PRESSURE BROADENING OF THE LOWEST ROTATIONAL TRANSITION OF OH

STUDIED BY LASER MAGNETIC RESONANCE
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Pressure broadening of theJ = 5/2 — 3,2 rotational transition of Ol X 2!’!3,2 has been investigated. Line broadening pa-
rameters for collisional relanation of OH by He, Ar and NO, are: 20y x = 1.77 * 0.06. 3.94 = 0.03. 3.08 = 0.07 \1l1z/Torr.

1. Introduction

The hydroxyl radical plays an important role in
atmospheric chemistry and its presence in the inter-
stellar medium has been known for many years. Al-
though widely studied by high-resolution spectroscopy
in the laboratory and by radioastronomy detailed
knowledge of linewidths and line-broadening param-
eters of microwave and infrared transitions is relatively
sparse; most measurements refer only to specific pres-
sures.

We report here measurement of the collision-in-
duced broadening of the J = 5/2 « 3/2 (211;,) transi-
tion in OH v =0 at 118.6 um over a ten-fold pressure
range using far-infrared laser magnetic resonance
(LMR) spectroscopy. This technique is well suited for
studying the pressure dependence of linewidths be-
cause its inherent sensitivity permits investigations
over a wide pressure range. In addition the dominant
contribution to the linewidth of the transition changes
from Doppler to collisional broadening between 1 and
10 Torr and this effect can be clearly detected and in-
vestigated. Previous microwave studies [1.2] on pres-
sure broadening were limited tothe F=4~4and 5
< 5 transitions within the J = 7/2 orJ =9/2, 211312
levels using NO, and H,O as broadening gases at pres-
sures between 10 and 60 mTorr.

2. Experimental

The LMR spectrometer has been described in detail
elsew here [3.4] . The signals were detected using a
Golay cell or liquid-helium cooled bolometer and dis-
plaved in first-derivative form following phase-sensitive
detection. The magnetic field was modulated with a
sinusoidal waveform usually at 35 Hz applied through
coils mounted on the magnet pole faces. The magnetic
field was calibrated (0.5 G) with an NMR gaussmeter.

OH radicals were produced by a 2450 MHz dis-
charge in water vapour or by the reaction of H atoms
with NO, . Using either source the partial pressure of
the source gases was always < 0.1 Torr. For NO,
broadening studies hydrogen atoms were produced in
2 Torr helium to prevent back diffusion of NO, into
the microwave discharge. Pressures of added NO, were
Iess than 3 Torr and under these conditions the
amount of N, O, present was negligible. He and Ar
(99.9%) were dried over silica gel and H, was removed
by passage over copper oxide at 725 K. NO, was sup-
plied at 99.5% purity and residual NO removed by ad-
dition of excess O, followed by trapping and distilla-
tion. Pressures in the intracavity LMR sample cell were
measured by an oil manometer (accuracy =0.1 Torr)
and/or a capacitance gauge (=0.05 Torr).

In LMR several factors other than Doppler and col-
lisional broadening can contribute to experimentai
linewidths. namely power saturation. time-constant
distortion, modulation broadening and magnetic-field
inhomogeneity. The effect of changing these paran:-




eters was carefully investigated and final results were
obtained only after they had been eliminated or as-
sessed quantitatively. Typical scans were 100G in 5
min using a modulation amplitude of 0.5 G with 2 30
ms time constant. The trace was then digitised into
about 40 data points and least-squares fitted to a
Voigt profile [5,6] which yielded the collision-induced
component of the linewidth (full width at half maxi-
mum, YAH, 5). The calculated Doppler width of 7.6
MHz was assumed in the fit and converted to field
units using the g-factors measured by EPR [7]. At low
pressures the nuclear hyperfine splitting was almost
fully resolved and the least-squares routine accurately
fitted the eaperimental line shape of the hy perfine
doublet to yield the hyperfine splitting. However, un-
der experimental conditions where the lines were only
partially resolved. time constants of < 1/60th the line-
width were necessary to remove distortion.

