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The C-O bond cleavage from benzophenone substituted with 438H(pP-BPCHOR, 1-3), such as
p-phenoxymethylbenzophenong, (R= CeHs) and p-methoxymethylbenzophenong, (R= CHjg), occurred

by a stepwise two-photon excitation during two-color, two-laser flash photolysis. On the other hand(tno C
bond cleavage occurred fromhydroxymethylbenzophenon8, (R = H). The first 355-nm laser excitation

of 1-3 generatep-BPCHOR in the lowest triplet excited state jjTwhich has an absorption at 532 nm.
Whenp-BPCHOR(T,) is excited with the second 532-nm lasemt@PCHOR in the higher triplet excited
state (T,), the C-O bond cleavage occurred within the laser flash duration of 5 ns. The quantum yields of the
C—0 bond cleavage during the second 532-nm laser irradiation were found to be#9 @087 and 0.007

4 0.003 forl and?2, respectively. Although these values are low, the diminisiifig) or 2(T,) was found

to convert, in almost 100% yield, to phenoxylst€zO°) andp-benzoylbenzyl (BPCH) radicals or methoxyl
(CH3O) and BPCH' radicals, respectively. The, Excitation energy, the energy barrier along the potential
surface between the, States and product radicals, and delocalization of thetdte molecular orbital including

BP and CHOR (R = C¢Hs, CHs, H) moieties are important factors for the occurrence of theOCbond
cleavage. It is found that the-€D bond cleavage and production of free radicals, such as BPCkHsOr,

and CHOr, can be performed by a stepwise two-photon excitation. The present study is an example in which
the chemical reactions can be selectively initiated from thetate but not from the ;Sand T, states.

Introduction excitation energiesHr;) higher than the bond-dissociation
energies Egpg) of the C-S, O-0, and C-X bonds. On the

Benzophenone (BP) and its derivatives in the lowest triplet .
P (BP) b other hand, the €0 bond cleavage does not occur in BP

excited states (i), generated through an intersystem crossing . . .
from the singlet excited states §Sin 100% yield during  SuPstituted with 4-CbDH in the T, state (Bll:;cl:?pH(.Tl))’
irradiation, are some of the most important excited states andbec":IUSEEBDE of the C-O bond (308 li mgl) ** is higher
reactive intermediates in photochemist®/The properties of than Er, of BPCHZOH(TD_ (286 k‘]_ mot™). Sl_nce the_carbon_—
BP(Ty) and its derivatives(f are well knowr? For example, and oxygen-centered radicals are important in organic c_h(_emlstry,
the transient absorption of BP{)Twith a peak at 525 nm is for example_, th_ey can be p_ractlcally used as radical Initiators
widely used as the reference of the State. Because the [OF Polymerizationi® controlling the C-O bond cleavage is a
BP(T,) state energyHr, = 286 kJ mof?) is relatively high, very attractive subject.

BP(Ty) is widely used as a triplet sensitizer to generate other ~We have reported that the fast-© bond cleavage occurs
molecules in the Tstate from the triplettriplet energy-transfer ~ to produce naphthylmethyl radicals from naphthalene substituted
reactions’ In addition, BP Ey®d (standard calomel electrode, by 1- or 2-CHOR, 1,4-(CHORY), or 1,8-(CHOR), (R = CeHs
SCE)= —1.83 V} is also used as the electron acceptor to and GHsCO GHs) in the T, states!*15The T, state excitation
oxidize molecule4;5 and bimolecular reactions of BP{T such energy of the naphthalene derivatives is higher thanBke

as hydrogen abstraction and 2~ 2 cycloaddition are well ~ of the C-O bond and was efficiently delocalized in the
known36-8 |t is concluded that BP(fJ is reactive with various ~ haphthalene chromophore anetO bond due to the interaction
molecules. of the naphthalenesx* and oxygen p orbital, while the {Tstate

