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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 attached before starting to answer the test paper!]



(4 marks)
For the elements below, give the full electron configurations. (Use Ne (Z = 10) (1s)* (2s)*

(2p)® as a model.)
Ca (Z=20)

Ca ( us")lé’asf[z(ﬁé (35) (39)6 s

Cu (Z=29)

Co (15} G 6p)° 5 (5 1D (3d)

(3 marks)

Bromine is an element that has two stable isotopes in roughly equal abundance. For the

. . . + . .
isotopic cation Br, give the following:

a) The number of protons per ion -
(a) p p 3 (=

(b) The number of electrons per ion Z 4

(¢) The number of neutrons per ion 4 4

(2 marks)
Draw the Lewis dot structure for the nitrate anion, NO; ", and select from the possibilities

below the number of single bonds, double bonds and lone pairs.
(@) 2,1,10 (b)3,1,9 (©)3,0,10 @1,2,7
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(4 marks)
Write a balanced half equation for the following (incomplete) ion-electron reaction

occurring in basic solution

MnO4 — MnO,
. - L i 4
Acd 0Oy ¢ 4h ¢ 3e —>Mad + 2 AL ol o BT, Fodler

MnD; + &H;o« 2¢ —> MaD, =+ ol

‘What are the two oxidation states of Mn in the reaction? |, .
7, + 4

What colour change would you see? P ur(’q‘ N d a & brewn

(2 marks)
Sketch a probability distribution for a 2p, atomic orbital.




(7 marks)
A 3.2 L flask at 20 "C contains a mixture of two gases and a small quantity (< 1 mL) of

liquid water at equilibrium. The gases are N; at a partial pressure of 0.79 atm and O, at a

partial pressure of 0.20 atm.

At 20 °C, the vapour pressure of water is 17.5 mm of Hg; 1 atm = 760 mm of Hg = 1.013
x 10° Pa; R = 8.314 Jmol " K™,

(a) What is the total pressure in the flask in atm.?

P =P = PN)_ + Po, + P,_})_o Dootens Law

= 079+0:20+4+ 1'% = | o3 okm = 1.0t cdm
e (2 s£)

(b) Ofthe gas, what is the mole fraction of O, Xo, in the flask?

% - Poz_ _ ©O0-20 ‘ (

©2 P Loz T ©-197 = o-20 (asf)

(¢) What is the partial pressure of O; in the flask in units of Pa?

Pol — O - ),O o

= O+« atm X L.o13 xlog P(,Loal-w\—l = 2,026 ><|o‘+ Pa.
= 2.0 x|0.+ P&L (25‘?)

(d) Calculate the number of moles of O, in the flask. (For the purposes of this

calculation ignore the small volume occupied by the liquid water).

POL\/ — HOIQT
_ pol\/ a.ozéwoq' > 3.1%x 10
No. = =
* RT €. 314 » 29315
= O.c26& mats = 0. 027 ~sls
O% 0.20 e~ X 3.2 L

N, = ———— —
g O0- 82 L@h—»p—\:("l(" x 292.5K

- O. 0266 vk, = S.0L] s




(6 marks)

25.7 mL of a solution of 0.015 mol L™ sodium thiosulfate (82032') reacts to completion
with 15.5 mL of iodine solution in neutral conditions to give as products tetrathionate
(S406”) and iodide (I7).

(a) Write a balanced ion-electron half equation for

S,05 —» 8,065

2— 2 —
15,03 —= S,00 4+ Qe

(b) Write a balanced ion-electron half equation for
Iz — I~

A, + de — Q2T

(c) Write a balanced equation for the overall redox reaction.

2- 3 —
1S,07 +~ T > SyOr + 2T

(d) Calculate the concentration of the iodine solution.

a—
fH.—Je—S 5203 - _2-_
o L5

ES)_032 —_]X VSLD32— = Jdx fT)_] “~ \II),

D 2S5 ,ml Ll x 25. 70k = A x [I,_]x \1$.5 o~

[T,] = c-oci2 M

() What indicator would you use to enhance the colour change of this reaction?

Shere b,




8. (17 marks)
AUP = =5 172 kJ mol™! for the combustion of solid naphthalene, C;oHg(s).
(@ (1) Define the change in internal energy, AU, for a reaction.

. £ “ en \
Au = U/)/Da’ucﬁ - U‘/{ac’fam'%f (= F% e[ (Tir‘f'

produ r « Peactank

i W Hc’ajL aéj‘ayéép( f’@r\ furraua//g
+ ww Horne on sgs,ém

7%71?’?7?— /)Mf

\}

(ii)  Write the balanced chemical equation for the combustion of 1 mol of
naphthalene at 298 K.

