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color photography comprising silver halide photo 
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no silver halide emulsion, wherein either the emulsion 
layers or the auxiliary layers contain an anionic devel 
opment inhibitor such as sodium 2-mercapto-3-ethyl 
benzimidazole-6-sulfonate in the form of a complex 
with a cationic polymer such as a benzyl chloride salt 
of a dimethylaminoethanol ester of polymethacrylic 
acid. In alkalinity, the inhibitor is instantly released 
from the complex and acts to inhibit the formation of 
development fog sufficiently. 
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SILVER HALIDE PHOTOGRAPHIC MATERIAL 
FOR USE IN COLOR PHOTOGRAPHY 

BACKGROUND OF THE INVENTION 
' 1. Field of the Invention 
This invention relates to a multilayer silver halide 

photographic material for use in color photography 
comprising silver halide photographic emulsion layers 
and auxiliary layers, either of which layers contain an 
anionic'development inhibitor in the form of a complex 
with a cationic polymer. 

2. Description of the Prior Art . 
In the manufacture of photographic materials in re 

cent years, it is the usual practice to add a sensitizing 
agent during the ripening of the silver halide emulsion, 
and also a ripening inhibitor in order to inhibit the for 
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2 
pounds containing only nitrogen, such as benzotriazole 
or benzoimidazole which has'a relatively weak action 
(of the medium degree), or pyrimidine which has far 
less desensitizing action, or azaindolizines (generic 
term for azaindene, diazaindene, triazaindene and tet 
razaindene), or their substitution products containing 
alkyl, phenyl, hydroxyl or amino substituents, both 
being free from active sulfur. Compounds having active 
sulfur, especially a mercapto group, such as Z-mercap 
to-benzoxazole, Z-mercapto-benzothiazole, 2~mercap 
to-benzimidazole or l-phenyl-S-mercapto-tetrazole, 
and sulfur-free strong development inhibitors such as 
é-nitrobenzoimidazole may be added to the developer 
solution, but are hardly added to the‘ emulsion. 
However, in the case of silver chlorobromide or silver 

chloride emulsions which do not have to be concerned 
' so much with a loss in sensitivity and tend to undergo 

mation' of fog during the progress of ripening. More- ‘ 
over, an emulsion stabilizer is added in order to prevent 
changes (the increasing tendency of theemulsion to 
fog formation, which ?nally causes fog formation and 
in'turn apparent sensitization or desensitization) of raw 
photographic materials, which have been obtained by 
coating‘ the emulsion on a base such as a transparent 
?lm or paper and drying it, during their storage. Fre 
quently, the ripening inhibitor and the emulsion stabi~ 

' lizer are the same substance, and therefore, are generi 
cally described as an antifoggant. 
Some antifoggants are primarily intended for pre 

venting fog formation during development by addition 
to a developer solution. Some of such antifoggants can 
be a ripening inhibitor or stabilizer by addition to the 
emulsion, ,but many of them cannot be added in suffi 

‘ cient amounts to the emulsion because of their strong 
adsorptive property to the silver halides to give adverse 
effects such as marked impairment of development or 
destruction of the sensitivity speck which will result in 
marked desensitization. In this sense, these antifog 
gants may sometimes be referred to as a development 
inhibitor with a view to distinguishing it from the ripen 
ing inhibitor. 
Besides these, there are other additives such as a de 

velopment accelerator, a blue black additive for devel 
oprnent, a blue black toner, or a discoloration inhibitor 
(anti-bronzing agent) for preventing the photographic 
material from turning brown to violet brown as a result 
of a heat treatment such as ferrotype (this phenomenon 
is referred to as bronzing), but they will not be de 
scribed in this speci?cation. Some of them, however, 
act concurrently as a development accelerator, devel 
opment inhibitor or stabilizer, and therefore will bede‘ 
scribed at some length below in order to avoid any con 
fusion. - 

In the early stage of the development of the ripening 
inhibitor or development inhibitor, the photographic 
materials were limited to use in black-and-white pho 
tography, and natural products such as quinine, cystine 
or a condensation product formed between cystine and 
formalin or processed products thereof were frequently 
used. By and by, these natural products were super 
seded by synthetic heterocyclic compounds such as 
benzimidazole, benzotriazole or thiodiazole. Silver 
iodobromide emulsions for high speed negatives are in 
herently slow in development and require a high degree 
of sensitivity, not permitting even slight desensitization. 
Therefore, as an additive for the silver iodobromide 
emulsions, there are generally used heterocyclic com 
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fog formation because of 'a fast rate of development, 
these sulfur-containing strong antifoggants are usually 
added also to the emulsions in suitable amounts to 
gether with such inhibitors as benzotriazole or benz 
imidazole having a medium degree of activity. The ad 
dition of these inhibitors is essential especially in emul 
sions for photographic paper having excellent sensitiv 
ity and developability which has recently come into 
use. 

