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2022 H2 Chemistry Prelim Exam 9729/1
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1 B
element electronic no. of
configuration unpaired e~
A Al 1522522p3s23p! 1
o] 1522522p* 2
B B 1522s?2p? 1
H 1s! 1
c Cu [Ar]3d1%4s! 1
I [Kr]4d'95s25p5 1
D Fe [Ar]3dt4s2 4
Cli 1522522pf3523p5 1
2 D

Large dip in second LE. from M to N > second
electron removed from an outer shell in N 5 Mis in
Group 1 (Na) while N is in Group 2 (Mg).

Option A: True
L is a noble gas (Ne). It has a fully filled valence
electron shell and does not form an oxide.

Option B: True

Q is silicon (Si) which has the highest melting point
across period 3. Si has a giant molecular structure.
Large amount of energy is required to break the
strong covalent bonds.

Option C: True

The atomic radius of J (O) is larger than that of K
(F). Both O and F are in the same period (similar
shielding effect), but F has a greater number of
protons (higher nuclear charge), hence higher
effective nuclear charge, and valence electrons are
pulled closer to the nucleus. So F has a smaller
atomic radius than O.

Option D: False
The oxide of N (MgO) has a higher melting point
than the oxide of R (P4O10).

3 B
molecule m;.pof n%Of shape ;)r?nli
A SO2 2 1 bent 118°
OF2 2 2 bent 105°
B oCs 2 0 linear 180°
HCN 2 0 linear 180°

BP~825

ccL | 4 o | ehahe | 40950
c ral
square o
XeFs 4 2 planar 90
D CS2 2 0 linear 180°
H2S 2 2 bent 105°
4 A

Statement 1: Correct

In all the three allotropes, each carbon atom is
covalently bonded to 3 other carbon atoms. The
remaining electron is delocalised and mobile. The p
orbitals of the carbon atoms overlap to form a
continuous T electron cloud allowing delocalisation
of electrons and conduction of electricity.

Statement 2: Incorrect

Unlike graphite, graphene and carbon nanotube do
not have layers held together by weak
intermolecular forces of attraction. Hence they are
not slippery to be used as lubricants.

Statement 3: Incorrect

Note that both carbon allotropes are non-polar.
Energy released from the formation of
dipole-induced dipole interactions between carbon
allotropes and water is insufficient to overcome the
strong C-C covalent bonds in the carbon nanotube
and graphene as well as the hydrogen bonds
between water molecules.

5 A

Since Ga has a higher M than Gs, and mass of the
two gases is the same, amount of Ga is lower than
amount of Ge. For an ideal gas, pV = nRT.

Option A; Correct
At constant p, V = ?T .

Plotting V against T gives a straight line graph
passing through the origin with constant gradient %R.

Option B: Incorrect
At constant T, pV = nRT = constant.
Plotting pV against V gives a horizontal line.

Option C: Incorrect
At constant T, pV = nRT = constant.
Plotting p against pV gives a vertical line.

Option D: Incorrect

AtconstantV, p = %T .

Plotting Vp against T gives a straight line graph
passing through the origin with constant gradient 3;?

6 D

Option A: Correct

Be in BeClz is electron deficient, hence it can
accept lone pair of electrons to achieve stable octet
configuration.
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Option B: Correct
Ba has a lower melting point than Sr. Less energy
is required to overcome the weaker metallic bonds
between the larger Ba?* ions and electrons than the
stronger metallic bonds between the smaller SrZ*
jons and electrons.

Option C: Correct

Ba has more electron shells than Ca. lts valence
electrons are further away from the nucleus, hence
less attracted to the nucleus, and so need less
energy to be removed.

Option D: Incorrect

The charge density and hence polarising power of
Mg?* is higher than that of Ca?* since Mg® is
smaller than Ca?*. Hence there is a greater
distortion of the anionic charge cloud and so
MgCOs is less stable to heat and decomposes ata
lower temperature than CaCOs.

7 Cc

Option A: Incorrect

N2H4 is the Bronsted-Lowry base in Reaction 1 as
it accepts a proton to form NzHs*.

Option B: Incorrect
NzHs* and N2Ha, as well as NHs and NHg4*, are
conjugate acid-base pairs.

Option C: Correct

Since the POE lies to the right for both reactions,
HCIO is a stronger acid than N2Hs* from Reaction 1
as it prefers to donate a proton. Likewise for
Reaction 2 where N2Hs* is a stronger acid than
NHa4*.

Option D: Incorrect
NoHs is a weaker base than NHis because in
Reaction 2, the POE lies to the right.

8 A

Reactivity and oxidising power decreases down
Group 17.

Ck + 2Br — 2CI- + Brz (reddish—brown gas)

Brz + 21~ — 2Br- + I2 (purple gas, dissolves in water
to form brown solution)

9 C
CxHy + (x%)o2 - | xCOz2+ %Hzo
Initial
volume 10 90 0
Change y
in -10 | -1 0(x+;) +30
volume
End
volume 0 40 30
x=3

90 - 10(x+%) =40 >y =8
Hence formula is CaHs.

BP-826

0 D
Amount of TeO2 = 11—5‘;1—6 = 0.00633 mol

Amount of K2Crz07 = 0.070 x %g—o = 0.0021 mol

Since solution changes from orange (Cr207%") to
green (Cr3*), Cr207%" + 14H* + 6e— 2Cr3* + 7H20,
amount of electrons = 6 x 0.0021 = 0.0126 mol

amountofe” _ 0.0126 _
amount of TeOy T 000633
Oxidation state of Te in TeQ2 = +4
Since 1 mol of TeOz loses 2 mol of e~ in the reaction,
oxidation state of Te in product = +6

1 B
Ca(s) + 2H20() Ak Ca(OH)(s) + Hz(g);

2AH{H20) ‘\ /‘ AH{Ca(OH):

Ca(s) + 2H2(g) + O2(g)
By Hess Law,
AH{Ca(OH)2) = 2AH(H20) + AH:
= 2AHc(Hz) + AH;

Hence, other than AH: enthalpy change of
combustion of hydrogen is needed.

12 Cc

Option A (Wrong)

AS>0and AH>0

AG= AH — TAS < 0 for large T only.
Option B (Wrong)

AS<Q0and AH <0

AG = AH — TAS < 0 for small T only.
Option C (Correct)

AS>0and AH<0

AG =AH-TAS <0Qforall T.
Option D (Wrong)

AS <0and AH>0
AG=AH-TAS>0forall T.

13 A
Rate law is determined by slow step in proposed
mechanism, i.e. Rate = kTOs][O].
This rate law cannot be compared directly with the
experimental rate equation because it contains
the concentration of an intermediate, O. Thus we
need to express rate law in a way that removes
the intermediate O.
From Step 1,
K = [02][0)[03] = [O] = K[O3)/[O2]
Assuming that Step 1 equilibrium is established
quickly before O is reacted with Oa in Step 2,
Rate = kT03][O]

= k'K[03}/[02]

= k[O3]%/[O2] where k = k'K
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14 B
Pus = Paw, (NHJHS ) = H,Sg; + NH; )
Thus, pys =Py, =7x66.4=33.2kPa
1 K, = Pus % Py, =(33.2)° ~1100(kPa)’

2 Removal of HzS will cause more NH4HS to
dissociate forming not only H2S but also NHa.
Hence total pressure will increase.

3 Addition or removat of a solid has no effect on
the position of equilibrium so long as there is
still solid present.

15 B
A HA/A- buffer with maximum buffer capacity will
have its pH = pKa of HA.

So, pKa of HA = 6.38
=> pKp of A~ = 14 — pKa = 7.62

Hence, H2CO3 / HCOs~ can be used to prepare a
buffer of pH 6.28 with maximum buffer capacity.

16 c

Stage I : oxidation of 2° alcohol to ketone

Stage II : nucleophilic :OH- substitutes for the —CI3
group

Stage Il : basic :Cla~ abstracts a proton from the
acid RCOzH

17 Cc

While all 3 compounds have 2 chiral centres, the
compound in option one has a plane of symmetry
and is hence not optically active.

