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[5 7] ABSTRACT 

Color-photographic multi-layer materials having red 
sensitized, green-sensitized, and blue-sensitized silver 
halide emulsion layers, each emulsion layer containing 
a color coupler, and gelatin interlayers for preventing 
undesirable coupling of developer oxidation products 
diffused in adjacent silver halide emulsion layers, con 
tain in the gelatin interlayers 5 to 30 percent by 
weight of polyerms which contain acid groups. These 
interlayers are more effective in preventing the diffu 
sion of developer oxidation products, as compared 
with pure gelatin interlayers. Thus it is possible to 
have interlayers of half the thickness of conventional 
interlayers. The materials have improved non-curling 
properties. 

2 Claims, No Drawings 
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l 
POLYMERIC ACID CONTAINING GELATIN 
INTERLAYER FOR COLOR PHOTOGRAPHIC 

FILM 

This invention relates to a multi-layer color 
photographic material in which polymers containing 
acid groups are added to the gelatin intermediate layers 
arranged between the differently sensitized silver ha 
lide emulsion layers in order to improve the non 
curling properties of the material. 

It is known that colored images can be produced 
using a multi-layer color-photographic material com 
prising at least one red-sensitized silver halide emulsion 
layer containing a cyan-forming coupler, a green 
sensitized silver halide emulsion layer containing a 
magenta-forming coupler and a blue-sensitive silver ha 
lide emulsion layer containing a yellow-forming cou 
pler. To produce the individual partial color images, 
the differently sensitized silver halide emulsion layers 
are usually separated from one another by gelatin inter 
mediate layers which can, if desired also contain ?lter 
dyes. The main object of these gelatin intermediate lay 
ers is to prevent or hinder oxidation products of the 
color developer formed in a layer during development 
diffusing into other coupler-containing layers where 
they could couple with the couplers in these other lay 
ers. These intermediate layers thus prevent the forma 
tion of undesirable dyes in the other layers. This effect 
of formation of undesirable dyes by coupling of dif 
fused developer oxidation product is referred to herein 
as co-coupling. It is obvious that, in order completely 
to suppress this troublesome co-coupling the interme 
diate layers must have a certain thickness which can 
vary between one and several um, depending upon the 
particular type of color coupler and color developer 
used. The intermediate layer must be sufficiently thick 
to ensure that color developer oxidation products 
which are capable of coupling are destroyed by hydro 
lysis before reaching an adjacent coupler-containing la 
yer. 

In conditions of high relative humidity gelatin ex 
pands to a greater extent than the layer support and 
conversely in low relative humidity the gelatin shrinks 
to a greater extent than the layer support. As a result 
of this the color-photographic material after processing 
shows a troublesome tendency to curl up, depending 
upon the relative humidity. In conventional material, 
this tendency can only be controlled to a limited extent 
by varying (i.e., by reducing) the layer thicknesses. A 

. reduction in the thickness ofthe emulsion layers gener 
ally results in a loss of sensitivity and color density, and 
a reduction of the thickness of an intermediate layer is 
out of the question on account of the danger of un 
wanted co-coupling which it would involve. Attempts 
have already been made to prevent color developer ox 
idation products from diffusing into other coupler 
containing silver halide emuslion layers by incorporat 
ing into the intermediate layer diffusion-resistant color 
less reducing agents which reduce the oxidized color 
developer diffusing through. Another method of elimi 
nating co-coupling is to incorporate so-called white 
couplers into the gelatin intermediate layer in such a 
way as to prevent diffusion. These white couplers react 
with the difussing developer oxidation product to form 
colorless compounds and thus prevent undersirable dye 
formation in the coupler-containing photographic 
layer. Both processes involve technical disadvantages. 
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In the first case reducing agents have undesirable side 
effects upon the photographic layer. In the second it is 
found that white couplers only produce the required 
effect when used in quantities which adversely affect 
the fogging value. 

It is an object of the present invention to produce a 
color-photographic material with imporved non 
curling properties, which will lie ?at. The invention 
seeks to provide a material which shows little or no ten 
dency to curl irrespective of the relative humidity. 

