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Photodissociation of C—H and C-O bonds of  p-methoxytoluene
and p-methoxybenzyl alcohol in solution

M. Fujiwara and K. Toyomi
Department of Chemistry, Faculty of Science, Hiroshima University, Kagamiyama,
Higashi-Hiroshima 739, Japan

(Received 7 July 1997; accepted 8 September 1997

The photodissociation gi-methoxytoluene ang-methoxybenzyl alcohol at 266 nm mheptane
solution is studied by nanosecond fluorescence and absorption spectroscopy. The formation of a
p-methoxybenzyl radical is identified by its fluorescence which is induced by excitation at 308 nm.
The yields of the radical are of the order of10 2 for dissociation ofp-methoxytoluene and
p-methoxybenzyl alcohol. The growth rate of X.50° s™* for the radical is equal to the decay rate

of (1.5+0.3)x 1% s~ for the precursor fluorescence in dissociatiopahethoxytoluene, whereas

the growth rate of>1.0x10° s~ for the radical is much faster than the decay rate of D)

x 108 s~ for the precursor fluorescence in dissociatiopahethoxybenzyl alcohol. The formation

of the radical depends linearly on the photolysis pulse fluence for dissociatmmethoxytoluene

and p-methoxybenzyl alcohol. The data show existence of two distinct dissociation channels.
p-Methoxytoluene dissociates from thermally equilibrated levels ofShetate after vibrational
relaxation, whereag-methoxybenzyl alcohol dissociates from vibrationally excited levels ofthe

state in competition with vibrational relaxation. The difference of these channels is explained on a
model of electronic coupling between the precursor and product states in the geometry where the
C—-H and C-O bonds are stretched in a plane perpendicular to the benzene rings. For
p-methoxytoluene, th&, state does not correlate adiabatically to the ground state of the C—H bond
fission products, so intersystem crossing or internal conversion precedes dissociation. For
p-methoxybenzyl alcohol, avoided crossing between #he&* (benzeng configuration and the
np(0O)c* (C-0) repulsive configuration results in the adiabatic potential-energy surface which
evolves to the ground state of the C—0O bond fission products allowing rapid dissociatidtR9®
American Institute of Physic§S0021-9607)02646-9

I. INTRODUCTION fluorescence and absorption experiments are performed. Ex-
citation of these molecules at 266 nm produces a
Itis well known that photoemission in the electronically p-methoxybenzyl radical. Its fluorescence is observed by ex-
excited states of organic molecules occurs from their vibracitation at 308 nm. The quantum yield and rate for the dis-
tional ground levels in the condensed phase. The rate comociation are measured. The number of photons necessary for
stants of 18-10° s™* for emission are much smaller than the dissociation is determined. Two dissociation channels are
those of~10' s™* for vibrational relaxation, and emission identified. p-Methoxytoluene dissociates from thermally
cannot compete with vibrational relaxation in vibrationally equilibrated levels of th&, state after vibrational relaxation,
excited levels. whereasp-methoxybenzyl alcohol dissociates from vibra-
For photodissociation of organic molecules, toluéte, tionally excited levels of theS; state in competition with
and benzyl alcohdlhave been reported to yield a benzyl vibrational relaxation. The difference of the mechanisms is
radical from highly vibrationally excited levels of th§,  explained in terms of electronic coupling between the pre-
states by excitation to th&; states at 193 nm in the gas cursor and product states.
phase. The dissociation rates of (1.0.2)x10° s™* for
toluené and (1.7:0.2)x10° s™* for benzyl alcohal have
been measured along with the benzyl yield of 0.75 for
toluene? From these values, the rate constants-dft® s—* p-Methoxytoluene (Tokyo  Chemical, >99%),
for dissociation are deduced. p-methoxybenzyl alcoholKanto Chemical,>98%), and
How about photodissociation in the condensed phase? [5-methoxybenzyl chloridéTokyo Chemical were distilled.
the rate constants for dissociation are of the order oNaphthalendNacalai Tesquewas recrystallized from etha-
~10° s in vibrationally excited levels of thg, states, dis- nol. n-Heptane(Dojindo, spectrosolwas used as received.
sociation may occur from the vibrational ground levels, notThe sample solutions, containing-methoxytoluene (2.0
from vibrationally excited levels, of th&, states by ultra- X103 mol dm 3), p-methoxybenzyl alcohol (2610 3
violet excitation. Whether this is the case or not is a problenmol dm™3), and p-methoxybenzyl chloride 103
that needs experimental investigation. mol dm %) with n-heptane, were degassed by freeze—pump—
The present paper deals with the photodissociation othaw cycles. The molar extinction coefficients were mea-
p-methoxytoluene and p-methoxybenzyl alcohol in sured with an absorption spectrophotometelitachi U-
n-heptane solution at room temperature. The nanosecor@210.

