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Answer: B

Worked Solution:

element | pH of solution when oxide of element | pH of solution when chloride of
is added to water element is added to water

X  |Na | NaO + H0 - 2NaOH
pH=13

NaCl(aq), pH=7

Y P PyO1o + 6H20 > 4HPO4 PCls + 4H,0 2> H3PO4 + 5HCI
pH=2 pH=2

Z Al | ALO; is insoluble in water AICI; undergoes hydration and
pH=7 hydrolysis. pH of solution is about 3.

Answer: C

Worked Solution: lonic radii of group 2 cations increases down the group. Charge density and
polarising power decrease down the group, thermal stability increases down the group.

Answer: A

A. Incorrect statement - Chiorine has a greater reducing strength than bromine. Bromine will not
be able to displace chioride.

B. AgCl is insoluble in nitric acid.
C. Chiorine oxidises thiosulfate to sulfate, which forms white ppt of barium sulfate.
D. Chlorine displaces iodide, brown iodine solution is formed.

Answer: A
Worked Solution:
Let Vg, cm® be the volume of CHa in mixture.

= Volume of CO in mixture = (15 — Vi, ) cm?

CHs ¢ 0O : CO2
mole ratio 1 2 o1
volume ratio | Ven, : 2Ven, Veu,
cO B ON N OON
motle ratio 1 : W : 1
. 1 :
volume ratio | 15— Vey, 3 (15— Ve, 15 - Vey,

Since total volume of CH, and CO combusted = 15 cm?, and equimolar ratios of CHa to CO»,
and of CO to CO; are formed, total volume of CO, formed = 15 cm®

Total volume of O, added into reaction vessel = (Vo, reacted * Vo,unreacted) cm?

9729/ TJC Prelims / 2022
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CH, + €O + 30,———————>2C0, + 2,0

Total gas volume 15 +
before reaction |(Vo,reactea * Vo,unreactea)

Veo, * Vo,unreacted Total gas volume
=15+ Vo,unreactea |  after reaction

15 + Vo, reactea * Vo,unreactea = 15+ (15 + Vo unreactea)

= Vo, reacted = 15 cm®

1
= 2Vep, +5 (16~ Ven,) = 15

5
=> Ve, = 5 cm®, which is B 100 = 33.3 % of the mixture

Answer: D

Worked Solution:

AH® = ¥ mAH#®(pdts) -~ ¥ nAH®(rxts)
AHP(MgCL;) = AH,® + AHP(HCI)

The standard enthalpy change of formation of elements in their standard states at 298 K and
1 bar is, by definition, zero

Answer: C

Worked Solution:

The rate of the reaction depends on the rate of the slow step, i.e.
rate = k' [B] [C]

However, the rate equation for the overall reaction should be in terms of reactant concentrations
only. (Note that C and D are reaction intermediates.)

Since step 1 of the mechanism is an equilibrium, 2A = C, we can write an expression for its
equilibrium constant,

_Icl
Kstep 1= AP
Rearranging, [C] = Ketep 1 [A]?
The rate equation then becomes
Rate = k' [B] (Kuep 1 [AF) = k [AP[B]

where k= K’ x Kstep 1
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20 Answer:D
Worked Solution:

Each mole of dichloroethane provides 2x the amount of AgC! as chlorcethane, for the same

amount of time of the experiment.

For bromoethane and iodoethane, the rate of reaction is faster due to weaker C-X bond, but

the amount of AgX produced is the same as chloroethane, so the graph should be:

Number of

moles of ?

silver halide

/

iodoethane
bromoethane

chloroethane

21  Answer: C
Worked Solution:

time

—-OH=Na=%H; | -CO:H=E NaHCO; = CO;

alcohol

z\

X

phenol

4

X

acid

»\

4

Option

H, from Na

CO:zfrom NaHCO;

A

1

0

B
c
D

1
1
1

0
1
2

22 Answer:B
Worked Solution:

2,4-DNPH: positive test for carbonyl group in vanillin and cinnamaldehyde
Fehling's solution: positive test for aliphatic aldehyde group in cinnamaidehyde
and negative for benzaldehyde in vanillin

Hot acidified K.Cr,O:: positive test for aldehyde group in vanilin and
cinnamaldehyde.

Tollens’ reagent: positive test for both

A
B

X

v
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Answer: D
Worked Solution:
Order of decreasing acidity: carboxylic acids > phenols > alcohols

[Refer to page 5, Section 3.1 (Comparison of Acid strength between RCOOH, phenol and
alcohols) in the Carboxylic Acids lecture notes.]

2-chlorobenzoic acid is more acidic than benzoic acid. 2-chlorobenzoic acid has an electron-
withdrawing CI atom which disperses the negative charge on the 2-chlorobenzoate ion and
helps to stabilise it to a larger extent than the benzoate ion.

. Order of decreasing acidity: 3>2>1>4

Answer: C
Worked Solution:
H C—CHy|
lo—c<( Do y; L;w: = HOH,C o
| | ester groups ea
R #—--p-------=, undergoes .
os_ohom__s:m _ S0 ,_m__a_.sm L0
undergoes ’ hydrolysis
nucieophilic rn.u...-..:..n."._”_.u\m °
substitution o
+ //0 CHy + H—O
_/ 3 \
o] CHs
Answer: A
Worked Solution:

1 N2is the less basic as it is an amide where the lone pair of electrons on N is delocalised over
the O—-C~N bond and hence is not available for dative bonding with a proton.

N is the more basic as the lone pair of electrons on N is in an orbital that is perpendicular to
the C=C and hence cannot be delocalised. The lone pair of electrons is available for dative
bonding to H*.

2 Caffeine does not react with ethanoyl chioride as there are no H attached to N' and N2,

|
2
3 Caffeine undergo alkaline hydrolysis to form only one mole of methytamine and | o -
o
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Write the overall balanced equation for the reaction of PCls with limited amount of
water. Hence, suggest a three-step reaction sequence for this reaction.

v Balanced equation: PCls + HoO = POCIs + 2HCI
v Step 1: PCls + HO > PCLOH + HC!/

v Step 2: PCLOH + H,0 > PCA(OH), + HCI

v Step 3: PCls(OH)2 > POCL + H20

[Total: 9]

Boron trifluoride, BFs, and aluminium fluoride, AlFs, differ markedly in their physical properties.

compound

BFs -127
AlF3 1291

State the type of bonding present in each of these compounds and draw
‘dot-and-cross’ diagrams in the boxes below to iliustrate this bonding.

melting point/ °C

(@

) _H>Qm+ w_Hu”_u“nH_I

Type of bonding: v ionic bonding

NIDYVIN SIHL NI 31M 10N 00

Type of bonding: v covalent bonding

BFs AlF3

4 ticks ~ [2]

2 to 3 ticks — [11 2

(if) Outline the principles of the Valence Shell Electron Pair Repulsion theory.

Electron pairs in the valence shell of the central atom arrange themselves as far as
possible to minimise repulsion and maximise stability. [1]

Strength of repuision between electron pairs decreases in the order:

Lone pair — lone pair lone pair — bond pair bond pair — bond pair [1]
repuision repulsion repulsion

121

(iii)  Boron trifluoride forms a compound with ammonia.

Use the Valence Shell Electron Pair Repulsion theory to predict and draw the likely
shape of the product formed from this reaction. _

9729/ TJC Prelims / 2022
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DO NOT WRITE IN THIS MARGIN '—
A
/m‘
P
H ﬁéx
A
Shape of product: tetrahedral around B OR N atom [1]
(Dative covalent bond must be clearly shown with an arow
from N to B atom.)

(2

Cyclobutane is an example of a cyclic alkane. While itself has no commercial or biological
significance, more complex derivatives of cyclobutane are important in biology and biotechnology.

Cyclobutane decomposes to ethene as shown by the following equation.

<o
[=]
[ Ji@)~ 2cH=Crufg) Afacomp g
2
=1
A student planned to determine Z.\Nne:_n by using the standard enthalpy changes of combustion b
of cyclobutane and ethene, represented by >Imo (cyclobutane) and >In® (ethene) respectively. Both w
substances are gases at 298 K, g
2
>Iw (ethene) was previously determined to be 1411 kJ mol! in a flame calorimetric experiment. “
To determine E.hw (cyclobutane), the student decided to conduct another flame calorimetric
experiment under the same conditions.
There are two stages to this experiment.
Stage I : Calibration of calorimeter (i.e. copper can, water and other components in the
calorimeter)
In the experiment, the calorimeter must first be calibrated by determining its
heat capacity, C, which is the amount of heat required to raise the temperature of the
calorimeter by 1 K.
Stage IT : Determination of AH (cyclobutane) using the calibrated calorimeter.
The student carried out the flame calorimetric experiment using the calorimeter. Part of his results
is shown below.
Stage I, using ethene as the fuel,
* change in temperature of water = 33.8°C
s mass of gaseous ethene burnt = 100g
Stage 11, using cyclobutane as the fuel, _
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ne= 3.00 X 10°x 6 = 1.80 x 10~ mol
ngo, =213/ 24000 = 8.88 x 10~ mol

n, _ 1.80x107
nso, 8.88x107

=2.03=2[1]

Initial O.N. of S: +4
Final O.N. of S = +4 4 (+2) = +6 [1]

{2
The Contact process is an important industrial method of manufacturing sulfuric acid.

