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[57] ABSTRACT 
Antistatic agents for use in light-sensitive silver halide 
photographic material comprise bis-aminimide com 
pounds having the formula: 

wherein R,, R3, R5 and R7 are individually a lower 
alkyl group; R2 and R6 are individually an alkyl, arakyl 
or aryl group or a hetero ring; and R4 is a divalent 
group. 

5 Claims, N0 Drawings 
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PHOTOGRAPH-TIC MATERIAL COMPRISING 
BIS-ACYLHYDRAZINIUM COMPQUNDS 

This invention relates to new bis-aminimide com 
pounds. More particularly, this invention relates to a 
light-sensitive silver halide photographic material 
which comprises a bis-aminimide compound of the 
general formula shown later. 
A principal object of the present invention is to pro 

vide a light-sensitive silver halide photographic mate- > 
rial less subject to problems caused by static. 
“Another object ofhthe invention is ‘is provide alight; 
sensitive radiographic material having improved color 
tone and a light-sensitive color photographic material 
having excellent resolution and graininess. 
Whendeveloped}'lightlsensitivesilver'halide photo; 

graphic material frequency forms branch-like or fluffy 
linear spots on the surface. These linear spots are so 
called static marks, and it is considered that the forma— 
tion of such marks is ascribable to the fact that the sur 
face of the light-sensitive material is statically charged 
due to friction and this static charge is discharged to ex 

6 . .je i 
' RzCONIII-Rr- NCO-Ru 

Ra 

(I) 

cite thelight-sensitive ‘material; ljr'obl'g?skferwivedfrom 
such static charge are not limited merely to the fonna 
tion of static marks but bring about the adhesion of 
dust onto the surface of the light-sensitive material. 
Such static troubles are necessarily‘brought about at 
substantially all stages where light-sensitive materials 
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undergo friction, e.g,, at stages where photographic 7 
emulsions are coated on supports, and the resulting 
sheet films are cut and packed in boxes, or the sheet 
?lms are taken out of the boxes and subjected to photo 
graphing, and particularly cine?lms which subjected to 
photographing or handled before. development. The 
static troubles are brought about also at the time when 
light-sensitive materials are released. That is, a light 
sensitive material, which has been coated with a photo~ 
graphic emulsion and dried, is rolled up, in general, and 
when this rolled film is successively released in order to 
subject the ?lm to the subsequent step or to printing, 
a static charge is generated between the surface and the 
back of the ?lm at the moment when the ?lm is re 
leased from the roll. Further, when a light-sensitive 
photographic printing paper is subjected to ferrotype 
drying, a static charge is generated between the surface 
of the paper and the metal surface at the time when the 
?lm is taken up, to cause the phenomenon that the 
paper cannot be superposed immediately on another 
one. 

For the prevention of such static problems, a mois~ 
ture-absorptive material is frequently incorporated into 
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2 
a layer of the light-sensitive material. This procedure. 
however, is effective only when the humidity is rela 
tively high and is ineffective dry periods when static 
problems are brought about frequently. Further, when 
the humidity is excessively high, the light-sensitive ma 
terial incorporated with the moisture-absorptive mate 
rial becomes sticky on the ?lm surface. In addition to 
such moisture-absorptive material, a considerable 
number of compounds have been known as antistatic 
agents. For application to light-sensitive photographic 
materials, however, they are required to satisfy such 
conditions as not to have any detrimental effect on the 
photographic properties of the light-sensitive material 
such as sensitivity, gradation, fog, storability, etc. Ac 
cordingly, it is extremely difficult to ?nd excellent anti 
static agents applicable to light-sensitive silver halide 
‘photographic materials. 
We made extensive studies on antistatic agents hav 

ing no detrimental effect on light-sensitive silver halide 
photographic materials to ?nd that compounds of the 
general Formula I, II or III shown below are excellent 
antistatic agents. 

