J. Phys. Chem. R002,106,3463—-3468 3463

Transient Resonance Raman Investigation of the-570 nm Transient Absorption Band
Observed after Ultraviolet Photolysis of Diiodomethane in the Solution Phade
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We present transient resonance Raman experiments done to obtain a vibrational spectrum of the photoproduct
species associated with théo70 nm transient absorption band observed after ultraviolet photolysis gf CH

in the solution phase. The experimental vibrational frequencies and their isotopic shifts are compared to
results of density functional theory calculations for the probable photoproduct species. Our results show that
both the CHI," cation andiso-CH,l—I species contribute to the transien670 nm absorption band. The
relative amounts of CHl;™ cation andiso-CH,l—I species observed depend on the power of the 532 nm
probe laser beam. We briefly discuss the qualitative properties of the visible electronic transitions of the
CH,l,* cation andiso-CH,l—I| species.

Introduction While the ultraviolet gas-phase GHreactions are reasonably

Polyhalomethanes such as @4 CHBrl, and CHBr, have well understood, the corresponding photodissociation in con-

been measured in the troposphere and are thought to bedensed phase environments leads to more complex photochem-

significant sources of reactive halogens in the atmosphére. :.S‘L{ Z’?d (jtynr?r?lgs \.N'”g. many dcon(l;l.lcltm.g repqtrti. Ultr?;/l:lolet
The gas-phase ultraviolevisible absorption spectra of GH, ight, direct photolonization, and radiolysis excitation o H
CH,Brl, and CHBr, have been obtained for the 22390 nm in condensed phase media all form photoproducts that have

: : : . : haracteristic transient absorption band885 and ~570
region, and their atmospheric photolysis rates were estimated® ; ) :
asga function of solar zepnith anpgle ar?d altitddeecently, the nm:2e-%The |dent.|ty of these photpprodgct(s) has been assigned
photolysis of CHI» and CHBH in the marine boundary layer to a number of different species including trapped electféns,
- : - iondhe cation of CHI,308234 and the isomer of Chil,.28:29:35
of the troposphere was linked to an increase in the concentration X ;
of iodine oxide (I0)? Therefore, the photochemistry of poly- Another assignment suggested the 385 nm absorption was due

fha .
halomethanes has been of increasing interest in atmospherictO the C!—tlzz7g?t|on while the 570 nm band was due fo the
chemistry. Polyhalomethanes have also been used in severaPHzltrad'Cal' ~Wwe recer}tlytus%(_i tratr|13|ent Lesciggg%e Raman
synthetic chemistry reactions such as cyclopropanation of olefins spectroscopy experiments fo directy probe nm
and diiodomethylation of carbonyl compourfd3® For example, transient absqrptlon bapd of the product p.roduced aftgr ultra-
the ultraviolet photolysis of CH#i; in solutions containing olefins violet photolysis of CHl, in cyclohexane solutiof: Comparison

produces cyclopropanated products with high sterospecific- of the vibrati_onal frequencies from the transien; resonance
ity. 910,12 Raman experiments to those computed from density functional

Ultraviolet excitation €5 eV) of gas-phase Ci#b results in theory.calculations for the“probable photoproduct spec[es glearly
direct cleavage of one-€l bond to give a CH radical and an estgbhshed that_ the |sod||odometham(_CH2I—l) SPEcies IS
iodine atom in either the ground state {Psy) or the spin- mainly _respon3|ble for the characteristie385 nm transient
orbit excited state (I*2Py/,).16-18 It is energetically possible to absorpthn band org}served after cc_)ndensed.phas.e ultraviolet
form CH, and b at wavelengths less than 333 nm, but this photolyss of CHI> Further experiments using picosecond
channel is symmetry-forbiddé#° and does not become ap- tlmg-resolved resonance Raman spectroscopy demonstr_at_ed that
preciable until excitation energies are6.4 eV2L22 Flash thelso-CH_gl—Iphotoproduct is formed V|brat|on_ally hot within
photolysis experiments have demonstrated that ultraviolet sgvergl picoseconds after photgly%ﬁs(:ompansor} of these
excitation of gas-phase GH results in mainly the Chi + | V|brat|0pal spectroscopy resu’fﬁ@ to resulf[s previously ob-

