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3,016,306
YELLOW FILTER LAYERS FOR MULTL-LAYER
PHOTOGRAPHIC COLOR ELEMENTS
Pau! M. Mader, Robert D. Nelson, and Thomas V. Crev-
ling, Rochester, N.Y., assignors to. Eastman Kodak
Company, Rechester, N.Y., a corporation of New
Jersey
Filed Nov. 25, 1957, Ser. No. 698,599
4 Claims. (ClL 117—33.3)

This invention relates to a process for preparing yellow
filter layers for photographic multi-layer color elements,
and to new photographic multi-layer color elements there-
by obtained.

In color photography, it is customary to.employ in
subtractive processes a multi-layer element comprising a
support having coated thereon a plurality of light-sensitive
layers which have been sensitized to particular regions of
the spectrum. For example, it is customary to employ a
photographic element comprising a transparent, flexible
support having coated thereon three light-sensitive pho-
tographic emulsion layers, one of thess being sensitive to
the red, one to the gresn and the third te blue. While
the photographic element might contain additional layers,

such as gelatin interlayers, the photographic element al- 2§

ways contains at least two light-sensitive emulsion layers
in the processes coniemplated by the present invention.
A typical photographic element useful in our inven-
tion comprises a support having a red-sensitive emulsion
coated thereon, a green-sensitive emulsion coated on tep
of the red-sensitive emulsion, a filter layer for absorbing
blue light coated on top of the green-sensitive layer, and
a blue-sensitive emulsion layer coated on top of the filter
layer. It is immediately apparent that other arrangements
for subtractive color reproduction are possible, such as a
reversal of the order of the green- and red-semsitive emul-
sions, or the use of a single emulsion coating containing
discrete areas responsive to red light and other discrete
areas responsive to green light. The latter emulsions are
frequently referred to in the art as mixed packet emul-
sions. Since the red- and green-sensitive emuisions are
also responsive to blue light, it is apparent that the yel-
low filter layer is an integral part of the photographic ele-
ments contemplated by the instant invention, inasmuch
as this layer absorbs substantially all of the blue light
which is transmitted by the blue-sensitive emulsion layer.
1t is well known that colloidal silver can be used as
the light-absorbing ingredient in the yellow filter layers.
However, it is recognized that colloidal silver has cer-
tain serious drawbacks to its use in these filter layers.
For example, colloidal silver has a ratio of green to blue
density higher than desirable, and, in addition, the minute
particles of colloidal silver (i.e., Carey-Lea silver) can
act as centers for physical development, which may have
an undesirable effect on the saturation and color balance
of the resulting reproduction. It has been proposed in a
number of technical articles and patents to replace the
colloidal silver with various organic dyes. This alterna-
tive thus avoids certain of the undesirable effects of the
colloidal silver, such as the physical development factor
mentioned above, but other new difficulties are introduced
at the same time. For example, it is difficult to find dyes
having the proper absorption characteristics, ie., high
density to blue light but little or no density to green and
red light, and at the same time remain in the layer in
which they are incorporated. That is, the dyes are likely
to migrate from the filter layer into the blue-sensitive
emulsion layer, where their presence might have serious
effects. To overcome the migration problem, it has been
suggested that the dye be fixed in the filter layer by means
of a mordant, which may be a high molecular weight poly-
mer having an ionic charge opposite to that of the light-
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absorbing dye. For example, the light-absorbing yellow
dye might be an acid dye, in which case the organic
mordant would be a cationic material. In the prepara-
tion of mordanted filter layers, it is generally the prac-
fice to simply mix an aqueous solution containing the de-
sired filter dye with the orgamic mordant, which might
also contain a colloid, such as gelatin, albumen, etc., and
coat the mixture onto an emulsion layer or an interlayer.
This method hes the disadvantage in many instances of
causing a precipitate of the mordant and dye to form.
The precipitate then causes diffusion of the light trans-
mitted by the blue-sensitive layer, so that proper color
balance is not rendered.

The process of our invention is concerned with organic
mordants and yellow filter dyes and a means of prevent-
ing the formation of large precipitates or aggregates which
might have a serious effect upon the proper rendition
of the colors in the originals being reproduced. v

Tt is, therefore, an object of cur invention to provide
an improved process for preparing yellow filter layers of
multi-layer photographic color elements. Another object
is to provide novel multi-layer photographic elements for
color photography. Other objects will become apparent
from a consideration of the following description and ex-
amples.

