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[5 7] ABSTRACT 
Photographic images, particularlyimulticolor images, 
viewed through a transparent support have an anti 
reflection coating on the outer surface of said support. 
The anti-re?ection coating comprises an eighth-wave 
layer of silica and an eighth-wave layer of a ?uori 
nated polymer. The images may be formed by multi 
color diffusion transfer processes using dye developers 
or other image dye-providing materials. In the pre 
ferred embodiments, the photographic image is an in 
tegral negative~positive re?ection print. Where photo 
exposure is effected through a transparent support, 
e.g., the transparent support through which the ?nal 
image is viewed, provision of an anti-re?ection coating 
and effecting photoexposure therethrough will permit 
more effective recording of light passing through the 
camera lens. The transparent support preferably has 
an index of refraction of at least 1.6. ~ 

’ 60 Claims, 5 Drawing Figures 
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PHOTGGRAPHIC PRODUCTS INCORPORATING 
ANTI-REFLECTION COATINGS 

This invention is concerned with photography and, 
more particularly, with the formation of images in color 
or black-and-white by diffusion transfer processing. 
A number of photographic processes have been pro 

posed wherein the resulting photograph comprises the 
developed silver halide emulsion(s) retained as part of 
a permanent laminate, with the desired image being 
viewed through a transparent support. Of particular 
signi?cance are those processes where the image is in 
color and is formed by a diffusion transfer process. If 
the image is to be viewed as a re?ection print, the im 
age-carrying layer is separated from the developed sil 
ver halide emulsion(s) in said laminate by a light 
re?ecting layer, preferably a layer containing titanium 
dioxide. Illustrative of patents describing such products 
and processes are U.S. Pat. No. 2,983,606 issued Mar. 
9, 1961 to Howard G. Rogers, U.S. Pat. Nos. 
3,415,644, 3,415,645 and 3,415,646 issued Dec. 10, 
1968 to Edwin H. Land, U.S. Pat. Nos. 3,594,164 and 
3,594,165 issued July 20, 1971 to Howard G. Rogers, 
and U.S. Pat. No. 3,647,347 issued Mar. 7, 1972 to 
Edwin H. Land. . 

Referring more speci?cally to the aforementioned 
U.S. Pat. No. 3,415,644, said patent discloses photo 
graphic products and processes employing dye devel 
opers wherein a photosensitive element and an image 
receiving layer are maintained in ?xed relationship 
prior to photoexposure and this ?xed relationship is 
,maintained after processing and image formation to 
provide a laminate including the processed silver halide 
emulsions and the image-receiving layer. Photoexpo 
sure is made through a transparent (support) element 
and application of a processing composition provides 
a layer of light-re?ecting material to provide a white 
background for viewing the image and to mask the de 
veloped silver halide emulsions. The desired color 
transfer image is viewed through said transparent'sup 
port against said white background. _ 
While such processes provide very useful and good 

quality images, it has been found that the full potential 
quality of the image is not obtained because the trans 
parent support through which the image is viewed in 
fact re?ects “white” light to the viewer's eyes. Further 
more, this property of re?ecting some of the light inci 
dent on the surface of the transparent support ad 
versely affects the ability of the ?lm to record a subject 
when photoexposure is effected through such a trans 
parent support. 

In accordance with the copending application of 
Edwin H. Land, Stanley M. Bloom and Howard G. Ro 
gers, Ser. No.‘ 276,979 ?led Aug. 1, I972( now U.S. Pat. 
No. 3,793,022 issued Feb. 19, 1974), the-above-noted 
problems are substantially, if not completely, elimi 
nated by the provision of an anti-re?ection layer 
through which the image is viewed and/or photoexpo 
sure is effected. The present invention is directed to 
ward improvements in the products and processes dis 
closed and claimed in said Ser. No. 276,979, and, in its 
more speci?c embodiments, provides novel anti 
re?ection coatings. ’ 

It is, therefore, a primary object of this invention to 
provide novel photographic products and processes 
which provide color or black-and-white images as part 
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2 
of a permanent laminate, said laminate exhibiting sub 
stantially less surface re?ection of incident light. 

It is a further object of this invention to provide diffu 
sion transfer images, particularly multicolor transfer 
images, which are viewed through a transparent ele 
ment the outer surface of which carries an improved 
anti-re?ection coating. 

, Yet another object of this invention is to provide dif 
fusion transfer ?lms which are exposed through a trans 
parent support, the outer surface of which carries an 
anti-re?ection coating of improved scratch resistance. 

Further objects of this invention include the provi 
sion of novel anti-re?ection coatings and of transparent 
supports carrying said anti-re?ection coatings, such 
supports being particularly useful for carrying photo 
graphically useful layers. 
Other objects of this invention will in part be obvious 

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

possessing the features, properties and relation of com 
ponents and the process involving the several steps and 
the relation and order of one or more of such steps with 
respect to each of the others which are exempli?ed in 
the following detailed disclosure, and the scope of the 
application of which will be indicated in the claims. 
For a fuller understanding of the nature and objects 

of the invention, reference should be had to the follow 
ing detailed description of the invention taken in con 

30 junction with the accompanying drawings wherein: 
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FIGS. 1 and 2 are diagrammatic, enlarged cross- 
sectional viewsof two embodiments of ?lm units em 
bodying the present invention, illustrating the arrange 
ment of layers during the three illustrated stages of a 
monochrome diffusion transfer process, i.e., exposure, 
processing and ?nal image; 
FIG. 3 is a diagrammatic, enlarged cross-sectional 

view of another ?lm unit embodying the present inven 
tion; 
FIG. 4 is a diagrammatic, enlarged cross-sectional 

view of a transparent sheet, adapted for use as a sup 
port for an image-carrying element, including an anti 
re?ection coating in accordance with the present in 
vention; and Y 

