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1.0 OBJECIVES

After studyng this unit, you should be able to

• Define the monent of inertia

• Discuss the rotational spectra of rigid linear diatomic molecule

• Spectrum of non-rigid rotator

• Moment of inertia of linear polyatomic molecules
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• Explain the effect of isotopic substitution  and non-rigidity on the rotational spectra

of a molecule.

• Classify various molecules according to thier values of moment of inertia

• Know the selection rule for a rigid diatomic molecule.

1.0 INTRODUCTION

Spectroscopy in the microwave region is concerned with the study of pure

rotational motion of molecules. The condition for a molecule to be microwave active is that

the molecule must possess a permanent dipole moment, for example, HCl, CO etc. The

rotating dipole then generates an electric field which may interact with the electrical

component of the microwave radiation. Rotational spectra are obtained when the energy

absorbed by the molecule is so low that it can cause transition only from one rotational level

to another within the same vibrational level. Microwave spectroscopy is a useful technique

and gives the values of molecular parameters such as bond lengths, dipole moments and

nuclear spins etc.

1.1 OBJECTIVES

Transitions between different rotational levels within same vibrational level give rise

to pure rotational spectra in the microwave or far infrared region. The study of such

transitions provides a direct method for the evaluation of molecular parameters.

Main objectives :

• To explain the effect of isotopic substitution and non rigidity on the rotational

spectra of a molecule.

• To discuss the rotational spectra of rigid diatomic molecule.

• To give applications of study of rotational spectra.

1.2 CLASSIFICATION OF MOLECULES

The rotation of a three dimensional body may be quite complex and it is convenient to

resolve it into rotational components about three mutually perpendicular direction through

the centre of gravity - the principal axes of rotation. Thus a body has three principal moments

of inertia, one about each axis, usually disignated IA, IB and IC.

C

A

B

IC

IA

IB
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IA = Moment of inertia about A

IC = Moment of inertia in plane of paper

IB = Moment of inertia r  to the plane of paper

Molecules may be classified into groups according to the relative values of their three

principal moments of inertia IA, IB and IC. In general A, B, C axes are selected in such a way

that IA < IB < IC. The molecules are usually classified into four groups based on the relative

values of principal moments of inertia.

1. Linear molecules

As the name suggests, in this case, all  the atoms of the molecules are

arranged in a straight line. Some of the molecules of this category are HCl, CO2, OCS, HCN,

C2H2 etc. The three directions of rotation may be taken as

(a) about the bond axes

(b) end-over-end roation in the plane of the paper and

(c) end-over-end rotation at right angles to the plane. As the nuclei of the atoms

which give the main contribution to the mass are situated in the axis A, the moment of

inertia about this axis is approximately zero.  i.e. IA= 0. The moments of inertia IB and IC

correspond to the end- over-end rotation of the molecule and therefore they are equal.

Thus, for a linear molecule IA= 0 and IB = IC.

2. Symmetric tops

In a symmetric top, two of the principal moments of inertia are equal and all the three

are non zero. Examples CH4, CH3Cl etc in which the carbon has a tetrahedral coordination.

The C–Cl bond axis (in CH3Cl) having a three fold axis of symmetry in the A-axis  and on

this the centre of gravity of the molecules lies. The two mutually perpendicular B and C axis

lie in a plane perpendicular to the A-axis. It is obvious IB=IC. A molecule of this type spinning

about the A-axis resembles a spinning top and hence the name symmetric top. The molecule

in this class are further subdivided into the groups prolate symmetric top and the oblate

symmetric  top. In prolate IB = IC > IA (e.g. CH3Cl, CH3F, CH3CN, NH3 etc.) and in oblate IB

= IC < IA (e.g. BF3, BCl3 etc.)

3. Spherical tops

When all the three principal moments of inertia of a molecule are equal, it is called a

spherical top (e.g. CH4, OsO4, SF6, CCl4 etc.) i.e. IA = IB = IC.

