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Photodissociations af-, m-, andp-iodotoluene radical cations were investigated by using Fourier-transform

ion cyclotron resonance (FT-ICR) spectrometry. lodotoluene radical cations were prepared in an ICR cell by a
photoionization charge-transfer method. The time-resolved one-photon dissociation spectra were obtained at
532 nm and the identities of/&;" products were determined by examining their bimolecular reactivities
toward tolueneads. The two-photon dissociation spectra were also recorded in the wavelength range 615-670
nm. The laser power dependence, the temporal variation, and the identities'ofi€e examined at 640 nm.

The mechanism of unimolecular dissociation of iodotoluene radical cations is elucidated: the lowest barrier
rearrangement channel leads exclusively to the formation of the benzyl cation, whereas the direct C-I cleavage
channel yields the tolyl cations that rearrange to both benzyl and tropylium cations with dissimilar branching
ratios among-, m-, andp-isomers. With a two-photon energy of 3.87 eV at 640 nm, the direct C-I cleavage
channel results in the product branching ratio, [tropylium cation]/[benzyl cation], in descending order, 0.16 for
meta> 0.09 forortho > 0.05 forpara.

Keywords : FT-ICR, Time-resolved photodissociation, lodotoluene, Tolyl cation, Product-resolved photodis-
sociation.

Introduction of the iodotoluene radical cations and studied the structures
of CG;H7" by ion-molecule reactions with toluedg- The

Unimolecular dissociations of iodotoluene radical catibns one-photon dissociation (1PD) at 532 nm leads to channel Il
have attracted much experimental interest for the elucidatioonly for bothm- and p-isomers, whereas the two-photon
of the mechanism of ;" formation!?* lodotoluene dissociation (2PD) at 640 nm selects channel | predominant-
radical cations with a few eV internal energies dissociate tdy for the o-isomer. The propensity of isomerization of tolyl
C;H7" with a loss of iodine. A number of studies have cations were assessed by comparing the product branching
focused on the dissociation kinetiésas well as the struc- ratios, [tropylium cation]/[benzyl cation], obtained from this
tures®° of C;H;* from electron impact (EI) or chemical work with the channel branching ratios, [channel [)/[channel
ionization of iodotoluenes. The two-channel picture currentdl], reported elsewher¥.
ly accepted for these dissociations is as follows: The direct

C-I bond cleavage, denoted channel |, produces tolyl Experimental Section
cations® whereas the lowest barrier rearrangement, denoted
channel Il, yields the benzyl catiéhThermochemical thre- Our FT-ICR setup for the studies of time-resolved photo-

sholds for channel I, estimated from the recommendedissociation (TRPD) spectroscopy and bimolecular reac-
values for heats of formation of tolyl catiolfisare 2.11, tivity was previously described in det&if*
2.24, and 2.41 eV foo-, m, and p-iodotoluene radical In brief, the iodotoluene radical cations were prepared in
cations, respectively. The activation barriers for channel Ithe ICR cell by a photoionization-charge-transfer (PICT)
are determined to be 1.77, 1.88, and 1.90 e\fan, and  method!® First, GDsCDs;* was produced from two-photon
p-isomers, respectively. ionization (2PI) of toluenés by the 266-nm output of a

In spite of a wealth of information about the kinetics andNd:YAG laser. A 3-mm diameter laser beam was used
energetics of the system, the propensity of isomerization afinfocused with a laser power of ~2 mJ/pulse. Because the
tolyl cations to the benzyl cation and/or to the tropyliumionization potential (IP) of toluene, 8.83 ¥\s greater than
cation has not been well established. All the previoughe IPs of iodotoluenes, 8.58, 8.56, and 8.43 e\ofom-,
structural studies did not separate partial contributions fronandp-isomers' respectively, exothermic charge-transfer (CT)
each channét®®In this work, we have differentiated the two reactions of @DsCDs;* with iodotoluenes yielded iodo-
competing dissociation channels by energy-selective excitatiolmluene radical cations. The parent ions then underwent both
radiative relaxation and thermal charge-exchange collisions
SThis paper is dedicated to K.H. Jung on the occasion of his retiravith parent neutrals for 2 s before photolysis. Thus, the
ment. PICT process rapidly prepares thermalized parent ions at the
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housing temperature (2C).* The parent ions were then Table 1 The dissociation rate constants of théodotoluene
optically excited by the 532-nm output of another Nd:YAG radical cation as a function of time delay from EI

