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57) ABSTRACT 

A photosensitive member for electrophotography have a 
photosensitive layer 20 provided on an electroconductive 
Substrate 1 and, containing a compound selected from 
among derivatives of thiophene, diphenylthiophene or oxa 
diazole. When the surface of the photosensitive member was 
positively charged and then irradiated with white light, the 
half decay exposure amount with which the surface potential 
is decreased to half is 5 to 10 luxsec. The photosensitive 
member is capable of being used in semiconductor laser 
printers. 

9 Claims, 1 Drawing Sheet 
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PHOTOSENSTIVE MEMBER FOR 
ELECTROPHOTOGRAPHY WITH 

THIOPHENE CONTAINING MOETY ON 
CHARGE TRANSPORT COMPOUND 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD 

The present invention relates to a photosensitive member 
for electrophotography, and particularly to a photosensitive 
member for electrophotography comprising an electrocon 
ductive substrate and a photosensitive layer formed thereon 
and containing a derivative of thiophene, diphenylthiophene 
or oxadiazole. 

BACKGROUND ART 

Photosensitive materials which have heretofore been used 
in photosensitive members for electrophotography (herein 
after also referred to simply as "photosensitive members”) 
include inorganic photoconductive substances such as sele 
nium and selenium alloys, dispersions of inorganic photo 
conductive Substances such as zinc oxide and cadmium 
sulfide in resin binders, organic photoconductive substances 
Such as poly-N-vinylcarbazole and polyvinylanthracene, 
dispersions of organic photoconductive substances such as 
phthalocyanine compounds and bisazo compounds in resin 
binders, and films of organic photoconductive substances as 
mentioned above, deposited through vacuum evaporation. 

Photosensitive members, which are required to have a 
function of retaining a surface electric charge in the dark, a 
function of generating an electric charge upon receiving 
light, and a function of transporting an electric charge upon 
receiving light, include so-called single layer type photo 
sensitive members comprising one layer having all of these 
functions, and so-called laminate type photosensitive mem 
bers with laminated layers respectively having separate 
functions, one layer of which mainly contributes to genera 
tion of an electric charge, and another layer of which 
contributes to retention of a surface electric charge in the 
dark and transportation of an electric charge upon receiving 
light. For example, a Carlson system can be applied to image 
formation according to the electrophotography method 
using one of these photosensitive members. The process of 
image formation according to this system comprises the step 
of charging a photosensitive member by corona discharge in 
the dark, the step of exposing the surface of the charged 
photosensitive member to light to forman electrostatic latent 
image corresponding to a letter and/or a picture on a copy or 
manuscript, the step of developing the formed electrostatic 
latent image with a toner, and the step of transferring the 
developed toner image to a support such as a paper sheet to 
fix the toner image onto the support. The photosensitive 
member from which the toner image was transferred to the 
Support is subjected to removal of the electric charge, 
removal of the remaining toner, and removal of the electric 
with light to be ready for reuse. 

Photosensitive members for electrophotography wherein 
use is made of an organic material have recently been put 
into practical use by virtue of flexibility, thermal stability 
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2 
and a film forming capacity of the organic material. Such 
photosensitive members include a photosensitive member 
comprising poly-N-vinylcarbazole and 2, 4, 7-trinitrofluo 
ren-9-on (disclosed in U.S. Pat. No. 3,484.237), a photo 
Sensitive member comprising an organic pigment as the 
main component (disclosed in Japanese Patent Application 
Laid-Open No. 37,543/1972), and a photosensitive member 
comprising as the main component a eutectic complex 
composed of a dye and a resin (disclosed in Japanese Patent 
Application Laid-Open No. 10,785/1972). Further, a large 
number of photosensitive members wherein use is made of 
a hydrazone compound, an oxazole compound, or the like 
have been reported. 
As described above, organic materials have many advan 

tages with which inorganic materials are not endowed. 
However, the fact has been that there have been available no 
organic materials sufficiently satisfying all the characteris 
tics required of photosensitive members for electrophotog 
raphy, among which photosensitivity and characteristics in 
repeated continuals use have been particularly problematic. 

DISCLOSURE OF THE INVENTION 

The present invention has been made in view of the 
above-mentioned problems. An object of the present inven 
tion is to provide a photosensitive member for electropho 
tography to be used in a copying machine as well as a printer 
wherein a novel organic material which has never been used 
to date is used as a charge transporting substance in the 
photosensitive layer thereof to provide a high photosensi 
tivity and excellent characteristics in repeated use. 

In the first aspect of the present invention, a photosensi 
tive member for electrophotography comprises: 
A photosensitive layer containing at least one compound 

selected from among derivatives of thiophene represented 
by the following general formula (): 

R3 R4 (I) 

R1 R5 
N / N / \ N 
/ S N 

R2 R6 

wherein R1, R2, R3, R4, R5 and R6 each stand for a 
Substituted or unsubstituted alkyl, aryl, or aralkyl group. 

Here, the photosensitive layer may be a layer made of a 
dispersion of a charge transporting substance and a charge 
generating substance in a resin binder, and wherein the 
charge transporting substance is at least one compound 
selected from among the derivatives of thiophene repre 
sented by the general formula (I). 
The photosensitive layer may have laminated layers, one 

of which is a charge generating layer, and another of which 
is a charge transporting layer containing a charge transport 
ing substance, and wherein the charge transporting sub 
stance is at least one compound selected from among the 
derivatives of thiophene represented by the general formula 
(I). 
A covering layer may be provided on the laminated layers. 
In the second aspect of the present invention, a photo 

sensitive member for electrophotography comprises: 
a photosensitive layer containing at least one compound 

selected from among derivatives of diphenylthiophene rep 
resented by the following general formula (II) or (II): 
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"SA A R8 R7 A \" CH CH2 

S Y / \ N/ S 
/ S N 

R2 Rs 

R3 R4 

"SA A 

"SA A 
S 

wherein R1,R2, R3, R4, R5, R6, R7, R8, R9, and R10 each 
stand for a hydrogen atom, a halogen atom, an alkyl group, 
a hydroxy group, an alkoxy group, an allyl group, a nitro 
group, a substituted or unsubstituted aryl group, or an 
aralkyl group. 