II. EXPERIMENT AND SIMULATION CALCULATION
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For the two-pulse fluorescence measurement, a pulse dest forms are Gaussian functions with widtRSWHM) of
the fourth harmonic(266 nm, <0.5nsrms jitter of a 4.5 and 4.0 ns, respectivelRyeeft) is the response func-
Nd:YAG laser(Quanta-Ray GCR-)1was used as the pho- tion of the detection system including the photomultiplier
tolysis light. The fluorescence was induced by a second pulsend digital oscilloscope. It is assumed to have a Gaussian
(308 nm from a XeCl excimer lase(Lumonics 500. The  form with a width of 3.5 nsF () is the population func-
laser power was attenuated with ND filtgiSigma FNDU-  tion of the ground-state radical, afdiecaft) is the depopu-
50C02-10, -20, -50and measured with a thermopile monitor lation function of the excited-state radical, which is propor-
(Ophir 03A-P, DGX. The delay time was adjusted with a tional to the decay of the radical fluorescence.
digital delay generatofEG&G PAR 9650,<0.1 ns rms jit- _
ter). The laser beams were focused on & 1@ mm quartz Foron()=1=&xp(~kgraut), @
cell coaxially. The fluorescence was collected into @ mono-  Fyecaft) =exXp —Kgecaf). (3
chromator(Ritsu MC-10N and detected with a photomulti-

plier (Hamamatsu R636, 2.0 ns risék part of the 308 nm Kgrow iS the growth rate constant of the ground-state radical

: . that is to be determined, anhdc.,,is the decay rate constant
beam was directed on a PIN photodidgtamamatsu S1722 of the excited-state radical which is fixed to be 7.2

02, 5.8 ns risk The output signals from both the photomul- 10° s71. The calculation is made with 0.2 ns increment.
tiplier and photodiode were simultaneously fed to separaté
channels of a digital oscilloscog@&ektronix 2440, 500 MHz
sampling,<0.1 ns rms jittey, which was interfaced to a per- || RESULTS
sonal computefNEC PC-9801UY for data storage. - _
For the transient absorption measurement, the photolysfa- 'dentification of radical

light was the 266 nm laser pulse. The white light was pro- |n order to identify the fragment radical formed from
vided by a Xe arc lamgUshio UXL-500D-O. The laser and  photodissociation of p-methoxytoluene andp-methoxy-

lamp beams were collimated on the cell at right angles witlhenzyl alcohol, the two-pulse fluorescence and transient ab-
each other. The detection apparatus for the white light wagorption spectra are measured.

the same as for the fluorescence. All experiments were run at  The two-pulse fluorescence spectra, shown in Fig. 1, are

room temperatur¢293 K). observed by excitation with the 308 nm pulse after photoly-
The time profile of the radical fluorescence can be reprosjs of p-methoxytoluene ang-methoxybenzyl alcohol with
duced using convolution by the following expression: the 266 nm pulse. Excitation with the 308 nm pulse alone
S =[{F gron()* I pumg 1)} does not induce the f_Iuor.escen'ce. The spectra exhibit a broad
band at 510 nm, which is assigned to hxemethoxybenzyl
X1 probd 1) 1% Fdecaf ) ™ Raetect ). (1) radical and is similar to the band reported previodskhe

