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We have carried out a systematic study of the 248 nm excimer-laser photodissociation of small 
methyl iodide clusters in a free jet expansion. Ground electronic state 12 is formed from the 
photolysis of methyl iodide dimers and detected via the laser induced fluorescence (LIF) 
excitation spectrum of the (B-X) transition. The internal energy of the 12 is approximately 2.5 
kJ/mol and is the same for CH31 seeded in CO2, Ar, Xe, O2, and He, as well as for the neat 
expansion and deuterated sample. A room temperature flow cell experiment shows that the 
reaction channel 1* + CH31 --+ 12 + CH31 does not contribute to the measured 12 signal. The 
results strongly imply that a cluster-induced cooperative effect is responsible for the 12-
producing chemistry. 

INTRODUCTION 

A recurring theme in chemistry is the attempt to control 
a reaction by selectively breaking a chemical bond to yield 
products. Many new technologies and experimental meth­
ods have been employed in such an approach and many ele­
gant experiments have been carried out. 1.2 The cases of suc­
cessful control have been largely limited by a rapid loss of the 
initial excitation through intramolecular processes. Recent 
experiments by the groups of Crim,3 ValentinV and Zare5 

offer much promise in this direction, however. A different 
approach towards chemical control is achieved through the 
use of clusters and van der Waals (vdW) molecules. These 
systems provide a degree of control, albeit governed by the 
potential surfaces of the molecules involved, over the initial 
orientations, collision energies, and impact parameters of 
reaction species. They also provide the ability to simulate 
reactions from gas phase to condensed phase in a controlled 
manner so that new products may be produced. 

The reaction of clusters or vdW molecules can differ 
significantly from that of two isolated molecules since sever­
al new effects may be introduced.6 In a cluster or a vdW 
molecular complex, molecules or atoms other than the reac­
tants can act as a catalyst by introducing extra terms in the 
reactive potential. Also, in such a system, the presence of a 
"solvent" can relax restrictions due to momentum and ener­
gy conservation laws, and new channels for products may be 
opened. The existence of a solvent can give rise to an increase 
in the effective density of states of the reacting complex, 
lengthening its lifetime and allowing relatively complicated 
processes to occur. In addition, the aligning effect of the 
intermolecular potential may also change the reaction pat­
tern, perhaps leading to a new chemistry. Finally, it is possi­
ble that more than one reaction takes place, i.e., an endother­
mic reaction that is energetically prohibited may be initiated 
by an exothermic reaction. It is not surprising that the study 
of the reaction dynamics in small clusters has been a rapidly 

A, NSERCC University Research Fellow. 

growing field. 7
-

10 Other approaches to "solvation control" 
of chemical reaction are also fruitful, as the Polanyi group!! 
has demonstrated. They observed Br2 and Cl2 as the prod­
ucts of a photoinitiated reaction: 2HX - H2 + X2 (X repre­
sents Br or CI) taking place on LiF surfaces, which may act 
as catalyst by aligning the HX molecules. 

Due to the difficulties in determining cluster size distri­
butions unambiguously, many such studies have focused on 
ion-molecular clusters. 1z For instance, the Lineberger 
group13 has performed picosecond time-resolved measure­
ments of the photodissociation and recombination dynamics 
of Iz- interacting with a specific number of COz molecules in 
mass selected I; (COz) n clusters. For neutral clusters, two 
types of experimental methods have been used. One scheme 
for initiating reactions in the cluster is to electronically ex­
cite an atom inside the cluster. Soep and co-workers lO have 
used this method to investigate the electronic and geometric 
effects for several reactions of electronically excited mercury 
atoms HgC PI) with Clz and Hz. Another scheme for such 
studies is to dissociate a molecule inside the cluster and then 
allow the radical to react with other molecules present in the 
cluster. With this method, first described by Wittig and co­
workers,8 the scope of photochemistry is expanded dramati­
cally. Recently, the Zewail group14 has extended femtose­
cond-transition-state-spectroscopy (FTS) method to the 
real-time probing of reactions in clusters. The experiments 
by the Wittig group15 and those ofSoep16 are aimed at under­
standing entrance channel effects and the importance of or­
bital alignment and orientation on reactivity. Other ex peri­
ments 17

