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ABSTRACT OF THE DISCLOSURE 
A developing process for silver halide photographic 

light-sensitive materials which comprises developing the 
photographic materials in the presence of a thiazole com 
pound represented by the following formula: 

wherein R represents an alkyl group, an aralkyl group or 
an aryl group, and R’ and R" each represents a hydrogen 
atom or an alkyl group, wherein said R' and R" may form 
a condensed ring and wherein said condensed ring may 
be substituted by an alkyl group; and an imidazole com 
pound represented by the following formula: 

by... 
wherein R1, R2, R3, and R4 each represents a hydrogen 
atom, an alkyl group, a hydroxyl group, or an alkenyl 
group. 

BACKGROUND OF THE INVENTION 

Field of the invention 

This invention relates to a process of low contrast 
development and more particularly, it relates to a process 
of low contrast development for silver halide photo 
graphic light-sensitive materials. 

‘Description of the prior art 

It is an important subject in the development of silver 
halide photographic light-sensitive materials to control 
the gamma of the silver images obtained. It is also im 
portant for some kinds of materials, especially in micro 
?lming, to obtain a ?ne grained developed image. For this 
purpose, various ?ne grain developing solutions are 
known. For instance, some are disclosed in the speci?ca 
tions of US. Pats. Nos. 2,164,280, 2,113,312; 2,311,428 
and 2,840,471 and British Pat. No. 723,286. However, 
because the images obtained by processing general photo 
graphic materials in the ?ne grain developing solutions 
taught by the above-mentioned patents often do not 
have sui?cient resolving power and granularity, such 
known ?ne grain developing solutions are insufficient for 
obtaining images having high resolving power and ex 
cellent granularity. 
As light-sensitive materials having excellent resolving 

power and granularity, micro?lms are commercially avail— 
able but since such materials are among the so-called 
“high contrast ?lms” having high gamma characteristics, 
they are unsuitable for recording tonal scenery although 
they are excellent in resolving power and granularity. 
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To obtain so-called soft-tone images having low gamma 
characteristics and high speed, without any loss of granu 
larity or resolving power on a fine grain, low speed, high 
contrast photographic ?lm by a particular way of de 
velopment, would be quite useful and would provide 
a wide range of application. Developing processes for 
satisfying such purposes have hitherto been investigated 
and one of the improvements is disclosed in the speci?ca 
tion of French Pat. No. 1,495,935. In the improvement 
shown in the French Pat., the high contrast photographic 
?lm of the above-mentioned type is softened by develop— 
ing the ?lm after pre-treating it in an aqueous solution 
of a noble metal salt. Another improvement is also dis 
closed in the speci?cation of Japanese patent publication 
No. 14,5 10/ 69, which discloses the reduction of the 
gamma of high contrast photographic ?lm by developing 
it in an ordinary low contrast developing solution and 
then ?xing the ?lm in a ?xing solution having incorpo 
rated therein an oxidizing agent. In this process, the ?xa 
tion and bleaching take place at the same time. 

However, the invention disclosed in the speci?cation of 
the above-mentioned French Patent has such faults that 
an expensive noble salt must be used and further the 
process becomes complicated because of the requirement 
of the additional bath. On the other hand, the process 
disclosed in the speci?cation of the Japanese patent publi 
cation mentioned above has such faults that the period 
of time for ?xing must be strictly controlled because of 
the addition of an oxidant to the ?xing solution, the 
life of the ?xing solution is also reduced and it is dif?~ 
cult to handle since the ?xing solution contains an oxidiz 
ing agent. 
As mentioned above, it is quite di?icult to soften high 

contrast photographic ?lms by the device of a developing 
process only. 
A developing solution containing l-phenyl-3-pyrazoli< 

done developing agent can soften high contrast photo 
graphic ?lm but it is accompanied by low sensitivity and 
is very easily exhausted by processing a small quantity of 
?lms. On the other hand, a developing solution contain 
ing N-methyl-p-aminophenol developing agent may have 
a high sensitivity but it is not effective for obtaining a 
soft-tone image. A developing solution containing a suit 
able amount of l-phenyl-3-pyrazolidone and N-methyl 
p-aminophenol may have a high sensitivity and can give 
a considerably soft-tone image but is easily exhausted. 
Moreover, a developing solution containing a suitable 
amount of 1-phenyl-3-pyrazolidone, N-methyl-p-amino 
phenol and hydroquinone developing agent may have a 
high sensitivity and is not easily exhausted but it is im 
possible to obtain good soft-tone images by using such a 
developing solution. Thus, only by changing or selecting 
a particular developing agent, it is almost impossible to 
obtain a developing solution giving a high sensitivity, hav 
ing a good resistance to exhaustion and which is capable 
of producing soft-tone images. 
An object of this invention is to provide a process of 

enlarging the exposure latitude by low contrast develop 
ment and varying widely the characteristics of a silver 
halide hard-tone light-sensitive material without lowering 
the granularity and resolving power of the light-sensitive 
material. 

