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This invention relates to compounds which
serve as improvers for photographic silver halide
emulsions and particularly to compounds which,
when applied to the emulsion subsequent to the
development of a photographic image therein,
improve the quality of the photographic image
obtained.

It has now been discovered that 5-mercapto-
tetrazoles, 5-mercapto-1.2.4-triazoles, and soluble
salts thereof, when app’ied to a photographic
silver halide emulsion after a silver image has
been developed therein have a very valuable
effect in that these compounds permit photo-
graphic silver images to be obtained which have
a greater maximum density than is obtained in
the absence of the compounds, and also prevent
or reduce the “bronzing” effect commonly ob-
tained when photographic silver images are hot-
glazed. These results are remarkable since it
might reasonably have been supposed that any
attempt to modify the maximum density of the
image would have to be effective during the de-
velopment of the image. Many proposals have,
in fact, been made for improving the quality of
the developed image by adding compounds to the
photographic emulsion or developer, but these
additions have generally also resulted in a loss
in speed of the emulsion. In the present inven-
tion, however, the compounds are not added until
after development and the speed of the emulsion
is therefore unaffected. )
~ According to the present invention, therefore,
a method of improving the quality of a silver
image developed in a photographic silver halide
emulsion comprises treating the developed image,
after its removal from the developing bath, with
a 5-mercapto-tetrazole or a 5-mercapto-1.2.4-
triazole, or a soluble salt of either of such com-
pounds.

The mercapto-tetrazole or mercapto-triazole
may be applied to the developed image as an
aqueous solution immediately following develop-
ment, or the compound may be included in the
fixing bath, or may be applied as an adqueous
solution after fixing. Where the photographic
images are to be glazed the compound may be
added to a glazing solution if such is used. In
general the compounds will be applied to the
photographic image before the latter is dried,
but they may be applied with advanfage to an
already dried print where it is desired to sub-
ject the latter to hot-glazing.

The 5-mercapto tetrazole may be any com-
pound of the tautomeric formulae:
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where R1 is a hydrogen atom or a hydrocarbon
substituent group (which may itself be substi-~
tuted or unsubstituted). The hydrocarbon sub-
stituent, where present, may be an alkyl, aralkyl
or aryl group or a substituted group of this type,
e. g. 3 methyl, ethyl or higher alkyl group or an
unsaturated group of this type (as for instance an
allyl group), a benzyl group, a cycloalkyl group
(as for instance a cyclohexyl group), or a phenyl
or naphthyl group which may be substituted (as
for instance a g-naphthyl group, a p-diethyl-
amino - phenyl group, an o-methoxy - phenyl
group, or a p-chlor-phenyl group).

The 5-mercapto-1.2.4-friazole may be any
compound of the tautomeric formulae:

NH

VN

IﬁT c=s = —SH

Rz—C———&—-Rz Ry—(C——N—R3
where Rz and R3 are the same or different and
are hydrogen atoms or hydrocarbon groups.
Where either Rz and Rs or both is a hydrocarbon
group it can be any of those referred to above
in connection with Ri1. Examples of compounds
of this type are:

3:4-dimethyl-5-mercapto-1.2.4-triazole

3-methyl-4-ethyl-5-mercapto-1.2.4-triazole

3-methyl-4-phenyl-5-mercapto-1.2.4-triazole

4-phenyl-5-mercapto-1.2.4-triazole

4-benzyl-5-mercapto-1.2.4-triazole

3-ethyl-4-methyl-5-mercapto-1.2.4-triazole

3-n-hexyl-4-methyl-5-mercapto-1.2.4-triazole

3-methyl-4-p-hydroxyphenyl-5-mercapto - 1.2.4-
triazole

3-methyl - 4 - p-aminophenyl-5-mercapto-1.2.4-
triazole

3-phenyl - 4-« - naphthyl-5-mercapto - 1.2.4-tri-
azole

3-«-naphthyl-5-mercapto-1.2.4-triazole

3.4-diphenyl-5-mercapto-1.2.4-triazole

‘Only very small quantities of the mercapto-
tetrazole or mercapto-triazole or soluble salts
thereof are necessary to produce a satisfactory
improvement in the quality of the photographic
image. A treatment solution containing 1 part
of the compound in 10,000 parts of water is satis-
factory, though lower or higher concentrations
may be used, for example 1 part in 3,000 fo 1
part in 300,000 parts of water. Similar concen-
trations of compound are suitable in fixing or
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glazing solutions. The optimum econcentration
in any particular case will depend on the par-
ticular compound used and on the degree of the
effect required. Even lower concentrations than
those given above yield some effect and, though
it may be uneconomic in being a waste of mate-
rial, higher concentrations can also be empoyed.

