lost to the surraunding. 2]
Complele combustion of ethanol
(i) No. As the side products such as COz may form. [t
i) 1
{ 2C(graphite)+3ﬂz(g)+—z- 0,{g) — C;HsOH(D M
AH®; 208{CoHsOH(D] = TAH [reactant] ~ TAH [product}
=2(—394) + 3(-286) — {-1368) {1
=278 kJ mot™ m
@ Both HC! and HNO; are monobasic aad they are completely ionized in water.  [1]
They neutratize with NaOH{aq) to give same amount of water molecule. 14
(i)  HCKaq) is a strong acid while CH3CO2H(aq) is s weak acid. {n
Part of heat released in the neutralization of CHiCOzH(aq) wilh NaOH(aq) is 1]
sbsorbed for complete onization of CH3COzH({aq).
226
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ASLG3(Ty_09 ASLOS(1)_04
3 0
@ T T THTHE i 8l ® fne, of moles of Zn= i-—~=0.061
40.0 R 1 65.4 [t}
HHTH] NITH T no. of moles of Cu**(aq) = 1.0 X 25 x 16~% = 0.025
R | HHH * CuSO4(aq) is the limiting reactant. {1
o 36.0 a8y TR (b)  Maxinum temperature rise = 53 °C
¢ 1 : 4
; P - H a2
2 320 (f i
§4 [ H : : L L 80T
§ 28.0 A fiitid 5
L . 70 ‘
24.0

0 10 20 30 40

tempegatuce / °C

volume of HCl(nq} used / cm?* 2}
® B 407°C {1]
(i)  Volume of HCl(ag) required to reach the end-point = 17.3 ent® {13
HClaq) + NaOH(sq) —= NaCliaq) + H0()
Concentration of HCl(ag) = 2'2 7)( 325 = 2.8% mol dm~3 1] N = o o= 4w e = = Rt T BV
{c) At the end-point of the titralion, total volume of reaction mixture = 42,3 ¢m? Y 5
Temperatuve rise = 14.9°C . i
Energy liberated = 42.3 X 4.2 X 14.9 = 2647 ] {1 RsEA IS
Enthalpy change of neutralization = TRIE R 16T XZ:G:ZO_;; = 52,9 k] mol~t B (65 Heat eVOé‘jsc;is— 25 X 42 X 53 = 5565 ] = 5,565 kJ {1}
A =-5ozs )
ASLO4(I) 10 = ~222.6 k] mol™! {1}
(® (1) Molar enthalpy change of solution of CuSO4(s)
50%4.2x7.7 ALOS(IT)_05
T o0z [y (a)  Complete combustion of octane:
= 64680 )= — 64.68K) ' in Cebha(l) + 12.50xg) —= 8COg) + 9HL0()
(2)  Molar enthalpy changs of solution of CuSO045H0¢s) Standard enthalpy change
50x4.2%1.7 = 8AH [COx(g)} + 9AHS: (0] ~ ALl [CaHus(D]
0.025 [t = 8(~394) + 9(~286) - (~250) (t
=+14280]= + 1428 K] {1 =~5476 kI mol-f 3]
B)  CuSOis) + agq —= CuSOa(aq) AHp=-64.68 kJ mol-! Compiete combustion of ethanol:
CuSOeSHL0(6) + ag —= CuSOs(aq) AH; = +14,28 kI mal™* CaHsOH() + 30:xg) —> 2C0Ag) + 3H0()
For the reaction, Standard enthalpy change
CuSO«(s) + SHO) —~ CuS0se5H0(s) = 2AH [CO1(g)] + 3AH* [H0(D] ~ AH [C2HsOH(D)
AH = AH; — AH = —64.68 — (+14.28) ! = 2{-394) + 3(~286) — (~278) 1
=-78.96 kJ mol-! i = —1368 kJ mol! m
() Misdifficult fo measure the temperatne of g solid, . RV = '
227 228
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(b}  Conversion of enthalpy thanges of combustion from kJ mal~! to kI g* units ASLO6(I_11 ,

—~5476 (ay  2,2,4-rimethylpentanc H
For actane, AHE per g = —gz—= ~48.0K/ g™ (m ®  Molrmassof ¥= 12X 8+ 1x 18 = 114 g moi™* H
For ethanel, AHZ perg = _;168 = 29,7k g! i no. of mole of X burnt = m = 0.00877 o
As the altemative fuel contains 90% octane & 10% cthanol, its enthalpy change of AHS = — 44,5 = —5074 )] mol™*
combustion ¢ 0.00877 i1
= {0.9)( ~48.0) + (0.1)(~29.7) = 462 kJ g {1 ©) AHO{CaH()] .
For the same mass, 1ic altemative fuel has o lower energy content. $1} 8 C(s)+ 9 Hy(g) — CaHpe (1) .
(¢)  Anyone of the following: (13} 8AH{COxg)) !
1. Ethanol is an oxygen-containing compound. It is easier for the altermnative fucl to + QAH{Txg)] \ f/ ABC{CsHis(l)] + "“01(9,) {1}
achieve complete combustion / less CO is produced / less partisulates ate formed 5 2}0;@) 8 €O, (8) +9 H;0 (1)
/ {ess air poliutants.
2. Bthanol is a renewable cnergy souree. Tt can be oblained from agrienitural AHO{CsHu(D] + (-5074) = 8(~393.5) + 9(~285.8) N
products. * AHE [CeBus(D)] = ~646 kI mol ™! i
3, The cost for the production of ethano] is fow in agrlcultural connties.
ALOBQI)_O1
ALOG(I) 02 (@)  The enthalpy ehange when 1 mol of the componnd is formed from its constituent {1}
The conversion of diamond to graphile has very high activation energy. The reaction s very 1] elements under standard conditions,
slow under normal conditions. ) @) SiCl@) + 2H0¢) — SiOys) + 4HCl(g) {t]
[NOT acsept: $i02.2H0 as one of the products}
ASLOG6(1)_06 ) = AH [SIOxs)] + 4AH" [HCHg)] —~ AR [SICL(D)] - 28H° H20(IH
(") Astronger intermolecular force, hiydrogen bond, is formed between trichlotomethane {1} = (=910} + 4(-92) ~ (-640} ~2(~286) i
and ¢ihy! ethanoate moleoutes, Energy Is released accordingly. = 66 k} mot™! it}
Asty ONE of the following: it}
5 By ~ CHy i} 1. SiCl() is in excess / The hydrolysis gives HCI(g) instead of HCl(aq)
CliC—H" e ecx O=C\ 2. The Hess® Law is followed. {NOT accopt er is conserved
QCH;CH, pt enesgy is conserved.}
() 8x 149 ASLO9(I) ot
no. of mole of trichloromethane= =375 = 00997 0! ()  2CH,CH(NH2)COM(s) + 60a(g) —~ SCOxg)+ COMNHa)s) + SHZO() )
. 10 %09 o O 4CH;CH(NH2)COzH() + 1501(g) — 12C0x(g) + 1O + 2Ma(g) 1]
1o, of mole of ethyl ethanoate = Y 0.1023 () 2COMHan(s) + 30a(g) —= 2COx(e) +4H200) + 2Ne(g) i
Trichioromethane is the limiling reactanl. ()  Enthalpy change for biological oxidation of alanine
Heat given out = 8 X 1.49 X 097 X 9.5 + 10 X 0.9 X 1,92 % 9.5 = 274.0] {11 _ 4AHgalanine] ~ 2AHR[urea]  4(~1577) — 2(-632) {n
-274.0 _ R 4 - 4
BH = e = «2748 J mal™! = —2,75 kj mot™! m — A i 0
Molar mass of elanine =890 g i
Energy obtained from the biological oxidation of 1.00 g of alutine [1]
=22 o a2y |
89 ! :
229 2% i
|
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ASLI16(i) 07 ALTI(IT) 03
(@  The enthslpy change wien 1 mol of the compound is formed from its constituent n @ () (359-285)=74°C/K (2]
clements under standard conditions. (Accept answers from 7.3 10 7.5 °C)
® () NHig) + HeOul) —= NOWl) + 2H:0() i 36 . Tn
() AH®= AR N04(D)] + 2AHO [HLO()] ~ 2AHCs [NHy(g)] - AHOFL05(1)] : )
=+51 +2(-286) — 2-46)  {188) {n ; i Au N e
=241 kJ mol! m : RNy R -

34

(€} No. The explosive property of hydrazine is due to the fact that the oxldation Is very  [i]
fast and there is evolution of a farge volume of gases.
The positive standard enthalpy change of formation hydrazine only mcans that itis  [1]
tinstable as compared to its constituent elements.

wopaatze / °C
}
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s
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AL10(T)_02
® () 3AIS)+3NHCIONS) —= ALOs(s) + ACh(S) + 3NO(g) + 6H:0(g) 0] T A T
(i) 4CH;NHNH(D) + SN204(1} — 4COx(g) + 12H20(g) + MNa(g) i1 s - o RaeARNEE N
) AH= AP [ALO: ()} + AHPHAIC(s)] + 3AHC INO(g)) + T 1T T
SAH{6H:0(g)] e
- (BAHMAK(S)] + 3AH*{NH.CIOAS)]) s FELEEEH EFL T R EiERERAE: J’
= (~1676) + (~704) + 3(+90) + 6{=242) ~ 3(0) ~ 3(-295) i} 0 -- 2 G 4 % s
=_2677 kJ mol™ [ time / minute
(i} AH®=48H [COg)] + 12AH% [HO()] + 9AHS; MNa(e)l {! mark for answer; | mark for warking shown on the graph)
— (GAH{CHNENH ()] + SAH{N2O4(1)]) Working on graph: cither the two doiled lines OR only the solid line but take
= 4(~394) + 12(~242) — 4(+53) - 5(~20) ] note that cannot exceed the indicated region,
=-4592 kJ molt 1] If all fincs are drawn with intersection, even beyond the region. aceept as
() Any ONE of the following: {1} correct.
1. glc(zl:ncc:‘ :1}2;22;;20 r;ar::l::‘ly upon ignition. The take-ofY of the shuttle and (i) No, of moles of ZnO(s)used = 3_172 =921 x 103 -
2. The solid propeliant has  high power density, i.e. enexgy lberated Per unit mass No. of moles of H*(aq) present = 1,1 X 25 X 1077 = 2.75 x 10~2
is great, » ZnO(s) s the limiting reactant. ’
(d)  The cryogenic mixture acts as reacls in the Hx-O fuel cell. The chemical processes Heat libernted = 25,0 X 4.2 X 7.4 = 0,777 k} {11
involved are: For reaction (1), molar enthalpy change
Anode: 2Ha(g) + 40H(aq) ~—~ 4H0(0 +de- %4} 0.777 e
_ = e = —B4.4 kf (ol ")
Cathode: Ox(g) +2H0(ly + de —= 4OH (aq) [%1 9.21 x 103 {1}
Overall: 2Hs(g) + Oafg) ~— 2HLO() n {Acceptable range: —83.2 to -85.5 kJ)
(e) ::;3:5:22(.1) reacts with N2O(1} on contact. The propulsion can easily be started {1} [ 2nGs) + % 0,(8) — Zn0(s) i
AH{ZnO(s)] = AB(2) — AFK1) + AH{H0(1)]
=—49 ~(~84.4) -+ (-286) in
=-~250.6 kJ mol™! [
(Acceptable range: —252 to ~250 kJ mol™)
231 232
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ALI3(ID_09 (modified)

(a) TFrom the graph, the volume ratio of NaOH(ag) : CCLCOA(ag for complete
neutralization =25.5 : 24.5
(Accept velume ratio from 25.4 : 24.616 25.6 : 24.4)
No. of moles of NaOH (or CCLCO2H} used
= 1.02 x 25 x 1073
Maximun zise in temperature = 7.1 °C {Accceptable range: 7.0 10 7.2}
Heat liberated = 50 X 4.2 x 7.1

SOx4Zx71

TOZ X 255X 103
(Acceptable range: ~59.0 to —55.0)

(b)  The enthalpy change of neulralizalion of CChLCOH{aq) by NaOH{aq) is more
negative (nmore cxothermic) than that of CHyCO2H(aq) by NaOFi(aq), i.e. CCLiCOH
is & stronger acid that CH;COH.

AH = ~57.3 k moi™?

Part of the heat is absorbed for complete ionization of CH3CO;H,
DSEILSP_05
@ I

thennometer

calorimeter

(1 mark for an alcoho! famp containiog some ethanol; | mark for a calorimeter
conaining same water.)
(b)  Heatrcleased =200 x 4.2 X 6 = 5040 J = 5.04 ki
Moles of CoH0H(D bumt
0,185
TZ0%2+ 10X 6+ 16.0)
Enthalpy change of combustion of CzHsOH(Y)
~5.04
4.02%x 1073
(&) No heat loss to the swroundings
OR, The ethanol undergoes complete combustion

=462 x 10~2

= ~1254 kf mol~*
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DSE[2PP_067

@

)

DSE(2_08

(@)
&

)

@

(i)

)

(i)

Moles

Heat li

3.0
of Cad(s)used = ST 0.053
beraled = 53 X 4.2 X (46,7 — 28.2) = 4118] = 4,118k}

—4.118

AH = ——— = 770 k] mol™

0.053

(Acceptable range: ~72.6 to ~77.0 ki mol™)

Any O
- PP

NE of the following:
is not a perfect heat insulator; heat is lost to the surroundings.

- Some CaO(s) may have reacted with 201} in air.
{Accept other reasonsble answers.)

(3 Any THREE of the following (at least } mark should be allocated to
each part):

ag -

PP is a poor conductor of heat, Using PP container to hold CaO(s)
will protect hands for skin bums,

PP can withsisnd the high temperature caused by the reaction of
CaOfs) with H001),

Compounds of Al are non-toxic. They will not causs food poisoning.
Al is a good conductor of heat. The heat liberatedt from the reaction
of CaO(s) with HaO(l) can readily be transmifted {0 the coffee
bevernge.

Aluminium is covered by u layer of unteactive AL:Ox(s), which
prevents the melal from corrosion.

(Accepl other reasonable answers.)
The reaction of Cal(s) and HaO(l) is higholy exothermic, and CaO(s) is an
inexpensive material.
{Accept other reasonable answers.)

€01 gas produced makes the bread rise / spongy / soft,

1
KHOO(8) — SKoCO0,(8) + SH00) + 5C02(8)

@

q= 275X 43 X {258~ 20.2) = 662.2] = 0.6622 K]

+0.6622

&H =

391 +1 +‘12 +16%x3

= +19,6 kJ mol? 7 +19.55 k) mot™ £ +19.5 kI mol™

If the

candidate omitted the “+" gign for the positive numbers, and the

numerical answers are correct, deduct 1 mark only.
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r— r— ¢ & — — [—

ii
@ pn=196- (-194 x%)
=+44.15 kI mol™!  (Accopt +44.1 to +44.2 kJ mol )
If the eandidate omitted the “+” sign for the positive numbers, and the
numerical answers are covrect, deduet 1 mark anly,
@ o

1
AH = 5 [-1146 — 394 — 286 ~ (—959 X 2)] = +46 k] mol~?

If the candidate omitted the “+” sign for the positive nmmbers, and the
numerical answers are correct, deduct 1 mark only

(i)  Notperforming the cxperiment in standard conditions. / Heat transfor with the
surroundings, / The heal capacity of the container was neglected,

DSEI4_06
(® (i) The enthalpy change when one mole of a compound {substance / octane)
burns completely under standard canditions 725 °C and I atm,

25
Callgp(D) + "i‘oz(g) —— BCO(g) + 9H,0()

(The equation shoud have correet state symbols)
[ ()] Catalytic converter
(i AH®=2(-394) - 2(-110.5) - 2(90.3)
==T47.6 kI ot~ (the answer should have correct sign and unit)

DSEL5 08
@ G
[CY R Covalent bond(s) broken C-H and 0=0

Covalent bond(s) formed C=0 snd O-H
(i}  (The total) Bnergy refeased in the bond forming process is larger than (the
total) energy absorbed in the bond breaking process.
(i) AH° = AHM{COx{g)] + 28HFH0(1)] ~ AH*{CHa(g)]
={-393.5) + 2(-285.9) ~ (-74.8)
=-~890.5 kI mol~!
(©) - Natural gas burns (imore) completely but coal does not. /
Burning coal would produce soot / earbon monexide but burning natural gas
would not.
- Compared with natural gas, coal contains more impuritics. /
Bursing coal would praduce more pollutant, such as S0;, metal compound dust,
NO». {If the answer mentions pollutants, the answer should have 2 correct
example of pollutant. NOT accept CO, soot,)
(Accept natural gas or methanc in the answer only. NOT aceept other gascous fliel
such as LPG)
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DSEI6_07

@

Canstant pressire
Do not accept answers ke “1 atm™, “1 atm and 25°C".

(b)  Itis very difficult for Mg(s), C(s) and O:(g) to react directly to form MgCOs(s).
OR, MgCOi(s) cannot be formed from its efements,
OR, MgCOs(s) cannot be formed directly.
OR, There wilf be side products. / MgQ will be formed, / COz will be formed.
{c) (O  Heat loss to surrounding. / PS cup absorbs heat. / Thermomeler absorbs heat
(i) No, because insoluble CaSO4 will be fornted, {and the reaction is stopped),
@ Mg + @ + S0, — g0,
y—50=-467-394 - 286
=-1097 kJ mof™!
DSEIT 07
(#)  Thereaction botween carbon and hydrogen does not only give ethyne. / There will be
side reactions / side products will be formed.
Carbon and hydrogen gas have no reaction af room conditions,
(b)  The total enthalpy change of a chemical reaction Is independent of the pathway
between the initial and final states.
©  ©

AHp [CHa(g))

2C(graphile)(s)  +.  Hy(z)
1
2AH {C(grmphite)} A}Llﬂz(g)lxioz(g) AR[CHA)]
5
+ 'i'()](g)

+20,(8)
2000y + HO(

CHye

@iy () 298K /25°Cand!atm/101KkPa/ 101325 Nm™
(1} AH*{CiHi(g)]= 2 X (—394) + (—286) — (~1300)
= 4226 k] mol™*
Correct Unit. MUST show the positive sign.
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DSE18_06
@
D
(i
® G
@)
DSEIS 08
{2)
ORI

6COAg) + GHO() — CeHuOs(s) + 60Ag) [}
AH = ~1276 — 6 X (=394 — 286) = +2806 k| mol ! 12
(Do not accept +2800, 42810 kJ mot™

Light / solar energy changes to chemical energy. 41
Lot C be the heat capacity of he calorimeter,

—-715x1§s;._—(:x185 (1) (]
AHX%%:—CX 258 (2) i
AF = ~4826.8 k] mol )]
(Accept —4823 to 4831,1)

Incamplele combustion / soime methanol or heplans evaporates, i

[1}

Drawing 2 best-fit slant siraight fines to show how to obtain the possible

maximun temperature using the volume of NaOH(aq} (58.0 em?),

No. of moles of NaOH(aq) used = 1,8 % (58.0 + 1000) = 0,058 (mol) fn

** At equivalent point, no, of moles of NaOH({aq) used = No. of moles of

HCH{uq) rencied

*. No. of moles of HCl(aq) reacted = 0,058 (mol)
Concentration of HCl(aq) = 0.058 + (42.0 < 1000) = 1.38 mol dm™ n
OR 13RIM
237
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DSE20_05

DSE20_07

(i)  PEnergy released during the reaction = i
1000 x 1,0 x 4,18 x (33,1 - 25.5) = 3176.8 }
Enthalpy change of neutralisation =
31768 + (0.058 x 1000) = ~54.77 (k¥ mol™) m
OR -54.7721 ~354.8 (kI mol")
OR  Energy released during the veaction
= 1008 x 1.0 X 4,18 X (33,1 ~25.5) =3177J
Enthalpy change of steulralisation
=-3177 +{0.058 x 1000} = —54.776 (kJ moi™)
OR -54.78 (kI mol™Y)
The enthalpy change when an acid solation and a base / an alkali solution react {1}
together under standard conditions (o produce 1 mole of water.

5. (@ Carboxyl (group) / ~COH (group) / ~COOH (group) =GO ¥ LOMF
(Nt aceept: scld £ aikanoie scid / organic acl ¥ COOH~ 2 CHO £ HO:CORCIRCGH
sarboxylicucid groups

o) ) HOwCCHzCH;CO;H[HOQCCH}CH~ 5K

1
8]
iy « The enthal px change when solutions of an a¢id and analkali /a has; react together / i

to produce 1 £

aitrafise ander standard conditions |
(Aceept 25’!5 (298K} and ong atrmosphieric
. As indicated in the equation, the reaction

uces 2 moles of watcr, “hence v/ 1
zepresents the standard enthalpy change of ncufralisation.

TAsoeni: Nounity

{iz) Less uegativc (h:m -573% mol" i

;i&woegi absarh energy iy
(Not sooegt: dissocmiel

7. (@) * Puta i
. Ammonia/ N}{; gas dlssolves in water to give QH- ions / i
paper 1o blve /oft Paser 6 blE

aper Tue
+ Putaglass vod with Sone. HCT/ HCHE) wear the motih of the comical flask (0
+  After reaction, (dense) white fumes eo :  is formed; )
«  Bxliveribe pasp s in oH meter to mensure the
forrged: —
* Anmi ) onin £ NHs gas dissolves in water 10 give OB fons / an alkaline sofution with (1)
pHz )

(b) Alkali is 2 water soluble substance reacts with an acid to give salt and water only. 1

¥ Allealf is a substance whsn dissolved in water (o give as the oaly anion
FATkalt {3 u soluble basethat reacts with an acidio g(\zﬁ%@ only, —
(Notaccept: alkali 7egcts wilb aeid 10 give salt and water paly)

[Not accept: alkalis ote water sofoble base)
(Mot accept-alkali is a soludon with FOI] higher than 1113

(©) () Ba() + 9H(g) + 50x(g) —» Ba(OH): « BH:0(s) AHp = ~3345 kJ mol™! I
#Hale)+ GHtg) + S0ul8) > Ba(OHY « RH) AR = 3388 %3 mot Tk
{Not aucept Bafs) + 93+ 5S0:3} =3 BatQH) « SELO(S) . &M 50}
(Correct shute svmbiols and ariti '

(i) AHP=(-859) + 10x(-286) + 2x(-46) - (-3345) - 2(-314) 1*
=+162 kI mol~' {Showeg ot}
{Accept: +1620%7 mol )
(ot gocepts “Wrong dnit’

ssing bnits, e phissipnd sley
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SECTION 9 Rate of Reaction

Multiple-Cholee Questions
CE90 08
Which of the following contains the largest number of ATOMS af toom tomperature and
pressure?
(Relative atomic masses: H= 1.0, N=14.0, Cl = 35.5; Molar volume of gas st room temperature
and pressute = 24 dut’)

A, 2mol of aramonia pas B. 3 mol of nitrogen pas
C, 7gofhydrogen gas D. 90 dm’ of hydrogen chloride gAE
CE90_1t

What volume of 0.5 M sulphuric acid is requited to liberate 4.8 dim?® of carbos dioxide at room
temperature and pressure from excess solid hydrogencarbonate?
{Molar volume of gas at room temperature and pressure = 24 dm?)

A, 02dm? B. 04dm’
C. 20dm? D. 404w’
CE91 03

Solid X undergoes completo thermal dissociation according to the following equation:
Xis) — Y{g)+Z(s)
On heating 4.90 g of solid X, 140 dm® of gas Y and 2,30 g od solld Z are obtained at room
temperature and pressure, What is the refative molecular mass of Y?
(Molar volume of gas at room temperatore and pressure = 24 dii®)

A 320 B. 394
C. 446 D, 840
CE91_32

Which of the following gases confain the same number of molecules as 300cm? of oxygen under
the same temperature and pressure?

(1) 150 aw’ of NH;

@) 200¢m®of O3

3) 300cm’ofHe

(4) 300 om® of HCI

A, (1)and (2) only B.  {(3)and (4) only
C. (1), (3) and (4} only D.  (2),(3)and (4) only
CE93_09

0.21 g of a gaseous hydroearbon occupios 0.12 dm? at room temperature and pressure. If this
hydrocarbon has the empicical formuln CHa, what is its molecular formula?
{Relative atomic masses: H = 1.0, C=12.0;
Molar volume of gas at room temperature and pressure = 24 dm?)
A Oallg e e :
C. CyHg D.  CsHip
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CE94_47
1* statement 2™ statement

‘The relative atomic mass of axygen is greater

than that of hydrogen,

At room temperature and pressure, the
molar volume of oxygen gas is greater than
that of hydrogen gas.

CE95_31
Question 31 refers to the folfowing chemical equation:

Fea03(8) + 3C0() —= 2Fe(s) + 3C0{g)
What volume of carbon dioxide, measured at room tempetature and pressure, is produced if 224
g of iron are formed?
(Relative atomic mass: Fe = 56;
Molar volume of gas at reom temperalure and pressure = 24 dm’)

A 16dm B. 36dm
¢ 72dwd D. 144 dn?
CE96_11

In an experiment, 1.6 g of sulplur are burnt completely in air (o form sulphur dioxide. What
volume of sulphur dloxide, measured at room temperatire and pressure, is formed?

{Relative atomic mass: § =32,0;

Molar volume of gas at room femperature and pressure = 24 dm?)

A 06dm B. L2dm’
C. 24dw’ D, 12.0dn’
CE96_19

Under cerlaln conditions, 6¢ em’ of a gaseous compound, NxOy, decompose completely ta give
60om® nitrogen gas and 30 em® of oxygen gas. (Al} gas volumes are measured at room
temperature and pressure,)

Which of the following combinations is correct?

% b4
Ao I
B. 1 2
& 2 1
D. 2 3
CB96_32

Which of the followlng statements concerming one mole of nitrogen gas is/are gorrect?

(1) Ithasamassof 14.0 g.

(2) Toccupices the same volume as 4.0 g of helium gas at room temperature and pressure.,
(3)  Hcontains 6.02 x 10% atoms of nitrogen.

{Relative alomic mass

B (2)enly
C.  (1)and (3) only D, (2)and (3) only
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CE97 17

Which of the following gases occupies the largest volume at room temperatues and pressure?
(Relative atomic masses; H = 1,9, C =12.0, N = 14,0, O = 16.0; molar volunie of gas at room
temperature end pressure = 24 dim’)

A, 1.0gof amonia B. 2.0 gofunilrogen
C.  30gofoxygen D. 4.0 g of cashon dioxide
CE97 34

One mole of sulphur atoms has & mass twice that of one mole of oxygen atoms, Which of the

following statements isfare correct?

(1) 2 gofsulphur and 1 g of oxygen each oeoupy the same volume at room temporature and
pressure.

2y 2 gofsulphurand | g of oxygen each contain the same number of atoms.

{3)  The number of atoms contained In one mole of sulphur is twice that contained in one mole

of oxygen.
A, (Qonly B, {(2)only
C.  (i)and (3) only 3. (2)and (3) enly
CE98_28

7.5 g of calcium carbonate is added to 50.0 em’® of 2 M hydrochloric acid. What is the volume of
carbon dioxide liberated at room temperature and pressure?

{Relative atomic masses; € =12.0, 0 = 16.0, Ca=40.0; molar volume of gas at room temperature
and pressure = 24.0 dm®)

A 0.9d0 B. 12dm®
¢, 1L8di? D. 24dw
CL98_46
1® statement 2™ siatement

One mole of water occupies the same One mole of waier contains the same sumber
yolume as one mole of carbon dioxide at of atoms as one mole of carbon dioxide.
room temperature and pressure,

CE99_16

At roont temperature and pressure, 8.0 g of oxygen and 20,0 g of gas X occupy the same volume.
What is the molar mass of X?

(Relative atomic nrass: O = 16,0; molar velume of gas at roont temperatuce and pressure = 24

dra’)
A 200g B. 400g
C. 600p D. 800g
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CEOL_10
Consider the reaclion:

4Ha(g) + FesOufs) — 3Fe(s) + 410(0)
What mass of fron would be obiained if 96,0 em® of hydrogen, measured st room temperature
and pressure, s consumed in the reaction?
(Relative atomic mass: Fe = 56,8, molar volume of pas at room temperatuee and pressure = 24
dm’)

A DUsG6g B. 0.084g
C. 0168g D, 0224g
CE01_27

Suppose that the Avogadro number is L. How many atoms does 600 em* of oxygen at room
temperature and pressure conlain?
(Molat volume of gas at room temperaturc and pressure = 24 dm’)

A 1M40L B 1201
Cc. 25L D S0L
CEQ1_33

Consider the information below about the reaction of hiydrogen with chlorine:
Ha(g) + Cla(g) — 2HCl(g} AH <0
Which of the folfowing statements can be deduced from the above information?
{1}  Heat is Hberated when hydrogen chloride is formed.
{2y  Hydrogen and chloring react at room temperature,
(3}  When measured af room temperature and pressure, the total gas volume betore the reaction
equals that afler the reaction.

A. (1) only B. (2)eunly
C. (1) and (3) only D.  (2)and (3)only
CE02_16

Gases X and Y react to give a gaseous product Z, The reaction can be represented by the equation:
X(g) +3¥(g) — 2Z(g)

In an experiment, 40 cm?® of X and 60 cmy® of Y are mixed and arc nilowed to react in a closed

vessel, What is the volume of the resultant gaseous mixture?

(Al volumes of are measured al room (emperature and pressure.)

A, 40on’ B. 60oem'

C. 80w’ D, 100cn’
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CE03_06
Sodiom azide, NaNy, is used in air bags in cars. When there is a serious collizton, the azide will
decompose to give nitrogen. The decomposition can be represented by the equation:
2NaNs(s) — 2Na(s) + 3Na(g)
What is the mass of sodium azide required to produce 72 dm? of nitrogen at room temperature
and pressure?
(Relative atomic masses: N = 14,0, Na =23.0;
molar volume of gas at roont temperature and pressure = 24 dm’)

A, 650¢g B, 1300g
C. 1950g D. 2925g
CE03_20

A sample of zine granules of mass 1.8 g was added to 100 em® of 0,25 M liydrochloric acid, What
is the thearetical volume of hydrogen produced at room temperature and pressure?
(Relative atomic mass: Zo = 65.4; molar volume of gas at room temperature and pressure = 24

dm?)

A, 0304w’ B. 033dw’
C. 0.60dm? B.  0.66 d®
CED5SP_3%

In an experiment, 8.1 g of magnesium was teepted with 250 e’ of 2.0 M hydrochloric acid.
What volume of hydrogen was liberated at room temperature and pressure?
(Molar volume of gas af room temperature and pressure = 24 dm®)

A, 4dm® B, 6dn’?
C. Sdm? D, 12dm?
CEOG58P_50
* statement 2™ statement

The volume of 10.0 g of gascous carbon
dioxide is the same as the volume of 100 g
of solid carbon dioxide.

10.0 g of gaseous carbon dioxide contains the
same number of molecules as 10.0 g of sofid
carbon dioxide.

CE04_03

The relative atomic masses of hydrogen and oxygen are 1.0 and 16.0 respectively. Which of the
following statements conceming 36.0 g of water is correct?

{Motlar volume of gas at room temperature and pressure =24 dm?;

Avogadro constant = 6,02 x 162 mol-Y)

A. [tconigins 4 ol of liydrogen atoms.

B. Itcontains 3 » 6,02 x 10°* atoms.

C.  Ttcontalns 6 % 6.02 x 10** molccules.

D.  lthasa volume of 48 dm? at room temperature and pressure,
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CE04_06

Decomposition of KCIOs(s) at clovated temperatures gives KCI(s) and Oa(g) as (he only
producls. What is the volume of Oa(g) preduced, ed al room peratuce and pressure,
when 63.1 g of KCIOx(s) undergaes complete decomposition?

{Relative atomic masses; O = {6.0, Cl=35,5, K = 30.1;

molar volume of pas at raom temperatire and prosstire = 24 dm’)

A 3dmd B. 12dm'
¢ 18dw? D, 36dwm’
CE05_35

NaHCO; decomposes upon heating ta form Na;COsz, CO; and HyO, What is the volume of CO»
formed at room tempetature and pressure if 336 g of NaHCO: undergoes compleie
decomposition?

(Relative atomic masses: H= 1.0, C=12.0, 0= 16.0, Na=23.0;

molar volume of gas al room temperature and pressure = 24 dm?)

A 12cm? B, 24om?
C. 48cmd D, 9%cm’
CE05_44

Which of the following statements conceming 1 mole of aluminium isfare corect?
(Avogadro’s constant = 6.02 x 10%%;

nrolar volume of gas at room temperature and pressure = 24 dm’)

(1} Itean form | mole of AP jons.

(@) Itecanform 3 x 6,02 x 107 AP fons,

(3) Htocenples 24 om? at room temperature and presstire.

A, (Donly B. (2)only
C. {yand (3)only D. (2)and (3) only
CE06_4t

Metal X forms an oxide with the formula X320, Upon strong heating. the oxide undergoes
decomposition aecording to the following equation:

2X20(s) — 4X(s) + Oxg)
Complete decomposition of 2.90 g of the oxide gives 150 cm? of oxyzen, measured at room
temperature and pressure, What is the relative atomic nass of X?
(Relative atomic mass: O =16.0; molar volume of gas at roon: temperature and pressure =

24dm®)
A, 540 B. 1080
C. 2160 D. 2320
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CE06_50
19 stateinent 2™ siatenent
Under room (emperature and pressure, | The number of atoms in | mol of Ou{g) is less
mol of Oxfg) oceupies & smaller volume than that in 1 mol of Os(g).
than § wol of O4(g).

CE07_39

CO2Ap), SO3(g) and Ox(g) are composed of atoms of different el ts, At room temp ¢ aud
pressure, what Is the ratio of the number of atoms Involved in 100 em® of COa(g), 100 em? of
SO;3(g) and 200 em’® of Ox(g)?

(Molar volume of gas at room temperature and pressure = 24 dm?)

A, 3:4:4 B, 3:4:2
€. 2:3:4 D. I;i:2
CEQ7_4¢

When 10 g of PURE calchun carbonate (molar mass = 180.1 g) reacted with excess hydrochloric
acid, 2.40 dm’® carbon dioxide was obtained at room temperature and pressure. However, in a
similar experiment using 10 g of IMPURE calcium carbonate, 2,50 dm® of carbon dioxide was
obtained. Assuming that the impurity is a metallic carbonate, what would this impurity be?
(Molar masses: MgCO; = 84.3 g, ZnCO3 = 1254 g, FeCO3 = 115.8 g, CuC03 = 1235 g;

molar velume of gas st room temperature and pressure = 24dm¥)

A MgCOs _ B. ZnCOy
C. FeCOs D, CuCOy
CE08_32

Nitroglyeerin (C:HsN1Os) is an explosive and can explode according to (he following equation:
4C3HsNIOofl) — 12C0x(g) + 12H20(g) + 6Na(g) + Ca(g)

0.1 mole of nitroglycerin undergoes explosion and the products are allowed to cool to room

temperature. What is the tolal volunte of gases kefl behind at room temperature and prossure?

(Molar volume of gas at room temperature and pressure = 24 dm?)

A, ilddm® B, 1744dn’
C. 456dm’ D. 696 dm’
CE08 50
1* statement 2™ statement

When equat niass of Mg and Zn granules is added Mg is more reactive than Zn.
separately (o excess dilute H280a, a greater smount
of gas will be produced by Mg than Zn.
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CE08_39
Consider the following information on two renctions invelving magnesiuns ribbons of the same

shape;
Reaction mixture
Renetion | 1.5 g Mg + 100 ¢m® of | M HCI
Reaction 2 1.5 g Mg+ 100 om? of | M H,S04

Which of the following statements is correct?

{Relative stomic mass; Mg = 24.3)

A.  The magnesium rencts completely in Reaction 1.

B.  The sulphuric acid reacts completely in Renction 2.

C.  The initia} rafes of Reaction | and Reaction 2 are the same.

D.  The initial rate of Reaction 1 is smaller than that of Reaction 2.

CE0$_33

An oxide of metal M reacts completely with earbon 1o give 12.6 g of metal M and 2.38 dw’ of
cucbon dioxide measured at rovm temperature and pressure, What is the chemical formula of the
oxida?

{Relative atomic masses: M = 63,5, 0 =16.0;

molar volume of gas at room lemperature and pressure =24 dn?)

A, MO B. MO
C. M0 D, MG
CE09_40

Assuming that air contains 20% of oxygen by volume, how much air is required 1o burn
completely 100 o’ of ethane? (All yolumes are measured at the same temperature and pressure.)

A, 350cm’ B,  1000em’
C. 1750’ D.  3500cm’
CE09_43

Beaker A contains 106 em® of | M HCl(aq), while beaker B contains 50 cmi® of 2 MHClH(aq).
Equal mass of magnesium ribbons are added to the two beakers. Both magnesium ribbons
disappear after reaction. Which of the following statements isfare cotreet?

(1) The reaction oecurriug In both beakers have (he same initlal rate,

(2} Same volume of gas, measured af the same temperolure and pressure, is given out in both

beakers,
(3) Magnesium chloride solutions of the same eoncenteation are produced in both beakers,
A, (I)only B, 2yonly
C. {I)and (3) only D. (2)aud (3) only
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CE10_37

What iz the theoretical volume of carbon dioxide gas, d at room temperature and
pressure, that ean be obtained by adding [00 em® of 2.0 M HCl(aq) to 0.80 g of Na:COs(s)?
{Relative atomic masses: H= 1.0, C=12.0, 0 = 16.0, Na=23.0, {1 = 35.5;

molar volume of gas at room tempemture and pressure = 24 dim?)

A, 90dm? B. 180 dn’
C.  240dm’ D. 430 dm?
CEL0_46

At room temperature and pressure, 1 mole of gas A and 2 moles of gas B react completely to
form | mole of gas C and § mole of gas . If the temperature and pressure cemain unchanged,
which of the following will decrease after the resction?

(1) the mass of the gaseous mixture

{2) the volume of tha gascous mixiure

(3)  the tofal number of atoms making up the gases in the gaseous mixture

A, {Donly B. (2)only
C,  (I)and(3) only D, @)and (3)only
CEIl_33

In an experiment, cxcess calcium granules are added to 106.0 cm® of 2,0M hydrochloric acid.
What is the theoretical valume of hydrogen gas lib

ted at room ¢
(Molar volume of gas at room temperatitre and pressure = 24 din®)

ature and pressure?

A, 0.6do’ B. 12dm?
C. 24dm’ D. 48dm’
CEI1_45

Inan experimenflo detennine the initial rate of the reaction between dilute hydrochlorie acid
and magnesium carbonaie powder, which of the following items may be measured st regular
intervals as the reaction procesds?

(1) the colour intensity of the reaction mixture

(2)  the mass of the reaction nixture

(3) the volume of gas liberated

A. (1) only B. (2)only

C. (1) and (3) only D, (2)and (3) only

DSE11SP_25

Which of the following changes wili NOT increasc the initial rate of the reaction between 50 em?
of } M HCKaq) and excess caleium carbonate granules?

A, Using 100 cm® of HCl(aq) Instead of 50 em? of HCl(aq).

B. Using 2 M HCl(aq) instead of 1 M HCl(aq).

C.  Using 25 o1’ of 2 M HCl{aq) instead of 50 cm® of 1 M HCl(a)

D, Using ealcium carbonate poverder instead of ealeium carbsonate grnales. ™
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Directions: Questions DSEL118P_32 to DSEISP_33 refer to the following information,

An experiment was performed on the study of the rate of reaction between hydrochloric acid and
sodium thiosulphate solution. 10 em® poriions of 2.0 M hydrochleric acid were added to four
separate conical flasks, W, X, Y and Z, each containing sodium thiosulphate solution which was
prepared respectively as follows:

Conical flask Sodium thfosulphnle solution Volume of water
Concentration Volume
w 1LOM 30 em? 10 cin’
X 1L5M 60 e’ 30 eny’
Y 2.5M 30 om’ 60 om?
7 3.0M 20 o’ 70 ey’
DSE1ISP_32
In which of the above conical flasks does the reaction proceed at the faslest rate?
A W B, X
C. Y D Z
DSEISP_33

Which of the following apparatus should be used when carrying out the above cxperiment in
addition to the conical flasks?

(1) syringe

(2) stop watch

(3) measuring cylinder

A, (Dand (2) only B.  (I)and (3) only
C. (2)and (3) only . (1} (2)and (3)
DSEI2PP_07

A scientist exteacted a sample of ‘nitrogen’ from air by removing the oxygen and carbon dioxide.
The scientist then compared the mass of a known volume of the *nitrogen’ sample () with that
of the same volume of purc nilrogen (m;) under the same set of conditions. The experintent was
repeated a number of times, It was found that mg was consistently greater than ma.

Which of the following gascs is likely to be present in the “nitrogen’ obtained to account for the
result that any is greater than mz?

A, Neon B. Argon

C.  Methane D.  Water vapor
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DSE12PP_25
The set-up showa below Is used in an experiment to study the rate of the reaction:
CaCOs(s) + 2HCl(ag) —= CaClaq) + HaO0) + COug)

|

gas syringe

Sem’ of 1 mol dm™

HCl(ag) al 25 °C in a vint CaCOa(s) granules

The conical flask is shiaken to overturn the vial in order to start the reaction, The initial rate of the
reaction with respect to the gas liberated is determined. The experiment ig then repeated with enly
one of the conditions changed while the others remain unchanged.

Under which of the following situations would the initial mete be the same as that in the original
experiment.

A, using 10 end’ of 1 mol dm™? HCl(aqy

B.  using 5 oot of 2 mol dm™ HCl(ag)

€. using 5 cm’ of 1 mol dm™ HCl(aq) which is prehented to 50 °C

D.  using powdered CaCOs{s) of the same mass

DSE1i2PP 29
0.40 g of an impure sample of zinc granules reacts with excess ditute sulphuric acid to give 100
om’ of hydrogen, d at room temperature and pressure. Assuming that the impurities In the

zinc granules do not reac! with sulphicic acid, what is the percentage by tnass of zinc in the sample?
{Relative atomic masses: H = 1.0, Zn = 65.4;

molar vafume of gas at room lemperature and pressure = 24 dm?)

A 25 B. 34

C. 68 DM

DSEI2PP 32

Some brands of washing powder contaln enzymes, Which of the following statements about the
action of the enzymes isfare correct?

(1) The activily of the enzymes increases with lemperature,

(2) Theenzymes facililate the removal of specific kinds of dirt.

{3) The enzynies reduce the surface tension of water.,

A, ([)only B. (2)only
C. (Hand () enly D, (2)and (3) only
249

DSEI2_25

What is the theoretival volume of enrbon dioxide that can be obtained, at voom temperature and
pressure, when 1.2 g of NazCO:(s) reacts with 56 e’ of 1.0 M HINO3?

(Molar vohune of gas at roont femperntare and pressure = 24 dant’;

Relative atomic masses: H= 1.0, C = 12,0, M= 14.0, 0 = 6.0, Na = 23,0}

A, 272em’ B, S5d44em’
C. 600 cm’ D, 1200 em’
DSE13_25

In an experiment to study the rate of the following reaction, a small amount of powdered ealeium
carbonate was added to excess hydrochloric acid and the volume of gas lberated was recorded.

CalOa(s) + 2HCKaq) — CaClxaq) + Hi0(}) + CO(g)

The graph below shows the volumes of gas liberated (V) a different times {7) during the experiment:

1/
The experiment was repeated under the some conditions using the same mass of caleium carbonate
granules instead of powdered calcium carbonate. Which of the following graphs would best
represent the results obtained in the repeated experiment?

7iew’
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DSEL3_33
For which of the following can thelr progress of reaction be followed by colorimetry?
(I} 2MnOs(ag) + SC:04*(ag) + 16H*(a)) —~ 2Min?*(aq) + 10COx(g) + BH20(1)
(2}  S0s*{ag)+2H aq) — SOg) + Ha0(1)

(3} Br(aq) +HCOH(ag) —- 2Br{ag)+ COxg) + 2H'(aq)

A, (Dand (2) only B. (1)and (3) only
C.  (2yend (3) only D, (1), (2)and (3)
DSE14_25

H20:(aq) decomposes into Ha0(l) and Ox(g) in the presence ofMnOa(s). Two oxperinents are
performed to study this decomposition under the same conditions, except that SO em?® of 2M
Hy01(aq) is used in Bxperiment (13, while 100 em?® of IM Ha0u(aq) is used in Experiment (2),
Which of the following combinations is correct?
Rate of formnation of Ox(g) at the start
Experiment (1) > Experiment (2)
Experiment (1) > Experiment {2)
Experiment (1) = Experiment (2)
Experiment (1) = Bxperiment (2)

Total volume of Oz(g) formed

Experiment (1) == Experiment (2)
Experiment (1) > Experiment (2)
Experiment (1} = Experiment (2)
Experiment (1) > Experiment (2)

0wy

DSE15 28

Which of the following pairs of chemicals, npon mixing under the same temperature, has the
highest rate of gas formation?

A. 010gofZnpowder and 100 em® of 1.0 M HCl(ag)

B. 0.10gofZngranules and 260 cm® of 1.0 M HCl(aq)

C. 0.10gofZngmnules and 200 om® of 1.0 M Ha804(aq)

D. 0.10gofZnpowder and 100 cm® of 1.0 M HzSOu(aq)

DSEi5_36

2* statement
The number of atoms constituting 1 mol of
SC:(g) is greater than that constituting | mol of
Nafg)

1% statement
At room conditions, the velume of | mol of
$0:(g) is larger than that of | mol of Na(g).

251

= €=

r—

= 4= = &= = = =

DSE16_25
In an experinient, 0.03 mol of Mg{s) is allowed 1o react with 20,0 am® of 1.0 M HCl(aq). Which of
the following graphs best represents the results of the experiment?
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DSEl6_33

Which of the following statements are correct?

(1)  Magncsium oxide dissobves faster in 1 M HCH(ag) than | M CH;CO,H(ng).

(2)  Powdered marble dissolves faster in 1 M HCl{aq) than geannlar marbie does.
(3)  HaDu(aq) decomposes faster in the presence of MnO:(s) than without MnO,(s).

A, (I)yand (2) only B. (1) and (3)only
C. (@ and (3Honly D, (1), (2)yand (3)
DSE16_34

Consider the following reaction:
Bra(aq) + HCOOH(aq) ~—~ COuig) + 2HBrfaq)

Which of the following can be measured in order to follow the progress of the reaction?

(1) The volume of gas formed

{2) The turbidity of the reaction mixture

(3) The color intensity of the reaction mixture

A, (1)and ) only B.

C. (2)and (3) only D.

(1) and (3) only
(1), ) and (3)
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Direction: Question DSEL7_27 and DSEL7_28 refer to lhe following set-up,

beaker

Cross

DSEL7_27

Afag) snd B(aq) renct to form a tuebid mixture. Three Urials of an experiment were performed to
study the rate of the reaction. In each teial, A(aq) was mixed with HO(l) in the beaker. After that,
B(ag) was added fo the mixture, and immediately started to measure the time needed for the cross
to broome invisible when viewed from above, The table below sliows the relevant data,

Volume used / ont’®

Trial A9) 100 Bag) Time/s
] 10.0 20.0 10.0 82
2 ' 10.0 10.0 20.0 41
3 20.0 i0.0 10.0 82

Which of the foliowing statements concerning the rale of the reaction is correct?
A.  ldepends on [A¢aq)], and also depends on [B{ag)].

B, It increases with [A{nq}], but does not increase with {Blaq)}.

¢, It increascs with [B{an)}, but doos not increase with {Adaq)].

D, Itdoes not depend on [A{ag)], and also does not depend on [Bla)}

DSEY7_28

Of which of the following reactions can the rate be studics by the above set-up?
A, CaChiaq) +HiSO4aq) — CaSO«ng) +2HCl(aq)

B. NaxCOs(aq) + 2HClag) — 2NaCl{ag) + H20() + COxAg)

. 2FeSO4aq)+2Hi804nq) — Fea(SOMlaq) +2H0() + SOx(g)

D.  Na:S:Osxfaqy+2HCHaq) —+ S(s) + SOafaq) + H20(1) + 2NaCl(aq)

DSEI8 25
100 on® of 1.0 M HCl(aq) rescts with excess zinc granules giving curve A in the graph below.

vohume of
hydrogen formed
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Which of the fallowing changes may give curve B?

A, Incrense the temperalure by 5 °C,

B.  Use the same tnass of zine powder instead of zine granules.

C.  Use200 cn® of 0,8 M HCl instead of 100 em® of 1.0 M HCl(ag).

D,  Use S0 cm® of 1,50 M HCl(ag) instead of 100 cm® of 1.6 M HCl(rq).

DSEL8 33
Consider the following two reaclions:
Renction Reactants
m 1.0 g of NeaCOs(s) + 100 e’ of 1.0 M HCl(aq)
qan 1.0 g of NayCOs(s) + 100 em? of 1.0 M CH:COOH(aq)

Which of (he following stalements nre correet if the two reactions arc performed under the same
experimental conditions?

(Relative atomic masses : C= 12,0, 0= 16,0, Na =23.0)

(1} The decrease in mass for the two reaclion mixture is (he same.

(2} The initiaf rate of Repction (I} is higher than that of Reaction (k).

{3) The heat given out for the two reactions is {he same.

A. (1yand (2) only B, (1)and (3)only
C.  (2yand (3)only D. (D (2yand(3)
DSEI8_36
Consider (ho following statements and choose the besi answer;
1* statement 2" stateanent

The molar volume of hromine is larger than
that of fluorine at room temperature and
prossuwe.

DSE9_34
Consider the following reaction :

MnOz(s%
2H:02{aqq)  — 2H20(1) + Ox(g)

The molecular size of bromine is layger than
that of fluorine,

Which of the following statements is / are correct if the concentration of H20:x(ag) changes from 2

M to | M, while the ofher conditions remain unchanged?

(1} The conswmption of MnOy(s) will decrease.
{2) The rate of formation of Oa(g) will decrease.

(3} The volunie of Oafg) formed will decrease.
A, (Iyonly
C.  {1)and (3)only

B. (@)only
D.  (2)and (3) only

254

Provided By ds&tite




— & c—cC & ¢ — ¢ ¢~ (—

DSEI19_35
Consider the following reaction :
5NaBr(aq) + NaBrOs(aq) + 6HCl(aq) — 3Bra(aq) + 6NaCl{aq) + 3H20(1}
(colourless)
Which of the following can be measured in order to follow the progress of the reaction ?
(13 pH of the reacting mixture
(2) pressure of the reaction system
(3) colour intensity of the reacting mixture

A, (1)and (2) only B.  (1)and (3) only

C. (2)and {3)only B. (1),(2)and(3)
DSE20_25

25. Consider the following reaction :

4Hy(g) + Fe;04(s) — 3Fe(s) + 4H,(XI)
What is the minimuam volume of Hy{g) at room conditions required to form 0.168 g of Fe(s) ?

(Molar volume of gas at room conditions =24 dm’;
Relative atomic mass : Fe = 55.4)

A. 24 cm®
B. 48 em’®
<, 96 em®
D. 192 cm®

DSE20_35

35 Refer to the following set-up :

beaker

Cross

Which of the following reactions can the effect of concentration on rate be studied by the above set-up ?

[¢3] MgO(s) + 2HCl(aq) — MgCl{aq) + HyO)
) Ne#y8,04(aq) + 2ZHClag) —» S(s) + SO«{g) + H,0(1) + 2NaCl(aq)
(&3] Mg(s) + ZnSOaq} —+ MgSO.(aq) + Zn(s)

Al (1) and {2) only
B. (1) and (3) oniy
C. (2) and (3) only
b. (13, (2) and (3}
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DSE21_25

Dircetion: Questions 25 and 28 refer to the following experiment on the study of the rawe of reaction betveen
HCOH(aq) and Brz(ag) at a certain temperature. It is given that the rate depends on both the
concentrations of HCO2H(aq) and Bra(ag) :

HCOH(aq) + Bra(aq) — 2HBr(ag) + COxg)

5.0 em?® of 0.05 M HCO;FH(aq) are separately added to four conical flasks each containing Bra{ag) prepared by
niixing different volumes of 0.05 M BeAaq) and water as shown in the table below :

Conical flask Volume of 0.05 M Bra(aq) / cm® | Volume of water / cm®
A 1.0 4.0
B 2.0 i 3.0
[5 3.0 | 2.0
| D 40 | 1.0
25. In which of the above conical flasks does the reaction have the fastest initial rate 7
A A
B B
(& Lef
D. D
DSE21 26
26. Which of the following graphs best represents the variation of [Bra(aq)] in the reaction mixture of conical
flask B with time ?
A, B.
£ \‘ &
=) &
LB, - 02 i
0 time 0 time
(c D.
7 )
¥ kot
=5 &,
0 +—— o -
(] tme 0 time

=

Provided by dse.life




Structural Questions

CES0_02b
Two different samples of calcium catbonate (A and 1), each weighing 0.8 g and contaning inert
Inspurities, were allowed to react with excess dilute hydrochloric acid under the same laboratory
conditlons. The volumes of cacbon dioxide gas evalved with tite are shown in the geaph below:

150

i ~ = «- = Sample B

8

1
~ Shmple 4

L LB

w
i=1

Volume of carbon dioxide gas (cn®) -

<

Tima (2} -~
6] Draw a dingram to show how the above experiment can be perfornied in the laboratory,
() Bxplain why the stopc of the eurve for sample A is steeper at X than at Y.
(i) Prom the two curves, deduce TWO differences between sample A and samiple B,
(ivy (1) What is the tofal volume of gas liberated front sample B2

) Hence, caleulate the percentage of calcium carbonate in sample B.
(Relative atomic masses; C = 12,0, 0 = 16.0, Ca = 40.0;
Molar volume of gas under the laboratory conditions = 24 din’)
(10 marks)

CE92_02¢
1.0 g of calcium carbonate is added to 50.0 em® of 0.1 M niteic acid. At the end of the reaction,
55.0cm* of a certain gas are collected at room temperalure and pressure.
()  Draw adiagmm of the sct-up suitable for this experiment.
(i)  Caleulate the theoretical volume of the gas which would be liberated at raom temperature
and pressure.
(iit)  Explain any difference between the theoretical volume and (be volume of the gas collected.
{Relative atomic masses: C = 12.0, 0 = 16.0, Ca = 40.0;
Molar volume of gas at room temperature and pressure = 24,0 dn®)
(6 marks}
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CE92_03b
Neon, a monatomic gns, oveurs naturally as a mixture of three Isotopes. The relative abundance of

tiese isotopes is tabulated below:

Isotope ¥Ne iNe 22Ne
Abundance / % 20,52 0.3% 92.17

(i) State the number of electrons in the outermost shell of a neon atom,
(i)  Explain why ncon gas is monatomic.
{iify  What is meant by the ferm ‘isotope’?
{iv) Caleulate

M the relative nfomic mass of neon.

@ the densily (in g diw'™) of neon gas at room temperature and pressure,

(Molar volume of gas at room temperature and presswre = 24,0 dim’)

(7 marks)

CE92_05a
Sodium fiydroxide can be manufactured by the elestrolysis of concentrated sodium chloride solution

in the fotlowing set-up, where A and B are lnert clectrodes.

0]
(i

(i)

diaphragm

chlovine gas --S‘\ { “ “"‘E hydrogen gas

-3 concentrated sodium
-1 chioride soltion

d.c. power supply

Explain which electrode, A or B, is the cathode.

Using the concept of profercntial discharge of ions, explain the electrods reactions and why
sodium hydroxide can be manulactured by the above electrolysis.

If 234 g of sodium chloride are used up during the electralysis, caleulate the volume of
fiydrogen tibersted al room lemperature and pr

(Retative atomic masses: Na = 23.0, Ci = 35.5;
Molar volume of gas at room temperature and pressure = 24.0 dnr’)

(9 marks)
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CE93_04b

To determine the percentago by mass of calcium carbonate in egg shells, a student added 100 em’®

of 2 M hydrochloric acid to 0,3 g of cgg shells in a container. Afler 30 minutes, all the egg shells

dissolved and 67 ¢m’ of carbon diexide were collected at rooni temperature and pressure.

) Write ais equation for the reaction between calcium carbonate and hydrochloric acid,

(i)  Calculate the percentage by mass of calcium carbonate in the egg shells,

(iii)  The rate of reaction between the egg shells and 2 M hydrochlorie acid was slow. Suggest
TWO miethod to increase the rate of this reaction without using other cheraicals. Explain
your answer in each ease.

(Relative atomic masses: H= 1.0, C =120, 0 = 16,0, Ca = 40.0;

Molar volume of gas at room temperature and pressure = 24.0 din®)

(8 marks)

CE94 082
The rate of decomposilion of hydrogen peroxide solution in the presence of manganese(lV) oxide
was studied by means of the following experiment.
50.0 em’ of a hydrogen peroxide solution was mixed with 0.5 g of powdered manganese(1V) oxide
in a conical flask. The volumes of gas evolved at room temperatiice and pressure al different times
are shown in the graph below.

80 Ne
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0 2 4 G g [{x
time ¢ minutey —~ '

() Wrlte an equation for the decomposition of hydrogen peroxide.

(i)  Compare the rates of decomposition of the hydrogen peroxide solution at points A, B and C,
and oxpiain why these rates are different,

(it}  Calculate the original molarity of the hydrogen peroxide solution.

