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1. INTRODUCTION

Since cw hydrogen fluoride (HF) lasers operate on the F + H, reaction,
the excited HF(v) molecules are produced in the presence of large concentra-
tions of F atoms. Quigley and wolga1 have measured the rate coefficient for
the deactivation of HF(v = 1) by F atoms. However, the dependence on v of the
HP(v)~-F deactivation rate has not been measured previously, and the theoreti-
cal models have not proved reliable for scaling to the higher vibrational
levels. It has been found eupiricallyz's that HF deactivation rate coeffi-
cients scale approximately as v2.7 when the collision partner is a diatomic
molecule and the deactivation process is an exothermic V-V or V-R,T process.
The object of the present study is to determine the scaling with v of the
HF(v)~F deactivation rates.

In a study of HF(v) deactivation by H atoms, Bott and Heidner® found the
rate coefficients for HF(v)-H deactivation to scale approximately as 1:5:500
for v=1, 2, and 3, respectively. However, the interpretation of the rates
of HF(v = 3) removal by H atoms is complicated by the exothermic reaction

H+HF(v=3)+H, +F (1)

Also, the uncertainty in the ratio of HF(v = 2) to HF(v = 1) rate coefficients
is rather large. Therefore, these data do not provide any degree of certainty
to the v2'7 scaling. Compared to HF self-deactivation, deactivation of HF(v)
by argon (Ar) and helium (He) is so slow/ at room temperature that no measure-
ments have been made. The study of HF(v) deactivation by F atoms has the
advantage that the rate coefficients are much larger than those for Ar and He,
without the complications of a reaction comparable to Reaction 1.

In the present study the laser-induced fluorescence technique has been
used to determine the relative rates of F-atom deactivation of HF(v = 3) and
HF(v = 1). A multiline pulsed HF laser was used to pump HF tov=1, 2, and 3
by sequential photon absorption. The fluorescence decay times of these states
in the presence of F atoms were used to determine the relative deactivation

rates.

‘."_f .'.. < ... _s.;.l' :‘v 'n_\ Lg ;. !'.\f:'u. _\ “:‘ ﬂ:‘f -.-.} \’:. . .‘\.P .‘:F$: '\;\:p. ':n‘;‘:l‘f‘ .Il



11. EXPERIMENTAL APPARATUS AND PROCEDURE

. The technique of creating laser-induced fluorescence by means of sequen-
2,6

tial photon absorption has been used previously in this laboratory to study

Py sk i

the deactivation of HF(v = 1, 2, 3). In such experiments the multiline output
o of a pulsed HF laser passes through a fluorescence cell containing HF. A
X small fraction of the HF is pumped to v = 1 by the 1 + O laser transitions.
;‘ Then, a fraction of this HF(v = 1) i{s pumped to v = 2 and subsequently to
kY v=3Dby 2+ 1 and 3 + 2 transitions, respectively. A schematic of the
B apparatus is shown in Fig. 1.
;} The HF(v = 1) fluorescence was mwonitored with a Texas Instruments indium
;3 antimonide (InSb) detector. The signal across a 1-iQ resistor was amplified

by a factor of 15 with a Perry amplifier and recorded with a 3iomation 805
trangsient recorder. The combined response time of the detector and its asso~
ciated electronics was approximately 1.4 pusec. The recorded signals were

4 ‘ﬁf‘—{;’iﬁl ’

transferred to a Nicolet signal averager (model 1072), where 64 to 512 experi-

By - mental signals were stored and averaged before being displayed on an x-y

o recorder. The detector was mounted transversely to the laser excitation beam,
'.} . with the fluorescence focused onto the active element of the detector by means
¥ of 2-in.~diam £/1.5 calcium fluoride (CaF) optics.

The (3 + 0) overtone emission from HF(v = 3) was monitored with an RCA
gallium arsenide (GaAs) photomultiplier mounted at the far end of the cell.

t,_ The photomultiplier viewed the entire excited volume and collected 5 to 10

\3 times more photons than when it was mounted in the transverse configuration of
- the infrared detector. It was protected from the direct HF laser pulse by a
i 0.63-ca-thick sheet of Plexiglas. A Kodak Wratten filter (87 C) cut out stray
:: light while passing the 3 + 0 overtone emission. No fluorescence signal was
t‘::. measurable without HF flowing in the cell. A 47-kQ load resistor and a Perry
- 070 smplifier (15x amplification) mounted directly on the end of the photo-
multiplier provided a response time of 2 usec. The photomultiplier signals

_ were recorded with the Biomation 805 and averaged with the Nicolet 1072 signal
DY - averager.

