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This invention relates to the unprovement of
photographic emulsions and more particularly to
the incorporation of antifogging or stabilizing
agents into silver halide emulsions.

A large number of substances have been de-
scribed as being effective in preventing an in-
crease in fog and thus stabilizing or controlling
the keeping quality of photographic emulsions.
Many of these stabilizers have definite limitations
in their ability to produce desirable effects with-
out producing unfavorable side reactions. Thus,
some stabilizers desensitize or produce fog, when
added during the mixing or ripening, but exert
favorable effects when added to the melted emul-
sion before coating. It is one object of this in-
vention, therefore, to produce a stabilized emul-
sion of improved photographic quality while in-
corporating the stabilizing agents over a wider
range of application during the manufacture of
photographic emulsions.

In U. S. Patent 2,057,764 there is deseribed a
process of stabilizing photographic silver halide
emulsions by incorporating sulfinic or seleninic
acids or their salts into the emulsion in the form
of a solution in a suitable solvent during the prep-
aration of the emulsion or by incorporating the
stabilizer into the finished emulsion by bathing
1 the emulsion layer with a weak solution of the
' stabilizer. If is stated that the fogging influence
- of supports, preparation layers, backlng layers,
:intermediate layers, sublayers, protective layers,

or baryta layers could be prevented by incorpor-
ating these stabilizers into such layers. As com-
pared with films which were not provided with
- the sulfinie acid or seleninic acid stabilizers, it is
stated that the films confaining the stabilizer
showed a fog density unit of approximately one-
half. It has now been discovered that the stabi-
lizing effect of the sulfinic or seleninic acids or
their salfs, as described in U. S. Patent 2,057,764,
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can be considerably improved and the range of

application greatly extended if small amounts of
bolythionic acids or their alkali metal salts of the
formula

- MOSO2—8r—S0:20M

45

wherein M is an alkali metal or hydrogen and n

is a positive integer, or of the thioanhydrides of
sulfonic acids of the formula

RS0:—S»—SO2R

wherein R is an organic radical and = is a positive
integer, are present in the emulsions containing
the sulfinates or seleninates. It has been ob-
served that extremely small quantities of poly-
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thionates, preferably those containing a total of
three or more sulfur atoms and thiocanhydrides
of sulfonic acids containing a total of three or
more sulfur atoms will improve the stabilization
characteristic of photographic emulsions con-
taining a sulfinate or seleninate to an extent un-
obtainable with the sulfinate or seleninate treat-
ment. The remarkably improved result is mani-
fested in a reduction of the fog density to approx-
imately 50 % of that obtained when using sulfinate
or seleninate alone. . Thus, films having a fog
dehsity of 25 to 30 density uhnits after having
added sulfinate are reduced to a fog density of 12
to 15 density units by adding small amounts of
a polythionate or thioanhydride.

This reduction in fog density produces a better
clearness, better keeping quality and an unusual
brilliance which is especially desirable in medical
and industrial radiographs. Concentrations of
0.025--0.500% by mol of the polythionate or thio-
anhydride compounds to the sulfinates or selenin-
ates are sufficient to produce this reduction in fog
density. Suitable polythionates and thicanhy-

. drides which will produce this desirable effect

when used in combination with a sulfinate or
seleninate include such compounds as sodium
trithionate, sodium tetrathionate, potassium pen-
tathionate, potassium, hexathionate, dibenzene
sulfonyl mono-, di-, tri~, and tetrasulfide."
‘Polythionates have been used in silver halide
emulsions without sulfinates or seleninates for the
production of photographic effects wherein the
polythionate is employed as a ripening substance,
that is, a substance capable of enhancing the
photographic speed. Such a process Is described
in U. 8. Patent 1,673,522, Tt is interesting to note
that this use of polythionates for enchancing the
sensitivity of the emulsion is usually accom-
panied by a definite loss of clearness. It is, there-
fore, surprising that polythionates exert a fog-
preventing or anti-ripening or stabilizing action
when used in combination with sulﬁnates or sel-

_eninates.

