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This Invention relates to sensiiive photographic
emulsions, and more particularly to s method for
Improving the sensifometric characteristics of
such emulsions.

Salts in light sensiiive silver halide emulsion
layers have long been a subject of discussion in
the art. I{ has long been a practice to wash pho-
tographic emulsions to free them of salts formed
during emulsion making, for instance, in order to
increase the sensitivity of the emulsions. On the
‘other hand, salts of acids such as acetic, adipice,
2ie., have been used as buffers in emulsions with
beneficial resulis. .

I have found that if salts of the organic acids
of my invention are used in sufficient quantities
in emulsions they improve the sensitometric char-
acteristics of the emuisions, such as gammas and
speed. Thus the addition of scluble salts of or-
ganic acids to photographic emulsions causes an
increase in the development rate. This is par-
ticularly true when these emulsions are devel-
oped in relatively high potential developers.
Therefore, for a given time of development an in-
crease in gamma, and often an increase in ef-
fective speed as well, is obtained with emulsions
containing such addenda. On the other hand, for
development to equal gammas, an emulsion coat-
ing containing an addendum as above will require
a shorter time of development than a similar
emulsion coated without any addendums. Fur-
© thermore, it has been found that these salts
cause an increase in gamma infinity and the max-
imum density that is obtained on development
of the exposed emulsion.

Tt 1s, therefore, the object of the present inven-
tion to provide organic acid salts which may be
used in silver halide emulsion layers to improve
sensitomeiric characteristics, ’

Salis which may be used are:the ammonium,
amine, or alkali metal salts of acids such as acet-

ie, tartarie, citric, particularly hydroxy mono-~

basic acids, such as lactic, glycolic, mandelic, glu-
conic and glyceric; benzene sulfonic acid and its
substifution products, such as the amino benzene
sulfonic acids—metanilie, sulfanilic, and ortha-
nilic; benzoic acid and its substitution products,
such as anthranilic and salicylic acids. Other
substitution products of benzene carboxylic and
sulfonic acids, such as 0, m or p-bromobenzoic, o,
m or p-chlorobenzoic and 2,5-dichlorobenzene-
sulfonic are likewise effsctive.

The method I use for incorporating the salts

of my invention into emulsions, consists of dis-
solving the acid furnishing the required anion in
alkaline solution or dissolving the required pre-
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formed sal} in water, and adding this solution
with or without the addition of an organic sol-
vent such as alcohol, to the emulsion at some
stage in its manufacture. A convenient method

“Is to add the salt solution to s melted gelatin-

silver-halide emulsion just prior to coating. As
cations for the salts I may use bases furnishing
ammonium, amine or alkali.metal ions.

I have found that the quantity of salt used in
an emulsion is a critical factor in the respect that
if too little is used, its sensitometric characteris-
tics such as gamma and spsed will not be ap-
preciably affected. The foliowing data show the
effect of using varying quantities of sodium sce- -
tate, based on the amount of gelatin, in g sensi-
tized emulsion. Development was for the same
time in a high potential developer.

Percent sodium acetate 10/i speed | Gamma | Fog
1,150 0.92 .07
955 1.39 .05
1,060 1.19 .06
1,010 1 .06

Thus, if the salt is present in an amount such

- as is customarily used in buffer solutions, thaf is,
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less than about 5 per cent of the weight of the
gelatin, little or no change in sensitometric char-
acteristics will be observed when such an emul-
sion is compared with a control emniilsion con-
taining no salt. The guantity I use is from about
5 per cent-25 per cent, preferably about 15 per
cent, of the weight of the carrier material, if gel-
atin is used. Similar quantities may be used for
emulsions having carriers other than gelatin.

The effect of the salts on emulsion character-
istics is better understood by reference to the ac-
companying drawing, wherein Figs. 1, 2, 3, and ¢
show by graphical .representation the effect of
typical salts on sensitometric characteristics such
as gamma and speed.