Here, the photosensitive layer may be a layer made of a 
dispersion of a charge transporting substance and a charge 
generating substance in a resin binder, and wherein the 
charge transporting substance is at least one compound 
selected from among the derivatives of diphenylthiophene 
represented by the general formula (II) and (II). 
The photosensitive layer may have laminated layers, one 

of which is a charge generating layer, and another of which 
is a charge transporting layer containing a charge transport 
ing substance; and wherein the charge transporting sub 
stance is at least one compound selected from among the 
derivatives of diphenylthiophene represented by the general 
formula (I) or (III) 
A covering layer may be provided on the laminated layers. 
In the third aspect of the present invention, a photosen 

sitive member for electrophotography, comprises: 
a photosensitive layer containing at least one compound 

selected from among derivatives of oxidiazole represented 
by the following general formula (IV) or (V): 

R 

"SA A 
S 

R5 A A-c 
S 

wherein R1, R2, R3, R4, R5, and R6 each stand for a 
hydrogen atom, a halogen atom, an alkyl group, an allyl 
group, a nitro group, an arakyl group, or a substituted or 
unsubstituted aryl group or an aralkyl group. 

Here, the photosensitive layer may be a layer made of a 
dispersion of a charge transporting substance and a charge 
generating substance in a resin binder, and wherein the 
charge transporting substance is at least one compound 
selected from among the derivatives of oxadiazole repre 
sented by the general formula (IV) or (V). 

CH2 R8 R7 CH2 

N N 

/ S N 
CH2 R3 R4 CH2 
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(II) 

(III) A \" 
S 

S 

The photosensitive layer may have laminated layers, one 
of which is a charge generating layer, and another of which 
is a charge transporting layer containing a charge transport 
ing substance; and wherein the charge transporting sub 
stance is at least one compound selected from among the 
derivatives of oxadiazole represented by the general formula 
(IV) or (V). 
A covering layer may be provided on the laminated layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 to 3 are schematic cross-sectional views of 
photosensitive members for electrophotography according 
to the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The photosensitive member of the present invention, 
which contains in the photosensitive layer thereof a deriva 
tive of thiophene, diphenylthiophene, or oxadiazole, may 
have any one of structures as respectively shown in FIGS. 1, 
2 and 3 according to the manner of application thereto of the 
derivative of compound as mentioned above. 

CH A x R4 (IV) 

Y, S 
R4 (V) 

al -4 x 
N R. 

FIGS. 1 to 3 are schematic cross-sectional views of 
photosensitive members according to the present invention. 
In the figures, reference numeral 1 refers to an electrocon 
ductive substrate, numerals 20, 21 and 22 each to a photo 
sensitive layer, reference numeral 3 to a charge generating 
substance, reference numeral 4 to a charge generating layer, 
reference numeral 5 to a resin layer containing a charge 
transporting substance, reference numeral 6 to a charge 
transporting layer, and reference numeral 7 to a covering 
layer. 
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FIG. 1 shows a structure (structure usually called a single 
layer type photosensitive member) comprising an electro 
conductive substrate 1 and a photosensitive layer 20 pro 
vided thereon and containing a charge generating substance 
a dispersed in a matrix 5 composed of a resin binder and a 
derivative of thiophene, diphenylthiophene or oxadiazole as 
a charge transporting substance. 

FIG. 2 shows a structure (structure usually called a 
laminate type photosensitive member) comprising an elec 
troconductive substrate 1 and a photosensitive layer 21 
provided thereon in the form of laminated layers, the lower 
one of which is a charge generating layer 4 mainly com 
prising a charge generating substance 3, and the upper one 
of which is a charge transporting layer 6 containing a 
derivative of thiophene, diphenylthiophene or oxadiazole as 
a charge transporting Substance. 

FIG. 3 shows a layer structure reverse to that of FIG. 2. 
In this case, a covering layer 7 is generally provided to 
protect a charge generating layer 4. 
Why two kinds of layer structures as respectively shown 

in FIGS. 2 and 3 provided is as follows. Even if the layer 
structure of FIG. 2 which is usually used according to the 
negatively charging mode is to be used according to the 
positively charging mode, no charge transporting substances 
adapted for the latter mode have been found. Accordingly, 
the layer structure of FIG.3 as already proposed is necessary 
as a photosensitive member operable according to the posi 
tively charging mode at the present stage of art. 
A photosensitive member as shown in FIG. 1 can be 

prepared by a procedure comprising the step of dispersing a 
charge generating substance in a solution of a charge trans 
porting substance and a resin binder and the step of applying 
the resulting dispersion on an electroconductive substrate. 
A photosensitive member as shown in FIG. 2 can be 

prepared by a procedure comprising the step of depositing a 
charge generating substance on an electroconductive sub 
strate through vacuum evaporation or applying on an elec 
troconductive substrate a dispersion prepared by dispersing 
particles of a charge generating substance in a solvent and a 
resin binder and drying the resulting coating film, and the 
step of applying on the deposited film or on the dried coating 
film a solution of a charge transporting substance and a resin 
binder and drying the resulting coating film. 
A photosensitive member as shown in FIG. 3 can be 

