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1

This invention relates to photography and
more particularly to color-yielding elements for
color photography. Still niore particularly it re-
lates to multilayer films for color photography.
Still more particularly it relates to photographic
films which have two differenitially sensifized sil-
ver halide emulsion layers and two réspectively
coactive adjacent ldyers contdining color formers,
said layers being removable in aqueous baths.
The invention also rélates to the préparation of
such eléments and to processes for the produc-
tion of dye images thérefrom.

A relatively large number of processes for pro-
ducing multicolor images which involve the use of
color formers have been proposed. The color
formers couple with the oxidation products of
primary aromatic amino color developing agents,
€. g., diethylparaphenylene diamine hydrochloride
and 2-amino-5-diethylamino toluene hydrochlo-
ride, formed during the development of silver salt
images and prodice quinoneimine or azomethine
dye images in situ with the silver salt images.
After rémoval of the Iatter, a dye image remains.
Films for three-color photography, for example,
have been proposed which centain a plurality of
silver halide emulsion layers and filter layers
which contain immobile color formers and are
so arranged and sensitized that each will record
about one-third of the visible spectrum.

Another type has been proposed which instead
of having the color formers in the silver halide
emulsion layers have them in adjacent water-
permeable colloid emulsion layers.

Each of the above types suffer from some dis-
advantages. When color formers are placed in
emulsion layers they often reduce the overall sen-
sitivity, reduce or destroy the color sensitized
characteristics, and/or produce general emulsion
fog. 'Thisisparticularly true of the high molecu-
lar weight, non-migratory type. Others wander
in emulsion layers and cause dilution and con-
tamination of color. These disadvantages are
overcome when color formers are placed in adja-
cent layers. Theé résulting films, however, some-
time do not have an adequate density of dye
image or dye image contrast when immobile color
formers are used. When the mobile typss are
used in continuocus processing systems, e, g., of
cine film, an accumulation of leached color
former obtains in the developing solution which
gives rise to color contamination in the layers.

The above objects may be accomplished and the
above disadvantages obviated by the novel color-
yielding elements and processes of this invention.
It has been found that-if celor formers which mi-
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gfate in gelatino-silver halide emulsions are in-
corporated in a water-soluble, dilute alkali-iri~
soluble colloid and costed on & gelatino-silvér
halide emulsion layer, useful ‘color-yielding elé-
ments are obtained. The colloids should be sub=
stantially inscluble in aquéous alkaline developer
solutioiis containing 2% or more by weight of dig-
solved inorganic saits. All of the advantages

gained by the use of color formiers in adjacent
layers are obtainied. In addition, the elements
have other decided advantages. During colef
coupling development the colof formers miigrate
to the adiacent silver halide grains and form dyé
images in situ with the developed silver images
instead of in the adjacent colioid layers. Any
color former which is not utilized during éolor
coupling development can readily he removed
from the film by washing the layer of water
scluble, dilute alkali=insoluble -colloid frowm the
element. This can be accommplished by washitig
with water immediately after development. The
removal of the layer improves the quality and
clarity of the final elements.

A satisfactory element for printing two- col@r
components can be made by c¢oating ore side 6f
a transparent film base with a gélatino-silver
halide emilsion 14yer which is sensitive to one
portion of the visible spectrum, e. g., bliie, gieen.
On such layer is coated an agueous selution of &
mobile orange-red color former and g water-
soluble, dilute alkali-insoluble colleid. The other
side of the base i$ coated with a gelatino-silver
halide emulsion layer whieh is sensitive to a dif-
ferent portion of the visible spectrum, e. g,

. orange-red. On this layer there is coated an:

aqueous solution of a water-soluble, dilute alkali-
insoluble colloid containing a blue-green, mobile
color former. Appropriate color separation rec-
ords are printed onto the respective records and
the element is color developed. The outer layers
are removed by washing in water. The silver and
silver salts can then be removed by appropriate
treatment, e. g., bleaching with Farmer’s re<
ducer. The resulting element contains dye im=
ages in the original silver halide layers. The ele-
ments have good clarity, dye density, and ¢on-
trast. There was no evidence of sighificant leach-
ing of the color former ‘nto the develorer solu-
tion on inspection of the develover solutions.
Such results indicate and a uni-directional travel
of the intermediate.

