MOLECULAR SYMMETRY AND GROUP
THEORY

Rijoy. Kodiyan Jacob

July 9, 2020




SYMMETRY OPERATIONS
@00

SYMMETRY

SYMMETRY AND SYMMETRY ELEMENTS

An object is said to possess symmetry if it can take up two or more
spatial orientation that are indistinguishable from each other, i,e, if
it can take up two or more equivalent orientations.




SYMMETRY OPERATIONS
@00

SYMMETRY

SYMMETRY AND SYMMETRY ELEMENTS

An object is said to possess symmetry if it can take up two or more
spatial orientation that are indistinguishable from each other, i,e, if
it can take up two or more equivalent orientations.

A symmetry operation is an action\which when performed on an
object yields a new orientation of it; i.e. indistinguishable from the
original, though not necessarily identical with it.




SYMMETRY OPERATIONS
@00

SYMMETRY

SYMMETRY AND SYMMETRY ELEMENTS

An object is said to possess symmetry if it can take up two or more
spatial orientation that are indistinguishable from each other, i,e, if
it can take up two or more equivalent orientations.

A symmetry operation is an action\which when performed on an
object yields a new orientation of it; i.e. indistinguishable from the
original, though not necessarily identical with it.

In other words, a symmetry operation is the movement of an object s;
A
L/

that brings into an equivalent configuration.




SYMMETRY OPERATIONS
@00

SYMMETRY

SYMMETRY AND SYMMETRY ELEMENTS

An object is said to possess symmetry if it can take up two or more
spatial orientation that are indistinguishable from each other, i,e, if
it can take up two or more equivalent orientations.

A symmetry operation is an action\which when performed on an
object yields a new orientation of it; i.e. indistinguishable from the
original, though not necessarily identical with it.

In other words, a symmetry operation is the movement of an object s;
A
L/

that brings into an equivalent configuration.




SYMMETRY OPERATIONS
oeo

SYMMETRY

Every symmetry operation is considered to be associated with a
symmetry element with respect to'which that operation is carried
out.
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Every symmetry operation is considered to be associated with a
symmetry element with respect to'which that operation is carried
out.

A symmetry element (element of symmetry) is a geometrical entity
such as a line, a plane, or a point with respect to which a symmetry
operation may be performed.
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IMPORTANT SYMMETRY ELEMENTS

m [he identity operation - identity=element ‘E’.
m The proper rotation operation =Proper rotation axis ‘C,.
m The reflection operation - Rlane of symmetry or Mirror plane

‘o',
m The improper rotation operation - Improper rotation axis ‘S,’".
m The inversion operation =Centre of symmetry ‘i’ or Inversion

Centre.
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1. IDENTITY ELEMENT

m T he identity operation is the,one in which the molecule
remains in its original state.
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1. IDENTITY ELEMENT

m T he identity operation is the,one in which the molecule
remains in its original state.

m |t is effectively ‘do nothing™or ‘leave the system alone’ or
‘leave the system unchanged ‘operation.

m It is denoted by the‘symbol ‘E’.
m All molecules possesssthis'symmetry element.
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2.AXIS OF SYMMETRY, C,

An axis of symmetry or proper rotation axis is a line about which
rotation through a certain angle brings a molecule or object into an
orientation that is indistinguishable from and super imposable on
the original.
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rotated so that it presents exactly the same appearance more than
once in the course of complete revolution.
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An axis of symmetry is given the general symbol C, and is called a
n-fold rotation axis where 'n’ is referred as the order of the
rotation. It means that a rotation of a molecule in the anti
clockwise direction about the axis through an angle of (360/n)
degrees produces an equivalent configuration.
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BF3 molecule has one Cs axis (principal axis), and three C; axis |
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3. PLANE OF SYMMETRY, ‘0’

It is a plane which bisects the molecule into two halves which are
mirror images of each other.
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3. PLANE OF SYMMETRY, ‘0’

It is a plane which bisects the molecule into two halves which are
mirror images of each other.

There are three types mirror planes in a molecule.
m Vertical plane of symmeétryyorivertical plane ‘o, .
m Horizontal plane of symmetry or horizontal mirror plane ‘o},’.
m Dihedral plane of'symmetry or dihedral mirror plane ‘oy'.
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VERTICAL PLANE OF SYMMETRY, ‘0, .

A symmetry plane contains the principal axis of rotation of the
molecule is called a vertical plane of symmetry, ‘o,
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VERTICAL PLANE OF SYMMETRY, ‘0, .

A symmetry plane contains the principal axis of rotation of the
molecule is called a vertical plane of symmetry, ‘o,

5
oo
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HORIZONTAL PLANE OF SYMMETRY, ‘oj’.

A symmetry plane perpendicular to the principal axis of rotation of
the molecule is called a horizontal plane of symmetry, ‘o).
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HORIZONTAL PLANE OF SYMMETRY, ‘oj’.

