CHAPTER 24

GASPARCOLOR AND THE SILVER-DYE-
BLEACH PROCESS

FINELYdividedsiwanmulahlyu. It has been proposed to
utilize this property in the destruction or the formation of dyes, in situ with
the image. These efforts culminated in the successful Gasparcolor process,
although as utilized by Dr. Gaspar it is doubtful if a truly catalyzed reaction
s involved, There is little doubt, however, but that the historical development
procoeded in that manner. Probably the first use of the catalytic property of
silver was In 1859, when E, Howard Farmer disclosed the action of a silver
image upoa strong dichromate solutions (Eng. P. 17773/80). When a plate
or film, coataining a silver image, is immersed in a 20 per cent solution of
ammonium, sodium, or potassium dichromate, the gelatin immediately sar-
rounding the silver grains becomes tanned, the silver itself remaining ap-
parently unaffected. As Farmer described the action, the dichromate and
gelatin react under the influence of the catalyst silver, so that chromium salts
are formed. These combine with the gelatin to form a tasned form of that
colloid, The action is extremely rapid, We will discuss this reaction in greater
detadl in a later chapter, when the subject of Wash-Off Relief is taken up,

In 1897 R. E. Licsegang disclosed another somewhat similar action, this
time with ammonium persulphate (Phst. Archiv., Vol. 32 (187), p. 161), but
now instead of forming a tanned image, there is formed an image of soft
gelatin, The action of persulphate was to soften the gelatin in situ with the
silver. An improvement in this procedure was introduced the following year
by M. Andresen (Ger. P. 103516). He found that hydrogen peroxide, es-
pecially in the presence of the halogen acids, greatly accelerated this action.
The further development of both this and the Farmer disclosure, appears
to have been restricted to the preparation of matrices, and we will leave uatil
we come to that subject the more detailed discussion of these reactions. Now
we are merely interested in the fact that even before the turn of the twenticth
century, the catalytic action of the metallic image was already noted.

A further extension, one that is closer to the form of the reaction in which
our present interest lies, was made about 1903 by Ostwald and Gros (Jakrbuck,
Vol. 17 (1903), p. s19), in & paper describing their “Catatype Process.”
They pointed out that the axidation of pyro by potassium bromate was tre-
mendously accelerated by platinum, If & sheet of paper, seasitized with a
mixture of pyro and potassium bromate be squeegeed to a platinum print,
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and the two left in contact from 45 to 60 minutes, & brown lnage will be formed
in the paper, corresponding to the platinum image in the print. This reaction
can be further catalyzed by copper sulphate. In the same paper they mote
also that if a silver or platinum image be fooded with peroxide; nascent oxygen
will be liberated in sita with the metallic image, thus indicating a destruction
of the peraxide at these points. By this means it becomes possible to form a
negative image composed of peroxide which can be made to undergo other
reactions. It is interesting to note that this scheme, although not proposed
for the formation of color images, could be utilized for that purpose. If
peraxide is destroyed in situ with the silver image, them oxygen must be
released at these points, and this oxygen could be utilized to form a color
image by its action upon leuco dye bases, leuco ester salts of the vat dyes, or
upon mixtures of paraphenylenediamine developers and coupling agents (cf.
chapters dealing with Toning and Color Development. processes). The
same i troe with the action of bromic acid or bromates.

Shortly after this article appeared, Dr. Karl Schinzel proposed & complete
process for the making of color prints, utilizing the catalytic destraction of
dyes by the oxygen released from peraxide in comtact with a silver image
(Brir, J. Phot,, Vol. 52 (1903), p. 608; Aust. P. g2478; Phot. Wack., 1905).
The disclosure s important from another point of view, It is one of the first
patents which contains a complete description of a monopack, A plate was
coated with three emulsion layers, one on top of the other, and separated from
each other by plain gelatin layers. The entire group formed a single inseparable
unit, Each emulsion layer was sensitized to but & single primary color, and
was dyed in mass o a color complementary to its sensitivity, Thes the
top layer, sensitive to the blue rays, would be dyed yellow. The central
layer, sensitive to the red, would be dyed cyan, The bottom layer, sensitized
to the green, would be dyed magenta. Therefore each layer completely re-
moved the light to which it was specially sensitized, making for complete and
accurate color analysis. The dyes that were used were stable to the action
of water, alkaline developers, and fixing baths, so that after exposure, de-
velopment, foation, and washing they would remain intact in the gelatin
layers, together with a silver image depicting the densities due to the individual
primaries. The final step was to imsmerse the plate in a peroxide solution,
Where this substance came in contact with the silver, axygen was released.
This bleached the dye immediately about the silver. Since the amount of
oxygen released depended upom the amount of the silver, the destruction
of the dye followed the image density. Where there was a heavy deposit of
silver, there most of the dye became bleached. Highlights in the original
were recorded, therefore, as highlights in the dye image. The process gave a
direct positive.

As long as one did not examine the procedure too closely, it was an excellent
solution to the problem of making color prints, especially from other color
transparencies such as Autochromes, etc. But the practice Jeft much to be
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desired. At the time the idea was proposed, the available dyes did not bave
the stability to peraxide that the procedure called for, so that it was extremely
difficult to prevent the bleaching of the dyes at noa-lmage portions of the
layers, 2 fact pointed out by R. Neuhauss almost as soon as the idea was
peoposed (Phet. Rund., Vol. 19 (1905), p. 239). This was admitted by Schinzel
in a second paper in which he discussed several other highly theoretical pro-
cedures (Chem. Ztg., Vol. 32 (1908), p. 665). Ideas along these lines were also
advanced by F. Sforza (Phot. Cowd., Vol. 4 (1909), pp. 23, 101) and R. Luther
(Pkot. Rwnd., Vol. 25 (1911), p. 1). But the procedures for the isolation of
the dye image differed from that of Schinzel. Sfoeza, for instance, converted
the sflver into & dye mosdant, thus fixing the dye in the form of a silver-salt
complex. Upon treatment with hypo, this dissalved out, leaving a positive
image behind, Of course all of the ideas expressed were hypothetical, as no
reduction to peactice was indicated by any of the gentlemen, When the
Schinzel disclosure was cited as a prior art against Dr. Troland, he answered
that Schinzel never reduced his art to practice, and since the Troland moso-
pack patent (cf. chapter on Monopacks) was issued, it may be inferred that
this argument was acceptable. But to Schinzel must go the credit for being
the first person to suggest the catalytic destruction of a dye for the formation
of a color print. This suggestion culminated in the successful Gasparcolor

process.

