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The effect of aggregation on the excited-state electronic structure of perylene was studied through transient
absorption measurements of isolated molecules, excimers, monomeric cjstatgléne), and dimeric crystals
(a-perylene). Changes of electronic state were clearly identified from the changes in transient absorption
spectra. A detailed investigation was made by combining the obtained results with previous measurements of
ground-state absorption and fluorescence spectra. The energy level of the ion-pairstperytene crystals

was estimated, and the results are compared with previous photoconductivity results. Moreover, the relaxation
processes of excited states aperylene crystals were studied by femtosecond transient absorption
measurements.

1. Introduction

Optoelectronic devices based on organic molecular crystals, -
such as electroluminescence devices and solar ‘céls/e L y
recently been attracting much interest. To achieve high perfor- l"v /4
mance in such devices, molecules with suitable optical and
electronic properties, such as the absorption coefficient, fluo- S01ated  Excimer B-crystal o-crystal
rescence lifetime, and redox potential, must be examined. molecule
Extensive data are available in databases, and there ardrigure 1. Schematic diagram of various aggregation forms of perylene.
computational techniques that can help us evaluate these
properties. Information about molecular properties is useful, but crystalline phase, two crystal structures have been reported:
it is insufficient for designing actual devices because device monomeric g-perylene) and dimeric otperylene)’ The
performance is often controlled by properties that arise from absorption spectra af-perylene ang-perylene crystals differ
aggregation of the molecules. For example, electronic band from the spectrum of isolated molecules in soluttowhich
formation through intermolecular interaction plays an important Suggests that intermolecular interactions affect the excited-state
role in charge carrier transport and exciton diffusion properties €lectronic structure. Some crystals of perylene derivatives show
and the photoinduced charge generation properties of phtha|o_various colors, whereas in solution the absorption spectra are
Cyanine films are sensitive to the Crystal structiife. similar. In other WOI’dS, the CryStaI color can be controlled by

Property changes caused by aggregation are difficult to the aggr_egati_oﬁand thus perylene-derivative crystals are used
evaluate by computational techniques; therefore actual develop-2S Practical pigments. The excited-state electronic structure can
ments of optoelectronic devices have been examined with thebe studied by using conventional spectroscopic techniques, such
help of empirical knowledge. Thus, the change of electronic @S fluorescence and transient absorption spectroscopies.
structure by aggregation from isolated molecules to crystals —Fluorescence spectroscopy is used to study electronic excited
currently has been attracting much interest. The aggregationStates. Orange fluorescence (E-fluorescence) has been observed
effect has been studied in gas-phase clusters through photoin &-perylene crystal$? whereas blue fluorescence is observed
electron spectroscogyAlthough these studies have yielded in adilute solution of peryleneThe spectrum of E-fluorescence
much information about the aggregation effect, comparison with iS similar to that of excimers from a concentrated solution,
structures has often been inconclusive because of the experiWhich indicates that the E-fluorescence is due to the excimer
mental difficulties involved with determining the structure. ~ State in the crystal. This similarity is expected because the

Perylene is typical of molecules that can be used to study ®-Perylene crystal has a dimeric structure (Figure 1). At low
changes in electronic excited-state properties caused by thelémperature{50 K)*"1%tor high pressurex5 kbar);? green
aggregation of isolated molecules into densely packed crystals.fluorescence (Y-fluorescence) is observed instead of E-fluores-
Figure 1 shows a schematic drawing of various aggregates of¢e€nce. Y-fluorescence has been explained as originating from
perylene molecules. In dilute solutions, perylene molecules Crystal defects with a monomeric structtifé®or a less-relaxed
remain isolated. In concentrated solutions, perylene molecules€XCimer-*!In S-perylene crystals, green fluorescence has been
form excimers (excited-state dimefs)and therefore such ~ observed, which is similar to Y-fluorescence, and it has been
solutions can be used to study the dimeric structure. In the attributed to fluorescence from weakly trapped excited stafes.

