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57 ABSTRACT 

A direct-positive photographic color element is de 
scribed wherein the fogged silver halide emulsion 
comprises a color coupler and a desensitizing agent or 
precursor of such desensitizing agent wherein said de 
sensitizing agent has one of the following general for 
mulae, a tautomeric form thereof or is a correspond 
ing disulphide : 

R1 

C 

R t-sh (NO2) 
/ NZ 

R3 N 

and 
R. R 
C 
N / N. Hg Y-NH-B-NII-N CH 

Rite, C-si Its-d -R, 2 & '. 
---. R3 N N R 

wherein: 
R is hydroxyl or C-C alkyl, 
R is hydrogen or C-C alkyl, 
Ra is C1-C5 alkyl or aryl, 
A is a single bond or NH, 
B is a phenyl or diphenyl sulphone group in which 

the or both phenyl group(s) is (are) substituted 
with one or more nitro groups, and 

n is 1, 2, or 3. 
The desensitizing agents are highly compatible with 
color couplers. 

14 Claims, No Drawings 
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FOGGED, DIRECT-POSITIVE SILVER HALEEDE 
EMULSION CONTAINING A COLOR COUPLER 

AND A HETEROCYCLIC MERCAPTAN 
DESENSITIZER 

The present invention relates to direct-positive silver 
halide emulsions and elements comprising fogged silver 
halide grains and color forming couplers. 

It is known that direct-positive images can be ob 
tained with certain types of photographic silver halide 
reversal emulsions, which comprise uniformly fogged 
silver halide grains and photoelectron accepting or de 
sensitizing compounds. 

It has further been described to introduce color form 
ing coupling compounds as used in conventional photo 
graphic silver halide emulsions, into such fogged silver 
halide emulsions comprising desensitizers. 
However, most of the known desensitizers for use in 

direct-positive silver halide emulsions are unsuitable 
for use in the presence of color couplers in that they are 
easily desorbed from the silver halide grains by the 
color couplers, especially color couplers with water 
solubilizing sulpho or carboxyl groups, which results in 
a reduction of the direct-positive image formation and 
thus is a reduced photographic speed or in a complete 
inhibition of the direct-positive image formation. 

It has now been found that desensitizing agents corre 
sponding to one of the following general formulae or a 
tautomeric form thereof: 

R1 

Hc^ Y-A- 
Rt (-sh (NO) 
Rs N 

and 
Ri Ri 

d 
Iic? \-NH-B-NH-N Nch 
R- t-sh HS-3 C-R, 
R? Y^ N/ Y, 

wherein : 
R is a hydroxyl or C-C alkyl, 
R is hydrogen or C-C alkyl, 
Ra is C-C alkyl or aryl, 
A is a single bond or NH, 
B is a phenyl or diphenyl sulphone group in which the 
or both phenyl group(s) is (are) substituted with 
one or more nitro groups, and 

n is 1, 2, or 3, 
are particularly suitable for use in direct-positive silver 
halide emulsions comprising color forming couplers. 
The above desensitizing agents were found to be fully 

compatible with color couplers in that they favourably 
resist desorption from the silver halide grains by color 
forming couplers. 
The desensitizing agents corresponding to the above 

general formulae are not only suitable for use as such 
but it is also possible to use the corresponding disul 
phides thereof or such desensitizing agent precursor 
compounds e.g., compounds corresponding to the gen 
eral formulae or a tautomeric form thereof wherein the 
tautomeric hydrogen atom is replaced by a -COX 
group in which X represents alkyl, aryl, aralkyl or a 
group identical to the diazine group linked to the car 
bonyl group of -COX, by a -SO,Y group in which Y 
is alkyl, aryl or aralkyl or by a -COOZ group wherein 
Z is alkyl or aryl. - 
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2 
Therefore, in accordance with the present invention 

there is provided a direct-positive photographic emul 
sion comprising fogged silver halide grains, a color 
forming coupler and a desensitizing agent correspond 
ing to one of the above general formulae, a correspond 
ing disulphide thereof or such desensitizing agent pre 
cursor compound. 
The present invention further provides a method of 