When gelatini layers containing immobile of
non-diffusing color formers aré placed adjacent
to gelatino-silver halide emulsion layers in like
manner, quite different results are obtairied. The
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dye image is formed in the color former layer
only. The images, moreover, have very low dye
contrast. The gelatin layer could not be removed
by a simple washing procedure.

Likewise when gelatin layers containing mobile
or diffusing color formers were coated on gel-
atinc-silver halide emulsion layers and exposed
and color processed in like manner different re-
sults were obtained. Dye images were formed in
the silver halide emulsion layer and in the ad-
jacent gelatin layer. The images were extremely
flat and the developer solution evidenced con-
siderable contamination by color former which
had leached from the film.

In the preferred aspect of the invention the

adjacent layers are composed of pelyvinyl acetals
of aromatic monoaldehydes having sulfonic acid
or carboxylic acid groups, and mobile color
formers. Suitable acetals of this type can be pre-
pared from polyvinyl alcohols and substantially
completely hydrolyzed polyvinyl esters and alde-
hyde carboxylic or sulfonic acids such as ortho-,
meta-, and para-benzaldehyde sulfonic acid,
acetaldehyde disulfonic acid, naphthaldehyde
sulfonic acids, ¢. g., 1-naphthaldehyde-2-sulfonic
acid, 1-naphthaldehyde-4-sulfonic acid, 2-naph-
thaldehyde-5-suifonic acid, and ihe correspond-
ing carboxylic acids, by condensation in the pres-
ence of mineral acids or acid salts after the man-
ner described in German Patent No. 643,650.
Such acetals are insoluble in aqueous alkaline
photographic developer solutions containing 2%
or more by weight of dissolved inorganic salts.
The condensation should be carried cut until the
vinyl aleohol groups have been acetalized.
. Purther the particular acetals just described
possess high resistivity to alkaline developer solu-
tions and appear to acquire an extremely hard
surface when treated with them. Mobile or dif-
fusing color formers which have been incor-
porated in this material and coated over a gelatin
silver halide emulsion layer exhibit uni-direction-
al diffusion into the emulsion layer. Only an in-
significant quantity tends to diffuse into the
alkaline developing solution. A cross-sectional
study of the film shows that dye images are
formed in the gelatin emulsion alone with no
image formation in the adjacent resin-dye inter-
mediate layer. This rapid uni-directional dif-
fusion gives rise to strong contrasting dye images
in the light-sensitive gelatin layer which is ex-
tremely important in color printing films.

‘The invention will be further illustrated but is
not intended to be limited by the following ex-
amples. The parts are by weight.

Example I

A photographic element as illustrated in Fig. 1
of the drawing was made by coating onto the
respective sides of .a cellulose acetate film base |
a gelatino-silver bromide iodide emulsion con-
taining 15 grams of tartrazine per liter to form
layer 2 having a coating weight of 80 mg./sq.
decimeter, and to form similar layer 4. On layer
2 there was then coated a 5% aqueous dispersion
containing the sodium salt of the polyvinyl al-
cohol acetal of ortho-benzaldehyde sulfonic acid
containing 1 part of 3-methyl-1-(meta-amino-
phenyl) -5-pyrazolone per 5 parts of acetal to
form thin layer 3. Similarly onto layer 4 there
was coated layer 5 from a 5% aquecus solution
of the aforesaid acetal containing 1 part of 2,4-
dichloro~1-naphthol per 5 parts of acetal.

