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We report VUV-photoionization based photofragmentation-translational spectroscopy data, providing a
comprehensive study of the collision free photochemistry of methyl azidgNgtat 193 nm. We report the

first observation of the production of methyl and the fiddical and derive the translational energy release
distribution of this reaction. The most probable translation energy is only 8%, and the maximum translational
energy is only 60% of the available energy, takingsCHlinear N; as the zero of energy. However, the
maximum translational energy release is quantitatively consistent with production of the higher energy isomer
cyclic Ns. Threshold photoionization of thesNragment using tunable synchrotron radiation shows results
consistent with theoretical predictions of the cycligibnization potential. The secondary dissociation gf N

— N(®D) + N, is also observed and its translational energy release is derived. This distribution pedks at
and extends to 11 kcal/mol as would be expected from the size of the exit channel barrier for spin-allowed
dissociation of cyclic N (7 kcal/mol) and, furthermore, inconsistent with the barrier height of the spin-
allowed dissociation of linear 3 kcal/mol). A large fraction{45%) of the N does not dissociate on the
microsecond time scale of the experiment suggesting methyl azide may be the most attractive photochemical
precursor of cyclic N yet found.

Introduction production is significant at 5 eé\*3and dominant at 624 and

12
Collision-free studies of azide photochemistry, which began 7.8 eV:* Recently, an accurati—P\CI. bonq energy has been
only recently: 10 have provided some interesting surprises. Of "€POrted, [(CI—Ns) = 1.86 eV:* This points out one of the
the two possible primary photodissociation channels difficulties in efficiently producing cyclic M from CIN3, since
under conditions where cyclic Ns produced efficiently the

XN+ hv— X+ N, (radical channel)  majority of the molecules are produced with so much internal
energy that they undergo subsequent unimolecular decomposi-
tion even under collision free conditions. Thus, it is worth
considering other azides where the electronic structure might
be similar, but where the XN3 bond is stronger and where X

XN+ hy— XN + N, (molecular elimination)

the radical channel has been found to be more important than
previously suspectett: Furthermore, we now have compelling i . .
evidence, which has recently been reviewédhat the N might a]so_ b? a polyatomic capable of carrying away more
radical formed by the simple bond rupture reaction may appear 8Ner9y in its internal degrees of freedom.

in two forms: the well-known linear azide and a theoretically =~ Within this context, methyl azide, GiNs, is a reasonable

predicted cyclic forn#:56.1+13 candidate with a €N bond-energy of~3.2 eV (nearly twice
P Do(Cl—N3)) and an electronic absorption spectrum similar to
N FN3.1516This suggests that UV photodissociation in the photon-
P Ne energy range of 58 eV might be an improved way to produce
N=—=N Ne cyclic N3. We have previously reported the collision free

N photochemistry of CkNz at 248-nm v = 4.99 eV)!° In that
A work despite extensive attempts, no evidence of the radical
So far, the most informative and extensive experiments have channel mentioned above could be found; however, we observed
been performed on CH\where it has been found that as the the molecular elimination channel and subsequent unimolecular
photon energyhw, is increased from-4.4 eV a threshold for ~ decomposition of methylnitrene, leading to HCN and HNC by
cyclic N3 formation is observed dtv ~ 4.9 eV?® cyclic N3 different pathways.
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H,C=NH —H,C=N + H (HCN formation step 1)

H,C=N — HC=N + H (HCN formation step 2)

H,C=N—H —H, + C=N—-H (HNC formation)

In contrast, this work at a substantially shorter photolysis
wavelength { = 193-nm; hv 6.41 eV) reveals similar
molecular elimination photochemistry as well as the first
observation of the simple bond rupture reaction (R2)

CH,N; + hv — CHy + Ny (R2)

Using near-threshold VUV-photoionization based photofrag-

Larson et al.
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Figure 1. Energetic diagram for primary and secondary dissociation
processes for the radical channel—8 rupture) of methyl azide
dissociation. The zero-Kelvin heats of formation are indicated with

mentation translational spectroscopy; we derive the translationalreferences to primary literatureh”” indicates a single 193-nm photon

energy release distribution of reaction (R2) and find that it is
consistent with the exclusive formation of cyclic.N\We also
observe and analyze the secondary dissociation of the N

photofragment and derive its translational energy release

distribution. The translational energy release of this reaction is
remarkably large, peaking at 5-kcal/mol and extending to the
energetic limit of 10-kcal/mol. This is additional and uniquely
compelling evidence for the formation of cyclics;MNs the
theoretically predicted exit barrier for cyclicsMissociation is
much larger (7 kcal/mol) than that of linear X8 kcal/mol).

