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Photofragment Imaging of CH3zBr* from (CH 3Br),™ at 355 nm
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Photodissociation of (C¥Br),* was studied at 355 nm with photofragment imaging spectroscopy for the
product CHBr*. The center-of-mass translational energy distribution is represented by a Gaussian distribution
that peaks at 25 kcal mdl. The angular distribution is characterized by the anisotropy pararfietel..8

4+ 0.2. Photodissociation dynamics of the ion dimer at 355 nm is discussed.

Introduction

The photodissociation dynamics of dimer cations for,NO
N2, CO;, and benzene in the visible region was reported by the Quartz tens
groups of Bowers3 and Nishi¢ measuring translational energy  3ssim
and angular distributions of the fragments. Fog)gN, (NO),*, B Oy
and (CQ),*, the facts that (a) the kinetic energy increases
linearly with the available energy and (b) the large anisotropy Xe
parameteys for spatial angular distribution can be accounted Figure 1. Schematic of the interaction region of the ion imaging
for by using a simple impulsive model for a direct dissociation apparatus. Detection and molecular beam chambers are not shown here
path on a repulsive potential surfacé. For (GHe)2", however, and were reported previously.
the translational energy distribution is statistical with= 0,

Tripling cell

suggesting fast energy flow among the intramolecular vibrational

modes® They found that the slope of the averaged translational Art

energy plotted against the available energy is in the order CH3* | CH3Br* .

(NOY™, (N2)2t > (COy)z+ > (CeHe)>*, in other words, the ' | (CH3Br)

greater the number of internal degrees of freedom, the smaller

the kinetic energy release. Since a further study on the /\M

photodissociation dynamics of the dimer of middle-size mol- L) 1 L M~

ecules is required, the photodissociation of (BH," has been S 10 15

studied by ion-imaging spectroscopy, with which the kinetic Time of Flight / &'

and angular distributions of the photofragment can be measuredrigure 2. Time-of-flight mass spectrum following photoirradiation of

simultaneously. pulsed molecular beam of GBr (10%) in Ar (700 Torr) at 118 and
355 nm.

Experimental Section . . . : .
the interaction region. Actually, without Xe gas in the cell, no

The experimental apparatus is essentially the same as thakignals were observed. The signal ions produced in the
reported by Chandler and Houstoryhich consists of three interaction region are accelerated into the time-of-flight (TOF)
differentially pumped chambers and was described elsevfhere. tube ty a 2 kV electrode, fly through a field-free region of 500
The molecular beam and reaction chambers are pumped bymm, and strike a multichannel plate (MCP, Hamamatsu Pho-
separate 6 in. diffusion pumps. The detection chamber is tonics, 40 mm diameter) that is equipped with a fast phosphor
pumped with a turbo molecular pump. The three axes, screen atthe end of the TOF tube. A CCD camera (Hamamatsu
molecular beam, laser beam, and detector, are orthogonal inPhotonics) attached with a gated image intensifier observes the
the interaction region. The 118 nm light is generated by tripling image on the phosphor screen through a lens. The image signall
of the 355 nm output (510 mJ/pulse) of a NtYAG laser from the camera is accumulated in a microcomputer over 12 800
(Quanta Ray) in a tripling cell with 2620 Torr of Xe gas with laser pulses. In the photofragment imaging experiment, the
a quartz lensf(= 150 mm at 355 nm). The tripling cell is  three-dimensional (3-D) velocity distribution is projected onto
schematically shown in Figure 1. The 118 nm light generated a two-dimensional (2-D) detector. To extract a 3-D distribution
is focused with a LiF lens into the interaction region so that from a 2-D image, we use a filtered back-projection technique,
the pulsed molecular beam of GBf (2.5-10%) in Ar or He which was described elsewhéreVelocity resolution of an
at stagnation pressure of 700 Torr is photoirradiated by both obtained image is determined by measurement of the images
118 and 355 nm laser light with a pulse molecular beam head of photofragments from the photodissociation paihd ICI at
and driver (General Valve). Due to the large difference in the 304 nm. Time-of-flight spectra of the ions are measured by
focal length of the LiF lens at 118 and 355 nfr< 50 and 80 monitoring the ion current from the phosphor plate on the MCP.
mm at 118 and 355 nm, respectively), the 355 nm light is
focused further away from the interaction region. Thus, pegyits
multiphoton processes by the 355 nm light are eliminated at
Figure 2shows the ion TOF spectrum, in which £HAr,
® Abstract published irAdvance ACS Abstractganuary 15, 1997. CH3Br*, and (CHBr),;" appear: CH" were deduced to come
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Figure 3. lon intensity of CHBr* as a function of (ChBr)," intensity.
The total stagnation pressure is 6060 Torr, and the concentration

of CH3Br is varied from 2.5 to 10%. The slope of the line is unity.
The x andy axes are in arbitrary units.

