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This invention relates to photographic de-

velopers, and more: partlcularly to accelerators-

for photographic developers e

In the developmen* of photo;rranhlc ma,tenals,

it is often ‘desired to accelerate the rate-of- de-

AT
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vide black and white and color developers hav-

.ing an increased rate of .development.so.that the. =

2 development time is substantially. decreased:

velopment and to 'incréase’ the effective -photo- -

graphic speed of the developed materials.
ever, the "accelerators’ knowrl''so ‘far-to the art
increase’ ‘not only the" effectwe ‘emulsion’ speed,
but also the ¢ontrast of the developed emulsion.

The latter characteristic, nainely, the incresséd: -

contrast is seldom desirable since: it affects the'
visual appearance ‘of ‘the plcture to-the extent

How- -

that the pleasing middle tones and details in - -

the shadow and h1gh 11ght areas afe- frequently -
Morecver,” many of the® known acecelera-~" "

lost.
tors increase the DH of 'the’ develober solution;
a feature which is ‘always unc’esuable
the etcceleratmﬂr actiotl of many-of the known ac-
celerators is very largoly dug to the’ ‘ihereased” pI-I

and the résults, as undesnable ‘a8 they may be~ -
at times, can be duplicated more ‘simply and €co= "’

nomically by adding more" alkali, such as S0~
dium calbonate to the developmg solut1on
It is also known that various quaternary ams=

monium salts ray be added tophotographic -

black and white and coTor developlng solutions:™ -

For exampie

In-fact, "

20

- formers fast to diffusion, as’dis¢losed in United:-

o
ot

- 2,2982,575; 2,303,928 and 2,307,399 "'with an alka=
“ line color developer-solution: céritaining ra=pris:

8, quaberng,ry ammonium salts of~' v mary aromatic amine: as:the:developing. agent

benzothiazole cr ammobenzothlazole tend to-de= -

crease graininess; pyridiniumh salfs ‘substitited

by a phenylene diamine or an “aminophenol *
radical act as developing™ agents; strface ac~""
tive quaternary ammonium salts having a long =

chain hydrocarbon radical' attached to the pen-
tavalent nitrogen atom change the color of dye
images obtamed by color coupling development

and surface actlve pyr1d1n1um salts substlttted""‘

Tt

by a hydrophlhc group of more than eight ¢dr- """

bon atoms restraln development in“the shoulder

density region. In other words, the quaternary 20
ammonium salts disclosed and suggested, impart -

to the photographic developing solutlon S,
properties which cause a change in the photo-
graphic characteristics of the developed :photo-
graphic materials. However, these otherwisse-de--

sirable changes are commonly-accompanied- by - -
a loss of speed, drastic -changes in gradatwn and--; o

loss of maximum density;-~~ ~— = -

It is, therefore, an object -of the present in-

vention to -provide- black-and white and color
developers having-an increased rate of develop-

ment so that a greater effective speed- is im-
parted to the developed photographic material
©alkoxy-substituted” pyridinium nucleus;-e. g g

without, 1ncrease in contras
It is another obJect of the 1nvent1on to pro-
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~“white developers, for instance; Metol:and hydro=

~eoncurrent increase in- contrast.::
-been found that in developing -color.images inw

- States Patents 2,178,612 '2,179,228;::2;179;234;
+2;179,238-9; 2,179,244; 7 2/186,719;.. '2;,186,851-2;
2,186,732-4;  2,186,8497 " 2,200,306} ‘2,280,722

~substituent on the pentavalent nitrogen:atom;
--the effective increase in-speed-is obtained with=

«developed simultaneously and the images formed

time with black and white and:color:developers
--can be reduced to léss than half by the adcht*on
-of a pyridinium: salt'to: the developer.

