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The partitioning of energy amongst vibration, rotation,
and translation during the dissociation of p-difluorobenzene—Ar
neutral and cation complexes

Susan M. Bellm and Warren D. Lawrance?®
School of Chemistry, Physics and Earth Sciences, Flinders University, GPO Box 2100, Adelaide,
South Australia 5001, Australia

(Received 28 October 2002; accepted 14 November 2002

The dissociation dynamics op-difluorobenzene—Ar andp-difluorobenzene—Ar have been
investigated from th&? level in'S; and the29, level in D, respectively. The technique of velocity

map imaging has been used to determine the translational energy release distributions. In the case
of 5! p-difluorobenzene—Ar, dispersed fluorescence spectra provide the distribution of vibrational
energy in thep-difluorobenzene fragment. A significant fraction of fheifluorobenzene products

are formed in the 9 level. From the translational energy release data the rotational energy
distribution within @ can be inferred. The results show that the average rotational energy is 380
cm 1, >5 times the average translational energy of 70 trThis rotational excitation infers that
dissociation occurs with the Ar atom significantly displaced from its equilibrium position above the
center of the aromatic ring. From the average rotational energy it is determined that the Ar atom is,
on average, displaced by 1.8—3.7 A from the center of the aromatic ring at dissociation, i.e., the Ar
atom is beyond the carbon atoms. In the case of dissociation from28e level of
p-difluorobenzene—Af, the vibrational distribution within th@-difluorobenzené product is not
known, however it can be inferred from previous studies of dissociation w&hims for the5*
p-difluorobenzene—Ar case, the evidence suggests that dissociation leads to significant rotational
excitation ofp-difluorobenzené. There are a limited number of destination vibrations within the
p-difluorobenzene ang-difluorobenzené fragments for dissociation frof* (S;) and29, (D),
respectively. Hence there are only a few, widely separated, values for the combined translational and
rotational energy available. Despite this, the translational energy release distributions in both cases
are smooth and structureless. In the limit of no rotational excitation of the polyatomic fragment, the
translational energy release distributions would show peaks only at energies corresponding to
populated vibrational states of the product. The absence of such peaks indicates that rotational
excitation of the product occurs for all vibrational states, reducing the average translational energy
released and smearing the distribution. 2003 American Institute of Physics.

[DOI: 10.1063/1.1535419

I. INTRODUCTION the aromatic fragment populated during VP have been iden-
tified in a number of cases. Most relevant to the present work

Aromatic—rare gas, —diatomic, and —small polyatomicare the studies gb-difluorobenzene complexes by Parment-
van der Waals complexes have been examined extensivebt’s group?~* Recently, mass analyzed threshold ionization
over the past two decades. Because of favorable spectrgMATI) has been shown to provide an alternative method for
scopic and photophysical properties, studies of vibrationabbserving the nascent vibrational populattdhThere were
predissociation(VP) have focused on behavior within the early hopes that VP of van der Waals complexes would pro-
first excited singlet state of these complexes. VP is nowside an alternative view of vibrational energy transfer during
known to generally occur via a sequential mechanism incollisions, with predissociation being a “half collision”
volving an intramolecular vibrational energy redistribution process.However, while VP has proved to be a highly mode
(IVR) from the initially excited vibration within the aromatic specific process, as is collision-induced vibrational energy
chromophore to van der Waals modes, followed Dbytransfer(VET), the state-to-state branching ratios are often
dissociation: At low initial vibrational energies, and corre- different from those seen for VET. One issue that arises in
spondingly low vibrational state densities, the IVR rate iscomparing VP and VET is that van der Waals molecule dis-
often mode specific and this is responsible for the VP ratgociation is considered to involve a constrained initial
itself being mode specific. geometry?

Using dispersed fluorescence, the vibrational states in  While there are reasonably extensive data concerning
the partitioning of energy into the vibrational states of the

