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[ 5 7 ] ABSTRACT 

Disclosed herein is a photographic e1ement adapted 
for si1ver~dye bleach processes comprising a support 
having coated thereon at least one photographic silver 
halide emulsion and at least one binding agent com 
prising an interpolymer comprising 
A. from about 1 to 50% by weight of a polymerized 
monomer containing at least one active methylene 
group and having the formula 

R 

CH¢=|C-(-R1),l CI—CH,--C—R=l 
wherein n is O or 1, R is hydrogen or methyl, R‘ is sub 
stituted or unsubstituted arylenethylene having the 
structure 

0 

wherein Ar is arylene, R2 is hydrogen, alkyl, aryl, or 
cycloalkyl, R3 is alkoxy or amino when n is equal to 0, 
and R3 is alkyl, alkoxy, amino, cycloalkyl, or aryl 
when n is equal to l; and 

B. from 50 to about 99% by weight of at least one 
additional polymerized ethylenically unsaturated 
monomer. 

28 Claims, N0 Drawings 
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HARDENABLE VEl-HCLES FOR SILVER HALlDE 
EMULSIONS 

This invention relates to the use of polymeric materi 
als in photographic elements and emulsions to obtain 
a desirable combination of properties. In a preferred 
embodiment, this invention relates to photographic ele 
ments for silver—dye—bleach processes, especially those 
adapted for viscous “in-camera“ processes. 
Photographic elements employed in photography, 

particularly in the color print industry for the produc 
tion of color photographs, must have good physical and 
photographic properties. Owing to its unique proper 
ties, including its good dispersing property and its ex 
cellent protective colloid properties, gelatin has been 
used as the binding agent in layers of photographic ele 
ments for many years. Gelatin is, however, subject to 
dimensional change when subjected to varying temper 
ature, humidity and the like conditions, and subject to 
hydrolysis to amino acid fragments when subjected to 
extremely acidic conditions. Many natural and syn 
thetic materials have been proposed as substitutes or 
partial substitutes for gelatin in one or more layers of 
photographic elements to improve dimensional stabil 
ity. For example, as shown in U.S. Pat. No. 3,062,674, 
issued Nov. 6, 1962, U.S. Pat. No. 3,142,568, issued 
July 28, 1964 and U.S. patent application Ser. No. 
394,002, filed Sept. 4, 1973, vinyl or addition polymers 
are employed as binding agents in layers of photo 
graphic elements to improve physical properties, in 
cluding dimensional and chemical stability. However, 
the use of some polymers in layers of photographic ele 
ments, such as those described in U.S. Pat. No. 
3,062,674 and U.S. Pat. No. 3,142,568, supra, often 
adversely affects the hardness of the layers, their resis 
tance to abrasion, and their adhesion to ?lm supports. 
Japanese Pat. No. 7,002,726 describes a light 

sensitive copolymer of the general formula 

_ wherein R and R’ are hydrogen or a lower alkyl, halide, 
OH, or acetyl or acetoxyl group and at least one vinyl 
monomer selected from styrene, acrylonitrile, vinyl ac 
etate, vinyl chloride, ethyl methacrylate and acrylam 
ide. The copolymers of the Japanese patent, however, 
do not contain active methylene groups except wherein 
R’ is acetyl. In that case the copolymer which is outside 
the scope of the present invention is not operable for 
the purposes of the present invention. 
Polymers containing active methylene groups which 

serve as crosslinking sites that are reactive with con 
ventional gelatin hardeners are disclosed in U.S. Pat. 

Nos. 3,459,790; 3,488,708; 3,554,987 and 3,658,878. 
In these polymers, the active methylene group is lo 

‘ cated in a side chain and is linked to the main chain of 

the polymer through an ester group. Use of those poly 
mers has, in large measure, resolved the problem of ad 
verse effects upon layer hardness, resistance to abra 
sion and adhesion to ?lm supports referred to above. 
Under certain conditions, however, this ester group 
may tend to hydrolyze with consequent loss of the 
crosslinking site resulting in a loss of binding proper 
ties. U.S. patent application Ser. No. 497,803, ?led of 
even date herewith by Ponticello and entitled “Poly‘ 
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2 
mers Having Active Methylene Group" discloses cross 
linkable polymers containing active methylene corss 
linking sites in at least some of the side chains, wherein 
the group joining the side chain to the polymer back 
bone possesses increased resistance to hydrolysis. The 
use of certain of the polymers described above in pho 
tographic elements is disclosed in U.S. Ser. No. 
394,002 ?led Sept. 4, 1973. - 
Silver-dye-bleach processes are well known, having 

been described, for example, in J. S. Friedman, History 
of Color Photography, pp. 405—429, (1944) and A. 
Meyer, The Journal of Photographic Science, Vol. 13, 
pp. 90-97, ( 1965). These processes involve developing 
a silver halide emulsion containing bleachable dye, and 
bleaching the dye in just those areas where the silver 
has been developed. All of the silver ion is removed or 
rendered transparent and insensitive to light, leaving a 
dye-image in the areas where no metallic silver was 
present. 

In most of the previously disclosed color photo 
graphic processes utilizing silver-dye-bleach, it was 
necessary to subject the exposed ?lm to a large number 
of processing baths. Although these multistep silver 
dye-bleach processes yield acceptable color pictures, 
the large number of steps together with the long pro 
cessing time required prevented the utilization of such 
a process for an in-camera type development. Michel 
and Reitter, in U.S. Pat. No. 3,414,41 l, issued Dec. 3, 
1968, disclosed an improved method of utilizing the sil 
ver-dye-bleach process which retained the advantages 
of the prior art, but eliminated the large number of pro 
cessing steps and greatly reduced the time required to 
produce a color picture. 

It is an object of this invention to provide improved 
binding agents for photographic layers such as photo 
graphic emulsions having excellent adhesion, color, 
hardening and sensitometric properties. 

It is another object of this invention to provide im 
proved photographic elements for silver-dye-bleach 
processes which are more stable to bleaching condi 
tions which can be employed in such processes. 

It is a further object of this invention to provide novel 
dye bleach materials suitable for in-camera processing. 
Other objects of this invention will become apparent 

from an examination of the speci?cation and claims 
which follow. 

In accordance with this invention, it has been found 
that an ethylenically unsaturated monomer containing 
an active methylene function can be polymerized with 
at least one additional monomer to yield polymers 
which are useful as gelatin extenders and modi?ers 
which will crosslink with the common gelatin harden 
ing agents. More particularly, the present invention 
comprises a photographic element comprising a sup 
port having coated thereon at least one photographic 
silver halide emulsion and at least one binding agent 
comprising an addition interpolymer comprising 
A. from about 1 to about 50% by weight of a poly 

merized monomer containing at least one active methy 
lene group and having the formula 
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wherein Ar is arylene, R is hydrogen or methyl, R2 is 
hydrogen, alkyl, aryl, or cycloalkyl, and R" is alkyl, alk 
oxy, amino, cycloalkyl, or aryl; and 

B. from 50 to about 99% by weight of at least one ad 
ditional polymerized ethylenically unsaturated mono 
mer. 

As a preferred embodiment of the present invention, 
a photographic composition comprises at least one 
photographic silver halide emulsion and at least one 
binding agent comprising an addition interpolymer 
comprising 
A. from about 1 to about 50% by weight of a poly 

merized monomer containing at least one active methy 
lene group and having the formula 

wherein Ar is arylene, R is hydrogen or methyl, R2 is 
hydrogen, alkyl, aryl, or cycloalkyl, and R"5 is alkyl, alk 
oxy, amino, cycloalkyl, or aryl; and 

