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Question One 

a) 	 Give the IUPAC name for each of the following: 

i) 	 K3[CO(N02)6] 
ii) [Cr(en)J]3+[Cr(Ox)3t 
iii) [CI3~(~-CI)3~CI3](CI04)3 
iv) ~(CH2CH3)6 

[6 ] 

b) 	 Give the formula of each of the following: 

i) Sodium pentacyanonitrosylferrate(lI) dihydrate 

ii) Potassium pentachloronitroosmate(IV) 

iii) Tetraammineaquacobalt(lII)-~-cyanobromotetracyanocobaltate(III) 


[6] 

c) 	 State the type of isomerism that may be exhibited by the following six­
coordinate complexes, and draw structures of the isomers: 

i) 
ii) 
iii) 

[Pt(enhCh]Br2 
Pd(bpy)(NCS)2 
RhH3(PPh3)3 

[13) 

Question Two 

a) A monomeric complex of cobalt gave the following result on 
analysis: 

The compound is diamagnetic and contains no other groups or elements, 
except that water might be present. 

i) U sing the above data, calculate the formula of the compound 
ii) Check if there is any water present. If water is present, what is the final 

formula of the compound? 
~. 	 . [8) 

b) The magnetic moment for the complex [COF6t is found to be 5.63 BM. 
Explain why this value does not agree with the value of magnetic moment 
calculated from the spin-only formula. 

[6) 

Species Co NH3 cr SO/­ i H2O 
%, by 
mass 

21.24 24.77 12.81 34.65 ? 
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c) 	 Explain why under the influence of an octahedral field, the energies of 
the d orbitals are raised or lowered. 

[7] 

d) 	 What is the expected ordering of Ao for [Fe(OH2)6]2+, [Fe(CN)6]3- and 
[Fe(CN)6t? Rationalize your answer. 

[4] 

Question Three 

a) 	 A reaction of trans-[Pt(PEt3)2(Ph)CI] with thiourea, tu, in 
methanol follows a two-term rate law with 

Give a plausible mechanism for the reaction. Suggest how the 
values ofk l and k2 may be obtained. 

[8] 

b) [V(H20)6]3+ has absorption bands at 17800,25700 and 34500 cm-!. Using the 
. Tanbe-Sugano diagram for a d2 configuration, estimate values of ~o and B for 
this complex. 

[17] 

Question Four 

a) 	 Complete and balance the following reactions: 

i) 	 Cr+Ch ~ 

..ii) 	 Mo+Ch 

iii) 	 Cr+02 • 
iv) 	 Mo+02 • 

[8] 

b) 	 Sketch at least three possible geometries for a complex with coordination 
number six (CN=6). [6] 
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c) 	 Explain each of the following: 

i) Ti02 is white but TiCb is violet 
[4] 

ii) 	 Iron(VI) oxide is more oxidizing than chromium(VI) oxide. 
[4] 

e) 	 Write equations to show the reaction of Cr203 with sulfuric acid 
[3] 

Question Five 

a) 	 Starting with [Rh(H20)6]3+ and chloride ion, cr, suggest a method 
for preparing each of the following: ,. 

[7] 

b) 	 The electronic spectrum of [Fe(H20)6]2+ has one peak which is around 1000 
nm. On the other hand, the complex [Fe(CN)6t exhibits at least two 
absorption bands at lower wave lengths. By using the appropriate Tanabe­
Sugano diagram, account for the likely origin of the absorption bands for each 
of the complexes. 

[8] 
c) 	 Discuss, with examples (one for each), the difference between 

outer-sphere and inner-sphere mechanisms. State what is meant by 
a self-exchange mechanism. 

[7] 

d) 	 What reason can you suggest for the sequence Co>Rh>Ir in the 
rates of H20 exchange of [M(H20)6f+ ions? . 

[3] 
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Question Six 

a) With the help of the flow-chart which is provided, determine point group for 
each of the following: 

ii) SF5CI 
CI 

bbF 

F ~ F 

iv) dxyorbital (whose shape is sketched below) 

[12] 

b) Determine the symmetries of Cr-O stretching modes for the 
complex [ cr03xr (which has C3v point group). Which ones of the 
modes are IR active? Which ones are Raman active? Show all your 
work. 

