
Title Investigation of the short-time photodissociation dynamics of
trans-1-bromo-2-iodoethane in the A-band absorption

Author(s) Zheng, X; Phillips, DL

Citation Journal Of Chemical Physics, 1999, v. 110 n. 3, p. 1638-1649

Issued Date 1999

URL http://hdl.handle.net/10722/42347

Rights Creative Commons: Attribution 3.0 Hong Kong License



JOURNAL OF CHEMICAL PHYSICS VOLUME 110, NUMBER 3 15 JANUARY 1999
Investigation of the short-time photodissociation dynamics of trans -1-
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We have obtained resonance Raman spectra and absolute Raman cross section measurements at five
excitation wavelengths within theA-band absorption for 1-bromo-2-iodoethane in cyclohexane
solution. The resonance Raman spectra have most of their intensity in the fundamentals, overtones,
and combination bands of six Franck–Condon active vibrational modes; the nominal CCI bend, C–I
stretch, C–Br stretch, C–C stretch, CH2 wag with the Br atom attached to the CH2 group, and CH2
wag with the I atom attached to the CH2 group. The resonance Raman intensities andA-band
absorption spectrum were simulated using a simple model and time-dependent wave packet
calculations. The simulation results and normal mode descriptions were used to find the short-time
photodissociation dynamics in terms of internal coordinate displacements. TheA-band short-time
photodissociation dynamics fortrans-1-bromo-2-iodoethane show that the C–I, C–Br, and C–C
bonds as well as the CCI, CCBr, HCC, ICH, and BrCH angles have significant changes during the
initial stages of the photodissociation reaction. This indicates the photodissociation reaction has a
large degree of multidimensional character and suggests that the bromoethyl photofragment receives
substantial internal excitation in so far as the short-time photodissociation dynamics determines the
energy partitioning. Comparison of our results for 1-bromo-2-iodoethane with theA-band short-time
dynamics of iodoethane, 1-chloro-2-iodoethane, and 1,2-diiodoethane and the trends observed for
their A-band absorption spectra suggest that both the C–I and C–Br bonds experience a noticeable
amount of photoexcitation. ©1999 American Institute of Physics.@S0021-9606~99!01503-2#
e
tio
de
ion
as
n

ic
rs

a-
C

p

a
g-
e
ac
th
io

d
o

cal
iza-
ng

und
c-
s-
tion
long
nal
the

ch
er

Ra-
atio
e
hoto-

ry-
the

the
ms

f

al-
pre-
I. INTRODUCTION

The A-band photodissociation of iodoalkanes have be
extensively studied as examples of direct photodissocia
reactions and have played an important role in better un
standing photodissociation dynamics and energy partit
ing. TheA-band absorption spectra of gas and solution ph
iodoalkanes are unstructured and composed of three tra
tions (3Q0 , 1Q1 , and3Q1).1–3 The 3Q0 transition gives rise
to most of the oscillator strength of theA-band absorption
and correlates with I* photofragments. Ground electron
state iodine atoms~I! can be formed in significant numbe
from an electronic nonadiabatic curve crossing of the3Q0

state by the1Q1 state.4–11Molecular beam experiments me
suring photofragment anisotropies have shown that the
bond cleavage associated with theA-band absorption of io-
doalkanes takes place much quicker than the rotational
riod of the parent iodoalkane molecule.11–18

Iodomethane has been the most investigated iodoalk
molecule for theA-band photodissociation reaction. Ma
netic circular dichroism~MCD! experiments found that th
3Q0 transition near the center of the absorption band
counts for about 70%–80% of the oscillator strength and
3Q1 and 1Q1 near the red and blue edges of the absorpt
band have the remaining oscillator strength.2 High resolution
time-of-flight photofragment spectroscopy experiments in
cated some internal energy appears in the umbrella m
vibration of the methyl radical photofragment.12,13The vibra-

a!Author to whom correspondence should be addressed.
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tional and rotational state distributions of the methyl radi
photofragment have been measured by multiphoton ion
tion ~MPI!,19–21 coherent anti-Stokes Raman scatteri
~CARS!,22 diode laser absorption,23 and other experiments.24

Femtosecond time-resolved pump–probe experiments fo
that the iodomethaneA-band photodissociation reaction o
curred in less than 100 fs.25,26 Resonance Raman spectro
copy was used to examine the short-time photodissocia
dynamics. The resonance Raman spectra displayed
overtone progressions in the nominal C–I stretch vibratio
mode and a smaller combination band progression in
nominal CH3 umbrella mode fundamental plus C–I stret
overtones.27–36The contributions from electronic states oth
than3Q0 ~e.g.,3Q1 and1Q1) and possible effects of the3Q0

and 1Q1 nonadiabatic curve crossing on the resonance
man spectra were investigated using depolarization r
measurements.29,30,34 Solvation and solvent effects on th
resonance Raman spectra and associated short-time p
dissociation dynamics were also examined.31–33 Different
theoretical models and potential energy surfaces with va
ing degrees of sophistication have been used to elucidate
A-band photodissociation of iodoalkanes.37–46Fully quantum
mechanical simulations using reasonably accurateab initio
potential energy surfaces were used to model much of
available experimental data for iodomethane and it see
that the major aspects of theA-band photodissociation o
iodomethane have been elucidated.45,46

TheA-band photodissociation reactions of larger iodo
kanes and dihaloalkanes have not been examined as com
8 © 1999 American Institute of Physics
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1639J. Chem. Phys., Vol. 110, No. 3, 15 January 1999 X. Zheng and D. L. Phillips
hensively as iodomethane. However, studies carried ou
other iodoalkanes~and dihaloalkanes! enable examination o
how the molecular structure and substituents modify the p
todissociation dynamics, energy partitioning to the pho
fragments and the probability of3Q0 to 1Q1 curve crossing.
Time-of-flight translational spectroscopy experiments
several different iodoalkanes indicate that as the alkyl gr
gets larger and/or more branched in structure then the de
of internal excitation of the alkyl radical photofragme
increases.11–18,47–55Experimental measurements of the I* /I
ratio a function of the structure and mass of parent iodo
kane found that more I photofragment is produced as
iodoalkane molecule increases in mass or becomes m
branched in structure.4–11,56–63This suggests that the3Q0 to
1Q1 curve crossing probability has some dependence on
degree of internal energy deposited into the alkyl photofr
ment; less of the available energy of the photodissociatio
deposited into translation of the two photofragments as m
of the available energy goes into internal excitation of
alkyl photofragment which leads to an increased curve cro
ing probability.