According to our invention, we avoid the aforemen-
tioned diffculties accompanying the use of mordant-filter
dye combinations by incorporating the filter dye in a layer
contiguous to the layer containing the mordant. The
filter dye then migrates spontaneously from the layer in
which it has been incorporated into the layer containing
the mordant. The dyes used in our invention are soluble
in water or dilute alkaline solutions and they have their
maximum absorption between 400 and 500 millimicrons.
Moreover, the filter dyes used in our invention have very
slicht absorption in the green and red regions of the spec-
trum. The layer in which the filter dyes are incorpo-
rated can be conventional interlayers, such as gelatin,
polyvinyl alcohol, etc., interlayers, or these layers can be’
photographic emulsions which have been sensitized to a
given spectral region. The layer in which the filter dye
ig initially incorporated contains mo material, such as a
mordant, which would prevent migration of the dye to
the layer containing the mordant. Generally, the mordant
is incorporated into a layer containing a hydrophilic col-
1oid, such as gelatin, albumen, agar agar, etc.

The vellow filter dyes useful in practicing our inven-
tion are generally acid dyes. The dyes contain one or
more carboxylic acid or sulfonic acid groups, or a water-
soluble salt of such groups (e.g., sodium, potassium, ete.).

The mordants useful in practicing our invention are
basic in character and have a molecular weight of at least
250. These mordants are readily dispersible in water, or -
water containing an ionic dispersing agent. Particularly
useful mordants comprise those having molecular weight
of at least 250, at least one tertiary or quaternary nitro-
gen atom, and sufficient hydrophilic properties to enable
these mordants to be dispersed readily in water. The
most useful mordants in our invention comprise those de-
rived from a linear polymer or interpolymer. Representa-
tive of such polymers are mordants obtained from a mono-
ethylenically-unsaturated, polymerizable compound con-
taining a dialkylamino group, or polymerized, monoethyl-
enically-unsaturated compounds which have been modified
to contain a dialkylamino group.

Typical mordants which can be used in our invention
are piperidyl cellulose, chloromethylated polystyrene
which has been solubilized by treatment with pyridine
(see U.S. Patent 2,694,702), dialkylaminoalkyl esters or
dialkylaminoalkylamino amides (e.g., such as those de-
scribed in Carroll et al. U.S. Patent 2,675,316, issued
April 13, 1954), reaction products of carbonyl contain-
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ing polymers and aminoguanidine or their salts (e.g., those
derived by reacting polyvinyl alkyl ketones or aldehydes,
such as polyacrolein, polyvinyl methyl ketone, etc., with
aminoguanidine, as described in the copending applica-
tion of L. M. Minsk, Serial No. 554,111, filed December
15, 1955, now U.S. 2,882,156, granted April 14, 1959),
polymers obtained by reacting a dialkylaminoalkyl amine
with a polymer of maleic anhydride or a derivative of
maleic anhydride (e.g., as described in the copending ap-
plication of L. M. Minsk and H. 1. Cohen, Serial No.
663,810, filed June 5, 1957), etc. Other mordants which
can be used in our novel process comprise those described
in Fowler et al., U.S. Patent 2,721,852, issued October 25,
1955, and Fowler et al. U.S. Patent 2,798,063, issued July
2, 1957. Non-polymeric high molecular weight mordants
which can be used in our invention comprise long-chain
alkyl quaternary ammonium compounds, such as deca-
methylene-bis-trimethylammonium bromide, n-octyl tri-
B-hydroxyethylammonium chloride, n-dodecyl diethyl-g-
hydroxyethylammonium chloride, ete. (e.g., tetraalkylam-
monium halides containing an alkyl group having at least
& carbon atoms).

Particularly useful mordants in our invention comprise
those derived from maleic anhydride, or a derivative
thereof as mentioned above. These mordants have been
found to be particularly free of precipitation defects and
can frequently be used in combination with acid yellow
filter dyes by simply mixing the mordant with the filter
dye.

Particularly useful interpolymers of maleic anhydride,
or its substituted derivatives, include those polymers repre-
sented by the following general formula:

68} Ilio Ili Ry
!
—‘CHT—C'_?*—?—' "
Ry O=C C=0
O/ ._gx

wherein R, Ry and R, each represents a hydrogen atom or
a lower alkyl group, such as methyl, ethyl, etc., R, repre-
sents a hydrogen atom, an alkyl group (e.g., methyl, ethyl,
etc.), a monocyclic aryl group - (e.g., phenyl, tolyl, etc.)
or a carbalkoxyl group (e.g., carbomethoxyl, carbethoxyl,
etc.) and x represents a large whole number, such as a
whole number greater than about 10. Maleic anhydride
interpolymers included by Formula I above have been
previously described in numerous prior art references.
Such interpolymers are generally derived from monomers,
such as ethylene, styrene, isobutylene, acrylic esters, etc.
Instead of using maleic anhydride itself in the preparation
of these interpolymers, it is possible to use maleic or fu-
maric acid esters to equal advantage, although the reac-
tion times are generally lengthened in those cases where
the ester derivatives are used in place of the anhydride,
In like manner, the interpolymers can be obtained from
maleic acid or fumaric acid.

