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This invention relates to photographic silver halide
emulsions, and more particularly, to an improved means
for sensitizing photographic silver halide emulsions con-
taining color-forming compounds, or couplers,

A number of methods have been previously described
for increasing the sensitivity of photographic silver halide
emulsions, other than methods of optical or spectral sensi-
tization, which involve the incorporation of certain col-
ored compounds or dyes in the emulsions. The incor-
poration of such dyes in the emulsions increases the op-
tical range of sensitivity, and for this reason such -dyes
are commonly referred 1o as optical or spectral sensitiz-
ing dyes. It is also well known to incresse the sensitivity
of photographic emulsions by addition of sulfur com.-
pounds capable of reacting with silver salts to form sitver
sulfide, or with reducing agents (compounds of these
types are also naturally present in gelatin), or with salts
of gold or other moble metals, or with combinations of
two or more of the aforementioned compounds generally
known as chemical sensitizers, Such chemical sensitizers
are believed to react with the silver halide to form, on
the surface of the silver balide, minute amounts of silver
sulfide or of ‘silver or of other noble metals, and thess
processes are capable of increasing the sensitivity of de-
veloping-out emulsions by very large factors. The process
of chemical sensitization, however, reaches g definite
limit beyond which further addition of sensitizer, or of
further digestion with the sensitizer present, merely in-
creases the fog of the photographic emulsion with con-
stant or decreasing speed.

We have now found a means of further increasing the
sensitivity of photographic emulsions, which may be ap-
plied even though the ordinary processes of chemical sen-
sitization have been carried to the effective limit of the
photographic emulsion in question.  Our process is to be
distinguished from hypersensitization, which is produced
by bathing a finished coating with water or with solu-
tions of ammonia, amines or silver salts, Such processes
act primarily on optically sensitized photographic emui-
sions and tend to increase the free silver ion concenira-
tion of the emulsion: and greatly diminish jts stability.
Cur process is also to be distinguished from hypersensi-
tization by mercury vapor, which gives a transitory ef-
fect which is lost on storage of the film. The compounds
used in our invention do not appear to be chemical sengi-
tizers in the usual sense, since they increase speed by
their presence during exposure and processing and re-
quire no digestion with the photographic emulsion to
produce the increase in speed, nor does their chemistry
indicate that they are likely 1o react with silver halide un-
der normal emulsion -conditions,

The novel sensitizers of our invention are quite unique
in that the effects produced are additive in photographic
emulsions which have already been sensitized io their
optimum, or near-optimum, with conventiona! chemical
sensitizers, such as labile sulfur compounds. The novel
sensitizers of our invention, however, can be used to
sensitize photographic silver halide emulsions containing
no other sensitizers, if desired. The novel sensitizers of
our invention are not strictly chemical sensitizers, since
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chemical sensitizers do not generally provide the additive
effects of the type mentioned,

it is, therefore, an object of our invention to provide
photographic silver halide emulsions for color photo-
graphy which have been sensitized with various polymeric
compounds containing a plurality of sulfur atoms. An-
other object is to provide a method of preparing such
sensitized emulsions for color photography. Still another
object of our invention is to provide photographic silver
halide emulsions for color photography which have in-
creased sensitivity of the type commonly attributed to
chemical sensitization; without concomitant increases in
fog or poor keeping qualities, to a degree which might
seriously affect the usefulness of the emulsions. Other
objects of our invention will become apparent from a
consideration of the following description and examples.

According to our invention, we have found that the
sensitivity of a photographic silver halide emulsion for
color photography can be materially increased by incor-
porating therein polymeric compounds containing a plu-
rality of sulfur atoms, without prohibitively increasing
fog in the emulsions. The polymeric compounds useful
in our invention contain their sulfur atoms in the form
of thioether linkages. By thioether linkage, we mean a
linkage wherein the sulfor atom is a divalent atom which
is joined to two carbon atoms. Our invention does not
contemplate polymeric compounds containing disulfide
linkages, such as those commonly fcund in vulcanized,
rubbery materials. Moreover, the polymeric compounds
of our invention are linear polymeric materials wherein
the ether-sulfur atoms are present in the polymeric chain,
as contrasted with polymeric materials containing their
sulfur atoms as substituents in the chain or as parts of
a cross-linked arrangement. The polymeric materials
used in our invention should have sufficient dispersibility
in water (or a dilute alkaline solution), or an organic sol-
vent, such as acetone, the lower alcohols, 1,4-dicxane,
ethyl acetate, etc., or by dispersing directly in the emul-
sion in finely-divided form, so that a sensitizing amount
of the polymeric materials can be absorbed by or asso-
ciated with the silver halide grains.

The linear polymiers of our invention containing a plu-
rality. of ether-sulfur atoms in the chain can be repre-
sented by the following general formula:

@ ’ {R—S),

wherein ‘R “represents an’ aliphatic linkage, such as an
alkylene group, etc., and x represents a positive integer
of at least about 3, i.e., the polymeric compounds of cur
invention comprise products obtained by condensations
or addition-polymerizations involving at least about 3
molecules of reactants, In general, the polymeric mate-
rials of our invention should have a molecular weight of
about 250 to 10,000, although polymeric materials hav-
ing molecular weight from about 500 to 3,500 have been
found to be particularly useful in our invention, The
terminal groups of our polymers are generally hydrogen
atoms, halogen atoms, alkenyl groups (e.g., vinyl, allyl,
etc.), carboxylic groups (e.g., carboxyl, carboxylic amide,
carboxylic ester, such as carbomethoxyl, carbethoxy],
etc.), hydroxyl sroups, mercapto groups (or salts thereof,
e.g., scdium, potassium, etc.), or combinations of these,
The linear polymers of our invention represented by
Formula I above, comprise a well-known class of poly-
meric materials. Typical of the polymers embraced by
Formula T are those polymers represented by the follow-
ing general formula:
an 1
TRr- (X—~Rg) p-r— 8—Rs—(X1~Re) mms— 5 ——
wherein Ry, R,, R; and R, each represents a hydrocarbon
alkylene group containing from about 2 to 20 carbon
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atoms (e.g., ethylene, trimethylene, tetrabutylene, penta-
methylene, octamethylene, decamethylene, dodecamethyl-
ene, tetradecamethylene, ete.), X and X; each represents
an oxygen atom, a sulfur atom, an amino group (substi-
tuted or not), such as amino, methylamino, ethylamino,
etc., carbamyl (—NHCO—), carbonylamido

: (—CONH~—)
carbonyl, oxycarbonyloxy, oxycarbonyl (—OCO—), car-
bonyloxy (—CCO—), etc., p and m each representsa pos-
itive integer of from 1 to 5, and n represents the number
of units, €.g., a positive integer of at least 2. An especial-
1y useful group of polymers represented by Formula I
comprises. the polymers represented by the following gen-
eral formula:
(TXT)

_-—T(CHa) X —(CHa)t]p-1— 8 —(CHa) —[X1—(CH3) dlm~1—8 —}-*

wherein a, b, ¢ and d each Tepresents a positive integer
of from 2 to 20, and X, Xy, n, m and p each have the
values given above.

Another group of polymers embraced by Formula I
above which are useful in our invention comprise the
polymers represented by the following general formula:
(IV)—LRx——(X-——Rn)p—1——X2—CH5—-CH——Z——CH——OHa——S—]

L ‘ ] L
Rs Rs

wherein Ry, Ry, X, n and p each have the values given
above, X, represents an oxygen atom or a sulfur atom, Rp
represents a hydrogen atom or a lower alkyl group (e.g.,
methyl, etc.), Z represents a divalent carbonamide link-
age, €.8.,
(A) (“) 7

—C—NHE—Z—NH—C—
wherein Z, represents an alkylene group, such as that de-
fined above for Ry, or the group:
(B) 1[17

__C_.

|
Rs

wherein Ry and Ry represent a hydrogen atom, a lower
alkyl group (e.g., methyl, ethyl, etc.) or a monocyclic aryl
group (e.g., phenyl, tolyl, etc.), or alternatively, Z can
represent a divalent ester group, such as:
[(®)] (l? (‘?
— C—0—Ri{(—ORp)p-—0—C—
wherein R;, Ry and p each have the values given above,
or alternatively, Z can represent an alkylene. group, such
as:
(D)
wherein Rg represents an alkylene group, such as methyl-
ene, ethylene, trimethylene, butylene, pentamethylene,
hexamethylene, etc., or an acyloxy group of a dicarboxylic
acid, such as:
E 0
&) 1l i )
—0—C—Ri—C—0—
wherein R, has the values given above. ‘Another group
of polymers embraced by Formula X, which are useful in
practicing our invention comprises polylinear lactones,
such as:
™ —{,Rl——coo—m—s}:
wherein R, Ry and n each have the values given. above.
Alternatively, the compounds of Formula V- can be writ-
ten as follows:

—Re—

(Va)

-—CRQ— 8§—R—CO O\

\ /a

wherein Ry, R, and n each have the values given above.
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Another group of polymers embraced by Formula I are -

those represented by the following general formula:
[429] .
OH-NH-Ri~(X-Rg)p--NH-CH-8 “Ri~(Xi-R)m-1-8 —i

), h +
wherein Ry, Ro, Rg, Re, X, Xyy m, 10 and p, each have the
values given above and Ry represents a hydrogen atom, 2
lower alkyl group, such as methyl, ethyl, propyl, etc.

Still another group of polymers embraced by Formula I
above are those represented by the following general
formula:

(VID
1 o Rr— (X—Ri)pr— OH— 8 —Re—(Xr—Rmr—8 1
NE NE -
R R

In the above formulas, the symbol groups Ry, Ry, R, Ry,
etc., and the integers m, #n, p, etc., have the same values
throughout.

Among the linear polymers of our invention represented
by Formula I above, are linear polyesters which can ad-
vantageously be represented by the following general for-
mula:

(VIID

(0]
I I
—EO C{(—R—— 8) n—l—'Rx};C—O (—Rs—8) b—1—-R3:Iln

wherein R, Ry, Ry, R; and n each have the values given
above, such as a hydrocarbon alkylene group containing
from about 1 to about 10 carbon atoms (€.g., methylene,
ethylene, trimethylene, tetramethylene, pentamethylene,
octamethylene, decamethylene, etc.), a and b each has
the values given above, especially a positive integer of
from about 1 to 4 (provided that ¢ and b do not simulta-
neously represent 1) and s represents a positive integer
of from 1to 2. )

The compounds of Formula II above can be prepared
according to methods which bave been previously de-
scribed in the prior art. For example, these polymers can
be prepared by condensing together at least one dihalo-
genated compound selected from those represented by the
following general formula:

(?IIG) : hal—'Rr-——'( X—-—Rz) p_l—-hal

wherein hal represents a halogen atom, such as chlorine,
bromine, etc., with at least one dithiol compound selected
from those represented by the following general formula:

(Hb ) HS——R:;——(XZ—R4) m—l""‘SH

The condensations can advantageously be carried out in
the presence of an acid-binding material, such as sodium
carbonate, pyridine, sodium acetate, etc. If desired, the
condensation can be carried out in the presence of an
inert diluent which may be a solvent or non-solvent for
the polymeric product obtained. )

Alternatively, symmetrical polymers embraced by
Formula 1T above can be prepared by condensing together
an intermediate represented by Formula Ila with an alkali
metal sulfide, such as sodium or potassium sulfide. Such
preparations have been previously described in the prior
art, such as Lilienfeld U.S. Patent 108,329, issued February
20, 1912,

The linear polymers represented by Formula IV above
can advantageously be prepared by interacting at least one
compound selected from those represented by the following
general formula:

(iVa) HS—R—(X—Ry)p_1—Xo—H

wherein Ry, Rs, X, Xp and p each have the values given
above, with at least one diolefinically-unsaturated com-
pound selected from those represented by the following
general formula:

(IVD) H,C=CH—Z—CH=CH,

@]

e
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This method has likewise been previously described in
the prior art, such as Coffman U.S. Patent 2,347,182,
issued April 26, 1944,

The linear polymers represented by Formula V above
can advantageously be prepared by self-condensation of at
least one hydroxy acid (or alternatively, a lactcne of the
acid) represented by the following general formula:

(Vb) HO—R;—S—R;——COOH

The self-condensation of the compounds of Formula Vb
occurs spontaneously on standing, although it has been
found that the polymers of Formula V can be prepared
more rapidly by heating a lactone of the acid of Formula
Vb in the presence or absence of zn acidic condensation
agent, such as zinc chloride, p-toluene sulfonic acid, etc.

The linear polymers represented by Formmla VI above
can advantageously be prepared by condensing together
one molecule of at least one diamine represented by the
following generai formula:

(VIa) HpN—R—(X~R;),_;—NH,

and two molecules of at least one aldehyde represented
by the following general formula:

(VI 0
Re—C—H

with one molecule of at least one dithiol represented by

the following general formula:

(Vie) HS—Rg—(X;—Ry)m1—SH

The condensations occur spontaneocusly on standing, al-
though they can be accelerated by the application of heat,
and in some instances, by the use of an inert diluent, such
as ethanol, water, etc.

The linear polymers represented by Formula VII above
can advaniageously be prepared by condensing together
two molecules of at least one amine selected from those
represented by the following general formula:

(VIIa) Ry—NH,

one molecule of at least one dithiol represented by the
following general formula: .

(VIib) H3-—R—(Xi—R)p_—SH

and one molecule of at least one dialdehyde selected from
those represented by the following general formula: ‘
(VIIce) ﬁ ﬁ)

H—C—X~C~H
These condensations also océur spontaneously on stand-
ing, but can be accelerated by the application of heat, use
of solvents or dispersing agents; or other techniques well-
known to those skilled in the art.

