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Suggestion solution for P1 (MCQ)

1 c 7 D 13 B 19 D 25 B
2 A 8 D 14 A 20 D 26 A
3 A 9 c 15 D 21 D 27 B
4 B 10 B8 16 A 22 B 28 D
5 c 1 c 17 C 23 B 29 B
6 B 12 A 18 c 24 c 30 A
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7

Rubidium and bromine form ions that are isoelectronic.

1 lonic radius of rubidium is smailer than its atomic radius.

2 lonic radius of bromine is larger than its atomic radius.

3 lonic radius of bromine is smaller than that of rubidium.

Which statements are correct?

A 1,2and3 B 1and2only C 1and3only D 2and3only
Ans: B
Proton | lon
number
Rb |37 Rb* | For Rb vs Rb*, since the same nuclear charge is attracting less
electrons for the ion, the outermost electrons are more tightly heid
in Rb*
lonic radius is smaller. Option 1 is true.
Br |35 Br- For Br vs Br, since the same nuclear charge is attracting more

electrons for the ion, the outermost electrons are less tightly held
inBr
lonic radius is larger. Option 2 is true.

For Br~ vs Rb*, there are less nuclear charge (less protons)
attracting the same number of electrons in Br™than in Rb* the
outermost electrons are less tightly held by nucleus in Br~.

fonic radius of Br-is larger. Option 3 is not true.

Which row correctly shows the bond angles for a, 8, y in the molecule below?

CH,
S < \%\/z.._N
a B Y
A 109.5° 120° 109.5°
B 120° 109.5° 107°
C 120° 107° 105°
D 1202 109.5° 105°
Ans: D

a: 3 Bond pairs (1 C=C, 1 C-C and 1 C-H) - Bond Angle of 120°
B: 4 bond pairs ( 3 C-C and 1 C-H) — Bond Angle of 109.5°
y: 2 lone pairs & 2 bond pairs ( 2 C-0O) — Bond Angle of 105°

NJC/H2 Chem Preliminary Examination/01/2022
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In which pair is the melting point of the second species higher than that of the first species?

A CandSi

B KandRb

C  NaCland NaBr

b 0,
Ans: D

C and Si are both giant covalent structure and atoms held by covalent bonds. C atoms have
a smaller orbital size than Si and hence greater degree of orbital overlap leader to stronger
covalent bonds in C than Si. More energy is needed to break the stronger covalent bonds in
C than Si. Hence, C has a higher melting point than Si.

K and Rb are both metallic lattices. Both K and Rb contribute the same number of electrons
to the sea of mobile electrons. K* has a larger charge to size ratio than Rb* due to having a
smaller ionic radius. More energy is needed to break the stronger metallic bonds in K than in
Rb. Hence, K has a higher melting point than Si.

NaCl and NaBr are both giant ionic lattices. The product of the charges are the same for both
NaC/ and NaBr, however, the interionic distance for NaC! is smailer than NaBr.

Since L.E | M+ Hm-_. more energy is needed to break the stronger ionic bonds in NaCl than
4 +T

NaBr. Hence, NaCl has a higher melting point than NaBr.

SiCl is simple molecular structure and SiO: is giant covalent lattice structure. More energy is
needed to overcome the covalent bonds in SiO, than the weak id-id in SiCl. Hence, SiO; has
a higher meiting point than SiCls.

When liquid NaF, is heated, it decomposes into a single product, B.

Which statements are correct?

1 N-F bonds are broken during this decomposition.
2 The enthalpy change when N2F, decomposes into B is approximately +160 kJ mol"-

3 Molecules of B are non-linear.

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

Ans: C

Na2Fs — 2NF>

From the equation, can see that only N-N bonds are broken. Hence statement 1 is incorrect.
Based on Data Booklet, N-N bond is +160 kJ mol™', so statement 2 is correct because that
is the only bond broken in the reaction.

Statement 3 is correct because there are lone pair(s) on N of NF2 molecule, so it has to be
non-linear.

NJC/H2 Chem Preliminary Examination/01/2022
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12

Nitrogen and hydrogen form ammonia in an exothermic reaction. The rate and yield of the
reaction can be altered by changing the experimental conditions.

Which row correctly describes the effect of the changes in condition?

effects
change in condition equilibrium vield rate of forward rate of backward
q Y reaction reaction
creasing i .
. ik es increases
1 temperature decreases nereas ©
increasing . )
increases
2 temperature increases decreases creas
3 addition of catalyst increases increases no effect
4 addition of catalyst noeftect increases increases

A 1and4only B  2and4only C 2and 3only D 1and3only

Ans: A (Option 1 and 4 are correct)

effects

Change in condition

equilibrium yield Rates of forward and back reaction

increasing heat, favouring backward
temperature

At higher temperature, K.E. of reactant
particles increase. There is a greater
proportion of particles with energy greater
than activation energy for both forward and
backward reactions.

Hence both rate of both forward and
backward reactions increase.

Egm shifts to remove some

endothermic reaction.
Hence yield decreases

addition of catalyst

Lower activation energy for both forward
and backward reactions.

Both rate of both forward and backward
reactions increase.

Increases rate of reaction,
allowing eqm to be reached
faster. No change in yield.

NJC/H2 Chem Preliminary Examination/01/2022 [Turn over
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Four solutions, each of concentration 0.1 mol dm=3, were tested with a pH meter. The results
are shown.

solution pH
CH3COH 4
HNO; 1
CH3NH2 11

NaOH 14

Which statement is incorrect?

Conjugate base of CHsCO:H is less stable than that of HNO.
pH:than GH;COH because

A
B
c NaOH has a higher concentration of hydroxide ions in solution than CHsNH,.
D

Mixing equal volume of CH3NH; and HNO; form a solution with pH less than 7.
Ans: B

Option A: Correct

HNO; and CHsCOzH are of same concentration. Given that CHsCO.H has pH 4, implies that
there is less dissociation for CH;CO;H. i.e. Conjugate base of CH:CO;H is less stable than
that of HNOs.

Option B: Incorrect
HNO; has a fower pH than CH3CO.H because HNO; dissociates fully while CH3CO2H
partially dissociates.

Option C: Correct
NaOH has a higher concentration of hydroxide ions in solution than CH3NHjz, hence NaOH
has a higher pH.

Option D: Correct
Mixing equal volumes of CHaNH, and HNO; gives salt CHsNH3*NO,- only.
CHaNHz + HNO3 — CH3NH3*NO3™

CHaNH3*NOs™ dissociates to give CHaNHs* and NO3~
CHsNHs*, conjugate acid of CHsNHz, undergoes hydrolysis to give H30*, hence pH < 7.

CHsNHs* + H,0 = CH3NH; + H;O*

NJC/H2 Chem Preliminary Examination/01/2022
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13

Addition of warm concentrated sulfuric acid, H.SOq, to crystals of sodium halides gives the
following observations.

compound observation
NaF evolution of a colourless gas which etches a damp glass rod
NaC/ evolution of a choking colourless gas which produces a white cloud in

contact with ammonia vapour

NaBr evolution of a brown vapour and of pungent fumes which tumn
potassium dichromate(VI) paper green

Nal evolution of a purple vapour and a gas smelling of rotten eggs

Which statements are consistent with the observations?

hydrogen halide is H2S04is acting as a SO:; and HS are reduction
produced in all four reducing agent in all four products of H2S04
reactions reactions
A true false true
B true true false
¢ false false true
D false true false
Ans: C
compound | observation
NaF evolution of a colourless gas (HF) which etches a damp glass rod
NaC/ evolution of a choking colourless gas (HC/) which produces a white cloud
in contact with ammonia vapour
NaBr evolution of a brown vapour (Brz) and of pungent fumes (SO2) which turn
potassium dichromate(VI) paper green
Nal evolution of a purple vapour (Iz) and a gas smelling of rotten eggs (H:S)
SOz and HaS are

hydrogen halide is produced in | H2SOQ4 is acting as a reducing .
all four reactions agent in all four reactions _.mncwﬁ_ﬂum_%w:oﬂm

True. SOz and H,S
are reduction

Not true. For NaF and NaCl,
Not true. HX produced for NaF | HX gas is produced. Hence no

N AP products as seen
and NaC/ change in ox_ﬂm%: state of F for compounds
an NaBr and Nal.
NJC/HZ Chem Preliminary Examination/01/2022 [Turn over
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The following electrochemical cell was set up and the Eq value was found to be +0.018 V.

