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Under the auspices of the Short Term Innovative Research Program of the
Army Research Office we have been engaged in the development of chemically
pumped visible chemical laser ampliers and oscillators. This effort has now
produced, the first visible chemical laser oscillator operative at 535 nm as
well as indicated several additional promising systems. Our efforts have
focused primarily on the generation of laser oscillation from an amplifying
medium composed of thallium atoms in a temporarily creatded inverted
population distribution. However we have also devoted some effort to the
development of a gallium superfluorescent laser amplifier. We have made’
initial efforts to develop a lead atom (Pb) laser using an extrapolation of
those concepts which have proven successful for the thallium and gallium
systems. Further, we have carried out initial studies to investigate the
potential for the creation of a CuCl gain medium. Here we have efficiently
formed CuCl excited states with radiative lifetimes ranging to 60
microseconds!

We have employed certain unique aspects of a very select group of highly
exothermic simple metal oxidations1 and ultrafast energy transfer2 in order to
.develop the first chemically driven superfluorescent laser amplifiers
operative in the visible spectral region. These laser systems operate in a
pulsed configuration (pulse width ~5nm FWHM) similar to a nitrogen laser and
rely on ultrafast near resonant intermolecular energy transfer from metastable
storage states formed in chemical reactién to subsequently lasing thallium
(535nm) or gallium (417nm) atoms.3

To obtain superfluorescent laser pulses from efficiently pumped thallium
atoms (see attached preprintu) we make use of near-resonant intermolecular
energy transfer from metastable excited states of germanium monoxide, formed
in the reaction of germanium atoms with ozone, and X‘QPV2 ground state

thallium atoms. This energy transfer rapidly populates the thallium 231/2



excited state creating a population inversion with respect to the upper X2P3/2

component of the ground 2P thallium atom configuration (Fig. 1). A system

parameterization indicates that we have observed a superfluorescent laser

pulse (Fig. 2) associated with the thallium 7 251/2 -6 2P3/2 transition whose
duration in a self-terminating system is ~5ns FWHM. The superfluorescent
laser spike intensity is well in excess of ten times the normal 251/2 - 2P3/2

fluorescent ihtensity corresponding to a gain coefficient a > 2.3 cm-1. This
superfluorescent lasing medium constituted by the thallium atom population
inversion has now been employed in a full laser oscillator configuration (3%
output coupling) with a subsequent ~10 fold increase in laser output power
verses that obtained under single pass amplification and a corresponding

increase in the ratio of superfluorescence to fluorescence (I
superfluorescence

/Ifluorescence 2 100).

A similar albeit less pronounced superfluorescent laser spike can be
"generated from the more complex gallium system (Fig. 3) where both the initial

thermal population of the Ga 2P level (Fig. 4) and the possible reaction of

3/2

both the 2P3/2 and 2P1/2 spin orbit components complicates a detailed analysis

of the system. We find a gain coefficient, a N2 cm-1 for this super-

fluorescent laser amplifier. As the population of the P metastable state

3/2
builds to a sufficient level in the thallium and gallium system, the 28

2
P3/2

remainder of the temporal scans depicted in Figs. 2 and 3 corresponds to 251/

2
- P3/2 fluorescence.

172 ~

population inversion is lost and lasing ceases. The light level in the

2

Extension of the T#, Ga Fast Near Resonant Intermolecular Energy Transfer

Concept

Those studies focused on a pump of the thallium and gallium excited

*
states X can be extended. The near resonant energy transfer concept can be
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used as an efficient pump for somewhat longer lived emitters (allowing a
further increase in energy storage in a laser cavity). Replacing the X2P3/2
spin orbit component with a different spin-orbit level or a low-lying
electronic state in a variety of atomic receptors, we generalize the near
resonant intermolecular energy transfer pump-amplification concept to a
broader range of possible lasing configurations.

As applied to energy transfer involving T2, Ga, and In atoms, the results
which we have obtained thusfar indicate (1) the importance of the near matchup
of Si0 and GeO enérgy level increments with the energy level spacing of the
receptor atoms of interest and (2) the potential for operation over a rather
wide range of intermediate (P

3/2) and ground state (P ) level separations.