The linear polyesters of Formula VIII can be prepared
according to methods which have been - described in the
prior art. Among such methods are those comprising the
condensation of a carboxylic compound, such as those
represented by the following general formula:

0 I ]
R'O-C{(—R-S) n—1—R1}-é~O R”
5-1

wherein R, Ry,  and s each have the values given above,
and R’ and R” each represents a hydrogen atom or a
lower alkyl group (e.g., methyl, ethyl, propyl, butyl, etc.),
with a glycol compound, such as those represented by the
following general formula:

X) HO(—Rs—S)p_—R;—0OH

wherein Ry, Ry and b each have the values given above,
As indicated above, at least one of the reactants, IX and/
or X, should contain a thioether linkage. While the
carboxylic component represented by Formula IX above
has been depicted as either an acid or an ester of a lows
boiling alcohol, it is to be understood that acid anhydrides
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and acid halides can also be employed in such condensa-
tions. Moreover, a mixture of two or more dissimilar
ingredients, such as two different acids of Formula IX,
can simultaneously be employed in the condensations.
In like manner, a mixture of glycols can be employed as
an ester-forming component in the reaction. Thus, our
invention comprises mixed polyester compounds.

It has also been found that linear polyesters of the typs
represented by Formula VIII above can be. prepared by
interacting in the presence of ultra-violet radiation a di-
thiol compound, such-as a compound of Formula IVa,
wherein X, represents a sulfur atom, with a compound
selected from those represented by the following general
formula:

(X1) CH,=CH(—CH,) ¢-1—CH=CH,, —CH=CH,

wherein g represents a positive integer of from 1 to 2 and
Z represents an acyloxyl group of a dicarboxylic acid,
such as is represented above by Formula E. Condensa-
tions of this type are shown in U.S. Patent 2,347,182,
mentioned above,

The following examples will serve to illustrate more
fully the preparation of various linear polymers cositaining
thioether atoms which can be effectively used to sensitize
photographic emulsions for color photography according
to our invention.

EXAMPLE 1

[CICH;CHy0CH,CH,0CH,CH,—Cl Na,S—
tCH,CH;0CH,CH,OCH,CH,S), +NaCl]

A mixture of 18.7 g. of 1,2-bis(2-chloroethoxy) ethane
and 24 g. of sodium sulfide (Nay$-9H,0) was heated
under reflux for 16 hours with 50 ml. of ethyl alcohol and
50 ml. of distilled water. Removal of the alcohol, water,
and NaCl left a syrupy polymer which was insoluble in
water but soluble in ethyl acetate.

Analysis—Calculated: C, 48.6; H, 8.1; S, 21.6%.
Found: C, 48.1; H, 8.2; S, 21.2%.

The molecular weight was found by boiling-point ele-
vation to be around 900,

EXAMPLE 2

NgsCOs

[CICH:CH,0 CH20H201+HSCH30H20 CH;CH:8H ——»

e—(cmomocmom-s)ﬂ
A mixture of 4.14 g. of bis(2-mercaptoethyl) ether and
4.29 g. of bis(2-chloroethyl) ether was placed with 3.18 g.
of sodium carbonate in 25 ml. ethyl alcohol and 25 ml.
of water. The reaction mixture was left at room tem-
perature overnight and then heated on the steam bath for
3 hours. ' Removal of the solvent and NaCl left the de-
sired polymeric material.
Analysis—Calculated:
42.0; H, 7.1.
The molecular weight was found to be approximately
434,

+NaCl4-C 0,+H: 0]

C, 42.3; H, 7.1. Found: C,

EXAMPLE 3

[CICHHCHZCHz)OCHzCHzCHzCl—I—NazS—>
‘(‘CHZCH2CH2OCH2CH2CH2—-S}11+NaCl]

A mixture of 1.71 g. of bis(3-chloro-n-propyl Yether
and 2.5 g. of sodium sulfide (NayS-9H,0) was heated
under refiux for 16 hours with § ml. of ethyl alcohol and
5 ml. of distilled water, Removal of the solvent and
NaCl left the desired syrupy polymer. It had a molecu-
lar weight of about 478,

Analysis.—Calculated: C,
50.5; H, 8.6%.

49.6; H, 8.3%. Found: C,

EXAMPLE 4

A mixture of 14.3 g. of bis(2-chlorcethylYether and 24
g. of sodium sulfide (NasS-9H,0) was heated under re-
flux for 16 hours with 50 ml. of ethyl alcohol and 50 ml.
of distilled water. - Removal of the solvents and the sodi-
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um chloride left the syrupy polymer, molecular weight
about 474.
Analysis—Calculated: C, 423 1 11; S, 21.2%.
Found: C, 45.6; H, 8.2; S, 22.0%.

EXAMPLE 5

In a quartz tube were placed 9.4 g. of ethane-1,2-dithiol
and 8.2 g. of biallyl. The tube was stoppered by a glass
stopper which was taped down. The tube was irradiated
by a Gates U.V. 110 volt mercury quartz arc. A vig-
orous reaction resulted with the evolution of much heat.
The reaction was controlled by removing the tube from
before the arc when the heat evolution appeared to be-
come excessive. When the initial reaction had subsided,
the tube was irradiated for an additional one-half hour.
At the end of this time the reaction mixture had set to a
white solid. - The solid was triturated repeatedly with
absolute ‘ethyl alcohol and dried in a vacuum desiccator
under a constantly applied water pump vacutm. The
vyield of product was 12 g. The polymer was soluble in
pyridine, in cyclohexanone at 50° C., and in dimethyl
formamide at 60° C.

The polymers in Table A below were prepared in the
same manner as the polymer of Example 5, except that a
solvent was used in one instance. The results follow:

TABLE A

Example Dithiol (g.) Diolefin (g.) Diluent Percent
Yield

2.8 (insoluble
in dioxane).
8.0

4.65.

ethane-1,2- biallyl (4.1)...| dioxane...
dithiol (4.1).

propane-1,3-
dithiol (5.4).

ethane-1,-2-
dithiol
(2.82).

1,9-decadiene
(4.2).

EXAMPLE 9

A mixture of 33 g. of tetraethylene glycol dimethacry-
late and 7.8 g. of 2-mercaptoethanol was heated for 2
hours on the steam bath with 0.5 ml. of a 35% solution
in methanol of benzyl trimethyl ammonium hydroxide.
The volatile materials were removed at 3 mm. pressure
and temperatures up to 190° C., leaving the formed poly-
mer as a viscous liquid.

Analysis—Calculated: C, 53.0; H,7.8;8,7.8. Found:
C, 527;H,78;8,79.

EXAMPLE 10

. A reaction mixture composed of 15.4 g. (0.1 mole)

of N,N’-methylene bis acrylamide, 18.2 g. (0.1 mole) of
1,2-bis(2-mercaptoethoxy) ethane, 500 ml. of ethanol and
10 drops of a 35% solution in methanol of benzy! tri-
methyl ammonium hydroxide was heated on the steam
bath for 2 hours. Upon cooling, a precipitate formed
which was recrystallized from N,N-dimethylformamide.
M.P. 183-185° C. -

Analysis—Calculated: C, 46.4; H,7.1; N, 8.6; S, 19.1.
Found: C, 46.5; H, 7.1; N, 8.0; 5, 18.6.

EXAMPLE 11

 The reaction of succindialdehyde, 1,10-dimercaptodec-
ane and ammonia: A solution of 10.3 g. of 1,10-dimer-
captodecane and 4.3 g. of succindialdehyde (17 ml. of a
25% aqueous solution) in 25 ml. of ethanol was left at
room temperature for 16 hours. A white precipitate
melting at 90° C. was filtered off. Analysis——C, 58.4;
H, 9.7; S, 11.3. This material (5.3 g) was placed in
50 ml. of cold, concentrated ammonium hydroxide solu-
tion and 50 ml. of ethanol and warmed on the steam bath
for one-half hour. Fifty ml. more of ammonium hy-
droxide was then added and the reaction mixture left for
two days at room temperature. The solid product which
was formed was found to contain 4.7% nitrogen, proving
that the ammonium hydroxide had reacted with the poly-
meric material..
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EXAMPLE 12

The reaction of formaldehyde, ethylenediamine and
bis(2-mercaptoethyl)ether: Formaldehyde (8 ml. of 2
309% aqueous solution) was added to a mixture of 4.6
g. of bis (2-mercaptoethyl)ether and 2 g. of ethylenedi-
amine in 500 ml. of ethanol. The reaction mixture be-
came cloudy, the mercaptan smell disappeared and in
deposited. Analysis
showed 10% nitrogen and 29% sulfur, indicating the
reaction of all components.

EXAMPLE 13

The reaction of formaldehyde with diethylenetriamine
and bis(Z-mercaptoethyl)ether: Formaldehyde (15 ml
of a 30% agqueous solution) was added to a mixture of
6.9 g. of bis(2-mercaptoethyl)ether and 5.1 g. of diethyl-
enetriamine. A copious white precipitate began to form
almost immediately. This material was found to be solu-
ble in dilute hydrochloric acid but insoluble as the pH
was raised to 4.5-7.0.

EXAMPLE 14

The reaction of succindialdehyde, bis(2-mercaptoeth-
yl)ether and ammonia: A mixture of 2.15 g. of succindi-
aldehyde (10 ml. of a 23% aqueous solution) and 3.45
g. of bis(2-mercaptoethyl)ether in 50 ml. of ethanol was
left at room temperature for 20 minutes and 4 ml. of con-
centrated ammonium hydroxide was then added. The
precipitate which formed was found to contain 6% nitro-
gen and 31% sulfur, indicating the participation of all
components in the reaction.

EXAMPLE 15

This polymer was prepared in exactly the manner in-
dicated in Example 14 above, except that the succinalde-
hyde was replaced by a molecularly-equivalent amount of
maleic dialdehyde to give a product of 5.4% nitrogen
and 28% sulfur.

The polymers of our invention containing secondary
amino groups can be acylated by means of carboxylic acid
anhydrides, such as acetic anhydride, etc., and the sulfur
atoms of our polymers can also be ternarized by means
of alkyl salts, such as methyl-p-toluenesulfonate. This is
illustrated in the following example.

EXAMPLE 16

Mixed in 1000 cc. of ethanol were 10.6 g. (0.1 mol.)
of 1,2-bis(Z—mercaptoethoxy)ethane, 6 g (0.1 mol)
of ethylenediamine and 0.2 mol. of formaldehyde. The
white precipitate which formed was filtered off and dried.

Analysis—Calculated: C, 45.2; H, 8.3; S, 24.1; N, 10.4.
Found: C, 45.9; H, 7.8; S, 25.4; N, 8.8.

Five grams of this material were placed in 20 g. of
methy] p-toluenesulfonate and left at room temperature
overnight. An orange wax was formed. This was washed
with diethyl ether to remove excess methyl p-toluenesul-
fonate.

Analysis—Calculated: C, 48.6; H, 7.0; S, 20.0; N, 4.4,
Found: C, 47.4; H, 7.0; S, 19.7; N, 3.0.

Two and one-half grams of this material were placed
in 20 ml. of acetic anhydride and heated for one hour.
Water was added and the solvents were réemoved in vac-
aum. The residue was washed with ether and dried.

Analysis.—Calculated: C, 47.1; H, 7.0; S, 18.6; N, 4.0.
Found: C, 47.2; H, 6.8; S, 18.1; N, 3.2,

EXAMPLE 17

Polymerization of H vdroxymercaptoacetic Lactone at
180° C. With Zinc Chloride

In glass apparatus, under an air condenser, were placed
10 g. of hydroxyethylmercaptoacetic acid lactone and
0.100 g. of anhydrous zinc chloride. The reaction: mix-
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ture was heated in an oil bath at 180° C. for 115 minutes.
The viscous polymer was cooled and dissolved in 70 ml.
of acetone, boiled with decolorizing carbon (Norite) and
cooled to room temperature. About five volumes of ether
were added and the emulsion obtained was chilled in a
Dry Ice-acetone bath. A solid polymer deposited. The
ether was poured off cold and the residue was extracted
at room temperature with several changes of ether. After
the last extraction, the residual ether was removed at room
temperature under vacuum and the remaining oil was dis-
solved in acetone to make 100 g. of solution. The solids
content was 2.6 percent. Molecular weight by end-group
titration was 7100,
EXAMPLE 18

Polymerization of Hydroxyethylmercaptoacetic Acid
Lactone by Chloracetic Acid

Twenty-seven grams of lactone were heated in an oil
bath at 180° C. with 0.270 g. of chloracetic acid in an
all-glass reflux outfit for 20% hours. After cooling a
viscous, clear, tan dope was obtained. This was thorough-
ly extracted by kneading with ether. The residual ether
in the polymer was removed under vacuum at room tem-
perature. The remaining polymer was then extracted
with acetone at room temperature.. The acetone filtrates
were combined and chilled in a Dry Ice-acetone bath,
With chilling, polymer deposited. The cold acetone super-
natant was poured off and the remaining polymer was
worked with ether until it became friable, It was then
dried in a vacuum desiccator under a constantly applied
water-pump vacuum. The vield was 3.6 g. Molecular
weight by end-group titration was 5 000.

EXAMPLE 19

Polymerization of Hydroxyethylmercaptoacetic Acid
Lactone by Toluene Sulfonic Acid

Ten grams of hydroxyethylmercaptoacetic lactone were
heated on a steambath in 90 ml, of benzene with 0.17 g. of
toluene sulfonic acid monochydrate. In a short time the
solution became turbid. After 15 hours of heating, there
was a clear supernatant and viscous second phase.  After
cooling, the benzene phase was poured off and the residue
worked with fresh portions of ethyl ether until it be-
came friable. The product was dried in a vacuum desic-
cator under a constantly applied water pump vacuum,
The yield was 7.1 g. The molecular weight by end-group
titration was 4400.

