The use of a broadband amplifier makes it possible to maintain the genera-
tion of the chosen oscillation mode with sufficlent variation of its frequency.
The results of these experiments will be presented in our next paper.
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We report here for the first time a chain reaction initiated by CO:-laser
radiation and accompanied by an explosive wave. We have observed that when a
mixture of H, and BCls, which do not react with each other, 1s exposed to radia-
tion from a CO, laser (wavelength 10 u), a vigorous chemical reaction is initi-
ated by dissociation of the BCls molecule by the laser radiation. The front of
the reaction propagates in the form of a cylindrical explosive wave.

Tt is known that irradiation of gaseous BCls by a CO, laser leads to dis-
sociation of the molecules of this gas [1]. The laser radiation freguency coin-
cides with the vibration frequency vs of the BCls molecule, and the dissocla-
tion occurs via cascade population of the upper vibrational levels of the mole-
cules and represents predissociation during vibration, i.e., a nonradiative
transition from higher vibrational levels nvs to the continuous spectrum ad-
jacent to the dissociative vibration limit va2. In the case of v, vibrations,
the boron atom leaves the plane of the molecule. The detachment of the boron
atom leads to disintegration of the molecule and to the appearance of atomic
chlorine.

The appearance of the atomlc chlorine upon dissociation should lead to the
occurrence of chemically active centers. Therefore irradiation of stable gas
mixtures containing BCl; can initiate chemi-
cal reactions, some of which are quite
vigorous.

The experiment was performed for a mix-
0 '\\ ture with H2:BCls ratio 20:1, at a total
b pressure 1 atm. We used a pulse-fed CO»
laser. The emission pulse was close to rec-
tangular with a rise time ~0.5 msec, duration
30 msec, and power up to 600 W. The laser
¢ radiation was collimated with a system of
salt lenses into a practically-parallel beam
% 2 . 5 r of 0.3 cm dlameter, and was directed along
t,msec the axis of a cell with the investigated mix-
ture. The cell was a thick-wall brass cylin-
Fig. 1. Waveform of ir- der 10 cm long and with inside diameter b em.
radiating 10-u pulse (a) The entrance window of the cell was sealed
and time dependences of with a plate of crystalline ZnSe, and the
the intensity of the output and side windows were covered with
visible luminescence (b) NaCl plates.
and of the gas pressure (c).
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Fig. 2. Motion picture of propagation
of cylindrical wave of reaction in a
gas mixture BCl3:Hp, = 1:20 at 1 atm
pressure. The time interval between
frames is 250 psec.

A high-speed piezoelectric pressure pickup was located at the side wall of
the cell. Visible radiation as well as the IR absorption spectra of the gas
mixture were also observed. The visible radiation was registered both through
the side window with an FEU-62 photomultiplier and from the end of the cell with
the aid of a high-speed motion picture camera (SKS-1M).

When the radiation is turned on, an explosive reaction is produced in the
H2:BClz mixture and is accompanied by intense visible glow and a sharp increase
of pressure. The glow is produced after some delay. The delay depends on the
partial pressure of the BCli, on the intensity of the laser radiation, and also
on the purity of the initial reagents. The glowing region propagates from the
axls to the periphery of the cell in the form of g cylindrical shell. As it
propagates, this region becomes narrower and brighter. The glow is maximal when
the glowing region reaches the cell walls. The pressure becomes maximal at the
same time and reaches 40 - 50 atm. The time of propagation of this glow wave
is 1.5 msec. During this entire time the gas in the beam zone continues to
glow. When the glowing layer reaches the cell walls, its glow i1s extinguished.
At the same time, secondary glow is produced at the center of the cell, with a
diameter exceeding that of the laser beam. The secondary glow continues for
several milliseconds.

A spectroscopic investigation of the absorption-line intensity of the v,
vibration of the BCli; molecules during the time of explosion shows that this
gas vanishes irreversibly during the time of propagation of the explosion wave.

Figure 1 shows plots of the laser-radiation intensity (a), glow bright-
ness (b), and gas pressure (c) against the time. One division corresponds to
1 msec. Figure 2 shows a motion-picture photograph of the propagation of the
reaction wave. The time between frames is 250 usec.
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The observed dynamics of the laser-initiated reaction is analogous to the
prooesses of propagation of combustion waves in laminar flows in closed vessels
[2]. In our case, apparently, chain reactions involving formation and decompo-
sitlon of higher boranes (boron hydrides) and chlorlnation of hydrogen are
initiated on the combustion-wave front by the appearance in the laser-beam 2zone
of atomic chlorine and of the active radicals BC1l and BCl,.

Knowledge of the dynamics of the explosion makes it possible to find the
flame velocity and to calculate the combustion velocity in the first wave of
the reaction; the latter turns out to range from 0.5 to 2 m/sec. It can also
be assumed that the secondary glow contains reaction waves having large com-
bustiom velocities at the cell walls, leading to the appearance of pressure
waves, which are clearly seen in Fig. 1lec.

Thus, irradiation with a powerful laser beam at 10.6 u wavelength has made
it possible to observe initiation of chain reaction in a maxture of the gases
BCls and H,. Experiments of this type point to the possibility of controlling
chemical reactions with lasers.
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NiCl, and CoCl, have a layered structure with layers of metallic ions al-
ternating with layers of chlorine. There is ferromagnetic interaction between
metallic ions of the same layers, and a weaker antiferromagnetic interaction
between neighboring layers [1]. In compounds of NiCl, and CoCl: with graphite,
the chloride layers are separated by one or two layers of graphite, which
weaken greatly the interaction between the magnetic layers, so that these com-
pounds can be regarded, with good approximation, as two-dimensional paramagnets.

The investigated compounds were ob-
tained by heating pyrolytic oriented
graphite with the metal in a chlorine
stream. The reaction temperature was
650°C for both compounds, and the reac-
tion time was 9 hours. After the termi-
nation of the reaction, the samples
were washed with hydrochloric acid, the
chloride content was ascertalned, and
the distances between the layers of the
metallic ions and the graphite were de-
\ termined by x-ray diffraction. The
0 5 10 B ye A NiCl, and CoClz layers in the investi-

gated compounds were separated by two
Fig. 1. Temperature dependence layers of graphite, and the interaction
of the molar magnetlc suscepti- between the metallic-ion layers was
bility of the compound of CoCl; negligibly small [2]. The chloride con-
with graphite (per g-mole of CoCl») tent was 14.5% for the sample with
in the zero external field. NiCl, and 8.5% for CoCl,. The structure
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