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FORMATION OF NH(c'IT) AND NH(AII) IN THE PHOTOLYSIS OF NH,,

HN,; AND HNCO AT 121.6 nm

T. HIKIDA, Y. MARUYAMA, Y. SAITO and Y. MORI
Department of Chemistry, Tokyo Institute of Technology, Meguro-ku, Ohokayama, Tokyo, Japan
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Time profiles of the NH(c'IT) and NH(A’II) fluorescence intensities were measured in the photolyses of NH, HN;, and
HNCO using the Lyman-« line at 121.6 nm. Upon irradiation of NH,, only NH(c!II) was observed as a primary product.
The emissions from NH(c'IT) and NH(A3IT) were observed when HN, was irradiated. The NH triplet state was found to be
formed by the sensitized reactions of N,(B’II, and B’*S]) with HN;, where N,(B*Il,, and B'*Z; ) were formed as
primary products in the photolysis. The dissociation processes of NH; and HN; seem to conserve their spin state. On the
contrary, the time profiles of fluorescence intensity suggested that NH(c 'IT) and NH(A3IT) were formed in the photodissocia-
tion of HNCO within the experimental time resolution of a few nanoseconds.

1. Introduction

When a photoexcited molecule dissociates, the
internal states of the fragments will be determined
by the incident photon energy and the dissociation
pathways. Various correlation rules have been de-
veloped to suggest possible reactions to be consid-
ered. The spin correlation rule proposed by Wigner
[1] is one of the useful rules, since the multiplicity
of an excited molecule is often observable. This
rule may be valid for the photodissociation of
small molecules, but exceptions to the rule have
also been reported [2].

The VUV photodecomposition of NH;, HNj,,
and HNCO to observe excited states of NH has
been studied frequently. All three compounds
studied are known to induce fluorescence from
NH photofragments [3]. Both NH(c'II) and
NH(A®IT) fluoresce in the convenient spectral
region of 320-340 nm. But only a few systems
were investigated with a time resolved method. In
this paper we report the photolysis of these mole-
cules using the Lyman-a line at 121.6 nm in
conjunction with flash fluorescence spectroscopy,
which should give us important information on
the photodissociation of NH,, HN;, and HNCO
by single photon processes.

Various electronic states of NH and NH, pho-
tofragments have been observed but NH(A’II) is
absent in the photolysis of NH; by VUV light [4].
NH(A*IT) has been observed only in the presence
of foreign gases such as Xe or Kr, as the results of
the intersystem crossing NH(c!II - A%IT) in-
duced -by-collisions [5,6]. The direct formation of
NH(A3IT) (+2H) is energetically not possible in
the 121.6 nm photolysis. The laser flash photolysis
of NH, at 193 nm [7] has been observed to form
NH(A>II) as the result of a two-photon excitation
process.

The VUYV photolysis of HN; below 160 nm has
been reported to induce fluorescence originating
from NH(A’II) as well as from NH(c'IT). The
direct formation of NH(AII) + N,(X'S) is en-
ergetically possible but is spin-forbidden. Welge
[8] has suggested that NH(A®IT) is formed by
secondary reactions involving N,(A*Z;) when
HN; was irradiated by the Kr or Xe resonance
line. Later, Okabe [9] has reinvestigated the reac-
tion mechanism, and concluded that NH(A®IT)
may be formed largely by the reaction between
HN; and electronically excited triplet N,, prob-
ably N,(B’IL,), to form NH(A’II)+2N,. Re-
cently, preliminary measurements on time profiles
of the NH(A’II) emission intensity have been
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reported, suggesting the formation of N,(B'*Z7)
as well as N,(B? IT,) in the photolysis of HN; at
121.6 nm [10].

