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Solvation Effects on the A-Band Photodissociation of Dibromomethane: Turning a
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We have obtained A-band resonance Raman spectra of dibromomethane in the gas and solution phase and
nanosecond time-resolved resonance Raman spectra of dibromomethane photoproducts. The A-band resonance
Raman spectra suggest the short-time dynamics are similar to other dihalomethanes that are known to have
direct photodissociation reactions in the gas phase. Several power dependent A-band resonance Raman bands
were tentatively assigned to the-@r stretch overtone progression of the £B radical which has a strong
absorption band that is coincident with the A-band resonance Raman excitation wavelength. Two-color
nanosecond time-resolved resonance Raman spectra (266.0 nm pump/341.5 nm probe) were obtained and
comparison of the vibrational frequencies to the results for density functional theory calculations indicate
that the iso-CHBr—Br species is mainly responsible for the transient photoproduct absorption~tz26a

nm. Our preliminary results for A-band photoexcitation of dibromomethane in conjunction with previously
reported diiodomethane results suggest that solvation effects (probably via recombination ofBreaadH

Br fragments within a solvent cage) lead to noticeable production of the isodibromomethane photoisomerization
photoproduct observed in the nanosecond time-resolved resonance Raman spectra.

Introduction phase®-21.39-48 golution phasé®>2 and in low-temperature

_ . ) solids?3-%0 there has been relatively few corresponding studies
Dihalomethanes such as diiodomethane and dlbromomethanereported for dibromometharié535556|n this paper we report

have begg used as reagents for cyclopropanation reactions with,_nand Resonance Raman spectra of dibromomethane in the
alkenes.”® Dilodomethane has long been employed for cyclo- a5 and solution phase in order to elucidate the qualitative
propanation reactions via activation of the _duodom_ethane features of the FranekCondon region dynamics of the photo-
reagent by a ZrCu couple n the SimmonsSmith reactioh dissociation reaction. We also report transient resonance Raman
or ultraviolet photoexcitatiof.> More recently dibromomethane experiments in the solution phase. These solution phase experi-

has been shown to be an effective reagent for cyclopropanationyents indicate formation of an isodibromomethane photoproduct
reactions employing variations of the Simmersmith reaction  ithin nanoseconds after photoexcitation. We compare our

with uItraso_und_|rrad|at|oﬁ,TC|§C(?I4 catalysis; or electrochemi-  yoqent results for dibromomethane with those of diiodomethane
cal synthesis with a Zn anodihalomethanes have also been 5,4 giscuss their differences and similarities. Our results for

of increasing interest in atmospheric chemistry since they may qinromomethane suggest that solvation effects (likely via
bg an important source Of natural organoiodine and 0rganobro-recompjination of the CHBr + Br fragments within the solvent
mine compounds emitted into the atmospHeféA recentstudy 546y |eads to appreciable photoisomerization to give an
assessed the importance of dibromomethane, diiodomethane ang J v romomethane (iso-GBr—Br) photoproduct.
bromoiodomethane as possible sources for reactive halogens
in the troposphere and in the marine boundary |ager.

The absorption cross sections of dibromomethane in the

ultraviolet ha§ been experimentally measured by sevgral CH,Br, (99%) and spectroscopic grade cyclohexane (9%
groups'*~'¢ Dibromomethane has only one broad absorption were used to prepare samples for the resonance Raman

Experiment

band above 210 nm that most likely arises from—n o* experiments and time-resolved resonance Raman experiments.
transitions (from a nonbonding electron on the Br atom to an sample concentrations were in the 0.15 to 0.20 M range for all
antibondingo* orbital on the C-Br bond)*"-!® Presumably,  of the different resonance Raman experiments. The resonance

