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This invention relates to photographic light 
Sensitive elements, to compounds which serve as 
improvers for photographic silver halide emul 
Sions, and particularly to compounds which im 
prove the quality of the developed photographic 
images obtained in such emulsions. 

In the production of photographic images in 
silver halide emulsions, and particularly in the 
case of emulsions consisting primarily of silver 
chloride, the maximum image density obtainable 
is not alwayS SO great aS may be desired. More 
over, the common practice of hot-glazing photo 
graphic prints tends to affect adversely the image 
colour, giving a poor quality black which has a 
"bronzed' appearance, and also reduces the ef 
fective maximum density obtainable in the 
image. 

In Our United States application Serial Num 
ber 573,460 filed January 18, 1945, we have de 
scribed a method for improving the quality of a 
photographic image developed in a silver halide 
emulsion layer in a photographic element, which 
comprises including in a layer of the element, a 
silver derivative of a compound Which in its free 
state, or in the state of its alkali metal deriva 
tive, improves the quality of photographic images 
developed in Such emulsion layers. 

It has now been discovered that instead of 
using a silver derivative of the compound, any 
other metal derivative of the compound which 
is soluble or decomposable during treatment of 
the photographic element with developing and 
thiosulphate fixing salts may be employed. 
According to the present invention, therefore, 

a process for improving the quality of a photo 
graphic image developed in a silver halide enul 
sion layer in a photographic element comprises 
adding to such emulsion, or to a colloid medium 
other than the emulsion which forms a Water 
permeable layer in such element, a metal (other 
than silver) derivative of a compound which, 
when added in its free state, or in the state of 
its alkali metal derivative, improves the quality 
of the developed photographic image obtained, 
the said metal derivative being soluble or de 
composable during treatment of the photo 
graphic element with developing and thiosul 
phate fixing baths. 
The term “metal derivative' is intended to 
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of hydrogen in the said compound by the metal. 
Metals which may be employed are, for example, 
copper, silver, gold, mercury, cadmium, zinc, 
thallium, aluminium, lead, tin, bismuth, anti 
mony, chromium, uranium, cobalt, iron and 
nickel. However, not all the metals are equally 
Satisfactory and those which have the least effect 
On the speed and contrast, and which are there 
fore preferred are the metals of groups I (b) and 
VIII of the periodic table of the elements, and 
in particular copper, gold, iron, cobalt and nickel. 
Of these, gold and the other rarer elements in 
cluded in group VIII are generally too expensive 
for use. Ferric compounds are preferred to fer 
rous owing to the instability of the latter. The 
metals of groups II (b) and IV (b), for example 
zinc, cadmium, mercury, lead and tin, may be 
used, but generally tend to have some adverse 
effect on the characteristics of the emulsion, 
while the metals of group W (b), for example an 
timony and bismuth, present difficulties in han 
dling. Generally speaking, the best metal to en 
ploy appears to be nickel. 
In a preferred form of the invention the metal 

derivatives are added to colloid media, which are 
to be used for coating layers in contact with the 
silver halide emulsion layer or layers. For ex 
ample, the metal derivative may be included in a 
supercoat layer, e.g. a colloid layer coated on top 
of the photographic emulsion layer and forming, 
for example, an outer layer of the element, or 
may be included in a subcoat layer, e. g. a col 
loid layer lying between a photographic emul 
sion layer and a support layer, or may be in 
cluded in an inter-layer between two emulsion 
layers. It may, however, be present in other 

1 layers, for example a backing layer. 
It is desirable, especially where the metal de 

rivative is included in a supercoat or in the emul 
sion layer itself, that it should be in a very fine 
state of subdivision in the layer in which it is 
incorporated. Thus, a convenient method of 
use is to form the metal derivative in situ in the 
colloid medium in which it is to be dispersed, for 
example by the double decomposition of a solu 
ble metal salt and an alkali-metal derivative of 
the compound in a gelatin medium. 
The invention may be applied to all varieties 

mean a derivative resulting from replacement 50 of compound which are capable of improving the 
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quality of the developed image and which will 
form metal derivatives. 
The following are typical classes of compounds 

which may be used, as their metal derivatives, in 
accordance with this invention. 

(d) Compounds of the type described in Brit 
ish Patent No. 561,875. These are 5-mercapto 
tetrazoles and specific examples are: 1-phenyl 
5-mercaptor tetrazole; 1-or-naphthyl-5-mercap 
to-tetrazole; 1 - 6 - naphthyl-5-mercapto-tetra 
ZOle; 1-p-diethylamino phenyl-5-mercapto-tet 
razole; l-O-methoxy phenyl-5-mercapto-tetra 
Zole; 1 - p - chlor phenyl-5-mercapto-tetrazole; 
1-benzyl-5-mercapto-tetrazole; 1 - cyclo-hexyl 
5-mercapto-tetrazole; 1 - methyl-5-mercapto 
tetrazole; 1-ethyl-5-mercapto-tetrazole. 

