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SYLLABUS

Symmetry elements and symmetry operation, definitions of group,
subgroup, relation between orders of a finite group and its subgroup.

Conjugacy relation and classes. Point symmetry group. Schonflies
symbols, representations of groups of matrices (representation for
the Cn, Cnv, Cnh, Dnh etc. groups to be worked explicitly).

Character of a representation. The great orthogonality theorem
(without proof) and its importance.

Character tables and their use; spectroscopy.




Brief Notes

Groups & Subgroups

Each molecule has a set of symmetry operations that describes the molecule’s overall symmetry. This
set of operations define the group of the molecule.A group Gis a finite or infinite set of elements
together with a binary operation (called the group operation) that together satisfy the four fundamental
properties of closure, associativity, the identity property, and the inverse property. The operation with
respect to which a group is defined is often called the "group operation,” and a set is said to be a group
“under” this operation.

The study of groups is known as group theory.
A group is a set of operations which satisfies the following requirements-

1. Any result of two or more operations must produce the same result as application of one operation
within the group.i.e., the group multiplication table must be closed

Consider H,O which has E, C; and 2 6,'s.

in he pane
& e /O\H of the molecule
1 oy
W H s He Hy
oy
perpendicular o
the plane of he molecula

i.e., C:6v =& of course CeCo=Eepe...
The table is closed, i.e., the results of two operations is an operation in the group i;e the elements are
commutable.

2. Must have an identity () such that AE = EA = A for any operation A in the group.




3. All elements must have an inverse i.e., for a given operation (4 ) there must exist an operation (8)
such that AB=E orAA'=A'A=E
4. Each element has follows associative law

P(QR) =(PQ)R
example, the point group for the water molecule is Cs,, with symmetry operations E, C,, 6, and o,". Its
order is thus 4. Each operation is its own inverse. As an example of closure, a C, rotation followed by
a o, reflection is seen to be a 6,' symmetry operation” 6,*C, =0,

The group multiplication table obtained is therefore for water molecule:

[E G [o o . Oras
E|E |G| |d,
|G |G| E |o|oa,
a, Iuv |0‘v I E Icz CLE=EC=C;
o, |, |o, |C | E

C; JO,= U"

Cy0,.0")=( C; o, lc'v

Another example is the ammonia molecule, which is pyramidal and contains a three-fold rotation axis
as well as three mirror planes at an angle of 120° to each other. Each mirror plane contains an N-H
bond and bisects the H-N-H bond angle opposite to that bond. Thus ammeonia molecule belongs to the
C;, point group which has order 6: an identity element E, two rotation operations C; and Cy*, and
three mirror reflections o,, o,' and 6,".

Classification Of Group
1. Abelian Group - All elements are commutable. Example Water
in he gane
c Hy /0\ H of the molecule
! oy
P = = 205
Hl HZ 1 :) Hz H‘
oy
perpendicular o
he pane of the molecule

2. Non Abelian Group- All elements do not commute with one another.
Example - Phosphine symmetry operations are E.C,’, C;', 0., 0,
CJ . cv# a, CJ

3.Cyclic group- In cyclic group all the elements of a group can be generated from one element It is
denoted by A", A represents identity element & n represents total no of elements & is called as order
of group. Each cyclic group is abelian but each abelian group is not cyclic.

Example Trans 1,2 dichlorocyclopropane.

Classification of group on the basis of element-

1.Monoid - A group is a monoid each of whose elements is invertible.

2. Trivial Group- A group must contain at least one element, with the unique (up to isomorphism)
single-element group known as the trivial group.

3. Finite group - If there are a finite number of elements, the group is called a finite group




Subgroups
Any subset of element which form a group is called as subgroup.
A subgroup is a subset Hof group elements of a group Cthat satisfies the four group requirements. It
must therefore contain the identity element. "Hisa subgroup of G is written H € G or sometimes
H =G A subset of a group that is closed under the group operation and the inverse operation is called
a subgroup.
The elements of a subgroup should obey the following conditions-1f g 15 the order of the group & 5 is
the order of the subgroup ,then g/s is a natural number, Example- water molecule has symmetry
elements- E,Ca0, @,
GROUP-EC. g, o,
SUBGROUPS - E

EG

E.o,

E,a.
CLASSES - This is the subdivision of a group.
Two elements A & B in a group form a class if they are conjugate to each other. Conjugate elements
are related by the equation

X-l1AX =B

Where X is similanity transformation element .1t is used to find whether a set of elements form a class.
Example- water molecule has symmetry elements- E,.C.,5, o'
GROUP-EC:5, o,
CLASSES - E'CE=C,

Gy IE: a=C;

G.,'I 'Eg G.,!: E:

GG G=G,

ORDER- The order of a elass of a group must be an integral factor of the order of a group and the
number of elemenis is called the group order of the group.

Method to find the class —

1. Symmetry operations which commutes with all symmetry operations forms a class.

E, oy, 1belongs to separate class

2 Rotation operation & its inverse forms a class like C,' & C,

3. Improper axis & inverse forms a class 5,8,

4. Two rotation about different axis forms a class if there is a third operation which interchange the
points of the axis.

5. Twao reflection about different planes belongs to the same class if there is a third operation which
interchange paints on the two plane.

Example- Square Planar AB, molecule has

Symmetry operations- 16-E, i, 0, C:' C' Gy 8 5.14C.'4 g,

Mo Of Elemenis - 13

Classes- (i) E,1,0,.C {iv) I('.z]upcml:'un.s ahout C; axis (reflection)
[i)c' c’ (v) 2C,'operations about Cs axis (reflection)
(iii) S Sy (vi) 2 reflection operations in two o, planes

(vii) 2 reflection operations in two o', planes




- Relation hetween orders of a finite group & its subgroup -
If there are a finite number of elements, the group is called a finite group and the number of elements
is called the group order of the group.,

¢ Asubset of a group that is closed under the group operation and the inverse operation is
called a subgroup. Subgroups are also groups, and many commonly encountered groups are in
fact special subgroups of some more general larger group.

* A finite group is a group having finite group order. Examples of finite groups are the modulo
multiplication groups, point groups, cyclic groups, dibedral groups, symmetric groups,
alternating groups, and so on.

*  The finite {cyelic) group C: forms the “Finite Simple Group of Order 2"

o Ahbasic example of a Dinite group is the symmetric group S which is the group of
permutations (or "under permutation”) of Pobjects.

Symmetry Elements & symmetry operation -

The term symmetry implies a structure in which the parts are in harmony with each other, as
well as to the whaole structure i;e the structure is proportional as well as balanced.

Clearly, the symmetry of the linear molecule A-B-A is different [rom A-A-B. In A-B-A the A-B
bonds are equivalent, but in A-A-B they are not. However, important aspects of the symmetry of H,0
and CF;Cl, are the same, This is not obvious without Group theory,




Symmetry Elements - These are the geometrical elements like line, plane with respect to which
one or more symmetric operations are carried out.

The symmetry of a molecule can be descargggd by 5 types of symmetry elements. Symmetry

axis: an axis around which a rotation by nresults in a molecule indistinguishable from the
original. This is also called an n-fold rotational axis and abbreviated C,. Examples are the C,
in water and the C, in ammonia. A molecule can have more than one symmetry axis; the one
with the highest n is called the principal axis, and by convention is assigned the z-axis in a
Cartesian coordinate system.
Plane of symmetry: a plane of reflection through which an identical copy of the original
molecule is given. This is also called a mirror plane and abbreviated . Water has two of
them: one in the plane of the molecule itself and one perpendicular to it. A symmetry plane
parallel with the principal axis is dubbed verrical (o,) and one perpendicular to it horizontal
(on). A third type of symmetry plane exists: if a vertical symmetry plane additionally bisects
the angle between two 2-fold rotation axes perpendicular to the principal axis, the plane is
dubbed dihedral (63). A symmetry plane can also be identified by its Cartesian orientation,
e.g., (xz) or (yz).
Centre of symmetry or inversion center, i. A molecule has a center of symmetry when, for
any atom in the molecule, an identical atom exists diametrically opposite this center an equal
distance from it, There may or may not be an atom at the center. Examples are xenon
tetrafluoride (XeF;) where the inversion cente is at the Xe atom, and benzene (CiHy) where
the inversion center is at the center of the ring.

3600
Rotation-reflection axis: an axis around which a rotation by n , followed by a reflection in
a plane perpendicular to it, leaves the molecule unchanged. Also called an n-fold improper
rotation axis, it is abbreviated S,,, with n necessarily even. Examples are present in
tetrahedral silicon tetrafluoride, with three S, axes, and the staggered conformation of ethane
with one S, axis.
Identity, abbreviated to E, from the German "Einheit’ meaning Unity. This symmetry element
simply consists of no change: every molecule has this element. It is analogous to multiplying
by one (unity).

Symmetry Operations/Elements

A molecule or object is said to possess a particular operation if that operation when applied leaves the
molecule unchanged. Each operation is performed relative to a point, line, or plane - called a
symmetry element. There are 5 kinds of operations -

1. Identity

2. n-Fold Rotations

3. Reflection

4. Inversion

5. Improper n-Fold Rotation

1. Identity is indicated as E

does nothing, has no effect i;e this operation brings back the molecule to the original
orientation

all molecules/objects possess the identity operation, i.e., posses E.

E has the same importance as the number 1 does in multiplication (E is needed in order to
define inverses).




2. n-Fold Rotations: C,. where n is an integer, rotation by 360°/n about a particular axis defined as
the n-fold rotation axis,

C, = 180° rotation, C; = 120" rotation, Cy = 90° rotation, Cs = 72° rotation, C4 = 60° rotation, etc.
Rotation of H,O about the axis shown by 180° (C,) gives the same molecule back.

Therefore H,O possess the C; symmetry element.

1807

However, rotation by 90° about the same axis does not give back the identical molecule
Therefore H,O does not possess a C; symmetry axis.

&

' G
H ?\H lo
' HH

BF, posses a C; rotation axis of symmetry.

F

A =,
A\‘” =y 8%

This triangle does not posses a C; rotation axis of symmetry.

C
LI

Y-

. F
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XeF, is square planar. It has four DIFFERENT C; axes . It also has a C, axis coming out of the page
called the principle axis because it has the largest n. By convention, the principle axis is in the z-
direction




3. Reflection: o (the svmmetry element 15 called a mirror plane or plane of symmetry)

If reflection about a mirror plane gives the same moleculefobject back than there is a plane of
symmetry (o).

If plane containg the principle rotation axis (e, parallel), it is a vertical plane {(a,)

If plane is perpendicular to the principle rotation axis, it is a horizontal plane (o)

If plane is parallel to the principle rotation axis, but bisects angle between 2 C; axes, it is a diagonal
plane (g4)

H: posses 2 @, mirror planes of symmetry because they are both parallel to the principle rotation
axis (Cy)

N

Q==

i

= i
|=::er'\‘1_|

%
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hd o
M‘H:?H’f‘\"’l-l
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XeF, has two planes of symmetry parallel o the principle rotation axis: o,

XeF, has two planes of symmetry parallel to the principle rotation axis and bisecting the angle
between 2 > axes - ay

XeF, has one plane of symmetry perpendicular to the principle rotation axis: oy

E
L

F
F F I
oy 1

4. Inversion: i (the element that corresponds to this operation is a center of symmetry or
inversion center) .

The operation is to move every atom in the molecule in a straight line through the inversion center to
the appasite side of the malecule,

Therefore XelF, posses an inversion center at the Xe atom,




5. Improper Rotations: 5,

n-fold rotation followed by reflection throwgh mirror plane perpendicular to rotation axis also
known as Rotation Reflection axis. It is an imaginary axis passing through the molecule, on which
when the molecule is rotated by 2rin angle & then reflected on a plane perpendicular to the rotation
axis then an eguivalent orentation is observed.

Mote: n is always 3 ar larger because 5, = o and 5; = i.

These are different, therefore this molecule does not posses a C; symmetry axis.
This molecule posses the following symmetry elements: Cs, 3 G, 0, 3 L Ca, S5g. There is no Cy Or Gy
Eclipsed ethans posses the following symmetry elements: Cy, 3o, 3 L .. 8, gy There is no S, or i.

HEHgH C"‘"-.__‘ HH
H T H By .

Compiling all the symmetry elements for staggered ethane yields a Symmetry Group called Dy,

Compiling all the symmetry elements for eclipsed ethane yvields a Symmetry Group called D,

Importance of symmetry-

It 15 an important concept in crystal morphology,crystal structure analysis.
It helps in the classification of electronic states in a molecule.
It 15 also useful in determining which atomic orhitals can combine to form molecules.

It can be used in predicting the no of d-d absorption bands that are observed in coordination
compounds.

Ligand theory also depends on concept of symmetry,
IR & Raman Spectroscopy used for structure illucidation also depends on symmetry.




Conjugacy Relation & Class

A complete set of mutually conjugate group elements. Each element in a group belongs to exactly one

class, and the identity element (/ = l) is always in its own class. The conjugacy class orders of all
classes must be integral factors of the group order of the group.

e A group of prime order has one class lor each element.

e In an Abelian group, each element is in a conjugacy class by itself.

* Two operations belong to the same class when one may be replaced by the other in 2 new
coordinate system which is accessible by a symmetry operation . These sets correspond
directly to the sets of equivalent operations.

* Twoelements A & B in a group form a class if they are conjugate to each other. Conjugate
elements are related by the equation

X'AX =B
Where X is similarity transformation element .1t is used to find whether a set of elements
form a class.

* conjugacy is an equivalence relation. Also note that conjugate elements have the same order.

The set of all elements conjugate to a is called the class of a.
e To find conjugacy class similarity transformations X ' AX = X" (A X)on A_ Applying a
similarity transformation gives

A'DA = E
B'DB = E
Cogill 2 1 = E
D'DD = D
E'DE = D,

(6)

(7
(8)
(9)
(10)

10

so 1D, Elform a conjugacy class.

Point Symmetry Groups - Each molecule has a set of symmetry operations that
describes the molecule's overall symmetry. This set of operations define the paint group of the
molecule. Since all the elements of symmetry present in the molecule intersect at a commaon point &
this paint remains fixed under all symmetry operations of the malecule and is known as point

Symmeiry groups.
Schonflies notation

The paint groups are denoted by their component symmetries. There are a few standard notations used
by erystallographers. The Schoenflies notation or Schonflies notation, named after the German
mathematician Arthur Moritz Schoenflies, is one of two conventions commonly used to describe
erystallographic point groups. This notation is used in spectroscopy. The other convention is the
Hermann-Mauguin notation, also known as the International notation. A point group in the
Schoenflies convention is completely adequate to describe the symmetry of a molecule; this is
sufficient for spectroscopy. The Hermann-Maunguin notation is able to describe the space group of a
crystal lattice, while the Schoenflies notation isn't. Thus the Hermann-Mauguin notation 15 used in
crystallography.




Schinflies notation

In Schinflies notation, point groups are denoted by a letter symbol with a subscript. The symbols used
in crystallography mean the following:

o 'The letier & {for octahedron) indicates that the group has the symmetry of an octahedron (or
cube), with {0, or without (0) improper operations .

+ The letter T (for tetrahedron) indicates that the group has the symmetry of a tetrahedron. T;
includes improper operations, T excludes improper operations, and Ty is T with the addition of
an inversion.

o The letter [ (for icosahedron) indicates that the group has the symmetry of an icosahedron (or
dodecahedron), either with (/) or without (/) improper aperations,

o C, (for cyclic) indicates that the group has an n-fold rotation axis. Cy, 18 C, with the addition
of a mirror (reflection) plane perpendicular to the axis of rotation. C,, is C, with the addition
of a mirror plane parallel to the axis of rotation.

o 5, (for Spiegel, German for mirror) denotes a group that contains only an n-fold rotation-
reflection axis.

o D (for dihedral, or two-sided) indicates that the group has an »-fold rotation axis plus a
twofold axis perpendicular to that axis. Dy, has, in addition, a mirror plane perpendicular to
the n-fold axis. D,, has, in addition to the elements of D, mirror planes parallel to the n-fold

Axis.
Point Groups
Low Symmetry Groups
Cy: only E
H

FA- ‘a

B




C,: E and o only

1
Er/l‘-"H
H
C;: E and i only
':l&: i H
" |
H B-*G

C,, Cpy Coa Groups

Cea: E and C,, only

Cx
1e@0°
Hm
LY . H . 180°
ID—D\ = @H G
H
Cy.