Transient absorption spectroscopy can detect all excited
* Address correspondence to this author. E-mail: r-katoh@aist.go.jp. SP€cCies including charge-separated states, whereas fluorescence
TNEDO Fellow. spectroscopy can detect only fluorescent states. Transient
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absorption has been measured in perylene solutions, and 12 — T . . . . . .
absorption bands due to monomer excited states and excimer 1
states have been identifiéd*15A characteristic absorption band
due to an excimer state appears in the near-IR wavelength range.
This band can be assigned to a charge-transfer absorption band,
the optical transition from an excimer state to an ion-pair
state>14From detailed analyses of peak positions, band profiles,
and absorption intensities, intermolecular interactions in the
excimer state can be examined. 19
Although transient absorption spectroscopy is a common
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technique for studying electronic excited states in solution, few i T o e I
such studies have been carried out for organic crystals because % 080 i
large transparent crystals are not always available. Transient € 06| \ -
absorption spectra have been reported for an anthracene éfystal, é’ 04 1

which is a prototype crystal for the study of optoelectronic M",..-.-f‘

functions, and the transient absorption spectra are similar to the e I
solution spectrum. This similarity suggests weak intermolecular e e P =S
interactions in the excited state. Similarity between crystal and Energy / eV

solution spectra has been reported for several other molecules

. Figure 2. Transient absorption spectra of a dilute solution of perylene
for examplep-terphenyl’ trans-stilbene!® and benzophenori€. (1%5 M) and of ﬁ_perweng Crystlj,sl pery

In these crystals, two constituent molecules are oriented nearly

perpendicular in a unit cell so that interaction between the ranges; respectively. Signals from these detectors were amplified
molecules is weak. In contrast, for crystals with a dlmerlc with an amplifier (NF Electronic Instruments, BX-31A) and
structure, such as pyrene aaeperylene crystals, the transient \yere processed with a digital oscilloscope (Tektronix, TDS680C).
absorption spectra differ significantly from the spectra in dilute 1,0 light source for the femtosecond pusprobe transient
solution, and this difference suggests strong intermolecular gpsortion measurements was a regenerative amplifier system
interaction?® This spectral change is due to excimer formation consisting of a Ti:sapphire laser (800 nm wavelength, 160 fs
in the crystals. _ _ ~ fwhm pulse width, 1.0 mJ pulse intensity, 1 kHz repetition,
We carried out a systematic study of the transient absorption spectra Physics, Hurricane) combined with two optical para-
of perylene in various aggregation forms: isolated molecules, metric amplifiers (OPA, Quantronix, TOPAS). One OPA output
excimers in solution, monomeric crystalg-gerylene), and 4t 510 nm with an intensity of several microjoules per pulse
rate of the excimer state im-perylene crystals through 1170 to 1560 nm was used for the probe pulse. The probe beam
femtosecond transient absorption spectroscopy. On the basis ofransmitted through the sample specimen was detected by an
these results, we examined the change of excited-state electronigagaAs photodetector after passing through a monochromator
structure of perylene induced by aggregation. (Acton Research, Spectra Pro 300). Details of the apparatus have
been described elsewhére.
2. Experimental Section

For measurement of solution spectra, perylene (Wako, GR- 3. Results and Discussion

