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Photodissociation Dynamics of Cumene Hydroperoxide at 248 and 193 nm
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Photodissociation dynamics of cumene hydroperoxide at 248 and 193 nm produgiislf @Ei3).CO (CumO)

and OH fragments has been investigated by measuring laser induced fluorescence spectra of the OH fragments,
which are produced exclusively in the ground electronic state. The measured energy distributions among the
fragments aré,(OH) = 0.03,f; = 0.49,fi(CumO) = 0.48 andf,(OH) = 0.03,f; = 0.18,fix(CumO)= 0.79

at 248 and 193 nm, respectively, and negligible vibrational excitation in OH was observed at both wavelengths.
At 248 nm, slightly negativa—v and positivev—J vector correlations were observed by analyzing the Doppler
profiles of the rotationally resolved OH spectra, whereas no vector correlations were observed at 193 nm.
From the measurements, detailed photodissociation dynamics of cumene hydroperoxide is discussed compared
to the case ofert-butyl hydroperoxide previously studied.

Introduction the molecular frame. From the direction of the transition dipole

Studies of molecular photodissociation dynamics are of moment, the symmetry of the excited state can be identified

. ) . . according to proper selection rules.
fundamental importance to investigate electronic structures of g fo prop

- - However, in the case of indirect dissociation when intersystem
molecules because the process is governed by the excited state . . . .
crossing or internal conversion between the electronic states

and potentlal energy surfaces along the reaction coordinate. Thetakes place before the dissociation, the dissociation would be
detailed dynamics of the process can be understood by measur-

ina enerdies and certain vector proverties of the svstem. Thes slow compared to the molecular rotational period. As a result,
r?sicalg roperties of the s stepm F::an be measu)r/ed r.eciselethe directional memory upon absorption should be lost, resulting
phy _Prop . y P Yin little or no correlation between the direction of the electric
from optical spectra in favorable cases where the photofragments o . .
. L . . vector of the photolysis light and the recoil velocity of the

absorb and/or emit radiation in an easily accessible spectral

. . o fragments, except for certain cases such as dissociation.of Na
region. The Doppler broadened absorption or emission spectrafrom a quasibound levek(~ 1.6 ns) in the B state where the

of the photofragments by polarized photolysis and probe lights . . . .
o . A . translational anisotropy is preservedowever, even in the case
provide information on the energy distribution among various . S - )
of slow dissociation, whether statistical theories such as the

degrees of freedom of the fragments as well as directions of - . L S
" . . . RRKM theory can be applied to the dissociation dynamics is

the transition dipole moment, recoil velocity and angular __. . . ; . o
still interesting because, although complicated, the dissociation

3
momenta of the fragmen%s. From the measurements, the. dynamics can provide information on the potential energy
excited state and the potential energy surfaces along the reaction

. surfaces.
coordinate can be explored. L . . .
. " . . The Doppler profiles in polarized absorption and emission
Spectroscopic transitions in molecules to the repulsive part

of the potential energy surface generally result in continuous spectra of molecules have been thoroughly analyzed by
P gy g y Herschbach and ZaPeThe line shapes of the spectra are

ngi(t:ter:.sg?:s (::::ln d tg:géﬁgzatlﬁe dni:grrzlr(;? t:]h: tfannesri?ilc‘)ar?sot]: tt,::‘;determined by the coupling of rotational and translational motion
S ; . - Y 8% the molecules. Thus, the Doppler broadened spectra of the
initio calculations. When the dissociation starts from the

repulsive potential surface (direct dissociation), the angular photofragments provide relationships between the velocities and

distribution of the fragments is especially important among man the rotational angular momenta of the fragments. The Doppler
. g S esp Y Imp 9 Y spectroscopic technique is limited by the resolution of the
experimental observables in determining the nature of the

