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Competition between Photochemistry and Energy Transfer in Ultraviolet-Excited
Diazabenzenes. 3. Photofragmentation and Collisional Quenching in Mixtures of
2-Methylpyrazine and Carbon Dioxide'
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The quantum yield for HCN formation via 248 and 266 nm photodissociation of methylpyraziNeH§) is
determined by IR diode probing. HCN is produced at two different dissociation rates, one of which is extremely
prompt. The total quantum yield is = 0.93 £+ 0.08 for 248 nm and 0.3% 0.05 for 266 nm excitation.
Analysis of the quenching data within the context of a gas kinetic, strong collision model allows an estimate
of the rate constant for HCN production via “late” methylpyrazine photodissocidtign= 6.4 x 10* s71
andkqis= 4.9 x 10° s for 248 and 266 nm excitation, respectively. The rate constant for “prompt” dissociation

is too large to be measured using this technique. After 266 nm excitation methylpyrazine lives more than an
order of magnitude longer than after 248 nm excitation. Methylpyrazine also lives more than twice as long
as pyrazine excited under identical conditions. Transient absorption measurements probing rotationally and
translationally excited COmolecules produced following excitation of methylpyrazine are analyzed within
the context of a kinetic scheme incorporating methylpyrazine photodissociation, as well as excitation of CO
by both translationally hot HCN and vibrationally excited methylpyrazine. This analysis indicates that
vibrationally hot methylpyrazine, which has sufficient energy to dissociate, is the source of excitation in
collisions imparting large amounts of rotational and translational energy to CO

I. Introduction pyridinel” pyrimidinel” C¢Fs,1518and 2-methylpyraziné& The
o basic approach is to monitor the collisional quenching event in
It has long been understood that collisional energy transfer 4 quantum state resolved fashion by following the energy gain
plays an important role in the process by which macroscopic j, spectroscopically tractable molecules through the use of a

systems undergo chemical change. Even in the simplest casgigh-resolution infrared diode laser. These experiments can be
of a unimolecular reaction, the rate constant reflects a compli- symmarized by the following equations:

cated interplay between collisional activation and deactivation

rates. Indeed, the competition between these processes, fragsromatic+ hvy — aromati€
mentation and energy transfer, in highly excited molecules is

essential to an understanding of any unimolecular reaction

mechanisni,because at moderate gas densities, such as thos B . - E'—AE .
found in planetary atmospheres, deactivating collisions mayeamma’uéE +C0, aromatic "+ €0, (0000’ V)
occur on a time scale similar to the decomposition process.
Systems where competition between these two processes occurs
can be modeled using the Lindemann mechanism for unimo- €. (00°0; 3, V) + hw (~4.3um) — CO, (0F1; I £ 1,V)
lecular reactions proposed over 75 years ago. (IR diode laser probe)

Recently, a great deal of both experimefitaland theo-
retical 11 effort has been expended in order to understand what - . " .
role “supercollisions”, events in which large amounts of energy by UV Igser excitation followed by rapid radlatlonless mternalll
are transferred in single collision encounters, play in the conversion to the ground electronic state. This surface crossing
relaxation of highly vibrationally excited molecules. Studies of O_CC”:CS onha time scale that '? fast compared toNIZe m(-:;glr};:]olhsmn
supercollisions in this laboratory have focused on the state- time for these energy-transier ex_p_er|memga|(~ Us)- 1€
specific energy gain of simple bath molecules that have excited donor is quenched by collisions that produce rotationally
undergone collisions with highly vibrationally excited aromatic and _translatlonally excited GOOO0; J, V), whereJ is the
molecules. These aromatic molecules include pyraZirié rotational angular momentum quantum number ¥mepresents

' the projection of the recoil velocity onto the probe laser axis.

"part of the special lssue “C. Bradiey Moore Festsohrift The nascent populations in each rovibrational state are deter-

ial issu . y ift”. ; ; :
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tion line shapes can be measured, thereby providing informationfor by subtracting the IR signal obtained from an empty cell

about the bath translational recoil velocities. from the absorption signals obtained from a cell filled with
Over the past several years, the study of pyrazine photo- sample.
chemistry has increased tremendou8iy? including some Active locking of the diode laser frequency to an HCN

