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ABSTRACT OF THE DISCLOSURE 
Material for preparing permanent photocopies com 

prises a color modifier and an organic halogen-containing 
compound capable of producing free radicals upon ex 
posure to light to react with said color modifier to pro 
duce a color change, said color modifier being an azo 
aniline or azomethine dye of the general formula 

in-()-- X 
R3 

wherein 
R1 and R2 are alkyl or hydroxyalkyl; 
R3 is hydrogen, alkyl, amino, or substituted amino; 

is a keto-methylene group, pyrazolone group, or a nucleus 
having an active hydrogen-containing coupler compo 
ment. 

Imagewise exposure of the material to light provides a 
like distribution of reactive halogen free radicals which 
have a bleaching effect on the color modifier and results 
in image formation. The image may be fixed by heating 
acidic anhydrides incorporated in the material or by wash 
ing the material to remove at least one of the color modi 
fier or organic halogen compounds. 

The present invention relates to making photocopies 
and particularly to providing a stable color modifier which 
may react with an initiator to produce a visible image in 
accordance with a light pattern and more particularly re 
lates to a bleaching-out process where the light-struck por 
tions of the light-sensitive materials are rendered colorless 
leaving the portions of the photosensitive material which 
have not been struck by light in their colored form. 

Heretofore, various photosensitive compositions have 
been used including some dyes, but the prior materials 
and methods have not been entirely satisfactory since the 
dyes would bleach out after a period of time, rendering 
the copy unusable. 
An object of the present invention is to provide a pho 

tocopy material and method whereby permanent copies 
can be made with actinic light. 
As a color-modifier which is free from the above-men 

tioned drawbacks, the present invention uses a compound 
of the following general formula: 

ne-()-- X 
(wherein R and R2 individually mean alkyl or hydroxy 
alkyl; R means hydrogen, alkyl or amino group option 
ally substituted; 

is a ketomethylene group or pyrazolone nucleus or the 
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residue of an active hydrogen-containing coupler compo 
nent, e.g. phenols). 
The above compound which is used in the invention 

has found its application in color films and photographic 
papers and it is recognized as such a dye which is formed 
by color development of the color film or photographic 
paper with a color developer of the diethyl-p-phenylenedi 
amine type after light exposure. Accordingly, the light 
sensitive material of the present invention which uses the 
above-Said dye does not suffer from color image fading 
which is encountered in the prior art. The light-fastness 
of the printing material of the invention is practically sat 
isfactory. For instance. no fading is observed when the 
color image on the printing material is subjected to irradi 
ation from a carbon arc lamp at a distance of 45 cm. at 
a temperature of 50° C. under a relative humidity of 45% 
for 8 hours in a fading-out tester. 

Thus, the colored image formed on the light-sensitive 
material of the invention is remarkably excellent in light 
fastness. The compounds which are usable in the invention 
can be prepared with relative ease. 

Typical illustration of the compounds having the above 
defined general formula will be given below, without limit 
ing the scope of the invention thereto. It is to be noted that 
the homologous compounds which are generally known in 
the color photographic art also are effective for the pur 
pose of the present invention. 
(1) g 

{ X-N- 
H Yellow dye 

Benzoyl-(p-diethylaminophenylimino)-acetanilide 
(2) Q 

(H, 
{X- - H & 

Yellow dye 
p-Methoxybenzoyl-(p- diethylamino-o-methylphenyl 

imino) acetanilide 
3) o 
ChaconH-( )---N-(D-NCH). 

HOOC 

(D- Hoob 

( 

Yellow dye 
p - Stearoylaminobenzoyl - (p - diethylaminophenylimino) 

aceto-(m,m'-dicarboxy)-anilide 

". 
35C1 O 

HOOC 

(4) 

Yellow dye 
Benzoyl (p - diethylamino - o- methylphenylimino) - ace 

to-n-stearyl-(m-carboxy)-anilide 

No--N-(D-N(C.H.). 
Cl 

Yellow dye 
Cyano-(p-diethylamino-phenylimino)acetoanilide 

(5) 
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HC-N-CHas 

CO 
cooH 

C (CH5)2 
H 

Cyan dye 
2-carbo-(2-N-methyl-N-stearylamino-5'-carboxyphenyl)- 

anilino-4-(p-diethylamino-o-methylphenylimino) 
naphthoquinone 

(18) 