) ; ) . Lo spectra. The translational energies of the fragments should be
excited state. Maximum absorption of the dissociating light by | h ide broad . " h
the molecule takes place when the transition dipole moment of arge enough to provide broad spectroscoplic transitions, whereas
the molecule lies alona the electric vector of the linearl the individual rotational transition should also be resolved in
olarized dissociatin Iight Thus, the angular distribution o% the spectra under the given resolution. A commercial dye laser
P - g ght. ’ ang . currently available typically provides 0.04 cibandwidth in
the recoiling fragments measured relative to the electric vector

of the dissociating liaht in the laboratory frame reveals the the visible region, and various laser spectroscopic techniques
. 9 ligr . y .~ such as laser-induced fluorescence (LIF) have been widely used
direction of the transition dipole moment of the molecule in

to obtain the high-resolution spectra of the photofragments.
« Corresponding author. E-mail: hikim@cc.kangwon.ac.kr Studies of the photodissociation of organic peroxides by

* Current address: Department of Chemistry, Inha University, Incheon iffadiation of UV light have been reported for many years. In
402-751, Korea particular, the photodissociation of ;8, in the first UV

10.1021/jp012312+ CCC: $20.00 © 2001 American Chemical Society
Published on Web 10/09/2001



Photodissociation Dynamics of Cumene Hydroperoxide J. Phys. Chem. A, Vol. 105, No. 44, 20010019

absorption band has been thoroughly studigdlhe transition was a frequency-doubled output of a dye laser (Lumonics HD-
is assigned as* ~— n, whose transition dipole moment lies 500) pumped by the second harmonic of an Nd:YAG laser
perpendicular to the ©0 bond axis. The complete vector (Lumonics YM-800). The two laser beams were temporally
correlations were measured, from which the detailed dynamics separated by about 50 ns. The 50 ns delay time between the
of the dissociation process at 266 nm was analyzed. Thepump and probe light and 20 mTorr sample pressure should
photodissociation of (CksCOOH is another example of ensure a nascent product energy distribution. The laser-induced
studying the dynamics by applying the Doppler spectroscopic fluorescence (LIF) spectra of the OH fragments were measured
technique. In addition, it is interesting to study the effect of using the A-X transition in UV. The 6-0 transition of OH
alkyl substitution in HO, on the dissociation dynamics because was excited, and the resulting total fluorescence was probed
the symmetry is lower and the substituted group is relatively through a filter (UG-11). The power of the probe laser light
heavy. (CH)3COOH is dissociated inttert-butoxy (t-BuO) and was kept as low as possible (typically 20/pulse) to avoid
OH radicals upon irradiation of the UV light. In the studies of saturation and to minimize the scattered radiation. The scattered
photodissociation at 248 nm, slightly negative v and slightly radiation was also cut off through baffles, which were placed
positive v—J correlation at highd were observef.In the case in the arms attached to the cell. To measure the Doppler profiles
of H,O, at 266 nm, a negative—wv correlation § = — 1) was of the spectra, several rotational transitions were probed under
reported® The perpendicular transition in this spectral region high resolution. The bandwidth of the probe laser light is 0.07
results in the negative limiting value of the-v correlation in cm~1in the visible, which was measured by the line width of
H,0, but the relatively large t-BuO group affects the dynamics the rotationally resolved gaseousspectra at ambient temper-
of the dissociation, resulting in the smaller translational ani- ature. The horizontally polarized dissociating and probe laser
sotropy parametef in the case of (CksCOOH. At 193 nm, beams were collinearly counterpropagated or introduced at a
it was found that the transition leads to a mixture of the A and right angle to the cell to obtain two different experimental
B states in HO», and the dynamics was studied by measuring geometries. The former geometry providgs k, andeq Il €p,
the vector correlations of the OH fragmenrfsThe dissociation while the latter providesq Il ky andeqg O €p, Whereeq andep, are
occurs directly from the repulsive A and B states, and most of the directions of the electric vectors of the dissociating and probe
the available energy has been found to be distributed in the lights andk, is the propagation direction of the probe light,
product translation{90%). In the case of (CHCOOH, a respectively.
similar transition to the A and B states at 193 nm and the direct The laser-induced fluorescence was detected through a
dissociation were suggested by studying the vector correlationscollection lens by a PMT (Hamamatsu R212UH) whose
of the OH fragment4? On the other hand, Crim and co-workers  direction of view was at a right angle to the two laser beams,
studied the vibration-mediated photodissociation via the fifth and the detected signal was fed to a boxcar averager. The powers
overtone excitation of the OH stretching vibration of (§4 of the dissociating and probe lights were measured separately,
COOH1! They found large internal excitation in the t-BuO  and the detected signal was corrected for variation of the laser
group, contrary to the direct dissociation from the repulsive state. powers. A signal processor digitized the signal that was stored
The absorption spectra of cumene hydroperoxide (CumOOH), and processed in a PC.
which is the molecule having one phenyl group instead of a
methyl group intert-butyl hydroperoxide, have not yet been Results and Analyses