•
18 have detected Sz from photoexcitation of (OCS)z 

and (CSz)z using mass spectrometric detection. 
Fragment angular and internal energy distributions 

may give one insight into the detailed dynamics in the disso­
ciation process. For example, the Sz product of (OCS)z pho­
tochemistry at 222 nm has been probed using laser-induced 
fluorescence detection; 19 the S2 internal state distributions 
are the same as those produced in the unclustered species: 
SeD) + OCS-S2 + CO, indicating that the reaction dy­
namics are the same in the two cases. This is not always the 
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case, however; the reaction between energetic H atoms and 
N20, photoinitiated in HX· N20 clusters, IS gives rise to dif­
ferent product state distributions and branching ratios than 
do the unclustered reactions. Likewise, the "end-on" colli­
sion of H with CO2 results in a much lower reaction proba­
bility than the "broadside" attack. IS 

Although there are numerous studies on the photodisso­
ciation of the methyl iodide monomer,2° few such studies 
have been carried out for its clusters. There have been two 
reports of 12 product formation from methyl iodide cluster 
dissociation, following excitation of the "A " band of the 
monomer. Sapers et al. 21 first observed 12+ from 248 nm 
excitation of small CH31 clusters via time-of-flight mass 
spectrometry. However, they could not establish the origin 
of the 1/ unambiguously. More recently, Syage and Stead­
man22 have reported picosecond, two-color multiphoton 
ionization spectroscopy and electron-impact ionization 
studies of the same system at 266 nm. They determined neu­
tral cluster chemistry to be the origin of the 1/ signal and 
proposed that after absorption of one photon by CH31, a 
methyl group is ejected and immediately abstracts a second 
methyl, forming ethane and 12 in a concerted process. There 
has also been one study ofCH31 cluster dissociation follow­
ing excitation ofthe first Rydberg state of the monomer near 
200 nm. Wang et al.23 observed several anti-Stokes transi­
tions OfI2 in a resonance Raman experiment on small CH31 
clusters. They measured the relative intensities of the anti­
Stokes peaks and obtained an estimated vibrational "tem­
perature" of 925 K. 12 was proposed to be the product of 
reaction between spin-orbit excited 1*, formed via dissocia­
tion of one of the CH3I units, and an adjacent CH31. 

This article is an extension of our earlier report24 on the 
laser-induced fluorescence (LIF) OfI2 produced in the pho­
todissociation of methyl iodide clusters. We describe here 
systematic measurements of the internal energy distribution 
in the 12 product of (CH31) 2 and (CD31) 2 photodissociation 
using a variety of carrier gases in the free jet expansion. Com­
bined with the result of a room temperature flow cell experi­
ment, a consistent picture of the photodissociation dynamics 
of methyl iodide clusters emerges. We suggest that some 
form of cluster-induced new chemistry is responsible for the 
12 product. 

EXPERIMENT 

A detailed description of the experimental setup can be 
found elsewhere.24 The experiment is a two laser, pump and 
probe arrangement, in which the pump laser photolyses 
methyl iodide clusters, and the probe laser detects 12 via a 
laserinduced fluorescence (LIF) spectrum of the B-X tran­
sition. CH31 clusters are generated by supersonic expansion 
from a commercial 0.2 mm diameter pulsed nozzle. The va­
por pressure of methyl iodide is varied by changing the bath 
temperature of the CH31 reservoir. The pump laser, a weakly 
focused KrF excimer laser operating at 10 Hz, and the probe 
laser, a 20 Hz Nd:YAG pumped dye laser, enter the reaction 
chamber from opposite directions, intersecting the molecu­
lar beam about 20 nozzle diameters down stream from the 
nozzle throat. The typical delay time between the two lasers 
is 30 ns. Typical excimer laser pulse energies used are 1-2 

mJ. 12 fluorescence excited by the probe laser is collected in a 
fiber optic bundle and transmitted through a colored glass 
filter to a red-sensitive photomultiplier detector, whose sig­
nal is averaged in a boxcar averager and sent to a lab comput­
er. The boxcar is operated such that its averaged output rep­
resents the signal due to both lasers firing minus the signal 
due to only the probe laser firing. The CH31 from Kodak and 
the deuterated sample (99.5 + at % D), purchased from 
Aldrich Chemical Company, Inc., are used as obtained. All 
carrier gases are Matheson research grade and used directly 
from their cylinders. 

