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[57] 1 ABSTRACT 

A light-sensitive.photographic material having at least 
one layer containing a copolymer represented by the 
general formula: 

, Rim M ., 

__QH,_J;_ CH2-—(5-——_— ,' 
410‘ 2' )y 
11:11 . .- , 

H2011; x " 

wherein, RI and R3 can be H_ or CH3,‘ R2 can be an 
alkyl group having one to three carbon atoms, x ‘and y 
represent positive integers, and Z represents-one of: 

where n is l-3, exhibits reduced curling upon expo 
sure to moisture. ' - ' 

11 Claims, 6 Drawing Figures 
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' PIIOTOGRAPIIIC LIGIIT SENSITIVE MATERIAL 
" " CONTAINING COPOLYMER LAYER ' 

' CROSS REFERENCES TO RELATED 
APPLICATIONS 

This application is a continuation in part of applica 
tion Ser. No. 554,048, filed May 31, 1966, now aban 
doned, claiming the priority of Japanese Patent Appli 
cation No. 32,032/1965,?led June 1, 1965. ' 

BACKGROUND OF THE INVENTION 

1. Field of the Invention . 
The present invention relates to a photographic 

silver halide 'gelatino light-sensitive material containing 
a copolymer of N-alkoxymethylalkenoylamide, which 
illustrates improved curling. ; - 

2. Description of the Prior Art 
It is known that in the production of a photographic 

silver halide light-sensitive emulsion, a naturally occur 
ing or synthetic high molecular compound other than 
gelatin, such as, poly-N-vinyl lactams, dextrin, 
laminarine, mannan, hydroxyethylated cellulose, and 
the like, increases the covering power of the emulsion 
v(the value of the optical density'of the developed emul 
sion' per 1 sq. dm. divided by- the gram number of 
developed silver per 1 sq. dm.). Accordingly, the con 
‘trast, the maximum density, etc}, can be increased. For 
example, see US. Pat. Nos. 3,003,878 and 3,058,826; 
French Patent 1,261,846; and Belgian Patents 611,622 
_andi6ll,623. , ‘ 

', However, as illustrated in FIG. 1 of the accompany 
ing drawing, the sensitivity at the foot portion of the 
characteristic curve B of the emulsion containing the 
high molecular weight compound is substantially 'in-. 
‘creased as compared with that of the characteristic 
curve of the emulsion containing no high molecular 
weight compound. . 
,Further, it is known that in the production of a 

photographic silver halide light-sensitive element 

molecular weight compounds other, than gelatin. For 
‘ example, polyvinyl alcohol and a copolymer‘of methyl 
vvinyl ether and maleic anhydride or a copolymer of 
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integers;;and Z is one cf the following: , .- '7 
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curling is reduced by adding to the silver halide emul- ' 
_ sion thereof naturally occurring or synthetic high 

45 

styrene-‘and an acrylic ester may be added. Moreover, it I 
is known that the curling of a photographic light-sensi 
tive element can be reduced by adding a naturally oc 

V curring or synthetic high molecular weight compound 
other than gelatin, such as polyvinyl acetate and av 50 
copolymer of butyl acrylate and acrylonitrile, to the un- ' 

. dercoating layer. (See French'l’atent 1,308,399 and 
GermanPatent 1,081,755). ‘ 

j , The primary object of this invention is to provide a 
* photographic light-sensitive element having low curling 

‘ characteristics. ' ‘ 

A Subsidiary objects of this invention are to provide a 
1 photographic light-sensitive silver halide emulsion hav 
' ing'improved sensitivity, maximum density, and con 
trast. . 

' ' :"These and other objects of the invention will become 
apparent from the following specification and drawing 
in which:. 

> ,BRIEF DESCRIPTION OF THE DRAWINGS 

‘FIG. 1 is a graph illustrating the improved charac 
‘_'teristics obtained with my invention. 