Emission bands originating from NH(AIT and
c'TI) were observed in the photolysis of HNCO
by the Kr lines accompanying with the NCO(A?=*
and B?IT) fluorescence [11]. NH(A’II) is con-
sidered to be produced mostly by a secondary
process involving CO(a *IT) formed in the photo-
decomposition of HNCO, CO(a *IT) + NH(X *II).
This mechanism is similar to that of HN, and the
spin correlation rule is maintained, but the pres-
ence of CO(a’II) has not been observed. Time
profiles of NH(A>TI) emission are expected to
show the presence of the metastable state, if any.

2. Experimental

Fluorescence spectra and fluorescence decay
curves were measured by the technique of single
photon counting in conjunction with a repetitive
pulsed light source [12}. The repetition rate of the
light pulser operated at 8-10 kV was usually ad-
justed to 4-8 kHz. The spectral feature of the
output light pulses varied with the gas conditions
in the discharge tube. In pure H, at low pressures,
the output spectrum in the VUV region mostly
consists of the Lyman-a line at 121.6 nm and H,
molecular bands extending from 155 to 165 nm.
The H, molecular bands were eliminated by an O,
optical filter (1 atm, 1 cm). The pulse duration
was observed to be about 10 ns. The present
experiment is in the submicrosecond time scale,
and no further attempt was made to measure
accurate pulse durations.

The reaction cell was a Wood’s horn type made
of Pyrex glass and connected to the light source
through two magnesium fluoride windows. O, as
the light filter was introduced between the two
magnesium fluoride windows [13]. The emission
was observed through a fused silica window at
right angles to the incident excitation light beam
by a combination of a monochromator (JASCO
CT-50) and a photomultiplier (HTV RS585 or
R649).

Fluorescence spectra were obtained by simply
measuring the photon pulse rate, or for some
experiments, by measuring the gated output pulse
rate using a single channel analyzer connected to
the TAC. This method reduced undesirable signals
such as scattered light from the light source as
well as “dark” counts. The pulse rate was mea-
sured by a rate meter or a multichannel scalar.

HN, was prepared by heating a mixture of
NaN; and stearic acid under vacuum [9]. The
outcoming gas was passed through a column of
P,O5 powder on glass wool and then it was frozen
at liquid N, temperature to pump non-con-
densable impurities. The prepared HN, gas was
stored in a dark bottle at a pressure less than 50
Torr to avoid explosion.

HNCO was prepared by heating a mixture of
NaNCO and stearic acid under vacuum [14]. Gen-
erated HNCO vapor was passed through P,O; and
Ag,0 columns to remove water and HCN, respec-
tively. Then, HNCO was purified by trap-to-trap
distillation in vacuo at —115°C (ethyl alcohol).
HNCO was kept at liquid nitrogen temperature to
avoid polymerization. A mass spectrometric analy-
sis showed 2-3% CO, impurity. Since the absorp-
tion coefficient of CO, is very small at 121.6 nm
[11], no further purification of HNCO was per-
formed.

Research grade NH,, Ar, N,, O, and H, were
obtained commercially, and were used without
further purification. Sample gas pressures were
measured by a capacitance manometer (MKS-221).
All measurements were carried out at room tem-
perature.

3. Results and discussion
3.1. Emission spectra of NH photofragments

Figs. 1a, 1b and 1c show fluorescence spectra
observed in the spectral range of 320-345 nm
when NH; (0.1 Torr), HN; (0.1 Torr) and HNCO
(0.08 Torr) were photolyzed at 121.6 nm, respec-
tively. Because of the stronger emission intensity
the spectral resolution is higher (0.7 nm) for the
photolysis of HNCO than for the other two cases
(2.0 nm).
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Fig. 1. Fluorescence spectra observed when {a) NH;, (b) HN,

and (¢) HNCO were photolyzed at 121.6 nm. The sample

pressures were 0.1, 0.1 and 0.08 Torr, respectively. The spectral
resolutions were 2 nm for (a) and (b), and 0.7 nm for (c).