1/2
With the extension to low-lying electronic étates, the three level excitation
scheme (Ex: Figure 1) offers a considerable range of radiative configurations
(lifetimes) commensurate with a variety of potential lasing transitions.
Making use of a few evaluated and several inferable radiative lifetimes,
we have successfully identified a number of three level schemes where, in
large part, an energy transfer pump from the metastable states of Si0 and GeO
can be accomplished with a near resonant intermolecular energy transfer to a
potentially lasing atomic receptor state whose radiative lifetime varies from
several nanoseconds to several microseconds, the transitions within themselves
covering a range of visible wavelengths. Further, within this pumping scheme,
lasing occurs to a state which is either weakly or strongly coupled to the

ground state, this combination providing a range of pump-amplifier schemes.

Most of the systems considered offer the possibility of pump transitions which

are closer in resonance to Si0O and GeQ than are the energy levels of the Group

111 atoms, Ga, T#, and In. Thus they are potentially more efficient.

The first of these systems which we are pursuing involves a puﬁp

amplification configuration in direct analogy to the thallium and gallium



systems. Particularly, we focus on the pumping of several strongly or weakly

optically coupled transitions in lead where we again make use of the large

3

spin orgit splittings (Fig. 5) characterizing the ground electronic ~P states

of this atom. We are attempting to employ near resonant energy transfer from

Si0 and GeO metastable states to pump the 3PO component of the ground
electronic state of the lead atom.5
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The pump transitions indicated are in closer resonance to SiO and GeO
metastable level separations than are the energy levels of the Group III atoms
Ga, T¢, and In. Thus the energy transfer pump should be inherently
considerably more efficient.

Initial experiments involving the lead system focused on an attempt to
pump the transitions of interest using metastable GeO generated in the
germanium-ozone reaction. The envisioned Ge-03-PbaGeO*-Pb-GeO-Pb* system is
not successful because lead competes effectively with germanium for the

*
available O3 and the reactive branching is dominated by PbO formation. This



initial result suggests an alternate configuration which involves the reaction
of silicon atoms with NO2 to form the metastable states of Si0, these
metastable states subsequently transferring their stored energy to the lead
atom. The Pb—NO2 reaction is not sufficiently exothermic to produce excited
state lead oxide products. Further, there is reason to believe that the very
exothermic Si—NO2 reaction may compete effectively with the mildly exothermic
Pb—NO2 reaction even though coulombic forces are expected to play a greater
role in the latter process. Initial studies of the Si—N02—Pb system are
currently beginning in our laboratory.

We have also carried out some preliminary work involving the study of
highly efficient processes forming the surprisingly long-lived low-lying
electronic states of the copper chloride molecule (CuC?). The data in
Figure 6 demonstrate (1) a strongly pressure dependent emission process
associated with electronically excited CuCP* formation across the pressure
range from near single collision to multiple collision conditions, (2)
significant emission associated especially with the very long-lived CuC?

3

A H2—X12 band system, and (3) the manifestation of ultrafast energy transfer

among strongly coupled CuC? excited states. The reaction sequence

»
Cu(2D) + CB2 - CuCeé + Ce
* ¥* ¢
CuC¢ + M->CuCe + M (collisional relaxation)

* t
CuCe - CuC®” + hv

* t
CuCé - CuCé  + ho
is appropriate to describe the reaction of electronically excited Cu(2D) atoms
*
and the formation and deactivation processes associated with CuCé¢ formation

and emission. As Table 1 taken from Delaval et al.6 demonstrates,
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Table 1

Excited Electronic Excitation Observation Lifetime®
State wavelength (R) wavelength (R) (us)

F 34, (v=0) 4022 3956 6.3

E 'S (v=0) 4333 4333 0.43

D ' (v=0) 4354 4354 0.45

¢ 31, (v=0) 4847 4847 3.2

B 31, (v=0) 4881 4881 3.3

2 31, (v=0) 5271 5271 60

aRelative error can be evaluated to + 10%.

the radiative lifetimes associated with six low-lying states of CuC¢ are all
reasonably long-lived reaching a maximum of 60 microseconds for A 3H2, v=0.
The observed chemiluminescent emission intensities associated with excited
state CuC¢ emission in the sequence above belie the long lifetimes associated

3

with these CuC? excited states. Further, a even longer-lived lower-lying a st

state7 is likely also populated in the above reaction sequence. The v = 11
and v = 12 levels of this a32+ state are virtually isocergic with the v' = 0
and v' = 1 levels of A 3H2. There is evidence of fast near resonant intra-

3 3

molecular energy transfer between the a 5% and A U2 states associated with
these levels.

