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Femtosecond Pump-Probe Studies of Dichlorine Monoxide in Solution
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The first femtosecond pumfprobe studies of CIOCI photochemistry in solution are presented. Following
266-nm photoexcitation of CIOCI dissolved in perfluorohexane, the resulting evolution in optical density is
monitored at seven wavelengths ranging from 266 to 400 nm. A depletion in optical density consistent with
ground-state CIOCI photolysis is observed, followed by increases in optical density at 266 and 315 nm assigned
to the production of CIO and CICIO, respectively. Kinetic analysis of the temporal evolution in optical density
establishes that photoproduct appearance occurs orr1leps time scale. Later time decay of the optical
density at 315 nm is mirrored by a corresponding increase in optical density at 266 nm consistent with thermal
decomposition of CICIO to produce CIO and Cl on thel00-ps time scale. The quantum yields for
photoproduct formation are determined through analysis of the absolute change in optical density. This analysis
establishes that the quantum yields for CICIO and CIO production arg- @.4 and 0.6+ 0.1, respectively.

Finally, the observation of CICIO production following CIOCI photoexcitation is similar to the behavior
observed for chlorine dioxide (OCIO) suggesting that photoisomerization is a general feature of halooxide
reactivity in solution.

Introduction ments also occurring resulting in re-formation of the parent
molecule?5-35 While geminate recombination and photoisomer-

tion of these compounds in a variety of atmospheric procésées. izatioq are central to the reactivity of QCIO, it is unclear if this
The environmental impact of these compounds results from their P&havior is reflected by other halooxides such as CIOCI.
ability to photochemically produce atomic halogens, with the ~ Our knowledge regarding CIOCI photochemistry is limited,
extent of halogen production dependent on the environment inwith only a few gas phase and in matrix isolation studies
which the chemistry occurs. For example, photolysis of chlorine presented in the literatufé3¢-47 Nelson et al. studied the gas-
dioxide (OCIO) promotes dissociation to form CIO and O, or phase dissociation of CIOCI using photofragment translational
Cl and Q.5% In the gas phase, the quantum yield for atomic energy spectroscopy with photoexcitation at 308, 248, and 198
chlorine production is modest witdb = 0.04; however, in nm:#° Dissociation to form CIO and Cl was observed exclusively
condensed environments the quantum yield increasds to with photoexcitation at 308 nm. However, with photoexcitation
0.1 and unity in aqueous solution and ice, respectively. Current at 248 nm, an additional channel was observed and assigned to
interest involves elucidating the fundamental reasons behind thisvibrationally excited CIO that undergoes secondary dissociation
behavior in order to understand the environmental impact of to form Cl and OfP). Finally, two distinct photochemical
halooxides in both homogeneous and inhomogeneous settingschannels were observed following 198-nm photoexcitation
Of interest here is the photochemical reaction dynamics of involving Cl, formation with atomic oxygen produced as either
dichlorine monoxide (CIOCI). Itis believed that this compound  O@P) or O¢D). Broadband flash photolysis studies of Nick-
plays only a minor role in stratospheric chemistry. It is the glaisen and co-workers were performed in which the yield of
anhydrous form of hypochlorous acid (HOCI), a chlorine |0 as a function of bath gas pressure was deternfh@tie
reservoir specieSand CIOClI is used as a convenient photolytic |0 yield was observed to decrease with increasing pressure
source of CIO in laboratory studiésThe photochemistry of o yavelengths greater than 300 nm leading to the suggestion

CIOCI provides a comparative example with respect to other 4t photoexcitation of CIOCI at wavelengths greater than 300
halooxides including OCIO. Studies of gaseous OCIO have nm reguits in rapid intersystem crossing to two triplet states

demonstrated that photolysis leads predominately to CIO and ¢ \which dissociation to form CIO and Cl or internal