In the Schinzed scheme, the dye was apparently destroyed by oxidation,
The reverse reaction, dye destruction by reduction, was outlined by Christensen
in 1918 (US.P. 1517049; Eng. P. 133034; Ger. P. 327501; Jakrbuch, Vol. 29
(1930), p. 164). He found that certain dyes would be destroyed by hydro-
sulphite, at room temperature, only in the presence of finely divided silver,
After exposure, development and fixation, a film may be dyed with any of the

following dyes:
Ozamin echt rosa Diamine fast rod F
Asropbenine Benzcazusine G
Dianil pure bloe Rasophenine SG
Congo pare blue

After being uniformly dyed, the film was treated with a solution contalning
from one to three per cent of sodium hydrosulphite or stannous chloride,
The dye was bleached only in situ with the silver image, and to an extent
depending upon the density of the image. It is possible to add the dye to the
emulsion, or to bathe the film immediately after the exposure. In this event,
development and dye-bleaching could take place simultancously by treating
with

Sodiums hydrosulphite 30 parts
Potassium beomide 30 parts
Water to 1000 parts

The silver could be removed by treatment with Farmer's reducer. A scheme
such as this could be wtilized with advantage in those processes where three
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layers comtaining the color part-images are superimposed to form the com-
plete color print.  The Defender Chramatone stripping paper, or some similar
material, could be wsed,

Almost contemporary with the Christensen disclosure was the one made by
George Pascal Joseph Schweitzer (Fr. P. 476213). He suggested that the
silver image be converted into lead chromate, after which the film was dyed
in mass. When this was washed with acid, it was found that chromic acid
was released, which destroyed the dye in its immediate vicinity. By this
means a direct positive was obtained — highlights in the original were repro-
duced as highlights in the colored image. Suitable dyes were tartrazine,
aniline green, orchil, safranine, methyl blwe, and methyl violet. In a later
disclosure (Eag. P. 249530) be extended the scope of the reaction. The dye
could be included in the emulsion. Three layers could be coated one on top
of the other, in the form of a Schinzel monopack. After exposure, development
and fixation, there would be obtained a silver image in each of the dyed layers,
A final treatment must be given in a bath such as

Sodiam bromate 15 parts
Sulphuric acid (concentrated) 10-20 parts
Water to 200300 parts

In this bath the dye becomes destroyed in situ with the sllver image, which

acts upon bromic acld to decompose it, probably releasing nascent axygen.
In another modification, it becomes possible to effect just the opposite result.

The monopack is exposed and developed, bat not fixed, Upon treatment with

Todic acid t part

Sulphuric acid (concentrated) 35 parts
Alcohalic jodine, 25% 10-35 drops
Water to 200 parts

the dye becomes destroyed only in those places where the silver bromide exists.
1t is left undisturbed in situ with the silver image. A black-and.white positive
becomes converted into a color positive. There is some advantage to such a
procedure, since the amount of dye that remains at each point depends upon
the original silver image. The dye is destroyed at all other places.

In German patent 306485 R. Luther and K. von Holleben made a slight
varation from the above geseral procedure. The dye that was to form the
final image was incorporated im the emulsion. After exposure, development
and firation, the silver knage was converted into vanadyl ferrocyanide, The
vanadyl jon acted as an axypen carrier in the next step, which consisted in
treating the dyed layer with chromic or hydrobremic acid. The dye was
destroyed in situ with the ferrocyanide image. To make positives, the silver
image should be a negative, so that printing was to be done from positives.
This makes it convenient as a duplicating material, especially when Koda-
chrome transparencies are to be duplicated. The one disadvantage is that
the image itself is what remains, after exposure and development. This means
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that absolute uniformity ia coating is required, But this & & problem that
had to be solved to a high degree of perfection during the last two decades,
since the same problem exists in all reversal processes.  Years later Dr. Gaspar
revived the use of vanadium ioas as a catalyst in a different type of axidation,
this time in the oxidation of leuco ethers, esters, and ester salts of the vat dyes
(cf. chapters on Toming).

In 1921, Mr. Crabtree of the Eastman Kodak Laboratories disclosed another
procedure by which dyes were destroyed by reduction, in site with a silver
image (Communication No, 97, Eastman Kodak Laboratories; Photo Erg,
1921). Dyes that were easily reduced to the leuco foem, such as methylene
blue, methylene green, fuchsine, etc., were bleached in situ with a silver image,
if the dyed image layer were treated with

Hypo S pasts
Acid bardener 2§ parts
Water to 100 parts

The acld hardener is made by dissolving <6 parts of alum, and & like amount of
sodium sulphite, in 1000 parts of ro per cent acetic acid. The time of treatment
is from three to five minutes, after which the layer should be thoroughly washed
so that the leuco dye bases are completely removed. If this is not done in a
thorough manner, the unremoved lewco salts will reform the dye when the
plate or film is treated with Farmer's reducer to remove the silver. It wasalso
suggested that the leuco derivatives could be mordanted to the gelatin by
some means that is not effective upon the dye. In that case it becomes possible
to wash the film free of the unreacted dye, then treat it with ferricyanide to
regenerate the color. By this means the final dye lmage is directly related to
the silver image, and not to what is Jeft behind after the silver image bas
been removed. This scheme is really worthy of further stody. For one thing,
an attempt should be made to expend the reaction to those colors which form
stable leuco derivatives that are soluble in alkali and so can be washed out
readily. As a rule, strong reducing agents, such as alkaline hydrosulphite,
zinc-acid, zinc-alkali, etc., are required for the reduction. But possibly the
catalytic action of the silver image would allow milder agents,

After Crabtree, the idea appears 1o have become dormant until Dr, Bela
Gaspar tackled it in a thorough and palsstaking manner, After developing the
original reaction (the reduction of dyes in situ with a silver or silver salt image),
to a usable state, Dr. Gaspar made a thorough stedy of the many other second-
ary variables whose previous non-umiformity was the stumbling block wpon
which the commercial application tripped. Problem by problem, Dr. Gaspar
overcame these dificulties, until he was ready to launch a full utilization of the
procedure to make prints in color from color transparencies.

There are at Jeast four different phases to the successful application of
the silver-dye-bleach processes. First of all, the fundamental reaction, the
destruction of the dye in direct proportion to the silver image, must be made
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completely foolproof and applicable over a fairly wide range of variations in
solution composition. Motion-picture work requires millions of feet to be
processed continwously, hence means must be found to guarantee the life of
the solutions, so that results at the head and tail ends of a rus will be uniform.
The action must be faiely rapid, hence as great a differential as possible must
be maintained in the reactivity of the solution upoa dyes in the presence and
in the absence of silver.

A second problem is to diffuse the color uniformly through the gelatin layer,
If some color is heavier at one spot, then regardless of how proportional the
reaction may be, the result will be non-uniform, since there will be a dispro-
poctionate amount of dye left in the more concentrated regions. The dye
must be very finely dispersed in the gelatin, otherwise the resultant image
will be coarse and grainy. It must be remembered that the projected motion-
picture image represents an enlargement of more than four hundred diameters,
especially in the larger theatres where a forty-foot screen is used. The dye
must be thoroughly localized and have eitber no solubility, or no mobility
in the solutions used in processing. This problem we have met before, in our
discussion of the Agfa version of Kodachrome,

A third problem relates to the proper construction of the monopack layer.
The original scheme formulated by Schinzel was to dye each layer the exact
complementary to the spectral sensitivity of the layer. Thus the top layer,
being blue-sensitive, would be dyed a yellow, One result of such & procedure
would be to limit cach silver image to & thin upper portion of cach layer,
making the final dye print flat, For copy material, this type of spectral dis-
tribution is unmecessary. Dr, Gaspar has developed a special type of specteal
distribution that allows full penetration of the peinting light through the
entire depth of each layer, and yet does not interfere with other layers, The
fourth major problem is the formation of a sound track, equal in quality to the
normal black-and-white prodect. In the present discussion, the Gaspar
patents have been classified in accordance with the above system. We will
discuss these in detall, since a study of their contents reveals a pattern for the
successful solution of intricate and delicate procedures.