reported. However, the characteristit < n transition due to .
the O-O bond, as in peroxides, and th& — s transition in A portion of the LIF spectra of the OH fragments produced

the phenyl group would be expected in the UV. In fact, the from the photodissociation of cumene hydroperoxide at 248 and

continuous absorption band around 190 nm appears in thel93 nm is presented in Figure 1. In the spectra, individual
spectra of cumene, which can be assigned as the Sim"ar’rotatmnal transitions in the-80 band of the A-X transition

vibronically allowed B— X transition in benzen& Thus, the are resolved and assigned according to Dieke and Crosst#hite.

dissociation dynamics would be very different at the photolysis The rotational transitions from the—I band region were
wavelengths in this spectral region. measured, but no appreciable intensities exceeded the noise in

The photodissociation dynamics of cumene hydroperoxide the spectra. The rotational transitions from the higher vibrational

at 248 and 193 nm was studied by measuring the laser-inducec®t@tes of OH could not be measured from _diagona_l tran_sit_ions
fluorescence spectra of the OH fragments. By analyzing the such as 22 and 3-3 bands due to extensive predissociation

Doppler profiles of the spectra, the energy distribution and the from the higher vibrational states in the A state. Howe\{er, since
vector correlations of the fragments were obtained. no appr(_emat_)le slow speed components corres_pondlng o the
higher vibrational states of OH were observed in the Doppler

profiles, it was concluded that the population of OH in the higher
vibrational states is negligible. Then, the rotational population
The experiment was performed in a flow cell with the distributions, the spirorbit population ratios between tRH,
conventional pumpprobe geometry. The cell is a cube made and?[13;, states of OH, and tha-doublet distributions were
of stainless steel with four arms in which baffles are placed to measured from the spectra. The translational energies and the
minimize scattered light. The cell was evacuated at a pressurevector correlations were also measured from the analysis of the
of about 107 Torr, and the gaseous sample was continuously Doppler profiles of the spectra.
flowed at a sample pressure of about 20 mTorr. The cumene A. Photodissociation at 248 nmThe rotational population
hydroperoxide, purchased from Aldrich (90% purity), was distribution which peaks at the rotational quantum numier
pumped through a glass sample cell for at feas until it = 4,5 and extends thl = 12 was obtained from the measured
reached a concentration of higher than 95% before use. spectra by using the reported Einstein B coefficients (Figure
The 193 or 248 nm dissociating light was obtained from an 2).1* From the distribution, the average rotational energy of OH
ArF or KrF excimer laser (Lambda Physik Lextra 50), respec- was found to be about 840 cth Correlations of rotation with
tively, whose output was linearly polarized with a stack of quartz translational motion have been thoroughly analyzed by D#zon,
plates at a Brewster angle. The horizontally polarized probe light and the anisotropy is defined by a number of bipolar moments