9-20 ; _ ; ; )
0. However, in low-temperature matrixes, photochemical conversion to the ground state occurs. Tanaka et al. have used

groegg.tfbr;e %f tghr%_irggru{.iln Isr?gtlgé’he(r::l(')s(t)r’ r(()acfrgrsser;[tos :lnn photofragment ion imaging to investigate the primary photo-
hprect xernt. ution p IStry rep chemistry of gas-phase CIOCI following excitation at 235 nm

mtermedlgte case in which bth QIO/O and ClOO production and found that production of the lowest-velocity Cl atoms was
occurs, with geminate recombination of the CIO/O photofrag- . : - .
consistent with a three-body fragmentation procégnally,

*To whom correspondence should be addressed. E-mail: preid@ Molina and co-workers have recently measured the quantum
chem.washington.edu. yields of CIO and CI production using chemical ionization mass
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Halooxide photochemistry is of interest due to the participa-
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Figure 1. Absorption spectra of CIOCI and its potential photoprod- - % %
ucts: Ch, CIOOCI, ClO, and CICIO. The molar absorptivity values Ref Sig

are thos_e of CIOCI dissolved in carbon tetrachlofitd@&he gas-phase Figure 2. Schematic of the pumpprobe spectrometer employed in
absorption spectra of &l CIOOCI, and CIO are taken from the  this work. The following abbreviations have been used: BBO,
literature554 The absorption spectrum of CICIO is for this species frequency doubling3-barium borate crystal; BS, beam splitter; C,
isolated in an argon matr#.The dashed line indicates the excitation mechanical chopper; DL, optical delay line; DM, dichroic mirror; DP,
wavelength employed in these studies. Brewster dispersion prismsi/2, zero-order half-wave plate; OPA,

. ) optical parametric amplifier; 8, frequency tripler; PL, calcite polarizer;
spectrometry following photolysis of gaseous CIOCl at 320, 360, s, sample.

400, and 440 nr* When normalized to the quantum yield for
ClO and Cl production at 255 nm, it was found that the CIO gpectral range over which optical-density evolution associated
production quantum yield demonstrates little actinic-wavelength with photoproduct formation is expected to occur. Following
dependence. In addition, these authors concluded that thec|OoC| photoexcitation, substantial increases in optical density
photochemical behavior could be interpreted entirely in terms gre observed at 315 and 266 nm and are assigned to CICIO and
of transitions between singlet states, in opposition to the triplet- c|o, respectively. Kinetic analysis of this evolution reveals that
state mechanism suggested by Nicolaisen et al. both photoproducts appear on té0 ps time scale. In addition

The first matrix isolation studies of CIOCI were performed  tg these dynamics, later-time decomposition of CICIO to produce
by Rochkind and Pimentéf. In this work, CIOCI in low- |0 and Cl is observed on the100 ps time scale. Given these
temperature nitrogen and argon matrixes was photolyzed, andresylts, a photochemical model is presented in which CIOCI
the resulting reaction mixture was probed by IR and Raman gissociates to form CIO and Cl or undergoes photoisomerization
spectroscopy. It was established that photolysis of CIOCl resultstg produce CICIO that undergoes subsequent ground-state
in formation of the structural isomer, CICIO, and the CIO dimer. thermal dissociation to produce CIO and Cl. With this model,
Johnsson et al. reported the first UV absorption spectra of CICIO guantum yields for CICIO and CIO production of 04 0.1
formed by the photolysis of CIOCI in an argon mattfx.  and 0.6+ 0.1, respectively, are established. Finally, the solution
Subtraction of the UV spectra before and after photolysis was phase photochemistry of CIOCI is compared to that of OCIO.
performed to determine the UV absorption spectrum of CICIO The production of CICIO observed here mirrors the production
(4max= 260 nm). In addition, using the absorption cross section of ClOO following OCIO photolysis suggesting that photoi-
of gaseous CIOCI at 260 nm, an estimate for the CICIO somerization is a general feature of halooxide photochemistry
maximum absorption cross section of k3.0~17 cn?/molecule in solution.
was obtained.