Ch Eand C, and n a,'s

E:...Z E, Ez, 2 Gy H_zﬂ
Csv E, G5, 3 o, NH;

Co, E C, o,HF, HCN
Cuy: E and C,, and o, (and others as well)

Ca E, Ca, oy, |




H [ |

n|1| Dm Dnh G“:"JF‘E

D,:E, C, nCsaxes taC,

“_1.: E.. {:]. 3 C:F

[Colen);]™
120° "315:*
Ny
M V
Cy G

Do E, C,.on iy axes , oy

D_“,: E, E:_ 3 C} s 19
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B E

Dy E,Cy, 3 Gy, o6y

eclipsed ethane

Dg: E, Cg 6 Ch, oy

O

Dh: E—..C n Cll“ll
D—=—C =10

H:

Dea: E, Cp.on O axes = ta O,
D.!d‘- E_ C_'I... 3 Cg.. 3 L4




staggered ethane

S. Group

S..: E, C,, S, (no mirraor planes)

S, Si. S, etc. (Note: never S, S, etc.)

S;: E, Cz. S.;

9
o

High Symmmetry Cubic Groups, T4, O, I,

Ta: E.8C;5,.3C;, 68,4 60,
Tetrahedral structures

No need to identify all the symmeltry elements -
simply recognize T4 shape.

methane, CH,

0~:E,8C3.6C2.6C4,i.6s.5,886,36&.664
Octahedral structures

No need to identify all the symmetry elements -
simply recognize O, shape.

E

F-- ,é, --F
Fo U

!

I E. 12C5,20C;, 15C5,1,12S,,.20S4. 15 0©

Icosahedron

Other rare high symmetry groups are T, T,,. O, and I




Ei
E2C, o,
E 2C, w0, 28, «C;

EC;

EC;

EGCio,

ECCY 0,58y

E C2 ov(xz) 0«'()'1)

E 2C, 3o,
E 2C, C; 20, 20,

E 8C; 3C; 65, 60,

E 8C; 6C; 6C, 3C, 1 65, 85,

30. 60‘

E 12Cs 12C 20C; 15C, i

128, 128" 2084 150

Simple description, chiral
if applicable

no symmetry, chiral CFCIBrH, lysergic acid
thionyl chloride, hypochlorous

llustrative species

planar, no other symmetry acid

B isgrie anti-1,2-dichloro-1,2-
dibromoethane

< - hydrog'en chloride, dicarbon
monoxide

linear with inversion dihydrogen, azide anion, carbon

center dioxide

l?..",i’f ook gEOMEN hydrogen peroxide

propeller, chiral triphenylphosphine
planar with inversion trans-1,2-dichloroethylene
center
Propeller Boric acid
angular (H,0) or see-saw  water, sulfur tetrafluoride,
(SF)) sulfuryl Nuoride
. . ammonia, phosphorus
o ot o oxychloride
square pyramidal xenon oxytetrafluoride
tstrahedral methane, phosphorus pentoxide,

adamantane

octahedral or cubic cubane, sulfur hexafluoride

icosahedral Ce BioHyy




Method of determination of point group of malecules- The process used to assign a molecule to a
point group is straightforward with a few exceptions. It is a procedure. Here are set of steps to quickly
euide you.

1. Look at the molecule and see if it seems to be very symmetric or very unsymmetric. If so, it
probably belongs to one of the special groups (low symmetry: C,, C,. G or linear C,,, D)
or high symmetry (Ty, Oy, Is..).

2. For all other molecules find the rotation axis with the highest n, the highest order Cn axis of
the malecule.

3. Does the molecule have any C; axes perpendicular to the Cg axis? IT it does, there will be n
of such C; axes, and the molecule is in one of ID point groups. If not, it will be in one of C or
S point groups.

Does it have any mirror plane (@) perpendicular to the C, axis? If so, it is Cy or Dy,

Does it have any mirror plane (ay,8,)7 If so, it is C,, or Dy

Representation of groups by matrices-

Group actions, and in particular representations, are very important in group theory, & Also

ta physics and chemistry. Since a group can be thought of as an absiract mathematical object,

the same group may arise in different contexts. It is therefore useful to think of a representation
of the group as one panticular incarnation of the group, which may also have other representations.
Any symmetry operation about a symmetry element in a molecule involves the transformation

of a set of coordinates x,y,z of an atom into a set of new coordinates x",y".z".

T

y

S

The two sets of coordinates can be related by a set of equation which is formulated in matrix
notation. Thus each symmetry operation can be represented by special matrix which helps to solve
structural problems in chemistry.

Matrix representation of symmetry operations- The matrices for the different symmetry
operations can be obtained by considering the effect of these operations on the components
of a two dimensional vector. The results can be extended 103 dimensions.

Rotations in two dimensions

Matrix representation for the Rotation operation — For 20 coordinate system X & Y,
there is a vector r which can be represented by column matrix.

The symmetry operations can be represented in many ways. A convenient representation is
by matrices. For any vector representing a point in Cartesian coordinates, left-multiplying it
gives the new location of the point transformed by the symmetry operation. Composition of
operations cormesponds to matrix multiplication, In the C., example this is:




-1 0 0 1 0 0 -1 00
0 -1 0|x|0 -10/=]0 10
0 0 1 0 0 1 0 01

()] Ov a!

Although an infinite number of such representations exist, the irreducible representations
(or "irreps") of the group are commonly used, as all other representations of the group can be
described as a linear combination of the irreducible representations.

A
y

x

A counterclockwise rotation of a vector through angle . The vector is initially aligned with
the x-axis.In two dimensions every rotation matrix has the following form:
cosfl —sinf
R(0) = |
sinf cosf

This rotates column vectors by means of the following matrix multiplication:
x

[ ’] sns [cos # —sin 0] [xl

v| |sin@® cos@ ||y

So the coordinates (x',y‘) of the point (x,y) after rotation are:
T =xcosf — ysinfd

y =z sinf + ycosfh

The direction of vector rotation is counterclockwise if 0 is positive (e.g. 90°), and clockwise if

8 is negative (c.g -90°). 0 6
cos sin
R(-6) = [— sinf cos 0‘

Common rotations

If C, represents rotation about the axis by angle 6

r=C, X rwhere C,=R (-0)

Particularly useful are the matrices far 90° and 180° rotations:

Ri909 = | 1

1. 9 (90° counterclockwise rotation)

For C, 8= 180"

R(180°) = e 8 ](
0 -1 180° rotation in either direction — a half-turn)




R(270°) = [ 0

Rotations in three dimensions ~ _
1 0 0

H:{F]= 0 cosf —sinf
0 sinf cos@

-1

1
0

:l(l?ﬂ“ counterclockwise rotation, the same as a 90° clockwise rotation)

[ cosf 0 sing]

R®=| 0 1 o0

—sind 0 cos#d

[cosf® —sinf 0]
R.(0) = |sinf@ cos@ 0O
0 0 1

Each of these basic vector rotations typically appears counter-clockwise when the axis about
which they occur points toward the observer, and the coordinate system is ght-handed. R,,
for instance, would rotate toward the y-axis a vector aligned with the r-axis. This is similar to
the rotation produced by the above mentioned 2-1) rotation matrix.

2. Matrix for Rellection operation- Reflection on the xy-plane (analogous to a horizontal
plane m,), coordinate z changes the sign.

1 0 O
o.=|0 1 0

o 0 =1
x 1 0 O}flx
¥y =0 1 0O||w
-z g a =1jlz

The matrices which are applied for performing a reflection on the yz-plane and xz-plane are the matrices o,
and a, respectively,

-1 0 0 1 0 O
o,=|0 1 0 o,=|0 -1 0
g 0 0 o 0 0

A.Matrix for the inversion § aperation- It relates the coordinates (x,y,2) with (-x,-y,-#) and
is connected with the following matrix:
-1 0 0
i=[|0 =1 D
o o -1




a twa fold application of the inversion matrix yields the coordinates of the initial point (x,y,2)
which is reflected by E = i*f,

-1 O ol=-1 0© 0
i« =10 -1 00 -1 0
0O 0 =110 0 =

I
o o=
o =0
= 00

I

m

4.Matrix for rotatory reflection S,(z) multiply the matrices for the fundamental
operations 6, and C,.

1 0 0||cos2win sm2win 0O cos2win  sin2win
Szl =e,C, =10 1 O||—sin2wln cos2mwin 0| = |—sin2wln cos2m/n
0o o0 -1 0 0 1 0 0

5. Identity matrices- The most primitive symmetry operation is the identity and yields a
final vector identical to the initial vector. It is the unity matrix or identity matrix which
leaves all coordiates unaffected,

1 00
E=|010
001

Character of a Representation
The set of matrices for the varous symmetry operations of a point group forms a representation,
The set of vectors of the coondinate system,with respect to which the matrices are defined is
called the basis of the represeniation
Example - Cy, point group
Four symmetry operation - E, Cy, gl
Matrix representation -

-1 0 0] [t 0 0 -1 00
0 -1 0{x|0 -1 0|=|[0 10
0 0 1f |0 0 1 0 01
Ca o ot

Reducible & Non reducible representation -

Reducible representation - A representation of higher dimension which can be reduced to
representation of lower dimension s called reducible representation.

A reduclble representation & its reduction can be understood by carrying out a similarity
transformation .Suppose A,B,C, D is a representation of a group in which [B] [C] = [D].If only
the diagonal Elements of the matrix is shown & similarity transformation is done

X AX=A

X'BX =8

Xcx=c

X'DX=D

Irreducible representation

Those representations which cannot be further reduced to representations of lower dimension
are called irreducible representation.IT it is not possible to find out similarity ransformation
matrix which will reduce the matrices of representation then the representation is said to be

irmeducible. All one dimensional representations ane imeducible




Example - Matrices of transformation for z-coordinate of a Hydrogen atom in hydrogen molecule
Group - D, group

Symmetry operation - E, C; 6, 0,5, Cai

The z-coordinate is unaffected by E, C. o, operations

The equation for the transformation of z- coordinate of hydrogen atom by these operations are-
EL=1Z Ematrix = (1]

CZ=I1Z Comarn = [1]

0.2=117 a,matrix = [1]

All the other operations of this group change the coordinate 2 of hydrogen atom into = 2 & the
obtain equation for transformation are-

Gid=-1Z Cometris = [-1]
§.7=-1Z Seruris = 1]
Oyl =- 12 aymatnx = [-1]
i7=- 17 imatrix = [-1]

The matrix representation thus obtained for z-coordinate of hydrogen atom in hydrogen molecule
E G o G 8 & i
T LV U I U B VA RV B S R O

The representation T is irreducible since it is one dimensional.

The Great Orthogonality Theorem (GOT)

This theorem is concerned with the elements of matrices :misti'ruting inreducible represe-

ntation of a point group. The properties of imeducible representations can be oblained
from this theorem

The GTO states:

S{Vi(G)mn] |THGYm n” |#={l/ ﬁra'."IjJ dijdmm’ dnn’

G

Where,

1. h: Order of the group: the number of elements of the group.
2. i& j are two irreducible representation of the group.




3. li & Ij are the dimensions of these two irreducible representation.

3. I'i: i~th irreducible representation.

4. G: Generic element of the group. It represents particular symmetry operation in the group

5. I'i (G)mn- : Matrix element at the intersection of the m—th row with n—th column of the matrix
representing G in the /~th irreducible representation

6.1j (G)mn* The element in the m™& n™ column of the matnx in the j™ meducnble representation.
7.1, j(Glm n’- The complex conjugate of the element in the m" row & n" column of a matrix

in the |"irreducible representation

8. dijéomm’ dnn - Denotes Kornecker Delta symbol The Komecker Delta symbol 8ij has the
meaning &ij = 0 for i j & dij=1for i=j.

It shows three cases

Case I - i=j,m=m" and n = n’simultaneously. Under such restrictions, equation reduces to

%ll"i(G)mnl |raa)m'n1-6=z ICi(G)mn)* =h/i

this sum has as many terms as elements are in the group & the sum is over some matrix
elements and their complex conjugate. In this case the numbers being multiplied by their
complex conjugates can be considered as compaonents of a vector, the result being the
magnitude of the vector hence the name given to the orthogonality theorem.

Case 2 - i#j , [Ti(G)mn| & |Ij(G)m” n’[ represents two real elements in the m™ row & n*
column of a matrix for the operation G in the i&] representation

SACi(GYmn| [Tj(G)m” n” | e =(I/lilj) 5ij = 0
G
It represents elements of corresponding matrices of different irreducible representation are orthogonal.

Case3- mgm &n#n" If l‘l’ (G)mn is the element in the m"” row & »#™ column of the
malnx for opcrauon G in the " irreducible rcprcscnlatlon & Tj(G)ym’ n’is the clement in the
* row & n* ™ column of the matrix for operation G in the same representation then

YICi(G)mn) [TH(G)m” n” |#=(I/ i) dijémm’ Snn'=0

G

It represents elements of different set of matrices of same irreducible representation are orthogonal.
Importance of Orthogonality Theorem

It defines the properties of irreducible representation. By considering the three classes ,
5 corollaries can be derived & these gives the 5 rules about the irreducible representation
of a group & their character.

Rules for the irreducible representation

Again, let’s state them now and prove them later. In the following discussion y#{(G) is the
character (trace) of the matrix representing G in I'7:

1.3 2i = h: The sum of the squares of the dimensions of the irreps equals The order of the group.
2.3 G |xi(G)|2 = h: For a given irrep, the sum over all matrices of the squares of the magnitudes
of the characters in the irrep equals the order of the group.

3.3G xi(G)y(G) = 0: For any pair of irreps, the sum over all matrices of the praducts of the
characters of the matrices representing the same element

Character tables
Sum of all the diagonal elements of a square matrix is known as character of matrix.
Symmetry operation Character of matrix

Identity 3




Rotation 2cos0+1

Inversion -3
Improper rotation 2cos0-1
Reflection |

For each point group, a character table summarizes information on its symmetry operations
and on its irreducible representations. As there are always equal numbers of irreducible
representations and classes of symmetry operations, the tables are square.

The table itself consists of characters which represent how a particular irreducible

representation transforms when a particular symmetry operation is applied. Any symmetry
operation in @ molecule's point group acting on the molecule iself will leave it unchanged.

But for acting on a general entity, such as a vector or an orbital, this need not be the case. The
Vector could change sign or direction, and the orbital could change type. For simple point

groups, the values are either 1 or —1: | means that the sign or phase (of the vector or orhital)

is unchanged by the symmetry operation (symmetric) and —1 denotes a sign change (asymmetric),

The representations are labeled according 10 a set of conventions:

* A, when rotation around the principal axis is symmetrical

* B, when rotation around the principal axis is asymmetnical

o EandT are doubly and triply degenerate representations, respectively when the point group has
iin inversion center

. the subscript g (German: gerade or even) signals no change in sign, and the subscript u
(ungerade or uneven) a change in sign, with respect to inversion.with point groups C.,

* D, informs about how the Cartesian basis vectors, rotations about them, and quadratic functions of them
transform by the symmetry operations of the group, by noting which irreducible representation transforms in |
same way. These indications are conventionally on the right hand side of the tables.

This information is useful because chemically impartant arbitals (in particular p and 4 orbitals) have
the same symmetries as these entities.
The character table for the C,, symmetry point group is given below:

CaJE]Cso.(x2)] o (32)

At Tz Jiess]
AR R ]
B R
0 7=

Example of water (H,0) which has the C,, symmetry . The 2p, orbital of oxygen is

oriented perpendicular to the plane of the molecule and switches sign with a C; and a 6,'(yz)
operation, but remains unchanged with the other two operations (obviously, the character for
the identity operation is always +1). This orbital's character set is thus {1,=1,1,=1},
comresponding to the B, irmeducible representation. Similarly, the 2p, orbital is seen to have the
symmetry of the A, irreducible representation, 2p, B,, and the 3d,, orbital A,. These
assignments and others are noted in the rightmost two columns of the table.




©
11

Gy | £ 2C, 3o,

All 11|z 2 & y2, 2%

Ayl 1 -l | R,

E |2 -1 0 | yXR,.R) |(22 2 xy)az, y2)

O ® 9 ¢

The numbered regions contain the following contents.

1. The symbol used to represent the group in question (in this case Gy,

2. The conjugacy classes, indicated by number and symbol, where the sum of the coefTicients gives
the group order of the group.

3. Mulliken symbols, one for each irreducible representation.

4. An array of the group characters of the irreducible representation of the group, with one column for
each conjugacy class, and one row for each irreducible representation.

5.Combinations of the symbols ¥, ¥, <, R, R-‘. and R, the first three of which represent the coordinates
X, ¥, and <, and the last three of which stand for rotations about these axes. These are related to transformation

properties and basis of representations of the group. All square and binary products of coordinates according to
their transformation properties.

Due to the crystallographic restriction thearem, n is restricted to the values of 1,2,3,4, or 6. It is
important to note that the ‘plane’ in the definition of the rotation-reflection (alternating) axis of
symmetry is not necessarily a mirror plane of the group in which the axis exists. Consider S., for
example.Due to the crystallographic restriction theorem, n = 1, 2, 3,4, or 6 in 2 or 3 dimension space.

