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A sample of tungsten contains four naturally occurring isotopes, 82W, 18W, 184\ and
186W_

The relative atomic mass of tungsten in this sample is 183.9. What is the percentage of
the isotope '®2W in this sample?

Isotope Relative Abundance (%)
182W ?
183W ?
184V 30.6
188\ 28.6
A 105 C 264
B 14.4 D 408

20 cm?® of 0.100 mol dm™ of potassium ferrate(Vl), K:FeQOs, reacts with sodium
ethanedioate, Na;C,0s, in an acidic medium to produce 144 cm?3 of carbon dioxide gas
at room temperature and pressure.
The half equation of C2042- is shown as follows:

2C0z + 26~ = C,04%

What is the final oxidation state of the iron-containing species after the reaction?

A +1 B +2 C +3 D +4

When attracted by a strong magnet, some species are able to exhibit paramagnetism.
Such species contain unpaired electrons which are able to spin in a way which aligns
parallel to the magnetic field.

Which of the following species in the ground state is able to exhibit paramagnetism?

1 0] 2 Al* 3 Ti2* 4 Cu*
A 1 and 3 only
B 2 and 4 only
C 1, 3 and 4 only
D 2, 3 and 4 only
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4 Phosphorus(V) chloride, PCls dissolves in a suitable polar solvent to produce two ions,
[PCl4]* and [PClé].

Which of the following shows the correct shape for PCls, [PCl4]* and [PCle]-?

PCls [PCl4]* [PCle]
A trigonal planar square planar square pyramidal
B trigonal bipyramidal square planar octahedral
C trigonal planar distorted tetrahedral square pyramidal
D trigonal bipyramidal tetrahedral octahedral

5 The table shows the boiling point of some halogenoalkanes.

compound boiling point/ °C
CH3CHCI 12.3
CH3CH2Br 34.8
CH3CHal 70.0

Which of the following correctly explains the difference in the boiling point?

1 the electronegativity difference between the halogen and carbon increases
from C-Cl to C-I

2 the strength of permanent dipole-permanent dipole attraction increases from
C-Cl to C-I

3 the strength of instantaneous dipole-induced dipole attraction increases
from CH3CH2C| to CH3CH2|

4 the bond energy of C-X bond decreases from C-Cl to C-I

A 1 and 2 only
B 2 and 4 only
C 3 only

D 3 and 4 only
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Which of the following changes will result in the greatest decrease in the density of a
fixed mass of ideal gas?

Pressure Temperature/ K
A halves halves
B halves doubles
C doubles halves
D doubles doubles

Consider the following reactions.

Reaction 1: CH3s* + Br — CH3Br
Reaction 2: HPO42_ + H,BO;™ = H,PO, + HBOsZ_

Which of the following statement is not true about the reactions above?
A Both reactions are acid-base reactions.
In reaction 2, HPO4?~ acts as the Brgnsted-Lowry base.

B
C In reaction 2, HBO3?~ is the conjugate acid of H,BOs™.
D

In reaction 1, a dative covalent bond is formed between CHs* and Br .

Which of the following sketches shows the correct trend in the stated property for the
elements in the third period of the Periodic Table?

A Atomic Radius / nm C  First|.E/ kJ mol

S~

\\\.

NaMg Al Si P S CI NaMg Al Si P S CI

7

Melting Point / °C Electrical Conductivity / S m™*

NaMg Al Si P S ClI NaMg Al Si P S Cl
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11

Compounds of Period 3 elements dissolve in water to form aqueous solutions that are
acidic, basic or neutral.

Which of the following sequence shows the order of increasing resultant pH when the
compounds are added to water?

A NaCl, MgCly, SiCl, C Al;03, MgO, SO,
B A|C|3, SiC|4, PC|5 D P4010, SiOz, MgO

Phosphine reacts with hydrogen iodide to form phosphonium iodide in the reaction
shown below:

PHs(g) + HI(g) —» PHs*l17(s)  AH° =-145.2 kd mol™'; AS® = -570.8 J K™" mol™"
Which of the following statement is true for the above reaction?

1 The products are less disordered than the reactants.
2 The reaction is non-spontaneous under standard conditions.

3 As temperature increases, the reaction becomes more spontaneous.

A 1 only

B 2 only

C 1 and 2 only

D 1, 2 and 3 only

The reaction of acidified aqueous potassium iodide with aqueous hydrogen peroxide:
21~(aq) + H202(aq) + 2H*(aq) — lx(aq) + 2H.O(l)

is thought to involve the following steps:

H,O, + - - H.O + Ol- (S|OW)
Ol- + H* — Hol (fast)
HOI + H* + |- —> |, + HO (fast)

Which of the following conclusion can be drawn from this information?