Since these antifoggants having medium to strong ac 
tivity tend to adsorb strongly to the surfaces of the sil 
ver halide grains and to check the adsorption of sensi 
tizing dyes, it is almost impossible, except for some spe 
cial instances, to incorporate them directly into photo 
graphic paper emulsions to be color sensitized, espe 
cially into emulsions for color photography. Measures 
are taken to prevent this effect on the emulsion layer 
to the utmost extent by incorporating them into an in 
terlayer, substratum, over layer, etc. In this case also, 
the antifoggant diffuses into the emulsion layer in the 
coating and drying steps, and because the extent of dif 
fusion is liable to change according to the conditions, 
it is dif?cult to obtain constant results. Thus, small 
amounts of benzotriazole or benzimidazole which has 
a relatively small effect is directly added to the emul 
sion. Or in recent years, a development inhibitor ob 
tained by introducing a sulfonic acid group or carbox 
ylic acid group into the molecules of such a mercapto 
containing strong additive to render it anionic has been 
added in a small amount. It is reported in O. Riester: 
Photo. Sci. & Eng. 13, .13 (1969) that by the introduc 
tion of anionic groups, the adsorption of the antifog 
gant to silver halide grains is weakened, and the so 
modi?ed antifoggant forms an electrical complex with 
a cationic substance such as cyanines or merocyanines 
which are typical sensitizing dyes, and that such a com 
plex does not expel the sensitizing dye out of the sur 
face of the silver halide grains but acts as a supersensi 
tizing agent. It appears however that such modi?ed an 
tifoggants do not effectively act on all sensitizing dyes. 
Generally, they are effective on red-sensitive emul 
sions, butact considerably desensitizingly on green 
sensitive emulsions, blue-sensitive emulsions, and 
emulsions not color sensitized. Therefore, their use is 
limited. These modi?ed antifoggants can be used con 

_ veniently to some extent for color photographic paper, 

65 but are quite useless for high-speed color ?lms. 
It has been proposed recently that a development in~ 

hibitor precursor in which a development inhibiting 
group is masked is added to an emulsion, and in the 
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course of development, it is allowed to release a free 
inhibitor which acts as a development inhibitor. For ex 
ample, such a precursor is the DIR coupler (develop 
ment inhibitor releasing coupler) disclosed in Japanese 
Pat. Publication No. 21778/68 or the development in 
hibitor releasing compound disclosed in Japanese Pat. 
Publication No. 22514/71. When color development is 
performed to form an oxidation intermediate of a color 
developing agent, the DIR coupler couples with it to 
form a dye and simultaneously releases a development 
inhibitor, and the development inhibitor releasing com 
pound forms a colorless compound with the oxidation 
intermediate and simultaneously releases a develop 
ment inhibitor. Since the inhibition of development is 
strong at the part where development is vigorously per 
formed, these proposals have great effects for soft gra 
dation. But they have the defect that at the part where 
development is hardly performed, for example, at the 
white background of photographic paper correspond 
ing to the foot of the characteristic curve, fog can 
hardly be inhibited. 
The antifoggant precursor disclosed in US. Pat. No. 

3,575,699 is a substance obtained by substituting a 
benzoyl group for an active group of an antifoggant of 
the benzimidazole, benzotriazole or 4 -azaben 
zimidazole type, which is stable in an acidic or neutral 
condition, but is hydrolyzed in a strongly alkaline de 
veloper solution to release a development inhibitor. 
Thus, this precursor is effective irrespective of the 
amount of exposure or the amount of developed silver. 
Although having a small effect for soft gradation, it has 
the property of inhibiting fog well at the portion having 
a small amount of exposure or unexposed portions, 
which correspond to the foot of the characteristic 
curve. It is however clear that the choice of such a com 
pound which can be sufficiently hydrolyzed within a 
short period of time after encountering alkali (in recent 
practice, development frequently ends within as short 
as 30 seconds to about I minute) and which is stable 
at the pH of the emulsion (especially in the presence of 
a great quantity of water at the time of coating and 
under the temperature and time conditions employed 
during the coating procedure) is very much limited, 
and it is difficult to inactivate the inhibitor as desired. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to pro 
vide a multilayer silver halide photographic material 
for use in color photography comprising silver halide 
photographic emulsion layers and auxiliary layers con 
taining no silver halide emulsion, both layers being 
coated in a superposed relationship; wherein either the 
emulsion layers or the auxiliary layers contain an an 
ionic development inhibitor in the form of a complex 
with a cationic polymer. 

BRIEF DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS 

FIGURE is the characteristic curves showing the re 
lationship between the magenta color density and the 
amount of exposure determined after stepwise expo 
sure of the photosensitive materials (a), (b) and (0) 
prepared in Example 1. 