We also report photoionization yield vs photoionization energy
for the Ns photofragment, which reveals an ionization threshold
similar to theoretical predictiods8 and experimental reports
of cyclic N3.13 Validating the logic outlined above, we do indeed
find that a large fraction~+45%) of the initially formed cyclic

N3 survives to the detector afteral0* s flight time. Similar
survival fractions for cyclic-Nz formed in CIN; photolysis are

all smaller?3591213|n particular due to the large fraction of
surviving Ns, methyl azide would appear to be an attractive
candidate for efficient cyclic Bproduction.

Experimental Methods

(148 kcal/mol). The energetics of ring closing of Bnd the barrier
height for dissociation of linear and cyclicsMre taken from refs 11

and 28. The dashed lines indicate the position where calculated quartet
seam crossing minima have been identified.

reported here were performed Ratghotionization= 15.9, 13.3,
12.83, and 11.9 eV. The resolution of the ionizing radiation
was about 3% o#0.15 eV. Mass-resolved, time-of-flight (TOF)
spectra were obtained at mass-to-chargk)(ratios of 14, 15,
27, 28, 29, and 42 amu.

Data obtained in this experiment was analyzed using the
highly accurate forward convolution fitting approach. Two
computer programs were required in order to model both
primary and secondary dissociation processes. Parameters which
accurately describe the experimental conditions are input into
PHOTRAN?? which then simulates a TOF spectrum based on
a user input translational energy probability distributiB(Er).

The input experimental parameters include: molecular beam
velocity and angular distribution, detector flight length, sizes
of laser and ionization volumes, detector angular acceptance
width and several other instrumental factors. TPgEr) is
adjusted until the simulated spectrum matches the experimental
data. PHOTRAN, however, is only capable of modeling primary

The experiments described here are quite similar to previous gisqgciation. For secondary dissociation analysis, the computer

reports!®19 and only _essential experi_mental condi_tions are hrogram ANALMAX2
presented. Methyl azide was synthesized by reacting sodium

azide with methyl iodide in a 4:1 DMF/water solution analogous
to previously reported chemist?.The product was analyzed
by NMR 2! which showed methyl azide and a small amount of

was used. ANALMAX also accepts a
wide variety of information on all aspects of the experiment
and then performs a brute-force forward convolution calculation.
For both the primary and secondary dissociation, we used an
anisotropy parameteff = 0, corresponding to an isotropic

methyl iodide contaminant. The sample was used without further yistripution.

purification. The experiments were carried out at the Chemical
Dynamics Beamline 21A at the National Synchrotron Radiation
Research Center in Hsinchu, Taiwan. Liquid methyl azide
samples were placed in a glass bubbler and keptXi °C
(vapor pressure o150 Torr). Helium carrier gas was passed

Results and Analysis

A. C—N Bond-Rupture ‘Radical’ Channel. The results of
this experiment are far easier to present within the context of

through the liquid, and the total backing pressure entering the an accurate energetic diagram of the available reaction channels.

source chamber was-270 Torr. A molecular beam was
generated by a solenoid-driven pulsed valve (General Valve),
and the beam was intersected at B9 an unpolarized, focused
(8 mm by 3.5 mm with laser spot size narrower in the direction
of the detector) 193 nm ArF excimer laser beam. The photo-

