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1 Following J. J. Thomson’s discovery of the electron in 1897, Ernest Rutherford devised
the celebrated gold foil experiment, which led to a better understanding of the structure of
the atom. In the experiment, a beam of heavy a particles, gHez* , was fired at a piece of

thin gold foil as target.

As expected, most of the a particles passed straight through the gold foil undeflected.
However, some o particles are scattered, and a small number in fact deflected right back
to the source.

some a particles are scattered most a. particles
are undeflected

beam of a
particles

h thin gold foil

b\

circular fluorescent screen

source of a particles

Which of the following conclusions cannot be drawn from the gold foil experiment?

A Atom is mostly empty space.

B Atom possesses a region of positive charge.

C Electrons in atom orbit around a dense positively charged region.
D

The positive charge in an atom is concentrated within a very small volume.

2 The most common oxidation state of americium, Am, in aqueous solution is +n.

Recently, Cu®" has been shown to quantitatively oxidise Am"*(aq) in dilute HNO;3 to the
+2n oxidation state, while itself is reduced to Cu?*.

In an experiment, 25.0 cm® of 0.0100 mol dm~ Amn*(aq) was found to require 15.0 cm?®
of 0.0500 mol dm=3 Cu?* for complete oxidation.

What is the formula of the americium containing species formed?

A Am* B AmO: C AmO; D AmO¥

©EJC 9729/01/J2PE/18



3 In which sequences are the molecules quoted in order of increasing bond angle around
the central atom within the molecule?

A OF; CHa4 SFe
B HO O3 N20O
C PF; BF3 IF;
D NO; SO, CO;

4 Unlike the reaction of ammonia with hydrogen chloride to give ammonium chloride, the
reaction of ammonia with hydrogen fluoride produces colourless crystals of ammonium
bifluoride, NH4HF2, which contains the bifluoride ion, HF5:

NHs(g) + 2HF(g) — NHsHF(s)
Which of the following chemical bonds are present in the ammonium bifluoride crystals?

1 ionic bond
2 dative bond
3 hydrogen bond

1,2and 3
1 and 2 only
2 and 3 only

oo w >

1 only

5 The value of pV is plotted against p for two gases, an ideal gas and a non-ideal gas,
where p is the pressure and V is the volume of the gas.

pV 4 non-ideal gas

Y4

ideal gas

> p

At which points on the graph, is the intermolecular forces of attraction within the non-ideal
gas, the dominant factor accounting for deviation from ideal gas behavior?

A Wonly B Wand X only
C W,XandY only D W, XandZonly
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6 There are conflicting interpretations for the origin of the acidity of aqueous boric acid,
B(OH)s. Some believe that the acidity is exclusively from the following equilibria:

B(OH),(aq) + H20(l) = B(OH),(aq) + H'(aq)

Which of the following statements pertaining to this interpretation of the acidity of boric
acid is incorrect?

A Boric acid is an Arrhenius acid.

B Boric acid is a Brgnsted-Lowry acid.

C Boric acid is a Lewis acid.

D Boric acid is a weak monobasic acid.

7 Chlorides of Period 3 elements dissolve in water to form aqueous solutions.

Which of the following sequence shows the order of increasing pH of the resultant
solutions formed when these compounds are dissolved in water?

A ALCl MgCL < NaCl
B  MgCh ALCl < SiCl
C PCls < MgCh ALCIs
D SiCl ALCls < PCls

A

A

A

A

8 For the elements in Period 3 of the Periodic Table, which of the following sketches shows
the correct trend in the stated property?

A atomic radius / nm B melting point / °C

A A

NaMg Al Si P S CI NaMg Al Si P S CI

c electronegativity D electrical conductivity

A A

NaMg Al Si P S CI

>
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9 Sodium reacts with water to form sodium hydroxide and hydrogen.
2Na(s) + 2H,0(1) — 2NaOH(aq) + H,(9) AHP

What information is needed in order to calculate the standard enthalpy change of reaction,
AHF?

1 AHZ for Hz(g)

2 AHZ? for H20())

3 AHS for NaOH(aq)
4 AH? for Na(s)

1 and 2 only

1 and 3 only
2 and 3 only

w B o T v I

1,2 and 4 only

10 Which reaction represents a standard enthalpy change at 298 K?
02

C(g
2C(s) + 6H(g) - C,H;(9)

g) - O(g)
+ 0, (g) — CO, (g)

[NJEN

(
)

o o mw »

CH,(g) + 20,(g9) — CO,(g) + 2H,0(g)

11 The reaction between A(aq) and B(aq) has a rate constant of 9x1073 moldm®s™.
Which one of the following is a possible rate equation for this reaction?
A rate=k[B(aq)]
B rate=k [A(aq)]2
C rate=k[A(aq)][B (aq)]2
(aq)

D rate=k[A(aq ]2 [B(aq)}2
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12 The half-life of the first order gaseous reaction in which X, molecules become converted
into X atoms is 20 minutes.

1 mol of X is put into a sealed vessel at pressure p.

Which of the following will be correct when 87.5% of Xz has been converted into X atoms?

1 60 minutes have elapsed.

2 1.75 mol of X atoms have been formed.
3 The total pressure is 12 (at constant temperature).
1 only is correct

1 and 2 only are correct

2 and 3 only are correct

o0 W >

1, 2 and 3 are correct

13 The graphs below show how the percentage of gaseous products present at equilibrium
vary with temperature and pressure.

% products at 4
equilibrium

T°C

(T +10) °C
» pressure

Which one of the following reactions could the graph represent?

A 0,(g) = 2NO,(g) AH = +57 kJ mol™
B ( ) + L(g) = 2HI(g) AH = +53 kJ mol’
C 2C(s) + O,(g) = 2CO(9g) AH = -221 kJ mol™
D N,(g) + 3H,(g) = 2NH,(q) AH = =92 kJ mol-!
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14 L and M can react together to reach equilibrium in the reaction below.

15

L(g) + M(g) = Q(9) + R(9)

In an experiment, 1.0 mole each of L and M were reacted at constant pressure P and
temperature 350 °C. The amount of R present in the mixture at intervals of time was
recorded. The experiment was repeated at the same pressure P, but at a temperature of
700 °C. The results for both experiments are shown below.

A
1.0
g 08 350, °C; pressure P |
~~ /——
% ~
% 06 —
€ 04 . 700:°C;-pressure-P—
é I///
c 0.2
U/
0.0 » time

Which one of the following information cannot be deduced from the graph?

A The value of K, at 350 °C.

B The forward reaction is exothermic.

C The activation energy of the forward reaction is high.

D The equilibrium is achieved at a faster rate at higher temperatures.

The table gives the concentrations and pH values of the aqueous solutions of three
compounds, X, Y and Z at 25 °C. Each compound could be an acid or a base.

X Y Z
concentration 1.00x10* mol dm3 1.00 mol dm™3 1.00 mol dm™3
pH 4 3 14

A final year student made the following conclusions:

1 Xis astrong acid and Z is a strong base.

2 The extent of dissociation of X(aq) is higher than in Y(aq).

3 Mixture of equal volume of Y and Z will give a resulting solution of pH > 7.

Which of the above conclusions are correct?

(w B o B v v

©EJC

Conclusion 1 only
Conclusion 2 only
Conclusions 2 and 3 only

All three conclusions are correct
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16 In which of the following solution will solid silver phosphate, AgsPOQOs, be the least soluble
at 25 °C?

Given that the numerical value of Ksp(AgsPO4) = 8.89x107"7.

A
B
Cc
D

pure water

0.10 mol dm=3 AgNOs(aq)
0.10 mol dm=3 NHs(aq)
0.10 mol dm= NazPO4(aq)

17 Which compound exhibits both cis-trans and enantiomerism?

A

B
Cc
D

CH3CH2CHBrCH=CHBr
CH3;CH=CHCH2CHj3
CH3sCHBrCH=CH:
CH3CBr=CBrCHjs

18 Which structural formula represents 2,2-dimethylpentane?

A

B
Cc
D

(CH3)sCCH(CHs)2
(CH3)sCCH2C(CHa)s
CHsCH2CH>C(CHa)s
(CH3)2CHCH>CH(CHs)2

19 Which of the following hydrocarbons would give the same organic product upon oxidation
with hot acidified KMnO4?

oo w >

©EJC
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1, 2 and 3 are correct

1 and 2 only are correct
2 and 3 only are correct
1 and 3 only are correct
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20 Which of the following compounds reacts with benzene under suitable conditions to form
CsHsCOCeH5?

A CeHsCHO
B CesHsCOOH
C CeHsCH20H
D CeHsCOCI

21 The rate-determining step of two different reaction mechanisms are shown below:

first second
reaction mechanism reaction mechanism
5—
" ) o, CHaCHs
C R WG
HsC™ 1 “CH,CHs Br—C~p TOH
- CH;
:C=N

What do both reaction mechanism steps have in common?

A Intermediates are formed.
B They involve addition of nucleophile.
C The overall rate of reaction is second order.

D The products formed can rotate plane polarised light.

22 2-methylpropan-1-ol can be converted into 2-methylpropan-2-ol in two steps.

CH
3 step 1 step 2 CHs
H3C)\ H3C/k\|9 H
OH O

Which one of the following sequences may be used for the conversion?

step 1 step 2
A PCihatr.tp. NaOH(aq), heat
B conc. H:SOq4, heat alkaline KMnQOy, cold
C ALOs3 with heating H20O with H3PO4 at high temperature and pressure
D alcoholic NaOH dilute H2SO4
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10

23 Tollens’ reagent is added to the following organic compound and warmed. What are the

products formed as a result?

CHj

Silver mirror and an organic compound containing a carboxylic acid
Silver mirror and an organic compound containing a carboxylate salt

Silver mirror and an organic compound containing a ketone and a carboxylic acid

o0 w >

Silver mirror and an organic compound containing a ketone and a carboxylic salt

24 The reaction between ammonia and ethanoyl chloride proceeds via the nucleophilic acyl
substitution mechanism shown below.

o
> step 1 Q) step2 Q step 3 O
HyC T C HaC T <Cl HaC™ = N? HaC™ ™ “NH,
N _N® ¢, H
RN HT L H H
H

Which of the statements is incorrect about the above mechanism?

A Ammonia behaves as a nucleophile.
Arrow pushing in step 2 has been shown correctly.

Ethanoyl chloride behaves as an electrophile.

OO w

Proton loss in step 3 has been shown correctly.

25 Phenyl propanoate undergoes acid hydrolysis in the presence of water labelled with the
deuterium 2D isotope.
Which of the following products are formed?

1 CH;CH,COOD

2 oD

O-

Only 1

1 and 2 only
1 and 3 only
1,2and 3

oo w >
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11

26 The synthesis of an aromatic amide from compound X is shown below.
o-Orw — O
_/ _/ ):O

What is the most suitable reagent to use in this synthesis?

A CH;COCI

B CH3COCH3
C CH;CONH;
D CH;COOH

27 Which of the following shows the nitrogen compounds arranged in order of increasing pKj
values?

A NH3

A

CH3NH; < (CHs)2NH

B CH3CH>NH-» < NHs3 < CsHsNH-
C CH3sCHzNH; < (C2Hs)2NH < CsHsNH2
D CsHsNH. < NHs3 < CH3CH2NH.

28 Use of the Data Booklet is relevant to this question.

The following electrolytic cell is set up.

platinum platinum

1 mol dm™3
CuSO04(aq)

2 mol dm3
Zn(NOs)2(aq) -

5 mol dm3 NiCL(aq)

What is the ratio of the volume of gas formed at the anode in cell W : cell Y : cell Z?

A 1:1:1 B 1:2:1 CcC 1:1:0 D 1:2:0
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29 Use of the Data Booklet is relevant to this question.

The cell shown below is set up.

(V)
Y

Clk(g), 1 bar —m platinum

Ct(aq), 1 mol dm3

Fe?*(aq), 1 mol dm™
AL L —- Fe*(aq), 1 mol dm=

platinum —

Which statements are correct?
1 The voltmeter will register an initial reading of 0.59 V, which decreases gradually
with time.

2 Addition of a few crystals of silver(I) nitrate to the left-hand-side half-cell will
cause the voltmeter reading to increase.

3 Addition of excess solid sodium cyanide to the right-hand-side half-cell will cause
the voltmeter reading to increase.

1 only is correct

1 and 2 only are correct

2 and 3 only are correct

oo w >

1, 2 and 3 are correct

30 Which of the following processes is not involved in the following reaction between the two
transition metal complexes in acidic medium?

[CoCI(NH,), T +[Cr(OH,), ] +5H,0" - [CrCI(OH,),]" +[Co(OH,), | +5NH;

A electron transfer
B hydration
C ligand exchange

D neutralisation
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Answer :

©EJC
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Question  Answer Question Answer
1 (o 16 B
2 D 17 A
3 B 18 Cc
4 A 19 A
5 B 20 D
6 B 21 Cc
7 A 22 Cc
8 C 23 B
9 B 24 D
10 A 25 B
11 Cc 26 A
12 D 27 B
13 Cc 28 D
14 Cc 29 D
15 D 30 B
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2018 JC2 Preliminary Examination
H2 Chemistry 9729
Paper 1 Worked Solution

The positive a particles either passes
straight through the empty space or are
occasionally repelled by the dense positive
nucleus. They are not affected by the much
smaller electrons and hence does not
provide any information about the electrons.

=C

[O]: Am™ — Am*™ +ne”

[R]: nCu* +ne” - nCu®
So, Am™ +nCu®* — Am?™ + nCu?*
25.0

n _—

Am 1000
150
™ 1000

Ny Mgy =1:n=1:3=n=3

%x0.0100=2.5x10"* mol

x0.0500=7.5x10"* mol

Am species formed has O.S. of +6 (AmO;")

=D

OF2:2b.p. +21.p. = bent = 105°
CH4:4b.p. +0l.p. = tetrahedral = 109.5°
SFe: 6 b.p. + 0 1.p. = octahedral = 90°
H20: 2 b.p. + 2 .p. = bent = 105°

Os: /'CS ... = bent= <120°
® 07 \Q:

N20 : :N=N—-0: = linear = 180°
PF3:3 b.p. + 1 l.p. = trig. pyr. = 107°
BFs:3 b.p. + 0 l.p. = trig. planar = 120°

F,, ()

IFs: _I—F = trig. planar = 120°
0
NO: : :94"‘\6: = bent = >120°

SO2:2b.p. +11.p. = bent = <120°
CO2:2Db.p. +0 1.p. = linear = 180°

=B

Bonding in solid NHsHF2:
H ® covalent

bond
| Do

L4 ..

weN jonic [:F——HwuF:
H H bond{ i }
H bond

dative bond

=A

At low pressure, gas particles are far
apart. IMF between particles causes force
they impinge on wall to be smaller and
thus pressure is lower than ideal gas =
ereaI < pVideal

At higher pressure, gas particles are close
together and the volume occupied by
particles is significant compared to volume
of container. Hence the gas occupies a
larger volume than ideal gas =

PVreal > PVideal

=B

v’ Arrhenius acid: Produces H*(aq) in water

% Brgnsted-Lowry acid: H* donor; B(OH)3
accepts a OHand does not donate H*

v'Lewis acid: Lone pair acceptor; accepts
a lone pair fron OH~

v"Monobasic acid: each mole of B(OH)s
reacts with one mole of OH~

=B

7 NaCl: no hydrolysis = pH =7
MgCLt : slight hydrolysis = pH ~ 6.5
MgCl, +H,0 & Mg(OH)Cl+HCI
AICh : extensive hydrolysis = pH ~ 3
AICL, +3H,0 — Al(OH), + 3HCI
SiCL : complete hydrolysis = pH ~ 1
SiCl, +2H,0 —» SiO, +4HCI
PClis : complete hydrolysis = pH ~ 1
PCI, +4H,0 - H,PO, + 5HCI
=A

8 A x: Graph is for ionic radii

B x: Melting point of Si should be highest
due to extensive strong Si-Si
covalent bonds within giant
molecular structure

C v: Nuclear charge increases across
period while shielding effect is the
same, hence ENC increases across
the period resulting in increase in
electronegativity

D x: Silicon being a metalloid should only
have conductivity below that of the
metals (Na, Mg, Al)

=C

9 AHP =) AH? (products) - > AH? (reactants)

=2AH? (NaOH(aq))+ AH? (H,(g)) -

2AH? (Na(s)) - 2AH? (H,0(1))

=2AH? (NaOH(aq))+0 -

0-2AH? (H,0(1))

=2AH? (NaOH(aq)) - 2AH? (H,0(1))
AHZ (H,0(1)) = AHZ (H,(g)) as both
corresponds to the same reaction:

Hz(g) + %202(g) — H20())

=B

10 B x: At298 K, C is a solid
C x: Hydrogen exists as Hz under std state
D x: At298 K, H20 is a liquid
=A

11 Units for rate is concentration per unit time,
in this case, mol dm=2 s

If k has units of mol dm® s, the reaction
must be overall third order:

mol dm™ s~ =(mol’2 dm?® s’1)(mol dm?® )3

=C

12 Given X, (g) > 2X(g),
rate =k[X,], t, = 20 min

1v: 12.5% Xz is left after 3t, (60 min).
i.e. 87.5% of X2 had reacted

X, 4 %xz 4 %xz 4 %xz
50% X, 25% X, 12.5% X,
87.5
2v: n,=2n =2 1=1.75 mol
X X, reacted X 100 x

3V n, =n, +ng :12—'5x1+1.75:1—5 mol
¢ ? 100 8

At constant temperature and volume,

PL_Po_ P, P15 15
n

n, n, n, 1 8 8

13 From the graph,

As pressure increases, % products
decreases. Hence, there must be more
gaseous particles on the product side,
since backward reaction is favoured to
decreases the pressure

As temperature increases, % products
decreases. Hence the forward reaction
must be exothermic, since backward
reaction is favoured to absorb heat

=C

14 Ax: ng=ng n =n,=10-n
Since ng at egm can be read from
the graph, the partial pressures of L,
M, Q and R can be obtained. Hence
Kp can be obtained.

