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adaptability of such processes, e growth of this
type of color printing has not, however, been accom-
panied by any factual literature on dyes—one of the
most important features of such systems. The dves
in use are generally sold commereially for the purpose
and the printer simply follows instructions without
realizing the nature of the problems or the type of
coloring matter that he is using. This paper will
discuss the problems of the choice and preparation of
a satisfactory set of dyes for three color printing.
Tmbibition printing processes fall into two distinet
classes, those employing & relief image of gelatin,
and those making use of differential dye absorption.
In the latter case, the printing matrix is smooth, the
dre image being due to the differential affinity of
vertain dyes for unhardened gelatin in a film contain-
inr hoth hardened and unhardened gelatin. This
tvpe of imbibition process has bean largely super-
seded by relief printing in which the dyve transferred
is proportional to the gelatin thickness of the relief
mairix. In this paper, we wish to discuss dves that
are applicable to the latter method of imbibition
printing. On the choice of dyes rests not only the
pictura's existence, but also its color, stability,
sharpness and gradation,
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FIE.1 Roflection denstly curves far an ideal set of tricalor dyes
far imbibition printing mstheds of calar photegraphy

Dyes added to water do not dissolve but become
minutely dispersed throughout the solvent forming
what is known as suspensoids. Scolutions of this type
are typical colloids. The solid dye particles suspended
in water beecome charged electrically due to the
potential difference at the interface between the
solid, dyves, and the liquid. Since all of the dye
particles in suspension have like charges, they are
repelied from each other and are prevented from
coalescing into particles which are large enough to
precipitate

When the charges of the dye particles are removed
as by the addition of a solution of acid, base, or salt
which dissoeiates into ions of opposite charge, the
dye precipitates out. Electrophoresis affords further
evidence of the charge on the suspended dye particle.
If an electric current iz passed throuch solutions
conteining the basic dye, methylene blue, and another
cortaining the acid dye, aniline blue, the basic dre
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FIE-z Raflection density curves of seven typicel dyes eommonly

employed in color phategraphy. Curves | and 2 reprasent typical

yellow dyss: curves 3, 4, and 5, give date en typical maganta dyas,
while curvez b and 7 ars for commanly available cyan dyes

|
g4 pH CURYE |
9 i ' for
o 2% Na B0, 10 K0+ 5% Hak, PO H,D
Buffer Mixtures -
- | T

FIE.3 pH curve showing the relation betwesn concentration of
Larer in beffor salution and the pH of the buffer mixture

will migrate to the negative pole showing that it
carries a positive charge while the acid dve migrates
to the positive pole showing that it carries a negative
charge®

Factors Involved in Dye Choices

The dves used for relief imbibition printing belong
to the large class of synthetic dyestuffs called acid
dyes. These dyes are salts of colored compounds
containing acid groups. They will stain pelatin directly
and most of the acid dyes are somewhat faster to
light than basic dyes.” Among the acid dyes a choice
must be made among hundreds of dves that might
satisfy the requirements. The chief factors to be
considered are (1) hue, (2) fasiness to light, (3)
color balance, (4) transfer time, (5) equilibrium,
and (6) miscellaneous factors. These are dizcuzsed
below.

Hue. The dyes chosen must be as nearly com-
plementary to the separation filter colors as possible
In Fig. 1 are plotted the ideal dye hue characteristics

on a density-wavelength basis. Curves of several com-
monly used imbibition dyes are shown in Fig. 2, all
of which are plotted for 2 reflection density of
0.R5-=0.10, The dyed sample is measured in = densi-
tometer through the complementary filter, e, the
magenta dye patch is measured with a green filter.
The departures from the ideals are rather large but
anme of these dyes are the best ohtainable colors.
The magenta dyve should only deposit green densitiss
on the print, the cyan only red densities and the yellow
onlv blue densities. Figure 2 clearly shows that all
these magentas deposit appreciable blue densities,
which they should not, The curves also show that the
dves differ widely among themselves: both curves 3
and 4 are commonly used imbibition dyes. 1t is evident
from the curves that magenta dye No. 4 (Eastman
Kodak washoff relief B dye) has the better eolor of
these two. With the exception aof Mo. 4 magenta, we
have not found any dyes markested for imbibition
printing that approach the correct hue, all being
decidedly too red. The cyans are more alike as a class
but all deposit unwanted blue and green densities.
The yellows in Fig. 2, while not perfect, are fairly
gqatisfactory. There are many usable yellows although
choices can be made; for example, yellow dye No. 1
is superior to No. 2 which has a lower average blue
density and a higher green density, the cut-off between
the blue and green being more abrupt for dye INo. 1.

