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Symmetry and Group Theory in Chemistry : 25 Hrs

Symmetry elements and symmetry operation, Group and Subgroup, Point group, Classification and
representation of groups, The defining property of a group, Sub group and Class, Group multiplication table
for C,, C,, and C;, point group, Generators and Cyclic groups. Similarity Transformation, Table of
conjugates for C,,, C,, and C;,, point group, Schonflies symbols.

Matrix notation for symmetry operation, Representations of groups by matrices (representation for the Cn,
Cnv, Cnh and Dnh groups to be worked out explicitly). Character of a representation, Mulliken symbols for
irreducible representations, Direct product relationship, Applications of group theory to quantum
mechanics-identifying non-zero matrix elements.

The great orthogonal theorem (without proof) and rules derived from this theorem. Derivation of the
orthonormalization condition. Character table. Construction of character table: C,, and C;, (only).
Reducible representations and their reduction. Total character and their calculation. Application of
character table in determination of IR and Raman active vibrations: H,O, BF; and N,F,

Coverage:
1. Point group
2. Classification and representation of groups



Lecture 2 : Point group, Classification and representation of groups

Point Group :
Molecules with the same symmetry elements are placed into point groups.

In general, you will not need to assign a molecule to its point group.
Recognition of the features of some common point groups is useful.

Water and ammonia both belong to the C_, class of molecules. These
have vertical planes of reflection, but no horizontal planes.

The D_, groups have a horizontal plane in addition to vertical planes.
Many inorganic complexes belong to these symmetry groups.

In assigning a point group, we typically ignore the fine detail, such as
conformation isomers, of the ligands.

In working problems using group theory, the point group of the molecule
will usually be provided to you.

Highly symmetrical molecules, such as identically substituted tetrahedrons
or octahedrons belong to their own point groups (T, or O, respectively).



Lecture 2 : Point group, Classification and representation of groups

The symmetry is a special case:-
Perfectly Tetrahedral T,

. . . Perfectly Octahedral <
Identifying point groups: Is there more than one | yes | porct, ¥ P00 R O

axis of symmeftry of
order greater than 27

h 4

Other special cases exist of lower

We can use a flow chart such as this one o ot it oanes of
to determine the point group of any No ymmery St - 21
object. The steps in this process are: >
Is there at least one No N Is there a rotation/
axis of rotation C_ reflection axis 5
1. Determine the symmetry is special (e.g. No/ k
Iz there a plane
OCta hEd ral) of symmetry 7
Ves N0¢ Y es n
Iz there a cen!:re
2. Determine if there is a principal °ls3"/““‘et<"
O Yes
: : 3
. . . Are ther_en C, axes No | 1s there a plane of metry o
3. Determine if there are rotation axes  |pepadeuariomne ¥ perpendicular to the principal ais?
perpendicular to the principal axis. N/ k
Are there n planes of symmetry
parallel to the principal axis?
. . . Yes
4. Determine if there are mirror planes. o/ \yes
. . Is there a plane of No Are there n planes of symme
5. Assign point group. ymmetry o b parallen to the principal axiss
E:;fci?icgda;?m e w N‘Z M
‘I Dun |

EN




Lecture 2 : Point group, Classification and representation of groups

Identifying point groups

Linear?

Select C,, with
Y | highest n; then, is
nC ., perpendicular Y| P | N
v v| Twoor ||y to C.?7 ;

i? more N
C,n=27?
N l Gh? Gh? Y

i? N

=

SQn
N
D_ C T,
) © ® B IZOONE
Linear groups Cubic groups



Lecture 2 : Point group, Classification and representation of groups

Identifying point groups
Special cases:
Perfect tetrahedral (T,) e.g. P,, CH,

Perfect octahedral (O,) e.g. SF, [BcH]?

Y

Perfect icosahedral (1) e.g. [B;,H;,17, Cgg

The symmetry is a special case:-
Perfectly Tetrahedral T,
Perfectly Octahedral <
Perfectly Icosahedral I

Other special cazes exist of lower
symmetry (e.g. with axes of
rotations but without planes of
symmetry T, © & I ).