DETAILED DESCRIPTION OF THE INVENTION 

The characteristic feature of this invention is that an 
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4 
‘ anionic development inhibitor in the form of a complex 
with a cationic polymer is incorporated into a silver 
halide emulsion layer of a multilayer photographic ma 
terial for color photography or an auxiliary layer such 
as a substratum layer, interlayer or over layer to be 
coated in a‘ superposed relation with the emulsion 
layer. The invention is applicable to any type of devel 
opment inhibitor containing a sulfonic acid group or 
carboxylic acid group. The cationic polymer, which is 
to be described in detail, may be a vinyl polymer con 
taining an ammonium salt, pyridinium salt, piperidium 
salt or morpholium salt, or aminoguanido-dialdehyde 
starch, which have been used widely as a mordanting 
agent for acid dyes, an electrically conductive paint, or 
a ?occulating agent for contaminated water, etc. This' 
cationic polymer has a number of cationic groups in the 
molecule and has a great power of attracting an anionic 
sulfonic acid group or carboxylic acid group to these 
cationic groups by an electrical af?nity and retain it 
therein. Direct dyes, acid dyes or ?uorescent brighten 
ing agents whose trunk molecule has a relatively large 
molecular weight and contains two or more sulfonic 
acid or carboxylic acid groups have very great complex 
bonding force, and generally, the bonding is complete 
even in an alkaline condition. However, as will be de 
scribed in greater detail, the anionic development in 
hibitors generally have a small molecular weight, and 
many of them have only one anionic group. Therefore, 
they have poor ability to form complexes with cationic 
polymers. In acidity or neutrality, they are well bonded 
within the complexes, but in alkalinity, the anionic de 
velopment inhibitors readily diffuse in a free form. 
Since the inhibitor is completely bonded with the cat 
ionic polymer during the coating and drying of an 
acidic or neutral multilayer emulsion or within the raw 
photographic material before development, the anionic 
development inhibitor is completely bonded to the cat 
ionic polymer, and does not give adverse effects such 
as desensitization by adsorption to the surfaces of silver 
halide grains. When it enters a developer solution and 
absorbs an alkaline aqueous solution, it is immediately 
released from the complex, and diffuses freely as a de 
velopment inhibitor to inhibit the formation of devel 
opment fog sufficiently. 
The anionic development inhibitor to be used in the 

present invention is obtained by introducing a carbox 
ylic acid group (-COOH), sulfonic acid group (-SO3H) 
or sulfinic acid group (-SO2H) into the molecules of a 
known development inhibitor, the examples of which 
range from the strongest development inhibitors com 
prising nitrogen-containing heterocyclic compounds 
into which a free mercapto group has been introduced 
to inhibitors having a medium degree of activity which 
contain hydrogen of an imino group (-NH-) as an ac 
tive hydrogen. These anionic groups are free in acidity, 
but in neutrality or alkalinity, they form an alkali metal 
salt such as a sodium salt or potassium salt or an ammo 
nium salt, dissociating in aqueous solution to exhibit 
anionic properties in general. The heterocyclic com 
pounds which form a basis of the inhibitors are in many 
cases substituted with a hydroxyl group, amino group, 
halogen atom such as chlorine, bromine or ?uorine, 
nitro group, alkyl group, aryl group or aralkyl group. 
Typical examples of the heterocyclic compounds which 
permit easy introduction of anionic groups are shown 
below together with their structural formulae which 
will follow. 
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(1) Sodium benzotriazole-5-sulfonate 
(ll) Sodium benzimidazoIe-S-sulfonate 
(Ill) Sodium Z-methyl-benzimidazole-5-sul?nate 
(IV) Thiazolidine-4-carboxylic acid 
(V) Z-Phenyl-thiazolidine-4-carboxylic acid 
(VI) l,5-Di(o-sulfophenyl)-s-triazolidino-( l ,2-a)-s 

triazolidine-3.7-dithione 
(VII) 2-Mercapto-G-sulfobenzimidazole (sodium salt) 
(VIII) Sodium 2-mercapto-3~ethyl-benzimidazoIe-6 

sulfonate 
(IX) 2-Mercapto-S-sulfobenzothiazole (sodium salt) 
(X) 2-Mercapto~benzoxazoIe-S-carboxylic acid 
(XI) Sodium 2-mercapto-S-chloro-benzoxazole~7-sulfonate 
(XII) Sodium Z-mercapto-I', 8'-naphthoxazole~6'-sulfonate 
(XIII) l-(m-Sulfophenyl)-5-mercapto-tetrazole 
(XIV) 2-Mercapto-4-(p-carboxyphenyl)- I ,3,4~thiodiazole 

