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The following graph shows the second ionisation energy of eight consecutive elements in Period
2 and 3.

2nd IE

Atomic number

Which of the options A, B, C or D is silicon?

B must be group 1 as the second electron is removed from the inner shell hence resulting in a
large energy gap. Hence, D is group 14 and belongs to silicon.

Answer: D

Which option is correct?

Molecule Planar Polarity
A | Xenon difluoride Yes Polar
B | Chiorine(I) oxide No Non-polar
C | Methanal Yes Polar
D | Dichloromethane No Non-polar
Molecule Planar Polarity Diagram
x | A | Xenon difluoride | Linear (Yes) Non-polar | :F——rF:
x | B [ Chlorine(I) oxide | Bent (Yes) Polar o\u/
SOk
v | C | Methanal Trigonal Planar (Yes) | Polar H
o=t
m\

[TURN OVER

x | D | Dichloromethane | Tetrahedral (No) polar

Answer: C

Which statements about ethanoic acid are correct?

1 | 1 molecule of ethanoic acid has 4 lone pairs of electrons.

2 | Gaseous ethanoic acid forms a dimer comprising of two hydrogen bonds within a ring of 8
atoms.

w

The C—C bond in ethanoic acid is formed from a sp*-sp? orbital overlap.

TeiGs

1and 2

2and 3

cnwt@j

1 only

H_ﬂ M_V
H—C—C—0—H

H
1. Ethanoic acid has 4 lone pairs of electrons as shown above.
H o---H—0 H
| ]
Iloln/ \\oln_ul_._
_r o—H---0

Ethanoic acld dimerisation
2. The dimer of ethanoic as shown above. There is illustration of 2 hydrogen bonds and 8
atoms are within the hydrogen bond structure.
T
o N
H— %_l C—0—H
H

3. C-C, forms a sp®-sp? orbital overlap as shown above.
Answer: A

[TURN OVER
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Which property describes the trend for the hydrogen halides as stated below?

HC!I > HBr > HI

Amount of hydrogen peroxide = 1.70 x 102/ 6.02 x 10% = 0.0282 mol
Since option C has the largest amount, the number of molecules will also be the largest.

Answer: C

therrnal stability

boiling point

Silane, SiHa, exists as a gas at standard temperature and pressure. Hess’ Law can be used
to calculate the average Si-H bond energy in gaseous SiHs. Which information is needed to
perform the calculation?

ease of oxidation

A | AH’ormation{SiHs) only

ol O I P

acidity

B | AHPatomisation{Si), AH® \(H), AHPrormation(SiHs)

Option A is correct as down the group, the bond length of H-X increases, bond strength

decreases and bond energy decreases. Hence thermal stability decreases down the group.

Option B is wrong as down the group, the size of electron cloud of H-X compound increases,
it is more easily polarised, hence the strength of instantaneous dipole-induced dipole (id-id)
interactions between molecules increases, more energy is needed to overcome the id-id

interactions, resulting in higher boiling point.

Option C is wrong as the ease of oxidation of the compounds, X increase down the group.
Down the group, E°(X/X") becomes less positive, X" is more readily oxidized to Xz. Reducing

power of X~ increases down the group.

Option D is wrong as acid strength increases down the group, i.e. HC/ < HBr < HI. Down the
group, size of halogen atom increases, -X bond length increases, H-X bond strength
decreases less energy required to break H-X bond. H-X dissociates to give H* more easily.

Answer A

AHcombustion(Si), AHP (Hz), AHPcombustion(SiHa4)

o O

AHE (Si), AH® (Hz2), AHPrormation(SiHa)

H

_ 4 x BE Si-H
H— si -H(q) |||«|_||V Si{g) + 4H(g)

_
I 8
Silane AHl S1
4 x AH®(H)
AH® SiH,

sl () + 2H:(9)

Answer: B

10

The decomposition of Arsine, AsHa, is catalysed by Arsenic, As, and can be represented by

the following equation.
Ashs > As +>H,

Which graph does not describe the above reaction?

Use of the Data Bookiet is relevant to this question.
Which contains the largest number of molecules?

A 1810 cm? of sulfur dioxide gas (measured at r.t.p.)

B | 1.56 g of methyl methanoate

C | 5,25 cm? of ethanol where the density of ethanolis 0.755.,gcm™

D | 1.70 x 10 molecules of hydrogen peroxide.

Amount of SO, = 810 / 24000 = 0.03375 mol

Amount of methyl methanoate = 1.56 / 60 = 0.0260 mol
Mass of ethanol = 5.25 x 0.755 = 3.964 g

Amount of ethanol = 3.964 / 46 = 0.0862 mol

A | [Arsine] B | Rate

Time Time

[TURN OVER

[TURN OVER
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11
12 | Deuterium oxide, otherwise known as ‘heavy water’, consists of an oxygen atom bonded to
two atoms of the hydrogen isotope, deuterium 30 ).
Like water, deuterium oxide can undergo autoionisation. For D20, we can use the term Kp
instead of Kw.
2D,0 == D;0*" + 0D~
The following graph show how the values of Kw of H.0 and Ko of D20 vary with temperature.
16.0
S 150 1
o
5
2
% 14.0 {
13.0 T T T T T
0 10 20 30 40 50 60
Temperature / °C
Which deduction is correct?
A | The enthalpy changes of autoionisation for both H2O and D,0 are negative.
B | The extent of ionisation is smaller for D2O.
Cc [OH] and [OD] decrease with increasing temperature.
D O—D bond is weaker than O—H bond.
Option A: The enthalpy change of ionisation for both is endothermic. As T increases, pKw /
pKp decreases (or Kw / Ko increases). Hence ionisation increases. When T increases,
endothermic reaction is favoured to reduce T.
Option B: Greater pKw, pKp values imply smaller Kw, Ko values, and hence, smaller degree of
jonisation. The pKp curve is higher than the pKwcurve. Therefore, it has the smaller the degree
of ionisation.
Option C: When T increases, ionisation increases (see Option A) hence both  [OHTin H20
and [OD] in D20 increases.
L

[TURN OVER

12

Option D: O-D is stronger than O-H bond since the ionisation of D20 is weaker than H,0.

Answer: B

13

The numerical values of the solubility product of calcium hydroxide and calcium carbonate are
6.5 x 107% and 8.0 x 1077 respectively at 25 °C.

Which statements are cofrect?

1 | A precipitate is formed when equal volumes of 0.001 mol dm™ calcium nitrate and a
solution of pH 12.5 are mixed.

2 | The solubility of calcium hydroxide in a solution of pH 12.5 is higher than the solubility of
calcium carbonate in water.

3 | The solubility product of calcium carbonate and calcium hydroxide decrease in a solution
containing calcium nitrate.

A 11,2 and3

B [1and2

C |2and3

B ¥

[OH]=0.0316 mo! dm™®
IP = (0.0316 / 2)? x (0.001/2) = §
Since IP < Ksp, ppt is not formed.

2 mol*dm™®
Option 1 is incorrect.
CaCOs (s) = Ca?*(aq) + COs* (aq)

s S 8
Kep = [Ca?'ICO4?]

s s 2s
Kep = [Ca®JOHT
6.5 x 10 = (s) (2s)?
s =0.0118 mot dm?
The solubility of calcium hydroxide in pH = 12.5 is calculated as follows.
[OH1=0.0316 mol dm™

{TURN OVER
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15

A | The hybridisation states of the carbon atoms in benzene do not change during the

reaction.

B | The =« electron cloud of benzene will attack the O atom in CISO3H.

C | The mechanism of this reaction is electrophilic addition.

D | The bond broken in CISO3His the SO bond:

This type of reaction undergone is electrophilic substitution as the T electrons in benzene is
restored. Hence Option C is wrong.

As seen in the reaction, the bond formed between the benzene ring and CISO3H is S. Hence
the T electron attacks the S atom in CISO;H and not the O atom. Hence, option B is wrong.
The intermediate formed during this reaction involves one of the carbon having 4 bonds.
Hence, the hybridisation of this carbon changed from sp? to sp® and back to sp? when the T
electrons in benzene are restored. Hence Option A is wrong.

CISO4H will lose the OH as seen from the product formed. Hence the bond broken has to
invoive S and O. Option D is correct.

Ans: D

17

1-bromo-2,2-dimethylpropane, (CHs)sCCH:Br, can be obtained from 2,2-dimethylpropane,
(CHa)C, via free radical substitution with excess bromine. The yield however is low.

What is the main reason for this?

A | Different mono-substituted products are formed.

B | The Br-Br bond requires a lot of energy to break.

C | (CH3)sCCH:Br is very unstable.

D | The bromine radical-is regenerated during the formation. of (CH

All the H in 2,2-dimethylpropane are equivalent. Hence there is only 1 mono-brominated
product formed and no other isomers, making statement A wrong.

Since the reaction is carried out with excess bromine and bromine radical is regenerated

during the mechanism, this will result in a iot of bromine radicals, leading to a mixture of
products being formed.

Ans: D

18

Molecule M is a halogenoalkane. It is reacted with various reagents to give the following

results.

e M is first heated with NaOH(aq). After it has cooled, HNOs is added followed by

AgNOa. A precipitate appears and is only soluble in concentrated NHa.

[TURN OVER

16

¢ M reacts with ethanolic KCN when heated. The product reacted with LiAlH. in dry

ether to yield a product that has the molecular formula CsH1aN.

Which conclusion can be drawn from these results?

When »_.mmﬁmn with ethanolic >uzou. the precipitate for molecule M will appear slower
than 1-chlorobutane.

C | Molecule M contains § carbon atoms.

D | Molecule M is a tertiary halogenoalkane.

From the first reaction, molecule M is a bromoalkane. Hence, when reacted with ethanolic
AgNOs, its ppt will appear faster than 1-chlorbutane. Hence option B is wrong.

