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1. INTRODUCTION AND SUMMARY

This report summarizes research work performed at the Westinghouse
R&D Center under ONR Contract No. N00014-78-C-0131 "Thallium Mercury
Laser Development”, for the period between Feb. 1, 1979 and January 31,
1980. The major effort was to perform definitive gain measurements on
discharge-excited Tl-Hg laser mixtures and to demonstrate Tl1Hg laser
output at 459 nm if the gain measurement indicated that laser tests were
warranted. Gain and absorption measurements of the discharge containing
high densities of mercury (3 x 10'2 cm™3) and thallium (6 x 101° cm'3)
were undertaken. No transient gain was observed within the Tng* excimer
band at 459 nm; on the contrary, a strong absorption from ng* moleculesl

in this region was detected.
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2. EXPERIMENTS AND RESULTS

A self-sustained glow discharge was obtained in T1-Hg vapors
at temperatures up to 900°C and pressures up to 4 atm. These pulsed
transverse discharges, preionized by UV spark sources placed behind a
screen anode, were diffuse and had dimensions of 8 cm length x 1 cm gap x
0.5 cm width (V = 4 cm3). At temperature above 700°C, strong TlHg
emissions were observed at the 459 nm and 656 nm excimer bands.

The discharge cell was fabricated entirely from quartz,
including two quartz windows which were glass blown to each end for optical
measurements along the tube length. Electrical feedthroughs consisted
of quartz - molybdenum seals, and internal electrode structures were
fabricated from molybdenum as shown in Figure 1. Measured amounts of
mercury (3 x 1019 cm_3) and excess thallium were introduced into the
cell under high vacuum conditions and the tube was then sealed. Thus
the discharge cell operated under all hot, sealed-off conditions with
only quartz and molybdenum in contact with the discharge medium. An
external oven was used to raise the tube temperature up to 900°C. A
stainless steel pressure vessel, as shown in Figure 2, surrounded the
tube and oven and was filled with an inert gas to equalize the pressure
across the quartz discharge cell walls. Three windows in the pressure
vessel side wall permitted visual observation of the diffuse discharge.

A typical glow voltage for Tl-Hg discharges operating at 900°C

was 10 kV. Under these conditions, the mercury density was 3 x lO19 cm-3

and the thallium density was ~3 x 1016 cm-3. The electric field-to-

vapor density ratio, E/N, is 3.3 x 10-16 v cm2 and the current pulse
width is 150 nsec.

Figure 3 shows a schematic of the spectroscopic apparatus.
The time-integrated fluorescence emitted along the discharge tube axis
is shown in Figure 4 for a Tl-Hg discharge operating at 900°C.

The observed emission spectra were
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Figure 1 — TlHg discharge tube with preionizers behind the screen anode.
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Figure 2 — High-pressure vessel employed to contain UV~-preionized,
transverse discharge TlHg laser discharges at pressures
up to 250 psia and temperatures up to 1000°C.
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Figure 3. Spectroscopic apparatus designed to measure the fluorescence,
‘ absorption and gain features of pulsed T1lHg discharges.
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characterized by strong TlHg excimer bands at 459 and 656 nm, originating

from the TlHg (BZZ ) level. Intense Tl fluorescence at the 535 nm

2 2 1/2 2 2
(7 51/2 > 6 p1/2) green transition and the 378 nm (7 8179 -+ g pl/Z)
resonance line indicated strong pumping of the desired T1 (7 sl/2) level

within the glow discharge. The emission intensities of the 535 nm T1
line and the 459 and 656 nm T1lHg excimer bands increased by a factor of
ten as the temperature was raised from 700°C to 900°C. However, the 378
nm Tl resonance line intensity merely doubled over this range, and is
approximately constant for temperatures beyond 825°C. This behavior
indicated radiation trapping of the 378 nm Tl line in this temperature

)
1/2
population to be channeled into the 535 nm Tl line and the 459 and 656

regime. Trapping permitted substantial portions of the T1 (723

nm T1Hg excimer bands. Thus glow discharges in Tl-Hg vapors at elevated
temperatures and pressures appeared to be very effective in pumping the

TlHg excimer (BZZ ) level.

