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Section A
For each question there are four possible answers, A, B, C and D. Choose the one you consider to
be correct.

1 The element zinc has four stable isotopes.

isotope | Relative abundance / %
®4Zn 49.29
®°Zn 27.83
®'Zn 4.14
%Zn 18.74

Use the relative abundance data to find the relative atomic mass of zinc to 2 decimal places.

A 65.40 B 65.42 C 65.43 D 65.45
i A - 49.29><64 N 27.83)<66 N 4'14><67 N 18'74><68

! 100 100 100 100

I =65.4304

| =65.43(2dp)

i Answer: C
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A liquid organic acid that contains sulfur has the formula C,H,S,0. The liquid was completely
burnt in 50 cm?® of oxygen gas in an enclosed vessel. At the end of the reaction, there was a

5 cm® reduction in the total volume of gas present.

The carbon dioxide produced occupied twice the volume of the sulfur dioxide produced.

When the mixture of gases was passed through aqueous sodium hydroxide, the volume was
reduced by 30 cm®. Given that all measurements of gases were at room temperature and

pressure, what is the possible formula of the organic acid?

A C,H,SO B C,H,S;0 C C4HeS,0 D C4H4S,0

50 gm®

4 \

L Excess
Initial vol. of gases| o, Vol of O, used

Excess

Final vol. of gases | 75| COz2 | COz | SO

. J
Y

. 5cm®
30cm

Total volume of oxygen used in the combustion =30 + 5 = 35 cm?®

Unbalanced: C«H,S,0 + 0O, > CO, + SO,
gaseous NA 35 20 10
volume reacted
/ formed / cm?®

7
Ratio 1 3.5 (or E)

Hence, the partially balanced equation is:
7
CH,S,O0 + EOZ 2> 2CO, + SO, + ? H,O

LHS: 8 oxygen atoms. Hence, RHS should be 2 H,0.
7
CH,S,O0 + EOZ > 2CO, + SO; + 2H,0

By inspection,x=2,y=4andz=1

Answer: A

+ H,0
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What are the number of moles of Cr** and S0O,% contained in 0.5 dm® of 0.2 mol dm?
hydrated chromium(lll) sulfate, Cr,(SO,)3.12H,0?

cr SO~
A 0.1 0.15
B 0.2 0.3
cC 03 0.2
D 04 0.6

______________________________________________________________________________________

Amount of Cry(S0,)3.12H,0 = 0.5 x 0.2 = 0.1200 mol
Amount of Cr¥* = 2 x 0.100 mol = 0.200

Amount of SO,% = 3 x 0.100 mol = 0.300

Answer: B

Which ion is least deflected in an electric field?

A 3282- B 39K+ C 24Mgz+ D 31P3—
_ charge .
angle of deflection o g of particle
mass

A [chargel- 532 = 0.0625 B |°harge= 1/39 = 0.0256
mass mass

c |Shargel_ 5543 = 0.0833 D |chargel= 3/31 = 0.0968
mass mass

Answer: B

Use of the Data Booklet is relevant to this question.

Archaeologists used **C, a radioactive isotope, in carbon dating. Which particle has the same
number of neutrons and the same number of electrons as an atom of **C?

A 14N+ B 1602+ C l7F+ D 288i
| A B C D |
: 14C 14N+ 1602+ 17F+ ZBSI :
i No. of n 8 7 8 8 14 l
"No. of e 6 6 6 8 14 i
i Answer: B E
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5

Use of the Data Booklet is relevant to this question.
Which of the following has an unpaired electron in a spherically-shaped orbital?

A Na' B Al C Sc D Cr
i Spherically shaped orbital: s orbital i
i A Na': 1s? 2s?2p° !
B Al 15 25%2p° 35%3p" |
» C Sc: 1s? 2s?2p® 3s%3p°3d* 4s? :
) Cr: 1s? 2522p® 3523p°®3d° 4s! ;
\ Answer: D i

Disulfur dichloride has the formula S,Cl,. What is the likely bond angle at each sulfur atom
the molecule?

Cl Around each S: 2 Ip and 2 bp. Basic shape is tetrahedral (109°) but due to
the lone pairs, the bond angle needs to be smaller than 109°, hence the best answer is
107°.

Answer: A

Which of the following molecules is planar?

A C3H6 B C7H8 C A|2C|6 D C5H5C|
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Which equation correctly defines the enthalpy change of formation of carbon monoxide?

A C(s) + COy(g) > 2CO(g) C  C(s) +30:(9) > CO(g)
B C(s)+0O(g) > CO(9) D C(g) +;0:(9) > CO(g)

_______________________________________________________________________________

Enthalpy change of formation: to form one mole of CO(g) (Option A is incorrect) from its
constituent elements in standard state. (Option B incorrect because oxygen is not in its
diatomic form and option D is incorrect because carbon is not a gas at standard

i conditions.)
E Answer: C

_______________________________________________________________________________

The following table lists some AH;® values.