Interpolymers of the type represented by Formula 1
above (including the compounds of Formula I or the de-
rivatives illustrated above) are reacted with disubstituted
diamines of the type represented by the following general
formula: :

1) R
N—R5—NH2
Ry

wherein R; and R, each represents a lower alkyl group
(e.g., methyl, ethyl, n-propyl, n-butyl, etc.) or R; and R,
together represent the atoms ‘necessary to complete 2
piperidine or morpholine ring, and R; represents an alkyi-
ene group (e.g., ethylene, propylene, butylene, pentylene,
etc., especially an alkylene group containing 2 to 3 carbon
atoms).

The reaction of the interpolymers of Formula I with
the diamines of Formula II need not be on an equimolar
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basis, although generally it is advisable to use sufficient
diamine to insure reaction of substantially all (ie.,
100% ), but at least about 75% to 80%, of the anhydride
units in the interpolymer. Where the interpolymer used
contains acid groups or ester groups in place of the an-
hydride units illustrated in Formula L, it is generally pref-
erable to use sufficient amine to react with all of these free
acid groups or ester groups. As indicated above, the first
step in the reaction of the compounds of Formula I with
those of Formula IT leads to the formation of derived
polymers containing carboxylic amide groups as a result of
the reaction of the primary amino group of the com-
pounds of Formula II with the anhydride groups of the
polymers represented by Formula I  Further heating
either alome or in the presence of a dehydrating agent,
such as acetic anhydride, propionic anhydride, etc., leads
to the formation of the mordants of our invention which
can be represented by the following general formula:
(I1ID) r Ro R Ilh i
—CHz—C——‘——(Ij——‘—C—

[ | !
R; O0=C C=0

VRN
. Rs Rs iz

wherein R, Ry, Ry, Ry, Ry, R, and R; each have the values
given above and z represents a large whole number, such
as a whole number greater than about 10 (z may be the
same as x, depending upon the molar quantity of the
diamine used, which is wsed in an amount as indicated
above to react with from about 75% to 80% of the an-
hydride units, as a minimum).

Under the above preparative conditions the product will
contain combined acid. This acid may be removed by
freatment with a base. All, or a portion of all, of the
residual anhydride units are hydrolyzed to carboxylic acid
units under the above conditions.

The preparation of the mordants used in our inven-
tion can be carried out in the presence of an inert diluent,
such as dioxane, benzene, acetone, etc. The first step
of -the reaction resulting in the formation of carboxylic
amide units in the interpolymer is generally carried out
at about the temperature of the steam bath. After the
acdition of the dehydrating agent, the heating is con-
tinued for a period of time sufficient to cause reaction of
most of the anhydride, acid or ester groups present in
the interpolymer. The preparation of imides has been
previously illustrated in U.S. Patent 2,313,565. The
imides of Patent 2,313,565 generally contain ether groups
attached to the linear polymer chain, and we have found
that such groups generally cause color formation in the
resulting imide polymers. In our process, such ether
groups and undssirable free acid groups are avoided.

While the mordants of our invention as iltustrated in
Formula TII above are in the form of their free bases,
these mordants are customarily used in aqueous acid
solutions so that at least a portion of the polymer units
are in the following form: '

S
oy
Ry 0=C C=0
NS
T
{is
/N\
8 R R iz
HX),

wherein R, Ry, Ry, Ry, R, Ry Ry and z each have the
values given above, X represents an. acid radical (inor-
ganic or organic), such as lactyloxy, glycolyloxy, acetoxy,
propionoxy, alkanesulfonoxy (e.g., methanesulfonoxy,
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ethanesulfonoxy, n-butanesulfonoxy, etc., especiaily such
radicals containing from 1 to 4 carbon atoms), chloride,
etc. and y represents at least 12z but not more than z.
Of course, when a carboxylic anhydride is used as the
dehydrating agent as shown above, some of the free acid
formed forms an acid-addition salt with the polymeric
imide. In those cases where the free base or imide is
obtained as such, sufficient acid (in aqueous form) can
be added until the aqueous solution is rendered acid, The
amount of acid needed for this purpose will vary, depend-
ing on the particular acid and the intended use of the
mordant. In general, sufficient acid is present or used to
give a pH below about 6.0.

While maleic anhydride generally enters polymeriza-
tions in a 1:1 ratio with a comonomer, sometimes it in-
terpolymerizes in smailer ratios, such as 1:2 (ie., 33%
maleic anhydride units), Maleic anhydride derivatives,
such as maleic or itaconic esters, frequently interpoly-
merize at various ratios (U.S. Patent 2,298,039). The
useful interpolymers of Formula I above can contain be-
tween about 33 and 50 mol. percent maleic anhydride
(or derivative) units. Especially useful inierpclymers
are those containing a molar ratio of 1:1 of maleic anhy-
dride units.

Particularly useful yellow dyes for the process of our
invention comprise the following:

@ }/ . c——f—Q—sosﬁ

C=CH—CH=C N
7
e}
b b
3
CoHs ~
@ /° 0=C N@-SO-H
AN r | )
C=CH—CH=C /N
&
\N/ Cll
| CH:
(CH3)s—S03H
(3) 0
J/ 0=C-———1\11—06Ha
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N !
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(Uranine—Color Index 766)

H

O=C N

N
!