SUMMARY OF THE INVENTION 

The above-mentioned object of this invention is 
achieved by development in the presence of the thiazole 
derivative represented by General Formula I, 

Formula I 
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wherein R represents an alkyl group, an aralkyl group 
such as a benzyl group or an aryl group, and R’ and 
R" each represents a hydrogen atom or an alkyl group; 
wherein said R’ and R" may form a condensed ring 
and further said condensed ring may be substituted with 
an alkyl group; 

together with the imidazole derivative represented by 
General Formula II, 

Formula II 

wherein R1, R2, R3, and R4 each represents a hydrogen 
atom, an alkyl group, a hydroxyalkyl group or an alkenyl 
group. 

In the above two formulae, the alkyl group described 
preferably contains from 1 to 5 carbon atoms. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Examples of the thiazole derivatives represented by 
General Formula I are as follows: 

Compound I-1 S 

H: >—NHO OCHzS CH: 
N 

Compound I-2 S 

H: >——NHO OCH: S 02115 
N 

Compound 1-3 

/S \ 
H —NH0 0 onis—® \N/ 

Compound 1-4 

S \ 
—NHCOCH2SCH2 

\N/ 
Compound 1-5 

/S 

/S 
—NH0 0 CHZS C2115 

\N/ 
Examples of the imidazole derivatives represented by 

General Formula II are as follows: 

Compound 1-6 

Compound 1-7 

Compound— 
II-l-Jlmidazole, 
II—2—1-methylirnidazole, 
II-3—2-methylimidazole, 
II—4—4-methylimidazole, 
Il-S-Z-ethylimidazole, 
II—6—2,4-dimethylimidazole, 
II~7—2-ethyl-4-methylimidazole, 
lI-8~2-amylimidazole, 
II-9-1-isoamyl-2-methylimidazole, 
II-lO—4,5~dimethylimidazole, 
II-l 1—2,4,S-trimethylirnidazole, 
II-i2—4-hydroxymethyl-S-methylimidazole, 
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4 
11-1 3-——4-( Z-hydroxyethyl ) -5-methylimidazole, 
II—14—-1-allyl-2-methylimidazole, 
{IL-15-1-vinyl—2-methylimidazole, etc. 

The thiazole derivatives represented by General For 
mula I give less loss of speed and more remarkable soften 
ing effects as compared with other conventional organic 
antifoggants. However, the low contrast development by 
these thiazole derivatives is still accompanied by some loss 
of speed. An improvement of low contrast development 
with an improved speed will, therefore, be advantageous 
for many ?elds of application. For increasing the speed, 
the use of a development accelerator such as an amine 
compound or a polyethylene oxide is known but the use 
of such an accelerator is not preferable since the com— 
pound tends to increase the contrast of the processed 
image. 
The inventors have previously discovered that the im 

idazole derivatives represented by the above-mentioned 
General Formula'II show excellent development acceler 
ating effects (Japanese patent application No. 5,126/ 
1969). That is to say, when the imidazole derivative 
represented‘ by General Formula II is incorporated in a 
developing solution containing 1 - phenyl-3-pyrazolidone 
and hydroquinone or N-methyl-p-aminophenol and hydro 
quinone, the speed is increased, the developing period is 
shortened, and the gamma is increased to some extent. 

However, the inventors have further discovered that by 
adding the imidazole derivative to the developing solu 
tion containing the thiazole derivative, the speed is in< 
creased and the contrast is reduced simultaneously. Thus, 
by these ?ndings of fact, high contrast, comparatively low 
speed silver halide photographic materials may be realized 
by conducting the low contrast development with a high 
speed, keeping high resolving power and good granularity. 
Furthermore, by using a silver halide negative light 
sensitive material having a comparatively high speed, a 
wide exposure range developing process becomes possible. 
As the developing solution used for the softening de 

velopment by using the above-mentioned compounds in 
this invention, there is used an aqueous solution contain 
ing at least one developing agent such as hydroqinone, 
1-phenyl-3-pyrazolidone, N-methyl-p-aminophenol, and 
the like. The aqueous solution usually contains an anti— 
oxidant such as sodium sul?te, ascorbic acid, etc; a pH 
controlling agent such as boric acid, borax, sodium hy 
droxide, sodium carbonate, trisodium ortho-phosphate, 
etc.; a salt such as sodium sulfate, etc., and a butter agent. 
For further effecting the softening eifect, potassium bro 
mide or potassium iodide may be added to the developing 
solution together with the above additives. Moreover, for 
reducing the formation of fog, an organic antifoggant 
may also be added to the developing solution. Still further, 
an aldehyde such as formalin, glutaraldehyde etc., with 
an organic solvent such as triethylene glycol, hexylene 
glycol, etc., may be used. 
The concentration of the aforesaid compounds of this 