Is there a rotation/
reflection axis S,

Is there more than one Ves
axis of symmetry of »
order greater than 27
No
-
No

Is l_there at le_ast one I
axis of rotation C,

Is there a

Y es

v

N(z \
Yes
plane

of symmetry ¢?

I es

N0¢

Is there a

of symmetry i?

centre
5

No/

Arethere n C, axes
perpendicular to the
principal axis C

\;f es

No

|
™

Is there a plane of symmetry o
perpendicular to the principal axis?

e

. 4

N
(;/ &es
Are there n planes of symmetry

parallel to the principal axis?

Is there a plane of
symmetry o
perpendicular to the
principal axis?

No

No/ Yes

Are there n planes of symmetry

B
L

parallel to the principal axis?

W N(Z Y es
E


../Local Settings/CH4.C3D
../Local Settings/SbF6.C3D

Lecture 2 : Point group, Classification and representation of groups

Identifying point groups
Low symmetry groups:
Only* an improper axis (S,)

e.g. 1,3,5,7-tetrafluoroCOT, S,

/////1

F3

Only a mirror plane (C,) “—

e.g. CHFCI,

r

Q
o ©

The symmetry is a special case:-
Perfectly Tetrahedral T4

Is there more than one
axis of symmetry of
order greater than 27

Perfectly Octahedral O
Yes | perfectly Icosahedral I,
Other special cazes exist of lower

h 4

\No
-

symmetry (e.g. with axes of
rotations but without planes of
symmetry T, © & I ).

Is there at least one
axis of rotation C,

No :
N Is there a rotation/

reflection axis S,

Y es

.

ch \
Iz there a plane

Yes
of symmetry G? <
¥ Y es

N0¢

Iz there a centre
! —
of symmetry 17

No/ \}f’es

Are there n C, axes
perpendicular to the
principal axis C_

No

> Is there a plane of symmeiry <
perpendicular to the principal axis?

Y es

i i

N
(;/ &es
Are there n planes of symmetry

L - o
parallel to the principal axis?
No/ Yes

Is there a plane of

No Are there n planes of symmetry

symmetry <
perpendicular to the

» parallel to the principal axis?

principal axis?

w N(Z X es
E


../Local Settings/CHFCl2.C3D

Lecture 2 : Point group, Classification and representation of groups

Identifying point groups

Low symmetry groups:

Only an inversion center (C) <—
e.g. (conformation is important !)

No symmetry (C,)

a6
/T N\ g

e.g. CHFCIBr

Is there more than one
axis of symmetry of
order greater than 27

Yes

h 4

\No
-

The symmetry is a special case:-
Perfectly Tetrahedral T4
Perfectly Octahedral O
Perfectly Icosahedral I,

Other special cazes exist of lower
symmetry (e.g. with axes of
rotations but without planes of
symmetry T, © & I ).

N\

Is there at least one
axis of rotation C,

No
EE—

Y es

.

N\

/

Is there a rotation/

reflection axis S,

Iz there a plane
of symmetry G?

&es

N0¢

Y es

Iz there a

of symmetry 17

centre

No/

Are there n C, axes
perpendicular to the
principal axis C_

\}f’es
—

No

|y
Ll

Is there a plane of symmeiry <
perpendicular to the principal axis?

Y es

i i

Are there n planes of symmetry
parallel to the principal axis?

N‘:_./ &es

Is there a plane of

No

No/

Y es

Are there n planes of symmetry

symmetry <
perpendicular to the

principal axis?

