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An investigation of the photodissociation of methylazide at wavelengths from 292 nm to 325 nm is
presented. Emission spectra and lifetime analysis show the existence of the triplet CH3N radical. A
simple kinetic model is proposed to explain the observed fluorescence real time profile, which
reflects the vibrational relaxation of hot radical at high pressures. The photodissociation dynamics
of methylazide seems complex. The predominant channel is likely to produce CH2NH via concerted
1,2-hydrogen shift and N2 extrusion process. The triplet CH3N comes from a minor spin-forbidden
channel which involves possibly strong interaction between the low-lying excited singlet and triplet
states of methylazide. ©1996 American Institute of Physics.@S0021-9606~96!00138-9#

I. INTRODUCTION

Azides and nitrenes play significant roles in organic
reactions,1 among them both methylazide and methylnitrene
are their simplest alkyl-substitute forms. From 1950’s to
1980’s, people made a great effort to obtain the methylni-
trene radical through photodissociation of methylazide in gas
phase and matrix,2–5 however, only the isomer methylene-
imine ~CH2NH! was observed. Bocket al.6,7 obtained a simi-
lar result in pyrolysis of methylazide more recently. It was
generally accepted that the intermediate singlet methylni-
trene is unstable and easily rearranges to methyleneimine as
soon as it is produced.8,9

The isomerization of both triplet and singlet methylni-
trene to methyleneimine have been the subject of severalab
initio calculations. Demuyncket al.10 and later Popleet al.11

found that although the triplet ground state has a significant
activation barrier to the 1,2-hydrogen shift, there appears to
be no such barrier separating the1E state from ground state
methyleneimine. Nguyen9 held that singlet methylnitrene
may be an evanescent intermediate in the photochemical de-
composition of methylazide. He also noted that both experi-
mental andab initio investigations showed that methylni-
trene does not rearrange via the 1,2-hydrogen shift to
methyleneimine in its triplet ground state, suggesting that the
direct photolysis of methylazide yielding methyleneimine
proceeds via a singlet excited state.8,9 This hypothesis is con-
sistent with the general opinion that hydrogen migration
tends to occur on the singlet potential energy surface.8,12

More recently, Richardset al.8 re-examined the rearrange-
ment of methylnitrene to methyleneimine on the lowest-lying
singlet surface using CISD levels of theory. They found that
the conclusion of most previous lower level studies that there
is no barrier to rearrangement on the1A8 surface appears to
be justified.

The triplet methylnitrene is stable and faces a large bar-
rier to unimolecular rearrangement as predicted by severalab
initio calculations.8–11The first experimental evidence for its

existence was provided by the ESR spectra of Wasserman
et al. in 1964.13 The definite observation of the triplet meth-
ylnitrene radical was made by Carrick and Engelking who
obtained itsÃ 3E→X̃ 3A2 ultraviolet emission spectrum in
1984.14 The geometry of ground state methylnitrene was de-
termined by high-resolution gas-phase emission spectro-
scopy.15 The vibrational frequencies for the ground and ex-
cited states have been derived from the jet-cooled UV emis-
sion spectra16 and the absorption spectra of matrix isolated
methylnitrene.17 More recently, the laser induced fluores-
cence spectra of triplet methylnitrene have been
reported.18,19,20 The lifetimes of several vibrationalÃ 3E
states have been measured, and showed that theÃ 3E state is
bound at least up to 4800 cm21 and is relatively free from
photochemistry.20

Recently, the isoelectronic diradical, methylcarbene, has
been of great interest to theoreticians21–25 as well as
experimentalists.26 Different from methylnitrene, singlet me-
thylcarbene is a true intermediate that exists in a potential
energy minimum and has a finite lifetime.21,25,26 The most
recentab initio investigation gave the activation barrier 1.2
kcal mol21 for the isomerization of singlet methylcarbene to
ethylene.25 The lifetime of methylcarbene in pentane at am-
bient temperature was determined to be 0.5 ns and the acti-
vation barrier was estimated to be less than 2.3 kcal mol21

experimently.26 Through comparison with methylcarbene, it
seems even more difficult to observe singlet methylnitrene in
decomposition of methylazide.

