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Effect of geometrical conformation on the short-time photodissociation
dynamics of 1-iodopropane in the  A-band absorption
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We have taken resonance Raman spectra and made absolute Raman cross section measurements at
six excitation wavelengths for 1-iodopropane. The resonance Raman spectra have most of their
Raman intensity in features that may be assigned as fundamentals, overtones, and combination
bands of three Franck—Condon active vibrational mdtesnominal C—I stretch, the nominal CCC

bend, and the nominal CCI bentbr the trans and gaucheconformations of 1-iodopropane. The
resonance Raman and absorption cross sections oftrédms and gauche conformations of
1-iodopropane were simulated using a simple model and time-dependent wave packet calculations.
The results of the simulations were used in conjunction with the vibrational normal-mode
coefficients to find the short-time photodissociation dynamictasfs and gaucheconformers of
1-iodopropane in terms of internal coordinate changes. tfdres and gaucheconformers display
significantly different Franck—Condon region photodissociation dynamics, which indicates that the
C-1 bond breaking is conformational dependent. In particular, there are large differences in the
transandgaucheshort-time photodissociation dynamics for the torsional motidaEx) about the

GB carbon—carbon bond and the GBC anglbere G= a-carbon atom attached to the iodine atom,

B= B-carbon atom attached to thecarbon atomG=methyl group carbon atom attached to the
B-carbon atorn The major differences in theansandgauche Aband short-time photodissociation
dynamics can be mostly explained by the position of the C—I bond intrdngs and gauche
conformers relative to the plane of the three carbon atoms af{w@pyl group of 1-iodopropane.
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I. INTRODUCTION near the middle of the absorption band and has about 70%—
80% of the oscillator strength, while th®); and thelQ,

The photodissociation of iodoalkanes in the first absorptransitions have the remaining oscillator strength and are lo-
tion band~260 nm has been studied for a long time as acated near the red and blue edges of the absorption band,
model for direct photodissociation reactions. Photofragmengespectively. Real-time femtosecond pump—probe experi-
anisotropy measurements have shown that the C—I bonghents have shown that the iodomethane photodissociation is
breaking occurs much faster than the rotational period of theomplete in less than 100 $&2° Several high resolution
parent iodoalkan&:® The A-band absorption spectra of the time-of-flight photofragment spectroscopy experiméhts
iodoalkanes is smooth and featureless in both the gas arghowed that some internal energy of the methy] radical frag_
solution phases, which is also consistent with a very shorinent is in the umbrella mode vibration. Multiphoton ioniza-
excited state lifetimé:** The A-band absorption consists of tion (MPI)21-2 diode laser absorpticH, coherent anti-
three transitions: théQo, the'Q;, and the®Q;.'®"* The  stokes Raman scatterifg,and other experimeris have
*Qo transition accounts for most of the-band absorption peen done to measure the vibrational and rotational state
oscillator strength and correlates with the formation of ex-distributions of the methyl radical photoproduct. Several dif-
cited state iodine atomg’t) However, an electronic nona- ferent groups have used resonance Raman Spectr&éé@py
diabatic curve crossing of th, state by thé'Q, state can  to examine the vibrational mode-specific short-time photo-
give rise to a substantial amount of ground-state iodine atgissociation dynamics. The resonance Raman spécifa
oms(1) being formed’*?~**The A-band photodissociation of \yere dominated by a long overtone progression in the C—I
iodoalkanes has been intensely investigated both experimegretch mode and a very small combination band progression
tally and theoretically in order to make clear the photodissouf the CH, umbrella mode plus C—I stretch overtones. This
ciation dynamics and the branching ratio of fi@ and'Q:  was qualitatively consistent with the initial photodissociation
curve crossing. dynamics mostly stretching the C—I bond with a flattening of

The smallest iodoalkane, iodomethane, has been thge cH, dihedral angles at longer times. Depolarization ratio
most studied iodoalkane and many experimental and theorefneasurements of the resonance Raman spectra have also
ical studies have been carried out. Magnetic circular dichropeen obtained in order to examine contributions from elec-
ism experiment€ showed that théQ, transition is located tronic states other than tH&), state to the spectra, and to
investigate possible effects due to th@, and 1Q; curve
dAuthor to whom correspondence should be addressed. crossing?®2%34n addition to the gas phase resonance Raman

0021-9606/98/108(14)/5772/12/$15.00 5772 © 1998 American Institute of Physics

Downloaded 10 Nov 2006 to 147.8.21.97. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



