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To gain insight into the possible magnitude of vibrational activation/deactivation rate constants for large
molecules with the high vibrational excitation of thermal unimolecular reactions, absolute vibrational relaxation
rate constants have been measuredip-8ifluorobenzene energy regions where the vibrational levels begin

to form a quasi-continuum. The measured rate constants define vibrational energy transfer from three initially
pumped 3 levels into the surrounding vibrational field. The observed rate constants are about 60% of the
Lennard-Jones value for the collision partner Ar and about 40% for He. The initial levels lie épsthenge

2887 to 3310 cmt, where the level densities are approximately-82000 per cm®. New He rate constants

are also measured for many lower initial levels. When combined with earlier measurements, the He and Ar
rate constants span the range @i, < 3310 cntl. Both sets of rate constants show a trend to larger values
with increasinge.i, and have prominent variations in response to the zero order quantum identity of the
initial level. When the high level density starts to create overlapping states, the Ar rate constants for the three
highest levels appear to have leveled off, and the initial quantum state variations are damped out. The He rate
constants, on the other hand, sustain the trend to larger values even at the highest energies where the data are
ambiguous on whether initial quantum state sensitivity persists.

Introduction Much progress has been made toward characterizing the
) ) o _average vibrational energy change in such collisions as well as

This study concerns th_e_destructlon of a V|brat_|onal state in iy defining the probability distributio®(E',E) that a molecule

a Iarg'e mc_)lecu_le by_colllsmnal energy transfer into the Sur- with initial energyE' will finish the collision with vibrational

rounding vibrational field, a process we shall call state-to-field energy in the rangg + dE. Such modeling requires factoriza-

vibrational energy transfer (VET). The study is a continuation tjgn of the energy transfer into probabilier collision with

of efforts to measure absolute rate constants for this VET from {he yse of an absolute rate constant whose value defines a

regions of mcr_easm_gly high state den_smes in large molecules. ¢qlision for the energy change. None, however, has ever been

PreV|ou§55_tud|es_ with benzefeand with p-difluorobenzene  measured for these regions where the vibrational state density

(PDFBY~® in collision with rare gases or diatomic molecules s so high that a vibrational quasi-continuum is present. A

have characterized the state-to-field rate constants for vibrationalmethod to do so has not been devised, and in the absence of

levels ranging from the zero point level to regions where the experimental data, Lennard-Jones rate constants are generally
vibrational level densities reach, in the case of pDFB, several 355umed for the modelirig-2
hundred per cm'. Here, we describe extension of the pDFB ¢ s yseful to learn experimentally about the validity of the
study for both He and Ar collision partners to three higher levels | annard-Jones assumption. Our previous state-to-field VET
where the vibrational state density climbs by about an order of measurements may help one do this since they involve processes
magnitude. The extension is significant because the highestanalogous to those of the activation/deactivation problem. In
levels now get into regions where the vibrational states begin poth cases, collision causes a molecule with an initial vibrational
to form a quasi-continuum by level overlap. energye.i» to gain or lose vibrational energy into the surrounding

Our motivation is derived from work on the collisional vibrational field. Our indirect approach to learning about the
activation and deactivation of molecules with the high internal magnitude of the VET rate constant for the vibrational quasi-
energy associated with thermal unimolecular reactions. Since continuum region of a large molecule with high excitation is to
this energy is principally vibrational, the collisions of interest measure absolute state-to-field VET rate constants for a series
are those between an excited molecule and, e.g., a bath gasf initial levels with increasing vibrational energy. By observing
molecule that causes change in the vibrational excitation. Thesethe rate constant behavior as the vibrational level density
collisional processes have long remained under active $tddly,  becomes that of an increasingly dense quasi-continuum, one
and we shall refer to their study as the activation/deactivation may gain insight into the size of rate constants that pertain to
problem. VET in the high energy regions of unimolecular activation.
The present work builds on the previous study by Catlett,