The key stage of the Contact process is the reaction between sulfur dioxide and oxygen:
2802 (g) + 02 (g) =— 280s(g) - Equation 1

Table 3.1 shows how the percentage of sulfur trioxide in the equilibrium mixtures varies with
temperature as well as the volume of the reaction vessels.

Table 3.1

Temperature Percentage of sulfur trioxide in the equilibrium o
/°C mixture for vessel S

A B [+ M

800 768 0.009 0.88 a

700 2.98 0.016 1.54 z

600 570 0.032 3.02 £

500 11.9 0.077 6.71 =

Using the data in Table 3.1,
(i) explain whether the forward reaction is exothermic or endothermic.

v As temperature decreases, the percentage of SO increased i.e. position of
equilibrium shifted right.

v By Le Chaterlier's Principle, when temperature decreases, gystem responds
by favouring the exothermic reaction to release heat.

v Therefore the forward reaction is exothermic.
3 ticks = 2m; 2 ticks = 1m

[2]
(if) explain and rank the three vessels in order of decreasing volume.

At the same temperature, as voiume decreases, total pressure increases,
osition of equilibrium would shift right to decrease the number of moles of
gas, hence decreasin

Order of decreasing volume: B> C > A [1]

2]

_
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A mixture containing 2 moles of SOz and 1 mole of O, was heated in a closed 3.60 dm?® flask
at 500 °C and allowed to reach equilibrium. The flask was then rapidly cooled to liquefy SOs.

After removing gaseous SOz and O, excess water was carefully added to the liquid SOs,
causing the following reaction to occur:

SO4(]) + H:0(]) — H2SO4(aq)  ——— Equation 2

The resulting solution was made up to 250 cm? in a standard volumetric flask. 25.0 cm? of
this solution was titrated with 5.00 mol dm= NaOH and required 38.50 cm® for complete
neutralisation.

(i)  Calculate the equilibrium amount of SO3 at 500 °C.
2NaOH + H,SO0. —» Na;SO: + 2H.0

Amount of H* in 25.0 cm® of solution = Amount of OH"
= 5.00 x (38.5 / 1000)
= (.1925 mol
Amount of SO;, y = amount of H;SOs = %2 x amount of H* in 250 cm? solution
= % x 0.1925 [1] x (250 / 25.0)
= 0.9625 mol [1]

8

2

{2] m

(iv) Hence, calculate a value for the equilibrium constant, K, of equation 1. m

280,(g) + Oag) == 250s(g) 2

Initial amount/ mol 2 1 0 g

a

Change in amount/ mol -y - Yy +y =
Equilibrium amount/ mo!  2-y 1-%y y

Amount of SO, =2 -y =2~ 0.9625 = 1.0375 = 1.04 mol
Amount of Oz = 1 - (y/2) = 1 - (0.9625/ 2) = 0.51875 = 0.519 mol [~ [1]
Amount of SO; = y = 0.9625 = 0.963 mol

mo.oann
K = (SO 3.60

© " [SO,FI0,] ﬁ .ow.\JN Ao.ﬂmqmu
3.60 3.60

=5.97 mol™' dm? [1]

[2]
[Total: 10}

_
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{a) The ‘bromine clock’ involves a reaction between bromide ions and bromate(V) ions in acid

solution:

5Br(ag) + BrOs"(aq) + 6H'(aq) — 3Br2(aq) + 3H0(l)
The reaction can be monitored by adding phenol and a constant volume of methyl red to all
the experiments.

Phenol reacts immediately with the bromine as it is produced. Once all the phenol added has
reacted, the bromine that is subsequently produced will oxidise the methyl red causing the
disappearance of the red colour in the reaction mixture.

A series of experiments were carried out to investigate the order of reaction with respect to
[BrOs7] and the results obtained are shown in Table 5.1.

Table 5.1
Expt | Volume of | Volume of | Volume of | Volume of Volume of | Time taken for
BrOs~/cm® | Br/cm? H* / om? phenol / cm® | deionised the colour of
water / cm® | methyl red to
disappear /s
1 5.0 5.0 10.0 1.0 11.0 82
2 10.0 5.0 10.0 1.0 6.0 42
3 10.0 5.0 10.0 20 5.0 x
()] Wirite an equation for the reaction between phenol and bromine water.
OH OH
Br Br
+ 3Br;(aqg) —_— + 3 HBF
Br

!

(i)  Deduce the order of reaction with respect to [BrOs}. Explain your reasoning.

Expt | Volume of Time taken for the Relative rate /
BrOs/cm? colour of methyt red cm® s
to disappear /s
1 5.0 82 1/82 = 0.0122
2 10.0 42 1/42 = 0.0238

Comparing expts 1 and 2 where the [Br] and [H*] are constant, the rate is
doubled when [BrOs=1 is doubled. Thus, the reaction is first order w.r.t [BrOs~].

{1l
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(v)

V)
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Using your answer in (a){il), calculate the value of x.

The volume and amount of phenol will affect the amount of bromine that itwould
react with. Hence, the time taken for the colour of methyl red to disappear would
also be different.
Vol of phenol

time

Comparing expt 1 and 3,

rate o«

8

NIN[,,,‘»-!

/5

= Plo

x=82s [1]

Alternative answer:
Comparing expt 2 and 3

L)
L=
x

Another series of experiments were conducted with varying volumes of bromide ions
and large excess of BrOs~ and H*. The total volume of the mixture was kept constant.
The results obtained were used to plot a graph of 1/t against the volume of bromide.

st

NIDYVIN SIHL NI ALIuM LON OC

0 Volume of bromide / cm?

Deduce the order with respect to [Br-], explain your reasoning.

The order of reaction with respect to [Br] is 1 as the graph shows a line passing
through orlgin i.e. rate of reaction is directly pro| ortional to [Br]. [1]

Given that the unit of the rate constant is mol® dm® s, deduce the order with respect
to [H*].

rate = k [Br- }{BrOs~ J[H*YY

(mol dm= s) = (mol® dm® s*)(mol dm)( mol dm™*)(mol dm3y

y=2 [1]
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CeHsOH is the stronger acid because the lone pair of electrons on the oxygen

0 JO J (o] atom of C¢HsO- ion is_delocalised into the benzene ring. This disperses the
v PCls(s), o negative charge on the oxygen atom, stabilising the CeHsO" ion. 1]
OH cold Cl
— . S
5 S <\ benzene,
anhydrous CsHsCH;O-ion, destabilising the anion. The negative charge is also localised on
AlCls, rtp Y alkaline the O atom of the CsHsCH,0~. Therefore, CeHsCH,OH is the weaker acid and has
ma:mo,u.m iodine, the less tendency to dissociate to give H* than CsHsOH _[1]
heat, v followed
by dilute sulfuric
acidfacidification () Suggest a reason why the pK. for CeHsCH:SH is much lower than that for
CgHsCH20H.
v 0 C¢HsCH:SH Is a much stronger acld than CeHsCH2OH because the size of S atom
is larger than O atom, which leads to less effective atomic orbital overiap and
weaker S — H bond. Hence, CsHsCH.SH dissociates more readily to give H*. [1}
OH
V o_.__w_ow_._m (e) ACES, C4H1oN204S, is another compound containing sulfur.
conc. H20Us,
heat 0 J_
z
o Q
8 : HoN N O z
z 2 N -]
e 2 O\\ o e
£ = =
0] 3 Zz W
2 m ACES z
o_ E- 5 ACES has a pKa value of 6.88. :
M [=] Ed
F) ° (i Draw the structure of the product formed when dilute hydrochloric acid is added to z
(steps 2 and 3 can be swapped) = ACES at room temperature.
i
{d) Table 5.3 shows the pKa values of some compounds, including phenol. Z+/Ow\/ \OI
H N _ S
Table 5.3 H O\\ //O
Compound pKa 1]
Phenol 10.0
Phenylmethanol, CsHsCH:OH 15.4 (i) Draw the structure of the conjugate base of ACES.
Phenylmethanethiol, CsHsCH.SH 9.93 (0] ﬂ
N (ol
(i) Suggest how the acidities of phenol and phenylmethanol compare with each other. 0 (o)
4]
The lower the pK,, the stronger the acid. Hence, the acid strength is
CeHsOH > CgHsCH:OH
The more stable the anion formed, the stronger the acid. (i)  The pH of a solution of ACES is 2.2.
_.Il Calculate the ratio of [conjugate base of ACES] to [ACES]).
||_ 9729 / TJC Prelims / 2022
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Suggest another reagent and condition used to liberate the free amine from intermediate X
in the last step.

Construct a balanced equation for this reaction, showing the structures of all reactants and
products. [2]

* Dilute NaOH / KOH, heat.
o) [e]
ONa
— NH
Rzl\l + 2NaOH @ﬂOZN + SN2
. o} ©

A sample contains both propylamine and compound Y after the Gabriel synthesis shown in
Fig. 6.1. A student decides to purify propylamine from the impure sample and starts by adding
an equal volume of dilute hydrochioric acid, with stirring, to the sample.

Some physical data for various compounds are given in Table 6.1.

Table 6.1
propylamine water compound Y
Density / g cm™ 0.719 1.0 13
Boiling point / °C 47.8 100.0 523.5

(i) With reference to structure and bonding, explain the purpose of the addition of dilute
hydrochloric acid in the purification process. [3]

Propylamine reacts with hydrochloric acid to form a v salt, which has ionic
bonds between the cations and anions. v Water is a polar solvent with hydrogen
bonds between the solvent molecules. The v formation of ion-dipole

BOS e e ——,———————

interactions between the ions and water molecules releases v sufficient ener
to overcome both the ionic bonds in the salt and hydrogen bond between water
molecules. Hence the v salt of propylamine will be more soluble in agueous
medium and hence v extracted out as a separate laver from organic compound

Y.
Every 2 v = 1 mark

(i)  Starting with the mixture from (d)(i), plan an experiment to purify propylamine from
the impure mixture. [3]

Your plan should include details of:
« how propylamine is obtained in its anhydrous liquid form; and
» suitable apparatus used.

