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ABSTRACT OF THE DISCLOSURE 

The invention relates to a process for the production 
of photographic images, in particular a copying process, 
wherein a supported layer which contains imagewisely 
distributed development nuclei for dissolved silver salts, 
in either visible or invisible form, is developed in the pres 
ence of an aqueous solution of silver salts soluble in water 
at pH values between 1 and 7. 

This application is a continuation-in-part of the copend 
ing application Ser. No. 549,191, ?led May 11, 1966, now 
abandoned. 

In the conventional copying processes, a light-sensitive 
silver halide emulsion layer is exposed to light through 
an original and then developed in an alkaline medium and 
?xed in the usual manner. 

It is practically impossible to process the usual silver 
halide emulsion layers in acid developer solutions after 
exposure because only a weak silver image is formed after 
a very long development time. For many reasons it is 
desirable to avoid the usual alkaline development baths. 
The disadvantages of alkaline developers are, for example, 
relatively long processing times due to the necessary 
Washing out, the risk of yellowing of the ?nal image due 
to residues of alkali, or damage to the skin in the alkaline 
baths. - ' 

It is an object of the invention to develop processes for 
the production of‘ photographic images, in particular 
copying processes, in which alkaline developing baths‘ are 
avoided. 

- We now have found that supported, layers which con 
tain in imagewise distribution development nuclei for 
silver salts, for example a latent image in a visible or in 
visible form, are developed into visible images at pH 
values between 1 and 7, if during the development they are 
in effective‘ contact with an aqueous solution of ‘silver 
salts having a solubility in water at a pH between 1 and 
7 of at least 0.2 g./l. silver. The layer containing the devel 
opment nuclei distributed according to the image, will here 
inafter be termed the imagewise nucleated layer. 
A very wide variety of imagewise nucleated layers can 

be used for the process according to the invention. The 
only condition to be ful?lled is that the said layer contains 
nuclei at which the soluble silver salts 'can be reduced. 
Thus, for example, it is possible to use layers which con 
tain a photographic silver image or an image of other 
?nely divided metals, for instance, of gold or of heavy 
metal sul?des, such as silver sul?de, nickel sul?de or the 
like. , 

According to a preferred embodiment exposed there is 
used as imagewise nucleated layer, a silver halide emulsion 
layer which contains development nuclei in the form of 
latent image specks produced on exposure. Light-sensi 
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2 
tive silver halide emulsion layers such as silver chloride, 
chlorobromide or bromide layers, which may have a 
silver iodide content of up to 30 mols percent, prefer 
ably up to about 10 mols percent, are for example suit 
able for this purpose. Conventional silver halide emulsion 
layers contain between 1—l0 g. silver/m.2 in the form 
of silver halide. Particularly suitable are silver halide 
emulsion layers which have only a relatively small con 
centration of silver halide of about 0.01 to 1.5 g., prefer 
ably 0.1 to 1.0 g., silver per square meter. Layers of the 
kind can be produced in the usual manner, for example, 
by diluting silver halide gelatin emulsions of common 
concentration with a hydrophilic binding agent, for ex 
ample, with alginic acid or its derivatives such as salts, 
in particular alkali metal salts, esters, in particular with 
aliphatic alcohols of up to 5 carbon atoms, or amides, 
or starch ethers, polyvinyl alcohol, polyvinylpyrrolidone, 
cellulose derivatives such as methyl cellulose, carboxy 
methyl cellulose, hydroxyethylcellulose or the like, or 
gelatin or other proteins such as casein, albumin or zein. 
It is also possible to precipitate the silver halide in a 
diluted low concentration. The preparation of such emul 
sions is described, for example, in British patent speci?ca 
tion 920,277. 
The light-sensitive layers can be chemically or optically 

sensitized in the usual manner. For optical sensitization, 
there may be used any dyes suitable for silver halide, 
e.g., any polymethine dyes such as carbocyanines, mero 
cyanines, betaine cyanines and styryl dyes. 

In addition, the usual stabilizers may be added. For 
example, heterocyclic mercapto compounds, such as l 
phenylmercaptotetrazoles, 1-phenyl-3-mercapto-triazole-l, 
2,4 or azaindenes as described in the article by Birr in Z. 
wiss, pnot, vol. 47 (1952), pp. 2-8. 
The process of the invention includes the essential steps 

of placing the imagewise nucleated layer, preferably an 
exposed silver halide emulsion layer containing an ex 
tremely low amount of silver halide, in contact with an 
aqueous solution of a soluble silver salt and developing 
at a pH between 1 and 7. 
The soluble silver salt can be provided by placing 

the imagewise nucleated layer into contact with a layer 
containing the soluble silver salt from which the silver 
salt is dissolved in the presence of water or by treating 
the imagewise nucleated layer directly with an aqueous 
solution of the silver salt. In the ?rst mentioned embodi 
ment the soluble silver salt-containing layer can be ap 
plied either underneath or above the imagewise nucleated 
layer on the same support or on a separate support. The 
last mentioned arrangement is preferred since in that case 
it is possible to obtain a negative silver image in the silver 
halide layer and, after ?nal processing, a direct positive 
silver image in the layer containing the soluble silver 
salts. 