' This paper was submitted for the Edward W. Schlag Festschrift, Pursell and ParmentefCPP) that used vibrational structure in
published as the June 14, 2001, issudd.oPhys. Chem. A the S—%; fluorescence to measure rate constants for state-to-
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changes in the fluorescence spectrum made the signal-to-noisestainless steel cross-shaped fluorescence cell equipped with
too small for quantitative measurements. quartz windows. pDFB pressures of 80 mTorr were used for
Improved spectroscopic techniques now allow us to explore the lowest vibrational levels. The pDFB pressure increased to
three higher Svibrational regions where the level density isin  as much as 120 mTorr for the highest levels to enable
the range 8062000 per cm?!. This extension is important  quantitative measurements of a small fluorescence signal. These
because it gives access to regions where the vibrational levelspressures were still low enough to prevent pDFB-pDFB state
just begin to overlap and form a quasi-continuum. These regionschanging collisions from occurring within the5 ns fluores-
are now studied with the collision partner Ar to extend the Ar cence lifetime. Collision gas pressures up to 5 Torr (representing
rate constant data of CPP. Additionally, He state-to-field rate the single collision regime) were introduced by leaking the gas
constants have been obtained for manyeSels ranging from into the fluorescence cell through a needle valve from a backing
evib = 800 cnt! to the highest level of the new Ar study. Data pressure usually exceeding 30 Torr. An MKS Baratron 750
for He were not previously available for any of these levels. absolute pressure transducer monitored the pressure continuously
The method by which the state-to-field VET rate constants to the nearest mTorr, and the gases were allowed to equilibrate
are measurédinvolves preparation of an;Sevel or, more over a 26-30 min period prior to measurements.
accurately, a narrow Sribrational region by pumping a band The visible output of a Quanta Ray Nd:YAG (DCR 1-A)
maximum in the 300 K §— S, pDFB absorption spectrum. A pumped dye laser (PDL-1) with LDS 698 or DCM dye was
vibrational band from the initially pumped; $evel is isolated ~ frequency doubled and mixed with the residual 1064 nm YAG
in the fluorescence spectrum and its intensity monitored as afundamental, producing tunable UV exciting light with pulse
function of added Ar or He. Since the collision-free fluorescence duration of 5 ns at 10 Hz and a bandwidth of 2¢nThe laser
lifetime is known from prior worl the absolute state-to-field ~ was tuned to the S— & absorption maximum of a band contour
VET rate constant can be calculated. It is straightforward to to prepare initial $levels.
control gas pressures so that added gases are in the single Fluorescence collected orthogonal to the laser beam was
collision regime and that collisions between &d $ pDFB imaged into a 0.85 m scanning monochromator operated in
molecules do not play a significant rdle. second order and detected by an EMI 9789 photomultiplier. The
It is important to note that this technique enables the state- fluorescence was normalized for laser power fluctuations and
to-field VET rate constant to be isolated from elastic and other for pDFB pressure fluctuations by directing four percent of the
inelastic processes that contribute to a total collision rate €mission image into a Jobin-Yvon H-20 small monochromator
constant. Effects of rotational relaxation, for example, are equipped with another photomultiplier that monitored either the
avoided by monitoring the entire vibrational band intensity so laser power or the total fluorescence. Signals from both
that variation in the band contour that accompanies rotational Photomultipliers were processed by a home-built gated detection
state changes become invisible. Electronic state quenching bysystem. This system improved the signal-to-noise relative to
Ar and by He is known by separate measurements of total OUr previous experiments and made study of the higher levels
fluorescence intensityto have rate constants that are too small feasible.
to contribute significantly to the vibrational band measurements. ~ Dispersed fluorescence spectra were acquired with 1¢-cm
Finally, interference from specific state-to-state VET channels resolution. For VET measurements, the scanning monochro-

is precluded by choosing the monitored S S vibrational mator was tuned to a prominent S- S emission band to
band in a spectral region free of emission from the destination monitor the population of the parent vibrational level as the
states. pressure of the collision partner was increased. Monitored bands