B x: Since the amount of product R
decreases when temperature is
increased, the forward reaction must
be exothermic since the backward
reaction is favoured to absorb heat.

C v: The position of egm does not
provide information about the
kinetics of the reaction

D x: From the graph, it can seen that it
takes a shorter time to plateau at
higher temperature, hence eqm is
achieved at a faster rate

=C

15 pH=4= [H |=10""=10" mol dm™®
= Xiis fully dissociated, i.e. strong acid
pH=3= [H |=10""=10" mol dm™
= Y is not fully dissociated, i.e. weak acid
PH =14 = [OH |=10"" =10"""" =10°

=1mol dm™
= Zis a fully ionised, i.e. strong base

=D
16 Let the solubility of AgsPOs be s mol dm=

K, =[Ag'T[POY]

A: K, =(3s)’(s)=27s* =K,

K
s=#—-2=4.26x10"°

P

N
<

B: K, =(35+0.10)’(s)~0.10°s

sp

S=—2_-889x10™
0.10

C: Ag'+2NH, »[Ag(NH3)2]+

Formation of complex increases
solubility of AgsPOs

D: K, =(3s)(s+0.10)~(3s)’0.10

K
s=3—=2— =321x10"°
27x0.10

=B

17 B x: No chiral centre
C x: =CH2 = no cis-trans isomerism
D %: No chiral centre

= A

18 Structure of 2,2-dimethylpentane:
CH3
SCH,-*CH,*CH,2C-1CH,
CH3



[0] HOQ
19 1v: O— oL 8
$ o

OH
2y //C\‘/\/E\\

sv. [ 1
‘_T-‘{/

X2
HO OH
O O
+
(@] (0] [0]
I C02 + Hzo
HO OH

=C
20 Friedel-Crafts acylation, similar to Friedel-

Crafts alkyation, using acyl chloride instead
of alkyl chloride:

AlCL
+ HCI

it + Cﬂ\©—»me - @
o“-ro-¢fo
do-o'o

AlCl? + H® —— AlCl, + HCI

=D

21 A x: Second mechanism is single-step
Sn2 involving only a transition state

B %: Second mechanism is a nucleophilic
substitution reaction

C v: Since both mechanisms involves
two reacting species in the rate
determining step, both reactions are
second order

D %: The first mechanism involves
addition of the CN~ to a trigonal
planar C=0 which can take place on
both faces with equal chance, hence
a racemic product will be obtained

=C

22 The reaction involves

CHj CH3
step 1 &
H3C)\‘ T HC

OH elimination
(dehydration)

step 2 CHs
—_—

addiion  HsC™ 5 GHs

(hydration)

=C

23 Tollens’ reagent, [Ag(NHa)z]+ OH", only
oxidises the —CHO into —COO- (the salt is
obtained and not —CO:H since Tollens’

reagent is alkaline), while itself is reduced
to silver metal. Alcohols are not oxidised.

=B

24 A x: NHs donates a pair of electrons to the
electron-deficient acyl carbon, hence
a nucleophile

B x: The arrow pushing is correct, leading
to the regeneration of C=0 and
expulsion of the CI” leaving group

C x: The acyl carbon is electron-deficient
as it is bonded to two electronegative
atoms, O and Cl, hence attracting the
NHs nucleophile

D v: The arrow pushing is wrong as the
pair of N-H electrons end up on the
H, which will lead to formation of H-
and a doubly positive N instead

2 ©\ JI\ :
DZO
(0] CH20H3

phenyl propanoate

Qoo
+

2 1
=B

26 Amides are made from the reaction
between an amine and an acyl chloride:

0 o
JI +HNHR — ]

R™ °Cl R™ 'NHR

Amine and carboxylic acid gives an
ammonium salt:

+ HCl

i By
+ NH,R —
RJ\OH R 0P®NH5R
=A

27 Basicity (availability of lone pair of
electrons on N for donation to H) :

Generally R2NH > RNHz > NH3 > ArNH:
as R groups exert electron-donating
effect, rendering the lone pair more
available for donation, while the lone pair
is delocalised into the benzene ring of
ArNH: rendering the lone pair less
available for donation.

Jing basicity = Ting pKo
So pKb : R2NH < RNH2 < NHs < ArNH:

=B

28 W : Nitrogen in NOj is already in the

maximum oxidation of +5 and cannot
be further oxidised. Oxidation of H20

2H,0 > 0O, +4H" +4e”

Y : Due to the high concentration of
chloride, oxidation of Ct occurs
instead of H20

2CI" > Cl, +2e (4Cl —>2Cl, +4e)

Z : Oxidation of Cu instead of H20 due to
the less positive E© . No gas evolved
Cu— Cu* +2e” ©=40.34V
2H,0 >0, +4H +4e” E®=+1.23V

Since the same amount of charge passes

through all three cells, Vo, Vg, = 1:2

=D

29 1v: [R]:ClL+2e =2CI" E°=+1.36V
[O]: Fe® +e” =Fe® E®=+0.77V
Eceen Ereeductlcn - Ecexidatlon

=E°(CL[Cl')-E® (Fe*|Fe*)
=+1.36—(+0.77) = +0.59 V

As reaction progresses, [Ck] Yes and
[Fe*] les. So E(czz\or) les, while
E(Fe3"Fe2’) Tes. Hence Ec Jes.

2 v: Addition of AgNO3 causes AgCl to
precipitate, hence [CF] les. Thus
E (Clz\Cl’) Tes, causing Ecen to T.

3 v: Fe? and Fe®* forms the respective
hexacyano complex with CN™:

[Fe(CN),]" +e =[Fe(cN),]” E*=+036V

Since E2,. les, hence ES, Tes

oxidation cell

=D

30 A x: Oxidations state of Co decreases
from +3in [CoCl(NHs)F’]2+ to +21in

[Co(OH,), |, while that of Cr

increases from +2 in [Cr(OHz)e]2+

to +3in [CrCl(OHZ)S]2+ . Hence

electron is transferred from Cr to Co

B v": Hydration refers to the formation of
the aqueous species from the
gaseous species, which is not
observed in the reaction

C x: The CI and NHs ligands around the
Co ion is replaced by H20, while
one of the H20 ligand around the Cr
ion is replaced by CI". Hence ligand
exchange has taken place

D x: The ammonia ligands around Co®*
upon replacement by H20, reacted
with H3O" to give NH4*. Hence acid-
base neutralisation had taken place

=B
Answer Key

Qn [ Ans | Qn | Ans | Qn | Ans
1 (o} 11 (e} 21 C
2 D 12 D 22 C
3 B 13 C 23 B
4 A 14 (¢} 24 D
5 B 15 D 25 B
6 B 16 B 26 A
7 A 17 A 27 B
8 (¢} 18 (¢} 28 D
9 B 19 A 29 D

10 A 20 D 30 B
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Answer all the questions in the spaces provided.

1 The table below shows the melting points of some oxides of Period 3 elements.

(a) (i) Briefly relate the melting points of these oxides to their structure and bonding.

©EJC

compound chemical formula melting point / °C
sodium oxide Na.O 1132
aluminium oxide ALO3 2980
sulfur trioxide SOs 16

(i) Describe the reactions, if any, of these oxides with water, stating the approximate
pH of any solution formed.

Write equations for all the reactions that take place.
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(b) Suggest a reason for each of the following observations:

(i) Effervescence is observed when aqueous sodium carbonate is added to an
aqueous solution of aluminium chloride. Write equations for the reactions involved.

(ii) Silicon tetrachloride, SiCL, hydrolyses in water while carbon tetrachloride, CCL,
remains insoluble in water.

(c) Gaseous N2Os dissociates to form NO, and O, as shown in the following reaction
equilibrium:

2N,0,(g) == 4NO,(g) + O,(g)

The value of the equilibrium constant, K, is 1.80x10* atm® at 750 K and 3.23x10° atm?
at 700 K.

(i) Write an expression for K, for the above dissociation.

[1]
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(ii) Calculate the equilibrium constant in terms of pressure at 700 K for the reaction
represented below:

1
Eoz (g) + 2NO, (g) — N,O, (g)

[1]

(iii) Will the enthalpy change for the dissociation be a positive or negative value?
Justify your answer briefly.

(iv) State and justify the effect on the position of equilibrium if the total volume of the
system at equilibrium is increased at constant temperature.

[Total: 15]
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2 Halogens have a wide range of uses, such as in water purification and as antiseptics.
Halogens form compounds, such as halides and oxoanions which are used in photography
and as oxidising agents respectively.

(a) State and explain the variation of the first ionisation energy of the halogens from
chlorine to iodine.

(b) Halogens react with hydrogen gas to form hydrogen halides.
State and explain the trend in the thermal stability of hydrogen halides from HCto HI.

(c) Halogens react with the thiosulfate ion, S2O§’. In acidic medium, bromine reacts with

S,0% to form SO? and bromide ions, while iodine reacts with S,0% to form S,0%
and iodide ions.

(i) Write an ionic equation for the reaction between iodine with the thiosulfate ion.

(i) By quoting suitable values from the Data Booklet, explain the difference in the
products formed.
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(d) 5.0x10~* mol of a bromate salt containing the BrO}~ anion was added to 25.0 cm? of For

acidified KI present in excess to yield iodine and bromide ions. Exath'gervs

The resultant solution required 40.0 cm? of 0.10 mol dm~2 sodium thiosulfate, Na>S;0s,
for complete reaction.

Determine the value of n.

[2]

(e) When chlorine reacts with magnesium, magnesium chloride, MgCkL is formed in
preference of magnesium(I) chloride, MgCL Attempts to isolate MgCI have not been
successful. It is proposed that the MgC1 formed undergoes disproportionation to form
MgCL and Mg.

2MgCl(s) —» MgCkhL (s) + Mg (s)
(i) Define the standard enthalpy change of formation of MgCL
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(i) Using appropriate data from the Data Booklet and the information given below,
construct a Born-Haber cycle to predict the lattice energy of magnesium(I)

chloride, MgCL

Enthalpy change of atomisation of magnesium
First electron affinity of chlorine
Standard enthalpy change of formation of magnesium(I) chloride

= +148 kJ mol™"
= —349 kJ mol™’
= —130 kJ mol™

[4]

(iii) The preferential formation of MgClL, can also be explained through the use of
lattice energy of both MgCL and MgCl! and the relevant ionisation energies of

magnesium.

Given that the experimental lattice energy of MgCL is —2526 kJ mol~', explain why

MgCL is formed preferentially and MgClis not.

9729/02/J2PE/18
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3 The Haber Process is one of the landmark discoveries that converts nitrogen from the For
atmosphere to ammonia via a reversible reaction with hydrogen gas. This allows the |Examiners
agricultural industry to flourish due the increased accessibility of ammonia to synthesise Use
nitrogen-containing fertilisers.

(a) (i) Write an equation, including state symbols, for the Haber Process.

(ii) Using the information in (a)(i), predict and explain the sign of the entropy change
for the conversion of nitrogen to ammonia.

(b) Often the behaviour of gases can be estimated using the ideal gas equation, which is
based on the laws of Boyle, Charles and Avogadro. However, this is assuming that
all gases behave ideally. These assumptions are based on the kinetic theory of gases.

(i) State two assumptions of the kinetic theory of gases.
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(if) The plot of % against p for one mole of an ideal gas and one mole of hydrogen

fluoride gas at 300 K is given below.

2%
RT | HF

1.0 ideal gas

*>p

Sketch on the graph above to show how one mole of ammonia gas (NHs) will
behave at 300 K. Explain your answer.

(iii) Under what conditions of temperature and pressure would ammonia behave like
an ideal gas? Explain your answer.

[Total: 10]
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4 Trimethylamine, (CHs)sN, is a base which is used as a starting material for the preparation For
of insecticides and pharmaceuticals. ExaLTiner's
se

(a) A 10.0 cm?® of an aqueous solution of trimethylamine was placed in a conical flask. The
pH of the solution was found to be 11.85. When a titration was performed, 16.00 cm?®
of 0.250 mol dm~2 dilute sulfuric acid was required to neutralise this base.

(i) Calculate the concentration of trimethylamine in the conical flask.

[1]

(i) Use your answer in (a)(i) and the above data to show that trimethylamine is a weak
base. Explain your answer.

(iii) Write an expression for the base dissociation constant, Ky, for trimethylamine.
Hence determine its pK, value.

[2]
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(b) Sketch the pH curve that would be obtained for the titration reaction mentioned in (a).
Label clearly any significant co-ordinates on your sketch.

[2]

(c) The basicity of trimethylamine is different in comparison with other nitrogen organic
compounds.

Account for the trend in basicity as shown below.

9 N
c|: NH, HsC”/ “CHj
HaC™ NH, CHs
R

P Q

increasing basicity

[Total: 10]
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5 (a)
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This question is about Grignard reagents, compounds that are of great use in organic
synthesis for forming carbon—carbon bonds.

Grignard reagents are compounds of general formula RMgX where X = Br or 1. They
are very reactive, giving rise to the highly nucleophilic ion R™. When a solution of a
Grignard reagent in dry ether is added to a carbonyl compound, the R~ attacks the
carbonyl group.

The mechanism of this reaction involves two steps:

o The first step is the rate determining step which involves a nucleophilic attack of
nucleophilic ion R~ on the carbonyl carbon to form a tetrahedral intermediate.

e The second step involves an acid-base reaction with water.

(i) 2-cyclopentenone, Q:o , is treated with the Grignard reagent ethyl

magnesium bromide, CHzCH,MgBr, followed by water. An organic compound W,
C7H420, is formed.

Name and draw the mechanism of the above reaction.