9

salt bridge

Ag Ag

0.5 mal dm™ AgNO,(aq) 1.0 mol dm™ AgNO,(aq)

M N

Which statement is correct? F G

A Electrode potential of AgNOs; / Ag electrode in half-cell F is found to be
—0.782v.

B  The E.n value becomes less positive when solid sodium chioride is added to
half-cell F.

D  Thechange in the magnitude of the E.. value is the same when same number of moles
of iodide or bromide is added to half-cell G separately.

Ans: C

Option A: Incorrect
From Data Booklet:
Haif-cell G: Ag* + e~ & Ag E° (Ag'lAg) =+0.80 V ....(1)
Half-cell F: Ag = Ag* + e~ Eox (Ag |Ag) =7V

Ecar = E° (Ag'|Ag) + Eoxx(Ag|Ag®)
0.018 = (+0.80) + Eux(AglAG")
Eox (AglAg*) = — 0.782 V
E (Ag'|Ag) = — Ex(Ag|Ag*) = +0.782 V

Option B: Incorrect

Addition of NaC/ decrease [Ag*] in half-cell F due to formation of AgCl. By LCP, egm position
of (2 shifts right to partially offset the decrease in [Ag*], favouring oxidation.

%) | me imore positive and E..i value becomes more positive.

ma!_ =E° A>©+_>Qv + moxA>@_>Q¢v

Option C: Correct

Gradual addition of concentration ammonia decreases [Ag'] in half-cell G due to formation of
[Ag(NHz);]*. By LCP, eqm position of (1) shifts left to partially offset the decrease in [Ag'].
Wﬁ%mb,mv forha become less positive until E (Ag*|Ag) = +0.782 V, and E.; becomes

Option D: Incorrect

Addition of jodide and bromide decrease [Ag"] in half-cell G due to formation of Agl and AgBr.
By LCP, eqm position of (1) shifts left to partially offset the decrease in [Ag*].

E (Ag'|Ag) foriHalfeelliG become less positive and Eq decreases.

However, Ksp of Aglis lower than that of AgBr, this resulted [Ag’] to decease differently, hence
the change in the magnitude of Ece value will also be different.

NJC/H2 Chem Preliminary Examination/01/2022
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17

Fe?* ion forms a red octahedral complex with ortho-phenanthroline molecules. Various
samples containing different volumes of 1 x 10 mol dm= Fe?*and 3 x 10-5 mol dm-2 ortho-
phenanthroline were prepared. The following graph was obtained when the colour intensity
of the samples was measured using a colorimeter.

Absorbarice
h

0 2 4 6 8 10 12 14 16 18 20  \q of Fe?* solution/ cm?

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

Which statement about the complex ion is correct?

A The complex ion absorbs red light.

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

C  The co-ordination number of the Fe2* ion is 3.

D Ortho-phenanthroline is a bidentate ligand.
Ans: D

Mole ratio of Fe?* and ortho-phenanthroline is 1:3 (1 x 107 mol : 3 x 107 mol)

1 mole of Fe?* combined with 3 mole of ortho-penanthroline to form complex ion. Since there
are 3 ligands and the coordination no. of Fe?* is 6 as it forms octahedral complex, ortho-
penanthroline is a bidentate ligand.

Ortho-penanthroline molecule has no charge, hence, the overall charge of the complex ion
has the same charge as Fe?*.

The colour observed is the complementary colour of the wavelength of light absorbed. Since
the colour of complex ion is red, the wavelength of light absorbed is not red light.

NJC/H2 Chem Preliminary Examination/01/2022 [Turn over
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One molecule of dodecane, CizHzs, is cracked to produce three products, R, S and T.
R is a straight chain alkane. S and T are straight chain alkenes with different M, values.
Which statements about R, S and T are correct?
1 If S and T are but-1-ene and ethene respectively, R will be hexane.

2 If Ris butane, only one, either S or T, exhibits cis-trans isomerism.

3 R could be octane.

A 1,2and3 B 1and2only C 2and3only D 1only
Ans: B
1 If § and T are but-1-ene and ethene respectively, R will be hexane. True.
CizHag > CaHs + CoHs + R
S T
R = Cliz42H(s-84)= CeHua
2 If Ris butane, only one, either S or T, exhibits cis-trans isomerism. True.
CiHzs> CiHio + S+ T
R

S + R =8 carbons + 16 hydrogens

Given that 8 and T are straight chain alkenes with different M, values, S and T cannot
be C4Hs,

S and T is C2Ha (nocis-trans) + CsHi2 (cis-trans) or CaHg (nocis-trans) +CsHuo (cis-trans).

3 R could be octane. NOT True.

CizHas > CgHis+ S + T
R
IfRisoctane,$ + T =4 carbons+8 hydrogens

Given that § and T are straight chain alkenes with different M, values, hence R
cannot be octane.

NJC/H2 Chemn Preliminary Examination/01/2022
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Which reactions of propan-1-ol produce water as a by-product? 26

1 passing propan-1-of vapour over hot AlO;
2 mixing propan-1-ol with warm ethanoic acid and a few drops of concentrated H,SO,

3 warming propan-1-ol with HCN

A 1,2and3 B  tand2only C 2and3only D 1only
Ans: B
Option 1
Passing propan-1-ol vapour over hot ALOs causes it dehydration to form a C=C, giving H,0
as the by-product.
OH
\|\ —_— \”OI» + H,0
HiC HsC
Option 2

Mixing propan-1-ol with warm ethanoic acid and a few drops of concentrated H,SO; results in
esterification, producing H20 as the by-product.

OH o o
\|\ + \:/ — \:/ CHy + Hy0
HaC OH He” o7 >~

HaC

Option 3

Warming propan-1-ol with HCN would not result in any reaction and HCN does not
dissociate readily to give CN- to react with the alcohol group. Neither does the alcohol group
undergo nucleophilic substitution under the given conditions.

NJC/H2 Chem Preliminary Examination/01/2022 [Turn over
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Hex-2-ene can be made by the reaction shown.

S

S

1

IOIA\

e S g

Which statement about this reaction is correct?

A :aving as a Lewis base.
B (CH;)CO-is behaving as an oxidising agent.
C  The C-I bond breaks via homolytic fission.

D This is a nucleophilic substitution reaction.
Ans: A

Option A (Correct)

(CH5)sCO~has a lone pair of electrons which is used to remove a H* from the starting reactant.

Option B (Incorrect)
There is no change in the oxidation state of any of the atoms.

Option C (Incorrect)
The C-I bond breaks via heterolytic fission to give an I

Option D (Incorrect)
This is an elimination reaction in which a H* and I is eliminated to give the hex-2-ene.

NJC/H2 Chem Preliminary Examination/01/2022
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Amino acid Y has three pK, values given below:

Hl COzH
NH,
amino acid Y
a-carboxyl group oa-amino group side chain
pKa 2.15 9.16 10.67

What is the net charge of the predominant species of amino acid Y at pH 77

A 2 B # c 0 D A
Ans: B
pKa=9.16 pK,=2.15
*HaN COzH "Ha COy”
pH=7 Overall charge = +2 — 1
—— = +‘_
NH3* NH3z*

pKg= 10.67
Note:

pH > pK,, the acid group is deprotonated due to higher pH (more alkaline).
pH < pK,, the acid group is protonated due to lower pH (more acidic)

NJC/H2 Chem Preliminary Examination/01/2022 [Turn over
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30 Heptapeptide X contains seven amino acid residues. When X is partially hydrolysed, the following
dipeptide and tripeptide fragments are produced.

OH
4 H
COH
INZ\J_\ Z/j Hy N CO.H
° o

NH,

OH
o) H
n/\:/z\m H }_\ MO0
Hal CO,H 2 /ﬁ\
5 H o) Se_
o)
Ho ~ 72
o)

Which of the four heptapeptides on page 15 is the formula of X?

