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Evidence for the 2B;—2A; electronic transition in chlorine dioxide
from resonance Raman depolarization ratios

Philip J. Reid,® Anthony P. Esposito, Catherine E. Foster, and Robert A. Beckman
Department of Chemistry, Box 351700, University of Washington, Seattle, Washington 98195

(Received 16 June 1997; accepted 21 August 1997

The resonance Raman depolarization ratios of chlorine dig€®0O) dissolved in cyclohexane are
measured and analyzed to establish the existencé/f excited state that is nearly degenerate with

the optically stronger?A, excited state. The depolarization ratio of the symmetric stretch
fundamental transition is measured at several excitation wavelengths spanning the lowest-energy
electronic transition centered at360 nm. The depolarization ratio of this transition reaches a
maximum value of 0.250.04 directly on resonance suggesting that scattered intensity is not
derived from a single excited state. The depolarization ratios are modeled utilizing the
time-dependent formalism for Raman scattering. This analysis demonstrates that the observed
Raman depolarization ratios are derived from contributions of two excited stafes; @nd A,
symmetry to the observed scattering. The results presented here support the emerging picture of
OCIO excited-state reaction dynamics in which photoexcitation t6Aeexcited state is followed

by internal conversion from this state to tA&; surface. Both the role of théA,; state in the
photochemistry of OCIO and the importance of this state in modeling resonance Raman intensities
are discussed. €997 American Institute of Physids$0021-960807)02944-9

I. INTRODUCTION pared,?A, potential energy surface. One conclusion from

The photochemical reaction dynamics of chlorine diox—this, work was that. the excited—-sta.te s.truc.:tur.all evolution
ide (OCIO) are of current interest due to the participation of Which occurs following photoexcitation is significantly al-
this compound in the ClQatmospheric reservoir and its po- tered in solution relative to the gas phase. A second impor-
tential role in stratospheric ozone layer deplefichThe tant result was that the optical dephasing time of the
photochemistry of chlorine dioxide is illustrated in Scheme I:°B1—2A; transition in cyclohexane is only 60 fs with the
paucity of fluorescence suggesting that the origin of this
dephasing is internal conversion from the optically prepared

Ta.Cl P + O (1A, 355 ) ' excited state. This observation raises the following question,
“Which states are populated from decay of tha, sur-
Photoexcitation of OCIO results in either bond cleavage tGace?” The work presented here seeks to address this ques-
form CIO and O, or in the formation of molecular oxygen tjgn.

. . l5_38 . - H . . . .
and atomic chloriné:>~*The interesting aspect of this pho-  petermination of which excited states are formed by de-

tochemistry is that photoproduct formation is phase depeng,y of the?a, surface has been difficult. Both experimental
dent. The quantum yield for the €O, production in the gas

phase remains the subject of debate with values ranging fror?]tudie§'27'28 and theoretical work> suggest that a lower
. . 2 _
~0 to 0.15M1721-23|n contrast, photoexcitation of OCIO Iying surface of eithefA, or °B, symmetry may be popu

isolated in a variety of low temperature matrices results pri—lated by decay of théA, state. Unfortunately, a direct spec-

marily in Cl production with a quantum yield approaching troscopic signature corres.,pont'dlng to either of these states has
unity 32~ Finally, the photochemical behavior in solution is not been reported. Identification of those states formed by

intermediate between the gas- and solid-phase limits with thdecay of the’A, state and their energetic location is critical

quantum yield for Cl formation in polar solvents being N understanding the photochemistry of OCIO. This point is
0.1-0.2'2 well illustrated by the recerab initio studies of Peterson and
Recent studies have attempted to quantitate the photherner?B In these studies, calculations were performed to
chemical behavior of OCIO as reflected by the product quandetermine the topography of the optically prepafag state,
tum yields; however, the mechanistic origin of the phaseghe optically wealklA; state, and the optically dafB, state
dependent reactivity remains unclear. In an attempt to undefthe ground electronic state of OCIO is &B, symmetry
stand this pattern of reactivity, we recently reported the resowith all symmetry labels corresponding to the,Qpoint
nance Raman intensity analysis of OCIO dissolved ingroup. One of the main conclusions of this work was that
cyclohexané‘? In this study, the resonance Raman intensitie§nteraction of the2A1 and282 surfaces is of central impor-
and electronic absorption spectrum of OCIO were measuregince in defining the products formed from OCIO photolysis.
and modeled to develop a description of the optically pre-the predictions obtained from this theoretical analysis are in
good agreement with a recent gas-phase product analysis.
dAuthor to whom correspondence should be addressed. However, identification of the energetic location of either the

