HWA CHONG INSTITUTION
2018 C2 H2 CHEMISTRY PRELIMINARY EXAM
- SUGGESTED SOLUTIONS

Paper 3

1 (@ Aluminium has a giant metallic lattice structure [1] and metallic bonding
between AI®* ions and a sea of delocalised electrons. [1]
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g [1] Number of electrons should be 3 times that of Al** ions

(b) (i) Oxidising agent [1]
(i) Nn(S203%7) =17.5x0.1/1000 = 0.00175 mol
n(l2) in 25.0 cm3 = 0.00175/ 2 = 0.000875 mol [1]
n(l2) in 250.0 cm® = 0.000875 x 10 = 0.00875 mol [1] ecf
n(Cu?*) = 0.00875 x 2 = 0.0175 mol
mass of Cu in alloy = 0.0175 x 63.5 =1.119g
percentage of mass of Cu in alloy =1.11/1.20 x 100 = 92.6% [1] ecf
(iii) The titre value would be higher. [1]

Without step 3, Fe®* ion in the solution will undergo reaction with I-, causing
more iodine to be produced. [1]
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101x1500  81xV,

30+273 23+273
V2 = 1830 cm?® [1]

(i) The volume will be smaller as CO2 has significant dispersion forces between
molecules. [1]
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6x1=6 2x35=7 3x1=3 1x5=5
[0.5] x 4 =[2] structures, [1] for correct proportions.

No. of particles To>Ti %% Proportion of particles
* T1 with KE > Ea at T1
+ NN Proportion of particles
T, with KE > Ea at T2
| N
0 E » Kinetic energy
Diagram [1]

At higher temperatures (such as T2), the proportion of particles with kinetic
energy greater than or equal to the activation energy increases. [1]

Thus, the frequency of effective collisions increases (rate constant increases),
and reaction rate increases. [1]

C—ClI bond in CFCs can be broken down by UV light to form chlorine radicals,
which can react with ozone. [1]

Accept any of the following reasons: [1]
Wittig reaction allows the formation of an alkene from a carbonyl compound
Wittig reaction allows for number of carbon atoms to increase.

[1]

Accept any of the following: [1] x 3

(selective) reduction, (acid) hydrolysis, nucleophilic substitution
(acid) hydrolysis, nucleophilic substitution, (selective) reduction
(acid) hydrolysis, (selective) reduction, nucleophilic substitution
(selective) reduction, oxidation, nucleophilic substitution

Note: DO NOT allow hydrogenation and DO NOT allow substitution



(c) Q
|
Mo o
Step 1: ©‘ — =& @ ‘ +  [AICI®

OQ%)

AICL)©
w3 O L)

[1] x 3 steps

(d) NO,
NO,
"
| [1]
condensation [1]
OH

(e) Q excess

@“ LiAZH, O“ conc H,S0,4 O“

’O dry ether ‘O heat ‘@
c D

Correct reagents and conditions 1: LiAlH4 in dry ether OR NaBHa4 in methanol

[1]

Correct structure of intermediate [1]

Correct reagents and conditions 2: excess concentrated H2SOas, heat OR

concentrated HsPOg4, heat OR Al20s3, heat [1]
® D is a constitutional isomer OR structural isomer OR positional isomer of

olympicene. [1]
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(i)

Olympicene is not a planar molecule since it contains a sp® carbon which
has a tetrahedral geometry around this carbon. [1]

18 &t electrons [1]

Olympicene has a larger_electron cloud size which causes dispersion
forces to be much stronger than those in benzene, hence requiring more
energy to overcome. [2]

disproportionation [1]
Let the solubility of MgCOz and Mg(OH)2 be x and y respectively in mol dm=3,

For MgCOs

Ksp = [Mg*][CO3*]
1.0x10° = (X)(X)
Xx=3.16 x 1073 mol dm=3[1]

For Mg(OH)2

Ksp = [Mg?*][OHT?