In the photolysis of NH, by the 121.6 nm line,
the photofragments which may fluoresce are NH
and NH, radicals in various electronic states. Fig.
1a shows the emission, NH(c!TI — a'A) which is
the only transition observed in the wavelength
region of 320-345 nm. At low NH,; pressures.
NH(c'IT) seems to be rotationally excited. An
addition of Ar up to 20 Torr caused only the

Table 1

rotational relaxation and the singlet emission in-
tensity remained approximately constant. The flu-
orescence from NH(A®IT) was not observed as
has been already reported [5] that NH(A’II) is
not formed in the photolysis of NH; by H, Kr and
Xe resonance lines.

Fig. 1b shows the fluorescence spectrum ob-
tained in the photolysis of 0.1 Torr HN, at 121.6
nm. The transitions NH(c'II - a'A) and
NH(A®II - X 327) were observed with their
maxima at 326 and 336 nm, respectively. In the
pure HN, systems at low pressure, NH(c 'TI) seems
to be rotationally excited and the emission extends
to longer wavelengths than 336 nm where the
NH(A>IT) fluorescence superimposes. The spec-
trum agrees with the fluorescence spectra reported
in the photolysis of HN; by Xe and Kr lines [9].

The HNCO photodecomposition at 121.6
nm induced fluorescence from photofragments
NH(c'IT and A%II) and NCO(A?Z" and B2II).
Fig. 1c shows the emission spectra in the wave-
length region from 320 to 345 nm when 0.08 Torr
HNCO was photolyzed. Similar to the cases of
NH, and HN, photolyses, NH(c'Il) is rota-
tionally excited.

3.2. Time profiles of the NH(c ' I1) emission

Time profiles of fluorescence intensities were
measured at 326 and 336 nm for low (N'=1-5)
and high (N’ = 14) rotational levels of NH(c 'II),
respectively, with NH, pressures between 0.05

Zero-pressure lifetimes and quenching rate constants of NH(c !TI)

Parent Wavelength T kg (107 10 cm® molecule™! s™1)
molecule (nm) (ns) parent Ar N,
molecule
NH, 326 480+ 40 57402 <0.03 -
(N’ =1-5)
336 310+30 5.8+0.2 0.10+0.03 -
(N’ =14)
HN, 326 440+ 40 9.8+04 < 0.02 0.14+0.01
(N’ =1-5)
HNCO 326 470+ 50 72403 - -

(N’ =2-4)
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and 0.43 Torr. Observed decay curves showed that
NH(c'TT) was formed by the direct photodecom-
position of NH, within the excitation light pulse
width, =10 ns, and disappeared in accordance
with first-order decay laws. Stern—Volmer plots of
the decay rates observed at 326 and 336 nm
against the pressure of NH, have been obtained
to give good linear relation. As given in table 1,
the zero-pressure lifetime at 326 nm is 480 ns, and
at 336 nm is 310 ns.

The lifetime of 480 ns for lower rotational
levels of NH(c'II) is in an excellent agreement
with reported values [15,16] and somewhat longer
than those reported for individual rotational levels
[17]. Shorter lifetimes for higher rotational levels
are reported as an evidence of the predissociation.
Our observation of 310 ns for the N’ = 14 rota-
tional level is in good agreement with a reported
value [17].

The slopes of the linear plots which represent
the quenching rate constants of NH(c 'IT) by NH,
are nearly equal for low and high rotational levels,
as listed in table 1. These values are in reasonable
agreement with the value reported in a steady-state
experiment [5]. The quenching rates seem to be
unchanged for rotational levels of N’ <14 [18].
Decay rates were also measured in the presence of
Ar. The quenching rate constant observed at 336
nm is much larger than that observed at 326 nm
suggesting the presence of rotational relaxation in
NH(c!II) by Ar. In fact, the time profile of the
NH(c 1) fluorescence observed at 326 nm in the
presence of Ar indicated the rotational relaxation
by a slight, slow rise of the fluorescence intensity
superimposed on the single exponential decay of
the NH(c 'IT) fluorescence.