(iv)  If the experiment is repented with an equal volume of the hydrogen peroxide solution and
1.0 g of powdered manganese(TV) oxide, would the shape of the eurve obinined be the same?
Explain your answer.

(Molar volume of gas at roons temperature and pressure = 24,0 din'y

(8 mraks)
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CE95_07a
The label on a bottle of ‘Effervescent Caloium’ tablets is shown below.

Effervescent Caleium
Each bottis contains 10 tablets,
Each tablet contains:

Calcium carbonate 625 ing
Vitamin C 1060 mg
Citrlc acid 1350 mg

Dosage: | tablet daily

Administration ;: Dissolve one (ablet in a glass of water.
Warning : (1) Keep out of reach of chifdren.

{ 12): e ivasiisasnasasinaisinass

(i)  Effervescence oceurs when a tablet of 'Effervescent Caleinn’ is added to water, Based on the
information given on the fabe), explain why ¢ffervescence oceurs,

(it} Suppose that a student puts a tablet of *Effervescent Calciuny’ Into an excess amount of water
and collects the gas liberated,

[43] Assuning that the tablet completely dissolves, caleulate the theoretical volume of
gas Hberated,

2) It is found that the volume of gas collected in the experiment is less than the
theoretical volume calculated in (1). Give ONE reason {o explain the difference,
assuming that there is no leakage of gas in the experiment,

(8 marks)
CE96_07a

The boxes below show some information about two atoms,
Hydrogen (H) and deuterium (I):

0]
1y
i

Mass number - Mnss number -+ 12

H D

Atonlic number — {1 Atomic number -» L

Suggest a term to indicate the relationship between a hydrogen atom and a deuterium atom.
Stato the number of neutrons in 1 deuterium atom,
Deuterium reacts with oxygen in the same way as hydrogen.
2Dx(g) + Oa(g) — 2D:0(1) AH is negative
The product of the reaction is known as ‘heavy water'.

[¢3) Expiain why deuterium reacts with oxygen in the same way s hydrogen.

2) Draw the clectronic structure of ‘heavy sater’, showing the electrons in the
outermost shells ONLY.

3) What is meant by ‘AH is negative’?

4) What is the formuln mass of *heavy water'?

5) 100 emy® of deuterlum and 100 cm® of oxygen, both measured at room temperature
and pressure, are allowed to react. Caleulate the mass of ‘heavy water® produced.

_ Omarks)
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CEO0Q_0%a
X, Y and Z are three different metals, The table below shows the result of two experiments carried
out using the metals or their oxides,

Experiment X Y Z
Adding the metal to | Effervescence No observable change | No observable change
water
Heating  the metal | No observable change | Metal produced No observable change
oxlde

(i} Based on the above information, arrange the (hree metals in order of increasing reactivity.
Explain your answer.

() An oxide of Y has fhe formula YO. When 1,08 g of this oxide is hented strongly. it
decomposes vompletely to give 60.0 em’ of oxygen, measured st reom temperalure and
pressure. Caleulate the relative atomic mass of Y.

{Relative atomic mass: O = 16.0;

malar volume of gas al room temperature and pressure =24.0 dm®)

(6 marks)

CE03 _06a
Anunonia gas can be prepared by heating a mixture of ammoniwm chiordde and calcium oxide in
the set-up shown below:

{est tube  olmnp
ammonium chioride

and ¢ealelum oxide ‘-:;:y.‘ R delivery tube
1. —— N

heat
(i) The reaction of ammonium chlotide with caleium oxide also gives calcium chloride as a
produgt, Write the chemical equation for the reaction of ammonium chloride with calclum
oxids.
@) Why isitnecessary to clamp (he test tube with its mouth pointing downwards as shown?
(i)  Decide which of the following set-ups, (1), (If) or (111}, shoutd be conneeted to the detivery
tube to collect the ammonia gas produced. Explain your answer.
= (in

~ g0s jar

— gas jar

(i

(iv)  Calculate the theoretical volume of ammonla gas, measured ot room femperature and

260

pressure, which can be obtained from the reaction of 1.0 g of annnonium chloride with excess
calcium oxide,
{Relative atomic massgs; H = 1.0, N =14.0, Cl = 35.5;
molar volume of gas ol room femperature and pressire = 24.0 dm?)
(9 marks)

CE04_08a
Coral congists mainly of calcium carbonate, An experiment was carried out to determing the
percentnge by masy of calcium carbonate in a sample of coral using the set-up shown below:

as syringe
excess dilute 808 syning

hydrochlotio acid

i) Write a chemical equation for the reaction of caleiwm carbonale wilh dilute hydrochiorie
acid,

{ii)  The mass of the sample used was 0.36 g, At the ond of the experivient, 78 cm® of carbon
dioxide was collected at room temperaturs and pressure.

Caleulate
[4)] the number of moles of carbon dioxide eollected; and
2) the percentage by mass of caleium cachonate in the sample,

(i)  Assuming (hat there was no Jeakage of gas In the sct-up, suggest ONE source of error in the
experiment,
{Mblar volunse of gas of room temperature aud pressure = 24.0 dm’;
relative atomic masses: C = 12.0, O = {6.0, Ca = 40.0}
(7 marks)

CE06_12
For question 12, candidates are required to give answers in paragraph form. For this question, 6
martks will be awarded for chemical knowledge and 3 marks for effective eonmunication,

You are provided with the following materials:
magnesiunt ribbon and 2M hydrochloric acid
Design a experintent to determine the molar volume of hydrogen at room temperature and pressure.
(You may use apparalus commonly available it a school Iaboratory.)
{6+ 3 marks)
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| ASLI9()_1)
In an experiment, 50.0 e’ of 1.0 M hydrochloric acid was allowed (o react with 10.0 g of marble
(in excess). The progress of tho reaction was monitored using the set-up shown below.

CE09_10
In an experiment, a data-Jogger with pressure sensor was used {o study the rate of decomposition of

hydrogen peroxide (H202) in the presence of manganese(IV) oxide. The relation between the étton waol

pressure and time measured is shown in the curve below. K
conical flask

[ (1 1 S I
R B .
A } hydrochlorio acid
[
Pressure = marble
1

top-pan balauce

The graph below shows the loss in mass of the conkeal flask snd its contents against time.

o
I

A :
T
| 1 Y
LT

i

—
<

Skt
7 Time—7~

(2)  Ths decomposition of liydrogen peroxide gives water and oxygen. After the experiment. it

o0
;
Z
8
£
L]
was found that the manganese{1V) oxide used did not undergo any ¢hemical change. 5 03
@) State the function of manganese(1V) oxide, g
(i) Explain why a pressure sensor could be used in this experiment. ,g 06
(iii) Write a chemical equation for the decomposition of hydrogen peroxide. Henee =
discuss the changes, if any. in the oxidation numbers of hydrogen and oxygen in the 3 0.
reaction. -§
(5 marks} B 02
[ Bxplain why the respective rales of decomposition of hydrogen peroxide difter at g '
points A, B and C on the corve. ! o
(ii) On the graph above, skeich a curve that should be obtained if the initial ' § 0 2 4 [ H i0
concentration of the hydrogen peroxide is Aalf of its original value, while all other i - time / ntinutes —
conditions remain unchanged. : (a)  Wiite a balanced equation for the reaction of marble with hydrochioric acid.
¢4 marks) (1 mark)
! (b) What is the purpose of placing some cotton wool at the nsouth of the flask?

AL99(1)_07 {1 mark)
In a chemical kineties experiment, samples of the reaction mixture are ramoved at regular time ‘ {¢)  Suggest how to determinc the rate of foss in mass of the conical flask and its contents at point
intervals for ttrimetric analysis. N from the graph.

Suggest TWO methods by which the reaction in the samples removed can be stopped or slowed {2 marks)
down. ‘ (d)  Account for the chenge in shape of the curve from point A1 to point P,
{2 marks) ; (3 marks)
i (e} The experiment was repeated using 50.9 cm® of 0.5 M hydrochloric acid and 10.0 g of
marble.

i Sketch a curve on the same graph to show the variation of the loss in mass of the conlcal

: flask and its conients against time.

; o - T o mark)
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ASLOOQE)_07
A chemieal kinetics experiment was catried out using a roll of magaesium rilbon which had been
exposed (o gir for some time. A piece of the magnesium ribbon of mass 0.12 g was placed in a flask

ASLOL(1) 07 ([Similar to DSE17_10]
The decomposition of hydrogen peroxide can be catelysed by catalase which is an enzyme.

containing 15.0 em® of 1.0 M hydrachloric acid. The progress of the renction was followed by 2H,0,(aq) M 20,000 + Oy(z)
measuring the pressare of the system at different times. The graph on below shows the results of w : o

the experiment, in an experiment to study the rate of decomposition of hydrogen peroxide, 10.0 e’ of 0.40 M

hydrogen peroxide solution and a small amount of catalase were used, The graph on below shows

é i o /-'C— -~ .,D the results of the experiment.
L i ~ o
b/ 8
i/ R
||/ L
£ : B g A0
0 P S ol
tinte -~ s 20/
(a)  Show, by calculation, that magnesiom was the limiting reactant, E
{2 marks) g 3
(b}  Account for the variation of pressure of the system as shown in the gmph 0 40 80 120 160
[6)) from A to B, lime /s
2 marks) (a) Draw a labelled diagram of the experimental set-up used.
(i) from B to C, and (2 marks)
(1 mark) (b) Account for the change in the rate of decomposition of hydrogen peroxide as shown in the
@iy fromCtloD. graph.
2 matks) (3 marks)
(¢)  The experiment was repeoted wsing the same mass of the magnesium ribbon and 15.0 e of () The experiment was repeated using 30.0 eny® of 0.20 M hydrogen peroxide solution while
2.0 M hydrochloric acid. Sketch, on the same graph, the variation of pressure of the system keeping other conditions unchanged. Skefch, ox the same graph, the results of the repeated
in the repeated experiment, Explain your answer. experiment,
(4 marks} {1 mark)
{d) Suggest snother substance which can catalyse the decomposition of liydrogen peroxide,
(1 mark)
264
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ASLO3(I) 10

ASLO2(D_N
on_ An experiment was carried ot to study the rate of the following reaction:

The sei-up shown below was used (o investigate how the concentration of $204*(aq) alects tlie
rate of the following reaction.

$:07(aq) + 2H'(aq) —~ S{s) +SOg) + .0 CaCOx(s) + 2HCHaq) — CaCllaq) + H0() + COug)

{ A sample of marble chips was allowed to react wih 8.1 M hydrochloric acid, which had been
saturated wilh carbon dioxide. The graph below shows the experimental resuits obtained

beaker : HAEE
i 20,0
HCl(aq) 4 ax
+ white paper | "’g
Na»820:(aq) cross H ~ §
T o Eetd
o 4
?O) mEN
10.0 em? of 1.8 M HCl(ag) and 25.0 em? of H;0(1) were mixed in a beaker. 5.0 om? of 0.040 M g NNuN
Nn2$20:(aq) was tlen added to the mixture and simultancously a slop-watch was started. The time, ‘g 40.0 - &
t, required for the eross to disappear when viewed from above was recorded. The experiment was 3 1 ]
repealed using the same volunie of HCI(aq) but different volumes of HaO([) and Naz8:04(aq). The g
{able below lists the resuits obtained. ¥ o
ay VI
Q 4
£33 -1
—— Volume used / ey’ whe g ’
POTmEt T OMHCIGg) | FaO() | 0.040 M Na:S:03(aq) s |
I 10.0 25.0 5.0 {70 ! ¥ 2 4 § 8
P 106 200 10.0 23 time / minutes -
3 180 £5.0 15.0 56 i () (i) Suggest how hydrochloric acid can be saturated with carbon dioxide.
4 (0.0 10.0 20,0 42 €1 mark)
S 10.0 5.0 250 33 : @y If the hydrochloric acld used has not been saturated with carbon dioxide, different
6 10.0 0.0 30.0 y experimerttal results would be obfained. Sketoh the results that would be obtained on
{n) Explain why i the graph.
(iy different volumes of water were used in this investigation, and : {1 mark)
(1 mark) (by (i} Suggest how the rate of the treaction at a padicular time can be deternined from the
(i) the cross, when viewed from above, disappeared after time {. : graph.
{! mark) | (2 marks)
1 i (i} Explain why the mic of the reaction deercases will time.
(b)  Pleta graph of — aginst the volume of 0,848 M Na,5;03(aq)used, !
t | {1 mark)
(3 marks) ; {¢)  Keeping the other conditions unchanged, the experiment was repeated using
(¢)  What conclusion can be drawa fron this investigation? Explain. i (i) ihc same mass of powdered caleiun: carbonate instead of marble chips, and
(2 marks) : {1 mark)
{d) From your graph, estimate the value of y in the table. (i} The same volume of 0.1 M ethanoic instead of 0.1 M hydrochloric acid,
(I mark) : {1 mark)
i State and explain the respective changes in the reaction rate,
267
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ASLO4(D)_05 (modified)

Glycerine has the following structure: formation of acrolein can be represented by the following equation:
H
[ i H. 0
i H—~C—OH ‘cl:’
H_?—OH H—C—OH ——= H-C + 2H,0
H—~C—0H e BN
H~-C--0H l{l
l!i acrolein
(&)  Give the systematic name of glycerine, ()] Suggest & chemical test to show the possible presence of noroleint in a sample of
(1 mark) glycerine,
(b  When glycerine is freated with a mixture of concentrated nitrie(V) acid and concentrated i (Z‘mnrks)
sulpliueie(VI) acid, trinitroglycerine is formed, (i) Acrolein readily undergoes addilion polymerization, Draw the repeating unit of the
H H polymer formed.
| | {1 mark)
H—C—0OH cone, HNO, H=C-0NO,
i e H=§—ONO, ASLOS(IT)_08
O cong. H,80, s )|
" |C - o (; o Xa{g) undergoes decomposition according (o the foliowing equation:
H H Xao(g) — 2X{g}
trinitroglycerine
Trinitroglycerine is an explosive, Nilroglycerin can explode to give carbon dioxide, water, in an experiment {o study the decomposition of Xz(g), 0.100 mol of Xa(g) was chargd into a closed
nitrogen and oxygen gas as following equation. container of volume 1 dm® kept at a constant temperature. The geaph below shows (he variation of
the conceniration of Xa(g) in the container with time.
JGHsNOs() — __COug) + __HaO(g} + __Nifg) + _ Oug) 0.200, T Tt TR
edbt g i o READY 8 ,."‘.f. T
= P 1!73 ST
{i) Balance the above cquation for the explosion of nitroglycerin. w Iy .T”: ra { |_+r ] ::J;Tﬁi
’ oaso EaaE
(1 mark) ,g 1 - T H
[} Calculate the theorctical volume in e, measurcd at room temperature and 23 0 i T 2
presstire, of gas produced when { g of trinitroglycerine explodes completely. \5 - ,_? - _{ Hi bt "x i H
(Formula asses: CilisNiOy = 227; ,g ol TR 2k
Molar volume of gas at room temperature and pressure = 24 dm’) g I :sﬁf;- & i
T ¥ .
(2 marks) § s il 4 54» . '
[¢11)] Caleulate the enthalpy change of decomposition of trinitroglycerine, from the § 00507 : Vi tey i
enthalpy terms given below. : 4
L 1
AH®% 105/ kJ mal-! . ® ¢
CsHsMNaOs(l) ~364 thne /s~
COufg) -394 () From the graph, caloulste tiie average rate of decomposition of Xa(g) in the time intemnal
H20(g) —242 fromt the start of the experiment to the 40® seconard, :
(2 marks) (2 marks}
(iv) Besides forming a large volume of gases, give another TWO reasons why (b) Sketch, on the same graph, the variation of the conceniration of X(g) with time during the
trinitroglycerine would undergo explosion upon ignition. experiment.
{2 marks) (2 marks)
{¢} A somple of glycerine. after boing stored for a long time, may contain acrolein. The (¢)  Explain, inmolecular terms, why the decomposition of Xzfg) is faster at a higher temperature.
268 (2 marks)
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ASLOG(H_07

A student performed an experiment o investigate (he rate of reaction between zine and and acid. 6
g of zinc grnnules was added to a conica! flask comtaining 100 o’ of 2 M hydrochloric acid at 20
°C. ARerwacds the cxperlment was repented with the following changes. In each case, state and
oxplain whether the expeeted reaction rate would increase or decrease.
(a) 6 g ofzinc powder was used instead of zine granules,

(1 mark)
&) 100 e’ of 2 M ethanole acid was used instead of iydrochloric acid.

(1 mack)

(¢)  The temperature was ralsed (0 50 °C.
{1 mark)

ASLO6(ID_10
Ammonia reacts with oxygen in the presence of platinum to give nitrogen monoxide.

P
4NH(g) + 50,(g) —= 4NO(g) + 6H,0(g) +H<0

(&) NHi(g) and Ox(g) are allowed fo react in a vessel of constant volume. Find the rate of
consumption of Oz(g) if the rate of formation of NO(g) is 1.24 x 10 mol dm? s,

(2 marks)
() Platinum is & catalyst in the above reaction, Wiat is meant by the term *catalyst™?
) {1 mark)
(c)  State sn important industrial product that can be ebtained from NO(g).
{1 mark)

ASLO8(t)_07
The dingram below shows the essentinl components of an Instrument for studing the kinetics of the

reaction:

H*
Br(aq} + HCO,H(ag) — 2Br (ag) + 2i{'(ag) + CO,(E)

o | wiod

light filter teaction detestor  recorder
sourte misture

(n)  What Is this instrument?

{1 mark)
{b) What physica! parameter of the reaction mixture is measured by this instrument?

{1 owrk)

(¢)  Skelch a graph to show the variation of the measured physical parameter with time.
{1 mark)

270
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ALOS(I)_08a

Super glue works ns an adhesive by addition polymerization as shown below:

CO,CH,CH,  addition H CO,CH,CH
/ , 2CH;CH,
n HyC= C\ polymecization é_i A
i
N H CN "

Two cxperiments were caried owt to study the effects of NaOH{aq) and R:0Q) on the
polymerization, The conditions of the experiments were the same except that one was conducted in
the presence of NaOH(aqg) and the other in the presence of HxO(l), Figure shows the change of
tentperature of two reaction mixztures with time.

-

NaOH(aq)

HO)

DR, ot 3
1

time / minutes ~»

-

change of teryperatme / °C -
~ bl

-

() Account for the increase and decrease in temperatuze of the reaction mixtures.

' (2 marks)
(il) Suggest a reason for the significant difference in the two curves,

{1 mark)

ASLI0(T)_02
A student made the following remark:

¢ Pl i
The rate of an elementary gaseous reaction increases with temperature because the sverage kinele
energy of the reactant molecules increases with temperature.”

Is the explanation provided by the sfudent regarding the increase in reaction rate appropriafe?
Blaborate your answer.

(3 marks)

m
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AL10(IT)_02b [Similar to DSELZPP_10]

() Completo and balance the equalion of the following reaction under an acidic condition: of £(g), O(g) and R(g).

) {2 marks)
MiOsaq) + C:O& () +____ ~—= Mo™(aq) + COig) + ()  Ifthe mixture of P(g) and O(g) is allowed 1o react at the same temperature but in a closed
{1 mark} container of volume 2 dm? justead, will the fime required for the renction to complete

(i) An experiment was performed to study the kinctics of the reaction in (). The graph below remain the samc? Explain.
shows the results abtained: (1 mark}
; {¢) Explain why the collisions between molecules of £{g) and Q(g) will not necessatily lead

2.5 {o a reaction,

{2 marks)

2.0
DSEI2PP_[0 [Similar to AL10(I))_02b]
The equation below shows the reaction of potassium permanganate with sodivm ethanedionte under

acidic conditions:
IMOF(rg) + SC:04-(aq) + 16H'aq) —=2MnP'(agy + 10COxg) + BHO()

1.5

MnOy(aq)] / 10~ mol dmy#
5

A student conducted nn experiment 1o study the mte of this reaction. The results arc shown in tho

© 30 6 9 20 150 180 graph below:
time/s 4
€8] Suggest & physical method for monitoring the concentration of MnOa(ayy) fons in ”
the reaction mixture. E 251
1 mark) g 20 4
@) Suggestan explanation for the variation of the concenteation of MnOs~(aq) ions with 5
time. T_- 15 4
{3 marks} g’
DSE11SP_to o, 10 4
P(g) reacts with O(g) irceversibly to give R(g). A mixture of P(g) and (g) is allowed to react in %
closed container of volumic | dnt kept at a constant tempetature. The graph below shows the = %
changes in concentrations of P{g), O(g) and R(g) in the container with lime, *
060 —r 97750 100 10 200 280 300 350 400 430
; e time /s
:%r e i S (8) Suggest ONE physical method that can be used lo monitor the concentration of MO+ ™(aq)
s ions in the reaction mixture,
g {1 mark}
E—t (b) Based on the experimental resulls, the student suggested that one of the products might have
E catalysed the reaction.
g (i) What evideiice from the above graph supports the student’s suggestion? Explain your
4 ARSWeL.
{2 marks)
(iiy Suggest how the student can show whether or not Mn{aq) is o catalyst for (his
ST W e reaction.
lime / minufe (2 marks)
{a}  With referesce to the above graph, deduce the chemical squation for the reaction in terms
272 DSEf2_k!
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volume, mcasured at room temperature and pressure, of the gas produced when the bag is
inflated.

(Formula masses: NaN3 = 65,0, KNO3 = 101.1;
Molar volume of gas at room temperature and pressure = 24 dm’)

In an experiment, 50 e’ of 2,0 M HCI(aq) was added (o a conical flask containing 2.0 g of zinc
powder. The curve in the graph below shows the volume, measured at roon temperature and
pressure, of the hydrogen gas liberated in the first few minutes of the experiment. The dotied line
in the graph is the tangent to the curve st the start of (he reaction.

3 marks,
60 R 3 'TTI T ”{;&‘_:’;‘f %7 i (e} The main function of NaNa(s) is to produce Nafg) for inflating the aitbags. Suggcsl( why it ii
"g FHEE ANeR é}v e : necessary to include KNQs(s) in the sirbags.
E}, LR ‘: P ' ) {1 mark)
g s . AT HEE L xum.ul ¢ is a toxic chemical, Thus any NaN3 waste remained during the manufacture of
E Al Etitnp Gl safety airbags needs speolal treatment before disposal. The treatment involves fitst dissolving
g il Al i NalNy in water, and then reacting the solutton fotmed with excess nitrous, HNO:({aq), The
e+ glszi: A TEE P E graph below shows the variation of the concentration of NaNs(aq) in the reaction mixture
‘g’ Einp anars HHE T HHHT with time in one such process:
'§ :.'“ SRANN ‘_i HE L
LT = AREN R a RE TR 4
o ! 2 3 4 0010
tinwe / minute =
(2)  The ‘initial rate’ of a reaction is defined as the instantancous rate at e start of the reaction. 5
With reference to the graph above, calculate the initial rate of the reaction with respect to the —g
volume of liydrogen gas liberated, = \S
(1 mark) g 0.005 B8 L
(b) Explain qualitatively the effect on the initial rate of the veaction of replacing the 2.0 M g
HCHaq) with 2,0 M H2804(aq}.
{1 mark) SR
(¢} Upon completion of the reaction, ail the zine powder was used up. Caleulate the theoretical 0 |
volums of hydrogen gas liberated measured at room lemperalure and pressure, 0 10 2 A
{Molar volume of gas at room temperature ond pressure = 24 dm’: Relative atomic mass: Zn thme /3
= 65.4) (i) Calculate the average rate of consumption of NaNi(aq) in the fiest 10 scconds.
(3 marks} (1 mark)
(i)} Suggest how the instantancous rate of consumption of NaNy(aq) at the 10% second can
DSEI3_11 be determined from the graph.
Safety nirbags are important devices installed In vehictes. During a serious ear crash, the chemicals (1 mark)
in the airbag immediately react to release a large amount of gas. An airbag hence inflates instamtly,
prolecting the passenger. The main chemicals in safely airbags arc sodium azide (NaNs) and
potassium nitrate (KNOs). The equations below show the reactions involved when an airbag is
inflated,
2NaNy(s) — 2Nafs) + INu(g)
10Nafs) + ZKNQa(s) —= KiO(s}) + 5NeO(s) + Mafg)
()  Explain why the NaMs(s) and KNOs(s) uscd in the airbags are in (he form of flte powder.
() mark)
(b)  An airbag contains 100.0 g of NaNy(s) and 200,0 g of KNOs(s). Calculate the theoretical 275

274

Provided by dse.life




DSEl4_10

You arc provided with comtiion laboratory apparatus, caleium earbonate and 1M hydrochioric acid.
Outline low you wevld perform a fair comparisen in studying the offect of different concentrations
of acid on the rate of production of carbon dioxide from the following reactions

CaCOafs) + 2HCHaq) — CaCliaq) + H0() + COiD
# marks + | mark)y

DSE15_09
Consider the reaction below:
ecatalyst
CH,(CH,),CH=CH(CH,},CO,CH,(l) + Hy(g) ——» CH,(CH,),CHCH(CH,),CO,CH (1)

methyl oleate

Atroom temperature and pressure, a micra-scale experiment was performed using the sct-up shown
below tn which 0.080 g of methyl olente In an organic solvent was alfowed to react with excess

Ha(g). The Hafg) flowed fram the inverted measuring eylinder to the reacting flask through the
tubing.

=T

dircction of Ha(g) flow l i

methyl oleate in an organic solvent
+

catalyst

(2}  Stale one advantage of conducting this reaction in a micro-scale experiment,
(1 mark)
(W)  Explain why the right end of the tubing was placed at the uppermost position of the inverted
measuring oylinder.

(1 mark)
()  State an expected observation in the lnverted measuring cylinder during the reaction.

{1 mark)
{d) Calenlate the theoretical volume of Ha(g) needed for the reaction fo complete at raom
temperature and pressurg.
{Moiar voluime of gas al room femperatare and pressure = 24 dm?;
Relative molecutar mass: methyl oleate =296,0)

.3 marks)

276

(¢} (i} Sketeh, In the graph below, the vatistion of the volume of Halg) in (he measuring
cylinder with time from start until the completion of the reaction, You should Jabe| this
sketch as *A?, {The measuring cylinder initially contained 10.0 om’® of Hafg). The first

few points have been given in the gra
Vit

vokune of Hx(g) / em®

thne (1 mark)

(i} In the same graph above, give another sketch as required in (i) butt only using 0.040 g

of methyl oleate for the reaction while the other conditions remain unchanged. You
should label this sketch as *B’.

(1 k)

DSEi6_!1
Under certain conditions, a pink compound X react with NaOH(aq) to give a colorless product.
Three trials of an experiment were conducted to study the kinstics of the reaction, Firstly, three
NaOH(aqg) solutions were prepared by mixing different volume of 2.0 M NaOH{ag) and H>0({) at
25 °C. after that, one drop of X was added top each of the them and the time needed for the pink

color to disappear was recorded. The relevant data is shown below:
Volume of Volume of Time needed for the
2.0 M NaOH(aq) used / cm® | HaO)) used / om® | pink color to disappear/ s
Trial | 5.0 [ [}
Trial 2 4.0 LO 76
Trial 3 30 2.0 101
(8  Why is it nccessary to maka the total volumie of the reaction mixturcs the same for the trials?
{1 mark)

(b)  Given thal at 25 °C, [H*aq))[OH (aq)] = 1.0x10Y mol? dmi, caleulate the pH of the
NoOH{aq) solution prepared in Trial 2,
{2 marks)
{¢) DBased on the information provided, deduce one factor which affects the rate of this reaction.
{2 marks}
(d) Delection of color change using naked eye is not accurale cnaugh. Suggest an instrumental
method that can be used to more accurately deteet the color change,

(1 mark)

217
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DSEL7_10 [Similar as ASLOIQI)_07)
in an experiment performed under roon conditions as shown below, 5.00 em® of HyO:(aq)
decomposed inlo Ox(g) and HaO() in the presence of a eatalyst. Ga(g) was continuous releascd
from the slart of the experiment untif the third minute when a total of 60 cm”® of gas was collected.
After {hat, no more gas was collected.

HOs(ng) + calolyst

{a)  Caleulate the initial concenteation of HaOx(aq). in mol dm™>.
(2 matks)

(b)  In the graph below, skeich the variation of the volume of gas collected with time in the first
4 minuies,

AEEH Y :
a3 o e
B I IS —li ! e i
~ B At 1 LR v
B oot [ ] s
TR L -
g { i s :
9 =l FErbd ! i [ b
é} 005 | _-L.t.-. i ; o] ' i; R o
g,a { i B 5 . K i

gk Qs Redta o 68 IS ROINE R

530:_ b [ ey s
g "‘__:;'_"..L....!i""f'l{lf.-.'f:'!:

i A e !!.f::.!{:li' ) oo

o R ] 25 5 SRR t;l. N I;w‘"“'

time / minutes

{2 marks)
(c}  The experiment is repoated using HyOx(aqg) at & higher temperature but other condilions
remain unchanged, Explain whether the total volwne of gas obtained would still be 60 cm?.
{The volume of gas is measurcd at room conditions.y
{1 mark}
(d)  Suggest another method that can be used to follow the progress of this reaction.

{1 nmark)

278
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DSEI8_02
Thiis question involves the preparation of ammonia gas and the investigation of the properties of
ammonia gas in a laboratory.
(0}  Solid calciom hydroxide reacts with solid ammonium chloride to form ammonia gas. Draw
2 Igbelted diagram to show the set-up involved and how smnonia gas is collected.
(2 marks)

DSE18_i1
Constder the following reaction:
Br{sq) + HCOH(aq) — 2HBr{ag) + COu(g)
In an experiment to study the rate of consumption of Bra(aq), cqual volumes of 0.01 M Bry(aq) and
1,0 M HCOH(aq) were mixed, The propress of the reaction was followed by measuring a certain
parametsr of the reaction system using a colorimeter. The graph bolow shows the results from the
start of the reaction.

—

time "

{a)  Assume that the rate of change of the parameter with time can represent the rate of reaction.
(i}  According to the shape of the curve abave, suggest what the paramteter should be,
{1 matk)
(i) The initial rate of the reaction can be determined by a suitable sketch on the above
graph. Draw the svitable sketch on the above graph, and describe how the initial rate
of the reaction can be oblained from the sketch.
. (2 marks)
(iii) According o the grapl above, the rate of teaction at A is higler than that at B, Bxplain
this at molecular fevel,
{2 marks)
(b}  Suggest another method that can follow the progress of the reaction.
{1 mark}

279
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DSE19_lI
Two trials of an experiment were performed using the set-up below (o study the reaction between
niteic acid and calciut carbonate. A gas was formed in the reaction, ’

cotton wool

HNOx(aq)
CaCOs(ng)
balance

The chemicals used are listed in the table below while other experimental conditions were the same.

Teiat Mass of CaCOs(s) Volume of 3.0 M HNOs(aq) Votume of H20(l)
added/ g added / om? added / oo’
1 30 10.0 20.0
2 3.0 20,0 10.0
(@) Write the chemical equation for the reaction between nitde acld and calcium carbonate.
{1 mark)

Tdal

Trial 2

: -

L) ¥ 1 1 L T )
z 4 6 8 10 12 4 16 18 20
time / minwte

(i)  Calculate the average ratc of formuation of the gas from the 2 minate to the 12™ minute
for Trial 2.
{2 marks)

(i) Explain ONE diffcrence in the shape of the curves for Trial | and Trial 2.
(2 marks)

(¢}  Suggest how the effect of surface area of solid reactant on the rate of reaction can be studied
using the above set-up.

280
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DSE20_13

DSE21_10

)

el

3,

10.

HCiagy+  Zn{s)
{excess) (fixed mass)

With reference to the set-up shown below, describe how the effect of concentration of HCl(aq) on the rate
of the reaction can be studied. Your answer should include TWO labelled curves sketched on the graph
below, one using solid line and the other one using dotted fine, Labe! all curves and axes.

(6 marks)

T
1
1)
1

Ha(R)

A tablet contains solid sodiom ‘ﬁydfogé;{éa‘rbhnate and solid citric acid (water soluble). An experiment vijxs
performed under room conditions to study the rate of formation of COz gas when the tablet was placed in
deionised water.

{a) The diagram below shows an incomplete set-up. for the experiment

deionised water
{saturated with CO; gas)

tablet

(i} Explain why the deionised water used should be saturated with CO. gas before the start
of the experiment,

(i} Add suitable drawing (with label} 1o the above diagram to show how the volume of the
CO;z gas formed can be measured.

(2 marks)
{b} 631 The graph below shows the variation of the volume of COy gas formed with time for the
experiment :
[I\l\ -

(5=

votmne of CO; gas formed / om®
"

N

Y i B B ]
time / second

Assuming that cilric acid was in excess and no other substances reacted with sodium
hydragencarbonate, caleulate the mass of sodfum hydrogencarbonate in the 1abler,
(Molar-masses - sodium hydrogencarbonate ~ 84.0 g, citric acid = 192.0 g;

Molar volume of gas at room cenditions = 24 dm’}

(i) Sketch another curve (using dotted line) on the sbove graph to show the mxpected
experimental resuit if the tablet is ground into a powder, with all other experimental
diti ini el

&

{3 marks}
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25. A mixture consists of methane and ethane. 50 cm® of this mixture completely b}lms ‘in oxygen to form
80 cm® of carbon dioxide at room conditions. What is the volume of methane in this mixture at room

conditions ?

(Molar volume of gas at room conditions = 24 dm?)

A. 10 cm?
B. 20 cm?®
o 30 em®
D 40 cm®
26. 50 cm?® of 0.10 M HCl(aq) reacts with excess calcium carbonate powder in an open conical flask giving
B 3L Consider the experimental set-up shown below :
A
& oo
°S | @
g £ "
g v
8 o b ¢
§ .2
= O r & . .
§ § ’ 4 ' Under room conditions, which of the following pairs of reactants can the progress of their reaction be
¥ followed by the above set-up ? v
5 . S 6} Zn(OH)y(s) and HNOs(aq)
time / minute @) Mg(s) and HCl(aq)
3) KBr(s) and Cl(aq)
i i i A. (1) only
?
Which of the following changes may give curve Y ? < @ nly
C. (1) and (3) onl
Increase the temperature by 10 °C. D (2; and (3; onlz

Use 25 cm® of 0.10 M HCl(aq) instead of 50 cm? of 0.10 M HCl(aq).
Use 50 cm?® of 0.05 M HCl(aq) instead of 50 cm® of 0.10 M HCl(aq).
Use the same mass of calcium carbonate granules instead of calcium carbonate powder.

oow>
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10. At room conditions, H,0z(aq) would decompose into 0:(g) and Hz(')(]) very slowly in the absence of
MnO;(s). An experiment was performed as shown in the set-up below :

( H202(aq)

500 cm?® measuring cylinder —

MnOy(s) + detergent solution

When 10.0 cm® of 3.00 M H,02(aq) was mixed with a small amount of MnOx(s) and detergent solutiqn at
room conditions, Oz(g) started to be released rapidly and foam was produced. The MnOx(s) remained
chemically unchanged at the end of the reaction.

10. (c) Upon completion of the reaction, all the H,02(aq) was used up. Calculate the theoretical volume
~ of Oy(g) released at room conditions.
(€] Write a chemical equation for the decomposition of H202(aq). (Molar volume of gas at room conditions = 24 dm?)
(2 marks)

(d) In the experiment, the time taken for the foam to rise from the mark at 100 cm® to the mark at
200 cm® of the measuring cylinder was 18 seconds, while the time taken for the foam to rise from
the mark at 200 cm’ to the mark at 300 cm® was 63 seconds. Explain these results.
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Section C

Analytical Chemistry

Answer ALL parts of the question.

34

(a)

(b)

Answer the following short questions :

@

(i)

(iii)

Suggest a chemical test to show how SO,(g) and CO»(g) can be distinguished.
(2 marks)

Illustrate how CH3CH,CHO(I) and CH3COCHG3(1) can be distinguished from their respective

mass spectra . Q \

S e 'ﬂ--éi E-\-\ —Q—3~C' (2 marks)
o\

Which one of the following chemicals is the most suitable for drying ethy! butanoate ?

concentrated sulphuric acid, solid sodium hydroxide, anhydrous sodium sul,

A solid sample consists of a compound Y and a small amount of an impurity Z. The following steps
were performed in an experiment to obtain pure Y(s) from this solid sample.
(Given : Y is more soluble in deionised water at 80 °C than at 25 °C.)

—_—— — PRE——

Step (1) : 1.40 g of this solid sample was added to M’ of deionised water and heated to 80 °C.

Step (2) : Water-insoluble activated charcoal was then added to remove Z. The mixture obtained was

filtered when it was still hot.

Step (3) : The hot filtrate obtained was allowed to cool slowly to 25 °C. Y(s) was formed.

Step (4) : The cooled mixture was filtered to collect Y(s). After washing and drying, 0.75 g of Y(s)

was collected. -

@

(i)

(iii)

(iv)

)

It is given that no more than 3.04 g of Y(s) can dissolve in 100 gnf of deionised water at
80 °C. Show, by calculation, that all of Y in this solid sample should have dissolved in
Step (1).

(1 mark)
Explain why the mixture was filtered in Step (2).

(1 mark)
Name the process of the formation of Y(s) in Step (3).

(1 mark)

Suggest one reason why the mass of Y(s) collected in Step (4) was smaller than the mass of

Y in this solid sample.
(1 mark)

Y and Z can be separated by chromatography. Thin layer chromatography (TLC) and column
chromatography were performed separately with this solid sample using the same stationary
phase and mobile phase.

(Given : Ryvalue ofﬁs greater than that of Z.)

(1) Sketch a labelled chromatogram of TLC to show the expected result.

(2) Explain whether the first-collected fraction in the column chromatography is Y or Z.
T (3 marks)
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Marking Scheme Structural Questions ]'
MCQ CE90_02b i
CES0_08% A CR90_11 A CE91 03 c CB9Y 32 B 0] i ! 2} i
CE9Y_09 B CE94_47 c CE95_31 D CHY6_11 B ! ,'
CE96_1% c CI96_32 B CE97_17 c CR97_34 B (1 3
CrY8_28 B CE98_46 & CR99_16 D CHOL_10 & i
CRO1_27 B CEO1_33 c CE92_16 B CE(3_06 B (63%)
CE03_20 A(41%) CEOSSP38 B CEOSSP_ 50  C CE04 03 A(35%) ;
CE04_05 C(58%) CELO05_35 C(63%) CEO05_44 A(52%) CB06 4! B {(57%) (i)  atX, the rate is faster. Concentration of acid for reaction is higher and the mass of calcium  [1] 1
CEos_50 C{54%) CE07_3% A(42%) CE07_4¢ A(43%) CE08_32 A{32%) carbonafe is larger. . i
CE08_50 B (24%) CE08_39 D{54%) CEe3 33 A(51%) CEG9 40 C{60%) OR, at'Y, the rate is slower, All the calcium carbonate is used up and the reaction ]:
CE09_43 B(49%) CEI0_37 B(67%) CEB10_46 B(51%) CEBk_33 C (65%) stops.

CEt1_45 D(72%) DSENSP2S A DSEliSF 32 B DSEIISP 33 C (i} More carbon dioxide gas is collected from B (126 em?) than from A (36 cnr’) ni
DSEL2PP 07 B DSEI2PP 25 A DSBI2PP 29 C DSEI2FP.32 B thus sample B has a higher purity (or less impurities) than sample A [y
DSE12_25 A(69%) DSEI3 25 D (719%) DSE13_33 B (8i%) DSE4_25 A(73%) The initiat rate of sample A is greater than that of sample B (steeper slope for A than 8) (1] .
DSE1S_238 D(78%) DSEIS_36 C(60%) DSEI6 25 C(IT%) DSE16_33 D (72%) thus more surface area / smaller particle size in A than in B Mm |
DSBi6.3¢  B(77%) DSEIZ27  C(73%) DSEI728 D(37%) DSE1$ 25 D (76%) Gv) (1) volume of CO2 = 120 e’ (1]
DSEi8_33 A(58%) DSBI8 36 C{65%) DSEI9 34 D DSE19_35 B (2) CoCO3+2HCI —~ COz + K10 + CaCly
01z
BeEilBe 16 mole of CaC0, = moles of CO, = 5= 0.005 i)
DSE20_35 A mass of CaCO;=0.005 x (40 + 12+ 16x3)=035g I
I
% of CaCco, = % X 100% = 62,5% 0
CE92_02¢
o) @
gns syringe l

. conical flask
CaCO;
0.1 M HNO:
(i) CaCO3 +2HNQ; — CO2+H0+ CaNOs);
01

moles of CaC0, = Wiz 16x3 = 0,01 :
50 i
moles of HNO4 = 0,1 X 1000 = 0,005 1] .
0.005 mote of HNOj3 can only react 0.0025 mole CaCOs, s CaCOs is ity excess, :
mole of CaCOj reacted = mole of CO; formed = 0.0025 mole [ i

volume of CO, = 0.0025 X 24 = 0.06 dm® or 60 cm® [

(i} The actual volumie of CO: formed is smaller than the theoretleal volume because some  [1] ‘
CO; formed dissolves in water. I

CE92_03b
281 252 |
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@iy 8 electrons
(i} Neon has a stable octet structure with & outermost shell electrons,
(ith)  ksotopes are atoms with same number of protons but different number of neutrons.
iv 1 20x90.52 + 21X 03 22%917
49 9 Relative atomic mass of Ne = L 10(;} 1+ = 20,39
2 20.1
@ Density of Ne gas = 249 = 0,84 gdm™2
CE92_05a
() B isthe cathode because reduction occurs at B, 2H* + 2¢~ —» Hj
(i) Cathode (B) attracts Na* and H* jons.
H* is preferentinily discharged because H is in a lower position than Na in the
slectrochemical serlos,
Anode (A) attracts CI- and OH™ {ons.
CI is preferentially discharged because the concentration of CI- is high.
Finally, as H* and Ci~ are preferentially discharged, Na* and OH- are left,
(it}) [oxidation: 2CH(aq) ~—+ Cla(g) +2¢”
lReduction: 26+ 2H (agq) — Hafg)
foverall: 2CH(aq) + 2H'(aq) —~ Cla(g) + Hu(g)
When 1 mole Ha if formed, 2 moles of Ci~ is used.
234
moles of NaCl used = 337355 4
4
moles of H, formed = 3= 2
volume of H, formed = 2 X 2.4 = 48 dm®
CE93_04b
() CaCO3+2HC! —= CaClh+H0 +COp
i) 1 nwole CaCOs gives 1 mole of CO2
67 % 1673
moles of CO; formed = i = 20,0028
mass of CaCQy = 0.0028 X (40 + 12 + 16 x 3) = 0.028 ¢
0.28
% mass of CaC0y in egg shell = 3 X 100% = 93%
(iti) method: crush the cgg shell into small piece

reason:  to increase the reacting surface ares

mothed: heating
reason:  heating can increase the encrgy of the particles of reactants

[1]
[
ty
{2}

{2

fi]
{13
i1

it}

(15}
i

0]
[
[13
]
{t]
{1
(11
(1]
m

(1
(13
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CE94_08n

O

i)

@i

(iv)

2H:0; — 2H0+ Oy

The rate of decomposition of Ha0; in descending order is A> B> C.

The rate of decomposition depends on the concentration of Hy03.

The concentration of H20z is highest at A, so the rate of decomposition is the fastest,
At C, all the Hz20; are used up, the reaction stops.

B4 x 1072
molesof G = gy = 0.6035
moles of Hy O, = 0.0035 x 2 = 0.0070
0.007
[HZOZ] = -gm-ﬁ_—a =0,14M
No, the slope of the enrve will increase

As MnOy is a catalyst

powdered MnQ; increass the surface area of catalyst that can increase the rate of reaction,
CE95 07a
(i)  Citric acid / vitamin C (ascorbic scid) when dissolves inwater gives H'(aq)

wwhich reacts with calcium carbonate to give gas (CO;) bubbles.
CaCQ; +2H" —= Ca +COy + a0

) (1) CaCO3+2H' —» Ca®+CO;+H0

ne, of moles of CO; evolved = no. of moles of CaCO; present

625 x 1072
moles of CaC0; present = 00—~ 625 x 1072
Theoretical volume of gas = 6.25 X 1072 x 24 = 0.15 dm*
{2} Some of the CO, produced dissolved in water / CO; is (fairly) sofuble in water,

CES6_07a
(i) isotope
) One/!
(i) (1) Hand D hiave the same efeetionie structure {or electronic arrangement),

(DO NOT accept H and D have same no. of electrons in their ontermost shetls)

©) G@b

(3)  Thereaction fs exothermic / gives out lieat / release energy
(4) Formulamass =2+2+16=20

(5)  2Dag) +Ox(g) —= 20:0()

In the mixture, no, of moles of D; = o, of moles of Oz
100 x 1072
24
0: Is in excess, no. of moles of D20 produced = 0.004167 mole

s of D0 produced = 0.004167 X 20 = 0.0833 g (0.083 — 0.084 g}

moles of Dy = = 0.004167

it]
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CE00_0%a
(i) Reactivity: Y<Z <X

= =

r——

[

Y is the least reactive becruse only (he oxide o Y decomposes on heating and the oxides 1]

of X and Z are stable to heat.,

X is the most reactive metal becawse only X can react with water but Y and Z do notreact  {1]

with water.

(i) 60 % 1073

moles of O, praduced = 5= 2.5% 107

2Y0 —= 2Y + Oy

25x 10732
nioles of YO heated = =i 1.25 x 1072
mass 1.08
1.25x107% =

molar mass of YO = Gtomic mass of Y + 16
So, relative atomic mass of Y = 200

CE03_06a
() 2NH4Ci+ CaQ —= CaCl; + H;0+ 2N
(i) ‘'The water vapour praduced wilf condense near the mouth of thes test tube.

The test tube will crack when the cold water Hlows back to the hot test tube.

(iify {11y should be used
Ammionia is less dense thay air
and is very soluble in water.
(iv) 2NHLI4 CoQ — Cally+ H)O+ 2NH;
moles of NH L = '53_15' = (,01869
Theoretical volume of NHy(g) = 0,01869 X 24 = 0.45 din®

CE04_08a
(i} CaCOu(s) + 2H*(aq) ~— Ca(aq) + HaO(l) + COxg)
OR, CaCOsfs) + 2HCl(aq) — CaChag) + HL0{l) + COx(g)

i I3 78 x 1072
g L nwoles of CO, collected = 3.25 x 1073
(2) mass of CalOy in the sample = 3.25x 1073 x 100 = 0,325 g
0325
% by mass of CaC0, = 238 % 100% = 90.27%

(iii) Any ONE of the following:

11

1

{1}

t]
it]
[t
(]
t
i
i

3]

i

{1

{21
[
{21

n

¢ the sample of coral contalns other substances which react with HCl(aq) to liberate a

gas
» somo CO(g) dissolves in water
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CE06_12
Chemical knowledge

Deseription of procedure {max. 4M)

Use sand paper to remaove oxide layer on the magnesium ribbon.

Weigh the piece of magnesium ribbon in grams (w).

Put the plece of magnesium tibbon in a conical flask connected to a gas syringe.
Add 2M hydrochloric acld to the Mg ribbon until in excess,

Collect the hydrogen gas liberated using the syringe.

Measure the volume of Ha(g) collected (v em®).

Treatinent of data
Mg(s) + 2H*(aq) —~ Mg¥(eq) + Halg)
Molar volume of Ha{g)

M
= = x molar mass of Mg {em)

Efféctive communication

CE09_10
@ O
(i)  Gas evolved in the reaction. / Oxygen affects the pressure,
iy H.0y — 2H20+ 0
Oxidation number of hydrogen remains unchanged.
Oxidation number of oxygen {increases) from -1 to 0,
ond (decreases) from -1 to 2.

catalyst / increase the rate of the reaction {decomposition).

® O AA

—

The rale of reaction is high because the concenteation of HyO: is high.

AtB:  The rate of reaction decreases because {he concenteation of HaO»

decreases during reaction,
ALC: The reaction stops becausc ali the H20: has been nsed up.
{iiy Curve:
The slope of curve is smaller,
‘The value at the end of the curve is about half' the original one.

au P n
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ALOS()_07

Any TWO of the followlng:

Lower the temperature of the samplc of reaction mixture removed by Immersing it in
icefico-salt mixture.

Dilute the sample with water / an appropriate solvent.

Remove one of the featalyst by adding an appropriate quenching ageont.

ASLO9)_11

(@  CaCOs(s) + 2HClHaq) — CaCla(ag) + COxp) + H:Of)

(b}  Allow COax(g) to escape but prevent the spleshing of bydrochlotic acid out of the
flask.

{c) Drawy a tangent fine to the curve at point N,
Determine the slope of the tangent fine.

{d} At the point M (beginning), the concentration (amount) of hydrochloric acid iz the
highest, and the reaction rate increases with e amount of ncid.
From point M to N, the concentration (amount) of hydrochloric acid decreases
gradually, and the reaction rate also decreases with decreasing concentration of acid.
At point P, all acld is used up and the reaction stop. » renction rate drops to zero.

(¢}  Siope of cutve: smaller

Maximuns height of the curve: reduced by half

ASLOOUE_07

()

®)

Mg(s) + 2H'(aq) — Mg™@q) + Hup)

Mole of HCl used = 1 X 15 x 1072 = 0.015

Male of Mg used = 52%; =494 x 1073

Since mole ratio of Mg to HClis [ 1 2, Mg Is a Hmiting reagent.

(i} Acid is firstly used to dissolve the oxide layer on magnesium, and 1o Ha gas
forms af the beginning.

MgO(s) + 2HYaq) —= Mg*(ag) + H:0())

Onve MgO layer is removed, acid starts to react to Mg (o give Hz gas and
build up the pressure.

Mgle) + 2H'Gg) —= Mg’(eq) + Ha(g)

(i)  Acid reacts with Mg to give Ha gas and the reaction rate decreases with time
as the concentration of acid gradually decrcases. Hence, the increases in
pressure gradually decrease till point C.

(i} When the Mg ribbon is completely used, no mors Hy gas fonned, and the
pressure of the gyatem reaches the maximum.,

Reaction stops and solution cools down to the roomn temperature. Volume of
13 gas shrinks and reduces the pressure.

2]

21
[11

]
]
£
4

R3]
(1]

(1
{13

0
)
03
(m

[t
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©

pressure of the system -

g

time

Similar shape of the curve,
Higher rate from B to C
Same level of maximum pressure built in the system,

Explanation:

As the concentration of hydrachloric neid used increases from 1.0 M to 2,0 M. which
ums to increase in the reaction rate at the beginning,

ribbon remai hanged and Mg is a limiting reagent,
(lese is no change in the total amount of Hz gas formation.

As the mass of mag

~ pressure reaches the same level earlier, as the one using 1.0 M ltydrochiloric acid.

ASLOI(I)_07

)

et m i fe 7

} !i 3\. O‘Z(E)

Hi0:(aq) + catalyst
At the beginning, Ha0x{(aq) has the highest concentration, and the reaction rate
reaches the maximum,
As time goes by, the reaction rafe decreases as the concentration of HaOx(aq)
decreases wilh time.
The reaction stops when ali [1;0:(aq) are used up, No more O: gas produces after
120" second.

2}
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(m

]

1
{1l

{1
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© ‘ . i ASLO3(II)_10 _
% i @ O Add a suitable amount of marble chips to the acid until the acid is saturated (1] .
';2 60 with disselved COa, i
ot |
i o g 1% VgL
P P ol HillRg |
g ‘o T |k 1 f
E‘ .: E 1 “; %
5 20| T sooHIOLEIHIHE IS
é / 8, e T Hit .
(] bl iR i e LBk RIIRBIY i
oo e e 26 T ree % 00 At 4 m
lime { s g i /, yé B I
] 3 g i
Lower reaction rate '§ ' : ‘L'l E* 1
Maximum reaches 72 em? o 2004 1 o i ?1’
(d)  Manganese(IV) axide / MnO, / potassium fodide 7 Ki 13 g ’," AT fj“ ’
I i T
ASLO2(ID)_1! 0 ) 4 6 3t/ minawes
(@) (D Tokeep the same total volume of solution in different trial. i () ()  Drawatangent fine to the curve at the particular time. {11
(i)  Cross is masked by sufficicnt amount of suspended sulphur particle formed  [1] Determine the slope of the tangent line. i
in the reactlon. (ii)  HCl is consumed during the reaction, » The concentration of hydrochloric {1
[ Experiment [Na:8:0:3(aq)] 1/;; acid in the mixture drops during the course of the reaction.
1 0.005 0.00588 )y @ The rafe increases beeause powdered CaCOy(s) has greater surface arca. 1
2 0.0t¢ 0.0120 (i)  The rate decreases because CH3COOH ig a weak acid and hence the solution 1]
3 0.015 0.6179 {1} contains o lower concentration of H'(aq) ions,
4 0.020 0.0238
5 0.025 0.0303 ASLO4(M_05
()  Propane-1,2,3-trio} 2}
0.030- ® () AGHMNOs() —= 12C0xg) + 10H10{g) + 6Nxg) + Oag) |
(i)  « water vapor condenses back to Jiquid at 298 K.
0,025 {2} ~ | mole of nitroglycerin gives 4.75 moles of gaseous product afler cooling.
§: 0.020+ Mole of trinitroglycerine = —2-;7 =441 x 107 1
ﬁ" 0.015] Volume of gases left behind
= = 4,41 X 107% X 475 X 24 = 0,502 dm® = 502 em? [
0.010 iy 4CHsNiOs(l) — 12COxp) + 10H20(g) + 6MNufg) + Oalg)
. 4AH 0 = 12AHC{CO2(g)] + 10AHH20(g)} - 4AH CaHsMNaOs (1]
: 4AH e = 12(-394) + 10(-242) ~ 4(-364) (13
0005 0010 0016 0020 0026 AP = —1423 kJ mol-t (1] ;
1/¢ {iv)  Any TWO of the following: 2} ;
(&) Astraight line passing those the original of the graph, It shows that the reaction rste {1} ¢ The decomposition of trinilroglycerine is highly exothermic.
(1/,) is inversely proportional to the concentration of Na2$S203(ag). ¢ The decomposition of trinilvoglycerine is very rapid.
(dy 28sec )] ¢ It s a chain reaction with low sctivation energy.
o Trinitroglycerine contains a hydrovarbon chain which is combustible
and NO; groups which are oxidizing groups. :
289 290
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{©) [0)] Shake the sample with acidified KMnOu(aq), prosence of acrolein can
decoloize purple color of KMnOa(aq).

OR, Shake with Tollen’s reagent, presence of nerolein can form a silver
mirror.
1 CHO
ot
H
ASLO5(I)_08

(8)  Change in concentration = 0.100 — 0.067 = 0.033 mol dm~?

3
=825X 107 moldm™ st

Average rate = Ao
1O 0.20 iy .
G R
t 015 BRRE : - s x(g) _:
2 ERERE W LriH b §
g 00K ;
8
: T
g 0.05f i i
8 i 3 T
4 e
'ét_—l 4} : FLHTHA _‘?.ft,l .4..{
: 40 80 120 160

time/s —

(¢)  Thekinctic energy of molecules increases with tomperature.
At a higher temperature, the p of molecules with K.E. greater than the
activation energy increases.
& rate of decomposition increases

)

ASLOS()_07

(2} Increase, because there is an incresse in the total surface area for the contact of
reactants. )

{b)  Dcerease, because 2 M ethanoic acid sofution has a smatler concentration of H¥(aq)
than 2 M hydrochloric acid.

{c}  lncrease, because higher temperature leads to an increase In the fraction of reactant

’ paiticles with cnésgy not less tham the dctivation encigy / in offuclive collision

frequency.

i
(

(1]

(i}

(1

f2]

|
f]

i

ftl

m
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ASLO6()_1o

(@) 5

rate of consumption of 02:2(1.24 X 107%) mol dm~3 571

=155 % 10"* mel dm7 5!

(b)  Catalyst is a substance which can change the rate of reaction but itsolf remains
chemicaily unchanged afler the renction.

[ Nitric acid / nitrogenous fertilizers, ete.

ASLOB(T)_07
(a) Colorimeter
(b)  Absorbance

() Ba

g

k=1

£

]

'g timo >
ALOB(I)_08a

(@)  The polymerization Is an exothermic veaction.
Alot of heat is evolved at the initial stage of the reaction ns the concentration of
the monomer is high and the rate of reaction Is fast.
When the reaction has proceeded from some time, the chain of polymer grows and
ihe viscésity of (he reaction mixture Increases. Rate of reaction decreases.
OR, Reactlon stops at the end and heat Is Tost to surrounding,

{ii)  NaOH(aqg) can calalyze (he polymerization better than HaO(1).

ASL10(D)_02

Accept both “yes” and’no’ answers. Mark will be awarded only to the elaboration.

The rate of renction depends on the coilision frequency of the reactant molecules.