4. Asymmetric tops

These molecules, to which the majority of substance belong, have all three moments

of inertia different is IA   IB   IC. Some of the example are

H2O, CH3OH, CH2 = CHCl etc.
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B C AI I I= =

B C AI I I= <

A B CI I I= =

(No interest)

B C AI I I= =

1.3 ROTATIONAL SPECTRA OF RIGID DIATOMIC MOLECULE (RIGID

ROTATOR MODEL)

A rigid diatomic molecule means that the distance between the atoms (bond length)

does not change during rotation. No vibrational movement is taking place during rotation.

Let us consider a diatomic molecule A—B in which the atoms A and B having masses

m1 and m2 are joined together by a rigid bond of length r0 = r1 + r2 (figure 1). The molecule

A—B rotates about a point C, the centre of gravity: this is defined by the moment, or

balancing, equation.

1 1 2 2m r m r ...(1.1)

A B

m2m1

0

1 2

r

r r

Fig. (1.1) : A rigid diatomic molecule A-B having atomic masses,

m1 and m2, joined together by a rigid bond of length r0 =r1 + r2 and

rotates about a point C.

The moment of inertia about C is defined by
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 2 2
1 1 2 2I m r m r    1 1 2 2m r m r

  2 2 1 1 1 2m r r m r r

  2 1 1 2r r m m ....(1.2)

from eqn (1)   1 1 2 2 2 0 1–m r m r m r r

1 1 2 0 2 1–m r m r m r

or  1 1 2 1 2 0m r m r m r

or   1 1 2 2 0r m m m r

 

2 0

1
1 2

m r
r

m m Similarly 

1 0

2
1 2

m r
r

m m ...(1.3)

Putting the value of 1 2&r r  from (3) in (2)

   
  

 
2 0 1 0

1 2

1 2 1 2

m r m r
I m m

m m m m  =   


2
21 2 0

0
1 2

m m r
r

m m
...(1.4)

where   is the reduced mass of the system i.e.

 

1 2

1 2

m m

m m ...(1.5)

Equation (1.4) defines the moment of inertia conveniently in terms of the atomic masses

and the bond length.

By the use of the Schrödinger equation it may be shown that the rotational energy

levels allowed to the rigid diatomic molecule are given by the expression

  


2

2
1

8
J

h
E J J

I
 Joules when J = 0, 1, 2 ...... ...(1.6)

In this expression h is Planck’s constant, are I  is the moment of inertia,

either IB or IC, since both are equal. The quantity J, which can take integral values from zero

upwards, is called the rotational quantum number and each level is

(2J + 1) fold degenerate.

Often it is convenient to analyse the rotational energy spectrum in wave number units.

Therefore we may write.
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1

2
1

8

J

J

E h
J J cm

hc Ic

 
  

1E

hc

        11BJ J cm J = 0, 1, 2.... ...(1.7)

where B is the rotational constant and is given by

 
 

2
1

2 28 8

h h
B cm Joule

Ic I

Denoting the lower state by J´´ and the upper state by J´

–J J J    

         1 1BJ J BJ J

          1 1B J J J J

use of the selection rule   1J     or    1J J  gives the frequency of the absorption

line as

              1 2 1J Jv B J J J J

   1 2B J ...(1.8)

  1J J

      1 1 2J B J J

    1J B J J

         1 2B J J J

     12 1 0, 1, 2....B J cm where J

The rotational constant B is assumed to be the same in both lower and

upper rotational states and double prime is dropped from equn (8)

The allowed energy levels of a rigid diatomic rotor are illustrated in

Fig. 1.2(a). Thus a step-wise raising of the rotational transitions result in an absorption

spectrum consisting of spectral lines with a separation of 2 B, that is at 2B, 4B, 6B, .... (Fig.

1.2(b)). The lowering of stepwise energy results in identical emission spectrum.
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Fig. (a) allowed energy levels of a rigid diatomic rotor showing electric dipole allowed

transitions and (b) the resulting absorption spectrum.
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                  Fig. 1.2 (a)                  Fig. 1.2(b)

Fig. 1.2(a) allowed energy levels of a right diatomic rotor showing electric dipole

allowed transitions and 1.2(b) the resulting absorption spectrum.