fluorescence lifetimes, determined from photolysis of
p-methoxytoluene ang-methoxybenzyl alcohol, are of a
value of 14112 ns and agree with the previous lifetithe.
The fluorescence band disappears at ad9delay from the
; ; r r T 266 to the 308 nm pulse. The result shows that C—H bond
fission in p-methoxytoluene and C—O bond scissionpn
methoxybenzyl alcohol occur to form thpmethoxybenzyl
radical.
The transient absorption spectra are recorded by excita-
(a) tion of p-methoxytoluene ang-methoxybenzyl alcohol with
the 266 nm pulse. However, the band assignable to the
p-methoxybenzyl radical is obscured by broad bands in the
300-470 nm region, which are assigned to Thestates of
p-methoxytoluene ang-methoxybenzyl alcohol by com-
parison with the band of th&; state of benzenéThe life-
times of theT, states are determined to be 3.0.6 us for
(b) p-methoxytoluene and 2:90.6 us for p-methoxybenzyl al-
cohol.
The two-pulse fluorescence and transient absorption
' L L 1 L measurements are performed by photolysis  of
400 450 500 550 600 650 700 p-methoxybenzyl chloride with the 266 nm pulse. This mol-
WAVELENGTH / nm ecule has been reported to yield themethoxybenzyl
radical®® The same fluorescence bafwiith the same life-
FIG. 1. Two-pulse fluorescence spectra op-anethoxybenzyl radical ob- time) as in Fig. 1 is observed by excitation with the 308 nm

served by excitation with a 308 nm pulse atu$ afte_r excitation of(a) pulse. An absorption band is recorded at 288 nm, which is
p-methoxytoluene angb) p-methoxybenzyl alcohol with a 266 nm pulse.

. . H ,8,9
Upper curves are generated with both 266 and 308 nm pulses, while lowedssociated with th@'methoxybenz.yl radicat®® The fluo-
ones with only a 308 nm pulse. rescence and absorption bands disappear at guQfelay.

The symbol* means convolutionlp,m{t) andlndt) are
the intensity time profiles of the two excitation pulses. Their

INTENSITY
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FIG. 2. Time evolution of fluorescence ¢4 p-methoxytoluene andb)
p-methoxybenzyl alcohol recorded by excitation with a 266 nm puise.
Time evolution of a 266 nm pulse. Monitoring wavelength: and (b) 300
nm. -20-10 0 10 20 30 40 50

TIME / ns

From the Observa_tion_ it is Conﬁrme_d that. the Fig. 3. Observed and calculated fluorescence time profiles of a
p-methoxybenzyl radical is formed from dissociation of p-methoxybenzyl radical at various delay times from a 266 to a 308 nm

p-methoxytoluene ang-methoxybenzyl alcohol. pulse. Fluorescence is induced by excitation with a 308 nm pulse after
excitation of p-methoxytoluene at 0 ns with a 266 nm pulse. Monitoring

. . wavelength is set at 510 nm. Delay times of a 308 nm pue: 11.8; (b)
B. Radical yields —4.8;(c) —1.8; (d) —0.6; () 0.8; (f) 2.6: (g) 3.4; (h) 7.4: (i) 11.2:(j) 17.8;

The quantum yields of thg-methoxybenzyl radical (k) 23.4:(1) 28.6 ns.

from dissociation op-methoxytoluenep-methoxybenzyl al-
cohol, andp-methoxybenzyl chloride are estimated as fol-
lows: Firstly, the ratio of thgp-methoxybenzyl yields from
dissociation ofp-methoxytoluenep-methoxybenzyl alcohol,
andp-methoxybenzyl chloride is measured by comparing its
fluorescence intensities by excitation with the 308 nm puls

after photolysis with the 266 nm pulse. Secondly, thedecay with rates of (150.3)x10° S+ for p-methoxy-

p-methoxybenzyl yield from dissociation of-methoxy- 7
benzyl chloride is measured by comparison with the naph%}oolt“'ene and (1.80.3)x10° s™* for p-methoxybenzy! alco-

thalene triplet one as the standard from its absorbance by

excitation with the 266 nm pulse. The extinction coefficients For the (ground-state p-methoxybenzyl radical,_ its
used are 1.%X10°dmemoltem® (288 nm° for the growth rates are evaluated from the dependence of its fluo-

rescence time profile on the delay from the 266 (mmotoly-

sig) to the 308 nm(probe pulse. The jitter of the 266 nm
pulse is limited to be<0.5 ns, while the delay of the 308 nm
pulse is calibrated by the photodiode signal. Unknown fluo-
rescence, observed by alternative excitation with either the
266 or 308 nm pulse, is subtracted from fluorescence, ob-
tained by simultaneous excitation with both the 266 and 308
nm pulses, after calibration of the delay.

