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Fourier Transform Infrared (FT-IR) Spectroséopy of Atmospheric Trace Gases HCl, NO and 80,
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Center for the Study of Terrestrial and Extraterrestrial Atmospheres and
Department of Physics and Astronomy
Howard University, Washington, D.C. 20059, US.A.

and

H. Okabe
Center for the Study of Terrestrial and Extraterrestrial Atmospheres and
Department of Chemistry
Howard University, Washington, D.C. 20059, U.S.A.

ABSTRACT

Fourier Transform [nfrared (FT-IR) spectral data have been recorded in the spectral region 400-4000 cm™ of
hydrogen chloride and sulfur dioxide with | em™ resolution and of nitric oxide with 0.25 em™ resolution, under quasi-
static conditions, when the sample gas was passed through tubings of aluminum, copper, stainless steel and teflon. The
absorbances were measured for the rotational lines of the fundamental bands of 'H*Cl and 'H"'C for pressures in the
range 100-1000 Torr and for the 1N 180 molecule in the range 100-300 Torr. The absorbances were also measured for
individual rotational lines corresponding to the three modes of vibrations (v,-symmetric stretch, v;-symmetric bend, U;-
anti-symmetric stretch) of the SO, molecule in the pressure range 25.150 Torr. A graph of absorbance versus pressure
was plotted for the observed rotational transitions of the three atmospherically significant molecules, and it was found
that the absorbance was linearly proportional to the pressure range chosen, thereby validating Beer's law. The
absorption cross-sections were determined from the graphical slopes for each rotational transition recorded for the HC,
NO and SO, species. Qualitative and quantitative spectral changes in the FT-IR data will be discussed to identify and
characterize various tubing materials with respect to their absorption features.

Key Words: FT-IR, atmospheric, spectroscopy, infrared radiation, absorbance, absorption cross-sections.
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INTRODUCTION

Atthepresent time, environmental issues like global climatic change, photochemical smog formation, acid rain,
stratospheric ozone hole and deforestation are of great concern worldwide. These issues are related to increasing
concentrations of atmospheric trace constituents, such as carbon dioxide (CQ,}, nitric oxide and nitrogen dioxide (NO,),
nitrous oxide (N,0), sulfur dioxide (SO,;, methane (CH,), and hydrogen chloride (HCI), and their average residence
times in the atmosphere.' As an illustration, the influence of CO,, NO, and N,O on stratospheric ozone depletion
- depends on the altitude, and furthermore, CH, acts in general against ozone dep\elion. yet accelerates the depletion
within the ozone hole. Measures for réduction of the emissions are either already in effect, or will be implemented, since
the concentrations of most of the trace gases, except presumably NO, and SO,, are expected to increase further, mainly
because of their longevity in the atmosphere. The green house effect® is related to the radiation budget of the earth and

responsible for the fact that the mean earth temperature is 33°C above its radiation temperature as viewed from space.

The contribution of a given gaseous compound to the greenhouse effect is determined by its atmospheric abundance
and IR absorptivity. Gases like CO,and CH, are found to be responsible for more than 80% of the enhancement of the

greenhouse effect.* Nitric oxide can hinder ozone destruction, which is manifested by low nitric oxide concentration

in the ozone hole.
Small concentrations of atmospheric pollutants can also have dramatic effects leading to smog formation. The

production of smog is generally restricted to densely populated and industrial areas, where increased concentrations of
toxic compounds, such as sulfur dioxide (SO,), occur near their sources. This type of smag, known as winter smog or
London smog, has lost much of its previous importance owing to drastic reductions in emission of so-called primary
pollutants, like sulfur compounds from heating svstems. Recently, another type of smog known as summer smog or Los
Angeles smog, has attracted a great deal of interest. This tvpe of smog is produced photochemically from primary
pollutants, essentially from NO, and voltalic organic compounds (VOCs), under the influence of solar ultraviolel
radiation. Hydrochloric acid (HCI), one of many key atmospheric species, is also considered a possible entity in
stratospheric ozone depletion. The HCI molecule is formed in the stratosphere predominately by reactions between
hydrogen containing species (such as HO, and H.) with CH, and C! radicals. The transport of HCI down into the
troposphere, and the competition between various stratospheric photochemical reactions, govern the regeneration of free
chlorine and hence its return into the O, destruction cycle. This latter process cffecuver removes Cl from the CIO,

cycele,

Different measurement techniques can be applied to measure the small absorptions encountered in (race
detection. Fourier Transtorm (I'T) spectrometers are operated with conventional broad band sources, in conjunction
with interferometers, to achieve the desired spectral resolution. FT. systems possess higher optical and greater
observation time efficiencies. since all spectral elements are simultaneously observed and measured. FT-IR
spectrometers are very uselul for chemical analyses of multi component mixtures,™" beeause of the available broad
infrared range and simultancous abservations in several spectral regions,