It has now been found that the thicknesses of the gel 
atin intermediate layers can be reduced and hence the 
non-curling properties of multi-layer colour photo 
graphic materials can be improved by replacing some 
of the gelatin of the gelatin intermediate layers ar 
ranged between the differently sensitised silver halide 
emulsion layers to prevent co-coupling, by polymers 

, containing acid groups. 
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Accordingly, the invention relates to a photosensitive 
color-photographic material which comprises at least 
one red-sensitized silver halide emulsion layer contain 
ing a cyan-forming coupler, a green-sensitized silver 
halide emulsion layer containing a magentad’orming 
coupler and a blue-sensitive silver halide eulsion layer 
containing a yellow-forming coupler with gelatin inter 
mediate layers between the aforementioned silver ha 
lide emulsion layers. The material is characterized by 
the fact that at least one intermediate layer contains a 
polymer containing acid groups in a quantity of from 5 
to 30 percent by weight and preferably in a quantity of 
from 15 to 25 percent by weight, based on the gelatin. 

In the context of the invention, polymers containing 
acid groups are polymers compatible with ‘gelatin 
which are diffusion-fast in gelatin layers and, hence 
whose acid groups are present in the form of diffusion 
resistant anions at the pI-I-value at which color develop 
ment is carried out. Examples of polymers containing 
acid groups include polymers and copolymers of 
acrylic acid, copolymers of maleic acid, styrene sul 
fonic acid, and cellulose derivatives containing acid 
groups. 

Since the advantageous results apparently depend on 
the presence of acid groups in the diffusionfast poly 
mer, the particular composition and - the molecular 
weight of the polymer used seems to'be uncritical, as 
long as the content of the acid groups per monomeric 
unit is sufficiently high. To be particularly suitable ac 
cording to the invention the polymers and copolymers 
of acrylic acid and the copolymers of maleic acid con~ 
tain on an average 0.2 to l carboxylic acid groups per 
monomeric unit, the polystyrene sulfonic acid‘ contains 
on an average 0.5 to l sulfonic acid group per styrene 
unit. The carboxymethyl cellulose contains 0.5 'to .l 
carboxylic group per glucose unit and the cellulo'sesul 
fat contains 1 — 2 sulfuric acid groups per glucose unit. 
The copolymers of acrylic acid and maleic acid may 

contain other comonomeric units for example ‘selected 
from the group consisting of alkylvinyl ethers having up 
to four carbon atoms in the alkyl group, vinylesters 
such as vinyl acetate or vinyl propionate, vinyl alkohol, 
styrene, alkyl acrylates and alkyl methacrylates having 
up to four carbon atoms in the alkyl group, and acryl 
amide. Preferred copolymers of acrylic acid contain 20 
to 50 mols percent of acrylic acid and 50 to 80 mols 
percent of ethyl acrylate. A preferred copolymer of 
maleic acid contains about 50 mols percent of maleic 
acid and about 50 mols percent of styrene. 
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The carboxymethylcellulose preferably has a viscos 
ity of 20 - 800 cps (2 percent aqueous solution, 25°C; 
this corresponds to a molekular weight 40,000 _ 
200,000) and the cellulose sulfate preferably has a vis 
cosity of 12 — 80 cps. (2 percent aqueous solution, 25). 
Standard carboxy-methyl cellulose and cellulose sul 
fate have proved to be particularly suitable. 