Dr. Gaspar's first efforts in color were devoted to mordant and toning proc-
esses. These evidently have taught him that the silver in the normal black-
and-white image could be made to influence other reactions, such as oxidations
or reductions. He quickly realized that cither of these could be made to act
on dyes to decolorize them. From a realization of this fundamental principle
to the utilization of it for the making of color prints, was a very obvious ex-
tenséon,

The chemistry of the reaction is outhined in United States patent 2030778
(Eng. P. 305718, 307158, 197183; Fr. P, 727168). The peesence of & non-
keuco-forming dyestufl which is uniformly diffused through the gelatin layer,
and a metal image are essential for picture formation. The metal image i,
of course, the usual silver image produced by exposure, development and
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fixation of & normal photographic emulsion. The non-leuco-forming properties
limit the selection of the dyes somewhat, but not seriously, Strictly speaking,
there Is po soch thing as a noa-leuco-forming dye. What Dr. Gaspar means
is that the formation of the leuco form is extremely difficult under normaal
conditions, so that destruction of the dye rather than leuco formation takes
place. The azo dyes fall into this dassification, for the formation of hydrazo
compounds is extremely difficalt. Ewven when formed they are very unstable.
Unlike other leuco dyes, they would probably undergo what chemists term the
benzidine or semidine rearrangement, The resultant substituted benzidines,
or amino diaryl amises, would be colorless substances capable of being washed
out of the emulsica. Dyes of the di and tri phenyl methane series, the indigoes,
and the other vat colors, all form lewco derivatives, which easily reoxidize to
the original dye. Unless the leuco forms are completely removed, the danger
is always present that clear and clean-cut images will be difficult to obtain.

The dyes that are suitable for such destruction are of the suhstantive and
acid-azo class, although some basic vats and alizarines are also available.
Mentioned specifically are

Hdiotrope BB, No. 321

Chlor<amine light red 7BL (Sandox)
Diamine rose G, No. 119

Diamine rose BBF (Casella)

Diamine pure blue FF, No. 424
Naphthamine light blue 4 B (Kalle & Co)

The number beside the dye refers to its listing in the fifth edition of Schultz"s
“ Farbstofi-tabellen.” The chemical constitution, and the name of the manu-
facturer, together with all the trade names under which the dye is sokl, are
given in the tables,

The destruction of the dye can be accomplished either by oxidaticn or re-
duction. The actual agents that attack the dyes are formed and act while the
findy divided metal forming the image is being acted ca by the treating
agent. These are divided into two dasses, “destractive” and " noa-destruc-
tive.” Reagents which are destructive can attack the dye even in the absence
of a silver image, bence are undesirable. Potassium permangamate, bromic
acid, and hydrogen peroxide are oxidizing substances in this group. It is
Interesting to note that Schinzel first proposed 1o use peroxide, and Schweitzer
suggested bromic acid (cf, above), Reducing agents of this class are sodium
hydrosulphite (Christensen, cf. above), and stannous chloside, Comcentrated
solutions of sulphuric acid, and of sodium and potassium hydroxides, acting
as solvents for the dyes, can also be classified as destroctive, in that they act
upon the dye generally. The fact that an accelerated action takes place in
the presence of the silver image, brings all of these chemicals into the scope
covered by this patent,

Of the other type of agent, there exists quite & variety. These, as has been



412 HISTORY OF COLOR PHOTOGRAPHY

pointed out above, act first to form silver salts and products which can reduce
the dye, thus destroying it in direct proportion to the intensity of the silver
image. Or the silver salts can form complexes which act upon the dye. In
cither case the reaction follows closely the image density.

Sulphur-containing compounds that can form complex silver salts, are
especially useful in this respect. From this point of view, an article by
Dr. G. Schwarz, director of the Gevaert Photo-Producten N.V., is of some
interest. It is titled “Photographic Silver-Gelatin as a Reagent in Spot
Analysis" in Imdustrial and Engincering Chemisiry (Vol. 12 (1940), p. 369).
It is a wellknown fact that when a silver image is immersed in water,
then dried, the image loses density in the regions that were wet. Dr, Schwarz
found that this decrease in density could be completely negated if the water
contained any one of a fairly large series of organic compounds, in concentra-
tions varying in some cases to one part in 100,000, The reaction was recom-
mended as a spot test for the detection of minute quantities of specific materials
in solution. Its value lies in the fact that organic chemists bave an casy
routine to determine whether or not a given reaction mixture still contains
undesired material,

To carry out the procedure, a sheet of photographic paper is given an overall
exposure to light, then developed to gamma Infinity in

Metol 1.0 parts
Hydroguinone S0 parts
Sodiam sulphite 50.0 parts
Sodizm carboaate go.0 parts
Potassiums bromide 1.0 part
Water to 1000 parts

It is fixed in & 20 per cent hypo bath containing 2 per cent of sodium bisulphite,
washed, dried, and inally cut into strips, Each of the strips contains a uniform
silver deasity. When a test is to be made, 2 drop of the solutica & placed on
the test strip, and is allowed to evaporate to dryness. This should not take
Jong, since mest of the water will be absorbed by the gelatin,. When dry, the
entire strip is placed in hot water, at a tempemture between 80 and go C.
A positive test will be had if the area covered by the drop is appreciably darker
than its surroundings. To us the interesting feature of this phemomenon is
that all the reagents that give a positive test are those which contain a labile
hydrogen, and which can therefore form simple or complex silver salts. This
is also a condition that appears to be a requisite for the Gaspar type of dye-
bleach solution. Dr. Schwarz details his results with a lange number of sub-
stances, which by inference, at least, should be usable in Gasparcolor. It is
interesting to note that most of the substances mentioned in the Gaspar
patents, give positive results,

Some typical solutions that will destroy the dye I situ with a sliver image,
are the following:
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1. Thiourea 10 parts
Citric acid § parts
Water 200 parts

A film, dyed diffasely with one of the dyes mentioned above, and containing a
silver image, is treated in the above solution. The dye will be destroyed only
in the places where a silver image exists. If this be a negative, then a positive
dye image remains. Therefore to obtain a positive, the film must be printed
through & positive,

2. Semi carbazide 5.0 parts
Sulphuric acid 10 part
Water to . 100 parts
3- Thio semi-carbazide $0 parts
Sulphuric scid 1.0 part
Water to 100 parts )
Guanidine and amido-guanidine could replace the agents mentioned above.
4. Sodium sulphide §.0 parts
Metol as desired
Water 100 parts
5. Thiodiglycolic acid and sugar 5o parts
Water to 100 parts

The chemistry of the reaction was extended in a later patent application,
which oddly enough was issued before this ane in the United States (US.P.
2004625; Eng. P. 419810; Fr. P. addition 43049 to 727168). Here is dis-
closed the fact that the silver image could be developed and the dye destroyed
simultaneously, Ordimarily the developer will not have a sufficient potential
to reduce azo dyes, but evidently the catalytic action of the silver makes the
reduction pessible. Two solutions are given:

1. Amadol 1.0 part
Sodium bisulphite 1.0 part
Sodium sulphite, crystals £.0 parts
Water 200 parts

and

2. Sodium hydrosulphite 0.5 part
Potassium broside 1.0 part
Sodium bisulphite 3.0 parts
Water 100 parts

The second solution differs but slightly from the coe offered by Christensen
(cf. above). The most important difference, and ose which may be an indica-
mdammmathlmwcwwnwlnd,klk
inclusion of sodium bisulphite, making the solution more acid than

Dr. Gaspar, hm«ulofh-pumtmﬁammmthuhehnd-mu
reaction is

A’ + HYX™ 5 Ag*X- 4 HY
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This reaction proceeds most genenally to the left. The presence of silver jons
in the solution would force the reaction to the left, so that under ordinary
conditions, the formation of nascent hydrogen by the action of an acid upon
metallic silver, would never take place. The need for the presence of an agent
which removes silver ioas from solution, mow becomes evident. When this
bappens, positive silver is removed as fast as it is formed, thes forcing the
reaction 1o the right. Hydrogen has a very limited solublity in water, so
that its concentration is a minor infleence. However, this also is removed
when an easily reduced dye is present. Hence in Gasparcolor, the conditions
are just ripe for forcing the reaction to the right. Nascent hydrogen is an
excellent and extremely powerful reducing agent. Since its formation is de-
pendent upoa metallic silver, and this is removed during the formatioa, the
peroduction of hydrogen will continue only until the silver is used up.