Ans: A

Identify the different amino acid residue by recognising the different R group attached to the
alpha-carbon of the amino acid in the dipeptide and tripeptide fragments. Match the amino
acid residue in the fragments to obtain the structure of the heptapeptide.
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(a)

(b)

Answer all the questions in the spaces provided.

Chemists have recently established that four molecules of water are required for the
dissociation of a single molecule of HC/ (reported in Science, 2009).

Given that 1.00 dm® of water contains 55.6 mol of H,O, caiculate the number of
molecules of hydrogen chloride, HC/, that should therefore dissociate in 1.00 dm?® of
water.

1

No. of molecules of HCl = % x 55.6 x 6.02 x 102 = 8.3678 x 10%
=8.37 x 10 [1]

Commercial concentrated hydrochloric acid, HC/, fumes strongly on exposure to moist
air and thus is known as ‘fuming hydrochloric acid’.

1.00 cm?® of fuming hydrochloric acid was transferred with a graduated pipette to a
100 cm? volumetric flask. The volume was made up to 100 cm?® with deionised water
and the solution was labelled F. 10.0 cm? of solution F was neutralised by 24.75 cm®
of 0.0500 mol dm2 of aqueous sodium hydroxide.

Calculate the concentration of HC/ in the fuming hydrochloric acid in mot dm=3.
[2]
Amount of NaOH = 0.02475 x 0.0500 = 0.0012375 mol [1}
Amount of HCI in volumetric flask = 10 x 0.0012375 = 0.012375 mol
[HCI] = 0.012375/ 0.00100 = 12.4 mol dm™ [1]

Must scale up, no ECF

() (i) The halide ions, X~ (where X = C, Br, I), show clear trends in their physical and

chemical properties.

State and explain the relative thermal stabilities of the hydrogen halides, HX.

Thermal stability decreases from HCI to Hi. [1]

H-X Bond energy decrease[ 2] OR Less effective overlapping between the
orbitals of H atom and Halogen atom as size of halogen atom increases [%]

hence less energy to break the H-X decreases. [ % ]

NJC/H2 Chem Preliminary Examination/02/2022
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(a)

(i) Calculate the value of n in ZCl,. "
Amount of AgCl = 11.54 + 143.4 = 0.0805 mol
ratio Z:Cl is 1:4
n=4[1]

(i) Suggest the identities of elements Y and Z and explain why YC/, and ZC/, react
differently with water.

Y: Carbon [ 2] and Z: Silicon [ ¥2]

Si in SiCls has empty energetically accessible d orbitals / vacant orbitals in
the valence shell [ 2] to accept the lone pair from water and hence can
undergo hydrolysis while C in CCls does not have. [ 2]

(iii} Write a balanced equation for the reaction of ZCl, with water.

1]
ZCly + 4 H0 > Z(OH)4 + 4 HCI or
SiCls + 4 H20 - Si(OH)s + 4 HCI or
8iCly + 4 Hy0 > Si0O2+2H;0 + 4 HCI
SiCls+ 2 H;0'9 Si0z2+4HC! [1]
[Total:15]

Oil spills are hazardous as they affect the marine ecosystem, and the marine life-forms
existence gets threatened. It becomes increasingly important to employ various clean
up methods for tackling the menace that oil spills pose to the marine ecosystem.

(i) Oil consists mainly of hydrocarbons. Sheets of sorbents, usually made of
materials like polypropene, can be used to absorb oil.

The structure of polypropene is given below.

H H
|
c—CcC

[ | /n
H CH,

Structure of polypropone Sorbent sheets

NJC/H2 Chem Preliminary Examination/02/2022 [Turn over

(if)

Suggest how sorbents are able to absorb and effectively remove oil from water.

[2]
The sorbents have large M, with large electron cloud size/ non-polar ['4] and
can form strong [ %2 ] instantaneous dipole — induced dipole interactions
[z ] between the oil and material of the sorbent and hence allowing oil to be
removed. The sorbents do not form favourable interactions/ weaker idid (KA
with water and hence do not absorb water.

Must state "strong” or to the effect

Another method for removing the oil spill that is floating on the sea surface is to
ignite and burn it off. One of the major components of oil is decane, CioHz2. Such
burning of oil will cause an increase in temperature of the sea.

A simulation was done with the following scenario: 500 g of decane floating over
200 dm?® of water was burnt off.

Given that the enthalpy change of combustion of decane is -300.9 kJ mol,
determine the rise in temperature of the body of water.

M: of decane (CioHz2) = 10 x 12 + 22 = 142

Amount of decane burnt = (500) + 142 = 3.521 mol [1]

Amount of heat released = 3.521 x 300.9 x 1000 = 1.059 x 108 J [1]
q = mcAT

AT=1.059 x 10° + (200 x 1000 x 4.18) = 1.27 K (3.5f) [1]
[3]

The actual temperature rise differs from the calculated value in (a) (ii).
Suggest a reason for the discrepancy.

Decane does not undergo complete combustion.
Incomplete transfer of heat energy.

Fuel is burning on the surface of the water/ heat transfer to air and not water.
heat loss to air.

OR Sea water heat capacity differs from that water.

OR Some of the heat energy is used to evaporate the water.

(1

NJC/H2 Chem Preliminary Examination/02/2022
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Explain why the formation of allyl chloride, CICH.CH=CH,, occurs at high
temperatures.

At high temperature, there is sufficient energy for the Cl. molecule to undergo
homolytic fission / break CI-Cl bond to form free radicals.

)
Must recognise to form radicals/ free radical substitution

(i)  CICHCH=CH, contains a C=C bond. Draw labelled diagrams to show how
orbitals overlap to form

* a o (sigma)bond

sp?-sp? orbital labelled

e an{pi) bond.
p-p orbital labelled

Must show hybridised orbital vs p orbital
No need to label head-on vs sideways overiap=» show in diagram

[2]
(ili) Describe the mechanism for the formation of CICH,CH=CH. in equation 1.
[3
Free radical substitution [1]
Initiation:
C Loy Wit o0
{or Heat)
Propagation:

Cls + CH3CH=CH; —— HCI+ *CH;CH=CH;
*CH2CH=CHz+ Cl —— CICH,CH=CHj; + Cl~

Termination:
206 —»Cl,
*CHCH=CH;+ Cl» ——>» CICH,CH=CHj,

Minus 2
Header
Half headed arrow

{___[(v) ] Other than CICH,CH=CHy, two other mono-substituted chloropropenes can also |

NJC/H2 Chem Preliminary Examination/02/2022 [Turn over
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be formed by the same mechanism in (c) (iii).
Compiete Tabie 2.1 with
* the structures of the two other chioropropenes

» the expected ratio in which the three chloropropenes will be formed

o:_ﬂmmau CICH,CH=CHz | CHsCCI=CH.[1/2] | CHsCH=CHCI[1/2]
Ratio [1] 3 1 )

Table 2.1

2]

[Total:22]

3 Vanadium is a transition metal that form stable coloured ions of various oxidation states in

aqueous solutions. Some of the ions of vanadium and their corresponding colours are
shown in the table below.

formula of . 9 I -
vanadium ion VO, VO % \;
oo_o:M %H anmo:m yellow blue green violet

(a) Explain why vanadium can form ions of variable oxidation states.

Due-to-the- close- similarity in- energies -of the 3d-and 4s- orbitais- [1); ‘both -3d-and-4s
electrons can be removed from vanadium to form stable ions of different oxidation
anaw.. ........ L R L R R R L T T E T Meereriisasieserrrantnanronn DR —— Yrsesasacnnens vevraaa

(b) Data about caicium and vanadium are given below.

calcium vanadium
relative atomic mass 40.1 50.9
electronic configuration {Ar}4s? [Ar]3d4s2?
atomic radius (metallic) /nm 0.197 0.122
density / g cm® 1.54 6.07

Using the data provided, explain why the density of vanadium is significantly greater
than that of calcium. (No calculations are required.)

