This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

t:: JCGETOSCO DA
i (= i_-x_ (=] B

Optogalvanic Detection of CO, Laser Spectra in Electrodeless Radio

Frequency Discharge Plasma

Sung W. Kim*; William E. Jones®

2 Department of Chemistry, Dalhousie University Halifax, Nova Scotia, Canada ® Department of

Chemistry, York University, Downsview, Ontario, Canada

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Kim, Sung W. and Jones, William E.(1985) 'Optogalvanic Detection of CO, Laser Spectra in
Electrodeless Radio Frequency Discharge Plasma', Spectroscopy Letters, 18: 10, 767 — 779

To link to this Article: DOI: 10.1080/00387018508062309
URL: http://dx.doi.org/10.1080/00387018508062309

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018508062309
http://www.informaworld.com/terms-and-conditions-of-access.pdf

04:10 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 18(10), 767-779 (1985)

OPTOGALVANIC DETECTION OF CO2 LASER SPECTRA IN
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ABSTRACT

(W line-tunable 0, laser-induced optogalvanic effects

2
were observed from molecular plasmas excited by the electrode-
less radio-frequency discharge. The optogalvanic effects
were applied to detect laser output spectra and to optimize
laser output power in o, discharge plasmas and to measure
optogalvanic (absorption) spectra in SF6 and NH3 plasmas.

Other applications were briefly mentioned.
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INTRODUCTION

The earlier experiments for co, laser-induced opto-
galvanic effect(OGE)} were carried out in CO2 laser tubes or
in external absorption tubes under the same experimental

(1)

conditions as those in o, laser tubes The sizes of
the absorption tubes were similar to those of laser tubes.
CD2 and its mixtures were excited by DC discharges and
irradiated with non-tunable (single-line) CO2 lasers. The

OGEs in o, and mixture discharge plasmas have been applied

to detect laser output paver(2_4) , to align resonator auto-
matically(3) , to stabilize laser frequencies<5_lo) , and to

measure vibrational relaxation times in CD2 molecules(ll) .

It was already shown that by a similarity of the side-
light spontaneous emissions between RF and DC discharges,

physical processes in 002 and CD‘?-N2 mixture excited by RF

discharge are the same as those by DC discharge(lz) . It was

also found that 0, and mixture molecules in RF discharge

2
produce more electrons and are less dissociated than those

in DC discharge(u) . FRF discharges, therefore, have been

widely used for high-pressure CO2 wavequide lasers(l4) .
In this letter, (1)2 laser-induced optogalvanic effects
were observed and applied to detect 002 laser output spectra

in 002 plasmas and to measure optogalvanic(absorption)
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spectra fram NZO’ SF6’ and NH., molecular plasmas. Other

3
applications were briefly mentioned. In these experiments,
molecules in a small optogalvanic (discharge) tube were excitec
by an electrodeless RF discharge and irradiated with a CW

line~-tunable 002 laser(ls) .

EXPERIMENTAL

‘Fig. 1 is an experimental arrangement for optogalvanic
measurements in molecular discharge plasmas. A conventional
CO2 discharge laser (130 cm long and 2.0 cm in ID) provided
a longitudinal mode which has a spacing of about 100 MHz and
a bandwidth less than 0.5 3. Iaser output power less than
1.0 W from a CDZ—NZ—He mixture was used to eliminate the
saturation effects. The line-tunable CO2 laser from a vib-
rational transition of (00”1 - 10°0) was obtained by scanning
a diffraction grating with 150 line/mm blazed at 6.0 pm. The
single mode was selected by inserting an iris diaphragm into
laser cavity. Laser beam was modulated by a mechanical
chopper with a frequency of 500 Hz and irradiated through an
optogalvanic tube. This tube was 20 cm in length and 1.0 cm
in ID and had two salt(NaCl) Brewster windows.

Molecules were pumped out through the optogalvanic tube

by a low-speed vacuum pump and pressure was nonitored with a
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mercury mancmeter. In order to excite molecules, a Calpitts-
type radio-frequency oscillator with a triode was used(ls) .
The RF oscillator consisted of a capacitor of 10 pF and a
coil with 1.0 pH(13 turns) and provided a frequency of 50 MHz.
Molecules at 0.1 - 3.0 torr were easily discharged with input
power less than 10 W.

Optogalvanic signals were detected by monitoring a
change in woltage across a resistor of 7.8 KQ. Laser beam
transmitted through the optogalvanic tube was measured with
a power meter of detected with a Hg-Cd-T1 photocaonductor
through a 1/4 m monochromator. Both optogalvanic and trans-
mitted signals were sent into an oscilloscope or a Lock-in
Amplifier and processed with integrating times less than
100 ms. The processed signals were recorded on a two-pen

chart recorded.