invention depends upon the composition of the developing 
solution used, the developing temperature, and the nature 
of the light-sensitive material to be processed but gener 
ally, the thiazole derivative is used in a range of from 1 
mg. to 10 g. per liter of the developing solution and the 
irnidazole derivative is used in a range of from 10 mg. to 
100 g. per liter of the developing solution. 
The compounds of this invention are elfective not only 

in the case where they are incorporated in a developing 
solution but also in the case where they are incorporated 
in the photographic emulsion layer of a light-sensitive 
material to be processed. Thus, although the above ex 
planation describes adding the compounds to a developing 
solution, the use of such compounds is not limited to only 
this embodiment. 
The following examples are intended to further illustrate 

the present invention, without being limited in nature. 
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EXAMPLE 1 ' 

A micro?lm prepared by coating a ?ne grain silver 
chlorobromide gelatin emulsion on a support was exposed 
by means of a sensitometer and developed by one of the 
following three kinds of developing solutions A, B and C. 

DEVELOPING SOLUTION A 
G. 

N-methyl-p-aminophenol sulfate _______________ .._ 1.0 

Sodium sul?te ______________________________ __ 75 

Hydroquinone ______________________________ __ 9.0 

Sodium carbonate mono-hydrate _______________ __ 30 

Potassium bromide __________________________ __ 5.0 

Water to make 1 liter. 

DEVELOPING SOLUTION B 
‘G, 

N-methyl-p-aminophenol sulfate _______________ .._ 0.5 

Sodium sul?te ___ 10 
Nabox __ ________ __ 2.0 

Water to make 1 liter. 

DEVELOPING SOLUTION C 
G. 

l-phenyl-3-pyrazolidone ____________________ .. 4.0 

N-rnethyl-p-aminophenol sulfate ______________ .._ 1.0 

Sodium sul?te ___.. ___ 100 

Sodium carbonate mono-hydrate ______________ __ 30 
Potassium bromide _________________________ __ 5.0 

Compound I—5 ____________________________ __ 50 

Compound II-3 ____________________________ __ 2.0 
Water to make 1 liter. 

Developing solution A is an ordinary high contrast 
developing solution, developing solution B is a known 
soft-tone developing solution, and developing solution C 
is the low contrast developing solution of this invention. 
The photographic properties of the images thus ob 

tained by processing with the above three kinds of develop 
ing solutions are shown in the following table. 

Photographic 
characteristics 

Fog Gamma 

Developing solution: 
A 2.80 

1.65 
0.53 

From the above results, it will be understood that only 
developing solution C has a particularly powerful effect 
of lowering gamma. 

EXAMPLE 2 

A micro?lm prepared by coating a ?ne grain silver 
chlorobromide gelatin emulsion on a support was ex 
posed by means of a sensitometer and then developed in 
developing solution D having the composition shown 
below at 27° C. For the sake of comparison, the same 
development was conducted by using developing solution 
F having the same composition except that Compound 
II~3 was omitted or solution B having the same com 
position except that Compound I-5 and Compound II-3 
were omitted. 

DEVELOPING SOLUTION D 

N-methyl-p-aminophenol sulfate __________ __g__ 2.0 
l-phenyl-3-pyrazolidone _________________ __g__ 8.0 
Hydroquinone __________________________ __g__. 1.0 
Sodium sul?te __________________________ __g__ 100 
Potassium bromide _____________________ __g__ 5.0 
Sodium carbonate mono-hydrate __________ __g__ 50 
Triethylene glycol _____________________ __ml__ 100 
Compound I-S ________________________ __mg__. 100 
Compound II-3 ________________________ __g__. 4.0 
2,4-dimercapto-1,3,4-thiadiazole __________ __mg__ 40 
Water to make 1 liter. 
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The photographic properties of the images obtained 

by the developing processings are shown in the follow 
ing table. 

Photographic characteristics 

Gamma Fog Sensitivity 1 

Developing solution: 
1. 24 0. 50 
1.00 1.14 
0. 94 0.62 

l The value of sensitivity is shown by a logarithmic sensitivity when 
the sensitivity obatined by processing with control developing solution E 
was assumed to be 1.00. 

As is shown by the above results, a higher sensitivity 
and lower gamma were obtained using developing solu 
tion 'D containing both compound I—5 and compound 
II-3 than the case of using the developing solution con 
taining only compound I-5. 

