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Our present, Invention relates to the production
of color photographic images.

In the production of color photographic images
it is known to use photographic materials which
contain dliferently sensitized sllver halide emul-
slons in the form of several layers or of small
rarticles on the support, one or all sllver halide
emulsions having incorporated thereln dyestuff
formers, which are fast to diffusion Inasmuch as
they do not wander from a silver halide emulsion
leyer or particle into the others and which are
transformed into the image dyestuffs by treating
with a special agent as, for instance, another
dyestuff former. There have also been used silver
halide emulsions which from the start contaln
the image dyestuffs. In this case the dyestufifs
are removed at the places containing silver fo
form the color image as, for instance, by the
sflver dyestuff bleaching out process. Since in
this process colored layers are employed, the
photographic material cannot of course serve for
exposure, but it is practically suited only as a
copying material. This disadvantage is with all
methods in which colored layers are used. In
order to overcome this disadvantage it has al-
ready been proposed to use silver halide emulsion
layers having dyestuff formers for the silver dye-
stuff bleaching out process and to form the dye-
stuffs in the layers after exposure or development
and then o destroy the dyestuffs corresponding
to the images according to the sllver dyestuff
bleaching out process. The method is of course
disadvantageous inasmuch as the dyestuff must
at fAirst uniformly be produced in each layer and
then be destroyed corresponding to the compo-
nent sllver images In one operation.

Furthermore there is a method In which the
silver image is directly converted Into an azo
dyestuff image. In this case by the treatment
with dlazo solutions the sllver image is trans-
formed into a sllver antidiazotate image which
then forms dyestuff images with the azo coupling
componenis already contained in the layers.

. Moreover i1t has already been suggested to
transform the silver image Into an &Zo dyvestuff
image In such a manner, that the silver Image
1s converted into a soluble nitrite compound and
azo dyestuffs are formed. by thls nitrite com-
pound from azo coupling components which were
present In & water-inscluble condition in the
siiver halide emulsion. The addition of the In-
soluble azo dyestuff components to the gelatin
emulsion 1s to be performed In such a way, that
these water-insoluble components are precipi-
tated from a solution In the gelatin. However,
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it has always been observed that silver hallde
emulsion layers with such dyestuff formers pre-
cibitated in the gelatin are not suitable for the
production of colored images since these precipi-
tated dyestuff formers exhiblt & too low reactivity
and the transparency of the dyestuff images and
hence the capability thereof of belng projected
an enlarged are considerably reduced by these
dyestuff formers.

In accordance with the Invention we have
found that the above mentioned drawbacks of
the methods hitherto known can be avolded In
the photographic production of azo dyestuff
images by producing an azo dyestuff in silver
halide emulsions by azZo dyestuff coupling from
a diazotizable amine and a ¢compound capable of
azo coupling, at least one of these reactants al-
ready being in & non-diffusing form in the layer,
at the places free from silver after development
of the silver image and, if necessary, after fixing
and then removing the image silver and, if neces-
sary, the residusl silver salts in s manner known
per se,

It is surprising, that an azo dyestuff is formed
at the points free from silver In a photographic
layer, which contains an amine capable of heing
diazotized besldes a sllver image, after the treat-
ment of the layer with a hydrochioric acid-nitrite
solution and the solution of an azo coupling com-
ponent not containing a salt of a heavy metal or
any other additional compound. The course of
this reaction is also complete when the photo-
graphic layers already contain an azo coupler in
a condition fast to diffusion, for instance, a
derivative of naphthol or of pyrazolone in which
case 1t Is immaterial whether or not the nitrite
solution contains a salt of a heavy metal,

The following example fllustrates this modi-
fication:

A silver halide emulsion layer containing
« - hydroxy - g - naphthoyl-2-amino-3-palmityl-
amino-toluldine-5-sulfonic acid as the azo eou-
pler s exposed by means of o gray wedge. After
development of the silver image and fixing the
layer 1s bathed In a 1% solution of dehydrothio-
toluidine-4-sulfonic acld for 20 minutes, shortly
walered, then treated with a solutlon consisting
of 8 cc of 1/1 normal sodium nitrite solution and
1000 cc of 1/25 normal hydrochloric acld, subse-
quently watered agaln for a short time, and
fnally treated in a 1/1 normal sodium acetate
solution. A red dyestuff is produced thereby in
the layer at the places free from silver and a
reverse dyestuff image of the original silver image
is obtained atter the removal of the gilver etther
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with & solution of potagsium cyanlde or with
Farmer’s Reducer. It s immaterial for the final
effect whether or not the hydrochloric acld-
nitrite solution still contalns a salt of a heavy
metal. Since the diazotizing solutlon does not
surprisingly influence the non-diffusing azo cou-
pling components belng in the layer, for instance,
nephthols or compounds having reactive methyl-
ene groups such as pyrazolones, it is possible to
use for this process sllver halide emulsion layers
already containing agc couplers. The process
can be applied to single layers as well as a multi-
layer material. In the latter case several silver
halide emulsion layers, which contain different
£z0 dyestuff couplers and exhibit different spec-
tral sensitivities to light, are arranged in super-
position, if necessary together with filter layers
cn ohe or both sides of the support. Such mate-
rial is suited to the exposure as well as the re-
produetion of multi-color images.

We have moreover found that also non-diffus-
ing amines which are contalned In the silver
hallde emulsion layers already before exposure
can, unobjectionably be diazotized also in the
presence of azo coupling components.

This modification 1s illustrated by the follow-
Ing two éxamples:

(2) 2 g of the urea with the formula carbonyl-
di- (p-aminobenzoyl-p-phenylene - dlamino - sul-
fonic acid) are dissolved in 80 cc of water. The
solution 18 mixed with a sclution of 3 g of sodium
a-hydroxy-g-naphthoyl-2-amino - 3 - palmityl-
amino-toluldine-5-sulfonate In 30 cc of water.
The mixture is cooled to 15° C, filtered and added
to 300 cc of a sflver hallde emulsion. The layer
cast therefrom is exposed, developed and fixed
whereupon it [s treated In a nitrite solution hav-
ing the compositioh described in the above-men-
tloned example. After a short watering the layer
is brovght into & 1/1 normal sodium acetate so-
lution Whereby the dyestuff coupling is effected.
After the removal of the silver with a usual
bleaching bath or a potassium cyanide solution
one obtains & Ted dyestuff image which repre-
s6énts a reverse fmage of the silver Image at Arst
fotmed. If an acetic acld solution is used for
the diazotizaétion instead of the hydrochloric acid
solution, the dyestulf colpling 1s elready effect-
ed in the diszotizlrig beth.

(b) 3 g of sodlum e«-hydroxy-g-naphthoyl-2-
amlho-3-palmityl-amino-toluidine - 5 - sulfonate
are dissolved in 40 cc 'of water and a solution of
sodium 4-methyl-octadecyl-amino-aniline-3-sul-
fonate 1h 20 cc of meth#hol dnd 40 ce of water is
added thereto. The whole s mixed with 300 cc
of a silver halide emulsion and then cast to form
& layer. Affer e.xposure, dévelopment and fixing
the layer Is bathed in a solution consisting of 8 cc
of 1/1 normal sodium nitrite sclution, 1000 ce of
1/25 normal hydrochloric acid and 10 cc of 5%
coppér chlorlde ‘solution for 3 minutes. After
watering thie layer Is treated in a 1/1 normal so-
dittm acetate solufitn whereby a red azo dyestuff
1§ formed at the plates frée from image. After
the removal ‘of the silver imiage one obtains a re-
verse dyestuff imdge of the silver image. The
acetata bath as the coupling bath may be dmitted
if neetie acld I5 substituted for the hydrochlorie
acld In the diazotizing bath since in this case the