Because methylazide and hydrazoic acid~HN3! all have
an azide group as their chromophore, they have similar elec-
tronic structure for the first few electronic states and thus
give similar UV absorption spectra consisting of two bands;
one near 287 nm arising fromn→p* transition, and the
other near 216 nm fromp→p* transition.27 The dissociation
dynamics of methylazide on the first excited singlet surface
was studied experimentally via resonance Raman spectro-
scopy.28 A dissociation process of concerted N2 elimi-a!Author to whom correspondence should be addressed.
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nation and 1,2-hydrogen shift has been proposed. However,
the dissociation dynamics of methylazide in its first absorp-
tion band may be more complex. Our recent investigation of
the photodissociation of methylazide at wavelengths from
292 nm to 315 nm has shown that the triplet methylnitrene
can be produced.29 Two-color photolysis-probe experiments
has justified the existence of triplet methylnitrene. Here, we
give a full account on the formation of triplet methylnitrene
radical in photodissociation of methylazide. The spectral and
lifetime evidences will be provided and the dissociation
mechanism will be proposed.

II. EXPERIMENT

Methylazide was prepared by the reaction of dimethyl
sulfate and sodium azide.14 The experimental setup is shown
in Fig. 1. The photodissociation of methylazide was investi-
gated in the UV region from 292 nm to 325 nm in a flowing
gas cell. This wavelength region locates at the long wave-
length side of the first electronic absorption band~n→p* ! of
methylazide. The sample pressure was monitored by a Bara-
tron ~MKS! and was maintained typically at 30 Torr. The
sample was kept refreshed after each laser shot. The visible
beam was produced by a PDL-3 dye laser pumped by the
second harmonic of a GCR-4 YAG laser~Spectra Physics!
with pulse duration of 6 ns and repetitation rate of 30 Hz.
R610, R640, and DCM dyes~Exiton! were used. The visible
output was frequency doubled in a BBO~Castech! crystal to
cover the desired wavelengths. UV beam went into the cell
through a quartz window with Brewster angle to reduce the
laser scattering light. A 300 mm focal-length convex lens
was used to focus the laser beam. Side emissions were col-
lected by a set of focus lenses and dispersed by a monochro-
mator~WDP500-2A, the Second Optical Factory of Beijing!
with a 1200 grooves/mm grating. The output of the R955
photomultiplier ~Hamamatsu! was preamplified by an
SRS445 preamplifier~Stanford Research! and averaged by a
4100 Boxcar system~EG&G!. The digital data were trans-
ferred to a 286 computer via GPIB bus. The analog data were

transferred to a recorder to record the spectra simultaneously.
In lifetime measurements, an HP54510A digital oscilloscope
~Hewlett–Packard! was employed to digitizing the real-time
signal, and the data were transferred to a 386SX/25 computer
via GPIB bus.

In further two-color photolysis-probe experiments, the
pumping laser was separated into two beams by a beamsplit-
ter. Two 532 nm laser beams pumped two PDL-3 dye lasers
respectively. The outputs were both frequency doubled in
BBO crystals. Two 300 mm focal-length convex lenses were
used to focus the laser beams. The probe beam spacially
overlapped with the photolysis beam in the cell center with
an optical delay of 26 ns. The focus spot size of the probe
beam was smaller than that of the photolysis beam. Laser
energies were measured by a power meter~Scientech!. The
detection and data processing part was the same as that of
one-color experiments described above.

III. RESULTS AND ANALYSIS

A. Emission spectra in photolysis of methylazide

The emission spectra were obtained at different photoly-
sis wavelengths ranged from 292 nm to 325 nm. Because the
first excited state of methylazide is dissociative, the pure-
dephasing rate will be much slower than the total dephasing
rate. Thus, the emission spectra of methylazide was expected
to behave as resonance Raman.30 However, more complex
emission spectra were observed. Some emission features
track with the photolysis laser wavelengths and are Raman-
type, while others fix at definite emission wavelengths and
are fluorescencelike. The Raman-type emissions come from
the dissociating methylazide molecule and are assigned to
the resonance Raman emissions reflecting the photodissocia-
tion dynamics of methylazide which is a process of con-
certed N2 extrusion and 1,2-hydrogen shift, as studied
previously.28 The fluorescencelike emissions have definite
lifetimes.