in the gas phase results in direct-8r bond cleavage similar  e|sewher?496+66 5o only a short account will be given here.
to the A-band photodissociation reactions previously found for The harmonics of a Nd:YAG laser and their hydrogen Raman
diiodomethan¥~2! and other haloalkanés:*® While the  ghjfted laser lines provided the excitation wavelengths for the
u|tI’aVIO|et phOtOdISSOCIatIOI’] Of dIIOdomethane haS been nves- resonance Raman expe”ments A backscatterlng geometry was
tigated by a variety of experimental techniques in the gas ysed to excite a flowing liquid stream of sample. Reflective
optics were used to collect the resonance Raman scattered light
Ipaft of thgdspecial issue “C. Bffag:]ey Moore Fest_stltfgifltl". fo and image it through a depolarizer and entrance slit to a 0.5 m
Present address: Department of Chemistry, Imperial College of Science, ; ; ;
Technology and Medicine, Exhibition Road, London SW7 2AY, U.K. and spectrograph. The grating of the spectrograph dispersed the light
Central Laser Facility, Rutherford Appleton Laboratory, Chilton, Didcot, ONtO a liquid nitrogen cooled (_:CD deteCtO_r that accumulated
Oxfordshire 0OX11 0QX, U.K. the signal for about 1 to 2 min before being read out to an
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interfaced PC computer. About 20 to 30 of these readouts were 7.0
added together to get the resonance Raman spectrum. /a? r Experiment

The gas phase experiments used the same excitation and = 60 Gaussian
detection apparatus as the solution phase experiments. A heated g 5.0 i
reservoir of liquid and vapor dibromomethane connected to a © : 228.7 nm
heated pipet was used in the gas phase experiments. Dry nitrogen E 40F
was flowed through the sample reservoir to take away some c\"o 3.0 i
dibromomethane vapor with it through the pipet nozzle. The = L
excitation laser beam was loosely focuse®(mm diameter) < 20r
near the exit of the pipet nozzle. The laser power was kept low ~ 40 i
to avoid interference from photoproduct bands. The excitation S T
laser light was not noticeably reduced by the vapor sample and B 00—y
sample reabsorption of the resonance Raman scattering was 8 7.0 Experiment
minimal for the vapor phase experiments. w 60L — Gaussian

The time-resolved resonance Raman apparatus and methods & 1
have been detailed previou&ly’ so only a brief description IS 5.0 228.7 nm
is given here. The time-resolved experiments made use of the c 40 B
same equipment as the resonance Raman experiments. The .8 3
fourth harmonic (266 nm) of a nanosecond pulsed Nd:YAG a 30r
laser was used for the pump excitation wavelength and the 3 20}
second Stokes hydrogen Raman shifted laser line (341.5 nm) ]
of the fourth harmonic was used for the probe excitation < 10p
wavelength in the transient resonance Raman experiments. A 0.0 b e ey
near collinear geometry was used focus the pump and probe 30000 40000 50000
laser beams onto a flowing liquid jet of sample. The Raman
signal was collected and detected in a manner similar to that Energy (cm'1)

used for the resonance Raman experiments. Pgmp only, prObel:igure 1. Absorption spectra of gas (top) and solution phase (bottom)
only, background_ scan and pumprobe transu_ent Raman dibromomethane. The dashed lines represent a simple Gaussian
spectra were obtained. The solvent and parent dibromomethangjeconyolution of the absorption spectra. The wavelength (nm) for the
Raman bands were excised from the purppobe transient resonance Raman experiments is shown above the spectra.
spectrum by subtracting a probe only spectrum (the pump only
and background scan displayed no noticeable bands in the probgength for the resonance Raman experiments displayed above
spectral region). the absorption spectra. The dashed lines in Figure 1 present a
The known vibrational frequencies of the cyclohexane solvent simple Gaussian deconvolution of the absorption spectra of
Raman bands (for solution phase spectra) and mercury emissiorjibromomethane. Figure 2 presents an overview of the 228.9
lines as well as the oxygen and nitrogen Raman bands (fOf thenm resonance Raman spectra of gas and solution phase
vapor phase spectra) were used to calibrate the Raman shifts ofcyclohexane solvent) dibromomethane as well as an expanded
the resonance Raman spectra. The solution phase spectra wef@ew of the 1000 cmt to 3500 cnt? region to more easily see
corrected for any remaining sample reabsorgfioand the  the smaller Raman bands. Most of the intensity in the resonance
solvent Raman bands were removed via subtraction of an Raman Spectra of Figure 2 appear in progressions associated
appropriately scaled solvent spectrum. The wavelength depen-with three or four FranckCondon active vibrational modes (the
dence of the detection system response was corrected in all 0fhominal B~C—Br bendv., the nominal Be-C—Br symmetric
the Raman spectra using spectra of an intensity calibratedstretchys, the nominal Br~C—Br antisymmetric stretchg, and
deuterium or tungsten lamp. Portions of the corrected spectrathe nominal H-C—H bendv,). Table 1 lists the Raman shifts
were fit to a baseline plus a sum of Lorentzians to obtain the anq intensities for the resonance Raman spectra displayed in
integrated areas of the resonance Raman bands. Figure 2 for gas and solution phase dibromomethane. There are
three moderate intensity Raman bands that display noticeable
power dependenééin the gas and solution phase resonance