NJC/H2 Chem Preliminary Examination/02/2022
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4

(3]
[Total: 15]

(a) Flow batteries are one of the most viable technologies for larger scale energy storage.
Zinc-cerium battery is a flow battery with graphite electrodes where the electrolytes
can be pumped from separate storage tanks into the cell. A thin membrane,
separating the two electrolytes, allows selected ions to flow through it.

electrical load

electrode X

N

Tank B
Ce**(aq)

Tank A
Zn?*(aq)

&
Ce*(aq)

membrane

(i) During discharging, electrons flow from electrode X to electrode Y.
Write the equation for the reaction that occurs at the cathode and the anode
respectively.
Cathode: . Ce** & = Ce™ [1]

Anode: 2N 2Zn*+2e M1 s s

Must be Full arrow

(ii)  Given the standard cell potential, E°.x, of the Zn-Ce battery is 2.2 V, calculate
the standard free energy change, AG®and state its units.

AG® = —nFE el
= — (2)(96500)(2.2)
=—424600
= 425066 feremPrelipisaey fisningiqn/02/2022 [Turn over
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i) Explain why it is necessary to have a membrane that aliows selected ions to flow
through it in the Zn-Ce battery.

(i

in the two half cell), so that electrical energy can continue to flow. 1]

(iv) The Zn-Ce battery can be recharged by applying current across the two
electrodes. How long would it take, in hours, to recharge a Zn-Ce battery at a
current of 2 A to deposit 6.1 g of Zn?

Zn* +2e - Zn

Amt of Zn = 6.1/65.4 = 0.09327 mol

Amt of e = 2 x 0.09327 = 0.1865 mol [1]

Q=Ixt=nF

t=nF/I 21
=0.1865 x 96500 /2 )

=9000s [%]
=250hrs[%]

(v) During charging process, a side reaction occurs at electrode Y that requires the
electrode to be replaced periodically.
Identify the side reaction and give a reason why electrode Y needs replacement.

Atelectrode ¥: M0 > Oz +4H' +4e or HXOis o |
during the charging process. LI B

en is produced in the side reaction (€ '+ 0, 5 €6, 1 C'atoms
in graphite are oxidized by oxygen.

hence.corrode. the graphite electrode [ %4.]..and. need to.he replaced.....
[2]

(b) Supercapacitors are gaining attention in wearable and lightweight electronic devices
due to its fast charging~discharging capacity, and long lifespans compared to a typical
battery. The cathode electrode material for supercapacitors must have high
temperature stability.

NJC/H2 Chem Preliminary Examination/02/2022
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H CH; P
reaction reaction [e)
/o|0\ ction 1 N tion 2
/N
H CHoCH,0OH CsHz0, oH
isopreno}

(i) Suggest the structure of N.

(1]
H CHj
\__/
C==C
/ \
H CH,COOH M1
(ii) Suggest the reagents and conditions for reactions 1 and 2.
reaction 1: .................... e eate et et v et e b eenntr e et e e eenatrataarraeenaaa
FEACHION 2% .. oeetii e e e eaa e [
2

Step 1: KzCr207, H2S04(aqg), heat with reflux [1]
(Cannot be KMnO4, otherwise will cleave C=C bond)

Step 2: Hz, Ni, high temperature/ Hz, Pt [1]
(Cannot be LiAlHs, NaBHs, cos non-polar C=C bond)

(iii) Suggest the step(s) to convert P to Q, showing the structure(s) of any
intermediate(s) formed.
[3]

[

Q
; PCIyPClg/SOCl, \F\m/ phenol Q
——
OH ¢l o

Intermediate [1]
Step 1: PCly/ PCIs/SOCl,, anhydrous [1] or zero
Step 2: Phenol [ %], NaOH(aq) [ %]

(iv) Compound S, a structural isomer of isoprenol, gives a brick-red precipitate
when treated with alkaline solution of copper(Il} tartrate. $ gives only one

NJC/H2 Chem Preliminary Examination/02/2022 [Turn over
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_qq_n_w_:o.o:_oz:mﬂma product when reacted with chlorine gas under ultraviolet
ight.

Suggest the structure of S.

1
o "

0l
[Total: 14]
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Section A
Answer all the questions in this section.

Amines can be synthesised from methylbenzene, shown by the following steps.

CHj
CH.C
Step 1 2Cl
——————
Step 3 Step 2
Compound H CH,NH,
Step 4
CH,C! Compound K
HoN
Compound J
Fig. 1.1
()  Suggest the structure for compounds H. 1
(ify  Suggest reagents and conditions for steps 1, 2, 3 and 4 in Fig. 1.1. 4]
(iti) Suggest why the yield for step 2 is not high. [1]

The Ky values of three bases, at 25°C, are shown in table 1.2.

Table 1.2
base Kv/moldm-3
ammonia 1.8x10°
compound K 4.5x10™
compound J 7.4x10"
(iv) Explain the relative magnitudes of the K}, vaiues in table 1.2. [2]
@ CHCL
No.
@ > lor 0

(ii)  Step1: UV light, limited CL. 1 or 0

Step 2: ethanolic NH3, heat in sealed tube.
Step 3: conc H2504, Conc HNO3, 60°C (-CH.CI has negligible effect on
benzene) -accept T lower than 60°C.
Step 4: conc HC|, Sn, heat followed by NaOH(aq) or (step 1 then 2)
1 or O for each step

NJC/H2 Chem Preliminary Examination/03/2022
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(iv)

Nucleophilic substitution (Sn')

o

e o)

.?\1 —
@m%« Ty @y e

W+ @, T (o-qwm T

@lﬁsezxv + Wl

Accept show formation of HCI in separate step.
Draw SN2 based on SN1 rate equation on (i) ~ 1m for name of mechanism

Draw SN2 based on SN2 rate equation in part (iii) — full credit

1m for name of mechanism

Ya for slow

1 m for curly arrows and charges
1m for balanced equations

V)

(vi)

Explain why step 2 proceeds via the mechanism you describe in b(iv). [1]

The carbocation intermediate can be resonance stabilised i.e. the positive charge
of the cation can be dispersed via resonance with the adjacent benzene ring. 1m
Or

The bulky benzene ring poses steric hindrance to the incoming nucleophile if it
occurs via Sx? or one step mechanism. 1m

Cannot accept sn2 explanation

C-Br in 4-bromomethylbenzene is resistant to substitution [ % |, as it has
double bond character due to the continuous p orbital overlap [ %] involving
Br and benzene ring.

NJC/H2 Chem Preliminary Examination/03/2022 [Turn over

Hydrogen cyanide, HCN, is extremely toxic and with sufficient concentrations it leads to rapid
death. During the Second World War, a form of hydrogen cyanide known as Zyklon B was
used in the Nazi gas chambers.

(@)

() Draw a dot—and-cross diagram to illustrate the bonding in HCN. 1

HCN can be oxidised to cyanogen, CaNa.

(b)

CaNa(g) + 2H*(aq) + 26~ 2HCN(g) E°=+0.37V

(i) Suggest a suitable oxidant to oxidise HCN to C;N; in acidic solution, using the
Data Booklet.

Write an equation for the reaction and calculate the E%. . 2]

2(a)(j)

°
X
IX.O" ZX

XXX

(i) KMnOq in acidic medium

E®en = +1.52 — (+0.37) = +1.15V > 0 (reaction is spontaneous) 1m

2MnO4™ + 6H* + 10HCN — 5C;N, + 2Mn?* + 8H,0 1m

Note: Can use any oxidizing agent with E® > +0.37V

The synthesis of HCN was developed in the early 1900s. The most commonly used
procedure is the Andrussow process. A less common method is the BMA process.

