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A. Tramer,d Y. R. Shene and Y. T. Lee,a 
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University of California . 
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ABSTRACT 

.A molecular beam composed predominantly of benzene monomer, dimer, 

and trimer is excited with tunable, pulsed, infra-red radiation in the 

C-H stretch frequency range (3000-3100 cm-1). Two types of experiments 

are performed for the observation of the vibrational predissociation of 

the excited cluster, measuring directly the wavelength dependence of the 

predissociation yield and the translational energy distribution of the 

predissociation products. The wavelength dependence of the vibrational 

predissociation is found to be similar to the infra-red spectra of room 

temperature liquid benzene. The translational energy distributions of 

the predissociation products are used to deduce dynamical properties for 

the following predissociation mechanism 

a. 

b. 
c. 

d. 
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T 

where ** indicates vibrational excitation. The lifetime, T, of the 

vibrationally excited clusters is determined to be in the range of 

1o-12 < T < 10-6 seconds. The most probable predissociation is 

characterized by all of the excess energy appearing in the rotational and 

vibrational motions of the products~ The two product molecules do not 

seem to share this excess energy equally, the monomer product retaining 

in excess of 2/3 of the available energy. These observations are 

qualitatively consistent with current theories of vibrational 

predissociation of weakly bound molecular clusters. 

• 
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INTRODUCTION 

Since the observation by Welsh and McKellar of fine structure in the 

pressure induced infra-red spectra of H2 with various gases (D2, 

H2, Ar, K;, Xe, N2, etc.) at low temperatures (1), van der Waals 

molecules have exhibited a number of intriguing properties which test our 

understanding of intermolecular forces~ One property~ in particular, 

which has been recently studied experimentally and theoretically is the 

vibrational predissociation lifetime of a van der Waals molecule when one 

of the vibrations of the strong chemical bonds is excited. This 

vibrational energy is typically 5-50 times the van der Waals bond 

energy •. Early calculations by Child (2) on -the lifetimes of 

Ar ••• HCl(v=1) suggested that the vibrationally excited complex was ~table 

to dissociation for times comparable to the infra-red radiative 

lifetime. The spectra of McKellar and Welsh showed that for systems such 

as Ar~ •• H2(v=1), the lifetimes are sufficiently long to resolve 

rotational motions of the H2 molecule within the complex. 

In 1978 Scoles, Gough, and their coworkers (3) first observed 

directly the vibrational predissociation of a van der Waals molecule, 

(N2o)2, in the ground electronic state, obtaining a lifetime in the 

range 1o-12 < T < 10-4 seconds. The clusters were excited by a diode 

laser and the predissociation observed as a decrease in signal at a 

bolometer which monitored the molecular beam. Since that time, the 

Waterloo group has studied co2 clusters using an F-center laser for 

excitation (4). Levy and coworkers have performed many experiments on 
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. ,the vibrational predissociation of rare gas-iodine clusters in an excited 

electronic state (5). The predissociation was observed in the dispersed 

fluorescence spectrum of the I2 fragment produced by the 

predissociation. Limits to the lifetimes could be determined from the 

absorption linewidths or. by using competing I2 electronic predissociation 

or fluorescence ra.tes as an internal clock. From these results, a 

detailed picture of the propensity rules in vibrational predissociation 

has been obtained. In addition to earlier work in our laboratory on 

(NH3)2 (6)~ Reuss (7), Gentry (8) ,nd Janda {9) and their coworkers 

have observed _vibrational predissociation of various clusters with CW or 

pul_~ed C02 lasers and.mass spectrometer detectors.· In particular, 

Janda was able to argue convincingly from the observed linewidths and 

signal strengths that the predissociation was occurring on a timescale of 

0.3 - 1.0 picoseconds for ethylene complexes. In a recent study of 

hydrogen bonded water clusters using a crossed laser-molecular beam 

apparatus and an optical parametric oscillator (10), it was demonstrated 

that vibrational excitation in the wavelength range 3000-3800 cm-1, 

mainly associat,ed with the 0-H stretching motion, results in cluster 

predissociation. Furthermore, it was shown that t~e wavelength 

dependence of the predissociation signal is proportional to the photon 

absorption cross sec~ion. The variation of the spectra with cluster size 

gave valuable information on the hydrogen bond in water. Information on 

the internal energy distribution of the predissociation fragments and an 

upper bound for the predissociation time scale were also obtained. 