producing direct-positive color images, which method 
comprises image-wise exposing a direct-positive ele 
ment having prefogged silver halide grains and com 
prising a desensitizing agent according to one of the 
above general formulae, a corresponding disulphide 
thereof or such desensitizing agent precursor com 
pound, and developing said element by means of an ar 
omatic primary amino color developing agent in the 
presence of a color-forming coupler. 
Representative examples of desensitizing agents for 

use according to the present invention can be found in 
British Pat. No. 796,873 filed Dec. 10, 1954 by Gevaert 
Photo-Producten N.V. 
The amount of desensitizing compounds used ac 

cording to the present invention may vary within very 
wide limits. They are preferably used in amounts rang 
ing from about 100 mg to about 2 g per mole of silver 
halide. 
Color forming coupling compounds are well known 

in the art of silver halide photography. These com 
pounds couple whilst forming dyes with the oxidized 
aromatic primary amino color developing agent, e.g., 
p-phenylene diamine and derivatives thereof, such as 
N,N-dialkyl-p-phenylene diamines, e.g., N,N-diethyl-p- 
phenylene-diamine, 2-amino-5-diethylamino-toluene, 
2 - amino - N - ethyl- N - (8-methylsulphonyl 
amino)ethylamino-toluene, N-butyl-N-sulpho 
butyl-p-phenylene diamine, etc. 
These color-forming couplers include cyan-forming 

color couplers of the phenol or naphthol type, magenta 
forming color couplers of the pyrazolone or indazolone 
type and yellow forming open-chain reactive methy 
lene compounds containing the -CO-CH-CO 
group, e.g., benzoylacetanilide couplers. They include 
polymeric as well as non-polymeric color couplers. 
The color-forming couplers can be incorporated into 

the direct-positive photographic silver halide emulsion 
any suitable technique, e.g., from aqueous alkaline so 
lutions or by techniques of the type shown in U.S. Pat. 
Nos. 2,186,849 of Gustave Wilmanns, Kreis Bitterfield, 
Karl Kumetat, Alfred Fröhlich, Wilhelm Scheider and 
Richard Brodersen issued Jan. 9, 1940; 2,269,158 of 
Michele Martinez issued Jan. 6, 1942; 2,284,887 of 
Emil Vollenweider issued June 2, 1942; 2,304,939 of 
Emil Vollenweider issued Dec. 15, 1942; 2,304,940 of 
Leopold D. Mannes and Leopold Godowsky Jr. issued 
Dec. 15, 1942; 2,322,027 of Edwin E. Julley and Paul 
W. Vittum issued June 15, 1943 and 2,801,171 of 
Scheuring S. Fierke and Jonas John Chechak issued 
July 30, 1957, in British Pat. Nos. 719,219 filed Nov. 
9, 1955 by Kodak Ltd.; 1,098,594, 1,099,414, 
1,099,415, 1,099,416, 1,099,417 all filed Jan. 25, 1965 
by Gevaert-Agfa N.V., in French Pat. No. 1,555,663, 
filed Oct. 20, 1967 by Gevaert-Agfa N.V. in Belgian 
Pat. No. 722,026 filed Oct. 9, 1968 by Gevaert-Agfa 
N.V., in German Pat. No. 1,127,714 filed Aug. 20, 
1960 by Perutz Fotowerke G.m.b.H. and in French Pat. 
No. 2,039,738 filed March 19, 1970 by Gevaert-Agfa 
N.V. 
The direct-positive emulsions can be prepared ac 

cording to known methods. The silver halide composi 
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tion is not critical and may consist of any of the known 
silver halides suitable for the formation of direct 
positive silver halide emulsions, e.g., silver bromide, sil 
wer chloride, silver chlorobromide, silver bromoiodide 
and silver chlorobromoiodide. 