Pour the mixture from {d)(i) into a v separatory funnel. v Stopper and shake the
separatory funnel, occasionally opening the tap to prevent pressure build-up.

v Collect the upper aqueous layer (containing salt of propylamine) from the
separatory funnel into a conical flask. v Add dilute NaOH, with stirring, until the
solution is just made alkaline by.occasionally testing with red litmus paper.
Transfer the mixture to a round bottom fiask and add boiling chips.

v Connect the round bottom flask to a distillation setup with a thermometer.
Propylamine will be the first distiliate to be collected when the thermometer
reads 47.8 °C.
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distillate. Filter the suspension into a dry conical flask to obtain anhydrous
propyfamine.

Every 2 v' = 1 mark
A student made the following statement in his journal

“Using a 2:1 mole ratio of bromomethane and potassium phthalimide in the Gabriel synthesis
method will produce a dimethylamine.”

Comment on the validity of the student's statement. [2]
The student’s statement is ¢ incorrect / invalid / wrong.

The » lone pair of electrons on the nitrogen atom on intermediate X is delocalised over
the 2 nelghbouring C=0 groups, hence it is no_longer available to act as nucleophile
to attack the eolectron deficient C_of a second equivalent of bromomethane.
Bromomethane and potassium phthalimide will only react in a 1:1 mole ratio.

[Total: 14]

9729/ TJC Prelims / 2022
DO NOT WRITE IN THIS MARGIN

NIDYVIN SIHL NI 3LIHM LON ©0

More papers at www.testpapersfree.com



BP-~597

DO NOT WRITE IN THIS MARGIN

NISYVIN SIHL NI 3LI¥M LON 0d
220c / swiisid OfL /6226

[2] wsiueyospy
[1] wsueyosw jo sweN

0 Mmojs -0 9 9

e d e £ ds
o | 0 N A
uonippe syydosos)g «

[e]

“smolie Auno Busn £q sijed uoioele 4o Juswssow 8y} moys pue sJied suoj Jueasiel
pue sebieyo |le moys 'z dayg ui acejd Bupje; uopoesl Joj wsjueyoaw ay) ysebbng  (n)

[1I'proe anAhxoqies ayy wouy 4 joensqe 0} 35eq AimoT-pajsuoig e se sjoe )
(1] '} doys ul FO0H o ejos sy} )seBbng (1)

z'L By
X punodwon
9 | zdaig
200 + OH + 7 o -—— f0DH + HO
(o) | doig O&./\/\

"2’} Big ur ueniB sue wsiueyoaws uoyesiucioriopo; ay) ul sdajs peyyduis om)

1’1 Bi4
X punodwo?

€OOHEN 7 HO

oﬂﬂU\/. -~ o\\_/\/\

"L'L Big uy umoys se ploe ojousjuad-p Jo uopoRal B S| uoles|uo)dB|opo; BY) JO Bjduwiexs uy

"SOUOJOE| BSISBLRUAS 0] SABM BAIOOYS JSOW By} JO 8UO
SWooaq aauUIs sey pue 061 ullfebnog ' "W Aq pspoda Js1i SEM UOIORSI LORESIUOIEIOPO]  (B)

"uonoes siy} ul suofsanb oy e Jemsuy

Y uopjdag

_ NIDYVIA SIHL NI 3Li¥M LON 0Q
[4

NIDUYIA SIHL Ni 34HM LON 0Q

18A0 winjl NISHYIN SIHL Ni 31I4M 1ON 00
_I €20Z / swlvid Orl / 6216

‘afied yue|q | pue sebed psjund ¢z Jo s)sjsU0D Juswnoop siyy

08/ lejol

oze/ sO

0z/ 4]

(44 €0

0z/ 0

1% 10 ¢ Jaded
as() s Jaujwexy 104

uogsenb yed 1o uopsenb ysee jo pue ey} je [ ] syedoriq Ul USAIB si S)Jew Jo Joquinu a8yt

‘ajendosdde aseym 'pojosdxe st Jojejnojes aypusios peacidde ue jo asn ayl
"peplaoud sj jepjoog ejeq v

‘uopsenb auo Jamsuy
g uonodag

‘suopsanb jje Jjemsuy
VY uoposg

“PIny uoioa.109 1o anjib ‘sdijo Jaded ‘sejde)s asn jou og

‘sydeib Jo sweibelp Aue o} jjouad g ue asn Aew noA

*ued >o.|q J0 8Nn|q MJep Ul UM

“Ul puBy NOA }10M SU} |[E UO JeqLINU XS8PU| PUB J3GUINU B1jued ‘SSEBIO SOIAID ‘auley NoA ajum

*0s 0p 0} pjo} 81k NoA [un J8pjooq siy) uedo §ON oQ

18414 SNOILONY.LSNI SSTHL avIy

18pjoog ejeq 'sjeuejeiy [eLonippy

“Jaded uojiseny) sy uo Jemsue sejepipuer)

smoy z
2207 ‘equiaydag pi suoysanp esuodsey eal4 ¢ Jeded
£0/62L6 Aiysiwayn

HIFNNN
X3AaNI

~ _ _ _m_ YIAWNN
FHINID

SNOILNTOS GaNUOM FLvaiIoNS
Z 19ybiy
NOLLVNIWVX3 ANVNIWIIZ¥A ZOr 2202
3937709 HOINNF M3ISVINIL

More papers at www.testpapersfree.com




BP-598

DO NOT WRITE IN THIS MARGIN

-

L

3 .I_
DO NOT WRITE IN THIS MARGIN

(iii)  Sketch a well-labelled reaction pathway diagram for the reaction in Step 2, given
that the reaction is exothermic. (2]

Ao 4y

Reaction Progress

—_—
>

Diagram & labelling:[1]
Ea1, Ea2 & AH®: 1]

(iv) Suggest the structural formulae of the final organic product formed when
CHz=CHCH(CH3)CH,CH,COOH undergoes jodolactonisation in a similar process in
Fig 1.1.[1]

CHs

. o” "0

(b) Carbon monoxide is one of the most widespread and dangerous industrial hazards. The

formation of carboxyhaemoglobin, Hb(CO)s, takes place much more readily than the
formation of oxyhaemoglobin, Hb(Oz)s.

Hb(ag) + 40z(aq) == Hb(O2)(aq) ... (1)
Hb(aq) + 4CO(aq) == Hb(COM(aq) -..(2)

A treatment method for carbon monoxide poisoning is to provide the patient with pure
oxygen gas over a period of time.

With reference to the equations given above, explain why this is a suitable treatment
method. [2]

Providing O2 forms Hb(O2)«(aq), which v’ shifts the position of 1% equilibrium to the

right, v removing Hb(aq) from the bloodstream.

By Le Chatelier's Principle, the v position of 2™ equilibrium will shift left to v increase

amount of Hb(aq), thus reducing the amount of Hb(CO)(aq) in the body.
2v: 1]

(c) The water-gas shift reaction is used to produce hydrogen gas industrially by reacting carbon

monoxide with water vapour.
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CO(g) + H0(g) == CO2Ag)+ Ha(g)

An evacuated tank was initially filed with 0.0197 atm of CO and 0.0394 atm of H,0 at 600
K. It was sealed and left to stand. At equilibrium, the partial pressure of CO, was found to
be 0.0191 atm.

()  The Gibbs free energy, AG® (in J mol"), and the equilibrium constant, K, of a
reaction are related by the following equation:

AG®=-RTIn K,
where R is the molar gas constant and T is the temperature in Kelvins.

Using the given values of Kj, calculate the values of AG® at 300 K and 900 K. Hence,
determine the value of AS® for the water-gas shift reaction.

