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This invention relates to color print material, and more
particularly to color prints having incorporated therein
fluorescent brightening agents.

This application is a continuation-in-part of our appli-
cation Ser. No. 275,370, filed Apr. 24, 1963, now aban-
doned.

Photographic color print material generally comprises
a white reflecting support, for example, baryta-coated
paper, having separate blue, green and red sensitive lay-
ers over the white surface. Generally, the red sensitive
layer, containing cyan coupler, is the uppermost light sen-
sitive coating. Clear gelatin layers may be provided be-
tween the light sensitive layers, and a gelatin layer may
be coated over the top red sensitive layer for protection.
Previously, fluorescent brightening agents have been in-
corporated in the baryta coating of color print material.
Such photographic elements have frequently been objec-
tionable due to an unpleasant bluish bloom which may
be present in dark areas of the print. In addition, it is
difficult to provide satisfactory protection against ultra-
violet radiation for the dyes in the color print while still
retaining the desired fluorescence of the brightening agent.
For example, if ultraviolet inhibitors are incorporated in
the light sensitive layers, ultraviolet light will be absorbed
by such agents and prevented from reaching and activat-
ing the fluorescent brightening agent.

One object of our invention is to provide color print
material having optical brightening agents incorporated
therein. Another object of our invention is to provide
photographic prints which contain optical brightening
agents, are free from bluish bloom in dark areas of the
print and are stable to ultraviolet light. A further object
of our invention is to provide a method of incorporating
fluorescent agents in color print materials. Other objects
of our invention will appear herein.

In accordance with one embodiment of our invention,
we provide an improvement in color print materials of
the type comprising a white reflecting support having
coated thereover a plurality of separate contiguous lay-
ers, at least two of said layers containing a silver halide
emulsion and couplers capable of forming dye images
with the oxidation products produced in color develop-
ment, which comprises incorporating in a layer of the
color print material a fluorescent agent which absorbs
radiation in the ultraviolet region of the spectrum, has
high fluorescent emission in the blue region of the spec-
trum and is substantially insoluble in water.

In another embodiment of our invention, a fluorescent
agent which absorbs radiation in the ulfraviolet region
of the spectrum, has high fluorescent emission in the blue
region of the spectrum and is substantially insoluble in
water, is dissolved in a low-molecular weight, organic,
crystalloidal material having a boiling point above 175°
C., which material has high solvent action for the fluo-
rescent agent, and the solution is incorporated in a hy-
drophilic colloid, which may contain silver halide and
a dye-forming coupler, and is coated on a support hav-
ing a white reflecting surface. We have found that glob-
ules of fluorescent agent dissolved in such solvents, when
incorporated in photographic print materials, do not mi-
grate from the layer in which they are incorporated and
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are not leached from the print material during develop-
ment and processing.

In accordance with another embodiment of our inven-
tion, a color print material having separate blue, green
and red sensitive silver halide coatings thereon which
contain couplers capable of forming, respectively, yel-
low, magenta and cyan dyes, has incorporated in at least
one of said layers a fluorescent agent which absorbs ultra-
violet radiation, has high fluorescent emission in the blue
region of the specirum and is substantially insoluble in
water. Advantageously, the fluorescent agent is incorpo-
rated in the layer by mixing a solvent solution of the
fluorescent agent in a high boiling solvent of the type
defined herein. Preferably, the layer containing fluores-
cent agent is incorporated in the outermost color-cou-
pler containing layer, and the coupler in the layer forms
a dye on color development, which dye coacts with the
fluorescent agent to extinguish the fluorescence of the
fluorescent agent in areas where the dye is developed. We
have found that color print materials of this type do not
have an objectionable bluish bloom in dark areas of the
print, which has been present in prior art print materials
where the fluorescent agent was incorporated in the sup-
port or baryta coating. In addition, the fluorescent agent
by its absorption of ultraviolet radiation serves to pro-
tect the dyes in lower layers of the color print material.
Further protection of dyes in the lower layers may be
provided by incorporating an ultraviolet absorber in one
or more layers of the color print material. Preferably,
the ultraviolet absorber is incorporated in a layer of the
color print material below the layer containing the fluo-
rescent agent so that the fluorescence thereof is not di-
minished due to absorption of ultraviolet radiation by
the ultraviolet absorber.