dAuthor to whom correspondence should be addressed. Electronic mai@_romfanc prO_dUCL there is re_latlvely little known concer-
warren.lawrance@flinders.edu.au ning its rotational and translational energy. A feature of the
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recent MATI studies of vibrational predissociation in enhanced multiphoton ionizatigcREMPI), rotationally re-
fluorobenzene—Ar (Ref. 5 and p-difluorobenzene—Ar solved UV spectroscofy;®® and mass analyzed threshold
(pDFB—-AD® is the broad width to the vibrational bands, in- ionization (MATI) spectroscop§.Ab initio calculations have
dicating substantial rotational excitation of the aromatic frag-been employed to predict the geometry and dissociation en-
ment. Similar observations have been made in other systemstgy of the complex®?’ Recently we have reported an ex-
for examples-tetrazine—Ar aniline—Ar° and pyrimidine  perimental determination of the dissociation energy using ve-
clusterst! An early study of the translational energy releasedocity map imaging to observe the maximum translational
following dissociation of ethylene dimers indicated that only energy released in dissociation in tBgandD states of the
a small amount of the available energy is transferred intaeutraf® and catiorf, respectively.
translation in this system, also revealing significant rotational
excitation of the fragments. There are few studies of the Il. EXPERIMENTAL DETAILS
translational energy released during van der Waals molecule
dissociation. In addition to the ethylene dimer, studies in the ~ The experimental setup and the method of data analysis
early to mid-1980s examined benzene dimi&rs and the — are summarized in a previous publication from this gr&up.
benzene dimer catiolf. Yoder and Barker have recently Briefly, the pDFB—Ar complex is excited to a chosen vibra-
measured the translational energy released during dissocifonal level in' S, using a pulsed, frequency doubled dye
tion of aromatic—monatomic/small polyatomic complexeslaser. Absorption of a second photon of the same frequency
with significant vibrational energy in the triplet sta@000— leads to ionization. FoB!, the dissociation process of inter-
8000 cni’).}"18 They found that only small amounts of en- €st occurs withir§; and the ionization step involves ionising
ergy (up to a few hundred wavenumbgmppear in transla- the pDFB product(~25% of complexes are ionized and
tion, indicating that the products had significant energysubsequently dissociate—see Sec. Il For 29,, dissocia-
remaining in the internal degrees of freedom. Our recent extion does not occur withirS; on the experimental time
periments on the translational energy released during dissécalé *?*and the pDFB—Ar complex is ionized. The ioniza-
ciation of benzene—Ar and benzene—Arcame to a similar  tion process leads to the complex being produced in a num-
conclusiont® ber of vibrational states whose population distribution can be
Studies of the energy partitioning into the vibrational, determined from photoelectron spectra. For pDFB=Aro-
rotational, and translational degrees of freedom can providduced above the dissociation threshold, dissociation occurs
considerably more information on the dissociation dynamicgapidly, producing pDFB and Ar. In both experiments
than the study of partitioning into one of these alone. In thig?DFB’ ions are produced and their translational energy,
article we present the results of an investigation of the dis9&ined during the dissociation process, is measured using
sociation dynamics of pDFB—Ar neutral and cation Com_yelomty map imaging. Images are recorded as a.hlstograrr! of
plexes. Measurements of the translational energy releasd@n count versus position. Cation images are calibrated using
(TER) during dissociation fronb! (S, pDFB-Ar) and 29, pho_toelectron images of p_DFB taken with |der_1t|ca_\l voltage
(Do, pDFB—AF") are reported(Note: To differentiate the settings but with the polarity reversed. Zero kinetic energy

neutral and cation complexes, an upper bar is used to denotgE=XE) spectra of pDF® are used to calibrate the photo-

states or transitions within the neutral complex while a lower€'€clron images.

bar denotes either states of the cation complex or transitions 1 € images result from the expanding three-dimensional
from the neutral to the cation complgThese measurements (3D) ion distribution being flattened onto two dimensions at
are undertaken using the technique of velocity mapthe detector. The 3D distribution is recreated from the image

imagingZ’ an enhanced resolution variant of ion imagfg. using an inverse Abel transforfh.For the images reported

The high resolution provided by velocity map imaging raises €"® thﬁri is no apisotropyr:n the two-dimensional dis”fib:]"
the possibility of observing structure in the TER distributions!0": Which is consistent with previous measurements of the

since for van der Waals molecule dissociation occurring afiSsociation lifetimes for the complex, which show them to

. . . ’23 .
low vibrational energy there are few vibrational levels acces D€ long relative to the rotational periéd:**This allows the

sible to the product. In the case 6f, our results are com- experimental distribution to be collapsed to a one-

bined with previous measurements of the vibrational distri—d'mens'on""I distribution of intensity versus image radis

bution of the products®® to reveal that the majority of the so-called radial plotand this distribution processed using
the inverse Abel transfordf. The intensities in the trans-

energy released is to rotation of the pDFB fragment. We o . . .
ShOV\?)ihat the conservation of angularpmomentgm impliegormed distribution are corrected to provide the desired dis-

that, although the equilibrium position has the Ar atom Cen_tribution of.intensity Versus total translational energy re-

tered above the aromatic ring, the Ar atom is on average We"aased as discussed in Ref. 18.