wherein RQRQIRs and-4R7 are individually a lower alkyl 
group; R2 and R6 are individually an alkyl, aralkyl or 
aryl group or a hetero ring; and R4 is a divalent group. 
"fwhé?ih'iof the above-mentioned compounds is in 
corporated into at least one of the silver’ halide emul 
sion layer, sub layer, inter layer, ?lter layer, antihala 
tion layer, protective layer and“ backing layer, which 
are constitutive elements of a light-sensitive silver hal 
ide photographic material, it is possible to obtain a 
light-sensitive silver halide photographic material 
which is extremely less subject to static problems. The 
incorporation of said compound not only does not have 
any detrimental effect on the sensitivity, gradation, fog 
and the like properties of the light-sensitive material 
.but also displays, depending on the kind of light sensi 
tive material, such favorable effects as to inhibit the fog 
and enhance the storability of the light-sensitive mate 
rial. Further, when the compound is applied to a light 
sensitive radiographic material, there'is attained the ef 
feet, in addition to the prevention of antistatic troubles, 
that the color tone of the developed silver image can be 
made bluish black, and when the compound is applied 
to an internal color photographic emulsion, the dispers 
ibility of the coupler is enhanced to make it possible to 
obtain a light-sensitive color photographic material 
having excellent in resolution and graininess. 
Typical examples of certain bis-aminimide com 

pounds having the aforesaid general formulas are as 
follows: 
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Table —Continued 
Compound R1 R2 R3 R4 Ra Ra R7 

2 _________________________ ._ H — .......... __ 

3 _ CH3 (I) CH3 CH2CH2- CH3 0 CH3 
CrzHtsOCHzCHCHz O 

33 _________________________ ._ CH: CH CH: —CH2CH2—~ __________ __ CH: CH; 

1 —CH2— CHJCHCH: 

Elementary analysis 
Calculated Found Compound 

H N X C H N X 

29 70.28 10.69 10.25 70.50 10.80 10.15 
30 73.55 10.47 7.46 73.40 10.48 7.66 
31 66.31 7.59 14.06 66.10 7.75 14.21 
32 63.50 9.87 10.97 63.60 10.05 11.21 
33 61.69 11.63 15.99 61.31 9.05 16.01 

The bis-aminimide compounds of the aforesaid gen 
eral formulas can be synthesized according to the 
methods disclosed in W. H. Berry & P. Brocklehurst: 
“.1. Chem. Soc." 2264 (1964); R. L. Hinman & M. C. 
Flores: “.1. Org. Chem,” 24 660 (1959); and R. C. Sla 
gel: “J. Org. Chem,” 33 1374(1968). 
Typical procedures for synthesizing the above 

mentioned compounds are set forth below with refer 
ence to synthesis examples. 

20 

25 

SYNTHESIS EXAMPLE 1 
. . 30 Synthesis of the exempli?ed Compound 2: _ 

2(CH;)1NNHC 0 01.11" + 1(CH.) 4I ——» 

(I311: 
onauooNngicmcm -219 35 

CH; 2 

(1) 

‘a 
cumlcogmvcmcm -219 + zmon __. 40 

CH; 2 

CH: 

9619 
CnHuCONIIlCI-HCH: + 2N8I + ZHzO 45 

CH; 2 

(2) 

7.75 Grams of 1,4-iodobutane and 17.9 g. of W 
dimethyl-N'-hexadecanoyl-hydrazine were dissolved in 
20 ml. of dioxane, and the resulting solution was re 
acted at 73°C. for 48 hours. After completion of the re 
action, the liquid reaction mixture was concentrated, 
and the concentrate was dissolved in 20 ml. of metha 
nol. To the resulting solution was added 300 ml. of 
ether to deposit white crystals, which were then recov~ 
ered by ?ltration and repeatedly recrystallized from a 
methanol-ether mixture to obtain crystals of bishy 
drazinium iodide (1), mp. l09°—l 10°C., yield 90.2%. 
Elementary analysis: 

Found (%) C: 52.86 H: 9.25 N: 6.361: 28.05 

C: 52.97 H: 9.34 N: 6.18 l: 27.98 
(for cwHiuNeozl-zl 

Calculated (%) 

10 Grams of the thus obtained bishydrazinium iodide 
was added to a solution of 0.5 g. of sodium hydroxide 
in a mixed solvent comprising 50 ml. of water and 20 
ml. of methanol. After being allowed to stand for about 
30 minutes, the resultingrmixture was concentrated, 

