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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 C-Br stretch overtone progression of the CH2Br 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-CH2Br-Br species is mainly responsible for the transient photoproduct absorption band∼360
nm. Our preliminary results for A-band photoexcitation of dibromomethane in conjunction with previously
reported diiodomethane results suggest that solvation effects (probably via recombination of the CH2Br and
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

Dihalomethanes such as diiodomethane and dibromomethane
have been used as reagents for cyclopropanation reactions with
alkenes.1-8 Diiodomethane has long been employed for cyclo-
propanation reactions via activation of the diiodomethane
reagent by a Zn-Cu couple in the Simmons-Smith reaction1

or ultraviolet photoexcitation.2-5 More recently dibromomethane
has been shown to be an effective reagent for cyclopropanation
reactions employing variations of the Simmons-Smith reaction
with ultrasound irradiation,6 TiCCl4 catalysis,7 or electrochemi-
cal synthesis with a Zn anode.8 Dihalomethanes have also been
of increasing interest in atmospheric chemistry since they may
be an important source of natural organoiodine and organobro-
mine compounds emitted into the atmosphere.9-13 A recent study
assessed the importance of dibromomethane, diiodomethane and
bromoiodomethane as possible sources for reactive halogens
in the troposphere and in the marine boundary layer.14

The absorption cross sections of dibromomethane in the
ultraviolet has been experimentally measured by several
groups.14-16 Dibromomethane has only one broad absorption
band above 210 nm that most likely arises from nf σ*
transitions (from a nonbonding electron on the Br atom to an
antibondingσ* orbital on the C-Br bond).17,18 Presumably,
photoexcitation of dibromomethane within this absorption band
in the gas phase results in direct C-Br bond cleavage similar
to the A-band photodissociation reactions previously found for
diiodomethane19-21 and other haloalkanes.22-38 While the
ultraviolet photodissociation of diiodomethane has been inves-
tigated by a variety of experimental techniques in the gas

phase,19-21,39-48 solution phase,48-52 and in low-temperature
solids,53-60 there has been relatively few corresponding studies
reported for dibromomethane.14,53,55,56In this paper we report
A-band Resonance Raman spectra of dibromomethane in the
gas and solution phase in order to elucidate the qualitative
features of the Franck-Condon region dynamics of the photo-
dissociation reaction. We also report transient resonance Raman
experiments in the solution phase. These solution phase experi-
ments indicate formation of an isodibromomethane photoproduct
within nanoseconds after photoexcitation. We compare our
present results for dibromomethane with those of diiodomethane
and discuss their differences and similarities. Our results for
dibromomethane suggest that solvation effects (likely via
recombination of the CH2Br + Br fragments within the solvent
cage) leads to appreciable photoisomerization to give an
isodibromomethane (iso-CH2Br-Br) photoproduct.

Experiment

CH2Br2 (99%) and spectroscopic grade cyclohexane (99.9+%)
were used to prepare samples for the resonance Raman
experiments and time-resolved resonance Raman experiments.
Sample concentrations were in the 0.15 to 0.20 M range for all
of the different resonance Raman experiments. The resonance
Raman apparatus and methods have been described in detail
elsewhere48,49,61-66 so only a short account will be given here.
The harmonics of a Nd:YAG laser and their hydrogen Raman
shifted laser lines provided the excitation wavelengths for the
resonance Raman experiments. A backscattering geometry was
used to excite a flowing liquid stream of sample. Reflective
optics were used to collect the resonance Raman scattered light
and image it through a depolarizer and entrance slit to a 0.5 m
spectrograph. The grating of the spectrograph dispersed the light
onto a liquid nitrogen cooled CCD detector that accumulated
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
added together to get the resonance Raman spectrum.

The gas phase experiments used the same excitation and
detection apparatus as the solution phase experiments. A heated
reservoir of liquid and vapor dibromomethane connected to a
heated pipet was used in the gas phase experiments. Dry nitrogen
was flowed through the sample reservoir to take away some
dibromomethane vapor with it through the pipet nozzle. The
excitation laser beam was loosely focused (∼2 mm diameter)
near the exit of the pipet nozzle. The laser power was kept low
to avoid interference from photoproduct bands. The excitation
laser light was not noticeably reduced by the vapor sample and
sample reabsorption of the resonance Raman scattering was
minimal for the vapor phase experiments.

