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Vsevelod Tulagin, St. Pawl, Rebert ¥, Coles, North St
Panl, and Richard A, Miller, St. Paunl, Minn., assignors
to Minnesotia Mining and Manufacturing Company, St.
Paul, Minn,, a corporation of Delaware
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4 Clatms, (Tl 204—18)

This invention relates to new and useful permanent
reproductions and their method of preparation by selec-
tively depositing a basic nitrogen containing compound
on the surface of a photoconductor.,

A method for making visible reproductions electro-
lytically is described in the application of Johnson and
Neher, Ser. No. 575,070, filed March 30, 1956, now U.S.
Patent 3,010,883. The Johnson and MNeher application
discloses the prepartion of light sensitive sheet material
from a conductive backing and a photoconductor which
is also useful in the practice of this invention.

An object of this invention is to disclose a method
of selectively depcsiting basic nitrogen containing organic
compounds on the surface of a photoconductor thereby
producing reproductions in a fast and efficient manner.

Another object of this invention is to disclose a process
for preparing colored reproductions by electrophotog-
raphy. Full colored reproductions are prepared by
successively applying substractive primary colors to the
surface of the dye-sensitized photoconductor. The method
of makirg colored reproductions from subtractive pri-
maries is described in J. S. Friedmen’s “A History of
Color Photegraphy,” American Photographic Publishing
Company, Boston, Mass. (1944).

It has now been discovered that permanent repreduc-
tions may be made on the surface of a dye-sensitized
photoconductor uniformly bonded to an electrically con-
ductive carrier by selectively depositing a basic nitrogen
containing organic compound which is soluble in the
presence of an acid and substantially insoluble in water
at a pH above 7 by neutralizing the solution with the
electrons which are released at the photoconductor-cath-
ode when an electric current passes throngh the water
solution of the basic nitrogen containing organic com-
pound and the conducting areas of the photoconductor-
cathode. The photoconductor surface is first exposed to
a light source in the selected areas to render the photo-
conductor conductive in the exposed areas. The photo-
conductor surface is then contacted with an acid-water
solution of the basic nifrogen containing organic com-
pound. An electrical current is then passed through the
water solution and the conducting areas of the photo-
conductor-cathode to neturalize the acid solution at the
conducting areas with the elecirons which are released
at the photoconductor-cathode. In this manner the basic
nitrogen containing compound is insolubilized and de-
posited on the photoconductor at the exposed areas.

The term “dye-sensitized” indicates that the photocon-
ductor has been ireated with an organic dyestuff so that
radiant energy is absorbed by the dye on the surface
of the photoconductor and the energy is transferred to
the photoconductor thereby making the photoconductor
conductive.

This process may be employed in various ways to pre-
pare permanent photographic reproductions. The pre-
ferred method of course is to directly deposit a basic ni-
trogen containing organic dyestuff directly cn the photo-
conductor. If the basic mitrogen containing organic com-
pound is colorless it may then be dyed or colored in a
subsequent step to produce a negative image, or the de-
posited compound may serve as a protective coating on
the surface of the photoconductor and the unprotected
areas dyed or modified chemically in some manner, such
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as by etching away the photoconductor with an acid or
solvent. Likewise the compound deposited on the surface
of the photeconductor may sufficiently modify the wetting
characteristics of the photoconductive sheet. In this man-
ner the two areas will have a differential repellency or
attraction to water or oil. The varying of the surface
wetling characteristics of the photoconductive sheet is
particularly suitable for the production of lithographic
plates where the photoconductor is rendered hydrophobic
by the deposited compound.

Breadly speaking, the structural formula of the basic
nitrogen containing orgaric -compound to be deposited
from an aqueous solution in accordance with the teach-
ings of this invention corresponds to the formula

M—[NH(CHz) nt11mNR'(CHy) . 1NR ",

where M is an organic radical, R’ and R” are hydrogen
or an alkyl radical containing up to 18 carbon atoms, m
is an integer of less than 4, p is an integer of less than 6
and » is an integer of less than 6. A preferred class of
compeunds are those that contain an alkyl radical of at
least 6 carbon atoms (preferably 10). Especially pre-
ferred because of their solubility characteristics are com-
pounds where R’ is an alkyl radical of at least 6 carbon
atoms (preferably 10) and the R” radicals are alkyl
radicals containing less than 6 carbon atoms. The long
chain alkyl radical may also be present in the radical M,
as in the case of the amino-polyamides described but is
preferably one or more of the R constituents. The pre-
ferred class of dyestuffs falling within the above general
formula is where M is an organic radical containing a
chromogenic nucleus. Illustrative chromogenic nuclei
are represented by the following general classes of dye-
stuffs:

Azo Quinacridone
Anthraguinone Thioindigo
Axnthrapyridone XKanthene
Phthalocyanine

Non-chromogenic basic nitrogen-containing organic
compeunds corresponding to the above formula are best
illustrated by polyamides derived from polybasic acids,
particularly polymeric fat acids, such as dimerized linoleic
acid, and polyamines containing unreacted amine group-
ings as evidenced by their high amine members. These
compotnds may be employed in the production of pig-
mented images of non-basic nitrogen containing organic
compounds.