C (CB) (19) 

2-chloro-4-(p - diethylaminophenylimino)-6-(2,4'-di-tert. 
amylphenoxy-acetoamino)benzoquinone 

(20) 

Cyan dye 
4-(p-diethylaminophenylimino)-8-quinolinone 

(21) 

l N(CH) 

NH so:CHs 
Cyan dye 

4-(p-diethylamino-o-methanesulfoamino-phenylimino) 
inaphthoquinone ... 

Being exposed to light, especially to ultraviolet ray, 
these compounds are bleached by the action of a photo 
initiator capable of generating a reactive-free halogen 
radical, thereby to leave a colored image in the unex 
posed areas. As typical photo-initiators usable for this 
purpose, the following compounds are mentioned: 
(1) Carbon tetrabromide --------- CBr 
(2) Pentabromotoluene ----------, CHBr, 
(3) Bromoform ----------------. HCBra 
(4) Iodoform ------------------. HCl 
(5) 1,1,1-trichloro-3-propanol ----- ClC-CH2CH2OH 
(6) 2,2,2-tribromoethanol --------, BrCCHOH 
(7) Dichlorobromoethane -------- ClBrCH 
(8) pp-Dichlorodiphenyl-2,2,2-tribromoethane 
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6 
(9) Diphenyl-2,2,2-trichloroethane 

{DK) 
(10) p-Nitro-a,a,a-tribromotoluene 

NO 

- CBr3 

(11) a,a,a-Trichloroluene 

(12) a,a,a,a,a,a'-Hexachloro-m-xylene 

C Cls 

C Cls 

(13) Trichloracetoamide ------------ ClCCNH 
(14) Chloral hydrate --------------- ClCCOH-HO 
(14) w,a,c-Tribromoquinaldine 

BraC NN/ 
(16) 4-phenyl-6-w,0,0)-tribromopyrimidine 

The light-sensitive, printing material of this invention 
can be obtained by producing a solution which contains 
the above mentioned color modifier and photo-initiator 
together with a suitable high molecular binder capable of 
forming film and spreading the resulting solution on a 
supporting material such as paper or film base. As the 
high molecular binder, various compounds, for example, 
cellulose derivatives such as acetylcellulose, ethylcellulose, 
etc., polymeric vinyl compounds such as polyvinyl chlo 
ride, polyvinyl acetate, polyvinylidene chloride, poly 
styrene, etc., or synthetic rubbers such as styrene-maleic 
anhydride copolymer, cyclized rubber, butadiene copoly 
mer can be used. As a solvent, such solvent may be se 
lected that can thoroughly dissolve the binder used. For 
example, a solvent such as acetone, methyl ethyl ketone, 
ethyl acetate, butyl acetate, dioxane, cyclohexanone, etc. 
and a mixed solvent such as acetone-methanol, acetone 
benzene, etc. can be mentioned. 

According to the present invention, a sensitizer can be 
added as an auxiliary component and the bleaching action 
can be effected by the action of light having specific 
range of wave length, and so the colored image can be 
prepared by forming multi-layers of several kinds of 
color modifiers and then bleaching each of the layers by 
the action of light having specific wave length. As such 
sensitizer usable for this purpose, a sensitizing dye used 
for photography such as cyanine, merocyanine, styryl or 
acridine dye can effectively be used. Following dyes are 
the examples of the sensitizing dyes: 

Acridine Orange, Acridine Red, Rose Bengal, Methyl 
ene Blue, Pinacyanol, Pinakryptol Yellow. 



1-3-ethyl-2-(3H)-benzothiazolidenel-4-butylidene 
dibenzothiazolyl methane, 

1-ethyl-4(1H)-quinolidenel-ethylidene-di-2-benzothia 
Zolyl methane, 

5,2,(3-ethyl benzoxolidene)-ethylidene-2-phenylimino-3- 
phenyl-4-keto-tetrahydrothiazole, 

1,3-diethylthia-4-carbocyanine iodide, 
1,3'-dimethyl oxa-2'-carbocyanine-p-toluene sulfonate, 
5,1-methyl-2(1H)-quinolidene-2-butylidene-3-ethyl-2- 

thio-2,4-oxazolidene dione. 

