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[57] ABSTRACT

An electrophotographic plate having a photoreceptor
comprising a photoinjecting pigment selected from the
class of bis-benzimidazole pigments and an active
transport material which is substantially transparent in
the wavelength region of xerographic use and capable
of supporting charge carrier injection from the pig-
ment. The photoinjecting bis-benzimidazole pigments
have the property of being efficient both in photogen-
eration of charge carriers and subsequent injection of
the charge carriers into hole and electron transport
active transport materials. The photoinjecting pigment
and active transport material system may be used in a
binder or layer type photoreceptor. The structure may
be imaged in the conventional xerographic mode
which usually includes charging, exposure to light, and
development. .

22 Claims, 3 Drawing Figures
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1
NOVEL XEROGRAPHIC PLATE CONTAINING
PHOTOINJECTING BIS-BENZIMIDAZOLE
PIGMENTS

This is a continuation, of application Ser. No. 94,067,
filed Dec. 1, 1970. which in turn is a continuation-in-
part of application Ser. No. 14,467, filed Feb. 26. 1970
both now abandoned.

BACKGROUND OF THE INVENTION

This invention relates in general to xerography and
more specifically to a novel photosensitive device and
method of use.

In the art of xerography. a xerographic plate contain-
ing a photoconductive insulating layer is imaged by first
uniformly electrostatically charging its surface. The
plate is then exposed to a pattern of activating electro-
magnetic radiation such as light, which selectively dissi-
pates the charge in the illuminated arcas of the photo-
conductive insulator while leaving behind a latent clec-
trostatic image in the non-illuminated areas. This latent
electrostatic image may then be developed to form a
visible image by depositing finely divided electroscopic
marking particles on the surface of the photoconduc-
tive insulating layer.

A photoconductive layer for use in xerography may
be a homogencous layer of a single material such as vit-
reous selenium or it may be a composite layer contain-
ing a photoconductor and another material. One type
of compaosite photoconductive layer used in xerogra-
phy is illustrated by U.S. Pat. No. 3,121.006 to Middle-
ton and Reynolds which describes a number of binder
layers comprising finely-divided particles of a photo-
conductive inorganic compound dispersed in an elec-
trically insulating organic resin binder. In its present
commercial form, the binder layer contains particles of
zinc oxide uniformly dispersed in a resin binder and is
coated on a paper backing.

In the particular examples of binder systems de-
scribed in Middleton et al, the binder comprises a ma-
terial which is incapable of transporting injected charge
carriers generated by the photoconductor particles for
any significant distance. As a result, with the particular
materials disclosed in the Middleton et al patent, the
photoconductor particles must be in substantially con-
tinuous particle-to-particle contact throughout the
layer in order to permit the charge dissipation required
for cyclic operation. With the uniform dispersion of
photoconductor particles described in Middleton et al.
therefore, a relatively high volume concentration of
photoconductor, up to about 50 percent or more by
volume. is usually necessary in order to obtain suffi-
cient photoconductor particle-to-particle contact for
rapid discharge. It has been found, however, that high
photoconductor loadings in the binder layers of t}_ze
resin type result in the physical continuity of the resin
being destroyed, thereby significantly reducing the me-
chanical properties of the binder layer. Layers with
high photoconductor loadings are often character_ized
by a brittle binder layer having little or no flexibility.
On the other hand, when the photoconductor concen-
tration is reduced appreciably below about 50 percent
by volume, the discharge rate is reduced, making high
speed cyclic or repeated imaging difficult or impossi-
ble.

U.S. Pat. No. 3,121,007 to Middleton et al teaches
another type of photoconductor which includes a two
phase photoconductive binder layer comprising photo-
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conductive insulating particles dispersed in a homoge-
neous photoconductive insulating matrix. The photo-
conductor 1s in the form of a particulate photoconduc-
tive inorganic crystalline pigment broadly disclosed as
being present in an amount from about 5 to 80 percent
by weight. Photodischarge is said to be caused by the
combination of charge carriers generated in the photo-
conductive insulating matrix material and charge carri-
ers injected from the photoconductive crystalline pig-
ment into the photoconductive insulating matrix.

U.S. Pat. No. 3,037,861 to Hoegl et al teaches that
polyvinyl carbazole exhibits some long-wave U. V. sen-
sitivity and suggests that its spectral sensitivity be ex-
tended into the visible spectrum by the addition of dye
sensitizers. Hoeg! et al further suggests that other addi-
tives such as zinc oxide or titanium dioxide may also be
used in conjunction with polyvinyl carbazole. In Hoegl
et al, it is clear that the polyvinyl carbazole is intended
to be used as a photoconductor, with or without addi-
tive materials which extend its spectral sensitivity.

In addition, certain specialized layer structures par-
ticularly designed for reflex imaging have been pro-
posed. For example, U.S. Pat. No. 3,165,405 to Hoes-
terey utilizes a two layered zinc oxide binder structure
for reflex imaging. The Hoesterey patent utilizes two
separate contiguous photoconductive layers having dif-
ferent spectral sensitivities in order to carry out a par-
ticular reflex imaging sequence. The Hoesterey device
utilizes the properties of multiple photoconductive lay-
ers in order to obtain the combined advantages of the
separate photoresponse of the respective photoconduc-
tive layers.

