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[57]} ABSTRACT

A method for producing photographic images by de-
velopment of an exposed silver halide element at ele-
vated temperature is provided wherein the develop-
ment occurs in the presence of a nitrile compound se-
lected from the group consisting of: (a) benzene com-
pounds carrying at least 2 cyano groups, (b) w-defi-
cient heterocycles carrying at least 1 cyano group on
the heterocyclic nucleus, and (¢) compounds carrying
at least one cyano group on an olefinic group, which
correspond to the formula:

NC\
C=CHR;3
Ry

wherein: R, is a cyano group or a w-deficient hetero-
cycle, and R, is an aryl group, a substituted aryl group,
a heterocycle or a substituted heterocycle.

The nitrile compounds have a favourable effect on the
sensitometric properties of the silver-halide emulsion
that are developed at elevated temperature. They
reduce the supplemental fog produced by

. development at elevated temperature.

9 Claims, No Drawings
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HIGH TEMPERATURE PROCESSING OF
PHOTOGRAPHIC SILVER HALIDE ELEMENTS

The present invention relates to the developmeént at
increased temperature of exposed photographic radia-
tion sensitive silver halide elements.

In normal processing of exposed photographic mate-
rials development is carried out at ambient tempera-
ture (about 20° C) and requires a relatively long time
say several minutes. Therefore, there is.a general trend
to enhance the speed of processing, which can be done
by carrying out development and the other processing
operations at elevated temperatures. Rapid develop-
ment of photographic elements occurs at temperatures
above 30° C and preferably between 35° and 45° C.

When the processing of exposed photographic silver
halide elements is carried out at elevated temperatures
i.e., above 30° C these elements have a tendency of
showing increased fog and generally the other sensito-
metric characteristics are impaired also,

It is known to reduce the formation and growth of fog
in photographic silver halide elements by means of an-
tifoggants or stabilizers e.g. heterocyclic - mercapto
compounds such as 1-phenyl-5-mercapto-tetrazole and
azaindenes, more particularly tetra- or pentaazain-
denes, especially those substituted by hydroxy or amino
groups e.g. 5-methyl-7-hydroxy-s-triazolo-[ 1,5-
a]pyrimidine. The latter compounds are used to stabi-
lize the emulsion against formation and' growth. of fog
when the photographic materials are stored before use.
The compounds have only a relatively weak effect in
reducing fog formation when the photographic materi-
als are used immediately after preparation. 1-Phenyl-5-
mercaptotetrazole, on the contrary, has a high fog-
reducing effect immediately after the preparation of
the photographic emulsions. Therefore, both com-
pounds are generally used together in the emulsion.

However, the supplemental fog produced. by the pro-
cessing at elevated temperatures cannot be reduced
sufficiently by means of the conventional antifoggants
or stabilizers. :
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It has now been found that nitrile compounds se- .

lected from the group consisting of (a) benzene com-
pounds carrying at least two cyano groups on the ben-
zene nucleus (b) 7r-deficient heterocycles e.g. pyridine,
quinoline, isoquinoline, etc. carrying at least one cyano
group on the heterocyclic nucleus and (c) compounds
carrying at least one cyano group on an olefinic group
and corresponding to the formula:

NC
C=CHR;,
B
wherein: ‘
R, stands for a cyano group or a w-deficient hetero-
cycle, and

R; represents an aryl group including a substituted
aryl group or a heterocycle, e.g. furyl, thienyl, in-
dolyl, indolinyl, benzimidazolyl, etc. including a
substituted heterocycle, ‘

have a favourable effect on the sensitometric charac-
teristics i.e., fog and/or speed and/or gradation of light-
sensitive silver halide emulsions, which after exposure
are processed at elevated temperature. They generally
reduce the supplemental fog formed without reducing
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the emulsion speed to a noteworthy extent or even in
some cases with an increase of the emulsion speed.
Other compounds give rise to an increase of the speed
and/or gradation without showing a noteworthy influ-
ence on the fog.’ _

As is known by those skilled in the art of organic
chemistry and, as can be learned from A. Albert ‘**Het-
erocyclic Chemistry™ pages 34 and 39, University of
London, The Athlone Press, 1959, m-deficient hetero-
cycles are completely unsaturated heterocycles having
nitrogen as the sole hetero-clement and a deficit of
m-electrons elsewhere, more particularly heterocycles
derived from carbocyclic aromatic ring systems
wherein one or more =CH— groups are replaced by
=N— groups.