A detailed description of our flow cell experimental set­
up is also found elsewhere.2s The flow cell is typically kept at 
a pressure of 500 mTorr using a 50 ftl fmin mechanical 
pump. Under these conditions, the gas in the cell is pumped 
out completely between the 20 Hz laser pulses. The lasers 
and electronics are operated in the same configuration as the 
jet experiment. Several experimental parameters are varied 
to search for 12 signal. The delay time between the pump and 
the probe lasers is tuned from 30 ns up to 10 f..Ls, long enough 
to allow many collisions between species in the cell. Cell 
pressures up to 100 Torr and excimer laser energies from 0.5 
to 10 mJ are also used. 

RESULTS 

Our earlier results are summarized in Figs. 1 and 2. 12 is 
observed promptly after the pump laser fires. Figure I shows 
LlF spectra of 12 from 591 to 596 nm as a function of the 
delay time between the two lasers. The band heads of the 
(10,0), (12,1), (14,2), (16,3), (18,4) vibronic bands of the 
BeIIou+) ..... X( l~t) transition bands appear near 591.5 

nm; and those of the (9,0), (11,1), (13,2), (15,3), (17,4) 
bands at around 595.7 nm. For these runs, room tempera­
ture CH31 is seeded in Ar at a stagnation pressure of 660 

(a) 

~~\Mi~~~~!fr(I~~~~~ 

(c) 

1fflI~~~"i'~iijW~WW!,itl~ 
591 592 593 594 595 596 

Wavelength (nrn) 

FIG. 1. LIF spectra as a function of the delay time between excitation and 
probe, t:.t. CH3I is seeded in Ar and the total stagnation pressure P tot = 660 
Torr. (a) t:.t = 10 ns, (b) t:.t = 30 ns, (c) t:.t = l,us. 
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FIG. 2. LlF intensity as a function of excitation laser pulse energy. CH3I is 
seeded in He, P ,,,' = 1300 Torr. 

Torr. Signal is observed at 10 ns following the excimer laser 
trigger, peaks at around 30 ns and drops monotonically with 
time to about 1/3 of the peak level at I fls. Since the excimer 
laser has a pulse width of - 15 ns and the dye laser one of 8 
ns, it is clear that within our experimental time resolution 12 
is born instantly after 248 nm excitation. Under the condi­
tions prevailing in the expansion, we estimate (vide infra) 
that at least 1-3 f.is are required for reactive collisions to 
occur between even highly energetic species in the jet. There­
fore the prompt 12 signal cannot be the result of reactions 
which involve monomer dissociation fragments, and must be 
due to the photodissociation of clusters. 

The relation between the excitation laser pulse energy 
and the intensity of the 12 signal is depicted in Fig. 2. The 
signal intensity shown is the signal at 592 nm (peak) minus 
the signal at 591.5 nm (background). The clear linear de­
pendence of LIF signal on excimer pulse energy suggests 
that 12 is born in a one-photon process. The requirement that 
both lasers be fired to generate any emission indicates that no 
electronically excited 12 is being produced. 

Figure 3 shows representative spectra OfI2 in the 591-
596 nm spectral range for CH31 seeded in various different 
gases. These spectra are taken with room temperature CH31 
(P = 350 Torr); the total stagnation pressure is about 1300 
Torr. We have tried nine different carrier gases: He, Ar, Kr, 
Xe, CO2, O2, N2, SF6, and freon-14 (CF4 ), Rather interest­
ingly, no 12 is detected using either SF 6 or CF4 as the seeding 
gas. However, this may not be due to any influence they have 
on CH.lI cluster photochemistry, since expanding 12 with 
these gases also results in no LIF signal. For all other seeding 
gases, the spectra are not noticeably different as a function of 
the gas used. The shape of the spectrum is also independent 
of the nozzle diameter (between 0.2-0.8 mm), and the total 
stagnation pressure. The intensity of the signal is a linear 
function of the total stagnation pressure in the range 100-
1600 Torr using both He and Xe as carrier gases. These re­
sults indicate that the 12 signal is not due to the dissociation 
of (CH 3I) m . Xn clusters, where X is the seeding gas. 

