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modes at the two-photon resonance frequency. The experimental technique is

to measure third harmonic generation in the molecular gas using a step

tunable CO//TEA laser.
2

Results were obtained for CD4 at room temperature. The pressure,

power, and frequency dependence of the third harmonic signal was measured.

Problems were encountered as the fundamental absorption limited the ultimate

conversion efficiency. Further experiments are proposed to be conducted at

low temperatures which should alleviate this problem.
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NEW NONLINEAR OPTICAL PROCESSES IN MOLECULES AT INFRARED FREQUENCIES

AFOSR-78-37 12

1. RESEARCH OBJECTIVES

The overall object ive of this reseaIrchI program is to study

resonant optical nonlinearities in molecules at -infrared wavelengths.

The experimental studies all employ third harmonic generation (THG)

to probe? the non 1 inear behavior of different classes of moiccul es.

When used with a step tunable CO 2laser, this experimental technique

can be used to determine the magnitude and spectral dependence of the

nonlinear susceptiblity.

The first class of optical nonlinearity that has been studied is

the purely vibrational nonlinearity which is at least approximately

triply resonant. The nearly regular spacing of the molecular energy

levels makes simultaneous one-, two-, and three-photon resonances

poss 11 hIe . The nionIi nenir 1scept lb ilIity inl tIhis case is determined

exclusively by vibrational transition matrix elements and their

detuning factors.

[1wi ,ccondl i eo f no eir Iv itii Izc- o~n I ai ;ilglo twol-

photon resonance with a vibrational energy level. The susceptibilitv

in this case is determineld by t'Iectroii t rans ition matrix clemen1ts.

This suscept ibilIity can at so be e 1:it-l~-d toi thev 1aman scattering cros.--

section. The main factor governing the spectroscop ic structture inl

t Iiis case is the de tuning [ron the two pio too resonance atL the, vibl ri-

tion'1l energy level.

Specific objectives for the current work are the m'inimiza'tlon of

the ndverse effect of absorption in the nonlinear gas at the fundamen-

ta 1 laser frequenc y. For Lhe case of thev triple resonance, thIis-

ne~cessiltates thle uise (if moilecile's whici large rotautional nm and
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widely spaced vibrational-rotational energy levels. The laser

frequency is chosen to lie between one-photon resonances which

contribute to absorption. For two-photon resonant molecules, the

problem is more simple. Absorlplons are due to high J and hot band

absorptions from other vibrational minifolds in the molecule. A

solution for this problem should be to lower the temperature of the

gas and depopulate the absorblug IlvlS.

The second objective of the current work is to enhance the

susceptibility of two-photon resonant molecules by choosing species

with an unusually narrow and strong two-photon resonance. Cryogenic

temperatures will be used in conjunction with this selection process

to further concentrate the molecular population in the resonant

levels. A further aid to the selection process is the relation

between the nonlinear susceptibility for this two-photon resonant

case and the spontaneous Raman scattering cross-seciton. Preliminary

selection of molecules for study is being done on the basis of a

large Raman cross-section.
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11. PROGRESS ANI) ACCOMILISHMENTS

During the past year, our experimental effort has concentracted

on thle two-photon resonant molecuile, CD)4 . An energy level diagraml

is shown in Fig. 1. It has a strong Raman active resonance at

2108.7 cm- , which is two-photon resonant with the C09 laser line

P(12) in the 9 micron band at 1053.024 cm- . As a symUeric molecuile,

the two photon resonance of CD 4 has only a single narrow Q-branch.

Raman scattering data, Fig. 2, shows thiis Q-branclt to be 15 cilm inl

linewidth and to have nearly two times the Raman cross-section as CO.

hence one would expect slightly less than four times the THG.

A series of TIIG experiments have been performed on CD 4at room

temperature, exciting with 11(8) to P(16) lines in the 9 micron ba)nd of

a CO 2TEA laser. The experimental configuration is shown in Fig. 3.

We measured thle T112- dlependence on gam p ressure and fuindamen tal I se r

power for these lines. Due to fundamental absorption at about J1=20 onl

the tail oif thle \) 4 absorp tion band, the maximum 'rill signal occuOrred at

300 torr pressure. The T11G power did have a consistent cubhic depen-

dence on fundamental -,wer, as shown for two typical laser lines inl

Fig. 4. At lower pressures, a factor of throe enchancement in THG was

obse rve d compa rf'o to Co.

Tl i. e spectralI dependence (if tile rill;, shown in Fig. 5, shows anl

unexpec ted feature. TIhe I)~ cm wide v Iresonance is expected to be

centered at the P(L2) line. Thle increasing trend at the higher fre-

quencies is not predicted by any strong spectral features in thle Ralman

spectrum oif CD 4 . Un fortutnate ly P(8) is- tile igh frequiency limit for

l,,islng in our laser onl thi~s band oif line!, and the behavior at hi gher
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fre'quencies could not be studied.

Recent high resolution Raman spectra of CD. have been taken by4

A. Owyoung at Sandia Labhs. The data ileI ides pirt of this region tLar

P(12) but not near P(g). Modeling hased on this data is, as a result,

incomplete.

These results sugge.st double benef its to be gained by cooling the

gas. First, the hi,.h . .h ,leorpt ion oif tl ftiind;ina,'alA :;hotld d1i r-a:.

dramatically; and -c~-ond he Raman spectrum in the vicinity of the two-

photon resonance should simplify. The result should be higher ultimate

convers ion veffic ienv in the first case, Ind a more easily interplr't,'d

THG spectrum, with possibly higher conversion, in the second case.
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