A symmetry plane perpendicular to the principal axis of rotation of
the molecule is called a horizontal plane of symmetry, ‘o).

C
C2 mz
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DIHEDRAL PLANE OF SYMMETRY, ‘04’ .

A symmetry plane contains the principal axis of rotation of the
molecule and at the same time bisects the angle between two
similar C, axis adjacent to the principal axis in the molecule is
called a dihedral plane of symmetry or dihedral mirror plane ‘o'
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PoOSSIBLE MIRROR PLANES




SYMMETRY OPERATIONS
0000000000 e00000

VARIOUS SYMMETRY ELEMENTS

PoOSSIBLE MIRROR PLANES
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POSSIBLE AXES AND MIRROR PLANES
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CENTRE OF SYMMETRY ‘I’
Centre of symmetry is a point from which lines are drawn on either
side, will meet at identical positions in a molecule.
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CENTRE OF SYMMETRY ‘I’

Centre of symmetry is a point from which lines are drawn on either
side, will meet at identical positions in a molecule.

It is a point with respect to which a molecule is inverted, will give a
configuration indistinguishable from the original or super imposable
on the original.
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CENTRE OF SYMMETRY
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5. IMPROPER AXIS OF ROTATION, ‘S,’

If rotation of the molecule through a certain angle,followed by
reflection in a plane perpendicular to the axis yields an equivalent
configuration, the axis is called improper axis of rotation or rotation
reflection axis, S,,.
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5. IMPROPER AXIS OF ROTATION, ‘S,’

If rotation of the molecule through a certain angle,followed by
reflection in a plane perpendicular to the axis yields an equivalent
configuration, the axis is called improper axis of rotation or rotation
reflection axis, S,,.

Axis bisects the
H-C-H bond

angle
Reflect

through a
plane that is

Rotate perpendicular
through to the original
90" rotation axis
—_— o
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D C; B B
k N . Gh . k
A
C A A
B C C

I/‘e%
Rotation through C, axis followed by reflection in a perpendicular |}

plane is known as S,, axis.
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plane is known as S,, axis.
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molecule is represented algebraically as a multiplication.
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MULTIPLICATION OR COMBINATION OF

SYMMETRY OPERATIONS

Performing a series of symmetry operations in succession on a
molecule is represented algebraically as a multiplication.

If we perform symmetry operation 'A’ on a molecule followed by
another operation 'B’, then it is said to be a multiplication and is
represented by 'BA’.
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EXAMPLE

The effect of the multiplication is the same what would be obtained
from a single operation 'C' on a molecule.
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EXAMPLE
The effect of the multiplication is the same what would be obtained
from a single operation 'C' on a molecule.

BA =C

In such a case C is said to be the product of A and B.
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MULTIPLICATION OF SYMMETRY OPERATIONS

By convention representation of multiplication should be done right ’
to left order.

EXAMPLE
BA means "apply A first, then B’

If the order of two symmetry operations, say And B are performed

on a molecule is immaterial such that BA = AB, then it is said that
the multiplication is commutative and that the operations A and B
commute.
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Cy(2) o,(xz) O

a Ha Hb

O O
N N
H, H Hy, H

b

This is same as the following operation

O g O
PN 7,y2) PN J
Ha Hb Ha Hb
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O Co(z O o,(xz O
N Aggzﬁjga PN 44414)4, N
Ha Hb Hb Ha Ha Hb

This is same as the following operation
O o (yz O
Ha Hb Ha Hb

THEREFORE

o,(xz).Cy(z) = alv(yz)
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On the contrary if we apply o,(xz) operation first and followed by

c2(z) operation
o,(xz) /O\ Co(2) /O\
b Hy, H, H, Hy,

O
N
H, H
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On the contrary if we apply o,(xz) operation first and followed by
c2(z) operation

o,(xz)
b H

CQ(Z)

a

O O O
N N N
H, H b H H, H

b

This will give the same result as that of the above operation
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On the contrary if we apply o,(xz) operation first and followed by
c2(z) operation

o,(xz)
b H

CQ(Z)

a

O O O
N N N
H, H b H H, H

b

This will give the same result as that of the above operation
O o (yz O
SO 2 PN
H., H H, H

b b |
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On the contrary if we apply o,(xz) operation first and followed by
c2(z) operation

o,(xz)
b H

CQ(Z)

O O O
PN PN /\J
H, H b H H, H;

a

This will give the same result as that of the above operation
O o (yz O
SO 2 PN
H., H H, H

b o

Co(2).0,(xz) = J/V(yz)
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On the contrary if we apply o,(xz) operation first and followed by
c2(z) operation

o,(xz)
b H

CQ(Z)

a

O O O
PN PN /\J
H, H b H H, H;

This will give the same result as that of the above operation
O o (yz O
SO 2 PN
H., H H, H

b o

Co(2).0,(xz) = J/V(yz)

This means that the above multiplication is commutative. i.e.
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If the product of two symmetry«gperations A and B depends upon
the order in which the two operations are preferred so that BA#
AB, then it is said that the multiplication is non commutative. and
the two operators A and B do=net,commute.
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NON COMMUTATIVE OPERATION

F3 F! F!
I e o,
B B B

N N RN

F! F? F? F3 F3 F?
This is not the same as
F3 F3 F?
oy Cs(2)

B B B

PN N N ;.