In accordance with a preferred embodiment of our in-
vention, we provide color print material having a white
reflecting support, blue and green sensitive coatings there-
on, and a red sensitive layer thereover containing phenolic
cyan dye forming coupler and a fluorescent brightening
agent.

A typical photographic element in accordance with
our invention is illustrated in the accompanying drawing
which shows a baryeta coated paper having thereon a
blue sensitive, yellow coupling layer; a clear gelatin layer,
green sensitive, magenta coupling layer; a clear gelatin
layer with an ultraviolet absorber; red sensitive, cyan
coupling layer and a protective gelatin overcoat, The
fluorescent agent is incorporated in the upper, red sensi-
tive, cyan coupling layer.

The fluorescent agents which we employ in accordance
with our invention absorb radiation in the ultraviolet
region of the spectrum, have high fluorescent emission in
the blue region of the spectrum, and are substantially in-
soluble in water. Any fluorescent brightening agent hav-
ing these general properties may be incorporated in
color print material in accordance with our invention.
Among such fluorescent agents are the following:

(1) 2-(4'-stilbenyl)-1,4,5-triphenylimidazole

(2) 4-dimethylamino-4’-lauroylamidostilbene

(3) 1-[4-(2,4-di-t-amylphenoxyacetamido) phenyl]-4-
phenylbuta-1,3-diene -

(4) 7-diethylamino-4-methylcoumarin

(5) 3-ethoxycarbonyl-5,6-benzocoumarin

(6) Diethyl succinylsuccinate

(7) 1,4-bis-(2-benzoxazolyl)benzene

(8) Cis-1,2-bis-(2-benzoxazolyl)ethylene

(9) Trans-1,2-bis-(2-benzoxazolyl)ethylene

(10) Cis-1,2-bis(2-benzimidazolyl)ethylene

(11) 3-(5-hydroxy-2-phenyloxazol-4-ylmethylene)iso-
chroman-1,4-dione
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(12) 3-phenyl-7-(2-[dimethylaminoethylJureido)cou-
marin.

The substituted stilbene and substituted coumarin (such
as those described in British Patent 786,234) fluorescent
agents are particularly useful.

Other useful fluorescent brightening agents include
those having one of the following structural formulas:

0
AN
C— —CH=CH—CH=CH-—
50 -
R

Rs

N
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N//C_@_CRFCR7_@4\\N /)|< )
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in which R;, Rg, Rs, Ry and Rj are substituents which
may be aryl, aralkyl, alkyl, alkoxy, aryloxy, hydroxyl,
amino, substituted amino, cyano, carboxylic acid, amide,
ester, CH;CO—, CH3;S04—, (CHj3)3NSOg—, CFj, halo-
gen or hydrogen atoms; Rg and Ry are hydrogen, alkyl
groups such as methyl or ethyl, or cyano.

Typical examples of specific compounds having one of
the above structural formulas include the following:

1-[4-(benzoxazol-2-y1) phenyl]-4-phenylbuta-1,3-diene
4-(benzoxazol-2-yl)stilbene
4,4’-di-(benzoxazol-2-yl) stilbene
4,4’-di-(benzoxazol-2-yl1)-2-methy! stilbene
4,4’-di-(benzoxazol-2-yl)-a-cyanostilbene
4,4'-di-(benzoxazol-2-yl)-2,2’-dimethylstilbene
4,4’-di-(6-methoxybenzoxazol-2-y1) stilbene
4,4’-di- (benzoxazol-2-y1)-2-aminostilbene
4,4'-di-(benzoxazol-2-yl1)-2-hydroxystilbene
4,4'-di- (benzoxazol-2-yl)-2-chlorostilbene
4,4’-di-(benzoxazol-2-yl)-2-cyanostilbene.

The above compounds may be prepared in accordance
with the method described in British provisional applica-
tion No. 47,527/62, filed Dec. 17, 1962.

Our invention will be further illustrated by the follow-
ing examples.