We believe that the features associated with the A-X emission system at
~518, ~528, ~540, and ~552 nm may form the basis for laser systems at one or
more of these wavelengths. Based upon our recent studies of amplifier

formation in the Na3-X (ce,Br,I) system8 we envision the above sequence

followed by



t or t!
CuCe + ce2 - CuCL’2

to remove the terminal laser level. We hope to pursue this study further in

the near future.
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Abstract
The first purely chemical visible laser system based on an efficient near
resonant energy transfer from metastable excited triplet states of germanium
monoxide, formed in the reaction of germanium atoms with ozone, and X2P1/2
ground state thallium atoms is reported. This energy transfer rapidly popu-

lates the thallium 28 excited state creating a temporary population inver-

1/2
sion with respect to the upper X2P3/2 component of the ground 2? thallium atom
configuration. A system parameterization indicates the observation of a
superfluorescent laser pulse created on the thallium 7 281/2 -6 2P3/2 transi-
tion whose duration in a self-terminating system is ~5ns FWHM. This single
pass éuperfluorescent system 1s converted to a multipass laser oscillator (3%
output coupling) with a corresponding increase in laser output power corre-
lating with a substantial increase in the ratio of superfluorescence to
fluorescence and the display of a significant directionality. This approach,

which makes use of fast intermolecular energy transfer, shows the promise of

extrapolation to several additional systems.



Introduction

The development of chemically driven visible lasers has attracted the
attention of several researchers over the past twenty years. It has been
suggested that most successful electronic transition chemical lasers will
require a two step approach in which chemical energy is released and stored in
a first step and this energy is then transferred to an appropriate laser
medium in a second step.1 We have implemented this approach to obtain visible
chemical laser action in the form of a superfluorescent laser pulse and

2

subsequent laser oscillation associated with the thallium 7 31/2 -6 2P3/2

level is chemically pumped through
3 3

transition where the thallium 7 251/2

energy transfer from the low-lying metastable a 5% and b°T states of SiO and

GeO, the products of a highly exothermic metal oxidation.2

We employ the near resonant fast intermclecular transfer scheme2
] 2 > t
Pump: MO + X2P1/2-)X ( S1/2) + MO (1)
Lasing: X (S,,,) » X (°P,,,) + h S (2)
asing: 172 372 * 0

where the metal oxide excitation is transferred to the thallium atom whence it

is pumped from the ground X 2P1/2 state to the energetically accessible

12 level., Subsequently thallium atoms in the 231
2 2

. o . . 2
level emit radiation via the 51/2 - X P3/2 transition, to the upper P3/2

spin orbit component of the ground electronic state with which they have

electronically excited 25 /2

formed a temporary population inversion. This transition has now been used to
demonstrate superfluorescent lasing action and oscillation.

The success of the outlined approach depends on {1) our ability to
produce copious quantities of the Si0O and GeO metastable energy storage states
in "high quantum yield" chemiluminescent reactions,2 (2) our ability to

produce sufficient thallium atom X2P concentrations and simultaneously

1/2

minimal X2P3/2 concentrations before the processes (1) and (2) are made to

occur,2 and (3) near rescnant (highly efficient) intermolecular energy



transfers (Figure 1) that can take place between the Si0 and GeO metastable

. . ) -2 ,
states and those levels accessible via excitation of the lowest P1/2 spin
orbit component of the thallium atom.

