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Example 1 

The procedure described by Cotter, Sauers and Whelan, 
Journal of Organic Chemistry, volume 26, page 10 
(1961), was followed using commercial dicyclohexyl 

N.Y. assignors to Eastman Kodak Compan Roches- 5 carbodiimide. The product obtained was in the form of 
9 _ y’ . . . 

ter, N.Y., a corporation of New Jersey colorless crystals in 52% yield which product had a melt 
l\o Drawing. Filed Mar- 14, 1963,Ser-N0-265,043 ing point of 96.5—97.5° C. Samples of this product, 

5 Claims? ((1 96-411) hexamethylene bisisomaleimide, were added to separate 
' _ ‘ _ , _ _ portions of a high speed gelatin-silver bromoiodide emul 

Thls lnvemlon relates to gelatm coatmg compqsltlons 10 sion, which had been panchromatical-ly sensitized with a 
and layers prepared-therefrom composed of gelafln and cyanine dye, in the proportions indicated in- the table. 
as a hardener therein an alkylene 'bislsomaleirmde, the AS a comparison Samples of the emulsion Without 
illkylelfl? heme 0f 4_t° _10carb0n atoms" _ hardener added and with hexamethylene bismaleimide in 

VaTlOllS blsmalefmldes have been Proposed as gelatm corresponding proportion were taken. Each of these 
hardeners as for 1113mm? 111 175- Patent 2,992,109 of 15 emulsion samples was coated out onto cellulose acetate 
C. F. H. Allen and Belgian Patent 579,914 of G‘evaert ?lm Support at a coverage Of 432 mg_ of Silver and 930 
Photo-Products. It has been noted that incorporation of mg_ of gelatin per square foot. A sample of each ?lm 
heXamethylene bisfnilleimide in_a gelatin flompositifm coating was exposed on an Eastman 1B sensitometer, 
produces only a slight increase, if at all, in the melting processed for 5 minutes in Kodak DK-SO developer, 
points of the gelatin layers obtained therefrom. 20 ?xed, washed and dried with the following results: 

Cone, Rel. Percent Ret.Y M. ., 
Compound Name g./10O Speed 7 Fog Swell1 ° F? ° F.3 

g. of gel 1 

Control ______________________________ __ . . N,N’-Hexamethylene-bis< 100 1 32 0 14 716 84 88 

mgtéimideu 23 1.37 0.12 477 82 91 
_____ __ __ . . . 2 

N,N’-Hexamethylene‘bis- 1 46 0 l 469 77 92 
isomaleimide _____________ __ 0.6 74 1.33 0.11 433 94 123 
Do _____________________ __ 1.2 54 1.30 0.10 329 None >212 

1 Vertical swell 
2 Reticulation, 
3 Melting Point, ° F. 

One object of our invention is to provide a hardener 
which produces a large increase in melting point and 
reduction of swell in gelatin layers. Another object of 
our invention is to provide compositions useful for 
photographic purposes composed of gelatin and an al 
kylene bisisomaleimide. Other objects of our invention 
will appear herein. 
We have found that compounds of the following struc 

ture when incorporated in gelatin compositions effective 
ly harden the gelatin layers therefrom as evidenced by 
their greatly increased melting points and resistance to 
swelling by water: 
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where n is an integer of 4 to 10. 
We have found that these compounds of our inven 

tion when incorporated in gelatin layers at a concentra 
tion as little as 0.5% of the gelatin will effectively harden 
the gelatin so as to increase the melting point and re 
sistance to swelling by Water of layers prepared there 
from. We have found that these hardeners have no det 
rimental eifect on the photographic properties of prod 
ucts in whose preparation they are used. 
The following examples illustrate the use of compounds 

in accordance with the invention for gelatin hardening 
comparing same with the eifectiveness of bismaleimide 
hardeners. 
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‘in? water without processing. 
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The melting points were determined by placing the 
samples in water and increasing the temperature of the 
water until the emulsion coating disintegrated, The tem 
perature at this point designated the melting point of 
the gelatin containing layer. 

Example 2 

A slurry of 51.2 grams of N,N’-tetramethylene-bis 
maleamic acid in 500 ml. of dichloromethane was stirred 
vigorously while a solution of 82.5 grams of commercial 
dicyclohexylcarbodiimide in 75 ml. of dichloromethane 
Was added dropwise over a period of 50 minutes. The 
mixture was stirred for 24 hours, then cooled and the 
solids were removed by ?ltration. The crude residue was 
extracted with hot benzene, ?ltered and evaporated to 
dryness. The residue was slurried with cold ether and 
?ltered. The crude, colorless crystalline solid was re-v 
crystallized With benzene-ether to give N,N'-tetramethyl 
enebisisomaleimide having a melting point of 146.5 to 
148.5 ° C. 

The tetramethylene bisisomaleimide prepared in Ex 
ample 2 was added to separate portions of high-speed 
silver bromoiodide emulsion which had been panchro 
matically sensitized with a cyanine dye, in the proportions 
indicated in the table. A sample of the emulsion with 
out ‘hardener was also taken. Each emulsion sample was 
coated onto a cellulose acetate ?lm support at ‘a cover 
age of 459 mg. of silver and 1040 mg. of gelatin per 
square foot. A sample of each ?lm coating was exposed 
on an Eastman 1B sensitometer, processed for ?ve min 



;. e; 
utes in Kodak DK-SO developer, ?xed, Washed and dried 
with the following results: 
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2. A composition comprising gelatin containing therein. 
hexamethylene bisisomaleimide. 

Cone., Rel. Bet, M.PI, 
Compound Name gJlOll Speed 1/ Fog Swell 1 ° F. ° F. 

g. of gel 

Control- _ 100 l. 02 . 17 730 74 .85 
N,N'-Tetramethylenebisiso~ I 
maleimide ________________ __ 3 76 l. 22 . 12 320 None >212 
D0 _____________________ __ ' ' 6 59 1. l7 . 10 280 None >212 

1 Taken after developing, ?xing and washing. 

The hardeners in accordance with our invention are 
useful for incorporation'in gelatin coating compositions 
generally, not only for use as hardeners for gelatino 
silver halide photographic emulsions but also for use in 
gelatin compositions employed for antihalation layers, 
baryta layers, antistatic layers, over-coatings or any other 
instance Where a gelatin layer is used in preparing a 
photographic product. 

I We claim: 

1. A gelatin-silver halide photographic emulsion con 
taining therein a hardening amount of 

HC-O o 

n being an integer of 4 to 10. 

25 

3. A composition comprising gelatin containing there 
in tetrarnethylene bisisomaleimide. , - V 

4. A gelatin-silver halide photographic emulsion con 
taining hexamethylene bisisomaleimide. 

5. A gelatin-silver halide photographic emulsion con 
taining therein tetramethylene bisisomaleimide. 
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