60 

65 

2 
FIG. 2 is a‘ schematical representation of various 

curling values. ‘ 

SUMMARY OF THE INVENTION 
The inventors have found that the sensitivity of a 

photographic gelatino silver halide emulsion which has 
been sensitized to_ the optimum sensitivity with any 
standard chemical sensitizer, such as anlunstable sulfur 
compound, a reducing agent, a gold compound, and 
the like, can be further increased by incorporating in 
the emulsion certain copolymers of N-alkoxymethyl-al 
kenoylamide. Further, as shown by curve C of the 
graph in FIG. 1, not only are the covering power, con 
trast, and maximum density increased, but also the sen 
sitivity at the footportion in the characteristic curve is 
increased‘, which indicates the addition of the above 
compound is a very profitable sensitization. 

Furthermore, it has been found thatth’e light sensi 
tive e'lernent comprising the emulsion layer containing 
the above compound has a reduced curling tendency. 

DETAILED DESCRIPTION OF THE PREFERRED 
' ' ' ' EMBODIMENTS 

The copolymers containing N-alkoxymethylal 
kenoylamide of the present invention are shown by the 
following general formula: 

r R! R: 
‘ carc- oH.-d>—— 

.0 ‘ll. 
11H’ . 5 

611120122 
wherein R, and R, are H or CH3; R, is an alkyl group 
having ‘one to’ threecarbon atoms; 1: and y are'positive 

50 
1 

O 0 

wherein n is 1, 2, or 3, preferably 2. 
‘ In a preferred embodiment of the invention 1: is from 
about 1 to about 50, with y being determined by 100 
-—x. r ' - 

It is preferred that the proportion‘ of N-alkox 
ymethyléalkenoylamide be above 30 mol percent. ' 
' In this invention, the copolymers may be used singly 
or as mixtures‘thereof. If the polymerization degree of 
the copolymer is too high, the compatibility thereof 
with gelatin will be‘reduced, and hence it isdesirable 
‘that the intrinsic viscosity of the copolymer in 

' methanol be less than about 20° at 35°C. ' 
Any ‘desired amount of the copolymer may be incor 

porated in the'emul'sion in this invention, .but the op 
timum amount thereof for‘increasing the sensitivity, 
gamma value and the maximum density is influenced 
by the type of photographic silver halide emulsion to be 
adopted, as well as the use to be made of the product. 
The proportion of the copolymer containing N-alkox 
ymethylalkenoylamide may be 3—40 percent by weight; _ 
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‘ preferably, 2420 percent ‘by weight, based on the. 
weight of the whole medium in the photographic 
gelatino silver halide ‘emulsion used (emulsion and 
copolymer). Good results may also be obtained by ad 
ding the copolymer of N-alkoxymethylalkenoylamide 
in a layer adjacent a gelatino silver halide photographic 
emulsion layer, and in this case, a suitable proportion 
of the copolymer is 10-40 percent by weight based on 
the layerweight. 
The optimum proportion of the copolymer for reduc 

' ing the curling tendency of a photographic light-sensi 
tive element containing the copolymer is in?uenced by 
the kind of support and the thickness of coating, but is 
generally 3-50 percent by weight. Preferably, l0—30 
percent by weight, based on the whole medium of a 
photographic gelatino silver halide emulsion layer 
and/or a subsidiary. layer (protection'_layer, inter 
‘mediate layer, backlayer, etc.)is used“ 9 

The copolymer may be added in the emulsion at any 
time, butis most suitably added after the second ripen 
ing, and before coating. The copolymer may be added 
in the emulsion as a powder, but it is convenient to add 
it as a 10-20 percent aqueous solution thereof. 
The present invention is applicable to any kind of 

silver halide emulsions, such as asilver iodo-bromide 
emulsion, a silver vchloro-bromide emulsion, and the 
like. The emulsion may be sensitized preliminary with a 
sulfur and/or a gold compound, and may contain an op 
tical sensitizer, ‘a polyalkyleneoxide type sensitizer, 
various stabilizers, a hardening‘ agent, a coating aid, a 
coupler, etc. i 

The following are‘examples of the synthesis of the 
monomer and the copolymer; however, the invention is 
not limited to these examples. 