From the second reaction, it's a carbon extension reaction. Since the product after extension
has 5 carbon atoms, molecule M can only contain 4 carbon atoms. Hence option G is wrong.
Molecule M would have a molecular formuta of CsHeX (where X = halogen). It can be a
primary, secondary or tertiary halogenoalkane and there is not enough information about
molecule M to conclude. Option D is wrong.

The possible isomers for molecule M are

CH2XCH2CH2CHa, CHaCH(X)CH2CHs, CH2XCH(CHa)CHa and (CHs)sCX

Ans: A

19

Which statement about Sn1 nucleophilic substitution mechanism is correct?

The rate of the reaction is dependent on the concentration of the nucleophile.

If the product formed is chiral, it will be able to rotate the plane of polarised light.

Transition states are formed but not intermediates.

G O W >

Sy ::o_mcv:___o substitution reactions takes places in 2 steps. The first step is the rate
determining step which involved the halogen leaving to produce a carbocation intermediate.
Thus, the rate equation for such reaction is only k[RX] as the nucleophile is only involved in
the 2" step which is fast. Rate of such reactions is thus independent of the nucleophile. Hence
statement A and C is wrong.

The intermediate formed from the first step is planar. This allows the nucleophile to attack
from both the top and the bottom of the plane in equal proportion, giving rise to a racemic
mixture. Hence, even if the product is chiral, it would not rotate the plane of polarised light.
Statement B is thus wrong.

[TURN OVER
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19

20

21

Alcohol Q undergoes the following reactions.
e With concentrated HzSO4 at 170°C, only one product is formed.
« With hot acidified K.Cr:07, a green solution is formed that does not produce

effervescence with Na;COs.

What could be the identity of Q7

A \/\/\/\OI

B OH

22

Compound L has the following structure.

Which statement about compound L is incorrect?

A | It can undergo a condensation reaction.

c OH

D | It can be attacked by a nucleophile.

Since alcohol Q undergoes elimination with concentrated H2S04 to give only 1 product, option
B is wrong as the elimination can form a C=C to the left and right of the -OH group, which
gives 2 products. Option A can only eliminate to the left of the OH group thus forming 1
product, while option C and D are symmetrical hence only 1 product is formed no matter
where the elimination takes place.

Then when alcohol Q undergoes oxidation, orange KoCr.07 turns green implies the alcohol
can be oxides, making option D wrong as it is a tertiary alcohol. Then when NazCO; is added
to the resultant solution, no effervescence is observed implies no acid is formed, making
option A wrong as it will form an acid after oxidation.

Ans: C

The ketone group present in the molecule can undergo a condensation reaction with
2,4-DNPH and hence Option A is true.

The ketone group can aiso undergo a reduction reaction to form a secondary alcoho! and
hence Option C is true

The C of ketone can also be attacked a nucleophile due to it being electron deficient as it is
attached to an electronegative O. Hence, Option D is also true.

Ketones cannot undergo hydrolysis.

Ans: B

[TURN OVER

[TURN OVER
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23

24

25

Phthalate esters are mainly used in plasticisers to increase their flexibility, transparency and

durability. They have the following structure.

ROCO

O

ROCO

Which pair of oosuo::nm can react to form a phthalate ester?

Ans: A

26

Which option correctly shows the product and observation of the resultant solution when
aqueous propanoic acid is added dropwise to aqueous propylamine until the reaction is
complete?

A

y

Product formed Observations

CH3CH2CONHCH2CH2CHs

One :oaommzocm solution

CH3CH,CONHCH,CH2CHs
{CH3CH:CH2NH3)*(CH3;CH.COO0)

Two distinct layers

A
c
D

Two distinct layers

OH

osé

The reaction between propanoic acid and propylamine is an acid-base reaction that will result
in a salt form and not an amide. Hence Option A and C are wrong.

Since a salt is form, the sait will readily dissolve in water as it is able to form ion-dipole
interaction with water, allowing it to dissolve readily to give a homogenous solution.

Ans: B

ON

032

>\

20
e
g5
0

Based on the structure given in the question, the structure of phthalate esters are as follows
o]

RO
RO

(o]
This impties that the acid group is attached to the benzene ring and hence come of
benzene-1,4-dioic acid. This means Option B and C are wrong.

Option D will not yield an ester hence its also wrong.

27

Aspartic acid is used in the biosynthesis of proteins and has the following structure.

o]

OH
HO

NH,

Aspartic acid has pKa values of 2.0, 3.7 and 9.7.
At what pH will the major species in the solution be the zwitterion of aspartic acid?

A (15

| B

c |70

D 103

The pKa values assigned to aspartic acid are as follows.

[TURN OVER

[TURN OVER
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27

e = (+0.34) — (-0.25) = +0.60 V
EPear = (-0.26) — (-0.25) = -0.01V
Colour change will be from blue to green

Answer: B

30

FeZ* forms a red complex with ortho-phenanthroline. Various samples containing different
volumes of 1 x 10~3mol dm~2Fe?* and 3 x 10~% mol dm™? ortho-phenanthroline were prepared.
The structure of ortho-phenanthroline is shown below. Each ortho-phenanthroline molecule

is a bidendate ligand.

ortho-phenanthroline

The following graph was obtained when the colour intensity of the samples was measured

using a colorimeter.

Absorbance

Ar

0 2 4 6 8 10 12 14 16 18 20

Val. of Fe?* solution/ cm?®

20 18 16 14 12 10 8 6 4 2 0
Vol. of ortho-phenanthroline solution/ cm?

Which statement about the complex ion is correct?

A | The complex ion absorbs red light.

[TURN OVER

28

B | The overall charge of the complex ion is 4—.

C | The co-ordination number of the complex ion is 3.

a @b 2] 2 % )

Option A: Since the colour of the complex is red, the complex ion reflects red light and not
absorb it.

Option B-D:

Fe?* : ortho-phenanthroline

=1x10%:3x10%

=1:3

Since ortho-phenanthroline is a bidentate ligand, there are 6 dative bonds formed
(coordination number = 6) around Fe?", resulting in an octahedral geometry. The overall
charge of the complex is +2 i.e. [Fe(ortho-phenanthroline)s]**

Answer: D

END OF PAPER

[TURN OVER
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Table 1.2
base Ky / mol dm
Diethylamine 6.9x10™
Triethylamine 8.5x10°°

Suggest why the K, value of triethylamine is significantly smaller than the Ki

values of ethylamine and diethylamine. 4]

Triethylamine is a tertiary amine and the presence of (one) more Rialkyl
roups will result in steric hindrance, thus leading to a smaller extent of base

dissociation in aqueous / less likely to accept a H*.

()

The Wolfi-Kishner reaction is a valuable synthetic method to convert carbonyl compounds
into alkanes. This is done by reacting a carbonyl compound with excess hydrazine in the

presence of potassium hydroxide.

o}
KOH (aq), heat
+ NH, > D>_» + N, + H,0

R R

4
CH,CH=CH, Step! step 2
A B (C:HsOBr)
N,H,. KOH (aq)
heat
CH,CH,CH,OH

Suggest the structures of intermediate products A and B and state the reagents
and conditions for each step.

Reagents and conditions

(4]

() [ Suggest a simple chemical test to monitor the completion of the Wolff-Kishner

reaction. [2]

Add 2.4-dinitrophenylhydrazine / 2,4-DNPH to the reaction mixture (and

f— L

warmy)
If the reaction was complete, there will be no orange ppt.

Reagents and conditions

Step 1: Bra(aq)
Step 2:

(i) | Propan-1-ol can be synthesised from propene by the following 3-step route that

incorporates the Wolff-Kishner reaction.

[Total: 12]

[TURN OVER

[TURN OVER
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7
c.\rr,k. 1,,«\./L,
. o .5 F
Fee) oo 7 TeSeg)
AF pet
-4
\/
<2 .
, .
% A Sy
W tie 129
4337 K ol N
N . oy Y -
A0 - 1312 ook ’
- - ~)- S .
Fe +J1 Slup T 7 Wy 2 )
OR
Energy / kJ mol™*
Fe?*(g) + $*{g)
15t & 27 EA (8} =+ 33
Fe?*(g) + S(g) + 26~
Av
13tg 2nd [E Ao Fe?(g) + Al S* (9)
=762 + 1560 =-1970 + (-1372)
Fe{g) + S(g}
AHCuamfFe)+ AHaum(S]
=415 +279
o | Fets)+sis) Fe™(aq) + #1aq)
DEORM”M =102 g“ﬂ
EesS(s} :

Applying Hess’ Law,
-102 = 415 + 279 + 762 + 1560 + 337-1970 - 1372 + AH*px(FeS)
ARPo (FeS) = =113 kd mol™ (3 s.f)

(c)

(1) [ Use your answers in (a)(ili) and (b), calculate the ASy® for the formation of FeS

precipitate.

111

ecf from (a)(iii) and (b)
AG® = AH° -TAS®
—-98.7 =(-113) - 298AS°
AS®  =—0.04798 kJ mol~! K~
~— 0.0480 kJ mol-' K (to 3 sf)

(if) | Hence, explain the significance of the sign of AS® in (c)(i).

1

Entropy change is negative because the degree of disorderliness decreases

{ less disordered owing to a decrease in the number of agueous particles

during precipitation / aqueous species are reqularly arranged in crystal

lattice structure.

(d)

Although hydrogen suffide and water molecules have the same shape, they have
slightly different bond angles. State and explain which species has a larger bond

angle.

{21

In H:0, o than sulfur in H2S. Hence, the bond
en, resulting in greater
repulsion between the bond pairs in water. Hence, the H20 has a larger bond angle.

