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Answer Five (5) questions only. SECTION A is COMPULSARY. Answer any TWO (2)
guestions from SECTION B.

Answer each question on a new page.

If a candidate answered more than five questions, only the answers to the first five
guestions in the answer sheet will be graded.
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SECTION A
COMPULSORY questions.
1. (@) Determine the oxidation state, coordination number of the metal center and the
name of the following complexes according to the IUPAC rules.
0] K2[Cd(CN)4]
(i) [Co(H20)6][Ag(CN)2]s
(iii) K2[OsClsN]
(10 marks)
(b) Explain Werner’s Theory using CoCls.4NH3; and CoCls.3NH3 as examples.
(5 marks)
(© A student treated aqueous solutions of [Rh(NH3)4Cl2]Cl with excess AgNOs(aq)
and K[TiClg] with excess AgNOs(aq) in separate experiments. Predict the
student’s observation in both experiments and explain.
(5 marks)
2 (a) Cobalt complexes [Co(CN)e]>* and [CoFe]* absorb at 430 nm and 650 nm,
respectively. Determine
0] the crystal field splitting Ao for both complexes in unit of Joule; and
(i) the color of the metal.
(8 marks)
(b) Find the LFSE in terms of Dq and calculate the spin-only magnetic moment (in

unit of Bohr-magneton) for the following complexes:
0] cis—diaqua—cis—dichloro—cis—difluorocobaltate(ll) ion
(i)  trans—dichlorotetrakis(triphenylphosphine)nickel(ll)
(i) tris(bipyridine)ruthenium(ll) ion
(iv) cis—dicyanobis(oxalato)manganate(ll) ion

(12 marks)
..3l-
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3. (a) Calculate the number of electrons in the following complexes using covalent
model.
(i) (ii)
Hj
H 7, /C\ S
Ti/ \Ti /"'Cr—/Cr‘\\

H Hj
(10 marks)
(b) The trans-effect is a measurable ground state effect observed in some square

planar complexes.

(@ Describe how you would measure this effect in square planar Pt(PEts3).Cl>
complex if you could not obtain an X-ray crystal structure.

(i)  Describe briefly how the trans-effect contributes to the variation of ground
state energy.

(20 marks)
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SECTION B

Answer any TWO (2) questions.

4. (a) [IrCI(PMes)s] complex (where PMes is trimethylphosphine) is reacted, by a

reaction known as ‘oxidative addition’, with Cl> to form octahedral complexes.

i. Draw the isomers of the formed octahedral complexes.
ii. Provide the IUPAC name of the isomers in (i)
(5 marks)

(b) Certain bacteria transport iron(lll) into their cells using a compound known as
enterobactin. The binding took place when the enterobactin is deprotonated. The
formation constant for the iron(lll)-enterobactin complex is about 10*°. Based on
the given structure of enterobactin, provide a reason why the formation constant

is so high.
OH
OH o) Oﬁ/Q\OH
H
Nu, {‘\oﬁ;\r\m OH
© [¢] (¢] 0
A
HN. 0
HO
HO
(5 marks)
(c) The molecule [Fe(CO)4Cl;] possesses a point group of Cay.

i. Derive the reducible representation of I're.co (Fe-CO as basic function).

ii. Demonstrate how the reducing formula can be applied to obtain the
irreducible representations for Fe-CO and Fe-ClI.
(20 marks)




5. (@
(b)
(c)
6. ()
(b)
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Prove that the following reaction took place through inner sphere coordination
mechanism.

[Co(NH3)sCl)?* + [Cr(H20)6]** + 5H20 — [Co(H20)e]** + [Cr(H20)sCl]** +
5NH;s

(6 marks)

Suggest a pathway to indicate the transfer of an electron over the bridging ligand
in (a).
(4 marks)

Describe briefly Molecular Orbital Theory based on the transition metal-ligand
complexes with octahedral geometry.

(20 marks)

Demonstrate that the product of K; to K4 for the stepwise replacement of water in
[Cu(H20)4)?* by ammonia result in the expression for

,34=[

[[Cu(NHs)4)?*]
[Cu(H20)4]%¥][NH3]*

(10 marks)
The electronic spectrum of [V(H20)e]3* is shown as follows:

V3H(g2)

a poi b lasnialeyialpraalprraloia

5,000 15,000 25,000 35,000
10,000 20,000 30,000

cm—1

i. Suggest the probable transitions for the two bands based on Tanabe-
Sugano diagram.

i. Determine the values of Racah parameter, B and crystal field splitting
energy, Ao.
(20 marks)

...6/-
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7. (a) The ambidentate ligands in the coordination complex below bond through
different ends to the metal center. Elaborate.