coupling s mlready eflected in the diazotlzing
bath, The gradation of the dyestuff image may
essentially be infiuenced By varying the concen-
tretion -of the 8alt of the heavy ma.terial in the
diazotizing solution.
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tially differs from the processes hitherto known
with formation of azo dyestuff in that in the
present process the two components cah from the
start be incorporated in the layers. In the known
processes, for instance, the antidiazotate process
mentioned above there are used silver halide
emulsion layers which contain only one dyestuff
former, In a multi-lnyer material the three
partial color images are produced from the differ-
ent dyestuff formers contained in the layers by
reacting them with another dyestuff former not
being in the layers, for instance, antidiazotate in
which case the coupling bath may simultaneously
be used for removing the sliver image by adding a
silver dissolving agent, for Instance, potassium
cyznide or a bleaching and fixing agent such as
Farmer’s Reducer to the bath. In the process
hitherto known it Is therefore necessary to ad-
Jjust the dyestuff formers added to the layers and
the dyestuff former not contalned in the muiti-
Iayer material in such a manner that solely by
the latter dyestuff former = different dyesttff
image is produced in each emulsion layer viz. a
yellow, purple and blue-green partial color iImage
in the correet color tones. It s to be understood
that imder these -conditions the selection among
the known dyestuff formers Is very limited, for
it 1s known to be very difficult to produce three
'dyesttffs, yellow, purple amnd blue-green with »
single diazo compound ‘end three differemt cou-
pling components which must moreover satisty
certain photographie conditions.

Ih contrast with these methods both dyestuff
formiers can be added to the sllver -hallde emul-
slon layers fn the present process 1. ‘e. the aZzo
component as well as the diazo component, the
latter in the form of 'an amine capable of under-
going the diago reaction., Thus 1t s possible to
construct the desired dyestuff in each layer of the
multi-layer material from components which
‘weld not only the desired color but the most
tavorable tint.

According to the antidlazotate process hitherto
known it was necessary, for instence, to pro-
“dGuce the three pattial color images, for instance,
“Wwith tetrazotized dienisidine as the generat diago
‘somponent and with -di-ctacetoacetyl) -benzidi-
Tor 'the ‘yellow image, with ‘di-(2.3-hydroxynaph-
thoyl) -dtanisidine for the purple image and ‘with
stearyl-H-acid for the blue image, the azo com-
pontents being incorporated in the single layers.
By ‘the present inventlon, however, each die-
stuff is formed in the single layers from different
820 components ‘and -different diazo ‘cothponents
as, for instance, the yellow dyestuff from 1-phen-
¥1-3- hepta.decylv&nﬂpyrhmlone-ﬂ ~sulfonie aeid
and the tetrazotized -urea obtafhed with two mols
of softum  p-amincbenzoyl-p-phenylene--
-amine-sulfontite, the purple dyestuff from &i(2'8-
hydroxynaphthoyl)-benzldine and the tetrazo-
‘tized urea obtained with two mels of 'sodiuin
‘p-aminobenzoyl-p-phenylemediamine  sulforate
and the blue-green- dyestuft from the tetrazotized
octylether of dﬂlydrofybenzldine ‘and 8-stéaryl-
amino-naphthol- 24-d1-su1fonic acld. This podsi-
bility to add a diazo comipbnent as well 2%
‘cobpling ‘component to ehath layer represents &
tonsiderable advantage ‘over the possttlities
‘hitherto known, for it ‘Is mearly impossible to
cohstruct the three dyestuffs yvellow, Jurple ahd
blue ~green from ohe ttazo comiporent gnd three
different coupling cotnporients in such a rminner
that satisfactory parttal cblor ‘miagss are db-
tedned. Al these dyestulf ‘fortmers mentiomsd

The process-of ‘the 'Hreserit inverifion ‘substan- 75 abdve which are fast Yo -dtffusion ‘ere incdr-
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porated Into the photographic multi-layer ma-
terlal already in the production thereof. It is
of advantage already to add them to the emul-
slon before casting In the form of an agueous,
If necessary, alkaline solution which may contain
an organic solvent, if necessary.