The time-resolved resonance Raman apparatus and methods
have been detailed previously67-71 so only a brief description
is given here. The time-resolved experiments made use of the
same equipment as the resonance Raman experiments. The
fourth harmonic (266 nm) of a nanosecond pulsed Nd:YAG
laser was used for the pump excitation wavelength and the
second Stokes hydrogen Raman shifted laser line (341.5 nm)
of the fourth harmonic was used for the probe excitation
wavelength in the transient resonance Raman experiments. A
near collinear geometry was used focus the pump and probe
laser beams onto a flowing liquid jet of sample. The Raman
signal was collected and detected in a manner similar to that
used for the resonance Raman experiments. Pump only, probe
only, background scan and pump-probe transient Raman
spectra were obtained. The solvent and parent dibromomethane
Raman bands were excised from the pump-probe transient
spectrum by subtracting a probe only spectrum (the pump only
and background scan displayed no noticeable bands in the probe
spectral region).

The known vibrational frequencies of the cyclohexane solvent
Raman bands (for solution phase spectra) and mercury emission
lines as well as the oxygen and nitrogen Raman bands (for the
vapor phase spectra) were used to calibrate the Raman shifts of
the resonance Raman spectra. The solution phase spectra were
corrected for any remaining sample reabsorption72 and the
solvent Raman bands were removed via subtraction of an
appropriately scaled solvent spectrum. The wavelength depen-
dence of the detection system response was corrected in all of
the Raman spectra using spectra of an intensity calibrated
deuterium or tungsten lamp. Portions of the corrected spectra
were fit to a baseline plus a sum of Lorentzians to obtain the
integrated areas of the resonance Raman bands.

Calculations

All of the density functional theory computations were done
using the Gaussian program suite.73 The complete geometry
optimization and vibrational frequency calculations were de-
termined analytically and employed aCs symmetry constraint
where the plane of symmetry contained the carbon atom and
the bromine atom(s). The 6-311++G(3df,3pd) and Aug-cc-
PVTZ basis sets74,75were used for the B3LYP density functional
theory (DFT) computations for the optimized structures and
vibrational frequencies. These basis sets were also used for the
time-dependent density functional theory at random phase
approximation76 computations (TD(RPA)) to calculate the
electronic transition energies.

Results and Discussion

Figure 1 shows absorption spectra of dibromomethane in the
gas and solution phases (cyclohexane solvent) with the wave-

length for the resonance Raman experiments displayed above
the absorption spectra. The dashed lines in Figure 1 present a
simple Gaussian deconvolution of the absorption spectra of
dibromomethane. Figure 2 presents an overview of the 228.9
nm resonance Raman spectra of gas and solution phase
(cyclohexane solvent) dibromomethane as well as an expanded
view of the 1000 cm-1 to 3500 cm-1 region to more easily see
the smaller Raman bands. Most of the intensity in the resonance
Raman spectra of Figure 2 appear in progressions associated
with three or four Franck-Condon active vibrational modes (the
nominal Br-C-Br bendν4, the nominal Br-C-Br symmetric
stretchν3, the nominal Br-C-Br antisymmetric stretchν8, and
the nominal H-C-H bendν2). Table 1 lists the Raman shifts
and intensities for the resonance Raman spectra displayed in
Figure 2 for gas and solution phase dibromomethane. There are
three moderate intensity Raman bands that display noticeable
power dependence77 in the gas and solution phase resonance
Raman spectra (694, 1383, and 2062 cm-1) which are attributed
to a nominal C-Br stretch overtone progression of the CH2Br
radical. The CH2Br radical has a moderately intense A-band
absorption∼230 nm (8.8× 10-18 cm2/molecule)78,79 that is
overlapped with the parent CH2Br2 absorption band that we are
investigating in this study. The infrared absorption spectra of
the CH2Br and CD2Br radicals were observed in low-temper-
ature Ar matrix studies80,81and the nominal C-Br stretch mode
observed at 693 cm-1 displays good agreement with the power
dependent Raman band progression we have tentatively assigned
to the C-Br stretch overtone progression of the CH2Br radical.
We estimated an upper limit for the fraction of sample
photoconverted using the following equation from refs 82 and
83:

Figure 1. Absorption spectra of gas (top) and solution phase (bottom)
dibromomethane. The dashed lines represent a simple Gaussian
deconvolution of the absorption spectra. The wavelength (nm) for the
resonance Raman experiments is shown above the spectra.