O 
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freed from the methanol and then extracted 3 times 
with 80 ml. of chloroform. The chloroform layer was 
washed 3 times with 30 ml. of a saturated aqueous so 
dium chloride solution, dehydrated with anhydrous so 
dium sulfate and then concentrated to form crystals. 
Subsequently, the crystals were recrystallized from pe 
troleum benzine to obtain the bis-aminimide Com 
pound 2, yield 97.8%, m.p. 43°—44°C. 
Elementary analysis: 

Found (%) c; 74.00 H: 12.56 N: 8.62 

Calculated (%) C: 73.78 H: 12.70 N: 8.61 

SYNTHESIS EXAMPLE 2 
Synthesis of the exempli?ed ‘compound (18): 

O 

(caQ-ocm o?ba’zucanman 
+ 01130 C O(CH1)4COOCH; ——> 

on 
$9 

CaHnQ-JNZHA‘JHCHHIINC ocmcm + 2011.011 
CH: 2 

(18) 

31.5 eaagsf'psaylgiaaggzayl ether, 7.20 g. of 
N ,N-dimethylhydrazine and 8.81 g. of dimethyl adipate 
were dissolved in 40 ml. of isopropyl alcohol, and the 
resulting solution was reacted at room temperature for 
6 days. After completion of the reaction, the liquid re 
action mixture was concentrated, and the concentrate 
was dissolved in 1 liter of water. The resulting solution 
was washed four times with 100 ml. of ether, and the 
water layer was concentrated to obtain the bis 
aminimide Compound 18 in the form of an oil, yield 
89.5%. 
Elementary analysis: 

Found (%) 

Calculated (%) 

C: 70.56'Hi946 Ni 7.31 ’' 

CZ 70.91 1119.57 N17.19 
(for C4IH14N4OA) 

For incorporation of any of the compounds having 
the aforesaid general formulas into the silver halide 
emulsion layer, sub layer, inter layer, ?lter layer, anti 
halation layer, protective layer or backing layer of a 
light-sensitive silver halide photographic material, the 
compound in the form of a solution in a suitable solvent 
such as water or an alcohol maybe incorporated into 
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said layer or applied by spraying onto the surface of the 
light-sensitive material, or the light-sensitive material 
may be immersed in said solution. Further, the com 
pound of the present invention may be incorporated 
into a developing solution,-stopping solution, ?xing so 
lution, water mark-preventing solution or the like treat 
ing bath. in incorporating the compound into any of the 
layers constituting a light-sensitive material, the 
amount of the compound is about 0.1 mg. to l g. per 

10 
tion. The thus prepared samples including an untreated 
roentgen ?lm were allowed to stand for 24 hours under 
conditions of RH 30% and 25°C., rubbed on the sur 
faces with nylon and polyester cloths, and then devel 
oped, without exposure, according to an ordinary pro 
cedure by use of a radiographic developing solution. 
Subsequently, the developed samples were individually 
subjected to scanning by use of Sakura Densitometer (a 
product of Konishiroku Photo Industry Co., Ltd.) to 

m2 of the light-sensitive material, though the amount 10 measure the average values of blackened density. The 
varies depending on the nature of the compound and 
of the layer in which the compound is to be incorpo 
rated, 
The compounds of the present invention are usable 

‘samples were further measured in amountof developed 
silver according to X~ray analysis and, at the same time, 
in speci?c surface resistivity. The results obtained were 
as set forth in Table 1. 

Table 1 

Spray coating Din coating 
Sample Antistatic Average Amount of Speci?c Average Amount of Speci?c 
No. ' agent density developed surface density developed surface 

measured silver resis- measured silver resis 
by densi- (mg/l00cm2) tivity by densi- (mg/100 cm") tivity 
tometer (Q) _ tometer (Q) 

1 Non-treatment . 1.82 65.2 l0M 1.72 59.1 l0H 

Ethanol solution ' 

