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A lthough a handful of photograph-
ic practitioners still use the dye
transfer technique, the days when

it was taken for granted that a fine color
print would be a dye transfer print are
long since gone.

Most color photographic printing to-
day is done using a chromogenic process
introduced in the 1940s. The photograph-
ic paper itself contains no dyes and none
are added during processing. Instead, the
paper contains transparent chemical pre-
cursors to dye molecules. When the paper
is exposed to light and developed, the de-
veloping action that produces an ordinary
black-and-white silver image generates
chemical by-products. In chromogenic pa-
per, these by-products react with the pre-

cursors to form complete dye molecules.
The developed chromogenic print con-
tains both a black-and-white silver image
and a color dye image. A bleach-fix bath
converts the silver image back into silver
halides that are soluble in the fixer. A final
wash removes the dissolved salts and
residual fixer, leaving behind the color dye
image.

Dye transfer printing is a very different
process that resembles the mechanical
printing technique magazines use to re-
produce color pictures. A color printing
press uses four separate printing plates,
one each for the three primaries (magenta,
yellow, cyan) and one for black. Each plate
is engraved with a half-tone image for one
of the colors, which is coated with a thin
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For half of the 20th century, people who wanted the very best color prints, and
for whom price was no object, demanded dye transfer prints. By the dawn of the
new millennium, however, dye transfer printing had largely vanished from the
scene.A professional photographer explains why the dye transfer process domi-
nated the field of quality printing for so many years and describes how a range of
economic and technological factors ultimately led to its decline.

Figure 1.This late 1940s drugstore advertising fly-
er promoted dye transfer as an easy way to make
color prints at home without elaborate equip-
ment. Compared to other methods of the time,
this was probably true, but as color printmaking
became easier, dye transfer was relegated to the
status of a difficult and exotic printing process.

Previous page: Photographed on medium-for-
mat color negative film in Canada’s Ontario
province, this print illustrates the superior quality
of dye transfer. Rich and well-separated shadow
tones, good color saturation throughout the spec-
trum, and clearly differentiated hues of yellow, or-
ange and green are the hallmarks of a fine dye
transfer print.
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layer of oil-based ink. To make the color
pictures, the ink from the four plates is
transferred to the surface of a sheet of
blank white paper. The final picture is not
“created” chemically in the paper, but as-
sembled on its surface from four separate,
screened color images.

The dye transfer process uses three
continuous-tone sheet film plates, or ma-
trices. The matrices are first soaked in wa-
ter-based cyan, magenta and yellow dyes,
then rinsed clean of excess dye and
squeegeed against a sheet of gelatin-coated
paper, much like regular photographic pa-
per but without the silver compounds.
The gelatin absorbs the dye from the ma-
trix. The result is a continuous-tone dye
image on paper.

Origins of dye transfer
Developed by Louis Condax in the 1920s,
the technique attracted the interest of Ko-
dak, which hired Condax and brought dye
transfer to a wider market (under the
name Wash-Off Relief Process) in the
1930s. Condax, ably assisted by Robert
Speck, worked with Kodak over the
decades to improve the process, which the
company renamed “dye transfer.” At first,
to remove unwanted gelatin, a corrosive
bleach-etch bath was used. Later, the com-
pany implemented a much simpler ap-
proach, which hinged on the fact that py-
rodevelopers harden photographic emul-
sions. As described in the next section of
this article, the use of pyrodevelopers ulti-
mately became a key part of the dye trans-
fer process, allowing elimination of the
bleach-etch bath. Kodak was the exclusive
supplier of dye transfer supplies until the
early 1990s, when it halted all production.
The few remaining dye transfer printmak-
ers work almost entirely from supplies they
stockpiled when Kodak ended production.

How dye transfer works 
In practice, dye transfer printing involves
between three and five separate steps:

• make separation negatives (usually);

• expose and process matrix film (or 
pan matrix film) to make matrices;

• dye and rinse matrices;

• transfer dye from the matrices to
receiving paper;

• spot and retouch the print (optional,
but usually necessary).

The starting point for a dye trans-
fer print can be the actual scene be-
ing photographed, a color slide or a
color negative. Since dye transfer is
inherently a negative-to-positive
process, just as with carbon printing,
creating a dye transfer print from a
scene or slide requires making inter-
mediate black-and-white negatives
using red, green and blue color sepa-
ration filters. In and of itself, making
separations is a complex process: it
requires special masks that control
contrast, color rendition and high-
light separation. Good separations
are critical to obtaining a high-quali-
ty dye transfer print.