.... 
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Current experimental and theoretical studies have also used small 

clusters as simple model systems for learning about intermolecular 

interactions. For this reason, it is useful to have data for a wide 

range of compounds with different strengths of intermolecular forces to 

test the validity of cluster models under a variety of conditions. 

Benzene is a natural choice due to its widespread use in simulations 

of liquid behavior (12,13,14) and the existence of a large body of 

spectroscopic data in different phases (15,16,17). Extensive modeling of 

the intermolecular potential function for benzene has been done by Evans 

and Watts (12) who have derived a six-centered Lennard-Janes potential 

which adequately describes the second virial coefficient, the static 

lattice energy, the solid state crystal structure, liquid phase 

distribution functions, viscosity, and thermal conductivity. Simpler 

models have been proposed by Lowden and Chandler (14) and MacRury, Steele, 

and Berne (13) and where comparison is possible, there is qualitative 

agreement on the interpretation of the results. For example, all have 

predicted that the local structure in the room temperature liquid should 

be similar to the solid with a preferred T-shaped nearest neighbor 

geometry. 

In a molecular beam electric resonance study, Janda et al. (18) 

have shown that benzene dimer is polar, strongly suggesting that the gas 

phase dimer is also T-shaped. The similar near neighbor geometry in the 

dimer and condensed phases is the basis for assuming that a simple model 

for some condensed phase properties might be found in the small, gas 

phase clusters. 
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Two general theories have addressed the vibrational predissociation 

rate question - the 11 momentum gap 11 model of Ewing (19) and the 11 energy 

gap 11 model of Beswick and Jortner (20). The basic prediction of both 

theories is that the most efficient predissociation mechanism minimizes 

the translational energy of the predissociation products. The physical 

basis for this minimization of the tranlational energy was shown to be 

the poor overlap between the continuum translational wavefunction of the 

products and the initial 11 bound 11 state intermolecular wavefunction of the 

vibrationally excited cluster. 

To date, these models have been applied only to binary complexes 

such as He ••• I2 (21). A recent theoretical study of (N2o) 2 by 

Ewing (22) is especially intriguing. According to the momentum gap 

model, Ewing predicted that the most probable dissociation channel 

involves a V+V,T energy transfer to the v1=1 vibrational state of the 

N2o monomer when the v3=1 mode is excited. This product state 

minimizes the translational energy of the fragments. Using a realistic 

model function for the intermolecular potential, Ewing also concluded 

that a dipole~dipole coupling was more consistent with the dissociation 

lifetime than the Morse coupling of the intermolecular vibrational (and 

dissociation) coordinate. Beswick and Jortner, using a different dimer 

geometry and intermolecular potential, predict that the two N2o monomer 

products will be left in the v2 = 1 and v1 = 1 states respectively 

(20). The energy gap and product states for this process is different 

than that predicted by Ewing. Therefore, the theoretical models are 

sensitive to details of both the intermolecular potential and the 

,.,. 
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physical mechanism which determines the predissociation lifetime. The 

simplicity of the Ewing and Beswick/Jortner models for a wide range of 

molecules invites further experimental confirmation. Using benzene as a 

"large molecule" test case to investigate cluster dissociation, other 

factors in intermolecular vibrational energy relaxation might be 

necessary to understand the product state distributions if more than one 

vibrational state has a small momentum gap (20). 
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EXPERIMENTAL 

The two experimental methods described below utilize a supersonic 

expansion to prepare a spatially well defined molecular beam containing 

the benzene clusters, an infrared laser to excite the vibrational motions 

of interest, and a mass spectrometer to detect the effects on the 

clusters of laser excitation. One scheme is based on looking for the 

disapperance of clusters in the molecular beam correlated with the pulsed 

laser, similar to the method of Janda, et al. (9), while a second scheme 

monitors the appearance of molecular fragments created by the 

predissociation as in photofragment translational energy spectroscopy 

(11). 

