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PHQTQGRAPHIC COLOR PROCESSES AND 

COMTGSITIONS 
Howard G. Rogers, Weston, and Harriet W. Lutes, Bos 

ton, Mass, assignors to Polaroid Corporation, Cam 
bridge, Mass., a corporation of Delaware 

Filed Apr. 24, 1957, Ser. No. 654,781 
36 Claims. (Cl. 96-3) 

This invention relates to photography and, more par 
ticularly, to improvements in photographic di?usion-trans 
fer reversal processes for obtaining color images utilizing 
dye developers. 
The copending application of Howard G. Rogers, Serial 

No. 415,073, ?led March 9, 1954, now abandoned in 
favor of a continuation-in-part thereof, Serial No. 
748,421, ?led lulyv 14, 1958, now U.S. Patent 2,983,606, 
granted May 9, 1961, discloses and claims diffusion-trans 
fer reversal processes wherein dye developers are utilized 
to develop the latent image present in an exposed photo 
sensitive emulsion, and a positive color image is imparted 
to a superposed image-receiving layer by unreacted ‘dye 
developer originating from unexposed areas of the ex 
posed photosensitive emulsion. The dye developers of 
this process are dyes which contain, in the same molecule, 
a silver halide developing function and a chromophoric 
system of a dye. A particularly useful class of dye de 
velopers are those containing a hydroquinonyl develop 
ing function. 

Diffusion-transfer reversal processes utilizing dye de 
velopers are improved by the use, in conjunction with the 
dye developer, of a S-pyrazolidone developing agent as 
disclosed and claimed in the copending application of 
Howard G. Rogers, Serial No. 518,979, ?led June 29, 
1955, now abandoned in favor of a continuation-in-part 
thereof, Serial No. 748,421, ?led July 14, 1958. 
We have now discovered that diffusion-transfer reversal 

processes utilizing dye developers may be substantially 
improved by the utilization, in conjunction with a dye de 
veloper and a 3-pyrazolidone developing agent, of an 
other or second silver halide developing agent. 

It is a primary object of this invention to provide novel 
photographic processes, products and compositions where 
by improved control of the transfer of unoxidized dye 
developer to an image-receiving layer may be obtained. 
A further object of this invention is to provide novel 

photographic processes, products and compositions where 
by the quality of the positive image, particularly the high 
lights and light steps obtained in di?usion-transfer re 
versal processes utilizing dye developers, may be im 
proved. ' 

Another object of this invention is to provide novel 
photographic processes, products and compositions where 
by increased density and improved contrast may be ob 
tained in color diffusion-transfer reversal processes em 
ploying dye developers. 
A further object of this invention is to provide photo 

graphic processes, products and compositions for use in 
multicolor di?‘usion-transfer reversal processes utilizing 

I dye developers whereby improved color separation may 
be obtained. 

Another obiect of this invention is to provide novel 
photographic processes, products and compositions utiliz 
ing, in conjunction with a dye developer in a di?usion 
transfer reversal process, at least two additional develop 
ing agents. 
A further object of this invention is to provide novel 

photographic processes, products and compositions for 
obtaining color images by a diifusion-transfer reversal 
process by the utilization of a dye developer, a S-pyrazoli 
done developing agent and at least one additional develop 
ing agent. . 

2 
Other objects of the invention will in part be obvious 

and will in part appear hereinafter. 
The invention accordingly comprises the processes in 

volving the several steps and the relation and order of one 
or more of such steps with respect to each of the others, 
and the products and compositions possessing the fea 
tures, properties and the relation of elements which are 
exempli?ed in the following detailed disclosure, and the 

. scope of the application of which will be indicated in the 
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claims. 
For a fuller understanding of the nature and objects of 

the invention, reference should be had to the following 
detailed description taken in connection with the accom 
panying drawing wherein: 
FIGURE 1 is a diagrammatic cross-sectional view of 

one embodiment of this invention during processing; and 
FIG. 2 is a diagrammatic cross-sectional view of 

one embodiment of a photographic product for use in ac 
cordance with this invention and comprising a multilayer 
photosensitive element, an image-receiving element and a 
rupturable container holding a processing composition. 
As stated above, it has been proposed to form color 

images by a ‘diffusion-transfer reversal process by the use 
of a dye developer. In processes of this type, a photo 

” sensitive element containing a silver halide emulsion is 
exposed and wetted by a liquid processing composition, 
for example, by immersing, coating, spraying, ?owing, 
etc., in the dark and the exposed photosensitive element is 
superposed prior to, during, or after wetting, on a sheet 
like support element which may be utilized as an image 
receiving element. In a preferred embodiment, the photo 
sensitive element contains a layer of dye developer and 
the liquid processing composition is applied to the photo 
sensitive element in a uniform layer as the photosensitive 
element is brought into superposed relationship with an 
image-receiving element. It is also contemplated to utilize 
the dye developer in the liquid processing composition 
where monochromatic images are desired. The liquid 
processing composition permeates the emulsion to initiate - 
development of the latent image contained therein. The 
dye developer is immobilized or precipitated in exposed 
areas as a consequence of the development of the latent 
image. This immobilization is apparently, at least in part, 
due to a change in the solubility characteristics of the dye 
developer upon oxidation and especially as regards its 
solubility in alkaline solutions. It may also be due in part 
to a tanning eiiect on the emulsion by the oxidized devel 
oping agent. In unexposed and partially exposed areas 
of the emulsion, the dye developer is unreacted and dif 
fusible, and thus provides an imagewise distribution of un 
oxidized dye developer, dissolved in the liquid processing 
composition, as a function of the point-to-point degree of 
exposure of the silver halide emulsion. At least part of 
this imagewise distribution of unoxidized dye developer 
is transferred, by imbibition, to a superposed image-re 
ceiving layer or element, said transfer substantially exclud 
ing oxidized dye developer. Under certain circumstances, 
the layer of the liquid processing composition may be uti 
lized as the image-receiving layer. The image-receiving 
element receives a depthwise di?usion, from the developed 
emulsion, of unoxidized dye developer without appreci 
ably disturbing the imagewise distribution thereof to pro 
vide a reversed or positive color image of the developed 
image. The image-receiving element may contain agents 
adapted to mordant or otherwise ?x the diffused, unoxi 
dized dye developer. If the color of the transferred dye' 
developer is a?ected by changes in the pH of the image 
receiving element, this pH may be adjusted in accordance 
with well-known techniques to provide a pH affording the 
desired color. The desired positive image is revealed by 
stripping the image-receiving element from the photo-' 
sensitive element at the end of the imbibition period. 