§|7
HsC™ | =¥CH,

HO ' OH
18 B
CH; CHj3
. BC%I ethanolic
in CCl,
Br NaOH
excess
w. H,S0,
Br
v no

reaction

BP-827

CH,

CHy
A(r (ag)
z Br
V (minor
product)
[o]
)

Hy
Bra(aq

ethanolic
NaOH
Br ——» w

excess
conc. H,SO,
OoH

Br

19 B
Step 1: Alkylation of benzene to form
methylbenzene:
CHj

@ + cHyor DCh +HC!

Step 2: Nitration of methylbenzene to give
2-nitromethylbenzene and
4—nitromethylbenzene since —CH3 group

is 2,4-director.
For the formation of 4-
nitroomethylbenzene:
CHs
CHj
H.SO
+ —2=24
HNO3 3000
4
NO,

Step 3: Bromination of 4-
nitromethylbenzene to give 2—bromo-4—
nitromethylbenzene since —CHs group is
2,4—director while —-NO2 group is 3-

director.
CHs CHg3
Br
AlBr.
+ Brz——i‘ 2 (or 3)+ HBr

NO, NO,
20 D
Option A (incorrect)

C-Br bond in CeHsBr experiences partial double
bond character, due to overlap of lone pair of
electrons of Br with the pi electrons of the benzene
ring. Hydrolysis does not take place hence no ppt is
formed.

Option B (incorrect)

Silver iodide has a very low Ksp. The precipitate is
insoluble in both aqueous and concentrated NHa.
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Option C (incorrect)

C—C! bond in CH2=CHC! experiences partial double
bond character, due to overlap of lone pair of
electrons of CI with the pi electrons of the C=C.
Hydrolysis does not take place hence no ppt is
formed.

Option D (correct)
Only CHaCH.I and CHsCOC! undergo hydrolysis.
1 mole of organic compound will give 1 mole of AgX.
No. of moles of Agl = No. of moles of CHaCH2I
= 0.5+ (12.0x2+5.0+126.9)
=3.21 x 10-3 mol
Mass of Agl = 3.21 x 1073 x (107.9+126.9)
=0.754 ¢
No. of moles of AgCI = No. of moles of CHsCOC!
= 0.5+ (12.0x2+3+16.0+35.5)
=6.37 x 10~ mol
Mass of AgCI= 6.37 x 1073 x (107.9+35.5)
=0914g

21 A
Among the alcohols formed, only 1° and 2°
alcohols can be oxidised.

OH 0
/__< < Butanone
Mr: 72
(o]
(0] -
__/—\ » Butanoic acid
OH OH wr. 88
/
> \ > 2 2-methylpropanoic acid
OH oH wras

Mole of C4H100 that has reacted = —:—Z = (0.878 mol
Since yield is 55%, moles of product formed will
be 1—505; x 0.878 = 0.483 mol

Mass of butanone: 0.483 x 72 =348g
Mass of butanoic acid: 0.483 x 88 = 425¢g
Mass of 2-methylpropanoic acid:

0.483 X 88 = 42,5

22 A

Ethanal undergoes nucleophilic addition with HCN
whereby CN- acts as nucleophile which attacks e
deficient C atom in C=0 group:

CHsCHO + HCN — CH3sCH(CN)(OH)

Similarly, “CH2COCHs from CHsCOCHs can also
act as a nucleophile like CN- (from HCN) and
attacks e- deficient C in C=0 group of CHsCHO to
form CHsCH{OH)(CH2COCHs3)

BP-828

23 Cc

Molecular formula of X suggests it is an alcohol.
However as it can be oxidised to carboxylic acid Y,
X has to be a primary alcohol.

Condensation reaction between carboxylic Y and
butan—2-ol produces an ester Z.

K2CI’207,H+ O
~"S0H OH
X
Y
o H,S0, 0
+ .
Y z

24 C

Option 1 is incorrect: As the alkyl chain of fatty acid
has the formula R-CisHzz, it would contain C=C
bonds, hence it is unsaturated.

Option 2 is correct: condensation between alcohol
and carboxylic acid to form ester.

[o]
o4
OH CisHar
o}
o + 3 HoX — 0 + 3H0
CisHar >—C'5H27
OH o
Glycerol Fatty Acid o_{;ﬁHn
[o}
Simple Fat
Option 3 is correct:
o]
o
CqsH
1§27 OH
o]
0}—(: LI OH *+ 3 HO
g 72 Heat CisHar
OH
o ~<C15Hz7 Glycerol Fatty Acid
o Heat 1 KzCr;07
Simple Fat H*
o]
HO
o]
HO
o]
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25 D

G
Z HCl(g)
m T . M
OH OH cl

Limited Alcoholic NH,,
[o] 0]
N+
; Z
o] (o]

Heat in sealed tube
C14HaoNO,CI

H KZCrzo7
Heat with
;mmed:ate distillation
26 D

A is incorrect: Amide undergoes reduction with
LiAMHa4 to give amine. The O in C=0 will be replaced
with 2 hydrogen atoms and hence W has 2 more H
atoms than lidocaine.

B is incorrect: Lidocaine undergoes base hydrolysis
with NaOH(aq) to form an amine and a carboxylate

salt as the products present in Y.

Cisincorrect: Reagents provided will result in
acidic hydrolysis to occur first, before oxidation. The
CO,H

3H0 /\

L

structure of X is COH

D is correct: No heating involved, therefore only an
acid base reaction has occurred without
hydrolysis of the amide bond.

Hcl(nq)

N/\ Lial \n/\ no~ NaOH(@y NaOH(aq)
H
2 Dryethel‘ Heat @ENHZ Ngom/\N/
+
o K

Lidocaine
KMnO, Heat Y
HpS04(aq}

X

w

COH

.
H
NHy HO, N
N
: 183
COM

BP~829

27 D

Cathode reduction:

Cu?*(aq) + 2e- > Cu(s)

Ag'(aq) +e- > Ag(s)

Ni?*(aq) +2e~ > Ni(s)

Since the same current will flow through all the
circuit.

Ratio of amount of Cu : Ag : Ni formed will be 1:2:1
Ratio of mass of Cu : Ag : Ni formed will be

Mass of Cu Mass of Ag Mass of
Ni
1(63.5) 2(107.9) 1(58.7)
63.5 215.8 58.7
1.08 3.68 1.00
28 ¢C

From the E° values for the half cells, H202 will be

reduced while I- will be oxidised.

Therefore the two half equations to be used will be:
l2(aq) + 26~ =2 2I(aq) +0.54V
H202(aq) + 2H*(aq) + 2e- = 2H20())  +1.77V
E° cell = E%Red — E%x = +1.77 — (+0.54)

=+123V>0

Overall equation for the reaction

21"+ H202(aq) + 2H*(aq) - I2(aq) + 2H20(l)

brown solution

29 C

A is incorrect: Each of the three OH- ions in
[Cr(H20)3(OH)3] each accepts a proton to form
[Cr(H20)6]3+. [Cr(HZO) 3(OH)3] acts as a Bronsted—
Lowry base (proton acceptor) in reaction 1.

B is incorrect: For both reactions, no ligand
exchange reactions are occurring. Reaction 1
involves the protonation of the OH- ions, while
reaction 2 involves the deprotonation of three water
molecules to from three OH- ions.

C is correct: For reaction 1, [Cr(HZO)a(OH)3] is

behaving as a Bronsted—Lowry base by accepting
protons. For reaction 2, [Cr(H O) (OH) ] is

behaving as a Bronsted—Lowry acid by donating
protons to form OH- ions.

D is incorrect: For both reactions, no change in
oxidation number of chromium (+3).

30 B

Since 2 mol of AgCl/ is formed from 1 mol of
the compound, there are 2 mol of free CF
ions that are not ligands, and the complex
ion has one chloride ligand.

So the compound is [Co(H.0)sCI]Cl,.H,0
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3

(iii) Most naturally occurring samples of iron(Il) oxide are found as the mineral wlstite.
Wiistite has formula FezoOx. It contains both Fe? and Fe* ions. 90% of the iron is present
as Fe?* and 10% is present as Fe®".

Deduce the value of x.

20 x [0.9(+2) + 0.1(+3)] - 2x=0
. x=21

(1}
When aqueous solutions of S,08% and tartrate ions, C4H«Qe?, are mixed, the reaction
proceeds very slowly. However, this reaction proceeds quickly in the presence of an Fe¥*(aq)
catalyst. The overall equation for this reaction is as shown.
OaIsOmml + 35,05 + 2H.0 - 2C0; + 2HCO:" + 6H* + 6504

(iv) State and explain the type of catalyst that Fe**(aq) functions in the above reaction.