Fpulse) (2303Eεφ)/(πr2NA)
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For the experimental conditions used to acquire the resonance
Raman spectra in Figure 2 (228.7 nm excitation with 0.5 mW
at 10 Hz) 5 × 10-5 J orE ) 5.76× 1013 228.7 nm photons,
r ) 0.05 cm,ε ) 1026 M-1 cm-1, φ ) 1.0, andNA ) 6.02×
1023) we found an upper limit of 3% photoconversion of the
sample. The CH2Br radical has an absorption cross section∼230
nm of 8.8× 10-18 cm2/molecule78,79 that is about 2.24 times
larger than that of the parent dibromomethane molecule at 228.7
nm (∼3.9 × 10-18 cm2/molecule). Since the Raman cross
section scales as the square of the absorption cross section the
bromomethyl radical resonance Raman cross section is probably
about 5 times larger than that of dibromomethane at∼228.7
nm. We observe<12% of the Raman intensity in the photo-
product bands and this is consistent with the<3% sample
photoconversion upper limit. Apart from the modest intensity
found for a few transient bromomethyl radical Raman bands,
the resonance Raman intensities of the spectra in Figure 2 and
measured absolute Raman cross section in the solution phase
(Table 1) should be mainly indicative of the parent dibromo-
methane molecule. The details of the resonance Raman spectra
of the CH2Br radical photoproduct and its Franck-Condon
region dynamics will be reported separately.77

We note that the dibromomethane A-band resonance Raman
spectra have most of their intensity in the nominal Br-C-Br
symmetric stretch overtone progression (nν3). This progression
accounts for most of the resonance Raman cross section and
would be expected to determine most of the short-time photo-
dissociation dynamics associated with the main transition of the
A-band absorption of dibromomethane. The resonance Raman
spectra in Figure 2 appear similar to the resonance Raman

spectra (and presumably their Franck-Condon region dynamics
as well) previously found from resonance Raman studies for
other dihalomethanes that are known to have direct photodis-
sociation of a C-X bond following A-band photoexcitation
(where X ) Br or I).48,62,63,66This and the intense overtone
progression in the symmetric C-Br vibrational mode suggests
that A-band excitation of dibromomethane leads to direct bond
cleavage of the C-Br bond. The gas and solution phase A-band
resonance Raman spectra are very similar to one another with
the exception of some moderate intensity in bands associated
with the Br-C-Br antisymmetric stretch mode in the solution
phase which either do not appear or are much less intense in
the gas phase. This may be due to some solvent induced
symmetry breaking as has been previously observed in the
diiodomethane system.48,49 The fundamental of the X-C-X
antisymmetric stretch and combination bands of this fundamental
with other modes is substantially smaller in the A-band
dibromomethane spectra compared to the diiodomethane spec-
tra.48 This suggests that degree of solvent induced symmetry
breaking is less in dibromomethane than in diiodomethane. This
could be due to the faster separation of the CH2X + X fragments
in dibromomethane compared to diiodomethane which would
lead to a shorter time spent in the Franck-Condon region and
less solvent perturbation of the resonance Raman spectra.
However, little is known about the energy partitioning associated
with the A-band dibromomethane reaction so at this time we
can only speculate about this.

We have done two-color nanosecond time-resolved resonance
Raman spectroscopy experiments to help examine some of the
photoproducts produced following A-band photoexcitation of
dibromomethane in room temperature solutions. Figure 3
presents a typical 341.5 nm probe only Raman spectrum (A), a

Figure 2. A-band resonance Raman spectra of dibromomethane in
the gas (top) and solution (cyclohexane solvent; bottom) phases. An
expanded view (×8 and×5, respectively) of the gas and solution phase
spectra is shown immediately below each of these spectra. The spectra
have been intensity corrected and solvent subtracted. The tentative
assignments for the larger Raman bands are shown above the spectra.
Asterisks (*) label regions of the spectra where solvent subtraction
artifacts are present and the pound sign (#) marks regions where laser
line or stray light artifacts are found.