The polytmona,tes or tluoanhydndes, which
produce this increased stabilization, can be
formed in the solution of the sulfinate or selenin-
ate by reaction between some of the sulfinate or
seleninate and colloidal sulfur added to the sul-
finate or seleninate solution, or nascent sulfur or
selenium produced by’ catalytw decomposmon of

_ a suitable labile sulfur compound such as sodium
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thiosulfate which has been added to the‘sulfinate
or seleninate solutmn ThlS 1nvent10n ‘therefore,
contemplates and mcludes such formatmn “of the
‘polythionates or. thioanhydndes in’ the sulfinate
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or seleninate solution. In carrying out this phase
of the invention, the colloidal sulfur or selenium,
or labile sulfur compound and its decomposition
catalyst such as sodium arsenite, is added to the
sulfinate or seleninate solution and allowed to
stand for several days at room temperature or
heated for g short time at a raised temperature
of approximately 40° C. The polythionates and
thionanhydrides are then formed in the sulfinate .
or seleninate solution in accordance with the fol-
lowing mechanism:

L RSONa + 8§ —— B.SO;SN&

II. 4RSO0:8Na 4 78 =——> e
RS02.8n.80:R + RSSR + NazSO4 + Nai8:

III. 4RSSR + 2NasS + 6NaOH -_R_StNa + NaSi0s 3H 6
28203 20

(o] .
IV. Na;$:03 ———+t N228,05 or Na080;—8,—S020Na
ca’ '

wherein R is an- orgamc radieal, n is a ‘positive 20

integer, and the sulfur may be rep"laced by se-
lenium.

Thus as a specific example, soditim benzene
sulfinate plus sulfur yields sodium benzene thio-
sulfonate (Equation #I). This- sodium henzene
thiosulfonate further reacts with sulfur to-form
the thloanhydndes dlbenzene sulfonyl polysil-
fides (Equation #IT). The by-products are di-
phenyl disulfides and sodium sulfide. - The di-
phenyl disulfide further reactsto form thiophienol
and sodium thiosulfate (Equation III) which Tat-
ter can be easily oxidized to sodlum polythlonate
(Equation IV). The sodium thiosulfate may, of
course, be added as such’ to’ the sulﬁnate or-sele-
ninate solution and be directly ‘oxidized to so-
dium polythionate. Th-either case, any suitable
oxidizirig catalyst may be employed such as salts
of ‘arsenic, tin and antlmony I have observed
that such catalysts niay also accelerate the oxi-
dation to polythlonates of” thlosulfurlc acid ester
salts in alkaline solutions, "Such'thio sulfurlc acid
ester salts gs, for instance, phenyl thlosulfurlc
acid ester sodium salt or smail dmounts of thio-
sulfatés or compounds of ilay structures may’
often be present in technical grades of ‘sulfinates
regardless of how the sulfinate has been pre-
pared. In orderio itfiprove stich techmcai grades
of sulfinates or selenmates ‘for the purpose.of fog
preventlon in photographic ermulsions’ and at
the same time to elimingte ‘the time consuming
and expensive procedure of¢ mical purmcatlon
and recrystalhzatmn one of the bove mentioned
catalysts such as sodlum ‘arseiiteor a mxxture of
arsenic and tin salts, may be added to’ the 'sul-
ﬁnates during ‘the manufacture of the’ sulﬁnates
or seleninates or of t 'e ‘Sulfinate or seleninate
solutions before usmg the latter w1th photo-
graphlc emulsions, “Some technical grades of sul-
finates which may contain impurities or by-prod-
ucts which can he easily-oxidized o polythionates
can be improved by adding a small amount of a
mild oxidizing agent such a8 potassmm ferrlcy-
anide. e
 Without in ‘any way w1'
limited to any partlc
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by the polythlonates nd thloanh dI‘lO. it
believed that ‘this. § bilization Improving “efféct
is-either a catalytic ong or is du to a chem1ca1
interaction between the polyt
hydrides and the -sulfinates ‘or seleni

_the poss1b1e production. . of . a reactmn product
which exerts the enhanéed stabmzmg infiuence on
the silver halide emulsion. The following ex-
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amples will serve to further illustrate the invens
tion, it being understood that the invention is not
limited thereto.