Amidol is one of the few developing agents which can act even in acid media.
But the action under such conditions is extremely slow. Dr. Gaspar suggests,
therefore, that the development be started in a normal amidol developer, then
finished in an acidified solution. This can be accomplished if a few drops of
concentrated hydrochloric acid be added to the original. The amidol could
be replaced by pyrogallol, metol, glycin, etc., and HCI can be replaced by
other acids. When hydrosulphite is used both as a developer and as a dye
destroyer, it must be present in Jow concentrations, and its activity must be
further curbed by the presence of mild acids (strong acids will decompose
hydrosulphite) and fairly large concentrations of bromide,

While the formation of nascent hydrogen may be the true explanation when
the sobutions comtain acids and silver-salt complex formers, this cannot be the
true explanation in the case just discussed. Here we have only & very mild
acidity, and no sliver complex formers to remove silver jons from solution,
Perhaps the adsorption theory of development provides s clew. Accoeding
to this theory, the metallic specks forming the latent image act as centers
about which the developing foms, soch as metol, amidal, ctc., adsoeh. Asa
result of this adsorption, the local concentration of the reducing agent is
increased to a point where its reducing power becomes sufficiently high to
attack the silver bromide, and in the present case, the dye. Since sodium
hydrosulphite and peroxide can also act as developers, this explanation must
not be overlooked as a possibility in the Schinzel and the Christensen tech-
niques.

In the specifications of this patent, Dr. Gaspar hints at another type of re-
action, Instead of having the reaction products between the silver image and
the bleach solution act on dyes, they can act upon dyestufi-forming sub-
stances, whereby the dyestufl-forming properties become destroyed. The very
obvious extension, the reduction of mitro-bodies to amines, is not mentioned in
this patent. Under such conditions non<dye-forming compounds becomse
converted to dye-forming ssbstances. One very obvious advantage of this
type of reaction is that the intensity of the final image becomes directly pro-
portional to the original silver image, rather than to its complement.
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In English patent 397159, several new bleach formulas are given

1. Potassiom thiccyanate 3 parts
Citric acd 3 parts
Water to 100 parts

2. Cysteln hydrochloride § parts
Metol § parts
Sulphuric scid 3 parts

3. Phenyl bydrazine hydeochkcide 3 parts
Hydrockloric acid 3 parts
Water to 100 parts

All the formulas listed above act upon the dye as reducing agents. In
several other disclosures (Eng. P. 397188, 307192), oxidizing solutions that
bleach dyes are listed. Here also are included the compositions of the dyed
layers, A monopack contains a bottom hyer dyed diffusedly with diamine
pare blue FF, & central layer colored by diamine fast pink G, and a top layer
dyed yellow with mordant yellow G, After exposure, it is developed, then
treated with either of the following solutions.

t. Sedium chloeate § parts
Hydrochloric acid, 20% $ parts
Water 1o 75 parts

or

2. Potassium beomsate § parts
Selpheric acid 3 parts
Potassium odide, 10% & part
Water 1o 100 party

To this was added cither 0.2 part copper sulpbate or o part vanadium
chloride to act as a catalyst, In these solutions, the dye becomes destroved
only in situ with the undeveloped silver halide salts, hence the importance
of not fixing the emulsion after developasent. The decomposition of chloric
or bromic acid into free chlorine or bromine takes place only in the presesce
of huge quantities of halide jons in accordance with the reaction

sNaCl 4 NaClO; 4 sHSOe—=3Cly 4+ 3HO 4 3Na,S0,

We recall that Mr. Brewster used the equivalent iodide reaction for the forma-
tion of his Miller-type silver iodide mordant (cf. chapter on Dye Toning).
With bromic acid, a similar action takes place. In the present instance, silver
bromide takes the place of NaCl or NaBr, thus localizing the reaction to the
immediate vicinity of the insoluble salt. The bleaching action of free halogen
is well kmown.
Another possibility is outlined in these patent specifications. The monopack

containing the silver image, can be treated with

Bleaching powder 2 parts

Acetic acid 2 parts

Water to 100 parts
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Now the dye destruction will take place in situ with the silver image. In this
case it is possible to fix the emulsion before treating it with the bleach sobution.
These solutions are quite reminiscent of the Schweitzer disclosures, where two
baths are given, and the claim made that one solution gives dye destruction
in situ with silver, and the other one in situ with the unfived silver halide.

Instead of converting the silver into a substance which will act oa the dye
to bleach it, it is possible to convert it into & salt that will react with the
bleach and thus prevent its actica on the dye (Eag. P. 424563). The dye
will in that case be bleached most where the least silver deposit is present.
Here again there will be formed a negative dye image,

In compounding a bleach it is extremely desirable to have a solution that
will act rapidly, for if the time of reaction be unduly proloaged there will be
bound to be some action on non-image portions of the layers. In such cases it
is wsual to look for catalysts. These may serve two purposes. First, they may
increase the rate of the general reaction, the reduction of the dye by the agent
cither present in the solution, or formed by its interaction with silver or silver
halide. Secondly, they may increase the differential in the reaction rates
between image and non-image portions. In either event the time required
for image formation will be considerably decreased. When a thicurea bleach
is used, it has been found (Eng. P. 496558) that substances like metol, hydro-
quinone, etc,, are excellent activators, especially in the presence of organic
solvents which probably act as solvents for both dye and dye-reduction
produects.  Three solutions are given:

1. Thioarea 19 parts
Hydroquineae 16 parts
Hydrochloric scid (cone,) 2 parts
Exhyl alcohol 30 parts
Water to 100 parts

2. Thicurea 19 parts
Hydroquinose 16 parts
Hydrochlorie scid (come) 2 parts
Acetone 30 parts
Water to 100 parts

3. Thiourea 16 parts
Metol 3 parts
Sulphuric acid, 20% 1 part
Methyl alcohol Jo parts
Water to 100 parts

It is evident from the examples that only water-miscible solvents are used.
In an extension of this patent, it is pointed out that the ortho hydroxy azo
dyes, which are insoluble in alkali, are especially useful (Eng. P. 500008).

