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ABSTRACT OF THE DISCLOSURE

An improved electrophotographic material comprising
a conductive support layer and a photoconductive insulat-
ing layer, the latter comprising a combination of a photo-
conductive polymeric compound and a benzopyrylium salt
as a novel sensitizer, said photoconductive polymeric com-
pound comprising at least one compound selected from
the group consisting of poly-N-vinylcarbazole, poly-3,6-
dibromo-N-vinylcarbazole, brominated poly-N-vinylcar-
bazole, polyacenaphthylene and polyvinylanthracene.

This invention relates to novel light-sensitive polymer
layers and more particularly to electrophotographic light-
sensitive polymer layers containing a benzopyrylium salt
as a novel class of sensitizers of organic photoconductors.

Various light-sensitive layers are well known in the

~electrophotographic art for making copies of documents,
drawings, transparencies, etc. These layers contain an
organic photoconductive material, such as poly-N-vinyl-
carbazole, poly-3,6-dibromo-N-vinylcarbazole, brominated
poly-N-vinylcarbazole, polyacenaphthylene, polyvinylan-
thracene, etc. These layers are non-conductors of elec-
tricity before exposure and become electrical conductors
upon exposure. ’

It is necessary for the electrophotographic art that the
photoconductive material has a high photoconductivity in
the long wave length region of the visible spectrum. Such
a photoconductive material makes it possible for the elec-
trophotographic art to employ inexpensive and convenient
light sources such as incandescent lamps in a reduced ex-
posure time and to reproduce colored pictures. The photo-
conductive materials mentioned above, however, have
usually a low photoconductivity and spectrum character-
istics sensitive to a short wave length region of the ex-
posure light and do not satisfy entirely the above require-
ment.

It is known that an addition of a so-called sensitizer
can improve the above photoconductive materials in re-
spect of photoconductivity and spectrum characteristics.
Conventional sensitizers are dyestuff compounds, such as
triarylmethane dyes, xanthene dyes, triazine dyes or acri-
dine dyes, but the conventional sensitizers are not entirely
satisfactory for improving the photoconductivity and the
spectrum characteristics of the available photoconductive
materials.

In addition to the high photoconductivity and spectrum
characteristics sensitive to visible light, the electrophoto-
graphic art requires a high electric resistance of photo-
conductive materials in the dark. Conventional sensitizers
are apt to increase the dark conductivity whereas they pro-
mote the photoconductivity. A high dark conductivity of
photoconductive materials is not desirable because it re-
sults in a loss of the applied electrostatic charge in the
dark.

An object of the invention is to provide electrophoto-
graphic materials having a high photoconductivity and
spectrum characteristics sensitive to a long wave length
region of the visible spectrum.

Another object of the invention is to provide electro-
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photographic materials having a high electric resistance in
the dark.

These and other objects are accomplished by adding a
benzopyrylium salt as a sensitizer to poly-N-vinylcarba-
zole, poly - 3,6 - dibromo-N-vinylcarbazole, brominated
poly-N-vinylcarbazole, polyacenaphthylene or polyvinyl-
anthracene, as a light-sensitive film-forming composition.

The invention is further explained in the following de-
scription with reference to the accompanying drawings
wherein:

FIG. 1 represents the wedge spectrogram for an electro-
photographic material coated with unsensitized 10 weight
percent brominated poly-N-vinylcarbazole in chloroben-
zene.

FIG. 2 represents the wedge spectrogram for an elec-
trophotographic material coated with 10 weight percent of
‘brominated poly-N-vinylcarbazole sensitized with 0.02
weight percent of 2-(«-isopropyl-w-phenylbutadienyl)
benzopyrylium perchlorate, said brominated poly-N-vinyl-
carbazole being dissolved in a solvent of four weight parts
of chlorobenzene and one weight part of dichloroethane.

FIG. 3 represents the wedge spectrogram for an electro-
photographic material coated with 10 weight percent of
brominated poly-N-vinylcarbazole sensitized with 0.02
weight percent of 2-(«-isopropyl-w-phenylbutadienyl)-6,7-
dimethylbenzopyrylium perchlorate, said brominated poly-
N-vinylcarbazole being dissolved in a solvent of four
weight parts of chlorobenzene and one weight part of di-
chloroethane.

FIG. 4 represents the wedge spectrogram for an elec-
trophotographic material coated with 10 weight percent
of brominated poly-N-vinylcarbazole sensitized with 0.02
weight percent of 2-(«-isopropyl-w-phenylbutadienyl)-6-
phenylbenzopyrylinm perchlorate, said brominated poly-
N-vinylcarbazole being dissolved in a solvent of four
weight parts of chlorobenzene and one weight part of di-
chloroethane.