There is very little information regarding the reaction Experimental Section
dynamics of CIOCI in solution. The first studies of CIOCI in
solution were performed in the 193fsyith further studies not A schematic diagram of the pumiprobe spectrometer is
performed until recently. In this recent work, Esposito et?al.  presented in Figure 2. An intracavity doubled Nd:V@aser
obtained the resonance Raman spectrum of CIOCI insCCl (Spectra Physics Millenia V) was used to pump a home-built
Using 282.4-nm excitation, they investigated the dependenceTi:sapphire oscillator that produced 30-fs pulses (full width at
of the resonance Raman spectra on incident pulse energy andhalf-maximum (fwhm)) centered at 780 nm at a repetition rate
observed scattering assignable to both CICIO and CIlO. The of 91 MHz. Amplification of these pulses was performed using
power dependence of photoproduct formation was investigatedthe chirped-pulse technique (Clark-MXR CPA-1000-PS). The
and found to be consistent with both CICIO and CIO being postcompression amplified output consisted of 85-fs fwhm
primary photoproducts of CIOCI. pulses centered at 780 nm with pulse energy of 83t a

In this paper, we present the first femtosecond transient repetition rate of 1 kHz.
absorption study of CIOCI photochemistry in solution. The  The amplified output was split into two components. Twenty
evolution in optical density following CIOCI photolysis at 266 percent of the output was frequency tripled (Spectra Physics
nm is monitored at seven probe wavelengths ranging from 266 TP-IA) to generate the actinic field. The remainder of the
to 400 nm. The absorption spectra of the parent species and allamplified output was used to generate the probe field. For probe
potential photoproducts observed in studies performed to datewavelengths at 400 and 266 nm, the amplified output was
are presented in Figure 1. The figure demonstrates that the probdrequency doubled and tripled, respectively. For probe wave-
wavelengths employed here provide good coverage of thelengths from 286 to 350 nm, the fourth harmonic of the signal
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TABLE 1: Kinetic Parameters Determined from Analysis of the Pump—Probe Data for CIOCI Dissolved in Perfluorohexane

Ap® (NM) AP t1 (ps) A t2 (ps) A t3 (ps)
266 —-0.11+ 0.06 9.6+6.1 —0.35+0.13 122.8+ 78.6 0.53+0.16 offset
286 —0.404+0.15 8.8+ 2.9 0.60+ 0.15 >1000
300 —0.384+0.12 11.44+4.3 0.33+0.15 41.6+ 35.5 0.29-0.27 381.6+ 94.7
317 —0.474+ 0.06 9.3+ 4.3 0.424+ 0.06 26.4+ 6.2 0.12:0.09 199.3+118.3
350 —0.544 0.07 3.2+ 3.3 0.33+0.12 28.3+12.6 0.13:0.05 196.2+ 56.9
400 —0.994 0.0003 0.14+ 0.10 —0.0001+ 0.0002 7.9 3.4 0.0002+ 0.0002 20.H-6.7

aWavelength at which the transient change in optical density was mea8uxetplitudes are normalized such thatA| = 1. ¢ Errors represent
1 standard deviation from the mean of all measurements employed at a given waveléntithe constant of 10 000 ps was included to represent
any persistent offset in optical density at long delay times.

field from an optical parametric amplifier (OPA, Quantronix the reaction, the mercuric oxide was allowed to settle to the
TOPAS) was employed. Isolation of the signal fourth harmonic bottom of the flask and the solution of CIOCI in PFH was
was accomplished using a pair of Gaffisms that also provided  decanted, resulting in 3540 mL of stock solution. Stock
precompensation for group-velocity dispersion of the probe field. solutions were typically 0:20.3 M in CIOCI as determined by
Following the prism pair, a beam splitter separated the probe UV —vis absorption and would undergo decomposition into
into the sample and reference beams. A calcite polarizer wasmainly chlorine dioxide within £2 days. To minimize the
placed in the probe line to define the polarization. The pump decomposition rate, stock solutions were further diluted with
beam was temporally adjusted relative to the probe beam usingPFH until a CIOCI concentration 6£0.05 M was reached. This
a delay stage. The pump polarization was oriented t0°54.7 diluted stock solution would last 1 week in the freezer. Further
relative to the probe using a zero-order half-wave plate to dilution of these solutions was performed to produce the 7.2
minimize the contribution of rotational dynamics to the data. mM solutions used in the pumiyprobe work. The results