(1)

Dyes 1, 2, 3 and 4 above are merocarbocyanine dyes.
These dyes belong to a particularly useful group of dyes
for cur invention which can advantageously be repre-
sented by the following general formula:

awv) PN

4 N, I"Q\\
BR—N——0=CH—CH=(

C=0

wherein R represents an alkyl group such as methyl,
ethyl, n-propyl, n-buiyl, isobutyl, g-sulfoethyl, 3-sulfo-
butyl, 4-sulfobutyl, etc., Z repressnts the non-metallic
atoms necessary tc complete a heterocyclic nucleus of
the benzoxazole series (including benzoxazole and benz-
oxazole substituted by simple substituents, such as
methyl, ethyl, phenyl, methoxyl, ethoxyl, chlorine, bro-
mine, etc.), and Q represents the non-metallic atoms nec-
essary to complete a heterocyclic nucleus of the pyraz-
olinone series, provided that the nucleus defined by Q
contains at least one acid substituent or radical in those
cases where R represents a hydrocarbon group. The most
useful dyes of Formula IV comprise those dyes contain-
ing at least two hydrocarbon radicals or groups which
have been further substituted by a carboxyl or sulfo
group. The yellow filter dyes of our invention are spon-
taneously removed during conventional color processing
or they can be easily removed at any time simply by treat-
ment with an aqueous alkaline solution. Certain of these
dyes may actually be decolorized or bleached during
processing, thus making complete removal thersof un-
necessary, particularly in a negative process.

The following examples illustrate the manner of incor-
porating the yellow filter dyes of our invention in a hy-
drophilic colloid layer containing a mordani:
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EXAMPLE 1

5.5 g. of a 12% aqueous dispersion of a mordant ob-
tained by condensing polyvinyl methyl ketone with amino-
guanidine, as described in Minsk application Serial No.
554,111, now U.S. 2,882,156, granted April 14, 1959,
mentioned above, were added to 5.0 cc. of a 10% aque-
ous gelatin solution (pH=6.5). To this mixture was
added a dispersion of 0.07 g. of a polyethylene glycol
oleyl ether (Atlas G 3920—spreading agent) suspended
in 29.5 ccs. of water. After intimately mixing these in-
gredients, the resulting dispersion was coated on an ordi-
nary cellulose acetate film support at a wet thickness of
.003.”

0.5 g. of 3-benzoylacetamino-4-methoxy-w(2’,4’-diterti-
aryamylphenoxy)acetanilide prepared as described in
the copending application of F. C. McCrossen, P. W.
Vittum and A. Weissberger, Serial No. 575,099, filed
March 30, 1956 (now U.S. 2,875,057, granted February
24, 1959), was dissolved in a mixture of 1.0 cc. of di-n-

 butylphthalate and 2.0 cc. of ethyl acetate by heating
with stirring. The resulting solution was mixed with 22.0
ccs. of a 10% aqucous gelatin solution containing 2.0
ccs. of 5% Alkanol B (a sodium triisopropyl naphthalene-
sulfonate). The resulting mixture was put through a col-
loid mill four times to effect dispersion. A dispersion of
0.30 g. of tartrazine in 17.0 ccs. of water containing .07
g. of a polyethylene glycol oleyl ether (Atlas G 3920)
was prepared. The gelatin dispersion containing the
acetanilide coupler and the dispersion containing the
tartrazine were then added to 7.7 ccs. of an ordinary un-
sensitized gelatino-silver-bromiodide emulsion and the
ingredients thoroughly mixed. The resulting dispersion
was then coated over the layer containing the mordant
to a wet thickness of .006””. The coatings were then dried
in the usual manner and cut into sectionms. Imspection
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of the sections under the microscope established that the -

tartrazine dye had completely diffused from the silver
bromiodide layer into the mordant layer, leaving no
visible trace of dye in the top layer containing the color
coupler.

EXAMPLE 2

This example was prepared in exactly the manner
shown in Example 1, except that 2.5 g. of the mordant
in 3 ccs. of water were employed in place of the 5.5 g.
of mordant used in Example 1, and 0.20 g. of dye 11
above were used in place of the tartrazine. As in the
case of the coatings of Example 1, the dye completely
diffused from the silver halide emulsion layer into the
layer containing the mordant.