Andrussow process:

3
CHa (g) + NH; (g) + 7 Oz (g) — HCN (g) + 3 H20 () AH= ~ 506 kJ mol~!
BMA process:

CHs (g) + NH; (g) —— HCN (g) + 3 H2(g)

(i)  Using information from the Data Booklet, calculate the enthalpy change of reaction
for the BMA process given above [2]

(i) By considering the spontaneity of reaction, suggest why the Andrussow process
is the preferred procedure at low temperature. 2]

NJC/H2 Chem Preliminary Examination/03/2022

€86-~dd




Zzoz/so/uoneulwex3 Aeuiulield WRYD ZH/OMN

7, saseaI0ep YNDJZ Jo Aignios eauay /[,,uz} vl
aseauou ey 195y AjieiJed o) JopIo Ul painoae) si ssa00id %, uogendiosid ey
aouay * 7, 95BAIOU| O} ;U7 JO UO|E]UaoU0D oy} sesneo (be)gouz jo uolppY

'3/,S6586.4oUf
¢(NoJuz jo Aupgnjos  JI-ND] U1 uoyonpad ey Jesyo Ajieted o} % SeAoSsip
pIiOS Z(NDjuz aiow eousy % 8onpal 0} _ND JO uopenusauod ayi Buisned
‘NOH Ploe dEem Jo uojjeoossip sy} ssaiddns im poe Buons jo uoRIppY (n)

{109) W o wpjow ¢_0T X S¥'8 = [47uZ]
W07 X 08 < 7(—0T X €£'6)[474Z]

dsyi < Jonpoud 9juo| “IN220 o} uolepdioald Jo4
‘Uo|SSeIdXa J0BLI00 UlIM B8 % o WPelowl [ NJ]{+ 4Z] = *H ()

wi g_wppous, 0T X ££'6 = [_ND]

900
_Nol,.01 = mh,leH A_v

1C]
(be)zouz pejesuasucs Buippe Aq  »
(be)ioH Buippe Aq
:papaye s1Z(ND)UZ J0 Aanios ey moy ureidxe pue aquosed  (Al)

[2] i Hd 18 Z(ND)UZ $o uonendioaid asned o) pesinbal
+zUZ JO UOIBAUSOUOD WNWIUIW SU) eululslap {(1)(p) 0} Jemsue unoA Buuepisuco Ag  (us)

ful ‘spun sy Bues ZNDJuZ Jo %y ayy Joj uojssaudxe ue slum (1)

"D0GZ 18 7,0} X 0'8 St % JO BNjeA [edUBWINU BY ).
0 -1ejem u) ajgnjos ABupieds s ‘ZA(NO)uz ‘epiueho ouiz
L
"e-WP 10W 900 St
(be)NDH JO UOIBIUSZUOI 8L} UBYM ‘v HA Je L0l _ND JO Uojesuasucd ey} ejeinoed (1)

D0 §T 18 6% = *}d sey (be) NOH

‘z/958610U| 0} pejoedxs s| eje.
85U5Y 2/, UDISHI00 BAROBY JO Aousnbay ey sasealout Aousnbey UOISIOD Uj eseeuoul
‘sejoned snoeseb eyj JO UOHENUSIUOD By} Sesesloul sinssaud |ejo} Ul 8seeIOu]

ZAuo 1 ut
sabueyd Aq pejoaye ale sanjen %y se z;enjea %y uo 108jja ou sey sinssaid U sebueyd

"7/, paonpal si NOH jo uoniodoud
sousl ‘aunsseud [B)0} uj eseaou) Jesyo Ajjeiued o) si sy} ‘%, sejpiled seb jo saquinu
Jojjews sey ) Se opIs Jueeas ay) 0} wnuqinbe auy Jiys M ainssaud Ul aseasou

()

()

g0 4
o) Wi €00 = g =

£HNG = Wie g0 = tHod aoudH
saJnssa.d jejped Joj wi
wye g'Q =tHNY +7Hod
Wie 0 = (Hd + Novd) sjonpoid snosseb ay) jo ainssaid jejped aouls
we | = EHN 4 _vxon_ + EHNY +PHOY
‘ue | Jo ainssald JUBISUOS B JB JN0 PBLIED §) UOIOESI By} S0UIS

wie g =NoHd -
NOHY X § = Hd ‘wnuqinba 1y

(B)2H € + (B) NOH === (B) *HN + (B) "HO m

{uoissaidxe Buoim 3 ) sHun pue uolssaadxs 10} Yyoee Z/i

EUN ;YHD
LI Ssun. nwﬁmm =dy
HgNoHy
(o
fe}
uoloeal Jo sjel .
anjen %} .
‘NOH jo uoisodoud ayy .
uo ainssalid |2)0} Ul 9SBaIOU] JO J0BY 3Y) SSNISI] ()
[z]
“34008 18 ] 10 ONfeA Su) sje|nojes ‘Wi €°0 St 2H Jo aunssaud [eried auj jeu) USND )]
1] "spun sy Buneys ssaooid yWE JO “H au Joj uoisseidxe ue oM (1)
‘uge | jo

ainssa.d JUBJSUCD B 18pUN 9,006 J& WNLIINb® 4oS1 0} Pamoje S UOHOEaI 38U THN pue
YHO 40 Junouwse [enba yim BulelS “D.00G 18 UoIIoEes! B|qISIanal € S| sse201d Vg QUL

-aimeladwa) mo| je > OV

oAey 0) Aa)l| eiow st ISV | < HV ‘aimesedws) mo| je ‘SV.L- HV = OV
w|, ‘aoeds uj seplped ay) sbuele 0}

SABM JO JOGWINU U| BSEBI08P UB SBSNED LUoIUM ‘sojoiied seb jo Jequinu
uj 9SEaI08p S} 818y} @ouls SV anjebau e sey ssaooid mossnipuy (11)

(w} -paunuap; spuoq jo adA} pue Jaqunu 1981400)
BULOM JOy LU | ‘JOMSLIE Ul JO) UL . JOW [ 202 + =
[ogy X € + 068 + O} ~ 06E X € + Oy X ¥ = HV () (@)

()

v86~dd



(@

GABA, a naturally occurring neurotransmitter, has the condensed formula of
HOOCCH:CH>CHzNH. It can be synthesised from 2-bromoethanal, CH.BrCHO, shown
by the following steps.

Step 2
Step 1
CH:BrCHO =P, CsHsNO ’ CatiaOs
A B
Step 3
S | ste
GABA <oora steps :ooooznoon:voznzznAIE CeHNOs
D
Fig. 3.1

Compound B gives effervescence with Na,COs(aq) and it gives a brick red precipitate
with warm Fehling's solution.

Suggest what these observations indicate about the functional groups in B.  [1]

(ii) Give the structures of compounds A and D. [2]
(i) Suggest reagents and conditions for steps 1, 2, 3 and 4 in Fig. 3.1. [4]
(iv) Suggest why the yield for step 3 is very low. M
(v) The conversion of B to D invoives a nucleophilic addition. Suggest why only 50%
of compound D can be used in drug synthesis.

2]

(i) COOH % must be present to react with Na,CO3 to give CO- gas while

Fehling's identified aliphatic aldehyde’s. Both functional group must be
at the terminal of the 3C compound.
(i) and (iii) Hon 20
e
A._.._ HOOCCH,CHO
OQIAON
CH,CNCHO Step 2
ChBicHo  ——epl, : — B
Ethanolic CsHsNO H2804 (aq) Trace NaCN
NaCN, heat A heat Step3
HCN, cold
Hz, Pt N
Several steps HOUGCH,CHOH)GHNH HOOCCH,GH(OH)C!
GABA — E Step 4 C4HsNO;
p
Fig. 1.1 HooH
Os¢ —g—&meen
Hobu

NJC/H2 Chem Preliminary Examination/03/2022
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1o react with the carbonyl carbon [1].

(v} :CN-reacts with the trigonal planar carbonyl carbon with equal probability from

This gives rise to a racemic mixture % (optical isomers in 1:1 ratio).
Biological system can only work with one of the optical isomer (enantiomer) msu
be stereospecific. ¥

(b) Compound E undergoes intramolecular condensation reaction under suitable
conditions. Isomer F is produced instead of isomer G.

0]
(ii)
(iif)

Cl

Step 5

N

4 N
o OH \ (o] H
NH,
IOLF\F\ 2

Compound E

Compound F

Compound G
Fig. 3.2

Suggest the reagent and condition for step 5 in Fig. 3.2. [1]

Give two reasons why isomer F is preferentially formed. 2]

Explain why compound F is neutral. [2)

SOC, anhydrous / PCls, anhydrous 1 or 0

Q
Jﬁhu

(@) Ol
_\_0\,’/\,/\.1/»9 Ve > D\/\/\ZIQI
Sacly

Carboxyl C in acy! chloride is more partial positive/more electron deficient
than C in C-Cl hence more likely to be substituted by N, 1

Compound G has a 3 membered ring %, this is signifi icantly less stable than
the 5§ membered ring in compound F as the bond angle in 3 membered ring
is 60° which is far less than the optimum bond% angle of 109.5.predicted

by <mm_ﬂM\In Chem Preliminary Examination/03/2022
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(a)

(b)

(c)

13

Answer one question from this section.

