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Recoil energy distributions for dissociation of the van der Waals molecule
p-difluorobenzene—Ar with 450—-3000 cm ~! excess energy

Susan M. Bellm and Warren D. Lawrance®
School of Chemistry, Physics and Earth Sciences, Flinders University, G.P.O. Box 2100, Adelaide, SA 5001,
Australia

(Received 23 November 2004; accepted 20 December 2004; published online 8 Margh 2005

Velocity map imaging has been used to measure the distributions of translational energy released in
the dissociation op-difluorobenzene—Ar van der Waals complexes fromzhe?, 52, 3151, 53, 32,

and3°5! states. These states span 818—3317*@hvibrational energy and correspond to a range

of energies above dissociation of 451—-2950 trithe translational energy releagecoil energy
distributions are remarkably similar, peaking at very low endfdy-20 cm?') and decaying in an
exponential fashion to approach zero near 300'cifihe average translational energy released is
small, shows no dependence on the initial vibrational energy, and spans the range 581 #& cm

the vibrational levels probed. The average value for the seven levels studied is 63Tt low
fraction of transfer to translation is qualitatively in accord with Ewing’s momentum gap niGdel

E. Ewing, Faraday Discus¥.3, 325(1982]. No evidence is found in the distributions for a high
energy tail, although it is likely that the experiment is not sufficiently sensitive to detect a low
fraction of transfer at high translational energies. The average translational energy released is lower
than has been seen in comparable systems dissociating from triplet and cation sta@b ©
American Institute of PhysicDOI: 10.1063/1.1858434

I. INTRODUCTION citation in the fragments, suggesting that this is not unusual
in the sparse region of the vibrational manifold of the aro-
Although the translational energy released in the dissomatic product®**
ciation of benzene dimers was reported more than 20 years Yoder and Barker's study produced triplet species by
ago’ there is only a handful of experimental studies of theintersystem crossing from the 0° level of the van der Waals
translational energy released in van der Waals molecule dissomplex in Sl.a The T; energies ranged from
sociation. Recently, Yodest al. reported the first use of the ~2500 to 8600 cimt. Complexes involving different aro-
velocity map imaging(VMI) technique for this purpose, matic moities had quite different initial; vibrational ener-
measuring the kinetic energy released during dissociation ddies, but all were in a region of medium to high vibrational
pyrazine—Ar complexes from the triplet stit&foder and State density. The translational energy reled&eR) distri-
Barker subsequently used a time-of-flight method to measurgutions are reasonably similar for a given complexed atom or
the kinetic energy released in the dissociation of 18molecule, leading the authors to conclude that the average
aromatic-X complexes(where X is a monatomic, diatomic, recoil energy is not strongly influenced by the initial vibra-
or small polyatomig from the triplet staté. Our group has tional energy or den_sity of states of the donor. Table | sh_ows
used velocity map imaging to determine the binding energ);he average translatlonal energy released for the aromatic—Ar
of a number of van der Waals moleciléand to determine complexes studied by Yoder and Barker. _
distributions for the translational energy released for several 11ese authors followed their experimental study with
molecular systems including benzef&s)’ (n=1,2),
p-difluorobenzene—Ar (pDFB—Ar) neutral and cation TABLE I. The aromatic—Ar complexes studied by Yoder and Barker, their
speciesg, and benzene_A?r_A feature of all studies is that initial triplet energies, and the average translational energy relé¢Refd3.
only a small fraction of the excess energy is released as
kinetic energy. The remainder must be partitioned into rota-

Initial vibrational energy Average recoil energy

- ~1a
tion and vibration of the fragments. Our study of the disso- Complex (e (e
ciation of pPDFB—Ar from the5! level in S, and 29 level in Pyrimidine—Ar 2543 130
D, (PDFB—An* showed that where there are few vibrational ~ Pyrazine-Ar 4056 100, 111
levels available in the polyatomic fragment, rotational exci- MethyPyrazine-Ar ~4056 157
Aniline—Ar 7236 196, 243

tat|or|1 is the most s;]gr;f;cal(ﬂjt_ energy res;e[)\?oﬁhe se;mt: Benzene_Ar 8600 163
c_(l)gc usion was reached for |SSOC|at|pn of benzene—Ar from 1 one ¢ 8600 185
6" Other studies have also shown significant rotational ex