A. Infrared Laser 

Tunable, infra-red radiation is generated by a Nd:YAG pumped optical 

parametric oscillator (OPO) based on the L-shaped cavity design of Byer, 

et al. (23). The far-field pumping arrangement, cavity design, and 

optics are shown in Fig. 1. The idler frequency easily tunes in the 

3000-3100 cm-1 range corresponding to the C-H stretching motions in 

benzene. The repetition rate is 10 Hz, and the output power is 1-4 

millijoules/pulse with 1 joule/cm-2 of Nd:YAG pump energy fluence. The 

OPO linewidth (the frequency difference between the half power points) in 

this wavelength range is measured to be 3-4 cm-1• The duration of the 

OPO pulse is less than 10 nanoseconds. 
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B. Perpendicular Laser-Molecular Beam Arrangement 

An in-plane view of this molecular beam configuration is shown in 

Fig. 2. In this arrangement, the vibrational predissociation process is 

observed by the detection of the predissociation products. The laser and 

molecular beams intersect at right angles, and a rotating mass 

spectrometer pivots Bbout the intersection point. A series of defining 

slits restricts the acceptance angle·of the mass spectrometer's ionizer 

to 2 degrees so that only those molecules whose velocities are oriented 

·in the detector's direction and whose positions are within the acceptance 

cone can be detected. The background pressure in the intersection 

chamber is 1.0 x 10-7 torr, which ensures that all molecules which 

enter the detector from events in the intersection region are 

collision-free, primary products. 

The molecular beam, produced by a supersonic expansion, is 

collimated by three apertures to an angular divergence of 1.5u. The 

nozzle temperature is 70UC. It was found that by bubbling He through' 

room temperature benzene, the cluster distribution formed in the 

supersonic expansion could be controlled by simply changing the He 

pressure. The cluster distribution is measured by using the rotating 

mass spectrometer to directly sample the molecular beam. 

The laser is coupled into the vacuum chamber by a BaF2 lens held · · 

in a moveable tube which allows the OPO to be focused at the center of 

rotation of the detector where it intersects the molecular beam. An 

aperture in this tube spatially defines the laser beam diameter to a 2 mm 
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cross section at the intersection point. The laser is linearly polarized 

perpendicular to the plane defined by the laser and molecular beams. The 

output energy of the OPO idler frequency is measured with a germanium 

filter masked power meter placed a few inches after the intersection 

point. In this way, the power dependence of the absorption can be 

determined, and frequency variations jn the photon number accounted for. 

The signal produced by OPO photons is recovered from the background 

by gating a 255 channel, variable channel width, multichannel scaler 

(LBL 13X3381) with the laser pulse. The time delay between the OPO pulse 

and the arrival of molecules at the detector which were affected by the 

OPO photons is the sum of the neutral molecule flight time from the 

intersection region to the ionizer and the ion flight time through the 

quadrupole mass spectrometer to the ion counting electronics. The ion 

flight time is independently determined and subtracted prior to analysis. 

C. Coaxial Laser-Molecular Beam Arrangement 

A cross sectional view of this arrangement is shown in Fig. 3. In 

this configuration, the laser is colinear with the molecular beam. The 

electron bombardment ionizer and ion extraction optics are perpendicular 

to the laser and molecular beams. The quadrupole mass spectrometer 

directly monitors the molecular beam so the predissociation of clusters 

appears as a decrease in signal at the ion related to the predissociating 

parent clusters. 