This is shown in Figure 1, which has been constructed from
literature thermodynamics. Critical to our diagram is the heat
of formation of methyl azideA{HK(CH3N3) Apparently im-
proving on earlier work, Gutowski et al. reported ab initio
electronic structure calculations using an approach based on

fragmentation machine uses a rotating source chamber with aCCSD(T) extrapolation to the complete basis set (CBS) limit

fixed detector? With the source-detector angle placed at either
O, = 30° or 60, the resulting neutral photofragments flew over

to predict heats of formatiotf. Based on a favorable compari-
son to experiment for the case of BNhe authors believe

a 10.05 cm distance where they were intersected at right angleghe uncertainty in the heat of formation of methyl azide,
by a focused beam of synchrotron radiation, ionized, and massA¢H®K(CHzN3), is less than 1 kcal/mol. For our analysis, we
selected by a quadrupole mass filter (QMF) before reaching arely on this work for theA{H®(CHzN3) = 75.94 1 kcal/mol.
Daly style detector for ion counting. Most data were averaged We refer to Ruscic et al., who have critically reviewed
over 20 006-80 000 laser shots. Experiments could be carried thermochemical data on a number of free radicals, for the

out at various photoionization energieByhotoionizatiod DY
changing the gap of the beam line Undulator. Experiments

AfHOK(CHg) = 35.85 &+ 0.07 kcal/mo#® and the work of
Continetti et al. for theAHX(linear Ns) = 113.7 &+ 2
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. Figure 3. Representative TOF spectra fofz= 42 (N;*) arising from
50 100 150 200 CHsN3 photolysis at 193 nm. See caption of Figure 2 for further details.
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Figure 2. Representative TOF spectra fovz = 15 (CH™) arising

from CHsN3 photolysis at 193 nm. The points are observed data re-
binned to 1us channels and the solid line is the results of the for- 0.081
ward convolution fitting analysis described in the text. The photo-
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ionization energy used for each TOF spectra is labeled. The sharp, @ 0.06 >
early feature at~20 us arises from CHl impurity and has been fit o o®
separately, based on energy release data from Continett?eThe 0041 %1 e,
data has been normalized to laser power and the synchrotron radiation 0.024 ..' o,
intensity. . P %,
0.00 . — %80, .
kcal/mol26.27 From this we can derive the energy available to 0 10 20 30 40 50 60
the products of reaction (R2 radical channel)Eaa= 74+ 3 COM translational energy release (kcal/mole)
kcal/mol. In the case of production of cyclicsNan additional Figure 4. P(Er)'s for C—N bond cleavage. Solid circles are derived

30.3+ 2 kcal/mol is lost to the potential energy associated with from themvz = 42 data, and open circles are from thé = 15 data.
ring formatior?® leading us to the available energy to cyclig N The difference between the two is attributed to secondary dissociation

+ CHs products: EXS = 44 + 5 kcal/mol. Alternatively we of Na. The solid vertical line indicates the energy of the barrier to

ava . . . . .
may use a recently reported experimental determination of dissociation for cyclic M The dash-dotted vertical line shows the energy
of the barrier to dissociation for linearsNThe dashed vertical line

AH%(cyclic Ns) =142+ 3.5 to arrive at a value fdE,(, = 46 shows the energy of the lowest cyclic; Moublet/quartet seam of
+ 5 kcal/mol*2 As will be shown below, both of these results  crossing. The dotted vertical line shows the energy of the highest energy
are closely consistent with the observed maximum translational doublet/quartet surface seam of crossing for linear N
energy releasé&T ™ = 45 + 4 kcal/mol, seen in this work. We
now turn to a description of the observed TOF spectra in this resolved from the azide photoproduct. Thus, the impurity has
work. little influence on the interpretation of our results.