In the utilization of non-chromogenic basic nitrogen
containing organic compounds colorless images may be
prepared or the colorless basic nitrogen containing organic
compound may be deposited in the presence of colloidal
organic or inorganic pigments. For instance, a reaction
product of dimerized linoleic acid and an excess of a poly-
ethylenamine having an amine number of about 100 is
dissolved in ethanol and acetic acid as a one percent solu-
tion. This solution may then be neutralized at the photo-
conductor-cathode and thereby a colorless insoluble solid
is deposited on the surface of the photoconductor. If
the solution is mixed with colloidal titanium dioxide,
neutralization and deposition of this dispersion results in
the producton of white images. If the photoconductor-
cathode is some color other than white, the titanium
dioxide may be deposited as the white portions of an
image. In this manner, a direct positive image is formed.

Carbon black images may be formed by mixing col-
loidal carbon in the solution. Using this type of disper-
sion black images are prepared which are completely
resistant to the action of light and most atmospheric con-
ditions. As such, they represent one of the most perma-
nent photographic elements attainable.

These basic nitrogen containing organic compounds
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are dissolved in water by the formation of a salt with an
acid moiety. Suitable organic acids include formic acid,
acetic acid, lactic acid, levulinic acid and the like. Suit-
able inorganic acids include hydrochloric acid, nitric acid,
sulfuric acid and the like. The final pH of these solu-
tions is in the range of pH 2 to 7 (preferably 4.5 to 7).
These aqueous solutions which are substantially free of
positive ions other than those containing the basic nitro-
gen-containing organic compound are employed at solu-
tion concentrations of 0.1 to 5% by weight.

In the drawings, FIGURE 1 is a perspective view of
developing apparatus useful in the practice of this in-
vention and FIGURE 2 is a cross-sectional view of FIG-
URE 1 along section lines 2—2.

Developer tray 16 is composed of a base plate 12,
which also serves as an electrode, top clamping frame
member 14, and an intermediate open frame member 18
forming upstanding walls around the base plate periph-
ery. Frame member 14 and base plate 12 have cooperat-
ing, releasable clamping means 18, which draw these
members toward one another when engaged to render the
fray 19 water tight.

The open frame member 16 is composed of 2 non-
conductor such as polyethylene, polytetrafluoroethylene
or polytrifinorochloroethylene and is provided with a
ledge 29 for supporting electrode 22 such that an electri-
cal current passing to electrode 22 from the base plate-
electrode 12 passes through a photoconductor sheet 24
which is interposed between the open frame member 16
and the base plate 12. This photoconductor sheet 24 is
composed of an electrically conductive carrier 26 which
is placed in intimate contact with the base plate 12 and
photoconductor particles 28.

In order to selectively deposit images 30 on the photo-
conductor sheet 24, a solution 32 is placed in the de-
veloper tray 18, electrode 22 is connected to the positive
terminal of the direct current power source 34 and the
base plate 32 is attached to the negative terminal of the
power supply 34, When arranged in this manner the
electrical current passes through solution 32 and the
photoconductive areas of the photoconductive sheet 24
resulting in image deposits 39 on the cathode-photocon-
ductor surface. In order to graphicaily show the photo-
conductor particles 28 and the image deposit 36, they
have been represented in FIGURE 2 in exaggerated size.

A step-wise procedure for producing an image in ac-
cordance with the teachings of this invention is as follows:

(1) The negative electrode from a direct current power
supply 34 is attached to the metal base plate thereby
making electrical contact with the conductive backing of
the photoconductor sheet 24. (2) The photoconductor
sheet 24 in the developing tray 16 is exposed to light in
selected areas such as by focusing and projecting a photo-
graphic negative on the photoconductor sheet 24 through
a light projector. (3) The electrode 22 is placed on the
ledge 28 and connected to the positive terminal of the
direct current power supply 34. (4) The solution 32 is
added to the tray. (5) The electrical current is turned
on so as to effect the electrolytic development. (6) The
solution is poured off and the photoconductor sheet is
thoroughly washed with water. After suitable dark
adaptation additional images may be put on the photo-
conductor sheet by repeating the above procedure. An
especially useful method for dark adaptation of the photo-
conductor sheet is to place it in contact with water heated
to at least 100° F. which may be accomplished simul-
taneously with the washing by employing the hot water
as the wash water.

Full color reproductions may be obtained by carrying
out the above procedure three times with monochromatic
light. For example, a color negative is placed in a pro-
jector equipped with a photoflood lamp and a red filter
is interposed between the photofiood lamp and the photo-
conductor sheet, preferably between the color negative
and the photoflood lamp, thereby exposing the photo-
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conductor sheet selectively to red light. A cyan image
is then developed on the photoconductor using a cyan
dys. The photoconductive paper is then washed with
warm water (heated to at least 100° F.) and dried with
a stream of air. The developing tray is then returned to
the enlarger and a green filter is interposed between the
light source and the photoconductor sheet. After the
photoconductor has been exposed selectively to the green
light, the above process is repeated using a magenta dye.
This procedure is repeated again to produce a yellow
image on those areas selectively exposed through a blue
filter. In this manner a full “true-to-life” color picture is
obtained by elecirophotography.

Generally speaking, the light intensity of the projected
image, time of exposure which may be from 0.1 second
to sixiy seconds, and period of electrolytic development
which may be from 1 to 30 seconds at a voltage of from
5 to 150 volts are varied in accordance with quality of
the image required or desired and the relative effective-
ness of the photoconductor surface.

PREPARATION OF PHOTCCONDUCTOR SHEET

(A) A Waring Blendor mixer is employed to thorough-
ly blend the following ingredients over a period of 15
minutes:

G.