(b) The 5-mercapto-1.2.4-triazoles described 
in United States application Serial Number 558 
270 filed October 11, 1944. 

Specific examples of these are: 
1.2-dimethyl-5-mercapto-1.3,4-triazole. 
1-ethyl-2-methyl-5-mercapto-1.3.4-triazole 
1-phenyl-2-methyl-5-mercapto-1.3.4-triazole 
1-phenyl-5-mercapto-1.3.4-triazole 
l-benzyl-5-mercapto-13.4-triazole 
1-methyl-2-ethyl-5-mercapto-1.3,4-triazole 1-methyl-2-n-hexyl-5-mercapto-13.4-triazole 
1-p-hydroxy phenyl-2-methyl-5-mercapto-1.3.4. 

triazole. 
1-p-amino phenyl-2-methyl-5-mercapto-13.4- 

triazole 1-ox-naphthyl-2-phenyl-5-mercapto-1.3.4-triazole 
2-or-naphthyl-5-mercapto-1.3.4-triazole 
1.2-diphenyl-5-mercapto-1.3.4-triazole 

(c) Heterocyclic nitrogen compounds contain 
ing two nitrogen atoms in the ring and one, two 
or three Sulphur atoms attached to carbon atoms 
which are in o-position to the nitrogen atoms 
(compounds containing a single sulphur atom 
linked to a carbon atom which is a to both nitro 
gen atoms are included but are generally less 
efficient). Examples of this class of compound 
are: 

2.5-dimercapto-1.3.4-thiodiazole 
2-mercapto-5-amino-1.3.4-thiodiazole 
1-mercapto-4-hydroxy-phthalazine 
1.4-dimercapto-phthalazine 
2.5-dimercapto-3-methyl-1.3.4-thiodiazole 
2-hydroxy-4-mercapto pyrimidine 
2:4-dimercapto-pyrimidine 
2:4-dimercapto-quinazoline 
Trithio barbituric acid 

-(d) Mercapto hydroxy diazoles, an example of 
which is: 
2-mercapto-4-phenyl-5-hydroxy - 1.3.4 - thiodia 
Zoe 

-(e) Dimercapto monazoles, 
which is: 

an example of 

2.4-dimercapto quinoline 
(f) Mono mercapto monazoles, examples of 

Which are: 
2-mercapto-benzthiazole 
2-mercapto-benzoxazole 
2-mercapto-quinoline 
2-mercapto-6.7-benzbenzthiazole (i. e. naphtha 

thiazole) 
4-mercapto-quinoline, 
As already indicated, the invention is of par 

ticular importance in the case of photo-sensitive 
elements carrying photographic silver chloride 
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4. 
emulsions, since such emulsions are normally 
more subject to "bronzing.” It may, however, 
be applied to other silver halide emulsions, e. g. 
silver chlorobromide, silver bromide and silver 
iodobromide emulsions. The invention is of par 
ticular value in conection with the production 
of the so-called "contact’ printing paper con 
Sisting of, or comprising, a silver halide emul 
Sion in which the predominant halide is silver 
chloride, coated on a paper support. 
The following examples illustrate the inven 

tion: 
EXAMPLE 1. 

An N/10 solution of 2.5-dimercapto-1.3.4.-thio 
diazole was prepared in water containing some 
gelatin. To this was added a quantity of an N/10 
Solution of a water-soluble salt of the metal to 
be employed, also containing some gelatin, the 
quantity being sufficient to give a 5 to 10% ex 
ceSS of the metal ion. These solutions were 
mixed at 115 F. and the gelatin concentration 
adjusted so that the final solution contained one 
part of the metal salt of 2.5-dimercapto-1.3.4- 
thiodiazole per 5000 parts of the solution, the 
gelatin Strength of the Solution being about 2.2%. 
The solution was coated as a supercoat over a 
standard gelatin silver chloride emulsion as used 
in ordinary “contact' or 'gaslight' printing pa 
per, the emulsion being carried on a paper sup 
port. 
This procedure was carried out with a number 

of different metals and test Samples of the dried 
coatings were exposed behind a density step 
Wedge, developed, and fixed in a thiosulphate 
fixing bath. Some samples were dried normally 
and others were dried on a commercial hot-glaz 
ing machine. Control samples in which the 
metal salt of the triazole compound was omitted 
from the supercoat were similarly processed. 
The maximum image density (Dmax) was de 

termined for each of the various samples and the 
results obtained are set out in the following 
Table I. 