Example I

To 'one kilogram of melted gelatino-silver-
halide emulsion containing from 6 to 7% of sil-
ver halide and approximately 8% gelatin, there
were added during ripening:

15 cc. of a 209% solution of the sodium salt of
‘benzene sulfinic acid in water and

i 5 cc, of potassium pentathmnate of a concentra~

‘tion of -ohe:gram per liter in water.

After ripening, the emulsion was cast on a film
base and cut into fest film lengths. Similar test

films were made with the same silver halide emul-

sion ‘but without the addition of either the so-

-ditm salt of benzene sulfinic acid or the potas-

sium pentathionate. Additional similar fest films
were made with the same silver halide emulsion to
which: had been added durmg ripening the same
quantity of the sodium salt of benzene sulﬁmc
acid as above, but omitting the potassmm penta-
thionate.

The fog density of each of these types of test
film was determmed for the freshly prepared
film and test pieces of each type were then in-
cubated for six days at 50° C. It was -observed
that the fog density of the films treated with
benzene sodium sulﬁnate solution ‘to _which had
been added potassmm pentathlona.te was de-
creased by 50%, in the case of the freshly pre-
pared film, and about 459, in- the case of the
incubated film, of the fog density of -the films
which had been treated only with sodmm ben~
Zene sulfinate. )

Example II

To one kilogram of melted gelatino-silver-
halide emulsion containing from 6 to 7% silver ‘
halide_and approximately‘s% gelatin, there were
added during ripening: '

5 cc. of a20% solution of a SOdlum salt of ben-
zene seleninic acid in water and

5 ce. of sodlum tetrathmnate of a concentration
of one gram per liter in water.

After ripening the emulsion-was- oast on-a ﬁlm
base-and cut into test film lengths. Similar test
films were- made of the sﬂver halide -emulsion but
without the addition of'either of the soditim salt
of ‘benzene seleninic ‘acid ‘or the sSoditim ‘tetra-~
thlonate Addltlonal similar’ test films were-also
made with the same silver: hahde emulsmn to
wh1ch was added the same quantlty of ‘tHe so0-
dium salt of benzene seleninic dcid as above, but
omifting the sodium tetrathionate.

The fog-density of all three types of these test
films was ‘determined for ‘the freshly prepared
film and ‘the rémaining test-lengths:of each type
of test film were then incubated fer a: penod of
six days-at a temperature of - ‘50> 'C. It Vas ob-
served that the fog density of the filfas ‘trested
with sodium benzene seleninate solution- t0 Which
had been added sodium tetrathionate was de-
creased by 50%, in the case of the freshly pre-

‘pated film, and about 45%, in the case of the

incubated film, of the fog density of ‘the films
which had been treated only with sodium ben-
zene seleninate. )

-Examaple 111
Sodmm benzene su}ﬁnate wds prepared-accord-

‘mg to the process outhned by Gattermann in

Berichte 32, 1140°(1899).
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300 grams of the crude sodium salt of . the hen-
zene sulfinic acid thus obtained were dissolved
in one liter of water.

0.25 to 1 gram of sodium arsemte were added.
This solution was allowed to stand at room tem-
perature for 24 hours.

A similar solution of the crude sodium. salt of
the benzene sulfinic acid and water but omit-
ting the addition of sodium arsenite was made
up and also allowed to stand at room temperature
for 24 hours.

The two solutions were then added to gelatino-
silver-halide emulsions in amounts from 5-20 cc.
per one kilogram of emulsion during the ripening
stage. Similar amounts of the two benzene sul-
finate solutions may be also added to silver halide
emulsion before coating as s coating final.

Test strips of the films thus produced were ex-
amined for fog density when freshly prepared
and other test strips of the same films were in-
cubated for a period of six days at a temperature
of 50° C. and then examined for fog density.

It was observed that the fog density of the films
treated with the sodium benzene sulfinate solu-
tion to which had been added sodium arsenite
was improved to about the same extent as noted
in Examples I and II, as compared with the fog
density of the films which had been treated with
the blank sodium benzene sulfinate solution.

Example IV

Soditim benzene sulfinate was prepared in ac-
cordance with the process outlined by Knoevenae-
gel et al. in Berichte 41, 3318 (1908).