Ri:

EXAMPLE 1

0.5 gram of 2-(4’-stilbenyl)-1,4,5-triphenylimidazole
(fluorescent agent) was dissolved in 13 ml. of dibutyl
phthalate at about 90-100° C., together with 0.3 ml. of
a 7.5% aqueous solution of tri-isopropylnaphthalenesul-
fonic acid, sodium salt. This solution was poured into 30
ml, of 9% gelatin solution at 40° C., and homogenized
with rapid stirring for 2 minutes. The dispersion was
added to 150 ml. of a silver chlorobromide photographic
emulsion containing 1.2 g. of silver (approximately 80%
chloride, 20% bromide) cyan color coupler dispersion
and gelatin, After the addition of gelatin hardener and
surface active coating aid, the mixture was coated onto
baryta-coated paper base to give 0.0336 g. silver and
0.028 g. of the fluorescent agent per square foot. After
setting and drying, the coating was exposed to a step
wedge and developed with a developer containing 4-
amino-N-ethyl-N-[8-methanesulfonamidoethyl] - m - tolu-
idine sesquisulfate monohydrate as the active agent, and
stopped, fixed, bleached and hardened in the usual man-
ner. The print thus obtained showed strong fluorescence in
the areas where there was no image dye formation, but
no fluorescence, or very weak fluorescence, in areas where
the dye density was high, Under normal daylight viewing
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conditions the fluorescent agent had the effect of enhanc-
ing the appearance of whiteness in the areas of minimum
densities without apparent reduction in the areas of high
density. The print was free from bluish bloom in areas
of dye development.

EXAMPLE 2

The same procedure was followed as in Example 1
except that the fluorescent agent employed was 3-ethoxy-
carbonyl-5,6-benzocoumarin. The results obtained were
similar to the results obtained in Example 1.

EXAMPILE 3

A baryta-coated paper was coated with, respectively,
blue sensitive-yellow coupling emulsion layer, plain gela-
tin layer, green sensitive-magenta coupling layer, plain
gelatin layer and then with the emulsion of Example 1,
which was also sensitized to red light by means of a dye.
The print was exposed to a step wedge and developed
with a developer containing 4-amino-N-ethyl-N-[g-meth-
ane-sulfonamidoethyl]-m-toluidine sesquisulfate monohy-
drate as the active agent, and stopped, fixed, bleached
and hardened in the usual manner. The color print showed
good whiteness in the areas where there was no dye for-
mation due to the fluorescence of the fluorescent agent.
There was no fluorescence, or bluish bloom, in the areas
where the dye density was high. In addition, the fluores-
cent agent provided ultraviolet protection for the dyes
contained in the lower layers of the emulsion.

EXAMPLE 4

The same procedure was followed as in Example 3
except that the fluorescent agent employed was 3-ethoxy-
carbonyl-5,6-benzocoumarin. The same results were ob-
tained as in Example 3.

EXAMPLE 5

The same procedure was followed as in Example 1
except that the fluorescent agent employed was 3-phenyl-
7-[2-(dimethylaminoethyl)ureido]Jcoumarin, The results
obtained were similar to the results obtained in Exam-
ple 1.

EXAMPLE 6

The procedure of Example 1 was followed except that
0.5 gram cyan coupler was included with the 0.5 gram
2-(4’-stilbenyl)-1,4,5-triphenylimidazole in the dibutyl
phthalate solution, and dispersed in gelatin as in Example
1. The dispersion was then added to the silver chloro-
bromide emulsion which did not, in this example, con-
tain any cyan coupler. The emulsion containing the cyan
coupler and fluorescent agent were coated and tested as
in Example 1, and similar results were obtained.

The substantially water insoluble fluorescent agents
which we employ in our invention are non-migratory.
Hence, these fluorescent agents remain in the red sensi-
tive, cyan-coupling layer during coating and processing.
These fluorescent agents are also highly useful brighteners
in black-and-white print materials due to their non-mi-
gratory characteristics. When water-soluble fluorescent
agents are incorporated in either color or black-and-
white print material, the fluorescent agent tends to mi-
grate to other layers of the print, causing bluish bloom,
or the fluorescent agent may be leached out of the print
during processing.

The amount of fluorescent agent incorporated into the
red sensitive cyan coupler containing layer should be
greater than 1 milligram per square foot, and preferably
is within about 5 to 35 milligrams per square foot. No
advantage is obtained by incorporating more than 100 mil-
ligrams per square foot in the layer and at higher levels
the fluorescence will be reduced by the autoquenching
effect.