2, N
/"Pd“
N \S
C// \\‘C
S// \N
(5 marks)
(b) Provide two (2) examples of metal complexes that contains carbon rings with

extended T1r-systems. Determine the number of electrons according to ionic
model that obey 18 electron rules.

(5 marks)
(©) For each of the following molecules, provide
()  symmetrical elements
(i)  point group
@) F
é F//"’Bl ‘\\\\F
_— r
o~ o 2.
| |
PH3P//’4, \\\(:I |
Rh? Fe
7 S
PH4P PPh;
] v
(20 marks)
-0000000-
LT




SULIT

TANABE-SUGANO DIAGRAM

[KTT212]

1. d’ with C=4.42B

3. d* with C=4.61B
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5. d* with C=4.88

7. d* with C=4.7098

Ao/8

6. d’ with C=4.6338
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“Special Groups"?
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No Yes
C, present?
linear | high symmaetry
No § Yes
gy present?
Noj Yes i
i present?
Noi Yes '
5.8 n C;perpendicular to C,?
No i Yes
C'l Cz’
ke %
Not Yes No | Yes
g, present? oy present?
Not Yes No t Yes
¢
v Dy
Sy, present?
No] Yes
Cr Dy Dy
Cy S
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Character Tables for selected point groups
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C, E Ty C; E i
A 1 1 xv.R x2 2zl v Ag 1 1 R_.E R, w2yl el v xmyE
A" 1 -1 =R R, YZXE Ay 1 -1 X.V.Z
C, E Cq
A 1 1 R iyl gt
B 1 -1 wy BB YZXE
D, E | Caz) ] Caly) ] Calx) Dy E | 2C, | 3C,
A 1 1 1 1 X izl xy Al 1 1 1 xlyd, 2
B 1 1 -1 -1 =Rz xy Az 1 1 1 (A
B2 1 -1 1 -1 y. Ry XZ E 2 -1 0 (xy)F,R) (xz.yz);
Bi 1 -1 -1 1 x,Rx VE (x2-y2 xy)
C,, E C2 T xZ) . (vE)
Al 1 1 1 1 z izt
Aa 1 1 -1 -1 R, Xy
B 1 -1 1 -1 xR, XE
B2 1 -1 -1 1 v.R VZ
Cyy E 20, g,
A 1 1 1 z x+y2, 7
Az 1 | -1 R
E 2 -1 0 xy) (BB | (x2yvlxy), (xzvz)
C, E 2Cy C2 2oy 2ad
Al 1 1 1 1 1 ¥ altyl, 7l
Az | | ] -1 -1 R,
B 1 -1 ] | -1 xiyd
Bz 1 -1 1 -1 1 Xy
E 2 0 -2 0 0 () (R, R (xZ.vZ)
Cop E Ca 1 Ch
Ag 1 1 1 1 R. 22y, 22 xy
Bg | -1 1 1 R E, XZ, YZ
Ay | 1 | 1 z
Bu 1 -1 1 1 X, ¥
D,, E Ca(z) | Calv) | Caix) 1 alxy) | oixz) | olyz)
Ag ] ] ] ] ] ] ] ] x2, }':.K:
Big | | -1 -1 | | -1 -1 R, Xy
Bag ] -1 ] -1 ] -1 | -1 R, XZ
Big 1 -1 -1 1 1 -1 -1 1 R, vz
Ay | | | | -1 -1 -1 -1
Biu | | -1 -1 -1 -1 | | Z
Bay ] -1 ] -1 -1 ] -1 ] v
By ] -1 -1 ] -1 | | -1 X 11/-
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Dy, E 2C3 3C2 Gy, 2583 3oy
Ay 1 1 1 1 1 1 a2yl 22
A 1 1 -1 1 1 -1 R
