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ABSTRACT

Photodissociative laser systems are proposed and evaluated
with regard to their potential for conversion of solar radiation to
monochromatic coherent emission. Spectroscopic and photochemical
properties of several molecules which absorb light in the visible and
near ultraviolet regions are reported, discussed, and compared with
requirements for obtaining laser action. Additional mechanisms for
achieving population inversions in these systems indirectly, such as
Franck-Condon pumping and association processes stabilized by
stimulated emission, are also discussed. Preliminary experimental
studies are reported for methyl iodide and bromide, iodo- and
bromocyanogen, iodine bromide, and nitrogen dioxide. Laser action
was observed under a variety of experimental conditions from CF3I
and NOCI, but could not be detected in the initial studies conducted
with other compounds. Chemical reversibility was demonstrated for
the nitrosyl chloride system using mixtures of molecular chlorine and

nitrosyl chloride.

xvii



SECTION IX

EXPERIMENTAL PROGRAM

A thorough discussion and analysis of the photochemical, kinetic,
and laser behavior known about the molecules studied here is given in

Part 1 of this report, which includes detailed literature references.
A. OBJECTIVES

The experimental part of this program is designed to comple-
ment and extend the information available for the analysis of solar
pumped photochemical laser systems. The apparatus is set up for
studies designed to observe laser emission from flash photolysis of
gases under various conditions. The factors which are readily con-
trolled are the pressure of the species being photolyzed, the pressure
of other added gases such as helium, the intensity and total energy of
the flash pulse, and the losses introduced into the cavity. Thus some
measure can be made of the laser threshold as a function of pressure
and pumping intensity, and the gain of the laser system can be estimated.
The lifetime of the laser pulses is also measured, and the wavelength
range can be estimated. Knowledge of the wavelength and the lifetimie
characteristics of emission is required to confirm the identity of the
emitting species, so that the behavior under varying conditions can be
predicted. Measurements of the pumping thresholds for laser action
are particularly important with regard to the feasibility of achieving

direct solar pumped photochemical lasers.
B. APPARATUS

1. Flash Photolysis System

A flash photolysis, photochemical laser apparatus has been
designed and built for these studies. A drawing of the flash lamp
and optical bench is shown in Fig. 51 and a photograph is shown in

Fig. 52. The light source is a xenon filled quartz flash lamp
145
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Fig. 52. Flash photolysis photochemical laser apparatus.
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(PEK No. XE-16-2985) with a 1-m spacing between electrodes. It was
designed for operation with a 3 msec pulse of 7000 J input energy
(250 pF at 7.5 kV) from a laser power supply (Hughes Model 350).
This power supply delivers a square shaped pulse of 3 msec duration
for its maximum output of 8000 J, although lower energy pulses can
be delivered with shorter pulse lengths. However, it was ‘f‘ound
necessary to modify this power supply in order to obtain higher
power flash intensities. The pulse-shaping inductances were
removed from the circuit and the capacitors were allowed to dis-
charge the flash tube with a typical exponential decay characteristic.
Typically, 800 J are discharged (25 pF at 8 kV) with a bandwidth of
~100 psec (FWHH). An alternate flash tube and power supply are
being built to perinit an additional increase in the power output of
the flash discharge. This apparatus will use an 8 pF capacitor dis-
charged at 10 to 20 kV.

2. Optical Components

The flash lamp is coupled to a pyrex or quartz laser tube in
a paralle‘l configuration, with an aluminum foil reflector wrapped
around the two tubes. The laser tube has a total length of 1.13 m
and is situated in a semiconfocal optical cavity formed by gold
coated mirrors spaced 1.6 m apart. One mirror is flat and the
other is spherical with a 4 m radius of curvature. Sodium chloride
windows are attached to the ends of the laser tube cut at a Brewster
angle (56o for NaCl). The windows are sealed to the tube with
Dow Corning Silastic 140 silicone adhesive, applied in a manner
that reduces to a2 minirnum the: contact between the adhesive and the
laser tube contents. No difficulty has been encountered in handling
highly corrosive materials (NOC1, IBr, NOZ)' A beam splitter of
the same material as the laser tube windows and situated at a simi-
lar angle is used to divert a portion of the cavity radiation to the

analyzing and detection apparatus. A Hughes Model 35 helium-neon
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laser is attached to the optical bench using mounting apparatus with
precision adjustments for alignment of the laser tube, mirrors, beam

splitter, monochromator, and detectors.