If the silver salts which are soluble at a pH between 1 
and 7 are arranged in a separate layer, the usual photo 
graphic types of gelatin can be used as binders for these 
layers. The gelatin may, however, be partly or completely 
replaced by other proteins, such as casein, albumin, zein, 
or by alginic acid or its derivatives such as salts, esters 
in particular with aliphatc alcohols of up to 5 C-atoms, 
or amides, or starch ethers, polyvinyl alcohol, polyvinyl 
acetate, polyvinylpyrrolidone, cellulose derivatives such 
as methyl cellulose, carboxymethyl cellulose, hydroxy 
ethyl cellulose or the like. The application of silver in 
these layers is about 0.1 to 2.5 g./m.2, preferably 0.5 to 
1.5 g./m.2 in the form of the soluble silver salt. When 
the imagewise nucleated layer while contacting the layer 
containing the soluble silver salts is treated with an aque 
ous bath in the presence of developers, the soluble silver 
salt is partly dissolved and diffuses‘into the imagewise 
nucleated layer.‘ At those portions where development 
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nuclei are present, the silver salt which has diffused over 
is reduced so that in that region a concentration gradient 
is established which considerably accelerates the dis 
solution of the silver salts in the layer which contains the 
silver salts. At those portions of the imagewise nucleated 
layer, where no development nuclei are present, this 
effect does not occur and the soluble silver salts substan 
tially remain undissolved in the said layer. In this way, 
the layer with the soluble silver salts is dilferentiated ac 
cording to the image. The resulting silver salt image in 
the said layer is negative to the image of developed silver 
in the layer which contain in imagewise distribution the 
development nuclei. 
The silver salt image can subsequently be made visible 

by uniform exposure and development or by chemical 
reduction. According to another embodiment silver salt 
layers of particular composition can be applied so that 
a silver image is immediately formed in the said layer. 

According to another embodiment of the process, de 
velopment nuclei of the kind described hereinbefore are 
uniformly added to the layer containing the soluble 
silver salts. With these uniformly nucleated layers an 
immediately visible silver image is formed in that layer 
upon development. That silver image is negative with 
respect to that formed in the imagewise nucleated layer. 
The concentration of the nuclei is critical. If the con 
centration is too high, the soluble silver salts of the layer 
will be reduced before they have a chance to diffuse 
into the imagewise nucleated layer. If the concentration 
of the nuclei is insufficient, the result is an unsatisfactory 
formation of silver. The optimum concentration depends 
somewhat on the kind of the imagewise nucleated layer, 
the type of acid soluble silver salts and in particular the 
binder used for both layers. In general, a concentration 
of development nuclei corresponding to a silver nuclei 
concentration of about 1 to 150 mg. per m? of the layer 
containing the soluble silver salt is su?icient. 
The quality of the images obtained can in some cases 

be improved by ?xing and washing. 
According to another modi?cation of this embodi 

ment, a two-layer material is applied which comprises 
a uniformly nucleated layer coated on a suitable sup 
port, for example, paper or a transparent support. The 
said nucleated layer is overcoated by another layer which 
contains the acid-soluble silver salts, dispersed in a suit 
able binder, in particular gelatin, 

According to a useful modi?cation of that embodi 
ment a photographic material is used which contains 
on a suitable support such as paper or a transparent foil 
of inorganic or organic cellulose esters or polyesters, in . 
particular polyethylene glycol terephthalate, the layer 
containing the soluble silver salt. That layer is not re 
movable in warm water. The silver salt layer is over 
coated by the imagewise nucleated layer, for example, a 
silver halide layer which contains a binding agent that 
can be washed off with warm water, for example, un 
hardened gelatin or carboxymethyl cellulose. After ex 
posure and imagewise formation of development nuclei 
in the upper layer, the material is developed and the 
imagewise nucleated layer is subsequently washed off 
in warm water, while the layer which contained the solu- ‘ 
ble silver salts and which after processing contains a 
silver image remains adhered on the support. 
As pointed out hereinbefore, it is advantageous to 