On the other hand, no unimolecular reaction of Bf[{as excitation energy is lower than thespe and localized in the
been observed:3 However, the &S bond cleavage of BP ~ naphthalene chromophore. Therefore, the@bond cleavage
substituted with 4-CbkSH in the T state (BPCHSH(Ty)) has occurs in the F state and not in the (Tstate. Along with this
been recently reportédThe O—O bond cleavage itert-butyl- finding, it is interesting to examine whether such a delocalization
4-(4-methylbenzoyl)perbenzoate and-& (X = Cl and Br) occurs in the T excitation energy for m* and the oxygen p
bond cleavage in 4-(halomethyl)benzophenone were also foundorbital. For example, does benzophenon interact with the
when the BP chromophore was excited to thesfatel®1 The oxygen p orbital in BPCEDR(T,) ? Does the €O bond
C—S, O-0, and G-X bond cleavages occur for the BRJT  dissociation occur from BPGIR(T)?

- y AE—— y " ma@ We now report the occurrence of the-O bond cleavage of

*To whom correspondence shou e addressed. E-mail: majima — i _ -
sanken.osaka-u.ac.jp. Te-81-6-6879-8495. Fax:+81-6-6879-8499. BPCHOR(Tn) (R = CeHs, CHs, H) during the two-color two

 Osaka University. laser flash photolysis. It was found that not only thestate

*Gunma University. excitation energy but also the characteristics of the R group
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SCHEME 1: Structures of the Benzophenone 1.0
Derivatives (1—-3) Used in the Present Study 0.8}
>
" 1: R= CgHs 2oer
2:R=CHs E o4y
CH,-O-R  3:R=H ZZ fone
BPCH,OR 400 450 500 550 600 650
A (nm)
have significant effects on the occurrence of the@ bond Figure 2. Phosphorescence spectra of BP (solid lidedotted line),

cleavage. The three BPGER derivatives, i.e.p-phenoxy- 2 (dashed line), an@ (broken line) in MeOH-EtOH (1:1 v/v) rigid
methylbenzophenond,(R = CgHs), p-methoxymethylbenzo- matnxl_at (717 K;Jge phosphorescence spectra of BR, and3 are
phenone?, R = CHz), andp-hydroxymethylbenzophenong,( 0" 2ed at 418 nm.

R = H), used in this study are shown in Scheme 1. Since the transient absorption spectrd(@f,)—3(T,) are very
similar to that of BP(T) and no emissions fror(S;)—3(Sy)
Experimental Section were observed, the extinction coefficients and intersystem

) crossing quantum yields from the & T, state of1-3 are
Materials. p-Phenoxymethylbenzophenomemethoxymeth- expected to be similar to those of BRYTeszs = 6250 M1

ylbenzophenone, angthydroxymethylbenzophenone were syn- -1 and®sc = 1.0, respectively}:2 The transient absorption
thesized according to the literatdfeAcetonitrile (spectral grade) peak of1(T:)—3(T1) was observed at 525 nm, indicating that
was purchased from Nacalai Tesque, Inc. Sample solutions wergy,q phenyl, methyl, and hydroxyl substituents have no effect
freshly prepared and Qeoxygenated by bubbling with Ar. All 1 the T absorption, i.e., the energy gap betweerafid T,
experiments were carried out at room temperature. (AEr,—T,) is equivalent. The triplet excitation energy is localized
Two-Color Two-Laser Flash Photolysis.Two nanosecond  at the BP moiety irl(T;)—3(T). The phosphorescence spectra
Nd:YAG laser systems (Continuum, Surelite 11-10; 5-ns full of 1—3 were the same as that of BP with a0 peak at 418
width at half maximum (fwhm), 10 Hz, and Brilliant, Quantel; nm in the MeOH-EtOH (1:1 v/v) rigid matrix at 77 K (Figure
5-ns fwhm, 10 Hz) were employed for laser flash photolyses at 2) indicating that m* character ofl(T1)—3(T1) is similar to
355 and 532 nm, which are similar to the former repdfts. that of BP(T,) and that theEr, values of1—3 are the same as
Two laser flashes were synchronized by a pulse generator withthat of BP(T) (Er, = 286 kJ mot?).
a delay time of 10 ns10us and overlapped through the sample. No new peak was observed during the decay(®f)—3(T,),