*The values listed have been calculated from the distribution parameters

reported by Yoder and BarkéRef. 3. They are somewhat larger than the

Jauthor to whom correspondence should be addressed. Fax: 61-8-820dalues given in Ref. 3. The authors have reexamined their data and concur
2905. Electronic mail: warren.lawrance@flinders.edu.au with the values reported hef&ef. 57).
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quasiclassical trajectory calculations of the dissociation of<1000 cm?).**?>-22\MI has been used to determine the
pyrazine—Ar and methylpyrazine—Ar complexlésThe cal- binding energy in the&sy andS; states of the neutral arid,
culations showed little variation with initial vibrational en- state of the catioft”
ergy, consistent with the experimental observations, although
the lowest vibrational excitation studied was 4000 tm
where the density of vibrational destination states is alread
quite hlgh Translational energy release distributions were The experimenta| setup and the method of data ana|ysis
found to be similar for van der Waals molecule dissociationhave been described in detail in a previous publication from
and collision-induced transfer at temperatures below 300 Kthis group? Briefly, the experiment operates as follows. A
Interestingly, the rotational energy distributions for the aro-1% mixture of pDFB in argon at a stagnation pressure of
matic fragment were found to be similar to the translational~300 kPa is introduced into the main chamber as a pulsed
energy release distributions, with matching average valuessupersonic expansion. After passing through a skimmer the
Yoder and Barker’s work'® suggests that, at least when expansion enters the ionization region of a Wiley—McLaren
the density of product vibrational states is high, the translatime-of-flight mass spectrometer. A frequency doubled dye
tional energy released is not strongly dependent on the initidaser intersects the expansion in the centre of the first accel-
vibrational energy or state density. Interestingly, their calcu-eration region. The UV beam is collimated t62—3 mm
lations predict that for aromatic-atom complexes the rotadiameter in the interaction region and operated at low power
tional energy distribution of the aromatic product is essen{on the order of microjoulgsThis is done to ensure that only
tially the same as the total translational energy distributiona few ions are produced each laser shot, thereby eliminating
Our experiments orpDFB—Ar (Ref. 8 and benzene—Ar the possibility of coulombic repulsion contributing to the
(Ref. 9 at low initial vibrational energy show significantly fragment velocities. The dye laser excites complexes t§;an
higher rotational excitation of theDFB product than trans- Vibrational level. Dissociation from that level producgs
lational energy released, contrary to the situation compute@PFB products that are ionized by absorption of a second
for higher energy complexes. There is a gap in our knowlPhoton. lons are accelerated in two stages, travel through a
edge of how the product vibrational, rotational, and translafield-free region, and strike a position sensitive deteadaal
tional distributions evolve as the destination vibrationsMicrochannel plate/phosphor screen combinatidhe elec-
progress from a sparse to high density regime. While variou_HOde p(_)tentlals_are gdjusted so that the ms_trument operates
studies have examined the vibrational energy distributio Velocity map imaging mOd%Z' The d+e_tector is gated on to
within the aromatic produ@ﬁ”'m‘zethere has been no sys- comudg with the arrival time opDFB™ ions. The phosphor
tematic study of the evolution in the translational or rota-SCT€€N image is captured by a charge-coupled de@aD)

tional product state distributions with increasing vibrational€amera an_d. downloade_d to a computer that determines the
energy within the complex center positions of the ions detected. These are stored as a

Here we report a study of the translational energy re_hlstogram of ion count versus position on the detettdt,

leased during dissociation giDFB—Ar complexes from The' process contmyes untll an image is obtained with the
seven vibrational levels with energies spanning the rang(gIeSIred signal to noise ratio.
For each transition investigated images were obtained

818-3317 ciit. This corresponds to a range of energies._ . ;
above dissociation of 451—2950 ch Our study comple- with the dye laser wavelength tuned to the maximum of the

s that of Yod d Bark h h ted. st ransition. For the5; levels studied, dissociation of the com-
ments that of Yoder and barker who, as we have noted, stuggq, o rapid and occurs predominantly on tBesurface, as

ied.transfer from.a range O_f c-omplexes gt higher initial €Ndiscussed in Sec. Ill. A background image, off-resonance
ergies. By studying dissociation of a single complex, Wegqm the transition, was obtained over the same number of
examine how the translational energy distributions evolve ag,qer shots as the signal image. The background signal is due
the available energy and density of destination vibrations inyg resiqual pDFB in the chamber that is not removed be-
crease substantially. tween gas pulses.