off-center at dissociation. Because the product vibrational

state distribution has not been measuredf®r; the situation Ill. RESULTS

for this level is less well established. Nevertheless, we sho : I —

that it is most likely that the dissociation dynamics also injlx" Dissociation of pDFB—Ar from 5

volve significant rotational excitation of the pDFB fragment. The TER distribution obtained from the velocity map
The pDFB—Ar complex has been the subject of a largémage for dissociation following excitation &f is shown in

number of experimental investigations using a variety of ap+Fig. 1. The points are the experimental data. As the center of

proaches, including dispersed fluorescent& resonance- the image is contaminated by a peak due to MPI of pDFB in
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absorption/ionization of th&, pDFB fragment or by frag-
mentation inD after absorption of two photons. Since the
energy of5T is above theS,; dissociation energy and the
combined energy of two photons at the wavelength ofshe
transition is above th®, dissociation energy¥, ), an im-
age obtained after exciting tft‘fé transition may consist of
pDFB" ions produced by both pathwa$%?°

The extent of dissociation %, relative toD, can be
determined from a combination of the photoelectron spec-
trum and the ratio of pDFB—Ar to pDFB" ions produced.
The photoelectron spectrum reveals the relative vibrational
— : N — state populations produced in the pDFB-Agation by 11
0 100 200 300 400 500 600 REMPI via55. From this and a knowledge & , the frac-

Total Translational Energy Released /cm! tion of pDFB—Ar" cations produced above, , and hence

o ) ) ) dissociate, can be establishéll.is known that dissociation

FIG. 1. TER distribution obtained from the velocity map image measured . . . - .

_ R — g occurs sufficiently rapidly above dissociation D
following one color excitation/ionization at thBg transition energy of

pDFB-Ar. This excitation leads primarily to dissociation frahin S, (see p_DFB—Ar that no complex SIQnaI 'S_Observed in the time of
text). Points are the experimental data. The solid line is a fit to the data oflight mass spectrometéy. The ratio of pDFB—AF to
the functional form given in Eq(1). The coefficients from the fit are listed pDFB+ ions detected shows the amount of undissociated cat-
in Table |. The excess energies involved when thead @ levels of the ;0 the amount of dissociated pDFB—Ar arising from dis-
pDFB product are populated are indicated by arrows. o . .
sociation in bottD, andS, . From the ratio of pPDFB—AT to
pDFB" arising from dissociation ifD, established from the
the molecular beam, the low translational energy regiorPhotoelectron spectrum, the contribution to the pDFSg-
(<20 cm'}) of the distribution is not observed. However, nal from dissociation in th&, state can be determined.
this region could be observed in our earlier study of  Unfortunately, due to the low concentration of pDFB—Ar
benzene—Af and benzene—Ar dissociation, where it was complexes in the expansion relative to bare pDFB, photo-
found that the distributions were fit by the fott electron images of the complex have a large background.
The problem arises because all photoelectrons are detected
2 simultaneously, irrespective of the source, as discussed pre-
F(E)=> AEexp(—kE). ) viously® A good quality spectrum is required for our pur-
=1 pose and we therefore use the corresponding photoelectron
spectrum of pDFB obtained after excitiné.5|’he photoelec-
The similarity between the distribution seen here and thos#&ron spectrum is obtained from a photoelectron image and,
seen previously argues that this form is also appropriate hergith the following caveat, matches that reported previously
It is used to fit all distributions obtained. The fit is shown asby Sekretaet al? The time of flight method employed by
a solid line in Fig. 1. The parameters describing the fit to theSekretaet al. does not provide accurate intensities at low
distribution are listed in Table 1. Two key features of the kinetic energy due to loss of electrons through stray electric
distribution are that it is smooth and featureless and that ifie|ds, etc®® The use of the ion imaging apparatus enables the

0.0154

0.014

Normalised Probability

decays to essentially zero by 300-350¢m population of the low kinetic energy electrons to be accu-
While it is known that complexes excited & dissoci- rately determined?®
ate[predissociation lifetimes of 2.4 {Refs. 2—4 and 4.1 ns The photoelectron spectrum extracted from the photo-

(Ref. 23 have been reportédsome complexes will be ion-
ized before they have dissociatedSp. It is thus necessary
to determine both the extent to which the TER distribution
shown in Fig. 1 pertains to dissociation$ and the conse-

electron image produced by+ll REMPI via 5% is presented
in Fig. 2. Two photons at the wavelength of thpteansition
provide 1441 cm' in excess of the pDFB ionization poten-
- . o tial. Taking into account the reduced ionization potential
qguences of any contribution from dissociation Dg. 15 — .
pDFB' and Ar fragments may potentially be produced from (237 €M ) and the reduced wavelength of thi transition
PDFB—Ar via either dissociation inS, followed by N PDFB—Ar™**the excess energy of the complex after
exciting 53 will be 1618 cmit. The ZEKE photoelectron
spectrum of the pDFB—Ar complex indicates that there are
TABLE |. Values of the constants obtained from fits to the experimentalonly a few vibrational levels between 1441 and 1618 ¢m
TER distributions using the functional form given in Ed). that can be populated and that the population of these will be
Transition A K, A, K, minimal relative to the lower levef&. The pDFB—AF" vi-
o 1100 6460107 168¢10° L8102 brational state distribution determined from the pDFB 5
0_8+384045 eml 170x10° 3.44<10°° 1.38<10°° 1.36x10°2 photo_ele_ctro_n spectrum should therefore_ac_curf_itely reflect
22 1271073 8.16<10°2 3.99x10°3 2.40x 102 the distribution produced by two photon ionization of the
complex via5g.
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Normalised Probability