1.4 THE SELECTION RULES

The selection rule for a transition between any two rotational states is

quantum chemically given by

    ij i jd

where  i  and  j  are the wave functions for the rotational states i and j and   is the

permanent dipole moment of the molecule. The dipole moment being a vector quantity can

be expressed by its three components along the Cartesian coordinates axes,       
  

x y z

and       2 2 2 2
x y z .  The transition moment integral can be split in terms of the components

of the dipole moment,

     
  

x
ij i jx d

     
  

y
ij i jy d

     
  

z
ij i jz d

If atleast  any one of the integrals is non zero, then the transition is allowed and forbidden

otherwise. The intensity of an allowed rotational transition depends on the square of the
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transition dipole moment. Consequently, the intensity of the rotational line depends on the

square of the permanent dipole moment of the molecule.

Schrödinger equation shows that for a diatomic rigid rotor (in the absence of an external

electric or magnetic field) only transitions in which J changes by one unit, that is,   1J

are allowed and all other transactions are forbidden. Thus the selection rule for rotational

spectra  is   1J  ( plus sign for absorption and minus sign for emission) and second, the

molecule must have a permanent dipole moment (only hetronucelar diatomic molecules

will exhibit the rotational spectrum since homonuclear diatomic molecules do not possess

permanent dipole moment)

1.5 NON RIGID ROTOR

It is observed that in the pure rotational spectra of a diatomic molecule when the bond

in it is considered as a rigid, the spacing between successive lines is same, i.e. 2 B cm–1.

However, the assumption that the bond is rigid is only an approximation. Actual bond is

not a rigid bond and the bond length is not constant. It increases with rotations and is

elastic. In a rapidly rotating molecule, there is always a tendency of the bond to stretch due

to centrifugal effects. Hence, the moment of inertia increases with the rotational energy.

This causes rotational levels to be same what closer as the J value increases.

For example, consider the spectrum of hydrogen fluoride

   

  

  

  

  

  

1

0 1 20.56 0.0929

1 2 20.48 0.0931

2 3 20.43 0.0932

4 5 20.31 0.0935

. . .

. . .

. . .

. . .

10 11 18.91 0.0969

B cm r nm

J J

J J

J J

J J

J J

It is evident that the separation between successive lines (and hence the apparent B

value) decreases steadily with increasing J.

The reason for this decrease may be seen if we calculate internuclear distance from the

B values. In simple harmonic motion a molecular bond is compressed and extended an

equal amount on each side of the equilibrium distance and the average value of the distance

is therefore unchanged, the average value for a bond of equilibrium length 0.1 nm vibrating

between the limits 0.09 and 0.11 nm, we have
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0.11 nm

0.09 nm

r  = 0.1 nm

Compression

Stretching

e

0.09 0.11
0.1

2 eav
r nm r


  

But we know
2 2 28 8

h h
B

Ic c r
 

  

2

1
B

r
   [since all other quantities are independent of vibration

2 2

2

2

1 1

0.09 0.111
103.05 ( )

2av

nm
r

   
   

    

1
0.0985

103.5avr nm  

The value differ from re. The difference, through small, is not negligible compared

with the precision with which B can be measured spectroscopically. In fact the real situation

is more different. For chemical bonds we know stretching is easier than compression, so the

result avr  being greater than eqr . Thus the more vibration (i.e. higher J value), the difference

is more due to high rotation.

1.6 SPECTRUM OF A NON-RIGID ROTATOR

From Schrödinger equation for a non-rigid rotator in simple harmonic force field.

