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The short-lived T state of 1,4-diphenylbutadiyne (DPB) has been investigated in various glassy matrices at
low temperatures using time-resolved EPR and pulsed EPR methods. Zero-field splitting paranigters of
—0.250 cm! and E = +0.018 cm* were determined. The negati value was verified from thé/s
dependence of the ENDOR frequencies. The hyperfine splitting constants of ring protons were obtained
from the electron spinecho envelope modulation with three-pulse stimulated echo. The spin density
distribution on the phenyl groups was estimated from the analysis of the hyperfine splittings at each of the
canonical orientations. The moderate spin densities on the phenyl rings indicated thasthite Wasm,o*

in electronic character. The origin of the large negafivealue of DPB has been discussed in terms of the
spin—orbit interaction between the close lyidgwr* and 3mey* states.

Introduction x z

Much attention has been paid to the excited states of
diacetylene compounds because the photolysis of their single

crystals produces conjugated polymers, which show an excellent y

nonlinear optical charactérlt has been reported that the excited m__0

triplet states are the key intermediate state in the photoinduced p O — == O
polymerizatior? However, there have been only a few studies 543 21

on the electronic structure of the excited triplet states of
diacetylenes. 1,4-Diphenylbutadiyne (DPB)

It has been reported that 1,4-diphenylbutadiyne emits phos- Figure 1. Molecular structure and principal axes of DPB.
phorescencevfy = 20 270 cnt?l) with the lifetime of 0.1 s in )
an EPA (diethyl ether/isopentane/ethanol, 5:5:2) matrix Bt0 the ungusuaﬂly larg¢D) value of DPB, the Istate was assigned
°C3 Hoshi et al measured the polarized absorption spectrum © P& erd* in character. The electronic structure has been
in the stretched polyethylene film and assigned their bands ondiScussed on the basis of the electron spin distribution and
the basis of semiempirical molecular orbital (MO) calculations. semiempirical MO calculations.
Time-resolved (TR) resonance Raman studies suggested thafE
the G=C symmetric stretching exhibits a low-frequency shift
in the lowest excited triplet (3) state compared with the ground DPB purchased from Aldrich was recrystallized from a mixed
(So) state, indicating that the=C bond weaken3. Bubeck et solvent of ethanol/acetone (1:1 (v/v)). Spectrograde methyl-
al® measured the triplet EPR spectra of biphenylglutarate cyclohexane and ethanol were used without further purification.
diacetylene in a single crystal and reported large posiiive  n-Butyronitrile was purified by distillation and passing through
values of zero-field splitting (ZFS) parameters in several sites: a basic alumina column followed by dehydration with molecular
D = +0.2286,+0.2367,+0.2456 cnm’. These values are larger  sieves (4A). Spectrograde toluene was purified by passing
than those of dinaphthyldiacetylene and'Qphenanthyldi- through a basic alumina column. The sample solutions of DPB
acetylene which are deduced from fevalue? It is, therefore, (~0.01 mol dnt?) were degassed by multiple freezeump—
worthwhile to determine the ZFS parameters and spin density thaw cycles. Poly(vinyl alcohol) (PVA) films that incorporated
distribution in the T state of the fundamental diacetylene DPB were prepared according to the procedure reported
compound. previously®