TABLE 1: Experimental A-Band Resonance Raman
Intensities for Gas and Solution (cyclohexane solvent) Phase
Dibromomethane (for 228.7 nm excitation)

intensities as absolute Raman
cross sections

(× 10-9 Å2/molecule)Raman
bands

Raman
shifta (cm-1) gas phasec expb soln phase expb

ν3 587 (576) 1.21 1.21
2ν3 1158 0.36 0.50
3ν3 c1734 0.12 0.20
4ν3 2312 0.10 0.11
5ν3 2880 0.02 c
6ν3 3438 0.01 0.04
ν8 640 (637)
2ν8 1290 0.01 c
2ν8 + ν3 1855 0.06 0.08
2ν8 + 2ν3 2423 0.04 0.05
2ν8 + 3ν3 3012 0.04 c
ν4 179 (174) 0.24 c
ν4 + ν3 756 0.03 c
ν4 + 2ν3 1330 0.04 0.03
ν4 + 3ν3 1903 0.02 0.03
ν2 1388 (1388) 0.03
ν2 + ν4 1552 0.016 0.022
ν2 + ν3 1964 0.012 0.014

a Estimated uncertainties are about(4 cm-1 for the Raman shifts.
The Raman shifts for the gas phase Raman bands are shown first and
the solution phase values are given in parentheses.b Intensities are based
on integrated areas of peaks and solution phase absolute Raman cross
section measurements (the listed values are in units of 10-9 Å2/
molecule). Estimated uncertainties are about 10% for intensities for
1.0 or higher, 15% for intensities 0.3-1.0 and 30% for intensities lower
than 0.3. The gas phase values are only relative intensities (these have
been scaled so that theν3 cross section is the same as the solution
phase value).c These peaks are obscured by solvent subtraction artifacts
and/or apparent transient Raman peaks.
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266.0 nm pump only spectrum in the probe wavelength region
(B), a pump-probe resonance Raman spectrum (C) and a
transient resonance Raman spectrum of the photoproduct (D)
obtained by subtracting the probe only and pump only spectra
from the pump-probe spectrum. Figure 4 shows an expanded
view of the transient resonance Raman spectrum of the
dibromomethane photoproduct with the tentative assignments
of the larger Raman bands indicated above the spectrum. The
266.0 nm pump wavelength is resonant with the red edge of
the A-band absorption spectrum of dibromomethane and the
probe wavelength is resonant with transient photoproduct
absorption bands observed in low-temperature matrices.53-59

Since we have a limited number of available hydrogen Raman
shifted probe excitation wavelengths in the 320 nm to 380 nm
wavelengths region using our current experimental apparatus
we did not attempt to obtain an excitation profile across the

∼360 nm transient absorption band. This would be interesting
to do at some point and would likely reveal more about the
nature of the transient electronic absorption transition. Ultra-
violet, photoionization and radiolysis excitation of dibromo-
methane, diiodomethane and other dihalomethanes in low-
temperature matrices leads to photoproducts that have a
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 red.53-59 The
characteristic photoproduct absorption band around 360 nm
observed for dibromomethane following ultraviolet or photo-
ionization excitation has been attributed to trapped electrons,53

the CH2Br2
+ radical cation57 or the isomer of dibromomethane

(CH2Br-Br).55,56 The transient resonance Raman spectra dis-
played in Figure 3 (D) and Figure 4 have most of their Raman
intensity in the fundamentals, overtones and combination bands
of four or five Franck-Condon active modes whose funda-
mental Raman bands are at 960 cm-1, 690 cm-1, 480 cm-1?,
176 and 146 cm-1.

We have performed density functional theory calculations to
find the optimized geometries, vibrational frequencies and
electronic absorption transitions for the CH2Br, CH2Br2

+ and
iso-CH2Br-Br species. Table 2 presents the parameters for the
optimized geometries of CH2Br, CH2Br2

+ and iso-CH2Br-Br
obtained from the B3LYP density functional theory computa-
tions. Table 3 compares the experimental frequencies found from
the transient resonance Raman spectra (this study) with the
calculated density functional theory results for iso-CH2Br2, CH2-
Br2

+, and CH2Br. Examination of Table 3 shows the experi-
mental vibrational frequencies of the Raman band fundamentals
show reasonable agreement with those predicted for the iso-
CH2Br-Br species but not for the CH2Br2

+ radical cation or
the CH2Br radical which have been proposed as species for the
photoproduct∼360 nm absorption band. The CH2Br species

Figure 3. Examples of a typical 341.5 nm probe only Raman spectrum
(A), 266.0 nm pump only spectrum in the probe wavelength region
(B), a pump-probe Raman spectrum (C), and the resulting transient
resonance Raman spectrum (D) of the dibromomethane photoproduct.