FIG. 5 represents the wedge spectrogram for an electro-
photographic material coated with 10 weight percent of
brominated poly-N-vinylcarbazole sensitized with 0.02
weight percent of 2-(4’-methoxystyryl)-3-phenylbenzopy-
rylium perchlorate, said brominated poly-N-vinylcarbazole
being dissolved in a solvent of four weight parts of
chlorobenzene and one weight part of dichloroethane.

FIG. 6 represents the wedge spectrogram for an electro-
photographic material coated with 10 weight percent poly-
3,6-dibromo-N-vinylcarbazole in chlorobenzene.

FIG. 7 represents the wedge spectrogram for an elec-
trophotographic material coated with 10 weight percent of
poly-3,6-dibromo-N-vinylcarbazole sensitized with 0.02
weight percent of 2-(4’-methoxystyryl)-3-phenyl-8-me-
thoxybenzopyrylium perchlorate, said poly-3,6-dibromo-
N-vinylcarbazole being dissolved in a solvent of four
weight parts of chlorobenzene and one weight part of
dichloroethane, and

FIG. 8 represents the wedge spectrogram for an elec-
trophotographic material coated with 10 weight percent
of poly-3,6-dibromo-N-vinylcarbazole sensitized with 0.02
weight percent of 2-(4’-methoxystyryl)-3-(4”’-methoxy-
phenyl) benzopyrylium perchlorate, said poly - 3,6 - di-
bromo-N-vinylcarbazole being dissolved in a solvent of
four weight parts of chlorobenzene and one weight part
of dichloroethane.

The benzopyrylium salt compound (sensitizer) has the
following formula:

Ry "+
| o R1
' R N O\ -b=cr-R,
Anion=
Rs —R3
Re
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wherein

R, is H, phenyl, or aliphatic group such as methyl, ethyl,
propyl, isopropyl, butyl or tertiary butyl;

R, is aryl such as phenyl or 4-biphenyl, hydroxyphenyl
such as 2-hydroxyphenyl, 4-hydroxyphenyl or 3,4-di-
hydroxyphenyl, alkoxyphenyl such as 4-methoxyphenyl
or 3,4-dimethoxyphenyl, aminophenyl such as 4-di-
methylaminophenyl or 4-diethylaminophenyl, styryl,
substituted styryl such as 4-hydroxystyryl, 3,4-dihy-
droxystyryl, 4-methoxystyryl, 3,4-dimethoxystyryl or
4-dimethylaminostyryl, naphthy! or furyl;

R,, Rs, Re, Ry each is H, aliphatic group such as methyl
or ethyl, alkoxy group such as methoxy or ethoxy,
hydroxy group, or aryl group such as phenyl or 4-
methoxyphenyl;

R, is aryl group such as phenyl, 4-hydroxyphenyl or
4-methoxyphenyl, H, or aliphatic group such as styryl,
alkoxystyryl or hydroxystyryl;

anion is anionic function selected from the group con-
sisting of fluoborate, chloride and perchlorate.

The preferred benzopyrylium salts are prepared gen-
erally by one of four methods, A first method (a madi-
fication of a method disclosed at J. Chem. Soc., 1935,
p. 941) is based on the reaction of a phenol or phenol
derivative with a p-dicarbony! compound or «,8-unsatu-
rated ketone in the presence of hydrogen chloride, sul-
furic acid, ferric chloride or phosphorus pentachloride
in solution of acetic or formic acid.

A second method comprises using an intermediate
product prepared from a phenol and a coumarin de-
rivative in the presence of phosphorus oxychloride or
zinc chloride (a similar way to that disclosed at Helv.
Chim, acta, 34, p. 1761 (1950)).

A third method (based on a method disclosed at J.
Amer. Chem. Soc., 74, p. 3445 (1952)) is achieved by
ring closure of an unsaturated ketone derivative prepared
from an o-hydroxybenzaldehyde with a carbonyl com-
pound in the presence of an alkali so as to form a benzo-
pyrylium ring. The benzopyrylium ring is incorporated
with an ethenyl radical by the reaction of active a-meth-
ylene radical in the 2-position of 2-alkylbenzopyrylium
with an aromatic aldehyde. '

A fourth method (based on a method disclosed at
J. Chem. Soc., 1929, p. 936) is achieved in one step
by both ring closure reaction and ethenylation reaction
of an aromatic aldehyde with an unsaturated ketone
derivative prepared from an o-hydroxybenzaldehyde with
a carbonyl compound in the presence of an alkali.