The film thus prepared was appropriately ex-
posed to the green and red separation negatives
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of a set of threé primary color separation neg-
atives. The exposed element was then developed
in

N-diethylparaphenylenedi-

amine.HCl . grams - 20
Na2CO3 e do ..__ 30.0
KBl e e do .——— 05
Na2SO02 e do ... 7.0
Water t0 oo liter .- 1

and then washed, bleached in potassium ferri-
cyanide and fixed in plain hypo. The outer
polyvinyl acetal layers dissolved from the flm
during the wash and left a two component ele-
ment. The film evidenced high speed and con-
trast, good color density and low stain. A satis-
factory yellow component was applied by using
a conventional imbibition matrix containing a
yellow dye.

A similar film can be made by substituting a

yellow color former such as acetoacetanilide for
either the blue-green or magenta color former.
_ In addition to serving as a temporary binder
for the color former, the acetal layers of the films
operated as a very satisfactory anti-abrasion
layer. All abrasions on the resin surface were, of
course, removed in washing the layer off.

Example IT

A photographic element is shown in Fig. 2 is
made by coating a gelatino-silver bromide iodide
emulsion onto a cellulose acetate film base 6 to
form layer T having a coating weight of 80 mg. of
silver halide per square decimeter. A layer 8 was
coated onto the latter layer from a 3% adeuous
methyl cellulose (containing less than 10%
methyl groups) solution containing 0.8 part of
3-methyl-1-(metaaminophenyl) - 5 - pyrazolone
per 5 parts of methyl cellulose. The film when
exposed to an image and color developed in a
solution like that of Example I had a magenta
image in layer 7. ‘The film had good anti-
abrasion properties but was not as efficient as
that of Example I.

Example I II

The film illustrated in Fig. 3 is made by coat-
ing onto a baryta coated paper § a gelatino-silver
bromide icdide emulsion layer 10 having a coat-
ing weight of 40 mg./sq. decimeter. Onto this
layer is coated a 1% aqueous solution of sodium
alginate containing one gram of alpha-naphthol
per 10 grams of sodium alginate to form layer I1.
'The film was exposed to a negative and developed
in a color developer solution of the type disclosed
in Example I containing 1 part of aluminum chlo-
ride per liter of developer. A dye image re-
mainder in layer 10 after removal of the silver
and silver salts by bleaching in 3.5% potassium
ferricyanide and fixing in plain hypo. The
sodium alginate layer 1} is readily removed by
washing in water at any time after development.
A source of strontium, barium or calcium ions,
e. g., strontium nitrate, calcium chloride, cal-
cium nitrate, can be substituted for the aluminum
compound.

Example IV

The film element shown in Fig. 4 is made in
like manner by coating a cellulose acetate film
base 12 with a fine grain gelatino-silver bromide
iodide emulsion to a weight of 60 mg, of silver
halide per square decimeter forming layer §3.
On this layer is coated a 3% aqueous mixture of
5 parts of cellulose acetate-acid phthalate sodium
salt and one part of gelatin, having incorporated
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thereon one part of 24-dichloro-i:naphthol per
7 parts of mixed binder to form layer {4 about
.00008 inch in thickness.

Expostite to a negative and subsequent de-
velopment in:

2-amino-5-diethyl amino toluene

HCl e grams.. 3.0
Na2COs (anhydrous) - . _____ do__... 30.0
BB e do._._. .25
N22803 (anhydrous) - - o ... do---.. 10.0
Water B0 e liter__ 1
yielded & blue-green image in layer i3. Layer

14 was removed readily in the wash after develop-
ment.

Contamination tests run on the developing
solution showed an extremely low concentration
of leached color former.