Two simple models for the photodissociation dynam
of direct bond cleavage reactions have been used to exp
the energy partitioning of theA-band iodoalkane photodisso
ciation reaction.12,15–17The ‘‘rigid radical’’ model makes the
assumption that the alkyl radical maintains the same st
ture during the photodissciation reaction and this leads
only internal excitation of the rotational degree of freedom
the alkyl radical.12,15–17 On the other hand, the ‘‘soft radi
cal’’ model can give rise to internal excitation of both th
vibrational and rotational degrees of freedom of the al
radical. The ‘‘soft radical’’ model makes the assumption th
thea-carbon atom is very weakly connected to the rest of
alkyl radical so that the C–I bond breaking leads to
a-carbon atom being pushed into the rest of the al
radical.12,15–17The energy disposal of most iodoalkanes se
to be nearer that given by the ‘‘soft radical’’ model than t
values given by the ‘‘rigid radical’’ model.12,15–17

The ‘‘rigid radical’’ and ‘‘soft radical’’ models are close
to two limits to how thea-carbon atom is bonded to the re
of the alkyl radical during the photodissociation. The ‘‘rig
radical’’ model a-carbon has far too strong bonding to th
rest of the alkyl radical in order to maintain a rigid alk
radical structure during the photodissociation and the ‘‘s
radical’’ modela-carbon has too weak bonding to the rest
the alkyl radical during the photodissociation. Both t
‘‘rigid radical’’ and ‘‘soft radical’’ models of the photodis-
sociation dynamics do not realistically account for t
a-carbon atom bonding to the rest of the alkyl radical dur
the photodissociation and more accurate models need t
developed for direct photodissociation dynamics and ene
partitioning. Resonance Raman spectroscopy has been
to investigate the short-time photodissociation dynamics
several dihaloalkanes and higher iodoalkanes.36,64–79 These
studies showed that as the mass increases and/or the stru
becomes more branched, then the intensity in nominal n
C–I stretch combination bands with the C–I stretch ov
tones increases relative to the C–I stretch overtone prog
sion intensity. This trend may arise from more mixing of t
Downloaded 13 Nov 2006 to 147.8.21.97. Redistribution subject to AIP
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internal coordinate motions in the normal coordinate desc
tions of the Franck–Condon active modes and/or ac
changes in the photodissociation dynamics. The short-t
photodissociation dynamics of several higher iodoalka
and dihaloalkanes have been determined using the resul
normal coordinate calculations and resonance Raman in
sity analysis.67,72–79These studies showed that the C–I bo
cleavage takes place on a time-scale similar to the vibratio
motions in the rest of the iodoalkane molecule and
Franck–Condon region dynamics seemed to be somew
between the ‘‘soft radical’’ and ‘‘rigid radical’’ descriptions
of the photodissociation dynamics.

We have obtained a partialA-band resonance Rama
excitation profile and absolute Raman cross section meas
ments for 1-bromo-2-iodoethane in cyclohexane soluti
Time-dependent wave packet calculations were done
simulate the experimental absorption spectrum and re
nance Raman intensities in order to characterize the Fran
Condon region of the excited electronic state. The result
normal coordinate calculations were used in conjunct
with the results of the resonance Raman intensity analys
find the short-time photodissociation dynamics in easy
visualize internal coordinate changes. We compare our
sults for 1-bromo-2-iodoethane with those found previou
for iodoethane, 1-chloro-2-iodoethane and 1,2-diiodoeth
in order to investigate the effect of substitution of a hydrog
atom on theb-carbon atom by a more massive halogen ato
We also examine how the C–I bond breaking in the Franc
Condon region is influenced by the presence of an additio
carbon–halogen chromophore.

II. EXPERIMENT

Spectroscopic grade cyclohexane solvent~Aldrich
Chemical Company! and 1-bromo-2-iodoethane~99% from
Strem custom synthesis! were used to prepare samples f
the resonance Raman spectroscopy experiments. Reson
Raman spectra were obtained for 1-bromo-2-iodoethan
cyclohexane sample solutions with concentrations rang
from 0.4 M to 0.5 M. We have previously described th
experimental apparatus and methods used to acquire
resonance Raman spectra and the reader is referred to
references for details.69–75,77–79The excitation laser for the
resonance Raman experiments used;100 mJ loosely fo-
cused to a 1 mmdiam on the flowing liquid sample. The
methods detailed in Ref. 80 were used to correct the spe
for the reabsorption of the Raman scattered light by
sample solution and an intensity calibrated deuterium la
were used to correct the resonance Raman spectra fo
sensitivity of the whole collection system as a function
wavelength. The absolute resonance Raman cross sectio
1-bromo-2-iodoethane in cyclohexane solution were
tained relative to the absolute Raman cross section of the
cm21 Raman band of cyclohexane solvent.81,82

III. CALCULATIONS

We have used a relatively simple model and tim
dependent wave packet calculations83–87to simulate the reso-
nance Raman intensities andA-band absorption spectrum o
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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1640 J. Chem. Phys., Vol. 110, No. 3, 15 January 1999 X. Zheng and D. L. Phillips
1-bromo-2-iodoethane in cyclohexane solution so as to
amine the major features of the short-time photodissocia
dynamics. The model and computational results given h
are not meant to be a comprehensive characterization o
resonance Raman and absorption spectra, but serve to g
modest start to better elucidate the vibrational mode-spe
dynamics of the initial C–I bond breaking in 1-bromo-
iodoethane. The modeling results shown here will also se
as a useful reference to which more thorough simulations
be compared to assess the significance of effects like
coordinate dependence of the transition dipole moment,
harmonicity, possible Duschinsky rotation of normal coor
nates, and others.

The A-band absorption spectrum of 1-bromo-
iodoethane was simulated using the following formula:

sA~EL!5~4pe2ELM2/3n\2c!

3S i Pi ReF E
0

`

^ i u i ~ t !&exp@ i ~EL1e i !t/\#

3exp@2g~ t !#dtG . ~1!

The resonance Raman cross sections were calculated
this formula,

sR,~EL ,vs!5S iS f PisR,i→ f~EL!d~EL1e i2Es2e f !

with

sR,i→ f~EL!5~8pe4ES
3ELM4/9\6c4!U E

0

`

^ f u i ~ t !&

3exp@ i ~EL1e i !t/\#exp@2g~ t !#dtU2

, ~2!

whereEL is the incident photon energy,ES is the scattered
photon energy,n is the solvent index of refraction,M is the
transition length evaluated at the equilibrium geometry,Pi is
the initial Boltzmann population of the ground-state ene
level u i & which has energye i , f is the final state for the
resonance Raman process, ande f is the energy of the ground
state energy levelu f &, and d(EL1e i2ES2e f) is a delta
function to add up cross sections with the same frequen
u i (t)&5e2 iHt /\ui & is u i (t)& propagated on the excited sta
surface for a timet. H is the excited state vibrational Hami
tonian. The exp@2g(t)# term in Eqs.~1! and~2! is a damping
function. This is expected to be mostly direct photodissoc
tion population decay with some solvent dephasing
A-band 1-bromo-2-iodoethane in cyclohexane. Addition o
a ground state Boltzmann distribution of vibrational ener
levels~298 K temperature distribution! was used to compute
the absorption and resonance Raman cross sections.
number of initial vibrational energy levels included in th
Boltzmann sum were up tov53 for n11, v51 for n9 and
v50 for n8 , n7 , n6 , andn5 .

