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This invention relates to "color photography
and particularly to a mixed grain photographic
process. 'In mixed grain processes, a mixture of
sensitive silver halide egrain sensitized to record
. different regions of the spectrum is used and a
layer sensitized in this way may be combined on
a single support with a layer sensitized to record
only:a single spectral region.

One of the defects . .encountered  in color
processes in which two or more of the component
images -are recorded in. a single film is the oec-
currence of inter-image effects. By inter-image
effects, we mean that the density of one of the
component images is controlled not only by the
exposure and: development of the appropriate
emulsion grains, but also by the development of
other component images in adjacent layers or
in adjacent areas of the same layer,  These effects
‘may be present in layer processes as well as in
mixed grain processes. In mixed grain processes,
for example those in which there is a negative
development followed by selective exposure of the
residual ‘silver ‘halide ‘grains and color develop-
ment of these grains to produce & reversal image,
physical: development may produce one of the
more serious of these inter-image effects.  Physi-
cal development bhrings about the exhaustion-of
the unexposed grains in the vicinity of exposed
grains with consequent loss of density.

Por example, in a mixed grain coating processed
‘by . selective re-exposure to produce reversal
‘images, an area. exposed to red light only. will
produce developable red-sensitive. grains in pro-
portion to the exposure, while green-sensitive and
blue-sensitive grains should not ke affected. . The
first development; for example, in an M-Q de-
veloper . (g developer in which monomethyl-p-
amino phenol and hydroquinone are the princi-
‘pal developing agents), would be followed by
exposure to red light and development in a'cyan
coupler: developer,  exposure to green ‘light and
development in a-magenta coupler developer and
finally exposure to:blue or white light and de-
.velopment in s yellow coupler developer. In:-the
area’ exposed . to red light, red-sensitive: grains
should become developable in the M-Q developer
while the others should develop only in the ap-~
propriate coupler developers, giving an. area of
~full strength of magenta. and yellow and without
cyan.dye if therewas full red light exposure in
:that ‘area. " If, however, there' is physical -de-
velopment in the M-Q developer,: ‘some ‘of ‘the
green-sensitive and blue-sensitive grains will he
dissolved ' and- Géposited on the silver deposited
from the red-sensitive grains and the magenta
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and yellow dyes will. not have full intensity in
the final image. Corresponding errors would be
produced by physical development in the first or
second color developers: A marked degree of
physical development might be objectionable in
any. type of reversal processes including black:
and white, and in negative processes, either black
and white or color; it "introduces. distortions of
the reproduction scale which may be objection-
able.

I} is therefore .an object of the present inven-
tion to provide a method for controlling inter-
image effects in a mixed grain photographic
layer. ‘A further object is to provide a method
for decreasing color degradation in g rixed grain
emulsion layer. - A still further: object is to pro--
vide a means of controlling and reducing physical
development - during . development “of -4 ‘mixed
grain photographic emulsion. -Othér objects will
be apparent from the foliowing descrlptlon of our
invention.

These objects are accomplished by pelformmg
the first or negative development of a mixed
grain  photographic layer in g developer con-
taining an azdle having a mercapto substituent.
Specific compounds which we have found useful
for this purpose are the followmg, the first two
being pr eferred

/s
Y CH \C—SH’
‘ CaHs—(IJJ Il\& o
4—pheny1-Z-mercaptothiazole

Q / —S#

-2 mercapto benzothlazo!e

Z
N \‘N

| It
CoH3z—N- C—8H
1-phenyl-6-mercapto-tétrazole

0
7

C—SH

\N/

2-mercapto-benzoxazole

The accorrpanymg drawing illustrates in sec-
tional views' s mixed gla,m ﬁlm at successive
stages in our:process. :

According: to: our 1nven1;10n a2 mixed grain
photographic. coating is used which may have
three differently sensitized silver- halide - par-
ticles ‘coated as a single layer as described; for
example, in Mannes and Godowsky. U, S. Patent
2,388,856, or the red-sensitive and green- sensitive
silver halide. grains may be incorporated in a
single layer, with the blue-sensitive silver. halide
grains in 'a seéparate layer, either gontaining a
yellow filter dye or separated from "the mixed
grain layer by an Inter-layer containing’ a yellow
colormg material. ~ After exposure of the' mixed




2,614,925

3

grain element, it is developed in a black-and-
white developer, preferably an M-Q developer,
containing one of the mercapto azoles referred to
above. This produces negative silver images in
the region of the emulsion layer or layers which
were exposed to blue, green or red light. Colored
images:are-then:produced in the layer by selec-
tive re~exposure and color development. For ex-
ample, the element is exposed to red lisht and

developed in a developing solution containing-a:

primary aromatic amino coloring developing
agent and a cyan coupler, that *is, :a.coupler
capable of producing a cyan image upon de-
velopment. The residual .green-sensitive. silver

halide grains are next exposed.with:green light :

and the element developed in.a:color. developer
containing a magenta coupler. . The only remain-
Ing sensitive grains are the blue-sensitive grains,
and the element may therefore be exposed o
either blue light or white light followed by de-
yelopment. in..a coupler .developer. containing a
-yellow-forming coupler. ..After conversion of.the
..developed silver to.a silver salt.and.fixing,.the

element. contains. colored. images corresponding
25

.to.the original subject. photographed.
" The following example illustrates. a film proc-
.essed . according to our invention.