Figure 4. Transient resonance Raman spectra of the dibromomethane
(CH2Br2) photoproduct obtained using a 266.0 nm pump and 341.5
nm probe excitation wavelengths. The time delay between the pump
and probe beams was∼0 ns.

TABLE 2: Parameters for the Optimized Geometries
Computed from the B3LYP Density Functional Theory
Calculations for iso-CH2Br2, CH2Br, and CH2Br2

+ Species
(Bond Lengths in Å and Bond Angles in Degrees)

parameter
B3LYP/

6-311++G(3df,3pd)
B3LYP/

Aug-cc-PVTZ

iso-CH2Br2

C-Br1 1.767 1.768
Br1-Br2 2.672 2.674
C-H3 and C-H4 1.078 1.078
C-Br1-Br2 122.0 122.0
Br1-C-H3 and

Br1-C-H4

118.0 118.1

H3-C-Br1-Br2 -80.66 -80.68
H4-C-Br1-Br2 80.66 80.68

CH2Br2
+

C-Br1 and C-Br2 1.946 1.946
C-H3 and C-H4 1.081 1.082
Br1-C-Br2 93.98 93.85
Br1-C-H3, Br1-C-H4,

Br2-C-H3, and
Br2-C-H4

110.9 110.9

H3-C-H4 117.0 116.9
Br1-C-Br2-H3 -114.1 -114.1
H3-C-H4-Br1 -128.5 -128.6

CH2Br
C-Br 1.857 1.858
C-H1 and C-H2 1.075 1.075
Br-C-H1 and

Br-C-H2

117.7 117.7

H1-C-H2 124.7 124.6
H1-C-H2-Br 180.0 180.0
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and the CH2Br2
+ species have only one vibrational mode in

the 100 cm-1 to 200 cm-1 region (at 152 and 169 cm-1

respectively). This does not agree with the experimental
nanosecond time-resolved resonance Raman spectra in Figures
3 (D) and 4 that show two low-frequency modes at 176 and
146 cm-1 (these two modes have overtones and/or combination
bands with each other and the other Franck-Condon active
vibrational modes). However, the iso-CH2Br-Br species (a
simple schematic diagram of the geometry is given at the bottom
of Figure 5) has two A1 low-frequency vibrational modes (∼180
and 133 cm-1) that correspond well to the experimental Raman
fundamentals at 176 and 146 cm-1. In addition, the other
Franck-Condon active modes in the experimental resonance
Raman spectra display reasonable agreement with the computed
iso-CH2Br-Br vibrational frequencies. Using the comparison
of vibrational frequencies in Table 3, we make the following
tentative assignments for the five Franck-Condon active modes
observed in the time-resolved resonance Raman spectra: the
nominal C-Br-Br bendν6, the nominal Br-Br stretchν5, the
nominal CH2 wagν4, the nominal CH2 rock ν8 and the nominal
CH2 twist ν9 modes correspond to the experimental fundamen-

tals at 146, 176, 690,∼960, and∼480 cm-1, respectively. We
note that the 690 cm-1 Raman fundamental band assigned to
the nominal CH2 wagν4 mode agrees well with the experimental
band vibrational frequency and assignment found from infrared
spectra obtained in low-temperature matrixes.55,56 The differ-
ences in the resonance Raman band intensities and bandwidths
in the experimental spectrum shown in Figure 4 were used to
help make preliminary assignments of theν9 andν8 fundamen-
tals and their combination bands. Our present results strongly
indicate that the iso-CH2Br-Br species is mainly responsible
for the∼360 nm absorption band observed following ultraviolet
photoexcitation of dibromomethane in room-temperature liquid
solutions.