J. Chem. Phys., Vol. 108, No. 14, 8 April 1998 X. Zheng and D. L. Phillips 5773

studies, resonance Raman spectra of iodomethane have alswoft radical” model of the C—I bond dissociation than the
been taken in several different solvefit$®in order to in-  “rigid radical” model.}*~® However, these descriptions of
vestigate environmental effects on the short-time photodissahe photodissociation dynamics are too simplistic to be very
ciation dynamics. Several models of iodomethane photodistealistic and better models need to be developed. Resonance
sociation with various potential energy surfaces have beeRaman spectroscopy can be used to explore the short-time
used with reasonable success to interpret and simulate thEhotodissociation dynamics in terms of internal coordinate
large and diverse amount of experimental data available fochanges. Resonance Raman spectra have been obtained for a
the iodomethané\-band photodissociatioH.#® Recently, a number of dihalomethanes and higher iodoalkanes, with
fully quantum mechanical simulation of the photodissocia-some of these molecules being studied in both gas and solu-
tion dynamics using highly accura initio potential en- tion phases®54~7" These spectra showed that as the mass
ergy surfaces to model much of the available experimentadnd/or the iodoalkane structure becomes more branched
data has been report@d®and it appears that the main fea- there is more intensity in nominal non-C—1 stretch combina-
tures of the iodomethan®-band photodissociation are fairly tion bands with the C—I| stretch overtones compared to the
well understood. C—I stretch overtone progression intensity. This could be due
lodoalkanes other than iodomethane have not been inte more mixing of the internal coordinate motions in the
vestigated in nearly as much detail. Examination of differenthormal coordinate descriptions of the Franck—Condon active
iodoalkanes and substituted iodoalkanes allows one to invesaodes and/or changes in the photodissociation dynamics as
tigate how the molecular structure and substituents changée iodoalkanes become larger and/or more branched. Sev-
the photodissociation dynamics, energy partitioning to theeral dihaloalkanes and higher iodoalkanes have had their
photofragments, and th€, to 1Q, curve crossing probabil- resonance Raman intensity analysis combined with normal-
ity. Time-of-flight photofragment spectroscopy experi- mode descriptions to obtain the early-time photodissociation
ments~84"~*5have been done for a number of different io- dynamics in terms of internal coordinate chantfe$~"’
doalkanes. These studies showed that as the alkyl group b&hese results indicated that the C—I bond breaking occurs on
comes more massive and/or more branched in structure, tteesimilar time scale as vibrational motions in the rest of the
amount of the energy available from the photodissociatiormolecule®”-">~""The initial dynamics appeared to be in be-
that goes into internal excitation of the alkyl fragment in-tween the two simple “soft radical” and “rigid radical”
creases. Several experimental meth@edser gain measure- models of photodissociation and could possibly be better de-
ments, broadband photolysis, optoacoustic spectroscopy, iscribed by a “semirigid radical” model of the dissociation
frared emission, vacuum ultraviolet laser inducedwhich takes into account the strengths of different
fluorescence, and infrared absorplidmve been used to bonds®”:72=77
measure the*ll ratio as a function of the mass and structure ~ There have not been very many investigations of the
of the parent iodoalkan® 18563 These experiments effect of geometrical conformation on tieband photodis-
showed that as the parent iodoalkane becomes more massiseciation of iodoalkanes. A time-of-flight photofragment
and/or branched, more | photoproduct is formed. A simplespectroscopy study has measured the translational energy
Landau—Zener model of th®, to *Q, curve crossing prob- distributions of the and | fragments formed from-band
ability has been used to semiquantitatively explain the incliphotodissociation of iodocyclohexaffe This study found
nation toward more curve crossing to produce | photoproducthat the axial conformer gets 6:®.8 kcal/mol more trans-
as the mass of the iodoalkane increds¥sThe 3Q, to 'Q,;  lational energy than the equatorial conform&fThis sug-
curve crossing probability will also have some dependencgests that the cyclohexyl radical formed from tAeband
on the energy partitioned to internal excitation of the alkyl photodissociation of the equatorial conformation of iodocy-
group: as more of the available energy of the photodissociaclohexane has more internal excitation than the cyclohexyl
tion goes into internal excitation of the alkyl group, thereradical from theA-band photodissociation of the axial con-
will be less energy going into translation of the photofrag-formation of iodocyclohexane. The two different geometrical
ments, and the curve crossing probability increases. Thugonformations of iodocyclohexanéxial and equatorial
there is also an increase in the | photoproduct as the branclshowed distinctly different energy disposal for the direct C—I
ing of the iodoalkane increases but the mass is the sfome  bond breaking process, and it appears that geometrical con-
example l-iodopropane and 2-iodopropane formation can significantly affect the photodissociation reac-
The energy disposal of thé-band iodoalkane photodis- tion and associated dynamitsSingle bond rotational con-
sociation reactions has been described by two simple modefsrmers of 1-iodopropandtrans and gauche have been
for the photodissociation dynamics called the “rigid radical” investigated in the gas phase using resonance Raman
model and the “soft radical” modét*=® The “rigid radi-  spectroscop$> The resonance Raman spectrum of 1-
cal” model assumes that the alkyl radical keeps the sam@dopropane showed more intensity in bending mode combi-
structure throughout the dissociation and thus only allowshation bands with the nominal C—I stretch progression for
internal excitation of the rotational degree of freedom of thethe trans conformer than thgaucheconformer. The differ-
alkyl radical. The “soft radical” model assumes that the ences in theérans and gaucheresonance Raman spectra of
a-carbon atom is very loosely attached to the rest of the alkylL-iodopropane appeared to be due to the different short-time
group and the C-I bond dissociation can lead to internaphotodissociation dynamics of the two different conforma-
excitation of both rotational and vibrational degrees of freetions. We have recently carried out a more extensive study of
dom. Most of the iodoalkanes appear to be closer to thd-iodopropane in cyclohexane solution in order to do a more
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detailed analysis of the apparent differences oftthtesand  of the resonance Raman spectra were fitted to a baseline plus
gaucheresonance Raman spectra of 1-iodopropane. We have sum of Lorentzian or Gaussian peaks to find the integrated
obtained a partial Raman excitation profile and absolute Raareas of the resonance Raman bands.
man cross section measurements and then simulated the ex- The absolute resonance Raman cross sections of 1-
perimental absorption and resonance Raman cross sectiolmslopropane in cyclohexane solvent were measured relative
with time-dependent wave packet calculations using a simpléo the previously determined Raman cross sections of the
model. We have also done a normal coordinate calculation t802 cmi'* Raman peak of the cyclohexane solvEHt: An
find the normal-mode coefficients so as to convert the shortltraviolet [UV/VIS (visible)] spectrometer was used to de-
time photodissociation dynamics into easy to visualize intertermine the concentrations of the 1-iodopropane/cyclohexane
nal coordinate changegbond length and bond angle sample solutions before and after the Raman cross section
changes This provides a very detailed view of the initial measurements. These measured absorption spectra displayed
photodissociation dynamics oftrans and gauche 1-  changes of less than 5% during the absolute Raman cross
iodopropane not available before, and helps elucidate thsection measurements due to solvent evaporation and/or
main similarities and differences between théand direct sample photodecomposition. The average concentration
C-1 bond breaking process due to different geometrical confound from the before and after absorption spectrum for each
formations. Raman measurement was used to calculate the absolute Ra-
man cross sections. The average of three trials of the abso-
lute Raman cross section measurements for each wavelength
Il EXPERIMENT was used to find the final value.