Experimental Section
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Figure 1. Portions of the LIF excitation spectra of OH produced from
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nomials. The Legendre polynomials of the fourth and sixth order
are often neglected since the contribution of these high order
terms to the Doppler profiles is small compared to the
experimental errors. The multipliers,, gn the above equation
are the linear combination of the bipolar momeis, which

are given by

Go =Dy + blﬂg(OZ)

g, = by85(20) + byB3(22) + byB5(22)

where by can be calculated from the excitation-detection
geometries and the angular momentum coupling factors defined
by Dixonl® In this experiment, the two different excitation-
detection geometries described in the Experimental Section were
employed, and the correspondibgvalues were obtained for
the different rotational branch transitiosThe bipolar mo-
ments 33 (02), 52 (20), 59 (22), 3 (22) represent the rotational
alignment,f,;, translational anisotropyi,, (= ZﬁS(ZO)), v—1J,
andu—v—J photofragment vector correlations, respectively. The
experimental Doppler profiles are fitted by the equation

olro) = ngll + BorPoO)Pa010)]

where@ is the angle between the recoil velocity and the probe
direction and

Berr = [0,85(20) + byB3(22) + b,B5(22)1/geP,(6)

the photodissociation of cumene hydroperoxide (a) at 248 nm and (b) From the least-squares fit of the observed profiles by the above

at 193 nm employing the-00, A—X transition. The assignments are

from ref 13.
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Figure 2. Rotational population distribution of OH produced from

the photodissociation of cumene hydroperoxide at 248 nm.

equation, the four bipolar moments can be calculated by solving
the linear equations.

The Doppler-resolved spectra were measured for theng
Q: or Ry and Q rotational branch transitions for the rotational
guantum numberd = 4,5,6,9,10,12,14 which are well separated
from other transitions. In Figure 3, typical Doppler broadened
LIF spectra folN = 14 are presented. Since the CumO fragments
should have internal energy distributions, the OH fragments
should have corresponding speed distributions. However, the
internal energy distributions of the CumO fragments were not
measured in this experiment. Thus, the measured profiles were
fitted assuming Gaussian speed distribution with various widths.
To find the best fits, the following procedures were employed.
First, the best fit was found to the observed profile of one
rotational branch transition varyin, the average speed, and
the width of the speed distribution. The measured average speed
and the width for the best fit are 3400 m/s and 1200 m/d\for
= 14, respectively. This speed corresponds to the average
translational energy of 12 570 crh from which the center of
mass translational energy was calculated to be 14 150.cm
Then, for the profiles of the different rotational branch transitions

of the translational and rotational angular distributions. The under different experimental geometries at the shiyibe best
Doppler broadened line shape in the LIF spectra of the photo- fit was obtained by just varyinges. From the measurefes
fragments depends on the rotational alignment, the polarizationsvalues for the samh, the bipolar moments were calculated by
of the photolysis and probe lights, the excitation-detection solving the linear equations. The calculated bipolar moments
geometries, and the rotational branch transitions probed. Thefor different N are presented in Figure 4. In the figure, the

generalized line shape functions are then given by

olto) = %D[go + 0P0o) + GPalto) + GePe(ro)]

whereyp andvp are the relative and the maximum Doppler
shift, respectively, andPx are the even-order Legendre poly-

negative translational anisotropy parametg, (= —0.1)
indicates that the OH fragments should be essentially ejected
perpendicular to the transition dipole moment of the parent
molecule, although the value is far from the limiting value of
—1. The positive increasing—J correlation with increasinty
implies more parallel orientation of the rotational angular
momentumJoy to the recoil velocityvon (out-of-plane dis-
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Figure 3. Doppler profiles of the rotationally resolved spectra of OH

at the rotational quantum number 14 under two different experimental
geometries described in the Experimental Section. Smooth curves are
the best fits to the equation given in the text.
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Figure 4. Vector correlations as a function of the rotational quantum
numbers by solving the linear equations (see the text).

sociation). In addition, a slightly positive—J and positive
u—v—J correlations were also observed.