By
Lad

parallel to the principal axis?

w N(Z X es
E


../Local Settings/C2F2Cl2Br2.C3D
../Local Settings/CHFClBr.c3d

Lecture 2 : Point group, Classification and representation of groups

op o N The symmetry is a special case:-
Identifying point groups Perfectly Tetrahedral T,
Perfectly Octahedral <y

I;i}:zleggmor;t;:;l ((:;le Yes | perfectly Icosahedral I
Cn type grOUpS. order ejater than 22 | Other special cases exist of lower
~— - symmetry (e.g. with axes of
. tations but without planes of
\ ro
A Cn axis and d Gh (Cnh) ¢ No symmetry T, O ,& I ).
e.g. B(OH); (G5, conformation is important !)
-
Iz there at least one No »| Is there a rotation/
axis of rotation C_ reflection axis 5

Nc% \
Yes
Iz there a plane
of symmetry 7
\ Y Yes

Yes N°¢

Iz there a centre
!
of symmetry i?

No/ \}’es
\
No

Iz there a plane of symmetry o

w
Are theren C, axes

dicular to th >
g:;f;galcam?; CO N perpendicular to the principal axis?

e.g. H,0, (C,;, conformation is important !) No/ k
- (=)

Are there n planes of symmetry

parallel to the principal axis? )

Yes No/ Yes

.
b 4
' Is there a plane of No N Are there n planes of symmetry
symmetry o parallel to the principal axis?
perpendicular to the
° principal axis? Yes No oS

4ow | [Dd]

Note: molecule does not have to be planar e.g. B(NH,); (C;;,, conformation is important !)

h



../Local Settings/H2O2c2h.C3D

Lecture 2 : Point group, Classification and representation of groups

Identifying point groups
C, type groups:

Only a C, axis (C,) N
e.g. B(NH,); (C;, conformation is important !)

The symmetry is a special case:-
Perfectly Tetrahedral T,
Perfectly Octahedral O
Perfectly Icosahedral I,

Other special cazes exist of lower
symmetry (e.g. with axes of
rotations but without planes of
symmetry T, O & I .

Is there more than one Yes
axis of symmetry of »
order greater than 27
\ No
-
No
Is l_there at le_ast one I
axis of rotation C,

N\

Y es

v

Iz there a rotation/
reflection axis S,

Is there a

Nc{ \
Yes
plane

of symmetry ¢?

Y es

N0¢

Is there a

of symmetry i?

centre
5

No/

Are there n C, axes
perpendicular to the
principal axis C_

\;::’ es

\

No

T

Is there a plane of symmetry o
perpendicular to the principal axis?

Y e

. 4

\

N
(;/ kes
Are there n planes of symmetry

parallel to the principal axis?

—

Is there a plane of
symmetry o
perpendicular to the
principal axis?

No

No/ Yes

Are there n planes of symmetry

I
Ll

parallel to the principal axis?

No Y e

w‘l

Dn.h| |Dn|



../Local Settings/H2O2c2.C3D

Lecture 2 : Point group, Classification and representation of groups

Identifying point groups
C, type groups:

A C axisandag, (C
e.g. NH; (C3,)

nv)

=

e.g. H,0, (CZV, conformation is important !)

The symmetry is a special case:-
Perfectly Tetrahedral T,
Perfectly Octahedral o,
Perfectly Icosahedral I

Other special cases exist of lower
symmetry (e.g. with axes of
rotations but without planes of
gsymmetry T, © & I ).

Is there more than one Ves
axiz of symmetry of »
order greater than 27
\ No
h 4
No
Iz there at least one )

axis of rotation C,

N\

Yes

v

Iz there a rotation/

reflection axis 35,

Iz there a

N(z \
Yes
plane

of symmetry ¢?

3 es

N0¢

Iz there a

centre
. Z
of symmetry i?

Are theren C, axes
perpendicul ar to the
principal axis C

No/

\;(es

\

No

B

Y es

4

Is there a plane of
symmetry <
perpendicular to the
principal axis?

Is there a plane of symmetry o

\Fperpendi cular to the principal axis?

N
(;/ &es
Are there n planes of symmetry

parallel to the principal axis?