.T.his _study allows us to also explore the relgted issue _Of The three-dimensional distribution can be recreated from
collision-induced energy transfer. Previous studies of the disthe  two-dimensional image using an inverse Abel

sociation dynamics have shown that dissociation is occurringransform®® Since all images show an isotropic distribution,
far from the equilibrium geomet&? The barriers calculated indicating that dissociation occurs on a time scale slower
for movement of the Ar atom show that it can move from thethan molecular rotation, consistent with previous
plane above the ring to below it prior to dissociatidi’  measurement&3® the two-dimensional distribution can be
This suggests that the complex can dissociate from a largeollapsed to a one-dimensional distribution of intensity ver-
range of geometries and is less constrained than is suggestegs image radiuga so-called radial plot Radial plots were
by the initial geometry. generated for each image. The background radial plot was
pDFB—Ar was chosen as it has been studied extensivelysubtracted from the signal radial plot to give the true signal
The S, — &, spectroscopy of theDFB chromophore is well  radial plot. Because the absorption by residy#DFB
known3*3! Dispersed fluorescence and mass analyzedhanges slightly with wavelength, some scaling of the back-
threshold ionisation(MATI) experiments have established ground was necessary. This is done to match the “signal” and
the vibrational distributions within theDFB product follow-  background values at very high radius where the true signal
ing dissociation from the lower lying Vvibrations is zero. The resulting distributions were processed using the

)I). EXPERIMENTAL DETAILS AND DATA ANALYSIS
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TABLE Il. The vibrational levels from which we have monitored the trans-
lational energy released in dissociationpiiFB—Ar complexes. The initial
vibrational energy of the complex and the energy available to the fragments

is shown. oy
§
Initial level S, vibrational energycm™)  Available energy(cm™) -§
5t 818 449 %
3_l 1251 882 =
5_2 1633 1264 E
351 2068 1699 2
3? 2500 2131
5 2447 2078
3%51 3317 2948

T T T T
0 50 100 150 200 250 300 350 400
Total Translational Energy Released / cm!

second inverse Abel transform method described in Ref. 37. _ o o

. . . FIG. 1. Translational energy release distribution f@+B—Ar dissociation
The encrgy sc_ale was ca_llbrated usm_g phOtOEIeCtron IMaYEZm the 3 (Eyi,=1251 cm?) level. This distribution is illustrative of the
of pDFB. Previously published zero kinetic ener@8EKE)  nigh signal level distributions. The solid line is a fit using Ed) with
photoelectron spectra @DFB (Ref. 39 are used to calibrate n=2.
the photoelectron images, and this calibration is then applied

to the van der Waals dissociation images. The total kinetic Since we are Comparing the TER distributions for disso-
energy released to the fragments is calculated from consegiation from each of these levels to determine the vibrational
vation of momentum. The intensity in the transformed distri-energy dependence of the distributions, it is important to
bution is corrected to provide the desired distribution of in-estaplish that dissociation occurs in Bestate of the neutral

tensity versus total translational energy released as discussgsgther than the ground electronic state of the ion following

in Ref. 2. 1+1 REMPI of the complex. For dissociation to occurSi
The translational energy distributions are fitted withit must be rapid to ensure that it occurs before the complex
functions of the form: absorbs a second photon.
n We have established previously that 74% +9% of
F(E) = VEX A exp(— kE), (1)  pDFB-Ar molecules excited vi&} dissociate inS;.® Jacob-
i=1 son, Humphrey, and Rice have measured the rate of vibra-

tional predissociatiorfVP) from a number ofS; levels for
the pDFB—Ar complex?’6 For 5! they report a VP lifetime,