The solvents which we employ to prepare solutions of
fluorescent agent for incorporation into hydrophilic col-
loid materials for photographic elements are the low-
molecular weight, organic, water-insoluble, crystalloidal
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materials having a boiling point above 175° C. and good
solvent action for the fluorescent agent, Typical useful
solvents include:

Acids

p-Sec.amylbenzoic acid, g-phenylpropionic acid, di-
benzyl acetic acid, phenyl ethyl acetic acid, mono-n-amyl
phthalate (acid ester), undecylenic acid, benzyl hydrogen
succinate (acid ester).

Alcohols

n-Hexylphenylcarbinol, g-(p-tert. butyl phenoxy)-ethyl
alcohol.
Amides

Acetyl n-butyl aniline, acetyl methyl p-toluidine, benzo-
yl piperidine.
Amide derivatives
N-n-amylphthalimide, N-n-amyl succinimide, N-2-cy-
anobutylphthalimide.
Carbamates

Ethyl N,N-di-n-butyl carbamate, ethyl N-pheny! carba-
mate.
Esters

Tetrahydrofurfuryl benzoate, tetrahydrofurfuryl succi-
nate, ethyl benzyl malonate, methyl phthalate, ethyl
phthalate, propyl phthalate, n-butyl phthalate, n-amyl
phthalate, iso-amyl phthalate, benzyl phthalate, g-methoxy-
ethyl phthalate, g-ethoxyethyl phthalate, g-butoxyethyl
phthalate, ethyl-a-naphthoate, methyl o-methoxybenzoate,
butyl o-methoxybenzoate, «-naphthyl acetate, methyl p-
toluenesnifonate, ethyl o-anisate, methyl phthalylethyl
glycollate, butyl phthalylbuty! glycollate, resorcinol diace-
tate, n-hexyl benzoate.

Ketone derivatives

Benzophenone, 2.,4’-dichlorobenzophenone, «-methoxy
acetophenone, acetophenone, 2,4-dihydroxy valerophe-
none, p-sec.-amylbenzophenone.

Phenol ethers

Veratrole (1,2-dimethoxybenzene),
ether, hydroquinone dimethyl ether.

eugenol methyl

Phosphate esters

Triphenyl phosphate, tricresyl phosphate, diphenyl
mono-p-tert. butyl phenyl phosphate, monophenyl di-p-
tert. butyl phenyl phosphate, diphenyl mono-o-chloro-
phenyl phosphate, monophenyl di-o-chlorophenyl phos-
phate, tri-p-tert. butyl phenyl phosphate, tri-o-phenyl-
phenyl phosphate, di-p-tert. butyl phenyl mono (5-tert.
butyl-2-phenylphenyl)-phosphate.

Sulfonamides

p-Toluenesulfonyl methyl o-toluidine, p-toluenesulfon-
yl dimethylamide,

Sulfonamide derivatives

p,p’-Di-n-amylbenzenesulfonanilide, p-toluenesulfonyl
di-n-butyl amide,

Sulfones
n-Butyl sulfone, iso-amyl sulfone.
Ureas
N,N’-diethyl-N,N’-diphenyl urea, N,N-di-n-butyl urea.

Solutions of fluorescent agent in these solvents are dis-
persed as globules which are water immiscible. The glob-
ules are dispersed in the layer in which they are incorpo-
rated, and are not washed out by aqueous processing
baths.

As noted above, the fluorescent agents are preferably
incorporated in color print material in the outermost
layer containing coupler capable of forming a dye which
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co-acts with the fluorescent agent to extinguish fluores-
cence in those areas, and only those areas, where the dye
is produced by color development, The manrner in which
a dye functions to extinguish fluorescence is not known,
and whether a dye possesses this function cannot be pre-
dicted. However, many couplers are known to produce
dyes which possess this function. Particularly useful cou-
plers which form dyes that extinguish fluorescense are the
cyan-forming phenolic couplers. (As used herein and in
the appended claims, the term “phenolic couplers” is used
broadly as inclusive of both phenolic and naphtholic cou-
plers.) Typical useful phenolic couplers include those de-
scribed in U.S. Patent 2,423,730 and the following:

Couplers producing cyan images

5-(p-amylphenoxybenzenesulfonamino)-1-naphthol
5-(N-benzyl-N-naphthalenesulfonamino)-1-naphthol
5-(n-benzyl-N-n-valerylamino)-1-naphthol
5-caproylamino-1-naphthol
2-chloro-5-(N-n-valeryl-N-p-isopropylbenzylamino)-1-
naphthol
2,4-dichloro-5-(p-nitrobenzoyl-g-o-hydroxyethylamino)-
1-naphthol
2,4-dichloro-5-palmitylamino-1-naphthol
5-diphenylethersulfonamido-1-naphthol
1-hydroxy-2-(N-isoamyl-N-phenyl)-naphthamide
1-hydroxy-2-(N-p-sec. amylphenyl)-naphthamide
8-hydroxy-1-«-naphthoyl-1,2,3,4-tetrahydroquinoline
2-lauryl-1-chlorophenol
1-naphthol-2-carboxylic-a-naphthalide
1-naphthol-5-sulfo-cyclohexylamide
5-phenoxyacetamino-1-naphthol
5-g-phenylpropionylamino-i-naphthol
Monochlor-5-(N-y-phenylpropyl-N-p-sec. amyl-benzoyl-
amino-1-naphthol.

Any suitable ultraviolet absorber may be incorporated
in the photographic print materials of the invention to
provide protection for dyes which deteriorate when sub-
jected to ultraviolet radiation. These agents may be in-
corporated in emulsion or hydrophilic colloid spacing lay-
ers. Typical useful ultraviolet absorbers are the thiazoli-
done derivatives disclosed in U.S. Patents 2,739,888,
2,739,971 and 2,808,330.

The fluorescent agent of our invention may be incorpo-
rated in any of the hydrophilic colloids useful in photog-
raphy, such as those described in U.S. Patent 3,039,873,
column 13, lines 40-67.

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

We claim:

1. Photographic print material comprising a support
having a white surface, a plurality of coatings over said
white surface which coatings includes light sensitive coat-
ings individually sensitive to blue, green and red regions
of the spectrum, the red sensitive coating being the outer-
most light sensitive coating, said red semsitive coating con-
taining a fluorescent agent which has strong absorption of
radiation in the ultraviolet region of the spectrum, high
fluorescent emission in the blue region of the spectrum
and which is substantially insoluble in water and, a photo-
graphic coupler in said outermost coating which forms a
dye which extinguishes the fluorescence of the fluorescent
agent in those areas in which the dye is produced.

2. Photographic print material comprising a support
having a white surface, a plurality of coatings over said
white surface which coatings include light sensitive coat-
ings individually sensitive to blue, green and red regions
of the spectrum, the red sensitive coating being the outer-
most light sensitive coating, said red sensitive coating
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containing a fluorescent agent selected from the group
consisting of:

R@Ii;o_@_oH_CH_CH:cg,@

Rs

0
RN
C— —CH=CH-—
P
Ri Ra R3
A /™
A C— —CR¢=CRi— —C
[ e
Rl 3 4
Rs

wherein R;, Ra, R3, Ry and Rj are substituents selected
from the group consisting of aryl, aralkyl, alkyl, alkoxy,
aryloxy, hydroxyl, amino, substituted amino, cyano, car-
boxyl, amide, ester,

CH;CO—, CH;3S0,—, (CH3)NSOy—, CF3—

halogen and hydrogen, and Rg and Ry are selected from
the group consisting of hydrogen, cyano and alkyl groups,
2~ (4’ - stilbenyl) - 1,4,5 - triphenylimidazole, 4-dimethyl-
amino - 4’ - lauroylamidostilbene, 1-[4-(2,4-di-t-amylphe-
noxyacetamido) - phenyl] - 4 - phenylbuta-1,3-diene, 7-di-
ethylamino-4-methylcoumarin, 3-ethoxycarbonyl-5,6-ben-
zocoumarin, diethyl succinylsuccinate, 1,4-bis-(2-benzox-
azolyl)ethylene, trans-1,2-bis - (2-benzoxazolyl)-ethylene,
cis-1,2-bis-(2-benzimidazolyl)ethylene and 3-(5-hydroxy-
2-phenyloxazol-4-ylmethylene)isochroman-1,4-dione and,
a photographic coupler in said outermost coating which
forms a dye which extinguishes the fluorescence of the
fluorescent agent in those areas in which the dye is pro-
duced.