(Assume that both AH® and AS® are independent of temperature.) [3]

(i) Calculate the value of K; at 600 K. [2]
Co(g) + HO{g) = CO(g) + Hz (9)
Initial P / atm 0.0197 0.0394 0 0
AinP/atm -0.0191 -0.0191 +0.0191 +0.0191
Eqm P / atm 0.0006 0.0203 0.0191 0.0191
Working [1]
.0191)(0.
K - (0.0191)(0.0191) -30.0
(0.0006)(0.0203)
Answer [1]
Table 1.1 shows how the value of K; varies with temperature. °
o
Table 1.1 z
8
TIK 300 900 1500 S
value of K, | 1.170x 10° 1.978 0.2195 m
E
:
a
F3

AG® ooy = — RT In K; 3oy

= — (8.31)(300) In (117000) = — 28090 J mot™! ™
AG® (go0) = — RT In Kp (goo)

=— (8.31)(900) In (1.978) = - 5101 J mot™ M

AG® 300 = AH® — (300)AS® = — 28090 J mol —-- (1) allow ecf []
AG® oy = AH® - (900)AS® =-5101J mol™! - (2) allow ecf [v]
(1)~ (2): AS®= —40.0J K" mol™ (3 sf) allow ecf [1] include unit

]
=

Comment on the magnitude of the calculated value of AS®. [1]
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Thus, solid F is expected to be white OR grey-white. [1]

Explain the transformations from C to E in terms of the competing equilibria and the type of
reaction that has occurred. Include equations and the formulae of all copper-containing

species.

v When NHs(aq) is added dropwise to C, a blue precipitate D, Cu(OH),(H,0)s OR

Cu(OH),, is formed. NH; acts as a base.
v NHs(aq) + H20(l) = NH4*(aq) + OH (aq)

v When excess NHi(aq) is added, E, which contains the dark blue complex, ﬁ N

No electrons can undergo d-d transition from the lower energy group of d orbitals
to the higher energy group. OR No d-d electronic transition can occur. [1]

Y o e S —

[Cu(NH3)4(H,0),1**, is formed NHiacts as a ligand here.
v By Le Chatelier's Principle, concentration of [Cu(H.0)e]** decreases, and position of Y

equilibrium (1) shifts left, causing D to dissolve.
4 ticks — [2]
2 to 3 ticks - [1]

[Cu(Hz0)¢}**(aq) + 20H"(aq) = Cu(OH)2(H20)4(s) + 2H20(}) == (1) z (d) Selective precipitation is a technique of separating ions in an aqueous solution by using a
OR Cu(aq) + 20H-(aq) = Cu(OH)z(s) ——= (1) [1 8 z reagent that _w_‘mo_u_»mnmm one or more of the ions, while ieaving other ions in solution. In the
(@) (aq) u(OH):(s) ORY g 2 case of Cu?* ions, the separation is achieved by adjusting the pH so that only Cu®* ions are
[Cu(H0)e]**(aq) + 4NHs(aq) = [Cu(NH:)«(Hz0):1**(aq) + 4Hz0(}) [1] £ m precipitated.
(Note: equation does not start with Cu(OH)2(H20)4) m m in an experiment, a student adds sodium hydroxide gradually to a solution containing
3 z 0.100 mol dm~2 Cu?* ions and 0.100 mol dm= Fe?" ions.
i 1=} . N
Like many organic compounds, transition metal complexes also exhibit sterecisomerism, w m Relevant Ky, values are given in Table 2.1.
namely cis-trans isomerism and enantiomerism. 2 Table 2.1
For example, [Cu(en)2(H20):1*, the complex ion present in H, has three stereoisomers, X, metal hydroxide Ksp / mol® dm™
Y and Z. One of these stereoisomers, X, is shown below. Guom) 750D
] 2 L X ™~
> .
(N N represents the en ligand.) Fe(OH): 8.0x 107

2+

X and Z are cis-trans isomers, while Y is an enantiomer of X.

9729/ TJC Prelims / 2022
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N\

N N to represent the en ligand.

&

Correct labels for Y and Z - [1]

s N

U
o,

Y4
(trans-isomer of X)

Determine the pH at which maximum separation of the two cations is achieved.

Kp of Fe(OH); = [Fe**][OH™]?
8.0 x 10718 = (0.100)[0H"]?
[OH™] = 8.944 x 10~¢ mol dm™2

Calculation of [OH"] at max separation — [1]

. pH at maximum separation = 14 — [ logro(B.944 x 10-%)] = 6.95 [1]

Explanation:

-

Draw and fabel clearly the three-dimensional diagrams of Y and Z. You should use

3]

2+

11

NIDHVIA SIHL Ni 3LIM LON Od

2

Cu(OH), would first be precipitated as a lower concentration of OH" is needed for
precipitation. Maximum separation is achieved when the maximum amount of Cu{OH)2 has
precipitated i.e. just before Fe(OH) s precipitated i.e. a saturated solution of Fe(OH).
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Eﬁozz. _ 1.0x10%

With reference to the table above, briefly explain the observations above as fully as
you can. [3]

Cream ppt AgBr is sparingly soluble in water and exists in equilibrium with its
aqueous ions
AgBr(s) = Ag*(aq) + Bri(aq) ... (1)

In the presence of aqueous NHs, free Ag' forms a complex ion, [Ag(NHa)2]*.
However since AgBr has moderate K value, ionic
AgBr), so the ppt is remains insoluble.

1l

When cyanide ions are added, v' Ag’ forms a more stable complex due to

larger Kati Value. Hence v’ conc of Ag* decrease to a greater extent. [1]

By Le Chatelier's principle, v’ position of equilibrium (1) shifts to right to
increase conc of Ag* ions. v lonic product decreases below Ks,, hence cream
ppt dissolves. [1]

(b) Polypeptide chain Y has a sequence of 8 a-amino acids. 2 enzymes, E1 and E2, are added
to separate samples of Y and the following fragments are obtained.

Fragments after reaction with E1 Fragments after reaction with E2
val-gIn-phe cys-phe-val
cys-phe gin-lys-asp
gin-lys-asp gin-phe

E1 hydrolyse the peptide bond at the carboxylic acid end of phenylalanine (phe) while E2
hydrolyse the peptide bond at the amino end of glutamine (gln).

U]

Under specific conditions, the dipeptide cys-phe exists as a zwitterion. Explain
« the term “zwitterion”; and

« one physical property of the cys-phe dipeptide to support its existence as a
2zwitterion. {2]

» A zwitterion is a dipolar compound that contains both cationic and anionic
roups and is electrically neutral. [1]

1 physical property [11:

High melting point: in the solid state, dipeptide exist as zwitterions in which
both the anion and cation are held in the same unit (an internal saft). A large
amount of energy is required to overcome the strong electrostatic forces of
attraction or ionic bonds between the zwitterions.

Al AL O O O e s e ————

Soluble in water: formation of ion-dipole interactions between water and
2witterions release sufficient energy to overcome the ionic bonds between the
zwitterions and hydrogen bonds between water molecules.

\

_
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The table below shows the R group of some a-amino acids and the pKa values of respective

functional groups.

Amino acid | Structure of R-group | pK. of a-amino | pK, of a- pKa of R group
group carboxylic
group
cys -CHzSH 10.28 1.91 8.14
h R
phe IOI~|© 9.09 2.18

(ii) Draw the zwitterion of cys-phe and determine a pH at which the cys-phe exists as a

zwitterion as the predominant species. [2]

At 1%t equivalence point, the a-COOH of Phe is deprotonated, giving a

zwitterion

Hence isoelectric point, pl = ¥ (2,18+8.14) = 5.16 [1] (accept between 2.18 and

8.14)
Structure of zwitterion is
HOHHDO
+ b0 toH -
Imznn_Yo|z|n_Youo
CH, CH,

1

SH

[1

(iif)  Deduce the sequence of the amino acids in polypeptide chain Y. [2]

E1 hydrolyse the peptide bond at the carboxylic acid end of phe, so 2 possible

structures are:
val-gin-phe-cys-phe-gin-lys-asp
cys-phe-val-gin-phe-gin-lys-asp

E2 hydrolyse the peptide bond at the amino end of gin, so 2 possible

structure are:

cys-phe-val-gin-lys-asp-gin-phe
cys-phe-val-gin-phe-gin-lys-asp

logical reasoning / working [1]

Hence the correct sequence of amino acids in Y is

Compound A is formed from the electrolysis from a-amino acids in methanol solvent,

R

PG.\ A g CHa

R4
compound A
where R is alkyl, R+ is alkyl or hydrogen and PG is the protecting group, CHaCO-.
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Section B

Answer one guestion from this section.

a) An electrochemical cell consists of a half-cell containing Sn**/Sn?* and another half-cell
containing Zn%"/Zn.

(i) Draw a fully labelled diagram of the experimental setup used to measure the
standard potential of this cell. [2]

High resistance voltmeter

()
\
' U
Zn(s) ,
Salt bridge PHs)
1 :mw_ dm T=298K 1 mol dm™ Sn?*(aq)
Zn?(aq) | and 1 mol dm Sn*(aq)

voltmeter labelled (or circied V)

Zn electrode and Pt electrode

1 mol dm? Zn?*

1 mol dm= each for Sn* and Sn**

298 K

Note: Salt bridge must be labelled (must touch solution)

AN N N

NIDYVYW SIHL Ni 3LIYM LON OQ

(i)  Use data from the Data Booklet to calculate a value for the standard cell uoﬁma_m_ﬂ.:
E®zu24z0 = -0.76V = ECoxia
E®satt 52t = +0.15V = E%q
E®un = E®eq— E°uxid
= +0.15 - ( -0.76)
=+0.91V[1]
E values either quoted or shown in working. Sigh must be shown.

(iii)  Explain how the cell potential will change when a small amount of sodium carbonate
is added to the Zn?"/Zn half-cell. [2]

Formation of insoluble zinc carbonate causes the Zn?**] to decrease. The
position of equitibrium of Zn?+ 2¢” = Zn shifts to the left, favouring oxidation.

i

Eza2*2n OF Eoxig becomes more negative, hence E.q becomes more positive. [1]

|

[Turn over
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(iv) Thermal decomposition of zinc carbonate is an endothermic reaction. Explain why
the decomposition reaction is spontaneous at high temperature. 1]

ZnCO;s(s) > ZnO(s) + COz(g)
AH is positive for endothermic reaction.

AS is positive due to the increase in number of moles of gases, hence greater
disorder.