it was surprisingly found in the color-photographic 
materials produced in accordance with the invention 
that the layer thicknesses of the intermediate layers re 
quired for color separation can be signi?cantly reduced 
by comparison with the pure gelatin layers normally 
used without any danger of troublesome co-coupling 
occurring. 
The negatively charged ion groups evidently act as a 

barrier to the diffusing color developer oxidation prod 
uct which probably migrates in the form of a positively 
charged immonium ion, thus preventing its diffusion. 
The separating effect obtained with the intermediate 
layers according to the invention is equal to-that ob 
tained with pure gelatin layers of about twice the layer 
thickness. This is a considerable advantage because 
better mechanical properties are obtained with lower 
layer thicknesses. The reduction in the layer thick 
nesses that is possible in this way evidently makes a 
considerable contribution towards improving the non 
curling properties of color-photographic materials as 
well. The ability of the polymers containing acid groups 
according to the invention to swell rapidly with water 
may possibly also have a favourable effect upon the 
non-curling properties. The layer thickness of the inter 
mediate layers according to the invention is between 1 
and 1.5 pm. Conventional gelatin intermediate layers 
are considerably thicker, their layer thickness amount- 
ing to about 2 am. 
The aforementioned polymers containing acid 

groups can be added to the gelatin either by mixing the 
dry gelatin with the powdered polymer and dissolving 
the resulting mixture in water, or by preparing separate 
solutions in water of the gelatin and of the polymer 
containing acid groups and subsequently mixing the re 
sulting solutions in the required ratio. 
Suitable layer supports for the material according to 

theinven-tion include the usual ‘supports such as, for ex 
ample, baryta paper, hydrophibized paper such as po 
lyethylene-lined paper, or films of polyethylene tere 
phthalate, cellulose ester, polycarbonat or other film 
forming materials. 
Preventing the difussion of oxidized color developer 

from a layer containing color coupler into an adjacent 
layer during color development by the incorporation of 
polymers which are present as negatively charged pol 
yions at the pH-value of the developer, in accordance 
with the invention, is of course not con?ned to a cer 
tain layer support or certain color developers of color 
couplers, but instead applies generally to multi-layer 
color~photographic systems which are developed with 
color developers of the phenylene diamine series. 
The process according to the invention is illustrated 

by the following Examples. 

EXAMPLE 

Sample A - 

The following layers are applied to a support of po~ 
lyethylene-lined paper which had previously been ex 

' posed to a corona discharge: 
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4 
l. A red-sensitized silver bromide gelatin emulsion 
layer containing ,a hydrophilic cyan coupler; 

2. An intermediate layer of a 4 percent aqueous gela 
tin solution containing 1.9 g of gelatin per square 
metre (Layer thickness: 1.9 pm); 

3. A green-sensitized silver bromide gelatin layer 
containing a hydrophilic magenta coupler; 

4. The same gelatin intermediate layer as layer 2; 
5. A blue-sensitive silver halide gelatin containing a 

hydrophilic yellow coupler; and 
6. a protective layer of the same composition as layer 

2. 
Processing 
A step wedge is exposed on this material behind se 

lective blue, green and red ?lters and then colour 
deveioped in the usual way. 
Color wedges are obtained in which only one of the 

three color layers was developed in each case due to 
the selective exposure. Comparison of these partial 
color images from the three-layer material with the cor 
responding color wedge produced from a single casting 
does not show any appreciable deviations in color at 
tributable to co-coupling in the three-layer material. 
Sample B 
A material identical with that described above is pre 

pared in another test. However, the gelatin separating 
layers are cast more thinly so that only 1.1 g of gelatin 
is applied per square metre (layer thickness 1.1. am). 

In this material, the colors of the partial color images 
obtained from the three-layer material are no longer 
consistent with those of the corresponding single layer 
material despite of similar processing. They are heavily 
contaminated by color components formed through co 
coupling from the adjoining unexposed-color layers and 
hence are less pure than in comparison sample A. 
Sample C 
This material is similar in structure to samples A and 

B, except that the following casting solution is used in— 
stead of the 4 percent gelatin solution to apply the in 
termediate layers: . 