Al of the density functional theory computations were done Raman spectra (694, 1383, and 2062 émvhich are attributed
using the Gaussian program suiteThe complete geometry  to a nominal C-Br stretch overtone progression of the &
optimization and vibrational frequency calculations were de- radical. The CHBr radical has a moderately intense A-band
termined analytically and employedG symmetry constraint ~ absorption~230 nm (8.8x 108 cn?/moleculej®’? that is
where the plane of symmetry contained the carbon atom andoverlapped with the parent GHr; absorption band that we are
the bromine atom(s). The 6-31#G(3df,3pd) and Aug-cc- investigating in this study. The infrared absorption spectra of
PVTZ basis sefé">were used for the B3LYP density functional the CHBr and CDBr radicals were observed in low-temper-
theory (DFT) computations for the optimized structures and ature Ar matrix studie€®-81and the nominal €Br stretch mode
vibrational frequencies. These basis sets were also used for théobserved at 693 cm displays good agreement with the power
time-dependent density functional theory at random phase dependent Raman band progression we have tentatively assigned
approximatio® computations (TD(RPA)) to calculate the tothe C-Br stretch overtone progression of the B radical.

Calculations

electronic transition energies. We estimated an upper limit for the fraction of sample
photoconverted using the following equation from refs 82 and
Results and Discussion 83:

Figure 1 shows absorption spectra of dibromomethane in the ’
gas and solution phases (cyclohexane solvent) with the wave- Fouse™= (230Fep)/(n1°N,)
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TABLE 1: Experimental A-Band Resonance Raman

Tz 5 % 2z z. % @ 3 3 Intensities for Gas and Solution (cyclohexane solvent) Phase
Tl FiRT Dibromomethane (for 228.7 nm excitation)
-~ : L intensities as absolute Raman
P cross sections
Raman Raman (x 1079 A2molecule)
bands shift(cm™)  gasphaseexp  soln phase eXp

Vs 587 (576) 1.21 1.21
2v3 1158 0.36 0.50

- 3vs cl734 0.12 0.20

= Ayg 2312 0.10 0.11

o 5v3 2880 0.02 c

S 63 3438 0.01 0.04

= Vg 640 (637)

£ 2vg 1290 0.01 c
2vgt+ v3 1855 0.06 0.08
2vg+ 2v3 2423 0.04 0.05
2vg+ 3vs 3012 0.04 c
v 179 (174) 0.24 c
vat+vs 756 0.03 c
Vs + 2v3 1330 0.04 0.03
va+ 3vs 1903 0.02 0.03
v 1388 (1388) 0.03
v+ va 1552 0.016 0.022

| | I vo+vs3 1964 0.012 0.014
0 1000 2000 3000 @ Estimated uncertainties are abat# cm! for the Raman shifts.

