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Answers:

1 (a) (i) Water: Hydrogen Bonding CCls: Dispersion Forces [z each]
(i)

Water Tetrachloromethane

Hydrocarbon Chain | Permanent dipole- Dispersion forces
induced dipole
interactions /
dispersion forces

Carboxylic acid Hydrogen bonds Permanent dipole-
functional group induced dipole
interactions /
dispersion forces

[V2 each]

(i) The energy released in forming new interactions between water and caprylic acid is
insufficient to compensate for the energy required to break the existing interactions.
However, the energy released is sufficient to compensate the energy required when in
CCl. [1]

(b) (i) When Br, approaches the alkene, the electron cloud on Br; is distorted to form a
temporary dipole moment that causes it to be electron deficient. [1]

IC!/ is a polar molecule, the more electronegative C/ causes I to be electron deficient.

[1]

(ii) The reaction is kept in the dark to prevent the possibility of free radical substitution. [1]

(iii) Mechanism for electrophilic addition.
Award 1 mark per step.

Deduct 2 per mistake (e.g. no charge separation, missing/ wrongly drawn arrows,
missing slow step, wrong intermediate)

(c) The electrons in the benzene ring are delocalized, hence there is resonance stabilization. If
benzene undergoes addition, the stabilization due to resonance is lost and it destabilizes the
compound. [1]

(d) Step 1: CH3C/, AICl; or FeCls, heat
Step 2: KMnOg. Dilute H2SO4, heat [1 mark per step]
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2 (@ ()

(ii)

(iii)

(iv)
(b) (i)

(ii)

(iii)

(iv)

(v)
(vi)

14

OH
OH O [1]
HO OH
O [1]

CnHZnOn [1]
C12H2011 [1]
Circles laevorotatory.

The final glucose/fructose mixture is laevorotatory (Asnal is Nnegative). As glucose is
dextrorotatory, fructose must be laevorotatory for this to be possible. [1]

(half mark for answers which only point out that the observed rotation is becoming
less and less positive)

H* is a catalyst and overall remains unchanged and not used up (or is
regenerated), hence its concentration is constant. [1]

Finding half life = 82 min [1 — subtract 0.5 if no construction lines]

As the half-life of sucrose is constant at 82 min, the order with respect to sucrose
is one (x=1). [1]

= I?—Z = % =0.00845min™" [1] for working+value, [1] for units

Initial rate = 0.00845 x 0.580 + 2 = 0.00245 mol dm™ min~" [1]
The temperature of the solutions could be kept lower than 30 °C. [1]

The concentration of HC/ used could be lower than 1 mol dm™, [1]
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3 (a) (i) There are no/negligible intermolecular forces of attraction between the gas particles.
OR
The volume occupied by the gas particles is negligible compared to the volume of the
container/ the gas molecules have zero volume.
OR
Collisions between the gas particles are elastic / no loss of kinetic energy on collision.

Any of the above two points [2]

(i) As temperature increases, the gas molecules possess more kinetic energy [1] and
collide more frequently OR more forcefully with the walls of the container. [1]

(iii) PV =(mM/M/)RT
Choose correct point on graph (any point from B to C) [1]
Using point B,
m= (0.8 x101325x 1.25x 103 x 32.0)/(8.31x90)=4.34g [1]

(iv) 302 (g) —» 20s(g)
before reaction / atm 1.2 0
after reaction / atm 1.2 - 3x 2X
total pressure =1.2-3x+2x=12-x=1.14
= x=0.06 [1]
partial pressure of oxygen = 1.2 — 0.06 x 3 = 1.02 atm [1]

(b) (i) Given3/202(g) — 03(9) AH = +143 kJ mol™
So standard enthalpy change of Reaction 1 = +143 x 2 = +286 kJ mol™"  [1]
Entropy change for Reaction 1 is negative because the number of moles of gas

molecules decreases after the reaction, so there are fewer ways of distributing the
molecules and their energies. [1]

