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Stepwise Laser Photolysis Studies g8-Bond Cleavage in Highly Excited Triplet States of
Biphenyl Derivatives Having C—O Bonds
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Receied: September 5, 2006; In Final Form: Member 22, 2006

Photochemical profiles gf-bond dissociation in highly excited triplet states,)(6f biphenyl derivatives
having C-O bonds were investigated in solution, using stepwise laser photolysis techniques. The lowest
triplet states (I) were produced by triplet sensitization of acetone (Ac) upon 308-nm laser photolysis. The
molar absorption coefficients of the;, Btates were determined using triplet sensitization techniques. Any
photochemical reactions were absent in thesfates. Upon 355-nm laser flash photolysis of thesthtes,

they underwent fragmentation, because of homolysis of th®®ond in the 7 states from the observations

of the transient absorption of the corresponding radicals. The quantum ydejgsfor the decomposition of

the T, states upon the second 355-nm laser excitation were determined. Based®pthalues and the
bond dissociation energies (BDEs) for the-O bond fission, the state energi€s{) of the reactive highly
excited triplet states @) were determined. It was revealed that (i) thg-was related to the energy difference
(AE) between the BDE and thegr, and (ii) the rate Kyis) of S-cleavage in the d state was formulated as
being simply proportional taAE. The reaction mechanism f@rbond cleavage in theglstates was discussed.

Introduction the T, state. This method of multistep excitation has been widely
used to study photophysical and photochemical processes in
highly excited state® 4% Recently, two-color two-laser pho-
tolysis techniques have been applied to observe th® Gond
dissociation in highly excited triplet ¢J states of aromatic
carbonyl compounds:-cleavage) and naphthylmethyl deriva-
tives (B-cleavage), and to determine the quantum yields of

Photoinduced bond dissociation is one of the well-known
reactions in photochemistry and photobiology. As with pho-
tolytic bond cleavage of aromatic carbonyl compounds, Norrish
Type | and Il reactions, and carbeheteroatom dissociation
that occurs at the- and-positions of the carbonyl have been

widely studied by means of product analysis and time-resolved fragmentation in the highly excited triplet stafésHowever,

transient measuremerits:® A new-type bond cleavagant systematic investigations are lacking, such as determination of
cleavage) of carbonyl compounds has been recently studied from Y 9 9

the view point of the spin multiplicity and electronic configura- tr_le actual excited-state energy or formulation of the dissociation
tions of the dissociative statésOn the other hand, photoin- yields or the .rates, as a function of the BDE. ] ) )
duced homolytic and heterolyti§-cleavageof the benzylic Therefore, in the present work, we systematlcal_ly investigate
carbon-heteroatoms bond is also well-documented to under- the C-O bond cleavage that occurs at the benzylic position of
stand the mechanism and the nature of the relationship amondVe types of bipheny! derivativesp-phenylbenzyl derivatives
the substituent groups, the excited-state energy, and the spirl”B—X) andp-phenylphenoxy derivatives (PPX)—by means
multiplicity of the reactive staté¥.The bond dissociation energy ~ °f seéquential excitation of 308- and 355-nm laser pulsing.
(BDE) is one of the useful parameters to qualify the stability The first 308-nm Ias_er photplyss was .pen.‘ormed to efficiently
of the chemical bonds against the dissociation in excited statesC'€ate the Tstates via the triplet sensitization of acetone (Ac).
of aromatic compounds. Generally, the chemical bond can be UPON the second 355-nm laser pulsing, thestte was further
ready to be cleaved if only the excited-state energy of the e_xcned to the h|g.her triplet s;ates. Based on the dlssomatl_on
reactive state is higher than the BDE. In our earlier work, we yields, we determined the excited-state energies of.the reactive
have investigate@-cleavage of &X bonds (where X= Br, T, state, ar_1d we formulated the rate and the yield of the
Cl, OH, and SH) of triplet biphenyl derivatives by means of /-Cleavage in the Jstate.