The Raman shifts for the gas phase Raman bands are shown first and

. -1 the solution phase values are given in parenthédatensities are based
Raman Sh|ft (Cm ) on integrated areas of peaks and solution phase absolute Raman cross
section measurements (the listed values are in units of A6/
molecule). Estimated uncertainties are about 10% for intensities for
1.0 or higher, 15% for intensities 6-3.0 and 30% for intensities lower
than 0.3. The gas phase values are only relative intensities (these have
%een scaled so that the cross section is the same as the solution

hav_e been intensity corrected and solvent subtracted. The tentative hase value): These peaks are obscured by solvent subtraction artifacts
assignments for the larger Raman bands are shown above the spectregmd/or apparent transient Raman peaks

Asterisks (*) label regions of the spectra where solvent subtraction
artifacts are present and the pound sign (#) marks regions where laseispectra (and presumably their Franc&ondon region dynamics
line or stray light artifacts are found. as well) previously found from resonance Raman studies for
For the experimental conditions used to acquire the resonanceother dihalomethanes that are known to have direct photodis-
Raman spectra in Figure 2 (228.7 nm excitation with 0.5 mW sociation of a G X bond following A-band photoexcitation
at 10 Hz=5 x 1075 J orE = 5.76 x 10'3228.7 nm photons,  (where X = Br or 1).48626366Thjs and the intense overtone

Figure 2. A-band resonance Raman spectra of dibromomethane in
the gas (top) and solution (cyclohexane solvent; bottom) phases. An
expanded viewx8 andx5, respectively) of the gas and solution phase

spectra is shown immediately below each of these spectra. The spectr

r =0.05cm,e =1026 M1 cm™, ¢ = 1.0, andNa = 6.02 x progression in the symmetric-€Br vibrational mode suggests
103 we found an upper limit of 3% photoconversion of the that A-band excitation of dibromomethane leads to direct bond
sample. The CBBr radical has an absorption cross sectic280 cleavage of the €Br bond. The gas and solution phase A-band

nm of 8.8 x 10718 cn?/moleculé®that is about 2.24 times  resonance Raman spectra are very similar to one another with
larger than that of the parent dibromomethane molecule at 228.7the exception of some moderate intensity in bands associated
nm (~3.9 x 10718 cn?molecule). Since the Raman cross with the Br—C—Br antisymmetric stretch mode in the solution
section scales as the square of the absorption cross section thphase which either do not appear or are much less intense in
bromomethyl radical resonance Raman cross section is probablythe gas phase. This may be due to some solvent induced
about 5 times larger than that of dibromomethane-a8.7 symmetry breaking as has been previously observed in the
nm. We observe<12% of the Raman intensity in the photo- diiodomethane systef§:*® The fundamental of the XC—X
product bands and this is consistent with thi8% sample antisymmetric stretch and combination bands of this fundamental
photoconversion upper limit. Apart from the modest intensity with other modes is substantially smaller in the A-band
found for a few transient bromomethyl radical Raman bands, dibromomethane spectra compared to the diiodomethane spec-
the resonance Raman intensities of the spectra in Figure 2 andra*® This suggests that degree of solvent induced symmetry
measured absolute Raman cross section in the solution phaséreaking is less in dibromomethane than in diodomethane. This
(Table 1) should be mainly indicative of the parent dibromo- could be due to the faster separation of theXH- X fragments
methane molecule. The details of the resonance Raman spectrén dibromomethane compared to diiodomethane which would

of the CHBr radical photoproduct and its Franciondon lead to a shorter time spent in the Franckondon region and

region dynamics will be reported separatély. less solvent perturbation of the resonance Raman spectra.
We note that the dibromomethane A-band resonance RamarHowever, little is known about the energy patrtitioning associated

spectra have most of their intensity in the nominat-Br—Br with the A-band dibromomethane reaction so at this time we

symmetric stretch overtone progressiongJnThis progression can only speculate about this.

accounts for most of the resonance Raman cross section and We have done two-color nanosecond time-resolved resonance
would be expected to determine most of the short-time photo- Raman spectroscopy experiments to help examine some of the
dissociation dynamics associated with the main transition of the photoproducts produced following A-band photoexcitation of
A-band absorption of dibromomethane. The resonance Ramandibromomethane in room temperature solutions. Figure 3
spectra in Figure 2 appear similar to the resonance Ramanpresents a typical 341.5 nm probe only Raman spectrum (A), a
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TABLE 2: Parameters for the Optimized Geometries

characteristic intense absorption band in the 320 nm to 450 nm
region (~360 nm for the photoproduct of dibromomethane and
~370-385 nm for the photoproduct of diiodomethane for
example) and a weaker absorption further to the>fetf. The
characteristic photoproduct absorption band around 360 nm
observed for dibromomethane following ultraviolet or photo-
ionization excitation has been attributed to trapped elecffons,
the CH:Br,™ radical catiof’ or the isomer of dibromomethane