studies of pyrazine dissociation after 248 nm absorption to form absorption line is accomplished using a separate HCN reference
HCN.26-29 | the pyrazine family of molecules, photochemistry cell.*3 The HCN IR absorption signal from the reference cell
and collisional deactivation occur on the same time scale. Energydetector is input to a lock-in amplifier (Princeton Applied
transfer to bath molecules in such systems can arise either fromResearch, model 117), the output of which is used as an error
collisions with an initially excited, vibrationally hot donor or  signal sent to the diode laser controller, thus keeping the diode
from collisions with hot photofragments. A more comprehensive laser frequency locked to the HCN absorption transition.
review of pyrazine photochemistry has been given elsewffere,  The experimental technique for determining the,@Dsorp-
as well as an extensive study of pyrazine photofragmentation tion line widths has also been described in detail elsewttere.
and its influence on energy transfewhere pyrazine is used  The same experimental setup described above is used with three
as a dono#?14 notable exceptions. First, the 2uin diode laser is replaced by
The work presented here is designed to elucidate more fully & lead salt diode laser operating-a4.3um (Laser Analytics).
the competition between photochemistry and energy transferSecond, a flowing 1:1 gas mixture of methylpyrazine and, CO
in systems involving pyrazine and its methylated variants. The passes though a 3.0 m collision cell. The total gas pressure of
experiments are intended to (1) determine the rate constant for20 mTorr is maintained such that theu$ detection time is
methylpyrazine photofragmentation after 248 and 266 nm UV approximately one-quarter of the time required for an average
excitation and (2) determine the identity of the donor for the gas kinetic collision. Third, a fraction{10%) of the diode beam
large AE energy-transfer process in the methylpyrazine/CO is sent through a Fabry-Perot Etalon and monochromator, rather

systemt® than a reference cell, and detected by an additional InSb detector
(Santa Barbara Research Corp.). The signal from this detector
Il. Experimental Section is used as a reference for a lock-in amplifier (Stanford Research

Systems SR-510). This arrangement allows the diode laser

The experimental technique for determining quantum yields frequency to be locked to the peak of a fringe from the scanning
has been described previowlgnd will be only briefly outined  Fapry-Perot Etalon, which is then tuned across the line shape.
here. A closed Pyrex cell contains gas-phase samples ofThe measurement of G@bsorption line shapes is accomplished
methylpyrazine, in some cases mixed with fiencher gas.  py collecting transient absorption signals as a function of diode
Typically, UV laser pulses from either a KrF excimer laser frequency at = 1.0 us after the UV laser pulse fires.
(Lambda Physik EMG 201, 15 ns pulse width) at 248 nm or a  Methylpyrazine (Aldrich, 99-%) is purified by several freeze
frequency-quadrupled Nd:YAG laser (Coherent NY81, 10 ns (77 K)/pump/thaw cycles and G@Viatheson, 99.995%) is used
pulse width) at 266 nm excite the sampleaal Hzrepetition without further purification. Gas pressures in the cell were

rate. St_udies have sho_wn that pyrazine is extremely susce_ptiblemonitored usig a 1 Torr (MKS-Baratron 220C) capacitance
to multiphoton absorptioff therefore, because methylpyrazine manometer.

