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Abstract

Photoinduced B-bond dissociation of a-phenoxylacetophenones (PAs) substituted in the phenoxyl moiety has been investigated in polar
media by means of laser flash photolysis and triplet sensitization techniques to clarify the spin multiplicity of the reactive states, excited
lowest singlet (S;) or triplet (T;) state. The electronic character of the T state of PAs was found to be of m,m" from transient absorption
spectra at 77 K. Any photochemical intermediates were absent in transient absorption upon direct photolysis and triplet xanthone sensitiza-
tion of PAs having electron withdrawing substituent groups at 295 K. Hydroxy-PAs and methoxy-PAs undergo (3-cleavage upon both direct
excitation and triplet sensitization, providing the corresponding phenoxyl radicals. From disagreement between the quantum yields of the
radical formation upon direct excitation and the efficiency of (-cleavage in the triplet state determined by triplet sensitization, it was con-
cluded that the S; and T, states are both reactive for $-bond dissociation in PAs. The non-radiative deactivation process of triplet PAs
was suggested to be due to efficient quenching of the T,(n,m") state by the B-phenyl ring. The deactivation profiles of excited PAs are

discussed.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Photochemistry of carbonyl compounds having [-phenyl
ring has been paid attention from the viewpoint of the deac-
tivation mechanisms of the triplet state [1-10]. It has been
established that the efficient quenching of the carbonyl n,m"
triplet by through-space intramolecular interactions with
B-phenyl ring shortens the lifetimes of the triplet states of such
as PB-phenylpropiophenones and a-phenoxylacetophenones
compared with those of corresponding molecules without
B-phenyl ring. For occurrence of this quenching, a gauche
conformation is required where the m-system of the 3-phenyl
ring is allowed to overlap with the n-orbital of the carbonyl

group [4].
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Based on the relationship between the Hammett constants of
the substituent group and the triplet lifetimes, charge-transfer
interaction was concluded to be involved in the quenching
[8,10]. As with a-phenoxylacetophenones, it is reported that
this quenching occurs in competition with fragmentation due
to B-cleavage of the C—O bond in the triplet state, provid-
ing free radicals [9,10]. The quantum yields of B-cleavage
depend on the substituent groups on the (3-phenyl ring, vary-
ing from 1073 to 0.14 determined by product analysis tech-
niques in benzene [10]. The reactive state for the 3-cleavage of
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a-phenoxylacetophenones upon photoexcitation was regarded
as being only the triplet state. One of the best techniques to exam-
ine the photochemical reactivity in triplet states is suggested to
be triplet sensitization using triplet energy transfer [11].

In this context, to verify the triplet reactivity, we have carried
out laser flash photolysis of a-phenoxylacetophenones using
xanthone as a sensitizer in acetonitrile. Based on the quantum
yields of the formation of the radicals initially formed due to
B-bond dissociation, the mechanism of the B-cleavage in «-
phenoxylacetophenones as well as the reactive state is discussed.

2. Experimentals
2.1. Materials

a-Phenoxylacetophenone (PA) and its p-substituted deriva-
tives, X-PA (X=MeO, OH, Ph, CN and NO;) were synthesized
from a-bromoacetophenone and corresponding phenols. Into an
acetone solution of a-bromoacetophenone in the presence of
KOH, a phenol derivative was added and the solution was stirred
at room temperature for 2 h. After the solvent was evaporated,
the benzene solution of the mixture was washed with water. The
crude product was separated by passing it through a silica gel
column with a mixture of benzene and ethyl acetate (10:1, v/v),
and purified by recrystallization from ethanol. Xanthone (XT)
was repeatedly recrystallized from ethanol. Acetonitirile (ACN)
was purified by distillation and used as the solvent. A mixture of
methanol and ethanol (1:1, v/v) and EPA (a mixture of diethyl
ether, isopenetane and ethanol (5:5:3, v/v/v)) were used as the
solvent for phosphorescence and transient absorption measure-
ment at 77 K, respectively.