from the ion-pair dissociation process of ¢B4 as was reported
earlier by Munakata and Kasu§aAr™ from a multiphoton
process, and C#Br* from photodissociation of (C#Br),™ as

will be discussed below. To confirm the (GBf),™ dimer
dissociation pathway for C4#8r+ production, we tested various
concentrations of ChBr (2.5-10%) in Ar for the molecular
beam. Figure 3shows a ledog plot of the CHBr+ signal
intensity as a function of (C¥Br)," signal intensity. The slope

of this plot is almost unity, indicating that it is the (GBI),*
which are most important to GIBr* photoproduction. Since
the ionization potential of C§Br is 10.56 eV, which is slightly
higher than the photon energy of 10.483 eV at 118.27 nm, most
of the CHBr* signals come from dissociation of the dimer ions
but not directly from ionization of the monomers. Since£H
are known to come from the ion-pair dissociation of the
monomers at 118 nfhthe intensity of CH' is a measure of
the monomer concentration in the molecular beam. At various
concentrations of CHBr in the gas reservoir for the molecular
beam, a quadratic dependence ofs8H intensity on the Chi"
signal intensity was observed, which is due to the participation
of the dimers in the production of GBr*. Absence of the  Eigure 4. Images of CHBr* ions following photoirradiation of Chi
CH3Brt signals from CHBr-Ar clusters was verified by the  Br pulsed molecular beam simultaneously at 118 and 355 nm: (top)
fact that when He gas was used as a buffer gas, there was ngaw image; (bottom) back-projected image. An arrow indicates the
marked difference in the observed image ofBH from that direction of the electric vector of the dissociation laser at 355 nm.
observed with Ar. These results suggest little contribution of .

: : image, which is an equatorial slice of the 3-D distribution. The
g}eccgsr‘lg[r)lex between G and the carrier gas to the formation speed distribution?f(v) is obtained from the radial distribution

of an image and then converted to the distribution of center-
of-mass translational enerdy: as shown in Figure 5. The
energy distribution is resolved into three parts: one is the highest
energy component represented by a Gaussian distribution (peak
= 25 kcal mot! and fwhm= 17 kcal mot1), the middle energy
component represented by another Gaussian (ped&kkcal
mol~! and fwhm= 8 kcal mol?), and the rest is represented
by a Boltzmann with temperature of 400 K. Since the
instrumental velocity resolution corresponds to energy resolution
of 6 kcal/mol at the peaks, fwhm are corrected for their widths.
The angular distribution at a certain speed is fitted by

The 118 nm laser light was focused at the interaction region,
whereas the 355 nm light was not focused there. When the
118 nm generation was removed by evacuating the Xe tripling
cell, none of these signals were produced. HenceBtHwere
produced by one-photon ionization of the dimer at 118 nm,
followed by one-photon dissociation at 355 nm at the interaction
region:

(CH;Br), + w(118.27 nm)— (CH,Br)," + & (1)

(CH,BI)," + h(354.8 nm)— CH,Br" + CH,Br (2)
I(v,0) = (1/4n)f(v){1 + BP,(cos6)} 3)
The images of CkBr+ are shown in Figure 4, in which the
laser light beam was polarized in the plane as shown by anwhere @ is the angle between the polarization vector of the
arrow. The upper panel of Figure 4 shows a 2-D image obtained dissociation laser and the velocity vector of the fragmehts
experimentally, and the lower one shows a 3-D backprojected an anisotropy parameter, am}(x) is the second Legendre
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Figure 5. Center-of-mass frame translational energy distribuB(#)
(bottom) and anisotropy paramefE;) (top). The translational energy
distribution is reproduced by three different distributions: two Gaussian
peaking at 25 and 8 kcal mdland a Boltzmannian characterized by
a temperature of 400 K. A broken curve in the figureSgE;) shows
standard errors @) for .

polynomial defined a®,(x) = Y/5(3x2 — 1). For recoil along
the breaking dimer bond, the two limiting cases are recaoill
parallel tou or f = 2, and recoil perpendicular t@ or § =
—1° Our experimental results fg# values are 1.8 0.2 as
shown in Figure 5 as a function &. Thep value is close to
the upper limit of 2 at the higher energy regidg & 15 kcal
mol~1), while at the lower energy regior<(L0 kcal mof?) the

p value approaches 0. This lgfivvalue is due to a mixing of
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E, = (usc/ur)(Eay — Evip)

Eai= v — D, (4)
whereugc is the reduced mass of the atoms at the end of the
breaking bondur is the reduced mass of the fragmemdsg,is

the bond dissociation energy, akgl, is the vibrational energy

of the fragments which arises from geometry changes on going
from reactant to products. Since the maximum translational
energy of Figure 5 is 2.2 eV, the maximum value & for
(CH3Br),* is 0.86 eV based on the energy conservation.
According to Meot-N€et® the Dy value for CHNHy:+-BrCHjz is

