The UV photolysis of hydrazoic acid
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The UV photolysis of HN, has been studied by observing the temporal decay in the number density of
the NH(a '4) product following photolysis and by observing the temporal behavior of the fluorescence
from the secondary photolysis product NH, (A?4)), both as a function of HN; pressure. The HN; was
photolyzed at 1=~290 nm by pulses from a frequency-doubled, flashlamp-pumped dye laser while the

NH(a '4) was probed by laser-induced fluorescence on the NH(c 'z — a 'A) band system at 324 nm using
a frequency-doubled, nitrogen-pumped dye laser. The data are analyzed to obtain the rate constants

k, =18 10" cm’molecule='s™! for the reaction NH(a'd) + HN;— NH,(4 ’4,) + N; [Eq.(2)}, and
k, =9.3x10"" cm’molecule~'s™' for the reaction NHx4 ’4,) + HN;—NH,(X ’B,) + HN; [Eq.(42)}—

NH; + N; [Eq.(4b)].

. INTRODUCTION

The photolysis of HN,; has been studied for a number
of years.'™ The early experiments of Beckman and
Dickenson!'? showed that the primary photolytic mecha-
nism was to produce NH and molecular nitrogen. Sub-
sequent work by Thrush® essentially mapped out the
sequence of reactions which lead to the overall de-
composition products, nitrogen, ammonia, and some
hydrogen. Recent work by Paur and Bair, 7 and es-
pecially by McDonald e? al.'®% have indicated the state-
specific steps in the photolytic decomposition. The NH
radical produced in the primary photolysis is in the
a'a state, 1215722 This electronically excited NH radical
reacts with HN, to produce NH, (4 %4,) and N;. NH,
(A%A,) emits throughout the visible and near infrared
producing the o bands of ammonia.*~®* The N, radicals
may recombine with another N; to yield electronically
excited nitrogen’“’ which may then further decompose the

HN,. This sequence of possible reactions is summar-
ized below:
HN; + hv —NH (2'A)+ N, (Primary photolysis) (1)
HN (a'A)+HN, 2NH, (A24,)+N, , (2)
NH, (4°%A4,) BNH, (X°B,) + hv (a bands of ammonia), (3)
NH, (4%4,) +HN31‘.NH2 (X2B,)+HN, , (4a)
MONH,+N, (4b)
N, + Ny &N, (B311) + 2N, (X) , (5)
N, (B°11,) %N, (4°2) + hv (mrrogen 1° bands) (6)
N, (A32)+HN, 2 NH (A°m)+2N, , ("
N3+HNafﬁproducts . (8)

In the above mechanism we have ignored a number of
minor products such as H, N;, and other electronic
states of NH which are thought by some to be produced
in the primary photolytic step. In addition, we have
neglected other possible products from Reaction (2)
such as NH (X *®%) which probably is formed to a small
extent in Reaction (2) either from electronic quenching:
or chemical reaction. We will discuss some of these
additional steps in Sec. IV.
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Paur and Bair'®"'? followed the temporal history of

NH (a'A), while McDonald ef al. ¥*~2® measured the tem-
poral profile of the NH, (4 ?4,) fluorescence. The kin-
etic analyses of both agree on a value k,=9.3x10"" ecm
molecuie™? s™. In addition, the analysis of McDonald