B. from 50 to about 99% by weight of at least one ad— 
ditional polymerized ethylenically unsaturated mono 
mer. 

In another aspect, the present invention comprises a 
photographic silver halide emulsion containing a 
bleachable dye containing a binding agent comprising 
an addition interpolymer comprising 

A. from about 1 to about 50% by weight of a poly 
merized monomer containing at least one active methy 
lene group and having the formula 

0 
ll 

wherein n is 0 or 1, R is hydrogen or methyl, R‘ is sub 
stituted or unsubstituted arylenethylene having the 
structure 

wherein R2 is hydrogen alkyl, aryl, or cycloalkyl, R3 is 
alkoxy or amino when n is equal to 0, and R3 is alkyl, 
alkoxy, amino, cycloalkyl, or aryl when n is equal to l; 
and 

B. from 50 to about 99% by weight of at least one ad 
ditional polymerized ethylenically unsaturated mono 
mer. 

In still another, preferred, aspect, the present inven 
tion comprises a photographic element comprising a 
support having deposited thereon at least one photo 
graphic silver halide emulsion containing at least one 
bleachable dye, at least one hardener, and a binding 
agent comprising an addition interpolymer comprising 
A. from about 1 to about 50% by weight of a poly 

merized monomer containing at least one active methy 
lene group and having the formula ' 
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4 
wherein n is 0 or 1, R is hydrogen or methyl, R‘ is sub 
stituted or unsubstituted arylenethylene having the 
structure 

wherein R2 is hydrogen alkyl, aryl, or cycloalkyl, R" is 
alkoxy or amino when n is equal to 0, and R3 is alkyl, 
alkoxy, amino, cycloalkyl, or aryl when n is equal to l; 
and 

B. from 50 to about 99% by weight of at least one ad 
ditional polymerized ethylenically unsaturated mono 
mer. 

A particularly preferred embodiment comprises a 
photographic element comprising a support having de 
posited thereon at least one photographic silver halide 
emulsion containing at least one bleachable dye, at 
least one hardener and a binding agent comprising an 
addition interpolymer comprising 
A. from about 1 to about 50% by weight of a poly 

merized monomer containing at least one active methy 
lene group and having the formula 

wherein R is hydrogen, or methyl, R2 is hydrogen, alkyl, 
aryl, or cycloalkylaand R3 is alkyl, amino, cycloalkyl, 
or aryl; and 

B. from about 50 to about 99% by weight of at least 
one additional polymerized ethylenically unsaturated 
monomer. 

The polymers employed in photographic materials 
according to the practice of this invention are addition 
interpolymers containing active methylene groups in 
the polymer side chains. Active methylene groups as 
described herein are methylene groups between two 
carbonyl groups. Such methylene groups exhibit un 
usual chemical activity and are said to be “active“. 
The molecular weights of the polymers employed in 

photographic emulsions and elements according to the 
practice of this invention are subject to a wide varia 
tion, but are often in the range of about 5000 to about 
500,000. These polymers, which are generally water 
soluble, have inherent viscosities (0.25 g. polymer in 
100 ml. '1 N. sodium chloride at 25°C.) from 0.10 to 
2.0, preferably from about 0.25 to about 1.25. 
As set out above, at least about 1% of each of the pol 

ymers useful in the practice of this invention with emul 
sions containing bleachable dyes is a polymerized mon 
omer containing at least one active methylene group 
and having the structure 
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wherein n is O or l and R is hydrogen or methyl, R1 is 
substituted or unsubstituted arylenethylene, having the 
structure 

wherein Ar is an arylene, preferably of from 6 to 12 
carbon atoms, e.g., phenyl, naphthyl, which can be sub 
stituted, if desired, with alkyl or alkoxy groups, prefera 
‘bly of from 1 to 10 carbon atoms, as exempli?ed by 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, 
nonyl, decyl, and isomers thereof, methoxy, ethoxy, 
propoxy, butoxy, pentyloxy, etc. More preferably, 
where Ar is substituted, it is substituted with lower 
alkyl or alkoxy groups of from 1 to 5 carbon atoms. Ar 
also can have substituents which are cycloalkyl, prefer 
ably of from 5 to 7 carbon atoms, such as, for example, 
cyclopentyl, cyclohexyl, or cycloheptyl, cyano, halide, 
such as bromide, chloride, ?uoride, and iodide, and 
others known to those skilled in the art. R2 is hydrogen, 
alkyl, aryl, or cycloalkyl, as described above for the 
substituents of Ar. 
When n is equal to 0, R3 can be alkoxy, preferably of 

from 1 to l0 carbon atoms; more preferably of from l 
to 5 carbon atoms, as described above for Ar substitu 
ents. When n is equal to O, R3 also can be amino, having 
the structure 

wherein R" and R3 are hydrogen, alkyl, preferably hav 
ing from 1 to 10 carbon atoms, substituted or unsubsti- _ 

tuted cycloalkyl, preferably of from 5 to 7 carbon 
atoms, such as, for example, cyclopentyl, cyclohexyl, 
or cycloheptyl, or substituted or unsubstituted aryl, 

0 
ll 

6 
carbon atoms, such as, for example, cyclopentyl, cyclo 
hexyl, or cycloheptyl; or aryl, preferably of from 6 to 
12 carbon atoms, e.g., phenyl, naphthyl, unsubstituted 
or substituted with alkyl, carboxyl, alkoxycarbonyl and 
the like, e.g. tolyl, xylyl, benzyl, etc. 
Three monomers containing active methylene groups 

particularly useful within the scope of this invention are 
ethyl 5-(m- and p-vinylphenyl)-3-oxopentanoate, 
6-(m- and p-vinylphenyl)-2,4-hexanedione, and ethyl 
acryloylacetate. The ?rst two monomers are mixtures 

of meta (60 wt. percent) and para (40 wt. percent) sub 
stituted isomers which are dif?cult to fractionate. The 
behavior of the mixture is similar to that of the individ 
ual isomeric compounds. 
These monomers can advantageously be copolymer 

ized with one or more other monomers, as shown in the 
following preferred embodiments of this invention: a 
copolymer of acrylamide (80 weight percent) and ethyl 
5-(m- and p-vinylphenyl)-3-oxo-pentanoate (20 weight 
percent); a copolymer of acrylamide (80—95 weight 
percent) and 6-( m- and p-vinylphenyl )-2,4— 
hexanedione (20-—5 weight percent); and a copolymer 
of N,N-dimethyl-N-2-hydroxypropylamine methacryli 
mide (85—9() weight percent) and 6-(m- and p 
vinylphenyl )-2,4-hexanedione ( l5—l0 weight percent). 
The preparation of ethyl 5-(m— and p-vinylphenyl)-3 

oxopentanoate and 6-(m- and p-vinylphenyl)-2,4 
hexanedione follows procedures as described by C. R. 
Houser and T. M. Harris, J. Amer. Chem. Son, 80, 6360 
(1958); and L. Weiler, J. Amer. Chem. Sun, 92, 6702 
(1970) and is described in Example 8 herein. 
The preparation of ethyl acryloylacetate is described 

in l. N. Nazarov and S. l. Zavyalov, Zh. Obshch. Khim., 
23, 1703 (l953) and E. Wenkert, A. Afonso, J. B-son 
Bredenberg, C. Kaneko and A. Tahara, J. Amer. Chem. 
500., 86, 2039 (1964) and follows the following reac— 
tion sequence shown below 

preferably of from 6 to 12 carbon atoms as described 
'above, e.g. phenyl, naphthyl and phenyloxy. 