sufficient to obtain a good fit to the distributions. Functions"VP’ of 4:;’17%05 n‘?‘ c'jl'_hus levels withp<4.3 nso\]lcvithav?]in
of this form have previously been used to describe the transiéxcelSS 0 4 doho |\S/|SDOI<_:f|at!on oceurring $i r 37; e gts_zer
lational energy probability distribution of dissociating van eveilstu 1ed here ltletimes are reported Jorand 5°.
der Waals clusters. For 3+ VP w%s too fast to measure accurately angh
The low translational energy region of the distributions = 1:2 NS- FOrs® np=3.7 ns, slightly faster than observed

- - - for 5.
is masked by signal from uncomplexp®FB which appears —
as a sharp spike at the center of all the images. For this VP rates have not been reported for the states abfve

reason the low energy regidoa. 0—10 crif) is ignored in |.§.,'ﬁ, 3?, 53 and 3%5L. However, the rate of dissociation
the analysis procedure. W|II_|n(_:rease for these _statgs as a consequence of the _onset of
rapid intramolecular vibrational redistributidfvVR) within
the pDFB molecule. At lower vibrational energies the vibra-
Il. RESULTS tional predissociation dynamics @DFB—Ar are nonstatis-
tical because dissociation of van der Waals clusters is hin-
We have measured the translational energy distributiondered by inefficient coupling between high frequency
after exciting seven vibrational levels within tSg state:5?, molecular vibrational modes and low frequency intermolecu-
31, 52 3151, 53 32 and3%5%. The assignment of thet, 3L,  lar van der Waals modé8:*>%° The onset of rapid IVR
53, 3554, 35, 55, and 335; transitions is based on thgDFB  within pDFB results in the transfer of energy to low fre-
spectral assignments reported by Knight and K¥ded the  quency vibrational modes ipDFB,**** which couple more
known pDFB—-Ar redshift of 30 et 222! The pDFB—Ar  efficiently with the low frequency van der Waals modes.
transitions were confirmed using velocity and mass resolvetience dissociation will occur rapidly i, at energies above
resonantly enhanced multiphoton ionizatiofMR-REMPI)  the onset of IVR within thgDFB moiety. Zhang, Smith, and
as discussed in Ref. 39. The excess energy of each of themee observed IVR from*5* (2068 cm*) and higher levels
levels above the&, dissociation thresholtﬂDé) is shown in  in their molecular beam stuéﬁ. Restricted IVR was ob-
Table Il. This excess energy is distributed amongst the transserved for the bands in the 2000—2500"émegion, with
lational, rotational, and vibrational degrees of freedom of theecurrences in the time behavior. The addition of van der
products. Since one product is an atom, all rotation and viwaals modes in the complex will increase the density of
bration is in thepDFB fragment. states significantly and is thereby expected to lead to irre-

which is the form that arises when the radial plot is ex-
pressed as a sum afGaussian functions. Having=2 was
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Normalized Probability
Probability

T LELELEN BLELELELE BLELELELE BLELELELES BLELELELES BL LN LA B L
0 50 100 150 200 250 300 350 400 0o e
Total Translational Energy Released / cm! 0 75 150 225 300
Translational Energy Released / cm™

FIG. 2. Translational energy release distribution f@FB—Ar dissociation

from the 3% (E,;,=2500 cm?) level. This distribution is illustrative of the  FIG. 3. A plot of the fits to the TER distributions for all levels studied. The

lowest signal levels obtained. The solid line is a fit using EQ. with distribution has been plotted on a linear scale, which accents the differences

n=2. at low translational energy. Figure 4 shows the data plotted on a logarithmic
scale. The distributions from the seven levels are remarkably similar.