- Character Table & their uses

A finite group G has a finite number of conjugacy classes and a finite number of distinct
irreducible representations. The group character of a group representation is constant on a
conjugacy class. Hence, the values of the characters can be written as an array, known as a
character table, Typically, the rows are given by the irmeducible representations and the
columns are given the conjugacy classes.A character table often contains enough information




to identify a given abstract group and distinguish it from others, However, there exist
nonisomorphic groups which nevertheless have the same character table, for example D4

(the symmetry group of the square) and i(the quaternion group).
For example, the E’ymmauic group on threg lenters $ihas three conjugacy classes, represented by the
permutations 1 231 (2 L 31 and 12, 3 11, 1t also has three ireducible representations; two are
one-dimensional and the third is two-dimensional:
1. The trivial representation @) (g) (@) =@,
2, The alternating representation, given by the signature of the permutation, é: (¢) (@) = sgn (g)r
3, The standard representation on ¥ = {151+ 22 23): L= Olyigh
Palla, b, ey 22 )=l 2o 20)

The standard representation can be described on C:ﬁa the matrices

] 01
#0213 = | n‘

0 -
| =1

& 02.3.1)

and hence the group character of the first matrix is 0 and that of the second is = |, The group character of

the identity is always the dimension of the vector space. The trace of the alternating representation is
just the permutation symbol of the permutation. the character table for $is shown helow.

12 3
5 e (12)(123)
Tevial 11 1

Alternating | =] |
Standard 20 -]
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D, and Dy, are actually forbidden because they contain improper rotations with n=8 and 12

respectively, The 27 point groups in the table plus T, T, T, O and O, constitute 32 crystallographic

point groups

An imreducible representation of a group is a representation for which there exists no unitary transformation
which will transform the representation matrix inte block diagonal form. The irreducible representations
have a number of remarkable properties, as formalized in the group orthogonality theorem




UNIT -1

1. Which of the following is a symmetry element?
a) ldentity (E)
b)  Translation (T)
c) Lattice point
d)  All of the above
Answer: a) ldentity (E)

2. What is the symmetry element associated with a rotation by
360°/n about an axis?
a) Inversion center
b)  Rotation axis (Cn)
¢) Reflection plane
d) Identity (E)
Answer: b) Rotation axis (Cn)

3. What does a C2 rotation operation imply?
a) 360° rotation
b)  180° rotation
c)  90° rotation
d)  60° rotation
Answer: b) 180° rotation

4. What symmetry element corresponds to reflection through a
plane?
a)  Mirror plane (o)
b)  Inversion center (i)
¢) Rotation axis (Cn)
d)  Improper rotation (Sn)
Answer: a) Mirror plane (o)

5. What is the notation for an improper rotation axis?

a) Cn
b) Sn
c) i
d o

Answer: b) Sn

6. A point group with no symmetry elements except identity is

called:
a) Co
b) C1
¢) Sw
d) GCs

Answer: b) C1

7. Which symmetry element is associated with inversion through

a point?
a o
b) Cn
c) i
d E
Answer: c) i

8.  The symmetry element that leaves all points unchanged is

called:
a) ldentity (E)
b)  Inversion center (i)
c) Rotation axis (Cn)
d) Reflection plane (o)

Answer: a) Identity (E)

9.  What is the order of the symmetry element C4?

a)
b)
<)
d)
Answer: c) 4

10. The symmetry operation ch represents reflection through:

a)  Avertical plane
b)  Ahorizontal plane
c) Aninversion point

a b wnN

Answer

d) Adiagonal plane
: b) A horizontal plane

11. Which of the following is an improper rotation?

a) Cn

b) i

c) Sn

d E
Answer: ¢) Sn

12.  Which point group contains only the identity operation?

a) Coov

by C1

c) D2h

d) S6
Answer: b) C1

13.  What symmetry element is present in all molecules?

a o

b) C2

c) E

dy i
Answer: c) E

14. In water (H20), what is the symmetry element present?

a) C2

b) C3

c) Cowo

d) s4
Answer: a) C2

15. Which of the following operations is not a symmetry

Answer

operation?
a) ldentity
b)  Reflection
c) Inversion
d) Translation
. d) Translation

16. Areflection plane perpendicular to the principal axis is called:

a) oh
b) ov
c) od
d) S2
Answer: a) ch
17. Which symmetry element involves rotation followed by
reflection?
a) Rotation axis
b)  Improper rotation (Sn)
c)  Mirror plane
d) Inversion center
Answer: b) Improper rotation (Sn)
18. The molecule methane (CH4) belongs to which point group?
a) D2d
by Td
c) Ci3v
d) Cz2h
Answer: b) Td
19. A point group that includes a C2 axis and two perpendicular
C2 axes belongs to:
a) C2v
b) C3v
c) D2
d) D2h
Answer: ¢) D2
20. Ina Cn point group, what symmetry operation is performed?

a) Reflection
b)  Rotation

c) Inversion
d) Translation




Answer: b) Rotation

21.

Answer:

22.

Which symmetry operation represents reflection through a
vertical plane?

a)
b)
<)
d)

a) ov

oV
ch
od
Sn

What is the symmetry element for a cube?

a)
b)
<)
d)

Cc2
C4
C3
All of the above

Answer: d) All of the above

23.

Answer:

24.

Answer:

25.

Answer:

26.

How many mirror planes (o) does benzene have?

a)

b)

c)

d)
b) 6

A~ OO W

What is the principal axis of rotation for a trigonal
bipyramidal molecule?

a)

b)

<)

d)
c) C5

Cc2
C3
C5
Coo

What is the symmetry element of a diatomic molecule?

a)

b)

0)

d)
b) Co

c
Coo
c2
i

Which of the following is a symmetry operation but not a
symmetry element?

a)
b)
c)
d)

Cn

(o}

Rotation by 120°
E

Answer: c) Rotation by 120°

27.

Answer:

28.

Answer:

29.

Which symmetry element involves inversion at the origin?

a)

b)

c)

d)
c)i

c2
oV
i

Sn

Which of the following point groups contains an improper
rotation axis?

a)

b) S6

C1
S6
D2h
C3v

What is the symmetry element of a planar square molecule?

a)
b)
c)
d)

c4
c2
ch
All of the above

Answer: d) All of the above

30.

Which of the following point groups belongs to linear
molecules?

a)
b)
c)
d)

Coov
Td

D2h
C2v

Answer: a) Coov
31. What is the symmetry operation associated with S2?
a) Reflection
b) Rotation by 180°
c) Rotation by 90° followed by reflection
d) Identity
Answer: b) Rotation by 180°
32.  Arreflection plane that bisects angles between symmetry axes
is called:
a) ov
b) oh
c) od
d S2
Answer: ¢) od
33.  The point group C2v contains how many symmetry elements?
a) 2
by 4
c) 6
d 8
Answer: b) 4
34. What is the principal symmetry element of a molecule with
Td symmetry?
a) C3
b) C4
B /NC2
al) 5
Answer: a) C3
35.  Which molecule belongs to the D6h point group?
a)  Methane (CH4)
b)  Benzene (C6H6)
c) Water (H20)
d)  Ammonia (NH3)
Answer: b) Benzene (C6H6)
36. What is the symmetry element of a tetrahedral molecule?
a) C4
b) C2
c) C3
d) oh
Answer: c) C3
37. In which point group does the ammonia (NH3) molecule
belong?
a) C3v
b) C2v
c) Td
d) Coov
Answer: a) C3v
38. How many symmetry elements does the identity (E) operation
have?
a) 1
by 2
c) O
d) Infinite
Answer: a) 1
39. What is the symmetry element for a sphere?
a) C2
b) Cwo
c) i
d) Td
Answer: b) Coo

40. What symmetry operation is associated with a Dn point

group?
a)
b)
c)
d)

Rotation only

Reflection and inversion

Rotation and perpendicular C2 axes
Improper rotation




Answer

: ¢) Rotation and perpendicular C2 axes

41.  Which of the following is a symmetry operation?

Answer

a) Reflection

b) Rotation

¢) Inversion

d)  All of the above
. d) All of the above

42. A C2 symmetry operation represents a rotation by:

Answer

a) 360°
b) 180°
c) 90°
d) 120°
- b) 180°
43. The inversion operation (i) takes each point in a molecule
through:
a) Theorigin

Answer

b)  The reflection plane

¢) Arotational axis

d)  Aperpendicular plane
: a) The origin

44.  What does the identity operation (E) do?

Answer

a)  Reflects the molecule
b)  Rotates the molecule
c)  Leaves the molecule unchanged
d) Inverts the molecule
: ¢) Leaves the molecule unchanged

45. A C3 symmetry operation is associated with which type of

Answer:

rotation?
a) 120°
b) 180°
c) 90°
d) 60°
a) 120°

46. A ov operation refers to a reflection through a:

Answer

a) Horizontal plane

b)  Vertical plane

c) Diagonal plane

d) Inversion center
: b) Vertical plane

47. The improper rotation Sn consists of:

Answer

a)  Only rotation

b)  Only reflection

c) Rotation followed by reflection

d) Reflection followed by inversion
: ¢) Rotation followed by reflection

48. Which of the following operations is not a symmetry

Answer

operation?
a) Translation
b)  Reflection
¢) Rotation
d) Inversion
: @) Translation

49. In a C4 operation, the molecule is rotated by:

Answer

a)  90°

b) 120°

c) 180°

d) 60°
:a) 90°

50. The symmetry operation that inverts all points through the

Answer

center of the molecule is called:

a) oh
by E
c) C2

d) Inversion (i)
. d) Inversion (i)

51.  Which operation combines rotation and reflection?

a) Cn
b) o
c) Sn
dy i

Answer: ¢) Sn

52. The ch symmetry operation reflects a molecule through a:
a) Horizontal plane
b)  Vertical plane
c) Inversion center
d) Diagonal plane
Answer: a) Horizontal plane

53.  Which of the following is a rotation operation?

a) Sn
b) o
c) Cn
d E

Answer: ¢) Cn

54. A Coo symmetry operation represents:
a) Infinite inversion
b)  Infinite rotation
c) Infinite reflection
d) Identity operation
Answer: b) Infinite rotation

55. A symmetry operation that results in no change in the
molecule is called:
a) Reflection
b) Identity
c) Rotation
d) Inversion
Answer: b) ldentity

56. A symmetry operation that combines a 180° rotation followed
by reflection is:

a) C2
b) S2
¢) od
d) i

Answer: b) S2

57. The symmetry operation ov in water (H20) represents:
a)  Avertical plane reflection
b)  Ahorizontal plane reflection
c) A180° rotation
d)  Aninversion
Answer: a) A vertical plane reflection

58. The Sn operation for S4 includes:
a)  180° rotation and reflection
b)  120° rotation and reflection
c)  90° rotation and reflection
d)  60° rotation and reflection
Answer: c) 90° rotation and reflection

59. Which of the following symmetry operations is always
present in all molecules?

a o
b) E
c) C2
d i

Answer: b) E

60. An S2 operation is equivalent to:
a) AC2 operation
b)  Areflection
c) Aninversion
d) Atranslation
Answer: ¢) An inversion




61.

Which of the following is a combination of two symmetry

operations?

a)
b)
c)
d)
Answer: b) Sn

62.

Cn
Sn
i

E

The operation that takes each point of a molecule through a

center of inversion is called:

a)
b)
0)
d)
Answer: d) Inversion

Reflection
Identity
Rotation
Inversion

63. How many degrees is the rotation in a C5 symmetry

operation?
a)
b)
c)
d)
Answer: c) 72°

360°
90°
72°
60°

64. Which symmetry operation reflects a molecule through a
diagonal plane?

a)
b)
<)
d)

Answer: ¢) od

ch
oV
od
i

65. The improper rotation Sn involves:

a)
b)
©)
d)

Reflection only
Inversion only
Rotation and reflection
Rotation and inversion

71

Answer:

72.

Answer:

73.

Answer:

74.

Answer:

75.

What point group does a molecule with only the identity (E)
operation belong to?

a)Cl

C1
Cs
Ci
C2v

What point group does a linear molecule with a horizontal
plane of symmetry belong to?

a) Dooh

a)
b)
c)
d)

Dooh
Coov
C2v

Td

The ammonia (NH3) molecule belongs to which point group?

b) C3v

a)
b)
c)
d)

C2v
C3v
Td

D3h

A molecule with a C4 axis and four perpendicular C2 axes
belongs to which point group?

c) D4h

a)
b)
<)
d)

Td

Cav
D4h
C3v

Which of the following point groups has only a single mirror
plane and no other symmetry elements?

Answer: c) Rotation and reflection

66. A C3 operation rotates a molecule by:

Answer: b) Cs

a)  180°
b) 120°
¢ 90°
d)  60°

Answer: b) 120°

67. Which symmetry operation involves rotating by 360°/n?

Answer: a) Cn

Cn
Sn
ch
E

68. A reflection through a plane that is parallel to the principal

axis is called:
a) ov
b) oh
¢) od
d cC2

Answer: a) ov

69. The identity (E) operation is:

a)
b)
<)
d)

A reflection

A rotation

A reflection and inversion

The operation that leaves the molecule unchanged

Answer: d) The operation that leaves the molecule unchanged

70. Which symmetry operation leaves all points of a molecule

unchanged?
a) Cn
b) Sn
¢) E
d) i
Answer: c) E

C2v
Cs
C3v
Td

Which point group includes a horizontal reflection plane (ch)
but no vertical or diagonal planes?

C3v
Cs

C2v
C2h

The benzene molecule (C6H6) belongs to which point group?

C2v
Td

D6h
C3h

Which point group contains only the identity (E) and an
inversion center (i)?

C2v
Cs
Ci
C1

Which point group corresponds to tetrahedral symmetry?

76.
a)
b)
)
d)
Answer: d) C2h
77.
a)
b)
c)
d)
Answer: ¢) D6h
78.
a)
b)
c)
d)
Answer: ¢) Ci
79.
a)
b)
c)
d)
Answer: a) Td

Td
Oh
D3h
Dah

80. The water (H20) molecule belongs to which point group?

a)
b)
c)
d)

C2v
Cs
Td
D3h




Answer: a) C2v
81. A molecule with a principal axis of rotation and no mirror
planes or inversion centers belongs to which point group?
a) Cn
b) Cs
c) Cnv
d) Cnh
Answer: a) Cn
82. Which point group contains a C3 axis and three vertical
mirror planes?
a) C3h
b) C3v
c) C2v
d Td
Answer: b) C3v
83. A point group that contains a C2 axis and two perpendicular
C2 axes is:
a) C2v
b) D2
c) D3h
d Td
Answer: b) D2
84. Which point group contains a C2 axis and vertical mirror
planes but no horizontal mirror planes?
a) C2v
b) C2h
¢) D3h
d) S6
Answer: a) C2v
85. The molecule methane (CH4) belongs to which point group?
a) D2d
by Td
c) C3v
d) C2v
Answer: b) Td
86. Which point group is characterized by the presence of only a
horizontal reflection plane?
a) C2v
b) Cs
¢c) Ci
d) Cnh
Answer: d) Cnh
87. Anpoint group with a C5 axis and vertical mirror planes is:
a) Db5h
b) Cbv
c) Cbh
d Td
Answer: b) C5v
88. Which point group is associated with octahedral symmetry?
a) De6h
b) Cav
¢) Td
d) Oh
Answer: d) Oh
89. The point group for a planar square molecule is:
a) Cdv
b) D4h
¢) C2h
d) C2v
Answer: b) D4h

90. Which point group does the diatomic hydrogen molecule (H2)

belong to?
a)
b)
c)

C2v
Dooh
Coov

D3h

A molecule with a C3 axis and a horizontal mirror plane

belongs to which point group?

C3v
C3h
D3h
D3d

Which point group contains a C2 axis, a ch, and two

perpendicular C2 axes?

D2h
C2v
D4h
Td

Which point group does the allene (C3H4) molecule belong

D2d
Td

C2v
D3h

The point group for a trigonal planar molecule is:

C3v
D3h
C2h
Td

Which point group contains an improper rotation axis (Sn)

and no other symmetry elements?

Ci

Cs
Cn
S6

Which point group does the carbon dioxide (CO2) molecule

Coov
Dooh
C2v
Td

Which point group contains two perpendicular C2 axes and no

mirror planes or inversion center?