When n is equal to l, R“ can be alkyl or alkoxy, each 
preferably having from 1 to 10 carbon atoms, as exem 
pli?ed by methyl, ethyl, propyl, butyl, pentyl, hexyl, 
heptyl, octyl, nonyl, decyl, and isomers thereof, me 

_ thoxy, ethoxy, propoxy, butoxy, pentyloxy, etc.; it is 
more preferred that where R4 is alkyl or alkoxy, it be 
of from 1 to 5 carbon atoms. When n is equal to l, R3 60 
also can be amino having the structure 

wherein R‘ and R‘ are as defined above; or substituted 

or unsubstituted cycloalkyl. preferably of from 5 to 7 

The compound endo and exo—5-carbo-tert.~butoxy 
acetal-Z-norbornene is prepared by adding n 
butylithium (2 moles) in tetrahydrafuran (2 liters) at 

55 0°C and adding n-isopropylcyclohexylamine (2 moles). 
To this solution at —78°C was added dropwise tertiary 
butyl acetate over a period of 1 hour followed after 
thirty minutes by the acid chloride having the formula 
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( 1 mole). The mixture was stirred at room temperature 
for 1 hour and then quenched with concentrated hy 
drochloric acid (300 ml) in water (700 ml). The mix 
ture was allowed to reach room temperature and the 
organic layer was separated. The aqueous layer was ex 
tracted with ether and the combined extracts were 

washed with NaHCO3 (500 ml) dried over anhydrous 
Mg 50,. ?ltered and the solvent removed. The residue 
was distilled giving the B-keto ester having the formula 

H 

The preparation of tertiary butyl acryloylacetate 
comprises adding the above keto ester over three to 
four hours at the top of a vertical quartz tube packed 
with quartz chips kept at 500°C. The crude product is 
collected under reduced pressure in a receiver cooled 
at —20°C. The material is immediately distilled. 
The preparation of N,N-dimethylacrylolylacetamide 

is carried out in the same manner as described above 

for the ,B-kcto ester. However, the crude material is not 
distilled before simply pyrolyzing in the quartz tube. 
As noted above, from 50 to 99% by weight of the pol 

ymers of this invention can comprise at least one addi 
tional polymerized ethylenically unsaturated monomer. 
As exemplary of such monomers may be listed: vinyl 
esters, amides, nitriles. ketones, halides. ethers. alpha 
beta unsaturated acids or esters thereof, ole?ns, diole 
?ns and the like, as exempli?ed by acrylonitrile, meth 
acrylonitrile, styrene, alpha-methyl styrene, acrylam 
ide, methacrylamide, vinyl chloride, methyl vinyl ke— 
tone, fumaric, maleic and itaconic esters, 2-chloroe 
thylvinyl ether, acrylic acid, sodium methacryloylox 
yethyl sulfate, methacrylic acid, dimethyl-aminoethyl 
methacrylate, sodium 2-acrylamide-2-methylpropane 
l-sulfonate, 2-hydroxyethyl methacrylate, 4,4,9 
trimethyl-8-oxo-7-oxa-4-azonia-9-decene- l—sulfonate, 
N-vinylsuccinamide, N,N-dimethyl-N-2— 
hydroxypropylamine methacrylimide, N 
vinylphthalimide, N-vinylpyrazolidone, butadiene, iso 
prene, vinylidene chloride, ethylene and the like. Sul 
foacrylate salts are particularly useful as comonomers 
in the practice of this invention. For example, sodium 
3-methacryloyloxy-propane- l -sulfonate, sodium 3 
acryloyloxypropane- l -sulfonate, sodium 4 
acryloyloxybutane-Z-sulfonate, 3-methyl- l 
vinylimidazolium methosulfatc, 1,2-dimethyl-5 
vinylpyridinium methosulfate and others as described 
in Dykstra, US. Pat. No. 3,411,911 issued Nov. 19, 
1968. 
The temperature at which the polymers described 

herein are prepared is subject to wide variation since 
this temperature depends upon such variable features 
as the speci?c monomer used, duration of heating, 
pressure employed and like considerations. However, 
the polymerization temperature generally does not ex 

v 

40 

45 

60 

8 
ceed about 1 10°C., and most often it is in the range of 
about 50° to about 100°C. The pressure employed in 
the polymerization is usually only sufficient to maintain 
the reaction mixture in liquid form. although either su 
peratmospheric or subatmospheric pressures can be 
used where such is advantageous. The concentration of 
polymerizable monomer in the polymerization mixture 
can be varied widely with concentrations up to about 
100% by weight and preferably from about 20 to about 
70% by weight based on the weight of the polymeri 
zation mixture. being satisfactory. Suitable catalysts for 
the polymerization reaction include, for example, the 
.free radical catalysts, such as hydrogen peroxide, cu 
mene hydroperoxide, water soluble azo type initiators 
and the like. In redox polymerization systems conven 
tional ingredients can be employed. lfdesired, the poly 
mer can be isolated from the reaction vehicle by freez 
ing, salting out, precipitation or any other procedure 
suitable for this purpose. 
As indicated in US. Pat. No. 3,142,568, issued July 

28, 1964, it is sometimes advantageous to include a sur 
face active agent or compatible mixtures of such agents 
in the preparation of vinyl or addition polymers and in 
coating photographic materials containing such poly 
mers. Suitable wetting agents include the non‘ionic, 
ionic and amphoteric types as exemplified by the poly 
oxyalkylene derivatives, amphoteric amino acid dis 
persing agents, including sulfobetaines and the like. 
Such wetting agents are disclosed in US. Pat. No. 
2,600,831, issued June 17, 1952; US. Pat. No. 
2,271,623, issued February 3, 1942; US. Pat. No. 
2.275,727, issued Mar. 10, 1942 and US. Pat. No. 
2,787,604, issued Apr. 2, 1957; US. Pat. No. 
2,816,920, issued Dec. 17, 1957 and US. Pat. No. 
2,739,891, issued Mar. 27, 1956. 
Dispersions of the photographic silver halide contain 

ing addition interpolymers containing active methylene 
groups, in combination with photographic binding 
agents, such as gelatin, can be made in a variety of 
ways. For example, an aqueous gelatin dispersion of the 
photographic silver halide can be mixed with an aque 
ous dispersion or solution of the polymer. Alterna 
tively, the photographic silver halide can be precipi 
tated in an aqueous dispersion or solution of the poly 
mer with or without another colloid, depending upon 
the dispersion characteristics of the polymer. In this 
case, a water-soluble salt such as silver nitrate is ad 
mixed with a water-soluble halide such as potassium 
bromide in the presence of the mixture. In still another 
procedure, the photographic silver halide is precipi 
tated in an aqueous gelatin solution and digested in the 
conventional manner known to the art. After digestion, 
but prior to coating there is added to the emulsion an 
aqueous dispersion of the homopolymer or interpoly 
mer containing active methylene groups in its side 
chains. The bulk of the resulting dispersion can be in 
creased by the addition of more of the polymer and/or 
natural or synthetic colloids or other binding agents 
suitable for use in photographic silver halide emulsions. 
Satisfactory colloids include, for example, gelatin, pro 
tein derivatives, e.g., carboxy methylated proteins, col 
loidal albumin. cellulose derivatives, synthetic resins 
such as polyvinyl compounds, e.g., polyacrylamide and 
the like. 
The gelatin substitutes described herein can be em 