A more positive type of catalyst is disclosed in English patent 490451 (d.
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U.S.P. 2183305 for a method of synthesis). This also is to be used with the
thiourea type of bleach. The substance phenazine has the structure

(X0

Here two benzene groups are bridged together by two amino nitrogens, forming
a mew six-membered azine ring. If there is present an amino or an oxy group
in either of the benzene rings, the result is a dye. Safranine, coe of the very
first known practical desessitizers, has the strocture

LS

Phenosafranine, another excellent desensitizer, has the structure
Both of these substances act as catalysts for Gasparcolor. Other phenazines

. ~ .-

that can be used are mm O:n-
L

2!y diaminopbesarine  2:3 di-oxy-phenazine

Also dyes such as Janus blue, methylene blue, and induline scarlet can be wsed.
They also act as desensitizers for the photographic emulsion.  Another com-
mon property is that they bleach very readily when exposed to light, especially
if thiourea and certain thiourea derivatives are present. In the bleached
state they are fairly strong reducing agents, being capable of reducing silver
nitrate to metallic silver. It may be inferred therefore, that these substances
act as hydrogen carriers, becoming reduced readily by the action of the
bleach solution, and then reforming the dye by reaction with the non-leeco-
forming dye present in the emulsion layer. In general, derivatives of the fol-
kowlng type can act in this manner

Xcanbe N, S,o0c0,
Yanbe N, S, or O, .

1f X and ¥ are nitrogen, the compounds formed are azines (safranine, pheno-
safranine, etc.). If X is N, and ¥ is S the compounds are thiazines (methylene
blwe). If X is N and ¥ is O the compounds are oxazines. All the members
of these classes of dyes have desensitizing peoperties, are easily bleached to
leuco derivatives by the action of light (an action which is highly catalyzed by
thicurea and its derivatives), and they strongly fog photographic emulsions
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when these are treated with the dyes. In this cycle of commen properties
may le the explanation for the catalytic action of the substances in Gaspar-
color. Also menticmed are di-methyl-phenyl-benzylammoaium chloride
(leucotrope 0), and quinoline-cthyl-sulphomate.

The second problem which Dr. Gaspar had to solve was to dye the geatin
layer uniformly. The dye must be completely localized, and must not diffuse
away from the positions where it is placed. This ussally means that the dye
must be insoluble in the gelatin and in the solutions into which the gelatin
layers might be placed. If this method is adopted for the Jocalization of the
dye particles, then another problem arises, The sizes of the dye particles
must be made sufficiently fine to insure an image that will not be grainy.
One solution would be to colloidally disperse the dye in gelatin. In order to
accomplish this, it is desirable to start with some derivative of the dye which
is soluble in water. After solution in the gelatin emulsion, the derivative can
be treated so that the original insoluble dye becomes reformed. Under such
conditions, especially if gelatin be present, extremely fine dispersion can be
made. One method of accomplishing this is to start with & hydeazo compound,
These compounds may be considered as leuco azo dyes. By a process of oxida-
tion they become converted into the dye form.  As oxidizing agents Dr. Gaspar
suggests ferric chloride or nitrous acid (US.P. 204182y; Eng. P. 410991;
Ger. P. 6otg72; Fr, P. 766192). In the specifications of this patent, there is
suggested that the hydmzo compounds might serve as toaing agents, In this
case, the silver image must first be converted into lead chromate, which upon
treatment with an acid will release chromic acid, a powerful oxidizing agent.

When an azo group is ortho to an hydraxy, as in the dyes of the Naphthol
AS series, complete insolubility is achieved even though there is ostensibly
present a solubilizing oxy group. This lack of solubility conforms to a hydea-
zone strocture for the dye, thus

O+,

Upon reduction to the hydrazo derivative, there will be formed a tree hydroxyl
group which would be capable of forming soluble sodium salts

This form will be axidized very readily by agents such a5 nitrous acid, ferric
chloride, chromic acld, etc., to the insoluble dye. Methods of converting a
silver image into an oxidizing agent have been described in the chapter on
chemical toning.
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The insoluble azo dyes, cspecially those containing an hydroxy group ortho
to the azo, can be solubllized by forming a bisulphite addition compound
(US.P. 2172307, 2172508; Eng. P. 406550, 408401). Pam red, formed by
coupling para-nitro-benzene diazonium chloride into beta naphthol

0.8

can be converted into & soluble product by the following method. One gram
of the dye is refluxed in & solution containing o grams of bisulphite, 35 cc of
water, 35 cc of alcohel, and 25 cc of chloroform, until the red dye has dis-
appeared. The solvents are partially distilled off, whereupon yellow crystals
are precipitated. These can be recrystallized from water.

If the coupling agent is an amine, it is possible to achieve solubility by
converting it into the omega sulphonic acid, by treatment with bisulphite-
formaldchyde. The omega salt can then be coupled. A dye omega sulphonate
will be formed, which is soluble, After dissolution in gelatin, the dye can be
precipitated in excoedingly fine state, by treatment with alkali. Instead of the
dye, the coupling agent may be made soluble in this manner, and the dye
formation carried out after dispersion in gelatin.

A fuarther extension of this idea is contained in United States patent 2178167
(Eng. P. 503873). Nitro or nitraso bodies are dispersed in the gelatin or
emulsion layer. After exposure, development, fixation, and washing, the
film i treated with sodium hydrosulphite, which will reduce the nitro or
nitroso growp 10 an amine, which can then be diazotized and coupled. The
resaltant dye could fimally be bleached in situ with the silver image by treat-
ment with any of the solutions mentioned above, Dr, Gaspar makes an
obvious extension of the process in this disclosure, Instead of comverting the
nitro group genemlly into an amino body, this comversion is made to take
place in situ with the silver image. This can be accomplished if the film is
bathed with halogen acids, but a preferred bath is

Water 100 parts
Thiourea 7 parts
Sulpburic acd 1 part

Hydroquinoae 6 parts

The time of treatment is ten minutes. After a2 thorough wash, the film is
treated with a solution coataining one-half of one per cent of nitrows acd
(made by dissolving 5 grams of sodium nitrite in one liter of water), then
acidifying with hydrochloric acid. This treatment will convert the amine
into a diszonium salt. Upon treatment with an alkaline solution containing
a phenol, beta naphthol, or naphtbol AS body, a dye will be formed in those
places where a silver image existed previously. -
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In another disclosure (US.P. 2071688; Eng. P. 416566, 416660; Fr. P.
747252) Dr. Gaspar describes methods of forming other than azo dyes, in a
gelatin medium. Thus various metal salts may be dissolved in the gelatin
solution, which by treatment with other salts, will yield pigments. Ferrous
salts can be dissalved in the gelatin, and this can later be treated with potassium
ferricyanide. By interaction between the two, the cyan pigment Prussian blue
is formed In tree colloddal dispersion. The ferrous salt may be substituted by
lead, and the potassium ferricyanide by potassium dichromate. The met
effect will be to form the extremely efficient yellow pigment Jead chromate,
again in the form of a colloidal dispersion in gelatin, If the emulsion, colored
cither by lead chromate or Prussian blue, contains a silver image, treatment
with one of the baths noted above will cause an imagewise reduction of the
pigment to a soluble and coloriess form.

It is not important that the diffusely dispersed material be a colored sub-
stance. It is possible, for instance, to diffusely disperse zinc ferrocyanide in
the emulsion layer. If the latent image be developed with a ferrous axalate
developer, ferric jons will be formed wherever silver is deposited. The ferric
jons will immediately react with the ferrocyanide to form Prussian blue,
In the specifications, Dr. Gaspar states that zinc ferricyanide must be dis-
persed in the gelatin, This is an obvious error or misprint. Prussian blue is
formed by the interaction of ferric salts with ferrocyanides, and ferric salts
will be formed from the action of ferrous axalate upon the latent image. Hence
it is ferrocyanide that must be diffusely dispersed within the gelatin layer.