Compound | AH? / kJ mol*

NO(g) +33.2
N.Os(9) +5.0

The enthalpy change for the dissociation of N,Os(g) is given below.

N,Os(g) = NO,(g) + NO3(g) AH® = +92.5 kJ mol™*
What is the standard enthalpy change of formation of NO3(g)?
A -130.7 k mol* C +643kImol’
B -64.3kJmol* D  +130.7 kmol*
+92.5
N,Os(g) > NO,(g) + NOs(g) AH® = +92.5 kJ mol™
+33.2
+5.(’\ /F AH
Elements

Using Hess’ Law, +5.0 + 92.5 = +33.2 + AH
AH =+ 64.3 kJ mol™

Answer: C
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The graph below shows how the fraction of a substance, X, represented by one of the
following compounds in the equilibrium mixture shown below, varies with temperature at
pressures of m Pa and n Pa.

CH4(g) + H,O(g) =— CO(g) + 3H, (9) AH = + 210 kJ mol™

A

Fraction of X in
equilibrium
mixture / %

Temperature

Identify X and the correct relative magnitudes of m and n.

X Pressure
A CH,4 m>n
B H, m>n
C (6{0) n>m
D H,O n>m

As temperature increases, the fraction of X in the equilibrium mixture drops. The
increasing temperature should cause the endothermic reaction to be favored. Since the
enthalpy change of reaction is positive, this means that the forward reaction is favored,
and more products are formed, while less reactants remain in the mixture. Thus, X must
be a reactant (CH, or H,0).

are less X produced. This suggests that less reactant remains when the pressure is
changed from m Pa to n Pa. This means that more products are formed and the forward
reaction is favored, from m Pa to n Pa. Thus n Pa must be a lower pressure than m Pa,
ie.m>n

Answer: A

______________________________________________________________________________________

i There are more gaseous molecules of products than reactants. From m Pa to n Pa, there
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The Haber Process is the commercial method used to manufacture ammonia. Which of the

following is true of this process?
N2(g) + 3H(g) = 2NH3(g) AH = -92 kJ mol™

A A low temperature of 200 °C is used so that the forward exothermic reaction is

favoured.

B Finely divided iron catalyst is used to increase the speed and to increase the yield of

ammonia.

C A high temperature of 450 °C ensures a good speed of reaction and that the forward

reaction is favoured.

D A pressure of about 200 atm is high enough to give a good yield of ammonia as the

equilibrium shifts to the right.

i A Incorrect. Temperature is 450 to 500 °C.
i B Incorrect. Catalyst does not increase the yield.
E C A high temperature of 450°C favours the backward endothermic reaction.

Answer: D

A solution was made by mixing 0.0800 mol of HCl(aq) and 0.0500 mol of NaOH(aq).

Water was added until the total volume of the solution was 1.5 dm?®.

What is the pH of the solution?

HCI + NaOH - NaCl + H,O
Amount of HCI needed = 0.05 mol
Amount of HCI in excess in 1.5 dm® = 0.08 — 0.05 mol = 0.03 mol

Since [H*] = [HCI], [H*] = 0.03/1.5 = 0.02 mol dm™.
pH = -Ig[H"] = -Ig(0.02) = 1.7

Answer: C
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The kinetics of the reaction
2NO(g) + Brx(g) = 2NOBr(g)
are second order with respect to [NO] and first order with respect to [Br,]. What are the units
of the rate constant?
A mol dm?® s C mol? dm® s™

B molt dm®s? D mol® dm® s*

| Rate = k[NOJ’[Br] .
i Units of LHS: mol dm® s™ i
' Units on RHS: (units of k)(mol dm®)?(mol dm®)
| pokdm s = (units of K)(mol dm)%smol-dm)
\ (mol dm®)? s = (units of k)
i mol? dm® s™ = (units of k) E
i Answer: C i
The reaction A - B was found to be a zero order reaction. What would be the x and y axes

that would give rise to the following graph?

y-axis
0 - -
0 X-axis
y-axis X-axis
A rate concentration
B | concentration rate
C | concentration time
D time concentration

Zero order reaction means that the rate of the reaction is independent of the
concentration of the reactant A. So, even when concentration changes (x-axis), the rate

is constant (y-axis).

Answer: A
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17

18

10

A particular reaction B - C + D is first order with respect to [B]. The numerical value of the

rate constant is 5.78 x 10° s™. Approximately how many half-lives have passed after a

period of 10 minutes?