. ) _ (CH,Br—Br).555¢ The transient resonance Raman spectra dis-
Figure 4. Transient resonance Raman spectra of the dibromomethane

(CH:Br,) photoproduct obtained using a 266.0 nm pump and 341.5 playeql 'n_ Figure 3 (D) and Figure 4 have most of Fhe".’ Raman
nm probe excitation wavelengths. The time delay between the pump INtensity in the fundamentals, overtones and combination bands

and probe beams was0 ns. of four or five Franck-Condon active modes whose funda-
mental Raman bands are at 960 @m690 cnt?, 480 cnT1?,
266.0 nm pump only spectrum in the probe wavelength region 176 and 146 crm.
(B), a pump-probe resonance Raman spectrum (C) and a We have performed density functional theory calculations to
transient resonance Raman spectrum of the photoproduct (D)find the optimized geometries, vibrational frequencies and
obtained by subtracting the probe only and pump only spectra electronic absorption transitions for the €84, CH,Br,* and
from the pump-probe spectrum. Figure 4 shows an expanded iso-CH,Br—Br species. Table 2 presents the parameters for the
view of the transient resonance Raman spectrum of the optimized geometries of GiBr, CH,Br,* and iso-CHBr—Br
dibromomethane photoproduct with the tentative assignmentsobtained from the B3LYP density functional theory computa-
of the larger Raman bands indicated above the spectrum. Thetions. Table 3 compares the experimental frequencies found from
266.0 nm pump wavelength is resonant with the red edge of the transient resonance Raman spectra (this study) with the
the A-band absorption spectrum of dibromomethane and the calculated density functional theory results for iso8H, CH,-
probe wavelength is resonant with transient photoproduct Br,", and CHBr. Examination of Table 3 shows the experi-
absorption bands observed in low-temperature matPfcé®. mental vibrational frequencies of the Raman band fundamentals
Since we have a limited number of available hydrogen Raman show reasonable agreement with those predicted for the iso-
shifted probe excitation wavelengths in the 320 nm to 380 nm CH,Br—Br species but not for the GBr," radical cation or
wavelengths region using our current experimental apparatusthe CHBr radical which have been proposed as species for the
we did not attempt to obtain an excitation profile across the photoproduct~360 nm absorption band. The @Bt species

A Computed from the B3LYP Density Functional Theory
Calculations for iso-CH,Br,, CH,Br, and CH,Br,™ Species
(Bond Lengths in A and Bond Angles in Degrees)
B3LYP/ B3LYP/
L L parameter 6-311++G(3df,3pd) Aug-cc-PVTZ
B iso-CH.Br,
C—Bn; 1.767 1.768
> Bri—Br» 2.672 2.674
-"5 C—Hszand C-H4 1.078 1.078
c . L e C—Br;—Br> 122.0 122.0
L C Br;—C—Hsand 118.0 118.1
E Bri—C—Hs4
H;—C—Br,—Br; —80.66 —80.68
H4s—C—Br.—Br; 80.66 80.68
| i CHzBI'zJr
D C—Br;and C-Br; 1.946 1.946
* C—Hszand C-H, 1.081 1.082
Br;—C—Br; 93.98 93.85
- Bri—C—Hs, Bri—C—Hy, 110.9 110.9
TSI L N ’/{7\".\.’;“ Br,—C—Ha, and
0 500 | 1000 1500 Br—C—H,
H3—C—H, 117.0 116.9
. 1 Bri—C—Bry—Hjs —114.1 —114.1
Raman Shift (cm™) Hs—C—H4—Bry ~1285 ~128.6
Figure 3. Examples of a typical 341.5 nm probe only Raman spectrum CHyBr
(A), 266.0 nm pump only spectrum in the probe wavelength region C—Br 1.857 1.858
(B), a pump-probe Raman spectrum (C), and the resulting transient C—Hjand C-H; 1.075 1.075
resonance Raman spectrum (D) of the dibromomethane photoproduct. Br—C—H; and 117.7 117.7
Br—C—H>
Hi—C—Hp 124.7 124.6
=° a“ g“ H;—C—H>—Br 180.0 180.0
| : - S . . . . .
: ; > Eﬁ =0 ?m +, ~360 nm transient absorption band. This would be interesting
; > > 9 to do at some point and would likely reveal more about the
> o : nature of the transient electronic absorption transition. Ultra-
‘» i . ?m; * violet, photoionization and radiolysis excitation of dibromo-
‘q:, 307 > methane, diiodomethane and other dihalomethanes in low-
E > g“’; . temperature matrices leads to photoproducts that have a
>