1.1 x 1071 = (y)(2y)?
y=1.40 x 10™* mol dm—[1]

[Mg2*][OH2 = 1.1 x 10-11
(3.0x10°)[OH]?=1.1x 107!
[OH] = 6.06 x 10 mol dm= [1]

CO3* ions are added first to precipitate Ca?* as CaCOs such that the filtrate contains
mainly Mg?* and very little Ca?*.[1]

The addition of CO3?~must be controlled to prevent precipitation of Mg?* as MgCOs

[1]

Heat [%2] solid Mg(OH)2 strongly.
Mg(OH)z2(s) — MgO(s) + H20(g) [¥4]

Al @ 1s? 2s? 2p8 3s? 3pt [V
Mg: 1s? 2s? 2p® 3s? [¥2]

The 3p subshell of Al is further away from the nucleus than the 3s subshell.
There is weaker attraction between the nucleus and the outermost electron of
Al. Hence less energy is needed to remove the 3p electron, resulting in lower
ionisation energy. [1]

MgCl: dissolves and dissociates in aqueous solution. Mg?* has slightly high
charge density. Slight hydrolysis occurs, [%.] forming a slightly acidic solution
of pH 6.5 [¥]

MgClz(s) + 6H20(I) — [Mg(H20)e]?*(aq) + 2Cl-(aq)
[Mg(H20)6]**(aq) + H20(l) Y [Mg(H20)s(OH)]*(aq) + H3O*(aq) [Y4]



AICl3s dissolves in water to form agueous ions.
AICI3(s) + 6H20(l) — [Al(H20)6]3*(aq) + 3Cl-(aq)

Al®* having high charge density, undergoes hydrolysis to a greater extent [%2]

to give an acidic solution with pH 3. [¥]
[Al(H20)6]*(aq) + H20(l) ¥ [Al(H20)s(OH)]?*(aq) + HsO*(aq) [¥]

() (i) Q=Ixt=nexF
200 x 3 x 3600 = ne x 96500
ne = (200 x 3 x 3600)/96500 = 22.4 mol [%]

Ca%?* +2e- — Ca

22.4x40.1

Mass of Ca formed = =449qg [%]

(i) From Data Booklet,

2H20 + 2e” = 2H2 + 20H" E©=-0.83V
Ca?*+2e” = Ca E°=-2.87 V [1]

Since E®(H20/H>) is less negative than E°(Ca?*/Ca), H20 will be preferentially
reduced at the cathode instead of Ca?*. No Ca metal will be obtained. [1]

@ AN
His e [1]

(it) Electrophilic addition [1]
Brz(aq) [1]

(iii) OH 0

Hoyﬁ(o‘ K* HOMOH
< oH (1]

J K © [1] L 0 O [1]

(iv) Possible simple chemical tests to distinguish compounds J and L where J is
ethanol (C2HsOH) and L has two functional groups (carboxylic acid and
ketone):

[3]
KMnOas(aq) with H2SOa4(aq), heat
Purple KMnOa decolourised for J. Purple colour remains for L.
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4 (a)

(b) ()

CH3CH20H + 2[0] — CHsCO:zH + H20
or use KzCr207(aq) in place of KMnOa(aq)

or
agueous iodine with aqueous NaOH, warm

yellow ppt for J and no yellow ppt for L

CH3CH20H + 412 + 60H- — CHI3z + HCO2  + 5I- + 5H20

or
2,4-dinitrophenylhydrazine

orange ppt for L and no orange ppt for J

equation (the question wants a balanced equation)

(@) O + 02N N 02N + HZO

or
aqueous Na2COs3

effervescence of CO:2 for L and no effervescence for J (‘CO2 evolved’ was
rejected, please state what you expect to see)

equation
@] O
HOWOH NaOﬁONa
(@] o + Na2C03 — @) O + COZ + HZO

For the amide —CONH, the lone pair of electrons on the nitrogen atom is
delocalised over to the C=0 bond [1], reducing the availability of the lone pair
of electrons on nitrogen to accept a proton. [1] Hence it is a weaker base than
the amine —NHo>.

Ka= 10219 = 6.457 x 103 mol dm=  [1]

6.457 x 10°= —*— (assume x << 0.100)

0.100

[H*] = 0.02541 mol dm™3
pH=1.60 [1]



() pn

9.67 Looocmecaael I‘

4.25
2.19
> Volume of NaOH(aq) / cm?
0 5 10 15 20 25 30 40
Correct shape [0.5] Correct axes [0.5]
Label volumes [0.5]
Label pH of mixture at maximum buffering capacities [0.5]
(iii) 1%t equivalence point: 2"d equivalence point:

o} 0
Ho)‘\/\H‘\O W
NH3* [1]

(iv) (2.19 +4.25)+2=3.22[1]

[1]

(c) () 0
[1]
(i) H2A + OH- - HA-
Initial / 01x01+2= 0.04/40 = 0.005
mol 0.005 0.001
Final / mol 0.005 -0.001 = 0 0.005 + 0.001 =
0.004 0.006