Table I 

Dr. Sally D. hot-glazed 
Metal 

Control Test Control Test 

Nickel-------------------------- 1.79 - 1.86 1.56 1.98 
Thallium (ous) 1.79 1.87 1.56 E 2.0 
Copper (ic) 1.79 1.87 1.56 2.06 
Gold (ic).--- ... 79 1.87. 1.57 1.96 
Iron (ous)------------------------ 1.80 1.86 1.51 1.96 
Iron (ic)-- 1.80 1.84 1.51 1.94 
Cobalt------- 1.80 1.83 1.51 1.95 
Aluminium----------- 80 1.83 1.51 1.93 

All the metal derivatives had a marked effect 
in reducing the degree of bronzing on hot-glazing 
and were found to have little deleterious effect on 
the speed of the emulsion. 3. 

In addition to the metals listed in Table I, 
mercury (ic and ous), tin (ous), cadmium, 
chromium, lead, uranium, antimony, bismuth 
and zinc were all found, on similar testing, to 
give results of the same order as those given in 
Table I. 
The photographic element described in this 

example is shown in Fig. 1 of the accompanying 
drawing wherein a paper support carries a 
gelatino-silver halide emulsion layer 2 which in 
turn carries a gelatin layer containing an iron, 
cobalt and nickel derivative of 2,5-dimercapto 
1,3,4-thiodiazole which is designated as layer 3. 
The additional photographic elements de 
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scribed above are shown in Figs. 2, 3, 4, and 5 of 
the accompanying drawing. The element of Fig. 
2 consists of a support 4 bearing a layer 5 com 
posed of gelatin which has dispersed there 
through an iron cobalt or nickel derivative of 
2,5-dimercapto-1,3,4-thiodiazole on which is de 
posited gelatino-silver halide emulsion layer 6. 
The film eerinent of Fig. 3 consists of a Sup 

port 7 bearing a gelatino-silver halide emulsion 
layer 8 on which is coated a layer 9 composed 
of gelatin having dispersed therethrough an iron, 
cobalt or nickel derivative of 2,5-dimercapto 
1,3,4-thiodiazole. A gelatino-silver halide layer 
O is coated on layer 9. 
The element of Fig. 4 consists of a support 

bearing a gelatino-silver halide emulsion layer 
2 which contains an iron, cobalt or nickel de 

rivative of 2,5-dimercapto-1,3,4-thiodiazole. The 
element of Fig. 5 consists of a support 4 bear 
ing a gelatin layer 3 which contains an iron, 
cobalt or nickel derivative of 2,5-dimercapto 
1,3,4-thiodiazole. The opposite side of the Sup 
port is coated with a gelatino-silver halide 
layer 5. 

EXAMPLE 2 
The procedure indicated in Example was foll 

lowed using, instead of 2,5-dimercapto-1.3.4- 
thiodiazole, the compound 2-mercapto-benzthia 
zole in equivalent amount. The results obtained 
are set out in the following Table II. 

Table II 

Dma normally dried Dinax hot-glazed 
Metal 

Control Test Control Test, 

Nickel-------------- - .75 1.82 1.46 1.97 
Thallium (pus)----. - - - .75 1.88 46 1.85 
Copper (ic) ----- - 75 1.84 46 1.7) 
Gold (ic).------------------------- 1.75 1,84 1.46 1.82 

In each case the bronzing effect of hot-glazing, 
very noticeable in the control samples, was Sub 
stantially entirely absent in the test samples, and 
the compounds were found to have little deleteri 
ous effect on the speed or other characteristics of 
the emulsion. 

It was found that results comparable to those 
obtained by the procedure of the foregoing eX 
amples may also be obtained by the use of any 
of the other compounds listed under the fore 
going headings (a) to (f). 
What We claim is: 
1. A photographic element comprising a silver 

halide emulsion layer which has in association 
with the silver halides thereof, in a water-per 
meable straturn of the element a metal derivative 
of a compound selected from the class consisting 
of 5-mercapto-tetrazoles, 5-mercapto-1.3.4-tri 
azoles, diazoles containing up to three Sulphur 
atoms attached to carbon atoms which are in 
ox-positions to the cyclic nitrogen atoms, mercapto 
hydroxy diazoles, dimercapto monazoles and 
mono mercapto monazoles, said metal being taken 
from the group consisting of iron, cobalt, and 
nickel. 
2. A photographic element comprising a silver 

halide emulsion layer and, adjacent thereto, a 
Water-permeable colloid layer which contains a 
metal derivative of a compound selected from the 
class consisting of 5-nercapto-tetrazoles, 5-ner 
capto-1.3.4-triazoles, diazoles containing up to 
three sulphur atoms attached to carbon atoms 
Which are in o-positions to the cyclic nitrogen 
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6 
atoms, mercapto hydroxy diazoles, dimercapto 
monazoles and mono mercapto monazoles, said 
metal being taken from the group consisting of 
iron, cobalt, and nickel. 

