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QUESTION 1: [20] 

a) The frequency of radiation used in all microwave ovens sold in the US is 2.45 GHz. What is 
the wavelength (in meters) of this radiation? How much longer or shorter is this than the 
wavelength of orange light (625 nm)? (3) 

b) Calculate the energies of the n = 1 and n = 2 states of the hydrogen atom in joules per atom 
and in kJ per mole. (8) 

c) Calculate the de Broglie wavelength of the “particle” in the following two cases: 
i) A 25.0 g bullet traveling at 612 m/s (2) 

ii) An electron (mass = 9.109 x 1037 kg) moving at 63.0 m/s (2) 

d) Identify the subshell in which electrons with the following quantum numbers are found: (2) 
i) n=4,/=2 
ii) n=6,/=0 

e) Write a set of quantum numbers for each of the electrons with an n of 4 ina Se atom. (3) 

QUESTION 2: [30] 
2.1. For the following compounds: (20) 

i) PFs 

ii) SF4 

iii) BHCl2 

iv) Is" 

a) Draw the LEWIS structures below the molecular formula. 
b) Determine both electron-domain (ED) and molecular geometry. 
c) Determine whether bond angles are ideal (90°, 109.5°, 120°, 180°) or distorted due to lone 

pair — bonding pair repulsion. 

d) From the overall molecular geometry and the presence and arrangement of polar bonds (if any), 
determine if a molecule is polar. 

2.2 Predict the geometries of the following species: (4) 
a) AICl3 

b) ZnCl2 

c) [ZnCl] 

d) SO2 

2.3 Determine the hybridization state of the central (underlined) atom in each of the following: (6) 

a) BeH2 
b) PF3 
c) aluminium iodide 
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QUESTION 3: [40] 

3.1 Give the formulas of the following coordination complexes: (6) 
a) A Ni** ion is bound to two water molecules and two bidentate oxalate ions. 
b) A Co** ion is bound to one chloride ion, one ammonia molecule, and two bidentate 

ethylenediamine (en) molecules. 

c) Pentaamminechlorocobalt(III) chloride 

3.2 In each of the following coordination complexes, determine the metals oxidation number 
and coordination number. (8) 
a) [Co(en)2(NO2)2]Cl 

b) Pt(NH3)2(C20.) 
c) Pt(NH3)2Clq 

d) [Co(NH3)sCl]SOq 

3.3 Name the following compounds: (8) 
a) [Cu(NH3)4]SOq 

b) K2[CoCla] 

c) Co(phen)2Clo 

d)[Co(en)2(H20)CI]Cl2 

3.4 For which of the following compounds or complex do isomers exist? If isomers are possible, 
identify the type of isomerism (structural, geometric or optical). (8) 
a) [Co(NH3)4Cl2]* 

b) Pt(NH3)2C(N)2 (square-planar) 
c) K3[Fe(C204)3] 
d) Zn(NHs3)2Clz (tetrahedral) 

3.5 For each of the following complex ions give the oxidation number of metal ion, depict low- 
spin or high-spin configurations, give the number of unpaired electrons in each state and tell 
whether or not its paramagnetic or diamagnetic. (6) 
a) [Ru(H20)¢]** 

b) [Ni(NH3)¢]** 

3.6 An aqueous solution of [Fe(H20)¢]** is light blue-green. Do you expect the d® Fe2* ion to 
ave a high- or low-spin configuration? How would you test your prediction experimentally? (4) 

QUESTION 4: [20] 

4.1 What type of intermolecular forces exist between the following pairs: (2) 
a) HBr and H2S 

b) Clo and CBr 

4.2 Gold crystallizes in a cubic close-packed structure (fcc unit cell) and has a density of 
19.3 g/cm. Calculate the atomic radius of gold in picometers. (10) 

4.3 You put 925 mL of water in a pan at 100 °C, and the water slowly evaporates. How much 
energy is transferred as heat to vaporize all the water? 
(Density of water at 100 °C = 0.958 g/mL; AHvap° for water = +40 kJ/mol) (4) 
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4.4 Diethyl ether is a volatile, highly flammable organic liquid that is used mainly as a solvent. 

The vapour pressure of diethyl ether is 401 mmHg at 18 °C. Calculate the vapour pressure 

at 32 °C (AHvap = 26.0 kJ/mol). (4) 

END OF EXAMINATION 
  

USEFUL CONSTANTS: 

Gas constant, R = 8.3145 J-mol*: K?= 0.083145 dm?: bar: mol: K*= 0.08206 L atm mol?: K2 

1 Pa:m?=1kPa.L =1N-m =1J 

1 atm = 101 325 Pa = 760 mmHg = 760 torr 

Avogadro’s Number, Na = 6.022 x 1023 mol 

Planck’s constant, h = 6.626 x 1034 Js 

Speed of light, c = 2.998 x 108 ms? 