, ... 
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The signal is also gated by the laser and time resolved by the 255 

channel multichannel scaler. The initial delay between the laser pulse 

and the onset of a change in the time resolved mass spectrometer signal 

is the sum of the ion flight time from the ionizer to the counting 

electronics and the flight time for the effects of the first cluster 

predissociations to reach the ionizer. The 65 em flight path can detect 

lifetimes as long as 1.0 millisecond (for the nominal benzene molecular 

beam velocity of these experiments) while all lifetimes shorter than 1 

microsecond (after correcting for the ion flight time) will appear to be 

11 instantaneous 11
• The power of the OPO is measured by monitoring a 

reflection of the OPO photons from a beam splitter. 
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RESULTS 

From the experimental observations, two quantities are derived, the 

wavelength dependence of the predissociation cross sections and the 

translational energy distributions of the predissociation fragments. The 

photon energy is sufficient at the wavelengths 3000-3100 cm-1 

corresponding to the benzene intramolecular stretching frequencies to 

break the weak intermolecular bond. The perpendicular molecular beam 

experiment uses the translational recoil velocity of the dissociated 

fragment clusters {which carries them away from the molecular beam) to 

detect the absorption of radiation. As shown in Fig. 4, the cluster 

predissociation fragments must have sufficient recoil energy to reach the 

detector when it is placed at a fixed angle relative to the molecular 

beam. Rotating the detector to successively larger angles favors those 

fragments which have higher translational energy. Through the energy 

balance equation 

I 

E. t 1n 

I 

= Ehv + Eint - Do - Et 

the internal energy in rotation and vibration of the fragments 
I 

(Eint) can be obtained from the photon energy (Ehv), the initial 

(1) 

internal energy of the clusters (Eint), the ~issociation energy (D
0

) 

I 

and the product recoil energy (Et) which can be derived from the 

measurements of laboratory angular and velocity distributions. 

For the measured product yield at a fixed detector angle to be 

proportional to the photon absorption cross section of the parent 
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cluster, the time scale, T, for the predissociation process must follow 

two restrictions. First, for the predissociation to be detected, the 

vibrationally excited clusters must not travel outside the detector's 

viewing region before dissociating. For the nominal benzene beam 

velocity, (1 x 105 em/sec), this places an upper limit of 2 

microseconds on T. Secondly, T cannot vary with the OPO wavelength in 

such a way as to produce a change in the shape of the laboratory angular 

distribution. Within the experimental statistical counting error, this 

has been verified for the systems reported here and the results are shown 

in Fig. 5. Changing the orientation of the laser polarization with 

respect to the detector-molecular beam plane had no effect on the signals. 

The coaxial arrangement directly measures the depletion of the 

clusters and is not sensitive to the translational energy distribution. 

As such, it is free from any assumptions regarding the shape of the 

laboratory photofragment distributions, and is limited only by the upper 

bound on the lifetime given by the 65 em flight path. It is to be 

pointed out, that in the colinear experiment, the signal is proportional 

to the number of polymers dissociating within 1 millisecond after 

excitation while in the perpendicular beam experiment only the fragments 

formed during the first 2 microseconds after the laser pulse may be 

detected. Both spectra being identical, we can assume that T < 2 

microseconds for all wavelengths measured, and that the assumptions 

concerning the shape of the laboratory distributions in the perpendicular 

arrangement are valid. 
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In Fig. 6, the off axis predissociation spectra taken at the parent 

ions of benzen·e monomer (mass 78) and pentamer (mass 390) using the 

perpendicular laser-molecular beam configuration are shown. These 

signals represent the total laser induced signal corrected for background 

and photon number and, consequently, are proportional to the absorption 

cross section. These masses, to have reached the detector, must have 

originated from a cluster containing at least two or six benzene 

molecules respectively. Therefore, the spectra are labeled according to 

the smallest polymer capable of contributing to that mass, although 

fragmentation of larger clusters to these masses either in the 

predissociation process or by the electron bombardment ionization may 

.also contribute. From Fig. 6, it can be concluded that the frequency 

shifts of the different polymers are small compared to the laser spectral 

bandwidth. The atypical beam conditions for these spectra, (Ar carrier 

gas and a room temperature nozzle), can produce large clusters. The 

principal spectral change is in the relative intensities of the three 

bands, showing that a unique spectral identification of the absorbing 

clusters is not possible at this resolution. 