D2

D3h
C2v
D4h

group containing only a horizontal mirror plane

Cs
Ci
Cnh
C2v

99. What is the point group for an ethylene molecule (C2H4)?

d)
Answer: ¢) Coov
91.
a)
b)
c)
d)
Answer: b) C3h
92.
a)
b)
c)
d)
Answer: a) D2h
93.
to?
a)
b)
c)
d)
Answer: a) D2d
94.
a)
b)
c)
d)
Answer: b) D3h
95.
a)
b)
c)
d)
Answer: d) S6
96.
belong to?
a)
b)
c)
d)
Answer: b) Doh
97.
a)
b)
c)
d)
Answer: a) D2
98. The point
(ch) is:
a)
b)
c)
d)
Answer: ¢) Cnh
a)
b)
c)
d)
Answer: a) D2h

D2h
C2v
Td
Dooh

100. A molecule with a C6 axis and six perpendicular C2 axes
belongs to which point group?




a) D6h

b) Cév
c¢) Ceh
d) D3h

Answer: a) D6h

101. Which point group has a C3 axis and three ov planes?

a) C3v
b) C3h
c) D3h
d) S6

Answer: a) C3v

102. Which point group is associated with a molecule with Coo
symmetry and no mirror planes?

a) Coov
b) Dwh
¢) C2v
d) S6

Answer: a) Coov

103. What point group does the molecule SF6 belong to?

a) Td
b) D2h
c) Oh
d) C3v

Answer: c) Oh

104. A point group with C2 axis, vertical mirror planes, but no ch
or inversion center belongs to:

a) C2v
b) D2h
¢) C2h
d Td

Answer: a) C2v

105. What point group does the square planar molecule XeF4

belong to?
a) D2h
b) Td
c) Cdv
d) D4h

Answer: d) D4h

106. Which point group contains no reflection planes or inversion
center but only a Cn axis?

a) GCs
b) Cnh
¢) Cn
d) Ci

Answer: c) Cn

107. A molecule with Td symmetry has how many C3 axes?
a)
b)
<)
d)

o~ WE

Answer: c) 4

108. A molecule with octahedral symmetry (Oh) has how many
mirror planes?

a) 3
by 6
c) 9
d 15

Answer: d) 15

109. Which point group does the PCI5 molecule belong to?

a) Td

b) D3h
c) Cav
d) C2v

Answer: b) D3h

110. Which point group contains a center of inversion but no
mirror planes?

a) C2v
b) D2h
c) Ci
d) S6

Answer: c) Ci

111. What is a subgroup?
a) Agroup that contains only one element
b)  Asubset of a group that is itself a group
c) Asetof random elements
d)  Aset of non-symmetric elements
Answer: b) A subset of a group that is itself a group

112. If H is a subgroup of G, then which of the following is true?
a)  H contains all the elements of G
b)  Hisnot closed under the group operation
c)  H must contain the identity element of G
d) H contains no elements of G
Answer: ¢) H must contain the identity element of G

113. Which of the following is a necessary condition for H to be a
subgroup of G?
a) Hisfinite
b) His closed under the group operation
¢) H contains more elements than G
d) H has no inverses
Answer: b) H is closed under the group operation

114. The set E, C2 in the group C2v is an example of:
a)  Atrivial subgroup
b)  Anon-trivial subgroup
c)  The whole group
d) Not a subgroup
Answer: b) A non-trivial subgroup

115. Which of the following is a subgroup of the group C3v?

a) C2v
b) C2h
c) C3
d) Cs

Answer: d) Cs

116. A proper subgroup is defined as:
a)  Asubgroup that contains the identity element only
b)  Asubgroup that is equal to the original group
c)  Asubgroup that is a proper subset of the group but
not the entire group
d)  Asubgroup that contains no identity element
Answer: c) A subgroup that is a proper subset of the group but not the
entire group

117. In the group Cdv, which of the following sets forms a

subgroup?
a) E,C4,C2 C4
b) E,ov
c) EC2
d) C4,0h

Answer: ¢) E, C2

118. Atrivial subgroup is defined as:
a)  Asubgroup that contains only the identity element
b)  Asubgroup that contains all elements
c) A subgroup that contains the identity and all
symmetries
d)  Asubgroup with no identity element
Answer: a) A subgroup that contains only the identity element

119. Which of the following point groups is a subgroup of Td?

a) C3v
b) D2h
c) Oh

d) D3h

Answer: a) C3v




120. If G is a group with order 6, which of the following is a
possible order for a subgroup H of G?

Answer: c) 3

O W oo~

121. Which of the following point groups is a subgroup of D3h?

a) D6éh
b) C3v
c) C2v
d) Cév

Answer: b) C3v

122. Which of the following is a subgroup of D4h?

a) Cav
b) Céh
c) Td

d) D3h

Answer: a) C4v

123. The identity element alone forms which kind of subgroup?

a)  Non-trivial subgroup
b)  Improper subgroup
¢)  Cyclic subgroup

d)  Trivial subgroup

Answer: d) Trivial subgroup

124. Which of the following point groups is not a subgroup of Oh?

a) C2v
b) Td

¢) C3v
d) C2h

Answer: d) C2h

125. Which of the following point groups is a subgroup of C4v?

a) C3v
b) C2v
c) Dah
d) Cév

Answer: b) C2v

126. If a subgroup H of a group G has only two elements, one of
which is the identity, what kind of subgroup is H?

a) Cyclic subgroup

b)  Improper subgroup
¢)  Non-trivial subgroup
d)  Normal subgroup

Answer: a) Cyclic subgroup

127. In group theory, the concept of a coset is closely related to:

a)  Subgroups

b)  Symmetry elements
¢) Point groups

d) Molecules

Answer: a) Subgroups

128. If a subgroup contains half the elements of a group, it is

known as:

a)

A cyclic subgroup

b)  ALagrange subgroup
¢)  Anormal subgroup
d)  Anindex-2 subgroup

Answer: d) An index-2 subgroup

129. Which point group is a subgroup of D2d?

a) Td
b) C2v
¢) Oh
d) D6h

Answer: b) C2v

130. The alternating group A4 is a subgroup of which of the
following groups?

a) Oh
b) D3h
c) 4
d Td

Answer: c) S4

131. The order of a group is defined as:
a)  The number of operations in the group
b)  The number of elements in the group
c)  The highest power of an element in the group
d)  The number of subgroups in the group
Answer: b) The number of elements in the group

132. What is the order of a subgroup in relation to the order of the
group?
a) It must be a divisor of the group's order
b) It must be greater than the group's order
c) It can be any arbitrary number
d) Itisalways equal to the order of the group
Answer: a) It must be a divisor of the group's order

133. Which theorem relates the order of a finite group to the order
of its subgroups?
a) Fermat's Little Theorem
b) Lagrange's Theorem
c) Abel's Theorem
d) Cayley's Theorem
Answer: b) Lagrange's Theorem

134. If a group G has order 12, which of the following can be the
order of a subgroup H of G?

a) 7
by 6
c) 13
d) 9

Answer: b) 6

135. If H is a subgroup of G, and the order of G is 24, which of the
following could be the order of H?

a) 10
by 8

c) 25
d) 15

Answer: b) 8

136. According to Lagrange's theorem, if a group G has order 18,
the possible orders of its subgroups are:
a) 1,2,3,6,9,18

b) 1,360 18
¢) 1,4,9,18
d 1,26 12 18

Answer: b) 1, 3,6,9, 18

137. If a group G has a prime order p, what are the possible orders
of its subgroups?

a) landp

b) Onlyp

c) Anydivisor of p
d 1,2,andp

Answer: a) 1 and p

138. What is the order of a cyclic subgroup generated by an
element a of order n in a group G?

a) n
b) n?
c) n/2
d) 2n

Answer: a) n

139. If a group has order 15, what are the possible orders of its

subgroups?
a) 1,3,515
b) 1,5,10,15




Answer: a) 1, 3, 5, 15

140. If H is a subgroup of a group G, and the order of G is 30, what
are the possible orders of H?
a) 1,2,35,6,10,15,30

b) 1,3,6,9,15,30
¢ 1,4,5 10,20
d) 1,2,530

Answer: a) 1, 2, 3, 5, 6, 10, 15, 30

141. If a finite group G has a subgroup H, which of the following
must be true?
a)  The order of H divides the order of G
b)  The order of G divides the order of H
c)  The order of H must be greater than the order of G
d)  The order of H is independent of G
Answer: a) The order of H divides the order of G

142. If G is a group of order 8, what are the possible orders of a
cyclic subgroup of G?

a) land8
by 1,2,4,8
c) 1,48
dy 2,4,8

Answer: b) 1,2,4,8

143. Which of the following statements about the order of a finite
group and its subgroups is true?
a) A subgroup must have more elements than the
group
b) A subgroup must have fewer elements than the
group
c)  The order of the subgroup is always a divisor of
the group's order
d) The order of the subgroup is unrelated to the
group's order
Answer: c) The order of the subgroup is always a divisor of the group's
order

144. If the order of a group G is a prime number p, how many
subgroups does G have?

a) Only1l

b) 2 (the identity subgroup and G itself)
c p

d p+1

Answer: b) 2 (the identity subgroup and G itself)
145. If a group G has order 20, which of the following is not a

possible order for a subgroup?
a) 2

Answer: d) 7

146. If a group G has order 36, what are the possible orders of its
subgroups?

, 8,16, 36
Answer: a)1,2,3,4,6,9,12,18, 36

147. In a group G of order 10, the order of any subgroup must be a

divisor of:
a) 5
b) 10
c) 2
d 20

Answer: b) 10

148. If a group G has order 24, which of the following could be the
order of a subgroup?

a) 16

b) 24
c) 7
d 9

Answer: b) 24

149. If the order of a group G is 40, what are the possible orders of
its subgroups?
a) 1,2,4,5,8,10,20,40

b) 1,48, 16,40
¢) 25740
d) 1,3,9,40

Answer: a) 1, 2, 4, 5, 8, 10, 20, 40

150. If G is a group of order 21, which of the following can be the
order of a subgroup?

a) 6
by 7
c) 9
d 14

Answer: b) 7

151. For any group (G), the size of the conjugacy class of an
element (a) is equal to:
a) The order of (G)
b)  The index of the centralizer of (a)
¢) The order of (a)
d)  The number of elements that commute with (a)
Answer: b) The index of the centralizer of (a)

152. In a symmetric group (Sn), which of the following
determines the number of conjugacy classes?
a)  The number of elements
b)  The number of distinct cycle types
c)  The number of transpositions
d)  The number of permutations
Answer: b) The number of distinct cycle types

153. In a finite group, the number of conjugacy classes is equal to:
a)  The number of subgroups
b)  The number of irreducible characters
¢)  The number of elements of the group
d)  The size of the group
Answer: b) The number of irreducible characters

154. In the cyclic group (C4), how many conjugacy classes are

there?
a) 1
b) 2
c) 3
d 4
Answer: a) 1

155. In a group (G) of order 12, which of the following is a
possible number of conjugacy classes?

a) 4
b) 5
c) 6
d 7

Answer: ¢) 6

156. The conjugacy class equation for a finite group (G) states
that:
a) The sum of the sizes of conjugacy classes equals
the order of the group
b) The sum of the sizes of the conjugacy classes
equals the number of elements in the center
c) The sum of the sizes of the conjugacy classes
equals the number of subgroups
d) The sum of the sizes of the conjugacy classes
equals the number of normal subgroups
Answer: a) The sum of the sizes of conjugacy classes equals the order of
the group




157. In a group (G) of order (n), if there are (k) conjugacy classes,
the sum of the orders of the centralizers of representatives of
these conjugacy classes is:

a) (N

b) (ntimesk)
¢) (ndivk)
d) (n"2)

Answer: a) (n)

UNIT-2

1.

What is a point group in the context of molecular symmetry?
a)  Agroup of all possible rotations
b) A group that represents symmetry operations that
leave a point fixed
c) Asetof all translation symmetries
d)  Agroup of all possible permutations

Answer: b) A group that represents symmetry operations that leave a
point fixed
2. The point group ( C2v ) has how many symmetry elements?
a) 2
by 3
c) 4
d 6
Answer: c) 4
3. Which of the following point groups is characterized by
having only one C. axis and no mirror planes?
a) Cdv
b) D4h
c) Cdh
d C4
Answer: d) C4
4.  The point group of a tetrahedral molecule like methane (CH4)
is:
a) Td
b) ©Oh
c) Cdav
d) Ci3v
Answer: a) Td
5. The point group of a molecule with an octahedral geometry is:
a) Td
b) ©Oh
c) C2v
d) C3v
Answer: b) Oh
6. The point group of a molecule with one C; axis and three
perpendicular mirror planes is:
a) D3h
b) C3v
c) C2v
d) D3d
Answer: a) D3h
7. In the point group ( Dnh ), what symmetry element is always
present?
a) AcCnaxis
b)  Amirror plane perpendicular to the Cn axis
c) AC2axis
d) Aninversion center
Answer: b) A mirror plane perpendicular to the Cn axis
8. The point group of a linear molecule with no symmetry
elements other than the identity and a rotation axis is:
a) Coov
b)  Dooh
c) C2v
d GCs
Answer: a) Coov
9. Which point group is associated with a molecule having a
center of inversion but no mirror planes?
a) Coov
b)  Dooh
c) S2n
d) Cz2h
Answer: b) Dooh

10. The point group (C3v) contains:

a) AC3axis and three perpendicular C2 axes




b)
<)
d)

A C3 axis and three mirror planes
A C3 axis and three perpendicular mirror planes
A C2 axis and a mirror plane

Answer: b) A C3 axis and three mirror planes

11.

Answer:

12.

Answer:

13.

Answer:

14.

Which of the following point groups has a horizontal mirror
plane and a C2 axis?

D3h
C2v
C3v
D4h

For a molecule in the ( D3d ) point group, the number of
mirror planes is:

c)3

a)

The point group of a molecule with a single C. axis and two
perpendicular mirror planes is:

b) D2h

a)
b)
<)
d)

C2v
D2h
Coov
Dooh

A molecule with (D4h) point group symmetry has:

a)
b)
©)
d)

One C4 axis and two perpendicular C2 axes
One C4 axis, four C2 axes, and mirror planes
Four C2 axes and a horizontal mirror plane
No symmetry elements

Answer: b) One C4 axis, four C2 axes, and mirror planes

15.

Answer:

16.

The point group of a molecule with two perpendicular C3
axes and mirror planes is:

D3h
C3v
D6h
D3d

In the point group ( C2h ), the symmetry elements include:

a)
b)
©)
d)

One C2 axis and two mirror planes

One C2 axis and an inversion center

Two C2 axes and a horizontal mirror plane
A C2 axis and a vertical mirror plane

Answer: b) One C2 axis and an inversion center

17.

Answer:

18.

Which point group has a single C2 axis and no other
symmetry elements?

b) C2

a)
b)
<)
d)

C2v
Cc2
Cs
Coov

The point group of a molecule with (D6h) symmetry includes:

a)

One C6 axis, three C2 axes, and horizontal mirror
planes

One C6 axis and one C2 axis

One C6 axis and vertical mirror planes

One C6 axis and perpendicular mirror planes

Answer: a) One C6 axis, three C2 axes, and horizontal mirror planes

19.

Answer:

Which of the following point groups includes an inversion
center?

a)

C2v
C3v
D2h
Dooch

Answer:

21

Answer:

22.

Answer:

23.

Answer:

24.

Answer:

25.

Answer:

26.

Answer:

C2 axes

27.

Answer:

28.

Answer:

In the (Td) point group, the symmetry elements include:

a)
b)
c)
d)

Four C3 axes and mirror planes

Three C2 axes and mirror planes

Three C2 axes and a center of inversion
Four C3 axes and inversion center

a) Four C3 axes and mirror planes

The point group of a molecule with a mirror plane and no
other symmetry elements is:

a) Cs

a)
b)
c)
d)

Cs

C2v
D2h
Coov

The point group (Sn) is characterized by:

a)
b)
c)
d)

A Cn axis and n mirror planes

A Cn axis and n perpendicular C2 axes
An n-fold improper rotation axis
Assingle mirror plane

¢) An n-fold improper rotation axis

In which point group does a molecule have a C3 axis and a
horizontal mirror plane, but no vertical mirror planes?