The probe light was obtained from a 450-W Xe lamp (Osram syggesting that no €0 bond cleavage occurred from the
XBO-450). The probe beam was passed through an iris with a 1(T,)—3(T,) (egs 1-3).

diameter of 0.3 cm and sent into the sample with a perpendicular

intersection of the laser beams. The probe beam was then fwass

focused on a monochromator (Nikon G250). The output of the BPCHOR(S) BPCHOR(S) 1)
monochromator was monitored using a photomultiplier tube ISC 100%

(PMT) (PMT, Hamamatsu Photonics R928). The signal from BPCHOR(S) BPCHOR(Ty) @)
the PMT was recorded on a transient digitizer (TDS 580D four- BPCH,OR(T,) ISC 100% BPCHOR(S) 3)

channel digital phosphor oscilloscope, 1 GHz, Tektronix). A
Hamamatsu Photonics multichannel analyzer (C5967) system
was used for measurement of the transient absorption spectra
The total system was controlled with a personal computer via
GP-IB interface. To avoid any damage of the sample solution
by the probe light, a suitable cutoff filter was used in front of
the sample.

C—0 Bond Cleavage fromp-BPCH;OR(T,) during Two-
Color Two-Laser Flash Photolysis.When1(T;) was excited
with the second 532-nm laser flash, the bleachind.(@%) at
525 nm AAO.Dszs) and generation of a new absorption band
in the region of 375420 nm with peaks at 383 and 398 nm
(AAO.D 399 were observed (Figure 3XAO.D 525 andAAO.D 395
linearly increased with the increasing second 532-nm laser
power (Figure 4).

p-BPCH,OR(T1) with One-Laser Flash Photolysis.The Becausel(So) has no absorption at 532 nm, orilT,) was
transient absorption spectrabf 3 in the lowest triplet excited ~ €XCited to producel(Tr) during the second 532-nm laser
state (T) were observed during the 355-nm laser (3 mJ pijse irradiation. The bleaching of(T;) at 525 nm is attributed to

irradiation of1-3in an Ar-saturated acetonitrile solution at room th€ occurrence of some reactions frob(Tr) without the
temperature (Figure 1). reproduction ofl(T1). Two new absorption peaks were observed

at 383 and 398 nm, while the transient absorption indicated little
04 change in the region of 32870 nm as shown in Figure 3d.
The new absorption band in the region of 3220 nm is

Results and Discussion

037 composed of a broad band at 320 nm and two peaks at 383 and
g o2kt 398 nm as shown in Figure 3e, which are assigned to the
< o characteristic absorption of tipebenzoylbenzyl radical (BPCH

and phenoxyl radical (§150°) respectively?.1920The reduced
00 bleaching of the absorption 4{T3) in the region of 326-370
A (m) nm than that at 525 nm during the 355- and 532-nm two-laser
Figure 1. Transient absorption spectra obtained at 100 ns after the |rr_ad|at|_0n, Figure 3b, confirmed the formation of BPE#h
355-nm laser irradiation during the laser flash photolysi ¢dotted this region. On the other hand, based ondhelue of GHsO*
line), 2 (broken line), and3 (solid line) in Ar-saturated acetonitrile &t 398 nm ¢z9g = 2200+ 200 M~* cm™1)192%ande value of
solution at room temperature. BPCH, at 320 nm é30 = 7500 = 400 Mt cm™),° the
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— * (nm) Figure 5. Transient absorption spectra obtained at 200 ns after
0.10[ Y 383398 mm B irradiation with the 355-nm laser (a, dotted line) and 100 ns after the
005l 4l 355- and 532-nm two lasers (b, solid line) during the laser flash
a AN e photolysis of2 in Ar-saturated acetonitrile solution at room tem-
o 0-00{4- perature. The delay time of the second 532-nm laser after the first
2-0.05 3 d 355-nm laser was 100 ns. The broken line (c) shows the spectrum with
.0.10} the bleaching of2(T;) but no formation of any new absorption
band. The delay time of the second 532-nm laser after the first