4
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&; The flow rates of the He and sulfur hexafluoride (SF6) were measured

. with rotating-ball flow meters calibrated by pressure-rise measurements in a
‘ff . standard volume. Hydrogen fluoride was injected into the main flow through a
;i small Teflon tube sealed into a stainless-steel coupling and regulated with a
§; vernier needle valve. Most of the experiments were run with an SFg partial

pressure of 0.16 Torr and a total pressure of 1.15 Torr. The latter was

‘ﬁa measured with a Baratron model 221 capacitance manometer. The HF partial

N pressure was estimated to be about 0.003 Torr. ;
;:i The He (Air Products, 99.9952) was passed through a molecular sieve trap
. at LN, temperature; the trap was periodically baked out under vacuum at

- 2 elevated temperature. The SF; (Matheson, 99.8%) was used without purifica-
2§: tion. The HF (Matheson, 99X, liquid phase) was purified by pumwping on samples
/w at 77 K to remove the noncondensibles and then was distilled into a Monel

p;; container.

éﬁé Fluorine atoms were produced by a 2450-MHz microwave discharge (80 W)
3*3 ) in a He-SFy gas mixture that flowed through a quartz discharge tube 10 mm in
) inner diameter (i.d.) and 20 cm in length. The discharge tube was connected
~ to the main flow tube approximately 7 cm upstream of the region where the

f; ’ laser-induced fluorescence of HF(v = 1) was monitored. The flow velocity in
hﬁt the 44-mm-1.d. fluorescence cell was approximately 300 cm/sec. The walls of

‘ the cell and the discharge tube (except for the discharge region itself) were
N coated with halocarbon wax in order to reduce the losses of F atoms and HF on

the walls. The F atom concentration, as determined by the effect on the decay

rate of HF(v = 1), increased with microwave power and the SFg flow rate. It
decreased somevhat when the flow was throttled to 5 Torr or when the He flow

rate was increased by a factor of three.

&y | 2O
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For the HF(v = 1) fluorescence measurements, the laser was operated with-
out an output coupler and at a reduced H, flow rate. This increased the
intensity of the HF(v = 1) fluorescence and killed the direct laser pumping of
HP(v = 3). The HF(v = 3) fluorescence due to V-V pumping was still observed,
) but the intensity was much reduced. For these conditions of lower HF(v = 3)
and presumably lower HF(v = 2) concentrations, the fluorescence traces at
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2.7 um were less likely to exhibit the nonexponential decays associated with

cascading from the upper vibrational levels. The higher-intensity traces also
reduced the number of traces required for signal averaging. The HF(v = 3)
measurements were performed with a germanium (Ge) flat-output coupler, and
with the H, flow rate adjusted to optimize the v = 3 fluorescence. For these
conditions the HF(v = 3) was pumped directly by the laser and decayed
exponentially.

The procedure was to adjust the laser for v = 1 pumping and to record the
v = ] fluorescence with and without the microwave discharge. The optical
cavity and gas flows in the laser were then changed for v = 3 pumping, and the
v = 3 fluorescence was recorded with and without the microwave discharge.

This cycle was then repeated.
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III. RESULTS

{} . Sulfur hexafluoride is an inefficient deactivator of HF(v = 1), as it has
: a rate coefficient estimated® to be < 5 x 107 (usec Torr)~l. The partial
3 pressure of 0.16 Torr of SFg should contribute < 0.8 x 1073 ysec™! to the

1

decay rates of ~ 5 x 10-4 usec - observed without the microwave discharge. A

small effect on the decay rates of v 1 and v = 3 was observed when SFg was

.‘J’

Eg added to the flow. However, this effect was usually less than 10X and may

;’ have resulted from changes in the HF partial pressures. Kwok and Cohen®

. reported a value of 1 x 1073 (usec Torr)™! for the rate coefficient of

:t HF(v = 3) deactivation by SF,. This would contribute 0.16 x 1073 yagec”! to

_: the decay rate of 3 to 4 x 10~3 observed for HF(v = 3) without the microwave
‘j: discharge.