D3h
C3v
C2v
D3d

The point group of a molecule with C5 symmetry is:

c) C5

a)
b)
©)
d)

C5v
D5h
C5
D5

The point group of a molecule with three perpendicular mirror
planes and a center of inversion is:

D3h
D2h
C2h
Oh

For a molecule in the (D5h) point group, which symmetry
elements are present?

a)
b)

c)
d)

One C5 axis, horizontal mirror planes, and five
perpendicular C2 axes

One C5 axis, a horizontal mirror plane, and five
perpendicular C2 axes

One C5 axis and five mirror planes

One C5 axis and one mirror plane

a) One C5 axis, horizontal mirror planes, and five perpendicular

The point group of a molecule with a C2 axis and a vertical
mirror plane but no horizontal mirror plane is:

a) C2v

a)
b)
c)
d)

C2v
D2h
Cc2
Cs

In the (Oh) point group, how many C4 axes are present?

d)4

29. A molecule with a single C4 axis and four perpendicular C2
axes belongs to which point group?

a)
b)

Cav
D4h




c) Cdh
d Td
Answer: b) D4h

30. The point group of a molecule with a single C3 axis and no
other symmetry elements is:

a) C3
b) D3
¢) C3v
d) C2v

Answer: a) C3

31. The Schoenflies symbol (C2v) represents a point group with:
a) A single C2 axis and two perpendicular mirror
planes
b)  Asingle C2 axis and one mirror plane
c¢) AC2axisandaC3 axis
d) AC2axisanda C4 axis
Answer: a) A single C2 axis and two perpendicular mirror planes

32.  What is the Schoenflies symbol for a point group with one C3
axis and three vertical mirror planes?

a) C3v
b) D3h
c) C3h
d) D3

Answer: a) C3v

33.  The Schoenflies symbol (D2h) denotes a point group with:
a) Two C2 axes perpendicular to each other and a
horizontal mirror plane
b)  Asingle C2 axis and an inversion center
¢) AC2axis and two vertical mirror planes
d) Three C2 axes and a center of inversion
Answer: a) Two C2 axes perpendicular to each other and a horizontal
mirror plane

34. The point group (Td) is characterized by:
a) Four C3 axes and mirror planes
b)  Asingle C4 axis and perpendicular C2 axes
c) Four C3 axes and an inversion center
d) AC2axis and mirror planes
Answer: a) Four C3 axes and mirror planes

35.  Which Schoenflies symbol represents a point group with only
a single C2 axis and no mirror planes?

a) C2
b) C2v
¢) C2h
d) GCs

Answer: a) C2

36. The Schoenflies symbol (D4h) corresponds to a point group
with:
a) One C4 axis, two perpendicular C2 axes, and
horizontal mirror planes
b)  One C4 axis and one mirror plane
¢) Four C2 axes and vertical mirror planes
d) AC2 axis and four mirror planes
Answer: a) One C4 axis, two perpendicular C2 axes, and horizontal
mirror planes

37. What is the Schoenflies symbol for a point group with an
infinite Cn axis and vertical mirror planes?

a) Coov
b)  Dooh
¢) Cn
d) Dn

Answer: a) Coov

38. The point group (C4v) has:
a) Asingle C4 axis and four vertical mirror planes
b)  One C4 axis and two perpendicular mirror planes
¢) Four C2 axes and one horizontal mirror plane
d) One C4 axis and an inversion center

Answer: a) A single C4 axis and four vertical mirror planes

39. The Schoenflies symbol (C3h) represents a point group with:
a) Asingle C3 axis and a horizontal mirror plane
b)  Asingle C3 axis and three perpendicular C2 axes
c)  Three C2 axes and a vertical mirror plane
d) Asingle C3 axis and no mirror planes
Answer: a) A single C3 axis and a horizontal mirror plane

40. Which Schoenflies symbol represents a point group with a
center of inversion and no mirror planes?

a) Dwoh
b) Coov
c) Cz2h
d C2v

Answer: ¢) C2h

41. The Schoenflies symbol (D6h) denotes a point group with:
a) One C6 axis, three C2 axes, and horizontal mirror
planes
b)  One C6 axis and six perpendicular C2 axes
c)  One C6 axis and no mirror planes
d) Three C2 axes and an inversion center
Answer: a) One C6 axis, three C2 axes, and horizontal mirror planes

42. The point group (D3h) includes:
a) One C3 axis, three perpendicular mirror planes,
and a horizontal mirror plane
b)  One C3 axis, three mirror planes, and one C2 axis
¢) AC2axis and three vertical mirror planes
d) One C3 axis and three perpendicular C2 axes
Answer: a) One C3 axis, three perpendicular mirror planes, and a
horizontal mirror plane

43. In the Schoenflies symbol (D2d), what symmetry elements are
present?
a) Two C2 axes perpendicular to each other and two
diagonal mirror planes
b) Two C2 axes perpendicular to each other and a
horizontal mirror plane
c)  One C2 axis and three perpendicular C2 axes
d) Asingle C2 axis and an inversion center
Answer: a) Two C2 axes perpendicular to each other and two diagonal
mirror planes

44. The point group (Oh) has:
a)  Four C4 axes and horizontal mirror planes
b)  Four C2 axes and vertical mirror planes
c) Three C2 axes and horizontal mirror planes
d)  One C2 axis and one horizontal mirror plane
Answer: a) Four C4 axes and horizontal mirror planes

45. The Schoenflies symbol (S4) represents a point group with:
a)  An S4 axis and four mirror planes
b) A C4 axis and four perpendicular mirror planes
c) Asingle S4 axis and a horizontal mirror plane
d)  An S4 axis and perpendicular C2 axes
Answer: a) An S4 axis and four mirror planes

46. In the Schoenflies notation, the symbol (Coov) describes a
point group with:
a)  Aninfinite Cn axis and vertical mirror planes
b)  Aninfinite number of perpendicular mirror planes
c)  Asingle Coo axis and a horizontal mirror plane
d) Asingle Coo axis and no mirror planes
Answer: a) An infinite Cn axis and vertical mirror planes

47. The point group (C2h) includes:
a) Asingle C2 axis and a horizontal mirror plane
b)  Asingle C2 axis and two vertical mirror planes
c)  Two C2 axes and horizontal mirror planes
d) AC2axis and vertical mirror planes
Answer: a) A single C2 axis and a horizontal mirror plane




48. The Schoenflies symbol (C4h) corresponds to a point group
with:
a)  One C4 axis and a horizontal mirror plane
b)  Two C4 axes and mirror planes
¢) Four C2 axes and vertical mirror planes
d)  One C4 axis and vertical mirror planes
Answer: a) One C4 axis and a horizontal mirror plane

49. The point group (D3d) is characterized by:
a) Three C2 axes perpendicular to each other and
diagonal mirror planes
b)  Three C2 axes and horizontal mirror planes
c) One C3 axis and three perpendicular mirror planes
d) One C3 axis and diagonal mirror planes
Answer: a) Three C2 axes perpendicular to each other and diagonal
mirror planes

50. Which Schoenflies symbol denotes a point group with only
the identity operation and no other symmetry elements?

a) Ci
b) Cs
c) C2
d) D2h

Answer: a) C1

51. The Schoenflies symbol (D4) represents a point group with:
a) Asingle C4 axis and four C2 axes
b)  Two C4 axes and horizontal mirror planes
c) Asingle C4 axis and four perpendicular C2 axes
d)  Four C2 axes and no mirror planes
Answer: ¢) A single C4 axis and four perpendicular C2 axes

52. The point group (S6) is characterized by:
a) An S6 axis and six mirror planes
b)  An S6 axis and one C6 axis
¢) ACS6 axis and six perpendicular mirror planes
d) An S6 axis and a horizontal mirror plane
Answer: a) An S6 axis and six mirror planes

53. The Schoenflies symbol (C3h) denotes a point group with:
a) Asingle C3 axis and a horizontal mirror plane
b)  Asingle C3 axis and three vertical mirror planes
c) Three C2 axes and a horizontal mirror plane
d) Three perpendicular C2 axes and a horizontal
mirror plane
Answer: a) A single C3 axis and a horizontal mirror plane

54. The point group (C2v) includes:
a)  One C2 axis and two perpendicular mirror planes
b)  One C2 axis and a horizontal mirror plane
¢) Two C2 axes and vertical mirror planes
d) One C2 axis and no mirror planes
Answer: a) One C2 axis and two perpendicular mirror planes

55. The Schoenflies symbol (D6h) corresponds to a point group
with:
a) One C6 axis, perpendicular
horizontal mirror planes
b)  One C6 axis and one horizontal mirror plane
c)  Three C2 axes and vertical mirror planes
d)  Six C2 axes and no mirror planes
Answer: a) One C6 axis, perpendicular C2 axes, and horizontal mirror
planes

C2 axes, and

56. Which point group is represented by the Schoenflies symbol
(D4d)?
a) Asingle C4 axis and two perpendicular C2 axes
with diagonal mirror planes
b)  Four C2 axes and horizontal mirror planes
c)  One C4 axis and four perpendicular C2 axes
d)  One C4 axis and vertical mirror planes
Answer: a) A single C4 axis and two perpendicular C2 axes with diagonal
mirror planes

57. The Schoenflies symbol (C5v) denotes a point group with:

Answer:

58.

Answer:

59.

Answer:

60.

Answer:

61.

Answer:

62.

Answer:

63.

Answer:

64.

Answer:

65.

Answer:

66.

Answer:

a) Asingle C5 axis and five vertical mirror planes
b)  Asingle C5 axis and one mirror plane

c) Five C2 axes and a horizontal mirror plane

d) Asingle C5 axis and five perpendicular C2 axes

a) Asingle C5 axis and five vertical mirror planes

The point group (D2) includes:

a)  Two perpendicular C2 axes and no mirror planes
b)  Two C2 axes and a horizontal mirror plane

c) Asingle C2 axis and two vertical mirror planes
d) Two C2 axes and diagonal mirror planes

a) Two perpendicular C2 axes and no mirror planes

The Schoenflies symbol (S4) represents a point group with:

a)  An S4 axis and four mirror planes

b)  Asingle S4 axis and vertical mirror planes
c)  An S4 axis and horizontal mirror planes
d) Asingle S4 axis and no mirror planes

a) An S4 axis and four mirror planes

The Schoenflies symbol (D2d) includes:

a) Two C2 axes and two diagonal mirror planes
b)  Two C2 axes and a horizontal mirror plane
c)  One C2 axis and two vertical mirror planes
d) Three C2 axes and diagonal mirror planes

a) Two C2 axes and two diagonal mirror planes

The number of irreducible representations of the point group
(Cn) is:
a) (n)
b) (n+l)
) (1)
d) (@n)
a) (n)
In the (C2v) point group, how many irreducible
representations are there?
a) 2
by 3
c) 4
d 5
b) 3
The point group (C4v) has how many 2-dimensional
irreducible representations?
a) 1
by 2
c) 3
d 4
b) 2
For the (D3h) point group, how many irreducible
representations are there?
a) 4
by 6
c) 7
d 5
b) 6
The character table for the (C2h) point group includes how
many different irreducible representations?
a) 2
by 3
c) 4
d 5
c)4
The point group (D4h) has how many 4-dimensional
irreducible representations?
a) 1
by 2
c) 3
d 4
a)l




67. In the point group (C6v), how many irreducible
representations are there?
a) 6
by 7
c) 8
d 9

Answer: b) 7

68. The point group (D2d) has how many 2-dimensional
irreducible representations?

a) 2
b) 3
c) 4
d 5

Answer: a) 2

69. For the point group (D6h), the number of irreducible
representations is:

a) b5
b) 6
c) 7
d) 8

Answer: d) 8

70. The character table for (C2v) includes which of the following
irreducible representations?

a) Al A2, B1B2
b) A BE

c) Alg,A2g, Eg
d ET2

Answer: a) Al, A2, B1, B2

71. In the (C3v) point group, the number of irreducible
representations is:

a) 2
by 3
c) 4
d 5

Answer: b) 3

72. The character table of (D3h) includes how many 3-
dimensional irreducible representations?

a) 1
by 2
c) 3
d 4

Answer: c) 1

73. For the (C4h) point group, which of the following is a valid
irreducible representation?

a) Alg
b) Bilg
¢) Eg

d) T2g

by 8
c) 10
d 12
Answer: b) 8
77.  Which point group has the irreducible representation (Alg)?
a) (C2v)
b) (D4h)
c) (C3v)
d) (D3h)
Answer: b) (D4h)
78. The point group (D5h) includes how many 2-dimensional
irreducible representations?
a) 1
by 2
c) 3
d 4
Answer: b) 2
79. In (Cnh) point groups, the number of 1-dimensional
irreducible representations is:
a) 1
by 2
c) 3
d) 4
Answer: b) 2
80. For the point group (C6v), the number of 2-dimensional
irreducible representations is:
a) 1
by 2
c) 3
d 4
Answer: b) 2
81. The character table for (D3h) includes which of the following

Answer

82.

Answer

irreducible representations?

a)
b)
c)
d)

Alg, A2g, Blg, B2g
Al,A2, E

Al, A2, E1, E2
Alg, A2g, Eg, Tlu

:Cc)Al, A2, E1, E2

In the (C2h) point group, which of the following is a 1-

dimensional irreducible representation?

1a) Ag

a)

Ag
Bg
Au
Bu

83. For the (D6h) point group, which irreducible representation is
4-dimensional?

Answer: a) Alg

74. The point group (D2h) has
representations in total?

how many irreducible

a) 6
by 8
c) 4
d 5
Answer: b) 8
75. In the point group (C2v), the irreducible representation (B1) is

characterized by:

Answer

84.

:d) T2g

a) Alg
b) Eg

c) Tlu
d T2g

In the point group (C2v), which of the following is a 2-

dimensional irreducible representation?

a)
b)
c)
d)

Al
B2
Bl
E

a) AC2axisand a mirror plane
b) A C2 axis and perpendicular mirror planes
¢)  Ahorizontal mirror plane

d)  Avertical mirror plane
Answer: d) A vertical mirror plane

76. The number of irreducible representations for the (D4h) point
group is:
a) 6

Answer: d) E

85. The number of 1-dimensional irreducible representations in
the (D4h) point group is:

Answer: ¢) 4

a) 2
b) 3
c) 4
d 5




86. The point group (C3v) has which type of irreducible
representations?
a) Al A2E
b) Alg, A2g, Eg
¢) Alg,A2g, Tlu
d) Ag, Bg, Eg
Answer: a) AL, A2, E

87. For the point group (D4h), which representation is known for
having the character '1' for all symmetry operations?

a) Alg
b) Bilg
c) Eg
d T2g
Answer: a) Alg
88. The point group (D2h) includes which irreducible

representation?
a) Alg, A2g, Blg, B2g
b) Alg, A2g, Eg
c) Al,A2 B1,B2
d) A1A2E
Answer: a) Alg, A2g, Blg, B2g

89. The number of irreducible representations for the (C4v) point

group is:
a) 3
b) 4
¢c) 5
d 6
Answer: b) 4

90. In the point group (C3v), the irreducible representation (A2) is
characterized by:
a) Being symmetric with respect to all mirror planes
b)  Changing sign under a C3 rotation
c) Being antisymmetric with respect to all mirror
planes
d) Having no change under C3 rotation
Answer: b) Changing sign under a C3 rotation

91. The character table for the (D5h) point group includes how
many 3-dimensional irreducible representations?

a) 1
b) 2
c) 3
d) 4

Answer: a) 1

92. In the point group (C2v), which representation is a 2-
dimensional representation?

a) Al
b) B1
c) B2
d E

Answer: d) E

93. For the (D4d) point group, which irreducible representation
has the character '0' for all symmetry operations?

a) Al
by E

c) Bl
d) B2

Answer: b) E

94. The point group (Cnh) has how many 2-dimensional
irreducible representations?

a)

b)

0)

d)

A wWN P

Answer: b) 2

95. In the point group (D6h), which irreducible representation
corresponds to a 2-dimensional matrix representation?

a) Eg

b) Tilg
c) T2g
d) Alg

Answer: a) Eg

96. The character table for the (D4h) point group includes which
of the following irreducible representations?
a) Alg,A2g, Eg, Tlg, T2g
b) Al,A2,B1,B2E
c) Ag, Bg, Eg, Tlu
d) Alg, A2g, Blg, B2g
Answer: d) Alg, A2g, Blg, B2g

97. The number of 1-dimensional irreducible representations in
the (D3h) point group is:
a)

1
by 2
c) 3
d 4

Answer: b) 2

98. The point group (C2v) includes how many 1-dimensional
irreducible representations?

a) 1
by 2
SN
d) 4

Answer: b) 2

99. In the (D2h) point group, which of the following is a 2-
dimensional irreducible representation?

a) Bilg
b) B2g
c¢) Eg

d) Alg

Answer: ¢) Eg

100. For the (D6h) point group, which representation is 3-

dimensional?
a) Alg
b) Tig
c) Eg
d) B2g

Answer: b) Tlg

101. The character of a representation is defined as:
a)  The trace of the matrix representing the symmetry
operation
b) The determinant of the matrix representing the
symmetry operation
c) The eigenvalue of the matrix representing the
symmetry operation
d) The norm of the matrix representing the symmetry
operation
Answer: a) The trace of the matrix representing the symmetry operation
102. In the context of group theory, the character of a
representation is used to:
a)  Determine the number of symmetry operations
b)  Identify the symmetry elements
c) Classify the irreducible representations
d) Compute the symmetry of a molecule
Answer: c) Classify the irreducible representations

103. The character of a representation of the identity element of a
group is always:

a 0

b) 1

c) Equal to the dimension of the representation
d) Negative

Answer: c) Equal to the dimension of the representation




104. The character of a representation for a symmetry operation
that leaves the molecule unchanged is:

a 0
b)  Equal to the dimension of the representation
c) 1
d -1

Answer: b) Equal to the dimension of the representation

105. For a 2-dimensional representation, the character of a rotation
by 180° (C2) is:

a) 2
b) 0
c) 1
dy -2

Answer: a) 2

106. The character of a representation for an inversion operation (i)
is:
a)  The trace of the matrix representing the inversion
b)  Equal to the dimension of the representation