Methyl-isobutyl ketone . 139
Zinc oxide (USP 12) having a particle size of less

than 40 microns .o 252

Binder [30% toluene solution of butadiene (30 parts
by weight) and styrene (70 parts by weight) co-
POlYMET] e 210

Sensitizing dyes are then added to the blend as 0.5%

5 methanol solutions in order to dye-sensitize the photo-

conductor sheet as follows:

1;7(0235)2

NaOas——@é:@:I\H:(Csz)n
Sl 03'

Acid Blue 1*

1]31' I‘Sr
O
Nao—7 Y =0
Br \O/ —Br
Ck

— —C O ONa

50 ce.

Cl —C1

|
Cl 20 ce.

Acid Red 92*

ITT(CHx)a

] =NH*+Cl~

|
N(CHy)s 5 ce.
Basic Yellow 2*

#(olor Index,” 2d ed., Chorley & Plckersgill Ltd., Leeds
(1936).

fier being blended for an additional five minutes and
filtered through a coarse “sintered glass” filter, the blend
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is coated with a doctor blade coater onto an aluminum
sheet (3 mil) to a wet thickness of .006 inch.

When dry and fully dark adapted, this sheet is used to
produce reproductions and had high response spectral
bands at 460-465 mu, 560 mu and 660 mu.

(B) Zinc oxide, USP 12 (34.4 paris by weight); a
binder (29.6 parts by weight), Pliclite $-7, a product of
the Goodyear Tire and Rubber Company, Akron, Ohio;
and acetone (11.8 parts by weight) were mixed in a ball
mill for 8 hours until a smooth dispersion was obtained.
This dispersion, diluted with ethyl acetate (23 parts by
weight), was mixed with 0.5% methanol dye-sensitizer
solutions of “Phosphine R” (2 parts), a product of the
General Dyestuff Corporation, and “Xylene Cyanol FF”
(0.6 part), a product of British Drug Houses Ltd. The
resulting mixture was filtered through a 325 mesh screen
and coated at a wet thickness of .007"" on a 3 mil alumin-
um backing. After being dried in a stream of warm dry
air and dark adapted by storage in the absence of light
for 24 hours, the resulting photoconductor sheet could be
used to prepare reproductions in accordance with the
teachings of this invention.

Because of their flexibility, durability, and resistance to
crease formation, photoconductor sheet backings prepared
by vapor deposition of a metal, such as aluminum, on a
paper or plastic backing are especiaily useful. Poly-
ethylene terephthalate films (5 mil) are preferred.

DYESTUFF PREPARATION

Dyes employed in preparing the colored reproductions
in accordance with the teachings of this invention are new
and useful compositions of matter. Illustrative prepara-
tions of preferred dyes and their intermediates are as
follows:

Intermediate preparations:

(I) Preparation of N-decyl-N',N’-diethyl-1,3-
propanediamine
C.Hjp - C:H;
CuHaBr 4+ HN—C;H¢N —— CyHaN—C;HN
C:H5 CaHs

in a five-liter, three-necked flask equipped with a me-
chanical stirrer, thermometer, refiux condenser and drop-
ping funnel was placed N,N-diethyl-1,3-propanediamine
(1850 g., 15 moles). The amine was heated to 125° C.
and 1-bromodecane (1106 g., 5 moles) was added with
stirring at a rate sufficient to maintain the exothermic
reaction at about 130-140° C. The reaction mixture was
stirred for an additional hour at a temperature of 125—
135° C,, then cooled to room temperature. Sodium
methoxide (250 g., 5 moles) was added to neutralize the
hydrobromic acid formed. Upon cooling to room tem-
perature a solid separated which was removed by filtra-
tion and washed with petroleum ether. Unreacted amine
and solvent were removed by distillation.

N-decyl-N’,N’-diethyl-1,3-propanediamine (i030 g.)
having a boiling point of 130° C. at 1 mm. pressure was
then collected by vacuum distillation.

(I1)  Preparation of N-(2-cyanoethyl)-N-decyl-
N’,N’-diethyl-1,3-propanediamine

In a two-liter, one-necked flask with thermometer well
were placed acrylonitrile (250 g., 4.70 moles) and N-
decyl-N’,N’-diethyl-1,3-propanediamine (1013 g.,, 3.76
moles). The flask was fitted with a reflux condenser
and heated on a mantle to gentle reflux. The mixzture
was heated three days at a temperature not exceeding
110° C.

Unreacted acrylonitrile was removed at reduced pres-
sure and 1206 grams of unpurified N-(2-cyanoethy!)-N-
decyl-N’,N’-diethyl-1,3-propanediamine were recovered.
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(IXY) Preparation of N-(3-aminopropyl)-N-decyl-
N',N’-diethyl-1,3-propanediamine

In a three-liter, three-necked flask equipped with stirrer,
reflux condenser and dropping funnel were placed lithium
aluminum hydride (114 g., 3.00 moles) and diethyl ether
(750 ml.) in an atmosphere of dry nitrogen. After a
15 minute period of refluxing and stirring, N-(2-cyano-
ethyl)-N-decyl-N’,N’-diethyl-1,3-propanediamine (969 g.,
3.00 moles) was added slowly so as to produce only mod-
erate reflux. The reaction mixture was stirred and re-
fiuxed for 5 hours after all the nitrile had been added
and allowed to stand overnight under dry nitrogen. Ex-
cess hydride was decomposed by the addition of ethyl
acetate (264 g., 3.00 moles) slowly so as to produce a
gentle reflux. The resulting mixture was hydrolyzed by
the cautions addition of water (270 g., 15.0 moles) ac-
companied by external cooling and the addition of ether
to facilitate stirring. The solution was filtered to remove
insoluble inorganic salts, distilled through a - 15-inch
Vigreux column, and redistilled to produce N-(3-amino-
propyl)-N-decyl-N’,N’-diethyl-1,3-propanediamine (499
g.) having a boiling range of 160° C./1.2 mm. Hg to
170° C./70.9 mm. Hg.