A 3 B 5 C 7 D 10

C n2_ o0 693 . S
by, = e 0.693 5" 120 seconds = 2 min

: k  578x10"

i 10min

' no. of half-lives = Omi =

: 2min

Answer: B

Which of the following elements will form a chloride that will not undergo hydrolysis upon

reaction with water?

______________________________________________________________________________________

NaCl is neutral and it will dissolve in water without hydrolysis to form a neutral solution.

Answer: A

What are the functional groups present in the molecule shown below?

Br
CHs;

H

0]

phenyl, aldehyde and tertiary alkyl bromide
phenyl, aldehyde and secondary alkyl bromide
phenyl, ketone and tertiary alkyl bromide
phenyl, ketone and secondary alkyl bromide

0O w>

Knowledge of the phenyl group is irrelevant in this example.

The ketone group is obvious, as the aldehyde group requires a —CHO configuration. There
may be a tendency to ignore the H and identify the functional group as a tertiary alkyl
bromide, instead of secondary (with two alkyl groups only).

Answer: D
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19 How many structural and geometric isomers are there in a compound with a molecular
formula CsHy,, excluding all cyclic structures?

A 3 B 4 C 5 D 6
/\/\ K/\
PN
/ trans pent-2-ene

cis pent-2-ene
pent-1-ene

2-methylbut-2-ene \ Answer: D

20 Alkanes undergo complete combustion in the presence of excess of oxygen to form only
carbon dioxide and water at room temperature and pressure.
Which of the following graphs shows the relationship between the number of carbon atoms in
an alkane and the volume of oxygen gas needed for complete combustion of one mole of the
alkane?

Volume of oxygen
&

0 >

No of carbon atoms in alkane

Using the equation for complete combustion of alkane,

CiHoxiz + (3x+1)/20, > xCO, + (x+1)H,O
from this equation, it can be seen that when carbon no. increases by 1, there is an
proportional increase of (3x+1)/2 in the no. of moles of O, required. The graph should
show a constant gradient, ie, a straight line.
The smallest member of the alkane homologous series has 1 carbon, therefore, the no.
of moles of O, required can never be 0.

Answer: B

8872/01/CJC JC2 Preliminary Exam 2015



12

21  Hydrocarbon X, produces HO,CCH,CH,COCH; upon heating with an excess of hot
concentrated acidified KMnOy(aq). Which of the following is the product of a mild oxidation of
X with dilute cold alkaline KMnOy(aq)?

o= OH
HO HO

HO OH
HO OH

Upon oxidation, X must contain five carbon atoms but option B only has four carbon
atoms.

Secondly, by deriving the reactant alkenes from the diols given above, these are
obtained:

T v

After the initial strong oxidative cleavage, option A would give both -COOH and
ketone functional groups. Option B has already been eliminated. Option C would give
two ketone functional groups (incorrect), while option D would give two COOH

groups.

Answer: A
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22 Arenes are able to undergo substitution reactions with chlorine under different conditions.
One such reaction, with the exact stoichiometric ratio given, is as follows:

CHs;

light
+50p, .ox it

FeCl; catalyst

CHj3

Which of the following is the most likely product, Y, from this synthesis?

A B
CCls, CCl3
07) cl
CCly CCl,
C D
CH, CCly
Cl Cl Cl Cl
CHj CH,
CH, CH; CH,3
li
+5 cl, uv light
FeCl; catalyst
Cl Cl Cl Cl
CH, CH, ccly
+ 2HC!/ + 3HC/

Firstly, options A and C can be quickly eliminated because they are incomplete products
as the substitution did not occur on both the ring and the alkyl group.

Secondly, option B is incorrect because it has substituted a total of 8 Cl atoms into the
original molecule. For substitution reactions with Cl,, there is always a HCI by-product
formed. As such, only 5 Cl atoms in total are available for substitution.

Answer: D
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23  Chlorofluorocarbons, CFCs, are widely used but can cause damage to the ozone layer when
the weakest bond in CFCs break to give free radicals that catalyse the breaking down of the
ozone layer.

A typical chlorofluorocarbon is CH,FCHCIF.
Which is the weakest covalent bond in this CFC?
A C-H B C-F C C-C D C-Cl

Answer: D

The C-CI bond involves a period 2 element (carbon) bonded to a period 3 element
(chlorine). All other options involve the bonding between two period 2 elements.
Hence the C-Cl bond is expected to be longer and weaker than the rest. This
guestion is similar to the 2009 MCQ.

24 lIsocitric acid, shown below, is an isomer of citric acid, which is commonly found in citrus
fruits like the grapefruit.