Relative Probability

1

LS ML B BN RN BN RN RLANI B L
Dissociation Energy 0 100 200 300 400 500 600

| L B L BN LN N B ™ Total Translational Energy Released /cm -1

T
0 400 800 1200 o S o
| FIG. 3. TER distribution for dissociation of pDFB—Amithin the D, state.
Energy /cm pDFB-Ar" is produced in a £1' REMPI excitation via thed® level to
prevent dissociation occurring i8,. pDFB—Ar" is produced in a number

FIG. 2. The photoelectron spectrum following-1 REMPI via the § tran-  Of vibrational states. The energy of the second photon produces pDFB—Ar

sition of pDFB. with the same excess energy produced in 5%eone color 1 REMPI
process. Points are the experimental data. The solid line is a fit to the data of
the functional form given in Eq1). The coefficients from the fit are listed

The percentage of cations in each of g vibrational ~ in Table I.

levels, calculated by integrating the corresponding peaks

in the photoelectron spectrum, is shown in Table Il. The

binding energy of the pDFB—Ar complex is 573 cm?.28:2°

lons produced I%f and % 1;rohm Wh'CT dissociation r(]:an- _transition will have a~2 contribution from dissociation in

not occur, account for 54% of the population. Hence the ratiqne S, state. Nevertheless, the; contribution from disso-

+ + ; ot ; ; .
of pDFB-Ar" to pDFB" from dissociation inD, is 54:46, ciation in Dy could be significant, especially if the distribu-

.e., from this mgchanlsm the signal at the PDFB—Ar mas ions inS; andD are substantially different, and needs to be
would be ~1.2 times greater than the signal at the pDFBaccounted for

massll_)FB_Ar+ to pDFB" ratios were obtained by measur- -To explqre th@s ?ssu.e we have mgasyreq the TE-R distri-
ing the ion signal at the pDFB—Ar and pDFB masses usind)utlon for dissociation irD, from a distribution of vibra-

the ion imaging apparatus. Since the detector can only béonal levels similar to that produced intll REMPI excita-
gated on once per laser shot, these populations could not tien via 55. In this experiment pDFB—AT is produced by
monitored simultaneously. The laser was scanned oveighe two color, 1+1' REMPI, the first absorption being via td
peak while monitoring a single mass. The area of the peak atansition, which prevents dissociation occurring witiSin

each mass was calculated and hence the ratio of pDFB—ArMoreover, absorption of two photons at this frequency pro-
to pDFB’ determined. This was performed a number ofguces pDFB—AF ions in theO, level of D, from which
times and the measurements averaged. The magnitude of thsociation cannot occur. The second photon frequency is
signal at the pDFB—Ar mass is 0.29.09 of the signal at the chosen to(i) be off-resonance with any pDFB-A8,— S,

i 0 -
PDFB mass. It was e.stabh.shed above that 46% of the COM ansitions andii) to access the same set of stateB jwith
plexes excited td, dissociate. From the observed pDFB o . S _
a similar population distribution to that produced in the 1

to pDFB-Ar" ratio, we determine that 74%90% of o T T
pDFB—Ar molecules excited vial dissociate inS.. The color REMPI excitation vieby. The TER distributions pro-
0 ! duced are therefore due to dissociationDg alone. The

remaining~26% are from dissociation in the, state. Con- o
sequently, an image obtained following excitation of &f "¢ of the second photon prod_ucg pDFB=Auith the
same excess energy produced in ﬂiﬁaone color 1

REMPI processvs is a Franck—Condon active mode and
the population distributions produced in the cation_viaﬁ&e
1+1 REMPI process and the+1l’ REMPI via 07 are

TABLE II. The relative population of the vibrational levels populated in the
1+1 REMPI photoelectron spectrum of pDFB via tﬁétransition.

Vibrational level Energy AboveD; (cm™?) Relative population similar3132

0o 18% The TER distribution arising from dissociation D

6, 36% alone is shown in Fig. 3. This distribution is fitted to the
51 264 29% functional form given in Eq(1). The fitting parameters are

0, . . . .