grade) was used after purification by recrystallization. Toluene  3.1. Transient Absorption Spectra of Monomer Excited
(Wako, GR-grade) was used as the solvent without further States in Solution and in 3-Crystals. Figure 2 shows the
purification. A single crystal ofx-perylene was grown from  transient absorption spectrum of a dilute solution of perylene
melted perylene by the Bridgman method after purification by (1075 M) in toluene and the spectrum of/&perylene single
extensive zone refining. Single crystals (typicallyx85 x 1 crystal recorded with the nanosecond time-resolved transient
mm?) cleaved from ingots were used as sample specimens. Aabsorption spectrometer. The spectra were recorded just after
single crystal of3-perylene was grown from toluene solution excitation so that the contribution of long-lived species, such
after being purified by recrystallization. The size of the crystals as triplet excited states, was effectively eliminated from the
was typically 1.5x 1 x 0.2 mn¥. The formation of the8-crystal spectra. Although transient absorption spectra have been reported
was confirmed by fluorescence spectroscopy. previously?>1415 there have been no results in the near-IR
For the nanosecond transient absorption measurements, 505wavelength range. Thus, we measured in this wavelength range
nm pulses from an optical parametric oscillator (Spectra Physics, very carefully. For the dilute solution, a strong peak is observed
MOPO-SL) excited by a Nt:YAG laser (Spectra Physics, Pro- at 1.75 eV (710 nm), which is identical with those of reported
230-10) were used for the pumping light. The pulse duration spectré®'415An additional weak absorption peak can be seen
of the laser was about 8 ns. A Xe flash lamp (Hamamatsu, at 0.95 eV (1300 nm). The decay time constant of these
L4642, 2us pulse duration) was used as the probe light source. absorption peaks is similar to the fluorescence lifetime, and
In the visible range, the spectrum of the probe light transmitted therefore these peaks can be attributed to absorption from the
through the sample was recorded with a gated CCD cameralowest singlet excited state to higher singlet excited state$(S
(Roper Scientific, ICCD-MAX) after being dispersed with a absorption). For th@-perylene crystal, an absorption peak in
monochromator (Roper Scientific, SP-308) controlled by a the visible range is observed at around 1.75 eV. The peak
computer. In the near-IR range (962700 nm), the probe light  position is similar to that of the dilute solution, but the shape is
was detected with a photodiode after passing through amuch broader. In the near-IR wavelength rangé.@ eV), the
monochromator (Ritsu, MC-10N). An InGaAs photodiode absorbance is small, and no apparent structure is seen.
(Hamamatsu, G3476-05) and an MCT photodetector (Dorotek, Figure 3 shows schematic diagrams of the electronic structure
PDI-2TE-4) were used for the 96A600- and 12062700-nm of isolated molecules and gtperylene crystals. For the isolated
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Figure 3. Schematic energy diagrams of perylene monomer and Energy / eV
B-perylene crystals. Figure 4. Transient absorption spectra of excimers of perylene and

. . . of an a-perylene crystal.
molecules, the first excited (M*) state is located 2.81 eV above

the ground state, as determined from the absorption spectrumexcited (M**) state is estimated to be 1.75 eV above that of
edge (440 nm) in solutioh.In the ab-plane of aj-perylene the M* state. For3-perylene crystals, the transient absorption
crystal (Figure 1), there are two molecules in a unit cell, and peak position is similar to that of the isolated molecule, but the
they are oriented nearly perpendicular to each other, anpeak is much broader (Figure 2). As mentioned above, the
arrangement that is similar to that of an anthracene crystal. Thus,exciton ing-perylene crystals interacts weakly with the crystal
weak intermolecular interaction is expected. The lowest excited lattice. The initial state for the transient absorption can be
state is split into two stateg*; and *, (Figure 3), by the considered to be a localized statégre, below the exciton band.
interaction between the two molecules in the unit cell. The The final state of the optical transition is a higher exciton band
energy level of the lowest excited stgf¥,, is estimated to be  having substantial bandwidth because of Davydov splitting in
2.58 eV from the absorption spectra @fperylene crystal#? the higher excited state. This may be the reason for the broad
The energy difference between the M* and th; states spectral shape ¢#-perylene crystals.