Two ways may contribute to the fluorescence emissions;
the interference of impurities and the fluorescence of photo-
dissociation products. Since GC-MS analysis of the synthe-
sized methylazide sample showed that the main impurity is
methanol, a comparison experiment was done using pure
methanol instead of methylazide in the same condition. O–H
stretch vibration frequency was observed at about 3700 cm21

Raman shift, while no fluorescence emission was found. Al-
though strong Raman lines were found at about 2900 cm21

in both cases of methylazide and methanol, no distinguish-
able peak appeared at 3700 cm21 for methylazide. Therefore,
the interference of methanol impurity in Raman and fluores-
cence spectra can be excluded. The primary photodissocia-
tion product of methylazide is methyleneimine~CH2NH! as
reported already.2–5 No electronic spectrum of methylene-
imine has been found experimentally in literature. The theo-
retically predicted value for the vertical excitation for the
lowest singlet state in CH2NH is 5.45 eV~Ref. 31! which is
much higher than our observed emission bands. Therefore,
there exist few possibilities that the fluorescence comes
from CH2NH. Based on our previous laser spectroscopy

FIG. 1. Experimental setup for the photodissociation of CH3N3. The second
dye laser and the optical delay line were used in photolysis-probe experi-
ments.
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study on the methylnitrene radical20 and the spectra data of
the Ẽ 3E→X̃ 3A2 emission,16 the fluorescence part of the
emission can be assigned to the emission of triplet excited
methylnitrene radical. Other evidences such as excitation
spectra and lifetime also support the assignment of the fluo-
rescence emission from theÃ 3E state CH3N radical.

Figure 2~a! shows the emission spectrum in the photo-
dissociation of methylazide at 294 nm which also exactly
matches the excitation of the 30

3 band of theÃ 3E←X̃ 3Ã2
transition of CH3N. Figure 2~b! is the dispersed fluorescence
spectrum of the 33 band obtained previously in our LIF study
of the CH3N radical produced by the reaction of CH3N3 with
metastable N2.

20 It can be seen clearly that the fluorescence
part of Fig. 2~a! fits the pure fluorescence spectrum of Fig.
2~b! very well in both the position and relative intensity of
the peaks, indicating that the ground state CH3N is present in
the photolysis product and is excited by the same photolysis
laser. If the photolysis wavelength deviated from the elec-
tronic absorption band of the CH3N radical, emissions from
the excited CH3N can still be seen though the intensity is
weaker. These observations show that both the excited and
ground state CH3N radical exist in photodissociation of me-
thylazide.

B. Excitation spectra

The excitation spectra were obtained when the photoly-
sis laser was scanned while the monochromator with a reso-
lution of 3 nm was set at 325 nm and 328 nm, corresponding
to collect the fluorescence of the 00 band and the 31 band of
theÃ→X̃ system of CH3N, respectively. As shown in Fig. 3,
the distinct peaks at about 314 nm and 307 nm fit well to our
previously reported fluorescence excitation spectrum.20 But
in the lower spectrum, some shoulders can be found, espe-
cially for the origin band. The excitation of vibrationally hot
radicals may be responsible for this. In our previous experi-
ments, the CH3N radical was produced by the collisional
reaction of metastable N2 with CH3N3. The detection zone
was 4 cm downstream the reaction zone. Therefore, although
the hot radicals may be produced by the reaction, they almost
relax to the vibrationless state; whereas in photolysis, vibra-
tional relaxation will not be so complete within the laser
pulse even though the pressure is rather high. The shoulder
appears near 316 nm is assigned to the 61

