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
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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
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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
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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.
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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%
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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,
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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

r—

— c— — — — ¢ - —

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.

54
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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)
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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)

56
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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,
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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)
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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.

77
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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

O —
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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

— ¢ — r— O 0 et

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.

—
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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
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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
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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)
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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
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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)
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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,

! A Em Emomm BB,idRd Byds&Tite
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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.
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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)
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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
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(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)

7z
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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)
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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)

Provided by dse.life




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)

131

Provided by dse.life




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)
148

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)
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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.

Provided by dse.life



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:
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catheds
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P intinum
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Very dilate
Pty =
Mo {3 Peasdure
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Lopper
aniede
Lonseniratid
Lullr ¥ ; . -
solulion {1 Quservetinn (a3 Justifications
Copper
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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
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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*

=2 &= PRoded BydsEle

{1

2]
£l
2]

{H

ft
1
{t]
Al
3]
R

i1
m
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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
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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

Provided by dse.life
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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
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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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H-@=¢—C~H  OR  H-0mCeOm0-H
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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.
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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
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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$04(aq) is consumied. The density of the [%]
Acidiffed KMnOua(aq) can oxidize Fe**(aq) battery acid decreascs.
(i)  Cannot be predicted from the given information n (i) I the battery is charged with a high voltage, the PbOa(s) formed will not  [1]
The experimental results only reveal the foliowing: adhere strongly to the fead plate. The life of the battery will become shortened.
Qxidizing power: MuOs(aq) > SG42(aq), and MnO4~(aq) > Fe**(ag) n
No comparsion of oxidizng power between SO4*(aq) and Pe**(aq) can be
obtained.
183 184
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ALOT()_02
2— k.
0 O
1 i
0—$—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

189

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

4 - 4 t ; Lyy 4 '._!

(i)
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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
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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
i

it
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m

i

m

{ii
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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
[t
{1

[
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[

t1
{11
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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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