S-thione 

N N 
NaO s / N80 s 

3 8 > 
N/ N 

(1) H , (11) H 

N\ mtg-alpaca: NaOgS - 

NH >—-CH5 \c/ \N H: 
(III) E 1 , (IV) , 

mc--_<'Jn-ooo11 l\ NE 
a 

(V) 

s 

l 
-o1|1—-rf/ \NH 
HN\ /N-—-—tlJH— 

N501 C SOaNa 

(W) l 

N ' 02H. 
Naons I 

\ —SH N 

\N . t 

(v11) H more N/ 

6 
_..__S v /0 

-—SH -s1-1 

\N/ (no. H000 \N/ (x) 
5 - NaOaS " N803? '_ 

/0 <—— __0 
—SH >411 

01 \N/ (x1). _N 
l 0 I (XII) 

BO3NB (XII) , (XIV) 
20 

The cationic polymers used in the present invention 
are’ commercially available vinyl polymers for use as a 
‘flocculating agent for contaminated water, an antistatic 
agent for plastic ?lms or paper or an electrically con 
ductive paint, or natural polymer products such as 
irstarch or cellulose. They also find utility as a mordant 
ing agent for acid dyes. Many of them are available 
‘commercially. Some commercially available polymers 

25 

. 30 are unidenti?able, but are not so much different from 
others. 

Examples of the cationic polymers useful in this in-_ 
;vention are: 

35 (a) Poly~2~vinyl pyridine 
' (b) Poly-4-vinyl pyridinium methyl paratoluenesulfonic 

acid salt 
(c) Polyvinyl benzyl-trimethyl ammonium chloride 
(d) Polyvinyl benzyl-triethyl ammonium. chloride 
(e) Polyvinyl benzyI-morpholium methyl chloride 

40 (I) Polyvinyl benzyl-cyclohexyl ammonium chloride 
' (g) Polyvinyl benzyl-picolinium chloride 

(h) Poly-4-vinyl benzyl-triethanol ammonium chloride 
(i) Methyl chloride salt of a methylamino-diethanol 

monoester of polymethacrylic acid 
(i) Benzyl chloride salt of a dimethylaminoethanol ester 

of polymethacrylic acid 
45 (k) N,N-dimethyl-3,5-methyIene-piperidinium chloride resin 

' (I) Partially aminoguanido-modi?ed product (acetate) of 
polyvinyl methyl ketone 

(m) Partially aminoguanido-modi?ed product (acetate) of 
a partial Z-keto butyraldehyde acetal of polyvinyl 
alcohol 

(n) Partially aminoguanido-modi?ed dialdehyde starch. 
50 

The structural formulae of these polymers are shown 
‘schematically below. 
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(m) 

CHaOH 
41H 

{Miser J L mu, H 0H 

(11) 

Polymer (a) is not converted to a quaternary salt, and 
polymer (b) is a quaternary salt. All of these polymers 
may or may not be in the form of a quaternary salt, and 
are useful as such. Furthermore, it is not necessary that 
all of the polymer units be converted to a quaternary 
salt. On the other hand, in all of these polymers (a) to 
(i), a substituent such as an alkyl group or benzyl group 
to be introduced into nitrogen may be replaced either 
wholly or in part by another alkyl group, aralkyl group 
or hydroxyalkyl group. In the case of polymers (1), (m) 
and (n), a numerous variety of products having differ 
ent degrees of modification with aminoguanide are pos 
sible. Also, a number of varieties can be formed ac 
cording to the degree of polymerization, or the copoly 
merization with other vinyl monomers. All of them can- . 
not be exempli?ed herein, but it is evident that they can 
also be used conveniently in the present invention. 

In the silver halide emulsion layer, interlayer, sub 
stratum layer, over layer, etc. into which the complex 
described above is to be introduced, gelatin is most 
commonly used as a binder. But in recent years, gelatin 
has been wholly or in part superseded by a water 
soluble hydrophilic binder such as polyvinyl alcohol, 
polyacrylamide, polyvinyl pyrrolidone, hydroxyalkyl 
starch, hydroxyalkyl cellulose or carboxymethyl cellu 
lose. Since the above cationic polymers are all water 
soluble or hydrophilic (some of them being soluble in 
alkaline water but insoluble in acidic water), they are 
well miscible with the binder which constitutes these 
photographic layers, and can be freely blended there 
with. In recent practice, a latex of a water-insoluble soft 
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polymer such as polymers of acrylic acid or meth 
acrylic acid esters or copolymers of such esters with bu 
tadiene, styrene or acrylonitrile has been widely used 
as substance which reduces the shrinking of the photo 
graphic layer during drying and impart softness to the 
dried coating. Therefore, if desired, this additive can 
also be incorporated. 
The silver halide emulsions used in this invention are 

neither limited to particular species. It is well known to 
those skilled in the art that according to the type of the 
emulsion and the purpose of its use, not only is the de 
velopment inhibitor selected, but also other additives 
such as a sensitizing dye, coupler, ripening accelerator 
(or sensitizer) or ripening inhibitor are incorporated. 
The description of this technique will be omitted since 
it does not limit the applicable range of the present in 
vention. 
The anionic development inhibitor may be directly 