To assign the off-axis predissociation fragment signals to a parent 

cluster, the pressure dependence of the off-axis signals were compared to 

the pressure dependence of the polymers in the molecular beam, obtained 

by rotating the mass spectrometer to 0° along the molecular beam axis. 

In Fig. 7, the ratios of the off-axis predissociation fragment signals at 

mass 78 to the parent molecular beam mass 156 and 234 signals with the 

detector placed at 0° are plotted as a function of the nozzle stagnation 
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pressure. The 78 (off-axis fragments)/156 (0° molecular beam parent) 

ratio is flat, while the 78 (off-axis fragments)/234(0u molecular beam 

parent) ratio falls sharply. This is consistent with assuming that the 

off-axis mass 78 signal comes from the molecular beam cluster detected at 

Ou at mass 156, presumed to be the dimer. Under these expansion 

conditions, the signals in the molecular beam which relate to clusters 

containing more than three monomers are negligible. The ratios of mass 

156:mass 234:mass 312 in the molecular beam are 100:3:0.3. 

In a molecular beam study on the polarity of benzene polymers (18), 

it was concluded that only 1/10 of the benzene dimers were ionized to the 

parent mass peak. With this known proclivity for fragmentation of the 

neutral c-lusters by electron bombardment other evidence is necessary to 

show that the mass 78 off-axis signal is indeed that of the monomer 

photofragment from predissociation dimers, and not the ionization 

by-product of dimer photofragments originating from the predissociation 

of trimer and larger clusters. To verify these mass assignments, the 

coaxial laser-molecular beam configuration is used. 

Figure 8 shows two time-resolved signals obtained with the coaxial 

method as well as a time-of-flight spectra obtained with the 

perpendicular method by placing the detector at zero degrees. This 

simulates the depletion scheme of the coaxial configuration. The 

increase in sensitivity is dramatic, a consequence of the increased 

interaction volume between the laser and molecular beams. From the 

decrease in signal at mass 78 in the coaxial arra~gement, it is clear 

that the clusters are fragmented by electron impact to mass 78 ions. 
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That, is, when the laser dissociates the benzene clusters, they are no 

longer present at the ionizer to fragment by electron bombardment to mass 

78. The slight positive signal at mass 50 comes from the increase in the 

neutral monomer density resulting from the photodissociation of benzene 

clusters in or near the ionizer. Its shorter time duration is a result 

of the progressively smaller solid angle of acceptance for cluster 

photofragments more than a few centimeters from the ionizer. This 

different temporal behavior from the mass 78 signal shows that mass 50 

ions correlate only to neutral benzene monomers. It also shows that the 

mass 78 signal cannot be explained as a change in the monomer 

fragmentation pattern which might occur should the monomer beam component 

be vibrationally excited by the laser. Since the mass spectra of benzene 

monomer has prominent peaks at mass 78 and 50-52 (24), one would expect 

the laser related signals at these masses to extend for a time equal to 

the neutral monomer flight time from the nozzle to the detector, if the 

monomer were absorbing radiation. The mass 50-52 signals are 

inconsistent with this explanation. The experimentally derived partial 

electron bombardment fragmentation pattern is summarized by 

Parent Cluster Ion Mass 

(C6H6)2 + e -
+ 

( C6H6 )2 (156) 

(C6H6) 
+ {78) 

