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No Drawing,

This invention relates to photographic
emulsions, and to materials and processes
used in preparing the same.

One object of the invention is to provide
photographic emulsions, especially develop-
ing-out ones, having new or improved prop-
erties because of the use or presence therein
of materials, the sensitizing properties of
which we have discovered. Still another
object of our invention is to provide proc-
esses in which such materials are used to
improve photographic emulsions, especially
developing-out ones, as regards light-sensi-
tiveness, by which term we include their
ability to give the earliest visible impres-
gion or image with the minimum exposure
or their ability to give density after a given
exposure or hoth, the usual photogr ‘\,phl(,
fluid treatments being used in preparing
such impression or image or density.

A further object of the inventlon is to
provide colloid products, such for instance,
as gelating, the usefulness of which for
foumntr thL sensitive photographic emul-
sions, especially developing-out emulsions,
is ffteafly increased and controlled by
our said sensitizing materials incorporated
therewith. Another object of the invention
is to provide processes for preparing said
colloid products or intermediates.

Other objects are,—to increase the sensi-
tiveness of photographic emulsions, espe-
cially developing-out emulsions, while
wholly or partially dispensing with expen-
sive or leng and uncertain so-called ripen-
ing methods: to enable the use of a type of
gelatin having desirable physical qualities
in making such a photographic emulsion of
greater light-sensitiveness than that nor-
mally obtainable with said gelatin; to
obtain more stable emulsions through the
purity of the ingredients; to increase the
light-sensitiveness of photographic emul-
sions, particularly developing-out ones, the
erain characteristics of which have already

been determined; to increase the general
light-sensitiveness of such photographic

emulsions throughout the spectral ranges to
which they are normally sensitive; to “make
stich 1711.10c()0*1'a,plnc Lmulslons ot standard
hg‘nf-aﬁﬁ sitive charscteristies with pelating
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which normally do not produce emulsions
having such characteristics; to make, as
intermediates in the manufacture of photo-
graphic emulsions, gelatins of standard
light-sensitiveness giving power out of
gelatins which do not noxmally have the
power of giving such standard sensitiveness
to (nnu]smns, such as developing-out ones,
made from them. Further objects will
hereinafter appear.

In United States Patenf No. 1,574,944,
March 2nd, 1926, 8, Sheppar d photo
graphic hoht sensitive materlal and process
of nmk]m the same, there is disclosed the
remarkable SO:]SltlﬂnO properties of certain
compounds, when employed in the proper
proportions in photographic emulsions,
especially developing-out ones, and ihen
employed in gelatin or other colloids for use
in making such emulsions. Each member
of these series of compounds contains a
divalent atom of the sulfur group (a sulfur
atom, or a selenium atom, or a tellurium
atom), which is joined by a double bond to
a single metalloid atom (not one bond to
one atom and the other bond to a different
atom) to which at least another group of
atoms is attached. The metalloid atom to
which the atom of sulfur, selenium, or
telluriwm is joined by a double bond is in
many instances a carbon atom. These sub-
stances include thiocarbamids, selenocar-
bamids and tellurocarbamids. The corre-
sponding carbimids are also usable. Vari-
ous organic groups can bhe substituted in
such carbamids and carbimids.

Examples of such substances are; thio-sina-
mine (allyl thiouvea), allyl 1¢oth1003 anate,
phenyl isothiocyanate, phenyl thiourea, thio-
carbanilide, thiourea, thlosenncarbande, §0-~
dinm thiosulfate, (bnt not sulfate or sulfite)
di-otolyl thiourea, seleno-mustard-oil (allyl
1soselenocyanate), potassium selenocyanide,
allyl selenourea, thioacetamid, thioformamid,
thiobarbituric amd telluro-mustard-oil (allyl
irotellurocyanate) potnssium tellurocyanide,
allyl tellurourea. It is preferable to wuse
these compounds in substantially pure or
“C.P. form; bubt impurities, which are
harmless to i‘ eiiitilsion and are not bulky
can ; d. The selenocyanida niid
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tellurocyanide are used in higher propor-
tions.than.the other listed compounds.
Weihave foundithat these substances may
be usetully supplemented by reducing
agents. These reducing agents are of such
a nature; and-ave used in such proportions,

“that ifthey were present alone in a-develop- -
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ing-out emulsion, they would produce a
shight fogging action and would not use-
fillly increase the sensitivity. \Vhen, how-
ever, these reducing agents are incorporated
with the sensitizing mafervials
above, they assist the latter in creating or
‘increasing the- sensitivity -of the emlsion.
When incox'pomte d with the sensitizing sib- .
stances. in :gelatin, they usefully assist-iin
-reinforeing or muea%mg the -power: of the

~gelatin to.give sensitive -emulsions,

There -are -numerous kinds of reducers
-which maytbe-used as auxiliaries to the sen-

..sitizers, whioh latter are .not reducers of the

[ 7
n

30 .

wtlzmd arrent varies -when used. alone.