The fluorescence time profiles of tiemethoxybenzyl
radical at various delays of the 308 nm pulse are shown in
To obtain knowledge of excited states that lead to dissofig. 3 for dissociation op-methoxytoluene. It is noted that
ciation, the growth rates of the-methoxybenzyl radical are the intensity and delay of the fluorescence change with the
measured along with the decay rates of e states of delay of the 308 nm pulse. The fluorescence intensity begins

p-methoxytoluene an@-methoxybenzyl alcohol. to grow at a— 1.8 ns delay of the 308 nm pul$Eig. 3(c)],
For p-methoxytoluene ando-methoxybenzyl alcohol, and reaches a plateau at a 17.8 ns delay of this fj#lige
the decay rates of thermally equilibrated levels of 8¢  3(j)]. The intensity growth is accompanied with the delay of

states can be determined as those of the fluorescence from
the S; states. The fluorescence time profiles of
p-methoxytoluene angb-methoxybenzyl alcohol, observed

y excitation with the 266 nm pulse, are shown in Fig. 2.
hermally equilibrated levels of thg, states are found to

p-methoxybenzyl radical and 1410 dm®mol tcm™?
(415 nm*° for naphthalene triplet. The intersystem crossing
yield for naphthalene is 0.6$.1n this way, an estimate for
the p-methoxybenzyl yields of~1.3x10 3, ~2.9x10 3,
and 0.38 is made from dissociation pfmethoxytoluene,
p-methoxybenzyl alcohol, ang-methoxybenzyl chloride,
respectively.

C. Rates of S; decay and radical growth

J. Chem. Phys., Vol. 107, No. 22, 8 December 1997
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FIG. 5. Logarithmic plots of a fluorescence intensity gf-anethoxybenzyl

radical versuga) and(c) 266 and(b) and(d) 308 nm pulse fluences. Fluo-
-20-10 0 10 20 30 40 50 rescence is induced by excitation with a 308 nm pulse at hfter excita-
TIME / ns tion of (a) and (b) p-methoxytoluene anéc) and (d) p-methoxybenzyl al-

cohol with a 266 nm pulse. Monitoring wavelength: 510 nm.

FIG. 4. Observed and calculated fluorescence time profiles of a
p-methoxybenzyl radical at various delay times from a 266 to a 308 nm__ . . o
pulse. Fluorescence is induced by excitation with a 308 nm pulse aftedl NiS leads to the explanation that the dissociation channel of

excitation ofp-methoxybenzyl alcohol at 0 ns with a 266 nm pulse. Moni- the C—O bond occurs from vibrationally excited levels of the

toring wavelength is set at 510 nm. Delay times of a 308 nm puyle: S, state forp—methoxybenzyl alcohol.
;;S@iébézk?gs(czl;ff? (:;.72.6;<e) —0.8; (f) 1.2;(g) 2.1;(h) 3.9; (i) The analysis of the fluorescence time profiles assumes

that one dissociation channel with one growth rate ofihe

methoxybenzyl radical exists for each dissociation process of

p-methoxytoluene ang-methoxybenzyl alcohol. Nonethe-
the fluorescence itself. After a 17.8 ns delay of the 308 nMess, the observed and calculated time profiles agree to a
pulse, the fluorescence intensity does not change but thgeat extent, when the fluctuations of the 266 and 308 nm
fluorescence delays following the 308 nm pulse. To SirT‘U|at?ulse fluences are taken into account. This means that the
the fluorescence time profiles in Fig. 3, the growth rate ofmajor dissociation channel is identified, but this does not

1.5X 1.08 s ! for the p-methoxybenzyl radical can be satis- preclude a possibility that minor dissociation channels exist.
factorily used, which is equal to the decay rate for the fluo-

rescence op-methoxytoluene. This shows that the dissocia-

tion channel of the C—H bond occurs from thermally

equilibrated levels of th&, state forp-methoxytoluene. The number of photons required for excitation of
The fluorescence time profiles of tiemethoxybenzyl p-methoxytoluene ang-methoxybenzyl alcohol to their dis-

radical at various delays of the 308 nm pulse are shown isociative states is determined from the dependence of the