-useful life of developing solutions,
~--when used as-constituents-of: both the developer
--and the replenisher solution:~ SR

~_ance with the present invention.are represented: .. #).
by the following general formula:

Other cbjects will become apparent. from. the ';

-following- description:

The akove objects are- accomphshed by add-

“ing to the usual black and white: developer. and_ -

to alkaline color forming.developers. in which a

“primary aromatic amine.is used as the develop-". -

i ing agent, a quaternary pyridinium salt having 4 e
‘short chain aliphatic-radieal of not. rmore.than .-

- five carbon -atoms attached to.the pentavalent. ...~

nitrogen atom: It has-been found that develpper. .. -

‘solutions containing quaternary pyridinium salts

increase the rate of development in black and

quinone and the like, and provide greater effec-
tive speed in the developed materials without:any.
-It.-has :also.

multi-color photographic layers containing.color:

and a pyridinium salt having a:short chain alkyl -

out any change in contrast.- All.of thelayers:are: :

are of excellent quality:: Corresporidingly,: when
no increase in speed is: desired; the developing

- Another valuable characteristic: property . of
the pyridinium salts is their ability to prolongthe: 7 -
especially

The pyridiniuin salts to be: employed in accord-

- ‘wherein P represents the atoms necessary to com-

plete an unsubstituted pyridinium ‘nucleus; -an- <

2-methoxy-, 3-methoxy-, 4-methoxy, 2=ethoxy-,
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3-ethoxy-, 2,4-dimethoxy-, 2,4-diethoxy-, 2,5-di-
ethoxy-, or 3 5-diethoxy-pyridinium nucleus; a
picolinium nucleus, e. 8., a 4-methyl-, 2-methyl-,
or 3-methyl-pyridinium nucleus; a lutidinium
nucleus, e. g., a 2,3-dimethyl-, 2,4-dimethyl-, 2,5~
dimethyl-, 2,6-dimethyl-, 3,4-dimethyl-, 3,5-di-
methyl-, 2-ethyl-, 3-ethyl- or 4-ethyl-pyridinium
nucleus; a collidinium nucleus, €. 8., & 2-pro-
pyl-, 2-isopropyl-, 4-methyl-2-ethyl-, 4-methyl-
3-ethyl-, 2-methyl-4-ethyl-, 2-methyl-5-ethyl-,
2-methyl-6-ethyl-, 2,3,4-trimethyl-, or 2,3,6-
trimethyl-pyridiniura nucleus, or a parvolin-
jum nucleus, e. g., a 2-butyl-, 2-isobutyl-,
3,5 - dimethyl - 2 - ethyl, 2,6 - dimethyl-3-ethyl-,
2,6 - dimethyl-4-ethyl-, 2,4- diethyl- or 3,4-di-
ethyl-pyridinium nucleus; wherein R is a short
chain aliphatic radical having not more than 5
carbon atoms, such as alkyl, e. g, methyl, ethyl,
propyl, butyl or amyl; chloro- or bromoalkyl, e. g.,
g-chloroethyl, B-bromoethyl, y-chloropropyl or
~-bromopropyl; hydroxyalkyl, e. g. Bg-hydroxy-
ethyl, g-hydroxypropyl, or 8,y-dihydroxypropyl,
carboxymethyl; carbalkoxymethyl, e. g., carbo-
methoxymethyl, carbethoxymethyl or carbopro-
poxymethyl, carboxamidomethyl; N-substituted
carboxamidomethyl, e. g., N,N-dimethylcarbox-
amidomethyl; alkoxyalkyl, e. g., methoxymethyl,
ethoxymethyl, ethoxyethel or propoxymethyl;
and wherein X represents an anion selected from
the group consisting of chloride, bromide thio-
cyanate, methosulfate and thiocyanate.

The following is merely a suggestive listing of
pyridinium salts which may be employed for the
purpose herein set forth:

