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

1 Which of the following contains the smallest number of stated atoms at r.tp.?

oxygen atoms in 48 dm? of NOz
sulfur atoms in 48 dm? of SO2
carbon atoms in 44 g of CO:
nitrogen atoms in 44 g of N20

OO0 w>»

2 Anisolated gaseous species has paired electrons in at least one of its 3d orbitals

and a fully filled 4s subshell.

What could be the identity of the species?

A Cu B Fe* C Nz D Sr*

3 Which one of the following species is not planar?

A BrFs
B ICk-
C PCls*
D XeFs

4 Hydrazine, N2H4, and hydrogen peroxide, H:02, are both used as rocket

propellants because they can produce large volumes of hot gases from a small
volume of liquid.

Which of the following statements about these two compounds is correct?
1 The bond angle in Nz2H4 Is larger than that in H20:.
2 The N-H bond is shorter than the O-H bond.

3 Hydrazine forms stronger intermolecular hydrogen bonds than hydrogen
peroxide.

H

There are ¢ bonds formed by sp® - s orbital overlap in both molecules.

1and 4
2and3
1,2and 4
1,3and 4

o0 W >»
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5 Which factor i§ the most significant in explaining the non-ideal behaviour of the
gases present in the reaction chamber in the Haber process?

strong bonds between the atoms in the molecule
the presence of a catalyst

the high temperature of 450 °C

the high pressure of 150 atm

OO0 o >»

A student mixed 25.0 cm® of 3.00 mol dm~ hydrochloric acid with an equal
volurpe of 6.00 mol dm= sodium hydroxide. The initial temperature of both
solutions was 15.0 °C. The maximum temperature recorded was 24.5 °C. It was
found that 15% of the heat produced during the experiment was lost to the
surrounding.

Using these results, what is the enthalpy change of neutralisation?

A -156 kJmol-!-
B -22.5kJ mol!
C -31.1kJmol'-
D =57.3 kJ mol-’

A student calculated the lattice energy for calcium oxide using the data in the
table below, and relevant data from the Data Booklet. :

energy change value / kJ mol?
standard enthalpy change of atomisation of calcium +178
first electron affinity for oxygen -141
second electron affinity for oxygen +798
standard enthalpy change of formation of calcium oxide -635

However, the valﬁe calculated by the student for the lattice energy was more
exothermic than the correct value.

Which error could have been made in the calculation? '

omitting the second electron affinity for oxygen
omitting the standard enthalpy change of formation of calcium oxide
using the 1* and 2™ ionisation energies of magnesium instead of calcium

using the standard enthalpy change of combustion of calcium rather than the
standard enthalpy change of formation of calcium oxide

O 0O w»>»
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A student investigates the kinetics of the folowing reaction by 'us‘ng a
spectrometer. The spectrometer is able 1o measure the concenalon of iodine by

measuring the absorbance of the solution.
Hz02(aq) + 2H'(aq) +2I"(aq) — kfaq) + ZO()

The time taken for the absorbance of the reaction mictire 1o reach 3 fxed value
is measured over a range of hydrogen peroxide concentralons.

Based on the data obtained, the student correcly drew a grach © prove St
order of reaction is one with respect to H20x2.

Which graph did the student draw?

A absorbance

» wavelength
B [H202]
4
+» absorbance
C absorbance
A
> time
p 1/time
'y
I et
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9 The decomposition of hydrogen peroxide follows first order kinetics. A certain
solution of hydrogen peroxide undergoes complete decomposition to liberate

96 cm? of oxygen gas. It is found that at 25 °C, 48 cm? of oxygen was collected in
35 min.

How long will it take for 80 cm? of the gas to be produced?

A 87.5min
B 90.5min
C 97.5min
D 105 min

10 The system containing P, Q and PQs is allowed to reach equilibrium in a 5§ dm?®
vessel at a temperature of 1000 K.

P(g) +3Q(g) PQs(9)

The diagram below shows the change in number of moles of PQs and Q with
time. The initial number of moles of P was 0.2.

no. of moles
A

PQ;
0.5

0.4-
034
021+ Q

01+

0 > time

What is the equilibrium constant K for the reaction?