Instead of incorporating the yellow acid dye in the
topmost silver halide emulsion layer as shown in Exam-
ples 1 and 2, the filter dye can be incorporated in the
lower silver halide emulsion layer, such as the red-sensi-
tive or green-sensitive silver halide emulsion layer with
which it is in contact., The blue-sensitive silver halide
emulsion layer is then coated over the filter layer in the
customary manner. The unsensitized silver halide emul-
sion layers employed in Examples 1 and 2 were blue-
sensitive and had little or no green and red sensitivity.
The particular coupler employed was one for the forma-
tion of the yellow image,

Instead of having the color coupler in the silver halide
emulsion layer as shown in Examples 1 and 2, it is possi-
ble to have the color coupler present in one of the process-
ing solutions, i.e., the filter layers of our invention are
useful not only in photographic clements containing celor
couplers incorporated in the silver halide emulsion layer,
which may be used for producing a negative or positive
image according to known reversal techniques, but they
can also be used in photographic elements intended for
reversal color processing wherein the color couplers are
present in one of the processing solutions, such as the
color developer.

The following exzamipies illustrate the manner of ob-
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taining mordanted yeliow filter layers directly by .inter-
mixing the yellow acid dye with the mordant, without
the danger of forming objectionable precipitates.

EXAMPLE 3

2.0 ccs. of a '10% aqueous solution of a y-dimethyl-
aminopropy! maleimide-styrene interpolymer, obtained as
described in Example 1 of application Serial No. 663,810
were aded to a 109% aqueous acetic acid solution which
was, in turn, added to 20 ces. of a 10% aqueous gelatin
solution. To this mixture were then added successively,
3 ccs. of a 2% aqueous solution of dye 3, 0.5 cc. of a
7.5% aqueous solution of sapenin, 0.4 cc. of a 0.27%
aqueous solution of mucochloric acid and enough water
to give 30 ces. of solution. The mixture was then stirred
for 5 minutes at 40° C. and coated on an ordinary cel-
lulose acetate film base at a gelatin coverage of about
0.466 g. per square foot and a concentration of the dye
at 0.014 g. per square foot. The coating was then washed
under running water for 1 hour without any measurable
loss of dye. Yet, immersion of the coating into a conven-
tional photographic developer quickly removed the dye
from the gelatin coating.

EXAMPLE 4

In exactly the manner illustrated in Example 3 above,
dye 4 was incorporated in a mordant layer containing
the maleimide interpolymer. Washing of the coating for
1 hour under running water did not remove any measura-
ble amount of dye yet the coating was quickly bleached
by iramersion in ordinary photographic color developer.

The yellow acid dye need not be dispersed directly in
the silver halide emulsions as illustrated in Examples 1
and 2 above, but the emulsions can be first coated and the
photographic element immersed in an aqueous solution
containing the dye, sufficient quantity of dye being ab-
sorbed under these conditions. Subsequent treatment of
the coated silver halide emulsion layer with a mordanted,
undyed layer as described above, causes migration of
the dye into the desired mordanted layer. Alternatively,
the silver halide emulsion layer and/or the mordanted, un-
dyed layer can be surface-coated with an aqueous solu-
tion of the desired yellow dye so that the dye then migrates
into the mordanted layer. As indicated above, the dye
need not be incorporated into the silver halide emulsion
layer, but can be incorporated in one of the conventional
hydrophilic colloid layers used as interlayers, and the dyed
layer placed in contact with the mordanted, but undyed,
layer.

It has also been found that the above-described mor-
dants are particularly useful in color photography where
it is desired to fix a competing coupler compound, such
as those described in Weller et al. U.S. Patent 2,689,793,
dated September 21, 1954, in one of the layers of a multi-
layer element, such as in a particular light-sensitive silver
halide emulsion layer. For example, these mordants
can be used to fix a competing coupler, such as citrazinic
acid or H-acid, in a photographic silver halide emulsion
which is sensitive to a particular region of the spectrum.
The silver halide emulsion layer contains one of the above-
described mordants which fixes the competing coupler
during the coating procedures customarily employed in
preparing photographic color elements, yet allows the
competing coupler to react with oxidized developer for
the purpose of controlling color balance. This tends to
increase sharpness of the final color image by allowing
less oxidized developer to wander away from its desired
place. If desired, the unused competing coupler can be
removed by washing the finished element in an aqueous
alkaline solution.

Our invention can be further illustrated by the accom-
panying drawings, in which FIG. 1 is a diagrammatic rep-
resentation of the spectrophotometric curves of two of
the mordanted filter layers of our invention and the .
spectrophotometric of Carey Lea silver. FIG. 2 is a
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diagrammatic representation of one of the multi-layer
color elements which embody the mordanted filter layers
of our invention.

In FIG. 1, curve A represents the spectrophotometric
curve of colloidal silver (i.e., Carey Lea silver) which
is customarily employed in color photography; curve B
represents the spectrophotometric curve of the filier layer
illusirated in Example 1 above (i.e., tartrazine dispersed
in the mordanted layer); and curve C represents the spec-
trophotometric curve of the filter layer illustrated in Ex-
ample 2 above (i.e., dye 11 in the mordanted layer). It
can be seen from FIG. 1 that the colloidal silver gives
considerably less protection than the dyes of Examples
1 and 2 at wavelengths below 500 millimicrons and that
the green density for the Carey Lea silver is higher than
that of the dyes.