3. Detectors, Optical Filters and Monochromators

r'd

Sensitive detection of pulsed infrared radiation becomes an
increasingly difficult problem with increased wavelength of the radia-
tion to be detected. Table X shows a list of detectors that are avail-
able for our studies. High detectivity and fast response are available
in the near infrared. The PbS, InAs, and InSb detectors have been
used initially, since their useful range coincides with the wavelength
region expected for atomic iodine and bromine, and nitrosyl halides
and nitric oxide emission.. While InSb is a convenient detector at
wavelengths up to 7.5 pu, gold doped germanium at low temperature is
more sensitive and has a much faster response.

Analysis of the laser emission wavelength is also less con-
venient at longer wavelengths in the infrared. Two Bausch and Lomb
low resolution monochromators with wavelength ranges of 0.7 to
1.6 pand 1.4 to 3.2 p will be used for the near infrared region. Ini-
tially, broadband infrared filters are used in conjunction with various
detectors to isolate different spectral regions at longer wavelengths,
as shown in Table XI. Lafer, an infrared spectrometer can be used

to further identify the wavelength position of observed laser output.

4. Vacuum System, Gas Handling Equipment

The gas handling and vacuum equipment.is shown in its assembly
rack in Fig. 53 and is represented schematically in Fig. 54. This
system is designed so that corrosive and toxic compounds such as NOC1
and IBr can be handled conveniently. Mercury is excluded from the
vacuum system, and nonreactive fluorocarbon stopcock grease (Ascolube
F) is used throughout. Since the vapor pressure of this grease (10"5 Torr)

is not very low, vacuum diffusion pumps were not used in our preliminary
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53.

o

Vacuum system and gas handling apparatus.
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experiments. Two mechanical vacuum pumps are utilized in the sys-
tem. One is primarily for gas purification procedures, vacuum
distillations, and evacuation of the gauge and manometer sections. The
second pump is used for sample handling and evacuation of the laser
tube. Several gauges are incorporated for pressure measurements in
different ranges. These include a thermocouple gauge, a manometer
filled with fluorocarbon fluid (3M, FC-43), and two metal bourdon
gauges. The compounds to be studied are introduced from lecture
bottles connected to the system with Monel tubing, or from glass
reservoirs. Samples can be taken through several traps for purifica-
tion and can be mixed with other gases in a 5 liter expansion bulb
attached to the manifold. The mixed sample can then be transferred

into or flowed through the laser tube.

TABLE XI

Broad-Band Infrared Filters

Wavelength Range, 4 Loong \ Pass — Long N Reject

I

1.8 to 3.5 Ge — Vicos

3.5t0 6.0 (5.5) Te—TiO2

3.5t06.5 Te — LiF

7 to 14 InSb — BaFZ

7 to 15 InSb —Irtran 11

40+ Black polyethylene + crystal quartz

50+, 60+, 704, Special polyethylene compound

80+, 90+, 100+, filters

125+, 150+
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C. PHOTOLYSIS OF CF3I:IODINE ATOM LASER
Experimental results obtained from flash photolysis of trifluoro-
methyl iodide are shown in Figs. 55 to 63. A number of experiments
were carried out with this compound, and the results reported here are
representative of the variety of experimental conditions employed.
Figures 55 and 56 show the temporal behavior of the laser power out-
put at a series of pressures from 20 to 0.5 Torr CF3I. The flash-
lamp emission was monitored separately and is illustrated on the lower
trace of Figs. 55 and 56. Both the laser power and energy available
from the CF,I system are seen to depend strongly on CF