A mixed grain emulsion.-was made by sensitiz-
ing.a silver chlorobromide emulsion to red. light
with an 8-alkyl or 8-phenyl-3,4,3’,4’-dibenzo-
thiocarbocyanine dye .as. described .in .Brooker
U.. 8. Patents 1,969,444 and .1,969,447 and mixing
it- with .an. equal. quantity .of a silver. bromide
-emulsion sensitized to green light. with a. 3,4~

"henzothia-2’~cyanine.dye. as described in.Brooker

"U. S. Patent 1,935,696. .'This emulsion was coated

-on. a suitably subbed .cellulose-organic -acid ester
“film. support and when .dry, was coated. with.an
-unsensitized..silver bromide. emulsion. containing
.tartrazine.as.a.filter. dye to limit.the. action.of
blue light to the unsensitized emulsion.

-The film prior.to-exposure is illustrated.in the
“first stage of the.accompanying drawing-where
10 is the film support coated with.emulsion layer

{1 of mixed.green-sensitive - and red-sensitive.

-emulsions and the. blue-sensitive emulsion layer
12 containing a. yellow dye.

‘The film prepared in this way.was. exposed
to an object or image represented in the draw-
ing by a filter having a blue portion.i3, a green
portion 14:and a red portion- 5. 'This exposure
is followed by . negative development for 10
minutes at 20°°C. in a developer which may have

“the following composition:

Grams
N-methyl-p-amino, phenol sulfate._....___ 6
Hydroquinone __ .o o 10
Sodium sulfite_ .. __________ . ___ -ee-- B0
Sodium carbonate. .. ____________ 30
Potassium . bromide. . 5
1-phenyl-5-mercapto tetragzole.__..__.__ ... 0.01
“Water to 1 liter.

The film after negative development:is:shown
7in- the:second stage.of the drawing -where 1§

‘indicates the negative silver produced by the blue’

-exposure, 1T indicates the negative silver pro-
“duced by green exposure-and 18 indicates the
negative silver produced by red exposure. The
negative silver images {7 and i8 are shown as
“being less dense than the negative image 16; this
“is merely by way.of illustration to indicate:that
“in“the portion of layer {1 exposed to. green light
there are unexposed and.undeveloped. red-sensi-

“tive grains and in the portion of layer 11.exposed 15
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red light there are unexposed and undeveloped
green-sensitive grains.
After washing the film for about 5 minutes, it
was exposed through the base for about 20 sec-
5 onds to 100-foot candles of light through a red
filter transmitting light of longer wave length
.than. 640 millimicrons, - to- expose -the. residual
red-sensitive: grains and was ‘then:developed for
12 minutes in a color-forming developer which
10-may have the following composition:

. A, Grams
~p-Amiino-diethyl-aniline HCl . .. 2
~Sodium. sulfite v oo C 6

157 Sodium. carbonate. .. ... 50

-Potassium bromide.. e 5

Potassium thiocyanate e 1

‘Water: to 950 ¢ce.

B. Grams
20 o-Hydroxy diphenyl .o eeee 3
Sodium hydroxide. o _cccmniocvinasommme. D

Water.
(For use, Solution B is-added to Solution“A.)
‘The film was then exposed from the"support
side to green light of an intensity of from 2,000
to 13,000-foot candles for -about' 20 seconds-to
expose the residual green-sensitive:grains and
the film was then developed for about' 10°minutes
30 in a developer which may have the following ‘com-
position:

-A. “Grams
p-Amino . diethyl .aniline. HCl- caccemeimans 12
Sodium - sulfite- ... .ot 1
35 Potassium bromide._. i e 12
Water t0.:950-cc.
v.’B-'
1 -(p - mtrophenyl) -3 -'methyl. «5:=
40 pyrazolone e gTAMS. . 53
Water — it 200 B0
(For use, Solution B is. added--to .Solution. A.)

_The. film was then  exposed for about 20 sec-

onds to approximately 2,000-foot candles of

45 white light to expose. the residual. blue-sensitive

silver halide grains and: developed. for about. five

minutes in a developer which may have the fol-
Jowing composition:

A.

p-Amino diethyl aniline HCl__ . lcecnas 1
Sodium sulite . .ce i i
.Potassium: thwcyanate_____-_
~“Water t0°-990: cc.

55, :
‘Aceto acet anilide_..._._. i i o e e o i S
Sodium _hydroxide. ... __._._ e e y
Water 10. cc..

.(For  use, 'Solution B is added to Solution :A.)