In Figures 5 and 6, the\-doublet distribution andfIly,
(N+1)PIT3,N ratio in the OH fragment are presented as a
function of N while the statistical ratio is unity. The statistical
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Figure 5. F1/F2 ratios of OH as a function of the rotational quantum
numbers from the measured LIF spectra in Figure 1: (a) 248 nm, (b)
193 nm.

population distribution between the two spiarbit states was
observed. However, the measured distribution shows that the
IT- A-doublet state is preferentially populated at higjtwhich
suggests that the OH fragments tend to rotate in the plane
perpendicular to the dissociating bond axis.

B. Photodissociation at 193 nmin Figure 7, the rotational
population distribution of OH produced from the 193 nm
photodissociation is presented. The distribution peaks around
atN = 5,6 and extends up td = 18, from which the average
rotational energy was obtained to be about 1300 crfror
individual rotational transition, the Doppler profiles were
obtained under different experimental geometries. However, the
observed profiles are essentially the same for all geometries,
contrary to the 248 nm photodissociation case. It was then
concluded that there should be no polarization dependence.
However, the widths of the profiles, which are Gaussian, are
large enough to measure the average translational energy of the
OH fragments from the second moment of the distribution after
deconvolution of the laser line width. The measured average
translational energy release is 7460¢m

Discussion

A. Photodissociation at 248 nm.The UV spectrum of
Cumene hydroperoxide shows continuous, weak absorption
starting from around 250 nm and structured, strong absorption
near 193 nm (Figure 8), although the structured absorption is
not clearly identified as being due either to vibrational transitions
or due to different electronic transitions. In any case, dsrif
butyl hydroperoxide, the continuous absorption at 248 nm could
be identified as the — ¢* transition along the GO bond to
the lowest repulsive A stafe.Thus, similar to tert-butyl
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2 Figure 8. UV absorption spectra of cumene hydroperoxide in the gas
phase using the SCINCO S-2180 spectrophotometer at a sample
pressure of 1.6 Torr and 10 cm cell path length.

+ A n TABLE 1: Fraction of the Available Energy Distributed
= Q0 g X a among the Products Produced from the Photodissociation of
=1} REBOa 8 Agag (CeHs)(CH3),COOH
= | o at/re % Encm?)? B0 H(OH)D M(OH)D Mu((CeHs)(CHz),CO)D

O Q2/R2 at193 nm

A Q1/P1 40,530 0.18 0.032 <0.0 0.79

v Q2/P2 at 248 nm

0 L L L 29,040 0.49 0.029 <0.0P 0.48
0 5 10 15 impulsive model 0.53 0.028
N 8 Eav=hv+ Ein((CeHs) (CHs),COOH at 300K)- Do((CeHs)(CHs).CO—

Figure 6. A-doublet distribution of OH as a function of the rotational ©OH)- * Approximated from the noise in the spectra.

guantum numbers from the measured LIF spectra in Figure 1: (a) 248
nm, (b) 193 nm. of this perpendicular transition, although the limiting value is

—1 for the pure perpendicular transition. In fact, the translational
R anisotropy parameter of 1 was observed for the dissociation
R2 of H,O, from the repulsive A staté.The deviation of the
translational anisotropy parameter from the limiting value might
be due to molecular rotation of the parent molecule during the
dissociation and/or to some dynamical effects. However, judging
from the repulsive nature of the dissociating surface and the
slow rotational period of the parent molecule on the order of
picoseconds, it is unlikely that the molecular rotation reduces
the translational anisotropy. Thus, as Simons and co-workers
pointed out in the dissociation ¢ért-butyl hydroperoxidé, it
is suggested that the bending torque at the impulse would deflect
) . ) ) ) the fragment OH out of the recoil direction, which will
0 1000 2000 3000 4000 substantially reduce the translational anisotropy.