Matrix isolation, in combination with the FT-IR technique ” has been considered very attractive for laboratory
analyses of the composition of sampled air, because it avoids the problem of interferences due to reduction in spectral
congestion compared to gas phase spectra. This technique can be applied to a wide range of stable and moderately labile
atmospheric trace gases with detection limits in the parts per trillion range. Long-path absorplion spectroscopy with
lead salt diode lasers has profited from the recent development of tunable IR lasers.™” Very high spectral resolution,
together with increased sensitivity and time response, are possible using the technique of tunable diode laser absorption
spectroscopy (TDLAS). TDLAS has been performed both with open atmospheric paths and with confined air samples
in long-path cells. The technique is not as universal as FT-IR spectroscopy, owing to the limited tuning range of asingle
diode laser.”® Fried er al." have reported results based on a laboratory study for detecting the important atmospheric
molecule HClusing a tunable diode laser coupled with a multipass White cell. These authers also claim that in working
with very low concentrations of the highly polar HCl molecule they have encountered problems arising from surface
interactions of HCI with the White cell and the inlet plumbing. This has led us to undertake a systemalic study of the
interaction of atmospheric trace gases like HCI, NO, and SO,, with the tubing materials used for transperting the gases

from the main reservoir to the absorption cell. Thus, in the present work, we report absorption cross-sections of the -

individual rotational lines of the atmospherically significant molecules, namely HCI, NO, and SO,, in the gas phase,
when these gases were passed through tubes made of different materials, such as aluminum, copper, stainless-steel, and
teflon. The measurements were done using a Nicolet Magna-IR 550 Fourier Transform infrared spectrometer. The
objective of the present paper was to idenlify and characterize various wbing materials with respect to their absorption
features, sc that specific tube-gas combinations may be used to overcome the difficulty of measurement problems
associated with a significant loss of sample concentration via adsorption on surfaces of tubings and associated
instrumentation.
EXPERIMENTAL

The infrared spectra were recorded using a Nicolet Magna-IR 550 Fourier Transform spectrometer. A 10-m

path length multipass absorption cell was used for recording the spectra,'® A quasi-static system was used for recording

the spectra of the sample gases. Tubes of one meter length and made of different materials, namely aluminum, coppe.
stainless-steel and teflon, were used for recarding signaturé spéctra of specific gas samples and to examine the reactivit:
of the sample with the tubing material. Resolution was setat 1 cm™ for recording of the FT-IR spectra under quasi-stati:
conditions for HCI and SO, gases, and at 0,25 em™! for recording the FT-TR spectra of NO. Thirty six scans (with 1 cm’

.and 0,25 cm'' resolution) were co-added after subtraction of the backgraund, each time a sample was examined, and th
o p

results were superimposed and averaged for final spectral display. The time required to record each spectrum was les
than five minutes. KBr windows were used in the sample cell for better transmission in the mid-infrared region.

Hydrogen chloride (HC!) at a pre-mixed concentration of 529.0 ppm in Ny; nitric oxide (NO) at a pre-mixe:
concentration of 503.0 ppri in N,; and sulfur dioxide (SO,) at a pre-mixed concentration of 484,0 ppm in air, obtainec
from Scott Speciality Gases, Inc., Plumsteadville, PA ,were used. The absorbances were measured for the rotationa
lines of the fundamental bands of HCI for pressures in the range 100-1000 Torr, and for the NO molecule in the range
100 - 300 Torr. Absorbances were also measured for'the individual rotational lines corresponding to the three mode:
of vibration (v,-symmetric stretch, u,-symmetric bend, and v,-antisymmetric stretch) of the SO, melecule for pressure
in the range 25-150 Torr. Characteristi¢ features were obtained for HCl in the spectral range 3100 - 2600 cm!, for NC
in the-range 1950 - 1780 cm™', and for sulfur dioxide in the range 1425 - 400 cm™. A graph of absorbance versu:
pressure was plotted for all of the observed rotational lines for the three atmospherically significant molecules, and il
was found that the absorbance was linearly proportional to the pressure range chosen, thereby validating the Beer-
Lambert law:

| =1y exp(-a, Nx/), (1

where 0, Is the absorption cross section, / the length of the absorption cell and N the molecular dcnsrty as a function
of pressure given by N = (N, * P, J/RT, where N, is the Avogadro Number, P, the total pressure of the gas, R the
molar gas constant and T the temperature. The absorbance of each line was then given by A = (I/1), where |, is the

incident intensity and | the absorbed intensity.