There is always concern that rate constants measured for VETWere chosen to avoid overlap with emission from collisionally
processes in an;State may not be representative of those for Populated levels. These measurements were performed with 40
the ground electronic state. In the case of pDFB, the issue isCM * fluorescence resolution, a value chosen to be large enough
partners on four §levels$5 with the S data of CPP. When the transfer but still sufficiently narrow to discriminate against bands
four Ar S values are compared with 8alues for similar state  arising from collisionally populated levels.
densities ranging from about 2 to 200 per dnthe rate
constants are close, never differing by more than a factor of 2. Results and Kinetic Model
In fact, the $ and $ rate constants for densities of 10 and 80
states per cmt match to within 15%. We use the kinetic model that was developed in our previous

Much of the background for the present measurements hasstate-to-field studiés' and retain the nomenclature and rate
been given in CPP. Since then, a work bearing on the issue ofconstant numbering scheme. Briefly, a laser pumps pDFB
absolute rate constants for state destruction in molecules with(labeled B) to a specific Svibrational level B**
high vibrational energy has appeaf&dt concerns a single
rovibrational level in S@with over 44800 cm? of vibrational B +hv—B*
energy whose collisional destruction was monitored with use . .
of quantum beat spectroscopy. The reported rate constants fofVhich may decay by both radiativémf) and nonradiative
the collision partners He, Ar and unexcited S substantially ~ Pathways
exceed Lennard-Jones values. As will be shown, these rate «
constants are much larger than those for the highest pDFB levels, B** —B + h, (1)
and some comments concerning the differences will be given.

kZ . .
Experimental Procedures B** — nonradiative decay (2)

The apparatus and procedures used in the experiments ar&/ibrational energy transfer via single collisions with the added
similar in design to that used for previous studies of pDFB bath gas (M) or with ground state pDFB molecules (B) may
energy transfet.Briefly, gas samples were introduced into a deactivate the initially prepared level by VET into the sur-
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rounding S field of vibrational states (B*) with characteristic 12 T
rate constants. 152 .
10 - 35 3152 Region |-
k.
B* +B—B* +B 3)
k4
B* +M —B* + M (4)
4
Quantitative measurements of selected fluorescence transitions i
in the dispersed fluorescence spectra of pDFB can be made with 2r
pressures so low that collisions witlh SDFB destroying the O b 0 0w v v v
initially prepared state cannot compete measurably with the 39650 39700 39750 39800
collision-free S decay. As discussed in earlier wark2® the
; . . 12 T
routine use of low pDFB pressures in our experiments—80
120 mTorr) enables us to ignore process Bef@ctronic state 10 F 3152301 3'5230' Region [

guenching by the bath gases has been expléradd is
negligible in comparison with VET process (4).

The kinetic model gives rise to the standard Steviolmer
expression for the VET rate constant as a function of added
gas,

Normalized Fluorescence Intensity
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wherel}’ andl? are the fluorescence band emission intensities 12—
with and without the collision gas, respectively. Thus, a plot of 10 325! Region |

the intensity ratio versus collision gas pressure should be linear

with a slope proportional téy, the desired quantity. The only 8
quantity needed to extract the VET rate constant from the slope 6
is the collision free fluorescence lifetime of the emitting level,