(IV) Preparation of NI-(3-diethylaminopropyl)-
Ni-decylsulfanilamide

A solution of N-decyl-N’,N” - diethyl - 1,3 - propanedi-
amine (135 g, 0.5 mole) in 100 ml. of benzene was
treated with p-acetylaminobenzenesulfonyl chloride (120
g., 0.5 mole). The resulting honiogeneous solution was
stirred for 1 hour. After removing the solvent, the resi-
due was treated with 200 ml. of water and 100 ml. of
concentrated hydrochloric acid. This mixture was heated
on a steam bath for six hours. N!-(3-diethylaminopro-
pyl)-Nl-decylsulfanilamide which separated as an oil was
precipitated by the addition of an excess of alkali.

YELLOW DYE PREPARATIONS

A) Preparétl'on of alpha, alpha';bis-[4-(N-(3-dz'ethyl-
aminopropyl)-N-decyl) sulfamylphenylazo] - 4,4'-bi-o-
acetoacetotoluidide

N1-(3-diethylaminopropyl)-Nl-decylsulfanilamide (80
2., 0.2 mole) was dissolved in 75 ml. of glacial acetic
acid, and diluted with 100 ml. of water. This solution
was poured into a mixture of ice (500 g.) and concen-
trated hydrochloric acid (75 ml.). The resulting solu-
tion was then diazotized by the rapid addition of 5 N
sodium nitrite solution (40 ml.). Additional ice was
added to keep the mixture cold and the solution treated
rapidly while stirring with a solution consisting of 34 g.
(0.09 mole) of “Naphtcl AS-G Supra,” a product of Gen-
eral Aniline & Film Corp., dissolved in 750 ml. of di-
methylformamide and 150 ml of pyridine. More ice
and water were added to insure good cooling and stirring.
After one-half hour the dye was completely precipitated
by the addition of concentrated ammonium hydroxide
(300 ml.) and the product collected by filtration. The re-
sulting yellow dye was washed with water and ethanol
and was then crystallized from a mixture of dimethyl-
formamide and ethanol,

(The diazo from N'-(3-diethylaminopropyl)-N’-decyl-
sulfanilamide was also reacted with the coupler N-(2-
naphthyl)-3-hydroxy-2-naphthamide to produce a red-
dish dye and with various salicylamides to produce yel-
low dyes.)

(B) Prebamt[on of alpha,alpha’-bis[4-(4-decyl-8-ethyl-
4,8-diazadecyl) sulfamylphenylazo] - 4,4’ - bi-o-aceto-
acetotoluidide

Alpha, alpha’ - bis[4-(4-decyl-8-ethyl-4,8-diazadecyl)-

sulfamylphenylazo]-4,4’-bi-o-acetoacetotoluidide was pre-
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pared by reacting the diazo prepared from N!-(4-decyl-8-
ethyl-4,8-diazadecyl)sulfanilamide with' Naphthol AS-G
in a manner similar to Preparation A above.
(C) Preparation of alpha-14-(2-diethylaminoethyl)-sul-
famylphenylazo]l-2',5'-dinethoxybenzoylacetanilide
OCH;

e

OCH;

(o]
< > It

N=N— — ﬁ —NHCHN(C2Hy)s
(o]

This yellow dye was prepared in the same manner as
Preparation A above using N?-(2-diethylaminoethyl )sul-
fanilamide and a coupler prepared by an ester-amide inter-
change reaction between ethyl benzoylacetate and 2,5-di-
methoxyaniline as the intermediates.

o]

.
(C3Hy) chgm_N_i_O_

(D) Preparation of 4-[4-(N-(3-diethylaminopropyl)-N-
decyl) sulfamylphenylazol-3-methyl-I-phenyl - 5 - pyr-
azolone

- (lf /C 19H21
CHa—(lJ—(lJ~N=N—/—\< > ﬁ -—N\
b b s} C3HN(CyHy)s

\I;I/

A solution of the diazo (0.05 mole) prepared as shown
in Preparation A above was added rapidly with stirring to
a solution of 3-methyl-1-phenyl-5-pyrazolone (9 g., 0.05
mole) in a mixture of 100 ml. dimethylformamide and
100 ml. pyridine. Ice was added and after one-half hour
the yellow dye was precipitated with ammonium hydrox-
ide and then washed with water, filtered and dried.