» Fe*(aq) is a homogeneous catalyst in this reaction as it has the same physical
state (OR phase) as the reactants.
i1

(v) Write two equations to show how Fe3*(aq) functions as a catalyst in this reaction.

e GFe? + CsHsOs* + 2H;0 - 6Fe* + 2C0O, + 2HCO, + 6H*
o 2Fe?" + S;0s% o 2Fe™ + 2504
[2]

(b) (i) Complete the ‘dot-and-cross’ diagram below, drawing the outer electrons only, to show

the bonding in methanoic acid, HCOzH. The two oxygen atoms in HCO:H are labelled
0! and O? respectively.

eY2n

(i) The carbon atom in HCO,H is sp? hybridised. Explain what is meant by sp? hybridisation
with reference to the carbon atom in HCOzH.

1

« In sp? hybridisation, one 2s and two 2p orbitals of carbon are mixed to form three
equivalent sp? hybrid orbitals that are arranged 120° apart.
U]

© VJC 2022 9729/02/PRELIM/22 [Turn over

4

(iii) Similar to carbon, oxygen atom can also undergo hybridisation. By considering the
number of electron densities around oxygen atom labelled O', suggest the type of
hybridised orbitals for the oxygen atom labelled O'.

¢ spt

|

(iv) Sketch a diagram to show how two sp? hybridised orbitals can form a sigma bond.

=@ + (e

'

. e

or >
M

{c) Cyclohexane is immiscible with water. lodine, Iz, can dissolve in both water and cyclohexane.

The expression and numerical value for the partition coefficient, Ky, of iodine between
cyclohexane and water are given below.

K. = concentration of I, in cyclohexane
pe concentration of I in water

=938

(1) 15.0 cm?of CgHyz Is shaken with 20.0 cm? of an aqueous solution containing I» until no
further change is seen. It is found that 0.380 g of Iz is extracted from water into the CgH2.
Calculate the mass of I» that remains in the aqueous layer. Show your working.

Let mass of I, that remains in the aqueous layer be x g.

Ko = concentration of I In cyclohexane
pe concentration of I, in water
*  93.8 =(0.390/15) + (x/20)
s x=554x103g

2]

(i) Suggest how the value of K. of I between hexa-2-one, CH3(CH2)sCOCHs, and water
would compare to the value given in (c). Explain your answer.

o K, of I between hexan-2-one and water would be lower than 93.8.

« lodine being non-polar would be less soluble in hexa-2-one which is a polar solvent.
Hence concentration of I, in hexa-2-one would be lesser than in cyclohexane in the
presence of water.

2]

© VJC 2022 9729/02/PRELIM/22 {Turn over
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(iii) Sodium chiorate(V) is prepared commercially by electrolysing NaCl(aq) in a cell that
allows the electrolytes at cathode and anode to mix. The cathode reaction is the same
as that described in (i). The equation for the anode reaction is as shown.

Cr(aq) + 60H-(aq) —» CIOs(aq) + 3H,0() + 6e”

Calculate the mass of NaCIO; that is produced when a current of 250 A is passed
through the cell for 60 minutes.

Quantity of charge = 250 x 60 x 60 = 9.00 x 10°C

9.00 x 10°
¢ Amount of electrons transferred = |um..”o4 =9.33 mol

Amount of chlorate ions formed = wl..m_m =1.55 mol

e Mass of sodium chlorate formed = 1.55 x 106.5 =166 g
_ 2

(b) Trimethylphosphine can act as a ligand, which can be represented as PRj. Chromium
hexacarbonyl undergoes the following ligand exchange reaction with PR3 as shown below.

Cr(CO)s + PR3 — Cr(CO)sPRs + CcO
Two separate experiments were carried out to study the rate of this reaction.
In the first experiment, the ligand PR; was in a large excess and [Cr(CO)e] was measured

with time. The results are shown on the graph below whereby the y-axis represents the
concentration of Cr(CO)s.

0.0100

0.0080

0.0060

0.0040

concentration / mol dm-3

0.0020

0.0000
0 200 400 600 800 1000 1200 1400

time /s
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In the second experiment, Cr(CO)s was in a large excess, and [PRs] was measured with time.
Table 2.1 shows the results obtained.

Table 2.1
time /s [PRs} / mol dm=
0 0.0100
120 0.0076
200 0.0060
360 0.0028

(i) Plotthe data given in Table 2.1 on the graph above, using the same axis scales whereby
the y-axis represents the concentration of PRs. Draw the best-fit line through your points.

o straight line from (0, 0.01) to point at (350, 0.0028) with all points on the line.
{1

(i) Use the graphs to determine the order of reaction with respect to Cr(CO)e and PRs.
Explain how you arrived at your answer.

e Order w.r.t. Cr(CO)s is one
The graph for Cr(CO)s has a constant half-life of 700
e Orderw.r.t. PR: is zero.
The graph for PR; is a straight line of constant gradient, hence rate of reaction is
constant at any concentration of PRs.
[2]

(iil) Define the term rate equation.
o The rate equation refates the rate of reaction to the concentration of the reactants
and is determined experimentally
M
{Iv) Write the rate equation for the reaction and calculate the rate constant including its units.

o rate = kICr(CO)s] (ecf from (ii))

n2_ 0693 .
L4 —nﬂﬂlﬂl@.@ﬁ*a@}awa

{3]
[Total: 13]
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H1sO2, a non-steroidal anti-inflammatory drug, is used for the treatment of pain, {iv) Ethanoic anhydride, (CHsCO)z0, used in step 1 could be regenerated by dehydrating
¢ ﬁumﬂﬂmmim_‘m_maﬁmmow rosleroicel an v o P ethanoic acid. In this reaction, 2 mol of ethanoic acid form 1 mol of ethanoic anhydride
’ and 1 mol of water.
(a) The industrial synthesis of ibuprofen developed by BHC Company in the 1980s is shown ) i ) . . o
below. This synthetic route proved to be highly successful in terms of its environmental m.um%:ﬁ.wﬁm the new atom economy if ethanoic acid formed in step 1 is reused in this
Y .

friendliness.
For every two moles of ibuprofen formed, there are two moles of ethanoic acid

HF, (CH4C0),0 formed.
+  CH3COH 2 mol of CH;CO;H will produce 1 mol of water.
step 1 o] 206x2

¢« Neow atom economy would be =0.958
step 2 | Ha, Ni y 206x2+18 "

(b) Instead of step 3 in (a), compound A formed during the BHC Company process can react

|Al©[& co. Pd with PCs to give compound B which then undergoes further reactions to yield ibuprofen.
OH OH o
1]

step 3 d . reaction | Her
compound A + s + PN +
p ibuprofen oH ol (o7} n_uo
An environmentally friendly chemical process is expected to have a high atom economy, compound A compound B
indicating that a high proportion of the starting materials end up as part of the final product,
hence reducing the amount of waste. The mechanism of converting compound A into compound B is thought to involve the

following three steps.
The atom economy of a process can be calculated using the formula:
. « The initial nucleophilic attack on P by the lone pair of electrons on the oxygen atom in
molar mass of desired product compound A to form a P-O bond together with a loss of CI".
sum of molar mass of all products « This is followed by CI™ acting as a base to abstract a proton.
« The third step involves a nucleophilic attack on a carbon atom by another CI ion together
with simultaneous P=0 bond formation and P-C! bond cleavage to form the products.

atom economy =

(i) Calculate the atom economy of the BHC Company pracess in the synthesis of ibuprofen.

e Molar mass of ibuprofen =120 x 13 +1.0x 18 + 16.0x 2= 206 g mol™ (i) Use the information given above to draw out the three-step full mechanism for the
Molar mass of ethanoic acid = 60.0 g mol™! reaction of compound A with PC/s. Show relevant lone pairs and dipoles and use curly
« Atom economy = 206 .0774 arrows to indicate the movement of electron pairs.
206 + 60
@ |A|©
You may use R to represent the
(i) Suggest the type of reaction in step 1.
R cl
Cl54 Cl.
o Electrophilic substitution Q/,F\mo«N 5 @V_m/o ' .o
11 R c > Y b
(iii) Outline a simple chemical test that could be carried out to distinguish compound A from \r H
ibuprofen. OH
s Add NaCOs(s) to both compounds. R al R o
e Only ibuprofen gives effervescence of CO, but compound A does not. \ro_/ / Clj
OR mwwﬂln_ —_— o\ + HCl
¢ Heat both compounds with K:Cr20, H.S04(aq). \.w _r cl ¢l
e Only compound A turns orange solution to green but ibuprofen does not. Lo
OR
e Warm both compounds with I, in NaOH(aq) R g G R ol
dAf le yell ipitate but ibuprofen does not AHG PY /
e Only compoun orms pale yellow precipitate but ibuprofen does not. 23 O\v/Q —— o+ oHJ/Q scr
2 e e u L
i3]
© VJC 2022 9729/02/PRELIM/22 {Turn over
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5(a) Table 5.1 shows some information about the elements, calcium, iron and copper.