Representative examples of the benzopyrylium salts
according to the invention are listed in Table 1.

TABLE 1

Compound

No. Name of compound

) A, 2,4-dimethyl-7,8-dihydroxybenzopyrylium chloride..

|, 2,4-bis (4’-methoxystyryl)-7,8-dihydroxybenzopyrylium
chloride.

S, 2,4-diphenyl-7,8-dihydroxybenzopyrylium chloride.

- S 2-[a-isopropyl-g-(2/-hydroxynghthyl (1)) ethenyl]-benzo-
pyrylium chloride.

;S 2-[a-isopropyl-g-(2-hydroxynaphthyl(1’)) ethenyll-benzo-
pyrylium perchlorate.

[ 2-(2"-hydroxy-5'-phenylstyryl)-3-butyl-6-phenyl-benzo-
pyrylium perchlorate.

(P, 2-(2-hydroxystyryl)-3-butylbenzopyrylium perchlorate.

- S 2-[B-(2'-hydroxynaphthyl(1’))ethenyl]-3-butyl-naphtho-
pyrylium perchlorage.

9 meeeeen- 2-(a-isopropyl-2’-hydroxystyryl)benzopyrylium per-
chlorate.

10o oo 2-(a-isopropyl-2’-nitrostyryl)benzopyrylinm perchlorate.

i D 2-(a-isopropyl-4’-dimethylaminostyryl) benzopyrylium
perchlorate.

12 cemccmne 2-(a-isopropyl-w-phenylbutadienyl)benzopyrylium per-
chlorate.

13 oo 2[a-isSOpropyl-g-(2”-hydroxynaphthyl(1’))ethenyl}s,7-
dimethylbenzopyrylium perchlorate.

14w 2-(a-isopropyl-w-phenylbutadienyl)-6,7-dimethylbenzo-
pyrylium perchlorate.

b 1 O 2-{a-isopropyl-g-(2’-hydroxynaphthyl(1’))ethenyl}-6-
phenyl-benzopyrylium perchlorate.

16 eccenn 2-(a-Isopropyl-w-phenylbutadienyl)-6-phenylbenzo-
pyrylium perchlorate.

17 e 2-[e-isopropyl-w-(3',4’-dimethoxyphenyl) butaienyl}-

benzopyrylium perchlorate.
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TABLE 1-—Continued
Compound
No. Name of compound
18 oo 2-{e-isopropyl-e-furyl(2’)butadienylibenzopyrylium

perchlorate.

- 2-(w-phenylbutadienyl)-3-phenylbenzopyrylium per-
chlorate.

2-(4’-methoxystyryl)-3-phenylbenzopyrylium perchlorate.

2-(4’-dimethylaminostyryl)-3-phenylbenzopyrylium
perchlorate.

2-[w-furyl(2’) butadienyl]-3-phenylbenzopyrylium per-
chlorate.

22 T, 2-[w-3’ 4’-dimethoxyphenyl)butadienyl}-3-phenylbenzo-
pyrylium perchlorate.

24 ... 2-(a-isopropyl-styryl) benzopyrylium perchlorate.

25 2-(aﬁsopropyl4’-methoxystyry1)benzopyrylium per-
chlorate.

20 e 2-[a-Isopropyl-8-(2’-hydroxynaphthyl(1’))ethenyl]-8-

methoxy-benzopyrylium perchlorate.
by A 2-(a-isopropyl-w-phenylbutadienyl)-8-methoxy benzo-
pyrylium perchlorate.

P/ S 92-{a-isopropyl-4’-methoxystyryl)-8-methoxybenzopyrylium
perchlorate.
o3 I 2-(w-phenylbutadienyl)-3-phenyl-8-methoxybenzo-
pyrylium perchlorate.
{1 IO—— 9-(4"-methoxystyryl)-3-phenyl-8-methoxybenzopyrylium
erchlorate.
F} 92-{a-isopropyl-g-furyl(2')ethenyl}-8-methoxybenzopyryl-
ium perchlorate.
82 cmmmmanan 2—[)3: -isgpropyl—ﬁ—anthryl (9")ethenyl]benzopyrylium fluo-
orate.
2 9-(w-p henylbutadienyl)-3-(4’-methoxyphenyl) benzopyryl-
ium perchlorate.
2 S, 92-(4’-methoxystyryl)-3-(¢'’-methoxyphenyl)benzopyryl-
ium perchlorate.
L1 P 2-(4};idm%ethylaminostyryl)-3-pheny1benzopyrylium per-
chlorate.
(RN 9-(#-methoxyphenyl)benzopyrylium perchlorate.