[1] final amounts of H2A and HA-

After addition of small amount of NaOH,
pH = pKz + Ig [HAT)/[ H2A]
=4.25 +1g [ (0.006/0.100) / (0.004/0.100)]
=4.42 [1] ecf based on new amts of H2A and HA- present
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(d)

5 (@ ()
(i)

M, N or Q has a high C:H ratio
= contains a benzene ring [0.5]

Since M is neutral and contains N atom, the other functional group present in
A is likely to be an amide [0.5]

M undergoes alkaline hydrolysis [0.5] with NaOH(aq) to form salt of N and P
= M contains an amide

M undergoes nucleophilic substitution [0.5] with NaOH(aq) to form N
= alcohol is also present in N / alkyl chloride presentin M [0.5]

The alcohol and carboxylic acid [0.5] group in N undergoes condensation
(accept esterification) [0.5] when heated with concentrated H2SO4 to give a

cyclic ester Q. [0.5]

P undergoes oxidative cleavage [0.5] with acidified potassium manganate(VII)
to form *HsNCH2CO:2H and (CH3)2CO.
= Q contains an alkene [0.5]

M: N:
H CH
H.  CHs N
\C/ C\
\CI OH
H H CHjs
(|‘|,—N—CH2—C:C—CH3 C—OH
(@)
P Q:
H CH
N 3
AN
@)
H CHj C/
H2NCH2_C:C_CH3 (!

[1] x 4 for structures
Max [5] for explanation
Max [8] total

1s? 2s? 2p® 3s? 3p® 3d° 4s? [1]

Mn can exhibit variable oxidation states due to the close similarity in energy of
the 3d and 4s electrons. Hence, once the 4s electrons are removed, some or
all the 3d electrons may also be removed without requiring much more energy.

[1]




(b) ()

[1]
(i) 109.5° [1]

(c) Purple MnO4~ is decolourised, and a brown solution is obtained. [2 x 0.5]

[RI MnOs + 8H" + 5e- = Mn?" + 4H0 +1.52V

[O] 12 + 2e- = 2I +0.54 V

ECcen = +1.52 — (+0.54) = +0.98 V

[1] for quoting the two E® values and stating E®cen > 0, or calculating E®cel
correctly.

2MnO4 (aq) + 16H*(aq) + 101~ (aq) — 2Mn?*(aq) + 8H20(l) + 5l (aq)
[1] ignore state symbols

(d) (i) For MnOas to reduce to MnOz2, I~ can be oxidised into 103~, with
E®cen = 0.59 — 0.26 = +0.33 V (>0).
Final oxidation state of iodine is +5 (in 1037).

[1] for explanation in terms of choosing E® for iodine species to be less than
+0.59 V, or calculating E®cen for each stepwise oxidation of I- to 1037; and [1]
for correct oxidation state based on the explanation.

(i) n(MnOg) _ 100x0.020 _ 2

nl) ~ 10.0x0.10 1

2 mol of MnO4 gain 2 x (7 — 4) = 6 mol of electrons to be reduced to MnOs2.
Therefore, 1 mol of I~ lose 6 mol of electrons to be oxidised to 103 (in the +5
oxidation state).

[1] for words to this effect.

(iii) In neutral solution, the green KaMnOa4 (R) undergoes disproportionation slowly
to form the purple KMnOa4 (S) solution and black solid MnOz2 (T).

e) () U Y

(accept Br on C-2)
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(i)

CH3 CH3
?H—CHCH3 (|3H ﬁ—CHg,
OH OH OH O

[1] for each correct structure, maximum 4 marks

Accept other possible side-chains for X;: -COCOCHs3, -COCH(OH)CHs3
[0.5] for any of these six underlined explanations, maximum 3 marks for
explanation]

Maximum total: 6 marks

e U undergoes electrophilic addition of HBr to V; so U contains C=C double
bond /is an alkene.

e U undergoes mild oxidation with cold alkaline KMnOa4to form a diol W.

e W is further oxidised on warming to form X. As X gives a positive CHI3 test,
it must be a methyl ketone, RCOCHs, or CH3sCH(OH)R.

e The side-chain oxidation of W and X by hot KMnOs gives benzene-1,2-
dicarboxylic acid.

During the electrophilic addition of HBr to the double bond in U, a carbocation
is formed (as a reaction intermediate). The geometry about the positively
charged carbon is (trigonal) planar, hence it has equal chances of being
attacked from the top or bottom by the bromide ion (the nucleophile) in the
subsequent step, forming a racemic mixture/equal amounts of both
enantiomers, which is optically inactive (since the optical activity of each
enantiomer cancels off that of the other). [4 x 0.5]