(B) Preparation of N-(4-decyl-8-ethyl-4,8-diaza-
decyl)-N'-(I-anthraquinonyl)isophthalamide

CuHa
4]} H
—N—C;H N
. CyEaN (CoHy):

8
A solution of 45 g. (0.22 mole) of isophthalyl chloride
in 500 ml of xylene was heated to mear reftux and I-
aminoanthraquinone (23 g., 0.1 mole) was added slowly
while stirring. The mixture was heated at reflux until the
5 evolution of hydrogen chloride ceased. The hot mixture
was then treated with decolorizing carbon and filtered.
After the filirate was cooled in ice, a solid was collected,
washed with xylene and recrystallized from fresh xylene.
The recrystallized product was added slowly to a solu-
tion of N-(3-aminopropyl)-N-decyl-N’,N’-diethyl-1,3-pro-
panediamine (22 g., 0.067 mole} in 50 ml. of toluene.
After being heated on a steam bath for one hour, the reac-
tion product was precipitated with 300 ml. of ligroin, col-
ilected and dried. The crude product was then dissolved
in hot ethanol and filtered. Upon dilution with water, a
yellow dye precipitated from the filtrate which was col-
lected and dried.
The corresponding terephthalyl derivative was prepared
in a similar manner.

(F) Preparation of 2,8-bis[4-(3-diethylaminopropyl)-
sulfamylphenyll - dithiazo{54-a1-[5,4-h1-6,12-anthra-

quinone
i =
(“) ?_?_O—E—N—Csﬁol\f(czﬁs)z

'z,

Algel Yellow GC, a product of General Aniline & Film
Corp., was purified by water and acetone extraction. Ten
grams of the dried material were added to chlorosulfonic
acid (50 ml.). The mixture was then heated and stirred
at 135-140° C.for 2 hours. The reaction mixture was
then cooled and poured onto ice. A yellow green solid
was collected by filtration and washed with water and
dried.

Two grams of the yellow green solid were dissolved in
N,N-diethyl-1,3-propanediamine (10 g.). This solution
was diluted with water and a large excess of ammonium
hydroxide added, The precipitated product was collected,
washed with water and then exiracted with methanol,

60 MAGENTA DYES
(G) Preparation of 1'-methyl-4-(3-dibutyl-
aminepropylamine)anthrapyridone
65 o
I
c
C/ N
N—CH;
Il |
70 m

g i—CaHuN(CJHv)z
75
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1’-methyl-4-bromoanthrapyridone (10 g.) and N,N-di-
butyl-1,3-propanediamine (20 ml.) were heated at 160-
180° C. to yield a deep magenta colored solution. The
reaction mixture was diluted with toluene, cooled and a
solid product collected, which was transformed to a gum
by triturating with ammonium hydroxzide. After mixing
the gum with concentrated hydrochloric acid and diluting
the mixture with acetone, 1’-methyl-4-(3-dibutylamino-
propylamino)anthrapyridone was obtained as a crystal-
line solid.

i0

4-toluidino)anthrapyridone (7.0 g., 0.0151 mole). The
reaction mixture was stirred and heated on the steam cone
for one hour and allowed to stand at room temperature
for 16 hours. The reaction mixture was then mixed with
water (500 ml.), made basic with concentrated ammoni-
um hydroxide, and filtered. The collected solid was
washed with water and with petroleum ether and dried
at reduced pressure to yield 1’-methyl-4-[3-(4-decyl-8-
ethyl - 4,8 - diazadecylsulfamyl)-4-toluidinoJanthrapyri-
done (8.4 g.).

(I) Preparation of N,N’-bis(3-diethylaminopropyl)-N,N’-
didecylthioindigo-7,7’-dicarboxamide

Il
(C3H:) 2N CyHN (C 16Hp) —C 9

(H) Preparation of 1"-methyl-4[{3(4-decyl-8-ethyl-4,8-
diazadecylsulfamyl)-4-toluidinolanthrapyridone

—=Q

|

N
E(lﬁl/ N—CH;

e

—S 02 NFH CyHN (C1Har) CsHsN (CgHs)a

CH;

Alizarine Rubinol R-CF (200 g.), a product of the
General Dyestuff Company, was mixed with water (2
liters) and heated on a steam bath. The mixture was
made strongly acidic with concentrated hydrochloric acid
and stirred and heated until the solid turned dark red.
The mixture was filtered and the solid was washed with
water. After dispersing the solid in a dilute sodium chlo-
ride solution (1 liter) the mixture was made basic with
sodium carbonate, heated on a steam bath, and filtered.
The purified product was dried at reduced pressure at 100°
C. for 24 hours.

Phosphorus oxychloride (250 ml.) was added with
cooling to the finely powdered purified Alizarine Rubinol
R-CF (46.8 g.,, 0.1 mole). To this mixture was added
with cooling phosphorus pentachloride (46 g., 0.22 mole).
The mixture was then stirred at room temperature for
one and one-half hours. The reaction mixture was filtered
through a sintered glass funnel. The filter cake was stirred
vigorously into ice to hydrolyze excess phosphorus halides.
This mixture was filtered and the solid was washed with
cold water. The damp cake was stirred into hot nitro-
benzene (500 ml.) and dry magnesium sulfate was added
to help remove water. After removal of the water, the
mixture was filtered through a sintered glass funnel.
Upon standing overnight at room temperature crystals of
1’ - methyl - 4 - (3-chlorosulfonyl-4-toluidino ) anthrapyri-
done were formed and removed from the filtrate by filtra-
tion, washed with heptane and twice with petroleum ether.