Table 2 lists additional information on the color and
melting point of the novel compounds according to the in-
vention.

TABLE 2

Color in

Compound Melting point
No. dichloroethane (°C.)

210

Deep blue
. Reddish violet._.
Reddish green.._

201-202
115-117
204-207
144-146
175-177
243-245
173-175
183-185

>250
195-196

Blue..

Reddish violet_.
Dark red
Brown..

A simple exchange reaction makes it possible for the
anionic function of the benzopyrylium salt compounds to
be Cl—, BF;~ or ClO4—.

Following description will explain a practical method
for making benzopyrylium salts with reference to the
exemplary compounds. The details of the preparation of
other compounds will be apparent to those skilled in the
art from the preceding disclosure and the following illus-
trative examples of preparation methods of various com-
pounds according to the invention:

(a) 2,4-dipheny1—7,8-dihydrobeenzopyry1ium chloride

To a solution of 25 grams of pyrogallol and 42 grams
of benzalacetophenone in 500 milliliters of dry ethanol is
added 49 grams of chloranil. The solution is then saturated
with dry hydrogen chloride and allowed to stand overnight
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at room temperature (about 20° to about 30° C.), and
then it is poured into ether to form a precipitate. The
precipitate is collected by filtration, washed thoroughly
with ether and then dried at a reduced pressure ranging
from 2 to 10 mm. Hg. Recrystallization from 40%
methanol containing a small amount of hydrogen chloride
yields 2 grams of russet crystals which melt at 187° to
190° C. (decomp.). The crystals give a reddish violet
solution in dichloroethane.

(b) 2-(4’-methoxyphenyl)benzopyrylium perchlorate

A mixture of 14.6 grams of coumarin, 15 grams of dry
ZnCl, and 50 milliliters of POC]; is heated at 80° C. in
a water-bath for 35 minutes and is dissolved in 10.8 grams
of anisole. The solution is again heated at 80° C. for 2
hours. After standing for several hours, the solution is in-
corporated with 150 milliliters of glacial acetic acid so as
to form a precipitate. The precipitate is-collected, washed
with glacial acetic acid and then washed with ether. The
crude product is dissolved in 50 milliliters of 10% per-
chloric acid. After several hours, a pure product is ob-
tained as a precipitate of yellow crystals having a melting
point of 195° to 196° C.

(¢) 2-[a-isopropyl-g-(2'-hydroxynaphthyl (1) )-ethenyl]
benzopyyrylium perchlorate

To a cold solution of 10 grams of 2-hydroxystyryl iso-
butyl ketone and 8.5 grams of 2-naphthol-1-aldehyde is
added 12 grams of 60% perchloric acid. The solution is
ice-cooled and then is slowly saturated with dry hydrogen
chloride which imparts a deep red color to the solution.
The deep red solution is kept at 0° C. overnight, where-
upon benzopyrylium salt precipitates, The precipitated
benzopyrylium salt is then collected by filtration, washed
thoroughly with ether and dried at a reduced pressure
ranging from 2 to 10 mm, Hg. Recrystallization from
nitrobenzene gives 5 grams of metallic lustrous needles
which melts about 250° C. while darkening gradually.
The needles give a red solution in dichloroethane.

(d) 2-(«-isopropyl-w-phenylbutadienyl)-benzo-
pyrylium perchlorate

To a cold solution of 4 grams of 2-hydroxystyryl iso-
butyl ketone and 2.7 grams of cinnamaldehyde in 15 milli-
liters of ether is added 6 grams of 60% perchloric acid.
The solution is ice-cooled and then is slowly saturated
with dry hydrogen chloride to obtain a deep red solution.
The deep red solution is kept at 0° C. for one day so as
to form a precipitate. The precipitate is then collected
by filtration, washed with ether and dried at reduced
pressure ranging from 2 to 10 mm. Hg. Recrystallization
from a solvent of four weight parts of methanol and one
weight part of dichloroethane gives 2.2 grams of red
needles having a melting point of 191° to 192° C. The
needles give a russet-colored solution in dichloroethane.