laser or by a tunable dye laser .with the output in the ime delay (s) Berma(€V)  Temperature k(s
wavelength range of 615-675 nm with DCM dye pumped by

. : . .33+0. 480 + 2 21
the Nd:YAG laser. The photolysis laser beam was 2 mm in 0.05 0.33+0.03 80 +20 3210
. 0.5 0.30+£0.01 460 £ 10 2210
diameter and the laser power was 1-3 mJ/pulse for 1PD at
532 nm and ~10 mJ/pulse for multiphoton dissociations in 1.0 0.27£0.01 440+ 10 1510°
P P 3.0 0.25+0.01 425 +10 1210

the 615-670 nm wavelength range. The rapid internal
conversion transformed the deposited photon energy into the
internal energy, which resulted in vibrationally hot ions. Thetherefrom. The solid lines drawn in Figure 1 represent the
temporal appearance oft&;" was monitored by scanning a best-fit curves using the convoluted ICR signal equation.
20-us ICR detection burst on resonance with the ICRThe average rate constants for 1PD at 532 nm at 293 K are
frequency of GH;". The precise timing of photolysis pulse 4,300 + 300, 890 + 60, and 850 + 100 fr o-, m-, andp-
with respect to the ICR detection pulse was monitored by #&@dotoluene radical cations, respectively. They are comparable
fast photodiode. The structures ofHz" from 1PD at 532 to the previously reported values of 7,356, 1,775, and 1,150
nm and 2PD at 640 nm were identified from their bimole-s® for o-, m, and p-isomers at 375 K, respectively, by
cular reactivities toward toluerdg- A 20-s reaction time Dunbar and co-workef$The two independent measurements
was allowed after photolysis to ensure the completion oshow the descending order of rate in going framo to
ion-molecule reactions. para, however, there is discrepancy in the order of mag-
All chemicals were purchased from Aldrich Inc. and usednitude. Our values are smaller than the previous experi-
after several freeze-pump-thaw cycles. The background prenents. We ascribe the discrepancy to the difference in ion
ssure was below 90107 torr. Gaseous iodotoluene and temperature between the two experiments. To test the effect
tolueneds were guided separately into the ICR cell and theirof electron impact (El) on the ion temperature, we carried
partial pressures were kept at a constant ratio of 2:1 in theut TRPD thermometry experiments with fhisomer. The

10"8torr range, respectively. ion temperature was determined from the rate-energy curve
as a function of time delay from a 16-eV electron beam
Results and Discussion pulse. Results are summarized in Table 1. The 1PD rate

decreases with time and reaches a steady state. This result

One-photon dissociation at 532 nmPhotodissociations confirms that El produces vibrationally hot ions that undergo
of o-, m, andp-iodotoluene radical cations were examined radiative relaxation, but the radiative heating by hot filament
at 532 nm. Figure 1 shows the TRPD spectra. All threeeps the ion temperature modestly Hitjfhe ion temper-
isomers show non-zero interceptstat0. The intercept ature was ~425 K, even after 3 s delay from El.
increases with the laser power, indicating that the product Photodissociation in the 615-670 nm wavelength range
ion signals within the first 2Qis result from multi-photon The PD yield spectra were obtained in the 615-670
processes. Thus, the laser power was adjusted in such a wagvelength range and plotted in Figure 2. Bothand p-
to make the 1PD dominant. The TRPD signals were analyasomers exhibit almost identical appearance thresholds at
ed by using the ICR signal equation convoluted with a~ 670 nm, while therisomer shows a significant PD signal
truncated Boltzmann distribution for the internal energy ofat 670 nm. These thresholds imply that there are optically
the parent iof® The average rate constant was derivedbright excited states accessible by one-photon around 1.85
eV for all three isomers. The present spectra are in good
agreement with the PD spectra reported by Dunbar and co-