Only those colliding molecules with KE greater than activation enctgy (Ex) of the reaction
can reacl,

When temperature lucreases, average KE of molecules increases,

Chance of collision between molecules increases snd, more importantly, a greater
percentage of colliding molecules has KE> I,

) &9 B 8B 8| Boviddd by ds&ite
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ALI0QE)_02b

) 2MaGq@aqQ) + SC2042(aq) + 16H {aq) —= 2Mn* (ag) + 10C0(g) + 88:0(1)
(i} (I  Colorimetry
(1) The reaction of MnOs (aq) with C205*(aq) is slow possibly because both
MnOs(aq) and C204*(nq) are negalively charged (repulslon) / the reaction
involves breaking the strong non-polar C—C bond.
It is likely thot ons of the products (Mn?*(aq)) is & catalyst for the reaction
{nutocatalysis).
The rate of renction I3 stow at the beginning because of the low concentration
of Mn* (ag), When [Mn?*(aq)] builds up, the reaction will proceed rapidly.
When MnQs(aq) ions are almost used up, the rate slows down,
DSEL{SP_10
(a)  From the curve, { mole of P(g) reacts with 2 mofes of Q{g) to give | mole of R{g).
B(g) + 20(8) — R(®)
(b}  The time required will become longer.
In a larger container, the concemdrations of reactants become less and honee the
collision frequency decreases.
(¢)  Colliding molecules will undergo reaction only if they possess an energy greater

than the activation energy and collide in the right orientation.

DSEI2ZPP_I0

{n)  Colorimetry / using colorimeter
(6) (i)  The rate of consumption of MnG4{aq) ions is slow at the begianing (from 0
to 180 s} and then inorenses rapidly {(from 200 to 340 s5).
it is likely to be due to the building up of the concentration of the products
which catalyzes the reaction.
(i) Repent the experiment with a few drops of Mn*(aq) firstly added fo the
reaction mixlure.
Consunption of MnOy~(aq) lons will be faster at the beginning If Mn**(ag) is
a catalyst.
DSE12_J
® | _ 60 3 5
nitfal rate = T 15 ¢’ /min (0.28¢cm3/5) (Accept 14.8-15.2)
(b  HC! iz a monobasic acid, while H280: is a dibasic acid. Initin] rate increases If
H2804 s used. / Initinl rate increnses as the concentration of ¥ Increases in 2.0
M HiS0s.
Thercfore, the frequency of effective collisions increases.
(c}

2
Maole of Zn = @i 0.0306

Vol of Hy formed = 0.0306 x 24000
=734 om® / 0.734 dm® (Accept 730~ 744 oni®/ 0,73 ~ 0.74 dm?)
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DSEI13_11

@®

®)

)

G

The airbag hss to be inflated instantly when a car crash oceurs.
Fine powder can greatly increase {lie reaction rate / can give a fast reaction by
providing a (very) Inrge surface arca for a reaction involving solid reactants.
Reaction 13
100 3

Mote of N3 produced from the decomposition of NaN; = = X Chs 2.31
Reaction 2:

100

Moles of Na produced = 5 = 1.54

200
Moles of KNH3 produced = o11- 198
Since 5 mol of Na react with 1 mol of KNQy, KNO: is in excess
No. of mole of N; produced from veaction 2 = }f_?SE X -1%- = 0,154
Vohume of gas produced = (2.31 + 0.154) x 24 = 59,1 dm?
Accept: 58.8 — 59,2 dim?
KNO; is ndded fo react with sodium which is (highly) reactive / corrosive /
flammable / strongly reducing.
iy 0.01-~0.005
10
(Accept 0.0005 M s /0.03 mol dm~? min~* / 1.8 mol diy> hr?)
(i)  Detennine the slope of the tengent of curve att=10s.

= 0.0005 mol din~3s™! (5.0 x 10~* mol dm~3s™1)

& - o -

i

i

n
1R8]

{1

{1

{1

DSEl4_10

- Proper way lo follow the progross of the reaction (e.g. measure the volume of CO; i

evolved / measure the loss in mass of the reaction mixture over a certain lime intervat

/ measure the pressure of the CO; formed in a sealed reaction vessels.} (sceept graphical

representation)

- Dilwte IM HCl to differcnt concentrations by adding water, n

- Repent the experlment with dilute HCL

(1

- State one requirement for camrying out falr comparison {¢.g. CaCOj uscd should be of  [1]
the smne amount / under same experimental conditions such as sane temperature or

pressure)
- Communication mark [}
DSE1S_09
() Save cost {on chemicals) / minimize {chemical) hazards / save tivae on carrying owt 1L
experiment / reduce the consumption of cheticals / reduce chemical waste.
(b)  Prevent sucking back of water / prevent water from entering the reacting flask. L]
(c)  Waler level inside the mensuring cylinder rises / The gas volume inside the  {1]
mensuring cylinder reduces,
294
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@ Mole of methyl oleate use= g—gg =270% 1074 il ®)
Minimum volunte of Hp{g) required = 2,70 x 10~ x 24 dm? [ :
= 6.49 din? I &
& A ! |
() I 1 A i 5t
(i) \g 10 N !L
8 8 =
g RS B 675 oS " —>
& 6 BN U S [ O O Y D AU O L PO }_ 3 1
g 4 . omff ‘ @ The curve starts from point (0, 0}, the slope decreases and becomes a horizontat line  {1]
i = - A 3Semd at the 3% minute,
__g_ ‘2 i L s The total volume of gas obtained is 60 e, i
I + i .. ! AL I O {0) 66 cm’® of gas would be collected beeause the number of moles of HaQ2 is the same 1]
[} L — Ly for both experiments,
o OR, 60 om® of gas would be collected because increasing the temperature will
only increase the rate of the reaction, but not affect the amount of product
DSE16_11 formed.
@)  To ensure fair comparisons between the trials. 13] {Not accept ambiguous answer like “same amount of H02™).
OR, To ensure the concentration of NaOH(ag) / veactant is the only varlabls, (d)  Foltow the changs in (fotal) pressure / mass in the systen, N
OR, The volutie of NaOH(aq) used can represent the concentration of {Accept: monitor the systern wilh a pressuze gauge / an electronic balance.,)
NaOH(aq) / renctant in the reaction mixtures,
(Not accept if the answer is expressed in tenns of “amount of NaOH(aq)") DSEI8 62
()  [OH{aq)] =2.0 x (4.0/5.0) = 1.6 ntol dm™> i} {a)  Set-up for preparation — boiling tube with reagents and HEAT (with stopper) 18]
pH = 14 — (- log[OH(aq)]) (Accept heating the reagents in a flask)
=14~ (~log(L.6)) = 14.20 (48] Upward delivery of ammonia gas (without stopper) {4
(c)  The concentration of NaOH(aq) i {Accept collecting the gas with a gas syringe.)

The sharter the time for the (pink) color disappeared, the faster the reaction. An
increase in concentration of NaOH(aq) {reactant) will result in an increase in the  [1]
reaction rate.

()  Using colorimeter / measuring relative transmiltance / absorbance of the mixture / [}

spectrophotometer 3
DSE17_1¢
() &0
mxzmo.OOSy i
¥ = 1,0 moldm™ [
{Accept maximum 3 decimal places)
295 296
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DSEI8_LY
{8) () Colorintensity / absorbance {Not accept transmitiance)
() 4
A
3
% B
Xy

&

time
(On the graph) Plot a tangent (a steaight line) al time = 0 on the curve,
The initial rate equals to the slope of tho tangent / straight line,
(iiiy The absorbance is (directly) proportional to [Bra(aq)] / number of B
molecules in the reaction mixture,
OR [Br2(aq)] / number of Brz molecules in the reaction mixture st A is
higher than that at B,
therefore the frequency of (effective) collisions between molecules at A is
hiigher than that at B,
Any ONE of the followings:
Measure the volume of CO; gas formed (at different time)
Measure the (fotal pressure) af the systemn (at different time). (the reaction procceds
in a closcd system)
Mensure the mass of the reaction mixtire {al different time).
NOT accept measuring the pH of the reaction mixture

DSE19_11

@

&)

©

CaCOi(s) + 2W'(aq) ~~ Ca¥'aq) + COr) + H0()
OR, CaCOs(s) + 2HNOs(aq) — Ca(NOa)faq) + COxg) + MO
() 82.8-820
122
Not aceept 1.30%107 g 571,1,3333x107 g 57}, correct unit s required
@Gy e« Theslope/ curvature {(of the tangent) of the curve (at t=0) for Trial 2 is
Iarger than that for Trial 1,
s Showing a higher (initial) rato of reaction as the concentration of
HNO; / H* in Trial 2 is higher than that in Trlat I,
OR
& The decrease in mass for Triat | is snabler than that fox Trial 2,
¢ InTrial { less CO: is given out because the number of moles of HNOy
/ H* used In Trinl 1 is Tess than that In Trial 2,
Use same mass of calcinm earbonate of different sizes to perform the experiment,
All other conditions of the experiment should be kept unchanged,

=008g min~t (or 1.33x 107 g5~4)

3
{1]

1
{1

(1]

(i}

111

12]

(3

[t}

{1
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DSE20_13

13.

>

iater stage of the experiment)

Correct labels for the two curves (The curve representing a higher concentration of HCl(aq)
has a higher initial slope.), and correct labels of the graph (y-axis: volume of Hy(g) collected,
x-axis: time)

3

B

2

e

C

T

S

o & i

o) : i :

£ ower [HCIaQ)] :

S —— st +

> SR b btk e [ it o] gt P
L] ¥ T T »-
time

(Any 3 points from below: 1 mark for each point)

Measure the volume of Hy(g) formed at different time intervals {and plot a curve.

The slope of the curve represents the rate of reaction.

Repeat the experiment with different concentrations of HCl(aq).

Fair comparison - other than concentration of HCl(aq), all other conditions should be the same.
tor explicifly give at Jeast one condition that have to be kent constant)

Communication mark
(Chemical knowledge =0 to 3, communication mark=¢
Chemical knowledge = 4 to §, commurication mark =Qor 1

1

3
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SECTION 10 Cheimical Equilibrium

Multiple-Cholee Quastions

ASLOS(1)_01

[1n whichs of the following systems will ilic equilibrium posilion shifts to the lefd in tesponse to an
increase in pressure of the syslem?

A, COyg) + HLOQ) === HCOinq

B. Hag} + Chi{g) == 2HCHg)

C. 4Pe(s) + 3Qug) == 2Fe:03(s)

D, 280s(g) = 280g) + Oug

DSE1ISP 29
Consider the following system al equilibrinm:

Alg) + 2B(g) == 2C() AH =4200 ki mof™!

What would be the effect on the rates of (he forward and backward reactions if the temperature of
the system were lowered?

Forward reaction rate Backward renclion rate
A, Decreases Increases
B, Decreases No change
(Y Decreases Decreases
D, Increases Decreases
DSELISP_35
1* statement 2% statement

Catalystz are used in many industrial Catalysts would not affect the percentage of the
processes. product in the equilibrium mixture,

DSEI2PF 26
A mixture of N20s{g) and NOu(g) is allowed to attain equilibrium in a gas syringe at room
temperature:

MNaOy(gy ===  INO:Ag)
Light Dark
brown brown

The gas mixture in the syringe is compressed rapidly, Which of lhe following statements correctly
describes the expecled observation?

A. The colour of the mixture becomes paler,

B. The colour of the mixture becomes darker,

C.  The colour of the mixture becomes paler instantancousty and then darker.

D.  The colour of the mixture becomes darker instantancously and then paler.

298

DSE{2PP_31

Which of the fotlowing isfare characteristic(s) of chemical equilibrium?

(1)  When a catalyst is added to an cquilibrium mixture, the equilibrium position changes.

(2} When cquilibriunt is attained, the rate of forward reaction and that of backward reaction aro

equal.
{3) Equitibrium can be attained from either direction of the reaction.
A.  (lyonly B. (2yonly
C.  {1yand{3)only D, (2)and (3) only
DSEI2_26

The concentration-time graph for a certain chemical reaction in a closed vessel of fixed volume is
shown below:

]
=, !
- El
T - b
5 p il i
e
]
g . L/
'
g 7
7 . Q(g})
Loyl ——
0 10 20 30 40 50 60

time /g

Which of the following chemical equations cotrectly represents the reaction?
A Pg) — Q) B. Q@ — P@
C. P — 20() D. Qg —= 2P(g)

D Em = 5Y,ffRd 57 Usite
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DSEL2_27

In a | din® closed container, [ mole of Xa(g) undergoes decomposition to form X(g) until
cquilibrium is attaincd, The chemical equation concerned is shown below:

Xaxg) == 2X(g)

Which of the following graphs correctly shows the variation in concentration of Xa(g} and X (i)
with time?

A i
X ; X
'f‘g 1.24 :5 12 ——
2 Lo o /
E g Eos
£ 0.6 g 0.6 \____X =
: 0.4 :
o ot Xsi2) §
0.24 2 0.2
§ ., 8 .
a time / s o' time /s
€ D.
A
T, 1.2+ 7, 1.2
-§ 1.04 'g 1.0
Es g X(g)
§ 0.8 X(8) Fos o e 2R
g 0.6 — g .61 N
0.4 4 i e e
i 0; Xafg) g 3 2 Xeli)
5 £ 0
<
0 thne /s * 0 time/x
DSE13_35

[ statement
Increasing reaction temperaturs can licrease
the yield for alf reversible chemical reactions,

2 statemsent
Increasing reaction temperature can shorten the
time needed to attain cquilibrium for all
reversiblo chemical reactions.

DSE13_27
Xafg) +3Ya(g) == 2XYi(g)

A mixture of X2(g) and Ya(g) was introduced into a 2.0 dm? closed vessel kept at a tixed
temperature. When the system attained equitibrium, the vesse! contained 0.4 mol of Xa{g), 0.3 mol
of Y2(g) and 0.4 mol of XYa(g).

Which of the follewing is the numerical value of Ke for the above reaction at this temperature?

A, 33 B. 6.7

C. 48 D, 593
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DSEI3 28
Xa(g) +3Ya(g) = 2XYi(g)

Which of the following combinations shows the effects of a catalyst on the rate of forward reaction,
rate of backward reaction and the yield of XY3(g)?

Ra fi rdl reaction  Rafe of backward reactio Yicld of XY3(g)
A, Increased Increased Unchanged
B. Unchanged Unchanged Unchanged
& Increased Decreascd Increased
D. Decreased Increased Decreased
DSE14 26

Counsider the information below:

Reaetion Equilibrium conslant at 25°C
Afag) + B(ag) = C(aq) +Dfaq) : &
Claq) + D(aq) == E(uaq}+ F(aq) + Glaq} K2
E(zq) + Faq) + Glaq) == Alaq) + B(aq} K3

Which of the following combinations is correct

Relationship of K), K and K Unitof &3
L -1
A, Ky = %Xk mol dm
B Kz = . . mol™ dm*
’ BT K Ky
€, Ky =Ky %X Kz ol dm™?
D. Ky= Ky X Ky mol~! din®
DSE14_3t

The foltowing system atlained equilibrium at a certaln temperature:

280(g) + Oofg) = 280s(g)

Which of tie fol{owing statements is / are correet when the volume of the system is decreased
while the temperalure remains unchanged?

(1) The value of K« increases.

(2) The cquitibrium position shifis to the right.

(3) The rate of decomposition of SO3(g) increases.
A.  (Donly B.
C. (!)yand(3) only D.

(2) only
(2) and (3) only

kids
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DSE{4_35

1% statement 2™ statement
Al chemicnl equilibrium state, the forward At chemical equilibrium state, the vedctants
reaction rate equals zero, would not react to give the produets.
DSELS_27

Consider the foltowing reaction at a cerlain temperature?
2XYa(g) === X(g)+2¥a2kg) Ke=0.60 moldm™
Anp equilibrium mixture was obtained at this temperature as shown below:

10.0 din? closed container mixture of 1.0 mol of XY (g,

2.0 mol of Ya{e} and 17 mol of X:t g}

stopper —-— stopper
What is 4?7
A LS B. 3¢
C. 015 D, 030
DSELS_31

[n a closed container and at a cerfain temperature, the following equilibrium was attained:
COCl(g) === CO(g) + CCl(g)

Which of the following statements is / are correct 7

() €O(g) and Chig) must be of the same concentration,

(2)  The rate of deconposltion of COCL(g) is cqual to the rate of formation of CO{g).

{3y The cquitibrium constant K, for the reaction increasss when the volume of the container

increases,
A, (Donly B. (2)only
C. (1) and {3} only D, 2Yand (3) only

302

DSE1S_33 (modified)
Censider the following cquilibrium reastion system in a closed container of fixed volume:

CO(R) +#0(g) === COag)+Ha(g) AH<O

Which of the followlng, when applied to the system, would lead to an increase in the rate of
formation of Hy(g)?

(1) adding CO(g)

(2) decreasing the temperature

(3) adding a sultable catalyst

A, (Donly B, {(2only
C. (P and (3)only D.  (2)and (3)only
DSE(6 26

The following reaction hes sttalned equilibrium in a fixed volume container:
CO) +HO%R) = COxg)+Hg)  AH=-411kJ mol!

Wiich of the following is correct if the temperature of the system is increased?
A, The pressure of the system remains unchanged.

B. Both the rates of forward and backward reaction increase.

C.  The zquilibrium constant of the reaction remains unchanged.

D. The respective yield of COx(g) and Ha(g) increase to the same extent.

DSELs 27
Consider the following equilibrium system:

Brafaq) + H20(l) = HOBr(aq) + H'(aq) + Br{ag)

Which of the following can turn the color of the system paler?
A, Passing HCI(g) into the system

B. Passing HB(g) into the system

C. Adding NaB{s) to the system

D, Adding NaOH(s) to the system
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Direction: Questions DSEI7_31 and DSEI7_32 refer to fhe following reaction invelving four
miscible liquids,

W) + X() == Y@ + Z(0)  AH=+45kJ molt
At 25°C, the equilibrium constant K. for the reaction is 2.5. In an experiment, 1.0 mol of W() and

£.0 mot of X(1) are placed in a closed container keeplng at 25°C. when equilibrium is atsained, the
total volume of the regction mixture is 0.20 dm?,

DSE17_31

How many moles of Y(I) would be present in the container when equilibrium {s atfained?
A, 044 B. 06!

c. 07 D. 083

DSBi7_32

When equilibrium is attained, which of the following would increase the number of moles of ¥¢i)?
(1) Removing Z(1} from the reaction mixture

(2)  Tncreasing the volume of flie container

(3}  Increasing the temperature of (lse reastion mixture

A, {Donly B. (2)only
C. (1) and (3) only D, (2)and (3) only
DSE17_34

Consider the following equilibrium systeny:
2Cr04¢(aq) + 2H'(aq) —= CnOs(ag) + H:0(l)

Which of the following statements are INCORRECT?

(1) [CrO¢(aq)] must be equal to [Cr0-(aq)].

(2} Both the forward reaction and the backward reactive have stopped.

{3)  The number of moles of Cr04*~(aq) must be double the number of moles of CrO7*(ag).
A, (1yand (2)only B, (1)and (3)only

C. (2end (3)only D, (), (2)and (3)
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DSEI8 26
Consider the following equilibrium system in a certain liquid medium at 25 °C:
CH3COCH; + HCN === (CH3);C{OH)CN AH> 0
Which of the following statcments is comect {assuming the fotal volume of the system remains

unchanged)?

A,  Adding (CH3}C(OH)CN would increase the equilibriinn constant Ke.

B.  Increasing (he temperature would i the ¢ tration of (CH3):C{OH)CN.

€. The concentration of CHiCOCH: must be equal te the concentration of (CH3):C(OH)CN.

D,  AfReradding HCN and when & new equilibrium s atiaited, the concentration of HCN would
be restored to the value before the addition of HCN.

DSEIR 29
The equilibrium constant . for the reaction

Nx0s(g) = 2NO:(g)
at 70 °C iz 0.13 mo! dm?, In & 5.0 dm’ closed container kept at 70 °C, there is a mixture of 0.20
mo} of N;O4(g) and 0.30 mo! of NO2(g) at & certain amount. Which of the following combinations
is correct at that moment?

Reaction quottent Q. / mol dm Rate of the reaction
A, 0.09 Backward > forward
B. 0.0% Forward > backward
C. 0.45 Backward > forward
D. 045 Forward > backward
DSEI19 26

Consider the following two reactions at a cerfain temperature:

Reaction (1) : CO(g) + HaO(g) === COi(g) + Ha(g) Equilibrium constant K= 0.8
Reaction (2) : COag) + Ha(g) === CO(g) + H20(g) Equilibrium constant K. =X

What is X ?

A, 08 B. 125

C. 0.8 morigm’ D.  1.25moldm?
DSE19_27

The decomposition of Hi(g) into Hag) and 1a(g) is reversible. In o closed container of 3.0 dm?
keeping at a fixed temperature, an equilibrivm mixture contains 6,10 mol of Hl(g), 0.60 mol of
Ha(g) and 0.60 mo! of L(g). What is the equilibrium constant X, for the decomposition at this
temperature 7

A 04 B. 36

C. 90 D. 360
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DSE19_25

Consider the following equilibrium system in a closed container of fixed volume:

A(g) + B(g) == 2C(g)
A small smount of B(g) is added at time t and finally a new equilibrium is aitained at the same
temperature. Which of the following graphs can represent the varistion of [C{g)} with time 7

A, B.
= C)
L =2
\ >
|
tune
G: D,
= =
c) )
2 . o
9 & ;
B e e Y -y »
i i t 3
tane Hime
DSE20_26
26. Consider the information below :
Rerction Equilibrivm constant 2 25™C
HaA(q) w Hi(aq) + HAag) 13 % 107 mol dm™?
HA g ™ H'(aq) + A™{aq) 3.1 x 107 mol dm™
ZHA(sq)™ HLAGQ) + A (eq) X
‘What is the numericat value of X ?
A, 42 % 10°
B 24 % 107
C. 1.0 % 107
D, 25 % 10
DSE20_33
33 Refer to the following chemical reaction :
H,00) e Haq) + O (aq) AH> D
The pH of a pure water sample is 7.0 at 25°C. Which of the following statements is / are correct when the
sample has been heated to 50°C 7
(1) The {OH (ag)] of the sample is 1.0 % 107" mot dm™.
) The pH of the sample is smaller than 7.0,
{3} The sample remains nsutral,
Al (1) only
B. (2) only
& (1) and (3) only
D. (2) and (3) only
- F - 2 3 2 ; a P
3 { ] L 1 . L i [ i g A L

DSE21_31

3L

DSE21_32

32.

[

Consider the following reaction under certain conditions :

2Xa{g) ™ 3Xofg) K.~ 4.0 mol dm™

The reaction quotient is 2.0 mo! dm™ at a certain mament. Which of the following statements is / are

correct ?

{1} The reaction quotient is larger than 2.0 mol dm™ aRter a period of fime.

23 The backward reaction is faster than the forward reaction at that moment.

3) The concentration of Xz(g) must be equal to the concentration of Xs(g) at that moment.

(1) only
(2) only
{1} and (3} only
(2) and (3) only

oowe

Consider the following equilibrium system :

HA(aq) = H'(aqg) + A™(ag) AH>0

colourless pink

Which of the following statements is / are correct 7

o
@
&}

Adding Na:COx(s) would make its colour become paler.

Increasing the temperature would make its colour hecome darker,

Adding a few drops of concéntrated HCl(aq) would increase the concentration of A(ag).

{1yonly
{2} only
(1} and (3) only
{2) and (3} only

[=Rel=g
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Structural Questions
ASLIS(D)_03
The table below lists the equilibrium constants, K¢, for the reversible reaction,

Hag) + COxg) === CO(g + H0(g)

at three different temperatures.

Temperature / K. 500 700 900
Ke 7.76%107 1.23%197 6.03x107!
{a8) Based on fite above information, deduce whether the forward reaction is exothennic or
cndothermio.
{1 mark}
(b} 2.0 mol of Ha(g) and 2.0 mo] of COx(g) are allowd to seact in a 4.0 dwm® closed container,
Calcutate the conceniration of CO{g), in mo! diny? in the equilibrium mxiture at 700 K.
(3 marks)
{¢) State the effect of an jncrease in pressure on the percentage yield of CO{g). Bxplain your
BOswer.
{2 marks)
ALBOID_0da
Tn the Haber process, ammonia is synthesized by the exothenmie reaction of nifrogen and hydrogen
at around 723 K.

Ni(g) + 3Hx(g) == 2NH(g)

[n a simulation of the process, a mixture of nitrogen and hydrogen was placed in a closed container.
The initial concentrations of nitrogen and hydrogen were 0.50 mo} dm and 1.50 mol dm™
rospectively. When the equilibrivm was attained at 723 K, 25,0% of the original nitrogen was

copsumed.
i) Calculate the respective concentmtions of nitrogen, hydrogen and amsnonia in the
equilibrivm mixiure.
(3 marks)
(if) Caleulate K. for the reaction at 723 K.
{2 marks)}
(i) (D State, with explanation, the effect of temperature on K for the reaction,

(1 mak)

(I}  Explain why the Haber process is not operated at feraperatures much higher or
much lower than 723 K.

(1 mark)

307

e T BB ET o

ASLOG(D)_04

An experiment, consisting of four stages, was conducted to determine the equilibrium constant Ko,

of an esterification reaction:

Stage 11 0.25 mol of ethanoic aeid and 0.25 mol of propan-2-ol were mixed in a pear-shaped flask.

1.6 cm? of this mixture was withdrawn and added to a conicat flask containing 25 em?
of defonized water. The contents of the conical flask were then titrated against 0.30 M
sodium hydroxide solution,

Singe2: A few drops of concentrated sulphuric (V1) acid were added to the remaining acid-

alcohol mixture in the pear-shaped flask wil shaking. 1.0 cm® of this mixiure was
withdrawn and immediately titrated against 0.30 M sodium hydroxide solution as i
Stage 1.

Stage3: Some pumice stanes were added to the pear-shaped flask which as then heated under

ceflux for an hour After rapid caoling, 1.0 om? of this mixiure was withdrawn and
immediately titrated against 0,30 M sedium hydroxide solution as in Stage 1.

Stage4: The remaining mixture in the pear shaped flask was heated under reflux for another half

an hour. ARer rapid cooling, 1.0 e’ of this mixture was withdrawn and immediately
titrated against 0.30 M sodiwm hydroxide as in Stage 1.

The table below lists the titcation results:

@
®

©

@

©

100]

Volume of 0.30 M NaOH(aq) used / om®
Stage | 36.80
Stage 2 36.90
Stage 3 17.55
Stage 4 17.15

Write a chemical equation for the esterification reaction.

(1 mark}
What is the purpose of adding concentmted sulphuric(V1) acid in Stage 2?

(F mark)
(i) Explain why the titration in stage 2 should be carried cut immediately.

(1 mark)
(i) Suggest a suilable indicator for the titration.

{1 mark)
Why are pumice stoncs wsed in Stage 3?

(1} mark)

Assunting that equilibsium had beesn atlained in Stage 4, caleulate K. for the eslerification
reaclion.

{4 marks)

Suggest what further actions should be taken after Stage 4 to confirm that equilibrium has

{1 mark)
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ASL01()_02
‘The energy profile of a reversible reaction

Ag) + B(g = Cg)

iz shown below:

potential energy

A{g)+ B(g)

C(g)

reaction coordinate

A mixture of A{g), B{g} and C(g) was allowed to reach equilibeium in a closed vessel with a fixed
volume,

State the effecls as listed in the table below of (i) adding a catalyst to the mixture, and (ii} increasing
the temperature of the mixture.

(i1} increasing the
temperature of the
mixture

(i} Adding a catalyst
1o the niix(wre

Effect on the rate of the forward reaction
Effect on the rale of the backward reaction
Effect on the equilibriumn position

ALOXI) Ola
The pH of hunan blood is maluteined within a nacrow range from 7.35 to 7.45 by a natural buffer
systeni consisting of carbonic acid, H:COx(ag), and  hydrogencarbonate ions, HCOs(aq).
0] A buffer solution containting H2COs{aq) and HCOx(aq) in equal concentrations has a pH
of 6.10. Calculate the dissociation constani, K, , for HaCOs({aq).

(2 marks}
(iiy  Cafeulate the ratio of concentrations of HCO37(aq) and H2COx(aq) in blood at pH 7.40,

(2 marks)
(iti) (1)  Would the blood pH of a person increase or decrease in the comse of physical

cxertion ? Explain your answer.

(2 marks)
(i)  Briefly explain why the HoCOs(aq) / HCOs{aq) buffer system can waintain the
bloed pH.
(1t mark)
09
| B39 £ 2 8| = = elA|
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ALO2(I)_ 028
A closed system consisting of a mixture of N204(g) and NOx(g) is nllowed to attain equilibrium at
350 K and 700 kPa. The mbxture has a light brown color.

N:Oifg) ~== 2NOx(g)

pale yeflow brown

describe the color change of the mixture when its temperature is increased under the same pressure.
Explain your answer.

(2 marks)
ALO2(I1} 03

AL 298 K, the equilibrium constants, Ky, for the reaction (i) and {2) below are 1.8%107 mol2 dut®
and 2.0%1071 mof? dur respectively.

Ag'aq) + 2NHb(aq) = [AgNH:):l'(aq) (1)
AgCls) = Ag'faq) + Ci(ag) @

(a) For cach of the reactions (1) and {2}, write an expression for its 1.

(2 marks)
(b} Calenlate the Ke at 298 K for the following reaction:
AgCils) + 2NHs(aq) == [Ag(NHa)al'(aq) + Ci(ag)
(3 marks)
(¢} Using your result in (b}, calewlate the solubility, in mol dm™, of AgCl(s) in 0.10 M NHi(ng)
at 298 K.,
{2 marks)

ASLO2(H)_09 (modified)
The dissociation of butan-1-amine In water can be represented by the following equation.

CHy(CHi):iNHz{ag) + HyO{) == CHy(CHNHs*q) + OH-(ag)

(a) Giveall acidic species in an agueous solution of butan-1-amine.
(1 mark)
(B)  The dissociation constant, K, of butan-1-amine is 5.9 x 10~ mo! dm™> ut 298 K. Caloulate
the pH of a 0.1¢ M agueous solution of butan-1-amine at 298 K,
(3 marks})

31
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ASLO3(D)_o1
HiPOu(aq) ionizes in theee stages to give HaPOy~(aq). HPO: " (aq) and PO (aq),
{)) At298 K, the dissociation constants, Ka, of HaPOu(nq), H2POs(2q) and HPO (aq) are as

follows:

K/ mol dm™
HiPOylaq) + H2O() == HaO'aq) + H2PO«(aq) 7.9%107
H:POG{aq) + H20() == HaO'(aq) + HPOs(nq) 6.2x10°
HPO(aq) + H:0f) === H;O%(aq) + POs*(aq) 4.4x10-1}

Explain why tie dissociation constant decreases wifh the successive loss of hydrogen fons.

{1 mark)
(b)  Sketch the expected pH titration curve when HaPOu{aq) is titeated with NaOH(aq).
{3 matks)
ASLO3(})_05
A1 298 K, the pH of a 0,10 M aqueous solution of bulanoic acid is 2.9.
() (D) Calouate the degree of dissociation of butanoic acid in the solution.
{2 marks)

(i) Caleulate the K. of butanocic acid at 293K,
{2 mncks)
)  25.0cm® of0.10 M butanoic acid is titrated against 0. 10 M sodiwn fiydroxide solution. Sketch
a graph to show he chauge in pH <uring the titration,
{3 marks)

ASLO3(I_L1
Caonsider the following reversible reaction:
NiOi(g) —
Colorless

2NOalg)
Dark brown

A gas syringe containing a mixture of N2Os(g) and NOx{g) was allowed to atlain equilibrium at
room ¢ . The syringe was then immersed in fce-water. The color of the
mixlure gradually became fighter.

(a) State the effect of decreasing the temperature on the rate of the backward renction. Explain

peralure and |}

your auswer.
(3 marks)
&) (i) Based on the given information, deduce whether the forward reaction is exotlicnmic or
endothermic.
(2 marks)
(ii)  Explain your answer in (1) in terms of chewmieal bonding.
(1 mark)
(c) Suggest a chemical method to dispose of the gaseous mixture in the syringe al the end of the
{1 mark)
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ASLOKI)_04 (modified)
(a) Write an equation, with state symbols, for the auto-ionization of water,

{1 mark}
(b) Write an exptession for the equilibrivin constant, Ko of auta-ionization of waler,
(1 mark)
(c) The table below lists the K, of water at three differcnt temperatues.
Temperature / °C Ky / mol? dm®
19 8.3 x 1071
30 1.5 % 10714
50 5.5 x 1¢71
{i) Calenlate the pH of pure water at 56 °C,
{2 marks)
(i} s pure water alkaline, neutral or aeidic at 50 °C, Explain your answer.
(1 mark)

i) With reference fo the given infonnation, deduce whether the anto-ionization of water
is an exolhermic process or an endothermic process.
{2 marks)

ASLO4(J0_08 ({Similar to DSEI7_11]
Chlorate(J) salts, in the form of NaClO or Ca(ClO)z, are commonly used as disinfectant.
(a) In aqueons solution, chlorate(l} ions undergo hydrolysis to give chloric(l) acid, HCIO(aq).
Write the chemical equation for the hydrolysis of chlorate(I) fons.
(1 mark)
{b) Many swimming pools se chlorate(l) salts to sterilize the pool water, The HCIO(aq) fornmed
is very effective for killing microorganisim,
(i} ‘The pH of a snmplc of pool water is 7.50 a( 298 K, Caleulate the ratio of concentration
of ClO(aq) to that of HCIO(ay) in tle sample.
(A1298 K, the dissociation constant, Ke, of HCIO(aq) is 2.95%10°* mol du.)
(2 marks}
(i) The concentration of HCIO{aq) in pool wafer increases with decrease in pH, yet the pH
of pool water should not be kept too low. Brielly explain,
(1 mark)
(€ (i} Writea chemical equation to represent the dissociation of HCIO in water.
(1 nark)
(i) Wil the equilibrum position of the system in () shifl upon the addition of wate? Specify
the direction of the shift, if any, and explain your answer.
(2 marks).
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ASLO4(II) 09 [Similar io DSEI8_13]

®

Plg)y reacts with Q(g) irreversibly to give (), A mixture of P(g) and O(g) is allowed to react

in & closed container of volunte 1 dm?® kept at a constant temperature, The graph below shows

the changes in concentration of P(g), O(g) and R(g) in the container with time, (P, O, R do |
not represent symbols of clements,)

0,60 - i -
7? 0.50
4 e
3 0.40 (IS
K |
B ) NN ; !
B 030 L ;
i ’ 3 B R
0.20 " : &
o.10 [HEEPEHHINGE ; SaREeduitasdie
: :g‘::l?ﬂ PHEL :
R 2 B 19l ) -
e S| 0
tiroe / misutes s>

(i) With reference to the above graph, deduce the chemical equation for the reaction in
terms of P(g), O(e) and Rig).
{2 warks)
(i) If the mixture of P(g) and Q(g) is allowed (o react at the same temperature bul in a
closed container of volume 2 du’ instead, will the fime requived for the 1enction to
compleie remain the same? Explain,
{2 wmarks)
(iii) Explain why the collision between molecules of 2(g) and Q{g) will not uecessarily lead
to a reaction.
{1 mark}
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()  X(g) reacts with ¥(g) reversibly to give Z(g). A mixture of X{g) aud Y(g) is allowed to react ALO5()_03b  [Similar to DSEI7_11}
in a closed container of volume 1 dm® kept at a constant temperature. The gtaph below shows Cyanidin (Cy) is a water-soluble plant pigment which can be found in blackberry, and Is responsible
the changes in concentrations of X(g), ¥(g) and Z(g) in the contalner with time. (¥, ¥, Z do for its purple color, The following cquilibrium exists in an aqueotss solution of cyanidin:
not represent symbeols of elements,) CyH*(aq) Cy(zq) + H'(aq)
0.60 red purple
; ® Write an expression for the acid dissocintion constant K, of CyH*(aq).
0.50 {1 mark)
'?T . G -t XTe) (i} Inasample of blackberry juice buffered at pH 3.0 at 298 K, the concentration ratio of CyH”
§ 040 2 to Cy(aq) was found to be 20 to 1. Calculate K, of CyH'(ag) a1 298 K.,
3 P (2 marks)
-.E_ 0.30/ ™ ’ (iiiy  Blackberry juice is offen preserved by adding small amount of SOx(g), which reacts with
8 by CyH*aq) to give colourless produdet, CySO;Ha(ag). The reaction can be represented by
- tite equation below:
g. 0.20 RN M CyH"(aq) + SO:(aq) + H:O() = CySO:sH(aq) +H(aq) (1)
g.10 : - Z(gyiLt. ; .. [} Write an expression for the equilibtium constant K¢ in reaction {I).
e i:“.j v al}' ; {1 mark)
0.000“ il ; e I'T = o ; (i When sufficient $Ox(g) is added to a blackberry juice buffered at pH = 3,00 at 298
X b ) ' time / mintes o v o K so that concentration of SOx(nq) nt equilibrium is 1.0 x 10°% mo! dm=>. the
) “ concentration of CyH*{sq) drops to one tenth of its origina! value,
() With reference to the above graph, deduce an expression for the equilibrim constant, Assuming that SOx(aq) does not react with Cy(aq), ealculate K. in reaction (1) at
K., for the reaction. 298 K. )
(2 marks) {2 marks)
(ify Compare the rate of forward reaction and that of the backward reaction
{1) atthe Sth minutes after X(g) and Y (g) are mixed. ASLOS(ID_08 [Similar ta DSE13_12)
(1 mark) Ya(g) undergoes decomposition according to the following equation:
(2) attho 3th minutes after X(g) and Y(g) are mixed. Yag) —= 2Y(g) AH>0
(1 mark)
(You are not required to perform any caloulation.) Two experiments were carried out to study the decomposition of Ya(g). In these experiments,
(i) if the mixture X(g) and Y(g) i allowed to react at the same temperature but in a olosed different amounts of Ya{g) and Y(g) were charged into a closed conlainter of volume 2 dm® kept at
container of valume 2 dny® instead, will the yield of Z(g) be the samo? Explain. a constant temperalure. The table below lists the initial numbers of moles of Ya{g) and Y(g) in the
(2 marks) container, as well as the number of moles of Y{g) present in the container after onc day.
. Initial number of moles Number of moles of
Experiment
Ya(g) Y{g) Y({g) after one day
1 4 0 2
I 0 4 s
() The reaction quotient Q of the system can be represented by the following expression;
e
T %]

.....For ench experiment, caleulate Q of the system afier one day. Hence. deduce whethor
The systemi had attained cquilibriom after one day.
{5 marks)
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(b} Consider experiment |
{1) will the yield of Y(g) be affected if the volume of the container is decreased from 2 dim?
to 1 dm®? Explain.
(2 marks)
{2} State the effect of an increase in temperature on the yield of Y {g). Explain.
(2 marks)

ASLO6(I) 04 [Similar to DSEI3_12¢}
The dingram below shows a gas sytinge containing a pale brown mixture of N2O4(g} and NOx(g) at
equilibrium at room temperature. '
N:Oulg) —_— 2NOx(g)
Colotless Drark brown
plunger rubber cap

A BN, ixtute of N:0:(g) and NOs(g)

In each of the following cases, stafe the sxpecled ebservation, with reason(s). Sketeh on the given

graph fo show the expected varintion in the concentration of NOy(g} in the mixture until the

aitainment of & new equilibrium,

(@) The plunger is quickly pushed from position A to position B at tinte G, while the temperature
of the mixture is kept constant.

Expected observation: NOL()]
Reeson:
Graph;

1]

(5 matks)

(&) Seme N;O4(g) is introduced inte the gas syringe ot time fy, while the volume and the
temperature of the mixture are both kept constant.

[

Expected observation: NOe)!
Reason:
Grapl !
i
5 time =
{3 marks)
i

ASLO6(I1)_12 (modified)
Propanoic acid is a week acid
(a) Explain what is meant by the term *weak acid’,
(1 marks)
(b Caloulate the pH of 0.20 M propanoic acid a1 298 K.
Given that
[H*(aq)}{CH;CH,CO0™(ag)]

- -5 -3
TCH, G, COOH(aq)] = 1.35 % 107" mol dm

K, of acid dissociation =

(3 marks)
(¢} Sketch a graph showing the change in pH of the sofution mixture when 25.0 cm® of 0,20 M
propanoic acid is titrated against 0.20 M aqueous sodium hydroxide.
(2 marks)
(d) When sodium propanoatc is dissolved in water, the following chemical equitibrium is
eslablished:

CH;CHCOO(rq) + Ha0() === CH;CH.COOH(ag) + OH™(aq}

(i) If K¢ is the equilibrivm constant of the above system, while Ky and Ky are the
equilibrium constants of the following reactions:

CHiCH:.COOH(ag) == CHiCH.COO(aq) + H(aq)
- [H* (ag)}{CH;CH,C00™ (ag)]
8 “JCH,CH,COOH(aq))

HiOag) == H'(aq) + OH {aq)
Ky = [H*{aq}][0H"(aq)]

K
Show that K, = 'E\i .
3

(1 mask)
(it}  For a 0.20 M aqucaus solution of sodium propanoate, caleulate
(1) The concentration of OH-{aq)
(3 marks)

(2) The pH value

{1 mark)
At 298 K, iostic product of water, Ky = 1.0x10-" mol? din®;
Kaq of propanaic acid = 1.35x10~° mol dnv?)

3%
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ASLO7(1)_04 [Similar to DSEI3_12]
The equilibrium constant K. for the following reaction is 0,20 mol™' dm’at 873 K,

CO(gy + Chig) ~ COCh(g)

A inixture 6f 2.0 mol of CO(g), 1.0 mol of Chi{g} ud 0.5 mol of COCly{g) is introduced inito an

cvacuated vessel of 4.0 din? kept at 873 K.

(8)  Calculato the reaction quotient of the systent at the start of the reaction. Then, decide the
direction in which the reaction will proceed to nchieve equilibrium,

(3 marks)
(b}  Calculate the concentration of COCl(g) when equilibrinm is attaincd at 873 K.
(3 marks)
(¢) Discuss the cffect on K, il the vofume of the vessel is d d whife keeping the
temperature of the system at §73 K.,
(1 mark}

ASLO8(I)_04
Consider the renction of Ha(g) with [:{g) at elevated temperature;

H(g) + hig) =~ 2HIiE)

4.0 mol of Ha(g) and 2.0 mol of I(g) were introduced into an evacuated 5.0 dm? closed container

keptat 713 K.

{a) Given that the cquilibrluny constant K. for the reaction is 5S¢ at 713 K, caleulate the
concentration of Hz(g), (g and HKg), in mol dm3, respectively in the equilibrium mixture.

(4 marks)
() Deduce the effect on the nunber of moles of HI(g) in the equilibrium mixture
(1)  Ifthe volunie of the container is reduced to 2.5 dm?;
(1.5 marks)
(1) If the initial number of moles of Ha(g) and 12(g) used are both 4.0.
(1.5 matks)

(You may asstme all other conditions to be the same in each case, and are not required to
carry out calculations,)

ASLOS(I 62
The equilibrivm constant Ke for the thennal decomposition of caleium carbonate is 2.7x10°* mot
dm? at 1006 K.
CaCOi(sy === Ca0(s) + COxg) AH>0
25.0 g of CaCOs(s) is introduced info a 5.0 din® evacuated vessel, and the system Is allowed to
aftain equilibringm at 1000 K.
{8) Write an expression of K. for the decomposition.
(1 mark)
318
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(b) Caleulation the percentage of decomposition of CaCO3(s) in the above equilibrium system.
(3 marks)
(c) Will the percentage of decomposition of CaCO;s(s) increase, decrease ov remain unchanged il
the temperature of the above equilibrium system is decreased? Explain your answer,
(2 marks)
(d) If more CaCOy(s) is added to the equilibrium system at 1000 K, will the cquilibrium
concentration of COx{(g) change? Explain your answer.
{I mark}

ALIOM)_02 (modificd)
Prom a saturated squeous solution of catcium hydroxide, several 20.0 em? aliguots of the solution
were withdrawn, Each aliquot was titrated with 0.100 ol dm~ hydrochloric acid using a suitable
indicator. The mean Htre were 9.10 e, Caleulate
(a) the concentration of hydroxide ions in the saturated solutions, and

{1 mark)
(b) the solubility of calcium hydroxide at the temperature of the experlment.
(2 marks}
(¢) tho cquilibrium constant (solubifity product) of calcium hydroxide at the temperature of
experiment,
(3 marks)
ALIO()_03

State the expected observation(s) in each of the following experiments, and account for the
observation with the aid of chemical equation(s).
Adding excess HaS04(aq) to KaCrOs(ag), and then excess FeS0s{aq) fo the resulting solution,

{3 marks)

ALIO(I1)_03
Amnionia is manufactured by Haber process:
Nofg) + 3Ha(g) === 2NHi(g) AH<O
(@) Inasimulation of the process, a mixture of 10 mole Na(g) and 30 mol Hx(g) is Introduced into
250 dny? closed vessel, which is kept ot 673 K and contains the iron catalyst. When the system

attains equitibrium, the mole percent of ammionia is 39, Caleulate
(I) ‘The equilibrium concentration of cach gas, and

{3 marks)
(1) The equilibrium constant, K., of the above reaction at 673 K.
(2 marks)
(I} Suggest TWO ways to increase the yield of ammonia when the process is put into industrial
(2 marks)
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ALLI(IT)_06
State the expected ebservation(s) in cach of the following experiments, and write the chemical
equation(s) of the reaction(s) involved.
@  HClaq) is added to K2CrOu(ag))
(2 marks)

ASLII() 06
Awmmonia is manufactared by the Haber process:

Ny(g) + 3Hyg) § HCygq = ~92 kI ol

in a simulation study of the process, mixture of Na{g) and Ha(g) were allowed to attain equilibrium
under five sets of reaction conditions, and the mole percent of NHs(g) in cach equilibrinm mixture
was recorded, The table below Hsts the results obtained in the five trials:

2NH,(g)

., | Initial mole ratio Reaction conditions niole percent of NHa(g)
el of Na(g) to Hz(g) |Temperature / K. |Pressure / atm | catalyst | in equilibrium mixture

1 {:3 473 10 Fe(s) 51

2 i:3 773 1000 Fefs) 58

3 13 473 1000 Fefs) a

4 108 713 10 -

S 1.8 773 1000 - ¢

(No catalyst was used in trials 4 and 5; a, b and ¢ represent the mole percent of NHs(g) in the
equilibrium mixture in (rials 3, 4 and 5 respectively.}
(= In which TWO trials would the mole percent of NH3(g} in the cquilibrium mixture be the
same? Explain your answer.
(2 marks)
(b}  Inwhich irlal would the mole percent of NHa{(g) in the equilibrium mixture be the highest?
Explain your answer,

(2 marks)
{c) The industrial operating conditions for the Haber process are as fottows:
Mole ratlo of Na(g) to Ha(g) 1:3
Temperature 673 K
Pressure 200 atm
Catalyst Fels}
Explain why this st of conditions is used,
{2 marks)
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ALB{I)_07 (modified) [Similar to DSEI6_16]}
For the reaction below,
2802(2) + Qo) =—= 2505(g) AH<O

The equilibrivim constant K is 1173 mol™tdn’ st 1100 K.

{a)  Amixtore of 0.20 mol of SO} and 0.20 mol of O2(g) is introduced into an evacuated closed
container, Calenlnte the volume of the syslem in order 1o achieve an 80% conversion of SO
to SOs(g) at LIOC K,

(4 marks}

{by If the above system is subjecied to each of the following changes. will the percentage
conversion of SOxg) to SOs(g) increases, decrease or remain uachanged? Explain you
answer in each cose,
@) Increasing the volume of the container

(1 mark)
(i))  Decrepsing the fomperalure

(1 maik)
(i) Introducing & catalyst

(1 mark)

ASL12(1)_0}
{b)  Account for the following observations and give the relevant chemical equation(s):

Word written on a paper using KSCN(aq) are invisible. When the paper is sprayed with
Fe¥*(aq), the wards appear blood-red. If the words are swritten with alkaline KSCN(ag) they
will turn orange-brown when sprayed with Fe**(aq).

(3 marks)

ASL2(M)_07
The equilibriunt censtant K. for the following reaction can be determined by finding the
concentration of 1-(ag) and that of S042-(aq) in the solution phase of the equilibrium mixture:
PhSOus) + 21{aq) === Pbl(s) + SO:*(aq)
{n)  Write an expression of K. for this reaction.
(1 mark)
(b}  You are provided with PbSO4{s) and standard Ki(ag). Outline how you wonid prepare, in a
schocl laboratery, an equilibrium mixture for determining K, at 313K,
{2 marks)
(¢}  The concentsation of I=(aq) in the solution phase can be found by titration using standard
AgNO3(ag). What trentment(s) on the equilibrium mixture isfare necessary before carrying
oul the titcatlons?
(2 ntarks)
(d) Given that the concentration of the standard Kli(aq) used is 0.100 mol dm? aund the
concentration of I"(aq) in the solution phase of the equilibrium mixture is 0.072 mol dm™,
caleulate Ko at 313 K.
(2 marks)
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ASLI2(II) 01 (modified)
Al 298 K, the dissociation constant K. for NHa(aq) is 1.8 x 10~ mol dm~>,
NHs(aq) + H20(l) === NHi*(aq) + OH-(aq)

(@)  Caloulate the pH of 8.10 mol dm™* NHi(aq) af 298 K.

(3 marks)

{by  Calouiate the molarily ratic of NHa(aq) to NH4Cl{aq) required for preparing a pH 10 solution
at298 K.

(2 marks)

(c)  Bilefly explain how the sclution in (b) can resist pH change upon addition of o small amount
of acid or skali,
(2 marks)

ASLI13(1) 04
Consider the followlng reversible reaction:
CO(g) + H:O{g) = COxr) + Hi(g) AH <0
0,10 mol of CO(g) and 0,10 mol of H20(g) were intraduced into a fixed-valume closed contalner
maintained at 700 K. When equilibrlom was attained, 74.0% of CO(g) was found to have reacted.
(a) Caleulate the equilibrium constant K for this reaction at 700 K.
(2 marks)
()  State and explaiu the effect of cacah of the following changes on the equilibrium
cancentration of Ha(g).
(i} Incroasing temperature
{1 mark)
(i) Introducing extra CO{g) into the container,
{1 mark)

ALI3()_01
() Blue cobali(Il) chioride paper is commonly used to test for the presence of water, The
addition of water tums the blue paper pink. The pink paper turns back to blue when it is
heated in an oven.
With the aid of a chemical equation, explain the above observations,
(2 marks)
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ASLI3(11)_03
You are provided with the equitibrium constants, K, at 298 K for reactions (1) and (2) below:
Kcat 298 K.
2.0 x 107" mol® dm™®
6.3 % 167 mol® dm™?

(1)  Mg(OMu(s) + aq = Mg"(aq) + 20H(zq)
(2) Ni(OHj(s) + ag === Ni*'(aq) + 20H(aq)
(@) Write the K¢ expression for reaction (1) and that for reaction (2).
(1 mark)
() At 298 K, o mixture of Mg(OH)a(s) and 0.010 mof dm™> NiSQi(ag) was stirred until the
following equilibrium was attained:
Mg(OHY(s) + Ni*(aq) == Ni(OHx{s) + Mg"(aq) (@)

(i} Write the K. expression for reaction {o) and ealculate the K¢ at 298 K.

(3 morks)
(i) Calculate tiie concentration of Ni**(aq) ions in this equilibrivm mixture,

(2 marks)

DSE{ISP_il [Similarto DSE14_13]

The table below lists the equilibrium constants, K., for the roversible reaction
Hig) + COxg) == CO{g) + H:O(g)

at three different temperatures.

Temperature / K 500 700 900
K. 7.76x1073 1.23x10- 6.03x10
{a} Based on the above iuformation, deduce whelher the forward reaction is exothermic or
endothermle,

(2 marks)
(b) 2,0 mol of Ha(g) and 2.0 mo} of CO(g) are atfowed to renct in 5 4,0 dm® closed container.
Caleutate the concentration of CO(g), in mal dm™3, in the equilibrium mixiure at 760 K.
{2 marks)
{c) State the effect of an increase in lemperature on the rate of the backward reaction,
{1 marks)

DSEI2PP_I3
In an expetiment, excess aqueous ammonia is added to an aqueous selution of copper(l}) sulphate.
The following equilibrivm is established and the resulting sslution is deep blue in color.
Cu**(ag) + 4NH(aq) == Cu{NH:}**(aq)

(@) Writs an expression of K. for this reaction.
€I mark}
(b)  If the above cquilibrium mixture contalns 0.0020 mol dm™ of Cu?*{aq) ions, 0.0814 mol

...8m7 of NHi(aq) and 0.0800 mol div? CuiNHa)«*(aq) fons, caleulate K. under the conditions

of the experinwent.
(2 marks)
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(¢}  When HySOs(aq) is added slowly to the equilibrivin mixture until in excess, a blue precipitaie
is formed and he precipitato subsequently dissolves in the excess acid forming a blue
solution, Account for these observations with the help of refevant chemical equation(s).

(5 marks)

DSEI2_13
Consider the reaclion represented by the equation below:
Fe¥(ag) + SCN-(aq) === Fo(SCNY*(aq)

Tn an experiment, 25.0 cm? of 0.010 M Fea{SOs)(aq) and 25.0 em® of 0.010 M KSCN{ag) were
mixed in a conical flask at room tempernture, and equilibrivm was attained.

(s} The concentration of Fe(SCN)*(aq) in the mixture was 0.0043 M when equilibutn was

altalned. Calcutate the equilibrivm constant K. for the above reaction at room temperalure.

{3 marks)

&) It is known that FePOu(s) is insoluble In waler, Suggest what would be the effect on the
equilibrium position if NaaPO4(s) is added to the equilibrivm mixture.

{t mark)

DSEI3_12 [Similarto ASLOS()_04b, ASLOT(II)_04s, b)
At 250 °C, the equilibrdum constant K« for the following reaction is 25 mol™! dw’,
PCh(g) + Chig) == PCli(g)

A 16 dnt’ sealed conteiner, which is maintained at 250 °C, inltially contains 0.50 mof of PClx(g),

0.20 mot of Clx(g) and 0.40 mot of PCls(g).

{8} Tor this system under the initial conditions, caleulate its renction quotient. Predict and
explain, under the initial conditions, whether the forward reaction rate or the backward
reaction rate would be greater,

(2 marks)

{b) Caleulate the concentration of Cli(g) when the system attains equilibrium at 250 °C,

(2 tmarks)

() 0.10 mol of Chig) is added to the equitibrlum mixfure in (b). Sketeh In the graph below. the
variation of {he concentration of Cla(g) with time until 2 new equilibrivm is attalncd. (Assume
that the lemyperature of the systens remains at 250 °C throughout the whole process.)

3
g
)
g
i
]
T time /s
addition of 0.10 mol of Cli{g)
(1 mark)
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DSE{4_13 {Similar to DSELFISP_IH]
Consider tho reaction represented by the equation below:
2NO(g) + Oxg) === 2NOyg)

(@) In an experiment, 1.02 nio! of NO(g) and 1.29 ok of Ox(x) are mixed in a 50.0 din’ closed
cohtainer mainfained at 980 K., When equilibrium is attained, 61.0% of NO{(g) is consumed.
(i) Caleulnte the equililrium constant Kc for the above reaction under the experimentat
conditions.
{2 marks)
(i) Discuss whether K would change i additional NO(g} is introduced into the above
equitibrium mixture.

(2 marks)
(b} The values of K. {in appropriate unit} for this reaction at different temperatines arc shown
below:
Temperature / K 600 700 800 900
K 6,88x 10% 2.97x10? 2.89%¢10° 4.68x 10
Rased on the above data, deduce whether the forward reaction is exothermic or endothernsic.
(1 mark)
DSEIS_1

Refer to the following chemical equation:
HO() == H'ag) + OH(rq) AH>0

Under fixed conditions, [H20(1)] is considered as a constant. In consideration of the definition of
Ko, [H )l OH(aq)] would alse be a constant.
(a) ‘The pH of an aqueous solution is defined as —log[H*(aq)]. The pH of water equals 7.0 at 298
K. Find, ot this temperature, the:
O [Eeal
{1 mark)
() [H'aq))l OH (s}
{2 marks)
&) [H20(D)] equals 55.6 mol dm> ot 298 K. Suggest why {H20(1)] is considered us a constam
with reference to the vahues of [H¥(aq)] and [OH(aq)}.

(1 mark)
(c} Explain whether the pH of water at 328 K would be less than 7.0. equal to 7.0, or greater
than 7.0,
(2 marks)
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DSE{6_10 [Similarto AL11(1)_07]
In an experiment, 2.0 mol of SOu(g) and 2.0 mol of Ox(g) are allowed to react in a closed container
maintained at 350 K. The chemical equation for the reaction is shown below:

280:(g) + Oufg) == 280s(g) AH =—198 kJ mol™

When the reaction altains dynamic equilibriwm, 1.8 mol of SOs(g) is obtained.

@

®

©

What is meant by the term ‘dynamic equitibrium’?

{1 mark)
AL 950 K, the equilibrium constant K. for the above reaction is 878 dm® mol. Calculate the
volume of the contniner.