consists of two parts (Figure 3): site shift enerBy, and the 3.2. Transient Absorption of Excimers in Solution and of
half-width of the exciton bandB. From detailed analysis of  a-Crystals. Figure 4 shows the transient absorption spectrum
the absorption spectra gtperylene crystald? B is estimated of excimers of perylene in a toluene solution and the spectrum
to be 0.06 eV, and therefoigs is estimated to be 0.17 eV. It  of an a-perylene single crystal recorded with the nanosecond
should be noted that the width of the exciton ban®, 2 time-resolved transient absorption spectrometer. To obtain the
corresponds to Davydov splitting, which is known to be an index absorption spectrum due to excimers in solution, the contribution
of intermolecular interaction in organic crystadfsThe value of the monomer excited state obtained in a dilute solution
for p-perylene (0.12 eV) is larger than that for anthracene (0.05 (Figure 2) was subtracted from the spectrum observed in a
eV?%, which has a similar crystal structure. This difference in concentrated solutioh.In the solution spectrum, absorption

values indicates that the intermolecular interactiorgiform peaks are observed at 2.04 (605 nm) and 0.9 eV (1400 nm). In
perylene crystals is much stronger than that in anthracenethe solid-state spectrum, absorption peaks are observed at 1.98
crystals. (625 nm), 1.38 (900 nm), and 0.65 eV (1900 nm). In addition,

Upon photoexcitation of perylene molecules in dilute solution, there are shoulders at 1.8 (690 nm) and 0.5 eV (2400 nm).
fluorescence from the lowest singlet excited state (M*) is  Figure 5 shows schematic diagrams of the electronic struc-
observed as the mirror image of the absorption BFaiitie tures of isolated molecules, excimers, angerylene crystals.
fluorescence spectrum gf-perylene crystals appears at a As shown in Figure 1, two molecules form a dimmer and there
position slightly shifted from the mirror image of the absorption are two dimmers in a unit cell. Each dimer is packed in the
band?> which suggests that relaxations occur in the excited state. unit cell. Thus, we can examine the electronic structure of
The relaxation process has been studied, and it is known too-perylene crystals in excited states by comparison with
involve self-trap exciton formation by the interaction of the excimers. For excimers in solution, the lowest singlet excited
excited state with the crystal lattice. The relaxed state is labeledstate of the monomer (M*) is separated into two states (E*
asf*stein Figure 3. The stabilization energy of the self-trapped and E*) by exciton interaction, which arises from the delocal-
exciton inS-perylene crystals is estimated to be 0.0128Which ization of excited states between two molecules. Another
indicates weak coupling with the crystal lattice. Thus, the excited important intermolecular interaction is the charge-transfer (CT)
state ing-perylene crystals is apparently in a nearly free state. interaction. For many aromatic hydrocarbon crystals, an ion-
The weak coupling strength leads to a high diffusion coefficient pair (IP) state is known to locate above the lowest excited®3tate
for the exciton, which is evaluated through the excit@xciton and therefore foa-perylene crystals, we put the IP state above
annihilation rate constanges? For S-perylene crystalsysshas the lowest excited (B) state that mixes with the E’state by
been reported to be 1.2 1078 cm?® s71.10 This value is similar CT interactions. These intermolecular interactions are more
to that of anthracene (18 cm® s71),26 in which excitons can ~ pronounced in the excimer, and therefore the electronic structure
move easily in the crystal. of the excimer differs significantly from that of the monomer.

For the isolated molecule, as shown in the transient absorptionFor a-perylene crystals, there are two dimers in the unit cell,
spectrum in a dilute solution (Figure 2), the energy of the higher so the interaction between dimers is also important. As a result
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Figure 5. Schematic energy diagram of perylene monomer, perylene
excimer, andu-perylene crystals.

of Davydov splitting, the Efand E* states split; the split states
are depicted in Figure 5 as 1, a*,, o*3, anda* 4. In the crystal,

Furube et al.

of the ground state in-perylene crystals have been obser¥ed,
and the energy levels of the* 3 ando* 4 states were found to

be 2.67 and 3.31 eV above the ground state, respectively. Optical
transition from the ground state to tle; and a*, states is
symmetry forbidden.