Since AH® is positive and AS® is negative, and AG® = AH® — TAS® (some link between
first 2 points and AG®), AG® is positive at all temperatures, and hence it is non-
spontaneous at all temperatures under standard pressure. [1]

(ii) The lightning provides an external input of energy to drive the non-spontaneous
reaction. [1]

(iii) Since AG® is positive, K < 1, so the equilibrium position will lie more on the left OR the
equilibrium is reactant-favoured OR the extent of reaction at equilibrium is less than

half complete [1]

() Reactions 1 and 4 may be slower because they involve breaking of covalent bonds
and higher E; is likely involved. [1]

(ii) Ci» + O3 —» CIO* + O
ClOs + O —» Cl* + O
[1] elementary steps add up to give overall eqn for reaction (3)
[1] Cl- is regenerated, C/O- is produced in one step and used up in the next

2016 HCI C1 H2 Chemistry Promotional Exam / Paper 2



2016 HCI C1 H2 Promotional Examination Answers (Paper 3)

1(a)

(i)

)\/\CZ C’\)\/ /ch/ )<Cl/

['2] for each correct structure (ignore repeats)
[Total: 2]

(ii)

-

would be formed via the most stable carbon radical intermediate.

The tertiary radical formed is stabilised through the electron-donating effect of three
alkyl groups (vs. two or one for the other radicals). [1]

(iil)

Name: Free Radical Substitution

Initiation
V) uv
C/l—C] —>» 2C(Cle

Propagation

)<H/ + Cloe —>» ° + HC!
Ci
. + Cl, —>» + Cle
Termination
Cle + Cle . Cly
Cle _ Ci

+

g

o

[1] name of mechanism

[2] mechanism (negative marking): deduct 2 for each type of mistake (e.g. forgot
initiation/propagation/termination, unpaired electron not drawn correctly/missing, omitted
steps, etc.)

Propose not to penalise if they select incorrect product, since mark for (ii) is already lost,
and this gn is to test FRS mechanism.
[Total:3]
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(b) Test

Observations

A

()

B

/\(

Add a little acidified potassium
manganate(VII) to a sample of each

Purple KMnO4
decolourises,

Purple KMnO4
decolourises, no

bottle, and place in a heated water bath. | effervescence seen | effervescence seen

[1] correct description of a chemical test that would successfully distinguish A and B
[1] correct observations for each compound
[Total: 2]

(c) | ()

ny- reacted with the sample = n,. total — n,. left unreacted
19.65

_ 35.00 _ 1965 — -2
= 000 % 2.00 1000 % 1.00 =5.035 % 10
=5.04 x 1072 mol (3 s.f.) [1]
(i) Nco, Produced = % =7.225 x 107 mol
Y2(CO3)33H.0 + 6HC/ — 2YC/3 + 3CO2 + 6H 0 e - (equation not necessary)
So, ny, reacted with the carbonate = 7.225 x 107 x g =1.4449 x 1073 mol
=1.45x 107° mol (3 s.f.) [1]
(iii) Y H o
mass in 100 g /g 63.5 214 34.36
amount / mol 035 _ 0.714 214 2.14 34.36 _ 2.148
889 1.0 7 160
mole ratio 1 3 3
Therefore, Q is yttrium(III) hydroxide, Y(OH)s
Y203 + 3H20 — 2Y(OH)3
[1] for correct formula of Q from calculations
[1] for correct equation
[Total: 2]
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(iv) | Y(OHs) + 3HC/ — YC/5 + 3H20

Whether from the hydroxide or oxide, each mole of “Y” requires 3 times the no. of moles of
HC/ to react completely. (Hence it doesn’t matter what proportion of the oxide has converted
to hydroxide = reacting ratio with HC/ is still the same!)