It s possible to form many organic dyes in a gelatin medium. To form
an axazine dye, resorcin is allowed to act on a nitroso-di-alkyl amine, in the
presence of tannins, Many other examples are given. Suitable for this pur.
pose are many of the developable dyes. These are substances that have affinity
for the medium in which they are dispersed, so that dyed gelatin is formed.
The dyes contain free amino groups which can be diazotized. The dye affinity
localizes the diazonium salt, and subsequent coupling forms a new dye that is
very substantive.

There are other methods of dying gelatin with dyes that will not diffuse
out. It is possible, for instance, to start with dyes that are soluble, but which
cn be precipitated in the gelatin by colorless agents. Nitrogenows organic
bases (US.P. 2046067, 2075190; Eng. P. 415756, 428158, s16883; Fr. P,
746645, addition 44754 to 746445), such as guanidine, 2 phenyl-g-amino-
quinoline, or biguanidines derived from aromatic polyamimes, will form
insoluble complexes with many dyes, especially if salphbonic acid groups be
present, 1f the precipitation is allowed to take place in gelatin, exceedingly
fine or truly colloidal dispersions may be formed.

The dye may be made to react with the salt of a weak acid, and in that
manner form a lake (US.P, 2107605; Eng. P. 434305). The alkaline carth
metals, magnesium, the nitrogenous bases (compounds containing a trivalent
nitrogen as part of a beterocyclic ring), ete., form suitable cations to react
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with dye-acids. The weak arganic acids can serve as anions to unite with dye-
bases. The dyes suitable for this procedure need not bave any substantive
properties for gelatin. It is also possible to form metal complexes of many
dyes, complexes sold under the names Neolan or Lanasol dyes (U.S.P. 2055407
Eng. P. 44586; Fr, P, 785665). The metal jons are bound to the dye by means
of chelate structures, Such dyes are immobile, and can be used directly. To
illustrate the procedure, Dr, Gaspar gives the following example, A silver
balide emulsion which contains ¢.5 per cent Neolan yellow R, is coated on a
film base. On top of this another emulsion layer dyed with 0.5 per cent Neolan
pink G is coated. The yellow-dyed layer is green.sensitive, while the pink
layer is red-sensitive. After exposure, development, and fixation, dye images
can be produced by treatment with a thiocarbamide bleach bath, such as
ane of the solutions disclosed above. In a three-color process the third layer
could be dyed with Neolan green BR. To belp disperse the dyes or dye
formers in gelatin, wetting agents can be added (Eng. P. s14639). In many
cases the dye is soluble in an crganic solvent such as alcobol, In that case n
coarse dispersion of the dye in gelatin could be treated with alcohol. A fine
dispersion willl result (U.S.P. 2080041; Eng. P. 458256, 458304).

Instead of adding dyes or color formers to the gelatin, it is possible to add
specific precipitants (US.P. 2137336; Eng. P. 478735, 480854, 516883).
After exposure, the emulsion could be treated with dyes which will combine
specifically with each precipitant. It has been found, for instance, that a
gelatin layer containing di-phenyl-guanidine acetate will allow the pesetration
of a cne per cent solution of diamine pure bloe (Schultz No, 426, sth edition).
The dye will react with the guanidise to form an insoluble complex which,
however, will not interfere with the further diffusion of another dye. If the
treatment with the blue dye be interrupted and then continued with a solu-
tion of xylene light yellow 2G (Schultz No. 22), the yellow will diffuse through
the blue dye precipitate and will undergo a like reaction in the region below
where the blue formed. In this manner the layer can be dyed in strata.

The solution of the first two phases of the general problem taught Dr. Gaspar
how to convert a silver image into a colored one, The next problem is the
practical application of the technique to color photography and color reproduc-
tion. To this end it is essential to prepare & three-layered monopack, whose
separate entities will fulll the requirements of subtractive-color synthesis.
This means that each layer should be capable of registering a single color
primary, and should yield a monochrome image which is the complement of
the primary so registered. Offhand, these stipulations should not create much
bardship, The blue-sensitive layer should be colored yellow, the green-
sensitive portion should be colored magenta, and the red-sensitive steatum
should be colored cyan, If the three layers are superimposed in the oeder
yellow, magenta, cyan, cach layer will register the complementary primary,
and allow the other colors to pass practically unhindered to the next layer,
minus the blue light which would otherwise severely interfere with proper



422 HISTORY OF COLOR PHOTOGRAPHY

color selection. Where the film is to be used in the camera, this order and
correspondence must be followed. The quality of the image formed is con-
siderably below par, however, under such conditions,

Consider the effect of exposing & yellow-dyed emulsion, with blue light.
An ordinary negative emulsion contalns approximately equal weights of gelatin
and silver salts, However, siver bromide has a specific gmvity of 6.47 while
gelatin has & specific gravity of about 1.00. This means that the relative
volume occupled by the silver is one-seventh that of the gelatin, so that
in any one direction, the mtio of the path of the light traveling through the
dyed gelatia to that through the silver halide is more than two to ome. When
blee light is incident upon such a layer, a considerable length of gelatin must
be traversed before the light reaches the light-sensitive clements. During this
passage, the light is absorbed by the dye, o that when the silver-balide layer
is reached, the intensity of the blue has been reduced considerably. The net
effect is that no density can be developed that will correspond to a deep black,
if we are dealing with positives, or a highlight if we are dealing with negatives.
The contrast of the image becomes reduced to a degree that makes good
images practically impossible. For the same reason, considerable emulsion
speed is lost, for the light absorbed by the gelatin is of no value whatsoever
for image formatioa.

The obvious solution in the case where negatives are to be made by this
means, is to dye the Glm after the exposure has been made, so that no light
would be lost during the exposure stage, How this can be accomplished was
outhined In the discussion above. In the main, the procedure is to add colorless
dyestufl-formers to the emulsion, and, after the expesure, treat them to form
the dye. Often such after-treatment may interfere with the latent image. In
that case the dyestuff-formers can be stabilized against developing and fixing
baths, and dye formation made to take place after the silver image has been
formed.

When the film is to be used as a copy material, an entirely different story
is true. First of all, color correctness is not essential in the master from which
the copées are to be made. 1t is important only that the differential absorptions
and transmissions of the three part images be such that they print in different
Iayers in the copy material. Since the coloring and sensitization can be con-
trolled at will, it can be arranged that the top yellow-dyed layer be made
red- or green-sensitive. These colors will not be absorbed by the yellow, hence
will preduce a latent image throughout the entire depth of the layer. Thus
there is no great koss of speed or of contrast. In order for the exposing light
not 1o affect the layer underneath, that layer must be dyed with & color which
will absorb the red or green wsed to expose the top layer. By careful choice
of dyes and sensitizers, it can be arranged that each layer in the pack will be
exposed by a light that will be transmitted by that layer and absorbed by the
layer beneath. The method for doing this is disclesed in United States patent
1935344, and its extension to printing from lenticular and screen plate originals
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is disclosed in United States patents 1986054 and 19888g:1. The basic prin-
ciples are discussed in the first mentioned patent (cf. also Eng. P. 408991,
409287, 415040, 441411).