In the present work, we have studied the State of 1,4- An excimer laser (Lumonics Hyper EX-400; XeCl, 308 nm)
diphenylbutadiyne (DPB, Figure 1) by using continuous wave was used as the pulse light source. Magnetophotoselection
time-resolved EPR (CW-TREPR) and pulsed EPR spec- experiments were performed by passing the laser beam through
troscopies. The molecular axeszf, andx are along the triple a Glan laser prism. The CW-TREPR signal was directly
bonds, perpendicular to the long axis within the molecular plane detected using an X-band EPR spectrometer (Varian Model
and normal to the molecular plane, respectively. The unpaired E-109E) without field modulation as reported elsewterd/e
electron spin densities on the phenyl rings were estimated fromused a bimodal cavity (Varian E-236), which provides a
the analysis of the electron sptecho envelope modulation  microwave magnetic fieldR;) parallel to the static magnetic
(ESEEM) spectra observed by a three-pulse stimulated echofield (Bg) as well asB; 0 Bo. The pulsed EPR measurements
technique. The ZFS parameters as well as its sign werewere carried out using an X-band pulsed EPR spectrometer
determined:D = —0.250 cnt! andE = +0.018 cntl. Despite (Bruker ESP380E) equipped with a dielectric resonator (Bruker
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Figure 2. CW-TREPR spectrum of DPB observed Qu3 after
excitation by pulse laser with 308 nm in a methylcyclohexane glassy
matrix & 4 K (a) and its computer simulation (b).
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ER4114,Q ~ 100). The typicalr/2 pulse width was 16 ns. A
three-pulses/2—t—n/2—T—n/2) echo sequence starting from
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Figure 3. CW-TREPR spectra of DPB observed in the toluene (a),

300 ns after the laser flash was employed to obtain a stimulategPutyronitrile (b), and ethanol (c) glassy matrices at 4 K. The spectra

echo signal. ESEEM patterns were measured by monitoring
echo intensity as a function of the tinfebetween the last two
pulses. A helium flow cryostat (Oxford ESR900) was utilized
for the measurements at low temperatures.

Results

CW-TREPR. Figure 2a shows the TREPR spectrum of DPB
in a methylcyclohexane glassy matrix observed @s3fter a
laser flash. The transient EPR signals were clearly observed
over the wide range of the magnetic field from about 0.04 to
0.58 T, while the conventional CW-EPR measurements gave
only one peak at 0.06 T. The spectral polarity of (Ads| =
1 transitions is EEE in the low-field region and AAA in the
high-field region, where E and A represent enhanced emission
and absorption of microwaves, respectively. The polarized EPR
signals decayed within 1@s, though the phosphorescence
lifetime was 68 ms in methylcyclohexane at 77 K.

The triplet EPR spectra of the disordered system are
interpreted by the spin Hamiltonian comprising electron Zeeman
and zero-field interactions:

H.= gugBy'S+ D,,S” + Dyyaf + D,S”

= QugByS+D(S* -, H +ESZ-SH @)

Theg, us, andS denote they factor, the Bohr magneton, and
the spin operator for triplet states, respectively. The ZFS
parameters oD andE are related to the eigenenergiesxy,
—Dyy, and—D;;) for the T, Ty, and T, sublevels byD = 3D,/2
andE = (Dxx — Dy)/2.

The ZFS parameters ¢b| = 0.250 cnt! and |E| = 0.018
cm! were determined by computer simulation (Figure 2b). The
|D| value obtained is considerably larger than those of diphen-
ylacetylene (0.1426 cm)!® and phenylacetylene (0.1339
cm .11 The nonzeroE value implies that the two phenyl
groups are nearly coplanar in the glassy matrix. If triplet state
DPB has two twisted phenyl rings that make® @ dihedral
angle, thekE value must be zero because of thesymmetry
axis along thez axis.

were obtained 0.&s after excitation by pulse laser.

Bo/ T

Figure 4. Magnetophotoselection spectra of DPB in a methylcyclo-
hexane glassy matrix at 10 K. The spectra were observed at<0.1
after laser pulse excitation witBo[JE (a) andBy||E (b).

which did not show the typical doublet structure detected at
the Bmin and one of the canonical fields fMg| = 2 transitions.