ployed in the binding agent in one or more layers of a 
photographic silver halide element. However, photo 
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graphic silver halides are generally precipitated in the 
presence of binding agents such as gelatin or other col 
loids which exhibit very good peptizing action. There 
fore, the photographic silver halide emulsions or layers 
of this invention will generally contain some binding 
agent such as gelatin which exhibits this very good pep 
tizing action. Generally, the concentration of the poly 
mers described herein as gelatin substitutes will be in 
the range of about 20 to about 10071, more preferably 
in the range of about 50 to about 99% , by weight, based 
on total binding agent (dry weight), employed in pho 
tographic emulsions, photographic emulsion layers or 
other layers of a photographic element. In the pre 
ferred case, the remainder of the binding agent is gela 
tin, because it provides the advantage of allowing the 
coated layers to be chill set instead of heat dried. 
Where the polymers are used in photographic elements 
in layers other than the emulsion layers, for example, 
in ?lter layers, antihalation layers, antiabrasion layers, 
antistatic layers, barrier layers, receiving layers for dif- - 
fusion transfer processes and the like, they can be used 
as the sole vehicle or in admixture with natural or syn 
thetic colloids such as are mentioned hereinbefore. The 

silver halide employed in the preparation oflight sensi 
tive coatings described herein includes any of the pho- -— 
tographic silver halides as exempli?ed by silver bro 
mide, silver chloride, and silver iodide, or mixed silver 
halides such as silver chlorobromide, silver bromoio 
dide, and the like. Very good results are obtained with 
high contrast silver halide emulsions in which the hal 
ide comprises at least 50 more percent chloride. Pre 
ferred emulsions of this type contain at least 60 mole 
percent chloride; less than 40 mole percent bromide 
and less than 5 mole percent iodide, 
The polymers described herein can also be incorpo 

rated into gelatin emulsions to provide an emulsion 
with increased hardness properties. The ?nal resultant 
hardness of said emulsion is apparently dependent on 
the ratio of the gel in the emulsion and the absolute 
concentration of the active methylene units in the poly 
mer. . 

The light-sensitive compositions described herein 
can be coated on a wide variety of supports, including 
?lm bases such as polyethylene terephthalate, cellulose 
acetate butyrate, polycarbonate, polyole?ns (e.g., 
polyethylene, polypropylene) and the like. When such 
?lm bases are used, the photographic product obtained 
can be used, for example, as a transparency. If desired, 
the emulsions can be coated on an opaque support such 
as paper, polyole?n coated paper such as polyethylene 
or polypropylene coated paper which can be pig 
mented, with TiO2, for example, and electron bom 
barded to promote emulsion adhesion. When such sup— 
ports are used. a color photographic print may be ob 
tained. 
The emulsions containing the homopolymers or in 

terpolymers can be chemically sensitized with com 
‘pounds of the sulfur group as described in Sheppard et 
al US. Pat. No. 1,623,499, issued Apr. 5, 1927, noble 
metal salts such as gold salts, reduction sensitized with 
reducing agents, and combinations of these. The poly 
mers of this invention areespecially useful to obtain 
hardened emulsions containing silver halides which 
have been chemically sensitized with gold and the like. 
The fog problems often associated with emulsions, such.v 
as gold sensitized emulsions which have been hardened 
by reducing hardeners suchas formaldehyde, muco_ 
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10 
chloric acid and the like, are substantially reduced by 
the use of the polymer-gelatin emulsions which do not 
require reducing hardeners to achieve a hardened 
emulsion. However, the emulsion layers and other lay 
ers present in photographic elements made according 
to this invention can be hardened with any suitable 
hardener such as aldehydes, bis(viny1sulfonyl) com 
pounds. mucochloric acid and the like, aziridine hard 
eners, hardeners which are derivatives of dioxane, oxy 
polysaccharides such as oxystarch, oxy plant gums and 
the like. Useful concentrations of hardeners are related 
to the amount of polymeric binder used and are known 
to those skilled in the art. Such hardened layers will 
have a melting point in water greater than about 150°F. 
and preferably greater than 200°F. 
The emulsion can also contain additional additives, 

particularly those known to be bene?cial in photo 
graphic emulsions, including for example, stabilizers or 
antifoggants, particularly the water-soluble inorganic 
acid salts of cadmium, cobalt, manganese and zinc as 
disclosed in US. Pat. No. 2,829,404, the substituted 
triazaindolizines as disclosed in US. Pat. Nos. 
2,444,605 and 2,444,607, speed increasing materials, 
absorbing dyes, plasticizers and the like. Sensitizers 
which give particularly good results in the photo 
graphic compositions disclosed herein are the alkylene 
oxide polymers which can be employed alone or in 
combination with other materials, such as quaternary 
ammonium salts, as disclosed in US. Pat. No. 
2,886,437 or with mercury compounds and nitrogen 
containing compounds, as disclosed in US. Pat. No. 
2,751,299. 
A detailed description of various emulsions in which 

the polymers can be used can be found in Product Li 
censing Index, publication no. 9232, December, 1971, 
pp. lO7—110. 
The polymers containing active methylene groups in 

their side chains can be used in various kinds of photo 
graphic emulsions. For example, they can be used in 
direct positive silver halide emulsions, x-ray and other 
non—spectra1ly sensitized emulsions as well as in ortho 
chromatic, panchromatic and infrared sensitive emul 
sions, particularly those sensitized with merocyanine 
dyes cyanine dyes, carbocyanine dyes and the like. Fur 
thermore, these polymers can be used in emulsions in 
tended for color forming couplers or emulsions to be 
developed by solutions containing couplers or other 
color generating materials. In addition, these polymers 
can be used in photographic emulsions containing de 
velopers, e.g., polyhydroxybenzenes, as well as in emul 
sions intended for use in diffusion transfer processes 
which utilize the non-developed silver halide in the 
non-image areas of the negative to form a positive by 
dissolving the under-developed silver halide and pre 
cipitating it on a receiving layer in close proximity to 
the original silver halide emulsions layer. Such pro 
cesses are described in Rott US. Pat. No. 2,352,014; 
Land US. Pat. No. 2,543,181 and Yackel et al. US. 
Pat. No. 3,020,155. ~ 

In certain preferred embodiments, the polymers of 
this invention are used in photographic image-transfer 
?lm units such as in image-transfer ?lm units as de 
scribed, for example, in US. Pat. Nos. 2,543,181; 
2,983,606; 3,227,550; 3,227,552; 3,415,645; 
3,415,644; 3,415,646 and 3,635,707, Canadian Pat. 
No. ~ 674,082 and Belgian Pat. Nos. 757,959 and 
757,960, both issued Apr. 23, 1971 and British Pat. 
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Nos. 904,364 and 840,731. In highly preferred embodi 
ments, the polymers are particularly useful in the pho 
tographic element of an image-transfer ?lm unit which 
is designed to be processed with a single alkaline pro 
cessing solution. 
The polymeric materials of this invention are advan 

tageously used in image-transfer elements wherein it is 
desired to process with a highly alkaline processing 
composition, and in those instances where the ?lm unit 
remains laminated together after processing. The alkali 
resistant polymers of this invention are generally useful 
in image-transfer ?lm units which comprise: 

1. a photosensitive element comprising a support 
having thereon at least one layer containing a silver 
halide emulsion preferably having associated there— 
with an image dye-providing material and more 
preferably at least three of said layers which con 
tain, respectively, a blue-sensitive silver halide 
emulsion, a green-sensitive silver halide emulsion 
and a red-sensitive silver halide emulsion; 

2. an image-receiving layer which can be located on 
a separate support and superposed on said support 
containing said silver halide emulsions layers or, 
preferably, it can be coated on the same support 
adjacent to the photosensitive silver halide emul 
sion layers; and 

3. means containing an alkaline processing composi 
tion adapted to discharge its contents within said 
?lm unit. 