laser flash triplet sensitizatiod. The 5-cleavage of the €S

bond was observed, whereas that of the@bond was absent.  Experimental Section

In fact, the BDE of the €S bond inp-phenylbenzyl mercaptan
(56 kcal/mol) was smaller than the triplet energy (64 kcal/mol),
whereas that of the €0 bond in biphenyl methanol (78 kcal/
mol) is larger than the triplet enerdy.Conversely, the €O

p-Phenyl toluene (PBH), p-phenylbenzyl alcohol (PBOH)
andp-phenyl anisol (PP©Me) were purchased commercially,
and each was purified via repeated recrystallizations from
bond may be cleavable if the pertinent compound has other N€xanea-Methoxy-4-phenyl toluene (PBOMe) was synthe-

dissociative excited states that are higher in energy than theSized according to the literatufé PB—OMe was purified by
lowest triplet (T;) state. The formation of the higher triplet state Passage through a silica-gel column with benzene as the eluent.
can be readily achieved, using the second laser photolysis of&Pnenoxy-4-phenyl toluene (PBOPh), a-(p-phenylbenzyl)-
4-phenyl phenol (PPOPB), anda-benzyl-4-phenyl phenol
* Author to whom correspondence should be addressed. F8lt-277- (PPO-B) were synthesized via a reaction of 4-bromomethyl
301212. Fax:+81-277-301212. E-mail: yamaji@chem.gunma-u.ac.jp.  biphenyl ora-bromotoluene with phenol grphenyl phenol in
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PPO-B Figure 1. Absorption and fluorescence spectra in acetonitrile (ACN)

at 295 K and phosphorescence spectra in a mixture of methanol and
. . ethanol (1:1 v/v) at 77 K of (a) PBH, (b) PB—OH, (c) PB-OMe, (d)

CH;—0 PPO-Me PB—OPh, (e) PPGPB, (f) PPO-B, and (g) PPGMe.
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PB = p-Phenylbenzyl, PPO = p-Phenylphenoxy, B = Benzyl

Ac, in the presence of potassium carbonateQ®s). The
products were purified via repeated recrystallizations from

I A (@
hexane. Acetonitrile (ACN), methanol, and ethanol were distilled (b
for purification. ACN was used as the solvent, whereas a mixture 0.1
of methanol and ethanol (1:1 v/v) was used as a matrix at 77
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K. Absorption and emission spectra were recorded on a JASCO

model U-best 50 spectrophotometer and a Hitachi model F-4010 0
fluorescence spectrophotometer, respectively. All the samples

for transient absorption measurements were prepared in darkness

and degassed in a quartz cell with a path length of 1 cm, using

several freezepump-thaw cycles on a high vacuum line.

Transient absorption measurements were performed at 295 K, ) ) )
unless noted, or in the temperature range betwe2n°C and Figure 2. Transient absorptlon_ spectra at 500 ns obtained upon 266-
57 °C. The temperature of the sample in a quartz dewar was ?Cr;] g,fggmsmg in ACN solutions of (a) P81, (b) PB-OPh, and
maintained with hot water>295 K) or with a mixture of '

methanol and liquid nitrogen<295 K) within a precision of absorption and fluorescence spectra of-P8(where X = H,

+0.5 *°C during_the measurement. A XeCl excimer laser o ome, and OPh) are similar to each other, in regard to the
(wavelength oft = 308 nm; Lambda Physik, model Lextra 50) = ghane and maximum wavelengths, but are different from those
was used as the first excitation light source, whereas the third ;¢ ppo-x (where X= PB, B, and Me). The energy levels of

(355-nm) harmopics of a Nd:YAG laser (JK Lasers, que_l the lowest triplet (T) state were determined from the phospho-
HY-500; pulse width= 8 ns) was used as the second excitation escence origins to be 65.0 keal/mol for PR compounds and

light source. The details of the detection system for the time g4 5 |cal/mol for BPG-X compounds, whereas those of the
profiles of the transient absorption have been reported else-|yast excited singlet states were 92 8 keal/mol for—P8
where®® The incidence direction of the second 355-nm laser compounds and 91.9 kcal/mol for BPGX compounds. From

beam was parallellto that of the first 308-nm .Iaser light. The e shape of the absorption and emission spectra, the compounds
transient data obtained by laser flash photolysis were analyzed,,qoq can be clearly divided into two groups, from the viewpoint
using the least-squares best-fitting method. The transient absorpy¢ the photophysical propertiesp-phenylbenzyl derivatives

tion spectra were taken with a Unisoku model USP-554 system, (pg_x \where X= H. OH. OMe. and OPh) ang-phenylphe-
which can provide a transient absorption spectrum with one Iasernoxy dérivatives (PP,eX ’Where, X= PB, B, and Me)

pulse. : L :

