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Abstract

We applied highly sensitive time-resolved absorption
spectroscopy to the study on the electronic structures and
dynamics of ionic transient species in layered organic pho-
toreceptors. Long-lived transient absorptions assignable to
the cationic species of charge transport materials (CTMs)
were observed in the visible, near- and mid-infrared wave-
length regions. The bands in infrared region can be ascribed
to the delocalized holes within some CTM molecules. We
discuss the nature of ionic transients generated in
photoreceptors.

Introduction

We reported the thermally stimulated current (TSC) study
on the carrier generation process in layered photoreceptors
comprised of azo pigments, as charge generation materials
(CGMs), and charge transport materials (CTMs).' Tt was
known that the sensitivity of this type of photoreceptors
varied depending on the combination of CGMs and CTMs.
Concerning the sensitivity, extrinsic carrier generation via
the electron transfer from CTMs to CGM exciton was
proposed. The result of our TSC study suggested that the
formation yield of bound ion-pairs (CGM/CTM") contri-
buted the sensitivity of the photoreceptors.

It was reported that the quenching efficiency of azo-
CGM fluorescence by CTMs was well in accordance with
the quantum efficiency of carrier generation.” We reported
the result of time-resolved fluorescence study on primary
process in photocarrier generation.’ Efficiencies of CGM
fluorescence quenching by CTMs could not be correlated
with the sensitivities in all the combination of CGLs and
CTLs. It was suggested that the exciplex-like interaction
between CGM exciton and CTMs caused the fluorescence
quenching and that the fluorescence quenching efficiency was
not directly correlated with the ion-pair formation yield.

For further investigation on charge generation process
the precise study of transient species generated from CGM

exciton and CTM is required. Photocurrent analysis inclu-
ding TSC measurement does not provide the molecular na-
ture of a charge carrier (geminate ion-pair, free and trapped
carriers etc.). Time-resolved absorption technique is a very
powerful tool for probing such transients as ionic species
One of the difficulties in time-resolved absorption mea-
surement is derived from a damage of the samples by
intense laser excitation, and intense excitation often chan-
ges the dynamics of transients. Our highly sensitive mea-
surement system makes it possible to acquire transient
absorption data by very weak excitation.

This is the first observation of transient absorption
spectra of organic photoreceptors in extremely wide range
of wavelength. We discuss the nature of ionic transients
generated in photoreceptors.

Experimental

Molecular structures of two azo pigments and three CTMs
are shown in Fig. 1. The charge generation layer (CGL)
contains 50wt% azo CGMs dispersed in poly(vinylbutyral).
The charge transport layer (CTL) is a 50 wt% solid solution
of CTMs in polycarbonate. CGL and CTL were success-
ively coated on CaF, substrates. The sample thickness was
typically 10 um. Hereafter, CGLn and CTLn designate CGL
including CGMn and CTL including CTMn respectively.

Time-resolved infrared absorption spectra were mea-
sured with a home-built spectrometer (Fig. 2). This system
is similar to that reported previously and transient absor-
bance change as small as 10° can be detected by using this
system.’ In addition, we extended the spectral sensitivity to
near-infrared and visible regions. MoSi, infrared light
source or halogen lamp was used for probing. Frequency-
mixed output (525 nm) of the OPG/OPA (1527 nm),
pumped by an amplified Ti:sapphire laser (TiS), and a
fundamental of TiS (800 nm) was used as an excitation
source. Typical excitation power was below 1 pJ/pulse (32
ul/cm®). All the measurements were performed under no
applied electric-field.
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Figure 1. Molecular structures of two CGMs and three CTMs
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Figure 2. Time-resolved absorption apparatus