360 420 480 540 355-nm laser was 100 ns. The inset shows the formation of the new
A (nm) absorption band in the region of 31@25 nm, obtained by subtraction
Figure 3. (A) Transient absorption spectra obtained at 200 ns after of ¢ from b.
the 355-nm laser (a, dotted line) and 100 ns after the 355- and 532-nm

two lasers (b, solid line) irradiation during the laser flash photolysis of a
1in Ar-saturated acetonitrile solution at room temperature. The broken L03r )
line (c) shows the spectrum with the bleachind ;) but no formation 5 c
of new absorption band. The delay time of the second 532-nm laser g 02
after the first 355-nm laser was 100 ns. (B) The transient absorption < o1
spectral changes a{T,) after the second 532-nm laser irradiation were ’
obtained by subtraction of a from b (d) and subtraction of ¢ from b 00 , .
(e), respectively. 0 200 400 600
t (ns)
0.3 Figure 6. Time profiles show the\O.D. changes a(T.) at 525 during
AAO.D the one 355-nm laser (a) and 355- and 532-nm two-laser irradiation
T 525 with 532-nm laser powers of 50 (b) and 80 mJ puis) during the

laser flash photolysis & in Ar-saturated acetonitrile solution at room
temperature.

0.2

Similar results to those fat were observed fo? (Figures 5
and 6).

The bleaching o(T;) at 525 nm increased by increasing
the second 532-nm laser power. The lower bleaching during
the absorption 02(T;) in the region of 326-370 nm than that
0.0¥ . . . . of at 525 nm during the 355- and 532-nm two lasers irra-
0 200 400 600 diation also suggests the formation of BPLHh this re-

t (ns) gion. Because the methoxyl radical (gP1) has no absorption
in the region of 306-600 nm or a very weak orfé,no new

AO.D

0.1

Figure 4. Time profiles show thé\O.D. changes of(T1) at 525 and : : _
398 nm, during the 355- and 532-nm two-laser irradiation with 532- absorption peak was observed during the second 532-nm

nm laser powers of 50 (red line) and 100 mJ piglue line) during laser irradiation. Similarly, acqording to thevalue pf BPCH*
the laser flash photolysis df in Ar-saturated acetonitrile solution at @t 320 nm, the concentration d¥(T,) that disappeared

room temperature. ([2(T1)] = (AAO.Ds25= 0.05)/fes25 = 6250 Mt cm?) = 8.0

) . x 1076 M) was almost equal to that of the BP@Hormed
concentration ofl(T,) disappeared {{T1)] = (AAO.Dszs5 = (IBPCHy'] = (AAO.D320 = 0.06)/fe320 = 7500 + 400 M1
0.11)/€s25 = 6250 M1 cm*l) =176x 10°° M) was almost Cm—l) = 8.0 + 0.45 x 10°© M), where AAO.Dszs and
equal to those of the formedsB50" and BPCH?® ([CeHsO"] = AAO.D g0 decreased and increased in the transient absorption
(AAO.D 595 = 0.04)/f303 = 2200 200 M~* cm™) = 1.82+ at 525 and 320 nm, assigned2@;) and BPCH", respectively.
0.16 x 10°° M and [BPCH'] = (AAO.Daz0 = 0.12)/fe320 = Therefore, the €0 bond cleavage also occurred fra{T,)

7500+ 400 M~ cm™) = 1.60+ 0.12 x 10°° M) within the during the second 532-nm laser irradiatior26¥;), and almost
second-laser duration, wherAAO.Dsz5, AAO.D3ggs and 100% of the disappeare2(Ty) was converted to C#0* and

AAO.Dgz0 were the decrease, increase, and increase of thegpch,, radicals upon the second 532-nm laser excitation of
transient absorptions at 525, 398, and 320 nm, assigriEd i 2(T1) (egs 6 and 7).

