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Abstract

The resonant photodissociation of (CH;I); cluster ions (1 = 1-5) was studied in a crossed molecular—electron—laser beam
apparatus. These results were complemented by a study of the ionization/dissociation as a function of variable energy electron
ionization (EI). The fragmentation that first appears as the EI energy is raised is loss of CHj. This channel is particularly strong
for n = 3. The lower energy dissociation of neutral I, on the other hand, is essentially quenched for cluster sizes of n > 2.
Intermolecular dissociation (evaporation) of CH;I was evident, but was not extensive, based on a minor sensitivity of the cluster
ion distribution to EI energy. The photodissociation of (CH3l); resulted in different dissociation behavior than for EI. Resonant
excitation of monomer CH;I* to the predissociative A electronic state gave only I + CH3. A state excitation of the cluster ions,
on the other hand, resulted only in intermolecular dissociation. The photoexcitation cross-sections for the A B, —X ’E1p
transition are presented as a function of cluster size n. A two-photon dissociation channel is also identified and the cross-
sections and dissociation products are reported. Finally, the frequency resolved photofragment excitation spectra of CH ;1" and
(CH;l)3 are compared.

Keywords: Mass-specific cluster ion photodissociation; Photodissociation cross-sections; Electron ionization/dissociation;
Low-mass rejection filter

1. Introduction direction involves the chemical properties of

clusters. We shall restrict our attention here to

The study of atomic and molecular cluster
properties is motivated to a large extent by the
opportunities to investigate the transition from
gas phase to bulk phase behavior [1]. This bur-
geoning field of study can be viewed as proceed-
ing along two major branches. One direction is
driven, for the most part, by the desire to better
understand the structure and bonding that occurs
as the clusters grow in size. A second major
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molecular cluster chemistry. An emerging field
of molecular cluster work seeks to address how
the addition of solvent molecules, one at a time,
modifies the behavior of chemical reactions [2—-
4]. Important topics include understanding how
unimolecular and bimolecular gas phase reac-
tions are modified by stepwise solvation or how
large must a solvent shell be to make a solution
phase reaction energetically favorable. Seeded
clusters have great appeal because they represent
an environment that is intermediate between the
cas phase and the condensed phase.
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In this special issue on ‘“Ion Spectroscopy’’,
we are interested in the photochemistry that
occurs in cluster ions as a function of cluster
size. The study of size-specific photodissociation
of clusters has progressed considerably in recent
years as a result of new tandem time-of-flight
(TOF) arrangements that isolate specific cluster
ion sizes for photodissociation, and mass-resolve
the resultant photofragments. The photodissocia-
tion of specific cluster sizes leads to fragmenta-
tion patterns that can be interpreted to reveal
information about structure and bonding. The
first studies of this kind involved metastable
decay of neat cluster ions formed by nonresonant
multiphoton ionization/dissociation and moni-
tored by reflectron TOF devices. Castleman and
coworkers, for example, unraveled many details
concerning (NH3), and (CH;OH); metastable
dissociation [5]. The reflectron studies are sensi-
tive to metastable dissociations that occur on the
timescale of the ion drift times (1-100 ps). For
identifying products resulting from fast kinetics
other techniques are needed.

We present our work on the size-specific
photodissociation and fragmentation of (CH;I);;
cluster ions. The principal results made use of a
technique in which a standard three-grid TOF
mass spectrometer is operated as a tunable low
mass rejection (LMF) filter. This adaptation has
the capability of eliminating successively larger
cluster sizes from the photodissociation region,
thus making possible the sensitive detection of
size-specific cluster ion photodissociation against
a zero background. The LMF technique has been
described before [6—8] and preliminary results on
(CH;I);, photodissociation were also reported [8].
Here, we present a more detailed study of size-
specific (CH;l), photodissociation. This work
is augmented by measurements of the cluster
size dependent relative cross-sections for ion
dissociation following variable energy electron
ionization.