The time profiles of NH(c'II) fluorescence in-
tensities were measured at 326 nm in the photo-
lyses of HN, and HNCO. In both cases, NH(c 'IT)
is evidently formed by photodecomposition within
the excitation light pulse width of =10 ns, and
decay in accordance with first-order decay laws.
Stern—Volmer plots of the decay rates versus the
pressures of HN; and HNCO gave linear rela-
tions. From the slopes and intercepts, the quench-
ing rate constants and the zero-pressure lifetime of
NH(cIT) are obtained. The quenching rate con-
stant, 9.8 X 107° cm® molecule ! s~! for HN; is

close to that of ref. [15] and slightly larger than
the reported value of ref. [16]. The zero-pressure
lifetime is obtained to be 440 or 470 ns. Together
with the lifetime obtained in the NH; photolysis,
the averaged lifetime of NH(c'IT), 460 + 60 ns is
in good agreement with previous studies {5,15-17].
From similar experiments, quenching rate con-
stants for Ar and N, were obtained. These are also
listed in table 1.

3.3. Time profiles of NH(A’II) emission

3.3.1. Photolysis of NH,

Emission from NH(A?IT) was not observed at
NH, pressures lower than 0.5 Torr. In the pres-
ence of O, the fluorescence from NH(c'IT) was
strongly quenched, and the NH(A’II) fluores-
cence appeared instead. Time profiles of the tri-
plet fluorescence intensity at 336 nm were given
by a function containing two exponential terms, a
rise and a decay component, which correspond to
the decay rates of NH(c'IT) and NH(A’II), re-
spectively. For the O, pressure up to 1.0 Torr, the
measured decay rates are in agreement with those
of NH(c'IT) and NH(AII). The results are con-
sistent with the collision-induced formation mech-
anism of NH(A3II) [5,6], which seems to be well
established now.

3.3.2. Photolysis of HN,

In the photolysis of HN; by the 121.6 nm line,
time profiles of the NH fluorescence at 336 nm
were observed to be complex. It is expected that
the NH(c'II) fluorescence superimposes as al-
ready mentioned. In fig. 2 the dots show the time
profile observed at 336 nm when 0.06 Torr HN,
was photolyzed at 121.6 nm. It consists of three
decay components. The slower components seem
to exhibit initial gradual increases in intensities
though they are not readily seen due to the super-
imposed fast component. The fast component is
probably that of NH(c'II, N’=14) and is
strongly affected by the presence of Ar or N,.
Slower decays in the time domain of several mi-
croseconds cannot be attributed to electronically
excited states of NH.
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Fig. 2. Time profile of NH(A>II) fluorescence when 0.06 Torr

HN,; was photolyzed at 121.6 nm. The solid line is the best

fitted convoluted curve assuming a double exponential decay
function with 1.3 and 6.9 ps lifetimes.

In order to estimate the lifetimes of the two
slow components, the later parts of decay curves
were analyzed assuming double exponential decay
functions. The best fitted convoluted curve to the
data is shown in fig. 2 by the solid line, which
contains 1.3 and 6.9 ps lifetimes. A similar analy-
sis was carried out for experimental results with
various HN; pressures. The resulting Stern-
Volmer plots of the two decay components are
shown in fig. 3. From the intercepts and the
slopes, the zero-pressure lifetimes and the quench-
ing rate constants for HN; were obtained to be 2.7
ps and 2.6 X 107 ¢cm® molecule™! s™! for the
fast component, and for the slow one the obtained
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Fig. 3. Stern—Volmer plots of (a) fast and (b) slow decay rates
against the pressure of HNj. In (a) decay rates observed at 660
nm, the N, first positive band are indicated by ®.

values are 18 ps and 4.9 X 10! cm® molecule ™!

s~ !, respectively.

