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Abstract 

Strong infrared optogalvanic signals have been observed in the region from 
3600-4100 cm-1 for H, He, Li, Ne, and Ar excited in hollow cathode discharges 
as a result of transitions induced among low Rydberg states of the atoms by 
a cw F-center laser. On the order of fifty transitions have been assigned 
in both neon and argon, eleven in helium, and one each in lithium and hydro
gen. Studies of the quenching of helium and neon optogalvanic signals by 
the addition of hydrogen, deuterium and nitrogen to the inert gas plasmas 
indicate that a quasi-resonant process is occurring for the quenching of 
helium n = 4 _,. 6 transitions by H2. The high signal-to-noise ratios ob
served for many of these transitions with only a few milliwatts of laser 
power illustrates the potential of this technique for studying excited states 
of atoms and molecules in plasma environments and suggests the use of atomic 
Rydberg optogalvanic spectra for frequency calibration in the infrared. 

The optogalvanic effect (OGE), in which intense monochromatic light is 
used to cause an impedance change in a plasma medium through the excitation 
of bound-bound transitions, has been rather broadly exploited at visible 
wavelengths with the use of tunable dye lasers. By contrast, only a few OGE 
experiments have been reported in the infrared region. The first of these 
involved the observation [1] of large changes in the voltage across a co2 
plasma tube when lasing occurred and the exploitation [2] of this effect 
for stabilizing the laser. Recently Jackson et al. [3] have used a cw 
F-center laser to study the n = 4 _,. 6 infrared transitions of helium and 
hydrogen in a positive column plasma. We report here the use of a cw F-center 
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laser to detect infrared optogalvanic spectra of H, He, Li, Ne, and Ar atoms 

excited in recombination-limited hollow cathode plasmas. 
The experimental arrangement used in our earliest experiments is shown in 

Figure 1. A Kr+ laser (Spectra Physics 171) operating with a 1-W output power 

on the 647 nm line was used to pump the F-center laser (Burleigh FCL-20), 

which in turn produced powers near 5 mW with the Type FA(II) (KC1:Na) crystal 

used for all of the measurements reported here. The infrared radiation, 

chopped at 500 Hz was directed through a photoacoustic cell (Burleigh) filled 

with dry nitrogen and into one of several commercial atomic absorption hollow 

cathode lamps. The photoacoustic spectrum of residual water in the nitrogen, 

used for wavelength calibration, and the laser-induced voltage change across 

the discharge ballast resistor were simultaneously monitored with separate 

lock-in amplifiers (PAR HR-8, PAR 124A) and displayed on a two-channel XY 

recorder (HP 7046A). The optogalvanic spectra from 3600-4100 cm-1 obtained 

in a sodium hollow cathode lamp with argon fill gas and in a lithium lamp 

buffered with neon are shown in Figures 2A and 2B, respectively. ~1any 1 ines 

appear as doublets due to the existence of a spatial hole-burning mode 

0.03 cm-1 from the fundamental of the F-center laser. Pressures in the lamps 

were in the range 5-10 Torr and the current was near 10 rnA. The laser-in

duced voltage changes were very small, on the order of a few ppm, but the 

discharge noise levels were also very low, resulting in about the same sig

nal-to-noise ratios observed by Jackson et al. in a positive column. In all 
about fifty transitions were found for neon, and assigned to the 4s ~ 4p, 

4p ~ 4d, 4d ~ 4f, and 5s ~ 6p arrays. For argon approximately fifty lines 

Chopper 

I Krypton Laser ~P 171 

~Diagram of experimental 
arrangement used to obtain 
infrared optogalvanic spectra 
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Fig,2, Optogalvanic spectra of argon and neon from 4100-3600 cm-1 obtained with an F-center laser. a) argon spectrum obtained in an argon-buffered sodium hollow cathode Tamp. Pressure ~5 Torr. Operating current= 8 mamps. b) neon spectrum obtained in a neon-buffered lithium hollow cathode lamp. Pressure ~ 5 Torr. Operating current~ 12 mamps. The line marked with an astrisk is 
the lithium 3s-3p transition 