F! F2 F2 F! F! F3
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I.e. C3(Z).0’V 7§ UV.C3(Z) J

In the case of BF3 the operators C3(z) and o, do not commute. ]
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For any symmetry operation that ‘can be performed on a molecule,
there will be another symmetry «@peration which will completely
undo what the first operation does to the molecule; the second
operation is then said to be the\inverse of the first operation.

For any operation A, there exists another operation X such that
XA =E=AX

In this case X is said to be the inverse of A and vice versa. ..
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ie. X=A"1
A IA=AA1=E

An operator and its inverse is always commute.
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We also know that




SYMMETRY-COMBINATION
00000

INVERSE OPERATIONS

We also know that

0
NN
I

Q
|
Mmm
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We also know that

Q. MO
NN
Il
Mmm
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We also know that

C%:E
o’ =E
i2=E
C2_1:C2
cl=g¢
i~ =

In the above cases the operation is also its inverse.
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Now consider a rotation of 120° about Cs axis in the counter clock
wise direction. Its effect is undone by a further rotation through

240°(C2) i.e CZ is the inverse-of C3'
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In general, for rotations other than C,, the relationship is

crlcl = E
i ]
C, Ca
In general, the inverse of C" = CI=7
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ROTATIONS

For the rotation reflection operation S,

St = E when 'n’ is even.
Sn-1sl — E when 'n’ is even.
S:1 = SI\ when 'n’ is even.

n
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INVERSE OPERATIONS FOR IMPROPER

ROTATIONS

For the rotation reflection operation S,

St = E when 'n’ is even.

n
Sn-1sl — E when 'n’ is even.
S:1 = SI\ when 'n’ is even.

Sl = is the inverse of S, when '’ is even.

S2n & — E  when 'n’is odd.
S2n—1 G- E  when 'n'is odd.
a -1

S, k(= §2 when 'n’ is odd.
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INVERSE OPERATIONS FOR IMPROPER

ROTATIONS

For the rotation reflection operation S,

St = E when 'n’ is even.
Sn-1sl — E when 'n’ is even.
S:1 = SI\ when 'n’ is even.

Sl = is the inverse of S, when '’ is even.
S2n & — E  when 'n’is odd.
S2n—1 G- E  when 'n'is odd.
S (= S21  when 'n"is odd.

= is the inverse of S, when 'n’ is odd.

SQn 1
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MATHEMATICAL GROUPS

GROUP

A group is a collection of mathematical objects known as elements
or members which are related to each other according to certain
rules. They are:

m Closure rule.
m ldentity rule.
m Associative rule.
m Inverse rule.

l.'l.““a

7

The elements of a group are numbers, matrices, vectors, or
symmetry operations.
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group as symmetry operations.
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PoiNnT GROUPS

In group theory related to symmetry, we“consider the elements of
group as symmetry operations.

A given set of symmetry operations will characterise a given set of
molecules.

The symmetry operations that can be applied to a given moIecuIe -
in its equilibrium configuration form a mathematical group.
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A point group is defined as a set of all the symmetry operation, the
action of which leaves at least of the molecule unmoved or
invariant.
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A very important feature of molecular symmetry is that all
symmetry elements in a molecule will intersect at a common point,
namely the centre of gravity.

Hence these symmetry operations are termed elements of point
symmetry or point group symmetry.

PoinT GrROUP

A point group is defined as a set of all the symmetry operation, the
action of which leaves at least of the molecule unmoved or
invariant.
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following rules must be satisfied.

The product of any two elements in the group as well as the square
of each element must be an element of the group.
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CONDITIONS FOR A PoOINT GROUP

If a set of symmetry operations is to form a point group, the
following rules must be satisfied.

CLOSURE RULE

The product of any two elements in the group as well as the square
of each element must be an element of the group.

EXAMPLE

Let A and B two elements of a group and let AB = C, A> = F and
B2 = G, then C, F and G would be the elements of the same group.
If BA = D, that also form another element of the group. i.e. the
elements need not be commutative.

T
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In each group, there should be an identity element which commutes
with all others and leaves them unchanged.
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In each group, there should be an identity element which commutes
with all others and leaves them unchanged.

EXAMPLE
The identity element is represented as E and defined by the
expression:
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IDENTITY RULE

In each group, there should be an identity element which commutes
with all others and leaves them unchanged.

