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We report a preliminary picosecond Stokes time-resolved resonance Raman investigation of the
initial formation and subsequent decay of the photoproduct produced following 267 nm excitation

of CH,CII in acetonitrile solution. Density-functional theory computations were done for several
probable photoproduct species. Comparison of these computational results and results from a recent
femtosecond transient absorption study to our present picosecond resonance Raman spectra indicate
that the iso-CHCI-I species is mainly produced and associated with t#60 nm transient
absorption band. The iso-GBI-I species appears to decay and form appreciable amounts of the
more stable iso-CH—CI species that is associated with-870 nm transient absorption band after

a few hundred ps. ©€2001 American Institute of Physic§DOI: 10.1063/1.1362178

I. INTRODUCTION ethane molecules. Polyhalomethanes are also of interest for
fundamental investigations of gas and condensed phase di-
Polyhalomethane molecules are of chemical interestect photodissociation reactiohs.>®
from several viewpoints. They are used as reagents in a num- Ultraviolet excitation of gas-phase polyhalomethanes
ber of reactions in synthetic chemistry like cyclopropanationusually leads to a direct carbon-halogen bond breaking
of olefins and diiodomethylation of carbonyl compoufds. —reactioris)."’~** Molecular beam anisotropy measurements
For instance, ultraviolet photolysis of GH or activation of ~Show these primary reactis typically occur in a time
CH,l, by a ZnCu) couple in the Simmons—Smith reaction MUCh IeYS?g_g]an the rotational period of the parent
has found utility to produce cyclopropanated products frommOIeCUIé ' and photofragment translational spectros-

H 18 22 23,2454
olefins with high stereospecificity and little competition from g?cr;}':ee)t(r?aet”trnzntzlf(;rtgrﬂz ri) Tg?rg m:r?td tc?ég” relzeives
C—H insertiont™ Polyhalomethanes like G, CH,Br,, Poly P 9 ypicaty

large amounts of internal excitation of their rotational and
CHBrl, CH,CII, CHBr5, and CHBECI have been observed iy ational degrees of freedom. Gas and solution phase reso-

in the troposphere in measurable quantities and are probabjynce Raman investigations for several polyhalomethane
important sources of reactive halogens in  themplecules showed that the direct photodissociation reac-
atmospheré®'® This has led to increasing interest in the tion(s) have multidimensional reaction coordinates and
atmospheric photochemistry and chemistry of polyhalom+ranck—Condon region dynamics that appear qualitatively
consistent with a semirigid radical impulsive description of
the photodissociation dynamié%:>°

aAuthors to whom correspondence should be addressed. Ultraviolet excitation, direct photoionization and radi-
PElectronic mail: phillips@hkucc.hku.hk olysis of CHl, in condensed phase environments leads to
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formation of characteristic absorption bands385 nm  cent femtosecond transient absorption study of the ultraviolet
(strong intensityand~570 nm(moderate intensity°~*"that  photolysis of CHCII in room temperature solution. We uti-
have been assigned to several different probable photoprodize the results of density functional theory computations for
uct species like trapped electrofishe CHyl, catiorf®*®or  several proposed photoproduct species and compare them to
the iso-CHI-I species®** Several femtosecond transient the experimental results to identify the two photoproduct
absorption experiments have been done to follow the formaspecies as iso-C}&l-I and iso-CHI-CI. Our ps experimen-
tion and decay of the photoproduct sped&s° Although  tal results indicate the iso-GBI-1 species is formed first
the three different femtosecond studies exhibited similar rewithin several ps via recombination within the solvent cage
sults with a fast rise followed by a fast decay and then by af the initially produced CHCI and | photofragments. The
slower rise, three different interpretations were given beiso-CH,Cl-I species then decays to form either the more
cause of their differing assignments for the photoproducstable iso-CH—Cl species or parent molecule via isomeriza-
species responsible for the 385 and 570 nm transient absorfion reactiorts).