0.5 0.5 0.5x5° 0.5x5°
0.1x(0.2) 0.2%(0.2)° 0.1x(0.2)* 0.2x(0.2)°
K2 Chemistry 9729/01 NYJC J2/18 PX [Turn over
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Which statement is correct about a reaction for which the equilibrium constant is
independent of temperature?

1 The rate constants for the forward and reverse reactions are both
independent of temperature.

Temperature has no effect on the position of equilibrium.
The forward and reverse reactions have equal activation energies.
The entropy change is zero.

W N

S

1and 2
2and3
3and 4
2,3and 4

o0 o >»

The two simplest carboxylic acids are formic acid and acetic acid. Formic acid is
present in the venom of ant and bee stings while acetic acid is the major
characterising component of vinegar. The pKa values of the two acids is given in
the table below.

Acid Formula pKa
Formic acid HCOOH 3.74
Acetic acid CHiCOOH 4.76

Which solution has the lowest pH?

A 100 cm? of 0.10 mol dm=2 acetic acid
B 100 cm?® of 0.10 mol dm= sodium acetate

C 100 cm? of 1.0 mol dm= formic acid and 50 cm3 of 1.0 mol dm= aqueous
sodium hydroxide

D 100 cm? of 1.0 mol dm= formic acid and 75 cm?® of 1.0 mol dm= aqueous
sodium hydroxide

H2 Chemistry 9729/01 NYJC J2/18 PX
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13 Deuterium oxide, D20 consists of an o
hydrogen isotope, deuterium 2D.
research into chemical reactions.

Xygen atom bonded to two atoms of the
It is known as ‘heavy water’ and is used for

Like Hz0, pure D20 Is weakly ionised.
2D:0 DyO*+OD- )

For D20, we use the terms Ko Instead of K., and pD instead of pH.
Al25°C, pKo = 14.8

Which statements about D20 at 25 °C Is correct?

1 pDofD:0Is 7.4
2 D20 s not a neutral liquid.
D20 dissoclates to a smaller extent than Hz0.

1 only

3 orily
1and3 .
2and 3

o0 o >»

14 W, X, Y and Z are four consecutive elements in Period 3 but not necessarily in
the order presented.

. Chloride of W dissolves in water and turns blue litmus red.

. X Is a good conductor of electricity but Is insoluble in water.

. Oxide of Y has the highest melting point.

. Z has the highest first lonisation energy and largest ionic radius.

Which of the following is the correct sequence of the four elements in order of
increasing atomic number?

A XY, ZW
B X,Y,W,Z
C Y, X,W,Z
D Y,X,ZW

H2 Chemistry 9729/01 NYJC J2/18 PX [Tum over

15 Mis a Group 2 metal. The carbonate of M decomposes when heated in a Bunsen
flame lo give carbon dioxide and a white solid residue as the only products. This
white solid residue is sparingly soluble in water. Even when large amounts of the
solid residue are added to water the pH of the saturated solution is less than that
of limewater.

What could be the Identity of M?

magnesium
calclum
strontium
barium

OO0 o>

16 A white powder Is a mixture of sodium chloride and sodium iodide. It is dissolved
In water in a test-tube. Excess aqueous silver nitrate is added to the test-tube. A
precipitate, X, is observed.

Excess concentrated ammonia Is then added to the test-tube containing X. After
the test-tube has been shaken, a precipitate, Y, is observed.

Which statement about X or Y is correct?

X is a pure white colour,
X is pure silver lodide.
Y is pure silver chloride.
Y is yellow.

o0 w>»

17 Which of the following statements Is correct?

Enthalpy change of vaporisation of halogens increases down the group.
Bond energy of hydrogen halides increases down the group.