EXAMPLE
The identity element is represented as E and defined by the
expression:

AE=EA=A

Where A is any other element of the group. .
N
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The associative law of multiplication must hold

EXAMPLE
If A, B and C are any three elements of the group, then

A(BC) = (AB)C
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ASSOCIATIVE RULE
The associative law of multiplication must hold

EXAMPLE
If A, B and C are any three elements of the group, then

A(BC) = (AB)C
In other words, if BC =Y and AB = Z, then
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ASSOCIATIVE RULE
The associative law of multiplication must hold

EXAMPLE
If A, B and C are any three elements of the group, then

A(BC) = (AB)C
In other words, if BC =Y and AB = Z, then

AY = ZC @
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EXAMPLE
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such that
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For any element A, there occurs another element X in the group
such that

XA =AX=E
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INVERSE RULE

Each element of the group has an inverse or reciprocal that is also
an element of the group.

EXAMPLE
For any element A, there occurs another element X in the group
such that

XA =AX=E

where X = A1, is called the inverse of A. Similarly A is the inverse
of X too.

N,
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INVERSE RULE

Each element of the group has an inverse or reciprocal that is also
an element of the group.

EXAMPLE
For any element A, there occurs another element X in the group
such that

XA =AX=E

where X = A1, is called the inverse of A. Similarly A is the inverse
of X too.

N,

A= X1
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a molecule a point group will satisfy the four criteria for a
mathematical group. E.g Consider.water molecule such that it is in
yz plane and its ¢, axis coincides'with the z axis.
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The complete set of symmetry operations the can be performed on
a molecule a point group will satisfy the four criteria for a
mathematical group. E.g Consider.water molecule such that it is in
yz plane and its ¢, axis coincides'with the z axis.

The molecule has the symmetry.elements E, C,(z), 0,(xz) and
a,(yz)
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The complete set of symmetry operations the can be performed on
a molecule a point group will satisfy the four criteria for a
mathematical group. E.g Consider.water molecule such that it is in
yz plane and its ¢, axis coincides'with the z axis.

The molecule has the symmetry.elements E, C,(z), 0,(xz) and
7,(y2)

The set of four symmetry eperations {E, Cx(z), o,(xz), o,(yz)} is
said to form a point groupsandyit can be easily shown that the Set oy
satisfies all the four conditions required for a point group. ¢
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The complete set of symmetry operations the can be performed on
a molecule a point group will satisfy the four criteria for a
mathematical group. E.g Consider.water molecule such that it is in
yz plane and its ¢, axis coincides'with the z axis.

The molecule has the symmetry.elements E, C,(z), 0,(xz) and
7,(y2)

The set of four symmetry eperations {E, Cx(z), o,(xz), o,(yz)} is
said to form a point groupsandyit can be easily shown that the Set oy
satisfies all the four conditions required for a point group. ¢







This is same as the operation Cy(2)

Ca(2) O |
b Hb Ha

O
N
H, H
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ADHERENCE TO THE CLOSURE RULE

This is same as the operation Cy(2)

C2(Z) O
Hb Hb Ha

O
N
Ha

J/V(yz).av(xz) = Cy(2)




This is same as the operation Cy(2)

Ca(2) O |
b Hb Ha

O
N
H, H

/

o,(yz).0,(xz) = Cy(2)

The product Cy(z) is also an element of the group.
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Consider another multiplication,

o,(xz)

_G@ O

a a b

O O
N N
H, H Hy, H

b
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Consider another multiplication,

O o,(xz O Co(z O
a0 NI SRR N~ IR N
H, Hy, H,, H, a H
This equivalent to another single,operation.
O o (yz O
Ha Hb Ha Hb
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Consider another multiplication,

O o,(xz O Co(z O
a0 NI SRR N~ IR N
H, Hy, H,, H, a H
This equivalent to another single,operation.
O o (yz O
Ha Hb Ha Hb
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0,(x2).Ca(2) = o, (yz) J
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0,(x2).Ca(2) = o, (yz) J

The product o, (yz) is also a member of the group. It can be shown
that any other binary multiplication will also yield a product which
is a member of the group.
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ADHERENCE TO IDENTITY RULE

The group has an identity operation as éne element which
commutes with all others and |éaves them unchanged.

O O O
PN C24(Z), PN B . L
Ha Hb Hb Ha Hb Ha
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ADHERENCE TO IDENTITY RULE

The group has an identity operation as éne element which
commutes with all others and |éaves them unchanged.

O O O
e . N N S
Ha Hb Hb Ha Hb Ha
O O
P O NA
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ADHERENCE TO IDENTITY RULE

The group has an identity operation as éne element which
commutes with all others and |éaves them unchanged.