(k1 + ko)~ = 1;. Lifetimes of all levels with the exception of 4

that at 3009 cm! have been determinéfl.For this level, the
lifetime is assumed to be that measured for the 2887 davel 2
lying only 122 cnt! lower in energy. Ol v e
It is straightforward to tune the dispersed fluorescence 40050 40100 40150 40200
spectrometer to an emission band from B** that lies in a region
essentially free of emission from the field of Bvels B*. In Frequency (cm‘l)
this sense, the experiment may selectively measure the populafigure 1. Fluorescence excitation spectra of the areas near the three
tion (via fluorescence intensity) originating from the pumped highest levels pumped for the VET study. The FranGondon labels
level without interference arising from collisionally populated for the § zero-order states are indicated.
levels.
SlFigure 1 disp|ays fluorescence excitation spectra ofthe S the standard error in flttlng the S|Ope to the experimental data
S Spectra| regions used for pumpmg the three h|ghest levels. hever exceeded ¥320% of the calculated rate constant value.
The collision-free fluorescence spectra generated by the pumpmgThe reproducibility of the results for individual measurements
are shown in Figure 2. In each case, the band monitored foris judged by the fact that the slopes of repeated experiments
determining the state-to-field VET rate constant has relatively fell within 15% of the mean.
low intensity, but it is so far removed from the dominant  Table 1 displays the rate constants so determined for nine S
unstructured emission region that it can be selectively monitored. PDFB levels. Those for He are entirely new. While the Ar rate
The destination levels populated by the state-to-field VET emit constants for the lower six levels have been previously reported
in the region of unstructured fluorescence. by CPP, the values for those levels shown in Table 1 are from
Figure 3 shows typical SterVolmer plots according to eq  the present revisitation. In each case, the Table 1 value is in
5 for relaxation of these levels by Ar and He. The emission reasonable accord with the CPP value, differing in the most
band intensities were typically measured for five pressures of €xtreme case by 17%. The Ar rate constants for the highest
the added gases in order to establish the slope, which wasthree levels have not been previously determined. On the basis
extracted via linear least-squares fitting. Each data point Of the reproducibility of the experiments, the uncertainty in the
represents an emission band intensity measurement over a spaks values for all levels and both gases is about 15%.
of approximately 10 min. The error bars on each data point .
result from the standard deviation of the monitored signal over Discussion
the data collection period. In each case, slopes of at least three In past studies, the absolute rate constants for state-to field
separate experiments were averaged to improve the accuracWET have been followed from low state densities up to regions
of the reported rate constants. Uncertainty in the value of the with about 20 states per crhfor benzen&and to about 200
VET rate constant is derived from a standard procedure of per cni® for both $%°and S* pDFB. The rate constants trend
calculating the error associated in fitting the slope, and all errors upward as states of higher initial energy are pumped. In each
reported in Table 1 are determined from propagation through case, however, the rate constant increase lags far behind that of
eq 5 for the average of the three separate trials. In each casethe state densities, and for 8DFB, the rate constants continue




Collisional Vibrational Relaxation in Difluorobenzene

12 ——r—r—T—TT—TrrV 7T v v
10 - +2887 cm™! v l

8 0

6 I .

2+ .

[ =
30000

U SV YO R | AR

36000 38000

I U U TR WOV SO S S

34000

Al 4

32000

-~
[

T T T T T

+3009 cm’! os W

T T

10

Normalized Fluorescence Intensity

6
4
2
0
| AR ST SR VU UUDS AU WO VA S SR S DU SN SUT ST ST S S | rat
30000 32000 34000 36000 38000
12 2 .
10 || +3310cm™ ik l
8t Jy ——
35000 401
6 -
4+
2 -
0 —
PRSI U TN IV TR N S S S SV § PRSP S R S, 1L
32000 34000 36000 38000 40000

Frequency (cm'!)

Figure 2. Single vibronic level fluorescence spectra obtained after
pumping the maximum of the transitions in Figure 1 to rea&@887,
+3009, and+3310 cnT! in vibrational excitation, respectively. The
bands monitored for VET experiments are indicated by arrows in the
spectra.

harmonic direct count algorithm using $DFB frequencies
SIS ratio of known frequencies otherwisg.

for three new initial states ofyDFB at still higher vibrational
energies where the state densities lie in the range-2000

initial levels previously studigtlus entirely new measurements
of He rate constants for many lower levels.
Anticipated Relaxation Characteristics of Highly Excited
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Figure 3. Stern-Volmer plots of fluorescence intensity in the
monitored bands for the three highest levels that are being destroyed
by state-to-field VET in collisions with He and Ar.

cmL. Thus level overlap will just begin to occur where the
previous data ended at pDFB vibrational densities of ap-
proximately 200 per crmt. Our new data extend to regions with
about 2000 states per cirwhere a quasi-continuum is probably

beginning to appear.