Cothisy + 12 Ougy—= (0 (0, *H4,4
q

(iii)  Calculate AH® for the combustion of naphthalene.
[R=8.314JK " mol™] An = 10=-12 = =2

AW = AU+ RT.An _ |

—S5) 72 ft—zg-g/f'XQ‘?S’ x(—Z,/aooj
(k1)

—5y72 — B8

— 5177 LJ mol !

(iv)  Calculate gp (i.€., g at constant pressure) for combustion of 0.1 mol of
naphthalene at 298 K.

9p = AH For o</ m(){dfr/ /Va/)/a/A.
L gp = 01 ¥(—=5177) - —5/727 KT

c—
—

h

i1

(v)  Calculate wp (i.e., w at constant pressure) for combustion of 1 mol of
naphthalene at 298 K.

We = —PAV = —RT.4n
= & 4_6]55/ PJ ma[J




(b) A constant-volume calorimeter containing 1.000 kg of water is calibrated by

combustion of 1.28 g of naphthalene in it at 298 K. A temperature rise of 6.56 °C is
observed.

[Useful information: M(C10Hg) = 128 g mol™’; specific heat of water: 4.184 J g™ K™';
AUP for combustion of naphthalene is given at start of question]

(i)  Sketch a constant-volume calorimeter, labelling its essential features
' Flec = ¥ O @ “
oY i

| — 4/’72(‘%0»4&7[2//

i “
| "bomb

e/?c/?[nc wine

Ijn ] 7L:(av\ 9

Trigpe
Samp/&

(ii)

Calculate the heat capacity of the complete calorimeter, including the water

-

Au%fa( = C\/(ﬁﬁ‘a/)- AT - A(j&mhu
AUL‘OM‘”‘ = [ 28 Auo

”i—g X - o-o/x(\5/72> kd/
_ 400 x5/72

CV[WC) } 65k ’
- 7884 kI K-
- —»gsf T K-

<

(iif)  Calculate the heat capacity of the empty calorimeter, excluding the water

S T788E =

Copet) = Cylwedar) + G (Gulovireder)

1000 xa.q54 + Cy(Calerimete)
Gy oloink) = 7B — 448¢
= 3700 T k!




(15 marks)
Pure NOCI gas was heated to 240 °C in a 1.00 L container. The following equilibrium

was established:

2NOCl(g) = 2NO(g) + Cly(g)

At equilibrium it was found that the total pressure was 1.00 atm and that the NOCI partial

pressure was 0.70 atm.

(a) Explain why the symbol = is used to denote chemical equilibrium.

T\ {:o"rwa/rd\ and. back ward wea d’{m
both cccut ((and at .o,qUeJ ratwo)

(b) Calculate the partial pressures of NO and Cl, in the equilibrium system.

thd = | atm

PNOC,\ = 0.70 afm.

From Qe ton's law  Fuo + Peyy ® Praral = Pyt
Prvo [ Pory = L eromgorchiomdy = 043 afm

So, PNOZ 0.2 ofm y PCA; = Q.1 atn.

(c) Calculate the value of the thermodynamic equilibrium constant, K, for this process at

240 °C.,
- b 3P 2L -
/.7 "na Tes - 0.1 %0
—-——-'-"/-—_q —_
Pioc) 0.7°
Nocl
= D.00% 1\,

Prenoen ine o:Lfff‘\q Nt Pa




(d) Given the standard enthalpies of formation, AHXNOCI(g)) = 51.7 kJ mol™ and
AHINO(g)) = 90.4 kJ mol ™, show that the above process is endothermic.

AE= L AHS (o)) + O (,0))
- LAHE (Nvaci(y))
Y x90 L +Q - XS

171 T mol™

1

(3%

(¢) Given that the above process is endothermic, use Le Chételier’s principle to predict

how the partial pressures will change if the temperature of the system is lowered
from 240 °C to 140 °C.

1 we uﬁ"*a to aChy on;

Q + 2 NOU ~— N0 +Cly

D ts haat supp l1ad ty Ta syglen

R d’TZ)F wn ¥V lowew D

So mactants faviurd
NOy Al presowrs dof

VAU precovie |\ Noeas

(f) Explain how the equilibrium will adjust if the volume is increased from 1.00 L to

5.00 L.
If V inoreazd, P otal do orenced
S:,S\‘m moues T2 1NORGce ® b3
neracing prodecs (Mo gao molecyle )

NO) Qg presotirs \NOHaot ~ed ativeto
ta vod) | E;thbffl/um ponityon Moo

Fausands P aduds ,