[3]
(ii) Does 2-cyclopentenone exhibit cis-trans isomerism? Explain your answer.
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(iii) 2-cyclopentenone can be formed from cyclopentene. Propose a three-step
synthetic route to obtain 2-cyclopentenone from cyclopentene. State the reagents
and conditions required, and draw the structures of the intermediates U and V
obtained in the boxes below.

ok L
I II

cyclopentene
U \'
l I
&
2-cyclopentenone

S P Ii o
SEP IL:
SteP IIL: [3]
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(b) A six-membered cyclic compound X, an isomer of W, C7H1,0, reacts with gaseous HBr

©EJC
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at room temperature to form chiral compounds with molecular formula C7H3OBr.
Compound X is readily oxidised by hot acidified potassium manganate(VII) to form an
acidic compound Y, C7H120s. 1 mole of Y is exactly neutralised by 2 moles of sodium
hydroxide. When Y is warmed with concentrated sulfuric acid, a sweet-smelling
compound Z, C7H100y is isolated.

Suggest the structures for compound X, Y and Z.

[3]
[Total: 10]
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6 Halogenoalkanes are compounds in which one or more hydrogen atoms in an alkane have
been replaced by halogen atoms (fluorine, chlorine, bromine and iodine). They serves as
important intermediates in organic synthesis due to the ease of cleavage of the polar C—-X
bond (X = CI, Br or I), leading to substitution of the halogen atom by a wide variety of
nucleophiles.

(a) The reaction between the primary halogenoalkane, benzyl chloride, CsHsCH2CI, and
sodium hydroxide is known follow the rate equation:

rate = k [benzyl chloride]

(i) Draw the mechanism of the reaction which is consistent with the rate equation.

[2]

(if) Suggest a possible reason why despite being a primary halogenoalkane, benzyl
chloride adopts the mechanism you have drawn in (a)(i).

(b) Unlike halogenoalkanes, halogenoalkenes such as vinyl bromide, CH,=CHBr, are inert
towards nucleophilic substitution. Suggest a possible explanation for this inertness.
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Like halogenoalkenes, halogenoarenes are also usually inert towards nucleophilic
substitution reaction.

Nonetheless, when suitably tuned, halogenoarenes can be made to undergo nucleophilic
substitution too, although the mechanism is different from the Sy1 and Sn2 mechanisms of
aliphatic halogenoalkanes.

(c) 4-X-Substituted-2,6-dinitrochlorobenzenes (SDCB) react with 4-Y-substituted-

©EJC

benzylamines (SBA) in methanol to give benzylammonium chloride salt:

NO,
X cl + :NHZCHz@Y
NO, SBA
SDCB
NO,
®
_CHOH _ o NHZCHz@Y
E
NO,

benzylammonium chloride

In the reaction, SDCB is regarded as the substrate, while SBA is the nucleophile.

(i) Suggest how it can be shown chemically that substitution reaction had indeed
taken place with SDCB?

(i) Suggest, with reason, one physical property which may be used to follow the
progress of the reaction.
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The reaction was found to follow overall second-order kinetics, with rate equation:

©EJC

rate = k[SDCB][SBA]
The rate constant, k (mol™" dm? s™), for the reaction of three 4-X-substituted-2,6-
dinitrochlorobenzenes with four 4-Y-substituted-benzylamines in pure methanol at
25 °C is given in Table 6.1 below.
Table 6.1
X 4-Y-benzylamine (SBA nucleophile)
(SDCB
NO: 3.12 2.47 2.34 1.66
CN 0.748 0.563 0.498
CFs 0.100 0.0902 0.0744 0.0479
The values of the rate constant, k, can be obtained from suitable concentration—time
plots such as those shown in Figure 6.1 on the next page.
Figure 6.1 is obtained by monitoring changes in the concentration of the nucleophile,
4-chlorobenzylamine, with time, using an excess of the three substrates separately.
The initial concentrations of the three substrates are indicated on Figure 6.1.
(iii) With the aid of Figure 6.1, determine the rate constant, k, when X = CN, using
4-chlorobenzylamine as nucleophile, and fill in the blank in Table 6.1.
[2]
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(d) Although the reaction is second-order, however, it is not a single-step reaction.
Instead, SBA performs a rate-determining nucleophilic attack at the electrophilic C-Cl
carbon of SDCB, leading to the formation of resonance-stabilised intermediate Z:

I NH,CH
Qe O 2mes G O

4-Y-benzylamine
(SBA) mtermediate Zz

Subsequently, intermediate Z rapidly expels a chloride ion to give the desired
benzylammonium chloride:

H,CH —<: :>—Y fast
4‘6 -T2 NH2CH2 Y
Cz@

mtermediate Z benzylammonlum chloride
This two-step mechanism is known as the SyAr mechanism.

Using the mechanism given above and the data in Table 6.1, explain which of the three
substituents X = NO2, CN or CF3, is the strongest electron-withdrawing group.

(e) The magnitude of the rate constant k can be used as a direct measure of the
nucleophilicity of the 4-Y-benzylamine (SBA) nucleophile, that is, the larger the rate
constant k, the more nucleophilic is the 4-Y-benzylamine.

Using the mechanism of the SyAr mechanism described, explain why there is a positive

correlation between the magnitude of the rate constant k and the nucleophilicity of the
4-Y-benzylamine.
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Chloroarenes can be prepared by the reaction of benzene and chlorine in the presence of For
anhydrous FeCl as a Lewis acid catalyst: Examiner's

Use
anhydrous FeClz
+ Ch Cl + HCI

(f) Describe the role of anhydrous FeCZ in the reaction, illustrating with an equation.

Anhydrous iron(III) chloride, FeCl, is an almost black crystalline solid and is very
hygroscopic; it forms a series of hydrates when exposed to moist air. The common hydrate
is yellow FeClk-6H20, which contains [FeClhL(H20)s]*. This is very soluble in water, and
gives a strongly acidic solution.

The [Fe(H20)6]** ion exist only in strongly acidic solution in the absence of coordinating

anion. The ion is violet in solution, although some hydrolysis may colour the solution yellow-
brown.

(g) (i) Explain why [FeChL(H20)4]" and [Fe(H20)s]** have different colours despite both
containing iron(III).

©EJC 9729/02/J2PE/18
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On the other hand, anhydrous iron(III) iodide, Fels, had only been prepared recently
in non-aqueous medium via the reaction of 6-coordinated Fe(CO).l. in hexane:

Fe(CO),I, + I, —=2— Fel, + 4CO

hexane

(i) State and explain the type of reaction involved in the synthesis of iron(III) iodide.

A non-aqueous medium is required for the above synthesis as iron(IIl) iodide is
completely decomposed in aqueous solution.

(iif) Using the Data Booklet, suggest possible products from the decomposition of
iron(I1I) iodide in water.

[Total: 15]
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Answer all the questions in the spaces provided.

1 The table below shows the melting points of some oxides of Period 3 elements.

compound chemical formula melting point / °C

sodium oxide Na.O 1132
aluminium oxide ALO3 2980

sulfur trioxide SOs 16

(a) (i) Briefly relate the melting points of these oxides to their structure and bonding.

©EJC

(ii)

Describe the reactions, if any, of these oxides with water, stating the approximate
pH of any solution formed.
Write equations for all the reactions that take place.
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(b) Suggest a reason for each of the following observations:

(i) Effervescence is observed when aqueous sodium carbonate is added to an

aqueous solution of aluminium chloride. Write equations for the reactions involved.

(ii) Silicon tetrachloride, SiCL, hydrolyses in water while carbon tetrachloride, CCL,

remains insoluble in water.

(c) Gaseous N2Os dissociates to form NO, and O, as shown in the following reaction

©EJC

equilibrium:

2N,0,(g) == 4NO,(g) + O,(9)

The value of the equilibrium constant, K, is 1.80x10* atm? at 750 K and 3.23x10° atm®
at 700 K.

(i) Write an expression for K, for the above dissociation.

< :pozx(pNoz)4 i

p 2
(Puo,

[1]
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(ii) Calculate the equilibrium constant in terms of pressure at 700 K for the reaction

For
represented below:

Examiner's
Use

1
502 (g) + 2NO, (9) —= N,O, (9)

« —__ Puo, 1

P 1 2 - 4
(P, J* x(Pho, ) Po, %(Puo, )
(pNzos )2
1

= [ﬁjz =1.76 x 10_2 atm_% [1 m]
. X

[1]

(iii) Will the enthalpy change for the dissociation be a positive or negative value?
Justify your answer briefly.

(iv) State and justify the effect on the position of equilibrium if the total volume of the
system at equilibrium is increased at constant temperature.

[Total: 15]

©EJC 9729/02/J2PE/18



2 Halogens have a wide range of uses, such as in water purification and as antiseptics.
Halogens form compounds, such as halides and oxoanions which are used in photography

and

(a)

(b)

(c)

©EJC

as oxidising agents respectively.

State and explain the variation of the first ionisation energy of the halogens from
chlorine to iodine.

FrOm CNlONING A0 OINE, eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaens

Halogens react with hydrogen gas to form hydrogen halides.
State and explain the trend in the thermal stability of hydrogen halides from HCto HI.

From HCI to HI,

Halogens react with the thiosulfate ion, S,0% . In acidic medium, bromine reacts with

S,0% to form SO?™ and bromide ions, while iodine reacts with S,03 to form S,0%
and iodide ions.

(i) Write an ionic equation for the reaction between iodine with the thiosulfate ion.

(ii) By quoting suitable values from the Data Booklet, explain the difference in the
products formed.

Lor2e =2 ) ESH0BAN e
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(d) 5.0x10~* mol of a bromate salt containing the BrO;~ anion was added to 25.0 cm? of

(e)

©EJC

acidified KI present in excess to yield iodine and bromide ions.

The resultant solution required 40.0 cm?® of 0.10 mol dm~ sodium thiosulfate, Na;S,0s,
for complete reaction.

Determine the value of n.

lodometric equation: 25,032 + I, — S406% + 21~

n, formed =n, reacted with S,05

:%x (0.0400x0.10)

=2.00x107* mol [1m] ecf from eqnin (c)(i)

n, 2.00 x107 3
Neor- 5.0x10™
Oxidation: 2 > I + 2e

Mole ratio: BrO,” =41, =8e”
1 mole of BrO;~ gains 8 moles of electrons.
Oxidation number of Br in BrOj}~ decreases by 8 to —1 in Br-

Oxidation number of Brin BrOj™ = +7
+7 + 4(=2) = n(=1)

n =1 [1m] with logical working to deduce this

[2]

When chlorine reacts with magnesium, magnesium chloride, MgCkhL is formed in
preference of magnesium(I) chloride, MgCL Attempts to isolate MgCI have not been
successful. It is proposed that the MgCI formed undergoes disproportionation to form
MgClL and Mg.

2MgClI(s) — MgCL (s) + Mg (s)

(i) Define the standard enthalpy change of formation of MgCL
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(ii) Using appropriate data from the Data Booklet and the information given below,
construct a Born-Haber cycle to predict the lattice energy of magnesium(I)
chloride, MgCL

Enthalpy change of atomisation of magnesium = +148 kJ mol™’
First electron affinity of chlorine = —-349 kJ mol™
Standard enthalpy change of formation of magnesium(I) chloride = —130 kJ mol™'

Mg*(g) + e + Clg)

1 E.A.(Cl)

1 1.E.(Mg) i Mg*(g) + CL(g)

Mg(g) + Cl(g)
A

AH (CI)= BE(CI=CI) | mg(g) + %5Ci(g) L.E.(MgCl)

AHZ (Mg) Mg(s) + %4CL(g)

AHg (MgCl) MaCILs)

vy [2m]

By Hess’ Law,

AHZ (Mg) + %BE(CZ—CZ)+ 1 .E.(Mg)+ 1% E.A.(Cl)+L.E.(MgCl) = AH? (MgCl)

L.E.(MgCl) =130 - (+148) —%(+244) —(+736) - (~349) [1m]
=-787kJmol”’ [1m] [4]

(iii) The preferential formation of MgClL can also be explained through the use of
lattice energy of both MgCL and MgCl! and the relevant ionisation energies of
magnesium.

Given that the experimental lattice energy of MgCL is —2526 kJ mol~', explain why
MgCL is formed preferentially and MgClis not.

o The ionisation energy required to produce Mg?* (1% IE(Mg) = +736 kJ mol'

and 2" IE(Mg) = +1450 kJ mol") can be compensated reasonably well by
the higher magnitude of lattice energy (higher amount of energy (=2526 kJ
mol ") is released during the formation of MgCL). [1m]

[Total: 15]
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3 The Haber Process is one of the landmark discoveries that converts nitrogen from the
atmosphere to ammonia via a reversible reaction with hydrogen gas. This allows the
agricultural industry to flourish due the increased accessibility of ammonia to synthesise
nitrogen-containing fertilisers.

(a) (i) Write an equation, including state symbols, for the Haber Process.

(if) Using the information in (a)(i), predict and explain the sign of the entropy change
for the conversion of nitrogen to ammonia.

(b) Often the behaviour of gases can be estimated using the ideal gas equation, which is
based on the laws of Boyle, Charles and Avogadro. However, this is assuming that
all gases behave ideally. These assumptions are based on the kinetic theory of gases.

(i) State two assumptions of the kinetic theory of gases.

(I AIY.2. .t [2]
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(if) The plot of % against p for one mole of an ideal gas and one mole of hydrogen

fluoride gas at 300 K is given below.

PV
rT ? HF
NH3
1.0 ideal gas
> p

Sketch on the graph above to show how one mole of ammonia gas (NH3) will
behave at 300 K. Explain your answer.

(iii) Under what conditions of temperature and pressure would ammonia behave like
an ideal gas? Explain your answer.

[Total: 10]
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4 Trimethylamine, (CHs)sN, is a base which is used as a starting material for the preparation
of insecticides and pharmaceuticals.

(a) A 10.0 cm?® of an aqueous solution of trimethylamine was placed in a conical flask. The
pH of the solution was found to be 11.85. When a titration was performed, 16.00 cm?®
of 0.250 mol dm~2 dilute sulfuric acid was required to neutralise this base.

(i) Calculate the concentration of trimethylamine in the conical flask.

2x[16:00 4550
1000

10.0
1000

Concentration of triethylamine =

) =0.800 moldm™ [1m]

[1]

(i) Use your answer in (a)(i) and the above data to show that trimethylamine is a weak
base. Explain your answer.

pOH =14 -11.85=2.15

(iii) Write an expression for the base dissociation constant, Ky, for trimethylamine.
Hence determine its pK, value.

[ (CH, );NH"(aq) ][ OH (aq) |
[(CH,);N (aq)]
B (7.079>< 10’3)(7.079><10’3)

- =6.321x107° mol
(0.800 - 7.079><10_3>

K:

b

[1m]

pKb = —log (6.321x107°) = 4.199 = 4.20 (3 sf) [1m]

[If assuming the dissociation to be very small, and approximating
0.800 — 7.079x1072 =~ 0.800, then pKy, = 4.203 or 4.20 (3sf)]

[2]
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(b) Sketch the pH curve that would be obtained for the titration reaction mentioned in (a).
Label clearly any significant co-ordinates on your sketch.

pH
A
General shape — [1m]
11.85 Any 4 pH and volume labelled — [1m]
98 ---= ;
<7TF------ J: -------
; ! » Volume of H.SO4
8.00 16.00 | em3

[2]

(c) The basicity of trimethylamine is different in comparison with other nitrogen organic
compounds.

Account for the trend in basicity as shown below.

[Total: 10]
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5 (a) This question is about Grignard reagents, compounds that are of great use in organic
synthesis for forming carbon—carbon bonds.

Grignard reagents are compounds of general formula RMgX where X = Br or 1. They
are very reactive, giving rise to the highly nucleophilic ion R™. When a solution of a
Grignard reagent in dry ether is added to a carbonyl compound, the R~ attacks the
carbonyl group.

The mechanism of this reaction involves two steps:

o The first step is the rate determining step which involves a nucleophilic attack of
nucleophilic ion R~ on the carbonyl carbon to form a tetrahedral intermediate.

e The second step involves an acid-base reaction with water.