4 575 8% given in Table I. Having determined both the shape ofidiae
64 745 7% o . . o :
3, 802 206 TER distribution and the magnitude of its contribution, its

— influence can be quantitatively accounted for in the analysis.
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103 cm ! as one would expect fro89 given the vibra-
tional state distribution of the fragments. The evidence there-
fore supports the proposition that the translational energy
distribution obtained following excitation 029 is over-
whelmingly due to dissociation fror29, in Dg.

=
<o
—_
1

IV. DISCUSSION

N ioa Because there are different issues in relation to dissocia-
len Y LA tion from 5 versus29,, we discuss each separately. The
PR common features are summarized in Sec. V.

Normalised Probability

(=1
N

A. Dissociation of pDFB—Ar from 51

0 S 1(')0 o 200 300 400 500 . The first issue tp exgmine is the distribution of popula-
tion amongst the vibrational levels of the pDFB product.
This was first reported by Parmenter and co-workers using

FIG. 4. TER distribution for dissociation following REMPI excitation via dispersed fluorgscence spectroscopyThey assigned the
the 2 transition. This excitation leads predominantly to dissociation from N@scent population tO_ the16_51%) a_nd d) (49%) levels. 6
the 29, level in theDy, state of the catiortsee text Points are the experi- and 30 cannot be distinguished in dispersed fluorescence

mental data. The SO|Id line is a fit t(_) the d_ata OT the functional form given ingnd the authors assigned the popu'ation %mﬁ the basis
Eg. (2). The coefficients from the fit are listed in Table |. that the vibrational changes generally found for vibrational
predissociation in pDFB—Ar suggest 6 be a more impor-
tant channel than 30 Using MATI spectroscopy, Lembach
B. Dissociation of pDFB—Ar * from 29, and Brutschy have also determined the monomer states that
S are populated.Like Parmenter, they find that thé’ @nd 6
levels are populated following dissociation $3. However,
: S .. they report that the intensity of some vibrational predissocia-
tion an_d lonize in a ong COIO_HH_'I REMPI process. Despite tion bands in the MATI spectrum cannot be accounted for if
2% being above the dissociation threshold Sp, ”Ez% dissociation proceeds such that onfyahd @ are populated.
transition was chosen becauég dissociation from29° is They deduced that some population could also be produced
known to be very slow and is uncompetitive with the ioniza- i, gither one or a combination of 1727, 30, 3% and 36
tion step?* and (i) the Franck—Condon factors for ioniza- gpq suggested that, possibly due to the resolution of the dis-
tion from 29” lead to 29, being essentially the only state persed fluorescence spectrum12 cml), Parmenter and
above dissociation populated Dy, as shown through the co-workers were unable to identify these channels.
photoelectron spectruff. L The intensity unaccounted for in the MATI spectrum ap-
The TER distribution obtained after exciting tf8%  pears to be significant. Thirty to fifty percent of the most
transition is shown in Fig. 4. The fit to the functional form in intense vibrational predissociation band, which is a blending
Eqg. (1) is shown as a solid line in this figure. The fitting of the C8 and 6} (Dy—S;) transitions, i.e., it includes both
parameters are given in Table I. The distribution has thehe 6' and @ destination states, is not accounted for in Lem-
same shape as those presented earlier, peaking at very laych and Brutschy’s analysis. Their fitting procedure as-
translational energy and then showing an exponential-likgumed that the rotational contours for transitions arising
fall to around zero by-300 cni ™. from 6' and @ pDFB would be Gaussian in shape and have
The issue to be determined in the first instance is whathe same widths. However, since the excess energy available
states are contributing to the TER distribution seen in Fig. 4is considerably more in the case of ®51 cm?, cf. 41
It is readily shown that dissociation withi®, is a quite mi-  c¢cm™? for 6), transitions from 8 might show considerably
nor contributor at best. First, the rate constants determinedroader rotational contours due to increased rotational exci-
by O et al® and by Jacobsoet al** both show that disso- tation of the pDFB fragments produced in this state. The 8
ciation from29° is significantly slower than from other lev- (Dy«S;) band in Fig. 10 of Lembach and Brutschy’s paper
els (a factor of ~10 slower than dissociation frofs!, for  appears to be broader than tHe(®,—S;) band, supporting
exampl@. 7yp is 18 ns(Ref. 3 or greatef® which means this proposition. Consequently, we suggest that the estimate
that dissociation withirs; will not compete with ionization that 30%—-50% of the intensity cannot be explained by popu-
of the complex. Second, the state-to-state dissociation ratation of 6' and @ alone represents an upper limit.
constants show that fro®9 53% of complexes dissociate Because of the importance of the pDFB vibrational dis-
to 6' [Eyandmax)=103 cm 1], 36% to 29 [E,..{max) tribution to the present study, our group has recently mea-
=73 cm 1] and 11% to 8 [Eyandmax)=513 cmi 1].° Thus  sured a higher resolution~1 cm™*) dispersed fluorescence
only 11% of theS; dissociation products will have a trans- spectrum from thé&* level in the region of the ﬁand C8
lational energy greater than 103 ch Clearly the distribu-  bands. This has been undertaken as part of a wider explora-
tion in Fig. 4 has much more than 11% in excess of 103ion of the vibrational population distribution in pDFB frag-
cm™ L. Moreover, there is no evidence for a discontinuity atments from pDFB—Ar dissociation that will be reported in a

Total Translational Energy Released /cm !