2.2. Apparatus

Emission spectra were recorded on a Hitachi F-4010 fluores-
cence spectrophotometer. Third (355 nm) and fourth harmonics
(266 nm) of a Nd:YAG laser (JK Lasers HY-500; pulse width
8ns; 1 Hz repetition) were used for an excitation light source.
The details of the detection system for the time profiles of the
transient absorption have been reported elsewhere [ 12]. The tran-
sient data obtained by laser flash photolysis were analyzed by
using the least-squares best-fitting method. The transient absorp-
tion spectra were taken with a USP-554 system from Unisoku
with which one can take a transient absorption spectrum with
one-shot laser pulse.

2.3. Samples

All the samples in a quartz cell with a 1 cm path length were
degassed by several freeze—pump—thaw cycles on a high vacuum
line. The concentration of PAs for 266 nm laser photolysis was
adjusted to achieve the optical density at 266 nm being ca. 0.7
in ACN (~10~% mol dm—3). Usual measurements were carried
out at 295 K. The number of the repetition of laser pulsing in the
sample was less than four pulses to avoid excess exposure. Sev-
eral measurements were repeated using the same concentration
systems to attain experimental errors less than +5%.
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Fig. 1. Phosphorescence spectra of PAP (a), OH-PAP (b), MeO-PA (c), CN-PA
(d) and Ph-PA (e) in a mixture of MeOH and EtOH at 77 K.

3. Results and discussion

Fig. 1 shows phosphorescence spectra of a-phenoxylace-
tophenones obtained in a mixture of methanol and ethanol (1:1,
v/v) at 77 K. The shape of the obtained spectra having vibrational
structures are similar to each other except for that of Ph-PA. The
appearance of vibrations in phosphorescence spectra reveals a
strong vibronic coupling between the 3(n,m") and 3(w,7") con-
figurations. The phosphorescence spectrum of Ph-PA resembles
those of biphenyl compounds [11], indicating that triplet exci-
ton in Ph-PA is localized on the biphenyl moiety. Emission from
NO;-PA was absent. It was confirmed that the excitation spectra
for the obtained phosphorescence agreed well with the corre-
sponding absorption spectra. From the phosphorescence origins,
the triplet energies (ET) of emissive PAs were determined to be
ca.73.5 or 64.6 kcal mol~! for Ph-PA. The Et values determined
are listed in Table 1.

Fig. 2 shows the transient absorption spectra observed at
500ns after 266 nm laser pulsing in the studied PAs in EPA
glass matrix at 77 K. The absorption peaks at 335 nm are seen
for PA and X =MeO, OH and CN derivatives. It is known that
the shapes of triplet absorption spectra of acetophenone deriva-
tives are useful criteria determining the lowest triplet (T ) nature,
3(n,w") or 3(mw,m"), both of which readily undergo inversion of
the lowest state with changes of solvent polarity and substituent
groups [13,14]. Since the absorption spectra obtained for PA
and X=MeO, OH and CN derivatives resemble that of 7,7
triplet acetophenone [13,14], the electronic character of their T
states in polar media is of a 7" type in nature. The transient
absorption spectrum of Ph-PA at 395 nm is similar to that of
triplet biphenyl derivatives [11], which agrees with the result
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Table 1

Triplet energies (ET), quantum yields (®,q) and efficiencies (arq) of radicals upon direct excitation and sensitization, quenching rate constants (kq), Hammett
constants (agr ) for PAs, enthalpies for formation of X-PA and X-PR (AfH(X-PA) and AtH(X-PR)) and the C—O bond (D(C—0))

X Ep? Dra® Qrad kq oF¢ AtH(X-PA) AfH(X-PR) D(C—0)!
(kcalmol 1) (10° dm® mol ! s71) (kcalmol ™) (kcalmol ™) (kcalmol~1)
NO, nd. 0 0 10.0 0.79 189.2 227.3 57.9
CN 735 0 (0.0039) 0 4.0 0.66 17.2 49.4 52.0
H 735 0(0.014) 0 43 0 —17.6 13.5 50.9
Ph 64.5 0.10 0 9.1 -0.13 6.7 36.6 49.7
MeO 73.9 0.22(0.14) >0.27 7.6 —0.78 —55.0 -27.7 47.1
OH 732 0.18 (0.14) >0.24 5.1 —-0.92 —61.7 —349 46.6

n.d., not determined.