(3 marks)
If the above equilibrium mixture is subjected to each of the following changes, will the
numbser of moles of SO:(g) obtained Increase, decrease or remain unchanged? Explain your
angwer it cach case,
(i) Increasing the temperalure

{1 mark)
(ii) Adding a suitable catalyst

(1 mark)

DSEI7_1t  [Similar to ASLO4(IT) 08, ALOS(I) 03b]
The equation below shows the lonlzation of 4-nitraphenol in water:

OH 0@
(aq) === ) + H'(q)
NO, NO,
4-nitrophenol A-pitrophenoxide {on
(colorless) (vellow)

At 25°C, the cquitibriun constant K for the ionization is 8.0x10°% mol dm™>,

(8)

®)

©

@

Write an expression for K.
{You may usc HA to present 4-nitrophenol and A~ to represent 4-nitrophenoxide fon.)
(1 mark)
When the above ivnization attains equillbrinm at 25°C, the pH of an aqueous of 4-nitcophenol
is 2.4. Calculate the ratio of the concentration of 4-nitrophenol to the concentration of 4-
nitroplienoxide ions in this solution,
(2 marks)
Suggest if there is any color change when NaOH(aq) Is added gradually into the solution in
(b). Explain your aoswer.
(2 marks)
Suggest one possible use of 4-nitrophenol is acid-base titration experiment, )
S R e e e b s
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DSEL8_13 [Simifarto ASL04(11)_09]
An experinsent was performed for a reversible reaction involving X(g), Y(g) and Z(g) in a closed
container of 2.0 dm’ at a constant temperature. The graph below shows the relevant experimental

data.
g i g g g ] 11
I
T, 0.80 10 B 10 O
8 070 aang
g 0.60 4N q -+ -
5 .50 il lEHA
.§ 040 Pas -+
& 030 =
g 0.20 41| M1 ,._._-;;;': ' _::-_
& 0.10 -HAHF
0.00 - -
¢ s 1] s 20
time / minnte
(8)  According to the graph, how do you know that the reaction is reversible?
(1 mark)
(6  Caleulate the equilibrlum constant K, for the reaction at the temperature of the experiment.
(3 marks)
{c) Comment on ihe following statoment;
“The rate of the forward reaction is zero of the 25" minmute qfier the start of the reaciion.’
{1 mark)
DSEI% 12 (Similaras DSEI2_I3]
Consider an equilibriuny mixture of the following chemical reaction:
Fe*{ag) + SCN(aq) = Fe(SCN)**(aq)
yellow  colourless deep red
(a)  Write an expression for the equilibrium constant K. for the reaction.
(1 mark)
(b) At a certain temperalure, the cquilibrium constant K. for the reaction is 1.08 X 10° dm?
meol~!, The equilibrium mixture is prepared by mixing 20.0 cm? of 0.030 M Fe(NOs)(aq)
with 10.0 cm? of 0.030 M KSCN({aq) in an acidic medium. Calculate the concentration of
Fe(SCNY*(aq) in the equilibrivin mixture at that temperature.
(3 marks)
(¢) Tt is kaown that the equilibrlum constant K. increases when temperature Increases.
Suggest and explain whether the enthalpy change of the reaction is positive, negative or
2C10.
(t mark)
(d) Whena little smount of Naa8Qs(s) is added to the equilibrium mixture, the colour of the

“wixture becomes palen, Explain this obscrvation,

(2 marks)
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DSE20_09
4 Consider the following reaction mizture 2t 25°C in g closed comtaingr of fixed volume ¢

2N = N0
brown colourless

) With reference to the table below, fate 8. Hence, ¢ i the equitibrion sonstam K for
the reaction & 35°C.
NO{g) N;Ou(g)
Concentration #t start / mol doy™? 0.0406 2.0010
Concentration #f equilibriom / el dm™ G¢.0323 4
{3 marks)
) The temperature of the mixture is increased to 55 °C and its colour evenwally wms darker,
Deduce whether the reaction above is endothermic or exothertie,
DSEZ21_09
9. An experiment was performed for a reversible reaction involving CHa(g), HaS(g), Ha(g) and CSxg) in a

closed container of a fixed volume of 2.0 dm® at a constant temperature. The equation for the reaction is
shown below

CHa(g) + 2H,58(g) = 4Hx(g) + CSx(g)

{a) Write an expression for the equilibrium constant X; for the reaction.
[ The number of moles of cach species at different times at that temperature are given in the table
below :

CHu(g) HaS(g) Ha(g) CSilg)

Initial number of moles 0.04 0.08 .08 .04

Number of males at equilibrium 0.11 0.02 0.025

[4; Fill in the number of moles at equilibrium for CHe(g) in the above table,

(i) Calculite the equilibrium constant K. for the-reaction at that temperature,

(i) If the volume of the closed container changes to 3.0 dm® while ali other experimental
conditions remain unchanged, explain whether K. would increase, decrease or remain

unchanged.
E3 5 » & 1 { Y - = - . ¥ 1 Z 4
L 4 t % 3 t e 4 k L ’

Y
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36.

2022

32.

Consider the following equilibrium system :
2Cr04*(aq) + 2H*(aq) = Cr,07(aq) + H0(1)

Which of the following statements can demonstrate that chromium exhibits the characteristic(s) of
transition metals ?

1) Cr,07*(aq) ions are orange in colour.
2) Adding HCl(aq) would shift the equilibrium position to the right.
3) The oxidation states of chromium in CrO4?~ and Cr,O-*" are the same.
A. (1) only
B. (2) only
C. (1) and (3) only
D (2) and (3) only

Consider the following statements and choose the best answer :

1st statement ‘ 2nd statement
At chemical equilibrium, the concentration At chemical equilibrium, both forward
of reactants must be equal to the reaction rate and backward reaction rate
concentration of products. are equal to zero.
A. Both statements are true and the 2nd statement is a correct explanation of the 1st statement.

B Both statements are true but the 2nd statement is NOT a correct explanation of the 1st statement.
C. The 1st statement is false but the 2nd statement is true.
D Both statements are false.
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Steuctura! Questions
ASL99(1)_03
(®)  The reaction Is endathermie since the valuc of Kc increases with incrensing
tenmperature,

® Hig) + COxg) === COr) + MO
Befors / mol 2 2
At equil, / mol 2-y 2-y ¥ y
_ [CO(E)][H0())

¢ Ha(@1[C0: ()]

&
123x 107 = ?———)3 = y=0520mal
0.52¢
[co(g)] = T 0,130 mol dm™7
®)  Nochange.

Percentage yield only depends on the temperature.

ALSY(1Y)_04a
O] When equilibrinm is attained
Na(g)] = 0.5 % 0,75 = 0,375 mol dm~
[Hi(g)] = 1.5 — 3 % {0.5 x 6.25) = 1,125 mo! dm™
[NHx(g)] =2 % 0.5 x 0.25 = 0.25 wol dm™
G . INgs@) (0257
¢TI @IBEF  (0375)(1.125)7°
K. decreases with increasing temperature,

= 0.117 moi~2dm®

i
The reaction is exothenmic. » incrense in temperature will cause the
equilibrium position to shift to the tef,

(I}  The reaction proceeds slowly at low temperature, The yield of NHz is fow
at high temperaiure,
+ The procee is operated at around 723K,

ASLOB)_04
(®  CHiCOOH() + CH;CH(OH)CHs(l) == CH;COOCH(CH:.() + H.0()
(b)  Ascatalyst {o speed up the reaction,
(c) O] To prevent the disturbance of equilibrium position duc to the removal of
reactant / (o prevent the equilibrium state of reaction shifis (o the lefl due to
e removal of reactant.
() Phenolphthatein
{d)  As the anti-bumping granulc to ensuce the smooth boiling process,
{e) No. of mole of CH3COOH(D) in | c’® of mixture = 36.80%10°% x 6.30 = 0.011
[CH;COCH(D] = [ICH;CH(OH)CH; (1] = 0.011 + 1%107* = 11,04 mol dm™
[No. of mole of CHsCOOH() in [ em?® of iixduce after equilibriom
={17.15 - (36.90 - 36.8)] X107 x 6.30 = 5.12x10°

r——

1

[t

U]
(1}
1}

[
m
(1]

(2]
[}
1%

¥}
(vl

[
M
{1

]
{1

]
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[CH3COOH(] = [CHH)CHOH)ICH(D)] at cquilibrium
=§,12%10"% + 1x107? = 5.12 mol dm~?
CHiCOOM{l) + CHCH(OH)CH() === CHyCOOCH{CHa):(f) + H2O)

Initial 11.04 §1.04
Atequil.  11L.04-y 1104 -y 592 5.92
=512 =512

_ _[CH3COO0CH(CHy) (DIH00)
= TCH, COORN][CH;CHOM)CH, ()]
(5.92)(5.92)
= GADEZ)
0] Allow the mixture heating reflux for another hour and ropeat the titration, If the
volume of Hirant used / amount of CHCOCH remained is unchanged, the
cquilibrium has been attained.

=134

ASLOL{) 02

(i} Adding a catalyst to (i} Increasing the

the mixture temperature of the mixiure
Effeet on the rate of the Ingrease in the same sxtent Increase in the smalfer
forward reaction extent

Effect on the vate of the Ingrease in the same extent | Increase in the larger extent

backward reaction

Effect on the equilibrivm remain unchanged Shifl to lelk (reactant side)

position

ALO2QD)_Ola
(6} HCOsx(ag) == HCO:s(rq} + H'(aq)
Atequil. / mol dm™> y y 1p-51¢
e [ [BCO5 ™ (aq)}{H * (aq)]
) [H,CO4(rq)]
In the solution, [HCO;~(aq)] = [HCO5(aq)]
& Ky = [H¥(ag)] = 10751 = 7,94 x 10~7 mol dm™3

G _[HCO, Gl @)
* = €0,
_,_ [HCO, (aQ)}10"740
SRt W NPTy
[(HCO; ()] _ 7.94x 1077
We0;Ga] - 10w

{Accept answer from 19.8 10 20.0)
{1 mark for method; 1 mark for answer)
@iy (O During physical exertion, the concentration of CO; in blood Increases.
The equilibriom . ... i
HaCO3(aq) === HCOs5(aq) + H(aq)
shifts to the right. » pH of blood wilt drop.

Provided by dse.life
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(I} Blood contains high concentration of HCOy(aq) which reacts with H*
produced.
«pH of blood is maintained within the narrow phi range,

ALO2(1) 02a
Color of mixture b Tighter instant Iy b thiere is an expansion in volume.
As the reaction is endothennic, the color of mixture finally t dacker ¢

equilibrivm shifts to the right.

ALO2()_03

® _ _[As(NHS)," ()]
For reaction (1), Ky = The* (3] N ()]

For reaction (2), Ko, = [Ag* (ag}]iCl™(aq)]

ty Ag(NH;);* @)} [Ci~(ag)
For reaction (3), K e ;NZH:,(:(])]F Sl
Ag(NH3),"
= -[%HE%—:])F x [Ag*(aq)]{C~(ag)] = K¢t Koz

= 1,8%107 X 2.0%1071¢ = 3,6x10™3
(¢} Assuming that [[Ag(NH:)2) (aq)] = [CI-(aq)]

AgCis) + 2NHs(aq) == [Ag(NH:nT'Gg) + CI{ag)
0.4-2y ¥ ¥ mo! din™
IR (TGP ) | (ST I
36%107 = NGO Gio%y

y = 5.36x1087% mol dm™3
Solubility of AgCi(s) = 5.36x10~% mol dm™-*
{accept 5.3x 107 mo) dm* 1o 6.3x107 mot dnv™)

ASLO2(T)_09 (modified)
@) M0 and CHy(CH2):NH3* (aq)

®) CH3y(CHz):NFiy(aq) + H0() === CHy(CH2)NH;'(aq) + OH(ag)
Initial / M 0.10
Atequil. /M 0.10—y ¥ ¥
- 5.9 x 104 = [CHs(CHDsNE GO~ _ »?
. [CH,(CH;)sNH, (aq)] 010~y

y = [OH~(aq)]=7.68 % 10~
pH = 14— pOF = 14— log(7.68 X 10~%) = 1.9

ASLO3()_01
{a)  After the removal of a hydrogen fon, the comaining species has an addition negative
charge that alttaets the remaining hydrogen atoms more strongly.

{1

£13
{1

1
1

(1

[t}
iy

L3
{1

£}

{1
i
18]

Ak

332

(b) A

pH

volume of NaOH(aq) added

(2 marks for a curve showing the neutralization of HyPOs(eq), HaPO4(aq) and
HPOs*(aq) + | mark for Jabeling the axes)

ASLO3(1)_0S
@ @ vpH=29, «[H'(q}=10""M
CsHyCOOH(ag) === CiHzC00-aq) + H¥(aq)
At equii Ot M-y ¥ ¥
y=102"M
degree of dissocintion = 1072 + 0.1 = 0.0126
@ H'G@lCH,C00™(ag)] {19729y
< {C:H,CO0RGY)] 910 — 16729
=1.6x 107° mol dm—

pH

voluine of NaOH(ag) added -

ASLO3(I1)_1t
(a}  Backward rate will decrease.
Kinetic encrgy of the molecules decseases with deoreass in temperature.
Hence, the fraction ef coltiding molecules with K.E. greater than the activation
cncrgy becomes smaller,
[65 T (4) When the temperature of lhe mixture is lowered, the equilibrium position
shifts to the eft. The reaction is endothermic.
(i)  The dissociation of N204 requires breaking of covalent bond.
 the reaction is endothermic.

(3]

{1

0]
(1
(1

B3

[1
I
f

[t
4]
(11
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(c)  Treatthe gas in the syringe with NaOH,

ASLO4(1)_04 (modilicd)
(@) o) = HY{aq + OH (g
®  Ke=HGQ]IOHq]
© O =K = VEEX 107 mol dm 2 = 2,35 x 10~7 mol dm™?
pH = -log(2.35 x 107"} = 6.63
(i) Neuiral because {H' (ag)] = [OH(aq)]
(iiiy  The yalue of Kw inereases with temperatare. That is, energy is absorbed
when water undergocs anto-ionization. The process is endothermie.

ASLO4(I1) 08
(8} CiO(aq} + HO(l) == HClO@q) + OH(aq)
M () HCO@q) = HYaq) + ClO(aq)
o - I GICI0Gag)]
< [HGIO(aq)]
K. [00~(aq)]
[H*@a} ~ [HC0(ag)]
pH = 7.50, » [H'(aq)] = 10-"% mo! dm~?
[Cl0~(ag)} 2.95x 1078
[HCOGg)] 10778
(i) The low pH of pool water would cause eye irritation of swimmers.

= 0,933

) (i) HCIO(ag) =—= H¥ag) + CIO(aq)
(i) The equilibrinm position will shift (o the right.
There is a geeater number of aqueous speeies on the right, Dilution feads to
a decreaso In concentration of the agueaus species and the equilibrium
posifion witl shift to the right to counteract the effect of the chunge.

ASLO4(H)_09
(@ @) From the curve, 1 mole of P(g) reacts with 2 moles of Q(g) o give 1 motle of
R(g). )
Equation: P(g}) + 2Qfg) — R(g}
(i)  The time required will become longer.
In a larger conlainer, the concentrations of reactants become smaller and
hence the collision frequency deereases.
@iii)  Colliding ntolecutes will undergo reaction only if they possess an cnergy
greater than the activatlon energy and collide in the right orientation.
) @ From the curve, | mole of X(g) reacis with 2 molecules of Y{g) to give 2
moles of Z(g).
Bquation: X(g) +2Y(g) === 2Z{g)
[

Ke = RvaT

r

¥

1
[t
4
{1
1
{1
[t]

"

{1

]
[t}

{1

m
{1

{1
m
03
{11
[

1

{1
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@) (1) Atthe S* minute, forward rate is greater than backward rate.
(2} Atihe 35™ minute, forward rate Is equal to backward rate.

(iii)  The yield of product decreases.
With an increase in volume, the total pressure decreases. The equilibrium
position will shifts to the side with a greater number of moles of gases.

ALO5(I)_03b
O (1M D)
¢ [CyR*(ag))
G)  pH=3.00,{H']=103M
ASACL)) S
[Cy(aq)]
ey Qo] 107 o
CyCa)] ~ Ko
K. =6X1075M

i K _. [CyS0;H,(aq)][H* (2q)]
€7 [CyH*(a)]{50:{ag)]
an CyH' + 80; + 0 =" CySO3H; + H*

Atequil /M 0.ty 0.0l 0.9y 192
- [CySO3H, (a)[H* ()] . ©9y)(107%) _
© 7 [Cynt(ag)iSoy(aq)]  {0.1y)(0.01)

0.9

ASLOS(I)_08
(a) Experinent |

Yag) ~— 2¥{g)
Before / mole 4 Y
Afer | day / mol 3 2
Afer | day / mol dm™ 1.5 i
1”2 _2
=2t 22 = D moldm™?
@153
Experiment 2
Yag) -~ 2¥(@)
Befors / mole 0 4
After 1 day / mol 4, Y3
After | day / mol dm™ 2. 3 i/ 3
2
2 A 2
= Yenr = @: = mol dm~?

(@1~ 2/, 3

The system had already attained an equilibrium state becnuse the two reaction

quotients are the some.” 7777
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(by (1)  Yield of Y{(g) will decrease.
When the volume of the container deercases, the pressure of tho system
will incrense,
The tofal number of moles of gaseons products is greater than that of gaseous
reaciaats.
+ Increase in prossurs will cauise the equilibriom position to shift to the Jefl.
~ Less Y(g) will be formed.
{2)  The yield ol Y{g) will increase.
For an cndothermic reaction, increase in temperature will cause the
equilibrium position to shift to the right / will lead to an increase in the
value of K. & more Y(g} will be formed.
ASLO6()_04
{8)  Expected observation:
The brown color of the mixture turns deeper for a moment and then geis pater
gradually.
Reason:
When the plunger is moved from A to B, there is a decrease In volume and so an
increase in the conceniration of brown NOa{g).
A deerease in volume will lead o o shift in the equilibriun: position to the lefl, to
prod a 1t ber of moles of gaseous molecules, so that [NOx(g)]
decreases,
Graph
MNOLe) &_
t time
{6y  Expected observation:
The brown color of the mixture gradually gets darker,
Reason:

An fncrease in the concentration of N2Os will shifts the equilibrium position o the
right, so that {NOu(g)] increases.
Graph \

NO,(g)]

t time

)]

{11

{1
B}

{2

{1

i

1

{1

(1

t
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ASLO6(iT)_12 (modifled)
(@) A weak acld is an acid that only partially ionize in water.
®) R [H*{aq)}{CH;CH,C00™ (ag)]

¢ [CH3CH2CO0H(3Q)}

y?
62—y
y=1.636x 1073
pH = ~ log(1.636 X 1073) = 2.79

(&) o} s

135 x 1075 =

,where y=[H*(aq)}

\

R s i A
25
volume of NaOH{aq) added / em®
@ 0 K = [€H3CH,CO0H(ag}][OH " (aq)]
o= [CHZCH,CO0~ (aq)}

~ - [CH3CH,C00H (2] K
= I GCON @ i e, CH,C00- Gl ~ R

W [CH, CH, COOH(ag)][OH~(aa)]
¢ T [CHaCH,C00~ ()]
Lox107H g2
T35 X 165 02~y
[OH"(ag)] =¥ = 1.217X 1075 mol dm™®
(@) pH=14-pOoH
= 14 - log(1.217%1075)
=9.09

ASLO7(1T)_04

© I
Reaction quotient, Q = 28 A

Co@I0(8)] (%) (%)

= { mot! dw?
Q> Ko » Reaction will proceed to the lof} to achiove equiibrium.

b) Coy + Chig) =——  COClxg)
nitial / mol 2 | 0.5
At equil / niol 2ty +y 05—y
(= 1coCke)]
< {co@00a)

it

(4
[t
(1

{2

M

{11
0

18]

{1

(1

iy

{1

[t
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——

—

= = &EE = =7 e
0.5 -4
0.20 = o—7——, sy = 0343
Gmaty Y
0.5 — 0.343
fcock(g)l= — = 0.0339 mol dm™3
{c} No change. K. is o cons{ant at a constant temperature.
ASLO8(1)_04
(} Ha(g) + (g} bl 2HKg)
Initial / mol 4.0 20 [
At equil / mof 40—y 2.0~y 2y
NG )
© 7 (@8]
@y}
50 = ————, Ly =187
G-ne-n Y

[Ha{g)} = 0.426 mo! dm=3

[I2{g)} = 0.026 mol dm™*

[Hl{g)] = 0.747 mo} dm™*

) @G No change.

There Is no change in the number of moles of gases in the reaction, No
shilting of equilibrivm position will result.

@iy  TIncreased
The equilibrivm position will shift to the right to give & greater number of
males of Hi(g).

ASLOY(IN_02
(@) Ke={COxg}}
(6}  Moles of COx(g) in the equilibrium mixture = 2,7%16-*% §

Moles of CaCQu(s) originally present =25 + (40.1 + 12 + 16x3) = 0.2498
27x107%x5

% dissociation of CaC0,{s) = 0,2498

X 100% = 5.4%

©) Decrease
The dissocistion is an endothermic process. A decrease in temperature will
cause the equilibrium position to shifl to the left resulting in a smaller
percentage of CaCO3(s) to undergo dissociation,

(d)  No. The equilibrium constant depends only on temperature, Adding CaCOi(s)
to {he systen wiil not affest the concentration of CO2(g).

AL10(1)_02 {modificd)
(a) [OH (aq)] in the saturated solution.
0.1x9.0
=20

= 0.0455 mol dm™3

r—

B3]
1

[

[4]
n

¥}
(1
[}
1%}
1%
i

1%}
N

im
(n
(8]
(1]
1
N

{1

(1
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()  Ca(OH)(s) == Ca*(aq) + 20H (ag)

0.0455

Solubility of Ca(OH),(s) = = 0,02275 mol dm™3

() Ca(OH)s) = Ca¥(aq) + 20H(ag)
o
[Ca** (aq)] = 0'0; >
Ke=[Ca?"(aq)][OH" (nq)}?
= (0.02275)(0.0455)* =4.71x107° mol® dm™®

= 0.02275 mol dm™*

ALIOT) 03 ’ g

Adding H2804(aq) to K2CrOs(ng) : the yellow solutton turn orange (Cr.07-).
2Cr04(aq) + 2Haq) = CnO~(ag) + RO

Adding FeSOu{aq) to the orango solution: it tums green (Cr*),

G6Fe? (aq) + Cr07~(rq) + 14H"(aq) —> 6Re¥ (aq) + 2Cr*(aq) + THO()

AL10QD)_03
@ O Mg) + Jib(g) === 2NHig)
Before / mol 10 30 -
At equil / mol 10~y 30-3y 2y
Tota} no. of mole of gaseous species = {10~} + (30 ~3y) +2y=40-2p
« mole percentage of NH3 = 39%
2y
B '4_6'-—2)"
+ concentration of NHa(g) = 5.6 (%2 + 50 = 0,2244 mol do™>
- concontration of Na(ag) = (10 — 5.61) + 50 = 0.0878 mol dm™
» concentration of Ha{aq) = (30 — 3%5.61) + $0 = 0.2634 mol dm™
(il K, = INHa®)* (0.2244)°
C S TL@IM@F  (0.0876)(0.2634)
=31.38 mol? dm®
(by  Incresse the pressure of the system
Renove ammonia by liquefaction and pass the untcacted Na{g) and Ha(g) back into
the reaction chamber.

=039, y=3561

-

.,

ALH(ID_06

{a) Observation: sofution changes franm yeilow to orange
Equation: 2004 (aq) + 2HYaq) == Cr07(aq) + H0()

ASLIKIN_oé

(@ Trsl2&5
Explanation: The mole ratios of Nz(g) to Ha(g) ar the same I the filve frials. ~ The

. equilibrium position of the reactlon is affected by temperature and pressure only. In

trint 2 and 5, both pressure and temperature arce the same, thus they have the
same yield of NHi(g).
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Teial 3

Explanation: The reaction is exothermie, low temperature will favour the formation

of product,

There is a smatler number of molecules on the product side than on the reactant side.

Increase in pressure will favor the formation of product, In irial 3, the pressure is

greatest while the temperature Is lowest,

Any TWO of the following:

+  Under the operation conditions, the percentage conversion of Ma(g) to NHa(g)
is reasonably high and the use of catalyst can speed up the reaction.

s Operating the process at 200 atm (much lower than 1008 atns) ean help reduce
the matatenance cost of ¢the pipelines.

s Operating the process al 673 K makes the reaction to proceed at a reasosiably
fast rate without having a great increase on fucl cost.

ALII(l)_07 (modified)

@) 280:(g) +  Oxg) == 280ig)
Inltlal / meol 0.20 0.20 [1]
At equil. / mot 0.04 0.12 0.16
Ateguil /motdm= 004/, 032/, 8.167,
: 0.16y° g
__soer ) it
7 150,()1*[02(8)] (0.04)2 (0.1 z) oenoany -
vV v
V=88 e’
by @ Decrease. The no. of gas molecules oh the product side is smaller than that
on the reactant side.
Decrease in pressure will cause the equilibriom position to shifl to the left.

(i} Increase. The reaction is oxothermic, Decrease in temperature will canse the
equitibrium position to shift to the right.

(i)  No change. A catalyst will increase the rale of the forward reaction and that
of the backward reaction to the same extent and has no effect on the
equilibrivm constant.

ASLIz{) 0f
(b)  ‘The blood-red cotor is due to the formation of [Fe(SCNYJ*,

Fo¥*(aq) + SCN(aq) === [Fe(SCN)}I**(aq)
OH- fon binds more strongly with Fe®* jon than SCN- jon does,
If the solution is made alkaline, brown Pe(OH)3(s) will be formed inslead.

_Pe(aq) +30H aq) === FeOHp(s) .

8]

{11

[2]

[

{1

"

B3]

{1l

{1

(]
4]

]
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ASLI2(1)_07

@ _[s0 " @q)]

I EF

(b)  Add PbSOq(s) to the standard Kl(aq).
Stir the mixture thoroughly, and allow it to stand in & water bath at 313 X for &
leng period of time.

(¢}  Collect the superaatant solution by filtering off selids / decantation.
Pipette a known volume of the solution and transfer it to a (conical) flask.

@ PbSO4s) + 20(ag) == Pbls) + 50+
Initia! / mol dm? 0.100
Atequi) / mol dm™ 0.072 0.014
01-0.072

(50> (aq)leq=——5—— = 0.014 mol dm"?

50l 0014

k= Gar -~ ©om)?

= 2.7 (moldm™%)~!

ASLIZ2(IT)_01 (modificd)

() NHy(zg) + HO@) === NHa(aq) + OH-(aq)
Initinl / mol dm? 810
Atcquil /meldm™ 010y » y
NH,* (3] [OR " (ag)] ¥
K= = = 1.8 x 10"8
[NH3(ag)] 0.10—y

¥y =18x1076— 18 x 1065y
y = [OH™(aq)]=1.33 X 1072
pH=14—pOH =14 -Jog(1.33 X 1073} =110

b) NHi{aq) + H0() == NHi'(agy + OH (g
At equil / mol dm™? x » 104
_ [NHg @) [OH~(aq)]  [NH,* (ag)10™* -5
NG ey 0
[NH Y (agd] _
WG]

Hence, {NHi(aq)} : [NH (aq)] = 5.56

(c)  The solution contains both NHs(aq) and NHs*(aq) ions in farge amounts,
When a small amount of acid (or atkali) is added to the solution, the H'(aq) ions (or
OH(aq) fons) added with be consumed by the NHi(aq) (or NHy*(nq) ions).
The equitibrium position will shilt to the left (right_to counieract the chunge and
the change in pH is smail.
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— — = ~— C- ==
ASLI3(I)_04
(@) CO(g) + HO) == COfg) + Halg)
Initial / mol 0.10 0.10 - =
0.4 ~74Y
At equil / ol =) 0.026 0.074 0.074
=0.026

K

0074y
_eoiimae) _ Cv) _ oaray?
ICO@IM0] (o.o 26\ (W)
V.
=810
[ The forward reaction is exothennic.
Increase in temperature will shift the equitibrium position to the lefl thus
decreasing the concentration of Ho(g).
(i)  Kcis aconstant at n fixed temperature. When extra CO{g) is itroduced into
the contalner, moe CO(g) will react with H20(g) to maintain a constant value

of Ke. & Concentration of Hz(g) will incrense.

AL13(1) Ot
(€}  CoCliexHiO(s) === CoCly{s) +xH:0(})
pink blue
With the addition of water, the equilibrium position shifis to the lefl to give pink
CoClysxH,0(s).

Heating CoClaaxHaO(s) removes water, The equilibrium position shiits to the vight
to give anhydrous CoCla(s)

ASL13(I)_03
(a)  Reaction (1}

Ko = [Mg® @@)lOH ()}

Reaction (2)

Koz = [Ni* (aq)){OH@q)}
© ® _ [Mg® (a}

“7 [Ni* (aq)]
_ [Mg*@q)] _ [Mg** @q)][0H* (aq)]®? Ky

T NEHa)]  [NE*@Q)0HT @) T Ky

20 x 1071
= 53 %1010 = 3174603 = 3,17 x 10°®
D] Mg(OH)s) + Nit*(ag) == Ni(OH)(s) + Me(zq)
Initial / mot 0.010
At equil / mol 0.010~y +y

Mg@q] v
[Ni**(aq)]  0010—y
y = 3.15 X 107° mot dm—3

317 x 1%

r—
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it
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DSEI1SP i1

(@) K increase wilh temperature. The equilibrivm position shifts to the right when
temperature I8 increased.
., the forward reaction is sndothermie,

{b) Ha(g) + COug) === CO(g) + H:0(g)
Tnitial cone. / mol dm™ 0.5 0.5
Equil conc. / mof dm™? 0.5~y 05—y y ¥
_ [Co(@)iH,0(g)]
¢ Ha(£)1[C0:(8)]
y?
1.23 x 107t

TO5-y)(05-3)
y = 0.130 mol dm?
{c) The rate of the backyward reaction Increases,

DSE12PP_13
@ __ [CuNDi* o)
T [Cu*(ag)] [NHa(aq)]
® 00800 e
KF_—_(O.()OZO)(O.UOM)* = 1.04 x 163 (mol dm™3)~*

{1 matk for answer; | mark for cotrect units)
© H804(aq) reacts with tho NHa(aq) present:
H'(aq) + NHi@q) —> NHy'(aq)
OR, HaSO04(aq) + 2NHifag) — (NH3}SOslaq)
Removal of NHs(ag) causes the position of the following equilibrium to shift to the
lofl,
Cu*(ag) + 4ANHi(ag) —= Cu(NH3)*(aq)
NHi(aq) is n wesk base:
NHi(aq) + H:0() = NHi%(aq) + OH (aq)
When [Cu®(aq)] builds up it will react with the OH-(aq) ions 1o give the blue
precipitate,
Cut(aq) + OH'(aq) — Cu(OH)fs)
When excess HzS04(aq) is added, it will react with the Cu{OH)(s) fornied to give
a blue solution,
(3 marks for chemical equations; 1 mark for explanation of the shift in
equilibrium position; 1 mark for the formation of blue precipitate))

DSEL2_13
@  [Fe* (aq)Tinihl ane mixing = 0,010 X 2 % 25 + {25 +25) = 0.01 M
[SCN~(aq)Jinsiist etter mixing = 0.010 X 25 + (25 +25) = 0.005 M

Pe'*(a) +  SCN(aq) === Fe(SCN)*(aq)
CInitial/mobdm™ 001 0005
Reacted / miol dm  0.01 - 0.0043 0.005 —0.0043
Ategm/ mol dar™? 0.0057 0.0007 0.0043

fn

(1

{1

1
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2]

{1

1

1

{1
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_ [re(sCNy @@l 0.0043
¢ Rt (a)][SCN-(aq)]  (0.0057){0.0007)
= 1078 mol-! dm® (accept 1080 mol-! dm® | no mark for wrong unity

(b}  The equilibrivm position will shift {o the left hand side / reactant side.
DSE13_12
@ Reaction quotient = GBI 0:)‘;3 o5 moi~tdm3
=40 moi dm®
« Reaction quotation > K.
~ Backward reaction rate is greater than the forward reaction rate.
©)  Atequilibrium, the concentrations are:
[PCls{g)] = (0.04 — y) mol dmy>
[PCl3{g)] = (6.0S + y) mol dem™?
[Ch(e)} = €0.02 + y) mol dm™?
0.04—y -2
(0.05 + ¥3(0.02 + )
Solving cquation, y = 0.0052
ECIa{EY}oqm = (0.02 + 0.0552) mol dm> = 0.0252 miol dm~?
© .
3
£ .
@ .................
=
i |
T thne / s
addition of 0.10 mot of Chi(g)
“The final equilibrium Iovel of [Clz] should lie between the original level and the
tovel whest 0.1 mol of Clz was Just ndded.
DSE!4_13
[CYIR O] INO(g) + Oug) == 2NOyg)
Initial cone.: £.02+50 1.29:50
=9,0204 ={.0258
Bquii cone.: 4,0204%039%  0.0258 - 6006222 0.0204%0.61
=0,007956 =0.019578 =(.012444
K, = NG (2)}? (0.012444)°

NO(@F10:()]  (0.007956)2(D.019578)
=125 dm* mol™!  (accept 118~ 125) (not accept M1
...{aceept maximum 3 decimal places)

iy No citange, beeanse K is mdcpendcn! ot conccn!r’ﬂmn i cniy dcpends on

temperatuze,

i
{1
B3]

t

13

3]

1

{11

{1}
{1

{1]

3d4

(b}  Asrcvealed from the dats, when temperature increases, Ko decreases. Therefore

the forward reaction is exotherniie,

OR, As highor temperature favors endothermie side of reaction, so the

forwavd reaction s exothermic,

DSEIS_li
@ @  log[H'(aq)] =70
[ a)] = 10°7 mol dim™
iy [H*q)] = OH(aq)] = 107" mol din?
[H @ OH(aq)] = (10 1677 = 187" mol? dn®
()  Because {HaO(D] >> [H*(aq)] and [OH-(aq)]

OR, Only a very small aisount of H0 is ionized to give H*(ag) and OH-(aq)

{c)  The pH of water would be less than 7.

The ionization of H>O(l) is endothernde. Increasing the temperature will shift

the equilibriom position to the right.

DSEIS_10

(a) At dynamic equiltibrium, the rate of forward reaction is equal to the rate of

brekward reaction, and not equals zero.
OR, At dynanic cquilibrium, reactants are converted to products and

producis are converted to reactants at equal rate. No net changs is

observed.

(b) 250a(g) i O:z(s) w= 2504(g)

Initial / mol 2 2.0
At equil, / mol 22y 2-y 2y
Atequil./mol  2-2(0.9)=02

&
(02) (2 1)

V=1192dn’ (Accepl: 12, 11,9, 11.92, 11,923, Not aceept: 12.0, 11.90)

© O Decrease. The reaction is exofhormic, lncrease in temperature will cause the

equilibrivm position to shift to the left,

(i)  No change. A catalyst will Incvease the rate of forward reaction and that

of backward reaction to the samie extent.
A catalyst has no effect on the equitibrium position,

DSEI7_11
@ [H* (ag)]{A~(aq)]
¢ [HA(aq)]
{Accept no siate symbols are given in the expression)

2-09=1i1 L8

1 5. 931
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In the solution, 2,4 = ~log [H* (aq)}
[H*(aq)} = 4.0 x 1073 mol dm ™
Aceept 3.98 X 107310 4.6 x 1072
4.0 % 1073 [A(aq))
8.0%1070 = — — =
{HA(aq)}
[HAGQ)]
S = 50000
[A~(a9}]
The cquilibrivm position will shift fo vight, when H' ions are consumed by
NaOH(aq).
(Also accept: The rate of the backward renction decreases / HA will deconipose to

(Accept 49750 to 50000)

compensate for the loss of H*, forming niore A)

HA is colorless while A is yellow. Increase in JA™] cause the solution ehanges from
colorless to yellow / the color/yelios color becomes niore intense,

Indicator / use to find out ihe end-point of acid-base titration,

DSEI8_13

{»)

(G

()

Nene of the final concentration of X(g), Y{g) and Z{g) is equat to zero,

OR X, Y, Z co-exist in the system, and their concentrations remain nnchanged
after a long period of time.

OR The concentralion of the reactant, Y, is still not equal to zero aller & long
period of time.

2¥(g) = IX@E + Zg

Ko X2 _ (0.60)*(0.20)

IGIE (030
1 mark for correct equation or K. expression
1 mark for correct final concentrations of X, Y and Z, and substituting the numbers

= 0,48 mol*dm™°

into the cxpression

i mark for corvect mmerical answer with correct unit, Not accept M2,

The stalement is INCORRECT.

At the 25" minute after the reaction has started, {he reaction attained dynamic

equitibrium.

OR The rate of forward reaction is equal to the rate of backward reaction (snd
both of rates are not equal to zero).

DSEI9_12

®

_ {Fe(SCN)**(aq)]
 [Fe** a][SCN~(aq)]
{State symbols not required)

K.

£ €=

fi]

i3

£t
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DSE20_09

9. (a) K.=[NoOu(g)]/ [NOA)Y i*
{NOax(g)Jeqm = 0.0323 mo! dm?

©— ~— r~— - rr

[Fe?" (aq) it after mistog = 0,030 % 20 + 30 = 0,020 M
[SCN‘(‘\Q)IHKH aftermixing = 0.030 % 10+30=0.010M
Fe¥{aq) + SCN-(aq) == Fo(SCN}*(aq)
Ateqm /mol dnr®  0.020 -y 0.010—y y
[Fe(SCN)**(aq)] y
= Fes* (a][SCN-(am)] (0,020 — y)(0.010 — y)
y =0,0217 mol dm™ (rejected since larger than both 0.020 and 0.010)
y =921 % 1672 mo} doy?
NOT accept 9 % 107/ 9,2087 x 107 mol dm™>
(Accept mex. 4 sig.figs) (Correct unit is required)
Increasing of K means that the equiltbrium position is shifled to the right /product
side, hence the AH should be positive,
¢ Na:SO;s(s) added reacts with Fe¥*(aq) so as to decrease the concentration of
Te*(aq).
¢ The equilibrium position shifts to the left / reactant side.  The concentration
of Fe{SCN)?** deercases, the colour of the mixture becomes paler.

=108 x 1072

2= [N;04(g)]eqm = 0.001 +(0.04 - 0,0323) /2 = 0.00485 mol dnr? 1*

K= 0.00485 /(0.0323 = 4.649 ‘mgl‘"‘dm{(Accep{lﬁS ~ 4,663
{Correct unit is required) {Not Accept M or (mol dm- 3}
{Accept answer with maximurm 4 decimal places)

(b) *  More NO: is formed and the equilibrium position shifts to left / shifts to reactant side when

the temperature increases.

» Increase temperature shifts equilibrium position to endothermic direction.  Therefore, the
forward reaction is exothermic.
{No 2 mark if 5o deduction is given, or the deduction is tacorrect. &.g. The reaction is
exothermic a5 the equilibrivm position shifls toight when the temperatiure increases.)
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SECTION 11 Chemnistry of Carbon Compounds
Multiple-Choice Questions
Part 1: Organic reaction and Part 2: Plastic
CE90 39
A glass of sweet wine is left on a dinning table. After two days, the wine becomes sour. Which
of the following type of reactions accounts for this change?

A. oxidation B.  hydrolysis
C.  fermentation D, esterification
CE90_41

Which of the following polymers is/are made by condensation polymerization?

® Hooon @ ' H GoocH,
f il 1
H n H CH, n
A, (T)only B. (3)only
C. (Dand (2) only D.  {2)and (3) ouly
CE91_36

Propan-1-o! is refluxed with acidified potassium permanganate solution for a long time. Which
of the following descriptions isfare correct?

(1}  The reactants undergo esterification,

(2} Propanoic acid is formed.

(3) The permanganate is reduced,

A, (I)only B. (2)only
C. () aud (3) only D.  (2)and (3) only
CE?_40
Which of the following conipounds would resct with each other to form a candensation polynier?
H H o 0
@\ / @ il i ® ]
C=C\ HO—C—(CH,)y—C—OH HN—C—NH,
g
A, (and (2) 8. (Daxi(3)
C. (Zyand (4) D, Band{4)

348

CE92 06
0.0t mol of C2HsOH is bumit completely in oxygen, What are the numbers of moles of carbon
dioxide and water {ormed respectively?

carbon dioxide water
Al 0.01 0,03
B 0.02 0.03
C. 0.02 0.06
D 0.04 0.06
CE92_20
Which of the following compounds does NOT react with propan--6i?
A, sodium B. bromine water
C.  acidified potassium penmanganate solution D.  cthanoic acid
CE92_41

A compound, CaH4O2, react with ethanol in the prosence of concentrated suiphuric acid to form
a product with a fruity smell.

Which of the following statements about this compound is/ace correct?

(1) 11 can liberate carbon dioxide from sodium carbonate selulion.

(2) Tt ean decolourize acidificd potassivm permanganate solution,

{3} Tts aqueous solution is an electrolyte.

A, (3)only B. {t)and (2)only
C.  (Dand 3)only D.  {1),(2) and (3}
CE92_47
12 statement 2™ statement
Potyester is o thermoplastic, Polyester is fonned by condensation polymerization.
CE93_30

Directions: CE93_30 and CE93_31 refer lo the following experiment;

A mixture of methyl propanoate and sulphuric acid was allowed (o react by heating under reflux
for some time until equilibriom was reached. The resulting mixiure M was then transferred 1o
fiask Y and heated as shown below:

What is the function of the plece of apparatus

water out

labelled X? -
A. 1o condense the products in M
B. 1o separgte the products in M X ——
C.  to prevent the loss of the produets in M. #

due to evsporation flask Y water in
D. toprevent the loss of the reactants in M flask Z

. nmixtiee M
due to evaporation 1
heat
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CE93_3)

The first fractton of the distillate collected in flask Z is mainly

A, mellanol, B. propan-1-0},
C. methanoic acid. D.  propancic acid,
CE93_43

Which of the followlng reagents can be used to distinguish between aluminium sulphate solution
and fead{ll) ethanoate solution?

A, barium chloride sofution B.  sodium hydroxide solution
C.  nitric reid D.  liydrochloric acid
CE94_19

Which of the following substances can tum an ecidified solution of polassium permanganate

colourless?

A.  elhane B, cthano}

C.  cthanoic acid D. eihyl ethanoate
CE94_42

Which of the following substances can be fermented fo give an alcoholic drink?
{1} grapes

(2) wheat
(3) potntoes

A, (1) and (2) only B.  (1)and (3) only
C.  (2)and (3) only . B, (1), (@) and (3}
CE96_23

Dircctions: Q.23 and Q. 24 refer to (he folowing experinient.
A reaction mixture containing acidificd potassium dichromate solution and cthanol is heated
using the set-up shown below:

=— waler oul

condenser

water in -~

reaction mixture

|

heat
In this experiment, the reaction mixlure is undergoing
A, reflux. B,  distillation.
C, emulsification, D. fractional distillation.

350
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CE96_24

Which of the following statements concerning this experiment is correct?
A, The acidified potassium dichromate solution acts as a catalyst,

B.  The reaction mixture gradually becomes brown,

C.  Ethanol js reduced during the experiment,

D.  Ethanoic acid is formed during the experiment,

CE9%6_41

Which of the following statements concerning propan-1-ol are correct?

{1) propan-1-of can be used as a solvent.

{2}  propan-I-ol can undergo polymerization.

(3} propan-i-ol can undergo esterification with ethanoic acid In the presence of concentration
sulphuric acid.

A, (1)and (2} only B. (1) and (3)only
C. (2)and (3) only D. (1), (2)and (3)
CE97_15

Which of the following substances, when mixed, would produce a precipitate?
A.  chlorine water and potassiun bromide solution

B.  cthyl cthanoate and ethano}

C.  ivon(Ill) sulphate solution and aqueous ammonia

D.  nitric acid and potassium hydroxide solution

CE97 20
When a glass of winc is left overnight, it becoines sour, Which of the following reactions is
ible for this change?

respe

A, fermeniation B,  oxidation
C.  dehydration D.  estenfication
CE98_48

1# statement 2™ statement
The ethanol content of beer is less than fhat Beer is made by fetmentation of barley while
of red wine. red wine is made by fermentation of grapes.
CE99_26

Directions: Q.26 and Q.27 refer to the following experiment;

Some concentrated sulphurie acid and pumice stones were added to an alkanol and an atkanoic
acid. Tie mixture was heated under reflux for some time and the following compound was
obtained:

H cC H H
I 1y
H H H
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Which of the following combinations is correct?

Alkanel Alkanoig acid
A.  methanol ethanoic acid
B. methanol propaneic acid
C. ethanol ethanoie acid
D, ethanol praopanoic acid
CE99_27

Which of the following statements concerning the experinient Is correct?
A.  Concentrated sulphuric acid acts as an oxidizing sgent in the reaction.
B.  The purpose of using pumice stones is to speed up the reaction.

C. A fractionating colomn should be used in the experimental set-up.

D.  Heating under reflux can prevent the Joss of reactants and produets.

CE00_13
Consider the compounds represented by the two structuees below:
o} H H H 4y Q
H {1 oL
H——C——O«—-?-—?-—H and H—-—(}:—?-—-—C—O—-H
H H H H

Which of the following slatements concerning these compounds is correct?
A, Both compounds can tura wet blue litnyus paper red.

B. Both compounds hiave the same odour.

C. Both cempounds have the same molecular formula.

D, Both compounds have the snme boiling point.

CE00_36
Which of the following polymers isfare made by condensation polymerization?
i

m % ;l; ) 1|" 1; 3 ?MOCH

{—C—(Cﬂz)r- §!:~—N—(CH2)5—1?%- v{—clz-?_-]~ AE-CHT(!:

) H- " rro " CH, "

A, {only B. (2)only
C.  (1)and (3) only D.  (2)and {3} only
CEQ4_21

Which of the following statements concerning ethanol and butan-2-o0l is INCORRECT?
A,  Both compounds can dissolve jodine,

B. Both compounds can be represented by the same general formula.

C.  The boiling point of ethanol is higher than that of butan-2-ol.

"D, Bach compound can be obtained by catatytic hydration of the coesponding alkene.

352

CEO1_25
The reagtlon involved in the preparation of cthanoic acid from cthanol is
A, an addition. B. acondensation.
C. aredox, D. adehydration.
CE01_56
1* statement 2™ staterment
The reaction of ethanoic acid with cthanol Water is one of the products formed in the
is a neutralizatlon. reaction of ethanoic acid with ethanol.
CE®4_17

The foliowing paragraph was extracted from the Iaboratory feport of'a student on the preparation
of an organic compound.

CHYCHCOzH and CHICH3OH were heated with a small amount of concentrated Ho50s ina
1est tube for a few minutes, The resuliant mixture was then added to a beaker of cold water.
Which of the foltowing stetements conceming the experimont is correct?

A.  The compound prepared was ethyl cthanoate,

B. Concentrated H280: acted as an oxidizing agenl,

C.  The preparation involved a condensation,

D.  When the resuliant mixiure was added to the cold water, a whitc precipitate was formed.

CE04 27
Ethane con be prepated by heating ethano! with excess concentrated sulphuric acid. The reaction
involved can be represented by the equation:

conc, HyS0,
CH;CH:0H ~——— CHy=CH:+ H:0

The type of reaction invelved in the preparation is

A.  cracking. B. condensation,
C.  nddition. D, dehydration.
CE04_33

Which of the following processes isfare involved in the produsction of whisky?
(1) heating under reflux

{2) distillation

3) fermentation

A, {1)only B. {(2jonly

C. (1)and (3) only D. (2)and (3) only
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CE05_24

Which of thic foltowing health hazards are related to excessive drinking of spivits?
(1} liver damage

(2) stomach domsage

{3) lung demage

A, (I)and (2) only 8.  (1)and (3) only
C. (2)yand{3) only D, (1),{2)and (3)
CE05_49

1* statement 2™ statement

Polyester is an addition polymer. Polyester soflens on heating,

CE06_43
The repeating unit of polymer X is shown below:
i i
—C—(CH2);-—ILi—~N—(CHz)5——li¢—

H

Which of the following statements about X is/are correct?

(I} X is an addilion polymer.

{2) X is formed from two different monomers.

{3) X is a thermosetting plastic. [QUT]

A. {(Denly B. (2)only

C, {H)aud (3)only D, (2)and (3) only

CEQ7_t6

A mixture containing 25 omn® of CH;CH:CH20H, 25 em® of CH3COOH and | emy’ of
concentrated HaSO4 is heated under reflux. After some time, a pleasant smell is detected. Which
of the following statements concerning this experiment is correct?

A, Avredox reaction is involved,

B. The reaction cannot go to completion,

C.  Concentrated H2SOy4 acts as a reactant,

D. One of the products is ethy! propancats.

CED7_23

Which of the following statentents concerning H,C—C—OH isfare correct?

O—O—

H
{1) 1t is nevtral to litmus solution. 3

{2) lts systematic nams is propanol.
(3)  When it reacts wilh cthanoic acid, the ester formed Is HJC""?"'O""ﬁ“—CHJ
CH; o]

H

A. (only B, (2)only
C. (1) and (3) only D. (@) and (3) only
354
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CE07_42
Which of the following pairs of compound can form condensation polymmers?
8)] o] !

H—C—H HN—C—NH,
) o] o}

HC—CH, il il

P HO—~C c—oB
HO OH

{3 H O H ©

H—C—C—0CH  Hy—C~—C—OH

NH, NH,
A, (Dand (2) only B. (1) and (3) only
C. (2 and (3) only D, ({1),(2) and (3)

CE08 47

The empirical formula of an organle compound T is CH10. Effervescence oceurs when T iz added
to sodium carbonate solution, T may be

(1} HCOOCH;.

(2) CH;CH(OH)COOH.

(3) CHiCH.CH,COOH.

A, (only B. {(2)only
C.  (Hand(3)only D.  {2)and (3) only
CE09_12

An organic compound X fias the molecular formula C3HsF2. Which of the following statements
conceming X iz correct?

A. X has at least four possible structures,

B. X must be a saturated compound.

C. X turns acidified potassium dichromate solution from orange to green,

D. X canbe used to make a thermosetting plastic by addition polymerization.

CE0% 24

Which of the foltowing substances can react with acidified potassium permanganate solution?
(I} propene

{2} potassivm jodide solution

(3)  sodium sulphite solution

A, (D)and (2) only B. (1)eand (3} only

C.  (@and (3)only B, (1),(2) and (3)
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CRO9 25
Which of the following hazard wamning labels should be displayed on the reagent bottle of
methanol?

]
f::a 5
e ““iﬁ
) @)
A, (Iyand (2) only B. (I)and (3)ouly
C. (2)and (3) only D, (1), ¢2)and (3)

CE0% 27

Esters can be used to make
(1) porfumes,

{2} food additives,

{3} solvent for paint.

A (D and 2) only B.  (1}and (3) only
C.  (2)and (3) only B, (1}, @y and (3)
CE10_07

In an experiment, a mixiure of ethanol and acidified potassium permanganate solution is heated
under reflux to obtain ethancic acid. Which of the following apparatus shoutd be used io the
experiment?

A.  stopper B. thermometer
C. fractionaling column D, waler condenser
CE10_18
The slructures of compounds P and Q are shown below:
a i
CHCH;CHy—C—0O~H CHyCH,—C—~0—CH,
P Q

Which of the following statements is correct?

A. P and Q are both acids.

B. P is more volatile than Q.

C. P dissolves in water readily but Q dees not,

D. P and Q both decolourlise bromine water rapidiy.
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CE10_38
Compound E rapidly decolourises cold acidificd potassium peemanganate solution. When E is

added to sodium hydrogencarbonate solution, effervescence occurs. Which of the following
compounds may B be?

A HHHO B. BEER
] =
He e e GOl H=C=gr=y=g—a=il
k H R
C. 11 I{'[ Iﬁ D. Hfllfill‘i
H—C—C—C—C—0—H H— wﬁ-—?-—i-‘-'()*—!{
Hun H H
CEN_I3
Propene reacts with bromlne dissolved in organie solvent to give
A,  l-bromopropane. B, 2-bromopropane.
C.  1,2-dibromopropane, D. l-bromopropane and 2-bremopropane.
CEL_15

What is the chemieal formula of the organic product formed from the reaction between ethanol
and propanoic acld under suitable conditions?

A, CHCOOCH; B, C:HsCOOCH;
C.  CsHsCOGCHs D. GHLCO0C:Hs
CE11_34
The two compounds shown below undergo condensation polymerization under suitable
conditions.
H H
0 Ne=d’ 0
N8
c—g, ,L—¢C and  HO=CH;=CHy—OH
/ 5 N
w 7Y o
H H
Whal siall molecule would be elininated in this condensation polymerization?
A, HO B, Hin
C. CHyOH D. HCOOH
CEl1_48
1# statement 2 stateimont

Nylon has cross-links among the pelymer Nylon is a condensation polymer.

chains,
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CE11_3% CE91_49

I an experiment, & mixture of coconul oil and excess concentrated sedium hydroxide solution h 1* statement 2M siatement

is heated for some time. Then a small amount of concentrated sodivm chioride solution is added tn the preparation of soap, sodium chloride is Sodium chiloride can increase the solubility
to the reaction mixture with stirring. A solid praduct is eventually formed. Which of the follewing added after the reaction between oll and of s0ap.

statements concerning this experintent is correct? sodium hydroxide has been completed.

A.  The solid formed is glycerol,

B.  This experiment involves emulsification, CE92_23

C.  The purpose of this experliient is to prepare a soapless detergent. Direction Q.22 and Q.23 refer to the making of seap as represented by the fotfowing reaction:
D. ::1; ;:x::pose of adding concentrated sodium chloride solution is to sakt out the product H,COOC(CHy) 16CH, H,COH

HCOOC(CHp)1gCHy  + 3NaON ——  p[ooy  + 3CH,(CH,),COONa

CEM 30 H,COOC(CH,)46CHZ H,COH
1* statement 2™ statement s 2
; i . . . anin! fat soap
Propane can change acidified potassium Substitution reaction occurs when propane is
permanganate  solution from purple to added to acidified potassivm permanganale Soap has a hydrophilic head and hydrophobic tail. Which of the following combination is
colourless, solution. correct?
Hydrophitie head Hydrophobic tail
Part 3: Soaps end Soapless detergents A, Na* CH;3(CHa)g—
CE99 37 B. -COO- CHy(CH:)is—
Clothes stained with grease can be cleaned by detergents becansc detergents can C. Na* CHi{CH2)16CO0~
(I}  decrease the surface tension of water. D.  CH3(CH2)1sCCO~ Na*
(2) dissolve in both water and grease.
(3) emulsily greasy particles, CES3 44
Which of the following combinatlons is correet? Which of the foltowing statements is INCORRECT?
A, ({)and (2) onty B.  {{)and (3) only A, Tin is used for making food cans,
C. {2)and(3)only D, (1),(2)and (3) B.  Sulphuric acid is used for making soap,
C.  Ammonium chloride is used for making dry celis,

CE90_38 D.  Chlorine is used for sterilizing drinking water,
Which of the following statements conceming the production of soap from vegetable oils and
sadium hydroxide solution isfare correet? CE94 24
(I}  Sodium hydroxide scts as n catalyst, Directions: Q.24 and Q.25 refer to the structural formulae of the following three defcrgents:
{(2) Glycerol is formed at the end of the reaction. CH, CH, CH, CH, CH, o K*
(3)  The reaction between vegetable oils and sodium hydroxide solution is reversible. detergent 1 NS NSNS NS N/

CH, CH; CH, CH, CH, C
A, (D) only B, (2)only . k
. {1)and (3)only D, (2)and (3) only o

CH, CH, CH, CH, CH,
detergent J1 SN/ N7 N7 N/
CE91_33 CH, CH, C¢CH, CH, CH,
Which of the following statements isfare trise for soapless detergents? s0- K*
(1) All soapless detergents are not biodegradable. CH, CIHJ CH,
(2) Soapless detergeats form a scun with sen water. lC }I{ c }? ¢
(3) Sonpless detergents aro mainly manufactured from products of the petroleum indusiry. . detergent JII Cﬂ,/ [ N ,\ e |
A, (})only B. (3)only ° L g | H
CH, CH, SOy K*
C. (1) ond (2) only D.  (2)srd {3} only
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Which of the above isfare soapless detergent(s)?
A, detergent Tonly B.  detergent 1l only
C.  detergents T and I only D, detergents If and |1 only

CE94_25

Wliich of the following stalements concerning these detergents is correc(?

A, The hydrocarbon tail of detergent H1 is hydrophifie.

B.  Both detergents | and I forin scum with seawater,

C.  Detergent [H causcs more scrious pollution problems than detergent I when discharged
into rivers.

D.  Both detergents 11 and IH are made from Fats,

CE96_28

Directions: Q.28 and Q.29 refer to the following experiment used to study the causes of hardness
of water.

A sludent added somo soap solution to four test tubes conlaining the same valume of different
aqueous solutions of the same molarily. He shook the tubes and measured the minimun volume
of soap solution needed o form a permanent lather. The results are tabulated below:

d Minimum volume of soap solution
Agueous solution :
needed to form a permanent lather / em
Sodium chloride 0.6
Caleium chloride 9.3
Potassium chloride 0.9
Maguesin chloride 8.5

Which of the following spparatus would be most suitable for measuring the volume of soap
solution?

A. 50 cm?® burelte B. 50 cm’ measuring cylinder
C. 25cm’ pipetie D. 10 cm’ beaker

CE96_29

Which of the fotlowing subst isfare responsible for the hardness of water?