1 band, in agreement
with the earlier observation of Carrick and Engelking.14

C. Lifetime simulation and the kinetic model

The fluorescence decay profiles of the 00 band and the 31

band were recorded at various pressures. Only the fluores-
cences at the range of 32563 nm and 32863 nm, respec-
tively, were collected by the monochromator. The time pro-
files were simulated by the method of least-squares fit.32

Because the laser pulsewidth in the experimental condition is

FIG. 2. Comparison of the laser induced emission spectra showing the ex-
istence of the triplet CH3N radical. The laser wavelength is 294 nm, corre-
sponding to the excitation of the 30

3 band of theÃ 3E←X̃ 3A2 transition.~a!
Produced in the photolysis of CH3N3; ~b! produced in the reaction of CH3N3

with metastable N2 ~Ref. 20!.

FIG. 3. Fluorescence excitation spectra of the triplet CH3N radical. Upper
spectrum: Radical produced in the reaction of CH3N3 with metastable N2
~Ref. 20!. Lower spectrum: Radical produced in the photolysis of CH3N3.
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not negligible, a convolution method was used. The mea-
sured fluorescence real-time profile was simulated by the
convolution of the real-time profile of laser scattering light
with the monoexponential decay of the fluorescence. The
contribution of the background fluorescence or Raman sig-
nals were considered when necessary. It should be noted that
the photolysis of CH3N3 and the excitation of methylnitrene
were achieved by the same laser beam. As a result, the simu-
lation method described here is approximate. The examples
of experimental and simulated fluorescence time profiles of
excited CH3N in ground vibration state at different pressures
are presented in Figs. 4 and 5. The extrapolated radiative
lifetimes of the ground andv38 5 1 Ã-states are 500 ns and
460 ns, respectively, as shown in Fig. 6. These values are not
very accurate because of high pressure, yet they are consis-
tent with our latest detailed lifetime measurement, which are
413612 ns and 374620 ns for the ground andv38 5 1
Ã-states,33 where CH3N was generated by standard discharge
method.20 The quenching rates of the CH3N radical by bulk
CH3N3 were obtained from the plots of the decay rate vs
pressure, which are 0.80310210 cm3 s21 molecule21 and
2.2310210 cm3 s21 molecule21 for the ground andv38 5 1 vi-

bration state, respectively. The relatively large difference be-
tween them is probably brought by the additional vibrational
relaxation of the vibrationally excited state.

It was found that the simulation curve does not fit the
experimental curve at high pressure as shown in Fig. 5.
However, if the simulation was carried out by following
equation:

F~ t !5e2~ t2t0!/t12Be2~ t2t0!/t2, ~1!

the simulated results can be greatly improved. A kinetic
model for the photodissociation of CH3N3 demonstrated in
Fig. 7 was proposed to explain the above phenomenon. In
the photolysis both ground and excited vibrationalÃ 3E
states were produced. At high pressure, the vibrational relax-
ation should not be neglected, the vibrationally excited radi-
cals may relax to the ground state before they emit fluores-
cence. Because the existence of the parallel reaction channel
of k8 , the lifetime of CH3N3* is very short.

28 The production
of the primary products can be considered to be instanta-
neous as soon as the molecule absorbs photons for the pur-
pose of simulation. In other words,k4 ,k5 ,k6 ,k7 ,k8 only
come in as factors affecting the branching ratio, while for
time evolution, we only need consider convolution of the
laser pulse and the following rate equations:

FIG. 4. Fluorescence time profiles of theÃ-state CH3N radical.~a! Radical
in the ground vibration state at a pressure of 25.9 Torr;~b! radical in the
v38 5 1 state at a pressure of 23.1 Torr. Dashed line, simulated; solid line,
experiment.

FIG. 5. Fluorescence time profiles of theÃ-state CH3N radical in the ground
vibration state at a pressure of 44.9 Torr.~a! Simulated by one component
exponential decay;~b! simulated by Eq.~1!. Dashed line, simulated; solid
line, experiment.
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d@CH3N* ~v50!#

dt
52k1@CH3N* ~v50!#

1k2@CH3N* ~vÞ0!#, ~2!

d@CH3N* ~vÞ0!#

dt
52~k21k3!@CH3N* ~vÞ0!#. ~3!

