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The Near Ultraviolet Photodissociation Dynamics of Azomethane
Simon W. North, Cheryl A. Longfellow, Yuan T. Lee

Chemical Sciences Division, Lawrence Berkeley Laboratory, and
Department of Chemistry, University of California, Berkeley, California, 94720,
USA | |

Abstract

The photodiésociation of azomethane following absorption of a single 351 nm |
- photon was studiedv' using the method of molecular beam photofragment
translational spectroscopy. The dissociation was observed to proceed via
cieavage of bdth C-N bonds to yield N7 and two methyl radicéls. The measured
time-of-flight spectra show evidence that the two methyl radicals possess
unequal velocities in the azomethane center-of-mass suggesting that the
dissociation is not symmetric. The angles between the asymptotic center-of-
mass velocities for all three fragments are strongly correlated implying that the
methyldiazenyl radical (CH3N?) intermediate decomposes within a fraction of
its rotational period. We conclude, therefore, that the dissociation is concgrted
not stepwise as was inferred from recent time—resolved experiments. The
overall translational 'energyAdistributions for all the photofragments in the
azomethane center-of-mass reveal that an average of 59.6% of the total available
energy appears as translétion. A possible mechanism, consistent with the

experimental findings, will be proposed and discussed.
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I. Introduction

Azoalkanes are an interesting class of organic compounds whose
photochemistry has been extensively studied for many years.] The characteristic
near ultraviolet diffuse abso‘rption band has been attributed to an n->1t’é
transitio}n.2 This electric dipole forbidden transition corresponds to a singlet (Sp)
to singlet (S1) excitation. Although this results in cis-trans isomerization in
condensed phases, the. dominant fate of acyclic azoalkanes in thé gas phase is
dissociation into alkyl radicals and nitrogen.3 The most palatable aspect of
symmetric azoalkanes as radical precursors is that N3 is the sole byproduét. The
photolytic decomposition of azoalkanes has therefore proven to be a viable
source of alkyl radicals for kinetic4, spectroscopic5, -and dynamics®
meésurements. | | | |

The simplicity of azomethane makes it a potential benchmark in both ‘thev
theoretical ﬁnderétanding and the experimental investigation of azoalkane
photodiésbciation dynamics. Ab initio results predict that the first excited
singlet is labile abbut_the N-N bond ahd that crossing to the grouﬁd state surface
may,oc_;cur at a dihedral angle of 90°7 Whether or not interhal conversion (IC)
occurs efficiently in the gas phasé will determine if photodissociation proceeds
via an identical mechanism to thermolysis. If the dissociation does not occur
on the ground state potential energy surface then azomethéne could dissociate
fr'om either the energetically accessible Sy or first excited triplet state.8 Rates of
- intersystem crossing (ISC) for azoalkanes have been predicted to range from
rapid? to slow10. Although many experimenfal techniques1.11 have been used
to assess the participation of the triplet state in azoalkane photochemistry the
results are often contradictory. Despite the vast quantity of research on
azoalkane photochemistry, the electronic state(s) involved and the mechanism

of dissociation remain the subject of much speculation.



If sufficient energy is deposited in a molecule to insure the eventﬁal'
cleavage of two bonds, the sequénce of events that lead to the multiple bond
rupture is of fundamental mechanistic' importahce» Often ih'photodissociation
studies of halocarbons involving secondary processes the initial step is direct
_and results in a highly vibrationally exc1ted photofragment The rate of
decomposition of the photoproduct is then a function of its internal energy.
Those pbssessing,vibrationai energy above the barrier to dissociation undergo
secondary fragmentation whﬂe those with insu'fficivent vibrational energy
persist. Such a dissociation is termed stepwise. If the cleavages of both bonds
are strongly coupled, occurring in a "single kinetic step"12, then the di_ssociatidn
pathway is considered a concerted process. Recently, a detailed sﬁidy of acetone
dissc;ciétion folldWiﬁg excitation to-vthe 1(n,3s) Rydberg state, yielded nascent’
p‘rodﬁct state distributions and CHj3 translational energy distribﬁtio_ns that
'suggested a non-synchronous concerted mechamsm 13,14

Recent work by Weisman et. al. 1517 using tlme-resolved coherent antl-
stokes Raman spectroscopy (CARS) yielde_d the first direct information on the
detailed dynamics of azomethéne photodiss‘ociatvi'on.\: Thé exper_imenf
endeavored to answer the salient question of whether or not the?dissc.)ciation v
' procéeds via a concerted or a stepwise mechanism. Although there is recent
consensus on gas phase thermolysis proceeding by initial single Bond sci'ssiorn13,
there had been no experimental evidence on the lifetime of the CH3N»
intermediatei In» the work of Weisman et. al., the dissociation fqllowing |

excitation to the S state, was concluded to be stepwise (1a-b).17

CH3N2CH3:E-4--f—-——> CH3 + [CH3N2]* o , (la.)'