(or I*) products!” Molecular beam studies indicate the & serve_d n gas-pha_se experiments a_nd .SOIUt'On phase fer_ntosecond
ultraviolet photodissociation takes place with a time much less transient absorption experiments indicates that solvation leads

than a rotational period of the parent molecule on a repulsive to prodyctlon of 50meso-CHyl— product via Interaction of
potential energy surface and the &£hotofragment gets a large the initially formed CHI and | photofragments within the
degree of internal excitation of its internal degrees of free- solvent cage about the_ parent molecule. . .
dom16:18.23|nfrared emission spectroscopy experiments found The species responsible for thé&70 nm transient absorption
that the CHI fragment is highly vibrationally excite#25The band seen after excitation of GH in condensed phase
quantum yield for formation of the I* product from the gas- nvironments is still not clear, and the @kt cation, CHI

phase CHI, photodissociation was also measured over the rad|c_al, andls_o-CHgl—I_ species have all been _proposed In
247.5-366.5 nm range of excitation wavelengtfs. previous studies. In this paper, we report transient resonance
Raman experiments that directly probe th870 nm transient

t Part of the special issue “Mitsuo Tasumi Festschrift”. absorption band to obtain a vibrational spectrum of the
* Author to whom correspondence should be addressed. associated photoproduct species. Comparison of the experimen-
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tal vibrational frequencies and their isotopic shifts (e.g., upon
changing the CHl, to a CDl, precursor) to those predicted
from density functional theory calculations for the probable
photoproduct species indicates that both thelgHcation and
iso-CH,l—I species contribute to the transient570 nm
absorption band. The GH™ cation andiso-CH,l—I species |
relative contributions to the’570 nm band depend on the power
of the excitation laser beams. We briefly discuss the qualitative ' ' '
properties of the~570 nm electronic transitions of the Gl l

cation andiso-CH,l—I species.

Intensity

Experimental Procedures K

CHzl, (99%), CDil» (99%), and spectroscopic-grade cyclo- u }u
hexane (99.9%) were used to prepare samples varying in LS ,
concentration from 0.20 to 0.50 M for the transient resonance 0 200 400 600  BOO 1000
Raman experiments. The apparatus and methods for the transient Raman Shift (cm ™)
resonance Raman experiments have been reported previouslyigure 1. Transient resonance Raman spectra of thel£photo-

so only a brief description will be given het@38-43 The second product in cyclohexane solution obtained using 266 nm pump and 532

. . nm probe excitation wavelengths. The top spectrum was obtained using
and fourth harmonics of a nanosecond pulsed Nd:YAG Iasera 532 nm probe laser energy of about 1.1 mJ/pulse. The bottom

supplied the pump (266 nm) and probe (532 nm) excitation gpectrum was obtained using a 532 nm probe laser energy of about
wavelengths for the transient resonance Raman experimentso.3 mJ/pulse. The asterisks mark solvent subtraction artifacts. The

The pump and probe laser beams were lightly focused onto aRaman shifts for the fundamental bands in the spectra are listed in
flowing liquid stream of sample using a nearly collinear Table 1. The assignments of the Raman bands are discussed in the
geometry, and an optical delay of about 0 ns was used to collectResults and Discussion section.

spectra. Reflective optics employing a backscattering geometry
was used to collect the Raman scattered light and image it
through a depolarizer and entrance slit of a 0.5 m spectrograph. ‘
The grating of the spectrograph dispersed the Raman light onto ‘\ ‘ ‘
a liquid nitrogen cooled CCD detector mounted on the exit port 3 \ \
of the spectrograph. The signal from the CCD was acquired \
for 300—-600 s before being read out to an interfaced PC
computer, and about-510 readouts were added together to
obtain a resonance Raman spectrum. Pump-only, probe-only,
and pump-probe Raman spectra as well as a background 1
spectrum were collected, and the known Raman frequencies of |
the cyclohexane bands were used to calibrate the wavenumber “M

Raman shifts of the resonance Raman spectra. The solvent and o f‘

parent CHI, (or CDul) Raman bands were removed from the “ wﬂﬂ\ A ‘
pump—probe transient spectrum by subtracting an appropriately | ST e—— 8‘00 o
scaled probe only spectrum. The pump only and background