[Total: 14]

{TURN OVER

[TURN OVER

More papers at www.testpapersfree.com



BP-~463

BUIDATRNIBIAXD

aujzewoudloyn

¥IA0 Nunil

Aymanios

‘g Bl uj umoys st sBrup sigesiuo) Jusseyyp ooy} jo Agnios ay] | (g)

1:0Z1) Pa15adxe o3 UeU JO|[EWis SI (.06) ;N PUNOIE S]BUE PUGH oy
MO “zN BuAjoAul apiuie ojoAo auyy us GTERS BUH st aJoy )

1] 'puog \N—9 UeL)) 1ayeam si puog ;N—0 Aym uoseas e }sabbng | (i)

HIAO Nunll
IWH/ oy,-01) =12 0L
fwHl 7 vl LHI =
‘YH 29 9 ulilpuediAzusq 187
[zl ' ulpoiuadifizusq paresossipun sy}
40 LORENUBDUOD BY) BjENDIRD ‘gL Z S © ulPIuadiAZuaqg Jo Byd sy} Jey) UeAID)
‘¥4 S1 © uiljiuadifzuag Buuiejuoo pooiq jo Hd sy | (i)
S1I9I0UdWIE :suloAoens)AxO
J1SEq :auizewosdioy)
[1l ‘(ousjoydwe pue siseq
‘oipioe) Bnup ajqesiuo) jo adA} sy o) Buipiosoe spunodwod Bupmojioy oy Anissein | (i)
‘Hd JayBly je s|qnjos alow s £)
ulpoluediAzusg ‘Jejem yum suoRoeIsiul ajodip-Lo; Jo UORBULIC) L) U} Pases|al s
ABisua aiow sy ‘TSIEM IPIM SUOTIOEIGTU] B]00IP-UO] 18BUGIIS LLIO| UED Yolym
‘009~ 0} pajeuoioidsp si © upowadiAzueq Jo dnoib HOOD- ey ‘Hd Jeybiy
1v "sojnosjow Jejem yym Buipuoq usBoupAy suwoy © ulioiuadiAizueg ‘Hd mo| 1y
[2] ‘Hd ubiy
0} mo| woy sesealou| snoenbe v 5 uj|lioiuadifzuaq jo Ayiqnios euy Aym uieldxg | (1

‘uogesi|iqels @ouLBuOSal U} SYNSS. SIY L
“0-D-N JoA0 851]ed0]9p UEJ ,N PUE N UO SUOJIa[D JO Jied JUoj| oy} ‘eousH
"0=0 JO PUOG/PNOJD UCAOBI8 LL Ylim Aemapls dejiano uea ,N pue N Je siejqio d

Vg "B

surzaousdiogny

1 "a|qe)s
alow o uydiuadiAizuag syeW |im ;N PUe N Je uonesipugAy ,ds Aym jsebbng | (1)

NP

\“I

0 W punole s|eyiqio puqAy ay jo edeys sy} mesg | (1)

“Pes|pUgAy Lds ase 5 uypouadifzuag u) swoje usBomu yog | (e)

piuadifzuaq

@)

OH

‘ucljoByul [BUSJOBQ UBLIED JBa) 0) Pasn JOIqHUE UE S Yoiym ‘o ulpoiuedifzuaq
s{ 6rup aipoe ue jo eidwexe uy ‘ssiuadoid ousjoyduwe o iseq ‘oipioe eaey sBrup s|gesIUO]

€

0l

More papers at www.testpapersfree.com




BP~464

1

12

[HA] = 9.12 x 107" mol dm™®

{iv) | The Henderson-Hasselbalch equation can be re-expressed to relate the
solubility of a drug to the pH of the solution and its pKa.

pH = pKa + log o (52)

where S is the concentration of the dissolved drug and So is the concentration

of the undissociated drug.

The solubility of the undissociated benzylpenicillin G in blood with pH 7.4 is
9 x 103 mol dm~2. Using the information above and in (b)(ili), calculate the
solubility of benzylpenicillin G in blood with pH 7.4. Express your answer in

mol dm™.

2]

Both K* and K have the same number of protons and so, nuclear charge is

the same / constant. K* has one less shell of electrons than K. Thus, the

valence electrons of K experience lower shielding effect.

The valence electrons in K* are more strongly attracted and closer to the

nucleus. K* is smaller.

[Total: 14]

-9% 10733
7.4=276 +log (S )
9x10™13
$-9x10~1
9x10-12

S =3.928 x 108 ~ 3.93 x 10* mol din~® (to 3 sf)

10464 =

(c)

Benzylpenicilin G is administered intravenously as potassium benzylpen

which is an ionic compound.

The drug is prepared in a buffer solution made of citric acid, CsH;0sCOOH and
potassium citrate, CsH7O0sCOOK to maintain its solubility and stability.

(i) | Define the term buffer.

1

A buffer solution is a solution whose pH remains almost unchan ed when a
small amount of H* or OH" is added to it.

g e —

(i) [ Write an equation to show how the citric acid/citrate buffer maintains the pH of

the solution when small amounts of alkali are added.

W)

CsH;0sCOOH + OH™ > CsH;0;CO0~ + H,0

(ili) | Explain the difference between the ionic radius and atomic radius of potassium.

(21

[TURN OVER

[TURN OVER
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Waearables, such as smartwatches and fitness trackers, are gaining popularity with new detecting

abilities constantly being developed.

In recent years, research has been done to integrate chemical sensors into wearables to detect
metabolites in sweat. One such metabolite is lactate, which can be used to determine the fatigue
tevel of muscles in our body. Under conditions of high energy demand, glucose breaks down
rapidly into lactate, which accumulates in the muscles. Fig. 5.1 shows the breakdown of glucose

to pyruvate, and eventually to lactate (M = 89.0).

OH o] OH
(o} OH
e o o
HO OH
OH o o
glucose pyruvate lactate
Fig. 5.1

Table 5.1 shows the lactate concentration in sweat before and after intense exercise.

Table 5.1
Lactate concentration (mal dm=2)

before exercise | after exercise
sweat 2.0x10™ 6.2x10™

Table 5.2 shows the possible lactate concentration ranges that can exist in blood.

16

(il) | Anormal person loses an average of 3.5 dm? of sweat for every hour of exercise.
Using the data in Table 5.1, calculate the mass of lactate lost in sweat after two

hours of intense exercise. 21

Volume of sweat lost = 3.5 x 2 = 7 dm?
Amount of lactate lost = 7 x [(6.2 x 10~*) — (2.0 X 10*)] = 0.00294 mol

Mass of lactate fost = 0.00294 x 89.0 = 0.2616 = 0.262 g (o 3 sf)

(iii) | 10 cm? of blood was drawn from an individual and the mass of lactate was found
to be 0.0027 g.

Determine the medical condition of this individual. i1

flactate] = [(0.0027 / 89)] / 0.01 = 0.003033 mol dm™ = 3.03 mmol dm™
The individual suffers from hyperlactatemia.

The reduction of pyruvate to lactate involves a compound known as reduced nicotinamide
adenine dinucleotide (NADH). The reduction is an equilibrium where all species are in aqueous

state.

¢ +NADH +H* a +NAD* AN

o} o

pyruvate lactate

K. value for this equilibrium at 298 K is 1.46 x 10",

(b) [ () | State the change in oxidation number for carbon a. 1

+2 to0 0 OR Change Is -2

(i) | During an intense exercise, the pH of blood decreases from 7.4to 7.1.
Assuming that [NADH] is equal to [NAD*], calculate the [lactate} / [pyruvate] ratio
atpH 7.1. [2]

Table 5.2
Lactate concentration (mmol dm=3) Medical condition
05-1 Normal
2-4 Hyperlactatemia
>4 Acidosis
(a) | (i) | State the number of chiral centres present in glucose molecule. [1]

[lactate]

11 =
1.46x 107 = [pyruvate][10-71]

{lactate]
Toyravate = 11597 = 11600 (to 3 sf)

[TURN OVER

[TURN OVER
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pyruvate O&I. lactate OH CONH,
b - ‘oooiw|ox + \_
3
000" ﬂuxu ; /H+
H
ﬁ:

2|

NAD*

CONH,

N
“w NADH

(e

Polyurethane is a polymer used to make the straps of fitness bands and smartwatches as
they have good resistance towards sait water and ultra-violet radiation. Hence, unlike
cheaper plastic or resin straps, polyurethane straps are more suited for a wide range of

sporting activities.

The reaction between diisocyanate and diot to form polyurethane is shown in Equation 1.

20
0 CH; o
I I
C CH ¢}
/Jh N N/o _.ﬂ
. )

(i) | The average molar mass of the polyurethane polymer formed in (e)(i) is
1.3688 x 10* g mol™". Calculate the degree of polymerisation, n, for this polymer.

n

n=13688/(174+120x2+6x 1.0+ 16.0x2)= 58
ecf from (c)(i)

Equation 1
i i
Ox v 0 2 c_ R _c_ R
/O”Z\_N/Z\O\ + IO\_N/OI — /—ﬂ\ /7_-\ ~o0” ™o
H H n
diisocynanate diol polyurethane
n = degree of polymerisation
(i) CH,
OﬂO c \O
NS ~
/Z Z\

toluene diisocyanate (Mr: 174)

Suggest the structure of the polyurethane polymer formed when toluene

diisocyanate is reacted with ethane-1,2-diol. (1]

(d)

Toluene diisocyanate is synthesised from methylbenzene by the following route.

CH,
CH, "
2

step 1 ntermediate  Step 2
> compound >

NH,
toluenediamine

methylbenzene

step 3 |COCI,

CHa CH,
NCO NHCOC!
step 4
NCO

~ NHCOC!
toluene diisocyanate

(i) [ Complete the reaction scheme to show how toluenediamine could be
synthesised from methylbenzene in two steps. Show the structure of the
intermediate product and state the reagents and conditions for each step.