Table 5.1
calcium iron copper
Relative atomic mass 40.1 55.8 63.5
Atomic radius (metallic) / nm 0.197 0.126 0.128
lonic radius (2+)/ nm 0.098 0.076 0.069
Melting point / K 1112 1808 1358
Density / g cm™ 1.54 7.86 8.93

U]

(i)

© VJC 2022

Describe the structure and bonding in calcium with the aid of a labelled diagram.

x ™ . e \]//
ca» )*| ca? ﬂo%. W.A Ca?
e
NSNS N
e e & €.

e-

iy e
SN e
e
g Ca? Ca?* Ca?+
e N\

Ca?* cations are arranged in a giant metallic structure held by stron electrostatic
forces of attraction between the delocalised electrons and the cations.
(2

Suggest why the atomic radii of iron and copper are both smaller than that of calcium.

The nuclear charge of both Fe and Cu are_higher than that of Ca due to greater
number of protons. Though Fe and Cu have greater number of inner electrons,
the shielding effect of d electrons in the penultimate subshells of Fe and Cu is not
as effective.

Hence the effective nuclear charge of
atomic radii than that of Ca.

Fe and Cu are higher, leading to smaller

2

Use information from Table 5.1 to explain why the densities of iron and copper are
significantly greater than that of calcium. [No calcutations are required.]

Both Fe and Cu have smaller atomic radius than Ca, hence Fe and Cu can be
acked more closely together in a metallic lattice.
Fe and Cu also have higher refative atomic mass than Ca. This leads to a high

mass per unit volume ratio (density).
{2]

[Total: 6]
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(iv) Explain why the volume you have calculated in (a)(iii) differs from that of the volume of

I\

{b) The elements of Group 14 can form monoxides and dioxides. The monoxides are unstable
o their element and dioxide. The equations for the

and will disproportionate int
1.1, together with some thermodynamic data

disproportionation reactions are given in Table

the container. [1]

The gaseous sample behaves non-ideally and the volume calculated in (a)(iii) is
smaller than the volume of the container.

Under high pressure, the volume of the gaseous molecules is not negligible /
significant. Hence, the actual free volume between the gas molecules is smaller.

An impure sample of barium ethanedioate, BaC,0s, of mass 0.500 g, is added to
50.0 cm? of 0.0200 mol dm acidified MnO4~(ag) and heated. A redox reaction takes
place and all BaC:O: are reacted. The resulting solution is titrated with Fe?*(aq). The
end-point is reached when 30.40 cm® of 0.0500 mol dm™ Fe?*(aq) has been added.

C204% = 2C0; + 2¢
MnO4 + 8H* + 5~ = Mn?" + 4H,0
Fe** = Fe® + e~

Calculate the percentage by mass of BaC;04 in the 0.500 g impure sample. Show your
working. [M;: BaC204, 225.3] [4]

Initial total amount of MnO4~ = 0.0200 x 50.0 x 10-3=1.00 x 10~ mol
Amount of Fe?* used = 0.0500 x 30.40 x 10 =1.52 x 102 mol

5Fe?* = MnO4
Amount of MnO4~ unreacted with C,04"=1.52 x 10°/5=3.04 x 10~ mol
Amotunt of MnO4~ reacted with C:0.2"= 1.00 x 107 - 3.04 x 10 = 6.96 x 10~ mol

Amount of C2042 reacted = 6.96 x 10~ x 5/2=1.74 x 102 mol

Mass of BaC20.« reacted = 1.74 x 10 x 225.3=0.392 g
0.392

Percentage by mass of BaCz04 = ;7.0 % 100% = 78.4%

for the reactions.

® VJC 2022

Table 1.1
disproportionation equation AS°® [ J mor 'K AHP | kJ mol™! AG®/ kJ mol™!
2C0(g) — C(s) + COxA(g) -176 -173 -120
2Si0(g) — Si(s) + SiOz(s) -363 -712 -603
2Ge0(s) - Ge(s) + GeOa(s) -13.6 127 -123
25n0(s) — Sn(s) + SnOx(s) -9.20 -9.10 -6.36
2PbO(s) - Pb(s) + PbOx(s) —4.00 +157 +158
9729/03/PRELIM/22 [Turn over

U]

(iv)

)

v

© VJC 2022

4

Explain why the entropy change for the disproportionation of SiO(g) is much more
negative than that for CO(g). [1

The disproportionation of SiO(g) leads to a larger decrease in the amount of gas
than that for the disproportionation of CO(g). Thus, there are less ways of
arrangement, leading to a greater decrease in disorderliness and hence a much
more negative entropy change.

Explain why the entropy change for the disproportionation of PbO(s) is close to zero. [1]
The disproportionation of PbO(s) only invoives the same amount of solid

reactants and solid products. Thus, there is very little change In disorderiiness
and hence a close to zero entropy change.

Use data from Table 1.1 to deduce the temperature above which the disproportionation
of CO(g) becomes unfavourable. [1]

When disproportionation of CO(g) becomes unfavourable,
AG>0

AH-TAS>0

173 ~T(-176 x 107°) >0

T>983 K

When T is greater than 983 K, the disproportionation of CO(g) becomes
unfavourable.

Explain why CO(g) does not spontaneously disproportionate at room temperature.  [2]
CO contains strong C=0 bond {or triple bond) which requires a lot of energy to be

broken. The activation energy is high and the reaction is kinetically not feasible at
room temperature.

Carbon monoxide, CO, is a gas at room temperature and pressure. It contains a
coordinate bond. Explain what is meant by a coordinate bond. [1}

A coordinate bond is a covalent bond in which both electrons come from only one
of the atoms in the bond.

Dicarbon monoxide, C-0, is extremely reactive and Is not encountered in everyday life.
itis found in dust clouds in space and analysis has shown that the central atom is carbon
with no unpaired electrons while the other carbon atom has a lone pair of electrons.

Draw the structure of dicarbon monoxide, stating its shape and bond angle. [2]
C=C=0

Shape: linear, bond angle: 180°
[Total: 18]
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CO,H
NH,CI

NH,CI

H: :owoL/ﬂnoE

(b) An electric cell was set up using a Ag*(aq)}Ag(s) half-cell and a M2*(aq)|M(s) half-cell where
M is an unknown metal. The standard cell potential, %, was found to be +1.96 V. The silver
electrode in this celi was the positive electrode.

@

(i)

(i)

© VJC 2022

Draw the experimental set-up of the above cell, label clearly the species in each cell and
the direction of the electron flow. [2]

high-resistance voltmeter
P

Ag(s)

M
el cathode (+)

anode (-)

M?*(aq), 1 mol dm™® Ag*(aq), 1 mol dm

Use data from the Data Booklet to calculate the standard electrode potential of the
MZz*(aq)|M(s) haif-ceil. m

E®cen “Mdinl mcax

+1.96 = E°(Ag*|Ag) - EX(M*|M)

ES(M*|M) = +0.80 — 1.96
=-116V

State and explain how the Fc. value measured would change when 200 cm? of water is
added to the Ag*(aq)|Ag(s) half—cell. 2]

When water is added to the Ag*(aq)lAg(s) half-cell, [Ag'] decreases. The
equilibrium position of Ag® + e~ & Ag shifts to the left to increase [Ag']. Hence,

E(Ag*|Ag) is less positive.

The E..s value measured becomes less positive.

9729/03/PRELIM/22 [Turn over

(c) Silver chloride, AgCI, is sparingly soluble in water. The numerical value of the solubility
product, K, for silver chioride is 1.80 x 107 mof? dm™ at 25 °C.

