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The Invention relates to a method of devel-
oping photographic silver halide layers and con-
sists in that adsorptive oxidation-reduction sys-
tems are used as developers, the reduction po-
tential of said systems being electrolytically in-
fluenced during the development.

According to the new method, it is not only
possible to maintain the developing power of
the developer permanently at the stage desired
in each particular case; but the effectiveness of
the developer and thus also the -y-value of the
developed silver halide layer can be influenced.
This influencing is of technical importance, par-
ticularly for malintaining a deflnite y-value dur-
ing the development of picture strips.

It Is recognised that the use of reversible
oxidation-reduction systems is essential for the
new method of development,

As suitable oxidation-reduction systems the
tollowing may be mentioned by way of example:
anthraquinones, phenanthraquinones, Indo-
phenols, aminoindophenols, indamines, thiazines,
oxazines, saffranines, rosindulines, rosindones
and vlologenes, but also conjugated systems with
open chalns, such as iso-vitamin C, heterocycles
such as indigo derivatives, organic complexes of
the type Alk: [(B.COO)y Me.] in which

Alk=K, Na, (NH4) etc.
Me= Fe, V, Ti, Cr etc.
R=the organic radicals

—CHI3, —CH20H, —C00 . .. ,—CHA.COO . . . .
—C8Hs, CI.O , . ete,
and r, v and z—=represent the various valency
stages. Examples of such organic complexes are
the ferric complexes with citrates, These oxida-
tlon-reduction systems constitute & mixture of
the oxidation and reduction products, the desig-
nation of the oxidatlon-reduction systems always
being effected according to the oxidized form.
According to the invention, such an oxidation-
reduction system 1s used as developer, and the
reduction potentlal desired in each particular
case, which, of course, can be altered from case
to case, is electrolytically adjusted.

If, for example, it 1s deslred to maintain the
reduction potential at 2 constant value during
the development, in order thus also to obtain
a constant 4 in the developed halogen silver
layer, the developer is in each particular case
reduced by the electrolysis in the deegree In
which it is oxidized by the development,

Essential for the new mode of working Is
the use, in the first instance, of reversible sys-
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tems as developers, inasmuch as only in this
manner can the equilibrium be permanently
maintained or be influenced in the desired sense.
The usable oxidation-reduction systems must
be adsorbed upon the silver halide grains or
latent tmage.

Furthermore, it is advisable to use only those
oxidation-reduction systems which yield a con-
stant potential. As experience shows, this Is
best ensured in the flelds which do not lie within
the range of the over-voltage of the hydrogen
or oXygen.

According to the new method, it is possible to
undertake the development at the potential at
which the development works free from fog and
with large ~y-values. Since the electrode po-
tential of reversible oxidation-reduction systems
often depends upon the pI value, as, for ex-
ample, in the case of anthraquinone or indlgo
derivatives, it s advisable in such cases to main-
taln constant the actual hydrogen-ion concen-
tration, which can be accomplished either by
the addition of buffer systems, such as acetlc
acld-sodlum acetate mixtures, borax-boracic
acid mixtures or, alternatively, by blowing-in of
carbonic acid, adding drops of acid, or by means
of neutralization anodes and the like. Such a
mode of working is furthermore indicated par-
ticularly when the electrodes are not arranged
in the developing vessel, When a diaphragm is
used, the passage of current lberates hydroxyl
fons of the water at the cathode and additions
are necessary to malntain the pX value of the
developer solutions. This maintenance of the
reduction pofential at a constant value, on the
one hand, by the electrolytle influencing, and on
the other, by the maintaining constant of the pH
value, would not produce any suitable developer
liquids within the ranges of the hydrogen or
oxygen over-potential since, as experience shows,
in these ranges, the potentials set in only badly
or very slowly,

During the photographic development of halo-
een silver, halogen lons become free. Although
the potential of the redox system is not influ-
enced thereby, the effectiveness of the developer
would nevertheless vary in the event of an enrich-
ment of these ifons in the developer. If it is
desired therefore to maintain constanf the ef-
fectiveness and also the v-value with continuous
or frequently repeated use of the developer, the
halogen ions must be removed from the devel-
oper. This is possible in many ways: for in-
stance, by the addition of thallium salts, form-
ing thallous halides, the disturbing halogen ions
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can be bound and removed. However, the halo-
gen lon iIs discharged at the anode and the halo-
gen atoms then may be organically bound by
means of organlc compounds, for instance, by
means of pheno!, orthocresol and the lke.

It is also possible to make use, in this case, of
the addition of so-called “catalyst” for halogena-~
tion, such as iodine, iron, tin and the like In the
electrolyte, In order easily to bring about the de-
sired substitutions.