form two photographic images, a visible silver image in 
the imagewise nucleated layer in accordance with the 
development nuclei and a silver image in the soluble 
silver salt-containing layer upon development or reduca 
tion of the remaining silver salt, which latter image is, 
negative with respect to the silver image in the image 
wise nucleated layer. Since the process of the invention 
proceeds fairly rapidly, it is advantageous to carry out 
the processing in apparatus such as those used, for ex 
ample, for the silver salt diffusion process. 
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If the soluble silver salts are provided in the form of 

an acid aqueous treating solution, the imagewise nucleated 
layer may either be initially treated with the solution and 
then in the developing bath or alternatively it may be ini 
tially treated with the developer solution and then with 
the silver salt solution. The silver is then deposited at 
the development nuclei, for example, the latent image 
specks formed by exposure, in the silver halide emulsion 
layer. An excellent silver image is formed with outstand 
ing reproduction of the grey tone-values. How the proc 
ess is carried out in detail will depend primarily upon the 
arrangement of the developer which may either be pres 
ent in the imagewise nucleated layer or alternatively may 
be used in the form of an aqueous solution. In the form 
er case, the imagewise nucleated layer may be simply 
treated with water and then with an aqueous solution 
of the silver salts, or directly with an aqueous solution 
of the silver salts. In the latter case it is advantageous 
initially to treat the imagewise nucleated layer with an 
aqueous solution of the developer and then with an aque 
ous solution of the silver salts. It is not advisable to use 
the silver salts and the developer substances in a com 
mon solution because solutions of this kind are not suffi 
ciently stable on storage. Reduction of the silver salts in 
such solution can only be avoided with dif?culty. 
The aqueous solution of the silver salts which have a 

pH between 1 and 7 should contain at least 0.2 g./l. silver 
in the form of the soluble silver salt. There is no up 
per limit of the concentration, so that saturated solutions 
of the silver salts can be used. Preferred are solutions 
which contain between 0.7 and about 4 g./l. silver in the 
form of the soluble silver salt. 

Instead of treating the exposed silver halide layers 
with aqueous solutions, they can also be treated with pastes 
in which the developer substances or the silver salts are 
present. Pastes of this kind are obtained by adding a 
thickener as known per se to the aforementioned solu 
tions, as known per se, such as derivatives of alginic 
acid, for instance sodium alginate, or alginic acid esters, 
polyvinyl alcohol or carboxyalkyl cellulose, for instance 
carboxymethyl cellulose. 

Suitable developers for the process according to the 
present invention include all developers capable of reduc 
ing the soluble silver salts under the processing conditions 
at acid or neutral pH-values. The following developers, 
for example, may be used: developers of the 3-pyrazolid 
one series, preferably 1-phenyl-3-pyrazolidone or its de 
rivatives as well as 3-aminopyrazolines, for example, 1-p 
aminophenyl-3-aminopyrazoline or its derivatives as de 
scribed, for example, in British patent speci?cation 768, 
071; 4-aminopyrazolones or its derivatives as described, 
for example, in British patent speci?cation 768,071, for 
example, 1-phenyl-3-carbonamido-4-amino-5-pyrazolone 
and l-phenyl-3-methyl-4-amino-S-pyrazolone; hydroxyte 
tronic acid or its derivatives such as ascorbic acid or simi 
lar products or salts of reducing heavy metals such as 
ferrous salts, for example ferrous citrate. The ?rst-men 
tioned developers are particularly suitable. 
The following developers of the 3-pyrazolidone series 

exhibit particular utility: l-phenyl-3-pyrazolidone; 1-m 
toluyl-3-pyrazolidone; l-p-toluyl-3-pyrazolidone; l-phenyl 
4-methylpyrazolidone; 1-phenyl-5-methyl-3-pyrazolidone; 
1,4-dimethyl-3-pyrazolidone; 4-methyl-3-pyrazolidone; 4, 
4-dimethyl-3~pyrazolidone; 1-phenyl-2-acetyl-3-pyraz0li 
done; 1-phenyl74,4-dimethyl-3-pyrazolidone; l-(4-bromo 
phenyl) -3 -pyrazolidone. 
The aforementioned developers may be used in com 

bination with one another or with other known develop 
ers. 

The developers may be used in the form of aqueous 
solutions of pH 1 to 7 or alternatively they may be added 
to the imagewise nucleated layer in which case they are 
used in quantities of preferably 0.01 to 2.5 g. per square 
meter. Aqueous solutions suitable for development pref 
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erably contain between 0.1 and 50 g., particularly 0.5 to 
20 g., of developer per liter. 
For adjusting to a pH below 7, the acids to be used 

must not form a silver salt which is less soluble than the we 
acid-soluble silver salts used. Consequently, hydrohalic' 
acids, for example, cannot be used. Examples of suit 
able acids are inorganic acids such as sulfuric acid and 
nitric acid and organic acids in particular aliphatic car 
boxylic acids having up to 6 carbon atoms such as acetic 
acid, citric acid, adipic acid and thelike, and acids the ' ' 
silver salts of which are used in the process according to 
the invention. The acids can also be added either to the 
imagewise nucleated layer, for instance the silver halide 
emulsion layer or to the layer which contains the acid 
soluble silver salt or to the developer. In cases where acid 
containing emulsion layers are used, the acids are added 
in quantities of between 0.001 and 10 g., preferably be 
tween 0.1 and 3 g. per square meter depending on the‘ 
basicity and upon the type of binder used. 