No

No/ Y e
E —

Are there n planes of symmetry

[
Ll

parallel to the principal axis?

w N(% X es
4Du | D]



../Local Settings/H2O2c2v.C3D

Lecture 2 : Point group, Classification and representation of groups

Identifying point groups
C, type groups:

A C axisandagc,(C,)
e.g. NH; (G5, conformation is important !)

e.g. carbon monoxide, CO (COOV)

There are an infinite number of possible C,
axes and o, mirror planes.

BG—

12


../Local Settings/NMe3.C3D
../Local Settings/SbClBrF4.C3D

Lecture 2 : Point group, Classification and representation of groups

og - . The symmetry is a special case:-
Identifying point groups Perfectly Tetrahedral T,

Perfectly Octahedral ©
l ) e ou * Iz th motre than on h
n typ gr p S. ® is e:; N of Ofe Yes | perfectly Icosahedral T,

¥

Other special cases exist of lower

. . de ter than 27 .
A C, axis, n perpendicular C, axes N symmelry (e.g. with axes of
\ rotations but without planes of
and a o, (D) — No symmetry T. 0 & 1)
e.g. BH; (Ds;,) il
Is there at least one No Is there a rotation/

—

axis of rotation C reflection axis S,
@ Ny \
Y es
\ Is there a plane
C—— 1 of metry o7
0 pumey a7 N\,
N0¢

Y es

Is there a centre
!
of symmetryi?

No/ \;{es

© ©

w
Are there n C, axes No

Iz there a plane of symmetry o

. perpendicular to the b ‘ A .
e.g. N|C|4 (D4h) principal axis C, perpendicular to the principal axis?

N?.,/ &es
@ \ Are there n planes of symmetry
- °_ _° parallel to the principal axis?
Yes No/ Y es

-
@ . Is there a plane of No Are there n planes of symmetry

symmetry G ®| parallel to the principal axis?
perpendicular to the
principal axis? Yes No X es



../Local Settings/BH3.C3D
../Local Settings/NiCl4.C3D

Lecture 2 : Point group, Classification and representation of groups

Identifying point groups
D, type groups: e.g. pentagonal prism (D¢, )

A C, axis, n perpendicular C, axes

andaac, (D)
e.g. Mg(n>-Cp), (Dg,, in the eclipsed conformation)

View down the C; axis

e.g. square prism (D)

e.g. carbon dioxide, CO, or N, (D) C4, Ca(2)

There are an infinite number of possible C_ :
axes and o, mirror planes in addition to

\
the o, N N )

14



Lecture 2 : Point group, Classification and representation of groups

Identifying point groups
D, type groups:

A C, axis, n perpendicular C, axes
and no mirror planes (D) <«—
-propellor shapes

e.g. Ni(CH,), (D,)

The symmetry is a special case:-
Perfectly Tetrahedral T,
Perfectly Octahedral Oy
Perfectly Icosahedral I,

Other special cases exist of lower
symmetry (e.g. with axes of
rotations but without planes of
symmetry T, © ,& I ).

Is there more than one Yes
axis of symmetry of »
order greater than 27
\ No
-
No
Is Fhere at le_ast one )
axis of rotation C,

N\

Y es

v

Is there a rotation/
reflection axis S,

Is there a

Nc% \
Yes
plane

of symmetry c?

Yes

N0¢

Is there a

of symmetry i?

centre
5

No/

Are there n C, axes
perpendicular to the
principal axis C_

\;f es

No

B
™

Is there a plane of symmetry o
perpendicular to the principal axis?

N\

Y es

-

N
(;/ kes
Are there n planes of symmetry

N\

Is there a plane of
symmetrv <
perpendicular to the
principal axis?

No

parallel to the principal axis?

No/ Yes

[
Ll

parallel to the principal axis?

Are there n planes of symmetry

Nc% Y es

w‘l

Dnh| |Dn|

T

15


../Local Settings/Ni(CH2)4.C3D

Lecture 2 : Point group, Classification and representation of groups

Examples:
(SCH,CH,), (D5 conformation is important!)