E' 2 -1 1] 2 -1 0 (x.v) (x2-v2, xy)
Ay 1 1 1 -1 -1 -1
A" 1 1 -1 -1 -1 1 z
E" 2 -1 () -2 1 0 (R_.R. ) (xZ,vZ)
1 E 2Cy Ca 2C4' 2C" 1 284 Gh 2oy 2oy
Alg 1 1 1 1 1 1 1 1 1 1 xi+yl, 22
Aag 1 1 1 -1 -1 1 1 1 -1 -1 R
Big 1 -1 1 1 -1 1 -1 1 1 -1 x2-y?
Bag 1 -1 1 -1 1 1 -1 1 -1 1 Xy
Eg 2 0 -2 0 1] 2 0 -2 0 1] (R,. R (XZ, vZ)
Alu 1 1 1 1 1 -1 -1 -1 -1 -1
Ay 1 1 1 -1 -1 -1 -1 -1 1 1 z
By 1 -1 1 1 -1 -1 1 -1 -1 1
B2y 1 -1 1 -1 1 -1 1 -1 1 -1
Eu 2 0 -2 0 1] -2 0 2 0 0] (%)
D, E 2C5 2C52 5Ca Th 255 2553 Sy
Al 1 1 1 1 1 1 1 1 xi+yd, 22
A 1 1 1 -1 1 1 1 -1 R
E 2 205720 | 2cosldd” 0 2 2cos720 2cos 1449 1] (x.¥)
Ex' 2 2oos144° 2onsT20 0 2 2cos 144 Zcos720 1] {x2-y2, xy
A" 1 1 1 1 -1 -1 -1 -1
As" 1 1 1 -1 -1 -1 -1 1 z
E1" 2 2cos72° 2cos144° 1] -2 -2cos72% | -2cosl44° 1] (R,.R,)) [x7, yZ)
Ez" 2 2oos144° 2onsT20 0 -2 -2cosld4® | -2cos72° 1]
Dy E 2Cq | 2Cy Ca | 3C2" | 3Cy" 1 155 | 25, Th Jog | 3oy,
Alg 1 1 1 1 1 1 1 1 1 | 1 1 a2ty 2, 7]
Azg 1 1 1 1 -1 -1 1 1 1 1 -1 ] R,
Big 1 -1 1 -1 1 -1 1 -1 1 -1 1 1 x2eyd
Bzg 1 -1 1 -1 -1 1 1 -1 1 -1 -1 1 Xy
Eig 2 1 -1 -2 0 1] 2 ] 1 -2 0 1] (R, .R.) (xZ.yZ)
Ezg 2 -1 -1 2 0 1] 2 -1 -1 2 0 1] '
Al 1 1 1 1 1 1 -1 -1 -1 -1 -1 1
A2y 1 1 1 1 -1 -1 -1 -1 1 -1 1 1 i
By 1 -1 1 -1 1 -1 -1 1 1 1 -1 1
B2y 1 -1 1 -1 -1 1 -1 1 1 ] 1 1
Elu 2 1 -1 -2 0 1] -2 -1 1 2 0 1] (x.y)
Eay, 2 -1 -1 2 0 {0 -2 1 1 -2 0 {0
D, E 25, C- 2C" 2oy
Al 1 1 1 1 1 iyl 72
Aa 1 1 1 -1 -1 R,
B 1 -1 1 1 -1 x2-yd
B, 1 -1 1 -1 1 z Xy
E 2 0 -2 0 0 ek (RLR) (xz.yz)
.. 12/-
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D, E 2C3 3C2 1 285 Jad
Alg 1 1 1 1 1 1 xl+yl, £
Azg 1 1 -1 1 1 -1 R,
Eg 2 -1 1] 2 -1 1] (B R} {32y oy {xzvz)
Ay 1 ] 1 -1 -1 -1 )
Ay 1 1 -1 -1 -1 1 z
Ey 2 -1 1] -2 ] 1] (x.v)
S, E 54 Cs 547
A 1 1 1 1 R x+yd 2
B 1 -1 1 -1 z x2-y2, Xy
E I +i 1o i R.RY (xz.y2)
T, E BC3 3Cz 654 Hiod
Al 1 1 1 1 1 wl+y izl
Aa 1 1 1 -1 -1
E 2 -1 2 0 0 (2z2-x2-y?, x2-y%)
T1 3 0 -1 1 -1 (R, R _.R)
T2 3 1] -1 -1 1 [x.v:'f.] (X yZXY)
iC2
0, E | 8C3| 6C2 | 6Cs | (=C4%) i | 654] 8S6] 3on | 6oa
Alg 1 1 | 1 1 1 1 1 | 1 ity l+ed
Aag 1 | -1 -1 1 1 -1 | ] -1
Eg 2 -1 ] 0 2 2 i -1 2 0 {2z-xld xdady
Tig i 0 -1 1 -1 3 1 0 -1 -1 (BB B
Tag 3 0 ] -1 -1 3 -1 0 -1 | ' (xzyzxy)
Ay 1 1 | 1 1 -1 -1 -1 -1 -1
Ay 1 1 -1 -1 1 -1 1 -1 -1 1
Eq 2 -1 ] 0 2 -2 ] | -2 0
Tiu 3 0 -1 | -1 -3 -1 0 | 1 (x.v.7)
Ty 3 0 ] -1 -] -3 1 0 ] -1