2 containing no 1.73 59.9 10“ 1.65 48.9 1OH 
antistatic agent , , 

3 Exempli?ed 0.08 2.6 10‘2 0.04 1.3 10'2 
compound 2 

4 Exempli?ed 0.07 2.1 1012 ‘ 0.05 1.8 l0‘Z 
compound 5 _ . 

5 Exempli?ed 0.05 1.6 [0H 0 03 1.2 10“ 
compound 10 

6 Exempli?ed 0.04 1.2 l0"v 0.03 1.1 l0ll 
compound 17 

7 Exempli?ed 0.07 2.4 10‘2 0.05 2.0 10‘2 
compound 19 

8 Exempli?cd 0.05 1.8 . 10'2 0.03 1.4 10.2 
compound 23 

9 Exempli?ed 0.04 1.4 l0‘I 0.03 1.0 l0ll 
compound 30 

as well for static charge- prevention of cellulose ester, 
polyester, polystyrene, polycarbonate, polyethylene, 
polypropylene and the like synthetic resin ?lms, mold 
ings and ?bers. ‘ 
The following examples illustrate the invention. 

EXAMPLE 1 

Each of the exempli?ed compounds 2, S, l0, l7, 19, 
23 and 30 was dissolved in ethyl alcohol to form a 1 
percent solution. This solution was spray-coated on the 
surface of a high speed roentgen ?lm and then dried to 
prepare a sample. On the other hand, the said high 
speed roengten ?lm was dipped in the above- 6 
mentioned solution for 1 minute and then dried to pre 
pare another sample. For comparison, two control sam 
ples were prepared in the same manner as above, ex 
cept that the above-mentioned treatment was not ef 

As is clear from Table l, the sample treated with the 
solution containing no exempli?ed compound and the 

50 untreated sample were high in average density value 
and large in amount of developed silver, and showed a 
considerable increase in fog density due to formation 
of static marks, whereas no formation of static marks 
was observed in the samples according to the present 

55 invention (Samples 3 to 9). 
On the other hand, these samples were exposed to 

light, developed at 20°C. for 4 minutes and 30 seconds 
with a strongly alkaline roentgen ?lm developer con 
taining l-phenyl-3-pyrazolidone hydroquinone (PO), 
and then measured in speed and fog. Further, the sam 
ples were subjected to sensitometry after incubation for 
3 days in a thermostat chamber kept at 55°C. and under 
‘conditions of 50°C. and RH 80%. The results obtained 

fected or was effected by use of only an ethanol solu- 65 were as set forth in Table 2. 
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Table 2 

Spray coating Din coating 

R After inctubation After glCUbBllO? Sample Relative Relative F0 Relative elative Fo at 5_5>°_C._gr a 50"‘ a dWRH 
' No. ' E5533" gamma 8 speed gamma g 3 days 85% for 3 Hays 

Relative Fog Relative Fog 
speed speed 

l 100 1.0 0.13 100 1.0 0.15 100 0.24 100 0.19 
2 101 1.1 0.13 109 1.1 0.14 102 0.30 88 0.18 
3 103 1.0 0.13 111 1.0 0.13 108 ' 0.23 100 0.18 
4 108 1.1 0.12 105 1.0 0.14 103 0.26 101 0.19 
5 100 1.1 0.12 105 1.1 0.14 102 0.23 99 0.16 
6 100 1.0 0.13 102 0.99 0.13 100 0.22 98 0.16 
7 103 1.0 0.13 101 1.0 0.14 100 0.25 103 0.15 
8 100 1.0 0.11 100 0.98 0.12 99 0.26 99 0.17 
9 100 1.0 0.12 103 1.0 0.14 100 0.23 100 0.16 

From Table 2, it is understood that even when incu 
bated not only at normal temperature but also at high 
temperature and humidity, the samples according to 
the present invention (Samples 3 to 9) were not deteri 
orated at all in speed, gradation and fog. In addition, 
the color tone of the developed silver changed to bluish 
black to give favorable results. 