were assigned as 3d+ 5p, 5s ~ 5p, and 5p + 5d. No lines were found in the 
argon-buffered sodium lamps that could be assigned to sodium atom transitions, 
but several broad features were observed, the origin of which has not yet 
been established. A copper and a multielement cathode with neon buffer gas 
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were found to produce all of the same lines observed with the lithium 
cathode, except for a single extra lithium line, which was assigned as 
3s + 3p. Most transitions observed in these commercial hollow cathodes ex
hibited the same polarity, corresponding to a decrease in the discharge im
pedance during the laser irradiation. This is consistent with rec€nt detailed 
modeling [4] of discharge processes which indicates that as populations in 
higher excited states is increased the ionization rates and electron densi
ties increase correspondingly. The large signal-to-noise ratios observed for 
both neon and argon on many lines throughout the frequency region studied 
here and the high probability for extending these measurements to other 
regions (e.g., 10 ~) suggests that the use of optogalvanic atomic spectra 
for frequency calibration in the infrared might prove valuable. 

Our goal in pursuing these infrared optogalvanic experiments is to de
termine whether this technique can be developed for systematic molecular 
spectroscopy studies. Because the need to vary pressures, gas compositions 
and currents requires a specially designed discharge system, we have con
structed a hollow cathode discharge cell similar to those used in the metal 
vapor laser syst€ms developed by Warner et al. [5]. The discharge consists 
of the negative glow confined between two water-cooled copper cathodes and 
an aluminum block anode. The cathode consists of two X-band waveguide pieces 
(6" x 1" x 0.5" outer dimensions) in a parallel arrangement separated by 
0.4", thus forming a discharge channel with a cross section of 0.4" x 1". 
It can be operated at pressures in the range .05-10 Torr at currents up to 
5 amps. The dynamics of a helium plasma in these devices has been worked 
out in detail [5]. The electron temperature is very low (1000°K), the neutral 
gas temperature remains nearambient, and the plasma density is high 
(1013 cm-3), making the plasma suitable for molecular spectroscopy exper
iments. 

The helium n = 4 + 6 infrared transitions studied by Jackson et al. [3] 
were the first to be observed in this system. Our signals were considerably 
larger than theirs, which were detected in a very different type•of plasma 
with current roughly ten times lower than those used here (0.2 amps). As in 
their experiments, the hydrogen n = 4 + 6 line appeared with no macroscopic 
source of hydrogen. An exponential decrease in signal intens.ity is observed 
upon an increase in the pressure. 

Initial attempts to produce a stable hydrogen plasma were met with dif
ficulty. Therefore hydrogen was added in small amounts to a helium discharge. 
The helium transitions were observed to quench more rapidly with the addition 
of a few percent of hydrogen than 1~ith deuterium or N2. It was realized that 
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the dissociation energy of H2 (D0 = 36,119 cm-1) is about 700-1000 cm-l 
greater than the energy gap between n = 6 of He and the He 23s state while 
that of D2 is 1350-1670 cm-l greater. Hence, it seems possible that we are 
observing dissociative collisions of H2 molecules with He* (n = 6) atoms, 
which is a resonant process requiring additional translational energy of 
about 2-3 times kT. In the case of D2 an additional translational energy of 
5-6 times kT is needed, which makes the dissociation much more unlikely. 
This dissociation process must have a very large cross section to compete 
effectively 11ith ionization from n = 6 of helium and thereby decrease the 

size of the optogalvanic signals. These signals exist in the first place 
because the n = 6 level is more easily ionized than n = 4, both because it 
is 0.5 eV closer to the ionization limit and therefore can be ionized by a 
larger fraction of the thermal electrons in the Boltzmann tail and because 
its radiative lifetime is about 3 times longer than for n = 4. When H2 is 
added to the plasma the laser possibly effects a "trading" of one n = 4 He 
for two ground state H atoms and a 23s He atom, which cannot be ionized by 
the thermal (0.1 V) electrons. No difference in the effects of adding D2, 
H2• or N2 on neon OGE signals was detected. Clearly some interesting reson
ance effects are operating in the He/H2 system. 

Very recently we have found that the strongest helium OGE signals actu
ally change sign when about 10% H2 is added, and in addition exhibit a large 
phase shift of 35° relative to the pure helium case at modulation frequencies 
from 3-5kHz. Although no sign reversal of the signals was observed when D2 
was added, it too caused a large phase shift. Changes in the kinetic processes 
involved in producing the optogalvanic signals on a millisecond time scale 
is evidenced by these phase shifts, probably resulting from diffusion of 
heavy particles in the plasma. 
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