The timilgependence of emission at several temperatures from
the 459 nm T1lHg excimer is shown in Figure 5. The decay time constant
of the TlHg excimer decreased as the Tl density increased (as temperature
increased). The temporal behavior of the emission from Tl* and Tng*
states was found to be identical, and fluorescence decay rates increased
linearly with increasing Tl density. This indicated that, in high
pressure TlHg mixtures, the electron impact can efficiently excite Hg
atoms to their 3p levels. Through a collisional process, most of the
Hg excited atoms combine: with the Hg ground state to form Hgm* (m = 2,3)
excimers. Since the Hgm excimers have long liietimes (>i us), they
appeared to act as energy reservoirs for the Tl and TlHg ; their popula-
tion relaxed primarily through radiation from Tl* and Tng*. From the
dependence of the Tng* excimer decay rates on Tl density (as shown
in Figure 6), the intrinsic lifetime of the Hgm* molecule was found to

be 1.8 pusec, and the rate coefficient for the reaction

* *
Hgm + T1 » TlHg + Hg

was 1.8 x 10_10 cm-3 sec_l.




Emission

Figure 5 — Time dependence of emission of the TIHg excimer at
458 nm, at various temperatures.
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Figure 6. TlHg decay rates as a function of Tl density.

Gain and absorption measurements of these discharges were
performed using a multiline Art laser as a probe. No tramnsient gain
was observed at the peak of the T1Hg* excimer band at 458 nm; on the
contrary, a strong absorption was detected. The time for maximum
absorption at 458 nm was delayed by 150 nsec with respect to the time
of maximum emission, and the decay of the absorption was considerably
slower than that of the emission (as shown in Figure 7). Unlike the
constant absorption observed at 488 nm (out of the TlHg excimer band),
the 458 nm absorption increased with increased Tl density (see Figure 8).
It is believed that the 488 nm absorption was due to Hgm* molecules, but
that the 458 nm absorption was due to some unknown species (probably

*
ground state T1lHg(x)) as well as Hgm .




A =458 nm
920°C

Absorption

Figure 7 — Optical absorption at 458 nm as a function of time (the
upper trace is emission and the lower trace is absorption).
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Figure 8. Optical absorption at 458 nm and 488 nm as a function of
temperature.

Although the transfer of energy fror Hgm* (m = 2,3) into TlHg
was efficient, the formation rate of the TlHg (B) excimer was not fast
enough to produce gain in the Tl-doped, high Hg-density, discharge
medium because of Hgm* (m = 2,3) absorption. Thus, to achieve population
inversion in a TlHg excimer system, the excitation must be more rapid
and/or the Hgm* (m = 2,3) absorption must be minimal. *The formation rate
of TlHg (B) through a three-body recombination from Tl (7s) colliding
with Hg is rapid. By substituting a high pressure buffer gas for high
density Hg, the Hg density can be reduced; this should promote direct
excitation of the Tl as well as reduce the Hgm* (m = 2,3) absorption.
Through this excitation process, population inversion of TlHg (B) mole-

cules may be achieved.
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3. FUTURE WORK AND RECOMMENDATIONS

The results of our experimental study on TlHg indicated that
the transfer of energy from Hgm* (m = 2,3) into Tl* and Tng* is effi-
cient, but that TlHg laser gain would never be*achieved because of Hgm
absorptions. Thus, in order to reduce the Hgm absorption in T1l-Hg dis-
charge without decreasing the three-body collision recombination rate of
TlHg excimers, one must reduce the Hg density and increase buffer gas
pressure. At high buffer gas pressures, TlHg discharges may generate
sufficient Tng* excimers to produce laser gain. In the future, we
recommend dye laser gain measurements of T1-Hg discharges at moderate
Hg density ('\:lO17 cm_3) and high buffer gas pressure (v10 atm) be

performed.
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