Very small amount of the sensitizing dye is thoroughly 
added. 

Moreover, in order to improve the stability of image 
and developing property, about 1%, based on the light 
sensitive solution, of lead oxide, titanium dioxide, starch, 
etc. may be added. 
The fixing of the light-sensitive, printing material of 

this invention is effected by heating said material after 
it has been printed or by subjecting the material to the 
treatment with solvent. When the fixing is effected by the 
heating method, a heat-fixing agent might have been 
added previously, if necessary. As the heat-fixing agent, 
anhydrous acids such as phthalic anhydride, maleic an 
hydride, succinic anhydride or organic acids such as ben 
Zoic acid, phenylacetic acid, phenoxy-acetic acid, phthal 
aldehydic acid, palmitic acid, stearic acid, etc. are effec 
tive. These heat-fixing agents can be added to the binder 
solution together with the photo-initiator and the color 
modifier. Besides the above acids, salts such as sodium 
metaborate, sodium carbonate, sodium salicylate, sodium 
oxalate, etc. are also effective, but these salts cannot be 
added to the binder solution and so they are overcoated 
on the surface of the light-sensitive layer of the light 
sensitive, printing material of this invention as an aqueous 
solution containing about 0.5-5% of the salts. 
The light-sensitive, printing material of this invention 

can be produced according to the known method by 
dissolving each of the aforementioned components in 
the binder solution and coating the resulting solution on 
a suitable supporting material. The preferable quantita 
tive ratio of each of the above components is roughly 
limited as follows: 

To 100 parts (by weight) of solvent; 
5-10 parts of binder, 
0.1-10 parts of color modifier, 
1-15 parts of photo-initiator. 

As the supporting material, although any of paper, 
plastic film base, glass plate and metal plate may be 
used, generally, a clear image of good resolving power 
and high density can be obtained, when a photographic 
paper or plastic-coated paper is used as the supporting 
material. Furthermore, when a photographic film base 
is used, a clear transparent image can be formed. In 
general, it is most preferable to coat the light-sensitive 
layer on the supporting material in such amount that the 
thickness of the light-sensitive layer may be about 2-3p. 
A clear image can be produced when the light-sensitive, 

printing material of this invention thus obtained is ex 
posed through an original thereby to effect imagewise 
bleaching of a dye. However, since it is impossible to keep 
an image in ambient light, the image must be fixed. The 
fixing of an image is effected by stabilizing the residual 
photo-initiator by heating the printed material or by re 
moving the residual photo-initiator by treating with a 
suitable solvent. The above heating method may be car 
ried out by means of heating rollers, hot plates, etc. having 
a Surface temperature of about 80-150° C. for about 
0.5-2 minutes. In fixing with a solvent, such solvent that 
does not dissolve the residual dye but dissolves off the 
photo-initiator, is selectively used. Generally, the treat 
ing period of 1-5 minutes is sufficient for fixing with a 
solvent and a stable image can be obtained thereby. As 
Such solvent, the mixed solvent comprising trichloro 
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ethylene, ethyl acetate, and cyclohexane is suitable and 
effective. . . . . 
The following examples illustrate the present invention: 

EXAMPLE 1 
On a photographic paper which had previously been 

treated on the surface with 1-1.5 g./m2 of polyvinyl 
alcohol having the polymerization degree of about 600, 
20 cc./m2 of the light-sensitive solution having the foll 
lowing composition was coated under yellow safe light 
lamp and dried to give a light-sensitive, printing material: 
Acetone-50 cc. - . 
Methanol-50 cc. Cellulose acetate-10 g. 

15 

20 

30 

40 

Benzoyl-(1-diethylamino-phenylimino)-acetanilide (Color 
Modifier (1) as abovel-1 g. 