U]

(i

Solid AgC! is stirred at 25 °C with 5.00 x 107 mol dm AgNOs3 until no more AgCl
dissolves. Calculate the concentration of chloride ions in this solution. 1

Let s be the solubility of AgC! in the given AgNO; soiution.

Kiep = [AQ'][CH] = 1.80 x 10-"

(s + 5.00 x 10-%)(s) = 1.80 x 10~
Assuming s << 5.00 x 1073,
$=3.60 x 10 mol dm™

Hence, [CI] = 3.60 x 10~ mol dm™®

Silver ions and thiosulfate fons react in a molar ratio 1:2 to form a soluble complex in
aqueous solution.

Explain, with the aid of two equations, how the solubility of silver chloride is affected

when solid sodium thiosuifate is added to an aqueous solution of silver chioride at 25 °C.
[2

AgCl(s) = Ag*(aq) + CI(aq) (1)

Ag*(aqg) + 28:05*(aq) = [Ag(S20:)2}*(aa) (2)

When solid sodium thiosulfate is added, soluble silver complex is formed. [Ag']
decreases in the solution, causing ionic product of AgC! to fall below its K. By
Le Chatelier's principle, equilibrium position of (1) shifts right, and so increases
of AqCI.

(lii)  7.00 x 10~ mol of solid silver chioride is added to 2.50 dm? of aqueous sodium thiosulfate.

1.88 x 107

© VJC 2022

mol of silver chloride remained undissolved after equilibrium has been established.
Determine the concentration of silver ions that has been used to form the silver-
thiosulfate complex in the solution. [2}
Amount of AgC! dissolved

= (7.00 — 1.88) x 10
=5.12 x 10~ mol

Amount of Ag* ions in solution
=[1.8x 10"/ (5.12 x 10~%/2.5)] x 2.5
=2,20 x 10~° mol

Amount of Ag* ions Involved in forming the complex
=512 x 10-5-2.20 x 10
=2.92 % 10-5 mol

Concentration of Ag* ons invoived in forming the complex
=292 x 10/ 2.50
=1.17 x 10® mol dm=®
[Total: 22}

9729/03/PRELIM/22

More papers at www.testpapersfree.com



BP-~843

CZININM3NC/E0/62 .6 2202 IrA®

[z] “uoyenbiLod By) [age| pue , [FoY(EHN)0D]
40 SISWOS! SUR/-S/0 oY} JO SBIMONAS |BUCISUSLLIP-C 8} MEID ‘sAoqe uojeunojut ey Buisn

‘SI8WI0S! SURJ}-§19 JO Jed e se
1sIXe ued xa|dwod siy ‘sejnosjoww ojueBio o} Jeyung ‘xejdwos leipayeyoo ue st ,[&9%(EHN)oD]

19410 Yoes
woJ ,08| "8l Woe |ejow |eiusd ayy Jo sapis aysoddo Ajosip uo ase swoe Jo sdnoub sweg
:uoneinbyuos suelj

“1BYI0 oBS W04} ,06 "9°1 “WOJE [BJ8LI [EJUSI S} JO SPIS SWIES BU} UO 81 SWOE Jo Sdnoib sweg
:uoneinbyuoo sin

‘SMOI|0} SE pauysp si uolenByLoD sues-sio 8y} ‘X31dWIOD [BIPBYEIZO UR 0} 8oUSIJ0I UM

Z'¢ ainbyy4

1 \._

:3: 1

~N

T

=

] ‘spueby
8jejuspouow xis yum xs|dwon [ejew uonsues e jo Ajpwiosh feipayejoo 8y} smoys z-°¢ aunbig (9)

‘usasb-mojjsh

Jeadde 0} uopnjos ayy sasnes ZFTFNI] MoOIBA Pue LINOAMS] 9Nl 30 aan)xIui

e Jo aduasald “S[77on3] MOJIoA wio) 0} soed saye; abueyoxe puebyj ‘peppe sem

19'HN paie13u83u0d uaym " JITGZHIND] SN[q B WO O} JSJBM UL SOAJOSSIP *OSNT
O%H9 + ['1onal & 19y + [(0%HIND)  «

YONTFHN] S! JES Wniuowwe sy) JO BjNULIC) [EJRUSYD oYL o
‘5BUeLDXs pueby s} Bulinoso uogoesiay) e

[€] ‘uollenbs ue o pie ey} yIM SuOnEAISSAO asBY) UteldXT ‘pauLIo}
}HES winjuowute ay; Jo einuLIo) [ediwald ay 8AIB pue Hulnooo uonoesi o adA} ay) sjelg

IOPHENND elnuLio) feauidwe auy ypm
}es winjuowwe ue Jo sjepskio useib seanposd uonnjos ayy Sugenuaouon | o) pappe
S! JD"HN PSjesu80Usd usym nojoo usalb-mojiah e o) sebueyo uonnjos 8yt ‘uofnjos
eniq e aAlf 0} SOAICSSIP PIJOS B} ‘*OSND SNoIPAYUE BYYM B} 0} pappe sy uojem uaypy (1)

ong 19
*Os[3(EHN)N2] Jo *Os[*(HN)ND] 14

[z] "D pue 4 SPUNOdLoD ay} Jo SBNLLIO) [BaIAYD oY) Jsabbng

‘uoynjos sniq
sjed e aab 0) seb Jo uognjoas sy Jnoyum Buguisem uo (be)tONH W saaossip © plog

‘D Pljos Yoeyq
B SEB SUBWAI SPYOS Sy} JO BUO ‘eMX)W SiYy} O} PAPPE S| JSJEM USUAA "SPIOS
OM} JO ainxiw e saonpoid 9, 0z 0) npisad ay) Bujjesy “anpisal pijos & puiysq buires)
8jeJ0dBAS 0} PSMOI[E S| JUSAIOS BILOWILLE 3U) PUE ‘4 UOYNIOS O} PSPPE UBLY) S| HOEN PIoS

‘pPauwLIo} S| 4 uojinjos
aniq desp e ‘0, Op— e eluowwe pinby Ut pejossIp S} *OSND snolphAyue eyum uaum (1) (q)

0l

daa0 winj} TZININIAQ/E0/6TL6

‘sdno.b |euoyounj BISE SJAXGGIES pue [OTO3(E Yjoq sey 9 ‘snyj .
“J8}SaIp & ‘g w0} 0) YOS?H
PajeJjuaduod YPM pauem uayMm J9s)l yim uopoeas iGesuspuod seobiopun 9 .
‘PISE IHAXGGIES € ) 9 ‘snyl *(be)0ozeN ypm UoRIEs] 95eq-pioe seoblapun 9 .
Buls auszuaq ayj uo jJussaid Apeaje
sdnoib jo josye Bunejusuo ayy o) Hulpiosse pounioy s| g "PEINNSNSIP-H] SI
Yoy ainsajous [ESINSWWAS e s1 g "spunodwiod ogju-ouow 9[qissod om) suLio} g .
1 9USZU9q sey JO JjeioJe S| g asuay ‘1oe
SuMYIns pue pioe JLlIU PajeUIIU0D Y)IM UORNIISANS ojfydoilda)e saobispun g .
‘woje O auo Ajuo sey g 8dujs
21manys —QIHD YNM 3U03SH e S) g "HANG-¥'c Yim Tionesuspuocs saobiapun g .
*S8umonys —(HOJHI*HI 10 ~0JFHD Jeyiie aaey Aay
*autpo) snoanbe aujjexie yjm (LOREPIXO 10) SBEABS[S SAREPIX0 obispun g pue g ‘v .
"SUBNJE ue S] Y ‘sny | "D puk g Wioj 03 aUozo Yjm UCHEPING ssobiapun vy .

| a be ] q v
A
0o HO HO
(o] fo} =
[6] “punodiuod yoes u) jussaud

sdnoJB jeuorouny ay) Jnoge NoA s|[8) UoNEULIOJU] 8L Jeum UB|dXS pUe POqUISAp LOloBas
Jo edf; ay) sje)s ‘uooeas Yore 104 'J pue @ ‘D ‘A 'V Jo seonys s|qssod jsebbng (1)

"swioje 10 sdnolb Jusiayp MNoJ 0} PapuUOy WOJE UOGIED & S 2Jjusd |eAIyd Y o
1l "al)uso fesys e Aq Juesw sj jeym uerdxg ()