Fluorescence from the lowest excited stad¢;, can be
observed. The excited state (free excitons) interacts with the
crystal lattice; self-trapped excitons (STEs) then form, and
fluorescence from the state (E-fluorescence) can be measured.
The relaxed state is depicted@sste in Figure 5. The spectrum
from the a-perylene crystal is similar to that of excimers in
solution because free excitons interact mainly with the nearest
molecules. Thus, the STEs can be considered to be excimer
states in the crystal. The excimer state (STE) is localized at the
bottom of the exciton band. The stabilization energy of STEs
in a-perylene crystals is estimated to be 0.08%\t.has been
reported that the lifetime of the excimer fluorescence is 110 ns
and that the quantum yield is 0.2 at room temperattfgom
these values, the radiative lifetime of the STEs is estimated to
be 550 ns, which is similar to the lifetime of the isolated
excimers (880 ns). This long lifetime also indicates that the
fluorescent state af-perylene crystals can be considered to be
an excimer state. Since excitonsoirperylene crystals interact
with the lattice, slow exciton motion is expected. In fact, two
values for the excitonexciton annihilation rate constantss

the charge-transfer interaction is also important, and the IP stateof a-perylene crystals have been reported: 2.40°1° cm?
exists above the lowest excited state. The IP state is known tos *1%and 8x 10714cm?® s 1.281n any case, both of these values

be a CT stat@3 which is a precursor state for charge carriers.
As mentioned above, the energy level of the lowest excited

are much smaller than that Bfperylene (1.2« 108 cm?s1 19,
The energy level of the lowest excitedt ste state has been

state (M*) in the monomer can be evaluated from the absorption €stimated to be 2.0 eV from the peak of the excimer fluores-

spectrum. In the dimer configuration, however, it is impossible

cence?s

to estimate the energy level of the lowest excited state from  Transient absorption bands fer-perylene crystals differ
the absorption spectrum because the optical transition from thesignificantly from those of excimers in solution. From this

ground state to the lowest excited state (H% symmetrically
forbidden. On the other hand, optical transition from the ground
state to the second excited state fEis allowed. Ferguson
reported on the absorption spectra of perylene dirffers
estimated the energy level of the Etate to be 3.35 eV.

Upon photoexcitation of perylene dimers, the,Etate is
primarily populated; then relaxation from the £o the E*
state occurs rapidly, and weak fluorescence from thesidte
can be observed at 640 MhThus, we estimated that the E*

difference, the charge-transfer character and intermolecular
interactions can be examined. A transient absorption band in
the visible range is observed at 1.98 eV (625 nm), which is a
position similar to that of excimers in solution (2.04 eV). This
band can be assigned to the transition from dfiere state to

the o** state. According to the energy level diagram (Figure
5), optical transitions from the*ste state to higher excited
states @*4, a*3) and IP states are expected to be observed in
the near-IR wavelength range. From its similarity to bands in

state is located 1.94 eV above the ground state. This fluorescencéhe transient absorption spectra of excimers, the strong absorp-

is known as excimer fluorescence, which has a long lifetime
and low quantum yield. It has been reported that the lifetime

tion band at 0.65 eV (1900 nm) can be assigned to the transition
from thea* ste state to the IP state. The additional peak at 1.38

of perylene excimers in solution is 17.6 ns and the quantum eV (900 nm) and the shoulder at 0.5 eV (2400 nm) can be

yield is 0.02° This is because the fluorescence from the
forbidden E* state arises by vibronic coupling.

Optical transition from the lowest excited state to higher

assigned to the transitions from th&sre state to thex*, and
o* 3 states, respectively. The energy levels of these states from
the ground state are estimated to be 3.38 and 2.5 eV,

excited states in perylene excimers in solution is also observedrespectively. These values are similar to the energy levels
(Figure 4). The peak at around 2.04 eV (600 nm) is assigned to estimated from the ground-state absorption (3.31 eV fouthe

the transition from the E*state to a higher excited (E**) state.

