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1. We have investigated the possibility of obtaining highly excited non-
polar molecules with the aid of stimulated Raman scattering.

It i1s well known that the process of stimulated Raman scattering on vibra-
tional levels of molecules occurs most effectively in liquids. At the same
time, the rapid relaxation in the liquid makes it difficult to obtain and to
ldentify highly-excited vibrational levels. To overcome this difficulty, we used
the following experimental setup: Radiation of a ruby laser of energy 0.8 - 4 J
and pulse duration T = 3 x 10™° sec was focused with a lens of focal length 25
cm into a cell with liguid nitrogen, to obtain the Stokes frequency. Band
filters placed at the exit from the cell separated the fundamental and first
Stokes components, which were then focused with a lens (f = 5 cm) into a cell
filled with a mixture 50% 02 + 50% N2 or with air at a relatively low pressure
(300 Torr). The dimension of the spot at the focus was V1.5 mm.

Laser radiation_ﬁwL directed into a low-pressure cell in the presence of
an intense Stokes component ﬁws should populate effectively the nitrogen level,

since the Stokes frequency obtained by scattering from liquid nitrogen satis-
fies the resonance condition Wy = wp - 2, where & is the vibrational frequency
of Nz.

The vibrationally excited nitrogen was revealed by the appearance of nitric
oxide NO in the mixture as a result of the reaction

N, + O, » 2NO

(N? is the vibrationally exclted nitrogen). The mixture was analyzed with a mass
spectrometer before and after the lrradiation. It was established that action
of the fundamental and Stokes frequencies on the N, + 0, mixture oxidizes the
nitrogen. No nitric oxide was observed when only the fundamental laser fre-
quency acted on the mixture.

2. The process of populating the vibrational level of the nitrogen can be
described by the following kinetic equation:
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where F(t, €) is the energy distribution function of the molecules,
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are respectively the molecule fluxes in energy space produced by the interac-
tion of the molecule with the laser field and by the processes of thelr vibra-
tional-vibrational and vibrational-translational relaxation, © is the effective
vibrational temperature, T is the translational temperature, To:1 =
[6nT2ﬁ2c2/Chws)“]qﬂqSQO is the probability of molecule transition between the

ground and first-excited levels as a result of Raman scattering of a flux of
photons of fundamental frequency qr, in the presence of a flux of photons of
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Stokes frequency Ay s T2 is the time of transverse relaxation, ¢ is the speed of
light, Qo is the total Raman-scatterirg cross section, and Tov and Typ are the
times of vibrational-vibrational and vibrational-translational relaxation.

The kinetic equation (1) with the fluxes in the form (2) coincides with the
analogous equation for the excitation of a dipole molecule by resonant radia-
tion [1, 2]. At a sufficiently long laser-pulse duration (Tvv < T < TVT), the

solution of (1) takes the form F(t, €) = f(e)exp[-yt], where vy determines the
rate of the chemical reaction. If it is assumed that, owing to anharmonicity,
the field excites transitions only between the ground and the first-vibrational
levels, then v and the "vibrational" temperature reach, at sufficiently large
radiation fluxes g and g, thelr limiting values

r [/h ¢ ) *
Voa @ — (-——*&’)ln(e* /hw), O, = —62— In (e* /bw), (3)
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where €¥ is the activation energy of the reaction N, + 0, = 2NO. Since e¥% =
2 ev [3, 4], vy =5 x107%/t__ and 6, = 3000°K. The fluxes required for satura-

tion are q = q = q = 102 MW/cm?® at a gas pressure V300 Torr, and T, = 10 1!°

sec. At T = T T._ = 107°% sec, and Qp ~ 10728 cm?, approximately one per

v’ vV
cent of the Ny is oxidized. 3ince T << Ty in our experiments, the oxidation
of the nitrogen occurs after the termination of the laser pulse, and the number

of the reacting molecules is given by

#
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where 0y is the vibrational temperature of the nitrogen at the instant of ter-
mination of the laser pulse. Assuming that Aw/2 < 0y < fiw, and putting TVV/TVT

v 107%, we find from (4) that 107% < AN/N < 10~2. It follows from the experi-
mentally obtained value AN/N = 0.04% that 0, = 0.T7A%.

What is the role played by the vibrationally-excited nitrogen molecules in

the formation of the nitrogen oxides in our experiments?
)

It is known that in most reactions in which nitrogen takes part the de-
cisive role is played by the so-called "active" nitrogen. The "active" nitro-
gen 1s either atomic nitrogen [3 - 51 or vibrationally-excited molecules that
are in the electronic ground state. In thermal methods of nitrogen oxidation,
the atomic nitrogen is apparently the main component of the active nitrogen. In
electric-discharge methods of obtalning nitric oxide, a considerable fraction
of the molecules are in vibrationally-exclted states, a circumstance connected
with the anomalously large cross sections for the excltation of the vibrational
levels of N, by electrons [6]. It is most natural to assume that the oxidation
of nitrogen in a laser field of fundamental and Stokes frequency occurs with
participation of just the vibrationally-excited N, molecules. Participation of
the atomic nitrogen in the reaction has low probability. The dissociation
energy of N, is €y N 10 eV and the very small values of AN/N obtained from (4)

at €¥ = 10 eV contradict the experimental results.
Our experiments show that Raman scattering can be useful for a purposeful

stimulation of chemical reactions, especially for the study of their kinetic
features.
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1. The purpose of this article is to describe an ultrashort-pulse generator
that emits in the wavelength band A = 0.26 - 0.28 1 pulses of duration to 0.5 X
10712 sec and power V10 MW. Such pulses were generated by twofold doubling of
the emission of a neodymium-glass picosecond laser. Discrete frequency varia-
tion in the UV band was attained through SRS of the fourth-harmonic radiation
(Ay = 0.26 u) in liquid nitrogen. The energy efficiency of the conversion into
the fourth harmonic reached 5%.

A major advantage of the method used by us to generate UV picosecond pulses
1s the improvement, through multiple nonlinear conversion, of the structure of
the wave train (suppression of satellites, filtering of the wings of the non-
synchronized spectrum) and reduction of the pulse width.

2. Picosecond pulses in the UV band are of considerable interest as a
means of pumping UV lasers, in the determination of the relaxation times of
electronic levels, and in the investigation of nonstationary nonlinear effects.

Cascade frequency conversion is at present practically the only way of ob-

taining sufficiently powerful picosecond pulses in the region A = 0.26 u.

3. The apparatus (Fig. 1) consisted of a picosecond-pulse generator (LGS-1
glass) and two frequency multipliers. In the main laser, the cell with the dye
was made integral with the total-reflection mirror; the dye solution was re-
plenished in the cell after each flash.

The generator operated in the lowest transverse mode, which was separated
by a diaphragm of 2.2 mm diameter. Typlcal data on the plcosecond pulse trailn
were: total energy of train of 20 pulses
Wi =5 x 1072 J; pulse duration (deter-
mined from the two-photon luminescence
track) T T b x 10-'? sec; peak inten-

sity of unfocused beam I; = 4 x 109
W/cm?. The first frequency doubler (out-
put frequency A, = 0.53 u) used in our
experiment was a KDP, ADP, or CDA crys-

tal; in the second doubler (output wave- Fig. 1. Experimental setup: G - pico-
length Ay = 0.26 u) we could only use second pulse generator, KDP, - fre-
KDP or ADP. An effective quasistatic quency doublers using KDP crystals
frequency doubling accompanied by nar- F - filters, N - liquid-nitrogen
rowing of the pulse takes place if the cyrostat, I2-7 - oscllloscope and
length & of the nonlinear crystal 1s other measuring apparatus.
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