et al. gave k,;=3.2%x107? cm®molecule™ s™,

3

We have studied the photolysis of HN, using two dif-
ferent techniques., In one set of experiments, the HN,
was photolyzed at = 285 nm by light from a doubled dye
laser, and the density of the NH (a'A) products was
probed as a function both of time after the photolysis
pulse and of HN; number density by laser~induced flu-
orescence (LiF) using a second doubled dye laser tuned
to the NH (c!li-q'a) system at 324 nm. These experi-
ments allowed a direct determination of the rate con-
stant k,. In a second set of experiments in pure HN, at
pressures between 18 and 1150 mTorr, the fluores-
cence of NH, (4 %4,) was monitored as a function of time
during and after the photolysis laser pulse. The tem-
poral profiles and intensities in these latter experiments
were analyzed to extract &, %25, and k,. Our results
are at variance with those presented by Paur and
Bair, *~'" and McDonald et al.'*% Both of our experi-
mental techniques give %, =1.8x 107'° cm® molecule™ 5™,
The analysis of the NH, fluorescence traces gives &,
=9.3%x107!" cm®molecule’!s™!. In Sec. IV we will discuss
possible reasons for the discrepancy between our re-
sults and those of Paur and Bair and McDonald et al.

{Il. EXPERIMENTAL

The apparatus constructed for this experiment is
shown schematically in Fig. 1; it has been described in
detail elsewhere.®" The cylindrical photolysis cell is
fabricated from black-passivated stainless steel. The
laser beams (photolysis and LiF) enter and exit the cell
through sidearms which contain conical light baffles to
reduce light scattering off the entrance and exit windows
of the cell. The windows are Suprasil quartz and are set
at Brewster’s angle to further reduce scattered light.

The azide is photolyzed by pulses from a doubled dye
laser which can be operated either single shot or repet-
itively pulsed at 0.5-20 Hz. Excited species produced
in the photolysis are observed directly in emission or
they can be probed via laser-induced fluorescence with
pulses from a second dye laser which is triggered off
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UV photolysis of hydrazoic acid
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the photolysis laser after a precisely controlled delay.
Fluorescence is detected by a photomultiplier placed at
right angles to the plane defined by the photolysis and
probe lasers. In the single-shot mode, the output from
the photomultiplier is monitored on an oscilloscope
which is triggered off the photolysis laser. In the repet-
itive mode, the PMT signal voltage is fed into a boxcar
integrator, the gate of which opens as the probe laser
is fired. The gate is usually held open for a period of
five fluorescent decays of the species of interest so that
all fluorescence induced by the probe laser is collected.
Interference filters are inserted between the reaction
volume and the detector to reject scattered laser light
and to provide spectral resolution. In repetitive exper-
iments, the average intensities of the two lasers can be
monitored to correct for long term drift. In the single-
shot experiments, a quartz flat in the optical train of
the photolysis laser directs about 15% of the laser’s
output into an energy meter for monitoring the laser
energy on each shot. In addition, the photolysis-laser
pulse is monitored with a fast photodiode, and its wave-
form is displayed on a second trace of the oscilloscope.

The two different photolysis lasers used in these
studies were flashlamp-pumped dye lasers manufactured
by Candela Corporation. The fundamental output of the
laser was doubled using an angle-tuned KDP crystal.
This provided UV outputs between 50 and 500 uJ per
pulse of which about half was delivered by the optical
train into the photolysis region. The photolysis laser
was focused into the center of the cell with a Kepplerian
telescope arrangement with a pinhole at the focus of the
two telescope elements. The size of the photolysis-
laser beam at its focus in the center of the cell is about
4 mm.

The laser used for the LiF probe was a Molectron
DL-200, pumped by a 400 kW (UV14) nitrogen laser.
The output of this laser was frequency doubled to 326

nm to probe the NH (c lI-a’A) system. The UV output
from this laser was *1 uJ which was adequate to detect
NH {(a'A) number densities = 107-10f molecules em™

The optical detection system combines efficient light
collection with good stray-light rejection, the latter
from spatial filtering and the use of interference filters.
Light from the interaction region is collected with a 50
mm diameter f/1 lens plated 50 mm from the interaction
region. .The parallel light rays exiting from the collec-
tion lens are refocused upon the photocathode of the pho-
tomultiplier with a 50 mm diameter f/1.5 lens placed
immediately behind the collection lens. This system
magnifies the image in the observation region about
1.5 times, thus giving 2 31 mm diameter field of view
in the cell when viewed with a 44 mm diameter photo-
cathode. The f number for light collection of this sys-
tem is about 1.24, giving a light collection efficiency of
4%. The collection system is very effective in reducing
scattered light, since only a very restricted region of
space within the photolysis cell is accessible to the de -
tector. Further discrimination against scattered light
is provided by the use of interference filters placed be-
tween the collection lenses and the photomultiplier.