4-0,0,0)-tribromomethyl pyrimidine-10g. 
An original was put on the light-sensitive, printing 

i material and the assembly was exposed with a 600 W 
mercury lamp for 5 seconds at 5 cm. distance therefrom. 
Thus, a yellow image was formed. This image was con 
verted into a stable image according to the fixing with 
solvent by dipping the light-sensitive material having said 

25 image in the mixed solvent of ethyl acetate and cyclo 
minutes. 
EXAMPLE 2 

10 g. of cellulose acetate was dissolved in 100 cc. of 

hexane (50:50) for 3 

an acetone-benzene (40:60) mixture, and then the mixture 
of 2.5 g. of w-cyano-w-(p-diethylamino-o-methyl-phenyl 
imino) aceto (p-N-octadecenyl succinyl amino) phenone 
Color Modifier (9) as above) and 10...g. of carbon tetra 
bromide was dissolved therein. In an analogous manner 
to the Example 1, this solution was coated on a photo 
graphic paper which had previously been treated as Ex 
ample 1. 

Being exposed analogously to the Example 1, a clear 
red image was formed. A stable image was prepared by 
treating said image with a heat roller having surface 
temperature of 80 C. for 1 minute. 

EXAMPLE 3 
10 g. of cellulose acetate was dissolved in 100 cc. of 

an acetone-benzene (50:50) mixture, and then the mixture 
of 2 g. of 2-chloro-4-(p-diethylamino-phenylimino) 
naphthoquinone and 10 g. of w,a,ay-tribromoquinaldine 
was dissolved therein. This solution was coated on a 
photographic paper which had previously been treated 
analogously to the Example 1 in such amount that 15 
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cc./m. of the solution were coated and the photographic 
paper was dried. An original was put on the resulting 
light-sensitive material and the assembly was exposed with 
a slide projector equipped with a 500 W-projecting lamp 
as the light source for 5 minutes. Thus, a clear blue image 
was formed. Being dipped in an ethyl acetate-cyclohexane 
(1:1) mixture for 3 minutes, this image was converted into 
a stable image which did not show any change towards 
light. . 

EXAMPLE 4 
10 g. of cellulose acetate were dissolved in 100 cc. of 

an acetone-benzene (50:50) mixture, and then the mix 
ture of 0.2 g of p-methoxybenzoyl-(p-diethylamino 
phenylimino)-acetanilide Color Modifier (2) as above, 
0.3 g of 1-phenyl-3-methyl - 4 - (p-diethylaminophenyl 
imino)-5-pyrazolone, 0.35 g. of 2-carboxyanilino-4-(p- 
diethylaminophenylimino) naphthoquinone and 10 g. of 
carbon tetrabromide was dissolved therein. This solution 
was printed on the baryta paper analogously to the Ex 
ample 1 and was dried. . 

Being exposed with the slide projector same as that 
used in the Example 3, a clear white and black image was 
obtained. The light-sensitive material having this image 
was converted into a completely stable image when it was 
treated by wet fixing method analogous to that effected 
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in the Example 3. A stable image was also obtained when 
said white and black image was treated with heat rolls 
having surface temperature of 100° C. for 1 minute. 

EXAMPLE 5 

On the transparent film of cellulose triacetate of 14/ 
1000 mm. thickness, 15 ml./m. of the light-sensitive 
solution which had the following composition were 
coated as a first layer: 
Acetone-50 cc. 
Methanol-50 cc. 
Nitrocellulose-10g. 
p-Stearoylaminobenzoyl-(p-diethyl-amino - phenylimino) 

aceto(m,m'-dicarboxy) anilide Color Modifier (3) 
as abovel-0.3 g. 

3,3 - diethyl - 4 - methyloxythiazolocarbocyanine iodide 
0.01 g. 

Caron tetrabromide-10g. 

After the first layer was dried, a light-sensitive solu 
tion having the following composition was analogously 
coated thereon as a second layer: 
Acetone-50 cc. 
Methanol-50 cc. 
Nitrocellulose-10g. 
co-Cyano - co - (p-diethylaminophenylimino) aceto (p-octa 

decenyl Succinylamino)phenone-0.2g. 
1-3'-dimethyloxy-2-carbocyanine - p - toluene sulfonate 

0.01 g. 
Carbon tetrabromide-10g. 