The samples for the resonance Raman experiments were
made from spectroscopic gra_de cycIoh_exane solvent anﬁil_ THEORY AND CALCULATIONS
99% pure 1l-iodopropandAldrich Chemical Company
Sample solution concentrations ranging from 0.10 to 0.25 M  We have simulated the absorption spectrum and absolute
1-iodopropane in cyclohexane solvent were used to take theesonance Raman cross sections for thédand of 1-
resonance Raman spectra. The experimental setup and metbelopropane using a fairly simple model in order to elucidate
ods used to take the resonance Raman spectra have babe major differences and/or similarities in the short-time
detailed previousR?~"®and only a short description will be photodissociation dynamics of theans and gaucheconfor-
given here. The second, third, and fourth harmonics of anations of 1-iodopropane. The model and calculations pre-
Nd:YAG laser(Spectra-Physics GCR-150-1@ere used to sented here are not intended to be a complete description of
generate several different hydrogen Raman shifted laser lingdee absorption and resonance Raman spectra, but will pro-
which were used as excitation frequencies for the resonancdde a simple beginning to better learn the vibrational-mode
Raman experiments. A laser beam with 100—-20Dwas  specific dynamics associated with the initial C—I bond cleav-
loosely focused to-0.5 mm diameter onto a flowing liquid age in thetrans and gaucheconformers of l-iodopropane.
or gas sample, and & 130° backscattering geometry with Our simulations will also be a useful reference to which
the laser beam wave vector perpendicular to the scatteringiore complicated treatments can be compared in order to
plane was used to collect the resonance Raman scatteringssess the importance of effects like possible Duschinsky
Reflective opticqan ellipsoidal mirror with f 1.4 and a flat rotation of normal coordinates, coordinate dependence of the
mirror) were used to collect the Raman scattered light andransition dipole moment, and others.
pass it through a depolarizer and the entrance slit of a 0.5 Since the time for single bond rotation is on the order of
meter spectrograph. The 0.5 meter spectrograph used a 12fzoseconds, and the photodissociation of direct C—I bond
groove/mm grating blazed at 250 nm to disperse the Ramacleavage in iodoalkanes is typicaltg 100 fs, the rotational
scattered light onto a liquid nitrogen cooled charge coupledonformers of 1l-iodopropane probably do not interconvert
device (CCD) attached to the exit port of the spectrograph.during theA-band photodissociation. The experimentally ob-
The Raman signal was collected for about 90 to 120 s beforserved absorption spectrum and the resonance Raman spectra
being read out to a PC clone computer connected to thean be thought of as a sum of the absorption spectrum and
CCD, and about 10 to 30 of these readouts were added toesonance Raman spectrum of tinens conformer and the
gether to give the resonance Raman spectrum. gauche conformer molecules. The molecules of 1-

The known frequencies of the solvent cyclohexane Raiodopropane that are in ttieans conformation at the time of
man lines were used to calibrate the Raman shifts of th@hotoexcitation will give rise to &rans absorption and reso-
resonance Raman spectra. The methods outlined in Ref. #lance Raman spectrum, and the molecules ingaeche
were used to correct the resonance Raman spectra for reatenformation at the time of photoexcitation will give rise to
sorption of the Raman scattered light by the sample, and aa gaucheabsorption and resonance Raman spectrum. The
appropriately scaled solvent spectrum was subtracted frorabsorption spectra and resonance Raman cross sections were
the resonance Raman spectra to remove solvent lines. Thalculated for each conformation, and the results for the two
sensitivity of the whole collection system as a function ofconformations were added together to give the total absorp-
wavelength was corrected for by taking spectra of an intention and resonance Raman cross sections that were fit to the
sity calibrated deuterium lamp, and comparing its spectrunexperimentally observed absorption spectrum and resonance
to the known intensity spectrum for that lamp to deduce theRaman cross sections.
correction factors for the resonance Raman spectra. Sections The absorption spectrum of each conformer was calcu-

Downloaded 10 Nov 2006 to 147.8.21.97. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



J. Chem. Phys., Vol. 108, No. 14, 8 April 1998 X. Zheng and D. L. Phillips 5775

lated using a time-dependent formalfénf®and the follow- nance Raman peaks observed in our experimental spectra.
ing equation: The effects of solvent dephasing collisions on the absorption
and resonance Raman cross sections were modeled by an
oa(EL) = (47€’E M?/3n’c) exponential decay with- the dephasing time and the exp
w0 [—g(t)] term in Egs.(1) and(2) replaced by exp-t/7]. The
XE P; R{J' (i]i(t)) bound harmonic oscillator model for the excited state does
: 0 not imply the excited state is bound, but only provides us
with a convenient way to mimic the part of the excited state
xXexli(EL+e)t/fi]exd —g(t)]dt|. (1) surface in the Franck—Condon region that determines the
resonance Raman intensities and absorption spectrum.
Similarly, the resonance Raman cross sections of each con- 1he potential parameters used in E¢¥) and (2) are

former were computed from this equation: typically given in terms of dimensionless normal coordi-
nates. The normal coordinate motions were converted into

internal coordinate motions so as to easily visualize the

or,(EL ’“’5)22 Ef: Piog,i—i(EL) 6(EL short-time photodissociation dynamics in terms of bond
length and bond angle changes. At titnafter excitation to
+ej—Es—¢e4), with the electronic excited stat@nd undergoing separable har-
monic dynamicy the center of the wave packet can be de-
or,1(EL) = (87 ELE, M*/9#5c?) scribed in dimensionless normal coordinates by
X f (fli(t)yexdi(E +ej)t/h] Ault) =A(1=COS0,1), ®
0 where the timet, is in units of fs, the vibrational frequency,
2 w,, is in units of fs', and we fixq, =0 for each modex at

, (2)  the ground electronic state equilibrium geometry. The inter-
nal coordinate displacements at different tinteare then
obtained from the dimensionless normal mode displace-
ments,q,(t), by:

Xexd —g(t)]dt

whereP; is the initial Boltzmann population of the ground-
state energy levél) which has energy;, f is the final state
for the resonance Raman process, api the energy of the si(t)=(h/2mc) Y23 A @, Y2q,(1), (4)

round-state energy lev E, is the incident photon en- . . .
ground-state energy levil), E, is the incident photan e wheres; are the displacements of the internal coordinates

ergy, Es IS the spattered ph_o_ton energyis the solvent index . (bond stretches, bends, torsions, and wags as defined by Wil-
of refraction,M is the transition length evaluated at the equi- ; ! :
son, Decius, and Crog$rom their ground electronic state

ibri +g,—Eg—¢g¢) i i L ) .
librium geometry, and(E, + &~ Es—#y) is a delta function equilibrium values, A,; is the normal-mode coefficient

to add up cross sections with the same frequeniy)) (9s;10Q,) with Q,=the ordinary dimensioned normal co-

— a—iHUA; ik e | ;
€ i) Wh'.Ch is |i(t)) propagateq on the exqted.state ordinate, andw, is the vibrational frequency in units of
surface for a time and H is the excited state vibrational 1
cm - The normal-mode vectors dfans and gauche1-

Hamiltonian. The exp-g(t)] term in Egs.(1) and (2) is .jodopropane were computed from an adapted version of the

damping function dependent on the electronic dephasing '%nyder and Schactschneider Rrce constant, geometry

the molecular system. F&k-band 1-iodopropane this is ex- matrice3 program®’ Previously published ground-state ge-

pected to be mostly direct photodissociation population de- . ' .
! . o ometries and valence force fielsvere adjusted a small

cay with some solvent dephasing. Addition over a ground- : L A .
o L2 amount to better fit the vibrational frequencies. The adjusted

state Boltzmann distribution of vibrational energy levels was

. ) X farce field gave a root-mean-squdrens) frequency error of
used in calculating the absorption and resonance Ram 1 : s
. . .57 cm'! for the trans conformation and 4.10 cnt for the
cross sections in Eqél) and (2).

We used harmonic oscillators displaced byn dimen- gaucheconformation of 1-iodopropane. Table | presents the

. : . calculated and experimenfélfrequencies for the Franck—
sionless normal coordinates to approximate the ground anEél

excited state potential energy surfaces and assumed the Cot ondon active normal modes of 1-iodopropane observed in

S . : e resonance Raman spectra. The complete force field, Car-
don approximation. When no vibrational recurrences are al:

: . . t?sian coordinates, computed vibrational frequencies, and

lowed, the resonance Raman intensities of the first several - .

oo . normal-mode coefficients are available as supplementary
overtones and combination ban@s well as the absorption .89

) A material®
spectrum are determined primarily by the slope of the ex-
cited state surface in the Franck—Condon region. The struc-
tureless gas and solution pha&éand absorption spectra of |v. RESULTS AND DISCUSSION
1-iodopropane suggests that the total electronic dephasing E,
mainly due to direct photodissociation prior to the first vibra-" "
tional recurrence. A direct photodissociation reaction was Figure 1 shows the absorption spectrum of 1-
simulated by truncating the wave packet propagation after 4@dopropane in cyclohexane solution with the excitation
fs so as to not allow any significant recurrences of the wavaevavelengths for the resonance Raman experiments indicated
packet to the Franck—Condon region. T¢f¢i(t)) overlaps above the absorption spectrum. The absorption spectrum of
decay and reach a negligible value after 30 fs for the resol-iodopropane is broad and featureless in both the gas and

Absorption spectra
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TABLE I. 1-lodopropane Franck—Condon active ground-state normal modes.

A. Transconformation

Expt. Calc. Calculated potential
Mode freq. (cnmm?l) freq. (cnm?) energy distributiof
v14 C—I stretch 594 594 42.5% C—I stretch, 33.7% CCC bend,
16.5% CCI bend
v15 CCC bend 289 291 47% CCC bend, 35.9% C-1 stretch
v16 CCl bend 201 203 63% CCI bend, 19.7% C-1 stretch
B. Gaucheconformation
Expt. Calc. Calculated potential
Mode freq. (cm'Y) freq. (cmY) energy distributiof
v,3 C—I stretch 505 508 52.9% C-I stretch, 34.1% CCI bend,
15.7% CCC bend, 15.6% HBC bend
v,4 CCC bend 390 392 50% CCC bend, 35.3% C-| stretch
v, CCl bend 201 197 57.3% CCI bend, 18.28Gx torsion

@Diagonal force constants contributing 10% or more to the total potential energy of the normal mode are listed.
C represents the-carbon, B represents the carbon atom adjacent tertbarbon atom, and G represents the

carbon atom furthest from the-carbon atom.

solution phases as is typical of theband absorption spectra B. Resonance Raman spectra

of iodoalkanes:®® The anisotropies of the photofragments of

A-band 1-iodopropane gas phase photodissociation measurgegj

by Godwin, Paterson, and Gofrghow that the initial ab-
sorption is parallel polarized and suggests that the
—0*3Q, transition accounts for most of theband absorp-
tion oscillator strength. TheA-band absorption of 1-
iodopropane is composed of contributions frarans and
gaucheconformers of 1-iodopropane. At room temperature
in cyclohexane solution the relative populations of ttans
and gauche conformers(45.3% for trans and 54.7% for
gauche were estimated from the relative intensities of the
trans and gauche C—I stretch fundamental peaks in the
FT(Fourier-transforfi-Raman spectra. It is interesting to
note that the band shape and width of kdvand absorption
of 1-iodopropane is very similar to other iodoalkanes which
do not have geometric conformers. This suggests that the
trans andgaucheconformers of 1-iodopropane have absorp-
tion transitions that are close in frequency to one another and
probably have band shapes similar to other iodoalkanes.
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- 217.8nm
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Figure 2 gives an overview of th&-band resonance
man spectra of 1-iodopropane in cyclohexane solution.
Figure 3 presents an enlarged view of the 252.7 nm reso-
nance Raman spectrum of 1-iodopropane. The spectra dis-
played in Figs. 2 and 3 have been corrected for sample reab-
sorption and the wavelength dependence sensitivity of the
detection system. The spectra have also been solvent sub-
tracted, and regions of solvent subtraction artifacts are

245.9 nm

217.8 nm

[T
252.7 nm 266.0 nm
273.9 nm 282.4 nm
0 2000

1000 2000 O

Raman Shift ( cm™” )