1-methylpyridinium chloride.
1-ethylpyridinium bromide.
1-(g-chlorethyl) pyridinium chloride.
1-(1-g-bromethyl) pyridinium bromide.
1-propylpyridinium bromide.
1-(g-hydroxyethyD) pyridinium chloride.
1-methoxymethylpyridinium bromide.
1-ethoxymethylpyridinium bromide.
1-propoxymethylpyridinium bromide.
1-(g-acetoxyethyl) pyridinium chloride.
1-(g8,y~-dihydroxypropyl) pyridinium chloride.
1-carboxymethylpyridinium chloride.
1-carboxymethylpyridinium bromide.
1-carbomethoxymethylpyridinium bromide.
1-carbethoxymethylpyridinium chloride.
1-methyl-2-methylpyridinium chloride.
1-methyl-2-methylpyridinium bromide.
1-methyl-3-methylpyridinium bromide.
1-methyl-4-methylpyridinium bromide.
1-ethyl-2-methylpyridinium bromide.
1-ethyl-4-methylpyridinium bromide.
1-carboxymethyl-z-methoxypyridinium bromide.
1-carboxymethy1-3-methylpyridinium chloride.
1-carboxymethyl-2-methylpyridinium chloride.
1-carboxymethyl-2-methylpyridinium thiocyan-
ate.
1-carbethoxymethyl-3-picolinium chloride.
1-methyl-3-ethylpyridinium chloride.
1-carboxymethyl-3-ethylpyridinium chloride.
1-(8 - hydroxyethyl) - 2 - methylpyridinium bro-
mide.
1,2,3-trimethylpyridinium methosulfate.
1,2,4-trimethylpyridinium methosulfate.
1,2,5-trimethylpyridinium methosulfate.
1,2,6-trimethylpyridinium methosulfate.
1,3,5-trimethylpyridinium methosulfate.
1-ethy1—2,3-dimethylpyridinium ethosulfate.
1-ethy1-2,4-dimethylpyridinium ethosulfate.
1—ethyl-2,5-dimethylpyridinium ethosulfate.
1-ethyl-2,6-dimethylpyridinium ethosulfate.
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4
1-ethyl-3,5-dimethylpyridinium ethosulfate.
1-methyl-2-propylpyridinium chloride.
1-methyl-2-isopropylpyridinium bromide.
1-hydroxyethyl - 2 - methyl - 5 - ethylpyridinium

chloride.
1,5-diethyl-2—methylpyridinium bromide.
1,4-dimethyl-3-ethylpyridinium bromide.
1,2,4,6-tetramethylpyridinium bromide.
1-methyl-2-methoxypyridinium methosulfate.
1-ethyl-3-methoxypyridinium ethosulfate.
1-ethyl-3-methoxypyridinium bromide.
1-carboxymethyl-2-ethoxypyridinium chloride.
i-carbethoxymethyl - 2 - ethoxypyridinium chlo-
ride.
1-methyl - 2,4 - dimethoxypyridinium methosul-
fate..
1-acetamido-2,4-diethoxypyridinium chloride.
1-ethyl-2,5-diethoxypyridinium ethosuifate.
1 - earbethoxymethyl - 3,56 - diethoxypyridinium
chloride.

The foregoing quaternary pyridinium salts in
which the nitrogen atom occupies the 1-position
are prepared by reacting pyridine or a substi-
tuted pyridine, e. g., a picoline, & lutidine, a
collidine, a parvoline or an alkoxypyridine with
a quaternizing agent, e. g., an alkyl chloride,
alkyl bromide, dimethyl sulfate, diethyl sulfate,
chloroacetic acid, methyl chloroacetate, ethyl
chloroacetate, chloroacetamide and the like. The
quaternization may be carried out by heating
or at room temperature in the presence of suit-~
able solvent diluents, such as ether, benzene,
toluene, xylene and the like, or under pressure at
elevated temperatures depending on the relative
reactivity of the ingredients. The chlorides and
bromides may also be obtained by first preparing
the corresponding iodide and subsequently con-
verting it by the use of the appropriate silver
halide. The thiocyanates are prepared by the
addition of alkali thiocyanate to the solution of
5 more soluble quaternary salb.

The quaternary pyridinium salts are readily
soluble in water and in alkaline solutions and can
be used in concentrations varying from 0.3 gram
per liter to the limit of their solubility in alkaline
developer solutions. However, it has been found
that for practical results, concentrations ranging
from 0.5 gram to 7 grams per liter of developer
solution are the most useful.

The following examples will illustrate develop-
ing solutions containing such guaternary pyri-
dinium salfs.