4 Determined from the 0-0 origin of the phosphorescence spectrum in a mixture of methanol and ethanol (1:1, v/v) at 77 K.

b Data in parentheses were obtained by product analysis in benzene [10].
¢ Data from ref. [19].
4 Obtained by Eq. (6). See text for details.

from phosphorescence measurement that triplet energy in Ph-
PA is localized on the biphenyl moiety of a 7" type. Transient
absorption for NO>-PA was absent. The observations of phos-
phorescence and transient absorption spectra at 77 K indicate
that the employed PAs efficiently give the triplet states without
any photochemical reactions at 77 K.

Laser flash photolysis at 295 K was carried out to investigate
the initial photoreactions of PAs in ACN in a nanosecond time
region. Fig. 3a shows a transient absorption spectrum obtained
at 100 ns after 266 nm laser pulsing in an ACN solution of MeO-
PA. Absorption peaks at 330 and 400 nm and a broad absorption
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Fig. 2. The transient absorption spectra observed at 500 ns after 266 nm laser
pulsing in EPA glass of PA (a), OH-PA (b), MeO-PA (c), CN-PA (d) and Ph-PA
(e) at 77K.
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Fig. 3. (a) A transient absorption spectrum obtained at 100 ns after 266 nm laser
pulsing in an ACN solution of MeO-PA. (b) Reference absorption spectra of
the p-methoxyphenoxyl radical (MPR, solid) and benzoylmethyl radical (BMR,
dash).

band at 450 nm are seen. The former peaks are similar to those
of the p-methoxyphenoxyl radical (MPR) while the latter is due
to the benzoyl methyl radical (BMR) having the molar absorp-
tion coefficient, & = 1700 dm3 mol~! cm~! at 450 nm [15]. The
¢ value of MPR was determined to be 3800 dm> mol~! cm™!
at 400nm by comparing with that of the benzophenone ketyl
radical (¢=3700dm? mol~'ecm™! at 545nm [16]) produced
by H-atom abstraction of triplet benzophenone (BP) from p-
methoxyphenol (MeOPhOH) upon 355 nm laser photoysis of a
BP/MeOPhOH system in ACN. The reference absorption spec-
tra of MPR and BMR are shown in Fig. 3b.!

The absorption spectrum obtained by laser photolysis can
be reproduced by superposing those of MPR and BMR. The

! The absorption spectrum of MPR was obtained by hydrogen atom
abstraction of fert-butoxyl radical from MeOPhOH generated upon 308 nm
laser pulsing in a di-fer-butyl peroxide (8.7 x 10~2 mol dm~3)/MeOPhOH
(4.0 x 1073 mol dm™—3) system in ACN at 295 K.
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reproducibility in the transient absorption spectrum indicates
that the decomposition of MeO-PA occurs upon photoexcitation
to provide MPR and BMR.

The quantum yield (@.,q) of the radical formation upon
266 nm laser photolysis of MeO-PA was determined with the
use of Eq. (1) based on the absorption change (AA4gp) at 400 nm
due to formation of MPR and BMR.

-1
Drag = AAggo() + e50aR) Iab; ey

where 8%%R, 84B%R and I,ps are, respectively, the molar absorp-

tion coefficients of MPR at 400 nm (3800 dm> mol~! cm~!) and
of BMR at 400 nm (1300 dm? mol~! cm~! [15]) and the number
of the photon flux of a laser pulse absorbed by MeO-PA. The
quantity of I, is determined by using the absorption of triplet
benzophenone in ACN as an actinometer [17].