tion bands*®%°A recent nanosecond transient resonance Ra-

man and density functional theory investigation demon-l. EXPERIMENT AND CALCULATIONS

strated that the iso-CHH-I species is mostly responsible for The experiments were carried out using a ps-8Rpa-
the intense~385 nm transient absorption bafidFurther ratus based on optical parametric amplifiéBPAY de-
picosecond time-resolved resonance Raman spectroscopy &tyiped in detail elsewherg Briefly, a 800 nm pulse gener-
periments (with ~1 ps resolution showed that the aed from a femtosecond Ti:Sapphire oscillator is amplified
iso-CH,l-I species is produced vibrationally hot within sev- from 2 to 3 mJ at 1 kHz in a regenerative amplifier. The
eral picoseconds and then subsequently vibrationally COO'éutput from the amplifier was frequency doubleda 2 mm
on the 4-50 ps time scatéWe proposed a qualitative gemi- type | BBO (B-barium boratgcrystal to generate the 400 nm
nate and/or near geminate recombination mechanism of ﬂ}?robe pulses which was also used to pump the OPA for
initially produced hot CH fragment and | fragment within generating the 480 nm probe pulses for3Tépectroscopy.
the solvent cage to give the hot iso-@HI photoproduct?  The 267 nm pump wavelength was the third harmonic of the
Many polyhalomethane molecules exhibit characteristiGegenerative amplifier. Typical pump and probe pulse ener-
transient absorption bands after ultraviolet excitation in congjes at the sample were5-15 uJ. The time resolution was
densed phase environmefits!’ A combination of nanosec- 1 ps as determined by the duration of the laser pulses
ond transient resonance Raman experiments and densitys FWHM). The ground and excited states of trans-stilbene
functional theory computations has begun to be used t@psorb in the region of the 267 nm pump and the 400 nm
clearly identify and characterize the photoproduct speciegand 480 nmprobe laser beams, respectively, and were used
that give rise to these transient absorption bands for a numop determine the time zero delay between the pump and
ber of polyhalomethanes containing iodine and bromingrobe laser beams in the ¥Bxperiments. The time zero was
atoms>*~*® Excitation of eitherA-band orB-band CHi and  established by adjusting the optical delay between the pump
CH,Brl produces the same iso-Ciand iso-CHI-Br spe-  and probe beams to a position where the depletion of the
cies, respectively>>* This suggests that the production of stilbene fluorescence was halfway to the maximum fluores-
iso-polyhalomethane species does not occur for a particulatence depletion by the probe laser. The time zero accuracy
transition and probably happens generally after ultravioletvas estimated to be0.5 ps. In order to use the laser beams
excitation ofn—¢* transitions localized on C—X bonds in more effectively in the TRexperiments and considering that
the condensed phase. The lifetime or stability of the isothe rotational reorientation dynamics are much faster than
polyhalomethane species produced can vary considerabtyie dynamics investigated in this study, parallel polarization
and this will likely affect the chemistry of these species. Weof the pump and probe laser beams was used rather than the
note that we could not detect any isomer species associatedagic angle polarization. The beams were focused to a spot
with CH,CII in room temperature solutions on the nanosecsize of around 10Qum in a jet with diameter~500 um.
ond time scal® although the iso-CkCl-I species was Scattered photons were collected at 90° using a parabolic
readily observed in low temperatu(@2 K) matrices®>** A aluminum mirror (f*=0.8, f=4 cm), dispersed in a triple
recent femtosecond transient absorption study for the ultrastage spectrograph and detected by a liquid nitrogen cooled
violet photolysis of CHCII in room temperature acetonitrile charge coupled devic€CD). Each spectrum presented here
solutions has been reportedThis study observed fast for- was subtracted from scaled probe-before-pump and scaled
mation of a strong band at 460 nm and a weaker bai@i0  net solvent measurements in order to eliminate ,CIH
nm that decayed with time constant 6fL00 ps. This was ground-state Raman peaks and residual solvent Raman
followed by formation of a new species that had a strongoands, respectively. Solvent Raman bands were used to cali-
band~370 nm(strong and~725 nm(weak. The first tran-  brate the spectra with an estimated accuracy-ab cm?
sient absorption bandst 460 and 710 ninwere attributed and=+20 cm ! in absolute frequency for the 400 and 480 nm
to formation of the iso-CHCI—I species which has a lifetime probes, respectively. The total acquisition time for each
~100 ps and the second transient absorpfan-370 nm at ~ spectrum at each time delay was about 100 min.
longer times was tentatively assigned to an 18pecies. CH,CII and spectroscopic grade acetonitrile solvent
In this paper, we report picosecond time-resolved resowere obtained commercially and used without further purifi-
nance Raman experiments to investigate the identity and foation. 1 liter of CHCII (5% 10~ 2 moldm %) samples were
mation of the two photoproduct species observed in the reprepared in acetonitrile. Into this solution was added several
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FIG. 1. Absorption spectrum of CEIl in acetonitrile solution with the Qo ' 150
pump and probe excitation wavelengtfis nm) for the picosecond time- £ !
resolved resonance Raman experiments shown above the spectra. “ !
M 70
strands of copper wire to absorb the photoproduct iodine.
During the experimental run the samples exhibited less thar
a few percent degradation as indicated by the ultraviolet
(UV) absorption spectra recorded before and after thé TR
measurement.
The GAUSSIAN program suitd G98W)*° was used for all
of the density-functional theory computations presented here
and the Sadlej-PVTZ4Sadlej tripled plus valence polariza- -10
tion) basis sets were usé8B3LYP (Becke three parameter