[3]

[TURN OVER

[TURN OVER

More papers at www.testpapersfree.com



BP-~469

¥3A0 Nunil ¥3A0 NNl
[z t1ejoy] suofioelaul sjodip JusuelLdd-ajodip jusuewiled jJuEsjIUDIS oJe 8Jolj
9}IYM pauLio) seg) ‘PIAIISQO 30UIISIAISYT [1] ‘UojjeAIasqo SiU}
‘[BEFQI%EN PPy Joj uosea. e 8jejg “Inojaeyeq seb jeepi-uou JiqIyxa 0) umouy s) seb ausBsoud | (A1)
HOo
‘uoyNios $S8LINOJOD Wi} 0} (be)EN i 8jgnjos ‘POAISSqO JAd SITUM (35 € 0) TTEBI0 = oW G180 = A
(be) °HN Aq pamotio) TBEFGNBY PPV (€22 +008) X LE'8 X ¥6¥°LL = A (0001 X 00)
[zl "s1emsue oA uj suoliealasqo pajosdxa auy) spnjou| g -Bi4 0} Jou ¥4 L L = Z X {21 7 0004) = pasnbas susbsoyd Jo Junowy
Buipsoooe paunoogo sey ebueyoxe pueb) Jeuy) moys o) }se) fedjweyo e 1sebbng | (1) [zl -ajeuBAoOSHp BUSN|O)
3o B | sonpoud 0y painbas susbsoyd jo swNjoA 8y aeNdjed uBIYS %00
Jaue UoReAjoe s sseooud ay) Bujwnssy “edd 00p PUB D, 00S JO anjesadws) & Je JNo palued
8Seald9p pue JUBJSUGD 3Bl aseosdu] |im IsAeled e Jo aousseld eyj . si ¢ dejs uj %000 'seb susbsoyd pue sulweIpaUsN|o) UseMIaq Uooea Byl | (1)
[1] $'s B4 U uonoeal oY) Jo ‘°7 ‘ABIoLD UOIRAIOR pue ‘Y JUEISUCD
9jed 8y} Jo sepnjiubew ay) 1oy pinom JsAlejes e jo soussaid ay) moy Jsebbng | (1) UoReuInmg
[ ' days uj uojoeal jo adA) ay; ysebbng | ()
¥'s "Big
apuoyoIp upALelp , *ON
H
|
o) o 10 ¥
JOHZ + m /cm.. _— + /:w.
O/ﬁ. ¢\\\ /r—.. .-#\\
# 0 1o _ ‘ON
H g
HO

‘p's *Big ul

Aﬂl BTOAIT I ATTAA ST -
umoys se joip-z*|-aueys ypm abueyoxs pueby Buiobiepun jo sjgeded ale swoe ] BJ HOEN (sseoxe) Aq pemoyjo} TeSU TOH 3103 US :Z dels

"JsAjeyed apuojyaip uniAyisip Jo soussaid sy uj sInooo sueysinAied jo uogonpoid sy | ()

More papers at www.testpapersfree.com

00

0 seb aipioe ay} 40 Auep) aup 1sebBng punoduioo ajelpawseiy

seb
O1pIoe ue pue sujtueipausnio] W0 0} 1083l |jIM 3JBUBASOSIIP SUAN|0} ‘IOJEM JO
souasaLd ay) u) "uoRIPUOD SNoIPAYUE UE Ul PBIO)S 8q 1SNW 8jeURKOOSHP BUBNIO. (a)

JUBSHIUBIS ST 8|noojoll ouabsoyd Yoes Jo 9ZIS JENodjow | SWnjoA oy]

(44 174




BP-470

More papers at www.testpapersfree.com



BP-~471

¥3IA0 Nunil

"(eBed JeA02 siy) Buipniour) sebed pajuud gz Jo S)SISUCD JUBWIN20P SIYL

‘uosenb yed
08 |e101 Jo uopsanb yoea Jo pus sy Je [ ] sjexjoeiq Ul usaib st Sylelw Jo Jaquinu ay

“Jeyiebio} Ajoinoas spom JNoA j|e usjse) ‘UoRBUILIEXS BY]) JO Pus By} 1Y

so ‘ajeudoidde siaym ‘pejoadxs si Jojenojeo oypusios paoidde ue Jo asn oy
0z 10

¥3A0 Nanil
lesy Y*OUNM be*QgeH be 'z daig
Jeay ‘HOEN be 3} deoig
[z] ‘T pue | sdays 1o} suolpuod pue sjuebeal sy} 1sebbng | (i)
HO
9
O
'@ punodwion
fHo
HO
*HO
0 punodwon
[2] '@ pue 9 4o} sejnuuio; [ramonds ayy meiq | (1)
3 punodwio)n
o o
ig (0]
®HO
jeay
*og%H ouoo a
@ punoduiog 2 punodwo)
z dolg | dayg
*HD
g0
€ punodwo) v punodwo)

‘paJedaid eq Aew 3 punodwiod moy smoys mojeq weibelp sy

%) "papinroid si jepioog ejeq v

0z 0 ‘uonsenb auo Jamsuy
g uopdag

& @ *suofisanb jje Jomsuy
%4 2.] v uohes
as) s, 3404 ‘umoys Alealo aq jsnw laquinu uogsenb ey

J@]jooq siuy Jo pus ay) Je sabed ay) esn pjnoys noA ‘pasinbal s) eseds [euoyippe 4
“1eded uopsent) ay) uo papiaoid saseds ay} ul suopsenb e Jamsuy

"INy uooaLI00 Jo an|b ‘sd)o Jaded ‘sajde)s asn Jou og

‘sydeub Jo swe.Beip Aue Joj jousd gy € 8sn Aew noA

‘uad XoB|q JO BNjg diep Uj SJUAA

"Ul puey noA Jeu} 3Iom By} jle U0 SSBO PuB SLUBU JNoA ajup

1S¥Id SNOLLONAYLSNI 3S3HL AVI

18pjoog ejeq] :s|eusiep [euonippy

sinoy z “Jaded uonseny) au) Uo Jemsue sajepipuer)
220Z 19quiaydag ¢} asuodsay asal4 ¢ Joded
€0/62.6 AYLSINTHD
S 4 [4

SSV10
JNVYN
31VAIANYO

Z Y3HOIH

SNOLLYNINYX3 AYVYNINITTYd 2or

JO3TI00 YOINNT SMIHANY LS

More papers at www.testpapersfree.com




BP-~472

or aq H2804 KzCr20y, heat

Draw the structures of the products formed when E is reacted with hot aqueous
sodium hydroxide.

[2]

(v

Copper is an important metal which can be used to catalyse many organic reactions. It

exists naturally as an ore containing calcium and silver impurities. To obtain copper metal,

the ore is purified using electrolysis.

CH,
OH HO

CH,

(nucleophilic substitution for bromoalkane will occur)

(iv)

State the type of reaction when C and D react to form E.

{1

Condensation / nucleophilic (acyl) substitution

v)

Equal amounts of A, F and G are added separately to three test-tubes, which
each contains equal concentration of ethanalic silver nitrate. The test-tubes are
placed in a hot water bath. No precipitate is formed in one of the test-tubes. For
the other two test-tubes, precipitates are formed at different rates.

Explain these observations.

CH, CH,
i cl
CH, CH,

Compound F Compound G

i3]

Compounds A and F undergo nucleophilic substitution with ethanolic AGNO3
which releases halide ion to form a ppt with Ag*.

c-I bond in F is weaker than C—Br bond in A as [ is larger atom than Br

e D e i

and has less effective orbital overlap with C. Thus I”is released faster to
form ppt, followed by Br_.

Lone pair of electrons on the CI atom delocalise into the w bond / C=C,
resulting in C—C/ having partial double bond character, hence the bond
does not break easily and no ppt is formed for compound G.

(i) | Draw a tabelled diagram for the purification set-up. {2]
+1 -
(+) Anode _ () Cathode
| —» Pure Cu
Impure
Cu ]
CuSO04 (aq)
electrolyte
(i) | with reference to relevant data from the Data Booklet, explain what happens
to the calcium and sifver impurities during the purification. 3]
Ag'(aq) + @ — Ag(s) E®= +080V
Ca*+2e — Ca E® =-287V
Cu” (ag) + 2e == Cu(s) E*= +034V
When an electric current is applied, copper and calcium at the anode (+), are
oxidised to their respective ions. Ca is oxidised because of the negative E®.
Cu?* and Ca?* then migrate to the cathode (-). At the cathode, gnly Cu® ions
are reduced to Cu due to its more positive E®. Ca?* remalns as lons in the
electrolyte as it is not reduce to metal easily.
Ag will not be oxidised due to its positive E® value and it falls off the electrode
and accumulate at the bottom as anodic sludge (or words to the effect
drop to the bottom).
(iii) | A current was passed through the set up in (b){(i) for 50 minutes and the

electrodes were then removed, washed, dried and weighed. It was found that
the cathode had gained 0.95 g in mass.

[TURN OVER

Calculate the current passing through the cell. [2]
Amount of Cu = 0.95/ 63.5 = 0.01496 mol
Cu?*+2e~ > Cu

{TURN OVER
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(b)

Use of Data Booklet is relevant to this question.
An experiment was carried out to determine the enthalpy change of neutralisation of chioric
acid. 25 cm® of 1 mol dm™ chioric acid was mixed with 25 cm® of 1.5 mol dm™2 potassium

hydroxide and there was an increase in temperature by 8 °C.

) | Explain the term standard enthalpy change of neutralisation. 1

The standard enthalpy change of neutralisation, AHneu®, is the enthalpy change

when an acid reacts with a base to form one mole of water in dilute aqueous

solution at standard conditions / 298 K and 1 bar.