Suitable silver salts comprise silver salts of phosphoric 
acid or silver salts of an aliphatic carboxylic acid, the 
aliphatic chain of which is substituted with an organo 
thioether grouping. Silver salts of the last mentioned 
kind are described, for example, in Belgian patent speci 
?cation 668,340. The silver salts may, of course, also be 
present in complex form, in which case the ligands of 
the complex may be the same as those for the salt forma 
tion. 

Particular utility is exhibited by compounds of the fol 
lowing formula: 

25 

wherein: 

n=1 or 2. 
R=alkyl, preferably with up to 3 carbon atoms, aralkyl 

such as benzyl or phenylethyl, aryl such as phenyl or 
naphthyl, or heterocyclic rings such as diazolyl, 
oxazolyl, triazolyl, oxadiarzolyl, thiadiazolyl, tetra 
zolyl, azaindenyl, preferably tetra- or penta-azaindenyl, 
benzthiazolyl, naphthiazolyl, benzooxazolyl, naphth 
oxazolyl, pyridyl, quinolyl, pyrimidinyl, quinoxalinyl, 
quinazolinyl, which radicals may in turn be substituted, 
for example, by alkyl, alkenyl, preferably with up to 
6 carbon atoms, aryl such as phenyl or naphthyl, hy 
droxyl, alkoxy, aroxy such as phenoxy, acyl preferably 
acetyl, amino, alkylamino, the alkyl groups of which 
having up to 5 carbon atoms, acylamino, aryl-substi 
tuted amino preferably a phenylamino, mercapto 
groups substituted with alkyl having up to 6 carbon 
atoms, a phenyl a naphthyl or a heterocyclic radical, 
halogen such as chlorine or bromine, sulfo groups car 
boxyl groups or nitro and the like. The groups R can 
be substituted by at least one further grouping 

‘X=a branched or unbranched alkylene chain having 
preferably up to 4 carbon atoms, whereby the alkylene 
chains can further be substituted with aryl preferably 
a phenyl, hydroxyl, alkoxy, halogen such as chlorine 
or bromine and the like. 

Aliphatic carboxylic acids, the aliphatic chain or which 
is substituted with an organic thioether grouping, include 
the following: ‘ 

1 ________________ _- S-CHz-C O OH 

112 
Beilstein V013, page 249. 

2 ______________ _L__ O-——(CH2—CHz—-S'—CHz-—COOH)2 44°. 

3 ________________ __ HO 0 C-~OHz—S-(CH2)a-S—CH2—~C O OH Beilsteiu, Vol. 3, 3d Supp. Vol. 
Part 1, page 417. 

4 ________________ .- HO 0 C-CHz-S-CHz-C O OH Beilstein, V01. 3, page 253. 

O O OH 

5 ________________ _. CHS—‘(IJH;§—OH2—C 0 0H Beilstein, Vol.3, page 291. 

CH; 

6 ________________ __ S —-CH—C O OH Beilstein, Vol. 3, page 291. 

H2 ‘ 

S —C H——O 0.0 H 

CH3 

0 H3 . 

7 ________________ _. S-(‘lH-C O OH Beilstein, Vol. 3, 3d Supp. Vol, 
part 1, page 511. 

( H2>2 - 

"' Lon-‘o ooH ' 

2.... Y . 

8 ________________ -_ HOOC—CH-—(NH2)——CH2—~S—CH;—COOH J. Am. Chem. 800., Vol.66, 
page 1,758 (1944). 

O 0 O H 

9 ________________ .- H2 Beilstein, Vol. 3, 3d Supp. Vol. 
part 2, page 924. 

C O OH 

O 0 OH O 0 0H 

10 _____ __1.'~_.,_.- _____ _. CH3‘ ~ 1; v(13H; Beilstein, Vol. 3, page 439. 

OH—S—S—(IJH \ 
c0011 (‘10011 ‘ 

11 _______________ -_ CHz-C 00H Beilstein, V01. 12, page 485, 
~ ~ IS . . . 103-104? 0. 
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TABLE—Cont1nued 

26...‘ ............ -. H038 -——I|\I 1 * i ' 296° C. (decomposition). 