is also likely to undergo multiphoton absorption, the UV pulse
energy for all data in this paper will be noted in mJfcriA Ill. Results
series of glass plates set at Brewster's angle is used to attenuate A. Self-Quenching of Excited Methylpyrazine.The HCN
the intensity of the laser where necessary. The collimation of quantum yield from methylpyrazine after 248 and 266 nm
the ca. 1.5 cm diameter beam is adjusted to ensure that the UVexcitation has been measured as a function of methylpyrazine
beam emerges from the cell unattenuated by the 2.5 cm diametepressure. The method for calculating these yields from the raw
cell aperture, and the beam is turned with a dichroic mirror absorption data has been given in detail elsewPferBhe
coated to reflect 248/266 nm wavelengths into a joulemeter dramatic decline in the HCN quantum yield from UV-excited
detector (Gentec, ED-200). Typically, the peak height from the methylpyrazine as a function of increasing pressure over three
UV signal is determined by averaging 40 laser pulses with a decades is shown in Figure 1a. The quantum yields from 266
digital oscilloscope (LeCroy 9354A). nm excitation are significantly smaller than the 248 nm values
The amount of HCN photoproduct is measured by infrared at the same pressures. Note that the quantum yield falls to less
absorption using an IR diode laser technigtié. CW, 3.1um than half of its maximum value (0.2 0.15 for 248 nm and
diode laser beam (Meak) propagates collinearly with the UV~ 0.32+ 0.05 for 266 nm), found at the lowest pressure, within
beam through the cell and passes through a monochromatotthe first decade (210 mTorr). That significant quenching occurs
(Bausch & Lomb, 0.5 m) to select a single diode laser mode. at these low pressures suggests that the photodissociation process
The diode laser controller (Laser Analytics) modulates the laser for methylpyrazine is quite slow, occurring on a microsecond
frequency over the entire P22 @W0— 01 absorption line of time scale, similar to that observed for pyraz#€® Another
HCN at 1 kHz, and the central diode laser frequency is actively feature of these quenching curves is that the quantum yield in
locked to an HCN reference spectral line. The digital oscil- the limit of high pressure appears to level off at some small
loscope records the amplified signal from a liquid nitrogen nonzero value. This is the clearest evidence of HCN produced
cooled InSb detector (Santa Barbara Research Center) place@t a second, faster rate that is, therefore, less easily quenched.
at the exit slit of the monochromator. A dual-channel acquisition At higher pressures this HCN production will eventually be
techniqué* is used to compensate for diode laser intensity quenched. A careful study of this phenomenon in pyrazine
fluctuations, and the result from the summed-average of 1000 indicated that this second, fast HCN product is the result of
sweeps across the absorption line is stored. This signal is usuallymultiphoton absorption by pyrazirf€.Methylpyrazine, with
acquired several minutes after the UV exposure is complete tosimilar basic structure, is also susceptible to multiphoton
allow for equilibration of the cell contents. In addition to absorption, which can then result in the production of “prompt”
correcting for short-term fluctuations in laser intensity, variations or quickly formed HCN via fragmentation of two or three photon
in diode laser power across the absorption line are correctedexcited parent molecules.
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Figure 1. Quenching curves showing the dependence of the HCN c 1E rrTT ‘
guantum vyield on pressure. (a) Collisional quenching of excited S r
methylpyrazine by unexcited methylpyrazine. The circles represent the & 08
data after 248 nm excitation, and the diamonds represent the data after 2 §
266 nm excitation. (b) C&@quenching curves for methylpyrazine ;%E 0.6 [
showing the dependence of the HCN quantum yield on total pressure g S ;
(in a mixture of 10 mTorr of methylpyrazine with balance §Qhe = E 0.4
circles are for 248 nm excitation, and the diamonds are for 266 nm 5§Z r
excitation. Quantum yield measurements obtained were conducted at ] 0.2+
a UV laser fluence of 13.9 and 4.7 mJkifor 248 and 266 nm, E 0 L
respectively. o L L L g
) ) _ -0.02 -0.01 0 0.01 0.02
B. CO, Quenching of Excited Methylpyrazine. The HCN Relative Frequency (cm™)

.qua.ntum y'el,d dgpendence on added,@cting as a quencher Figure 2. Doppler-broadened line shapes for the gQ0°0; J = 72)

is displayed in Figure 1b, where the total pressure is the result_ ¢, (00°1; J = 71) infrared transition at 2277.4277 cinThe data

of a mixture of 10 mTorr of methylpyrazine with various for a flowing 1:1 gas mixture of 10 mTorr of methylpyrazine and 10
amounts of CQ@ (e.g., 20 mTorr total pressure with equal mTorr of CQ are shown by the solid circles, and the solid lines
amounts of methylpyrazine and GQOThe overall features of ~ represent a best nonlinear least-squares fit to a Gaussian function. Data
decreasing quantum yield and apparent nonzero quantum yieloare collected 1.@:s following (a) 248 nm methylpyrazine excitation

- - nd (b) 266 nm methylpyrazine excitation. (c) Both line shapes are
at high pressure seen in Figure 1a are present here as well. Th lotted together for direct comparison (the solid circles are for 266 nm

quantum vyield at 10 mTorr (only methylpyrazine) agrees gycitation, while the open squares are for 248 nm excitation). The
reasonably well with corresponding data in Figure 1a; therefore, transition line widths (full width at half-maximum) obtained from the
these curves clearly show the relative quenching effectivenessline profiles are (a) 0.008% 0.001 cni* and (b) 0.0091: 0.001 cn?,

of CO; versus methylpyrazin:s3 only slightly different from each other, indicating that a large amount

C. Energy-Transfer-Broadened Line Widths of CO,. The of translational energy is transferred to £@ collisions with
translational energy of COmolecules scattering intd = 72 methylpyrazine excited to the two different energies. Line width values