‘ ‘SYNTHESIS l 
a 

. Synthesis of NQ-Methoxymethylacrylamide 

A mixture of 303 g. (3 mols.) of N-methylolacryla 
mide, 1,500 ml. of methanol, and 10 ml. ‘of concen 
trated hydrochloric acid was heated to 45°-50°C., and, 
while stirring, the Némethylolacrylamide was dissolved 
slowly to provide a transparent solution. After continue 
ing the reaction for 4 hours at the recited temperature, 
the solution was neutralized with the addition of an 
hydrous sodium carbonate. After cooling, the salts 
formed were removed by filtration, and ‘the excess 
methanol was removed from the ?ltrate by distillation 
underireduced'pressure. After the addition of a small 
amount of hydroquinone as a polymerization inhibitor, 
the filtrate was subjected to vacuum distillation to pro 
vide 290 g. (yield 84 percent) of a colorless liquid hav 
ing a boiling point of 93°—95°C./lmm.l-lg. 
Elementary - analysis . as C'5H,O,N: Calculated N 

12.17%;FoundN 11.93% ' 

SYNTHESIS 2 

Synthesis of N-Ethoxymethylacrylamide 
By the same procedure as in Synthesis 1 using a mix 

ture of 303g. (3 mols) of N-methlolacrylamide, 1,500 
ml. of ethanol; and 10 ml. of concentrated hydrochloric 
acid, 330 g. (yield 85- percent) of a colorless liquid hav 
ing a boiling point"of"l03°-l04°C./1mm.l-lg was 'ob-> 
tained. When the liquidiwas cooled, a colorlesscrystal 
(m. p. 2l°C.)was form'e‘cl.v ., ‘ 

4 
Elementary’ vanalysis as Col-[1102M Calculated N. 

10.85%;Found N 10.55%. 
SYNTHESIS 3 

Synthesis of N-lsopropoxymethylacrylamide 
By the same procedure as in Synthesis‘ l- using a mix 

ture of 303 g. (3 mols) of N-methylolacrylamide, 1500 
,ml. of isopropanol, and 10 ml. of concentrated 
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55 tCopolymerization of N-Ethoxymethylacrylamide With 

hydrochloric acid, 351g. (yield 82 percent) of a color- - 
less liquid ‘having a boiling'point of l07°-l08°C./2mm. 
Hg was obtained. 

Elementary analysis as C1H,,,O,N: 
9.78%; Found N 10.25% . 

’ SYNTHESIS 4 

calculated N 

Synthesis of N-Methoxymethylmethacrylamide 
By the same procedure as in Synthesis 1 using a mix 

ture of 115 g; (1 mol) of N-methylolmethacrylamide, 
500 ml. of methanol and 3.5 ml. of concentrated 
hydrochloric acid, 103 g. (yield 80 percent) of a color 
less liquid having a boiling point of 83°—85° C/l mm. 
Hg was obtained, 

Elementary analysis as CGHHOZN: Calculated N 
10.85%;FoundN 10.80%.’ 

SYNTHESIS 5 _ 

Synthesis'of N-Ethoxymethylmethacrylamide 
' By the same procedure as in Synthesis l using a mix 
ture of 115 g.'(1 mol) of N-methylolmethacrylamide, 
500 ml. of vethanol and 3.5 ml. of concentrated 
hydrochloric acid, 11 l g. (yield 78 percent) of a color 
lessliquid having a boiling point‘of l04.°-105°C./2 mm. 
Hg was obtained. , 
Elementary analysis as C1H,,O,N: Calculated N 

9.78%; Found N 9.83% ' 

SYNTHESIS‘6 
' ' Synthesis of N-n-Propoxymethylmethacrylamide 

. By the same-procedure as in Synthesis 1, using a mix 
ture of 115g. (1 mol) of N-rnethylolmethacrylicamide, 
500 ml.‘ of n-propanol and 3.5 ml. of concentrated 
hydrochloric acid, I20 g. (yield 72 percent) of a color- I 
less liquid having a boiling point of l08°-l l3°C./lmm. 
Hg was obtained. ’ ' 

Elementary analysis as Cal-l",O,N: Calculated N 
8.38%; Found N 8.71% "1 

SYNTHESIS 7 

.. -1... 