prepared by a procedure comprising the step of applying on 
an electroconductive substrate a solution of a charge trans 
porting substance and a resin binder and drying the resulting 
coating film, the step of depositing a charge generating 
Substance on the dried coating film through vacuum evapo 
ration or applying on the dried coating film a dispersion 
prepared by dispersing particles of a charge generating 
substance in a solvent and a resin binder and drying the 
resulting coating film, and the step of forming a covering 
layer. 
The electroconductive substrate 1 serves not only as an 

electrode of the photosensitive member but also as a support 
for the layer(s) provided thereon. The photosensitive mem 
ber may be in any form selected from a cylinder, a plate and 
a film, and may be made of any one of various materials 
including metals such as aluminum, stainless steel and 
nickel, and glass, resins, and the like subjected thereon to a 
treatment capable of rendering the same electroconductive. 
The charge generating layer 4, which is formed by appli 

cation of a dispersion of particles of a charge generating 
substance 3 in a resin binder or deposition of a charge 
generating substance 3 through vacuum evaporation, gen 
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6 
erated an electric charge upon receiving light. It is important 
that the charge generating layer 4 be high not only in 
efficiency of electric charge generation but also in capability 
of injecting a generated electric charge into the charge 
transporting layer 6 and the covering layer 7, which capa 
bility is desired to be little dependent upon electric field and 
to be high even in low electric fields. Examples of usable 
charge generating substances include phthalocyanine con 
pounds such as metal-free phthalocyanine and titanylphtha 
locyanine; various azo, quinone and indigo pigments; dyes 
such as cyanine, squalilium, azulenium and pyrylium com 
pounds; and selenium and selenium compounds. From 
among them, a suitable substance can be selected according 
to the wavelength range of a light source to be used in light 
exposure for image formation. Since the charge generating 
layer will suffice if only it has a function of generating an 
electric charge, the thickness thereof is determined depend 
ing on the extinction coefficient of a charge generating 
substance used therein. In general, the thickness of the 
charge generating layer is 5 um or smaller, preferably 1 um 
or smaller. It also is possible to additionally use a charge 
transporting substance and the like in the charge generating 
layer in addition to a charge generating substance as the 
main component of the layer. Examples of usable resin 
binders include polycarbonates, polyesters, polyamides, 
polyurethanes, epoxy resins, silicone resins, and homopoly 
mers and copolymers of methacryric esters, which may be 
used either alone or in suitable combination. 
The charge transporting layer 6, which is a coating film or 

a dispersion of a derivative of thiophene, diphenylthiophene 
or oxadiazole as an organic charge transporting substance in 
a resin binder, exhibits a function of serving as an insulating 
layer in the dark to retain an electric charge of the photo 
sensitive member as well as a function of transporting an 
electric charge injected from the charge generating layer 
upon receiving light. Examples of usable binders include 
polycarbonates, polyesters, polyamides, polyurethanes, 
epoxy resins, silicone resins, and homopolymers and 
copolymers of methacryric esters. 
The covering layer 7 has a function of receiving and 

retaining in the dark an electric charge generated by corona 
discharge and a capacity of transmitting therethrough a light 
to which the charge generating layer is sensitive. The 
covering layer 7 is required not only to transmit a light 
therethrough at the time of light exposure to allow the-light 
to reach the charge generating layer but also to undergo 
injection of a generated electric charge to neutralize and 
erase a surface electric charge therewith. Usable materials of 
the covering layer include organic insulating film-forming 
materials such as polyesters and polyanides; and mixtures 
of organic materials as mentioned just above with an inor 
ganic materials such as a glass resin and/or SiO, and/or with 
an electric resistance reducing materials such as a metal 
and/or a metallic oxide. However, usable materials of the 
covering layer are not restricted to those organic insulating 
film forming materials. For example, the covering layer may 
be formed from an inorganic or metallic material such as 
SiO, a metal, or a metallic oxide through vacuum evapo 
ration and deposition, sputtering, or the like. In view of the 
above description, the material of the covering layer is 
desired to be as transparent as possible in the wavelength 
range wherein the maximum light absorption of a charge 
generating substance is attained. 
The thickness of the covering layer can be arbitrarily set 

within the range wherein it does not bring about any adverse 
effects such as an increase in the residual potential when 
repeated continuous use is made of the photosensitive mem 
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ber, though it depends on the blending composition of the 
covering layer. 

CH3 CH 

Y ( ) / \ ( ) N/ / S N 
CH3 CH3 

/ 

8 
Specific examples of derivatives of thiophene which can 

be used in the present invention are as follows. 

COMPOUND 

No. I-1 

C2H5 No. I-2 

N ( 
No. I-3 

\ CH2 

( ) N / 

C2H5 No. I-4 
/ \ / N 

S N 
C2H5 

No. I-5 

- 
No. I-6 

C-K. () - 
S -( ) 

CH No. I-8 

S 
N ( 

( ) ( ) No. I-9 
C2 H5 

) N 
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-continued 

COMPOUND 

CH CH3 No. I-10 

C NN / \ N1 C 
CH 

> -O-O-> 
Cl vu) > -O-O-O-> 

Specific examples of derivatives of diphenylthiophene 
which can be used in the present invention are as follows. 