. T . ized in Table 1.
following photoexcitation of methylpyrazine has been deter- are summarized in fable

mined by measuring the nascent Doppler-broadened line shape m&(Av 92
for the absorption transition GQ0QP0; 72)— CO, (00°1; 71) T, = T obd (1)
at 2277.4275 cmt. These measured line shapes fit well to a 8R In2 (1/0)2

Gaussian function, indicating an isotropic distribution of O

velocities. The transient absorption line shapes obtained from wheremis the mass of C@ c s the speed of lightAvepsis the
measurements takeru after the UV laser fires on a flowing ~ fitted line shape (full width at half-maximumpR is the gas
mixture of 10 mTorr of methylpyrazine and 10 mTorr of €O  constant, and, is the frequency at the center of the absorption
using both 248 and 266 nm excitation are shown in Figure 2. line. From this, the center of mass translational temperature,
The fitted line width (full width at half-maximum) obtained from ~ T¢®™, of 1270+ 190 K can be calculated usitfg

CO; scattered by methylpyrazine excited4@1 000 cnt? is

Av = 0.0087+ 0.001 cn?, in good agreement with previously com _ pCO2 T coz _ ) Meo, )
reported value$? The translational temperatures of the £O f f f Myipyr

molecules recoiling from the excited donor are evaluated using

the relationship where T2 is the temperature describing the £@b-frame
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velocity distribution calculated using eq T,is the collision TABLE 1: Doppler-Broadened Line Widths (Awvops) and
cell temperature, and the are the respective masses of the Corresponding Center-of-Mass Translational Temperatures
collision partners. (T¢com for CO, Molecules Probed 1us after UV-Laser

I . . Excitation of Methylpyrazine As Derived from the Fits to
At 266 nm excitation energy, the excited methylpyrazine Tiansient Absorpti)c/)r?yData

molecule initially has about 3000 crhless energy than after

o . ) - excitation pump laser fluence
excitation at 248 nm; however., the_ fitted €@ne width for wavelength (crm) (md/end) Aveps(CMT 2 Tyeom (K)b
266 nm excitation is nearly identical to that for 248 nm
excitation, Av = 0.00914 0.001 cnt?!, corresponding to a 266 4.7 0.0091 1408 200
ter-of-mass translational temperature of 14000 K. The 248 5.2 0.0090 1378 200
cente ansie P : 248 10.3 0.0086 124 190
transient absorption line shapes for £@X0, J = 72, were 248 23.1 0.0099 1688 220
measured at a series of 248 nm UV laser fluences ranging from 248 42.7 0.0088 130@ 200
5.2 to 63.9 mJ/ci The line widths Av = 0.009+ 0.001 cnt?) 248 63.9 0.0095 1548 210

over this range of laser fluence are identical within experimental  aThe error in the experimentally measured line widths:%001
error indicating that the translational energy transfer is inde- c¢cm2. b Calculated using eqs 1 and 2.
pendent of UV pump laser intensity. The line width values and
translational temperatures from the Doppler-broadened line the excited methylpyrazingm = (Kais + 2Kazs + Kaze)fs /(Kdis
shapes are summarized in Table 1. + Kazs t kg1 1 Kdzg) is the maximum quantum yield from “late”
dissociation, antky = 1/kgdQ] is the mean hard sphere collision
_ o o _ _ time. In this expression fap, the last termegy = Kq1p fi/ (Ka1p +

A. Photodissociation Kinetics.As with pyl’aZInez,B'% the kdlp + kqp [Q]) is associated with prompt ”unquenched"
quenching data can be used to estimate the first-order rategjssociation. Regardless of the pressure used in the present
constant for the photoproduction of HCN and hence the lifetime experiments, this term is not eliminated and is, therefore,
of the hot parent molecule. A model that includes multiphoton essentially constant with respect to the collision rate-(kap
(prompt) dissociation and the possibility that two HCN mol- ka1p > kqplQ]). f, andfs have been defined as the fraction of
ecules are formed in the photodissociation (either initially or methylpyrazine molecules that initially undergo multiphoton
sequentially) has been developed elsewieard can be used  excitation and single-photon excitation, respectively. As has
to fit the data for methylpyrazine. The following kinetic scheme peen discussed elsewhere, prompt dissociation in the pyrazine
describes this model and serves to define the meaning of thecase can be associated with parent molecules having absorbed
kinetic rate constants for each step: two photons® The unimolecular rate constant associated with
a species excited to 80 000 chis, of course, much larger than
that for a species at an energy of 40 000-ém