It can be seen from a review of the conventional com-
posite photoconductive layers cited above. that upon
exposure to light, photoconductivity in the layer struc-
ture is accomplished by charge transport through the
bulk of the photoconductive layer, as in the case of vit-
reous selenium (and other homogeneous layer modifi-
cations). In devices employing photoconductive binder
structures, which include inactive electrically insulat-
ing resins such as those described in the Middleton et
al, U.S. Pat. No. 3,121,006, conductivity or charge
transport is accomplished through high loadings of the
photoconductive pigment allowing particle-to-particle
contact of the photoconductive particles. In the case of
photoconductive particles dispersed in a photoconduc--
tive matrix, such as illustrated by the Middleton et al,
U.S. Pat. No. 3,121,007, photoconductivity occurs
through the generation of charge carriers in both the
photoconductive matrix and the photoconductor pig-
ment particles.

Although the above patents rely upon distinct mech-
anisms of discharge throughout the photoconductive
layer, they generally suffer from common deficiencies
in that the photoconductive surface during operation is
exposed to the surrounding environment, and particu-
larly in the case of cycling xerography. susceptible to
abrasion, chemical attack, heat, and multiple exposures
to light during cycling. These effects are characterized
by a gradual deterioration in the electrical characteris-
tics of the photoconductive layer resulting in the print-
ing out of surface defects and scratches, localized areas
of persistent conductivity which fail to retain an elec-
trostatic charge, and high dark discharge.

In addition to the problems noted above, these pho-
toconductive layers require that the photoconductor
comprise either a hundred percent of the layer, as'in
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‘the case of the vitreous selenium layer, or that they
preferably contain a high proportion of photoconduc-
tive material in the binder configuration. The require-
ments of a photoconductive layer containing all or a
major proportion of a photoconductive material fur-
ther restricts the physical characteristics of the final
plate, drum or belt in that the physical characteristics
such as flexibility and adhesion of the photoconductor
to a supporting substrate are primarily dictated by the
physical properties of the photoconductor, and not by
the resin or matrix material which is preferably present
in a minor amount.

Another form of composite photosensitive layer
which has also been considered by the prior art in-
cludes a layer of photoconductive material which is
covered with a relatively thick plastic layer and coated
on a supporting substrate.

U.S. Pat. No. 3,041,166 to Bardeen describes such a
configuration in which a transparent plastic material
overlays a layer of vitreous selenium which is contained
on a supporting substrate. The plastic material is de-
scribed as one having a long range for charge carriers
of the desired polarity. In operation, the free surface of
the transparent plastic is electrostatically charged to a
given polarity. The device is then exposed to activating
radiation which generates a holeclectron pair in the
photoconductive layer. The electron moves through
the plastic layer and neutralizes a positive charge on
the free surface of the plastic layer thereby creating an
clectrostatic image. Bardeen, however, docs not teach
any specific plastic materials which will function in this
manner, and confines his cxamples to structures which
use a photoconductor material for the top layer.

French Pat. No. 1,577,855 to Herrick et al describes
a special purpose composite photosensitive device
adapted for reflex exposure by polarized light. One em-
bodiment which employs a layer of dichroic organic
photoconductive particles arrayed in oriented fashion
on a supporting substrate and a layer of polyvinyl car-
bazole formed over the oriented layer of dichroic mate-
rial. When charged and exposed to light polarized per-
pendicularly to the orientation of the dichroic layer,
the oriented dichroic layer and polyvinyl carbazole
layer are both substantially transparent to the initial ex-
posure light. When the polarized light hits the white
background of the document being copied, the light is
depolarized, reflected back through the device and ab-
sorbed by the dichroic photoconductive material. In
another embodiment, the dichroic photoconductor is
dispersed in oriented fashion throughout the layer of
polyvinyl carbazole.

In view of the state of the art, it can readily be seen
that there is a need for a general purpose photorecep-
tor exhibiting acceptable photoconductive characteris-
tics and which additionally provides the capability of
exhibiting outstanding physical strength and flexibility
to be reused under rapid cyclic conditions without the
progressive deterioration of the xerographic properties
due to wear, chemical attack, and light fatigue.

OBIJECTS OF THE INVENTION

It is an object of this invention to provide a novel
electrophotographic plate having -a photoreceptor
member containing photoconductors which overcomes
the above noted disadvantages.

Another object of the present invention is to prov1de
a novel electrophotographic imaging device having
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photosensitive pigments which are capable of highly
efficient charge generation and injection.

Another object of this invention is to provide pho-
toinjecting pigments which are useful with either elec-
tron or hole active transport materials.

. It is still another object of this invention to provide
an operably efficient photoreceptor portion of an elec-
having relatively small
amounts of photosensitive material.

It is yet another object to provide a novel imaging
system.

SUMMARY OF THE INVENTION

The foregoing objects and others are accomplished in
accordance with this invention by providing an electro-
photographic plate having a photoreceptor member,
comprising active transport material, which is capable
of supporting photogenerated charge injection and
transport, and a photoinjecting pigment which has a
high efficiency of photogeneration of charge carriers
and effective charge injection capability into said trans-
port material. The photoinjecting pigments of the in-
stant invention have maximum photoresponse in the
wavelength region in which most active transport mate-
rials are substantially transparent. In addition. these
photoinjecting pigments are capable of injecting either
photo-excited electrons or holes into the appropriate
active transport materials with extraordinarily high effi-
ciency under conditions of a practical applied field.
The active transport material to be used in conjunction
with the photoinjecting pigments of the instant inven-
tion may be any material capable of supporting either
hole or electron injection, provided it is substantially -
non-absorbing in the particular wavelength region of
xerographic use which will coincide with the region in
which the photoconductor is photosensitive.