CIO (211) + O@P,)
hv . 9
0CI0O —» OCIO —
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%A, or 2B, surfaces would serve as a further test of theresulted in an OCIO concentration 6f100 mM with con-
accuracy of this theoretical work. centration and prep purity determined by static vis-UV ab-
In this paper, we present the measurement and analysiprption.
of the resonance Raman depolarization ratio of the symmet-
ric stretch fundamental transition of OCIO dissolved in cy-
clohexane. The resonance Raman depolarization ratio is d
fined as the intensity of light scattered with polarization Excitation at 532, 435.7, 368.9, 355, 319.9, and 282.4
perpendicular to that of the incident radiation divided by thenm was provided by the direct and hydrogen shifted, second-
intensity of light scattered with polarization parallel to that of and third-harmonic output of a Nd:YAG lasdBpectra-
the incident radiation. It has been long recognized that ofPhysics GCR-170operating at 30 Hz. The OCIO scattering
resonance, these ratios can serve as an extremely sensit@e368.9 nm was monitored and found to increase linearly
probe of optically weak states even in the presence of tranwith incident power up to 1QuJ/pulse. Pulse energies were
sitions to optically stronger staté$*! In OCIO, transitions kept to <10uJ at 368.9 nm, and adjusted at other wave-
to either the?A, or ?A,; states are allowed by symmetry; lengths with reference to the absorption cross section in or-
therefore, one might expect the Raman depolarization ratioder to maintain a homogeneous extent of photoalteration. A
to reflect the presence of these transitions thereby providing35° backscattering geometry was employed with the inci-
information on the location of théA, surface. In our previ- dent light focused onto either a thin film, wire guided jet
ous resonance Raman intensity analysis, the depolarizatiq868.9, 355, 319.9, and 282.4 hor glass capillary contain-
ratios obtained on resonance with the lowest energy absorjing the OCIO solution532, 435.7, 368.9, and 355 nmsing
tion band were observed to reach a maximum value of onlya 100 mm focal length UV quality spherical lens. Sample
0.25+£0.04, significantly lower than the value of 0.33 ex- flow rates were sufficient to replace the illuminated sample
pected if the scattering were derived from only the opticallyvolume between excitation pulses. The sample temperature
strong?A, surface®® This observation suggests that anotherwas maintained at 5 °C using an ice bath. The scattered light
state must be participating in the scattering process. Theas collected and delivered to a 0.5 m spectrogi@ation)
modeling of these depolarization ratios and the informatiorusing refractive, UV quality optics. A polarization scrambler
this analysis provides on the location of th&, surface is was placed before the entrance of the spectrograph to mini-
presented here. We demonstrate below that the depolarizazize the polarization dependence of the spectrograph
tion ratios can only be modeled by including scattering conthroughput. The scattered light was dispersed using either a
tributions from a second electronic excited statéAf sym- 1200 g/mm classically ruled\,=500 nm) or a 2400 g/mm
metry. This result demonstrates that an excited state  holographic grating and detected with a Princeton Instru-
symmetry exists and that it is nearly degenerate witiPfhe  ments, liquid-nitrogen cooled CCD detector.
surface. Our experiments were performed in cyclohexane, a
nonpolar, wegkly a_ssociating solvent, in an attempt to cong. Depolarization ratios
nect our studies with the wealth of gas-phase spectroscopic
and theoretical work on OCIO. In this spirit, we have em-  The depolarization ratio is defined as the intensity of
ployed the parameters for tifé\; surface determined from scattered light with polarization perpendicular to that of the
theab initio work in the analysis of the depolarization ratios. excitation light divided by the intensity of scattered light
The results presented here demonstrate that the observed déth polarization parallel to that of the excitation lightTo
polarization ratios are consistent with the state orderings angheasure this ratio, the polarization of the incident light was
displacements of théA, surface reported by Peterson and defined by passing the excitation light through a stack of
Werner, thus supporting the picture of OCIO reactivity de-five, air-spaced quartz microscope slides oriented at Brew-
rived from this theoretical work. ster's angle resulting in a polarization contrast ratio
>1000:1. The polarization of the scattered light was ana-
lyzed using a large aperturd.5 cn) Glan—Taylor calcite

g_. Resonance Raman spectra

Il. MATERIALS AND METHODS polarizer placed before the polarization scrambler. Measure-
' _ ment of the depolarization ratio of the 801 chiine of cy-
A. Materials clohexane at each wavelength was performed in order to cor-

Chlorine dioxide(OCIO) was synthesized as previously rect fpr the nqni%eal extinction of the polarizer via the
reportec®® Briefly, 13.6 g of potassium chlorat®9+ % re-  following equationt

agent grade, Aldrichand 11.1 g of oxalic acid dihydrate |measured ideal o ideal
(reagent grade, J. T. Bakewere dissolved in 60 ml of 2.3 M Ifneasured: I'F‘)’ea'+c|"?’ea" (h)
sulfuric acid(98% reagent grade, J. T. BakeFhe solution par par per

was continuously stirred and slowly heated in a water battwherec is a constant representing the amount of the orthogo-
until the evolution of green, gaseous OCIO was observednally polarized light which “leaks” through the polarizer.
The OCIO gas was passed through a drying tube containinfhe measured depolarization ratio of the cyclohexane
phosphorus pentoxidéreagent grade, J. T. Bakerand 801 cm ! transition and its known value of 0.88.01 were
bubbled through 250 ml of neat cyclohexafspectrophoto- used to determine at each excitation wavelength.This
metric grade, J. T. Bakecooled to~5 °C. This procedure correction value was then used to calculate the depolariza-

J. Chem. Phys., Vol. 107, No. 20, 22 November 1997



8264 Reid et al.: 2B,—2A, electronic transition in ClO,

tion ratios reported here. The OCIO and cyclohexane intenneous linewidth of 80 cm* corresponding to an optical
sities were determined by both simple peak integration andiephasing time for th&8,—2A, transition of~60 fs3° If we

by fitting the bands to a Gaussian function convolved with aassume that the exclusive origin of this linewidth is popula-
Lorentzian instrument response. Either approach was foungon relaxation, an upper limit of 0.033$ on the excited-

to produce identical results within the error of the state decay rate is established. Employing a Fermi golden-
measurement, The spectra are corrected for the spectralryle rate description of the excited-state decay with an
response of the instrument using either a calibrated deutesstimated final-state density of 5 statesiénthe magnitude
rium (Hellma) or quartz—tungsten—haloge(©riel) lamp.  of the spin-orbit coupling between ti&, and?A; states is
The spectra are not corrected for chromatic aberration; howfound to be only~2 cm . Although this estimate is crude
ever, the energetic proximity of the cyclohexane standard te that the Franck—Condon factors for states involved in the
the OCIO transition minimizes the effects of chromatic ab-internal conversion are not explicitly considered, the small
erration in calculating the corrected depolarization rafs&®  sjze of the coupling does suggest that separability of the

below). transitions is a reasonable approximation. It should be noted
that the vibronic linewidths observed in the absorption spec-
D. Computational methods trum become larger for transitions to higher levels of the

o ) ] excited-state vibronic manifold; therefore, the estimate pre-
To assist in the presentation of the computational @pgented here can be viewed as approximate due to the “aver-

proach taken in this study, a brief overview of Raman depoyge” nature of the homogeneous linewidth. In the limit of

larization theory is presented. The complete expression fofis approximation, the transitions are modeled as separable

the Rarr_lan_depolarization rafcio of an isotropically oriented i poth thea,, (transition to2A,) and ayy (transition to
sample is given by the followin8f 2A,) tensor elements being nonvanishing on resonance. Uti-

| per 5514332 lizing the time-dependent approach, the polarizability tensor
P T 1050 +432 2 matrix elements corresponding to these transitions are given
par 56,58,59

by the following:

30=— |ayt ayy+ a,)? 902
3T Ty e ie M ® .
Lann (BT 2 [ (fli(pperE o he Ty

21=§{|0‘xy_ ayx|2+|a'xz_ azx|2+|a'yz_ azy|2}x 4

3

¥ where E, is the frequency of the incident light; is the
2225 {l oy oyl 2+ |t apd?+ Ly, + ayy | energy of the initial vibrational statéy,, is the electronic
transition momentp=x or y for the transition to théA, or
2\, state, respectivelyT is the homogeneous linewidth, and
(fli(t)) represents the time-dependent overlap of the final
L state in the scattering process with the initial vibrational state
where ap,, (M,n=x, y, or z) are the polarizability tensor propagating under the influence of the excited-state Hamil-

matrix e!ehmen'gs (Ideflr;ed in the mplzcular fran|1e. ondr_esofonian. In this study, the final state for the fundamental tran-
hance with a single electronic excited state, only one diag0gjsinn, inyolving the symmetric stretch correspondsnte 1
nal tensor element is taken to be nonvanishiiog example,

along the symmetric stretch and=0 along the bend and
ayy) such that the depolarization ratio in this limit is 0.33. g y g