We have previously used B3LYP time-dependent random
phase (TD/RPA) computations to estimate electronic transition
energies and oscillator strengths for CH2I2 and found reasonable
agreement with the experimental spectra.84 We have also done
similar calculations for the electronic transitions of iso-CH2-
Br-Br, CH2Br2

+ radical cation and CH2Br radical and results
for the singlet transitions are shown in Table 4. The CH2Br2

+

radical cation and CH2Br radical species have no strong
computed transitions in the 330 nm to 400 nm region where
the ∼360 nm experimental absorption band occurs. However,
the iso-CH2Br-Br species has two intense transitions at 374
and 356 nm that correspond very well to the experimental
absorption spectrum∼360 nm associated with the photoproduct
formed following ultraviolet photoexcitation of dibromomethane
in condensed environments.53,55-57 The nanosecond time-
resolved resonance Raman spectra of the photoproduct reported
here show that the iso-CH2Br-Br species is responsible for the
∼360 nm transient absorption band seen after ultraviolet
excitation of dibromomethane in liquid solutions (at least on
the ns time scale) and this is consistent with the DFT computed
electronic transition energies and oscillator strengths for iso-
CH2Br-Br.

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 Frequenciesa

vibrational mode B3LYP/6-311++G(3df,3pd) B3LYP/Aug-cc PVTZ
resonance Raman

(this work) infrared abs55,56

CH2Br-Br (CD2Br-Br)
A′ ν1, CH2 sym str 3154 (2277) 3152 (2275) 3030 (2213)

ν2, CH2 scissor 1429 (1079) 1428 (1078) 1334 (1030)
ν3, C-Br str 861 (773) 858 (771) (732)
ν4, CH2 wag 740 (595) 738 (594) 690 684, 695
ν5, Br-Br str 180 (180) 180 (180) 176
ν6, C-Br-Br bend 132 (123) 133 (124) 146

A′′ ν7, CH2 asym str 3294 (2452) 3286 (2456) 3156 (2384)
ν8, CH2 rock 967 (725) 966 (724) 960
ν9, CH2 twist 469 (338) 468 (337) 480*

CH2Br2
+

A1 ν1, CH sym str 3140 (2271) 3132 (2265)
ν2, CH2 def 1426 (1046) 1424 (1045)
ν3, CBr sym str 627 (597) 626 (596)
ν4, BrCBr bend 167 (167) 169 (168)

B1 ν5, CH asym str 3259 (2433) 3247 (2424)
ν6, CH2 rock 871 (666) 873 (668)

A2 ν7, CH2 twist 1033 (733) 1032 (732)
B2 ν8, CH2 wag 1176 (880) 1172 (877)

ν9, CBr asym str 531 (510) 528 (507)

CH2Br
A1 ν1, CH sym str 3175 (2286) 3172 (2284)

ν2, CH2 def 1382 (1030) 1382 (1029)
ν3, C-Br str 703 (663) 703 (662)

B1 ν4, CH2 wag 157 (122) 152 (118)
B2 ν5, CH asym str 3334 (2494) 3325 (2488)

ν6, CH2 rock 928 (693) 926 (691)

a The corresponding vibrational frequencies for deutrated isodibromomethane are given in parentheses. Key: str) stretch; sym) symmetric;
asym) asymmetric; def) deformation.