YOSH9D ‘J SULO) 9 'YOSYH POJRIUSDLIOD LM PSULIEM
USYAA "eleucgied winipos snoenbe uym Se0SoAIS)e PUB 1usd [RHYS e sey 9 punodiuod

"aopoesd Ul psuuoy s @ AJUo Ing pauLo} 8q ues spunoduiod oiu-ouow
o[qissod om} *OSZH PejenuUSOUOD puB EONH PAJEJIUSIUOD UM PBJOBaI S| g PUNOCLLOD UBYAA

“auzeipAy|Ausydoniuip-¢'z yim ejejdipeid abuelo ue swioy g punodiod
Auo 1ng aulpoj snosnbe eulexie ym ejendpaid MOJIRA B wic} 9 pue g ‘v spunodwios

S0PHED ‘D puB ‘O0HHED ‘g ‘spunoduion
9juebio om) Wio) 0} SUCHPUOD JBJILNS JSPUN BUOZO JO SSIOXS UE UM S}oeal Y punodwion

1'¢ anbyy
0-—0
e OH o H e H
£
VHO + OHA -*——— Vp -~ —

o kY & So7 ° kY
"audZUBq YIM
uofjoeas ou seY BU0ZQ *J'g 81nfil4 Ul UMOYS SB ‘PeLUIO) 8se SPID. JYAXOGIED Jo/puUE SBL0)S)
‘SUOIIPUOD UIBHSD JBPU SPUCQ O=0 OM} OJul PUO] D=0 B HOAUOD 0} Pasn 8q UBD auozQ

"O8HHEHD JO BjNULIOS Jejnasjow e sey Y punodwos (e)

2202 Irn Q@

€

More papers at www.testpapersfree.com




BP-844

11
+ 0
Cl Cl
H3N, 4 ,,,ZIu Iwzs _ ,,,,ON
Co \...Oo,,,,
:wz\ N HN | /z_._
cr NHs NH, NHs
Trans Cis

(d) Radium was discovered in the ore, pitchblende, by Marie Curie in 1898. The metal was first
isolated in 1910.

The metal was obtained by first reacting the radium present in the pitchblende to form insoluble
radium sulfate which was converted into agueous radium bromide. This solution was then
electrolysed using a mercury cathode and a carbon anode. The radium formed react
vigorously with water to form an alkaline solution.

0]

(i)

© VJC 2022

Write an equation, with state symbols, for the reaction of radium with water. n
Ra(s) + 2H,0(f) - Ra{OH):(aq) + Hz(g)

State and explain if the reaction will be more or less vigorous than the reaction of barium
with water. 2]

The reaction will be more vigorous as radium is a stronger reducing agent.

Down the group, electrons are being added to a higher energy principal quantum
shell which is further away from the nucleus. Since there is an increase in distance
between the nucleus and the valence electrons, there is weaker attraction between

DWW U I S e e

the nucleus and the valence electrons, making it easier for electrons to be

M e e

removed from radium.

[Total: 20]
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Section B

Answer one question from this section.

4 (a) With reference to £°(Xe|X") values from the Data Booklet, describe the relative reactivity of the
halogens Ch, Brz and I» as oxidising agents. [2]

e  The E°{X|X") values become less positive (OR decrease) down the group.
e Thus, the halogens are less reactive as oxidising agents down the group.

{b) Lactic acid, CH:CH(OH)CO:zH, was first isolated in sour milk. It is also formed in our body
during anaerobic respiration.

U]

()

()

© VJC 2022

Lactic acid exhibits stereoisomerism. State the type of stereocisomerism and draw the
pair of stereocisomers. 2]

Enantiomerism
CO,H

_

C..
A on
H /ozu

CO,H

weC
HO! \ /I

CHs

mirror

Lactic acid can be synthesised from ethanol as shown below.

step 1 step 2 step 3
CH3CH,;0H ——> CH3CHO ——— CH3CH(OH)CN —— CH3CH(OH)CO,H

State the reagents and conditions for steps 1 and 2. 2]
step 1: K.Cr201(aq), H2S04(aq), heat with Immediate distiflation
step 2: HCN(aq) with NaCN(aq) catalyst

Describe the reaction mechanism for step 2. Show all relevant charges, dipoles, lone
pairs and electron movement using curly arrows. 2}

Mechanism: nucleophilic addition
CN- is the nucieophile.
85—

o-
o\.
* mv__v/_._\,"oz - \W:

o OH
o A~y +HON —= A~y + CN
CN CN
State and explain how K. of lactic acid would compare to that of propanoic acid. 2]

K, of lactic acid is larger than that of propanoic acid.

When lactic acid dissociates, CH:CH(OH)CO;" Ion is formed which is more stable
than CH;CH,CO; ion from the dissociation of propanoic acid. The OH group
exerts an electron-withdrawing inductive effect to help disperse the negative
charge on oxygen. Hence, lactic acid is a stronger acid with a larger Ka.

9729/03/PRELIM/22
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(iv) The preparation of 1,4-dihydropyrazine from piperazine in the above pathway gives a
very low yield. Suggest which step in the pathway contributed to this low yield. Explain
your answer. 11

. Step 1 results in a low yield as any one of the eight hydrogen atoms bonded to the
four C atoms can be substituted by Br with equal probability. Thus, a mixture of
different substituted products can be obtained with the given condition. Only fwo
of them can give the desired product and hence, it results in a low yield.

(v} State and explain how the Ky of piperazine would compare to that of diethylamine,
(CH3CHz)2NH. 2]

. Ko of piperazine is smaller than that of diethylamine.

. There is an additionat electronegative N on piperazine and it exerts an electron-
withdrawing inductive effect which makes the lone pair on N less available for
donation. Thus, piperazine is a weaker base with a smaller Ky value.

(vi) The two pKs values of piperazine are 5.35 and 9.73 respectively.

A buffer solution is prepared by adding 11.2 g of piperazine into 100 cm?® of
1.00 mol dm~2 hydrochloric acid solution.

Calculate the pH of this buffer solution. [3]
Let piperazine be B. After protonation, BH"* is formed initially.

Amount of HC! added = 1.00 x 100 x 10~ = 0.100 mol
. Amount of B added = 11.2 = (12.0 x 4 + 1.0 x 10 + 14.0 x 2) = 0.130 mol (excess)

HC! will react with B to give BH*.
Amount of BH* = 0.100 mol
. Amount of B left = 0.130 — 0.100 = 0.030 mol

_ [eH']ioH]
Ko1 = _”m”_m -
{OH]= a o A,M”.Ss =1.34 x 10°°

pOH = —Ig [OH] = 5.87
e pH=14-587=8.13

In order to function properly, the human body needs to maintain a blood pH between 7.35 and
7.45. Large deviations from this pH range are extremely dangerous. pH values greater than
7.8 or less than 6.8 often result in death. Blood contains large amounts of carbonic acid and
hydrogencarbonate which help to maintain the blood pH. Describe, with the aid of equations,
how the pH of blood is controlled by carbonic acid and hydrogencarbonate. [2]

(b

—

e As the blood becomes too acidic, HCO;™ ions will react with the H* ions.

HCOs{aq) + H*(aq) - H2COs(aq)
Large reservoir of HCO5~ ions help to ensure that most of the added H* ions are removed.
Hence, pH of btood remains almost constant.

e As the blood becomes too alkaline, H.COs molecules will react with the OH- ions.
H.COs(aq) + OH-(aq) - HCOs(aq) + H20(l)

Large reservoir of undissociated H,CO; molecules help to ensure that most of the added

OH- ions are removed. Hence, pH of blood remains almost constant.

®VJC 2022 9729/03/PRELIM/22 [Turn over

16
{c) The reaction between NOz and SOz is a key stage in the formation of acid rain.
NOz(g) + SO2(g) - NO(g) + SOs(g)

The initial rate of this reaction was measured for different concentrations of reactants and the
rate equation was obtained as shown.

rate = K{NO2J[SO2?
(i)  Explainif the reaction between NO> and SO: is an elementary step reaction. 1]

. If this is an elementary step reaction, from the given equation of the reaction, there
will be one molecule of NO; colliding with one molecule of SO in the rate
determining step. Hence, both NO: and SO should have first order of reaction.
However, this Is not congistent with the experimentally determined rate equation.
Thus, it [s not an elementary step.