state and 2.67 eV for the*; stat@®). This similarity again

In the near-IR wavelength range, optical transitions reflecting suggests that the assignments of the observed transient absorp-
intermolecular interaction are expected to appear. The peaktion spectra are appropriate. The energy difference between these
observed at 0.9 eV (1400 nm) is assigned to the transition from absorption peaks corresponds to the energy splitting of the E*
the E% state to the IP state; this assignment is based on state in excimers, and the splitting is estimated to be 0.92 eV.
comparison with the absorption spectrum of several aromatic  3.3. Relationship between the Observed Charge-Transfer
excimers>14 Although from a detailed analysis of the spectPum  Absorption Band and the Photoconductive Band Gap.n
absorption to the Efstate is expected to appear at around 1.07 organic crystals, ion-pair states are known to be CT states. They
eV (1150 nm), there is no corresponding absorption band in are an important intermediate for charge carrféds,and
the spectrum. The absence of this band may be due totherefore they have been studied extensively. However, the
overlapping of the band with the strong CT absorption band. properties of the CT state, such as the energy level and lifetime,
The E* and E* states are both split into two electronic states, are not fully understood. This is because the absorption
o*1 ando*,, anda* 3 ando* 4, respectively. Absorption spectra  coefficient of the optical transition from the ground state to CT
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has been reported that the band-gap enelgy®, estimated

EOPT from the energy levels of CT states is significantly higher than
— the band-gap energis"C, estimated from the photoconductive
3458V o T e EGPC 3.1 0V threshold® and that the energy differende?t — EgPC) is 0.3
or N T P 265eV 0.4 eV. The reason for the difference was examined on the basis
2_23: iy k of molecular (vibronic) polarizatioff Thus, Ec°P! of perylene
CT transition crystals is estimated to be about 3.45 &4£%! = EcPC+ 0.35).
0.85 8V The lowest CT state (GJ is a CT state having the nearest
—l L *"s1e distance between molecules in a crystal. éeqrerylene crystals,
208V the nearest distance has been reported to be 0.346 which
is the face-to-face distance of dimers in the crystals. Using the
GS polarization model, the energy level of the CT state {Cin
PO this configuration is estimated to be 1.22 eV below the
w-perylene . .
Model conduction-band edge. Namely, the € state is located at
Figure 6. Schematic energy diagrams of CT states based on the 2.23 €V above the ground state (usiEg’” = 3.45 eV).
polarization model and on-perylene crystals. As shown in Figure 4, the strong charge-transfer absorption

states is weak and is often overlapped by strong absorption dueband inafperylene crystals is obs_ervgd at 1-900 nm (0.65 eV),
to neutral excited states. Thus, CT states in organic materiatlsand the final state of the absorption |Cs§ta55|gned to be the CT
have been studied throdgh eléctric field modulation spectros- state. Thus, the energy Ieyel of the {tate (CT) above

) the ground state can be estimated to be 2.65 eV, the sum of the
copy. Such spectra have been reported for organic crystals suc

f . -state energy (2 eV) and transition energy (0.65 eV). This
ﬁ]segznthracen@,naphthacenc@, pentacené; and phenothiaz energy (CTVR) is slightly higher than that of the GT state

Figure 6 shows a schematic diagram of the conduction band estimated to be 2.23 eV by the polarization model. This shows

and CT states in organic crystals. The intermolecular interactionthat the polarization model is not precise for the estimation of
. 9 Y : the energy level of the GTstate, which suggests that other
of organic crystals is not large, so the band gap energy can b

timated by th larizati ahnd d €t actors should be taken into account. In the polarization model,
estimated by the polarization modeand expressed as the energy of the ion-pair state is estimated as the stabilization
Ee = |g ~E,+P, +P 1) of a cation and an anion from the bottom of the cc_mduction
band by the Coulomb energy (eq 3). For a CT state with a small

wherelq is the ionization potential of a molecule in the gas ion-pair distance, the electronic coupling between a cation and

phaseEa is the electron affinity in the gas phase, @dand an anion becomes stronger, and therefore the energy level is
P_ are the polarization energies induced by a cation and an affécted by the charge-transfer interaction. Moreover, the CT
anion, respectively. According to the Born mod&the polar- state becomes unstable if it is strongly coupled with the lowest
ization energyP can be written as excited state.

