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DATA FOR CONSTANTS

0°C =273.15K
Standard pressure = 1 atm = 101.325 kPa = 760 mmHg = 760 torr = 1.01325 bar

R =8.31451 L.kPa .K~".mol™’
= 8.31451 J.K".mol™"
= 8.31451 x1072 L.bar .K~".mol™’
= 8.20578 x10~2 L.atm .K~".mol™"
= 62.364 L.torr . K~".mol™

SECTION A

1. Which of the following gases would occupy the largest volume at 26.0°C and
886 torr?

325 mg CsH1o

325 mg Clz

325 mg NoOg4

325 mg SOs3

All the gases would occupy the same volume

moowp

N

To what temperature must a sample of neon (Ne) gas be heated in order to
double its pressure, if the initial volume of the gas at 35.0°C is decreased by

35.0%7?

45.5°C
237°C
127°C
26.9°C
108°C

moow»

The temperature at which the liquid phase and the solid phase of a
substance are in equilibrium is called the

o

critical temperature
absolute temperature
freezing point

triple point

boiling point

moowy»

Of the following compounds, the one with the lowest vapour pressure is:

i

CH.Cly
CHsBr
CHsCI
CHCl3
CH2Br2

moomze
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A solution contains 46.0 g of ethanol (C2HsOH) and 64.0 g of methanol
(CH30H). The mole fraction of ethanol in this solution is:

0.418
0.333
0.492
0.500
0.719

A colloid in which a liquid is dispersed in a gas is known as a(n):

sol
emulsion
gel
aerosol
foam

A system absorbs 140 J of heat from the surroundings and at the same time
does 85 J of work on the surroundings. What is the change in the internal
energy of the system?

+225J
-55J
-225J
+55 J
-113 J

Consider the following reaction:
CH3;0H(g) — CO(g) + 2H2(g) AH =+90.7 kJ

What is the enthalpy change (AH) when 952 mg of hydrogen (Hz) gas reacts
completely with carbon monoxide (CO) gas to form methanol (CH3OH) gas at
constant pressure?

=90.7 kJ
+41.6 kJ
—21.4 kJ
-42.8 kJ
+45.4 kJ

Which compound contains the amide functional group?

CH30OH
CHsCOQOCOCH;3
CH3CH2CONHz
CH3sNH-

CH3CN

/4...
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What is the correct name of the following compound?
)

OH

5-methylbenzoic acid
m-methylbenzoate
tolyl-carboxylate
methylbenzoate
m-methylbenzoic acid

Isopentyl is the common name for which alkyl group?

CH3CHzCH2(CH3)CH-
CH3CH2(CH3)CHCH,—
(CH3),CHCH2CH,—
(CH3CHz).CH-
(CH3)sCCHz—

What is the general formula for a tertiary alcohol?

R-CH,OH
R-CH(OH).
R-C(OH)s
R~CHOH
Rs~COH

How many primary carbons are present in 5-ethyl-3,3,4-trimethylheptane?

N O WA

Which compound has the highest melting point?

2,3-dimethylpentane
3-methylhexane
2,2,3-trimethylbutane
2-methylhexane

heptane
[14 x 3 = 42]
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SECTION B

QUESTION 1

1.1

T2

1.3

1.3.1

1.3.2

1.4

Three rigid flasks are connected by narrow tubes (of negligible volume) and
a common valve. When the valve is closed, Flask 1 (volume of 700 cm?®) is at
a pressure of 464 mmHg, Flask 2 (volume of 400 cm?®) is at a pressure of
685 mmHg, and Flask 3 (unknown volume) is at a pressure of 593 mm Hg.
After the valve is opened and the gases are allowed to mix, it is found that
the total pressure is 560 mmHg. Calculate the volume of Flask 3.

A balloon is filled with a mixture of 16.0 g of nitrogen (N2) gas and an
unknown quantity of argon (Ar) gas at constant temperature and pressure. If
24.0 g of nitrogen (N2) gas is added to the mixture, the volume of the gas is
increased by 65.2%. Assuming that the mixture is kept under the same
conditions (constant temperature and pressure), calculate the mass of
argon (Ar) gas in the mixture.