Fig. 4 for dissociation ofp-methoxybenzyl alcohol. The fluorescence intensity of themethoxybenzyl radical on the

fluorescence intensity begins to grow at-®%.8 ns delay of fluences of the 266 nniphotolysis3 and 308 nm(probe

the 308 nm pulsdFig. 4b)], and the intensity growth is pulses.

completed at a 4.9 ns delay of this puldeig. 4(i)]. The The logarithmic plots of the fluorescence intensity of the

fluorescence does not delay during its intensity growth. Afteip-methoxybenzyl radical versus the 266 nm pulse fluence are

a 4.9 ns delay of the 308 nm pulse, the fluorescence delayghown in Figs. &8 and Hc) for dissociation ofp-methoxy-

following the 308 nm pulse without change of its intensity. toluene andp-methoxybenzyl alcohol. Observed points are

Simulation with the growth rate of 1:810° s™! for the linearly fitted with slopes of 1.080.24 for dissociation of

p-methoxybenzyl radical, the value equal to the decay rat@-methoxytoluene and 0.940.23 for dissociation of

for the fluorescence of-methoxybenzyl alcohol, does not p-methoxybenzyl alcohol. It is evident that the dissociation

reproduce the experimental results. Instead, the growth rateccurs by 266 nm one-photon excitation.

of >1.0x10° s ! is found to be necessary to simulate the ~ The p-methoxybenzyl fluorescence intensity is plotted as

fluorescence time profiles in Fig. 4. It is clear that the growtha function of the 308 nm pulse fluence in Figgh)sand Fd)

rate for thep-methoxybenzyl radical is much faster than thefor dissociation ofp-methoxytoluene ang-methoxybenzyl

decay rate for the fluorescence mimethoxybenzyl alcohol. alcohol. Linear fitting results in slopes of 1.60.21 for dis-

D. One- or two-photon photochemistry

J. Chem. Phys., Vol. 107, No. 22, 8 December 1997
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(37 600 cmY) populates theS, states ofp-methoxytoluene
(vo=35200cm?') and p-methoxybenzyl alcohol i,
=35700cm?) with excess vibrational energies. Clearly,
the energies that the molecules possess are sufficient to frag-
ment them into the radical.

(@
B. Adiabatic potential-energy surfaces

For p-methoxytoluene, a channel leading to dissociation
is shown to occur with the yield of1.3x 102 from ther-
mally equilibrated levels of th&, state(Fig. 3. Vibrational
relaxation is a dominant energy dissipation mechanism from
the Franck—Condon state, and dissociation is allowed to oc-
() cur after vibrational relaxation. Fqr-methoxybenzyl alco-
hol, a channel leading to dissociation is found to occur with
the yield of~2.9x 10" 3 from vibrationally excited levels of
the S; state(Fig. 4). An energy relaxation mechanism from
vibrationally excited levels of th&, state consists of two
channels: One that crosses to a potential-energy surface lead-
ing to dissociation, and a second that relaxes vibrationally to
thermally equilibrated levels of th§,; state.

The difference of the dissociation processes between
p-methoxytoluene ang-methoxybenzyl alcohol may be un-
sociation ofp-methoxytoluene and 0.970.06 for dissocia- derstood by considering the symmetry of the potential-
tion of p-methoxybenzyl alcohol. It is shown that one 308 energy surfaces along fission of the C-H and C-O
nm photon is required to populate the fluorescent state of theonds**~*’ The most favorable geometry of stretch of the
radical. A possibility is excluded that two-photon absorptionC—H and C—O bonds that leads to the planar structure of the
occurs in the duration of the 308 nm pulse for formation ofbenzyl radical is a one in which it occurs in a plane perpen-

ABSORBANCE

220 240 260 280 300 320
WAVELENGTH / nm

FIG. 6. Absorption spectra ofa) p-methoxytoluene andb) p-methoxy-
benzyl alcohol.