added to an ordinary acidic or neutral silver halide 
emulsion if it is weakly bonded with the cationic poly 
mer in accordance with this invention and is diffusible, 
in the free state upon contact with strong alkali in a de 
veloper solution. Generally, this causes less side-effects 
because it can be used in lesser amounts and exhibits 
quicker activity. However, high speed emulsions have 
a high pH value and the stability of the complex in such 
emulsions is questionable. Furthermore, a silver iodo 
bromide emulsion which constitutes the high speed 
emulsions generally has a low speed of development, 
and therefore, if the freeing of the development inhibi 
tor is too early, there is a great decrease in sensitivity. 
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‘ Thusfin this case, it is'p'referred to incorporate the 
complex into an adjacent interlayer or substratum layer 
or into an over layer. 
For example, if the complex is added to the substra 

tum of the emulsion layer in high speed negative ?lms 
for black-and-white photography or high speed mono 
color micro?lms for color photography, the develop 
ment inhibitor becomes free only after the photo 
graphic material is placed in a developer solution and 
alkali penetrates into the substratum. Therefore, the 
inhibitor diffuses slowly from the underside of the 
emulsion layer, and where exposure is little, the latent 
image is present mainly near the upper side of the sur 
face of the emulsion layer, and this contributes signifi 
cantly to the sensitivity of the emulsion. This part is 
?rst subjected to the action of the developer solution, 
and lastly to the action of the inhibitor. On the other 
hand, where there is great exposure, the light suffi 
ciently reaches the bottom of the emulsion layer, and 
development must occur vigorously on the underside of 
the emulsion. But because this part undergoes the in?u 
ence of the inhibitor earliest and most strongly, moder 
ate inhibition of development is performed without ex 
cessive blackening. Development fog which occurs all 
over the surface irrespective of the amount of exposure 
is conspicuous where exposure is little, and tends to im 
pair the apparent sensitivity of the emulsion layer. But‘ 
in ‘this case, this is completely inhibited at a part rang 
ing from the interior of the emulsion layer to its deep 
bottom, and therefore, fog is reduced without a de 
crease in sensitivity and also the gradation is put into 
,,order. ‘ 

However, in the case of a multilayer color emulsion, 
if the complex is added only to the substratum layer, 
the development of the sub layer which is essentially 
slow in development is retarded all the more. Usually, 
therefore, the complex is also incorporated into the in 
terlayer to provide an overall balance. Rather, in many 
cases, the incorporation of the complex in a consider 
able amount is effective for eliminating excessive de 
velopment or color fog of the upper layer and the emul 
sion layer as a result of strong development necessary 
for rapid processing, and thus balancing the sensitivity 
and the speed of development among the three layers. 

In color photographic materials based on the utiliza 
tion of color development, the type and amount of a 
coupler or sensitizing dye to be added to the emulsion . 
differ according to the color tobe formed, yellow, ma— 

. genta, cyan. Also, the contribution of each emulsion to 
the overall sensitivity of the photographic material dif 
fers, and an emulsion of different inherent sensitivity is 
used. Consequently, the types and amounts of a sensi 
tizing agent, ripening accelerator and ripening inhibitor 
to be used in conjunction with the emulsion also differ. 
Naturally, therefore, the type and amount of the devel 
opment inhibitor to be incorporated lastly should also 
be strictly controlled according to the respectivecases. 
Since the principle is common to all emulsion layers ir 
respective of the different amounts to be added, some 
Examples to be given below refer to an emulsion layer 
of only one color (for example, magenta). It is to be un 
derstood that in such a case, the description of other 
emulsion layers is omitted since it is based on the same 
principle. . 

The following Examples illustrate the present inven 
tion in greater detail. Naturally, the scope of the pres 
ent invention will not be limited by these Examples. 
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10 
EXAMPLE 1 

To a high speed silver chlorobromide emulsion (90 
mol percent silver chloride) for color photographic 
paper which had been prepared from 20 g of silver ni 
trate were added during the second ripening period 4 
ml. of a 1 percent aqueous solution of 3-ethyl-4 
,benzoylamide-l,2,4-triazoline-5-thione of the follow 
ing structural formula 

N =s 

\N 
as asensitiaing agent and 27ml. ofa'l percent aqueous 
solution of S-methyl-6-octyl-7-hydroxy~2,3,4,7a 
tetrazaindene of the following structural formula 