(i) NO.is produced in the car engine when the temperature of the engine is very high. Write
an equation to show how NO; is removed by the catalytic convertor. [1]

CO is another pollutant produced in the car engine. In the presence of the catalytic
convertor,
. 2NO; +4CO - N2 +4CO;

(i) The catalyst in the catalytic convertor functions as a heterogeneous catalyst. Outline the
mode of action of the heterogeneous catalyst. [2]

. Adsorption of reactant molecules on the catalyst's surface increases rate of
reaction as adsorption weakens the covalent bonds within the reactant molecules,
thereby reducing the activation energy for the reaction.

. Adsorption also increases the concentration of reactant molecules at the catalyst
surface allowing reactant molecules to come into close contact with proper
orlentation for reaction. In the final stage, products formed desorb from the
catalyst surface.

(iv) Explain, with the aid of a labelled Bolzmann distribution diagram, the effect of catalyst
on the rate constant of a reaction. 3]

»

V;wwn.,”“..m..”...vn.vr

E’ E, energy
Number of molecules with Number of molecules with
NN energy > E,(uncatalysed) Z energy > E,'(catalysed)

No. of molecules

%

. Catalyst increases the value of rate constant.

. At the same temperature T, a catalyst provides an alternative reaction pathwa
with a lower activation ener: E,'. Thus, there is a larger number of molecules
with energy > E.’ leading to a larger rate constant.

[Total: 20}
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3
Results
Experiment | V, Volume | Volume of | f, Reaction vt Vet
of FA1/ | water/cm?® time/s
cm®
1 10.00 10.0 120 1200 12000
2 20.00 0.0 30 600 12000
3 7.00 13.0 226 1600 11000
4 13.00 7.0 59 770 10000
5 16.00 4.0 45 720 12000

4]

(b) Vis the volume of FA 1 used in em® and t is the time taken in seconds. On your table above,

compute the values of Vtand V2t for each experiment, to 2 significant figures.

i1

(c) The rate of the reaction in this investigation can be calculated using the following formula:

rate = 1 / reaction time. Explain why this is so.

Rate of reaction is equal to the change in concentration of iodine with time. .
Since the same amount of thiosulfate is used in all experiments, the change in
concentration of iodine is constant. So rate = 1/ reaction time. :_

(d) Deduce the order of reaction with respect to iodide ions. Explain your answer by referring to

your calculated values of V¢t and VAt

The reaction is second order with respect to iodide since V2t is constant.
V « [FA 1] since total volume is constant

Rate = 1/t

Since V2t = constant

It <« V2

Hence, rate o [FA1]?

{2

{e) Another student investigated the effect of concentration of iron(ifl) ions on the rate of this

© VJC 2022

reaction. The student carried out another experiment, Experiment 6, and the rate is compared
to that of Experiment 1. Suggest the volumes the student could use for Experiment 6.

reagent volume / cm®
FA1 10
FA2 20
FA3 20
FA4 10
deionised water 0

1
[Total: 9]

9729/04/PRELIM/22 [Turn over

4

2 In this experiment you will determine the formula of the ion, IO, To do this, you will first react IOx~
jons with an excess of iodide ions, I~ to form iodine, I>.

The equation for this reaction is:

10 +yI-+ zH" > =21, +ZH,0

where X, y and z are all integers.

The amount of iodine produced will then be determined by titration with thiosulfate ions.

In addition to FA 1, FA 3 and FA 4 used in question 1, you are also provided with the following.

FA 5 is a solution containing 0.00600 mot dm™3 IO, ions.
FA 6is 1.0 mol dm™ sulfuric acid, H2SO4.

(a) Dilution of FAS
1. Pipette 25.0 cm® of FA 5 into the 250 cm?® volumetric flask.
2. Make the solution up to the mark using deionised water.
3. Shake the flask thoroughly.
4. Label this diluted solution of 10, as FA 7.
Titration
1. Pipette 25.0 cm® of FA 7 into a conical flask.
2. Using the burette fabelled FA 1, transfer 10.00 cm?® of FA 1 into the same conical flask.
3. Using a measuring cylinder, transfer 10 cm? of FA 6 into the same conical flask.
4. Titrate the mixture in the conical flask against FA 3 in the burette labelled FA 3 until the
solution turns yellow.
5. Add 10 drops of FA 4 into the conical flask.
6. Continue the titration until the blue-black colour just disappears.
7. Carry out as many titrations as you deem necessary to obtain consistent results.
8. in the space provided, prepare a table to record all your burette readings and the volume
of FA 3 used in each titration.
Final burette reading / cm? 18.00 36.00
Initial burette reading / em? 0.00 18.00
Volume of FA 3 added / cm® 18.00 18.00
(5]
(b) (i) From your titration results, obtain a suitable volume of FA 3 to be used in your calculations.
Show clearly how you obtained this volume.
«  Volume of FA 3 used = (18.00 + 18.00) + 2 = 18.00 cm?
M
(il} Calculate the amount of iodine formed when 25.0 cm?® of FA 7 reacts with 10.00 cm?® of
FA 1. Show your working.
Amount of thiosulfate = 0.0050 x 0.0180 = 9.00 x 10~° mol dm™
«  Amount of lodine formed = 9.00 x 10~ + 2 = 4.50 x 10~° mol dm™?
i1
(iii) Calculate the amount of IO« in 25.0 cm?® of FA 7. Show your working.
Concentration of 10, in FA 7= 0.00600 x 25 + 250 = 0.000600 mol dm™
o Amountof I0,” in 25.0 cm® of FA 7 = 0.000600 x 25 + 1000 = 1.50 x 10~5 mol dm*
U]
© VJC 2022 9729/04/PRELIM/22
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(iv)

v)

(e} @

Calculate the amount of carbon dioxide given off in your experiment. Show your working.

2.012-1.269

= 0.0120 mol
44.0+18.0

Amount of COz2 =
i

Hence, determine the relative atomic mass of metal L. Show your working.

Amount of LHCO; = 2 x 0.0120 = 0.0240 mo}

_ 2012
Mr of LHCO3 = o020 =

Arof L= 83.8— (1.0 + 12.0 + 16.0 x 3) = 22.8 [1]

in another experiment, a student used a crucible with lid instead of a boiling tube for the
heating and it was found that the resuits obtained were more accurate. Suggest why the
crucible with lid can give a better result.

The residue may absorb water vapour from the surrounding during the cooling
process, this lead to a higher than the expected mass reading.
M

(i) Another student conducted a different experiment to determine the A: of L by measuring the

©VJC 2022

volume of carbon dioxide formed in the following reaction.
LHCO; + HCI - LCI + COz2 + H0
Suggest which method would give a more accurate determination of the A; of L.

Gravimetric method is more accurate as the volume of gas collected will vary with
temperature and pressure.

OR

Gas collection is more accurate as the FA 8 may not be completely decomposed on
heating.

1
[Total: 11]
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4 Qualitative Analysis

(a) FA 10 is a solid of a metal dioxide, MO..

Solution S is an acidic solution of sodium ethanedioate, Na;C20s.

You will perform tests to identify the element M in FA 10.

Perform the tests (i) and (i) described in Table 4.1 and record your observations in the table.
The volume given below are approximate and should be estimated rather than measured.