N/—S——CH2—C OH-2H2O 

27 ___________ -_'.‘__.. ' N-—N ‘ A ' 

Ha0—lLNJ»s—oHz—cooH 165° 0. 
l , 

CH8 1 ' 2s ............... . 
, 1 - , . - 1 184—185°C. 

‘ MiS-CHz-COOH _ 
29 ____ _________ ...N= . ' , 156°C. 

BeiisteimgVol. 27, 1st Supp. Vo1., s=o __ 

\s/—S CHr-COQH _ page?l 

31 ............... - 

nooo-mo-ésqa '. _ ' _._ . 159°0 

\s/-S 0H8 99°‘? 1 

s2 ............... 150° C" 

H C-—S—C . _ - 

3 \S/—S—CHz—-COOH 

CH3 TI_N ' 
' _ v ' ' ‘ ‘ - ' Uncrystallized: 

33"" ----------- -- 1193-8 - s-lonz-ooon , 
r \S/— .. 

Hz 

34 --------------- - . > . I 

i ‘v '5 I ‘Q 260° C. (decomposition). 
. HZN—G . - _ k p 

_ ‘ \S/-s onrcoon . v. 

" 192°0 
35 ............... _- N14 . _ . @l \s/~s GEE-00° 

H ~ . r 

' i”? ‘ ' 
' ‘ ’ - 158°C 

36. .............. -- -c __ . _» - , ® I \s/—S CHay-COOH 

31 _______________ __ N—I|\I ' ' ' 

' 177°C 
nae-o . __ _ - 

_ : 
>GH2 COOH 

A¥H¢~CH=QH2 
1H1 

38.. ............. ..l I‘ _ i V ' ‘ 'I ' ’ 122.1231: Q; 

l v ' . 

, S-—CH2-CHz—-COOH 

a9 ............... ._CH2—-—N -. v v _ 

C—-S—-CHzCOOH 184° C. 

CH2_I]I W ’ . . 
H ' ‘ 

Particularly suitable are the silver salts of ‘ carboxy- further substituents on the R and X portions selected in ac 
methylthiomalic acid, S-‘phenyl-thioglycollic acid, S-tria- cordance with the general de?nition as set out above. 
zolyl-thioglycollic and‘ S-thiadiozolyl-(Z, or 5-)th1'ogly- The compounds may be prepared by the processes 
collie acid, ‘ bis-(beta ‘carboxymethyltthim ethyl ether,’ and ' described in the publications referred to in the table. The 
substitution products in which these compounds have 75 remaining compounds may be prepared’ from the corre 
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sponding mercaptans and organic halogen compounds or 
halogen carboxylic acids in alkaline solution by processes 
similar to those described in Houben-Weyl, vol. 9, PP. 
103-113. The compounds can be isolated in the form 
of free acids or as alkali metal salts. The compounds can 
be puri?ed by recrystallization from or by solution and 
reprecipitation from water or alcohol. 
The process according to the invention is characterized 

by the excellent quality of the images obtained. This is 
partly due to the fact that the silver is deposited in a 
particularly ?ne form which yields excellent grey tones. 

EXAMPLE 1 

A silver halide emulsion layer of low silver content is 
prepared as follows: 
A conventional silver bromide gelatin emulsion is 

diluted with an aqueous gelatin solution. 
A layer of the above emulsion is applied onto a paper 

support and dried. The ?nal layer had a silver concentra— 
tion of 0.1 g. Ag per m.2 in the form of silver bromide. 

Layer-containing soluble silver salt 

33 g. of carboxymethylthiomalic acid (compound 9) 
are added in the form of a 10% aqueous solution to 1 
liter of a 6% aqueous gelatin solution. The solution is 
acidi?ed with 15 ml. of a 25% aqueous sulfuric acid, and 
the silver salt is then precipitated at 40° C. by the addi 
tion of 18.6 g. of silver nitrate in the form of a 10% 
aqueous solution. In addition, an aqueous colloidal solu 
tion of silver is added, so that the ?nal material contains 
0.05 g. of silver nuclei per square meter. 
A paper support is coated in the usual manner with the 

above mixture to which has been added 5 cc. of a 30% 
aqueous saponin solution and 5 cc. of a 40% formalde 
hyde solution. The completed, swelled layer has a thick 
ness of about 10p. The silver content is about 0.5 g./m.2 
in the form of the silver salt. 