0 200 400 600 800 1000 1200 1400

Raman Shift ( cm” )
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TABLE 3: Comparison of the Experimental Vibrational Frequencies (cm™1) Found from the Transient Resonance Raman
Spectra (This Work) and Infrared Absorption Spectra (Refs 55 and 56) to the Calculated B3LYP Density Functional Theory
Vibrational Frequencies?

resonance Raman

vibrational mode B3LYP/6-311+G(3df,3pd) B3LYP/Aug-cc PVTZ (this work) infrared al$:%¢
CH.Br—Br (CD,Br—Br)
A’ v1, CH, sym str 3154 (2277) 3152 (2275) 3030 (2213)
v2, CH; scissor 1429 (1079) 1428 (1078) 1334 (1030)
vs, C—Br str 861 (773) 858 (771) (732)
v4, CH, wag 740 (595) 738 (594) 690 684, 695
vs, Br—Br str 180 (180) 180 (180) 176
ve, C—Br—Br bend 132 (123) 133 (124) 146
A" v7, CH, asym str 3294 (2452) 3286 (2456) 3156 (2384)
vg, CH, rock 967 (725) 966 (724) 960
vg, CH, twist 469 (338) 468 (337) 480*
CHQBI’2+
Aq v1, CH sym str 3140 (2271) 3132 (2265)
v, CH, def 1426 (1046) 1424 (1045)
vs, CBr sym str 627 (597) 626 (596)
v4, BrCBr bend 167 (167) 169 (168)
B, vs, CH asym str 3259 (2433) 3247 (2424)
ve, CHz rock 871 (666) 873 (668)
A v7, CH, twist 1033 (733) 1032 (732)
B, vg, CH, wag 1176 (880) 1172 (877)
ve, CBr asym str 531 (510) 528 (507)
CH,Br
Ay v1, CH sym str 3175 (2286) 3172 (2284)
v, CH, def 1382 (1030) 1382 (1029)
vs, C—Br str 703 (663) 703 (662)
B, va, CH, wag 157 (122) 152 (118)
B, vs, CH asym str 3334 (2494) 3325 (2488)
ve, CH, rock 928 (693) 926 (691)

aThe corresponding vibrational frequencies for deutrated isodibromomethane are given in parentheses.=Keyretsth; sym= symmetric;
asym= asymmetric; def= deformation.

tals at 146, 176, 690y960, and~480 cnt?, respectively. We
@ note that the 690 cmt Raman fundamental band assigned to
the nominal CHwagv4 mode agrees well with the experimental
band vibrational frequency and assignment found from infrared
spectra obtained in low-temperature matri¥e¥ The differ-
@ , ences in the resonance Raman band intensities and bandwidths

@efD

in the experimental spectrum shown in Figure 4 were used to
help make preliminary assignments of theandvg fundamen-

tals and their combination bands. Our present results strongly
indicate that the iso-CiBr—Br species is mainly responsible
for the~360 nm absorption band observed following ultraviolet

Figure 5. Schematic diagram of the geometry of dibromomethane and photoexcitation of dibromomethane in room-temperature liquid
isodibromomethane. solutions