: . 2
Given that the requisite concentrations are obtained, the upper P3/2

component of the ground state thallium atom can act as the terminal level in a
three level laser provided that this state is not populated before the lasing

pump-sequence (1,2) is initiated. Thallium was chosen for initial experiments

3

, 2 . -1 2

because its X P3/2 level is 7793 cm‘ above the X P1/2
-10

ing thermal excitation of this level (N3/2 <10 (N1/2) at T < 1100K) during

vaporization, subsequent entrainment, and passage to the reaction zone, and

level thus prevent-

insuring its population exclusively through the reaction sequence (1,2).
Thallium is also an ideal candidate because it will not coqpete with those
reactive processes forming the metastable states of Si0 and GeO. The T&0Q bond
is weak if not unstable,u any oxidation processes producing it being highly
endothermic.

Experimental - Initial Parameterization

Experimental apparatus designs and procedures for the oxidation of Si and
Ge have been explained in detail elsewhere.2 Here, we focus on the-Ge-O3
metathesis and the Ge-03-Ge0’-TE system. Briefly, germanium was held in a
carbon crucible heated by a tungsten basket heater (Fig. 2(a) - R. D. Mathis).
The metal was heated to temperatures in excess of 1800K corresponding to a
metal vapor pressure in the range 10'1 to 1 Torr to produce a near effusive
vapor further drawn out of the oven region by an entraining argon flow,

7

forming a flux in the reaction zone well in excess of 101 atom/cmz-sec. An

entrained Ge flux will react with N20 under multiple collision conditions to

32+ state of GeO and with 03 to produce the a32+, b3n, and A1H

produce the a
states of GeQ, where triplet state formation dominates this latter reactive

branching.

o



Thallium was placed in an aluminum oxide crucible and heated again with a
tungsten basket heater to temperatures ranging to 1100K (Fig. 2(a)). The
typical maximum operating temperature provides approximately a 1 Torr vapor
pressure in steady flow; the effects of a cooler entraining argon stream were
reduced by heating the argon inlet tube with a Ta wire resistive heater.

Argon carrier gas was passed into connecting alumina tubes and through the top
of the thallium crucible, forming a flow of Té#/Ar directed perpendicular to
and intersecting the reaction zone (Figure 2(a)). The T¢ flux to this zone

18/cmz-sec to w8x1020/cm2-sec.,

ranges from ~ 5x10
The necessary oxidant was introduced into the reaction zone via a

concentric ring injector system (Figure 2(a)). The effect of X 2? atoms on

1/2
the GeO triplet state fluorescence was studied in order to demonstrate
efficient energy transfer from GeO to T#. Here the thallium was introduced

into a clearly visible GeO flame producing a bright green fluorescence.

However, in those experiments in which the temporal behavior of the T¢# (28

1/2)
fluorescence or superfluorescence was monitored, the T¢ and Ge atoms were
first intimately mixed and then the reactive and energy transfer sequences
were initiated through the introduction of ozone. The entire reaction zone
configuration was placed in a considerably larger vacuum chamber (Fig.
2(a),(b)) which facilitated a sharp dropoff in reactant concentrations away

from the reactant mixing region.

Energy Transfer - Concentration Levels and Self-Absorption

Initial experimentsS which monitored GeO* and TP* emission focused on the
observation of the GeO* - Té energy transfer and demonstrated a very efficient
process. The manifestation of this energy transfer was readily observed with
the thallium oven system operative at temperatures ranging from ~800K,
corresponding to a thallium vapor pressure of 10-2 Torr. A clear symbiotic

®
relation could be established between the depletion of the Ge0 a32+ and b3n



2 2 s
emissions and the subsequent enhancement of T& 7 “S-6 "P emission spectra.
Systematic elimination of the reactants involved in the metal oxidation

*
considered demonstrated that the formation of the GeQ metastable species was

required to observe the atomic fluorescence from thallium.5

- . 14
At thallium pressures of 10 2 Torr (Te conc. in rxn. zone ~ 10 /cc), the

2 2 2
12" 11’3/2 (535nm) to T¢ 51/2- P1/2

virtual agreement with the oscillator strength ratio A535/A377.6 = 1.16+0.06.