Hrrr——t—rrr T T T
with Lee, Yang, Parr functionplcalculations were done to 0 200 400 60O 800 1000 1200 1400 1600

find the optimized geometry and vibrational frequencies of Raman Shift (cm™)

the species examined. T|me-depend_ent _densﬂy-functl_on%IlG 2. Stokes picosecond time-resolved resonance Raman spectra of the
theory at the random phase approximation computationghotoproduct species produced from ultraviolet excitation of@Hin ac-
[TD(RPA)] were used to find estimates of the electronic tran-etonitrile solution. Spectra were obtained at varying pu{@§7 nm and
sition energies and oscillator strengths of the Speciegrobe(400 nm time delays(as indicated to the right of each spectjum

. tigat d31 Asterisks “*”" mark parts of the spectra where solvent subtraction artifacts
Investigated. are present.

Ill. RESULTS AND DISCUSSION

Figure 1 presents the ultraviolet absorption spectrum ofs likely formed vibrationally hot. Therefore, vibrational re-
CH,CII in acetonitrile solution. Figures 2 and 3 show the laxation will probably affect the Raman band intensities ob-
Stokes picosecond time-resolved resonance Raman obtainsdrved in the spectra of Figs. 2 and 3. Our previous investi-
for the photoproducs) following 267 nm photoexcitation of gation of the closely related photolysis of @kl in the
CH,CII in acetonitrile solution using 400 and 480 nm probe solution phase showed that the vibrational relaxation of the
wavelengths, respectively. The Raman spectra appear to ltially produced iso-CHl, photoproduct was essentially
composed of the fundamentals, overtones, and combinaticcomplete after 50—100 ps depending on the solvent ¥sed.
bands of several Franck—Condon active modes. Inspection dthus we expect that vibrational relaxation will have minimal
Fig. 2 shows that a Raman band 74 cm ! appears firstand  effects on the Raman band intensities observed after 100 ps
as it decays(between 3 and 500 psa new Raman band in Figs. 2 and 3 where the decrease of the first photoproduct
~207 cmi ! begins to appear at later timésetween 300 and Raman band intensity and the increase of the second photo-
2000 p3. This suggests that a second photoproduct species groduct Raman band intensity occurs.
formed following decay of the first photoproduct species. In order to identify the photoproduct species we per-
The 480 nm spectrum shown in Fig. 3 appears to be mainljormed density-functional theory calculations to find the op-
due to the first photoproduct species since most of the Raimized geometry, vibrational frequencies and electronic ab-
man band intensity decays by 300 ps and no Raman band s®rption transitions for the iso-GBI-I, iso-CHI-CI,
observed~207 cm L. Table | list the vibrational frequencies CH,CII™ cation, and CHCI radical species that might be
of the larger Raman bands as a function of pump—prob@roduced after 267 nm excitation of the sample. Table Il lists