Oxidising power of halogens increases down the group.

Thermal stability of hydrogen halides increases down the group.

B WN -

1 only

1and 3
2and 4
3and 4

o0 o >»
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18 The complex of nickel with ligand Q (shown below) is thermochromic, being

coloured red at room temperature but changing to yellow-green when heated to
170 °C.

The following graph was obtained when the colour intensities of mixtures of a
4.0 x, 10~ mol dm~ solution of Q and a 3.0 x 10= mol dm=® solution of nickel(lI)
chloride were measured using a colorimeter at room temperature.

Absorbance -

—

0 1 2 3 4 5 6 7 8 9 10 volume of Ni2*/ cm?

109 8 7 6 5 4 3 2 1 0 volumeofQ/cm?

Which of the following statements is correct for the nickel(ll) complex ion?

The complex ion absorbs red light at room temperature.
The co-ordination number of nickel(ll) complex is 4.
The overall charge of the nickel(ll) complex is 2+.

The shape of the nickel(ll) complex ion is linear. '

OO0 om>»
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If a molecule contains two non-identical chiral carbon atoms, four optical isomers
exist.
How many isomers are there with

* molecular formula C7H140 and
* afive-membered ring and
* a tertiary alcohol group?

A7 B 8 co9 D 10

Which of the following trends are incorrect?

1 The boiling points of alcohols with the same molecular formuta inceases
from primary to secondary to tertiary.

2 The pH values of the aqueous solutions increases from CHiCH:COC! o
CH3CH2COOH to CH3CH2CONH; to CHsCHCICH;NH;.

3 The ease of hydrolysis of the chlorine atoms decreases from chicrobenzene
to chloroethane to ethanoyl chloride.

4 The pKs values Increases from ethanoate ion to phenoxide ion to ethoxide
ion.

2 only

1and 3 only

2 and 4 only
1,3 and 4 only

OO0 o>
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Alkenes undergo catalytic oxidation to '
example produce aldehydes and ketones, for

catalyst
HC=CH, + 1120, ——» CH,CHO

Acetals (molecules that contain 2 -OR

groups bonded to the same carbon
be formed from aldehydes and keto ) e

nes in an acid catalysed process, for
example
CHy CHy . OCH;,
acid catalyst \
C—0 4+ 2CHOH ——M
/ ’ /N
H H OCH,4

Compound W undergoes catalytic oxidation, followed by an acid catalysed
reaction with HOCH2CH20H to produce the following as the only product.

/C Hz_c\Hz
o) 0]
CH,CH,
0
h"
/CH2
O— CH)

Which of the following best represents the structure of compound W?

CH,CHy CH,CHy
A ©/ ' B |

. 0 Q '

CHZCH3 CH,CHy

(o4 D

H2 Chemistry 8729/01 NYJC J2/18 PX [Turn over

12

22 The molecular formula of compound X is C<H120.

23

24

Compound X:
e reacts with alkaline aqueous iodine
« can be dehydrated to form two alkenes only.

What could be the identity of compound X?

CH3CH2CH(CH3)CH20H
(CH3)2C(OH)CH2CHs
(CHs)2CHCH(OH)CHa
CH3CH2CH2CH(OH)CHs

o0 o>

H2NNHCeH3(NO2): is the structural formula of 2,4-DNPH.
Many but not all, organic reactions need to be heated befcre reaction ocours.

Which reaction cannot occur at a good rate at room temperatur= (20 *C)?

CH30H + PCls — CHsCl + POCls + HCI

CH3CH20H + KBr - CHaCH2Br + KOH

CHJCOCI + CHiCH20H — CH3COOCHzCHa + HCI

(CH3)2CO + Hz2NNHCeH3(NO2)2 — (CH3)2C=NNHCsH3(NOz)x + K0

o0 o >

Compound X is heated under reflux with an excess of acdified X200 © ©om
compound Y.

