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Instructions:

Attempt all questions. Enter answers in the spaces provided (continue on the back of the

opposite sheet if necessary).
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Note:

At the end of this paper is:

1. a periodic table, and

2. a sheet containing physical chemistry formulae.

[Please check that both of these pages are provided before starting to answer the test paper!]



1.

(6 marks)

(a) Define the meaning of the word ‘isotope’ (1 mark)
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(b) Give the number of neutrons and the number electrons in one atom of the boron

isotope 1 B. (1 mark)

Number of neutrons =

Number of electrons = 5

(c) Write down the full electron configuration for this atom. (1 mark)
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(d) Ifthe ';B isotope of boron accounts for 80.1% of neutral B and the " B isotope

accounts for the remainder, calculate the average molar mass for B to three

significant figures. (3 marks)
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(4 marks)

(a) Write ALL the possible values for the angular momentum quantum number, /, for

the electron shell with principal quantum number n =3

(b) For a d subshell, write ALL the possible values for the magnetic quantum number m;

AL subchell = (=2

(c) Write ALL the possible values for the electron spin quantum number #

m= 1+ | - %

(3 marks)

On the axes given below, sketch the shapes (or ‘boundary surface’ diagrams) of:

(a) the 3s orbital (b) the 2p, orbital

dra g
¥




(3 marks)

Draw the Lewis structure for sulfuric acid, H,SOs, then select, from the possibilities

below, the number of single bonds, double bonds, lone pairs.

(a) 3,3,7 (b) 6,1,6 (c) @ 5, 1,9.
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(4 marks)

For the following redox reaction in an acidic solution, complete and balance the oxidation

and reduction half-reactions and write the balanced equation for the full reaction.
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6. (4 marks)

A helium gas thermometer is found to have a volume of 100.0 cm’® when placed in an ice-
water bath at 0 °C. When the same thermometer is immersed in boiling liquid chlorine,
the volume of helium at the same pressure is found to be 87.2 cm’. Calculate the

temperature of the boiling point of chlorine in Kelvin (K).

[0°C=273 K]
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7. (3 marks)

How many H,0O molecules are there in a snowflake weighing 10 mg?

Avogadro’s number: Ng=6.022 X 10 mol™
M(0)=16.0 gmol™'; M(H)=1.00 g mol™
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8. (3 marks)
The first law of thermodynamics may be written as
AU =q +w

Briefly explain the meaning of each of the terms that appear in the above expression.
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9. (15 marks)

A sample of liquid cyclohexane, CgH12(1), of mass 0.842 g was mixed with excess oxygen
and burned in a constant-volume calorimeter at 25 °C. It was observed that, after the
combustion was over, the temperature of the calorimeter and its contents had increased by

3.91 °C (this information will not be required until part (e)).
(a) (3 marks)

Sketch a constant-volume calorimeter, labelling its essential features.
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(b) (2 marks)

Write a balanced equation for the combustion of cyclohexane given that the products

are COo(g) and HyO().

C.oH, (L) +0a0, (9) = (CO,(9) 46 H,0(2)

(¢) (3 marks)

Use the following information to calculate the standard enthalpy change, AH®, for the

combustion of liquid cyclohexane.

Substance AHS (k) mol™)
CeHe(1) 49.0
CeHio(D) -156.0
CeHi4() —-198.7

CO(g) -110.5
COz(g) -393.5
Ha(g) 0
H>O(g) -241.8
HoO(®) —285.8
O(g) 249.4
03(g) 142.2

AH” =68 Hi (o) + 6 Ky (H,0(L) - AH; (¢4, o)
=6 A=393.5 +6x-295.8 — (~156.0)
= -2919 ¢ LT mol”




(d) (3 marks)

Calculate the standard interpal energy change, AU°, for the combustion of liquid
cyclohexane. (R = 8.314 J mol™ K™)
[Hint: Use your answers to patts (b) and (c) above. If you were unable to obtain an

answer in (¢), use the incorrect value of —4 000 kJ mol™ here.]

AHVJ - GUO { g?——;r [.,\,.mﬁ(g\q

Aﬂﬂ@g = C:, ",‘O ..{Z)-({ :__,3

O UO'.; /_SHQ - [CT Qﬂgc’:ﬁ |
- - 3019.8 = £.31ux10"x298. 1< x-3
T =319 ¢ ‘
=229y kT mol

(e) (4 marks)

Calculate the heat capacity of the complete calorimeter, including the water it
contains. [M(CgHjz) = 84.2 g mol!]
[Hint: Use your answer to part (d) above. If you were unable to obtain an answer in

(d), use the incorrect value of —4 000 kJ mol™ here.]
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10. (7 marks)

Using the plot of altitude, H in km, versus temperature, T in °C, below, add the following

features:
(a) acurve to show the temperature profile for the atmosphere of Earth;

(b) names of the four main regions of the atmosphere (draw horizontal lines at the

appropriate altitudes);

(c) temperature and altitude corresponding to each of the three turning points.
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11. (4 marks)

(a) Write the names and chemical formulae of two halogen-containing molecules known

to participate in the photochemical destruction of ozone in the stratosphere.
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(b) It has been shown experimentally that approximately 100,000 O3 molecules are
destroyed for every Cl atom released by photochemical dissociation of a
chlorofluorocarbon molecule in the stratosphere. Write the reaction sequence (2

steps) responsible for this O3 destruction process.

Qo o+ o 0 o—> e+ O
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12. (2 marks)

(a) Explain the annual variation of tropospheric carbon dioxide superimposed on the

long-term increase shown in the plot below for the Northern Hemisphere.
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(b) What is the present (2009) level of COj, in the atmosphere in ppm?
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13. (2 marks)

List the four essential ingredients for the formation of photochemical smo g.

1. i(\\[aw /"{
2. éou»@nge;i" -
3. | He f
4. | NO«
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