O O O
e . N N S
Ha Hb Hb Ha Hb Ha
O O
P O NA
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CQ(Z) O

o)
PN SR N ———
H H, H, Hy, H,

l.e. CQ(Z)E = ECQ(Z) = CQ(Z) J
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ASSOCIATIVE RULE

) i.e Co(2).[ov(x2).0,(yz)] is shown below

(B
Ha Hb C ( ) Hb Ha Ha Hb

The multiplication A
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ASSOCIATIVE RULE

C) i.e Co(2).[ov(x2).0,(yz)] is shown below

CE O

a Ha Hb

The multiplication A

(B
H, H, C b H

The multiplication (AB)C i.¢[Cx(2).0,(xz)].0, (yz) is shown as

0 ’ 0 0
N M, N CM) N
H, H, H, H, = o,(yz) H, Hlj)
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ASSOCIATIVE RULE

C) i.e Co(2).[ov(x2).0,(yz)] is shown below

CE O

a Ha Hb

The multiplication A

(B
H, H, C b H

The multiplication (AB)C i.¢[Cx(2).0,(xz)].0, (yz) is shown as

0 ’ 0 0
N M, N CM) N
H, H, H, H, = o,(yz) H, Hlj)
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It is seen that the final configuration=issthe same.

ie. Co(2).[ov(x2).0,(yz)] = [Ca(2).0,(x2)].0,(yzZ) J

The example shows that multiplication is associative.
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we can see that each operationdn the'set is the inverse of itself.
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ADHERENCE TO INVERSE RULE

With respect to the set of symmetry operations under consideration,
we can see that each operationdn the'set is the inverse of itself.

ie. o,(xz).0,(xz) =E
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ADHERENCE TO INVERSE RULE

With respect to the set of symmetry operations under consideration,
we can see that each operationdn the'set is the inverse of itself.

EXAMPLE

ie. o,(xz).0,(xz) =E

O O
L1 RN
H, H b H

o,(xz) /O\
b H H,

a

Hy, |«

The fourth condition, namely the inverse rule is thus satisfied. ﬁ 3’
O~
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the group {E, A1, Ay, As,...., A} represents a finite group.
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In a finite group, there are only a limited number of elements. Thus
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In a finite group, there are only a limited number of elements. Thus
the group {E, A1, Ay, As,...., A} represents a finite group.

In an infinite group, there will be an unlimited number of elements.
A group like {E, Ay, Ay, As,...., A} represents a infinite group.

A group like C, and D, associated linear molecules, would be an
infinite group. b;
>/
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The number of elements in a finite group is called its order (h).
The point group C,, to which water molecule belongs containing
elements

{E, Co(2), 0.(x2), 0, (y2)}

has an order 4.
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TYPES OF MATHEMATICAL GROUPS

The number of elements in a finite group is called its order (h).
The point group C,, to which water molecule belongs containing
elements

{E, Co(2), 0.(x2), 0, (y2)}

has an order 4.
The point group C3, to which"NH3 belongs containing elements.

{E.C3nC3, 0, a/v, o}
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TYPES OF MATHEMATICAL GROUPS

The number of elements in a finite group is called its order (h).
The point group C,, to which water molecule belongs containing
elements

{E, Co(2), 0.(x2), 0, (y2)}

has an order 4.
The point group C3, to which"NH3 belongs containing elements.

{E.C3nC3, 0, a/v, o}

has an order 6.
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A group in which the elements commute with each other is called
an Abelian groups(or commutative groups).
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TYPE OF GROUPS

ABELIAN GROUPS AND NON-ABELIAN (GROUPS

ABELIAN GROUPS
A group in which the elements commute with each other is called
an Abelian groups(or commutative groups).

The group C,, to which H,O belongs is an Abelian group. The
multiplication is commutative for any pair of its elements, E, Cy(z2),

o,(xz),and o, (yz) A
R VEEn
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NON-ABELIAN GROUP
A group for which multiplication is not commutative for some pairs
of the elements is called Non-abelian group.
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TYPE OF GROUPS

ABELIAN AND NON-ABELIAN (GROUPS -
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NON-ABELIAN GROUP
A group for which multiplication is not commutative for some pairs
of the elements is called Non-abelian group.

EXAMPLE

The point group C3, to which NH3 belongs containing elements, E,
Cs, C%, oy, 0,, and o, is a non-abelian group even though some
elements commute with each other, some will not. b
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Molecules of low symmetry.
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PoINT GROUPS - THE SCHOENFLIES

NOTATION

The Schoenflies symbol representing.a-point group denotes
sufficient symmetry elements in molecules conforming to that group
and the associated operations can be identified from the symbol.

Based on the degree of symmetry they possess, molecules may
broadly be categorised into three classes.

Molecules of low symmetry.
Molecules of high symmetry.

N

Molecules of special symmetry.
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plane "o’ or an inversion centre i’ ‘as.their characteristic symmetry
element or no symmetry element at.all other than 'E’.
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element or no symmetry element at.all other than 'E’.