Further, on the second layer, a light-sensitive solution 
having the following composition was analogously coated 
as a third layer: 
Acetone-50 cc. 
Methanol-50 cc. 
Nitrocellulose-10g. 
2-carboxystearylamino - 4 - (p-diethylaminophenylimino) 

naphthoquinone-0.4g. 
1,1-dimethyl-2,2'-dicarbocyanine - p-toluene sulfonate 

0.01 g. 
Carbon tetrabromide-10g. 

The light-sensitive film thus formed in tri-pack was 
divided into four sections. Each of the four sections was 
exposed with a 500 W-reflective photoflood lamp at 10 
cm. distance for 1 minute, the first section through Kodak 
Wratten filter if 49 (blue filter), the second section 
through Kodak Wratten filter it 61 (green filter), the 
third section through Kodak Wratten filter 29 (red 
filter) and the fourth section without any filter, and dipped 
for 3 minutes in ethyl acetate-cyclohexane (1:1). Each 
of the sections was colored to a tint corresponding to that 
of the filter used, that is, the first section to blue, the 
second section to green, the third section to red and the 
fourth section to achromatic. These colors were entirely 
stable after being exposed again. 
From the above description, it will be apparent that 

an effective light-sensitive printing material of organic 
compound has been provided to form permanent copies 
from a master after exposure to light and fixing. 

It will be apparent that changes may be made in the 
invention within the spirit thereof and the valid scope of 
the claims. 
The above examples have been presented for the pur 

pose of illustration and should not be taken to limit the 
scope of the present invention. It will be apparent that 
the described examples are capable of many variations 
and modifications which are likewise to be included with 
in the scope of the present invention as set forth in the 
appended claims. 
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What is claimed is: 
1. A light-sensitive printing material containing a color 

modifier and an organic halogen-containing compound 
capable of producing free radicals upon exposure to light 
to react with said color modifier to produce a color 
change, said color modifier being an azoaniline or azo 
methine dye of the general formula: 

ne-(D-- X 
R3 

wherein 
R1 and R2 are alkyl or hydroxyalkyl; 
R is hydrogen, alkyl, amino, or substituted amino; 

is a keto-methylene group, pyrazolone group, or a nucleus 
having an active hydrogen-containing coupler component. 

2. The invention according to claim 1 wherein the 
color modifier compound is selected from the group of 
compounds identified as Formulas 1 through 21 inclusive 
of the specification. 

3. The invention according to claim 1 in which the 
initiator is selected from the group of photo-initiators 
identified as Formulas 1 to 16 inclusive of the specifica 
tion. 

4. A photo-sensitive element comprising a base sheet 
coated with the color modifier and initiator according to 
claim 1. 

5. A multi-color photo-sensitive element comprising a 
base sheet having a plurality of separate layers of the ma 
terial according to claim 1 with each layer including a 
different color modifier whereby light passing through a 
selected filter will affect only one color modifier compound 
in one layer and such layer can be fixed thereafter and 
whereby light passing through a selected different filter 
will affect a second and different color modifier in a sec 
ond and different layer which can be fixed thereby pro 
ducing a multi-color image. 

6. The invention according to claim 5 in which three 
layers of color modifiers are provided. 

7. The invention according to claim 6 in which the 
color modifier of the first layer is: 
p - Stearoylaminobenzoyl-(p-diethylaminophenylimino) 

aceto (m,m'-dicarboxy) anilide; 
the color modifier in the second layer is: a-Cyano-to-(p- 

diethylaminophenylimino) aceto (p-octadecenyl suc 
cinylamino)phenone; and 

the color modifier in the third layer is: 2-carboxystea 
rylamino - 4 - (p-diethylaminophenylimino) naphtho 
quinone. 

8. A method of making permanent color copies com 
prS1ng: 

(a) forming on a suitable base a layer of light-sensitive 
printing material according to claim 1; and 

(b) exposing said layer imagewise to light. 
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