versible IVR by providing a route for vibrational energy to
leak from the states accessed in the initial IVR step. For thigxcited level over the range 818—3317¢nit is remarkable
reason we believe that irreversible IVR will occur rapidly that the distribution is so little changed whether there are
within pDFB—-Ar for 3'5! and higher lying levels. We con- only a handful of destination vibrations available or many
clude that for all levels studied dissociation is sufficiently hundred. The translational energy released to the fragments
rapid in §; for the distributions to pertain to that state.  is only a small fraction of the excess energy. This is quanti-
TER distributions forpDFB—Ar dissociation from3!  fied in Table IV, which shows the average translational en-
(Eip=1251 cm?) and 3% (E,;,=2500 cm?) are shown in ergy released for dissociation from each of the initial states.
Figs. 1 and 2, respectively. They show the extremes of th&@hese data are plotted in Fig. 5. It can be seen that the values
signal-to-noise level. The solid lines are fits to the distribu-span a narrow range. The average value is 63'cht the
tion by a function of the form of Eq1) involving two terms.  highest level studied3?5* (E,;,=3317 cm?), the excess en-
The parameters for all distributions are summarized in Tablergy is almost 3000 ci yet the average translational energy
1. Figures 3 and 4 show the fits to the TER distributions for released is only 65 cth. The amount of energy partitioned
all levels studied. These have been plotted linearly in Fig. 3into translation is essentially constant with increasing initial
which accentuates the differences at low translational energgnergy of the complex, so the fraction of the available energy
and logarithmically in Fig. 4, which enhances the differencesappearing in translation is decreasing. The remaining energy
at high energy. Figures 3 and 4 show that the distributionss partitioned between vibration and rotation of thBFB
from the seven levels are remarkably similar, peaking at verproduct. A small amount of energy in translation of the prod-
low energies (~10-20 cm') and decaying in an uct is expected given Yoder and Barker's observations for
exponential-like fashion, approaching zero around 300'cm dissociation from triplet levels witk,;, ~ 2600—8600 crTt-

-1.5

IV. DISCUSSION
A. Average translational energy released

The experimental results, revealed by examination of

Figs. 3 and 4, show that the recoil energy does not change E‘
significantly with increasing internal energy of the initially § B
]
. &
TABLE Ill. A; andk; values for the fit§Eq. (1)] to the experimental recoil = L
energy distributions fopDFB—Ar. §°
Transition Ay Ky A, ko L
5_3 0.007 17 0.0646 0.001 68 0.0181
3 0.003 61 0.0478 0.002 19 0.0199 Y R \\\\aN—
5_(2J 0.007 79 0.0993 0.002 61 0.0206 0 50 100 150 200 250 300 350 400
3%_5% 0.002 77 0.0216 0.006 24 0.0841 Translational Energy Released / cm™!
5 0.002 17 0.0180 0.002 86 0.0540
3 0.004 40 0.0409 0.001 27 0.0174 FIG. 4. Aplot of the fits to the TER distributions on a logarithmic sdalee
@, 0.004 57 0.0722 0.002 41 0.0194 Fig. 3 for a plot on a linear scaleThe logarithmic plot enhances differences

at high energy.
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TABLE_ I\_/. Values for the average translational energy released during the \“‘"Z,U«TE
dissociation ofpDFB—Ar. An, = - Uy,
2ati
Average recoil energy
Initial level (cm™ whereu is the reduced mass of the fragmerg, is the final
a 60 relative translational energy of the fragmeratss the param-
3 64 eter describing the Morse potential for the van der Waals
= 60 stretch, andv, is the corresponding vibrational quantum
3151 58 number.
53 72 Equation (2) states that dissociation pathways which
32 62 minimize changes in the vibrational, rotational, and transla-
3751 65 tional quantum numbers have the largest dissociation rate

and are preferred. F@DFB—Ar, the available experimental
observations are in qualitative agreement with this equation.
They found average recoil energies for a range ofPispersed fluorescence spectra from initial vibrational levels
aromatic—Ar complexes to lie in the rangel00—200 crit. below ~1000 cm* show that there is a propensity for prod-

The observation that the amount of energy in translatior}'Ct vibrational states with small changes from the initial vi-