   
2 4

22

2 4 2 2
1 – 1

8 32
J

h h
E J J J J Joules

I I r K
  

 
K = force constant

   
2 4

22 1

2 4 2 2
1 1

8 32

J
J

E h h
J J J J cm

hc Ihc I r Khc
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22 11 – 1BJ J DJ J cm  ... (1.9)

when B is the rotational constant and D is the centrifugal distortion constant which is

a positive quantity

2 3
1

2 4 2 2
;

8 32

h h
B D cm

Ihc J r Kc

 
 

Relationship between B and D

2

2 28 8

h h
B

Ihc Ic
 

 

2 2 24K c w  

4 3 3 2

4 2 2 4 2 2 6 3 3 2

16

32 32 8 2 4 8

h h h Ic
D

I r Khc I r Kc I c Kr


  

     
        

 






 

   


  

     







2 2 2

3
3

6 3 3

2 2 2 2

[

1

2

4 ]

[ B ]
8 8 8

[ I r ; k 4 c ]

frequency

w
w

c

frequency

wave number

k

c

k mc

h

I c
   

2 2 2 2 2 3 3
3 3

2 2 2 2 2 2 3

16 16 4 4

4

Ic r c B B
B B

Kr w c r w w

   
     

 

3

2

4B
D

w
 

If B = 10 cm–1 &  w = 103 cm–1

 
 

3
1

3
3 1

2 6
3

10 10
10

1010

cm
D cm



   

So  D << B

i.e. D is much smaller than B. For small values of J, the correction term is equation

(1.9) is negligibly small. For higher values of J, say 10 or more the value of D may be

appreciable. The selection rule 1J    is of course still valid. The spectral line given by the

equation

   22 11 1BJ J DJ J cm  

   22 11 1J JB J DJ J cm    
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If D is neglected, the spectral lines occur at interval of 2B.

0
1

2

3

4

5

6

7

Rigid rotator Non-rigid-rotator

8

J

Fig. 1.3 (a)

0 2B 4B 6B 8B 10B 12B 14B 16B

Rigid rotor

Non-rigid rotor

0 2B´ 4B´ 6B´ 8B´ 10B´ 12B´ 14B´ 16B´

Fig. 1.3(b)

Fig. 1.3 (a) rotational energy levels and 1.3 (b) allowed spectral lines for rigid and

non-rigid rotors.

For the an harmonic oscillator the expression (1.9) should be modified as

       2 3 42 3 4 11 1 1 1J BJ J DJ J HJ J KJ J cm         ...(1.10)

where the constants H, K etc, are dependent on the molecule. These

constants H, K etc. are very small compared to D and hence can be neglected.

The value of D is also given by

3 2 2 3

2

16 4B c B
D

K w
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The spectral line  Jv  is  given by the equation

   3 1
1 2 1 4 1J J JE E v B J D J cm

       ...(1.11)

If D is neglected, the spectral lines occur at intervals of 2B. The rotational spectrum of

a diatomic molecule such as HF, CO etc. can be fitted to the equation (1.11).

Information from D

1. Determination  of J value

2. Determination of vibrational frequency

3

2

2
2

4

4

B
D

w

B
w

D





In HF B = 41.122 cm–1

3 18.52 10D cm  

     
3

3 2
2 1 6 1

3 1

4 41.122
16.33 10

8.52 10
w cm cm

cm

 

 


  



3 1 14.050 10 4050w cm cm   

The accurate value is 4138.3 cm–1. The 2% inaccuracy in the present calculation is due

partly to the assumption of simple harmonic motion and partly to the very small and hence

relatively inaccurate, value of D.

The force constant follow directly

2 2 2 14 960K c w Nm   

which indicates, as expected, the H-F is a relatively strong bond.

1.7 LINEAR POLYATOMIC MOLECULES

Linear polyatomic molecules can be treated  like diatomic molecules. The rotational

energy, JE  in this case is given by

 1JE Bhc J J 

The transition from one rotational state to other in rotational spectra is governed by

1. Bohr quantum condition,  E hv or hcv 
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2. Molecule must have a permanent dipole moment

3. 1J  

Thus, the rotational spectra of a linear polyatomic molecule will consist of a set of

nearly equally spaced lines from which the rotational constant, B is determined. This value

of B can be used to determine I and r in the molecule for a molecule. For a molecule with n

atom, there are (n – 1) unknown inter nuclear distance to be determines. Thus for a triatomic

molecule (OCS, HC   CCl etc.)  there are two bond distance to be determined. But only

one  moment of inertia for the end-over-end rotation can be obtained from the spectrum. It

is impossible to obtain two unknown from one equation. This difficulty is overcome by

obtaining the rotational spectra from (n – 1) different isotopic species for n- atom molecule

to derive (n –1) different moments of inertia. The internuclear distance for the isotopic

molecules are assumed to be the same. Consider linear unsymmetrical triatomic molecule

such as OCS and HCN.