(i) 2-cyclopentenone, E/\:o , is treated with the Grignard reagent ethyl

magnesium bromide, CH3;CH>MgBr, followed by water. An organic compound W,
C7H120, is formed.

Name and draw the mechanism of the above reaction.
Nucleophilic addition [1m]

-0
o O.__CH,CHs

_ slow
O _CH,CHj Nt ¢

i H-DdH fast HOECHZCH?’ . HO-
W

[1m] curly arrows, partial charges, lone pair
[1m] intermediate and slow step products

3]
(ii) Does 2-cyclopentenone exhibit cis-trans isomerism? Explain your answer.
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(iii) 2-cyclopentenone can be formed from cyclopentene. Propose a three-step
synthetic route to obtain 2-cyclopentenone from cyclopentene. State the reagents
and conditions required, and draw the structures of the intermediates U and V
obtained in the boxes below.

OH

O | e~

cyclopentene

U

StepI: Brz(aq), room temperature

Step II: KMnO4(aq) or K2Cr20(aq), H.S04(ag), heat

Step III: ethanolic KOH, heat

II

[1m] for each step and intermediate

9729/02/J2PE/18
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(b) A six-membered cyclic compound X, an isomer of W, C7H1,0, reacts with gaseous HBr

©EJC
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at room temperature to form chiral compounds with molecular formula C7H3OBr.
Compound X is readily oxidised by hot acidified potassium manganate(VII) to form an
acidic compound Y, C7H120s. 1 mole of Y is exactly neutralised by 2 moles of sodium
hydroxide. When Y is warmed with concentrated sulfuric acid, a sweet-smelling
compound Z, C7H100y is isolated.

Suggest the structures for compound X, Y and Z.

HO CH;,
X
(@)
Y OH
HO
(o) OH
z H,c] 0.0

[1m] for each compound

[3]
[Total: 10]
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6 Halogenoalkanes are compounds in which one or more hydrogen atoms in an alkane have
been replaced by halogen atoms (fluorine, chlorine, bromine and iodine). They serves as
important intermediates in organic synthesis due to the ease of cleavage of the polar C—-X
bond (X = CI, Br or I), leading to substitution of the halogen atom by a wide variety of
nucleophiles.

(a) The reaction between the primary halogenoalkane, benzyl chloride, CsHsCH2CI, and
sodium hydroxide is known follow the rate equation:

rate = k [benzyl chloride]

(i) Draw the mechanism of the reaction which is consistent with the rate equation.

Sn1 Nucleophilic substitution

slow

o+ O— @
CgHsCH,<ClI CeHsCH, + :CI°

Q o fast
CoHoCH, + SoH —2t . ¢ H.CH,—OH

[1m] curly arrows, partial charges, lone pair
[1m] benzyl cation intermediate and slow step products

[2]

(if) Suggest a possible reason why despite being a primary halogenoalkane, benzyl
chloride adopts the mechanism you have drawn in (a)(i).

(b) Unlike halogenoalkanes, halogenoalkenes such as vinyl bromide, CH,=CHBr, are inert
towards nucleophilic substitution. Suggest a possible explanation for this inertness.

NUCIEOPNIIC.AHACK. ... ..o [1]
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Like halogenoalkenes, halogenoarenes are also usually inert towards nucleophilic For

substitution reaction. ExaLrJniner's
Sse

Nonetheless, when suitably tuned, halogenoarenes can be made to undergo nucleophilic
substitution too, although the mechanism is different from the Sy1 and Sn2 mechanisms of
aliphatic halogenoalkanes.

(c) 4-X-Substituted-2,6-dinitrochlorobenzenes (SDCB) react with 4-Y-substituted-
benzylamines (SBA) in methanol to give benzylammonium chloride salt:

NO,
X cl + 2NH2CH2@Y
NO, SBA
SDCB
NO,
@
_CHsOH _ NHZCHZ@Y
cl®
NO,

benzylammonium chloride

In the reaction, SDCB is regarded as the substrate, while SBA is the nucleophile.

(i) Suggest how it can be shown chemically that substitution reaction had indeed
taken place with SDCB?

(ii) Suggest, with reason, one physical property which may be used to follow the
progress of the reaction.

©EJC 9729/02/J2PE/18
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The reaction was found to follow overall second-order kinetics, with rate equation:

©EJC

rate = k[SDCB][SBA]
The rate constant, k (mol™" dm® s™), for the reaction of three 4-X-substituted-2,6-
dinitrochlorobenzenes with four 4-Y-substituted-benzylamines in pure methanol at
25 °C is given in Table 6.1 below.
Table 6.1
X 4-Y-benzylamine (SBA nucleophile)
(SDCB
NO: 3.12 2.47 2.34 1.66
CN 0.748 0.563 0.498 0.357
CFs 0.100 0.0902 0.0744 0.0479
The values of the rate constant, k, can be obtained from suitable concentration—-time
plots such as those shown in Figure 6.1 on the next page.
Figure 6.1 is obtained by monitoring changes in the concentration of the nucleophile,
4-chlorobenzylamine, with time, using an excess of the three substrates separately.
The initial concentrations of the three substrates are indicated on Figure 6.1.
(iii) With the aid of Figure 6.1, determine the rate constant, k, when X = CN, using
4-chlorobenzylamine as nucleophile, and fill in the blank in Table 6.1.
From the graph,
initial rate = 0010_0‘ =1.25x107 mol dm™ s [1m]
-3
Hence, k=2t _ 125x10° 4574 0,357 mol dm® s~ [1m]
[SDCB][SBA] 0.350x0.010
(2]
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Although the reaction is second-order, however, it is not a single-step reaction.
Instead, SBA performs a rate-determining nucleophilic attack at the electrophilic C-Cl
carbon of SDCB, leading to the formation of resonance-stabilised intermediate Z:

NO, NO,
®
| NFICH-—<: :>—Y
X -Cl +\:NH,CH, vy =%, x @ 22
5 Cl
NO, A NO,

-Y-benzylamine
(SBA) intermediate Z

Subsequently, intermediate Z rapidly expels a chloride ion to give the desired
benzylammonium chloride:

®
NH,CH Y fast ®
Cl
cl®
NO, NO

2
intermediate Z benzylammonium chloride

This two-step mechanism is known as the SyAr mechanism.

Using the mechanism given above and the data in Table 6.1, explain which of the three
substituents X = NO_, CN or CF3, is the strongest electron-withdrawing group.

The magnitude of the rate constant k can be used as a direct measure of the
nucleophilicity of the 4-Y-benzylamine (SBA) nucleophile, that is, the larger the rate
constant k, the more nucleophilic is the 4-Y-benzylamine.

Using the mechanism of the SyAr mechanism described, explain why there is a positive

correlation between the magnitude of the rate constant k and the nucleophilicity of the
4-Y-benzylamine.
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Chloroarenes can be prepared by the reaction of benzene and chlorine in the presence of
anhydrous FeCl as a Lewis acid catalyst:

anhydrous FeCly
+ Ch > Cl + HcCl

(f) Describe the role of anhydrous FeCZ in the reaction, illustrating with an equation.

Anhydrous iron(Ill) chloride, FeClk, is an almost black crystalline solid and is very
hygroscopic; it forms a series of hydrates when exposed to moist air. The common hydrate
is yellow FeCl;-6H20, which contains [FeClL(H20)4]". This is very soluble in water, and
gives a strongly acidic solution.

The [Fe(H20)e]*" ion exist only in strongly acidic solution in the absence of coordinating
anion. The ion is violet in solution, although some hydrolysis may colour the solution yellow-
brown.

(g9) (i) Explain why [FeCL(H20)4]" and [Fe(H20)s]** have different colours despite both
containing iron(III).

‘Hence, a high concentration of H*(ag) is needed to suppress the
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(h) On the other hand, anhydrous iron(III) iodide, Fels, had only been prepared recently For

in non-aqueous medium via the reaction of 6-coordinated Fe(CO).l. in hexane: ExalTi”ef'S
se

Fe(Co)4 L, + 11, —=9% , Fel, + 4CO

(i) State and explain the type of reaction involved in the synthesis of iron(III) iodide.

A non-aqueous medium is required for the above synthesis as iron(IIl) iodide is
completely decomposed in aqueous solution.

(if) Using the Data Booklet, suggest possible products from the decomposition of
iron(I1I) iodide in water.

Since Ee(Fe3+ Fe2+):+0.77v > E°(I,]I)=+0.54 V, Fe*" is capable of

[Total: 15]
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Section A
Answer all the questions in this section.

1 This question concerns acid-base properties of organic compounds and compounds of
some elements in the Periodic Table.

(a)

(b)

(c)

©EJC

The behaviour of a molecular specie as an acid or base is dependent of the
surrounding medium and its interaction with another reacting specie.

Using the symbol HZ to represent a Brgnsted-Lowry acid and the symbol B~ to
represent a Brgnsted-Lowry base, write equations to show the following:

(i) CHsOH acting as a Brgnsted-Lowry base. [1]
(ii) NHs acting as a Brgnsted-Lowry acid. [1]
In an acid-base reaction, conjugate acid-base pairs can be determined.
Copy the table below onto your writing paper and complete it by writing the formula of

the conjugate acid-base pairs of the species listed, assuming the acids/bases are
monobasic/monoacidic in nature respectively.

acid base

| H20

| Ha (1]

A particular weak monobasic acid HA has a dissociation constant, K, of
1.0x107° mol dm™3. The un-ionised acid molecules are blue and the anions are yellow.

(i) Calculate the pH at which a solution containing HA molecules and A~ ions is green,
i.e. midway between blue and yellow. [1]

(ii) Describe qualitatively how the answer in (c)(i) would be affected by the addition of
solid sodium salt of the acid, NaA. 2]

A solution mixture is prepared by adding 50 cm?® of 0.10 mol dm= of the acid HA to
50 cm? of 0.10 mol dm~2 of the sodium salt NaA.

(iii) Calculate the final pH of the above solution mixture if 0.04 g of NaOH(s) was
added. [3]
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(d) Elements and their compounds of the Periodic Table display varied chemical and
physical properties.

() The peroxide ion has the formula O3 . Group 2 peroxides, on heating, decompose
to the oxides and oxygen as exemplified by barium peroxide below:

BaO,(s) —— BaO(s) + 10,(9)

Predict how the temperature of decomposition of calcium peroxide would differ
from that of barium peroxide. Support your prediction with a brief explanation. [2]

(i) Explain why the melting point of ALO3, is higher than that of P4sO1o, but lower than
that of SiO.. [3]

(e) Bromine occurs as bromide ion in low concentration in sea-water.
It is extracted commercially by the following series of steps.

I  Chlorine is passed into acidified sea-water and bromine is then removed in
a stream of air. The concentration of bromine in the gas phase is too low at
this stage for it to be condensed efficiently.

II Therefore it is converted to hydrogen bromide by reaction with added sulfur
dioxide and a small excess of water vapour:

Bra(g) + SO2(g) + 2H20(g) — 2HBr(g) + H2S04(g)

A moderately concentrated, aqueous mixture of hydrobromic and sulfuric
acids is obtained when the vapour is cooled and condensed.

III The concentrated mixture of acids is treated with chlorine and steam,
producing a bromine vapour from which liquid bromine is obtained through
condensation on cooling. The sulfuric acid remains in the solution.

IV The crude bromine is purified by fractional distillation.

(i) Explain in terms of the relevant standard electrode potentials the feasibility of the

reactions taking place in Steps I and II. [3]

(i) Discuss the difference between the polarity of SO, and Br.. [2]
(iii) Explain in terms of bonding, why, in Step III, the sulfuric acid remains in the
solution. [1]
[Total: 20]
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2 (a)

©EJC

Ibuprofen is a nonsteroidal anti-inflammatory drug (NSAID) that is commonly used as
a painkiller and for fever reduction. The structure of ibuprofen is as shown below.

O
OH

(i) Describe what is a chiral carbon. [1]

(ii) Draw the pair of enantiomers of ibuprofen. You may represent the aryl substituent
using Ar. [2]

In the laboratory, the enantiomers of ibuprofen have been separated into their
enantiomerically pure forms. However, the bottles containing these pure enantiomers
were not labelled.

(iii) State a suitable physical property that you could use to identify the two different
enantiomers. Explain your answer. [2]

There are a few routes that can be used to synthesis ibuprofen. Below is a reaction
scheme proposed by a student to synthesise ibuprofen from the hydrocarbon A, via
two intermediates X and B.

HBr(g)
> X > CN —— ibuprofen
| Step 1 Step I Step III
B

A
(iv) Suggest the identity of intermediate X. 1]
(v) Name and outline the mechanism for Step I, including curly arrows, showing the
movement of electrons, and all charges. [3]
(vi) State the reagents and conditions for Step II and Step III. [2]
9729/03/J2PE/18



(b)

(c)

©EJC

Methylbenzene, an important starting material in synthetic chemistry, can be
manufactured from heptane via catalytic reforming:

CHg(l) > CH (1) + 4H,(g)

At T =27 °C, the enthalpy of reaction, AH® , is +211 kJ mol~', and the change in Gibbs
free energy of reaction, AG®, is +110 kJ mol".

(i) Using the information above, calculate for AS® in J mol™' K. [2]
(i) Calculate for AG® at T = 627 °C, in kJ mol™". [1]

(iii) Hence, comment on the effect of temperature on the spontaneity of the reaction.
State any assumption that must be made for your comment to be valid. [2]

The position of an incoming electrophile in electrophilic substitution is dependent upon
nature and position of the substituent(s) already bonded to the benzene ring.
Ethylbenzene undergoes a three-step reaction as shown below.

CH,CH3 COOH
Br
NO,
(i) Suggest the structures of intermediate Y and Z. [2]
(i) With reference to the substituents on the benzene ring, explain the rationale
behind the order of substitution in determining the identity of Y and Z. [2]
[Total: 20]

9729/03/J2PE/18 [Turn Over



3 Ethanal used to be manufactured from ethyne, HC=CH. This process is now being replaced
by a method based on ethene. Widely known as the Wacker Oxidation, the overall process
amounts to oxidation. Ethene and oxygen are bubbled together through an aqueous
solution containing CuClL and PdC/; catalysts:

CH,=CH, + 40, —ge—> CH,CHO

The laboratory scale modification — the Wacker-Tsuji Oxidation — is useful for the synthesis
of various ketone:

_ PdC
RCH=CH, + 10, —gi5— RCOCH,

(@) (i) Draw the structure of the starting material to manufacture the following ketones
using the Wacker-Tsuji Oxidation:

0]

() acetophenone,

(1) cyclohexanone, [2]

(ii) Describe one simple chemical test to distinguish between the above two ketones.
You should state the reagents, conditions and the expected observations with
each compound. 2]
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(b) Ethanal is often used in the manufacture of 2-chloroethanoyl chloride, CICH.COCIL

(i) Propose a 3-step synthetic route for the formation of 2-chloroethanoyl! chloride
from ethanal, stating clearly the reagents and conditions for each step. [3]

2-chloroethanoyl chloride is an important reagent in the manufacture of diazepam, a
drug that is commonly used to treat a range of conditions including anxiety and alcohol
withdrawal syndrome.

The following reaction scheme shows the synthesis of diazepam from 4-chloro-N-

methylaniline.
S

C
! ethanoic anhydride

| H3
N. N__O
H
@i ! T
cl CH,

Cl
4-chloro-N-methylaniline

CHs

O

CHy Hcho

N\H N\CH
o NaOH, H,0 @ 3
cl < ol o)

11
0
Cl
2-chloroethanoyl N 0]

chloride \<_
NH,
W cl 6] —— diazepam
\% VI
(i) The mechanism for Step II is similar to that of Friedel-Crafts alkylation. Suggest
the mechanism for this step, including curly arrows, showing the movement of
electrons, and all charges. [2]
(iii) Draw the structure of compound W and state the reagent for Step V. [2]
(iv) Step VI occurs spontaneously at room temperature, without the need of any

reagents. This reaction is similar to the reaction of carbonyl compounds with
2,4-dinitrophenylhydrazine. Draw the structure of diazepam. [1]
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(c)

(d)

©EJC

The suggested mechanism of the Wacker Oxidation involves the formation of a
complex between ethene and Pd?*, whereby ethene acts as a ligand. This is then
followed by nucleophilic attack of water at the complexed ethene molecule:

T g
H,0: [[—Pd

CH,

The resulting complex breaks down by a number of stages to form ethanal and
palladium metal. The palladium metal is oxidised back to Pd?* by oxygen. The CuClL
is a catalyst for this oxidation.