The ground and excited state potential energy surfa
were approximated by harmonic oscillators displaced byD in
dimensionless normal coordinates. We assumed the Con
approximation. The resonance Raman intensities of the
several overtones and combination bands are determ
Downloaded 13 Nov 2006 to 147.8.21.97. Redistribution subject to AIP
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mostly by the slope of the excited state surface in
Franck–Condon region when no vibrational recurrences t
place~as in a direct photodissociation!. The featureless ga
and solution phaseA-band absorption spectra of 1-bromo-
iodoethane suggests that the total electronic dephasin
mostly due to direct photodissociation prior to the first vibr
tional recurrence. The wave packet propagation was cut
after 40 fs so as to not to allow any significant recurrences
the wave packet to the Franck–Condon region. The^ f u i (t)&
overlaps decay and reach a negligible value after 30 fs
the resonance Raman peaks observed in our experim
spectra. Thus the cut-off at 40 fs just prevents the wa
packet to return to the Franck–Condon region and help
better model a direct photodissociation reaction. The effe
of solvent dephasing collisions on the absorption and re
nance Raman cross sections were simulated by an expo
tial decay~the exp@2g(t)# term in Eqs.~1! and ~2! was re-
placed by exp@2tG/\#). The bound harmonic oscillato
model for the excited state used here only gives us a con
nient way to simulate the region of the excited state t
determines the resonance Raman intensities and absor
spectrum and does not imply the excited state is bound.

The potential parameters@in Eqs.~1! and~2!# are usually
stated in terms of dimensionless normal coordinates. In o
to easily visualize the short-time photodissociation dynam
in terms of bond length and bond angle changes, we c
verted the normal coordinate motions into internal coordin
motions. The center of the wave packet motion in terms
dimensionless normal coordinates at timet after excitation to
the excited state~and undergoing separable harmonic d
namics! is given by

qa~ t !5Da~12cosvat !. ~3!

The time,t, is in units of fs, the vibrational frequency,va , is
in units of fs21, and we fixqa50 for each modea at the
ground electronic state equilibrium geometry. At differe
times t the internal coordinate displacements are found fr
the dimensionless normal mode displacements (qa(t)),

si~ t !5~h/2pc!1/2SaAa iÃa
21/2qa~ t !. ~4!

Si are the displacements of the internal coordinates~bond
stretches, bends, torsions, and wags as defined by Wil
Decius, and Cross! from their ground electronic state equ
librium values. Aa i is the normal-mode coefficien
(]si /]Qa) with Qa5the ordinary dimensioned normal coo
dinate.Ãa is the vibrational frequency in units of cm21. The
normal coordinate analysis and vibrational assignments
1-bromo-2-iodoethane have been recently reported88 ~see
supplementary material89! and we made use of these resu
to compute the normal mode vectors of 1-bromo
iodoethane using a modified version of the Snyder a
Schachtschneider FG program.90 The Cartesian coordinates
complete force field, and normal-mode coefficients are av
able as supplementary material.89
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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IV. RESULTS AND DISCUSSION

A. Absorption spectra

The absorption spectra of 1-bromo-2-iodoethane, b
moiodomethane, iodoethane, and bromoethane in cyclo
ane solution are shown in Fig. 1. TheA-band absorption of
1-bromo-2-iodoethane is associated with the C–I bondn
→s* transitions similar to iodoethane and other iodo
kanes. However, the 1-bromo-2-iodoethane absorption b
extinction coefficient maximum of 670 cm21 M21 is substan-
tially greater than the sum of the absorption coefficients
bromoethane~close to zero! and iodoethane~445 cm21 M21!
over the 280 nm to 240 nm region. This suggests that the
significant interaction of the C–I and C–Br chromophores
1-bromo-2-iodoethane. The deconvolution of theB-band of
1-bromo-2-iodoethane shown in Fig. 1 displays contributio
from two transitions that correlate well with the C–Br bon
n→s* absorption spectrum found in bromoethane and
C–I Rydberg transitions around 200 nm in the iodoetha
absorption spectrum.

B. Resonance Raman spectra

An overview of the resonance Raman spectra
1-bromo-2-iodoethane in cyclohexane solution is displa
in Fig. 2. An expanded view of the 266.0 nm resonan
Raman spectrum is shown in Fig. 3. The resonance Ra

FIG. 1. Absorption spectra of bromoiodomethane~A!, 1-bromo-2-
iodoethane~B!, bromoethane~C!, and iodoethane~D! in cyclohexane solu-
tion. The excitation wavelengths~in nm! for the resonance Raman exper
ments are shown above the 1-bromo-2-iodoethane absorption spectrum
Downloaded 13 Nov 2006 to 147.8.21.97. Redistribution subject to AIP
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spectra of Figs. 2 and 3 have been intensity corrected
solvent subtracted. Thetrans-1-bromo-2-iodoethane reso
nance Raman bands have been tentatively assigned bas
the nonresonant Raman and infrared spectra and vibrati
assignments reported recently.88 Table I lists the Raman
shifts and intensities of the resonance Raman bands
1-bromo-2-iodoethane for theA-band spectra shown in Fig.
for the region between 150 cm21 and 2500 cm21. Most of
the A-band resonance Raman peaks can be assigned t
fundamentals, overtones and/or combination bands of
Franck–Condon active vibrational modes oftrans-1-bromo-
2-iodoethane;n11 ~the nominal CCI bend!, n9 ~the nominal
C–I stretch!, n8 ~the nominal C–Br stretch!, n7 ~the nominal
C–C stretch!, n6 ~the nominal CH2 wag with the iodine atom
attached to the CH2 group!, andn5 ~the nominal CH2 wag
with the bromine atom attached to the CH2 group!. The
nominal C–I stretch overtone progression (nn9) is the larg-
est progression and forms significant combination bands w
the other five Franck–Condon active modes.