To a mixture of N-(3-aminopropyl)-N-decyl-N’,N’-di-
ethyl-1,3-propanediamine (10 g., 0.0306 mole) and pyri-
dine (50 ml) was added 1’-methyl-4-(3-chlorosulfonyl-
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g #—N(Cmﬂax) C3HN (CoHz)g

(o]

3-hydroxythionaphthene-7-carboxylic acid was prepared
from phenyl-1-thioglycollic-2-carboxylic acid by the
method described in British Patent 360,349,

3-hydroxythionaphthene-7-carboxylic acid (0.3 mole)
was dissolved in water (1 liter) containing sodium car-
bonate monohydrate (40 g., 0.32 mole). To this was
added with stirring a solution of potassium ferricyanide
(218 g., 0.66 mole) in water (700 ml.). An additional
amount of sodium carbonate monohydrate (40 g., 0.32
mole) was added to keep the mixture alkaline. The mix-
ture was stirred about one and one-half hours and filtered.
The filter cake was mixed with water (700 ml.), and the
resulting mixture was made strongly acid with concen-
rated hydrochloric acid and filtered. The solid collected
was washed with dilute hydrochloric acid, and acetone,
and dried under vacuum at 75° C. to produce thioindigo-
7,7 -dicarbozylic acid (38 g.).

To a mixture of phosphorus pentachloride (12 g., 0.057
mole) and phosphorus oxychloride (70 ml.) was added
thioindigo-7,7’-dicarboxylic acid (10 g, 0.026 mole).
This was heated slowly to 90-95° C. on the steam bath

with stirring, and maintained at that temperature for 5
hours. The red solid obtained by filtering the reaction

mixture was washed with benzene, filtered, washed with
benzene, and washed with petroleum ether to produce
thioindigo-7,7’-dicarbony! chloride (10 g.).

To a mixture of N-decyl-N’,N’-diethyl-1,3-propanedi-
amine (2.9 g., 0.011 mole) and benzene (80 ml) was
added thicindigo-7,7'-dicarbonylchloride (2.1 g., 0.005
mole). The mixture was stirred and refluxed about 5
hours. The solvent was removed at reduced pressure.
The residue was dissolved in water (400 ml.) with vigor-
ous agitation, and this solution was made alkaline with
ammonium hydroxide solution. A small amount of sat-
urated sodium chioride solution was added to agglomer-
ate the dye, and the mixture was filtered. The solid N,N’-
bis - (3 - diethylaminopropyl)-N,N’-didecylthioindigo-
7,7’-dicarboxamide was washed twice with water in which
it became increasingly soluble and dried to produce an
ultimate yield of 4 grams. »
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(3) Preparation of X, X’-bis(4-decyl-8-ethyl-4,8-diazadec-
yisulfamyl) quinacridone

8 OZNHC N (C1oHa) CoH,

000

(Csz) zNC;;H GN (Clon!) CgHaN‘HS 02

In a 2-liter, 3-necked flask equipped with stirrer, ther-
mometer, and gas outlet tube connected to a calcium chlo-
ride-filled drying tube and cooled in an ice bath was placed
chlorosulfonic acid (1.00 liter, 152 moles). Quin-
acridone (1060 g., 0.32 mole), which had been dried in a
vacuum oven at 90° C. was added so that the temperature
of the reaction mixture did not exceed 20° C. The mix-
ture was stirred at room temperature for 4 days at which
time the reaction mixture was divided into 2 portions.
Each portion was added slowly with stirring to acetone
(2.5 liters) which was cooled in an ice bath so that the
temperature did not exceed 25° C. The resulting mix-
ture was filtered. The solid was washed with acetone
and petroleum ether and dried to yield 136 grams of
quinacridone-X,X’-disulfonyl chloride.

In a one-liter, three necked flask with stirrer and con-
denser was placed N-(3-aminopropyl)-N-decyl-N’,N’-di-
ethyl-1,3-propanediamine (100 g., 0.366 mole) and pyri-
dine (650 ml.). To this was added with stirring quin-
acridone-X, X -disulfonyl chloride (77 g., 0.152 mole).
This mixture was stirred and heated on the steam bath for
24 hours. The reaction mixture was poured with stirring
into water (1 liter), and concentrated ammonium hydrox-
ide (100.ml., 1.5 moles) was added. The resulting mix-
ture was stirred and digested, then filtered. The filter
cake was washed with water, digested and filtered. The
solid product was washed with acetone, digested and
filtered. The resulting filter cake was washed twice with
acetone and dried at reduced pressure to produce a yield
of 110 grams of the magenta dye, X, X'-bis(4-decyl-8-
ethyl-4,8-diazadecylsulfamyl)quinacridone, whose color
purity was improved by trituration with warm IN,N-di-
methylformamide.

CYAN DYES

(X) Preparation of copper phthalocyanine

CrHat
I H
——CH— N—C3Hs N—C3Hs N (CoHj) 2
2~4

L
Copper phthalocyanine was chloromethylated in the
manner described in British Patent 586,341. The tetra-
chloromethyl derivative thus obtained (4 g., 0.005 mole)
was added to a solution of N-(3-aminopropyl)-N-decyl-
N’ N'-diethyl-1,3-propanediamine (15 g., 0.05 mole) in
50 ml. of dimethylformamide. The mixture was stirred
at reflux for one hour and then allowed to cocl. The
precipitated solid was collected, and washed with dimethyl-
formamide and ethanol and suspended in ethanol. The
product was converted to the hydrochloride by the addi-
tion of an excess of concentrated hydrochloric acid to an
ethanol suspension and the hydrochloride of copper

phthalocyaning

CioHat
I H
——CHy—N—C3HN—CyHN (CyHy)s
2-4

L

was collected by filtration, washed with acetone and dried.
(L) Preparation of copper phthalocyanine
CruHa

rc* H__ — \ 2
8 0 N—C3HN—CsHN (CoHp)