Pump and probe pulse energies of 4.5 and«0,2espectively, reported here were determined to be identical witk-fold
were employed. The optical-density changes were found to vary changes in concentration. The concentration of the sample was
linearly with pump power. The focus of the pump beam was monitored at the start and end of the experiment, and the sample
adjusted so that the probe beam waist was approximately five was kept at~0° C during the experiment using an ice bath. In
times smaller than that of the pump at the sample. The addition to the kinetic studies described above, the absolute
instrument response was measured by the optical Kerr effectinchange in optical density at each probe wavelength was
water and was 35@& 50 fs for all probe wavelengths. Samples determined employing a fresh 5.0 mM sample of CIOCl in PFH
were delivered to a fused-silica flow cell with Cawindows to minimize variation in sample concentration in this absolute
having a path length of 0.2 mm. The flow rate was sufficient comparative study.
to replenish the sample volume between actinic events.

Measurement of the pump-induced change in sample optical Results
density was performed as follows. The sample and reference ) ) o ) )
probe signals were detected with UV-enhanced photodiodes —Figure 3 depicts the time evolution in optical density observed
(Advanced Photonix, Inc. SD 200-13-23-242). The photodiode following 266-nm photolysis of CIOCI in perfluorohexane.
outputs were processed by gated integration (Stanford ResearciRepresentative probe wavelengths at 266, 286, 300, 317, 350,
Systems SR250) and subtracted on a shot to shot basis. A&nd 400 nm are presented in the figure. To simplify presentation,
mechanical chopper operating at half the amplifier repetition the results are discussed with respect to three wavelength
frequency modulated the pump beam, and the gated-integratof€gions, 266-300 nm, 306-350 nm, and greater than 350 nm.
output was delivered to a computer where the voltage difference 266 nm < 4, < 300 nm. In this wavelength region, both
between adjacent laser shots (i.e., pump on versus pump off)photoinduced ground-state CIOCI depletion and photoproduct
was determined providing a measure of the pump-induced formation are observed. At 266 nm, an initial decrease in optical
optical-density change. Up to 1000 laser shots per time point density is observed consistent with the depletion of ground-
were acquired for an individual scan, with three or four scans state CIOCI due to photolysis. Following this initial decrease,
averaged to produce the data shown here. A convolution of thean increase in optical density is observed that persists out to
instrument response with a sum of exponentials was fit to the the longest delays investigated (500 ps). The evolution in optical
data using the Levenbergvarquardt algorithm. Goodness of ~density observed at 266 nm was fit to a sum of three
the fit was judged by? values as well as visual inspection of ~exponentials convolved with the instrument response resulting
the residuals. Errors reported here correspond to one standardn appearance time constants of 6.1 and 122.8 78.6 ps
deviation of the mean of multiple measurements taken (five or and a long time offset. The time constants determined for this
greater). and other probe wavelengths are presented in Table 1. At 286

Samples of dichlorine monoxide (CIOCI) dissolved in per- nm, an increase in optical density is observed that appears with
fluorohexane (PFH) were prepared following a modified version @ time constant of 8.8 2.9 ps. Scans out to longest delays
of the method outlined by Cad§ Chlorine gas (99%, JCI Jones suggest that there may be an extremely modest increase in
Chemicals) was bubbled into a flask containing 50 mL of PFH optical density occurring at long times, with a time constant
(Acros) cooled in a dry iceacetonitrile bath. Under the for this evoltion being>1000 ps.
assumption that the molar absorptivity ob @ PFH is the same 300 nm =< Ay < 350 nm. The evolution in optical density
as in CCl, Cl, concentrations of 0.75 M were generated as observed in this wavelength region is dominated by photoprod-
determined by UV~vis absorption. Yellow mercuric oxide uct appearance and decay. At 300 nm, a substantial increase in
(Acros) was then added to the,Glolution at a molar ratio of  optical density occurs with a time constant of 11%44.3 ps
1.1 HgO to C}, and this mixture was stirred over an ice bath and then undergoes biexponential decay with time constants of
for at least 45 min. Formation of CIOCI was evidenced by a 41.6+ 35.5 and 381.6- 94.7 ps. Similar behavior is observed
change in solution color from green to reddish brown. After at 317 nm, where the increase in optical density occurs with a
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Figure 4. The transient absorption spectra of CIOCI dissolved in
perfluorohexane. The time delay for each spectrum is labeled in the
figure.