1 The acid is acting as a catalyst only.
2 The reaction is pseudo-first order with respect to H2O5.

3 The reaction rate is independent of the pH of the solution.

A 1 only

B 3 only

C 1and 2 only
D 1,2 and 3 only
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A first-order decomposition reaction is shown below.
AB(g) — A(g) + B(9)
The half-life of the reaction was found to be 3.47 s.
What is the time taken for AB(g) to reach one-third of its initial concentration?
A 3.0s B 3.5s C 55s D 7.0s
The graph below shows how the number of moles of compound L varies with

temperature at two different pressures of P1 and P, respectively.
L could be any of the following compounds shown in the equation at equilibrium.

2S02(g) + O2(g) = 2S0s(g) AH =-197 kJ mol™*

No. of moles of L

LY

P4

L

Temperature

What is the correct identity of L and the correct magnitude of pressures P; and P,?

|dentity of L magnitude of pressures P; and P>
A SO, P1> P>
B SO, P1<P>
C SO3 P1> P2
D SO3 P1<P:
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When nitrogen dioxide, NO2, and nitrogen monoxide, NO, is mixed, the gases react to
form dinitrogen trioxide, N2Os. The reaction is shown in the following equilibrium.

NO2(g) + NO(g) = N20s(g)

The graph below shows how the AG® varies with temperature for the above reaction.

T

AG®/ kJ mol™’

»T/K

Using the graph above, deduce which of the following statement is true about the
reaction at equilibrium?

A At point X, more NO: is present as compared to that at point Y.

At point X, the K¢ value is likely to be greater than 1.

B
C At point Y, the rate of forward reaction is greater than that of backward reaction.
D

At point Z, more N2O3 is present compared to that at point Y.

The pH changes when 0.100 mol dm=3 CH3CO:H is added dropwise to 10.0 cm?® of
0.100 mol dm=2 NaOH(aq) as shown below.

At which point on the graph does pH = pK,, where Kj is the acid dissociation constant

of the weak acid?
14 _

pH

- A
—_—
12 |
\\I

10 4 \

I|
g ¢B

|
6 \

C

4 "1——————____9
2
G T T T T T T T T T 1

0 2 4 & 8 10 12 14 16 18 20
Volume of 0.100 mol dm=3 CH3CO.H added/ cm3
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Coordination complexes with more than one type of ligand can exist in a number of
stereoisomeric forms.

For example, the chromium(lll) complex [Cr(NH3)4Cl;]* can refer to the two
stereoisomers as shown:

+ —+

and L _

How many stereoisomers can the cobalt(l11) complex [Co(trien)Cl,]* have?
(trien = (NH.CH2CH2NHCH.),, a tetradentate ligand)

A 1 B 2 C 3 D 4

Cyclopentane undergoes substitution with bromine.

What is a possible by-product of this reaction?

50 o
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18 3-chlorobenzoic acid can be synthesized from benzene in three steps.

CO,H

C/

3-chlorobenzoic acid

Which of the following is the best method for this synthesis?

Step 1 Step 2 Step 3
A Cly, AICl3 CHsCl, AICl; KMnOs, H2SO4
B Cla, AICl3 KMnOys, H2SO4 CHsCl, AICI;
C CHsCl, AlICls KMnOs, H2SO4 Clz, AICI3
D CH3sCl, AlCl; Cl,, AICl3s KMnOs, H2SO4

19 The structure of a B-atlantone derivative is shown below.

When it is completely reacted with hydrogen in the presence of platinum when heated,
how many chiral centres does the product molecule possess?

A 2 B 3 cC 4 D 5
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20  Which of the following correctly lists the compounds in order of decreasing acidity in
aqueous solution?

A
CH, cl
CO,H CO,H CO,H
B
NO, CHs
@ ” ”
CO,H CO,H CO,H
C
coc! NO,
> >
CO,H CO,H
D

5
efele

CO,H CO,H CO,H
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Equal amounts of compounds W, X, Y and Z are added separately to four test-tubes
containing equal concentrations of ethanolic silver nitrate solution in a heated water bath.
No precipitate forms in two of the tubes. In the other two tubes, precipitates form at
different rates.

2999

Which statements are correct?

1 The compounds which do not form a precipitate are X and Z.
The colour of the precipitate which forms the fastest is white.
The precipitate which forms the fastest weighs more than the other

precipitate.
A 1,2and 3 B 1 and 3 only C 2 and 3 only D 1 only

The following reaction gives a mixture of organic products.