Where the receiver layer is coated on the same support 
with the photosensitive silver halide layers, the support 
is preferably a transparent support; an opaque layer is 
preferably positioned between the image-receiving 
layer and the photosensitive silver halide layer, and the 
alkaline processing composition preferably contains an 
opacifying substance such as carbon or a pH-indicator 
dye which is discharged into the ?lm unit between a di 
mensionally stable support or cover sheet and the pho 
tosensitive element. 
A means for containing the alkaline processing solu 

tion can be any means known in the art for this pur 
pose, including rupturable containers positioned at the 
point of desired discharged of its contents into the ?lm 
unit and adapted to be passed between a pair ofjuxta 
posed rollers to effect discharge of the contents into the 
?lm unit, frangible containers positioned over or within 
the photosensitive element, hypodermic syringes, and 
the like. 
The polymers described herein can also be used in 

azo dye transfer processes wherein, for example, a neg 
ative emulsion yields a positive image such as described 
in U.S. Pat. No. 2,728,290. 
The term “image dye-providing material" as used 

herein is understood to refer to those compounds 
which either ( 1 ) do not require a chemical reaction to 
form the image dye or (2) undergo reactions encoun 
tered in photographic imaging systems to produce an 
image dye, such as with color couplers, oxichromic 
compounds and the like. The ?rst class of compounds 
is generally referred to as preformed image dyes and 
includes shifted dyes, etc., while the second class of 
compounds is generally referred to as dye precursors. 
The terms “initially diffusible" and “initially immo 

bile" as used herein refer to compounds which are in 
corporated in the photographic element and, upon 
contact with an alkaline processing solution, are sub 

12 
stantially diffusible or substantially immobile, respec 
tively. 
The image dye-providing materials, in one preferred 

embodiment where negative silver halide emulsions are 
5 used, can be initially mobile image dye-providing mate 

rials such as those used in image-transfer photographic 
elements. Typical useful, initially mobile image dye 
providing materials include dye developers as disclosed 
in US. Pat. Nos. 2,983,606; 3,255,001 and the like; ox 
ichromic developers which undergo chromogenic oxi 
dation to form image dyes as disclosed in US. Ser. No. 
308,869 ?led Nov. 22, 1972; shifted indophenol dye 
developers is disclosed in Bush and Reardon, U.S. Ser. 
No. 227,113 ?led Feb. 17, 1972 and now US. Pat. No. 
3,854,945; metalized dye developers as disclosed in 
U.S. Pat. Nos. 3,482,972; 3,544,545; 3,551,406 and 
3,563,739; and the like; all of which are incorporated 
herein by reference. 

In another embodiment, immobile image dye 
providing compounds can be used in association with 
silver halide emulsions wherein said compounds un 
dergo oxidation followed by hydrolysis to provide an 
imagewise distribution of a mobile image dye. Com 
pounds of this type can be used with negative emulsions 
to form positive image records in the exposed photo 
graphic element, or they can be used with direct 
positive or reversal emulsions to form positive transfer 
images such as in an image-transfer ?lm unit. Typical 
useful compounds of this type are disclosed in Cana 
dian Pat. No. 602,607 by Whitmore et a1. issued Aug. 
2, 1960, US. Ser. Nos. 351,673 by Fleckenstein et a1. 

20 

and 351,700 by Fleckenstein, both ?led Apr. 16, 1973, ' 
and 160,068 by Gompf et al., now US. Pat. No. 
3,698,897 and US. Pat. Nos. 3,728,113 by Becker et 
al., 3,725,062 by Anderson et al., 3,227,552 by Whit 
more, 3,443,939; 3,443,940 and 3,443,941, and the 
like, all of which are incorporated herein by reference. 

In a particularly preferred embodiment, the photo 
graphic elements described herein contain bleachable 
dyes, preferably non-diffusible dyes, of the type well 
known in the art. The term “bleachable dyes” as used 
herein includes compounds which are dye precursors, 
i.e., compounds which become colored during process 
ing of the photographic material. The term “non 
diffusible“ as used herein refers to bleachable dyes 
which in themselves are non-diffusible in the emulsion, 
or dyes which are rendered non‘diffusible by the use of 
a suitable mordant, such as those described in US. Pat. 
No. 2,882,156. The elements ofthis invention can have 
a single emulsion coating for monochrome dye images 
formed from either one or a mixture of azo dyes, which 
dye images are either colored or neutral (e.g., black 
and white) images. Primarily, azo dyes are used in sil 
ver-dye-bleach systems because the bleaching process 
cleaves the —-N=N— double bond to give two aromatic 
fragments. Typical azo dyes which can be used in the 
practice of this invention are listed in numerous pa 
tents, some of which are United Kingdom Pat. Nos. 
923,265; 999,996; 1,042,300; 1,077,628; US. Pat. 
Nos, 3,178,290; 3,178,291; 3,183,225 and 3,211,556. 
Bleachable dyes include those known in the art and 

dyes such as disclosed in the Color Index (third edi 
tion) published by the Society of Dyes and Colorists, 
copyright 1971, printed by Lund Humphreys, Bradford 
and London, provided they are bleachable as herein 
described. This includes bleachableidyes such as azo 
dyes, formazan dyes and others known to one skilled in 

35 

40 

45 

50 

60 

65 



3 ,904,41 8 
13 

the art. Bleachable dyes known in the art include or 
ganic residues such as —N=N— and ——NO2, etc. .in 
cluding metalized versions of these dyes. Precursors to 
these dyes as known in the art, such as, hydrazo or dia 
zonium compounds to yield azo dyes, tetrazolium salts 
to yield formazan dyes, etc., are also useful hereinv 
The bleachable dyes are de?ned as those dyes which 

in the presence of a photographic image comprised of 
silver metal and an aqueous solution of a silver com 

plexing agent such as thiourea and an electron trans 
port agent such as phenazine at pH values less than 4.0 
suffer discharge of their color proportionate to the 
amount of silver metal present. Further examples of 
these dyes may be found in US. Pat. No. 3,202,511; 
U.S. Pat. No. 3,493,372; Great Britain Pat. No. 
1,146,118 and Great Britain Pat. No. 1,255,857. 
The elements of this invention may have a plurality 

of coatings each containing a different bleachable dye 
for providing multicolor images. Especially useful ar» 
rangements are those in which at least three light 
sensitive emulsion layers are provided which are re 
spectively sensitized to blue, green and red radiation, 
and containing. respectively, nondiffusible yellow, ma 

14 
2,183,395 and 2,270.1 18. The catalyst may be incorpo 
rated in the emulsion. the alkaline processing material, 
an acidic processing web, or in more than one, or all of 
these elements. These compounds oxidize the metallic 
silver to silver ion, and in so doing are reduced. The re 
duced catalyst then cross-oxidizes with the image dye. 
This cross-oxidation decolorizes (i.e., bleaches) the 
image dye and oxidizes the catalyst back to its original 
state. 

