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

(2p)6 as a model.)

Ca (Z=20)

Ca (5 (25Y0p) (35) (3p) 45)

Cu (Z=29)

C. (Y (]5)1 (7-976 C?S)m (’5?\)6 lu@' (3d )to

(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 -
(@) p p 3 5

The number of electrons per ion

(¢) The number of neutrons per ion 4 4

(2 marks)
Draw the Lewis dot structure for the nitrate anion, NO3", and select from the possibilities

below the number of single bonds, double bonds and lone pairs.
(2 2,1,10 (b) 3,1,9 (c) 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

MnO;Z — —» MnO;,
o — L | J
Acd MOy ¢ ki« 38 —>Mad + 2o Aol T b Sider

MaOp, + a0 ¢ 3¢ —> MaD, < ko

What are the two oxidation states of Mn in the reaction?
t7, +4

What colour change would you see? P ur(kc — d ar‘z brow n

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

C r
¥\

=
\




(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 J mol™ K",

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

= 0.7 o204 Y1-5 = . — .ol
O 79 + ] 1.Ci3 okt = | e=tna

(2s¢)

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

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

= O+ D ot X |.Ol37k|OSPa_o:hw—l:2,02_£=><|O‘+P0..
= 2..oxn0+Pa.(7—§-f3)

(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).

P \,/ — f'\OZQT

Ol
A - ioo)_\/ 2,024 %IO‘{- 7‘3-Lv<|o-3
o - =
* RT €. 3k % 293.15
= 0O.c266 msts = O. 03.70\‘:4:
O‘/ A 0.0 ot~ X 3.2 -
o, = ——

> 0. o822 L.mo—er'K“ x 292.5K
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(6 marks)

25.7 mL of a solution of 0.015 mol L™ sodium thiosulfate (S2057) reacts to completion
with 15.5 mL of iodine solution in neutral conditions to give as products tetrathionate
(S40¢”) and iodide (I7).

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

82032- e S406 -

2— Jo JN
15503 —= 5,00 4+ e~

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

Ty + de —= AT

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

2~ 23—
15,07 + I, > d40, + AT

(d) Calculate the concentration of the iodine solution.

s

a/
msts S,03 _ 2
. gl |

PN Il—
ES)_D32 -J% VS)_O_Q)Z— = dx EI—I‘] * VIL
D015 mak Ll x 25. 7k = 2 x [T,] = 15.5 L
':IL_J = 0-012 ™M

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

Shore b,




8.

(17 marks)
AUP = -5 172 kJ mol™ for the combustion of solid naphthalene, C;oHg(s).

(@ (i) Define the change in internal energy, AU, for a reaction. .

) . e
AU = Uproduc’s — U;f ac’fam?‘: — E%ﬁ:‘[t’g J{:
f 99, %
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(ii)  Write the balanced chemical equation for the combustion of 1 mol of
naphthalene at 298 K.

C/o%/g(s) + (2 Ol@) —= (0 CQ@ + 44, Ol

1

@ii) Calculate AH® for the combustion of naphthalene.
[R=8.314 J K mol™] An = 10=-12 = =2

\i

Alf*= AU®+ RT.An |

= —5J72 +—Z§-3/%x 29§ x(—Z/oooj
(K

— 5172 — 4BI

= —5/77 LT mol”!

I

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

% = AH for O+ mo“(d% /Va/o/i/A.

L gp = O x(—5177) = —5/727 LI

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

We = —PAV = —RT.4An
= 4 4.955 T mel”




(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(C1oHg) = 128 g mol™; specific heat of water: 4.184 J gt K
AUP for combustion of naphthalene is given at start of question]

(1)  Sketch a constant-volume calorimeter, labelling its essential features
Z “ q/ o — (oa TP >/
‘7

[,\/0/7[2\/ ]

(i) Calculate the heat capacity of the complete calorimeter, including the water

—

Auﬁﬁ( = C\/[ﬁfa[)- AT = — AUC‘Omhu

Ao
A\ Uro wbuon = %g % AU = 0-0/7{~5/72> kd
~ _ 400l x5)7L
o CV[‘”OJ’*‘) T T 45k

1

z.ge4 LT K-
- 2g8¢ J K-

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

Cogiel) = Cylwatar) + G (aelovineder)

T84t = [000 x4.84 + C\/Q‘a/(g\(;m#LO
C\/ (Cw(owwa./) = 7%%¢ — 4‘/?f
= 3700 T [k




(7 marks)

Complete the plot of Earth’s atmosphere below, where 4 is altitude:

(a) sketch the partial pressure profile for the ozone layer;

(b) answer the questions in the spaces provided.

30

h/km

50

20

(i) Why does the ozone layer not extend above 80 km?

a_offa
ng JV s Og34N > o, +0O

e@ww:r

| (ii) Write the Chapman reactions for the formation and

destruction of O; in this region of the atmosphere.
W 6() O3

Oy+ UV —> 20O
R
r2 OQ+O+|"\ s> o3 + M +J-;ea‘-"

30, + SV —» 203 A4 het

D¢§+r\"-d\'b=w\ s, O3

_—’f/

203 + UV —> 30p+ heet

(iii) Why does the ozone layer not extend below 20 km?
\
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10. (3 marks)
Over Antarctica in the late Autumn and Winter, HCI and CIONO,, which are formed in
the gas phase, are adsorbed onto ice crystals in the polar stratospheric clouds. Write
chemical equations to show
(a) the reaction of these species on the ice crystals over Winter, and

(b) the effect of sunlight on the products when Spring returns to the Antarctic continent.

(05 Hce —+ QAOoNO, — coy + +wio3

H;O + CQO'\IQL —2 How + HO 2

(b) @, + N > A

Hoce + JN —= or + b

11. (2 marks)

List the four essential ingredients for the formation of photochemical smog.

2, NOx

3. | He

4, {e,.-wi) Tcessa=n




12. (2 marks)

Write chemical equations to explain how ozone is produced under conditions favourable

for the development of photochemical smog.

3) Woawr  ANO 4+ 0, —> 2o,
M —> O, 4 M¥
4) O+ O, + 3
13. (1 mark)

Circle the number, in each of the columns below, that most closely matches the average
level of CO; in the Earth’s atmosphere, expressed in units of ppm, for the year 1800 (pre-

industrial revolution) and the present time.

from close to --- ppm in the year 1800 to --- ppm in 2008
220 330
240 360

260
390