)

2
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Photochemical Profiles upon Direct Excitation.To eluci-
date photochemical reactions upon direct excitation of the
compounds used, 266-nm laser photolysis was performed. Figure

Absorption and Emission MeasurementsFigure 1 shows 2 shows typical transient absorption spectra at 500 ns after 266-
the absorption and fluorescence spectra of the employednm laser pulsing in the ACN solutions of the compounds that
compounds in ACN at 295 K and the phosphorescence spectrawere used.
in a glass matrix, of a mixture of methanol and ethanol (1:1  The transient absorption spectrum at 370 nm obtained for
viv) at 77 K. PB—H (Figure 2a) is ascribable to that of triplet PBI.3* The

It was confirmed that the excitation spectra for the emission transient absorption spectra obtained for-RBH, PB—OMe,
agreed well with the corresponding absorption spectra. The and PPG-Me were similar to triplet PB-H in the shape and

Results and Discussion
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the wavelength of the transient absorption band. These observa- of

tions for PB-H, PB—OH, PB—OMe, and PPGMe indicate < 05_/&

that any appreciable photochemical reactions are absent in these <

excited singlet states, resulting in the efficient formation of the 0 00 =
triplet states via intersystem crossing. With PBPh, the Wavelength / nm
absorption bands at 320 and 400 nm in Figure 2b are observed, T .
along with the triplet absorption band at 370 nm. The former AL

can be ascribable to the absorption band ofptpdenylbenzyl

radical (PBR), with an absorption coefficient of 20 000 3%m - S
mol~t cm~! at 320 nmi! whereas the latter is due to the phenoxy Time/ s

radltltal (POR) with an absorption coef‘f!uent of 2000?”"“0' ; Figure 3. Time profile of absorbance at 370 nm obtained upon 266-
cm! at 400 nn* From the observations of the triplet state | |aser pulsing in an Ac (0.6 mol df)/PB—OPh (1.7x 10~ mol
and these radicals, it is indicative that the G bond CleaVage dm*3) system in ACN. (AC: acetone_) Inset shows a transient
occurs in the excited singlet states competitively with intersys- absorption spectrum obtained at L§.

tem crossing to the triplet state.
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(a)
The similars-bond dissociation in PPEB can be recognized 0 : :
from the transient absorption spectrum (Figure 2c) having an
absorption band at 340 nm, which must be due to the

5. 05
p-phenylphenoxy radical (PPOR), with an absorption coefficient Ef« 6
of 21 300 dni mol~* cm™* at 340 nmM® and an absorption band < ()
at 310 nm that is due to the benzyl radi¢&The absorption 0 s .
band at 380 nm is the tripletriplet absorption of PPOB. The 0 ]04 s 20
photochemical profiles of PPEB seem to resemble those of [PB-OFh] /10 " dm” mol

PB—OPh. With PPG-PB, the absorption bands of PBR at 320 Figure 4. (a) Rate KusJ for the growth of triplet PB-OPh, plotted

nm and PPOR at 340 nm can be observed without an appreciableas a func;tlon of [PB-OPh] upon 308-nm laser photolysis in Ac (0.6

triplet absorption at~380 nm. The absence of the triplet Mol dm)/PB-OPh systems in ACN. (b) Plots of the maximum

absorption in the transient absorption spectrum for PP®  absorbance at 370 nmiAg,), as a function of [PB-OPh] obtained

indicates that (i) the deactivation of the excited singlet states is upon 308-nm laser photolysis in Ac (0.6 mol dfjiPB—OPh systems
S > ~. ~in ACN. Solid curve was drawn using eq 2.