: [CH3N2]* ---»-°—~-_-——>'CH3+N7_ o ' | ~(1b)

Under collisional conditions different appearance kinetics were observed
for two quantum states of CHs. Each quantum state was then-aftributed to a
separate dissociation step. The 1st step was shown to be instaritaneous within
the ~1 ns experimental time resolution and the onset of the second methyl at 5.3
+ 1 ns provided evidenée of a finite methyldiazenyl radicéi lifetime.

The distinction between concerted and sfepwise mechanisms rests in the

lifetime and inherent stablhty of the CH3N7_ intermediate. The decomposmon _ :

of methyldlazenyl radical (CH3N?y) is postulated to be exothermic w1th an exit
barrler ranglng from as low as ~1.2 kcal/molel® to as high as 6.3-17.4
kcal/mole.2021 The existence of a barrier for methyldlazenyl decomposmon .

implies that the 11fet1me of this fragment and hence the overall dlssoaatlon

- mechanism, will be strongly dependent on both the helght of the exit barr1er .

and the internal energy of the nascent ‘CH3N2. Assuming that the barrier is
close to the most recently reported value of 1 kcal/mole, the 5.3 ns CH3N 2
lifetime determined previouslyl6 appears anomaiou_sly long. The role of
collisional deactiVation, however, was considered to be important.27- Under.thé
collisionless cori_diﬁons of a molecular béam experiment, elucidation of the
initial diss‘o.ci/at_ion dynamics vthva't are a feéult of intrin‘sic properties of
azomethane is fea»svible, as ié'investigation of the dissoéiation of thé
methyldiazenyl radical with‘oﬁt the complications of secondafy collisions.

This paper describes the recent inveétigation of azomethane
photodissociation at 351 nm using photofragment translation spectroscopy. The
translational energy and an'gula’r' distributions for the photofragments |

determined in this study provide insight into both the partitioning of the



. _ _ _ .
available energy in the dissociation and temporal information on the time delay

between CHj eliminations.

II. EXperimental

These measurements were pé;formed on a molecular beam apparatus
with a fixed source and a rotatable detector that has been described previously.23
Theihachine has been modified to allow study of molecular photodissociation
(Figure 1). A pulsed valvé24 (1.0 mm nozzle) utilizing a Physik-Instrumenté |
piezocryétal was operated at 50 Hz. Helium was bubbled through azomethane
held at -55°C resulting in a ~15% mixture with a total preséure behind the nozzle
of 350 torr. A time—bf-ﬂight mefhod was used with a spinning slotted wheel to’
measure the velocity and velocity spread of the molecular | beam. An
appropr‘iate time delay between the wheel and the pulsed valve insured accurate
‘samplilng of the irradiated region of the pulse. The beam velocity was 10.4x10%
cm/sec with a full width at half maximum (FWHM) spreaid of 20%. Although
narrower spreads in beam velocity could be achieved in the dense part of the
beam pulse the formation of dimers necessitated using the earlier, "warmer",
leading edge.2> | | |

IThe resulting pulsed beam was collimated with t'wo skimmers to a
FWHM angular divergence of less than 3° and. crossed at 90° with the Output of a
Lambda Physik EMG 202 MSC excimer laser operating at the XeF transition. The
laser was run at 50 m]/ pulse and focused to a 2x4 mm spot. The laser was
typically delayed 30 psec from the onset of the molecular beam pulse allowing
time for the molecules to move from the nozzle to the interaction region. The
neutral photofragments recoiléd 20.8 cm where they were detectéd by aﬁ electron
bbmbardment ionizer quadrupole mass'specvtrometer. Data was collected by a

computer interfaced multi-channel scaler trigged from the laser pulse.



The detected productsA varied linearly with laser power confirming the
single photon nature of the process. The cross section of azomethane at 351 nm
is ~1.9x10-20 cm2, and with a photon flux of ~1018 photon/cm2 per pulse, |
saturation of the initial photon absorption is highly 1'mlikely.2 Polarization
measurements were performed using a "parallel plates polarizef’f which consists
of 10 quartz plates at Brewster's angle with respect to the direction of laser
propagation. This resulted in >95% polarized light which could then be rotated
by rotation of the polarizer. | ‘

Trans-azomethane was synthesized by the method of Renaud and

Leitch?6 and was purified by trap to trap distillation prior to use.