For the production of a multi-layer material
the silver hallde emulsion layers containing the
amines capable of being diazotized and the azo
coupling compounds are sensltlzed to different
spectral ranges. If desired, the layers are com-
bined with fllter layers and anti-halation layers
and arranged on one or both sldes of a support.

In making a multi-color image it Is further-
more possible to prepare one or two partial color
images according to the present invention and
the other partial color Images accerding to an-
other method. For Instance, as mentioned above
the red and yellow images may be produced in
two layers which are on one side of the support
whereas a Prussian blue image may he obtalned
in a third layer on the other side of the support
by the tonlng process, this third layer advan-
tageously serving for recording a sound track.
The present process is especially sultable for the
simultaneous production of sound track and
Image record when such azo dyestuffs are pro-
duced as are capable of being after-treated with
a salt of a heavy metal as, for instence, deriva-
tives of salieylic acid suitable for after-chroming.
In this case one obtains dyestuffs which contain
salts of & heavy metal and show an especlally
ravorable capabllity of absorbing the light rays
affecting the photo-cells,

It is not necessary that each of the three lay- -

ers contalns both azo dyestuff components gl-
ready before exposure. For instance, it Is pos-
sible that only two layers have Incorporated
therein the two dyestuff components whereas
the third layer contalns only one azo coupling
component. This process Is so carried out that
the two azo dyestuff images are first produced
in the two layers which contaln hoth coupling
components whereupon the third layer is bathed
in the solutlon of a diazotizable amine as, for
instance, dehydrothiotoluidine-sulfonie acld and
after shortly watering is treated in an acid nitrite
solution. After shortly watering the layer is
brought into a 1/1 normal sodlum acetate solu-
tion whereby the dyestuff is formed. After the
removal of the partial sllver images one obtalns
the desired multi-color image.

The examples mentloned above already show
that there are numerous possibilities for the pro-
duction of multi-color Images according to the
present invention. Moreover combinations of
different modifications of the present process as
well as for other processes are possible whereby
numerous ways for reaching the desired color
tones are given,

As dlazo components all monovalent and bi-
valent dlazotizable amines as, for instance, de-
hydrothiotoluldine, nitroaniline, benzidine and
methyloctadecylstearylanilinesulfonic acid are
suitable for the process of the present inven-
tion. As azo components all compounds capable
of coupling such as phenols and amines are to
be mentioned. These compounds may carry rad-
1cals effecting fastness to diffusion and water-
solubilizing groups. Corresponding with the used
dlazo or azo components mono- or polyazo dye-
stuffs can be formed.

The dyestuff formers may be rendered fast to
diffusion with respect to geletin in different ways.
For instence, molecular groups are disclosed in
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Patent 2,179,238 dated November 7, 1939 and
which impart to the dyestuff substantive prop-
ertles with respect to cotton as, for instance,
one or several diphenyl radicals, heterocyclic
radicals or stilbene radicals may be introduced
into the molecule of the dyestuff former, Ih
U. 8, Patents 2,178,612, 2,179,244, 2,186,719 dated
November 7, 1939, U. 8. Patents 2,186,732,
2,186,733, 2,186,734, 2,186,840, 2,186,851, 2,186,852
dated January 9, 1940, French Patent 844,637 and
U. S. Patent Applications Ser, Nos. 284,250,
284,257, 264,258 filed July 13, 1939 327,628 filed
April 3, 1940, 333,814 filed May 7, 1940, 335,144
filed May 14, 1940, 341,180 filed June 18, 1940,
360,662 flled October 10, 1940 and 362,582 flled
October 24, 1940 there are disclosed further nu-
merous possibilities of making dyestuff formers
[ast to diffusion with respect to gelatin. The
radicals effecting fastness to dlffusion ineclude,
for instance, long straight carbon chains, high
molecular weight fatty derlvatives or long-chain
polymers as, for instance, polyethyleneimine and
many polymerizates and mixed polymerizates of
vinyl derivatives (also together with unsaturated
aclds such as malelc acid and crotonic acid).
The dyestuff formers made non-diffusing in this
way sometimes show the property of producing
no real but cnly colloldal solutions. Also a cer-
taln diffleult soluibility in aqueous media can
effect that the diffusion from the layers is pre-
vented. Purther diffuslon-preventing means are
the known precipitating salts,