Instead of the carboxymethyl thiomalic acid, the fol 
lowing compounds may be used in the given quantities: 

G. 
s-Phenylthioglycolic acid (compound 4) _______ __ 20.2 
s- [4-amino-6-hydroxypyrimidinyl- (2) ]thioglycolic 

acid (compound 22) _____________________ __ 24.3 
s- [4-allyl-5-rnethyl- 1,2,4-triazolyl- ( 3 ) ]thioglycolic 

acid (compound 37) _____________________ .. 27 
s- [4-aminophenyl-( 1) ] -;B-thiopropionic acid 

(compound 38) _________________________ __ 23.8 

The thioglycolic acid derivatives may be added in the 
solid form to the hinder or in the form of a 5 to 10% 
aqueous solution, if necessary with the addition of the 
quantity of alkali required for dissolving the acids, e.g. 
aqueous sodium hydroxide. 

Processing 

The silver halide emulsion layer which has been ex 
posed to form a latent image is passed through a 0.5% 
aqueous solution of 1-phenylpyrazolidone-(3) and then 
brought into intimate contact with the dry layer contain 
ing the soluble silver salts. In the silver halide layer, a 
silver image is formed at the exposed areas by the reduc 
tion of the silver salt that has diffused over at the develop 
ment nuclei of the latent image. In the soluble silver salt 
layer an excellent silver image is formed, which is nega 
tive in relation to the silver image in the emulsion layer. 

EXAMPLE 2 

A silver halide layer of low silver content is prepared 
as follows: ' 

To 1 liter of a 6% gelatin solution are added at 40° C. 
1 cc. of a 1% aqueous sodium chloride solution, 3 cc. of 
a 1% aqueous silver nitrate solution and 1 cc. of a 0.01% 
aqueous eosin solution. To the completed casting solution 
there are subsequently added 10 cc. of a 20% aqueous 
citric acid solution, 20 g. of 1-phenyl-pyrazolidone-(3) 
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12. 
dissolved in water, 5 cc. of a 30% aqueous saponin solu 
tion and 1.5 cc. of a 40% formaldehyde solution. 
The resulting emulsion is cast onto a paper support in 

the usual manner. The ?nal layer contains per m?, 0.1 g. 
of silver in the form of silver chloride. 

Layer containing soluble silver salt 

To 1 l. of a 7% aqueous gelatin solution are added 10.5 
g. of secondary sodium phosphate of the formula 

and 5 g. of silver nitrate, both in the form of a 10% aque 
ous solution. Before casting, 5 cc. of a 40% aqueous for 
maldehyde solution, 10 cc. of a 30% aqueous saponin 
solution 15 cc. of aqueous sulfuric acid and 0.03 g. of 
colloidally divided silver are added per liter. » 
The emulsion is applied in known manner onto a paper 

support so that the ?nal layer contains about 0.8 g. of 
silver per In.2 in the form of silver phosphate. 

Processing 

The exposed silver halide emulsion layer is moistened 
with water and brought into close contact with the dry 
silver phosphate containing layer. After a few seconds, 
the two layers are separated from each other. In the silver 
halide emulsion layer is obtained an excellent silver image, 
and in the layer that contained the silver phosphate a nega 
tive image which has excellent contrast and outstanding 
grey tones. 

EXAMPLE 3 

To 1 liter of a 6% aqueous gelatin solution are added 
33 g. of carboxymethylthiomalic acid (compound 9), 10 
cc. of a 20% citric acid solution and 18.6 g. of silver 
nitrate in the form of a 10% aqueous solution at 40° C. 
The silver salt of the carboxymethyl thiomalic acid precip 
itates. 
To 1 liter of the solution ready for casting there are 

added 0.05 g. of colloidal nickel sul?de and 8 cc. of a 
40% aqueous formaldehyde solution. The solution is ap 
plied in the usual manner onto a baryta-coated paper 
support. The ?nal layer contains 1 g. of silver in the form 
of silver salt per rn.2. 
An ordinary silver bromide gelatin emulsion having a 

silver iodide content of about 5% and containing 0.15 
mol silver halide per liter is diluted in the ratio of 1:6 
with a 2.5% aqueous solution of carboxymethylcellulose. 

This emulsion is applied over the layer of silver salt 
described above so that the silver halide content in the 
emulsion layer is about 0.3 g. silver per m.2. 

Processing 

The above material is exposed through a continuous 
tone original and developed with a 0.5% aqueous solution 
of 1 - phenyl - pyrazolidone - (3) to which 30 cc. of a 10% 
aqueous sulfuric acid had been added per liter. The upper 
most silver halide layer is then washed off with water at 
about 50° C. 