The molecule CH;I was chosen for these
studies because of its rich variety of dissociation
mechanisms. It has also proved to be a popular

subject of polyatomic ion studies, hence, a con-
siderable amount of information is known about
the monomer ion dissociation pathways [9-13].
Finally, unusually high resolution electronic state
spectroscopy exists for CH3I* [14,15], and the
higher electronic energy states are reasonably
well known [9]. These studies form a valuable
body of information for interpreting the cluster
ion properties. Although the monomer and
cluster ions exhibit certain similarities, we were
most intrigued by the differences observed in the
reactivity between monomer and cluster ions as
well as the pronounced dependence of many
properties on cluster size. Results are also pre-
sented on the frequency-resolved photofragment
excitation spectra of CH;I" and (CH3l)3 as well
as evidence for double excitation in the cluster
species that precedes photodissociation.

2. Experimental

The apparatus used in the present experiments,
shown in Fig. 1, is designed for the crossing of a
molecular and electron beam pulse, and the sub-
sequent crossing of the laser photodissociation
pulse with the mass-filtered ionization volume.
We have described many of the experimental
details in previous work [6—8,16]. The molecular
beam time-of-flight (TOF) mass spectrometer is a
conventional design consisting of differentially
pumped source and ionization chambers. In this
work, we employed the following expansion con-
ditions: Approximately 4% CHsl in 25 psi Ar,
500 pm nozzle diam., 2 cm nozzle—skimmer dis-
tance, and 400 ps pulse width. At 10 Hz opera-
tion, the ionization chamber pressure increased to
about 2 x 107". The TOF mass spectrometer in
Fig. 1 consists of the Wiley and McLaren three-
grid ion optics configuration [17] (with 1cm
spacing) and a 1 m field-free drift tube. We use
the symbols V0—-V4 as a label for each grid in
Fig. 1 and to represent the value of the DC
voltage applied to each grid. Typical values are
0, 1500, 1500, 1400, and 1430 V, respectively.
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Fig. 1. Schematic of the crossed molecular—electron—laser beam ion optics assembly. Thermionic emission from a hairpin filament on grid V4 is
the source of the electron beam. An electron pulse is gated on by P3. After ionization, the low mass filter (LMF) is activated by P1. The final
pulse P2 reverses the direction of the remaining ions. Laser excitation L follows, and the parent and fragment ions are sampled in the time-of-
flight mass spectrometer (TOFMS). The laser pulse L is shown for two different relative delays.

We note that the ionization region between V1
and V2 is nominally field-free and that the nega-
tive field across V3—V4 prevents electrons from
exiting the filament region.

The basic principle for operating a three-grid
ion optics assembly as a tunable low mass filter
(LMF) is shown in Fig. 1 [7,8]. An electron pulse
is admitted to the ionization region by applying
the P3 pulse (typically 40 V, 0.4 us) to grid V3.
Following ionization, the P1 pulse (typically 20—
80V, 1-4 us) is activated creating a negative
field across V2-V3 that accelerates ions in a
direction away from the detector. The lighter
masses, which travel at higher velocities, are
the first to exit the extraction region through the
lower grid. After an appropriate time, the nega-
tive field gradient is reversed as P1 turns off and
the P2 pulse is turned on. Ions above a threshold
mass value are turned around and accelerated
toward the detector in the usual manner.

A series of mass spectra, illustrating the opera-
tion of the LMF, is presented in Fig. 2. A normal
mass spectrum of (CH;I), is plotted in Fig. 2(a).
Operation of the LMF results in a TOF mass
spectrum that is free of signal from ions below
an adjustable threshold mass value m (Fig. 2(b)).
The cutoff mass is adjusted by varying the P1
voltage and when necessary the duration. A
mass spectrum for a specific mass can be
obtained by taking the difference spectrum for
different settings of the threshold mass value.
An example is given in Fig. 2(c) showing only
dimer signal. The photodissociation of the
selected higher ion masses produces lighter

fragment masses that are detected against a
zero background. The difference signal for
(CH;l)5 with photolysis laser on gives a cluster
size specific photofragment mass spectrum (Fig.
2(d)).