3 3
As shown in Fig. 55(a), and 55(b), greater power is obtained at 20 Torr

I pressure.

than at 10 Torr CF3I, but laser emission is quenched sooner at the
higher pressure. As the pressure is reduced to 2.5 Torr (Fig. 56(a)),
laser emission becomes quasicontinuous, with considerably less spiking
than at higher pressures. No emission could be observed from 0.5 Torr
CF3I with the apparatus used in these experiments. As discussed
earlier, molecular iodine is an efficient quencher of excited iodine
atoms; its formation and subsequent deactivation of I(ZPI/Z) are thought
to be responsible for cessation of laser action.

Variation of the flashlamp discharge voltage with constant capaci-
tance (25 pF)'in the circuit was used to study the effect of pumping
intensity on the behavior of the CF3I system. These results are shown

in Fig. 57. A pressure of 10 Torr CF_I was used throughout, and

the flashlamp discharge voltage was va?;ied from 8 to 4.5 kV; the lower
limit was determined by the minimum value required to fire the lamp.
Both the flash lamp and laser output are delayed relative to their value
at 8 kV as the discharge voltage is decreased. Although the laser
action begins at approximately the same time relative to the flash lamp,
both laser power and energy output are significantly reduced as the
pumping intensity is decreased by a factor of 3. Threshold could not
be observed in this set of experiments because of the flash lamp limita-
tion mentioned above, but 200 J (with a rise time of ~40 psec) is a

conservative estimate.
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CFy I LASER OUTPUT ( ARBITRARY UNITS)

Fig. 55.
CF3lI laser output (1.3 p), at different pressures.
InAs(PC) detector. Time scale = 20 psec/div.
Flashlamp output shown on lower trace moni-
tored in ultraviolet-visible region. Excitation
energy = 800 J (25 pF, 8 kV). (a) 20 Torr
CF,I; no buffer gas; (b) 10 Torr CF3I; (d) 2.5

Torr CF3I.
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CFy I LASER OUTPUT ( ARBITRARY UNITS)

Fig. 56.

CF3l laser output (1.3 p) at lower pressures.
Time scale = 20 psec/div; InAs(PC) detector;
800 J excitation energy. (a) 2.5 Torr CF3l;

(b) 1 Torr CF3I; (c) 0.5 Torr CF3I; (d) O Torr
CFj4I.
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CFy I LASER OUTPUT ( ARBITRARY UNITS)

157

Fig. 57.

CF 3l laser output at
different flashlamp
discharge voltages.
C =25 uF, CF3l pres-
sure = 10 Torr; InSb
(PEM) detector; time
scale = 20 psec/div.
(2) 8 kV; (b) 7 kV;

(c) 6 kV; (d) 5 kV;

(e) 4.5 kV.



The temporal behavior of the CF3I system is shown on an ex-
panded time scale in Fig. 58 with 20 Torr CF3I and an excitation energy
of 612 J (25 pF, 7 kV). Laser action occurs for 80 psec under these con-
ditions; the pumping source has a duration of 200 pseé with 100 psec
width at half height. Figure 59 illustrates the effect of excitation (pump-
ing) energy on the laser output using constant discharge voltage (intensity).
Note that the initial flash lamp intensity (rise time) is comparable in both
Fig. 59(a) and 59(b) and that laser action terminates near the maximum
of both pumping pulses; however, the laser power and energy output is
considerably greater at the higher excitation energy. Further increase
of pumping energy (1200 J) does not result in a substantial increase of
the laser output at this particular pressure.

The performance of the CF3I system was also studied under
conditions of added optical cavity loss. Results from extreme condi-
tions are shown in Fig. 60. The upper trace in Fig. 60(a) shows laser
output at 5 Torr CF3I with no loss introduced into the cavity. Figure
60(b) shows the signal from the laser detector at maximum sensitivity
when one of the cavity mirrors was excluded from the optical system.
This trace represents pickup from the flashlamp only, and does not
show continuous laser output. (The flashlamp profile is not shown in
Fig. 60(a), (c) or (d), however, because of different gain settings.)