The silver dye bleachable elements of this invention 
are particularly advantageous in the resistance to hy 
drolysis at pH values less than 4.0 during the dye bleach 
reaction. This includes conditions of high temperatures 
and prolonged contact. Resistance to hydrolysis is dem 
onstrated at temperatures up to 150°C for 60 seconds 
or for one month at room temperature at pH values of 
less than 1.0. i 

The following examples are included for a further un 
derstanding of the invention: 

EXAMPLE 1 

A series of coatings on a polyester ?lm support com 
prising the azo dye having the structure 

genta and cyan dyes. The emulsions used in this inven 
tion can contain the bleachable dyes. However, it is 
also possible, and sometimes preferable, to incorporate 
the bleachable dye in an alkali~permeable layer contig 
uous to the emulsion layer. This arrangement provides 
increased speed, especially when the 'bleachable dye 
containing layer is coated under the emulsion layer. 
Thus, in one useful arrangement a support has coated 
thereon, in the following order, layers containing, re 
spectively, blue-sensitive silver halide; bleachable yel 
low dye; green-sensitive silver halide; bleachable ma 
genta dye; red-sensitive silver halide; and bleachable 
cyan dye. 
Conventional photographic developers are operable 

in this invention. These developers can be incorporated 
in emulsions in accordance with prior art procedures, 
or can be added to the alkaline processing solution. In 
certain instances, it is possible to incorporate in the 
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emulsion one molecule which contains both the devel— 60 
oping function and the bleachable dye function. Such 
molecules are non-diffusible and the dycvportion of the 
molecule must be blcachable. I 

The bleaching of the image dye is. conducted in the 
presence of a suitable catalyst, such as a phenazine, a 
quinoxaline or an 'anthraquinone. A number of cata 
lysts useful herein are described in U.S. Pat. Nos. 

65 

dispersed in various vehicles within the scope of this in 
vention were prepared as identi?ed in Table I. 

Table 1 

Sample Cone. Formaldehyde 
No. Vehicle mg/ft" (mg/dm2) Hardencr 

mg/ft2 (mg/dm") 

l Gelatin 250 (26.9) 2.5 (0.269) 
(Control) 
_ 2 Gelatin 250 (26.9) 25.0 (2.69) 
(Control) 

3 XY-XU 250 (26.9) 2.5 (0.269) 
4 XY-XU 250 (26.9) 25.0 (2.69) 
5 XZ-9O 250 (26.9) 2.5 (0.269) 
6 XZ-90 250 (26.9) 25.0 (2.69) 
7 XZ-XU 250 (26.9) 2.5 (0.269) 
8 XZ—8() ' 250 (26.9) 25.0 (2.69) 

The materials used as vehicles are identi?ed as having 
the following structures: 
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L ll 
\ \pf <n> f; 

The numbers used with the vehicle identi?cation let 
ters refer to the weight percent of material X based on 
the total polymer weight if the polymerization went to 
100% conversion. 
Procedure: To test the polymeric vehicles, samples 

were brought to pH .8 with a suitable acid and then 
heated for 10 seconds at 100°C. The coatings were 
cooled and washed in water and the dye coatings evalu 
ated for reticulation and adhesion. 

Results: No adhesion of the dye layer to its support 
was observed with Sample 1, and complete degradation 
of the gelatin vehicle had occurred. In Sample 2, which 
employed gelatin and a higher level of formaldehyde, 
some degradation and loss of gelatin had occurred, but 
the results were improved. In the remaining Samples 3 
through 8, the dyed layer remained intact with no ap 
parent degradation of the vehicles. 

EXAMPLE 2 

Additional samples were prepared and tested as in 
Example 1 but containing, in combination, 125 mg/ft2 
(13.5 mg/dmz) gelatin and 125 mg/ft2 (13.5 mg/dmz) 
of the polymers described in Samples 3 through 8 of 
Table l. The results showed that some degradation of 
the vehicle was apparent. Each sample, however, was 
superior to the controls which contained only gelatin. 

EXAMPLE 3 

A series of photographic silver halide elements was 
prepared as in Example 1, but which also contained a 
silver chlorobromide emulsion coated at 40 mg Ag/ff" 
(4.31 mg/dm2) in the same layer. Separate samples of 
each of the coatings were then exposed, developed for - 
1 minute at 23°C with a metol-hydroquinone high con 
trast negative developer (Kodak Developer D-l9), 
?xed, washed, and dried. The silver images and overall 
dye densities were the same in all samples. Samples of 
each coating were then dye bleached with thiourea 
(100 g/l), HCl concentrated (100 g/l) and phenazine 
(20 mg/l) and bleached dye image quality was ob 
served. 
The results indicated that prolongcd times were re 

quired to obtain dye images in the elements containing 
the polymers of this invention; however, the images ob 
tained were much superior to those of the gelatin 
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containing controls due to lower reticulation or gelatin 
softening. 

EXAMPLE 4 

Separate exposed and developed samples of the ele 
ments prepared according to Example 3 were dye 
bleached at 23°C with an aqueous viscous processing 
solution. The viscous processing composition con 
tained: 

g/l H2O 
3.?—Dithiaoct-anc- l ,8—diol I00 
p-Tolucncsulfonic acid I00 
PhcnaYinc 0.02 
Hydroxycthyl cellulose 40 

Results: Within 24 hours, the control samples com 
prising gelatin as the vehicle were unrecognizable 
owing to the hydrolysis of the gelatin. Images, and the 
vehicles, of all coatings containing the non 
hydrolyzable polymers of this invention remained in 
tact. 

EXAMPLE 5 

Example 4 was repeated using the following poly 
mers: 

l CH1. 
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' -Continued 

P = +01 ,-cH+ 

O 0 

In ratios and coating structures as follows: 

AY 90: 10 
BZ L)0: 10 
BY 90: 10 
XM ‘ 90: 10 

X0 90: 10 
XP 80:20 
XN 90:10 

One series of coatingstructures contained 125 mg/ft2 
polymer and gelatin and another contained 250 mg/ft2 
of polymer with only suf?cient gelatin to peptize the 
silver halide emulsion. The hardener was 1% formalin. 
The results were substantially identical to those ob 
tained in Example 4. 

EXAMPLE 6 

Additional dye/vehicle coatings as described in Ex 
ample 1 were prepared but the formaldehyde hardener 
employed therein was replaced with equal weights of 
bis-vinyl sulfone methyl ether. The testing procedure of 
Example 1 was carried out and the results compared to 
those of Example 1. Slight differences were apparent, 
but the sulfone hardener indicated some improvement 
for gelatin, while formaldehyde was more appropriate 
for the polymeric coatings. 

EXAMPLE 7 

The following listed vehicles comprising varying con 
centrations of hardenable moieties were coated and 
tested according to the procedure of Example 3. 

wherein X and Z are as in Example 1. 
The results improved withv increasing amounts of 

hardenable moieties. No adverse effects were observed 
with respect to silver development or silver-dye bleach 
ing. 