Lizht Fastness. Another requirement, probably
more essential for paper prints than for transparency
films which are only viewed aecasionally, is that they
do not fade appreciably with a reasonable exposure
ta light. The acid dves differ markedly among them-
splves as to light fastness. In Fig. 2 are shown two
eyang widely sold for color printing. Cyan No. 6 is of
a somewhat superior hue, but is not so stable under
sunlight exposure as No. 7, which fades and changes
color quite rapidly. Of the usable acid dyes, those of
the Anthraquinone class are the most stable under
exposure to daylight. Fortunately, some dyes of this
class which satisfy the requirements as to color or
hue are aveilabie

Color Balance. A set of three dyes that ave well
balanced as to hue must be chosen even though
the exact hues which are desired are not obtainable:
For example, & magenta that is on the red side and
an orange-yellow should not be used together, as the
general tone of the picture will he ghifted noticeably.
@q far as possible the dyes chosen should alzo balance
asz to light fastness. A ecombination of a stable magenta
and vellow with an unstable evan will show a notice-
able change upon exposure to light sooner than a
print made with a sat of three equally unstable colors.
The dyes should be of similar solubility so that, with
proper manipulation, equal densities can be obtained
from a given gelatin relief. Such a situation will make
possible a close approach te dve gontrast balance so
that, for example, equal increments of acid added to
each dye bath will increase the dye ahsorption egually.
This is not essential but makes manipulation simpler
in practice.

Transfer Time. After being ‘'stopped” in an
apid rinse bath, the dyes must transier to the pelatin
surface which is to become the final print. The thres
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Jors must be “insoluble” in the rinse bath so that
wae of the image dye is removed, 1.e, the dye must
not bleed. The time of transfer of various usahle
dyes differs widely, some tending to transfer VEry
rapidly, while others never seem to transfer com-
pletely. A fundamental point for print consisteney is
that the same amount of any single dye (preferabiy
all the dye in the matrix) should transfer each time
from a given matrix, because of the long time
interval bebtween transfer and drying, the transfer
times should be as short as possible to prevent the
dyes from bleeding in the pelatin print. The shorter
the transfer time the sharper will be the final print,
all other factors being equal.

3 4

ng-4 Frint wodges showing the efiect of the action of imbibkition

dyes and buffer an the pH of tolutions, Pria made of cyan dyes

transferred to mardanted base | | | Ma, |—BuHarad dye solubion;

50 ec of 5%, acid por liter . . . Mo, 2—Buffarad dya salubion; 20 cc

of 8% acid par liter . . . No, 3—Buffarad dye solution; no acid | | |
Mo, 4—Dya without befer: | ce or 5% azid per litar

Equilibrinm. Another factor closely related to
transfer time is the time taken for the undyed matrix
to absorb all the dye it will absorh and thereby come
to equilibrium with the dye bath. This time should
be definite, and again, as short as possible. If the
equilibrium time is excessive and prints are being
made in succession, the possibility of incomplete
dyeing may bring about degraded print shadows due
to insufficient dve absorption in the thickest portions
of the relief pelatin—the shadows of the picture.

Miscellaneous Factors. Besides the above reguire-
ments, it is desirable that the dyes do not stain
permanently either the gelatin or the support of
the relief, The dves should not change hue appre-
ciably upan drying. Most usable dyes do change
slightly when dryed. The more the dyes change color

PHOTO TECHNIQUE » NOVEMIER 1540
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or stain the matrices, the more difficult it will be tg
judge the final appearance of the print, before it i
completed. The national availability of the dyes
chosen is of some consequence, as many dyes come
from Europe, The more highly standardized the man-
ufacture of the dye, the more consistent the product
for color printing.