delay time. The femtosecond transient absorption study donthe optimized geometry of these species found from B3LYP/
by Akesson and co-worketson the photolysis of CkCll in Sadlej-PVTZ computations. Table Ill compares the B3LYP/
acetonitrile solution indicates the initial photoproduct speciesSadlej-PVTZ computed vibrational frequencies for the prob-
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Delay time 3. Similarly, the CHCI radical has no low-frequency modes
(ps) below 200 cm* and can also be ruled out as the identity of
300 the first photoproduct species. Inspection of Table IV shows
that the computed electronic transition energies and oscilla-
tor strengths are consistent with the assignment of the first
photoproduct species to the iso-g&H—I species but not the
150 other species examined. A broad electronic transition around
the 453 nm position and 0.4932 oscillator strength computed
for the iso-CHCI-I species is consistent with our experi-
mental observation of the first photoproduct species using
0 both the 480 and 400 nm probe wavelengthtbeit with
differing intensitie. However, the computed electronic tran-
sition energy for the iso-CH—Cl species is considerably

>
E 30 blue shifted to~332 nm and is not likely to be observed in
FEJ the resonance Raman spectra obtained using 480 nm probe
= wavelength. Similarly, the computed electronic absorption
transition energy for the C}EII* cation is~489 nm with a
10 small oscillator strength of 0.0018 and is not likely to be

associated with the first photoproduct species that is more
clearly observable at 400 nm that at 480 nm. The,CH
radical has no singlet electronic absorption transition above
3 250 nm and can also be ruled out as the identity of the first
photoproduct species. Comparison of our experimental re-
sults for both the vibrational frequencies and the electronic

absorption transition observed in a recent femtosecond study
W\MW»‘WWWM‘\WMMMWW -10 at ~460 nnt’ clearly demonstrate that the first photoproduct
species is the iso-C}&I-I species. This is consistent with

0 200 400 600 800 1000 1200 1400 1600 the proposed assignment okésson and co-workeré Thus,
Raman Shift (cm ) we assign the vibrational fundamentals of the first photo-
FIG. 3. Stokes picosecond time-resolved resonance Raman spectra of tﬁ)erOdUCt species (iso-GRI-I) as follows: The 141 crpl
photoproduct species produced from ultraviolet excitation of@Hn ac-  fundamental to thevs C—Cl-I bend mode, the 174 cm
etonitrile solution. Spectra were obtained at varying pu@7 nm and  fundamental to thers Cl—I stretch mode, the 376 cmfun-
probe (480 nm time delays(as indicated to the right of each spectjum damental to thevg CH, twist mode, and the 724 cm fun-

damental to thes, CH, wag mode.

able photoproduct species to those of the experimental The.second photoproduct 'speclies that begins 10 appear
spectra for the fundamental bands. Table IV shows théS the first photoproduct species disappears in the 300-500