II1. Results and Discussion _ ' _
Signal was collected at N2+ (m/e=28), CHz* (m/e=15), CHp* (m/e=14), and .

CH* (m/e=13) masses. The time dependent baékgrounds due to dissociative
ionization of the pulsed molecular beam were obtained by blocking the laser and
were subtract.ec.l from the original signal. Time-lof-ﬂight spectra for CH*
(m/e=13) and Né*. (m/e=28) at laboratory angles 20°, 35°. and 505 are shown in
Figures 2 and 3. Time depehdent‘background from the beam pulse at m/ e=15
(CH3+), the dominant daughter ion of azomefhane, was sufficient -té cause
difficulty in subfraction. At m/e=14 (CH;") there was significant contamination
from N2+ or N*. Since the first and second'step» methyl radicals should possess

| similar ‘internai envergies (within a few kcall/ mole) they should exhibit
comparable ionization cracking patterns. We therefore restrict(oursélves to
m/e=13, a daughter fragment of methyl radical, because of the superior signal-to-
noise ratio. The data at m/e=13 fits well with a 1:1 ratio of first to second step
methyls confirming the wvalidity of this aséumption. No detectable

photodissociation signal was observed at the parent methyldiazenyl mass



(m/e=43) nor was there any indication of the presence of CH3N at the daughter
masses suggesting that the CH3N3 fragment is short lived.

The two distinct peaks i_n Figure 2 correspond to a dissociation in which
both methyl groups recoil with unequal velocities in the azomethane center-of-
mass. Simultaneous symmetric fission of the identical C-N bonds would yield a
single TOF peak réﬂecting the indistinguishability of the two methyl radicals.
The data was initially fit by assuming that the two C-N bonds cleavéd_
sequentially. Since there was ambiguity as to which vpeak in the methyl TOF
spectra to assign to the initial impulse, two schemes, differing only ih this
assignment were considered. In both cases the disso'ciaAtion was decomposed

into two center-of-mass frames in -which momentum is conserved.

A. Sequential Anélysis

In the first sequential anal){éis it was assumed that the methyl that
possesses a higher lab velocity originated from the initial dissociative impulse. .
The analysis was perfdrmedv by using ‘well known forward convolution-
techniques for treating the primary2’ and secondary dissociations?® from
photofrégment translational spectroscopy experirﬁents. The primary
" ‘translational energy distribution, P(ET), shown in Figure 4a was derived from
. the fast component o_f the -timé-of-flight épectra of CH;; showh iﬁ Figure 2 and
baSSLiming CH3Nj to be the other pr_oduct.. The di_stri_Bution has an average value
of 19.15 kcal/mole and a FWHM of ~10 kcal/mole. Since the CH3N2 fragment
does not survive to the detector, it is not possible to "momentum match"” the .
initial CH3 as a means of gauging the integrity of the primafy P(ET). However,
.by fitting the m/e=13 TOF over a wide range of laboratory angles, we have
reasonable confidence in the derived primary P(ET). There was no observed

correlation between the angle of laser polarization'and the product intensity or
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TOF profile. This corresponds to an anisotropy parameter of B=02% and indicates
that the lifetime of the excited azomethane may be longer than its rotational
period.

The ‘slower peak in the m./ e=13 time-of-flight spectra was then assigned as
the second step methyl radical. If the CH3N; intermediate persists for longer
than its rotational period the secondary methyl radical should exhibit a bimodal
velocity distribution reflecting forward-backward symmetry3031 in the secondary
angular distribution T(6) in the CH3N2 reference frame. The manifestation of
only the slower component in the TOF spectra indicates that the second methyl
radrcal is preferentlally backwards scattered with respect to the CH3N> recoil
veloc1ty vector. The secondary P(ET) derived from the TOF spectra is shown in
Figure 4a.

The anomalously fast and narrow m/e=28 (Np+) tirne-of-ﬂight'spec.tra
(Figure 3) are further‘evidence of an ae}'rmmetric angular distribution in the
second step. The conservation of momentum requires ‘that, for a
methyl/nitrogen peir with a common CH3N3 parent, backward scattered CHj
results in forward scattered N». Figure 5a shows a contour map illustrating the
angular and velocity distributions of the photofragments in the CH3N 7 center-
" of-mass. The arrows on the contour plot represent the most probable velocities
that conserveﬁ momentum in the azomethane center-of-mass. The velocity -
vector at 0° is the CH3 from the initial irnpulse. Although the angles appear to
conflict with the peaks in the secondary angnlar distributions, the strong
forward and backward peaks in T(0) may be the result of two O\rerlapping
shoulders of sideways peaked distributions along the relative velocity vector of
the initial dissociation step.