We observed the matrix dependence of the triplet EPR
spectra. Figure 3 shows the TREPR spectra of DPB in three
rigid matrices, toluenen-butyronitrle, and ethanol, at 4 K.
Although these spectra give the same ZFS parameters, the
spectral shape depends on the matrix, indicating that the
distributions of the ZFS parameters are different among these
systems. In particular, the spectral broadening is significant in
the field region lower than 0.06 T. In a toluene glassy matrix,
the spectrum shows emissive signals even at zero magnetic field.
Similar broadened spectra were observed up to 77 K, suggesting
that dynamic effects of molecular motion on the spectral
distortion could be neglected. The tailing observed at the lower
field of the outermost canonical signal suggests that the
inhomogeneous broadening arises from asymmetric distribution
of the D value as discussed later.

The magnetophotoselection method is a useful experimental
technique for identifying the direction of the principal axes of
the ZFS tenso¥® As shown in Figure 4, the irradiation of DPB

It should be noted that the strong emissive signal that with the polarized light gave significant effects on the triplet
appeared around 0.06 T does not correspond to the extraEPR spectra. When the electric field vect) Of the excitation
canonical, so-calle@®,. It is due to one of theAMg| = 1 light was parallel to th®,, the outermost canonical signals were
transitions of the outermost pair. The experimental condition dominant. On the other hand, the innermost and intermediate
for existence oBmi, (ID/0] < 3/4) is not satisfied because of pairs became relatively strong in intensity in the casg[GBy.
the largeD value, where thé denotes the microwave energy The UV light with a wavelength of 308 nm excites DPB to the
used!? We confirmed this fact using a parallel mode cavity, lowest excited singlet ($state. The direction of theyGr,ory*)
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TABLE 1: Spin Density Distribution of DPB in the T

State?
Co Chn C C GC G
expt 0.084+ 0.016 0.12
cald mar 0.069 0.003 0.092 0.149 0.083 0.032
mar*  0.037 0.002 0.046 0.242 0.106 0.018

aAM1 calculations were performed with a limited configuration
interaction wave functions (MOPAC option Gi 4), taking the two
highest occupied and two lowest empty orbitals from the closed-shell
SCF calculation into account.

0 2 4 6 8 0 4 8 12
80mT Time 7+ 7T/ ps

Figure 5. CW-TREPR spectra of DPB measured in a stretched PVA P T T T T

film, where By is parallel to the stretched)(direction (a), in-plane ~ .
contraction €) direction (b), and normahj direction of the film plane
(c), respectively. The spectra were obtained @s3fter excitation in

77 K. L _
1 | 1 1 "
— S transition moment is along theaxis of DPB*'4 Thus, 0 2 4 6 8 0o 4 8 12
we can regard that the signals of the outermost pair correspond Time 7+ T/ us ENDOR Frequency / MHz

to thez axis of DPB. The pronounced effect of orientation-

selective excitation by the polarized light suggests that the € (L DR
deformation from the linear structure is negligible in thestate i N ! ’Ho |
of DPB.. o . _ BO //x L -
To discriminate the out-of-plane axis from the short in- N 7]
planey axis, we measured the TREPR spectra of partially L 2 '
oriented DPB in a stretched PVA film. Long and planar 0 2 4 6 8 0 4 8 12
molecules in the stretched films have a tendency to arrange the Time T+ T/ pus ENDOR frequency / MHz