Ezample V

A film element as illustrated in Pig. 5 of the
drawing was made by preparing an agueous
‘emulsicn of silver halide in a completely hydro-
lyzed vinyl acetate/ethylene interpolymer, as de-
seribed in Example I of McQueen United States
‘application Serial No. 528,945, filed March 31,
1944, now United States Patent 2,397,868, hard-
ening it by treatment with formaldehyde or di-
methylolurea. Hardening may be effected by
heating a solution containing 5 parts of the poly-
mer with one part of dimethylolurea at 80° C. for
three hours. The resulting dispersion or emul-
sion was then coated on a casting wheel to a
thickmess of €.0005 inch thick. A film element 15
composed of the hardened polymer emulsion was
formed. A 40 mg./5q. decimeter layer i8 com-
posed of the polyvinyl acetal of Example I hav-
ing dispersed therein 1 gram of ' 1-phenyl-3-
methyl-5-pyrazolone per 10 grams of acetal was
deposited on film 5. The element was ex-
posed, color developed and processed, after the
manner described in Example I, and yielded a
magenta image in the film 15. Layer 1§ was
easily removed during a water washing step fol-
lowing development.

Example VI

A cellulose acetate film base IT as shown in
Fig. 6 of the drawing was provided with an 80
mg. per sq. decimeter coating of a panchromatic
gelatino-silver iodobromide emulsion layer 8.
On this layer was deposited a 30 mg. per sq.
decimeter coating I8 of a mixture of 20 parts of
sodium caseinate to one part of gelatin contain-
ing one gram of acetoacetanilide per five grams
of mixed binder from an agiieous solution thereof.
Exposure and color development of the resuli-
ing film, after the manner described in Example
I, resulted after removal of the silver and silver
salts of a yellow image being formed in layer {8.
The film was not as efficient as those described
above - using synthetic hydroxyl polymer and
cellulose derivative dispersicns but was still use-
ful for preparing dye images.

In place of the specific color formers described
“in the above examples, there may be used a large
number of other mobile color formers. The
utility of a particular color former of this type
can be readily determined by incorporating a con-
ventional amount of the intermediate in a gela-
tin silver halide emulsion layer on a filin base
in ordinary illumination. One half of a strip of
the film is immersed for ten minutes in a 5%
sodium carbonate solution. After g short rinse,
the complete strip is developed in a normal coler
developer. If the leached end is lighter in in-
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6
tensity than the unleached end then the color
former is mobile and will be operable in the
process. Generally those which show consider-
able mobility are more satisfactory than those
of only slight mobility for this type of process.

The expression “color former” a$ used herein
has the well-established meaning in the art and
references to organic compounds which are ca-
pable of coupling with oxidized primary aro-
matic developing agents to form quinoneimine
or azomethine dyes. Such compounds are also
capable of condensation or coupling with di=
azotized aromatic amines to form azo dyes.

Color formers usually contain as the active
group a structure which may be represented by
the formula:

x—b=by —~b=cm-

where X is HO— or RHN— or an aliphatic or
substituted aliphatic group, and 7 is 0 or 1. The
“free” or “dangling” valences may he, of course,
satisfied by any of a large number of atoms or
groups, e. g, hydrogen, halogen, carboxylic or
sulfonic acid groups and their derivatives, fused
rings, alkyl, aryl, alkoxy, aryloxy, etc. The hy-
drogen atom in the formula may be replaced
by groups readily displaced in the coupling reac-
tion, e. g., halegen atoms, carboxylic or sulfonic
acid groups. This group is found in the reactive
methylene dye intermediates and in aromatic
hydreoxyl and amino compounds and includes the
reactive ethenol, aminoethenyl, 4-hydroxy- and
4-amino-1,3-butadienyl groups. These groups
oceur in phenols, naphthols, aromatic amines,
beta-ketoesters, pyrazolones,
homophthalimides, cyancacetyl compounds, etc.
A large number of suitable mobile color formers
are described in the British Journal of Photog-
raphy, pages 647 and 648, for October 14, 1938.
This article also discloses a large number of pri-
mary aromatic amino color developing agents
which can be used in processing the elements de-
scribed herein.

