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QUESTION ONE

(a)  Write an acceptable name for each of the following:
(i) K3[Fe(CN)sNO].2H:0
(i)  [Co(NH;)sCOs]Cl

(i)  [(NH;)sCr-OH-Cr(NH3)s]Brs [3]
(b)  Given the complex ion [Co(en),(SCN),]*

(i) What is the charge on the central metal ion? [1]

(il)  What is the coordination number of the central metal ion? [1}

(i) What possible types of isomers can exist for the complex? Name each
isomer according to proper nomenclature and draw their structures. [6]

{c) A pink solid has the empirical formula CoCl;-5NH;-H,O. A solution of this
salt is also pink and rapidly gives 3 moles AgCl on titration with AgNO;
solution. When the pink solid is heated, it loses 1 mole H.O to give a purple
solid with the same ratio of NH;:Cl:Co. Deduce the structures of the two
octahedral complexes and draw and name them. [6]

(d) The two square-planar isomers of [PtBrCi(PRs);] (where -PR; is a
trialkylphosphine group) have different phosphorus NMR spectra. One (A)
shows a single *'P group of lines, the other (B) shows two distinct 3P resonances

each similar to the single resonance region of (A). Which is cis and which is
trans? (2]

(e)  When the anion of the amino acid glycine HaNCH.CO;™ (gly ) is used to dissolve
Co(IT) oxide, both the N and an O atom of gly” coordinate and two Co(III)
nonelectrolyte meridional (mer) and facial (fac) isomers of [Co(gly);] are formed.
Sketch them. [4]

® Predict the number of unpaired electrons in

@  [Fe(CN)e}" ()  [Fe(H0)]™ [2]




QUESTION TWO
(a) )] Draw the complex, [Ni(en)]** showing the optical isomers. [2]
(i)  If at equilibum, [Ni(en)s]** is 0.08 M and [en) is 0.40 M, calculate [Ni**].
Note that B; for [Nifen)sJ" is 4.07 x 10%° [2]
(i)  Write equations for the successive formation equilibria. 31
(iv)  The first and second stepwise formation constants are:
log K; = 7.66
log Kz = 6.40
Calculate the third stepwise formation constant. [3]

(b)  Draw energy level diagrams and indicate the occupancy of the orbitals in the
following complexes:

(i) &, octahedral, low spin [3]
(i)  d° tetrahedral. [3]
(i)  Calculate in units of A, the difference in crystal field stabilization energy
between complexes (i) and (ii) assuming that the ligands are strong field
ligands. (3]
(c) (@ Calculate the number of microstates for a & arrangement. (2]
(i) Determinse the ground state terms for the following configurations:
M p @ & [4]
QUESTION THREE

(a) Using group theory methods
1) determine the hybrid orbital schemes on the central atom in BF; (trigonal
- planar) and select the most suitable orbital set for bonding. Use B-F bonds

as a BASIS. [8]
(i)  Sketch a qualitative molecular orbital energy level diagram for BF;.
[4]
(b)  With the help of group theory methods, determine the number of IR and Raman
peaks expected for NH;. [6]
{c)  What is meant by a transition element? : [

(d)  Give two properties of transition metals that make them more suitable active
centres in biological systems compared to the main group elements. {21

(e)  Explain why
(i) even though d-d transitions are Laporte forbidden', spectra of much lower

~ absorbance are still observed in a UV-Visible spectrum. [2]
(ii)y  high-spin octahedral complexes of Mn(Il) are off white or very weakly
coloured. [2]