In the residual silver salt layer, a silver image with ex 
cellent grey tones which is positive with respect to the 
original is obtained. The following soluble silver salts may 
be used in the given quantities instead of the carboxy 
methylthiomalic acid: 

G. 
s - [4,5 - dimethyl - 1,2,4 - triazolyl - (3)] - thiogly 

collic acid (compound 27) ________________ __ 22.6 
s - [1,2,4 - triazolyl - (2)] - thioglycollic acid (com 
pound 29) ______________________________ __ 19.2 

The thioglycollic acid derivative may be added to the 
binding agent either in the solid form or in the form of a 
5-10% aqueous solution, if necessary with addition of 
the quantity of alkali, e.g., sodium hydroxide, necessary 
to bring them into solution. 
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EXAMPLE 4 

A silver halide, emulsion layer is produced as follows: 
To 1 liter of a 65.5% gelatin solution are added at 

55° C., 120 ml. of ‘a 50% silver nitrate solution and 135 
n11. of a 3 N-sodium chloride solution in the presence of 
15 ml. citric acid. 
To the resulting solution are further added before cast 

ing: 2 ml. of a 1% alcoholic solution of 1-phenyl-5-mer 
captotetrazole, 5 ml. of a 30% saponin solution and 0.5 
m1. of aqueous Formalin (40%). 
The resulting mixture is applied in the usual manner to 

a paper support to yield a layer which contains 1.5 g. of 
Ag/m.2 in the form of silver chloride. 

Processing is carried out as in Example 1 with the solu 
ble silver salt-containing layer of Example 1-. 

After separation of the two layers, a positive image of 
the original is obtained in the soluble silver salt-containing 
layer and a negative silver image of the original in the 
silver halide layer. Both images are stabilized in the usual 
manner by ?xing ‘and washing with water. 

EXAMPLE 5‘ 

Processing 
A photographic material consisting of a gelatin layer 

bearing a negative silver image on a transparent support 
of cellulose triacetate is passed through a 0.5% aqueous 
solution of l-phenylpyrazolidone-(3) and brought into 
close contact with the soluble silver salt-containing layer 
described in Example 1. After a few seconds, the two lay— 
ers are separated. A silver image which is negative with 
respect to the silver image of the above photographic ma 
terial is obtained in the silver salt-containing layer and 
is stabilized in the usual manner by ?xing and washing 
with water. The negative original is cleaned by ?xing and 
washing with water. 

EXAMPLE 6 

An imagewise exposed silver bromide gelatin emulsion 
layer on a support with a silver coating of 0.1 g./m.2 in 
the form of silver bromide and a l-phenyl-3-pyrazolidone 
content of 1 g./m.2, is bathed for 40 seconds in a solution 
of 67.5 g. of carboxymethylthiomalic acid (compound 9) 
and 32.5 g. of silver nitrate in 1 liter of water, which 
had been adjusted to pH 1 with sulfuric acid, and then 
?xed and rinsed with water in the usual way. 
An excellent silver image is formed. The ?nal silver 

image essentially consists of silver from the silver salt of 
carboxymethyl thiomalic acid. 

EXAMPLE 7 

An imagewise exposed silver chloride gelatin emulsion 
layer on a paper support, with a silver coating of 0.1 g./ 
m? in the form of silver chloride and a l-phenyl-3-pyraz 
olidone content of 0.7 g./m.2, is coated with a paste of 
the following composition which is removed in a ?xing 
bath after a contact time of 20 seconds. The material thus 
treated is then rinsed with water. 
The paste has the following composition: 

120 g. of polyvinyl alcohol dissolved in 500 ml. of water, 
33.7 g. of carboxymethyl thiomalic acid (compound 9), 
and . 

16.3 g. of silver nitrate dissolved in 450 ml. of water. 

The polyvinyl alcohol solution is stirred with the mix 
ture of carboxymethylthiomalic acid and the silver nitrate. 
The pH of the paste is adjusted to 1 by adding sulfuric 
acid. Cellulose derivatives such as methyl cellulose can 
be used instead of polyvinyl alcohol. 

Copies of outstanding contrast are obtained. 

EXAMPLE 8 

An imagewise exposed silver bromide gelatin emulsion 
layer on a paper support having the composition indicated 
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in Example 1, is bathed for 60 seconds in the following 
solution and then ?xed and rinsed with water in the usual 
way: 

G. 
s - [4,5 - dimethyl-1,2,4-triazolyl-3(3)]-thioglycolic 

acid (compound 27) _____________________ __ 12.5 
Silver nitrate dissolved in 1 liter of water ______ __ 10 

The pH of the solution is adjusted to 2 with sulfuric 
acid. An excellent silver image of the original is obtained. 

EXAMPLE 9 

An imagewise exposed silver bromide gelatin emulsion 
layer on a paper support with a silver content of 2.5 
g./m.2 in the form of silver bromide is bathed in the solu 
ble silver salt solution described in Example 8, developed 
for 60 seconds in an aqueous solution of 5 g./l. of 1 
phenyl-3-pyrazolidone, and then ?xed and rinsed with 
water in the usual way. An excellent continuous tone image 
is obtained. 