One way of calculating (some steps can be skipped/combined):

Ny reacted with the yttrium oxide and hydroxide = 5.035 x 1072 - 1.445 x 107
=4.891 x 1072 mol

“ Ny,o, N original sample = % x 4,891 x 1072 = 8.151 x 10~ mol (from equation given)

So, mass of Y»0s in original sample = 8.151 x 107® x 225.8 =1.840 g

L840 100 % = 92.0 % (3 5.f)

% purity =

[1] subtraction of acid reacted with carbonate to get amount of acid reacted with
oxide/hydroxide (allow e.c.f. from wrong answer in (i) and/or(ii)

[1] correct use of equation mole ratio to get original amount/mass of yttrium oxide
(allow e.c.f. from previous step in the calculation, but do not award if mole ratio of
acid to yttrium oxide is incorrect)

[1] % purity calculation

[Total: 3]
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2(a) | (i)

56
54

) /
50
48

46 /
44 >/
42
N
38 /
ull

27 ; \

30

Highest Temperature obtained / °C

0 4 8 12 16 20 24 28 32 36
Volume of KMnO, addded / cm3

Axes & Labels [1]

Correct plotting of points & interpolation for Tmax & V [1]
(i) | Tmax=55.2 °C (20.5 °C) [1]

Vikmno, = 15.20 cm® (0.5 cm®) [1]

Allow ecf from wrong points plotted as long as read correctly

For ecf situations,

[1] read correctly from graph

[1] falls within tolerance specified
(iii) | g = mcAT

qg=(15.20 + 25.0) x 4.18 x (55.2 - 31) = 4066.47 J

Correct mass + correct AT + correct q [1]

q 4066.47 . ) _
AH = =5 = -162659 J mol™' = -163 kd mol™' (nearest integer)
Mo, 290 1.00
1000 :
Correct nu,o, [1]
Correct AH + sign [1]
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(b) The first ionisation energy for the elements increases across the period. [1]

The nuclear charge increases while the shielding effect remains relatively constant so
the effective nuclear charge increases across the period.

Hence more enerqy is required to remove the first valence electron across the
period. [1]

There are two anomalies in the trend.

The first IE of Al is less than Mg since the first valence electron in Al is found in the
3p orbital which is further from the nucleus compared to the first valence electron of
Mg which is in the 3s orbital. 1]

The first IE of S is less than P since P has a 3p® configuration while S_has a 3p*
configuration where one of the orbitals has a pair of electrons which experiences inter-
electronic repulsion and it is easier to remove the first valence electron for S compared

to P. [1]
(c) Argon exists as non-polar atoms with dispersion forces between them. [1]

Hydrogen peroxide exists as a simple covalent compound with polar molecules with
hydrogen bonding between them. (Accept if molecules used to describe H205) [1]

Diamond exists as a giant covalent (macromolecular) structure with strong covalent
bonds between C atoms. [1]

Argon has the lowest melting point as dispersion forces are the weakest bonding among
the three forms and hence the least energy is required to break them. Diamond has the
strongest bonding since its extensive covalent bonding is stronger than dispersion
forces and hydrogen bonding. Hence it has the highest melting point. [1]

*Last mark to be awarded for comparison of strongest and weakest form of bonding
and related to the amount of energy required to break the bonding.
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3(a)

Ten e [1]

(ii)

sp? orbitals (ignore wrong labels) [1]

(b)

(i)

Let the amount of CO produced be x mol

COClI2(9) = CO(g) + Ch(g)

Initial amount / mol 0.200 0 0
Change in amount / mol -X +x +x
Equilibrium amount / mol 0.200 - x X X

Total amount of gas at equilibrium = 0.200 + x = 0.319 mol
= x =0.119 mol

At equilibrium, [CO] = [CL] = 0.119 = 12.5 = 0.00952 mol dm~
[COCI] = (0.200 - 0.119) + 12.5 = 0.00648 mol dm=

Percentage of COC/; dissociated = (0.119 + 0.200) x 100 % = 59.5 %

Relevant working to find x or other relevant equilibrium amounts [1]
Concentrations of CO and C/ [1]

Concentration of COCl/; [1]