Conveniently the mercapto compounds may be
brought into solution by dissolving them in 2
small quantity of dilute sodium carbonate and
then diluting to the desired concentration by
adding the solution to water, fixing bath or glaz-
ing solution. In some cases the mercapto com-
pounds are soluble in water and in others they
are relatively insoluble even in dilute sodium
carbonate solution. In this latter case the com-
pounds may conveniently be dissolved in ethyl
alcohol and the alcohol solution then diluted by
addition to water, fixing bath or glazing solu-
tion.

The following examples illustrate the inven-
tion:

EXAMPLE 1

ADDITION OF THE COMPOUNDS TO A FIXING
SOLUTION

Test samples of photographic printing paper
carrying an emulsion consisting essentially of
silver chloride were exposed and developed in
the usual way. After development the samples
were given a quick rinse in plain water and then
transferred to one of a series of fixing bathg
formulated as follows:

Sodium thiosulphate____________ grams_. 200
Potassium metabisulphite___-__.___do____ 25
Water tomake_____________________ ces-- 1,000

To each bath of the series was added a pro-
portion of a mercapto compound according  to
the invention, such that the mercapto compound
was present approximately in the proportion of
1 part in 10,000 of the fixing solution.

After fixation was complete (about 10 minutes)
the samples were well washed.

Of the samples treated with each different fix-
ing solution one was dried normally in air, one
was cold-glazed and one was hot-glazed on a
commercial hot-glazing machine. The resulting
bhotographic images were examined to deter-
mine the maximum density of the image (Dmax)
and were examined visually to judge the extent
of “bronzing,” if any, of the image. The Dmax
values obtained were as set out in the following
Table I:

Table 1
Nor-
Cold { Hot

Compound Iélggg Glazed, | Glazed
None (control) o ... 1.79 1.74 1.53
S-mercapto-1.2.4-triazole..______.___ 1.93 1.95 2.05
3.4-dimethyl-5-mercapto-1.2.4-triazole _____ 1.95 1.95 1.92
3-methyl-4-ethyl-5-mercapto-1.2.4-triazole.| 1,90 1.96 1.97

3-methyl -4 - phenyl - 5 -mercapto-1.2.4 -
triazole____._ . _____._.__________ . 1.90 1.93 2.06
4-tenzyl-5-mercapto-1.2.4-triazole__.______| 1.94 1.96 2.05
3-ethyl-4-methyl-5-mercapto-1.2.4-triazole.| 1.91 1.92 1.93
3-n-texyl-4-mercarto-1.2.4-triazole._._____ 1.97 1,97 2.07
1-pkenyl-5-mercap to-tetrazole. .. __ 1.80 1.93 2.05
1-methyl-S-mercarto-tetrazole.____ 1.90 1.92 176
I-e-naphthyl-5-mercapto-tetrazole. 1.60 1.92 2.07
1-cyclohexyl-5-mereapto-tetrazole. 1.64 1.97 2.07
S-mercapto-tetrazole. ___._______ 1.85 1.86 2.06
1-benzyl-s-mercapto-tetrazole..___________ 1.92 1.93 2.04

It will be apparent from the above table that
a very considerable increase in Dmax was obtained
in all cases. Moreover, in all cases the degree
of bronzing of the image on hot-glazing was,
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compared with the control sample, very much
reduced,
EXAMPLE 2

The procedure of Example I was followed us-
ing a photographic paper carrying an emulsion
consisting essentially of silver bromide and the
resulting photographic prints were hot-glazed on
a commercial hot-glazing machine. Dmax values
were determined and found to be as set ocut in
the following Tahle IT:

Table I
Compound Daax
None (eontrol)...__ .. .l . 1.80
S-mercapto-1.2.4-triazola___ ____.._.__ N 2.08
3.4-dimethyl-5-mercapto-1.2.4-triazole. .. i 2.02
3-methyl-4-ethyl-5-mercapto-1.2.4-triazole.._..______ - 2.05
3-methyl-4-phenyl-5-mercapto-1.2.4-triazole. 2.07
4-benzyl-5-mercapto-1.2.4-triazole.__________ . . 2.08
3-ethyl-4-methyl-5-mercapto-1.2.4-triazole..___._. 2.03
3-n-hexyl-4-methyl-5-mercapto-1.2.4-triazole _ ____ 2.00
1-phenyl-5-mercapto tetrazole. .. .___.___.__.....__ 2.04
l-methyl-5-mercapto tetrazole . __.._.____._.._._. - 2.02
l-a-naphthyl-5mereapto tatrazole__ ... ____ 2,07
1-cyclohexyl-5-mereapto tetrazole.....____...___._ 2.05
S-mereapto tetrazole..... .. ..o ____._ . 2.08
1-benzyl-5-mercapto-tetrazole. ... ... ... 2.06

In addition to the increase in Dmax obtained in
all cases, theré was a marked decrease in the
degree of bronzing as compared with the con-
trol sample.

EXAMPIE 3

ADDITION OF THE COMPOUNDS TO A GLAZING
SorLuTION :

The procedure of Examples 1 and 2 was fol-
lowed using both the stated types of paper. The
fixing solution was used without any addition of
mercapto compound and the washed sample
strips were bathed in a glazing solution consist-
ing of:

10% aqueous formaldehyde

B cubic centimeters__ 100
Ethyl aleohol __________ do____ 40
Water to make do__._ 1000

to which was added 1 part in 10,000 of the mer-
capto compound. The strips were then hot-
glazed on a commercial hot-glazing machine.
Dmax values were determined as before with the
results shown in the following Table III:

Table IIr
Paper Paper

Carrving | Carrying

Compound Emulsion | Emalsion

of Exam- | of Exam-

ple 1 ple 2

None (eontrol). ... ... 1.49 1.74
S-mercapto-1.2.4-triazole. .. .....__..____.. 1.82 2.04
$.4-dimethyl-5-mercapto-1.2, e .. ._ 1.83 1.99
3-methyl-4-ethyl-5-mercapto-1.2.4-triazole . 1.82 1.99
3-methyl-4-phenyl-5-mereapto 1.2.4-triazole. 1.85 2.02
4-benzyl-5-mercapto-1.2.4-triazole ____.____ 1.83 2.02
3-ethyl-4-methyl-5-mercapto-1.2.4-trinzole. 1.80 1.99
3-n-hexyl-4-methyl 5-mercapto-1.2.4-triazole. 1.84 2.05
1-phenyl-5-mercapto-tetrazole 1.86 2.02
1-methyl-5-mercapto-tetrazole L71 1.95
l-a-naphthyl-5-mercapto-tetrazole 1.85 2.04
1-cyclohexyl-5-mercapto-tetrazole 1.76 2.03
S-mercapto-tetrazole. _______.________ 1.85 2,02
1-benzyl-5-mercapto-tetrazole. ... ____ 1.77 2.02

In addition to the general improvement in Dmax
shown by the figures in the foregoing table, the
compounds gave a marked improvement in the
quality of the image in that whereas the con-
trol sample was badly bronzed on hot-glazing, the
degree of bronzing was very much reduced or
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even eliminated in the case of the sdmples treat-
ed with the mercapto compounds. ‘ L

EXAMPLE 4

An -already dried (but unglazed) print on &
silver chloride printing paper was re-wetted and
hot-glazed on a commercial hot-glazing machine.
The resulting image had Dmax value of 1.54. A
similar dried print was re-wetted, bathed inalin
10,000 solution of 1-phenyl-5-mercapto tetrazole,
and hot-glazed as before, The resulting image
had Dmax value of 1.80.