The low frequency region of the resonance Raman sp
tra of 1-bromo-2-iodoethane displays some dependence
the excitation laser power~Raman bands labeled with anA in
Fig. 3! and suggests the presence of a transient spe
formed during the laser pulse. Figure 4 shows a high and
power spectrum with a difference spectrum of the transi
species. We did not observe any significant changes in

FIG. 2. Overview of the 1-bromo-2-iodoethane in cyclohexane solut
resonance Raman spectra which have been intensity corrected and s
subtracted. Asterisks~* ! mark parts of the spectra where solvent artifacts a
present and the pound sign~#! labels sections where a laser line or stra
light artifact are present.
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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FIG. 3. Larger view of the 266.0 nm
resonance Raman spectrum o
1-bromo-2-iodoethane in cyclohexan
solution with tentative assignments o
the more intense Raman bands label
(T5trans conformer of 1-bromo-2-
iodoethane! above the peaks in the
spectrum. The resonance Raman spe
trum has been intensity corrected an
solvent subtracted. Regions of pos
sible solvent subtraction artifacts ar
marked with asterisks~* ! and the sym-
bol A represents Raman bands due
an apparent transient species.
hr

o

ion
ical

e-
e

high and low power spectra above 800 cm21. The transient
resonance Raman spectrum shown in Fig. 4 displays t
Franck–Condon modes; a 144 cm21 mode, a 174 cm21

mode, and a 250 cm21 mode. These three modes have n
Downloaded 13 Nov 2006 to 147.8.21.97. Redistribution subject to AIP
ee
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ticeable intensity in their overtones and a few combinat
bands. The transient species could be a bromoethyl rad
formed from theA-band photodissociation. The closely r
lated CF2CF2Br radical51 photodissociates at 248 nm and th
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nties for their
TABLE I. Experimental and calculated resonance Raman intensities fortrans-1-bromo-2-iodoethane in cyclohexane solution.

Intensities as absolute Raman cross sections (310210 Å2/molecule)

Raman
bands

Raman
shifta ~cm21!

282.4 nm 273.9 nm 266.0 nm 252.7 nm 245.9 nm

Exptb Calcd Exptb Calcd Exptb Calcd Exptb Calcd Exptb Calcd

n9 542 2.42 1.61 2.45 2.66 2.65 3.61 2.14 3.98 4.38 3.3
2n9 1085 0.44 0.69 0.88 1.17 1.29 1.59 2.10 1.73 1.76 1.4
3n9 1630 0.28 0.35 0.57 0.59 0.98 0.80 0.64 0.87 0.82 0.7
/n51n92n11

4n9 2171 0.26 0.27 0.51 0.49 0.65 0.56 0.88 0.72 0.46 0.5
/n712n9

n5 1233 2.03c 0.26 1.97c 0.46 2.84c 0.66 1.99c 0.80 4.08c 0.71
n51n9 1775 0.30 0.25 0.41 0.42 0.64 0.61 0.58 0.73 0.61 0.6
/n1113n9

n512n9 2332 0.19 0.15 0.26 0.29 0.39 0.37 0.88 0.48 0.54 0.4
n51n11 1409 0.15 0.08 0.20 0.14 0.20 0.18 0.18 0.19 0.14 0.1
/2n912n11

n6 1155 0.85 0.10 0.94 0.16 3.35 0.23 1.24 0.27 1.55 0.2
n61n9 1697 0.14 0.08 0.17 0.13 0.24 0.19 0.35 0.23 0.79 0.2
n612n9 2254 0.10 0.08 0.17 0.10 0.23 0.21 0.34 0.44 0.21 0.2
/n813n9

n8 630 5.43 0.17 4.81 0.29 5.51 0.39 7.65 0.44 14.7 0.3
n81n9 1176 0.23c 0.15 0.65c 0.25 0.96c 0.35 0.88c 0.38 0.29c 0.32
n81n91n11 1330 0.10 0.04 0.20 0.07 0.22 0.09 0.28 0.10 0.19 0.0
n51n8 1863 0.10 0.09 0.15 0.15 0.25 0.21 0.23 0.23 0.45 0.1
n51n81n9 2411 0.05 0.07 0.07 0.09 0.10 0.13 0.20 0.16 0.14 0.1
n812n9 1716 0.14 0.10 0.20 0.17 0.30 0.23 0.25 0.26 0.20 0.2
n7 1044 0.76c 0.15 0.76c 0.26 0.95c 0.37 ¯

c 0.44 0.96c 0.38
n71n9 1592 0.19 0.12 0.14 0.21 0.37 0.30 0.41 0.35 0.38 0.3
n11 160 1.77 0.32 2.77 0.52 2.25 0.68 2.20 0.70 2.92 0.5
2n11 315 0.05 0.02 0.15 0.03 0.20 0.04 0.15 0.04 0.15 0.0
n111n9 708 0.20 0.28 0.35 0.46 0.68 0.60 1.09 0.61 1.08 0.4
n92n11 388 0.20c 0.13 0.23c 0.20 0.28c 0.26 0.31c 0.25 0.25c 0.20
n51n91n11 1941 0.07 0.11 0.24 0.20 0.22 0.23 0.32 0.28 0.23 0.1
/2n1113n9

aEstimated uncertainties are about64 cm21 for the Raman shifts.
bIntensities are based on integrated areas of peaks and absolute Raman cross section measurements~the listed values are in units of 10210 Å2/molecule).
Estimated uncertainties are about 10% for intensities for 1.0 or higher, 15% for intensities 0.3 to 1.0, and 25% for intensities lower than 0.3.

cThese peaks are obscured by solvent subtraction artifacts and/or apparent transient Raman peaks and therefore these bands higher uncertai
integrated areas.

dThe parameters of Table II and the model described in Sec. III are used to calculate theA-band Raman intensities.
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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CF2BrCH2 radical91 photodissociates at 248 nm and 266 n
and this suggests that the bromoethyl radical would also h
an absorption band in this region. The strength of the b
moethyl radical absorption band would also be expected
be substantially larger than the parent 1-bromo-2-iodoeth
molecule ~670 M21 cm21 or 2.56310218 cm2/molecule)
since other related haloalkyl radicals92,93such as chlorometh
ylene and bromomethylene have largeA-band absorptions
~14.5310218 cm2/molecule for the CH2Cl radical and 8.8
310218 cm2/molecule for the CH2Br radical!.92,93 If the bro-
moethyl radical has a similar absorption cross section the
Raman cross section could be 12 to 32 times larger than
for the parent 1-bromo-2-iodoethane. In addition, the Ram
cross section for the transient compound appears distrib
over fewer bands compared to the 1-bromo-2-iodoeth
resonance Raman spectra which could cause the Ra
cross section per Raman band to appear relatively larger
increase our sensitivity to the bromoethyl photoprodu
Thus, a few percent of bromoethyl radicals being formed
the experiment could give rise to the transient bands in
252.7 nm, 266.0, 273.9 nm resonance Raman spectra.
have estimated an upper limit for the fraction of sample p
toconverted to be about 4.7% for 266 nm under the con
tions used for collecting the resonance Raman spectra sh
in Figs. 2 and 3. This estimate was determined using
following equation from Ref. 87:

Fpulse5~2303Eef!/~pr 2NA! ~5!