long molecular axis along the stretchesj direction and the Figure 6. Three-pulse ESE decay envelopes-@and the Fourier
molecular plane parallel to the film plaA&l’ As shown in transformed spectra {¢f) of DPB in a methylcyclohexane glassy matrix
Figure 5a, the alignment of theaxis of DPB to thes direction at 4 K. The time intervals between the first two microwave pulses are
was verified by the increase of the outermost canonical signals 176 ns forBo||z (66.80 mT), 192 ns foBo|ly (180.62 mT), and 288 ns
in s||Bo. It can be expected that theandy axes of DPB are  for Bolx (122.81 mT), respectively.
along the normalr{) direction and the in-plane contractiof) ( single bondr(C,—Cs) = 131 pm. The present results agree
dII’eCtIOI’] Of the PVA f||m, reSpeCtlve|y When tthIreCtlon We” W|th the TR-resonance Raman expenmé']ts
was parallel to theBo, the innermost signals were relatively ~ AM1 calculations indicate that the, Etate of DPB i,
intensified, as shown in Figure 5b. On the other hand, the 5 character in the optimized structure. Table 1 lists the spin
intermediate signal became stronger whenrthérection was densities calculated for the Trer) as well as the T (Cr,,*)
parallel to theBo (Figure 5¢c). These orientation effects clearly states. The spin densities in the phenyl rings decrease in the
indicate that the innermost and intermediate canonical signalsgrder of Pp > po > pm, and the values are very different in
correspond to those 8b|ly and atBo||X, respectively. We can,  these two states. Thus, the experimental determination of the
therefore, describe that the energy order among the spinspin densities is useful in assigning the electronic structure in
sublevels is 7, Ty, and T from the top in the case of negative  the T, state.
D or Ty, Ty, and T, for positiveD. ESEEM Measurements. To observe the hyperfine splittings
MO Calculations. AM1 RHF-SCF MO calculations for the in the T state of DPB, we measured the three-pulse ESEEM at
S and low-lying excited triplet states were carried out by using the stationary fields at 4 K. It has been suggested that the three-
the MOPAC93 program packadeé. For the configuration pulse ESEEM provides a better spectral resolution than is
interaction calculation of theslstate, the two highest occupied obtained with the two-pulse method, and the three-pulse
(HOMO and HOMO-1) and two lowest unoccupied orbitals sequence further eliminates combination signals of ENDOR
(LUMO and LUMO+1) were taken into account. The opti- frequencie2® As shown in Figure 6ac, the deep modulations
mization of the geometry resulted in a planar structure having were clearly observed at the low-field transitions of each
Do symmetry in the $and T; states. The calculated bond canonical field, while the modulation effects of the higher field

lengths in the &state are’(C;=C,) = 120 pm and(C,—Cs3) transitions were not remarkable. Since the ESEEM arises from
= 135 pm, respectively. These values agree with those simultaneous EPR forbidden transitions as well as allowed ones
determined by X-ray analysig:(C;=C;) = 118 pm and (Cy— induced by strongB; field, the nuclear modulation effect

Cs) = 139 pm, respectivel{® The calculations indicate that becomes more prominent at low8 field. In three-pulse
the excitation into the Tstate induces a stretch of the triple ESEEM, the modulation depth with a frequencyvgdepends
bonds,r(C;=C,) = 123 pm, and a shortening of the central on the time intervak as sif(zvyt), wherev, and vy, are the
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ENDOR frequencies in differenls states connected by the
microwave pulsé&22 One of the ENDOR frequencies, which

is due to theMs = O state, is the same as the proton Zeeman
frequency ¢4),2% because the EPR transitions in the triplet state
occur between thbs= +1 andMs= 0 sublevels. Therefore,
we optimized ther value to give the most intense hyperfine
lines belonging to theMs = +1 state$* The three-pulse
ESEEM spectra shown in Figure 6 were observed at proper
for each canonical fields. After subtraction of a nonoscillating
decay by polynomial and the Fourier transformation of the
ESEEM spectra, we obtained the corresponding ENDOR
frequencies displayed in Figure 6él A few lines appeared at

all three stationary fields. We observed very strong signals at
2.84, 7.69, and 5.23 MHz foBo||z, Bolly, and Bol||X, respec-
tively. These signals are assigned to the hyperfine line
belonging to theMis = 0 sublevel, which is superimposed with
the matrix line due to the surrounding methylcyclohexane
protons. This was verified by the ESEEM measurements using
the duterated methylcyclohexane matrix. Other peaks arise from
proton hyperfine splittings in thtls = +1 sublevels.