A second vibrational characteristic concerns the quantum
description of the vibrational manifold. No matter how one
might describe the states of an activated molecule with high
vibrational excitation, these regions must involve vibrational
states that are highly mixed in a zero-order basis. None will be
dominated by the character of a single zero-order quantum state.
Ironically, to reach analogous states in @®FB, our experi-
to vary according to the zero-order quantum description of the ments must rely on the character of a single zero-order state
initially pumped level. This initial state sensitivity persists even that has a large;S S Franck-Condon factor to provide access
for the highest state densities. The quoted vibrational stateto an § vibrational regior®® For example, as described with
densities in CCP and the present work were obtained by azero-order vibrational components, our three newly studied
higher energy regions are pumped using the Frai@ndon
where available and (Srequencies reduced by the average factors for the 33, 3i5:30; and 35; transitions®! Despite
such Franck Condon bias in §level pumping, this character
The primary results of the present study are rate constantsis diluted among the set of molecular eigenstates actually
pumped in the §- S transition. While each molecular eigenstate
is a mixture of many zero-order states, every pumped eigenstate
per cnTl. These data are reported in Table 1 for the collision has a small component of the FrardRondon state. For this
partners He and Ar. Additionally, the Table includes remea- reason, the FranekCondon state appears prominently in the
surement of Ar rate constants for some of the lower energy absorption spectrum and is a useful zero-order descrigtion.

Most importantly, each of the eigenstates encountered by the
collision partner is broadly mixed. A full discussion of their
character is given elsewhei®* The evidence for the mixed

Molecules. One of the questions relevant to interpretation of character lies in the collision free fluorescence spectra from these
these results concerns the extent to which these higher pDFBlevels. That emission is dominated by unstructured fluorescence
levels replicate characteristics of the levels involved at the high with only a vestige of structure from the Frare€ondon
vibrational energies of the unimolecular activation/deactivation component. Such emission is characteristic of fluorescence from
problem. Consider first the extent to which the vibrational quasi- vibrational states with extensive mixing among zero-order
continuum associated with activated molecules might be rep- vibrational stateg?

licated. The $ pDFB lifetimes are approximately 5 #s In the regions previously studied, the rate constants gradually
corresponding to vibrational level widths of aboutx1103 increase with rising vibrational energy, but that trend is overlaid
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TABLE 1: Experimental Rate Constants k, and Cross Sectionss, for State-to-Field Vibrational Energy Transfer from Initial
S, Levels of pDFB in Collision with Ar and He at 300 K

initial Eu . K, (107 Torr ts1yp Ka/Kust Ka/k, 8 o, (R?2e

level (cm™) (nsyp He Ar He Ar He Ar He Ar

5t 818 10.0 0.23+ 0.02 0.33£0.03 0.08 0.26 0.08 0.19 5.60 22.2
3t 1251 9.7 0.470.04 0.53+ 0.04 0.16 0.42 0.16 0.30 11.4 35.6
52 1638 8.6 0.55+ 0.08 0.76+ 0.04 0.19 0.60 0.19 0.43 13.4 51.1
35t 2069 7.8 0.6H-0.04 1.26+ 0.04 0.21 0.99 0.21 0.72 14.9 84.8
52 2454 6.5 0.64+ 0.04 0.94+ 0.04 0.22 0.74 0.22 0.54 15.6 63.3
3? 2502 6.3 1.40t 0.04 1.50+ 0.03 0.47 1.18 0.49 0.86 34.1 101.0
352 2887 6.5 0.8H-0.04 0.97+ 0.04 0.27 0.76 0.28 0.55 19.7 65.3
315230 3009 6.5 0.82+ 0.05 0.98+ 0.05 0.28 0.77 0.29 0.56 20.0 66.0
35t 3310 5.7 1.1G6t 0.03 1.00+ 0.03 0.37 0.79 0.38 0.57 26.8 67.3

2Values obtained by Guttman and R#€e.For conversion to cfimolecule® s7%, multiply by 3.1 x 107, ¢kys = (8KT/mu)?ons, where
ons = (7114)(0pors + Aw)?, dpors = 7.0 A, due = 2.57 A, andda, = 3.41 A3 9k y(He) = 2.87 x 107 Torr 1 s74, kiy(Ar) = 1.75 x 107 Torr 1 713
€0, = kd/(8kT/mu)¥2. f Assumedifetime is equal to that of the'3? level lying 122 cn1* lower in energy.