The lifetimes, 2.7 and 18 ps, are much longer
than that of NH(A*II) which is reported to be
500 ns and seem to reflect the lifetimes of other
energetic photofragments. NH(A3II) may be
formed by secondary reactions between energetic
intermediates and HN,;. In this system, candidates
for the microsecond lifetimes are triplet N, mole-
cules which may be formed in the photolysis of
HN;,.

When NH(A®II) is formed by secondary reac-
tions involving triplet N,, the time profile of the
NH(A®II) fluorescence must have an initial de-
layed increase in intensity corresponding to the
NH(AII) lifetime under a given experimental
condition (< 500 ns) followed by slow decay char-
acteristics of N, triplet states. In order to observe
the rises more clearly, time profiles were measured
at 336 nm in the presence of Ar, which quenches
the rotational energy of ¢ 'II and isolates the A°TT
emission bands from those of ¢'II. Fig. 4 (dots)
shows an intensity time profile of the NH fluores-
cence observed at 336 nm when 0.1 Torr HN,; was
photolyzed by the 121.6 nm light pulse in the
presence of Ar at 8.0 Torr. It clearly shows an
initial delayed increase in intensity.

For analysis of the fluorescence time profiles
having three different lifetimes, the following

logl

Fig. 4. Time profile of the NH fluorescence observed at 336
nm when 0.1 Torr HN; was photolyzed by the 121.6 nm light
pulse in the presence of Ar at 8.0 Torr.
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mechanism was assumed under low pressure con-
ditions:

HN, + hv —» NH(c'TI) + N, (X2} ), (1a)
- N#(T) + NH(X *=7), (1b)
- N}*(T) + NH(X *27), (Ic)
— others. (1d)
NH(c'II) - NH(a'A) + hv,, (2)

Ny (T) + HN; - NH(A’TI) + 2N, (X2} ), (3)
N7 *(T) + HN; > NH(A’IT) + 2N, (X '3} ),

4)
NH(A’) > NH(X3Z7) + hv,, (5)
N (T) > Ny (X'Z]) + hos, (6)
N3 *(T) > Ny (X)) + b, (7

where N (T) and N} *(T) denote N, triplet states
which sensitize the NH(A*II) fluorescence.
Reaction (1a) is responsible for the formation
of the singlet state and reactions (1b) and (1c) are
for the triplet formation. NH(c'II) gives fluores-

cence emission at 326 nm via reaction (2). Both.

triplet N, are supposed to sensitize HN; to form
NH(A’II) via reactions (3) and (4), and eventu-
ally gives the NH(AIT) fluorescence at 336 nm,
reaction (5). Decay rates of the fluorescence inten-
sity are determined largely by reactions (3) and
(4). Reactions (6) and (7) represent the emissive
decay channels of the metastable N, triplet states,
presumably in the visible and infrared regions.

If reaction (1) is very fast and occurs within the
duration of photolysis light pulses the intensity of
NH(c'II) fluorescence is described as,

1,(t) = A exp(—kyt), (8)
where A4 is constant, and k, is the decay rate of
NH(c'TI). The intensity of NH(A>II) emission is
described as the sum of the equations

I.(t) = B[ —exp(—kst) + exp(—k3t)], (9)
I.(t)=B'[—exp(—kst) +exp(—kyt)],  (10)

where B and B’ are constants, ks is the decay
rate of NH(A>II), and k; and k, are the decay

rates of NJ*(T) and N} *(T), respectively. Under
higher-pressure conditions, quenchings of excited
species may take place, and therefore, eqgs. (8)—(10)
represent functions of the pressure. The observed
intensity time profiles, I(¢), were simulated as

1(t) = 1(1) + I (1) + I.(2). (11)

The best fitted simulated curve is shown in fig.
4 by a solid line. The three different components
are: I,(2), <10 ns fast rise followed by a single
exponential decay with a lifetime of 1/k, =75 ns,
I(1), slower rise (1/ks = 340 ns) followed by a
1/k, =940 ns decay, and 1 (t), slower rise (1/ks
=340 ns) and very slow decay (1/k;= 3.5 ps).
The relative values estimated for 4, B and B’ are
1:0.8:0.3. The obtained k,, k,, and k4 are found
to be independent of the Ar pressure between 5
and 20 Torr, but dependent on the pressure of
HN,.