The data can also be analyzed, in a similar manner, by assuming that the

slow methyl in the m/e=13 TOF spectra originates from the initial dissociation.
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The P(ET) for this step is shown'in Figure 4b. The distribution is peaked at 4
kcal/rnoie_with a long high energy tail. A very impulsive translational energy
release was required in the secondary'vdissociation.'in'order to fit the fast
| component in the m/ e=13 TOF‘spectra The P(ET) for the secondary process is
also shown in Figure 4b and rs peaked srgnlflcantly away from zero (~22
kcal/mole) w1th a FWHM of 12 kcal/ mole Not suprisingly, the strong angular
| correlation between the asymptotic velocities of all three_photofragments, found
in the preceding scheme, is also manifest in this. rnethodf of analysis  Satisfactory -

fitting of the fast m/ e=13 peak and the m/ e=28 TOF spectra requrred that the
nitrogen be scattered shghtly forward and the methyl rad1ca1 scattered backwards

with respect to the CH3N) velocity vector. Flgure 5b shows the product of -bothﬁv
the veloci‘ty and the most pronounced angular distribution for the'secondary R

fragments in the CH3N> center-of-mass.

B. CH3N2 Lifetime |

| | The anisotropy in . the secondary angular d15tr1but1ons 1mp11es a.
"methyldlazenyl radical lifetime less that its, rotatlon period. Secondary
dissociation that proceeds before rotation of the primary photofragment
indicates that the time interval between primary and secondary events is
extremely short. The near"simultaneous dissociation of two bonds is an accepted
criterion for concertedness 32 A tentatlve upper limit to the lifetime of the
CH3N2 fragment can be estlmated by first calculatmg the degree of rotational
angular momentum generated from the initial 1mpulse and then using the-
rotational period as a clock of the secondary process. | Using the cis eduilibrium
g'eornetry as a reasonable dissociative st-ructure'and assuming th_at the CH3N2 is
rigid, the exit impact vpara.meter, b, and hence the orbital (and rotational) angular

momentum can be calculated by the following expression,



L=pbv=-] | S (2

where p1 is the reduced mass Qf'the two fragments and v is the relative velocity.
The relative velocities of the initial fragments can be derived from the primary
translational energy distributiohs and yield rotationa1 periods of ~0.6 and ~1.5» ps
suggest_ing that the lifetime is iess than a picosecond. Our e*periments clearly’
indicate that after fhe initial S1<-Sp excitation the excited mol_ecuies ‘persist for
many rotatioh_al periods._ However, when: t.h’evmol_ecule starte to dissociate the
two C-N bonds break almost simultaneously. Although there is some
uncertainty in our result, there is certainly a large disparity between this lifetime
and the oﬁe detefmined_ in previous experiments.33 In light of the epperent
brevity of the CH3N3 intermediate, the influence of collisions on Vibrati_onal,
relaxation of the primary CH3N> p‘roduct‘ would appear to be uninipo'r-tant even
at moderate pressures. It is important to note that if the first sfep is not pfompt,
therefore providing no well defined time zero by‘ which to clock the reaction,
coﬁventional time-reeolved experimenfs are not feasible for studying 'the_

secondary processes of such systems.

C. Three Body Analysis

 Based on the coneluSions of the previoue ‘two secti‘ons., that the
dissociation involves the Aasymmetric concerted rupture ef both C-N bonds, it is
-~ prudent to analyze the data in terms ef a three body dissoeiation rather than
using a sequential scheme. The translational energy distributions for all three
‘fragments in the azomethane eenter-of-mass, shown in Figure 6, Vwere ‘obtained
by independent iterative fitting of each individual peak in the TOF spectra.