The traces in Fig. 60(c) and 60(d) show the laser output when the

CF3I pressure is raised to 10 Torr and one cavity mirror is excluded.
Usually only one pulse occurred as in Fig. 60(c) after the pumping
source had reached maximum intensity; sometimes, as shown in

Fig. 60(d), a second smaller pulse was also produced. The detector
attenuation used in Fig. 60(c) and 60(d) was similar to that in Fig. 60(a)
so the intensity of the single pulses obtained in this way are comparable
to those obtained in normal operation, i.e., the outputs displayed by
the traces in Fig. 60(c) and (d) are not to be construed as giant pulses
obtained by Q-switching. The trace shown in Fig. 60(e) indicates the
absence of laser action when both cavity mirrors are excluded and the
CF,I pressure is raised to 37 Torr. The traces in Fig. 60(a) to 60(e)

3
were obtained with constant flashlamp excitation energy and intensity

(800 J, 25 uF, 8 kV).
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CFy I LASER OUTPUT ( ARBITRARY UNITS)

Fig. 59.

CF3l laser output at
different excitation
energies. CF3l pres-
sure = 20 Torr; InAs
(PC) laser detector,
time scale = 20 gsec/
div; lower trace,
flashlamp monitor.
(2) 12.5 pF, 8 kV
(400 J); (b) 25 pF,

8 kV (800 7J).

CFy I LASER QUTPUT ({ ARBITRARY UNITS)

E593 -8

Fig. 58.

CF3l laser output (upper
trace); CF3I pressure =
20 Torr; flashlamp
energy = 612 J (25 pF,

7 kV); InAs (PC) detec-
tor; time scale: lower
trace = 100 psec/div
upper trace =10 psec/div.
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CFy; I LASER OUTPUT ( ARBITRARY UNITS)

160

E7T93~-10

Fig. 60.
CF:I laser output
with extreme cavity
loss. Excitation
energy = 800 J (25 pF,
8 kV). (a) No added
d loss, CF3l pressure =
5 Torr, 20 usec/div;
(b) one cavity mirror
excluded, 5 Torr CF3l,
20 psec/div, trace
shows flashlamp out-
put only (detector
sensitivity 10x other
€ traces; (c) and (d)
one cavity mirror
excluded, 10 Torr
CF3l, 20 psec/div.



Laser output obtained from 5 Torr CF3I with 800 J pumping
energy, when calibrated optical loss was inserted in the cavity, is
illustrated in Fig. 61. In these traces the flashlamp profile is
superimposed on the laser detector because minimum optical filter-
ing and attenuation was needed. The onset of laser action is
delayed in these experiments as the cavity insertion loss is increased
from 4 to 19 dB. (Optical loss in decibels equals 10 times optical
density.) Results of experiments at a higher pressure of CF3I
(7.5 Torr) and at different pumping intensities are shown in Figs. 62
and 63.

The observation of significant delays in the laser output in the
experiments with large cavity losses suggested the possiblity of an
over-all delay in laser quenching by molecular iodine. Because of an
increase in the lifetime of atomic iodine in the absence of stimulated
emission, iodine formation could be delayed if excited iodine atoms
do not recombine. The results for 5 Torr CF3I are shown in Fig. 64.
This possibility was investigated further under conditions for which
the delay was expected to be maximized — 1200 J excitation energy
(37.5 pF, 8 kV), 7.5 Torr CF3I, and 25 dB loss in the cavity. How-
ever, this series of experiments showed the increase in delay time for
laser action in the high loss situation over the termination of laser
action in the low loss case to be less than 5 psec; it was not reproduci-
ble to less than this amount. Hence the earlier indications were not
substantiated, although an exhaustive study was not made.