3 
We have now discovered that diifusionatransfer reversal 

processes utilizing dye developers may be substantially im 
proved by the use, in conjunction with the dye developer, 
of a S-pyrazolidone developing agent, which may be refer 
red to as a “?rst developing agent,” and at least one addi 
tional developing agent, which additional developing agent 
may be referred to as a “second developing agent.” The 
use of such a combination of developing agents provides 
color transfer images of improved density, contrast, high 
light rendition and, in the case'of multicolor images, im 
proved color separation. We have found that such a com 
bination of developing agents provides images of superior 
quality as compared with images obtained by the use of a 
dye developer with only one developing agent whether such 
other developing agent is a 3-pyrazolidone developing 
agent or a “second developing agent” as set forth here 
inafter. I 

Dye developers, as noted above, are compounds which 
contain in the same molecule both the chromophoric 
system of 'a dye and'also a silver halide developing func 
tion. By “a silver halide developing function” is meant a 
grouping ‘adapted to develop exposed silver halide. A 
preferred silver halide developing function is a hydroqui 
nonyl group. Other suitable developing functions include 
o-dihydroxyphenyl and o- and p-amino-substituted hy 
droxyphenyl groups. In general the developing function 
includes a benzenoid developing function. Examples of 
representative dye developers are given in the previously 
mentioned application of Howard G. Rogers, Serial No. 
415,073. Additional useful dye developers are described in 
the following copending applications: 

Application Serial No. 449,514, ?led August 12, 1954, ~ 
in the names of Elkan R. Blout and Myron S. Simon. 

' Application Serial No. 450,208, ?led August 16, 1954, 
in the names of Elkan R. Blout, Saul G. Cohen,pMilton 
Green and Myron S. Simon. 

Application Serial No. 471,542, ?led November 26, 
1954, in the names of Ellran R. Blout, Saul G. Cohen, 
Milton Green, Howard G. Rogers, Myron S. Simon and 
Robert B. Woodward. 

Application Serial No. 478,922, ?led December 30, 
1954, in the names of Elkan R. Blout, Marilyn R. Cohler, 
Milton Green, Myron S. Simon and Robert B. Wood 
ward. 

Application Serial No. 612,045, ?led September 25, 
1956, in the names of Elkan R. Blout, Milton Green and 
Howard G. Rogers. ' 

Application Serial No. 612,052, ?led September 25, 
1956, in ‘the names of Milton Green and Howard G. 
Rogers. 

Application Serial No. 612,053, ?led September 25, 
1956, in the name of Myron S. Simon. . 

Application Serial No. 612,054, ?led September 25, 
1956, in the names of Helen P. I-Iusek and Myron S. 
Simon. 

Application Serial No. 612,055, ?led September 25, 
1956, in the name of Helen P. Husek. 
As previously stated, the ?rst developing agent used in 

combination with a dye developer is a 3-pyrazolidone de 
veloping agent. Developing agents of this class may be 
represented by the formula: ' 

N R2 

in which R1, R2, R3, R4 and R5 each represents substitu 
ents such as hydrogen, aryl or alkyl groups, including sub 
stituted alkyl and aryl groups. The alkyl groups prefer 
ably contain from 1 to 4 carbon atoms, inclusive. A large 
number of developing agents within this class ‘are reported 
in the literature; see, for example, US. Patent No. 2,289, 
367, issued July 14, 1942, to John David Kendall, and 
US. Patent No. 2,731,300, issued June 19, 1956, to 
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Thomas H. James et al. A particularly useful developing 
agent of this class is l-phenyl-3-pyrazolidone, which is 
commercially available under the trademark “Phenidone” 
from Ilford, Ltd. 
The second developing agent utilized in combination 

with the dye developer may be described broadly as a 
benzenoid developing agent. In general, developing agents 
of this class contain an aryl nucleus substituted in the 
ortho or para positions, with respect to each other, by 
hydroxyl and/or amino groups, including substituted 
amino groups, and this nucleus also may have other 
nuclear substituents, e.g., alkyl, aryl, arylthio, etc. As 
examples of suitable developing agents within this group, 
mention may be made of the following: 
(1 ) 2,4-diaminophenol 
(2) Toluhydroquinone 
(3 ) 2,5 abis-ethyleneimino-hydroquinone 
(4) p-Benzylaminophenol 
(5 ) p-Anilinophenol 
( 6) Xylohydroquinone 
(7) p-Toluthio-hydroquinone 
(8) 2-amino-4-phenyl-phenol 
(9) 5 ,8-dihydro-1,4-naphthohydroquinene 
( l0) o-Tloluthio-hydroquinone 
( 11) 5 ,6,7,8-tetrahyd.ro- 1,4-naphthohydroquinone 
( 12) 2-methoxy-4-aminophenol 
( 13) Phenylhydroquinone 
( 14) p-Aminophenylhydroquinone 
( 15) 4-amino-3-ethylphenol 
( 16) 4-amino-3,S-dimethylphenol 
( 17) 4-amin0-2,3-dimethylphenol 
( l8) 4-tamino-2,S-dimethylphenol 
( 19) 6-aminothymol 
(20) Thymolhydroquinone 
(21 ) 2,6-dimethylhydroquinone 

In accordance with this invention, it is contemplated to 
utilize, in combination with a dye developer, at ?rst de 
veloping agent and at least one second developing agent in 
both monochromatic and multicolor diffusion-transfer 
reversal processes. Monochromatic images may be ob 
tained in accordance with the technique above described 
wherein the dye developer may be in or behind the silver 
halide emulsion, or in the processing composition. 