It should be understood that the active transport ma-
terial does not function as a photoconductor in the
wavelength region of use. As stated above, hole-
electron pairs are photogenerated in the photosensitive
pigment and the electrons are then injected across a
field modulated barrier into the active transport mate-
rial and electron transport occurs through said active
transport material.

In accordance with the present invention it has been
found that a xerographic or electrophotographic sensi-
tive member can be prepared utilizing a photoinjecting
pigment selected from the class of bis-benzimidazole
pigments in conjunction with electrostatically active
transport materials of either an electron or hole trans-
port type.

It has now been found that bis-benzimidazole pig-
ments, which are well known pigments, have both effi-
cient photogeneration and injection characteristics
with electronically active transport materials. The most
uscful bis-benzimidazoles in such systems have been
found to be those represented by the following struc-
tures:

Ry

Trans—-form
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Cis-form

R and R, each represent between one and four substit-
uents taken from the following classes: alkyl and substi-
tuted alkyl, aryl and substituted aryl, halogens, nitro
and/or amino; in each case R, and R, may be alike or
different, and if several substituents are present on the
same ring they may be all identical or different. R, and
R, may also represent fused aromatic rings. e.g. the
benzene may be replaced by naphthalene. quinoline, or
the like.

Bis-benzimidazole pigments suitable for use in the
process of this invention may be synthesized by known
methods, such as the general reaction described by R.
L. Shriner and R. W. Upson in Journal of the American
Chemical Society 64, 182 (1942). Typical of these
known methods in the preparation of the unsubstituted
cis and trans-isomeric structures, given above, by react-
ing 1.4.58-naphthalene tetracarboxylic acid with 0-
phenylene diamine.

Of the compositions within the general class of bis-
benzimidazoles those prepared by the reaction of
1,4,5.8-naphthalene tetracarboxylic acid with arylene
diamines or heterocyclic diamines, and mixtures
thereof are preferred for use in the present active trans-
port system since they are simple and economically
synthesized, are generally commercially available, have
especially pure color and are highly photosensitive. Of
these, the unsubstituted cis and trans forms of the bis-
benzimidazole pigment structures, given above, which
are commercially known as Bordeaux RRN, the cis
form (American Hoechst Company), and Indofast
Orange, the trans form, (Allied Chemical Company)
have produced optimum results. Since the shade or
tone of the compositions and the spectral and photo-
sensitive responses vary slightly upon the substituent
used, intermediate values of these variables may be ob-
tained by mixing several different compositions. Any
other bis-benzimidazole pigments, or mixtures thereof,
may be used where suitable. Typical bis-benzimidazole
pigments within the purview of the instant invention in-
clude the reaction products of 1,4,5,8-naphthalene tet-
racarboxylic acid with heterocyclic diamines. For use
in an active transport photoreceptor, the bis-
benzimidazoles may have other compositions added
thereto to sensitize, enhance, synergize or otherwise
modify its properties.

The bis-benzimidazole plgments of the instant inven-
tion are to be distinguished from-other photosensitive
.materials of the prior art in that they are efficient in
photogeneration and injection, and, in addition, have
excellent compatibility with most hole and electron ac-
tive transport materials, thereby enabling the use of a
relatively low applied field in the corresponding xero-
graphic photoreceptor member to effect suitable injec-
tion and gain. The bis-benzimidazole pigments of the
present invention also have optimum photosensitivity
in the wavelength region of from about 4,000 to 6,500
Angstrom Units which is the area of xerographic use
over which an appropriate active transport material
must have a degree of transparency. By contrast, many
_photoconductors of the pnor art, while being.photosen-
‘sitive in this wavelength region, have not been found to
be sufficiently compatible with useful electronically ac-
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tive transport materials and are thereby inefficient with
respect to injection of photogenerated charges into the
surrounding or adjacent active transport material.
Therefore the use of said photoconductive materials in
combination with active transport materials requires an
impractical applied field in excess of 5 X 10° volts/cm.
Because of their unique properties the photoinjecting
pigments of the instant invention can be used with
transport materials in relatively small quantities in ei-
ther a layered or binder structure xerographic photore-
ceptor.

A typical application of the instant invention consists
of a supporting substrate such as an electrical conduc-
tor containing a photoconductor layer overcoated with
an active transport material. For example, the photo-
conductor may comprise particles of Indofast Orange
Toner, the trans form of the unsubstituted bis-
benzimidazole structure, given above, overcoated with
a relatively thick layer of electron acceptor material
such as 2,4,7-trinitro-9-fluorenone (TNF), which is ca-
pable of supporting electron injection and transport.
The distinctive nature of the pigment as well as its com-
patibility with the active transport material enables the
use of a relatively thin layer of the bis-benzimidazole
without any loss of efficiency.

DESCRIPTION OF THE DRAWINGS

Further objects of the invention, together with addi-
tional features contributing thereto will be apparent
from the following description of one embodiment of
the invention when read in conjunction with the ac-
companying drawings wherein:

FIG. 1 is a schematic sectional view of another em-
bodiment of another xerographic member contem—
plated by the instant invention.