governed bys-bond fission and fluorescent emission, and (ii)

the intersystem crossing is inefficient. PB—OPh, resulting in the formation of triplet PBOPh. The
triplet absorption spectra of PBX, as well as those of PPO

O~ ) M It I 0 X, were similar to each other (see Supporting Information).
PPO-PB PBR PPOR These similarities indicate that the triplet exciton ofPBand
PPO-Xis, respectively, localized on thephenylbenzyl (PB)

After the depletion of the triplet absorptions, any new absorption ;Jnedn;t)-ghenylphenoxy (PPO) moieties, irrespective of substi-

bands did not appear. This demonstrates that any photochemicai Figure 4a shows the rate{s) of the growth of triplet PB-

reactions do not occur in the lowest triplet stateg) (@ the OPh, plotted as a function of the concentration of-REPh,

compounds that have been used. - , ,
We tried to determine the radical yields by quenching the [.PB OPh]. Because of the fact that the pIo_ts give "f‘ straight
line, the parametek,psq can be formulated using eq 1:

triplets with the dissolved oxygen. However, as the number of
the laser pulses increased, new transient absorption bands — k. + k[PB—OPh 1
increasingly appeared in the wavelength region of-3%80 nm, bsa= Ko + Kl | @

presumably because of triplet benzaldehyde derivatives that WET&yherek, andk, respectively, represent the decay rate of triplet
produced from the reaction of the benzyl radical derivatives PB—OPh in the absence of PEOPh and the rate constant for
with the dissolved oxygen. Therefore, we were unable to quenching of triplet Ac by PBOPh. From the intercept and

determine the yield after direct 266-nm laser photolysis. the slope of the line, the values kfandk, were determined to
Triplet Sensitization Using Triplet Acetone. To produce be 57x 10F 51 anc'i 1.3x 1C° dn® molL s, respectively

e e Figure ab shovi he masimum absorbansel) o il

P ’ gac P dy donor pg_5pp produced by triplet sensitization, plotted as a function
upon 308-nm laser photolysis. Because of the fact that the triplet f IPB_OPhI. As [PB-OPhI i th e AFAT
energy of Ac is larger (74.0 kcal/mdf)than those of the used ~ © [ ] As [ ] '”?ng‘iases’ € value Wsro
increases, but not linearly. TReA,;7 value of triplet PB-OPh

compounds (6465 kcal/mol), triplet energy transfer can occur. oo A ; .
Figure 3 shows a time profile of absorbance at 370 nm obtained produced via triplet sensitization can be formulated using eq 2:

after 308-nm laser pulsing in an Ac(0.6 mol dfiyPB—OPh- _
(1.7 x 1073 mol de3) sysq[em. ( " ARG = kq[PB_OPhhTET€13-7OTq);A§:C|§gs(kO + ky[PB—

The intensity of the absorbance increases with a first-order OPh])_l (2)
rate of 2.7x 10° s~L. A transient absorption spectrum obtained
1.0us after laser pulsing (see inset in Figure 3) is undoubtedly where orer, €379, ®lse, and 155, are the efficiency of triplet
due to triplet PB-OPh. Therefore, the growth of the absorption energy transfer from triplet Ac to PBOPh, the molar absorption
in Figure 3 is due to triplet energy transfer from triplet Ac to coefficient of triplet PB-OPh at 370 nm, the triplet yield of
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TABLE 1: Triplet Energy ( Et), Molar Absorption Coefficient of Triplets (€7-T), Quenching Rate Constant Ky) of Triplet
Acetone, Decomposition Yield €. of Triplets upon Second Laser Photolysis, Heats of FormationA;H(DP-LG) and A{H(LG))

of the Parent Molecules and the Leaving Groups, and Bond Dissociation Energy (BDE) of the Compounds Used in the Present
Work

