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Using this Chemistry Cassette programme

Please read before you start

This Chemistry Cassette programme has two components - the
audio-cassette and this workbook. They are designed to be used together so
make sure that you have them both with you before you start.

So that you can easily find material in the workbook it has been divided into
numbered sections called frames’. These contain diagrams, tables and other
relevant material and Professor Kettle will refer you to these as he proceeds
through the programme.

The programme is ‘self-pacing’ — this means that you can work through it at
your own pace, stopping the tape player whenever you want to pause for
thought or to study material in the frames. You can also use the rewind
control to repeat material that you may not have fully understood on a first
hearing. You should also make appropriate notes to supplement the material
in the workbook.



Introduction

In recent years the subject matter of this Chemistry Cassette programme
has received less and less attention in most inorganic texts, to the point at
which it has become almost inaccessible to students. This is in contrast to
the situation some twenty years ago, when it was given an undue
prominence. Unfortunately, at that time, the presentation generally left
much to be desired and there can be little doubt that it was this, perhaps
with the perceived inherent difficulty of parts of the subject, that led to the
reduced time devoted to it. Unfortunately, along with the content have
disappeared the insights. Further, the fascinating advances that have been
made in recent years have shed new lights on parts of the subject but it is
doubtful that this has been fully recognised. All this points to a need to
attempt to present the subject matter of this programme in an accurate,
understandable and non-mathematical way. This, of course, is what I have
attempted to achieve. The method that I have adopted is to make use of the
fact that many coordination compounds have highly symmetrical basic
structures and I have therefore exploited symmetry to the full. While I have
tried to introduce the symmetry concepts as fully as possible, I have not been
able to explore the basics of the subject. However, this has been covered in
another Chemistry Cassette programme Symmetry in Chemistry that should
provide an adequate introduction and some time spent on this would be time
well spent.

Sidney Kettle
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Top: axes of orientation of five d-orbitals of the same shape.

Bottom: one of the same-shape d-orbitals (that ‘along’ the right-hand axis in
the upper half of the top diagram).

Note: there is also a second set of same-shape d-orbitals. For these the five
axes are pitched lower, and the central orbital lobes larger, than those
pictured above.

An octahedron. An octahedron has eight equivalent, equilateral triangular,
faces, six equivalent vertices and twelve equivalent edges.




Oh |E 8C3 3Cy 6C4 6Cp" i 8S¢ 3on, 6Ss 604
Aglt 1 1 1 1,1 1 1 1 1 T = XoryPezl
Agg 1 1 1 -1 -1 1 1 1 -1 -1
‘ Egl2 -1 2 o0 o0 2 -1 2 0 0 (2%, -y
Tlg 3 0o -1 1 -1 3 0o -1 1 -1
?25 3 o -1 -1 1 3 0 -1 -1 1 (xy, yz, zx)
Al 1 1 1 i1 i-1 -1 -1 -1 -1
Aoyl 1 1 -1 -1 i-1 -1 -1 1 1
E, 12 -1 2 o 0 -2 1 -2 0 0
T1al3 0 -1 1 -1 -3 0 1 -1 1 (x,¥,2)
Toy |3 o -1 - 1 |3 0 1 1 -1
The Oy, character table
rof
I5A
A
free-ion 2%A
t2g

Splitting of d-orbitals in an MLg octahedral complex




The relationship between a cube and a tetrahedron (the apices of the cube
not involved in the tetrahedron shown actually define a second tetrahedron).

8
Ta E 8Cs 3Cs 6S4 604
A, 1 1 1 1 1 = ::24-y2+z2
A, 1 1 1 -1 -1
E 2 -1 2 0 0 2, x2y%)
T 3 0 -1 1 -1
To 3 0 -1 -1 1 (x, y, z) xy, yz, zx)

The T4 character table

dyy (dyz and dyx are similar) .2 2 (d,” is degenerate with this)
d orbitals in a tetrahedral ligand field

N Symmetries of the orbitals of the central metal atom in a MLg complex of
octahedral (Oy,) symmetry