B3LYP/Sadlej-PVTZ computed singlet electronic transitionPS '€gion also has at least two low-frequency fundamental
energies and oscillator strengths for the species given if°des. The CkCl radical can thus be ruled out as the sec-
Tables 1l and IIl. ond photoproduct species. Since there appears to be at least
The first photoproduct species that appears after sever@/0 fundamental vibrational modes, this also rules out the
ps in the 400 and 480 nm probe spectra has four fundamentBPSSibilities of diatomic photoproduct species like the'ICl
bands at~141, 174, 376, and 724 crh (values from the 30 ion or ICI molecule. The CKCII™ cation does not seem too
ps spectrum in Fig.)2 These bands appear to have overtonedikely for the following reasons: The computed 379 ¢m
and/or combination bands with each other. The four fundamode is fairly far away from the experimentally observed
mental Raman bands exhibit good agreement with the com312 cm * Raman band, the computed electronic absorption
puted vibrational frequencies for iso-GEI—I but not the transitions are also far from the experimenté870 nm tran-
other probable photoproduct species shown in Table Ill. Fopient absorption band observed for the second photoproduct
instance, the~141, 174, 376, and 724 cm experimental species in a recent femtosecond stt%lya,nd the oscillator
vibrational frequencies agree better with the values comstrengths for the computed electronic transitions are rela-
puted for iso-CHCI-I (at 136, 194, 420, and 760 crh tively weak. The most likely candidate for the second pho-
respectively compared to those for iso-GH-CI (at 113, toproduct is the iso-Chi—Cl species if we assume the 312
236, 494, and 686 cnt, respectively. The first photoprod- cm~ ! Raman band in the experimental is a combination band
uct species clearly shows two low-frequencies Raman band¥ two lower frequency modes as was observed in the
at ~141 and 174 cm! that have a combination band303  iso-CH,CI-I species picosecond resonance Raman spectra.
cm . However, the CECII™ cation has only one low fre- This would give a~105 cm * fundamental frequency which
quency mode below 200 cthat ~191 cm * (see Table Ill  forms a combination band with the strong 207 ¢nfunda-
and can be ruled out as the species responsible for the firstental. The 105 cm' fundamental can be assigned to the
photoproduct resonance Raman spectra shown in Figs. 2 aiigb-CH,—-Cl computed 113 cm' g C—I—-Cl bend mode and
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TABLE I. Stokes resonance Raman band vibrational frequertiziesm™?) observed for the picosecond resonance Raman spectra shown in @€ 8m
probe wavelengthand 3(480 nm probe wavelengthThe solvent was acetonitrile for all of the spectra.

() 1so-CH,Cl-I and Iso-CHI-CI at 400 nm probe wavelength

Tentative Raman shiftin cm™)

vibrational

assignment 3 ps 10 ps 30 ps 70 ps 150 ps 300 ps 500 ps 700 ps 1000 ps 2000 ps
1s0-CH,CI-I
vg 152 141 141 140 150
Vs 172 171 174 170 176 172
v+ vgl2vg 287 299 303 311 301 314
Vg 396 376 383 389
I 721 724 725 722 725
V4t vg 879 886 885 884 877
vyt vst g 1059 1062 1057 1063
v4t+2vs+2vg 1373
2v, 1468

I1so-CH,I-ClI

Vs 211 207 206 211 213
vs+ vg 314 312 316 323 322
2vg 422 428 420 427 426

(b) Iso-CH,CI-I at 480 nm probe wavelength

Tentative Raman shiftin cm™%)
vibrational
assignment 3 ps 10 ps 30 ps 70 ps 150 ps 300 ps
Iso-CH,CI-I
Vg 162 151 145 146 146 156
Vg 192 177 177 180 178 188
vsvgl2vs 306 304 315 311
Vg 342 340 363 363
vy 717 719 720 725
vyt vs 884 899 898 898
vyt vs+ g 1039 1050 1056
Vot 2vs+ 2vg 1398 1377 1369
2v, 1446 1490 1477

the experimental 207 cit Raman band could be assigned to The assignment of the second photoproduct species to
the computed 236 cit vg I-Cl stretch mode. The iso-CH,I—CI gives rise to some interesting questions. How is
is0-CH,I—CI computed electronic transition position at 332 iso-CH,I-Cl formed? How is the C—CI bond broken? There
nm is reasonably close to the experimental transient absorpae two different probable scenarios for formation of the
tion band ~370 nm observed in the femtosecond iso-CH,I—-CI species. First, the initial 267 nm excitation of
experiment¥’ and the calculated oscillator strendth4008 CH,CII could give rise to both photodissociation of the C—I
for this transition is large. The B3LYP/Sadlej-PVTZ density- bond and the C—CI bond reaction chanriébsgive CHCI+I
functional theory computational results indicate theand CHI+CI fragments, respectivelywhich then undergo
iso-CH,I-CI species is about 4.54 kcal/mol more stable tharrecombination to produce the iso-GEl—I and iso-CHI-CI