Freparation of Suppert

The dye images in the matrices can be trapsferred
to any soft, damp, pelatin su rizce. Unless the gelatin
is properly prepared, however, the picture will tend to
be dull and difuse. The breparation of the fina]
image support consists of depositing in the gelatin
layer a substance having an affinity for dyes of the
type used. The hydrous oxides of heavy metals—
iron, tin, chromiom, copper and aluminum—ara good
basic mordants for acid dyes."* These mordants must
be colorless and of =such a nature that they can he
deposited in the layer of gelatin. One of the most
tommon mordants is aluminum hydroxide, This sub-
stance is put into the gelatin by bathing in a bath of
aluminum sulfate and sodjum carbonate. Other alg.
minum ecompounds act as mordants—even the small
quantity of alum remaining after fixing out phote-
graphic papers is sufficient to act as a mordant, The
dye is ahsorbed to the mordant and 50 the image is
not allowed to spread. A further practieal improve-
ment is to keep the transfer surface at the proper
PH value. If the gealatin ig strongly alkaline, the dyes
will tend to bleed, even though they transfer rapidly,
If the paper is ton acid, the dye transfer times be-
COIMEes excessive,

Necessity for Buffering

In the customary relief imbibition processes, the
absorption of the acid dves to the matrix is controlled
by the amount of acetic acid in the dye Leth. However,
if one prepares a dye solution containing from 0.5 to
1.0 gram of an acid dye, depending on saturation, in
a liter of water and adds a few drops of glacial acetic
acid, the dye will becoms strongly absorbed to the
thick gelatin portions of an immersed step wedge
matrix, or the dye may even precipitate out of sclu-
tion. Not all of the acid dyes react in the same Way
to the same amount of acid. Azo Rubine, for exam-
ple, requires considerably more acid to precipitate it
than does Anthraguinone Blue, which is precipitated
with just a few drops. The amount of acid which
cauzes precipitation varies according to saturation of
the dye solution. It also varies somewhat between
samples of the same dye from different manufae-
turers. This shows that there is too great an increaze
in the acidity or hydrogen-ion concentration of the
golution and indicates that ths water-dyve solution
does not have the necessary reserve power to prevent
a rapid change in its H'/0H- ratia.

In order that the absorption of dye may be con-
trolled, over a wide range it is desirable to be able
to add a considerable amount of acid to obtain proper
density without destroying balance or causing precipi-
tation of the dye. These difficulties may be overcome,
provided a solution can be found whose ions do not
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cause precipitation of the dye, but which has the
proper acidity or pH, and the power to protect itself
from changes in hydrogen-ion concentration., Solu-
tions having the property to resist changes in hydro-
gen-ion concentration are ecalled buffers.

Buffers are mixtures containing, usually, a wealk
acid and its salt, or a weak base and its salt. An ex-
ample of the former is acetic acid and sodium
acetate”

Buffer Problems

Buffer sclutions which are useful over greater pH
ranges may be prepared from polybasic acids and
salts, preferably acid salts, i.e., disodium phosphata,
mopopoetassium phosphate, citric acid and borie acid.

Certain types of dyes marketed for imbibition proe-
esses may be buffered by adding asuch salts as am-
monium acetate or potassium citrate to the dye baths
containing acetic acid. However, of the many dyes
of this class which have come under our ohservation,
none fills very well the requirements of hue and
stability.

Having found a balanced zet of acid dves of the
previcusly stated requirements, the second major
problem becomes that of finding the correct buffer.

Salting Out Effect. In attempting to find 2 suit-
able buffer for the dyes selected, %9, dve solutions
were prepared by dissolving the dve in hot distilled
water, and adding equal quantities of the test buffer
to it

These solutions were allowed to stand 120 hours
to observe if precipitation- had occurred. All at-
tempts to use a single salt in various percentage con-
centrations were unsuccessful for the dves echoaen.
OUne or all of the dyes often precipitated out in from
15 min. to one hour,

Since the borate and the phosphate ions were the
least objectionable of the single ions tried, and ta
obtain a buffer combination with a wide pH range,
mong-godium phosphate and borax were chosen as
buffer components. For practical purposes, 5%
NaH.PO.H.O (pH of 4.4) were combined with 2%
NaH.B.O10H.0 (pH of 9.3) sclutions to give a
series of buffer mixtures. Mixtures of these solutions
with pH values ranging from 4.4 to 9.3 did not cause
precipitation of the dyes in 21 days. Proportions of
the two reagents which produced the various pH
values are shown on the pH curve in Fig. 3.