CHO
CH(CH,)OH

compound X

Both X and Y are separately wammed with Fehing's soden and e
observations noted.

What are the observations?

A Both X and Y give a red precipitate.

B Only X gives a red precipitate.

C Only Y gives a red precipitate.

D Neither X nor Y gives a red precipitate.

M2 Chamvay DT2R0L NVIC 12N8 PX
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25 The following are structures of 3 amino acids. ) 26 Lysine is an essential amino acid found in the body. It has three pKa values
H associated with it 2.2, 9.0 and 10.5
CH, .~
P CoH
H,C
H,N—cl:H—cr_l,—cozH Nt HoN—CH—CO,H HoN H
* CH
CO,H 2 \cozﬂ CH,CONH, (CHp)NH,
lysine

When one mole of protonated lysine was titrated against hydroxide ions, the

Which of the following represents dipeptides formed from these amino acids?
’ following pH curve is obtained: :

ﬁ CO.H PH,
CH, CH _CONH 147
1 Ho,c”~ ‘CH/C\NH’ Sey ¢ .
b, 2]
NH, ﬁ Tozn 10 c
CH C. CH -
2 HO,c” “cH, SN Nen 8
x g
/
CHa-chy, 57 B
CONH, 4
NH, O he” i
; LIl 2] —+
7N Ny - moles of
HO,C CH, NH COOH . hydroxide
0 T T T T T T > addad
xl-q NH, 0 05 10 15 20 25 30
. o C/CH{CH/N\ C/CH\CH/CONHZ Which of the following statements are true with respect to the curve above?
2 2
c’:o,H ﬂ 1 The a-amino group has a pKa value of 10.5.

2 Equal amounts of HiN*CH(COzH)(CHz)«NHs* and HsN"CH(CO:H)(CHa)«NH:
are present at point A.

A 1only 3 The major species present at point C has no net charge.
B 1and 4 only ! The major species present at point B will migrate towards the cathode of an
C 3and4only electrolytic cell.

D All are correct

H

1 and 3 only
2 and 4 only
3 and 4 only
All are correct

o0 o >»
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27 A carboxylic acid, P, has no
P, possible chain iscniers. It reacts with . . j
that has only one other poSitiona! isomar. with an alcohol, Q, 30 The use of Data booklet is relevant to this question.
. A Fe**/Fe?* half-cell was connected to a Ni?*/Ni half-cell as shovm in the diagram
'What could be the ester formed from a reaction between P and Q? below under standard conditions.
A Dbutyl propanoate
B ethyl butanoate , f\./\
C pentyl ethanoate ; u
D propyl pentanoate
28 Which of the following statements about compound W is correct? P "
somigns  —J= LI s U T romaer
CT!;,C\N _CH; Fe*(aq), Fe**(aq) : N7 (2q)
HO,C °
HCx (o] ) o -
NgH, O ”Nﬁ(go Which of the following stalements is correct?
) 1 The solution in the Fe3*/Fe2* half-cell turns red-brown.
compound W 2 The cathode increases in size.
A nth . h N , L ) b e E X 3 The electron flows from Fe3*/Fe?* half-cell to the Ni2*/Ni half-cell
‘In the gaseous phase, Nb is a stronger Lewis base than Na but in the sy
aqueous phase, Nv is a weaker Bronsted-Lowry base than Na. 4 Tha standard cail potential is+1.02 V.

- B When 96 dm? of Hz gas was reacted with one mole of compound W, followed
by excess sodium metal, at room conditions, the gas volume expanded by
48 dm?3.

C The reduction of W by LiAIHs will cause the oxidation state of any carboh
involved in the reduction to decrease from +3 to -1.

D W will require 3 moles of NaOH(aq) for complete reaction if the reaction is to
take place with heating.

4 only
1and3
2and3
1,3and 4

o0 m >

29 Which of the following changes represent an oxidation process?

A COzto C204-

B CrO4?-to Cr207%- '
C Brz2to BrFa

D ClatoICls
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