EXAMPLE 20

Preparation and Polymerization of Hydroxypropyl-
mercaptopropionic Acid Lactone

(1) Preparation.—In an all-glass reflux outfit were
placed 12.5 g. of mercaptopropanol, 9.8 g, of acrylic acid
and 0.136 g. of hydroquinone. The reaction mixfure was
heated over-night on a steam bath, Volatiles were then
removed under vacuum up to a boiling point of 50-53°
C.at 0.8 mm. The yield of crude product was 12.4 g,

(2) Polymerization.—Six grams of the above reaction
product were heated on a steam bath with 0.120 g. of
anhydrous zinc chloride under an air-reflux condenser with
a slow stream of nitrogen passing through the reaction
mixture. After 4414 hours, a viscous dope was ob-
tained. After cooling, this was extracted repeatedly with
40 ml. portions of ether, pouring off the supernatant liquid.
This removed the mnreacted monomer..  The residual
ether was removed under vacuum at room temperature
and the polymer was repeatedly extracted with water to
remove hydroquinone. Residual water was removed un-
der vacoum. A ‘viscous oil remained. In a few days at
room temperature, this oil changed to a waxy solid. This
was dissolved with warming in 35 ml. of acetone and the
solution was chilled in a Dry Ice-acetone bath. Whits
solid polymer deposited. ' This was filtered onto a chilled
Biichner funnel, washed on the funnel with cold acetone,
and dried in a vacnum desiccator under a constantly ap-
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plied water pump vacuum. The yield was 3.2 grams.
Elemental analyses were as follows.

Found: C, 48.6; H, 6.85; 8, 21.95. Calculated exclu-
sive of end-groups: C, 49.3; H, 6.9; S, 21.9.

EXAMPLE 204

Polymerization of g-H. ydroxyethylmercaptopropionz'c Acid
Lactone

"This polymer was prepared in exactly the manner shown
in Hxample 20 above, using zinc chloride as a catalyst
and heating the reaction mixture at 100° C. A white
solid polymer was obtained.

EXAMPLE 21
H ydroxyhexylmercaptopropionic Acid Lactone

Mercaptohexanol and acrylic acid were reacted in a
manner very similar to the above. Attempts to poly-
merize zinc chloride yielded insoluble products. A soluble
product was achieved in the following way:

The lactone (about 25 £.) was heated at 150° C. in a
flask immersed in an oil bath under a high-vac pump
vacuum of 0.07 mm. The viscosity of the melt rose.
After 3 hours, the reaction mixture was cooled. There
was practically no flow at room temperature. The poly-
mer was dissolved in 50 ml. of acetone. The solution
was diluted with 400 ml. of absolute alcohol and the
white suspension chilled in a carbon dioxide snow-acetone
bath. Gummy polymer deposited. The supernatant
liquid was poured off and the residue extracted repeatedly
with fresh portions of absclute alcohol. The residual
alcohel was then removed under vacuum with gentle
warming. The pelymer was then dissolved in 30 ml. of
acetone and filtered. Thirty-eight and one-half grams of
solution with a solids content of 21.2% were obtained.

EXAMPLE 22

Preparation of the Polymer from ~-Hydroxypropyl-
mercaptoacetic Acid

The preparation of 'y-hydroxypropylmercaptoacetic acid
lactone: Fighty-three and two-tenths grams of sodium
hydroxide pellets were dissolved in 200 ml. of distilled
water and chilled in an ice bath. To this was added,
with stirring and continued cooling, a solution of 115 .
of 80% mercaptoacetic acid in 100 ml. of water.  With
the teraperature of the above solution maintained at 75°
C, 139 g. of chloropropanol were added from a dropping
funnel, with stirring, and when addition was completed,
the reaction mixture was stirred and heated for an addi-
tional hour. The water was then removed under reduced
bressure until a heavy slurry was obtained, This was ex-
tracted with acetone by triturating with 2 one-liter por-
tions, and after pouring off the supernatant acetone,

5. residual acetone was removed under reduced pressure with

mild warming. The solid was suspended in 750 ml. of
absolute ethyl alcohol and 90 g. of concentrated hydro-
chloric acid was added with vigorous stirring. The salt
was then removed by filtration, washed with 200 ml. of
alcohol, and the combined filtrates were concentrated
under reduced pressure. The residue was distilled under
high vacuum. The portion boiling between 130°/2 mm.
and 168°/12 mm. was redistilled to yield the desired prod-
uct; boiling at 83°/0.03 mm.~105°/0.05 mm., the major
portion at 88°/0.05 mm. to 92°/0.07 mm. The yield
was 15 g., M.P. 42.4° C,

Analysis~—Calculated for C5HS0,: C, 45.5; H, 6.0;
8,242, Found: C, 45.7; H, 6.4; 8§, 24.6.

The polymerization of v-hydroxypropylmercaptoacetic
acid lactone: In an all-glass outfit equipped with an air
condenser were placed 10 g, of v-hydroxypropylmercapto-
acetic acid lactone and 0.100 g. of anhydrous zinc chloride.
The reaction vessel was placed on a steam bath with a
slow stream of nitrogen bubbling through the melt. At
the end of 21 hours on the steam bath, the mixture had



stoppered bottle and allowing it to s
weeks. The polymer formed spontaneously. it had a

sulfate; ethyl sulfate, etc.

sulfonate and heated under a refilux condenser on the
steam-bath for 18 hours. After cooling, the reaction mix-
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turned quite dark, After cooling to room temperature

under nitrogen, the viscous liquid was dissolved in 20 ml.

of acetone, boiled with decolorizing carbon (Norite), and

filtered. An additional 40 ml. of acetone was added and

the solution was cooled in an acetone-Dry Ice bath. A

solid deposited. The supernatant acetone was poured
off, replaced by 60 ml..of fresh acetone, and the chilling
was repeated. Again, the supernatant was poured off,
and the residue was dissolved in 30 ml. of acetone at
room temperature. This solution was used for test. The
solids content was 10.8%.

10

EXAMPLE 23

Polymerized p-hydroxyethylmercaptoacetic acid was ob-
tained by placing a quantity of the acid (monomer) in a
tand for several

molecular weight of approximately 1000.

The following example also illustrates the ternariza-
tion of one of the thiopolymers of our invention by means
of alkyl salts, such as methyl p-toluenesulfonate, methyl
These ternarized compounds
can also be used to sensitize photographic silver halide
emulsions according to our invention.

20

EXAMPLE 24

Twelve grams of the polymer obtained by the reaciion
of sodium suifide and 1,2-bis(2-chloroethoxy)ethane

(Bxample 1) were mixed with 24 g. of methyl p-toluene- g4

ture was washed with diethyl ether and ethyl acetate.
The insoluble residue was then taken up in 50 ml. of hot

distilled water and filtered. The aqueous solution was gs

washed with ethyl acetate and the water was then removed
to give the produce in the form of a clear brown resin.

Analysis—Calculated: S, 18.2; C, 47.7; H, 6.3%.

Found: S, 18.3; C, 46.9; H, 6.4%.

In Examples 25 to 40 of Table B below, are illustrated
the preparation of linear polyesters by condensing a di-
carboxylic acid or its anhydride with a glycol containing
at least one thioether atom. The same general method

40
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was employed for preparing each of the polyesters iltus-
trated in Examples 25 to 40, and the yield, melting point
and analysis for the resulting polyesters are given in those
cases where the polymers were separated from the reac-
tion medium. It has been found that the polyesters could
be added to photographic silver halide emulsions without
first separating the polyester and re-dissolving it in a suit-
able organic solvent. It will thus be noted that in some
instances, data of the type mentioned above are not given
in the table for particular examples, since the polyester
was used as obtained without further purification, other
than as illustrated in Example 25 which follows.

EXAMPLE 25

Tn an all-glass cutfit equipped with an air-reflux con-
denser and gas inlet for admitting dry nitrogen below
the level of the melt were placed 18.33 g. of 3-thiapentane-
1,5-diol and 14.85 g. of succinic anhydride. The reaction
fizsk was immersed in a thermostatically controlled oil
bath whose temperature was raised ito 150° C. where it
was maintained. After the temperature had been at 150°
C. for one hour, a slow stream of dry nitrogen was
passed through the melt. After 16 hours at 150° C., a
water pump vacuum was applied to remove gross water
with the reaction vessel still at 150° C. A high vacuum
pump, giving a vacuum in the reaction vessel of less than
0.1 mm. was then dpplied for 3 hours, after which the
bath temperature was raised to 170° C. and the pumping
continned for an additional 434 hours. The melt was then
cooled under vacuum. The solidified melt was dissolved
by refluxing in 150 g. of acetone. The solution was fil-
tered through paper to remove suspended material and
then chilled in a bath of solid carbon dioxide in acetone.
The desired product precipitated from solution. This was
filtered onto a cold Biichner funnel washed on the funnel
with cold acetone, and dried in a vacuum desiccator under
a constantly applied water pump vacuum. . The yield of
product was 24.7 g.

The polyesters of Examples 26 to 40 were obtained in
exactly the mander described in Example 25 above, and
the results obtained, together with those of Example 25,
are summarized in Table B.

TABLE B
. Anglysis
Ex- Dialcohol (g.) Dibasic Actd An- Yield (g.) M.P, : SRS
ample hydride or Acid* (g.) °C.
(o} H 8
P T 3-thiapentane-1,5-diol(18.33)_| succinic (14.85) 47,3 1 6.2 15.5
26.. 3 - thiapentane-1, 5-diol (6.1)_| glutaric [G5) PR 49.2 1 6.3 14.7
27 s-thiapentane-1,5-diol (6.11)- adipie* (7.13)- . 57.4 6.9 13.6
i< TR B (ST azalaic* (9.32) - _cueem- 57.2 | 805 | 10.7
10 S JO O e mmm e sebacic* (10.0) ccacenn- 57.718.3 9.7
30 -C 3-thiapentane-1, 5-diol(12.2).| pimelic* (15.86) cccaman 53.4 1-7.3 12.3
b3 R 3-thiapentane-1, 5-diol (6.11)_} suberic® (8.6) 55.1 7.5 12,4
32 ... 3, (69 -1dithiaoctane -1, 8-diol | suceinic (4.9)coeoeeenf 68uuamomcaaamnef TE oo foeenen 24.2
2 S 4, é@ —1 ti(ét?é?tridecane -1,13- | succinic (1.49) . carunran (left in acetone). I D
iol (3.78).

4. 4, 15 - dithiaoctodecane - 1, suceinic (1.00)-- 3.4... .| 67.0 | 8.4 15.6

18-diol (3.22).
35 e 7, 13 - dithianonadecane - 1, suceinic (2.00)- -t 5.6 40.5- 160.1 ] 9.1 15.3

19-diol (6.72). . 41.5 )
36 7, 13 - dithiatetracosane - 1, sueccinic (1.50) [ X S 5451 63.1 | 9.5 13.1

24-diol (6.09).
kv S 4, 8 - dithiaundecane - 2, 10- suceinic (6.72) - cveacea- (left in acetone) |- ---evacleanan-

diol (6.72).
o1 3-thinhexane-1,6-diol (6.8)-..| succinie (4.95)_. Ao e
s JR— 4-thiaheptane-1, 7-diol (7.5) .| succinic (4.05)_ B.
P T 3-thianonane-1, 9-diol (8.91)--| sucecinic (4.85)_ .-~ [ I
L. ethane-1,2-diol (5.0) .. cueuene 4-thiapimelic* (7.5)-.-_| leftinacetone. . | woeoounlomemnlommonfoanue
-5, ST [ do 3,6-dithiasuberic*  |----- A0 I P
43 feeane do 3,7-dithiaazelaic® |-ce-- I [ DS (ST BONSES R SN

11.2).
44_____. ethanol-1,2-diol (1.50)..ccauan 3,8(-4dithiasebaic“ _____ do. DR SRS R
45 . ethane-1,2-diol (2.05) - aeuu-- 3-thiaadipic* (4.92)..--| crude dissolved |eeaace-slurcaus|owaemslucmenn
in DMT.

DMF=N,N-dimethylformamide.

A =18.99 solids in 67 g. acetone solution.
B =19.27, solids in 55 g. acetone solution.
C=17.79, solids in 64 g, acetone solution.
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In Examples 41 to 45 of Table B above, there are il-
lustrated polyesters obtained from a glycol and a dicar-
boxylic acid containing at least one thivether sulfur atom
as identified above. The same general method was used
for preparing the esters of Examples 41 to 45 and this
method can be illustrated by the following example.

EXAMPLE 42

[Summarized in Table B above]

In a small, round-bottom flask were placed 5.0 g. of
ethane-1,2-dio]l (ethylene glycol) and 10.5 g. of 3,6-di-
thiasuberic acid. The flask was placed in an oil bath
whose temperature was slowly raised to 170° C .and then
maintained at that temperature while a slow stream of
dry nitrogen was passed through the melt. After one
hour at 17¢° C., a high vacuum bump was attached, and
with the temperature of the reaction was dropped to
ca. 100° C,, and a vacuum of about one-half millimeter
was applied. When the initial evolution of gas had mod-
erated, the temperature of the bath was again raised to
170° C. and there maintained for 515 hours. The reac-
tion mixture was cooled under vacuum and the viscous
oil obtained was dissolved in acetone. The solids con-
tent of this solution was 31%. )

In preparing the polyesters of Examples 41, 43, 44 and
45, the thiadibasic acid and the glycol, the latter in about
10% excess, were heated in an all-glass reflux outfit with
air condenser, in an oil bath at 150° C., while a gentle
stream of nitrogen was passed through the melt.

After this preliminary heating, a water aspirator was
attached to remove the early accumulation of water to
prevent fouling the mechanica] pump, and then the me-
chanical pump was attached to give a vacuum of usually
less than 0.10 mm. After the designated time at 150°
C., the temperature of the bath was raised to 170° C.
and the high vacuum and heating was continued. The
melt was cooled, dissolved in a solvent, acetone unless
otherwise indicated, boiled with decolorizing carbon (No-
rite), filtered, and used. The solids content of the solu-
tion was calculated from weight of polymer and weight
of solution.

HEATING SCHEDULES FOR CONDENSATIONS

150°/C. | 150°/C. 150°/C. [ 170°/C. Percent
No | Water | High | High | (z) | Solidsof
Example No. vac. | Pump | vae. vac. Solu- | Product
(hr.} vae, (hr.) (hr.) tion | .ir Solu-
(ht.) tion
135 13 414 48 16.7
I4 13 | . 62.7 12,7
% 214 518 13 213.8
45, . 17%4 4% 214 514 i2.6 317.4

1160°/C.
2 Acstone-soluble portion. Major portion was not soluble in acetone,

#In N,N*-dimethylformamide solution.