... + 
(50-52) C6H6 + e c4 H2 ,3,4 

(2) \4 
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From the preceding analysis, it is clear that if the mass 50-52 

angular scan in the perpendicular laser-molecular beam geometry is the 

same as the mass 78 scan, that the mass 78 data relates to benzene 

monomer predissociation fragments and not ionization fragments from 

higher clusters. Figure 9 shows the time of flight data taken at the two 

masses for two laboratory angles, establishing the validity of the 

previous assumption that the mass 78 off-axis signal results from 

ionizing monomers. The mass 156 off-axis signal is assigned to the 

trimer predissociation based on the strength of the observed signal, the 

tetramer and larger clusters in the molecular beam are present in 

negligible amounts. 

The angular distrib~tions of the mass 78 and 156 products, shown in 

fig. 10, are similar in shape and extend only 10 degrees from the 

molecular beam. By measuring the beam velocity, Vb, of the initial 

clusters using a rotating slotted disk placed at a known distance from 

the ionizer (25), the transverse velocity of the predissociation 

fragments can be computed from the laboratory angle if the functional 

form of the center of mass angular distribution is known. The observed 

steep monotonic increase. of the dissociation signal with decreasing 

laboratory angle can only be fit with a translational energy distribution 

which also has a similar decrease with increasing translational energy 

and peaks very near zero translational energy. 

An analytical function of the form 

P(E) -aE 
= a e (3) 
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was used to quantitatively fit the measured laboratory angular and 

time-of-flight distributions. This center of mass energy distribution is 

convoluted over the experimental conditions (the finite aperture sizes, 

initial velocity distribution of the molecular beam, and ionizer length) 

assuming an isotropic center of mass angular distribution. The small 

range of laboratory angles where product is observed is insensitive to 

details of the center of mass angular distribution. Furthermore, it is 

shown below that it is reasonable to assume that the vibrationally 

excited complex rotates several times before predissociating. An 

isotropic center of mass distribution is appropriate in this case. In 

Fig. 10, the best fit curves for the mass 78 (a=5) and 156 (a=7) signals 

are compared with the experimental data. 

From the measured wavelength dependence of the predissociation cross 

sections, it is clear that the perturbations of the three monomer 

vibrational bands in the 3000-3100 cm-1 range are small. The 

resolution of the laser is insufficient to observe rotational fine 

structure. No additional vibrational bands were observed which could be 

attributed to different bonding sites in the clusters or to a reduction 

of o6H symmetry in the monomers. Combination bands involving 

intermolecular vibrations with an absorption strength greater than 5 of 

the fundamentals were not detected in this wavelength range. The absence 

of P, R rotational branches in the predissociation spectra limits the 

internal temperature of the clusters or the potential barrier hindering 

individual molecular rotation as in liquid, room temperature benzene. -
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The observed signals were all linear in photon number. Additional 

absorption of photons by the predissociation products was not observed at 

this photon flux (-7 x 1017 photons/cm2). 
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DISCUSSION 

From the results of these experiments, there are three properties of 

the vibrational predissociation which can be determined, the 

identification of the main product channels, the lifetime of the 

vibrationally excited clusters, and the internal energy distribution of 

the products. 

The main product channels established by the pressure dependence and 

mass spectroscopy of the OPO induced signals for the predissociation of 

benzene dimers and trimers are 

(4) 

From the consistency of the wavelength dependence of the two 

predissociation signals measured in the perpendicular and coaxial 

configurations, it is clear that the clusters are predissociating within 

several microseconds of the laser pulse. A lower limit to the 

vibrationally· excited state lifetime of 1 picosecond may be deduced by 

ascribing all of the observed linewidths (neglecting the -3-4 cm-1 

spectral bandwidth of the OPO and the initial internal state distribution 

of the clusters) to homogeneous broadening caused by the 

predissociation. This lower limit is consistent with the latk of a 

polarization dependence for the observed signals in the perpendicular 

configuration. If the rotational distribution of the dimers is 
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characterized by the same temperature as the molecular beam translational 