L
Copper phthalocyanine (50 g.) was chlorosuifonated
by the procedure described in British Patent 515,637, The
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N (CoH5)a

damp cake of the tetrasulfonyl chioride was stirred vigor-:
ously with a mixture of ice and N-(3-aminopropyl)-N-
decyl - N’ W’-diethy!-1,3-propanediamine (130 g, 04
moie). After one hour the reaction mixture was poured
with stirring into 500 ml. of water containing 200 ml. of
concentrated hydrochloric acid. The precipitated hydro-
chloride of copper phihalocyanine
CuwHz
r =
— 803 N—CsHN—CHN (C:Hs) ]
L 11
was collected, washed with cold water and dried.
SOLUTICN PREPARATIONS

The basic nitrogen containing compounds, such as
are illustrated by Preparations A to L above, are dis-
solved in water in the presence of an acid, The solution
concentration and acid employed may vary. Preferably,
the compounds are dissolved as the acetate or hydrochlo-
ride salts in 0.5 to 2% aqueous solution. Mlustrative
solutions of the compounds shown in Preparations A to
1. which may be used to form cclored deposits on a photo-
conductor sheet are as follows:

(a) Cyan solution—The cyan dye (4¢ g.) from Prep-
aration L was triturated with 200 ml. of hot absolue
ethanol and gradually diluted with 150 ml. of water. The
resulting homogeneous solution was poured rapidly with
vigorous stirring into 1500 ml. of water. The solution
was filtered and made up to 2 liters with water.

(b) Magneta solution—The magenta dye (4 g.) from
Preparation J was mixed with ethanol (40 ml.), glacial
acetic acid (0.58 ml.) and water (360 ml.) with con-
stant heating and stirring until the mixture was homo-
geneous.

(¢) Yellow solution.—The yellow dye (16 g.) in the
form of the terephthalyl derivative from Preparation E
was dissolved in absolute ethanol (80 ml.) and concen-
trated hydrochloric acid (2.8 ml.) and was diluted to 800
ml, with water,

A colorless solution suitable for use in the process of
this invention was prepared as follows:

The polyamide reaction product of polymeric fat acids
and a polyamine having unreacted amine groups, “Ver-
samid 100,” a product of General Mills, Inc. (27.5 g.),
was boiled gently with 110 ml. of absolute ethanol until
dissolved. A solution of 1.8 ml. of concentrated hydro-
chloric acid in 100 ml. of water was added and the solu-
tion diluted to 1350 ml. with water.

Solutions especially useful for the deposition of dye
images by electrophotography are obtained by mixing
this colorless solution with a dye solution. For instance,
50 g. portions of this colorless solution in admixture with
1060 g. portions of solutions (@), () and (c¢) were found
to be especially useful for the production of colored
images. This colorless stock solution can, of course,
also be deposited by itself or in admixture with other pig-
ments. For instance, white images are obtained by using
the solution in admixture with dispered titanium dioxide
in the following developmental procedure. Black images
are obtained using dispersed carbon particles in this solu-
tion.

The procedure employed to prepare reproductions by
the deposition of the basic nitrogen-containing organic
compounds, including the various dyestuffs shown in
Preparations A to L and the colorless amine-containing
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polyamides, on the surface of a zinc oxide photoconduc-
tor sheet prepared as described was as follows:

(1) The negative electrode from a direct current power
supply was attached to the metal base of a developer tray
as illustrated in FIGURES 1 and 2 of the drawings there-
by making electrical contact with the aluminum backing
of the photoconductor sheet,

(2) The photoconductor sheet retained in the devel-
oper tray was exposed to a light source in the selected
areas by projecting an image on the photoconductor sheet
with the projector having a low f stop projection range
and a 500 watt tungsten projection lamp as the light
source, thereby rendering select areas conductive. Rela-
tive humidity of the atmosphere in the work area should
be less than 40 percent.

(3) An electrode attached to the positive terminal was
placed in the developer tray and the various soluticns
were added to the tray.

(4) After a total lapse of time of about 20 seconds
after exposure, a 30 volt electrical current was then
passed through the photcconductor at the conductive
areas for a period of 10 seconds.

(5) The solution was removed from the developer tray
and the photoconductor sheet was thoroughly washed
with water.

(6) If the photoconductor sheet was to be re-exposed,
it was placed in contact with water heated to 140° F. for
a period of at least 20 seconds to restore it to a dark
adapted state and the sheet was then dried by placing it
under a stream of air.

By this procedure colored images were selectively
deposited on the exposed interface of the photoconductor
sheet using solutions of the dyestuffs shown in Prepara-
tions A to L. A preferred combination of solutions for
preparing a “true-to-life” colored reproduction are solu-
tions (a), (b), and (c) above whereby the yellow dye
(solution (c)) is deposited firs, the magneta dys (solu-
tion ()) is deposited second, and the cyan dye (solu-
ticn (a)) is deposited third.