Matrix film is essential to modern
dye transfer printing. It differs from
conventional photographic films in
that it has an unhardened gelatin
emulsion heavily loaded with pig-
ments that absorb light. Matrix film
is sensitive only to blue light, so
printing color negatives demands
two generations of intermediates:
first, black-and-white separation
positives from the negative and then
black-and-white negatives from the
separation positives. (There is also a
special type of matrix film sensitive to all
colors of light called pan matrix film. This
film can be exposed directly from color
negatives, using separation filters to iso-
late each of the cyan, magenta and yellow
dye images, thereby eliminating the sepa-
ration step when making prints from col-
or negatives.)

Normal photographic film is exposed
with the emulsion side facing the light, but
matrix film is exposed through the base
side of the film (see Fig. 2): the brighter
the exposing light, the deeper the light
penetrates the emulsion before it's entirely
absorbed. Regardless of how one gets
there, the result is three sheets of exposed
matrix or pan matrix film, one for each of
the primary color negative images.

The key to dye transfer lies in the prop-
erties of the unhardened gelatin emulsion.
Unhardened gelatin, the kind found in
desserts, dissolves easily in warm water.
Hardened gelatin, the kind found in most
photographic films, has cross-linked pro-
teins that make it insoluble. Light will
harden gelatin that has been “sensitized”
with compounds such as potassium
dichromate; so will halogens, formalde-
hyde and other organic compounds, and
the by-products of certain film developers.

DYE TRANSFER COLOR PRINTING
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Figure 2. Dye transfer printing relies on a unique
exposure and development procedure.The matrix
film used to make the  “printing plate” is exposed
on the easel of an enlarger with the emulsion side
of the film facing away from the light (conventional
print materials are exposed with the emulsion side
facing the light). Dyes in the emulsion absorb the
light as it passes through the film; in regions of the
film exposed to very weak light (corresponding to
dense parts of the negative being printed) only a
thin layer of the emulsion close to the base gets
exposed before all the light is absorbed. In regions
where the light is stronger, it penetrates more
deeply into the emulsion.This produces a layer of
exposed emulsion the thickness of which varies in
proportion to the degree of exposure.



Immerse hardened gelatin in an acid-
fixing dye bath of low pH and it will ab-
sorb dye. It will release it if the pH rises to
neutral or basic. A photographic image
patterned in hardened gelatin can be used
as a printing plate to transfer dye from an
acidic dye bath to neutral receiving paper.

Developing matrix film in pyrobased
tanning developer causes the emulsion to
harden wherever it was exposed to light.
The result is a hardened gelatin pattern,
the thickness of which is proportional to
the amount of light that hit the film at that
spot. Washing the developed film in hot
water removes the unexposed and un-
hardened emulsion, leaving behind a relief
image in hardened gelatin.

Printing begins
The actual printing takes place under nor-
mal room light conditions. The red sepa-
ration matrix is soaked in an acidic cyan
dye bath, the green in magenta dye, and
the blue in yellow dye. The gelatin relief
image absorbs the dye; the thicker the gel-
atin, the more dye it retains. That’s why
dye transfer is a negative-to-positive
process: the brighter the light that hits the
film, the more gelatin in the relief image,
the more dye picked up by the matrix, and

the darker the final print. A 5- or 10-min.
immersion completely saturates the ma-
trix with dye. Rinsing the matrix off in a
1% acetic acid bath removes excess dye so-
lution from the surface of the film but not
from within the emulsion. (The dilute
acetic acid leaves dye transfer prints
smelling faintly of vinegar for months,
even years.) 

The matrix is now ready for printing.
Dye transfer printing paper is almost iden-
tical to high-quality black-and-white pho-
tographic paper, except the emulsion in
dye transfer paper doesn’t contain any
light-sensitive silver compounds. Instead,
it contains a mordant—a chemical (thori-
um nitrate) that has an affinity for dye
molecules and can lock them into the
emulsion of the paper. Soaking the paper
in a conditioning bath wets it thoroughly
and gives it a neutral pH.

After squeegeeing the paper down onto
a transfer easel, the printer takes the first
dyed matrix and squeegees it emulsion side
down onto the paper. The dye molecules
migrate from the matrix to the paper. After
five minutes, there will be little or no dye
left in the matrix. The used matrix, after
being washed in hot water, is either hung
up to dry or redyed for another print.
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Figure 3. (Above) Dye transfer photographs are
built from three individual primary color images.
Each matrix (printing plate) transfers one primary
color to the receiving paper. By transferring cyan,
magenta and yellow images in succession, a full-col-
or image is built up on the paper.The figure shows
how the print looks after the first (upper right),
second (middle), and third (lower left) dye transfers.
(Opposite page) Finished dye-transfer print in its
entirety.



times, dye transfer printers even use dif-
ferent contrasts for different colors to cor-
rect for some unusual color balance prob-
lem; examples include aerial photographs
that are too blue in the shadows or color
crossovers in faded originals.