To study dissociation occurring from a specific level
within the cation complex we chose to pump % transi-
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6/271/300  0g likely to be similar to that for populating ©from 6% since
the excess energies are almost the sdiftee latter distribu-
tion has been reported previouéfy.If this is the case, popu-
lation of 6' and @ alone would lead to an odd shape for the
TER distribution for @, with a discontinuity around 41
cm L. Consequently, we suggest that it is likely that 36
populated, however from the data at hand the fraction of
population in this level cannot be determined.
Before proceeding we comment further on the shape of
— AL ; ' ! the TER distribution seen in Fig. 1. The distribution is
36650 36700 36750 36800 36850 36900 . )
Wavenumber smooth and featureless, showing no structure. Three vibra-
tional levels, @, 30!, and 6, appear to be significantly
_ = _ _ : ) populated. If the pDFB fragments were produced with mini-
tion of the5" level in pDFB—Ar. This section covers the region where the . -
00 6%, 17, 27 30}, 3%, and 3§ bands would appesisee text The mal rotation, the excess energy WOL_JId appear as translation
positions where each of these bands would appear is indicated. and the TER distribution would consist of three bands, at 41
cm ! (populating 6), 331 cm* (populating 38), and 451
cm ! (populating @). There is no hint of such structure;
future publicatior?* This spectrum, shown in Fig. 5, reveals indeed, the distribution is approximately zero by 300—&_m
that 65/27/30" and @ are the dominant channels, with 46% which is well before the 451 cnt released when populating
transfer to each. The remaining vibrations with observabld’» Which accounts for almost 50% of the nascent vibrational
population are 8 and 830" (not seen in the region of the d_istr_ibution. Clearly there must be sig_nificant rotation_al_ex—
spectrum displayed in Fig.)5ach with only 4%. A very citation of the fr_agments. Even S0, given the very limited
weak shoulder appears on the low-energy side oﬁ_thaand number of vibrational states available, the absence of struc-

and is assigned to the 3dand, showing that while transfer tUre in the TER distribution is surprising. Note that the TER

to 3% is occurring, it is minimal and can be ignored. Thé 17 distribution from the cation dissociation aloffeg. 3 is also

and 3@ bands overlap with th&1272 and 5269 transitions smooth, so there is no evidence that structure from dissocia-
23 0«12 ov2

from 5!, respectively. Comparisons betweeh&nd 57 dis- tlﬁgslen" E%rtjit:re(;nsrignasl;fodmbtyhemltiq‘feciriiggii;trizw occ:)(l:JLtJr? f
persed fluorescence spectra show that any transfer-tari? P 9 4

. . L " - ring in Dg.
30° is very small since the relative intensities of th (no g 0

! 70 .5 That a significant proportion of the excess energy ap-
overlap with product states5,27;, and5q6; bands are not o4 a5 rotational energy of the fragments is consistent with
changed as they would if growth bands were present. Fro

he di q f e ol 17rBroad linewidths being observed in the MATI spectra by
the dispersed fluorescence spectrum we can rule out 17, o a0 ang BrutscHy.The rotational contours of bands

?hoz’ almd;l@ as ('jmap(; rtt)ant dchanrlﬁls. V\/te are'tl'mable to?'%egoweassociated with dissociation in tiS state were=7 times as
e &, , an ands as these transitions ove broad as those for nondissociati6p resonances. In the dis-

“ 1“ . .
and the “6,” band could therefore be a combination 01’6 persed fluorescence spectrum frdm, the linewidths of

1 .
?Ziba;nd d3gd?:|- 2%18 nr(earsgIiigﬁ;gﬂdz-l;:r:ieai‘?rofr:;heusragi bands associated with dissociation also indicate that there is
» resp purp rotational excitation of the pDFB fragmerits.

of deducing the relative partitioning into vibrational, rota- A conservative estimate of the average rotational ener
tional, and translational energy, it is not important to distin- ) 9 Snergy
guish between 5 and 27. Consequently, we refer to'6 released in the case of th8 PDFB product can be obtained
alone in the discussion that follows, while implicitly recog- & follows. First, the one quarter contribution to BIeTER
nizing that 2% could also be a contributor. distribution from dissociation occurring iB, is subtracted