3. Results

The two transitions studied were:
2!‘3[2‘.’, 1‘[], i)

{512, —1/2(=) ~ 3/2, —3/3(+). 8420G
512, Y2A-)<3/2.—1/2(+). 13610G

Fig. 1 shows a typical experimental trace zad the
fit of the Voigt profile to it. All profiles fitted to bet-
ter than 3% RMS of the peak-to-pedk height. The varia-
tion of YAH, j, with pressure of added argon is shown
in fig. 2 (combination of data of both lines). A non-
zero intercept of 3.0 G was obtained for the data from
the 13610 G line. This was attributed to magnetic-
field inhomogeneity over the finite sample volume de-
fined by the region of ficld modulation.

The pressure-broadening parameters apyp x were
identical within experimental error for both lines and
with either source of Oll, and are listed in tuble 1 wath
values obtained by other workers.

The measured hyperfine splittings and those calct.-
fated from published hyperfine constants {7] for J
=3/2 and 5/2 OH X 2[l3, are listed in table 2. Good
agreement is obtained for the low-field line but the de-
viation of experimental and theoretical values for the

13610 G transition cannot be attributed to experimen-
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Fig. 1. Experimental hine shape of the LMR transition at
13610 G and the fit of the Voigt profile to it (e). Pressure of
He 2.6 Torr: detector time constant 30 ms, 100 G sweep in
§ min with fickd modulation ot 0.5 G.
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Figz 2. Vurmation of Voigt full width at half intensity YA M,

as & function of argon pressure. Data points are 4 combination
of both transitions.

tal uncertainty which is < 1% of the hyperfine split-
ting.
4. Discussion

There have been no previous measurements of the
line broadening parameters of rotational transitions of




Table 1

Linc broadening parameter agp, X (MHz Torr™!) for relazation of OH X 2113

Foreign He Ar NO.

gas

ihis work @) ' 1.77 = 0.06 3.94 + 0.03 3.08 £ 0.07
micrownave {(J = 9/2) ref. [2] 3.1 =04
microvave (f = 712) ref. {1} (3.6)

) Uncertainties quoted are two standard deviations for the LMR results.
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Table 2
Measured and calculated EMR hyperfine splittings
Line Hy perfine splitting (G)
position (G)
measured calculated
8120 242+0.3 24.1 0.1
13610 17.2+03 161 x0.1

OH. Nevertheless our results are worth comparing with
microwave measurements on individual rotational lev-
els (hyperfine A doubling transitions). Qur value of
agy x for X = NO, is identical with that forJ =9/2
obtained by Bustreel et al. [2] and both results are
similar to the microwave measurement [1] forJ = 7/2,
although in the latter study the nature of the collision-
al gas is not specifically stated. Although the micro-
wave measurements were made at considerably lower
pressure than the LMR measurements, the combined
data suggest that for relaxation by NO, there is no
detectable dependence of agy; x on rotational quan-
tum number.

Microwave line-broadening parameters for relaxa-
tion of OH by He and Ar have not been reported. The
LMR results in table 1 for relaxation by He and Ar
yield ooy pe = 12.3 A2 and ogy 5, = 52.5 A? assum-
ing a hard-sphere collision model. There are very few
data in the literature on the relaxation of other hy-
drides by these gases but the values of 2q;; y for He
and Ar are reasonable compared with the correspond-
ing values for HCL. Working at much higher total pres-
sures Gebbie and Stone [8] found a strong depen-
dence of 2y x on rotational quantum number atlow
J for HCL, Ar. From their data on the far infrared rota-
tional spectrum 2(J = 0 — 1) = 4.72 MHz/Torr and a(J

=1+ 2)=294 MHz/Torr for Ar,and a(J =0~ 1)
= 1.70 MHz/Torr for He. These results vield o3¢0y a,
=80 A2 and ey e = 12.5 A2, and aycy aclaycr, e

2.8 for the lowest rotational tr:msmon comparcd
with 2011, Arl205, He = 2-2-

Although microwave and LMR measurements yield
similar information on rotational relaxation the former
is restricted to pressures below 1 Torr: this introduces
experimental difficulties particularly with regard to the
nature of the collisional gas. The problem of self broad-
ening or broadening by reactants and products is essen-
dally absent in LMR where it is possible to employ par-
tial pressures of collision partners up to 30 Torr [9].
At these pressures only pair interactions are significant
which is an important advantage over the high pres-
sures needed for techniques where the Doppler or ob-
served width is greater for the unbroadened line. When
combined with the large range of rotational levels that
can be investigated by using different laser lines it ap-
pears that LMR is a promising technique for further
studies of collisional broadening.
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