The electron ionization (EI) energies were
calibrated against the known EI thresholds of
He to He* and Ar to Ar* and Ar*% The electron
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Fig. 2. Photodissociation of mass-selected (CH3I)5 at 595 nm.
(a) 30 eV electron ionization mass spectrum of (CHjsl), clusters.
(b) The LMF rejects ions below mass 200 amu to give spectrum
S(200). (c) The difference spectrum for LMF thresholds of 350 and
200 amu shows the presence of dimer cation peaks only. (d) The
corresponding difference spectrum in the presence of laser photo-
lysis (595.2 nm, 35 mJ per pulse, unfocused). The deflector voltages
were adjusted to enhance the detection of larger clusters in these
spectra and in Figs. 3 and 6.
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energy resolution depends on maintaining field-
free condition throughout the ionization region.
The V2 potential was trimmed to compensate for
the VO ground grid penetrating V1. This was
achieved by setting a 4 us delay between ioniza-
tion and ion extraction and measuring the drift of
He" out of the extraction region due to residual
fields. The V2 potential was adjusted with about
100 mV accuracy to minimize the He™ drift and
thereby maximize the detected ion signal. This
procedure ensures a field gradient across the
molecular beam of less than 50 mV.

The photodissociation pulses enter the
chamber either unfocused or defocused so that
the beam diameter at the excitation region (3—
5 mm) can be closely matched to the overlap of
the molecular beam and the electron beam. Pulse
energies were varied from 1 to 40 mJ per pulse.
The range of excitation was 532—610 nm. Cation
excitation spectra are normalized to laser
intensity (unless otherwise indicated) and repre-
sent single traces at a scan rate of about
0.24 nm min~’, a pulse repetition rate of 10 Hz,
and an effective integrating constant of about
0.05 nm. The pulse sequence diagrammed in
Fig. 1 required external triggering of the laser
Q-switch in order to synchronize the laser pulse
to the EI ionization pulse, the LMF rejection
pulse, and the subsequent ion extraction pulse.

3. Results

The major dissociation channels for (CHsl),
cluster ions are summarized as follows:

(CH3I), — (CH3I),_, + m(CH;I) 1)
(CHsD); — I(CH3I),_; +CH; 2
(CH5I),; — I(CH;3l), + CH3 3
(CH;I); — CH3(CHsID),_; +1 4)

(CH3I),; — CH3(CH3I), +17 ®)

The designation m in reaction (1) does not neces-
sarily imply fully dissociated neutral monomer
fragments; some smaller neutral clusters could
occur. A less prominent pathway due to neutral
H atom dissociation is not treated here because
unit mass resolution was not achievable for the
cluster species using EI ionization. We also do
not distinguish whether the neutral fragments
shown above dissociate further, such as I(CH;l),
to I + (CH3l), or CH;3(CH;l), to CH; + (CH;l),.
Only ions are monitored in this work.

In the following subsections we provide
experimental evidence for the following conclu-
sions: For El/dissociation, reaction (2) is signifi-
cant for all n studied, reaction (4) is significant
only for n =< 2. Reaction (1) occurs for all n,
however, the extent of reaction is difficult to
measure. For A «— X photoexcitation of (CH;I);,
reaction (4) dominates for n=1 and is absent for
n > 1, being replaced exclusively by the inter-
molecular dissociation reactions (1).

3.1. Electron ionization/dissociation

Measurements of size-specific photodissocia-
tion of (CH3l), are described in Section 3.2 and
Section 3.3. Here, we present a study of (CH3l),
dissociation that occurs by variable energy elec-
tron ionization (EI) ionization. Although this
work does not allow filtering of specific cluster
sizes before dissociation, it is possible to obtain
considerable information regarding size-specific
dissociation by scanning the electron energy
through dissociative thresholds. There are two
other benefits to EI ionization of molecular
clusters that we find useful: (i) Unlike MPI, EI
ionization is a direct process; therefore, fragment
ions that appear in mass spectra can be unam-
biguously assigned as ionic cluster reactions
and not neutral cluster reactions that get subse-
quently ionized. (ii) EI excitation is tunable over
a wide range of energies, thus accessing higher
electronic states of the ion. These results greatly
assist in the analysis of the resonance photo-
dissociation work that follows.
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Fig. 3. El ionization mass spectra of (CH;I), clusters as a function of
electron energy. The extent of fragmentation, particularly for CH;
loss, decreases with electron energy. Interestingly, the relative
intensities with n are insensitive to electron energy over this energy
range, indicating that they approximate the true cluster size
distribution.