In the laser-induced fluorescence studies, the detec-
tion system consisted of an EMI 9813 QA photomultiplier
and an interference filter centered at 326 nm with a half-
bandwidth of 10 nm. The NH, fluorescence was observed
through a Corning CG 2-62 colored-glass filter (600 nm
cutoff, long-pass filter) with an EMI 9659 QA photomul-
tiplier, thus giving an effective spectral band-pass of
600-900 nm.

While the light collection system is efficient at collect-
ing photons of interest and in rejecting stray light, it
has the disadvantage of a restricted field of view which
can degrade temporal information under some circum-
stances. At low pressures (in the mTorr range) the
time required for a molecule to diffuse from the detec-
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FIG. 2. Intensity of laser-induced
fluorescence from NH (a !4} produced in
HN,4 photolysis at 285 nm as a function
of HN; number density. The data have
been corrected for drift in photolysis-
and probe-laser energy.
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tor field of view can become short compared to molecu-
lar-fluorescence lifetimes or to chemical-reaction
times. Diffusion may be slowed by using an inert buffer
gas at high pressure, if quenching of the fluorescence
by the buffer gas is not too significant. Quenching is
small for most diatomic molecules even at pressures

of a few hundred Torr; however, for polyatomic mole-
cules such as NH, (A %4,),* quenching by the bath gas is
significant, so that care must be taken to ensure that
diffusive losses are not complicating kinetic measure-
ments.

We modeled the diffusion of species out of our de~
tector’s field of view for the particular geometry of our
system.® Two problems are created by diffusion:

(i) the species of interest could diffuse out of the detec-
tor field of view prior to being observed, i.e., prior to
fluorescing if the species emits radiation; (ii) those
species detected by LiF could diffuse from the observ-
ation region prior to being probed by the LiF laser. The
results of our modeling show that even at pressures as
low as 30 mTorr, diffusion will have little effect (<10%)
on temporal studies at times = 40us. Our experimental
observations of NH, (4 ?4,) fluorescence indicated that
diffusion was not a serious problem even at pressures
as low as 15 mTorr for times up to 50 us.

The experiments using the LiF probe were done with
the azide and argon buffer gas flowing slowly through
the cell at total pressures of 5-50 Torr and HN, pres-
sures of 0.3-20 mTorr. The reagents were introduced
through calibrated flow meters, and the total cell pres-
sure was measured by a pressure transducer (Validyne
DP-7) which had been calibrated against oil and mercury
manometers. The experiments in which the NH, (4 %4,)
fluorescence was monitored were done in a static cell
using pure HN;. The pressures were measured with a
thermocouple gauge which had been calibrated against a
pressure transducer using HN; as the calibration gas.

The HN, was synthesized by heating NaN, in excess

stearic acid at temperatures of about 150°C. The initial
gas evolved in the synthesis was pumped away to reduce
complications which might arise from volatile impuri-
ties either in the NaNj; or the stearic acid.