- The variation of laser onset, duration, and termination as a

function of cavity loss with 5 Torr CF,1 is summarized in Fig. 64.

The time delay (measured from the fl:shlamp onset) before laser ini-
tiation and termination both increase linearly with optical loss in the
cavity. The time period over which laser action occurs under these
conditions is given by the difference between the two curves at a parti-

cular value of cavity loss.
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Fig. 61.

CF,I laser output

with calibrated optical
loss introduced in
cavity. CFjl pres-
sure = 5 Torr; excita-
tion energy = 800 J
(25 pF, 8 kV),

20 psec/div, active
length of laser tube =
lm. (a) 4.2 dB;

(b) 12 dB; (c) 17.5 dB;
(d) 19dB.
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Fig. 62.

CF,I laser output with
cal%brated optical loss
in cavity at different
excitation intensities.
Time scale = 20 psec/
div, CF.I pressure =
7.5 Torr (a) 15 4B,
612 J (25 pF, 7 kV);
(b) 23 dB, 612 J (25 pF,
7 kV); (c) 26 dB, 800 J
(25 pF, 8 kV).
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Fig. 63.

CF,I laser output with
calibrated optical loss
in cavity. CF3l pres-
sure = 7.5 Torr, exci-
tation energy = 400 J
(12.5 uF, 8 kV), time
scale = 20 psec/div.
{a) 15 dB; (b) 19 dB;
(c) 21 dB.
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Fig. 64. Variation of onset, termination, and duration of
laser oscillation from CF3I versus cavity loss.
CF,l pressure = 5 Torr, excitation energy =
800 J (25 pF, 8 kV).
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The gain of the CF3I photodissociative laser can be inferred
from experiments of the type discussed above. With the CF3I pres-
sure -and the pumping parameters kept constant, calibrated losses
are inserted in the cavity until laser action is barely perceptible.
This loss plus the residual cavity losses (estimated as 1 dB) repre-
sent the gain of the active material under the particular conditions
employed. Measurements of this quantity were made at a series
of pressures over the range 1 to 7.5 Torr and at different pumping
intensities. These experiments are summarized in graphical form
in Figs. 65 and 66. The gain of the CF3I system plotted versus
CF3I pressure shows significant deviation from linearity at 7 Torr.
Other workers have reported a value of 106 dB’/m at 90 Torr CF3I,
which is considerably less than that estimated from extrapolation of
the low pressure (5 Torr) results. These results are consistent with
and add further support to laser termination in this system by a
quenching agent photochemically formed in higher yields at higher
pressures. As expected, the gain of the system at constant pressure
increasjes linearly with excitation intensity at low intensities and

begins to saturate at high intensities, as shown in Fig. 66,
D. PHOTOLYSIS OF NOCI:NITRIC OXIDE LASER

Emission (5.95 to 6.3 p) from the nitrosyl chloride photodisso-
ciative laser system is illustrated in Fig. 67. The temporal charac-
teristics are considerably different from the CF3I system. Fewer
pulses are observed in the NOCl-He system and operation is mainly
on a quasicontinuous basis as shown in the figure. Trace (c) in
Fig. 67 isnot causedbyisd'a-tt'ered.ﬁg’h&ff@ﬁﬁhﬁﬂés’hlamp, which is
monitored on the lower trace using the same time scale on both
traces. Thus laser action occurs early in the pumping pulse and is
quenched before the flashlamp reaches is maximum intensity. Only

~5% of the pump energy used in these experiments is expended before
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Fig. 65. CF.I gain in lower pressure region. Excitation energy =
800 J (25 pF, 8 kV), laser tube dimensions: length = 1 m,
diameter = 10 mm.
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Fig. 66. CF;l laser gain versus flashlamp intensity. CF3I pressure =
7.5 Torr, flashlamp capacitor = 25 pF, laser tube dimen-
sions: length = 1 m, diameter = 10 mm.
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Fig. 67.