Prints can be lightened or darkened by
adding chemicals to the 1% acetic acid
rinse; one can even add dye selectively to
shadows or remove it from the highlights
only. The printmaker can adjust each pri-
mary color image independently of the
others, using any combination of these
controls. Even after printing, selective
bleaches can reduce the amount of one or
more colors in part or all of a print.

The pros and cons
Dye transfer prints offer a density range
and color gamut unequaled by any other
process. Other color prints have density
ranges of from 100:1 to 200:1. Dye transfer
prints have density ranges of from 400:1 to
800:1. This increased “dynamic range”
yields richer blacks, with much better con-
trast and separation of shadow detail, and
a wider, more accurate and saturated
range of colors.

The yellow dye used in dye transfer
printing is purer in color than today’s

chromogenic yellow. Conventional color
prints’ yellows are a bit orange in color.
One simply cannot make chromogenic
prints with a pure lemon yellow, and the
magenta cast to the yellow means that
hues from orange to green are somewhat
muted and dull. That’s why grass and
leaves in chromogenic prints never look as
brilliant as the real thing. Dye transfer
printing reproduces these colors with per-
fect fidelity. The remarkable range of con-
trols available to dye transfer printers lets
them produce prints that are much more
faithful to the photographer’s vision than
are chromogenic processes.

Originally, dye transfer prints were sec-
ond only to tricolor pigment prints (see
next section) in permanence. Their useful
display life, before unacceptable fading oc-
curs, is several decades. Their dark-storage
life is extraordinary: a dye transfer print in
room-temperature storage will last several
centuries.

The advertisers’ choice
Several factors made dye transfer prints
popular for advertising:

• they look more true to life than other
types of prints;
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Trouble-shooting
Repeating the transfer step for all three
matrices produces a full-color dye transfer
print. The first print will likely be either
too light or too dark, too contrasty or too
flat, and/or off-color. The shadows may
not have the right amount of detail, or the
highlights may need a little more sparkle.

These problems and others can be cor-
rected by the printmaker, since the dye
transfer process offers an extensive, even
daunting, number of ways to manipulate
the appearance of the print. Prior to the
advent of computer-assisted printing,
there were no other techniques that of-
fered the flexibility and control of the dye
transfer process.

To adjust the color rendition and tone
scale of the print, masks can be used in
making the separations or matrices. The
printmaker can control the density and
contrast of each matrix individually dur-
ing exposure and processing. Changing
the pH of the dye baths changes the
amount of dye the gelatin absorbs, alter-
ing print contrast and density in yet a dif-
ferent way, so dye transfer printmakers
have sets of different contrast dye baths,
much as printers of black-and-white pho-
tos use different grades of paper. Some-



• the color purity means that magazine
engravings made from dye transfer
prints look more like the original print;

• finally, dye transfer permits a remark-
able level of completely invisible print
manipulation and reworking, sur-
passed only by computer-assisted
printing: the extensive opportunities
for spotting and retouching let skilled
printers construct composite images
with transfers from multiple sets of
matrices—image artifacts between sec-
tions can be seamlessly bleached out
and filled in with the same dyes used to
make the print.

The economics of dye transfer
Chromogenic printing, as one might ex-
pect, has huge economic advantages over
dye transfer. The first dye transfer print
from an original can take several days to
produce and consume more than $100
worth of supplies. Although duplicate
prints are nowhere near as costly or time-
consuming, the material costs are still sev-
eral times those associated with chro-
mogenic printing, and a finished dye
transfer print will still take several hours’
work. In addition, dye transfer prints re-
quire much more spotting and retouching

than do ordinary prints. The complex
steps that lead to a final print invariably
introduce dust specks, scratches and other
flaws. A good dye transfer printer can re-
touch them perfectly in the final printed
image, but the whole process takes time.

Another factor is the time necessary to
learn the technique. Although one can
teach a student the mechanics of dye
transfer in a weekend, it is quite another
matter to know how a print can be im-
proved and what combination of the myr-
iad corrections and controls available will
achieve the desired effect.