(D) sodium chioride

2) calcium chloride
{3) potassium chioride
{4)  magnesium chloride

A, (Honly B. (2)only
C. (1) and (3) only D, (2)and (4) only
360

CE97 35

Ditute ammonia solution s used in d tic glass cleaners b

(1} ¥t con saponify geease,

(2}  His non-corrosive,

(3) Hcontains ammmoniwm jons which can emulsify grease,

Which of the above statements isfare correct?

A, (lyonly B, 2)only

¢, (B and (3) only D.  (2)and (3) only
CE98_15

A detergent has the following structure:

Which of fhe following statements conceming the detergent is correct?

A, Tts hydrocarbon chain is hiydrophille.

B, It can be manufactured from vegetable oil.

€. tisreadily degraded by micro-organisims,

D.  Itacts as an emulsifier in the cleaning process,
CE98_41

Which of the following problems are associated with the gxcessive use of soapless detergents?

{1) They can cause skin silergies.

(2) They form foam when discharged into rivers and lakes.

(3}  They form: scum when discharged into the sea.

A, {1)and (2) only B. (1)and (3) only
C. (2yand (3) only D.  (1),(2)and (3)
CE99 43

Which of the foltowing statements concemning # soapless detergent are correet?

{1} It can be preparcd by heating a cooking oit with sodium hydroxide solution.
(2} 1t nets a5 n welting agent by reducing tho surface tension of waler.
) It acts as n emulsifying agent in the cleaning process.
A. (1l)and (Z) only B. (1) and (3)only
C.  {2)and (3) oaly D, (1),{2)and (3}
CE99_48
1% statement 2™ statement

Local tap water produces & scuim with soap. Water containing calcium ions can form an

Insoluble compound with soap.
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CE00_i8
Sowe potassium carbonate solution Is added to o sample of tap waler. The mixture then appears
cloudy. Which of the following iona Is probably present in the sample?

A, NH$ B, Mg
C. Br D, S0&
CEG0_41

Which of the followlng statements concerning soaps are correct?
(1) They arc esters.

(2)  They can reduce the surface tension of water.

(3) Theiruqueous solutions are alkaline,

A, (1)and {2) only B. {1)and (3) only
C,  2)and (3)only D.  (1),{2)and (3)
CEBL_16

Which of the following statements is correct for a soapy detergent bul incosreet for a soapless
detergent?

A, lis structure consists of o hydrophilic part and a hydrophobic part.

B. It forms a lather when shaken with distilled water.

C. 1t can be made by reacting a vegetable oil with an alkali.

D.  Ttactsas an emulsifier in the cleaning process,

CEGI_21

In g boiler using hard water, scale is deposited on its interior after a period of time. The safe
consists mainly of mela} carbonates. Which of the following substances can be used to remove
the boiler scale?

A. soapless detergent B. chiorine bleach
C.  sodium hydroxide solution D. vinegar
CE03_19

Sonp was prepared by heating fat with sodium hydroxide solition for some time. Concentrated
sodium chloride sofution was then added to the resulting mixture. The purpose of adding
concentrated sodium chloride sofution is

A, to help the precipitation of soap.

B. toenhance the cleansing power of the soap.

C. to reducce the alkalinity of the soap.

D. (o act as & preservative for the soap.
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CE03 29
A detergent has ihie siructure shown below:

T
CH, (CH 30 CHy =080 Ner

Which of the foilowing statements concerning this detergent is correct?
A. His non-biodegradable.

B. It functions well in bard water.

C. [t can be manufactured from vegetable oils.

D.  The portion, CH3(CH2)1eCHz~, is hydrophilic.

CEQ3_49

1# statement 2™ statement
Sodiurn carbonate can be used to soften Sodium carbonate reacts with calcium ions in
hard water which contains calclum fons. hard water to form a precipitate.

CE04_04
Which of the following subslances is the poorest electrical conducior?
A, vinegar B.  household bleach

C.  sosp solution D. antiseptic alcohot

CE04 22

The main chemical constituent of bleaching power is caleium hypochlorite. Which of the
following stateiments concerning bleaching power is INCORRECT?

A. It works effectively with soaps in cleaning processes.

B.  Itcan be used as a domestie sterilizing agent.

C. M reacts with aclds readily to give chlorine.

D. It bleaches by oxidation,

CE04_49
1% statement 2% statement
Sodium chloride is used in the manufacture Sodium chloride helps the precipitation of
of soap. soap from goap solution.
CEQS_32
Which of the follewing substances is NO' used for the preparation of soaps?
A, vegetable oil B.  sodinm hydroxide solution
C.  concentrated sodium chloride selution D.  concentrated sulphuric acid
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CEOS_42

Which of the following slatemenis concerning soaps are correct?

(1)  Soaps are biodegradable.

(2)  Soaps have good cleaning power in hard waler.

{3)  The structure of a soap particle consists of n hydrophilic part and a hydrophobic pait.

A, (Dand (2) only B. (1) and (3) only
C. (2 and (3)only Do (1), 2)and (3)
CR06_26

Which of the following statenients concerning the cleansing actin of a detergent are correct?
{1} T reduces the surface tension of waler,

{2) ltacts as nu emulsifying agent.

{3) Itreacts with grease to form soluble products.

A, (1)and 2) only B, {l)and (3} only
C.  (2)and (3) only B, (1), @)ad {3)
CE86_42

Which of the following materials isfarc used in the production of soap?
(1) petroicum fractions

(2)  sodium hydroxide

{3) sulphuric acid

A, (I}only B. {2)only
C.  {(1)and 3) only D.  (2)and (3) only
CE07_50
1 statement 2% statement
Soapy detergent can be uscd to treat oif Soapy detergent can act os am emulsifying
spillage on sea surface. agent for ofl.
CE08_35

Which of the following statements conceming a soapy defergent is correct?
A. It can increase the sueface tension of water.

B. It contains a hydrophobic hydrocarbon cliain,

C. 1t can be manufactured from pefroleum produsts,

D. It contains a positive jonic part for carrying out emulsification,

CEQ9_45

Which of the following statements concerning soapy and soapless detergents are correct?
{1} They both are emulsifying agents.

(2)  They both contain hydrophabic and hydrophilic parts.

B s ergent fs biodegradable while soapless detergent js non-biodegeadable.
A (i) and (2) only B, {1)aid (3) only
C. (2)and (3) only D, (1), (2)and (3)
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CEG9_50
1 statement 2™ siatement
Discharge of synthetic detergents Into rivers Synthetic detergents may contain nutrients for
may cause rapid growth of algae. the growth of algae.
CE10_41

The structure of & detergent is shown below:
CH3(CH}15C00 Na'
Which of the following statements concerning this detergent is correct?
A, Iis non-biodegradable.
B. It forms scum in sca water.
C.  ltis manufactared from petrolearm,
D.  The hydrophilic part responsible for its cleansing uction is Na'.

CELl_47

Which of the following statements concerning soapy detergents and soapless detergents are
correct?

{1}  Saapy detergents can be made from fats whereas soapless detergents cantiot.

{2)  Soapy detergents form seum with sea waler whereas soapless detergents <o not,

(3)  All soapy detorgents are biodegradable whereas all sonpless defergents are not,

A, ()and (2)only B, (1)and (3) only

C. (2and (3 only D (1), (2) and (3}

ASLOS(T)_05
Which of the following compounds can be oxidized by acidificd NaxCi:Ox{ag) ai room
lemperature?

(I} CHsCH.0H

(2) CH;COCH;

{3) (CHy3COH

A, (Denly B, {only

€. (t)and (3) only D, 2)and (3)only

ASLOS(1)_03
Lysergic acid dicthylamide (LSD) is a stimulant drug with the following structure:
(I3H20H3

[s) N
CH,CH,4

N
“CHy
4

il /
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Whicls one of the fotlowing stalements about LSD is correct?

A. [t has one chiral centre and possesses an amine functional group.

B. It has one chiral cenlre and possesses an atkens functional group,
C. It has iwo chiral contres and possesses an amide functional group,
D. It has two chiral centres and possesses a ketone functional group,

ASLI3(1)_03

Which of the following pairs of substances react to give ammonin?
(1) {NH2):S04(s) and Ca(OH)a(s}

(2) NaNHx(s) and H:0(1)

(3) CH)CONHa(nq) and KOH(aq)

A, (D) and (2) only B. {1)snd(3)enly
C.  (2yand {3)only D, (1) (2)ond(3)
DSELISP_26

Which of the following conversions is a substitution reaction?
A. CH3CH:CH=CH; — CH:iChCHBICH:

B. CH;CH,CH:CHOH — CH;CH,CH,CHO

C. CHyCH,CHOHCH; —» CILCHCHBICH

D. CH)CH:.CHiCO2H — CHaCH:CHaCHOH

DSEIISP_27
A eompound with an ester functiona group has a molecular formula of C41HsO2. What is the number
of possible structures of the compound?

A3 B, 4

c S D,

DSELHISP 28

Which type of reaction is involved in converting propan-2-of ta propene?

A, Addition B. Oxidation

C.  Dehydration D.  Substitution

DSELSP 30

Hydrogen, methane and butanc are commonly used fiels. Which of the following statcments is
correct?

A. Hydrogen is & more environniental friendly fuel than butane,

B. Mcthane burns with a more sooty flame than butanc.

C.  Hydrogen, mothans and butane ail belong to the same homologous series.

D. Oncomplete combustion, one mole of niethane releases more carbon dioxide than one mole
of butane,
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DSE1ISP_31
The following s a serics of reactions stasting fromt ethanol:

reagent A N Na,CO(aq)

ethanot COMg + Q
Which of the following correstly describes the reagent A and the product Q?
Reagent A Product O
A. Dehydrating agent Cthene
B. Dehydrating agent Tthane
& Oxidizing agent Sodium ethanoate
D. Oxidizing agent Ethanolc gcid
DSEL1SP_34

Which of the followlng slatements isfare correct conceming the numbers of the homologous serics
of afkenos?

(1) Members of higher molecular mass are oflen used to make soap.

(2} The first fow members are often used to make polymers.

(3) The members can commonly react with hydrogen halides to give halohydrocarbons.

A, (1) only B, (Donly

C.  (1)and 3)only D.  (2)and (3)only

DSE12PP_27
Consider the isomeric compotinds shown below:
CH;COCH;  and  CH;CH:CHO
Which of the foilowing reagenls ¢an be used to distinguish between the two compounds?
A.  Acidified potassium dicliromate sofution  B.  Lithjum aluminium hydrde
C,  Dilute sulphuric acid D. pH indicator

DSEi2pPP_28
The structure of polymer X is shown below:

L8 (-bomens]-
c@—c—ocn,cazo
n

Wiich of the foliowing statements about X is correct?

A. It possesses a ketone fanctional group,

B. It can undergo degradation In an acidic environment,
C. It has a giant covalent network structure,

D. It has a sharp molting point.

DSEI2PP_33
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Cansider the following organic conversion:

X
(CH;),COH ~———— (CH,),Ci

Which of the following reagents can X be?
1) Chig)

@ PCLQ)

{3) Concentrated HClag)

A, flyouly B. {(2)only
C. {1} and (3) only D,  {2)and (3) only
DSEI2PP_34
Consider the following compounds: Which of these compounds can be used as active ingredicats
of detergents?
Cl,011 CHyOH CHLOI

o o 0 OH

43 GH (6] OH
oM o 2
OH OH Ot
Ciy
() ClLCli, 5-"1; —Clly o
Ciy
[9]

3} /\/\/\/\/\/\/\/\/u\o' N
A, (1Y and (2) only B. (1) and {3) only
C.  (2)and (3) only D, (1. (2)and (3)
DSE12PP_36

1 statement 2 statement
The structural formula H:C=CF; can  The rotation of the CFz group relative to the CH;
represent two different compounds, group in HyC=CF, is restricted by the C=C hond,
DSEf2_28
The structure of an organic compound is shown below:

O, -0
w ™ T
HO

Which of the following statements is correct?
A. The compound does NOT show enanliomerism.

o

of the compound is CsHgOs,
‘The compound contains a ketone group.
D. The compound can be oxidized by acidifted KaCr2Os(aq).
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DSE12 29

Which of the following statements concerning compound U (CHyCHRCH=CHCH,CH0H) is
correct?

A, The empirical formula of U iz C3H0.

B. The systoniic name of U is hex-4-cu-ol.

C. U rencts with HCl to give a single product.

D. U can separately turn Braaq) and acidified KMnOs{ag) colorless.

DSEIZ_32
Which of the following structures represent(s) the astive ingredient(s) in aspirin tablets?
t,0H
Oy, _.0M }ti "
1 O _Cly (o N CQOH H
6! \g 3] H;N/Y ~ (©)
o] ol OH
OH
A.  (1)only B. (Donly
C.  (lyand (3) only D, (2)and (3)only
DSE12_33

Which of the following compounds con be formed when (CH3)C(OHCH:CH; is dehydrated?
{1} {CH:C=CHCH;

{2) (CH3;):CHCH=CH,

(3) CHy=C(CHs)CH:CH;

A, (Iyand (2) only B. {({)and 3) only
C.  (Zyand (3) only D, (1), (@) and (3)
DSEL2_34
The structure of a compound is shown below:
CH;,
H;C—C—COOH
CH,

Which of the following slatements concerning the compound ate correc!?
(1) It can form a salt with aqucous ammonia,

{2) Tt can be reduced 1o an alkanol by vsing LiAJHa,

(3} [t can form an ester with methanol under suitable conditions.

A.  (Dyand (2} only B, (1)and (3) only
C.  (2yand (3)only D, (1) @) and (3)
DSEI2 36

1 stalenzent 2™ statement

2-Chlorobut-1-ene shows gcomelrical isomerism  2-Clilorobut-1-ene has a double bond,
369
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DSE!3 20
An organic compound las the following structure:
H
I
H—({J—-OH
H

Which of the following slatements about this compound is/are correct?
(1)  Ttis immiscible with waler.

(2)  Itisneutral o litmys sofution.

(3)  {t burns with a non-luminous flame,

A, (Donly B. (2)only
C. (1) ond (3) only D.  {2)and (3)only
DSE13 29
The stracture of fructose is shown on the rights CH,0H
Which of the foltowing statements about fructose is correct? =0
A, Tis empirical formula is Cat1206, HO— (!:—l 1
B. It can turn acidified potassium dich te soluti
ified potassium dichromate solution H—C—OH
from orange to green.

C.  Itis insoluble in water. H-={~=0H
D.  Usmolecule has five chiral carbon cenires, CHOH
DSEI3_30
The three-dimensional structure of o molecule of compound X and that of compound Y arc shown
betow:

(|:2Hs (I':sz

i €

7 \U'H ~
HyC N Ol HO/ CHj
X Y

Which of the following statements about X and Y is correct?

A.  Xund Y are identical,

B.  Xand Y arc a pair of structural isonters,

C. A mixture of X and Y can bo separated by fractional distilation.
D.  Xeand Y have the same standard enthalpy change of combustion,
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DSE13_31
Consider the compounds X and Y shown below:
CH, H;C CHy
N /
HyC=C C=C
\ / \
CH; H H
X Y

Which of the following statements about X and Y is correct?

A.  Xand Y area pair of geometricel isomers.

B. Both X and Y react with Ha(g) in the presence of Ni(s),

C. Xand Y react separately with Bry in CH3CCls to give the same organic product.
D.  Both the polymerization of X and that of Y give the same addition polymer.

DSEI3_32

Which of ihe following statements about the action of sodium hydroxide solion on ethanamide
isfare correct?

(1}  Sodium ethanoate is formed in the reaction.

2)  Inthe reaction, soditun hydroxide act as catalyst,

(3} The reaction attains equilibrivm if the reaction mixiure is heated under reflex.

A. {(yonly B, (2only

C. (Dyand (3)only D. (2)yend {3) only
DSE13_34

Consider the following conversion of organic compounds:

CH,Br CH,0H

CH,
BrfD)
B e
Step Step 2

Which of the following statements about the above conversion are correct?
{1}  Excess Br{l) should be used in Srep L.

{2) Light is needed inStep 1.

{3) The reagent used in Step 2 ean be KOH(aq).

A, (1)and (2) only B. (!)and (3)only
C.  (2)and (3)only D. (1)) md(3)
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DSBI3_35
In order to prepare 2-clitoro-2-methylpropane, a mixture of 2-methylpropan-2-ol and concenteated
hydrochloric acid is shaken vigorousiy.
cone. HCL

{CH)COH ~~—memmsm (CH),CCL
Which of the following statcraents about this preparation arc correet?
(1) Two layers of liquids can be observed in the reaction mixture after shaking.
(2)  The erude product should be washed with soditiny carbonate solution.
(3)  The unreacted 2-methylpropan-2-ol can be removed by simple distillation.

A, (Iyand (2)only B.  (1yand (3)only
C.  (2yand (3) only D@ and ()
DSE14_27

Which of the foltowing combinations concering CH3CH=CHCHCH{CHs): is correct?
Number of geametrical isomers  Number of enantiomers

A, 2 4
B. 2 2
c 0 2
D. 2 0

DSE{4_28

Consider the following organic reactions where P, Q and R are the major otganic products
formed.

HB(g) NaGH{aq) K,Cr,0,(aq) / H'(aq)
CH,CH,CH=CH, ——~ P ———  —ee———

Which of the following combinations is correct?

P Q R
A. CHiCH:CHBrCH; CH3CH2CH(GHICH; CH3CH;COCH,
B. CH;CHCHLCHBr CH;CH;CH:CH20H CHICH,CHCHO
(cH CH3CH,CHCH;Br CH;CH:CH=CH; CHaCH;CH{OH)YCH,0H
D, CH;CH:CHBrCH; CH;CHCH(OM)CH; CHiCH2COH
DSEI[4_32

Which of the following statements concerning aspirin isfare correct?

(1) it undergoes esterlfiontion with ethanoie acid in the presence of an acid catalysi.
(2) It reacts with sodlum carbonate solution to give & colorless gas,

(3) Tican be used to reduce inflanunation.

A (1yonly B. (2)only
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DSE14_33
A sunblock cream contains the compound below as the active ingredient:

i CH,CHy
1«13(:—-0—<\3——c-—--(|:—cozczikcl:cx»{zcr;,crrxzcﬁ3
H H

Which of the following reagents can react with this compound?
{t)y NaOH(zq)

{2y PCH{Y)

{3) acidified KMnOs(aq)

A, UYonly B. (2)only
C,  (Iyand (3) only D, (2)and (3) only
DSE14_34

The structure of a detergent is shown below:
O\\ .?O
A NN AN I
Which of the following statements concerning (he detergent are correct?
(1) Tt has a cleaning function in hard water.
(2)  Vigorous shaking it with oil and water can formn o stable emulsion,
{3) Itcan be formed by reacting a cortain vegetable oil with NaOH(aq).

A, (I)yand {2) only B, (Yand (3)only
C.  (2)aund (3) only D (1), (2yand (3)
DSE15_26

How many geomelcical isomers does HyC-CH=CH-CH=CH-CH; have?
A, O B. 2

C. 3 D. 4

DSE15_29

Consider the following conversion:

O
1 il 1l ]
HN—C—(CH)y~C~NH, =~  H,C~0=C—({CHy7-C—~0—CH,
Which of the followlng combinations of reagents can achieve the above conversion?

A, NaOH{ag) and CH3OH(1)

B. CH;OH{1)and CH;COOH(Y)

C.  NaOH(aq), H2SQ4(nq) and CHy;OH(1)

D, H2SOufag), NaOH(aq) and CH;COOQH(1)
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DSEI5_30
The structuee of the antibiotic ‘amoxicillin® is shown below:

NH,
i
~ y

§-5
0 \><
O N
o [y
0}"01!

Which of the follewing funetional groups is 7 are present in amoxicillin?

(1) ester

{2) amide

(3)  hydroxyl

A, (Ienly B, (Zonly

C. (Dand B)enly D,  (2)and (3) only
DSEIS_32

Which of the following compounds can react with acidified potassium dichromate solution to form
a ketone?

m OH (2) 3)

\/\/OH
OH

A (Donly B. (2)only
C.  (1)ond (3) only D.  (2)snd (3) only
DSEI5_34
A polymer has the structure shown below:

i

C
0" o
n

Which of the following statemients concerning the polymer is correct?

(1) Its intermolecular attraction is predomlinately hydrogen bond.

{2)  The polymer chains can be broken in the presence of difute liydrochloric acid,

{3) The polymer chains can be broken in {he presence of dilute sodium hydroxide solution.

A, (1)and (2) only B, (Dand (3) only
C.  (2yund (3) only D (1), (2yand 3)
DSElG 28

Which of the following statements concerning but-1-ene and butan-1-0f is INCORRECT?
A, Bothof the them can decolorize acidified KMuOa(ag).
B Butan-1-ol can react with PBry(l) while but-L-ene cannot,
(e Both of them can react with Ha(g) in the presence of platinnm,
D. But-1-ene can be obtained from heating butarn-1-al wilh ALOs(s)
374
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DSE16 29

The molecular formula of compound X is C4H4O4. 1t has two ~COOH groups. How many isomers
may X have?

A5 B. 4

c 3 D. 2

DSEIl6_3%

Which of the fotlowing statements conceming nylon-6,6 js/are correct?
{1) K can be used to make ropes.
(2)  The polymerization in forming it is o hydrolysis process.
EI{ ] i
(3) s repeating wnit is N(CHZ)GNg CHYL
[¢)

A, (Donly B, (2)only

C. (Dand (3)only D. (2) and (3) only
DSEL6_35

Soap can

{1)  be made from fats.

{2y emulsify oll particles,

{3) increasc the surface tension of water.
‘Which of the following combinations is correet?

A, (lyand 2)only B. (l)and (3)only
C.  (2)and (3) only D, (1), (2)and (3)
DSEIG6_32

Aspartame is an antificial swectener. The structure of it is shown below:

0 OCH,4
N

H

OH NH, O
Which of the following statenients concerning an aspartame molecufe is/are correct?
(1} It has two ester groups.
{2} 1t has two chiral cenires.
(3) It has two amide groups.
A, (Donly
C.  ()and (3)only

"

(2) only
. {2yand (3} only

=)
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DSB17_{8
The structures of organic compatind A and B are shown below:

SHNG

Which ol the following statements concerning the tiva compounds isfare corcect?

(1) A and B belong to the same homologous series,

{2) A and B can be distinguished by acidified KMnOafaq),

(3) Complete combustion of 1.0 g of A and complete combustion of 1.0 g of B would form the
same mass of COz{g).

A.  (Donly B. (2)only
C. (1) and (3) only D.  (2) and {3) oniy
DSE17 26

H 0

| il
H—C—0~—~C—{CH,){sCH;
[}
]
H=~C—0—C—(CH,);CH=CH(CH,)sCH=CH;
0

i
H—tl:«-o—c—(cul),6cu3

H
How many cis-frans isoimers does this compound have?
A0 B. 2
C. 4 D 8
DSE(7_29
A compound has the following structure:
H\C¢0
I
H--C—OH
H-—C;-—-OH
H

Wiich of the following statemonts concerning the compound Is correct?
A, Tteanreact with PCly,

B. It is insoluble in water.

C.  Itis oplically inactive.

D 10 has a ketone functional group.
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DSEI7_33
The structures of three compounds are shown below:

3 )\/\/[\/\)\/\/\/\/CO;N;-

Which of them can form a stable emulsion when shaken with oil and water vigorously?

A, (1)yand(2) only B, (lyand (3) only
C.  {2yand (3) only D, (1), {2y and (3)
DSEI7 35

Wihich of the following processes can form ethonol?

{1}  Heating cthanoic acid with NaBH,

{2)  Heating bromoethane with KOH(aq)

{3) Heating ethy! bulanoate with NaQH{aq) under reflux

A, {1)and (2) only B. (1) and (3) only
C.  (2)and (3) only D, (1L Q2yend (3)
DSE17_36
Consider the following statements and choose the best answer:
1* statement 274 statement

Both CHy(CH}sOH and (CH3):COH can Both CHy(CHz);0H and {CH3)yCOH have the
react wilh acidificd K2Cra03(nq). same fimctional group.

DSE18 27
Which of the following polymers is commonly uscd 10 make drainage pipes?

ILE_E‘JI ﬁ |

il Lot
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DSE18_30
Consider the folfowing conversion:

Step (1) intermediate __ Step (1)
compount

! i

Br

Br

Which of the following combinations can achieve the above conversion?

Reagent used In Step (1) Reagent used in Step (11
A. Aqueous amiuonia Dilute sulphuric acid
B. Aqueous potassinm hydroxide Dilute sulphuric acid
C. Agqueous amnonia Concentrated sulphuric acid
D. Aqueous potassivm hiydroxide Concenltrated suiphuric acid
DSELE_31

Which of the following compounds CANNOT form condensation polymers?
(1) HN{CH2)sCOzH

(2) CHsCOCH=CH;

(3)  CHsCH(OH)CO:H

A, (yonly B. (@)only
C. (Dand (3)only D, (2)and {3)only
DSE{8_34

Which of the following statements concerning sosp are correct?

(1) Soapisnuester.

(2} Soap can reduce the surface tension of water.

(3)  Soap particles congists of both hydrophobic and hydrophilic parts.

A, (1yand (2) only B.  (l)and (3) only
C.  {2ysnd (3) only D. (1), (2yand (3)
DSEI18_35

An arganic compound has (lic following structure:

HO
CO,CH,

Which of the lollowing statements conceming this compound are carrect?
(1) It has an ester group.
{2) M contains ai least one chiral centre,
(3}  Hreacts with acidified sodium dichromate solution fo form a ketone,
A, (lyand 2) only B. ()and (3)only
C.  (2yand (3) only D {H),2)and (3}
378

DSE19_23
Which of the following statements conecrning ethanol ars correel ?
{1}  Htis flammable.

(2)  Hissoluble in water.
(3) It is more volatile than water.

A, (1) and (2) only B. (1) and (3) only
C.  (2yand (3) only D. (1), (2)and (3)
DSE19 29

The structure of limonene is shown below ;

~OK

1t reacts with excess HCI(g) to give Z as the major product, Which of the following is Z?

A, B.
Cl
C. Cl D,
DSE19_3t
Which of the following combinations is correct ?
Structure Systematic name
A. o
_>—< 3-ethylbutanone
NS s
H,N NH, pentane-1,5-diamide
C. o
~c )L‘H ethyl methanoate
D, o

ent-1-cnal
I_I)k/\//’ p

379

Provided by dse.life




31, ‘Which of the following pairs of reagents would NOT react with cach other ?

A B,
(:@ +HCl(g) + sene. HCl(ag)
DSEi9_32 CO,CH

3
Consider the following conversion of organic compounds :

< D.
0o + conc. HCHag) + HCH®)
CHOH @\ con.
CO.H Step I - Step 2 ©</\ -

32, Which of the following pairs of compounds are isomers 7
Which of the foltowing combinations of steps is correct ? [$))] H F H
Step 1 Step 2 H and F
A.  LiAIHy, dry ether: then H*(aq) NaOH(aq), heat H ¥
B. NaBHq, cthanol; then H¥(aq) NaOH(ag), heat B H H &
C.  LiAIHy, dry ether; then H{ag) coneentrated HaSO(1), heat ) OH o
D. NaBHs, ethanol; then H*{aq) concentrated HySO(1}, heat E>< 5 §<:]
an
DSEL9 36 CHy CH;
Consider the following statements and chaose the best answer: G) COsH CH,
1* statement 29 gatement
CH=CHCH(CH;)CaHs can cxhibil optical CH2=CHCH(CH1)CyHs has one chiral centee. HNW i and Y
o} 3 CO.H
activity. H HyN 03
DSE2020: I
27, Which of the following alkancls can form a ketone by warming with acidified sodium dich Tation 7 A. (1) only
B. {2} only
A. H ?H B. H B OH C. {and {3) only
e H_i':_ - D @mdB)only _
34, Which of the following statements concerning nylon-6,6 are correct ?
H CH;H H CH H
I H CHs ) D. 7 ?H H {1} Fishing net can be made from nylon-6,6.
o ) b L L. ; e 2) HyN{CH,)sINH, is one of the monomers of nylon-6,6.
i Ji ? {3} The intermolecular attractions in nylon-6,6 are covalent bonds.
CHz H H
A. (1) and (2) only
2. Refer to the following conversions B. €3] and (‘3) iny
> . {(2) and (3) only
D. {13 (2 and (3)
0
NeBH, Co HoSO, z 36, Consider the following statements and choose the best answer ;
H,0 heat
st stetement 2n4d statement
The rate of conversion from glucose to ethanol The conversion from glicose o eihanol is
COsit is increased by adding yeast, catalysed by enzymes in yeast.
‘Which of the following s & possible structure of 29 A. Both statements are true and the 2nd is a correct sxplanation. of the ist
B, Both statements are irue but the 2nd statement is NOT & correct explanation of the ist
A g B. CH,OH C. The st statement is false but the 2nd staterment is true,
5 28 Both statements are false,
DSE2021:
29, Consider the following reaction :
CH,0H jaBH.
S MPEREN HOOCCHCOCHCHO Ml—’ Y

[o% D.
Whatis Y 7
o 380 . HOOCCHCOCH:CH:OH
o . HOOCCH;CH(OH)CH;CHO
. HOOCCH,CH(OH)CH:CH.0H
o

HOCH:CH:CH{OH)CH:CH:0H

R
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30. Consider the information shown in the table below :
Structure of the molecules of the Hquid in
bottle A bottle B buitle C
OH _ CH; CH;
He ey HO ey HO "H
H H C}
Which of the following liquids have identical boiling point 7
B
Al liquids in bottle A and bottle B only
B. fiquids in hottle A and bottle C only
C. liquids in botle B and bottle C only
D. liquids in botde A, bottle B and bottle C
34. Which of the following mixtures would NOT separate into two liquid layers after heating under reflux for
a period of time ?
1y HCOOCHCH;( 1} and excess NaOH(aq}
2) CH3CH,CHCI() and excess concentrated NaOH(ag)
3} CH:CHzCHO() and excess acidified K;CriOx(aq)
A {13 and {2) only
B. {1} and {3} only
<. (2) and (3) only
D. (1), @) and (3)
35, The diagram below shows the structure of a compound.
£t
H
N/
\
o CHy
Which of the following ing the pound are correct ?
(1) It has an amide group.
2y Tts structure has only one chiral carbon.
3 It can be converted to an aicohol by using an appropriate reducing agent.
A {1} and (2) onty
B. (1) and (3) only
C. {2) and {3) only
D. (1L{2Yand (3}
36. Consider the following statements and choose the best answer :

Methyl ethanoate and ethyl methancate
have similar chemical properties,

2nd statement
Methy! ethanoate and ethyl methanoate
are isomers.

1st statement

Both statements are true and the 2nd is a correct explanation of the 1st
Both statements are true but the 2nd statement is NOT a correct explanation of the ist
The Ist statement is faise but the 2nd statement is true.

Both statements are false.

Unwa
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Structural Questions

Part 1: Oyganle reaction
CE90_0la
The table below describes some reactions of liquid propan-1-ol:

= ¥

—

EXPERIMENT

RESULT

1. Propnn-{-ol is healed with acidified
potassitm permanganate solution,

Substance X is formed, X produces
effervescence with sodium carbonate salution,

»

is heated with coneentrated sulphuric acid.

A mixture of propan-1-o} and substance X | A sweet smelling liquid Y is formed.

3. Propan-1-ol is heated and the vapour Gas Z is produced.

passes over heated broken porcelain,

) Name X.

Write an jonic equation for the reaction of X with sodium carbonate solution,

() Write an equation for the formation of Y.

Suggest TWO functions of the concentrated sulphuric acid in experiment 2,

CE90_03b
The fonnula of 2 weak alkanoic acid can be represented by
CaHpa1COzH (where 1 is an intetger),

(4 marks)

A sample of the atkenoic acld weighing 0.355 g was dissolved in about 20 om® of water in a conical
flask. The solution was then titrated sgalnst a 0.180 M sodinm hydroxide solution. A tofal of

22.40cm? of the alkali was required for complete newiralization.

) Explain the meaning of {he term ‘weak acid'.

()  Describe how the end-point In this titration can be determined.
(iii)  Calculate

(1) the number of motes of sodium hydroxide used for the
@ the relative molecutar mass of the atkanoic acid.

vy 1) Deduce the molecular founula of the atkanoic acid,
2) Draw TWO molecular structures for the alkanoie acid.

(Relative atomic masses: H = 1,0, C=12,0,0=16.9)

titration,

{12 marks)
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CE%0_0Sb
A student heated a mixture of aqueous sodiv hydroxide and ethiy! cthonoate for some time using
the follewing set-up:
waler ~

- water

‘cold finger —j

boiling tube —
ethyl ethavoate

~~ rgueous sodium hydroxide

0] {H Name the type of renction that took plnce. Write an appropriate equation for the

reaction,
) What would be observed when the reaction was complete?
(€3] Qive an industeinl spplication of this type of reaction,

(i) What is the function of the “cold finger’?
(ifiy  State a potential hazard in the set-up shown above.
(iv)  The quantily of the praducts obtained in this experiment was much loss than that expected.

[4)] Give an explanation for this,
{2) Drow a labelled diagram of o completely different set-up to illustrate how the
quantity of the products can be increased by using the same guantities of reactants.
(2 marks}
CE92_03a

TFermentalion of cooked rice produced an alcoholic drink which contains abowt 8% of ethanol.
(i) Describe briefly how such fermentation can be carried ont in the laboratory.
{ily  Howcan the alcolslic drink be concentrated so as to ralse its ethano! content to abovt 30%?
(iiiy  Some alcoholic drinks become sour when exposed (o air for some time, Suggest 4 reason for
this.
(iv}  Statc one health hazard and one social problem associated wilh the excessive taking of
alcoholic drinks.
(8 marks)
CE%4_06b
The following paragraph was taken from a student’s faboratory report:
‘A mixture if cthanol, ethanolc acid and several drops of concenirated sulphurie acid was heated
utider reflux form some tinme, The resulting mixture was then cooled and poured o a beaker
contalning some saturated sodium chloride solution.
(i)  Draw alabelled diagram of the experimental set-up used for heating the mixture under retlux,
(Hy  Why is it necessary

(4] to use concentrated sulphutic acid in {he above experiment?
[#3] to heat the mixture under reftux?
(i)  What wonld be ebserved when the resulting mixture was poured iinto the safurated sodium
chloride solution?
(7 marks)
382

CED5_07b
The following flow disgram shows the conversion of a compound X to an acid Y,
oxidation
X - EBthano| ~——s
X can rapldly decolourize n solution of bromine in 1,1,1-trichlorcethane,
€3] ‘What is X? Name the industrial process by which X is converted to ethanol,
(i}  Write a chemical equation for the reaction between X and bromine.
@y (D Give the systematic name of Y,
[#A] Draw a labelled diagram of the Jaboratory sct-up for tie conversion of ethanol to Y.
(iv)  Ethenol can be detected in the breath of a drunken driver, Suggest ONE chemical test to
show the presence of ethanol in his breath and state the observable change produced by the
tesi.
{9 marks)

CE%6_02
The relative molecular mass of an alkanol X is 60.0. X contalns 60% of carbon by mass,
{a)  Calculate the number of moles of carbon in one mole of X and hence deduce the molecular
formula of X.
{b)  Draw ONE possible structure of X and give its systematic name.
5 marks)

CE98_0%a
A student used the following set-up to prepare propanoic rcid:

water out «
—X

« water in

: a mixture of pre R
RS acidified p%lgs:im ;ixrz:?a!e solution
heat
)] Nare apparatus X,
(i) Explain why some pumice stones were added to the reaction mixture before heating.
(i)  Write the chemical cquation for the reaction involved,
{iv)  Suggest a method to obiain propancic acid from the reaction mixture.
The student used the propansic acid obtained to carry out the following experiment:
a mixture of propanoie acid,
methanol and g few drops of
concentrated sulphuric noid

| sodivm carbonute
solution

ot water

383



— & c - ¢ - —— c O cCcC ccC M 6 T o o

) Why Is a water bath, instead of a naked flame, used for heating the test tube and its contents?
v () State TWO observable changes when the contents of the tes{ tube were added to the
sodium carbonate solution,

()] Give the systematic name of the carbon compound fonmed in the experiment,
(8 marks}
CE9%_06b
(6] A teacher prepared an ethanol solution by fermentation of glucose using the following set-
up.

aqueous solution

of glucose with S lime water
substance X added
M Suggest what X niay be.
@ Explain why the lime waler turned milky during the fermentation process.
3) Write the chemical equation for the fermeniation of glucose.

(ii)  The feacher used the cthanol solution obtained in (i) to cearry out the following experiment
on a redox reaction:

ethumol
vapour

air

—= —> to pump

{est tube

&l acidified potassium

ethanol N )
dichromate solution

solution

[43]) State the observable change in the test fube.

) Explain, in terms of oxidation number, whether potassium dichromate was oxidized
or reduced,
3) Give the structural formula of the praduct formed from ethanol in the reaction,

(iif)  Suggest ONE reason for cach of the following statements:
m Drinking a small quantity of wine may be good for health.
2y Excessive deinking of alcoholic beverages may cause health problems,
(10 marks)

384

CE02_03¢
Consider the substances listed below:
amimonia, manganese(JV) oxide, potassium hydroxide,
sodium benzoate, sodium dichromate, sodium nitrate
{) Whicl substance is used in breathalysers to detect the presence of ethanol In the breath of
suspected drunk drivers? State the expected observation in the breallwlyser if a positive result
is obtained.
(2 marks)

CEO2_06¢

Elhyl ethanoate is an osler. [ can bo prepared by heating mixture of ethanoie acid and ethanol under

reflux in the presence of a catalyst.

0] What is the catalyst used in the preparation?

(i)  Draw a labelled diagram of the set-up used for heating the mirture under reflux.

(i}  Ethyl ethanoate is commonly used s ¢ solvent. Explain why ethy! ethanoate can dissolve
indine but cannot dissolve sodium lodide.

(iv)  Which ONE of following hazard waming labels should be displayed on a bottle of ethyt
ethanoate?

O ,

A B C D
(v)  Draw the structure of anothier ester which has the same niolecutar formula as cthyl ethancate,
and give its systematic name,

(9 marks)

CE03_08a
A mixiurc of grapes, water and substance X is used to produce wine in the set-up shown below:

water _sz,—— deviee Y

3 a mixture of grapes water
jax and substance X
(i) The wine containg ethanol,
)] Slate ONE substance in grapes that can be converted to ethatof, Wrile the cliemical

equation for (he reaction invelved.
(2) Suggest what X may be. State its function in the production of ¢thanol,
iy State TWO functions of device ¥.

()] Exphain why the concentration of cthano! in the wine cannot exceed a certain level
{about 18% by volume).
2 Suggest r reason o increase the concentrationt of ethanc! in the wine to a level

higher than 18% by volume.
ass
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(ivy  Explain why a glass of wine turns sour upon standing in air.
(9 marks}

CE04_08¢c

A policeman suspected a car driver to have drunk an excessive amount of alcoholic driuks, and used

& dichromate byeathalyser 1o conduct a test on the driver’s brenth, The result was positive.

O] State the principle underlying the est of ethanol using a dichromate breathalyser.

(i} The driver claimed that he had just rinsed his mouth using ethanol-containing mouthwash,
Without using other instruments, suggest how the policeman could cheek whetlier the
driver's clnbm was valid or not. Explain your answer.

{4 marks)

CEC4_09b
An esler can be prepared by healing an alkano! wifh an alkanoic acid under reflux in lhe presence
of concentrated sulphuric acid.
i) Draw « labelled diagram 10 show lho set-up used in healing the reaction mixture under reftux.
(i)  Supgest ONE reason why it {s necessary to heat the mixture under reflux.
(3 marks)

CEo6s_{1
Vegetables oils are esters formed from carboxylic acids with long carbon chains. Although vegetable

oils have high calorific values comparable to diesel, they are not used directly os fuel in cars. One of

the reasons is due to their high viscosily. By heating with methanot in the presence of sodinm

hydroxide solution, vegelable cils can be converted to less viscous esters, methyt carboxylates. These

methyl carboxylates cnn be used to substitute diescl as fuel in cars.

(a) The equation below shows the conversion of vegetable oit X to methyl carboxylate Y and
alcohol Z:

1l
CiphzrC—0—CH,

1l NaOH{Guw) {
CﬂHﬂ-g—O—CH + 3CHOH ———= 3 C;HC—0—CH, + alcohol
1
CyHyyC—0—CH,
X Y zZ
)] Draw the structure of Z,
(13} Suggest why ¥ is less viscous than X.
(iii) Sodium hydroxide solution acls as a catalyst in this conversion, What is the meaning
of the term “catalyst’?
(iv) Y and Z are immiscible liguids. Suggest a method to separate ¥ and Z from their
mixture,
{5 warks)
386

{b) The term *biodiese!’ refers to the methyl carboxylaies obtained from vegetable ofls. Suggest
TWO reasons why biodiessl is considered & more environmentally-friendly fuel than diesel,

{2 marks)
CE66_02
X, Y and Z are organic compounds, The flow diagram below shows the conversion of X to Z.
acidified K,Cr,0,(aq) v
heat conc. 1,50,
heat
methanol ?

(8}  Zhas a pleasant smell and its molecutar formuln is C413a0;, Draw the structure of Z,

(1 mark)
(b)  To which homologous serics does Y belong?

{1 mark)
(¢}  Give the systematic name of X,

{1 mark)
(d)  State the expected observation when X reacts with acidified potassium dichromate solution.

{1 mark)
(e)  State the function of concentrated sulphuric acld in the reaction of Y with methanol,

(1 mark)

CE67_12

Organte compound Z contains carbon, hydrogen and oxygen only, Analysis of Z gives the following

resulfs:

@ 1.0 g of Z contuins 0.401 g of carbon, 0.068 g of hydrogen and 0.531 g of oxygen,

(i 1.0 g of Z, upon complete vapourisation, occupics 400 em® at roon: temperature and pressure,

(i1} There arc no observable changes when potassium carbonate sotution is added to Z,

(fV)  Brown colour of bromine remains unchanged when seversl drops of bromine in organic
sofvent are added to Z.
{Molar volume of gas at room tempetature and pressure = 24 dm®)

(@)  Calenlate the empirical formula of Z.

{2 marks}
(6)  Deduce the molecular fornwula of Z.

(2 marks)

© @ Sunggest a possible struetnre of Z. Explain your answer.
{ii) Give the systematic name for the compound represented by the structure you

suggested in (i).

(4 marks)
387
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CEll_10b (b) Nylon is a polymer that can be used to make carpets, A porifon of the nylon structure is shown
A type of breathalyser for investigating drink-driving consists of a chemical cell. The breath of the below:
driver is allowed 1o get into contact with one of the electrodes of the cell. If the breath contains . u 0 it
ethenal, the ethanol would be converted to cthanoic acld at tlis electrode and an electric current | | }
would be praduced, —g_(CHz)‘s‘%‘-N_(Cﬁz)r,"‘N—‘%—(Cﬂzh—%—N“(Cﬂa)s‘N—%“(Cth_ﬁ_‘
[0} Explain whether the above mentioned electrode acts as the anode or cathode of the chemical O G 0 8] o o
eell. (i) Suggest one reason why recycling of used carpets to recover nylon is difficult,
{ii)  Write a ha!f equation for the change occurring at this electrode. (il State one disadvantage of disposing of nylon carpets by Incineration.
(iii)  Explain how this type of breathalyser could estimate the amount of ethanol in the breath of (3 morks)
the driver,
imiles) CE03_08
The active ingredient of a supergiue has the following structure:
CEli_12 H CN
The chemical properties of hexane (CsHis) and hex-1-ene (CeHin) are different. Design experiments \C=C’
to show how they differ in their reactions with oxygen in air and their reactions with bromine. HI /\/C-'OCHJ

Explain the diffesences concerned,

{5 Simaed) Superglue can join objects together quickly through the polymerization of (he active ingredient in
the presence of water vapour.
Part 2: Plastic P " N
(a)  Name the type of polymerization that the active ingredient undergoes,

CE94_03

. 9 N (1 mark}
The following diagrams show soms ifems made of synthetic polymers.

)  Write a chentical equation for the polymerlzation involved.,

= 4? (1 mark)

1 W\ fo)  Assuming that the active ingredient comes from esterification of two compounds, write the
},, structural formulac of these two compounds.

(2 marks)

. L . . (d) In addition to putting back the cap for the superglue that remains ofter use, whal storage
(b)  Namie one synthetic polymer which is suitable for making the plastic bag. method could help extend the lifetime of the superghue?
(d)  Terylene, the polyester fibre used for making the shirt is synthesized from ethane-1,2-dicl, {1 mark)

HOCH:zCH>COH and benzenc-1,4-dicarboxylic acid, HOOCCsHsCOOH,
i) Name the type of polymerization involved in the synthsis of terylene.
(i}  Write a repeating unit of terylene,

Electric switch Plastic bag Shirt

CE03_09
Outline the steps showing how a samptle of ethyl ethanoale (CH3COOCH;CH;) can be prepared and
isolated in the laboratory by using ethanol, concentrated sulphuric acid, 6.1 M potassium dichromate
solution, quickfit apparatus, hcating source, and other common apparatus,

(6 marks}

CE07_08

] e (Diagrams, chemical equations, and detailed descriptions in setling up of apparatus are NOT
(a) Teflon is a plastic that can be used to make artificial hip joints, Teflon is an addition polymer of

linear structure consisting of carbon and fluorine only, The ratio of the suntber of carbon atoms ) (6+ 3 matks)
to the number of fluorine atoms in the polymeris 1 : 2.
O] Draw a pottion of the teflon structure with 10 carbon atems,
(i) Write the repeating unit of tefen, and suggest a possiblc monemer of teflon.
{3 marks)
382 339
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CE09_0S
Motor vehicles in some counlries use gasoliof as fuel. Gasohol is a mixiure of ethanol and petrol,
‘Two metheds of obtaining cthanol are shown below.

Process A

heavy ol =" stliene _Process B

Method 1: » ethanol

Permentation
CANC SUBAT ethano}

Method 2:

(&)  Name Process A and slate its principle.
(2 marks)
(b)  Process B can be represented by the following word equation,
ethene +steam —= ethanol
Name the type of reaction involved.
(1 mark)
(c)  The concentration of the ethanol obtained from Methad 2 is quite low. Suggest how the
concentration of the ¢thano! oblained from this method can be increased,
(1 mark)
(d)  State onc advantage of uslng gasohel over using tach of the fellowing substances as a {iel
in motor vehicles.
4] ethanol
(ily petrol
{2 marks)

CE09 08
A student attempled to oxidize ethanol o ethanoic acid using the set-up shown below.

—+—— ot water bath
— cthanol + oxidizing agent

(a)  Suggest an oxidizing agent that can be used.
(1 mark}
(b)  State one advantage of using a hot water bath over direct healing with 0 Bunsen burner
carrying out the experiment.
{1 mark)
(c)  The student failed to obtain cthanolc ncid even afler a fong period of time. Tihe student then
used Quickfit apparatus to porform the experiment. After some time, ethanoic acid was
finally abigined.
) Draw a labelled disgram to show how to set up Quickfit apparatus for corrying out
the experiment.
(ii) Explain why ethanoic acid could finally be obfained,
{4 marks)

39¢

Part 3: Soaps and Scapless detergents
CE9L_DIb

A vegetable oll, X, can undergo roversible hydrolysis in the presence of sulphucic acid as given by
the folfowing equiation:

HC—CH—CH,

OH OH OH
propanc-1,2,3-triol

3RCOOH {where R represents

X + 3H,0 aliyt groups)

+

¢y  Write the structural fonnula of X,
¢ify  What is the funetion of sulphuric acid ia this reaction?
X can be hydrolysed more effectively by using sodium hydroxide solution instead of sulphuric acid,
and fhe products are propane-1,2,3-triot and Y.
(i)  Name this process,
(iv)  Write the structural fonnula of Y.
When a solution of Y is slowly added, with stirrlng, to a mixture of peanut oil and water, & milky
sofution is obtained.
{vi)  Based on the structural formula of Y, explaln why a milky solution is formed.
(vil} Name the process leading to the formation of the milky solution and suggest onc demestic
application of this process.
(10 marks)

CE93_0ie  [Samecas DSEI2_14, DSE19 15}
(i)  ‘The structure of a typical anionie detergent can be represented by:
VWA~ Nat
where VWAAAA - represents a hydroearbon tail
and ] " represents an anionio part altached to the hydrocnrbon tails,

() Using the above representation, deaw a diagram to show how the detergent can
suspend an oif droplet in water.
2) A table cloth stained with ofl can be cleaned using the detergent in water, Bxplain

the cleaning action with reference to your diagram in (1),
(ify  Scientists have also doveloped cationic detergents for speeial cleaning purposes. The
structure of a typical cationic detergent is shown below:

VAAARVIV,VV. Ml
Can anionic and cationic detergents be used together? Explain your answer.
(6 marks)
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CE94_05a
A domestic drain cleaner named ‘RAINBOW’ contains concenteated sulphuric acid as the active
ingredient. A student canied out the following experiment fo determine the concentration of
sulphuric acid in "RAINBOW’,
(v) I ‘RAINBOW’ is poured into drains blocked with fas. the fat con be removed. Assuming the
formula of fat is

H
H—(Il—OCOR
H~C—OCOR
H*-(!Z‘—OCOR

H

(R represents an alkyl group),

explain how ‘RAINBOW’ can remove the fai,
(2 marks)

CE95_62
In cach of the following groups of substances, tlere is ONE substance which is different from the
others in terms of their properties. In eacl group, identify the substance which is different from the
others and explain your choice,
(¢)  milk of magnesia, soap, vinegar, window cleaner

(2 marks)
CE95_09a
Sodium hydroxide can be used as a raw malerial in the manulacture of both soapy and seapless
detesgents.

) Briefly describe iow a soapy detergent ean be prepared from a vegetable oil in a school
faboratory.
(i)  Tho formula of a certain soapy detergent is Crblzas and its formula mass is between 300 and
3190. Calculate the value of n,
(iii)  The slructure of a cerfain soapless detergent is shown below;
CHy CHy CHy CH
NPESENY
CH:;/‘\C/ [\cl‘/}ll\c"/ ‘ ™~
H éﬁ}ﬂ ot by, H
4} What other raw materials, apart from sodivm hydroxide, are required in the
manufacture of this soapless detergent?
[#5] Give ONE ndvantage and ONE disadvantage of using this soapless delergent for
domeslic cleaning compared with using a soapy detergent.
{Relative atomic masses: H= 1,0, C =12,0, O = 16.0, Na=23.0)

-+
803 Na

o K0marks)
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CE97_07b
The structures of five compounds, I, iL, i, 1V and V, are shown below:
; 8
[ J-c—~o~F no—c{El-c—~ou  HN-{F}-Nu,

{ i 1

By [ }-on

" N
w y

In the above structures, represents a saluraied hydrocarbon chain containing 1 to 6 carbon
atoms and — represents a saturated hydrocarbon chain containing 12 to 20 cnrbon aloms.

(i) Upon heating with sodium hydroxide solution, onc of these compounds produces a saapy

detergent,
(O] What is this compound?
@ Draw the structure of the soapy detergent produced,
3) Briefly explain the emulsifying action of the detergent when it is used to remove
greasy dirt.
(6 marks)
CE00_06¢
Explain the following statements:
(iiy  Detergents con be used to clean up oil spitlage in the sca.
(2 marks)

CEQ]_06a
Sonp powder wsually confaing washing soda, & hydrated form of sodium carbonate, which can help
reduce the hardness of water.
i) Explain why soap does not function well in hard water.
(i) With the help of an lonic equation, explain why washing soda can hielp reduce the hardness

of water.
(4 marks)

CE02_09a
Anunonia is weak alkali, It is used as an active ingredieat in domestic glass cleaners.

[O) [$)] Write a chemical equation to represent the lonization of ammonia in water,
(2) Explain why an atkaline solution can Yielp remaove oily dint on glass.
(i} Suggest, with explanation, a precaution necessary when using such glass cleanors.
(4 marks)
393
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CEO7_13
Discuss he similarities and differsnces between soapy detergents and soapless detergents with

reference (o their raw materials, structures and properties.

{6 + 3 marks)

CE09_12
The procedures in an experiment are sumunarized below.

A mixture of castor oil and sodivm hydroxide solution was heated gently with stirring for 15
minutes. After cooling down the mixture, a white solid X was obtaine:l upon adding a coloutless
solution Y. X was then separated out and washed with distilied water.

A small amount of X was put in a test tube containing a mixture of waler and a few drops of oil. The
contents of the test tubs were thoroughly shaken and the observation was recorded.

@

)

(e)

&)

0]

Name the type of reaction iavolved when (he mixlure of castor oil and sodium hydroxide

solution was healed,
{1 mark)

Suggest what Y would be.

(1 mark)
The strocture of a main ingredient of castor oil is shown below.
IH
CH,0—C~—(CH,),CH=CHCH,CH(CH,)CH,
iH
CHO——C—(CH,),CH=CHCH,CH(CH,),CH,
iH
CH,0—C—(CH,),CH=CHGH,CH(CH,),CH,
Suggesl a structure of X,
(1 mark}
State the expected observation while shaking the test tube. Explain your answer,
€3 marks}
Sugaest a title for the experiment that veftects its objectives,
(2 inarks)

{f X i3 dissolved in waler to form an aquecus solution, whal would be observed in shaking a

mixture of this sotution and lime water?
(1 murk)

394

CEIL_1i

@)

®

©

Citzate ions ¢an improve the cleaning abilities of soapy detergents In hard water in a way
similar to earbonate ions, The structure of a citrate fon is shown below:

0 o
N
HO—C—CH,
"o CH, ,$—0
N2 )

i °
(o]

(0] Explain why ciirate ions can improve the cleaning abilities of soapy detergents in
hiard water.

(i) Phosphate ions can also improve the cleaning abilities of soapy detergents in hard
water. However, phasphate lons liave a nogative effect on the environment, What is
this negative effect? '

{3 marks)

In acidic environments, the soapy detergent CHa(CH2)1sCOO-Ns* loses its cleaning finction

because it forms an insoluble organte acld.

[0} Write the structural formula of the organic acid formed,
(ii) With the help of an fonic equation, explain why sodiuin carbonate can improve the
cleaning abilities of soapy detergents In acid environments.
(3 marks)
The struelure of a commonly-used detergent is as follows:
H H
A SSERESEEE Wl
Y -
Seenenenenene Wi nad
HHHHHHEHBHHEEHEHH }—C\ 0
H H
Suggest THREE advantages of this detergent,
{3 marks)

ALI6(I) O7b
I an expeciment, 25 g of (CH3)sCOH react with 36 g of HCI to give 28 g of (CH3);CCl,

0]

(i)

¢iil)

Tind the limiting reactent of the reuction, showling cleacly your caleulation.

{1.5 marks)
Caleulate the percentage yield of (CH3)CCL

(1.5 marks)
Name the type of the reaction.
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ALIS(I_07c
Snggest a chemical tet to distinguish one compaund from the other in each of the following pairs.
Your answer should include the reagents used and the observation expecied.

® ]
Q—CHO and (:f

(ii) CH,C1 CH,l
o =

AL96QI)_08b
The following componuds can exist in isomeric forms:
(D) butenedioic acid, and
@iy  2-aminopropanoic acid,
In each casem siate the type of isomerism and draw suitable representation for the isomers,

(2 marks)

(2 marks)

(4 marks)
AL93(1) 04
Aleohiol E has the structine CHyCH(OH)YC2Hs
@@ o Draw a theee-dimensional representation of E,
(1 mark)
(f)  What type of isomerisii can be exhiibited by E?
(1 mark)y
) @ Draw the structures of three structural isomers of E, sll of which nre alcohiols.
(1.5 marks)

(it}  Describe how the reagent Zu/concentrated HCI can be used to distinguish E from the
{hree steyctural Isonters,
(1.5 marks)
(6}  On treatiment with dilute H2804{aq), E gives mainly two isomeric compounds. F and G, both
of which have the formula CqHs. On treatment with bromine, both F and G give a product B
with formula C¢HgBrz,
6] Draw structures for §, G, and H,
(3 marks)
(i)  What is the isomeric relationship between F and G?
(1 mark)

396
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ALSS(I) 05
Counsider the reaction of butanone {C4Hz0) 3 shiown in the reaction sclieme below:
2,4-C,H,;(NO,),NHNH,
butanone (C,;H,0} J = T (a red precipitate)
(a) Give structure for compound R.
(1 mark)
by () 8 is & structura) isomer of J. 8 also reacts with 2,4-CgHa(NO2):NHNH: to give a red
precipitate. Draw the structure of S,
(1 mark)
(iiy How may J and § be identified by making use of their reacts with 24-
Cel3(NO2)NHNHz?
{1 mark}
AL9R(1)_08a
Show how you would
(i) determine whethier a sampte of C2HsCH{OH)CHj is in the (+) form or (1) form.
{1 mark)
(i)  distinguish between CeHsCOC! and CsHsCOBr using a chemical test.
{1 mark)
ASL99() 05
Consider the compounds ¥V, W, X, Y and Z below.
CH;CH,CH,CHOH - CHAaCH(OIM)CH2CHy - (CH3}sCOH
v w X
CHICHCHyCHO CHaCHaCH2COH
Y z
{a) Which compound can be converted to butanone in one step? Give the reagent(s) used in the
conversion,
(2 marks)
{b} Suggesl s chemical test to distinguish between Vand ¥,
(2 marks)

{¢) Under sultablc conditions, W and Z react to give a product with a pleasant smeli, State the

canditions for the reaction and give the structure of the product.
{2 marks)
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ASLOYIN)_H (modified)
Compound R has the following stricture:
{CH3):CHCH=CHCH,
(n) Give the systematic namc of R.