FIG. 2 is a schematic sectional view of dnother em-
bodiment of another xerographic member contem-
plated by the instant invention.

FIG. 3 illustrates a discharge mechanism of |nject|on
by the photoconductive pigments of the instant inven-
tion.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates one embodiment in the improved
xerographic plate 10 according to this invention. Refer-
ence character 11 designates a substrate or mechanical
support. The substrate may comprise a metal which is
brass, aluminum, gold, platinum, steel or the like. It
may be of any convenient thickness, rigid or flexible, in
the form of a sheet, web, cylinder, or the like, and may
be coated with a thin blocking layer. It may also com-
prise such other materials as paper, metallized paper,
plastic sheets covered with a thin coating of aluminum
or copper oxide, or glass coated with a thin layer of
chromium or tin oxide. It is usually preferred that the
support member be somewhat electrically conductive
or have a somewhat conductive surface and that it be
strong enough to permit a certain amount of handling.
In certain instances, however, support 11 need not be
conductive or may even be dispensed with entirely.

Reference character 12 designates a photoconduc-
tive single or unitary layer which includes the photoin-
jecting bis-benzimidazole pigments of the instant inven-
tion. In particular the single layer comprises a bis-

.benzimidazole selected from the group of bis-

benzimidazoles prepared by reacting 1,4.,5.8-
naphthalene tetracarboxylic acid with a suitable aryl-
ene diamine or heterocyclic diamine. Preferred bis-
benzimidazole pigments are those prepared by the re-
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action of 1,4,5.8-naphthalene tetracarboxylic acid with
O-arylene diamines. All the aforementioned photoin-
jecting bix-benzimidazoles have the property of being
efficient photogenerators and injectors into either hole
or electron active transport materials.

Photoconductive single layer 12 of FIG. 1 may be of
any suitable thickness used for carrying out its function
in the xerographic insulating member. thicknesses for
this purpose range from 0.05 to 20 microns. Thick-
nesses about 20 microns tend to produce undesirable
positive residual buildup in the pigment layer during
the cycling and excessive dark decay, while thicknesses
below 0.05 microns become inefficient in absorbing
impinging radiation. A range of from about 0.2 to 5 mi-
crons is preferred since these thicknesses would insure
maximum functionality of the photoconductor with a
minimum amount of said pigment substance and avoid
the above mentioned problems with regard to thick-
nesses. )

While reference character 12 of FIG. 1 designates a
photoconductive single layer of photoinjecting pigment
it is within the purview of the instant invention that said
layer may comprise photoinjecting pigment dispersed
in a matrix material. The matrix material may be any
suitable organic substance used for such purposes in-
cluding inert matrix or binder materials or one of the
presently used active transport materials described.
The concentration of the photoconductor material will
vary according to which type of binder material is used
and will range in value from about 5 to 99 volume per-
cent of the total photoconductive layer. If an electroni-
cally inert binder material is used in combination with
the photoinjecting pigments a volume ratio of at least
25 percent photoconductor to the electronically inert
binder material is necessary to effect particle-to-
particle contact or proximity thereby rendering layer
12 photoconductive throughout. The remarks with re-
gard to thickness of the photoconductive single layer of
FIG. 1 are applicable here; namely, a range of from
about 0.05 to 20 microns, with a range of 0.2 to 5 mi-
crons being preferred, due to the variations of pigment
concentration in the binder layer.

Because the photoreceptors of the instant invention
will be exposed to a wavelength region corresponding
to the range of photoresponse of the pigment this will
be the particular wavelength region to which the active
transport material must be substantially transparent. As
herctobefore mentioned the photoinjecting bis-
benzimidazole pigments described in the present inven-
tion have optimum photoresponse in the wavelength
region of from about 4,000 to 6,500 Angstrom Units,
the area of xcrographic use of the present pigment-
transport photoreceptor. Therefore exposure to a light
source having this wavelength region of emission en-
ables the pigment to function at its maximum efficiency
in absorbing all impinging radiation and creating
charge carriers.

Reference character 13 designates the active trans-
port layer which overlies the photoinjecting pigment
single layer 12. As pointed out above, the active trans-
port material can be either an electron or hole trans-
port due to the distinctive nature and effectiveness of
the photoinjecting bis-benzimidazole pigments of the
instant invention. Consistent with what has been said
previously, the active transport material to be used with
the bis-benzimidazole pigments of the present inven-
tion must be substantially transparent in the wave-
length region of photoresponse of the pigment which

_region is the particular area of xerographic use. The
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bis-benzimidazole pigments of the present invention
are photoresponsive in the wavelength region of from
about 4,000 to 6,500 Angstroms. The active transport
materials described are particularly useful with bis-
benzimidazole pigments of the instant invention. These

.include hole transport materials such as carbazole, N-

ethyl carbazole, N-isopropyl carbazole, N-phenyl-
carbazole, tetraphenylpyrene, l-methylpyrene, pery-
lene. chrysene, anthracene, tetraphene, 2-phenyl naph-
thalene, azapyrene, fluorene, fluorenone, 1-
ethylpyrene, acetyl pyrene, 2,3-benzochrysene, 3,4-
benzopyrene, 1.4-bromopyrene, and phenyl-indole,
polyvinyl carbazole, polyvinyl pyrene, polyvinyl tetra-
cene, polyvinyl perylene, and polyvinyl tetraphene.
Suitable electron transport materials include
2.4.7-trinitro-9-fluorenone (TNF), 2,4,5,7-tetranitro-
fluorenone, dinitroanthracene, dinitroacridene, tet-
racyanopyrene, and dinitroanthraquinone. '