The EI/TOFMS of (CH;I), clusters, presented
in Fig. 3, reveal some of the prominent (CHsI);
ion cluster reactions that occur as a function of EI
energy. The lack of an active mass filtering tech-
nique for EI and dissociation precludes assigning
size-specific parentage to reactions that produce
ion fragments common to all cluster sizes 7, such
as I" and CHjJ in reactions (3) and (5), and, to
some extent, fragments from reaction (1). Reac-
tions (2) and (4), on the other hand can be iden-
tified with specific values of n with greater
confidence. The measure of relative intensities
for all observed dissociation channels allows
one to sort out multiple routes to the same
mass. This turned out to be fairly unambiguous
for (CHsl), dissociative ionization, especially
since the cluster distribution decreases rapidly
with size. In the present case, the ion intensity
for successively larger (CH3l);, clusters decreases
by a factor of 3—-5. (The deflector plate voltages
were adjusted to enhance the signals of larger

clusters in Fig. 3). The reaction time was alco

varied by delaying the ion extraction field with
respect to the ionization pulse.

3.1.1. (CH3l), — I(CH;l),_; + CH;

The demethylation of (CH;I), is the most pro-
minent cluster reaction according to Fig. 3. The
relative intensities in Fig. 3 attest to the strong
dependence on EI energy. These measurements
also do not vary with delayed ion extraction, indi-
cating that the reaction is faster than metastable
(i.e., k> 100 ns™") for all cluster sizes and EI
energies. Previous studies have indicated that
the CH; + I" dissociation correlates with a
lower excited electronic state B that is either
repulsive or has a shallow minimum (Fig. 4),
and that this may be the channel for production
of I" [9,18]. However, more recent work [14],
and the results to follow indicate that the B
state undergoes rapid radiationless decay to the
A state, which correlates with CH3 + L. An inter-
esting feature in the relative reaction cross-
section measurements is the enhancement of
product observed for dissociative ionization of
trimer cation in Fig. 3.
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Fig. 4. Energy diagram for CH;I" electronic states and dissociative
limits. The dotted lines are previously reported correlations that are

unsubstantiated by experiment.
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3.1.2. (CH3l), — CHj3(CH;l);,_; +1

The monomer (n = 1) dissociation to give
CH3 + I has an energy threshold less than that for
the reaction yielding CH; + I" (12.24 eV vs.
12.87 eV, respectively, above the neutral ground
states) [9,14]. Although the neutral I atom disso-
ciation is extensive for monomer parent ion, the
results of Fig. 3 indicate that this reaction
becomes insignificant in cluster species. A
small yield of CH3z(CH3l),_; is apparent for
n = 2 at high excitation energy, but is essentially
non-existent for n» > 2. It is interesting to
speculate whether a cage effect is involved.

3.1.3. (CH3l), — (CHjl),_; + CH3l

The study of intermolecular dissociation (or
evaporation) is not ordinarily reliable without
some form of mass selectivity because the parent
and fragment cluster ion signals overlap in con-
ventional mass spectra. Nonetheless, the results
we present here are informative in so far as the
relative ion signal intensities M,_;/M}, shown in
Fig. 3 are fairly insensitive to EI energy for a
wide distribution of cluster sizes n. Intermol-
ecular dissociation is usually recognizable by a
distribution that shifts to smaller cluster sizes
(i.e., increasing M, i/M;) for increasing EI
energy. The extent to which this shift occurs,
generally correlates with the cluster ion binding
energy.