Example OCS

Let us consider the rotation of OCS molecule r0, rc and rs represent the atoms from the

centre of gravity

0

–
co c

s cs c

r r r

r r r

 



consideration of moments gives

0 0 c c s sm r m r m r 

   

 

0

0 0

0 0

0 0

0

co c c c s cs c

co c c c s cs s c

c c c s c s cs co

c s c s cs co

c s cs co

m r r m r m r r

m r m r m r m r m r

m r m r m r m r m r

m m m r m c m r

Mr m r m r
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where M is the total mass of the molecule  0 c sM m m m  

0s cs co
c

m r m r
r

M


 ...(1.12)

The moment of inertia of the molecule about an axis passing through centre of mass

will be given by

2 2 2
0 0 c c s sI m r m r m r  

             
2 22

0 co c c c s cs cm r r m r m r r    

         2 2 2 2 2
0 0 02 2co c co c c c s cs s c s cs cm r m r m r r m r m r m r m r r      

   2 2 2
0 0 02c s c co s cs c co s csm m m r m r m r r m r m r      

   2 2 2
0 02c co s cs c co s csMr m r m r r m r m r    

   
2

2 2 0
0 02 s cs co

co s cs c co s cs

m r m r
m r m r r m r m r M

M

 
      

 
[from (1.12)]

  
 

 
 2

0 02 2
0 0

2 s cs co s cs co
co s cs co s cs

m r m r m r m r
m r m r m r m r

M M

 
    

 
 

   02 2
0 0 02s cs co

co s cs co s cs s cs co

m r m r
m r m r m r m r m r m r

M


       

  2 2 0
0 0

s cs co
co s cs co s cs

m r m r
m r m r m r m r

M

 
    

 

 2 2
0

o co s cs
co s cs o co s cs

m r m r
m r m r m r m r

M

 
    

 

2
2 2

0
o co s cs

co s cs

m r m r
m r m r

M

 
    

 
...(1.13)

In order to obtain another equation of the type (1.13), use of isotopes is

made and an assumption that the internuclear bond distance do not change in

isotopic substitution is also required.
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 2

02 2
0´ co s cs

co s cs

m r m r
I m r m r

M

 
  



[Note : we don’t write 1
cor  since we assume that the bond length is unaltered by isotopic

substance]

From isotopic substitution, two moments of inertia are obtained. These two moments

of inertia are used to calculate two bond lengths.

Question : State bond lengths for difference pairs of OCS.

Solution :Pairs are (i) 16 12 32 16 12 34O C S and O C S

(ii) 16 12 32 16 13 32O C S and O C S

(iii) 16 12 34 16 13 34O C S and O C S

(iv) 16 12 34 18 12 32O C S and O C S

Value of bond length are

(i)  C — O     1.1647,   C—S  1.5576 Å

(ii)  C — O     1.1629,   C—S  1.5591 Å

(iii) C — O     1.1625,   C—S  1.5594 Å

(iv)  C — O     1.1552,   C—S  1.5653 Å

The discrepancies between various bond determinations are chiefly due to the neglect

of zero point vibration.

1.8 NON-LINEAR POLYATOMIC MOLECULES

Symmetric top molecules

The rotational spectra of symmetric top molecules are simple. This is

because the rotation of a symmetric top rotor about its unique principle axis has no effect

on its rotation about an axis perpendicular to this an vice-versa. So it  is

possible to separate the rotation about the principal axis from the other rotations for a

symmetr ic top. Consider a prolate symmetr ic top (CH 3Cl) where B c AI I I   & 0AI  . The

C—Cl bond is its molecular symmetry axis. Consequently we need two quantum numbers

to describe he degree of rotation one for IA and the other for IB or IC.