Figure 5. Schematic diagram of the geometry of dibromomethane and
isodibromomethane.
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How does solvation lead to formation of the iso-CH2Br-Br
photoproduct species? To help address this question, it is useful
to examine the more extensively studied diiodomethane pho-
todissociation/photoisomerization reactions. Ultraviolet excita-
tion of diiodomethane in the gas phase leads to cleavage of
one C-I bond to give CH2I and iodine atom photofrag-
ments.19-21,43-45 Solution phase femtosecond transient absorp-
tion experiments50-52 generally concur that the initial process
is also C-I bond cleavage to produce CH2I and iodine atom
fragments (the very fast rise time observed in all of the
femtosecond experiments). This is consistent with frequency
domain resonance Raman investigations of the Franck-Condon
region short-time dynamics.46-49 While all three femtosecond
transient absorption experiments observe very similar behavior
of a fast rise component (a few hundred femtoseconds) followed
by a fast decay component (several hundreds of femtoseconds)
and then a slower (3-10 ps) rise component, the interpretations
of these results have varied due to the species assigned to the
transient absorptions.50-52 We recently performed nanosecond
time-resolved resonance Raman experiments to observe the
photoproduct (that has a characteristic∼385 nm transient
absorption) produced following ultraviolet photoexcitation of
diiodomethane in solution.85 Our time-resolved resonance Ra-
man spectra in conjunction with density functional theory
calculations clearly demonstrated that isodiiodomethane (iso-
CH2I-I) photoproduct is produced from ultraviolet photoexci-
tation of diiodomethane in room-temperature liquids on the
nanosecond time scale and is associated with the characteristic
∼385 nm transient absorption band.85 These results suggest that
insofar as the transient absorption band∼385 nm observed on
the ultrafast time scale is the same as that seen on the
nanosecond time scale, the interpretation of the femtosecond
transient absorption spectra proposed by Akesson52 is probably
correct (ultraviolet photoexcitation of diiodomethane in solution
leads to fast C-I bond cleavage to form CH2I and I fragments,
the fragments then interact with the solvent cage leading to some
recombination to produce a hot isodiodomethane photoproduct
that then vibrationally cools to give the isodiiodomethane
photoproduct observed at longer times). We note that the other
two femtosecond transient absorption studies50,51also interpreted
the first two steps of the mechanism following ultraviolet
photoexcitation of diiodomethane in liquids as fast C-I bond
cleavage to give CH2I and I fragments and these fragments then
interact with the solvent cage to give some geminate recombina-
tion and some escape of the fragments. It appears that the
geminate recombination of the CH2I and I photofragments

within the solvent cage leads to appreciable amounts of the
isodiiodomethane photoproduct.

Our present results resonance Raman experiments show that
CH2Br photoproduct and isodibromomethane (iso-CH2Br-Br)
photoproduct are both observed within nanoseconds following
photoexcitation of the A-band absorption of dibromomethane
in cyclohexane solution. The A-band resonance Raman intensity
spectra for dibromomethane indicates that the Franck-Condon
region dynamics lead mostly to lengthening of the C-Br bonds
and likely dynamics similar to that observed for A-band
diiodomethane and other dihalomethanes48,62,63that are known
to have direct photodissociation reactions in the gas
phase.19-21,43-45,86-89 Using this information and results for the
closely related diiodomethane system,50-52 we propose the
following preliminary hypothesis for the primary photochemistry
steps for A-band photoexcitation of dibromomethane in liquid
solutions: the C-Br bond breaks in a direct manner to give
CH2Br and Br photofragments that then interact with the solvent
cage to give some recombination to produce either the parent
dibromomethane or isodibromomethane photoproduct or some
CH2Br and Br fragments escape the solvent cage. This
preliminary hypothesis is consistent with the available experi-
mental data for A-band dibromomethane photochemistry (al-
though there is admittedly little available at this time). This
preliminary hypothesis can be further tested and the details on
how the iso-CH2Br-Br and CH2Br photoproducts are formed
from A-band photoexcitation of dibromomethane can be directly
probed using ultrafast spectroscopy experiments such as fem-
tosecond transient absorption experiments which have been very
useful in investigating the closely related diiodomethane mo-
lecular system.50-52 Ultrafast vibrational spectroscopy experi-
ments would also be very useful to better understand the
structural changes and properties of the initially formed pho-
toproduct species and how they evolve into the CH2Br and iso-
CH2Br-Br photoproducts we have observed on the nanosecond
time scale. Further investigations (both theoretical and experi-
mental) should prove rewarding for dihalomethane molecular
systems such as dibromomethane, diiodomethane and others in
order to better understand solvent-solute interactions and caging
effects on their photodissociation/photoisomerization reactions
in condensed phases.
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TABLE 4: Electronic Absorption Transition Energies Obtained from Density Functional Theory Calculations for iso-CH2Br2,
CH2Br2

+, and CH2Bra

electronic absorption transition energies

molecule URPA//UB3LYP/6-311++G(3df,3pd) URPA//UB3LYP/Aug-cc-PVTZ

iso-CH2Br2 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)

CH2Br2
+ 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)

CH2Br 255 nm (0.0012) 255 nm (0.0011)
197 nm (0.0000) 198 nm (0.0001)
191 nm (0.0001) 194 nm (0.0000)

a Calculated transition oscillator strengths are in parentheses.
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