In FIG. 2 is depicted a multi-layer photographic ele-
ment utilizing a mordanted filter layer obtained accord-
ing to our inveation, The multi-layer element comprises
a support 10 having coated thereon a red-sensitive silver
halide emulsion 11, a green-sensitive halide emulsion 12,
a filter layer 14 containing ~-dimethylaminopropyl
maleimide-styrene interpolymer and a yellow acid dye,
such as dye 4 above, and finally a blue-sensitive silver
halide emulsion layer 13. The multi-layer element can
also contain other interlayers (not shown) such as gelatin
layers, etc.

As indicated above, the filter dye can be incorporated in
either the red- or green-sensitive emulsion layer which
is in contact with the unsensitized colloid layer, such as
layer 14 shown in FIGURE 2, instead of in the blue-
sensitive layer as iltustrated in the above examples. The
following example will serve to illustrate the manner of
incorporating the filter dye in the green-sensitive layer
of a multi-color element of the type shown in FIGURE 2.

EXAMPLE 5
A. Control coating

A photographic element was prepared in the usual
manner using a cellulose acetate film support. On the
support was coated an ordinary gelatino-silver-bromiodide
emulsion which had been red-sensitized and contained a
coupler for the cyan image. Typical of the couplers which
can be used are those described in Fierke et al. U.S. Patent
2,801,171, issued July 30, 1957, and Salminen et al. U.S.
Patent 2,423,730, issued July 8, 1947, Over the red-sensi-
tive emulsion was coated an ordinary gelatino-silver-
bromiodide emulsion which had been green-sensitized and
contained a coupler for the magenta image. Typical of
the couplers which can be used are those shown in Loria
et al, U.S. Patent 2,600,788, issued June 17, 1952. Over
the green-semsitive coating, an ordinary colloidal silver
layer was applied. Over the colloidal silver layer was
coated an ordinary blue-sensitized gelatino-silver-brom-
iodide emulsion Iayer containing a coupler for the yellow
image, Typical of the couplers which can be used are
those shown in the McCrossen et al. application Serial No.
575,099, U.S. Patent 2,875,057, granted February 24, 1959,
referred to above. Some or all of the above silver brom-
iodide emulsion layers can be gold and/or sulfur sensitized.

B. Filter dye coating

A multi-layer element of the type described in A above
was prepared, except that dye 1 was incorporated in the
green-sensitive emulsion layer at a coverage of about 16
mg. per square foot, and the colloidal silver layer was re-
placed with a mixture of gelatin (151 mg. per square foot)
and a copolymer of styrene and «y-dimethylaminopropyl-
acrylamide (60 mg. per square foot). The filter dye (dye
1) was incorporated in the green-sensitive emulsion layer
by dissolving it in methanol containing a small amount of
triethanolamine, diluting the solution with water, and add-
ing the aqueous solution directly to the green-sensitive
layer. The gelatin layer containing the acrylamide resin
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contained a small amount of hardener, such as muco-
chloric acid, and a spreading agent, such as saponin.

While the multi-layer coating of B of Example 5 above
gave excellent color rendition and showed no detectable
physical development, the multi-layer element described
under A of Example 5 showed physical development and
did not give as accurate color rendition as the element con-
taining the mordanted filter dye.

Instead of using the acrylamide resin shown in Ex-
ample 5 above, equally effective results were obtained us-
ing the same mordant described in Example 3 above. The
use of the filter dye as an addendum to the green-sensitive
emulsion, rather than to the blue-sensitive emulsion layer
has the advantage that no detectable amount of dye can
find its way into the blue-sensitive layer, and thus adverse-
ly affect the blue speed. The elements described in Ex-
ample 5 can be processed in the usual manner, such as
by the Kodak Ektachrome E~2 process.

The filter dyes useful in practicing our invention can
be prepared according to known techniques. For ex-
ample, the dyes represented by Formula IV can be pre-
pared according to the method described in Brooker et
al. U.S. Patents 2,493,747-8, issued January 10, 1950.
An improved methed of preparing certain sulfoaikyl dyes
of the type represented by Formula IV above, is described
in Brooker and Keyes U.S. application Serial No. 698,324,
filed on even date herewith (now U.S. 2,917,516, granted
December 15, 1959). For example, dye 2 above was
prepared according to the method described in the
Brocker and Keyes application, and was obtained as a
crystalline solid melting at 293-4° C.