10- e O workers with photodissociation onsets of 1.8 eV for all three
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Figure 1. TRPD spectra of iodotoluene radical cations at 532 nm.
The solid lines represent the best-fit curves to the convoluted ICF
signal equation. Figure 2. Two-photon yield spectra of iodotoluene radical cations.
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Figure 4. TRPD spectra of thg-iodotoluene radical cation at 640

1.0
F nm.

isomer. Thus, the 17" signal within the first 2Qus must
result from at least two-photon process. The subsequent
CsHs" signal at high laser power is presumably derived from
the sequential dissociation of the iodotoluene radical cations
via G;H7*. If CsHs™ were the vinylcyclopropenyl cation as
suggested by Freiset al,'® thermochemical thresholds to
give GHs" + GH; + | would be 3.65, 3.81, and 3.78 eV for
the o-, m, andp-iodotoluene radical cations, respectively.
Because the two-photon energy of 3.87 eV at 640 nm barely
meets these thresholds, the formation gH{ by two-
photon absorption does not kinetically compete with that of
C;H;" having the rate of £a10’ s™. To produce an appreci-
able amount of €s* as shown in Figure 3 at high laser
power, at least three photon processes should take place.
0-11L : : B 16 Therefore, we conclude that theHz" signal is indicative of
Laser Power (mJ) three-photon process, while theHz" signal in the absence
of GsHs* results mainly from two-photon process. The
difference in the laser power dependence of product spectra
among three isomers may be related to the difference in the
rate of internal conversion that affects the overall rate of
isomers:**® The laser power dependence was examined aio-photon absorption.
640 nm, where all three isomers display comparable PD Structures of G;H7" products. In 532-nm photolysis, the
yields as shown in Figure 2. Results are shown in Figure 3C;H;" products formed within the first 2(s were ejected
All three isomers reveal almost identical slopes of 0.7-0.8ut by applying an ejection radio-frequency pulse au20
for the total product ion intensity as a function of laserafter photolysis, because they were derived from at least
power. These slopes suggest the saturation of one-photdwo-photon process. The rest ofHz solely from 1PD was
absorption. As the laser power increases$jsCappears in  tested for their chemical reactivities toward toludgnehn
addition to GH;", however, their yieldgary with isomers:  640-nm photolysis, the laser power was adjusted to increase
CsHs' starts appearing from the, andmrisomers at ~11  the 2PD signal of &1;" while suppressing the 3PD signal of
and ~3 mJ/pulse, respectively, but negHE appears from CsHs" below the detection limit, and alk87;" products were
the p-isomer even at 20 mJ/pulse. The temporal appearan@nalyzed. It has been well known that the benzyl cation
of C;H7" was examined at 640 nm with low laser power.undergoes reactions 1-3 with tolueshewhereas the tropy-
Figure 4 shows the appearance curve fronptisemer. All lium cation remains unreactivé!®
C;H7" products appeared within the first g8, suggesting N N
the PD rate greater than 219 Other isomers exhibited CHr + GDsChs - 00— CDCDLCH,™ + GHD (1)
almost identical appearance curves as that opisemer.  C/H;" + GDsCDs 00 - CeDsCD;" + GH:D (2)
Because one-photon energy of 1.94 eV at 640 nm is ju + N
above the channel Il activation barrier of 1.90 eV forgthe ReD:CD;" + GD5CD5 10 -+ CDCADLCD; + G ()
isomer, the 1PD rate is expected to be much less than*100 sTable 2 summarizes the product branching ratio, [tropylium
On the other hand, the 2PD rate with a 3.87-eV internatation]/[benzyl cation], obtained from this work and the
energy is expected to be in the range G§1W s for thep- channel branching ratio, [channel I)/[channel I1], for 1PD at
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Figure 3. The laser power dependence of photodissociatiéns o
iodotoluene radical cations at 640 nm.
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Table 2 The channel branching ratios, [channel I]/[channel II], andreleases 1.76, 1.63, and 1.46 eV excess energies in channel |
the product branching ratios, [tropylidiffibenzy!], of iodotoluene  for o-, m, and p-iodotoluene radical cations, respectively.
radical cations On the other hand, the 1PD at 532 nm provides 0.22 and
0.09 eV excess energies in channel | dorand m-iodo-
toluene radical cations, respectively. para, the channel |
threshold is greater than the one-photon energy at 532 nm.