AG = AH - TAS is pegative at high temperature. [1]

(v)  Using relevant data from the Data Booklet, explain the relative thermal stability of
zinc carbonate and calcium carbonate. [2]

v lonic radil: Zn?* - 0.074nm, Ca?* - 0.099nm
v Order of thermal stability ZnCO; < CaCOs
2 points [1]

Zn® has the highest charge density. Zn** polarises the carbonate ion and
weakens the C-O bond to the greater extent. Less energy is needed to break
the C-O bond. [1]

{b) An oxide of tin, G, contains the metal in both oxidation states Il and IV. G was dissolved in
excess H,;S04(aq) to produce solution H, which contains a mixture of tin(Il) sulfate and
tin(IV) sulfate. Solution H was divided into two portions.

A 25.0 cm? of one potion required 17.40 cm? of 0.0150 mol dm? .,A_sso.. to reach the end-
point.

An excess of powdered zinc was added to another portion of H. The mixture was stirred
until the reaction was complete, and then filtered. 25.0 cm? of the filtrate required 26.10 cm?
of 0.0150 mol dm™ KMnO, to reach the end-point.

The equation for the titration reaction is as follows.
2MnO4 + 16H* + 5Sn2* > 2Mn?* + 8H,0 + 5Sn*

NISUVIA SiHL Ni 3LIYM LON 00

(0] Deduce the Sn?*/ Sn** ratio in the oxide G, and hence suggest the formula of G. [3]

No. of moles of MnO." reacted with Sn?* = $ % 0.015 = 2.61 x 10 mol

No. of moles of Sn?* = .w. x 2.61 x 10~*= 6.53 x 10~ mol

No. of moles of MnOy reacted with Sn?* reduced from Sn*

26.10 ) "
=Too0 X 0.015 -2.61x10

=1.31 x 10* mol

No. of moles of Sn** == m x 1.31 x 10™%= 3,28 x 10 mol

working {1]

Alternative

volume of MnO* reacted with Sn?* originally present : Sn? reduced from Sn*
=17.40 ; (26.10 — 17.40)

=17.40 : 8.70 [1]

_
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In 1944, T. Ellingham published plots of Gibbs free energy change, AG, against
temperature, T, for several reactions. Today, such plots are called Ellingham diagrams.

At present, titanium is more commonly produced by reducing titanium fefrachloride with
magnesium. Titanium tetrachloride is a colourless liquid that boils at 400 K. To optimise this
reduction process, it is necessary to know how AG of the reaction changes with T.

Fig. 5.1 shows the variation in AG with T for the following reactions:
Reaction 1:  %Ti+ChL —> %TiCl
Reaction 2: Mg+ Ch —> MgCk

TIK

-woomoo 400 600 800 1000 1200 1400 1600 ._mmo

2000
T

(119

-350

-400 : KR aARRRRY AR z

-450 -

AG / kJ mol

500 - ” L

” ERE R RE

-550 - il Reaction 2

-600 “IEAD 2
Fig. 5.1
()  With reference to the gradient of the graph for Reaction 2, deduce the sign of AS.

Hence, explain why the graph for Reaction 2 becomes more positive with increasing
temperature. [2]

< For graph of AG against T, y—intercept gives AH and the gradient gives —AS.
Since the gradient for reaction 2 is positive, AS is negative.

J This is because there is a decrease in disorder due to decrease in the number of
moles of gas molecules from 110 0.

v Since AH and AS are both negative, —-TAS becomes more ositive with
increasing temperature and hence the graph for reaction 2 becomes more
positive

3V=2m; 2vV=1m

tndustrially, the reduction of titanium tetrachloride by magnesium is carried out at 1100 K in
an atmosphere of argon:

%TiCly + Mg —> %Ti+ MgCh
(i) Suggest areason for the reduction to be carried out in an atmosphere of argon.  [1]
To prevent the hot titanium extracted from oxidising to TiOz
Note: traces of oxygen in the titanium tend to make the metal brittle.

_
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Similar to enthalpy change of reaction, the Gibbs free energy, AG, of a reaction can be
calculated using the following expression.

AG = T AG (products) - ¥ AG (reactants)

With reference to Figure 5.1,
(iii) evaluate AG for the reduction of TiCl by Mg at 1100 K. 11
%Ti+ Cl, — %TiCly AG at 1110 K=-350
Mg+ Cl, —> MgCL AGat1110 K=-465
AG =465 — (~350)
=-115 kJ mol™!

(iv) state the temperature above which it is not feasible to reduce TiCls with Mg. 1
1870 K (at T higher than 1870 K, AG > 0)
Accept 1860-1880 K

Cobalt(!) chloride has been extensively used as a catalyst for various organic transformations.

Using the data in Table 5.1 and relevant data from the Data Booklet, construct a Born—

Haber cycle to determine the standard enthalpy change of formation of cobalt(Il) chioride.
Table 5.1
Enthalpy term AH / kJ mol*
Lattice energy of CoCl, -2624
Standard enthalpy change of atomisation of cobalt +427
First electron affinity for chlorine -364

131
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Q reacts with concentrated

J (Intramolecular)

YRs an ester.

H:S04 to glve R, whith fs 2 condensation 7 Q contains both the ~OH and —
S g g COOH group
Q reacts with concentrated | V elimination VS and T contains C=C with ¥
H,SOstogive Sand T, two different substituents about
with the formula CsHsO2 each sp? C
(S and T exhibits cis-trans
isomerism)
S and T reacts with KMnO4 | v oxidation N The C=C in S/T is cleaved,
to give U, CaHsO4 and there is no terminal C=C as no
ethanoic acid CO. is produced.

1 mole of U reacts with
excess NaxCOs to give 1

 acid-base reaction

muI

mole of COa. U contains 2 —Cc=0
v U is a dicarboxylic acid.
L
OH
[ Ha O __o
CH,CCH,CH,COOH o/AW\
H
Q R
H CH H
:voHoA Sc=cl HOOCCH,COOH
CHg CH,CO.H H” CH,CO,H
s T u
Structures: [1] each for Q, R, and U; [1] for both § and T (120° about sp? C)
Deductions:
By 13 - 14+
43 10-12+
B:7-9%
[21:4 -6
[1r2-34
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(b)

3
Titration Results
Final burette reading / cm? 9.20 9.30
Initial burette reading / cm® 0.00 0.00
Volume of FA 3 used / cm*® 9.20 9.30

v ¥

Tables have correct headers and units {1]
Note: Mark is lost if any final and initial burette readings are inverted or 50 is used as
the initial burette reading.

All burette readings & volume used for all accurate titres in the titration table are
recorded to 2dp and at least two uncorrected titres for end-point within £0.10 cm?, [1]

(i)

@

2]

From your titrations, obtain a suitable volume of FA 3, Vras, to be used in your

calculations. Show clearly how you obtained this volume.
Average titre = o.gwo.wc
=9.25 cm? [1]

Answer should be recorded to 2.d.p
Mark is lost if there are arithmetic errors in the table.

Mark is lost if the titres used are not identified either in the table (by, for
example, a tick) or in a calculation.

Accuracy
2 marks: If difference is < 0.20cm?®

1 mark: If difference is < 0.40 cm®
0 mark: For a difference > 0.40 cm®

Volume of FA3=.............. [T e 3]
Calculate the amount of Fe2* in 10.0 cm? of FA 1.
5Fe? = MnO4~
No. of moles of Fe?* = 9.25/1000 x 0.020 x 5
=09.25x10* mol [1]
amount of Fe? in 10.0 cm® of FA1=...... e i1
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(i)

(iii)

(iv)

Calculate the amount of Fe?* in 1 dm?of FA 1. |_

No. of moles of Fe?* = 9.25 x 10* x WM.”w

=« 0.0925 mol [1]

amount of Fe®*in1dmiof FA1=................ OV §|

Calculate the M; of the hydrated iron(ll) sulfate, FeSO4.nH20, in FA 1.

M, of Fe(S04).nH:0 = 26.07 / 0.0925
=281.8 [1]

M, of the hydrated iron(ll) sulfate = .......... e

Hence, deduce the value of n, the water of crystallisation in the hydrated iron(il)
sulfate.

[A: Fe, 55.8; S, 32.1; 0, 16.0; H, 1.0]

n= {281.8 - [(55.8) + (32.1) + 4(16.0)]} + 18.0
=7.22
=7 (nearest whole number) [1]

Note: This answer must be a positive integer.

f2)
Hence, determine the percentage by mass of water of crystaliisation in FeSO4-nH0.
Show your working.

percentage by mass of water of crystallisation in FeSO4-nH20.
7.22x18

= eis x100%

=46.1% [1]

Note for marker: If student uses the rounded off integer, need to re-calcutate the
M.. otherwise, penalise. v

Percentage by mass of water of crystallisation = .
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Titrations

I_

7. Pour the contents of test-tube labelled 1 into a clean 250 cm? conical flask. Rinse the test-
tube and add the washings to the conical flask.

8. Titrate the iodine in this solution with FA 4. When the colour of the solution turns pale yellow,
add about 1 cm? of starch indicator. The solution will tumn dark blue/black. The end-point is

reached when the dark blue/black colour just disappears. Record your results.

9. Repeat steps 8 to 9 for each of the remaining test-tubes labelled 2 to 6.

(a) Experimental results

Specified Time 1 min 2min | 5min | 8min | 11 min | 14min
Transfer Time 1min | 2min | 5min | 8min | 11 min | 14 min
(in minutes and seconds) 4s 2s 2s 8s 2s 8s
Decimal Time, fa /min 141 2.0 5.0 8.1 11.0 141
Final Burette Reading /cm?® 19.70 | 19.70 { 17.35 | 27.30 30.80 32.60
Initial Burette Reading /cm® 0.00 0.00 | 0.00 | 17.50 | 27.50 31.00
Volume of FA 4 added /cm? 19.70 | 19.70 | 17.35 | 9.80 3.30 1.60

Table with correct headers and units [1]

6 sets of results of correctly calculated values and interval for transfer time [1]

Note: results should be within 30 s of specified time

1 dp for decimal time [1]
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(b) (i) Onthe grid in Fig. 2.1, plot a graph of volume of sodium thiosulfate, FA 4, on the
y-axis, against time, fs, on the x-axis. You should draw the most suitable line that takes
into account all of your plotted points.