As shown in Figure 6d, an ESEEM signal was observed at
5.69 MHz, higher frequency tham, for Bg||z. We assigned
the ENDOR frequency of 5.69 MHz to the ortho-proton,XH
splitting based on the fact that the signal intensity due to the
para-proton (ig) is expected to be very weak, whBagis parallel
to the C-Hp bond. Furthermore, the meta-proton,{tsplitting
deduced from the MO calculation is remarkably smaller than
the value. FoBy||y, the ESEEM signal was obtained at 11.01
MHz. The signal is also assigned to,.H The transition
probability of the hyperfine signal due to thgproton is
expected to be very weak because of the conditioBgbfC—

Hp bond. WherBy is parallel to thex axis, Bg is aligned with

the out-of-plane principal axis of the hyperfine tensor, and the
echo modulation depth is expected to be small. However, the
microwave bandwidth of 16 ns would be wide enough to excite
a small fraction of the molecules in which th&iaxes deviate
from the By direction around thex canonical field?> Two
hyperfine lines were clearly detected at 10.48 and 11.84 MHz
for Bo|[x which were tentatively assigned to,Hand H,
respectively.

Discussion

Spin Densities and Electronic Character. The semiem-
pirical MO calculation shows that DPB has two nearby triplet
states with different characterdz,ar* and 3z,ry*. The former
state consists of the two singly occupied out-of-plar@bitals
which are delocalized over a whole molecule, whereas in the
latter state the unpaired orbitals are orthogonal to each other in
the triple bonds. The electron spin density distribution obtained
in the ESEEM experiments would clarify the electronic character
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Figure 7. Energy level scheme in the caseRy||z with D < 0 and
the first-order hyperfine interaction with one proton # < 0. To
describe concisely the caseldf, < Hps was drawn, but it is the same
as the general case qualitatively.
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a typical energy scheme. According to the first-order perturba-
tion of electron spin states, the analytic solution for ENDOR
frequencies in triplet state is given by

VenoorM9 = [MZT-A > h — 2M g, BohT-Aoh +
(—9u4BY1™ (3)

where h represents the direction cosine of tlg for the
hyperfine principal axis systef¥:2” Superscript T means the
transpose. This expression clearly states that the ENDOR
frequency depends on the quantum number of electron spin state
as illustrated in Figure 7.

The proton hyperfine tensor & consists of the isotropic
and anisotropic components. In the case ofdhgroton, the
isotropic Fermi contact interaction is induced by a spin exchange
mechanism. Using the McConnell relatioA’s¢ = Qup), the
splitting constant can be related to thespin densityp at the
carbon site where the proton is bonded. The anisotropic part
(Aans9 of Ay originates in the dipolar interaction between
electron and nuclear spins, which is also nearly proportional to
the spin density on the nearest carbon. The electron spin
densities on the phenyl rings were estimated by using the
hyperfine principal values for the triplet state of benze@e=
—72.5 MHz, Ajc-1 = +35.04 MHz,Arc-n = —40.36 MHz,
andAg = +5.31 MHz2® The reduction of hyperfine splitting

of the T; state, because the spin densities on the phenyl moieties;q,,ced by the mixing betweeMs = +1 states due to zero-

are significantly different in théz,er* and 3zr,* states, as
suggested from the MO calculation (see Table 1).

The ENDOR frequencies observed in the ESEEM spectra can
be described by the following effective spin Hamiltonian
including the nuclear Zeemamif,) and hyperfine lfly) inter-
actions:

H=H + H,+ Hy
=H; = gutBorly + S Ayl @

where the unpaired electrons interact with a single protena (
1/;). The notations have their usual meaning. Figure 7 depicts

field interaction was also taken into account in calculating the
spin density??

By using eq 3, the electron spin densities for the ortho-proton
were estimated g = 0.082, 0.069, and 0.10 from the signals
(ENDOR frequency: 5.69, 11.01, 10.48 MHz) observed in three
canonical orientations. The variation in three orientations may
arise from the neglect of the dipolar interactions between the
proton and the electron spins on the nonadjacent carbons. The
average value gf, = 0.084 was obtained for the electron spin
density at the ortho-position. The spin density at the para-
position of p, = 0.12 was also estimated from the 11.84 MHz
atBo||x, as listed in Table 1. The electron spin densities indicate
that the T state of DPB iSmr¢* in character like phenylacety-



Lowest Excited Triplet State of DPB

lené'! and diphenylacetyleAg despite its unusually larggD|
value. About 30% of unpaired electrons stays in each phenyl
ring and the rest, 40%, exists in the triple bond part.