As already mentioned, CT states in organic crystals are
important as precursors for charge carriers. This is because CT

@) states are partially ionized (ion-pair) states, and they dissociate
into free carriers by the thermal activation process. Because of

whereR is the effective radius of the iom is the elementary their large stabilization energy, CT states with small radii cannot

P=P, =P =— 8;:0 1—(%)

chargee is the dielectric constant of the medium, ands the dissociate easily. Although higher CT states with large radii
permittivity of the vacuum. The Born formula is known to give ~can easily dissociate into free carriers, these states are not easy
reasonable values when the van der Waals radyugy,3* is to populate by direct optical transitions, because of the small
used as th& value for the ior?® Thus, the polarization energy ~ transition dipole moment. As a result, the efficiency of charge
in perylene crystals is estimated to bd.34 eV forR = Rygw carrier generation is not high; for example, it was measured to

= 0.378 nm ande = 3.4. Hence, the band-gap energy is be 10°%in anthracene crystal8 Turning toa-perylene crystals,
estimated to b&g = 3.12 eV forl9 = 6.90 eV E, = 1.10 the CT states are destabilized by the mixing with the lower

eV3% andP; = P_ = —1.34 eV. This value agrees with the €xcited state, as discussed above. Namely, dissociation energy
band-gap energyEcPC (3.1 eV), estimated from photoconduc-  1evels of the CT states decrease by the destabilization, suggesting
tivity measurement&t that charge carrier generation becomes efficient. The destabi-

The CT states are located below the conduction band becausdization of the CT states could be an important factor in the
of stabilization by the Coulomb interaction between a cation design of high-performance photoconductive devices. The
and an anion. Thus, the energy levdy, of CT states relative ~ photoconductive properties of phthalocyanine films have been

to the ground state can be expressed as extensively studied, and they are known to be sensitive to the
crystal structure. Yamasaki et al. reported that a film with dimer
Ecr=Eg—C 3) structure showed high activifiy,which implies that dimer
formation leads to enhanced photoconductive activity through
Cc— e? 4 the destabilization of the CT states.
 Ameefor “) 3.4. Formation Dynamics of Excimers in a-Perylene

Crystals Through Femtosecond Transient Absorption Spec-
whereC is the Coulomb energy, angr is the radius of the troscopy. The formation dynamics of excimer states (STE) in
CT state. Accordingly, the CT states converge to the energy of a-perylene crystals is summarized as follows. Upon photoex-
the fully charge-separated state, the conduction band, with citation with 510-nm light, which is the absorption edge of the
increasing cr. Thus, the band-gap energy can also be estimated crystals, thex*; state is directly populated in the crystal, whereas
when the energy levels of the CT states are avail@ielt thea*; anda*; states are not directly populated because these
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though orange (E-) fluorescence, which is fluorescence from
06 |- . . . .
o the excimers, is mainly observed at higher temperaturkQ
§ 05 - K), green (Y-) fluorescence becomes dominant at lower tem-
£ 04p perature €100 K). At lower temperature, the rise time of
§ 03 L E-fluorescence is in good agreement with the decay time of
02 L Y-fluorescence, which suggests that the excimer states are
populated via the Y-state. Y-fluorescence is also observed in
0.1+ 7 a-perylene crystals at room temperature under high pred3ure.

0 L L L L Recently, Fujino and Tahara reported ultrafast fluorescence
decay of a-perylene crystals at room temperat&?eThey
obtained two decay components with lifetimes of 2.2 and 38.7
Figure 8. Transient absorption spectra recorded at 1.5 and 15 ps in ps. Although they assigned the fast component to free exciton
a-perylene crystals. fluorescence and the slow one to Y-fluorescence, the 2.2-ps
" ) ) component is similar to the rise time of our transient absorption
transitions are symmetrically forbidden. Thes states decay  regyits (Figure 7). Although the properties of the Y-state at room
rapidly to a*, states through an internal conversion process. temperature are not fully understood, the Y-state is one of the

Subsequently, these states interact with the crystal lattice a”dpossible intermediates of the indirect path in the model shown
then excimer states (STE) are formed. in Figure 9.