;x Since SF; does not contribute greatly to the deactivation of HF(v), we

ﬁg can neglect the effect of removing part of it in the microwave discharge. The
‘:3 discharge breaks up a fraction of the SFg, producing F atoms and most likely
ik sulfur tetrafluoride (SF,), the next stable SF compound. Since the heavy

a5 fluorinated compounds have been ohserved8 to be inefficient deactivators of
;3 * BF, SF, can be expected to be inefficient also. Therefore, we will make the
»ﬁ approximation

N 1/x - 1/t =ar ! e ke (2)
,; on off F

2

}23‘ where Ton and T gg 8T the decay timeg of the fluorescence with and without

> the discharge, k is the rate coefficent for HF(v) deactivation by F atoms, and
" Pp is the pqrtial pressure of the F atoms. The ratio of the rate coefficients
i& for HF(v = 3) and HF(v = 1) deactivation is calculated from the ratio of the
;‘ at"! values obtained for HF(v = 3) and HF(v = 1). The exponential decay times
s, for HF(v = 1) and HF(v = 3) with and without the microwave discharge are

‘. listed in Table 1. They were used to calculate the rate coefficient ratios,
- which had an average value of 20,8 with a standard deviation of 2.0. The

- decay rates of HF(v = 3) are plotted against those of HF(v = 1) in Fig. 2.
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The slope of the data is in agreement with the average of the individual
ratios. The range of conditions was limited by the number of F atoms produced
by the microwave discharge on one hand, and by the deactivation times observed
with no discharge on the other hand. Somewhat longer relaxation times could
be obtained at lower HF concentrations. (Nominal conditions were estimated to
he about 0.003 Torr of HF.) However, lower signals obtained at lower HF con-

centrations required larger numbers of experiments for signal averaging.

Quigley and Wolga1 obtained a rate coefficient of 1.7 x 1011 cm3/mol sec
[1.0 x 10~2 (usec Torr)'ll for the HF(v = 1) - F deactivation rate coeffi-
cient. This value and values of 2.3 x 1074 to 4.6 x 1074 ysec”! for ar~1
obtained for HF(v = 1) yould indicate a partial pressure of 0.023 to 0.046
Torr of F atoms. A 7-t;-152 breakup of SFg down to SF, would produce this

concentration of F atoms.
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I IV. DISCUSSION

+
L)

The rate coefficent for HF(v = 3) deactivation by F atoms was found to be j
faster than that of HF(v = ]) deactivation by a factor of 20.8 £ 2.0. Within

the uncertainties of the measurements the ratio of 2(0.8 is in good agreement

j with the ratios obtained previously for the diatomic molecules of nitrogen
fi (N;), oxygen (0;), deuterium (D), and hydrogen chloride (HC1).2510  1f the
%? rate coefficients scale as v", this ratio implies that n = 2,76 + 0.09. Other .
y 1nvestigators3’4'5 have reported data for vibrational levels higher than v = 3 ;
':@ which also obey the v2.7 scaling. Deactivation rates for DF(v = 1 to 4) have
lﬁ been found!l to scale as v?, where n = 1.9 to 2.0 for exothermic V-V or V-R,T ‘
‘g’ deactivation processes. The scaling does not appear to be sensitive to tem
':? perature,2'3 at least at the reasonably low temperatures of 200 through 800 K. ;
j% The theoretical implications of the v® gcaling of the deactivation rate ;
‘§ coefficients have been discussed in Ref. 11 and will not be repeated here in
W . detail. On the basis of HCl and deuterium chloride (DCl) relaxation rates,
Chen and Moorel2 proposed a deactivation mechanism in which the vibrational
. energy is converted to rotational energy of the initially excited molecule.
‘\ For such a deactivation mechanism, the scaling with v could be expected to
;% depend on the anharmonicity of the excited molecule and its rotational
%“‘ spacing, and not on the properties of the collision partner. Therefore, the i
W scaling should be the same for atomic and diatomic collision partners
iﬂ (excluding endothermic V-V energy transfer processes). We now have deacti~
A vation rate data for an atomic collision partner as well as for a variety of
lf‘ diatomic collision partners. In spite of the variety of masses, vibrational |
:5 frequencies, interaction potentials, etc., these rate coefficients scale as |
N v27 for v =1 to 3.
'; Wilkins' trajectory calculations of HF(v = 1) deactivation by F atoms!3
- resulted in a rate coefficient of 4.7 x 1010 ca3/mol sec at 300 K, somevhat
:E lower than the value of 1.7 x 1011 ca3/mol sec obtained by Quigley and
:: . Holga.l His rate coefficients increased roughly as v instead of as the v2e?
:f observed in the present study. Later studies by Wilkins!® indicate such
K ~'., .