: ; ) asymmetric stretch. The lowest frequency normal mode of
However, rotational dynamics and/or the existence of mor

h fini lued | It in deviati ®©CIO is at 450 cii’; therefore, the initial vibrational state
than one finite valued tensor element can4lr(24s_Lé§ In deviatiog, 5 degrees of freedom was taken to be the ground vibra-
of the depolarization ratio from this vald&*

h £ OCIO limits th ber of nolarizabil tional level. The homogeneous linewidth is a composite of
The symmetry of OCIO limits the number of polarizabil- ., 4 giative and nonradiative vibronic dephasing processes

ity matrix elements that must be considered in modeling thecorresponding to both population decay,| and pure
Raman depolarization ratio of the symmetric stretch funda’dephasing T%). Consistent with our previous analysis, the
mental transition on resonance. Ground state OCIO is,pf C homogeneous linewidth is modeled as Gaus¥dfhe ab-

symmetry resulting in only théB; A, transition(x polar- sorption cross sectio at the same level of approxima-
ized) and the’B;—2A, transition(y polarized being allowed P i) PP

+ § {| Qyx— ayy|2+ | Ayxx— azz|2+ | Ayy™— azz| 2}'

tion is>6:°8:59
(the z axis is defined as oriented along the rGtational axis
of the molecule, the axis is orthogonal to this axis and to
the plane of symmetry bisecting the terminal oxygeBénce Loa(BL) Ipp
the vibrations of OCIO are a#; or b, symmetry, vibronic 5 5
coupling of the?A, and?A, surfaces is not considered. How- _47Te EMbp fw JE~H(E
ever, it has been suggested that these surfaces are coupled = 6#%cn /B0t (oo
via a spin-orbit interaction. We can estimate the magnitude
of this coupling by the following procedure. Resonance Ra- > f“’ <i|i(t)>ei(E|_+ei)t/ﬁe—thZ/hzdt, (5)
man intensity analysis has established a Gaussian homoge- —

J. Chem. Phys., Vol. 107, No. 20, 22 November 1997
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where (i]i(t)) is the time-dependent overlap of the initial tion, w, and wy denote the excited- and ground-state har-
ground vibrational state with this same state propagating omonic frequencies, respectively. In the above potential, the
the excited-state potential energy surface. The product of thisymmetric stretch is modeled with both harmonic and cubic
overlap with the homogeneous broadening terms is Fouriesanharmonic terms. The potential along the bend and asym-
transformed to the frequency domathThe result of this metric stretch contains only the harmonic terms given the
transformation is convolved with a Gaussian function tolimited displacement along the bend coordinate and absence
model the effect of inhomogeneous broadening on the aboef displacement along the asymmetric stretch coordittate.
sorption spectrum. This broadening originates from staticAnharmonic coupling between the symmetric and asymmet-
solvent environments which alter the energy gap between thec stretch coordinates is not included; however, calculations
ground and excited stateEfy). The inhomogeneous line- in which this coupling was included were performed to quan-
width reported here corresponds to the standard deviation dify the error in this approximation. It was found that the
this distribution. The magnitude of this broadening for theinclusion of off-diagonal anharmonicity lowered the cross
2], state has been determined by resonance Raman intensigctions by~15% and had a negligible{5%) effect on
analysis; however, corresponding information for th,  the depolarization ratios reported below. The ground elec-
state is not available. Therefore, the inhomogeneous distrtronic state along all three coordinates was modeled as har-
butions for both théB,;—2?A, and?B;—2A, transitions are monic. In the limit of this description for the excited-state
assumed to be equivalent such that the absorption cross sqmtential energy surface, the three vibronic degrees of free-
tions for either transition are convolved with identical Gauss-dom can be modeled as separable such that the multidimen-
ian functions. In doing so, the approximation is made that thesional, time-dependent overlaps in the above equations are
energy shifts which characterize the inhomogeneous distridecomposed into products involving one-dimensional over-
butions are identical, and that the shifts for both transitiondaps:

are correlated. At this level of approximation, the expression 3

for thg Raman cross sectiownrf) averaged over all molec_u- (i) = H (i), (9)

lar orientations when two uncoupled, orthogonally polarized k=1

states contribute to the observed scatterintftS:

3
8wEE, (fli)y=(alia®) IT (i), (10

or(Ep)= oRich

(f 5E00H(Eoo)|axx(Eoo)|2)

o where the subscript 1 denotes the Raman active coordinate

(the symmetric stretch for the transition of interest in this

: (6) study). The time-dependent overlaps involving harmonic sur-
faces with frequency change were calculated using the

Finally, inhomogeneous broadening is included in calculamethod of Mukamel and co-worke?®. Time-dependent

+

[ ErEolayy el

tion of the depolarization ratio as follows: overlaps for the anharmonic potentials were calculated using
x 1 2 the approximate time-propagator method of Feit and
p(EL)= =0 H(E) (53" +3%%) @) Fleck5%2In this approachli(t)) is given by:
L [T L 0ELH(EL)(105°+432) )

|i(t)>:ei(AI)V2/4Me—i(At)Vei(At)V2/4M|i(O)>+ 0(At3),
where the rotational invariant&(') are given in Eq(3). The
rotational invariants are derived from polarizability terms

2 . . . oy . . _
which originate from transitions with differerffy, energies whereV® is the Laplacian in position spacé.is the excited

state potential, andt is the size of the propagation time

such that the invariants are not characterized by a skgle L .
y o step. The error in this approach scales as the cube of the time

Therefore, inhomogeneous broadening is incorporated b ' . o
convolving with respect to excitation energy using an iden—gtep' therefore, the step size was kept to a minintrd f9

tical Gaussian distribution to that employed in calculating:’:tt: d F;;?gggiﬁggnji de?oal?ggg 2Ov?/ght|$rihsetfir:1%r;—ahsee ?:If#é
the absorption and Raman cross sections. 9