Equation 13 forms the basis for a three-parameter, nonlinear
least-squares fit that determings ¢, and ¢, for each data
. kap - set. Figure 3 displays the resulting fits, and Table 2 summarizes
Mpyr®® + Q == Mpyr™= ¢ + Q™ _ , the parameters. The methylpyrazine complex lifetime after 248
quenching of high-energy species (5) nm excitation igq = 16 2 us. Note also that the lifetime for
’ Kes , methylpyrazine excited to 37 910 criis even longer than this
Mpyr® + Q — Mpyr® “F + Q*F; (204 + 8 us), again highlighting the fact that these molecules
quenching of low-energy species (6) with “chemically significant” amounts of internal energy live
for a very, very long time before fragmenting.

Mpyr® B e + C,H:N; “prompt” dissociation (7) The methylpyrazine dissociation rate derived from self-
quenching studies (6.4 10* s1) is smaller than that derived
from CQ, quenching studies (1.& 10° s™%) after 248 nm
excitation. Similarly, for self-quenching and @Quenching after

K 266 nm excitation, 1§ = 4.9 x 10 and 9.3 x 10° s1,
MpyrE' 2 HCN* + C,HN; “late” dissociation (9) respectively, are the values obtained for the dissociation rate.
This is consistent with the earlier qualitative observation that
CQO;is less effective than unexcited methylpyrazine at quenching
and is merely a limitation of applying the strong collision model
equally to both quenchers. Because unexcited methylpyrazine

Mpyr® K 2HCN* 4+ HCCCH;; late dissociation ~ (11) is the most efficient strong coII_ision partner, the dissqci_ation
rate constant from self-quenching data is thenupper limit

IV. Discussion

Mpyr + hv — Mpyr®; one-photon laser excitation (3)

Mpyr® + hv — Mpyr®; multiphoton laser excitation (4)

K . -
Mpyr®®—"~ CH,CN* + C,;H,N; prompt dissociation (8)

Ky iscociati
MpyrE— CH,CN* + C,H;N; late dissociation  (10)

B Ko . _ . for the dissociation process; the “true” dissociation rate for
Mpyr=—— HCN* + CH,CN + C,H,; late dissociation methylpyrazine must be even smaller than measured here. Note
(12) also that thalifferencesn the lifetime between self-quenching

The time-dependent behavior of the MBythe MpyrE, and and C.Q quepching are smaller at 37 910 ‘c%nhan_ at 40 640

the HCN species can be readily obtained from the differential M indicating as expected that methylpyrazine is much closer

equations describing the kinetic scheme, which at long times 0 its critical energyg, for fragmentation to form HCN at 37 910

can be rearranged to give the quantum yigld cm-* than at 40 640 cm.

This model also provides a reasonable basis for analyzing

5= i+t_d -1 +é (13) quantum vyields below 1¢¢, = 0.32 for the 266 nm self-

B ool u guenching data). For these results to make sense, there must be

some “dark” channel (that does not produce HCN) available to

wherety = 1/(ka1s T 2Kaos + Kaze) fs is the effective lifetime of methylpyrazine excited by 266 nm radiation. It is possible that
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1 — S — TABLE 2: HCN Quantum Yields, Photodissociation
r Lifetimes, and Photodissociation Rate Constants for the 248
T s | and 266 nm Photofragmentation of Methylpyrazine As
f s 7 ?;rlved from Fits to the Data Shown in Figure 3 Using Eq
£ [
2 06 1 j excitation
g [ ] wavelength
& 04 : quencher  (nm) P ts° o ke
5 0.2 L ] self 248 0.93 16 0.051 6.4 x 104
an : 7 +0.08 +2 +0.016
1 1 CO, 248 0.52 6.0 0.072 1.8x 1P
0 @ b b b e L 1 +0.05 +04 +0.014
0 20 40 60 80 100 120 140 160 self 266 0.32 204 0.005 4.9x 10°
Mean Collision Time (usec) +0.05 +8 +0.001
CO, 266 0.06 108 0.008 9.3x 10°
05 +0.01 +12  +0.002
2 04 r aData were collected dtaser = 4.7 and 13.9 mJ/cfor 266 and
ﬁ F 248 nm studies, respectively. The fit parameters obtained from the data
£ o3 r sets shown in Figure 3 were obtained using a hard sphere collision
.E b rate given bykgs = Koot = /(8kg T)/u{ (dg + Omethylpyrazind/2} 2, where
g r do is the diameter of the quencher, either Q@co, = 4.5 A (ref 39))
& 02¢ or methylpyrazine dmetnyipyrazine= 5.27 A (assumed to be equal to
Z, r benzene, ref 39)ks is Boltzmann'’s constany is the reduced mass,
é:) 0.1 G andT is the temperature of the collision cell. The mean collision time
: is then given bytcor = 1/(Kmethyipyrazingmethylpyrazine]+ kco,[CO2]),
0 w0 T where kg is the hard sphere rate constant above with Q as either
0 2 4 6 8 10 methylpyrazine or C@ P The maximum value for the quantum yield.