Vol of _u>,> /cm® Fig. 2.1
20.00 =
16.00
12.00
8.00 9
[=]
2z
S
, £
3
4.00 3
ot z
: aEm 5
T o
0.00 ] ; i =
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 16.0
Correct axes, labels, units + appropriate scale [1} ts /min
All points correctly plotted [1]
Smooth curve and correct shape showing a gentler gradient at the start, gradient becomes
steeper with time [1]
(i) Consider the shape of the graph in Fig.2.1.
Describe the shape and explain how it relates to the rate of reaction between MnO4~
and C;04*.
Initially, the almost constant gradient shows that the reaction starts slowly as
very little Mn2* is formed to catalyse reaction. Rate of reaction then increases
as seen from the steeper gradient, since more Mn?* are produced to catalyse the
reaction. Finally, rate of reaction decreases as seen from the less steep gradient
since the concentration of reactants decrease as reaction proceeds. [1]
Ml
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1"

MnO4 = 5 S205% I_
rate of change of MnO4~ = 4.28 x 106+ § = 8.56 x 107 mol min-' [1]

Hence, calculate the rate of disappearance of [MnO4] in the reaction mixture, at
time t= 15 min. [3]
rate of disappearance of [MnO4"] = 8.56 x 107 + (10 x 107%)

= 8.56 x 105 mol dm= min* [1]

Note: only 10 cm? of solution containing KMnOs is extracted for titration each
turn, NOT the whole solution of 100 cmd.

Shows working in all calculations. All calculations must be relevant although
they may not be complete or correct. Any calculation not attempted loses
this mark. [1]

Shows appropriate significant figures (3 or 4 sf) and units in all final
answers. Any calculation not attempted loses this mark. [1]

Using the graph in (€)(i), show that the reaction between MnO4and C2042- is first order

with respect to [MnO47}, [2]

Showing the construction lines for half-life [1] for at least 2 similar half-lives. Do

NOT find half-life from t = 0 min as initial volume of FA4 used is not shown.

The volume of FA 4 used is directly proportional to the no. of moles of Iz liberated
by the unreacted MnO4 from the reaction. Hence, the volume of FA 1 a [MnO4].
Since a constant half-ife = 12.50 min, is obtained from the graph, the order of

reaction with respect to [MnO47} is 1.

Note: relationship between FA4 and [KMnO:] must be clearly shown
> [KMnO4] | as rxn progresses > [I2] | > [S2057] |

explanation [1]

[Total: 19]
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To explore the chemistry of some compounds of unknown transition elements X and

hydrocarbon.

FA 7 (MnO3) s a solid sample of a common dioxide of the unknown transition element X
FA 8 (Mn?, SO#) is a pure solution of compound Y, which is the product formed in 3(a)
FA 9 (cyclohexene) is a hydrocarbon

You will need access to the FA 2, FA 3 and FA 5 from question 1 and 2.

|

Perform the tests described in Table 3.1 and record your observations in the table. Test and identify
any gases evolved. The observation in {c)(iii) has been completed for you. There is no need to

carry out this test.
Table 3.1
tests observations
(a) Add 2 cm depth of FA 2 (H2S04)
and 2 cm depth of FA 5 (Na2C204)
to a test-tube. \ Effervescence

Using a spatula, add FA 7
(MnO>) to the mixture in small
portion with swirling until no
further change.

+ Colourless, odourless, acidic gas

Filter the mixture into a test-tube.
The filtrate contains compound Y. yellow-green filtrate and black residue
(remaining unreacted FA 7)

v Light brown ppt, insoluble in excess
NaOH(aq). Ppt darkens on standing

Divide the filtrate into two
portions. To one portion, add
aqueous sodium hydroxide until
no further change.

To the other portion, add
aqueous ammonia until no further
change.

v Light brown ppt, insoluble in excess
NHs(aq). Ppt darkens on standing

v Off-White pptivery light brown ppt,
ppt darken on standing / rapidly tuming
brown on contact with air,

insoluble in excess

(b)(i) | Place 1 cmdepthof FABina
test-tube, add aqueous sodium
hydroxide.

v Off-White pptivery light brown ppt, ppt
darken on standing / rapidly turning
brown on contact with alr,

insoluble in excess

Note: the colour of ppt in (b) is lighter than
ppt observed in (a)

(b)(ii) | Place 1 cmdepth of FA8ina
test-tube, add aqueous ammonia

solution.

9728 / TJC Prelim / 2022
DO NOT WRITE IN THIS MARGIN

NIDYVIN SIHL NI 3L14M LON OQ

[Turn o<.o|_.|_

More papers at www.testpapersfree.com



BP-~615

DO NOT WRITE IN THIS MARGIN

_ JaA0 uing]

NIDYVI SIHL Nt 3LIM LON 0
220z /weid Orly / 6246

[e]
%"HD = HOZ — (0%*H°) S1 6 V4
puoq 9= auo £juo os ‘7 jo e|nuiioy Jenosjow u) swoje usbAxo om Ajuo
{HO)2-(HO)D 101p-Z°L 03 D=D sesIpX0 FOUW eueye pjog
juesaad 9=) ‘pasuno|odsp (be)ug
[1] :uogeuedxg

[L1°*H®D s1 6 V4 J0 einuwuoy senasiop

‘() u suopenlasqo
inoA woiy souapiae Aq papoddns aq pinoys uoheueldxa JNOA ‘UOIONPSP JNoA uje|dxg

'8 V4 JO BiNWIO} Jejnosjow ayy sanpag )]

TOTHSD S! Z JO B|NULIO) JEINDSIoW L] "SUCHIPUOD
suliexe 1apun g v4 UM sjoeal 6 4 uaym (1)(3) ut 1onpoud aueblo uew sy} s1 Z punodwo)

[e]
dew L ng
08 [M :uoue jo Aynuspy

IM *(be)<ONH aunjip Aq pemoyjoy

(be)z(roN)eg ppe ‘eqm
Isaje Ul 8 vd jo ypdap wo L o)

M proe ainu ui BgRfesT]
powiio) Jdd UM

[M -(be)ONH synpip
Aq pamojo} (be):gNBY ppe ‘aqn)
(M "peuwiioy JATON | 3s0) € Ul g ¥4 jo yydep ww | o)

uoneAasqo sysa)

49 12 12708 ‘7708 [M :suoue sjgissog
'8 'V Ul uojue sy Jo Ajuspi ayy sonpap
‘80UBH "MOjoq 89BdS BY) LI SUORBAISSGD JNOA PICOB) PuE PaquIsep Sise) ay) uuoysy

‘Papiroid syuabess youaq ayy asn Ajuo ueo noy suojue
a[qissod sy} usamaq ysinbupsip o} Nok mofpe M 184} ‘sisa) Juaseyip oMy aqLOSep pue
8 vd Ul suojue siqissod sy} sonpap o) pz-¢zZ sobed uo S9JON SisAleuy sAlB)END oY) asn

'8 v Ul ussaid uojue sy} Auep o} syse) ajduns Jo saliss e wuopsd pue 9SIADD JjIM NOA

"Uo} SjeUqIED 10 BYLNU ‘SYBIIU B 10U S| § Y4 U) Uolue By

147

@

()

_

NIDHVIAl SIHL NI 3LIMM LON OC

DO NOT WRITE IN THIS MARGIN

NIDYVIN SIHL Ni 3LI¥M LON 0Q

2202 / wield

Orl/eei6

Bujpue)s uo uayep pue

$S99X9 U] ajqnjosuy 3dd ‘CHN pue HOEN YIoq Yim pawlos ydd e3ym-yo :uopeoynsnpy

+ZUIN Stjuasaud uoj

() w suoeAIasqo sy} o} Buejes Aq eaioyo Jnok

Amsnr “(e) u) pewwoy uo uomsuesy sy Amuspl {q) pue (e) uf suopeAISSqO JNOA Japisucs p)

[b=€2Z=pps! E=MOLY=NERIG=MLL-0L ‘9=prEL2L
:SMOJ[0} SB SHIBW 9 0} pajess ase suod sy )

'S9s|Inojo2ap

jebueso jumoiq suiny uayy M
“ud swing uopnjog \
*$951IN0j0%ap *OUY 8jdingd p

A ‘Bupjeys
8| Uim esimdodp Jajem aujwiolq ppy
-agn}

<159} siy) 0} 6 ¥4 jo dosp } ppy
‘agn}-1se)

e ) Jajem Jo yidep wo g soe|d

(m)(2)

‘€ uolseny

30 sued Bujuiewss ayy ypm
anupuo) "Bupjeys [euoises0
UM ‘SajnujLu G 10} PUBLS 0} MOJJY
*uaas si 8buelo Jayny ou [pUN
‘Bupfeys yum ssimdoup ‘g w4 ppy
‘aqn}