At thallium pressures close to 1 Torr ([TE] ~ 1016/cc), evidence is obtained

2 2

P2 1727 B3/2 12 ~
5

P1/2 fluorescence features are in the ratio of ~ 8:1. However, it can

(377.6nm) fluorescence is in
6

ratio of T 2S

for self absorption as the intensities of the 2S and 2S

2

readily be demonstrated that the concentration of P atoms produced in the

5

372

reaction sequence (1,2) is far below that required for self absorption. At

the highest Té# 2concentations, the pumping scheme outlined previously and

112

considered in more detail shortly will produce approximately 2 x 10 P T#

3/2

atoms/cc in the reaction zone over the period in which lasing action is

observed. This concentration is some three orders of magnitude less than that

producing no apparent self absorption due to T2 2P

1/72°
Observation of Superfluorescence
. 2 . 2 2
The thallluq 6 P3/2 level is metastable, the 6 P3/2-6 P1/2
(X2P3/2-X2P1/2) radiative lifetime being between 0.1 and 1 second.7 Thus, the
2

P3/2 state atoms must be removed from the mixing and reaction zone either

through diffusion or collisional deactivation (see following) or lasing action
2 C .

1/2-6 11’3/2 transition will be self

terminating. In analogy to the nitrogen laser, the observation of amplified

will cease. A laser operating on the 725

spontaneous emission or superfluorescence preceding a fluorescence component
and at a much greater intensity signals the creation of a temporary population

inversion and the observation of a stimulated emission process.



We have employed a Spex 1704 - RCA 4840 PMT combination in conjunction

2

. . o . 2
with fast temporal monitoring of the emission signal from the S1/2- P3/2 Té

transition to assess this occurrance. The spectrometer was set at 535.1nm to

2
1727 P32

sent to a LeCroy 9400 125 MHz digital oscilloscope and recorded on a

overlap the 23 Té¢ emission feature and the photomultiplier output was
Hewlett-Packard plotter. We have made use of the Ge-O3 reaction, the onset of
metal oxide formation and the subsequent energy transfer sequence being
controlled with the O3 flow through a triggered pulsed valve or a manual
needle valve. With the Ge and T? flows into the reaction zone established (Te
~ 9x1015 atoms/cec, Ge > 2x1012 atoms/cc), the O3 was introduced into the
reaction 2one, initiating GeO* metastable formation and energy transfer to the
TP atoms, with laser emission subsequently detected.

In order to detect superfluorescence, the digital oscilloscope was
triggered by the laser emission at a level set higher than the signal from the
Té fluorescence or the dark current from the PMT. The observed fluorescehce
signal from the thallium 535.1nm line was measured at approximately 50 mV
while the time resolved superfluorescence was measured at approximately ten
times this level with a FWHM of ~ 5 ns (Figures 3(a), 3(b)). It is important'
to emphasize that the trigger indicated in Fig. 3(b) does not correspond to
the introduction of O3 into the system but rather to a flag of the laser
emission level. Further, the 30ns time frame does not correspond to the
reactant mixing time. We monitor the system after reaction and energy
transfer have been initiated and the laser emission corresponding to the
231/2 - 2P3/2 transition builds to a triggering level. When the Spex
monochromator was set so as to monitor T# fluorescence features at 377.7

2 2 2

(Te 723 -6 P1/2) and 352.5nm (T¢ D - 6

172

no signal spike (Figure 3(b)) attributable to superfluorescence was observed.

*
P3/2) or an MO emission feature,



A further intriguing aspect of the GeO' - T2 system which indicates the
system duty cycle is represented in Figure 3(¢). It is possible to observe
repeating superfluorescent spikes while monitoring the 535.1nm, 7251/2-6293/2
Té¢ fluorescence. These spikes result from experimental instabilities which
occasionally reduce the supply of one of the three components required to

produce T2 25 and halt the T# fluorescence for t > 10us, allowing the

172
subsequent recycling of the superfluorescence. That is, if the energy
transfer event is interrupted long enough so as to produce a complete loss of

the fluorescence signal for t > 10us, the 62F’3/2 state of thallium is depleted

to the extent that when the energy transfer sequence is resumed, the

population inversion between the 7251/2 and 62F’3/2 levels is again temporarily
established. An absence of the fluorescence for t > 10us can result from the
loss of any of the reactants from the reaction zone. The 62F’3/2 level

population may be depleted through diffusion out of the reaction-energy

transfer zone and away from the photon path to the detector employed in the
5

«

experiment or through relaxation to the 62F’1/2 level.