energy distribution (50°K) and can be modeled as a simple diatomic with 5 

A bond length, the most probable rotational state has a classical 

rotational frequency of 1 picosecond. A polarization dependence would be 

expected if the predissociation lifetime was significantly shorter than 

this rotational frequency and if the transition dipole has a fixed 

orientation with respect to the intermolecular axis. Since the 

intermolecular forces are poorly understood, large amplitude motion of 

the low frequency vibrations may well preclude such a fixed transition 

moment. Consequently, the lack of a polarization dependence is 

consistent with the lower lifetime limit deduced from the linewidth, but 

does.not supply an independent determination of it. Recently, 

predissociation attributed to benzene dimers near 1040 cm-1 has been 
~ 

observed (26,27) with a linewidth of less than 3 cm-1 (26). 

The translational energy distribution which adequately fits the data 

peaks at zero translational energy and has a very narrow energy spread. 

Therefore, the energy in internal excitation of the fragments for the 

most probable case is 

+ Eh - D v 0 
(5) 

For simplicity, the initial internal energy is neglected. The adiabatic 

cooling in this nozzle expansion is expected to make this term small 

compared to the errors in the remaining larger contributions to the 

internal energy. 
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An estimate for the bond energy between two benzene molecules may be 

obtained from the crystal sublimation energy at 0°K. Model calculations 

(12,13) which reproduce this value give -750 cm-1 for the pair 

potential zero point binding energy. Therefore, the internal energy of 

the fragments determined from equation 5 is 2300 cm-1• 

How is this energy distributed among the available internal states 

of the monomer and dimer fragments from the trimer predissociation? If 

all the excess energy were placed in the dimer fragment, it would be far 

in excess of the dimer bond energy and the dimer would be expected to 

predissociate before reaching the ionizer. The observation of dimer 

product then places a lower limit of 1550 cm-1 to the internal energy 

in the monomer. The rate of energy migration among the three benzene 

molecules in the trimer is then slower than the predissociation rate for 

this unequal energy distribution to be observed. Likewise, the photon 

excitation is to a particular monomer and that is the monomer which is 

vibrationally excited in the predissociation products, implying that the 

benzene monomers are located at distinguishable sites in the trimer. If 

this were not true, the zeroth order vibrational wavefunction would be 

delocalized over the three monomers. 

One can tentatively generalize this conclusion to the case of 

dimers; we expect the dissociation to yield one "vibrationally hot" 

and one vibrationally cold molecule. This is consistent with the 

postulated T-shaped dimer structure where the two molecules are not 

equivalent. 
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The above predissociation mechanism qualitatively agrees with the 

momentum gap model proposed by Ewing; The substantial internal 

excitation of the products automatically reduces the momentum gap to a 

small value. The density of internal vibrational states near 2000 cm-1 

in benzene monomer is sufficient to ensure that there will always be a 

resonant state within 10 cm-1 even if the rotational excitation is not 

significant. This high density of states is advantageous for testing in 

finer detail the predissociation process, because there are probably 

several states with nearly the same momentum gap. Other factors not 

explicitly considered in the momentum gap model to date, especially, the 

detailed predissociation dynamics, will have to be understood in order to 

predict .the relative vibrational, rotational state populations in the 

products. Such state distributions are expected to become available in 

the near future for some of these systems from laboratory measurements. 

An accurate determination of the ground state binding energy can also be 

deduced from such measurements from the highest Vibrational-rotational 

state populated in the products • 
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CONCLUSION 

The crossed-laser molecular beam technique has been used to measure 

the absorption spectra and translational energy distributions of benzene 

dimers and trimers. The measured spectra are similar to the room 

temperature liquid. The weak perturbations in benzene were not expected 

to disturb the benzene monomer spectra, so no new spectroscopic 

information was derived from the absorption curves. The mechanism for 

the energy disposal was partially determined by the product angular 

distribution, which unequivocally establishes that the energy in excess 

of the intermolecular bond remains in internal vibrations or rotations of 

the fragments. The observation of the same behavior in both the dimer 

and trimer dissociation fragments further indicated this energy most 

probably remains in the monomer fragment which is originally excited. 