Groupr C;

Molecules having no
symmetry elements at
all other than E are said
to belong the group C;
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1.MOLECULES OF Low SYMMETRY(MLS)

The MLS class contains molecules which possess only a mirror
plane "o’ or an inversion centre i’ ‘as.their characteristic symmetry
element or no symmetry element at.all other than 'E’.

Groupr C;

m|

Molecules having no
symmetry elements at
all other than E are said C
to belong the group C; F// \Br
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Molecules which have
merely a plane of
symmetry ‘o’ in
addition to E are
included in the group C;
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MLS CONTD...

Group C,

Molecules which have H
merely a plane of
symmetry ‘o’ in C

addition to E are // .
included in the group C; Cl

{

N
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OTHER EXAMPLES FOR C.

Other Examples are a-chloro naphthalene and
4-chloro-1,2-dibromobenzene

Br

Cl Cl
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GRroupr C;

Molecules which possess just an inversion centre 'i' as their
symmetry element in addition te E are said to belong to the group
C;. e,g Trans-1,3-dichlorotrans-2;4-dimethylcyclobutane and
Trans-1,2-dibromotrans-1,2-dichloroethane.
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GRroupr C;

Molecules which possess just an inversion centre 'i' as their
symmetry element in addition te E are said to belong to the group
C;. e,g Trans-1,3-dichlorotrans-2;4-dimethylcyclobutane and
Trans-1,2-dibromotrans-1,2-dichloroethane.
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EXAMPLES FOR C;

CH,

y Br /

Cl Br
Cl H

CH,
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a C, axis along with other symmetry,elements.
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MOLECULES OF HIGH SYMMETRY (MHS)

The MHS class contains molecules eharacterised by the presence of
a C, axis along with other symmetry,elements.

Those molecules for which the only symmetry element other than E
us a proper rotation axis C, are said to belong to the group C,.
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TyPE OF POINT GROUPS

MOLECULES OF HIGH SYMMETRY (MHS)

The MHS class contains molecules eharacterised by the presence of
a C, axis along with other symmetry,elements.

Those molecules for which the only symmetry element other than E
us a proper rotation axis C, are said to belong to the group C,.

E.g. H,O, belong to €5,and,H3BO3 belong to C3
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ExXAMPLES FOR C3 AND O,

H3BO3
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GROUP S,

In case if a molecule possess S, axis, it would always be associated
with a C,,/» axis, collinear with S,laxis. If no other symmetry

element is present except possibly,'i’, the molecule is said to belong
the point group called S,. E.g.1,3,5,7-tetrafluoracyclooctatetraene.
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Molecules which have a ¢, axis asswell as 'n’ number of o, s
without any other characteristic_elements are said to belong to the
point group C,,
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Molecules which have a ¢, axis asswell as 'n’ number of o, s
without any other characteristic_elements are said to belong to the
point group C,,

C2v

N
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Grour C,,

Molecules which have a ¢, axis asswell as 'n’ number of o, s
without any other characteristic_elements are said to belong to the
point group C,,

C2v

N C




PoiNT GROU
0000000008000000000000000000

'PE OF POINT GROUPS

Groupr C,, CONTD...




PoinT GrOUPS
0000000008000000000000000000

TyPE OF POINT GROUPS

Groupr C,, CONTD...

C3v




PoinT GrOUPS
0000000008000000000000000000

TyPE OF POINT GROUPS

Groupr C,, CONTD...

C3v




PoINT GROUPS
0000000008000000000000000000

TyPE OF POINT GROUPS

Groupr C,, CONTD...

C3v
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C4, XEOF,4 AND SBF'5
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Molecules which have a C, axis and a o4 but no 'n’ number of o, s

are said to belong to the point group C,;.( An S,axis would
obviously be present) e.g. Trans=1,2-dichloroethene and planar

hydroboric acid.




PoinT GrOUPS
0000000000080000000000000000

TyPE OF POINT GROUPS

GRrouPr C,p

Molecules which have a C, axis and a o4 but no 'n’ number of o, s
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GRroupr G,

Molecules which have a C, axis and a o4 but no 'n’ number of o, s
are said to belong to the point group C,;.( An S,axis would
obviously be present) e.g. Trans=1,2-dichloroethene and planar
hydroboric acid.

Cnh

N,




PoinT GrOUPS
0000000000080000000000000000

TyPE OF POINT GROUPS

GRroupr G,

Molecules which have a C, axis and a o4 but no 'n’ number of o, s
are said to belong to the point group C,;.( An S,axis would
obviously be present) e.g. Trans=1,2-dichloroethene and planar

hydroboric acid.
Cnh
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Molecules having a C,, axis and 'n’ number of equally spaced C,
axes perpendicular to principal axes as the only symmetry elements
belong to the point group D,,.
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GRrouP D,

Molecules having a C,, axis and 'n’ number of equally spaced C,
axes perpendicular to principal axes as the only symmetry elements

belong to the point group D,,.