It will be obvious to those skilled in the art that the
use of any polymer which contains the appropriate aro-
matic or heterocyclic charge chargge carrier transport
such as carbazole, tetraphene, pyrene, 2,4,7-trinitro-9-
fluorenone, etc., will function as an active transport
material. It is not the intent of the invention to restrict
the type of polymer which can be employed as the
transport material. Polyesters, polysiloxanes, polyam-
ides, polyurethanes, and epoxies, as well as block, ran-
dom or graft copolymers (containing the aromatic moi-
ety) are exemplary of the various types of polymers
which could be employed. In addition, electronically
inactive polymers in which the active moiety is dis-
persed at high concentration can be employed.

The thickness of the active transport layer is not criti-
cal to the function of the xerographic member. How-
ever, the thickness of said active transport layer would
be dictated by practical needs in terms of the amounts
of electrostatic charge necessary to induce an applied
field suitable to effect electron injection and transport.
Active transport layer thicknesses of from about 5 to
100 microns would be suitable, but thicknesses outside
this range may be used. The ratio of the thickness of the
active transport layer to the photoconductor layer
should be maintained from about 2:1 to 200:1.

The substantial or significant transparency of the ac-
tive transport material within the context of the instant
invention, as exemplified by FIG. 1, means that a suffi-
cient amount of radiation from a source must pass
through the active transport layer 13, in order that the
photoconductive layer 12, can function in its capacity
as a photogenerator and injector of charge carriers.
More specifically, significant transparency is present in
the wavelength region of from about 4,000 to 6,500
Angstrom Units impinges the pigment layer so as to
cause discharge of a charged pigment-active transport
photoreceptor.

It is not the intent of this invention to strictly restrict
the choice of active transport materials to those which
are’ transparent in the entire visible region. For exam-
ple, when the layered structure of FIG. 1 is used with
a transparent substrate, imagewise exposure may be ac-
complished through the substrate without the light
passing through the layer of active transport material.
In this case the active material need not be non-
absorbing in the wavelength region of use. This particu-
lar application takes advantage of the injection proper-
ties of the present photoinjecting pigments and falls
within the purview of the instant invention. Other ap-
plications where complete transparency is not required
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for the active material include the selective recording
of narrow-band radiation such as that emitted from la-
sers, spectral pattern recognition, color coded form du-
plication, and possible color xerography.

While the active transport layer 13 of FIG. 1 may
consist exclusively of charge transport material, for
purposes of the present invention, the layer may also
comprise the charge transport material dispersed at a
sufficient concentration in a suitable inert binder mate-
rial to effect particle-to-particle contact or to effect
sufficient proximity thereby permitting effective charge
transport from the photoinjecting pigments of the in-
stant invention through the layer. Generally there must
be a volume ratio of at least 25 percent active transport
material to electronically inert binder material to ob-
tain the desired particle-to-particle contact or proxim-
ity. Typical resin binder materials for the practice of
the invention are polystyrene; silicone resins such as
DC-801, DC-804, and DC-996 all manufactured by the
Dow Corning Corporation, Lexan, a polycarbonate,
and SR-82 manufactured by the General Electric Com-
pany: acrylic and methacrylic ester polymers such as
Acryloid A10 and Acryloid B72, polymerized ester de-
rivatives of acrylic and alpha-acrylic acids both sup-
plied by Rohm and Haas Company, and Lucite 44, Lu-
cite 45 and Lucite 46 polmerized butyl methacrylates
supplied by the E. I. du Pont de Nemours & Company:
chlorinated rubber such as Parlon supplied by the Her-
cules Powder Company; vinyl polymers and copoly-
mers such as polyvinyl chloride, polyvinyl acetate, etc.
including Vinylite VYHH and VMCH manufactured by
the Bakelite Corporation; cellulose esters and ethers
such as ethyl cellulose, nitrocellulose, etc.; alkyd resins
such as Glyptal 2469 manufactured by the General
Electric Company; ctc. In addition, mixture of such res-
ins with each other or with plasticizers so as to improve
adhesion, flexibility, blocking, etc. of the coatings may
be used. Thus, Rezyl 869 (a linseed oil-glycerol alkyd
manufactured by American Cyanamid Company) may
be added to chlorinated rubber to improve its adhesion
and flexibility. Similarily, Vinylites VYHH and VMCH
(polyvinyl chloride-acetate copolymers manufactured
by the Bakelite Company) may be blended together.
Plasticizers include phthalates, phosphates, adipates,
etc. such as tricresyl phosphate, dioctyl phthalate, etc.
as is well known to those skilled in the plastics art.

Another embodiment of the instant invention is illus-
trated in FIG. 2. Here the photoreceptor layer 10 con-
sists of photoinjecting pigment particles 12 contained
in an active transport matrix binder 13. In general, to
attain the best combination of physical and electrical
properties, the/upper limit for the photoconductive pig-
ment or particles must be about 5 percent by volume
of the active transport binder layer. A lower limit for
the photoconductive particles of about 0.1 percent by
volume of the binder layer is required to insure that the
light absorption coefficient is sufficient to give appre-
ciable carrier generation.