OH

HO OH

o O socitric acid
HO o isocitric aci

Which of the following reagents react completely with 1 mol of isocitric acid?
A 2 mol of CH3;CH,OH

B 3 mol of Na,COs;

C 4 mol of Na

D 4 mol of NaOH

There are 3 -CO,H group and 1 —OH group.

A For every mol of CH3;CH,OH, 1 mol of -COOH group (acid for esterification) will
react. Since there are 3 —COOH group, 3 mol of of CH3CH,OH is required. False

B For every mol of Na,CO3, 2 mol of -CO,H group will react. Hence, 1.5 mol of
Na,COs is required. False

C For every mol of Na, 1 mol of -CO,H group or 1 mol of —OH group will react.
Since there is 3 —CO,H group and 1 —OH group, 4 mol of of Na is required.

D For every mol of NaOH, 1 mol of —CO,H group will react. Since there is 3 —-CO,H
group, 3 mol of of NaOH is required. Alcohols do not react with NaOH. False

Answer: C
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25 A synthesis reaction was carried out as follows:

CH,C!/
ethanolic KCN KMnQOy(aq)
heat under reflux cold dilute alkaline
HC e
\CH2

Which organic products are formed from this synthesis?

X Y
CH,CN CH,CN
A
HC CH _OH
e, Ho”  cHj
CH,CN CH,CO,
B
HC CH _OH
NcH, Ho e
CH,CI co-
2
CN N
C
CH OH
-
HC\CH ho”  cH,
2
CH,CI CH,CI
CN CN
D
NG CH _OH
NcH, Ho”~ CH,
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CH,C! CH,CN CH,CN
ethanolic KCN KMnQOy4(aq)
heat under reflux cold dilute alkaline
Step 1:
Substitution
HC X on halogenoalkane HC N CH OH
e, X, o N cH:/
2

Step 2: Mild oxidation of alkene,
but leaves the -CN group untouched.
Stronger conditions
necessary for hydrolysis of CN

Answer: A
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Section B

For each of questions in this section, one or more of the three numbered statements 1 to 3 may be
correct. Decide whether each of the statements is or is not correct. Decide whether each of the

statements is or is not correct. The responses A to D should be selected on the basis of:

A B C D
1,2and 3are| 1and2only | 2 and 3 only 1lonlyis
correct are correct are correct correct

No other combinations of statements are used as a correct response.

26

27

28

In which pairs of compounds do the underlined elements exhibit different oxidation states?

1 HCO,H and H,0,

2 LiAIH4 and NH,CI

3 PClIs and H3;PO,

1 oxygenis-2inHCOMbut-1inH0,
2 hydrogen is -1 in LiAIH4 but +1 in NH,CI

1 3 phosphorus is +5 in both PCls and H;PO, :
i Answer: B i

In which of the following reactions do two conjugate acid-base pairs exist?
1 Cl; + H,O = HOCI + HCI

2 ClO + H,O = HCIO + OH

3  HSO; +CN = SO,” + HCN

1 This is a redox reaction and not an acid-base reaction.
2 The pairs are CIO™ / HCIO and H,O / OH
3  The pairs are HSO, / SO,* and CN" / HCN

Answer: C

Which of the following pairs of compounds have the same structure and bonding?

1 RbCI and AgBr
2 AICl; and MgCl,
3 SlOz and COz
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30

1 Both have giant ionic structures.
2 AICl3 is simple molecular but MgCl, is giant ionic.
3 SiO, is giant covalent but CO, is simple molecular.

Answer: D

Which compound will produce CHI; on warming with alkaline 1,(aq)?

CH3CO,CHICOCH,CH3;

3

CH3CH(OH)CH,CHjs

For positive tri-iodomethane test, there needs to be the presence of the methyl ketone,
CH3CO terminal group or methyl alcohol RCH(OH)CH3; group. The methyl group can be
substituted with |.

For option 1, there is neither the methyl ketone nor the methyl alcohol groups present.
Even if the ester group present did hydrolyse (which is possible because of the warm
alkaline conditions), the products are not able to give positive triiodomethane test.
Therefore the only available answer is C (options 2 & 3).

An aldehyde is treated with HCN in the presence of a little KCN. The organic product is then

heated under reflux with dilute sulfuric acid.

Which of the following is not likely to be a product or by-product of the above reaction?

1
2
3

CH,=CHCO,H
(CH3),C(OH)CO,H
CH5CH(OH)CO,H

Option 1 wrongly assumes that the sulfuric acid is able to perform dehydration at dilute
concentrations.

Option 2 is the product from the reaction with a ketone, propanone. Hence it is NOT
likely to be a product of a reaction between an aldehyde and HCN.

Option 3 is the product from the reaction between ethanal and HCN.

Answer: B
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