Especially suitable for use according to the present 
invention are direct-positive silver halide emulsions, 
the silver halide grains of which have an average grain 
size of less than about 1 micron. The silver halide grains 
may be regular and have one of the commonly known 
shapes, e.g., cubic, octahedral or rhombohedral as de 
scribed in British Pat. Application No. 14,224/71 filed 
May 11, 1971 by Gevaert-Agfa N.V. They preferably 
have a substantially uniform diameter. 
Fogging of the silver halide emulsions may occur by 

exposure before or after coating of the emulsion, to ac 
tinic radiation but preferably fogging occurs by chemi 
cal means. Chemical fogging can be effected by chemi 
cal sensitization to fog and any of the usual chemical 
sensitizing methods may be used. Fogging can be ef 
fected successfully by means of reducing agents, e.g., 
hydrazine, hydroxylamine, tin(II) salts such as tin(II) 
chloride, ascorbic acid, formaldehyde, thiourea dioxide 
also called formamidine Sulphinic acid, polyamines, 
phosphonium salts etc. The emulsions may also be sen 
sitized chemically to fog by means of metal com 
pounds, the metal of which is more electropositive than 
silver, e.g., compounds of gold, rhodium, platinum, pal 
ladium, iridium, and the like, e.g., gold (III) chloride, 
potassium chloroaurate, and ammonium chloropalla 
date. Fogging of the silver halide can be caused also by 
high pH and/or low pag silver halide precipitating and 
digestion conditions. 
The direct positive silver halide emulsions may fur 

ther comprise all kinds of known emulsion ingredients, 
e.g., wetting agents, development accelerators, optical 
brightening agents, hardeners, such as formaldehyde 
and mucochloric acid, stabilizers, spectral sensitizing 
dyes, which include cyanines, merocyanines, complex 
(trinuclear) cyanines, complex (trinuclear) merocya 
nines, styryls, and hemicyanines, etc. 
Gelatin is preferably used as a vehicle for the silver 

halide but like in other silver halide emulsions the gela 
tin may be replaced wholly or partly by other hydro 
philic colloids, e.g., colloidal albumin, Zein, agar-agar, 
polyvinyl alcohol, polyvinyl pyrrollidone, cellulose 
ethers, partly hydrolyzed cellulose esters, e.g., partly 
hydrolyzed cellulose acetate etc. 
The emulsions may be coated on any of a wide vari 

ety of supports in accordance with usual practice to 
provide light-sensitive silver halide materials. The sup 
ports include glass, paper, baryta-coated paper, po 
lyolefin-coated paper, e.g., coated with polyethylene 
and polypropylene, which in order to promote adhe 
sion of the emulsion may be electron-radiated, film 
supports of cellulose acetate, cellulose acetate 
butyrate, polyesters, e.g., polyethylene terephthalate, 
etC. 

The following examples illustrate the present inven 
tion. 

EXAMPLE 1 
A monodisperse, cubic direct-positive photographic 

silver bromoiodide emulsion (2.5 mole percent of io 
dide) having an average grain size of about 0.2 micron, 
was prepared under controlled pH, p Ag, and tempera 
ture conditions during precipitation of the silver 
halide. The pH was maintained at about 5.5, the pag 

4 
at 8.2 and the temperature at 45°C. After adjustment 
of the pag to 10, the emulsion was chill-set, shredded, 
and washed with cold water. 
The emulsion was reduction- and gold-fogged by ad 

5 justment of the pag to 5.3 and the pH to 7, by heating 
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for 90 minutes at 60°C and by the addition of 30 mg of 
chloroaurate per mole of silver halide. Heating was 
continued for 80 minutes at 60°C whereupon the pag 
was adjusted to 8.2 at 35C. 
The emulsion was divided into several samples and to 

each sample one of the desensitizing agents listed in the 
table below was added in an amount of 600 mg per 
mole of silver halide. To some samples a magenta 
forming color coupler of the formula : 

C 

Cl 
tCsI11 

/ N NHCOCHO 
OC N 

H. disco- > 
was added also in an amount of 40 g. per mole of silver 
halide. 
The values of the speed obtained after exposure and 

conventional black-and-white or color processing are 
listed in the table below. The values given for the speed 
are relative log exposure values. An increase of these 
values by 0.30 means a doubling of the speed. 