FIG. 1 of the accompanying drawing illustrates one 
method of processing a silver halide emulsion to obtain 
a monochromatic transfer image in accordance with this 
invention. An exposed photosensitive element 10 com 
prising a support 12 and a silver halide emulsion 14 is 
processed with a processing composition 16 while in 
superposed relationship with an image-receiving element 
18 comprising a support 22 and an image-receiving layer 
20.~ As shown in the particular embodiment depicted in 
FIG. 1, the processing composition includes a dye de 
veloper, a ?rst developing agent and a second developing 
agent. The processing composition permeates the silver 
halide emulsion layer 14 to provide a uniform distribution 
of dye developer therein. In exposed areas of the silver 
halide emulsion layer 14, the dye developer will be im 
mobilized as a result of development of the latent image. 
In unexposed areas, the dye developer will remain mobile, 
due to its solubility in theprocessing composition, and 
thus provides an imagewise distribution of mobile dye 
developer available for transfer to the superposed'image 
receiving layer 20. The image-receiving element 18 is 
separated from its superposed relationship with the photo 
sensitive element 10 after at least a portion of said image 
wise distribution of dye developer has been transferred. 

In lieu of utilizing the dye developer and the ?rst and 
second developing agents in the processing composition, 
one or more of these reagents may be incorporated initially 
in the photosensitive element, e.g., in the silver halide 
emulsion or in a layer behind said emulsion. 

It is also contemplated to utilize a ?lm structure where 
in the silver halide emulsion is coated over the image 
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receiving layer, and the processing composition must 
permeate through the emulsion before reaching the image 
receiving layer. A structure of this type is described, for 
example, in U.S. Patent No. 2,661,293, issued to Edwin 
H. Land on December 1, 1953, and particularly with re 
spect to FIG. 7 of said patent. 
The improved results obtainable in monochrome proc 

esses, in accordance with this invention, may be illustrated 
by the following example, in which the dye developer is 
employed in the processing composition. 

Example 1 

A photosensitive element is prepared in a manner simi 
lar to that set forth in Example 9 of the aforementioned 
copending application Serial No. 612,054. An image 
receiving layer of polyvinyl alcohol is applied over .a sup 
port, followed by a stripping layer and a silver halide 
emulsion layer. This photosensitive element is exposed 
and processed, in superposed relationship with a spreading 
sheet, with an aqueous composition comprising: 

Percent 
Sodium carboxymethyl cellulose ________________ __ 4.5 
Sodium hydroxide 4.0 
Potassium bromide 0.2 
Sodium Carbonate _ 4.0 
1-phenyl-3-pyrazolidone ______________________ __ 0.2 

2,S-bis-ethyleneiminohydroquinone _____________ __ 0.3 

5 - amino — 4 - (2',5' - dimethoxy - 4' - [p - (2”,5” 

dihydroxyphenyl) - phenylazo] - phenylazo - l 

naphthol 5.0 

The image-receiving element is separated after a two 
minute imbibition period and washed brie?y to remove 
any traces of the processing composition. The brownish 
black positive image obtained is substantially better than 
that obtained under the same conditions using a similar 
processing composition which does not contain 2,5-bis 
ethylene-imiuo-hydroquinone. The image has signi? 
cantly greater density and contrast, as well as substantially 
cleaner highlights. 

Multicolor images may be obtained using dye de 
velopers in diffusion-transfer reversal processes vby several 
techniques. One such technique contemplates the use 
of a photosensitive silver halide stratum comprising at 
least two sets of selectively sensitized minute photosensi 
tive elements arranged in the form of a photosensitive 
screen. Transfer processes of this type are disclosed in 
the aforementioned application of Howard G. Rogers, 
Serial No. 415,073 and also in the copending application 
of Edwin H. Land, Serial No. 448,441, ?led August 9, 
1954, now U.S. Patent 2,968,554 granted January 17, 
1961. In such an embodiment, each of the minute photo 
sensitive elements has associated therewith an appropriate 
dye developer in or behind the silver halide emulsion 
portion. In general, a suitable photosensitive screen, , 
prepared in accordance with the disclosures of the last 
mentioned copending applications, comprises minute red 
sensitized emulsion elements, minute green-sensitized 
emulsion elements and minute blue-sensitized emulsion 
elements arranged in side-by-side relationship in a screen 
pattern and having associated therewith, respectively, a 
cyan dye developer, a magenta dye developer and a yellow 
dye developer. It will be understood that the ?rst de 
veloping agent and the second developing agent contem 
plated in accordance with this invention may be incor 
porated in the respective photosensitive elements or in 
the processing composition, 
Another process for obtaining multicolor transfer images 