-159) s{y} 0} § V4 Jo sdoup g ppy
"ognj-ss}

B Ul 2 W4 JO yydap wo g skl

(o)

peuwoy ydd umosg p

Peppe ¢ v4 diow se suadeap inojo p
usalb en|q/ueaib suiny uopnjog p

"¢ uopsanp

40 sued Bujurewss ay) yum
anuguog “Buyeys jeucisesso
WIM ‘SSINUIW G 1O} PUB)S O] MOy

'uaas si aBueyd Jayuny ou Jpun
‘Bupjeys yum ssimdolp ‘g v4 ppy
‘aqny

-159} S|U) 0} 6 V4 Jo sdoap g ppy
*aqn}-1se) B ul apixoipAy wnipos
snoanbe jo yidep wo g ade|d

(o)

€l

NIDYYIN SIHL NI 3LHM LON OG

More papers at www.testpapersfree.com




DO NOT WRITE IN THIS MARGIN

BP-616

15 16

_|.| ||_ _l Vol. of NaOH = (2V x [H:C20.]) / [NaOH] = 2V {since [H,C204] ~ [NaOH}) |._
(ii) Draw the structural formulae for FA 9 and compound Z. 2V+V=50 (since total vol of mixture = 50 cm?)
structure of FA 9 structure of Z V = 16.7 cm? (~ 17 cm3) = vol of H.C20.
Volume of NaOH = 2 x 16.7 = 33.3 cm? (~ 33 cm?)
OH

for both volumes, including working [1]
OH 1]
M 1l

2
2 (b)  Plan a procedure to collect sufficient data to allow a graph of AT against volume of H2C204
[Total:14] to be drawn.

You are provided with:

« 2.00 mol dm™ NaOH,
4  Planning e H2C204 solution of approximately the same concentration,

i t ] hool laboratory.
You are to plan an experiment to determine the concentration of a solution of H2C204 and the * the equipment normally found in a school laboratory

thanedioic acid and sodium hydroxide.
AHneu between ethanedioic Y In your plan, you should include the following:

NIDHYI SiHL NI 3LiINM LON Oa

z » the procedure, including the apparatus you would use
1% H2C204(aq) + NaOH(aq) — ¥2 Na2C204(aq) + H0() AHnowt ] 2 P X g ) PP y . .
2 K « a tabulation of the experimental data to be collected, including the volumes of
M m H2C204 and NaOH
You are provided with 2.00 mol dm~ NaOH and a solution of H2C204 of approximately the same 2 z You may assume that the H2C204 and NaOH solutions have the same initial temperature.
concentration. A series of experiments can be carried out using different volumes of the two 5 =
solutions. In each experiment, the total volume of the two solutions is to be kept at 50 cm? and the F w
. f P . @ o
increase in temperature, AT, is determined. . w m 1. Use a 10 cm® measuring cylinder to measure 5 cm® of H.C;04 (or use a 50 cm®
A graph of AT against volume of H2C20« can then be used to determine the exact concentration of 2 measuring cylinder to measure 45 cm® NaOH) and add it into a styrofoam cup.
the H2C204 solution and AHneu. Place this styrofoam cup into a second styrofoam cup, which is then placed in a
; ) . beaker for support.
(a) Determine the volume of H.C,04 and of NaOH 8. be used such that both solutions will react 2. Use a thermometer to measure and record the initial temperature of the solution
Mn-v.ﬂ_ﬂwﬁqmz. Show your working clearly and give your answers to the nearest whole in the cup. p!
’ 3. Use a second 50 cm® measuring cylinder to measure 45 cm® of NaOH (or Use a 10
cm?® measuring cylinder to measure 5 cm® H;C:04) and add this second solution
[H2C204] x Volume H2C204 - 1 to the first solution In the Styrofoam cup.
[NaOH] x Volume NaOH 2 4. Use the thermometer to stir the mixture and measure the highest temperature
reached.
Since [H2C204] = [NaOH],
Vol H .o 0. : Volume NaOH = 1:2 5. Wash and dry the styrofoam cup and the thermometer.
ume : =1:
ﬂv | ° . :NONO~ 50 x /3 = 17 cm® 6. Repeat the above steps using the volumes as shown in the table.
olume of H2C20: = =17 cm
Volume of NaOH = 50 x 2/3 = 33 cm®
OR
No. of moles of HzC204= V x [H2C204]
9729 / TJC Prelim / 2022
_..I 9729 / TJC Prelim / 2022 [Turn over _ _l T WE N RGN [Turn over _

DO NOT WRITE IN THIS MARGIN

More papers at www.testpapersfree.com



BP-617

_ Jaao winj]

NIDYVA SIHL NI 2LRM LON 0Q
2202 / WiBid Orl / 6246

[0l :eroy]

[2]

[l low ry g5 - =
0s£0'0
00T/ (o< grexon = HY

jow 0S£0°0 =
Pajoeal HOEN JO S3jou 0 *ou = paonpoid OZH JO Sejou J0 "ON

[1] cwp jow g1} =
(0001/51)1{s£0°0 X %) = [*OZ9%H]

‘HOBNZ = *O%0%H
z ow g5£0'0 =
& 0001 _ .
: b X ;55 = HO®N jo sejous jo oN
£
z
m "e-td B 001 S| suopn(os jje 4o Ajsuep
2
W. '1-00 1-B 1 81t s1 suonnjos e jo Ajoeden Jesy oyveds e
2 :Buimoljo oy} awinsse Aew nox
"OW M} UITYHY 3u) pue ;. wp jow U} ‘uogn|os YOZO%H 8y} JO UOKEAUSILID U} Sjenojes
00'6 = abueys ainjesadwe; wnwxepy
¢l G} = uonesiienau ale(dwiod 10) pspeau PIo. JIOIPSUBYIS JO SN0
:s)insal Bumo|o} sy} pauelqo o
"PES]SUI HOBN JO ¢-Wp 0w 00"} Pesh Ing juswiiadxa Jejiwis B pajonpuod Juspnjs ssyjouy
[1]
[t] 19y30 ay3 o3u) auo Bupjoeys sdno weoyoiks om Buisn ;
JUSLULIOJIAUD BB))-JRlp 2INSU 0] SUeY 83 JJo YoHMS | dnd weoyolfys ay) 1o} pi| & asny
‘ajeingoe aje
Pauielqo s)nsal sy} ainsua o) sBuipuNoLINS auj 0} 3S0| ey BSIWIUIW O} powsw € jsabbing
cWDQG > FIP°A J1 J09S193Ul JOU PINOYS | JWIDQG = PREA
J1 SIXe-x 339s403ul pjNoYs Uil puodas ‘(g/L punoie 10 S /| punole S| j) asnesaq
33] 9y} 03 atow *QIYTH JWN[OA SMOYS Jujod ULOIIDISION] ‘WD  UIOL LBIS JSNWI »
_I ‘adeys-A panisAul ‘Joasiaiu] Jey) sau)| JyBiens om) «

8l

(e)

(p)

NIDYVYW SIHL NI 3LIYM LON 0d

DO NOY WRITE IN THIS MARGIN

_ J9A0 winy]

_I|. Dol LV

NIDYVIN SIHL Ni 3LI¥M LON 0a
2202 j Wiiaid OrL/ 6216

(W[ TOXPH JOBWINIOA  0S ' Op 0f 0oz 0L 0
(mapy "ep)

Y 0oV

‘sjjnsel ay)

wou ujelgo o} 1oadxe pinom nok ydesb sy ‘L Big uo ‘yoreys ‘(e) up Jamsue Jnok Buisn

[+

[1] *Bupcw saye payoeas ainyesadwa)
3seyby ayy pue (HOEN 40) *O?O7H jo sumjesedwsa) jenjul ey} paplodal jeyy ojqe; -
[1] {(auy yoea uo sjuiod payojd ssiy;
JSe9| Je aJe 1Y) Jey) OS U /| < 931U} ISED| JB PUE WD /| > SBWN|OA YOIDZH 83y}
ISEO] 3B YyUM (WD 05 o4 SN SWNJOA B3O 1) HOBN PUR YO?O%H JO SBWN|OA 3|qejins -
‘eyendoidde ajow aq pnom sispuyho
Bupnsestu (wo g ‘sown|oA Jabie| Joj e|geuns Jou S| Jepuljko Bupnsesw (wo g}, :@joN

L1}

{(dno weojoifyg ‘siapujifo Buunsesw ‘Jojouiouay)) snyesedde Jo aojoys sjgeyns -

‘0je Wi G ‘UjW § ‘Ui € ‘Ul Z ‘Uil 4 e sBuipeal aunjesadwa) g e} 0) Juswadxs
ue pauue|d / uoRNjOs ISi) BY) O} UOHNIOS PUODSS By} PPe O} dJj8INg B $8sn | HOBN
10 YOPO?H JO SUINJOA SWES BY) SBSN / Jojem pappe juspnis Ji JJew siy} pJeme jou oQ

[1] poypows jesono -

ol o

(74 o

o¢ 0z

g Sl

oy oL

Sy S
Oof Bupqu [ 3./ *Q?0%H Jo W) ]
J9ye aumjeisdwe) | ainjesedway HOEBN 10ttH
Isaybiy jepiuy [ jJoawnjop | jo awnjop

L

()

NIDYYI SIHL NI 3L14M 10N 0C

More papers at www.testpapersfree.com




BP-618

DO NOT WRITE IN THIS MARGIN

m:m_:mn?o Analysis Notes

[ppt. = precipitate]

19

(a) Reactions of aqueous cations

reaction with

catlon

NaOH{a0) NHylan)
aluminium, white ppt. white ppL
Al*faq) soluble in excess insoluble In excess
ammonlum, _
NH,* (aq) ammania produced on heating
barum, no ppl.
Ba®(aq) (if reagents ate pure) no ppt
calclum, white. ppt. with high
ce™(a) [Ce*(aq) no PRt

grey-green ppt.
m:% mlum(ILI), soluble In excess _nhw_.%m_.%ﬂ ww.,
r(aq) giving dark green solution
blue ppt.

copper(TT), pale blue ppt.