The thickness of the binder layer is not particularly
critical. Layer thicknesses from about 2 to 100 microns
have been found satisfactory, with a preferred thick-
ness of about 5 to 50 yielding particularly good results.

The size of the photosensitive particles is not particu-
larly critical in the binder structure, but particles ina
size range of about 0.01 to 1.0 microns yield particu-
larly satisfactory results.
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While the layered configuration as described in FIG.
1 differs structurally from the binder photoreceptor of
FIG. 2, the functional relationship of the photosensitive
material to the active transport material is the same in
that there is photogeneration in the photosensitive par-
ticles and subsequent injection into the surrounding ac-
tive transport material. Therefore any description of
the layered configuration of FIG. 1, given above, relat-
ing to the nature of the materials and the interactions
with each other are applicable here with the exception
that, because of the proximity of the photosensitive
particles, to the surface of the photoreceptor the binder
plate is preferably charged in the same polarity as the
photogenerated charges which can be transported by
the active transport material. Therefore if electron
transport material is being used as a binder then the
plate is preferably charged negatively while positive
charging is preferred in the case of hole transport mate-
rial. In addition, the condition of substantial transpar-
ency of the active transport material is necessary here
to insure maximum functionality of the binder struc-
ture.

Another variation of the structures of FIGS. 1 and 2
consists of the usc of a blocking layer at the substrate-
photoreceptor interface. Such a blocking layer serves
first to reduce potential leakage in the absence of acti-
vating radiation, which leakage is known in the art as
“dark decay.” In addition, the blocking layer aids in
sustaining .an electric field across the photoreceptor
after the charging step. Any suitable blocking material
may be used in thicknesses of from about 0.1 to 1 mi-
cron. Typical materials include nylon, epoxy, alumi-
num oxide and insulating resins of various types includ-
ing polystyrene, butadiene polymers and copolymers,
acrylic and methacrylic polymers, vinyl resins, alkyd
resins, and cellulose base resin.

Reference character 13 in FIGS. 1 and 2 designate
the active charge transport material which acts as ei-
ther an overlayer or a binder for the photoinjecting pig-
ment material 12. As heretobefore mentioned, the
charge transport material is capable of supporting
charge injection from the pigment particles, or layer,
and transporting said photogenerated charges under
the influence of an applied field. In order to function
in the manner outlined above, the active transport ma-
térial should be substantially transparent, or non-
absorbing, to the particular wavelength region of pig-
ment photosensitivity. With regard to the bis-
benzimidazole pigments of the present invention the
charge transport material should be substantially non-
absorbing in the visible part of the electromagnetic
spectrum which ranges from about 4,000 to 6,500 Ang-
strom Units becausc the xerographically useful pho-
toinjecting pigments have maximum photoresponse to
wavelengths in this region.

The active transport material which is employed in
conjunction with the photoconductive pigments in the
instant invention is a material which is an insulator to
the extent that an electrostatic charge placed on the
charge transport material is not conducted in the ab-
sence of illumination at a rate to prevent the formation
and retention of an electrostatic latent image thereon.
In general, this means that the specific resistivity of the
active transport material should be at least 10" ohms-
cm. and preferably will be several orders higher. For
optimum results, however, it is preferred that the spe-
cific resistivity of the active matrix material be such
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that overall resistivity of the photoreceptor, in the ab-
sence of activating illumination or charge injection
from the photoconductive pigments, be about 10%
ohms-cm.

In summary; it is clear that the photoinsulating por-
tion of the xerographic members of the instant inven-
tion represented in FIGS. 1 and 2 is divided into two
functional components:

1. A photoinjecting pigment which photogenerates
charge carriers upon excitation by radiation within a
particular wavelength region and injects said

photogenerated charge carriers into the adjacent active

transport material, and;

2. A substantially transparent active transport mate-
rial which allows transmission of radiation to the pho-
toinjecting pigment, accepts the subsequently
photogenerated charge carriers from the photosensi-
tive material, and actively transports these charge car-
riers to an oppositely charged surface or substrate to
effect neutralization.

This is more graphically illustrated by a simplified
mechanism in FIG. 3 where an clectron-transport lay-
ered structure has been positively charged by means of
corona charging. The activating radiation represented
by the arrows 14 then passes through the transparent
active transport layer and impinges the pigment layer
thereby creating a hole-electron pair. The electron and
hole are then separated by the force of the applied field
and the electron injected across the interface into the
active transport layer. There the photogenerated elec-
tron is transported by force of the electrostatic attrac-
tion through the active transport system to the surface
where it neutralizes the positive charge previously de-
posited by means of corona charging. Since only
photogenerated electrons can move in the presently il-
lustrated electron acceptor active transport layer, large
changes in surface potential can result only when the
electric field in the layered structure is such as to move
the photogenerated electrons from the photoconductor
layer to the charged surface. It is necessary therefore
that in a layered configuration illustrated by FIG. 1 that
an electron transport material photoreceptor be
charged positively and a hole-transport material photo-
receptor be charged negatively. As pointed out above,
the opposite is true when the system is a binder layer
as illustrated in FIG. 2.