FIG. 4. High power 252.7 nm resonance Raman spectrum~A! and low
power 252.7 nm resonance Raman spectrum~B! of 1-bromo-2-iodoethane in
cyclohexane solution. The difference spectrum of A–B shows some fea
that may be due to a resonance Raman spectrum of a transient specie
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and these conditions for 266 nm excitation; 1.0 mW
10 Hz5131024 J51.3431014 photons for 266 nm light so
E51.3431014 photons, r 50.05 cm, e5720 M21 cm21,
f51.0, andNA56.0231023. The less than 5% photoconve
sion upper limit is consistent with the absolute resona
Raman cross section experimental measurements
showed no significant ground state depletion~e.g., changes
of less than 5% for powers between 0.2 mW to 1.50 mW!.
We note that molecular beam studies of theA-band photo-
dissociation of CF2BrCF2I showed that stable CF2CF2Br
radicals could be formed, but there were no sta
CH2CH2Br products observed from the CH2BrCH2I
photodissociation.94 However, Br atom products were ob
served from the CH2BrCH2I photodissociation and it was
suggested that they come from secondary dissociation of
bromoethyl radical.94 The CH2CH2Br radical could be stabi-
lized in a solution environment which could allow it to ab
sorb a second photon and account for the transient we
serve in our high power spectrum. Further experimental
theoretical work needs to be done to unambiguously iden
the apparent transient resonance Raman spectrum we
serve at higher excitation laser powers. Apart from the s
eral transient resonance Raman bands, the resonance R
intensities and absolute cross section measurements giv
Table I should be indicative of the parent 1-bromo-
iodoethane molecule. In order to learn more quantitative
formation on the short-time dynamics of 1-bromo-
iodoethane, we have carried out a resonance Raman inte
analysis which is detailed in the following sections.

C. Modeling of the absorption and resonance Raman
spectra

The parameters shown in Table II were used in Eqs.~1!
and ~2! of Sec. III to model the absorption spectrum a
resonance Raman intensities oftrans-1-bromo-2-iodoethane
We fit the intensities of the overtones and combination ba
but did not try to fit the fundamental intensities because f
damental bands in manyA-band resonance Raman spectra
iodoalkanes are prone to preresonant-resonant interfer
effects from higher energy excited electron
states.29,33,67,73,77In addition, we also put more emphasis o
fitting intensities of the resonance Raman spectra with e
tation wavelengths near the peak of the absorption b

es

TABLE II. Parameters for the calculation of resonance Raman intens
and absorption spectrum oftrans-1-bromo-2-iodoethane in cyclohexan
solution.a

Vibrational mode
Ground state

frequency~cm21!
Excited state

frequency~cm21! uDu

n11 ~CCI bend! 160 160 5.6
n9 ~C–I stretch! 548 548 4.85
n8 ~C–Br stretch! 630 630 1.4
n7 ~C–C stretch! 1044 1044 0.85
n6 (CH2* wag!b 1155 1155 0.61
n5 (CH2 wag! 1233 1233 0.98

aTransition length,M50.245 Å; E0527 930 cm21; G550 cm21.
b* represents the CH2 group that has the iodine atom attached to it. T
other CH2 group has the Br atom attached to it.
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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since these resonance Raman spectra are less likely to
any significant contributions to their intensities from the us
ally weak 1Q1 and 3Q1 transitions near the blue and re
edges of the absorption spectra of iodoalkanes.

Figure 5 displays a comparison of the calculated a
experimental absorption spectra. The calculated spect
shows fairly good agreement with the experimental spect
considering that thetransconformer accounts for about 70%
of the 1-bromo-2-iodoethane in cyclohexane solution
room temperature and the probable presence of small1Q1

and3Q1 transitions at the red and blue edges of the abso
tion spectrum. We found the intensity of the C–I stret
mode for thegaucheconformer (G-n9 , ;504 cm21! to be
much smaller than expected compared to the correspon
mode of thetrans conformer (T-n9 , ;542 cm21! in the
282.4 nm resonance Raman spectrum~resonant with the
A-band and little affected by the transient bromoethyl ban!
and the preresonant 354.7 nm Raman spectrum. The
stretch mode for the gauche conformer had about 7%–8%
the C–I stretch resonance Raman intensity at 282.4 nm
about 13% at 354.7 nm compared to the expected 30%
served in the nonresonant FT-Raman spectrum with 1
nm. This suggests that theA-band absorption coefficient an
resonance Raman enhancement are very different for
trans andgaucheconformers of 1-bromo-2-iodoethane. Th
transconformer has the C–I and C–Br chromophores in
same plane and parallel to one another which is favorabl
significant interaction between them. However, the C–I a
C–Br chromophores are not in the same plane and are
parallel in thegaucheconformer and this likely leads to neg
ligible interaction between the chromophores. Thegauche
conformer of 1-bromo-2-iodoethane probably has anA-band
absorption coefficient very similar to that for iodoetha
~445 M21 cm21!. If we assume that the 1-bromo-2
iodoethane gauche conformer has an absorption coeffic
like iodoethane, we can estimate thetransconformerA-band
absorption coefficient to be about 766 M21 cm21 @1-bromo-
2-iodoethane total absorption5670 M21 cm2150.7 ~trans
absorption coefficient10.3 ~445 M21 cm21!#. The resonance
Raman cross sections for the two conformers will scale

FIG. 5. Comparison of the calculated~dashed line! and the experimenta
absorption~solid line! of 1-bromo-2-iodoethane in cyclohexane solution
the A-band region. The parameters of Table II were used in Eq.~1! and the
model described in Sec. III to compute the calculated absorption spect
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proximately by the square of the absorption coefficients
give a factor of;3 times more enhancement for thetrans
conformer relative to thegaucheconformer. This would lead
to about 10% of the resonance Raman intensity going
the gaucheconformer bands which is similar to the 7%–8
we observe for the C–I stretch mode for thegauchecon-
former (G-n9 , 504 cm21! in the 282.4 nm resonance Rama
spectrum. OthergaucheRaman bands are difficult to unam
biguously discern in the resonance Raman spectra since
are very small and nearly coincident with many of thetrans
Raman bands. The small amount of apparent resonance
man intensity~;8%! and absorption intensity~;18%! of the
gaucheconformer will lead us to slightly underestimate th
actual trans-1-bromo-2-iodoethane absolute Raman cro
sections by;10% to give a bit more uncertainty to thes
measurements.

A comparison of the calculated and experimental re
nance Raman cross sections oftrans-1-bromo-2-iodoethane
is given in Fig. 6 and Table I. There is reasonable agreem
between most of the Raman intensities for the combina
bands and overtones~see Fig. 6 and Table I!. However, there
were large disagreements for several of the fundamenta
tensities such asn5 , n6 , n7 , n8 , andn11 and this is probably
due to these fundamental peaks having significant prer
nant enhancement from higher energy excited states.
view is also supported by the higher energy resonance
man spectra~see the 217.8 nm and 208.8 nm spectra in F

m.

