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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).1 It 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.2 We reported 
the result of time-resolved fluorescence study on primary 
process in photocarrier generation.3 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 CaF2 substrates. The sample thickness was 
typically 10 µm. 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 10-6 can be detected by using this 
system.4 In addition, we extended the spectral sensitivity to 
near-infrared and visible regions. MoSi2 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 µJ/pulse (32 
µJ/cm2). 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 µsec range and they vary depending on the 
combination of CGLs and CTLs. 
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Figure 3. Transient near-infrared absorption spectra of CGL1 
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.5 
Transient absorptions in near-infrared regions have been 
reported for the excimer and exciplex (CT-band)6,7 and the 
aggregate cation (charge resonance band).8 Figure 5 shows 
the CGM dependence of the spectra. The spectral feature 
(peak position, band shape etc.) 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”.8 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 CGL1 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, 

   
n

n0
=

exp[-kt]

1 + (n0γ/k)(1 - exp[-kt])
   (1) 

where k is monomolecular decay constant, γ is bimolecular 
decay constant. All the decay data were successfully fitted 
by this function. This model function is obtained from 

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 (CGL1 / 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.  

Acknowledgement 

The authors acknowledge Dr. A. Yamakata, Dr. T. Ishibashi 
and Prof. H. Onishi (Surface Chemistry Labora-tory, 
Kanagawa Academy of Science and technology) for their 
advice and support in constructing the time-resolved 
absorption spectrometer. 

References 

1. T. Shoda, S. Aramaki and T. Murayama, Proc. NIP14. pg. 
508 (1999). 

2. T. Niimi and M. Umeda, J. Appl. Phys., 74, 465 (1993). 
3. Y. Sasaki, S. Yamaguchi, T. Shoda, S. Aramaki and T. 

Murayama, Proc. ICIS, pg. 302. (2002). 
4. A. Yamakata, T. Ishibashi and H. Onishi, Chem. Phys. Lett., 

333, 271 (2001). 
5. M. Redecker, H. Bässler and H. H. Hörhold, J. Phys. Chem. 

B, 101, 7398 (1997). 
6. R. Katoh, S. Shinha, S. Murata and M. Tachiya, J. 

Photochem. Photobiol. A, 145, 23 (2001). 
7. R. Katoh, S. Murata and M. Tachiya, Chem. Phys. Lett., 352, 

234 (2002). 
8. A. Kira and M. Imamura, J. Phys. Chem., 83, 2267 (1979). 

Biography 

Yutaka Sasaki received his M. E. degree in Applied 
Chemistry from Waseda University in 1986 and joined the 
Yokohama Research Center of Mitsubishi Chemical 
Corporation (MCC). Analytical Science Division came to a 
subsidiary of MCC in 2000 (CACs). His work has focused 
on the application of laser spectroscopy, including time-
resolved spectroscopy, to industrially important materials.

 
 

IS&T's NIP18: 2002 International Conference on Digital Printing Technologies

403


	8155
	8156
	8157
	8158
	8159
	8160
	8161
	8162
	8163
	8164
	8165
	8166
	8167
	8168
	8169
	8170
	8171
	8172
	8173
	8174
	8175
	8176
	8177
	8178
	8179
	8180
	8181
	8183
	8185
	8186
	8187
	8188
	8189
	8190
	8191
	8192
	8194
	8195
	8196
	8197
	8198
	8199
	8200
	8214
	8215
	8216
	8217
	8218
	8219
	8221
	8222
	8224
	8225
	8226
	8227
	8228
	8229
	8230
	8231
	8232
	8233
	8234
	8235
	8247
	8248
	8249
	8250
	8251
	8252
	8253
	8254
	8255
	8256
	8257
	8258
	8259
	8260
	8261
	8262
	8263
	8264
	8265
	8266
	8267
	8268
	8269
	8270
	8281
	8282
	8283
	8284
	8285
	8286
	8287
	8288
	8289
	8290
	8291
	8292
	8293
	8294
	8295
	8296
	8297
	8298
	8299
	8300
	8301
	8302
	8303
	8304
	8305
	8317
	8318
	8319
	8320
	8321
	8322
	8323
	8324
	8325
	8326
	8327
	8328
	8329
	8330
	8331
	8332
	8333
	8334
	8335
	8336
	8337
	8338
	8339
	8340
	8341
	8355
	8356
	8357
	8358
	8359
	8360
	8361
	8362
	8363
	8364
	8236
	8237
	8238
	8239
	8240
	8241
	8242
	8243
	8244
	8245
	8246
	8306
	8307
	8308
	8309
	8310
	8311
	8312
	8313
	8314
	8315
	8316
	8201
	8202
	8203
	8204
	8205
	8206
	8207
	8208
	8209
	8210
	8211
	8212
	8213
	8271
	8272
	8273
	8274
	8275
	8276
	8277
	8278
	8279
	8280
	8342
	8343
	8344
	8345
	8346
	8347
	8348
	8349
	8350
	8351
	8352
	8353
	8354