=1 by assuming th®, TER distribution to be the same as that

From the energy 06! (818 cm') and the binding en- ) in th , X . .
ergy of the complex irS, (367+4 cm™1), the excess ener- obtained in the 1" REMPI experimentsee Fig. 3. (Since

gies available to pDFB fragments produced in tfe 80", the 5(1) and 14+1" REMPI TER distributions are very similar,
and 6 levels are calculated to be 451, 331, and 41 tm In practice this makes very little difference to the average
respectively. The shape of the TER distribution indicates tha@nergy obtained.Second, it is assumed that'3% not sig-

the 3¢ contribution may be significant. From the fits to Figs. Nificantly populated(If fragments are produced in 3@ather

1 and 3 and the estimate that the distribution in Fig. 1 has &1an 6, there will be an increase in the fraction of pDFB
25% contribution from dissociation iB,, the distribution ~fragments with higher excess energy and the average rota-
for dissociation from5! alone can be determined. T/&  tional energy will be larger than the value deduced here.
TER distribution has 60% of the molecules with translationa/@nd €" are assumed to be the only levels populated and they
energy less than 41 cm, i.e., 60% of the products are pro- are assumed to be populated in equal proportion. Third, the
duced with translational energy less than the total energy ER distribution for populating & from 5* is subtracted
available to the products when pDFB is formed ih & 6  from the resulting distribution assuming 50% dissociation
and @ were the only destination states populated, the TERnto 6. The TER distribution for populating’6from 5* is
distribution for @ would have 10% below 41 cnt and 40%  assumed to be the same as that for populatihdrém 67,
above. The TER distribution for populating' 6rom 5! is  since the available energy is the same in both cases. This

171754279

303 /5L6)

FIG. 5. A section of the dispersed fluorescence spectrum following excita:
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distribution has been reported previouglyThe average product vibrational level. In this case the available energy is
translational energy is determined from the resultifgds- 451 cm'®. Is there significant rotational excitation of the
tribution to beEdy—~ 70 cmi *. (Ignoring 3G minimizes the  product if there is less energy available to translation and
average excess energy and hence minimizes the rotationatation? As we have noted earlier, the observation of smooth
energy available to the pDFB fragment. If & ignored and  TER distributions suggests that this is so. Other data support
the final states assumed to be only* 2d @, the average this. We have previously reported the TER distributions for
rotational energy available t®Gncreases by 10 ciit.) For  dissociation fromb! and 61s’, wheres denotes the van der
energy to be conserved, the 451 chof energy available Waals stretck® In both cases the excess energy is srll
must be taken up by translation and rotation. Therefore, oand 83 cmi® for 67 and 61s?, respectively and the only
average~380 cni' must be partitioned into rotational en- destination level available is°0 Thus the excess energy can
ergy, i.e.,Ef=380cm *. only appear in translation and rotation. The TER distribu-
The average angular momentum of the pDFB fragmentions both peak at low energfpelow 20 cm?), revealing
can be estimated frora?%);. Although pDFB is an asymmet- that the products are rotationally excited. Lembach and Brut-
ric rotor, theB andC rotational constants, 0.0479 and 0.0364 schy observed a broad linewidth to bands originating from

cm ! respectively, are comparable and significantly less thafhe 6 product in dissociation frorB* where the total excess
the A rotational constant, 0.1762 cth®’ pDFB is therefore a  energy is only 39 cm'® The evidence is that significant
near prolate rotor. For simplicity we consider pDFB to be arotational excitation of the pDFB fragment occurs for all
prolate symmetric rotor and average Beand C rotational  destination levels, not just those involving a large excess
constants. The energy levels for a prolate symmetric rotor arenergy.
given by: The mechanism of dissociation is for IVR to first redis-

E(J,K)=CJ(J+1)+(A—C)K2, (2 tnbu_te energy to 'Fhe van der Waals mo&d_q. a previous

_ _ _ _ publication we pointed out that, once sufficient energy has

From this expression we can determine approximate maxieen transferred from the pDFB vibrational modes to the van
mum and minimum values for the angular momentum quander Waals modes, the Ar atom is above the barrier to switch-
tum numbf!lrJ, corresponding to an average rotational energying from one side of the ring to another and is able to move
of 380 cm ~. Jjax OCCUrs WwherK=0 andJy,, whenK=J.  around the pDFB chromophof@. Calculations for

WhenJ is large andK =0, Eq.(2) reduces to benzene—Ar suggest that this barrie~ig200 cm % which
E(J;00)~ C(J,n)?= 380 crrr L is well below theS, dissociation energy of 369 cm?8:2°
meeT e _ The large value ob we obtain is consistent with the propo-
andJya,=95. Similarly, whenJ is large andK~J sition that the geometry of the pDFB—Ar complex is not
E(Je K=J)~C(J- 12+ (A= C)(J.. )2 constrained near equilibrium prior to dissociation, as has
(Jrin )= Clmin) ™+ ( )Jmin) been suggested previously in regard to dissociation of van
=380cm?, der Waals complexés.
and J,i,=46.