compound Er? e T Amax Kq AH(DP-LG)  AH(LG) BDE (C-0O)°
(DP-LG) (kcal/mol)  (dm®*mol~tcm™) (nm)  (x10°dm*molts™Y) Dyec (kcal/mol) (kcal/mol) (kcal/mol)
PB—H 65.0 28000 370 1.1 0 38.0 52.1 91.6
PB—OH 65.0 28000 370 1.1 0.08 1.6 3.0 78.9
PB-OMe 65.0 27000 370 1.2 0.17 53 —6.8 65.4
PB-OPh 65.0 29000 370 1.3 0.22 39.7 13.4 51.2
PPGC-PB 64.2 27000 380 e 0.10 63.9 77.5 51.1
PPC-B 64.2 27000 380 1.3 0.14 43.4 51.5 45.2
PPGC-Me 64.2 27000 385 1.4 0 9.9 29.8 57.4

aDetermined from the 80 origin of the phosphorescence spectrum obtained in a mixture of methanol and ethanol (1:1 v/v) aDeétefmined
by eq 5 using the values @;H(PBR)= 77.5 kcal/mol and\{H(PPOR)= 37.5 kcal/mol.c BDE for the CH—H bond.? Assumed to be the same
as that for PP©B. ¢ Not determined, because of the low solubility of PPEB in ACN at room temperature.

Ac (1.0)7 and the number of photon fluxes of an incident 308- . T JAAA,
nm laser pulse absorbed by PBPh, respectively. The value 3 0.5-/ ****
of the parametetaps was determined using the absorption of /”\ oS =
triplet benzophenone (BP) in ACN as an actinometer, which is / \E [
expressed using eq®8: < ]

AR = PO ©)

whereAAZ", 27 and® . are the initial absorbance at 520 nm
for the formation of triplet benzophenone obtained immediately 0
after laser pulsing, the molar absorption coefficient of triplet

BP at 520 nm in ACN (6500 dfmol~t cm™1),51 and triplet

yield of BP (1.0)*° respectively. Using eqs-13, and assuming ~ Figure 5. Transient absorption spectra obtained ats%upon 308-
T-T nm laser pulsing an Ac (0.6 mol di¥)/PB—OPh (1.7x 1072 mol dn13)

the efficiency ofarer to be unity, theeg;, value of triplet - : - -
. 7 B system in ACN in the absence (dashed line) and the presence (solid
PB—OPh was determined to be 29 02000 dn¥ mol~* cm™* line) of the second 355-nm laser pulsing at A2 The spike at 355

at 370 nm. Using the same procedures, the quenching ratenm in the transient absorption spectrum in the red region of the
constants K;) for triplet sensitization of Ac and the molar  wavelength spectrum is due to scattering of the second 355-nm laser
absorption coefficients™T of the triplets of the compounds  pulse. Insets show time profiles at 370 nm (upper inset) and 320 nm
used in the present work were determined, and they are listed(lower inset) in the absence (dashed line) an(_j the presence (solid line)
in Table 1. Upon t_riplet sensitization, no transient absorpti_on g{;;ﬁgr?ri;c%ﬁh?;g?nLagganurflggs'e:-Bﬁ|:£_Ikes ayd.2re due to
spectra except triplets were observed. These observations
confirm that photodecomposition of the triplets used is absent, getermined using eq 4:

even in the presence of the triplet sensitiZer.

Photochemical Profiles of Triplets upon the Second Laser _AAasg T ToT—
Photolysis.Because the triplets of the compounds used in the Pgec= AA'6‘3701855(1 -10° )€£7OT ' (4)
present work are shown to have absorption at 355 nm,
photochemical features upon the second 355-nm laser photolysidvhereAAAgzo represents an absorbance change at 370 nm for
of the sensitized triplets were investigated. Figure 5 shows triplet PB—OPh due to decomposition after the second 355-nm
transient absorption spectra at k$upon 308-nm laser pulsing  laser photolysis)3™ is the intensity of the incident second
in an Ac(0.6 mol dm?3)/PB—OPN(L.7x 10-3mol dnT3) system  355-nm laser pulse, aniiAl; is the absorbance of triplet BP
in the absence and the presence of the second 355-nm lasePPh at 355 nm, generated by triplet Ac sensitization. The
pulsing 1.2us after the first laser pulsing. quantity oflg55 was determined using the triptetriplet ab-