AABY = BPRBE I b 2)
where AA?P, 8$P and (DIBSPC are, respectively, the initial

absorbance at 520nm for the formation of triplet benzophe-
none obtained immediately after laser pulsing, the molar
absorption coefficient of triplet BP at 520nm in ACN
(6500 dm3mol~!ecm™! [18]) and triplet yield of benzophe-
none (1.0 [19]). By using Egs. (1) and (2), the ®,q value
was determined to be 0.18 =0.01. Upon 266 nm laser pho-
tolysis of HO-PA and Ph-PA in ACN, transient absorp-
tion due to BMR and p-hydroxyphenoxyl radical (HPR,
£=4500dm> mol~!ecm™! at 400nm)> or p-phenylphenoxyl
radical (PPR, £=2700dm? mol~!cm™! at 500 nm [20]) was
obtained, respectively.

The @,,q values for OH-PA and Ph-PA were determined to be
0.18 0.01 and 0.10 £ 0.005, respectively. With NO;,-PA, CN-
PA and PA, any perceptible transient absorption spectra were
quite absent upon 266 nm laser photolysis at 295 K although
triplet—triplet absorption spectra due to CN-PA and PA were
seen at 77 K. From these observations, it is inferred that the
triplet states of CN-PA and PA deactivate at room temperature
immediately after being produced via intersystem crossing from
the excited singlet states. As with NO,-PA, the excited singlet
state may be governed by the internal conversion to the ground
state without intersystem crossing and any chemical reactions.
The ®;,q values determined upon direct excitation are listed in
Table 1.

The triplet energy (74.0 kcal mol~! [19]) of xanthone is larger
than that of PAs (ca. 73.5 kcal mol~!). Although the difference
in triplet energy between XT and PAs is 0.5 kcal mol ~!, efficient
triplet energy transfer possibly occurs [21]. Triplet sensitization
of XT by using third harmonics from a Nd: YAG laser (355 nm)
was performed in ACN solutions of PAs. A time profile of the
transient absorption at 625 nm for the XT/MeO-PA system is
shown in Fig. 4. A decay rate of the absorption intensity at
625 nm due to triplet XT was obtained to be 6.0 x 10°s~!. After
triplet XT completely deactivated, a transient absorption spec-
trum with absorption bands at 400 and around 450 nm appeared

2 Determined by the same procedure as the ¢ value of MPR with a BP/p-
hydroxyphenol system in ACN.
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Fig. 4. The temporal absorbance change at 625 nm observed after 355 nm laser
photolysisina XT (3.0 x 1073 mol dm—3)/MeO-PA (6.0 x 10~ mol dm—3) sys-
tem in ACN at 295 K. Inset: A transient absorption spectrum obtained at 1.2 ps
for the system studied.

(see inset in Fig. 4). The observed spectrum is similar to that
obtained upon direct excitation of MeO-PA (Fig. 3a). The for-
mation of the radicals, MPR and BMR indicates that the C—O
bond of MeO-PA dissociates via the triplet state produced by
triplet sensitization of XT. The observed rates (kopsq) for the
decay of triplet XT are plotted as a function of the concentration
of MeO-PA [MeO-PA] in Fig. 5a. Since the plots give a straight
line, the kopsq can be formulated by:

kobsd = ko + kq[MeO-PA] 3)

where ko and kg, respectively, represent the decay rate of triplet
XT in the absence of MeO-PA and the rate constant for quench-
ing of triplet XT by MeO-PA. From the intercept and slope of the
line, the values of ko and kq are determined to be 1.0 x 10051
and 7.6 x 10° dm3 mol~! s™!, respectively. The kq values for
other PAs obtained by the above method are listed in Table 1.
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Fig. 5. The decay rate (kobsa) Of triplet XT (a) and the quantum yields (@5*