Itl, RESULTS
A. Laser-induced fluorescence studies

In the experiments on the photolysis of HN, with the
subsequent detection of NH (2'a) via LiF, the P,—P; and
@2-Q; lines of the NH (c'll ' =0—~a'a v’ = Q) transition
were positively identified via comparison with published
spectra.'®? Figure 2 is a plot of the LiF intensity from
the P,/@s lines at 325. 9 nm as a function of [HN,]. The
finite intercept was the signal observed in the absence
of added HN, and results from scattered Light from the
probe-laser pulse. The data were taken with a photol-
ysis-laser energy of about 125 uJ and a probe-laser
energy of about 0.5 pJ. Calculations based upon the
known absorption coefficient of HN, at the photolysis
wavelength® and the estimated photolysis laser beam
energy and geometry indicate that at an HNg number
density of 10'* molecules cm™, the number density of
NH (a'A) produced {assuming a quantum yield of 1)
should be =~ 7x10° moleculescm™. The observed LiF
signal under these conditions was 265 mV. Given a
minimum detectable signal of *2 mV, the data indicate
a detection limit of =5x107 molecules cm™? for our LiF
system. This is an upper limit since the quantum
yield could be less than 1, and, in addition, the LiF
laser was not optimized either for energy or linewidth.

The departure from linearity at the higher HN, con-
centrations seen in Fig. 2 probably results from remov-
al of the NH (a'A) by NH,, either via chemical reaction
or electronic quenching during the period between the
photolysis pulse and the probe pulse {(about 2 us), and
some quenching of the NH (¢ 'TI) fluorescence by HN,.

Analysis of oscilloscope traces of the NH (c 11,
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FIG. 3. Decay of NH(al4a) LIF intensity as a function of delay
time between photolysis and probe lasers.

v’ =0) fluorescence decay indicates a lifetime of about
0.47 ps, within the range of reported values which are
between 0.40 and 0.49 us. 3738

For fixed [HN,], the NH (a'A) LiF intensity shows a
first-order decay as the time between the photolysis and
probe lasers is increased (Fig. 3). This results pri-
marily from removal of the NH (a'4) by HN, [Reaction
(2)]. After termination of the photolysis-laser pulse,
the rate equation for the concentration of [NH (a'a)] with
time is

Piper, Krech, and Taylor: UV photolysis of hydrazoic acid

i[N_Hd(_tqﬁ] =— k,[NH (a'a)][HN,] .

(9)
Under pseudo-first-order conditions ((HN,]> [NH (a'a))),
the solution to this equation is

[NH (a'a)]

[NE ("8, (10)

In =<~ ky[HN;]7 .

Semilog plots of the concentration of NH (a'4) (or the
LiF intensity which is directly proportional to that con-
centration) versus time will be linear with slopes equal
to - k,[HN,]. Such linear plots are shown in Fig. 3. If
several decay slopes are measured at varying values of
[HN;], then a plot of the negative decay slopes versus
[HN,] will give a straight line whose slope will be equal
to k;. Such a plot is shown in Fig. 4. The rate constant
ky for the removal of NH (a'A) by HN, obtained from
Fig. 4 is 1.7%x10°" ¢m?® molecule™s™!. This is about a
factor of 2 larger than previously reported values, 17,20
but is a2 more direct determination than these measure-
ments, and, furthermore, agrees with a detailed anal-
ysis of NH, (A 24,) fluorescence traces given below.

The finite intercept in Fig. 4 probably results from
the quenching of NH (alA) by the argon bath gas. The
rate constant for that process, obtained by dividing the
intercept in Fig. 4 by the argon number density, is 1.2
%107 ¢m® molecule™s™,

B. Analysis of NH, (A4 24,) fluorescence traces

The fluorescence observed when low pressures of
pure HN; are photolyzed is due to emission from the NH,
(A24,)~NH, (X2B,) system, the o bands of ammonia,
extending from about 450 nm to beyond 900 nm, #~2®
Typical oscilloscope traces of this fluorescence are
shown in Figs. 5 and 6. The fluorescence traces were
fit two different ways by least squares programs to a
kinetic model incorporating Reactions (1)—(4).
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PRESSURE : 18 mtorr
10mv = 13.2 PHOTOELECTRONS / us

gy

B o

PRESSURE : 307 mtorr
50mv = 503 PHOTOELECTRONS / us

The differentjial equation which describes the rate of
change in [NH (a'a)], including production by the pho-
tolysis laser pulse, is

d[NH (a 14)]

dt = klIlaser I( t)[HNS] = kz[HNS][NH ‘(a 1A)]