The arrangements of the layers are such that consideration & paid not caly
to the atsarption and teansmission of each of the layers, but also to the relation-
ship which must exist between all the layers. Thus in one embodiment of
the invention, three silver halide layers are poured one on top of the other,
the bottom layer being colored cyan, the middle magenta, and the uppermost
yellow. This last is made green.sensitive by the addition of pimaflavol or
erythrosin. The magenta layer is made red-sensitive, while the bottom cyan
layer is sensitized to the infrared. Most blue and green dyes transait beyond
680 my quite froely, Each of the colored layers acts also a3 & peotective filter
for itsell and for the layers undemeath. Thus the yellow dye in the top layer
acts as a minus-blue filter for the entire emulsion pack. The magenta layer
in the center prevents the green printing light used to form an image in the
uppermost emulsion layer from registering in the central layer, which, if
sensitized by means of pinacyanol will have a weak green sensitivity in the
regions 500 to 520 mu and 575 to 6oo mu. In the sume manner the cyan
dye in the bottom kayer will act as a barrier to whatever red light may spill
over the exposure of the central layer. All three of the dyes froely transmit
the infrared 5o that there will be no barrier to its passage, Oaly the bottom
layer has infrared sensitivity, so caly this layer willl register an image.

A pack of this type is ideal when printing is done in stages from sepamtion
positives. It can also be used for printing from a colored master positive.
This can be done if the blue-filter separation is converted into a color which
will transmit red and infrared, but which will be modulated by green. A
magenta or red is such a color. The green-filter image must be priated by
red light, but must be transparent to green and infrared. A cyan color would
serve here, if it is transparent to the infrared, But then most dyes are. The
rod-filter lmage must be printed with infrared light, and be transparent to red
and green. The patent specifications mention naphthaol green for this, and
the claim is made that, in somewhat weaker concentration, this dye has high
transmissicns from é50 mu downward. This is a rather broad statement, and
somewhat questiomable, since the green character of the dye & indicative of
red absorption. The “Handbook of Chemistry and Physics™ (Chemical
Rubber Publishing Company, 13th editicn, p. 951) gives this dye & maximam
transmission of 36 per cent at g4 mpy, dwindling down (o one per cent at
640 myz, and only seven per cent at 6oo myuz, However, there are no doubt
many sebstances which will absorb only in the infrared, and which would
therefore serve.

When the material is to be used for printing from lenticular positives, the
banded series of filters must not be the familiar red, green, and blwe set. The
blue must be replaced by a groen filter which is cpaque to the infrared, the
green sector mest be replaced by a red which is opaque to the infrared, and
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the red by an infrared which is opague to the visible (US.P. 1986054). In
making duplicates from screen plates, where the screen is separated from the
emulsion, as in the Finlay rather than the Dufaycolor techniques, a separate
copying screen is used, with a pattern that is identical to that of the original,
bat having Glter clements transmitting groen, rod, and infrared, rather than
blue, groen, and red (USSP, 1988891; Eng, P, 160616, 406294). No mention
Is made a3 to how such a screen could be prepared,

Another attack on the problem of correlating the spectral sensitivity of the
layer with the color of the dye dispersed within that layer is made In United
States patent 2075191 (Eng. P. 446206; Ger, P. &36:85; Fr. P, 784518).
Instead of shifting the sensitivity of each layer toward the red, the layers are
dyed weakly, and instead of having the emulsicas ca coe side of the base,
they are coated om both sides, each side containing the three layers. There
is insufficient yellow dye to prevent the blue light from reaching through the
entire depth of the yellow layer, and a similar condition bolds with the ma-
genta and cyan layers and green and red light. But instead of printing one
image, two identical images are printed on cach side of the base. When the
two weakly colored images are combined, the effect will be that of a strongly
colored image.

It may be easier to utilize a duplitized monopack, in which two layers are
coated on one side of the base, and a third layer on the other side (US.P.
2183393). The two outer layers are colored magenta and cyan, while the
central layer Is colored yellow. This means that two of the layers could be
printed by means of blue light, and since both the magenta and cyan transmit
blue freely, no loss of contrast would be had. Of course, each printing must
be dome separately, but this is a preferred method anyway. The central
yellow layer forms & barrier for the further passage of any blue rays that may
spill through the magenta or cyan layers. The yellow layer could be sensitized
to the infrared, or to the red.  Many other arrangements of sensitizations could
be had, which would allow the differential copying of the three partial images.

The prepamation of a mosopack saitable for two-colar work, has also mot
been overlooked (US.P. 2028279; Eng. P. 413950; Fr. P, 746644). But
instead of coloring each layer with a single dye, two are used. Thus the orange-
red layer will contain pyramine orange and azo fuchsin, or azo fuchsin and
moedant yellow, while the green layer will contain benzo pure bloe and pyra-
mine orange or benzo pure blue and metanil yellow. The rate at which the
two dye components are acted on by the bleach solutions varies with the dyes.
Thus it becomes possible to obtain dichroic effects in cach layer, orangy high-
lights with deep red shadows in the orange-red layer, and sky-blue highlights
with deep green shadows in the other. It becomes possible in this manner
to obtain pleasant flesh and sky renditions, and at the same time, maintain
true blacks in the middle tones and shadows. Such a process could be termsed
*two and coe-half color.”

A specific and detailed study of the emtire problesn of the relaticaship
between the sensitivity of a given layer and the spectral absorption of the
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color it must have in crder to retain good contrast and balance, is contained
in English patent 4835552, Other types of monopacks are outlined in United
States patent 2193031 and in English patents 445050 and soi3jo. The last
is especially interesting in that it takes advantage of the difference in the
spectral sensitivities of silver bromide and silver chloride emulsions, The
first has a sensitivity going 1o $20 my, while the last bas a limit at 435 =y,
If a silver chloride emulsicn is made green-sensitive, it will have a sensitivity
gap from 435 to approximately 520 mu. It becomes possible, then, to print
through a yellow filter which absorbs the light up to 435 mu. The range from
435 to 520 will serve to print on to an unsensitized or color-blind silver bromide
emulsion, while the range beyond 520 will act caly upon the sensitized silver
chioride,

A monopack that is suitable either for use in the camera, or for the making
of & master positive for subsequent printing, Is disclosed in United States
patent 2166049 (Eng. P. 483366, 453463, 483464). The layers are coated
in the following manmer: A bluesensitive emulsion is coated on to a celluloid
base. The emulsion is not dyed, but contains dye intermediates which can
casily be coaverted into a yellow dye at a later stage. Upon this is coated a
layer containing a yellow filter dye, then a green-sensitive emaulsion containing
colorless intermediates for the formation of & magenta dye, and fimally a red-
sensitive emulsion. After the exposure, the pack is treated to form the dyes
in the blue and green-sensitive layers. The top layer, which & undyed, con-
talns a precipitant for a cyan dye, so that this layer can be dyed without
affecting the other two. Thus a colorless pack receives the exposures so there
is no loss of speed nor of contrast. The formation of the dyes and the pref-
erential dying of the uppermost layer is accomplished by the methods outlined
carlier in this chapter. It is to be noted that the bluesensitive emalsion is
on the bottom. This means that the pack is to be exposed through the carrier
side. Since the processing yields a direct positive, there is obtained an in-
version of right and left. This is rectified by exposing through the base, rather
than in the normal manner,

Dr. Gaspar also suggested that the dye-bleach monopack could be wsed
as coe element of a Troland bipack. Here, it may be recalled, a bipack s
formed with a two-layered monopack as one of the clements. Several different
possibilities saggest themselves as to the arrangement of layers. In five of
the six arrangements, two of the layers are separated by the thickness of one
of the supports. In these, one of the clements is a single-coated film, the other
contains coatings on both sides of the carrier. Obvicusly this leads to poor
definition and a possible Joss of registry for the layer that is so separated,
The skxth arrangement is the conventional one where the two suppaorts form
the outside surfaces, and the three emulsion layers are ane directly behind the
other. The front edement contains a single emulsion layer, and is colorless.
The rear element is a two-layered monopack, dyed and processed in accordance
with the Gasparcolor technique (US.P. 2183304; Eng. P. 446392, 450685).