This procedure is more advantageous than that in which 
the paper is bathed ?rst in the developer solution and then 
in the silver salt solution. 
What is claimed is: 
1. In the process of developing a photograph from a 

relatively water-soluble silver salt at an invisible latent 
image formed by imagewise exposure of a photographic 
silver halide emulsion, the improvement according to 
which the silver salt is selected from the group consisting 
of a salt of phosphoric acid and a salt of an aliphatic 
carboxylic acid, the aliphatic chain of which is substi 
tuted with an organo thioether grouping and having a 
solubility in water at a pH between 1 and 7 of at least 
0.2 g./l. silver in the form of salt. 

2. In the process of developing a photograph from a 
relatively water-soluble silver salt at a silver image, the 
improvement according to which the silver salt is selected 
from the group consisting of a salt of phosphoric acid and 
a salt of an aliphatic carboxylic acid, the aliphatic chain 
of which is substituted with an organo thioether grouping 
and having a solubility in water at a pH between 1 and 7 
of at least 0.2 g./l. silver in the form of salt. 

3. In the process of developing a photograph from a 
relatively water-soluble silver salt by diffusion of said salt 
from a layer containing said salt and uniformly distrib 
uted development nuclei to a separate layer of imagewise 
distributed development nuclei, the improvement accord 
ing to which the silver salt is selected from the group con 
‘sisting of a salt of phosphoric acid and a salt of an ali 
phatic carboxylic acid, the aliphatic chain of which is 
substituted with an organo thioether grouping and hav 
ing a solubility in water at a pH between 1 and 7 of at 
least 0.2 g./l. silver in the form of salt. 

4. The combination of claim 3 in which the image is 
contained in an emulsion stratum that also contains the 
needed developer, and the developing is effected by moist 
ening the stratum with water. 

5. The combination of claim 1 in which the invisible 
latent image is formed by imagewise exposure and the 
developing is effected with a pyrazolidone-3 developer, a 
3-aminopyrazoline developer, an aminopyrazolone devel 
oper,la hydroxytetronic acid or a salt of a reducing heavy 
meta . 

6. Th combination of claim 2, wherein the light-sensi— 
tive silver salt is selected from the group consisting of a 
silver salt of an S-[phenyl]-thioglycollic acid, an S-[triaz 
olyl] -thioglycollic acid, an S~[thiadiazolyl]thioglycollic 
acid and a bis-[B- (carboxymethylthio)-ethyl]-ether. 

7. The combination of claim 3 in which the develop 
ment is effected by a?ixing to the face of the image a 
layer containing the relatively water-soluble silver salts 
dispersed in a permeable binder so that the salts diffuse 
out of the layer to the image nuclei and are there reduced, 
and the diffusion is more complete at the image nuclei 
than at other portions, leaving behind in the permeable 
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binder a negative imagewise distribution of the silver 
salts. 

8. The combination of claim 7 in which the silver salts 
left behind in the permeable binder are developed to form 
a negative copy of the image. 

9. The combination of claim 8 in which the a?ixed 
layer is removed from the face of the image to provide a 
separate negative of the image. 

10. The combination of claim 8 in which the perme 
able layer contains uniformly dispersed development nu 
clei and the development of the image copy and of the 
negative take place together. 

11. The combination of claim 9 in which the image is 
in a water-dispersible stratum and the removal is effected 
by washing the image stratum away from the aflixed 
layer. 

12. The combination of claim 1 in which the image is 
contained in an emulsion stratum that also contains the 
needed developer, and the developing is effected by moist 
ening the stratum with water. 

13. The combination of claim 2 in which the image is 
contained in an emulsion stratum that also contains the 
needed developer, and the developing is effected by moist 
ening the stratum with water. . 

14. A dispersion in a water-permeable binder of a 
water-soluble silver salt of phosphoric acid or an organo 
thioether-substituted aliphatic carboxylic acid, the said 
silver salt has a solubility in water at a pH of between 1 
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and 7 at least 0.2 g./l. silver in the form of the silver 
salt, said dispersion also containing development nuclei 
for the salt, both the salt and the nuclei being uniformly 
dispersed in the binder. 

15. The combination of claim 14 in which the disper 
sion is a thin layer on a support, the development nuclei 
are in a concentration corresponding to from about 1 to 
about 150 milligrams of silver per square meter of the 
layer, and the salt is in a concentration of from about 0.1 
to about 2.5 grams per square meter of the layer. 

16. The combination of claim 14 in which the disper 
sion also contains aicd and has a pH no lower than 
about 1. 

17. The combination of claim 14 in which the disper 
sion is a thin layer on a support, and is covered by a light 
sensitive silver halide emulsion layer. 
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