{1 mark)
(b) R exists in two Isomeric forms.
() Draw the structore of each isomer.
{2 marks)
(i) State the type of isomerism involved.
' (1 wark}

{¢) Undersuilable conditions, R can be converied to cyclic compound S with a relative moleenlar
mass of 78,1, S has the following composition by mass:
C 23% ad H 7.7%
@i Deduce the molccular formula of 8.
{2 marks)
(i) Draw g possible stiucture of 8.
{1 mark)

ASL99(ID 13 (modified)
Compound U is a natural fat, U has the following structural formula:

Il
HyC =0 C—(CH,) CHy
0

Il
HC—0—C—(CH,),CH,
0

1]
HyC—0—C~(CHy),CH, (when n is a posilive integer)

{a) State the functional group In U.
(1 mark}
(b} In gn experiment, 8.51 g of U was heated under reflux with 100.0 cm® of 2,00 M sodium
hydroxide solution until U was completely hydrolyzed. The resulting solution was sllowed
to cool to room {emperature.
(i} Draw a labelled diagram of the set-up used for heating U and the sodium hydroxide
solution under reflux.
(2 marks)
(il) Write a balanced equatlon for the hydrolysis reaction.
{1 mark)
(i) 10.0 cm® of the resnlting solution was withdrawn with & pipette and titrated agaivst
0.53 M hydrochiloric acid with phenolphthalein as indicator, 27.5 om’ of the
liydrochloric acid was required to reach the titration end point, Calewtate the value oi'n
in the steuctural formule of U,
{3 marks}

J9g

(iv) The resulting solution after reflux can be used fo make soap. The solution was first
concenttrated by heating and then a saturated sodium chloride solution was added.
[£)3 State the observable change upen the addition of the saturated sodivm chioride

solution,
{1 mark)
(1 Explain why a saturated sodium chloride solution was used.
£1 mark)
ASLOO) 06
Aspirin, a painkiiler, hag the following structure:
11
S
0—C—cH,
0
{a}  Name all functional groups in aspirin.
€2 marks)

{b)  Upen heating with sodium hydroxido solution, aspirin gives & mixture containing two
organic compounds, X and Y, When excess hydrochloric acid is added to the mixture, X
gives a white precipitate, Z, while Y docs not liave pny apparent reaction. Draw (he
structures of X, Y and Z.

(3 marks)

() Under suitable conditions, Z reacts with methanel in & mole ratio of 1:1 to give oif of
wintergreen which Is an ester. Draw the structure of oil of wintergreen.

(1 mark)
ALOI(I)_08
In an experiment to prepare propanal from propan-l-of,
Cr,0,714,0t
CH,CH,CH,CH ——— CH,CH,CHO
heat
a side-product N {CeH1202) was formed.
(a)  Whatis A? Suggest how N is formed,
(2 marks)
(b}  Suggest oue method to scparate propanal from & mixture of propanal and N,
(1 mark}
() Suggest two methods to confirm the identity of propanal,
{2 marks}
9%
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ASLOIQ)_10
Consider the reactions of {-methylcyclohexene shown bhelow:

cH, /———- methylcyclohexane
: . HBr

l-methyleyclohexene A

® ©

methyloyclohexane.

r—

Give the reagent(s) and conditions for the conversion of 1-methylcyclohexene to

(2 marks)

(iiy  Suggest a chemical test to distinguish belween t-methyleyclohexene and

methylcyciohexane.,

(2 narks)

(b)  Forthe reaction of 1-methylcyclohexene with HBe, draw the structure of the major produet

A,

ASLOIAN_12
A synthetic detergent has the following structure:

CHLCHCH,CHCHCHC |,(|:|»|cuz—©-—so_"~u'
CH" CHJ Ct I_\ C”_\

With reference to its structure, explain why
(8)  the delergent can be used to remove oily dirt,

(b)  the detergent Is not environmentally friendly,

ASLO2(1) 03
Compowd X has the following composition by mass:
C §5.8%. H 1.0%, O
{a}  Deduce the empirical forniula of X,

37.2%

{1 mark)

{3 marks)

(2 marks)

{2 marks)

(b)  Therelative mnclecular mass of X fies between 82 and 90. What is the molecular formula of

X7

(2 marks)

(&) X reacts with sodium carbonalte solulion to give carbon dioxide, Draw all possible structures

of X.

(3 marks}
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ASLO201)_i)

For each of the following paits of compounds, suggest a chemicsl test to distingulsh one compound
from the other, In ench case, slate the expected observation and wrile the relevant chemical
equation(s).
(@)  CHyCH:230H and (CH3)COH

CH,Cl CH,l
O] O 2 e O 2

ASLO3(I)_02
Arrange (e following compounds in order of increasing boiling point. Explain your ansswer.

(2 marks)

{4 marks)

CHi{CH2hCH;, CHi{CHajCl, CHa(CH2):OH, CHa{CHiz)CHy
(5 marks)

ASLO3(I)_09
Outline a synthetic route, in not more than three steps, to accomplish each of the following
conversions. For cach step, give the reageni(s), the conditions and the structure of the organic

product.
1
@ CH,CH,CH,Cl —» CH3CHp~C—OH (3 marks)
[}
® CH3CH=CH,; —» CH3'-(lI'-CH3 {3 marks)

ASLO3(I)_12
Hexenedioic acid, aise known as ndipic acid, is used in the manufacture of nylon-6,6. The acid Is
cemmonly synthesized from oyclohexene using method (1) or nethod (1) cutlined below:

ok /ut
n = adipic acid
cone. HNO;
an e adipic acid

{8}  Draw the structure of adipic acid.
(1 mark)
(b)  Both methods, (1) and (11}, are considered as environmentally unfriendly. Explain.
(2 marks)

—-
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()  Nowadays, some chemisls resommend using method (1H) below to syntiiesize adipic acid.

{1 0 —--—-—-—h- adipic aeid
catalyst

Suggest two advantages of nsing this method to synthesize adipic acid.
{2 marks)y
()  Nylon-6,6 is a polymer of adipic acid and hexane-1 .6-diamine. Draw the repealing unit of
nylon-6,6.
(f mark)

ASLO4(LN_10
Preparation of benzoie acid (CeHsCO2H) inveolves healing methyl benzoate (CetisCO3CH;3) with
excess sodlum hydroxide solution under reflux for somo time, The resultam mixture conlains
sodium benzoate and methanol,
€0,CH, CO,Na

+ NaOH i © + CH,0H

(a)  Draw a labelled diagram for the set-up used for heating methy? benzoate with sodium
hydroxide solution under reflux.
{2 marks)
(b}  Suggest how a crude sample of benzoic asid can be ebtained from the resultant mhixture,
{2 marks}
()  The crude sample of benzoic acid can be purified by reerystailization from hot water.
Outline the procedures in the recrystallization process.
{2 wmnrks)
(dy In an cxperiment, 3.0 g of methyl benzoate gave 1.9 g of beazoic acid. Cakeulate the
percentage yield of benzoic acid.

{2 marks}
ASLOS(E} 03
The reaction of ethanoic acid with methanol gives an ester,
[6)] Wrile the chensical equation for the above reaction.
(1 mark)

(b)  Account for the follewing observation:
“The reaction of ethanoic acid {CHiCO:M) with mcthanol labelled with oxygen-18

{CH;"*OH) always gives ester molecules with a mass of 76, compared with 2 =12,
(2 marks)
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ASLO5() 06
Compound A has the foltowing composition by mass:
C 818%, H 61% amd O (21%
Its relative molecular mass is in the range of 130 to 140,
(a)  Calenlate the molecular formula of A,
{3 marks)
(b A is an sromatic compound. It gives positive results when treated with Tollen’s reagent.
Deduce all functional groups present in A.

(3 marks)

(¢)  State a type of isomerism that A can exhibit, Hlustrate your answer with the appropriate
struclures.

{2 marks)

ASLO5(T)_07
Abrand of baby diaper uses polyacrylamide and sodium polyacrylate a5 water absorbing materials.
The structure of the two polymers ave shown below:

—{-CH;CH——}— forr CH—ﬁ—
CONH2 002 Na
polyacrylamide sodium polyacrylate

{a)  Draw the structure of mononier of poiyacrylumide,
(1 mark)
{b)  Suggest a synthetic route, with not more than three steps, for the transformation of
propenoio acid to sodium polyacrylate,

{2 marks)
©) Account for the watsr absorbiug property of the following materials:
i) Polyacrylamide
{2 marks)
(i) Sodium polyacrylate
(2 marks)

(d)  Apart from {licir vse in diapers, suggest one other application of such water absorbing
materials in daily life.
(1 wnrk)y

ASLO5QL_09
Arrange the following compounds B, C and D in order of increasing boiling point, and explain
YOUr aNSWEL,

CH3(CHz3CH:, CHs(CH::0H and CH3CHCOCH;

B c D
(3.marks}
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ASLOS(ID)_09
Yous are provided with four untabeled bottles cach contalning one of the following coloriess Hauids:

{-bromopropane, bufan-l-amine, cyclohexene, propanone

Outline a scheme of tesis to distinguish tlie four Hquids fram one another,
(6 marks)

ASLOSAD_10
Bxplain why cach of the following methods of preparation are NOT appropriate. in cach case,
suggost an appropriate method for the preparation,
{e) Prepare CHzCHO by heating CHaCH20H with acidified NaxCnO7(aq) under reflux.
(3 marks)

ASLOG(1)_0!
For each pair of molecules shown below, classify their relalionship as ‘identical motecule’,
‘structural isomers’ or ‘geometrical isomers’,

@ vy y o
H_(l:_(l:—OH and H—?—O—(I:-H
H H H H
®
CHy CH,
x I and ( ‘
CH;
(c) CH, CH,
H;C/ \CH: \Cﬂg and CH3—CH,—CH,—CH;—CHj;
(d) H,C Cl H,C Br
e =
HyC Br H,C Cl

ASLO6(1)_08 (modified)
Some baby shampoos contaln a detergent with the following structure:
o]

CH3(CI«)2)”CH2~I~:I:CH,—-(“2—~O_
H

(®)  Explain the cleaning principle of the detergent.
(3 marks)
(b)  With the help of chemical cquations, explain why (he detergent shows both acidic and

" alkaline properties.

(3 matks)
404
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ALOG(11)_0Sb
Compound B is n strong stimulant. Us structural formula is as follows:

@,CH(OH}CHZNHZ

@) infact, the above structural formula can represent two stereoisomers.
[6)] Diraw three-dintensional structures of the two stercoisomers,
(2 marks)
(II)  State a physical property which is diffecent for two stercoisomets.
(1 mark)
(i) T is known thet among the two stercoisomers, only B has stimulant activity while the other
one does not. Why?
{1 marck})
(iii) A person is suspected to have taken slimulant B. A urine sample of the person is sent for
analysis. Sugges! a method to establish whether B is present in the urine sample.
(2 marks)

ASLOG(i)_09
Suggest a chemical (est (o distingulsh one compound from the other in the following pairs. Explain
why the test is suitable,

CH, CHJﬁ

(a) H;C~—C—OH and H—C—C—H {3 marks)
CH; CH;

v O<gg3 and O—-CHZOH {3 marks)

ASLOG()_t0
Aromatic compounds P, Q and R are esters with the same molecular formuta CsHgOz
(a)  Amixture of P and aqueous NaOH was heated under reflux for an hour. Excess dilute H2SO4
was thent added to the resulting mixture and a white precipitate (C7Hs02) was formed.
Suggest the structurc of P and wrile an equation for the reaction of P with squeous NaOH.
(2 marks)
(b) A mixiure of Q and aqueous NaOH was heated under reflux for an hour, Excess difite
2804 was then added o the resulting mixture. Upon warming, a smell of vinegar was
dstected, Deduce the structure of Q with the help of chemical equations.
(4 marks)
(¢}  Propose oie possible stnicture of R.
{1 mark)
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ASLOT({) 07
Osellamivir is an antivisal drug against the avian virtis HIND. It is slsa known by the brand name
Tamiflu.

(@)  Mark ench chiral centre with an asterisk on
i 0\ O
the structure of ossitamivir shown on the C CH,CH,
right.
(1 mark) CH,CHy
(b}  Besides the cther linkage, how many CH
functional groups ore there in oselamivie? CHchz/ o NH,
Name two of these functional groups, 0. _NH
{2 marks) ¢
(¢)  Given that cther linkage arc not affected by (!:} "
. , , 3
alkalis, write the structure of the organic oseltamivir

products formed when osellamivir is heated
with excess NaOH{aq),
(2 marks)

ASLO7(II)_02
Qutline a synthetic route, wilh no more than three steps, to nccomplish each of the following
transformation. For ench step, give the reagent{s), conditions nnd structure of the vrganic praduct,

CHiCHO — CHiCONHy
(2 marks)

ASLO(I) 06
Give the sloucture of the erganic products A, B and B in the following reactions:

{8)  H,COCOC;;H;s excess

NaOH{aq)
HCOCOCWH35 ey A + B
heat
HyCQCOC;Hys
®)
+ heat
HN(CH,3,€0;" ——  cyclic compound D

ASLOS(II)_01
Deduce the structure of isomeric compounds A and B, with formula CgHi, that have the lollowing

characeteristics:
Compound Characleristics
A 1t has a pair of cnantiomers.
It loses its chival centre aller hydrogenation over PL
B It reacts with Bz 1o give a single compound,

It reacts with HBr to give a single achival compound.

(6 marks)
406

ASLOS(I} 02 (modified)
Upon imsadiation of visible light, 0.450 g of 24-dimethylpentane undergoes monochloro-
substitation to give 0,200 g of l-chloro-2,4-dimethypentane (D), 0.167 g of 2-chlore-2,4~
dimethypentane (&) and 6.117 g of 3-chioro-2,4-dimethypentane (F}.
(®)  Draw the structuee of 2, 4-dimethylpentane.
(1 matk)
(b)  Calculate
() the ovesall percentage yield for the monochlorinated products formed, and
(1 mark)
(i) the mole ratio of D, E and F formed. (Assign a value of 1.0 {o the monochlorinsted
product which has the lowest yield))
(2 marks)

ALOZ(I)_05b (modified)
L-DOPA is an offective drug for Parkinson’s disease, The synthesls of L-DOPA involves the
selective hydrogenation of compound X to compound M, which is then hydralyzed to give L-

DOPA.
selective
cu;omcozﬁ hydrogenation Cﬂsomc%ﬂ
——————————————
HyC=€—0 NHCOCH, HyCm G0 NHCOCH;
0 K 0 -

1 Hi(aq)

HO co,n
LDOPA :©/\f
HO NH,

(I} M hes a stercoisomer, N. N is not used to synthesize I-DOPA.
(M  Draw the sttucture of N,

. (1 mark)y
() Namethe type of stereolsomerism.
(1 mark)
(I}  State ONE difference in physical property between M and N.
{1 mark)

(i} (&  Explain why the hydrogenation of K over platinum gives M and N in a mole ratio of
11 L. {For reference oniy}

l {2 marks)
| {l) Suggest a way to achieve the abovs selective hydragenation.
(1 mark)
a07
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ASL19d)_06
Dimethyl funtarate can be found in most leather products since it is commonty used as a mould
inhibitor. However, it was banned in Europe for all kinds of consumer goods in March 2009 because
it was found 1o causc skin allergies. Compound A is an isomer of dimethyt fumarate, The structures
and meiting polnts of these two compounds are given below:

CH,00C H H H
\ / Ay /
C=C, /C:C\
H COOCH, CH,00C COOCH;
dimethyl fumarate A
mp. 102 °C mp, -19°C

(8) Name the type of isomerism involved.
(1 mark)
{b)  Explain why the melting point of A is lowaer than (hat of dimethy! fumarate.
£2 marks)

ASL10(L)_04
{8)  Atroom temperature, acyclic organic compound ID (relative molecittar mass: $8) is a volatile
liquid. It has the following composition by mass:
C, 62.1%; H, 10.3%; 0,27.6%
Caleulate the empisical formula of D,

{3 marks)
(b) D does not rerct with cold acidified KaCr201{aq). Deduce ONE possible structure of I,
(1 mark)
ASL11{) 06
Consider compounds F and G as shown below:
F G
(a)}  Give the gystematic name of F,
(1 mark)
(b}  Suggest a synthetic route with #0 more than three steps to convert F 1o G,
{2 marks}
408
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ASLII(I_07
Ethiylbenzene can be converied to phenylethene, which is also known as styrene, via the following

synthetic route:
CH,CH, CHBICH, CH=CH,

@ Step { @ Step 2
S — ———ien

()  Suggest reagent(s) and reaction conditions for Step /.
(1 mark)
(b) Step 2 is carried ount by heating the {1-bromo)ethylbenzene from Step 1 with a mixture of
{CH3)CO K" and {CH3);COH. Name the type of reaclion involved.

(1 mark)
{c)  Styrene undergoces polymetization to give polystyrene {PS).
(i}  Draw the repeating unit of PS.
{1 mark)
¢l Suggest reageni(s) and reaction conditions for the polymerization,
(1 mark)

ASL12(1} 06
Based on the infonmation given below, deduce the possible strueture of compounds B and D!
(1) Compound B (CsHs00,) s optically active.
{2)  Breacts with Ha(g), in the presence of Nifs), to glve an optically inaclive compound D,
(3)  When treated with excess NaHCOs(aqg). | mol of D gives 1 mol of CO(g).
{5 marks)

ASL12(1) 10
A comniercial aspirin sample E was knowa to contain about 90% by minss of nspirin, while the rest
was an inert binder. Based on the following reaction, a student designed an experiment and
performed it at room temperature to determine {he percentage by mass of aspirin in E,

@:COIH OH co, )
+ f e—— .
0COCH, e @ )

tempetnire OCOCH,

The student added 2.25 g of E to 25,00 em® of 3.05 mol dm~* NaOH(aqg), and then back thrated the
excess NaOH(ag) with 2.50 mof dm* HCl{aq). The volume of HCl{aq) used was 23.10 em’.
(a) Suggest an indicator for the titration,
(1 mark)
(b) From the students’ experimental resulls, calenlate the percentage by mass of aspirin in E,
Suggest why the calculated percentage by mass of aspirin deivates grealy from 90%.
(Relative molecular mass of aspirin = 180.0)
{4 marks)
(¢} Suggest ONE improvement 1o the design of the experiment to find the percentago by mass of
aspirin in E,
(1 mark)
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ASLI2(I1)_07 {medificd)
Polyethene (PE} and polyvinyl chloride (PVC) are two of the most commonly used synthetic
polyniers,

H H H H
{1 [
Hh e
| | 48 o] An
H H H Ci
PE PVC
() Suggest reaction conditions for the formation of PE from its monomer.
(I mark)
(b)  Explsin why PVC is more rigid than PE.
(2 marks)

(¢} Plasticiers are often added to PVC to make it more flexible and processable. Bis(2-
ethylhexyl)phathalate (DEHP) is one of e commonly osed plasticisers,

O/O\C\/\

DEHP
(iy  DEHP is an oily liquid, It can be dispered in water by an eroulsifying agent to give a
stable cloudy mixture, Suggest an explanation for the formation of the cloudy mixture,
(2 marks)

(i) I was reported that DEMP had been itlegally used in clouding agents for beverages.
Suggest ONE methed for detecting DEHP in beverage samples,

{1 mark)
ASLI2(11) 08
A naturally oceurring ergsnic compound has the following structure:
CH, CH,
CH{L=CHCHLHLHCH,CHO
{a)  Onthe above structurs, eirele the chiral carbon centre(s) in this compound,
(1 mark)
{b} Supgest n sysiematic nume for this compound.
{1 mark}
(e}  Give (he siructure of the major organic product(s) formed when this compound reacts with
HCH(g).
{1 mark)
4ip

& 2 e a > - 5

ASL13(1) 06
Thalidomide exhibits enantiomerism. Racemic thalidomide was s drug widely uscd to prevent
meorning sickness in pregnant women as one of Itz enantiomers is on offective sedative. However, by
1962, the other enantiomer of thalidomide was found to have caused more than 10,000 cases of birth
defects in babies worldwide.

0

N 0O
N

O O H

** Racemic thafidomide = a mixture of pair of cnantiomers of thatidomide in mole ratio 1: 1
{&) Mark, on the above strctive of thalidomide, the chiral centre with an astorisk.
(1 mark)
(b) Suggest why the two Isomers of thalidomide give different biological sffect,
(2 marks)

ASLI3(ID)_06
The structural formula of CHy(CH2):CH=CH(CH2)2COzH can represent two isomeric compounds,
{a) Diaw appropriate structural representations for these two isomers.
(2 marks)
(b}  Suggest how these two Isomers can be diffcrentinted.
(2 marks)

ASL13(IT)_08
From the informatian given below, deduce ONE possible structure for compound B.
(1} D has a relative molecular mass of 72,0, and has the following composition by mass:
C, 66,7%; H, 11.1%; 0,22.2%
(2) D exhibits optical isomerism,
(3) D can turn acidified KaCrOs(aq) from orange to green.
(7 marks)

DSENSP_12
Ethyl ethanoate is an ester. [t can be prepared by heating a mixture of ethanoic reid and ethanol under
reflux in the presence of o catalyst.
(a) What is the catalyst used in the proparation?
(1 meek)

(b}  Draw a labslled diagmm of thie set-up used for heating the mixture uader reflux,

(2 marks)
(¢}  Ethyl ethenoate is commonly used as a solyent, Explain why ethyl ethanonte can dissolve

lodine but cannot dissolve sodhun iodide,
(3 marks)

{d}y - Draw the structure of anather ester which has the same maleenlar formiula as ethyl ethanoate, oo e

and give its systematic name.,
{2 marks)
411
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DSELISP_13
Outline a synthetic ronte, in not more than three steps, to accomplish each of the following
conversions. For each step, give the reageni(s), the conditions and the structure of the organic

product.
il
(a) CH,CH,CH,Cl —— CH,CHy-C—OH (3 marks)
i
(5] CH,CH-CH, —— CHyC—CH, (3 marks)

DSEI2PE_02
(a) Wine in an opened bottle will become unpalatable if feft to stand for some time. Suggest why
this is so,
(1 mark)
(b)  One common way of preserving wine ih an opened boitle Is to inject argon. a gas which is
chemically unreactive, into the bottle and then stopper the botto.
® Explain why argon is chemically unresctive,
{1t mark)
(i}  State the principle behind the use of argon in preserving swine.
{I mark)
(iii) Helium gas is also chemicnlly wareactive. Suggest why helium is NOT used for
preserving wing in an opened bottle.
(1 mark)
(c}  Another way of wine prescrvation involves pumping air out from an opened bottle of wine
and then stoppering the battle. Suggest ONE possible drawback of preserving wine in this way.
(i mark)

DSE{2PP_1}

Outline a synthetic route, with no more than three sieps, to accomplish the following conversion.
For each step, give the reagent(s), reaction conditions and structure of the organic product.

Pr=—T

(3 marks}

412
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DSEL2PP_12
The strugtural formula shown below can represent iwo compounds with the same melling point and

@-—CH{OI{)COZH

(a) (i) Draw athree-dimensional structure for cach of the two compounds,

same solubility in water.

(2 marks)
{ii} State ONE difference in physical propertics of these compounds.
(1 mark)
{b} Both compounds can undergo polymerization under suitable conditions. Draw the repeating
unil of the polymer formied from one of these compounds,

(1 mark)
DSRI2_02
Poly{ethenyl cthanoate} is a polymer. Its monomer is elheny! ethanoate with the structyre shawn
below:
H H
;
C= 0O
/ N
H OMC\
CH;
{b) Draw the structure of poly(ethenyl ethanoate).
{1 mark)
{c}  Ethyi ethanontc is an organic solvent.
(@} Draw the structure of ethyl ethanoate,
(i mark)

(ii} Suggest a chemical test fo show to distinguish between ethenyt cthanoate and ethy!
ethanoate.
(2 marks)

DSE12_I2
Cinnamon, which ¢an be used as a flavoring, containg cinnamaldehyde (CsHeO). The structure of

©/CH=CHCHO

(a) Draw the irans-Isomer for the above structure.

cinnamaldehyde is shown below:

{1 mark)
(b)  Explain why cthy! cthanoate is a better solvent than water for dissolving cinnamaldehyde.
(I mark)
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(¢} Inan experiment to extract cinnamaldehyde from cinnamoen, a3 solution containing enly ethyl
ethanoate and cinnamaldehyde Is obtained alter a serfes of steps, In order to sepasate these two
compounds, simple distillation can be carricd out, Draw a diagrum for the set-up involved. and
label the name of the distillale collected.

{Bolling point : cinnamaldeliyde = 248 °C, ethyl ethanoate = 77 °C)
{2 marks}

(dy  Outline a synthetic route, with no more than three steps. to accomplish the following
conversion. For each step, give the reagent(s). reaction conditions {as appropriale} and
structure of the organic producl.

CH=CHCHO CH,CH,CO,H
e} — O

DSElI2_14  [Same as CE93_01}
The diagram below shows the conversion of an oil molecule X fo a fat molecule Y.

{2 marks)

Il Il
HyC—0—C—~—Cy;Hy; Hy,C—0—C—C 33
i i
HC==0==C~C gty — HC—0=—=C—Cy;Hy5
0 0

I Il
HzC“’O"C"‘C”HgS HzC“"O"‘C"‘"’C”HJS
X Y

(@) () Giventhat all alkyl groups in both X and Y are straight chrins, label the chival carbon(s)
by vsing “** in tho abeve diagram,
{1 mark)
(it  Withreference to (i). explain whether a change in aptical activity is involved in the above
conversion.
{1 mark)
(b) One of the produets in the alkaline hydrolysis of Y has a cleansing property. Explain the
cleaning property of this produet,
{4 marks)

DSBI2_15 {Similor to ASLO3(11)_08a}
Use electron diagrams 1o illustrate, siep by slep, iow CHy reacts with Brz under suntight to form
CH;Br.
{Show clectrons in the outenmost shelis only.)
(3 marks)

DSEI3 03
Compound W contains carbon, hydregen and oxygen only. The relative molecular mass of W is
88.0. Complete combustion of 1,32 g of W gives 2.64 g of catbon dioxide and 1.08 g of water.
(®) Deduce the molecular formula of W,
(relative atomic masses : H= 1.0, C=12.0, 0= 16.0)

(3 marks)
(L}  Given that W has only ene functional group, draw TWO possible structures of W.
(2 marks)
DSEI3_04
The structure of a dibasic actd with chemical formula HzC204 is shown below:
(a)  Give the systematic nante of this dibasie acid,
(1 mark)

DSEI3_14
An unsahurated fat Fis a o

sakhl

7 t of n veg oil, The structure of F is shown below:
H 0

| 1}
H—G=0—C~Cylly,

i
H—C—0—C—C;Hy,
0

H—(':—O—%II—CHHH
H
(a) State the reagents needed for converting F to a saturated fat,
(1 mark)
(b)  Vegetable oils can be used to make soap.
(i)  Write the clicmical equation involved for the formation of soap from B.
{1 mark}

(il} Ta the prosence of an acid, the soap formed in (i) can react with methanol to give
compound G, which cai be used as a biodiescl. Draw the structure of G.
(1 mark)
(c)  With reference to their relative molecular masses and physical properties, explain why G can
be used as a fuef for cars, but ¥ cannot.
{2 marks)
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DSE3_I5
Consider the conversions of organic compounds showa below:

R dehydrating apent
CH,CH,COCH,CH, —» CH,CH,CH{ON)CH,CH, —> " B o mixture of lkenc

X Y Z

ish between X and Y.

(8)  Suggest a chemical test o disting:
{2 marks)
(b) Suggest what reagent R might be.
(I mark)
(¢) The mixture Z contains two altkene with the same structural formula, Draw the respective
structures of these two alkenes, and state thelr isomeric relationship.
{2 marks)
(d) The alkenes in (¢} can react with HCI to form an optically active chloroalkane, Write the
structural formula of this chioroatkane,

(1 mark)

DSEI13(I1)_02a
(ify Cellulose is a condensation polymer of glucose,
The rofative molecular mass of ceflulose generally ranges fram 2.5%10° to £.0%10%, Suggest
why the relative molecular mass of cellulosc falls into s wide range.
(1 mark)

DSEl4_02
Draw the structure of ethinne-1,2-diol, and suggest whether it is soluble in water.
{3 marks)

DSEN4_12
Benzamide, benzoic acid and benzyl bromide mre commionfy used organic compounds. Thelr
structures are shown below:
(a)  In an experiment, benzole acid is prepared from benzamide in two step:
Step I:  Benzamide is ndded to oxcess 1M NaOH(aq) and then mixture is heated gently.
An organic compound X is formed,
Step2:  The resulting mixture is then Ireated with reagent Y until no more sofid benzoic
acid is given out,
M Namo ihe type of reaction involved in Step 1.

{1 mark)
(ify  Draw the structure of X.

(1 mark)

(iii)  Suggest what Y would be.
(1 mark)
v} | Suggest why X is more soluble than benzoic acid in water, S
(1 mark)
416
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(v}  Describe briefly how a dry benzoic acid sample can be obtained after Step 2,
(1 mark)
() Outline n synthetic route, with no more than three steps, fo accomplish the conversion of
benzoic scid to benzyl bromide. For each step, given the reagent(s), reaction conditions (as
approprinte} and structure of the organic produst.

(3 marks)
DSEN4_14
Butter contains a small amount of triglyceride of butaneic acid.
(a) Draw the structure of triglyceride of butanoic acid.
(I mark)
(b) Anorganic acid Q is an isomer of butanoic acid. State the systemalic nome of Q.
(1 mark)
(¢} The siructure of Z, anofher isomer of butanoic acid, is shown below:
Q ’
Z
OH
(i Using ***, label ALL chiral centre(s) in the above structure of Z.
(1 mark)
{ii) Suggest n chemical test 1o show how to distinguish between Q and Z.
{2 marks)

(d) Margarine, a butter substitute, can be made from vegetable oils. What chemical reaction is
involved in the production of margarine from vegetable oils?
{1 mark)

DSEI5_06

The steps involved in the reaction of methane with bromine forming CH;Br can be shown by the
following dingram. Only clectrons in the outermost shells are shown.

e

W O — )6
() (4]

a5 GO —dJD- O
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(®) Name the type of the reaction for the formation of CH3Br from methane and bromine,

{1 mark)
(b) State the condition needed for the reaction (o occur.

(1 mark)
{¢)  State the expected observation for the reaction,

{1 mark)
(d}  Whh reference to its electronic structure, explain why the species bhas a high

reactivity,
(1 mark}

(e) The reaction of methane with bromine can also form other single-carbon-containing organic
componds,
(i) Suggest one such compound.
(! muack)
(i) Supgest a condition so that the veaction of methane with bromine can form more CHiBr
but fess other organic compounds.
(1 mark)

DSEL5_i2

O
; i . .
You are provided with @—C—H , Inorganic reagents aud organic solvents.

Ouiling a synihetic route, with no more than three steps, to obtain the following compound:

I
Oy

For each stop, give the reagent(a), reaction conditions {as appropriate) and structure of the organic

product.
(3 marks)

DSEI5_13
Using CaHsCH(OH})CH3 as an example, write a paragraph {o illustrate *enantiomerism’. Suitable
diagram(s) shouid be lncluded in your answer.
(4 marks + | mark)
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DSELG_12
Outline a syathetic route, with no miore than three steps, to accomplish the following conversion.
For each step, give the reagent(s), reaction conditions (as appropriate) and structure of the organle
product,

OH
/l\/\n/NHz — . =0
I r
(3 marks)

DSEI6_13
‘The structure of acetophenone is shown below:

Heating a mixture of acetophenons and NaBHs in methanol solvent under reflux can give two
isomeric compeunds P and Q. P and Q have the same melting point snd same solubitity in methanol.
(2} Draw alabelled diagram of the set-up for heating the mixture under reflux.

{2 marks)
(b} Sugpest another reagent that can also react with aestophenone in a suitable solvent to give P
and Q.
(1 mark)
(€}  What kind of isomers are P and Q7
(I mark)
(d)  State one different physical property between P and Q.
{1 mark)
(e)  Suggest a chemical test to show how acelophenone and P can be distinguished,
(2 marks)
DSEL7_03
Answer the following questions.
(a) Buplain why propene can form a polymer, bot propane cannat,
(1 mark)

) Exphin why HO:C(CH2COH can form a polymer with HaN(CHa)éNH2, but
CHi{CH24CO:2H cannot,
(2 marks)

DSEL7_09
Four unlabeled reagent boitles cach contains one of the coforless Hquids fisted below:

HOCH.CHiCHYOH | CHYCO.CHr  CHiCHICOMH CHp=CHOOM.

Suggest chemical tests to distinguish the four liquids,
(4 marks + { mark)
419
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DSE17_12
Consider the following conversions:
HBe
CyHy,O C,H,,0 3-bromopentane
A B C
optically opticallyin
active aclive

{a)  Write the structural formula of C.

(1 mork)

{by () Deduce the structural formula of B,
{2 marks)

(i) Name the fype of reaction for the conversion of B to C.
{1 mark)
(¢) (i) Deduce the structural formmnia of A, Labe! on this structural farmta alt chiral centre(s).
if any, by using **¥,

(2 marks)

(it}  Slate the reagenl(s) required for the conversion of A lo B,
(1 maek)

DSEI7_13
Outline a synthetic ronte, with no more than three steps, to accamplish the following conversion,
For each step, give the reagent(s), renction conditions {as appropriate) and the structure of the

organic product.
O
Sttt m——
OH
(3 marks)
DSE18 04

Peteoleun is an impotlant source of hydrocarbons.
(b) D, E and F are isomeric alkene containing four carbon atoms. D and E arc cis-frans isomers.
(i) Draw the structure of E (frans-isower).

{1 mark)
(i}  State the systematic name of one possible structure of F.
(1 mark)
{c) Ethene and ethane arc hydrocarbons.
{i)  Suggest how ethene can be converied to cthane,
(1 mark)

(i)  Suggest a chemical test to distinguish between ethane and ethene.

(2 marks).

420
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DSE18_10

Outline a synthetic route, with no more than three steps, to nccomplish the following conversion. For
each step, give the reagent(s), reaction conditions (as appropriate) and structure of the organic
product.

O O

)J\/\/U\ === NN
H OH

{3 morks)
DSEi8_12
Aspirin is a pain-killer. Its structure is shown below:
0O OH
3
N
0
(a)  Stale onc medical application of aspirin other than pain-killing.
(1 mark)

{b) Explain why a suspension of aspirin and waler can become clear when sodium
hydrogencarbonate powder is added.
(2 marks)
() Heating aspirin with excess dilute aqueous acid under reflux will give two organic products.
(i)  Draw the structures of these two organic products,
(2 marks)
(i) Explain why the conversion of aspirin to thee two organic products can hardly reach
£00% even though the mixture of aspirin and dilute acld is heated under reflux fora long
time.
{1 mark)
(d}  Ibuprofen is also a pain-killer. Its structure is shown below:

N OH

- 8}

There cxisis enantiomerism in ibuprofen. Draw the three-dimensional structures for the pair
of cnantiomers.
{2 marks)
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DSEI9_03a
An experiment was caried out as shown befow:

palfoon will
but-2-eaie gas

after a period of tlme
Bl Sl I

orapge arganie solution colourless solshion

() Suggest what the orange arganic solution may be.
(1 mark)
(1) With the help of a chemical equation, explain the colonr change in the solution.
(2 miarks)

DSELY_05
The siructure of & compound is shown below :

CH,
HyC—C—CH,

CH;

Reacting wilh a reagent under certain conditions, it can give two compounds with the same molecular

formula CsHipCl: but different structures,
(a)  Suggest what the reagent is.

{1 mark)
{b} State the condition needed for the reaction to occur at room temperature.
(1 mark}
(c) Name the type of the reaction involved,
{1 mark)
{d) (i) Drawthe structure of ONE of these lwo compaunds and give its systematic name,
{2 marks)

(i) Draw the structure of the other compound.
(1 wark)
(itf) These two compounds are isomers. State the type of isomerism exlibited by them.
{1 mark)
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DSEIS_13
() Hwas intended to prepare sthanoic acid from ethanol by the following set-up. However, the
distillate collected mainly contained another organic product X but not ethanoic acid.

ﬁ distillate

ethanol +
acidified KaCrzOs(nq)

heat iced water
{) WhatisX?
(1 mark)
(i) Explain why the distillate collecled mainly contained X but not ethanoic acid.
(1 mark)
(b) Ethanole acid can be converted to an unsubstituted amide,
(i) Glvethe systematic name of this amide,
(1 mark)
(i) Suggest what reagent and condition are needed for this conversion,
(1 mark)

(©) The following shows the formation of a polymer from an amide:

H
|

o] q O
R -—b\ )K/\/\/ 7& )J\
i g N \g/\/\/\N
! ;‘;
« portion of the polynaer formed
() Draw the repeating unit of the polymer formed.
{1 mark)
(ii) There is a view which suggests that the above polymerisation does not nvolve

condensation. Give 4 reason to support this view.
{I mark)

DSE19 15 {[Sameas CE93 01, DSEI2 14]
With referense to the structure of sodium laury! sulphate (SLS} below, explain why it has cleansing

properties,
0O
N
H;C/\/\/\/W\O/ ~ o Mot
(4 marks + 1 mark)
DSE20_05bi
5. The mwleculer fornols of an i pound W is CiH O 1t is soluble in water.

ey When & pitce of magnesium ribbon is placed into an aqueous solution of W, hydrogen gas ~(Tmark) "
evolves, Awording to this observation, suggest x functionsd group that W sy contaln,

b} it iy known that one mole of W can campletely reset with two moles of NaOH.
bli+GirHGn 42

{1} Dreaw TWO possibile siructures of W.
=6 marks
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DSE20_10
i, The structure of a compound Y is shown below
HC=CHCH,0H
[ Y can be prepared from reacting 3-chloropropene with an appropriste reagent.
[O] Write a chemival equation for this reaction.
(i} Name this type of reaction, (2 marks)
i On heating under reflux, & corapound L reacts with KOR{zq) to give ¥ and CHCOOK".
1)) Suggest the structural formuls of L.
{if) Draw s labelfed ciagram to show the set-up for this reaction. (3 marks)
(<} Under suitable conditions, Y can form a polymer, Write the repeating unit of the polymer, (1 mark)
DSE20_11 n. The structures of some componds are shown below :
Compound Structure
w |
H
% H/(; {0 !?
1O A N\/\YO}I
[¢] 8]
v [s]
o}
z

{a) Which one of W, X, Y or Z is a tertiary alcohol 7

Lahel al} chiral centre(s), if any, by using *%° oo the strueture of W below.

(b}

OH

= £ D e e E e e ree e e

Heating X under reflux in 2 M NaOH{aq) can form an optically active organic compound U and

g ® an optically inactive organic compound V. Draw the respective structures of Uand V.
u:
V. (2 marks)
(d} Consider the following reagents ;
Bryaq)  acidified KoCr,Ox{ag)  Ne,COs(aq)
{i) Suggest which one of the reagents can be used to perform & chemical test, in order to
distinguish X from W, Y and Z.
(i) State the observation in the test involved in (i). Explain your answer. (3 marks)

DSE21_04(d)

4. {d) Compound Y is a structaral isomer of butane.
(1) Draw one possible structure of Y.
(i1 Which of decane, butane and Y would have the highest boiling point ? Explain your
answer.
DSE21_11
(SR Methylbut-2-ene reacts with HCI(g) to give X as the major product as predicted from Markovm:kov's rulf:.
During the reaction, another product Y {minor product) can also be formed. Refer to the following organic
conversions :
> X '_-U_“‘é 2-methylbutan-2-ol
(major product}
HCl(g)
methylbut-2-ene  —————
Y U alcohol Z (an isomer
(minor product} ) of 2-methylbutan-2-ol)
(a) State the Markovnikov’s rule.
{b) Draw the structure of X.
(c) X reacts with U to give 2-methylbutan-2-o0l. What is U ?
(d) 1) Y has one chiral centre. Draw a three-dimensional diagram for the structure of an

enantiomer of Y.
Y is optically active. What is meant by the term “optically active’ ?

1. @ ()

Y reacts with U to give alcohol Z. Suggest a chemical test to show how Z and 2-methylbutan-2-o0i

®
can be distinguished.
DSE21_13
*13. Using nylon-6,6 as an example, illustrate the meaning of condensation polymerisation. Your answer

should also include the structural feature of the monomers.
(5 marks)

Provided by dse.life




2022

24, Consider the following statements and choose the best answer :
1st statement 2nd statement

Ethene and but-1-ene have the same standard Ethene and but-1-ene have the same empirical

enthalpy change of combustion. formula.
A. Both statements are true and the 2nd statement is a correct explanation of the 1st statement.
B. Both statements are true but the 2nd statement is NOT a correct explanation of the 1st statement.
C. The 1st statemerit is false but the 2nd statement is true.
D. Both statements are false.

27 The structure of an organic compound is shown below :

Which of the following combinations concerning whether cis-trans isomerism and enantiomerism can
occur in the compound is correct ?

cis-frans isomerism enantiomerism
A. No No
B. Yes Yes
C. Yes No
D. No Yes
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29. The structure of an organic compound is shown below :

0}

When it is heated with excess NaOH(aq), followed by the addition of excess HCI(aq), a major organic
product Z is formed. Which of the following is Z ?

A. NH;Cl
HO/\/\”/
(0]
C. : 0]
)]\/\/ NH3Cl
NaO

30. When 0.40 mol of SO»(g) and 0.60 mol of O(g) are placed in a 1.0 dm* evacuated flask, the following
reaction occurs.

NH;Cl

NH,

B. 0]
HO)I\/\/

D. (0]
HO)I\/\/

2502(g) + O2(g) = 250s(g)

When chemical equilibrium is attained at a certain temperature, the flask is found to contain 0.30 mol of
SOs(g). What is the equilibrium constant K. for the reaction at this temperature ?

20 mol™! dm?
6.7 mol™' dm?®
2.0 mol™! dm?
0.050 mol™! dm?®

oCow>

33.

The structure of aspirin is shown below :

=0

Q

—OH
O_ﬁ_CH:;
0]

Which of the following statements about aspirin are correct ?

(1) It has an ester group.
) It can reduce inflammation.
3) It has a higher solubility in Na,CO;(aq) than in pure water.

A. (1) and (2) only
B. (1) and (3) only
€ (2) and (3) only
D. (1), (2) and (3)



34,

35.
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Which of the following compounds can be used as a monomer for condensation polymerisation ?

(€)) H2C=CHCH,CH2CH=CHz
() HOOCCH;CH,CH,CH,COOH
(3) HOCH,;CH>CH,CH,CH,CH,OH

A. (1) and (2) only
B. (1) and (3) only
G (2) and (3) only
D. (1), (2) and (3)

The structure of a detergent is shown below :

O\S //O
/\/\/\/\/\/\O/ \O—

Which of the following statements concerning this detergent are correct ?

(@) It is a soapless detergent.
2) It can act as an emulsifying agent.
3) It can increase the surface tension of water.
A. (1) and (2) only
B. (1) and (3) only
(6 (2) and (3) only
D. (1), (2) and (3)
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At a certain temperature, the equilibrium constant K. for the following reaction is 2.25 x 10-2 mol dm=.

PCls(g) = PCls(g) + Cla(g) AH>0

In an experiment, 0.84 mol of PCls(g), 0.16 mol of PCly(g) and 0.16 mol of Clz(g) were initially introduced
in a closed container of a fixed volume of 4.0 dm’, and the system was allowed to attain equilibrium at that
temperature.

(a) (i) Calculate the reaction quotient Q. for the system under the initial conditions.
(ii) Explain whether the concentration of PCls(g) would increase or decrease just after the
reaction started.
(4 marks)
(b) Explain whether K. would increase, decrease or remain unchanged if the temperature of the

equilibrium mixture is increased.

(2 marks)

12.

Outline a synthetic route,
For each step, give the reagent(s),

HO

lish the following conversion.
i ORE THAN THREE STEPS, to accomp :
o Norl:ziaction conditions (as appropriate) and structure of the organic product.

AT N U
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115 Compounds P, Q and R are structural isomers having the molecular for
shown below :

mula of CsH20. Their structures are

i (|:H3 CH (ig;l OH
2
CH;CH,CCH; CH;CH;CHoCH 3
e OH CH,
P Q R
() Give the systematic name of P.

(1 mark)

(b) Heating Q with acidified K2CrO+(aq) under reflux will give an organic product.

(i) Draw a labelled diagram to show the set-up for this reaction.

(ii) State the expected observation for this reaction.

(iii) Write the structural formula of the organic product.

(4 marks)

(c) W is an organic compound containing five carbon atoms. Under suitable conditions, R can be
prepared from the reduction of W.

(i) Suggest the structural formula of W,

(ii) Suggest a reducing agent required for the reaction.

(2 marks)

(d) Compound S is an optically active secondary alcohol. It is also a structural isomer of compounds
P, Q and R. Write the structural formula of S.

(1 mark)



Marking Scheme

CDSRI9 32 o

MCQ
Port §; Organie reaction and Part 2: Plastic
CE9D_39 A CR90_41
CE92_06 B CE92_ 20
CEg3 36 B CE93_31
CB94_42 D CE96_23
CE97 I3 (&5 CE97 20
CE99_27 D CE00_13
CRot_2% ] CEOL_50
CBO4 33 D{a6%) CL05 24
CEO7_I6 B(35%) CE07.23
CE09_12 A(34%) CP09 24
CRID_07 D(83%) CRIo_1¢
CBI_15 C(53%) CRBI_34
CEII_56 D (56%)
Part 3; Soaps and Seapless delergents
CES0_37 D CE0_38
CE®2 23 B CE$3_44
CE96 28 A CE96_290
CB98_41 A CE%9_43
CEO0_$1 C CROI_16
CE03_29 B(53%) CE03_49
CEO4 49 A(58%) CE05_32
CE06_42 B (54%) CE07 50
CE09_50 A(82%) CEl0_41
ASLOS{) 05 A ASLO9(I)_03
DSE(ISP 27 B DSELISP 28
DSEilsP 34 D DSE12PP 27
DSEi2PP 34 C DSE1ZPP_36
DSE12_32 A{66%) DSRI2 33
DSEi3 20 D(58%) DSEI3 29
DSE13_32 A@1%) DSEI3_d
DSE14_23 A(67%) DSEI4 29
DSE14_34 A{63%) DSEI5 26
DSHIS 32 A{68%) DSEI5 34
D3E16_31 A(34%) DSBI6_35
DSE17_26 B{60%) DSEI7_29
DSEIT_36 C{45%) DSBI8_27
DSEI8_34 C{55%}) DSEI8 35
LDsEIR3L LG
DSE20_27 D DSE20_29
DSE20_34 A DSE20_36

0w > > w >

c
A(88%)
C (43%)
D
C{63%)
A(69%)

G oo ow

c
A(45%)
D (72%)
C(63%)
B (64%)
c

¢

A

c

B (65%)
B (56%)
C (56%)
B (55%)
C (14%)
C(62%)
AB4%)
A(66%)
A(ST%)
A(59%)
C

C
A

CB91_30
CE92_41
CE93_43
CES6_24
CH93_48
CEOD_16
CEQ4_17
CE0S_49
CEO07_42
CE09_25
CEI5_38
CELI_48

CE91_33
CE94 24
CE97._35
CES9 48
CE02_21
€804 04
CE05_42
CE08_35
CBI1_47
ASL13(1)_03
DSE11SP_30
DSE12PP_28
DSE12 28
DSE12.34
DSE13_30
DSE13_3S
DSEI4 32
DSE15_29
DSR16_28
DSBI6 32
DSBi7_33
DSEIZ 3¢
DSEI9 23
DSE9.36.

DSE20_31

wm o T OQ

A

€ (49%)
C (43%)
D 2i%)
A%
A(54%)
C (4655}

Q> T w

b

D (46%)
B (79%)
B (67%)
A{ST%)
b

A

B

D @#1%)
D (58%)
D (65%)
AGI%)
D (48%)
C {60%)
C (58%)
B (66%)
C (88%)
D (83%)
D

CES1_40
CE92_47
CE94_19
CE96_41
CES9_26
CEB1_2)
CE04_27
CE6_43
CEG8_47
CE09 27
CEI_13
CEI_39

CEOL_49
CE94 25
CE98_15
CEO00_13
CRO3_19
CE04_22
CEQ6_26
CE09_45

DSEISP 26
DSE}ISP 31
DSEI2PP_33
DSEL2_29
DSE12_36
DSE}3 31
DSEl4 27
DSE14_33
DSE15_30
DSEL6_29
DSEL7 18
DSEI7_35
DSEI8_31
DSEI9_29

D

DSE20_32

=2 B -~ B - I o |

o}

D {62%}
B {45%)
B {3{%)
D (47%)
C{73%)
D {62%)

o n o

8
A(67%)
A (59%)
A{63%)
A(459%)

¢
c

D

D (79%)
C(62%)
B (70%)
D (62%)
D (49%)
D (85%)
C (26%)
B (50%)
C(43%)
B (43%)
B

A
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Structural Questions

Part 1: Omganic reaction
CE96 0)a

0

@i

propansic acid
COs> + 2H" — CO: + Hi0
CH3CH,COOH + CHsCH:CHOH == CH;CH,COOCH:CH:CHy + H:0
OR, CH;COOH + CHyCHCH,0H w== CH3COOCH,CHCH; + H20
function of concentrated sulphuric neid (cone. H2SO04):

1. catalyst

2. speeds up the reaction

CE90_03b

]

(i

@)

{v)

A weak acid is partially (slightly) lonized
to produce hydrogen {ons,
OR, CaHznesCOOH === CyH2«1CO0 +H*
A few drops of phenolphthalein
changes [rom colourless to pink,
(1) moles of NaOH used = 0.18 X 224 x 1073 = 0.004032
{2)  CoH2onCOOH + NaOH —» CyHpnaiCOONg + H;O
moles of C;H, 4 COOH = mole of NaOH used = 0.004032
relative molecular mass mass of CyHj,,, 4 COOH = ____...0.3?45053 5= 48,05
{1} molecular nrass CpHer 1 COOH = 88.5
Zn42n+1+12+16x2+1=885, n=7
8o, the molecular formula is CsH-COOH
(2) CHiCHCH:COOH
CH3CH(CH)COQH

CE90_05b

(i

(i}

i)

(iv)

(1)  hydrolysis
CH;COOCH:CH3 + NaOH ~— CH3COONs + CH3CH.0H
OR, CIC00CHs + OH —= CH;3;CO0 + CHiCH0H
{2)  fruity smell not detected
OR, fwe layers become one miscible layer
(3) tomoke saap/ soapy detergents
to condense the reactions / products {or acts as a condenser)
OR, cold finger is 1o preveat the loss of volatile reagents / products.
ethiyl ethanoats / ethanol / reactsnts / products may cateh fire from the direct-flome {or
inflanimable)
OR, spurting owl of chemicals during heating
(1) some reaclants {or products) vapourized
OR, thw cold finger is nn incffective / poor condenser

(11
[t
{1}

(1
I]
{t]
1t
fi]
{1
[t
2]
{1
1]

|
(1

{1
]
i
it
1
11

)
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) water oul

waler in —»

reaction mixture
+ anti-bumping granules

heat
CE92_03n
(i)  Rice and yeast solution is put into a conical flask then stoppered it. 1]
Stand it in room condilion, n
Afllera fow days, ethanol is formed, [
(ify By distillation or fractional distillation, 1
(iii) Ethanol is oxidized by air to orm ethanuic acid. [1]
(iv) Health hazard: excossive intake of ethanot will damage the liver. f1]
Social prablem:  cause careless driving f
CE%4_06b
0] 31

-~ Waler oul

WaLer in ——»

reaction mixture
+ auti-bumping granules

hent

deduct mark for no indication of heat / closed system / incotrect labelling the direction
of waler flow

(iiy (1) Conc. H:804isa calalyst, 1)

(2) Tor heat: lo increase the rale of reaction and [t

For reflux: to reduce the loss of volatile reactants and products. [

(iit) Two layers of liguid are formed. [n
OR, pleasand smell is detected,

426

i gE s aes R g gea

CE95_07b
(i) ethene / CHy=CH, / CoHy4
catalytic hydration
{ify CHy=CH:z+Brn — CH;BrCH:Br
(i) (1) ethanoic acid
@)

— water out
water in ——»

reaction mixture
+ anti-bumping granules

heat

deduct marks for wrong reagents / no indication of heat/ closed sysiem  /labelling
the direction of water flow
(iv) Pass the breath into acidified potassium dichromate (sofution).
The colour of the solution will change from orange fo green,

CE96_02

() 60 X &

@ oles of € In 1 mole of X = TO% =3
‘The gencral formuls of alkanol is CoblznOH
Thus, molecular formula of X is C;H,0H or G510

{by CH:~CH:~CH-OH, propan-1-o}
OR, CHg—'(IZ‘H-—CH3
OH

propan-2-ol

CE98_09a
{#) condenser
(i) to prevent bumping (or to ensure uniform heating)
i [0}
CH;CH;CHOH — CH;CHCOOH
(iv) fractional distillation
(v) The methanol in the reaction mixture is flammable.
vi) (1)  Any TWO of the following:
» cffervescence / gas bubbles give out
¢ fwo layers of liquids resulted
) s pleasant/ sweet smell is detected
2)  methyl propanoate D

r—-

4]
i1
U]
1
{3

[t
{1

i
{t
i
3]

i

L8]
ft
{1

{11

U
2]

i
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CE29_06b

(1} yeast/enzyme

€2) Fermentation of glucose produces carbon dioxide which reacts with Ca{OH): in
lime water to give insoluble ealeium ecarl t

(3} CeHia0s —» 2CH;OH +2C0O;

{1y acidified potassium dichromate solution changes from orange to green,

€2) Oxidation number of Cr in CO is +6.

o

6

(it

Oxidation number of Cr in Cr** is +3.

Crs(*~ is reduced beesuse oxidation number of Cr deereases.

&) H 0
|
H—C—C
| \
H OH

(1)  drinking a small quantity of wine can reduce the proneness (o heart attack,
{2)  Excessive drinking can cause brain damage / depression / hiepatitis / damage of the
liver { stomach wicer / cancer of mouth, throat and gullet,

CE02_03¢
Sodium dichromate

It changes from orange {Cr2074) to green (C*).

CE02_06¢
(i} concentrated sulphur
6]
water in
anti-bumping gronules
{iti)

(iv)
7}

fc acid / cone, H2804

— \valer anl

—

heat

mixture of elhanol,
ethanoic aneid and cone, HaSO4

lodine has a simple molecular structure. Attraction between I molecules is weak van der

Waals® forces.

Sodium iodide has an jonic struclure. Altraction between Na* and 1 ions is strong ionic

bond.

Strength of inter-particle attraction in ethy! cthanoate is comparable to that in iodine.

flammable / C

Any ONE of the following:

A%
OCH,CH,CH

“methyl propatiokic

3

HeC
\

OCH(CHy),

propyl methanoate

{1]
2]

{n
{1

(]
{1
{1

pon -
iy

3]
i

iy
2

[

1
1

CED3_08a
@ (1) gleose
CsHupQ —= 20HOH + 2CO;
{2y yeast,
Yeast provides enzymes for fermentation of glucose.
(i)  Prevent air from entering the Jar othenwvise ethanol produced will be oxidized,
Prevent building up of pressure in the jar.
(i) (1) When the conceutration of ethano! exceeds 18%, the yeast will not function and
fermentation will slop,
{2) distillation
{iv) Ethano! in the wine undergoes oxidation to give ethancic acid which is sour.

CE04_08¢
(i) Ethoaol can reduce CrzO7~ (orange) to Cr'* {(green).
({ mark for reduction / oxidation; | mark for colour change)
{ity Conduct the (est afler the driver has thoroughly rinsed his mouth with water, A posltive
resuit probably indicates that the driver has drunk.
Ethanol is soluble in water, The concentration of ethanol in the breath swill drop afler the
driver has rinsed his mouth.
OR, Conduet the test aller 8 few miinutes, A positive result probably indicates that
the driver fias drunk,
The concentration of ethanal in the air breathed aut will drop after o period of
time as cthanol is & volatile liquid.