(i) What is meant by the term ligand in the context of transition element
chemistry? [1]

(ii) Suggest a reason why the formation of this complex renders ethene attractive to
nucleophiles rather than the usual electrophiles. [1]

(iii) Aqueous CuClL is commonly observed as a blue solution. Explain this
phenomenon. [3]

A mixture containing 0.200 mol dm=3 Cu?* and 0.200 mol dm= Pd?* is treated with solid
potassium hydroxide in attempt to separate the two cations, by precipitating out
Pd(OH)s.

The numerical values of the solubility products of Cu(OH); and Pd(OH); are given in
the table below.

hydroxide solubility product, Ksp

Cu(OH)2 2.20x1072°

Pd(OH): 1.00x10731

Maximum separation of the two ions is achieved when Cu(OH). is just about to
precipitate out from solution.

(i) Determine the hydroxide ion concentration at maximum separation. [1]

The two ions are said to be selectively separated when a maximum of 0.01% of the
precipitated compound still remains as the aqueous ions.

(ii) By calculating the concentration of Pd?* remaining in solution at maximum
separation, determine whether Pd?* can be selectively separated from Cu?*. [2]

[Total: 20]
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Section B
Answer one question from this section.

4 (a) The pKa values of some weak acids are given below.

acid formula pPKa1 pKaz
peroxyethanoic _
acid y
ethanoic acid 4.76 -
malonic acid 2.83 5.69

(i) Suggest, with reasoning, whether the pKas of peroxyethanoic acid, vy, is larger or
smaller than the pKa1 of ethanoic acid. [2]

(ii) Explain why pKa2 of malonic acid is higher than pKas of ethanoic acid. [1]

(iii) 25.0 cm? of a sample containing malonic acid was titrated with 0.800 mol dm= of
a solution of NaOH. The following titration curve was obtained.

pH A

0 10 20 30 40 > Volume of

NaOH / cm?®
You may represent malonic acid as HoA.
Calculate the concentration of malonic acid in the sample. 1
(iv) Calculate the initial pH of malonic acid, explaining any assumptions made. [2]
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(v) From the list of indicators below, state a suitable indicator that can be used to
detect the first equivalence point for the titration of malonic acid with NaOH, giving
a reason for your choice.

indicator pH at which colour changes
methyl violet 0-1.6
bromocresol green 3.8-54
cresol purple 7.6-9.2 [1]

(vi) The experimentin (a)(iii) was repeated with ethanoic acid of the same concentration
as malonic acid. Explain whether the pH at equivalence point would be higher or
lower than the first equivalence point of the titration with malonic acid. [1]

(b) Describe and explain how the ease of hydrolysis of CH3CH.C! differs from that of
CH3COCL (2]

(c) Caffeine is a component of many over the counter analgesics.

LA
O ’Tl 1
CH,
caffeine

(i) Predict the products when caffeine undergoes prolonged heating with aqueous
sodium hydroxide. [3]

i) Caffeine is monobasic. Given that both N1 and N are sp“-hybridised, suggest why
ii) Caffeine i basic. Given that both Nyand N 2-hybridised t wh

N+ is basic while N is neutral. 2]

(d) A zinc-air electrochemical cell is operated by the reaction of zinc with the oxygen in air
under an alkaline condition. At the anode, zinc is converted to aqueous zincate ions,

2- .
Zn(OH), , by air.
(i) Construct an equation for the anode reaction. [1]

(ii) At 298 K, the standard e.m.f. of a zinc-air electrochemical cell is +1.65 V. By using
suitable data from the Data Booklet, suggest the standard electrode potential of

the Zn(OH)if (aq)‘ Zn(s) half-cell at 298 K. [2]
(iii) Determine the effect of using pure oxygen instead of air on the e.m.f. of the zinc-
air electrochemical cell at 298 K. [2]
[Total: 20]
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5 Many hormones in the human body contain hydroxy or carbonyl compounds.

(a) Estradiol, an estrogenic hormone, can be synthesized from Testosterone. The

structure of estradiol is shown below.
OH

(D
poe

estradiol

Draw the structure of the organic product formed when estradiol is reacted with each
of the following under suitable conditions:

(i) Ck(aq) [1]
(ii) SOCL [1]
(iii) Sodium metal [1]

When aldehydes or ketones are reacted with an alcohol and an acid catalyst, acetals are formed.

The reaction between ethanal and ethane-1,2-diol was studied in the inert solvent dioxane.

j\ OH H* o. 0
+ N + H,0O
HO 2
CHy™ “H CH;><H
ethanal ethane-1,2-diol acetal

(b) When the initial rate of this reaction was measured at various concentrations of the two

reactants with H* concentration of 0.05 mol dm3, the following results were obtained.

experiment | [CH;CHO] / mol dm= | [HOCH,CH,OH] / mol dm= | relative rate
1 0.20 0.10 1.00
2 0.25 0.10 1.25
3 0.25 0.16 2.00

(i) Determine the order of reaction with respect to the following reactants, explaining
how you arrive at your answer.

e CH3CHO
e HOCH.CH,OH [2]

(if) Hence, write the rate equation for the reaction, including units of the rate constant.[2]

(iii) When the H* concentration used in experiment 2 was increased to
0.10 mol dm=3, the relative rate had a value of 2.50.

State the value of the relative rate when the concentrations of CH3;CHO,
HOCH,CH,0OH and H* used are 0.20 mol dm™ each. [1]
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(c)
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The acetal group does not react with bases or reducing agents, which the carbonyl
group is susceptible to. For instance, both NaBH4 and LiAIH4 do not react with the
acetal group.

Hence it is possible to use the formation of acetals from carbonyl compounds as a way
to protect the carbonyl groups from these reagents. Subsequently one can restore the
carbonyl functional group by acidic hydrolysis since the formation of acetals is a
reversible reaction.

(i) Draw the structure of the product formed when the following compound is reacted
with NaBH4 and LiAlH4 respectively.

)J\/\/U\OH
[1]
(ii) By using ethane-1,2-diol, HOCH,CH,OH, as the alcohol to form an acetal group

in the inert solvent dioxane as a first step, suggest a suitable synthesis route for
the following conversion.

MOH - )WOH

[2]

Copper is used widely in electrical equipment, the minting of coins and for decorative
purposes such as in jewellery. Pure copper could be obtained from the electrolysis of a
solution containing Cu?* ions, or from electrolysis involving impure copper.

(d)

©EJC

Copper ions are present in Fehling’s solution and can be used to test for “reducing
sugars”. Glucose, a basic form of sugar, has the following structure.

OH OH
H O_ OH H OH O
H H
OH H OH H
H OH H OH

cyclic form of glucose open-chain form of glucose

Glucose gives a positive test with Fehling’s solution.

(i) Identify the functional group involved in the reaction and describe what is observed

when Fehling’s solution is added to glucose with heating. [1]
(i) Explain why glucose is classified as a “reducing sugar”. [1]
9729/03/J2PE/18



(e)

(f)
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13
In an electrolytic cell, a current of 0.25 A is passed through solution of concentrated
copper(II) chloride using platinum electrodes.
(i) Write the equation for the half-cell reaction taking place at the anode. [1]
(ii) When the cell operates for 2.00 hours, 0.496 g of copper is deposited at one

electrode. Determine the percentage efficiency of the electrolytic cell. 2]

A sample of impure copper was composed mainly of copper, but with silver and
chromium as impuirities.

Draw a fully labelled diagram and with reference to relevant E€ values, explain how
pure copper could be obtained from the impure sample. [4]

[Total: 20]
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1 (a) (i)

(i)

15

Suggested Answer

CH,OH + HZ —— CH,OH} + Z~ [1m]

base acid

NH, + B~ — > NH, + BH[1m]

(b)

acid base
acid base
| H;O* H.O
Il H> H- [1m] for both correct

(c) (i)

(ii)

(iif)

©EJC

HA(aq) —= H'(aq) + A (aq)

LA

© [HA]
Midway between blue and yellow indicates that [H" | = [HA]

Hence, K, =

. pH=pK, =-IgkK, :—Ig(1.0><1075)zﬂ [1m]

HA(aq) —= H'(aq) + A (aq)

Upon addition of NaA (a strong electrolyte) to the solution, it undergoes complete
dissociation and [AT] in the solution is thus momentarily increased. In
accordance to Le Chatelier's principle, the equilibrium position of the above
reaction would shift to the left [1m] to remove the additional A~ ions added.

Hence the [H'] would decrease [1m] and the pH of the solution would
correspondingly increase. Accept alternative explanation using HH equation

Before addition of NaOH at pH = 5:
System: Acidic buffer
pH 5 is the point of maximum buffering capacity where pH = pK, =5

Thus [HA]=[ A~ ] = 0.050 mol dm®

50 _
Nya =N, = 1000><0.10=5.00x10 * mol

On addition of NaOH:
n_. added=1.00x10"° mol

OH

When small amount of OH™ is added to the buffer:
OH +HA - A" + HO

n, after addition of OH "=5.00x10° +1.00x10° =6.00x 10~ mol
n,, after addition of OH "=5.00x10° —1.00x10"* = 4.00x10"* mol

9729/03/J2PE/18
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pH=pK, + Ig%

[a.ooxm-sj
V
=5.00+lg>~— 2

4.00x10°°
\Y,

=5.18 [1m]for ansin 3 s.f., ecf

[1m] for correct substitution into formula

(d) (i) Temperature of decomposition for CaO- is lower than that of BaO,. [1m]
Charge density of Ba?* < Ca?" thus polarising power of Ba?* < Ca*" because
Ba?* has a larger ionic size but both have the same charge. Since Ca?* is more
polarising, the 0—0 bond in 0,% is weakened to greater extent. [1m] Hence CaO;
decomposes more readily into CaO and O as compared to BaOs-.

(ii) ALOs has a giant ionic structure with strong electrostatic forces of attraction
between the oppositely charged AB* and O%* ions. Melting ALO; involves
overcoming the strong ionic bonding in the lattice which requires a large amount
of heat energy. [1m]

P.O1 has a simple molecular structure. It consists of discrete molecules with
instantaneous dipole—induced dipole interactions existing between the
molecules. Melting P4O1o involves overcoming these relatively weak
intermolecular forces and requires less heat energy than in the case of melting
ALOs. Hence P4sO1g has a lower melting point than ALO3. [1m)]

SiO, has a giant covalent structure (or macromolecular structure) with each Si
atom covalently bonded to four O atoms tetrahedrally. Melting SiO. involves
breaking the strong Si—O covalent bonds and this requires more heat energy
than in the case of melting ALOs. Hence the melting point of SiO- is higher than
that of ALOs. [1m]

(e) (i) ForStepl: Cl,(aq) + 2Br (aq) — 2Cl (aq) + Br,(aq)
EZ) = Eputon — Eigation = +1.36 = (+1.07) = +0.29 V [1m]

cell reduction oxidation

Since the ES, >0, the oxidation of the Br~ ion by Cl is a thermodynamically /
energetically spontaneous process under standard conditions.

For Step II: Br,(aq) + SO,(g) + 2H,0(!) — 2HBr(g) + H,SO,(g)
ES) = ECuion — ESigation = +1.07 = (+0.17) = +0.90 V [1m]

cell reduction oxidation
Since the E, >0, the oxidation of SO, by Br. is a thermodynamically /
energetically spontaneous process under standard conditions.

Both correct conclusions on energetically spontaneous reactions [1m]

(i) SO: is a bent molecule, whereas Br; is a linear molecule [1m]. SO is polar as it
has a net dipole moment, whereas Br. is non-polar. [1m]

(iii) The sulfuric acid remains in the solution because it is significantly less volatile than
bromine. This is so because it exists as an aqueous ionic mixture consisting of
H*, HSO4s and SO.+* ions solvated by water molecules (through ion-dipole
interactions) [1m] and is hence not volatile.

©EJC 9729/03/J2PE/18



17

2 (a) (i) A chiral carbon is an asymmetrical carbon attached to four different
substituents. [1m]

(ii)

CHs : CHs
)\H | H /S
A” %oon | Hood A

[1m] for correct 3D configuration
[1m] for correct chiral carbon identification and pair of enantiomers

(iii) Optical activity / Optical rotation [1m] of the enantiomers can be used. Since
the pair of enantiomers will rotate plane-polarised light in different directions
[1m] this can be used to identify the pure enantiomer.

(iv) Br/Cl [1m]

(v) Type of Reaction: Electrophilic addition [1m]

(X = Br/C)

5+ &
+ H‘Q( slow +@:X

e fast
p:x — X

[1m] arrow pushing, balanced equation
[1m] partial charges, charges, carbocation intermediate

(vi) Step II - Reagent: ethanolic KCN
Condition: heat with reflux
[1m] for both reagent and conditions
Step III — Reagent: dilute H>SO4
Condition: heat with reflux
[1m] for both reagent and conditions

(b) () AG® =AH® —TAS®
\go _ AHZ ZAGS _+211-(+110)
' T 300
=+0.3367 kd mol™ K" =+337 Jmol K™ [1m] for answer and units

[1m] for correct equation and sub

(i) AG® =AH® -TAS® =+211-(900x0.3367) = —=92.0 kd mol™" [1m]
(iii) As the temperature of the reaction increases, AG° becomes more negative.

Therefore, reaction becomes more spontaneous. [1m] This will hold true if AH°

and AS°® _remains constant/are unaffected by temperature change. [1m]
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3 (a)

(b)
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CH,CH, CH,CH;

(i) Yis @ @( [1m] for each structure

(ii) Ethylbenzene cannot be oxidised to benzoic acid first as the benzoic acid has
a 3-directing COOH group. [1m]

Starting with ethylbenzene which has a 2,4-directing ethyl group, nitration will
occur at the 4-position, forming Y. [1m] Subsequently, Y has a 2-directing ethyl
group and a 3-directing NO group, bromination will be direct to the 2-position
relative to ethyl, to form Z.