COMPOUND 

No. I-1 

No. I-2 
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COMPOUND 
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-continued 

COMPOUND 

CH A \ C No. I-12 

A y 
No, I-13 

al A \, CH No. I-14 

N 

/ \ No. I-15 
CH CH 

/ \ No. I-16 
CH2 

/ \ No. II.17 
CH 

/ \ No. I-18 
CH CH 

S 

No. I-19 

och a 4 Y 

21 No, I-20 
S 

CH S 
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No. I-21 
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COMPOUND 

No. II-7 

Z 

:5 SJçº 
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-continued 

COMPOUND 

/ \ o OH OH /CH / \ No. III-4 
(y N / \ N Zy 

S N 

A y" "A y 
S S 

Specific examples of derivatives of oxadiazole which can 
be used in the present invention are as follows. 

COMPOUND 

No. IV-1 

A \ CH N - N CH: A y 
S S 

N // W N 
/ O N 

CH CH3 

No. IV-2 

S-O-3-O-S 
/ \ No. IV-4 

CH2 

A )-()-3-O-K', 
CH N - N CH2 No. IV-6 

A \"\, / \ /"A \, 
S ch, O Yai, S 

CH N - N CH2 No. IV-7 

A \"\, // W /"A \, 
S ch, O Yeh, S 
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-continued 

C. C. 
“. . . . . . . 

Y-ch, N - N 

C-C-C-C, 
CH Zy) X.y CH 

CH, N - N ch/ 

'-O-O-O-S 
A C-O-CA 

- - - - -t-. 
/ \ ( \ch 

S N -, / S 

(,) a? ()-3-( Yo-Yo CH 
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-continued 

-4 

Examples will now be given, wherein the compounds 
Nos. I-1 to I-14 were respectively used. 

EXAMPLE I-1 

50 parts by weight of metal-free phthalocyanine (manu 
factured by Tokyo Kasei Co., Ltd.) pulverized with a ball 
mill for 150 hours and 100 parts by weight of the compound 
No. I-1, a derivative of thiophene, were kneaded, with a 
mixer, together with 100 parts by weight of a polyester resin 
(trademark: Vylon 200, manufactured by Toyobo Co., Ltd.) 
and tetrahydrofuran (THF) as a solvent for 3 hours to 
prepare a coating liquid. The coating liquid was applied on 
an aluminum-deposited polyester film (Al-PET) as an elec 
troconductive substrate by the wire bar technique to form a 
photosensitive layer having a dry thickness of 15um. Thus, 
a photosensitive member having a structure as shown in 
FIG. 1 was produced. 

S o -, N al S 

(,) a? ()-3-() Ya ()-- 

50 

55 
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COMPOUND 

A \ B No. V-7 

No. W-8 

CH2 A \ NO2 

S 

CH A y No. V.9 
S 

a A y 
S 

CH No. W-10 

CH 

A \, 
S 

No. W-11 

EXAMPLES I-2 

First, metal-free O-phthalocyanine as a starting material 
was pulverized for 20 minutes into a fine powder with a 
pulverizer, a LIMMAC (Linear Induction Motor Mixing and 
Crushing manufactured by Fuji Electric Co., Ltd.) wherein 
a non-magnetic can containing the metal-free O-phthalocya 
nine and Teflon pieces as small acting pieces was placed 
between two linear motors faced each other. 1 part by weight 
of this fine powder sample and 50 parts of DMF (N, 
N-dimethylformamide) as a solvent were subjected to an 
ultrasonic dispersion treatment. Thereafter, the sample was 
separated from DMF by filtration and dried to completer the 
treatment of metal-free phthalocyanine. 

Subsequently, a solution of 100 parts by weight of the 
compound No. I-2, a derivative of thiophene, in 700 parts by 
weight of tetrahydrofuran (THF) was mixed with a solution 
of 100 parts by weight of polymethyl methacrylate (PMMA; 
manufactured by Tokyo Kasei Co., Ltd.) in 700 parts by 
weight of toluene to prepare a coating liquid, which was then 
applied on an aluminum-deposited polyester film substrate 
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by the wire bar technique to form a charge transporting layer 
having a dry thickness of 15 um. 50 parts by weight of the 
metal-free phthalocyanine treated in the-above-mentioned 
manner, 50 parts by weight of a polyester resin (trademark: 
Vylon 200), and 50 parts by weight of PMMA were kneaded 
together with THF as a solvent with a mixer for 3 hours to 
prepare a coating liquid, which was then applied on the 
charge transporting layer by the wire bar technique to form 
a charge generating layer having a dry thickness of 1 um. 
Thus, a photosensitive member having a structure corre 
sponding to that of FIG. 3 was produced. No covering layer 
was provided because it is not directly relevant to the present 
invention. 

EXAMPLE I-3 

A photosensitive member was produced by forming a 
photosensitive layer in substantially the same manner as in 
Example I-1 except that 50 parts by weight of metal-free 
phthalocyanine, 100 parts by weight of the compound No. 
I-3, a derivative of thiophene, 50 parts by weight of a 
polyester resin (trademark: Vylon 200), and 50 parts by 
weight of PMMA were used to replace therewith the com 
position of the photosensitive layer of Example I-1. 