¢) Always0
d) The eigenvalue of the matrix representing the
inversion

Answer: a) The trace of the matrix representing the inversion

107. In the character table, the character for a C3 rotation in a 3-
dimensional representation is:

a) 1
by 0
c) 2
d -1

Answer: a) 1

108. The sum of the squares of the characters of a representation
over all symmetry operations of a group is equal to:
a)  The number of symmetry operations
b) The product of the number of
representations
¢)  The order of the group
d)  The dimension of the group
Answer: c) The order of the group

irreducible

109. For a 1-dimensional representation, the character of any
symmetry operation is:
a) Always0
b) Always1
¢) Equal to the dimension of the operation
d)  Varies with the operation
Answer: b) Always 1

110. In a character table, the character of a reflection operation in
the xy-plane for a 2-dimensional representation is typically:

a) 2
by 1
[
d -1

Answer: ¢) 0

111. The character of a representation for a C4 rotation in a 4-
dimensional representation is:

a) 4
by 0
c) 1
d -1

Answer: a) 4

112. The character of a reflection in the xz-plane in a 3-
dimensional representation is:

a) 1
by 0
¢ -1
d 2

Answer: b) 0

113. The character of a representation for a symmetry operation is
used to determine:
a) The bond angles
b)  The molecular orbitals
c)  The symmetry of the molecule
d) The vibrational frequencies
Answer: ¢) The symmetry of the molecule

114. For a 3-dimensional representation, the character of a C2

rotation is:
a) 0
by 1
c) 2
d 3
Answer: a) 0

115. The character of a representation for an operation that does
not change the molecule's symmetry is:
a)  The trace of the matrix representing the operation
b) The determinant of the matrix representing the

operation

c) Always0

d) The eigenvalue of the matrix representing the
operation

Answer: a) The trace of the matrix representing the operation

116. The character of a representation for a C6 rotation in a 6-
dimensional representation is:

Yl N
b) 0
c) 6
d -1

Answer: a) 1

117. The character of the identity element of a group in any
representation is equal to:
a)  The dimension of the representation
b) 0
c) 1
d)  The number of irreducible representations
Answer: a) The dimension of the representation

118. The character of a representation for a reflection operation in
the yz-plane is:

a) 1
by 0
c) -1
d 2

Answer: b) 0

119. For a 4-dimensional representation, the character of a C4
rotation is:

a) 1
by 0
c) 4
d 2

Answer: ¢) 4

120. The character of a representation for a mirror plane operation
in a 2-dimensional representation is:

a 0
by 1
c) 2
d -1

Answer: a) 0

121. In the character table for (D2h), the character of a C2 rotation

is:
a) Always0
b)  Always 1
c)  Varies with the representation
d) Always-1

Answer: ¢) Varies with the representation




122. The character of a reflection operation in the xy-plane for a 1-
dimensional representation is:

a) 1
by 0
c -1
d 2

Answer: c) -1

123. In the character table for (C3v), the character for a C3 rotation

is:
a) 1
b) 0
c) 2
d -1
Answer: a) 1

124. For a 2-dimensional representation, the character of a C3

rotation is:
a) 0
by 1
c) 2
dy -1
Answer: a) 0

125. The character of a representation for a C2 rotation in a 1-
dimensional representation is:

a) Alwaysl

b) Always0

c)  Varies with the operation
d) Always-1

Answer: a) Always 1

126. The character of a reflection operation in a 3-dimensional
representation typically has:
a)  The same value for all reflections
b)  The value 0
¢) Thevaluel
d) Thevalue-1
Answer: b) The value 0

127. The character of a C2 rotation in the (D4h) point group is:

a 0
b) 2
c) 4
d -2

Answer: b) 2

128. The sum of the characters for each symmetry operation in a
given representation is:
a) Always0
b)  The order of the group
¢) The dimension of the representation
d)  The trace of the matrix
Answer: b) The order of the group

129. The character of the identity element in a 2-dimensional
representation is:

a 0
by 1
c) 2
d -1

Answer: ¢) 2

130. The character of a C4 rotation in a 3-dimensional
representation is:

a 0
by 1
c) 2
d -1

Answer: a) 0




UNIT -3

1. A representation that cannot be decomposed into smaller
representations is called:

a) Reducible
b)  Irreducible
c) Trivial

d)  Symmetric
Answer: b) Irreducible

2. A representation that can be expressed as a direct sum of
smaller representations is:
a) Irreducible

b)  Reducible
c)  Trivial
d) Regular

Answer: b) Reducible

3. The process of finding the irreducible components of a
reducible representation is known as:
a) Characterization
b)  Reduction
c) Diagonalization
d)  Symmetrization
Answer: b) Reduction

4. In group theory, the character of a reducible representation is:
a)  Always zero
b) The sum of the characters of its irreducible
components
¢) The same as the character of its largest component
d)  Not well-defined
Answer: b) The sum of the characters of its irreducible components

5. Amatrix representation is said to be reducible if:
a) It has only one non-zero eigenvalue
b) It can be brought to block diagonal form by a
similarity transformation
c) Itisdiagonalizable
d) It has all distinct eigenvalues
Answer: b) It can be brought to block diagonal form by a similarity
transformation

6. The dimension of an irreducible representation is always:
a) 1
b) Equal to or less than the dimension of the
reducible representation
¢) Greater than the dimension of the reducible
representation
d) A multiple of the dimension of the reducible
representation
Answer: b) Equal to or less than the dimension of the reducible
representation

7. The process of determining whether a representation is
irreducible or not involves:
a) Calculating the eigenvalues
b)  Finding the character table
¢) Performing similarity transformations
d)  Applying group theory operations
Answer: c) Performing similarity transformations

8. If a representation of a group has only one irreducible
component, it is:
a)  Trivial
b)  Reducible
¢) Irreducible
d)  Non-decomposable
Answer: c) Irreducible

9.  The character of a reducible representation is the sum of:
a) The eigenvalues
b)  The characters of its irreducible components
¢) The dimensions of the irreducible components
d)  The diagonal elements of the matrix

Answer: b) The characters of its irreducible components

10. The reduction of a reducible representation is useful for:
a)  Simplifying matrix calculations
b)  Identifying the symmetry of a molecule
c) Determining the molecular orbitals
d)  Finding the irreducible components
Answer: d) Finding the irreducible components

11.  In the context of group theory, the term "“reduction” refers to:
a) Increasing the size of a representation
b) Decomposing a reducible representation into
irreducible components
c)  Simplifying the group structure
d) Transforming a representation
dimension
Answer: b) Decomposing a reducible representation into irreducible
components

to a higher

12. The irreducible representations of a group can be:
a) Determined directly from the
representation
b)  Found using the character table
c) Equal to the number of symmetry operations
d) Found by trial and error
Answer: b) Found using the character table

reducible

13. The dimension of a reducible representation is:
a)  Always greater than that of any of its irreducible
components
b) Equal to the sum of the dimensions of its
irreducible components
c) Always less than the dimension of its largest
irreducible component
d) Unrelated to the dimensions of its irreducible
components
Answer: b) Equal to the sum of the dimensions of its irreducible
components

14. If a reducible representation is decomposed into irreducible
components, the resulting irreducible representations are:
a)  Always the same size
b)  Only 1-dimensional
c)  Unique to the group
d) May vary in size and dimension
Answer: d) May vary in size and dimension

15. To find the number of times an irreducible representation
appears in a reducible representation, one can use:
a)  The determinant method
b)  The trace method
c)  The orthogonality theorem
d)  The eigenvalue method
Answer: ¢) The orthogonality theorem

16. The orthogonality theorem states that:

a) The characters of different irreducible
representations are orthogonal
b) The characters of the same irreducible

representation are orthogonal
c) The eigenvectors of different
orthogonal
d) The dimensions of different
representations are orthogonal
Answer: a) The characters of different irreducible representations are
orthogonal

matrices are

irreducible

17. For a reducible representation, the trace of the matrix for a
symmetry operation is:

a)  The sum of the traces of its irreducible components

b) The product of the traces of its irreducible
components
c)  Always zero

d) Not directly related to the irreducible components
Answer: a) The sum of the traces of its irreducible components




18. In a character table, the number of irreducible representations
is equal to:
a)  The number of symmetry elements in the group
b)  The order of the group
¢)  The number of conjugacy classes in the group
d)  The dimension of the reducible representation
Answer: c) The number of conjugacy classes in the group

19. The dimensions of the irreducible representations of a group
always sum up to:
a)  The number of symmetry operations
b)  The order of the group
c)  The number of irreducible representations
d)  The dimension of the reducible representation
Answer: b) The order of the group

20. A matrix representation is said to be irreducible if:
a) It cannot be diagonalized
b) It cannot be decomposed into
representations
c) It has only one eigenvalue
d) It has all zero entries
Answer: b) It cannot be decomposed into smaller representations

smaller

21. The number of times an irreducible representation appears in
a reducible representation is known as:
a)  The multiplicity
b)  The dimension
¢) Thetrace
d) The eigenvalue
Answer: a) The multiplicity

22. In the process of reducing a reducible representation, one
uses:
a)  The symmetry operations only
b)  The character table and orthogonality relations
c) The eigenvalues of the matrices
d)  The molecular orbitals
Answer: b) The character table and orthogonality relations

23. Al-dimensional representation is always:
a) Irreducible
b)  Reducible
¢)  Symmetric
d)  Orthogonal
Answer: a) Irreducible

24. The number of irreducible representations of a point group is
equal to:
a)  The number of symmetry operations in the group
b)  The dimension of the largest representation
¢)  The number of conjugacy classes in the group
d)  The sum of the dimensions of the representations
Answer: ¢) The number of conjugacy classes in the group

25.  The character of a reducible representation for an operation is

equal to:

a) The product of the characters of its irreducible
components

b) The average of the characters of its irreducible
components

¢) The sum of the characters of its irreducible
components

d) The difference of the characters of its irreducible
components

Answer: c) The sum of the characters of its irreducible components

26. The process of reducing a representation involves:
a) Determining the eigenvalues of the representation
b)  Finding the character table of the group
c) Decomposing the representation into a sum of
irreducible representations
d) Calculating the symmetry operations

Answer: c) Decomposing the representation into a sum of irreducible
representations

27. A representation with a character table having all non-zero
entries is likely:
a) Irreducible

b)  Reducible
c) Trivial
d) Singular

Answer: b) Reducible

28. The irreducible components of a reducible representation are:
a)  Unique to each group
b)  Always the same size
c)  The smallest possible representations
d) Larger than the reducible representation
Answer: ¢) The smallest possible representations

29. In a reducible representation, the trace of the matrix for each
symmetry operation:
a) Isalways zero
b) Is the same for all operations
c) Varies depending on the
representation
d) Isequal to the dimension of the operation
Answer: c) Varies depending on the operation and representation

operation  and

30. The orthogonality of irreducible representations is used to:
a)  Calculate the dimensions of the representations
b)  Identify the symmetry elements
c) Determine the multiplicities of the irreducible
components
d) Reduce the representation to its components
Answer: d) Reduce the representation to its components

31. Ingroup theory, the term "decomposition” refers to:
a)  Simplifying a matrix
b) Identifying the irreducible components of a
representation
¢) Increasing the size of a representation
d) Calculating the character of a representation
Answer: b) Identifying the irreducible components of a representation

32. The character of the identity operation in any representation is
equal to:
a)  The trace of the matrix
b)  The dimension of the representation
c) Zero
d)  The number of symmetry operations
Answer: b) The dimension of the representation

33. In the context of irreducible representations, "degeneracy"
refers to:
a)  The number of symmetry operations
b)  The number of identical irreducible representations
c)  The size of the representation
d)  The number of distinct eigenvalues
Answer: b) The number of identical irreducible representations

34. The number of distinct irreducible representations in a
character table is equal to:
a)  The number of conjugacy classes
b)  The number of symmetry elements
c) The number of dimensions of the reducible
representation
d)  The number of operations in the group
Answer: a) The number of conjugacy classes

35. The process of finding a matrix representation of a group
involves:
a) Calculating the eigenvalues
b) Decomposing the matrix into
components
c)  Performing similarity transformations
d) Identifying symmetry operations

irreducible




Answer: d) ldentifying symmetry operations

36. In a 2-dimensional representation, if the character for a
particular symmetry operation is 0, the representation is:
a)  Always reducible
b)  Always irreducible
c)  Not necessarily irreducible
d)  Not well-defined
Answer: c) Not necessarily irreducible

37. The character table of a group helps in determining:
a) The eigenvalues of matrices
b)  The multiplicities of irreducible representations
c)  The size of the group
d)  The symmetry of the molecule
Answer: b) The multiplicities of irreducible representations

38. The trace of a matrix in a reducible representation can be
computed as:
a)  The sum of the eigenvalues

b) The sum of the traces of the irreducible
components

c) The product of the dimensions of irreducible
components

d) The average of the eigenvalues
Answer: b) The sum of the traces of the irreducible components

39. The number of irreducible representations in a point group is
equal to:
a)  The number of symmetry elements
b)  The number of irreducible components
c)  The number of conjugacy classes
d)  The number of dimensions
Answer: ¢) The number of conjugacy classes

40. To determine if a representation is reducible, one typically
looks at:
a) The eigenvalues
b)  The trace of the representation
¢) Whether it can be decomposed into smaller
representations
d)  The size of the matrix
Answer: c) Whether it can be decomposed into smaller representations

41. The Great Orthogonality Theorem is a fundamental result in:
a) Algebra
b)  Group Theory
¢)  Number Theory
d) Calculus
Answer: b) Group Theory

42. The Great Orthogonality Theorem provides conditions for:
a) Diagonalization of matrices
b)  Decomposing a group into subgroups
¢)  Orthogonality of irreducible representations
d) Solving differential equations
Answer: c) Orthogonality of irreducible representations

43. According to the Great Orthogonality Theorem, irreducible
representations of a group are:
a)  Always reducible
b)  Always orthogonal
¢) Not orthogonal
d)  Symmetric
Answer: b) Always orthogonal

44. The Great Orthogonality Theorem applies to:
a)  All representations of a group
b)  Only finite groups
c)  Only infinite groups
d)  Abelian groups only
Answer: b) Only finite groups

45. The Great Orthogonality Theorem helps in determining:
a) The eigenvalues of matrices

b)  The dimensions of irreducible representations
c)  The symmetry of molecules
d) The conjugacy classes of a group

Answer: b) The dimensions of irreducible representations

46. The orthogonality relations in the Great Orthogonality
Theorem are used to:
a)  Simplify matrix operations
b)  Find irreducible components of representations
c)  Determine the symmetry of molecules
d) Calculate vibrational frequencies
Answer: b) Find irreducible components of representations

47. In the context of the Great Orthogonality Theorem, the inner
product of two distinct irreducible representations is:
a) Always zero
b)  Equal to one
c) Equal to the dimension of the group
d)  Afunction of the trace
Answer: a) Always zero

48. The Great Orthogonality Theorem is important for:
a)  Computing eigenvectors
b)  Analyzing molecular orbitals
c) Classifying and analyzing group representations
d) Solving linear equations
Answer: c) Classifying and analyzing group representations

49. According to the Great Orthogonality Theorem, the inner
product of an irreducible representation with itself is:
a) Equal to the order of the group
b)  The dimension of the group
c) Equaltol
d)  The number of conjugacy classes
Answer: d) The number of conjugacy classes

50. The Great Orthogonality Theorem asserts that the characters
of irreducible representations are orthogonal with respect to:
a)  Symmetry operations
b)  Conjugacy classes
c) Each other
d)  Molecular orbitals
Answer: c) Each other

51. The Great Orthogonality Theorem provides a method to:
a)  Determine the symmetry of a molecule
b)  Find the number of irreducible representations
c) Calculate vibrational frequencies
d) Solve polynomial equations
Answer: b) Find the number of irreducible representations

52.  The orthogonality of irreducible representations is crucial for:
a)  Constructing molecular orbitals
b)  Performing group analysis
c)  Solving eigenvalue problems
d) Determining the number of symmetry elements
Answer: b) Performing group analysis

53. The character of an irreducible representation of a group is:
a) A matrix element
b)  The trace of the representation matrix
c)  The eigenvalue of the representation matrix
d)  The determinant of the representation matrix
Answer: b) The trace of the representation matrix

54. The orthogonality relations for irreducible representations
involve:
a)  The order of the group
b)  The size of the matrices
c)  The dimensions of the representations
d)  The symmetry elements of the group
Answer: ¢) The dimensions of the representations

55. The Great Orthogonality Theorem implies that the matrix
elements of distinct irreducible representations are:




a)  Always equal
b)  Orthogonal
c)  Symmetric
d) Conjugate

Answer: b) Orthogonal

56.