Figure 2 shows TOF spectra obtained when the QMF is  Figure 3 shows the momentum matcheglpfiotofragments
adjusted to pass'z= 15 (CH;"). One can immediately discern  observed when the QMF is adjusted to pa¥s = 42 (Ns*).
that the TOF is made up of two contributions, a sharp early Due to its nearly three times higher mass, this TOF spectrum
feature at about 2@s and a later broader feature. The method shows signal at arrival times substantially later than for
of synthesis described in the experimental section produces aCHs*, (earliest signa~50 us compared to 2@s for CH). The
sample with a small Chll impurity and we will show that this solid lines passing through the data in Figures 2 and 3 are
impurity gives rise to the sharp, fast peak in the TOF spectra obtained from a forward convolution analysis using the program
of Figure 2. To demonstrate this, we reanalyzed the 193-nm PHOTRAN. From this computational simulation of the experi-
photofragmentation translational spectroscopy data of Continettiment two COM translational energy release distributi®{Ey),
et al?° using the PHOTRAN prograit. In that work, a neat are obtained for the €N bond cleavage reaction producing
beam of CHI was formed, and photofragment-TOF spectra were CHz and Ns from CHsN3. These twoP(Er)’s are shown in
recorded with an instrument similar to the one used in this work. Figure 4. Here, thd>(Er) derived from them/z = 15 data is
The fitting of that data provided a center-of-mass (COM) shown as open circles, whereas B{&r) derived from then/z
translational energy distributioRcps3i(Er), for the methyl-iodide = 42 data is shown as closed circles. One might at first wonder
photolysis that could be applied to the#z = 15 TOF spectra  why we obtain different translational energy distributions for
obtained in this work. The use Btwnai(Er) leads to an excellent  the C—N bond cleavage reaction depending on which photo-
fit of the sharp fast feature of the TOF spectra shown in Figure fragment we observe. However, when one realizes that the CH
2. It is worth noting that the Cgfrom CH;l is temporally well- fragment is energetically much more stable with respect to
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unimolecular dissociation than the fagment, one will begin

to understand this subtlety. Specifically, dissociation to produce 0.10+ ®

CH; + H + N3 would require about 35 kcal/mol additional 0,08 ¢ .

energy than is available under the conditions of this work. This -~

channel would only appear above an energy of 259 kcal/mol in ';_\J* 0.06- *

Figure 1. In contrast, cyclic Nmay dissociate through a spin- . *
allowed channel if less than about 11 kcal/mol of translational 0.04+ .

energy appears and through a spin forbidden channel if less 0.02 .

than about 18 kcal/mol of translational energy appéatThe ' .

vertical solid line in Figure 4 indicates the energy above which 0.00 ; . : . g
only the spin-forbidden dissociation (or perhaps tunneling 0 5 10 15 20 25
through the spin allowed dissociation barrier) is possible. The CH, internal energy (kcal/mole)

vertical dashed line shows the maximum translational energy
possible for the spin-forbidden dissociation channel. Assuming Figure 5. Estimated internal energy distribution of gfflagment based
cyclic N formation, if we assign the fraction ofdissociation " the differences if(Er) for m'z = 15 and 42.

taking place at energies above the demarcation to the spin-
forbidden channel (solid vertical line), by comparison of the
integrated areas for spin forbidden vs spin allowed dissociation,
we would conclude that the spin-allowed channel is more
important by at least a factor of 4.5:1. Furthermore, analogous
to the photodissociation ofhat has been previously reported
at 248 nmd, we cannot rule out that at least some of the N
produced in this work may absorb a second 193-nm photon,
removing some of the Nreactive flux appearing at the mass
spectrometric detector.

It is important to take note of the fact that the tR(Er)’s in
Figure 4 are in excellent agreement for those dissociation events
that release more than20 kcal/mol of translational energy. i )
This is strong evidence that GHand N; are a momentum Time of Flight (usec)
matched product pair and that quartet-seam crossings for linear_

N3 located at lower internal (higher translational) energies, are Fi9ure 6. Observed TOF spectrum fowz = 14(N"). The undulator

. . . . was tuned to pass VUV ionizing radiation of 13.3 eV, sufficient only
unimportant. _It should be noted _that lineag May dissociate to ionize N@D). The data has been binned ta& channels. The solid
through a spin-allowed channel if less than about 15 kcal/mol jine fit to the data is the result of forward convolution analysis, using
of translational energy appears as shown in Figure 4 by the the program ANALMAX and gives rise thBs.{Er) shown in Figure
dash-dotted line. Although this is not far from the point where 6. The dashed curve shows the TOF predicted usihgEr) expected
the twoP(Er)’s deviate, no further evidence for lineag Was for the lower barrier of the linear dissociation channel. The dashed-

observed in either the detected secondary dissociation productglotted contribution shows a contribution attributed to someéSN(

r the ionization threshold shown below. There is also no |9n|zed by mcomple_te_suppressnon of high-order undqlator and/or white-
,O o . L o . light continuum radiation. The data has been normalized to laser power
indication of dissociation through the spin forbidden channel anq the synchrotron radiation intensity.