rad
for radical formation upon triplet sensitization (b) plotted as a function of the

concentration of MeO-PA. The solid curve in (b) was calculated by Eq. (5).
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XT sensitization of OH-PA provided appearance of the corre-
sponding radicals whereas any transient absorption for X=H,
CN, Ph and NO, was not perceptible after depletion of triplet
XT. From the result that the magnitude of & is in the same order
of 10° dm?® mol~! s™!, it is inferred that triplet energy transfer
does occur from triplet XT to PAs to produce triplet PAs that may
deactivate so fast to the ground state through specific conforma-
tional quenching or undergo (3-cleavage in the triplet states of
MeO-PA and OH-PA.

The quantum yield (@3%°) for the formation of MPR and

rad
BMR upon triplet sensitization was determined by:
MPR
s = AAaoo(eloo: + £500°) (1 abs) “)
E%OR, EE%Rand 1 ;ﬁs are, respectively, the molar absorption coef-

ficients of MPR at 400 nm (3800 dm® mol~! cm~!) and of BMR
at 400 nm (1300 dm> mol~! cm~!) and the number of the pho-
ton flux of a laser pulse absorbed by XT. The value of Iﬁf
355nm was determined by using the triplet—triplet absorption
of BP as an actinometer by adjusting absorbance at 355 nm (see
Eq. (2)). The obtained values of @}74° are plotted as a function
of [MeO-PA] in Fig. 5b. The ®}74° value increases non-linearly
with increasing [MeO-PA]. The @333° value is also formulated
with the kinetic parameters, ko and kq by:

S5 — kq[MeO-PAlraqaeT Pl (ko + kq[MeO-PA]) ™!
®)]

where oaq, oTET and Q%TC are the efficiency for the radical for-
mation in the triplet state of MeO-PA and triplet energy transfer
from triplet XT to MeO-PA and the triplet yield of XT (1.0 [19]),
respectively. By best-fitting Eq. (5) to the experimental values
of @371 with the use of the ko and kg values obtained above, the
product value of o,q and argT Was obtained to be 0.27 4 0.01.
Since the value of argr is not larger than unity, that of oy, for
MeO-PA is not smaller than 0.27. As with OH-PA upon triplet
sensitization, the product value of aog and eTgT Was determined
to be 0.24 + 0.01 by the same manner to a XT/MeO-PA system.
According to the spin conservation rule, a triplet radical pair,
3(BMR + X-PR)caee 0f BMR and the phenoxyl radical deriva-
tive, X-PR (X=MeO or OH) is initially produced in a solvent
cage upon the C—O bond cleavage in triplet MeO- or OH-PA.
The triplet radical pair is allowed to escape from the solvent
cage without geminate recombination, resulting in efficient for-
mation of free radicals, BMR and X-PR. Thus, the a4 value can
be interpreted to be equal to that of the efficiency for the bond
cleavage in the triplet state of X-PR. Itis noteworthy that the @,q
values for MeO-PA and OH-PA (0.22 and 0.18) is smaller than
those of ag (>0.27 and >0.24). From these disagreements, it
is concluded that the reactive states for 3-cleavage upon direct
excitation of MeO-PA and OH-PA are not only the triplet states
but also the excited singlet states. In an early study, the quan-
tum yields for intersystem crossing of PAs were assumed to be
unity [10]. However, the finding of the dual dissociative states
of MeO-PA and OH-PA indicates that their quantum yields, @jsc
of intersystem crossing are not unity. In the present work, it was
impossible to estimate definite @js. values and quantum yields
for B-cleavage presumably in the S state. Recently, excited sin-

glet states of aromatic carbonyl compounds are found to undergo
bond dissociation as well as the triplet state (w-bond cleavage)
[22-24].