State the electronic configuration of chromium. [1]

152 2s% 2p° 3s? 3pf 3d%4s'  [1]

Chromium(VI) ions commonly exist as oxo-anions such as CrQ.%", which is yellow in
color and Cr207*",which is orange.

M

()

Explain why chromium(VI) ions exist as oxo-anions instead of [Cr(H20)e]®*.

)

Write the equation for the conversion of CrO42~ to Cr.07*" in acidic medium. Predict
the observation when NaOH is added to this solution at equilibrium.
{2]

Cr®* has high charge/size [ ¥ ] and thus undergoes hydrolysis [ %] in water to form
a Cr207" / is able to polarise the electron cloud of oxygen
anion. .

2H* + 2CrO4% & Cr0# + H,0 (3] .
OH" will react with H*, hence the [H*] will decrease, POE will shift LHS [ 4] to
partially offset the decrease, resulting in yellow color of CrO.% observed. [ % |

Y21 to form an oxo-

E is a hydrated salt containing 13.0 % of Cr, 27.0 % of H20 and 60.0 % of Br by mass.
When 0.400 g of E is dissolved in water, an octahedral complex cation is formed. When
treated with aqueous silver nitrate, this solution immediately gives 0.188 g of cream

precipitate.
(i) Calculate the mole ratio of Cr: HzO: Br in the hydrated salt E. 1]
(iij} Identify the cream precipitate and hence, determine the formula of the complex

cation formed when E is dissolved in water 2]

Draw the structure of the complex cation present in E, showing clearly how the
ligands are arranged around chromium cation. Indicate the overall charge of this

complex ion. 1
C(i) Cr H0 Br
% by mass 13.0 27.0 60
No. of moles | 0.25 1.5 0.75
Mole ratio 1 6 3 [1]
Formula Cr(H20)s(Br)s

C(ii) Cream precipitate: AgBr [1]

No. of moles of AgBr = 0.188 / (108 + 79.9) = 0.00100 mol
No. of moles of E = 0.400 / (52.0 + 6(18.0) + 3(79.9)) = 0.00100 mol

No. of moles of Br-anion:  No of moles of E

1 : 1

14

(d) When a cument of 1.0 A was passed through aqueous potassium maleate
(KO,CCH=CHCO:K) for 15 minutes, it was found that 110 cm? Hz, measured at r.t.p,
was collected at the cathode. The following reaction took place.

2H,0 + 26~ — H, + 20H-

Ethyne, CzH;, and CO, gas were produced at the anode. In order to determine the
stoichiometry of the anode reaction, the volume of the gases collected at the anode was
measured. The anode gas was first passed through aqueous NaOH before being
collected in a gas syringe. The following data was collected:

U]

()

(i)

. mass of bolttle containing NaOH before experiment = 10.501 g
. mass of bottle containing NaOH after experiment = 10.904 g
. initial reading on syringe =10.0 cm®

. final reading on syringe =120.0 cm?

Using the data obtained from the cathode and the Data Booklet, calculate a value
for Faraday constant.
[2

Calculate the volume of CO; produced at the anode, assuming r.t.p conditions.

2]

Hence, state the volume of ethyne gas and suggest an ionic equation for the
reaction that occurred at the anode.
[2]

() Q=It=nF
Q=1.0 x15 x 60 = 900 C [1]
n(Hz) = 110 / 24000 = 0.00458 mol

n(e’) = 2 n(Hz) = 0.00917 mol
F = 900/(0.00917)= 98100 (3sf) [1]

/86-d9
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(a) Copper and its compounds have a wide variety of uses.
Copper-EDTA complexes are commonly used in cosmetics and it gives the blue colour
in many shampoos.

The structure of the copper-EDTA complex is given below.

co, e 2
O, w .. OC

A * ..ﬂ:.,f./n N
N N

(i) State the eiectronic configuration of the copper ion in the copper-EDTA ooau_mmm_ u

(i) Two of the d orbitals are given below. Sketch the shapes of the other three
d orbitals present in copper, labelling your orbitals clearly.

2]

(iii) Explain why the copper-EDTA complex is blue. 3]

(i) Let oxidation number of Cu be x.
Since each carboxylate is a -1 charge
X+ (~4) = -2

X=+2

Cu?* ; 1s22s22p53523p83d°

18

(iii} in the presence of EDTA ligands, the degenerate d-orbitals of the Cu?* ion are split
into two different energy levels with a small ener: ap. AE. [1]

d-orbitals. [1] (d-d transition).
The light not absorbed would be reflected and the colour of the complex is the
complementary of the wavelenqth absorbed] 1], giving rise to a colour observed

z z Yy
z
Y y
X X X
e Otbital
d,2 orbital dez Orbital nxu.v.» orbital
(i)
3/3 (including label for orbitals and appropriate axis) —{2]
2/3-[1] 1/3-[ %] without 3d axis-0!!! mL
NICIMIZ TS T b4 EXarmManomusrZuZZ _.- T OV

(iv) Cobalt and copper are both common transition elements.

Comment on the similarity of the atomic radii between cobalt and copper.

M

Nuclear charge increases from Co to Cu while shielding effect also increases
[*4 ] as electrons are added to the inner 3d subshell. As such, nuclear attraction
remains relatively constant [ ] and their atomic radii are similar.

(b) An experiment was set up to investigate how the cell potential of a cell containing a
metal, M, in contact with an aqueous solution of its ions, M"(aq), changed as M™(aq)
was diluted.

As a standard Hydrogen Electrode was not available, a half-celf consisting of Cl-, CIO-
in alkaline medium under standard conditions was used to connect to the half-cell with
M in contact with M™(ag).

(i) Draw a fully labelled diagram of the electrochemical cell set-up as described
above, in order to measure the changes in cell potential.
B3]

(i) The cell potential was measured for various concentrations of M"(aq) and the
results of cell potential against log [M™*] obtained are plotted in the graph as shown
below.

134 4 cell potential / V

132
13

+4 : »1g [M™]
-4 -3 -2 -1 (1] 1 2 3

NJC/H2 Chem Preliminary Examination/03/2022
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D reacts with gaseous HC! followed by B is formed from D undergoing two
hot ethanolic KCN to give B nucleophilic sub: 1) to give a RX and
then 2) to give RCN.
B: CN 4
H
HO n_w CH,CH, _.._
+ — p—
| B — N _CHs
CN CHs ~Ccl
H~ ~CH2CHj
O
c
From pattern given in question, C is deduced. 1]
NJC/H2 Chem Preliminary Examination/03/2022 [Turn over
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NATIONAL JUNIOR COLLEGE
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CANDIDATE
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Paper 4 Practical
Candidates answer on the Question paper
Additional Materials: As listed in the Confidential Instructions

READ THESE INSTRUCTIONS FIRST

Wirite your identification number and name. i
Give details of the practical shift and laboratory where appropriate, in the boxes provided.
Write in blue or black pen.

You may use an HB pencil for any diagrams or graphs. -
Do not use staples, paper clips, glue or correction fluid. Shift

Answer all questions in the spaces provided on the Question Laboratory

Paper.

The use of an approved scientific calculator is expected, where

appropriate. You may lose marks if you do not show your

For Examiner’s use

working or if you do not use appropriate units. 1 T
Qualitative Analysis Notes are printed on pages 22 and 23.
2 /21
At the end of the examination, fasten all your work securely 3 117
together. 2 T
The number of marks is given in brackets [ ] at the end of each
question or part question. Total /55
This document consists of 23 printed pages including this cover page.
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Answer all the questions in the spaces provided.

Determination of the enthalpy change of a reaction, AH,

FA 1 is 1.00 mol dm=3 sodium hydrogen carbonate, NaHCO; (to be used for Q3 as well)
FA 2 is 2.00 mol dm~2 sodium hydroxide, NaOH
FA 3 is 2.00 moil dm~2 sulfuric acid, H,SO4

An  acid-base neutralisation reaction invoives reacting the two solutions,
to produce water molecules. The equation for this neutralisation reaction is given below.

H*(aq) + OH(aq) — H20()

You will follow the instructions to perform two experiments, Experiment A and Experiment B.
Record your results in Tables 1.1 and 1.2.