CeHsOr radical, and BPCH radical, respectively. Therefore,
the C-0O bond cleavage occurred frokiT,) during the second

hy,
532-nm laser irradiation of(T1), and almost 100% of the BPCH,0CH,(T;) —~ BPCH,OCH(T,) (6)
disappearingl(T;) was converted to §s0° and BPCH’
Zfadic:l;)upon the second 532-nm laser excitatioh(®f) (eqs BPCH,OCH(T,) MBPCHZ' +'oCcH, (7)
and 5).

hvgs, However, an entirely different result was observed 3or
BPCH,OCH5(T,) —— BPCHOGC;Hs(T,) (4) during the two-color two-laser flash photolysis. No bleaching
C-0 cleavage .. of 3(T,) at 525 nm was observed (Figure 7), indicating that no
BPCH,OCHs(T)) BPCH," +°0OCHs  (5) reaction occurred fron3(T,) or reaction occurred fror8(Ty)
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Figure 7. Transient absorption spectra obtained at 200 ns after the

355-nm laser (a, dotted line) and 100 ns after the 355- and 532-nm

two-laser (b, solid line) irradiation during the laser flash photolysis of

3in Ar-saturated acetonitrile solution at room temperature. The delay

time of the second 532-nm laser after the first 355-nm laser was 100

ns. The dotted and solid lines are overlapped. The inset shows the time

profiles obtained at 525 nm with the 355-nm laser (a) and the 355-
and 532-nm two-laser irradiation with the 532-nm laser power of 100
mJ pulse? (b).
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Figure 8. Plots of AAO.Dsps0f 1(T1) (square) andhAO.D sp50f 2(Ty)
(circle) vs 532-nm laser power.

0 30

and reproduced(T) again within the second 532-nm laser pulse
duration (5 ns) (eqs-810).

h
BPCH,OH(T/) Y332

BPCH,0H(T,) ®)
©)

(10)

C-O cleavage
BPCH,0H(T,) “o 2%l BpCH,» + »OH

BPCH,OH(T,) ——— BPCH,0H(T/)

Linear lines were obtained wheAAOD 55 of 1(T;) and
AAO.Dsys of 2(T1) were plotted vs the second 532-nm laser
power ( mJ pulse?) (Figure 8).

The quantum yield @) of the C-O bond cleavage was
calculated to be 0.01% 0.007 forl and 0.007+ 0.003 for2,
respectively, fromAAO.Ds,s and the number of the second
532-nm laser photons absorbed by the State using an
actinometry of the FT absorption of zinc tetraphenylporphyrin
at 470 nm in cyclohexane{®t = 50000 M1 cm~! at 470
nm)2! It was found that theb(1) value was almost two times
greater tharb(2). The difference inP(1) and®(2) is a result
of the substituent effect on BPs{T

Mechanism of the C-O Bond Cleavage from
p-BPCH,OR(Ty). The Egpe(c-0) Value of3 was reported to be
308 kJ mot?! based on the heat formationfi;) for 3, BPCH",
and *OH using a semiempirical PM3 program contained in
MOPAC97? Similarly, the Egpgc-o) values ofl and 2 were
roughly calculated to be 184 and 241 kJ midbr 1 and2 based
on the AH; values forl, BPCHr, and GHsOr, and for 2,
BPCHy, and CHOr, respectively. It was found that the
Espe(c-o) values ofl and 2 were less than th&r, values of
1(T1) and2(T,). However, no GO bond cleavage was observed
from 1(T,1) and 2(T,). This result showed that the occurrence
of the C-0O bond cleavage is not simply related to g value.

Cai et al.