utilizing dye developers employs an integral multilayer 
photosensitive element such as disclosed and claimed in 
the copending application of Edwin H. Land and Howard 
G. Rogers, Serial No. 565,135, ?led February 13, 1956, 
wherein at least two selectively sensitized photosensitive 
strata are superposed on a single support and are proc 
essed, simultaneously and without separation, with a sin 
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gle, common image-receiving layer. A suitable arrange 
ment of this type comprises a support carrying a red 
sensitive silver halide emulsion stratum, a green-sensitive 
silver halide emulsion stratum and a blue-sensitive silver 
halide emulsion stratum, said emulsions having associ 
ated therewith, respectively, a cyan dye developer, a 
magenta dye developer and a yellow dye developer. The 
dye developer may be utilized in the silver halide emul 
sion layer, e.g., in the form ‘of particles, or it may be 
employed as a layer behind the appropriate silver halide 
emulsion strata. Each set of silver .halide emulsion and 
associated dye developer strata may be separated from 
the other sets by suitable spacer strata, for example, by 
a layer of gelatin or polyvinyl alcohol. 
A multilayer photosensitive element of the type just 

mentioned is illustrated in FIG. 2 of the accompanying 
drawing. A support 66 carries a layer 64 containing a 
cyan dye developer; a layer 62 of a red-sensitive silver 
halide emulsion; a spacer layer 60, e.g., of gelatin or 
polyvinyl alcohol; a layer 58 containing a magenta dye 
developer; a layer 56 of a green-sensitive silver halide 
emulsion; a spacer layer 54; a layer 52 containing a yellow 
dye developer; and an outermost layer 50 of a blue 
sensitive silver halide emulsion. In certain instances, it 

e may be desirable to incorporate a yellow ?lter in front 
of the green-sensitive emulsion layer, and such yellow 
?lter may be incorporated in the spacer layer. Where 
the yellow dye developer is of the appropriate color and 
present in a state capable of ‘functioning as a yellow ?lter, 
a separate yellow ?lter may be omitted. 

Referring again to FIG. 2, the multilayer photosensitive 
element 46 is shown in spread-apart relationship (as, for 
example, during exposure) with an image-receiving ele 
ment 40 having mounted thereon a rupturable container 
48 holding a processing composition. The image-receiv 
ing element 4% comprises a support 42 and an image 
receiving layer 44. After exposure, the image-receiving 
element 40 is brought into superposed relationship with 
the multilayer photosensitive element 46 and the ruptur 
able container 48 ruptured by application of suitable 
pressure, e.g., by advancing between a pair of rollers, not 
shown, and a layer of the liquid composition spread be 
tween the superposed elements. After a suitable imbibi 
tion period during which at least a portion of the dye 
developer associated with unexposed areas of each of said 
emulsions is transferred to the superposed image-receiv 
ing element, the latter element is separated to reveal the 
image. Although the ?rst and second developing agents 
are contained in the rupturable container 48 in the em 
bodiment shown in FIG. 2, it is to be understood that 
one or both of said ?rst and second developing agents 
may be located initially in appropriate layers of the multi 
layer photosensitive element, e.g., in an emulsion layer 
and/ or in a layer containing a dye developer. 
contemplated to position a portion of one or both of said 
?rst and second developing agents in the photosensitive 
element (whether monochrome or multicolor), and to 
incorporate the balance thereof in the processing com 
position. 
The improved results obtainable in multicolor di?’usion 

transfer-reversal processes in accordance with this inven 
tion may be demonstrated by the following, illustrative 
example. 

Example 2 

An integral multilayer photosensitive element similar 
to that shown in FIG. 2 of the accompanying drawing is 
prepared in a manner similar to that described in Ex 
ample 2 of the aforementioned copending application 
Serial No. 565,135. This photosensitive element com— 
.prises the following layers, laid down in the order recited, 
on a suitable support, e.g., a gelatin-coated ?lm base: 

(1) A layer of a cyan dye developer, i.e., l,4-bis-[B-(2',5' 
dihydroxyphenyl ) -propylarnino] -anthraquinone. 

(2) A red-sensitive silver halide emulsion layer. 

It is also > 
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(3) A layer of polyvinyl alcohol as a spacer layer. 
(4) A layer of a magenta dye developer, i.e., 2-[p-(2’,5' 
dihydroxyphenethyl)-phenylazo]-4-n-propoxy— 1 - naph 
thol. 

(5 ) A green-sensitive silver halide emulsion layer. 
(6) A layer of polyvinyl alcohol as a spacer layer. 
(7) A layer of a yellow dye developer, i.e., 1-phenyl-3-N 
n-hexyl-carboxamido-4L [p - (2",5”-dihydroxypheneth 
yl) -phenylazo] -5-pyrazolone. 

(8)‘ A blue-sensitive silver halide emulsion layer. 
The e?ect of the addition of various developing agents 

may be tested using, as a basic processing composition, 
an aqueous solution comprising: 

. Percent 

Sodium carboxymethyl- cellulose _______________ __ 4.5 

Sodium hydroxide ____ -i _____________________ __ 3.0 

to which is added an appropriate quantity of the develop 
ing agent to be tested. It will be understood, of course, 
that a processing composition may also contain small 
amounts'of other photographic reagents, e.g., preserva 
tives, restrainers, etc. 

In testing the elIect of each developing agent, the photo 
sensitive element is exposed and then processed in super 
posed relationship With an image-receiving element com 
prising a layer of N-methoxymethyl polyhexamethylene 
a'dipamide (available from E. I. du Pont de Nemours & 
Co., Inc., Wilmington, Delaware, under the trade name 
“Nylon Type F8”) carried on a cellulose acetate-coated 
baryta paper. The image-receiving element is stripped 
apart from the photosensitive element at er an imbibition 
period of approximately six minutes. 
A series of tests were performed in which the follow 

ing quantities of developing agent were added to a stand 
ard processing composition similar to the above-mentioned 
basic processing composition. 