Since occurrence of the 3-cleavage in the S; state of OH-PA
and MeO-PA is probably competitive with intersystem crossing,
the rate of 3-cleavage in the S states may be as large as those of
intersystem crossing. In the present work, the electronic charac-
ter of the T states of PAs except for Ph-PA and NO;,-PA were
shown to be of a ,m" type from the triplet absorption at 77 K.
The excited state ordering of the studied PAs except Ph-PA and
NO,-PA is considered to be Si(n,w")>To(n,m")>T ().
From the El-Sayed’s selection rule, it is inferred that the intersys-
tem crossing of PAs proceeds from the Sy (n,7") to the Ta(n,7")
state, whose rate is relatively smaller than that of intersystem
crossing from Sl(n,’rr*) to w,am triplet, e.g., 1 x 101 g1 of
benzophenone [25]. Once the Tl(Tr,Tr*) states of X-PAs except
for Ph-PA and NO;-PA are formed by internal conversion from
the T;(w,m") states via the To(n,m") state upon direct excita-
tion or by triplet sensitization, we propose that irrespective of
occurrence of [B-cleavage, the Tl(w,fn*) state undergoes a fast
deactivation to the ground state via the T (n,7") state interacted
with the (-phenyl ring. The quenching rates of triplet XT by
PAs obtained were all in the magnitude of 10° dm? mol~!s~!,
indicating that triplet energy transfer undoubtedly proceeds to
produce triplet states of PAs. However, any triplet absorption
spectra of PAs were not observed at 295 K. Therefore, we con-
sider that the absence of absorption of triplet PAs must be due
to their shortened lifetimes of triplets by a fast non-radiative
deactivation process. The most probable pathway is quenching
of the n,m" triplet carbonyl moiety by the B-phenyl ring [4]. For
the present case of PAs, the deactivation of triplet PAs should
proceed by through-space interaction between the (3-phenyl ring
and the Tz(n,*rr*) state coupled with the Tl(TI',TI'*) state by either
vibronic mixing or a thermal population at 295 K. For the case of
B-dissociative X-PA (X=MeO and OH), it must be considered
that residual efficiencies (1 —ay,g) upon deactivation of these
triplet states in fluid media are for quenching induced by [3-
phenyl ring.

Based on the obtained results and consideration of quench-
ing of the Ty(n,m") state by B-phenyl ring, a schematic energy
diagram for photoexcited X-PA (X =OH and MeO) is depicted
in Scheme 1 including the C—O bond cleavage processes. Dis-
sociation profiles in the excited states of the X-PAs can be
interpreted to be a thermally activated crossing to dissociative
potential surfaces leading to free radicals. The plausible disso-
ciative potentials are of w0 and m, 7", and the energy level of
the former would be located lower than that of the latter at a
reaction coordinate. According to a crossing rule, excited states
of m,m" would correlate with a ,0" state which leads to a pair
of o radicals whereas those of n,m" would interact with a ,5"
state [26]. With respect to X-PA, the Si(n,m") interacts with a
singlet 1,0 dissociative potential for the C—O anti-bonding,
competing intersystem crossing to the Ty (m,7") state while the
Tl(Tr,Tr*) correlates with a triplet 0,0 surface, leading to for-
mation of a singlet o-radical pair in a solvent cage. After some
of the o-radical pairs of BMR and X-PA escape from the sol-
vent cages, the electronic configuration of o-radical in BMR
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Scheme 1. An energy diagram for deactivation processes of excited OH-PA or
MeO-PA including the 3-bond decomposition process.

converts to that of m-radical due to stabilization energy accrued
from m-delocalization [26]. The enthalpy of the C—O bond of
PAs, D(C—0) was obtained on the basis of the heat of formation
(A¢H) for X-PA, BMR and X-PR computed by using a semi-
empirical PM3 program contained in MOPAC’97 by Eq. (6).