We have previously used B3LYP time-dependent random
and the CHBr,™ species have only one vibrational mode in phase (TD/RPA) computations to estimate electronic transition
the 100 cm?! to 200 cnT! region (at 152 and 169 cm energies and oscillator strengths for £4+and found reasonable
respectively). This does not agree with the experimental agreement with the experimental speétriive have also done
nanosecond time-resolved resonance Raman spectra in Figuresimilar calculations for the electronic transitions of iso£H
3 (D) and 4 that show two low-frequency modes at 176 and Br—Br, CH,Br,* radical cation and CBr radical and results
146 cn1 (these two modes have overtones and/or combination for the singlet transitions are shown in Table 4. The,BiH"
bands with each other and the other Fran€london active radical cation and CHBr radical species have no strong
vibrational modes). However, the iso-GBt—Br species (a computed transitions in the 330 nm to 400 nm region where
simple schematic diagram of the geometry is given at the bottom the ~360 nm experimental absorption band occurs. However,
of Figure 5) has two Alow-frequency vibrational modes-(L80 the iso-CHBr—Br species has two intense transitions at 374
and 133 cm?) that correspond well to the experimental Raman and 356 nm that correspond very well to the experimental
fundamentals at 176 and 146 ch In addition, the other absorption spectrumy360 nm associated with the photoproduct
Franck-Condon active modes in the experimental resonance formed following ultraviolet photoexcitation of dibromomethane
Raman spectra display reasonable agreement with the computeéh condensed environmert3>>>” The nanosecond time-
iso-CH,Br—Br vibrational frequencies. Using the comparison resolved resonance Raman spectra of the photoproduct reported
of vibrational frequencies in Table 3, we make the following here show that the iso-GBr—Br species is responsible for the
tentative assignments for the five FrangRondon active modes  ~360 nm transient absorption band seen after ultraviolet
observed in the time-resolved resonance Raman spectra: theexcitation of dibromomethane in liquid solutions (at least on
nominal C-Br—Br bendvs, the nominal Bt-Br stretchvs, the the ns time scale) and this is consistent with the DFT computed
nominal CH wagv,, the nominal CHrockvg and the nominal electronic transition energies and oscillator strengths for iso-
CH, twist vg modes correspond to the experimental fundamen- CH,Br—Br.

@a/@)

Dibromomethane Iso-dibromomethane
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TABLE 4: Electronic Absorption Transition Energies Obtained from Density Functional Theory Calculations for iso-CH,Br,
CH,Br,", and CH,Br2

electronic absorption transition energies
molecule URPA//UB3LYP/6-31%+G(3df,3pd) URPA//UB3LYP/Aug-cc-PVTZ

iso-CH:Br singlet transitions
399 nm (0.0002) 390 nm (0.0002)
388 nm (0.3698) 374 nm (0.3380)
369 nm (0.1066) 356 nm (0.1919)
250 nm (0.0003) 249 nm (0.0001)
222 nm (0.0047) 219 nm (0.0033)
201 nm (0.1094) 201 nm (0.1005)

CH,Br,* 1948 nm (0.1151) 1941 nm (0.1150)
817 nm (0.0003) 814 nm (0.0003)
648 nm (0.0000) 644 nm (0.0000)
298 nm (0.0002) 298 nm (0.0001)
216 nm (0.0478) 216 nm (0.0462)

CH,Br 255 nm (0.0012) 255 nm (0.0011)

197 nm (0.0000)
191 nm (0.0001)

198 nm (0.0001)
194 nm (0.0000)

a Calculated transition oscillator strengths are in parentheses.