Sign of the ZFS Parameters. Since the intersystem crossing
(ISC) process in DPB remains obscure, we could not determine
unequivocally the sign of the ZFS parameters from the polariza-
tion pattern of the TREPR spectra. ESEEM spectra provide
information about the sign of the ZFS parametrs. It should be
noted that the sign of thB value can be determined from the
ESEEM pattern on the basis of the following general facts:

(1) All diagonal elements in the hyperfine splitting tensor
due to thea-proton are negative due to the large negative
isotropic element€.

(2) In the |[+10state, theM, = —%/, and +%, states are,
therefore, destabilized and stabilized by the hyperfine interaction,
respectively. In contrast, the hyperfine interaction causes the
opposite energy shifts of these nuclear spin states in-tiiél
state (Figure 7). The splitting ofenpor(0) in the |O0state
corresponds to the free proton frequeney)(

(3) Thus, the hyperfine line ofgnpor(11) in the ESEEM
spectrum observed in the-10< |OOEPR transition should
appear at the higher frequency compared with On the other
hand, the —10«< |OCEPR transition should give the hyperfine
signal of venpor(—1) at the lower frequency region than in
the condition of|hT-Ay2-h/ hT-Ay-h| < 2vy or at the higher
frequency region in th¢n™-Ap2-h/h™-Ay-h| > 2vy condition.

In the case of negativ® (T, > 0 > Ty > Ty, hereE > 0),
the EPR transitions of low-field sides fBpg||z, Bo||y, andBo||x
correspond to|—10< |00) |[+10< |00 and |+10< |00
respectively?® In contrast, ifD is positive (k> Ty > 0 > T,
hereE < 0), the transitions foBy||z, Bo||y, andBy||x are|+10
< |00) |—10< |00] and |—1[1< |OC] respectively.

All ESEEM signals were observed at a higher frequency
region compared withy for three canonical fields in the present
system. Assignment of the ENDOR frequencies to give the
reasonable spin density on the ortho-proton suggestgthat
AHz'h/hT'AH'm > 2vy for Bol|z, while |hT‘AH2'h/hT'AH'h| <
2vy for Bolly andBg||x. The results prove that the low-field
EPR transition forBo||z corresponds to that of—1[0<> |OC]
whereas they are the transition|6f1l |0Cfor Bo||y andBg||x.
Therefore, we conclude that the sign of Devalue is negative
in the T, state of DPB.

Despite the relatively large distribution of spin density in the

T, state of DPB, thgD| value of 0.25 cm! is much larger
than those of phenylacetylene and diphenylacetyléie.The
D value of hydrocarbon compounds is well-known to be
governed by the electron spin dipeldipole interaction because
of the small spir-orbit coupling (SOC) constant of the carbon
atom @c = 32 cn11).31733 However, the electron spin dipete
dipole interaction is unable to give such a lai@® value in
the3m,ar* state. ZFS parameters due to the spin dipalpole
interaction were calculated using semiempirical S&z&lectron
molecular orbital theory? Wave functions were constructed
from Pariser-Parr—Pople type LCAO MOs by including
configurations arising from the main single excitations relative
to the ground state. The spin dipeldipole interactions were
calculated using doublg-atomic orbitals by Clemen#® The
geometry of DPB was taken from the optimization result by
the AM1 RHF—SCF MO method. The calculations gave the
ZFS parameters dd = —0.114 cnt! andE = —0.0046 cntl.
The |D| value calculated is less than half of the present
experimental result. Therefore, the SOC should contribute to
the ZFS splitting, suggesting the very small energy difference
betweertmr,* and 37t,*. The SOC effect on th® value of
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Figure 8. Schematic energy diagram for the triplet sublevels of DPB.