% dissociation (allow ecf from previous marks if did not divide by volume) [1]

(ii)

_ [COJ[CL] _ 0.009527

= = - = -3

° = [COCH] 0.00648 0.013986 = 0.0140 mol dm~ (3 s.f.)
Correct K. expression [1]

Substitution of correct values [1]

Correct final answer with units [1]

(iil)

AG=-RTInK
AG; 67700
>K=¢e RT =¢ (8302%) =134 x 1072 (3 s.f.) [1]

(iv)

As temperature decreases from 770 K to 298 K, K. decreases, meaning the reactant-
product ratio decreases. Therefore, the backward reaction is favoured, which is exothermic
since temperature has decreased. Hence, AH for the dissociation (forward reaction) is

Link change in K. to favouring of the correct reaction [1]
Correct final deduction of sign of AH [1]
Allow ecf from (iii), i.e. Kc increase > AH<0
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(c)

(i)

CO is a Brgnsted—Lowry base/Lewis base. [1]
AICl3 is a Lewis acid. [1]

(ii)

Electrophilic substitution
@)
\
H C-

H

AICI,

\

H C
Name [1]

Oy . H
~C
~H
@ — @ + AICI; + HCI
Mechanism [2]

(%2 for each type of mistake: Arrows, lone pairs, slow step, structure of carbocation)

(iil)

Reduction. [1]
Loss of O / gain of H/ change in oxidation number of benzylic C from +1 to -3 [1]

(iv)

Methylbenzene is more reactive toward electrophiles than benzene (due to its electron-
donating methyl substituent). It undergoes further electrophilic substitution to form multi-
substituted products, hence lowering the yield of methylbenzene.

Link higher reactivity of methylbenzene to a reason why yield is lowered [1]
(e.g. multi-substituted products, or methylbenzene reacts further)
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4(3) ‘.O ox 6 x 60
I Diagram [1]
Shape: bent ['2] Angle: 116°-119° ['%]
[Total: 2]
(b) AHy
O+03 —> 20,
Cycle [1]
160 496
0+0+0, By Hess’ Law, AH» = —(-160) — 496 = =336 kJ mol™'  [1]
[Total: 2]
(c) | (i) |Homogeneous catalyst. [1]
(ii) | Step Iinvolves 1 molecule of NO and 1 molecule of ozone which gives rise to overall second
order. [1]
(iii) N f lecul
o. of molecules r"""'! Proportion of molecules
L>T ,“’Q"Q‘Q P
+ HEEE With KE> E, at T
T1
) L R Proportion of molecules
SN with KE> E, at T»
T,
NN
» Kineti
0 . inetic energy

Axes + labelling [1]
Asymmetric curves (lower T (T4) for stratosphere, higher T (T3) for laboratory) [1]

At lower temperature T, there is a smaller proportion of molecules with energy greater
than or equal to E, [1], lower frequency of effective collisions hence leading to slower rate
of reaction. [1]

[Total: 4]
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(d) | (i) |Letthe formula of the hydrocarbon be CH,.

CHyg) + (x+%)0ag) » xCOxg) + 3H:0()

Initial volume / cm?® 10 a 0 -
Final volume / cm? 0 a’ 60 -
Reacting volume / cm? 10 a-a’ 60 -
Volume ratio and mole ratio of CO2:CyH, is 6:1 = x=6 [1]

Contraction in volume by 30 cm® = (10 + a) — (60 + a’) = 30
Volume of O reacted =a—a’=80cm?

=>(x+7)=8>y=8 [1]

[Total: 2]

(ii) | show calc of ratio of P:H, = 1:3 (3 moles of C=C present in every mole of P) [1] +[1] for
calculations

Type of reaction: addition/reduction [1]

Methanal formed after ozonolysis = Presence of =CH- [1]

Reaction with aq bromine: electrophilic addition [1]

[1] % 3 structures

P Q R OH Br

N NF N a o

OH OH
R: position of OH and Br interchangeable

[Total: 8]
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