the radical and population of its fluorescent state. dicular to the benzene rings of toluene and benzyl alcohol
(see Figs. 7 and)8 Since the energy of this geometry is
IV. DISCUSSION comparable to the energies of other distorted geometries in

which the C—H and C-0O bonds are stretched, the assump-
tion is made that the reaction coordinates of fission of the
C—H and C-0 bonds lie in the symmetry plane perpendicu-
In Fig. 6 are shown the absorption spectra oflar to the benzene rings ofp-methoxytoluene and
p-methoxytoluene andp-methoxybenzyl alcohol. Weak p-methoxybenzyl alcohol.
bands appear with maxima at 36 000 ci®2.0x10° dm® For p-methoxytoluene, photoexcitation promotes the
mol~tcm™Y) for p-methoxytoluene and 36500 ¢{1.2  molecule to theS,['B,,,mm* (benzene) state which is of
x10° dm® mol~* ecm™) for p-methoxybenzyl alcohol, and A” symmetry relative to the symmetry plane perpendicular to
correspond to the transitions to tBg(*B,,) state in benzene the benzene ring. The grounél,) and excited {A,) states
which are allowed due to vibronic coupling with the of the p-methoxybenzyl radical posseA$ and A” symme-
520 cm‘lezgI vibration in the Dg, symmetry!! The 00 tries, respectively. In the conventional classification of the
transitions are seen at 35 200 chfor p-methoxytoluene C,, point group to which the benzyl radical belori§s? the
and 35 700 cm! for p-methoxybenzyl alcohol. The-0n plane of the benzene ring of tiemethoxybenzyl radical is
transitions 0=1,2,3) in the 920 cmlalg vibration are also represented as thez plane and that plane perpendicular to
seen forp-methoxytoluene ang-methoxybenzyl alcohol. the benzene ring which is the symmetry plane for the present
By absorption of one 266 nm photon (37 600¢h model is represented as tle plane with the primary sym-
p-methoxytoluene ang-methoxybenzyl alcohol are excited metry axis being the axis. The’B, and?A, state labels are
to the vibrational levels 08, states that are above the vibra- the symmetry representations for t8g, point group, while
tional ground levels by 2400 and 1900 ch respectively. the A’ andA” labels are the symmetry representations with
The dissociation of the C—H bond pfmethoxytoluene respect to the symmetry plane perpendicular to the benzene
and the C—0O bond gb-methoxybenzyl alcohol is shown to ring. The symmetry of the ground-statéS] H atom isA’.
occur by one-photon excitation at 266 rfeigs. 5a) and  Thus, theS;(A”) potential-energy surface of the precursor
5(c)]. The bond dissociation energies are estimated to bdoes not correlate adiabatically to the groudB(+2S,A’)
30800 cm? for CHOC¢H,CH,—H and 28500 cm® for  state of the products, but does correlate to the excrtéd (
CH;OCH,CH,—OH  from those for @HsCH,—H +25,A") state of the products. If thg, state were to par-
(30800 cmY), CH;CH,—H (35000 cm?), and CHCH,— ticipate in C—H bond fission, a symmetry-imposed energy
OH (32 700 cmY).'? Excitation with one 266 nm photon barrier must be overcome. As a result, C—H bond fis-

A. Excitation wavelength and bond dissociation
energies

J. Chem. Phys., Vol. 107, No. 22, 8 December 1997
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ENERGY/cm- ENERGY/cm!
4 4
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FIG. 8. A state correlation diagram for C-O bond fission of
p-methoxybenzyl alcohol. States gb-methoxybenzyl alcohol and a
p-methoxybenzyl radical are represented with corresponding ones of ben-
zene Dg,) and a benzyl radicalQ@,,), respectively. Symmetry representa-

FIG. 7. A state correlation diagram for C-H bond fission of
p-methoxytoluene. States gi-methoxytoluene and g-methoxybenzyl
radical are represented with corresponding ones of benzegg @nd a

benzyl radical C,,), respectively. Symmetry representations relative to &ions relative to a symmetry plane are noted for singteid lineg and

symmetry plane are noted for smg(_esbllq lineg and_ triplet(broken lines triplet (broken line$ states in parentheses. A benzene ring is perpendicular
states in parentheses. A benzene ring is perpendicular to a symmetry plai & 2 symmetry plane. on which C—0 and O—H bonds lieGC
on which a C—H bond lies. ROCH,. y yp ’ T