Consistent with our previous study, anharmonicity wasnumber of time steps or a reduction in the step size.
included in the description of tH; and?A, excited states.
Specifically, the excited-state potential energy surfaces dﬁn. RESULTS
scribed in the ground-state dimensionless coordinate basis

are as follows: A. Experimental results
1 wgl 1 0|32 Figure 1 presents the polarizatiqn dependent resonance
Ve=§ . (g1—Ap)2%+ 3 Xlll( —) (g1—A,p)° Raman spectrum of OCIO dissolved in cyclohexane obtained
g1 @g1 with excitation at 319.9 nm. The upper spectrum is obtained
52 , 1 wga , when the polarization of the scattered light is selected to be
+t3 o (2=42)%+ 5 P (d3)*, (8)  parallel to that of the incident fieldhe parallel spectruim

and the lower spectrum corresponds to scattering when the
where the subscripts 1, 2, and 3 refer to the symmetripolarization is selected to be perpendicular to the polariza-
stretch, bend, and asymmetric stretch, respectively. In addtion of the incident field(the perpendicular spectrgmThe

J. Chem. Phys., Vol. 107, No. 20, 22 November 1997
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FIG. 1. Resonance Raman spectrum of chlorine dioxide dissolved in cycloFIG. 2. Absorption spectrum of chlorine dioxide in cyclohexés@lid line)
hexane obtained with excitation at 319.9 nm. The spectra correspond t@nd the Raman depolarization ratios for the symmetric stretch fundamental
experiments in which the polarization of the scattered light is selected to b&ansition(points. The square points represent the depolarization ratios de-
parallel () or perpendiculatL) to that of the incident light. The fundamen- termined in this study, and the circles correspond to previously reported
tal transition involving the symmetric stretch is at 937 ¢mwith transi-  values for chlorine dioxide in CFE(Ref. 67.

tions due to the cyclohexane solvent denoted with an asterisk. The perpen-

dicular spectrum has been multiplied by a factor of 2 for clarity.

Second, the presence of multiple electronic states with non-

. . . . _.aligned electronic transition moments can result in more than
fundamental transition involving the symmetric stretch is at : L .
ne matrix element of the polarizability tensor being

937 cmi ! and the cyclohexane transition used as an internal 40,41,44.50
depolarization standard is at 801 ¢ The figure demon- NONZEro. For example, the expected resonance Ra

. . . . man depolarization ratio for a totally symmetric mode mea-
strates that the intensity of the perpendicular spectrum is Iesssured on resonance with two orthogonally polarized degen-
than that observed in the parallel spectrum, with the depolar- 9 y P g

ization ratio calculated by dividing the intensity observed inerate excited states with equal transition moments iq4s8

the perpendicular spectrum by that observed in the paralle(ian be VerIfI'IEd hby s?bsututlon n Fq@) and(ﬁ) with a“i
spectrum. = ayy and all other elements equal to zgras this example

. . . illustrates, resonance Raman depolarization ratios can be
Figure 2 presents the experimentally determined Raman ) )
sed as a probe for the presence of multiple excited states.

depolarization ratios of the symmetric stretch fundamenta};\S will be shown below, the experimental depolarization dis-
transition of chlorine dioxidéOCIO) dissolved in cyclohex- '

ane. The values for the ratios are reported in Table I. In

addition to the various excitation wavelengths studied hereTABLE I. Depolarization ratios of the symmetric stretch fundamental tran-
the previously reported depolarization ratios for the symmetsition of chlorine dioxide.

ric stretch fundamental transition of OCIO dissolved in

CFCL are also shown in Fig. 2 The absorption spectra of Excitation energy 10" * cm ™) p(v1)*
OCIO in both CFC{ and cyclohexane are similar, and the 15.4 0.15+0.01
polarizability of both solvents is roughly the same 18.8 0.12+0.01
(CFCKL:9.5 A3, CgHy»:11 A%® such that simultaneous 19.4 0.16+0.01
analysis of both data sets is reasonable. g(l’i géi‘ig-gﬁ
If only a single electronic excited-state surface contrib- 292G 0.20£0.02
utes to Raman scattering on resonance, a depolarization ratio 27.1 0.25+0.04
of 1/3 is expected. Figure 2 demonstrates that although the 28.2 0.21+0.03
depolarization ratio increases towards this value on reso- 3L.% 0.19+0.02
nance, the entire depolarization dispersion curve is signifi- 35.4 0.18+0.02

Ca.m_ly lower than \_Nhat quld be expected if the Scatteri.ngi‘The depolarization ratigp) is defined as the intensity of Raman scattering

originated from a single excited state. There are two possiblebserved polarized perpendicular to the polarization of the excitation light

explanations for this behavior. First, rotation of the molecule divided t;yhthe Obsefveﬂ_sﬁaﬁe”ng with polarization parallel to the polar-
. : H s ation of the excitation light.

durlng the Raman, Scatte,”ng process can r,esu“ in de,\llatlog\ﬁalues are from the previous study of Eysel and Bernstein of OCIO in

of the depolarization ratio from 1/3 even if only a single crcy, (ref. 63.

electronic surface is involved in the scattering pro¢8s8-%  evalues are from the measurements performed in the study.

J. Chem. Phys., Vol. 107, No. 20, 22 November 1997
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persion curves for OCIO are consistent with the presence ofhe above expression is appropriate in the limit of large
an optically weak transition to %A, excited state which is inhomogeneous linewidth and population of high rotational
nearly degenerate with the optically strof§;—2A, transi-  quantum states. As determined by resonance Raman inten-
tion; however, the contribution of rotational dynamics mustsity analysis, inhomogeneous effects represent the largest
be evaluated, as illustrated in the next section. This is folcontribution to the broadening evident in the electronic ab-
lowed by an analysis in which the scattering contributionsorption spectrum, and the experiments reported here are
from the?A, excited state is incorporated into the descriptionperformed at 5 °C such that the high-temperature limit for
of the Raman depolarization ratios. rotational states is applicable This equation dictates that if
the product of the vibronic time correlator and homogeneous
linewidth decays more rapidly than the evolution of the ro-
The dependence of Raman depolarization ratios on mdational anisotropy, then a Raman anisotropy of 0.4 should
lecular rotation during the Raman scattering process is welbe observed corresponding to a Raman depolarization ratio
documented*—>*%6This effect has been typically observed of 1/3%° For OCIO dissolved in cyclohexane, the homoge-
in the gas phase where unhindered rotation of the molecule iseous broadening is modest (80 ¢h and the majority of
coupled with a decrease in the homogeneous linewidth duthe excited-state nuclear evolution occurs along the symmet-
to the absence of solvent-induced dephasing. The effect afc stretch coordinaté’ Furthermore, the rotational constants
rotational dynamics on resonance Raman depolarization raf OCIO are relatively large (A=1.05633cm?, B
tios is illustrated by the time-dependent expression for Ra=0.30950 cm?, andC=0.23815 cm?) such that rotational
man anisotropy? contributions to Raman depolarization cannot be obviously
FEe2Nn|(fi (1) 2R(t) dt neglected®?%%¢|n the analysis presented here, we approxi-
M= —TUr T 5 , (12 mate OCIO as a prolate symmetric top with\
Joe = KHli(1)[dt =1.05633 cmi! and B=C=0.30950 cmi, With this ap-
whereR(t) represents the time-dependent anisotropy factoproximation and knowledge that tH@,—2A, transition is
of 0.4 (P,[ 1(0)- «(t)]) whereP, is the second Legendre orthogonal to the €symmetry axis of OCIJ,the rotational
polynomial andu is the electronic transition dipole moment. correlation function is given by the following:

B. Rotational dynamics and Raman depolarization

R(t)= 4—10[1—3(K')2]2+ % (K")?[1—(K")?]? coq wJt) + j—o [1—(K")?]? cod2wdt)

-1
> JPJK] |2 IPy
JK JK
+3 1—(K")?)? 20Kt +i 1—(K")* Jt 2m<t)+i 1+6(K')?
go [ 1~ (K)7]" cod )+ 551 (K)*]cog wIt)cog go 1 16(K")

+(K")4]coq 2wIt)cog 2QKt)

] , (13

whereK’'=K/J, w=2B/%, Q=2(A-B)/%, andP; repre- is found to be 0.39 corresponding to a Raman depolarization
sents the population of thdK) rotational state as dictated ratio of 0.34. Therefore, rotational dynamics are too slow to
by Boltzmann statistics. Figure(8) presents the rotational play a significant role in defining depolarization ratios. In
correlation function for OCIO calculated using Eg1). This  addition, the effect of rotation on this transition is to elevate
calculation was performed by discrete summation oved all the depolarization ratio above 1/3; however, the experimen-
andK states for which the energy was6 kT resulting in the tal values are all below this value suggesting that factors
incorporation of 98% of the population. The correlation Other than rotational dynamics are of importance.

function depicted in the figure corresponds to the rotational

dynamics of gas-phase OCIO with the corresponding dyname. Preresonant intensity of UV states and Raman

ics in solution expected to be slower. Therefore, the calculadepolarization ratios

tion presented here establishes an upper limit on the effect of  preyious analysis of the preresonant Raman depolariza-
rotational dynamics on the resonance Raman depolarizatiofhn ratios of OCIO suggested that the preresonant contribu-
ratios. Figure @) presents the product of the vibronic time tions from transitions to electronic states located in the
correlator and the homogeneous dephasing term calculatégr-UV (<200 nm) were important in establishing the depo-
using the parameters in Table Il for tha, potential energy larization ratios of OCIG High-resolution absorption and
surface. This product undergoes the majority of its decay irelectron-energy loss spectroscopy have been used to charac-
the first 50 fs, a time scale which is rapid compared to rotaterize these higher energy transitidfi§® These studies have
tional dynamics. Consistent with this, the Raman anisotropylemonstrated the presence of four bands which are denoted
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TABLE Il. Parameters for the example depolarization ratio calculation.

04
A State 1 State 2
v (cm Y2 1000 1000
03 AP 0.1 0.1
2 I (cm™Y° 200 200
9) O (cm™Hd 0 0
B 02 Mg (A)° 1.0 1.0
2 Ego (cm ™ Yf 30000 31000
<
o1t #The ground and excited-state frequencies are equal.
The dimensionless displacement of the excited-state potential energy sur-
face minimum relative to the ground state.
. ) . ‘The homogeneous linewidth. A Lorentzian functional form was employed
0 in this calculation.
B 9The standard deviation of the inhomogeneous linewidth.
= osl} ®The transition length.
g ' The energy gap between the ground and excited electronic states.
E
— !
o 0.6
;" EO - E | + |2 s 1-0
2 04 3 AyxxT Qyy|
Q
€ o2 32= ! — a2+ 24 2 14
= -3 {| Ayx ayy| |axx| |ayy| } (14
0 L_/“_/v\ , _ _ . 332
0 100 200 300 400

P 10507432

We have performed a sample calculation to illustrate the de-
FIG. 3. (A) Rotational correlation function (O(B,[ «(0).u(t)])) of the pendence of the depolarization ratio on the relative sign and
2B1—'2A2 'transitior.\ of chlo_rine dioxide. Calculation was performed by ap- amplitudes ofu,, andayy_ The results of this calculation are
Eg?]’:tmas:'s”giﬂ'(l’rg‘% g:}%"; daézaog%agfnjyg:ftg;t(og") VTV;:Z r:?ljﬁitfona' presented in Fig. 4 with the parameters for the calculation
dimensional time-dependent overlap functi¢i(t)) multiplied by exp documented in Table Il. The “gedanken” system consists of
(—2T'/t) whereT is the homogeneous linewidth determined from resonancetw0 orthogonally polarized transitions with equal transition
Raman intensity analysis (80 cif) (Ref. 39. The rapid decay of this func- lengths. There is a single vibronic degree of freedom, with
tjqn combin_ed yvith the relgtively slow 'rotational dynamics results in a neg-the frequency and excited-state displacement of this mode
ligible contribution of rotational dynamics to the resonance Raman depolar; . . . L. .
ization ratios. being identical for both transitions. The only difference be-
tween the transitions is th&g, energy which differs by
1000 cm ! (30 000 vs 31 000 cit). Since the polarizability
tensor elements are complex quantities, Figurés) 4and
as follows(with band origin in parenthese<C band(183.08  4(B) present the real and imaginary parts af, and a,,
nm), D band (162.66 nm, E band (~156.7 nm), andF respectively. Figure (€) presents the values of the rotational
band(144.29 nm. Of these transitions, the absorption crossinvariants[Eq. (14)], and the Raman depolarization ratio is
section of theF band is largest~4 times larger than the presented in Fig.@®). Figure 4 illustrates the dependence of
2B,—2A, transition.®® These transitions are assigned asthe depolarization ratio on the amplitudes of the tensor ele-
Rydberg progressions with tf@ andD band transition mo- ments with this dependence consisting of three separate re-
ments being perpendicular to tAB;—2A, transition®~2 gions, preresonance, resonance, and postresonance. First,
The presence of transitions at higher energy than th@reresonant with either transition, the real part of the polar-
2B, —2A, transition, and polarized perpendicular to this tran-izability dominates such that a depolarization ratio of 1/8 is
sition, may result in deviation of the depolarization ratio observed due to the equal amplitude of the real part of the
from 1/3. The behavior of resonance Raman depolarizatiopolarizability for both states. As resonance with the lower-
ratios when two orthogonal transitions contribute to the scatenergy state is approached, the depolarization ratio increases
tering process has been presented by Shang and Hudson, andralue reaching a single-state value of 1/3 when the lower-
the arguments presented in their paper are revisited here fenergy transition dominates the polarizability. At excitation
completenes& In the limit where only two orthogonally wavelengths which are postresonant with the lower-energy
polarized transitions contribute to resonance Raman scattetransition yet preresonant with the higher energy transition,
ing, and coupling between excited states is negligible, twdooth the real and imaginary parts af, can differ in sign
diagonal elements of the polarizability tensor will be nonzerorelative toay, . Due to this evolution in sign, the depolariza-
(for example,a,, and ay,). The expressions for the rota- tion ratio becomes larger than 1/3 approaching a limiting
tional invariants and Raman depolarization rdtiegs. (2)  value of 3/4. Finally, at frequencies which are postresonant
and(3)] reduce to: with both states, the depolarization ratio decreases and even-