to form linear N, the energy for which is also shown in Figure
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4 as a dotted line. forward convolution analysis of secondary dissociation, which
Finally, we note that a small portion of thesMlux persists has been described previoudty.
belowEr ~ 11 kcal/mol (the barrier to dissociation for the spin In this fitting procedure, the differenc@(Er), that is, the

allowed channel). We attribute this to the simultaneous excita- difference between the twe(Er)’s shown in Figure 4, is used
tion of methyl internal degrees of freedom that result in lower to characterize the translational motion of therblecules that

internal energy of the Nat these values dkr. If the methyl undergo secondary dissociation. A secdhg{Er) is derived
fragment were always cold, we would expect to see an from the best fit to thewz = 14 TOF spectrum (solid line of
immediate drop to O below 11 kcal/mol in ti&y(Er). This Figure 6), which describes the translational energy release of

deviation is representative of the methyl fragment’s internal the Ns— N, + N(2D) reaction, shown in Figure 7. Also shown
energy distribution which can be estimated by the difference in Figure 6 is forward convolution simulated TOF for a

between these twB(Er)'s as follows: Pcus(Ein) ~ P1s(20-Er)  hypotheticalP(Er) peaking at 2 kcal/mol, similar to what would
— P42(20-Ey), which is shown in Figure 5. From this analyss, be expected for secondary dissociation of linegnithich takes
we can clearly see the approach to O(Ohternal excitation;  place over a 3-kcal/mol exit barriét. This model is clearly
thus, we will also be able to see it in the analysis of the inconsistent with observation.

maximum translational energy release. We also found a weak channel in théz = 14 TOF (fit by

We have also obtained direct evidence for secondary dis-the dashed-dotted line) shown in Figure 6, which exhibits a
sociation of N, which is shown in Figure 6. In this experiment much larger translational energy release, and we ascribe this
we have tuned the undulator gap to produce VUV ionizing channel to a small amount of #8) from the spin forbidden
radiation athy = 13.3 eV. At this energy, photons are not dissociation being ionized by the higher order harmonics of the
capable of ionizing the N8) or to dissociatively ionize CH synchrotron radiation which makes it through the buffer gas.
— CH,™ + H. Only the spin-allowed dissociation product of Due to the very small intensity, even under significant binning,
N3, N(®D), can be ionized under these conditions. The closed it is difficult to perform precise quantitative analysis on this
circles in Figure 6 show the data re-binned ta®<€hannels. peak. The secondary fitting seen in Figure 6 has a maximum
The solid line passing through the data is the result of the translational energy release at 42 kcal/mol which can be
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o

& 008 HNC Formation
004l A H,C=N—H — H, + C=NH (R5, 1, 1 H elimination)

4
0.00 ; : . . A In the present experiments at 193 nm, we recorded TOF spectra

0 2 4 6 8 10 12

o at mv/z values of 27, 28, and 29 in an effort to detect similar
Secondary Kinetic Energy Release (kcal/mole)

photochemistry. Figure 9 shows a series of TOF spectra (data
Figure 7. Translational energy release obtained from analysis from as open circles) and forward convolution fitting (shown as lines)
thenvz = 14 data of Figure 5, describing the translation energy release for the m/z values related to this dissociation pathwayZ =

of the reaction N— N + N(°D). A Gaussian has been fitted to the 27, 28, and 29). The results are similar to what we reported at

points for clarity. 248 nmi% however, there are some difference which make the
interpretation of this data less definitive.
30] . The top panel of Figure 9 shows a representative TOF
* spectrum formvz = 29 (CHNH™"). The corresponding(Er)
=259 used to fit this data is shown in Figure 10 as solid circles. As
204 seen in previous work, only a small fraction of the available

energy goes into translation of th#z = 29 fragment. Assuming
direct methanimine formation (referred to as R3 in our previous
1.0 work) approximately 200 kcal/mol of energy is available.
Assuming reaction R1 (singlet methyl-nitrene) only 110 kcal/
mol of energy is available. The average energy release observed
in this work is only~35 kcal/mol, 31.5% of the energy available
to R1 or 17% of the energy available to R3. We previously
rationalized similar observations at 248 nm pointing out that it
Figure 8. lonization energy dependence of timz = 42 TOF signal. would be unusual to form two closed shell products §SH