The production of I3(CH;I),_, was observed in
lower abundance than that observed by Garvey
and coworkers [19]. A likely explanation is that
our cluster distributions are weighed toward
smaller clusters, and our electron ionization
energies are less. We observed proportionately
more I3(CHsl),, at higher electron energies.
There is also the possibility that some ionization
occurs by an intracluster Penning ionization
involving Ar [20]. However, this mechanism is
expected to be minor, since we observe no
(Ar),,(CH;]);, and the EI spectra are essentially
the same for Ar and He carrier gas. Apparently
our expansion conditions are warmer than those
obtained in other work [19,20].

3.2. CH;I" and (CH;l); photodissociation
excitation spectra

The relevant electronic states of CH;I™ and of
the photofragments for this study are summarized
in Fig. 4. EI populates a distribution of the lower
electronic states of (CH;l);. Photodissociation
measurements in this work involve the resonant
single-photon transition A 2E1,2 — X 2E1/2. The
A ’E,, is predissociative for excitation above
the CH3("A,) + I(°P3,) dissociative limit of the
X state. For monomer CH;I " this threshold occurs
at about 595 nm, as evidenced in Fig. 5(a). An
extensive study of this excitation region has been
reported by Walter et al. [14]. The CH;I"
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Fig. 5. Resonant ion dissociation spectra of (CHal); for A ’Ep —
X 2E,, excitation. (a) Monomer cation spectrum. CH3 fragment
mass detected against a zero background under LMF mode. The
vibrations (v;, v, v3) correspond to symmetric C-H stretch,
umbrella, and C—I stretch, respectively. (b) Cluster ion spectrum,
dominated by n=2, measured by ion loss of (CH3I)3 and ion
formation of (CH;I)".
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excitation spectrum consists of a series of narrow
lines corresponding to excitation of the umbrella
(v2) and C-I stretch (v3) modes.

A «— X photoexcitation of (CH3l); and larger
cluster ions resulted primarily in intermolecular
dissociation. There was no evidence of C—I bond
breaking that is so prominent for CH;I* monomer
photodissociation. The photofragment excitation
spectrum of (CH;I)3 in Fig. 5(b) was recorded by
detecting parent (CH;I); (ion dip) and fragment
CH;I" (ion formation). The latter spectrum was
normalized to the laser intensity 7;(N\). The sharp
resonant photodissociation features observed for
the CH;I" excitation spectrum in Fig. 5(a) are
absent for the (CH;l)3 excitation spectrum. A
broad, mostly structureless, spectrum is observed
that extends well beyond the low energy limit for
one-photon dissociation of monomer CH;l to
CH; + L. At these longer wavelengths the inter-
molecular dissociation is the only energetically
feasible dissociation. However, at shorter wave-
lengths, the energetically allowed C-I bond
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Fig. 6. Photodissociation of (CH;I); at 532 nm. The LMF rejects ion
masses below the dimer cation, [S(200)]. Fragment spectra are
shown for different photolysis pulse energies. Fragment ions of

same mass as parent ions may be offset from overlapping by varying
the delay between P2 and L (see Fig. 1).

dissociation, which is prominent for the mono-
mer CH;l (Fig. 6), is essentially quenched in
favor of intermolecular bond dissociation.
Apparently, the weaker intermolecular bond dis-
sociates preferentially and leaves insufficient
internal energy in the monomer fragment ion
CH;l to dissociate the C—I bond. The dimer
cation excitation spectrum in Fig. 5(b) exhibits
a broad structure (for CH;I" photofragment
detection). The spacing is about 275 cm™,
which closely matches the »; C-I stretch fre-
quency in the cation A state [14]. However, this
assignment is tentative because the signal-to-
noise ratio is low, the laser power wavelength
dependence is not smooth, and the structure
should be more complicated, in analogy to the
monomer spectrum in Fig. 5(a). The apparent
sharp structure in the (CH3l); ion dip spectrum
in Fig. 5(b) could not be reproduced and, there-
fore, is concluded to be noise.