D3 E.G. SKEW CONFORMER OF ETHANE

A
T
ag
-
L
\C_/
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Molecules conforming to the group D,, will contain a ¢, axis, n
equally spaced c, axis perpendicular to ¢, axis abd a o,. They
would automatically have 'n’ number of o, s also.
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GROUP D,

Molecules conforming to the group D,, will contain a ¢, axis, n
equally spaced c, axis perpendicular to ¢, axis abd a o,. They
would automatically have 'n’ number of o, s also.

J

FIGURE: Ethylene'(Dyp)
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GROUP D,

Molecules conforming to the group D,, will contain a ¢, axis, n
equally spaced c, axis perpendicular to ¢, axis abd a o,. They
would automatically have 'n’ number of o, s also.

J

FIGURE: Ethylene'(Dyp)
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Cl

_—q.':‘- -
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When 'n" is even and > 4, (n/2)o, s and (n/2)o4 s will be present.
Further, combinations of c, and o}, generate operations of S, axis.
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When 'n" is even and > 4, (n/2)o, s and (n/2)o4 s will be present.
Further, combinations of c, and o}, generate operations of S, axis.
Other Examples are:

FIGURE: Tetra-

chloroplatinate
ion (Dgp)
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When 'n" is even and > 4, (n/2)o, s and (n/2)o4 s will be present.
Further, combinations of c, and o}, generate operations of S, axis.
Other Examples are:

chloroplatinate Cyclopentadienyl
ion (Dgp) Anion (Dsp)
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D,, - CONTD...

When 'n" is even and > 4, (n/2)o, s and (n/2)o4 s will be present.
Further, combinations of c, and o}, generate operations of S, axis.
Other Examples are:

FIGURE: .Tetra— FIGURE: FIGURE:
_chloroplatmate Cyclopentadienyl Benzene (Degp)
ion (Daj) Anion (Dsp)
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GROUP D4

For molecules conforming to group D,q, the symmetry elements

present would be a C, axis, 'n’ equally spaced c, axes perpendicular
to C, and 'n’ o4s. The combination also requires the presence of a
S,, axis collinear with the ¢, axis. Some examples are shown below:
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For molecules conforming to group D,q, the symmetry elements

present would be a C, axis, 'n’ equally spaced c, axes perpendicular
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FIGURE: Allene
(D2d)
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GROUP D4

For molecules conforming to group D,q, the symmetry elements

present would be a C, axis, 'n’ equally spaced c, axes perpendicular
to C, and 'n’ o4s. The combination also requires the presence of a
S,, axis collinear with the ¢, axis. Some examples are shown below:

Poes

FIGURE: Allene O
(D2d)

[®)

FIGURE: Stag.
CoHg (D3d)
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GROUP D4

For molecules conforming to group D,q, the symmetry elements

present would be a C, axis, 'n’ equally spaced c, axes perpendicular
to C, and 'n’ o4s. The combination also requires the presence of a
S,, axis collinear with the ¢, axis. Some examples are shown below:

T b

FIGURE: Allene O
(D2d)

FIGURE: Stag. FIGURE: Staggere§
CoHe (D3d) Ferrocene(Dsd)
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MOLECULES OF SPECIAL SYMMETRY

This MSS class includes mainly two categories of molecules.
Linear Molecules and
Molecules containing multiplechigher order axes.

1. LINEAR MOLECULES

Group D4 - Consider a a linear molecules like Hy, N», CO, etc.
which consists of two equivalent halves. It will have a C, axis. an
infinite number of o,s, a o, axis perpendicular to the molecular
axis(coo axis), an infinite number of C, axis which are perpendicular
bisectors of the C., axis and an 'i". The set of symmetry operations
constitutes a point group of order co and is named D,

T
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EXAMPLE FOR D

F1GURE: Nitrogen
F1cUrE: Carbon Dioxide
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LINEAR MOLECULES - CONTD...

Group C., :- Consider a molecule like HCl or HCN. Such a
molecule has a C, axis and an infinite number of o, s, but neither
a C, axis or 'i". The associated symmetry operations constitute a
point group C.,
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MOLECULES CONTAINING MULTIPLE HIGHER

ORDER AXIS

There are several molecules which'contain more than one higher
order C, axis (nj2). These have geometries which are regular
polyhedra having faces perpendicular to the higher order axis.

A total of seven point groups are possible on the basis of these
regular geometries. They are

m T he three tetrahedral point groups T, Ty, Th.

m The two octahedral point groups, O, O, and

m Two icosahedral point groups, I, |.

N
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MSS EXAMPLES

Groupr Ty

The molecules belonging to this class contain 4 C5 axis, three Sy
axes which are also C, axes, and six o4. E.g. CCl,, CHy, etc.
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MSS EXAMPLES

Groupr Ty

The molecules belonging to this class contain 4 C5 axis, three Sy
axes which are also C, axes, and six o4. E.g. CCl,, CHy, etc.