TABLE 

desensitizing agent Black-and-white pro- Color 
cessing processing 

in the in the pre 
without co- pre- sence of 
lor coupler sence of color coup 

color er 
coupler 

pinacryptolyellow (A) 2.80 O O 

2.80 240 2.00 

Y 
N NO 

Hic- (=s 
he NH 

/ c 
HC CHs. (B) 

The above results show that pinacryptol yellow is 
completely desorbed by the color coupler used, so that 
no direct-positive image is formed whereas the desensi 
tizing agent of the present invention resists desorption 
by the color coupler. 
When the above desensitizing agent B was replaced 

by one of the following desensitizing agent precursors 
C and D 

i-C-so 
N NO 

g-s-co-( > HC-C C-S-CO 

H N Dog 
HC CE: (C) 

and 
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No. 

N H.C-9 -S-SO-( > | - 

H N 
)e( 

HC CH: (D) 

prepared as described hereinafter, it was also found 
that no substantial desorption by the color coupler oc 
curred. 
The desensitizing agent precursor C was prepared as 

follows : 
The desensitizing agent B was dissolved in pyridine, 

whereupon benzoyl chloride was added with cooling. 
The mixture was left standing for 12 hours, whereupon 
the precipitate of pyridinium chloride was filtered off 
by suction and the filtrate poured out into water. The 
precipitate formed was filtered off by suction and was 
washed till free of pyridine. 
Melting point: 200°C (with decomposition). 
The desensitizing agent precursor D was prepared as 

follows : 
The corresponding mercapto compound of com 

pound D, which was prepared as described in British 
Pat. No. 796,873 filed Dec. 10, 1954 by Gevaert 
Photo-Producten N.V., was dissolved in pyridine, 
whereupon benzene sulphochloride was added at 50°C. 
The mixture was heated for 4 hours at 70°C and then 
poured into water. The precipitate formed was filtered 
off by suction and washed till free of pyridine. 
Melting point: 170°C (with decomposition). 

EXAMPLE 2 

Example 1 was repeated with the difference that the 
magenta-forming color coupler was replaced by the 
cyan forming color coupler corresponding to the for 
mula : 

OH 

O 
The values of the speed obtained are listed in the fol 

lowing table. 

CONH-(CH2)-CH 

so Na 

TABLE 
Desensitizing Black-and-white processing Color proces 
agent in the sing in the 

without co- presen- presence of co 
lor coupler ce of color lor coupler 

coupler 
A 2.80 O O 
B 2.80 60 1.20 

EXAMPLE 3 

Example 1 was repeated with the difference that the 
magenta-forming color coupler was replaced by a yel 
low-forming color coupler corresponding to the for 
mula : 

O (CH)15CH 

{ X- r oneo-> 

5 

O 

6 
The values of the speed obtained are listed in the fol 

lowing table. 
TABLE 

Desensi- Black-and-white processing Color proces 
tizing without co- in the presence sing in the 
agent lor coupler of color coupler presence of 

ler color coupler 
A 2.80 2.00 O 
B 2.80 2.60 18O 

The above results show that even though by black 
and white processing in the presence of a color coupler, 
pinacryptol yellow gives rise to the formation of a di 
rect-positive image, no direct-positive image formation 
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could be observed when the element was color pro 
cessed. 

EXAMPLE 4 

Example 1 was repeated with the difference that 5-m- 
nitrobenzylidene rhodanine was used as comparative 
desensitizing agent instead of pinacryptol yellow. 
The values of the speed obtained are listed in the fol 

lowing table. 
TABLE 

Desensi- Black-and-white processing Color proces 
tizing sing in the 
agent without co- in the prescin- presence of 

lor coupler ce of color color coupler 
coupler 

5-m-ni 
troben- 2.80 O O 
zylidene 
rhodanine 
B 2.80 2,60 240 

EXAMPLE 5 

Example 4 was repeated with the difference that the 
magenta-forming color coupler was replaced by the 
color coupler of the formula : 

OH 

CH-CH-CH=CH-(CH)-CH 
th-c OOH 

The values of the speed obtained are listed in the fol 
lowing table. 