The transient absorption spectrum in the absence of the secondorption of BP formed upon 355-nm laser photolysis in the ACN
laser pulse is due to the triplet state of PBPh produced by  solution as an actinometer (see eq 3). fhg.value for triplet
triplet sensitization. In the presence of the second laser pulse,BP—OPh was determined to be 0.220.02. Using the same
the intensity of the absorption for the triplet at 370 nm decreases procedures, definit@ge. values for other compounds used in
(see the upper inset in Figure 5), whereas a new absorption bandhe present work were determined and are listed in Table 1.
at 320 nm that is due to PBR appears immediately after the The transient absorption spectrum changes for the photodecom-
second 355-nm laser pulsing. These changes in the transienposition of other compounds after the second 355-nm laser
absorption spectra obtained upon the second laser photolysigphotolysis can be observed in the Supporting Information. It
indicate thatg-cleavage at the €0 bond occurs in a highly  was confirmed that all théqe values were not influenced by
excited triplet state () of PB—OPh. The appreciable absorption the ambient temperatures fror22 °C to 57 °C.
spectrum for POR as the counter radical of PBR, was not When homolytic cleavage proceeds in the triplet states of
observed in the transient absorption, presumably because theéhe employed diphenyl derivatives having leaving groups (DP-
molar absorption coefficient of POR (2000 éimol~! cm™1! at LG), triplet radical pairs of the diphenyl derivative radical (DP
400 nm¥* is smaller than that of triplet PBOPh (15000 drh ; PBR or PPOR) and the leaving group radical ¢L.@ the
mol~1 cm™1 at 400 nm). solvent cagé(DP- + LG-)cageinitially formed, according to the

A quantum yield (4e9 for the decomposition of the,; Btate spin-conservation rule. The triplet radical pair is free of gemi-
of PB—OPh upon the second 355-nm laser pulsing was nate recombination, forming the parent molecule. Therefore, the

400 500
Wavelength / nm



774 J. Phys. Chem. A, Vol. 111, No. 5, 2007

6|0 8l0
BDE(C-0) / keal mol”
Figure 6. Quantum yields ®4e9 Of triplet decomposition upon the
second 355-nm laser pulsing in the triplets, plotted as a function of the
bond dissociation energies (BDEs) for €HO: 1, PB-OH; 2, PB-
OMe; 3, PB-OPh; 4, PPGPB; and 5, PPGB. Solid and broken
curves were calculated using eq 8.

40 100

obtained quantum yieldsbe) can be regarded as those for
the C-0O bond cleavage in the higher triplet states of DP-LG.
The residual qguantum yields,1 ®g4ecare considered to be for
the internal conversion from the, Btate to the T state (Pic).

The bond dissociation energy (BDE) of the-O -bond in
DP-LG was obtained using eq 5, based on the heats of formation
(AfH) for DP-LG, DP, and LG, computed using a semiem-
pirical PM3 program contained in the MOPAC '97 software
program.

AH(DP-LG)= AH(DP-) + A(H(LG-) — BDE (5)
The AsH values used for DPwith the p-phenylbenzyl radical
(PBR) and thg-phenylphenoxy radical (PPOR) were 77.5 and
37.5 kcal/mol, respectively, whereas those obtained for LG
(with H-, HO-, MeCO, PhO, PhCH-, and CHr-) are listed in
Table 1, along with the estimated BDE values.

Figure 6 shows plots ab4ecas a function of the BDE for the
C—0 bonding thus obtained previously. A definite correlation
between®q.c. and BDE is observed for PBX and PPG-X.

The ®g4 Value decreases as the BDE value for-PBor
PPO-X increases. From these two curves of the plots, it can
be recognized that PP&PB belongs to the PPEX group, not
to the PB-X compounds. Generally, for the occurrence of bond

Yamaji et al.