An attempt was made to measure the vibra-
tional distribution in the CH3I* fragment for
(CH;I)3 photodissociation by monitoring CH3
fragment by the two step scheme (CH;I)} + Av
— CH;I*(v) and CH;I%(v) + hv — CH3. These
single laser pulse experiments, however, failed to
reveal any significant appearance of CH3, indi-
cating that the dimer photodissociation lifetime is
not less than the laser pulse duration of 5 ns.
Interestingly, the measured lifetimes for C-I
bond cleavage in CH3lI (about 100 ns) [14] are
not significantly longer than the cluster inter-
molecular bond lifetimes. Hence, one might at
first expect to see evidence of C—I bond break-
ing in the cluster ion photodissociations. The
complete absence of this channel is consistent
with a cluster ion predissociation mechanism
in which the rate limiting step is radiationless
decay to vibrationally excited levels of the
ground electronic state, followed by a inter-
molecular dissociation that is considerably
faster than C-I bond dissociation. Studies of
the A to X radiationless transition would be very

helpful toward understanding these dynamics
[21.22].
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3.3. Size-specific cluster ion photodissociation

In this section, we present results leading to
determinations of the cross-sections for A «— X
excitation in the cluster ions and elucidation of a
two-photon (or multiphoton) channel that
becomes prominent at high laser pulse energy
(see Section 4). An instructive way to obtain
general information about cluster ion photodisso-
ciation is to simply compare cluster ion mass
spectra with and without irradiation. Our size-
specific results are presented shortly, however,
the 532 nm photodissociation results in Fig. 6,
in which we filter out ions below mass 200,
provide useful guidelines. We have taken the
additional step of delaying the photodissociation
pulse from the ionizing EI pulse in order to
distinguish photofragments from ionization frag-
ments of the same mass (Fig. 6(b)). The spectrum
in Fig. 6(c) reveals the increase of photoproduct
signal and the corresponding decrease in parent
jon signals. By this simple means, a number of
interesting observations can be made:

1. The only cluster ion photodissociation that
occurs is cleavage of the intermolecular bond

(CH31); — (CH3D), - +m(CHsI)

2. The relative cross-section for intermolecular
photodissociation, as measured by the M, _i/
M;, increases with 7.

3. The initially formed cluster ion fragments
I(CH;I),; do not absorb or photodissociate in
the 580—600 nm region.

The photodissociation mechanism from speci-
fic parent cluster ions are not easily derivable
from spectra such as Fig. 6. The tunable low
mass filter (LMF) provides a convenient means
of unraveling the chemistry of cluster ions. This
method removes successively larger parent clus-
ter ions prior to photodissociation. The difference
between successive mass spectra provides the
photofragment spectrum for a specific parent
cluster ion. In the following we establish the
possible values of m for specific values of n as

well as identify one- and two-photon dissociation
channels.

A means for studying photodissociation from
specific cluster ion sizes was illustrated in
Fig. 2 for (CH;I);. Photodissociation by resonant
595 nm pulses gives rise to the intermolecular
dissociation CH;I" + CH3l as seen in Fig. 2(d).
Interestingly, as explained above, the prominent
monomer cation dissociation CH;I* — CH; + I”
is not observed in the dimer cation. The LMF of
successively larger values of cluster ion sizes n
reveals that CH;I" is also produced by one-
photon absorption in the dimer and trimer, but
only by two-photon absorption in tetramer and
pentamer [8]. Photofragment cluster ions are
also produced from larger cluster ions. Measure-
ments were made of fragmentation of specific
parent cluster ions of size n to cluster ion frag-
ments of size n—m. The intensity of the fragment
signal was recorded as a function of pulse energy
(and converted to photon flux) and the results are
presented in Figs. 7-9 for n = 2—4, respectively.
Generally, a linear dependence on laser power

Flux (1017 photons/cmz)

0.0 1:5 3.0 4.5 6.0
- - . - - . :
6.0 - (CH,l),” + hv photolysis &
S CHJl'+CH] @ ®

Relative ion intensity

0.0 10.0 20.0 30.0 40.0

Pulse energy (mJ)

Fig. 7. Mass-resolved photodissociation of (CH;l); at 595.2 nm.
Dependence of fragment ion signal on laser pulse energy and photon
flux.
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Fig. 8. Mass-resolved photodissociation of (CH3I)3 at 595.2 nm.
Dependence of fragment ion signals on laser pulse energy and
photon flux. First order equations are fitted to the linear parts of
the data.

was observed indicating a one-photon dissocia-
tion. However, deviations of this behavior were
observed for trimer cations. The cluster ion inter-
molecular photodissociation pathways are sum-
marized in Table 1.