DESCRIPTION OF PREFERRED EMBODIMENTS

For purposes of affording those skilled in the art and
a better understanding of the invention, the following
illustrative examples are given:

EXAMPLE |

A plate or layered structure similar to that illustrated
in FIG. 1 is prepared as follows:

1. A 0.2u nylon coated aluminum substrate is main-
tained at room temperature while a 0.8 micron thick
layer of Indofast Orange Toner, the trans form of the
bis-benzimidazole structure, given above, manufac-
tured by the Allied Chemical Company, is vacuum
evaporated thereon.

2. A 17 percent polymer stock solution is prepared
by dissolving the appropriate amount of polyvinyl car-
bazole (Luvican M170 grade poly-N-vinyl carbazole
(PVK) from the BASF Chemical Company) in a solu-
tion of 180 grams of toluene and 20 grams of cyclohex-
anone. '
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3. A 7 micron PVK layer is then formed by applying
the stock solution of PVK to the Indofast Orange Toner
pigment layer using a Gardner Laboratories Bird Appli-
cator. Finally the resulting photoreceptor is air dried at
110°C for from 2 to 24 hours.

EXAMPLE 11

An additional plate is made by the method of Exam-
ple I using Bordeaux RRN, the trans form of the unsub-
stituted bis-benzimidazole structure, given above, man-
ufactured by the E. I. du Pont de Nemours Co. of Wil-
mington, Delaware, as the photoinjecting pigment.

The two plates made in Examples I and II were tested
electrically by the following technique: The sample is
charged by negative corona charging to a potential of
about 500 volts. The Since is then exposed to a mono-
chromatic discharge light corresponding to a wave-
length area in which each pigment has photoresponse.
Sinc the photoinjecting pigments of the instant inven-
tion have maximum photoresponse, Amax, in the visible
region of the electromagnetic spectrum from about
4,000 to 6,500 Angstrom Units the photoreceptors are
exposed to a tungsten lamp fiitered by an interference
filter with a 100 Angstrom Unit bad width, having its
peak transmittance at about 4,500 Angstrom Units.
Additional measurements are taken with other filters
having transmission peaks spaced about evenly through
the entire region of from 4,000 to 6,500 Angstroms.
The initial voltage and resulting discharge, measured as
(dV/dT)r-, in each individual photodischarge experi-
ment is monitored by a DC-type loop probe which is
connected to a Keithley 610B electrometer to measure
the voltages as a function of time resulting in a plot of
photoresponse vs. field. From these experiments the
maximum gain (G) and the threshold field E,, that is.
that field which gives rise to the lowest detectable dis-
charge, are obtained. In addition, from the initial dis-
charge rate the gain (G) may be calculated.

The experimental methodology and the means of cal-
culation are outlined by P. Regensburger in “Optical
Sensitization of Charge Carrier Transport in PVK."”
Photochemistry and Photobiology, 8, p. 429-40 (No-
vember, 1968). Briefly, the gain is determined by plot-
ting the initial xerographic gain (G) as a function of the
applied field. The xerographic gain was calculated from
the initial discharge rate

G = (dV/dT)r=o/(eld/€)

where 1 is the incident photon flux, d the thickness of
the layer, € the electric permittivity, and e, the elec-
tronic charge. A xerographic gain of unity would be ob-
served if one charge carrier per incident photon were
excited and moved across the layer.

As can be seen from the results outlined in Table I
the two plates exhibit a good xerographic maximum
gain of greater than 35 percent. Also both pigments re-
quire a relatively low threshold field of about 2.5 volts/-
micron which indicates that the photoinjecting pig-
ments of the instant inventi on are capable of function-
ing under operating conditions of most xerographic
machines. In addition, the high discharge rates confirm
what has been previously stated concerning the effi-
cient photogenerated charge injection properties of the
bis-benzimidaxole pigments. The dissipation of the neg-
atively charged PVK surface graphically illustrates the
efficiency of hole injection into the active layer.
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Cis-Form

As heretobefore mentioned, the photoinjecting pig-
ments of the present invention can be used with elec-
tron transport active transport materials. In carrying
out experiments with an electron transport photorecep-
tor having the instant photoinjecting pigments the sur-
face is positively charged and measurements conducted
in the same manner outlined in Examples 1 and IL It is
found tht the electron transport photoreceptors have
similar xerographic properties as the hole transport ma-
terials demonstrated in Table I; that is, there are ac-
ceptable xerographic gains and relatively low threshold
fields.

The present invention has been described with refer-
ence to certain specific embodiments which have been
presented in illustration of the invention. It is to be un-
derstood however that numerous variations of the in-
vention may be made and that it is intended to encom-
pass such variation within the scope and spirit of the in-
vention as described by the following claims.

What is claimed is:

1. An electrophotographic plate having a photore-
ceptor member of from about 2 to 100 microns com-
prising a photoconductive material and an active trans-
port material both of which are compatible so as to sup-
port efficient photogenerated charge injection from the
photoconductive material, said photoconductive mate-
rial being a photoinjecting pigment being selected from
the class of bis-benzimidazole pigments in an amount
between about 0.1 and 5 percent by volume of the ac-
tive transport layer and said active transport material
being a charge transport medium which is substantially
nonabsorbing in the wavelength region of from about
4,000 to 6,500 Angstrom Units.

2. the electrophotographic plate of claim 1 in which
the photoreceptor member comprises a  bis-
benzimidazole pigment dispersed in an active binder
transport material.