Balance of Dye Contrasts. Having found a buffer
combination that does not precipitate the dyes, the
next step becomes that of finding a condition of bal-
ance of the three dye solutions at all contrast. The
factors controlling the contrast of the individual dyve
baths are: (1) the concentration of the dve. (2) the
pH of the buffer, and (3) the components of the
buffer, In practice, it is unusual to find & condition
where the three dyes balance with a buffer of the
same pH.

After numerous dveing tests with relief step
wedges of equal densities, it was found that by
using monosodiom phosphate-Borax buffer solutions,
with a pH of 64* for the magenta, a pH of 55 for
the vellow and a8 nH of 7.0 for the ovan dves antis-

Dye and Buffer lon Combinations. Since the
monosodium  phosphate-borax  proved satisfactory,
other buffer combinations were tried to determine
whether the pH of the buffer was the only factor
affecting the absorption of the dyes or if the ions of
other buffer combinations might also have an efect,

Consequently, several buffer combinations with sim-
flar pH wvalues were prepared among which were,
monopotassium phosphate and disodium phosphate,
borie acid and borax, citric acid and disodium phos-
phate, monopotassium phoesphate and borax, mono-
potassium citrate and borax, and boric acid and
disodium phosphate.

All combinations containing ions of monopotas-
sium phosphate, citric acid, and monopotassium ci-
trate caused precipitation of the dyes in short periods,
even though used at the same pH as previously found
succesaful. The vse of buffers with slight deviations
of pH from the above did not remedy the situation.
The boric acid-borax combination was better, but not
so satisfactory aa the buffer already chosen.

Preparation of Dye

The choice of dyestuffs has been shown to depend
on many factors., The experimenter must choose from
the commercially available dyes those which fill as
many criteria as possible. The dyves are manufae-
tured chiefly for dyveing fabrics and the maker care-
fully tests various batches of dye to see that they give
the exact shade under normal usage. Photographic
color printing, however, is not normal usage and vari-
ations in dye batches are oceasionally found. The
variations are very slight and zre not sufficient to
cause concern. Three identical gelatin relief wedges
are very handy in that they can be dyed in the appro-
priate dyes and examined against a standard for color,
or among themselves for color balance,

The thre: dyes chosazn for ccler priating ure as
nearly of the eorrect hue as possible. Their density-
wave length curves are shown in Fig. 2. The evan
dye iz Acid Anthraguinone Blue AB and itz color-
density curve is shown by curve 7. The magenta dye
is Anthraquinene Rubin R Cone. and its color-density
curve is shown by curve 5. The yellow dye iz F.D.
& C. Yellow No. B and its color density curve is
shown as WNo. 1 in Fig. 2. There are a few others
of the eorrect hue that are fast to light and many
that are not light fast.

Other stable dyes of the correct hue that can be
substituted for the three chosen dyes are:

Cyan: Alirarine Astrol B—General Dyestulf Corp.

Magenta: Alizarine Rubinol R—General Dyestuff
Corp. Erio Anthracine Rubine B—Geigy Dyestuff
Corp.

Yellow: Tartrazines—Almest all dve manuface-
turers. Of these extra dyes, the Alizarine Astrol B
iz of the same type as Acid Anthragquinone Elue AR,

*The pH of the buffers were determioed colormetrically by
pdding elther four drops of 0,025 methyl red (pH ranse, 4.4 —(.00
or bromthymol blwe (pH range, G0—7.00 1o 0 ml (10 ce) of
the buffer mixtoee In a rest rube. The colors produced were com-
pared =8 fo bue pnd intenslty o with  the Mollvnine eitzie gebd-
I wle -enlutions, tnken ns L e
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The magneta dye, Alizarioe Rubinol R, is the same
4s the chosen color except that it i3 somewhat more
concentrated. Erio Anthracine Rubine B is an ex-
ceflent magenta and would be the first choice if not
cut off at present due to the foreign situation. The
transfer time with this last dye is approximately half
that of the other magentas, All the large manufae-
turers supply tartrazine and any of these dyes may
be used in place of the suggested vellow. The F.D.
& C. No. 5 Tartrazine is suggested because of its
purification and constancy, even though somewhat
more expensive. This dye is a pure foed color.