Provided that@CH3N* ~v50!#5C1, @CH3N* ~vÞ0!#5C2 ini-
tially, then

@CH3N* ~v50!#5SC11
C2k2

k21k32k1
De2k1t

2
C2k2

k21k32k1
e2~k21k3!t. ~4!

Equation~4! can be simply written as

@CH3N* ~v50!#5A@e2k1t2Be2~k21k3!/t#. ~5!

If B!1, the second term of Eq.~5! can be neglected and the
fluorescence decay is monoexponential. In general cases, the
fluorescence decay is biexponential. Equation~5! is in agree-
ment with Eq.~1! given above. Therefore, the rate constants
k1, k21k3 can be derived from the lifetime simulation, and
the results are presented in Table I. The relative values
amongk1 andk21k3 agree with physical intuition.

D. Results and analysis of photolysis-probe
experiments

The two-color photolysis-probe scheme was used to con-
firm the formation of the triplet CH3N radical and to elimi-
nate the interference of Raman signals in photodissociation
of CH3N3. A typical real-time emission curve is shown in
Fig. 8 which clearly indicates the excitation of the ground
state radical. The dispersed fluorescence spectrum of the ori-
gin band of CH3N is presented in Fig. 9. This spectrum has a
higher signal to noise ratio than that obtained from the one-
color experiment. The emission bands and intensities are es-
sentially the same as observed previously.20 Although we
made a great effort to prolong the optical delay between
photolysis laser and probe laser, the value of 26 ns seems
insufficient to avoid the strong photolysis laser scattering
light. Thus the photolysis laser line still appears in the spec-
trum. Figures 8 and 9 firmly demonstrate the existence of the
triplet CH3N radical.

The Ã→X̃ transition produces a large change in molecu-
lar geometry. In emission to the ground electronic state, the
C–N bond tightens and the methyl group closes, which re-
sults in extensive progressions in then3 mode~C–N stretch!,
and activatesn1 andn2 modes,~the hydrogen stretch and the
symmetric bend!.16 The dispersed spectrum of the 31 band is
shown in Fig. 10 which has not been reported yet. The spec-
trum mainly contains two progressions, namely 3n

1 and 21
03n

1.
The 31

1 band mixes with the 61
1 band because of the Jahn–

FIG. 6. Fluorescence decay rates vs total pressure of theÃ-state CH3N
radical in ground vibrational andv38 5 1 states.~a! v38 5 0; ~b! v38 5 1.

FIG. 7. Kinetic model for the photodissociation of CH3N3.

TABLE I. Rate constants at different pressures.

Pressure~Torr! k1 ~108 s21! k21k3 ~108 s21!

44.9 1.00 2.21
40.6 0.95 2.30
36.1 0.96 1.58
32.6 0.89 1.73
29.2 0.82 1.17
25.9 0.75 1.01
22.5 0.68 0.90
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Teller effect in the degenerateÃ 3E state and the Fermi reso-
nance, which will be discussed elsewhere.33 Due to vibra-
tional relaxation to the ground vibration state, fluorescence
from the ground vibration state has also been observed, con-
sistent with the kinetic model described above.

Since the excitation spectrum shows evidence of hot
CH3N radicals, the dispersed spectrum of the 61 band was
obtained by 61

1 excitation at 315.88 nm after the photolysis of
CH3N3 at 301.5 nm, as shown in Fig. 11. The methyl rocking
vibration v69 was first observed in emission spectrum.16 Its
fundamental appears at 903 cm21. Thev69 mode also occurs
in combination with the C–N stretch mode and in progres-
sions fromv68 in the excited state. The progression of 6n

1 is

observed in the dispersed LIF spectrum as expected. The
combination progressions 21

06n
1, 31

06n
1, and 51

06n
1 are mixed

with the main progression due to the low resolution of the
spectrum.