to the 300 and 317 nm data. At 350 nm, this optical density
increase occurs with a time constant of 3t21.3 ps and
undergoes subsequent biphasic decay with time constants of 28.3
+ 12.6 and 196.2+ 56.9 ps. Similar behavior is observed at
400 nm, where an instrument-response-limited increase in
optical density is observed, which undergoes a subsequent
increase with a time constant of #93.4 ps. The optical density
evolution at 400 nm ends by single-exponential decay with a
time constant of 20.% 6.7 ps.

Transient Absorption Spectra. In addition to the single-
wavelength studies presented above, the temporal evolution of
the absolute optical density change as a function of probe
wavelength was determined as presented in Figure 4. There are
two major features evident in these data, the depletion and
subsequent increase in optical density at 266 nm and the increase
and subsequent decay in optical density-815 nm. Following
photolysis, depletion at 266 nm is evident consistent with CIOCI
ground-state depletion due to photolysis. Studies of the optical
density change at early times employing finer time resolution
(data not shown) established a maximum optical-density deple-
tion of 0.008+ 0.002 due to photolysis of CIOCI. In addition
to this depletion, an increase in optical density centeree3ab
nm appears. As the depletion at 266 nm begins to grow steadily
into an absorption, the absorption at 315 nm also increases,
reaching a maximum of 0.030 OD at 17.5 ps. This absorption
then decreases to 0.014 OD by 100 ps. Comparison of the
) maximum optical density for this feature to the 0.008 OD
Time (ps) depletion of CIOCI suggests that the species giving rise to the

Figure 3. Time-resolved pumpprobe dynamics for CIOCI dissolved ~ SroNg absorption evident in Figure 4 has an extinction coef-
in perfluorohexane. Probe wavelengths and optical density scale areficient thatis 3.75 times greater than th€00 M~ cm™* value
given in the figure. Best fit to the data by a sum of exponentials for CIOCI at 266 nm. This simple analysis assumes that all
convolved with the instrument response is given by the solid line, with photoexcited CIOCI results in the production of the 315-nm
corresponding fit parameters presented in Table 1. absorbing photoproduct, an assumption that will revisited
below.
time constant of 9.3t 4.3 ps and decays with time constants  |n summary, the results presented in Figure 4 demonstrate
of 26.4+ 6.2 and 199.3: 118.3 ps. As will be discussed below, that CIOCI photolysis results in the production of two species
the amplitude of the optical density increase observed in this that absorb at 315 and 266 nm. In addition to this result, there
wavelength region is significantly greater than the corresponding are two other features evident in Figure 4 that should be noted.
depletion due to CIOCI photolysis. Therefore, these data There is a small optical density change at 400 nm observed
demonstrate that following CIOCI photolysis, a photoproduct following photolysis, which quickly reaches a maximum of
is formed whose absorption cross section is significantly greater 0.008 OD before undergoing complete decay. This behavior is
than that of the parent compound. consistent with the expected red-edge enhancement of the
350 nm = Ay In this wavelength region, an increase in absorption cross section accompanying vibrational excitation
optical density is observed that is modest in amplitude relative for the species responsible for the 315-nm absorption band.