Pup (states / em?) The measurements of VET from the three higher energy levels
1 100 1000 (2887 cn! < € < 3310 cn1l) with densities ranging from
T T approximately 800 to 2000 states per @mproduce rate
* 9 k(L) constants that are essentially the same. The constants respond
. . neither to increasing state density nor to the quantum state
% . ——— k,@S) identity of the initially pumped level.
The S levels of pDFB provide a good opportunity to search
4 ] for sensitivity of state-to-field VET to the quantum identity of
} * . 1 the pumped state. Levels accessible for study include those
4 3 ’ ] related to each other by the absence or presence of a quantum
. oi . ° 1 of the lowest frequency modey = 120 cnt. Eight such pairs
0.0 Dot ten e o] are represented in the lower energy regiam (< 2300 cnt?)
0 S00 1000 1500 2000 2500 3000 3500 of the rate constants shown in Figure 4. For each pair, the rate
Bp (cm?) constant for the level containing a quantunved is enhanced
Figure 4. Plot of measuredl, values against the energy, and state on ‘jiccoum of theAvgy = —1 stgtg-to-state channel that is
densitypyi, of the pumped level for deactivation of pDFB by Ar. Levels ~ available only to the level containing &g quantunt That
with quanta ofv are indicated as triangle symbols. The hard sphere channel has been well characteri¥eas the largest among the

and Lennard-Jones rate constant values are indicated by markers ainany state-to-state channels monitored+pBSFB. It has been

the right of the figure. A dashed line indicates the highest energy region 5pgerved from many different initial levels, and always occurs
studied by CPP. with about the same rate constant, approximakety 0.26 x

with a large sensitivity to the zero order description of the 107 Torrt st (12 A? cross section). This channel is so favored
initially pumped vibrational state. Modelidg shows that the that its presence may increase the state-to-field rate constant
trend to larger rate constants is a consequence of the fact thaby more than fifty percent.

more channels contribute to VET at higher vibrational energy,  The new higher energy region explored in the present study
each with small state-to-state transition probability. The model- contains a pair of levels similarly related. That pair provides a
ing also shows that the rate constant sensitivity to the initially test for whether quantum state sensitivity persists at these higher
pumped state is due to special channels that are so favored foktate densities. The states at6?3at 2887 cm?) and 35230t
some initial states that they alone make a significant contribution (at 3009 cml). The Ar rate constants for this pair are almost
to the total rate constant. identical, and in this respect, they are qualitatively different from

From these concepts, one can now generate two expectationghose of all other pairs. By the example of these data, the
for the rate constants as VET is probed from regions of quantum state sensitivity has been lost.

increasingly higher vibrational energy. First, the extensive state
mixing will ultimately so dilute individual state character that
sensitivity to the pumped zero-order state will damp out. Second,
the slow response to increasing state densities as higher initial
levels are pumped cannot go on forever. The rate constants will
ultimately level off somewhere after the vibrational quasi-
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With quantum state sensitivity damped out at the highest
energies of this study, one might contemplate whether the rate
constants are actually approaching a limiting value. Obviously
data from higher levels are needed to secure the issue. If,
however, a limiting value is indeed beginning to emerge, it is

continuum has become well established. One might propose tha'nteresting to note that the value is substantially less than that
such characteristics are also representative of the rate constantd' "3t constants for energy transfer from several lower energy
in the VET activation/deactivation process of unimolecular levels that display strong quantum state sensitivity. The reason
reactions. for this behavior is not understood.