For the rigid prolate symmetric top, the solution of Schrödinger equation give the

energy levels.



16

Rotational Spectra (Microwave Spectroscopy)

 
1

2 2 2
2

2 2 2
1

8 8 8
J k

B A B

h h h
E J J K Joule

I I I

 
    
    

   , 2 11
J K

J

E
BJ J A B k cm

hc
      ...(1.14)

For oblate

    21 ,J BJ J C B k k J      ...(1.15)

So that (C—B) is positive

The rotational constant, A, B and C in cm–1 are

2 2 2
, ,

8 8 8A B c

h h h
A B c

I c I c I C
  

   ...(1.16)

J = 0, 1,  2, 3 ......

k = 0, ±1, ±2, ±3 ... ± J

The quantum number J represents the total angular momentum of the molecule and

K represents the projection of the total angular momentum upon the molecular symmetry

axis. Note that the energy depends on K2, so that it is immaterial whether the top spins

clockwise or anticlockwise, the energy is the same for a given angular momentum. For all k

>0, therefore, the rotational energy levels are doubly degenerate. Selection rules (in the

absence of external fields)  for the rotational spectra of symmetric top molecules are

(i) The molecule must have a permanent dipole moment directed. Symmetry top

molecules have their dipole moment directions among unique axis

(ii) The transition should obey 0, 1J    and  0 0K K   , 1J    i.e. transitions

with 0J   do not occur. Thus transitions between different k levels are not allowed. k

characteristics rotation about the unique axis. For a symmetric  top, rotation about the

unique axis does not change dipole moment and  hence cannot interact with radiation.

Transition are identical to diatomic molecules and the spacing is also 2B

1J J  (from (1.14)

    

   

 

2 1
1

2 1

1

1 2

1

2 1 ....(4)

J

J

B J J A B k cm

BJ J A B k cm

E B J cm








     

    

  

  
.....1.17
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equation (1.17) shows that the spectrum is just the same as for a linear molecule and

that only one moment of inertia- that for a end-over-end end roation- can be measured.

Planar symmetrical molecules such as BCl3, SO3, C6H6 do  not exhibit rotational spectra. In

symmetric top molecules bond lengths and bond angles can be determined using isotopic

substitution method.

1.9 ASYMMETRIC TOP MOLECULES

Since spherical tops show no microwave spectrum, the only other class of molecule of

interest here is the asymmetric top. These molecules, having three different moment of

inertia, also have much more complicated rotational energy levels and specta. No simple

general expression for J  and J can be derived for them, and they are usually treated by

approximative methods much computation being required before agreement between

observed and calculated spectra is achieved. However, such methods have been very

successful for small molecules and much accurate bond length and bond angle data have

been derived.

1.10 STARK EFFECT

The splitting of molecular rotational energy levels in presence of external electric field

(E) is known as the stark effect. Stark effect was first observed in atomic spectra. The rotational

lines may be shifted as well as splitted. Consider a rotating linear molecule with angular

momentum perpendicular to the electric field, the field tends to twist the dipole and gives

a faster rotation when the dipole is oriented in the direction of the field and slower rotation

when it is opposite to the field. This  minor difference between the dipoles pointing in two

directions causes the splitting of energy levels. If the dipole moment has a component along

the angular moment J, a first order stark effect is observed and if the dipole moment is

perpendicular to the angular momentum, a second order stark effect is seen. A first order

stark effect applies when  the splitting of rotional level is directly proportional to the electric

field. Symmetric top molecule, which  have the component of dipole moment along the

direction of the total rotational angular momentum, exhibit first order stark effect. In second

order stark effect the splitting of rotational level by an electric field E is proportional to E2

and there is no component of   in the direction of J. This type of behaviour is exhibited by

linear molecule (CO, OCS, HCN etc.) where dipole moment ( ) is perpendicular to the

total angular momentum of the molecular rotation. The shift of rotional frequency v , for

a linear gaseous molecule is given by,

 
2

,v E  
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By knowing E and measuring v , the electric dipole moment ( ) can be calculated.