591 592 593 594 595 596 

Wavelength (nm) 

FIG. 3. Representative spectra measured with different seeding gases, (a) 
He, (b) O 2, and (c) Xe. 

In order to quantify the methyl iodide cluster sizes of 
importance, we measure the 12 signal intensity as a function 
of the CH31 vapor pressure. The total stagnation pressure is 
regulated at 1250 Torr while the reservoir temperature, and 
hence the methyl iodide vapor pressure, is varied. Figure 4 
shows the results corresponding to the vapor pressure range 
35-400 Torr ( - 30 to 25°C). In this figure again the signal 
intensity shown represents the signal at 592 nm (peak) mi­
nus the signal at 591.5 nm (background). The dashed line 
through the points is a quadratic function ofCH31 pressure. 
The inset shows a log-log plot of the low pressure region 
( PCH,I < 100 Torr). The slope of this plot is 2.04, indicating 
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FIG. 4. LlF intensity of 12 as a function of the vapor pressure of CH 1. The 
seeding gas is He and the total stagnation pressure is regulated at 1300 Torr. 
The dashed line represents a quadratic fit to the data below 120 Torr. The 
inset is a log-log plot ofthe same data below 120 Torr; the slope of the line is 
2.04. 
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that it is the methyl iodide dimers which are most important 
to 12 generation. At vapor pressures above about 100 Torr, 
the 12 signal intensity shows no further increase with increas­
ing pressure. This may be because the formation of larger 
methyl iodide clusters is parasitic on the dimer fraction pres­
ent in the expansion. These results are consistent with those 
of Sapers et af. 21 and of Syage et af. 22 Both report that 12 is 
first observed under conditions which favor CH3I dimer for­
mation. 

Figure 5 exhibits spectra OfI2 observed after photolysis 
of both deuterated and protonated methyl iodide samples 
measured under the same experimental conditions. Within 
our experimental signal-to-noise ratio, the spectra are identi­
cal, suggesting identical formation mechanisms for the two 
samples. 

Finally, we have attempted to measure the production 
OfI2 from the reaction of spin -orbit excited iodine, 1*, with 
CH31. For this experiment, neat room temperature CH3I is 
photolyzed at 248 nm in a flow cell arrangement. Molecular 
iodine has been observed previously in the flow cell photoly­
sis of 5-10 Torr CH3I using 193 nm excitation.26 In the pres­
ent experiment, however, no 12 product is observed under 
any pressure conditions. The CH3I pressure is varied from 
0.5-100 Torr and the pump/probe delay from 30 ns to 10 ,us. 
The loss rate of 1* in collisions with CH31 is known27 to be 
(2.5 ± 0.4) X 10- 13 cm3 molecule- I S-I; under our condi­
tions we probe up to five time constants for 1* removal, at a 
number of total pressures. The lack of any 12 signal even 
under extreme conditions gives us confidence that 1* is not 
chemically quenched by CH31. This has been concluded pre­
viously.27 

DISCUSSION 

12 origin 

Our results show that 12 is formed from CH31 dimers 
and small clusters in a one photon process and that it is born 

591 592 593 594 595 596 

Wavelength (nm) 

FIG. 5. LIF spectrum of 12 from dissociation of CD3I dimers (a) in com­
parison with that ofCH3! dimers (b). The seeding gas is Heat P tot = 1300 
Torr. 

instantly ( < 10 ns) within our experimental resolution. Re­
cently, Syage and Steadman22 have reported that 12 is 
formed within 10 ps in the dissociation of CH31 clusters, a 
result which is consistent with ours. The short time between 
the excitation and the appearance of product eliminates any 
non-same-cluster related reaction channels. Specifically, 
these involve the reaction of photolysis products, CH3, I, and 
1*, with other CH31 molecules and clusters in the beam. As 
an example, if we assume that all the available energy from 
monomer photolysis goes into translation of the products 1* 
and CH3, the 1* has 0.2 eV of translational energy, corre­
sponding to a velocity of 5.3 X 104 cm/s. At 20 nozzle diame­
ters downstream, and with 1400 Torr stagnation pressure, 
the mean free path in the beam is -3 X 10-2 cm. Therefore, 
the minimum time required for collisions between 1* and 
any other species in the jet (90% He) is 500 ns, too long to 
form any 12 within 10 ns. Although the CH3 fragment moves 
much faster, it is still too slow to collide with other potential 
reaction partners within such a short time under our beam 
conditions. This rules out the possibility that CH3 reacts 
with CH31 . I, which might be produced by the dissociation of 
a dimer or larger clusters. 