2 g of polystyrene sulfonic acid (molecular weight 
3,000 to 4,000) in 500 ml of water are adjusted with so 
dium hydroxide to a pH-value of 6.5. 500 ml of the 4 
percent of gelatin solution are then added. The applica 
tion is adjusted in such a way that 1.2 g of solids are ap 
plied per square metre (layer thickness 1.2 pm). 
The material is processed as described above. When 

photographically tested ‘for color purity, this material is 
as good in its color reproduction as comparison sample 
A despite the thin intermediate layers. 
Sample‘D ’ 7 

in the intermediate’layers, the‘ polystyrene sulfonic 
acid is replaced by 5 g of a copolymer of 25 percent of 
acrylic acid, 35 percent of ethyacrylate and'40 percent 
of ethylmethacrylate, the structure of the material 
being otherwise the same. The application amounts to 
1.1 g/m2 (layer thickness 1.1 pm). This material as well 
shows the same excellent color separation as sample A. 
Sample E 

Intermediate layers are applied from the following 
casting solution (the structure of the material being 
otherwise the same): 

2 g of a copolymer of styrene and maleic acid (1 : l) 
are neutralized in 500 ml of water and added to 500 ml 
of the 4 percent gelatin solution. 
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The application is again adjusted to a solids of 1.2 
g/m2 (layer thickness 1.2 pm). This material is also 
equal in its color separation to sample A. 
Sample F 
The following casting solution is used for the inter 

mediate layers: 
2 g of polyacrylic acid are adjusted to pH 6.5 with so 

dium hydroxide in 500 ml of water and added to 500 
ml of the 4 percent gelatin solution. The application is 
controlled in such a way that 1.0 g of solids are applied 
per square metre (layer thickness 1.0 pm). Despite the 
thinness of this intermediate layer, photographic test 
ing shows that co-coupling is suppressed just as effec 
tively as in sample A. 
Sample G 
Casting solution for the intermediate layers: 
4 g of sodium carboxymethyl cellulose (viscosity 25 

cps of the 3 percent aqueous solution at 25°C) are dis 
solved in 500 ml of water and mixed with 500 ml of 4 
percent gelatin solution. The application is regulated in 
such a way that 1.0 g of solids is applied per square 
metre (layer thickness 1.0 pm). Color separations 
again corresponds to sample A. 
Sample H 

In another test, 4 g of cellulose sulfate (viscosity of 
the 2 percent aqueous solution 15 cps at 25°C) are dis 
solved and added to 500 ml of the 4 percent gelatin so 
lution. The casting solution thus obtained is applied as 
an intermediate layer. The application is regulated in 
such a way that 1.0 g of solids is applied per square 
metre (layer thickness 1.0 pm). This material is also 
equal in its color separation to sample A. 
After processing, samples A to H show distinct differ 

ences in their curling behaviour under different cli 
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6 
matic conditions, as shown in the following Table. 

30% relative 50% relative 80% relative 
humidity humidity humidity 

Sample A 4/8 2/8 0/8 
Test B 2.5/8 l/B 0/8 
Tests C 
through H . 2/8 l/8 0/8 

The curling values under the particular climatic con 
ditions are given in “eighths,” 8/8 meaning that the test 
specimen curls up into a cylinder (= full circle = 8/8). 

I claim: 
1. In a photosensitive color-photographic material 

comprising at least one red-sensitized silver halide 
emulsion layer containing a cyan-forming coupler, a 
green-sensitized silver halide emulsion containing a 
magenta-forming coupler and a blue-sensitive silver 
emulsion layer containing a yellow-forming coupler, 
and having gelatin intermediate layers arranged be 
tween the aforementioned silver halide emulsion lay 
ers, the improvement according to which at least one 
gelatin intermediate layer contains a polymer contain 
ing acid groups in a quantity of from 5 to 30 percent by 
weight based on the gelatin. 

2. The combination of claim 1, wherein the polymer 
containing acid groups is selected from the group con 
sisting of polymers and copolymers of acrylic acid and 
copolymers of maleic acid containing 0.2 to l carbox 
ylic acid groups per monomeric unit, poly styrene sul 
fonic acid containing 0.5 to 1 sulfonic acid groups per 
styrene unit, carboxy methyl cellulose containing 0.5 to 
1 carboxylic acid groups per glucose unit, and cellulose 
sulfate containing 1 to 2 sulfuric acid groups per glu 
cose unit. 

* * * * * 