- In the drawing, Fig. 1 shows by means of B and
D curves, the sensitomeiric characteristics of 2]
non-color sensitized bromoiodide control emul-
sion before addition of sodium glycolate, and
after the salt has been added (15 per cent salt on
the weight of gelatin). Both smulsions were giv-
en the same time of development in a2 high po-
tential developer. It is observed that if the
straight-line portion of the curves are extended
to the abscissa, 2 comparison of the gamma and
speed may be made. I} Is apparent that in this
case the sali -has been instrumental in causing
an increase in hoth speed and gafima.
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Pig. 2 shows the effect of adding 15 per cent
of the weight of gelatin of sodium metanilate to
& high-speed emulsion. It may be seen that the
gamma and speed of the treated emulsion, as
shown by the curve to the left, is considerably
higher than that of the control emulsion.

Fig. 3 shows the H and D curves of two emul-
sions, to one of which has been added 15 per cent
sodium anthranilate. The effect of the addition
of the salt to the emulsion is to produce a con-
siderable increase in gamma and an increase in
speed which is not as great in the toe region as
it is along the straight-line portion of the curve,
as calculated by well-known methods which rec-
ognize that at the same inertia speeds different
gammas give at the same density different speeds,
such as astronomical speeds.

Pig. 4 illustrates in a similar manner the effect s

of adding sodium acetate to an emulsion. The
particular control emulsion, the H and D curve
of which is shown at the right in the figure, was
an optically sensitized emulsion having a 10/i
speed of 1070, gamma 1.03, and fog .08. When
sodium acetate was added in the amount of 40

per cent of the weight of the gelatin to the con- 2;

trol emulsion, the speed was 1200, gamma 1.39 and
fog .09. Development was carried out in a high

potential developer for the same time in .each

case.
Example

To show the relative effect of certain salts on
emulsion characteristics the- followmg expen-
ments are given,

To an ordinary unsensitxzed gelatm-silver
halide emulsion the following salts were added in
the amount of 15% of the weight of gelatin in the
emulsion. The results ftabulated are for develop-
ment of each emulsion for the same time in Kodak

D-19 developer.
10/i speed | Gamma | Fog
Control - 525 1.251 .08
570 1.50 .08
640 1.32 .05
510 1.49 .08
- 550 1431 .07
545 1.47 1 .08
500 1.73 .08
575 © 1.65 .06

It is to be noted that the “10/i method” of ob-
taining emulsion speeds (as described in Shepherd
U. S. Patent 2,184,023, granted December 19,
1939) is subject to certain limitations and is.not
applicable in all cases to give a clear picture of
the effect of salts giving curves such as shown
in Fig. 2 and Fig. 3. Other methods which rec-
ognize that at the same inertia speeds different
gammas give at the same density different speeds,
such as astronomical speeds, are more suitable.
Computations made by these methods show that
in the regions of higher density there are speed
differences between two given emulsions, where-
as, the 10/i method might show little or no dif-
ference in speeds.

I have found that the effect of the salts in my
invention on emulsion characteristics is not lim-

ited to a specific type of emulsion. Emulsions’

whether non-sensitized, optically or chemically
sensitized, are favorably affected. The salts differ
somewhat in their ability to improve sensitomet-
ric characteristics. For instance, the same con-
trol emulsion was used for the experiments the
results of which are shown in Fig. 2 and Fig. 3,
and it is apparent that the improvement in gam-
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ma and speed is different in each case. The same
is true of isomeric salts such as sodium metanilate
and sodium sulfanilate. Similarly, different sub-
stitution products of the salts of the acids of my
invention give different types and degrees of im-
provement of sensitometric characteristics of
emulsions. Simple experiments illustrate the ef-
fect of such salts on emulsion characteristics.

It is to be understood that the disclosure herein
is by way of example and that I consider as in-
cluded in my invention all modifications and
equivalents falling within the scope of the ap-
pended claims,

What I claim is:

1. The method of improving the sensitometric
characteristics of a gelatino-silver halide emul-
sion which comprises adding to said emulsion
from 5% to 256% of the weight of the gelatin in
the emulsion of a salt having a cation selected
from the group consisting of ammonium, amino
and alkali metal, and an anion selected from the
group of acids consisting of benzoic acid and its
amino, hydroxyl and halogen substitution prod-
ucts, and benzene sulfonic acids and the halogen
and amino substitution products thereof.

2. The method of increasing the gamma of a
gelatino-silver halide emulsion which comprises
adding to said emulsion 5 to 25 per cent of the
weight of the gelatin in the emulsion of a salt
having a cation selected from the group consist-
ing of ammonium, amino and alkali metal, and
an anion selected from the group of acids con-
sisting of benzoic acid and its amino, hydroxyl

- and halogen substitution products, and benzene
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sulfonic acids and the halogen and amino sub-
stitution products thereof.