. - _ B. Dissociation of pDFB—Ar * from 29,
Maximum and minimum values for the rotational angu- —

lar momentum (/J(J+1)%~J#) are therefore 1010 32 Unlike the case fob?, there are no data available con-
and 4.8<10 %3 Js, respectively. For angular momentum tocerning the distribution of population amongst the vibra-
be conserved the rotational angular momentum must equéipnal levels of pDFB following dissociation of pDFB—AF
the orbital angular momentum. The orbital angular momenfrom 29,. However, the evidence strongly suggests that 0
tum, L, is related to the impact parametbr,by will be the dominant destination level. First, the higher dis-
sociation energy for the compl&¢® means that only 445
L=pvb. 3 cmlof energy are available, giving only ten possible desti-
Here u is the reduced mass of pDFB—Ar ands the veloc-  nation levels$’* Second, Parmenter and co-workers observed
ity of the fragments. The average velocity can be estimateé! their studies of dissociation withi§, that only a few of
from the average kinetic energy released to the fragmentéhe vibrational modes were populated and that these were
Eﬁ‘\énS' From Eq(g) we determine that impact parameters Iargely the same for all the initial states EXC".?e_d.On this
corresponding to the average rotational energy will be in thdasis very few of the ten possible destination levels will be
range 1.8—3.7 A. This range forgives an indication of the accessed. Third, the vibrational frequencies are simil&rgn
distance of the center of the Ar atom from the center of theandS;.>* Consequently it is likely that the dissociation pro-
pDFB ring at the transition state. For comparison, the C—ceess fron29, favors the same destination levels as seen from
bond length is~1.4 A. A distance of 1.8 A places the center 2% in S;, with the caveat that some vibrations may be in-
of the Ar atom beyond the centers of the C atoms. In ordefccessible irD, because of the increased dissociation en-
for high rotational energy to occur in the pDFB molecule, theergy. Dissociation fron29* populates 6 (53%), 29" (36%),
Ar atom must be largely off-center from the pDFB moleculeand @ (11%).7* 29, is inaccessible fror29, and population
when the complex dissociates. Hence a large valub isf  of 6; will release only 5 cm?® of excess energy. Conse-
required. quently, of the analogous levels to those accessed #@m
The analysis above reveals that the majority of the exonly 0, will lead to a TER distribution above 5 cm. (A
cess energy is in the pDFB product rotation whéni©the caveat here is that, because of the inability to distingufsh 6
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and 3@ in the dispersed fluorescence studies of dissociation the Ar beyond the aromatic ring at the point of dissocia-

from 297, there could be a contribution from 30but the tion. The complex does not appear to dissociate from a
excess energy available in that case is also large and so the well-constrained geometry close to the equilibrium con-
qualitative conclusions determined fog 8lso apply to 39.) figuration (which has the Ar above the center of the aro-
In the following we examine the consequences that follow if ~ matic ring as has been suggested previously as a reason
0g is the dominant destination level below .6 for differences between van der Waals predissociation
Dissociation to @ releases 444 cnt. Since the transla- and collision-induced vibrational energy trangter.

tional energy distribution peaks below 100 ¢hand is zero ) . _

by ~300 cm %, there must be significant rotational excitation We noted in the Introduction that a number of previous ex-
of the pDFB" fragment. The average translational energy isPefiments have revealed rotational excitation of fragments in
60 cn%, giving an average rotational energy ip 6f ~384  van der Waals complex dissociatidrf:*~*It appears that

cm L. This is essentially the same value determined fon0  Significant rotational excitation of fragments is common in
dissociation frombX. and so is not unreasonable. van der Waals molecule dissociation, at least in the sparse

If 0, is the dominant destination level below 6the regions of the vibrational manifold of the products. The ex-

impact factor will be similar to that deduced fof produced tent to which rotation remains an important energy reservoir

from 51 dissociation since the average rotational energies ar@t Nigher levels of vibrational state densignd hence higher

similar in the two cases. Assuming, @ the dominant des- Jensity in the vibrational manifold of the products an
tination level below 6 is the extreme that yields the largest Nt€resting question for future research.

rotational excitation. Nevertheless, since the TER distribu-

tion has decayed to essentially zerd50 cm ! less than the ACKNOWLEDGMENTS
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