EXAMPLE I-4 

A photosensitive member was produced by forming a 
photosensitive layer in substantially the same manner as in 
Example I-3 except that Chlorodiane Blue which is a bisazo 
pigment disclosed in, for example, Japanese Patent Appli 
cation Laid-Open No. 37,543/1972 was used instead of 
metal-free phthalocyanine. 
The four photosensitive member thus produced were 

examined with respect to the electrophotographic character 
istics thereof by using an electrostatic recording paper 
testing apparatus (Kawaguchi Denki Model SP-428). 
The surface potential Vs (volts) of a photosensitive mem 

ber is an initial surface potential of the photosensitive 
member when the surface thereof was positively charged in 
the dark by corona discharge at +6.0 kV for 10 seconds. 
Subsequently, the photosensitive member was kept in the 
dark for 2 seconds after the discontinuation of corona 
discharge followed by a measurement of the surface poten 
tial Vd (volts) thereof. Immediately thereafter, the surface of 
the photosensitive member was irradiated with white light at 
an illuminance of 2 luxes to find a time (seconds) required 
till the surface potential thereof was decreased to half of the 
value of Vd, from which time and the illuminance the half 
decay exposure amount E/2 (lux'second) was calculated. 
The surface potential of the photosensitive member mea 
sured just after the surface thereof was irradiated with white 
light at an illuminance of 2 luxes for 10 seconds is defined 
as the residual potential Wr (volts) thereof. Where a phtha 
locyanine compound was used as the charge generating 
Substance, a monochromatic light having a wavelength of 
780 nm was also used to measure the electrophotographic 
characteristics of a photosensitive member since the photo 
sensitive member had been expected to show a high sensi 
tive even to a long wavelength light. Specifically, the same 
procedure as mentioned above was repeated up to the 
measurement of Vd, but thereafter the surface of the pho 
tosensitive member was irradiated with a monochromatic 
light (wavelength: 780 nm) of 1 W instead of the white 
light to find the half decay exposure amount (u/cm) thereof 
as well as to measure the residual potential Wr (volts) just 
after 10 seconds of irradiation with the monochromatic light. 
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The results of the measurements are shown in Table 1. 

TABLE 

Light with Wavelength 
White Light of 780 nm. 

EA EA, 
Example Ws Wr (ux Ws Wr (d 

No. (volts) (volts) sec) (volts) (volts) cm) 

I-1 650 40 4.8 600 70 4.2 
I-2 780 60 5.5 750 90 4.9 
I-3 750 50 5. 780 90 4.1 
I-4 800 50 49 wa 

As can be seen in Table 1, the photosensitive members of 
Examples I-1, I-2, I-3 and I-4 were not substantially different 
therebetween in half decay exposure amount and residual 
potential, and showed good surface potential characteristics. 
The photosensitive members of Examples I-1 I-2 and I-3, 
using a phthalocyanine compound as the charge generating 
substance, showed excellent electrophotographic character 
istics for a light with a long wavelength of 780 nm as well. 

Example I-5 

Selenium was deposited on an aluminum plate having a 
thickness of 500 um through vacuum evaporation to form a 
charge generating layer having a thickness of 1.5 pum. A 
solution of 100 parts by weight of the compound No. I-4, a 
derivative of thiophene, in 700 parts by weight of tetrahy 
drofuran (THF) was mixed with a solution of 100 parts by 
weight of polymethylmethacrylate (PMMA; manufactured 
by Tokyo Kasei Co., Ltd.) in 700 parts by weight of toluene 
to prepare a coating liquid, which was then applied on the 
charge generating layer by the wire bar technique to form a 
charge transporting layer having a dry thickness of 20 m. 
Thus, a photosensitive member having the structure shown 
in FIG. 2 was produced. This photosensitive member was 
charged by corona discharge at -6.0 kV for 0.2 second and 
examined with respect to electrophotographic characteristics 
to obtain good results, namely Vs=-680 V, Vr=-50 V, and 
E/2=4.5 luxesec. 

EXAMPLE I-6 

50 parts by weight of metal-free phthalocyanine treated in 
the same manner as in Example I-1, 50 parts by weight of 
a polyester resin (trademark: Vylon 200), and 50 parts by 
eight of PMMA were kneaded together with THF as a 
solvent with a mixer for 3 hours to prepare a coating liquid, 
which was then applied on an aluminum support to form a 
charge generating layer having a thickness of about 1 um. 
100 parts by weight of the compound No. I-5, a derivative 
of thiophene, 100 parts by weight of a polycarbonate resin 
(Panlite L-1250; manufactured by Teijin Kasei Co., Ltd.), 
and 0.1 part of a silicone oil were mixed with 700 parts by 
weight of THF and 700 parts by weight of toluene to prepare 
a coating liquid, which was then applied on the charge 
generating layer to form a charge transporting layer having 
a thickness of about 15 lum. 
The photosensitive member thus obtained was charged by 

corona discharge at -6.0 kV for 0.2 second and examined 
with respect to electrophotographic characteristics in the 
same manner as in Example I-5 to obtain good results, 
namely Vs=-720 V and E/2=6.1 luxesec. 

EXAMPLE I-7 

Photosensitive members were produced by forming 
respective photosensitive layers in substantially the same 
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manner as in Example I-4 except the that the compounds 
Nos. I-6 to I-14 were respectively used instead of the 
compound No. 1-4. The results obtained by using the elec 
trostatic recording paper testing apparatus (SP-428) are 
shown in Table 2. Table 2 shows the half decay exposure 
amounts E% (lux'sec) obtained under the experimental 
conditions where the photoconductors were positively 
charged in the dark by corona discharge at +6.0 kV for 10 
seconds and irradiated with white light at an illuminance of 
2 luxes. 

TABLE 2 

Compound No. E%(lux . sec) 

I-7 5.1 
I-8 4.9 
I-9 5.5 
I-10 4.4 
I-11 5.8 
I-12 4.3 
I-13 4.2 
I-14 4.6 

As can be seen in Table 2, the photosensitive members 
using the respective compounds Nos. I-6 to I-14, derivatives 
of thiophene, were satisfactory with respect to half decay 
exposure amount E/2, namely sensitivity. 
Examples will now be given, wherein the compounds 

Nos. II-1 to II-21 and III-1 to III-12 were respectively used 
to produce photosensitive members. 