This formation process can be followed by the ultrafast T understand the formation process in detail, the origin of
transient absorption technique. Figure 7 shows the temporalthe Y-state must be examined. The origin of Y-fluorescence
profile of transient absorption signals t-perylene crystals  has been explained by a crystal defect having monomeric
observed at 0.83 eV (1500 nm) after excitation by 510-nm light. structur&7-130or a less-relaxed excimé&t1in the present results,

At this probe wavelength, charge-transfer absorption due to there are two paths for excimer formation. This suggests that
excimers is mainly observed. The rise profile can be reproducedthe Y-state originates from a defect because the heterogeneous
by two components: the instantaneous rise componeh0Q reaction kinetics would not be expected if the Y-state originated
fs) and the exponential rise component with a time constant of from the less-relaxed excimer.

2 ps (solid line in Figure 7). The relative ratio of these  Ajthough the concentration of the crystal defect having
components was found to be 4:1. Figure 8 shows absorption monomeric structure would not be high in purified single
spectra recorded at 1.5 and 15 ps. The temporal change of the;ystals, the Y-state is populated with relatively high efficiency
spectra appears to be negligible, and these spectra are S|m|Ia(20%). The reason for the high efficiency may be due to exciton
to those ofo-perylene crystals recorded in the nanosecond time migration. Thea*; state, which is the origin of the Y-state, is
range (Figure. 4). This result indicates that the rise profile shown not strongly coupled with crystal lattice so that th&; state

in Figure 7 is not due to spectral change during excimer can move quickly before relaxation into thisre state. During
formation but directly reflects the population of the excimer ihe exciton migration, thec*; state is efficiently captured by
state. the defect, subsequently the Y-state is populated. The Y-state

The observed rise of the transient absorption signal is not relaxes to stable excimer states after detrapping by a thermal
consistent with naive expectations. In fact, 80% of the excimer activation process. Thus, the process becomes much slower than
states are populated very rapidly 100 fs), and the residual  the direct relaxation process from thé; state to the excimer
20% are generated slowly (2 ps). This implies that there are atstate. At lower temperature, the detrapping process becomes
least two pathways for the excimer population in the crystal: a much slower, and therefore only the Y-fluorescence can be
direct population process from thé ; state to the excimex*ste observed. In other words, the Y-state is a localized state in the
state (direct path) and an indirect process via an intermediatea-crystals. This is consistent with the observation by Freydorf
state that is located between the; state and the* ste state et al10 that the Y-state does not show annihilation behavior.
and has a 2-ps lifetime (indirect path). Figure 9 shows these As shown in Figure 4, there is a shoulder at 1.8 eV (690

Energy / eV

two paths schematically. nm), which is at an energy level similar to the transient
The population dynamics of the excimer statedtg) in absorption in isolated molecules angGiperylene crystals (1.75
a-perylene crystals has been studied at low temperatut&@ eV). This similarity implies absorption due to defects having a

K) through time-resolved fluorescence spectroscdsy.Al- monomeric structure. The concentration of the defects may be
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sensitive to the crystal perfection and the observed region in Ch(12) %atsfsia'sé';l ?fnfz,lT.; Mizuno, K.; Yokoyama, T.; Kobayashi, M.
; ial em. Phys! . .

the cr_ystal. There_fore, we are now developing a spatial-resolved (13) Inoue, A Yoshihara, K.: Kasuya, T.. Nagakura,gil. Chem.
transient absorption spectrometer. Soc. Jpn1972 45, 720.

(14) Katoh, R.; Katoh, E.; Nakashima, N.; Yuuki, M.; Kotani, Nl
Phys. Chem1997 A101 7725.
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Conclusion

We studied the effect of aggregation on the excited-state
electronic structure of perylene through transient absorption
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