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Abstract 

We have applied time-resolved absorption spectroscopy to 
the study on the photocarrier generation process in layered 
organic photoreceptors. The photoreceptors are comprised 
of azo-pigments as charge generation materials (CGMs) and 
charge transport materials (CTMs). Two or three distinct 
transient absorptions ranging from visible to mid-infrared 
wavelength region (600 – 2500 nm) were observed after 
photoexcitation in these photoreceptors. We ascribed all 
these transients to the cationic species of CTMs from the 
results of the measurements in various conditions. The 
transient absorption spectrum showed remarkable 
dependence on the CTM concentration. From this 
observation, we concluded that the cationic species of 
CTMs were monomer, dimer and larger aggregate cations. 
The latter two cationic species are regarded as the holes 
delocalized within some CTM molecules. The role of 
delocalized holes in photocarrier generation is discussed 
from the decay dynamics. 

Introduction 

Photocarrier generation in an organic photoreceptor consists 
of many complicated processes (exciton formation, 
migration, excited state electron transfer, recombination, 
and trapping), and each step can contribute to the total 
sensitivity as a photoreceptor. Among these fundamental 
processes, some may have large contribution to the 
sensitivity and the other not. Therefore it is very important 
to observe each process directly and clarify how much each 
process contributes to the sensitivity. However, these 
matters are not completely understood in spite of a lot of 
studies. 

So far, we have investigated these processes in the 
carrier generation mechanism by thermally stimulated 
current (TSC)1 and time-resolved fluorescence2-4 techniques. 
When we used the photoreceptors comprised of azo 
pigments for charge generation materials, TSC study 
showed the formation yield of bound ion-pairs between 
charge generation materials (CGMs) and charge transport 
materials (CTMs) influenced the sensitivity of the 
photoreceptor. In time-resolved fluorescence measurement, 
we observed that the CTM considerably shortened the 
lifetime of CGM excitons.4 We ascribed this quenching 
phenomenon to the exciplex-like interaction between CGM 
excitons and CTMs. We also found that this fluorescence 
quenching efficiency could be qualitatively correlated with 
the photosensitivity. These two studies strongly suggest 
‘CTM-assisted’ charge generation.1,4 

Even though these techniques have revealed the photo 
carrier generation process to a certain extent, they were not 
direct observation of carrier species. Photocurrent analysis 
including TSC measurement does not provide the molecular 
nature of a charge carrier (geminate ion-pair, free and 
trapped carriers etc.). Time-resolved fluorescence study can 
provide the molecular nature, however, the monitored 
species are CGM excitons, which are precursors of charge 
transfer reaction between a CGM and a CTM. Therefore, 
for further investigation of charge generation and transport 
processes, we need the precise and direct study of transient 
species generated from CGM excitons and CTMs. 

Time-resolved absorption technique is a very powerful 
tool for probing such ionic transient species.5,6 However, the 
application of this technique to the photoreceptor systems 
has not been easy. One of the difficulties is derived from a 
damage of the samples by intense laser excitation. 
Furthermore, intense laser excitation often changes the 
dynamics of transients. 
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At the last conference (NIP 18), we reported the 
application of our highly sensitive time-resolved absorption 
system to the observation of charge generation.7 We 
observed the transient absorption in near-IR range after 
pulse excitation and assigned this absorption to delocalized 
holes in CTM molecules. 

In the present work, we expanded probe light window 
from the near-IR region (1000 - 2500 nm) to visible region 
(600 – 1000 nm) to examine the transient species more 
precisely. We also examined the difference in the decay of 
the transient absorption for different combination of CGMs 
and CTMs in order to investigate the role of this transient 
species in carrier generation processes. 

Experimental 

Sample Preparation 
Figure 1 shows the molecular structures of CGMs8 and 

CTMs used in this study. Layered samples were prepared 
on CaF2 plates by spin-coating method. The charge 
generation layer (CGL) contained 50wt% CGM dispersed in 
poly(vinylbutyral), and the charge transport layer (CTL) 
contained 3-50wt% CTM dispersed in polycarbonate. The 
CTM concentrations were changed in order to examine 
concentration dependency. 