The reactive ethenol group as represented by

Ho—tl:=c-H—
occurs in phenols and naphthols which couple
in the ortho positien and in the alkali soluble
or enol form of most reactive methylene ‘dye
intermediates. These reactive methylene greups

-have a hydrogen rendered mobile by the proxi=-

mity of certain unsaturated groups, such as for
exampie ~—N02,
e,

—c o, —C-—N
and others. The CH: group is usually present
between two suech groups, for example,
~COCH2CO~—, —COCH:CN, —COCH;C=N—,

in a cyclic or acyclic system. The e€nol forms
of these examples are

HO &:CH’-—C 00—, HO—(lJ'=CH——0N

and
. J; |
HOC=CH—C=N—
respectively.
The reactive amino ethenyl group

RHN-—C=CH—- occurs in garomatic amino com-
pounds which couple in the ortho position.

The 4-hydroxy— and 4-amino-1,3-butadienyl
groups represented as

HO—(IB=(IJ—<IJ=0H—
and
l

! 1
RHN—C=C—0=CH—
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oecur in phenolic, naphthelic and aromatic
amino compounds which couple in the para
position.

In place of the gelatin which is used as a bind-
ing agent for the light-sensitive silver salts,
there may be substituted other water-permeable
or hydrophilic colloids which are insoluble in
photographic developing and fixing, ete. solu-
tions. ~Suitable colloids include agar-agar, pely-
glycurcnic acid, hydrophilic polymers, hydro-
philic cellulose derivatives, e. g., ethyl cellulose,
cellulose acetate containing 20 to 256% of solu-
bilizing groups, such as acid phthalate groups,
ete.

The colloid silver halide emulsion layers may
contain in addition to the light-sensitive silver
halide, e. g. silver chlorides, silver-chloride-
bromide, silver-iodobromide, etc., various sensi-
tizing dyes and other materials which are com-
mon in emulsion layers. Such additional mate-
rials include fog inhibiting agents, emulsion
hardeners, emulsion perservatives, ete.

An advantage of this invention resides in the
fact that it provides new elements for color
photography which utilize mobile color formers.
Color formers of this type do not give satisfac-
tory results in gelatin layers espectially in mul-
tilayer photographic elements because such color
formers migrate from layer to layer and into
the processing solutions.

An additional advantage of the novel elements
resides in the fact that the silver halide layers
are protected during exposure and processing.
The outer protective layer can be effectively re-
moved by a simple washing operation. The
color former-resin layer forms an effective anti-
abrasion surface for the emulsion layer which
is also meritorious.

As many widely different embodiments of this
invention can be made without departing from
the spirit and scope thereof, it is to be under-
stood that the invention is not to be limited
except as defined by the claims.

What is claimed is:

1. A photographic element comprising a sup-
port, a light-sensitive colloid-silver halide emul-
sion layer superposed thereon bearing on its en-
tire surface a dry outer layer of a water-soluble
colloid which is insoluble in aqueous alkaline
developer solutions containing at least 2% by
weight of dissolved inorganic salts, said outer
layer containing a mobile color former which is
capable of coupling with oxidized primary aro-
matic amino developing agenfs to form a dye

taken from the group consisting of quinoneimine .

and azomethine dyes.

2, A photographic element comprising a sup-
port, a light-sensitive gelatino-silver halide
emulsion layer superposed thereon bearing on
its entire surface a dry outer layer of a water-
soluble colloid which is insoluble in aqueous
alkaline developer solutions containing at least
29% by weight of dissolved inorganic salts, said
outer layer containing a mobile color former
which is capable of coupling with oxidized pri-
mary aromatic amino develeping agents to form
a dye taken from the group consisting of qui-
noneimine and azomethine dyes.

3. A photographic element comprising a trans-
parent support, a light-sensitive hydrophilic col-
loid-silver halide emulsion layer superposed
thereon bearing on its entire surface a dry outer
layer of a water-soluble colloid which is insolu-
ble in aqueous alkaline developer solutions con-
taining at least 2% by weight of dissolved inor-
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ganic salts, said outer layer containing a mobile
color former which is capable of coupling with
oxidized primary aromatic amino developing
agents to form a dye taken from the group con-
sisting of quinoneimine and azomethine dyes.