ZFS parameters is expressed by

. |ﬁﬂxnx* | Zl v * OF
DSOC

2

soc _
D

(4)
AeCr — *m )

Here, only thez element [%) in orbital angular momentum of
the kth carbon can operate efficiently at the one-centered
integrals in numerator. Figure 8 shows the schematic energy
diagram of theé¥mr* and 3mr,* states in adding SOC of eq

4. The negative larg® value in the3zm,* of DPB is well-
explained by the SOC with the close-lyifg,,*. We can
reproduce the observdd value by the SOC with the energy
difference (\¢) of ca. 1000 cm® between these two states.
Polyyne type molecules have the orthogonairbitals on the
same carbon, leading to different behavior from polyene type
molecules in the excited states. This characteristic can make
the SOC contribution to ZFS parameters effectively even at the
carbon center. Despite no experimental evidence, the positive
D value was reported for the related molecule of biphenylglu-
tarate diacetylene in a single crystalAccording to the present
result, theD value of biphenylglutarate diacetylene is speculated
to be negative unless a drastic structural change is induced by
the substituent group.

Matrix Dependence of the TREPR Spectra. The TREPR
spectrum of DPB observed in a methylcyclohexane glassy
matrix was well-reproduced by using the Gaussian type line
shape with a half-width at half-height of 5 mT (see Figure 2).
However, we obtained poor fits in the simulation for the TREPR
spectra in toluenen-butyronitrile, and ethanol despite the
complete coincidence of the canonical fields in these spectra.
In particularly, there are large residuals in the fits in the field
region lower than 0.06 T. The inhomogeneous broadening may
arise from the asymmetric distribution of the ZFS parameters.
Environmental effects could induce the relatively small varia-
tions for the twisting angle of the phenyl groups in DPB, as
reported in carbonyl molecul&s?8 in solid matrices. The
energy gapAe(Cmay* —3mar), decreases with the increasing
of the twist angle resulting in the increase of {¥°] value.

In the soft matrix such as methylcyclohexane, the molecular
conformational heterogeneity is considered to be small and DPB
keeps the planar conformation.
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Intersystem Crossing. From the polarity of the TREPR (6) Bubeck, C.; Sixl, H.; Bloor, D.; Wegner, @hem. Phys. Letl.979
i i ; 63, 574.

spectrum and the negatl\th value, it was elucidated that the (7) Webber, S. E.: Wade, C. @. Chem. Physl972 57, 2219,
ISC occurs preferentially into the, Bublevel of the T state (8) Yagi, M. Shioya, Y.: Higuchi, JJ. Photochem. Photobiol. A:
from the § state. It has been assigned that thestdte of DPB Chem.1991 62, 65. _
is et (1Byy).4 Because direct SOC between thgBs,) and Che(rg)lg(géngé 1;68A7k|yama, K.; Tero-Kubota, S.; lkegami, ¥. Phys.
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occur from the $state to the Tsublevel By) of the 3mar,* (12) de Groot, M. S.; van der Waals, J. Mol. Phys.196Q 3, 190.
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vibrational modes witlp; symmetry. The spin polarization in (13) Ikoma, T.; Akiyama, K.; Tero-Kubota, S.; Ikegami, ¥. Phys.
the T, sublevel is kept through the internal conversion route Chem.1991, 95, 7119.
from the 3m,r,* state to the T state. (14) Thulstrup, E. W.; Michl, JJ. Am. Chem. Socl982 104, 5594.

(15) Ito, T.; Higuchi, J.; Hoshi, TChem. Phys. Lettl975 35, 141.
. (16) Higuchi, J.; Ito, T.; Yagi, M.; Minagawa, M.; Bunden, hem.
Conclusion Phys. Lett.1977 46, 477.
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