(e) 2-(4-methoxystyryl)-3-phenylbenzopyrylium
perchlorate

To a cold solution of 12 grams of 2-hydroxystyryl
o-phenyl methyl ketone and 6.8 grams of anisaldehyde in
a mixed solvent of 100 milliliters of ether and 100 milli-
liters of tetrahydrofuran is added 15 grams of 60% per-
chloric acid. Precipitation starts when the solution is satu-
rated with dry hydrogen chloride. The solution and pre-
cipitate are then allowed to stand overnight in an ice-box,
and then the resulting precipitate is collected by filtration,
washed thoroughly with ether and dried at reduced pres-
sure ranging from 2 to 10 mm. Hg. The obtained crqde
product is recrystallized twice from a solvent consisting
of three weight parts of methanol and one weight part of
dichloroethane to yield 3 grams of lustrous needles, having
a melting point of 228° to 229° C. The needles give a
reddish violet solution in dichloroethane.

It has been discovered according to the invention that
the compounds listed in Table 1 are sensitizing agents
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which can improve the photoconductivity and the spec-
trum characteristics of poly-N-vinylcarbazole, poly-3,6-
dibromo-N-vinylcarbazole, brominated poly-N-vinylcar-
bazole, polyacenaphthylene and polyvinylanthracene.
These polymers, except brominated poly-N-vinylcarbazole,
are prepared in a per se well-known method, The bromi-
nated poly-N-vinylcarbazole can be prepared by the fol-
lowing method: To the solution of 20 grams of poly-N-
vinylcarbazole in 450 milliliters of chlorobenzene, there
is added 18.44 grams of N-bromosuccinimide and 0.173
gram of benzoyl peroxide. The mixture is heated at 80°
C. for 2 hours while being stirred thoroughly, after which
it is poured into methanol to obtain a white polymer. The
white polymer is dissolved in chlorobenzene and again
poured into methanol for purification. The pure polymer
thus obtained as a precipitate exhibits upon elementary
analysis a halogen content of 29.87 weight percent which
approximates the value calculated, i.e. 29.44 weight per-
cent of the monobromosubstituted product from poly-N-
vinylcarbazole. This indicates that the polymer obtained
is 2 monobromosubstituted product, The degree of bromin-
ation varies from 50 mole percent to 200 mole percent
according to reaction conditions.

The novel sensitizer comprising at least one compound
from the group listed in Table 1 is dissolved in a suitable
solvent, such as methanol, ethanol, dichloroethane,
methylene chloride, chloroform, or a combination there-
of, and is added to the solution of the photoconductive
polymer described above, The amount of the sensitizer
added is from 0.01 to 2.0 weight parts to 100 weight parts
of the photoconductive polymer. Preferable amount there-
of is from 0.1 to 2.0 weight parts to 100 weight parts of
the photoconductive polymer,

For the preparation of the photoconductive insulating
layers, a said solution of the photoconductive polymer
and the benzopyrylium salt in a suitable solvent is applied
to the supports in the usual manner, for example, by
spraying, by direct application, by means of blade ccat-
ing, by means of whirler coating, etc., and then dried
so as to produce a homogenous photoconductive insu-
lating layer on the electroconductive support. Operable
solvents are benzeme, toluene, chlorobenzene, dioxane,
methylene chlorides, dichloroethane and combinations
thereof. Said solution may be incorporated with suitable
plasticizers and/or organic colloids for improving the
flexibility and strength of the photoconductive polymer.
Operable plasticizers are as follows: chlorinated diphenyl,
dimethy! phthalate, diethyl phthalate and octyl phthalate.
Operable organic colloids are as follows: natural and
synthetic resins, e.g. phenol resin, phenol resin modified
with rosin, polyvinyl acetal, polyvinyl butyral, polyvinyl
cinnamate, polycarbonate resin. Operable materials for
electroconductive supports may be made of any mate-
rials which satisfy the requirement of the electrophoto-
graphic art, e.g. metal plate or glass plate having NESA
coating, plate or foils made of electrically conductive
resins or coated with evaporated thin metal layer. The
transparent support can produce a transparent electro-
photographic plate, foil or film. After an electrostatic
charge has been applied, ie., after the layer has been
charged positively or negatively by means of a corona
discharge, the layer becomes light sensitive.

The reproduction of images by electrophotographic
methods is carried out as follows: when the photocon-
ductive layer has been charged by means of a corona
discharge apparatus, the support with the sensitized layer
is exposed to light under a master and is then dusted
over in a known manner with a resin powder colored with
carbon black. The image that now becomes visible can
easily be wiped off. It can also be fixed by heating at
about 120° C. From positive masters, positive images
characterized by good contrast are produced.