Transient Absorption 
We used the similar systems and procedures reported 

by Iwata et al.5 and Yamakata et al.6 for transient absorption 
spectrum measurement. The detail experiment setups and 
procedures are described elsewhere.5-7 Briefly, the light 
emitted from a halogen lamp was focused on the sample 
plate with ellipsoidal mirrors. The transmitted light was 
dispersed in a monochromator (JASCO, CT50TF) of 50cm 
focal length. The monochromatic output was detected by a 
low-noise photovoltatic MCT detector (Kolmer; for 1000 – 
2500 nm measurement) or Si-PIN photodiode (S-5971 
Hamamatsu; for 600 - 1000 nm measurement). The signal 
output was amplified in AC-coupled amplifiers and 
accumulated in a digital sampling oscilloscope (Lecroy, 
LT342L) as a function of delay time at a fixed wavelength. 
The temporal profiles were reconstructed to transient 
absorption spectra at different delay times. The 
time-resolution of the instruments was about 50 ns. 
Excitation pulse was frequency-mixed output (525nm, 
120fs pulse) of the OPG/OPA pumped by an amplified 
Ti:Sapphire laser. The pulse energy was varied in the range 
0.1-2 µJ at the sample point (3 - 60 µJ/cm2). Transient 
absorbance change as low as 10-6 was detected by signal 
averaging at 1KHz. All the measurements in this study were 
conducted without external electric field. 
 

 

 

Figure 1. Charge generation materials (CGM) and the charge 
transport materials (CTM) used in this study. 

Results and Discussion 

Figure 2 shows the transient absorption spectra of 
CGM1/CTMx (x = 1, 2, 3) layered samples after the photo 
irradiation of 525 nm laser pulse. A broad transient 
absorption was observed in the near-IR range (1000 - 2500 
nm). It has been reported that aggregate cations of many 
aromatic compounds give transient absorption in near-IR 
region due to charge resonance band.9 Therefore, we 
attributed this transient absorption to the cationic species of 
CTMs.7 We have already reported the transient absorption 
for CGM1/CTM4 layer.7 The transient absorption was 
similar to those of CTM2 and CTM3. However, the 
differential absorbance was far smaller than those of CTM2 
and CTM3, and the data was difficult to use for further 
discussion. Therefore, we eliminate the data for CTM4 in 
this paper. 
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Figure 2. Transient absorption spectra of CGL1/CTLx layers 
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Figure 3. Transient absorption spectrum of the CGM1/CTM1 layer 
in the VIS ~ near-IR range at various CTM concentrations. 

 
To examine the transient species more precisely, we 

expanded probe light window to visible region (600 – 1000 
nm) for the CGM1/CTM1 sample. Figure 3 shows the 
transient absorption spectrum of the CGM1/CTM1 layer in 
the VIS ~ near-IR range (600 - 2500 nm). The dependence 
of the spectrum on the CTM concentration is also shown. 
There are three distinctive transient absorption in the figure 
3; a peak around 700 nm, a peak around 1400 nm and broad 
unstructured absorption around 2000 nm. The intensities of 
these three absorption show explicit concentration 
dependence. If we normalize the spectrum at 1400 nm, the 
relative intensity of the peak around 700 nm becomes 
smaller at higher concentration of CTM. On the contrary, 
the broad absorption around 2000 nm becomes larger at the 
higher concentration of CTM. Since we can expect larger 
aggregates of CTM molecules at higher concentration of 
CTM, we now ascribe these three absorption to monomer 
(for the peak around 700 nm), dimer (for the peak around 
1400 nm) and larger aggregate (for broad absorption around 
2000 nm) cations, respectively. 
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Figure 4. Comparison of the transient absorption decay of CGM1 
/CTMx (x = 1, 2, 3) at 1200 nm. 

 
Figure 4 shows the transient absorption decay of 

CGM1/CTMx (x = 1, 2, 3) at 1200 nm. All the signals were 
approximately fitted by a sum of two exponential functions. 
The signal decay considerably depended on CTM species. 

We found that the decay speed (signal lifetime) had strong 
relation to the drift mobility of CTM (Table 1). First of all, 
the signal of a CTM that has larger drift mobility decayed 
faster. In addition, the lifetime of the second exponential 
function was more dependent on the drift mobility than that 
of the first exponential function. From these observations, 
we presume that the decay processes, especially the second 
exponential component, are governed by the migration of 
holes in the CTL or the CTL/CGL interface. 
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Figure 5. Comparison of the transient absorption decay of 
CGMx/CTM (x = 1, 2) at 1400 nm. 