‘OH 
I 

. N 
11051117 

on N 
a \N \N/ 

‘as a ripening inhibitor and then the mature‘ wasripl 
ened at 60° C. for 60 minutes. Then, 6 ml. of a solution 
of a sensitizing dye (111000) having a sensitizing maxi 
mum at 530 mu, and 80 ml. of a 5 percent aqueous so 
lution of l-(_4’-phenoxy-3’-sulfo)phenyl-3-octadecyl-5 
pyrazolone of the following formula 

as a magenta-forming diffusion-resistant coupler were 
successively added, and while adjusting the pH to 6.3, 
the total amount of the mixture was made 800 ml. 
Three portions (each 250 ml.) were taken from the 

resulting emulsion. Portion (a) was used as a blank, and 
t was coated on baryta paper upon addition of 100 ml. 
of a 4 percent aqueous solution of gelatin without add 
ing a developmentinhibitor. Portion (b) was mixed 
with 100 ml. of a 4 percent aqueous solution of gelatin 
together with 2» ml. of a 1 percent aqueous solution of 
2 -mercapto-benzimidazole [the base of compound 
(VII) mentioned above] as a development inhibitor, 
and the mixture was coated on baryta paper. Portion 
(c) was admixed with a solution obtained by mixing 3 
ml. of a 1 percent aqueous solution of compound (VIII) 

2-mercapto-3-ethyl-benzimidazole-6 
sulfonate) with 4 g'of gelatin and a solution of 0.2 g of 
the cationic polymer (j) in 100 ml. of water, and the 
mixed solution was coated on baryta paper. (In all 
cases, the amount of the coating solution coated on 
baryta paper was adjusted to 130 i 10 g/m2.) 

After drying, the resulting photographic paper was 
subjected to stepwise exposure through an optical 
wedge, developed for 5 minutes at 20° C. with a devel 
oper solution of the following formulation, and then 
subjected by customary methods to stopping ?xation, 
bleaching fixation, hardening, rinsing and drying. The 
color density (re?ection density) of the resulting ma 
genta image was measured, and the results are shown 
in FIGURE. 
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Formulation of the developer solution 

Anhydrous sodium sul?te 
N-ethyl-N—hydroxyethyl-paraamino 
aniline (sulfate) 
Sodium carbonate monohydrate 
Sodium hexametaphosphate 
Potassium bromide 
Sulfuric acid hydroxylamine 
Water to make 

The characteristic curve (a) in FIGURE is the char 
acteristic curve of the blank photographic paper not 
containing a development inhibitor. It has sensitivity 
and density, but is not feasible because of great fog for 

10 

mation. Curve (b) shows the photographic paper ob- l5 
tained by using the emulsion (b) to which a strong 
mercapto-containing inhibitor was added. It shows 
marked desensitization and soft gradation. Since devel 
opment is retarded, the maximum density is low with 
the same development time. This is the outcome of im 
pairing the adsorption of the sensitizing dye and inhibit 
ing the development of the portion having inherent sen 
sitivity. Curvetc) shows that as a result of adding a 
complex formed between the anionic development in 
hibitor [compound (VIII)] and the cationic polymer 
[compound (j)] to the emulsion, the above-mentioned 
impairment of the adsorption of the sensitizing dye and 
desensitization hardly take place, and fog formation is 
sufficiently inhibited on a practical basis. 

It is usual that strong development inhibitors contain 
ing a mercapto group such as exemplified above im 
pede the adsorption of sensitizing dyes. But they can be 
used on a practical basis if the desensitizing tendency 
of the inhibitor is minimized by carefully selecting the ' 
combination of the dye and the inhibitor and the 
amount of the inhibitor. In this case also, both of them 
competitively adsorb to the emulsion, and the adsorp 
tion equilibrium is changed by the in?uence of temper 
ature. Since it is difficult to adjust this influence to the 
same extent in the same direction with respect to cyan, 
magenta and yellow emulsions, printing of a long strip 
of color photographic paper in roll form on a large 
sized automatic printer in the wintertime, for example, 
often results in disorder of color balance of the printed 
photographic paper between early morning and after 
noon. When printing is begun in the winter time before 
the room has been sufficiently warmed, both the paper 
and the machine are not warmed rapidly, and the tem 
perature of the photographic paper is about 10° C. at 
the beginning. But by and by, the paper is warmed, and 
by the time a large quantity of the paper is printed, the 
temperature of the paper reaches more than 25° C. in 
conjunction with the heating action of the lamp. This 
phenomenon is considered to be due to the competitive 
adsorption of the color sensitizing dye and the develop 
ment inhibitor (or stabilizer), and can be inhibited al 
most completely by adding the development inhibitor 
in accordance with the present invention. 