) @[M] () @ [1m]

(ii) Reagents and conditions: Add aqueous iodine in sodium hydroxide to a solution
of acetophenone and cyclohexanone separately. Heat the solution. [1m]

(i) (

Observations: Pale yellow precipitate of triodomethane (CHI3) will be observed
for acetophenone but not for cyclohexanone. [1m]

L limited Cl, K"(’il_';otd 52&!‘)207
0] uv light lute F90, (o)
Cl
H3CJ\H [1m] CZ\)L reflux \)LOH
PCls [1m]
l
room temperature c \)J\Cl
[1m]

(ii) Step 1: Generation of electrophile

5+ ©.0
©/ ~& + AlCl, —> ©/ + AlCcl®

Step 2: Electrophilic attack

Hsc
slow

0O=0
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Step 3: AICL abstracts H® from arenium ion
H3C\FO Hac\FO

NS
N‘CH3 et © CH;
AlCI® + 0O — > O+ AICI; + HCI

[1m] curly arrows, charges and partial charges (for C—C1 bond)
[1m] slow step; correct arenium intermediate and balanced equations

(iii) H,C

Reagent for Step V : Ethanolic NH; [1m]

(iv) H3q

diazepam

(i) A ligand is a neutral molecule or an anion which possesses at least one lone

pair of electrons which can be used to form dative bonds with the central atom
or ion. [1m]

(ii) The Pd?* cation forms a complex with ethene, decreasing the electron density in
the double bond of ethene, making the molecule prone to nucleophilic attack. [1m]

(iii) CuCk(aq) contains the [Cu(H20)e]*" ion. Cu?* has a d® configuration/partially

unfilled d orbitals so electron transition between d orbitals is possible. (v'1)
In an octahedral Cu(II) complex ion, the presence of ligands causes the d

orbitals to split into 2 (different) energy levels (v'2).
Energy gap/AE _corresponds to the radiation in the visible light spectrum (v;).
When radiation from the visible light spectrum is absorbed, an electron transits

from a d orbital of LOWER enerqy to a d orbital of HIGHER energy. (v'4)
Hence, the colour seen is the complement of the colours absorbed

OR the colour seen is the colours that are not absorbed. (v's)
5(v): [3m] ; 4-3(v): [2m] ; 1-2(V): [1m]

9729/03/J2PE/18



20

(d) (i) When Cu(OH). is about to precipitate out, IP(Cu(OH),) = Ksp(Cu(OH)2)

-20
[OH"] at maximum separation =, /% =3.32x10™"" moldm™ [1m]

1.00x10°"
(3.32x10)’

(i) [Pd?*] at maximum separation = =9.07x10" moldm™ [1m]

-13
%[Pd?*] remaining :%MOO% =4.54x10"°% < 0.01% [1m]

Therefore Pd?* can be selectively precipitated from Cu?*.

4 (a) (i) The pKa1 of peroxyethanoic acid, v, is larger [1m] than pKa of ethanoic acid.
The negative charge on the oxygen of the peroxyethanoate ion is stabilised by the
electron-withdrawing inductive effect of the neighbouring electronegative
oxygen, while the negative charge on the oxygen of the ethanoate ion is much
more stabilised by effective delocalisation over the C=0. Since the ethanoate
ion is resonance stabilised and is more stable than the peroxyethanoate ion,
ethanoic acid is more acidic than peroxyethanoic acid. [1m]

(i) The pKa2 of malonic acid is higher because it is more difficult to remove an H*
ion from an already negatively charged species than from a neutral ethanoic
acid molecule. [1m]

20.00 1 800

: _ 1000 _ 5
(iii) Concentration of H,A = 2500 0.640 mol dm

1000

(iv) Assumption: Since Ka1 >> Ka2, it can be assumed that the H3O* from the second
dissociation is negligible and can be ignored, and all the H3sO* in the solution comes
from the first dissociation. [1m]

e
— |:H ] =10—2.83

T TAT [

N 2
L:1.479x1073
0.640—[H+]

. 2
% ~1.479x107 (since 0.640 > [H])

[H*] =0.03077 mol dm™
initial pH =1.51[1m]

(v) Bromocresol green because the pH at equivalence point falls within
the region of rapid pH change. [1m]

(vi) Since ethanoic acid has a larger pKa1 than malonic acid, its conjugate base has
a higher K, (or is a stronger base) than that of the monoanion of malonic acid.
Hence, conjugate base of ethanoic acid hydrolyses to a greater extent, resulting
in pH at equivalence point being higher. [1m]
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(c)

(d)

5 (a)
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CH3COC! hydrolyses more readily than CH3CH2CI as the acyl carbon is more
electron-deficient (or has a larger 6+ charge) compared to the a-carbon, as it is
bonded to another electronegative atom O besides CI [1m], hence more
susceptible to nucleophilic attack by water or HO™.

In addition, the acyl carbon is trigonal planar (sp?-hybridised) while the a-carbon is
tetrahedral (sp3-hybridised), hence CH3COCI! experiences less steric_hindrance
[1m] compared to CH3CH,CI for approach of the nucleophile.

U Q CHs o CH,
HaC / H3C( 9 Y
3V, N
ydrolysis %}‘f o®
0~ N N HN N
I S) |
CHs 04\0 CH,

[1m] for each structure

(ii) The lone pair of electrons on N1 is located in one of the sp?-hybridised orbital

which is perpendicular to the unhybridised p orbitals of the neighbouring
sp?-hybridised carbon atoms, thus this lone pair is not delocalised into the
neighbouring C=C bond and available for protonation. [1m]
On the other hand, the lone pair of electrons on N; is located in the remaining
unhybridised p orbital which is parallel to the unhybridised p orbitals of the
neighbouring sp?*-hybridised carbon atoms, thus this lone pair is delocalised
into the neighbouring C=C bonds and unavailable for protonation. [1m]

() Zn(s) + 40H (aq) — Zn(OH)i_ (aq) + 2e” [1m]

(i) From Data Booklet, cathode equation is
0,(g) + 2H,0(I) + 4 — 40H (aq) E® =+0.40V [1m]

E25 = Eton ~ Expsion =E° (O, OH ) =E (Zn(OH);

cell reduction oxidation

2

+1.65 =+0.40—E° Zn(OH);,

Zn)
E° (Zn(OH); | Zn) = +0.40 - (+1.65) ==1.25 V [1m]

(iii) The use of pure air increases partial pressure of oxygen gas, thus equilibrium
position of O»(g) + 2H20O(I) + 4e- = 40H~(aq) shifts to the right [1m], causing

cell e.m.f. to increase [1m] (Since e.m.f.=E® (02|0H‘) -E® (Zn(OH)i_ Zn) ).

OH

" @“’ .
HO

Cl
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Cl
(i) ©“. [1m]
HO

O Na*

(i) @ “’ [1m]
Na* O

(b) (i) CHsCHO
Comparing expt 1 & 2,
when concentration of CH;CHO was increased 1.25 times, keeping the
concentration of CH3OH constant, the relative rate was 1.25 times the original
value.
Hence order of reaction w.r.t. CH3CHO is 1. [1m]

HOCH>CH-OH

Comparing expt 2 & 3,

when concentration of HOCH,CH-OH was increased 1.6 times, keeping the
concentration of CHsCHO constant, the relative rate was 1.6 times the original
value.

Hence order of reaction w.r.t. HOCH,CH,OH is 1. [1m]

(i) Rate = k[CH;CHO]J[HOCH.CHOH] [1m]
Units of k: mol~! dm? time~' [1m] units for time can be s, min, h

(iii) rate = K[H*]"[CH3CHO][HOCH,CH,OH], where n is the order of reaction w.r.t. H*.
When [H*] doubles from 0.05 mol dm= to 0.10 mol dm™3,
relative rate doubles from that in expt 2.
Hence, order of reaction w.r.t. H" is 1.

rate = K'[H*][CH3;CHQO][ HOCH,CH,OH]

If [H*] = [CH3CHO] = [HOCH,CH;OH] = 0.20 mol dm=3, compared to expt 1,
i.e. [H*]is 4x Expt 1, [HOCH2CH.OH] is 2x Expt 1,

relative rate should be 8 times that of Expt 1,

i.e. relative rate = 8 [1m, accept 1 to 3 sf]

OH 0
NaBH/4r )\/\/u\
OH

OH

LiAIH, )\/\/\
(0

(c) (i)

O O

A~

H [1m] for both
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(ii) 0 o) 0
)l\/\/U\OH )j\/\/\OH
H*, dioxane J HO/ ‘OH HC! (aq),
LiAIH, heat
[\ dry ether [\
SO M, — 88
OH I\'/t ></\/\OH

4v :[2m]; 2-3v : [1m]

(d) (i) (Aliphatic) Aldehyde

Brick-red ppt of Cu.O formed [1m] for both

(ii) Cu?* (Cu in oxidation state +2) in Fehling’s solution is reduced by glucose to Cu(I)

oxide (Cu in oxidation state +1). [1m]

(e) (i) 2Ct(aq) » Ck(g) + 2e [1m] including state symbols

(f)

©EJC

(ii) Cu?'(aq) + 2e” — Cu(s)

Assuming 100% efficiency,
q  Ixt 0.25x(2x60x60)

nxF nxF 2% 96500

n, deposited = 04% _7 81110 mol
63.5

[1m]=9.326x10"° mol

n., expected =

7.811x10°°

. X

Percentage efficiency =

—

+— Pure Cu
] h
Impure Cu (cathode)
(anode) 1 )
—— dilute CuSOq4

[1m]

Ag*+e = Ag E®=+0.80V
Cu®*+2e =Cu E® =+0.34V
Since the E® (Cu2+

Thus Ag impurities will not be oxidised [1m] and they fall to the bottom as ‘sludge’.

Cu) is less positive, Cu is preferentially oxidised at the anode.

Cr¥*+2e =Cr E®=-0.74V
Cu*+2e =Cu E° =+0.34 V [1m] for quoting all 3 E® values
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Since the E® (Cr3+

goes into the solution (as Cr® ions) first, followed by Cu. At the cathode, however,
since the Ee(Cu2+ Cu) is_more positive, Cu?**_is _preferentially reduced and

Cr) is less positive, Cr is preferentially oxidised at the anode and

deposited on the pure Cu rod. Cr® ions remain in the electrolyte [1m] and are not
plated onto the cathode.
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1 Analysis of a solution containing both sodium hydroxide and sodium carbonate by

Answer all the questions in the spaces provided.

Warder titration (double indicator method)

Aqueous sodium hydroxide easily reacts with atmospheric carbon dioxide. This results in
the sodium hydroxide being contaminated with sodium carbonate Na>CO:s.

The Warder titration (double indicator method) can be used to analyse a mixture containing
both sodium hydroxide and sodium carbonate.

FA 1 is 0.125 mol dm= hydrochloric acid, HCL
FA 2 is an aqueous solution containing sodium hydroxide, NaOH, and sodium carbonate,
NazCOs.

(a) Titration of FA 2 against FA 1 using methyl orange or screened methyl orange
indicator

©EJC

In this titration, FA 1 is run from the burette into the conical flask containing FA 2 with
methyl orange or screened methyl orange indicator.

The end-point is reached when the yellow colour changes to orange for methyl orange,
or the green colour changes to grey for screened methyl orange.

i 1.
2,

6.

Results

Fill the burette with FA 1.
Using a pipette, transfer 25.0 cm? of FA 2 into a conical flask.
Add a few drops of methyl orange or screened methyl orange indicator.

Run FA 1 from the burette into the conical flask until the colour of the solution
changes.

Record your titration results in the space provided below. Make certain that
your recorded results show the precision of your working.

Repeat points 1 to 5 as necessary until consistent results are obtained.

[3]
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(b)

©EJC

(i) From your titrations, obtain a suitable volume of FA 1 to be used in your

calculations. Show clearly how you obtained this volume.

Volume of FA 1 = e, [1]

Titration of FA 2 against FA 1 using thymolphthalein indicator

When the titration in (a) was repeated using thymolphthalein as the indicator,
25.0 cm? of FA 2 required 23.35 cm? of FA 1.

The following explains why different results were obtained using two different
indicators.

(i)

When thymolphthalein is used as the indicator, the following reactions would
have taken place at the end-point of the titration.

1. NaOH(aq) + HCl(aq) — NaCl(aq) + H20O(l)
2. NaxCOs(aq) + HCl(aq) —» NaCl(aq) + NaHCOs(aq)

When methyl orange is used as the indicator in (a), the following reactions would
have taken place at the end-point of the titration.

1. NaOH(aq) + HCl(aq) — NaCl(aq) + H2O(l)
2. Na;COs(aq) + HCl(aq) —» NaCl(aq) + NaHCOs(aq)
3. NaHCOs(aq) + HCl(ag) — NaCl(aq) + CO2(g) + H20(1)

Calculate the amount of hydrochloric acid present in the volume of FA 1 calculated

in (a)(ii).

amount of HCZin volume in (@)(ii) = .....covvveeiiiiee e 1]

(ii) Calculate the amount of hydrochloric acid in 23.35 cm?® of FA 1.

amount of HC1in 23.35 cmB of FA 1 = ..o [1]
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(iii) Using your answer to (b)(i) and (b)(ii), calculate the amount of hydrochloric acid For
that reacts with the Na,COs in the titration using thymolphthalein indicator. ExaLTiﬂef'S
se
amount of HCl that react with NaxCOz = ... [1]

(iv) Hence, calculate the mass of sodium carbonate present in 25.0 cm® of
FA 2.

[A: C, 12.0; O, 16.0; Na, 23.0]

mass of Na;CO3in 25.0 cmP of FA 2 = ....ccoooiiiiiiccceceeeee [1]

(v) The overall equation for the reaction of Na,CO3; with HCI when methyl orange is
used as indicator is given below.

Na,COs(aq) + 2HCl(aq) — 2NaCl(aq) + COz(g) + H20(1)

Calculate the amount of HC! that reacted with the Na,COs in the above equation
in 25.0 cm? of FA 2.

amount of HCI = ..., [1]

(vi) Use your answers to (b)(i) and (b)(v) to calculate the mass of
sodium hydroxide in 25.0 cm? of FA 2.

[Ar: H, 1.0; O, 16.0; Na, 23.0]

mass of NaOH = ..., [1]
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(vii) Calculate the percentage by mass of sodium carbonate in the mixture of sodium For

hydroxide and sodium carbonate in FA 2. ExaLTiner's
se

percentage by mass of Na,COs in FA 2 =

(c) The error (uncertainty) associated with each reading is given as follows:
50.00 cm? burette: +0.05 cm?®
25.0 cm?® pipette:  +0.04 cm?®

Using the above data, calculate the percentage error (uncertainty) when a
(I) 50.00 cm?® burette
(II) 25.0 cm? pipette

is used to measure 25 cm?® of FA 2 into the conical flask.

Hence state whether a 50.00 cm?® burette or 25.0 cm? pipette will be more suitable to
measure 25.0 cm® of FA 2 accurately.

[Total: 15]
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2 To determine the percentage by mass of sodium hydrogencarbonate in the unknown For

sample based on gravimetric method ExaLrJniner's
se

Sodium hydrogencarbonate decomposes on heating to give sodium carbonate, carbon
dioxide and water vapour.

2NaHCO, (s) —— Na,CO,(s) + CO,(g)+ H,0(g)

Sodium chloride on the other hand is unaffected by heat.

FA 3 is a mixture of anhydrous sodium hydrogencarbonate, NaHCO3, and sodium chloride,
NaClL

In this question, you will heat to decompose the sodium hydrogencarbonate in FA 3 and
determine the mass of carbon dioxide and water lost. The data will be used to determine

. the mass of NaHCOg; in FA 3,
. the percentage composition by mass of NaHCOs in FA 3.

(a) Thermal decomposition of NaHCO3

In this experiment, solid FA 3 is heated strongly in a boiling tube, over a non-luminous
Bunsen flame, until there is no further change in the mass.

1. Weigh accurately about 4.5 g of FA 3 in the boiling tube provided. Record your
weighings in the space provided below.

2. Heat the tube gently first, then strongly.

3. Place the boiling tube into a dry 250 cm? beaker to cool.

You may wish to proceed with other experiments while waiting for the boiling tube to
cool.

4. Weigh and record the mass of the cooled boiling tube containing the residue.
5. Repeat points 2 to 4 as necessary until a constant mass is obtained.
6. Turn off your Bunsen burner.

(i) In an appropriate format in the space below, record all weighings measurements.

[3]
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(i) Using your results, calculate the mass of carbon dioxide and water vapour
evolved.

mass of COz2 and HxO evolved = .........cciiiiiiiiiee e [1]
(iii) Using your answer to (a)(ii), calculate the amount of carbon dioxide evolved.

[A: H, 1.0; C, 12.0; O, 16.0]

amount of CO2 evoIved = ........ccccevvvvvvviviiiiiiiiiiiiiiiiviiviiiiaaanes [1]
(iv) Calculate the mass of sodium hydrogencarbonate in the sample of FA 3.

