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distribution is broader for Cl4-DI than for H+X,, and
apparently for Cl4-HI than for CI4-DI. This is likely
to be connected with the tendency for a light central
atom to “clout” the departing halogen atom; a ten-
dency which would be even more marked for Cl4+HI
than Cl4+DI1?® (4) There is increasing evidence that
the LEPS equation with spectroscopic values for 8 gives
an interaction which operates over too short a range.
In the present work, and also in trajectory calculations
on the reactions of “hot” T, it proved necessary to
increase the range of interaction between the reagents.
The failure of our trajectory calculations to account
for the vibrators in low v levels for Cl4-HI could be due
to the fact that the range of interaction between the
products was not increased, and hence there were too
few secondary encounters.

* This work was supported by the National Research Council
of Canada, the U.S. Air Force Cambridge Research Laboratories,
and the Petroleum Research Fund administered by the American
ChemicalfSociety. We are indebted to the Institute of Computer
Science, University of Toronto, for the use of their facilities. Three
of us (K. G. A,, W, H. W,, and K. B. W.) thank the National
Research Council for scholarships.
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Vibrationally excited 1,1,1-trifluoroethane can be
produced by radical combination.! Subsequent elimina-
tion of HF distributes 60-80 kcal of energy between
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the products. We have found that this sequence of
reactions produces hydrogen fluoride laser emission:

CF;s+ CH;— CF;CH3f—CF.CH,+ HF .

Emission has been observed from both HF and DF in
2= 1—0 and v=2—1 transitions, but no 3—2 emission
was detected. Table I lists the observed frequencies,
threshold times, and identifications.

Typically a mixture of CH3I(CD;I) and CF3I(60
mole%, optimum) was photolyzed with a 2000J xenon
flash (half-peak duration, 20 psec.) in a 50-cm quartz
laser tube (10-mm id.; sapphire Brewster angle
windows). The tube occupied an optical cavity formed
by two 1.2-m radius gold-surfaced mirrors placed 1 m
apart. Light reflected out of the cavity from the
sapphire windows was directed onto two PEM InSb
detectors; one of the beams was first passed through a
Jarrell-Ash 1-m grating monochromator. Atomic iodine
laser emission? at 1.315 4, which always occurred, was
removed with an LP 177 infrared filter (IR Industries).
Detector responses were recorded with a dual trace
oscilloscope and the traces were simultaneously triggered
by the flash with an EGG # SGD-100 photodiode.

Hydrogen fluoride laser emission was observed at
total gas pressures from 0.5 mm up to 40 mm (DF) or
50 mm (HF) with optimum intensity at 7 mm (DF)
or 10 mm (HF). Identification of individual vibration—~
rotation lines was based upon correspondence between

TasLE I. HF and DF laser transitions,* frequencies, and
threshold times.?

HF DF
Transi-
tion v(cm™)  At(usec) v(cm™)  Af(usec)
=10
Py (4) 3788.0° 6
Pyi(6) 3693.8 7.5 2768 7.5
P(7) 3644.3 7.5-8 2743 8.5
Py (8) 3593.94 10 2718 8.5
P (9) 3542,2¢ 10.5 2691 9
P;1(10) 3489.5 11.5-12 2665 9.5
Pi(11) 3436.0 12 2638 10.5
P (12) 3381.3 15 2611 12
P;(13) 33274 17 2583 13.5
Pi(14) 32714 17.5 2555 15.5
Py(15) 2527 17
P.(16) 2498 18
p=2—1
P3(6) 3531.3 7.5 2680 7.5
Py(7) 3483.7 9 2656 8
P2(8) 3434.9 10 2631 8.5
P3(9) 3385.0 10.5 2606 10.5
Py(10) 3334.3 10.5 2580 11.5
Py(11) 32834 13 2554 10.5
Py(12) 2527 12
P,y(13) 2500 13-14
P,y(14) 2473 16-17

3 Conditions: CF3l/CH3I(CDjgl) =1,5; total pressure =10 mm (HF),
7 mm (DF); 2000] flash; 1-cm™! slit unless otherwise noted.

b Threshold time Af is the time lapse between the flash trigger and the
transition threshold.

© Calibration lines measured with an 0.2-cm™! slit.