A procedure a3 complicated ss this usually involves scme special technique



426 HISTORY OF COLOR PHOTOGRAPHY

to make it work. Thus it has been found desirable to print the silver images
very deep, much decper than is required for the destruction of the dye. This
enables the technician to cut down the timse of treatment in the dye-bleach
bath. The excess silver could then be removed by treatment with

Copper sulphate 20 parts
Sodium chloride 20 parts

Nitrie acid 1 part
Water to 100 parts
or
Cupeic chloride 30 parts
Nitric acid I part
Water to 100 parts

For some reason or other this was considered of suficient importance to protect
by patent (US.P. 2042253; Eng. P, 416666; Fr. P, 751932). Another source
of trouble lay in the creeping of the dyes in the bottam layer into the support
or the backing. To offset this it was proposed (US.P. 2088523; Esg. P.
444669; Fr. P, 78552¢) to add a layer of colloidal silver or exposed silver halide
betweoen the bottom layer and the support. What dye creeps in will sow be
destroyed in the dye-bleach,

The improved character of the image when a black-and-white key plate is
present, has also been noted. To take advantage of this, a silver halide layer
dyed black, and sensitized 1o a region of the spectrem different from the other
three layers, is incorporated into the film. This can also be used for the
formation of a black-and-white sound track (US.P. 2125015). The corre-
sponding sound tmack area in the other three layers could be givea overall
unmodulated exposares to produce a uniform destruction of the yellow, ma-
genta, and cyan dyes, thus leaving caly a black dye image. In another dis-
closure (US.P. 2132154) it is proposed that the pack be exposed and developed,
but not fixed. It is then treated with the dye bleach to form the color images.
The remaming unexposed silver salts could then be converted into a positive
black-and-white key plate. If a silver sound track is desired, the three colored
emulsions could be given a uniform exposure in the sound track area, developed
and processed to destroy all the dye in this region, then rehalogenized to re-
form silver bromide. This can now be exposed to the sound negative and
processed to a black-and-white silver image. Sound track problems are in-
volved in the following disclosures

United States Englick Fresch
2025658 412949 745934
1002304 413538 745426
236143 433464
2055804 458508

583509
472044

47208¢c
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After Dr. Gaspar demonstrated that silver-dye-bleach processes were en-
tirely feasible, other experimenters began to play with it. Chiefl amoag these
were Agfa, and, more lately, the Eastman Kodak Company. Agfa had al-
ready solved the general problem of dispersing a substance evenly throughout
a layer (cf. chapter on Ansco Color). It may be recalled that their methed
consisted in adding extremely beavy groups to the molecule to make it sub-
stantive, or at least non-diffusing. A complete specification for a monopack is
disclosed in English patent 433853, The red-semsitive layer conmtains the
3-amino-benzoyl derivative of H acid

o N-c’e

NNz
NeOys™ Ne

The green-sensitive layer contains a stearoyl-amino phenyl derivative of
pyrazolone,

CHy Hss

The blue-sensitive layer contains, besides a yellow filter dye, di-(aceto-acetyl)-
benzidine
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These substances are colotless, bence have no effect upon the exposure. After
exposure and development, the film is treated with tetrazotized benzidine.
The substituted H acid couples to form a cyan dye, the pyrazolone compound
will form a magenta, and the benzidine couples to yield a yellow, all the colors
diffusely coloring each layer. These dyes are next treated with a bleach sole-
tion, compounded by mixing equal parts of 4 and B (US.P. 2100594; Eng. P.
375338, 401340)

Salwtion A
Potassiam lodide 33 parts
lodine ty parts
Sulphuric acid, concentrated g2 parts
Water to G150 pasrts
Sclation B
Sodizm sulphite 33 pasts
Thicurea 13 parts

Water to G290 parts
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Dyes suitable for this procedure, beside the ones formed above, are

Ceago pure blue
Sirius ruby viclet R
Sirius ruby B
Sirius yellow
Chrysophenine G

and any other azo dyes which can be readily reduced by sodium hydrosulphite
to yield colorless products.

A more normal type of monopack is disclosed in English patent 454088,
“This is a duplitized type of momopack, containing a blwe-sensitive layer on
one side of the carrier, which has been dyed cyan with Chicago blwe. On the
other side is coated a red.sensitive emulsion dyed magenta with Sirius ruby.
On top of this is coated an uncolored blue-sensitive layer. Thus it is possible
to print two separations on the two outer layers by means of blue light, and
the central layer by means of red light. After exposure and development, the
top uncolored layer is dyed yellow with chrysopbenine yellow, after which
the dye is bleached in situ with the silver image in accordance with the methods
outlined above. The danger of dyes diffusing from one layer to another is
minimized by dyeing each layer with a mixture of acid and basic dyes in such
proportion that mutual precipitation takes place (USP. 1954204; Eng. P.
372630).

In another disclosure, a monopack built along duplitized Slm pattem is
described (US.P. 2020607; Eng. P. 370034). The cyan layer s colored with
brilliant benzo fast green, the magenta with Sirius red violet R, and the yellow
with benzo light yellow RL, or chrysophenine G extra. After exposure and
development, the pack is not fixed, but is treated with the dye-bleach bath,
The unused silver is then removed, and the unfixed silver halide exposed and
developed 1o yiedd a black-and-white key plate (US.P. 2169320; Eng. P,
500359). It is quite surprising bow close these procedures are to those disclosed
by Dr. Gaspar. The method for forming a sound track is disclosed in English
patent 483052,

The Eastman Kodak Company, especially the English subsidiary, has been
issued a series of patents that deal generally with monopacks, whose processing
is a combination of several techniques, including silver-dye-bleach (Eng. P.
468560, 475784, 475786, 477524). A patent issued to Dr. M. W. Seymour of
the same company would utilize the vat dyes for coloring the layers (US.P.
2184022). Gaspar had first proposed to do this. But Dr. Seymour extends
the list comsiderably. Indanthrene yellow (Schultz No. 1220), algel pink
BBK (No. 1221), algol red BTK (No. 1261), indanthrene blue 5G (No. 1238),
and caledon blwe 3G (No. 1232) are some specific examples. For a three-
color system, it is possible to use indigo for the cyan, algol pink BBK for the
magenta, and indanthrene golden yellow or algosol golden yellow for the
yellow,
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After exposure, development, and fxation the dye can be bleached by treat-
ment with one or the other of the following solutions:

1. Potassium selphide 2§ parts
Sodium hydroxide 2§ parts
Water to 100 parts

2. Potassiem cyanide S parts
Pyridine S parts
Water 100 parts

or

3. Stannows chloride 8 parts
Sedium hydroxide 10 parts
Triethanclamine 10 parts
Anthraguinone 0.0025 part
Water to 100 parts

The anthraquinone is present probably as anthrahydroquinone. Its presence
helps to keep the highlights clear.