[Ar: H, 1.0; C, 12.0; O, 16.0; Na, 23.0]

mass of NaHCOs in sample of FA 3 = ... [1]

(v) Determine the percentage by mass of sodium hydrogencarbonate in FA 3.

percentage by mass of NaHCO3 in FA 3 = ..., [1]
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(b) Suggest one possible source of error in this experiment. How would this error affect For

the calculated results in (a)(iv)? ExaLrJniner's
Se

(c) Planning

Plan an experiment to determine the percentage by mass of sodium
hydrogencarbonate in the unknown sample based on volumetric analysis method.

In this experiment, you will titrate a solution of FA 3 against FA 1, using a suitable
indicator.

You can assume you are provided with the following reagent:
FA 4 is a solution containing 30.00 g dm= of FA 3.
In your plan, you should include details of

the amount of reagents you would use,

the apparatus you would use and the procedure you would follow,

the measurements you would take,

appropriate calculations to show how the percentage by mass of sodium
hydr%gencarbonate in FA 3 can be determined, assuming the average titre is
y cm®.

©EJC 9729/04/J2PE/18
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3 Investigation of the kinetics of the reaction between calcium carbonate and
hydrochloric acid

Calcium carbonate that reacts with hydrochloric acid in an acid-carbonate reaction as
shown below.

CaCO,(s) + 2HCl(aq) — CaCl,(aq) + H,O(l) + CO,(9)
FA 5 is powdered CaCOs.

In this question, you will measure the volume of CO; gas produced at timed intervals until
the reaction is complete, using an excess of dilute hydrochloric acid.

You will need access to FA 1 solution you used earlier.

initial level _—|

of tap water

I|I|I|I|I|I|I|I\|

50 cm?®
burette ——_
glass
delivery
tube
1 —
rubber

tubing

large container

(T —

250 cm® ) (
conical flask
tap water
I| 1
Fig 3.1

You will measure the level of water in the burette at timed intervals.

In an appropriate format in the space provided on page 11, prepare a table in which you
may record each burette reading and the time it was taken. The time taken should be
recorded to one decimal place.

In addition, your table will need to show the volume of CO: collected up to that time,
recorded to one decimal place.

©EJC 9729/04/J2PE/18
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(a)

©EJC

11
Set up the apparatus as shown in the Fig. 3.1. You should insert the rubber tubing to
a sufficient depth in the burette so that it will not subsequently shake loose.
Adjust the water level in the burette until it is between 48.0 cm?® and 50.0 cm?. You may
find it helpful to use an empty dropping pipette to introduce small amounts of air from

the bottom of the burette tube.

Transfer all the solid FA 5 provided in the weighing bottle into a dry and clean 250 cm?®
conical flask.

Use an appropriate measuring cylinder, measure 40 cm?® of FA 1.

Transfer the FA 1 into the conical flask containing FA 5 and insert the bung into the
conical flask.

Allow any bubbles created in the burette when the bung was inserted in the conical flask
torise to the top. Start the stopwatch, read and record the initial water level in the burette.

Note: Once you have started the stopwatch, allow it to continue running for the duration
of the experiment. You must not stop the stopwatch until the reaction is complete.

Check that the rubber tubing is securely positioned in the burette.
Hold the flask by its neck and gently swirl it continuously.

At t = 0.5 min, read and record the water level in the burette, to 1 decimal place,
together with the time it was measured, in your table.

Continue to gently swirl the flask. Read and record the water level in the burette every
half minute, until the reaction is complete.

(i) Experimental Results

[3]
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(ii) Plot on the grid below, a graph of the volume of CO; on the y-axis, against time, t, For
on the x-axis. ExalrJniner's
se

Draw the most appropriate best-fit curve, taking into account all of your points.

Fig. 3.2 3]

©EJC 9729/04/J2PE/18
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(iii) It has been claimed that the reaction between calcium carbonate and hydrochloric For

acid is pseudo-first order with respect to calcium carbonate. EX&S‘i“ef'S
se

State whether you agree or disagree with this claim. Use evidence from your graph
in Fig. 3.2 to support your answer.

(b) Planning

Besides using the continuous measurement method in 3(a) to determine the order of
reaction of a reactant, the initial rates method can also be used.

Plan an investigation, which does not involve graph plotting, to determine the order of
reaction with respect to hydrochloric acid, HC[, using the initial rates method.

You are provided the following chemicals and apparatus:

e same apparatus used in the experimental setup in 3(a),
e 2.00 mol dm= HCl solution

e FA 5 powdered CaCOs;

o stopwatch

In your plan, you should include details of:

o the different concentrations of the reactants used and the conditions of the
experiment,

e the procedure you would follow, including the end-point of the experiment

e the measurements you would take,

e an outline of how you would use your results to determine the order of reaction
with respect to HCL

You may use the space below to draw a table indicating the headers of the
measurements and calculations you would be performing.

© EJC 9729/04/J2PE/18 [Turn Over
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4 Carry out the following experiments with FA 6.

In all tests the reagents should be added gradually until no further change is observed
unless you are instructed otherwise.

Observations should include:

(i) descriptions of colour changes and precipitates;

(i) names of gases evolved and details of the test used to identify each one.

You should indicate clearly at which stage in a test a change occurs, writing any deductions

that you make alongside the observations upon which they are based.

Marks will be given only for the prescribed tests and will not be given for chemical
equations.

TEST

OBSERVATION

CONCLUSION

(a)

Tests of FA 6

Heat FA 6 in a test-
tube until no further
change is observed.

Allow the residue to
cool and retain it for

(b).

You may wish to proceed

with the tests in 4(c)
while waiting for the
residue to cool.

(b) Dissolve the residue

from test (a) in
deionised water and
use separate portions
of the solution for tests

(i) to (iii)

Add aqueous silver
nitrate to a portion of
the solution.

Then add aqueous
ammonia.

©EJC
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TEST

OBSERVATION

CONCLUSION

(ii)

(iif)

Add a few drops of
aqueous potassium
manganate(VII)
followed by dilute
sulfuric acid.

Add a few crystals of
FA 6, shake to
dissolve and then add
dilute sulfuric acid.

(c)

(i)

(ii)

Dissolve FA 6 in water
and use separate
portions of the solution
for tests (i) and (ii).

Add a few drops of
aqueous potassium
manganate(VII)
followed by dilute
sulfuric acid.

Add aqueous
potassium bromide
followed by dilute
sulfuric acid.

Add hexane and shake
the mixture.

You are not required to identify FA 6.

©EJC
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(d) (i) FA 6 and the residue from (a) contains element X in two different oxidation states.
Using your observations from the tests in (b) and (c), explain which compound,
FA 6 or the residue, contains X in the higher oxidation state.

(ii) The reaction in test (b)(iii) is said to be a comproportionation reaction. In light of
your observations to test (b)(i) and (b)(iii), together with your answer to (d)(i),
suggest what the term comproportionation may refer to.

[Total: 11]
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Qualitative Analysis Notes
[ppt. = precipitate]

(a) Reactions of aqueous cations

reaction with
cation
NaOH(aq) NHs(aq)
aluminium, white ppt. white ppt.
APB*(aq) soluble in excess insoluble in excess
ammonium, ammonia produced on heating
NH3(aq)
barium, no ppt. no ppt.
Ba?*(aq) (if reagents are pure)
calcium, white. ppt. with high no ppt.
Ca?*"(aq) [Ca**(aq)]
chromium(II), grey-grgen ppt. grey-gree.n ppt.
3+ soluble in excess insoluble in excess
Cr’*(aq) o .
giving dark green solution
copper(l), Pale blue 'ppt. blue ppt..
Cu*(aq) insoluble in excess soluble in excess
’ giving dark blue solution
iron(11) green ppt., turning brown on contact green ppt., turning brown on contact
Fe?*(a ’) with air with air
g insoluble in excess insoluble in excess
iron(III), red-brown ppt. red-brown ppt.
Fe**(aq) insoluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg?*(aq) insoluble in excess insoluble in excess
manganese(II), off-white ppt., lrapldly turning brown on | off-white ;')pt.,.rapldly turning brown on
o4 contact with air contact with air
Mn4*(aq) . . . .
insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?*(aq) soluble in excess soluble in excess

©EJC 9729/04/J2PE/18



(b) Reactions of anions

20

anion reaction
carbonate, CO: liberated by dilute acids
CO35”
chloride, gives white ppt. with Ag*(aq) (soluble in NHs(aq))
Cl(aq)
bromide, gives pale cream ppt. with Ag*(aq) (partially soluble in NHs(aq))
Br(aq)
iodide, gives yellow ppt. with Ag*(aq) (insoluble in NHs(aq))
I"(aq)
nitrate, NH3 liberated on heating with OH~(aq) and Al foil
NOj3(aq)
o NH3 liberated on heating with OH=(aq) and Al foil;
nitrite, NO liberated by dilute acids
NO>(aaq) (colourless NO — (pale) brown NO in air)
sulfate, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
S0; (aq)
sulfite, SO, liberated with dilute acids;
Sog‘(aq) gives white ppt. with Ba%*(aq) (soluble in dilute strong acids)

(c) Tests for gases

gas

test and test result

ammonia, NH3

turns damp red litmus paper blue

carbon dioxide, CO;

gives a white ppt.
(ppt. dissolves with excess CO,)

with limewater

chlorine, CL

bleaches damp litmus paper

hydrogen, H-

“pops” with a lighted splint

oxygen, Oz

relights a glowing splint

sulfur dioxide, SO2

turns aqueous acidified potassium manganate(VII) from purple to colourless

(d) Colour of halogens

halogen colour of element colour in aqueous solution colour in hexane
chlorine, Ck greenish yellow gas pale yellow pale yellow
bromine, Br reddish brown gas / liquid orange orange-red
iodine, I, black solid / purple gas brown purple
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1 Analysis of a solution containing both sodium hydroxide and sodium carbonate by

Answer all the questions in the spaces provided.

Warder titration (double indicator method)

Aqueous sodium hydroxide easily reacts with atmospheric carbon dioxide. This results in
the sodium hydroxide being contaminated with sodium carbonate Na>CO:s.

The Warder titration (double indicator method) can be used to analyse a mixture containing
both sodium hydroxide and sodium carbonate.

FA 1 is 0.125 mol dm= hydrochloric acid, HCL
FA 2 is an aqueous solution containing sodium hydroxide, NaOH, and sodium carbonate,
NazCOs.

(a) Titration of FA 2 against FA 1 using methyl orange or screened methyl orange
indicator

©EJC

In this titration, FA 1 is run from the burette into the conical flask containing FA 2 with
methyl orange or screened methyl orange indicator.

The end-point is reached when the yellow colour changes to orange for methyl orange,
or the green colour changes to grey for screened methyl orange.

i 1.
2,

6.

Resu

[1]

[1
[1]

[2]

Fill the burette with FA 1.
Using a pipette, transfer 25.0 cm? of FA 2 into a conical flask.
Add a few drops of methyl orange or screened methyl orange indicator.

Run FA 1 from the burette into the conical flask until the colour of the solution
changes.

Record your titration results in the space provided below. Make certain that
your recorded results show the precision of your working.

Repeat points 1 to 5 as necessary until consistent results are obtained.

It
S Titration number 1 2

Final burette reading / cm? 33.70 35.80

Initial burette reading / cm?® 0.00 2.00

Volume of FA 1 used / cm® 33.70 33.80
v v

table with correct headings (‘burette’ must be stated) and units.

(Do not award if any final and initial burette readings are inverted/ if 50

is used as initial burette reading/ burette reading is >50)

All burette readings recorded to the nearest 0.05 cm?® + correct
computation of titres

Has two uncorrected titres for end-point within 0.10 cm? + place v/

under two selected titres within 0.10 cm3. (Do not award if additional
titration is performed after consistent titres are obtained.) 5]
Accuracy (Teacher’s reading £0.20 cm3: 2m; £0.40 cm3: 1m)
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Average volume of FA 1=

(i) From your titrations, obtain a suitable volume of FA 1 to be used in your

calculations. Show clearly how you obtained this volume.

33.70+33.80 e state correct term “Average volume"

2 e quote the selected titres in the
=33.75 cm?® average working
e give correct final value to 2 d.p.
Volume of FA1= ....cccoo....... 33.75em® .. [1]

(b) Titration of FA 2 against FA 1 using thymolphthalein indicator

©EJC

When the titration in (a) was repeated using thymolphthalein as the indicator,
25.0 cm? of FA 2 required 23.35 cm? of FA 1.

The following explains why different results were obtained using two different
indicators.

(i)

When thymolphthalein is used as the indicator, the following reactions would
have taken place at the end-point of the titration.

1. NaOH(aq) + HCl(aq) — NaCl(aq) + H20O(l)

2. NaxCOs(aq) + HCl(aq) —» NaCl(aq) + NaHCOs(aq)

When methyl orange is used as the indicator in (a), the following reactions would
have taken place at the end-point of the titration.

1. NaOH(aq) + HCl(aq) — NaCl(aq) + H2O(l)

2. Na;COs(aq) + HCl(aq) —» NaCl(aq) + NaHCOs(aq)

3. NaHCOs(aq) + HCl(aq) — NaCl(aq) + COz(g) + H20(1)

Calculate the amount of hydrochloric acid present in the volume of FA 1 calculated

in (a)(ii).

Amount of HCIin 33.75 cm® of FA 1 =0.125 x % =0.00422 mol

amount of HClin volume in (a)(ii) = ................ 000422mo| .............. 1]

(ii) Calculate the amount of hydrochloric acid in 23.35 cm?® of FA 1.

Amount of HCZin 23.35 cm? of FA 1 = 0.125 x% - 0.00292 mol

amount of HCZin 23.35 cm® of FA1 = ...oooo..... 0.00292 mol [1]
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(iii) Using your answer to (b)(i) and (b)(ii), calculate the amount of hydrochloric acid
that reacts with the Na>COs in the titration using thymolphthalein indicator.

Amount of HC! that react with Na,CO3; = 0.00422 — 0.00292 = 0.00130 mol

amount of HCI that react with Na,CO3 = .............. 0.00130 mol [1]

(iv) Hence, calculate the mass of sodium carbonate present in 25.0 cm® of
FA 2.

[A: C, 12.0; O, 16.0; Na, 23.0]

Mass of Na,CQOj3 in 25.0 cm?® of FA 2 = 0.00130 x 106.0 = 0.138 g

mass of Na;COs in 25.0 cm3of FA2 = .........01389 . [1]

(v) The overall equation for the reaction of Na,CO3 with HCI when methyl orange is
used as indicator is given below.

Na,COs(aq) + 2HCl(aq) — 2NaCl(aq) + COz(g) + H20(1)

Calculate the amount of HCI that reacted with the Na,COs in the above equation
in 25.0 cm? of FA 2.

Amount of HC! that react with Na,CO3z =2 x 0.00130 = 0.00260 mol

amount of HCI = ............. 0.00260 mol [1]

(vi) Use your answers to (b)(i) and (b)(v) to calculate the mass of
sodium hydroxide in 25.0 cm? of FA 2.
[Ar: H, 1.0; O, 16.0; Na, 23.0]

Mass of NaOH in 25.0 cm? of FA 2 = (0.00422 — 0.00260) x 40.0 = 0.0648 g

mass of NaOH = .............. 0.06489g .. [1]
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(vii) Calculate the percentage by mass of sodium carbonate in the mixture of sodium For
hydroxide and sodium carbonate in FA 2. ExaLTi“ef'S
se
. _ 0.138 _
% by mass of Na,COz3inFA2=——"——x100=68.0%

0.138 +0.0648

percentage by mass of NaoCOs inFA 2= ....................00 0 [1]

(c) The error (uncertainty) associated with each reading is given as follows:
50.00 cm? burette: +0.05 cm?®
25.0 cm?® pipette:  +0.04 cm?®

Using the above data, calculate the percentage error (uncertainty) when a
(I) 50.00 cm?® burette
(II) 25.0 cm? pipette

is used to measure 25 cm?® of FA 2 into the conical flask.

Hence state whether a 50.00 cm?® burette or 25.0 cm? pipette will be more suitable to
measure 25.0 cm? of FA 2 accurately.