Substantial translational energy was determined for the N and one methyl

10



radical. The other CH3 fragment has a P(ET) thaf_ is peaked close to zero with an
average energy of ~4 kcal/mole. 'Since the two features in the methyl TOF
spectra are not completely resolved, some uncertainty arises regarding the low
| energy tail of the fast methyl and the high energy portion of the slower methyl.
If the dissociation is concerted then of interest is the fraction of the total
available energjy partitioned into transiation of all tﬁre_e fragments. The
pertinent energetics for .the near ultraviélet. photodissociation of azomethane
are shown in Figure 8. Absorption of a single 351 nm photon deposits 81.5
kcal/mole into azomethane. From the heats of formation v»fvor azomethane34
(35.6 kcal/mole) and methyl radical3> (35.0 kcal/mole) there should be 47.1
kcal/ mole of available energy for the sepafation of all three fragments. The
combined rotatjonai and vibrational energy of azomethane at room temperature |
is estimated to be ~1.7 kcal/ molel” and should be significanﬂy reduced following -
the sﬁpersonic expansion. An average overall translational energy can be‘v
obtained from ‘the mean translational _enérgy of all threev fragments. The
average value of_.2'8.2 kcai/ mole corresponds to ~5_9.6‘_7;> of the total available
energy appearing as fécoil of the photofragments.
 The center-of-mass velocity distribution for each frégment was obtained
directly from the calculated P(ET) and used in the generation of the vector
| diagraﬁi shown in Figure 7. The 'nitrogen Ihas'. a most probable center-of-mass
velocity of 2180 m/s and methyl radicals recoil with mean velocities of 3300 m/s
and 1350 m/s. Conservation of linear momentum d.eter'mines the angles
between all three fragments given the most probable center-of-mass velocity of
each fragment. The asympntotic angle between Ny and the faster CHj is
approximately 160° as would be‘expeéted, intuitively, if these two fragments

' ekperiencéd the majority of the repulsive energy released during the



dissociation. The derived vector relations of the three fragments is in good

agreement with those derived from the seqnential analysis.

D. Dissociation Mechanisn1

Any proposed mechanism of azomethane dissociation must be consistent
with both the angular correlation of the ph}otovfragments and the unequal
partit_ioning of translational energy between the two departing methyl radicals.
A mechanism in which simultaneous asymmetric scission of the C-N bonds is
driven byvthe pairing of electrons to form the N-N triple bond fulfills the above
requiréments. This is feasible because the CH3N2 interrriediéte.is unstable with
respect to elimination of CH3.36 The extension of one C-N bond, therefore, need
only to reach a cfitical length in azomethane where electronic rearrangemént
and synchronous C;N bond cleavage can occur. The CHj group that is farthest
remo{fed from the CH3N3> as the closed shell N3 is formed behaves much »like a
"spectator” during the dissociation and receives only a modest degree of recoil.
However, fhe other CHj3, due to its proximity to the Np, expefiences the majority |
of the repulsive potential energy release. This mechanism is similar to the
elimination of molecular hydrogen from ethylene” and formaldehyde.3839 In
both cases one C-H bond elongates considerably more than the other, and as the
Hj molecule fnrms, the irnpulses along the C-H.bonds are uneqnal resulting in
: considerable rotational excitation of the Hj. If this is indeed ;he mechanism of
dissociation, it nlay be important in understanding similar systems that undergo
molecular elixnination concurrent with the formation of further unsaturation.
For example, following the loss of oné iodine atom from CHp_ICHz_I, the loss of
the second iodine and formation of ethylene is exothermic 40 The dissociation
of the two C-I bonds may also occur, therefore, simultaneously when one C-I

- bond reaches a critical distance.
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The lack of observable fluorescence from the Si state indicates that
"azomethane may undergo either internal conversion (IC) or intersystem
crossing (ISC) rapidly. Furthermore, the lack of correiation between the angle of
laser polarization and the measured pioduct angular distributions suggest that
the dissociation may not be from the S; state initially -popiilated.- Although the
first triplet state, T1, lies below S1 in energy there has been conflicting evidence
for iis relevahce. No phosphorescence has ever been observed from any
azoalkane necessitatirig the use of indirect means to study the potential
participatien of T1.1.11 Triplet sensitized reactions have been effective in
achieving azomethane decomposition but exhibit much lower quantum yields
fdr dissociation than photolysis.1 It has been debéted whether or not this is due
to an alternate mechanism that does not proceed via the triplet state, the
involvement of a second triplet surface, or the efficiency of energy transfer froni‘
the seneitizer to the azoalkane. The last argument would support the existence
of a barrier on the triplet surfai‘ce. If sufficient energy is not deposited into the
triplet state to overcome the barrier to dissociation deexcitat_ion'eompetes
effectively with decomi)osition. .Certai,nly our results are consistent with this
mechanism. Intersystem‘crossing followed by dissociafion over a barrier on the
tripiet potential energy surface would account for both the finite excited state
lifetime and impulsive energy '_releasev obse_rved. The transition state on the
excited triplet Apo.ten'tialv energy surface is predicted, by ab initio calculation19, to
be astmetric with one C-N bvor.\d 34% longer than the other which remains
close to its equilibrium bond length. | |
If internal conVersiorieccurs readily in the gas phase then the dissociation '
could proceed from the ground state potential energy surface. Internal
conversion in azomethane.has been predicted toAbe facilitated by the proximity

of the S; and Sy states in both the twist and semilinear geometries.” This allows