EXAMPLE 2 

This Example will illustrate the addition of the com 
plex to an interlayer and an over layer. 
On the surface of RC paper (obtained by coating on 

the surface of a photographic paper a white polyethyl 
ene layer containing titanium oxide and a fluorescent 
brightening agent and on the back surface a transpar 
ent colorless polyethylene layer by heat processing), a 
high speed silver chlorobromide emulsion containing 
50 mol percent of silver bromide to which were added 
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a blue-sensitizing dye (sensitized to light of wave 
lengths not more than 500 mu) and a diffusion 
resistant yellow-forming coupler was coated as the low 
ermost emulsion layer. On top of the resulting layer, a 
solution consisting of a 4 percent aqueous solution of 
gelatin, 0.2 percent of the cationic polymer (b) (poly 
4-vinyl pyridinium methyl paratoluenesulfonic acid 
salt), and 0.01 percent of the compound (IX) as a de 
velopment inhibitor was coated as an interlayer in a su 
perposed relation by an extrusion coater. Then, a coat 
ing solution consisting of a silver chlorobromide con 
taining 90 mol percent of silver chloride, a green sensi 
tizing dye having a sensitization maximum at 560 mu 
and a diffusion-resistant magenta coupler and a coating 
solution of the same composition as the previous inter 
layer were coated simultaneously by an extrusion 
coater, the latter being as an interlayer. Furthermore, 
on top of the resulting interlayer, a coating solution 
consisting of a silver chlorobromide emulsion contain 

0 ing 90 mol percent of silver chloride, a red-sensitizing 
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dye having a sensitization maximum at 700 my. and a 
diffusion-resistant cyan coupler, and a coating solution 
of the same composition as the above interlayer but 
containing a twofold amount of the development inhib 
itor were coated simultaneously by an extrusion coater, 
the latter being as an over layer. Then, the coatings 
were dried to form a color paper suitable for making a 
color print from a color negative. The amount of coat 
ing of each emulsion layer was adjusted to 80 ml/mz, 
and the amount of coating of the interlayer and the 
over layer was adjusted to 40 ml/m2. 
Each emulsion was sensitized with sulfur by a known 

method, and at the same time, 5,6-tetramethylene-7 
hydroxy-2,3,4,7a-tetrazaindene was added in an 
amount of 1.5 g per kilogram of silver nitrate as a ripen 
ing inhibitor and stabilizer. When the photographic 
paper obtained in this Example was placed in a devel 
oper solution, the development inhibitor contained in 
the interlayer or over ‘layer diffused upwardly and 
downwardly. As a result, the lowermost blue-sensitive 
yellow-forming layer was affected least by the inhibitor, 
and the uppermost red-sensitive cyan-forming layer 
was affected most. Thus, the speed of development and 
the density of color formed were well balanced among 
the three layers. According to this method, the emul 
sion layer contained no development inhibitor during 
the storage of raw photographic paper, and therefore, 
the azaindolidine added at the time of ripening the 
emulsion exhibited effects as a stabilizer. 

EXAMPLE 3 

To 1 Kg of a high speed silver iodobromide emulsion 
for negatives 20 ml. of a 1 percent aqueous solution of 
6-methyl-7-hydroxy-2,3,4,7a-tetrazaindene was added, 
and the emulsion was ripened until fog formation was 
minimized. The emulsion was admixed with each of a 
red-sensitizing dye and a cyan-forming diffusionresist 
ant coupler, a green-sensitizing dye and a magenta 
forrning diffusion-resistant coupler, and a blue 
sensitizing dye and a yellow-forming diffusion-resistant 
coupler, respectively to form three kinds of emulsion. 

Separately, 2 g of the compound (d) mentioned 
above was added as a cationic polymer to 1 liter of a 
5 percent aqueous solution of gelatin, and the mixture 

_ was well mixed with 0.5 g of the compound (I) men 
tioned above as an anionic development inhibitor. 

I thereby to prepare a coating solution for an interlayer, 
substratum layer and over layer. 
A solution obtained by mixing the above coating so 



lution for the substratum layer with black colloidal sil 
ver (the amount of the colloid silver was adjusted so 
.that the optical density of the material after coating and 
drying was at least 0.6) was coated on a triacetate base, 
and then on top of it, a red-sensitizing cyan-forming 
emulsion layer, an interlayer, a green-sensitizing 
magenta-forming emulsion layer, an interlayer (by ad 
dition of yellow colloidal silver to the above prepared 
solution, this layer concurrently acted as a yellow ?lter 
layer), a blue-sensitizing yellow-forming emulsion layer 
and an over layer were coated in this order from bot- ‘ 
tom to top and then dried. The amount of the emulsion 
to be coated was adjusted to 120 g/m2, and the amount 
of the interlayer or over layer was adjusted to about 60 
g/m2. 
The resulting photographic material was for direct 