the iso-CHCI-I species. This is consistent with our assign-photoproduct species. Second, the 267 nm excitation of
ment of the first photoprodudivhich has a lifetime~100  CH,CII results in cleavage of the C—I bond to give &H+I

ps) to the iso-CHCI-I species and the second photoproductfragments that then recombine to produce the isg@HI
speciegwhich has a longer lifetime on the order of hundredsspecies that then isomerize later to form either the more
of ps to nanoseconyi$o the iso-CHI-CI species. We note stable iso-CHI-CI or parent CHCIl molecules. Laser flash
that this situation is similar to that found for the iso-¢8#—1 photolysi§? studies of theA-band absorptiori~270 nnj of

and iso-CHI-Br species. The iso-Ci-Br species was CH,CII in the gas phase showed that C—I bond cleavage is
computed to be more stable by4.1 kcal/mol and was the predominantly the primary reaction channel similar to
only species with a sufficiently long lifetime to be observedA-band photolysis of CE. A solution phase resonance Ra-
in nanosecond transient resonance Raman studye note  man study of theA-band short-time photodissociation dy-
that the assignment of the second photoproduct species tmmics of CHCII indicated that there is mainly motion along
iso-CH,I-Cl is not as clear cut as the first photoproduct spethe C—I stretch coordinate accompanied by smaller dynamics
cies assignment to iso-GBI-I. However, the assignment of along other coordinates and this is consistent with photodis-
the second photoproduct to iso-gHCI is consistent with  sociation of the C—I bont! Inspection of the Stokes pico-
the experimental and computational data available at thisecond time-resolved spectra in Fig. 2 shows that there does
time. not appear to be any Raman bands clearly attributable to the
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TABLE Il. Parameters for the optimized geometry computed from the TABLE IV. Electronic absorption transition energies and oscillator
B3LYP/Sadlej-PVTZ density-functional theory computations for the strengthgin parenthesesound from the density-functional theory compu-
is0-CH,CI-I, iso-CH,I-CI, CH,CII*, and CHCI species. Bond lengths are tations(URPA//UB3LYP/Sadlej-PVTZ for the iso-CHCI-I, iso-CH,I-ClI,

in A and bond angles are in degrees.

CH,CII*, and CHCI species.

Parameter B3LYP/Sadlej-PVTZ URPA//UB3LYP/Sadlej-PVTZ

- Molecule Singlet Transition Energies
iso-CH,CI-I
C-Cl 1.6404 Iso-CH,I-ClI
C-H 1.0914 339 nm(0.002Q
Cl-I 2.8606 332 nm (0.4008
Cl-C-H 117.66 270 nm(0.006%
H-C-H 122.62 237 nm(0.0281
C—Cl-I 123.34 232 nm(0.0009
D(H-C—-Cl-) +82.05 185 nm(0.0803
i50-CH,|—Cl Is0-CH,CI-I
col 1.9547 551 nm(0.0000
C—H 1.0929 538 nm(0.0197%
I—Cl 26149 453 nm (0.4932
I—C—H 118.52 241 nm(0.0006
H—C—H 119.59 234 nm(0.0206
c—i—cl 120.78 . 200 nm(0.0040
D(H-C—I1-C) +79.61 CH,CII™ cation