EXAMPLE I-1 

A photosensitive member having the structure shown in 
FIG. 1 and comprising a photosensitive layer having a 
thickness of 15 um was produced in substantially the same 
manners in Example I-1 except that the compound No. II-1, 
a derivative of diphenylthiophene, was used instead of the 
compound No. I-1. 

EXAMPLE II-2 

A photosensitive member having a structure correspond 
ing to that of FIG. 3 but having no covering layer was 
produced in substantially the same manner as in Example I-2 
except that the compound No. II-2, a derivative of diphe 
nylthiophene, was used instead of the compound No. I-2. 
The thickness of the charge transporting layer of the member 
was 15 um, while the thickness of the charge generating 
layer was 1 um. 

EXAMPLE II-3 

A photosensitive member was produced by forming a 
photosensitive layer in substantially the same manner as in 
Example II-1 except that 50 parts by weight of metal-free 
phthalocyanine, 100 parts by weight of the compound No. 
II-3, a derivative of diphenylthiophene, 50 parts by weight 
of a polyester resin (trademark: Vylon 200), and 50 parts by 
weight of PMMA were used to replace therewith the com 
position of the photosensitive layer of Example II-1. 

EXAMPLE II-4 

A photosensitive member was produced by forming a 
photosensitive layer in substantially the same manner as in 
Example II-3 except that Chlorodiane Blue which is a bisazo 
pigment disclosed in, for example, Japanese Patent Appli 
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28 
cation Laid-Open No. 37,543/1972 was used instead of 
metal-free phthalocyanine. 
The four photosensitive member thus produced were 

examined with respect to surface potential Vs, residual 
potential Vr, and half decay pressure amount E% by using 
while light as well as a monochromatic light (wavelength: 
780 nm) in the same manner as in Examples I-1 to I-4. The 
results of the measurements are shown in Table 3. 

TABLE 3 

Light with Wavelength 
White Light of 780 nm. 

EA, EA 
Example Vs Wr (lux - Vs Wr (uJI 

No. (volts) (volts) sec) (volts) (volts) cm) 

I-1 600 50 6.8 620 50 6.2 
II-2 720 70 7.1 730 60 6.9 
II-3 700 60 6.1 720 60 5.6 
II-4 680 80 5.9 - - 

As can be seen in Table 3, the photosensitive members of 
Examples II-1, II-2, I-3 and II-4 were comparable to one 
another in half decay exposure amount and residual poten 
tial, and showed good surface potential characteristics. The 
photosensitive members of Examples II-1, I-2 and II-3, 
using a phthalocyanine compound as the charge generating 
substance, showed a high sensitivity to a light with a long 
wavelength of 780 nm as well, thus proving that they are 
sufficiently capable of being used in semiconductor laser 
printers. 

EXAMPLE I-5 

A photosensitive member with the structure shown in 
FIG. 2 was produced by forming a charge generating layer 
having a thickness of 15um and a charge transporting layer 
having a dry thickness of 20 um in substantially the same 
manner as in Example I-5 except that the compound No. 
II-4, a derivative of diphenylthiophene, was used instead of 
the compound No. I-4. This photosensitive member was 
charged by corona discharge at-6.0 kV for 0.2 second and 
examined with respect to electrophotographic characteristics 
to obtain good results, namely Vs=-670 V, Vr=-60 V, and 
E/2=5.5 luxeSec. 

EXAMPLE I-6 

A charge generating layer having a thickness of about 1 
um was formed on an aluminum support in the same manner 
as in Example I-6. Subsequently, a charge transporting layer 
having a thickness of about 15um was formed on the charge 
generating layer in substantially the same manner as in 
Example I-6 except that the compound No. II-5, a derivative 
of diphenylthiophene, was used instead of the compound 
No. I-5. 

The photosensitive member thus obtained was charged by 
corona discharge at -6.0 kV for 0.2 second and examined 
with respect to electrophotographic characteristics in the 
same manner as in Example II-4 to obtain good results, 
namely Vs=-620 V and E/2=6.5 lux-sec. 

EXAMPLE I-7 

Photosensitive members were produced by forming 
respective photosensitive layers in substantially the same 
manner as in Example II-4 except that the compounds Nos. 
II-6, to I-21 and III-1 to III-14 were respectively used 
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instead of the compound No. II-3, and were examined with 
respect to half decay exposure amount by using the electro 
static recording paper testing apparatus (Kawaguchi Denki 
Model SP-428). The results are shown in Table 4, in which 
the half decay exposure amounts E/2 (lux'sec) are values in 5 
the case where the members were positively charged in the 
dark by corona discharge at +6.0 kV for 10 seconds and 
irradiated with white light at an illuminance of 2 luxes. 

TABLE 4 10 

Compound No. E/2(lux . sec) 

I-6 6.5 
I-7 7.2 
I-8 6. 
II-9 6.7 15 
I-10 5.7 
I-11 7.2 
I-12 6.8 
I-3 5.6 
I-14 6.3 
I-15 7.7 20 
I-16 7.8 
I-7 6.2 
I-18 7.8 
II-9 7.9 
I-20 7.3 
I-2 7.9 25 
I-1 7.2 
2 T.1 

I-3 8.9 
I-4 8.5 

III-5 8.8 
I-6 7.4 30 
III-7 9.6 
II-8 6.5 
II-9 6.9 
I-10 6.9 
I-1 4.7 
I-12 6.3 
I-13 7.0 35 
III.4. 8.9 

As can be seen in Table 4, the photosensitive members 
using the respective compounds Nos. I-6 to I-21 and III-1 40 
to Il-14, derivatives of diphenylthiophene, as charge trans 
porting substances were satisfactory with respect to half 
decay exposure amount E/2. 

