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4.9 Representation of Groups

Any symmetry operation about a symmetry element in a molecule involves
the transformation of a set of coordinate x, y and z of an atom into a set of new
coordinates X', y' and z'. The two sets of coordinates of the atom can be related
by a set of equations. This set of equations may also be formulated in matrix
notation. Thus each symmetry operation can be represented by a specific matrix.
Aknowledge of the matrices of the various operations in a molecule will be useful

to solve structural problems in chemistry.

This chapter will begin with an account of ma
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Matrices may be added, subtracted, multiplied or divided by using the
appropriate rules of matrix algebra. In order to add subtract two matrices, both
matrices must be of the same dimension, i.e., same no. of rows and columns, For
multiplication, column of A must be equal to row of B. )

Representation of Groups—Each symmetry operation in a point group can
be represented by a number or more generally, by a matrix of number. The
matrices for the different symmetry operation can be obtained by considering the
effect of there operations on the components of a two-dimensional vector. The
results can then be entended to three dimensions.

Matrix for the identity operation (E)}—By identity operation, the components
x, y and z of a vector remain unchanged. The equations which represent the effect

of identity operation on the .vector r are given as :

Ex=1x+0y+0.z
Ey=0x+1y+0z :
Ez=0x+ Oy + 1.z



m rm these equations become
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X X

Z

1 O B
Ey =|0" 1 0] y
z 0 0 1

Hence matrix for identity operation E is :
¢

0
E= 1
0

o O
I s R

Matrix for rotation operations—The z coordinate will be unchanged by any
tion gbout the z—-axis. Thus, the matrix we seek must be in part,

0

g 9 1

The finding the four missing elements can then be solved as a two-
ensional problem in the xy plane. :

Consider the vector r in the two-dimensional coordinate system as given
ow. The vector r can be expressed as a column matrix r.

as
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r. The vector r be rotated clockwise

components of the vector comes x’' and y. The

xand y are the
through an angle 0 such that the components 0

resulting vector r'.

et
r'= =C,.r
y

X'=rcos(a-0)

f the vector be

=r(coso.cosf +sina.sin 6)
= rcosa.cose+{sino‘t.sin9
X'=xcosB+ysinb - 1)
and
y'=rsin (o - 0)
=rsina.cosb-rcoso.sin®
=ycosO-xsinb
y'=ycos0-xsinf cos (1)
These equations (i) & (ii) are represented in the matrix form as follows :
x’ cosb sin® X
[y’] =’:w sin @ COSB:' 5 [y:{
This eq". is just like

r'=C_.r

cos6 sin®
C, = ;
—-sin® cos#
' C, represents the matrix for rotation operation. In three dimension the
matrix C, (z) become

: cos® sin6 O
C,(z)=|—-sin® cosb O
0 0 1
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= nsider the vector r with the components x and Y. By reflection across the
co ' e
o the components X and y becomes x' and Y'. x' and y’ are related as
"iln ) "
vi P

x'm - Ix + 0}’
vi= 00X 4 1‘\;

Matrix for this is

-

The reflection operation Gyz_is expressed as

[
I'—O'yz

-1 0
GYzz 0 1

In three dimension

166 i o 6
8 =10 1 Qe sle d 1o
g o
| R
Like this ®x; =|0 -1 O
0 0 1

Matrix for inversion operation (i) :

The x, y and z component of a vector r are transformed into their respective
negative by the inversion operation. -

ix=~1x + Oy + 0z

iy

0x -ly + Oz
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@] Pt ' 07 =
ix]y 0 -1 0|x|y
z 0 0 -1 Z

The matrix for inversion operation is

-1 O D
1= -1 O
0O 0 -1

Matrix for improper rotation (S,) : ) lesiisd
4 ' u ie
Improper rotational axis will be obtained by rotation axis multip e

8, =C., O (o)
Matrix of C, X matrix of ¢

xy
cosd sin® O]f1 0 O
S, =|-sin® cos® O[O0 1
0 0 1//0 0 -1

cosf sin® O
S, =[-sin® cosb6 0
0 0 -1

The character of the matrices corresponding to the Symmetry operations are
as follows : )

Symmetry operation, Character of the matrix

Identity (E) o g

Proper rotation (C,) 2cos0+1

1
-3
2cosf-1

Reflection (o)
Inversion (i)

Improper rotation (S,)