T (11)
where &, is a constant which includes the photolysis
cross section, the laser beam cross-sectional area,
photolysis quantum yield, and some appropriate con-
version factors, the function I(¢) is the energy per unit
time of the photolysis laser normalized to unit total
energy, and [, .. is the total energy of the photolysis
pulse. The rate equation for the concentration of NH,
(A%4,) is

d[NH, (A %4))]

= =ky[NH (a’A)}[HN,] ~ (ky+ 2, [HN,])

x[NH, (4%4,)] . (12)

A Runge-Kutta numerical integration subroutine was
written to solve the coupled differential equations (11)
and (12) given values for the parameters k;-k,. The
resulting number density of [NH, (A2%4,)] was converted
to a photon emission rate by multiplying by k; and an-
other parameter ¢ which incorporated such factors as
collection system efficiency, effective PMT quantum
efficiency, and the fraction of photons emitted outside
the spectral bandpass of the system, i.e.,

PRESSURE : 67.4 mtorr
20 mv = 82.2 PHOTOELECTRONS / us

FIG. 5. Fluorescence from NH,
{A24)) following the photolysis of
pure HNj; at 295 nm. The solid
lines over the oscilloscope traces
are derived from the computer
fitting procedure outlined in Sec.
11 B.

PRESSURE : 880 mtorr
100 mv = 1005 PHOTOELECTRONS / 115

Luug(#) = ks [NH, (A24)))(8) . (13)

The Runge-Kutta subroutine for calculating [NH (a!a)],
[NH, (A%4,)], and I3 comprised the function subroutine
in a nonlinear least squares program which fit 18 fluo-
rescence traces covering the pressure range 18-1150
mTorr simultaneously to obtain a set of parameters k,—
2, and { which minimized the function

16 n

2 _ calc. meas,
X = z : (Iu =13
=1 j=1

) (14)

The results of the fitting procedure gave &, =1.9x107!°
em®molecule s, k,=8x10* 5! (7,,,=12.5 us), and k,
=29,3x10™" em® molecule™ s7'. Examples of the fits
are shown as heavy lines over the traces in Fig. 5.

The value obtained for &, is in good agreement with
the value obtained from the direct measurement of the
decay of NH (a'A). The deduced value for k, yields an
effective fluorescence lifetime for NH, (A 24,) of 12.5 us,
in agreement with the results of Halpern et al.*? who mea-
sured values between about 7 and 25 ps for various vi-
bronic levels of the NH, (4 %4,) state. We should point
out that our procedure fits not only the temporal profile
of the fluorescence, but also the relative photon yield,
The value obtained from the fit for ., agrees to within
20% with the value we would calculate assuming a quan-
tum yield for Reaction (1) of unity. The 20% difference
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PRESSURE : 75.6 mtorr
20mv = 82.2 PHOTOELECTRONS / us

UV photolysis of hydrazoic acid

PRESSURE: 39.8 mtorr
20mv. = 47.6 PHOTOELECTRONS /,lls

FIG. 6. Fluorescence from NH,
(A%4,) following photolysis of pure
HN; at 295 nm. The solid lines over
the oscilloscope traces are derived

from a computer fit using Eq. (17).

is less than the uncertainty in laser-beam energy and
geometry in the observation region.

C. Alternative analysis of NH, (A2A,) for low-pressure
data

At low pressures of HN;, the duration of the NH,

(4 %A,) fluorescence trace is long compared to the dura-
tion of the photolysis pulse, e.g., at 120 mTorr the flu-
orescence extends for more than 15 us while the FWHM
pulse of our photolysis laser is 0.6 us. Under these
conditions, the first term in Eq. (11) may be neglected,
and an analytical expression for [NH, (4 24,)] may be
derived:

< __k[HN;][NH (aa)]y
[NH, (474,)] “ky + By [HN, | — B,[HN,]
x {exp(~ Eo[HN,18) — expl— (&, + k;[HN:s])t]} .
(15)