D, -,

‘gilver salts in -the ‘emulsion in the ordinary -
sense. Tvplcal reducers. are the . alkaline
isalts of arsenious acid, alkaline hvpo.sulﬁtes,
alkaline-hypophosphites hydroxylamine and
@ubqhtufed hydrexylaniine, aldehydes, such

~formaldehyde. - Of course,..this list. is-
’merely illustrative and. not limited,

The amount - of reducing substance to be
combined . with - the %ensmzmgr ssubstance
.may vary with the type and.treatment. of the
emulsion, fjust-as the .amount of the 56%31-

ut
in: (reneral!the quantities of reducer which :

are. Dermlsqble .in conjunction with the sen-.
-sitizing substance are of - the same order of

magnitude ‘as the .latter. Preferably we

- use equimolecular .parts of -sensitizer and

reducer. .In any event, the amount of re-.
dueer is sueh that the foo' in:the final.emul-
sion: 1s" below- .the. mmufactmm{r ‘tolerance,

+In :gelatino - gilver zhalid . developing - out

~emulsions, *we employ . approximately - 10

“grains or less of active sensitizing compound,
sueh - as thiosinamine,for - exawnle, 1n 130

poundsiof emulsion (the latter -being com-

~puted-as the weight of “its ‘non-aqueous .in-
- gredients in the dxy state).

This .amounts
to-less than: about 10:grains-in 100 pounds

of getatin, computed.as: dry-gelatin when the
sensitizer is added to.the. meldtm before -the

Jutter is-used -in making. the emulsion. - The
~amount . of ' réducer is, therelme, generally
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--less .than 10 grains.in: 130 pounds of .emul-
~sion or less than 10-grains in 100 pounds of

“gelatin. - We .have found 2 to 3. grains of
'sensmzlno'\compnund -stch as tlnosm amine, -

{or instance, and. 208 grains.of a reducer,:
~srch-as sodinm ‘hyposul.ﬁte for instance; to

-100.pounds: of .gelatin (computed as dry) or
pounds of ‘lemulsion (computed as.dry) .

-.is within the-useful limits and. generally ex-
-‘cellent,—for-example, with. alkaline develop-
~-ing-out. gelatino-silver-halid .emulsions. Of

65

course, smaller amounts of sensitizer and re-

- mentioned .
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ducer are employed when less sensitizing
effects are desired; but it is important not to
exceed the upper or fogging limits, as in-
dicated above.. It is to be noted that we use
‘the term hyposulfite in its correct scientific
sense -and not - as -misapplied to sodium
‘thiosulfate, - as - 1s ~sometimes “done -in the
photographic” literature.

The amounts of the sensitizer and reducer
which are used together it the emulsion are
so small that the addition of them does not
appreciably dilute the emulsion or the emul-
ston-forming colloid; nor does it affect their
“physieal ;properties. -This enables us to se-
ect - gelating, for instance, because of their
pllel(‘al properties, like. setting - ability,
melting:points and viscosity, thhou_t regard
~to wliether they can-be made .into sufficiently
light-sensitive emulslons. and any deficiency
in sensitizing power can be made.up by in-
corporating a ‘proper, but very small. quan-
tity,- of :the rsensitizer with the reducer.
Such additions. do not etfect the,grain-size
-characteristics, which are thus suﬁcephblc
of .independent control.

The effect -of using these sensitizers in
-conjunction -with reducers of the type-in-
~dicated :above, is:to. produoe ‘chemical” sen-
‘sitization, instead of an “optical” one. In
.other words 1the effect is unlike that of sen-
-sitizing dyes, the sensitiveness being. in-
creased throuohout the normal spectral
range - of -the emulsion -instead of at only
those. spectral. points -corresponding to the
spectral absorption  of the sensitizing com-
pound and reducer. But, of course, we can
use the . sensitizers in con]unctlon Wlth our
-reducers in increasing the general light-sen-
‘sitiveness of mthochromatlc, pan(hl ‘omatic,
X-ray and special emulsions,.as well as the
ordinary ones.

We may use the sensitizers in conjunction
with our reducers in many ways, the uses

~of. this combination being similar to -those

enumerated for the sensitizers alone in the
“above cited application. - Broadly they may
be .incorporated in emulsions or in-eolloids
for emulsions or in both. They may be
added.at.different stages of emulsion manu-
facture, even when ‘the latter is otherwise
ready for coating,

The foHowln" example illustrates how
light-sensitive phot()frrqphlc emulsions of
the developing=-out type:may be prepared and
improved by the aid of our combination of
gensitizer and redueer. Of course; our-in-
wention.is not restricted to ‘this illustration
except as indicated in‘ the claims. The
.emulsion forming operations hereinafter de-
-scribed. are leI)Q‘ the lines of known prac-
tice, as described in the literature of the art.