Time (fs)
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Re(o) (A3)

Raman Depolarization

Im{or) (A3)

20000 ' 30000 40000
Energy (cm-1)

o 2000 FIG. 5. Measured depolarization ratios for the symmetric stretch fundamen-
< tal transition of chlorine dioxide, and calculated depolarization dispersion
[’i] curves. The curves were determined by modelingand e, as originating

from the2A, and excited-states located in the far-ultraviolet, respectively.
Parameters for théA, state are presented in Table Ill. The preresonance
contribution of the far-UV states is modeled as a constant with values of
0.06(short-dash ling 0.2(solid line), and 0.4 & (long-dash ling Although

ing the parameters for théA, potential-energy surface
26000 30000 34000 determined in resonance Raman intensity analyi@ble 111)

and values fore,, ranging from 0.06 to 0.4 AR.The com-
parison of the calculated Raman depolarization to the experi-
FIG. 4. Sample calculation of the Raman depolarization ratio arising frommemaIIy determined depOIar.lzatlon ratiéig. 5 demon-

two orthogonally polarized transitions. The parameters for the calculatiorstrates that although the ratios at preresonant Wajvelengths
are given in Table I1(A) The real part of the polarizability arising from (15 000—20 000 cm') can be reproduced, the ratios ob-
state 1(solid line) and state Zdashed ling (B) The imaginary part of the  served on resonance are significantly overestimated.
polarizability arising from state {solid line) and state 2dashed line (C) ~ 1he Raman depolarization ratios measured directly on
Rotational invariants used in calculation of the Raman depolarization ratio . .

[Eq. (12)]: 3, (solid ling) and, (dashed ling (D) The Raman depolariza- [€SONANCe demqnstrate that preresonant contrlbutlon§ from
tion ratio. electronic transitions located in the far-UV are not entirely
responsible for the deviation of the ratios from 1/3. The in-
teresting aspect of this calculation is thatags is increased,

tually reaches 1/8 similar to the preresonance case. This e>t(he prgdlcted Raman depolarization ratio d|rectly on reso-

ample serves to illustrate that due to the evolution in sign oft@nce Increases beyond. 1/3; however, the experlm_enta}I val-

the real and imaginary parts of the polarizability, the pres—ues are always belowlth|s_ vaIue_. As demonstrated in _F|.g. 4,

ence of an orthogonally polarized state in energetic proxim:[he calculated d.epo!arlzatloh ratio values .above 1/3 o'rlglnate

ity to the electronic transition of interest can have a pro—from the evolution in the S|gzn Ol rglgtlve t.o ayy With

nounced effect on the resonance Raman depolarization ratiS?(C't"?‘t'on throgghout théB, A, transition. Slnce the de-
To ascertain the importance of preresonance contribupOIar'Z‘?‘t'or_‘ rapos are all less tha_n 1./ 3, the sigrgj must_

tions of the far-UV transitions, the first depolarization ratio be similar in sign oo at all excitation _waveleng'Fhs. Thls.

model employed was withy,, and ay, corresponding to the can only occur if the orthogonally polarl_ze;j trar213|t|on is ei-

2B,—2A, transition and preresonant contributions of theth?r degenerate or nearly degenerate with"dig-"A, tran-

higher energy transitions, respectively. Given that the higher§'t'°n'

energy states are located in the far-UV and that the sIowI)E) ) 5 .

varying real part of the polarizability dominates far from - Near-degenerate “B,—"A, transition and

resonanceFig. 4), it is reasonable to modet,, as a con- resonance Raman depolarization ratios

stant. This was the approach previously taken in analyzing The above analysis suggests that in addition to the

the preresonant OCIO depolarization ratios in GFCIFig-  ?B;—2A, transition, an energetically close, orthogonally po-

ure 5 presents a comparison of the calculated Raman deplarized transition is participating in the scattering process.

c

L2 D the depolarization ratios at lower excitation energies can be reproduced, the
8 06 depolarization ratios measured directly on resonance are not well modeled
E by this approach.

©

S 04

(@] . . . . ..

c larization dispersion curves wheog, was calculated utiliz-

g o2

<

[a ey

Energy (cm-1)
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TABLE Ill. ?A, and’A, excited-state potential energy surface parametersthese values reported in Table 1.The ab initio results
predict that not only is the transition to tRé, state nearly
degenerate with that to tfé\, surface, but that the displace-

2A, potential energy surfaée
w we

Transitior? (cmgl)c (cm™ A¢ X111 ments and anharmonicities along the symmetric stretch coor-
" 937 e 6.1 137 dinate are alsg similar. TheA,; surface is predicted.to be
v, 450 284 0.3 0 only slightly displaced along the bend, and not displaced
v3 1100 750 0 0 along the asymmetric stretch. Frequency differences exist be-
2A, potential energy surfat® tween the ground and excited state along all coordinates. To
constrain the calculation, thab initio determined displace-
" igg gig 8-85 ‘1370 ments of the?A, state along each normal coordinate were
Vz 1100 1474 0 0 used as reported with only the transition length andBgg

energy for the’A; state adjusted in an attempt to reproduce
®Parameters were determined from the resonance Raman intensity analygigse depolarization ratios. The inhomogeneous broadening de-
of chlorine dioxide (Ref. 39. Calculation was performed employing a termined from resonance Raman intensity analysis of the

Gaussian homogeneous linewidif of 75 cm ™, inhomogeneous standard

deviation of 140 cm’, Egg=17 450 cm’, M,y=0.32 A, andn=1.42. 2B,—2A, transition was applied to transitions involving both
®The symbolsy,, v,, and v; refer to the symmetric stretch, bend, and the 2A2 and 2A1 states; however, the amount of homoge-
asymmetric stretch, respectively. neous broadening to include in modeling t#g transition is

