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I. INTRODUCTION

N W ————————

e
" In the search for a short-wavelength laser, the transfer and scaling pro- g‘,% :
poe cesses in the NF-Bi system are being investigated. "“
' Excited nitrogen fluoride, NF(aIA), is a radical with a relatively long ‘
z radiative lifetime and is somewhat immune to chemical reaction or collisional E:"’:':.E
: deactivation. Further, nitrogen fluoride can be efficiently produced by I:::{‘_::
N chemical reaction as proposed by Herbelin and Cohenl’2 and corroborated by f:_f.
I Cheah, Clyne, and Whitef1e1d3 as well as Malins and Setser.l‘ The resonant ' ‘-
- collisional transfer of NF(alA) with 81(6"8) is fast and efficient as shown by }
Capelle, Sutton, and Steinfeld.? These properties suggest that NF(alA) could '_::-j;.::
be employed as a pumping medium in a transfer laser system. ::'.::;'_'
)
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II. EXPERIMENTAL

Our experiments were conducted on the 10-cm flow-tube facility shown in
Fig. 1. The fluorine atoms were produced by the dissociation of NF3 in a dc
discharge with an argon diluent. Thermal dissociation of N,F, in an argon
diluent at 600°K generated NF, according to process 2. Combining fluorine
atoms with NF; in the presence of hydrogen gives rise to NF(aIA) according to
reactions (3) and (4).

NF3 + dc *> F + Ny + side products (1)
NzF‘. + Q > ZNFZ (2)

F + H2 + HF(v) + H (3)

4

H + NF, NF(ala) + HF(v) (4)
Bismuth atoms were introduced into the nitrogen fluoride flow through
vaporization in a heater, as shown in Fig. 2. A boat, containing bismuth
metal, was fabricated from 1/2-in. stainless steel tubing, pinched at one end,
and cut along its length forming a I x 6 cm opening. A heating element,
capable of operating up to 200 W and 600°C, vaporized the bismuth metal. This
assembly is contained within a 1-in. diameter stainless steel cylinder. The

quantity of bismuth atoms emitted was regulated by temperature control and

flow rate of the helium carrier. The mixture consisted of monomers and dimers
in a 2:5 ratio at our nominal run condition of 400°C.® The flow tube velocity

was maintained at 30 m/sec at a pressure of approximately 2.5 Torr.

The action of NF(ala) upon Bi(6%S) to produce Bi(62D) was observed
through the two ports located at 15 and 140 cm downstream of the bismuth
heater. The Bi(6%S) concentration was monitored by observing the absorption
of the 3068 A emission7 from a hollow cathode lamp source with a modified
1/4-m monochromater. Concurrently, the emission from Bi(bZD) at 8758 A was

L3P SR N N A T S A DAL TR P S O IC DIPTSR A T P I R R R LI TR N R P SR L S )
LN S O S A I IE NP ISP I S A I AR S RIS S St S S SO S I X S TR S RO I
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monitored using a 1/2-m monochromater. The concentrations of NF(alA) and e
Bi(62D) were computed using the radiative lifetimes of 7 sec for NF(alA) and - Fr

13

4

0.040 sec® for bismuth. The Bi(648) concentrations were computed following
9

the method of Trainor”’ using a stimulated absorption cross-section ¢ = 7.7 x

10712 cmz, which 18 computed from the radiative lifetime quoted in Ref. 7.
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I1I. RESULTS AND DISCUSSION

The variation of NF(alA) as a function of the N,F, flow rate up to a

3

concentration of about 1.0 x 1013 molecules/cm” at the upstream port is shown

in Fig. 3. The cbnéentration at the downstream port is significantly lower.

The injection of bismuth atoms into the flow produces 31(620) by the

collisional process (S),
NF(ala) + B1(6%S) + Bi(62D) + NF(X3£™) + 16 cm~! (5)

which produces the emission spectrum shown in Fig. 4. The NF(ala) emission at
8742 A and the Bi(62D) emission at 8758 A are readily resolved by our

instrumentation.

The observed effect of NF(alA) upon the Bi(64S) at the upstream port are
illustrated in Figs. 5a, 5b, and 5¢. The graphs reflect typical data for
three different initial 31(648) concentrations in ascending order. In each
case, the ground state concentration diminishes as the Bi(GZD) concentration
increases in relation to the N2F4 flow rate. For cases in Figs. 5a and 5b,
all the available bismuth atoms appear to be pumped, as reflected by the lev-
eling off at the high flow rate end of the excited state curve. Inversion
between the 81(620) and 31(6“3) states of greater than 90% appear achievable.
Such is not the case for the higher 31(648) concentration, see Fig. 5c.

The total bismuth atom concentration observed can be obtained by summing
the excited and ground state concentrations at each “2F4 flow condition.
Typically, there i3 an immediate drop in the total atom concentration, fol-

lowed by a rise to some maximum valve as seen in Fig. 5a. A loss of bismuth E:g
atoms from the excited 31(62D) state could explain the initial drop in total s
atom concentration. The subsequent rise in total atom concentration is «é
believed to be the result of dissociation of bismuth dimers. :}i?ﬁ

In Fig. 6 are shown the observed maximum Bi(62D) concentrations for the ﬁEtE:
initial BL(6%S) concentrations of Figs. 5a, 5b, and S5c. The excited state ;;:J

concentration rises quickly to about 6 x 1010 atoms/cm3, but an additional e
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four~fold increase in Bi(6”S) atoms only yields an additional 20% increase. f_
This behavior is consistent with secondary reactions of Bi(6ZD) with NF(alA). T
NS