Thus, the present invention provides a method of
producing photographic images, which comprises de-
veloping an exposed photographic element comprising
a support and at least one photographic silver halide
emulsion, at a temperature above 30° C wherein the
said development is carried out in the presence of at
least one nitrile compound as defined above.

The nitrile compounds of use according to the inven-
tion are particularly useful in photographic silver halide
materials, which are stabilized against formation and
growth.of fog by means of azaindene compounds as de-
scribed above and therefore the present invention also
provides light-sensitive silver halide materials, which
comprise an azaindene stabilizer, especially 5-methyl-
Thydroxy-s-triazolo-[ 1,5-a]pyrimidine, and a nitrile
compound as defined above.

The following are representative examples of nitrile
compounds which were found particularly suitable for
use according to the present invention. Where deemed
necessary, literature references are given as to the
preparation of these compounds.

1., CN
ol
2ucan. . .
8..... CN Collect. Czech.
Chem.
- Commun, $5,
NC 353 (1970).
N
[ 2 N.
¢ \rcN
5..... /N\
—CN
8..... /N\ )
CN

Do
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Wsj!_cn%é-(én):

J.A.C.8. 71,2040 (1949).

A B E—
9.noen N
lcigd«mn
0. (|3H=C(CN):
CH-CH; .
.
... .
' N
’/ \U-CH=O(CN):
N
2. N Yg;ml%%kligzﬁasshl
HsCl—HC:? ’ (1669).
CN
B OCH;

Cﬁem. Ber. 95, 485
(1962).

HO—@CH:C (CN),
4. ' v
(H.c)m-—@-cn_—_c(cm,
... ’
_ H:0 O—QCH=C(CH):

6.

Ann, 591, 69 (1955).
J.A.C.8. 50, 2828
(1928).

?CH’:

HO (H,0),0—©—-0H=c (CN);

Compound 7 was prepared as follows: '
A mixture of 43.4 g (0.2 mole) of 5-(p-nitropheny!)-
2-furaldehyde (Sb.Pr.Chem.Fak. SVST (Slov.Vys.Sk-
.Techn.) 1962, 35}, 13.2 g (0.2 mole) of malodinitrile,
0.5 g of ammonium acetate and 0.5 g of acetamide in
150 ml of acetic acid was refluxed for 2 hours. The pre-
cipitate formed was filtered off by suction and recrys-
tallized from ethylene glycol monomethyl ether,
Yield: 32 g (60 percent). Melting point: 222°-223° C,

Compound 9 was prepared as follows:

A mixture of 29 g (0.2 mole) of indole-3-
carbonaldehyde (Org.Syn.Coll.Vol. 4, 539), 13.2 g
(0.2 mole) of malodinitrile, 0.5 g of ammonium acetate
and 0.5 g of acetamide in 80 ml of acetic acid was re-
fluxed for ] hour. The precipitate formed was filtered
by.suction and recrystallized from ethylene glycol
monomethylether/water (2:1).

Yield: 26 g (67 percent). Melting point: 229°-230° C,

Compound 10 was prepared as follows: _ '

A solution of 13.3 g (0.1 mole) of 2-methylindoline
14.8 g (0.1 mole) of ethyl orthoformate and 6.6 g (0.1
mole) of malodinitrile in 150 mi of ethylene glycol
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monomethyl ether was refluxed for 30 minutes. The re-
action mixture was poured into water and the precipi-
tate was filtered off by suction. After washing with
water it was recrystallized from methanol.

Yield: 11 g (52 percent). Melting point: 155° C.
Compound 11 was prepared as follows; .