Table 1. Preexponential parameters and lifetimes 
determined from the fitting (A1exp(-t/τ1) + A2exp(-t/τ2)) 
with drift mobility. 
 
         CGM1/CTM1   CGM1/CTM2   CGM1/CTM3 
     A1 

a   0.41       0.45    0.36 
     A2    0.59       0.55    0.64 
       τ1/µs    6.1        6.7     7.1 
       τ2/µs    69       97    110 
 Drift mobility b     8.5        3.8    0.66 
 (10-6 cm2/Vs) 
 
a. The values are normalized, as the sum of A1 and A2 becomes unity. 
b. The drift mobility values are taken from ref. 10 

Table 2. Initial intensities and lifetimes determined from 
the fitting (A1exp(-t/τ1) + A2exp(-t/τ2)) with 
photoconductive sensitivity. 
 
   CGM1/CTM1 CGM2/CTM1    
            τ1/µs       6.1     6.6 
      τ2/µs       69      81 
 
  Initial intensitya     1.00    1.18 
     (A1+A2) 
  Photoconductive       4.0     4.8 
Sensitivity b (cm2/µJ)  

 
a. Relative intensity 
b. Reciprocal half-decay exposure from 700V, by monochromated light 
(525nm) 

 

IS&T's NIP19: 2003 International Conference on Digital Printing Technologies

685



 

 

Figure 5 shows the transient absorption probed at 1400 
nm of CGM1/CTM1 and CGM2/CTM1 obtained under the 
same experimental condition. We found that the initial 
intensity and the decay rate of the transient absorption 
correlated with the photoconductive sensitivity (Table 2). 
The initial intensity reflects the amount of cationic species 
of CTM right after photoexcitation. Therefore it is quite 
understandable that it correlates with photoconductive 
sensitivity. Furthermore, decay rates also correlate with 
photoconductive sensitivity. If the decay processes were 
governed only by the migration of holes in the CTL, the 
decay would not depend on CGM. However, this is not the 
case. The CGM also affects the decay rate. This suggests 
that the decay processes could be governed also by charge 
recombination between a CTM cation and a CGM anion 
under zero electric field. Slow charge recombination seems 
to one of the important factors that contribute to high 
sensitivity. From the discussion above, we can say the total 
photoconductive sensitivity could be determined by 
amounts of the CTM cationic species formation and the 
charge recombination rate. 

Here we consider the relationship between the cationic 
species of CTMs detected by transient absorption and the 
current transients detected by transient photocurrent (TRC) 
measurements with delayed collection field (DCF) 
technique.1 TRC measurements showed that the carrier 
(collected by applied electric field) had several seconds 
lifetime under no external field. On the contrary, the 
transient absorption disappeared within one millisecond 
over the all wavelength measured. Meanwhile, we can 
assume that the majority of an excitation pulse was 
consumed for the formation of the cationic species of CTMs 
because a weak excitation pulse gave such a large transient 
absorption. For these reasons, we tentatively assume that 
cationic species of CTMs are precursors of the current 
transients detected by TRC, which are not optically 
detectable. 

From the results of this work and our former works, we 
suggest that carrier generation in layered organic 
photoreceptor take place through the following processes. 
(i) Formation of cationic species of CTM and anionic 

species of CGM by electron transfer between CTM 
molecules and excited CGM molecules. These cationic 
species of CTM give the transient absorption. 

(ii) The cationic species of CTM recombine with the 
anionic species of CGM or change into the stable 
cations. This process takes place within one 
millisecond. 

(iii) The stable cations play a role of free carriers when 
external electric field is applied. 

(iv) These stable cations have lifetime of several seconds 
without external electric field and do not have transient 
absorption. 
 
Now we are conducting the transient absorption 

measurement under applied electric field in order to support 
our model. 

Summary 

Photocarrier generation processes of organic 
photoconductors were investigated by the time-resolved 
spectroscopy. A broad transient absorption was observed in 
the visible ~ near-IR range (600 - 2500 nm) after a 
photoexcitation. We ascribed this transient species to the 
cationic species of a charge transport material (CTM), 
namely the delocalized holes among some CTM molecules. 
From the dependence of transient absorption spectra on the 
concentration, it was suggested that the cationic species of 
CTM contain monomer cations, dimer cations and larger 
aggregate cations. 