A simple kinetic analysis of the dimer formation reac-
tion 

indicates that the formation of dimer should depend quadra­
tically on methyl iodide concentration, and linearly on that 
of the third body. Figure 4 shows a clear quadratic depend­
ence of the 12 signal on methyl iodide partial pressure up to 
-120 Torr; its dependence on He or Xe is linear (at 
P tot < 1600 Torr). At values p(CH31) greater than -120 
Torr, the 12 LIF signal becomes approximately constant. We 
attribute this to the growing importance of higher clusters in 
the expansion under these conditions-12 may still be 
formed in such a cluster, but the fluorescence signal is rapid­
ly quenched by the CH31 neighbors. We conclude that the 
important species for 12 generation from methyl iodide clus­
ters in the low pressure regime is the methyl iodide dimer 
(CH31}z. This does not imply that the dimer is the sole, or 
even the most important cluster present, only that the dimer 
is strongly implicated as the precursor ofI2. Supporting evi­
dence is that apart from their intensity, the spectra of 12 
measured using both low (-35 Torr) and high (-400 
Torr) methyl iodide partial pressures are identical, implying 
a common origin. At a total stagnation pressure above about 
1600 Torr a quadratic dependence of LIF signal on total 
pressure is observed. This may be due to the participation of 
mixed clusters, such as (CH31) 2' X, where X is the seed gas. 
However, there is no marked difference in the observed 12 
spectrum under these conditions. 

12 internal energy distribution 

To analyze the 12 internal energy distributions, we have 
carried out spectral simulations of the B 3ITo.+ -X I~/ 

transition. The simulations use the 12 molecular constants 
given in Huber and Hertzberg28 and J-dependent Franck­
Condon factors, given by Tellinghuisen.29 To test the simu-
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lation, we can compare a predicted spectrum with an experi­
mentally measured one, with known internal state distribu­
tion. Figure 6 displays a LIF spectrum of 12 measured in a 
room temperature cell and a simulation, with Tyib 

= Trot = 300 K and an effective resolution of 0.5 cm -I. 
Five ground state vibrational levels and 300 rotational 

levels are included in the simulation of the photolytically 
generated 12, In order to reduce the number of unknown 
parameters, both the vibrational and the rotational distribu­
tions are assumed to be Boltzmann, each with a defining 
temperature. Extensive experimentation on the effects of the 
vibrational and the rotational temperatures on the appear­
anceofthe simulated spectrum shows that the relative inten­
sity of the bandheads at ~ 591.7 nm to those at 591.9 nm is a 
sensitive function of the vibrational temperature and that the 
"steepness" of the shading of the band to the red is governed 
almost entirely by the rotational temperature. We use this 
insight to model the experimental spectrum which results 
from (CH31)2 photolysis. Figure 7 displays the 12 spectrum 
shown in Fig. 5(a) as well as a simulated spectrum with 
Tyib = Trot = 150 K. Varying either or both of these tem­
peratures within the range 150--200 K results in similar spec­
tra, though not quite as good a match to experiment. Outside 
that range, the simulations appear quite different from the 
measured data. We conclude that insofar as the 12 may be 
characterized by separate Boltzmann distributions in vibra­
tion and rotation, the internal energy distributions are well 
approximated using a "temperature" of - 150 K in each 
degree of freedom. This corresponds to a total internal ener­
gy of about 2.5 kllmol for the 12 product, which is less than 
the energy disposal reported by Wang et al.,23 who report 
- 3.8 kllmol in vibration alone. However, the experiments 
are performed at different excitation wavelengths, and ac­
cess different electronic states of the CH31 monomer. 