It takes 6 minutes and 55 seconds for 333 cm? of helium (He) gas to pass
through a small hole.

Calculate the volume of sulphur hexafluoride (SFg) gas that will pass through
the same hole in 8 minutes and 12 seconds.

Calculate the time taken for 848 cm? of hexane (CsH14) gas to pass through
the same hole.

Write brief notes to explain the meniscus of liquid mercury in a thin glass tube.

(6)

(4)
(4)
(6)
[29]

QUESTION 2

2.1

2.2

Camphor (CioH1s0O) melts at 178.4°C and has a large freezing point
depression constant, Kr = 37.50°C. m~'. When 126.8 mg of an unknown non-
volatile, non-electrolyte compound is dissolved in 10.50 g of liquid camphor,
the freezing point of the mixture was found to be 177.3°C. What is the molar
mass of the unknown compound?

When 50.0 cm?® of 1.00 mol.dm™ sodium hydroxide and 50.0 cm® of
1.00 mol.dm™ hydrochloric acid are mixed in a constant-pressure
calorimeter, the temperature of the mixture rises from 25.5°C to 32.2°C. The
temperature increase is caused by the following reaction:

NaOH(aq) + HCl(ag) — NaCl(aq)} + H20(/)

Calculate the enthalpy change for the reaction, assuming that the mixture
has a specific heat capacity close to that of water, 4.18 J.g™'. K-'. The density
of 1.00 mol.dm™ sodium hydroxide solution is 1.04 g.cm™ and that of
1.00 mol.dm~2 hydrochloric acid is 1.02 g.cm=3.

(8)

/6...
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UESTION 2 {continued)

2.3 Given the following thermochemical equations:
8Mg(s) + Mg(NOs)z(s) — MgsNa(s) + BMgO(s) AH = -3884 kJ
MgsN2z(s) — 3Mg(s) + Nz(g) AH = +463.0 kJ
2MgO(s) — 2Mg(s) + Oz(g) AH = +1203 kJ

Calculate the standard enthalpy of formation (in kJ.mol™") of Mg(NOs)z(s).
Show all steps. (7)

2.4  List four physical properties of a solution which depend on the concentration
of the solution but not on the type(s) of particle(s) present as a solute. Write
the mathematical expression (equation) which describes how each one of

these properties depends on concentration. (8)
[29]
QUESTION 3

34 The following names are incorrect. For each compound, draw the
condensed structural formula from the given name, explain why the name is
wrong and give the correct IUPAC name:

2-ethyl-2-methyl-4-pentanone (6)
3-propyl-6-heptanol (6)

W w
—_
N

3:2 Draw the bond line structure for each of the following organic compounds:

3.2.1 N-(3-Bromobutyl)-hexanamide (3)

3.2.2 2,4-Dimethyl-3-hexanethiol (3)

3.3 Provide the common name for each of the following compounds:

3.3.1 Ethanoic acid (2)

3.3.2 1,2,3-propantriol (2)
[22]

£
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QUESTION 4

4.1 Drawing all resonance structures associated with chlorobenzene. Use
arrows to show the movement of electrons. (5)

4.2 Draw the Newman projections for the least and most stable conformations
that results from the rotation of the C1-C2 bond of 1,2-dichloroethane. (4)

4.3 Draw the Newman projections of the chair and boat conformations of
cyclohexane. Which of these conformations is the more stable? (5)

4.4 Consider the three isomeric alkanes:
Hexane, 2,3-dimethylbutane, and 2-methylpentane

List these compounds in order of increasing boiling points. Give reasons for

your answer. (6)
[20]
QUESTION 5

Give the IUPAC name of each of the following organic compounds:

5.1 (3)
o} NH»
o/[u\/
52 (2)
[l [
: ,C—O—C\©
5.3 (3)
NH, 0
SH

i
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QUESTION 5 (continued)

5.4
\N/\
55
SH OH
5.6
COOH

2

NO,

(3)

3

[16]

s
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