EXAMPLE 2 

Each of the exempli?ed compounds 3, 6, 9, 15, 20, 
25, 29 and 33 was dissolved in a 4 percent solution of 
sodium decyl-isoamyl succinate-Z-sulfonate so that the 
concentration of the compound became 2 percent, and 
20 cc. of the resulting solution was added to 1 liter of 
a 2 percent gelatin solution to be used as a protective 
layer. Subsequently, the solution was coated as a pro 
tective layer on a high sensitivity roentgen ?lm. Sam 
ples prepared in the above manner and a sample having 
a protective layer containing no exempli?ed compound 
were subjected to the same tests as in Example 1 to ob 
tain the results as set forth in Table 3. 

Table 3 

20 

25 

30 

35 

As is clear from Table 3, it is understood that the 
samples according to the present invention (Samples 
11 to 18) could be prevented from the formation of 
static marks without being deteriorated in photo 
graphic properties. 

EXAMPLE 3 

To 1 liter of a green-sensitive high sensitivity color 
photographic silver iodobromide emulsion was added 
10 cc. of a 5 percent methanol solution of each of the 
exempli?ed compounds 2, 4, 8, l5, l8 and 31. To the 
emulsion was further added a solution of 20 g, of an in 
ternal color photographic magenta coupler 1-(4’ 
phenoxy-3’-sulfophenyl)-3-heptadecyl-5-pyrazolone in 
a lN-caustic soda solution which had been adjusted to 
pH 6.8 by addition of citric acid. Subsequently, the 
emulsion was coated on a cellulose triacetate ?lm base 
and then dried. Samples prepared in the above manner 
and a sample, which had not been incorporated with 
any exempli?ed compound, were subjected to the same 

Antistatic property Photographic properties 
After incubation After incubation 

WW _ 4 Average Amount of lmmediajelywafter ‘at 55°C. for at‘50°C. and Sample Antistatic density developed preparation 3 days "N 80% for 3 days 

No. agent measured silver ' 
by densi- (mg/100 cm’) Relative Relative Fog Relative Fog Relative Fog 
tometer speed gamma speed speed 

Protective 
layer con 

10 laining no 1.58 39.2 100 1.00 0.12 100 0.23 100 0.15 
antistatic 
agent 

11 Exempli?ed 0.13 4.0 104 1.05 0.11 101 0.24 100 0.17 
compound 3 

12 Exempli?cd 0.11 3.3 101 1.02 0.10 100 0.20 100 0.16 
compound 6 

13 Excmpli?cd 0.12 3.9 102 1.00 ‘ 0.10 105 0.23 103 0.16 
compound 9 ‘ 

14 Excmpli?ed 0.14 4.2 100 1.00 0.11 102 0.22 100 0.15 
compound 15 

15 Exempli?ed 0.11 3.2 99 1.01 0.09 108 0.18 110 0.12 
compound 20 

16 Exempli?ed 0.11 3.3 98 1.02 ' 0.10 107 0.17 115 0.12 
compound 25 

17 Exempli?ed 0.13’ 4.1 101 — 1.00 0.12 100 0.21 100 0.16 
compound 29 

18 Exempli?ed 0.12 4.0 105 1.00 0.11 101 0.20 105 0.15 
compound 33 
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tests as in Example 1. The results obtained were as set 
forth in Table 4. Provided that in this example, the av 
erage density value was measured by using a green ?l 
ter as a light source of the densitometer, and the devel 
opment was effected according to an ordinary proce 
dure usingdiethyl p-phenylenediamine as the develop 
mg agent. 
From Table 4, it is understood that by addition of the 

exempli?ed compounds to the emulsion, the samples 

14 
the opposite side of the film base was coated a high 
speed photographic emulsion for negative and a pro 
tective layer was formed on the resulting emulsion 
layer by application of a gelatin solution incorporated 

5 with 300 mg. per liter of said solution of the above 
mentioned exempli?ed compound. Samples prepared 
in the above manner were subjected to the same tests 
as in Example 1 to obtain the results set forth in Table 
5. 