3. Photographic print material comprising a support
having a white surface, a plurality of coatings over said
white surface which coatings include light sensitive coat-
ings individually sensitive to blue, green and red regions
of the spectrum, the red sensitive coating being the outer-
most light sensitive coating, said red sensitive coating con-
taining 2-(4’-stilbenyl) - 1,4,5 - triphenylimidazole and, a
photographic coupler in said outermost coating which
forms a dye which extinguishes the fluorescence of the
flnorescent agent in those areas in which the dye is pro-
duced.

4. Photographic print material comprising a support
having a white surface, a plurality of coatings over said
white surface which coatings include light sensitive coat-
ings individually sensitive to blue, green and red regions
of the spectrum, the red sensitive coating being the outer-
most light sensitive coating, said red sensitive coating con-
taining 3-ethoxycarbonyl-5,6-benzocoumarin and, a photo-
graphic coupler in said outermost coating which forms a
dye which extinguishes the fluorescence of the fluorescent
agent in those areas in which the dye is produced.

5. In a photographic element having a support with a
white surface and a plurality of coatings thereon includ-
ing light sensitive coatings individually sensitive to blue,
green and red regions of the spectrum, the red sensitive
coating being the uppermost light sensitive coating, the
improvement for brightening the white areas of the print
which comprises incorporating in said red sensitive coat-
ing a fluorescent agent which has strong absorption of
radiation in the ultraviolet region of the spectrum, high
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fluorescent emission in the blue region of the spectrum
and which is substantially insoluble in water and a photo-
graphic coupler in said red sensitive coating which forms
a cyan dye which extinguishes the fluorescence of the
fluorescent agent in those areas in which the cyan dye is
produced.

6. The photographic print material of claim 2 wherein
the support is baryta-coated paper.

7. A photographic color print material comprising a
support having separate blue, green and red sensitive coat-
ings thereon containing couplers capable of forming, re-
spectively, yellow, magenta and cyan dyes, the outermost
of said coupler containing layers having incorporated
therein a fluorescent agent which absorbs ultraviolet ra-
diation, has high fluorescent emission in the blue region
of the spectrum and is substantially insoluble in water,
and the coupler in said outermost layer forms, on color
development, a dye which extinguishes the fluorescence
of the fluorescent agent in those areas in which the dye
is produced. )

8. Photographic print material comprising a support
having a white surface, a plurality of coatings over said
white surface which coatings include light sensitive coat-
ings individually sensitive to blue, green and red regions
of the spectrum, the red sensitive coating being the outer-
most light sensitive coating, said red sensitive coating
containing a substifuted stilbene fluorescent agent and a
photographic coupler which forms a cyan dye which ex-
tinguishes the fluorescence of the fluorescent agent in
those areas in which the cyan dye is produced.

9. Photographic print material comprising a support
having a white surface, a plurality of coatings over said
white surface which coatings include light sensitive coat-
ings individually semsitive to blue, green and red regions
of the spectrum, the red sensitive coating being the outer-
most light sensitive coating, said red sensitive coating con-
taining a substituted coumarin fluorescent agent and a
photographic coupler which forms a cyan dye which ex-
tinguishes the fluorescence of the fluorescent agent in
those areas in which the cyan dye is produced.

10. A photographic color print material comprising a
support having separate blue, green and red sensitive
photographic silver halide emulsion layers thereon which
contain couplers capable of forming, respectively, yellow,
magenta and cyan dyes, said red sensitive layer having
dispersed therein globules of a water-insoluble fluorescent
agent, which has a strong absorption of ultraviolet radia-
tion, dissolved in a substantially water-insoluble, low mo-
lecular weight, organic, crystalloidal material having a
boiling point above 175° C., said material having good
solvent action for the fluorescent agent, said red sensitive
layer containing a phenolic coupler which forms cyan dye
which extinguishes the fluorescence of said fluorescent
agent in those areas in which the cyan dye is produced.
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