The intensity of the fluorescence from NH, (424,) is
just &, (the radiative-decay rate constant) times the
concentration of that species. The concentration of NH
(alA) at £=0 is given by

PRESSURE : 112 mtorr
20mv = 121 PHOTOELECTRONS / us

[NH (a'a)]y=%, 1

laser

[HN,] . (16)

Thus, the intensity of the NH, emission as a function
of time is given by

1= yhako[HN; Phaser
1 k3 + k4 HN3 ed kz HN3
x{exp (- ko[HN;] £) - exp[— (k, + R HN; DT}, (17)

where y is a constant which incorporates %k, plus other
experimental quantities such as effective photomulti-
plier quantum efficiency, the fraction of total emission
occurring within the passband of the detection system,
and optical-system collection efficiency. Eleven fluo-
rescence traces taken at pressures between 27 and 112
mTorr were fit simultaneously to Eq. (17) using a non-
linear least squares routine to determine the parameters
By, Ry, By, and y. The computer-fit rate constants are
k,=1.7x10™° cm® molecule™ s}, k;=5.5x10*s™ and %,
=8.9%x10°!! em®molecule™ s”!. These values are in
good agreement with the rate constants obtained from
the more complete treatment described in the previous
subsection. Some fits of the fluorescence traces using
this analytical procedure are shown in Fig. 6.
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D. Analysis of total fluorescence yields

The ratio k,/k; may be determined directly from the
data without resorting to computer fitting. Assuming
that the total number of NH, (A %4,) radicals produced is
some fraction (independent of pressure) of the NH {(a'A)
generated, and that losses in NH, (4 24,) occur only
through fluorescence and quenching, a Stern-Volmer
expression may be derived for the fluorescence yield
of the NH, (4 324,):

In= §k [HN ]Ilnser
a kg + kg HN,
This expression is also obtained by integrating Eq. (17)

over time. Equation (18) may be rearranged and invert-
ed to give

(18)

Diaser _ %y 1
Iy Tk, ' AN, °

Thus, a plot of the ratio of photolysis energy to the total
fluorescence intensity versus the reciprocal of the HN,
pressure should be linear, and the resulting ratio of the
intercept to slope will be the ratio %,/k;. The data are
plotted in this faghion in Fig. 7, and yield a k,/&; of
37.3 Torr™, which is in good agreement with the ratio
of 37.9 Torr™ obtained from the computer fit to the
fluorescence traces.

(19)

iV. DISCUSSION
A. Comparison with other experiments

The rate constants derived from our analyses differ
considerably from those obtained by both McDonald et
al.® and Paur and Bair. """ We believe the graphical
method of analysis used by McDonald et al. ?® will give
values of k&, which are too small and &, which are too
large. The data of Paur and Bair'*~'7 probably contain
other sources of NH (a!A) in addition to direct photolys-

is which are active subsequent to the photolytic pulse.
These are not accounted for in their data analysis, and
this omission will cause their reported value for %, to
be too small.

McDonald ef al.?® observed the temporal profiles of
NH, (4 24,) fluorescence and analyzed them graphically
using a model based upon Eq. (17). Equation (17)
shows that the fluorescence trace is governed by a dou-
ble exponential. The decay of the fluorescence trace is
determined largely by the slower of the two exponentials
while the faster exponential dominates the rise of the
fluorescence. McDonald et al. plotted their data on
semilog paper and took the slope of the tail of the fluo-
rescence trace to be equal to the rate of the slower of
the two exponentials. This identification is valid if the
two exponential rates differ significantly and if the slope
is taken sufficiently far out in the tail. They also ex-
trapolated the decay slope back to zero time and took the
slope (on the semilog plot) of the difference between the
intensity from the decay extrapolation and the observed
intensity to be the rate of the faster exponential. The
procedure is demonstrated in Figs. 8 and 9 using fluo-
rescence traces generated with our values for the rate

TABLE I. Rate constants for processes occurring following
the UV photolysis of HNj.