It has been further discovered according to the inven-
tion that the benzopyrylium salts polymerize N-vinyl-
carbazole or 3,6-dibromo-N-vinylcarbazole for obtaining
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a high polymer. For example, to a solution of 1 gram
of N-vinylcarbazole which is dissolved in 10 milliliters of
dichloroethane is added 0.0003 gram of 2-(«-isopropyl-
w-phenylbutadienyl) benzopyrylium perchlorate which is
dissolved in 0.1 milliliter of dichlorcethane. After stand-
ing at 25° C. for 30 minutes, the solution is poured into
methanol. The poly-N-vinylcarbazole obtained as a white
precipitate has a molecular weight of a million and is
prepared in a 98 weight percent yield.

3,6-dibromo-N-vinylcarbazole can be treated by the
same procedure as mentioned above and is obtained as
a white polymer in a high yield. The other benzopyrylium
salts can be similarly used as an initiator of N-vinyl-
carbazole or 3,6-dibromo-N-vinylcarbazole polymeriza-
tion.

Thus, the benzopyrylium salts discovered according
to the invention can be used as a sensitizing agent and
as an initiator of polymerization. Such two abilities make
it possible to prepare an electrophotographic layer in the
following manner: To a solution of 1 gram of 3,6-di-
bromo-N-vinylcarbazole dissolved in 10 milliliters of
methylene chloride is added 0.001 gram of 2-( a-isopropyl-
w-phenylbutadienyl) -6-7-dimethylbenzopyrylium perchlo-
rate which is dissolved in 0.1 milliliter of methylene
chloride. After standing at 25° C. for an hour, the solu-
tion is directly applied to an aluminum plate by means
of blade coating. Thus, an electrophotographic plate
improved in the photosensitive properties can be easily
obtained.

1t has been discovered according to the invention that
more preferable electrophotographic materials can be
prepared by a combination of brominated poly-N-vinyl-
carbazole and, as benzopyrylium salt, at least one com-
pound selected from the group consisting of

2—(oc-isopropyl-w-phenylbutadienyl)benzopyrylium
perchlorate,

2-(a-isopropyl-w-phenylbutadienyl) -6,7-dimethylbenzo-
pyrylium perchlorate,

2-(a-isopropyl-w-phenylbutadienyl) -6-phenylbenzo-
pyrylium perchlorate,

2-(4’—methoxystyry1)-3-phenylbenzopyry1ium perchlorate,

2-[ a-isopropyl-g-(2’-hydroxynaphthyl( 1) )ethenyl]-8-
methoxybenzopyrylium perchlorate,

2-(oc-isopropyl-w-phenylbutadienyl)-S—methoxybenzo-
pyrylium perchlorate,

2-(4’-methoxystyryl) -3-phenyl-8-methoxybenzopyrylium
perchlorate and

2-(4’-methoxystyryl)-3-(4"—methoxypheny1)benzo-
pyrylium perchlorate.

Further, according to the invention, more preferable
electrophotographic material can be prepared by a com-
bination of poly-3,6-dibromo-N-vinylcarbazole and, as
benzopyrylium salt, at least one compound selected from
the group consisting of

2-(a-isopropyl-w-phenylbutadienyl)benzopyrylium
perchlorate,

2-( a-isopropyl-w-phenylbutadienyl) -6,7-dimethylbenzo-
pyrylium perchlorate,

2-(u-isopropyl-w-phenylbutadienyl)-6-pheny1benzo-
pyrylinm perchlorate,

2-(4’-methoxystyryl)-3-phenylbenzopyrylium perchlorate,

2-(4’-methoxystyryl)-3-phenyl-8-meth0xybenzopyry1ium
perchlorate and

2-(4’-methoxystyryl) 3-(4”-methoxyphenyl) benzo-
pyrylium perchlorate.

The invention is still further illustrated with reference
to the following illustrative examples.

EXAMPLE 1

1 gram of poly-N-vinylcarbazole and 0.004 gram of a
benzopyrylium salt listed in Table 1 are dissolved in

ot
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10 milliliters of methylene chloride. The solution is
applied to an aluminum plate by means of blade coaiing
and is dried to form a layer of 10w in thickness. After
the said aluminum plate provided with the layer is
charged positively by means of corona discharge with a
charging device maintained at approximately 6000 volis
in the dark, it is placed under a positive master and is
exposed to a 100 w. tungsten lamp at an illumination of
50 luxes, and the said plate is powdered over with a
developer in a per se known manner. This developer
consists of toner and carrier. The toner consists of a low
melting-point polystyrene, colophony and carbon-black.
The toner is mixed with a carrier substance having such
nature that the toner becomes triboelectrically charged
with a charge opposite to that produced on the plate. A
positive image is produced and is fixed by slight heating.
In Table 3 are shown the optimum amounts of exposure
in lux-second units.