0.49 eV. Since the Br atom has a large ion size and its
electrostatic interaction is large, tfi® value for the Br--Br
bond in the dimer ion should be larger than 0.49 eV. The dimer
binding energies are not expected to be vastly different among
the various species. ThBg values for (CQ),", (NO) ,
(CaoH2)2™, (CoHg)2™, and (GHe)2t are similar to each other in
these molecules: 030.598+ 0.0611 0.98 + 0.04}20.69 +
0.04120.6634- 0.039 eV!3 Thus, we estimatBy= 0.7+ 0.2

eV for (CHsBr),*. Using this value and the averaged transla-
tional energyEJof 1.08 eV (25 kcal moil) for the fast
Gaussian component in Figure 5, the fraction of the available
energy released into translation is estimated to be £.8903,
which is smaller than 0.47 for )b and 0.51 for (NOy*.2
Assuming the impulsive model of eq 4 that holds for the fast
dissociation process the valueBfy, is estimated to be 1.2 eV
(28 kcal mof™), suggesting strong vibrational excitation of the

the outer ring image with the center image. The center image fragment(s).

of Figure 4 is caused mostly by the 118 nm photoionization of
vibrationally hot parent CkBr molecules and not photofragment
signals from the dimer ions, because thealue of the center

B. lonization and Dissociation ProcessesThe ionization
process removes an electron from a nonbondiragbital on a
Br atom. The resulting electron hole is delocalized between

image is 0 and its translational energy is well characterized by the two Br atoms which explains the lowering of the ionization
a Boltzmann temperature of 400 K. Since the outermost image Potential (Ip) of the dimer as compared to that of the monomer.
or the highest energy component that is represented by theThe Ip of CHBr is 10.53 eV, and the energy of the 118.2 nm
Gaussian distribution contributes the most to the dissociation ionizing photon is 10.49 eV. The magnitude of the lowering

process of the dimer ion, we will focus our discussion on the
dynamics of this major process.

The analogous experiment at 118 nm was performed fait CH
and CHCI without success. A strong image signal of £LH
and a weak one of C4&€I™ were observed, both of which have
only a low translational energy component.
ionization potential (Ip= 9.54 eV) of the parent molecule GH
is lower than the photon energy, G were produced by the
one-photon ionization at 118 nm. The photofragment ionl€H

of the Ip depends on the unknown distance between Br atoms
in the neutral dimer. While the dimer structure is unknown, it
is helpful to compare this system with a simpler one. The Ip’s
of the Br atom and the Bmolecule are 11.84 and 10.54 eV,
respectively. This lowering of 1.30 eV is probably an upper

Because the limit to the lowering of the Ip of the CkBr dimer. Whatever

the initial structure of the neutral dimer is, both Br atoms in
the charged dimer would come into close contact with each other
so as to maximize the stabilization energy of the resonant charge

could not be separated from the strong one-photon ionization ransfer.

signal, even if the photofragment was produced by the ion-pair

dissociation process. Since the Ip of &H (11.28 eV) and

Once formed, the ionized dimer is dissociated by polarized
355 nm light. The velocity distribution of the fragment peaks

hence that of the dimer are much higher than the 118 nm photoni” a direction parallel to the electric vector of the polarized light.
energy, the dissociation of the dimer ion was not observed for The equal and opposite velocities of the 4BiHand CHBr*
CH4CI. Only a multiphoton process gave a weak center image fragments make only a small angle with respect to the-Br

of CH3C|+.

Discussion

A. Bond Dissociation Energy. The larges value for the

axis because the Br atoms are more than 5 times heavier than
the CH; groups. We can therefore state that the transition dipole
direction is parallel to the Br-Br axis. This is what we would
expect for af,7r*) transition, in which a bonding electron is
excited into ther* hole.

outer image, that is, the high-energy component is very The average translational energy release observed in the
suggestive of a fast direct dissociation from a repulsive surface photodissociation is around 1.1 eV. The rotational energy is

that is analogous to photodissociation of simple dimer fods,
(NO)2*, (N2)2*, and (CO)*. The reportegb values are 1.3 for
(NO);*, 1.15-1.35 for (Nb)2*, and 1.0 for the high-energy
component from (Cg,". This feature is characteristic of the

expected to be negligible because the center of mass of the CH
Br is so close to the Br atom that the repulsive force exerted
between the Br atoms cannot generate much rotational energy.
Assuming a impulsive rigid-rotor model for separation of the

dissociation occurring in a repulsive potential surface. For thesetwo fragments, the maximum fraction of available energy
molecules, the energy partitioning can be accounted for by usingreleased into rotation is 17%. The bond dissociation energy of
a simple spectator stripping model.In this model, the the Br+-Br bond in the dimer is estimated to be 0.7 eV according
translational energy release is given by to the arrangement given previously. Thus, the average
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