Rate constant

Process (10-11 e¢m3 molecule! g™)
NH (a14) + HN; % NH, (4 24,) + N, 18
9. 3Me
NH, (A 24,) + HN, 42 NH, (X 2B,) + NH, 9.3
2 N1y N } 320

®This work.
®McDonald et al,, Ref. 20,

°Paur and Bair, Ref. 17.
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constants (Table I). They determined the rate constants
k, and %, from the slopes of Stern-Volmer plots of the
slow and fast decay rates, respectively, extracted by
the above procedure from a number of fluorescence
traces spanning a range in pressure of 2-25 mTorr.

McDonald et al. apparently identified the slow decay
component with the removal of NH (a'a) [Reaction (2)]
and the fast decay component with the removal of the
NH (A 24,) [Reactions (3) and (4)]. In the low pressure
region in which they analyzed their data, this identifica-
tion turns out to be correct. However, at pressures
=~ 25 mTorr, our kinetic analysis indicates that the rates
for removal of NH (2'A) and NH, (A %4,) are equal, and
at even higher pressures, the removal of NH (alA) is
the faster process. Over most of the pressure range
studied by McDonald ef al., the rates of the two pro-
cesses differ by less than a factor of 2.

This similarity in the rates for removal of NH (a'a)
and NH, (4 2A,) destroys the accuracy of determining
decay rates from the tail of the fluorescence trace by
graphical methods. The signal level will become too
small before the decay rate of the trace approaches its
asymplotic limit. For example, at 12 mTorr, the mid-
dle of the range studied by McDonald ef al., the slope of
the log of the fluorescence intensity versus time does
not approach within 10% of the decay rate of the slow
component unti] 55 ps by which point the intensity has
dropped to less than 10% of the peak intensity. Our
simulations further indicate that even a 10% error in
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FIG. 8. Semilog plots of NH, (4 %4,) fluorescence intensity as
a function of time, following photolysis of pure NH; at 10
mTorr. The circles show the fluorescence trace which was
generated from Eq. (17) using the rate constants k,, #;, and

k4 obtained from this study and listed in Table I. The triangles
are generated from the difference between the limiting fluores-
cence-decay slope at late times and the actual fluorescence
intensity. This figure illustrates the procedure used by
McDonald et al. ? to analyze their HN; photolysis data.
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FIG. 9. The same as Fig. 8 except that the HN, pressure is
25 mTorr.

the decay slope leads to errors of greater than 30% in
determining the rate of the fast component. The errors
will always give decays which are too small and rises
which are too large. This is the direction of the dis-
crepancy between our results and those of McDonald e?
al.

Paur and Bair!®~!7 apparently derived the value they
report for &, by computer simulation of the time history
of the absorption of NH (¢'A) during and after their pho-
tolysis flash. We think that the most likely source of
error in the work of Paur and Bair is additional sources
of NH {a'A) not included in their model. Production of
NH (a'a) by other sources subsequent to photolysis will
have the effect of slowing the observed NH (a'a) decay.
Although Paur and Bair claim that their studies were
done under isothermal conditions, it is clear from read-
ing Paur’s thesis,'® upon which the work was based,
that significant thermal decomposition took place in
his apparatus at bath gas pressures below 20 Torr.
experiments they used for their kinetic analysis of %,
were done at pressures of 2, 4, and 8 Torr of argon. In
addition, they also observed some decomposition upon
firing their flashlamps even when the lamps were cov-
ered by opaque foil. ' This latter effect was thought to
be due to electrical disturbances and prolonged the de-
composition beyond the normal cutoff of the photolysis
flash.