Results and Discussions

Figure 3 shows the transient absorption spectra of photo-
receptors comprised of CGL1 and three CTLs. Absorption
bands ranging from 1000 to 2500 nm are clearly seen in
these spectra. Also in visible region shorter than 700 nm
and mid-infrared region up to 10,000 nm, CTM-dependent
transient absorption was obtained. In a single CGL sample,
no absorption was observed in this spectral range. The
decay dynamics of near-infrared transient absorption at
1100 nm in photoreceptors composed of CGLs and CTLs
designated are compared in Fig. 4. The transients have
lifetimes in psec range and they vary depending on the
combination of CGLs and CTLs.
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Figure 3. Transient near-infrared absorption spectra of CGLI

overcoated with CTL1, CTL2 and CTL3
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Figure 4. Temporal profiles of near-infrared absorption

It has already been reported that the cations of some
hole transport molecules possess the visible absorption.’
Transient absorptions in near-infrared regions have been
reported for the excimer and exciplex (CT-band)*’ and the
aggregate cation (charge resonance band).® Figure 5 shows
the CGM dependence of the spectra. The spectral feature
(peak position, band shape efc.) considerably varies with
combined CTLs (Fig. 3). On the other hand, CGM
dependence of the feature is negligible (Fig. 5). We per-
formed the electric-field modulated absorption measure-
ment of a single CTL2 and the spectral feature was nearly
identical with those obtained by photoexcitation of
CGL/CTL2. Therefore these transient absorption might be
assignable to the cationic species of CTMs generated after
the electron transfer from CTMs to CGM exciton. It was
reported that the dimer and tetramer cations of many
aromatic molecules possess the near- and mid-infrared
absorption which is called “charge resonance band”." Figure
6 shows the transition which gives a charge resonance band
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(CR). At this stage, we ascribe the bands at 1100 nm in
CTL1, at 1400 nm in CTL2 and at 1600 nm in CTL3 to the
dimer cations of CTMs. The difference of absorption peaks
was presumably originated from the difference of the
interaction strength or intermolecular distance between
CTM molecules.
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Figure 5. Transient near-infrared absorption spectra of CGLI and
CGL2 overcoated with CTL2
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Figure 6. Charge resonance band

These spectral features depend on the concentration of
CTM in CTL as shown in Fig. 7. Absorption intensities are
normalized, as the intensity at 1400 nm is same in all the
spectra. The relative intensities of the small absorption
around 1100 nm and very broad absorption longer than
1600 nm are larger in CTLs with more concentrated CTMs.
These bands are assignable to the absorptions of aggregate
cations larger than the dimer, which is a tetramer at this
stage.

Here we analyze the dynamics of the transient infrared
absorption. Supposed decay mechanism is the recom-
bination of CGM  and cationic species of CTMs. We can fit
the observed decay curves to the model function in Eq. 1,

no exp|[-kt]
ny T+ (nVk)(1 - exp[-kt])

n

ey

where k is monomolecular decay constant, y is bimolecular
decay constant. All the decay data were successfully fitted
by this function. This model function is obtained from
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supposing the decay mechanism as the combination of
monomolecular (geminate) and bimolecular (non-geminate)
recombination. Figure 8 shows the excitation power
dependence of the decay dynamics in CGL1/CTL2. Decay
curves under different excitation power are well fitted by
the function in Eq. 1, where same k values were used.
Broken lines and solid lines designate the measured and
fitted curves respectively.
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Figure 7. CTM concentration dependence of transient absorption
spectra of (CGLI / CTL2).
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Figure 8. Excitation power dependence of decay dynamics

In this way, transient absorption observed in infrared
region could be assigned to charge resonance band of CTMs
cations. Observation of charge resonance band indicates that
part of the photogenerated holes delocalize within some
CTM molecules. The energy level of the delocalized holes
is considered to be lower than that of localized oneas shown
in Fig. 6. This state might work as a trap state of a hole in
carrier generation and transport process. Now we are
proceeding the experiment for clarifying the relation
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between the transients bringing about infrared absorption
and the charge carrier.

Summary

We reported the transient absorption in layered organic
photoreceptors for the first time. Photogenerated holes
possess the absorption bands in the visible, near- and mid-
infrared wavelength region according to the extent of
charge delocalization.
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