Example I

Grams
p-Monomethylaminophenol sulfate __.___— 1.5
HydroqUinone oo 3.0
Sodium sulfite (anhydrous) - 45.0
Sodium carbonate (monohydrate) - 6.0
Potassium bromide e 0.8
1-ethyl-2-methylpyridinium chloride ______ 0.5

Water to make 1 liter

This tank developer gives, on 6 to & minutes
development of a roll film at 20° C. followed by
washing and fixing, a negative having an ASA
speed rating of about 96. Increasing the concen-
tration of the 1-ethyl-2-methylpyridinium salt to
5.0 grams per liter of developer soluticn pro-
duced a negative having an ASA speed rating of
198. 'The omission of the 1-ethyl-2-methyl-
pyridinium chloride from the developer solution
leads, under otherwise identical conditions, to a
negative having an ASA speed rating of only 64.

——
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Exampier y7

The useful life of the developers containing
the 1-ethyl-2-methylpyridiniumr salt could” be
lengthened to the extent that' it permitied the
development of 25 rolls of exposed film* without
showing any speed‘loss or-change-of’ gradation by
the gradual addition of & replenisher having the
following: composition:

-@Grams
p-Monomethylaminophenol sulfate _______. 3.0
Hydroguinone: _____________ e e 6.0.
Sedium. sulfite. ___._______________________ 45.0.
Sodium carbonate (monehydrate) ________ 12:0.
1-ethyl-2-methylpyridinium. chloride. ______ 50

Water to-make 1 liter

When the pyridinium salt was omitted from
both the developer and the replenisher; a speed
loss corresponding to at least one half stop. and’
an increase in the contrast of the developed film.
were noted after the development of abaut 10
rolls of film. In other words, the use. of I-ethyl-
2-methylpyridinium  chloride (in both the de-
veloper and the replenisher solutions): increased
the useful life of the developer solution. by a.
factor of 2.5.

Example IIT

Grams
p-Monomethylaminophenol sulfate _______ 0.8
Hydroquinone ___________________________ 1.2
Sodium sulfite (anhydrous) ______________ 45.0
Potassium metabisulfite ._________________ 40
Sodium carbonate (monochydrate) ________ 80

Water to make 1 liter

The addition of 5 grams of 1-(g-hydroxy-
ethyl) pyridinium. chloride. to this. solution. ac-
celerated the developing rate and inereased. the

effective photographic speed of a. developed. roil .

film. by 100% when.compared with.the speed of a
similar roll film precessed. in. a. developer cen-
taining no pyridinium. salt.
Example IV
Grams
N-ethyl-N-g-hiydrozyethyl - p - phenylene-

diamine sulfate ___ . _____________ 6.7
Sodium hexametaphosphate ____________ 1.0
Sodium bisulfite _________ . __________ 2.0
Sodium carbonate . _____________________ 100.0
Hydroxylamine hydrochloride __._________ 1.0.
Potassium bromide _____________________ 1.0

Water to.make 1 liter

This color developer was: used. for the-develop-
ment: of an exposed color negative film-at a-tem-

Y15
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perature of 20° C. After developing for 20-

minutes, a negative having an ASA speed rating
of 10 was obtained. By adding 2 grams of 13-
dimethylpyridinium methosulfate to the same de-~
veloper solution, an image was- developed in a
similar color film which has an ASA speed rat-
ing  of 18:without noticeably changing the grada-—
tion or.the balance of the:developed picture. Tile:
color phetosrasnhic multilayer element used in-
the foregoing example consists of an integral
tripack emulsion: coated- on' a clear cellulose
acetate or nitrate film base. Each of the emul-
sion layers is sensitized to one of the primary
colors of light, namely, blue, green and red. The
top- layer is blue sensitive, the middle layer is
green sensitive, and:the bottom layer:is red sensi-
tive. The green sensitive and blue sensitive
emulsion layers are separated.by a yellow,.blue
alisorbing filter Iayer. Each of the three silver
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halide-emulsion layers contains.dye:forming com-
pounds: which unite during: the. development of.
the: silver image in a. primary aromatic. amino-
developing: agent to form a dye with the oxida--
tion: product. of -.the: developing: agent. A yellow
dye is formed in the blue sensitive emulsion layer,
a magents dye is formed in the green sensitive
emulsion, and a cyan dye is formed in the red
sensitive emulsion. Tle: combination of the dye
images from these printing primaries yields the
color. picture- after the removal of the developed:
silver by bleaching, followed by fixing. Suitable
methods for the preparation of multi-color-emui-.
sion layers have been described in the literature:

relating to:color photography and are; therefore;.
not deseribed here.
Example V
Grams
p-Amino=-di(g-hydroxyethyl) aniline
sulfate _ 6.0:
Sodium. hexametasulfate_ .. ______________ 1.0
Sodium bisulfite. . ______________________ 2.0:
Sodium' carbonate: (monohydrate) ________ 100.0
Hydroxylamine hydrochloride. __________ 1.0-

Potassium: bromide__.________________.___
Water to make 1 liter

A: color paper, similar in. construction to- the.
color film. described: in. Example IV with. the.
exception that the three emulsions were coated
on a: paper hase, was- developed. for 20- minutes
at 20° €. in the above- developer. By the addi-
tion of 3.0 grams of i-carboxymethyl-2-methyl-.
pyridinium bromide to a similar developer, the
increase In- the' effective- photegraphic: speed of
the developed material: was by a factor of 2,
without a noticeable change of eontrast or loss:
of color balance:.

Example. VI

A color. positive filin_coated on a. white opaque
base but. otherwise similar in construction to the
negative film. used in. Example IV, was exposed.

® through: a.color transparency and. developed for

18 minutes at a temperatiire of. 20° C. in a, de-
veloper having the. following composition:.

Grams
4-diethylaminoaniline hydrochloride______ 6.0
Sodium hexametasulfate.________________ 1.0
Sodium bisulfite. _.______________________ 2.0
Sodium carbonate_______________________ 100.0
Hydroxylamine hydrochloride.___________ 1.0

Water to.make 1 liter

By adding 2.0 grams of 1-( carbethoxymethyl) -
2-methylpyridinium thiocyanate, the. increase in
the effective photographiic speed of the developed.
color material was.by. 50%. without any increase
of contrast or loss of'.color halance. By in-
creasing the amount of added pyridinium. salt.
to 6.0 grams,.it'is possible to increase the effective
photographic.sneed of the developed epague ma-
terial by 100% without noticeable change in.
contrast. Concentrations of over 7.0 grams per
liter tend to destroy the color. balance.

The. above. examples. are to. bhe regarded as-
merely .illustrative. of the. invention and not. in
any. sense restricted. It will be.obvious.to. those
skilled-in the. art.that many modifications, such
as substituting equivalent. materials, and. varying
the. proportions.of, the. materials.used,. are within
the. spirit. and’ scope. of the invention. which .is
to be limited solely by the following claims.
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We claim:

1. An alkaline photographic developer for sil-
ver halide emulsions comprising an aromatic
silver halide developing agent and a pyridinium
salt selected from the class consisting of those
corresponding to the following general formula:

R +

/N\

wherein P represents the atoms necessary to
complete a heterocyclic ring structure selected
from the class consisting of pyridinium, pico-
linium, lutidinium, collidinium, parvolinium and
alkoxy-substituted pyridinium radicals, R rep-
resents an aliphatic radical of not more than
5 carbon atoms, said radical selected from the
group consisting of alkyl, chloroalkyl, bromo-
alkyl, hydroxyalkyl, carboxymethyl, carbalkoxy-
methyl and alkoxyalkyl, and X ig an anion se-
lected from the class consisting of chloride,
bromide, thiocyanate, methosulfate and etho-
sulfate.

2. An alkaline photographic developer for a
silver halide emulsion comprising an aromatic
silver halide developing agent and l-ethyl-2-
methylpyridinium chloride.

3. An alkaline photographic developer for &
silver halide emulsion comprising an aromatic
silver halide developing agent and 1-(g-hydroxy-
ethyl) pyridinium chloride.

4. An alkaline photographic developer for a
silver halide emulsion comprising an aromatic
silver halide developing agent and 1,2-dimethyl-
pyridinium methosulfate.