The rate constant of the slow rise component
ks in I, (t) and I (t) was measured at various
HN, pressures. Stern—Volmer plots for ks versus
HN; pressure are shown in fig. 5. The plots fit a
straight line with a zero-pressure lifetime of 500
ns. The quenching rate constant by HN,, 4.7 X

107 cm’ molecule™! s~! was obtained from the
slope. The observed 11fet1me is in agreement with
that of NH(A®IT). This indicates that the same
NH(A®II) is formed by secondary reactions of
two different intermediate species. The absence of
a fast rise of the NH(A3TI) fluorescence suggests
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Fig. 5. Stern-Volmer plots of the NH(A’II) fluorescence

decay. (a) Best fitted decay rates (k) obtained by eq. (11)

versus the pressure of HN,. (b) NH(A3I) decay rate versus
HNCO.
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that the direct formation of NH(A®IT) seems to
be a minor process.

NH(A>IT) is mainly produced in the secondary
reactions between HN; and excited triplet N,
molecules initially formed in the 121.6 nm pho-
tolysis of HN,. Energeticall;' available N, triplet
states are A’S}, B’II,, B'°S,, and WA, [19].
N,(A’Z]), and N,(W?A,) have too long life-
times, 2.0 s [20] and 0.49 ms (v = 2) [21], respec-
tively. Lifetimes of various vibrational levels of
N,(B’II,) have been reported frequently. Re-
ported lifetimes are in agreement within a factor
of 2, ranging from 2.2 to 8.0 ps depending on
vibrational levels [22-28]. As a general trend,
shorter lifetimes have been observed for higher
vibrational levels. The lifetime of N,(B’ 32; ) has
not yet been measured, but the radiative lifetime is
expected to be similar to that of N,(B>II,) since
both states undergo the same type of electronic
transition. m,2P — 0,2P for N,(B’II, - A’Z})
and ©,2P - m,2P for N%(B’32; - B°II,). An
estimated value for N,(B’' "2 ) has been reported
to be 24-27 ps [29]. The shorter component with a
lifetime of 2.7 ps may be attributed to N,(B’II,)
and the longer one with its lifetime of 18 pus to
N, (B ’Z]).

Emission from N, (B>I1 ¢) appears in the wave-
length region from 600 to 1100 nm {29,30]. Inten-
sity time profiles at 660 nm where the N, first
positive system (B’Il,, v'=4->A’S], v"=1)
appears, were measured in the photolysis of HN,
at 121.6 nm using an interference band-pass filter
(Shonan kogaku No. 8307-446, 660 + 5 nm). The
decay rates thus obtained are plotted in fig. 3 by
closed circles: it clearly shows that the zero-pres-
sure lifetime of 2.7 ps may be attributed to
N,(B’I1,). Zero-pressure lifetimes and quenching

Table 2

rate constants for Ny(B°IL,), No(B'°S;), and
NH(A?II) obtained from analysis of the intensity
time profiles at 336 and at 660 nm are sum-
marized in table 2.

In the photolysis of HN; at 121.6 nm, three
different dissociation channels were observed with
respect to the excited NH formation. The reaction
scheme previously given may be rewritten as fol-
lows:

HN, + kv - NH(c'IT) + N, (X 'S} ), (12")
- NH(X®Z7) + N,(B°IL,),  (Ib))
> NH(X?27) +N,(B’2;).  (1¢")

The formation of NH(AIT) can be expressed by
the following secondary reactions involving
N,(B°II,) and N,(B"°2)),

N,(B*II,) + HN; » NH(A’IT) + 2N, (X 'Z] ),
(37
N,(B’’=;) + HN,; - NH(A’II)
+2N,(X'2]). (4)

The intensity ratio of the NH(A*IT) and NH(c 'IT)
emission increased with the pressure of HN,. At
0.01 Torr of HN, pressure the NH(A*IT) emission
was vanishingly weak compared to that from
NH(c'IT).