Other Vinyl Monomers 

v Copolymerizations of.aN-ethoxyrnethylacrylarnide' 
with other vinyl monomers in various monomer ratios ' 
were carried out under the conditions shown in Table 1 
below. When thepolymerization-was carried out in an 
aqueous phase, polymer separation was conducted by 
dialyzing the polymer solution with a cellophane 
diaphragm and subjecting the dialized polymer to 
freeze drying. When the polymerization was carried out 
in an organic’ solvent, the polymer was precipitated by 
pouring the polymer solution into a large excess of hex-v 
ane or ether. _ - 
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TABLE 1 

(D) 
M: (g.) _ (Wt- (H) 

Example M,‘ —--———-—————————— Polymerization per- ' (E) (F) (G) per- (I) 
number (g.) (A) (B) solvent cent) Polymerization initiator ‘° 0. min. g. - cent [7)] 

1 ________ ._ 33.3 N-vinyl 66.7 3/7 Aqueous 35% isopro- 20 2.0 m1. of 30% H1O; solution and 40 300 73 73 0, 280 
pyrrolldone. panol solution. . 0.5 g. of L~ascorbic acid. 

2 ________ _- . _..--do-._ . 46.3 20 -...-do ........................... -- 40 300 s7 37 0.425 
3.. _._ 73.0 ___..do_-. 27.0 20 ._._.do._ 40 300 92 - 92 0.555 
4. 28.2 Acryloyl 71.8 20 _--_.do ........................... _- 40 240 s3 as 0.455 

morpholine. . 
5 ________ ._ 52.2 .___.do ......... .. 47.8 20 ..._.d0 ........................... ._ 4o 2&0 92 92 0.340 
6 ________ -_ 68.]. _._._do ......... .- 31.9 20 ._.-_d0 ............................ .- 40 240 90 .90 0.280 

Nora: (M1)‘ N-ethoxymethyl aerylamide, (A) amount of charged monomers, (B) monomer molar ratio, (D) monomer concentration (weight 
Percent), (E) reaction temperature. (F) Creaction period, (G) amount 0! formed polymer (g.), (H) polymerization conversion (weight percent), (J) in 
trinsic viscosity [7,] in methanol at 35.0° . 11 . 

Polymerization conversion shows following formula: 
weight or formed polymer G =-—- 100 n weight of charged monomerX100 (percent) M1+Mi>< (perm. t) 

EXAMPLE I _ 

A gelatino silver iodo-bromide emulsion for a high 
sensitive X-ray photographic material containing 480 
g. of gelatin and 3.3 mols of silver halide consisting of 
1.5 mols of silver iodide and 98.5 mol percent of silver 
bromide, which had already been ripened to the op 
timum sensitivity by a sulfur sensitizer and a gold-sen 
sitizer, was divided into 1 l equal parts and each part of 
the thus divided emulsion was mixed with 60 ml. of a 10 
percent aqueous solution of each of 

a. inactive gelatin, 
b. the polymer obtained in Synthesis 7, Experiment 

No. l, 
c. the polymer obtained in Synthesis 7, Experiment 

No. 2, 
d. the polymer obtained in Synthesis 7, Experiment 

No. 3, - 

EXAMPLE 2 

A silver iodo-bromide emulsion which was the same 
20 as in Example 1 was mixed with a copolymer ([11] = 

intrinsic viscosity in methanol*at'__ *0-20) (*[TI 
35.0°C.] of N-ethoxymethyl acrylamide (50 mol per 
cent) and vinylpyrrolidone (50 mol percent) in various 
proportions and the same procedure as inExample l 

5 was repeated using the thus prepared emulsions. The 

'30 

e. the polymer obtainedin Synthesis 7, Experiment 35 
No. 6. 

After addingto each of the emulsions 20ml. of a 1 
percent aqueous solution of 4-hydroxyl-6-methyl-l, 3,‘ 
3a; 7-tetrazindene as astabilizer, 8 ml. of a 2 percent 
acetone-aqueous alkali solution of 2, 4-dichloro-6-oxy 
s-triazine as a hardening agent, and 2 ml. of a 4 percent 
aqueous solution of saponin as a coatingaid, the emul 
sion was applied on a ?lm based on cellulose triacetate 
to provide a coating of the same thickness and dried. __ 
The photographic light-sensitive ?lm was then exposed 
for one-twentieth sec. in an actnometer having a blue' 
?lter and then developed for 4 min. at 20°C. in a 
developing solution having the following composition: 

N-Methyl-p-aminophenol sulfate 4 Sodium su ?te (anhydrous) 66g. 
Sodium carbonate (mono-hydrate) 53g. 
Potassium bromide 3 . Hydroquinone 13g. 
Water to make 1 liter. 

