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Effect of Ambient Gases on the Charge
Acceptance of Cu-phthalocyanine/polymer

Single Layer Photoreceptors
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Abstract

The charge acceptance of single layer organic ph
receptors consisting of α-type Cu-phthalocyanine pigmen
and hydrazone charge transport materials disperse
thermo-setting acrylic polymer is found to decrease w
the surface is exposed to ambient NOX gas. The electronic
surface properties of the photoreceptors are investigate
treating the surface with HNO3 aqueous solutions and b
measuring the applied voltage-current characteris
Internal photo-emission experiments determine the ene
level relationship between metal electrodes and 
photoreceptors. The hole injection from the treated sur
can be attributed to the adsorption of acceptor ions a
surface. The improvement of charge acceptance base
this conclusion is suggested.

Introduction

The electrophotographic applications of single la
organic photoreceptors (SLP) have recently been inv
gated extensively.1 Ueda and Noda reported on the photo
duced discharge of one such photoreceptor consisting oα-
type Cu-phthalocyanine pigments and hydrazone ch
transport materials dispersed in thermo-setting acr
polymer (CuPc/polymer SLP).2 In the present paper, w
report the observation of reduction in the charge accept
of CuPc/polymer SLP, when the positively charged SLP
exposed to ambient NOX gas. In order to identify the
mechanism of this effect, the electronic surface prope
are investigated by treating the surface with HNO3 aqueous
solutions and by measuring the applied voltage-cur
characteristics. Based on our findings, a practical way
improving the charge acceptance is suggested.

Experimental and Results

The photoconductive layer (PCL) consisting of α-type Cu-
phthalocyanine pigments and hydrazone charge trans
materials (CTM) dispersed in thermo-setting acry
polymer (CuPc/polymer SLP)2 is coated on an Al substrat
the surface of which is anodized as an effective block
layer to charge injection. The photoinduced discha
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curves with positive charging show the J-shape, and no
S-shape, because the PCL contains CTM.
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Figure 1. Initial surface potential measured after being placed
NO2 gas for 2 hours, as a function of the gas density for C
phthalocyanine/polymer single layer photoreceptors.

After exposing the PCL to ambient NO2 gas for 2
hours, the initial surface potential (i.e. the cha
acceptance) is measured as a function of the gas de
The results are shown in Fig. 1. The reduced cha
acceptance recovers when the PCL is placed in no
ambient air for several min. Therefore, the initial surfa
potential once reduced increases during repeated cha
and exposure cycles in the normal ambient air. T
indicates that the reduction in charge acceptance is du
physical adsorption of NO2 gas. On the other hand, the no
recovery of charge acceptance for the case of exte
exposure to NO2 gas suggests that the physical adsorption
has changed into chemical adsorption. It is observed 
the charge acceptance is not reduced when the PC
exposed to O2, CO2, or CO ambient gas up to 2,500 ppm.

The free surface of CuPc/polymer SLP is treated w
HNO3 aqueous solution for 30 min and dried for more th
30 min at room temperature. The relation between 
initial surface potential of the treated PCL and 
normality N of HNO3 aqueous solution is shown in Fig. 
Once reduced after the treatment, the charge accep
recovers during repeated charging and discharge cycle
in the case of NO2 exposure (Fig. 1). However, suc
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recovery is not observed when the treatment in HN3

aqueous solution lasts several hrs. We believe the s
mechanism operates in the nitration by HNO3 aqueous
solution and in the adsorption of NO2 gas on the free
surface.
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Figure 2. Initial surface potential for Cu-phthalocyanine/polym
single layer photoreceptor after treated for 30 min, as a functi
of a normality N of HNO3 aqueous solution.
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Figure 3. Experimental arrangement for measuring the app
voltage-current characteristics
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Figure 4. Applied voltage-current characteristics for the C
phthalocyanine/polymer single layer photoreceptors.
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Figure 5. Applied voltage-current characteristics for the C
phthalocyanine dual layer photoreceptors.

Applied Voltage-Current Characteristics
The experimental arrangement of the applied volta

current (V-I) characteristics is illustrated schematically 
Fig. 3. The metal electrodes on the surface of PCL 
prepared by vacuum deposition.

The V-I characteristics are shown in Fig. 4. With an 
electrode on untreated surface (Al/untreated surface),
current is negligible for both positive and negative appl
voltages. On the other hand, a large current is observed
positive applied voltage with an Au electrode (Au/untrea
surface). This means that holes can be injected from the
electrode into the PCL. The current is approximate
proportional to the square of the applied voltage, indicat
that it is space-charge limited. The rectifying characteris
are similar to that of metal-semiconductor interface
However, the rectifying direction appears reversed.

Also shown in Fig. 4 are the V-I characteristics f
PCL’s treated with HNO3 aqueous solution, 1N and 30 min
With an Al electrode (Al/treated surface), a large curren
observed for positive applied voltage, indicating that 
hole injection from the Al electrode into the treated PC
becomes possible.

The CuPc/polymer SLP’s with untreated surface hav
good charge acceptance for both positive and nega
corona charging. On the other hand, the SLP’s with p
treated surface show no charge acceptance for pos
corona charging, but a high charge acceptance for nega
corona charging. These results are consistent with the
characteristics shown in Fig. 4.