3.3.3. Photolysis of HNCO

Fig. 6 shows a typical time profile of the fluo-
rescence intensity of NH(A>II) observed at 336
nm in the photolysis of HNCO at 121.6 nm.
Though the rotationally excited NH(c'IT) fluores-
cence extends to longer wavelengths than 336 nm,

Zero-pressure lifetimes and quenching rate constants of HN(A *IT) N, (B °I1,) and N,(B’ *Z])

Wavelength o kq (1071 cm® molecule™! s71)

(nm) HN, HNCO
NH(A *1I) 336 500 +40ns 47 +0.1 43103
N,(B°II,) 336, 660 274+ 02 ps 2.6+0.2 -
N,(B"’23) 326 18 + 2ps 0.46 +0.03 -
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Fig. 6. Typical time profile of the fluorescence intensity of
NH(A*IT) in the photolysis of 0.07 Torr HNCO at 121.6 nm.

the spectral resolution of 0.7 nm was high enough
to isolate the NH(AIT) emission band from the
c'II emission band. The initial very fast rise of
the fluorescence intensity closely corresponds to
the duration of the excitation light pulse (=10
ns). It is not possible to identify the slow rise of
the fluorescence intensity which corresponds to
the indirect formation of NH(A>II) via reactions
with some long-lived precursors. The fluorescence
decay profiles obtained in this experiment were
well represented by a single exponential decay
function.

In fig. 5b Stern—Volmer plots of decay rates for
various HNCO pressures are shown. The self-
quenching rate constant and the zero-pressure
lifetime were calculated from the slope and the
intercept, and are summarized in table 2. The
lifetime of 500 ns is in good agreement with the
one obtained in the previous section and the re-
ported lifetime of NH(AIT) [15-17].

Based on the spin conservation rule, it has been
suggested [11] that NH(A*IT) should be produced
mostly by a secondary process involving CO(a *IT),
which is considered to be a direct photodissocia-
tion product of the excited HNCO. No evidence,
however, was observed to indicate the presence of
CO(a’Il) in time resolved measurements of
NH(A3II) fluorescence. If CO(a>II) is involved
in the formation of NH(A’II), its fluorescence
intensity should increase slowly as the CO(a>IT)
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Fig. 7. Intensity ratio of the singlet and the triplet fluorescence
against the pressure and HNCO. Differences in the quenching
rate are corrected.

concentration decreases. Under the present experi-
mental conditions. CO(a >IT) may last much longer
than 100 ns [31].

The intensity of NH(AII) fluorescence rela-
tive to that of NH(c'IT) was approximately con-
stant for the pressure of HNCO between 0.05 and
0.7 Torr as shown in fig. 7. Differences in quench-
ing rates by HNCO were corrected accordingly.
Emission from NH(c!II) is about 5 times more
intense than that from NH(A’II). These data
suggest that NH(A®IT) is formed directly in the
photolysis of HNCO. The slight tendency to in-
crease the ratio at higher pressures may indicate
the presence of the secondary process.

Though the process is only a minor one, the
“spin-forbidden” dissociation reaction is observed
only in the photolysis of HNCO at 121.6 nm. Both
the singlet and the triplet HNCO may be formed
before the dissociation takes place. At the mo-
ment, it is not clear why the nature of the excited
HNCO is much different from the others. The
HNCO excited at 121.6 nm may have a longer
lifetime than that of NH; or HN;, which allows a
part of the excited molecules to cross to the triplet
state.
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