It is to be understood that glycols containing at least
one thioether sulfur atom can be condensed with dicar-
boxylic acids containing at least one thioether sulfur
atom. For instance, 5.20 grams of 3,6-dithiasuberic acid
were condensed with 5.55 grams of 3,6-dithizoctane-1,8-~
diol to yield 7.5 grams of a viscous oil, which was soluble
in cyclohexanone. Such a polyester ‘provided a speed
increase of 50% over an ordinary unsensitized photo-
graphic gelatino-silver-bromiodide emulsion, when added
at a concentration of 3.0 g. mol. AgX.

As indicated above, the linear polyesters of our in-
vention can be cbtained by a conventional ester-inter-
change reaction by employing a dicarboxylic ester of a
low-boiling alcohol. This method of preparation is illus-
trated in the following example.

EXAMPLE 46

In an all-glass reflux outfit, with a short, air condenser,
were placed 14.6 grams (0.1 mole) of diethyl oxalate,
12.2 grams (0.1 mole) of 3-thiapentanediol and 5 drops
of titanium butoxide. The flask was immiersed in an
oil bath whose temperature was raised to. 150° C. and
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the reaction mixture heated at 150° C. for 22 hours. A
water-pump vacuum was then applied to remove easily
volatiles and then a high-vacium pump was applied for
3 hours. At this time the temperature of the oil bath
was raised to 170° C. and heating and vacuum continued
for an additional 2 hours. The contents of the flask were
cooled to room temperature and dissolved in 60 mls.
of acetone with warming. The solution was boiled with
decolorizing carbon, filtered through paper and a layer
of filter aid. Since precipitation through chilling was not
easily achieved, the solution was used for test after de-
termination of the solids content.

Other polyesters were obtained in exactly the manner
as in Example 46 above, and the physical data for certain
of the polyesters thus obtained are given in the following
table.

TABLE C

Analysis

Exzample Ester

H

-| diethyl suceinate____
----| dimethyl adipate.._

As indicated above, the linear polyesters of our inven-
tion can also be obtained from compounds containing
diolefinic unsaturation, such as the compound of Formula
IVb above. This method of preparation is illustrated in
the following example.

EXAMPLE 50

In 2 quartz tube equipped with a reflux condenser were
placed 3.50 g. of a divinyl succinate and 1.88 g. of ethane-
i,2-dithiol. The tube was placed before a Gates arc at
5 inches. A vigorous reaction occurred. After two hours
of exposure, the tube and contents were cooled to room
temperature. A clear, brilliant dope was abtained. FEther
was added to this dope and with trituration, a white solid
was deposited. This precipitated polymer was thoroughly
extracted with ether and dried in a vacuum desiccator un-
der a constantly applied water pump vacuum. The yield
of produce was 2.6 g., M.P. 66-67.5° C.

In exactly the manner illustrated in Example 50 above,
other polyesters were obtained and the data for such
preparation are given in the following table.

TABLE D

Example Dithiol (g.) Ester (g.) Yield

divinylsuceinate (3.50) . 2.6
diallyl adipate (13.44) . 5.0
diallyl sebacate (8.46) - 4.5
diallyl suceinate (6.0)___ 3.4

ethane-1,3-dithiol (1.88)__
ethane-1,3-dithiol (5.54)
ethane-1,3-dithiol (2.

_____ A0

The linear thicether polymers of our invention are ef-
fectively employed in photographic silver halide emul-
sions in combination with various color-forming com-
pounds or couplers, which react with the oxidation prod-
ucts of color developers (particularly phenylenediamine
developers) to provide subtractively-colored images. The
color-forming compounds can be of the customary types
employed in color photography, such as pyrazolone
couplers for formation of the magenta image, phenolic
image and open-chain
compounds containing a reactive methylene group for for-
mation of the yellow image. Such couplers can be of the
type which can be dispersed in a high-boiling, crystailoidal
compound, which can be used as a vehicle for incorporat-
ing the color-forming compound in the photographic emul-
sion, or such couplers can be of the “fat-tail” varieties
(see, for example, F.IA.T., Final Report, No. 721 for
examples thereof) which can be dispersed in the photo-
graphic silver halide emulsions. Both of these types of
couplers are characterized by non-diffusing - properties
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from the particular silver halide emulsions in which they
ars incorporated. The couplers or color-forming com-
pounds can be incorporated in the silver halide emulsions
by any of the common methods known to those skilled
in the art.

The linear thiopolymers of our invention can be added
to photographic emulsions using any of the well-known
techniques in emulsion making. For example, the thio-
polymers can be dissolved in a suitable solvent and added
%o the silver halide emulsion, or they can be added to the
emulsion in the form of a finely-divided dispersion, such
as described in Fierke et al. U.S. Patent 2,801,171, issued
July 30, 1957. As indicated above, the solvent should
be selected so that it has no harmful effect upon the
emulsion, and generally solvents or diluents which are
miscible with water are to be preferred. Water or dilute
alkali is a dispersing medium for some of the thiopoly-
mers of the invention. In a preferred embodiment, the
thiopolymer can be dissolved in solvents, such as ethanol,
acetone, pyridine, N,N-dimethylformamide, etc., and
added to the emulsion in this form. If desired, certain of
the thiopolymers can be prepared in finely-divided form
and dispersed in water alone, or in the presence of a
suitable dispersing agent. (such as alkali metal salts of
aromatic or aliphatic sulfonic acids) and added to the
emulsion in this form. It is quite apparent that the
thiopolymers of our invention should have sufficient water-
dispersibility so that they can be associated with the grains
of the silver halide present in the emulsion in sufficient
amount to sensitize the emulsion, It is apparent that the
optimum amount for each of the thiopolymers will vary
somewhat from emulsion to emulsion and from thiopoly-
mer to thiopolymer. The optimum amount for any given
thjopolymer can be determined for any particular emulsion
by running a series of tests in which the quantity of thio-
polymer is varied over a given range. Exposure of the
treated emulsion in conventional photographic testing ap-
paratus, such as an intensity scale sensitometer, will re-
veal the miost advantageous concentrations for that thio-
polymer in that particular emulsion. Such matters are
well understood by those skilled in the art.

Color-forming compounds or couplers which are use-
ful in practicing our invention include the following:

COUPLERS PRODUCING CYAN IMAGES

5- (p—amylphenoxybenzenesulfonamino) -1-naphthol

5-(N-b enzyl-N-naphthalenesulfonamino )-1-naphthol

5 -(n—‘benzyl-N-n-valerylamino)-l-naphthol

5-gaproylamino-1-naphthol

2.chloro-5-(N-n-valeryl-N-p-isopropylb enzylamino)-1-
naphthol

2,4-dichloro-5-(p-nitrob enzoyl—ﬁ-o-hydroxyethylami.no )-
1-naphthol

2,4-dichloro-5 —palmithylamino-l-naphthol

2,2'-dihydroxy-5,5 *dibromostilbene

5 -diphenylethersulfonamido-1-naphthol

1-hydroxy-2- (N-isoamy!l-N-phenyl) naphthamide

1-hydroxy-2-(N-p-sec. amylphenyl ) naphthamide

S-hydroxy-l-u-naphthoyl-1,2,3,4-tetrahydroquinoline

2-lauryi-4-chlorophenol

1-naphthol—Z-car’boxylic-a-naphthalide

1-naphthol-5 -sulfo-cyclohexylamide

5-phenoxyacetamino-l-naphthol

5-ﬂ-phenylpropionylamino-1-naphthol _

Monoéhlor-S-(N-'y-phenylpropyl-N-p-sec.-amylbenzoyi-'
amino)-1-naphthol

2-acetylamino-3 -methylphenol

2-benzoylamino-3,5 -dimethylphenol

2-o.(p-tert. amylphenoxy)—n—butyrylamino-5-methylphenol

6-{y-{4-[v-(2,4-di-tert. amylphenoxy) butyramido]
phenoxy} acetamido}-2,4-dichloro-3—methylphenol

1-hydroxy—2-[zr-(2,4-di-tert. amylphenoxy—n—butyl]naph-
thamide .

2-w(p-tert. amylphenoxy) -n-butyrylamino-4-chloro-5-
methylphenol

10

20

30

40

45

50

55

60

65

5

16

2-(p'-tert. amylphenoxy-p-benzoyl) amino-4-chloro-5-

_ methylphenol N

2-(4"-tert. amyl-3’-phenoxybenzoylamino)-3,5-
dimethyl-1-phenol .

2-phenylacetylamino-4-chloro-5-methylphenol

2-benzoylamino-4-chloro-5-methylphenol

2-anilinoacetyiamino-4-chloro-5 -methylphenol

2-{4'-[a-(4""-tert, amylphenoxy)-n-butyrylamino] benzoyl-
amino}-4-chloro-5-methylphenol

2.[437"-(4""-tert. amylphenoxy) benzoylamino] benzoyl-
amino-4-chioro-5-methylphenol

2-p-nitrobenzoylamino—4-chloro-5-methylphenol

Z-m-aminobenzoyl-4-chloro-5-methylphenol

2-acetamine-4-chloro-5-methylphenol

2(4'-sec. amylbenzamino)-4-chloro-5-methylphenol

2(4’-n-amyloxybénzamino) -4-chloro-5-methylphenol

2(4'-ph enoxyberizoylamino) phenol

2(4"-tert. amyl-3 ’-phenoxy_benzoylamino) phenol

2-[a-(4'-tert. butylphenoxy) propionylaminolphenol

2-[a-{4'-tert. amyl)phenoxypropionylamino] phenol

2-[N-methyl-N-(4""-tert. amyl-3’-phenoxybenzoyl-
amino) Jphencl

2-(4"-tert. amyl-3 ’.phenoxybenzoylamino) -3-methyl-
1-phenol )

2-(4""-tert. amy1-3’—phenoxybenzoylamino) -6-methyl-
1-phenol ’

2-(4"'-tert. amy1-3’—phenoxybenzoylamino) -3,6-dimethyl-
phenol

2,6-di(4' -tert. amy1-3’-phenoxybenzoylamino)-l—phenol‘

2-a-{4’-tert. amy]phenoxy)butyrylamino-l-phenol

2(4"-tert. amyl-3 *-phenoxybenzoylamino) -3,5-dimethyl-
1-phenol

2-[a-(4'-tert. amylphenoxy) -n-butyrylamino]-5-methyl-
1-phenol :

2(4'" -tert. arnyl-3’-phenoxybenzoylamino)-4-chloro-1-
phenol

3-[a-(4’-tert. amylphenoxy) -n-butyrylamino]-6-chloro-
phenol

3-(4" -tert. amy1-3’-phenoxybenzoylamino)pheno]

2-[a-(4'-tert. amylphenoxy) -n-butyrylamino]-6-chloro-
phenol

3-[a-(4'-tert. amylphenoxy) -n-butyrylamino]-4-chloro-
phenol

3-[«-(4'-tert. amylphenoxy) -n-butyrylamino]}-5-chloro-
phenol

3-[a-(4'-tert. amylphenoxy) -n-butyrylamino]-2-chloro-
phenol

2-o-(4'-tert. amylphenoxylbutrylamino)-5-chlorophe1io[

2-(4"-tert. amy1—3’-phenoxybenzoylamino)-3-c‘h10r0-
phenol :

5.benzene sulfonamino-1-naphthol

2,4’-dithoro-5-benzenesulfonamino-1-naphthol

2,4-dichloro-5—(p—toluenesulfonamino‘)-1—naphth01

5-(1,2,3 ,4-tetrahydronaphthalene-6—su1famino) -1-
naphthol .

2,4-dichioro-5-(4’—bromodiphenyl-4-su1fonamino)-1-
naphthol

3-(quincline-5 -sulfamino)-1-naphthol
Any of the acylaminophenol couplers disclosed in Sal-

minen and Weissberger U. S. Patent 2,423,730, dated July.

8, 1947, can be used as couplers for the ¢yan image, €.8.