RESULTS AND DISCUSSION

Hydrogen Chloride: FT-IR Spectra and Analysis

The FT-IR spectra of the fundamental (1-0) band of the diatomic molecule 'H*Cl and its natural abundance
isotopomer '"H*’Cl were recorded in the spectral range 3100 - 2600 cm™ in dry N,, ata resolution of | cm™!, and with
gas pressures of 100-1000 Torr under quasi-static conditions using | meter tubes made of aluminum, copper, stainless-
steel and teflon, respectively. The main purpose of recording the fundamental band of HCI using the FT-IR
spectrometer was to monitor the changes in the intensities of the individual rotational lines in the spectra when the
experimental gas was subjected to flow through différent tubing materials. The absorbances of ten rotational lines of
the P and R branches for both 'H*Cl and "H*'CI for six different pressures (100, 200, 300, 500, 700 and 1000 Torr)
were measured when the gas was flown in turn through aluminum, copper, stainless-steel and teflon tubes. Small
changes in the spectra of the experimental gas can be quantitatively understood by calculating the absorption cross-
sections for each observed rotational frequency. In the present work, we have calculated the absorption cross-sections
by plotting the absorbance versus pressure and using the Beer-Lambert Eqn. (1), . 1t was found that the absorbance
showed a linear relationship to the amount of HCI present in the gas cell, confirming the validity of Beer’s Law for the
pressure range employed in the experiments (See Fig. ). Based on the slope of the plot of absorbance versus P, the
absorption cross-sections for the observed rotaticnal lines for both 'H¥Cl and 'HY'CI were determined. The calculated
absorption cross-sections for 'HY’Cl are given in Table |, From the data given in this table, it is evident that there was
greater detectable variation in the absorption cross-sections when the gas was passed through aluminum and copper
tubings, in contrast to the values of absorption cross-secticns obtained when the gas was passed through stainless steel
and teflon tubings. The absorption cross-sections for both 'H™Cl and '"H*’Cl are shown for comparison in Fig. 2 when

the gas was passed through aluminum tubing.

Nitric Oxide: FT-IR Spectra and Analysis
Nitric oxide is produced in the earth's atmosphere mainly by the oxidation cfnxtrous oxide (N,O, a by-product

of microbial metabolism) by the excited atom of oxygen (in the 'D state), and to some extent by high-altitude aircraft,
nuclear blasts, volcanoes, and lightning."” Unlike HCI, the ground state of the NO molecule is a ’II, state. The rotational
structure of a band of the *[I-*II system gives rise to 12 branches. In the present work, because of low resolution (0.25
em™), it was possible to observe only the P and R branches of both the *II,,-*1, , and *II, -*I, , systems as shown in
Fig. 3. In the present work, our main goal was to record the fundamental (1-0) band of the nitric oxide molecule using
the Fourier Transform spectrometer when the gas was subjected to flow through different tubes made of materials like
aluminum, copper, stainless steel and teflon, in order to understand qualitatively and quantitatively the changes in the
spectra. Our quantitative analysis was focused mainly on estimating the absorption cress-sections from the observed
absorbances at five different pressures (100, 150, 200, 250 and 300 Torr). As mentioned in the previous section, the
absorbances of 21 lines of the P and R branches of the two systems were measured for five different

pressures., It was found that there was an increase in the absorbance as the pressure of the NO gas was increased in the
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Table 1. Absorption cross-sections* for 'HYCI (under quasi-static conditions) when the gas was passed through

different tubing materials. :

v (cm')  Absorption Cross-Section (¢,)% 100 em? | v{em') Absorption Cross-Section (0,)* 10* cm?®
R()) Al Cu o Tef P(J) Al Cu SS Tef