[13] 
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Table of' hard, intermediate and' 
soft ,Acids and Bases 

Hard; class (a) 

Soft; class (b) 

Intermediate 

P-, a-, H20, ROH, R20, [OHr, [ROr,'[RCO~-, 
[C03f-, [N03r, [P04]3-, [S04)2-, [CI04r, [oxf-, 
~3,RNH2 
r, H-, R-, [CNr (C-bound), CO (C-bound), RNC, 
RSH, RzS, [RSr. [SCNr (S-bound), R3P, R3As, 
R3Sb, alkenes, arenes 

Br-, [N3r, py, [SCNr (N-bound), ArNH2, [NO~-, 
[S03f­

4. The e... Groups 

C~At-lbA... Cl • 

Al 
Al~T~L~S 
B. 
B2 

" 

E C1 , ' tj.(xz) tj~(yz) 

1 1 1 

1 1 -1 -1 
1 -1 1 -1 

1 -1 -1 1 

Z 

R. 

X, Ry 

y,R", 


HE 
2C, 3tj • 

1 zAl 1 

" 
-1 R.Al 1 

.'.,: (x, y)(R•• R..,)E 2 -1 0 

X1, y\ Z1 

xy 
xz ,. 
yz 

,x' -+ yl, Z2 


(Xl _ yl, XY)(XZ, YZ) 


3T ! 
""-----"0----'20----.1. 

30 
--- , :' "'----'-_!.-.J(.."",,-_..l-_-,-'A, t ~ 

10 20 30 
. AolB/:;o/B 



2.99792458 x 108 ill ~-1 ' 

Permittivity of a vacuum 
PHYSICAL CONSTANTS Speed of light iri avacuum 

8.854187816 X 10-12' F mol 

1.11264 x 10-10 c2 N-~ m-2 

6.6260755(40} x iQ-34: J sPlanck constant 
1.60217733(49) x iq-t9 C 

Avogadro constant 
Elementary charge . 

6.0221367(36)1x 1O;2~ mor l 

Boltzmann constant l.380658(12J i 10'23 J Kl 

Gas constant 8.314510(70) J I<-l morl 
Bohr radil1s 5.29117249(24) x 10:11 ill 

. Rydberg constant 1.0973731534(13) x i07 mol, 

(infinite nuclear m~ss) , 
1.096777 '; x lOP ~;l 

; "': ; , 

Bohr magneton 	 9.2740154(31) ·x.J.O-2~) TIJi.B 
7T 3.14159265359 • 

. Faraday constant F 9.6485309(29)x 104drilOr1, 

Atomic mass unit L660~2(10) ~ 10-27 kg 
Mass of the electron 	 9.1093S97(54) x iO-3! kg 

or' ' ;" ' 
5.48579903(13) x l0f4mu 

Mass of the protop.· 1.007276470(12) m\i; , 

Mass of the neutron 1.0086~904(14) mu i ,. , 
Mass of the deuteron· 2.013553214(24) mu ; , ., 

Mass of the triton 3.01550071(4) ·~u· \, 

Mass of the a-particle 4.001506170(50) rhu 1 • 

.'r.,.,. 



The flow-chart (Decision tree) used for assigning point groups 

N 

y I;S~I~ct C;~¥Vith" 
hI9,h~~tn;,theJ1IS 
: 'hc"le]'

, . ·.··2 '. '. n" 

Linear groups 

(n,qre 
C , :. n'> 

l1>2? 
N 

IN 

y 

Cubic groups 



J.::.:.;;.'-_\;;o.",...."-""' .... J....,, !. ,I .. ~ .• "., .•. '. ~ .J~~~~f<!~,~...~~~'!.!"!I"!'i'\1"'l?!"....'l:\:rr.:'~,..':'f:~ ...<·'·'l'"~.'·'·-"·~.'/ 

IS 

SA 


IA 

~""" 

;t~~.?~:~.\X~~ . " .~~;~ 
t.!,~_ .... 

«:,~<!t.,.f:y/!;rtf.'~, 

3 
Li 

Lithium 
6.941 

11 
Na 

Sooium 
22.99 

19 
K 

Poiwium 
39.10 

37 
Rb 

Rubidium 
85.47 

55 
Cs 

Clsium 
132.9 

87 
Fr 

Francium 
(223) 

2 
2A 

4 
Be 

BeI)'Uium 
9.012 

12 
Mg 

M.tJ1'!i... 
24.31 

20 
Ca 

Cal:ium 
40.08 

38 
Sr 

Sirooiium 
87.62 

56 
Ba 
Barium 
137.3 

88 
Ra 
Radium 
(226) 

3 
3B 

21 
Sc 

Scandium 
44.96 

39 
Y 

Ybri.m 
88.91 

57 
La 

Lmlbarrum 
138.9 

89 
Ac 

Actinium 
(227) 

4 
4B 

22 
Ti 

Tilanium 
47.88 

40 
Zr 

Zirtooium 
91.22 

72 
Hf 

Holnium 
178.5 

104 
Rf 

Ruihafmliwn 
(257) 