L Orbital Symmetry

% 8 alg

§ (Px; Py, P2 tiu

i (d2, dx2-y2) eg

% ‘ (dxy, dyz, dzx) tog

|




E 8C3 3Cg 6C4 3Cy i 8S¢ 3op 6S4 604
6ligandc 6 0 2 2 0 0 0 4 0 2

Number of
operations in {1 8 3 6 3 1 8 3 6 6 ,
the class ' .
Multiply: 6 0 6 12 0 0 0 12 0 12 4p
(This line will be used for all the following calculations)
48—
a) Test for A;g
A 1 1 1 1 1 1 1 1 1 1
Multiply 6 0 6 12 0 0 0 12 0 12
Add = 48 (= 1 x order of the group [48]) : 1 Ajg i
i ===

b) Test for Agg
Agg: 1 1 1 -1 -1 1 1 1 -1 -1 i
multiply 6 0 6 -12 0 0 0 12 0 -12 L
add =0 s
¢) Test for E ‘
Eg: 2 -1 2 0 0 2 -1 2 0 0 metal orbitals molecular orbitals ligand orbitals
multiply 12 0 12 0 0 0 0 24 0 0 & . . .
add - 48= IE, } A schematic o-orbital energy-level scheme for octahedral complexes

%
d) Test for T,
Tra: 3 0 -1 1 -1 -3 o0 1 -1 1
multiply 18 0 -6 12 0 0 0o 12 0 12

add =48 = 1Ty,
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Weak field (high spin) d’ d’
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" L' O & K
Strong field (low spin)
A A |
N

d4 d5 d6 d7

Weak and strong field arrangements of d electrons in an octahedral ligand

field.

T —— .
ground
state
configuration: tzgﬁeg3
term: 2Eg

=¢u=
%E/

excited
state

5 4
tog €g

®Tog

Ground and electronic excited state configurations and terms for octahedral

Cu(ID, d°
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The three sets of f-orbitals in an octahedral crystal field Orbitals and d-electron free-atom terms in an octahedral crystal field
orbital splitting d-electron splitting
type in Oy free atom in Oy
| term
p t1u P Tig
i d egtlog D Eg+Tog
f agy+tiu+toy F AggtTyg+Top
g ajgtegttigttog G AgtEg+T1g+Tog
?1 ey+2t1y+toy H Eg+2T1g+Toy
i ajgtaggtegttigt2tog 1 Arg+Age+Eg+Tig+2Tog
[G, H and I terms occur but never with the highest spin multiplicity in d™
systems]
: The direct product Tog x Eg
£3 fz(xz—yz) for ‘ E 8C3 3Cy, 6C4 6Co” i 8Ss 3on, 6S4 60q
(f,3 and f;3 are similar)  (f;y2_,2) and f(;2x2) are similar) | Tog 3 0 -1 -1 1 3 0 -1 -1 1
o Eg 2 -1 2 0 0 2 -1 2 0 0
t1u t2u a2u | multipy 6 0 -2 0 0 6 0 -2 0 0
}
| This is a sum of Ty + Tog
Tig 3 0 -1 1 -1 3 0o -1 1 4
Tog 3 0 -1 -1 1 3 o -1 -1 1
add 6 0 -2 0 0 6 0o -2 0 0

Alternatively, the more formal method detailed in frame 11 can be used to
reduce the representation. So, the tzglegl configuration gives rise to the

terms
3T1g + 3T28 + lTlg + szg
[ (since both spin triplets and singlets are equally admissible).
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Direct products applicable to octahedral transition metal complexes.

Ajg Agg Eg Tig Tog
Ajg| A1g Agg E Tig Tog
Agg|l Agg Agg Eg Tog T1g
Eg | Eg Eg AjgtAgt+Eg T1g+Tog T1g+Tog
Tig| T1g Tog T1g+Tog Ayg+Eg+T1+Tog Agg+Eg+T g+ Tog
Tog| Tog Tig T1g+Tog Agp+Eg+T1+Tog A1g+Eg+T14+Tog

19

increasing

eg2
3
g
Q
1.1
t2g eg
3p
3p
tzgz
zero field infinite field
(weak field (strong field
limit) limit)
e

field increasing