7 Percent 

Test 1: l-phenyl-3-pyrazolidone ________________ __ 1.0 

Test 2: 2,5-bis-ethyleneiminohydroquinone _______ __ 1.0 

Test 3: p-benzylaminophenoL", ______________ __ 1.0 

Test 4: 
l-phenyl-3-pyrazolidone ___________________ __ 0.6 

p-benzylaminophenol ______________________ __ 0.4 

Test 5: 
l-phenyl-3-pyrazolidone ___________________ __ 0.6 

2,S-bis-ethyleneiminohydroquinone _________ __ 0.4 

Test 6: 
l-phenyl-4,4-dimethyl-3-pyrazolidone ________ __ 0.6 

5,6,7,8>-tetrahydro-1,4-naphthohydroquinone-___ 0.2 
A comparison of the positive multicolor transfer images 

obtained in the above tests shows that the images ob 
tained in Tests 4 and 5 using a combination of develop 
ing agents, one of which is a 3-pyrazolidone developing 
agent, exhibited markedly superior color separation, in 
creased density, improved blacks and grays, and cleaner 
highlights than the images obtained in Tests 1, 2 and 3 
using the same developing agents separately. The posi 
tive image obtained in Test 6 also exhibits the above 
mentioned superior qualities as compared with images 
using only a 3-pyrazolidone developing agent. 

It. will be noted that the quantity of developing agent 
added in Tests 1 through 5 was maintained at a constant 
1%. This demonstrates that the improved results ob 
tained are attributable to the use of a combination of 
developing agents and not to a variation in the quantity 
of developing agent present. 
Although the above examples utilize a combination of 

one ?rst developing agent and one second developing 
agent, it is also contemplated to employ a combination 
of developing agents including two or more of each of 
said classes of developing agents. An example of one 
such combination utilizes l-phenyl-3-pyrazolidone, tolu 
hydroquinone and 2,4-diaminophenol. 
A further technique for obtaining multicolor images 
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employs a plurality of photosensitive elements associated 
with an appropriate number of image-receiving elements 
and adapted to be treated with one or more liquid process 
ing compositions, the appropriate dye developers being 
incorporated in the photosensitized elements or in the 
liquid processing compositions. Examples of ?lm struc 
tures of this type are disclosed in U.S. Patent No. 
2,647,049 issued to Edwin H. Land. 
The dye developers utilized in the processes of this 

invention may be incorporated in the photosensitive ele 
ment, for example, in," on, or behind the silver halide 
emulsion, or they may be employed as a component of 
the liquid processing composition, or in the image-receiv 
ing element where monochromatic images are desired. 
The dye developer ispreferably in a coating or layer 
behind the'silver halide emulsion and such a layer of dye 
‘cvelop-er may be applied by the use of a coating solu 
tion containing about 0.5 to 8 percent by weight of the 
dye developer. Similar concentrations may be used if 
the dye developer is utilized as a component of the liquid 
processing composition. a 
The ?rst developing agent or 3-pyrazolidone develop 

ing agent and the second developing agent may be em 
ployed as components of the liquid processing composi 
tion. It is also contemplated to employ one or both of 
these developing agents in the layer containing the dye 
developer or in the silver halide emulsion. Thus, one 
may utilize one of these developing agents in the liquid 
processing composition and the other developing agent 
in the silver halide emulsion or in the layer containing the 
dye developer. 

Particularly useful results have been obtained by the use 
of a quantity of ?rst developing agent and second develop 
ing agent, combined, which provides approximately 25 to 
125 developing units per 100 developing units supplied 
by the dye developer(s). ' It will be understood that this 
ratio may be varied and still provide improved images. 
The total developing units thus available provide from 50 
to 400% excess developing units, based on the units of 
developable silver halide present, the dye developer sup 
plying at least a quantity of developing units equal to 
the units of developabie silver halide in fully exposed 
areas. It was particularly unobvious that the dye devel 
oper should be preferentially oxidized, and the control 
thereof so substantially improved, in a system containing 
such a large quantity of developing units supplied by 
developing agents other than the dye developer. It is 
believed that the preferential oxidation and resulting im~ 
mobilization of the dye developer is a consequence of its 
having the least soluble oxidation product. It appears 
that the dye developer may be oxidized and immobilized 
as a result of a reaction, e.g., an energy transfer reaction, 
with the oxidation product of a developing unit provided 
by the first and second developing agents, the latter devel 
oping agents being oxidized by development of the ex 
posed silver halide. Such a reaction of oxidized develop 
ing agent with unoxidized dye developer would regenerate 
the ?rst or second developing agent for further reaction 
with exposed silver halide. ‘ 

, The liquid processing composition herein referred to 
comprises at least an aqueous solution of an alkaline com 
pound, »for example, diethylamine, sodium hydroxide or 
sodium carbonate. As indicated above, the liquid proc 
essing composition may also contain the ?rst developing 
agent or the second develop-ing agent, or both. If the 
liquid processing composition is to be applied to the emul 
sion by being spread thereon, preferably in a relatively 
thin uniform layer, it might also include a viscosity-in 
creasing compound constituting ?lm-forming material of 
the type which, when said composition is spread and dried, 
forms a relatively ?rm and relatively stable ?lm. A pre 
ferred ?lm-forming material is a high molecular Weight 
polymer such as a polymeric, Water-soluble ether which is 
inert to an alkaline solution as, for example, a hydroxy 
ethyl cellulose or sodium carboxymethyl cellulose. Other 
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?lm-forming materials or thickening agents Whose ability 
to increase viscosity is substantially unaffected if left in 
solution for along period of time may also be used. The 
?lm-forming material is preferably contained in the proc 
essing composition in suitable quanti?es to impart to said 
composition a viscosity in excess of 1,000 centipoises at a 
temperature of approximately 24° C. and preferably of the 
order of 1,000 to 200,000 centipoises at said temperature. 
Illustrations of suitable liquid processing compositions 
may be found in the several patents and copending ap 
plications herein mentioned and also in examples herein 
after given. Under certain circumstances, it may be de 
sirable to apply a liquid processing composition to the 
photosensitive element prior to exposure, in accordance 
with the technique described in the copending application 
of Edwin H. Land, Serial No. 498,672, ?led April 1, 1955. 
The ‘dye developers are preferably selected for their 

ability to provide colors that are useful in carrying out 
subtractive color photography, i.e., cyan, magenta and 
yellow. It should be noted that it is within the scope of 
this invention to use mixtures of dye developers to obtain 
a desired color, e.g., black. Thus, it is to be understood 
that the expression “color” as used herein is intended to 
include the use of a plurality of colors to obtain black, as 
well as the use of a single black dye developer. 