Raman Shift (cm™)
scan were also subtracted from the punppobe spectrum. i )
Figure 2. Transient resonance Raman spectra of thelCphoto-

product in cyclohexane solution obtained using 266 nm pump and 532
nm probe excitation wavelengths. The top spectrum was obtained using

The 266 nm pump excitation wavelength is similar to & 532 nm probe laser energy of about 1.1 mJ/pulse. The bottom
ultraviolet excitation wavelengths used in several other gpgcr;rg‘/’gu‘l’;zs $Eg’“2§i r?ssllggrﬁarslfzsc:}\%r?trosztiatlriscet}irc)ﬁngrrt?f);c?s a_llj_?]:t
exper|ment§_?»28f30v32“36 an_d the 532 nm_ probe excitation Raman shifts for the fundamental bands in the spectra are listed in
wavelength is resonant with the blue region of th670 nm Table 1. The assignments of the Raman bands are discussed in the
transient absorption band observed after photolysis of diiodo- Results and Discussion section.
methane in condensed-phase environm&ms:30-3235Figure
1 presents transient resonance Raman spectra of,GH at 123, 464, and 545 cmh while the low-power spectrum has
cyclohexane solution obtained with a higher-power (top) and a characteristic bands at 113, 122, 127, 213, 233, 246, 463, and
lower-power (bottom) 532 nm probe laser. Inspection of Figure 543 cntt. The 113, 213, 233, and 246 cfnbands disappear,

1 shows that the higher probe power transient resonance Ramamand the 127 cm! band is noticeably weaker in the high-power
spectrum has three large bands at 123, 488, and 575while spectrum. Comparison of the transient Raman spectra in Figures
the lower probe power has bands at 115,-31237, 246, 488, 1 and 2 suggests that one species is present in the high-power
and 575 cm. Itis interesting that the 115 and 246 chbands spectra while two species are present in the low-power spectra.
disappear in the high-power spectrum and may be due to a To help identify the photoproduct species, it is useful to
second photoproduct species. To better characterize these Ramatompare the experimental vibrational frequencies to those

Intensity
’_:
{;4

Results and Discussion

bands, we have also acquired similar spectra usingl Cahd predicted for probable photoproduct species. We have previously
examined the isotopic shifts of the transient bands. Figure 2 done density functional theory computations to estimate the
displays transient resonance Raman spectra of 4D cyclo- optimized geometries and vibrational frequencies for the most

hexane solution obtained with high-power (top) and low-power likely photoproduct species formed after photolysis of GH
(bottom) 532 nm probe laser. Examination of Figure 2 shows in condensed phases (@HCH,l,™, andiso-CH,l—1).36 Table
that the high-power spectrum has characteristic Raman bandsl lists the vibrational frequencies predicted from the B3LYP
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TABLE 1: Comparison of the Experimental Vibrational Frequencies (in cm™1) Found from the 532 nm Transient Resonance
Raman Spectra (This Work), the 416 nm Transient Resonance Raman Spectra (Ref 36) and Infrared Absorption Spectra (Refs
18 and 19) to the Calculated B3LYP Density Functional Theory Vibrational Frequencies

vibrational mode

B3LYP/Sadlej
TZVP (ref 36)

B3LYP/DZVP-I,
TZVP-C,H (ref 36)

416 nmresonance 532 nm resonance
Raman (this work)

Raman (ref 36)

infrared absorption
(refs 18 and 19)

A’ v1, CHp sym. str.
v, CH, scissor

v, C—I stretch
v4, CH, wag

vs, |—I| stretch
vs, C—1—I bend

A" vy, CH;asym. str.

vg, CH; rock
vy, CH, twist

A1 vy, CHsym. str.
vy, CH, def.
vs, Cl sym. Str.
v4, ICI bend

B;  wvs, CHasym. str.
vs, CHz rock

A, V7, CHg twist

Bz Vs, CHz wag
vg, Cl asym. str.