What we claim is:

1. A method of improving the quality of a sil-
ver image developed in a photographic silver hal-
ide emulsion which comprises treating the de~
veloped image, aiter its removal from the devel-
oping bath, with a compound selected from the
group consisting of tautomeric unsubstituted and
mono-N-hydrocarbon  substituted 5-mercapto-
tetrazoles, tautomeric uhsubstituted and mono-
and di-hydrocarbon substituted 5-mercapto-~
1.2.4-triazoles in which the 1-position is unsubsti-
tuted and any hydrocarbon substituents are in
the 3- and 4-positions, and soluble salts of such
compounds.

2. A method of improving the quality of a sil-
ver image developed in a photographic gelatin
silver halide emulsion which comprises treating
the developed image, after its removal from the
developing bath, with a compound selected from
the group consisting of tautomeric unsubstituted
and mono-N-hydrecarbon substituted 5-mercap-
to - tetrazoles, tautomeric unsubstituted and
mono- and di-hydrocarbon substituted 5-mer-
capto-1.2.4-triazoles in which the 1-position is
unsubstituted and any hydrocarbon substituents
are in the 3- and 4-positions, and soluble salts
of such compounds.

3. A method of improving the quality of a sil-
ver image developed in a photographic gelatin
silver halide emulsion which comprises treating
the developed image, immediately after its de-
velopment, with an agueous solution of a com-
pound selected from the group consisting of tau-
tomeric unsubstituted and mono-N-hydrccarbon
substituted 5-mercapto-tetrazoles, tautomeric
unsubstituted and mono- and di-hydrocarbon
substituted 5-mercapto-1.2.4-triazoles in which
the 1-position is unsubstituted and any hydro-
carbon substituents are in the 3- and 4-positions,
and soluble salts of such compounds.

4. A method of improving the quality of a sil-
ver image developed in a photcgraphic gelatin
silver halide emulsion which comprises treating
the developed image, after its development, with
a fixing solution containing a compound selected
from the group consisting of tautomeric unsub-
stituted and mono-N-hydrocarbon substituted 5~
mercapto-tetrazoles, tautomeric unsubstituted
and mono- and di-hydrccarbon substituted 5-
mereapto-1.2.4-triazoles in which the 1-position
is unsubstituted and any hydrocarbon substitu-
ents are in the 3- and 4-positions, and soluble
salts of such compounds.

5. A method of improving the quality of a sil-
ver image developed in a photographic gelatin
silver halide emulsion which comprises treating
the developed image, after its development and
fixation, with an aqueous solution of a compound
selected from the group consisting of tautomeric
unsubstituted and mono-N-hydrocarbon substi-
tuted 5-mercapto-tetrazoles, tautomeric unsub-
stituted and mono- and di-hydrocarbon substi-
tuted 5-mercapto-1.2.4-triazoles in which the 1-
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position is unsubstituted and any hydrocarbon
substituents are in the 3- and 4-positions, and
soluble salts of such compounds.

6. A.method of improving the guality of a sil-
ver image developed in a photographic gelatin
silver halide emulsion which comprises treating
the developed image, after its development and
fixation, with a glazing solution containing a
compound selected from the group consisting of
tautomeric unsubstituted and mono-N-hydrocar-
bon substituted 5-mercapto-tetrazoles, tautomeric
unsubstituted and mono- and di-hydrocarbon
substituted 5-mercapto-1.2.4-triazoles in which
the i-position is unsubstituted and any hydro-
carbon substituents are in the 3- and 4-positions,
and soluble salts of such compounds, and there-
after drying and glazing the said image, :

7. A method of improving the quality of a sil-
ver image developed in a photographic gelatin
silver halide emulsion which comprises treating
the developed image, after its development and
fixation, with a glazing solution containing a
compound selected from the group consisting of
tautomeric unsubstituted and mono-N-hydrocar-
bon substituted 5-mercapto-tetrazoles, tautomer-
ic unsubstituted and mono- and di-hydrocarbon
substituted 5-mercapto-1.2.4-triazoles in which
the 1-position is unsubstituted and any hydro-
carbon substituents are in the 3~ and 4-positions,
and soluble salts of such compounds, and there-
after drying and hot-glazing, the said image.