AO.D




5512 J. Phys. Chem. A, Vol. 107, No. 29, 2003 Cooksey and Reid

Finally, there is an apparent isosbestic point at 286 nm for times band is assigned to CICIO since it is the only species with the
greater than 17.5 ps. The observation of an isosbestic pointrequisite molar absorptivity to account for the observed mag-
suggests that the evolution in optical density in this wavelength nitude of optical-density evolution. Regarding the necessity of
region is well modeled as a two-component system, with decay a 55-nm shift in absorption-band position between the argon
of the species responsible for the 315 nm absorption bandmatrix studies and this work for this assignment to hold,
resulting in the production of the species absorbing at 266 nm. theoretical calculations of the vertical excitation energies for
gaseous CICIO predict that the only electronic transition with
significant oscillator strength occurs at 298 nm, in agreement
Discussion of the results presented above is predicted onwith our assignmerfé Therefore, the question becomes why
assignment of the optical-density evolution to those products one would expect any difference between the CICIO absorption
formed following CIOCI photolysis. As discussed in the hand maximum observed in low-temperature matrixes and that
Introduction, the potential photolysis products and their corre- predicted by theory. A potential answer to this question is found
sponding molar absorptivities are presented in Figure 1. Thein the environmental dependence of the CICIO molecular
species presented in the figure represent those photoproductstructure. The IR absorption spectra of CICIO isolated in argon
observed in previous studies of CIOCI photochemistry in all and nitrogen matrixes indicate that the two chlorine atoms are
phases. Inspection of Figure 1 reveals that the current informa-not equivalent and that the frequency of the-Ql stretch is
tion regarding photoproduct absorption cross sections cannotonly slightly shifted from that of isolated CI&.These observa-
be used to make a straightforward assignment of the evolutiontjons indicate that in the matrix, CICIO is structurally perturbed
at 315 nm. However, the simple estimate molar extinction \ith an exceedingly weak €ICI bond. Sensitivity of the Gt
coefficient for the 315-nm absorbing species derived above c| hond strength to environment will be reflected by environ-
(2300 Mt cm™) is most consistent with the production of  mental dependence of the CICIO potential energy surfaces. The
CICIO, which has a molar extinction coefficient of 3400M  ¢|—c| bond is expected to be weaker in matrixes relative to
cm~! when isolated in low-temperature matrixésPrevious  the gas phase due to the polarizability of the surrounding matrix.
studies of QICIO produc_tion following CIOCI photolysis were  Although one would generally expect similar behavior in
performed in argon matrixes where the formation of CICIO was so|ytion, the polarizability of perfluorohexane is quite modest.
evident by the appearance of an absorption band centered as sych, the G+-CI bond should be stronger, and the structure
260 nm. Therefore, assignment of the 315-nm absorption bandyf ciclo will correspondingly be more proximate to that of
observed in this study to CICIO requires that the absorption- gaseous CICIO. Therefore, a shift of the CICIO absorption-band

band maximum of this species undergoes a 55-nm shift betweenmaximum between low-temperature matrixes and perfluoro-
a low-temperature argon matrix and perfluorohexane. We will haxane is not unreasonable.

revisit this issue below after discussing other possible assign-
ments.

A second possible assignment for the 315-nm absorbing
species is that it corresponds to ClIO. However, in both the gas
phase and water, absorption of this species has a maximum o
280 nm (Figure 1). In addition, the molar absorptivity of this
compound is only slightly larger than that of CIOCI such that
assignment of the 315-nm absorption band to CIO is question-
able. Some CIOCI photolysis studies have observed the forma-
tion of CIOOCIZ24>however, it is doubtful that this species is
responsible for the absorption intensity at 315 nm. In addition . . .
to the modest molar absorptivity of this compound (Figure 1), ~ Further support for these assignments is found in the
this photoproduct is formed by a bimolecular process that should '€sonance Raman studies of Esposito ef ah this work,
be reflected by concentration dependence of the observedr€Sonance Raman spectra of CIOCIin ©@ere obtained with
kinetics. The evolution in optical density did not change with a €Xcitation at 282.4 nm as a function of pulse energy. Figure 5
2-fold change in concentration suggesting that bimolecular Presents the power dependence of the CIOCI resonance Raman
processes are not responsible for the observed photoproducgPectrum. The spectra represents the scattering intensities
formation dynamics (data not shown). integrated over the tqmporal duration of the !aser puisg (