591 592 593 594 595 596 

Wavelength (nm) 

FIG. 6. (a) LIF spectrum ofI2 obtained in a room temperature flow cell 
experiment. (b) Simulated LIF spectrum of 12 with T<Ot = 300 K, 
T"b = 300K. 

591 592 593 594 595 596 

Wavelength (nm) 

FIG. 7. (a) LIF spectrum Ofl2 from dissociation ofCH31 dimers. (b) Simu­
lated LIF spectrum OfI2 with Trot = 150 K, T,;b = 150 K. 

Reaction dynamics 

The timing of the appearance of 12 rules out all but a 
same-cluster reaction mechanism. We now discuss the possi­
bility that 12 is formed in methyl iodide dimers as a conse­
quence of the dissociation of one CH3I unit into 1* + CH3, 

followed by a chemical reaction between 1* and the remain­
ing CH31. This reaction is slightly exoergic, unlike the corre­
sponding reaction with ground state I atoms; the total ener­
gy available, including translation imparted by the 
photolysis, is -20 kllmot. This probably represents an up­
per limit to the energy, since it ignores vibrations in the CH3 
photofragment; as well Loo et al.30 report observing slower 
1* from the photolysis of CH3I clusters than from mon­
omers. 

Although energetically possible, this reaction has not 
been unambiguously seen in the unclustered environment. 
There have been several measurements of 1* quenching by 
CH31. 27,31 The total quenching rate constant is reported to 
be 2.5 X 10- 13 cm3 molecule-I S-1 at 300 K for the follow­
ing channels:27 

1* + CH31-CH31 + 1 

t.lH~oo = - 92 kllmol 

1* + CH31-CH3 + 12 

t.lH~oo = - 4.2 kllmol, 

(A) 

(B) 

and decreases with increasing temperature. The mechanism 
for the protonated molecule is attributed exclusively to an 
electronic to vibrational energy transfer into a manifold of 
acceptor states in CH3I, i.e., channel (A); and not 1* loss via 
chemical reaction (B). 27 The temperature dependence of the 
quenching implies that it is even less efficient at the higher 
collision energies available to photolysis products. The re­
sults of our cell experiment confirm that (B) is an unobser­
vable channel under our conditions. 

It is possible that 12 is produced from reactions of high 
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kinetic energy ground state I, perhaps produced in the E­
V,R,T relaxation of 1*. To consider the likelihood of this 
mechanism, it is helpful to compare our experiment with 
those of the reverse reaction CH3 + X2--CH3X + X, where 
X is I, Br, and Cl. In an early crossed molecular beam study 
by McFadden et al.,32 at a 4.6 kcal mol- I collision energy 
the CH3I product was predominantly backscattered into 
0_150° with a small cross section for the reaction, about 0.5 
to 5 A 2. Similar results were obtained for all CH3 + X2 reac­
tions. In another study of the reaction CH3 + Br 2 and Cl2 by 
Kovalenko and Leone,33 about 50% of the exoergicity ap­
peared in product vibration, and the reaction rate was en­
hanced considerably by an increase in the translational ener­
gy of CH3. These studies suggest that there is an "early" 
barrier in the reaction and the energy release to CH3X is 
"mixed.,,34 This means that for the reverse reaction, 
I + CH3I -> 12 + CH3, there will be a late barrier, implying 
that translational energy alone will be ineffective at over­
coming the endoergicity. 

For the deuterated sample, it has been reported27 that 
the total depletion rate of 1* [reaction (A) and (B)] is 
4.8 X 10- 13 molecule- I 

S-I at 300 K. This rate is 2 orders of 
magnitude lower than that of the protonated sample and 
represents an upper limit to the reaction rate in the deuterat­
ed methyl iodide. Therefore, if the 12 is formed from the 
reaction 1* + CH31 occurring in methyl iodide dimer, we 
expect to see a dramatic difference in the signal intensity 
between these two samples. However, this is not the case: We 
observe identical signals for CH31 and CD3I samples. This 
further indicates that this reaction channel is not followed. 