-
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o calculations may be sensitive to details of the potential surface, which might

. account for the failure to predict the v dependence.

b Although the v2.7 scaling is faster than that teconnendedls in the past, "
N the extent of the effect on laser performance will require computer modeling

L~ calculations. Both HF and H are efficient deactivators of HF(v = 3) and can

" be expected to dominate F-atom deactivation in regions where the HF and H

y concentrations have had a chance to build up.
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LABORATORY OPERATIONS

The Laboratory Operations of The Aerogpace Corporation 1s conducting exper-

A0, 844

e
¥y

imental and thecretical f{nvestigattons necessary for the evaluation and applica-
tion of scientific advances to new military space svstems. Versatility and

flexibility have been developed to a high depree by the laburatory personnel in

py ek %

dealing with the many problems encountered in the nation's rapidly developing
space systems. Expertise in the latest scientific developrents is vital to the
accomplistment of tasks related to these probtlems. The laboratories that con-

tribute to this resesrch are:

Aerophysics Laboratory: Llaunch vehicle and reentry aerodynamics and heat
transfer, propulsion chemistry and fluid mechanics, structural mechanics, flight

,‘;3*:‘1 dynamics; high-temperature thermomechanics, gas kinrt{cs ani raffation; vesearch
Fwi in environmental chemistry and contamination; cw and pulsed chemical lasger
‘-g‘:}‘i . development including chemical kinetics, spectroscopy, optical resonators and
als bean pointing, atmospheric propagation, laser effecis and countermeasures.
S
-, Chenistry and Physics Laboratory: Atmospheric chemical reactfons, atmo-
spheric optlcs, light scattering, state-specific chemical reactions and radis-
tion transport in rocket plumes, applied laser spectroscopy, laser chemistry,
battery electrochemistry, space vacuum and radfatfon effects on msaterfals, lu-
drication and surface phenomena, thermionic eaission, photosensitive materials
-f'»; and detectors, atomic frequency standards, and bioenvirommental research and
'_'-, monitoring.
e
A
'f _“ Electronics Research Laboratory: Microelectronics, GaAs low-noise and
J’-i power devices, sesiconductor lasers, electromagnetic and optical propagstion
oy phenomena, quantum electronics, laser communications, lidar, and electro-optics;
ication sct , applied electronice, semiconductor crystal and device
physics, radiometric imaging; millimeter-wave and microwave technology.
EAY
ALY
y 0\ Information Sciences Research Office: Program verification, program trans-
d lation, performsnce-sensitive eystem design, distributed architectures for
} G spaceborne computers, fault-tolerant cosputer systeams, artificial {ntelligence,
é ‘d and microelectronics applications.
ﬁ Materials Sciences Laboratory: Development of new materials: metal mstrix

composites, polywers, and new fores of carbon; component failure aralysis and
reliability; fracture mechanica and stress corrosion; evaluation of materials in
space enviromment; wateriale performance in space transportation systems; anal-
ysis of systems vulnersability and survivability in enemy-induced enviroanments.

Space Sciences Laboratory: Atmospheric snd fonospheric physics, radiation

¥ \ from the stwosphere, density and composition of the upper atmosphere, aurorse
;"x’, and airglow; magnetospheric physics, cossic rays, genetration and propagation of
3‘;‘?*/:. plasma wsves 1in the msgnetosphere; solar physics, infrared astronomy; the
+ effects of nuclear explosions, magnetic storms, and solar activity on the

esrth’s astmosphere, {ionosphere, and magnetosphere; the effects of optical,
electromagnetic, and particulate radiations in space on spac: systewms.
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