Dye 3 was prepared as follows:

EXAMPLE A

3 - (3,5 - disulfobenzamido) - 4[(3 - ethyl-2(3H)-benz-
oxazolylidene)ethylidene] - I - phenyl - 2 - pyrazolin-5-
one (dye 3)

A mixture of 2.58 g. (1 mol.) of 3-(3,5-disulfobenzami-
do)-1-phenyl-2-pyrazolin-5-one, di-potassium salt and
2.17 g. (1 mol.) of 2-B-acetanilidovinyl-3-ethylbenzoxa-
zolium icdide in 20 ml. of ethyl alcohol containing 0.55
g. (1 mol.+-10% excess) of triethylamine was heated at
the refluxing temperature for 20 minutes. After chiiling,
the dye was collected on & filter and washed with ethyl
alcohol. The yield of crude dye as the di-potassium salt
was 2.65 g. (77%). The dye was then dissolved in a
small volume of water and a large excess of concentrated
hydrochloric acid was added. After chilling, the dye was
collected on a filter, washed with a little cold water and
then recrystallized from water. The yield of twice re-
crystailized dye was 0.53 g. (17% ) and the yeliow crystals
melted above 315° C.

In like manner 4-[(3-ethyl-2(3H)-benzoxazolylidene)-
ethylidene] - 3 - methyl-1-p-sulfophenyl-2-pyrazolin-5-one
(dye 1) was prepared from 3-methyl-1-p-sulfophenyl-2-
pyrazolin-3-one and 2-g-acetanilidovinyl-3-ethylbenzoxa-
zolium iodide. The yield of crude dye was 80%. The
dye was purified by dissolving it, as the pyridine salt, in
water, filtering the solution and then adding an excess of
hydrochloric acid to the filtrate, After cooling, the dye
was collected on a filter and washed with methyl alcohol.
The yield of dye after two such treatments was 59%
and the yellow crystals melted above 310° C,

The following examples describe the preparation of
certain of the azo dyes useful in practicing our invention,
aithough it is to be understood that other dyes are equally
useful in our invention, and these dyes have been merely
given as examples. As indicated above, the filter dyes
of our invention can be used either in the form of a
free acid, or in the form of their water-socluble alkali
metal salts. Accordingly, no differentiation between acids,
or salts of the acids, is made in the following examples.
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EXAMPLE B
1(p-sulfophenyl-3-carboxy-4-(4-suifo-1-naphthylazo) -
S-pyrazolone disodium salt (dye 7)

The diazotization of the 4-amino-1-naphthalenesulfonic
acid, 11.2 2. (.05 mole} was carried out in a mixture of
acetic acid, 150 ml,, and concentrated sulfuric acid, 10
ml., by the addition of 3.75 g. (.0545 mole) of sodium
nitrite in 25 ml. of water at 0-8° C, with effective strring
for one hour.

The above solution was treated with 1 g. of suifamic
acid to destroy excess nitrite and added to 500 ml. of a
water solution of 14.2 g (.05 mole) of 1-(p-sulfophenyl-
3-carbethoxy-5-pyrazolone (prepared by condensing di-
ethyl oxalacetate with p-sulfophenylhydrazine in ethyl
alcohol, concentrated hydrochloric acid, 4 parts to 1
vart, and crystallizing the product from water) at 5 to
10° C. with effective stirring, The orange-yellow dye
formed on addition of sodium acetate to the mixed solu-
tions and was filtered, washed with 100 ml. of ice water,
and crystallized twice from 25% 3A-alcohol-75% water
mixture.

The ester was hydrolyzed by heating on a steam bath
for one hour in 125 ml. of aqueous 5% sodium hydroxide
solution, neutralizing the cooled solution with acetic acid
and crystallizing the product from 50% 3A-alcohol water
mixture.

Its elementary analysis follows.

Calculated for C20H12N409$2N32I C, 427%, }I. 2.2%:;
N, 10.0%; S, 11.3%; Na, 8.2%. Found: C, 42.2%; H,
2.1%; N,9.8%; S, 11.9%; Na, 8.5%.

EXAMPLE C

1-(4-sulfophenyl)-3-carboxy-4-(3-methylsulfamyl-phenyl-
azo-5-pyrazolone sodium salt (dye 8)

This compound was prepared by the same method em-
ployed for the preparation of 1-(p-sulfophenyl)-3-car-
boxy-4-(4-sulfo-1-naphthylazo)-5-pyrazolone, substituting
m-methylsulfamylaniline in the place of 4-amino-1-naph-
thalenesulfonic acid. The amine used here was prepared
by condensing methylsulfony! chloride with m-nitroaniline
in acetic acid solutions using sodium acetate as the con-
densing agent and reducing the nitro compound to the
amine catalytically.

The orange product was crystallized from 50% ethyl
alcohol-water mixture.

It gave the following analysis.

Calculated for CypH;aN,OgS,Na: C, 40.5%; H, 2.8%;
N, 13.9%: 8, 12.7%; Na, 4.6%. Found: C, 40.0%; H,
27%; N, 14.2%; S, 13.0%; Na, 5.0%.