5 
5B 

23 
V 

VllUldium 
50.94 

41 
Nb 

Niobium 
92.91 

73 
Ta 

Tllllaium 
180.9 

105 
Db 

Dubnium 
(260) 

I'; :::::::::ec 
, ""·r~;.;:·:(.":'\'·'·' 

6 
6B 

24 
Cr 

Chromi... 
52.00 

42 
Mo 

Molyixblum 
95.94 

74 
W 

Tw'!*n 
183.9 

106 
Sg 

Soalxqium 
(263) 

7 
7B 

25 
Mn 

1dao!lD'" 
54.94 

43 
Tc 

T«bDdi8m 
(98) 

75 
Re 

Rbeaium 
186.2 

107 
Bh 

BlUm 
(262) 

S 9 10 

~SB~ 

26 
Fe 
boo 

55.85 

44 
Ru 

RutbeDium 
101.1 

76 
Os 

Osmium 
190.2 

108 
Hs 

Ha!sium 
(265) 

27 
Co 
CoboIl 

58.93 

45 
Rh 

Rhodium 
102.9 

77 
Ir 

Iridium 
192.2 

109 
Mt 

MtilncriUDI 
(266) 

28 
Ni 
Nidd 

58.69 

46 
Pd 

Pallolium 
106.4 

78 
Pt 

PIaiiaum 
195.1 

no 
Ds 

Darmslakium 
(269) 

II 
IB 

29 
Cu 
Copper 
63.55 

47 
Ag 
Silver 

107.9 

79 
Au 
Go~ 

197.0 

III 
Rg 

RO<IIij<IIium 
(272) 

12 
2B 

30 
Zn 
Zior 

65.39 

48 
Cd 

Cobniuru 
112.4 

80 
Hg 

Men:wy 
200.6 

112 

13 
3A 

5 
B 

Boroa 
10.81 

13 
AI 

Aluminum 
26.98 

31 
Ga 

GaUi... 
69.72 

49 
In 

Indium 
114.8 

81 
TI 

Thallium 
204.4 

(113) 

14 15 16 
4A 5A 6A 

f'~' '!~ ;;i!: 
14 
Si 

Silicoo 
28.09 

32 
Ge 

GcmwUum 
72.59 

50 
Sn 

TiD 
118.7 

82 
Pb 
Lc!d 

207.2 

114 

;:~--. 
~ 

·'.. ¥!·97:. 

33 
As 

Alsalir 
74.92 

51 
Sb 

AOOmooy 
121.8 

83 
Bi 

Bismlllh 
209.0 

(115) 

'.'16
·····S··. 

SoIIi!r 
:n·m. 

34> 
Se:~ 

·.~IiIii~·. 
.. 7a.9,6;. 

52 
Te 

TeJlqjum 
127.6 

84­
Po 

~kmium 
(210) 

116 

17 
7A :1:1

:,.~ :::;::. -:[' . 

'i~i,tl' 
17 '. 
Ci 
'~. 
,~t~L 

·:.··i~" 
~.'.'"79,90 

.,....,.,... 

il~ 
Algal 

..3~,95 

"36 
'/Kr' 
,~ 

g3.aD. 
.,•...:'.':", .. 

$lii,JI~lj 
85 
At 

AsbIine 
(210) 

(117) 

':,~~'&~' 

;:(~:: 
''({is) 

~~I~~~~~~~~~~~ Metals 71
70
69
68
67
66
65
64
63
62
59 60 61
58 
 LuYbTmErHoDyTbGdEuSmPr Nd PmCe i.uleliwnYllcrbi.mThulium&biumHolmiumDysprosiumTerbiumGado!iruum&rropiunrSamariumPns<odjlllium Neodymium PromelbiumCerium 175.0173.0168.9167.3164.9162.5158.9157.3152.0150.4140.9 144.2 (147)140.1Metalloids 
103
101 
 102
100
.98 
 99
96 
 97
95
94
91 92 93
90 
 LrMd NoFIncr EsBkCmAmPuPa U NpTh i 
 I
iJwreaciumMeodcIc.ium NobeliwnFenniumCalifornium EinsleiniumBerleliumCuriumAmr:ri:iumPlutoniumPrlXO:linium Unnium NejDlnium I I
ThoriumI Nonmetals (251)(256) (254)(253)(249) (254)(247)(247)(243)(242)(231) 238.0 (237)232.0 i 


The I-IS group designation has been recommended by the International Union of Pure and Applied Chemistry (IUPAC) but is not yet in wide use. In this text we use the 

standard U.S. notation for group numbers (lA-SA and IB-SB), No names have been assigned for elements 112, 114, and 116. Elements 113, 115, 117, and I) S have not 


yet been synthesized. 
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