Rotational Energy(cm™) The dissociation energy of cumene hydroperoxide has not
Figure 7. Rotational population distribution of OH produced from yet beer,‘ reported. Th'us, the QISSOCIatlon energy was obtained
the photodissociation of cumene hydroperoxide at 193 nm. Symbols by @b initio calculations using the GAUSSIAN program
are from the experiment and the smooth curve is from the prior package.’ The B3LYP calculations were performed using the
calculation (see text). 6-31G(2df, 3pd) basis set, which provides the dissociation

energy of 36.8 kcal/mol. To estimate the accuracy of the

hydroperoxide, the photodissociation dynamics of cumene calculation, the same calculation was carried out for the
hydroperoxide can be understood as the electronic transition atdissociation energy dért-butyl hydroperoxide. The dissociation
248 nm to this repulsive surface, which results in the direct, energy obtained from the calculation is 40.4 kcal/mol, whose
impulsive dissociation. In kD,, the direction of the transition  value taken from the literature is 40. 8 kcal/mioThus, the
dipole moment of the lowest electronic transition to the repulsive obtained dissociation energy of cumene hydroperoxide from the
A state is perpendicular to the dissociating-O bond (per- calculation should have accuracy similar to that in the case of
pendicular transition). Although the methyl and phenyl substitu- tert-butyl hydroperoxide. Then the available energy, which can
tion to H,O, lowers the overall symmetry of the parent molecule be distributed among the fragments from the photodissociation
and hence the direction of the transition dipole moment cannot at 248 nm, is 29 040 cmt and the measured fractions of the
be clearly identified, the transition at this wavelength could be available energy in the products are listed in Table 1. The
still assumed to be essentially perpendicular. The measuredmeasured energy partitioning in the fragments is well explained
negative translational anisotropy parameter-6f1 is the result by the impulsive dissociation model, which assumes direct and
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fast dissociationt8 In the model, the initial excitation is expected fragment is aligned more perpendicular to the plane of rotation.
to turn on the impulsive force between the departing@ The higher propensity in th&l~ state of OH recoiling with
atoms. The linear momentum of the atoms is then transferred higher rotational angular momentum indicates that therpital

to the fragments, and the average translational and internallobe of the OH fragment conserves some of the orientations of
energies of the fragments are calculated based on the momenturthe correspondingorbital in the excited parent molecule just
and energy conservation. The measured energy distributionbefore dissociation and reflects the importance of the angular
implies that the dissociation is direct and fast from the repulsive motion such as torsion on the excited surfaces.

surfaces as mentioned above. However, a recent quantum B. Photodissociation at 193 nmThe experimental results
dynamical calculation of the photodissociation af0d4 shows clearly differ from the results of the photodisssociation at 248
that the rotational population distribution of the OH fragment nm, which implies different dissociation pathways at 193 nm.
should be Gaussian-like, with a tail at highdue to bending Contrary to the 248 nm dissociation case, no polarization
and torsional coupling®:2°1f more torsional couplings are taken ~ dependence and less translational energy release were observed,
into account, the distribution shows more tailing to the high  although the photon energy at 193 nm is larger, which implies
side. The ab initio calculations of the equilibrium geometry of no direct, impulsive dissociation. One might think at a glance
H.0, indicate the dihedral angle of 12Git the trans planar ~ of an indirect dissociation from the ground state as a result of
geometry, and the barrier for corresponding-digns config- internal conversion. As can be seen in the absorption spectra,
uration change is 386 cri2! The alkyl substitution slightly ~ the huge absorption band around 193 nm might be assigned as
opens the dihedral angle in GEOH and greatly reduces the thexz—z* transition due to the phenyl group. Then, the initial
barrier(~80 cntY). Assuming a similar trend in methyl and transition to the excited state followed by the internal conversion
phenyl substitution in cumene hydroperoxide, the barrier is t0 the ground state may result in slow dissociation. In this case,
expected to be much lower than the zero point energy of the the energy partitioning can be estimated by some statistical
OH torsional motion. Thus, the wide angle torsional motion of theories such as a prior thedf~* It is assumed in the prior

the parent molecule is likely transformed to the fragment OH model that the available energy should be randomly distributed
rotational motion upon dissociation, and the rotational population in the products before the dissociation and hence that it should
distribution observed in this experiment reflects the importance be distributed among all product degrees of freedom with equal
of the parent torsional motion, especially at highThe fact ~ Probability. Thus, the translational energy is proportional to the
that the parent torsional motion should play an important role Number of accessible quantum states among the products at the

in the OH fragment rotation is ascertained by the positive energyE = Eay — Ei. The vibrational frequencies of the CumO
vector correlation measured in this experiment. radical were calculated by the ab initio calculation using the