3. The electrophotographic plate of claim 1 in which
the photoreceptor member is a layered configuration
‘comprising a bis-benzimidazole pigment single layer in
contact with an active transport material overlayer, and
wherein said active transport layer has a thickness of
from about 5 to 100 microns, said photoconductor
layer has a thickness of from 0.05 to 20 microns and
the ratio of the thickness of the active transport layer
to the photoconductor layer is from about 2:1 to 200:1.

4. An electrophotographic plate having a photore-
ceptor member of from about 2 to 100 microns com-
prising a photoconductive material and an active trans-
port material both of which are compatible so as to sup-
iport cfficient photogenerated charge injection, said
'photoconductive material being a photoinjecting pig-
ment being selected from the class of bis-benzimidazole
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pigments prepared by the reaction .of 1,4,58-
naphthalene tetracarboxylic acid with arylene and het-
erocyclic diamines in an amount between about 0.1
and 5 percent by volume of the active transport layer
and said active transport material being a charge trans-
port medium which is substantially non-absorbing in
the wavelength region of from about 4,000 to 6,500
Angstroms.

5. The electrophotographic plate of claim 4 in which
the bis-benzimidazole is the trans isomeric reaction
product of 1.4.5.8-naphthalene tetracarbonxylic acid
with 0-phenylene diamine.

6. The electrophotographic plate of claim 4 in which
the bis-benzimidazole is the cis isomeric reaction prod-
uct of 1,4,5,8-naphthalene tetracarboxylic acid with
O-phenylene diamine.

7. The electrophotographic plate of claim 4 in which
the photoreceptor member comprises the bis-
benzimidazole pigment dispersed in an active transport
binder material.

8. The electrophotographic plate of claim 4 in which
the photoreceptor member is a layered configuration
comprising a bis-benzimidazole pigment single layer
and an active transport overlayer in contact with said
pigment layer, wherein the bis-benzimidazole pigment
layer has a thickness of from about 0.05 to 20 microns
and the active transport overlayer has a thickness of
from about 5 to 100 microns, and wherein the ratio of
the active transport material layer to the photoconduc-
tive layer is from about 2:1 to 200:1.

9. The elctrophotographic plate of claim 4 in which
the active transport material is selected from the group
of hole transport materials consisting of carbazole, N-
ethyl carbazole, N-phenylcarbazole, tetraphenylpy-
rene, 1-methylpyrene, perylene, chrysene, fluorene,
fluorenone, anthracene, tetracene, tetraphene, 1-phe-
nyl-naphthalene, azapyrene, 1-ethylpyrene, acetyl py-
rene, 2,3-benzochrysene, 3.4-benzopyrene, 1.4-
bromopyrene and phenyl indole, polyvinyl carbazole,
polyvinyl pyrene, polyvinyl tetracene, polyvinyl pery-
lene, and polyvinyl tetraphene. .

10. The electrophotographic plate of claim 4 in
which the active transport material is selected from the
group of electron transport substances consisting of
2,4,7-trinitro-9-fluorenone,  2,4,5,7-tetranitrofluore-
none, dinitroanthracene, dinitroacridene, tetracyano-
pyrene, dinitroanthraquinone, and polymeric materials
containing said electron transport substance.

11. A method of imaging which comprises:

a. providing an electrophotographic plate having a
photoreceptor member of from about 2 to 100 mi-
crons comprising a photoconductive material and
an active transport material, said photoconductive
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material being a photoinjecting pigment being se-
lected from the class of bis-benzimidazole pigments
in an amount between about 0.1 and 5 percent by
volume of the active transport layer. and said ac-
tive transport material being a charge transport
medium which is substantially nonabsorbing in the
wavelength region of from about 4,000 to 6.500
Angstroms,

b. uniformly charging said plate, and

c. exposing said plate to a source of radiation in the
wavelength region of from about 4,000 to 6,500
Angstroms whereby an electrostatic image is
formed on the surface of said plate.

12. The method of claim 9 which further includes de-
veloping said latent image to make it visible.

13. The method of claim 9 in which the substrate is
substantially transparent and exposure is carried out
through said substrate.

14. The plate of claim 1 wherein the transport mate-
rial is polyvinyl carbazole.

15. The plate of claim 3 wherein the transport mate-
rial is polyvinyl carbazole.

20

[38]
N

30

40

45

50

n
n

60

16

16. The method of claim 11 wherein the transport
material is polyvinyl! carbazole.

17. The plate of claim 1 wherein the transport mate-
rial is polyvinyl carbazole and the pigment is the cis
form of bis-benzimidazodiaza pyrenedione. '

18. The plate of claim 1 wherein the transport mate-,
rial is polyvinyl carbazole and the pigment is the trans
form of bis-benzimidazodiaza pyrenedione.

19. The plate of claim 3 wherein the transport mate—:
rial is polyvinyl carbazole and the pigment is the CIS,
form of bis-benzimidazodiaza pyrenedione. ,

20. The plate of claim 3 wherein the transport mate-E
rial is polyvinyl carbazole and the pigment is the trans
form of bis-benzimidazodiaza pyrenedione.

21. The method of claim 11 wherein the transport
material is polyvinyl carbazole and the pigment is the
cis form of bis-benzimidazodiaza pyrenedione.

22. The method of claim 11 wherein the transport
material is polyvinyl carbazole and the pigment is the

trans form of bis-benzimidazodiaza pyrenedione. :

* * k¥ ok
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