The

If nonisothermal conditions did exist in Paur and
Bair’s experiment, the issue must be addressed of
whether thermal decomposition of HN, gives HN (z'A) as
in photolytic decomposition or if, as some have suggest-
ed, it yields the ground state NH (X3z"). In his experi-
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ments at low pressures (£ 2 Torr) Gleu®® observed emis-
sion from NH, (A 24,) during the thermal decomposition
of HN, at temperatures =400°C. This observation indi-
cates that thermal decomposition does give NH (a'A) as
a product which subsequently reacts with HN, to give the
electronically excited NH, [Reaction (2)]. The reaction
of NH (X®%°) with HN, is not sufficiently energetic to
give electronically excited NH,.* An additional indica-
tion that NH (g'4) is a product of the thermal decompo-
sition of HN; comes from the IR multiphoton dissociation
experiments of Hartford.? He observed NH, (4324,) flu-
orescence when HN; was photolyzed at 10.6 um. His
observations are consistent with dissociation to form

NH (a'A) followed by Reaction {2) to make the NH, (4 %4,).

On the other hand, in their shock-tube study, Kajimoto
et al.*! thought their data indicated that the thermal de-
composition of HN, gave primarily NH (X*2") since

they failed to observe NH (a'A) with their absorption
diagnostic. However, our measurement of k, indicates
that even if the thermal decomposition of HN; gave only
NH (a'a), it would be removed so rapidly by the HNj,
under the conditions of the experiment of Kajimoto ef
al., as to preclude detection by them. Paur and
Bair'®~!" have shown that some if not all of the NH (X°%")
formed in their system is producéd by quenching of NH
(a'a). Thus, we feel that, on balance, the evidence
available suggests that the thermal decomposition of HN,
like photolytic decomposition, gives significant amounts
of NH {a'A), and that this additional source of NH {alA)
(which will be active after the photolytic pulse ends) is
probably the major source of discrepancy between our
results and those of Paur and Bair.

B. Minor photolytic processes

The photolytic decomposition mechanism outlined in
Reactions (1)-(8) is by no means a complete descrip-
tion. We believe it encompasses the major processes,
however. A few researchers have claimed that a minor
channel in the primary photolysis produces atomic¢ hy-
drogen and azide radicals directly®'®**; however, this
channel accounts for only a few percent at most of the
primary photolytic decomposition, Other minor prod-
ucts which have been proposed to arise from primary
photolysis are NH (c 'IT), NH (A *Il), and NH (X®%7). The
latter two products are spin forbidden at wavelengths
longer than 120 and 188 nm, respectively, while NH
(c'M) may be excited only by A 210 nm.* McDonald
et al.*® saw no evidence for the formation of triplet NH
in their studies at 266 nm (the spin-forbidden thresholds
are 294 and 2339 nm for the 31l and 3% states, respect-
ively).*® In addition, Okabe'® has shown that triplet NH
formation is primarily a secondary process in the de-
composition, being produced by processes such as Re-
action (7). ** Another source of triplet NH could be the
electronic quenching of NH (a'A) to NH (X*Z7) by the
bath gas used in most studies. McDonald ef al.'® were
not able to observe any triplet NH formation when heli-
um was introduced into their system even at pressures
as high as 90 Torr. However, the experiments of Paur
and Bair'™®~"" and of Stuhl'® done with argon or nitrogen
bath gas and our own direct observations of the decay
of NH (a'A) in an argon' bath tend to support such a

799

quenching process. In all cases this quenching is mi-
mor, and observations show [NH (X3%7)]« [NH (a'a)].
In our computer analysis of the NH, (4 °4,) fluorescence,
electronic quenching of NH (4'A) was ignored. Our
method of analysis would not be able to distinguish this
quenching process from a reduced photolysis quantum
efficiency. The good agreement with our computer-~fit
value for &y, and that which would be calculated assum-
ing a quantum yield of unity, indicates that direct
quenching of NH (a'a) by HN, as opposed to Reaction (2)
accounts for no more than = 10%-20% of the removal of
NH (a'A) by HN,.
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