The difference between the reaction 1* + CH3I 
-> 12 + CH3 in a cell and in a cluster might be rationalized if 
we assume a "late" barrier on the reaction coordinate. This 
barrier could be overcome by dimer formation if, when 1* is 
born from the dissociation of a monomer unit in the cluster, 
it is already on the product side of the barrier, allowing the 
reaction to proceed. Such a picture is consistent with studies 
of spin-orbit effects in reactions involving halogen atoms 
with hydrogen halides and halogen molecules35 

X+HY--HX+ Y, 

X + YZ -- XY + Z . 

These studies show that the lower spin-orbit state is more 
reactive, both in the H atom and the halogen atom transfer 
reactions in most cases. Generally, the spin-orbit excited 
state of the reactants correlated with the excited states of the 
products; reactions giving ground state products, if they oc­
cur at all, must follow a nonadiabatic pathway, which gives 
rise to an effective barrier to the reaction. 

Such a barrier seems unlikely in the present case. Figure 
8 displays a schematic correlation diagram for I, 
1* + RI -> 12 + R, where R is a structureless fragment with 
symmetry 2 A ' in the Cs point group. The symmetry labels are 
those of the double group, as exploited for Hund's case (c) 
molecules by Husain. 36 This diagram is strictly true for the 
HI2 system, but is not expected to be significantly different in 
the present case. The important features to note are that the 
spin-orbit excited state of iodine correlates to electronically 
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FIG. 8. Correlation diagram for the reaction I, 1* + RI - 12 + R, where R 
is a structureless fragment with symmetry 2A '. 

excited 12 and that there are no avoided crossings which 
could make ground state 12 accessible. 

The correlation diagram certainly explains the very low 
reactivity of 1* in the unclustered environment. If ground 
state 12 is formed via reaction between 1* and CH31, the 
cluster must somehow induce a nonadiabatic transition to 
the single reactive potential energy surface. This is certainly 
a possibility, but it leaves open the problem of the expected 
ineffectiveness of translational energy alone to promote the 
reaction with ground state iodine atoms. However, if this 
does take place, one would predict two different methyl 
translational distributions: one "hot," arising from the ini­
tial photolysis, and a second, "cold," from the 1* + CH31 
reaction. This difference could provide a means to test the 
postulated mechanism. The observed energy disposal into 
rotation and vibration of the 12 fragment becomes/int -0.12 
if we assume this mechanism. This is somewhat smaller than 
that reported for other I-atom transfer reactions,37 such as 

ICH3 K,(Ba,F) + ICF ->KI(Bal,FI) + CH3 , 

3 

in which/int (XI) -0.2-0.5. It would be of interest to mea­
sure the translational energy distribution in the 12 product as 
well. 

Another possible mechanism for 12 formation in this 
system is some form of "cooperative chemistry," in which 
interactions in the cluster change the fundamental photo­
chemistry. If the CH31 cluster is thought of as the chromo­
phore, then it could, in principle, have quite a different pho­
tochemistry than its constituent monomers. This is true for 
instance in the (N02)2 system, in which N 20 4 is a photoche­
mically distinct species. The potential energy surface in the 
excited state could be changed such that the monomer excit­
ed states are coupled to form new, mixed "exciplex" states. 
Although this type of coupling could be quite weak, a funda­
mental difference might be achieved; new bonds could result 
in the excited state species. 

In fact, such a cooperative effect has been reported in 
matrix studies.38.39 Abrash and Pimentel38 have reported ex-
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periments which study the wavelength dependence of the 
photochemistry of HI· C2H2 complexes in solid krypton. 
Photochemical reactions are induced at wavelengths at 
which neither monomer absorbs. The authors of Ref. 38 at­
tribute this result to new properties of the six-atom system, 
which they call the supramolecule. Moore and Andrews39 

report a study of the oxidation of phosphorus (III) halides in 
solid argon by long wavelength photolysis of its complex 
with ozone. They conclude that "the complex markedly in­
creases the cross section for red photodissociation of ozone 
and suggest that this increase is due to the complex effective­
ly lowering the barrier to dissociation by providing a strong­
ly exothermic dissociation-recombination process.,,39 In 
this vein, it is also interesting to note that Br 2 and Cl2 are 
observed as products of a photoinduced four-center reac­
tion: 2HX ..... H2 + X2, taking place on LiF surfaces. 11 In this 
case, the LiF surface might somehow act as a catalyst by 
introducing a cooperative interaction between the HX units. 
Very recently, Buntine et al.4o have reported "slow" H2 
product molecules in an experiment probing the reaction 
H + HI ..... H2 + I. They suggest that the slow H2 might be 
due to HI cluster photolysis, with a mechanism perhaps sim­
ilar to that presented above. 