SCHEME 2: Energy Diagram during the C—0O Bond
Cleavage of -3 with Stepwise Two-Photon Excitation
Using Two Lasers$

A

Energy / kJ mol”

I;\
Egpe(c-0) i
N

o

Reaction coordinate
ahyy, first 355-nm laser excitationhv,, second 532-nm laser
excitation; ISC, intersystem crossingEr, and AEr,, energy barrier
between the potential surfaces of theof T, states and product radicals.

Er, values are greater than tBgpgc-o) values. On the other
hand, based on the absorption edgé(@#)—3(T1) and thekr,
values, the Tstate energieds;,) of 1(T,)—3(T,) are estimated
to be higher than 450 kJ mdl, suggesting the possible
occurrence of the €0 bond cleavage frori(T,)—3(Tn). The
remarkable difference betwedr(1) and®(2) and no bleaching
of 3(Tn) during the second 532-nm laser irradiation also
indicated that the occurrence of the-O bond cleavage depends
not only on theEs, value but also on the character of the
substituent. On the basis of ti&pgc-o) values of1—3, the
potential surface of the BPGHand GHsO* radicals is expect
to be the lowest, that of BPCHand*OH is the highest one,
and that of BPChHt and CHO" is expected to be in the middle
amongl—3. The order of the energy barrier along the potential
surface between the,Btates and the product radicalsHr,)
is AEy, < AExt,) < AEzr,. Therefore, theAEr, value is
one factor determining the bond cleavage yield. SinceBhe
values with the 532-nm excitation are much higher than the
Egpe(c-o) values forl—3, the C-O bond cleavage for all of
1(Tn)—3(Ty) would occur. However, no cleavage occurred in
3(Ty). Therefore, the delocalization of the, $tate including
the CG-0 bond is also important for the occurrence. A theoretical
calculation of the T state potential surface may support the
present experimental results, although it is a subject not related
to the present study. Since the bond cleavage has been
interpreted as being a thermally activated crossing to a dis-
sociative potential surface leading to the- G bond dissociation
according to a selection rule for bond cleavage (avoided
crossing)’?2 a schematic energy diagram of the photoexcited
1-3 upon stepwise laser photolysis is shown in Scheme 2.
Because thder values of1(T1)—3(T,;) are same as that of
BP(T1), the 4-CHOR (R= CgHs, CHs, H) group has no inter-
action with the BP chromophore. Wha(r,)—3(T1) was excited
to 1(Tn)—3(Ty), an electronic delocalization exists between the
BP chromophore and 4-GBR group inl(T,)—3(Ty), showing
the difference in the electronic characters betwHgR)—3(T,)
and 1(T,)—3(T1). The T, molecular orbital must be dispersed
over the entire molecule, since the-O bond cleavage requires
the delocalization of the antibonding character in theGCbond
of 1(T,)—3(Tn). The GHs group hasr electrons, and the O
atom of OR has nonbonding electrons. The size of R is in the
order GHs > CHs > H. Therefore, the electronic delocalization
of the T, state is expected to be in the orddi,) > 2(T,) >
3(Ty). In other words, the phenyl group with electrons is

A large energy barrier exists along the potential surface betweenbonded to the oxygen atom i and the excitation energy in

the Ty states and product radicalsKr,), or there is no crossing
point at all between the two potential surfaces of thesthtes
and product radicals in the casesland2. Therefore, no €O
bond cleavage occurred frof{T;) and 2(T;) even when the

1(Ty) is delocalized more significantly in the moiety including
the C-0O bond than that ir2(T,) in which the methyl group
having nor electrons is bonded to the oxygen aton2irSuch

a delocalization in the Jstate can explain the largdr(1) and
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d(2) values. The delocalization of the, Tolecular orbital in
3(Ty) including the BP and CHDH moieties is impossible,
because a hydrogen atom is bonded to the oxygen atdn in
Therefore, no occurrence of the—© bond cleavage was
observed despite much highif, than Egpg(c-o) for 3.