6849 nm(0.0000
CH,CII™" cation 489 nm(0.0018
c-cl 17341 274 nm(0.0000
C-l 2.1887 247 nm(0.0013
C-H 1.1057 244 nm(0.0002
Cl-C-I 117.27 200 nm(0.0070
Cl-C-H 111.84 CH,CI radical
I-C-H 102.51 224 nm(0.0024
H-C-H 110.12 188 nm(0.0023
D(CI-C~I-H +122.89 180 nm(0.000Q
CH,CI radical
C-CI 1.7198
C-H 1.0884
Cl-C-H 117.01
H-C-H 125.43
D(CI-C—H-H +171.23

TABLE Ill. Comparison of the experimental fundamental vibrational frequen@iesm 1) found from the time-resolved resonance Raman picosecond
spectra(this work) to the calculated B3LYP/Sadlej-PVTZ density functional theory vibrational frequencies.

Ultraviolet excitation of CHCII

400 nm ps-TR 400 nm ps-TR B3LYP Calc. B3LYP Calc. B3LYP Calc.
30 ps in acetonitrile 500 ps in acetonitrile
is0-CH,Cl—I is0-CH,I-ClI CH.CII* cation
Experiment Experiment Sadlej-PVTZ Sadlej-PVTZ Sadlej-PVTZ
A’ vy, sym. CH str. 3119A; v,, sym. CH str. 3114A’ v,, sym. CH str. 3002
v,, CH, scissor 1409 v,, CH, scissor 1361 v,, CH, def. or sciss. 1321
vy, C—Cl stretch 975 w3, C—I stretch 794  v;, CH, wag 1103
724 v,, CH, wag 760 v, CH, wag 686 v,, C—CI stretch 783
174 207 vs, Cl—I stretch 194 vg, |1-Cl stretch 236 vg, C—I stretch 379
141 108 vg, C—Cl-I bend 136 vg, C—I-Cl bend 113  vg, I-C—-Cl bend 191
A" v;, asym. CH str. 3276A" v;, asym. CH str. 3254A" v,;, asym. CH str. 3050
vg, CH, rock 1020  vg, CH, rock 869  vg, CH, twist 1050
376 vg, CH, twist 420  vg, CH, twist 494 vg, CH, rock 527
CH,CI
Sadlej-PVTZ
A" v, CH sym. str. 3134
v,, CH, def. or scissor 1361
vy, C—Cl str. 827
vs, CH, wag 242
A" vs, CH asym. str. 3307
vg, CH, rock 978