Appenidix B. Constants & Useful Energy Conversions

Planck's Constant, h=6.626x107* J-s
Boltzman's Constant, k=1.381x102 JJK = 0.6950 cm™ /K
speed of light, c=2.998x10% m/s

1 eV =1.60219 x10°" J = 96.485 kJ/mol = 22.58 kcal/mol = 8065.5 ecm™
1 em™ =11.96 J/mol = 2.859 cal/mol = 0.1240 meV

...13/-
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Some Direct Products Note that is some instances, g and u must be added (gxg=uxu=g;

no_n

gxu=u), some subscripts must be omited and ' and " must be added ('x' =" x" =" "x" =
D3, Dy, A B B2 B3 'y, Al A2 B B2
A A B B2 Bz Al Aj Al B B2
B A B3 B2 Az Al B2 B
B» A B, B Ay As
Bi A Bz Al
C3y. D3, Cy Caps
Dyg4. D3 Ay Aa E 5S4 B E
Aq A Az E A B E
Az Al E B A E
E AlHAFE E [AH+A+E
('4‘-. D4. ng. Al A2 B B2 E
Dip
Aj Al Aa B B2 E
Az Al B2 B E
B A Az E
Ba Al E
E Ay H[Aq+B 1B,
Csyes
Dz, Cg.
Dap. o Al ] A2 E| E3 Cen B Ej Ez
Al Ay Aa E| E> A B Ej E2
Az Al El E2 B A Ez El
E| A A HE2 E|+E2 Ej [Al+A+E: 2B+E,
E2 AlHAFE) E2 [A]+A+E2
Cea D Dy Ay Aa B B2 E; Ea
Ay Ay Aa B B2 E, Es
Az Al Bz Bi Ei Ez
B Al Az Ezx Ej
B2 A Ez E;
E| AlHAHES Bi+Bx+E|
Ez AlHA2]+Ez2
O, Ty A Az E T T2
Al A A2 E T Tz
A2 Al E T2 T
E Aj+H[AHE Ti+Ta T+T>2
T A+EHT]+T2 AE+T1+T2
T2 A+EHT1]+T2

...14/-
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Standard Valence Orbital Hii values (eV)

Atom ns np (n-1)d n
H -13.6 1
- B ~15.2 8.5
C 214 113
N 26.0 13.4 2
0 323 14.8
F 0.0 8.1
Si 17.3 0.2
P -18.7 14.0 3
S 20.0 133
Tl 763 142
Sc -8.9 2.8 -8.5
T 0.0 5.4 10.8
Y 8.8 5.5 11.0
Cr 8.7 3.7 1.2
Mn 9.8 5.9 11.7
Fe 0.1 5.3 12.6
Co ) 33 130
Ni 0.2 5.2 13.5 4
Cu 114 6.1 14.0
Zn 174 5.3
Ga 14.6 6.8
Ge 16.0 0.0
As 162 = )
Se 203 13.2
Br 22, 131
Mo -8.3 -5.2 -10.5
Ru 0.4 5.0 140
Rh 3.09 4.6 125 5
Pd 7.3 38 12.0
Sk 18.8 1.7
I -18.0 -12.7
[ Te 20.8 “13.2
W 8.3 5.2 104
Re 036 5.0 127 6
Os 8.5 35 11.0
Pt 0.1 5.5 12.6
Au -T0.0 3.6 131
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