4. Discussion
4.1. Photodissociation cross-sections

By adjusting the laser beam diameter to
exactly overlap the ionization volume for
Table 1

intermolecular photodissociation pathways for (CHsl); —
(CH3I),_n + (CH3l),

n m

2 1 1-photon

3 1,2 1-photon

4 1 2-photon
23 1-photon

5 1 2-photon
234 1-photon

Flux (10" photons/cm?)

0.0 1.5 3.0 4.5 6.0
T T T T T T T

(CH,l),” + hv photodissociation

6.0 - . |
- (CHil), +CHJ D

— (CHal),” + 2(CH;l)

— (CHal)™ + 3(CH;l)

5.

Relative ion intensity

0.0 10.0 20.0 30.0 40.0
Pulse energy (mJ)

Fig. 9. Mass-resolved photodissociation of (CH3I)Z at 595.2 nm.
Dependence of fragment ion signals on laser pulse energy and
photon flux. The nonlinear behavior for the CH;I" fragment signal
is fitted to a sum of first and second order equations. The curve is for
illustrative purposes only.

producing parent cluster ions, it is possible to
determine the photodissociation cross-sections
from ion dip measurements of the parent cluster
ion signal. We use the equation

L =exp(-oF)
Iy

where I and I are the parent cluster ion signals in
the presence and absence of the photodissocia-
tion pulse, ¢ (cm?) his the photodissociation
cross-section and F (photons cm ™) is the photon
flux. At the highest photon flux levels (around 5 x
107 cm ™2, see Figs. 7-9), we observed a maxi-
mum parent cluster ion depletion of about 25% at
595 nm and 50% at 532 nm. The photodissocia-
tion cross-sections measured for (CH;I); are
(595 nm) = 6 x 10™? cm? and (532 nm) = 1.7
x 107® cm?. The photodissociation cross-section
increases slightly with cluster size. We observed
about a 50% greater cross-section at n =35 for 595
and 532 nm excitation. The error limits on the
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absolute values quoted are estimated to be about
a factor of two, mostly due to uncertainty in the
overlap of the laser beam with the ionization
volume.

4.2. Multiphoton dissociation

Walter et al. achieved efficient 1 + 1 resonant
two-photon pumping of the A «— X and B — A
transitions in recording photofragment excitation
spectra of CH3I" monomer cation [14]. Our
cluster ion photodissociation results also show
evidence of two or more resonant photon absorp-
tion. In the Walter et al experiments, the 1 + 1 two-
photon photofragments from the presumed B state
were the same as the one-photon photoproducts
from the A state, namely I + CH3. These investi-
gators reasoned that the B state undergoes rapid
radiationless decay to the A state and, therefore,
should have the same final chemistry. The two-
photon dissociation in the cluster ions leads only
to intermolecular dissociation, despite the higher
excitation energy relative to the one-photon exci-
tation. So although cluster ions dissociate differ-
ently than monomer ions, the chemistry does not
change in going from the one-photon to the two-
photon level. This is consistent with the previous
notion that the B state decays rapidly to the A
state.

The one- and two-photon dissociations of
(CHsl), cluster ions lead to different fragment
cluster ions. These are summarized in Table 1.
To try to understand the mechanism, we examine
the energetics of the dissociations more closely.
The C-I bond energy for neutral and ionic
methyl iodide are 2.3 eV [23] and 2.73 eV [15].
The intermolecular cluster bond energies are
more difficult to estimate. Vaida and coworkers
estimate a neutral dimer bond energy of about
0.25eV [24]. The dimer cluster ion, to our
knowledge is not known. However, we estimate
it to be about 1eV for the following reasons:
ion—neutral bonds are much stronger than
neutral—neutral bonds due to ion-induced dipole
interactions. The (CH3I); dimer ion core has

Table 2
Rough estimates of the relative energies for cluster ion photo-
dissociation