1 000

FIG. 2. Overview of the 1-iodopropane in cyclohexane solution resonance

FIG. 1. Absorption spectrum of 1-iodopropane in cyclohexane solution. TheRaman spectra. The spectra have been intensity corrected and solvent sub-
excitation wavelengths for the resonance Raman experiments are shown Inacted. The asterisk¥) label regions where solvent subtraction artifacts are

arrows and numbergn nm) above the absorption spectrum.

present and the pound sig#) labels a laser line artifact.
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tribute to the Raman peak. Thus, the labels for the peak
assignments in Fig. 3 only show the largest Raman band
contributions to each Raman peak. Almost all of the reso-
nance Raman peaks of tlleband resonance Raman spectra
of 1-iodopropane can be assigned to fundamentals, over-
tones, and combination bands of three Franck—Condon ac-
tive modes for théransandgaucheconformers: the nominal
C-1 stretch ¢44), the nominal CCC bendys), and the
nominal CCI bend #¢4¢) for the trans conformer and the
nominal C—1 stretch¥,3), the nominal CCC bend,), and
possibly the nominal CCI bendvgg) for the gauchecon-
former. Some of thgaucheandtrans Raman peaks are well
separated from one another, but many are not clearly re-
FIG. 3. Expanded view of the 252.7 nm resonance Raman spectrum ddolved from one another and appear as one Raman feature
1-iodopropane in cyclohexane solution. The spectrum has been intensithat is the sum of botljaucheandtransRaman bands. Table
oo e e ek v b s e s shows. the Raman peak positons and absolute Raman
regions where solvent subtraction artifacts are present. cross sections for 18 Raman features that account for most of
the Raman intensity in the resonance Raman spectra between
150 and 2500 cmt. The overtone progression of the nomi-
marked by asterisks. The larger Raman peaks in the spedal C—I stretch modénv,, for transandnw,; for gauche is
trum of Fig. 3 have been labeled with tentative peak assignthe most intense progression of Raman bands inAtiand
ments based on previously reported Raman and infldRdd  resonance Raman spectra, and their combination bands with
spectrd® Since several different Raman bands can have althe nominal CCC bend and nominal CCI bend account for
most the same peak positions, the intensity of a particulamost of the remaining Raman intensity. This intensity pattern
Raman feature can have several different Raman bands cois- similar to that observed for other closely related iodoal-
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otV
v,
V.43V,
. tav,

tVi2v,

>
°

12V, | t2V, v,
e EVgraVy,
VeV

GVotVay ViV,
9-2Vy

Intensity
gV
gV
gV

S BV F VsV

*
G2V, B2V Y,

SN

0 500 1000 1500 2000 2500
Raman Shift (cm™)

TABLE II. Experimental and calculated resonance Raman intensities for 1-iodopropane in cyclohexane solu-

tion.
Intensities as absolute Raman cross section$Q 1% A?/molecule)
Raman Raman 273.9 nm 266.0 nm 252.7 nm 245.9 nm
peaks shift (cm™)?®  Exp. Calc. Exp. Calc. Exp. Calc. Exp. Calc.
t—v1g, O— vog 201 030 014 060 021 052 024 023 0.19
t—vys 289 0.49 0.29 0.36 0.44 0.53 0.51 0.59 0.41
g— vy 390 0.40 0.19 0.50 0.28 0.30 0.29 048 0.23
g— vy 505 1.80 1.08 1.54 1.56 0.65 1.75 1.83 1.42
t—via 594 1.02 0.58 1.12 0.90 0.50 1.10 0.88 0.93
g~ Vozt Vou, 895 0.66 0.38 0.96 0.60 1.15 0.69 1.01 0.51
t—vitvs
g—2v,3 1014 0.64 0.68 0.96 1.00 1.13 1.14 1.25 0.90
t— vy4+ Vo5t Vg 1076 0073 0.085 006 013 0082 015 0068 0.11
t—2vy,, 1187 0.85 0.28 0.92 0.45 0.92 0.57 1.06 0.48
t—2v5t vy
g— 25+ Vos, 1393 020 026 033 040 054 046 038 0.36
t—2vtvig
t—2vyt vys, 1493 0.48 0.59 0.74 0.90 0.82 1.04 0.70 0.83
g—3vy
t— 20y 4% vigt V16, 1692 016 009 023 014 011 0.17 011 0.13
9= 3yt vy
t—3vyy, 1781 0.23 0.16 0.38 0.27 0.45 0.34 0.44 0.29
t—2v4t2vy5
9—3vaat s 1900 0082 019 016 029 020 032 0214 024
t—3vut vig, 1983 0.15 0.20 0.20 0.15 0.16 0.18 0.22 0.14
t—2v4+ 2vi5+ vy,
g—4vy3
t—3vy4+ 115 2071 027 031 072 064 063 076 069 061
9— 4vpgt vog 2194 0.021 0.034 0.030 0.054 0.095 006 0.036 0.048
t—4vyy,, 2369 0.17 0.23 0.36 0.37 0.39 0.45 0.35 0.36
9= 4vyst vy

4 stimated uncertainties are about 4 ¢nfior the Raman shifts.
PEstimated uncertainties for the experimental measurements are about 20% for cross sections 0.80 and higher,
30% for cross sections between 0.10 and 0.80, and 50% for cross sections lower than 0.10.
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A. Transconformation

Ground-state vibrational

Excited state vibrational

Vibration mode frequency (cm-1) frequency (cm-1) A
vq4 C—I stretch 594 594 3.76
;5 CCC bend 289 289 4.50
v, CCI bend 201 201 4.40
Transition lengthM=0.196 A E;=29 720 cm? r'=40cm?

B. Gaucheconformation
Two-mode calculation

Ground-state vibrational

Excited state vibrational

vibrational mode frequency (cm?) frequency (cm?) |A|
v,3 C—I stretch 505 505 5.70
v,4 CCC bend 390 390 2.35
Transition lengthM=0.201A  E,=29510cm* r'=250cm?