TABLE 3
Compound number: Optimum exposure (lux.sec.)
NONE e 20,000
14 e 70
16 e 55
30 e 32
34 e 42

EXAMPLE 2

1 gram of poly-3,6-dibromo-N-vinylcarbazole and 0.002
gram of a benzopyrylium salt listed in Table 1 are dis-
solved in 10 milliliters of dichloroethane. The solution is
applied to an aluminum plate and is dried to form a layer
of 10y in thickness. An electrophotographic image is pro-
duced in the same way as that described in Example 1. In
Table 4 are shown the optimum amounts of exposure in
lux-second units to produce exactly the original images.

TABLE 4
Compound number: Optimum exposure (lux.sec.)
NONE o e 5000
2 e ———— 27
14 e - 35
16 e 35
20 e — 22
30 e ————— 25
34 e e e 22

It is clear from Table 4 and FIGS. 6 to 8 that the novel
sensitizers improve the photoconductivity and the spec-
trum characteristics of poly-3,6-dibromo-N-vinylcarba-
zole.

EXAMPLE 3

1 gram of brominated poly-N-vinylcarbazole and 0.1
gram of chlorinated aliphatic acid ester (commercially
available as “Adecasizer S-3”), 0.2 gram of epoxy resin
(commercially available as “Epon 828”), 0.5 gram of poly-
carbonate resin (commercially available as “Panlite-C”)
and 0.003 gram of a benzopyrylium salt listed in Table 1
are dissolved in a mixed-solvent of 8 milliliters of chloro-
benzene and 2 milliliters of dichloroethane, This solution
is applied to an aluminum plate or to a cellulose diacetate
film sheet having a vacuum-evaporated film of cuprous
jodide, by means of a blade coating and dried to form a
layer of 124 in thickness. On these supports, electrophoto-
graphic images are produced in the same way as that de-
scribed in Example 1. Table 5 shows the optimum amounts
of exposure in lux-second units to reproduce exactly the
original images.
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TABLE 5
Optimum Optimum
exposure exposure
on aluminum on Cul
plate film
Compound No. (lux.sec.) (lux.sec.)
80,000 90, 000
70 75
35 65
36 53
360 480
685 632
85 42
75 165
47 47
43 110
35 40
260 145
25 27
505 225
175 186
62 62
40 60
45 52
210 210
255 275
35 42
110 90
125 117
37 45
500 500

It is clear from Table 5 and FIGS. 1 to 5 that the novel
sensitizers improve the photoconductivity and the spec-
trum characteristics of brominated poly-N-vinylcarbazole.

EXAMPLE 4

1 gram of polyacenaphthylene and 0.6 gram of chlori-
nated diphenyl and 0.005 gram of a benzopyrylium salt
listed in Table 1 are dissolved in 10 milliliters of dichloro-
ethane, The solution is applied to an aluminum plate by
means of whirler coating and is dried to form a layer of
4y in thickness. An electrophotographic image is pro-
duced in a similar way to that described in Example 1.
Table 6 shows the optimum amounts of exposure in lux-
second units to reproduce exactly the original images.

TABLE 6
Compound number: Optimum exposure (lux.sec.)
NONE e 200,000
12 i 140
14 . 300
16 e 140
20 e, 80
30 450
34 ___ e 360
EXAMPLE 5

1 gram of poly-9-vinylanthracene and 0.5 gram of chlo-
rinated diphenyl and 0.005 gram of a benzopyrylium salt
listed in Table 1 are dissolved in 10 milliliters of methyl-
ene chloride. The solution is applied to an aluminum plate
by means of whirler coating and is dried to form a layer of
3u in thickness. An electrophotographic image is pro-
duced in a similar way to that described in Example 1.
Table 7 shows the optimum amounts in lux-second units
of exposure to reproduce exactly the original images.

TABLE 7
Compound pumber: Optimum exposure (lux.sec.)
None oo - 47,000
1 SN 240
14 o 280
10 e 140
20 e 95
30 e 550
34 e 875

The invention has been described in detail with particu-
lar reference to preferred embodiments thereof but it will
be understood that variations and modifications can be
effected within the spirit and scope of the invention as de-
scribed hereinabove and as defined in the appended claims.