The final photoproducts to consider are molecular and atomic NS) such that all species formed to an appreciable extent, and
chlorine. Molecular chlorine does have an absorption maximum that have a S|gr.1|f|cant scattering cross sections at this excitation
at 330 nm, but the extinction coefficient for this transition is Wavelength, will be observed. Figure 5A is the spectrum
only 66 M~ cm?, far below the estimate for the molar obtained with a pulse energy of %2 providing for significant
absorptivity of the 315-nm absorbing species presented dove. Photolysis. Figure 5B is the spectrum obtained with a pulse
Studies of gaseous CIOCI have observed atomic chlorine €nergy of 6.7uxJ corresponding to limited photolysis. By
production; however, the absorption bands of atomic chlorine Subtraction of the low-energy spectrum from that obtained at
are located in the far-UV, removed from the wavelength region high pulse energy, scattering assignable to the photoproducts
of interest. That said, it is possible that atomic chlorine forms IS observed (Figure 5C). In this difference spectrum, scattering
a charge-transfer complex with the solvent; however, the high assignable to CICIO and CIO is evident, demonstrating that these
ionization potential of perfluorohexane (16.6 eV) should result two species are produced following CIOCI photoexcitation and
in a charge-transfer absorption band maximum-a62 nms2 that these species have appreciable Raman scattering cross
Therefore, it is doubtful that molecular or atomic chlorine are Sections consistent with the presence of oscillator strength in
responsible for the substantial changes in absorption intensitythis wavelength region.
observed at 315 nm. The proposed CIOCI photochemical reaction dynamics that

Given the above, we propose the following assignments for occur following photoexcitation at 266 nm is presented in Figure
the pump-probe results presented here. The 315-nm absorption6. Photoexcitation of ground-state CIOCI results in photoi-

Discussion

The increase in optical density observed at 266 nm (Figures
3 and 4) is assigned to production of CIO. Comparison to the
315-nm absorption band suggests that the absorbing species at
T266 nm has a smaller molar absorptivity; however, comparison
to the reduction in optical density at 266 nm corresponding to
CIOCI depletion demonstrates that the molar absorptivity of this
species is greater than that of CIOCI. Given the discussion
presented above and the data presented in Figure 1, CIO is the
only reasonable assignment for optical-density evolution at 266
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photoproduct production as that determined by their respective

=+ 0.002 OD contribution from CIOCI depletion; therefore, the
optical density originating from CIO is 0.01%+ 0.002 OD
(assuming only CIO and CIOCI contribute to the optical density
at 266 nm). Using this optical density and the 0.2-cm cell path
length employed, we can determine the concentration of CIO
by simply using the literature value for the molar extinction
coefficient of this species. Two choices for this constant are
available: ~800 M~ cm1 for aqueous CIG% and 1386 M1
cm1 for gaseous CIG! Considering that the solvent employed
here is devoid of significant intermolecular interactions (see
above), we have employed the gas-phase extinction coefficient
800 1200 1600 for this analysis. Given this, we calculate a CIO concentration
Energy (cm™) at 17.5 ps of (4.6t 0.7) x 10~% M such that the quantum yield
Figure 5. (A) Resonance Raman spectrum of CIOCI in ¢@Htained for CIO production is 0.6t 0.1, and the corresponding quantum
with 57 uJ/pulse at 282.4 nm. Scattering due to CIOCI, CICIO, and yield for CICIO production is 0.4k 0.1. By use of this quantum
CIO is observed. (B) Resonance Raman spectrum of CIOCl in, CCl yjeld for CICIO production and the 0.030 OD observed at 17.5
obtained with 6.7uJ/pulse at 282.4 nm. Scattering due to CIOCI is ps, the molar extinction coefficient for this species at 315 nm

still present, but scattering due to CICIO and CIO has diminished with ; Ll viab
the decrease in pulse energy. (C) Difference spectrum generated b))S estimated to be 5708 1100 M™ cm™, which is the expected

subtracting (B) from (A) until the scattering due to CIOCI has vanished. magpitude for this Specigs. N
This demonstrates that the only photoproducts of CIOCI are Clclo  With respect to halooxide reactivity as a whole, the CIOCI