The bandwidth function of the undulator is shown as a Gaussian. The + N,) with such low (17%) translational energy release. Using
data was integrated over the arrival Firr]e a_nd ha§ been normalized tothe soft product impulse approximatiéhwe previously found
laser power and the synchrotron radiation intensity. the COM translational energy release for R1 to be closer to
expectations. In this work, the translational energy release for
R1 from the soft product impulse approximation would-b&4

1.5+

0.5

0.0

Normalized Counts per 10 laser shots

95 100 105 110 115 120
lonization Energy (eV)

consistent with N{S). In addition, the relative magnitude of

this peak increases in data acquired with ionization energy of kcal/mol, whereas R3 would be100 kcal/mol. Following the

15.9 eV. However, Ckf from dissociative ionization of  same reasoning of our previous work, we conclude that reaction
CHs fragments starts to obscure this data, so a detailed g1 i 3 more reasonable explanation of the observations.

quantitative analysis of the peak we attribute td$)(is still The middle panel of Figure 9 shows a representative TOF

not possible. _ o spectra fom/z= 28. It should be noted the ionizing synchrotron
In another set of experiments similar to a recently reported oqiation was not high enough to ionizex,Nwhich is the

13 . _ . i
study;* we examined the dependence of th& = 42 signal ~ oypected momentum matched product of reaction R1. Conse-
on the undulator gap, which is used to vary the wavelength of quently, this spectrum is assigned to SHthe result of H-atom

the ionizing synchrotron radiation. Figure 8 shows the TOF- <5 from methanimine (C#H). The fitting to the middle panel
integrated vz = 42) signal at a laboratory angle 6f, = 60° of Figure 9 was done with ANALMAX in a secondary
vs the energy of the ionizing photons. The signal has been yisgociation product calculation. The resulting fit was obtained
carefully normalized to the laser power, number of laser shots, \;:th a maximum energy release for the secondary channel of
and the synchrotron radiation’s intensity. The background seen|gqg than 1 kcal/mol, consistent with a barrier-less simple bond
at low photoionization energies results from the “white light rupture mechanism.

continuum” produced by the undulator. The intersection of the  1ha pottom panel of Figure 9 shows a representative TOF
two straight lines provides an accurate estimate of the ionization spectra fom/z = 27. Contrary to our previous work, where we

potential of the N formed in this experiment We derive from \yere aple to distinguish between the two reaction channels
this that the N formed in this work exhibits an ionization -5qycing HCN and HNC, here there is little to no change in
threshold (IE’) of 10.7 eV, consistent with previous experimental shape of the TOF spectrum as the photoionization is varied
and theoretical results for cyclicsN above and below the ionization threshold of HCN. In fact, the

B. N—N Bond Rupture “Molecular” Channel. We have  1oF spectrum peak is still clearly seen, albeit much weaker, at
previously reported a collision free photochemical dissociation 5 ionization energy of 11.91 eV, below the IP for both HCN
mechanism for methyl azide at 248 riftwhich is summarized ;4 HNC. This implies that, with the larger amount of internal

below. energy available at 193 nm versus 248 nm, some highly excited
L HCN or HNC (indeed the vibrational wavefunctions may be

Initiation delocalized over both wefls39) are still detectable even at these

H;C—N—N=N — H,C—N + N, photoionization energies. However, the spectra observed could

(R1, molecular elimination) be fit with ANALMAX with a sgcondary energy _release of
) o around 1 kcal/mol. Although this is technically a tertiary process,
HsC—N + N, —~H,C=NH + N, (isomerization) if we assume essentially zero kinetic energy release on the
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0.6 miz = 29 and C-H bond rupture may dominate over HNC, which is
11.91 eV formed by H elimination.