OH

| (lJHa
NHC o—oH—o—O—c&{o’

oH -
| CiHs

- |
—NHC O—CH—O—O—CsHu

Cl—|

Cl
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C2Hs

;
NEC O~CH—*0—-©—\05HU

CH;—

ete.
COUPLERS PRODUCING MAGENTA IMAGES

1-p-sec. :amylpheny1-3-n-amyl-S—pyrazoIone
2-cyanoacetyl-5-(p-sec. amylbenzoylamino) coumarone
2-cyanoacetylccumarone-S-(n-amyl—p-sec. amylsul-
fanilide)
2-cyanoacety1coumarone-5—(N—n—amyl-p-tert. amylsul-
fanilide) :
2-cyanoacetylcoumarone-5~sulfon-N—n-butylanilide
2-cyanoacetyl-S-benzoyiamino-coumarone
2-cyanoacetylcoumarone-S-sulfondimcthylamide
2-cyanoacetylcoumarone-5-sulfon~N—methylanﬂide
2-cyanoacetylnaphthalene sulfon-N-methylanilide
2-cyanoacetylcoumarone-5- (N-y-phenylpropyl) -p-tert.
amylsulfonanilide -
1-p-1aury1pheny1—3-methyl-S-pyrazolone
1-g-naphthyl-3-amyl-5-pyrazolone
1-p-nitrophenyl-3-n-amyl-5-pyrazolone
1-p-phenoxyphenyl-3-n-amyl-5 -pyrazolone
1-phenyl-3-n-amyi-5-pyrazolone ;
1,4-phenylene bis-3-( I-phenyl-5-pyrazolone)
1-phenyl—3-acetylamino-S-pyrazolone
1~pheny1—3-propicnylamino-S-pyrazolone
1-phenyl—B-n-valerylaminOrS-pyrazolone
1-phenyl—S-chIoroacetyIamino-S-pyrazolone
1-pheny1-3-dichloroacetylamino—S—pyrazoloﬂe
1-phenyl-3-benzoylamino~5~pyrazolone
1-phenyl-3-(m-aminobenzoyi) amino-5-pyrazolone
1-phenyl-3-(p-sec. amylbenzoylamino)-5-pyrazolone
1-pheny1-3~diamy1benzcylamino—S—pyrazolone
‘1-pheny1-3-ﬁ-naphthoylamiﬁo-5—pyrazolone;
1-phenyl-3-phenylcarbamylamino~5-pyrazolone
1-phenyl-3-patmitylamino-5-pyrazolone
1-phenyl-3-benzenesulfonylamin0-5-p‘yrazolone
1-(p-phenoxyphenyl)-3-(p-tert, amyloxybenzoyl )amino-
5-pyrazolone
1-(2’,4’,6"-tribromophenyl) -3-benzamidg-5 -pyrazolone
1-(2’,4',6-trichlorophenyl) -3-benzamido-5-pyrazolone
1-(2",4",6"-trichlorophenyl) -3-phenylacetamido-5-
pyrazolone. :
1-(2’,4',6'-tribromophenyl)-3-pheny1acetamido-5-
pyrazolone
1-(2',4'-dich10rophenyl)—3~[3"-(2"’,4”’-di-tert. amyl-
phenoxyacetamide ) benzamido1-5 -pyrazolone

1-(2',4’,6'-trichlorophenyl)—3-[3"-(2”’,4”’-di-tert. amyl-

phenoxyacetamido)b enzamido]-5-pyrazolone

1-( 2’,4',6'-tribromophenyl )-3-137"-(2"" 4" di-tert. amyl-
phenoxyacetamido) benzamido]-5 -pyrazolone

1«(2",4',6"-trichlorophenyl)-3-[ B2, 4" di-tert. amyl-
phenoxy)-propionamido]-5-pyrazoione

1-( 2’,4',6’-tribromophenyl) -3-[B-2"" 4" -di-tert. amyl-
phenoxy)-propionamido]-5 -pyrazolone

1-(2",5"-dichloro)-3-[3"-(4"""-tert. amylphenoxy)benza-
mide]-5-pyrazolone :

1-( 2’,4’,6’-tribromopheny1) -3-[3"-(4""“tert, amyl-
phenoxy)-benzamido]-5 -pyrazolone

1-(2’,5’—dichlorcphenyl)-3-[3"-(2"’,4”'—di—tert. amyl-
phenoxyacetamido )benzamido] -5-pyrazolone

COUPLERS PRODUCING YELLOW IMAGES
N-amyl-p~benzoylacetamiuobenzenesulfonate _
N-(4-anisoylacetaminob enzenesulfonyl)-N-benzyl-m-

toluidine
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18 .
N-(4-b enzoylacetaminobenzenesulfonyl)-N-benzyl-m-
toluidine
N-(4-benzoylacetaminobenz enesulfonyl)-N-n-amyl-p-
toluidine

" N-( 4-benzoylacetaminobenzenesulfonyl) -N-benzylaniline

«~(p-Benzoylbenzoyl) acetanilide

w-Benzoylacet-2,5 -dichloroanilide

w-Benzoyl-p-sec. amylacetanilide

NyIN’-di( w-benzoylacetyl) -p-phenylenediamine

MN,N’-di-( acetoacetamine) diphenyl

{3-[o- (2,4~di—tert.-amylphenoxy) butyramido]benzoyl}-
2-methoxyacetanilide

o-{3-[a-( 2,4-di-tert.-amylphenoxy) acetamido]benzoyl}-
2-methoxyacetanilide

4,4’-di-(acetoacetamino)-3,3 *-dimethyldiphenyl

p.p"-Di-(acetoacetamino) diphenylmethane

Ethyl-p—benzoylacetaminobenzenesulfonate

Nenyl-p-benzo ylacetaminobenzenesulfonate

N-phenyl-N'-( P-acetoacetaminophenyl yurea

n-PropyI—p-benzoylacetaminobenzenesulfonate
acetoacetpiperidide

w-Benzoylacetpiperidide

N(w»-benzoylacetyl) 1,2,3,4-tetrahydroquinoline

N{(w-benzoylacetyl) morpholine

The above color-forming compounds produce colored
images. upon development of the exposed emulsions with
color developers, such as the phenylenediamine color de-
velopers. Especially useful color developers are those de-
rived from p-phenylenediamines containing at least one
primary amino group, such as

NN -dimethyl—p-phenylenediamine,
NN ~diethyl-p-phenylenediamine,
N-carbamidomethyl-N-methyl -p-phenylenediamine,
N4-caeramidomethy1~N4—tetrahydrofurfuryl.—Z—methyl-
p-phenylenediamine,
N4-ethyl-N4-carboxymethyl—Z-methyl—p-
vhenylenediamine,
N4-carbamidomethyl—N4-sthy1-2-methyl-p—
phenylenediamine,
N4-ethy1-N4—tetrahydrofurfur'yl-2—methyl-p-aminophenol,

: 3-acetylamino-4-aminodimethylaniline,

N-etllylaN—/i—methanesulfonamidoethy1—4-aminoaniline,

N-ethyl-N-/S—methanesulfonamjdoethyl—3-methyl-4-
aminoaniline, _

the sodium salt of N-methyl-N—/s-sulfoethyl—pnphenylene—
diamine, etc. ’

As can be seen. by reference to_the large number of
thioether polymers included within our invention, as well
as the large number of color-forming compounds which
can bbe employed in combination therewith, a number of
combinations of sensitizing compounds and color-form-
ing compounds is possible. In order to determine quickly
the effectiveness of a particular combination, it has been
found that the screening technique described by Pontius
and Thompson in “Phot. Sei. Eng.,” vol. 1, pages 4-51,
can be used to get an idea of the potential effectiveness
of a given combination for use in a photographic color
element contajning a coupler. This technique does not
necessitate the preparation of any coupler dispersions, but
the sensitizers can be added to ordinary photographic sil-
ver halide emulsions of the type used in black-and-white
photography, such as gelatino-silver-bromiodide emul-
sions, and the emulsions exposed in an intensity scale
sensitometer to daylight quality radiation for a fraction
of ‘a-second (usually %5) and processed for shout 15
minutes in a phenylenediamine color developer; to which
has been added 10 g. per liter of H-acid. The pH of this
developer is usually adjusted to -10.8 by adding sodium
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hydroxide. A suitable developer composition for this
screening technique is as follows.

Benzyl alcohol oo m o oo cc-. 10
Sodium hexametaphosphate ——coocoemco oo g_. 2.0
Sodinm SO .o cme e m e e g_.. 20
Sodium hydroxide —---—cemmmm oo me g-- 3.4
H-acid (1-amino-8—naphthol~3,6-disu1f0nic

ACIA) —m e m e = g.- 10.0
4-amino-3-methyl-N-ethyl-N-(g-methyl

sulfonamidoethyl) aniline sulfate - —wacaee- g-. 810
Sodium carbonate monohydrate ——ce----mmemm g 40.0
Sodium ‘bromide -~ N g 15
Sodinm thiocyanate - mmmmmm——m e g.- 02
Benzotriazole —mme—mmmmm e e g .03

" Water total to-1 liter, pH 10.8+.1

The relative speed, gamma and fog for coating processed
in this manner are given in Table E below.

Coating Bela-
No. Addenda (g./mol. AgX) tive | Gamma | Fog
Test Speed
PONE - e mm e 100 1.21 J12
) Product of Example 1 (03)...—. 120 1.27 .18
(c) Product of Example 1 (0.3).cure- 183 1.35 .39
TIOTI - - w v mmammmmm oo 100 1.24 .16
(e) Product of Example 4 (.03) 122 1.55 .18
TIOME - cmmm e mm i 100 1.68 L18
) ‘Product of Example 10 (.03) - 118 1.60 .15
[¢)] ~ Product of Example 10 (0.8)---—- 203 1.48 .24
4(1) TV R 100 Joceaan 17
(5) .~ Product of Example 16 (.15)---- 185 |cmommeae .30
143 TYOTC - _ommmm o mem s 100 1.27 .19
- ~~ Product of Example 8 (3. 123 1.30 .16
6(m}. TOME . oo mmm e - 100 1,16 .30
(n).-- _ Product of Example 18 (.3) 148 1.12 .30
7(0)--  NOTE - e e =l 100 1.30°|. .21
(p)- --—w--~ Product of Example 20 (.3) 120 1.20 .30
11 () m— none 100 1.47 .18
[(3 JR— Product of Exa 151 1.77 .27
9(s) -~ BONE . - meommmm et 00| - 118 .20
®)-- " “Product of Example 21 (.3) 123 1.28 .22
) IO mbccmmmm oot m 100 1.10 17
) -~ Product of Example 22 (.8)------ 135 1.22 .26
. none. - 100 1,28 .18
Prod 197 1.55 .28
none 100 1,24 16
Prod: 182 1.22 24
NONE - e mm == o m e 100 1.44 20
Product of Example 25 (1.5) - 132 2.08 .20
= DOMG . oeommmm e oo e 100 1.380 .91
Product of Example 26 (3.0)- 141 1.57 .24
Yo e 1- ey 15
Product of Example 27 (3.0 .15
- TN ceeowmmom oo - .15
" Product of Example 28 (3.0)-~--- 17
i L NONG. e mmm oo 100 1.35 .20
(10 J—— Product of Example 32 (3) .« 148 1.49 .23
hF20,5 TR TIONE - s lmbm s mmme 100 1.30 .26
[(5) ISn—— Product of Example 33 (3. - 158 2.08 .28
19(T) - - e DONG. memmmwmmm = m s m s 100 1.30 .26
). " Product of Example 34 (3.0)----- 115 1.45 .16
90(07) - - <ome TOIE_ e e 100 1.25 .14
(€230 E— Product of Example 35 (3.0)- 117 1.59 .16
Q1(q) e DO oo 100 1.25 .14
') .- Product of Example 37 (3. 126 1,62 17
JICRE V1) £ 1 R ) .- 100 1.25 .26
(9] ‘Product of Example 41 (3)- - 115 1.30 .24
e RO, cmmmsemmm s mmmem S 100 1.54 .20
[ Product of Example 42 (3.0)- 186 2.14 .26
DONE . oo 100 1.35 .20
( Product of Example 43 (3. 155 1.67 .28
B 170} o1 R R, - 100 1.38 .16
( - Example 44 (3.0).c--- 170 1.63 .27
P 1103 + 1 M SRRy PR 100 1.27 .19
® ‘Product of Example 53 (3.0). 129 1,40 .26
NONEG . commmmmm o= 100 1.18 .20
(d —_ Produet of Example 51 (3. 132 1.06 .67
98(€""} e cmee THONC - o e e 100 1,54 .20
(f") o= Prods - 144 1.80 .24
D1 T <) < T 100 1.25 .14
(h'y-__. Product of Example 54 [ p— 117 2.06 .16
30(H ) TIONE - - oo mmmm S 100 .04 .13
(340 T—- Product of Example 55.(.8) .- 107 .99 .12

As indicated above, the thiopolymer compounds of
our invention can ‘be used to increase further the sensi-
tivity of photographic color emulsions which have already
been sensitized to their optimum, or mear-optimum, with
known chemical sensitizers and spectral sensitizing com-~
pounds.

The photographic emulsions used in practicing our in-
vention are, of course, of the developing-out type.

The emulsions can be chemically sensitized by any of
the accepted procedures. The emulsions can be digested
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with naturally active gelatin, or sutfur compounds can -
be added such as those described in Sheppard U.S. Patent
1,574,944, issued March 2, 1926; Sheppard et al. U.S.
Patent 1,623,499, issued April 5, 1927; and Sheppard et
al. U.S. Patent 2,410,689, issued November 5, 1946.

The emulsions can also be treated with salts of the
acble metals such as ruthenium, thodium, palladium,
jridium, and platinum. Representative compounds are
ammonium chloropalladate, potassivm chloroplatinate,
and sodium chloropalladite, which are used for sensitizing
in. amounts below that which produces any substantial
fog inhibition, as described in Smith and Trivelli US. |
Patent 2,448,060, issued August 31, 1948, and as anti-
foggants in higher amounts, as described in Trivelli and
Smith U.S. Patents 2,566,245, issued August 28, 1951,
and 2,565,263, issued August 28, 1951. )

The emulsions can also be chemically sensitized with
gold salts as described in Waller et al. U.S. Patent 2,339,
083, issued April 23, 1946, or stabilized with gold salts
as described in Damschroder U.S. Patent 2,557,856,
issned May 27, 1952, and Yutzy and Leermakers. U.S.
Patent 2,597,915, issued May 27, 1852. Suitable com-
pounds are potassium chloroaurite, potassium- aurithio-
cyanate, potassinm chloroaurate, -auric. trichloride and
3.-aurosulfobenzothiazole methochloride.

The emulsions can also be chemically sensitized with
reducing agents such as stanncus salts (Carroll U.S. Pat-
ent 2,487,850, issued MNovember 15, 1949), polyamines,
such as diethyl triamine (Lewe and Jones U.S. Patent
2,518,698, issued August 15, 1950), polyamines, such as
sperming (Lowe and ‘Allen U.S. Patent 2,521,923, issued
September 12, 1850), or bis(g-aminoethyl)sulfide and its
water-soluble salts (Lowe and Jones U.5. Patent 2,521,-
926, issued September 12, 1950).

The emulsions can also be optically sensitized with
cyanine and merocyanine dyes, such as those described
in Brooker U.S. Patents 1,846,301, issued February 23,
1932; 1,846,302, issued February 23, 1932; and 1,942,854,
issued January 9, 1934; White U.S. Pateat. 1,990,507,
issued February 12, 1935; Brooker and White U.S. Patents
2,112,140, issued March 22, 1938;.2,165,338, issued July
11, 1939; 2,493,747, issued January 10, 1950, and 2,739,
964, issued March 27, 1956; Broocker and Keyes U.S.
Patent 2,493,748, issued January 10, 1950; Sprague U.S,
Patents 2,503,776, issued April 11, 1950, and 2,519,001,
issued August 15, 1950; Heseltine and Brooker U.S. Pat-
ent 2,666,761, issued January 19, 1954; Heseltine U.S.
Patent 2,734,900, issued February 14, '1956; Van Lare
U.S. Patent 2,739,149, issued March 20, 1956; and Kodak
Limited British Patent 450,958, accepted July 15, 1936.