The V-I characteristics for CuPc dual laye
photoreceptors (CuPc DLP) shown in Fig. 5 are similar
that of CuPc/polymer SLP shown in Fig. 4. This is n
unexpected because the charge transport layer (CTL) o
CuPc DLP consists of the hydrazone CTM and the therm
setting acrylic polymer used for the CuPc/polymer SLP.

The work functions of Al, Au, and the SLP ar
determined by the Kelvin method to be 3.9, 4.9 and 4.6 
respectively. The ionization potentials of both the PCL 
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the SLP and the CTL of the DLP are 5.2 eV, determi
from external photoemission experiments. The absorp
edge (“band gap”) of the PCL is 2.0 eV by fluorometry.

Internal Photoemission Experiment
Internal photoemission (photo-injection) of holes fro

a metal into an insulator can be used to determine
energy level relationships at the interface between the m
electrode and the photoreceptor.3 The usual experimenta
setup (Water cell) is illustrated in Fig. 6. The CTL 
prepared on Al substrates directly.

Al substrate

CTL

Distilled H 2O

Coulomb
     meter

hν

Figure 6. Experimental arrangement for observing the inter
photoemission (Water cell). Distilled water was held in a pla
box sealed to the CTL.
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Figure 7. The threshold energy of 1.3 eV was determined fo
interface between the Al electrode and the CTL.
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Figure 8. Energy level relationship at the interface between
metal electrode and the CuPc/polymer SLP.
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An electron in Al receives the photon energy a
undergoes a transition to an excited state, leaving a hol
the valence band as illustrated in Fig. 7. The holes may t
enter the transport levels in the CTL. For the interfa
between Al and CTL, the threshold energy value of 1.3 
is determined.

Discussion

Consider the contact between a metal electrode with a w
function WM and a photoreceptor with a work function WS

and an ionization potential IP, as illustrated in Fig. 8. The
Schottky barrier is given by,4, 5

ΦB = WM − IP    (1)

Using the WM of Al and the IP of PCL given in the
previous section, the Schottky barrier of ΦB = 1.3 eV is
obtained from Eq. 1. This value is in agreement with t
result on the threshold energy in the internal photoemiss
experiment (Fig. 7). The high barrier prevents ho
injection from Al to untreated PCL (Al/untreated surface
as schematically illustrated in Fig. 8. Similarly, a Schott
barrier of ΦB = 0.3 eV is obtained for Au/untreated surfac
and is also shown schematically in Fig. 8. A nearly Ohm
contact allows the hole injection from Au to the untreat
PCL. We will apply this hole injection mechanism to th
discussion of Al/treated surface.

The V-I characteristics of the Al/untreated surface a
Al/treated surface in Fig. 4 correspond respectively to 
high charge acceptance and the low charge acceptanc
positive corona charging. Therefore, the ionization poten
of positive corona ions can be expected to be nearly eq
to the work function of Al, that is about 4 eV.

Untreated PCL

S.S.

 ~4 eV

IP = 5.2 eV

  +   +
corona ion

Treated PCL

W S = 4.6 eV

Figure 9. Energy level shifting by the surface states.

Surface States and Carrier Injection
The nitration of the free surface by HNO3 aqueous

solution and the adsorption of NO2 gas on the free surface
produce surface states at the free surface of PCL. 
barrier model with the surface states is shown in Fig. 9
measurement by external photoelecrtric effect gives 
ionization potential of PCL as IP = 5.2 eV. This leads to a
large barrier of 1.3 eV for Al/untreated surface of CuP
SLP, based on Eq. 1 and a large energy gap of more 
1.0 eV between a positive corona ion and the energy le
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of the PCL assuming that the ionization potential 
positive corona ions is 4 eV as shown in Fig. 9.

Now suppose the nitration or exposure to ambient N2

introduces acceptor-like states at the surface. Then,
ionization potential for states near the surface reduces 
smaller value closer to that of the bulk state (upwa
shifting of the energy level). This reduces the barrier a
facilitates hole injections from Al into the treated PCL a
energy gap between the positive corona ion and the en
level of the treated PCL as shown in Fig. 9.

Improvement of the Charge Acceptance
We have prepared a useful protective layer of SiO

the surface of CuPc/polymer SLP drums to prevent 
reduction in charge acceptance. The layer with a thickn
of 0.3 µm is vacuum deposited on the surface of PCL on
substrates, and aged at 55°C for 5 hrs. The thickness of 0.
µm shows enough prevention and less residual potent
However, neither Al2O3, SiC, SiO2 nor Si3N4 has been found
to be effective as a protective layer.

Conclusion

When a negative voltage is applied to the Al or A
electrode on CuPc/polymer SLP, no current is observed
shown in Fig. 4. This means that no electron can inject fr
the metal substrate into the positively corona charged P
regardless of whether the substrate is Al or Au. Therefo
one would expect a high charge acceptance 
CuPc/polymer SLP.

For CuPc DLP in practical use nowadays, it is n
necessary to consider the NOx problem seriously beca
they are used with negative charging. However, whe
reversal development process is applied to CuPc DLP,
corona discharge at the toner transfer station is positive
678
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a special care may be necessary. If a DLP using posi
charging were to be in practical use in the future, t
discussion in this paper should be considered.

It is concluded that the charge acceptance 
CuPc/polymer SLP depends significantly on the electro
surface properties of the photoreceptor, because of 
adsorption of acceptor ions on the free surface. We are 
to prepare a useful protective layer of SiO on the surface
CuPc/polymer SLP.
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