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dyes and bleaching probabilities and efficiencies were determined
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I. INTRODUCTION

Our work over the past several years has emphasized
the production 2nd detection of powerful wavelength-tunable
laser sources. The practical applications of these tech-
niques are varied, and include:

— Laser-induced chemical reactions using
wavelength-tunable lasers

— 1Isotope separation and other processes
requiring high-power laser sources at
selected wavelengths

— High-resolution infrared spectroscopy

— Studies of surface catalysis processes

— Multiple-channel optical communication
systems

— Detection of atmospheric pollutants

— Quantitation of laser absorption by

atmospheric constituents

II. RESEARCH ON ROTATIONALLY-TWINNED CRYSTALS

The basic physical process which we have employed for
infrared generation is to produce the difference-frequency
between two laser sources in an appropriate nonlinear opti-
cal medium. An important aspect of the difference-frequency

method is that it is inherently efficient; in principle,




100% of the photons of the pump laser can be converted to
photons at the difference frequency. Practical realiza-
tion of this advantage is inhibited by the nature of the
nonlinear optical materials in which mixing may be accomp-
lished.

Conventional phase-matchable nonlinear optical crystals
suitable for phase-matched difference-frequency generation
have several practical difficulties. Most have relatively
modest nonlinear coefficients and high refractive indices,
so that the figure of merit, (dz/n3), is low. Increases
in the optical power density of the mixing beams is often
not possible because of the low damage threshold of the
crystals. Also, the absorption coefficient of such crystals
is frequently large, up to several cm-1 in some cases.
And, finally, the crystals are generally difficult to grow
and expensive. The above facts suggest that progress in
the development of suitable conventional phase-matching
crystals is possible and worthy of continued support; but
alternative approaches should also be vigorously explored.

The results of our research on rotationally-twinned
43m crystals are reported in Refs. 1, 3, and 4 cited in
Appendix A. A simple theory was developed which accounts
for the induced polarization of different domains in a
rotationally-twinned crystal. The experimental results

obtained prior to the beginning of this contract in




difference-frequency generation between a ruby laser and a
dye laser in ZnSe were correlated with the theory and
published in Ref. 1. A second confirmatory experiment in
ZnSe, frequency doubling a dye laser tunable from 0.88 um -
1.04 um , was correlated with a simple theory which includes
the effects of crystal absorption. These results appear

in Ref. 3.

Further work on classifying suitable 43 m crystals
exhibiting rotational twins was completed. These results
are summarized in Ref. 5. Growth methods for replicating
crystals having favorable rotational twin spacings were
investigated and evidence was obtained that such replica-
tion can be accomplished. This finding confirms that rota-
tionally-twinned nonlinear optical crystals may be fab-
ricated in a scalable way. A useful method of producing
crystal elements containing the equivalent of at least 4
coherent domains was developed. Experimental verification
of this concept was not possible during the contract, but
additional work is contemplated.

We have specifically examined the power handling cap-
abilities and potential damage mechanisms of rotationally-
twinned crystals. 2nSe samples were tested to better than
100 nﬂ/cnz power levels (the limit imposed by surface
damage of our specimens) with no internal effects associated

with the rotational twins. Theoretical considerations also
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suggest no deleterious effects up to the power levels asso-
ciated with bulk damage (~1 GW/cmz).

Effects of bulk absorption by second harmonic near
the crystal band gap were studied and reported in Technical
Report #2 for the period ending June 30, 1975. Crystal
electrical conductivity was increased by the two-photon
production of free carriers if the two-photon energy was
below the band gap of the material. This explains the sat-
uration of difference-frequency radiation we observed with
high incident power levels in Ref. 1. By using pump lasers
at longer wavelengths, higher conversion efficiencies
could be obtained.

A U. S. Patent on the use of rotationally-twinned
crystals to produce nonlinear optical effects was recently

granted to the Principal Investigator (Ref. 9).

III. OPTOACOUSTIC SPECTROSCOPY

Refs. 6, 7, 8, and 10, of Appendix A report further
results on optoacoustic spectroscopy. This measurement
technique has been found useful in measuring the atmos-
pheric absorption of high-power laser beams, in diagnostic
experiments, in stabilizing laser lines, and in detecting
atmospheric pollutants. One patent was granted (Ref. 10).
An additional patent on acoustically-resonant spectrophones

was filed (Ref. 6).




Theoretical investigation of the mechanisms for reson-
ant signal enhancement are reported in Refs. 7 and 8.
The sources of loss and origins of the observed background
signals were correlated with the data obtained in our
laboratory and elsewhere. A particularly useful method of
overcoming background signals caused by both window absorp-
tion and the wings of strong nearby lines is described in
Ref. 8 and is the subject of a pending U. S. Patent (Ref.
6). The method is based on wide modulation of the source
wavelength, producing an acoustic signal at twice the fre-
quency of modulation if the absorption line of interest is
centered within the bandwidth of modulation. A future

experimental test of this concept is contemplated.

IV. CATEGORIZATION OF NEAR-INFRARED

LASER DYES

The lasing efficiencies and photochemical stabilities
of laser dyes useful in the 710-1080 nm spectral region were
investigated using a ruby laser as the optical pump. The
measured bleaching rates (defined as the probability of
irreversible decomposition of a dye molecule per absorbed

5 to 3 x 1074

photon) varied from < 1 x 10~ for the dif-
ferent dye-solvent combinations investigated. Broad band
lasing efficiencies ranged from 4 to 43%. Shifts of wave-

length tuning range with variations in solvent, dye
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concentration, and dye laser cavity geometry were investi-
gated. These results are reported in Ref. 2.

Previous to our investigation, laser dyes in the near
infrared region of the spectrum we believed to be highly
unstable and subject to rapid photochemical bleaching.

We have demonstrated that some selected dyes spanning the
710~1000 nm spectral region exhibit bleaching rates as low

as many dyes used satisfactorily in the visible.

V. NONLINEAR OPTICAL MIXING IN PROUSTITE

A conventional view of nonlinear optical materials
suggests that they are useful only in the spectral region
between the band gap and the shortest wavelength multi-
phonon absorption band. We recognized, however, that many
of these crystals, such as proustite, have useful trans-
parency at wavelengths beyond the first absorption band.
For this reason, we undertook to demonstrate that useful
nonlinear optical power may be generated in crystals at
these longer wavelengths. Our results are reported in
Ref. 5.

Continuously tunable infrared radiation was produced
in the spectral range 11l ym to 23 um by nonlinear mixing of
two ruby-pumped dye lasers in proustite. A peak power of

about 3 watts was observed at 19um. A 7° crystal angle
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change was sufficient to achieve phase matching over the
entire spectral region. A theory including the angular
divergence of the mixing beams and the absorption of the
crystal was developed, and excellent correlation was

obtained between the theory and the experimental results.
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