A suspension of 29.2 g (0.2 mole) of benzimidazole-
2-carboxaldehyde (Chem.Ber, 98, 1330 (1965),13.2 g
(0.2 mole of malodinitrile, 0.5 g of ammonium acetate
and 0.5 g of acetamide in 200 m! of acetic acid, was re-
fluxed for 2 hours with stirring. The precipitate formed
was filtered off and boiled with ethylene glycol mono-
methyl ether. The filtrate was poured into water and
the precipitate after having been filtered off by suction
was washed with ether. :

Yield: 6 (g percent). Melting point: above 260° C.
Compound 16 was prepared as follows:

A mixture of 39.2 g (0.2 mole) of 3-methoxy-4-8-
hydroxyethoxybenzaldehyde, prepared as described
below, 13.2 g (0.2 mole) of malodinitrile, 0.5 g of am-
monium acetate and 0.5 g of acetamide in 80 ml of
acetic acid, was refluxed for 2 hours. The precipitate
formed was filtered off by suction and recrystallized

- from toluene. S
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Yield: 21.5 g (44 percent). Melting point: 148° C.

The 3-methoxy-4-8-hydroxyethoxybenzaldehyde was
prepared as follows:

A mixture of 76 g (0.5 mole) of 3-methoxy-4-
hydroxybenzaldehyde, 80.5 g (1 mole) of 2-
chloroethanol, and 106 g (1 mole) of sodium carbonate
in 500 ml of diemethylformamide was refluxed for 1
hour with stirring. The mixture was concentrated by
evaporation and the residue recrystallized from ben-
zene. .

Yield: 67 g (69 percent). Melting point: 98° C.

While the nitrile compounds used in accordance with

the present invention may be present in any of the wa-

~ ter-permeable colloid layers of the photographic mate-

" 40

rial, which are in water-permeable relationship with the
silver halide emulsion layer e.g. a gelatin antistress

layer, an intermediate layer, a filter layer, etc.
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It is a particularly useful form of the invention to in-
corporate the nitrile compounds into the silver halide
emulsion itself, -

The preparation of the silver halide emulsions in-
volves three separate operations:

1. the emulsification and digestion or ripening of the

silver halide,

2. the freeing of the emulsion from water-soluble

salts usually by washing, and

3. the second digestion or after ripening (chemical

ripening) to obtain increased sensitivity.’

The compounds of use according to the present in-
vention can be added to the emulsion during no matter
what step of emulsion preparation, preferably just be-
fore the coating of the emulsion on a suitable support,
e.g, paper, glass, or film such as cellulose triacetate and
polyethylene terephthalate.

The compounds of use according to the invention
can be used with any type of light-sensitive material
that after exposure is intended to be processed at ele-
vated temperature. Various silver salts can be used as
light-sensitive salt, e.g. silver bromide, silver iodide, sil-
ver chloride or mixed silver halides, e.g. silver chloro-
bromide or silver bromoiodide. They are particularly
valuable to improve the fog on rapid processing at ele-
vated temperature of medium or high-speed image
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forming silver halide emulsions, in which the silver hal-
ide is predominantly silver bromide, e.g. silver bromo-
iodide emulsions, the iodide content of which is gener-
ally less than 10 mole percent.

The silver halides are dispersed in the common hy-
drophilic colloids such as gelatin, casein, zein, polyvi-
nylalcohol, carboxymethyl cellulose, alginic acid etc.
gelatin being, however, favoured.

The silver halide emulsions for being processed after
exposure at elevated temperature generally are silver
halide emulsions having a low content of hydrophilic
colloid e.g. gelatin. The ratio of hydrophilic colloid,
more particularly gelatin, to silver halide expressed as
silver nitrate is generally comprised between 0.2 and
0.6.

The compounds of use according to the invention
may be used in amounts varying between very wide lim-
its. The optimum amount for each individual com-
pound can be easily determined by some simple test
known to those skilled in the art. In the silver halide
emulsion they are generally employed in amounts com-
prised between 1 mg and 1,000 mg per mole of silver
halide. » '

The silver halide emulsions can be sensitized chemi-
cally as well as spectrally. - -

They can be sensitized chemically by any of the ac-
cepted procedures. The emulsions can be digested with
naturally active gelatin or sulphur compounds, e.g. allyl
thiocyanate, allyl thiourea, sodium thiosulphate etc.
The emulsions can be sensitized also by means of re-
ductors, e.g. tin compounds as described in U.K. Pat.
Specification 789,823 and by means of small amounts
of noble metal compounds, e.g. of gold, platinum, pal-
ladium, iridium, ruthenium, and rhodium as described
by R. Koslowsky, Z. Wiss. Phot. 46; 67-72 (1951).
Representative noble metal compounds are ammonium
chloropalladate, potassium chloroplatinate, potassium
chloroaurate, and potassium aurithiocyanate. Of
course, the emulsions can also be sensitized chemically
with a combination of the above chemical sensitizers.