0.1 gram of potassium ferricyanide was added
to one liter of a 20% solution of the crude sodium
benzene sulfinate thus prepared. This solution
was allowed to stand for 72 hours, then filtered.

1 liter of a 20% solution of this crude sodium
benzene sulfinate omitting the addition of potas-
sium ferricyanide was also allowed to stand for
72 hours and filtered.

Samples of each of these solutions were then
added to melted gelatino-silver-halide emulsions
in amounts of 5 to 20 cc. of the sulfinate solution
per 1 kilogram of emulsion during the ripening
stage. Similar amounts of the same sulfinate
solutions may be also added to a silver halide
emulsion before coating as a coating final.

Test strips of the films when freshly prepared
were examined for fog density. Additional test
strips of these films were then incubated for a
period of six days at a temperature of 50° and
again tested for fog density.

It was observed that the fog density of the films
treated with the sodium benzene sulfinate to
which ‘had been added potassium ferricyanide
was improved to about the same extent as in the
case of the preceding example as compared with
the fog density of the films which had been
treated with the blank sulfinate Solution.

Example V

Sodium benzene sulfinate was prepared accord-
ing to the process outlined by Smiles et al. in
Organic Syntheses Coll. vol. I, page 7 (1932).
The sodium benzene sulfinate thus prepared was
recrystallized and made up into a 20% solution
with water.

0.1 gram colloidal sulfur was added to one liter
of the 20% solution of recrystallized sodium ben-
zene sulfinate.

'The colloidal sulfur addition was kept in sus-
pension by stirring for 48 hours at room tempera-
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ture... The temperature was then raised to 46° @.
for.one hour and the solution filtered. .
Sambples of this solution of the sodium benzene
sulfinate treated with colloidal sulfur and sam-
bles. of a 20% solution of the same recrystallized
sodium benzene sulfinate which had not. been
treated with the colloidal sulfur were added to
a -melted. - gelatino-silver-halide : emulsion in
amounts of 5 to 20 cc. of the sulfinate solution
per 1 kilogram of emulsion during the ripening
stage. - Similar amounts of these same solutions
may be also added to gelatino-silver-halide emul-
sion before coating as a coating final.
. Test strips of the films when freshly prepared
were examined for fog density. Additional test
strips of these films were then incubated for a
period of six days at a temperature of 50° and
again tested for fog density.
- It-was observed that the fog density of the films
treated with the sodium benzene sulfinate to
which had been added colloidal sulfur was im-
proved to.about the same extent as in the case
of the preceding example as compared with the
fog density of the films which had been treated
wn:h the blank sulfinate solution.

Example VI

To 1 kilogram of & melted gelatino-silver-hal-
ide emulsion ' containing 6 to 7% silver halide
and. 8% ° gelatm there ‘were added  during the
r1pen1ng

10 ce. of a 209% solution of sodium benzene sul-
finate in water and

5 cc. of an alcoholic solution of dibenzene sul-
fonyl monosulfide of the following formula:
CeHs5.802.8.802.CeH5 (thioanhydnde of ben-
zene thiosulfonic acid)

in a concentration of 1 gram per 1 liter methyl
alcohol. 'The clearness of the film was deter-

‘mined in an identical manner as described in

Example T It was observed that the clearness
of the emulsion layer treated with dibenzene sul-
fonyl monosulfide was improved to about the

‘same extent as in the case of Example I, as com-

pared with the same emulsion. to which only so-
dium benzene sulfinate had been added. It may
be mentioned that the dibenzene sulfonyl mono-
sulfide may be substituted by equimolar concen-
trations of dibenzene sulfonyl di-, tri- and tetra~
sulfide with similar results.

Ezxample VII

To a gelatino-silver-halide emulsion contain-
ing silver halide corresponding to 100 grams -
silver nitrate there were added

50 cc. of a 20% solution of sodium benzene
seleninate and
25 ce. of a solution of sodium trithionate

in a concentration of 1 gram per liter water im-
mediately after the precipitation of silver halide
and prior to the surface digestion. The emulsion
was washed and after-ripened in a manner fa-
miliar to those skilled in the art. The clearness
and the keeping quality of the emulsion while
depending on the type of gelatin employed was
found to be in all cases improved as compared
to one obtained with the addition of sodium
benzene seleninate without the addition of so-
dium trithionate to about the same extent as in
the case of Example I.