A1 vy, CHsym. str.
vy, CH, def.
vs, C—I stretch

B1 v4, CHp wag

B,  vs, CHasym. str.
vs, CH rock

aThe corresponding vibrational frequencies for deutr&ediiiodomethane are given in parentheses. The isotopic shift of the vibrational frequency

3131 (2260)4871]
1340 (1011){329]

755 (645)1110]
619 (476) £143]

128 (128) [0]

99 (93) £-6]
3281 (2451){830]
865 (697) |-168]
447 (318) F129]

3103 (2246){857]
1365 (1003)§362]
551 (522)F29]

114 (114) [0]
3220 (2401)}819]
755 (576) F179]
983 (696) [-287]
1080 (813)4267]
517 (490){27]

3126 (2252){874]

1309 (974)335]
614 (576)438]
234 (180) f54]
3288 (2457)831]
832 (619) {-213]

CHal—1 (CDJI—1)

3174 (2289)885]
1384 (1037)347]

733 (661) f-72]
599 (460) {-139]

127 (12641]

97 (92) [-5]
3326 (2486){840]
888 (681) {-207]
441 (314) £127]

CHol,*

3162 (2271)4-891]
1414 (1031) £ 383]

537 (511) [-26]

113 (113) [0]

3286 (2431) 4855

784 (597) £187]
1003 (709) {-294]
1120 (838) {-282]

503 (480) [-23]

CHyl
3174 (2285)4-889]
1353 (1006) £ 347]
609 (573) [-36]
166 (129) [-37]
3335 (2494)841]
855 (635) {-220]

701 (640) [-61]
619 (496) 123

128 (128) [0]
sh (~110)

487 ? (352 ?)§135]

127 (127) [0]
115 (113) £2]

575 (543) [-32]
123 (122) [-1]

488 (463) [-25]

3028 (2213) {+815]
1373 (1041+1033)
[—332 0r—340]
714/705 (645)
[—69 or—60]
622-611 (498-486)
[-136 to—113]

3151 (2378) £ 773]

upon deuteration is given in brackets. strstretch; sym= symmetric; asym= asymmetric; def= deformation; sh= shoulder.

calculations for the CHl, CHal,*, andiso-CH,l—| species and
compares them to experimental frequencies from previous 416appears to have bands at 113 and 246 cin the transient
spectrum after photolysis of GH. The 246 cm? band can be

nm transient resonance Raman spétand infrared spect?&?®

The second species present in the low-power probe spectra

and our 532 nm transient resonance Raman spectra shown ireither a fundamental or an overtone of the interd®3-127

Figures 1 and 2. The values in parentheses are those for theem™! fundamental band in the transient Raman spectra of Figure
deuterated species, and the values in brackets are the isotopid. The low-power CBQl; transient resonance Raman spectrum
frequency shifts (in cmt) found upon going from the fully displays several bands at 113, 213, 233, and 246 ¢hat are
protonated species to the fully deuterated species. not present in the high-power probe transient resonance Raman
We shall first focus on the identity of the first species present spectrum. In addition, the-123-127 cn! band in the low-
in both the high- and low-power spectra. This species has Ramanpower probe transient resonance Raman spectra in Figures 1
bands at 123, 488, and 575 cthusing the CHI, precursor and 2 appears somewhat more intense relative to the 488 cm
that change to 122, 463, and 543¢msing the CBQl, precursor band of the CHI;t cation species. This suggests the second
with isotopic shifts of about—1, —25, and —32 cntl, photoproduct species may also have a low-frequency mode in
respectively. These experimental vibrational frequencies andthe 123-127 cn1? region. If this is the case, then the second
isotopic shifts display reasonably good agreement with those photoproduct species has two low-frequency modes at 113 and
predicted for the Chl,™ cation species but not the GHadical ~123-127 cn1?, respectively. The 246 cm mode in Figure
or theiso-CH,l—I species. For example, the GHadical does 1 (bottom) could be assigned to the overtone of the intense
not have two fundamental bands in the 4@D0 cnT? region, ~123-127 cnt! fundamental. The 213, 233, and 246 @m
while the photoproduct species has fundamentals at 488 andmodes in Figure 2 could then be assigned to the overtone of
575 cntl, The 575 cm experimental band does not correspond the 113 cm? band, the combination band of 113 and23-
to aniso-CH,l—I vibrational mode, and the isotopic shifts for 127 cni! fundamentals, and the overtone of thd23-127
the 575 and 488 cm bands to 543 and 463 crh (shifts of cm~! fundamental, respectively. Of the three probable photo-
—32 cnt! and—25 cnt! respectively) do not agree with any  product species (Cib", CHzl, and iso-CHyl—I1), only iso-
of the iso-CH,yl—I modes in the 408600 cnt? region. The CHgl—1 has two low-frequency modes below 200 th(see
observed vibrational bands are assigned to thel £Hation Table 1). These two low-frequency modes whose fundamentals
species as follows: the nominaHT symmetric stretchis) is are observed at 115 crh(113 cntt for fully deuterated species)
assigned to the 575 crh experimental band, the nominal ICI  and ~127 cnt! have overtones and combination bands that
bend §.) is assigned to the 123 crhexperimental band, and  could account for the experimental Raman bands observed at
the CI asymmetric stretchvq) is assigned to the 488 crh 213, 233, and 246 cnt in the low-power probe CR; transient
experimental band. Raman spectrum (bottom of Figure 2). We therefore assign
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i50-CH Probes5aznm laser power is increased. Th&o-CH,l—| species is prone to
Probe=416nm undergo a secondary photochemical reaction, and it is likely
that the very weak-+1 bond iniso-CH,l —I photodissociates to
give CHl and | fragments that can recombine to reform the
‘ parent CHI, molecule in significant amounts. This would be
‘\‘ ‘ consistent with the relative intensity pattern of the-CH,l—I
| \ . transient resonance Raman bands which have most of their
\\ x L\ ( intensity in the +1 stretch overtone progressiomg) and its
UWJ J combination bands with other Franelcondon active modes.
A \". e The relative resonance Raman intensity pattern forisioe
psocol || Probes832n CHal =1 spectra shown in Figure 3 is very similar to resonance
A ﬁ Raman spectra of alkyl iodides and dihalomethanes associated
|