(i} | Calculate the enthalpy change of neutralisation. Assume that the specific heat

capacity of all solutions is the same as that of water. [2]

q=mcAT = (50)(4.18)(8) = 1672 J
Amount of H,0 formed = amount of chioric acid = (25/1000)(1) = 0.025 mol
AHn = —(1672/1000)/0.025 = —66.88 kJmol ™ = =66.9 kJmol™*

(iii) | The enthalpy change of neutralisation between a strong acid and a strong base
is —57.3 kJ mol™'. Suggest a reason for the difference between this value and

your answer in b(ji). 1

In the presence of (excess) strong base, chlorate(l) ion undergoes

disproportionation and the enthalpy change of the dispro| ortionation

reaction could have caused AH,to be more exothermic. / Heat evolved

feaction (oI Hay e e e N ——————————

from disproportionation is factored into the experimental AH,.

OR More exothermic because the reaction in (a)(ii) took lace.

{c)

Glutamic acid is often used as a food additive and a flavour enhancer. The structure of a
fully protonated glutamic acid is as shown, with the pKa values (2.1, 4.1 and 9.5) assigned.

[TURN OVER

(1) | Explain the assignment of pKa values to the respective acidic groups. [3]

most acidic) a-COOH > side chain -COOH > -NHj*

of conjugate base: (most stable) a-COO~ > side chain -COO™ > -
NH,
The -COOH on the side chain is further away from the electron withdrawin
-NH; / -NHs* / N. Hence the negative charge of its conjugate base (-COO"]
is dispersed to a smaller extent as compared to the conjugate base of the
a-COOH. Hence, the pKa of the side chain -COOH Is 4.1 while that of the a-
COOH is 2.1 as the a-COOQ™ is a more stable conjugate base.
The lone pair of electrons on -NH: is localised and will readily accept H* and
hence, is less stable than -COO™.

(i) | Suggest the structural formulae of the major species present in solutions of
glutamic acid with the pH values of 3.0, 6.0, and 10.0. [3]
pH=3

NH,*
HO o
(o] o]
pH=6
NH,*
o o
o [o]
pH =10
NH,
© o
[o] [o]
(iii) | The structure of compound H is as shown.
NH,
O Na'
R
O
[TURN OVER
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1

(a

L=

LiAlHa and Hs are useful reducing agents in organic chemistry. Esters are reduced by LiA/H4

and the equation is as shown.

H

)
xlm\om. + 4H —— xln_vlo: + R—OH
H

Compound I contains an ester functional group and undergoes the following reactions with

LiAJH4 and He.

J
Im + Ni AO._NT_NNOAv
I
(C,,Hi04) HO_ CH, \\onw
/I
LiAH, , L
CH,OH (C,Hs0)
K

() | Compounds I, J, K and L react with Na, as well as with alkaline aqueous iodine.

Suggest the structures for I, J and L. 31

o CHy OH O Cs
HO_ CHagy 0_ CH

1 CH, 3 OH

C—CH,

H : 1 CHy
0-CH, CHj CHaOH

o Q
0 /N
Ho_ CH; 9 ,+ Z_ OR OR

Jd 4 CHy J
0|ox~n:w Ho_ CHygy
_21 n_u,lnxu + CH—CH,0H
OR H
CH,OH L
Ho CHy © ozu ‘

[TURN OVER

12
Note: The following CANNOT be 1 as they will not agree with the change in
molecular formula from I to J (ie. + 6H).
CH

HO /*Fs OH ozw o

CH.

H ™= Hy OH HO ozmo CH,
@ﬂ:/ozu i CH,

o.._u

(i) | Sodium boron hydride, NaBH, is used in the reduction of compound M to form
compound K. Given that M reacts with 2,4-DNPH but not Fehling's solution,
suggest the structure for M. [11
HO_ CH,

i
C—CH,
CH,0H
{(b) | Both NaBH, and LIAIHs produce the hydride ion, H™, as the reacting species during
reduction.

() | Expiain why LiAlHs is a stronger reducing agent than NaBH.. 11
Al-H is weaker than B-H due to Al having a larger atomic radius than B and
hence, easier production of hydride ions.

OR

The electronegativity difference between Al and H is greater, causing the H
to be more electron-rich in Al-H than in B-H.

OR

Li* has a stronger polarising power as it has a higher charge density and thus.
Al-H is weaker.

(i) | When NaBH, is added to propanal and propanone separately, it was found that
propanal reacts faster than propanone.

Suggest two reasons for this observation. [2]
1) More_electron-donating alkyl groups in propanone reduce the artial
positive charge on the carbonyl carbon and attract H" less readily.
2) There are more bulky alkyl groups about the carbonyl C in propanone, hence
there is greater steric hindrance, hindering the approach of the H-.

[TURN OVER
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Q has 2 stereoisomers with no

chiral centre

Q is an alkene with cis and trans isomer.

Q, C11H1a, decolourises hot KMnOa
to give R, CoHsO3

Q is oxidised.

Q contains alkene (no double awarding)
lic H.

and/or a side chain with a ben:

C:H = 1:1. R contains a benzene ring. (no
double awarding for Q and R)

R is a ketone and/or -COOH (both must be

present)

R reacts with alkaline |2 (aq)

R is oxidised.

R has CHiC=0.

Q, C11H44, reacts with cold H;SOs4
followed by steam to give 8,
Cy1H1s0.

Q undergoes electrophlic addition to form
alcohol, S.

Q has an alkene or 1 C=C. (no double

awarding)

S rotates plane-polarised light but
does not react with aqueous

alkaline iodine

S contains chiral Cicentre

S does not contain CHz-CH(OH)-

Q
CHj,
Q /S
O“O/
CHa H OR
R S
Cc=0
CH,

CHs

CH,

C
CHy Hs

CH;

|
G—CH,CHj

_

OH

16

Section B

Answer one question from this section.

4 | Nitrogen is a critical nutrient for the survival of all living organisms, as it is a necessary component

of many biomolecules, such as proteins. Although nitrogen is very abundant in the atmosphere,
it needs to be converted into ammonia for it to be available to primary producers, such as plants.
This process is called nitrogen fixation. Only a select group of bacteria can carry out this
energetically demanding process. The equation for nitrogen fixation is as shown.

Nz + 8H* + 8e™ — 2NH3 + Ha

(a)

By using appropriate data from the Data Booklet, explain why nitrogen fixation is an

energetically demanding process. 11

BE(N=N) = 944 kJ mol~'. The N=N is strong / requires a lot of ener

to break.

Examiners’ comments:

Quite well answered. Some students however did not comment how the bond
energy quoted was a large value that needed a lot of energy to overcome to
answer the question. A handfui either did not quote or quoted the wrong data
from the data booklet and the N2 is N=N instead of triple bond. There were
also students who went to calculate AH of the reaction based on bond energy
not realising that an exothermic reaction does not answer the question.

_

(b)

Bacteria that carry out nitrogen fixation have an enzyme called nitrogenase. Nitrogenase

contains an iron-sulfur-molybdenium metal cluster, as shown in Fig. 4.1. Histidine (His) and

cysteine (Cys) are two important amino acids present in the active site of nitrogenase.

[Total: 20]

[TURN OVER

[TURN OVER
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The kinetics of nitrogen fixation by nitrogenase was studied at 20 °C. The final

concentration of NHz formed was found to be 0.16 mol dm3.

[NH3] / mol dm™

20

Show two constant ty; on the graph + t12 =50 s
Since tyz is constant at 50 s, the reaction is first order with respect to [N].

rate
A

N

(iv) | On Fig. 4.2, sketch how the graph would look like when the experiment is
carried out at 40 °C. Label this new graph as Y.
Exptain your answer using the Collision Theory. {31

Graph: Y being steeper than X

When temperature increases, kinetic ener

increases. The number of particles with enel

increases and rate increases, which is shown by a steeper graph.

(e)

Denitrification is an important process because it converts nitrate back into nitrogen gas.
A Latimer diagram shows the standard electrode potentials connecting various oxidation
states of an element. The sum of the standard electrode potential for each reduction is the
same as the standard electrode potential for the overall reduction.

The Latimer diagram for some nitrogen-containing species in acidic medium is as shown

0.2
ra
0.16 T = A\
7 Lt o 4 ]
0.42 =&
L7
./
Fi A
oy 3= -
0.08 : A
I
/|
{ ¥
]
.
0.04
7
0
0 50 100 150 200 250
time/ s
Fig. 4.2

(i) Explain the term rate of reaction. (]
Rate of reaction is defined as the change in concentration of reactant
consumed / product formed per unit time.

(1) | Using Fig. 4.2, calculate the initial rate of reaction. 1
Students are to draw tangent at t = 0 (as long as does not cut the graph)
and calculate the gradient.

Initial rate = 0.18 / 100 = 0.0018 mol dm= s™

(i} | Use Fig. 4.2 to determine the order of reaction with respect to [Nz]. Hence,

sketch a graph of rate against initial [N2]. 31

[TURN OVER

below.
+0.42v +0.34V +1.18V +1.35V
NOs —» NO; — NO — ¥N,O —> %N
Step 1 Step 2 Step 3 Step 4
0] _ Draw a dot-and-cross diagram of NO;~. State the bond angle of the ion. _ [21
[TURN OVER
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(iv) | Alkynes can react with silane in a similar way as alkenes.
Suggest the alkene formed when the following alkyne undergoes hydrosilyation

with TiOz.

I‘MI‘/
CH,4 M

Si

24

(b)

The use of renewable energy sources, such as solar energy, has been gaining momentum
around the world with the aim of realising a carbon-zero society. However, climate change
can affect the power output and therefore, there is a need to use large-scale batteries to

store the power harnessed.