The non-diffusing dyestuff formers may be in-
corporated into the sllver halide emulsions in the
presence ol wetting or dispersing agents ag de-
seribed in U. S, Pat. 2,186,717 or in the presence of
bile acids or salts thereof ag described in U. 8.
gatent Application Ser. No. 401,876 filleq July

, 1941,

According to the invention diazo compounds
may also be used In the present precess which
step leads to a further simplification and pos-
sibllity of varlation. In this instance the pho-
tographic layers which contain an azo component

,» capable of coupling and conveniently in a dif-

flieultly diffusing condition are treated in the
solution of a diazo compound, if necessary, In the
presence of a salt of a heavy metal as, for in-
stance, potasslum ferricyanide, copper sulfate
and sodium chloride or copper chloride. At the
places free from silver an azo dyestuff is formed
immediately.

As diazo solutions there are suited all solu-
tlons of dlazotized amines which may contaln a
stabilizer for increasing the stability thereof. It
Is, however, also possible to incorporate these
diaZo compounds Into the layers, the only slowly
coupling stabilized forms of the dlazonium com-
pound and the diazotates belng especially suit-
able., In this case the coupling Is accomplished
in a special bath, If required, with the addition of
& salt of a heavy metal.

The following example illustrates this modi-
fication:

A gllver hallde emulsion layer which contains
1-phenyl-3-heptadecyl-5-pyrazolone-3’ - sulfonic
acld as a coupling component is exposed, de-
veloped, fixed and then treated In 100 ec of 2 1%
golutlon of p-nitrobenzene-diazonlumchloride
which contains 1 cc of a 10% copperchloride so0-
lution. A yellow dyestuff image is formed at the
places free from silver In a short time. As to
the multi-color image a multi-layer material con-
talning different dyestuff formers in the single
layers, for Instance, l-phenyl-3-heptadecyl-5-
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‘Byrazlone-3’-sulfonic acld for the yellow tmage,
2.3-hydroxynaphthoylbenzidide for the purple
frmape and 8$-stearyl-aminonaphthel-24-disul-
fonic acid for the Blue image is treated after ex-
‘posure and development of the partial sfiver im-
ages with a suitable diazo solutlon, for instance,
with tetrazotigzed benzidine or dlaninsidine
whereby the reversed dyestuff images of the orig-
inal pariial sitver images are produced.

This modification may slso be cembined with
those already mentioned sbove in any way in
which case 1t is also possible to produce some
partial color images by means of a diazotlzing re-
action whereas a partial color image is produced
by means of a diazo component already formed.

According to the present method the images
may be produced by direct exposure or copying
multi-color negatives or partial semsations and
it is possible to work up the photographic ma-
terial for exposure as well as copying according
‘to the present process. The silver images at first
produced may be obtained by simple or reverse de-
velopment.