Mean Collision Time (usec) dm = (Kazs+ 2Kazos + Kuze)fo/(Kais + Kaos + Kazs + Kazs); see text following
. . . . o eq 13 for definitions of symbol$.The photodissociation lifetime (i.e.,
Figure 3. Quantum yield displayed as a function of the mean collision  the |ifetime of vibrationally excited pyrazine) given in microseconds.

time for (a_) _self-quenching studies and (b) £guenching studies. (The tg= U(Kaws + 2kazs + kaze)fs; see text following eq 13 for definitions
mean collision times for the data sets have been calculated accordinggf symbols. The quantum yield for the “prompt’ “unquenched”

to the equations shown in footnote a of Table 2.) Circles are for 248 gjissociation g, ~ kaify/(Kep + kaip) ~ f, see text following eq 13 for
nm excitation, while diamonds are for 266 nm excitation. The solid gefinitions of symbols¢ The photodissociaiton rate constant given in
lines are the result of a three-parameter, nonlinear least-squares fit toypjts of s* for all the combined slow processds,= 1/tg = (Kgis +
the data using eq 13. The results of this nonlinear fit are summarized gk, + kyps)f.

in Table 2. These data provide a value of 6.4.0* and 4.9x 10° s™*

for the first-order photodissociation rate constant from self-quenching b I d hes th thvl . | h
248 and 266 nm studies, respectively, andx1.80° and 9.3x 10° st ecomes smallér and approaches thé methylpyrazine value when

from CO-quenching 248 and 266 nm studies, respectively. Quantum the CQ quenching rate is decreased below the gas kinetic value.
yield measurements obtained for 248 and 266 nm excitation were In all cases, the photodissociation lifetimes from methylpyra-
conducted at a UV laser fluence of 13.9 and 4.7 m3/caspectively. zine reported here are longer by about 300% than the lifetimes
methylpyrazine withtEi; = 37 910 ¢l is so close tcE,, the for py.razine dissociation rgported previod{§|§6 S 16@ for
energy threshold for dissociation, that the excited methylpyrazine Pyrazine and methylpyrazine 248 nm studies, respectively, and
is distributed on both sides @&, reflecting the thermal energy ~ 66 Vs 204us for pyrazine and methylpyrazine 266 nm studies,
spread of initially unexcited methylpyrazine. This dark HCN respectively). This may possibly provide some insight into the
channel might result in the formation of other products such as Mechanism for the photofragmentation process of pyrazine.
acetonitrile (CHCN) or methylacetylene (C¥CCH), which B. Energy-Transfer Rate Analysis.Recent molecular beam
could account in part for the HCN quantum yields being less studies of the photodissociation of pyrazine at 248 nm showed
than one. Excitation at 266 nm, which provides the longest that of the two photofragments (HCN andHzN) only HCN
dissociation lifetimes (ca. 20@s), is in the range of IR possessed enough translational energy to collisionally excite a
fluorescence lifetimes for highly vibrationally excited states. CO. molecule into high rotational states of the ground vibra-
Thus, photodissociation at even the lowest pressures may be irfional level?627.2° On the basis of a simple prior analysis,

competition with radiative quenching proces&e®.3537 This fragments from methylpyrazine dissociation will have even less
effect has been ignored in the present analysis, as have walltranslational energy; therefore, the only fragment that could
collisions. Both effects will lead tg,< 1. potentially compete with vibrationally excited methylpyrazine