One such example is shown in Fig. 5.1. The battery uses the redox couple Mn*/Mn%* in
one electrolyte tank and Ti**/TiO? in another. Sulfuric acid is the electrolyte in both tanks.

Power Station I Substation 11059 D_.E\_

L
b : A/ Discharge

Charge
_\ Convertor s

v

Mn2¥/Mn?

Tank A

o—=0\ K =g

P Electrode Pum

ump Membrane P
Fig. 5.1

The standard electrode potential for the reduction of TiO?" is as given.
TiO* + 2H* + e~ = Ti¥* + H0 E°=+0.10V

[TURN OVER

(i) | write an equation to represent the discharging of this battery. (|
T + Mn3* + H,0 2 TiO? + 2H* + Mn**
(i) | Use the Data Booklet to calculate the E°.n when the battery is discharged.
Hence, calculate the standard Gibbs free energy change, AG®, per mole of Mn3*
used in the discharging process. [2)
FPoey = (+1.54) — (+0.10) = +1.44 V
AG® = —nFE® = — (1)(96500)(+1.44)
= - 138960 J mol™
= - 139 kJ mol™!
(i) | Suggest and explain the effect on Ecen if an electrolyte of lower pH was used. | [2]
TiO? + 2H* + e~ = Ti** + H,0
At lower pH, [H*1 s high and would cause the position of equilibrium for the
above to shift right. [
E(TIO*(Ti**) would become more positive, causing Econ to become less
positive.
Ecf from (ii) for Ecen
(tv) | Sulfuric acid, which is a source of H*, will flow through the exchange membrane
as the battery discharges.
Suggest the direction of flow of H* through the membrane. Explain your answer. | {2]
H* flow from Tank B towards Tank A to maintain electrical neutrality as H” is
being produced in Tank B.
(v) | Suggest an advantage of using porous carbon electrodes. {11
It increases the surface area for exchange of electrons to occur faster.
{c) [ () | With reference to the table below, suggest the colour change in Tank B when
the battery is charging.
Species Colour
Ti** (aq) violet
TiO?* (aq) colourless 11
Tank B: colourless to violet
[TURN OVER
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7. Add approximately 1 cm? of solution S to the conical flask and continue titration
until the blue-black colour just disappears, with the off-white precipitate remaining

in the conical flask.

8. Discard the contents and rinse the conical flask with water.

9. Repeat the titration to obtain consistent results. Record your titration results in

the space below.

Resuits

Mass of empty weighing botile / g

Mass of FA 1 and weighing bottle / g

Mass of emptied weighing bottle / g OPTIONAL
Mass of FA1/g 5.03/5.00/5.03
1 2 3
final burette reading / cm®
initial burette reading / cm®
volume of FA 2 used / cm® 20.20 20.00 19.95
values used for calculating average titre

o Mass of FA 1 used should be 5 +/- 0.05 g [1]

o Tabulates correct headers and units for both mass and titration [1]
» Al values are recorded to 2 decimal places and to nearest 0.05 cm?® [1]

e Two titre volumes within 0.10cm? [1]

14]

4

(i)  From your titrations, obtain a suitable volume of FA 2 to be used in your calculations.
Show clearly how you obtained this volume.
« Average of 2 consistent titre volumes, recorded to 2 d.p [1}

Volume of FA2=.............. U cem® [1]

(b) () Calculate the amount, in moles, of Cu?* present in 25.0 cm® of FA 4.

Amount of S;0:2~ = (average titre volume / 1000) x 0.1
= Amount of Cu?* in 25 cm?® of FA 4 [1]

ecf from (a)(if)

Amount of Cu?* = .,
(i) Calculate the concentration of Cu** in FA 4.
Concentration of Cu?* in FA 4 = Ans from (b)(i) / 0.025 [1]
ecf from (bj(i)

e mol dm [1]

Concentration of Cu®* =,

(ili)  Given that the concentration of CuSO4+xH0 in FA 45 20.00 g dm™3, use your answer
in (b)(ii) to determine the value of x.
[A: H,1.0 Cu,635 8,321 0,16.0]
Molar mass of hydrated CuSQOs

= 20.00/ ans from (b)(ii) = 1] g mot*

Molar mass = (63.5 + 32.1 + 64 + x18)
x=5 {1; rounded off to nearest whole number]
[1] for unit and 3 sf for (b)(i) and (b)(ii)

Accuracy mark [1] for x = 5 (from excel calculator)
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7

2 Determination of the kinetics of the iodide-peroxodisulfate redox reaction

This question seeks to investigate the kinetics of the redox reaction between iodide ions, I-, and

peroxodisulfate ions, S;0¢%". The redox reaction may be represented by the equation below.
21 (aq) + S206* (aq) > 2S0.* (aq) + l2(aq)

In order to measure the rate of this reaction, a fixed volume of aqueous sodium thiosulfate, Na2S203, is
added to the reaction mixture. Starch is also added to the reaction mixture. When the sodium thiosulfate
completely reacts with the iodine produced, the remaining iodine reacts with starch to form a dark blue

complex.
T2 (aq) + 25,04* (aq) < 2I" (aq) + S40e"(aq)

The rate of reaction is studied by measuring the time taken for the solution to tum dark blue, ¢, in a series

of five experiments. You will then graphically analyse your results to determine the order of reaction with

respect to [['].

FA 5is 0.100 mol dm™ potassium iodide, KL

FA 6 is 0.500 mol dm™ sodium peroxodisulfate, Na:S20s.
FA 7 is 0.00500 mol dm™ sodium thiosulfate, Na;S20s.
You will also need Solution S from Question 1.

(a) Prepare a table in the space provided on page 9 to record, to an appropriate level of

precision:

e volume of FA 5, Veas
o volume of deionised water,
e all values of {,

« all calculated values of 1/t, 1g(1/t) and Ig(Veas).

Experiment 1

1. Fill the burette with FA 5.

2. Transfer 20.00 cm? of FA 5 into a 250 cm? conical flask.

3. Using separate 10 cm® measuring cylinders, add 10.0 cm3of FA 7 and 1.0 cm3 of
Solution S into the same conical flask.

4. Using a 25 cm® measuring cylinder, measure 20.0 cmiof FA 6.

5. Start the stopwatch upon adding FA 6 into the conical flask. Swirl the reaction mixture

and place the conical flask on a white tile.

8

6. Stop the stopwatch when the solution first tums dark blue.

7.
8.

Record the time taken, , to the nearest second in your table.

Discard the reaction mixture and wash out the conical flask. Stand it upside down on

a paper towel to drain.

Experiments 2to §

Repeat experiment 1 four times, using 18.00 cm?, 16.00 cm?, 14.00 cm® and 12.00 cm® of

FA 5 respectively at step 2.

In each experiment, you will need to ensure that the same total volume of reaction mixture

is used by adding appropriate volumes of deionised water.

You should alternate the use of the two conical flasks.

Results
Vras/ ecm® [ Vol of deionised [tis | 1/t/s™ |ig(1/) | g (Vras)
water / cm®
20.00 0.0 24 0.0417 | -1.38 1.30
18.00 2.0 25 0.0400 | -1.40 1.26
16.00 4.0 30 0.0333 | ~1.48 1.20
14.00 6.0 36 0.0278 | -1.56 1.15
12.00 8.0 44 0.0227 | -1.64 1.08

All headers with correct units and no units for log [1]

Correct dp and sf {1)
Correct calculations [1]

5 complete sets of data AND Vol of FAS + deionised water = 20 cm3[1]

4]
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(c)

1
Rate = k[I'}
Wt = k(Veas)*
Ig(1/t) = Ig k + x Ig(Vras)

x = gradient = 1 (order of reaction) [1}

Gradient = .........cooeeeeriereees B
Order of reaction with respectto {I'] = .......cccccceeneinnnene

Explain why the total volume of the reaction mixture needs to be kept constant in all

five experiments in (a).

bt AR s s e .. o
By keeping total volume constant, the concentration of each reactant after mixing is
directly proportional to the volume used. [1]

tron(I1I) salts are sometimes used as a catalyst for the reaction you performed in (a).
Suggest why there is a need for a catalyst.

........ M)

-

is too slow / high activation ener:

Using data from Table 2.1 below, show how iron(IIT) ions can perform this role and

write relevant equation(s).

Table 2.1
electrode reaction E*/V
Fe* +3e” —= Fe -0.04
Fe¥ +e = Fe® +0.77
I;+2e = 21" +0.54
S0 + 28" === 2504 | +2.01

12

21+ 2Fe™ > Lo+ 2Fe? [%]
Econ = (+0.77) - (+0.54) = +0.23V [%4]
2Fe?" + 5,05* > 2Fe™ + 28042 [%4]

Ecen = (+2.01) — (+0.77) = +1.24V [4]
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15

Add half a spatula of FA 8 into | Blue solid dissolves to form a blue solution V.

a test-tube and dissolve with
1 cm depth deionised water.
Use a glass rod to stir if 4]

necessary.

Add aqueous sodium A (pale) blue ppt V is formed.

carbonate dropwise to the | Pptinsoluble in excess. ¥

resultant solution until it is in

excess.

e 10-13 points — 4 marks
e 7-9 points — 3 marks

o 4-6 points — 2 marks

e 2103 points — 1 mark
s 0to1 point—0mark

(b) Consider your observations in Table 3.1.

U]

(it)

Based on your observations for test 2, suggest the role of FA 8.

M

Oxidising agent [1]

Table 3.2 shows the Ksp values for both copper(Il) carbonate and copper(Il) hydroxide.

Table 3.2
Ko
CuCOs 1.4 x 107 mol? dm™®
Cu(OH). 4.8 x 1072 mol® dm™®

Calculate the solubility of each salt. Hence, suggest the identity of the species responsible

for the observations seen in test 4.