Examples will now be given, wherein the compounds 
Nos. IV-1 to IV-10 and V-1 to V-11 were respectively used 45 
to produce photosensitive members. 

EXAMPLE I-1 

A photosensitive member having the structure shown in 50 
FIG. I and comprising a photosensitive layer having a 
thickness of 15 um was produced in substantially the same 
manner as in Example I-1 except that the compound No. 
IV-1, a derivative of oxadiazole, was used instead of the 
compound No. I-1. 55 

EXAMPLE I-2 

A photosensitive member having a structure correspond- 60 
ing to that of FIG. 3 but having no covering layer was 
produced in substantially the same manner as in Example I-2 
except that the compound No. IV-2, a derivative of oxadia 
zole, was used instead of the compound No. I-2. The 
thickness of the charge transporting layer of the member was 65 
15 um, while the thickness of the charge generating layer 
was 1 um. 

30 
EXAMPLE II-3 

A photosensitive member was produced by forming a 
photosensitive layer in substantially the same manner as in 
Example III-1 except that 50 parts by weight of the metal 
free phthalocyanine, 100 parts by weight of the compound 
No.IV3, a derivative of oxadiazole, 50 parts by weight of a 
polyester resin (trademark: Vylon 200), and 50 parts by 
weight of PMMA were used to replace therewith the com 
position of the photosensitive layer of Example III-1. 

EXAMPLE II-4 

A photosensitive member was produced by forming a 
photosensitive layer in substantially the same manner as in 
Example III-3 except that Chlorodiane Blue which is a 
Bisazo pigment disclosed in, for example, Japanese Patent 
Application Laid-OpenNo. 37,543/1972 was used instead of 
metal-free phthalocyanine. 
The four photosensitive members thus produced were 

examined with respect to surface potential Vs, residual 
potential Vr, and half decay exposure amount E/2 by using 
white light as well as a monochromatic light (wavelength: 
780 nm) in the same manner as in Examples I-1 to I-4. The 
results of the measurements are shown in Table 5. 

TABLE 5 

Light with Wavelength 
White Light of 780 in 

EA EA 
Example WS Wr (lux . Ws Wr (l 

No. (volts) (volts) sec) (volts) (volts) cm) 

I- 640 60 5.6 650 30 4.8 
III-2 650 80 6.0 660 50 5.2 
II-3 680 60 5.8 650 40 5.7 
II-4 660 70 6.6 

As can be seen in Table 5, the photosensitive members of 
Examples III-1, III-2, III-3 and III-4 were comparable to one 
another in half decay exposure amount and residual poten 
tial, and showed good surface potential characteristics. The 
photosensitive members of Examples III-1, III-2 and III-3, 
using a phthalocyanine compound as the charge generating 
substance, showed a high sensitivity to alight with a long 
wavelength of 780 nm as well, thus proving that they are 
sufficiently capable of being used in semiconductor layer 
printers. 

EXAMPLE I-5 

A photosensitive member having the structure shown in 
FIG. 2 was produced by forming a charge generating layer 
having a thickness of 1.5 m and a charge transporting layer 
having a dry thickness of 20 um in substantially the same 
manner as in Example I-5 except that the compound No. 
IV-4, a derivative of oxadiazole, was used instead of the 
compound No. I-4. This photosensitive member was 
charged by corona discharge at -6.0 kV for 0.2 second and 
examined with respect to electrophotographic characteristics 
to obtain good results, namely Vs=-600 V, Vr=-50 V, and 
E/2=4.8 luxsec. 

EXAMPLE I-6 

A charge generating layer having a thickness of about 182 
m was formed on an aluminum support in the same manner 
as in Example I-6. Subsequently, a charge transporting layer 
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having a thickness of about 15 um was formed on the charge 
generating layer in substantially the same manner as in 
Example I-6 except that the compound No. IV-5, a deriva 
tive of oxadiazole, was used instead of then compound No. 
I-5. 

The photosensitive member thus obtained was charged by 
corona discharge at -6.0 kV for 0.1 second and examined 
with respect to electrophotographic characteristics in the 
same manner as in Example III-5 to obtain good results, 
namely Vs=-640 V and E/2=5.5 lux'sec. 

EXAMPLE III-7 

Photosensitive members were produced by forming 
respective photosensitive layers in substantially the same 
manner as in Example III-4 except that the compounds Nos. 
IV-6 to IV-10 and V-1 to V-11 were respectively used instead 
of the compound No. III-3, and were examined with respect 
to half decay exposure amount by using the electrostatic 
recording paper testing apparatus (Kawaguchi Denki Model 
SP-428). The results are shown in Table 6, in which the half 
decay exposure amounts E/2 (lux'sec) are values in the case 
where the members were positively charged in the dark by 
corona discharge at +6.0 kV for 10 seconds and irradiated 
with white light at an illuminance of 2 luxes. 

TABLE 6 

Compound No. E/2(lux sec) 

TV-6 6.9 
IV 7 7.0 
TV-8 6.6 
IV.9 8.2 
V-10 5.4 
V-1 7.6 
V-2 5.9 
V-3 6.1 
W-4 7.8 
V-5 6.7 
W-6 7.5 
W-7 8.4 
W-8 5.9 
V-9 6.0 
W-10 7.5 
W-11 6.7 

As can be seen in Table 6, the photosensitive members 
using the respective compounds Nos. IV-6 to IV-10 and V-1 
to V-11, derivatives of oxadiazole, as charge transporting 
substances were satisfactory with respect to half decay 
exposure mount E/2. 