We claim:

1. A method for sclectively depositing a basic nitre-
gen-containing organic compound which is water soluble
in the presence of an acid and substantially insoluble in
water at a pH above 7 on the surface of a photoconduc-
tor bonded to an electrically conductive carrier which
comprises exposing said photoconductor to a light source
in the selected areas thereby rendering the exposed areas
elecirically conductive, contacting the exposed areas with
an acid solution of said basic nitrogen-containing organic
compotnd having a substituent group of the general struc-
tural formula

—I[NH(CHz)n41]m1NR’(CHp)p 1 NR "y

where R” and R” are selected from the group consisting
of hydrogen and alkyl radicals containing up to 18 car-
bon atoms, 72 is an integer less than 4, p is an integer
less than 6, and n is an integer less than 6, passing an
electrical current through the water solution and the con-
ducting areas of the photoconductor-cathode thereby neu-
tralizing the acid solution at the conducting areas with
the electrons which are released at the photoconductor-
cathode, and depositing the insolubilized compound on
the photoconductor at the exposed areas.

2. A method for selectively depositing a basic nitro-
gen-containing organic compound which is water soluble
in the presence of an acid and substantially inscluble in
water at a pH above 7 on the surface of a photoconduc-
tor bonded to an electrically conductive carrier which
comprises exposing said photoconductor to a light source
in the selected arecas thereby rendering the exposed areas
electrically conductive, contacting the exposed areas with
an acid solution of said basic nitrogen-containing organic
compound having a substituent group of the general
structural formula

—[NH(CH) ny1lmaNR(CHy ) 5 1 NR
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where R’ and R” are selected from the group consisting
of hydrogen and alkyl radicals containing up to 18 car-
bon atoms and at Ieast one R is an alkyl radical contain-
ing at least 6 carbon atoms, m is an integer less than 4,
P is an integer less than 6, and »n is an integer less than
6, passing an electrical current through the water solu-
tion and the conducting areas of the photoconductor-
cathode thereby neutralizing the acid solution at the con-
ducting areas with the electrons which are released at the
photoconductive-cathode, and depositing the insolubilized
compound on the photoconductor at the exposed areas.

3. A method for selectively depositing a basic nitro-
gen-containing organic compound which is water soluble
in the presence of an acid and substantially insoluble in
water at a pH above 7 on the surface of a photoconduc-
tor bonded to an electrically conductive carrier which
comprises exposing said photoconducior to a light source
in the selected areas thereby rendering the exposed areas
electrically conductive, contacting the exposed areas
with an acid solution of said basic nitrogen-containing
organic compound having a substituent group of the gen-
eral structural formula

—[NH(CHz)n+11m-1NR'(CHa) p  NR ",

where R’ is an alkyl radical containing at least 6 carbon
atoms, R is an alkyl radical containing less than 6 car-
bon atoms, m is an integer less than 4, p is an integer
less than 6, and n is an integer less than 6, passing an
electrical current through the water solution and the con-
ducting areas of the photoconductor-cathede thereby neu-
tralizing the acid solution at the conducting areas with the
electrons which are released at the photoconductor-
cathode, and depositing the insolubilized compound on
the photoconductor at the exposed areas.

4. A methed for preparing a multi-colored reproduc-
tion by selectively depositing colored basic nitrogen-
containing organic compounds which are water soluble
in the presence of an acid and substantially insoluble
in water at a pH above 7 on the surface of a photocon-
ductor bonded to an electrically conductive carrier which
comprises exposing said photoconductor to a mono-
chromatic image from a light-image of a colored sub-
ject thereby rendering the exposed areas electrically con-
ductive, contacting the exposed areas with an acid solu-
tion of a basic nitrogen-containing organic compound,
passing an electrical current through the water solution
and the conducting areas of the photoconductor-cathode
thereby neutralizing the acid solution at the conducting
areas with the electrons which are released at the photo-
conductor-cathode, deposiiing the insolubilized compound
on the photoconductor at the exposed areas, desensitizing
the photoconductor to remove any latent image and to
restore the photoconductor to its dark adapted state, ex~
posing said photoconductor to a second monochromatic
image from a light-image of said colored subject thereby
rendering the exposed areas electrically conductive, con-
tacting the exposed areas with an acid solution of a sec-
ond basic nitrogen-containing organic compound, passing
an electrical current through the water solution and the
conducting areas of the photoconductor-cathode thereby
neutralizing the acid solution at the conducting areas
with the electrons which are released at the photocon-
ductor-cathode, depositing the insolubilized compound on
the photoconductor at the exposed areas, desensitizing
the photoconductor to remove any latent image and to
restore the photoconductor to its dark adapted state, ex-
posing said photoconductor to the third monochromatic
image from a light-image of said colored subject there-
by rendering the exposed areas electrically conductive,
contacting the exposed areas with an acid solution of a
third basic nitrogen-containing organic compound, pass-
ing an electrical current through the water solution and
the conducting areas of the photocenductor-cathode
thereby neutralizing the acid solution at the conducting
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areas with the electrons which are released at the photo-
conductor-cathode, and depositing the insolubilized com-
pound on the photoconductor at the exposed areas, the
basic nifrogen-containing compound in each instance hav-
ing a substituent group of the general structural formula 3

ENH(CHz)n 1111, NR'(CHz)p1NR"2

where R’ and R” are selected from the group consisting

of hydrogen and alkyl radicals coniaining up to 18 car- 10
bon atoms m is an integer less than 4, p is an integer less
than 6, and » is an integer less than 6.
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