1PD at 532 nm 2PD at 640 nm
[ch [/[ch 1N [tr*]/[bz*] [ch 1)/[ch 2 [tr*]/[bz"]

&'pzo?lluene 3/51/3'2 (;/1950 2% 2 fé ?827 When compared with theory, if the H-atom migration is the
fHiodotoluene only mechanism of isomerization of the tolyl cations, we
p-iodotoluene 0/100 0/100 77/23 4/96

should not have detected the tropylium cation from both
1PD of theo-isomer at 532 nm and 2PDrof andp-isomers
at 640 nm. Moreover, the formation of the tolyl cation itself
532 nm and 2PD at 640 nm estimated from the RRKM ratefrom channel | has been firmly established as evidenced by
energy curved!® When channel Il was selected by photo-the ion-molecule reaction with dimethyl etheThus, to
lyzing m and p-isomers at 532 nm, all 8;" products account for our results as well as others, the more elaborate
reacted away, indicating the benzyl cation structure. Whemechanism than the H-atom migration needs to be
channel | was selected by photolyzing tisomer with two  considered. Further theoretical investigations are called for.
photon at 640 nm, a few percent ofHZ" remained
unreactive, indicating the presence of the tropylium cation.
These tropylium cations must be derived from the isomeri-
zation of tolyl cations produced from channel I. The product In unimolecular dissociations of iodotoluene radical cations,
branching ratios obtained in this work are in qualitativethe lowest barrier rearrangement channel Il leads exclusively
agreement with those reported by Jackestoal® using El in  to the formation of the benzyl cation, whereas the direct C-I
an ICR cell. Because the channel branching ratio is availeleavage channel | yields the tolyl cations that isomerize to
able as a function of internal energy, the isomerizatiorboth benzyl and tropylium cations with dissimilar branching
branching ratio of the-, m, p-tolyl cations are derived. ratios among-, m, andp-isomers. The isomerization of tolyl
They are 0.089, 0.16, and 0.055 for, m-, and p-tolyl cations involves more than H-atom migration in the mechanism.
cations, respectively. Results are given in Table 3. Acknowledgment S.K.S. acknowledges the partial support
The present result with iodotoluene radical cations providfrom the National Science Foundation Young Investigator
es direct evidence that channel | leads to the tolyl cationdward (CHE-9457668) while at UCSB, the National Research
that isomerize to both tropylium and benzyl cations, and.aboratory Program of Korea Institute of Science and
confirms our previous conclusion with bromotoluene radicalTechnology Evaluation and Planning, and the Brain Korea
cations that channel Il leads predominantly to the benzyRl Program.
cation. However, the mechanism of isomerization is still
elusive. Recent theoretical work at a B3LYP/6-31G(d,p)
levef° presented activation barriers of 1.08 eV for the H-
atom migration from the-tolyl cation to benzyl, 1.17 eV for
the rearrangement of thetolyl cation to tropyliumvia 2.
benzyl, 1.96 eV for the isomerization of timegolyl cation to 3.
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