In all products employed in the practice of this inven 
tion it is preferable to expose from the emulsion side. It 
is, therefore, desirable to hold the photosensitive element 
and the image-receiving element together at one end there 
of by suitable fastening means in such manner that the 
photosensitive element and the image-receiving element 
may be spread apart from their superposed processing po 
sition during exposure. A camera apparatus suitable for 
processing roll film of the type just mentioned is provided 
by the Polaroid Land Camera, sold by Polaroid Corpora 
tion, Cambridge, Massachusetts, or similar camera struc 
ture such, for example, as the camera forming the sub 
ject matter of US Patent No. 2,435,717. Camera appa 
ratus of this type permits successive exposure of individual 
frames of the photosensitive element from the emulsion 
side thereof as well as individual processing of an exposed 
frame by bringing said exposed frame into superposed re 
lation with a predetermined portion of the image-receiv 
ing element while drawing these portions of the ?lm as 
sembly between a pair of pressure rollers which rupture a 
container associated therewith and elfect the spreading of 
the processing liquid released by rupture of said container, 
between and in contact with the exposed photosensitive 
frame and the predetermined, registered area of the image~ 
receiving element. 
The nature and construction of rupturable containers 

such as that shown in FIG. 2 is wellunderstood in the art; 
see, for example, US. Patent No. 2,543,181, issued to Ed 
win H. Land on February 27, 1951, and US. Patent No. 
2,634,886, issued to Edwin H. Land on April 14, 1953. 
The image-receiving element comprises an image-receiv 

ing layer of opaque or transparent material which is liquid 
permeable and dyeable from alkaline solutions and which 
has been illustrated for purposes of simplicity as compris 
ing a single sheet of permeable material, for example, 
paper. This element, however, may comprise a support 
upon which at least one liquid-permeable and dyeable 
layer is mounted. The support layer may have a water 
impermeable subcoat over which the stratum of permea 
ble and dyeable layer is applied. In certain instances, 
the dyeable layer may comprise a layer of liquid process 
ing composition which is adapted to remain adhered to 
the support layer upon stripping. 

' A preferred material for the image-receiving layer is a 
nylon and preferably a nylon such as N-methoxymethyl 
polyhexamethylene adipamide which is available under 
the trade name of Nylon Type F8 from E. I. du Pont de 
Nemours & Co. Other materials suitable for image-re 
ceiving layers comprise a partially hydrolyzed polyvinyl 
acetate such as that commercially available under the 
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10 
trade name of Vinylite MA-28-18 from Bakelite Division, 
Carbide and Carbon Chemicals Co.; polyvinyl alcohol 
with or without plasticizers; baryta paper, i.e., a support 
having a baryta coating thereon; cellulose acetate with 
?ller as, for example, one-half cellulose acetate and one 
half oleic acid, and other materials of a similar nature, as 
is well known in the art. 
While a rupturable container, such as container 48 in 

FIG. 2, provides a convenient means for spreading a liquid 
processing composition between layers of a ?lm unit 
whereby to permit the processing to be carried out'within 
a camera apparatus, the practices of this invention may be 
otherwise effected. For example, a photosensitive ele 
ment, after exposure in suitable apparatus and while pre 
venting further exposure thereafter to actinic light, may 
be removed from such apparatus and permeated with the 
liquid processing composition as by coating the composi 
tion on said photosensitive element or otherwise wetting 
said element with the composition following which the 
permeated, exposed, photosensitive element, still without 
additional exposure to actinic light, is brought into con 
tact with the ‘image-receiving element for image formation 
in ‘the manner heretofore described. 

It is also to be understood that the invention may be 
successfully practiced without the use of a ?lm-forming 
material in the liquid processing composition. As an 
illustration, a nonviscous liquid processing composition is 
particularly applicable with the processing technique last 
mentioned above and may be applied to the exposed photo 
sensitive element by imbibition or coating practices and 
may be similarly applied to the image-receiving element 
before said elements are brought into superposed relation 
01' contact for carrying out the transfer of nonimmobilized 
color-providing substances. ' 

In all examples of this speci?cation, percentages of com 
ponents are given by weight unless otherwise indicated. 
Throughout the speci?cation and appended claims, the 

expression “positive image” has been used. This expres 
sion should not be interpreted in a restrictive sense since 
it is used primarily for purposes of illustration, in that it 
de?nes the image produced on the image-carrying layer 
as being reversed, in the positive-negative sense, with re 
spect to the image in the photosensitive element. As an 
example of an alternative meaning for “positive image,” 
assume that the photosensitive element is exposed to ac 
tinic light through a negative transparency. In this case, 
the latent image in the photosensitive element will be a 
positive and the image produced on the image-carrying 
layer will be a negative. The expression “positive image” 
is intended to cover such an image produced on the im 
age-carrying layer. 

In the use of certain of the ?rst and second developing 
agents in accordance with this invention, a temporary 
stain may be observed on the image-receiving layer. This 
temporary stain disappears within a short time or may 
be removed immediately by washing or by swabbing with 
a slightly acidic solution. It has also been found that 
incorporating these developing agents in the photosen 
sitive element, e.g., in the emulsion or in a layer behind 
the emulsion, minimizes or eliminates such temporary 
staining. 
Throughout the speci?cation and claims, the expression 

“superimposing” has been used. This expression is in 
tended to cover the arrangement of two layers in over 
lying relation to each other either in face-to-face contact 
or in separated condition and including between them at 
least one layer or stratum of a material which may be a 
viscous liquid. 