The time stale,~, for the predissociation was limited to the range 1 

picosecond.~ T < 1 microsecond. 

.. 

,. 
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FIGURE CAPTIONS 

Fig. 1 •. Schematic diagram of the Nd:YAG pumped OPO. Components 

indicated are: 1. Telescope, 2. Input coupler (100% 

transmittance at L06 ~' 100% reflectance at 1.4-2.1 ~), 3. 

Gold mirror, 4. 30°C temperature stabilized, angle tuned 

LiNb03 crystal, 5. Output coupler (100% transmittance at 1.06 

~, 50% reflectance at 1.4-2.1 ~), 6. Double pass VAG mirror 

(100% reflectance at 1.06 ~, 100% transmittance at 1.4-4.0 p), 

7. BaF 2 1 ens. 

Fig. 2. In plane view of perpendicular laser molecular beam apparatus. 

Labeled components are: 1. 0.007" quartz nozzle heated to 

70°C, 2. First skimmer, 3. Second skimmer, 4. Third skimmer, 5. 

Power meter, 6. Germanium filter, 7. Ionizer assembly. 8. 

Quadrupole mass spectrometer~ 9 measures the angle of rotation 

of the detector from the molecular beam. 

Fig. 3. Side view of the coaxial laser-molecular beam apparatus. 

Fig. 4. 

Labeled components are: 1. BaF2 entrance window for the OPO 

beam, 2. Quadrupole mass spectrometer, 3. Ionizer assembly, 4. 

Final molecular beam defining aperture, 5. Second skimmer, 6. 

First skimmer, 7. Nozzle. 

Schematic view of the perpendicular arrangement showing how the 

recoil velocity of the predissociation fragment relates to the 

detector•s laboratory angle, 9, relative to the molecular 

beam. The insert shows that the angle is determined from the 
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vector addition of the recoil velocity (dotted arrows) and the 

initial beam velocity (thick arrow). The final laboratory 

velocities are the solid arrows, also shown at the intersection 

point of the OPO and molecular beams. 

Wavelength dependence of the mass 78 angular distributions. 

Open circles vOPO = 3040 cm-1, solid circles, vOPO = 3095 

cm-1• The 3040 cm-1 data have been displaced +0.5° 

relative to the' 3095 cm-1 data to allow easier comparison. 

Fig. 6. Wavelength dependence of the predissociation cross sections. 

Fig. 7. 

Fig. 8. 

A) Mass 390, (C6H6);, at 400 torr Ar with Tnozzle = 

25°C, B) Mass 78, c6 H~, at 250 torr Ar with Tnozzle = 

25°C. 

Pressure dependence of the mass 78 signal in the perpendicular 

arrangement with the detector angle at 9 = 4 • The solid 

points are the ratio mass 78(9 ~ 4 )/mass 156(9 = 0 ), the open 

circles are the ratio mass 78(9 = 4 )/mass 234(9 = 0 ). 

Comparison of the time resolved mass spectrometer signals of 

the perpendicular and colinear configurations. A) Mass 78 data 

taken at 9 = 0 in the perpendicular laser-molecular beam 

arrangement, B), C), D) are masses 156, 78, and 50 respectively 

of the colinear configuration. 

Fig. 9. Time of flight spectra at masses 78 (solid points) and 50 (open 

circles). A) Detector angle 9 = 4 , B) Detector angle 9 = 5 • 
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Fig. 10. Angular distribution of predissaciation fragments. Solid 

points are mass 156, open circles are mass 78. The curves are 

the calculated distributions using the center of mass energy 

distribution given by Eqn. 3. For mass 78 and 156, the best 

fit values for a are 5 and 7 respectively. 
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