How does solvation lead to formation of the iso-{Br—Br within the solvent cage leads to appreciable amounts of the
photoproduct species? To help address this question, it is usefuisodiiodomethane photoproduct.
to examine the more extensively studied diiodomethane pho- Our present results resonance Raman experiments show that
todissociation/photoisomerization reactions. Ultraviolet excita- CH,Br photoproduct and isodibromomethane (iso28H-Br)
tion of diiodomethane in the gas phase leads to cleavage ofphotoproduct are both observed within nanoseconds following
one C-I bond to give CHI and iodine atom photofrag-  photoexcitation of the A-band absorption of dibromomethane
ments!9-21.43-45 Solution phase femtosecond transient absorp- in cyclohexane solution. The A-band resonance Raman intensity
tion experiment®-52 generally concur that the initial process spectra for dibromomethane indicates that the Frai@ibndon
is also C-1 bond cleavage to produce GHand iodine atom region dynamics lead mostly to lengthening of the® bonds
fragments (the very fast rise time observed in all of the and likely dynamics similar to that observed for A-band
femtosecond experiments). This is consistent with frequency diiodomethane and other dihalometh&iié3%3that are known
domain resonance Raman investigations of the Fradndon to have direct photodissociation reactions in the gas
region short-time dynamic$-4° While all three femtosecond ~ phaset®-2143-45.86-89 Jsing this information and results for the
transient absorption experiments observe very similar behaviorclosely related diiodomethane systén3? we propose the
of a fast rise component (a few hundred femtoseconds) followed following preliminary hypothesis for the primary photochemistry
by a fast decay component (several hundreds of femtoseconds}teps for A-band photoexcitation of dibromomethane in liquid
and then a slower (310 ps) rise component, the interpretations solutions: the €Br bond breaks in a direct manner to give
of these results have varied due to the species assigned to th€H,Br and Br photofragments that then interact with the solvent
transient absorptiorf8-52 We recently performed nanosecond cage to give some recombination to produce either the parent
time-resolved resonance Raman experiments to observe thalibromomethane or isodibromomethane photoproduct or some
photoproduct (that has a characteristi885 nm transient CH.Br and Br fragments escape the solvent cage. This
absorption) produced following ultraviolet photoexcitation of preliminary hypothesis is consistent with the available experi-
diiodomethane in solutiof. Our time-resolved resonance Ra- mental data for A-band dibromomethane photochemistry (al-
man spectra in conjunction with density functional theory though there is admittedly little available at this time). This
calculations clearly demonstrated that isodiiodomethane (iso- preliminary hypothesis can be further tested and the details on
CHoal—I) photoproduct is produced from ultraviolet photoexci- how the iso-CHBr—Br and CHBr photoproducts are formed
tation of diiodomethane in room-temperature liquids on the from A-band photoexcitation of dibromomethane can be directly
nanosecond time scale and is associated with the characteristiprobed using ultrafast spectroscopy experiments such as fem-
~385 nm transient absorption baffdlhese results suggest that  tosecond transient absorption experiments which have been very
insofar as the transient absorption ban885 nm observed on  useful in investigating the closely related diiodomethane mo-
the ultrafast time scale is the same as that seen on thelecular systent®-52 Ultrafast vibrational spectroscopy experi-
nanosecond time scale, the interpretation of the femtosecondments would also be very useful to better understand the
transient absorption spectra proposed by Ake¥ssprobably structural changes and properties of the initially formed pho-
correct (ultraviolet photoexcitation of diiodomethane in solution toproduct species and how they evolve into the;BiHand iso-
leads to fast €1 bond cleavage to form Cfand | fragments, CH,Br—Br photoproducts we have observed on the nanosecond
the fragments then interact with the solvent cage leading to sometime scale. Further investigations (both theoretical and experi-
recombination to produce a hot isodiodomethane photoproductmental) should prove rewarding for dihalomethane molecular
that then vibrationally cools to give the isodiiodomethane systems such as dibromomethane, diiodomethane and others in
photoproduct observed at longer times). We note that the otherorder to better understand solvesblute interactions and caging
two femtosecond transient absorption stutgkalso interpreted effects on their photodissociation/photoisomerization reactions
the first two steps of the mechanism following ultraviolet in condensed phases.
photoexcitation of diiodomethane in liquids as fasti®ond
cleavage to give CHiand | fragments and these fragments then  Acknowledgment. This work was supported by grants from
interact with the solvent cage to give some geminate recombina-the Committee on Research and Conference Grants (CRCG),
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