The emulsions can also be stabilized with the mercury
compounds of Allen, Byers and Murray U.S. Patent 2,-
728,663, issued December 27, 1955; Carroll and Murray
U.S. Patent 2,728,664, issued December 27, 1955; and
Leubner and Mutray U.S. Patent 2,728,665, issued De-
cember 27, 1955; the triazoles of Heimbach and Kelly
U.S. Patent 2,444,608, issued July 6, 1948; the azaindenes
of Heimbach and Xelly U.S. Patenis 2,444,605 and 2,444,-
606, issued July 6, 1948; Heimbach U.S. Patents 2,444,-
607, issued July 6, 1948, and 2,450,397, issued Septem-
ber 28, 1948; Heimbach and Clark U.S. Patent 2,444,609,
issued July 6,.1948; Allen and Reynolds U.S. Patents 2,-
713,541, issued July 19, 1955, and 2,743,181, issued April
24, 1956; Carroll and Beach U.S. Patent 2,716,062, issued.
August 23, 1955; Allen and Beilfuss U.S. Patent 2,735,-
769, issued February 21, 1956; Reynolds and Sagal US.
Patent 2,756,147, issued July 24, 1956; Allen and Sagura
U.S. Patent 2,772,164, issued Movember 27, 1956, and
those disclosed by Birr in “Z: wiss. Phot.,” vol 47, 1952,
pages 2-28; the disulfides of Kodak Belgian Patent 569,-
317, issued July 31, 1958; the quaternary benzothiazolium
compounds of Brooker and Staud U.S. patent 2,131,038,
issued September 27, 1938, or Allen and Wilson U.S.
Patent 2,694,716, issued November 16, 1954 (e.g., deca-
methylene-bis-benzothiazolium perchlorate); the zinc and
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&
cadmium salts of Jones U.S. patent application Serial No.

493,047, filed March 8, 1955 (now U.S. Patent 2,839,405,
issued June 17, 1958), etc.

The emulsions may also contain speed-increasing com- .

pounds of the quaternaiy ammonium type of Carroll
U.S. Patent 2,271,623, issued February 3, 1942; Carroll
and Allen U.S. Patent 2,288,226, issued June 30, 1942;
and Carroll and Spence U.S. Patent 2,334,864, issued
November 23, 1943; and the polyethylene glycol type of
Carroll and Beach U.S. Patent 2,708,162, issued May 10,
1955,

The emulsions may contain a suitable gelatin plasticizer
such as glycerin; a dihydroxy alkane such as 1,5-pentane
diol as described in Milton and Murray U.S. application
Serial No. 388,951, filed June 4, 1956 (now U.S. Patent
2,960,404, issued November 15, 1960); an ester of an
ethylene bis-glycolic acid such as ethylene bis(methyl
glycolate) as described in Milton U.S. application Serial
Mo. 662,564, filed May 31, 1957 (now U.S, Patent. 2,-
904,434, issued September 15, 1959); bis-(ethoxy diethyl-
ene glycol) succinate as described in Gray U.S. applica-
tion Serial No. 604,333, filed August 16, 1956 (now U.S.
Patent 2,904,854, issued June 14, 1960), or a polymeric
hydrosol as results from the emulsion polymerization of
a mixture of an amide of an acid of the acrylic acid se-
ries, an acrylic acid ester and. a styrene-type compound
as described in Tong U.S. batent application Serial No,
311,319, filed September 24,1952 (now U.S. Patent 2,-
© 852,386, issued September 16, 1958).  The plasticizer
may be added to the emulsion before or after the addition
of a sensitizing dye, if used.

The emulsions may be hardened with any suitable hard-
ener for gelatin such as formaldehyde; a halogen-substi~
tuted aliphatic acid such as mucobromic acid as deseribed
in White U.S. Patent 2,080,019, issued May 11, 1937; a
compound having a plurality of acid anhydride groups
such as 7,8-dipheny1bicyclo(2,2,2)-7-octene-2,3,'5,6-tetra-
carboxylic dianhydride, or a dicarboxylic or'a disulfonic
acid chloride such as terephthaloyl chloride or naphtha-
lene-1,5-disulfonyl chioride as described in Allen and
Carroll U.S. Patents 2,725,294, and 2,725,295, both issued
November 29, 1955; a cyclic 1,2-diketone such as cyclo-
bentane-1,2-dione as described in Allen and Byers U.S.
Patent 2,725,305, issued November 29, 1955; a bisester
of methane-sulfonic acid such as 1,2-di-(methane-suifo-
noxy)-ethane as described in Allen and Laakso U.S. Pat-
ent 2,726,162, issued December 6, 1955; 1,3-dihydroxy-
methyibenzimidazol-2-one as described in July, Knott
and Pollak U.S. Patent 2,732,316, issued January 24,
1956; a dialdehyde or a sodium bisulfite derivative there-
of, the aldehyde
carbon atoms, such as B-methyl glutaraldehyde bis-so-
diura bisulfite as described in Allen and Burness Canadian
Patent 588,451, issued December 8, 1959; a bis-aziridine
carboxamide such as trimethylene bis{1-aziridine carbox-

amide) as described in Allen and Webster U.S. patent’

application Serial No. 599,891, filed July 25, 1956 (now
U.S. Patent 2,950,197, issued August 23, 1960); or 2,3-
dihydroxy dioxane as described in § efireys U.S. patent ap-
plication Serial Mo. 624,968, filed -November 29, 1956
(now U.8. Patent 2,870,013, issued Janmary 20, 1959).
The emulsions may contain a coating aid such as sa-
ponin; a lavryl or oleoyl monoether of polyethylene gly-
col as described in Knox
issued April 22, 1958; a salt of a sulfated and alkylated
polyethylene glycol ether as described in Knox and Davis
U.S. Patent 2,719,087, issued September 27, 1955; an
acylated alkyl taurine such as the sodium salt of N-oleoyl-
N-methyl taurine as described in Knox, Twardokus and
Davis U.S. Patent 2,739,891, issued March 27, 1956; the
reaction product of a dianhydride of tetracarboxybutane
with an alcoho! or an aliphatic amine containing from §
to'18 carbon atoms which is treated with a base, for exam-
ple, the sodium salt of the

tane as described in Xnox, Stenberg and Wilson U.S, pat-

and Davis U.S. Patent 2,831,766,

monoester of tetracarboxybu--
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ent application Serial No. 485,812, filed February 2, 1955
(now U.S. Patent 2,843,487, issued July 15, 1958); a
waler-soluble maleopimarate or a mixture of a water-sol-
uble maleopimarate and a substituted  glutamafe salt as
described in Know and. Fowler U.S.. Patent 2,823,123,
issued February 11, 1958; an alkali métal salt of a sub-
stituted amino acid such “as disodium N-(carbo-p-tert.
octylphenoxypentaethoxy)-glutamate as -described in

Knox and Wilson U.S. patent application Serial No. 600,- .

679, filed July 30, 1956; or a sulfosuccinamate such as
tetrasodivm N - ( l,2-dicarboxyethy1)-N-noctadecyl sulfo-
succinamate or N-lauryl disodium sulfosuccinamate as
described in Knox and Stenberg U.S. patent application
Serial No, 691,125, filed October 21, 1957,

Various silver salts may be used as the sensitive salt
such as silver bromide, silver iodide, silver chloride, or
mixed silver halides such as silver chlorobromide or silver
bromoiodide. )

The thiopolymeérs of our invention may also be used in
emulsions intended for use in’ diffusion transfer processes
which utilize the undeveloped silver halide in the nonimage
areas of the negative to form a positive by dissolving the
undeveloped silver halide and precipitating it on a receiving
layer in close proximity to the original silver halide emul-
sion layer. Such processes are described in Rott U.S.
Patent 2,352,014, issued June 20, 1944, and Land U.S.
Patents 2,584,029, issued January 29, 1952; 2,698,236,
issued December 28, 1954, and 2,543,181, issued Febru-
ary 27, 1951; and Yackel ef al. U.S. Patent application
Serial No. 586,705, filed May 23, 1956. They may also
be used in color transfer processes which utilize -the dif-
fusion transfer of an image-wise distribution of developer,
coupler or dye, from a light-sensitive layer to a second
layer, while the two layers are in close Proximity to one
another. Color processes of this type are described in
Land U.S. Patents 2,559,643, issued July 10, 1951, ‘and
2,698,798, issued January 4, 1955; Land and Rogers
Belgian Patents 554,933 and 554,934, granted August 12,
1957; International Polaroid Belgian Patents 554,212,
granted July 16, 1957, and 554,935, granted August 12,
1957; Yutzy U.S. Patent 2,756,142, granted Tuly 24, 1956,
and Whitmore and Mader U.S, patent application Serial
No. 734,141, filed May 9, 1958, ‘

In the preparation of the silver halide dispersions em-
ployed for preparing silver halide emulsions, there may be
employed as the dispersing agent for the silver: halide
in its preparation, gelatin or some other colloidal materjal
such as colloidal albumin, a cellulose derivative, or-a syn-
thetic resin, for instance, a polyvinyl compound. . Some
colloids which may be used are polyvinyl alcohol or a
hydrolyzed polyvinyl acetate as described in Lowe U.S.
Patent 2,286,215, issued June 16, 1942; a far hydrolyzed
cellulose ester such as cellniose acetate hydrolyzed to an
acetyl content of 19-26% as described in U.S. Patent
2,327,808 of Lowe and Clark, issued August 24, 1943; a .-
water-soluble ethanclamine cellulose acetate as described
in Yutzy U.S. Patent 2,322,085, issued June 15, 1943; a
polyacrylamine having a combined acrylamide content of
30-60% and a specific viscosity of 0.25~1.5 on an imidized
polyacrylamide of like acrylimide content and viscosity as
described in Lowe, Minsk and Kenyon U.S. Patent 2,541,-
474, issued February 13, 195 1; zein as described in Lowe
U.S. Patent 2,563,791, issued August 7, 1951; a vinyl alco-
hol polymer containing urethane carboxylic acid groups.
of the type described in Unruh and Smith U.S. Patent
2,768,154, issued October 23, 1956; or containing ¢yano-
acetyl groups such as the vinyl alcohol-vinyl Cyanoacetate
copolymer as described in Unruh, Smith and Priest U.S..
Patent 2,808,331, issued October 1, 1957; or a polymeric
material which results from polymerizing a protein. or. a
saturated acylated protein with a monomer having a vinyl
group as described in U.S. application Serial No, 527,872
of Illingsworth, Dann and Gates, filed: August 11,- 1954
(now U.S. Patent 2,852,382, issued September 16, 1958).

If desired, compatible mixtures of two or more of these



colloids may be employed for dispersing the silver halide
in its preparation. Combinations of these antifoggants,
sensitizers, hardeners, etc., may be used. : )
.. The following examples will serve to illustrated the
effect produced by the thiopolymer compounds of our
invention in photographic silver halide emulsions which
contain a coupler or a color-forming compound. :
 In Table ¥ below, is shown the effect produced by the
thiopolymer compound in an ordinary negative speed silver
bromiodide emulsion which had been digested to optimum
semsitivity with a mixture of a labile sulfur compound- of
the type shown in Sheppard U.S. Patent 1,623,499, men-
tioned above, and a gold compound of the type shown,
for example, in U.S, Patent 2,399,083, mentioned above,
and which had been red-sensitized (ca. 600700 mu) with
a spectral sensitizing dye. The emulsions contained a
thiopolymer compound in the amount indicated in the
table, and also contained a coupler dispersion of one of
the color-forming compounds for producing ‘the cyan
image upon color development, as.identified further below.
Two series of coatings were prepared for each of the
emulsions, one for processing in the color negative process
and another series for processing in a reversal color
process. -Each of the emulsions was coated on a trans-
parent support, such as cellulose acetate film, dried, and
then exposed in an Eastman Type Ib Sensitometer to day-
‘light quality radiation for approximately 750 second.
Samples of each were then processed through the color

negative process or the reversal color process. A typical

_negative. color process is described in detail by W. T.
‘Hanson, Jr. and W. T. Kisner in an article in the “Journal
of the Society of -Motion Picture and Television Engi-
neers,” vol. 61 (1953), pages 667-7C1. The reversal color
process was as follows:

The. exposed film was developed in a developer having
the following composition:

Sodium hexametaphosphate oo g 20
N-methyl-p-aminophenol sulfate —.——o-oee— g_. 6.0
Sodium sulfite, anhydrous. - eemm e g . 50.0
Hydroquinone - —ammmmm oo m e g_.. 6.0
Sodium carbonate monohydrate .--—c————-—- g_- 350
Potassium Bromide —--——cmccecieccmccmmem—8ac 2.0
Sodium. thiocyanate et g_. 15

0.5% solution of 6-nitrobenzimidazole nitrate _.cc_- 12.0
0.1% solution of potassinm iodide cc—— 10.0
Water to make 1 liter. g
The element was then thoroughly washed with water and
treated in a hardening bath having the following com-

position:

Potassium chrome alum crystals
Water to make 1 liter.

The element was then thoroughly washed with water and
treated for 30 seconds in a solution having the following
composition:

G.
Sodium borohydride — 025
Sodinm hydroxide —.-. 4.0

‘Water to make 1 liter.

The element was then treated in a color developer having
the following composition:

Benzyl alcohol cC

Sodium hexametaphosphate —ccmaomeean- g __
Sodium sulfite, anhydrous g
Trisodium phosphate g
Potassium bromide g

0.1% solution of potassium jodide ———o———- CCom
Sodium hydroxide Y. 2 .
Color developer ! g . 11.33
Fthylenediamine sulfate g 7.8
Citrazinic acid - -—— g 1.5

Water to make 1 liter.

1 4-amino-N-ethyl-N -(f-methanesulfonamidoethyl)- m - tolul.
dine sesquisulfate monchydrate.