Intensity

with A-band electronic transitions known to lead to direetIC
}[ bond photodissociation have most of their intensity in the
nominal C-I stretch overtone progression and its combination
y . bands with other FranekCondon active mode&:5° The large
\,e} intensity in the overtones of the-1 stretch iniso-CHyl—I and
) \ \ the C-I stretch overtones in the alkyl iodides and dihalom-
Vi . LML ethanes indicates a very large change in the bond length and
‘ bond order in these modes consistent with their direct photo-
1 dissociation. In contrast, the resonance Raman spectra for the
Raman shift (cm' ) CHal,* cation in Figures 1 and 2 display very little intensity in
their overtones or combination bands. This indicates that the
CDal; (bottom) photoproducts in cyclohexane solution obtained using excited _State of the Ci#tp" cation does not eXpe”ence_ much
309 nm pump and 416 nm probe wavelengths (left) and using 266 nm change in the bond lengths or bond order of the nominal C
pump and 532 nm probe excitation wavelengths (right). The top and Symmetric stretch, the nominal ICI bend, and the CI asymmetric
bottom right spectra (using a 532 nm probe laser) were obtained by stretch modes. Thus, further excitationiad-CH,l —| with 532
subtracting an appropriately scaled high-power spectrum from a low- nm light appears to result in photodissociation of thé hond,
power spectrum (shown in Figures 1 and 2 for excitation oflgkhd while similar excitation of the CH," cation does not photo-

CDal; respectively) to remove the bands due to the cation species. The . - . . .
asterisks mark solvent subtraction artifacts. The Raman shifts for the dissociate the stronger-@ bond. This is consistent with the

fundamental bands in the spectra are listed in Table 1. The assignment®foPe power dependence of the 532 nm transient resonance
of the Raman bands are discussed in the Results and Discussion sectiofRaman spectra shown in Figures 1 and 2.

The C-I bond in the CHI," cation is somewhat stronger
(575 cnt?) than those in typical alkyl iodides (48®%30 cnT?)
which require at least near-ultraviolet excitation to photodis-
sociate the €1 bond. Therefore, one would expect that 532
nm light would not have enough energy to dissociate thé C
bond of the CHI," cation. The I bond in iso-CHyl—I is
jyveaker (127 cm') compared to an iodine bond-210 cnt)
which can be photodisociated by 532 nm excitafior® Thus,
one would reasonably expect thellbond to photodissociate
upon 532 nm excitation of the-l chromophore in thaso-
CHal—1 species. The probe power dependence of the 532 nm
3 reveals that the predominant progression forigoeCH,l —I transient resonance Raman spectra ghown .in Figures 1 and 2,
species in the 416 nm transient resonance Raman spectra is th@Nd the relative resonance Raman intensity patterns of the
nvs nominal k1 stretch progression and its combination bands CHel2" cation andiso-CH,l—I species are consistent with the
with the nominal G-1—1 bend mode ). Upon going from the ~ Preceding expectations.
iso-CH,l —1 species to théso-CD,l—1 species, thes mode and Our present results indicate that ultraviolet excitation oblGH
its combination bands with the nominatl stretch mode s) in liquids using a moderately focused laser beam leads to
become more apparent in the 416 nm transient resonance Ramafprmation ofiso-CHzl—1 species (via solvent-induced recom-
spectra® This behavior is very similar to that observed for the bination of the CHI and | fragmentsf—37 and some Chi,"
second photoproduct species in the 532 nm transient resonancéation species (likely via two-photon ionization). The branching