Page 4o0f 5



 
 

  
 
 
 
 

  
  

  
  

  
  

  
  

  
  

  
  

 
 

 
 

 
 

 
 

 
 

                  
 
 

 
 

          
 
 

      
 
 

   
 

(652) | 
(sz) 

| 
(zz) 

| 
(sa) 

| 
Cisz) | 

(pz) 
| 

(rz) | 
(eve) | 

Cerz) 
[ero Lezlezo sezloco 

1ezlseo 
Zez|8Z0 LZe 

ON 
|
 
P
A
 

| 
WH] 

Sa 
|
 

JO 
|
 
4G 

| 
WO] 

WY] 
ng 

| 
d
N
 

A 
€d 

|
 

WL 
|
 

OV 
col 

IOI 
|
 

OOT 
66 

86 
L6 

96 
S6 

v6 
£6 

C6 
16 

06 
68 

‘saplUIpY 

POEL 
|PEGO9T] 

9TLOL 
[OES I9T| 

OS Z9I 
|SZeBST] 

ScLSI | 961S1] 
9€ 0ST] 

(set) | pe rbI 
[80601] 

ZI OFT 1906 SEI 
Q
A
 
|
 
WL} 

4a 
|
 

O
8
 
|
 

4a 
|
 

GL 
| 

P
D
 |
 

OG 
|
 

W
g
 
| 

wa! 
P
N
 
|
 

4d 
a
 
|
 

FT 
OL 

69 
89 

L9 
99 

$9 
9 

€9 
co 

19 
09 

6S 
8S 

LS 
| 

:sepiequey 

(692) | 
(zzz) | 

(692) 
| 

89a] 
(s9zf 

(pozdT 
(e9z)] 

(292) 
| 

Ci9z) | 
(o9z) 

[szoezz] 
(Ezz) 

ony 
ynn 

bay 
ann 

| 
ong | 

ong | 
WA | 

SH | 
Ya 

| 
8S 

| 
ad 

|] 
RL] 

| 
owe | 

ova 
SIT 

91T 
vil 

cit 
Ill 

O
l
 

601 
SOI 

|
 

LOI 
|
 

901 
Sol 

yor 
col 

88 
L8 

(222) | 
(O1Z)| 

(602) | 
soe's0z| 

Z20z 
feseroz! 

65°00z|Z96°961| 
80'S6I | 

ZZ Z61 | 
7061 

[LOT 
981] 

S881 
[SroO8I| 

GY SLI 
LOG bLI] 

CELEL 1S06 ZEI 
U
Y
 
| 

IV 
|
 

Od 
ld 

dd 
|
 

IL 
|
 
3
H
 
|
 

nV 
|
 

34 
| 

sO 
| 

Ws] 
MI] 

®L! 
JH 

| 
OT] 

&@ 
|
 

8D 
98 

$8 
+8 

€8 
78 

18 
08 

6L 
82 

LL 
OL 

SL 
bl 

€L 
tL 

IL 
9¢ 

oS 
6TLEL| 

G9ZT 
| 

HLL 
| 

SLIZL 
| 69811] 

ZS HIT | 
T
e
z
 

[s9s'Zoll 
zr'901 

[906° zor] 
ZO'TO1 | 

(86) 
| 

bese 
|y906zé6l 

7716 
l6s068sl 

c9°Z8 
[SL9rSs 

>. 4 
I 

aL 
qs 

us 
|
 

UF 
|
 

PO} 
SV 

|
 

Pa 
|
 

Wa] 
OM] 

OL 
|
 
OW] 

GN |
 

17 
A 

AS 
|
 
q
a
 

PS 
es 

cs 
1S 

0s 
6v 

8r 
LY 

oF 
cP 

bP 
ev 

cy 
Iv 

Or 
6£ 

SE 
LE 

SES 
| 

POG6L] 
968L | 

9176 rL| 
6S7L 

| 
71°69 | 

BESO 
| 

OPS ED] 
EOS 

[zECE RS 
LEBSS [OSCE PS] 

966'IS|STPE0S| 
BS LP lésse rb] 

80'Or 
lEse0'6E 

I
M
 

| 
48 

|
 

8S 
SV} 

207) 
8D] 

8) 
8] 

WN 
[9D] 

OA 
|
 
UW] 

AD 
A 

|
S
 

|
 

8] 
M 

9€ 
GE 

ve 
€€ 

zE 
I€ 

0€ 
67 

87 
LZ 

97 
cz 

vz 
€7 

cZ 
17 

07 
61 

8HG'GE| 
ESHSE] 

90'CE | 
BELEOE 

ISS80°8Z|ST869Z] 
zy] 

Il 
Ol 

6 
g 

L 
9 

S 
b 

¢ 
| 

SOE PZ 
1868672 

Vj 
id] 

s 
d 

| 
is 

| 
IV 

SIA | 
®N 

81 
LI 

91 
SI 

rl 
€l 

Zl 
a! 

6LI'02 
[P8668] 

666 ST] L900'°F1 | 
T1071 

| 
1801 

8IZ10°6| 
1769 

oN 
i 

O 
N 

a 
a 

9G 
|
 

IT 
Ol 

6 
8 

L 
9 

S 
v 

€ 
09700" 

76L00'I 
oH 

LI 
91 

SI 
v1 

El 
Zz 

i 

c 
I 

81 

S
I
N
G
N
A
T
d
 
F
H
L
 
40 

A
T
E
V
L
 
O
1
G
O
M
a
A
d
 

      I 

Page 5of 5