Dyestuff formers especilally suitable for the
process of the invention further ineclude the fol-
lowing compounds: diaminobenzoyl compounds
of the aminonaphthol-sulfonit acids and -car-
boxylic acids, naphthylaminosulfonic acids and
-tarboxylic acids, cresotic acids, diaminocar-
bazoledisulfonic aclds, pyrazolones and the ureas
of the aminobenzoyl compounds of the mentioned
coupling componhents, Moreover the benzoyl-,
benzyl- and benzilidene compounds of the di-
amincdiphenyl-ureas, diaminodiphenylthio-

ureas, diaminostilbenes, benzidines and similar ..-

compounds which may be substituted at any posi-
tions by any radicals capable of diazotizing or cou-
pling, If desired, are of especial importance,
Such compounds are, for instance, the urea from
p-aminobenzoyl-p-aminobenzoyl-I-acid and the
urea from p-aminobenzoyl-p-phenylenediamine-
sulfonic acid. ¥Furthermore as coupling com-
ponents the following compounds are suited:
aromatic hydrocarboxylic acidamlides as, for
instance, hydroxynaphthoic acidarylide, hydroxy-
anthracenecarboxylic acldarvlide, hydroxycar-
bazolecarboxylic acidarylide, hydroxynaphtho-
carbazolecarboxylic acldarylide, amides of the
ketocarboxylic aclds as, for instance, tereph-
thaloylacetic acidanilide, benzoylacetic wacld-
benzidide and amides of pyrazolenecarboxylic
acids or acidamides of aminopyrazolone such as
the condensation product from two mols of
aminophenylmethylpyrazolone and diphenyldi-
carboxylic acid.
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Moreover coluplers heterocycHeally substituted
eome into qudstion for the present invention such
‘as arylides of w=-naphthindole-2-phenyl-7-hy-
droxycarboxylic acid ani ‘pyeasolones Trom 2-p-
aminophenylthiazole, 'The heterotyclic radicals
may simultaneously be combined with & further
diffusion-preventing radical as, for instance, a
diphenyl. ‘Such compounds are, for instance, 1-
(dehydrothiotoluidyl) - 3 - (diphenylcarbonylami-
nophenyl) -5-pyrezolone, 4.4’-diphenyldicar-
‘bonyl - di-3-p-aminophenyl - 1 -(p-6’-methyl-2-
benzoxazolephenyl) -5-pyrazolone. All these
cempounds show a cerfaln affinity for gelatin
bwing to their special constitution so that they
can be arranged |n the multi-layer process on one
or both sides of the support,

All these cbmpounds which are-dyestuff formers
and have been made fast to diffusion with respect
to gelatin by special substitution are suitable for
the purposes of the present invention. These
coler couplers are especially valuable if they carry
besides the diffusion-preventing radicals such
substitutents as increase the solubllity of the color
ooypler in agueous-organic solvents, if necessary,
in the presenhce of an alkali or acid. Such com-
pounds are, for instance, a color coupler contain-
ing an acid group and a diffusion-preventing
amino group such as e-hydroxynaphthoyl-dodec-
ylamide-4-sulfonic acld, 2.3-hydroxynaphthoic
2.3-hydroxyanthracenecar-
boxylic acidoleylamide-w-sulfonic aecid or the
esters or amides of color couplers containing hy-
droxy- or amino groups and diffusion-preventing
substituents containing at least one acid group as,
for instance, 1l-stearylamino-8-naphthol-2.4-di-
sulfonic acid, pelmitylaminophenylmethylpyraz-
olonesulfonic acid, undecanoylamimnobenzoyl-
acetylanthranilic acid, 2-laurylamino-8-naph-
thol-6-5ulfonic acid, moreover compounds as, for
Instance, acetoacetylamino-4-methyloctadecyl-
anlline-3-sulfonic a&acid, 4-acetoacetylamino-4-
abtetinylaminoaniline-3-sulfonic acid, abietinyl-
aminobenzoylanthranllic acid. heptadecylphenyl-
pyrarolonesulfonic acid and -carboxylic acid, con-
densation products from hydroxycarboexylic acids
capable of coupling such as hydroxynaphthoic
acid with polymers containing amino groups as,
for instance, polyethyleneimine or from polymers
containing carboxyl groups such as polymeriza-
tion produots from polymerized vinylalcohol and
maleic acid with eolor couplers containing amino
groups such as amjhephenylmethylpyrazolone.
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