3004.00  1.87(8) 1.83(8) 1.69(8) 1.67(8)
502360  2.83(8) 273(8) 2.55(8) 2.53(8) | 2862.97 1.87(8) 1.82(8) 1.69(8) 1.68(8)

|
294271  2.87(8) 2.78(8) 2.60(8) 2.58(8) | 284158 2.65(8) 2.55(8) 2.38(8) 2.65(8)
2961.10  2.79(8) 2.81(8) 2.55(8) 2.50(8) | 281951 2.78(8) 2.68(8) 2.50(8) 2.78(8)
2978.66  2.40(8) 247(8) 2.19(8) 2.13(8) | 2796.91 2.43(8) 2.34(8) 2.20(8) 2.43(8)
2995.78 1.66(8) 1.60(8) 1.49(8) 1.46(8) | 2773.77 1.93(8) 1.87(9) 1.74(8)  1.93(8)
3012.12 1.10(8) 1.05(8) 0.98(8) 0.96(8) | 2750.09 1.42(8) 1.35(8)  1.27¢8)  1.42(8)
3027.73 0.8 (1) 0.728) 0.66(8) 0.63(8) | 2725.88 0.92(8) 0.88(8) 0.84(8) 0.92(8)
306271 0.5 (1) 0428) 0.38(8) 037(8) | 270113 0.51¢8) 0.49(8) 045(8) 0.51(8)
3056.81 0.3 (1) 024(9) 0.19(9) 0.17(8) | 2675.96 0.3(1) 0299 0.25(9) 0.26(9)
10 3072.92 03(9) 02(8) 04(8) | 265019 02 (2) 0.12(9)
The number in parentheses indicates the estimated error for the absorption cross-section based on the uncertainty in
the slope. Abbreviations are: Al-Aluminum: Cu-Copper: SS- Stainless-Steel: Tef: Teflon.

O 00 1 R h B L B — O

10-m path length cell. Absorption cross-sections were calculated from the slope of the straight line obtained from the
absorbance versus pressure plots. The straight line plot confirmed that Beer's law holds good for the pressure range
of the NO gas used. Absorption cross-sections were calculated for all the observed rotational lines of both the M-l
and *IL,,-"I1;, systems . Table 2 summarizes the absorption cross-sections for the R and P branches of the *IT,,,-'IT,,
transition when the gas was passed through the four tubing materials, A detectable variation in the absorption cross-
sections was observed from this table when the gas was passed through aluminum and teflon tubings, as compared to

copper and stainless steel tubings.

Sulfur Dioxide: FT-IR Spectra and Analysis
Sulfur dioxide is known as an important constituent for both planetology and astrophysics since it is present

on Venus and in intersteilar clouds. Itisalso significant for terrestrial atmospheres because large amounts of SO, can
be expelled from strong volcanic eruptions. For example, the volcanic eruption of Mount Pinatubo in the Philippines
released approximately 20 million tons of sulfur in the atmosphere in June 1991, Once the SO, molecules are present
in the stratosphere, they are converted into sulfate aerosols, which affect both climate and stratospheric chemistry.
Spectroscopic methods are used as standard techniques to track atmospheric concentrations of the 80, molecule. High
levels of sulfur dioxide were observed from remote infrared measurements shortly after massive volcanic eruptions.'*"
In the present work, our main goal was to quantitatively determine the reaction of SO, with different materials, so that
one can emphasize the use of a particular material to transfer the experimental gas from the main reservoir to the
absorption cell, and to overcome the loss of concentration from the gaseous adsorption on available surfaces. The
fundamental bands of 8O,: v,= 115171352 em-1, v,;=51 7.8724 cm' and v,=1362.0603 cm’' were recorded

using the FT-IR spectrometer at | cm’' resolution for five different pressures (25, 50, 75, 100, 125, and 150 Torr) when
the gas was passed through aluminum, copper, stainless-steel and teflon tubes. The absorption cross sections were
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Table 2. Absorption cross-sections* for the R and P branches of the I, - 11, , transition of '*N'*O (under quasi-static
conditions) when the gas was passed through different tubing materials

v (cm™") _ Absorption Cross-Section {g,)*10% em?| v(cm') Absorption Cross-Section (g,)x10% cm’
J R Al Cu SS Te P Al Cu SS Tef

