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Lecture 3

For asymmetric rotors there is not a formulain closed terms for
ii) Polyatomic molecules

the rotational energy. This is derived by computing techniques,
Understanding the spectra of polyatomic molecules starting from

invelving the diagonalization of tridiagonal matrices of appro-
diatomics.

nimate dimensions J/2. Only J is a well defined quantum number

Rotations . of non-linear polyatomic molecules. for asymmetric rotors.

In a non-lineat polyatomic molecule there are 3 moments of The spherical rotor rotational emergy is:

inertia, in the principal axis system, different from zera.

Ea =BJ(J+1)
Following the convention:

b ¥'a

where a , b , and ¢ identify the principal axis'we classify the

Folyatomic molecules, having larger principal moments of inertia
énd thus smaller rotational conatanta than diatomics; will have
rolecular spectra less easily resolved in individual lines.

molecules, from the point of view of rotation, as follow. The density of lines is further increased by the larger number

.- Ib> Ia prolate symmetric rotor cf states with the same J and different K
In the following figure is shown a small portion of the vibra-
1 ) I =1 oblate symmetric rotor . . ,
c b a tional spectrum of SF‘G {sulfur exafluoride), taken at various
i I :
; ) b > Ia asymmetric rotor resolutions.
I =1 =1 spherical rotaor &‘ 1
c b a .{ Qcﬂz/" Reso rm
The energy in the first 2 cases is given respectively by: . OVW—J— O
E =BJ(J+1)s(AB) K> :tii‘ en o r
o= J+l) +{A~B) rEigu r.fq'

e, - BJ(J+1)»(C~B)K>

The meaning of the symbols is the following:

2) D,,Mu-em;
};zo\"fuﬂ-zm .
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R ; the same as in diatomic molecules

K=0; &t; 2; .... J; is the component of J along the a-axis .
A et - €
{prolate) or the c-axis (oblate) which w 2 r'uxghx
usually is a symmetry axis of the molecule. Rt ) edo
o) H-\/ £ e 5 (s v
2y .




Vibrations in polyatomic molecules.

ﬂa N-atomic molecule has 3N-6 normal modes of vibration (3IN-S

if linear}), in each of which all the nuclei perform harmonic
oscillations around their equilibrium positions, in phase and with
the same frequency.

To a first approximation, each normal mode correspond an harmonic
oscillator with frequency of the normal mode, and given by the sa-
me equation reported for a diatomic molecule.

In this way, a N-atomic molecule, is a collection of 3N-6 harmonic

oscillators, withk total vibrational energy:

3N-6

o 1
E El \,i (v1+4) .viao; 1; 2; 3;

vi = vibrational quantum number of i-th normal mode

J; = vibrational frequency of the i-th mode.

As for the rotational states, the density of vibrational states
may become very high.

The following equation gives the density (number of vibrational
levels per cm-l) of stats:

3N-7
£
D=

(- fly
i 1

number of atoms in the molecule

vibrational energy

N
E
Q,: frequency of normal vibrations.

For a d4-atom molecule, like CH20 (formaldeide), with

J = 2766 v =1746 ; J =1501 ; 9 =1167 ; g =2843 ;
1 ' 2 ! 3 ' 4 ' 5 '
\’ = H
1251 ; alla data are in cm units,

-1 -1 -1
at E=15,000 cm ~, the density is 0.2 state/cm v every Scm ,

there is a vibrational state.

It should be clear that the spectral analysis, that is the
identification of states connected by a transition, is much more
complicated for polyatomie than for diatomics molecules. This is

a consequence of the more complicated structure of ro-vibrational
levels. A further factor, which reduces the possibility of spectral
analysis in polyatomics, is the line broadening due predissocia-
tion (see lecture 4) much more frequent than in diatomics.

The information on molecular structure from spectral analysis, is
the same discussed in lecture 2 on diatomics molecules.

The most important limitation, in respect to diatomics, concerns
the information on geometrical structure.

A maximum of 3 moments of inertia, can be obtained from the rota-
tional analysis; and this allows the determination of 3 geometrical
parameters {bondlengths and angles). Isotopically substituted mo-
lecules can add to the information, but this may be not enough for
large molecules with little or not symmetry.

In the following figures are presented some spectra of polyatomic
molecules, in different spectral region with the indication of the

information which can be obtained from them.
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