‘wq and w, correspond to the ground- and excited-state harmonic frequen- . . . -
g e
cies, respectively. not well defined. If the homogeneous linewidth were similar

%The dimensionless displacement of the excited-state potential energy suto that of the A, state, then vibronic structure in the
face minimum relative to the ground state. _ 2B,—2A, transition would be expected. However, all ob-
Anharmonicity prefactor for the cubic term in the expression for the d in th | . b . b
excited-state potential energy surface as given in(&g. serve s_;truct_ures in the e egtronlc absorption spectrum ob-
fPotential energy surface parameters were obtained froratthieitio theo- ~ Served in this spectral region are accounted for by the
retical analysis of Peterson and Werr{&ef. 38. Calculation was per- 251_2A2 transition® Therefore, the homogeneous linewidth
formed with the following additional parameters for th, state: Gaussian . . .
homogeneous linewidth I)—240cm %,  inhomogeneous standard V@S increased until an unstructured spgctrum was obtglned.
deviation=160 cni'’, Ego=16 400 cm%, M¢,=0.16 A, n=1.42, It should be noted that a factor of two increase in the line-
“Calculation involving an additional preresonance contribution from statesyvidth had a negligible effect on the calculated depolarization
located in the far-UV was accomplished by adding a constant ContribUtiorUiSpel’Sion curves such that the ambiguity in the homoge-
of 0.2 A® to the polarizability determined using tRé, state parameters . . . .
reported here. neous linewidth does not significantly impact the results and
conclusions reported here.
Figure 6A) presents the calculated absorption spectra
Experimental support for the presence ofBy—2A; transi-  arising from the?’A, and?A, states. The figure demonstrates
tion, orthogonal to théB;—2A, transition, in this spectral that the transition to th@A, state is shifted to higher ener-
region is modest at best. High-resolution absorption studiegies due to the larger displacement along the symmetric
have failed to observe any intensity assignable to a transitiogretch coordinatéTable 11l) combined with similaiEq, en-
involving a state ofA; symmetry” However, the Increase in - ergy relative to théA, state. However, the entifé; band
Imemdt_h for h|gher-energy vibronic transitions i3, —2A, _profile is expected to reside under the strongBg—2A,
absorption spectrum was interpreted as arising from an ingansition. Figure @) presents the sum of the individual
crease in the depopulation rate of tf, sur;‘ace at higher  apqorntion bands and the experimental absorption spectrum.
ﬁnerglle§.bThe rotagclnal strucfturg ?f th%Fl_ A transc%';n As the figure demonstrates, the agreement between the cal-
as %65_28 €en usedto argue forinternal conversion he é:ulated and measured absorption spectra is good. FigGje 6
stater In the gas-phase absorption study of Hubinger an L ] .
presents the calculated Raman depolarization dispersion

Nee, a nonvanishing cross section between Bg—"A, curve for this two-state model using the parameters reported
transition and theC band was observed and suggested to g P P

arise from a transition involving theA, state®® The stron- in Table Ill. Although the predicted depolarization disper-
gest support for the presence ofB,—2A, transition nearly sion curve remains significantly below 1/3 at all excitation
degenerate with that to tha, statle is 1found inab initic  Wavelengths, the preresonance depolarization ratios are not
studies’’ 38 These calculations predict that three excitegWell reproduced. Better overall agreement can be achieved
states oPA,, 2A,, and2B, symmetry are all nearly degen- PY increasing théB,—2A, transition length; however, this
erate in the Franck—Condon region of thé, surface ac- would result in rather large intensity for this transition, a
cessed by optical excitation from the ground state. Recalf€Sult which is not supported by experiment.

the 2B, state cannot directly contribute to the observed scat-  TO improve upon this two-state model, a hybrid model
tering since théB;—2B,, transition is optically dark by sym- Which incorporates both the resonance and preresonance as-

metry. pects of the above models was created. In this approach, the
To explore the possibility of 3B;—2A, transition con- @y, tensor element consists of two parts: #ifla—?A, tran-
tributing to the Raman depolarization ratios, the contributiorsition, and a constant term representing preresonant scatter-
of the 2A; surface was modeled using the parameters reing from higher-energy states. The contributionatg, from
ported in theab initio study of Peterson and Werner with the ?B;—2A, transition was identical to the calculation pre-
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IV. DISCUSSION
A. The 2A; state and the photochemistry of OCIO

0.04

The experimental results and analysis presented here
demonstrate that in OCIO, %A, electronic excited state ex-
ists and is nearly degenerate with th, excited state. This
represents the first spectroscopic study to establish both the
presence and the symmetry of a second electronic excited
state in energetic proximity to théA, surface. Previous
studies have suggested the importance 6Aastate in the
photochemistry of OCIG?® As mentioned above, high reso-
lution absorption spectra of OCIO have demonstrated that
the linewidth of vibronic progressions involving the symmet-
ric stretch increases with excitation into higher-energy levels
of the ?A, vibronic manifold® Analysis of these linewidths
suggests that the general time scale for decay of’the
excited state in the gas phase<d ps. Furthermore, transi-
tions involving excitation of both the symmetric stretch and
the bend or asymmetric stretch are significantly broader in
comparison to transitions involving excitation of the sym-
metric stretch only, suggesting that evolution along either the
bend or asymmetric stretch serves to promote the decay of
the 2A, excited state. This conclusion is supported by recent
gas-phase photofragment translational energy stddiés.
the condensed phase, resonance Raman intensity analysis has
established a homogeneous linewidth of 80 ¢ror the ?A,
surface corresponding to an optidal of ~60 fs° The ori-
gin of this rapid dephasing was tentatively assigned to decay
of the 2A, surface.