D

o™
The element was then thoroughly washed with water and
treated in a clearing and fixing bath having the following

composition:
. ‘ G.
5 Sodium thiosulfate —--owmemmmmm e o 150.0
Sodium biSEIIE o cc e e e e 20.0

Water to make 1 liter.

The element was then treated in a bleach bath having the
following composition:

10 G.
Potassium diCHIOMAte oo e 5.0
Potassium ferricyanide —-emmecmocm o ———em 70.0
Potassium bromide —— N 20.0

- Water to make 1 liter.

The clement was again washed and treated once again
with the clearing and fixing bath identified above. The
element was again washed and treated in a stabilizing bath
having the following composition:

Formaldehyde (37% by weight)
Dispersing agent ? - oo fL A
Water to make 1 liter,

1.8uch as Triton X-100, ie., an alkylaryl polyether aleohol
(ottylphenoxy polyethoxy ethanol).

In color coatings Nos. 1-5, 7 and 9-17, the emulsions
contained a dispersion of a phenol coupler, e.g., couplers
Nos. 1 to 6 of Fierke et al. U.S. Patent 2,801,171 (column
2), in a suitable solvent, such as tri-o-cresylphosphate or
dibutylphthalate. In the color coatings. Nos. 6 and 8, the
emulsions contained a dispersion of 48 grams of a hydroxy-
naphthamide coupler, e.g., couplers Nos. 1 to 10 of
Weissberger et al. U.S. Patent 2,474,293, issued Jume 28,
1949 (columns 1 to 3), 32 grams of a hydroxyphenylazo-
naphthanilide coupler, e.g., couplers Nos. 1 to 12 of Glass
et al. U.S. Patent 2,521,908, issued September 12, 1950
(columns 3 to 5) in a mixture of 40 ccs. of N-n-butyl-
acetanilide, 240 ccs. of ethyl acetate and 544 ccs. of a
10% aqueous gelatin solution containing 120 ccs. ofa 5%
aqueous solution of Alkanol-B (alkylnaphthalene sodium
sulfonate). In the following table, there is shown the
speed increase produced by our thiopolymer compounds,
as well as the change in Dy,.y in the reversal cclor process
and the change in Dy, in the color negative process.

TABLE F.—SINGLE LAYER—COLOR PROCESSED TC

25

30

45 CYAN IMAGEH
Color Rev. Process | C. Neg. Process
Co%}:mg Addenda (g./mol. AgX)
0.
Speed} & Dmax. |8peed| A Dauin.
50
FX () J— OG- oo e 0| 100 0
() P— Product of Example 1 (. —.75 1 1583 +.08
Product of Example 4 (.3) —1.24 [ 125 .14
Product of Example 3 (.3)..-| 160 | 118} 160 +.12
(e) _{ Product of Example 9 (.3)._-| 120 +.18 | 126 +.01
f Product of Example 10 (.3).-| 300 —-.96 | 225 +.05
)] Product of Example23* (.03).| 132 412 126 0
{h) Product of Example 23* (.3)_| 502 —. 10} 138 -+-.08
Product of Example 22 (1) 174 +.02 1§ 102 0
[¢) . Product of Example 22 (.3)._| 251 —.09 | 138 +.08
Product of Example 23 (.03)-| 140 +.19 1 133 0
[(3) Product of Bxample 23 (1).-| 200 01! 114 +.02
)-.-.| Product of Example 23 (.3)_.| 334 —. 10| 146 +.08
(n) Product of Example 23 (1.0).| 400 —~.40 82 +.05
Product of Example 24 ((8) |ocemoo|-ceamaaan 140 +-.05
[¢7) I Product of Example 24 (.05).| 133
[G) — Product of Example 24 (3)_-| 197
10(r) - .—.| Product of Example 25 (.1)-.| 229
(s)- Product of Example 25 (.3)__{ 316
Product of Example 26 (.3)..] 282 —.62 | 229 +.14
_| Product of Example 26 (3.0).] 347 —1.312| 302 +. 26
Product of Example 27 (.3)..{ 263 —.18 | 251 -+.10
Product of Example 27 (3.0)_{ 316 —.86 | 363 +.26
Product of Example 28 (.3)..| 166 01 174 +.02
Product of Example 28 (3.0)-] 182 —. 10| 200 +.02
Product of Example 29 (.3)_.| 166 +.18 | 145 0
Product of Example 29 (3.0).| 182 4-.08 | 174 0
Product of Example 41 (.1)._| 263 —.06 | 128 +.02
_| Produet of Example 41 (.3)..| 331 —.28 | 138 +.04
Product of Example 42 (.1)..| 253 —. 16 | 159 +.02
¢").._.| Product of Example 42 (.3)_.{ 331 —.20 ) 126 +.08
17(f")..--| Product of Example 43 (.3).-| 363 —1.42 1 159 +.12

(*) =prepared like polymer of Example 23, except monomer was heated
at 150° C. in a vacuum until polymer formed.
Rev.=reversal color.
75  C. Neg.=color negative.
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In Table G below, there is shown the effect produced in

negative speed silver bromiodide emulsions which had
been sensitized to the green region of the spectrum, i.e.,
about 500-600 my. The emulsions all contained a coupler
for the magenta image and had been digested to optimum
sensitivity with a labile sulfur compound and a gold com-
pound of the type used in arrivi g-at the data for the emul-
sions of Table F. In the series of coatings shown in
Table G, the emulsions were double coated, one of the
emulsions being finished to a higher speed than the other,
the faster emulsion being coated over the slower emulsion.
Both of the emulsions contained the same ingredients.
The emulsions of color coatings Nos. 18 and 20 contained
a_ dispersion in tri-o-cresylphosphate of a pyrazolone
coupler, e.g., couplers Nos. 7, etc. of Fierke et al. U.S.
Patent 2,801,171 (column 2) and a phenylazopyrazolone
coupler, e.g., coupler No. 8 of U.S. Patent 2,801,171, In
color coating No. 19, the faster and slower emulsions each
contained only the byrazolene coupler containing no
phenylazo color grouping, i.e., only the first-mentioned
coupler. The speed and density for each of the coatings
is shown in the following table after the coatings were
exposed in an Eastman T ype Ib Sensitometer to daylight
quality radiation and after processing in the color nega-
tive process or the reversal color process.

TABLE G.—SINGLE COLOR FILM-—COLOR PROCESSED
TG0 MAGENTA IMAGE

Rev. Process C. Neg.
Color Process
C'%\aIting Addends (g./mol. AgX)
0.

8peed| ADmax.[Speed ADpin.

1020 T Control _..._.._._._..____ 100 0 100 0
(2 I Produet of Exemple 1 (9)_._{ 2331 —. 08| 212 4. 10
19() e Product of Example 10 (3).-| 150 —~1.28 | 140 +.43
200 ) e Product of Example 23 [:) 1 IS S 170 -+.08

In Table H below, there is shown the effect of the
thiopolymers of our invention in photographic silver
halide emulsions which have been sensitized to their
optimum with a labile sulfur compound and a gold com-

pound as described in commection with color coatings

Nos. 1-17.. Each of the emulsions was a high speed
silver bromicdide emulsion containing a yellow image-
forming coupler, e.g., couplers Nos. I to V of McCrossen
et al. U.S. application Serial No, 575,099, filed March
30, 1956, dispersed in dibutyl phthalate, Each of the
coatings was then processed exactly as described above
in either the color negative process or the reversal color
process. The speed and density measurements for each
of the exposed coatings is shown in the following table.

TABLE H~—~SINGLE COLOR FILM-—COLOR PROCESSED
TO YELLOW IMAGE

Rev. Process C. Neg.
Color ’ Process
Caﬁtmg Addenda (g./mol. AgX)
0.

Speed|. ADuaz. [Speed| ADmin.

21(k’) i Control__._________ . __ . 100 0 100 0
). Productof Bxample1 (3.0)|._____ [ 160 +.08
22(m’) Product of Example 1 (1.0).| 260 =80 {._ . ) . ___
23(n")__.._] Productaf Example 10 (.3).| 333 not | 206 -4-.08

available

In Table J below, there'is illustrated the effect obtained
using one of the thiopolymers of our invention in a photo-
graphic element containing a plurality of selectively sensi-
tized photographic silver halide emulsion layers. The
photographic element used comprised a transparent sup-
port having coated thereon a high-speed, red-sensitized
negative silver bromiodide emulsion containing a mixture
of couplers for the cyan image dispersed in a conven-
tional coupler solvent, such as g tri-o-cresyl phosphate.
The couplers for the cyan image were the same ones
used in color coatings Nos. 6 and 8 above, ' Over the
red-sensitive emulsion was" coated a high-speed, green-
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sensitized negative silver bromiodide emulsion containing
the mixture. of couplers illustrated in color coating No,
20(/’) of Table G above. These couplers were added
in the form of a coupler dispersion in a sujtable vehicle,
such as tri-o-cresyl phosphate.

Over the green-sensitive layer was coated a conven-
tional vellow filter layer, such as Carey-Lea, colloidal
silver dispersed in gelatin,' Over the vellow filter layer
was coated .an ordinary photographic silver bromiodide
emulsion (blue-sensitive) containing a coupler dispersion
of the type shown in color coatings Nos. 21-23 of Table
H above. :

Eachof the differentially-sensitized layers, ie., the
red-, green- and blue-sensitive layers, contained approxi-
mately 1 gram per mole of silver halide of the thio-
polymer of Example 23 above as a sensitizer. - Prior to
the addition of the thiopolymer, the emulsions were sensi-
tized to their optimum, or near-optimum, in the manner
described for emulsions of color coatings Nos. 1-17
above with a gold and labile sulfur compound.” A second
color element was prepared in exactly the same man-

ner except that no thiopolymer: was addsd. Fach of
the color elements was ther processed through the color
Negative process or the reversal color. process. - The rela-

tive speed and density measurements (D, for the color
negative and Dp,. for the reversal color progess) for
each of the layers are shown in the following table.

TABLE J—MULTI-LAYER—COLOR PROCESSED

Color Relative Speed AD from Control
C(i%ting Processing
0.
Red | Green | Blue | Red | Green Blue
2400y oo COEtrol (no. 100 100 ) 100 0 [i] ]
. thio-
polymer),
[€230 IS, Color 183 238 M7 +.01 +.08 | .03
: negative,
[ JE—. Reversal color.| . 221 200 186 | 4+.14 | .12 +.13
The above examples and coatings illustrate the photo-

graphic effect obtained with various classes of polymeric
materials containing thioether sulfur atoms in a linear
polymeric chain. While the invention has been illus-
trated with respect to particular groups of thiopolymers,
it is to be understood that other polymeric materials be-
longing to the generic class embraced by Formula I
above, can be employed in our invention. Among other
thiopolymeric materials which can be employed in our
invention, which are embraced by Formula I above, are
the linear polyamides illustrated in Beavers U.S. applica-
tion Serial No. 779,875, filed on even date herewith,

It has also been found that the linear thiopolymers
of our invention can be added to photographic developers,
which may or may not contain color-forming compounds
or coupler, in order to increase the effective speed of
photographic silver halide emulsions which have not been
previously sensitized by incorporation of the thiopolymers
of our invention in the emiulsions themselves, This dis-
covery ‘has been found to apply to a number of photo-
graphic silver halide emulsions, including emulsions con-
taining color-forming compounds or couplers, as well as
photographic silver halide emulsions containing no such
color-forming compounds,. The latter emulsions can be
used in black-and-white photography, - or alternatively,
they can be used in a photographic color process wherein
the color-forming components are incorporated in.the
color: developers.

Of course, in the event that the thiopolymers of our
invention are incorporated in photographic developers in
lieu of incorporation in the emulsions as hereinbefore
described, it is apparent that a speed increase can be ob-
tained even in cases wherein the emulsions contain some
thiopolymer, provided that sufficient thiopolymer has not
been incorporated in ‘the emulsion in’ order.to produce
optimum ‘sensitivity. . In order to-incorporate the thio-
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polymers of our invention in photographic developers,
it is convenient to dissolve the thiopolymers in organic
solvents, such as acetone, methylethyl ketong, etc., and
add the desired amount of these solutions to the photo-
graphic developers. While some precipitation of the
thiopolymer occurs in the develeping solution, it has
been found that such precipitation has no apparent harm-
ful effect upon the sensitizing action, provided that the
developer is agitated sufficiently during use to prevent
sedimentation of the thiopolymer.

The following two examples will serve to illustrate
the effect of our thiopolymers in photographic developers,
both in emulsions intended for color photography, as
well .as emulsions intended for conventional black-and-
white negative processes. The thiopolymers of our in-
vention. can be used in conjunction with conventional
photographic developers, including polyhydroxybenzenes
(e.g., hydroquinone, etc.), aminophenols (e.g., N-methyl-
p-aminophenol, etc.), phenylenediamines (e.g., M, N-di-
ethyl-p-phenylenediamine, etc.), Phenidone developers,
ete. The effect of our thiopolymers has been found to
be particularly outstanding in MQ developers, ie., de-
velopers containing both hydroquinone and N-methyl-p-
aminophenol sulfate.

EXAMPLE (a)

A three-colored silver bromiodide film containing cyan,
magenta and yellow color formers in separate layers as
described above for the coatings of Table J (but contain-
ing no thiopolymer) was exposed for %o second to a 500-
watt tungsten lamp, adjusted to 2 color temperature of
6100° K., in an intensity scale sensitometer. The control
strip described below ‘was processed to a color positive
in the reversal color process, described below, at a tem-
perature of 75° F. The experimental strips were processed
in a similar process differing only in that the black-and-
white developer (MQ) contained varying amounts of the
polymer of Example 26. .

COLOR PROCESS

(1) Negative development
(2) Reversal flash exposure.
(3) Color development
(4) Clearing
(5) Silver bleaching
(6) Fixing

Wash and dry. .