The emulsions may further comprise compounds that
sensitize the emulsion by development acceleration,
e.g. alkylene oxide polymers. These alkylene oxide
polymers may be of various type, e.g. polyethylene gly-
col having a molecular weight of 1,500 or more, alkyl-
ene oxide condensation products or polymers as de-
scribed in U.S. Pat. Nos. 1,970,578 — 2,240,472 —
2,423,549 — 2,441,389 — 2,531,832 and 2,533,990
and in U.K. Pat. Specifications 920,637 — 940,051 —
945,340 — 991,608 and 1,015,023. These develop-
ment accelerating compounds may also be present in
the silver halide developing solution. Other develop-
ment accelerating compounds. are onium .and
polyonium compounds preferably. of the ammoniumi,
phosphonium, and sulphonium type;. 4

The emulsions can be sensitized spectrally, e.g. by
means of the common methine dyes such as neutrocya-
nines, basic or acid carbocyanines, rhodacyanines,
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hemicyanines, styryl dyes, oxonol dyes and the like.
Such spectrally sensitizing dyes have been described by
F. M. Hamer in “The cyanine dyes and related com-
pounds” (1954). I

The common emulsion stabilizers or antifoggants can
be added to the silver halide emulsions or the develop-
ing bath. Known antifoggants or stabilizers are, e.g. sul-
phinic and selenic acid or salts thereof, aliphatic, aro-
matic or heterocyclic mercapto compounds or disul-
phides, e.g. benzothiazoline-2-thione and 1-phenyl-5-
mercaptotetrazole which may comprise sulpho groups
or carboxyl groups, nitroindazole, nitrobenztriazole,
nitrobenzimidazole, mercury compounds, e.g. those
described in Belgian Pat. Nos. 524,121 — 677,337 —
707,386 and 709,195 and as already noted above
azaindenes, particularly the tetra- or pentaazaindenes
and especially those substituted by hydroxy- or amino
groups as described by Birr in Z. Wiss. Phot. 47, 2-58
(1952).

Other addenda, e.g. hardening agents such as formal-
dehyde, mucochloric and mucobromic acid, dialde-
hydes, etc. wetting agents, e.g. the fluorinated surfac-
tants of U.K. Pat. Application No. 58431/68, plasticiz-
ers, matting agents e.g. polymethyl methacrylate and
silica particles, colour couplers, mask-forming com-
pounds, light-screening dyes etc. may be present in the
silver halide emulsion or another layer of the light-
sensitive materials of the invention. »

The following examples illustrate the present inven-
tion: ,

Example 1- :

A silver bromoiodide X-ray emulsion ready for coat-
ing comprises per kg an amount of silver halide corre-
sponding to 190 g of silver nitrate, 74 g of gelatin, 545
mg of 5-methyl-7-hydroxy-s-triazolo[ 1,5-a ]pyrimidine,
6.5 mg of 1-phenyl-Smercaptotetrazole, and 0.45 mg of
mercury cyanide. '

The above emulsion was divided into several aliquot
portions and to each of these portions one of the nitrile
compounds listed in the table below was added in the
amount given,

The emulsion portions were coated on a polyethylene
terephthalate support and dried.

After exposure through a continuous wedge with
constant 0,15 the emulsions were processed in an auto-
matic 90 seconds processing machine. Development
occurred for 23 seconds at 35° C in Agfa-Gevaert’s
hardening developer for automatic machine processing
G 138 which comprises hydroquinone and I-phenyl-3-
pyrazolidinone as developing agents and glutaralde-
hyde as hardener.

The sensitometric results obtained with the fresh ma-
terials and with materials that were stored before expo-
sure and processing for 5 days at 45° C and 70 percent
relative humidity are listed in the table below. The val-
ues given for the speed are relative values measured at
density 1 above fog; a value of 100 has been given to
the.speed of the fresh material comprising no suitable
compound.

