(4 marks)
(a) How many electrons are there in the p orbitals of the # = 3 shell when all the

orbitals are filled? (Clearly circle around the correct answer)

0 1 3 4 @ 9 10 12

(b) How many electrons are there in the d orbitals of the r = 3 shell when all the

orbitals are filled? (Clearly circle around the correct answer)

01346912

(c) Name TWO clements that have completely filled d subshells in their lowest

energy states and also have atomic numbers less than 36

Cu | Zn, Ga, Ce, b5, Se, be

(3 marks)
Chlorine is an element that has two stable isotopes in reasonable abundance. For the

isotopic anion *’CI", which has an atomic mass of 36.966, give the following:

(a) the number of protons per ion;

17

(b) the number of electrons per ion;

(¢) the number of neutrons per ion.

2o




(2 marks)
Draw the Lewis dot structure for the chlorate anion ClO3", then select from the
possibilities below for the number of single bonds, double bonds and lone pairs.

(Clearly circle around the correct answer)

(@ 2,1,0 (b) 3,0,9 (©) 2,18 @ (e) 3,0,0

Np = 3L+ 7+ ! = 267e
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(6 marks)

An impure sample of calcium carbonate (CaCO;) of mass 0.384 g was reacted with
excess HCI and the CO; evolved was collected in a gas burette over water at 20 “Cona
day when the barometric pressure was 749.70 Torr. The measured volume of gas was
found to be 73.4 mL.

Data: At 20 °C, the vapour pressure of water is Py,0 = 17.53 Torr; 1 atm = 760 Torr =
1.013 x 10° Pa; 20 °C =293 K; R =8.314 I mol K''; M(CaCO3) = 100.9 g

mol™. (1 Torr = 1 mm of mercury).

(a) Write a balanced equation for the reaction of CaCO; and HCIL.

CaCo, + 2 HC!

(by Calculate the partial pressure of CO, in Pa.

Peo, = 74870 — 1752 = 7322 Torr

. 5 b
L 7322 e . - 1327, Letas = Qi59.0 €
Tho Tho —_—

(¢) Calculate the number of moles of CO, produced.

N- T - = %“ = 9759« o . 73~ux“;6
o )
\- 7!-141\;63 25483\,

-3
n= 2 9uixio mel

(d) Calculate the mass of CaCOj; present in the sample.

w-aM, - z.qwmégx\oo.q 9

- 0297 9




(5 marks)

The concentration of a hydrogen peroxide solution can be determined by titration

against an acidified standard potassium permanganate solution.

(a)  Use the ion-electron method to write balanced half equations for this redox

reaction:
MnO; + gl « se  — Mo + wh0 (+)
H,0, — 2e — 0, + 2h3 (,( 5)

(b) Write a balanced equation for the full redox reaction.

- e . 2+
1M O, + 6 +5H,0, —Dasa +50, + 830
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(16 marks)

Most packaged foodstuffs list ‘nutritional information” about the food they contain. One
such piece of information is the ‘energy’. This is determined by combusting a sample of

the food in a constant-volume (bomb) calorimeter.

(a) In a constant-volume calorimetry experiment, is the calorimeter taken to

approximate an open, closed or isolated system? Explain your answer.
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(b) Briefly explain how the first law of thermodynamics applies when a combustion

process is carried out in a constant-volume calorimeter.
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(c) Does a constant-volume calorimeter measure the enthalpy change (AH) or the

internal energy change (AU) for a process? Explain your answer.
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(d) A quantity of 2.86 g of wholemeal bread was burned in a constant-volume
calorimeter. The temperature of the calorimeter rose from 19.28 °C to 22.45 °C.
Given that the calorimeter and its contents had a heat capacity of 10.17 kJ K1,

calculate the heat change for the combustion of the bread, expressing your answer
in terms of kJ g-L.
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(¢) The human body is not a constant-volume calorimeter.

ather, it burns food by
metabolism carried out under approximately constant-pressure conditions. Explain

how the heat change measured in a constant-volume calorimeter can be used to

calculate the heat change for the same process carried out at constant pressure.

OH = AU - AU + RT A%”
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(f) Explain how a constant-volume calorimeter could be used to determine

AHH{CO2(g)), the enthalpy of formation of CO2(g). (Your answer should include
a chemical equation.)
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(10 marks)

For the reaction given below, the thermodynamic equilibrium constant at 25 °C is K =
0.49.

NH4HS(s) === NHs(g) + HaS(g)

(a) Write an expression for the thermodynamic equilibrium constant in terms of the

activities of the reaction components.

K - (\O‘anr@\(o\mgw\)

(A g usioy )

Indicate the working rules you would use for estimating the activities of each of
the components in the reaction.
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(¢) 10.0 mol of NH4HS(s) are introduced into a closed, evacuated container of

volume 2.0 L at 25 °C, and the system allowed to come to equilibrium at this

temperature. What is the partial pressure of H2S(g)? (You may assumed that all
gases are ideal.)
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(d) If the volume of the system in (c) was doubled to 4.0 L, what would be the partial

©

pressure of HS(g) after re-establishment of equilibrium? Explain.
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If 5.0 mol of NH4HS(s) were removed from the system in (c), what would be the
partial pressure of HyS(g) after re-establishment of equilibrium? Explain.
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8. (14 marks)
The decomposition of an organic nitrile (substance X) in aqueous solution is described

by the equation:

X — Products

The following results were obtained in an experiment carried out at 45°C (318 K):

time/s 0 4000 8000 12000

[X}mol LT | 1.10 0.67 0.41 0.25 0

(a) Prove that the decomposition is a first-order process.

& fhat o b, Ko Crs;q
vaen //Dceef [ 7{ SLesr- a{\;:\n /w/mj_/v(q‘lé
aja@‘ Ae_ IW/,&E‘AM S e oveted]
@Ijﬂfm/‘l? [XY D(] -&y)( kt)
Bm:ye%o @_" /<'1f
e =
£ / % x| whare
” ko= 2 g P
/' - _
. I f.10 , o
Z;i“i” k= 5000 . o) = 7°
' /: -/ “
J:/w/;; I< '/2000 é 0,7?5'> = /2% y
S ot
’ Ae Wda/”:j,efvr Co@DEL
& rudk.

(b) What is the rate constant, k, for the decomposition?
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What are the units for k?

[{s’em&fj )
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(d) If the temperature is raised from 45° to 55°C (328 K), the value of £ is found to

increase by a factor of 2.2. Explain how you would determine the activation

energy (E,) for the decomposition reaction.

[No calculation is required in this part.]
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