Since the magnitude of splitting is dependent on the molecular dipole moment, so stark

effect permits a direct method for its accurate determination. The dipole moment of the

molecule in a particular vibrational state could be measured rather than the average moment

of all the states. The splitting under an electric field also depend on the rotational quantum

number of the transition involved and it can be utilized to identify transitions. Stark effect

splits the degeneracy of the J level into (2 J + 1) levels and hence multiplet structure has

been observed for all the lines with J > 0 since the mesurements can be made on gas samples

at 10–3 torr, the measured dipole moment is accurate and not affected by molecular

interactions and solvents effect.

Some Solved Problems

Q.1. Calculate the principal moments of inertia, Ia, Ib, Ic for

(a) BF3 (b) C2H4  and (c) CH3Cl

Ans. (a)  10BF3 :  B —F  1.295 Å   FBF 120º each Ia = Ib = 47.790, IC = 95.580 amu

      (Å)2

(b) C2H4 : C—H 1.09 Å, C = C 1.34 Å   HCC,  HCH each 120º

      Ia = 3.591, Ib = 16.725, IC = 20.318 amu (Å)2

(c) CH3
3J Cl : C—H 1.093 Å, C—Cl 1.77Å, Bond angle all tetrahedral

      Ia = 3.2105, Ib = IC = 37.633 amu (Å)2
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Q.2. Calculate rotational constant of (a) H2 and  (b) HCl. The H—H and H—Cl bond length

is 136 pm.

Ans. (a) For H2 molecule, the  moment of inertial I = r2

 
27 2

121.67 10
74.12 10

2
I m




    = 48 24.587 10 kg m

Thus 



 


 

      

34

2 2 48 2 10 1

6.626 10

8 8 4.587 10 3 10

h Js
B

Jc kg m cms
= 61cm–2

For HCl, I =r2 =     
     



2
27 12 47 21 35.5

1.67 10 136 10 3.004 10
35.5 1

kg kg m

Hence = 

34

2 47 2 10 1

6.626 10

8 3 10 3 10

Js
B

kg m cms



 




    
 = 9.33 cm–1

Q.3. Calculate the moment of inertia for chloroacetylene HCCCl and also rotational

constant B, assuming r(C—H) = 1.10 Å, r (C  C) = 1.20 Å and r (C—Cl) =1.60 Å.

Ans. Ia =0,  Ib = Ic = 86.916 amu (Å)2

 

34

2 47 8

6.626 10 7 7

8 22 86.916 1.66034 10 3 10

Js
B





  


     

1 119.366 0.19366B m cm  

Model Questions

1. Distinguish between symmetric top (prolate and oblate), spherical top and asymmetic

top molecules.

2. To which symmetric top, the benzene (C6H6) molecule belongs.

3. Diatomic molecules such as CO, HF will show a rotational spectrum where as N2, O2,

H2 .... do not. Why! will the molecule 17O—16O show a rotational spectrum

4. Out line the effect of isotopic substitution on the rotational spectra of molecules.

5. What is stark effect! Out line the importance of stark effect studies in microwave

spectroscopy !

6. use 2 1 2 2m r m r   derive   
1

2
1 2

m r
r

m m
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7. Calculate the energy in term of  v  of the  energy level corresponding to J = 7  [Hint  BJ

(J + 1) = B × 7 (7 + 1) = 56 B]

8. What is the selection rule for a rigid diatomic molecule to show rotational spectrum?

9. Which of the following molecule will show rotational spectra?

O = C = O, HF, N2  [Hint HF]

10. If the  rotational constant for H35Cl is 10.59 cm–1. What is the value of rotational constant

for 2D35Cl?

use  mass of 35Cl  =  58.06 × 10–27 kg

mass of 2D = 3.344 × 10–27 kg

mass of 1H = 1.673 × 10–27 kg [Ans : 5.446 cm–1]
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