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A mechanism for the onset of forbidden vibrational-rotational transitions in the
absorption spectra of multiatomic molecules is investigated. The possible role of
forbidden transitions in the multiphoton absorption of IR radiation by moleculesis
examined.

PACS numbers: 33.10.Jz, 33.80.Kn, 33.20.Ea

Two models,'”>> which take into account the weak or forbidden vibrational-rota-
tional transitions, have recently been proposed to explain a number of singularities in
the spectra of multiphoton absorption of strong IR laser emission and the collision-
free dissociation of molecules.''’ It was suggested®™ that multiphoton excitation of
molecules such as SF¢ or OsO, occurs with the participation of weak transitions with
AR > 0; Blok et al.' favor the transitions with AJ> 1, which are allowed because of
the external field. However, the mechanism for that makes these transitions no longer
forbidden has not been explained. This paper is devoted to the solution of this problem
for cubic molecules such as SF¢ and OsO,, for which most of the experiments have
been performed.

The excited vibrational levels of the dipole-active vibrations of cubic molecules
are split because of anisotropic anharmonicity. For example, the level with v, = 5 for
SF, is split into eight sublevels and the level with v, = 6 is split into 15 sublevels with
an overall spread of more than 100 cm ~' (v, = 6). If the splitting of the rotational
levels due to anisotropic vibrational-rotational interaction is neglected, then each vi-
brational sublevel has a rotational structure characterized by the quantum number
R = J (for the 4 and E sublevels) and R = J + 1, J, and J — { (for the F sublevels)."
According to simple selection rules,' the transition between the vibrational levels I”
and I’ is allowed if I" X I’ has a symmetry of the I'u vector, which for rotational
transitions 4/ =041 and AR = 0. However, the selection rules I" XI"'CI'u and
AR =0 is weakened greatly when the vibrational-rotational interaction and anhar-
monicity are taken into account. Thus, the dipole moment /2 (relative to the laboratory
coordinate system) is replaced by a sum of polynomials z,,,, which are functions of
the m-th power of vibrational (g, ,p,) operator and the n-th power of the rotational
(/A 4 ) operator. Each of the operators £, characterizes certain transitions, includ-
ing forbidden transitions. Thus the transition probabilities in the fundamental band
v+ l«<—v are determined by the matrix elements of the sum of the operators
My + i, + fy5, where i, characterizes the allowed transitions, fi,, as a pseudoscalar
relative to the angular momentum R contributes only to the allowed transitions with
AR = 0 (or removes the exclusion of inactive E-type oscillations), and the exclusion of
transitions 4R >0 is removed by the operator fi,:
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and the notations of the parameters are the same as those in Ref. 7: %% are coefficients
of the operator H,,. In contrast to the angular momentum R, the operator u,5 is an
irreducible tensor operator of the third rank. Therefore, the operator /i, activates the
transitions with AR =0, + 1, + 2, and + 3. Thus, it should be borne in mind that
the matrix elements of the operator j,; must be computed in its own Hamiltonian
basis that differs from the basis |RK ). The nondiagonal elements of the Hamiltonian
in the |RK ) basis also contributes to the dipole moments of the transitions with
AR > 0; this contribution is proportional to (a/B¢& ), which may be the dominant
value for small J.

Exact calculations based on Egs. (1) and (2) for molecules such as SF, or OsO,
are not possible at this time because of the lack of data for many parameters in Eq. (1).
However, approximate calculations show that the ratio of the probability of transitions
with AR >0 to that for the allowed transitions with AR =0 is ~(10~*—10"%) J*
for light molecules (CH,, SiH,) and (10 =® —10~'°)J* for heavy molecules
(SF,,UFy); for resonances (@, ~w,, or {~0) this ratio may be much higher. Since in
heavy molecules the rotational levels with very high J are populated at room tempera-
ture, the contribution of the transitions with AR > 0 to the multiphoton excitation of
molecules may be rather large. At the same time, the probability of transitions with
AJ> 1, which are allowed because of the field, decreases greatly with increasing J.™
Therefore, it is reasonable to assume that at least for large J the contribution from the
transitions with AR > 0, which are allowed because of intramolecular interactions, to
the multiphoton excitation and dissociation of molecules in a field of strong IR laser
emission''* is a dominant. '

The fully symmetric oscillations of cubic molecules (e.g., v, of CH,) are forbidden
in the u, + fZ,, approximation; but become active due to /5, in which the nonvanish-
ing parameter 6 is given by
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The v, band was observed in the IR spectrum of SiH,,"" for which the estimates from
Eq. (3) give the correct order of magnitude for the strength of the lines. In heavy
molecules (OsO,) the v, band coincides with the v, band. Therefore, absorption by the
oscillation v, should be taken into account in the analysis of multiphoton excitation of
molecules.

DIt was assumed that the anharmonic splitting is greater than the Coriolis splitting, consistent with the high
vibrational states of most molecules.

'R.V. Ambartzumian and V.S. Letokhov, Chemical and Biochemical Applications of Lasers, Vol. 3, ed. by
C.B. Moore, New York, Academic Press (1977).

’L.N. Knyazev, V.S. Letokhov, and V.V. Lobko, Opt. Comm. 25, 337 (1978).

*R.V. Ambartzumian, LN. Knyazev, V.V. Lobko, G.N. Makarov, and A.A. Puretzky, Appl. Phys. 19, 75
(1979).

*V.M. Akulin, S.S. Alimpiev, N.V. Karlov, and B.G. Sartakov, Zh. Eksp. Teor. Fiz. 74, 490 (1978) [Sov.
Phys. JETP 47, 257 (1978)].

*V.R. Blok, G.M. Korchik, and Yu. G. Khronopulo, ibid. 76, 46 (1979) [ibid. 49, 23 (1979)].

°L.M. Mills, J.K.G. Watson, and W.L. Smith, Mol. Phys. 16, 329 (1969).

"M.R. Aliev, Usp. Fiz. Nauk 119, 557 (1976) {Sov. Phys.-Usp. 19, 627 (1976)].

8H.W. Galbraith, C.W. Patterson, B.J. Krohn, and W.G. Harter, J. Mol. Spectr. 73, 474 (1978).

°A. Cabana, D.L. Gray, A.G. Robiette, and G. Pierre, Mol. Phys. 36, 1503 (1978).

280 JETP Lett., Vol. 30, No. 5, 5 September 1979 M.R. Aliev and V.M. Mikhailov 280