EXAMPLE 3 

A micro?lm prepared by coating a ?ne grain silver 
chlorobromide gelatin emulsion to a support was exposed 
by means of a sensitometer and developed in develop 
ing solution G‘ having the same composition as develop 
ing solution D above except that compound I-2 (100 mg.) 
was used instead of compound I—5, or developing solu 
tion ~F having the same composition as developing solu 
tion D above except that compound I-6 (100 mg.) was 
used instead of compound I-5. 

Photographic characteristics 

Fog Sensitivity l Gamma 

Developing solution: 
G ________________________________ .- 0.12 1.23 0.54 
H ________________________________ ._ 0.11 1.24 0.49 

l The value of the sensitivity was shown by a logarithmic sensitivity 
when the sensitivity obtained by using developing solution E in example 
2 was assumed to be 1.00. 

EXAMPLE 4 

A micro?lm prepared by coating a ?ne grain silver 
chlorobromide gelatin emulsion onto a support was ex 
posed by means of a sensitometer and then developed in 
developing solution I, having the same composition as 
developing solution D except that 4.0 g. of compound 
II-l was used instead of the compound 11-3; developing 
solution I having the same composition as developing 
solution D except that 4.0 g. of compound II—2 was used 
instead of the compound II-3; developing solution K 
having the same composition as developing solution D 
except that 4.0 g. of compound II—6 was used instead 
of compound II—3; or developing solution L having the 
same composition as developing solution vD except that 
4.0 g. of compound II-7 was used instead of compound 
'II-3; all at 27° C. 
The photographic properties of the images obtained 

are shown in the following table. 

Photographic characteristics 

Gamma Fog Sensitivity 1 

Developing solution: 
1. 22 0. 51 
l. 25 0. 52 
1. 23 0. 52 
1. 23 0. 52 

v,1 The value of the sensitivity was shown by the logarithmic sensitivity 
when the sensitivity obtained by using developing solution E in example 
2 was assumed to be 1.00. 

We claim: 
1. A developing process for silver halide photographic 

light-sensitive materials which comprises developing the 
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exposed photographic materials in the presence of a thia 
zole compound represented by the following formula: 

I, 

Y8 
RI! 

wherein R represents an alkyl group, an aralkyl group or 
an aryl group, and R’ and R" each represents a hydrogen 
atom or an alkyl group, wherein said R’ and R" may form 
a condensed ring and wherein said condensed ring may be 
substituted by an alkyl group; and an imidazole compound 
represented by the following formula: 

Rs 

\/N\ F >—R: \N ' 
R; l 

R 

wherein R1, R2, R3, and R4 each represents a hydrogen 
atom, an alkyl group, a hydroxyl group, or an alkenyl 
group. 

2. The process according to claim 1 wherein said thia 
zole compound and said imidazole compound are incor 
porated in a developing solution. > 

3. The process according to claim 1 wherein said thia 
zole compound and said imidazole compound are incor 
porated in a photographic emulsion layer of a silver halide 
photographic material. 

4. The process according to claim 2 wherein the amount 
of said thiazole compound added to the developing solu 
tion is from 1 mg. to 10 g. per liter of said solution. 

5. The process according to claim 2 wherein the amount 
of said imidazole compound added to the developing solu 
tion is from 10 mg. to 100 g. per liter of the solution. 

6. The process according to claim 2 wherein said de 
veloping solution contains as the developing agent at least 
one of the developers l-phenyl-3-pyrazolidone and N 
methyl-p-amino-phenol sulfate. 

7. The process according to claim 2 wherein said de 
veloping solution contains a compound represented by the 
formula, 

and 2-methyl-imidazole. 
8. The process according to claim 1 wherein said alkyl 

group contains from 1 to 5 carbon atoms. 
9. Silver halide photographic light-sensitive materials 

produced by the process of claim 1. 
10. The process according to claim 1 wherein said thi 

azole compound is selected from the group consisting of 
Compound I-l S 

[ >—NHC OCHrSCHI 
N 
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S 

[ >—NHCOCH:SC2HB N 

Compound I-3 /S 

UMGOGWQ 
Compound I-4 / S 

O >—NHC OCHzS OH: 

11. The process according to claim 1 wherein said 
imidazole compound is selected from the group consisting 
of imidazole, l-methylimidazole, Z-methylimidazole, 4 
methylimidazole, Z-ethyli-midazole, 2,4-dimethylimidazole, 
2-ethyl-4-methylimidazo1e, 2-amylimidazole, l-isoamyl-Z 
methylimidazole, 4,5-dimethylimidaz0le, 2,4,5-trimethyl 
imidazole, 4-hydroxymethyl-S-methylimidazole, 4-(2-hy 
droxyethyl)-5-methylimidazole, 1-al1yl-2-methylimidazole, 
and 1-vinyl-2—rnethylimidazole. 

Compound I-2 

Compound I-5 

Compound I-6 

and 

Compound I-7 
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