This loss of Bi(62D) is even more dramatically illustrated through ?ﬁ

observations at the downstream, 140 cm, port (Fig. 7). The large initial drop ’3

in the B1(6%S) concentration results in a very small increase in Bi(62D) =
concentration. Further, the rise in B1(62D) concentration is directly related ;:_‘_
A

to the rise in Bi(6%S) concentration. e
All of the preceding observations are consistent with :'.‘_::
(B1), + NF(ald) » (B1)*, + 2B1(6%) + NF(X3TT) (6) -~

as the secondary source of B1(6%s) and '_; s

3

B1(62D) + NF(ala) » BiF + N (7) Z-:

as a dominant removal process of the 31(620). :'_::'
Throughout our investigations, a blue glow was observed to fill the flow L :
tube along the ~ 2-m length in a classic diffusion pattern from the metal }‘
.,l

heater. Scans in the 4000 to 5000 A region produced the BiF(A-X) emission .:’_‘:

spectrum shown in Fig. 8. (The band heads are listed in Table 1.) This 'r
=

confirmed the presence of BiF in the flow. Studies are now in progress to DA
further elucidate the reaction mechanisms involved in producing this blue ::::j
emission. ;‘_',::
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Table 1. Principle Emission Spectra Within the
3000 to 9000 A Region

Species Transition A5

B1(62D) 62D - 6%s 8758

A WEEV-ETE B W W-v cumme e - -

- A

NF(ala) . ala - ¥1 8742

BAF(A’D) a3z, v) - (x3, v) 7
I. v = v 'L—'
: 1-0 4232 :
0-0 4368

0-1 4467

T W

0-2 4570 i.'§:I
0-3 4677 Il
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IV. CONCLUSIONS
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Studies have been conducted in a 10-cm flow-tube facility capable of

'

producing NF(alA) in concentrations of about 1013 mol/cm3. 1Into this medium

v "

i was injected bismuth atoms at densities to 2.5 x 1011 atoms/cm3, producing

k 31(620) concentrations of about 7 x 1010 atoms/cm3 at 8758 A. Accompanying

1 this was the corresponding reduction in the 81(648) ground state resulting in
f inversions of greater than 90%Z.

' While inversion has been shown, there appears to be a maximum level of

:i 51(62D) achievable for the available NF(alA) concentrations caused by the

E existence of a loss of bismuth atoms. This loss mechanism is presently under
a investigation so that the potential of using this chemical system to power a
I high energy short wavelength laser system can be more reliably evaluated.
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LABORATORY OPERATIONS

. The Aerospace Corporation functions as an “architect-engineer” for
national security projects, specializing in advanced military space systems.
Providing research support, the corporation's Laboratory Operations conducts
experimental and theoretical investigations that focus on the application of
scientific and technical advances to such systems. Vital to the success of
these investigations is rhe technical staff's wide-ranging expertise and its
ability to stay current with new developments. This expertise is enhanced by
a research program aimed at dealing with the many problems associated with
rapidly evolving space systems. Contributing their capabilities to the
research effort are these indfvidual laboratories:

Aerophysics Laboratory: Launch vehicle and reentry fluid mechanics, heat
transfer and flight dynamics; chemical and electric propulsion, propellant
chemistry, chemical dynamics, environmental chemistry, trace detection;

. spacecraft structural mechanics, contamination, thermal and structural
. control; high temperature thermomechanics, gas kinetics and radiation; cw and
pulsed chemical and excimer laser development including chemical kinetics,

spectroscopy, optical resonators, beam control, atmospheric propagation, laser
effects and countermeasures.

atmospheric optics, light scattering, state-specific chemical reactions and
radiative signatures of missile plumes, sensor out-of -field-of -view rejection,
applied laser spectroscopy, laser chemistry, laser optoelectronics, solar cell
physics, battery electrochemistry, space vacuum and radiation effects on
materials, lubrication and surface phenomena, thermionic emission, photo-

. sensitive materials and detectors, atomic frequency standards, and
environmental chemistry.

. Chemistry and Physics Laboratory: Atmospheric chemical reactions, 'J
.

Computer Science Laboratory: Program verification, program translation,
performance-sensitive system design, distributed architectures for spaceborne
computers, fault-tolerant computer systems, artificial intelligence, micro-
electronics applications, communication protocols, and computer security.

Electronics Research Laboratory: Microelectronics, solid-state device
physics, compound semiconductors, radiation hardening; electro-optics, quantum
electronics, solid-state lasers, optical propagation and communications;

. microwave semiconductor devices, microwave/millimeter wave measurements,

. diagnostics and radiometry, microwave/millimeter wave thermionic devices;

. atomic time and frequency standards; antennas, rf systems, electromagnetic SN -
. propagation phenomena, space communication systems. el

Materials Sciences Laboratory: Development of new materials: mwetals, S
alloys, ceramics, polymers and their composites, and new forms of carhon; non-
destructive evaluation, component failure analysis and reliability; fracture
mechanics and stress corrosion; analysis and evaluation of materials at
cryogenic and elevated temperatures as well as in space and enemy-induced
eavironments.

Space Sciences Labnratory: Magnetospheric, auroral and cosmic ray
physics, wave-particle interactions, magnetospheric plasma waves; atmospheric
and ionospheric physics, density and composition of the upper atmosphere,
remote sensing using atmospheric radiation; solar physics, infrared astronomy,
infrared signature analysis; eftects of solar activity, magnetic storms and
nuclear explosions on the earth's atmosphere, lonosphere and magnetosphere;

. effects of electromagnetic and particulate radiations on space systems: space
. instrumentation.
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