4 Slit about 10 cm™L.
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measured and calculated frequencies using HF con-
stants given Dy Mann et al? and DF constants given
by Spanbauer ef al.f The monochromator calibration
was verified to 0.2 cm™ with relatively isolated, hence
readily identified, lines in HF [P1(4) and P1(9)]. The
search for other lines was based upon calculated
frequencies; 1-cm™ spectral slitwidths were used for
HF and about 10-cm™! slitwidths for DF. Additional
confirmation of the assignments was provided by coin-
cidence measurements between several of the assigned
lines and their known counterparts in the UFs/H(D;)
laser.® Table I shows that for HF, P;(4) is the first line
to reach threshold, but thereafter, each P»(J) transition
reaches threshold just before the Pi(J+41) transition
that it pumps. DF shows the same pattern of P,(J) vs
Pi(J+1) lines, but it is difficult to say whether P;(6)
or P»(6) is the first line to reach threshold. Total laser
duration is about 10-15 usec and each line has an
approximate duration (pressure-dependent) between
0.5-5 psec. Preliminary gain measurements indicate
that HF and DF have roughly the same gain (if scaled
to the same pressure) : HF, > 5db/m at 4.6-mm sample
pressure; DF, >2db/m at 1.4 mm. Power levels are
about 30-40%, of those of the UFs/Hy(D2) lasers.

Added argon quenches the higher P(J) lines until,
with argon in 100:1 excess, P2(6), Po(7), P1(4), P1(6),
and P1(7) make up the total emission from HF.
However, for a moderate excess of argon (~10:1),
the total emission intensity is approximately doubled.
Hexafluoroethane {C,Fs) also raises the total intensity,
but it produces an additional quenching effect. A 20:1
excess of C,Fs preferentially quenches 2—1 HF emission
while 1—0 lines out to Py(7) still emit. With either
inert gas present, a single laser tube filling would reach
laser threshold in several successive flashes, whereas
without inert gas, emission occurred only on the first
flash.

We believe that both Ar and C,Fs act to moderate
temperature rise and guarantee rotational equilibration.
In addition, C.Fs is probably quite effective in deacti-
vating the vibrationally excited trifluoroethane. Assum-
ing HF deactivation is negligible (as suggested in
earlier work®) and that rotational temperature is
300°K, the observation that Py(4) reaches threshold
first in HF implies® that N1/Np (the population ratio
for v=1 and »=0) is in the range 0.58-0.90. A cor-
responding calculation for DF, assuming P;(6) and
P,y (6) emit simultaneously, yields ratios of Ni/No=
0.63-0.76 and N,/N;=0.64-0.78.

The hydrogen fluoride elimination laser is a new type
of chemical laser, the first in which a unimolecular
chemical reaction provides the pumping mechanism.
Other elimination lasers are being sought, and we expect
them to be numerous. It seems certain that systematic
study of the laser emission dependence upon vibrational
deactivation will elucidate the role of vibrational excita-
tion in unimolecular decomposition.
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tention on the potentiality of radical-radical reactions
as possible chemical laser sources.
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We have recently come across and begun to study
the ion [OH(H,0) 1~} whose characteristics indicate
that it may play a role in atmospheric physics.? In
examining the negative ions formed in a hot cathode
arc discharge through an ammonia-water vapor mixture
at a pressure approximately 7 N/m2? (0.05 torr), we
observed (in addition to beams of mass 1, 16, and 17)
a0.1-1-nA ionbeam at mass 35; at the same time a much
weaker beam of mass 37 ions is observed.

The ions formed in this arc are analyzed in a second-
order, double-focusing mass analyzer (focusing in
velocity spread as well as aperture in the deflection
plane) 34 Figure 1 shows a mass scan of the region
between mass 35 and mass 37. The smaller member of
the doublet at mass 35 is seen to be 3 times the main
peak at mass 37 as required by the well-known isotopic
abundances of ¥Cl and ¥Cl. The mass 35 splitting,
0.0394-0.006 amu, is equivalent to the ¥Cl-H;0, mass
difference, 0.044 amu, and is twice -that of either the
BCl-OF or the OF-H;0, mass differences.

The H3%0*®0 peak is observed with increased ampli-
fication along with the ¥Cl as a second doublet with
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Fic. 1. Mass spectrum of the region containing #Cl~, H; 40,~,
¥Cl~, and Hy *¥0 ¥0~, The insert at mass 37 represents an addi-
tional amplification by a factor of 10.