Output from nitrosyl
chloride photodissocia-
tive laser. Helium used
as buffer gas; total
pressure = 90 Torr
(~4 Torr NOC1). InSb
(PEM) detector; lower
trace shows flashlamp
profile on same time
scale as laser monitor
(upper trace); excita-
tion energy = 1200 7J
(37.5 pF, 8 kv). Time
scale = (a) 20 psec/div;
(b) 10 psec/div;

(c) 2 p,sec/div.



laser action is terminated. The quenching mechanism has not yet been
deduced, although further studies in this direction are in progress. The
effects of excitation energy and intensity on the laser output are shown
in Figs. 68 and 69. Under the conditions employed, threshold is
reached when 300 J are discharged through the flash lamp with a rise
time of 30 psec. The actual energy threshold is considerably less since
only a small fraction is utilized before laser action is terminated.
Figure 70 shows the laser output from this system at a series of NOCI1
and helium pressures with constant pumping energy (1200 J, 37.5 uF,

8 kV).

One of the anticipated advantages of this system is the known
chemical conversion of photolysis products (Cl2 and NO) to NOCl. The
elementary reaction in this process is third-order, and hence the time
required for conversion is quite large when the initial pressure of
NOCI1 is low. A series of experiments have been carried out with var-
ious mixtures of helium and nitrosyl chloride, helium-chlorine-nitrosyl
chloride, and chlorine-nitrosyl chloride mixtures to determine the
maximum pressure of nitrosyl chloride and optimum amounts of added
gases which could enhance chemical reversibility and laser performance

of this system.

The maximum partial pressure of nitrosyl chloride in NOCl-He
mixtures from which laser action could be observed is 6.25 Torr, with
total pressures from 50 to 125 Torr. Laser action could not be detected
from NOCl-He mixtures with NOCI partial pressures from 6.5 to 10
Torr and total pressures ranging from 65 to 300 Torr using maximum
detection sensitivity and excitation intensity. Optimum pressure for
the NOCl-He system with regard to laser energy and power output
appears to be in the range 3 to 5 Torr NOCI and 40 to 150 Torr helium,
with the partial pressure of helium far less critical than the amount
of nitrosyl chloride. The time for conversion of NO and Cl2 formed
in the photolysis of mixtures of this type is too great to be of practical

value in most applications. The chemical process is
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(a)

(b)

NOC! LASER OUTPUT (ARBITRARY UNITS)

Fig. 68.

Effect of excitation energy on NOCI laser out-
put. Buffer gas, helium; total pressure = 90
Torr (~ 4 Torr NOC1); time scale = 20 pusec/
div. (a) 1200 J (37.5 pF, 8 kV); (b) 400 J
(12.5 pF, 8 kV).
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Fig. 69.

Effect of excitation
intensity on NOCI] laser
output. Buffer gas,
helium; total pressure =
90 Torr (~ 4 Torr NOCI).
Time scale = 20 psec/div;
flashlamp intensity varied
by discharging different
voltages through a 12.5
pF capacitor. (a) 6 kV
(225 J), below threshold;
(b) 7 kV (306 J);

{c) 8 kV (400 J).
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Fig. 70.

Laser output from nitrosyl chloride. Helium
mixture (PNOCI/Ptotal = 1/40. Excitation
energy = 1200 J (37.5 pF, 8 kV); time scale
=20 p.sec/div. (a) total pressure = 20 Torr,
NOCI pressure = 0.5 Torr; (b) total pres-
sure = 40 Torr, NOCI pressure =1 Torr;

(c) total pressure = 100 Torr, NOCI pres-
sure = 2.5 Torr; (d) total pressure = 200
Torr, NOCI pressure =5 Torr.
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2NO + Cl, k 2noci