0.5 1881.07 3.47(39) 2.92(39) 2.67(39) 3.29(39)
V5 188434  6.82(39) S5.18(39) 5.48(39) 5.40(39) 1871.08 3.71(39) 2.98(3%) 2.77(39) 3.09(55)
2:5 1887.60 11.46(39) 8.29(39) 8.44(39) 8.71(39)| 1867.73 6.46(39) 5.73(39) 4.89(39) 5.63(39)
k) 1890.81 11.22(39) 9.20(39) 8.86(39) 9.36(39) | 1864.25 6.79(39) 5.56(39) 4.96(39) 5.95(39)
4.5 1893.94  9.34(39) 7.71(39) 7.62(39) 8.61(39)| 1860.79 7.05(39) 5.88(39) 5.98(39) 6.17(39)
55 1897.04  9.08(39) 6.92(39) 7.00(39) 7.40(39)| 1857.29 7.13(39) 6.23(39) 5.43(39) 6.1 7(39)
6.5 1900.10  8.44(39) 6.93(39) 6.46(39) 7.18(39) 1853.76  8.26(39) 6.72(39) 6.48(39) 6.60(39)
T 1903.16  8.78(39) 6.90(39) 6.67(39) 7.30(39)| 1850. 19 7.41(39) 6.23(39) 5.90(39) 6.65(39)
8.5 1906.18  8.97(39) 6.89(39) 6.62(39) 7.21(39) | 1846.60 7.95(39) 6.23(39) 5.94(39) 6.36(39)
9.5 1909.16  8.10(39) 6.37(39) 6.08(39) 7.02(39) 184296 6.78(39) 5.68(39) 5.62(39) 6.24(39)
10.5 1912.10  8.08(39) 6.61(39) 6.09(32) 6.84(39)| 1839.30 7.37(39) 6.46(39) 5.64(39) 6.58(39)
11.5  1915.01 7.32(62) 6.05(62) 5.77(39) 6.30(62) | 1835.59 6.93(62) 4.84(62) 5.35(39) 5.62(62)

12,5 1917.95 25.38(39) 8.30(39) 7.13(39) 9.51(39)| 1831.85 6.35(39) 5.06(39) S5.11(39) 5.15(39)

135 192074  633(39) 4.76(39) 4.75(39) 5.04(39)| 1828.08 5.83(39) 4.20(39) 4.61(39) 4.97139)
145 192353  6.0239) 5.09(39) 4.16(39) S5.11(39)| 1824.27 4.68(39) 4.20(39) 4.13(39) 4.10(39)
155 192632  6.02(39) 4.18(30) 3.79(39) 434(39)| 182044 4.56(39) 3.42(39) 3.12(39) 3.54(39)
165 1929.06 4.40039) 3.87(39) 3.55(39) 3.67(39)| 1816.56 3.97(39) 3.32(39) 3.03(39) 3.17(39)
175 193175  4.15(39) 2.92(39) 2.93(39) 3.14(39)| 1812.66 3.42(39) 3.10(39) 3.05(39)
185 1934.42  3.30(39) 2.48(39) 2.58(39) 2.45(39)| 1808.72 2.96(39) 2.08(39) 2.28(39)
195 1937.05 2.57(39) 2.02(39) 1.99(39) 2.93(39)| 180475 2.60(39) 1.88(39)

205 1939.64  1.70(39) 1.70(39) 1800.74 1.77(39)

21,5 194223 1.48(39) 1.48(39)
Ssame Footnote as in Table |,

calculated from the slopes of the plots of absorbance versus pressure and are given‘in Table 5 for the three modes of
vibration. An evaluation of the data presented in Table 3 indicates that there was no appreciable variation in the

absorption cross-section when the gas was passed through four different materials confirming that the SO, gas is fairly
inert compared to HCl and NO, as far as reactivity with aluminum, copper, stainless-steel and teflon are concerned.

CONCLUSION
Hydrogen chloride, nitric oxide and sulfur dioxide are trace gases that are present in the atmosphere and arc
important for the understanding of stratospheric ozone depletion, global warming and smog formation. A sensitive
Fourier Transform infrared spectrometer was used to measure the absorbance of HCI, NO and SO, for various pressures
when the gases were passed separately through four different 1-m long tubings of aluminum, copper, stainless-steel anc
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\ble 3. Absorption cross-sections® for the rotational transition associated with the v,, v,, and v, vibrational modes of
), (under quasi-static conditions) when the gas was passed through different tubing materials
v (cm’) _ Absorption Cross-Section (0,)* 0% cm?] v (cm')  Absorption Cross-Section (0,)% 10 cm’

No v, mode Al Cu SS Tef v. mode Al Cu 5SS Tef
i 1122.279 1.71(7) 1.673(3) 1.79(8) | 494.301 2.7(9)  2.56(1) 3.183(7) 3.021(8)
2 1139.683  2.66(7) 2.66(7) 2.62(7) 2.78(9) | 497.148  3.13(7) 3.5(1)  3.10(7)  3.94(7)