0 200 400 600 800 O 200 400 600 8DO 1000

Figure 3. Transient resonance Raman spectra of thel Cftbp) and

CHal —1 to the second photoproduct species observed using low-
power probe laser excitation. The band in the 4237 cnr?
region is assigned to the fundamental of the nomirdldtretch
mode §s), and the 115 cmt band is assigned to the fundamental
of the nominal G-1—I bend mode %s) of the iso-CH,l—I
species.

Figure 3 compares 532 nm probe transient resonance Ramal
difference spectra (low-powehigh-power spectra shown in
Figures 1 and 2) to spectra previously obtained with 416 nm
excitation (resonant with the385 nm transient absorption band)
and assigned to thieo-CH,l—| species’® Inspection of Figure

Raman difference spectra (upon going from GHo CDal, ratio for these two channels probably depends noticeably on
precursor) in Figure 3 and consistent with our assignment of the type of excitation of CH; in condensed-phase environ-
the second photoproduct speciedgo-CH,l—I. ments. For example, pulse radiolysis may be expected to produce

Why do the resonance Raman bands associated wiisdhe  more photoionization relative to fragmentation, while low-power
CH,l—1 species disappear when a high-power probe 532 nm ultraviolet excitation may be expected to produce more frag-
laser excitation is used (see Figures 1 and 2)? Maier and co-mentation compared to photoionization. Th670 nm transient
workers noted that further ultraviolet or visible excitation of absorption band has noticeable contributions from bothl £H
the transient absorption bands formed after ultraviolet photolysis cation andiso-CH,l—I species, while the~385 nm transient
of CHal, in low-temperature matrixes leads to almost quantita- absorption band appears to be mainly associated witlisthe
tive reformation of the parent diiodomethane (T mol- CH,l—I species’®37If more CHl," cation species are formed
ecule?82° This is similar to what we observed for the disap- relative to theéso-CH,l—I species, one could reasonably expect
pearance of theso-CH,l—I Raman bands as the 532 nm probe that the~570 nm absorption band may increase in intensity
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relative to the~385 nm transient absorption band. There is some  (18) Kroger, P. M.; Demou, P. C.; Riley, S.1.Chem. Physl976 65,
evidence in the literature that this may indeed be the case.lS%lSé) Koffend, J. B.; Leone, S. FChem. Phys. Letq981, 81, 136
Ultra\{iolet excita;ic.)n of CHl2 leads to formation of .the (20) Cain, S. R.; Hoffman, R.; Grant, R. Phys. Chem1981, 85,
ultraviolet and visible transient absorption bands with an 404s.

intensity ratio of about 5.6 to 1 (see Figure 2 of ref 28).  (21) Marvet, U.; Dantus, MChem. Phys. Letl996 256 57.
However, pulsed radiolysis leads to formation of these two bands ,,(22) Z1ang. Q- Marvet, U;; Dantus, M. Chem. Phys1998 109
with an intensity ratio of about 3:1 (see Figure 7 of ref 32).  (23) Jung, K.-W.; Ahmadi, T. S.; EI-Sayed, M. Bull. Korean Chem.
This apparent increase in the visible transient absorption bandSoc.1997, 18, 1274.