#/alue obtained from subtraction of vibrational frequency fgrfrom the combination banas-+ vg in the 500 ps 400 nm Raman spectrum.=sstretch;
sym.=symmetric; asym=asymmetric; def=deformation.
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iso-CH,I-Cl species until after 150 ps when the CH,Br,, and CHk. This would be consistent with more frag-
iso-CH,CI-I species initially formed begins to show a no- ments escaping the solvent cage for the initially produced
ticeable intensity decrease. This is consistent with recen€H,Cl fragment which leads to our observing a lower signal
femtosecond transient absorption restliwhich show the level for the time-resolved resonance Raman spectra of the
first photoproduct speciggssociated with the strong460  isomer species formed from solvent induced recombination.
nm and weaker-710 nm absorption bangslecays with a Escape of the photofragments from the solvent cage would
lifetime ~100 ps and the second photoproduct spetiss likely produce some I-solvent contact charge transfer
sociated with the intense 370 nm and weak-725 nm ab- complexes?® The transient absorption associated with io-
sorption bandsbegins to appear as the first photoproductdine atom—alkanéor cycloalkang solvents appears to have
species decays appreciably. There seems to be a correlatiarvery broad absorption in the 300—400 nm region that has
between the disappearance of the first photoproduct specié extinction coefficient of~1700 M *cm™ in n-octane
and the appearance of the second photoproduct species. Tiiglvent? (Ref. 72 cautions that this value may be somewhat
and the fact that only the C—I bond cleavage channel is pretoo high. The iodine atom-acetonitrile solvent contact
dominantly observed followind-band excitation of CKCII charge transfer absorption band probably has a similar mod-
indicates that the second mechanism for formation of the&rate extinction coefficient. The transient absorption bands
iso-CH,I—CI photoproduct is most likely. Our results suggestassociated with the two isomers of chloroiodomethane are
that the iso-CHCI—I photoproduct is first produced from ini- Vvery strong and on the order of 10000 #tm™* or greater
tially formed CHCI and | fragments via recombination (see Ref. 4ftand have computed oscillator strengths on the
within the solvent cage and then subsequently isomerize terder of 0.4-0.5this work). Thus, one would expect the
give either the more stable iso-GHCI or parent CHCII I-solvent absorption may be more difficult to observe clearly
molecules. The iso-CiCl probably then decays back to compared to the isomer—chloroiodomethane that have much
the parent CHCII molecule. Since the 267 nm photon does Stronger transitions in the 350—400 nm region. This may be
not have enough energy to break the C—Cl bond by itself, th@art of the reason that the I-solvent transient absorption was
isomerization of the iso-C}I—I product to the iso-CH—CI ~ not clearly seen in the recently reported femtosecond tran-
product probably proceeds via a transition state that involvegient absorption study/. An alternative possibility is that
concerted formation of the C—I bond, strengthening of thethere is not much difference in the solvent cage escape for
I-Cl bond and cleavage of the C—Cl bond. It is conceivabldhe faster CHCI fragment compared to GHand CHBr
that the cooperative formation of the C—I bond and strengthffagments, but the faster GBI fragment has a lower quan-
ening of the I-Cl bond as the C—CI bond breaks would makdum Yield for formation of the isomer dihalomethane species
it easier to break the C—Cl bond for the isomerisation reacthan the slower and heavier fragments from photolysis of
tion. We note that our results for GBIl are somewhat simi- CHzl2 and CHBrl. This would also be consistent with the
lar to recent results reported by Reid and coworkers fofoW-Raman signal observed for the iso-chloriodomethane
OCIO® They photoexcited OCIO and observed fast gemi-SPecies here and the lack of observation of the I-solvent com-
nate recombination of the ClO and O fragments to produce Rlex tra_nS|ent absor_ptlon band in the femtosecond transient
vibrationally hot OCIO photoproduct that subsequentlyabsorp_t'on stud;?? It is not cle_ar how the quantum vyield for
formed some CIOO with a 27:94.5 ps time constant ap- formation of the isomer species depends on the translational
pearance time that subsequently decayed with a time corghergy of the fragments. Another possibility to be considered
stant of 398 50 ps® (though not mutually exclusive with respect to the probabil-
It is interesting that we observed a much smaller trandty of solvent cage escape taking places that the fast
sient resonance Raman signal for the isomer photoproducfsHzC! fragment undergoes reaction with the solvent more
from ultraviolet excitation of CLCII than previously found ~€asily than the CH, CH,Br and CH}, fragments produced
for isomer photoproducts from excitation of Gl CH,Br,, N the corresponding photodissociation reactions oflgH
and CHJ in the solution phas#®* This could be due to CHzBr, and CHL We note that halogen atom-—solvent
more efficient solvent cage escape of the ,CHfragment pomplexes absorption band pqsmon and |nter_13|ty and stabil-
initially produced by ultraviolet excitation of C4€ll in com- Ity of the complex can vary noticeably depending on the type
parison to the larger and more massive GHCH,Br, and  Of halogen atom and type of solvefit.”® Further work is
CHI, fragments initially formed from ultraviolet excitation Needed to better understand how the quantum yield for sol-
of CHyl,, CH,Br,, and CHL in condensed phase environ- VENt cage escape versus geminatenear-geminaterecom-
ments. Molecular beam studies on ultraviolet C—X photodisPination vary as a function of the polyhalomethane mass and
sociation reactions in haloalkanes and dihaloalkanes genefubstituents.
ally exhibit the trend of partitioning more of the available
energy into populating modes associated with the imemaACKNOWLEDGMENTS
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