3 1163307  297(7) 3.33(7) 335(7) 3.48(9) | 503209 4.01(7) 3.77(6) 3.46(7)  4.37(9)

4 1173346 2.34(7) 2.25(7) 230(7)  2.46(9) | 522.773 1.87(9)  1.9(1) 1.54(9) 2.34(9)
No v, mode Al Cu SS Tef

107 2.18(9)
28(7)  2.40(9)
04(7)  2.14(9)
96(7) _ 3.14(9)

1 1342.679  2.14(7) 2.07(7)

2 1349.671  2.35(7) 2.28(7)

3 1356.880  2.10(7) 2.05(7)

4 1371.690 3.04(7)  2.95(1)
:ame Footnote as in Table 1.

|5 I S IS B A ]

sflon. The absorption cross-sections were determined from the plots of absorbance versus pressure for the observed
stational lines of the fundamental bands of HCI, NO and S0,. The plots confirmed the validity of Beer's law for the
ressure range used. Detectable differences in absorbance and absorption cross-sections for the various tubing-gas
smbinations were observed. For the HCI molecule, based on the values of the absorption cross-sections, it was
sncluded that metallic materials (i.e Al and Cu) showed a greater change in absorption, whereas stainless steel and
:flon tubings were comparatively incrt. The absorption-cross scctions calculated for the NO molecule showed that
rere was a greater change in absorption when the gas was passed through aluminum and teflon tubings, as compared
» copper and stainless steel tubings. On the other hand, the absorption cross-sections calculated for the S0, molecule
howed no appreciable variation in absorption when the gas was passed through aluminum, copper, stainless steel and
:flon tubings. Thus, we can conclude that greal care should be taken in reporting the absolute concentrations of trace
1olecules of relevance for atmospheric and stratospheric modeling considerations, since one must include the reaction
fthe gases with tubing materials employed in the inlet and outlet plumbing of the equipment used.
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Abstract

Measurements of Raman gain in a Ba(NO;), crystal are reported at 532 nm using a Raman oscillator/amplifit
arrangement for differential absorption lidar measurements of ozone. The experimentally determined gai
coefficient will be compared with theoretical results. The effect of single and multi-longitudinal mode pumpin
upon the amplification process will be discussed. Measurement of the Raman linewidth for 1*, 2™ and 3" stok
shifts are presented,

Introduction

The Raman shifting method has been used to help widen the spectral coverage of lasel
for various applications. Raman shifting is based on stimulated Raman scattering. This is a
inelastic scattering process in which light from a laser at wavelength A is converted into light :
another wavelength Az, which is the result of excitation or deexcitation of an internal resonanc
mode in the Raman medium. Radiation at the shifted wavelength A; experiences gain at th
expense of the incident laser radiation. Raman scattering occurs in liguids, gases, solids an
plasmas. It can involve transitions between electronic states, rotational or molecular vibration:
lattice vibrations, spin states in semiconductors or electron waves in plasmas. Raman scatterin
is a two photon process and obeys the selection rules for two successive dipole transitions [1].

The first single pass Raman scattering in crystalline barium nitrate, Ba(NO3);, pumped
1064 nm by a Q-switched frequency doubled, Nd:glass laser was reported in 1980 [2]. Late
work was published on Raman scattering in Ba(NO;); pumped at 532 nm by a Q-switche
frequency-doubled, Nd:YAG laser [3,4]. Preliminary experiments [5] at NASA LaRC suggeste
that a Ba(NQj3); Raman laser could serve as a compact solid state replacement to other existin
lasers for uv lidar measurements. A Ba(NO;z); Raman crystal pumped at 532 nm by a frequenc
doubled Nd:YAG laser will create first Stokes (shifted wavelength) laser output at 563 nm an
second Stokes output at 599 nm with very high efficiencies.

Preliminary results on a compact visible Ba(NOs): Raman laser have been obtainex
From these initial experiments we obtained a total conversion efficiency greater than 65% at 3
Hz PRF for first and second Stokes [6]. Optimization of the Ba(NOj); laser system can b
accomplished by modifying the laser design to better mode match the pump beam with th
resonator mode, enabling the pump photons to make more passes in the resonator before leavin
the resonator, selecting the mirror reflectivities to suppress unwanted Stokes lines, and b
accounting for the thermal lensing and birefringence effects in Ba(NO3)s.
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