5. An alkaline photographic developer for a
silver halide emulsion comprising an aromatic
silver halide developing agent and 1-carboxy-
methyl-2-methylpyridinium bromide.

6. An alkaline photographic developer for a
silver halide emulsion comprising an aromatic
silver halide developing agent and 1-(carbethoxy-
methyl) -2-methylpyridinium thiocyanate.

7. In the development of a photographic image,
the step comprising the development of an ex-
posed silver halide emulsion in an alkaline de-
veloper containing an aromatic silver halide de-
veloping agent for said emulsion and a develop-
ing accelerator selected from the class consisting
of those having the following formula:

R +
/N\

wherein P represents the atoms necessary to
complete a heterocyclic ring structure selected
from the class consisting of pyridinium, pico-
linium, lutidinium, collidinium, parvolinium and
alkoxy-substituted pyridinium radicals, R rep-
resents an aliphatic radical of not more than 5
carbon atoms, said radical selected from the
group consisting of alkyl, chloroalkyl, bromoalkyl,
hydroxyalkyl, carboxymethyl, carbalkoxymethyl
and alkoxyalkyl, and X is an anion selected from
the class consisting of chloride, bromide, thio-
cyanate, methosulfate and ethosulfate.

8. In the development of a photographic image,
the step comprising the development of an ex-
posed silver halide emulsion in an alkaline de-
veloper containing an aromatic silver halide de-
veloping agent for said emulsion and 1-ethyl-2-
methylpyridinium chloride. i

9. In the development of a photographic image,
the step comprising the development of an ex-
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&
posed silver halide emulsion in an alkaline de-
veloper containing an aromatic silver halide de-
veloping agent for said emulsion and 1-(g-hy-
droxyethyl) pyridinium chloride.

10. In the development of a photographic
image, the step comprising the development of
an exposed silver halide emulsion in an alkaline
developer containing an aromatic silver halide
developing agent for said emulsion and 1,2-di-
methylpyridinium methosulfate.

11. In the development of a Dhotographic
image, the step comprising the development of
an exposed silver halide emulsion in an alkaline
developer containing an aromatic silver halide
developing agent for said emulsion and l-car-
boxymethyl-2-methylpyridinium bromide.

12. In the development of a photographic
image, the step comprising the development of
an exposed silver halide emulsion in an alkaline
developer containing an aromatic silver halide
developing agent for said emulsion and 1-(car-
bethoxymethyl) - 2 - methylpyridinium thio-
cyanate.

13. A color forming photographic developer
comprising a primary amino silver halide de-
veloping agent and a pyridinium salt selected
from the class consisting of those having the
following formula:

wherein P represents the atoms necessary to
complete a heterocyclic ring structure selected
from the class consisting of pyridinium, pico-
linium, lutidinium, collidinium, parvolinium and
alkoxy-substituted pyridinium radicals, R rep-
resents an aliphatic radical of not more than 5
carbon atoms, said radical selected from the
group consisting of alkyl, chloroalkyl, bromo-
alkyl, hydroxyalkyl, carboxymethyl, carbalkoxy-
methyl and alkoxyalkyl, and X is an anion se-
lected from the class consisting of chloride,
bromide, thiocyanate, methosulfate and etho-
sulfate.

14, A color forming photographic developer
comprising a primary aromatic amino silver
halide developing agent and 1l-ethyl-2-methyl-
pyridinium chloride.

15. A color forming photographic developer
comprising a primary aromatic amino silver
halide developing agent and 1-(g-hydroxyethyl) -
pyridinium chloride.

16. A color forming photographic developer
comprising a primary aromatic amino silver
h_allde developing agent and 1,2-dimethylpyri-
dinium methosulfate.

11. A.color forming photographic developer
corr_lprismg o primary aromatic amino silver
halide developing agent and 1-carboxymethyl-2-
methylpyridinium bromide.

18. A color forming photographic developer
con?prlsmg o, primary aromatic amino . silver
halide developing agent and 1~(carbethoxy-
methyl) -2-methylpyridinium thiocyanate.

LAWRENCE G. WELLIVER.
CARL E. JOHNSON.
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