Rate Constants for Ar + pDFB. We now examine the data Rate Constants for He+ pDFB. In some respects, the He
relative to these expectations using the display of rate constantgdata in Figure 5 mirror the Ar results. As with Ar, the He rate
for Ar againste,, Or pyib in Figure 4. The data for levels up to  constants show a trend to larger values for initial levels with
evip = 2502 cnt! are as described before. The high sensitivity higher energy. The He rate constants have also maintained
to the quantum identity of the initially pumped level and the sensitivity to the quantum character of the initially pumped state,
rising trend with increasing.i, are confirmed by our new  at least for the lower levels. The most convincing example of
measurements in this previously studied region. this sensitivity for He concerns the initial levelsdnd 3. Lying
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Pu (states / em™) excited SQ by He, Ar and unexcited SOThe excited level is
1 10 100 1000 a single rovibronic level lying at 44 878 crhin the X state.
3.0 ¢ R A L AL B LA R ';:{“g) The level can be detected due to the fact that it is mixed with
s E 3 ! an isoenergetic @vibrational level that is reached by pumping
A ] the 9R(6), 5 line in the £2:3% band of the’C— X transition.
T 20 s 3 The strong coupling of these levels generates quantum beats in
S . ; the C— X fluorescence. The quantum beat decay is sensitive
o 15¢F ° 3 to added gas or S(rressure, and the rate constant for collisional
< - o] destruction of the rovibronic eigenstate high in theskate
<10 ¢ Py “ manifold can be extracted from that sensitivity.
0.5 o & *° 4 The SQ rate constants are much larger than those for the
00 5,?... e ‘5 highest levels of the present pDFB study. For this highly excited

SO, molecule, the rate constants exceed Lennard-Jones values
for the three collision partners He, Ar and unexcited, 39
factors of 2.6, 3.6 and 11, respectively. In contrast, the state-

0 500 1000 1500 2000 2500 3000 3500
Egp (em ™)
Figure 5. Plot of measured, values against the energy, and state

densitypyi, of the pumped level for deactivation of pDFB by He. Levels _to-f|eld _rate _anstants for the h'?heSt Ievelsoof RDFB 0
with quanta ofvs are indicated as triangle symbols. The hard sphere INtéracting with He or Ar are only about 40% and 60%,

and Lennard-Jones rate constant values are indicated by markers at€spectively, of the Lennard-Jones value. (For comparison, the
the right of the figure. SO~ Ar rate constant is 3.% 107 Torr~1 s~ vs the apparent
nearey, = 2500 cnTl, they are separated by only about 50 pDFB*-Ar limiting value of approximately & 10’ Torr1s™1)
cmL but have rate constants differing by about a factor of 2. It is hard to see from the pDFB trends that the state-to-field
The principal question is whether the rate constants give signs'ate constants would ever become similar to the ®@gnitudes
of replicating the proposed behavior of highly excited levels as @S the pDFB vibrational excitation increased. Thus the two
the initial vibrational excitation becomes greater. In this respect, Molecules appear as complementary systems with fundamentally
He behavior differs from that of Ar. One cannot argue that the different behaviors for collisional deactivation. One is a small
trend toward larger rate constants has leveled off for the higher molecule with very high vibrational excitation but a sparse level
vibrational state densities, nor can a case be made for thestructure. The vibrational level density is on the order of one
disappearance of quantum state sensitivity at high energies,per cnt™. The large molecule, on the other hand, has modest
although the data are ambiguous on this point. As discussedvibrational energy but with the vibrational level structure of a
above for Ar collisions, the pair of levels pumped near 3000 quasi-continuum.
cm* (pvio ~ 800 per cm*) provides a test since their zero order  While it is not possible to secure the underlying causes of
assignments differ only by a quantumigg’. Even though the  the different rate constants for these systems, two aspects that
rate constants for this pair are the same, the rate constant foimight contribute to the large SQate constants have been
the next higher level ati, = 3310 cnm* (pyip ~ 2000 per cm*) discussed® One is related to the nature of the S&xperiments
is substantially larger. There is no way to know from the present themselves and one is a fundamental property of excitegd SO
data whether the increase is due to initial quantum state jtself. Neither can contribute to the pDFB rate constants.
sensitivity or to the increased vibrational state density or both. 1.4 first concerns the fact that the SExperiments neces-

