


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. 
The moment of inertia about C is defined by 

C 
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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 

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. 
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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. 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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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. 2B 
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 

It is evident that the separation between successive lines (and hence the apparent B 
value) decreases steadily with increasing J. 



NON RIGID ROTOR 
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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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 rav being greater than req . Thus the more vibration (i.e. higher J value), the 
difference is more due to high rotation. 



NON RIGID ROTOR 

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

Relationship between B & D 
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