Since certain changes may be made in the above 
processes, products and compositions without departing 
from the scope of the invention herein involved, it isv 
intended that all matter contained in the above descrip 
tion or shown in the accompanying drawing shall be 
interpreted as illustrative and not in a limiting sense. 
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What is claimed is: 
1. A process of forming transfer images in color, com 

prising developing an exposed silver halide emulsion in 
the presence of (a) a dye developer, said dye developer 
‘being a compound which is both a silver halide develop 
ing agent and a dye, (b) a 3-pyrazolidone silver halide 
developing agent and (c) a benzenoid silver halide devel 
oping agent, said benzenoid silver halide developing agent 
containing an aryl nucleus substituted by at least two 
substituents selected from the class consisting of hydroxyl 
and amino groups, one of said substituents being sub 
stituted in one of the ortho and para positions with respect 
to the other of said substituents, oxidizing said dye 
developer in developed areas of said emulsion as a 
function of the point-to-point development thereof, 
whereby an imagewise distribution of unoxidized, dif 
fusible dye developer is provided in undeveloped areas 
of said emulsion, and transferring, by di?usion, at least 
a portion of said unoxidized, diffusible dye developer 
from undeveloped areas to a superposed image-receiving 
layer to impart thereto a dye image. 

2. A process as de?ned in claim 1, wherein said aryl 
nucleus of said benzenoid silver halide developing agent 
is a benzene nucleus. 

3. A process as de?ned in claim 1, wherein said aryl 
nucleus of said benzenoid silver halide developing agent 
also contains an alkyl substituent. 

4. A process as de?ned in claim 1, including the step 
of initiating development by spreading a processing com 
position between said photosensitive element and said 
image-receiving layer as said photosensitive element and 
said image-receiving layer are brought into superposed 
relationship. 

5. A process as de?ned in claim 1, including the step 
of separating said photosensitive element from said image 
receiving layer after said transfer of unoxidized, diffusible 
dye developer has been effected. 

6. 'A process as de?ned in claim 1, wherein one of said 
substituents of said benzenoid silver halide developing 
agent is an amino group and said amino group is an alkyl 
amino group. 

7. A process as de?ned in claim 1, wherein said 
benzenoid silver halide developing agent is p-benzylamino 
phenol. 

8. A process as de?ned in claim 1, wherein said 
benzenoid silver halide developing agent is phenylhydro 
quinone. 

9. A process as de?ned in claim 1, wherein said dye 
develop-er contains as the silver halide developing func 
tional group a group selected from the class consisting 
of para-dihydroxyphenyl, ortho-dihydroxyphenyl, para 
aminohydroxyphenyl and ortho-aminohydroxyphenyl 
groups. 

10. A process as de?ned in claim 1, wherein said dye 
developer contains as the silver halide developing func 
tional group a para-dihydroxyphenyl group. 

11. The process which comprises developing an exposed 
silver halide emulsion with an aqueous alkaline solution 
comprising (a) a dye developer, said dye developer being 
1a compound which is both a silver halide developing 
agent and a dye, (b) a 3-pyrazolidone silver halide devel 
oping agent and (c) a benzenoid silver halide developing 
agent, said benzenoid silver halide developing agent con 

I taining an aryl nucleus substituted by at least two sub 
stituents selected from the class consisting of hydroxyl 
‘and amino groups, one of said substituents being sub 
stituted in one of the ortho and para positions with 
respect to the other of said substituents. 

12. A process as de?ned in claim 11, wherein said 
3-pyrazolidone silver halide developing agent is l-phenyl 
3'—pyrazolidone and said benzenoid silver halide developing 
agent is 2,5-bis-ethyleneimino-hydroquinone. 

13; A process as de?ned in claim 11, wherein said 
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3-pyrazolidone silver halide developing agent is l-phenyl 
4,4-dimethyl-3-pyrazolidone. 

14. A process as de?ned in claim 11, wherein said 
benzenoid silver halide developing agent is Xylohydro 
quinone. 

15. A photographic developer composition comprising 
an aqueous alkaline solution comprising (a) a dye devel 
oper, said dye developer being a compound which is both 
a silver halide developing agent and a dye, (b) a 3-pyr 
azolidone silver halide developing agent and (c) a ben 
zenoid silver halide developing agent, said benzenoid 
silver halide developing agent containing an aryl nucleus 
substituted by at least two substituents selected from the 
class consisting of hydroxyl and amino groups, one of 
said substituents being substituted in one of the ortho 
and para positions with respect to the other of said 
substituents. 

16. A photosensitive element comprising a plurality 
of layers, at least one of said layers containing a photo 
sensitive silver halide emulsion; at least one of said layers 
containing a dye developer, said dye developer being 
a compound which is both a silver halide developing 
agent and a dye; at least one of said layers containing 
a B-pyrazolidone silver halide developing agent, and at 
least one of said layers containing a benzenoid silver 
halide developing agent, said benzenoid silver halide 
developing agent containing an aryl nucleus substituted by 
at least two substituents selected from the class consisting 
of hydroxyl and amino groups, one of said substituents 
being substituted in one of the ortho and para positions 
with respect to the other of said substituents. 

17. A photosensitive element as de?ned in claim 16, 
including a plurality of photosensitive silver halide emul 

' sions, each of said emulsions being sensitized to different 
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portions of the spectrum, and each of said emulsions 
having associated therewith a dye developer of a color 
substantially complementary to the portion of the visible 
spectrum to which said emulsion is sensitive. 

18. A photosensitive element as de?ned in claim 17, 
wherein said silver halide emulsions are superposed on a 
common support. 