The two following solutions are made up,
- the parts being by weight:

A 900 parts of silver nitrate.in 9. ,200 parts
of water.
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B. 690 parts of potassium bromide and 50
parts of potassium iodide in 6,100 parts of

- water along with 300 parts of gelatin.
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‘emulsion jelly.

In mixing B, the halid salts ave first dis-
solved, the water and the gelatin then added
to the salt solution. Solution B is then
warmed, say to 140° F. or 150° T. for ex-
ample; and the silver nitrate solution A is
gradually added to it with constant stir-
ring. Tt is preferable to warm solution A
before adding it to B, say to 150° F. or 160°
. for instance. When solution A has been
thoroughly incorporated in solution B, there
are then added 43 parts of strong ammonia
previously dissolved in 900 parts of water.
The emulsion formed by these operations is
allowed to stand for a short time, say 15
minutes to a half hour for example. Then
1050 parts of gelatin are dissolved in it with
thorough mixing. The emulsion is next
cooled, such as by keeping in a cool space,
until it sets to a firm jelly. The latter is
broken up, as by shredding for instance, and
thoroughly washed to remove soluble salts.
such as potassinm nitrate and any excess
potassium halids. The wash water is, of
course, cool enough not to melt the pieces of
The washed emulsion is
next remelted to 100° F. and 1050 parts
of water soaked gelatin are thoroughly mixed
into it, the temperature then being' raised,
say between 120° F. and 150° F., for in-
stance, for a short time, say a few minutes.
It is then cooled and set. It is an example
of the ammonia or alkaline type of develop-
ing-out emulsion. ‘

Our sensitizing compounds and reducers
may be incorporated together or sequentially
in the emulsion or its ingredients at differ-
ent stages of the above described process.
They are most conveniently handled by dis-
solving them in a solvent which is inerf with
respect to the emulsion and simply acts as
a vehicle to help in spreading the sensitizer
and reducer throughout the emulsion.

The different gelatins sold for photo-
graphic emulsion-making may be used in the
example given above, hard ones being very
useful. The temperatures given are, of
course, readjusted if the particular gelatin
employed has melting and setting points
which deviate considerably from the usual
ones, this adjustment being a matter of ron-
tine control.

Instead of employing gelatins which give
emulsions of useful but lower sensitiveness
even before the addition of our sensitizer
and reducer, we may use practically inert
gelatin. This may be prepared, for example,
by treating active photographic gelatins
with oxidizing agents. Dilute aqueous solu-
tions of a peroxide, such as sodium peroxide
(say from 5 to 10% by weight) may he
intimately mixed into the gelatin and then

8

washed when the oxidation has occurred.
Such an inert gelatin, when made into an
emulsion by the above described process,
produces little, if any, useful sensitiveness.
But when our combination of a sensitizing
compound and reducing compound is added,
either to the emulsion, or to the gelatin be-
fore it is made into an emulsion, highly
sensitive developing-out emulsions are pro-
duced.

When adding our combination of veducer
and sensitizer they may be mixed with a
little ethyl alcohol as a vehicle to enable their
reacy admixture with the other ingredients.
One very useful way of employing our com-
bination is to form a highly concentrated
emulsion of silver halid in” inert gelatin.
When the proper grain sizes and other char-
acteristics  have heen established, we may
then stir into the emulsion gelatin contain-
ing our mixed sensitizing agents and redue-
ing agents, :

In the examples given above, the steps of
treating with ammonia and warming of the
emulsion may be, one or both, omitted. Our
combination acts to increase the light-sensi-
tiveness independent of such ripening steps.
But we prefer to use them because the effect
of either or both of them is to give a stronger
initial sensitized condition which is multi-
plied or increased by using our sensitizing
and reducing compounds. Moreover, it 1s
desirable to have sufficient ammonia, or
equivalent allali present to form slightly
alkaline emulsions.