EXAMPLE 8 

Preparation of 6-(m- and 
p-vinylphenyll)-2,4-hexanedione 

To a suspension of sodium hydride (41.3 g, 1M, 57% 
oil dispersion) in tetrahydrofuran (2 liters) vat 0° to 
10°C was added 2,4-pentanedione ( 100 g, 1M) and the 
solution was stirred at 0°C for 15 minutes, then N 
butylithium ( 1M) in hexane was added slowly at 0° to 
10°C and the solutiorigofgthe dianion was stirred at 0°C 
for an additional 15 minutes. Vinylbenzylchloride (ob 
tained from the, Dow Chemical Company as armixture 
of meta 60% and para 40% isomers (152.5 g, 1M)) was 
added at 0°C and the reaction mixture was stirred at 
room temperature for l to 2 hours. The mixture was 
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poured onto cracked ice containing hydrochloric acid 
(200 ml). The organic layer was separated and the 
aqueous layer was extracted with chloroform (5 X 150 
ml). The combined organic extracts were washed with 
saturated bicarbonate solution (250 ml), saturated 
chloride solution (250 ml) and water (250 ml), dried, 
?ltered and the solvent removed. 
The residual oil was diluted with an equal volume of 

methanol and poured into a large excess of hot copper 
acetate solution (200 g in 1750 liters of water). The 
copper chelate fell out, was ?ltered off and washed 
with water followed by ligroin'( 1 liter). The copper 
chelate was then decomposed in the presence of ice 
cold 10% sulfuric acid and the mixture extracted with 
ether (5 X 200 ml). The ether extracts were washed 
with saturated bicarbonate solution (2 X 250 ml), satu 
rated sodium chloride solution (250 ml) and water 
(250 ml), dried, ?ltered and the solvent removed. The 
residue was distilled giving 6-(m- and p-vinylphenyl) 
2,4-hexanedione boiling at 77° to 82°C at 0.005 nm. 
The yield was 65%. With analysis, the amount of car 
bon in the ?nal product was 77.7 weight percent as 
compared to 77.8 theoretical. The amount of hydrogen 
in the ?nal product was 7.6 weight percent as com 
pared to 7.4 percent theoretical. 

EXAMPLE 9 (Control) 

Dye/vehicle coatings were prepared and tested as de 
scribed in Example 1. One set of samples was a repeat 
of Samples 1 and 2, which contained gelatin as the ve 
hicle, and a second set of samples contained poly(N 
isopropylacrylamideco-3-methacryloyl-oxypropane- l - 

sulfonic acid, sodium salt-coacetoacetoxyethyl methac 
rylate) (54:31.5: 14.5 weight percent, respectively), 
which is outside the scope of this invention. This poly 
mer, although a generally good emulsion vehicle, per 
formed like the gelatin control in the dye-bleach tests 
and, in all cases, degradation of the vehicles was ob 
served. 
This invention has been described in detail with par 

ticular reference to certain preferred embodiments 
thereof, but it will be understood that variations and 
modi?cations can be effected within the spirit and 
scope of the invention. 
What is claimed is: 

. 1. A photographic element comprising a support hav 
ing coated thereon at least one photographic silver hal 
ide emulsion and at least one binding agent comprising 
an addition interpolymer comprising 
A. from about 1 to 50% by weight of a polymerized 
monomer containing at least one active methylene 
group and having the formula 

R R2 o 0 
II 

wherein Ar is arylene, R is hydrogen or methyl, R2 is 
hydrogen, alkyl, aryl, or cycloalkyl, R3 is alkoxy or 
amino when n is equal to 0, and R3 is alkyl, alkoxy, 
amino, cycloalkyl, or aryl when n is equal to l; and 

B. from 50 to about 99% by weight of at least one ad 
ditional polymerized ethyleneically unsaturated 
monomer. 

2. The element of claim 1 wherein the polymer has 
an inherent viscosity in the range of 0.1 to 2.0. 

3. The element of claim 1 wherein at least one of the 
additional polymerized ethylenically unsaturated mon 
omers is selected from the group consisting of acrylam 
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ide, N-butyl acrylate, 2~hydroxyethyl methacrylate, N 
isopropyl acrylamide, methacrylic acid, vinylimidazole, 
and N,N~dimethyl-N-2-hydroxypropylamine metha 
crylimide, sodium 2-acrylamide—2—methylpropane—l 
sulfonate, sodium p-styrene sulfonate, 3-methyl-l 
vinylimidazolium methosulfate and l.2-dimethyl-5 
vinylpyridinium methosulfate. 

4. The element of claim 3 wherein at least one of the 
additional polymerized ethylenically unsaturated mon 
omers is acrylamide. 

5. The element of claim 1 wherein the polymerized 
monomer of the formula 

| R‘ O ‘n’ 
ll 

CH2_(‘_Ar_CH2_CH_C—CH2—(LR“ 

is selected from the group consisting of t-butyl 5-(m 
and p-vinylphenyl)-3-oxopentanoate, N,N-diethyl-5 

5 

10 

(m- and p-vinylphenyl)-3-oxopentanoic acid amide, 2O 
ethyl 5-(m- and p-vinylphenyl)-3-oxopentanoate, and 
6-(m- and p-vinylphenyl)-2,4-hexanedi0ne. 

6. A photographic element comprising a support hav 
ing coated thereon at least one photographic silver hal 
ide emulsion and at least one binding agent comprising 2_ 
an addition interpolymer comprising 
A. from about 1 to about 50% by weight of a poly 
merized monomer containing at least one active 
methylene group having the formula 

5 

30 

wherein R is hydrogen or methyl, R2 is hydrogen, and 
R“ is alkyl or alkoxy; and 

B. from about 50 to about 99% weight of at least one 
additional polymerized ethylenically unsaturated 4 
monomer. 

7. A photographic silver halide emulsion containing 
a binding agent comprising an addition interpolymer 
comprising 
A. from about 1 to 50% by weight of a polymerized 
monomer containing at least one active methylene ’ 

group and having the formula ' 

wherein R is hydrogen or methyl, Ar is substituted or 
unsubstituted arylene, R2 is hydrogen, alkyl, aryl, or cy 
cloalkyl, R" is alkoxy, amino, cycloalkyl, or aryl; and 

B. From 50 to about 99% by weight of at least one ad 
ditional polymerized ethylenically unsaturated 
monomer. 

8. The emulsion of claim 7 wherein the interpolymer 
has an inherent viscosity in the range of 0. 10 to 2.0. 

9. The emulsion of claim 7 wherein at least one of the 
additional polymerized ethylenically unsaturated mon 
omers is selected from the group consisting of acrylam 
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20 
ide, N-butyl acrylate, 2~hydroxyethyl methaerylate, N 
isopropylacrylamide, methacrylic acid, vinylimidazole, 
and N,N-dimethyl-N-2-hydroxypropylamine metha 
crylimide, sodium 2-acrylamide-Z-methylproparie-l 
sulfonate, sodium p-styrene sulfonate, 3-methyl-l— 
vinyl-imidazolium methosulfate and l,2-dimethyl-5 
vinylpyridinium methosulfate. 

10. The emulsion of claim 9 wherein at least one of 
the additional polymerized ethylenically unsaturated 
monomers is acrylamide. 

11. The emulsion of claim 7 wherein the polymerized 
monomer of the formula 

R R2 o 0 
II ll 

is selected from the group consisting of t-butyl S-(m 
and p-vinylphenyl)-3-oxopentanoate, N,N-diethyl-5 
(m- and p-vinylphenyl)3-oxopentanoie acid amide, 
ethyl 5-(m- and p-vinylphenyl)-3-oxopentanoate, and 
6-(m- and p-vinylphenyl)-2,4-hexanedione. 