3 soluble In excess
Ccu“{aq), insoluble In excess giving dark blue sofution
ron(IL green ppt., turning brown on green ppt., turning brown on
rondt contact with alr contact with air

(aq) Insoluble In excess Insoluble In excess
Tron(IIE), red-hrown ppt. red-brown ppt.
Fe*'(aq) insoluble In excess insoluble In excess
Bmm:mm_::.. white ppt. white ppt.
Mg“(aq) Insoluble h excess Insoluble In excess
off-white ppt., rapidly tumning oft-white ppt., rapidly turning
ﬂm»ﬂnm:ﬁ&i. brown on contact with air brown on contact with air
n”(eq) insoluble In excess inseluble In excess
2ing, white ppt. white ppt.
Zn**(aq) soluble In excess soluble In excess

9729 / TJC Prelim / 2022
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b) Reactions of anions

20

reaction

carbonate, CO; liberated by dilute acids
CO;
chioride, gives white ppt. with Ag*(ag) (soluble in NHy(aq))
Cl (aq)
Wﬂmﬂ_&m. gives pale cream ppt. with Ag'(aq) (partially soluble in NH;(aq))
iodide, . . + . .
aq) gives yellow ppt. with Ag*(aq) (insoluble in NHa(aq))
nitrate, . : . - "
NOs™ (2q) NH; liberated on heating with OH (ag) and Al foil
nitrite NHj; liberated on heating with OH™(aq) and Al foil;
NGO, .Ame NO liberated by dilute acids
2 (colouriess NO —» (pale) brown NO; in air)
M%Wmmmmav gives white ppt. with Ba**(aq) (insoluble in excess dilute strong acids)
m:_mwm. S0, liberated with dilute acids;
80, (ag) gives white ppt. with Ba®*(aq) (soluble in dilute strong acids)

(c) Tests for gases

ammonia, NH;

turns damp red litmus paper biue

carbon dioxide, CO2

gives a white ppt. with limewater
{ppt. dissalves with excess COg)

chiorine, Ck bieaches damp litmus paper
hydrogen, H, “pops” with a lighted splint
oxygen, O relights a glowing splint

sulfur dioxide, SO,

tums agueous acidified potassium manganate(VIL) from purple to
colourless

d) Colours of halogens

oge olo eleme alo queo e olo e
chlorine, C% greenish yeliow gas pale yellow pale yellow
bromine, Br; reddish brown gas / liquid orange orange-red
iodine, I, black solid / purple gas brown purple

9729 / TIC Prelim / 2022
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To produce decaffeinated coffee, pure liquid CO, is sometimes used to extract caffeine
from coffee beans.

caffeine

It was discovered that the solubility of caffeine greatly increased when a mixture of
ethanol! and fiquid CO; was used.

Which interaction best explains why caffeine is more soluble in the ethanol-CO>
mixture as compared to liquid CO2?

instantaneous dipole - induced dipole interactions
permanent dipole - permanent dipole interactions

hydrogen bonding

o o @ »

dative covalent bond

Which graph does not share the same general shape as the other three graphs
according to the ideal gas law for a fixed mass of gas with pressure p, volume V and
temperature T in Kelvin?

p against ,H\ (at constant T}
pV against p (at constant T)

pV against V (at constant T)

o o w P

« against T (at constant p)

{Turn over

Tampines Meridian Junior College 2022 JC2 Preliminary Examination H2 Chemisty

$ 4

-]

O Tampines Meridian Junior College

Which statements about Group 2 elements are correct?

1 The charge density of cations increases down the Group.
2 The reducing strength of the elements increases down the Group.

3 The minimum temperature needed for the thermal decomposition of
Group 2 carbonates increases down the Group.

4 The melting point of MgO is higher than CaO due to the higher polarising
power of Mg?*.

A 1and3 B 1and 4 [ 2and 3 D 2and 4

Due to its radioactive nature, the properties of astatine, At, have to be estimated based
on its position in the Periodic Table.

Which prediction concerning At or its compounds is correct?
A Astatine is a weaker oxidising agent than iodine.

B Astatine is a liquid at room temperature.

Cc Astatine forms diatomic molecules which dissociate into atoms less readily than
iodine molecules.

D Hydrogen astatide has a higher decomposition temperature than hydrogen
iodide.

Sodium thiosulfate (NazS:03) is used in the textile industry to remove any excess
chlorine from bleaching processes by reducing it to chioride ions.

10 cm® of 0.20 mol dm™ of sodium thiosulfate requires 192 cm?® of chlorine gas for
complete reaction at room temperature and pressure.

Which of the following is a possible formula of the sulfur-containing product?

A H2S B S C S0. D HSO4

2022 JC2 Preliminary Examination H2 Chemist
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44 The table below shows the values of the ionic product of water, K., at two different

temperatures.
temperature / °C Ke / mol? dm™
25 1.00 x 10°%
62 1.00 x 107

Which statements are correct for pure water?

1 At62°C,pH<T.
2 At62°C, pH= 14— pOH.

3 The ionic dissociation of water is an exothermic process.

A 1only 8 2only [ 1and 2 D 2and3

45  An acidified solution contains 0.10 mol dm2 of ZnSC4 and 0.10 mo! dm-3 of CuSOa.
Hydrogen sulfide gas, H2S, is blown through the solution until it is saturated with H2S
at 15 °C. The concentration of S?(aq) in the solution reaches 10 mol dm™,

The solubility product of ZnS at 15 °C is 102 mol® dm=* and that of CuS is
10~ mol? dm®.

Which statement describes what happens in the solution?
No precipitate is formed.

ZnS only is precipitated.
Cus only is precipitated.

o o mw »

Both ZnS and CuS are precipitated.

16 (CHiCH2)}:CH can react with limited chlorine under wuv light to produce
monochioro-compounds.

How many possible isomers (including stereoisomers) of monochloro-compounds can
(CH3CH:)sCH produce?

A 3 B 4 C 5 D 6

[Turn over
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17 Dexamethasone is a corticosteroid commonly used to treat many inflammatory and
autoimmune disorders. It received prominence as it showed high efficacy for patients
with severe COVID-19 symptoms who need either mechanical ventilation or
supplemental oxygen.

o)

dexamethasone

How many possible stereoisomers exist for dexamethasone?

A 2 B 28 c 29 D 210

18 Which compounds may be a possible product of the reaction of CgHsOCOCHBrCHs
with sodium hydroxide under different conditions?

1 CgHsCO2zNa
2 CH3CH(OH)COzNa
3 CeHsOCOCH=CH:

A 1,2and 3 B 1and 2 c 2and 3 D 3 only

2022 JC2 Preliminary Examination H2 Chemist
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1

23 A sequence of reactions is shown below.

stept step 2
—-
Cl [¢]
(o] OH
step 3
Which is the correct list of reagents and conditions for the sequence?
step 1 step 2 step 3
A AlICli(aq) Hz, Ni AlQOs, heat
B8 AlCla(s) LiAIH4 in dry ether conc. HaPO4, heat
o AICl(aq) NaBHs in methanol conc. HaPOs, heat
D AICI3(s) H;, Ni alcoholic KOH, heat

24 Which reaction will not form a racemic mixture of products?

A CHsCHO with HCN
B CH3CH.Br with NaOH(aq)

CHj

—C—clI
C  CHsCH,CH, n_V Cl with alcoholic KON

CH;CH;
CHa H
D _ = _ ith HC!
CH3CH,CH,—C=—C——CH3 wi
[Turn over
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25 Which is the best sequence for synthesising 3-bromophenylamine?

Br

NH,

3-bromophenylamine

8n, conc. HCI

Br
A conc. HNOg, conc. H,S04
heat heat

NHCOCH,

B Br,, Fe dilute HC!
heat heat
CN
¢ Hy, Ni Bry, FeBr;
heat heat
NO,
D Bry, Fe Sn, conc. HC/
heat heat

O Tampines Meridian Junior College
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29 Cadmium, Cd, is a Group 12 element in the d-block of the Periodic Table.
What is the main reason why Cd is not classified as a typical transition element?
1 Its complexes are colourless.

It has a low melting point of 321 °C.

It forms compounds with fully filled 4d orbitals.

s oW N

It does not form compounds with variable oxidation numbers.

A 1,2,3and 4 B 1and 2 (o3 3 only D 4 only

30 The Wacker process is an industrial procedure developed to convert ethene to ethanal.

In this reaction, ethene and oxygen gas are bubbled into an aqueous solution of
[PACL]? at high pressure.

The mechanism of the process is given below.

Step 1: [PACIJ? + CHz=CH; + H0 — CH;CHO + Pd + 2HCI + 2CI
Step 2: Pd + 2CuCh + 2CI" — [PdCIJ*” + 2CuC!

Step 3: 2CuCl + % 02 + 2HCI — 2CuCl, + H0

Which statement concerning the reaction is correct?

{PdCL)?* is a homogeneous catalyst.
Pd is a heterogeneous catalyst.

CuCl; is an intermediate.

c 0O W P

CuCl is a side product.

[Turn over
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