These results all suggest that a cooperative chemistry 
occurring in clusters as small as the dimer is not impossible. 
This chemistry would involve the processes 

(C) 

and 

(CH31)2-+C2H6 + 12 , (D) 

These are exoergic by - 140 and - 520 kJ Imol, respectively, 
assuming a dimer binding energy of 12 kJ/mol.41 Our ex­
perimental result of very "cold" rotational and vibrational 
distribution of the 12 product could be consistent with a four­
center concerted reaction, such as that shown in reaction 
(D). Although ground state four-center exchange reactions 
are forbidden by the Woodward-Hoffmann rules, the excit­
ed electronic state reaction is allowed. It will be of great 
interest to determine whether C2H6 is a product of the dimer 
photolysis. The only reported23 calculation of the dimer 
structure is similar to the crystal structure42 and predicts 
that the two iodines are not sterically hindered from reacting 
in this manner by the methyl groups. 

If this approach is correct, it implies that a remarkably 
small fraction of the available energy is channeled into the 12 
internal degrees of freedom. With 2.5 kJ/mol in the 12 prod­
uct internal degrees offreedom, less than 2% of the exoergi­
city appears as 12 internal energy in the CH3-producing reac­
tion; even less if ethane is the product. This is a very small 
fraction to appear in a reaction product containing a new 
bond. In order to establish whether this is reasonable for the 
present system we have performed a surprisal analysis, using 
a prior distribution for the 12 given by43 pOe Iv) = 21 
9(1 - Iv) 712. Thesurprisal plots ( - In [P(u)1 pO(u)] vslv ) 
are linear for both reactions (C) and (D), and yield slopes 
A. u = + 100 and + 400, respectively. Such large positive 
values imply a strongly nonstatistical disposal of the avail­
able energy into vibration. The same conclusion is reached 

on the basis of more realistic density of states ca1culations­
the 12 internal energy disposal is very much smaller than any 
statistical outcome would predict. 

It is possible that photoreactions of larger clusters also 
contribute to the 12 signal. In this case, the newborn (per­
haps very excited) 12 could suffer several collisions with the 
surrounding solvent cage, and be vibrationally and rotation­
ally deactivated. The energy lost by the 12 would go into 
evaporation of the surrounding methyl iodine molecules, 
leaving an internally cool, isolated 12 on the time scale of 
detection. However, our vapor pressure dependence results 
are strong evidence that the dimer is the dominant 12-gener­
ating species in the beam, at least in the low p (CH31) regime. 
Furthermore, spectra measured in the low methyl iodide va­
por pressure region (favorable for dimer formation) are the 
same as ones taken at higher vapor pressures where there is a 
greater possibility to form larger clusters. We interpret this 
as further evidence that 12 signal due to contamination from 
larger clusters is negligible. 

Partially due to the difficulties in quantitatively charac­
terizing cooperative interactions, this phenomenon has not 
yet been considered widely in photochemistry. We think that 
cooperative interactions could play an important role in re­
actions taking place in clusters, in a matrix and also on a 
surface. We hope this work will stimulate more exciting 
studies in this direction. 

CONCLUSIONS 

12 is formed in a one-photon excitation of methyl iodide 
clusters in a free jet expansion. The pressure dependence of 
LlF signal indicates that the 12 is first formed under methyl 
iodide dimer conditions. The rotational and vibrational en­
ergies of the 12 are each estimated to be 1.25 kJ/mol, ob­
tained through spectral simulations. This energy distribu­
tion is the same for CH31 seeded in CO2, Ar, Xe, O2, and He, 
as well as for neat expansions and for deuterated samples. 
The most reasonable mechanisms to account for the ob­
served 12 LIF signal postulates a cooperative effect intro­
duced by clustering, suggesting that a new chemistry occurs 
in the photodissociation of methyl iodide dimers. 
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