According to the Great Orthogonality Theorem, the product of
two different irreducible representations’ characters is:

a)  Always zero

b)  Equal to the trace of their product

c) Equal to the dimension of the group

d) Non-zero

Answer: a) Always zero

57.

The Great Orthogonality Theorem aids in:
a)  Solving differential equations
b)  Finding molecular geometries
¢) Understanding the structure of the group
d)  Computing wavefunctions

Answer: c) Understanding the structure of the group
58. The Great Orthogonality Theorem is used to:
a)  Determine the number of symmetry elements
b)  Calculate the group order
c) \Verify the orthogonality of irreducible
representations
d) Identify the molecular orbitals
Answer: c) Verify the orthogonality of irreducible representations
59. The theorem provides a way to:
a) Find eigenvalues
b)  Decompose complex matrices
¢) Check the orthogonality of representation matrices
d) Compute vibrational modes
Answer: c) Check the orthogonality of representation matrices
60. The orthogonality relations in the Great Orthogonality
Theorem are crucial for:
a)  Group classification
b)  Group decomposition
c¢)  Molecular modeling
d) Solving algebraic equations
Answer: b) Group decomposition
61. The Great Orthogonality Theorem contributes to our
understanding of:
a)  The dimensions of irreducible representations
b)  The vibrational modes of molecules
¢)  The number of symmetry operations
d)  The order of the group
Answer: a) The dimensions of irreducible representations
62. The orthogonality of characters in the Great Orthogonality
Theorem helps to:
a) Calculate the eigenvalues of matrices
b)  Determine the dimensions of the group
c) Identify and separate irreducible representations
d)  Find the molecular symmetry
Answer: c) ldentify and separate irreducible representations
63. The orthogonality relations can be used to:
a)  Simplify the structure of molecular orbitals
b)  Calculate the bond angles in a molecule
¢) Compute the number of irreducible representations
d)  Find the trace of a matrix
Answer: c) Compute the number of irreducible representations
64. According to the Great Orthogonality Theorem, if two
representations are orthogonal, their:
a) Characters are equal
b)  Dimensions are the same
c)  Inner product is zero
d) Eigenvalues are conjugate
Answer: c) Inner product is zero

65. The importance of the Great Orthogonality Theorem in
spectroscopy is that it helps:

a) Identify the number of energy levels

b)  Determine the symmetry of spectral transitions

c) Compute molecular geometries

d) Predict vibrational frequencies

Answer: b) Determine the symmetry of spectral transitions

66. The Great Orthogonality Theorem helps in:
a)  Group theoretical calculations
b)  Experimental observations
c)  Theoretical predictions
d) Calculating eigenvalues
Answer: a) Group theoretical calculations

67. The theorem is essential for:
a)  Analyzing vibrational spectra
b)  Understanding molecular symmetry
c) Computing bond energies
d) Determining nuclear spin states
Answer: b) Understanding molecular symmetry

68. The orthogonality of representations means that:
a)  The characters are equal
b) The product of the characters of two different
irreducible representations is zero
¢) Thedimensions are equal
d)  The matrix elements are symmetric
Answer: b) The product of the characters of two different irreducible
representations is zero
69. In the Great Orthogonality Theorem, the number of
irreducible representations of a group is equal to:
a)  The number of elements in the group
b)  The number of conjugacy classes in the group
c)  The order of the group
d)  The number of symmetry operations
Answer: b) The number of conjugacy classes in the group

70. The Great Orthogonality Theorem ensures that:
a)  All representations of a group are orthogonal
b) Irreducible representations can be orthogonally
decomposed
c)  Only reducible representations are orthogonal
d)  All symmetry operations are orthogonal
Answer: b) Irreducible representations can be orthogonally decomposed

71. The orthogonality of representation matrices allows for:
a)  Simplifying calculations in quantum mechanics
b)  Determining the number of symmetry operations
c)  Computing molecular geometries
d) Classifying and analyzing group representations
Answer: d) Classifying and analyzing group representations

72. The Great Orthogonality Theorem is used to:
a) Determine the frequency of vibrations in a
molecule
b)  Decompose complex symmetry operations
c) Identify and analyze group characters
d) Calculate the bond lengths in a molecule
Answer: ¢) Identify and analyze group characters

73. The orthogonality of characters ensures that:
a)  All representations are reducible
b) The product of characters
irreducible representations is zero
c)  All matrices in a representation are diagonal
d)  The dimensions of representations are equal
Answer: b) The product of characters from different irreducible
representations is zero

from different

74. The Great Orthogonality Theorem helps in:
a)  Solving complex algebraic equations
b)  Determining the symmetry of complex molecules
c)  Computing the energy levels of a system




d) Identifying the vibrational modes
Answer: b) Determining the symmetry of complex molecules

75. The orthogonality relations are essential for:
a)  Simplifying experimental data
b)  Group theoretical analysis
c)  Solving for energy levels
d)  Predicting molecular interactions
Answer: b) Group theoretical analysis

76. In the Great Orthogonality Theorem, the inner product of the
characters of the same irreducible representation is:
a) Zero
b)  The number of conjugacy classes
¢) The dimension of the group
d) Equal to one
Answer: b) The number of conjugacy classes

77. The theorem is a key tool for:
a) Identifying the symmetry elements in a molecule
b)  Calculating the eigenvalues of matrices
c) Analyzing and classifying the  group
representations
d) Solving differential equations
Answer: c) Analyzing and classifying the group representations

78. The Great Orthogonality Theorem confirms that:
a)  All matrix elements of irreducible representations
are equal
b)  The dimensions of irreducible representations are
orthogonal
c) The matrix elements of distinct irreducible
representations are orthogonal
d)  All characters of a representation are identical
Answer: c) The matrix elements of distinct irreducible representations are
orthogonal

79. According to the Great Orthogonality Theorem, the inner
product of the characters of different irreducible
representations is:

a) Zero
b)  Equal to the order of the group
¢)  The dimension of the irreducible representation
d) Non-zero
Answer: a) Zero

80. The Great Orthogonality Theorem is crucial for:
a)  Finding the eigenvectors of a matrix
b)  Calculating the number of symmetry operations
c) ldentifying and analyzing irreducible
representations
d)  Determining the molecular geometry
Answer: c) ldentifying and analyzing irreducible representations




UNIT -4

1. Acharacter table provides information about:
a) The symmetry of a molecule
b)  The group’s elements
¢) Theirreducible representations of a group
d)  The vibrational modes of a molecule
Answer: c) The irreducible representations of a group
2. Inacharacter table, the rows typically represent:
a)  The symmetry operations
b)  The irreducible representations
c)  The molecular geometries
d)  The eigenvalues
Answer: b) The irreducible representations
3. The columns of a character table represent:
a) The group’s order
b)  The symmetry elements
c)  The conjugacy classes
d)  The molecular orbitals
Answer: c) The conjugacy classes
4. The diagonal elements in a character table for an irreducible
representation correspond to:
a)  The group order
b)  The characters of the identity operation
¢)  The number of symmetry elements
d)  The molecular vibration frequencies
Answer: b) The characters of the identity operation
5. The sum of the squares of the dimensions of the irreducible
representations is equal to:
a)  The number of symmetry operations
b)  The number of elements in the group
¢)  The number of molecular orbitals
d)  The number of conjugacy classes
Answer: b) The number of elements in the group
6. In a character table, the characters for a symmetry operation
are:
a)  Always positive
b)  Always negative
c)  Complex numbers
d) Real numbers
Answer: d) Real numbers
7. The characters of an irreducible representation for the identity
operation are equal to:
a)  The order of the group
b)  The dimension of the representation
c) Zero
d)  The number of symmetry operations
Answer: b) The dimension of the representation
8.  Character tables are used to:
a)  Predict molecular vibrations
b)  Determine the symmetry properties of molecular
orbitals
¢) Identify the symmetry of a molecule
d) Calculate bond angles
Answer: c) ldentify the symmetry of a molecule
9.  The character of a representation for a symmetry operation is:
a)  The trace of the representation matrix
b)  The determinant of the representation matrix
¢) The eigenvalue of the representation matrix
d)  The sum of the eigenvalues
Answer: a) The trace of the representation matrix
10. The product of the characters for two irreducible
representations is:
a)  Always zero
b)  Always positive
c)  Zero if the representations are different

Answer

d)  The same as the number of symmetry operations
: ) Zero if the representations are different

11. To decompose a reducible representation into irreducible

Answer

representations, one uses:
a)  The Great Orthogonality Theorem
b)  The Cauchy Integral Formula
c)  The Schur's Lemma
d) The Jordan Canonical Form
: a) The Great Orthogonality Theorem

12.  The number of irreducible representations in a character table

Answer

is equal to:
a)  The number of symmetry operations
b)  The number of conjugacy classes
c)  The number of symmetry elements
d)  The order of the group
: b) The number of conjugacy classes

13. The character table can be used to:

Answer

14.

Answer

a) Calculate vibrational frequencies
b)  Predict electronic transitions
c) Determine the symmetry labels of molecular
orbitals
d)  Measure bond strengths
: ¢) Determine the symmetry labels of molecular orbitals

The character of an irreducible representation for a symmetry
operation reflects:

a) The eigenvalue of the symmetry operation

b)  The dimension of the matrix representation

c)  The symmetry of the operation

d)  The trace of the matrix representation
. d) The trace of the matrix representation

15.  The number of characters in a character table row is equal to:

a)  The number of elements in the group

b)  The number of symmetry operations

c)  The number of conjugacy classes

d)  The number of irreducible representations

Answer: c) The number of conjugacy classes
16. In a character table, each entry represents:
a) A matrix element
b)  The trace of a matrix
c)  The number of symmetry operations
d)  The number of irreducible components
Answer: b) The trace of a matrix

17.  The character table for a given point group helps in:

Answer

a) Calculating bond lengths

b)  Analyzing vibrational spectra

c) Identifying molecular geometries

d)  Predicting the number of molecular orbitals
: b) Analyzing vibrational spectra

18. The characters for different irreducible representations are

Answer

orthogonal with respect to:
a)  The group’s order
b)  The number of symmetry operations
c)  The number of conjugacy classes
d)  The number of dimensions
: €) The number of conjugacy classes

19. In a character table, the representation with the character 1 for

Answer

all operations is:
a)  The totally symmetric representation
b)  The totally antisymmetric representation
c) The irreducible representation with the highest
dimension
d)  The trivial representation
. d) The trivial representation

20. The process of using a character table to analyze a molecule's

symmetry involves:




Answer

a) Assigning symmetry labels to molecular orbitals
b)  Determining the vibrational frequencies
¢) Calculating bond strengths
d)  Measuring bond angles
: a) Assigning symmetry labels to molecular orbitals

21. The number of different irreducible representations of a group

Answer

corresponds to:
a)  The number of symmetry operations
b)  The number of conjugacy classes
c)  The number of elements in the group
d)  The number of molecular orbitals
: b) The number of conjugacy classes

22. The trace of a representation matrix for a symmetry operation

Answer

is called:
a)  The character of the representation
b)  The eigenvalue of the matrix
c)  The dimension of the matrix
d)  The determinant of the matrix
: @) The character of the representation

23. Character tables can be used to determine:

Answer

a)  The molecular weight
b)  The electronic configurations
c)  The symmetry properties of vibrational modes
d) The bond lengths
: ¢) The symmetry properties of vibrational modes

24. The symmetry of a molecule's vibrational modes can be

Answer

determined using:
a)  The Great Orthogonality Theorem
b)  Character tables
¢) The Cauchy Integral Formula
d)  Schur’s Lemma
: b) Character tables

25. To find the symmetry species of vibrational modes, one must:

Answer

a)  Analyze the character table of the molecule’s point
group
b)  Calculate the bond angles
¢)  Measure the infrared spectra
d) Determine the molecular weight
: a) Analyze the character table of the molecule’s point group

26. In character tables, the sum of the characters in each column

Answer

is:
a)  Always zero
b)  Equal to the group order
c) Equal to the number of symmetry operations
d) Equal to the dimension of the representation
: b) Equal to the group order

27. The number of entries in each row of a character table equals:

Answer

a)  The number of elements in the group
b)  The number of conjugacy classes
¢)  The number of irreducible representations
d)  The number of symmetry operations
: b) The number of conjugacy classes

28. Character tables are essential for:

Answer

a) Determining bond lengths
b)  Analyzing electronic spectra
¢) Calculating vibrational spectra
d) Determining the symmetry properties of molecular
orbitals
: d) Determining the symmetry properties of molecular orbitals

29. When using a character table, the symmetry of a molecule can

Answer

be used to:
a)  Predict the reactivity
b)  Assign symmetry labels to molecular orbitals
¢) Calculate bond strengths
d) Determine the vibrational frequencies
: b) Assign symmetry labels to molecular orbitals

30. To find the irreducible representations of a group, one must:
a)  Analyze its character table
b)  Measure bond angles
c) Calculate vibrational frequencies
d) Determine the molecular weight
Answer: a) Analyze its character table

31. The character table helps in identifying:
a)  The number of electrons in a molecule
b)  The symmetry elements of a molecule
c)  The types of molecular bonds
d)  The shape of the molecule
Answer: b) The symmetry elements of a molecule

32. In a character table, the character for a symmetry operation is
the trace of the:
a) ldentity matrix
b)  Symmetry operation matrix
c) Bonding matrix
d)  Molecular orbital matrix
Answer: b) Symmetry operation matrix

33. To find the symmetry labels of molecular orbitals, you need
to:
a) Use the character table of the molecule’s point
group
b)  Measure the bond angles
c)  Calculate the bond strengths
d) Determine the molecular weight
Answer: a) Use the character table of the molecule’s point group

34. The dimension of a representation in a character table is:
a)  The number of symmetry elements
b)  The number of conjugacy classes
c)  The number of characters in the row
d)  The order of the group
Answer: ¢) The number of characters in the row

35. The character of a representation for a particular symmetry
operation is obtained by:
a) Adding the eigenvalues
b)  Taking the trace of the representation matrix
c) Calculating the determinant of the matrix
d)  Measuring the bond strengths
Answer: b) Taking the trace of the representation matrix

36. Inacharacter table, the irreducible representations are:
a)  Always the same size
b)  Always orthogonal
c)  Always reducible
d) Different for each molecule
Answer: b) Always orthogonal

37.  The number of irreducible representations can be found by:
a) Counting the rows in the character table
b)  Measuring the vibrational frequencies
c)  Analyzing the bond angles
d) Determining the molecular geometry
Answer: a) Counting the rows in the character table

38. Character tables are used in:
a)  Molecular orbital theory
b)  Quantum chemistry
c)  Spectroscopy
d) All of the above
Answer: d) All of the above

39. The number of irreducible representations corresponds to the
number of:
a)  Symmetry operations
b)  Symmetry elements
c) Conjugacy classes
d)  Molecular orbitals
Answer: ¢) Conjugacy classes




40. In a character table, the number of characters for each
irreducible representation is:
a) Equal to the group order
b)  Equal to the number of symmetry operations
¢) Equal to the number of conjugacy classes
d) Equal to the number of molecular orbitals
Answer: c) Equal to the number of conjugacy classes

41. The character of a reducible representation can be used to:
a) Determine the dimensions of the irreducible
representations
b)  Calculate the molecular weights
c) Predict bond angles
d)  Measure vibrational frequencies
Answer: a) Determine the dimensions of the irreducible representations

42. The character of the irreducible representations helps to:
a)  Predict reaction mechanisms
b)  Analyze electronic transitions
¢) Decompose complex representations
d)  Measure bond strengths
Answer: c) Decompose complex representations

43. The total number of irreducible representations of a group can
be found by:
a) Summing the squares of the dimensions of each
irreducible representation
b)  Counting the number of rows in the character table
¢)  Measuring the bond angles
d) Determining the molecular weight
Answer: a) Summing the squares of the dimensions of each irreducible
representation

44. Character tables are particularly useful in:
a)  Predicting molecular shapes
b)  Determining the number of valence electrons
c)  Assigning symmetry labels to vibrations
d)  Measuring bond angles
Answer: ¢) Assigning symmetry labels to vibrations

45. The entries in a character table for a specific symmetry
operation are:
a)  The same for all irreducible representations
b)  Always zero
¢)  Specific to each irreducible representation
d) Dependent on the molecular weight
Answer: c) Specific to each irreducible representation

46. Character tables can help to:
a) Determine the bond lengths
b)  Calculate the symmetry of vibrational modes
¢)  Measure the bond strengths
d) Predict electronic spectra
Answer: b) Calculate the symmetry of vibrational modes

47. The character of a representation for a specific symmetry
element is:
a) Equal to the eigenvalue of that element
b) Equal to the trace of the matrix representing that
element
¢)  The number of symmetry elements
d)  The dimension of the representation
Answer: b) Equal to the trace of the matrix representing that element