The manner in which the electrical {reatment
of the developer liquid is carried out in detail is,
in principle, immaterial for the mode of working.
Only the electrode potential of the oxydation-
reduction systems used as developers must be
capable of belng electrolytically influenced. Thus,
for instance, the development may be carried out
in such a manner that the developing vessel s
formed as an electrolytic cell. However, it is also
possible to work in such a manner that the
developer is allowed to flow through the develop-
ing vessel and the developer 1s subjected on its
way, outside the developing vessel, to the elec-
troiytic treatment according to the Invention, it
being again possible to take the electrodes or even
only one electrode out of the developing iiquid
and fo use divided cells.

It s advantageous, with this mode of working,
to use the developing fluld as catholyte, because
then the anolyte, in which the haiogen lons are
concentrated by lonic migration, can easily he
renewed or the oxidized halogen lon can easily be
organically bound there.

The electrolytic reduction of the oxidation re-
ductlon systems for the purpose of development
is not only performed directly, but can also take
place through an intermediate body, namely, a
catalyst of reversible or irreversible potential,
Thus, for the purpose of development, a photo-
graphic silver halide layer is bathed during or
after the electrolysis of & oxidation-reduction
system, as, for example, Indigo-carmine in the
presence of sulphite or bodles which, ke iron
vanadium etc. salts, can easily alter their valency.

As has further been found, many oxidation-
reduction systems necessitate, on the electrolytic
reduction of a cathode, high or medium over-
potential. They are then reduced, as, for ex-
ample, rosinduline-G, at cathodes of thallium,
lead peroxide or the like. Latent Images can
also be developed on silver iodine with reduced
forms (that 1s, leuco compounds of the oxidation-
reduction systems, which Is of importance).

Practical examples

1. A developlng vessel for flim strips is filled
with 100 litres of a 1% solution of g-anthra-
quinone sodium sulphonate, of which the pH
value for the development of a negative emulsion
preferably consisting of sllver bromide is ad-
justed by buffering by means of acetic acid-
sodium acetate within the range of pH4 to pHS5.
Immersed in the developing vessel are two carbon
electrodes at a distance apart of 150 mms. With
the quantity of conducting salt used as buffer In
the example, a potential of 8 volts has proved to
be sultable, Immediately after the application of
the potential difference, the pg-anthraquinone
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sodium sulphonate is reduced in the vicinity of
the cathode to the green anthrahydroquinone
stage. The reductlon is continued until a sub-
stantially equi-molecular mixture of the anthra-
quinone and anthahydroquinone stages is ob-
tained, the current density at the cathode being
chosen 50 high for the purpose of obtaining a
good current output, that no visible bubbles of
hydrogen arise. This equimolecular condltion
can, for example, easily be determined colori-
metrically and potentiometrically in known man-
ner. The fllm strip 1s now introduced into the
now finished developer and the current density Is
moderated to such an extent that the equi-
molecular ratio is substantially maintained
throughout the development. The maintenance
of the reduction potential can be carried out
entirely automatically if there are used for the
colorimetric control, photo-cells, which in turn
control the electrolysing current. In this man-
ner, many kilometres of plcture or sound sirips
can be developed In the same developing bath,
without a fuctuation occurring in the 4 of the
developed film.

2. A developing vessel of 100 litres capacity is
charged with a 3% sclution of o-cresol-indo-
phenol, which has 5 gms. sodium carbonate in
100 ecs. solution. To the developing vessel, which
is designed in the usual manner, there Is con-
nected a circulating system for the developer
liquid, this system leading through an electrolytic
cell which is constructed In such a manner that
the developer solution is in the cathode compart-
ment of the cell. In this cell there serves as
catholyte a cold-saturated soda solution, which Is
separated from the catholyte by a steatite dia-
phragm of 3 mm. thickness. Symmetrically ar-
ranged on both sides of the diaphragm are elec-
trode plates of stainless steel having a surface
aren of 250 8g. ems. on one side. After switching-
in a voltage of 8 volts, the circulating developer
liquid is reduced to the leuco stage, the blue
colour of the electrolyte brightening considerably.
The film strip to be developed, a sllver bromide-
contalning negative emulsion, i1s now introduced
into the developing trough, and the electrolysis
in the electrolysing chamber is adjusted in ac-
cordance with the oxidatlion of the leuco stage.

In this practical exemple, the halogen lons
which become free during development migrate
from the developer Into the anolyte, If phenol
is added to the anolyte, until it contains about 1%
phenol, tribromo-phenol is separated at the
anode.

In the chosen practical example, blue dye,
which Is soluble in water, 1s separated near the
silver. When choosing other indophenols and
otherwise the same mode of working, it is possible
to give & blue colour to the pictures on the picture
strip; the sllver can then be dissolved out with a
known silver solvent, so that a bluc organic
pleture remains behind,

This form of carrying out the method would
also be sultable for the colour development for
use in connection with colour photography, by
treating in one or more emulsion layers in the
above described manner.

JOHANNES RZYMEOWSKI.