4. A photographic element comprising a trans-
parent support, a light-sensitive gelatino-silver
halide emulsion layer superposed thereon bearing
on its entire surface a dry outer layer of a water-
soluble colloid which is insoluble in aqueous
alkaline developer solutions containing at least
29 by weight of dissolved inorganic salts, said
outer layer containing a mobile color former
which is capable of coupling with oxidized pri-
mary aromatic amino developing agents to form
a dye taken from the group consisting of qui-
noneimine and azomethine dyes.

5. A photographic element comprising a sup-
port, a light-sensitive hydrophilic colloid-silver
halide emulsion layer superposed thereon bear-
ing on its entire surface a dry outer layer com-
posed of a polyvinyl acetal of an aromatic alde-
hyde containing an acid group taken from the
class consisting of carboxylic acid and sulfonic
acid groups, said acetal having intimately dis-
persed therethrough a mobile color former which
is capable of coupling with oxidized primary aro-
matic amino developing agents to form a dye
taken from the group consisting of quinoneimine
and azomethine dyes.

6. A photographic element comprising a trans-
parent support, a light-sensitive gelatino-silver
halide emulsion layer superposed thereon bear-
ing on its entire surface a dry outer layer com-
posed of a polyvinyl acetal of an aromatic alde-
hyde containing a sulfonic acid group, said ace-
tal having intimiately dispersed therethrough a
mobile color former which is capable of coupling
with oxidized primary aromatic amino develop-
ing agents to form a dye taken from the group
consisting of quinoneimine and azomethine dyes.

7. A photographic element comprising a trans-
parent support having on each side thereof a
light-sensitive colloid-silver halide emulsion lay-
er superposed thereon bearing on its entire sur-
face a dry outer layer of a water-soluble colloid
which is insoluble in agueous alkaline developer
solutions containing at least 2% by weight of dis-
solved inorganic salts, said outer layer containing
a mobile color former which is capable of cou-
pling with oxidized primary aromatic amino de-
veloping agents to form a dye taken from the
group consisting of quinoneimine and azometh-
ine dyes.

8. A photographic element comprising a trans-
parent support having on each side thereof a
light-sensitive gelatino-silver emulsion layer su-
perposed thereon bearing on its entire surface
a dry outer layer of a water-soluble coiloid which
is insoluble in agueous alkaline developer solu-
tions containing at least 29 by weight of dis-
solved inorganic salts, said outer layer contain-
ing a mobile color former which is capable of
coupling with oxidized primary aromatic amino
developing agents to form g dye taken from the
group consisting of quinoneimine and azomethine
dyes.

9. A photographic element comprising a trans-
parent support having on each side thereof a
light-sensitive gelatino-silver halide emulsion
layer superimposed thereon bearing on its en-
tire surface a dry outer layer composed of a
polyvinyl acetal of an aromatic aldehyde con-
taining a sulfonic acid group, said acetal having
dispersed therethrough a mobile color former
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which is capable of coupling with oxidized pri-
mary aromatic amino developing agents to form
a dye taken from the group consisting of quin-
oneimine and azomethine dyes.

-10. The process which comprises exposed a
photographic element of the type defined in
claim 1 to an object field, developing said ele-
ment in a developer solution containing a pri-
mary aromatic amino developing agent, remov-
ing the silver and silver salts and washing the
outer layer from the element at some stage after
development.

11, A photographic element comprising a
transparent support having a light-sensitive hy-
drophilic colloid-silver halide emulsion layer su-
perposed on at least one surface a layer com-
posed of sodium-o-sulfobenzaldehyde acetal of
polyvinyl alcohol coated on the entire surface of
at least one of said emulsion layers, said acetal
having
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intimately dispersed therethrough a 20

10 :
mobile color former which is capable of coupling
with oxidized primary aromatic amino color
developing agents to form a dye taken from the
group consisting of quinoneimine and azomethine
dyes.
OTIS WILLARD MURRAY.
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