Table

mg nitrile compound

Fresh material Stored material

per kg emulsion Fog Speed Fog Speed
amma amma
—_ 0.21 1,52 100 0.27 1.32 112
10 mg of compound 3 0.17 1.47 91 0.21 t24 - 107
0.20 98 (.22 1.35 17

100 mg of compound 3

1.53
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cording to the invention have a favourable fog-
reducing effect when processing at elevated tempera-
ture. Some compounds have a favourable effect on the
gradation (compound 14) and speed (compounds 3, 6
and 14) after storage.
Example 2

Example 1 was repeated with the difference that now
the nitrile compound listed in the table below was used.

The following sensitometric results were obtained.

Table
mg nitrile compound Stored material
per kg emulsion Fog © Gamma Speed
- ’ 0.16 0.74 100
100 mg of compound 11 0.15 0.84 182

The above results show the favourable effect of com-
pound 11 on the fog, gradation as well as the speed of
the material, which was processed at elevated tempera-

ture after having been stored for S days at 45°C and 70

percent relative humidity.
© We claim:

1. Method of producing photographic images, which-
comprises developing an exposed photographic ele-
ment comprising a support and at least one photo-
graphic silver halide emulsion, at a temperature above
30°C, wherein the said development is carried out in
the presence of at least one nitrile compound selected
from the group consisting of: ) '

(a) benzene compounds carrying at least 2 cyano

groups on the benzene nucleus

(b) r-deficient heterocycles carrying at least 1 cyano

group on the heterocyclic nucleus, and

- (c) compounds carrying at least one cyano group on
an olefinic group, which correspond to the for-
mula:

NC
C=CHR,

635

15

35

40

60

___ _Table—Continued
mg nitrile compound Fresh material Stored material
per kg emulsion Fog Speed Fog Speed
) - amma amma
10 mg of compound 6 020  1.54 102 - 023 138 120

10 mg of compound 9 0.18 1.32 89 0.22 1.16 81
10 mg of compound 10 0.17 1.33 . 83 0.20 1.21 87

100 mg of compound 10 0.19 1.61 89 0.23 1.33 86
10 ‘mg of compound 13 0.19 1.42 86 0.22 1.19 102

100 mg of compound 13 0.19 1.46 86 0.21 1.27 105
10 mg of compound 14 0.18 1.48 91 0.21 1.29 98

100 mg of compound 14 0.19 1.65 87 0.27 1.91 120
The above results show that the compounds used ac- - wherein:

R; is a cyano group or a w-deficient heterocycle, and
R, is an aryl group or a heterocycle.

2. Method according to claim 1, wherein the said ni-
trile compound is present in a silver halide emulsion.
3. Method according to claim 2, wherein the said ni-

20 trile compound is present in an amount comprised be-

tween | mg and 1000 mg per mole of silver halide.

4. Method according to claim 1, wherein the emul-
sion comprises an azaindene emulsion stabilizer.

5. Method according to claim 4, wherein said azain-

25 dene emulsion -stabilizer is 5-methyl-7-hydroxy-s-

triazolo{ 1,5-a]pyrimidine,

6. A light-sensitive photographic silver halide mate-
rial, which comprises besides an azaindene emulsion
stabilizer at least one nitrile compound selected from

3¢ the group consisting of:

a. benzene compounds carrying at least two cyano
groups, '

b. w-deficient heterocycles carrying at least one
Cyano group on the heterocyclic nucleus, and

¢. compounds carrying at least one cyano group on
an olefinic group, which correspond to the for-
mula:

Ne_ '
. C=CHR,3
R

wherein;

R; is a cyano group or a w-deficient heterocycle, and

R. is an aryl group or a heterocycle.

7. A light-sensitive photographic silver halide mate-
rial according to claim 6, wherein said nitrile com-
pound is present in a gelatino silver halide emulsion in
jan amount comprised between 1 mg and 1,000 mg per
:mole of silver halide.

8. A light-sensitive photographic material according
to claim 7, wherein the ratio of gelatin to silver halide
.expressed as silver nitrate in the emulsion is comprised
‘between 0.2 and 0.6; .

- 9- A light-sensitive material according to claim 6,
‘wherein the azaindene emulsion stabilizer is 5-methyl-
“I-hydroxy-s-trizolo['1,5-a]pyrimidine.

. ok ok % %