The photographic densities of the thus develope 
photographic films are shown in Table II. ' 

40 

increases in sensitivity are shown in Table III. In these 
cases, an inactive gelatin was added such that the ratio —‘ 
of the silver'halide to the medium was constant. 

TABLE Ill 

Amount of the Copolymer Relative Sensitivity 
Per 0.3 Mol of Silver Giving Density of 1.0 
Halide (3.) on Fog 

0 100 
L5 105 
3.0 l 12 
6.0 120 
12.0 14! 

EXAMPLE 3 

into 100 g. of a gelatino silver chloride emulsion (the 
weight ratio of gelatin/silver chloride was 4.5/1) for 
printing papers was added 50 ml. of a 5 percent aque 
ous solution of the copolymer of this invention and 
after the addition of a stabilizer, a coating aid, and a 

- hardening agent, the mixture‘was applied to a photo 

50 

TABLE II 

Relative 60 
sensitivity Relative sensitivity Gamma Fog 
giving density giving density of L0. 
0.1 on fog on Fog 

a 100 100 2.23 0.05 
b 105 115 2.55 ‘0.05 65 
c 107 1 l5 2.5l 0.04 
d 102 l 10 2.47 0 05 
e 105 l 15 2.74 

graphic paper of ‘85 g. and dried to provide the dried 
coating of same thickness in each case. 
For comparison, an emulsion containing no polymer 

of this invention was prepared and applied to a photo 
graphic paper by the same conditions to provide a con 
trol photographic printing paper. ' 

Theselight-sensitive elements were allowed to stand 
for 100 minutes at a temperature of 30°C. and at a hu 
midity of 30%,RH and then curling was measured, the 
results of_ whichare shown in Table [I]. 

TABLE IV 

Curling 
Value 

No. copolymer 2.0 
Copolymer of N-ethoxymethylacrylamide 3.2 
(70 mol'b) and vin lpyrrolidone (30 mol%) 
Crapolyrncr oi‘ N-e oxymethylacrylamide . 
(3 mol%) and vinylpyrrolidone (70 mol%) 4.6 
Copolymer of N-ethoxymethylacrylamide 
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(70 mol%) and N-morpholinomethylamide 
(30 mol%) 4_4 

EXAMPLE 4 

The purpose of this example was to establish the su 
periority of the copolymers of the present invention 
over somewhat similar compounds which are per se 
known to the prior art, ‘as shown in US. Pat. Nos. 
3,360,373 Schaller, 3,341,332 vNakajima and 
3,408,199 Saleck. 
Preparation of the Samples 
A 5 percent aqueous solution of each of the follow 

ing compounds (I-VII) was prepared. To 100 g of a 
silver chloride emulsion (weight ratio of AgCl to 
gelatin of 0.84:4; of Ag to gelatin 0.64:4) was added 25 
cc of the above-mentioned solution. 
The resulting emulsion/solution was coated onto a 

paper base (document paper used for quick copying; 
weight 85glm2) to an Ag amount of 27 pglcmz. (i.e. the 
coating thickness) and the base was dried. The same 
base was used with each copolymer. This base was cut 
into a disc having a 10 cm diameter, and the curling 
value was measured. , 

The method of determination of the curling value 
was as follows: 

Cut a disc off from the specimen. The diameter of 
the disc is 10.0 cm. Punch out a hole in the center of 
the disc. Fix the center hole of the disc on the top of a 
bar, which, in turn, is ?xed to support. Leave the bar 
with the ‘specimen disc on its tip in a low humidity at 
mosphere. 

After several hours, the disc curls. The curling value 
is de?ned as the minimum distance between periphe 
ries on the opposite sides of the curled disc. 
When the disc does not curl, the distance between 

peripheries on the opposite sides is the disc. The 
curling value is thus 10.0 (FIG. 2a). 
As the disc begins to curl, one pair of peripheries on 

the opposite sides gets nearer and nearer. The curling 
value thus becomes smaller; (FIGS. 2b and 20). 