(2 - x) (b%) ()

and the rate of reaction is given by

dx _ 2 x .
E —k(a-x) (b - 2),

which when integrated by the method of partial fractions gives

2 (2b - a)x

o P - x)
(2b - a)Z al(a - x)

a and b are the initial concentration of nitric oxide and chlorine,

+ 1 = kt

respectively; x is the concentration of nitrosyl chloride at time t;
and k is the rate constant for the process. When only nitrosyl
chloride and helium are presenf; initially, the integrated rate expres-
sion takes a simpler form, since after photolysis nitric oxide and
chlorine will be in the ratio of 2:1, i.e., a = 2b. Making this sub-

stitution in the differential equation yields

dx _ k 3
a -z B-x
which readily integrates to
1 1 _ k.,
2 - 2 2
(a ~ x) a

The time TL/2 required for 50% conversion of the nitric oxide and

chlorine back to nitrosyl chloride is obtained from this relation; the

known value of the rate coefficientis k=1.6x 10.7 cmé—mole-z-sec_l.

1.2 x 108

T = ——g—— sec
1/2 P2
(mm)
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Here P is the partial pressure of nitric oxide or initial pressure of
nitrosyl chloride if photolysis results in 100% decomposition of

NOC1. Thus it is clear that although the NOCI1 system is reversible
in theory, the time required is far too great to be of practical value

in most applications (Tl/Z = 14 days for PNOCI =10 Torr).

Although preliminary studies have indicated that 5 Torr is an
upper limit to the NOCI partial pressure which can be used in NOCI-
He mixtures, other buffer gases may yield more favorable results
with regard to reversibility of the system. Added gaseé are definitely
required since laser action could not be observed from pure nitrosyl
chloride in the pressure range from 1 to 100 Torr.

As is apparent from the rate equations above, addition of
chlorine or nitric oxide would reduce the time required for conver-
sion of photolysis products to nitrosyl chloride. For example, the

half life Tl/2 for a 10:1 mixture of Cl2 to NO is

leO6

Tl/Z = —P—Z—— secC
NOC1

Thus T =22 hours for a helium-chlorine-nitrosyl chloride mixture
with Clz to NOCI1 in the ratio of 10:1 and a pressure of 5 Torr

NOC1. A few experiments with mixtures of these three gases have been
carried out recently in our laboratory. Preliminary results indicate
that the maximum partial pressure of NOCI] from which laser action can
be observed is 4 Torr, although an exhaustive study was not undertaken.
Laser action was also observed from several mixtures of Clz and NOCI1
without a buffer gas. Reversibility of the nitrosyl chloride laser sys-
tem was observed using a 1:20 mixture of NOCI to Cl2 at a total pres-
sure of 125 Torr. With this particular composition laser action was
observed from the second photolysis of a mixture retained in the laser
tube overnight (—rl/2 = 8 hour). These experiments indicate that suitable

mixtures of nitrosyl chloride and other gases can probably be found for
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which laser energy and power output as well as chemical reversibility

of the system are optimized with respect to each other. No experi-

ments were carried out utilizing nitric oxide-nitrosyl chloride mix-

tures in this study, but this compound could also enhance the reversi-

bility of the system. Since laser action is obtained from upper vibrational

levels of NO, added NO would not be expected to quench the emission
by population‘oftheterminal laser level. Anotgler techniqué which could be

employed to enhance reversibility of the nitrosyl chloride laser when

large excesses of permanent gases are not required is transfer of the

mixture by condensation after photolysis to a smaller volume. The

rate of the back reaction could be considerably increased because of

the pressure increase in the small volume. Therefore, in this way

the system could be isolated and have a duty cycle of a few minutes.
E. PHOTOLYSIS OF OTHER COMPOUNDS

Several other compounds of interest in this project were studied
briefly. However, laser action was not observed from these compounds
under the conditions employed — 1 to 40 Torr and maximum pumping
intensity from the flashlamp and power supply [ minimum rise time
(~30 psec) and width at half-height of the lamp temporal profile
(~100 psec)]. The compounds studied for which laser action was not
observed in the 1 to 7 p region are CF3Br, IBr, BrCN, and NOZ' Fur-

ther studies with these and other compounds are in progress.
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