i i i i i i (24) Baughcum, S. L.; Hafmann, H.; Leone, S. R.; Nesbitt).raraday
intensity relative to the ultraviolet transient absorption band Diseuss. Chem. Sot974 67, 306,

usiqg .puls_ed ragiolysis .compared to Ipw-power uItra\./ioIeF (25) Baughcum, S. L.; Leone, S. B. Chem. Phys198Q 72, 6531.
excitation is consistent with the hypothesis that pulse radiolysis  (26) Simons, J. P.; Tatham, P. E. R.Chem. Soc. A966 854.
results in more photoionization compared to fragmentation _ (27) Mohan, H.; Rao, K. N.; lyer, R. MRadiat. Phys. Chen1.984 23,
!relatlve to Iow—povyer ultraviolet excitation. Howev_er_, more wc_)rk (28) Maier, G.; Reisenauer, H. Rngew. Chem., Int. Ed. Engl986
is needed to elucidate why the ultraviolet and visible transient 25 g1g,
absorption bands intensity changes as a function of type of (29) Maier, G.; Reisennauer, H. P.; Hu, J.; Schaad, L. J.; Hess, B. A,,
ot i i it i ios Jr-J. Am. Chem. S0d.99Q 112, 5117.

excitation. At th_|s time, it is not clear what the branching ratios (30) Andrews, L.: Prochaska, F. T . Ault, B.$.Am. Chem. So4979
and quantum yields are for formation of tls®-CHal—I, CHal, 101, 9.
and CHl,t cation photoproducts as the type of excitation is (31) Mohan, H.; lyer, R. MRadiat. Eff.1978 39, 97.
changed, the excitation energy is changed, and the solvent27§32) Mohan, H.; Moorthy, P. N.J. Chem. Soc., Perkin Trans.189Q
environment is changed. Morg experimental and theoretlc_al yvork (é3) Schwartz, B. J.: King, J. C.. Zhang, J. Z.; Harris, COBem. Phys.
is needed to address these issues. Our present work indicategett. 1993 203 503.
that time-resolved resonance Raman spectroscopy can conve- (34) Saitow, K.; Naitoh, Y.; Tominaga, K.; Yoshihara, €hem. Phys.
niently be used to clearly distinguish the relative contributions Lett. 1996 262 621.

- - + . (35) Tarnovsky, A. N.; Alvarez, J.-L.; Yartsev, A. P.; Sundstrov.;
of theiso-CH,l —I and CHl," cation photoproducts to the570  Ayesson, EChem. Phys. Lett1999 312 121.
nm transient absorption band. The resonance Raman experi- (36) zheng, X.; Phillips, D. LJ. Phys. Chem. £00Q 104, 6880.
ments requires the use of a focused laser beam. An experimentallvI (t37) KQNCIJDk, g\:{,l:\/l-: l\/llja, S-:Ciarkerbﬁ.ﬁwdé (;Dgillqupsﬁg.l; Towrie, M.;

Hrrs H F ; : A atousek, P.; ihps, D. . em. Y. .

difficulty in obtamm_g an excitation profllg is the need to account (38) Pan, D.. Shoute, L. C. T.. Phillips, D. I Phys. Chem. A999
for any changes in the photon flux in the sample area of 103 6851.
excitation as the probe wavelength is varied (due to changes in  (39) Zheng, X.; Phillips, D. LChem. Phys. LetR00Q 324 175.
index of refraction, pulse to pulse variations, power drift, and/ (3(1)) %Eeng, ;( Eh”'E’SWDM'—;]iDﬁTI‘I?m- ghffogr? 1lgh3194)xooq
or sample degradation). Similarly, investigation of solvent effects 1,5 hae"d: X Kwok, W. M. Phillips, D. LJ. Phys. Chem.
on the branching ratio between formation of tise-CH,l—I (42) Zheng, X.; Fang, W.-H.; Phillips, D. LJ. Chem. Phy200Q 113
and CHl," cation species would also require some knowledge 10934. _ . _ R
of how the intensity and band-shape of the transient absorptionCh(:n?’l) gf?)?QngOé.vliieégti;Nq Li, ¥.-L.; Fang, W.-H.; Philips, D. 0.
changes as a function of solvent. We plan to explore solvent = 44y zhang, J.; Imre, D. GJ. Chem. Phys1988 89, 309.

effects and possibly some wavelength-dependent behavior in  (45) Lao, K. Q.; Person, M. D.; Xayaroboun, P.; Butler, LJJChem.
the future. Phys.199Q 92, 823.
(46) Galica, G. E.; Johnson, B. R.; Kinsey, J. L.; Hale, M.JOPhys.
. , Chem.1991, 95, 7994.
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