8. A method of improving the quality of a sil-
ver image developed in a photographic gelatin
silver halide emulsion which comprises treating
the developed image, after it has been fixed and
dried, with an aquecus solution of a compound
selected from the group consisting of tautomeric
unsubstituted and mono-N-hydrocarbon substi-
tuted 5-mercapto-tetrazoles, tautomeric unsub-
stituted and mono- and di-hydrocarbon substi-
tuted 5-mercapto-1.2.4-triazoles in which the 1-
position is unsubstituted and any hydrocarbon
substituents are in the 3- and 4-positions, and
soluble salts of such compounds, and thereafter
re-drying and glazing the said image.

9. A method of improving the guality of a sil-
ver image developed in a photographic gelatin
silver halide emulsion which comprises treating
the developed image, after it has been fixed and
dried, with an aqueous solution of a compound
selected from the group consisting of tautomeric
unsubstituted and mono-N-hydrocarbon substi-
tuted 5-mercapto-tetrazoles, tautomeric unsub-
stituted and mono- and di-hydrocarbon substi-~
tuted 5-mercapto-1.2.4-triazoles in which the 1-
position is unsubstituted and any hydrocarbon
substitutents are in the 3- and 4-positions, and
soluble salts of such compounds, and thereafter
re-drying and hot-glazing the said image.

10. A method of improving the quality of a sil-
ver image developed in a photographic gelatin
silver halide emulsion which comprises treating
the developed image, after its removal from the
developing bath, with a 5-mercapto-1.2.4-triazole
compound which is unsubstituted in the 1-posi-
tion and contains a substituent in the 3- and 4-
vositions taken from the class consisting of hy-
drogen and hydrocarbon radicals, said compound
containing at least one hydrocarbon radical in
said latter positions.

11. A method of improving the dquality of a
silver image developed in a photographic gelatin
silver halide emulsion which comprises treating
the developed image. after its removal from the
developing bath, with a B-mercapto-tetrazole
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compound containing a hydrocarbon substituent
group in the l-position.

12. A method. of improving the quality of a
silver image developed in a photographic gelatin
silver halide emulsion which comprises treating
the developed image, after its removal from the
developing bath, with a 5-mercapto-tetrazole
compound containing an aryl substituent group
in the 1-position.

13. A method of improving the quality of a

silver image developed in a photographic: silver
halide emulsion coated on a paper base, which
comprises treating the developed image, after its
removal from the developing bath, with a fixing
solution containing a compound selected from
the group consisting of tautomeric unsubstituted
and mono-N-hydrocarbon substituted 5-mercap-
to - tetrazoles, tautomeric unsubstituted and
mono- and di-hydrccarbon: substituted 5-mer-
capto-1.2.4-triazoles in which the 1-position is
unsubstituted and any hydrocarbon substituents
are in the 3- and 4-positions, and soluble salts of
such compounds.
. 14. Photographic fixing solutions containing a
small quantity of a compound selected from the
group consisting of tautomeric unsubstituted and
mono-N-hydrocarbon . substituted 5-mercapto-
tetrazoles, tautomeric unsubstituted and mono-
and di-hydrocarbon substituted 5-mercapto~
1.2.4-triazoles in which the 1-position is unsub-
stituted and any hydrocarbon substituents are in
the 3- and 4-positions, and soluble salts of such
compounds.
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15. Photographic glazing solutions containing
2 small quantity of a compound selected from the
group consisting of tautomeric unsubstituted and
mono-N-hydrocarbon - substituted -~ 5-mercapto-
tetrazoles, tautomeric unsubstituted and mono-
and - di-hydroearbon substituted 5-mercapto-
1.2.4-triazoles in which the 1-position is unsub-
stituted-and any hydrocarbon substituents are in
the 3- and 4-positions, and soluble salts of such
compounds.

LEONARD VINCENT CHILTON.
JOHN DAVID KENDALL,
HENRY PHILIIPS.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,066,099 Dieterle vl _ Dec. 29, 1936
2,124,159 Weyde o July 19, 1938
2,308,023 Peterson.._.________ Jan; 12, 1943
2,346,065 Carroll et al, ________ Apr, 4, 1944

FOREIGN PATENTS

Number Country Date
421,636 Great Britain ______ Dee. 27, 1934
43,889 France . ______._._ June 18, 1934
791,938 France - _..______ Oct. 7, 1935