Three-mode calculation Ground-state vibrational Excited state vibrational

vibrational mode frequency (cm-1) frequency (cm-1) |A|
v,3 C—I stretch 505 505 5.62
v,4 CCC bend 390 390 251
v,6 CCl bend 201 201 1.90
Transition lengthM=0.193 A  E,=29 270 cm'* r=70cm?

kane A-band resonance Raman spetré (iodoethane, 2-
iodopropane, and 2-iodo-2-methyl propanehich display

preresonant—resonant interference effects from higher energy
excited state$’3267"4ye have placed more weight on fitting

most of their Raman intensity in the nominal C—I stretchthe larger overtone and combination bands. Similarly, we
overtone progressiomfc_) and its combination band with have placed more weight on excitation wavelengths that are
the nominal CCI bend modev{c+nvc_). We also note nearer to the absorption band maximum since these reso-
that our solution phase 1-iodopropaféband resonance Ra- nance Raman spectra are less likely to have any noticeable
man spectra are similar to a previously reported gas phasgntributions from the typically weakQ, and3Q; transi-
1-iodopropane resonance Raman spectfuamd our peak tions located near the blue and red edges ofiHeand ab-
assignments are in general agreement with the previous gagrption spectra of iodoalkanes. We have used both a two-
phase study. and three-mode calculation for tigaucheconformation be-
Examination of the resonance Raman spectrum of Fig. 35se we cannot rule out the possibility of a small amount of
and the intensity data of Table Il reveals that the intensityr3nck—Condon activity of the nominal CCI bendy§ for
patterns of thegaucheandtrans conformations appear to be e gauche conformer. The first combination bandvf
different, and this could suggest that the short-time photodis- v,¢) of this mode with the nominal C—I stretctr4) could
sociation dynamics of th&ans and gaucheconformers are  ,5ve a small amount of intensity; 700 e, in the experi-

significantly different. However, the multidimensional char- mental resonance Raman spectra, but it is not obvious if this

acter of the excited state potential energy surface and/or MiXsombination band is present. We can place a reasonable up-
ing of the internal coordinates in the ground-state normal-

- - - er limit on the Franck—Condon activity of this mofthe
mode descriptions makes it difficult to discern whether or noﬁominal CCl bend ¢,¢) for the gaucheconforme, and the
the short-time photodissociation dynamics of thens and 2 '

h f f 1-iod nificantly diff three-mode calculation shows what the likely maximum con-
gauchecontormers ot Z-odopropane are signincantly ditter .y, o of this mode is to the resonance Raman spectra. The
ent from one another. In order to find the relative contribu-

i . . -_calculatedtrans and gaucheabsorption and resonance Ra-
tlon_s (_)f these tW(_) effects and obtain the short-time phOtOd'Sf”nan cross sections were appropriately weigh3% for
sociation dynamics of thé&rans and gaucheconformers of

: . . A .transand 54.7% forgauche and then added together to ob-
1-iodopropane in terms of easy to visualize internal coordi-_. . .
. L tain the total absorption and resonance Raman cross sections

nate changes during the initial stages of the C—I bond cleav- : . .
for comparison to the experimental cross sections.

age process, one needs to undertake a quantitative resonance _. . .
gep q Figure 4 shows the comparison of the experimental ab-

Raman intensity analysis which uses the normal-mode de- . . ) )
scriptions of the Franck—Condon active modes. sorption spectrungsolid line) with the sum(dashed ling of

the calculatedtrans (dotted ling and calculatedgauche
(dashed-dot line absorption spectra. There is reasonable
agreement between the calculated and experimental absorp-
tion spectra, taking into account that the domin@ tran-

The simple model described in Sec. Ill and the paramsition probably contributes-70%—-90% of the oscillator
eters listed in Table Il in Eqs(l) and (2) were used to strength of the experimental absorption band, similar to what
simulate the absorption and resonance Raman cross sectiohss been found for other iodoalkanes. Figure 5 and Table Il
Since fundamental Raman peaks are susceptible tpresent a comparison of the calculatedns (three-modg

C. Simulations of absorption and resonance Raman
spectra
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strong in the 217.8 nm resonance Raman spésta Fig. 2
This can account for most of the difference between the cal-
culated and experiment Raman cross section of the
1187 cm! Raman peak. Using the three-mogauchecal-
culation gives a very similar calculated and experimental Ra-
man cross section comparison to the calculations using two
modes for thegaucheconformer. Addition of the third mode
(v,e for the gaucheconformer leads to some improvement
in the calculated and experimental agreement for the
e 201 cm ! Raman feature, but otherwise has mostly a small
25000 30000 35000 40000 45000 50000 perturbation on the results that use thauchetwo-mode
calculation. This is not unexpected, since most of the Raman
intensity of thegaucheconformer can be accounted for by
FIG. 4. Comparison of the experimental absorption spectfsofid line) the dominant two modeghe nominal C—I stretchi(,5) and
with the sum(dashed qubsof the calculatedrans (dotted Iine.andgauche the nominal CCC bendif,)]. A noticeable difference in the
(dashed-dot lineabsorption spectra. The calculated absorption spectra mad?wo_mode versus the three-mode calculation is the change in
use of the parameters of Table Ill in Eq4) and the model described in ]
Sec. Il the amount of the damping paramet250 cni  for the two-
mode calculation and 70 cm for the three-mode calcula-
tion) needed to best fit the absolute Raman cross sections.
and gauche (two-mode resonance Raman cross sectionsThis and the similarity of the two-mode versus three-mode
with the experimental Raman cross sections. There is reasogauche conformer calculated resonance Raman cross sec-
able agreement between the calculated and experimental Réens suggests that the third mode,§) for the gauchecon-
man cross sections for most of the Raman features. There afermer has some Franck—Condon activity but that its contri-
some noticeable differences for some of the fundamental Raution to the overall resonance Raman spectra is relatively
man peaks, which is probably due to some preresonantsmall.
resonant interference that has been observed in many iodoal- Our overall agreement for the experiment and calculated
kane resonance Raman speltr¥®®""3 The 1187 cm!  absorption and resonance Raman cross sections appears rea-
Raman peaktrans2vq, and 2v,5+ v44) probably has some sonable considering the simple model and approximations
contribution from a preresonant fundamental peak that isised in our calculationsee the calculations, Sec.)lIWhile
the model and calculations are not the most accurate descrip-
tion of the 1-iodopropané\-band absorption spectrum and