53 2z = g concentrations at 17.5 ps and write

3o S » + 983 A
s 8 |5 Sfg¢e 5 1= pacio(17.5 PS)F peio(17.5 ps)
oRe} e § 9 & 2% Q
S’? & | 2 ? e & © ,; The 0.008 reduction in optical density at 266 nm (see above)
5E g | 5 E © 7 S resulting from ground-state CIOCI depletion corresponds to a
3 5 ' : g s ? © concentration of 6.5 107> M. The total optical density change
9 o/ T ' of 0.003 OD observed at 17.5 ps at 266 nm contair9a08

|

|

Scattering Intensity

and CIO. photochemical model presented here has many similarities with
the solution-phase behavior observed for OCIO. As mentioned
Clo +Cl above, geminate recombination and photoisomerization play
cloc hv CIoCH* 7 TA promin_ent rol_es in the photochemical reaction dynamics of
> \ OCIO in solution® The model for CIOCI presented here does
CICIO not include geminate recombination for the following reason.

Figure 6. Proposed reaction scheme for the photolysis of clocl in N the case of aqueous OCI&90% of the photoexcited OCIO
perfluorohexane. Excitation of CIOCI results in photodissociation to Molecules undergo dissociation in to CIO and O which
produce ClO and Cl and photoisomerization to produce CICIO. subsequently recombine with a quantum yield of £#.9.13031
Following the initial photoproduct production, thermal dissociation of However, in a weakly associating solvent such as fluorotrichlo-
ground-state CICIO results in the production of CIO and CI. romethane, only 30% of the CIO and O photofragments undergo
geminate recombinatioi?.Given that the studies described here

somerization of the parent molecule to form CICIO as evidenced &€ performed in perfl_uorc_)hexane, itis likely that_ the extent of
by the appearance of a strong absorption at 315 nm. In addition,geamnat:e reCﬁmb.lnann. IS modest. Onfcorkr;pr;l]rlson 9f CIO.(;I
primary dissociation to form CIO and Cl occurs as evidenced a1d OCIO. photoisomerization occurs for both species, wit

by an increase in optical density at 266 nm. Both photoproducts appearance and d?cay of_th_e is_omers (CICIO and C_:IOO,
appear on the-10-ps time scale. Following these dynamics, respectively) occurring on similar time scaf@sTherefore, it

the isosbestic point at 286 nm for times greater than 17.5 ps is 2PPears that photoisomerization is a general feature of halooxide

consistent with the thermal decomposition of CICIO resulting Plotochemistry in solution. However, the optical-density as-
in CIO and Cl production on the-100-ps time scale. The signments discussed above need to be verified in order to

description of the reaction dynamics presented in Figure 6 is confirm the proposed model and quantum yields provided here.

basic, with effects such as vibrational relaxation not included
in the description at present. It is possible that the photoproduct
appearance times represent a combination of photoproduct We have presented the first femtosecond transient absorption
production and subsequent vibrational relaxation. However, studies of CIOCI photochemistry in solution. Photolysis of
overlap of the photoproduct absorption bands (Figure 1) makesCIOCI at 266 nm in perfluorohexane results in both CICIO and
the deconvolution of these effects based on the transientCIO production, with these species appearing on-i®-ps
absorption data rather ambiguous. Experiments better suited tatime scale. Following CICIO production, ground-state thermal
such a deconvolution are currently underway. decomposition of this species occurs ontHE0-ps time scale

Given the model presented above, analysis of optical density resulting in the production of CIO and CI. If one compares the
evolution evident in Figure 4 allows us estimate the quantum solution-phase photochemistry of CIOCI to that of OCIO,
yields for CIO and CICIO production. As noted above, an photolysis of both halooxides results in the production of their
isosbestic point is observed for delay times greater than 17.5respective structural isomers. Furthermore, the production and
ps consistent with the evolution of a two-component system decay kinetics of these isomers occurs on similar time scales
assigned to the thermal decomposition of CICIO to produce CIlO. suggesting that photoisomerization is a general feature of
Given this observation, we define the quantum vyield for halooxide photochemistry in solution.

Conclusion
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