Experiment A
Reaction between FA 1, NaHCO,, and FA 2, NaOH.

Reaction 1  NaHCOs(aq) + NaOH(ag) — NaCOs(aq) + H20(7) DHieactiont

The molar enthalpy change for reaction 1, AHrscions, is the enthalpy change when
1.00 mol of NaHCO; reacts completely with NaOH.

1 Using a 50 cm® measuring cylinder, transfer 30.0 cm® of FA 1 into a Styrofoam cup. Place
this cup inside a second Styrofoam cup, which is placed in a 250 cm? glass beaker. Piace
the lid on the cup.

Stir and measure the temperature of this FA 1, Tras.

Using another 50 cm® measuring cylinder, measure 20.0 cm?of FA 2.

Stir and measure the temperature of this FA 2, Traz.

L I S " I

Add FA 2 from the measuring cylinder to the FA 1 in the Styrofoam cup. Immediately
replace the lid.

6 Using the thermometer, stir the mixture continuously until a maximum temperature is
reached. Read and record this temperature Tmax.

7 Calculate the weighted average initial temperature, Taverags, of FA 1 and FA 2 using the
formula given below:
. Vra1XTFr41)+(Vraz2XTraz)

.ﬁmsw_,mmm =
(VFa1+VFaz)

Experiment A

Trar I°C
Traz I°C
Taverage /°C
Tmex °C
ATmax I°C

Table 1.1

NJC SH2 Prelim Exam 9729/ 04/ 22 [Turn over
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(b)

NJC SH2 Prelim Exam

lonic equations for neutralisation, reaction 1, and reaction 2 are shown below.

H*(aqg) + OH~(aq) — H0() AHhey= —57.1 ks mol~*

HCO4(aqg) + OH~(ag)— COs>(aq) + H0(!) AHreactont

HCOs(aq) + H*(aq) — Hz0(l) + CO2(g) AHreactionz

Carbon dioxide reacts with solutions of carbonate ions according to the following equation.
reaction 3 CO2(g) + COs2~(aq) + H20(}) — 2HCOs(aq) AHreactions
Using your calculated answers in (a), together with the given value of enthalpy change of

neutralisation, AHne,, construct an energy cycle to determine a value for the enthalpy
change for this reaction, AHreaction.

Ptt..
COy + LH,0 + (O3™ —» 2HWy + Hy0
M) % \ﬂ otn
- 4 -
§3+%*Qﬁ+3uﬂ|p%$+:49a
At

AHreactions = (— (a)(ii)) + (- (a)()) + (-57.1)

1m - cycle
1m - substitute values correctly in egn
1m —final ans

AHiaactions =

3
[Totai: 9]

9729/ 04/ 22 {Turn over

Qualitative analysis of some organic and inorganic compounds
You are provided with liquids FA 4, FA 5, FA 6, FA 7, and FA 8.
You are to perform the tests described in Tables 2.1 and 2.3 and record your observations.

At each stage of any test, you are to record details of the following:
e colour changes seen
» the formation of any precipitate and its solubility in an excess of the reagent added
* the formation of any gas and its identification by a suitable test
» if there is no observable change, write no observable change

You should indicate clearly at which stage in a test a change occurs, recording your observations
alongside the relevant tests.

In all tests, the reagents should be added gradually until no further change is observed unless you

- are instructed otherwise. If any solution is warmed, a boiling tube must be used. Rinse and reuse

test-tubes where possible.
No additional or confirmatory tests for ions present should be attempted.
(a) FA 4, FA 5,FA 6 and FA 7 are organic compounds with the molecular formula shown.
FA 4: C3HsO
FA §: C3HsO

FA 6: C3HsO
FA 7: C3HgO2

You will perform some of the tests described in Table 2.1.

Using the observations in Table 2.1 and the given molecular formula, you will then deduce
the identities of FA 4, FA5, FA6 and FA 7.

Perform the tests given in Table 2.1. Some of the observations have been completed for
you. There is no need to carry out those tests. Record your observations in Table 2.1.

Safety: Organic compounds are flammable. Transfer your organic waste into the waste
bottle for disposal after the end of the assessment.

NJC SH2 Prelim Exam 9729/ 04/ 22 [Turn over
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(b)

Complete Table 2.2 with the identities of FA 4, FA 5, FA 6, and FA 7.

Give evidence from the observavions in Table 2.1 to support your conclusions.

Compound

Evidence

FA 4

Propanal

Positive Tollen’s test suggest it is an aldehyde.

Hence, propanal.

FA 5

Propanone

Positive 2,4 DNPH test and negative Tollen’s suggests
it's a ketone.

Positive trilodomethane test suggests it's a methyl
ketone.

Hence, propanone.

FA 6

Propan-2-ol

Positive trilodomethane test but negative 2,4 DNPH
test suggests it's a methyl alcohol.

Hence propan-2-ol.

Allow propanol if all negative observation.

FA7

Propanoic acid

Effervescence with Na:COs suggests it's a
carboxylic acid.

Hence propanoic acid.

Table 2.2

1m for each correct compound + required evidence in red

NJC SH2 Prelim Exam

9729/ 04/ 22 [Turn over

(4]

10

FA 8 is a mixture of two salts and contains two cations.

You wilt perform a series of test—tube reactions and use the observations to help you identify the
two cations.

(c) Test Observation

1. | Test the FA 8 solution using Universal ® Universal indicator paper turns orange
indicator paper. e pH3-4

2. | Prepare about 2 ¢cm?® of dilute sulfuric
acid in a clean test tube.

Place about 2 cm® of FA 8 into another | « white ppt formed accept if grey/ grey-green
ciean test-tube. Carefully add aqueous | « then green ppt, insoluble in excess NaOH
sodium hydroxide, dropwise with |  (turning brown in contact with air)

shaking, until no further change is
seen.

Swirl and filter the mixture, collecting |  green residue turns brown in contact with
the filtrate in the test tube containing |  Lir/ brown residue obtained

dilute suifuric acid.

* colourless/pale yellow filtrate

Observe the residue and filtrate until White ppt observed

no further change is seen.

3. |To 1cm® of FA 8, carefully add|e Purple KMnO4 decolourises
agueous  potassium  manganate, | « Colourless solution turns yellow

dropwise with shaking, until no further | o Orange/ Brown (eventually purple)
change is seen.

NJC SH2 Prelim Exam

Table 2.3
[5]

= m for each point

(0] Identify the cations in FA 8.

Fe?* Al ¥

Cation 1 Cation 2: .....occviimiiiniiinieene

[2]
(ii) With the aid of an equation, explain the observation for Test 1 in Table 2.3.
[AI(H20)s]** + H:0 == [A/H.0)sOH]*(aq) + HsO* tm

From test 1, colour of Universal indicator paper is orange which shows that the
solution is acidic (pH = 3). A/** has high charge over size ratio, polarises and
weakens the O—H bond of H20, causing one of the six H,O to undergo hydrolysis to
give [AI (H0)s(OH)J?* and H30*, resulting in an acidic solution. 1m

(give 1m if hydrolysis explained correctly even if cation is absent or wrong)

2

9729/ 04/ 22 [Turn over
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13
Experiment
NOTE READ THE FULL PROCEDURE BEFORE STARTING YOUR EXPERIMENT
1. Label each of the boiling tubes 1 to 5.
2. Add approximately 10 cm3 of FA 1 to each of these boiling tubes.
3. Fili a burette with FA 15

Preparing the reaction mixture

4,
5.

Using a 50 cm?® measuring cylinder, transfer 25.0 cm3 of FA 12 into the 100 cm? beaker.

Using the same 50 cm? measuring cylinder, transfer 25.0 cm® of FA 13 into the same 100
cm? beaker.

Using another 50 cm® measuring cylinder, transfer 50.0 cm® of FA 14 into the
250 cm? conical flask, labelled reaction mixture.

Pour the contents of the 100 cm?® beaker into this 260 cm? conical flask. Start the stopwatch,
insert the stopper and swirl the mixture thoroughly. Once you have started the stopwatch,
allow it to continue running for the duration of the experiment. You must not stop the
stopwatch until you have collected all of your aliquots.