INDUSTRIAL APPLICABILITY 

According to the present invention, the use, on an elec 
troconductive substrate, of a derivative of thiophene, diphe 
nylthiophene or oxadiazole as a charge transporting sub 
stance can provide a photosensitive member showing a high 
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sensitivity and excellent characteristics in repeated use when 
adapted for either a positively charging mode or a negatively 
charging mode. A suitable charge generating substance can 
be chosen so as to be adapted to the kind of light source to 
be used for exposure of a photosensitive member to light. By 
way of example, a phtnalocyanine compound or bisazo 
compound of a certain kind can be used as the charge 
generating substance to provide a photosensitive member 
capable of being used in semiconductor laser printers. If 
necessary, a covering layer may be provided on the surface 
of a photosensitive member to improve the durability 
thereof. 
We claim: 
1. A photosensitive member for electrophotography, 

comprising: 
an electroconductive substrate; and 
a photosensitive layer formed on said electroconductive 

substrate and containing a charge generating substance 
and a charge transporting substance, said charge trans 
porting substance being at least one compound selected 
from among derivatives of thiophene represented by 
the following general formula (I): 

R3 R4 

Rl R5 

Y / \ N/ 
/ S N 

R2 R6 

wherein R1, R2, R3, R4, R5 and R6 each stand for a 
substituted or unsubstituted alkyl, aryl, or aralkyl group. 

2. The photosensitive member for electrophotography as 
claimed in claim 1, wherein said photosensitive layer is a 
single layer made of a dispersion of said charge transporting 
substance and said charge generating substance in a resin 
binder 

3. The photosensitive member for electrophotography as 
claimed in claim 1, wherein said photosensitive layer has 
laminated layers, one of which is a charge generating layer 
containing said charge generating substance and another of 
which is a charge transporting layer containing said charge 
transporting substance.) 

4. The photosensitive member for electrophotography as 
claimed in claim 3, further comprising a covering layer 
provided on said laminated layers. 

5. A photosensitive member for electrophotography, com 
prising: 

an electroconductive substrate; and 
a photosensitive layer formed on said electroconductive 

substrate and containing a charge generating substance 
and a charge transporting substance, said charge trans 
porting substance being at least one compound selected 
from among derivatives of diphenylthiophene repre 
sented by the following general formula (II) or (II): 

(I) 

R R8 R4 (H) 
CH ) ( / Al-á, 

N S 
R5 
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-continued 

"SA A 
S 

wherein R1,R2, R3, R4, R5, R6, R7, R8, R9, and R10 each 
Stand for a hydrogen atom, a halogen atom, an alkyl group, 
a hydroxy group, an alkoxy group, an allyl group, nitro 
group, a substituted or unsubstituted aryl group, or an 
aralkyl group. 

6. The photosensitive member for electrophotography as 
claimed in claim 5, wherein said photosensitive layer is a 
single layer made of a dispersion of said charge transporting 
Substance and said charge generating substance in a resin 
binder. 

7. The photosensitive member for electrophotography as 
claimed in claim 5, wherein said photosensitive layer has 
laminated layer, one of which is a charge generating layer 
containing said charge generating substance, and another of 
which is a charge transporting layer containing said charge 
transporting substance. 

8. The photosensitive member for electrophotography as 
claimed in claim 7, further comprising a covering layer 
provided on said laminated layers. 

9. A photosensitive member for electrophotography, com 
prising: 

an electroconductive substrate, and 
a photosensitive layer formed on said electroconductive 

Substrate and containing a charge generating substance 
and a charge transporting substance, said charge trans 
porting substance being at least one compound selected 
from among derivatives of oxadiazole represented by 
the following general formula (IV) or (V): 

R 

"SA A 
S 

R5 A \-c 
S 

wherein R1, R2, R3, R4, R5, and R6 each stand for a 
hydrogen atom, a halogen atom, an alkyl group, an allyl 
group, a nitro group, an aralkyl group, or a substituted or 
unsubstituted aryl group or an aralkyl group. 

10. The photosensitive member for electrophotography as 
claimed in claim 9, wherein said photosensitive layer is a 
layer made of a dispersion of said charge transporting 
Substance and said charge generating substance in a resin 
binder. 

11. The photosensitive member for electrophotography as 
claimed in claim 9, wherein said photosensitive layer has 
laminated layers, one of which is a charge generating layer 
containing said charge generating substance, and another of 
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S 

"SA A R8 R -A A R6 (III) CH CH2 

S 
CH CH 

R3 R4 

which is a charge transporting layer containing said charge 
transporting Substance. 

12. The photosensitive member for electrophotography as 
claimed in claim 11, further comprising a covering layer 
provided on said laminated layers. 

13. A photosensitive member for electrophotography, 
comprising: 
an electroconductive substrate, and photosensitive layer 
formed on said electroconductive substrate and con 
taining a charge generating substance and a charge 
transporting substance, said charge transporting sub 
stance being at least one thiophene derivative selected 
from the group consisting of thiophene derivatives 
having a formula: 

R3 R4 

R1 R5 

X-( ) (, ) ()-x / S N 
R2 R6 

wherein R, R2, R, R R5 and Rs each represents a 
substituted or unsubstituted alkyl, aryl or aralkyl group, 

(I) 

R (IV) 

N S 

N 
R 

R4 (V) ch,-4 x 
/ S 

N 

N R6 
S 

CH3 CH (I-1) 
N / // W X-)-4-()-x 

CH CH 

C2H5 ych (I-2) 
// \ X-)-4--()-x 

C2H5 C2H5 
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