48. The character table is important for:
a) Determining the symmetry properties of molecular
orbitals
b)  Measuring bond angles
c) Predicting the vibrational frequencies
d) Calculating the molecular weights
Answer: a) Determining the symmetry properties of molecular orbitals

49. Each character table row represents:
a)  Aspecific symmetry element

Answer

b)  Aspecific molecular vibration

c)  Anirreducible representation

d)  Aspecific symmetry operation
: ¢) An irreducible representation

50. The character table helps to find:

Answer

a)  The number of bonding orbitals
b)  The number of non-bonding orbitals
c)  The symmetry properties of molecular vibrations
d)  The energy levels of electronic transitions
: ¢) The symmetry properties of molecular vibrations

51. Symmetry and point group theory are primarily used in

Answer

spectroscopy to:
a)  Determine molecular geometries
b)  Predict vibrational spectra
c) Calculate molecular weights
d)  Measure bond strengths
: b) Predict vibrational spectra

52.  The point group of a molecule helps in:

Answer

a) Determining its electronic configuration
b)  Predicting its vibrational frequencies
c) Calculating bond angles
d) Identifying its symmetry elements
. d) Identifying its symmetry elements

53. Which of the following spectroscopy techniques uses

Answer

symmetry to analyze vibrational modes?
a) NMR spectroscopy
b)  UV-Vis spectroscopy
c) Infrared (IR) spectroscopy
d) Mass spectrometry
: ¢) Infrared (IR) spectroscopy

54. The selection rules for vibrational spectroscopy are

Answer

determined by:
a)  The molecule's mass
b)  The symmetry properties of the molecule
¢) The bond strengths
d)  The molecular weight
: b) The symmetry properties of the molecule

55. In the context of spectroscopy, the symmetry of a molecule

Answer

affects:
a)  The color of the molecule
b)  The intensity of spectral lines
c)  The energy levels of molecular orbitals
d) The molecular geometry
:b) The intensity of spectral lines

56. Point group theory is used in spectroscopy to:

Answer

a)  Predict the number of peaks in a spectrum
b)  Determine the symmetry of electronic transitions
c) Calculate the chemical shift in NMR
d)  Measure the bond strengths
: b) Determine the symmetry of electronic transitions

57. The character of a vibration in IR spectroscopy can be

Answer

predicted using:
a)  The molecule’s point group
b)  The bond length
c)  The mass of the atoms
d)  The molecular weight
: a) The molecule’s point group

58. Symmetry considerations in Raman spectroscopy help to:

Answer

a)  Predict the presence of bonding orbitals
b)  Determine the vibrational modes that are active
c)  Measure bond angles
d) Identify molecular weights
: b) Determine the vibrational modes that are active

59. The point group of a molecule influences its:

a)  Electronegativity




b) Rotational spectra b)  Visible in UV-Vis spectra

c)  Spectral intensity c) Activein IR or Raman spectra
d) Bond lengths d) Detected by mass spectrometry
Answer: c) Spectral intensity Answer: c) Active in IR or Raman spectra
60. The selection rules for Raman spectroscopy are based on: 70. The intensity of spectral lines in IR spectroscopy is related to:
a)  The symmetry of the molecule a)  The mass of the atoms
b)  The bond strengths b)  The molecular weight
¢)  The molecular weight c)  The change in dipole moment
d)  The electronic configuration d) The bond lengths
Answer: a) The symmetry of the molecule Answer: ¢) The change in dipole moment
61. In vibrational spectroscopy, the number of active vibrations 71. For avibrational mode to be Raman active, it must:
can be predicted by: a) Change the dipole moment
a)  The number of symmetry operations b)  Change the polarizability
b)  The point group of the molecule c)  Change the bond strength
c)  The molecular weight d) Change the molecular mass
d)  The bond lengths Answer: b) Change the polarizability

Answer: b) The point group of the molecule
72.  The symmetry of a molecule can affect the:

62. Symmetry elements in a molecule influence: a)  Color of the molecule
a)  The energy levels of electrons b)  Spectral lines' positions and intensities
b)  The shape of the IR spectrum c) Bond lengths
¢) The vibrational frequencies d) Chemical reactivity
d)  The bond strengths Answer: b) Spectral lines' positions and intensities

Answer: c) The vibrational frequencies
73.  To predict IR active vibrations, one should:

63. In IR spectroscopy, vibrations that lead to a change in the a)  Analyze the molecule's point group
dipole moment are: b)  Measure bond strengths
a)  Symmetry-forbidden ¢) Calculate vibrational frequencies
b)  Not observed d) Determine the molecular weight
c) Active Answer: a) Analyze the molecule's point group
d) Invisible
Answer: c) Active 74. The point group of a molecule influences:
a) Its IR and Raman activity
64. Raman spectroscopy is sensitive to: b)  The number of electrons
a) Changes in bond strengths ¢)  The bond lengths
b)  Changes in polarizability d)  The electronic configuration
¢) Changes in molecular mass Answer: a) Its IR and Raman activity
d) Changes in molecular weight
Answer: b) Changes in polarizability 75. In which spectroscopy technique is symmetry used to
determine selection rules for transitions?
65. Which spectroscopy technique relies on changes in a) NMR spectroscopy
polarizability? b)  UV-Vis spectroscopy
a) NMR spectroscopy c)  Mass spectrometry
b)  UV-Vis spectroscopy d) X-ray diffraction
c) Raman spectroscopy Answer: b) UV-Vis spectroscopy
d)  Mass spectrometry
Answer: ¢) Raman spectroscopy 76. Symmetry considerations are crucial for understanding:
a)  Nuclear magnetic resonance
66. The point group of a molecule can be used to: b)  Electronic transitions
a)  Predict the number of peaks in an NMR spectrum c)  Mass-to-charge ratios
b)  Assign vibrational modes to spectral peaks d) Bond dissociation energies
¢) Calculate the bond angles Answer: b) Electronic transitions
d) Determine the molecular weight
Answer: b) Assign vibrational modes to spectral peaks 77. The symmetry of a molecule can be used to:
a)  Predict the number of peaks in an IR spectrum
67. Symmetry considerations in electronic spectroscopy help to: b)  Assign symmetry labels to electronic transitions
a)  Predict the intensity of spectral lines c)  Measure bond angles
b)  Determine the number of vibrational modes d) Determine the molecular weight
¢) Calculate the chemical shifts Answer: b) Assign symmetry labels to electronic transitions
d)  Measure bond strengths
Answer: a) Predict the intensity of spectral lines 78. In IR spectroscopy, the vibrational modes that are active are
determined by:
68. The number of vibrational modes in a molecule can be a)  The molecule’s polarizability
determined by: b)  The molecule’s symmetry elements
a)  The symmetry of the molecule c)  The molecular weight
b)  The point group of the molecule d) The bond strengths
c)  The mass of the atoms Answer: b) The molecule’s symmetry elements
d) The bond lengths
Answer: b) The point group of the molecule 79. The symmetry of molecular vibrations affects:
a)  The molecule’s color
69. Point group theory helps in determining which vibrational b)  The number of IR peaks
modes are: c)  The number of Raman peaks

a)  Symmetry-forbidden d) The vibrational frequencies




Answer: d) The vibrational frequencies

80. Symmetry considerations are used in spectroscopy to:
a)  Predict the bond lengths
b)  Determine the molecule’s symmetry labels
¢)  Measure the molecular weights
d) Calculate the vibrational frequencies
Answer: b) Determine the molecule’s symmetry labels

81. In Raman spectroscopy, which of the following vibrational
modes is active?
a)  Modes that change the dipole moment
b)  Modes that change the polarizability
¢)  Modes that affect bond strengths
d)  Modes that alter the molecular weight
Answer: b) Modes that change the polarizability

82. The point group symmetry helps in:
a)  Assigning peaks in a UV-Vis spectrum
b)  Determining which vibrations are Raman or IR
active
c)  Measuring bond dissociation energies
d) Calculating chemical shifts in NMR
Answer: b) Determining which vibrations are Raman or IR active

83. In UV-Vis spectroscopy, symmetry considerations are used to:
a)  Predict bond angles
b)  Assign electronic transitions
c)  Measure bond strengths
d)  Determine molecular weights
Answer: b) Assign electronic transitions

84. Which spectroscopy technique involves symmetry to
determine vibrational modes that can be observed?
a) NMR spectroscopy
b)  Mass spectrometry
¢) Raman spectroscopy
d)  X-ray crystallography
Answer: ¢) Raman spectroscopy

85. The intensity of IR spectral lines is influenced by:
a)  The symmetry of the molecule
b)  The vibrational frequency
c)  The change in dipole moment
d) The bond lengths
Answer: ¢) The change in dipole moment

86. In character tables, the irreducible representations help to:
a)  Predict the number of peaks in a UV-Vis spectrum
b)  Determine which vibrational modes are IR or
Raman active
c) Calculate the bond strengths
d)  Measure the molecular weight
Answer: b) Determine which vibrational modes are IR or Raman active

87. The point group of a molecule provides information on:
a)  The number of symmetry elements
b)  The number of vibrational modes
c) The selection rules for vibrational and electronic
transitions
d)  The bond strengths
Answer: ¢) The selection rules for vibrational and electronic transitions

88. The symmetry of molecular vibrations determines:
a)  The number of electronic transitions
b)  The intensity of the peaks in IR and Raman spectra
¢)  The molecular geometry
d)  The bond angles
Answer: b) The intensity of the peaks in IR and Raman spectra

89. To determine the IR activity of vibrational modes, one must:
a)  Analyze the molecule’s symmetry
b)  Measure bond strengths
¢) Calculate the vibrational frequencies
d)  Determine the molecular weight

Answer: a) Analyze the molecule’s symmetry

90. Symmetry considerations are essential in spectroscopy to:
a) Calculate the molecular weight
b)  Assign the correct peaks in a spectrum
c)  Measure bond lengths
d) Determine chemical reactivity
Answer: b) Assign the correct peaks in a spectrum

91. The use of symmetry in spectroscopy allows for:
a) Calculation of vibrational frequencies
b)  Prediction of the symmetry of molecular orbitals
c) Determination of which vibrations are observable
d) Measurement of bond strengths
Answer: c) Determination of which vibrations are observable

92. In Raman spectroscopy, the symmetry of a molecule
influences:
a)  The color of the molecule
b)  The number of observable vibrational modes
c)  The molecular weight
d)  The bond dissociation energies
Answer: b) The number of observable vibrational modes

93. The point group of a molecule is used to:
a) Calculate the intensity of spectral lines
b)  Predict which vibrational modes are active in IR
and Raman spectroscopy
¢)  Measure bond strengths
d) Determine the molecular geometry
Answer: b) Predict which vibrational modes are active in IR and Raman
spectroscopy

94. In IR spectroscopy, modes that lead to a change in the dipole

moment are:
a) Raman active
b)  Invisible

¢) IR active
d)  Not observed
Answer: c) IR active

95. The Great Orthogonality Theorem is used to:
a)  Predict spectral lines in IR and Raman spectra
b) Determine the irreducible representations in a
point group
c)  Measure bond angles
d) Calculate vibrational frequencies
Answer: b) Determine the irreducible representations in a point group

96. The symmetry of electronic transitions can be predicted using:
a) Character tables
b)  Vibrational frequencies
c) Bond strengths
d) Molecular weights
Answer: a) Character tables

97. In IR spectroscopy, vibrational modes that are inactive are
typically those:
a) That lead to a change in the dipole moment
b)  That do not affect the polarizability
c) That affect bond lengths
d) That alter the molecular weight
Answer: b) That do not affect the polarizability

98. The point group analysis helps to:
a)  Measure the bond strengths
b)  Predict the presence of spectral peaks
c)  Assign vibrational modes to spectral features
d) Determine the molecular mass
Answer: c) Assign vibrational modes to spectral features




References

1. Symmetry Elements and Symmetry Operations

- Textbooks:

- Cotton, F. A. (1990). Chemical Applications of Group Theory. Wiley-
Interscience.

- Bishop, D. M. (1993). Group Theory and Chemistry. Dover
Publications.

- Atkins, P, & Friedman, R. (2011). Molecular Quantum Mechanics.
Oxford University Press.

- Online Resources:

- "Symmetry Operations and Elements" by Chemistry LibreTexts.
(https://chem.libretexts.org/)

- "Symmetry in  Chemistry" by
(https:/iwww.chem.purdue.edu/)

Purdue  University.

2. Definitions of Group, Subgroup, and Relation Between Orders of a
Finite Group and Its Subgroup
- Textbooks:

- Herstein, I. N. (1996). Abstract Algebra. Prentice Hall.

- Dummit, D. S., & Foote, R. M. (2004). Abstract Algebra. Wiley.

- Carter, J. S. (2009). Visual Group Theory. Mathematical Association of
America.
- Online Resources:

- "Group Theory" by Brilliant.org. (https:/brilliant.org/wiki/group-
theory/)

- "Subgroups and Lagrange's Theorem" by MIT OpenCourseWare.
(https://ocw.mit.edu/)

3. Conjugacy Relation and Classes
- Textbooks:

- Artin, M. (2011). Algebra. Pearson.

- Rotman, J. J. (1995). An Introduction to the Theory of Groups.
Springer.
- Online Resources:

- "Conjugacy Classes" by
(https://mathworld.wolfram.com/)

- "Group Conjugacy" by Groupprops. (https://groupprops.subwiki.org/)

Wolfram MathWorld.

4. Point Symmetry Groups and Schénflies Symbols
- Textbooks:

- Kettle, S. F. A. (2007). Symmetry and Structure: Readable Group
Theory for Chemists. Wiley.

- Harris, D. C., & Bertolucci, M. D. (1989). Symmetry and
Spectroscopy: An Introduction to Vibrational and Electronic
Spectroscopy. Dover Publications.

- Online Resources:

- "Point Groups and Schonflies Notation" by Chemistry LibreTexts.
(https://chem.libretexts.org/)

- "Molecular Symmetry"
(https://chem.libretexts.org/)

by University of California, Dauvis.

5. Representations of Groups of Matrices (Cn, Cnv, Cnh, Dnh, etc.)
- Textbooks:

- Tinkham, M. (2003). Group Theory and Quantum Mechanics. Dover
Publications.

- Dresselhaus, M. S., Dresselhaus, G., & Jorio, A. (2008). Group
Theory: Application to the Physics of Condensed Matter. Springer.
- Online Resources:

- "Representation Theory of Finite Groups" by MIT OpenCourseWare.
(https://ocw.mit.edu/)

- "Matrix Representations of Symmetry Operations" by University of
Cambridge. (https://www.ch.cam.ac.uk/)

6. Character of a Representation
- Textbooks:
- Serre, J. P. (1977). Linear Representations of Finite Groups. Springer.
- Fulton, W., & Harris, J. (1991). Representation Theory: A First Course.
Springer.
- Online Resources:

- "Characters of Representations” by Groupprops.
(https://groupprops.subwiki.org/)
- "Character Theory" by Wolfram MathWorld.

(https://mathworld.wolfram.com/)

7. The Great Orthogonality Theorem (Without Proof) and Its Importance
- Textbooks:

- Hamermesh, M. (1989). Group Theory and Its Application to Physical
Problems. Dover Publications.

- Wigner, E. P. (1959). Group Theory and Its Application to the
Quantum Mechanics of Atomic Spectra. Academic Press.
- Online Resources:

- "Great Orthogonality Theorem"
(https://chem.libretexts.org/)

- "Orthogonality Relations" by
(https://groupprops.subwiki.org/)

by Chemistry LibreTexts.

Groupprops.

8. Character Tables and Their Use in Spectroscopy
- Textbooks:

- Wilson, E. B., Decius, J. C., & Cross, P. C. (1980). Molecular
Vibrations: The Theory of Infrared and Raman Vibrational Spectra.
Dover Publications.

- Banwell, C. N., & McCash, E. M. (1994). Fundamentals of Molecular
Spectroscopy. McGraw-Hill.
- Online Resources:

- "Character Tables in Chemistry" by University of California, Irvine.
(https://www.chem.uci.edu/)

- "Spectroscopy and Group Theory" by University of Cambridge.
(https://www.ch.cam.ac.uk/)

General Bibliography for Group Theory and Symmetry in Chemistry
- Textbooks:

- Altmann, S. L., & Herzig, P. (2011). Point-Group Theory Tables.
Oxford University Press.

- Bishop, D. M. (1993). Group Theory and Chemistry. Dover
Publications.

- Cotton, F. A. (1990). Chemical Applications of Group Theory. Wiley-
Interscience.
- Online Resources:

- "Group Theory in Chemistry" by LibreTexts.
(https://chem.libretexts.org/)
- "Symmetry and Group Theory" by Khan Academy.

(https://www.khanacademy.org/)