- 3. The method of improving the sensitometric
characteristics of a gelatino-silver halide emul-
sion which comprises adding to said emulsion
from 5% to 25% of the weight of the gelatin in
the emulsion of a water-soluble salt of an acid
selected from the group consisting of ammonium,
amino and alkali-metal salts of benzene sulfonic
acid and the halogen and amino substitution
products. thereof.

4, The method of increasing the gamma of a
gelatino-silver halide emulsion which comprises
adding to said emulsion from 5% to 26% of the
weight of the gelatin in the emulsion of water-
soluble salt of an acid selected from the group
consisting of ammonium, amino and alkali-metal
salts of benzene sulfonic acid and the halogen and
amino substitution products thereof.

5. The method of increasing the gamma of a
gelatino-silver halide emulsion which comprises
adding to said emulsion from 5% to 25% of the
weight of the gelatin in the emulsion of an alkali
metal salt of metanilic acid.

6. The method of increasing the speed of a
gelatino-silver halide emulsion which comprises
adding to said emulsion 5.to 25 per cent of the
weight of the gelatin in the emulsion of a salt
having a cation selected from the group consist-
ing of ammonium, amino and alkali metal, and
an anion selected from the group of acids con-
sisting of benzoic acid and its amino, hydroxyl
and halogen substitution products, and benzene
sulfonic acids and the halogen and amino sub-
stitution products thereof.

7. The'method of improving the sensitometric
characteristics of a gelatino-silver halide emul~-
sion which comprises adding to said emulsion
from 5% to 25% of the weight of the gelatin in
the emulsion of a water-soluble salt selected from
the group consisting of ammonium, amino, and
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alkali metal salts of an acid selected from the
group consisting of benzoic acid and its amino,
hydroxyl and halogen substitution products.

8. The method of increasing the speed of a
gelatino-silver halide emulsion which comprises

adding to said emulsion from 5% to 25% of the

weight of the gelatin in the emulsion of ammon-
ium benzoate.

9, The method of increasing the gamma and
speed of a gelatino-silver halide emulsion ‘which
comprises adding to said emulsion 5 to 25 per cent
weight of gelatin in the emulsion of a salt having
having a cation selected from the group consist-
ing of ammonium, amino and alkali metal, and
an anion selected from the group of acidas con-
sisting of benzoic acid and its amino, hydroxyl
and halogen substitution products, and benzene
sulfonic acids and the halogen and amino sub-
stitution products thereof.

10. The method of increasing the gamma and
speed of a gelatino-silver halide emulsion which
prises adding to said emulsion from 5% fo
» of the weight of the gelatin. in the emulsion
water-soluble salt of an acid selected from

d and halogen and amino substituted am-
nium, amino and alkali-metal salts of benzene
cnic acids.

il. The method of increasing the gamma and

group of acids consisting of benzene sulfonic
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speed of a gelatino-silver halide emulsion which
comprises adding to said emulsion from 5% to
25% of the weight of the gelatin in the emulsion
of an alkali metal salt-of sulfanilic acid.

12. A silver halide emulsion comprising as an
agent for improving the sensitometric character-
istics thereof, 5 to 25 per cent of the weight of
the gelatin in the emulsion of a salt having a
cation selected from the group consisting of am-
monium, amino and alkali metal, and an anion
selected frcm the group of acids consisting of
benzoic acid and its amino, hydroxyl and halogen
substitution products, and benzene sulfonic acids
and the halogen and amino substitution prod-
ucts . thereof.

13. A gelatino-silver halide emulsion compris-
ing as an agent for increasing the gamma there-
of, from 5% to 25% of the weight of the gelatin
in the emulsion of a water-soluble salt of an acid
selected from the group consisting of ammo-
nium, amino and alkali-metal salts of amino ben-
zene sulfonic acids.

14. A gelatino-silver halide emulsion compris-
ing as an agent for increasing the speed thereof,
from 5% to 26% of the weight of the gelatin in
the emulsion of a water soluble salt selected from
the group consisting of ammonium, amino, and
alkali metal salts of benzoic acid.

WALTER J. WEYERTS.