The values forpm, the “maximum” quantum vyield derived  as an energy-transfer donor to ©@ould be HCN. The analysis
from the CQ quenching data, are smaller than those derived Of the respective roles of translationally hot HCN and highly
from the methylpyrazine quenching data (0.52 vs 0.93, respec-Vibrationally excited methylpyrazine in producing €@0°0;
tively, at 248 nm). The hard sphere collision model used to J = 72, V) via collisions depends largely on two factors: the
derive eq 13 assumes that every collision carries away enoughtime dependence of the population of £@0°0; J = 72, V)
energy to deactivate the photodissociation process. Hence thigand the amount of methylpyrazine multiphoton absorption.
model is expected to be most accurate for the case of pureUsing the kinetic scheme developed elsewl#/the time-
methylpyrazine, which is a stronger collider than £@ the dependent behavior of the important species in the present
deactivating rate for Cgused to derive the results in Table 2, experiments can be assessed. The results of this analysis are
is decreased below the strong collider, gas kinetic collision rate, given below.
the values fopm, derived from the C@data approach the results Prompt HCN.In the case of pyrazine as an energy-transfer
for pure methylpyrazine. A similar effect is observed for the donor, fluence-dependent photofragmentation studies provided
dissociation rate constant derived from the Cdata, which a key piece of information for use in determining the dominant
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donor (pyrazine vs HCN) for Cg{scattered intd = 723° The V. Conclusions
pyrazine fluence-dependent photofragmentation studies per-

formed at 248 nm and the information theoretic prior function di
analysis of pyrazine dissociation overwhelmingly point to fo
multiphoton absorption as the source of prompt translationally tions of that photofragmentation on recent energy-transfer

excited photoproducts, HCN*. This makes the study of the g gies performed using methylpyrazine as an energy-transfer
energy-transfer process as a function of UV laser fluence the 45,419 The HCN guantum yield has been measured using high-
most important test of energy-transfer donor identity in the case (oo iution IR diode probing of the HCN photoproduct as a

of methylpyrazine as well. function of quencher gas pressure, and a hard sphere gas kinetic

The work described in this paper provides insight into the
ssociation of highly vibrationally excited methylpyrazine
llowing the absorption of UV laser radiation and the implica-

The amount of C@ scattered into (QO; J = 72, V) per collision model has been employed to determine the time scale
absorbed 248 nm photon, [GEX°0; J = 72, V)]/N,, remains of the dissociation process (#62 and 2044 8 us at 248 and
approximately constant when the pump laser fluemggy is 266 nm, respectively).

changed by nearly a factor of 12. This change in laser fluence The energy-transfer data presented here establishes that
corresponds to a change in HCN* population produced via the collisions with vibrationally excited methylpyrazine scatterCO
multiphoton dissociation of-145-fold. If this source of HCN* molecules into high rotational states with large amounts of

were the dominant donor for scattering £i@to J = 72 with translational energy, rather than collisions with HCN photo-
large amounts of translational recoil, an increase in donor products that are produced either promptly or later in the
population would necessarily affect the scattered @pula- photodissociation process. The measured Doppler-broadened

tions by a factor of 145 as well. Since this is not observed, line widths for CQ recoil are independent of 248 nm pump
HCN* produced via prompt dissociation is clearly not the donor laser intensity as well as pump laser frequency. A careful
source in the energy-transfer process. The @0oil line widths analysis of the data, particularly a detailed analysis of the time
were also found to be independent of pump laser fluence (seedependence of translationally hot HCN*, vibrationally hot
Table 1). methylpyrazine, and C{00°0; J = 72,V) eliminates hot HCN*
Additionally, CO, transient signals do not display the from either prompt or late dissociation as the energy-transfer
characteristics of energy transfer from translationally hot dpnqr that creates rotationally and transl'auonallly exqted carbon
particles but rather the characteristics of energy transfer from dioxide molecules. Rather, all data point to vibrationally hot

vibrationally excited donors (compare Figure 1 from ref 19 to methyll,pyrazine_ as th_e dc_>nor producing Ia!‘AgE “supercolli-
Figure 1 from ref 38). Hot, fast-moving particles produce much sions.” Further investigations of other possible photofragments

faster rise times for energy-transfer signals than do highly (C2Hz, CHsCCH, and CHCN) are now underway to further
vibrationally excited molecules having a thermal (room-tem- confirm that methylpyrazine, not a photoproduct, is responsible

perature) distribution of translational velocities. All of this is for energy transfer in this system.
compelling evidence eliminating hot HCN* produced by prompt Acknowledgment. The authors thank Dr. Ralph Weston, Dr.
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