Laser QOscillation

In order to convert superfluorescent laser amplification into laser
oscillation, a full cavity configuration was constructed as in Fig. 2(c) with
two Brewster angle windows (Mellos Grio; BK-7 (n=1.519)) optimized at 535nm to
minimize reflectivity losses. The optical cavity consists of two concave
mirrors, one totally reflective mirror whose radius of curvature is 2m and an
output coupler of 3% transmissivity also with 2m radius of curvature. The
cavity length is 30 cm (reaction zone 1-1.5cm) and thus the two mirrors are in
a stable resonator configuration. A HeNe laser which is used to align the
cavity also specifies the region of the much shorter reaction zone which will

be sampled. Note that the "lever arm" formed by the HeNe laser beam about the



reaction zone as it passes through this region central to the 30 cm cavity has
a significant moment as the present system by no means constitutes an optimal
cavity configuration. The large lever arm also complicates cavity alignment.

This laser system was also probed temporally using the 125 MHz digital
oscilloscope in conjunction with two configurations. In the first, the laser
cavity was aligned with the incident slit of a Spex 1704 monochromator set at
535.1nm, operating at 1nm resolution, and placed ~20 cm behind the output
coupling mirror of the laser cavity. The output from the RCA 4840 PMT used
previously to monitor superfluorescence was again sent to the digital
oscilloscope. The signal recorded in full cavity configuration (Fig. U(a)) is
approximately a factor of ten more intense than the superfluorescent laser
pulse recorded in the absence of a full laser cavity and focusing lens (Figs.
2(b),(c)). Further, the superfluorescence to fluorescence ratio increases to
well over 100. |

In a second experimental configuration, we replaced the spectrometer with
a fast photodiode (LeCroix Model 40D Optical Detector - risetime < 1.0ns)
placed 20cm from the laser cavity. The output from this photodiode (Fig.
4(b)) was again sent directly to the digital oscilloscope. The signal level
recorded was approximately three times that from a 1mW HeNe laser impinging
directly onto the photodiode and placed 2cm away. The multiple peaks observed
in the photodiode scan of the laser cavity result from the diffusion of a sub-
stantial thallium atom concentration through the reaction zone and a subsequ-
ent pump-oscillation sequence at different positions within the reaction zone.

In both of the experiments described, when the laser cavity mirrors are
walked from their aligned positions, lasing action can be made to cease and no
signals are detected. We suggest that the combination of results obtained in
the present study demonstrates the temporal and directional characteristics

which are to be associated with the first visible chemical laser.



Discussion - Future Considerations

A consideration of our experimental configuration and reactant
concentrations leads us to believe that the laser emission which we observe is
superfluorescence as opposed to amplified spontaneous emission. Based upon
the geometry of the system and the visual observation of the thallium
fluorescence, we assume a cylindrical amplification zone of length 1 cm and

diameter 1/4 cm, with a 281/2 - 293/2 population difference which corresponds
1 38

initially to a concentration AN = 2x10 /em™. Our estimated reaction length,
2 = 1-2cm is much shorter than the cooperation length, ic = 35 ecm, calculated

from the relation

2,172
:tc = ¢ (Uwe Tsp/(AN))\ )

-1/2 Sy 7

where ¢ = In (27/8 ) = 16 (8, = (aN) (2m) 6x10" ', a = gain

coefficient) is a logarithmic function of 60, the initial tipping angle of the

Bloch vector. The gain coefficient, a = 2.3 cm-1, is determined on the basis

of G = e = 10 for one pass through the reaction zone, Tsp 1S the 231/2
9

radiative lifetime = 7.5x10 ’s, and A = 535.1 nm is the wavelength of the

transition.