12. A photographic silver halide emulsion containing 
a binding agent comprising an addition interpolymer 
comprising 

A. from about lto about 50% by weight of a polymer 
ized monomer containing at least one active meth 
ylene group and having the formula 

wherein R is hydrogen or methyl, R2 is‘ hydrogen, and 
R3 is alkyl or _alkoxy; and 

B. from about 50 to about 99% by weight of at least 
one additional polymerized ethylenically unsatu 
rated monomer. 

13. A photographic element comprising a support 
having deposited thereon at least one photographic sil— 
ver halide emulsion containing at binding agent com 
prising an addition interpolymer comprising 
A. from about 1 to 50% by weight of a polymerized 
monomer containing at least one active methylene 
group and having the formula 

0 
ll 

0 
ll 

wherein R is hydrogen or methyl, Ar is substituted or 
unsubstituted arylenethylene, R2 is hydrogen, alkyl, 
aryl, or cycloalkyl, R3 is alkyl, alkoxy, amino cycloal 
kyl, or aryl; and 

B. from 50 to about 9971 by weight of at least one ad 
ditionalv polymerized ethylenically unsaturated 
monomer. 

14. The element of claim 13 wherein the interpoly— 
mer has an inherent viscosity in the range of 0.10 to 
2.0. 



3,904,418 
21 

15. The element of claim 13 wherein at least one of 
the additional polymerized ethylenically unsaturated 
monomers is selected from the group consisting of ac 
rylamide, N-butyl acrylate, 2-hydroxyethyl methacry 
late, N-isopropylamide, methacrylic acid, vinylimida 
zole, N,N-dimethyl-N-2-hydroxypropylamine metha 
crylimide, sodium 2-acrylamido-2-methylpropane-2 
sulfonate. sodium p-styrene sulfonate, 3-methyl-l 
vinylimidazolium methosulfate and l,2-dimethyl-5 
vinylpyridinium methosulfate. 

16. The element of claim 15 wherein at least one of 
the additional polymerized ethylenically unsaturated 
monomers is acrylamide. 

17. The element of claim 13 wherein the polymerized 
monomer of the formula 

R R“ o 0 
I! II 

is selected from the group consisting of t-butyl 5-(m 
and p-vinylphenyl)-3-oxopentanoate, N,N-diethyl-5 
(m- and p—vinylphenyl)-3-oxopentanoic acid amide, 
ethyl 5-(m- and p-v'inylphenyl)-3-oxopentanoate, and 
6-( m- and p-vinylphenyl )-2,4-hexanedione. 

18. A photographic element comprising a support 
having deposited thereon at least one photographic sil 
ver halide emulsion containing a binding agent com 
prising an addition interpolymer comprising 
A. from about l to about 50% by weight of a poly 
merized monomer containing at least one active 

methylene group having the formula 

R2 O 0 
ll ll 

wherein R is hydrogen or methyl, R2 is hydrogen, and 
R“ is alkyl or alkoxy; and 

B. from about 50 to about 99% by weight of at least 
one additional polymerized ethylenically unsatu 
rated monomer. 

19. A photographic element adapted for silver-dye 
bleach processes comprising a support having coated 
thereon at least one photographic silver halide emul 
sion, at least one bleachable dye, at least one hardener, 
and at least one binding agent comprising an addition 
interpolymer comprising 
A. from about I to 50% by weight of a polymerized 
monomer containing at least one active methylene 
group and having the formula 

wherein n is O or 1, R is hydrogen or methyl, R‘ is sub 
stituted or unsubstituted arylenethylene having the 
structure 
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wherein Ar is arylene, R2 is hydrogen, alkyl, aryl, or cy 
cloalkyl, R3 is alkoxy or amino when n is equal to 0, and 
R3 is alkyl, alkoxy, amino, cycloalkyl, or aryl when n is 
equal to l; and 

B. from 50 to about 99% by weight of at least one ad 
ditional polymerized ethylenically unsaturated 
monomer. 

20. The element of claim 19 wherein the interpoly 
mer has an inherent viscosity in the range of 0.10 to 
2.0. 

21. The element of claim 19 wherein at least one of 
the additional polymerized ethylenically unsaturated 
monomers is selected from the group consisting of ac 
rylamide, N-butyl acrylate, Z-hydroxyethyl methacry 
late, N-isopropylacrylamide, methacrylic acid, 
vinylimidazole, N,N-dimethyl-N-2-hydroxy propyla 
mine methacrylimide, sodium 2-acrylamido-2 
methylpropane-2-sulfonate, sodium p-styrene sulfo 
nate, 3-methyl-l-vinylimidazolium methosulfate and 
l,2-dimethyl-5-vinylpyridinium methosulfate. 
22. The element of claim 19 wherein the polymerized 

monomer of the formula 

R 0 

II II 
() 

is selected from the group consisting of t-butyl S-(m 
and p-vinylphenyl)-3-oxopentanoate, N,N—diethyl—5 
(m- and p-vinylphenyl)-3-oxopentanoic acid amide, 
ethyl acryloylacetate, ethyl 5-(m- and p-viny|phenyl) 
3-oxopentanoate, 6-(m- and p—vinylphenyl)-2,4~ 
hexanedione, tert-butyl acryloylacetate, and N,N 
dimethylacryloylacetamide. 

23. The element of claim 19 wherein the hardener is 
selected from the group consisting of bis-vinyl sulfone 
methyl ether and formaldehyde. 

24. The element of claim 19 wherein the bleachable 
dye is an azo dye. 

25. A photographic element adapted for silver-dye 
bleach processes comprising a support having coated 
thereon at least one photographic silver halide emul 
sion, at least one azo dye, at least one hardener. and at 
least one binding agent comprising an addition inter 
polymer comprising 
A. from about 1 to about 50% by weight of a poly 
merized monomer containing at least one active 
methylene group and having the formula 

0 
ll 

wherein R is hydrogen or methyl, R2 is hydrogen, and 
R” is alkyl or alkoxy; and 
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B. from about 50 to about 99% by weight of at least 
one additional polymerized ethylenically unsatu 
rated monomer. 

26. A photographic silver halide emulsion containing 
a bleachable dye and a binding agent comprising an ad 
dition interpolymer comprising 
A. from about 1 to 5071 by weight of a polymerized 
monomer containing at least one active methylene 
group and having the formula 

R O () 

wherein n is O or 1, R is hydrogen or methyl, R1 is sub 
stituted or unsubstituted arylenethylene having the 
structure 

wherein Ar is arylene, R2 is hydrogen, alkyl, aryl, or cy 
cloalkyl. R“ is alkoxy or amino when n is equal to O, and 
R3 is alkyl, alkoxy, amino, cycloalkyl, or aryl when n is 
equal to l; and 

B. from 50 to about 99% by weight of at least one ad 
ditional polymerized ethylenically unsaturated 
monomer. 

27. In an image-transfer ?lm unit comprising 
A. a photosensitive element comprising a support 
having thereon at least one layer containing a silver 
halide emulsion. 

1O 
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24 
‘B. an image-receiving layer. and 
C. means containing an alkaline processing composi 

tion adapted to discharge its contents within said 
?lm unit. the improvement wherein at least one of 
the alkali permeable layers contains a polymer 
comprising 
A. from about 1 to 50% by weight of a polymerized 
monomer containing at least one activity methy 
lene group and having the formula 

R O O 

wherein n is O or I, R is hydrogen or methyl, R‘ is sub 
stituted or unsubstituted arylenethylene having the 
structure 

R: 

wherein Ar is arylene, R2 is hydrogen, alkyl, aryl. or cy 
cloalkyl, R3 is alkoxy or amino when n is equal to O, and 
R3 is alkyl, alkoxy, amino, cycloalkyl, or aryl when n is 
equal to l; and 

B. from 50 to about 99% by weight of at least one 
additional polymerized ethylenically unsaturated 
monomer. 

28. An image transfer ?lm unit according to claim 27 
wherein said silver halide emulsion has associated 
therewith an image dye providing material. 
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