FIG. 6. Comparison of experimental~solid bars! and calculated~open bars!
resonance Raman cross sections for the 282.4 nm, 273.9 nm, 266.0
252.7 nm, and 245.9 nmA-band resonance Raman spectra of 1-bromo
iodoethane in cyclohexane solution. The parameters given in Table II
the model described in Sec. III were used in conjunction with Eq.~2! to
calculate the resonance Raman cross sections.
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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2! which have strong intensity in these fundamentals. Thi
not too surprising since the fundamentals ofA-band reso-
nance Raman spectra of other iodoalkanes have also
played significant preresonant contributions from higher
ergy excited states while the intensities of the combinat
bands and overtones are relatively unaffected.29,33,67,73,76As
one tunes off resonance with the higher energy excited sta
the overtone and combination band intensities decrease
rapidly compared to the fundamental intensities. TheA-band
absorption is relatively far away from the other higher e
ergy excited states~.10 000 cm21! and therefore only the
preresonant fundamental intensities are strong enough t
noticed in theA-band resonance Raman spectra.

Taking into account the simple model and approxim
tions used in our simulations, the overall agreement betw
the calculated and experimental resonance Raman cross
tions ~for the overtones and combination bands! and absorp-
tion spectra is fairly good. Table II lists the best fit norm
mode displacement parameters~D! for the simulations and
these parameters are given in terms of dimensionless no
coordinates. The dimensionless normal coordinate displ
ments~D! can be converted into internal coordinate chan
as a function of time so as to examine theA-band short-time
photodissociation dynamics oftrans-1-bromo-2-iodoethane.

D. Short-time photodissociation dynamics of
trans -1-bromo-2-iodoethane and comparison to other
dihaloalkanes

The normal mode descriptions of thetrans-1-bromo-2-
iodoethane Franck–Condon active modes were used in
~3! and~4! to determine the short-time photodissociation d
namics in terms of internal coordinate motions. We ha
picked 10 fs as the time to examine the short-time photo
sociation dynamics because the^ f u0(t)& overlaps which de-
termine the resonance Raman cross sections usually r
their maxima about 5–10 fs after photoexcitation and the
fs time allows convenient comparison to previous work
related dihaloalkanes. Since the resonance Raman inte
analysis only provides the magnitude but not the sign of
Franck–Condon active normal mode displacement, there
2n possible sign combinations that will be equally consist
with the results of the resonance Raman intensity analy
For more information on the difficulty of picking the signs
the normal mode displacements, the reader is referred
couple of recent review articles.86,87

Because we know thatA-band photoexcitation leads t
direct C–I bond cleavage, we shall assume that the C–I b
becomes lengthened upon photoexcitation. This reduces
number of possible sign combinations of the normal mo
displacements by one-half. Since the CCI angle almost
ways becomes smaller for theA-band short-time photodisso
ciation dynamics of iodoalkanes67,76,78 and most
dihaloethanes77,79 investigated so far, we shall also assum
that the CCI angle becomes smaller for theA-band short-
time photodissociation dynamics oftrans-1-bromo-2-
iodoethane. Using the two preceding assumptions abou
C–I bond and CCI angle, we are left with 24516 possible
sign combinations and their associated geometry chan
We divide these 16 possible sign combinations into two s
Downloaded 13 Nov 2006 to 147.8.21.97. Redistribution subject to AIP
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of ranges of geometry changes; the first set of geom
changes have the C–Br bond becoming longer and the
ond set of geometry changes have the C–Br bond becom
smaller. Table III lists the two sets of internal coordina
displacements at 10 fs after photoexcitation fortrans-1-
bromo-2-iodoethane. Table III also compares the short-t
photodissociation dynamics fortrans-1-bromo-2-iodoethane
with iodoethane,trans-1-chloro-2-iodoethane andtrans-1,2-
diiodoethane. Figure 7 presents simplified geometries
trans-1-bromo-2-iodoethane, iodoethane,trans-1-chloro-2-
iodoethane, andtrans-1,2-diiodoethane which can be used
aid in visualizing the internal coordinate changes given
Table III. In Fig. 7 and Table III, C represents thea-carbon
atom to which the iodine atom is attached and B represe
the b-carbon atom attached to thea-carbon atom.

The results of Table III show that 1-bromo-2-iodoetha
has significant bond length changes in both the C–I a
C–Br bonds in the Franck–Condon region of the photod
sociation reaction. The C–C bond also has a broad rang
most probable displacements at 10 fs and the CCBr an
becomes smaller. The HCB, ICH, CBH, and HBBr ang
have a broad range of most probable displacements at 1
while the C–H bond and the HCH and HBH angles do n
change very much in comparison to the changes found
other bond lengths and bond angles. These dynamics
gests that the hydrogen atoms and C–H bonds are relati
rigid during the Franck–Condon region dynamics while t
carbon and halogen atoms attached to the C–C, C–I,
C–Br bonds experience most of the dynamical changes
sociated with the initial stages of the photodissociation. If
C–Br bond becomes longer~set A range of displacements a
10 fs in Table III! then the C–B bond length, BCI angle
CBBr angle shift to noticeably more negative values than
the case for the C–Br bond becoming smaller~set B range of
displacements at 10 fs in Table III!. The short-time photo-
dissociation dynamics for 1-bromo-2-iodoethane shown
Table III suggest that the photodissociation reaction ha
significant multidimensional character with the C–I bo
breaking occurring on a time scale similar to the vibration
motions of the rest of the molecule. The Table III dynam
for 1-bromo-2-iodoethane also suggest that significant in
nal excitation of the bromoethyl photofragment occurs in
lower frequency vibrational modes associated with the C
and C–Br bonds and the HCB, CBH, and HBBr angles in
far as the initial photodissociation dynamics determines
internal excitation of the photofragments.

It is interesting to compare our short-time photodissoc
tion dynamics for 1-bromo-2-iodoethane with those fou
for iodoethane, 1-chloro-2-iodoethane, and 1,2-diiodoeth
~see Table III!. Inspection of Table III shows some trends
the Franck–Condon region photodissociation dynamics a
b-hydrogen atom on iodoethane is replaced by more mas
halogen atoms~Cl and I!. As the molecule is changed from
iodoethane to 1-chloro-2-iodoethane and finally to 1
diiodoethane, the C–I bond length changes generally p
ceed from a fairly long and narrow range of10.13 to10.15
Å at 10 fs for iodoethane to broader ranges and shorter b
length changes for 1,2-diiodoethane~10.068 to10.116 Å
and 10.033 to10.068 Å for the two C–I bonds!. There is
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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TABLE III. Most probable A-band internal coordinate displacements oftrans-1-bromo-2-iodoethane att
510 fs assuming the C–I bond becomes longer and the CCI angle becomes smaller. Comparison to p
results for iodoethane,trans-1-chloroethane andtrans-1,2-diiodoethane.

Trans-1-bromo-2-iodoethane~this work!
Set A ~the C–Br bond becomes longer! Set B ~the C–Br becomes shorter!