RESULTS AND DISCUSSION

The electrodeless RF discharge not only excited easily
low-pressure molecules but also provided quiet and stable
(noise-free) plasmas. Therefore, the RF discharge provided
two—orders of magnitude stronger OG signals than those in DC
discharge under these experimental conditions.

By tunning wavelengths of CD2 laser with a diffraction

grating, the line-tunable laser radiation was selectively
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(a)
(b) .
(c)
R-Branch P-Branch

Fig. 2 <0, laser(a), transmitted(b), and optogalvanic(c) spectra

frém 00, (0.5 torr) discharge. Spectra of (c) were magnified
by a faCtor of 40. *s are the corresponding lines, P(20)

and R{20).

absorbed from molecular plasmas and provided OG signals,
which are linearly proportional to laser output signals in
the investigated laser power ranges.

Fig. 2 shows a camparison between optogalvanic and
transmitted spectra fram CO2 discharge plasma in a pressure
of 0.5 torr and laser output spectra measured without gas

and without discharge in optogalvanic tube. 0, molecules

2
were discharged with input power of 0.7 W. OG spectra were

exactly same as laser output spectra. The OG signals were

detected even very low pressures as long as discharge is
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*ig. 3 Optogalvanic signals from 0, (0.5 torr) optogalvanic tube
and laser output power as a function of 032 partial pressure
in laser tube.

maintained. Such OG spectra in @, discharge plasma were
not obtained in DC discharge because of plasma noise.
Fig. 3 shows a strong dependence of OG signals upon
laser output power irradiated. Laser output power was
varied by adjusting o, partial pressures of 00,-N,~He

mixture in laser tube. OG signals in optogalvanic tube
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increased with increasing laser power in laser tube. OGE
in molecular plasmas, therefore, could be used to maximize
or optimize laser output power in laser tube. It was
also found that OG signals increase with increasing discharge
input power and phases are reversed at higher input power.
Negative OG signals at an input power of 1.0 W were reversed
to positive at 7.0 W. This reverse in phase of OG signals
was also observed at higher pressures, which is similar to
that in DC discharge.

NZO laser spectra were also detected by optogalvanic

effect. Several strong OG spectra were observed from N,O

2
discharge plasma in a pressure of 0.75 torr. These were
obtained from lower rotaticnal lines of R-branch transitions
in 10.8 pm-N20 laser and by higher rotational lines of P-
branch transitions in 10.6 pm-CO2 laser. More detailed
experiments of OGE in N0 molecules are underway.

The OG spectra from SF6 discharge plasma were also
observed(Fig. 4). SF6 molecules in pressure of 0.1 torr
were excited with discharge input power of 5.0 W and irra-
diated with laser output power of 0.3 W. Strong OG signals
were measured in strong absorption bands corresponding to
hot bands of SF6 which are quasi-continuum near <I)2 laser
wavelengths of 10.6 ym. More observation and discussion of

OGE in SF6 molecules are found elsewhere(u) .
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R-Branch P-Branch

Fig. 4 Optogalvanic(upper) and transmitted{lower) spectra from
SF6 (0.1 torr) discharge. OG spectra in R-branch were
magnified by a factor of 10. *s are the corresponding
lines, P(16) and R(30).

From NH, plasma excited with discharge input power of
16 W, several strong OG signals were also detected(Fig. 5).
The OG signals from NH3 of a pressure of 2.0 torr were
well consistent with strong absorption bands observed
from a pressure of 760 torr by conventional absorption

spectrosocopy (18) .

CONCLUSION
It is believed that this is the first observation of

optogalvanic spectra from CI)2 discharge plasma which are
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R-Branch P-Branch

Fig. 5 Optogalvanic(upper) and transmitted(lower) spectra from
NH, (2.0 torr) discharge. *s are the corresponding lines
p(30) and R(20).

exactly same as CD2 laser output spectra. 002 and other
molecules were excited with an electrodeless RF discharge
and irradiated by a CW line-tunable CD2 laser. This is

a strong evidence of an interaction between vibrational
populations in CX)2 molecules and electron energy distri-
butions by irradiation of laser beam --—— a change in
populations between upper (00°1) and lower (10°0) vibrational

states and/or ground state in CD2 molecules is resulted
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from a change in gas temperature by a resonant absorption
of laser radiation, thus affecting electron densities.

These experiments also suggested that optogalvanic effects
can be used to detect molecular spectra in discharge plasmas
as an infrared detector which is inexpensive and fast-
response.

By observing optogalvanic signals and absorption of
molecules simultaneously in an optogalvanic tube, bandwidths
in plasmas can be calibrated, thus measuring gas temperature.
By controlling discharge current or voltage and then con-
centrations of ions in polyatomic molecular plasmas, opto-
galvanic effects can be applied to isotop separation.
Tunable lasers in infrared regions make it possible to apply
the optogalvanic effects to high resolution spectroscopy in

molecules.
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