QUESTION FOUR
(a) ® Draw a simple molecular orbital diagram for [CoFs]> showing only o-
bonding molecular orbitals and filling in all the electrons in the complex.
[7]
(i)  Briefly discuss the magnetic properties of [CoFs]*". [3]
(b)  Which complex would be expected to have the larger 10Dq (A,) value? Explain.
() [Cr(CO)s or [Mo(CO)s] [2]
(ii)  Ks[Co(CN)s] or Ki[CoCls] [2]
(1)  [FeClz(en):] or [FeCly(en);]Cl [2]
© @ Explain the shortcomings of the valence bond theory. [3]
(i)  Explain the shortcomings of the crystal field theory. [3]
(d Given:
Colour of white light Wavelength absorbed Complementary colour
violet ~415 nm yellow
green ~ 510 nm red
yellow ~ 570 nm violet
red ~ 710 nm green
If an octahedral complex absorbs at approximately 500 nm, what is its colour?
[1]
{e)  For which one of the following would it not be possible to distinguish between
high-spin and low-spin complexes in octahedral geometry?
Ni(I), Co(IIl), Fe(IT), Co(IT), Cr(II) [2]
QUESTION FIVE
(a)  Briefly discuss substitution reactions in square planar complexes. In your
discussion include the effect of charge, nature of entering group, steric effects and
sterochemistry [15]
(b)  What is meant by the term trans effect? (4]
(¢)  Using suitable starting materials show how you would prepare cis-[Pt(NH3)2Cl:]

and frans-[Pt(NH;),Cl;]. (6]




QUESTION SIX
(a)  Draw the geometries of
()  TeF, (ii) NF4 (iii) SFs~ [3]
{b)  List all symmetry elements of
{i) cis-(CH;)CH=CH(CHj;) [2]
(i)  trams-(CH;)CH=CH(CH;) [2}
(i)  [Co(NH;3)sCI)J** (consider the central and donor atoms only) {2]
(c¢) By substituting H's with Cl's in CH4 you obtain CH;Cl, CH2Cl;, CHCl3, and CCl,.
Give the point groups of these molecules. [10]
(d)  Which of the following molecules have a centre of inversion?
(1) CH,4 (i) C:H: () SO:Cly (iv) CHy [2]
(e) Set up the matrices which will perform the following transformations:
i rxy to -y
l.y 4 t._x S
G [(x)] to [-)
y X
Lz / \.—Z 4 [2]
§3) Reduce the following representation

Td! E 8Cs 3C, 6Ss 6G4_

4 1 0 0 2 [2]




Character Tablés“ for Chemically

Important Symm:etry Groups

1. The Nonaxial Groups
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VTI;e €, Groups (continued)
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3. The D, Groups

D2 1 E Coz) Cay) Caf2)
A 11 11 22 42, 2
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o ‘ 4. The Ch, Gr_oups -

Co ¥ »-C'2‘..0'u($2) '<}<7:(y2) S AR PR . o fE')?
Ar o1 1 1 z 7%, y?, 2
A, | -1 R, Ty
By 1 —1 1 -1 | =z, R, zz
By 1 -1 -1  1-|_yR yz
Cw | E 2Cy 3o, '
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6. _Thle Doy Groups

‘ Dap | E-iCalz) -~Caly)Calz) - A alzy) -elzz) —olys) B o ’” R
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By 1 0 =1 —1 1 1 -1 -1 R, . ozy
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7. Thé‘ Dra Gfoups

Dag F 38, Ca 2C; 204
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8. The S, Groups
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9. The Cubic Groups ’
T4 E BC3 3C» 6Si 6og
Ay 1 1 I z* + 11'2 - 22
Aa 1 11 =1 -1
E 2 -1 2 0 O (2:% — 22 — 32 7
12 — y'.')
T 3 0 -1 1 - (R: Ry R
Ta 3 0o -1 —1 1 {x, v, 2) (xy, zz, 312)
O E BC: 60s 6C; 3C(=0C™ 1 65, 835 3oa Gog
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CONTRIBUTIONS BY VARIOUS SYMMETRY
OPERATIONS ON UNSHIFTED ATOM TO THE

CHARACTER
E G i C. Sa
3 1 -3 2Cos0 + 1 2Cos0 -1
C, G Cs Cs Cs
-1 0 1 1,618 2
S3 S4 Ss Ss Ss
-2 -1 -0.382 0 0.414

TRANSFORMATION OF SPECTROSCOPIC TERMS

INTO MULLIKEN SYMBOLS
Term Oh Ta
S Alg Al
P Tl T,
D Eg + T2g E+T,
F Agp + T1p+ Toyg A+ T +T;
G

Ap+E,+ T+ T A+E+T +T;
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