CH3CHBrCH,CHs hot, ,\‘f;%ago”c >

Which of the following statements are true?

1 The organic products formed are mainly alcohols.
2 The predominant type of reaction occurring is nucleophilic substitution.

3 There is a pair of cis-trans isomers among the organic products.

A 1,2and 3 B 1 and 2 only C 2 and 3 only D 3 only
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23  Chlorogenic acids account for up to 8% of the composition of unroasted coffee beans.
More than 40 different varieties have been identified in green coffee beans, with
5-caffeoylquinic acid being the most prevalent.

The structure of 5-caffeoylquinic acid is shown below.

OH
HO

HO N OH
OH
HO

5-caffeoylquinic acid

How many moles of aqueous sodium hydroxide, sodium hydrogencarbonate and
phosphorus(V) chloride will react with one mole of 5-caffeoylquinic acid at room

temperature?
NaOH(aq) NaHCOzs(aq) PCls(s)
A 6 3 6
B 5 1 3
C 4 3 4
D 3 1 4
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24 The structure of a polypeptide chain is shown below.

CH,CONH,

o) 0 CH, o)
H H
H,N N N
N N OH
H H
CO,H 0 CH, 0

OH

Which of the following will be formed when this polypeptide chain is heated under reflux
with 6 mol dm2 of NaOH(aq)?

1 2 3 4
O
HoN
O_
CH,CONH,
H,N 0 CHy eH o-
_ _ HsN
CO, O
O H2N O
o-

A 1 and 3 only

B 2 and 4 only

C 1, 3 and 4 only

D 1,2,3and 4
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25 Methoxide anion, CH3O-, can be generated when methanol reacts with sodium metal.
The following reaction shows how methoxide anion reacts with an organic compound
under suitable conditions.

NO, NO,
Cl OCHs
CHz0",

Which of the following is the correct mechanism for the above reaction?

A electrophilic addition

B electrophilic substitution
C nucleophilic addition
D

nucleophilic substitution

26  Ketenes contain a carbon involved in both alkene and ketone functional groups. It is a
reactive compound which undergoes cycloaddition reaction readily with unsaturated
compounds to form cyclic rings. One example of such a reaction is shown below.

o)
R N
AN
c=C=0 + || —
/

R' R

Rl
ketene

Which of the following is the correct product formed for the following cycloaddition

reaction?
C{"a AN
C=C=0 +
CH,CH, Z
A B C D
CH; CH,CH;  CH; CH,CH,3 CHs CH,CHs CHs CH,CHj

iif%’o iif}’o 0 0
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Use of the Data Booklet is relevant to this question.

When a current is passed through a solution of butanoic acid, CHsCH>CH,CO.H, the
following reaction occurs at the cathode.

CH3CH2CH2CO2H + 4H* + 4e- — CH3CH2CH>CH,0OH + H>0O
Oxygen is produced at the anode.

Which volume of oxygen, measured at room temperature and pressure, is produced
when 0.015 mol of butanoic acid is electrolysed?

A 90 cm?3 B 180 cm3 C 360 cm? D 720 cm?

Some standard reduction potentials are given below.

Br2 + 2e- = 2Br- +1.07V
Cr07% + 14H* + 6e~ = 2Cr% + 7H.0 +1.33V
Cl2 + 2e- = 2CI - +1.36 V
MnO4~ + 8H* + 5e- = Mn?* + 4H,0 +1.52V

Which oxidation is not feasible under standard conditions?

A chloride ions by acidified manganate(V1l) ions

B bromide ions by chlorine

C manganese(ll) ions by acidified dichromate(V1) ions
D

chromium(l11) ions by chlorine

A compound of chromium with the general formula CrCl;.6H,O forms an aqueous
solution. When this solution is treated with an excess of aqueous silver nitrate, only two
third of the total chloride present is precipitated as AgCl.

Which of the following represents the structure of the chromium-containing ion present
in the original compound?

A Cr* C  [Cr(H20)sCl?*
B [Cr(H2O)e]?* D [Cr(H20)4Cl2]*
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30 The chromium picolinate complex is soluble in water and the visible absorption spectrum
of the complex is shown below:

[A visible absorption spectrum is a graph depicting the absorption of radiation by a
material over a range of visible light wavelengths.]

Relative
absorbance

violet blue green red
I I | I

300 400 500 600 700
Wavelength/ nm

What is the most likely colour of the chromium picolinate complex?

A violet C yellow

B blue D green
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