(CH;])3 photodissociation Relative energy (eV)

(CH:I)3 + CH;I (6a) 0.75
CH,I* + (CH5), (6b) 1.50
CH,I* + 2CH;l (6¢) 175

(CH;]) photodissociation Relative energy (eV)

(CH3I)3 + CHl (7a) 050
(CH;I)3 + (CHa), (7b) 1.00
CH,I* + (CH5); (7c) 175
CH,I* + 3CHJI (7d) 225

covalent character due to a three-electron, two-
center interaction (3e,2c) [25]. Although, there
are many studies of (3e,2c) bonds in ionic solu-
tions, we draw from our experiences in studying
the gas-phase (CH;3SCH3)3 dimer cation, which
has a (3e,2c) bond strength of about 1 eV [25,26].
Finally, the stepwise binding energies (CH;l); —
(CH;I),_; + CH;lI are not known. These will lie
between the ionic and neutral dimer bond ener-
gies. For convenience, we estimate that these
energies are 0.75 eV for n=3 and 0.50 eV for
n=4. From these simple considerations, we
obtain the estimates of the energetics for disso-
ciation of (CH;I), in Table 2.

An inspection of Figs. 7-9 reveals that multi-
photon effects become evident at about 4.5 x 10"’
photons cm™. This is not evident for (CH3I)}
because there is only one possible dissociation
limit. For trimer and tetramer cluster ions, the
different possible product channels give added
sensitivity to observing multiphoton channels.
For trimer cation dissociation, one observes a
region of linear increase in the (CH;I); and
CH;I" signals with photon flux, followed by an
apparent two-photon contribution that increases
the latter fragment at the expense of the former.
At 595 nm, the photon energy available for
dissociation is 2.08 ¢V and 4.16 eV for one-
and two-photon excitation. All channels for
trimer cation dissociation in Table 2 [reactions
(6a)—(6c)] are accessible at the one-photon
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level, however, two-photon absorption would
change the branching ratio by enhancing the
yield of the higher energy dissociation channel,
as is observed. For tetramer cation dissociation,
the strongest signal is for (CH3I)3 fragment rather
than the lower energy (CH;l)3 fragment. This
result strongly suggests a single-bond cleavage,
rather than an evaporation of two CHjl mol-
ecules. The CH;I" photofragment shows a strong
higher-order dependence on photon flux. The
dependence of signal on photon flux does not fit
well to a binomial equation, suggesting possible
multiphoton absorptions or some complicated
path, possibly involving some absorption by frag-
ments (see below).

The question whether the second photon is
absorbed by the cluster ion before dissociation
or fragment cluster ions that further dissociate
is answered by our dimer cation results. The
(CH;l); photodissociation results showed that
the CH3I" fragment could not be dissociated,
indicating that parent cluster ion dissociation
takes place on a timescale that is not less than
the 5 ns laser pulse. If this trend holds for larger
cluster ions, then the multiphoton absorptions
take place in the parent cluster ions.

5. Summary

In this work we have presented a study of the
size-specific photodissociation of (CH;I);, cluster
ions. The main conclusions are summarized as
follows:

1. For El/dissociation, reaction (2) is significant
for all n studied, reaction (4) is significant
only for n = 2. Reaction (1) occurs for all #,
however, the extent of reaction is difficult to
measure.

2. For A — X photoexcitation of (CH;I), , reac-
tion (4) dominates for n=1 and is absent for
n > 1, being replaced exclusively by the inter-
molecular dissociation reactions (1).

3. The photofragment excitation spectrum is

well-resolved for CH3I* but is essentially
structureless for (CH3I)3.

4. The photodissociation cross-sections measured

for (CH3I)3 are 6(595 nm) = 6 x 10" cm? and
0(532nm) = 1.7 x 107 cm® These values
increase moderately with n and are about
50-100% larger at n=>5 than at n=2.

5. Efficient resonant multiphoton dissociation

occurs for (CHsl), photodissociation; how-
ever, the higher energy electronic state, pre-
sumed to be B, still leads only to
intermolecular bond breaking, but shedding
additional CH;l units.
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