If the disc continues to curl, a pair of peripheries on 
the opposite sides contact each other, whereby the 
curling value is 0.0. (FIG. 2d) 

If the disc goes on to curl still more, a-pair of periphe 
ries on the opposite side of the curled disc overlap each 
other. The curling value becomes negativein value. 
(FIG. 2e) ‘ ' ‘ 

For the curling determinations, curlingv was mea~ 
sured after the discs . were cut from the specimens 
(dried at 50°C for 72 hours) and exposed to 30 percent 
relativev humidity at 20°C for 24 hours. 

"Compound I: ScnalIer Pat. (U.S.P.w- 

\ A \ I l... 
OOH N 

HzC \C=O 
_ Hz ——-——-‘£Hz 

Compound II: Nakajimi Pat. (U.S.P. 3,341,332) 

7 @FHH). 
I ‘ . .=..0" 

71's 1 j. 
mc/ \CHz 
H2 H2 _ 

\o/ 

30 

8 
Compound IIIi'I‘his invention 

l... 
lHIO 02115 

10 > vCompound IV: This invention 

o 

I 1120/ \CH2 

“Compound V: This" invention 

/. \ i J, 
o 00 

111K 111K 
éHzoczHs (+111) 

_ methaerylamide-N-methylol methylether 

Compound VII: Saleck Pat. 
polymethacrylamide-N-methylol ethylether 

CH: 

40 l \ 
\CHr- jn 

wish} the gelatin sample-gelatin prepared in [the saline“ 
45 manner as above was used. 

Compound No. polymerization ratio curling value 
I . 

II n = l 7.5 
III x:y= lzl 9.0 

VI n= 1 —3.5 
Vll _ n = l 3.0 

gelatin - 6.0 . 

From the data above, where all conditions were 
equal but the copolymer used, it can be seen that all 
copolymers in accordance with the present invention 
provide superior curling (higher positive values), with 
the order of descending preference being: Compound 

60 III; V; IV. It can also be seen that Compounds VI and 
, VII are inferior to the use of gelatin above. 

The following claims are to describe the spirit and 
scope of the present invention, and are not to be taken 
as limited to the specific examples heretofore set forth. 

65 What is claimed is: 
l. A light~sensitive photographic material illustrating 

a reduced curling tendency comprising a support, at 
least one photographic silver halide emulsion layer and 
at least one subsidiary layer, at least one of said emul 
sion layer and subsidiary layer containing one member 

Compound VI: Saleck Pat. (U.S.P. 3,408,199) poly 

(U.S.P. 3,408,199) 
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selected from the group consisting of the copolymer 
represented by the ‘general formula, 

wherein R1 and R3 each represents a member selected 
from the group consisting of H and CH3, R, represents 
an alkyl group having one to three carbon atoms, 1: and 
y represent positive integers, and Z represents a 
member selected from the group consisting of 

lo 

wherein n is l to 3. 
2. The photographic light-sensitive material accord 

ing to claim 1, wherein said support comprises a ?lm. 
3. The photographic light-sensitive material accord 

ing to claim 1, wherein said support comprises a paper. 
4. The photographic light-sensitive material accord 

ing to claim 1, wherein the intrinsic viscosity of said 
copolymer in methanol at 35°C. is less than 2.0. 

5. The photographic light-sensitive material accord 
ing to claim 1 wherein the layer containing said 

the proportion of the copolymer is 3-50 percent by 
weight, based on the whole medium in said silver halide 
emulsion layer. 

10 

20. 

25 

30 

35 

I copolymer is a silver halide emulsion layer and wherein - 

40 

45 

so' 
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10 
6. The photographic element of claim 5 where the 

proportion is lO-30 percent. 
7. The photographic light-sensitive material accord 

ing to claim 1 wherein the layer containing said 
copolymer is a subsidiary layer and the proportion of 
the copolymer is 3-50 percent by weight based on the 
whole medium of the subsidiary layer. 

8. The photographic element of claim 7 where the 
proportion is 10-30 percent. 

9. The photographic light-sensitive material accord 
ing to claim 1 wherein Z is ‘ 

N 

C?z \CO 
‘Hr-- H2 

' 10. Thelpihotographic 1agmseaadvanatemaéezrai 
ing to claim 1 wherein Z is 

3, Hi 
. 0_ 

1A1. The photographic light-sensitive material 
ing to claim 1 wherein Z is a 