(&
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GROUP Oy

They contain the following symmetry elements.
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Three C,4 axes(each passing through opposite apices), which
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Three C,4 axes(each passing through opposite apices), which
are also S, axes.

Four C3 axes(each passing, through the centres of a pair of
opposite triangular faces), which are also Sg axes.
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Three C,4 axes(each passing through opposite apices), which
are also S, axes.

Four C3 axes(each passing, through the centres of a pair of
opposite triangular faces), which are also Sg axes.

Six C, axes(which bisects opposite edges).
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GROUP Oy

They contain the following symmetry elements.

Three C,4 axes(each passing through opposite apices), which
are also S, axes.

Four C3 axes(each passing, through the centres of a pair of
opposite triangular faces), which are also Sg axes.

Six C, axes(which bisects opposite edges).
Three o4s (which passsthrough four of the six apices).
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GROUP Oy

They contain the following symmetry elements.

Three C,4 axes(each passing through opposite apices), which
are also S, axes.

Four C3 axes(each passing, through the centres of a pair of
opposite triangular faces), which are also Sg axes.

Six C, axes(which bisects opposite edges).
Three o4s (which passsthrough four of the six apices).

Six o4s (which pass through two apices and bisect opposite |,
edges) and
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GROUP Oy

They contain the following symmetry elements.

Three C,4 axes(each passing through opposite apices), which
are also S, axes.

Four C3 axes(each passing, through the centres of a pair of
opposite triangular faces), which are also Sg axes.

Six C, axes(which bisects opposite edges).
Three o4s (which passsthrough four of the six apices).

Six o4s (which pass through two apices and bisect opposite |,
edges) and

@ an 1.
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FLOW CHART FOR POINT GROUP

DETERMINATION

Y N
r@

Select C with
r— highest n; then is
nC,LC?

N
Y | Linear?l [
L N ¥ [Two or

Linear groups

1=
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Determine whether the molecule belongs to one of the special
groups.
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the point group is D, and if not Cp.

1

i" present
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Determine whether the molecule belongs to one of the special
groups.
If the molecule is linear, see whether 'i" present or not. If

the point group is D, and if not Cp.
If the molecule is not linear, see whether the molecule belongs to

special point group such as T4, Oy.

1

i" present
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If the molecule does not belong to one of the special point
groups such as Doop, Cooh, Td, Oy, étc. look for rotation axes,
mirror planes, and centre of\inversion.
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If the molecule does not belong to one of the special point
groups such as Doop, Cooh, Td, Oy, étc. look for rotation axes,
mirror planes, and centre of\inversion.

B If no symmetry axis of any kind"is present, but a plane of symmetry
(o) exists, the point group, is Cs.
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If the molecule does not belong to one of the special point
groups such as Doop, Cooh, Td, Oy, étc. look for rotation axes,
mirror planes, and centre of\inversion.

B If no symmetry axis of any kind"is present, but a plane of symmetry
(o) exists, the point group, is Cs.

If no symmetry axis present,\but a centre of symmetry 'i’ present, the
point group is C;.
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If the molecule does not belong to one of the special point
groups such as Doop, Cooh, Td, Oy, étc. look for rotation axes,
mirror planes, and centre of\inversion.

B If no symmetry axis of any kind"is present, but a plane of symmetry
(o) exists, the point group, is Cs.

If no symmetry axis present,\but a centre of symmetry 'i’ present, the
point group is C;.

If the molecule does not contain a symmetry element of any kind
except identity, the poiat group is C;.
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If the molecule does not belong to one of the special point
groups such as Doop, Cooh, Td, Oy, étc. look for rotation axes,
mirror planes, and centre of\inversion.

B If no symmetry axis of any kind"is present, but a plane of symmetry
(o) exists, the point group, is Cs.

If no symmetry axis present,\but a centre of symmetry 'i’ present, the
point group is C;.

If the molecule does not contain a symmetry element of any kind
except identity, the poiat group is C;.
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If an improper rotation axis S, of even/order is present, which
automatically requires the presence of a C,/, axis collinear with
it, but does not contain any other proper rotation axis or a
mirror plane, the point group is'S,.
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If an improper rotation axis S, of even/order is present, which
automatically requires the presence of a C,/, axis collinear with
it, but does not contain any other proper rotation axis or a
mirror plane, the point group is'S,.

If a proper rotation axis is found to be present, look for other
proper axis. If such axes are present, locate the principal axis
C,, and see whether there eXists a set of n equally spaced c;
axis perpendicular te the ¢, axis. If such ¢, axis exist the
molecule belong to ane“of the point groups D,,, D,y and
D,,,which is detefmined*by the presence of absence of
symmetry planestas specified below
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