From the decay dynamics, we presumed that these 
cationic species decayed through both the migrations of 
holes in the CTL and charge recombination between a CTM 
cation and a CGM anion. We also assumed that these 
cationic species were precursors of the current transients 
detected by TRC measurements. 

References 

1. T. Shoda, S. Aramaki and T. Murayama, Proc. NIP13, pg. 
220 (1997). 

2. S. Yamaguchi and Y. Sasaki, J. Phys. Chem. B, 103, 6835 
(1999). 

3. S. Yamaguchi and Y. Sasaki, J. Phys. Chem. B, 104, 9225 
(2000). 

4. Y. Sasaki, S. Yamaguchi, T. Shoda, S. Aramaki and T. 
Murayama, Proc. ICIS, pg. 302. (2002). 

5. K. Iwata and H. Hamaguchi. Appl. Spectrosc., 44, 1431 
(1990). 

6. A. Yamakata, T. Ishibashi and H. Onishi, Chem. Phys. Lett., 
333, 271 (2001). 

7. Y. Sasaki, K. Takeshita, T. Shoda and T. Murayama, Proc. 
NIP18, pg. 400 (2002). 

8. T. Murayama, J. Imag. Technol., 46, 285, (2002) 
9. A. Kira and M. Imamura. J. Phys. Chem., 83, 2267 (1979). 
10. A. Fujii, T. Shoda, S. Aramaki and T. Murayama, Jpn. J. Appl. 

Phys. 36, 2739 (1997). 

Biography 

Kan Takeshita received his M.S. degree in physical 
chemistry from Kyoto University in 2001. Subsequently, he 
joined CACs Inc., the analytical subsidiary of Mitsubishi 
Chemical Corporation. He is also working as a visiting 
researcher at Kanagawa Academy of Science and 
Technology since 2002. He has worked on physical 
chemistry, especially photo and electric properties, of 
organic and inorganic molecules including important 
industrial materials by use of various techniques of laser 
spectroscopy.

 

IS&T's NIP19: 2003 International Conference on Digital Printing Technologies

686


	21929
	21930
	21931
	21932
	21933
	21934
	21935
	21936
	21937
	21938
	21939
	21940
	21941
	21942
	21943
	21944
	21945
	21946
	21947
	21948
	21949
	21950
	21951
	21952
	21953
	21954
	21955
	21956
	21957
	21958
	21959
	21960
	21961
	21962
	21963
	21964
	21965
	21966
	21967
	21968
	21969
	21970
	21971
	21972
	21973
	21974
	21975
	21976
	21977
	21978
	21979
	21980
	21981
	21982
	21983
	21984
	21985
	21986
	21987
	21988
	21989
	21990
	21991
	21992
	21993
	21994
	21995
	21996
	21997
	21998
	21999
	22000
	22001
	22002
	22003
	22004
	22005
	22006
	22007
	22008
	22009
	22010
	22011
	22012
	22013
	22015
	22017
	22018
	22019
	22020
	22021
	22022
	22023
	22024
	22025
	22026
	22027
	22028
	22029
	22030
	22031
	22032
	22033
	22034
	22035
	22036
	22037
	22038
	22039
	22040
	22041
	22042
	22043
	22044
	22045
	22046
	22047
	22048
	22049
	22050
	22051
	22052
	22053
	22054
	22055
	22056
	22057
	22058
	22059
	22060
	22061
	22062
	22063
	22064
	22065
	22066
	22067
	22068
	22069
	22070
	22071
	22072
	22073
	22074
	22075
	22076
	22077
	22078
	22079
	22080
	22081
	22082
	22083
	22084
	22085
	22086
	22087
	22088
	22089
	22090
	22091
	22092
	22093
	22094
	22095
	22096
	22097
	22098
	22099
	22100
	22101
	22102
	22103
	22104
	22105
	22106
	22107
	22108
	22109
	22110
	22111
	22112
	22113
	22114
	22115
	22116
	22117
	22118
	22119
	22120
	22121
	22122
	22123
	22124
	22125
	22126
	22127
	22128
	22129
	22130
	22131
	22132
	22133
	22134
	22135
	22136
	22137
	22138
	22139
	22140
	22141
	22142
	22143
	22144
	22145
	22146