An wc much greater than £ indicates that it is reasonable to conclude

that the laser emission corresponds to superf‘luorescence.9

Amplified
spontaneous emission (nitrogen laser), in contrast, requires that ¥ be much
greater than wc.1° For an initially totally inverted superfluorescent system,
¢ typically has a value between 10 and 25 in agreement with our determined
value. Based upon our observed gain, G = 10, and our estimated reaction
length of 1 cm, we determine a gain coefficient, a = 2.3 cm-1. This
coefficient can also be calculated from the relation

a = (T2/Tsp)(AN)A2/81 =33’
9

where T, = 1.1x10" 7 sec is the reciprocal of the inhomogeneous Doppler

linewidth and all other quantities have been defined previously. It is to be



noted that the a value determined in these experiments represents a lower
bound due primarily to the response time of the digital oscilloscope. If we
attempt to correct for this response time, the superfluorescence/fluorescence
ratio may be as much as 2.5 times greater than detected. This would
correspond to an a value of 3.2 cm-1. The agreement between the determined
values of a is quite encouraging.

Finally, the temporal width of the superfluorescence output pulse can be
calculated from the relation

T, (Grrsp/(AN))\z!)
to be 5.3x10'9 sec. This value should be compared to our measured FWHM of ~
5x10-9 sec (Fig. 3(b)).

The extension of these experiments to the remaining Group IIIA atoms,
gallium and indium is complicated by (1) the reactivity of éhe gallium and
indium atoms to those oxidants used to produce the metastable states of SiO
and GeO and (2) the smaller spin orbit splittings of the gallium and indium

2 2

X"P levels leading to the thermal population of the X P3/2 level. Never-
2

theless, superfluorescence associated with the gallium 281/2- P3/2 transition

has been detected at 417nm. These experiments will be discussed in a future

publication.5
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Figure Captions

Figure 1: Energy level diagrams for thallium, Si0O a-x, and Ge0 a-x indicating
the energy matchup between various a-x energy incremevts associated
with v' = 0 and the thallium electronic level structure.

Figure 2: (a) Oven configurations and orientations for (1) the vaporization
of thallium subsequently entrained in argon in a horizontal gas
flow and (2) germanium entrained in argon and subsequently oxidized

32+ and b3H states of Ge0O (and

with O3 to produce the metastable a
the much shorter lived A1n state.
(b) Overview of‘oven systems and photon path to the spectrometer/
PMT detection system for single pass amplification studies. The

1T cem x .25 cm reaction zone was estimated by visual observation of
the T2 fluorescence. The circle indicates the Ge oven system and
the oxidant ring inlet.

(c) Overview of full laser cavity configuration showing aligning
HeNe laser and positions of photodiode and spectrometer - PMT
detectors.

Figure 3: (a) Te 7 281/2 -6 2P3/2 (535.1nm) fluorescence pumped through
energy trans-”er from GeO* (a32+,b3n) formed in the Ge-O3 reaction.
As the 03 source valve opens, the T¢ fluorescence signal
reaches its maximum; with the O3 valve closed the T2 fluorescence
slowly diminishes. Superfluorescence is not detected because of
the temporal resolution of the oscilloscope associated with this
long time scale.

(b) Te 7 281/2 -6 2P3/2 (535.1nm) superfluorescence observed at
a signal trigger level of 0.2V. The trigger of the superfluores-

cence is by signal level and not by reactant mixing which occurs

on a much longer time scale. The measured FWHM is ~ 5 nsec



Figure U4:

compared to 7 ~ 7.5 n-sec, the radiative lifetime of the 7 281/2

level. A return to the fluorescence level is seen subsequent

to the superfluorescent pulse.

2
P32

in a system suffering an interruption of the reaction-energy trans-

(c) Te 7 281/2 -6 (535.1nm) fluorescence + superfluorescence
fer process. In the region (B) we observe a thallium superfluores-
cence signal following an ~10us absence of the thallium fluores-
cence. In the region (C) we return to the T2 fluorescence signal
level following the self termination of the superfluorescence due
to population of the Te 6 2P

3/2
2 \ .
12 - 6 P3/2 (535.1nm) superfluorescent oscillation

level.
(a) T2 7 2S
observed with full laser cavity configuration. The ratio of the
superfluorescence to that fluorescence which foilows after self
termination of lasing action and is barely visible in the figure is
close to 100.

(b) Photediode digital oscilloscope signal detected from laser
cavity with a fast photodiode positioned 20cm from the output
coupling mirror (3% transmittance).of the cavity. The multiple
peaks are ascribed to multiple oscillation regions throughout the

%* %*
Ge—03-T8 - Ge0 -T? - GeO-T? reaction zone.
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