photographing. It was developed for 15 minutes at 20° 
C. using a black-and-white (?rst) ‘developer solution of 
the following formulation, processed for 5 minutes in 
a hardening stopping bath of the following formulation, 
and rinsed. In the meantime, it was exposed for the sec 
ond time from both surfaces of the ?lm, and subjected 
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to reversal development using a color forming (second) ' 
developer solution of the following formulation, fol 
lowed by rinsing, bleaching and ?xation to form a 
transparent color positive image. The development in 
hibitor added to the interlayer, over layer and substra 
tum layer acted effectively in the ?rst development, 
and the sensitivity and gradation of the three layers 
could be easily balanced. This has nothing to do with 
the color fog of the ?nal image. In the second (color 
forming) development, the silver halide grains remain 
ing undeveloped in the ?rst development were com 
pletely developed to convert them to a color image. 
There isno particular need for using a development in 
hibitor or for controlling the balance of gradation. The 
color fog of the ?nal color positive image occurs only 
when silver halide grains present in the highlight part 
in the ?rst development still remain undeveloped. An 
organic development inhibitor is not particularly re 
quired, but an inorganic inhibitor such as potassium 
bromide or hydroxylamine is generally needed and 

Formulation of the black-and-white (?rst) 
developer solution 

Sodium hexametaphosphate 
Sodium sul?te anhydride 
l-Phenyl‘Il-pyrazolidone 
Hydroquinone 
Sodium carbonate monohydrate 
Potassium bromide 
Sodium thiocyanate 
Potassium iodide (0.1% solution) 
Water to make 

Formulation of the hardening stopping bath 

Sodium'acetate (crystals) 
Potash alum 
Potassium metabisul?te 
Sodium hydrogensulfate 
Formulation of the color forming (second) 

developer solution 

wwur 53920.0 0000 immune: 
Sodium sul?te (anhydride) 
Sodium carbonate monohydrate 7 
Sulfuric acid hydroxylamine 
Potassium bromide 
N-ethyI-N-hydroxycthyl-paraamino 
aniline sulfate 
Water to make 
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The colloidal silver in the antihalation layer or yellow 
filter layer was removed by a bleaching bath and be 
came colorless, same as in the preparation of general 
commercially available photographic materials. 

While the invention has been described in detail and 
with reference to speci?c embodiments thereof, it will 
be apparent to one skilled in the art that various 
changes and modi?cations can be made therein with 
out departing “from the spirit and scope thereof. 

What is claimed is: 
1. A multilayer silver halide photographic material 

for use in color photography comprising silver halide 
photographic emulsion layers and auxiliary layers con 
taining no silver halide emulsion, both layers being 
coated in a superposed relationship; wherein either the 
emulsion layers or the auxiliary layers contain an an 
ionic development inhibitor in the form of a complex 
mwithasatignis 2912mm 

_ 2. The photographic material of claim 1 wherein said 
anionic development inhibitor is selected from the 
group consisting of sodium benzotriazole-S-sulfonate, 
sodium benzimidazole-S-sulfonate, sodium 2-methyl 
benzimidazole-S-sul?nate, thiazolidine-4-carboxylic 
acid, 2-phenyl-thiazolidine-4-carboxylic acid, l,5-di(o 
sulfophenyl)-s-tria2olidine-( l,2-a)-s-triazolidine-3,7 
dithione, sodium salt of 2-mercapto-6 
sulfobenzimidazole, sodium 2-mercapto-3-ethyl 
benzimidazole-6-sulfonate, sodium salt of 2-mercapto 
S-sulfobenzothiazole, Z-mercapto-benzoxazole-5 
carboxylic acid, sodium 2-mercapto-5-chloro 
benzoxazole-7-sulfonate, sodium Z-mercapto-l’, 
8'-naphthoxazole-6'-sulfonate, l-(m-sulfophenyl)-5 
mercapto-tetrazole and 2-mercapto-4-(p 
garberrahsnrl):li3A-thiodiawleirthigaea, ,, 

3. The photographic material of claim 1 wherein said 
cationic polymer is a synthetic vinyl polymer or a modi 
,.?sd...natura1_r29lrm§r» 

4. The photographic material of claim 3 wherein said 
cationic polymer is selected from the group consisting 
of p0ly-2-vinyl pyridine, poly-4~vinyl pyridinium 
methyl paratoluene-sulfonic acid salt, polyvinyl benzyl 
trimethyl ammonium chloride, polyvinyl-benzyl 
triethyl ammonium chloride, polyvinyl benzyl 
morpholium methyl chloride, polyvinyl benzyl 
cyclohexyl ammonium chloride, polyvinyl benzyl 
picolinium chloride,poly-4-vinyl benzyl-triethanol am 
monium chloride, methyl chloride salt of a me 

'thylamino-diethanol monoester of polymethacrylic 
acid, benzyl chloride salt of a dimethylaminoethanol 
ester of polymethacrylic acid, N,N-dimethyl-3,5 
methylene-piperidinium chloride resin, partially 
aminoguanido-modi?ed product (acetate) of polyvinyl 
methyl ketone, partially aminoguanido-modi?ed prod 
uct (acetate) of a partial 2-keto butyraldehyde acetal 
of polyvinyl alcohol and partially aminoguanido 
rnodi?ed dialdehyde starch. 