Precursors to dye transfer
Dye transfer wasn’t the first color process
to take advantage of the properties of un-
hardened gelatin. Tricolor carbon print-
ing, invented in the 1870s, is still used to-
day by a handful of practitioners. The
printer mixes primary color pigments into
unhardened gelatin, coats support tissues
with it and sensitizes it to light. Contact-
printing separation negatives onto the tis-
sues with ultraviolet light creates a pattern
of hardened and unhardened gelatin that
matches the separation images in the neg-
atives. Hot water removes the unexposed,
unhardened gelatin and the remaining
colored, hardened gelatin pigment image
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Figure 4. (Above) Dye transfer prints such as this
one are immensely richer in tone and color than
conventional chromogenic prints (opposite page).
Not only are the reds, yellows, and greens more
vivid, subtle variations in hue are rendered more
clearly and accurately. Areas that appear mono-
chrome yellow in the conventional print correctly
vary from orange-yellow to yellow-green in the
dye transfer print.The reds which may look very
flat in the conventional print, are vibrant in the dye
transfer.The deep, cold, blues in the central back-
ground, so clear in the dye transfer print, are al-
most gray in the chromogenic print.The dye trans-
fer print also has a much longer tonal range, which
allows for substantially darker blacks, although this
aspect cannot be demonstrated on a printed mag-
azine page.



mogenic printing isn’t likely to ever
achieve their magnificent tonal and color
range. It’s quite possible that in 10 years,
computer printers will be able to produce
a print that can match a dye transfer print,
but it’s unclear whether there is a large
enough market to justify the cost of devel-
oping such products. Today, chromogenic
print quality is good enough for 99% of
the world’s needs.

In the meantime, dye transfer survives.
A dozen or so people still make dye trans-
fer prints for themselves, working from
stockpiles of supplies acquired when Ko-
dak discontinued the line. There are even a
couple of labs still offering commercial
dye transfer printing to other photogra-
phers.

This small but lively community hasn’t
given up on the process. In New England,
Jim Browning has been working with a
European manufacturer to produce ma-
trix film and his preliminary tests look
hopeful. In the hands of such dedicated ar-
tisans, dye transfer printing, like its pig-
ment-print predecessors, may survive well
into the 21st century.

Ctein is a photographer and dye transfer printer and
the author of Post Exposure: Advanced Techniques for
the Photographic Printer. He may be reached at
http://www.plaidworks.com/ctein.

is transferred to a sheet of blank white pa-
per. Carbro printing, invented later, re-
placed the inconvenient ultraviolet hard-
ening with chemical hardening by reaction
with ordinary black-and-white prints.

Pigment prints (whether made by car-
bro printing or tricolor carbon printing)
were lovely and exceptionally durable, but
very time consuming to make. Dye trans-
fer, complex as it may seem, was a faster,
cheaper and more flexible process, that
created prints of nearly comparable quali-
ty. For these reasons, dye transfer gradual-
ly displaced carbro and carbon printing.
In more recent times, similar factors ex-
plain displacement of dye transfer print-
ing by chromogenic and computer-assist-
ed printing processes.

Dye transfer today
Although dye transfer was a prestige mar-
ket for Kodak, the company made only
modest changes and improvements in the
product line over its half century of life.
This was because dye transfer was born
with such a significant advantage over oth-
er competing processes that it was able to
survive essentially unchanged for decades.

Not so with chromogenic printing. It
got better and better. While chromogenic
printing still lacks the tonal range or color

fidelity of dye transfer, very few people
need (or, equally important, can afford)
the level of quality dye transfer offers. The
permanence of chromogenic prints has
steadily improved. Although dye transfer
prints are still champions in terms of
dark-keeping characteristics, Fujicolor
Crystal Archive paper has a display life
several times longer than dye transfer.

Dye transfer display transparencies ap-
peared widely in commercial and public
displays throughout the 1980s. Color Cor-
poration of America (CCA) still produces
dye transfer displays from materials it
manufactures itself. Readers of this article
have likely seen dye transfer prints with-
out realizing they were looking at them.
But the introduction of chromogenic dis-
play materials, like Duratrans, gave busi-
nesses cheaper options.

Today, computer-assisted printing and
platemaking can be used to scan and ma-
nipulate film and transfer the results to
four-color presses as well or better than dye
transfer. A computer-savvy photographer
can perform more complex jobs than the
most skilled dye transfer printer can carry
out in the darkroom or on the easel. The
learning curve is still daunting, but the
tools cost less and are more convenient.

Dye transfer prints still have the edge
when it comes to sheer beauty, and chro-
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