TABLE 

Desensi Black-and-white processing color proces 
tizing sing in the 
agent without co- in the presen. presence of 

lor coupler ce of color color coupler 
coupler 

5-m-ni 
troben 
zylidene 
rhodanine 2,80 () O 
B 2.8) 3,00 2,60 

We claim : 
1. A direct-positive photographic color element, 

which comprises uniformly fogged radiation-sensitive 
silver halide, a color forming coupling product capable 
of forming a dye on coupling with an oxidized aromatic 
primary amino color developing agent and a desensitiz 
ing agent or a desensitizing agent precursor wherein 
said desensitizing agent has one of the following gen 
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eral formulae, a tautomeric form thereof, or is a corre 
sponding disulphide : 

ur N-A- y and 
R-C d-si No.), 
/ N 2 

R3 N 

R. R 
C 

Ho? Y-NII-B-NI-N Ygh 
R- (-sh Hs-d C-R. 
/ N 2 N /N 

R3 N N R3 

wherein : 
R is hydroxyl or C1-C5 alkyl, 
R is hydrogen or C1-C5 alkyl, 
Ra is C-C alkyl or aryl, 
A is a single bond or NH, 
B is phenyl or diphenyl sulphone group in which the 
or both phenyl group(s) is (are) substituted with 
one or more nitro groups, and 

n is 1, 2, or 3. 
2. A direct-positive photographic element according 

to claim 1, wherein the said desensitizing agent precur 
sor is a compound corresponding to one of the general 
formulae of claim 1, or a tautomeric form thereof, 
wherein the tautomeric hydrogen atom is replaced by 
a -COX group in which X represents alkyl, aralkyl, 
aryl, or a group identical to the diazine group linked to 
the carbonyl group of -COX, by a -SOY group in 
which Y is alkyl, aryl, or aralkyl, or by a -COOZ 
group wherein Z is alkyl or aryl. 

3. A direct-positive photographic element according 
to claim 1, wherein the said desensitizing agent or de 
sensitizing agent precursor is present in an amount 
comprised between 100 mg and 2 g per mole of silver 
halide. 
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8 
4. A direct-positive photographic element according 

to claim 1, wherein the silver halide has been fogged 
uniformly by chemical means. 

5. A direct-positive photographic element according 
to claim 4 wherein the silver halide has been fogged 
uniformly by means of reducing agents. 

6. A direct-positive photographic element according 
to claim 5, wherein said reducing agent is thiourea di 
oxide. 

7. A direct-positive photographic element according 
to claim 4, wherein the silver halide has been fogged 
uniformly by means of a gold compound. 

8. A direct-positive photographic element according 
to claim 4, wherein the silver halide has been fogged 
uniformly by means of a reducing agent and a gold 
compound. 

9. A direct-positive photographic element according 
to claim 8, wherein said reducing agent is thiourea di 
oxide. 

10. A direct-positive photographic element accord 
ing to claim 1, wherein the silver halide has been 
fogged uniformly by means of high pH and/or low pag 
silver halide precipitating and digestion conditions. 

11. A direct-positive element according to claim 1, 
wherein the silver halide has been fogged uniformly by 
means of a gold compound and by high pH and/or low 
pAg silver halide precipitating and digestion condi 
tions. 

12. A direct-positive photographic element accord 
ing to claim 1, wherein the silver halides of the emul 
sion have a substantially uniform diameter. 

13. A direct-positive photographic element accord 
ing to claim 1, wherein the silver halide grains have an 
average grain size of less than 1 micron. 

14. A method of producing a direct-positive image, 
which comprises exposing image-wise to radiation a di 
rect-positive element according to claim 1, and devel 
oping the exposed material in a silver halide developer 
comprising an aromatic primary amino color develop 
ing agent. 

k ax 
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