Table 5 

Antistatic property Photographic properties 
Sample Antistatic Average Amount of immediately after After incubation 
No. agent density developed preparation at 0°C. for 

measured silver 3 ays 
by densi- (mg/100 cm’) Relative Relative Fog Relative Fog 
tometer speed gamma speed 

26 None 1.10 33.6 100 1.00 0.12 100 0.30 

27 Exempli?ed 0.12 i 3.8 100 1.00 0.11 102 0.28 
compound 2 

28 ‘ Exyempli?ed 0.10 3.2 100 1.02 0.12 105 0.30 
compound 3 

29 Exempli?ed 0.08 2.8 98 1.00 0.14 100 0.28 
compound 10 v 

30 Exempli?ed 0.12 3.3 97 1.01 0.11 101 0.28 
compound 18 

Table 4 

Antistatic property Photographic properties 
4‘ Average Speci?c Immediately after After incubation 

Sample Antistatic density surface Preparation at_50°C. for 
No. agent measured resis- 3 days 

by densi- tivity Relative Relative Fog Relative Fog 
tometer (.0) speed gamma speed 

19 None 0.67 10'2 100 1.00 0.12 100 0.22 

20 Exempli?ed 0.20 10ll 101 101 0.13 100 0.22 
compound 2 

21 Excmpli?ed 0.23 10'“ 100 1.00 0.15 100 0.20 
compound 4 ~ 

22 Exempli?ed 0.21 1010 103 1.00 0.13 105 0.21 
compound 8 ' i 

23 Exempli?ed 0.22 10" 100 1.01 0.15 100 0.23 
compound 15 

24 Exempli?ed 0.20 10" 99 1.08 0.12 100 0.20 
compound 18 

25 Exempli?ed 0.21 10II 100 1.00 0.12 99 0.21 
compound 31 

according to the present invention were inhibited from 
formation of static marks and improved in dispersibility 
of formed dyes without any detrimental effect on pho 
tographic properties. ~ 

EXAMPLE 4 
To a 5 percent aqueous gelatin solution containing an 

antihalation dye was added 2 cc. of a 2_ percent aqueous 
solution of each of the exempli?ed compounds 2, 3, 10 
and 18. The resulting solution was charged with 3 cc. 

50 7 As is clear from Table 5, the samples according to the 
present invention (Samples 27 to 30) were inhibited 
from formation of static marks and were not deterio 
rated in photographic properties. 
What we claim is: 

l. A method for the prevention of static in a light 
sensitive silver halide photographic material compris 
ing a support and at least one photographic layer 
coated on said support, said method comprising treat 

of a 5 percent saponin solution and then coated on a- 60 ing said photographic material with a bis-aminimide 
cellulose triacetate film base, followed by drying. On 

R1 

R: 

(1') 

R: 

7 

compound of the formula: 

1 R1 Rs 

@ e 6 G9 $Il6 9 9 
Br- NCORiCONIII-Ro R:- I NCORr-IIINCO-Jlo 

R3 R1 Ra B1 

(II) (III) 
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wherein R1, R3, R5 and R1 are individually a lower alkyl 4. A method as claimed in claim 1, wherein the light 
group; R2 and Re are individually an alkyl, aralkyl or sensitive silver halide photographic material is sprayed 
aryl group or a hetero ring; and R4 is a divalent group. with a solution of the bis-aminimide compound. 

2. A method as claimed in claim 1, wherein the bis- 5. A light-sensitive silver halide photographic mate 
aminimide compound is incorporated into at least one 5 rial which comprises a support and coated thereon pho 
of the photographic layers constituting said light- tographic layers at least one of which contains a bis 
sensitive silver halide photographic material. aminimide compound of the general formula 

‘ " 'R'iM'i‘w" "if ‘ 'Ri " Ri MR? " ' 

6% G3 9 6A9 e 89 9'9 69 9 
RiC0NN~Ri-NNco-Ri Ri- NCOR¢CONN—R° Rz-NNCOIh-NNCO-Rr 

Bil! 1 I113 1'11 Bill $1 
(I) (II) (III) 

3. A method as claimed in claim 1; wherein the light- wherein R1, R3, R5 and R, are individually a lower alkyl 
sensitive silver halide photographic material is treated group; R2 and R6 are individually an alkyl, aralkyl or 
with a photographic treating bath containing the bis- aryl group or a hetero ring; and R4 is a divalent group. 
aminimide compound and being one member selected 20 - 
from the group consisting of a developing bath, a stop-} 
ping bath and a ?xing bath. * * * * * 
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