6-31G* basis set, and the calculations were performed under
the HF level using the GAUSSIAN program packddgd.he
translational energy distribution was obtained by directly
counting the number of vibrational states and ignoring the
rotational energy of the CumO radical because the rotational
energy of CumO is very small. From the distribution, the
average translational energy of OH was obtained to be 996,cm
which is far smaller than the translational energy measured in
this experiment (7460 cm). The translational energy distribu-
tion was also calculated by the simple formula given by Zamir
and Levine?* which is

Coupling between rotation and translational motion can be
analyzed by the shape of the Doppler profiles of the spectra of
the OH fragment. Since the-J correlation is developed at the
moment of dissociation, it can be observed even in the isotropic
dissociation. If the source of the fragment OH rotation is the
bending torque or the impulsive force, the rotational angular
momentum should be aligned perpendicular to the recail
direction. In this case, the negative J correlation is expected.
However, if the parent torsional motion is the source of the
OH rotation, the rotational angular momentum should be aligned
parallel to the recoil direction and hence the positiveJ
correlation would be observed. The-J correlation measured P(f|E) = f Y31 — f)°"52
in this experiment is positive and increasesNsncreases, t t t
implying again that the parent torsional motion plays the \yheref, is the fraction of the translational energy asi the
important role in the fragment OH rotation. number of vibrational degrees of freedom in the CumO radical.

In a diatomic molecule with a singly occupied @rbital such  From this calculation, the average translational energy of 950
as OH produced in this experiment, coupling between the cm! was again obtained fos = 59. The experimentally
electronic angular momentum and nuclear rotation splits the two measured average translational energy of 7460could never
degenerate states of = +1, the orbital angular momentum  be obtained, even for very logvalue (for example, 1760 crh
projecting to the internuclear axd3In the limit of high rotation, for s= 10), implying no energy randomization in the dissocia-
the p, orbital is approximated as a lobe aligned perpendicular tion process. Assuming the statistical dissociation, the rate
to the plane of rotationI{~, the lowerA state) or a lobe inthe  constant was calculated by the RRKM theory. The vibrational
plane of rotation{I*, the uppeiA state). According to the parity  frequencies of the cumene hydroperoxide at the transition state
selection rule, the Q-branch rotational transition is induced from were calculated by the same ab initio calculation assuming twice
theIl™ state, while the R- and P-branch transitions are induced the O-O bond length as that of the parent molecule. The
from theII" state in the electronic transition. Thus, the specific calculated rate constant is 9:5 10° s, which is very slow
A-doublet population can be experimentally measured in the for the products to be detected in the present nanosecond time
spectra. The distribution between the twedoublet states of  scale experiment. Therefore, it is concluded from the above
OH produced in the photodissociation depends on the correlationdiscussion that the dissociation should not statistically take place
on the p orbital of the OH fragment with the orbitals of the in the ground electronic state.
parent molecule and how the, prbital is generated upon Another possible dissociation pathway is the indirect dis-
dissociation; that is, the mechanism of the dissociation process.sociation from the repulsive part of the potential energy surfaces
The measuredA-doublet distribution at 248 nm shows a along the G-O bond resulting from curve crossing. In this case,
propensity in thd1™ state, and the propensity is increasedNas an appreciable amount of an energy barrier may exist in the
is increased, indicating that the unpairedagobital of the OH exit channel, although the barrier height may depend on the
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