19. A photosensitive element as de?ned in claim 17, 
wherein said silver halide emulsions are present in the 
form of minute elements and are arranged in side-by-side 
relationship in a screen pattern. 

20. A photosensitive element as de?ned in claim 17, 
wherein said silver halide emulsions include an outermost 
blue-sensitive emulsion, an inner green-sensitive emulsion 
and an inner red-sensitive emulsion, said emulsions hav 
ing associated therewith, respectively, a yellow dye devel 
oper, a magenta dye developer and a cyan dye developer. 

21‘. A photographic product which comprises a. photo 
sensitive element comprising a silver halide emulsion; 
an image-receiving element comprising an image-receiving 
layer; means interconnecting said photosensitive element 
for movement relative to said image-receiving element, 
whereby said photosensitive element is positionable in 
superposed relation and in relatively close proximity to 
‘831d image-receiving element; a rupturable container hold 
mg at least a liquid processing composition including a 
solvent for (a) a dye developer, said dye developer being 
a compound which is both a silver halide developing agent 
and a dye, (b) a S-pyrazolidone silver halide developing 
agent and (c) a benzenoid silver halide developing agent, 
said benzenoid silver halide developing agent containing 
an aryl nucleus substituted by at least two substituents 
selected from the class consisting of hydroxyl and amino 
groups, one of said substituents being substituted in one 
of the ortho and para positions with respect to the other 
of said substituents, said container being capable of being 
fractured and of releasing its liquid content between 
said photosensitive element and said image-receiving ele 
ment when said elements are‘ brought into superposed 
relationship; said dye developer, said S-pyrazolidone silver 
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halide developing agent, and said benzenoid silver halide 
developing agent being positioned in said product; said 
dye developer being capable of being immobilized in 
said photosensitive element as a result of the ‘development 
of said emulsion, thereby providing an imagewise dis 
tribution of said dye developer which is not immobilized 
and which is adapted to be transferred to said superposed 
image-receiving element and impart a dye image thereto. 

22. A photographic product as de?ned in claim 21, 
wherein said photosensitive element comprises a blue 
sensitive silver halide emulsion, a green-sensitive silver 
halide emulsion and a red-sensitive silver halide emulsion, 
said emulsions having associated therewith, respectively, 
a yellow dye developer, a magenta dye developer and a 
cyan dye developer. 

23. A photographic product as de?ned in claim 22, 
wherein said silver halide emulsions are superposed on a 
common support. 

24. A photographic product as de?ned in claim 21, 
wherein said photosensitive element comprises a plurality 
of silver halide emulsions in the form of minute elements 
arranged in side-by-side relationship to provide a screen 
pattern. 

25. A photographic product as de?ned claim 21, 
wherein said 3-pyrazolidone silver halide developing agent 
and said benzenoid silver halide developing ‘agent are posi 
tioned in said rupturable container. _ 

26. A photographic product as de?ned in claim 21, 
wherein at least one of_ (a) said 3-pyrazolidone silver 
halide developing agent and (b) said benzenoid silver 
halide developing agent is positioned in said photosensitive 
element. 

27. A photographic product as de?ned in claim 26, 
wherein said silver halide developing agent is contained 
in a layer of said photosensitive element containing said 
dye developer. 

28. A photographic product as de?ned in claim 21, 
wherein said S-pyrazolidone silver halide developing agent 
is 1-phenyl-3-pyrazolidone. 

29. A photographic product as de?ned in claim 21, 
wherein said 3-pyrazolidone silver halide developing agent 
is 1-phenyl-4,4-dimethyl-3-pyrazolidone. 

30. A photographic product as de?ned in claim 21, 
wherein said benzenoid silver halide developing agent is 
xylohydroquinone. 

31. A process of forming multicolor transfer images, 
comprising exposing a photosensitive element, said photo 
sensitive element comprising a plurality of silver halide 
emulsions, each of said silver halide emulsions having 
associated therewith a dye developer, each said dye devel 
oper being a compound which is both a silver halide 
developing agent and a dye, developing said exposed 
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photosensitive element, said development being effected 
in the presence of a 3-pyrazolidone silver halide devel 
oping agent and of a benzenoid silver halide developing 
agent, said benzenoid silver halide developing agent con 
taining an aryl nucleus substituted by at least two sub 
stituents selected from the class consisting of hydroxyl 
and amino groups, one of said substituents being sub 
stituted in one of the ortho and ‘para positions with respect 
to the other of said substituents, oxidizing each said dye 
developer as a function of the point-to-point development 
of the silver halide emulsion with which said dye developer 
is associated, thereby providing an imagewise distribution 
of unoxidized dye developer in undeveloped areas of 
each of said emulsions, and transferring at least a portion 
of each said imagewise distribution of unoxidized dye 
developer to a superposed image-receiving layer. 

32. A process as de?ned in claim 31, wherein said 
photosensitive element contains a blue-sensitive silver 
halide emulsion, a green-sensitive silver halide emulsion 
and a red-sensitive silver halide emulsion, said‘ emulsion 
having associated therewith, respectively, a yellow dye 
developer, a magenta dye developer and a cyan dye 
developer. 

33. A process as de?ned in claim 31, wherein said 
3-pyrazolidone silver halide developing agent is l-phenyl 
3-pyrazolidone. 

34. A process as de?ned in claim 31, wherein said 
3-pyrazolidone silver halide developing agent is l-phenyl 
4,4-dimethyl-3-pyrazolidone. 

35. A process as de?ned in claim 31, wherein said 
benzenoid silver halide developing agent is 2,5-bis 
ethyleneimino hydroquinone. 

36. A process as de?ned in claim 31, wherein said 
benzenoid silver halide developing agent is Xylohydro 
quinone. ' 
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