{c)

(d)

16

[3]
Let the solubility of CuCOQ3 be x mol dm™
14x1070=x2 > x = 1.18 x 1073 mol dm=3 {1]

Let the solubility of Cu(OH) be y mol dm=2
48 %1072 = 4y3 > y = 2.289 x 107 = 2,20 x 10~" mol dm™2 (to 3 sf) [1]

Since Cu(QH), [1] has a lower solubility, it is precipitated first and seen in test 4.

To determine the identity of anion in FA 8, a student added barium nitrate solution to a
solution of FA 8. A white ppt is formed.

(i) Based on the observations given, state the possible identities of the anions.

)]
COs7, 8047, 802

[1] for all 3 anions

(i) Suggest a test to confirm the identity of the anion in FA 8. DO NOT carry out the test.

Test: 11

Note: You are NOT given FA 9.

FA 9 is a solid which contains one cation and one anion from those listed in the Qualitative
Analysis Notes. Table 3.3 shows a test which is performed on FA 9 and the corresponding
observations.

Table 3.3

Test Observations for FA 9

More papers at www.testpapersfree.com



BP~493

"MOlSq B1qe) 8L U) HOBN PUE PIoR JO SSWNOA 8U) Ui i} (1) Ul siemsue anoA Buisn (i)

WA GL = PIOB JO SUWNJOA ‘LD (g JO SINJOA [EIO) B UIUJIM UORORS] 810]dwios 104
‘€1 L = HOBN JO wnjoa : pioe Jo swnjoA ‘[HoeN] = [poe] souig

€1 = HOEBN : PO JO OlleJ sjow ‘djseqL) S| PIoe Ji

WD 0Z = PIOB JO SUWIN|OA ‘oD (19 JO SLUNJOA {B10] B UUIM UORORSI 8)ejdwod Jo
" L = HOBN 4o awnjox : piae Jo awnioa ‘[HORN] = [pioe] souig

¢ L = HOBN : pioe jo ojjel sjow ‘oiseqip si pioe Ji
(8] "AjeAnoadsal oisequy
PUE JISBQIP §1 PIOE B} 4! UoKoral 8jelduIod Joj pasinbal pioe Jo sewnjoA ay) jenoey () (e)

“Kuojeloqe| 869100 1o jooyos e ut punoy Alfeuiou juswdinba oy e
V*H ‘S8I0q 8U} JO SUO WO PISE ¢ WP [OW 00’
HOEN ‘apix0ipAy WINipos ;. wp [ow 0oL »

1yum pepiaosd ase nox

€40 Z = X 3UBUM ‘O%HX + VBN € HOBNX + V'H
"MO|3Q UMOYS S| UOHOESI UORESIEINBU 9Y) "V*H 84 PIoB umouyun ey} 197
“PIOB 38U} Jo Adiseq auy auluualep 0} payold aq usyy ues ydeib sjgeuns v

HOEN PIE,

— obriane
(0PN x HOENpY 4 (PPEy » PBEL] — 1

:epixoIpAY WNIpos pue pioe ey} Jo seinjeladws) jeqiur sy} 4o sbesene pajyblom auf) s) 0=y giaym
.mmn.gm._. — _mcc._. =]V
‘mojaq e|nwio} ayy Buisn psyenofed s) uopes|eNau Yoes Joj ‘1 ‘ebueys ainyeiodws) syj

W 0°09 Je Jue)suoo Jdey eq pinoys Jusliiadxe Yoes o) BWIN|OA [8)0} Y "Juiod sousjeAinbe
3L} Je)e pue 810jeq SjuICd JUSPIYNS SIE BI8Y) SINSUS 0) UBSOO SIE SPIXCIPAY WINPOS PUE SBRJ0q BU) JO
SUO L0} PIJ. 8L} JO SAWNJOA JuBIBlIP d1sym ‘Pauiopad 8q [m sjuswadXe XIS JO SELBS B ‘SPIOE J08.4100
8y} Ajuspi o} JopJo ) "oISeqU} S| PIJR DUNID PUE JISEGIP S| PIOE SUOGIED " WP [OW 00"} JO UORRANUSOLCO
Swies U} 9AeY SpIoe Log “dn pax|w 81em PIJE SLIYD JO BYj0] B PUE PIOE 91U0GIE JO S[J0q & 40} S|oqE| aL |

Bujuueld p

8L

[yL :m0ld
[z]

[1]) eamxjur Bupnsal o3 o) (PEJFHN
PPY UG0S 6 v4 Jo yidep wio |"67 (BEJFONBV jo yidep wo | ppy

[1] BIXiW 8y Jesy 1103 7V 30 890]
€ pue UoNNios g v4 Jo yidep wo |67 (BeJHO®EN jo yidep wo | PPV

1591

‘mojaq saeds ay) Ul s)s8) INoA p1ooay “papiroid

sjuebess yousq ay) Ajuo asn pinoys pue SaJON SISAjEUY SARBYEND) 8U} U0 paseq

94 pInoys sjs8) JNOA "6 W4 Ul Uolue sy} Auapl o) sjse) sjdulis Jo seuas B asineq

"UcHN|oS 6 ¥4 0) PSPPE S| UORN|OS SJEINU WNLE] UBYM 8BUBLD S|qeAI9SGD OU SI 8184 |

‘6 V4 JO UoHN|oS snoanbe ue aaey nok Bupunssy

"["CHN)UZ] uioj o)

SaA0SSIP W PUE J{HOJUZ S! PIOS SHIYM JO SBIUSP) BY) SNIB SJUSPN]S J1 dIBw |, piemy

[1A]

‘Jussaud sajoads oy} Jo SWUS) Ul €'¢ djgeL Ul SUOIBAISSO au) Jo) uonjeueldxa ue )sebbng

1] .uz

1]

‘6 V4 Uy Juesaud uoped ay) jo Ayjuapl ayj jsebbng

‘uopnjos
ssepnojod & oAb 0] euowwe snosnbe
SS90X@ Ul SBA|0SSIP }| "paunio} s| jdd ayym v

"$§80X9 Ul S1 J) [jun

asimdoip eluowute snosnbe ppe ‘g v4

Jo uognjos B jo uydep wo | of

i

(n)

(

)

More papers at www.testpapersfree.com




BP-494

19 20
Experiment Volume of acid / cm® Volume of NaOH / cm® e thermometer
1 5.0 55.0 Procedure [3P = 1 mark; 0-2P = 0 marks]:
2 10.0 50.0 « Pour one of the solutions into a Styrofoam cup,
3 15.0 45.0 e Pour the other solution into same Styrofoam cup,
y 200 200 o Stir (with the thermometer)
5 25.0 35.0 Measurements [3M = 2 marks; 1-2M = 1 mark; OM = 0 marks]
6 30.0 30.0 o Initial temperature of acid
L .
« Initial temperature of NaOH

(ignore d.p., Total volume in each experiment must be 60 cmd)

» Highest temperature reached after mixing
There should be 3 volumes less than/equal to 15 cm?® and 3 volumes larger M
than/equal 20 cm?, (ecf based on student's answer in (i).

(b) A student conducted the experiment and obtained the following graph of AT against volume of

acid.
(b)  In your plan to determine the basicity of HxA, you should include brief details of:
e the apparatus you would use; (b) 6
o the procedure you would follow;
« the measurements you would make. 5 P4
41 4
e , AT/°Cc 3
1. Place a clean and dry Styrofoam cup inside another Styrofoam cup placed in a »
250cm? beaket. 2
»
2. Using a measuring cylinder, measure 5.0 cmdof acid, HiA, into the Styrofoam cup. »
3. Using another measuring cylinder, measure 55.0 cm?® of NaOH. 1
4. Record the initial temperatures of each solution with a thermometer.
5. Pour the NaOH into the Styrofoam cup with HxA and stir the mixture with the 0 5 10 15 20 26 30
thermometer. VOLUME OF ACID / CM3
6. Record the highest temperature reached with the thermometer.
7. Wash the Styrofoam cup and dry with a paper towel. Draw 2 best-fit straight lines and extrapolate both lines to find volume of acid required to
completely react with NaOH. .

8. Repeat Steps 1 to 6 with the volumes in the table in (a)(iii).
{21

Apparatus [3A = 1 mark]: Hence, deduce the identity of the acid.
[1 for 2 best-fit straight lines that intersect]

» Styrofoam cup,
« measuring cylinder of suitable capacity/burette (volume must have corresponding

d.p.)