Given that the structural evolution and rapid decay of the
optically prepared?A, state in both the gas phase and in
Energy (cm-1) cyclohexane has been established, knowledge of the elec-

culated el i« absornii g htronic state or states populated by decay of 3Ag state is
FIG. 6. (A) Calculated electronic absorption spectra corresponding 0 thgp e oyt issue to be addressed in describing OCIO photo-
B,—“A, (solid line) and “B;—“A; (dashed ling transitions, respectively. . ?
Calculations were performed as outlined in the text with parameters for th&he_m|5tW- The re'sfﬂts prgsented here SUgge_St thatAhe
2p, state determined from resonance Raman intensity andigefs39 and  excited state participates in decay of the optically prepared
parameters for théA,; state obtained from previousb initio theoretical excited state. However, the majority of attention to date has
work (Ref. 38. (B) The sum of the calculated absorption spe¢tfashedl _ been paid to théB, surface. The main reason for interest in
and measurecsolid) absorption spectrum of chlorine dioxide in cyclohex > . . L. .
ane. (C) Comparison of the measurdgointy and calculatedsolid line) the “B, surface is that in the limit of a linear OCIO geom-
Raman depolarization ratiofD) Comparison of the measurégoints and  etry, the ?A, and 2B, excited states will be degenerdte.
calculated(solid line) Raman depolarization ratios. The tensor element cor-However. the bent geometry of OCIO combined with the

responding to théA, transition also includes a constant term of 02 A . . . . )
representing the preresonance contribution of states located in the fal'—mlted evolution along the bend coordinate on ﬁmz ex

ultraviolet. cited state surface dictates that the coupling between these
states should be wedk? In addition, a mode ob; symme-
try is not present; therefore, vibronic coupling of the, and
sented above. To incorporate the preresonant contribution, B, states is not possible. Therefore, #, state is prob-
constant term of 0.2 Awas also added ter,, . Figure D) ably not produced directly by decay of tha, state. In con-
presents the calculated resonance Raman depolarization disast, the?A; excited state may be populated B, state
persion curve with the inclusion of preresonance effects. Thelecay. Analysis of the rotational transitions in the high-
combination of both resonant and preresonant contributionsesolution electronic absorption spectrum of gas-phase OCIO
to ayy results in a model which is capable of reproducing thehave suggested that spin-orbit coupling of the and?A,
experimental depolarization ratios. The important result ofstates is the primary mechanism through which%hg state
this analysis is that even if preresonant scattering contribudecays:’?® The results presented here are consistent with
tions are included, the resonance Raman depolarization r#his hypothesis in that the near-degeneracy of %Ag and
tios can only be modeled by including a transition which is?A; excited states should result in facile depopulation of the
both nearly degenerate with and orthogonal to%hg state.  ?A, surface. Subsequent reactivity of the,; state probably
Symmetry constraints dictate that the character of this stativolves internal conversion to th&B, state via vibronic
must be?A, . coupling through the asymmetric strettiiherefore, the re-

0.02

Oa (A2)

0.04

0.02

O (A2)

0.2

0.1 ¢

Raman Depolarization

20000 30000 40000
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stretch fundamental transition with intensity derived exclu-
sively from the?A, and the?A; excited states are shown.
Figure 1B) presents a comparison of the calculated cross
sections[Eq. (6)] to the integrated cross section for the
symmetric-stretch-fundamental transition. The experimen-
tally observed intensities can be used to calculate the inte-
grated Raman cross section by the following equation:

Tocio_ (locio)(Cexn) [(1+2p)/(1+p)]ocio
ocxn (Iexn) (Cocio) [(1+2p)/(1+p)]exn’

og (x 109 A2)

(15

where o is the integrated Raman cross sectibns the ex-
perimental intensity summed over both parallel and perpen-
dicular polarizations¢ is the concentratiory is the Raman
depolarization ratio, and the subscripts OCIO and CXN refer
to chlorine dioxide and the 801 crh line of cyclohexane,
respectively. This figure demonstrates that although the ef-
fect of the?A, state on the resonance Raman depolarization
ratios is significant, the corresponding contribution of this
state to the observed Raman cross sections is not as dramatic.
There are two reasons for this behavior. First, the Raman
cross section depends on the fourth power of the electronic
transition length. In the analysis presented above, the best fit
20000 30000 ' 40000 to the measured d_e_polarizati(_)n ratios results in a length of
the 2B;—2A, transition that is roughly 1/2 that of the
2B, —2A, transition such that the contribution of th&, state

to the resonance Raman cross section will only be 1/16 that
FIG. 7. (A) Calculated Raman excitation profiles of the symmetric stretchof the2A., state. Second. resonance Raman cross sections are
fundamental transition arising from tifé, (solid line and 2A, (dashed 2> ) ' . .
line) excited states. Parameters for the calculation are presented in Table Iln.Ot normalized with respect to the homerneous linewidth
(B) Comparison of the measured absolute resonance Raman cross sectionsddCh that an increase in linewidth results in a decrease in
the symmetric stretch fundamental transitigointy and the sum of inten-  gcattering intensiﬁ? Since the homogeneous linewidth of
sities depicted in Asolid line). the 2B;—2A, transition was taken to be roughly three times
larger than that of the corresponding transition to fide

sults and discussion presented here support the emerging pitate: the effect of this difference is to significantly reduce
ture of OCIO photochemistry in which photoexcitation re- the contribution of theA,; statg to.the ob_served scatte_rlng..
sults in the population of thea, state which decays to form Although the Raman depolarization ratios can be signifi-
the 2A, state with further relaxation on this surface resulting©@ntly altered by the presence of secondary excited states,
in population of the?B, state. The next question to be ad- effects of similar magnitude involving the Raman cross sec-
dressed in OCIO photochemistry is, “Which of these excitegtion do not necessarily occur. Consistent with this behavior,
states is involved in photoproduct formationAb initio modification O_f the_ parameters for_ thé, SL_Jrface_obtained
work has suggested that the dynamics which occur on thH_O_m our previous intensity analysis are slight Wlth the_tran-
2B, state are critical in determining product formatfirhe ~ Sition_length (0.35-0.32 A and homogeneous linewidth
hypothesis and predictions of reactivity generated by the the(80—75 cm ") being reduced from their original values. Any
oretical work is in agreement with the product analysis stugf€maining discrepancy between the calculated and measured
ies of Davis and Leé! In the condensed phase, the situationk@man Cross sections likely resides in the omission of pre-
is not as well understood. Towards this end. time-resolved€sonance contributions from states located in the far-UV.
studies which directly monitor photoproduct formation will Quantitative incorporation of preresonance contributions

be extremely useful in unraveling the complex photochemis{fom these states is difficult since their normal mode dis-
try of OCIO1+73 placements are unknown and essentially impossible to deter-

mine in cyclohexane given the spectral region in which these
transitions are located. In summary, resonance Raman depo-
larization ratios represent a sensitive test for the presence of

In our resonance Raman intensity analysis of OCIO, theptically weak excited states; however, the effect of optically
electronic absorption and Raman cross sections were moeeak states on the Raman cross sections may or may not be
eled assuming that only thd,;—2A, transition participated important. It should be noted that OCIO may be a relatively
in the scattering process Given the results presented here, special case where the minimal intensity derived from the
this assumption needs to be reevaluated. In Fi@\)7the  optically weaker’A; state does not represent a general tru-
calculated Raman excitation profiles for the symmetricism.

9

oRr (x 109 A2)

Energy (cm-1)

B. The 2A, state and resonance Raman intensities
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