The sodium salt of benzene sulfinic acid and
the sodium salt of benzene seleninic acid used
in the above examples can be substituted by
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gquimolar concentrations of -other sulfinic. or
seleninic acid salts such as-the sodium ‘salt of
ethane~sulfinic acid, ‘chlorobenzene-sulfinic meid,
toluene-p-sulfinic  acid, . naphthalehe-sulfinic
acid, hexahydrobenzenessulfihic acid and thio-
phene-sulfnic acid. The potassium pehta
thionate and sodiam tetrathionate used in Ex-
amples I and IT'can be substituted by equimolecu~
lar concentrations of soluble salts ¢f any thionic
acid ‘compounds having three or mofe suliur
atois such as, for instance, hexathioni¢ acid and
any thioanhydride having oné of more central
sulfur atoms.

* -consisting - of polythmnic acxds and ‘their salts

10

The improvement cobtainable when the fog -

characteristic is expressed in density units will,
of : course, vary somewhat depending dpon the
type of gelatin and the formula used in mak-
ing the gelatino-silver-halide emulsion. Iow-
ever, it has been found that the result, as -com-

pared with the same film freated only with the .

sulfinic: or -seleninic scid salt is invariably a de-
crease in fog density of approximately 50%  for
freshly prepared film and approximately 45%
after six days incubation.

What I claim: as' my invention and -desire to :

be secured by Letters Patent of the United States
is: :

1. A photographic material comprising a silver
halide gelatin emulsion; a member -of the group
consisting of a sulfinic acid, a seleninic acid and
their salts and a member of the group -consist-
ing of polythionic acids r<1,nd their salts of the
formula ‘

MOSO2—Sn—S0:0M
whérein M:is 4 member of the:group consisting
of ‘alkali metals and hydrogen and f is-a positive
integer, and thioanhydrides of the formula

RSO3~S1—S02R.-

wherein R is anh organic radical and » is a posi-
tive integer, in concentrations of from 0:025 to
0.500% by mol of the member of the last named
group to the mem_ber of the first nameéd group.

.. A photographic mateiial compFising a ‘silver
halide gelatin emtilsion containing a métber of
the group consisting of sulfinic acid, a seleninic
acid and tHeir salts, and a medber of thé group
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‘of the formula ‘
MOSO2—Sn~S020M

wherein M is a member of the group consist-
ing of alkali metals and hydrégen and 7 is a
positive integer, and thicanhydrides of the for-
muia

RS0p-—+Si—SO02R
wherein R is an organic radical and 7 is a posi-
tive integer; in concentrations of from 0.025 to
0.500% by mol of the member of the last named

group to the member of the first named group.
3. A photographic material comprising a silver

-halide gelatin emulsion, a member of the group

consisting of a sulfinic acid, a-seleninic acid and
‘their salts and a member of the group -consist-
ing of dibenzene sulfonyl mono-, di-, fri-, and
tetrasulfide in concentrations of from 0.025 to
0.500% by mol of the member of the last named
group-to the member of the first named group.

4. A photographic material comprising a silver
halide gelatin emulsion, sedium benzene sulfinate
and. potassitin pentathmnate in concentratmns
of from 0.025-t0 0.500% by mol of the potassxum
pentathionate to the sodium benzene sulfinate.

5 A photographlc material compr151ng a silver
halide gelatin emulsion, sodium- benzene seleni-
nate and sodium tetrathionate in concentrations
of from 0.025 to 0:560% by mol of the sodium
tetrathionate to the sodium benzene seleninate.

6. A photographm material comprising- a-silver
halide ‘gélatin emulsion,; sodium benzene suiﬁnate
and dibenzene sulfonyl menosulfide in' concen-
“trations of from 0.025 to 0.5009% by ‘mol of the
dibenzere- sulfonyl - niotfiosulfide to- the  sodium
benzene sulfinate:
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