Hr—\
‘ f_;,:-ﬁH ".flE!J.? dorn HHH
H—_."—Hl__—.—-jﬂ
b HJ.:-:".'-"f |‘J mangular face

H




Lecture 2 : Point group, Classification and representation of groups

e o . The symmetry is a special case:-
Identifying point groups Perfectly Tetrahedral Tq
Perfectly Octahedral O

Is !:here more than one Yes | perfectly Icosahedral T,
. axis of symmetry of > oth ial - £1
D type grOUpS order greater than 2? Other specia cases exist of lower
n symmetry (e.g. with axes of
. . rotations but without planes of
A C, axis, n perpendicular C, axes Mo symmetry T, O , & 1),
4_
andaaoy (D, 1
e_g_ etha ne’ H3C_CH3 Is l_there at le_ast one No p| I8 ther_e a rot_ationff
axis of rotation C, reflection axis S

(D54 in the staggered conformation) No/ k
Iz there a plane
Q \ of symmetry ¢?

Ves N0¢ Y es
‘ ’ Iz there a centre
of symmetry i? 2
\ / No/ \;n:’es
@ _ ©

v

Are there n C, axes No
‘ perpendicular to the p 15 therech:d Pllaﬂi OtI;IS}’mfne!:ry lcs -
principal axis C,_ perpendicular to the principal axist

N
(;/ kes
\ Are there n planes of symmetry

parallel to the principal axis?

Yes No/ XY es
\\
v
Is there a plane of No | Are there n planes of symmetry
symmetry o 7| parallel t0 the principal axis?
perpendicular to the
principal axis? \
4 Du | | Dy | “—

dihedral means between sides or planes — this is where you find the C, axes


../Local Settings/Ethane.C3D

Lecture 2 : Point group, Classification and representation of groups

Examples:

e.g. Mg(n>-Cp), and other metallocenes in the staggered conformation (D)

<=

View down the C; axis Pap

These are pentagonal
antiprisms

e.g. square
antiprism (D ,4)

e.g. triagular
antiprism (D)

e.g. allene or a tennis ball (D,,)

18


../Local Settings/allene.C3D
http://images.google.com/imgres?imgurl=www.grace-collection.com/images/tennis-ball.JPG&imgrefurl=http://www.grace-collection.com/sports-patterns.html&h=354&w=360&prev=/images?q=+tennis++ball&svnum=10&hl=en&sa=G

Lecture 2 : Point group, Classification and representation of groups

The symmetry is a special case:-
Identifying point groups Perfectly Tetrahedral T,
Perfectly Octahedral O
Perfectly Icosahedral I,

Other special cases exist of lower

Is there more than one Ves
axis of symmetry of
order greater than 27

¥

We can use a flow chart such as this one e e o ot
to determine the point group of any No symmetry T, O ,& 1 ).
object. The steps in this process are: il
Is there at least one No ) I= there a rotation/
. . . axis of rotation reflection axis
1. Determine the symmetry is special e Ni/ﬂ = s
(e.g. tetrahedral). s there a plane &
of symmetry o7 Ves
2. Determine if there is a principal Ves hN"Jv
Is there a centre
rotation axis. of symmetry i?
No/ \;{es
3. Determine if there are rotation axes
perpendicular to the principal axis. Aretheren s | Mo [ incrcy pane of symmetry o
. ] . principal axis C,, perpendicular to the principal axis?
4. Determine if there are mirror planes No,/ k
- L=
and Where they are. Are therenplant_as (?fsymt_netry
parallel to the principal axis?
. . Yes 0 Yes
5. Assign point group. Ny
Is there ap‘lrane of No | Are there n planes of symmetry
symmetry o "| parallel to the principal axis?

40w | [Dd




Thank You

Dr. Rajeev Ranjan
University Department of Chemistry
Dr. Shyama Prasad Mukherjee University, Ranchi
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