Removing aliquots of reaction mixture and titration

8

1.

12.

13.

14.

NJC SH2 Prelim Exam

At approximately 4 minutes, using a 10.0 cm? pipette, remove a 10.0 cm? aliquot of the
reaction mixture.

Immediately transfer this aliquot into the boiling tube labelled 1 and swirl the mixture. Read
and record the transfer time in minutes and seconds, to the nearest second, when half of the
reaction mixture has emptied from the pipette. Replace the stopper in the flask.

Pour all the contents of boiling tube 1 into a clean 250 cm?® conical flask. Wash out the
boiling tube and add the washings to the conical flask.

Titrate the iodine in this solution with FA 15. Add about 1 cm? of starch indicator when the
colour of the solution turns pale yellow. The solution will turn blue~black. The end-point is
reached when the dark blue-black colour just disappears. Record your results.

Empty the contents of this conical flask into the waste bottle. Wash this conical flask
thoroughly with water.

At approximately 8 minutes, repeat points 8 to 12. Transfer this aliquot into the boiling tube
labelled 2.

Repeat point 8 to 12 for the remaining boiling tubes at about four-minute intervals.

9729/ 04/ 22 [Turn over

14

(a) Results
Actual t/min Initial Final Volume of FA 15
time burette burette used/cm?®
reading/cm?® | reading/em®
4 min 6s 4.1 0.00 15.90 15.90
8 min 3s 8.1 15.90 30.30 14.40
12 min 3s 121 0.00 12.90 12.90
15min56s | 15.9 12.90 24.40 11.50
19 min§9s | 20.0 24.40 34.50 10.10

[1]: Tabulates initial and final burette readings, volume of FA 15 added, chosen
time, actual time and decimal time with correct headers and units

[1]: record all volumes to 0.05 cm?, actual time in min and s, correct calculation of t to

1dp

[1]: Data collected within 30 min

[1]: correct conversion of t to t4

NJC SH2 Prelim Exam
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(d)

(e
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(v) Use your answer from (c)(iv) to calculate the rate of change of [I] in the reaction

mixture,
rate of change of [i;] = (c)(iv) + 10/1000
= 1.545 x 10-% + 10/1000
= 1.55 x 10~ mol dm=2 min™! (3 s.f with units) im
rate of change of [I2} in the reaction mixture = ..... . mol dm™ min~1

M

(vi) Hence, calculate the value of the rate constant for this reaction, giving its units.

{c)(v) = k[CHsCOCHs}[H"]
1.545 x 10~*= k [CHiCOCH;][H']

1.545 x 10~*= k (1.00 x %)(1.00 x 2 x %)

k =1.24 x 10~ mol~' dm* min™ (3 s.f with units) 1m for ans 1m for units

rate constant = ........cccoecevirnvvriiecicceen,

Step 7 requires you to mix each aliquot immediately with an excess of sodium
hydrogencarbonate solution, FA 1. Suggest a clear explanation for this requirement.

It is added to react with acid catalyst 2 m so that the reaction will stop m /Itis

to quench the reaction by reacting with the acid catalyst.
M1

K]

Explain why the concentration of iodine in FA 14 used is very much lower than the
concentrations of propanone in FA 12 and of H* ions in FA 13.

The low concentration of iodine means that ve
reacted away from the reaction mixture and hence the concentration of propanone
and acid remain effectively constant. Hence, the order of reaction with respect to
iodine can be determined because any change in the rate is due to the change in
concentration of iodine. 1im

1
[Total: 17]
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Planning - Extension to Q3

You are to plan a series of experiments to verify that the order with respect to propanone in the
iodination of propanone is 1.

CHsCOCHs(aq) + L(ag) — CHsCOCH,I (ag) + HI(aq)

This investigation can be carried out by monitoring the time taken for the colour of a limited amount
of jodine to be discharged when reacting with varying concentrations of propanone.

You may assume that it takes approximately 1 minute for the iodine colour to be discharged when
a mixture of 20 cm?® of 2.00 mol dm= of propanone, CH;COCH; and 10 cm? of 1.00 mol dm=3
sulfuric acid, HSQ4 is reacted with 10 cm?® of 1.00 mol dm™ iodine, I and 1 cm?® of starch.

You may assume that you are provided with:

Only 60 cm? of 2.00 mol dm™® propanone, CHsCOCH;

1.00 mol dm~ sulfuric acid, H2SO4

1.00 mol dm- solution of iodine, T,

100 cm?® volumetric flasks

starch indicator

stopwatch

the equipment normally found in a school or college laboratory.

To obtain 1.00 mol dm™ propanone:
1) Using a burette, transfer 50 cm® of 2.00 mol dm~ propanone to a 100 cm?®
volumetric flask.
2) Top up to the mark with deionised water.
3) Shake to ensure homogeneous solution.

Repeat steps 1 to 3 with 1.00 mol dm propanone to obtain 0.50 mol dm=® propanone.
Repeat steps 1 to 3 with 0.50 mol dm™ propanone to obtain 0.25 mol dm™ propanone.
Repeat steps 1 to 3 with 0.25 mol dm™ propanone to obtain 0.125 mof dm™* propanone.

[1] Serial dilution concept

[1] Correct dilution procedure
- top up to mark

- shake to ensure homogenous
- apparatus

2]
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Qualitative Analysis Notes

[ppt. = precipitate}

(a) Reactions of aqueous cations

22

(b) Reactions of anions

anions

reaction

reaction with

carbonate, CO32-

CO:; liberated by dilute acids

chloride, ) . . . .
CHaq) gives white ppt. with Ag*(aq) (soluble in NHs(aq))
W_M.M%m. gives pale cream ppt. with Ag*(aq) (partially soluble in NHs(aq))
“m%m_mvm. gives yellow ppt. with Ag*(aqg) (insoluble in NHs(aqg))
nitrate, " . . _ ]
NOs~(aq) NH; liberated on heating with OH~(aq) and A/ foil
nitrite NH; liberated on heating with OH-(aq) and Al foil;
NO. A.m ) NO liberated by dilute acids
2 (aq (colourless NO — (pale) brown NO in air)
sulfate, , X . " . , " .
SOs(aq) gives white ppt. with Ba®*(aqg) (insoluble in excess dilute strong acids)
sulfite, S0; liberated by dilute acids;
SO3%(aq) gives white ppt. with Ba*(aq) (soluble in dilute strong acids)

(c) Tests for gases

gas

test and test result

ammonia, NHs

turns damp red litmus paper biue

carbon dioxide, CO.

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

chlorine, Cl>

bleaches damp litmus paper

hydrogen, H;

“pops” with a lighted splint

cation
NaOH(aq) NH:(aq)
aluminium, white ppt. white ppt.
AP*(aq) soluble in excess insoluble in excess
ammonium, ammonia produced on _
NHs*(aq) heating
barium, no ppt.
Ba%(aq) (if reagents are pure) no ppt.
calcium, white ppt. with high
Ca®(aq) (Ca*(aq)] o PPt
. - n ppt.
chromium(lit), grey-greel . grey-green ppt.
+ soluble in excess giving dark : p
Cr¥*(aq) green solution insoluble in excess
blue ppt.
gt
(aq ! giving dark blue solution
iron(Il green ppt., turning brown on green ppt., turning brown on
E mwAmv. ) contact with air contact with air
q insoluble in excess insoluble in excess
iron(llt), red-brown ppt. red-brown ppt.
Fe**(aq) insoluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg*(aq) insoluble in excess insoluble in excess

manganese(ll),

off-white ppt., rapidly turning
brown on contact with air

off-white ppt., rapidly tuming
brown on contact with air

2+,
Mn*(aq) insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?*(aq) soluble in excess soluble in excess

NJC SH2 Prelim Exam
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oxygen, O2 relights a glowing splint
sulfur dioxide, SO, turns aqueous potassium manganate(VIl) from purple to
colourless
(d) Colour of halogens
halogen colour of element colour in aqueous solution colour in hexane
chlorine, Ck greenish yellow gas pale yellow pale yellow
c_.omamzm_ reddish brown gas / liquid orange orange-red
iodine, Iz black solid / purple gas brown purple
NJC SH2 Prelim Exam 9729/ 04/ 22
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