sion cannot occur adiabatically from ti# surface. It is tween themw* (benzene)f”) electronic configuration and
allowed to proceed via intersystem crossing to vibrationallythe np(O)o* (C—O)(A”) repulsive electronic configuration at
excited levels of ther,(°B,,) state(of A’ symmetry. Al- the geometry of the stretched C—O bond. It results in&he
ternatively, it may proceed via internal conversion to vibra-potential-energy surface which evolves adiabatically from
tionally excited levels of th&, state(of A’ symmetry. In-  77*(benzene) character in the Franck—Condon region to
tersystem crossing or internal conversion cannot competep(O)c* (C—0O) character beyond the barrier along the reac-
effectively with vibrational relaxation in th&; surface, so tion coordinate of C—O bond fission. Rapid C—O bond fis-
C—H bond cleavage follows vibrational relaxation. This ac-sion can proceed directly on the resultify adiabatic
counts for the experimental observable that the dissociatiopotential-energy surface from ti®(*B,,) state of the pre-
rate is determined by the decay rate of thermally equilibratedursor to the ground?B,+ 2I1) state of the products. In this
levels of theS,; state. In addition, since dissociation occursway, the presence of an out-of-plaperbital on the O atom
actually from vibrationally excited levels of th€; or S,  allows an adiabatic reaction pathway consistent with rapid
state, the low dissociation yield 6f1.3x 103 results from  C—O bond fission. In addition, since there exists an exit
competition with vibrational relaxation of which the rate is channel barrier on th&” surface, statistical partitioning of
expected to be-10' st in the T, or S, state. excess vibrational energy is required for crossing over the
In contrast, for dissociation gf-methoxybenzyl alcohol, barrier to C—O bond fission. This predicts that dissociation
theS,[!B,, , m7* (benzene) state of the precursor possessesproceeds from vibrationally excited levels of ti% state
A” symmetry relative to the symmetry plane perpendicular taafter intramolecular vibrational redistribution. The low dis-
the benzene ring. The dissociativep(O)o* (C—0)] state of  sociation yield of~2.9x 10" 3 is accounted for by competi-
alkyl alcohol (v,~55000cm?) is of A” symmetry with tion with vibrational relaxation whose rate is expected to be
respect to this symmetry plane when the O—H bond lies in~10'* s™1 in the S, state.
this symmetry plane. The symmetry of the ground-stak&)( The present model requires that the H atom of
OH radical isA"+A”. Thus, avoided crossing occurs be- p-methoxytoluene and the O—H bond pfmethoxybenzyl
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alcohol lie in the symmetry plane perpendicular to the benthe latter for dissociation op-methoxybenzyl alcohol. The

zene ringgFigs. 7 and 8 The energy barriers to torsion of
the methyl group for th@-fluorotoluene are 4.8 cnt in the
S, state and 33.7 cit in the S; state?® The energy differ-

formation of the radical depends linearly on the photolysis
pulse fluence for the dissociation ptmethoxytoluene and
p-methoxybenzyl alcohol. The observation shows existence

ence from the trans to the gauche conformation with respeaf two dissociation channel@-Methoxytoluene dissociates

to the C—O bond for ethyl alcohol is 4t%5.0 cni't in the
S, state?! Therefore, the H atom op-methoxytoluene and
the O—H bond op-methoxybenzyl alcohol will be restricted

from thermally equilibrated levels of th®, state after vibra-
tional relaxation, whereag-methoxybenzyl alcohol dissoci-
ates from vibrationally excited levels of ti& state in com-

in the symmetry plane perpendicular to the benzene ringpetition with vibrational relaxation. The difference of these
with high probabilities, though the explanation does not conchannels is explained on a model of electronic coupling

sider hyperconjugation involving the benzene rings.

C. Other dissociation mechanisms

The photodissociation pathway pfmethoxytoluene in
the liquid phase may be similar to that of toluénépenzyl
alcohol® and benzyl halidéd in the gas phase. In the liquid

phase, the fission of the C—H bond occurs ultimately from

vibrationally excited levels of th&; or S, state after inter-

between the precursor and product states. g~onethoxy-
toluene, theS; state does not correlate adiabatically to the
ground state of the C—H bond fission products, so intersys-
tem crossing or internal conversion precedes dissociation.
For p-methoxybenzyl alcohol, the adiabatic potential energy
surface, evolving from th&, state to the ground state of the
C—0 bond fission products, allows rapid dissociation along

system crossing or internal conversion. The actual dissocia-

tion rate from vibrationally excited levels of thE; or S,
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