Experimental

== Calculated {gauche)

------- Calculated (trans)

---- Calculated {trans+gauche)

Absorbance

e e e o i 2

Wavenumber (cm'1)

) . .3 2 resonance Raman cross sections, these simulations do pro-
et AR z i . ;Ez vide a reasonable approximation to extract the major differ-
2 % g Z o &8 £ = 2y ences and/or similarities of tlteans andgaucheconformers
o e i =T e o T Tt * . . . . .

g5 dd 2rafRaSF < ;3 23 excited state dissociation dynamics in the Franck—Condon

~ 2% . e ? > - . . L. . .
IS5 . 5, ;‘—’ SO0 ;3 L2 region in a quantitative way. The best fit normal-mode dis-
2T > >aQ > & > . . . .
RPN IR IR Y, =2 placement parameterfd) for the simulations are given in

g 245.7 3 Table 11l in terms of dimensionless normal coordinates and
.7 nm

these parameters can be used to find the excited state dynam-
ics in the Franck—Condon region for both th@ans and
gaucheconformations.

?

252.8 nm
D. Short-time photodissociation dynamics and

ﬂ BI conformation effects

We have used the normal-mode descriptions of the
266.0 nm Franck—Condon active modes in E¢3) and(4) to find the
short-time photodissociation dynamics tons and gauche
hﬂ BI 1-iodopropane in terms of easy to visualize internal coordi-
nates. Thef|0(t)) overlaps that help determine the calcu-
lated resonance Raman intensities typically attain their
maxima around 5-10 fs after photoexcitation and we have
ﬂ therefore chosen 10 fs as the time we will inspect the short-
time photodissociation dynamics. There afegdssible sign
Vibrational modes combinations of the normal coordinate displacements qf the
Franck—Condon active modes that are equally consistent
FIG. 5. Comparison of experimentéolid barg and calculateddashed  with the results of the resonance Raman intensity analysis.
barg resonance Raman cross sections for the 245.9, 252.7, 266.0, and 273]-%e reader is referred to several recent review articles on
nm resonance Raman spectra. The calculated resonance Raman cross sec- . . . . .
tions made use of the parameters listed in Table Iil in@pand the model ~ F€SOnance Raman intensity anglyss for a discussion of the
described in Sec. IIl. problem of choosing the signs of the normal-mode

Intensity

— -

—— e—— e—

bkl

B Experimental
[7] Calculated
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TABLE IV. Most probable internal coordinate displacementgrahs and gauchel-iodopropane at=10 fs
assuming the C—I bond becomes longer.

Range of displacements at 10 fs
Gauche conformér

Internal coordinate Trans conformer Two-mode calc. Three-mode calc.

All C—H stretches <+0.003A <=+0.003 A <+0.003A

G-B stretch —0.010 to—0.014 A +0.003 to+0.008 A +0.003 to+0.008 A
B—C stretch —0.005 to—0.011 A +0.005 to+0.006 A +0.005 to-+0.006 A
C-I stretch +0.089 to+0.150 A +0.110 to+0.158 A +0.105 to+0.159 A
£ H,GH; +0.7 to +1.0° +0.2 to +0.5° +0.1to+0.6°

£ H,GH, +0.7 to+1.0° -0.4t0—-0.8° —0.41t0—-0.8°

£ HyGH, —0.5t0—0.8° -0.2t0—0.5° -0.2t0—0.5°
/H,GB —1.1t0—1.6° +1.0 to+1.5° +0.9to+1.5°
/H,GB -1.1t0—1.6° -0.7t0—1.6° -0.7t0—1.6°
/H,GB +1.4to+2.0° +0.2 to +0.8° +0.2 to+0.8°

£ GBHg +1.9 to+2.7° -0.4t0—-1.3° -0.3t0—1.4°

£ GBH, +1.9 to+2.7° +25t0+2.9° +2.3t0+3.0°

£/ GBC -5.1t0—8.7° +3.1t0+7.3° +2.8t0+7.4°

Z/ HeBH; +1.7 to +2.4° +1.2t0+1.8° +1.0to+2.0°

/ HgBC —0.5t0+0.9° -59t0—7.0° —-56t0—7.1°
/HBC —0.5t0+0.9° —15t0—25° —-1.4t0—25°

/£ BCHy +0.3to+1.2° +1.9 to +2.0° +1.8 to +2.0°

£ BCHyq +0.3t0+1.2° +4.1t0+5.2° +3.91t0+5.3°

£ BCI -3.91t0-7.2° ~-7.2t0+-7.6° -6.8t0—7.8°

£ HCH +0.1 to +0.8° +0.7 to +1.4° +0.6 to+1.5°

/ HCI +1.7 to +2.0° -1.3t0—-2.0° —1.2t0—2.0°
ZH,Cl +1.7 to +2.0° +0.7to+1.2° +0.6 to+1.3°
torsion xGBx —8.4t0 —9.6° —7.6to—10.2°
torsionxBCx —1.6to+0.4° —-24t0+1.3°

&/alues are for the four most probable sign combinations of the normal-mode displacésaentext
C= a-carbon atom attached to the iodine atom.

B= B-carbon atom attached to tkecarbon atom.

G=methyl group carbon atom attached to fearbon atom.

displacement&>%® Because the C—I bond is broken in a di- B-carbon atom attached to tlecarbon atom, and G to rep-
rect photodissociation reaction mechanism, we will assumeesent the methyl group carbon atom attached to ghe
that the C-I bond becomes longer upon photoexcitationcarbon atom.