AfH(X-PA) = AfH(BMR) 4+ AfH(X-PR) — D(C-0) 6)

where A¢H (BMR) was 19.8 kcal mol~! for all the cases. The
calculated values of AfH (X-PA), A¢H (X-PR) and D(C—O) are
listed in Table 1. Both MeO-PA and OH-PA having D(C-0O)
values of ca. 47 kcal mol !, which is definitely smaller than the
triplet energy of X-PA (ca. 73 kcal mol ! for X = OH and MeO),
are shown to dissociate in the triplet state. It seems that the
threshold of bond enthalpies for cleaving the C—O bond in triplet
PAs lies at ca. 49 kcal mol !

On the other hand, any radical formations were not seen upon
photolysis and sensitization of X-PAs (X=H, CN and NO»). An
energy diagram for X-PAs where radical formation is absent is
drawn in Scheme 2. The absence of bond dissociation in excited
states is interpreted in terms of a large energy barrier, AE, from
an excited state to a dissociative potential surface [24,27-29].
Since the C—0O bond enthalpies of X-PAs where radical forma-
tion was not seen are larger than those of OH-PA and MeO-PA,
the energy level of the crossing point between the excited state
and the dissociative potential surface becomes higher than those

(o, o%)

\ I(m, o%)

Si(n,7*)

Tz(n,:*)b X
Ty, n*)\\\

//
77

BMR + PR or CN-PR
\

Energy

/L

N\ D(C-0) > 49 keal mol”!

So (PA or CN-PA)

Reaction Coordinate

Scheme 2. An energy diagram for deactivation processes of excited PA or CN-
PA.

for OH-PA or MeO-PA. Triplet X-PAs (X=H, CN and NO,)
are fated to deactivate to the ground state via the Tz(n,frr*) state
quenched of the B-phenyl ring.

Fast quenching of triplet Ph-PA, where triplet exciton is
shown to be localized on the biphenyl moiety of 7" from
the phosphorescence spectrum, was seen upon XT sensiti-
zation. A fast deactivation mechanism of Ph-PA must dif-
fer from those of other PAs since triplet n,m" character is
absent in the biphenyl moiety. The triplet quenching mecha-
nism for Ph-PA may be originated from charge-transfer interac-
tion between triplet biphenyl and the carbonyl moiety, forming
likely an intramolecular triplet exciplex. A similar intermolec-
ular quenching mechanism is shown for deactivation of triplet
aromatic compounds by ground state ketones via a triplet exci-
plex having weak charge-transfer character and sandwich-like
structure [30].

4. Conclusion

Based on transient absorption measurements upon direct
photolysis and triplet sensitization techniques, photoreactions
of PAs were investigated in a nanosecond time-domain. Upon
direct photoexcitation of hydroxy-PAs and methoxy-PAs, -
bond dissociation was confirmed from formation of correspond-
ing phenoxyl radicals with quantum yield of ca. 0.2. These
radicals were found to be produced from both the excited sin-
glet and lowest triplet states since the o,q values were evidently
larger than the @.,q ones. These dual reactive states indicate
that the intersystem crossing yields of those PAs are not unity.
The fragmentation of OH-PA and MeO-PA can be understood
by considering the smaller C—O bond enthalpies than those of
undissociative X-PAs. The obtained value of D(C—O) decreases
with a change of the Hammett constant, op+ of the substituent
group from positive to negative values. Unfortunately, due to
lacking of triplet lifetime data for PAs in ACN and the absence
of bond dissociation in triplet PAs with positive o; values, it
is difficult to discuss the triplet quenching mechanism based on
Hammett constants in the present study. The fast decay of X-
PA should be due to through-space interactions of the 3-phenyl
ring with the To(n,w") state coupled with the Ty(m,m") state
arising from either vibronic mixing or thermal population. As a
triplet deactivation mechanism of Ph-PA, it was suggested that
quenching of the triplet biphenyl moiety by the phenacyl moiety
proceeds like a triplet exciplex reported previously [30].
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