13 h



IC to occur without the participation of the excited triplet state. Significant
rotation about the N-N bond on the S; state prior to IC will insure that both
ground state cis and trans isomers would be equally populated. The thermal
barrier to isomerization is thought to be ~50 kcal/mole”41 so that further
isomerization may take place on the_grdund state surface depending' on the
relative rate of isomerization compared to dissociation. Although the relative
energies of cis and trans azomethane have not beén experimentally observed,
the cis isomer has been estimated to be several kcal/mole higher in energy.”
The large amplitude motion that is expected based on the quantity of internal
ehergy would certainly allow reaching a highly asymmetric configuration on the
ground state potential energy surface. In spite of RRKM calculations#2 in
conjunction with timé-résolved work16, which find that a ground‘state
dissociation is highly improbable, the results of this eéperiment show no

evidence to suggest that the dissociation could not occur from the Sy state.

IV. Concluding Remarks

_Azbomethane has been shown by photofragment translational .
Speétroscopy to undergo dissociation to two methyl radicals and nitrogen
following excitation to its first excited singlet state. We find that there is a strong
corfelation of the asymptotic velocity vectors of all three fragmentS' indicating
that the dissociation is concerted rather than stépwise as had been previously
reported. The overall translational energy distributions for all three fragments
in the azomethane center-of-mass cleérly illustrate the disparate partitioning of
energy between the two recoiling methyl fragrnents. If the dissociation occurs
via a transition state that is asymmetric with regards to the C-N bond lengths,
then a simultaneous pairing of the electrons to form the N-N triple bond would

result in the departing CHj3 groups having vastly different recoil velocities. The
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electronic state from which the dissociation proceeds, hdwevef,_'remains
unclear. | o _ |
The u‘tili'ty of this ‘technique to clearly differentiate between concerted
and stepwise mechanisms is impressive. It is also important to.note that's'ince
non-adiabatic transitions may occur prior to dissociation, the excited
azomethane will possess a finite lifetime. | HoWever, since v'oncedi'ss'dciation'
commences, both C-N bonds cleave in rapid succession conventional pump
and probe tlme-resolved experlments are not feasible for studymg the relation
~ between the first and second bond ruptures in- such a sy_stem. Further
experiments using infrared multiphoton dissociation (IRMPD) in a molecular

beam should provide valuable insight into the ground state deco_mposition of

azomethane and increase our understanding of its ultraviolet photochemistry.
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FIGURE CAPTIONS

Figure 1

Figure 2

'Figure 3

Figure 4

Figure 5

- Figure 5b. |

The schematic diagram of the fixed source rotatable detector apparatus. (1)
pj.ilsed valve (2) cryopanel cooled to ~6K (3) interaction region of the laser
and the molecular beam (4) electron bombardment ionizer (5) quadrupole

mass filter.

Time-of-flight spectra for m/e=13 (CH*) at laboratory angles 20°, 35° and

50°.The open circles represent data points. The contributions from the

first () and second (—) step methyl radicals as well as the total fit are the

forward convolutions of both the primary and secondary center-of-mass

translational energy distributions shown in Figure 4b and T(8) shown in

Time-of-flight spectra for m/e=28 (N2*) at laboratory angles 20°, 35°, and -

'50°. The slow signal in the spectrum at 20° is due to time dependent

backvground from the pulse valve. The fit is the forward convolution of
the two translational energy distributions show\n in Figure 4b and T(8)

shown in Figure 5b.

‘derived from the two sequential analyses (see text).

I

Contour plots of the secondary velocity distributions for CH3 (—) and N2

Arrows show the pfimary impulse (0°) and the most probable secondary

velocities that conserve momentum.
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Figure 6 The translational energy distributions for each fragment in the

azomethane center-of-mass.

Figure 7 Newton diagram in the azomethane center-of-mass showing the most

probable velocities of all three fragments in solid lines.

Figure 8 Energy level diagram for the 351 nm phbfbdissociation of azomethane.
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Figure 5.
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