3. A photographic element comprising a silver 
halide emulsion layer and an Outer Water-par 
meable colloid layer adjacent to said emulsion 
layer, said outer layer containing a metal deriv 
ative of a compound selected from the class con 
sisting of 5-mercapto-tetrazoles, 5 -mercapto 
1.3.4-triazoles, diazoles containing up to three 
sulphur atoms attached to carbon atoms which 
are in o-positions to the cyclic nitrogen atoms, 
mercaptohydroxy diazoles, dimercapto monazoles 
and mono mercapto monazoles, said metal being 
taken from the group consisting of iron, cobalt, 
and nickel. 

4. A photographic element comprising a silver 
halide emulsion layer of which the predominant 
Silver halide is silver chloride which has in asso 
ciation with the silver chloride, in a water-per 
meable stratum of the element a metal deriva 
tive of a compound selected from the class con 
sisting of 5-mercapto-tetrazoles, 5-mercapto 
1.3.4-triazoles, diazoles containing up to three sul 
phur atoms attached to carbon atoms which are 
in o-positions to the cyclic nitrogen atoms, mer 
captohydroxy diazoles, dimercapto monazoles and 
mono mercapto monazoles, said metal being taken 
from the group consisting of iron, cobalt, and 
nickel. 

5. A photographic element comprising a silver 
halide emulsion layer of which the predominant 
silver halide is silver chloride and, adjacent there 
to, a Water-permeable colloid layer which con 
tains a metal derivative of a compound selected 
from the class consisting of 5-mercapto-tetra 
Zoles, 5-mercapto-1.3.4-triazoles, diazoles contain 
ing up to three sulphur atoms attached to carbon 
atoms which are in o-positions to the cyclic nitro 
gen atoms, mercapto hydroxy diazoles, dimer 
capto monazoles and mono mercapto monazoles, 
Said metal being taken from the group consisting 
of iron, cobalt, and nickel. 

6. A photographic element comprising a silver 
halide emulsion layer of which the predominant 
Silver halide is silver chloride and an outer water 
permeable Colloid layer , adjacent to said emul 
Sion layer, said outer layer containing a metal 
derivative of a compound selected from the class 
consisting of 5-mercapto-tetrazoles, 5-mercapto 
1.3.4-triazoles, diazoles containing up to three sul 
phur atoms attached to Carbon atoms which are 
in o-positions to the cyclic nitrogen atoms, mer 
captohydroxy diazoles, dimercapto monazoles and 
mono mercapto monazoles, said metal being taken 
from the group consisting of iron, cobalt, and 
nickel. 

7. A photographic element comprising a paper 
support carrying a silver halide emulsion layer 
and an Outer water-permeable colloid layer ad 
jacent to Said emulsion layer, said outer layer con 
taining a metal derivative of a compound select 
ed from the class consisting of 5-mercapto-tetra 
Zoles, 5-mercapto-1.3.4-triazoles, diazoles con 
taining up to three sulphur atoms attached to 
carbon atoms which are in cy-positions to the 
cyclic nitrogen atons, mercapto hydroxy diazoles, 
dimercapto monazoles and mono mercapto mon 
azoles, Said metal being taken from the group 
consisting of iron, cobalt, and nickel. 

8. A photographic element comprising a paper 
support carrying a silver halide emulsion layer 
and an outer Water-permeable colloid layer ad 
jacent to said emulsion layer, said outer layer 
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containing a nickel derivative of a compound Se 
lected from the class consisting of 5-mercapto 
tetrazoles, 5-mercapto - 1.3.4 - triazoles, diazoles 
containing up to three Sulphur atoms attached to 
carbon atoms which are in o-positions to the 5 
cyclic nitrogen atoms, mercapto hydroxy diazoles, 
dinnercapto monazoles and mono mercaptO mon 
azoleS. 

WLFRID HAMPIDEN DIMSDALE. 
RICHARD ROBERT ROBINSON. 
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