Comparison of Properties between BP(T) and BP(T,) and
betweenp-BPCH,OR(T3) and p-BPCH,OR(T,). Because the
properties of BP(J) are very important in photochemistry, those
of BP and its derivatives in the,Tstates are also important.
However, in contrast to BP(J, a few studies have been reported
on the properties of BPJ.18:23-26 Obi and co-workers found
that the hydrogen abstraction reaction of BF}(ffom solvent
molecules occurre# Later they found that the dissociation of
BP(T,) strongly depends on the method to generate BPFRst
dissociation of BP(f) occurred during the 308-nm laser
irradiation of BP(T), while no dissociation occurred during the
532-nm laser irradiatiof?2” McGimpsey and Scaiano found
that bleaching of the transient absorption of BP(dccurred
during the 517-nm dye laser irradiation of BR(1h benzené?
They assumed that the excitation of BP(To BP(T,) results
in the repopulation of BP in the ground state)(8y energy
transfer from BP(}) to benzene, producing benzeng(Wwhich
decays to benzenefSwvithout the triplet energy transfer to BP.

J. Phys. Chem. A, Vol. 109, No. 27, 2005093

initiating some chemical reactions from the State, although

no reaction occurs from the, &nd T; states. The present study
is an example in which the chemical reactions can be initiated
from the T, state even when such reactions cannot proceed in
the § and T; states.

Conclusions

The C-0 bond cleavage fror(T,) and2(T,) was observed
during the two-color two-laser photolysis. The diminishik{d)
or 2(T;) was converted, in almost 100% vyield, tgHzO* and
BPCH;,* radicals or CHO* and BPCH radicals, respectively,
through the GO bond cleavage within the laser flash duration
of 5 ns. The quantum yield of the-€ bond cleavage was
calculated to be 0.01% 0.007, 0.00A 0.003, and O fod, 2,
and3, respectively, indicating thdi(T,) and2(T,) undergo the
C—0 bond cleavage in a minor yield and mainly decay(fb;)
and 2(T,), respectively, through internal conversion, and that
3(Tn) completely decays t8(T1) within 5 ns. It is suggested
that Er,, AEr,, and delocalization of the ;Tmolecular orbital
including BP and the CHOR moieties are important factors
for the occurrence of the-€0 bond cleavage. It is also found
that the delocalization of the,Tmolecular orbital occurs not
only in the molecules with thetz* T, state, such as the

Recently, we found that the transient behavior of the quencher supstituted naphthalenes, but also in the molecules withthe n
(Q) of BP(Ty) depends on the quencher structure. After energy T, state, such ap-BPCHOR. The T, state photochemistry

transfer from BP(}) to Q to give Q(T), the sequential triplet
energy transfer from Q@) to BP occurred in 100% for
p-dichlorobenzene andert-butylbenzene as Q but not for
benzene, chlorobenzene, amdichlorobenzene as &.0n the

other hand, the reactions sensitized by Bjp(iere studied using
the two-color two-laser excitation technigtieFast internal

conversion of BP() to BP(T;) occurs within a nanosecond

laser flash duration, while the triplet energy transfer proceeds

from BP(T,) to the appropriate Q. The lifetimes of BRjTand
several BP derivatives in the,Tstate (BPs({f)) have been
estimated to be 110450 ps from the dependence of the
guenching efficiency on the Q concentrati§nt is clear that
BP(T,) and BPs(F) have much shorter lifetimes than those of
BP(T1) and BPs(T). For example, the lifetime of BP(Jis 450
ps, while that of BP(7) is 7 us. Therefore, the BP¢J and
BPs(T,) decay to BP(T) and BPs(T) in almost 100% yield
with no unimolecular reactions. Moreover, the bimolecular
reactions of BP({) and BPs(F) can occur only in the presence

provides an attractive new research field. We would like to
emphasize that the occurrence of these chemical reactions can
be initiated from the Tstate, even when such chemical reactions
cannot proceed in the;&nd T, states. Because the Etate

can be selectively excited to give thg State, one can control

the occurrence of the reactions in thg State using the two-
color, two-laser flash photolysis technique.
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