Volume of acid used to completely react with NaOH = 0.015 dm?[/4]
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) Reactions of anions

ion reaction
bonate, . .
an_w% nate CO:; liberated by dilute acids
chloride, ) ) ) .
gives white ppt. with Ag*(aq) (soluble in NHas(aq))
Cl(aq)
bromide, . . . .
gives pale cream ppt. with Ag*(aq) (partially soluble in NHa(ag))
Br(aq)
iodide, . ) ) .
aq) gives yellow ppt. with Ag*(aq) (insoluble in NHs(aq))
nitrate
! NH; liberated on heating with OH~(aq) and Al foil
NOs(aq) i eaing (ea) a
NH; liberated on heating with OH~(aq) and Al foil
nitrite, NO liberated by dilute acids
NOz(aq)
(colourless NO — (pale) brown NOz in air)
sulfate, . : . 2 ) . " .
. gives white ppt. with Ba*(aq) (insoluble in excess dilute strong acids)
SO4*(aq)
sulfite, SO, liberated on warming with dilute acids;
S04 (aq) gives white ppt. with Ba*'(aq) (soluble in dilute strong acids)

(c) Tests for gases

gas

test and test result

ammonia, NHz

turns damp red litmus paper blue

carbon dioxide, CO2

gives a white ppt. with limewater
{ppt. dissolves with excess CO2)

chiorine, Clz

bleaches damp litmus paper

hydrogen, H>

“pops” with a lighted splint

oxygen, Oz

relights a glowing splint

sulfur dioxide, SOz

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, Clz greenish yellow gas pale yellow pale yeilow
bromine, Bra reddish brown gas / liquid orange orange—red
iodine, Iz black solid / purple gas brown purple
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3
6
Which group of particles is in order of increasing first ionisation energy?
1 Ga Ge As
2 As Se Br
3 Se Br Kr
4 P As Sb
A 1and 3 B 2and4
C 2and3 D 1and4
Carbon forms double bonds with oxygen, and with two other Group 16 elements, Yand Z.
In the molecules CO,, COY and COZ, the polarities of these double bonds do not necessarily
cancel.
overall polarity of molecule
CO; 0
71
coy 0.7 7
coz 0.73

Which factor best accounts for these observations?
A The C=0 bond is the least polar, while the C=Z bond is the most polar.
Electronegativity increases in the order: Z < Y<O

The C=0, C=Y and C=Z bonds are all polar.

o o w

Bond length increases in the order: C=0 < C=Y < c=Z

Which of the following best describes the change in bond angle when SO, is converted to SO3?
A Decreases to 107°

B Increases to 107°

OOmo_.mmmmmﬁo._moo
U

Increases to 120°

9729 / TJC Prelims / 2022 [Turn over

4

Which graph correctly describes the behaviour of fixed masses of the ideal gases L and M
where the number of moles of L is greater than number of moles of M?

v
A P constant V B w< constant T
3
]

-y
=

c constant T D constant P

Ku T

X, Y and Z are elements in Period 3 of the Periodic Table. The table below shows the changes
in pH when compounds of these elements are added to water.

element change in pM of solution change in pH of solution
when oxide of element is | when chloride of elementis
added to water added to water
X increases no change
Y decreases decreases
z no change decreases

What could be the identities of X, Y and Z?

X Y r4
A Na Al Mg
B Na P Al
c Si P Al
D P Na Si

9729/ TJC Prelims / 2022
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Consider the reaction
V + W + X ——— products

Two separate experiments were carmied out using 1.0 mol dm™ and 2.0 mol dm™ of V
respectively. A graph of the variation of the concentration of W with time is plotted.

W]/ mol dm3

0.10

[V]=1.0 mof dm-?

[V1=2.0 mol dm-3

time / min

0 10 20
Which of the following statements can be determined from the above information?
1 The reaction is first order with respect to V.
2 The reaction is zero order with respect to W.

3 The reaction is first order with respect to X.

1,2and 3
1 and 2 only

2 and 3 only

o o W >

1 only

9729/ TJC Prelims / 2022
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8
When 0.1 mol of bismuth chloride is added to 2 dm? of water, it reacts to form 0.02 mo! of white
precipitate of bismuth oxychloride and a solution of hydrochloric acid.
The equation for the reaction is as follows:
BiCls(aq) + H20(!) = BiOCI(s) + 2HC!(aq)
What is the correct expression for the equilibrium constant K:?

A (2x0.02)? B (0.02)(2x0.02)2
0.08 0.08
c Ao.om 2 x 0.02\2 D /2x0.02\?
) (27) *2>)
0.08 0.08
2 2

The enthalpy change of dissociation of ethanoic acid in water is +1.0 kJ mol-.

Which correctly describes the value of acid dissociation constant and degree of dissociation
when temperature increases?

acid dissociation constant degree of dissociation
A | increase remain constant
B |lincrease increase
c decrease remain constant
D decrease increase

9729/ TJC Prelims / 2022
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20 When halogenoalkanes are heated with ethanolic silver nitrate, insoluble silver halides are

21

11

formed. 22
A student investigated the rate of formation of silver halides when the same amount of
chloroethane and J were reacted separately with hot ethanolic silver nitrate. Each reaction was
monitored till time, £, and the following graphs were obtained.
:
1
jJ
)
i
Number of !
moles of '
silver halide ! chloroethane
'
1
1
1
i
! time
0 t
Which of the foliowing compounds could be J?
1 CICH,CH2C!
2 CH3CH2Br
3 CH3CHaI
A 1,2and 3
23
B 1and 2
Cc 2and 3
D 1 only

1 mole of each of the following four compounds is reacted separately with

« an excess of Na,

and

« an excess of NaHCOa.

Which compound produces the same volume of gas with each of the two reagents?

OH B :ol@’oxmo:
OONI D IONO‘@'OONI

9729 / TJC Prelims / 2022
[Turn over

12

Vanillin and cinnamaldehyde are some naturally occurring flavouring agents.
= o]

O/ /_

OH
vanillin cinnamaldehyde

Which reagent, when added separately to the two compounds, would enable them to be
distinguished from one another?

2,4-dinitrophenylhydrazine
Fehling's solution

Hot acidified K2Cr.07

o 0o w »

Tollens’ reagent

What is the relative order of decreasing acidity for the following compounds?
1 2-nitrophenol

2 benzoic acid

3  2-chlorobenzoic acid

4 cyclohexanol

most acidic > least acidic
A 2 3 4 1
B 2 3 1 4
c 3 2 4 1
D 3 2 1 4

9729/ TJC Prelims / 2022

More papers at www.testpapersfree.com



BP-~503

dano winy] 2202 / swieid OrL / 62.6
220Z / swyald OrL / 6246

gpuez’)
€ pue

Auo z

< o O o

Ao |

‘BupelAyIaW
40 s8|ow g wuo} 0} apixoipAy wnipos snoanbe Joy SS8oXe YIm S1OBaI SUIaye JO Bjow | €

*9pUOJY2 [AOUBL}S Y)IM UOKOEDI UORESUBPUOD B Seobiepun euleyes  Z

"LL sem Hd sy} i Js)sey sjelbiw (m sepeds Jofew ey} N ueyjolseqajow si N

"$8p0Jj0s)a Jaynau o} ajeibiw im Jussaud seioads lofew sy | £109.2100 348 sulayed JNOge sjuswaiels Bumoloy i) JO YoIYM

"8poyied sy 0} ajeBiw jiim Juesaid sejoads sofew ey sujoyes

< o O 0

"L+ Jo ab1eyo jeu e sey saioads Jofew sy

I
~ N
£1081100 st Bumoj|o} 8y JO USIYAA zN _ p
"dn-jas sisaloydosnoale el u peoeld sem ¢ = Hd e pasayng pioe onuedse jo uonnjos y O\—/z )

sploe oujwe
qe(s |99 jo gjdweg
“seueyd ase sbuis g sy ui swoje ay) j|y ‘ssausje
asealou] 0} Jaoueyus aAnuBoo e sk pash si pue JueINIRS WS)SAS SNOAIBU [BHUSO B S| BuleyeD 62
J_ __ HO _0090
9el 009 9%HO 0 DZHOH
18}sey B e jeIbiW ||Im opel ssew o} abieys Jsybiy jo suoj 'apoijos|e aAlisod ay) spremoy eyelbi = - a Lo}
sapads pabieyo ApAebou oym sponosie eAneBau 8y} spiemo) ejeibiw sewads pabieyo
Aisnnisod ‘sepoujosye pabieyo o} pejasuLos afe geys (85 oy} Jo Spus 8y} pue Jaynq e Buueluod 000 o]
qgejs o6 e uo psoeid ase sojdwes ‘spioe ouwe Bugesedss jo snbjuyos} e st sisaioydonose)g = -
. . ., i . Q
096 PUB G9'€ ‘88'| ate pioe dfliedse yym pajejoosse sanfea *yd sauy) ey HO oMo, 002 %MD
ploe oipedsy a Y
0 Y
HO £HO000
HO 2
N°H £H0000 O%HID
o
"Apog 8} uj Ajfeinyeu Jnao Jey) ploe ouuie-b ue §| pioe oRledsy 92 £¥ punodwion o) peppe s} apixoipAy wnipos

snoenbe joy Jo sssoxe ue usym jonpoud oluebio ayy sjussaidal Bumolo) By} Jo U0 YoM ¥

143 €l

More papers at www.testpapersfree.com




BP~504

27

28

29

15

Use of the Data Booklet is relevant to this question.
Which of the following is the strongest reducing agent?

A hexacyanoferrate(ll)
B  manganese(ll)

o:_:.omm:&oxaw
D

vanady!, VO?*

Use of the Data Booklet is relevant to this question.

The reaction between iodide, I and peroxydisulfate, S,06" is very slow at room conditions.
Which of the ions is unable to alter the rate of reaction between iodide and peroxydisuifate?

A  Co% B Cu® C Fe* D Fe*

Use of the Data Booklet is relevant to this question.

Which one of the following is true about vanadium and its compounds?
A The maximum oxidation state of vanadium is found in VO,

B V.Osis used as a catalyst in the manufacture of ammonia.

C  Zinc reduces VO.*(aqg) to V**(aq).

D Vanadium is less dense than calcium.

9729/ TJC Prelims / 2022
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16

A partial spectrochemical series with ligands arranged in order of decreasing field strength is
given below.

ethylenediamine (en) > H:NCH.CO2™ (gly™) > C.0.*

Stronger field ligands are known to give rise to a larger energy gap between the two sets of
d-orbitals in a transition metal complex.

The mm_u_a below shows a colour wheel with approximate wavelength values (in nm) for different
colour light. As wavelength decreases, the energy of the light increases.

750)400
Violet

430
\

Blue

480

Yellow Green

560

An aqueous solution containing the [Co(gly)s] complex is violet.

Which combination could be the colours of {Co(C204)s]**(aq) and [Co(en)s]**(aq)?

[Co(C:04)3]* (aq) [Co(en)s]**(aq)
A green yellow
B yellow orange
C red blue
D blue green
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