Test and identify any gases evolved.
Table 4.1
Tests observations
(i) | Transfer all the solution § into a boiling
tube and add one spatula of FA 10 to the
boiling tube.
Warm the boiling tube cautiously. « Effervescence of CO: gas which gives
white ppt with limewater.
Leave the boiling tube to cool for about | + Colourless filtrate obtained with black
one minute and then filter the mixture | residue.
into a test-tube.
(ii) | Toa1cm depth of the filtrate from (a)(i)
in a test-tube, add NaOH(aq). « Off-white ppt. insoluble in excess.
Leave to stand. «» Ppt. darkens on standing/ turns brown
| darker brown.
(i) Aqueous hydrogen peroxide is added to
an equal volume of H2SOs(aq) in a test- |  Vigorous effervescence of Oz which
tube, followed by addition of one spatula | rekindles a glowing splint.
of FA 10.
The mixture is filtered into another test- | A black/brown residue and a colourless
tube. filtrate obtained.
Leave the filtrate to stand. The filtrate remains colourless.
{4
(b) () Consider your observations in (a)(il), give the name of the element M in FA 10. Explain
your answer.
« Mis manganese
« An off-white precipitate, Mn(OH); is formed with NaOH(aq) which is insoluble in
excess and darkens/turned darker brown on standing.
[2
(ii) In (a)(i), the reaction between FA 10 and ethanedioate occurs under acidic conditions. Write
a balanced equation for this reaction.
e  MnO; + 4H* + C20. — Mn?* + 2H;0 + 2CO2
1
{iif) The filtrate obtained in (a){(i) tumed pale yellow on standing.
©VJC 2022 9729/04/PRELIM/22
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11 12
Qualitative Analysis Notes
7. Weigh and record the mass of the emptied weighing bottle in g (M2). [ppt. = precipitate]
8. Repeat step 1 and 7 to get another set of results so as to obtain more reliable value
for AH of solution. (a) Reactions of aqueous cations
6] ” reaction with
cation
N NH:
(b) Describe how you would use the measurements in your plan in (a) to calculate a value for the aOH(aq) +(aq)
enthalpy of solution of anhydrous calcium chioride. aluminium, white ppt. white ppt.
[Ar: Ca=40.1; Cl=35.5] AP*(aq) scluble in excess insoluble in excess
M, of CaClz = 40.1 + 35.5x 2 =111.1 ammonium, ammonia produced on heatin _
ATmax = (T2=T1) °C NH4*(aq) P eatng
Mass of CaCl, used = (M1 - M2) g barium no ppt
. M1-M2 \ .
Amount of CaCl = —77== mol Ba?*(aq) (if reagents are pure) no ppt.
Heat evolved = mcAT = 50 x 4.18 x (T2 - T1) =209(T2-T1) J mwmﬂh.v white. ppt. with high [Ca*(aq)] no ppt.
209(T2-T1) 4
= |
AHsol (M1-M2)/111.1 Jmo 2] chromium(II), m%_wmmw_.w%”vwnﬂwm grey—green ppt.
J+ s .
[Total:8] Cr*(aq) giving dark green solution insoluble in excess
blue ppt.
copper(Il), paie blue ppt. -
P : k soluble in excess
Cu**(aq) insoluble in excess giving dark blue solution
iron(IT) green ppt., turning brown on green ppt., turning brown on
Fe?(a .V contact with air contact with air
q insoluble in excess insoluble in excess
iron(1II), 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
off-white ppt., rapidly tuming off-white ppt., rapidly turning
Bmw,,mm:mwmav. brown on contact with air brown on contact with air
Mn?*(aq) : . : R
insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn*(aq) soluble in excess soluble in excess
© VJC 2022 9729/04/PRELIM/22

© VJC 2022
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3

Use of the Data Booklet is relevant to this question.

An element G forms an ionic nitrate with formula G(NOa)z.

in a sample of this compound, the ion G contains 80 electrons and 126 neutrons.

Which row describes:

the Group where G is found,
the nucleon number of G in this sample?

Grou nucleon
oup number
A 2 204
B 2 208
C 14 204
D 14 208

4  The table identifies the shape and polarity of four molecules.

Which rows are correct?

A

@YlC

molecule molecular shape polarity
1 beryllium chloride bent non-polar
2 nitrogen dioxide bent polar
3 sulfur trioxide trigonal planar non-polar
4 chilorine trifluoride trigonal planar polar
1,3and 4 B 2and3 C 2 3and4 D 3and4

4
5 Hydrazine, NoH., and hydrogen peroxide, H20, are both used as rocket propellants because they can
produce large volumes of hot gases from a small volume of liquid.
Which statements about these two compounds are correct?
1 The bond angle in NzHs is larger than that in H,O,.
2 The N-H bond is shorter than the O-H bond.
3 NH. forms stronger intermoiecular hydrogen bonds than H202.
4 There are o bonds formed by sp®~s orbital overlap in both molecules.
A 1and4 B 2and3 C 1,2and4 D 1,3and4
6 In an experiment, 0.100 g of a volatile liquid Q formed 0.0250 dm?® of vapour at 100 °C at
1 bar.
What is the relative molecular mass of Q?
A 0100 x373
0.0250 x 22.7
B 0.0250 x 273 x 22.7
0.100 x 373
Cc 0.100x273x22.7
0.0250 x 373
D 0.100 x 373 x 22.7
0.0250 x 273
7  Forthe elements in Group 17, which trends down the Group are correct?
volatility oxidising power
A decreases decreases
B decreases increases
[ increases decreases
D increases increases
©YIJC [Turn over
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7

15 Lysine is an essential amino acid found in the body. It has three pK. values associated
with it.

CO,H
H,N H
(CH;)4NH;

lysine

The pH curve below is obtained when one mole of the protonated lysine is titrated with hydroxide,

OH-, ions.

pH

A number of
0 T T T T T — moles of

hydroxide
0 0.5 1.0 1.5 2.0 25 30 added

At which point on the graph does pH = pKay where Ka is the first acid dissociation constant of lysine?

©YlC [Turn over

16 Vehicles produce exhaust emissions when the engine is running. These emissions can include
harmfui pollutants such as carbon monoxide, oxides of nitrogen and unbumt hydrocarbons.

A catalytic converter is used to change the gases emitted through chemical reactions.

Which reactions between the stated compounds occur in the catalytic converter?
1 hydrocarbons + oxides of nitrogen — carbon dioxide + water + nitrogen
2  carbon monoxide + oxides of nitrogen — carbon dioxide + nitrogen

3 carbon monoxide + hydrocarbons — carbon dioxide + water

A 1,2and3 B 1and2 C 2and3 D 1only

17 The Gabriel synthesis is a useful method of preparing primary amines.

m.ou 1 step 2
NH "Na* ————» NCH,CH3
BrCH,CHy

step3 | HO

COH
+ CHaCH,NH,
COH
What are the types of reactions occurring in each of the steps?
step 1 step 2 step 3

A acid-base M_WMM%WMM_M hydrolysis

B acid-base mmm%ﬂn”"_v_u hydrolysis

c oxidation e oxidation

D oxidation nucleophilic oxidation

substitution

©YlJC [Turn over
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21 Cholecalciferol is a type of vitamin D that is made by the skin when exposed to sunlight. It can also

be found in the flesh of fatty fish and fish liver oils.

HO

cholecaiciferol

Which statements about cholecalciferol are correct?

©YNC

1 There is a maximum of 128 sterecisomers.
5 Cholecalciferol can react with ethanoyl chloride to form a sweet-smelling product.

3 1 mole of cholecalciferol produces 3 moles of carbon dioxide when heated with
acidified KMnOa.

A 2only B 1and2 C tand3 D 1,2and3

[Turn over

1

2

22 A comparison is made of the rate of hydrolysis of four halogenocompounds by hot aqueous NaOH.

CH3CH2CH.C! CH3CH.COCI
—”

E

How will the rates of hydrolysis compare?

CsHsCH2Br CsHsCl

G

ﬂ

fastest —_— slowest
A E G H
B G H E
c F G E
D F E G

23 Which pairs of compounds can be distinguished using the stated reagents and conditions?

compounds reagents and conditions
1 CH3CH2COzH and CH3CH:CH:0H Na, room temperature
2 | CHaCO.CH,CH; and CHsCONHCH,CHs NaOH(aq), I(aq), heat
3 CH;CON(CHs), and (CHs)?CHCONH; NaOH(aq), heat
A 1,2and3 B 1and2 C 2and3 D 3only

©YLC
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15
Use of the Data Booklet is relevant to this question.

A hydrogen-oxygen fuel cell is shown.

to external circuit

Hz(g) at 1 atm — -—— Oy(g) at 1 atm

1 mol dm™3
NaOH(ag)

H20(g) ——

Which E® value should be used for the cathode?

A -008V
B +0.40V
cC +0868V

D +1.23V

[Turn over
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30 Use of the Data Bookiet is relevant to this question.
An experiment is set up as shown to study the corrosion of iron.

Fe(s) Fe(s)

K2S04(aq)

What will occur at electrodes P and Q?

electrode P electrode Q
A no change in mass decrease in mass and H; evolved

B no change in mass decrease in mass and SOz evolved
c decrease in mass no change in mass and SO; evolved

D decrease in mass no change in mass and Hz evolved

eYC
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