Coordinate Range of displacements att510 fs Coordinate Range of displacements att510 fs

r CI 10.115 to10.196 Å r CI 10.115 to10.196 Å
r CBr 10.013 to10.094 Å r CBr 20.102 to20.021 Å
r BC 20.145 to10.047 Å r BC 20.115 to10.077 Å
r CH ,60.006 Å r CH ,60.006 Å
/BCI 211.3° to23.3° /BCI 27.6° to 10.5°
/HCB 210° to 111.6° /HCB 211° to 110.6°
/ICH 28.1° to 113.6° /ICH 28.8° to 112.9°
/CBBr 211.9° to23.4° /CBBr 28.2° to 10.2°
/CBH7 or 8 211.2° to116° /CBH7 or 8 211.3° to114.8°
/HCH 21.2° to 11.9° /HCH 21.6° to 11.9°
/HBH 21.9° to 12.5° /HBH 21.8° to 12.6°
/HBBr 213.2° to114.2° /HBBr 213.8° to113.6°

1-Chloro-2-Iodoethane~from Ref. 77! Iodoethane~from Ref. 67!
r CI 10.09 to10.18 Å r CI 10.13 to10.15 Å
r CCI 20.01 to20.18 Å
r BC 20.024 to10.012 Å r BC 20.06 to20.05 Å
r CH ,60.004 Å r CH ,60.004 Å
/BCI 27.8° to 12.5° /BCI 26° to 23°
/HCB 20.8° to 10.8° /HCB 16° to 19°
/ICH 20.4° to 12.5° /ICH 27° to 23°
/CBCl 28.8° to 13.2° /CBH8 21° to 15°
/CBH7 or 8 20.7° to 12° /CBH7 or 6 23° to 21°
/HCH 20.6° to 11° /HCH 26° to 15°
/HBH 20.2° to 11.1° /H7BH6 28° to 18°
/HBCl 20.8° to 11.4° /H8BH7 or 6 24° to 15°

1,2-Diiodoethane~from Ref. 79!
first r CI 10.068 to10.116 Å
secondr CI 10.033 to10.068 Å
r CC 20.138 to10.071 Å
r CH ,60.005 Å
/CCI 28.7° to 21.8°
/HCC 26.8° to 17.6°
/ICH 24.6° to 17.8°
/HCH 0.0° to12.5°
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also a similar trend in the C–C bond length changes from
narrower to a broader range of displacements in going fr
iodoethane~20.05 to20.06 Å! to 1,2-diiodoethane~20.138
to 10.071 Å!. These trends in the C–I and C–C bond leng
changes in theA-band short-time photodissociation dynam
ics for the dihaloethanes suggest that as the haloethyl g
becomes more massive there is more internal excitation
the haloethyl radical in so far as the initial photodissociat
dynamics determines the energy partitioning. This is sim
to trends found for the C–I bond length short-time dynam
of iodoalkanes as the alkyl group becomes more mas
and/or branched.67,75,76The trends in the C–I and C–C bon
lengths for iodoethane, 1-chloro-2-iodoethane, and 1
diiodoethane also correlate well with the results of time-
flight translational spectroscopy experiments which sh
that for iodoethane approximately 32%–39% of the availa
energy goes into internal excitation of the ethyl radic
photoproduct,12,16 for 1-chloro-2-iodoethane about 42%
54% of the available energy goes into internal excitation
the chloroethyl radical,50 and for 1-bromo-2-iodoethan
about 53%–58% of the available energy goes into inter
ov 2006 to 147.8.21.97. Redistribution subject to AIP
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excitation of the bromoethyl radical.94 However, the short-
time dynamics for 1-bromo-2-iodoethane in Table III sho
the C–I bond lengths do not change very much in going fr
1-chloro-2-iodoethane~10.09 to 10.18 Å at 10 fs! to
1-bromo-2-iodoethane~10.115 to10.196 Å at 10 fs! but the
C–C bond length changes are substantially greater
1-bromo-2-iodoethane~20.145 to10.077 Å at 10 fs! than
for 1-chloro-2-iodoethane~20.024 to10.012 Å at 10 fs!,
and very similar to those found for 1,2-diiodoethane~20.138
to 10.071 Å at 10 fs!. Why are the C–C bond length
changes for the short-time photodissociation dynamics
1-bromo-2-iodoethane and 1,2-diiodoethane very similar
one another and very different from those found previou
for iodoethane and 1-chloro-2-iodoethane?

In order to help elucidate the trends observed for
1,2-dihaloethane short-time dynamics shown in Table III
is useful to also examine the corresponding trends in
A-band absorption spectra. TheA-band maximum absorption
coefficients in cyclohexane solution are 445 cm21 M21 for
iodoethane, 490 cm21 M21 for 1-chloro-2-iodoethane, 670
cm21 M21 for 1-bromo-2-iodoethane and 1930 cm21 M21
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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for 1,2-diiodoethane. TheA-band absorptions for iodoethan
and 1-chloro-2-iodoethane have very similar absorption
efficients and appear to be predominantly due to the C
bond alone. However, there is a substantial increase in
absorption coefficients for 1-bromo-2-iodoethane and 1
diiodoethane that cannot be accounted for by simple addi
of the iodoethane absorption plus bromoethane absorp
for 1-bromo-2-iodoethane or the addition of two iodoetha
chromophores for 1,2-diiodoethane. This additional incre
in the absorption coefficients above the nominal simple
dition of single chromophores is presumably due to sign
cant interaction between the two carbon–halogen ch
mophores in 1-bromo-2-iodoethane and 1,2-diiodoetha
Excitation within the A-band absorption for 1-bromo-2
iodoethane and 1,2-diiodoethane would likely excite b
carbon halogen chromophores to some extent. The two
bon atoms of the 1,2-dihaloethane molecule would then
perience noticeable forces from the halogen atoms. Whe
these forces are opposing or not opposing each other,
will strain the carbon–carbon bond and probably give rise
larger and broader range of displacements for the C–C b
in the haloethyl radical photofragment. This is consist
with the short-time photodissociation we observe
1-bromo-2-iodoethane and 1,2-diiodoethane in Table III. T
substantially larger C–C displacements observed for
short-time photodissociation dynamics of 1-bromo
iodoethane and 1,2-diiodoethane is probably due to simu

FIG. 7. Simplified geometries of the ground electronic statetrans-1-bromo-
2-iodoethane,trans-1-chloro-2-iodoethane,trans-1,2-diiodoethane, and io
doethane. These can be used in conjunction with Table III to help visua
the short-time photodissociation dynamics.
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neous excitation of the two carbon halogen bonds to so
degree.