; i 0-23

is small can be understood qualitatively using Ewing’s mo-brational quantum numbers of treDFB moiety™* ™ The
mentum gap law that predicts that van der Waals molecul&ranslational energy distributions show that there is minimal
dissociation occurs via channels that minimize the productranslational energy released to the products. Our earlier ob-
momentunt>=*® The theory is based on the overlap of the servation that there is significant rotational excitation in the
initial wave function for the van der Waals stretch mode inPPFB product, at least for dissociation from low vibrational
the vibrationally excited cluster with the wave function de- €N€rgies, might at first seem anomalous, however, this can
scribing the momentum of the dissociating fragments. ThélSo be rationalized as follows. _
physical basis for the translational energy minimisation V& have noted previously that anomalous spectroscopic
arises from a poor overlap between the translational wav@Pservations can be understood if thBFB—Ar complex
function of the fragments and the initial intermolecular wave@ccesses bound orbiting states in which the Ar atom is above

function. The rate of predissociation is expressed4s FhSeZP%rrier to movement from above the plane to below
it.”“""The IVR process that is a precursor to dissociation

provides energy to the van der Waals modes, allowing the
complex to access bound orbiting states. Calculations show
that the barrier to bound orbiting states is well below the
dissociation energ";Z Motion of the Ar atom around the
pDFB is equivalent to thggDFB moiety rotating compared

to the Ar atom. In other words, the transfer of energy from
the initially excitedpDFB vibration into the van der Waals
modes can lead to rotational motion of thBFB fragment.

In such a situation Ewing’s model predicts a large proportion
of the excess energy following dissociation to be partitioned
into the rotational degree of freedom to minimize changes to
Pyrimidine—-Ar ® the rotational quantum number.

The partitioning of energy between product translation
and rotation has recently been put on a more quantitative
footing with the angular momentum model of McCaffery and
co-workers!”*® |t has been shown that by using an equiva-

lent rotor representation of polyatomics this model can re-

¢ L I produce the total angular momentum in the benzene frag-
ment following dissociation of benzene—AThe model also
predicts the significant rotational excitation observed in 0°
pDFB following dissociation ofpDFB—Ar from 5L° The
success of the calculations points to angular momentum con-
straints controlling the partitioning of energy between trans-
lation and rotation. The angular momentum model calcula-
tions predict the rotational distribution for a given final
FIG. 5. The average translational energy released in dissociation from eac\ﬁibr"’ltional level; the translational distribution is then deter-
of the initial states opDFB—Ar plotted against the initial vibrational energy mined from the rotational distribution by conservation of en-
(diamond$. The average value is 63 cfnand is shown by the horizontal  ergy. Since product vibrational distributions are not known
line. The energy available to the products is 367 tiass than the initial for initial states above 1000 cthin pDFB—Ar the model
energy. The circle and squares show the average energy transferred to trans- .
lation in dissociation of the pyrimidine—Ar and pyrazine-Ar complexes, Cannot be tested against the current data. We also note that
respectively(Ref. 3 (see also footnote to Tablg:. | with increasing vibrational energy there is a change in the

kyp = 102 ex— #(An, + An, + Any)], (2

whereAn,, is the change in vibrational quantum numhmn,
is the change in rotational quantum number, @y is the
change in translational quantum numhén, is given by

150

100 -

) [ ]
Pyrazine—Ar
[ ]

Average Recoil Energy / cm™
3
T
B
7
>
L 2
1

0 1 | L | | | |
500 1000 1500 2000 2500 3000 3500 4000 4500

Initial Energy / cm™
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The three studies compared involve species in different
electronic states, and it is not known whether the electronic
state affects TER distributions in van der Waals molecule
dissociation. It is known, however, that the electronic state
can have a significant effect in the related case of collision-
induced energy transfer. Weisman’'s group has studied
collision-induced energy transfer involving pyrazine deriva-
tives in the triplet state’*They find that the average en-
ergy transferred per collision is significantly higher than that
for the ground electronic stateat the same vibrational ex-
citation. It was proposed that this is due to the lower vibra-
tional frequencies in the triplet state.