CE04_09b
0]

Yo— waler oWl

waler i ——=

reaction mixture
+ anti-bumping granules

heat

(I mark for a correct dingram of the set-up; [ mark for labelling the direction of water
flow in the condenser.)
{iiy Heating under reflux can reduce foss of reactants / products by evaporation,
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CEQ5_11 ) () HCOOCH; {1
@ O H (1l Explenations:
H'-'(|I"0H from (111): Z Is not an acid. {1
H —?—OH from (1VY: No carbon-carbon double bond in Z. i
H—C—0H (i)  methyl methanoate in
{
A CEil_i0b
(i) X has a larger molecular size / mass, i () Anode. It is because the conversion of ethanol to ethanole acid is an oxidation, ]
Its side-clwins con entangie together and relative motion between molecules with 1) (i) CH3;CH,OH + Hi0 —+ CH;COOH + 4H* + de {11
be hindered / larger intermolecular force, {iii) Higher conceniration of ethanol produces larger cuerent. {1}
(iil) chemical to change the rate of reaction (hydrolysis) but itself remains ehemically  [1]
unchenged sfter reaction CEIl_I12
(iv) use a separating funne) [ Chemical knowledge 16}
) Any TWO of the following: [2} Reaetion with oxygen in aiv
+ vegelable oils are rencwable energy source Method:
o the reserve of petroleum (a source of diesel) is limited Burn hexane and hex-1-ene soparately on watch glasses.
* biodiessl is more biodegradable Observation:
+ biodicsel does not contain 8 which causes the formation of acid rain Hexane gives a less sooly flame. / Hex-1-ene gives a miore sooty flame.
¢ the exliaust produced does not contribute much to global warming because the CO, Explanation:
in the exhaust is alrcady a pant of the natural carbon eycle Carbon percentage by inass of hexane is lower than that of hex-1-ene,
o biodiesel bumns with a Tess sooty flame Reaction with broming
Methad:
CEQ6_02 Add bromine sohnion to hexanc and hex-1-cne separately in test tubes,
{a) CH;CILCOOCH; (11 Cbservation:
{b) slkanoic acid / carboxylic acid / fatty acld m Bromine solution decolourises in hexane less readily than in hex-1-ene.
(c) propan-I-ol / propanal m Explanation:
(d}  The colour of the mixture changes from orange to green. 43 Hex~1-cne iz unsaturated while hexane is saturated.
(e) catalyst (18] OR, .~ Hex-1-ene undergoes addition reaction with bromine while hexane does not undergo
addition reaction,
CE07_12 OR, Hexane undergoes substitution reaction with bromine under light.
(2 c H Ie} Effective communication B3
Mole 0.401 0.068 0,531
12 1 16 Pant 2: Plostic
Mole ratio 0.033 0.068 0.033 CE94_03
Simplest mole ratio 1 2 1 () polycthene / polypropene / polyviny! chloride / nylon {1
Empivical formula of Z: CH,O 2] (&) (i) condensation pofymerization f1}
(b) Let the molecular formula of Z be (CH2O)a. () ﬁ ﬁ i
Formula mass of Z = 1-0—(—)—;:%—_—5 X 24 = 60 —C~CeHg C—OCH,CH0—
(12+2+16n=60, n =2
Molecular formula of Z, is CaH403. 21
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CE07_08
@ o ¥ F FF F F F F F T
I+ b0 01
—C—C—C—C—C—C—C—C—(—(C—
| U S T (O (O A
B P F F F F F F F ¥
OR, —CRr—CF—C—CFi-CR~CFy-CFy—Cly—CF-CFa—
(ii) Repeating unit:
¥ P
|
|
F ¥

OR, —CF2-CFa2—
Menomer: CFy=CF; / fetraflurocthenc

(b) (i) Carpets may be made of a variety of materials. Separating nylon from carpets may

be difficult.
(iii) Poisonous gas/NO2/NO /€O HCN / sool may evelve.

CE08_08
{a) addition polymerization
® H N H CN
N/ i1
n c=C —— L0

A | ]
H o e—och, H CoacHd n

{c) CH=C{CN)COOH
CH;CH
(d} To keep the superglue in an air-tight container 7 a dry place.

CE08_09
Cheniical knowledge

(8) Add a few drops of concentrated sulphuric acid into the potassium dichromate solution to
prepare acidiied K2Cr207 solution. Add excess acidified potassium dichromate sohution

inte cthanol.
(b} Heat the mixture under reflux until vo farther reaction.
{¢) Collect ethanoic acid produced by fractional distitlation,
(d) Mix cthanoic acid, ethanol and a few drops of concentrated sulphuric acid,
(e) Heat the mixture under reflux.
() Collect ethyl cthanoate by fractional distillation,
Effective communication

{a) cracking
Large molecules break into small molecules,

{t]

if]

il
1

fi

)]

(1

i1
f1]
)]

[6}

[31

n
M
432

(b} addition / hydration
(¢} fractional distillation

Gasoliol is less flammable. / More caergy con be obtained from gasohol,

Gasohol undergees complete combustion more readily. / Gasohol gives less

catbon monoxide / particulales f soot / smoke.

dified potassium dichromate / potassium permangannte selution.

¢b)  Prevent the cthanol from catching fire, / Ethanol is flanimable.

[CHRD]
(ii)
CE09 08
(@) Aci
© ®
(i1

— waler out

waler in —

anti-buniping granules ethanol, KoCnO+H(sg)

i
hent

The new set-up prevents cthanol from escape. / helps the reaction oceur for lenger

time,

Part 3: Soaps and Soapless deterpents
CE91_01b

o

i
HyC—0—C—R
0

i
HC— O~ C-—R
O

il
HyC—0O~—C—R
(i) H2804 is a calalyst.
(iii} Saponification {making soap}
(iv) R-COONa*

viy
.

The hydrocarbon tail of Y dissolve in oil,

And the fonic head of Y dissolve in water,

After shaking, the oil turns to oil droplets due ic the repulsion of the negatively
charged ionic heads.

Oil droplets cannot stick together.

(vit) Emulsification / emulsifying actlon.
Soap clcaning / detergent cleauing / to remove oil,

m
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CE93 Ole
O

waoler

—— oil droplet

{2) The hydrophilic ionic heads of detergent dissolve in water and the
bydrophebic lipdrecarbon talls disselve in oil. Wafer molecules attract the
hydrophilic jenic heads and bring the oil into water,

After shaking, the oif becomes oil droplets. Oit droplets so not stick togethes
because of the repulsion between negatively charged oil droplets,
(ii) No, they will stick together and this will weaken or tose their cleaning action,

CE9%4_05a
(v) Raiubow (conc. H2S04) causes hydrolysis of the fats and greases in drain to form more
soluble producis (glycerol and carboxylic acid).

CE95 020
Vineger
It is acidic / the others are atkaline.

CE?5_0%
(i) Step 1: Heat/ boil vegetable oil wilh sodium hydroxide solution.
Step 2: Add concentrated NaCl solution to salt out the soap.
Step 3: Separate (filter) the soap from the solution.
(i) Formulomassof thesoap=12n+ D +@n+1}+2x 16+23 = |4n +68
300 <14n+63 <310
16.6<n< 73
n=17
(i) (1} petroleum {fraction)
concentrated sulphuric acid
(2)  Advantage:
« iho soapless detergent can be used in the hard water / acidic solution.
Disadvantage: (any onc)
» sonie soapless detergent is non-biodegradable / may cause water poflution
which can kill marine lives,
* may cevse skin ailergies

= S £ T
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13!
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CE97_07b(ili)
(1) Compound1
@ Q o]
f:l-'g—O—(NaJ') OR |:}—I(I)-—ON:|
(3) The hydrocarbon tait of detergent is hydrophobic and readily soluble in the gronsy
divt.
The COO" (ionie) end is hydrophilic and readily sofuble in water,
Water molecules attract the hydrophilic tonic heads and bring the oil into water.
Stitring (shaking) will cause the grease to break down into droplets.
The negative charge on the droplets repels each other and hence oily droplets will
became suspended in the aqueous solution and wash away by running water.

CEQ0_06¢

(1) Detergents have a hydrocarbon tail which is hydrophobic (oil attraction} snd an ionic
head which is hydrophilic (water attracting), which can make oil into oil droplets for
collection,

CEO1_06a

(i) Soap react with Ca®* and Mg? ions in hord water to form scum / precipitate, Thus
reduces the effectiveness of soap.

(i) Soda {sodium carbonnte) removes Ca?* and Mg™ by forming insoluble caleium
carbonate / magnesium carbonate
Ca¥ + COs™ —= CaCOs
OR, Mg?* + COs~ —= MgCO;

CE02_09a
() (1) NH;+H0 == NH{ +OH
() Oils react with atkalis (undergoes hydrolysis) to give soaps / water soluble

substances.
(i) The glass cleance should be used in a well-ventilated envir t b ia has
n pungent smell / is toxic.
OR, wear gloves because alkaline solutions can attack skin,
OR, wear safety spectacles beeause ammonia solutions attacks eyes.
CE04_07b

(i}  The structure of the detergent consists of a hydrocarbon 1ail and an anionic head / the
carboxylate ion (~COO7).
When mixed with paraflin oif, the hydrocarbon (ail dissolves in the oi / is hydrophobic,
while the fonic head dissolves in water / is hydrophobic.
. Upon shaking, ofl drops, which carry negative charges, are formed, Repulsion of the
negatively charged oil drops prevents them from joining together. So, an emulsion is
formed.
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(i)

Not suitable.

Sca water contains a lot of metal ions, such as Ca®* and Mg?*,

This anlonic detergent will react with the metal fons to form scum and hence reduce the
effectiveness of the detergent.

CRO7_13
Chemical knowledge

.

L

.

Both soapy and soapless deterpents have ionic group / head and long hydrocarbon chain
tail.

Both soapy and soapless detergents have hydrophilic property and hydrophebic property.
Soapy detergents made from fats / oils, while soapless detergents made from petroleuns,
Soapy detergents have ~COO- group, while soapless detergents bave —SOs / —0SOs~
group.

Both soapy and soapless detergents act as wetting agenls.

Both soapy and soapless detergents act as emalsifying ngents.

Soapy detergents are uswally biodegradable, while soapless detergents usuaily are not.
Soapless detergents can be tatlor-made, while soapy detergents cannot.

Effective communication

CE09_{2

(s)
®
(©)

@

©

saponification / alkaline hydrolysis
concentrated sodinm chlotide solution / conc. NaCl(nq) / brine

HO
i N
CHy(CH,);CHCH,CH=CH(CH,) ,CO0 Na~

Fhe hydrocarbon tail of white solid is hydrophobic and readily seluble in the greasy
dirt. The fonic head of white solid end is hydrephilic and readily seluble in water.
Whater molecules attract the hydrophilic fonie heads and bring the oil into waler.
Stirring (shaking) will cause the grease to break down into droplets. The negative charge
on the draplets repels cach otlier and hence oily droplets will become suspended in the
aqueous solution and wash away by running water.

Preparation of soap / detergent OR Hyddrolysis of caster oil

AND

Testing the emulsifying property of the product / cleaning action

() White precipitate would be observed.
CElI_11
(® () Citrate fons can react with Mg*' or Ca? tons in hard water ta form insoluble

(%)

substances.
Prevent Mg?* or Ca?* fons from rencting with the soapy defergents to form scum,
... {if).... Phosphate lons.can cause growth of algac Lred tide oo

(i) CH3{CH:»4COCH

3!
i

{6}

3]

{n
{1
{1
{1
{1]
Y
{1
)
M
{1

{1

L

{1
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OR,
H

H H H HHH H H H H H fe]
N N A A N I L S e R R A
H—C—C—C—C—C—C—C—~C—C—C—C—C—-C—C—C—
L N S T S AR Y O S S TR AR Y B
_ H H HHEHHEHHHYEHOHHEUSHUHHHE OH
(il  Sodium carbonate tan reduce the acidity in the acidic environment. 1
2H" +COF —= CO1+H0 {1
{¢) Any 3 points, { murk for each point 31

*

This detergent is biodegradable.

This detergent works well in acidic medium,

This detergent works well in liard water. / This detergent does not form scum with
Mg?* or Co®* tons in hard waler.

‘This detergent can save food in the production process.

AL9G(IL_07b

(i) 25

Moles of (CH;3);COH = 5= 0.338 Al

Moles of HCl = o = (.986

0ies = 'gg = [ v ]

(CHyCOH + HCl —= (CH3CC + H0

HClis hit excess « (CH3):COH is {he limiting reactant, [
(i) 8

Motles of (CH,), GCl = 5= 0303 ]

0.303

Y yield = 0338 X 100% = 89.6% 0

(iii)  Substitution i

AL9G(H)_67c
(0] Warm the compound with Tollen's reagent / ammonlacal silver(I) oxide / ammoniacal 1]

silver nitdate.
Cyclopentanecarbaldehyde gives a silver misror, while cyclohexanone cannot, in
OR, Fehling reagent, only cyclopentancearbildehyde pives red precipitate.
OR, KaCryO«/H*, only cyclopent baldehydo changes the ¢olor of solution
from orange to green,
(i)  Warn the compound with AgNOj(aq). 1]
CeHsCH2Cl gives a white precipitate, white CsHsCHal give a yellow precipitate, n

AL9G(L)_08b

(6] Geometrical isomerisin / cis-{frans isomerisin 1
o~ ~COOH HOOC” ™%
HOOC [
COCH
(i)  Eoantiomedism / optical isomerisin [1]
437
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(l:oon COOH ® W {4
Coreene Con Aridified K2Cr20y, heating 1
7 'CH. SN
H \ 3 H/ 2 (1] ()  Shake samples with 2,4-dinitrophenylhydrazine solution respectively. 1}
LL CHy Only Y give a red/orange/yeliow precipitato. [i}
OR, Mix samples with Tollen’s reagent respestively.

AL98(1)_04 Only Y give a silver nitrow.

@ M ?ZH_:, (c) Heating reflux, with concentrated HaSOy £}
Cleons H (11 O
e
e ' 1
TN P i
(i)  Optical isomerism / enantiomerism 11

(ONR ] 1% ASLO9(I)_11 (modified)
N Ny X )\/oH £ (8) 4-methylpent-2-enc 1]

H 4l ® O " g B on
@iy  Upon reaction with Zw/cone, HCI, E gives turhidity slower than (CH32COH,  {{) H C’C\’ 3,CH3 H. C’C\ ‘ 1
but faster than CH3(CH:)3OH and (CH;hCHCH:OH. [ 3 e=q M
; H H H CH,
© O Br
Fand G /—:_./ and  \—/ H >—< 3] {1y  Clis-fraus isomerism / geometrical isomerism {1}
Br © O 923 7.7
" S . R . leratfoof C:H= ——: —=7.69:77=1:1
(if)  Goometrical isomerism / cis-frans isomerism i Eoieste 12 1 {1l
Bmpirical formwla of 8 is CH
AL93(l) 05 Assume that the molecular formula of 8 be {CH)a
(a} NO, {1 (I12+ n=781 > n=6
\)\\N/N} ! molecutar formula of S is CeHs {11
(i) H
NO.
2 H. 'C~=C’H "
o O o O 0 Bt
HJK/\ aor HJ‘Y ! }(1; L
(i)  Meliing polnt detennination: compare the melting point of the red precipiiates  [1]
with those from tables. ASLS9(I1)_13 (modified)
{a) Bster linkage f11
AL9IS(I)_08a ® ©
(i)  Use apolarinteter: if no rotation then {+); il rotation to the right / there is rotation of [%} ~— walerout )
plane-polarized light, then (+). %}
(i) Add AgNOs(aq): RCOCH gives white preeipilate, AgCl(s); RCOBr gives yellow [Ya} " 2
precipitate, AgBr{(s). A water i~
. . mixture of NaOH{ag)
nntx-@xnlpsx:g granules and compound U
heat - '
ASLIN(D)_05
439
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® o9 ;i
H—(lz—o—lr—(cng,,crn; H—C—OH
0
i i
H—C—0—C=(ClH),CHy + 3NaOH ——» H—C—OH + 3 NaO—C-(CH;},CHy
0

H—C—0—C(CHy),CHy H—C—OH
H H
(ili) Mote of NaOH remained afler alkaline hydrolysis
100

=3 X053 X 275 X 1073 = 0,146

Mole of NaOH used for atkaline hydrolysis

=2 % 100 X 1873 — 0,146 = 0.05425

0,05425

Mole of compound U = = 0,01808

Molecular mass of QU =22t _ 706
otecular mass of compound U = o= = 470,

12X8+ 16X 641X 14+3n %X {12+ 1% 2) =470.6

n=601
~valucofun=¢6
{iv) ()  Awhite solid flont on the top of the saturated sodium chioride solution.
{I) Saturated sodium chloride selution provides a highly polar environment
(solvent with high ionic strengllr) for slightly polar sodium carboxylate to
salting out. Nonpolar alky! group in sodium catboxylate is unlikely
miscible fn polar solvent.

ASLOO()_U6

{a) Carboxylic acid (carboxyl group), esher, aromatic ring (benzene),
© o o
i ;
X ONa Y pe—t—on 7 oH
OH OH
© o
cLe™
OH
AL} 08
(8} Propyl propanoate / CH3CH,COCHLCH,CH;

®)

Some propan-1-ol was oxidized to propanoic acid which reacls wilh excess propan-
t-ol to give the ester,
Fractional distillation / chromatography

11

{1

{1

[
(1
1

12}

{31

(1

m
it}

i

40

(¢} Any TWO af the following:

+ Doiling point determination

» Treat propanal with 2,4-dinitraphenylhydrazine, then determine the m.p. of the
cryslals formed.

¢ Compare IR spectrum (finger print region} of the propanal with that of an anthentic
sample.

+  Compare mass spectrum {finger print) of the propanal with thet of an authentic
sample.

ASLOIGD_10
(A (i)  Reagent: Ha(g), Pt
Condition: high temperature and high pressure
(il  Shake the samples with acidified potessium pormanganate solution rosp
Only L-methyloycohexene can decolorize the purple color of KMnOa{aq).

®) CH,
Of

ASLOL() 12
(a) The detergent has an fonic head (SOy"Na*) and a hydracarbon tail,
The hydrocarben tail dissolves in grease droplets / is hydrophobic while the ionic head

tively.

dissolves in water / is hydrophilic.
The jonic heads of the grease droplets vepel from each other and the dirts inside these
draplets are then removed,

{b) The detergent with branched hydrocarbon chain is non-bisdegradable,
Concentrated suphuric neid and sodium hydroxide sclution are used in preparing
detergent.

ASLO2()_03
@ 558 7.0 37.2
Mole ratio of C:H :0 = T T R—=4.6S 17:2325=2:+3: 1
Bupirial fornmute of X = CH0
{b) Let the molecular formula of X be (C2H30)n
82 <{12x2+4+1x3+163n <90
191 <n <209
molecufar formula of X = C4HsO
(c) X reacts with sodium carbonate solution (o give carbon dioxide. X possesses COOH.
Double bond equivalence of X is 2,
X possesses C=0 and C=C, or X is a cycic alkonoic acid.

B W
4 C-on HE C—0H e ﬁ
o=C e=d | >CH-C—OH - . —E—Ol
2= = HC™ H,C=CH~CHy—C—OU
HC H H 3] 2

2]

]
{1
]
{1

ft]

{t]
[t

11
1

{1

{t]

i
1]

31
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ASLO2(T)_t]
(1} Heat the samples with acidified KvinOs{aq) respectively, only CH3(CH2)sOH can
decolorize purple KMnO4(aq).
OR, Hent the sampes with acidified K:Cr20:(aq) respectively,
only CH3¢(CHz)10H can tum orange K2Crz03(aq) to green,
(b)  Warm the samples with NaOI(aq), followed by acidifying with HNOs(aqg).
Add sliver nitrate solution into the resultant mixture,
Chiorontkane will give while precipitate,
while iodoalkane will give yellow precipitate.

ASL03(1)_02

Boiling point increases in the order:

CH3(CH;1CHj < CHa{CH2):CHa < CHa{CH):Cl < CHy(CH20H

Both CH3i{CH;):CH; and CHx{CH2);CH; arc non-polar. Their intetmolecntar altraction is
weak van der Wanls' fotce.

The strength of van der Waals® forces increases with relative molecular size,

« The boiling point of CHa(CH2);CHs is higher than the boiling point of CHy(CH:),CH:,
CHy(CH2jCl bas a net dipole monient. Is intenmolecular attraction is stronger than (hat in
alkanes but weaker than the inteamolecular atleaction between the nlcoliol molecules.
Hydrogen bonds exist between the alcohol molecules, » CHy(CH2):0H has the highest boiting
point.

ASLO3(ID_09 ‘
O

NaOH(aq). { K,Cr,Cy/H (aq) i
(8 CH.CH,CH,Cl —————> CH,CH,CH,0H CHaCH,CHp-C—QH
OH 8]
HCl(aq) i K,Cr,0,/H" (aq) It
() CH3CH==CH; —— CH3—CH—~CH; ~————s CH3—C—CHy

ASLO3(I) 12
o]

(a) HO)J\/\/WOH

¢]

(by Method(I);  The waste contains CraO+2 which is toxic.

Removal of Cr¥*(aq) from the product is costly.
Method ()  HNO; is n strong acid. Discharge of the wasle into wateways leads to

environmental poltution.

(¢} BExcess Hi0z in to reaction mixture can easily be removed as it can be decomposed by
heating.
Other products of the reactions, namty H20(1) and Ox(g), will not cunse threat to the
environment, ’
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@ 0 0 u H
1l 1 | {11
—C—(CHy)}y—C—N~—{CH,)g—N—
ASLO4{I{}_10
@
———» Water out
water in —» 2]
N N mixture of methyl bonzoate
anti-bumping granules and oxcess NaOH(aq)
heat
(b)  Add HzS04(aq) and filfer {13
(c) Dissolve crude sample in minimum anount of hot water. {4}
Filter mixture while hot, %)
Allow filtrate to cool and collect crystals by filiration {1}
L le of methyl b o = . = 0,022
mole of methy enzoae——ia&o— A 1]
le of b i 'd"i—(}olSﬁ
mole of benzolc acid = o0 = O 4l
0.0156
Y% yleld = 10023 x 100% = 70.8% 11
ASLOS()_03
(a) CH;CO;l1 + CH;0H — CH;CG,CH: + H:0 1}

)  The reaction of CH3CO:H with CH30H involves breaking of the O-H in the alcohol 1

and the C-0 bond in the acid,
+ The O always resides in the ester,
OR, The mechanism is likely to be;

ASLOS(T)_06
@ 818 61 121

niole ratioof C:H: 0= T T e 6.82 3
Empirical formula is CsHsO
Molecular formula i8 (ColHO)n .-
130 <n(9%x12+8+16) <140, n =1
Molecular formula in CoHsO

i
o]
nnss = 76 amu
6.10:0, =9:8:1
0:0,756 (1
1l
i
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{5}  Areacts with Tollens' reagent. « A posscss an aldehyde functionality / the CHO group. {1} ASLO5(T1y_09

A is an aromatic compound with molecular formula CoHgO. It has a double-bond  [1] Boiling point: B<D < C [t}

equivaient (DBE) of 6. ‘The boiling point of a compound depends on ils intermolecular attraction.
A is likelu 10 possess n C=C bond or an alisyelic structure. 1] The intermolecular attraction of B is van der Waals’ force. The attraction fores is weakest [1]

{c) Paossible types of isomerism: among the three,
Position ismersm: {1 The atlraction between molecules of C is hydrogen-bond which is the steongest among the  [1]
Structure (Any TWO of the following) 1] three. o C has the highest boiling point.
CHO
CHO /@’CHO ASLOS(ID)_09

©:CH-‘=CHZ H,C~HC Add water 10 the liquids. in
CH=CH, Both CH3COCHs and CH3(CH2)aNH> can mix with water in aff preportions. {1
Geometrical isomerism: Add a piece of pH paper to the aqueous solutions. 1|
CH3(CH2)4NHz is atkaline, buf CH3COCH: is not, 11}

OR, CH3{CH234NH; has a strong fishly odor while CH;COCH3 doe not.

WCHO

Sructural isomerism

~
CHO
CHO . CHO Only cycloliexens can decolorize Bry solution, m
@ g\/ CHO OR, Add AgNOs3(aq) to (he two compounds which are not miscible with water.
CH=CH,

CH;CH2CH:Br gives a pale yellow precipitate slowly.

Add Br, solution to the two compounds which are not miscible with water, [t

ASLOS(T)_07 ASLOS(D)_i0
(@) H,C=CH [t} (¢} When heated under reflux, the CHyCHO formed will bo oxidized by CnO*/H! © (I}
\CONHZ CH;COOH. '
Appropriate method: wami a mixture of excess CIGCH:OH and CraO72/H*, and  [1]
(b) . H H H H collect the preduct by simple distillation. [t}
peroxide [ 1 NaOH{aq) 11
o=l .{_(l;—(i:_]; —{—C_C'% & ASLI6(T)_01
coox H COOH i ooNa -
(8} Structueal isomers {11
) & Polyacrylamide contains a large number of amide groups (CONHz). These amide 1] (b)  Steuctural isomers Y
groups can form hydrogen bonds witl: water, {t} (c) IKentical molecule ft]
(i)  Insodium pofyacrylate, the Na* fons have a high affinity for water, and cavse the {1} (d}  Identics] mwlecule )]
water in the urine to flow towards the dinper.
(d) Any ONE of the following: n ASLOG(I)_08 (modified)
¢ leak-proof lape for undersea cables () CH3{CH2uCHz- is a non-polar group which can dissolve in dirt; m
o Water absarbent ineal packaging ~'NH,CH2C00~ is a polar group which can dissolve in water. {1
*  In gasoline filters for removal of water The lonie heads of the grease droplets vepel from each other and the dirts inside these {1}
+ I farming (to retain molsture) droplets ate then removed,
444 445
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(b} No matter it is wsed in acidic or alkaline medium, ionic heat stilt exist to demounstrate
cleanlng property of a detergent.

H
I io- I+ i
R—N—CH-C=0 + H' === R—N—CHy~C—0H
H H
1+ i - i P~
R—N—CHC—0 + OH === R—N-CHC-0 + HO
H
R= CH,(CH,),,CH,~

ALOG(L)_08b
(O (IJH (I)H
AN, O

H Ph CH,NH,

() They rofate the planc of polarization of a beam of plane polarized light to opposite
directions,
(i)  The neuroreceptor is likely to be chiral, The reaction between compound B and the
neuroreceplor is stereaspeeific,
(iify  Conduct a chrematographic study.
Compare the Rt value of the suspected stimulant with that of an suthestic ssmple of B,

ASLOG(D)_69
(a)  Warm the samples with KaCr2Qu/H(ag).
(CH»):COH: solution remains orange color
(CH3):CHCHO: sofulion turns from orange (Cra07%) to green (Cr).
(CHi)CHCHO + KaCrOy + HY —= (CH3):CHCOOH + ¢F*
(b)  Warm the samples with KoCrO/H'(aq).

CH solution remains ora
OH ion remains orange
<:>—Cl-!20H solution turns from orange to green
O—CHZOH + KCr,0, + H' —s O—-coon + o

ASLO6(IT)_t0

() ©/coocu3

CeHsCOOCH3 + NaOH — CHsCOONa + CH;OH

(1]

[t

2]

(1
{1
t]
]
[t
{1
(%1

[

(

i

tl

46
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o = 5 e e e e e

)
o}
0D g
H,C” "0
CHiCO0QCegHs + NaOH ——= CH3COONa + CgHsOH i}
2CH;COONa + Hz80s — 2CH;COOH + NaSOs4 n
The ssuell of vinogar comes from CH;COOH [}
© 0
(11
HJLO/\©
ASLO7(1)_07
® &
e NcH,cH,
?Hzcu,
_CH__ % ¥ ]
CHyCH; O NH,
O3~
|
CH,

) 4 m
Any TWO of the folowing 1§
Amide
C=C bond
Amine/ NH2
esier

© e

O§c Py
CH,CH 2
Bk CH,c00®  CH,CH,OH 2

AN
CH,CHj O NH,
NH,
ASLO7(I)_02
0 K,Cr,0/H" Q PClg 0 NH, Q

- /IL - )LC] " )L NH, @

H i OH i
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ASLOB(I)_06
() OH OH OH
H——C——~(I}---(|}—'H and CH sCOONn
H H H
® o

dm

ASLOB(H)_01
A is an atkaene (it undergoes hydrogenation over PL)
Structure of As Structure of the enantiomers of A:

L e

H
Hydrogentation of A gives 3-metliylpentenc whiclt is achiral
B is also an alkene, (It undergoes addition.)

B reacts with Bra to give a single compound and with HBr to give a single achiral compound.

Hach carbon stom in the double bond of B should have the same substitutents.

G can only be (CH3)C=C(CH;3)2

(CH3:C=C{CH3)» + Brz — (CHy):CBrC(CHy):Br (single compound)
{CH3),C=C{CHs)» + HBr — (CH:uCHC(CH;):Br (single achiral compound)

ASLOS(I) 02 (nodified)

b @ 0.2 + 0167 + 011
e @ Total no, of mole of products = (ZTW =368 x 1073

45
— Yl
100 450 x 10

Moles of 2,4 — dimethylpentane =
3.60 x 1073
4.50 X 1073
(iiy  Mole ratio of 1° 2° and 3® monachlorinated products formed

=171:1{:1.43

Overall % yield = X 100% = 80%

ALY _05b (modified)
m o CH; OmCOZH
HyC~C—0 NHCOCH,
(o]

(i)  Ensntiomerism

2]

{q

]
P4l
4]
]
3
]

[
¥
{t

{1

(4l

[}

i

{1

t
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{III) Both M and N show optical rotation, One of them tums the plane of polarization
of a bean of plane polarized light to the feft, whils the other to the right,
(iy (1)  The double bond is planar. When hydrogenation takes plice over P, the two H
atoms can add to the double bond from cither side of the double bond,
There Is an equal tikehiliood of obtaining the enantiomers.
The produtet is a racemic mixture.
(1)  Usean asymmetric catalysl / asymmaetric reagent for the hydeogenation,

ASL19(])_06

(a) Geometrical isomerism / cis-irans isomerism

(b) The melting point of a substance depends intermolecular aliraction as well as molecular
synunetry.
In both dimethyl fumarate and A, the intennolecular atiraction is van der Waals® forces
and they are of comparable strength,
Dimethyl fumarale, belng more syrmelricat, ean better fit Into a solld lattice. 4 Ithas a
higher melting point.

ASLIO(IT)_04 (modificd)

(a) . 621 103 276
Mole raticof C: H: O = -1—2—* & : ET 5.18:103:1.73
Stmnlpestratloof C: H: 0=3:6:1
Empiricial formula of D is C3HO
Let molecular formula of B be (C3H:On
(1ZX3+1X6+16)n1=58, n=1
Molecular formula of D is CaHO

(b} D does not react with CraG2*/H?. It Is not aldehyde or alcoliol
DBE of I is 1, D possesses C=0 or C=C

O

/[k or

ASLII)_06
(n} I-cyclohexylcyclohexenc

(b} H' () : COHC conc, H,80,() C S
OR
Q—O HBi(g) OB_"Q NaOH(s), ethastof C>=<:>
———— ———— i
&

a7

i

i

f

i

{1}
]

{1}

ti

83

]
1]

]

it

{21
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ASLIIQ 07 {¢) Any ONE of the following: {1}
(8) Bry; light / UV / peroxide; (excess ethylbenzenc) 1 i - Use a smaller amount of aspitin so that a Jess concentrated NaOH(aq) can be used,

(&) Elimination / dehydrogeabromination / dehydrogenhatogenation ] ! - Heat the reaction mixture to ensure complete hydrolysis of the ester so that the

© O —CHz~CH— calcufation can be based on the reaction:

1 : CO,H co,”
(] . + 20F — @: + CH00; + R0
0CoCH, S

(i)  Peroxide; heat [¢] )
ASLIX(IY)_07 (modificd)
ASL12([)_06 (a)  Peroxide; heat; high pressure i
® 6X18+2—(6X4+10X7 +2%6) (b) The intermolecular attraction between PE polymers is van der Waals' force (dispersive  [%]
Double bond equivalence of B = 2 =2 force).
B has tsvo double bonds. 141 C~Cl band is pelar. The intermolecular atiraction between PVC polymers is  [I]
B can undergo catalytic hydrogenalion. B contains C=C bond(s). 1] prcdominmdyddip\n‘:,w.:ip:h attractlon which is a stronger than dispersive force /a  [4]
. tronger van dor Waals® force,
1 mol of D reacts witl excess NaHCO3(aq) (o give 1 mol of COx(g). D isa H s
b tadd: € M ]M(;st r.;ar:’s of DEHP (the benzene ring and the aliphatic carbon chain) are [¥]
Possible structure of B: IYCLOOmCS
Emulsifier has a hydrophilic head and a hydrophobie tail. [¥4]
X - AN [1%] When DEHP, water and emulsifier arc shaken vigorously, the hydrophobic tait of  [%2]
Tl COH H co,H ) the emulsifier dissolves in DEHP while the hydrophilic head dissolves in water.
Passible structure of D: A cloudy mixture js formed.
’ The repulsion of tlic hydrophllic heads prevents the recombination of the droplets  [%2]
[ and keeps the cloudy mixture stable.
CO.H (i)  Clwomatography + imass spectrometry [f3
1 + i DEI i
D does not have a chirat centre, It is optically inactive, ) C:romn“:gn:!:hy (;:o)mpanng the Re value of the peak due to DEHP with that
of an authentic sample
ASLI2(}) 10 ASLI2(T)_08
(%  Phenolphibalein / phenol red iy @ .
(b} No. of moles of oxess OH(aq) = 2,50 x 23,1 % 10~} 4] ?Hi‘ Cilg 0
No. of moles of NaOH(aq) used = 3.05 x 25 x 103 [] CH@::CHCH{JHE@—CHZCHO
No. of moles of O¥-(aq) reacted with aspirin (6) 3.7-dimethyloct-6-enal i
=3.05 x 25 X 10~ —2.50 x 23.1 x 10~ © ’ p cu
=0.0185 [4] e &
Mass of aspirin = 8.0185 % 180,0=3.33 [} CH%:—-CH@HprCH“CHZCH() {i1
_ 333 1 cl
% by mass = TEE = 148
Reason; The ester gronp in aspirin undergoes alkaline hydrolysis, 1§23} ASLI3(1) 06 (modificd)
COMH co,” S [
@ + 20H @ P4 ooy o+ Ny @ 0
OCOCH; oH | > " * o
The amonint of OH~(aq) consumed iz greater than the expected value. [#2) o \ ; N
0O 0O H
451
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Receplor molecules in the body are chiral.

The action of chiral drug on receptor molecules is stereo-speeilic.

The key-and-lock hypothesis apptics to the cffect of chiral drugs on human bodies.
Mismatching of deug molecul
effect such as requirement of higher dosage ad incressing toxicity.

with the targeted receptors may cause undersirable side

ASLI3(I1) 06

(@)

®)

CHy—(CH,),
CHy~(CH,);  (CH,),CO,H (CH,y,CO,H
Measure thie m.p. of the two compounds.
The trans-isomer has a higher melting polnt.
OR, Compare the melting poinls of the compounds with data i chemical

{iterature.
{Accept other appropriate physical methods for differentiating the two compounds.)

ASLI3(1)_08

1y

@

667 111 22.2

ET _1-: *—1-6-25.56-11.1~1.39—4.8~1
Bmpirical formule of D = C4H0

« the relative molecular muoss of D is 72, & molecwar formida of D = CH0

v D.BE. of Dis |, « D possess 1 C=C or 1 C=0 bond,

MolevatleofC: H: 0=

D exhibits opticel isomerism, » I possess a chiral carbon, attached with 4 different
groups.

{3) D can tum acidified KaCraOx(aq) from orange to green, & D is gither a secondary

alcohol or an aldehyde.

s
stiecture of D Lo C
'CH=CH, “UNH
HO™ Ny HO™ Mop=cy,

DSEIiSP_i2
(8) Conecentrated sulphuric acid / cone, H2S0s
{b)

—— ater out

water in ——+3X

cowisiwe of ethanol, - 10 e

anti-bumping granules ethanoic neid and cone. H2SO

heat

o= " pes

14}
3

¥}

2

i
i

i
it
)

]

tH
t

i

[
2]
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Todine has a =imple molecular structure and attraction between I molecudes is dus to the
weak van der Waels' forces,

Sodium lodide has an ionic structure and attraction between Na® and I fons s due to
sironig fonic bond,

The steength of inter-particle allraction in cthy! ethanoate is comparable to that in fodine,
(Indication of an understanding of the idea of *like-dissolve-fike” in terms of the strength
of altraction between particles.)

Any ONE of the following:

H—C H—&

'
X CHyCHE C.
OCH,CH,CH,

A
OCH(CH,), ocH,

propyl methanoate methylethyl methanoate  methyl propanoute

{1 mark for structure, { mark for name.)

DSE{18P_(3

@)

)

For (a) and (b), acespl ollier correct reaction sequences,

CHyCHICHICl — b —Zo CHyCH:COMH
a: NaGH(ng)

b CH3CH:CH20H

¢ CnOA7H' or MnOs/H*

CH3CH=CHa e 190 CHiCOCH,
d: (1) cone. HiSO4;  (2) H20

o: CHy;CH(OH)CH;

f: Cro07-/H*

DSEI2PP_02

@

{b)

©

Some components of wine (substances with a pleasant odour) can be oxidized by oxygen

in air to glve products that have a flat taste,

OR, Ethanol in wine can be oxidized by oxygen in air io pive ethanol / ethanoic acid.

(i) Theoutermost shell of an argon atom is a stable octet stracture, .°. Ar dogs not
readily form bonds with otlier atoms.

(i) Aris denser than air, It displaces air from the botile, sud thus prevents the wine
from contact with air.

(i)  He is loss dense that aie. 1 will not displace air / it will easily diffuse from the
bottle.

The sut with a pl

from the bottle may also remove these substances.

todour are volatile organic compounds, Pumping air out

it}
(1

{1

12}

{3]

{3

i

{
8]
{1

]
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DSE12PP_L1

q {1} LiAlH, / ether Ot conc, H,PO, (or conc, H,S0,), heat
) H (or ALOW(s); heal) @
——————————
DSEI2PP_12
® O H GH H OH
“\C/ \Cf"
©/ “co,H @/ co,H
(ii}y  They fumn the planc of polarization of a beam / plan polarized light in opposite
directions.
OR, One of the compomnds is lnevoratary while the other iz dextrorotatory.
OR, Cryslals of the lwo compounds have different appearance.
{b) Repeating unit:
1
—C—CH—0—
DSE]Z 02
(o]
I
I |
I 1
H H n
0
i
CHyCH—0" ™
a3 CHJ

(i)

Bromine fest — cthenyl ethanosls ean decolorfze ernnge / brown 7 yellow
bromine / Bra selution immedintely while ethyl ethauoate caunot,

(NOT Accept Br),

{Require to mention the reaction of Bry with ellieny] ethaneate is much faster than
ethyl ethanaate)

[2):4

Treating with scidified potassinm permanganate sotution - ethieny! ethanoate can
decolorize purple acidiffed potassium permanganate solution while ethyl
ethanoate cannot.

(Also accept treating wilh potassium  permanganage  solution  (witheut
acidification) with the correct deseriptions of abservations — change from purple
to brown (ppt)).

r—

31

21

(1

ta

{H
U]

454
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DSEI2_12
® © 'i'
#oNe°
| |
H H
The bond angles of the alkene should be about 120° The bonds drawn in 90° are not
accepied.

)

{0}

@

Cinnamaldehyde is a non-polar compound which can dissolve in a relatively non-polar
organic salvent like ethyl ethanoate. However, water is & polar solvent.

Both cinnamaldehyde and cthyl ethanoate are relatively non-polar eompounds, Thelr
molecules ace attracted by weak Intermolecular forces / van der Waals’ forces.

— etly} ethanoate

v 1 mark i given to the drawing of the correct setup
v No mark will be given to ihe deawing ift
¢ The thermometer or the condenser ig missing
¢ The setup is a closed system
¢ The tap of the distillation head is open (o air
+ A fractional column is included in the drawing
v { mark is given to the correct labeling and spelling of the distillate {ethyl ethanoatc}

: CH=CHCHO  HyNierPt CH,CH,CH,0H

e e o
{Accept the aldehyde group {CHO) is NOT reduced by Ha/eatalyst 1o give CH2OH)

CH,CH,CH,OH K,C,0,/H" CH,CH,COOH
e
@ heat

i

{1

@l

(R

fi}
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DSElZ_14
® O :
Hf—0—C—CrMy

i
HCE-0—C—Cpytly  —
0

i
HyCome Qreme G C g s

(i)  Yes. X has one chival carbon and hence opticaily active, while Y docs not hins
chiral carbons and hence optically inactive. Thus, there is a change in optical

activity for the conversion.

(6) The C17H3sCOO" fon has an fonic head (COO~) and a hydroearbon tafl (Ci7Has).
Thie hydrocarbon fail dissolves in grease droplets / is hydrophobic while the ionie head

dissolves in water / is hydrophilic,

Tl fonie heads of the grease droplets repel from cach other and the dirts inside these

droplets are then removed,
Effective communication

DSE1Z_15
Chain inltiation

¢ o,
G@ UV light or heat @450°C)

Chein propagation
G + Gy — (e -

Chain terminalion

DSEI3_03
® . Do 264 108 048
Mole ratioofC: H: O = el 2% TTIETS

Empirical formula is C:HsO
Molecular formula is (C;H4O)x

n=2
molecular formula of W is CallsO2

It
HZCMO——C——CI—,H”
i
HC_’O—C_"C”HJS
o]

1
HZC'—'O“”‘C”‘Ct7H3‘§

{1

i

i
]

i

i

it

[t

in

i

i

]

456

264 88
No.of Catoms inW = pry xfﬁi‘ 4
. 108 o8
No.of Hatoms mW = 2 x»TB— X5 =
88 — 12X 4 —
No.of Catomsin W = 1—1;-& =2
moleculsr formuls of W is CsH; Oy
“” R 0
CH,CH,CHyC~0H (CH;),CH—C—OH
Also acoept other possible structure, e.g, ester.
DSE13_04
{a) Ethanedioic acid
DSEI3_14
(@) Hz, Ni/pd/ Pt
©) ® )Ii 13 |
H=C—0~C—CyHy, H—C—OH
lOl heat
H—c—o—gmc,,u33 + 3INEOH ——s H~C—OH + 3C,H,CO0Na*
it
H—=G=0=C—CyyHy, H—C—OH
H
(i g
CHO—-C—C;Hy; ¢ C,,H,;;CO0CH,
(¢} G has a smaller relative molecular mass than F, so G can be vaporized more easily than

Alternative method:

r.
G bums more completely / more easily than F.

OR, G has o smaller relative molccular mass then F, so G has a lower boiling

point than F. & G burns more completely / more easily than F,

OR, G hias a smaller relative molecular mass than F, so the moleculur size of G is
smaller fhan that of ¥, (he intermolecular attraction / van der Whals® forces
between G ate weaker than that between F, G ean be vaporized more easily

than F. &~ G burns more completely / more ensily than F,

6]

®

]

2}

{i]

m

ft1

{1
{1

{1
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DSEI3_L5

@)

[CH
©

@

Correct chemical reagent

= =

Correct observations with comparison between the tests on X and Y,

Pessible 1ests and the corresponding observations:

CnOfM}

MnOq7H*

MuO4 /O

2,4-DNP

CH;COQH/H' / heat
formed.

2,4-DNP = 2,4-dinitrophenylliydrazine

LiAIH: / NaBH;

/.—__/_ ad N/

Geometrical (isomerism) / cis/trans-(isomerism)
?l
CH{CHCH,CH,CH; / CH,CHCICH,CH,CH,

DSEI3(II)_02a
(i} Molecules of cellulose may contain various number of glucose molecules joined  [1]

together,

QObservations: X ~no change; Y — from orange to green
Qbservations: X - no ehange; Y — from purple to colorless
Observations: X — no change; Y ~ {formation of brown ppt,
Observations: X — formation of orange ppt: Y ~ no c¢hange
Observations: X — no change; Y — frreity smell substance

OR, Molecules of eellulose is composed of polymer chain of glucose with

different lengih,

DSE14_02

[ 1
H()—(E-—-(IZ-—OH

H H
HO__~gy HOCH,CH,0H

H H

It has 2 smaller molecular size. /1t is a small molecule. / 1t bas a short earbon cliain.
The hydroxy! groups in it can form hydrogen bonds with water,

DSE14_i2

@

(i)  (nkkalinc) hydrolysis
(i) o

H -
@-—C-'O Na

(iif)  HCl(ag) / H:SOa(ng) (accepl other reusonable strong ackds; not aceept H*)
(v} X {sodivm benzoale) is an ienie compound which has strong(er) inferactions {1}

with water,

OR, Benzole acld exists as molecules which has weak{er)

intermolecular interactions with water,

OR, X is an ionic compound while benzoic acid exist as molecutes,

r—

[
i1

[
(1]

1

[t

i
(L}
(1]
M
i

[t
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(v)  Filter the mixture to obtain the solid benzole acid, Wash it with deionfzed water {1}

and then dry in oven.
(not accept mixing with drying agents)

(not accept evaporation or crystaliization before filtration)

® o 1. LIAIH, (cther)
©—c~OH T @—CHl()H
2. H,0*
(not accept using LiAIH) in acidic medium; not accept using NoBHq¢ and cntalytic
hydrogenation}
PBry /PBes/ HBr/ P+ Br,
@—cﬂzo}] = @—-CHZBr
Correct reagent for each step in the conversion. 2]
Intermediate {CsHsCHOH) i
DSEl4_14
) Il
HpC—O—C—CH,CH,CH; Aceept represent ~CH,CHRCHa as —CsHy
ﬁ Accept the answer has 1 {0 2 ~CH2CHaCH; carbon 1
HC~—0O—C~—CH;CH,CH; chaings, while the other carbon chiains have different
(I:l’ chain lengths and structuraily correct,
Hp,C—0O—C—CH,CH,CH;
{b) Methylpropancic acid (2-methylpropanoic acid) n
© & o
)—? m
OH
(i)  Correct chemical reagent {13
Correct observations with comparison between the tests on Q and Z [}
Q Z
Cr:O71H* no change fram orange to green
MnO/H* no change from purple to colorless
MnO4~/OH~ no chenge formation of brown ppt.
2,4.DNP no change formation of orange ppt. )
CH;CH,OH/M heat fruity smell detected no change
CH;COOH/H heat no change fruity smel! detected
cOos* formation of gas (COz) no change
HCO5 formation of gas {(CO2) fo change
Mg/ 2Zn formation of gas (Ha) no change
2,4-DNP = 2 4-dinitropheny!hydrazine
(d) (Catalytic) hydrogenation / additlon of hydrogen 0
439
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DSEI5_06
{a) Substilution
{b} Light/ ultra-violet / UV / heat / radieal initiator (e.g. benzoyl peroxide)
(¢) Orange/ brown color of bromine fades away
Orange / browa color of bromine changes to colorfess (stowly)
{bromine color: NOT sceept ‘yellow’)
{d) Bratom dees not have the stable noble gas clectronic configuration.
OR Br atoni dtoes not have the stable octet electronic configuration.

OR The elcctronic configiration of Br atom does not fulfill the eetet rule.

(¢} () CHBra/CHBrs/ CBre
(i)  Use (large) excess amount of CHs
OR, Br; is the Hmiting renclant.

DSEI5_12

ﬁ 1. LiAIH, (cther) ’
@— e CHOH

=S

2.H,0° cone. H,80,
Jpt @—c— o—cu,—-@
Q Cr,0.7H" reflux

il
@C—OH L COOH e

{1 mazk for cach pair of reactants and product)

DSEI5_13
(I)H (]JH
C—.. C ~
~ s —r,
HJC \ H HJ C/ \ CZHS
CyHg H
- Suitable diagrams

- Chiral centre / chiral carbon / a carbon atom bonded to four different groups

- Non-superimposable on its mirror image / the o mirror images are lwo different

molecules
-~ Opticaily active / can rotate plane-polarized light to different directions
- Effective communication

DSEI6_12
OH OH
N O (1
Ayt 0, o 00 0
5 heal 0 heat

1% step: appropriaie reagent and heat
Appropriale intermediate
-2 step:.conc, HaS0s and fieal o b

(1}
i
{1

iy

L]
("

(3!

Y
i
14}

{1
ti

fn
1y
{4
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DSE16_13

(a)

(b}

©
CH

(e}

—— water out

water i <

anli-humping gmnulcs reaction nuxture

heat

t mark for comeet disgram, | matk for correct labels

Not aecopt “A” for *heat’

LiAH: / H: (entalyst - PE (with appropriate example of catalyst such as Pd, Pt, Ni)
(Not accept LiATH. in H(aq))

Enantiomers / optical isomers / They are isomers that exhibit enantiomerism.

Opticat activity. P and Q rotate plane-polarized light to opposite divections fo the same

degree / extent,

Correct chemical reagent

Correct observations with comparison between the tests on acetophienone and P

Possible tests and the corresponding observations:

CnoM" acetophenone - no change; P — from orange to green

MnOs/H" acetophenone — no change; P — from purple fo colorless

MnOy4~ acetophenone ~no change; P - formation of brown ppt.

MnOy7/0H" acetaphenone — no chunge; P ~ fonnation of brown ppt,

24-DNP acgtophenone — formation of orange ppt.; P - no change

CH;COOH/H"/ heat  acetophenone —no change; P - pleasant odur substance
formed.

2,4-DNP = 2 4-dinitrophenylhydrazine

(Accept other chemical tests that can distinguish 2 ketone from an alkanol, ¢.g. Na/ PCls)

DSE17_03

(a}

{b)

A propene welecule has C=C bond whereas propane moleenle has not.

{Not aceept: Propene is unsaturated white propane is saturated. / Propene is an alkene

while propans is an alkanc.)

HO2C(CH24CC:H is a di-functional moteoule / has two —COzH groups / has two

funetion groups (to react with —NH: group).

On the other land, CHy{CH)«CO:H is a mono-functional molecule / has only one

~COH growp / has only one fimnction group (to react witlh ~NHz group),

Ench BO:C{CH2)4CO:2H molecule can react with two HaN(CH2)sNH; molecules (o form
a chain, while CH3{(CH2)4CO2H can only reaet with ene HaN(CH2)§NH; and cannot form

a chain,

»l. .. 3l

{2

M

{1
{n

3
{1}

i}

i1

(1
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DSEI7_09
FOR Alkanol,
Acldified KaCr2Oi(nq) test; enly BOCHCHCH)OH will produce a orange to green color  {1]
change.
OR, Acidified / newtral KMnOu{rg) test: only HOCH,CHCH2OH or CHy=CHCO:H
will produce « purple to colorless / brown color clinnge.

FOR Alkene,
Brz(in organic solvent) test: only CHa=CHCO:H will produce & brown/orange/yeltow to (i)
colorfess color change.
OR, Brz(aq) test: onty CHz=CHCO:H will produce a brown/orange/yellow to colorless
color change.
Acidified / newtral KMnOy(an} test: only HOCH2CHCH0H or CH=CHCOH
will preduce a purple to colorless / brown color change.

FOR carboxylic acid
Add cach liquid into water, {1
Mg/ Zn test: only CH3CH2COH or CHa=CHCO,H reacts to give a colorless gas (bubbles)/  {1]
hydrogen gas / Hx{g),
OR, using CO3* | HCOy (aq) test: only CH;CHCO:H or CH=CHCOH rencts to give

a colotless gas {bubbles) / carbon dioxide gas / COx(g).

Esterification: with conc. Ha80s and heat / warm, only CH3CH20020 of CHz=CHCOH reacts
with an alkanol (e.g. ethanol) to give a pleasant sinell,

Neutralization; only CH3CHCOH oy CHy=CHCOH reacts with an atkali (e.p. NaOH(aq)) /
a base and water o give out heat,

CH3COxCHa gives a negative result in (he above thyee chemical tests,

(Do not recept tests like smett, ptilitmus paper, indicatoy, solulnlity in water, ete.)
Communication mark 9]
Chemical knowledge = 0 fo 2, mark = 0,

Chemical knowledge =3 to 4, matk=0or I,

Incomplets answer / difficult to undersland / no distinguishing intention, minrk = 0)

DSEL7_12
(8) CHiCH:CH(BOCH2CH; / CHiCH;CHBICH,CH; {11
{by ()  TheOHgroupin B will change to Br group in C by HBr, and there is no chiral  {1]
carbon due to no optical activily.
(Accept: B is an alcohol as B rencts with HBr to have Br group in C.)
‘Thus the structure of B is CH;CHyCH(OH)CH:CHs / CH:CHCHOHCH,CHy
(i)  Substitwtion 1]
462
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© A has a C=C {or 8 C=0) doubie bond as there are 2 hydrogen atoms Jess in A as
compared with B.
A is optically active, so it has a chiral carbon.
A has the struciure
OH

* |

C san
rd
CH2=CH \CH20H3
(i) Ha/Pd theat), or Hz / Pt (heat), or Hz / Ni (heat)

DSE7_13

. NaOH(aq), heat

O 8]
+
2. H' (aa) on
O

O:LL/O\H L. LiASH, (dry other) CE\/O\H
oH  2.H( o

(intermediate: 1 mark; reagent for each step: { mark)

(Por [ step:

1. Reagent aceept: OH-, NaOH or NaOH(aq); Not accept NaOH(s) or solid NaOH,
Reagent accept: '/ HaSO4 / Ha804{aq), or HCI/HCI (aq)

Por acid hydrolysis / base hydeolysis, “heat” is required.

Accept COO™Na' as the intermediate.

Not aceept O~Na for the intermediate

L o

For 2™ step:

1. Accept COONa* as the intermediate for LiAIHy reduction if the [ step is alkaline
hydrolysis without acidification.

2. Not sccept LiAlHq in acidic medium.

3. Acldification is required after reduction with LIAIHs. LiAlHs and acidification should be
expressed clearly as two steps.

DSEI8_04
® @ B H
c=C

/ AY

CH,

(i) But-l-enc or methypropene
{©) {§} Passexcess H to ethene in the pressure of PL/Pd /Ni
OR . .Catalytic hydrogenation . ...

Provided by dse.life
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(iiy Ethene turns Bra(In CH3;CCl3) 83
from brow / orange to coforless, while ethane does not. in
(Not accept yellow)

(Aceept KMnO#H' - purple to eolozless

KMnOs - purple to brown {precipitate)

KMnO/OH™ - purple 1o brown (precipitate))

{Accept: combustion test; ethene gives more sooty flame, while ethasie gives less
sooly flame)

DSBIS_I0

Is) Ie) 1. LiAMH, PCl
e HOTNTN0H e O "N
H OH  2.H,0'

(1) LiAlHe¢ (2) HyOF {1}
HOCH:CHCHCHRCHOH (1}
PCly/ PCls/ HCI/ SOCH [

(intermediate: { mark; reagent for cach step: 1 mark)

For 1% step

[. Not aceept LiAlHq in acldic / aqueons medium. Not accept NaBHy for reducing ~COOH

2. Acidification is required after ceducing with LiAIHz. LIAH, and acidification should be
expressed clearly as two steps.

3. Accept “dry ether” is omitied in the LiAlHy step.

DSEIR_12
{8)  Reduce fever / inflammation / cisk of heart attack / Rheumataid acthritis n
(Not accept hypertension)
{b)  ~COOH group of aspirin reacts with hydrogencarbenate fons in water. [i1
to give o salnble sodium salt / soluble lons / soluble —COO™, {1}
{Not accept soluble substance / soluble compound)
© & 0y 0H {21
Q
CH
Ho
(i} Hydrolysis of ester in acidic medium is a reversible yeaction n
And if the reaction niixture Is heated under reflux for a long time, it aftains
equilibriuny position and reactants and products co-exist in the system.
] Hz CH; R =
| | {21
s '/C."“UI!.! I_I“w:‘r 3 Nz R
R Y 4 R
CG,H  HO,C
464

Note:
1 mark for the correct spatial arrangements of the chiral centers ol e two enantiomers.
1 mark for the correct structures of the four substituents connected fo the chital center,

DSEI9 03a

€i) bromine (in organic sofvent)
(Not accept aqueous bromine solution)

(i) CH-CH=CH-CH;+Bn — CHi«(CHBh-CH:
But-2-cne / an alkene reacts with Bra, and Br2 s decolourised / all Biz is consumed
/ n colourless product is formed.

DSEI9 05
(@)  chlorine/Ch
{Not accepl Clxag))

(b)  Light/ hv / uliza-violet / UV / radical initlator
{c) Substitution (reaction)

@ 0 CH,Cl CH,
H3C—t‘3-~CHZCJ OR H3C~?—CHQCI
CH, CH,

1,3-dichloro-2,2-dimethylpropane ar 1,1-dichloro-2,2-dimethylpropane
OR 1,3-dichlorodimethylpropane or 1,1-dichforodimethylpropane
(The structure and the systematic nome must be matched.)

@iy The structure other to the answer in (i)

(i) Structural isomer / position isomer

DSEI?_13
(a) (1)  cthanal/ acetaldehyde / CH;CHO
(i)  Because cthanal has a low bofting point /s velatile, so was easily distilled off
/vaporised out and cannot be further oxidised to give ethanoic scid.
(b) () T Ethanamide
(i}  Methad 1: 1. PClL 2. NH)
{Correct sequence in Method 1 is required)
OR Method 2 : NH; with heating (Ignore the states of the reagents used)
@ @ O
] |
{/C\/\/\/N\}
{Accept answer withowt the square bracket; Nol sccept answer with *n™ next to
the squure bracket}
(i)  Asthere is no losing of small nrolecules during the polymerization, il ean be
regatded no condensatlon is involved,
OR Accept “No HyO/HCl is formed.”
NOT accept no other product / no side product

) €O O 3y ) . .1

f1

i
g

ft
i

{1]
ft

{1
8]

il
]
{1
i

1)
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DSEI9_1S

Any FOUR of the following FIVE Htems (1 mark lor each) :

¢ It reduces the water surface tension so thal water can spread and wel the surfaces. / It is
# wetling apgent so waler can spread and wet the surfuces,

s The hydroearhon tails of the detergent particles dissolve in the oil (ydrophobic),

¢ while the fonic heads of detergent paviicles dissolves in water (hydrophitic).