Having thus disclosed the invention, what is claimed is:
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1. An electrophotographic material comprising a con-
ductive support layer and a photoconductive insulating
layer, the latter comprising a combination of a photo-
conductive polymeric compound and a sensitizer having
the following chemical formula

Ry ™

o R

Ry e
Anion—

Rs- \/—Ra

ks

wherein
R; is H, phenyl or alkyl;

R, is phenyl, hydroxyphenyl, biphenyl, alkoxyphenyl,
aminophenyl, styryl, substituted styryl, naphthyl or
furyl;

R3, Rs, Rg, Ry each is H, styryl or substituted styryl,
alkoxy, hydroxy, or aryl;

Ry is aryl, H, or alkyl;

the anion is anionic function selected from the group
consisting of fluoborate, chloride and perchlorate;

said photoconductive polymeric compound comprising
at least one compound selected from the group consisting
of poly-N-vinylcarbazole, poly-3,6-dibromo-N-vinylcarba-
zole, brominated poly-N-vinylcarbazole, polyacenaphthyl-
ene and polyvinylanthracene.

2. An electrophotographic material as in claim 1

wherein

R, is selected from the group consisting of H, phenyl,
methyl, ethyl, propyl, isopropyl, butyl or tertiary
butyl;

R, is selected from the group consisting of phenyl, 4-
biphenyl, 2-hydroxyphenyl, 4-hydroxyphenyl, 3,4-di-
hydroxyphenyl, 4-methoxyphenyl, 3,4-dimethoxy-
phenyl, 4-dimethylaminophenyl, 4-diethylamino-
phenyl, styryl, 4-hydroxystyryl, 3,4-dihydroxystyryl,
4-methoxystyryl, 3,4-dimethoxystyryl, 4-dimethyl-
aminostyryl, naphthyl and furyl;

R3, Rs, Rg, Ry are selected from the group cosnisting of
H, methyl, ethyl, methoxy, ethoxy, hydroxy, phenyl,
4-methoxyphenyl;

R, is sclected from the group consisting of phenyl, 4-
hydroxyphenyl, 4-methoxyphenyl, H, styryl, alkoxy-
styryl, and hydroxystyryl;

the anion is selected from the group consisting of fluo-
borate, chloride and perchlorate.

3. An electrophotographic material according to claim

1, wherein said sensitizer comprises at least one compound
selected from the group consisting of

2-(a-isopropyl-w-phenylbutadienyl)benzopyrylium
perchlorate,
2-(a-isopropyl-w-phenylbutadienyl)-6,7-dimethylbenzo-
pyrylium perchlorate,
2-(-isopropyl-w-phenylbutadienyl)-6-phenylbenzo-
pyrylium perchlorate, -
2-(4’-methoxystyryl) -3-phenylbenzopyrylium
perchlorate,
2-[a-isopropyl-g-(2’-hydroxynaphthyl(1’) )ethenyl]-
8-methoxybenzopyrylium perchlorate,
2-(a~isopropyl-w-phenylbutadienyl) -8-methoxybenzo-
pyrylium perchlorate,
2-(4'-methoxystyryl)-3-phenyl-8-methoxybenzopyrylium
perchlorate, and .
2-(4"-methoxystyryl)-3-(4'*-methoxyphenyl) benzo-
pyrylium perchlorate.

4. An electrophotographic material according to claim
3, wherein said combination comprises 100 weight parts
of phototonductive polymeric compound and 0.01 to 2.0
weight parts of sensitizer.

S. An electrophotographic material according to claim
3, wherein said combination is a combination of 100
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weight parts of brominated poly-N-vinylcarbazole and
0.01 to 2.0 weight parts of said sensitizer.

6. An electrophotographic material according to claim
1, wherein said combination is a combination of 100
weight parts of poly-3,6-dibromo-N-vinylcarbazole and
0.01 to 2.0 weight parts of a senmsitizer, said sensitizer
comprising at least one compound selected from the group
consisting of

2-(a-isopropyl-w-phenylbutadienyl)-benzopyrylium
perchlorate,

2-(a-isopropyl-w-phenylbutadienyl)-6,7-dimethylbenzo-
pyrylium perchlorate,

2—(a-isopljopyl-w-phenylbutadienyl)-6-phenyl—benzo-
pyrylium perchlorate,

2-(4’-methoxystyryl)-3-phenylbenzopyrylium
perchlorate,

2-(4’-methoxystyryl) -3-phenyl-8-methoxybenzopyrylium
perchlorate, and

12
2-(4’-methoxystyryl)-3-(4""-methoxyphenyl) benzo-
pyrylium perchlorate.
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