Error when burette is used = 2 x £0.05 = +0.10 cm?®

........................................................................................................ .[1]

The.use.af a.hurette.to.measure.25.cm?.of FA.2.will.result.in greater.%.error..............
Hence a 25.0 cm?® pipette is more suitable to measure 25 cm?® of FA 2. [1]
(from.correct % calculations,. allow. €Cf from Ya . €Iror)......coo v,

[Total: 15]
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2 To determine the percentage by mass of sodium hydrogencarbonate in the unknown
sample based on gravimetric method

Sodium hydrogencarbonate decomposes on heating to give sodium carbonate, carbon
dioxide and water vapour.

2NaHCO, (s) —— Na,CO,(s) + CO,(g)+ H,0(g)
Sodium chloride on the other hand is unaffected by heat.

FA 3 is a mixture of anhydrous sodium hydrogencarbonate, NaHCO3, and sodium chloride,
NaCl.

In this question, you will heat to decompose the sodium hydrogencarbonate in FA 3 and
determine the mass of carbon dioxide and water lost. The data will be used to determine

. the mass of NaHCOg; in FA 3,
. the percentage composition by mass of NaHCOs in FA 3.

(a) Thermal decomposition of NaHCO3

In this experiment, solid FA 3 is heated strongly in a boiling tube, over a non-luminous
Bunsen flame, until there is no further change in the mass.

1.  Weigh accurately about 4.5 g of FA 3 in the boiling tube provided. Record your
weighings in the space provided below.

2. Heat the tube gently first, then strongly.

3. Place the boiling tube into a dry 250 cm? beaker to cool.

You may wish to proceed with other experiments while waiting for the boiling tube to
cool.

4. Weigh and record the mass of the cooled boiling tube containing the residue.
5. Repeat points 2 to 4 as necessary until a constant mass is obtained.
6. Turn off your Bunsen burner.

(i) In an appropriate format in the space below, record all weighing measurements.

Mass of empty boiling tube / g 29.410
Mass of boiling tube and FA 3 /g 33.891
Mass of FA 3 used / g 4.481

Mass of boiling tube and residue after first heating /g 33.218
Mass of boiling tube and residue after second heating /g 33.065
Mass of boiling tube and residue after third heating /g 33.065

[1] Record "total mass of boiling tube + FA 3" + "mass of boiling tube + residue
after 15t heating" + "mass of boiling tube + residue after 2" heating"

[1] Record two constant masses (within 0.01g) of boiling tube + residue after
heating

[1] All mass readings are recorded to 3 d.p. and mass of FA 3 used is within [3]
*0.05 g, with appropriate units stated
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(i) Using your results, calculate the mass of carbon dioxide and water vapour
evolved.

Mass of CO, and H>O evolved =4.481 g—3.655g=0.826 g

mass of CO; and H20O evolved = 0.826 g a3

(iii) Using your answer to (a)(ii), calculate the amount of carbon dioxide evolved.
[A: H, 1.0; C, 12.0; O, 16.0]

Let the amount of carbon dioxide evolved by x mol.
Neo, =Ny o =X mol

x(44.0)+x(18.0) = 0.826

x=—0826 40133
44.0+18.0
amount of CO; evolved = ............... 00133mo| ................... [1]

(iv) Calculate the mass of sodium hydrogencarbonate in the sample of FA 3.
[Ar H, 1.0; C, 12.0; O, 16.0; Na, 23.0]

Muarico, = 2Nco, =2x0.01332 = 0.02665 mol
Mass of NaHCO, = 0.02665x (23.0+1.0+12.0+ 3x16.0)

=0.02665 x 84.0
-2238g~224g

mass of NaHCOs in sample of FA 3 = 2249 [1]

(v) Determine the percentage by mass of sodium hydrogencarbonate in FA 3.

% by mass of NaHCOs in FA1 = i'iz? «100% = 49.9%

percentage by mass of NaHCO3 in FA3 = ..ol [1]
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(b)

(c)

©EJC

Suggest one possible source of error in this experiment. How would this error affect
the calculated results in (a)(iii)?

Planning

Plan an experiment to determine the percentage by mass of sodium
hydrogencarbonate in the unknown sample based on volumetric analysis method.

In this experiment, you will titrate a solution of FA 3 against FA 1, using a suitable
indicator.

You can assume you are provided with the following reagent:
FA 4 is a solution containing 30.00 g dm= of FA 3.

In your plan, you should include details of

e the amount of reagents you would use,

e the apparatus you would use and the procedure you would follow,

e the measurements you would take,

e appropriate calculations to show how the percentage by mass of sodium
hydrogencarbonate in FA 3 can be determined, assuming the average titre is
y cm?.

Procedure

Step 2:  Fill a burette with FA 1.
Step. 3;..... Titrate the contents of the conical flask with FA 4 from.the buretie until the

Volume of FA 1 used / cm?®

Step 5:  Obtain from your titration results a suitable average titre. Show clearly the

............... ﬂtresyouused.lﬁ.caicul.a.tlﬂg.th.lsaverage
o Suitable volume of reagents used, apparatus used [1]
.....SUItab'e.rn.d.lcatorand.CO'Our.Change.at.the.end.porn.t ..... [1.]. .....................................
e Logical flow of procedure and Data collection [1]
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©EJC

Calculations

n,., used in titration = Z————
et 1000

------------------------------------ 4.... D )
Muarco, Per dmd = 2y 10" X1000 =8y x107° mol

[Total : 15]
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10

3 Investigation of the kinetics of the reaction between calcium carbonate and
hydrochloric acid

Calcium carbonate that reacts with hydrochloric acid in an acid-carbonate reaction as
shown below.

CaCO,(s) + 2HCl(aq) — CaCl,(aq) + H,O(l) + CO,(9)
FA 5 is powdered CaCO:s.

In this question, you will measure the volume of CO; gas produced at timed intervals until
the reaction is complete, using an excess of dilute hydrochloric acid.

You will need access to FA 1 solution you used earlier.

initial level _— |

of tap water

I|I|I|I|I|I|I|I\|

50 cm?®
burette ——_
glass
delivery
tube
Br——1 30
rubber

tubing

large container

250 cm?®
conical flask

(T —

tap water

Fig 3.1

You will measure the level of water in the burette at timed intervals.

In an appropriate format in the space provided on page 11, prepare a table in which you
may record each burette reading and the time it was taken. The time taken should be
recorded to one decimal place.

In addition, your table will need to show the volume of CO collected up to that time,
recorded to one decimal place.
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10.

(a)

©EJC

11
Set up the apparatus as shown in the Fig. 3.1. You should insert the plastic/rubber
tubing to a sufficient depth in the burette so that it will not subsequently shake loose.
Adjust the water level in the burette until it is between 48.0 cm?® and 50.0 cm?. You may
find it helpful to use an empty dropping pipette to introduce small amounts of air from

the bottom of the burette tube.

Transfer all the solid FA 5 provided in the weighing bottle into a dry and clean 250 cm?®
conical flask.

Use an appropriate measuring cylinder, measure 40 cm?® of FA 1.

Transfer the FA 1 into the conical flask containing FA 5 and insert the bung into the
conical flask.

Allow any bubbles created in the burette when the bung was inserted in the conical flask
torise to the top. Start the stopwatch, read and record the initial water level in the burette.

Note: Once you have started the stopwatch, allow it to continue running for the duration
of the experiment. You must not stop the stopwatch until the reaction is complete.

Check that the plastic/rubber tubing is securely positioned in the burette.
Hold the flask by its neck and gently swirl it continuously.

At t = 0.5 min, read and record the water level in the burette, to 1 decimal place,
together with the time it was measured, in your table.

Continue to gently swirl the flask. Read and record the water level in the burette every
half minute, until the reaction is complete.

(i) Experimental Results
Time / min | Burette Reading / cm® | Volume of CO, / cm?®
0.0 48.0 0.0
0.5
1.0

[1] Tabulates burette readings at t = 0 until the end of the experiment,
time/min and volume of CO,/cm3.
Tables have correct headers and units.
Tabulation may be vertical or horizontal; lines are not essential but
there should be no absence of headers. Where units have not been
included in the header, there should be the appropriate unit for each
entry in the table

[1] All burette readings and CO,volumes to 0.1 cm3, and times to 0.5 min.

[1] Full set of results with final readings that have at least 3 values that
are the same

[3]
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(ii) Plot on the grid below, a graph of the volume of CO; on the y-axis, against time, t, For
on the x-axis. ExalrJniner's
se

Draw the most appropriate best-fit curve, taking into account all of your points.

Fig. 3.2 3]

[1] Axes correct way round + correct labels + units + scale
Sensible linear scale must be chosen so that plotted points occupy at least
half the graph grid in both x and y directions

[1] All points correctly plotted to within 2 small square. Check all points and
put ticks if correct

[1] Graph line must be best-fit line (Do not allow mark if clearly anomalous points
are included)

©EJC 9729/04/J2PE/18
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(iii) It has been claimed that the reaction between calcium carbonate and hydrochloric For

acid is pseudo-first order with respect to calcium carbonate. EX&S‘i“ef'S
se

State whether you agree or disagree with this claim. Use evidence from your graph
in Fig. 3.2 to support your answer.

(b) Planning

Besides using the continuous measurement method in 3(a) to determine the order of
reaction of a reactant, the initial rates method can also be used.

Plan an investigation, which does not involve graph plotting, to determine the order of
reaction with respect to hydrochloric acid, HC[, using the initial rates method.

You are provided the following chemicals and apparatus:

e same apparatus used in the experimental setup in 3(a),
e 2.00 mol dm= HCl solution

e FA 5 powdered CaCOs;

o stopwatch

In your plan, you should include details of:

o the different concentrations of the reactants used and the conditions of the
experiment,

e the procedure you would follow, including the end-point of the experiment

e the measurements you would take,

e an outline of how you would use your results to determine the order of reaction
with respect to HCL

You may use the space below to draw a table indicating the headers of the
measurements and calculations you would be performing.

© EJC 9729/04/J2PE/18 [Turn Over
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For
[11.. Controls concentrations, volumes and total volume to be used for the  |Examiners
Use

[Total: 14]
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4 Carry out the following experiments with FA 6.

In all tests the reagents should be added gradually until no further change is observed
unless you are instructed otherwise.

Observations should include:

(i) descriptions of colour changes and precipitates;

(i) names of gases evolved and details of the test used to identify each one.

You should indicate clearly at which stage in a test a change occurs, writing any deductions
that you make alongside the observations upon which they are based.

Marks will be given only for the prescribed tests and will not be given for chemical

equations.
TEST OBSERVATION CONCLUSION
Tests of FA 6
(a) Heat FA 6 in a test- Violet gas evolved which e Gasis Iz
tube until no further bleaches litmus. [1] with
change is observed. identity of gas e Gasis O

Allow the residue to
cool and retain it for

(b).

You may wish to proceed
with the tests in 4(c)
while waiting for the

residue to cool.

Colourless gas evolved which
relights glowing splint. [1] with
identity of gas

White residue, same colour as
original

e 103 present

« K*, Na*, Ca?*, Ba?"
or Mg?* may be
present

(b) Dissolve the residue
from test (a) in
deionised water and
use separate portions
of the solution for tests

(i) to (iii)

(i) Add aqueous silver
nitrate to a portion of
the solution.

Then add aqueous
ammonia.

Colourless solution

Yellow ppt

Ppt insoluble in aqueous
ammonia [1] for both

e I"presentin
residue [1]

©EJC
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TEST

OBSERVATION

CONCLUSION

(ii)

(iif)

Add a few drops of
aqueous potassium
manganate(VII)
followed by dilute
sulfuric acid.

Add a few crystals of
FA 6, shake to
dissolve and then add
dilute sulfuric acid.

Brown solution / black ppt [1]

Purple KMnO4 decolourised

e I produced [1]
e [ presentin
residue

e Reducing agent
present [1]

Brown solution obtained [1]

with identification of I,

e I, produced

e FA 6 is an oxidising
agent [1]

e [ presentin
residue

(c)

(i)

(ii)

Dissolve FA 6 in water
and use separate
portions of the solution
for tests (i) and (ii).

Add a few drops of
aqueous potassium
manganate(VII)
followed by dilute
sulfuric acid.

Add aqueous
potassium bromide
followed by dilute
sulfuric acid.

Add hexane and shake
the mixture.

Colourless solution

Purple colour of KMnO4
remains [1]

e Reducing agent
absent [1]

Orange solution formed

Dark red top organic layer and
yellow/orange bottom aqueous

layer

—[1] either

e Br; produced [1]
o Oxidising agent
present [1]

You are not required to identify FA 6. [14 max 7]

©EJC
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(d) (i) FA 6 and the residue from (a) contains element X in two different oxidation states.

©EJC

Using your observations from the tests in (b) and (c), explain which compound,
FA 6 or the residue, contains X in the higher oxidation state.

(ii) The reaction in test (b)(iii) is said to be a comproportionation reaction. In light of

your observations to test (b)(i) and (b)(iii), together with your answer to (d)(i),
suggest what the term comproportionation may refer to.

[Total: 11]
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Qualitative Analysis Notes
[ppt. = precipitate]

(a) Reactions of aqueous cations

reaction with
cation
NaOH(aq) NHs(aq)
aluminium, white ppt. white ppt.
APB*(aq) soluble in excess insoluble in excess
ammonium, ammonia produced on heating
NH3(aq)
barium, no ppt. no ppt.
Ba?*(aq) (if reagents are pure)
calcium, white. ppt. with high no ppt.
Ca?*"(aq) [Ca**(aq)]
chromium(II), grey-grgen ppt. grey-gree.n ppt.
3+ soluble in excess insoluble in excess
Cr’*(aq) o .
giving dark green solution
copper(l), Pale blue 'ppt. blue ppt..
Cu*(aq) insoluble in excess soluble in excess
’ giving dark blue solution
iron(11) green ppt., turning brown on contact green ppt., turning brown on contact
Fe?*(a ’) with air with air
a insoluble in excess insoluble in excess
iron(III), red-brown ppt. red-brown ppt.
Fe¥(aq) insoluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg?*(aq) insoluble in excess insoluble in excess
manganese(II), off-white ppt., lrapldly turning brown on | off-white ;.)pt.,.rapldly turning brown on
o4 contact with air contact with air
Mn<*(aq) . . . .
insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?*(aq) soluble in excess soluble in excess

©EJC 9729/04/J2PE/18



(b) Reactions of anions
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anion reaction
carbonate, CO: liberated by dilute acids
CO3
chloride, gives white ppt. with Ag*(aq) (soluble in NHz(aq))
Cl(aq)
bromide, gives pale cream ppt. with Ag*(aq) (partially soluble in NHs(aq))
Br(aq)
iodide, gives yellow ppt. with Ag*(aq) (insoluble in NHs(aq))
I"(aq)
nitrate, NH3 liberated on heating with OH~(aq) and Al foil
NOj3(aq)
o NHs liberated on heating with OH~(aq) and Al foil;
nitrite, NO liberated by dilute acids
NO>(aq) (colourless NO — (pale) brown NO in air)
sulfate, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
S0; (aq)
sulfite, SO, liberated with dilute acids;
Sog‘(aq) gives white ppt. with Ba%*(aq) (soluble in dilute strong acids)

(c) Tests for gases

gas

test and test result

ammonia, NH3

turns damp red litmus paper blue

carbon dioxide, CO;

gives a white ppt.
(ppt. dissolves with excess CO,)

with limewater

chlorine, CL

bleaches damp litmus paper

hydrogen, H-

“pops” with a lighted splint

oxygen, Oz

relights a glowing splint

sulfur dioxide, SO2

turns aqueous acidified potassium manganate(VII) from purple to colourless

(d) Colour of halogens

halogen colour of element colour in aqueous solution colour in hexane
chlorine, Ck greenish yellow gas pale yellow pale yellow
bromine, Br reddish brown gas / liquid orange orange-red
iodine, I, black solid / purple gas brown purple
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