This will eliminate half of the 2 possible sign combinations Inspection of Table IV shows that the short-time photo-
for the normal-mode displacements and leaves us with foudissociation dynamics of theansandgaucheconformers of
possible sign combination§—A._,, and *Accc, and 1-iodopropane are significantly different from one another.
+ Ay for thetrans conformation short-time dynamics and In particular, the torsional motionxGBx) about the GB
two (—Ac_;, and Ao or four (—Aq_,, *Accc, and  carbon—carbon bond changes to a large extent ig#uehe
+Acc) possible sign combinations for trgaucheconfor-  conformer(by about—7.6 to—10.2 deg at 10 fs while this
mation short-time dynamics. Table IV displays the range ofmotion does not appear to be significant in thens con-
internal coordinate displacements found at 10 fs after photoformer. This is probably due to the position of the C-I bond
excitation for the most probable sign combinations of therelative to the plane of the three carbon bonds of the
normal-mode displacements for ttkans conformer of 1- n-propyl group. For theérans conformation, the C—I bond is
iodopropane and thegauche conformer (two-mode and in the plane of the three carbon atoms of thpropyl group
three-mode calculatigrof 1-iodopropane. Thgaucheinter-  and the C—I bond cleavage tends to lead primarily to changes
nal coordinate displacements in Table IV are almost thédn the internal coordinates in the initial plane defined by the
same for the two- and three-mode calculations since the thirthree carbon atoms. For tlgaucheconformation, the C—I
mode(the nominal CCIl bendmakes a small contribution to bond cleavage can give significant motion of #earbon
the overall resonance Raman spectra and associated shatem out of the initial three carbon atom plane and give rise
time dynamics. Figure 6 shows the geometriesrafisand to the large change in theGBx torsional motion. In addition
gauchel-iodopropane which can be used to help visualizeto the trans and gauche conformations of 1l-iodopropane
the internal coordinate changes listed in Table 1V. For Tabléaving very different initial dynamics for theGBx torsional

IV and the discussion of the internal coordinate dynamicamotion, the two conformations also give rise to dramatically
presented in this section, we have used C to represent thiifferent dynamics for the three carbon atom angle internal
a-carbon atom attached to the iodine atom, B to represent theoordinate ¢ GBC): for thetrans conformation, the GBC
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into the rest of then-propyl group. It is not entirely clear
what is the most probable reason for the different carbon—
carbon bond lengths in the two different conformations. The
C—C bond becomes somewhat sméliéor iodoethane dur-
ing the initial photodissociation dynamics and the C—C bond
length becomes closer to that of the ground state of the ethyl
radical. On the other hand, the C—C bond becomes some-
what largef® for 2-iodopropane and 2-methyl-2-iodopropane
during the initial photodissociation dynamics, and the C—C
bond lengthens more relative to that of the ground state of
the isopropyl and tert-butyl radicals. The different behavior
of the C—C bond length for the iodoethane molecule com-
pared to the 2-iodopropane and 2-methyl-2-iodopropane dur-
ing the initial photodissociation dynamics of the C—I bond
cleavage shows a correlation with the degree of internal ex-
citation of the alkyl radical photoproduct. An analysis of
some time-of-flight translational spectroscopy experimental
daté indicated no noticeable difference in the energy parti-
tioning of the trans and gauche conformations of 1-
iodopropane. However, the time-of-flight translational spec-
troscopy experiments only indicate that the total internal
energy distributior(rotational energy and sum of vibrational
energy in N-6 modeg is similar for bothtrans andgauche
conformations. It is possible that the distribution of energy
partitioning along the different I18-6 vibrational modes
could be noticeably different for thigeans and gauchecon-
formation while giving rise to a similar total internal energy
distribution for both conformations. The different C—C bond
length changes for th&ans and gaucheconformations of
1-iodopropane during the initial C—I bond cleavage found
from our resonance Raman intensity analysis could possibly
Gauche-1-iodopropane be due to a different amount of internal excitation along the
C-C bond for the two conformations and/or some other
FIG. 6. Geometries of ground electronic stai@ns and gaucheconforma- cause.
tions of 1-iodopropane with each atom labeled with a number 1-11. The trans and gaucheconformations of 1-iodopropane
exhibit similar short-time photodissociation dynamics for the
BCI angle changes, the C—I bond length changes, and the
angle changes by about5.1 to — 8.7 deg at 10 fs, while for changes in most of the remaining internal coordinates. It is
the gaucheconformation, the GBC angle changes by aboutnot very surprising that the C—I bond cleavage initial dynam-
+2.8 to + 7.4 deg. The different positions of the C—I bond ics for trans and gauchel-iodopropane for the BCI angle is
relative to the initial three carbon atom plane can also helgimilar, since the relative position of the C~I bond rotated
explain the very different initial changes of the three carborabout the B—C bond makes no difference to this internal
atom angle £ GBC). For thetrans conformation, the initial coordinate. The similar C—I bond length changes for the
C-I bond breaking pushes thecarbon atom in the same transandgaucheconformations suggest that the energy par-
three carbon atom plane so that the three carbon atom andigioned to internal excitation of the-propyl radical is simi-
becomes noticeably smaller (GBC). However, thegauche lar for both conformerginsofar as the initial dynamics can
conformation initial C—1 bond breaking pushes #aearbon  be correlated to the internal energy of theropyl radical
atom out of the initial plane of the three carbon atoms andragmen}, and this is consistent with the results of time-of-
causes the three carbon atom angleGBC) to become flight translational spectroscopy experimértisat indicated
larger. Thetrans and gaucheconformation initial photodis- no noticeable difference in the energy partitioning of the
sociation dynamics also differ significantly in the BGH trans and gauche conformations of 1-iodopropane. The
angle(+0.3to+1.2 deg fortransand +3.9 to+5.3 deg for  changes in the BCH and BCH, angles at 10 fs are consis-
gauche, the HBC angle(—0.5 to +0.9 deg fortransand  tent with thea-carbon group of tha-propyl radical moving
—5.6 to — 7.1 deg forgauche and the carbon—carbon bond toward a more planar structure similar to the short-time dy-
lengths (—0.005 to —0.014 A for trans and +0.003 to  namics found for other iodoalkan&s’2-7®
+0.008 A forgauchg. These differences for the BGkland Several recent molecular beam studies have shown no-
HeBC angles can probably also be attributed to the relativeéiceable conformational effects on the branching ratio of
position of the C—I bond relative to these internal coordi-C—C and C-X bond cleavage in bromoacetSnand
nates and the C—I bond breaking pushing éhearbon atom  chloroaceton& in which there are conical intersections in
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