The negative developer (MQ) had the following com-
position:

Water, 90° F. (32° C.) o e liters... 1.0
Sodium hexametaphosphate - ooeoemeem gm... 2.0
N-methyl-p-aminophenol sulfate ————eweemm egm.. 6.0
Sodium sulfite, desiccated oo gm.- 50.0
Hydroquinone - ——eee—mmcmmimmmmm e egm_. 6.0
Sodium carbonate, monohydrate ——————eeu- em.... 35.0
Potassium bromide - e gm 2.0
Sodinm - thiocyanate e mowm i gm.. 1.5
6.5% solution of 6-nitrobenzimidazole nitrate ._cc-.- 12.0
0.1% solution of potassium iodide —————euu- cc.— 10.0

The color developer had the following composition:
Water, 70° to 80° F. (21° to 27° C.) ._..liters.- 1.0

Benzyl alcohol - omm oo g 6.0
Sodium hexametaphosphate oo cmwmoemc gm_.. 2.0
Sodium sulfite, desiccated - - em 5.0
Trisodium phosphate - gm__ 40.0
Potassium bromide o e gm.. 025
0.19% solution of potassium iodide —--ocua- cc.... 10.0
Sodium hydroxide —omwmee e gm._ 6.5
4-amino-N-( ,B-methanesulfonamido ethyl)-m-

toluidinesesquisulfate monchydrate .- gm__ 11.33
Ethylenediamine sulfate oo omaommmmomee egm._ 7.8
Citrazinic acid (2,6-dihydroxyisonicotinic

acid) - - — —— g 1.5

[$)4
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The clearing bath had thé following composition:

TWALET el e e i liters... 1.0
Sodium bisulfite e gm.._ 10.0
Hydroquinone - - ---m—eommmmmom s m e gm._ .S

The silver bleaching solution had the following com-
position:

Gm.
Sodium ferricyanide & o moms e 60.0
Sodium hypophosphate HyO -ememmemcic v 17.6
Sodinm bromide ceo e 15.0
Sodium hydroxide —eee—mmec e 3.5
Sodium thiocyanate - c-e—mm—momm— 5.0
Water to 1 liter.

The fixing bath had the following composition:
Water 80° F. (27°C.)  commmim e liters_. 1.0
Sodium thicsulfate o e gm-. 95.6
Sodium DISGHite mmo oo em... 20.0

Red Green Blue
Rela- Rela- Rela-
Dmasz| tive |Dmin| tive |Dmaz tive
" | Speed Speed Speed
Tilm processed in normal
€010T PrOCeSS—c o mrnemmamm 2.90 100§ 3.00 100 | 3.70 100
TFilm processed in modi-
fied process (M Q devel-
oper contained .25 gm.
polymer/liter. .cocomuun- 2.85 151 |- 3.80 151 | 3.06 263
Film processed in modi-
fied process (MQ devel-
oper contained 1.0 gm. . .
polymer/liter. .ooareaan 2. 69 209 | 2.63 200 | 2.93 316
BEXAMPLE (b)

A single layer film was made by coating a red-sensi-
tized, coarse-grained silver bromiodide emulsion onto con-
ventional cellulose acetate film. The emulsion contained
1o color-forming component. A sample of this coating
was exposed to a light source similar to the one described
in BExample (a), but exposure being made through a Wrat-
ten No. 15 Filter (a filter transmitting only light having
a wavelength greater than 510 mu). The strips of film
were then put through either the médified or unmodified
black-and-white developer (MQ) having the composition
described in Example (a) above. The strips were then
fixed and washed in the conventional manner.

Damis | Relative
Speed
Unmodified—control developed 5 minutes in MQ
developer_ .o .25 100
Modified—experiment developed 5 minutes inMQ
developer containing .25 gm. polymer/liter....-- .32 138

The jnvention has been described in detail with particu-
lar reference to preferred embodiments thereof, but it
will be understood that variations and modifications can
be effected within the spirit and scope -of the invention
as ‘described hereinabove and as defined in the appended
claims.

What we claim as our invention and desire secured by
Letters Patent of the United States is:

1. A photographic silver halide emulsion wherein the
vehicle for the silver halide is a water-permeable, hydro-
philic colloid and wherein said emulsion contains (1)
a color-forming compound capable of coupling with the
oxidation products of a color developer containing a
color developing agent containing at least one primary
aminoaryl group to produce a colored compound and
(2) a sensitizing amount of a linear polymer consisting
essentially of polymer units represented by the following
general formula:
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wherein R represents an aliphatic radical
a positive integer of at least 3,
in the polymer units of szid
tached to a carbon atom of s
atom having directly attached
said linear polymer
about 250.

2. A photographic silver halide emulsion wherein the
vehicle for the silver halide consists of gelatin and where-
in said emulsion contains (1) a color-forming compound
capable of coupling with the oxidation products of a
color developer containing a color developing agent con-
taining at least one primary aminoaryl group to produce
a colored compound and (2) a sensitizing’ amount of a
linear polymer consisting essentially of polymer units Iep-
resented by the following general formula:

RSy

wherein R represents an aliphatic radical and x represents
a positive integer of at least 3, the depicted sulfur atom
in the polymer units of said general formula being at-
tached to a carbon atom of said R radical, said carbon
atom having directly attached thereto a hydrogen atom,
said linear polymer having a molecular weight of at least
about 250. ‘

3. A photographic silver halide emulsion wherein the
vehicle for the silver halide consists of g water-permeable,
hydrophilic colloid and wherein said emulsion contains
a color-forming compound capable of coupling with the
oxidation products of a color developer containing a
p-phenylenediamine color developing agent to. produce
a colored compound, said emulsion being sensitized with
(1) a labile sulfur compound, (2) a gold salt and 3
a sensitizing amount of a linear polymer consisting es-
sentially of polymer units represented by the following
general formula;

and x represents
the depicted sulfur atom
general formula being at-
aid R radical, said carbon
thereto -a hydrogen atom,
having a molecular weight of at least

R—S),

wherein R represents an aliphatic radical and x Tepre-
sents a positive integer of at least 3, the depicted sulfur
atom in the polymer units of said general formula being
attached to a carbon atom of said R radical, said carbon
atom having directly attached thereto a hydrogen atom,
said linear polymer having a molecular weight of at least
about 250.

4. A photographic silver halide emulsion containing a
color-forming compound capable of coupling with the oxi-
dation products of a phenylenediamine color developer
to produce a colored compound, said emulsion contain-
ing a sensitizing amount of a linear polymer consisting
essentially of groups represented by the following gen-
eral formula:

TR1I—(X—Ry) p1—5—Ry—(L—R)m_1—Sh,

wherein R;, Ry, R; and Ry each represents alkylene con-
taining from about 2 to 20 carbon atoms, X and X, each
Tepresents a member selected from the class consisting of
oxygen, sulfur, amino, carbamyl, carbonylamido, car-
bonyl, oxycarbonyloxy, oxycarbonyl and carbonyloxy,
P and m each represents a positive integer of from 1 to 5
and n represents a positive integer of at least 2. ’

5. A photographic silver halide emulsion containing a
color-forming compound capable of coupling with the
oxidation products of a phenylenediamine color developer
to produce a colored compound, said emulsion contain-
ing a sensitizing amount of (1) alabile sulfur compound,
(2) a sensitizing gold compound and (3) a linear poly-
mer consisting essentially of groups represented by the
following general formula:

TR—(X—Ry) p-1—5—Rg—(X1~R)sn 15T,

wherein Ry, Ry, R; and Ry each represents alkylene con-
taining from about 2 to 20 carbon atoms, X and X; each
Tepresents a member selected from the class consisting of
oxygen, sulfur, amino, carbamyl, carbonylamido, car-
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bonyl, oxycarbonyloxy, oxycarbonyl and carbonyloxy,
pand m each represents a positive integer of from 1 to 5
and n represents a positive integer of at least 2.

6. A photographic silver halide emulsion containing a
color-forming. compound capable of coupling with the
oxidation products of a phenylenediamine color developer
to produce a colored compound, said emulsion contain-
ing a sensitizing amount of a linear polymer consisting
essentially of groups represented by the following general
formula:

1

——LE.Rl— (X—~Ra)p1—X3—CH;—CH—Z —CH—~CH,—58
b

wherein R; and R, each represents a hydrocarbon alkyl-
ene group centaining from 2 to 20 carbon atoms, Ry
represents a member selected from the class consisting of
hydrogen and low alkyl, X represents'a member selected
from the class comnsisting of oxygen, sulfur, amino, car-
bamyl, carbonylamido, carbonyl, oxycarbonyloxy, oxy-
carbonyl and carbonyloxy, a carbonyl group, an oxycar-
bonylozy group, an okxyecarbonyl group and a carbonyloxy
group, X, répresents a member selected {from the class
consisting of oxygen and sulfur; n represents a positive
integer of at least 2 and p represents a positive integer of
from 1 to 5, and Z Tepresents & member selected from
the class consisting of (1): ’

1

— (IL[‘——NH——Zl—N H—-g—

wherein Z; represents alkylene containing from 2 to 20
carbon atoms or
By
: _(l)__
ks

wherein Ry and Ry each represents a.meémber selected
from the class consisting of hydrogen, lower alkyl and
monocyclic aryl of the benzene series, (2):

~g—O—R1 (~ORy) p_x—O——(IBIf

wherein R, and R, each represents alkylene containing
from about 2 to 20 carbon atoms and p represents a posi-
tive integer of from 1 to 5,(3):

—Re—

wherein Ry represents alkylene containing from about 1
to 6 carbon atoms, and (4): . :

[} O
Il I
—0~C—R~(0~0—

wherein R; represents a hydrocarbon alkylene group con-
taining from about 2 to 20 carbon atoms.

7. A photographic silver halide emulsion containing a
color-forming compound capable of coupling with the
oxidation products of a phenylenediamine color developer
to produce a colored compound, said emulsion containing
a sensitizing amount of a linear polymer consisting essen-
tially of groups Tepresented by the following general
formula:

%Rl——COO——Rz—S%-n

wherein R, and Ry each represents alkylene containing
from 2 to 20 carbon atoms and n represents a. positive
integer of at least 2.

8.. A photographic silver halide emulsion containing a
color-forming compound capable of coupling with the oxi-
dation products of a phenylenediamine color developer
to produce a colored compound, said emulsion contajn-
ing a sensitizing amount of (1) a labile sulfur compound,
(2) asensitizing gold compound and (3) a linear polymer
consisting essentially of groups . represented by the fol-
lowing general formula:

Ry—CO0—Ry—53,
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wherein R; and Ry each represents alkylene containing
from 2 to 20 carbon atoms and n represents a positive
integer of at least 2. ’

9. A photographic silver halide emulsion containing a
color-forming compound capable of coupling with the
oxidation products of a phenylenediamine color developer
to produce a colored compound, said emulsion centain-
ing a sensitizing amount of a linear polymer consisting
essentially of groups represented by the following general
formula:

(o]
i ‘
—[O y} (—R—8) g-1—R1;—C—0 (_RB_'S)b—l—‘RT

81
wherein R, Ry, R; and Ry each represents alkylene con-
taining from about 1 to 10 carbon atoms, a and b each
represents a positive integer of from 1 to 4, provided that
a and b do not simultaneously represent 1, n represents
a positive integer of at least 2, and s represents & positive
integer of from 1 to 2.

10. A photographic silver halide emulsion containing a
color-forming compound . capable of coupling with the
oxidation products of a phenylenediamine color developer
to produce a colored compound, said emulsion containing
a sensitizing amount of (1) a labile sulfur compound,
(2) a sensitizing gold compound and (3) alinear polymer

- consisting essentially of groups represented by the follow-

ing general formula:
| i
(—R—8) n—l_Rl}*C—‘O (—Re—8)s1—Rsy—

Ll
[ 1 I

wherein R, Ry, Ry and Ry each represents alkylene con-
taining from about 1 to 10 carbon atoms, s represents a
positive integer of from 1to 2, and @ and b each repre-
sents a positive integer of from 1 to 4, provided that a
and b do not simultaneously represent 1, and represents
a positive integer of at least 2.

11. A process for increasing the speed of a photographic
silver halide emulsion wherein the vehicle for the silver
halide consisting of a water-permeable, hydrophilic col-
loid, comprising developing an exposed silver halide emul-
sion in a color developer containing a p-phenylenedi-
amine color developing agent in the presence of a color
coupler capable of coupling with the oxidation products
of said p-phenylenediamine color developing agent, and
@ linear polymer consisting essentially of polymer units
represented by the following general formula:

R—S¥x

wherein R represents an aliphatic radical and x represents
a positive integer of at least 3, the depicted sulfur atom
in the polymer units of said general formula being at-
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tached to a carbon atom of said R radical, said carbon

atom having directly attached thereto a hydrogen atom,
said linear polymer having a molecular weight of at least
about 250. .

12. A photographic silver halideé emulsion containing
a color-forming compound capable of coupling with the
oxidation products of a phenylenediamine color developer
to produce a colored compound, said emulsion containing
a sensitizing amount of poly( g-hydroxyethylmercapto-
acetic acid), said polymer being a linear condensate and
having a molecular weight of at least about 250.

. 13. A photographic silver halide emulsion containing
a color-forming compound capable of coupling with the
the oxidation products of a phenylenediamine color
developer to produce a colored compound, said emulsion
containing a sensitizing amount of poly(3-thiapentylene
glutarate), said polymer having a molecular weight of
at least about 500.

14. A photographic silver halide emulsion containing a
color-forming compound capable of coupling with the
oxidation products of a phenylenediamine color developer,
said photographic emulsion containing a sensitizing
amount of & polymer obtained by the condensation of
1,2-bis(2-chloroethoxy)ethane and "sodium sulfide, said
polymer having a molecular weight of at least about 500.

15. A photographic silver halide emulsion containing
a color-forming compound capable of coupling with the
oxidation products of a phenylenediamine color developer
to produce a colored compound, said emulsion contain-
ing a sensitizing amount of poly(3-thiapentyleneadipate),
said polymer having a molecular weight of at least about
500.

16. A photographic silver halide emulsion containing
a color-forming compound capable of coupling with the
oxidation products of a phenylenediamine color developer
to produce a colored compound, said emulsion containing
a sensitizing amount of poly(S-miapentylenesuccinate),
said polymer having a molecular weight of at least
about 500.
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