In use, these dyes are bought directly from the
manufacturer and prepared by the user. Most dyes
are produced by seweral firms under different trade
names, The similar produc.ts can be identified by the
use of dye catalogs™™*which number the dyes by
types. Quantities of about one pound are about the
smallest amount worth obtaining, as the dyes are
quite reasonable when bought in thiz manner. The
commercial names and manufacturers of the three
dyes selected are:

Cyan—Dupont Acid Anthraquinone Blue AB—
Dupont Organic Chemieals Division, 40 Worth
Street, New York City.

Magenta—Dupont Anthraguinone Rubine R Cone.
Dupont Organic Chemiecals Division, 40 Worth
Street, New York City.

Yellow—F. D, & C. Yellow No. 5 (Tartrazine} Na-
tional Aniline and Chemical Corp., 40 Rector
Street, New York City,

The dye solutions are made up for use by dissolving
the dye in hot distilled water and then adding the
prepared buffer solution. The quantities used in
making up one liter of each dye =zolution are:

B B L e 1.3 grams
Monnsadinm phosphate {I"mH PO.H: I:I) 7.5 grams
Borex (Na:R,0.10H,0 .. con T grames
Mogenta dye . ... ...0o... ... ... .. 3.0 gzrams
Monoerodinm phosphate . | . . | ceiv.., 125 prams
Boeax s, D dives 30 grams
Yellow dve oo0vvivuainen ciee 20 groms
"I'Tr.rnumd'mm phuspha:a cherieican-a. 2000 grams
Borax | .. . 2.2 mErams

If desired, the above weights of dye can be dis-
solved in one-half liter of water and the proper buffer
solution added in equal volume. The pH of the vari-
ous buffer solutions are: 7.0 for the cyan, 6.4 for
the magenta, and 5.5 for the yvellow. The addition of
about 10 ce of formaldehyde per liter of buffered dye
solution is advisable to prevent the formation of
mold in stored solutions. The dye solutions shoold be
carefully filtered after cooling.

The dye baths as compounded above give a low
density or contrast. If less contrast is wanted, the dye
baths may be diluted with equal parts of water. Whan
greater contrast is desired, equal quantities of 3%
acetic acid are added to the dye solutions. The color
contrasts will remain balanced with equal zdditions
to each dye, but if the negatives differ in density
range, the acid additions may be made unequal to
counteract the lack of balance in the separation
records. Affer the matrices are fully dved (eaquilib-
rium has been attained), thev are rinsed in i
acetic acid to remove the surplus surface dye hefore

being transferred to the prepared gelatin surface
The order of transfer is immaterial, but the shortest
total transfer time is obtained by transferring the
vellow last, either the magenta or cyan being put
down firstt The transfer times of magenta-cyan-
yellow are roughly in the ratio 54-1 for these dves,
If the dye bathz have been raised to a high acid
content and a lower eontrast is desired, the acid mayv
be readily neutralized by the addition of an alkalins
solution, such as sodium or ammonium hydroxide.
With the suggested dyes, the sodium hydroxide iz
preferable. For convenience, a solution is prepared
s0 that 1 e of sodium hydroxide solution will neutral-
ize 1 c¢ of the 5% acetic acid—a strength of 33 grams
(C.P. pellets) sodium hydroxide per liter of water,
For example, if a dye bath containing 30 ce of 5o
acetic meid iz desired and the only available bath con-
tains 55 ec of acid, the addition of 25 cc of the sodium
hydroxide solution will give the desired contrast™
Standard buffered dye baths will keep indefinitely
if stored without acid. If too much acid is present,
the dye will tend to precipitate. This is especially
true with the magenta. The sodium hydroxide ney-
tralizing solution can be used to prevent such dve
losses. After use at a high acid content, the dye
solution, before being stored, is raised to a higher
pH by the addition of the sodivm hydroxide solution,
Dyes treated in this manner will not give any trouble.
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Af the ege of 97, William H. Jacksan, o
fathar of phot uqruph}'. is shown +rying his
hand ir the darkreom of the Dupu!fmen{- of
the Inferior.  He was ofcial phetographar
far building of first franscontinental railraad,
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