IV. DISCUSSION

A. Is triplet CH 3N the direct photodissociation
product of CH 3N3?

The ground state of CH3N3 is singlet, so the most pos-
sible photodissociation process should occur on the first ex-
cited singlet potential surface. However, the triplet CH3N
radical is observed. Theoretical studies have shown that the
rearrangement of the singlet CH3N to CH2NH via 1,2-

FIG. 8. Real-time emission signal in the photolysis-probe experiment at a
total pressure of 42.4 Torr. The photolysis laser wavelength is 301.5 nm
with an energy of 250mJ/pulse and the probe laser wavelength is 314.29 nm
with an energy of 50mJ/pulse. The monochromator is set at 324.9 nm with
1 nm resolution.

FIG. 9. Dispersed fluorescence spectrum of the origin band of CH3N with
0.5 nm resolution in the photolysis-probe experiment after 00

0 excitation.

FIG. 10. Dispersed fluorescence spectrum of the 31 band of CH3N with 1
nm resolution in the photolysis-probe experiment after 30

1 excitation.

FIG. 11. Dispersed fluorescence spectrum of the 61 band of CH3N with 1
nm resolution in the photolysis-probe experiment after 61

1 excitation.
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hydrogen shift has no barrier,8–11 so the singlet CH3N might
be an evanescent intermediate or just a transition state on the
potential surface. As a result, the singlet CH3N radical has
not been observed spectroscopically to date.

Collision-induced intersystem crossing might be respon-
sible for the formation of triplet CH3N after photodissocia-
tion of CH3N3. It was reported by Rohrer and Stuhl

34 that the
collision-induced NH~c 1P!→NH~A 3P! is very efficient
with O2, NO, and Xe, and excited NH~A3P! radicals are
noteworthy secondary products which can be generated in
the HN3 photolysis systems. But the estimated collision fre-
quency in our experimental condition is one time per 2 ns, so
there are few probabilities for singlet CH3N to undergo in-
tersystem crossing via a collision with precursor CH3N3 in
the presence of a fast isomerization process due to the very
short lifetime of singlet CH3N if it does exist at all. In addi-
tion, as the primary product is CH2NH, it is also not possible
to produce triplet CH3N via other secondary reactions.
Therefore, the triplet CH3N radical is most probably the di-
rect photodissociation product of CH3N3.

B. Photodissociation dynamics of CH 3N3

Because the formation of the triplet CH3N radical is a
spin-forbidden process, the interaction between the excited
singlet and triplet states of CH3N3 might play a significant
role in photodissociation. As the electronic structure of
CH3N3 is similar to that of HN3, it will be helpful to inspect
the photodissociation of HN3. The low-lying excited states
of CH3N3 have not been theoretically investigated, only the
UV absorption spectra were reported in solution.27 On the
contrary, the photolysis of HN3 has been extensively studied
experimentally and theoretically. Ground-state overtone
pumped photolysis of HN3(X̃

1A8) involves a spin-
forbidden dissociation channel HN3(X̃

1A8)→NH(X̃ 3S2!
1N2(X̃

1Sg
1), when overtone and combination levels of

HN3 in the range 5n1 to 6n1 are excited.35 In the UV photo-
dissociation of HN3 at wavelengths of 248,

36 266,37,38283,39

and 308 nm,40 the NH fragments are found exclusively in
the a 1D state, while at 193 nm, all five low-lying states of
NH are produced.36 Recently, Alexander and Werner41

has proposed a reaction channel involving the
crossing between the two dissociation pathways;
HN3~

1A9!→NH(X̃ 3S2!1N2(X̃
1Sg

1), and HN3(X̃
1A8)

→NH~a 1D!1N2(X̃
1Sg

1), to explain the formation of
spin-forbidden product NH~X̃ 3S2! in the dissociation of
HN3 by vibrational overtone pumping on the ground elec-
tronic surface. The vertical excitation energy for the lowest
singlet excited state1A9 of HN3 is 4.96 eV, and the lowest
triplet state3A9 is a little lower.42