The A-band short-time photodissociation dynamics f
iodoethane67 show that the structure of the ethyl grou
changes closer to a planar structure about thea-carbon atom
similar to the structure of the ethyl radical and this sugge
there is little internal excitation of the ethyl radical phot
product in so far as the initial dynamics determine the int
nal excitation of the ethyl radical.Ab initio work95,96 has
shown the ethyl radical C–C bond length is about 1.49 Å a
the iodoethane C–C bond length is 1.54 Å for their grou
electronic states. Thus, the short-time dynamics for iodo
haneA-band photodissociation brings the C–C bond len
toward the ethyl radical structure and this suggests ther
not much excitation of the C–C bond in the ethyl photofra
ment. The 1-chloro-2-iodoethaneA-band short-time dynam
ics do not change towards a more planar structure abou
a-carbon as much as the iodoethane and this may resu
more internal excitation of the chloroethyl radical in so far
the initial photodissociation dynamics determines the int
nal excitation of the photofragments.77 The 1-chloro-2-
iodoethaneA-band short-time dynamics in Table III sho
that the C–C bond length does not change much but
C–Cl bond length becomes significantly shorter. This co
be mostly due to the C–I bond breaking pushing the C
group toward the massive chlorine atom and not due to
nificant photoexcitation of the C–Cl chromophore. Since
1-chloro-2-iodoethaneA-band absorption coefficient is ver
similar to that of iodoethane there is most likely not mu
interaction of the C–I and C–Cl chromophores and o
would not expect much direct excitation of the C–Cl bo
when theA-band associated with the C–I bond is excited

It is interesting to note that theA-band short-time pho-
todissociation results for 1-chloro-2-iodoethane a
1-bromo-2-iodoethane show some correlation with the a
ity to observe stable haloethyl radicals in molecular be
experiments produced fromA-band photoexcitation reac
tions. Our results for 1-chloro-2-iodoethane indicate th
there is probably little direct photoexcitation of the C–
bond and that it likely receives some displacement from
kinematics of the C–I bond cleavage and the chloroet
radical fragment is readily observed in molecular be
experiments.91 However, our results suggest that the both t
C–I and C–Br bonds receive some direct photoexcitat
due to some interaction of the C–I and C–Br chromopho
in 1-bromo-2-iodoethane and the bromoethyl radical is
directly observed in molecular beam experiments done w
A-band photoexcitation.92 Addition of fluorine atoms to sta-
bilize the radical enables the molecular beam experiment
directly observe CF2CF2Br and CF2CF2I radicals from the
A-band photodissociation reactions of ICF2CF2Br and
ICF2CF2I, respectively.94

Our studies of the dihaloethanes~1-chloro-2-iodoethane
1-bromo-2-iodoethane, and 1,2-diiodoethane! indicate that
substitution of a hydrogen atom attached to theb-carbon of
iodoethane by a more massive halogen atom results in
nificant substituent effects on theA-band short-time photo-
dissociation dynamics. The 1,2-dihaloethane examined so
exhibit multidimensional dynamics with the C–I bond brea

e
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ing occurring on a similar time scale as vibrational motion
the rest of the molecule. The short-time dynamics of
dihaloethanes appear to be somewhere in-between the si
‘‘rigid radical’’ and ‘‘soft radical’’ descriptions of the pho-
todissociation dynamics. The dihaloethanes~1-chloro-2-
iodoethane, 1-bromo-2-iodoethane, and 1,2-diiodoethane! in-
vestigated showed noticeable bond length changes in
secondary carbon–halogen bond during theA-band short-
time photodissociation dynamics due to kinematics and
simultaneous excitation of both C–X chromophores. The
gree of changes in the C–C bond length during theA-band
short-time photodissociation dynamics for the 1
dihaloethanes shows a good correlation with the amoun
enhancement of theA-band absorption extinction coefficien
due to interaction of the C–X chromophores.

Our present resonance Raman intensity analysis stud
1-bromo-2-iodoethane is intended to provide a modest be
ning to elucidate the bond breaking dynamics. The sh
time dynamics that we derive from the resonance Ram
intensity analysis depend on the ground state normal des
tion and several other factors that are either ambiguou
not completely certain. The normal mode description c
rently used for 1-bromo-2-iodoethane is based on one is
pic derivative and a force field similar to those used in ot
dihaloethanes. The lower frequency modes associated
the halogen and carbon atoms (n11, n9 , n8 , andn7) deter-
mine most of the associated short-time photodissocia
presented here for 1-bromo-2-iodoethane. As the nor
mode descriptions are changed moderately for these low
quency vibrations, the main features of the short-time
namics associated with the Br, I, and carbon atoms do
change very much. As long as the normal mode descript
for the Franck–Condon active modes are not greatly inac
rate, the basic features of the short-time dynamics
1-bromo-2-iodoethane should be reasonably semiquan
tive. The accuracy of the normal mode descriptions can
improved using vibrational data from several isotopic deri
tives to better refine the force field. We have assumed
the relative contributions of the3Q0 , 1Q1 , and 3Q1 states
are similar to those previously found for other iodoalkanes
their A-band absorption spectra~e.g., the3Q0 contributes
70%–80% of the oscillator strength and accounts for mos
the A-band resonance Raman intensity!. A magnetic circular
dichroism~MCD! experiment or another appropriate expe
ment is needed to ascertain the actual relative contributio
these three transitions in the 1-bromo-2-iodoethaneA-band
absorption and how this may be influenced by the C–
chromophore. Solvation effects have generally been foun
be relatively small for theA-band resonance Raman spec
and associated short-time photodissociation dynamics
most iodoalkanes and dihaloalkanes studied in both gas
solution phases ~iodomethane,27–33 iodoethane,
2-iodopropane, and 2-methyl-2-iodopropane,65–68 and
chloroiodomethane97!. We expect that solvation effects a
also fairly small for 1-bromo-2-iodoethaneA-band resonance
Raman spectra and short-time photodissociation dynam
although a comparison to a gas phase study is neede
verify this. Substantial solvation effects on theA-band reso-
nance Raman spectra for room temperature liquid phase
Downloaded 13 Nov 2006 to 147.8.21.97. Redistribution subject to AIP
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doalkanes has so far only been observed~to our knowledge!
for diiodomethane where solvent induced symmetry bre
ing occurs along the ICI reaction coordinate.72 The preceding
uncertainties in the exact nature of the ground state nor
mode descriptions, the excited state, and possible solva
effects highlights the need for more experimental and th
retical work to be done in order to more fully understand t
A-band photodissociation of 1-bromo-2-iodoethane and o
dihaloethanes. Additional experimental investigations su
as magnetic circular dichroism~MCD!, infrared emission,
multiphoton ionization~MPI!, femtosecond time-resolve
pump–probe experiments25,26,98–100 and others that have
proven very useful in reaching a better understanding of
details of theA-band photodissociation dynamics of oth
iodoalkanes and dihaloalkanes are needed. These ex
ments and other relevant theoretical investigations sho
give a higher level of understanding of the interaction of t
two C–X chromophores in the 1,2-dihaloethanes and h
the initial photodissociation dynamics are correlated with
energy partitioning of the photofragments from theA-band
photodissociation reaction.
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