~After development in the: yellow color=form-
ing developer, the film was'washed for about:five
minutes, and bleached for.about six: minutes:in
a solution having the following composition:

50

65 Potassium . ferricyanide___.______. ._grams__ .50
Ammenium hydroxide (28 %. solution) __ec... 21/2
Potassium  bromide. ..o ___. -grams... -5

Water to 1 liter.

-The film: was then fixed for:about five: minutes
70 in hpyo; washed for several minutes and dried-in
warm: air. It then'appeared.:as. shown in.the
final stage of the.drawing in which: 19 :indicates
the yellow image in layer 12,.20-indicates:the
magneta image in:layer 11, and 21 indicates-the
cyan image in layer {{.
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The photographic effects of the mercapto azoles
used according to our invention are illustrated
by the following data obtained with a two-layer
coating of the type described in the specific ex-
ample.

The film was developed in the M-Q developer
described above and a control experiment was
developed in the same developer without the 1~
phenyl-5-mercapto . tetrazole. The emulsion,
after first development in the M-Q developer,
was successively flashed with red light, developed
in a cyan coupler developer, flashed with green
light, developed in a magenta coupler developer,
bleached, fixed, washed and:-dried as described in
the specific example.- The equivalent neutral
densities were measured in a color densitometer
(see Evans, Journal Society Motion Picture En-
gineers, 31, 194, 1938) for a definition of equiva-
lent neutral density and a description of the
densitometer in a neutral area and the green area
with results shown in the following table.

Equivalent neutral densities

Neutral CGreen
Ma- Yel- | Ma- Yel
Cyan | gonts | low .| €73 | genta | low
Control ... 3.1 3.2 2.8 1.7 0.4 2.6
Experiment. ... 3.1 3.2 3.2 2.6 0.4 3.2

In the neutral area, both green-sensitive and
red-sensitive grains were developed so that there
was no selective physical development of one on
the other and the cyan and magenta images
were the same in both developers; there was,
however, a loss of yellow density in the control
which was corrected by the presence of the 5-
phenyl-1-mercapto tetrazole. ' In:.the green area
(made up of cyan and yellow dyes) green-sen-
sitive grains were made developable in large num-
bers, and in the control development there was
considerable physical development of red-sensi-
tive grains onto the. green-sensitive grains with
loss of cyan density. This along with the yellow
was corrected by the mereapto tetrazole as shown
by the table.

It will be understood that the modifications,
for example, included here are illustrative only,
and that our invention is to be taken as limited

We claim:

1. The method of controlhng the inter-image

. effects in the development of g silver halide emul-
sion layer containing at least two sets of silver
halide grains, each set being sensitive to a
different spectral region, which comprises expos-
ing said layer to a colored object or image and
developing it in a Dblack-and-white developer
containing an azole having a mercapto substitu-
ent, and then sucsessively exposing the sets of
residual silver halide grains to light to which
each set is sensitive and successively developing
said sets of silver halide grains to different col-
ored images in said layer with different color-
forming developer solutions,

'60
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2. The method of controlling the inter-image
effects in the development of a -silver halide: =
emulsion layer containing at least two sets' of
silver halide grains, each set being sensitive to

5 g different spectral region, which comprises ex-
posing. said layer to a colored object or image
and developing it in a black-and-white devel-
oper containing 1-phenyl-5-mercaptotetrazole,
and then successively exposing the sets of resid-
ual silver halide-grains to light to which each
set ‘1s sensitive and successively developing. said
sets of silver halide grains to different colored
images in said layer with d1fferent color-form-
ing developer solutions.

3. The method of controlling the inter-image
effects in the development of a silver halide emul-
sion layer containing at least two sets of silver °
halide grains, each set being sensitive to a differ-
ent spectral region, which  comprises . exposing
said layer to a colored object or image and devel- -
oping it in a black-and-white developer contain-
ing 4~-phenyl-2-mercaptothiazole and then suc-
cessively exposing the sets of residual silver hal-
ide grains to light to which each set is sensitive
and. successively developing said sets of silver
halide grains to different colored images in said
layer with  different color-formmg developer
solutions.

4. The method of decreasing color degradation
in a mixed grain photographic layer containing
silver halide grains separately sensitive to the red
and green spectral regions, which comprises ex-
posing only a portion of the silver halide grains
of said layer to a colored object or image and
developing them in a black-and-white developer
containing an -azole having a mercapto sub-
stituent and then successively- exposing resid-
ual red-sensitive grains of said layer to red light
and developing them in a color developer, and
exposing residual green-sensitive grains of said
layer and developing them in a different color
developer.

5. The method of decreasing color degradatlon
in a mixed grain photographic layer containing
silver halide grains separately sensitive to the
red and green spectral regions, which comprises
exposing only a portion of the silver halide grains
of said layer to a colored object or image and de-.
veloping them in‘a black-and-whxte developer
contajhing = 1-phenyl-5-mercaptotetrazole  and
successively exposing residual red-sensitive
gra.ins? of said layer to red light and developing
them “in & color developer, and exposing residual
green-sen51t1ve grains of said layer and develop-
ing them in a difféerent color. developer.

BURT H. CARROLL.
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