SCHEME 1: Schematic Energy Diagram for Excited
PB—X, Including the C—0O Bond Dissociation Processes

A
Ty(m,m*) L
- 1C
2
Tr(m®) = PBR + - OH
kic N —
Ty(m,n*) _.PBR + - OMe
s ~65 ~65
=}
E PBR + - OPh
= —
E] ~47
- BDE(C-OH)
20
u‘% BDE(C-OMe)
BDE(C-OPh)
So (PB-X)

Reaction Coordinate

wheref = a/ki. The solid line in Figure 6 was calculated using
eq 8 and the best-fittel andEr values for PB-X (7.2 x 1073
mol/kcal and 91.7 kcal/mol, respectively). The plots follow the
drawn curve well. This demonstrates that the rate or quantum
yield of C—0 $-bond cleavage in the highly excited triplet states
of PB—X is controlled by the BDE value. The estimatEgr
value for PB-X is close to the $state energy~93 kcal/mol)

of PB—X. The BDE (91.6 kcal/mol) for the €H bond of
PB—H is similar to the estimated value Bkt. The expression
of eq 7 may be applicable only to the-© bond cleavage in
highly excited triplet states of PBX. We examined this
relationship using théq.cand BDE values of PPOX. Because

of the few PPG-X samples, we were unable to have best-fitted
simulations for PPGPB and PPGB using egs 7 and 8.
Assuming thatErr = 70 kcal/mol for PPG-X, which is
undoubtedly larger than the BDE values of PP®and PPO-

PB, ap value of 6.3x 10~2 mol/kcal was obtained by best-

dissociation in excited states, the state energy must be largeffitting. The broken line in Figure 6 was drawn using eq 8 and

than the BDE of the cleavable bond. Therefore, the intercept of
the extrapolated line made by the plotsdafec may correspond
to the state energyekr) of the highly excited triplet state §J,
which is reactive fop-cleavage. As with PP©Me, the C-O
bond dissociation was not observed when subjected to the
second 355-nm laser photolysis, although the BDE (57.4 kcal/
mol) for the C-0O cleavage is definitely smaller than the triplet
energy (64.2 kcal/mol). Currently, we have no ideas to rational-
ize this inactivity. The features of the plots in Figure 6 have
been interpreted as follows.

Using the ratesis and kic of the g-cleavage and internal
conversion from the g state to the T state, the quantum yield
Dyecis formulated using eq 6.

q)dec: kdis(kdis+ kic)_l (6)

Here, we assume that the rddg is simply proportional to the
energy differenceAE between theErt and the BDE AE =
Ert — BDE)Z

kdis = 0AE (7)
Here,a is a constant. The yield can be transformed using eq 7
and a constan{s:

Dy = BAE(L + BAE) ®)

these values ofs and Er for PPO-X. As the BDE value
decreases to zer@d\E increases close to thegy value. This
approximation provides the ultimatqec value @y, for the
present systems. Using eq 8 with tBgr and 8 values, the
Dy values obtained are 0.40 for PX and 0.31 for PPE©X.
However, these values are not actual. After the BDE value is
smaller than the energy level of the State, the % state of the

T, states is not reactive anymore, but the state would be
alternatively.

Based on the obtained results, a schematic energy diagram
for PB—X is depicted in Scheme 1, including the-©O bond
cleavage processes.

After the Ty(r,7*) state, where the triplet energy may be
localized on the PB moiety, is excited to thg(#,7*) state
located at an energy level of 145 kcal/mol after 355-nm laser
photolysis, the Tstate will be deactivated by internal conversion
to the dissociative stateg{z,7*). Intersystem crossing from
these highly excited triplets to the highly excited singlet states
(Si(r,r¥) can be negligible, because its rate should be
substantially smaller than that of internal conversion, according
the spin-conservation rule. The energy level of th¢nrlr*)
state for PB-X is located at~92 kcal/mol, from which the
C—0 p-cleavage proceeds with the dissociation r&gg)( as a
function of AE, expressed by eq 7. It is originally suggested
that the bond dissociation in excited states proceeds by avoided
crossings between the reactive excited state with dissociative
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potential surfaces of the same overall symmetiyn that case,
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