In place of the colloids mentioned above,
other colloids used in photographic emul-
sions may be employed. Moreover, the prin-
ciple of the invention is applicable to silver
chloride, as well as to silver bromide and
silver iodide and to mixtures of any two or
more of them. '

While the theory of operation of our in-
vention is not vital to the successful use of
it, nevertheless, the following explanation
of the action appears to be what takes place.
First there is formed a complex of silver
halid and the sensitizer, such as a thio-
carbamid. Nex{ there is an interaction of
silver halid and the sensitizer, such as thio-
carbamid, to form small specks of silver snl-
fide in the silver halid grains. Of course,
where selenium or tellurium sensitizing com-
pounds are used, there are correspondingly
formed specks of silver sellenide or tellu-
ride. Mixtures of these substances form
corresponding mixed effects. These specks
act as nuclei of silver deposition. These
nuclei then become enlarged by the addition
of metallic silver atoms from the reduction
of silver halid by the small amount of co-
operating reducer. This nucleating action
prevents the slight fog which would be pres-
ent if the reducer were used alone.
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Having thus described our invention, what.
we claim-as new. and. desire to.secure by
Letters Patent is:

1. A. photographic emulsion comprising a-
colleid, particles of photographic silver salt
suspendeditherein, and added sensitizing and.
reducing. compounds upon- which at least.
part- of the light-sensitiveness. of the:-emul-
sion- depends, the sensitizing compound:con-
taining a divalent atom of the sulfur group
directly joined:by-a double bond to a single
metalloid: atom, to- which at least another
group: of atoms: is attached. .

2. A photographic developing-out gela-

» tino-silver-halid  emulsion of the alkaline

type- of relatively high- light-sensitiveness,
comprising-a mixture of the constituents of
a- gelatino-silver: halid . emulsion: of: lower
light-sensitiveness; and-an added sensitizing
compound and.an-added reducing compound;
the difference- between said: lower and. said
high light-sensitiveness depending upon
said-last two named: compounds.

3.. A photographic emulsion comprising a
colloid; particles of photographic silver salt
suspended : therein: and’ coacting: sensitizing
and reducing:substances upon. which at least
part of 'the:light-sensitiveness of. the emul:
sion depends; the: amount of said coacting
substances being less than the order of: 10
grains-per 180 pounds of emulsion and. in+
sufficient. to: cause: immediate fogging tend-
ency. S

4. Tn the process of preparing a develop-
ing-out colloid-sensitive-silver-salt emulsion,
inareasing . the light-sensitiveness thereof by
incorporating: with the- other' constituents
thereof! an independent. sensitizing com-
poundrand: a coacting reducing compound.

5. Tn: the process of preparing-a develop-
ing-outcolloid-silver-salt. emulsion of: the:al-
kaline type of relatively high light-censi-
tiveness, combining: constituents.of a colloid-
sensitive silver-salt emulsion: of: lower-light-
sensitiveness with: sufficient coacting sensi-

tizing:and reducing compounds to.effoct high

light-sensitiveness, the sensitizing compound
containing a divalent: atom of the: sulfur
group directly joined by: a double-bond: te
a’ single wetalloid -atom: to which: at least
another group of atoms is attached.

1,623;490:

6. In the process of preparing a develap-
ing-out. gelatinossilver-halid- emulsion,, in-

creasing the light-sensitiveness thereof by.

incorporating with. the other constituents
thereof an independent thiocarbamid.and.an
independent reducing compound.

7. In the process of preparing a develop-
ing-out. colloid-sensitive-silver-salt emulsion,
increasing the light-sensitiveness thereof by
incorporating with the other constituents

thereof an independent sensitizing compound:

and:a reducing compound, thie amount: of
said-last two. named compounds.being less
than the order of 10 grains per 130 pounds
of emulsion and-being insufficient. to cause
immediate fogging tendency.. ‘ .
8. The process of preparing photographic
celatino-silver-halid emulsions, which.com-
prises substantially freeing gelatin from.any
sensitizing, compounds - originated therein,
mixing a sensitizing compound and a reduc-
ing compound therein, and preparing a
sensitive photographic emulsion from said
mixture. ' L
9. An intermediate for use in making
photographic = emulsions, comprising an
emulsion-forming colloid: having, incorpo:
rated . therein an. independent, sensitizing
compound and coacting reducing compound.
10. The process of making an intermediate
for use in' the. preparation of. photographie
emulsions, which comprises.incorporating. in
an: emulsion-forming. colloid an.independent
sensitizing compound. containing, a. divalent
atom of the.sulfur. group. directly. joined. by
a double bond to a single metalloid atom
to.which at least another group:of atoms is
attached, and also. incorporating therein a
reducing compound. : ' ‘
11. The process of making.an intermediate
for use in the preparation of photographic
celatino-silver-halid. emulsions,. which. com-
prises substantially. freeing eelatin,. from
sensitizing compounds and incorporating
therein. coacting sensitizing compounds and
reducing. compounds:
Signed at Rochester,
day of June, 1925..

SAMUEL E. SHEPPARD.
REUBEN E. PUNNETT.

New. York, this 11th
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