*  Water molecules attract the hydrophilic ionle heads and bring the oil into waler,

» By stiming, the oil brenks up into tiny droplets and these droplets cannot come together
again due fo the repuision between lonle hends/nepative chavges.

Communication mark

Chemical knowledge =0 to 3, communication mark =0

Chemical knowledge =4 1o 5, communication mark = 0 or 1)

Incoriplete answer or difficult {o understand, communicstion mark =0)

Notes:

»  Candidates may answer this question by using sketches with clear and easily understand
aunotations,

»  Foritem 2 and 3, also accept:
o The detergent particles has an jonic head and a hydrocabon tail, {1 mark)
o The tail dissolves in grease droplels / is hydrophobic, while the head dissolves in

water / is hyirophilic. (1 mark}

DSE20_05
S. (a) Carboxyl (group) ! ~CO.H (group) / —COOH (eroup) {~CO:H =COUH FCOBICO0H 1
{Not accept: neid / alkanoic acid / orgapic acid / COOH~ / CHO: /| HOWCORCHCO0:H /
sarboxylic acid group)
(b) () HO:CCH,CH,CO:H /HOSECHCHCOGH HCHECo0H), 1
{Notaceep: HOOGLIUCOOH)
HO:CCH(CH5)CO:H FHOOCCRIEH O 0] 1
HO2CCH2CO0CH: { HO:CCOQTHCHy ey}
(i) - The enthalpy change when solutions of an acid and an alkali / a base react together / 1

nettralise under standard conditions to produce 1 mole of water,
{Accent, 255 (208K and one atmospheric pressure (760 mmig, 165 k)
. As indicated in the eguation, the reaction produces 2 moles of water, hence y /2 1
represents the standard enthalpy change of neutralisation.
{Accept: Mo naity

(i) - Less negative than—57 3 kJ mol™ ) 1
ergy £ heat is needed 1

to ionise the bx@rngn in the carboxyl £ -—CQ;H group
¢ W is a weak{er) acid, energy £ heat ensxgy / heat s nerded to fonise t
garboxyl / ~COH group. —
{Accept: absorh energy 1o break the O-H bond in catboxyl growp)
{Not accept: dissosiate)

¢ hydrogen in the

— —

i)

(11

466

= s == = O ET BT &=

DSEZ0_10

10. @) () HC=CH-CH>-Cl+ NaOH — HyC=CH-CH»-OH + NaCl/ 1
HaC=CH-CH,-Cl + OH = H,C=CH-CH,-OH + Cl”
{State symbols not required) {Tgnore ingorrect state symbols}

(i)t substitution (reaction) 1

) O 8 1
HyC==CH—CH~~0—C—CH,
(Accepl HiC=CHOHOOEER, 7 BiE=CHCH:0C0CH; | CH=CHCH00CCH:)

(i) v/ 2

Carrect diagram (1 mark);
€The diagram should show the fHask and the condenser are two pieces of gl
{Not sccept closed system apparatus. B.g, condenser fitted with a stopper)
Correct labels for water in, water out and heat (1 mark)

(Mot accept labelling heat with 4 1riangle or an arrose anly}

; 1
© g CIHZOH H  CHOH
c—¢C —C—C—
|| |
H H or H H

tAccept condenised representation}
DSE20_11

il.(a) Z i

* OH

(c) U:HOCH:C{CH;)CH(OH)CO2 Na* / H /OH 1
HOCH:C(CH3)CH(OH)CO;Na _CH, \c o
HO N \C//
Vi
H;C \CH3 \o "Na*
V : HaNCH2CH,CO; Na*/ H 1
H>NCH;CH,CO,Na |
LN 4
H CH; 4
ONa®
(d) () Na:COs(aq) 1
(i) - Colourless gas evolves when Na;COs(aq) is put into X, but not W, Y nor Z. 1
*  Only X has a carboxyl group but W, Y and Z have not, 1
{Accept X has COOH group £ X is an acid / X is acidic)

Provided by dse.life
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SECTION 12 Patterns in the Chemical World
Multiple-Cholce Questions
CE08_22
Comparing the elements in the second period of the Periodic Table, from lithium to fluorine
which of the following slatements is/are correot?
{1} They show a gradual chenge from having melallic propesty to having non-metaliic
property.
(2} They show a gradual increase in the number of electron shells in their atoms,
(3) They show a gradual decrease in melting point.

A, (Donly B. {2)only
C. (1) and (3)only D, (2)and {3) only
CEl8 31
The structure of 2 sulphur molecute in sulphur powder iz shown below:
s 8 3
\5s87
s g

Which of the following statoments is correet?

(Relative atomie mass: 8= 32.1)

A.  The relative molecular mass of sulphur is 32,1,

B.  The oxidation nunther of sulphur in the molecule is 0.

C.  The aliraction between sulphur molecules is covalent bond.

D.  Double bonds are present between adjacent atomns in sulphur molecules.

DSE12PP_30

In which of the following reactlons, is/ate the transition metal specles NOT acting as a catalyst?
(1}  action of acldificd MnO4 (ag) on SOs*(aq) at room temperature

(2}  action of Ni(s) on a mixture of HyC=CHa(g) and Hz(g) st high temperature

(3) action of Pi(s) on a mixture of COLg) and Oa(g) at high temperaturo

A, (Donly B.  {2)only
C. (1) and (3) only D. (2) and (3} onty
DSEI2PP_35

¥ statement 2™ statement

The relative atomic mass increases from
sulphur to argon in Periad 3 of the Pericdic

The melting point of (he non-metals in
Period 3 of the Perlodic "Table decreases
from sulphur to argon, Table.

DSE12_3!

Which of the following oxides would form an acidic solution when added 1o water?

A. . Cashondioxide ... .. . B.....Silicondioxide . .o
C.  Aluminium oxide D.  Lithivm oxide

467

DSE13_26

Which off the following is NOT a characteristic property of transition metals?
A.  They form colored compounds.

B,  They exhibit variable oxidation numbers in sheir compounds.

C.  They react with ditute hydrochloric acid to give hydrogen gas.

D.  They exbibit catalytic property in elemental sate or as compounds,

DSE13_36

2 statement
Both aluminum oxide and magnesium oxide
are ionic oxides,

1 statement
Both atuminun oxide and magnesium oxide
exhibit similar acid-base properties,

DSE14_36
2™ statement
Aluniinium oxide is an amphoteric oxide.

1# statement
Atuminium oxide is solublo in waler.

DSE15_28
Which of the following statemenis concerning the Periodic Table is correst?
A, 'Themelting point of the Group 1 elements increases down the group.
B. The boiting polnt of the Graup VII clements increases down the group,
C. The clements are arranged in the order of increasing relative alomic mass.
D.  The electrical conductivity of the thivd period clements Increnses from left (o right.
DSBIS_35

2" gtatement
The number of ¢lectrons in a silicon atom is
greater than that in an aluminiom atom.

1% statement
The melting point of sificon is higher than
that of aluminium,

DSEl6_30
Which of the lollowing trends jnvolving Na, Mg aud Al is INCORRECT?
A, Melting point of metal: Al>Mg> Na
B.  Elecironegativity of metal: Al>NMg> Na
C.  Metal reactivity with water: Na> Mg > Al
D. Basestrength of metal oxide:  AlLO: > MgQ > Na)O

468
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DSE!4_30
Which of the following graphs (not drawn to scale) correctly shows the variation in eleelrical
conduclivity of the alements in the (hird period of (he Periodic Table al room temperature?

A, B,

A

Electrical conductivity
Electrical conductivity

> S

NntvigA-l si P S Cl Ar Nohﬁg/\'l sl P S Cl Ar

o
o

Flecrrical conducrivity
Electrical conductivity

Na Mg Al Si P S Cl Ar MaMg Al 81 P S Cl Ar

DSE16 36
1% statement 2 statement
P4O14(s} can react with NaOH(aq). P4016(s) is an acidic oxide,

DSE17 22

Which of e following statements concerning buraing coal under room conditions are correct?
{}} Buming coal forms both acidic and non-acidic subslances,

{2) Buming coal forms both gaseous and non-gaseous substances,

(3) Buming coal forms bath poisonous and non-poisonous substances,

A. (1) and(2)only B, ({)and (3)only

C. (2)and (3)only D, (1% (2)and (3)

469
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DSEL7_25
Which of the following graphs (ot drawn to seale) shows the variation in melting points of the
elements in the thivd period of the Pericdic Table?

A, A B. N i
)
. . /%
& i /
£ 2 &
2 i .
) 5| -
€ I3 .
| W%
B, S ATMAY, Fer R oy e g 3 SR
Na NMp AL SE 1PN O A Wi e AlST s A
c D. .
A
% = X
@ ?l / S,
] [ \
2 3 %
G \\
S
LI SO SIS N AT l._,_,_,._,h. : gl e =
Na Mg Al OSi S O oA Sy Me AT P& e

DSE17_30
Which of the following statements concerning siticon dioxide solid is correct?
A.  There are single covalent bords between silicon atoms and oxygen atoms.
B,  1tis insoluble in sodium hydroxide solation.
C.  1thas a simple molecular struclure,
D. It conducts electricity at room temperature,

DSEIR 28

Which of the following statements is correct?

A, The boiling point of argon is lower than that of ncon.

B.  The boiling point of nitrogen is lower than that of oxygen.

C.  The melting point of silicon is lower than that of sodinm.

D.  The melting point of aluminium is Jower than that of magnesium,

DSEL8_32

Which of the foltowing processes can ilfustrate the characteristics of transition metals?
(1)  Mixing AgNOs(aq) and NaCi{aq)

(2)  Mixing FeSOs(aq) and Brafuq)

(3)  Mixing CoSO4(s) and H2O(1)

A, (Donly B.  {(2)only

C.  (lyand Q) only D.  (2)and (3} only

ATC
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DSEI9_33 Structurat Quastions

Which of tho following does NOT exhibit 4 characteristic of fvon as a transition metal 7 AL9G (I}_0da
A.  hon comodes readily, BaO is a basic oxide, while COy is an acidic oxide.
B.  Iron can be used as a eatalyst. () State all observations whes dilute HCl(aq) is added to BaO(s).
C.  Trom can form twao chlorides. (1.5 marks)
B Tron{(1) sulphate solution is green. (il) State all observations when COy is bubbled, until in excess, into the following solutions.
DSE20_28 [43] dilute HCl{aq)
28, Which of the following statements concerning the oxides of slements in the third period of the Perindic
Table is correct ? @ Ca(OH)(ag)
’ X . (2.5 mmrks)
A, SiOs(s) dissolves in water te forn a nevtral solution,
B. PiO1fs) dissolves in water to form an acidic solution.
C. ALOs(s) dissolves in water to form an alkafine solution. N i
. CL,O¢g) dissolves in wates to form Cla(ag) and Os(g) only. ALY6 (II}_06c (modified) [Similarto DSE)4_11]
State THREE characteristic propertics of transition elements, apart from complex ion formation,
in each ease, illustrate your answer with an examipie involving copper or vanadium,
(3 marks)
DSE20_30 36, The sketch below shows the melting points of ten consecntive elements in the second and third perieds of
the Periodic Table, arranged in the order of increasing atomic numbers. Sodium is one of these ten
elemonts, Which of W, X, Y or Z may represent sodium ? AL98 (I)_D3b
Sketeh the trends for the properties mentioned in (i} and {ii) below. and account for the trend in
each case.
" (i) Mehing point of the alkati metals, Li, Nnand K
2 X (2 marks)
% A (i} Boiling point of the Perfod 3 elements, Na, Mg and Al
% Y {2 marks)
=
AN - .
A ‘ AL99 (1)_03 [Similarto DSELT_14]}
A
- Z, When KMnOi(aq) is added dropwvise to acidified Na:C204{aq), decolorization is stow at the
11 N
T beginning and then becontes faster,
A = (8} Write the balanced equation for the reaction involved.
B. X {t mark)
g' ;: (b} Explain why the rate of decolorization increases,
(2 marks)
DSE21_28 N . R
28. Which of the following statements correctly describes the property of an amphoteric oxide ? ALS9 {I) 03
A Weanirescuasanticibonisalbase] Descrlbe how fo detect the presence of water of crystallization in an inorganic sait.
B. It can react with water to form an acid and an alkali. (1 mark)
! It can be simultaneously oxidised and reduced in a reaction,
D, it can react with water to form an oxidising agent and a reducing agent.
ALO2 (1} 03
DSE21_33 Account for the following observation:
33 Which of the following statements concerning the elements in the third period of the Periodic Table going When hydmtcd copper(Il) hydroxidc solid is shaken with deionized water, the !iquid portion off
from Na to Clis / are correct 7 . ‘ i N i s
the mixture is very pate bluc. On the addition of an agueous sslution of ammonium efsloride, the
)] The bond type of the elements changes from metalfic bonding to covalent bonding. fiquid pOKtIOIl shows no s]gniﬁcant change in color. Howevcr. if instex\d aqueous ammoma is
(2} The oxide of the elements changes from acidic to basic. -
3) ‘The electrical conductivity of the elements keeps decreasing. addul, an intense hlue Salas is ohserved,
A, (1) only (3 marks)
Bl {2) only
&h (1) and (3) only 471 472
D. (2) and (3} only
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ALD2(I)_03
CO; and 8i0; are oxides of Group IV elements. Account for the fact that CO; is a gas while $iOz is
a high mclling solld under room temperature and atmospheric pressure.
(2 marks)

ASLO2(T)_04
Sketch the variations of their boiling points and account for the variations.
Na, Mg nnd Al
{3 mnrks)

ALOX(IH 02 [Similar to DSEIS_14]
The graph below shows the variations of melting points and boiling points of the Period 3
elements.

3000
g
Loiling point
¥ 3000 | SF
§
§~ 1000 —
2 / melting point
o . L N . ]
Na Mg Al Si P S Cl  Ar
Explaln why
(a) silicon, a metalloid, has a very high melting point;
(2 marks)
() the boiling points of the metals are in the order:
Al > Mg > Na
(3 marks}

(e) there is generally a larger difference between the melting point and the bolling point for metals
than for non-metals;
(2 marks)
(d} the melting point of sulphur is the highest among the non-metals,
(2 marks)

ALOS()_61 [Similat to DSEI6_14]
{a) Sketeh the variation in clectrical conductivily of the Period 3 efements from sodium fo argon
al roosm lemperature and atmospheric pressure.
(2 marks}
{b) Explain the variation in {a).
(3 marks)

473
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ALOS(IT)_04
Aluminium hydroxide is an active ingredient of nntacid. Two paths for the production of aluminium
liydroxide using Al{s), H:S04(aq) and NaOH(aq) as renctants are outlined below:

Paths I: Al(s} — AL(SOs)(ag) —= AKOH)(s)
Paths I1: Al(s) — Na[A{OH}l(aq) — AKOHM(s)

(a) Use chiemical equations (o describe the reactions in Path | and in Path 1L
{4 marks)
(b) Work out the number of moles of H2804 and NaOH requited for producing 2 mo! ol A(OH)z
via Path 1 and via Path I1.
{1 mark)
(¢} Suggest, with cxplacation, whether Path [ or Path 11 is recommended for the production of’
aluminium hydroxide.
(2 marks)

ALOS(II}_01
Each of six rengent botiles Iabeled A, B, C, D, E and F contained one of the following solutions:

AgNO;{ng), BaCla{ng), H2504(aq), NH3(aq), NaOH(aq) and NazS:0x(aq)

In an altempl to tdentify the contenls of the bottles, u series of tests were conducted by mixing two
of the solutions, The table below lists the observations in these tests,

Solutions being mixed Observations
Aand C A browa precipitate s formed
Aand E A white precipitate is formed
AandF A brown precipitale is initially formed, and the
preeipitate dissolves when F is in excess,
Band C Only heat is liberated
Band D A pale yellow precipitate is forined stowly
Band E A white precipitate is formed

Identify, with explanation, the contents of the six reagent boltles based on the above information.
(6 marks)

ALO6(1)_03 (modified)

The table below lists the melting points of three oxides of the Period 3 clemenis:
Oxide Na. 0 AbO; SO
Mecling point /°C 920 2040 ~75

Account for the large difference in the melting points of the three oxides.

{3 marks)
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ALOG(1)_03
Write chemical equations for the following reactions:
{a) The reaction of S(s} with concentrated HNO; {0 give SO4*(aq) and NOx(g).

{1 mark)
(b) The reaction of Mn®(aq) with Oa{g) under alkaline conditions to give Mn(OH)s(s).

{1 mark)
(£) The disproportionation of MnOs?-(aq) in water to give MnO4~(aq) aidl MnOx(s).

(1 mark}

ASLOG(IN)_{1  [Similar to DSEI3_13]
The symbhols p, q, v, 3, £, u, v and w represent eight consecutive elements in the second and third
periods of the Periodic Table The table below lists their boiling points:

Element p q ¥ s & u A w
Boifing point /K | 4203 | 5103 77 90 85 27 1163 | 1383

(@)  Deduce from the above information whiclk elements g and r represent respectively,

(4 marks)
(b)  Explain why the boiling point of t is higher than that of u.

(2 marks)
(¢)  Explain why the bolling point of v is lower than that of v.

(2 marks)

ALO7() 03
A mixture of Fo™(aq) and Cu®*{aq) is separated by paper chromatography tsing a mixture of
propanone and 6 M HCl(aq) as the mobile phase. Suggest how you would identify chemically the
Fe**{aq) and Cu**{aq) on the chromatographic paper.

{3 matks)

ASLO7(I1)_02 {Similar to DSE15_190)
Account for the difference in hydrofytic behavior of the following oxides of the Period 3 elements:
Ne:0G, Si0: and SOz
(3 tmarks)

ASLOT(II)_03

Aluminium is commonly extracted from bauxite, which contains mainly hydrated alumninivum

oxide with compounds of iron and silicon ag impurities. The extraction consists of two stages: (1)}

removal of impurities from bauxite to give aluminium oxide, and (2) electrolysis of molten

aluminium oxide.

(8} InStage (1), bauxite Is treated firstly with sodium hydroxide solution and subsequently with
carbon dioxide to convert it 1o aluminium hiydroxide. The aluminium hydroxide is then
strongly heated to give aluminium oxide.

Outine the chemisiry involved in obtaining aluminium oxide in Stage (1) and write chemical
equations for the reactions involving the aluminium-containing specics.
{5 marks)
(b)  In Stage (2), an clectrolytic bath consisting of a moiten mixture of ajuminium oxide and
cryolite, NaiAlFs, is used,
Suggest why aryolite is used In the electrolysis,
(2 marks)
(c} Knowing that aluminium is highly sbundant in the earil’s crusl, a student remwarked,
‘Recyeling of used aluminivm objects is economically unsound.”
Do you agree with the student? Explain,
{3 mark)

ALOS(II)_02
The following four substances all exist in the form of white powder:

Baking soda (NaHCO3), cornstarch, finely ground sugar, nrd plaster of Paris (CaSQq4H:0)
Suggest how you would do experi at home fo distinguish the four sut
{You are not allowed to taste the substances.)

ces from one anotlier.

{4 marks)

ASLO9(D)_09 {Similar to DSBI6_14, DSEI9_(4]
Write au essay to discuss the variation in physical properties of clements in period 3 of the Periodic
Table.
{6 marks)

AL10 (1} 03 [Similar to DSEI2PP_13]
State the expected observation in each of the following experiments, and account for the observation
with the aid of chemical equation(s).
Adding NHs(aq) dropwise to CuSOu(aq) untif in excess,
{3 marks)
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ASL10(ID_0S [Similar to DSEI8_14]
Account for the following:
{®) The boiling point of neon Is lower than that of argon.

(2 narks)
(b)  ALOu(s) is soluble in both aqucous acids and aqueous afkalis,

(2 marks)

ASLLI()_04
Although both K and Br are Pesiod 4 elements, KOH and HOBr exhibit different acid-base
behavior.

(2 marks)

ALy 07
For each of the following pairs of species, suggest a chemical {est to distinguish between them and
write the cliemicat equation(s) of the reaction(s) invelved.
(8) Ba’'(aq) and Pb**(aq)
(2 marks)
() Ci{aq) and Br{aq)
(2 marks)

ALI1 (IT) 06
State the expected observation(s) in each of the following experiment, and write the chemieal
equation(s) of the reaction(s) involved,
WaOH(ag) is added dropwise to AIGNO3)(sq) until in excess,
{3 marks}

ALIZ(I)_01 [Similar to DSE(5_10, DSEI7_14}
Apart from complex formation, stale TWO properties of iron that eharacterize it s a tronsition metal,
(2 marks)

ASL12(D)_It ([Similor fo DSEIS_14]
Write an essay on the classificalion of elements according to bonding and siructure, and comment
ot the electrical conductivity property of cach class,
{10 miarks)

ASL12(I)_05 [Similar to DSEI9_14)
Sketeh (he variation of the melting point of the fotlowing elements: Na, Mg, Si, 8 and Cl. Account
for the variation.
(5 marks)
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ASLA3(IN_02 ([Similar to DSEI2PP_09, DSEIS_14]
For the following oxides, comment on their behavior with water. Exploin your answer,

NnzO(s) ALOi(s) SiOx(s) and PyOiofs)
4 marks)

ALL3()_02
Suggest why transition metal compounds are usuatly colored.
(2 marks)

DSENSe_14
Compare (he acid base properties of sadium oxide (Nay0) and sulphur dioxide (802} with reference
to how lhey interact with water molecules.
{4 marks)

DSEI2PP_69 {Similarto ASL13(I1)_02]
(s}  Using the following notations to complete the lable below so as lo provide information aboui
the structure and acid-base property of the oxides of Period 3 elements.

1C: jonic crystal CN: covalent network SM: siniplc molecular stricture
AC: acidic BA: basic AWM aimphoteric
MgO AlLO; Si0: P40 SO,
Struclure

Acid-base property

(2 marks)
(b) By considering the trend of acid-base property and that of bonding of thesc oxides, state the
velationship between the two trends.
{1 mark)
(¢) Ouiline chenical tests to show how these oxides can be classified into acidic, basic and
amphoteric.
{4 marks + t mark)

DSBI2PP_I3 [Similar fo ALI0{I)_03)
In an cxperiment, excess aqueous ammeonia is added to an aqueous sohution of copper(lt) sulphate.
The following cquilibrim is established and the resulting solution is deep blue in color.

Cu¥*(ag) + 4NHiaq) »— Cu(NHy)¢*{aq)

(cy  When H2SO04(aq) is ndded stowly to the equilibrium mixture until in excess, a blue precipitate
is Tormed and (he precipilate subsequently dissotves in (he excess acitl forming a blue solution.
Account for these observations with the help of relevant chemical equotion(s).

(5 marks)
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DSE12_16
Consider the following oxides:

Na; O MgO AlkOs 8i0: PO S0 Che

(@)  Which of the oxides listed above can conduct electricity in molten state?

{1 mark)
b}  Explain why SiO;z has the highest melting point among the covalent oxides listed above.
{2 marks)
(€} Wrlte a chemical equations for the reaction between AL Cs(s) and NaOH(ag).
(1 mark)

DSEI3_13 [Similar to ASLOGQE) 11}
Lithtum, beryllium, carbon (graphite) and nitrogen are elements of the second period of (he Periodic
Table. Arrange them in increasing order of melting point, and explain the order in terms of structure
and bonding,
(4 marks + { mark)

DSE14_11  [Similac fo ALOI(IL)06e]
Vanadium is & transition metal, its chemical symbol is V. The formulae and the colors of three
agueous vanadiun-confaining ions are shown below:
Formula VO(aq) V¥*(aq) V¥(aq)
Color Blue Green violet

{a) DBascd on the given Information, suggest TWO properties of vanadium to characterize it as a
transition metal,
(1 mark)

DSELS_10 [Similar te ASLOZ(D)_02, AL12()_01])
(a) For euch of the oxides below, draw its clcctron disgram (showing elecirons in fhe ontermost
shells only), and stat its behavior in water,

Y NaO
(2 marks)
(i) ChOo
{2 matks)
(b)  Using iron as an example, illustrate TWO characieristics of transition metals.
(2 marks)

DSEI6_14 [Similar to ALOS(IY_01, ASLOS(Z)_09, ASLE2(1)_11]
Arrange sodiura, aluminium, sificon and sulphur in decreasing order of electrical conductivity at
room conditions, and explain your answer in ferms of bonding and strwetnre.
(4 marks + { mark)

479

DSEL7_14 {[Similar to AL99(])_03, ALI2(I)_01]
AL 60°C, MnOy(aq) reacts with Cz04*(ag) in an acidic medium to give Mn?*(aq). COxg) and
H20(l). The graph betew shows the variation of the color intensity of the reaction mixture with time.

color intensity

time
Based on the information above, write the chemical equation for the reaction and illustrate THRER
characteristics of transition melals exhibited by manganese,

(S marks + 1 mark)

DSE18_t4 [Similar to ASLIO (I1)_05, ASL13(I)_02]
Using NayO, Al20; and 80; as examples, illustraic the acid-base behavior of the oxides of the third
periad elements with the aid of relevant reactions.
{5 marks + 1 mark)

DSE19_14 [Similar to ALO2{i1)_02, ASLOS{I)_09, ASL12(il)_05]
The following graph shows an incomplete sketch of the variation in melting points of the clements
in the third period of the Periadic Table,

N

melting point

-

T T T T T T T T

Nae Mg Al Si P § ¢ Ar

(a) Complete the sketeh on the graph above,

(I mark)
(b)  Explain why the melting point of Mg is higher than that of Na,
(1 mark)
e} Explain why the melting point of Si is higher than that of P,
(2 marks)
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DSEZ20_12

12t An experiment was performed to study the following reaction :

KO,CCH(OHICH{OH)CO,Na(aq) + 3H,0.(aq) —» HCOK(aq) + HCO;Na(aq) + 2C0,(g) + 4H,0()
{colourless)

When 10 am® of 0.25 M KO,CCH(CH)CH(OH)CO,Na(ag) and 3 cm® of 6% HzOx(ag) were mixed at
£0°C, it was found that only a few gas bubbles evolved. Then a small amount of pink CoCly(aq) solution
was added to the mixture. Gas bubbles formed vigorously and ths mixture tuned to green due to the
formation of a cobalt(TIF} compound. When no more gas evolved, the green mixture turned back to pink.

There is a view saying that cobalt illustrates THREE characteristics of transition metals according to the
observation of this experiment. Suggest reasons to support this view.

DSE21_12
12, (a) Silicon dioxide is an acidic oxide. However, the pH of a mixture of silicon dioxide and distilled
water is 7.
(it Sugcest why silicon dioxide is classified as an acidic oxide.

(i) Explain why the pH of the mixture is 7.

1)) Phosphorus(V) oxide is an acidic oxide. With the aid of a chemical equation, explain why the pH
of a mixture of phosphorus(V) oxide and distilied water is smaller than 7.

{c) Refer to the following reaction :
Cu0(s)+ HaSQu(aq) —> Cu(s) + CuSO4(aq) + HO(N)

State how this reaction can demonstrate that copper exhibits TWO characteristics of transition
metals.
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*13.

2022

Describe the acid-base properties of the products formed (if any) when the following oxides are added to
water separately. Chemical equations are NOT required.

(©)

Na,O MgO Ale; Clzo
(5 marks)

The major ingredient in a certain brand of iron supplement tablets is FeSOy, Several pieces of these iron
supplement tablets were dissolved in deionised water to obtain an aqueous solution S. The
concentration of Fe?*(aq) ions in solution S was determined by using the following two methods:

)]

Method (I) : using volumetric analysis

-

The chemical equation for the reaction involved in the titration is as follows :

MnOx(aq) + SFe**(aq) + 8H'(aq) — Mn*'(aq) + 5Fe**(aq) + 4H0(1)

25.00 cm® of solution S was acidified and then titrated with Q0041 M KMnOs(aq). The mean
volume of the KMnOs(aq) required to reach the end point was 32.35 cm’. ’

(1)  The colour of the reaction mixture changed from pale yellow to pale pink at the end
colowr pale <
point of the titration. Explain the colour change. .

(2) Calculate the concentration of Fe?*(aq) ions in solution S.
(4 marks)
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Marking Scheme

MCQ

CE08_22 A(33%) CEI03I A(G0%) DSEI2PP 30 A DSEI2PP_35 B
DSEI2_31 A(81%) DSEI3 26 C(72%) DSE13 36 C (62%) DSEl4_36 C (66%)
DSE15_25 B(49%) DSDI5 35  B(69%) DSEI630  p(es®%) DSEM 30 C(77%)
®SEI6 36 A(65%) DSEI722  D(S0%) DSEI725  B(75%) DSEI7T30  AQ(37%)
DSE18_28 B (69%) DSEBI8 32 D(45%) DSEI9 33 A

DSE20_28 B DSE20_30 B
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Struciural Questions
AL96 (1) 04n
(i BaQ dissolves forming colorless sclution.
Heat ovolyes
(i} (1)  Nochange/solution remains colotless,
(2)  White precipitate £ solution turns mitky.
Precipitate redissolves / solution furns clear again.

AL96 (H)_06c (imodified)

Any THREE of the following:

+  Tixhibition of variable oxidlation states, c.g. Cu* & Cu? / V2, V¥ voM vo,*

»  Formation of colored compounds, e.g. Cu®*{(ag) is blue, VO2*{aq) is yeliow

s Exhibition of eatalylle properties, e.g. V2Os in contact process, CuO in syngas
formation.

»  Exhibition of paramagnetic properties, ¢.g. Cu?*/ V' are paramagnetic

AL9S (1)_03b
®

melting point wew

Li Na K

Atomle size: Li <Na <K
% Atteaction of nucleus on the delocalized electron / strength of metaliic bond
decreases in the order: Li > Na > X, hence m.p. decreases.

e

@iy

boiling point

. \

Na  Mp Al

The stomic rading decreases and the no. of clectron invelved in metallic bond
ineresses in the order: Na, Mg, Al
~ Altraction of nucleus on the delocatized electron in the same order.

i
¥l
{1
1%}
{1

Bl

i

[l

[%2]

13

[4}
(]
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ALS? (1)_03
{a} M0 + S5C04% + ISHY —= ZMn?* + 10CO; + 8H0
(»  Mn? acls as a catalyst for the reaction

At the beginning, when [Mn?'] is low, rate of reaction is slow

When [Mn®*] builds up gradually, the reaction accurs much faster

ALSH (1) 03

Heat the sample

Water vapor will turn anliydrous CoClz from bluc to pink / anhydrons CuSO: from
svhife to blue.

(6 mark if heating is not mentioned.)

ALOZ (D) 03

Hydrated Cu(OH)2 has a very low solubility in water / concenteation of Cu*(aq) in the
liquid portien is very low. » It hos & very pale biue color,

The extent of hydrolysis of NH¢(aq) is very small. fNHx(aq)] in NH4Clag) is very low.
Thus, the concentration of [CuNH3)4P*(aq) is low.

NHj(aq) reacts willh Ca(OH)(s) to give a complex ion [Cu(NH3)i[*{(aq) which has a deep
blue color.

Cu(OHN(s) + 4NHi(aq) =~== [Cu(NH}J*(aq) +20H(aq)

ALO2(1} 03

CO; exists as simple molecules and the intermolecular attraction is van der Waals® forces,
810; has a glant covalent network structure,

Attraction between CO; molecules is weak, but atiraction between Si and O atoms in
Si02(s) is strong.

ASLO2{T)_04
3000

2000

1000

temperature (K - »

0 1 L i
Na Mg Al

Strength of metallic bond Increases with number of electrons taking part in metallic
bond per nton and decreases with lucreasing in size of atom.

For Na, Mg and Al,

No of valence efectron : Al> Mg > Na
Size of atom: Al < Mg <Na

Hence, boiling point increases in the order A1> Mg > Na

N E o o &5 By
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ALO2{I1)_02

@) Silicon has a glant covalent network structure.
Meliing of Si involves breaking down of thie network structure, n lurge number of
covalent bonds, Hence, a large amount of epergy is required.

(b)  Strength of metallic bond increases with number of electrons taking part in
metaliic bond per nfom and decreases with increasing n size of atom.
For Na, Mg and Al,
No of valence electron : Al > Mg > Na
Size of atoni: Al <Mg <Na
Hence, boiling point increases in the order AI> Mg > Na

{c) For metals, melallic bonding persists in the liquid state and this strong bonding has
to be overcome during vaporization.
Non-metals (P, S, CI, Ar) cxis as simple molecules. The molecules are lield by week
van der Waals® forces. Only a small amount of energy is needed for the clements in
liquid state to undergo vaporization.

() Sulphur exists as 83, phosphorus as Py, chlorine as Clz and argon as Ar.
Strength of van der Waals’ forces depends on the number of electrons permolecules
{ relative molecular mass / polarizability of molecutes,
Sz has the larger molecular size. Honce, melting point of sulphur is the highest.

ALO5(1)_01

(a) (%)

it 12 13 14 15 i85 17 t8
atomic nuntber

(b}  Explanation:
Na, Mg and Al are good clecteical conductors.
Ror Na, Mg and Al, the number of valence clectrons available for delocalization
increases with atoniic humber. -~ electrical conductivity increases.
Si s a semb-conductor.
P, 8, Cland Arexist in simple niolecular structures. They do not possess delocalized
electrons for electrical conductivity and are insulators,

ALGSUI)_04
(@  Patisl: 2A15) + OGHYaq) —= 2AP*ag) + 3Hig)
i ARG A AOHT(). T ANORMS) ¥
Path Il;  2A1(s) +20H "(aq) + 6HhO(}) — 2AI(OH)s (aq) + 3Ha(g)
AOH}(aq) + H'(aQ) — AIOHNs) + H:0Q)

[
g

[1}
[t

1]
%l

(]

(]

[
[t

f2]

{t

(t]
{1

8]

0.

[
M
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() Pathk  Production of 2 mot of AOH)) requires 3 mot of H2804 and 6 moi of
NaOH
Path II;  Production of 2 mol of AIOH); requires 1 mol of H2804 and 2 mol of
NaOH
©) Path 11 is better because less reaclants are used
and less heal is produced.

ALO5(IH_01L

The six sofutions are:

A: AgNOs(aq) B: HaSOsfaq) C: NaOH(nq)

D: NayS:03{aq) E: BaCly{(rq) T: NHi(aa)

A is AgNOs(aq)

C is NaOH(aq) while ¥ is NHs(ag)

€ and ¥ ore alkalis beeause AgNOs(a) reacts with alkalis to give brown Aga0{(s}
24g*aq + 20H(ag) —+ AgOs) + HOW

AgOa(s) reacts with excess NHalaq) to give [Ag(NHsh] (aq)
Ag0() + H0() + 4NHyag — 2[Agila)l'ag + 20H (g

B is Hz804(nq) as it undergaes neatralization with C. (heat is evolved)

E is BaCla(aq) as il teacts with SO4¥(aq) iogs (in B) to give nwhite precipitate.
Ba¥(aq) + SO«~(aq) —= BaSOu(s)

E also reacts with AgNOs(aq) to give a white precipitate AgCl(s)

D is NayS203(nq)) because it reacts with acid (B) to give a pale yellow precipitate.
S:0%{aq)+ 2Hag) — S) + SO0Ag) + H0(D)

ALOG{T)_03 (modified)

NnO(8) and AL O3(s) are ionic compounds. SOx(g) is a covalent compound and i exists os
simple molecules,

‘The attraction between SOz molecules is weak van der Waals® forces, « SOa(g) hos a very
low melting point.

The charge : radius ratio of AP is greater than that of Na', ALOafs) has a steonger tonic
bond than that i NazO(s). » m.p. of AhO3(s) > m.p. of Na2O(s)

ALO6(D)_03

() S{9) + GHNOxaq) —= HiSOsaq) + ZH:0() + GNOafg}

®©)  4MoMeq) + Oxg) + 8OHT(ay) + 2M0() — 4Mo(OH)(s)
(€ 3MnOf(aq) + 2H:0() — 2MnO¢(ag) + MoOys) + 40H (g

ASLOGERH_UL

(®) ¢ has the highest b.p. and
« sudden drop in b.p. occurs fromq to v,
q: carbon  r: nitrogen

(b)  Boih t and u have simple molecular structure.
t has more electrosn while u has less electrons,
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OR t exists in dintomic molecules while u in monoalomic molecutes
t has stronger van der Waals”forces than that in .
{c)  Boih v and w have metailic bonds.
Number of clectrons participated In metaliio bond formation in v is less than that in
W,
Cationic size of v is larger than that of w,
So metallic bond of v is weaker.

ALO7()_03
Place the chromatographic paper in an atmosphere of ammonin.

Fe**{nq) reacts with OH (aq) to give brown Fe(OH):(s).

Cu**(aq) reacts with NHa(aq) to give deep blue complex [Cu(NH3)s]* (aq).

ASLO7()_02
N620 s an fonic oxide, OF reaets with H20 to give an alkaiine solution.

0 4+ H0 ~— 20H"

510, has a giant covalent network structure. It has no reaction with watcr,

Ta 80y, S carries a partial positive charge and it is susceptible to (nucleophititic) attack by
Hz0. An acid sohution is formed.

H:0 + 80 —= Ha80;

ASLO7(1) 03

{m)  Aluminium oxide is amphoteric. It reacts with NaOH(aq) to give AHOH)4 (nq).
AbOas) + 20H(aq) + 3H0() —= 2[ANOHM]{aq)
Compound of siticon will also react to give soluble silicates.
Oxides of iron are nol amphotere, They can be eemoved by filimation.
CG; is weakly acidic. Addition of CO; can convert AHOH)(aq) to ALOs(s) while
the silicates remain unreacted.
[AOH}u} (aq) + HY(ag) — AHOH)(s) + HO0)
The A{OH)(s) is removed by filtration and then heated to oblain AL Os{(s).
2AUCHN(S) — ALOs) + MLO(g

(6)  AhOx(s) has a very high melting point.
Additional of cryolite can lower thie temperature of the electrolytic bath,

(c} No.
Open-end question, Possible answers:
The extraction of Al from its ore involves electrolysis and a huge amount of energy
is reqquired.
Alumninm objects do npt contain muach impuritics. Cost of renoval of impuities is
low.
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ALOB() 02

(This question has many pessible answors, Marker should exerclse their Judgment when
awarding marks, The principle for awarding martks is | point for giving a correet test for
each of the compounds.}

Por cxampte,

Add water, Ony baking soda and sugar are water soluble,

To the water-soluble substance, add vinegar. Only baking soda give effervesconce.

Plaster of Paris gives a lot heat when added to water,

For the watcr-insoluble substances, add tincture of fodine, Only starch will give a putple
color,

ASLOS(1) 09

Boiling point: increases from Na to Si and then decreases to Ar.

Fror Na, Mg aud Al, the interatomic atiraetion is metallic bond, Hs strenigth increases with
the number of valence slectrons, » b.p. Na < Mg <Al

Sihas a giant covalent network structure. It hos the highest boiling point,

For the simple molecules, the intermoleenlar altraction is van der Waals® forces. The
streigth of which depend on relative molecular mass, Phosphorus cxists as Py, suiphur as
8, chlorine as Clz and argon as Ar. = bp. Ar < Ch <Py < 8

Melting point: increases from Na to §i then decreases to Ar,

Melting point depends on both the strength of intoratomic / imermolecular forces and degree
of compaciness of particles in solid state.

For Na, Mg and Al the interatomic atiraction is metallic bond. Hs strength increases with
the number of valence efectrons. ~ b.p. Na < Mg <Al

Sikhas a glant covalent network structure, It has the highest boiling point.

For the simple molecules, the int tecular attraction is van der Waals' forces. The
strength of which depend on relative molecular mass, Phosphorus exists as Pa, sulphur as
Sg, chlorine a8 Cl; and argon as Ar. & m.p. Ar < Cly <Py < 8

Blectronegativity: increases from Na to Ci
As the atomic decreases across the period, the effective nuclear charge exporienced by the
outermast electrons inoreases. Henco, electronegativity increases across the perfod,

ALIO(D) 03

A pale blue precipitate is formed. The precipitate dissolves in excess NH;(aq) to give a
decp blne solution.

Co*(ag) + 20H-(3q) — Cu{OHh(s)

Cua(OHp(s) + 4NHy(l) === [CuNH:}]™(aq) + 20H(aq)
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ASL10 (Ty_05

(a)  Both neon and argon exist as monoalomic molecules. Their intermolecular [}
attraction is van der Waals® forces,
Ar has a greater number of electrons per molecuie / has greater relative molecular {1}
{atomic) size / has greater polacizability. » Ar has a higher boiling point.

()  AhOs(s) is smphoteric, i
AhOs(s) + 6H'(ag) — 2AF'aq) + 3H0(}) 4]
AlhOi(s) + 20H (aq) + 3H20(1) — 2[AI(OH)s} (aq) [%]

ASLiI(i) 04

K is highly electropositive while O is electronegative. In KOH, K exists as K* fonsand O [%}
as OH~ logs.

KOH is basic because it ionizes in water to give K*(aq) and OH(aq) fons. I3
HOBr is acidic because it ionizes in water to give H{(aq) and OBr{aq) fons. []
HOBr{aq) =~ H'(ag) + OBr{aq)

Br is an electronegative element. lonization of HOBr is in waler gives H*(aq) and OBr{aq}

instead of OH~(aq} and Br'(aq} as the latter system is highly unstable, 7 OBr{aq} is  [%]
stabilized by elecironegative Br.

AL 07
(@)  Add HCl(rq) / KCl{ng). Only Pb**(aq) gives & white precipitate. 3}
Pb¥(aq) + 2CH(aq) ~—= PULCIx(s) 13

OR, Add NaOH(aq). Only Pb**(aq) gives a white precipilate which is soluble
in oxcess alkali).
Pb*(aq) + 20H (aq) — Pb{OHx(s)
Pb(OH)s) + 20H (ag) —= [PH{OH)s]*(aq)
OR, Add Kl(aq). Only Pb?*(aq) gives a yellow precipitate.
Pbi@aq) + 21{aq) — Pbha(s)
) Add acidified AgNOs(ag). Cl-{aq) gives a white precipitate, while Br{aq) givesa  [1]
pale yellow precipitate,
Ag'lag) + Cliaq) —= AgCl(s) g
OR, Add Ch{aq). Only Br(aq) gives a brown solution.
Clafaq) + 2Br(ag) — Bnfaq) + 2Cl{aq)
OR, Treat solution wit scidified KMnQOu(aq). Cl-(aq) canses decolorization
slowly; Br{aq) gives an orange solution.
10X-(aq) + 2MnOs™(aq) + 16H(ag) —= 5Xa(g/) + 2Mn?* (aq) + 8H0(1)

ALLL (f)_06

White precipitate {s formed and the precipilate dissolves in excess alkali to give s [1]
colorless solution, [
CAPYag) L 30HYeq). = ANOIDAS) . m
Al(OH)(s) + OHY(aq) — [AKOH):](aq)

438

ASLI121) 01

Any TWO of the following: 21
¢ Fecompound are colored, e.g. Fo¥’(aq) is yellow,

o Iron/ TFe compounds can fiave catalytlc properties.

» e.g. Fe in the Haber process / Fe*{aq) catalyze the reaction of I(aq) with $:0¢7(uq).

»  iron can exhibit variable oxidntion states, e.g. Fe*" and Fe**

»  Muny Fe compounds are pasamagnetic, e.g. Fe'.

¢ Many Fc compounds are non-stiochiometric, eg. FeS.

ASLi(})_It

Chemical Knowledge (10 marks)

Chemical knowledge (including bonding, structure and electrical conducting property of
solids) covers four arcas A, B, Cand D.

Solid substance can be classified into four types, namely nictals, moleculsr solids, glant
covalent network solids and ionic solids.

A.  Metal (and alloys) o,g. Na, Fe 13}

- Bonding between atoms is metallic bond which is non-directional,

Metaltic bond is electrostatic altractton between metallic cations and detocalized
clectrons.

- Melals are good electrical conductor as the delocalized slecteons can move in the
direction of the applicd voltage.

B, Molecylar sofid {51

Simple molecular, ¢.g. P4, Sg, glucose, ete.

- Within a molccule, atoms are aitracted by covalens bond / sharing of clectrons.
Alraction between molecules is mainly van der Weals' forces, sometimes
hydrogen-bond or even ionic bond.

- Most simple moleculur solids are insulators as molecules are electrically neutral.

Macromolecular, ¢.g. polymeric materials, proteins, carbohydrates

- Bonding between atoms in molecute is predontinately covalent bond.

Attraction between molecules is commonly van der Wanls® forces, e.g. polyethene
- Most polymeric materials are insulalor, e.g. polyethene
C. Covalent netwotk solid, e.g. Si, C, 80z 31

- Bonding between atoms is covalent bond in covalent network structure (dismond
1 geaphite / silicon) o )

- Dlecirical conducting property:

Insulators (e.g. diamond / silica) + explanation (bonding elecirons arc localized)
Conductors (c.g. graphite / carbon nanotubes)
Semi-conductors {e.g. $i). The elecltical conductivity of semi-conductors
increases with temperature and is affected by the addition of doping agent{e.g. In
an 8b)

D. lonic solid, e.g. NaCl, MgO 31

- Bonding between cations and anions is ionic bond / transfer of electrons from an
electropositive atom to an electronegative atom,
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- Stencture: giant ionie lattice, e.g. NaCl structure, CsCl structure
- With cations and anions occupying fixed positions in the lattice, jonic solids
caunof conduet electricity.

ASLI2(11)_05

o

myp./2C
N

Na Mg Si § i

cloment
Both CI & S oxist as simple moleeules, Their intermolecular altraction is van der Whaals'
forces.
They have low melting point.
Botl Na & Mg have metallic structuce. Their interparticte attraction is metallic bond.
Si hias a covalent network structure, The atoms are tield by covalent bond. It has the higher
melting point mmeng the five elements,
Chloring exists as Clz molecuies and subphur as Ss.
The strengih of van der Waals' force increases with the number of electrons in the mwolecule.
~m.p. of 8§ > m.p. of Cl
Metallic bond strength is affected by {I) no. of valence elestrons per atom participating in
melallic bonding; (2) atomie radius; {3} degree of compactness.
As compared with Na, (1) Mg has greater number of valence electrons, {2) Mg atoms has a
smaller size, and (3) Mg atoms are more closely packed in solid state. & m.p. of Mg > m.p.
of Na,
{For metallic bond steength, accept any ONE of the correct explanations.)

ASL13(In_02
Behavior with water:
- Na;0(s) dissolves in water to give an alkalinc solution,
- ALOs(s) and Si0:(s) are insoluble.
- PsOu(s) dissolves in weler to give an acldic solution.
Explonation:
Across period 3, the structure of the oxides changes from ionie crystals lo covalent network
and then to simple nelecules.
- Na;O(s) is &n ionic oxide, The 0% jons react wilh walcr to give OH*(aq) ions.
- ALOs(s) is an ionic solid with a very strong fonic bond. The interactions between ions
and water are much weaker than the jonic bend in AL:O3. It is insohuble in water.
- 8i02(9) has a giant covalent network stewclure, Its atoms are bounded by steong
covalent bonds. It is insoluble in water.
- PaOya(s) hydrolyzes in / reacts with water to give an acidic solution,
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AL13(1 02

Transition metal fons usually have unoccapied 3% (or 4®) electroxn shell,

Transition of electrons in these electron shell involves absorption of clectromagnetic
radiation in the visible light region,

Thus transition metal compounds are usually colored,

DSELISP_14

Sodiium oxide dissolves in water to give an alkaline solation (NaOH(aq)).
NaOfs) + MO{) —~ 2Na'(ag) + 20H(aq)

Sulphur dioxide dissolves in water to give an acidic solution (Ha2S0s(aq)).
80x(aq) + HO(l) == SO0i*(aq) + 2H'(aq)

DSBI2PP_09

(a) MgO AlOs §i0; PsOro 80;
Structure ic IC CN SM sM
Acid-base BA AN AC AC AC
property

{t)  Tonic oxides are bosic, while covalent oxides are ackiic,

(e} (In this question, award [ mark for the reagents used in each of tests for rcidic, basic
and ampoteric oxides, and | mark for a correct observation. One possible method is
shown below.)

Add each oxide to HCl{aq) and measure the pH of the mixture, Onfy MgO(s) and
ALOs(s) react with HCI(aq) and the pH increases, These two oxides demonstrate
basic propertics,

Add cach oxide 1o NeOH(aq) and measure the pH of the mixture, Ouly ALOs(s),
§10u(s), P4O1ols) and SOx(g) react with NaOH(aq) (SiOx(s) reacts with hot cone.
NaOH(aq), and the pH decreases. These oxides demonstrate acidic propertics,

A1 Os(s) reacts both cases. It Is amphoteric,

Lffective communicstions (Award I mark [ candidates can express their ideas
clearly.)

DSE{2PP 13
© HzSOq(aq) veacls with the NHi(aq) present:
H*@q) + Nihfag) — NHe'(eq)
OR, H804(aq) + 2NHi(aq) —= (NH):80i(aq)
Removal of NHz(aq) causes the position of the following equitibrium to shift to the
left,
Cu*(agy + 4NHy{aq) —= Cu(NHz:*(aq)
NHs(aq) is a weak base:
NHs(aq) + H0() ==~ NH¢(rq) + OH-(aq)

When [C*(aq)] builds up it will renet with the OH(aq) fons 1o give the blue

precipitate.
CuM(ag) + OH'(2g) — Cu(CH)(s)
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When excess HaSO4(nq) is added, it will react with the Cu{OB)a(s) formed fo give
a blue solution.

Cu(OH)(s) + 2H" — Cu¥'(aq) + 2H0)

(3 marks for chemical cquations; 1 mark for explanation of the shift in equilibrimm
position; ! mark for the fonmation of blue precipitate.}

DSEI2_I6

(@ NmO, MgO, ALO;

b) S10; has & giant covalent structure, and the Si and O aloms are linked by strong
covalent bonds. (Not accept strong covalent structure / giant covalent bonds)
Other covalent oxides are discrete molecules attracled by weak van der Waals®
forces / weak intermolecular forces / weak dipolar Interactions. (NOT accept VDW
forces)

(&) ARO; + 200 + 3H0 -——= 2AHOH)
OR AhO; + 2NaOH+ 3H,0 —= 2NaAl(OH)

DSEL3 13

Nitrogen < fithivin < beryllium < carbon {graphite)

Nz has the lowest melting point as it has a simple molecular structure, weak van der
Whaals® forces / intermolecular forces need to be overcome,

Both Li and Be have metallle structure, metallic bond in L1 is weaker than that in Be.
» Li < Be in melling poinis.

C has the highest melting point as it has a giant covalent structure, large amownt of energy
is needed to break strong covalent bonds befween atoms In melting.

Effcctive communication

DSEl4 11
(a)  Venadium exhibits variable oxidatien numbers and its ions in aqueous solution
carry colors,

DSE15_10

U EEE

It gives an alkaline / a base sofution / NaOH / sodium hydroxide

') N,
()

...} gives an acidic solution { HOCH/ hypachlorous acid |

i

M
(i
(1

]

i
{1

3
fi

1}

it]

{1

)

gl

i)

492

(b)  Any TWO of the foltowing {answers should have examples) 23
- TFe can have variable oxidation numbers —+2, +3, Fe?*, Be?
- Feocan acls as a catalysl — ¢.g, Fe in Haber Process
- Fe forms eolored compounds — Fe?*(aq) is green, Fe¥*(aq) is yellow
. Fecnn form complexes - e.g. the Fe complex in rust indictor, K3{Fe(CN)]
- Te lias magnetic properties ~ c.g. iron nictal can be atiracted by magnets,

DSE{6_14

Electrien] conductivity: aluminium > sodium > silicon = sulphar (or: siticon > sulphur) 1]
Any 3 of the lollowing Htems, each | mark 31
- Both atuminium and sediwmn have giant metnllic structures with delocalized /

maobile clectrons so thal clectrical conductivity of them is high / their elestrical
condugtivity is higher than that of siticon and sulphur.

- The number of delocalized / mobile clectrons of aluminium is more than that of
sodium so thet electrienl conductivity of ntumininm is higher than that of sodivm.

- Sillcon has giant covalent structure and ils elecirons are not mobile and eannot
conduct electricity / its electrical conductivity is lower than that of aluminlum and
sodiunt,

OR. Silicon kas glant covalent structure and its clecirons arc not mobile. But sitcon
is a semi-metal and can conduct electricity in some conditions.

- Suphur has simple molecular structure and its clectrons are not niobile snd cannot  [1]
conduet electricity / its electrical condactivity is tower than that of aluminiem and
sodium.

- Effective communication

DSE17_t4

2MuO¢(aq) + 5C2042 () + 16H (8g) 2Mn?Haq) + 10COaaq) + BELO() 11
Manganese exhibits variable oxidatiun numbers. The oxidation number of manganese 1]
changes from +7 in MnO4™ to +2 in Mn® in the reaction.

Manganese forms colored lons in aqueous solution. MaO«(ay) fons exhibit purpte / {1}
Mu?*t(aq) ions exhibil pate pluk.

Froin {he graph, it shows that the reaction rate Increases when Mn* tons form / when  [1}
the reaction proceeds,

Manganese has calalytic propertics. Mn?* ions actas & eafalyst for the reaction. {1}
Compwnication mark 3

Chemical knowledge =0 to 2, mark =0,
Cheical knowledge =3 to 4, mark=0or |,
Incomplete answer / difficult to inderstand, mark = 0)
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DSEL8_14

NuyO(s} dissolves in water to glve NaOH{aq)

NazOfsy + HO(f) — 2NaOH{aq)

OR NeaO(s) reacts with HCl{aq) to give NaCl{ag) and 1120
NaO(s) + 2HClKaqy — 2NaCl(ag) + H.0

AlOs(s) reacts with HCl{aq) to give AlCL(rq) and H20
AROs(s) + 6HCHaqy —= 2AICh(aq) + 3H:0()

ALO3(s) reacts with NaOH(ag) to give NaAI(OH){nq) and HaQ
ALO)(s) + INaOH(@q) + 3H0() — 2NaANOH)(ng)

50,(g) dissolves in water to give HaSOs(aq).

S0g) + H0() — HaS80s(aq)

OR 80,(g) reacts with NaOH(aq) to give Nax$Os(aq) and HaO(1)
SOh{g) + 2NaOHfaq) — Na:SOi(aq) + H20(l)

Able to mention NwaO is a basie (alkallne) oxide, ALO; is an amphoteric oxide, and 803 is
an acidic oxide.

Communication mark

Chemical knowledge = 0 to 3, communication mark =0

Chemical knowledge = 4 o 5, conununication mark = 9 or 1)
[ncomplete answer or difficult to understand, communication mark = 0)

Noles:

€ [f'the candidate gives the answer in the form of a chemical equation, it is not necessary
{0 have the chiemical equation correctly balanced,

©®  The answer should state the rengents and products correctly {including the water
formed in the neutralization reacfion).

®  If the candidate gives the answer in the form of a correct jonic equailon, or sfate
the reagents and the praducts i corveet lonje forms, the answer is considered to
hiave correct chemical concept, but failed to state fhe reagents and products
completely. (Maximum) Deduet | mark for the whole question, Example: if the
candidate only stated 4 correet ionic cquations, but in cach of the entries the reagents
and the products were not stated explicitly, maximum 3 marks will be awarded for the
chemical knowledge,

©  The following answers are considered to have the products staled correctly,
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1: The m.p. of S must not bo higher than that of Mg;
2: The m.p. of Cland Ar must not be higher than that of P:
3: The m.p. of Ar must be lower than that of Cl
() The metalile bond in Mg is stronger than ¢hat In Na as Mg has more delocalised
cleetrons / more utermost shell electrons than Na.
OR The metallic bond In Mg is stronger than that iu Na as Mg has fwe
outermost shell delocalised cloctrons white Na only has one
{¢)  Melting of Si necds high energy to break the strong covalent bonds between Si
atoms in the glant covalent stricture,
Melting of P only needs smaller energy to break the weak intenmolecular forces. / P
hes a simple molecular structure, there arc weak van der Waals” forces between
molecules.
OR St has a giant covalent siructure whife P has a sitple nioleculac stracture,
High energy is needed {o break the sirong covalent bonds belween Si
atoms, while smaller energy is needed to break the wenk van der Wasls’
forces betwean phosphorus molecutes.

DSE20_12

12

Cobalt/Co? acts as a catalyst as the rate of formation of gas bubbles (CO2) increases / rate of
reaction increases when Co?* ions are added,

and the pink Co™ ions regenerate / remain (chemically) unchanged / do not consume at the end
of reaction.

Coloured ion / formation of coloured compound: Co™(aq) is pink / the cobalt(IfT) compound
formed is green.

Variable oxidation states: cobalt has cobait(IT) and cobalt(IlI) compounds / can exist as Co?*
and Co™.

(The answers have 10 be lustrated with the experimental observations provided i the
question )
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