It might be reasonable to assume that there exists strong
interaction between the low-lying excited singlet and triplet
states of CH3N3, which leads to the formation of triplet
CH3N. There might be four reaction channels in the photo-
dissociation of CH3N3, as shown in Table II. The enthalpies
of reactions~i! and~iii ! are obtained from our recentab initio
G2 ~Ref. 43! calculation44 using theGAUSSIAN 94package of
programs.45 The calculated bond dissociation energy of

CH3N–N2 is 39.8 kcal mol
21, in agreement with the estima-

tion value 40.6 kcal mol21 given by Bock and Dammel.7 The
enthalpy of reaction~iv! is obtained from the enthalpy of
reaction~iii ! and the experimental excitation energy of triplet
CH3N. The enthalpy of reaction~ii ! is obtained from the
relative energy of CH2NH~1A9! and CH2NH~1A8!.8

After photoexcitation,~i! is the predominant reaction
channel, which produces ground state CH2NH via concerted
1,2-hydrogen shift and N2 extrusion process. Reaction~ii !
needs about 35 kcal to overcome the activation barrier from
the Jahn–Teller component1A9 of singlet CH3N to the tran-
sition state8 and is energetically accessible at photolysis
wavelengths from 292 nm to 325 nm. Reaction~iii ! is spin-
forbidden and occurs on the singlet surface in the beginning,
then goes down and crosses with the triplet dissociation sur-
face. Most of the reaction trajectories keep on going along
the singlet surface, while a few of them turn to go along the
triplet surface, giving the triplet fragment in result. The en-
thalpy for reaction~iv! is 96.6 kcal mol21, which is close to
the photolysis energy. Meanwhile, the excitation of triplet
state~T1! is also possible, but it is expected to be a minor
process. Two mechanisms are responsible for the production
of CH3N(Ã

3E). On the one hand, since it is energetically
accessible at short photolysis wavelengths, channel~iv! may
happen; on the other hand, the excitation of ground state
CH3N is also possible to produce an excited state CH3N. It is
difficult to distinguish these two processes in our experiment.

So far, the photodissociation processes of CH3N3 seem
to be complex and interesting. A detailedab initio investiga-
tion of low-lying excited potential surfaces and dissociation
dynamics of CH3N3 are desired. The spin–orbit coupling as
well as singlet and triplet conical intersection zone may be
clarified by theoretical treatment. Further experiments such
as femto-laser photolysis study would also make sure
whether singlet CH3N is a local minimum like singlet meth-
ylcarbene~CH3CH! or just a saddle point on the potential
surface. In addition, 308 nm excimer laser photolysis of
CH3N3 may be an available CH3N radical source though it is
not as efficient as the NH source produced by photolysis of
HN3.

V. CONCLUSION

The triplet CH3N radical is observed in the photodisso-
ciation of methylazide at wavelengths from 292 nm to 325
nm. A kinetic model considering the vibrational relaxation of

TABLE II. Relevant heat of reaction of methylazide.

Reaction channel DH ~kcal mol21!

~i! CH3N3(X̃
1A8)→

hn

CH2NH(X̃
1A8)1N2(X̃

1Sg
1) 249.9

~ii ! CH3N3(X̃
1A8)→

hn

CH2NH(
1A9)1N2(X̃

1Sg
1) 20.0

~iii ! CH3N3(X̃
1A8)→

hn

CH3N(X̃
3A2)1N2(X̃

1Sg
1) 5.8

~iv! CH3N3(X̃
1A8)→

hn

CH3N(Ã
3E)1N2(X̃

1Sg
1) 96.6
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an initially produced hot radical well explains the fluores-
cence lifetime profile at high pressures. The photodissocia-
tion dynamics of methylazide seems more complex. The pre-
dominant channel is likely to produce CH2NH via a
concerted process as observed previously. The spin-
forbidden photodissociation channel which produces a triplet
CH3N radical might involve a strong interaction between the
low-lying excited singlet and triplet states of methylazide.
Further experimental andab initio studies upon the photodis-
sociation dynamics of methylazide are necessary.
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