C. Estimate of the Branching Ratio.lt is a logical question
to inquire about the branching ratio betweer I and N—-N
bond rupture. Unfortunately, given the lack of knowledge of
relative photoionization cross-sections for all of the observed
products, some of which are highly internally excited, it would
be misleading to report any numerical quantity. What we can
report is that both channels are easily observed in this work,
and we therefore tend to surmise that neither channel dominates
the dissociation. However, a naive analysis assuming equal

0.4
0.2]

20 e W ionization probabilities for b} CH,NH, CH,N, and HCN/HNC

would lead us to conclude thatNN bond cleavage is the more
important channel, but this should be taken with an appropriate
shovel full of salt grains. Experiments like the ones presented
here, but employing electron impact ionization could answer
TOF (usec) this important question accurately, as electron impact ionization
cross-sections can be estimated reasonably accurately.

Normalized Counts per 10° laser shots
o

Figure 9. TOF spectra summarizing the results of the measurements
on the N=N bond rupture channel. The open circle points are the
observed data and the solid line is the result of forward convolution Conclusions

fitting from PHOTRAN and ANALMAX. All data was collected at ) ) ]

©. = 30° and a photoionization energy of 11.91 eV. The data has  Photolysis of methyl azide at 193 nm has been carried out
been normalized to laser power and the synchrotron radiation intensity. and the G-N bond rupture channel producing; om methyl

azide photolysis has been observed. From the forward convolu-

0.035- tion fitting of the TOF spectra fom/z = 42, we obtain a
0.030-] %o maximum COM translational energy release for thetNCHs
0025] & ® channel of ET® = 45 + 4 kcal/mol. This is close to the
oozo]l ° . expected energy limit for cyclic Npredicted from literature
o . heats of formation. In contrast, if linearsWere formed, there
x 00187 . would be approximately 30 kcal/mol of excess energy unac-
0.0104 ‘. counted for. The characteristics of the translational energy
0.0054 oCq % distribution for the secondary dissociation of Also support
00008a® " Sasssasessas the conclusion of exclusive cyclicdyproduction. The maximum
0 20 40 60 80 100 120 COM translational energy release for the secondary dissociation
COM Translational Energy Release (kcal/mole) producing NZD) and N, that we derived from then'z = 14
Figure 10. COM translation energy release diagram for thes@H- TOF spectra is 11 kcal/mol and the distribution peaks-t

N, reaction channel. The solid circles fit the observed primary channel. kcal/mol. This is in good agreement with the theoretically
The open circles are needed to fit the observed secondary channelspredicted exit channel barrier (7 kcal/mol) for cyclic N
dissociation to form M+ N (2D) and substantially higher than
secondary step, we can treat this reaction as a secondaryhe theoretically predicted exit channel barrier (3 kcal/mol) for
dissociation. This assumption should be valid as the secondarylinear N; dissociation. The Nionization threshold found in this
release was shown to peak at less than 1 kcal/mol. This low- work (10.7 eV) closely mirrors that obtained in previous work
energy release is again consistent with simple bond rupture ofon CINz photolysis where cyclic Blwas also present (10.67
an H atom and implies that the dominate channel at 193 nm iseV) and agrees with theoretical predictions for the cyclic
sequential loss of two H-atoms producing HCN. This is also structure. All of the available evidence strongly suggests
consistent with the observation that we observe a large jump in €xclusive production of cyclic N Furthermore, we observe that
intensity when we increase the ionizing photons over the IP of about 45% of the Alproduct does not dissociate on the 18
HCN. time scale. A key remaining unanswered question is the
branching ratio between the-\N bond rupture channel and

It should al hat i inth fi
t should also be noted that in order to obtain the best fit to the G-N bond rupture channel.

the CHN* and HCN/HNC TOF spectrum (specifically to the
slow tail), we could not use the primary R{Eshown solid
circles in Figure 10. Rather, it was necessary to useP{ig)
shown with open circles. We attribute this to a weak energy
dependent dissociation probability for @H.
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