0.012+

0.008 4

Probability

0.004 -

0 100 200 300 400 500 C. Insensitivity of the TER distributions to the
Translational Energy / cm™ available energy

FIG. 6. A comparison of the recoil energy distribution for dissociation of That the distributions from the seven levels are so simi-
pyrimidine—Ar from within the triplet state(E,;,=2589 cm”) with the  |ar s surprising given the range of vibrational state densities
PDFB—Ar5° (E,p=2447 cm’) and3* (E,,=2500 em’) distributions. The o areq  The highest level for which the TER distribution
pyrimidine—Ar distribution is shown as the dashed curve. . —— L . .
has been obtained 85, which is at a vibrational energy of
o o 3317 cm?, almost 1< the dissociation energy of
state-to-state vibrational quantum propensities in low energgeg cnl 45 The pDFB product can be formed with up to
collisions involvingpDFB (Refs. 49 and 50and, given the 5949 cmt in vibration. The density of vibrational states at
potential similarities between van der Waals molecule dissog,ig energy is 620 per cth and there are a total of 2.2
ciation 5and low temperature collision-induced energy . 105 potential destination vibrational levels. Following ex-
transfer,” such a change may also occur for the former pro-gitation of3%51, IVR will rapidly redistribute the energy into
cess. It is clearly desirable to have experimental data CONgoenergetic levels and theDFB moiety will have initial
cerning product vibrational distributions for dissociation gygitation in a wide variety of vibrational modes prior to
from high lying vibrational levels. dissociation. Many destination vibrations will be available
with low quantum number changes. Nevertheless, dissocia-
tion from 3?51 gives essentially the same translational energy
distribution as does dissociation frob4, where only two or
three pDFB product vibrational states are populdtétand
There are only two sets of data with which the pDFB is formed with significant rotational excitatiérRe-
pDFB—Ar results may be compared. The first is Yoder andcently, we have shown that the rotational distribution within
Barker’s study of recoil energies in dissociation from tripletthe pDFB product is consistent with the results of calcula-
states’ Pyrimidine—Ar dissociation was initiated with an ini- tions based on the angular momentum model of van der
tial energy of 2589 cnt, comparable to that accessed for Waals molecule dissociatiohThis suggests that angular mo-
pDFB-Ar. The dissociation energies for the various mentum constraints control the partitioning between transla-
aromatic—Ar complexes are expected to be similar. Theion and rotation in dissociation froft'. It remains an open
pyrimidine—Ar distribution is compared with theDFB—Ar  question as to whether rotational excitation remains signifi-
5% (E,i,=2447 cm?) and3? (E,;,=2500 cm?) distributions  cant as more vibrational states become accessible. Yoder and
in Fig. 6. The pyrimidine—Ar distribution is broader, with Barker’s calculations suggest that the rotational excitation
more transfer to higher translational energies. The averagehould decrease, with the average rotational energy becom-
recoil energy is 130 ci, compared with 72 cit for 53and  ing similar to the average translational enetyglearly, data
62 cni'! for 32, Pyrazine—Atr, at an initial vibrational energy are required concerning the vibrational and rotational energy
of 4056 cm?, has a slightly higher initial energy than was in the pDFB fragments for dissociation at higher energies. It
probed in ourpDFB—Ar study. Two experimental distribu- would be remarkable if there were not many more destina-
tions were reported, with average recoil energies of 100 antion vibrations accessed as the vibrational energy increases,
111 cm!, again larger than is observed fpDFB—Ar. The especially when rapid IVR occurs within theDFB chro-
threeT, values are included in Fig. 5 for comparison. Trans-mophore prior to dissociation of the complex, yet the distri-
fer to translation is reduced ipDFB—Ar compared with the bution of energy in translation appears insensitive to how the
aromatics in Yoder and Barker’s study. energy is partitioned between vibration and rotation in the
The second comparison is with the dissociation of thepDFB fragment.
benzene—Ar catioh.In this case there was a distribution of It is interesting in this context to note the “bottleneck”
initial energies as the ionisation process produced the catioeffect seen in collision-induced energy transfer within the
in a range of vibrational states. The average initial vibra-triplet state of pyrazine derivatives observed by Weisman'’s
tional energy was-1800—1900 crit and the average trans- group®*>*They find that the average energy transferred per
lational energy released was 92+4 ¢mAgain, this is larger  collision increases rapidly with energy abowe€2000 cm?.
than is observed fopDFB—Ar. At lower energies the amount of energy transferred drops to

B. Comparison with translational energy release
distributions in related systems
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