The differing behaviors of He vs Ar as a VET collision sarily monitor the destruction of a single rovibronic eigenstate.
partner for7$ pDFB_ ha7$ been seen also in an earl_|er state-to- potational energy transfer will appear as state destruction and,
s;ate szu;g)?. Modelln%? of;he st.ate-to-srt]ate. VET W'thhSSH'T along with vibrational relaxation, contribute to the observed rate
::oiosrgqﬁer?gggti‘sﬁif;e?;r:cgsuinr:q'::]eei?ere?j\::(?é dOfrr?:scsega(Si és 4 constant. What the relative magnitudes of these two relaxation

) . - € &hannels so high in the Kanifold will be is not clear. In this
klnemz_mc effect) and, to a lesser extent, their intermolecular respect, the pDFB system is intrinsically more accommodating.
potential well depths. As is done in the present work, it is relatively easy to make the

Comparisons with Lennard-Jones and Hard Sphere Rate . : . .
Constants.The plots of Ar and He rate constants in Figures 4 PDFB observations blind to rota_’uona}l relaxation S0 that the rate
constants are solely those of vibrational relaxation.

and 5 contain markers for the size of Lennard-Jones and hard ) - )
sphere rate constants. The Lennard-Jones and hard sphere values The second concerns the strong vibronic coupling between
for He collisions are almost the same but unusual in that the the Xand Cstates of S@ This coupling can provide enhanced
hard sphere rate constant is the larger. The data in Figure 5vibrational energy transfer by allowing the-&X electronic
show that the largest He rate constants are less than half of thefransition dipole moment to contribute by long-range interactions
Lennard-Jones value. The trend to larger rate constants withto the matrix elements responsible for-V,R energy transfer
highereyi, is moving so slowly that it appears unlikely that He involving levels in the Xstate. The mechanism has been
rate constants would ever reach these benchmarks. discussed in connection to collisional relaxation studies in

Several of the Ar rate constants in Figure 4 match or exceed NO2,133¢ CS133¢ and in SQ#3738itself. Studies for each
the hard sphere value, and one comes close to the Lennardiriatomic molecule used time-resolved FTIR emission spectros-
Jones value. These large values occur onlyfgregions where copy to monitor the average energy loss per collisid&Cas
a strong response to quantum state identity persists. For thea function of the initial energ§eL] For all three moleculesAED
higheste,i, regions where this quantum state sensitivity appears is enhanced aglIclimbs above a threshold value. Analogous
to have been damped out, the rate constants have leveled offehavior occurs in excited pyrazftiefor which the \V-T,R
near the hard sphere value and are well below the Lennard-energy transfer characteristics in €llisions change suddenly
Jones rate constants. as the pyrazine internal energy climbs above 36000%cim

SO, Rate Constants.Xue, Han and D&P have reported the cases of N@and CS, the threshold corresponds to the
absolute rate constants for collisional destruction of highly position of an observed excited electronic state to which strong
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vibronic coupling occurs. An Sstate is known to be near the  on whether initial quantum state sensitivity persists at the highest

pyrazine threshold. energies. In addition to indications that He rate constants never
Contributions to the pDFB vibrational energy transfer rate fully display the predicted unimolecular activation/deactivation

constant from long-range dispersion force interactions involving behavior, they are also well below the Lennard-Jones bench-

the electronic transition dipole, in this case the-S transition mark. The largest rate constants are only-30% of the

dipole, seem unimportant. The evidence lies in the close matchLennard-Jones value.

of vibrational energy transfer rate constants for thg>&nd
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