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General Relations between the Symmetry of Molecules
and their Vibrational Spectra

tn the paper some relations between the symmetry of the polyatomic molecules and its spectra are given. Especially the mutual
correspondences of t) the decay of the vibrational representation (1) — which has a form (la) and (Ib) in the illustrative case of

FUO and N”~02,2) the term of vibrational energy (3a) - e.g. (3b), (3c) for H*O, and NiO; -

and 3) generalized selection rule (7) —

especially (7d) for H*O—are given. From this general selection rule follow well known selection rules for fundamental, harmonic

and different frequencies as special cases, are shown.

The paper indicates some relations between the
symmetry of polyatomic molecules and the vibrational
spectra which can be used to generalizing the well
known results for the case of the most general vi-
brational states and combinational frequencies. Inde-
pendently their practical usage in infrared and Raman
spectroscopy will be shown.

If we know the geometrical model of a tested
JV-atomic molecule and its group of symmetry C,
than we can — having the tables of characters of
irreducible representations [1] — make a decay (1)
of the vibrational representation D,. to the direct sum
of n irreducible representations 7 * [2].

Decay D, ="

The index in brackets [if] means the dimension
offM For example the molecules H20 (symmetry
Ci) and N202 (symmetry C2] have

decay D "y ) = 2zt, @R,, (1a)
decay =3z, @™ @ 2B,. (Ib)

It is evident that the decay (1) contains
n= 2

members in r various terms.
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The term of vibrational energy of the molecular
oscillator is a function of just " vibrational quantum

numbers
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approximate form
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The symmetry properties of excited vibrational
states are described by means of the product of the
symmetrized powers of the irreducible representations
which are presented in the decay (1) and whose expo-
nents are equal to the values of the quantum numbers
ie.

DM /1

i=l Ar-1
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In the simple case of molecule H20 and N102
the term (3) and the product of irreducible represen-
tations (4) has a form

E(r) = D(/,\ N N

+-)+p, ry'+ )] +quadratic terms, (3b)
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+ quadratic terms, (30)

D(r) = 01" "R . (49
D(r) = 0 0 0 [~AO[A] <0

0K J"- (4b)
If the transformational properties of the molecular
dipol momentum components P, and of the tensor of
polarizability components a” ( and A= X,Yy, 2)
are known and described by means of the irreducible
representations ~(P,) and ~(a,J then the next gene-
ral selection rule is applicable:
The frequency r of the molecular vibrations

r=J[F(-)-E(M)Y, ©)

which is usually denoted in spectroscopy as a frequency
of the type

(5a)
[=1/c=i
corresponding to the transition
D(r)-D(r) (©6)

which is infrared or Raman active if and only if the
decay {D(t-)OD(r')} =" (P,) or™ (a,J (M
respectively.

For the simple case of the H20 molecule the
expression D(tj 0D (p') has the following form

D(r)0OD(t-")
i)
=[/\Iﬁ) O/\’]Il( )qR,]Ill O
1y ' 2)
0[z<J"()O[ztj"(])O[P]'i(). (7a)
Because for each integer number is identical,
®
[ = /1 and it is sufficient to consider only the
expression
oy
i e (7b)

from the (7a). The product (7b) equals either ,4, or
P, depending on whether the value of the sum +
+ r™' is even or odd. The product (7a) is equal

D ()0D (r)\ (7c)

at least.
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In order to form the selection rule (7) it is useful
to remember that according to ,4, representation the
P; component of dipol momentum is transformed and
so are the components a”, a”, of the polarizabi-

lity tensor; these facts being written down as follows
Ny (Pj, , ctyy, ct?)

and

Therefore, it is clear that the decay

D(v)OD(v")

ANA(PL; o, aj or Pi(P"; crj (7d)

and this is why all of the vibrational frequencies

= -L IP(™>, MmN - F(vh), A
in spectroscopy usually signed by
(Al)+ A*A2(Al)+ AA"3(A1)_ (Ai)_

are both infrared and Raman active according to
(7). As a trivial consequence from above it follows
that all of the fundamental, harmonic, different and
combinational frequencies are active in infrared and
Raman spectrum.

Relations generates entre la symetrie des molecules
et leurs spectres de vibration

On s'occupe, dans cet article, de certaines relations entre
la symétrie des molécules polyatomiques et les spectres de
vibration par la généralisation de résultats connus, concernant
les états de vibration les plus généraux et les combinaisons de
fréquences. On indique également leur utilisation pratique a la
spectroscopie infrarouge et Raman.

O6LLMe COOTHOLLEHUSI MEXZY CUMMETPUE MoneKyn
M UX BMBPALMOHHBIMK CMEKTpamMu

B cTaTbe 06CYXJAOTCS HEKOTOPbIE COOTHOLLUEHUS MeXAay
CYMMETPUE MHOrO0aTOMHbIX MOJSIEKYNl U BUBPALMOHHBIMU
CMEKTPaMU MO OTHOLLEHUIO K 0606LLEHUSIM XOPOLLO U3BECTHBLIX
pesynbTaToB, Kacaloluxcs Haubonee BUMOPALMOHHBLIX COCTOSI-
HWI ¥ KOMBUHALMOHHBIX YacTOT. YKa3bIBaeTCs Takxke WX npak-
TUYECKOoe NpUMeHeHWe B UHQpaKpacHoli 1 paMaHoBOW CNeKTpo-
cKonuu.
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