EXAMPLE D

4-(2,5-disulfophenylazo)-5-hydroxy-2-{g-naphthy!}-
oxazole disodium salt (dye 9)

Ten g. (.04 mole) of 2-aminc-p-benzenedisulfonic acid
was suspended in 100 ml. of acetic acid and 10 ml. of
concentrated sulfuric acid in a 125 mil. flask, 3 g. of sodium
nitrite was added all at once. The flask was stoppered
immediately, and shaken vigorously at 15-20° C. until
complete solution took place, about 20 minutes being re-
quired for this operation. On standing, the diazonium
sait began to crystallize. The flask was left in a refrig-
ator overnight. The diazo compound was filtered through
a sintered glass funnel under water pump vacuum. The
solid was suspended in 80 ml. of acctone and 20 ml. of
ice water was added, thus bringing about complete solu-
tion; 1 g. of sulfamic acid was added in two portions and
the solution stirred for 30 minutes.

Meantime, 10 g. of N-(g-naphthoyl)glycine (prepared
by condensing g-naphthoyl chloride with glycine in di-
oxane, dimethylaniline being used as a condensing agent,
and the product being crystallized from buiyl alcohol)
was heated on the steam bath in 15 ml, of acetic anhydride
for 30 minutes at which time complete solution had taken
place, This solution was cooled to 20° C. and added to
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the diazonivm solution prepared above without cooling;
mineral acid was neutralized with powdered sodium ace-
tate,

After about one hour the orange solid which had pre-
cipitated was filiered and purified by solution in 80 ml. of
water and precipitation by the addition of 50 ml. of con-
centrated potassium chloride solution. This process was
repeated twice and the product washed finally with 50
ml. of ice cold ethyl alcohol water mixture,

The analysis follows.

Calculated for C;gH1;N3OgSoNag: C, 44.0%; H, 2.1%;
N, 8.1%; S, 12.3%; Na, 8.9%. Found: C, 43.6%; H,
2.2%; N, 8.4%; S, 12.6%; Na, 9.2%.

The terms carboxyl and sulfo as used in the following
claims mean not only the free acid forms of these groups,
but also salts of such groups, such as the sodium, potas-
sium, ammonium, erganic ammonium, etc., salts.

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

1. In a . method for preparing a multi-layer photo-
graphic element comprising (a) a support, (b) a red-
sensitive silver halide emulsion layer, (¢) a green-sensitive
silver halide emulsion laver, (d) a blue-sensitive silver
halide emulsion layer having substantially no sensitivity
in the green and red regions of the spectrum, and (e) a
blue-light - absorbing colloid layer, said blue-sensitive
silver halide emulsion layer (d) being outermost with
respect to said silver halide emulsion layers (b) and (¢),
and said blue-light .absorbing layer (e) being beneath
said blue-sensitive silver halide emulsion layer (d) but
outermost with respect to said silver halide emulsion
layers (b) and (c), the steps comprising (1) incorporat-
ing a blue-light absorbing dye (f) as a -constituent of
one of said silver halide emulsion layers contiguous to
said colloid layer (e) and (2) diffusing substantially all
of said blue-light absorbing dye (f) from said contiguous
silver halide emulsion layer into said colloid layer (e)
while said contiguous silver halide emulsion layer is
mojst with water, said silver halide emulsion lavers ().
(¢) and (d) being substantially free of mordants, said
blue-light abserbing dye (f) being water-soluble and
containing at least one radical selected from the class
consisting of carboxy! and sulfo; said blue-light absorbing
dye (f) having its maximum absorption between about
400 and 500 mp with substantially no absorptien beyond
about 500 my and being adapted to be released from
said element upon treatment with the alkaline solutions
normally employed in color photography, and said colloid
layer (e) containing a mordant comprising interpolymer
units represented by the following general formula:

Ilia I[{ 7'{1
l-—_crrz—c|———?——~?w ‘l
Rs 0==C C=0
(H1X)y

Rj R,

wherein R, Ry and R; each represents a member selected
from the class consisting of a hydrogen atom and a lower
alkyl group, R, represents a member selected from the
class consisting of a hydrogen atom, a lower alkyl group,
a monocyclic aryl group and a carbalkoxyl group, Rs
and R, each represents a member selected from the class
consisting of (a) a lower alkyl group, (b) together repre-
sent the atoms necessary to complete a piperidine ring
and (c) togsther represent the atoms necessary to com:
plete a morpholine ring, Rs represents an alkylene group
containing from 2 to 5 carbon atoms, z represents a
positive integer greater thar about 10; X represents an
acid anion selected from the class consisting of lactyloxy,
glycolyloxy, alkanesulfonoxy, chloride, and a saturated
aliphatic acyloxy group, and y represents a positive whole
number having a value of ¥2 to 1 times z.
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2. A method according to claim 1 wherein said water-
soluble dye contains a 5-pyrazolinone nucleus.
3. A method according to claim 1 wherein the water-
soluble dye is tartrazine.
4. A method according to claim 1 wherein the water- 5
soluble dye is a dye represented by the following formula:

T
@—N:N—(ls——ﬁ—c 00Na
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