FIG. 5 is a graph illustrating the anti-re?ection prop 
erties of an anti-re?ection coating of the type illus 
trated in FIG. 4. ' 

As noted above, this invention is particularly con 
cerned with color diffusion transfer processes wherein 
the layer containing the diffusion transfer image, i.e., 
the image-receiving layer, is not separated from the de 
veloped photosensitive layers after processing but both 
components are retained together as part of a penna 
nent laminate. Film units particularly adapted to pro 
vide such diffusion transfer images have frequently 
been referred to as “integral negative-positive” ?lm 
units. The resulting image may be referred to as an “in 
tegral negative-positive re?ection print” and as so used 
this expression is intended to refer to a re?ection print 
wherein the developed photosensitive layers have not 
been separated from the image layer, i.e., the layer con 
taining the transfer dye image. A light-re?ecting layer 
between the developed photosensitive layer(s) and the 
image layer provides a white background for the dye’ 
image and masks the developed photosensitive 
layer(s). These layers are part of a permanent laminate 
which usually includes dimensionally stable outer or 
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support layers, the transfer dye image being viewable 
through one of said supports. This invention is particu 
larly concerned with improving the aesthetic qualities 
of such integral negative-positive re?ection prints. 
The present invention is applicable to a wide variety 

of diffusion transfer processes. The arrangement and 
order of the individual layers of the ?lm used in such 
processes may vary in many ways as is known in the art, 
provided the final photograph is a laminate wherein the 
desired image is viewed through a transparent support, 
e.g., an integral negative-positive re?ection print as de 
scribed above. For convenience, however, the more 
speci?c descriptions of the invention hereinafter set 
forth will be by use of dye developer diffusion transfer 
color processes and of integral negative-positive ?lm 
units of the type contemplated in the previously men 
tioned patents, particularly US. Pat. Nos. 3,415,644 
and 3,594,164. lt will be readily apparent from such de~ 
scriptions that other image-forming reagents may be 
used, e.g., color couplers, coupling dyes or dyes (cou 
plers) which release a dye or dye intermediate as a re 
sult of coupling or oxidation. 
When such integral negative-positive re?ection 

prints are viewed under ordinary lighting conditions, a‘ 
small but signi?cant amount of light is re?ected from 
the external surface of the transparent support. The ef 
fect of this re?ection of incident light is to limit the 
clarity with which the image may be seen except when 
the viewer’s eyes are “just right,” i.e., good viewing 
may be highly directional, in that the print may have to 
be “tilted” with respect to the viewer’s line of vision to 
avoid obscuring image detail. This problem becomes 
more acute when several persons try to view the same 
image, as those not directly in front of the print will ex 
perience substantial glare, with the amount of glare in 
creasing as the angle of view becomes more oblique. In 
addition, the color(s) of a color image may appear less 
saturated. 

lf photoexposure is effected through such a transpar 
ent support, re?ection of light from the surface of the 
transparent support has been found to have several un 
desirable results. One result is a reduction in the expo 
sure index or "speed” of the ?lm, due to the fact that 
some of the light which has passed through the camera 
lens will be re?ected before it can reach the photosen 
sitive layer(s) and the thus re?ected light will not par 
ticipate in the recording of the photographed subject 
matter. Furthermore, such re?ected light has a ten 
dency to “bounce” within the camera, and may cause 
?are and reduced contrast and resolution in the ?nal 
image. If photoexposure is effected through the trans 
parent support in a camera which includes an image 
reversing mirror in the optical path, light re?ected from 
the surface may cause a “ghost” image of a particularly 
bright object within the scene to be superposed on an 
other portion of the scene in the resulting photograph. 

As noted earlier, the copending application of Land, 
et al., Ser. No. 276,979 teaches that such undesirable 
re?ection from the transparent support may be sub 
stantially reduced, if not completely eliminated, by 
modifying the external surface of such transparent sup 
ports so as to provide a controlled change in the index 
of refraction to which incident light is subjected as it 
passes from air into the transparent support. 
The present invention is directed towards perfecting 

the advantages provided by the teachings of Ser. No. 
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4 
276,979 by providing improved anti-re?ection coatings 
for use, e.g., on the external surface of the transparent 
support of a photographic element. In accordance with 
the present invention, an anti-re?ection coating is pro 
vided which comprises an eighth-wave stratum of a ?u 
orinated polymer over an eighth-wave stratum of silica, 
each said stratum having an optical thickness of one 
eighth of substantially the same, predetermined wave 
length of light. Especially good results are obtained 
when an eighth-wave coating of a low refractive index, 
?uorinated polymer is present over an eighth-wave 
coating of colloidal silica carried by a high refractive 
index, transparent synthetic polymeric sheet or sup 
port. 
The principles of physics by which anti-re?ection 

coatings function are well known and may be used to 
special advantage in the present invention. Thus, it is 
well known that application of a single layer transpar 
ent coating will reduce surface re?ection from a trans 
parent layer (support) if the refractive index of said 
coating is less than that of the transparent layer to 
which it is applied and the coating is of appropriate op 
tical thickness. In the photographic products with 
which this invention is concerned, the anti-re?ection 
coating will normally be in optical contact with air. 
Under these circumstances, and because the index of 
refraction of air is l, the applicable principles of phys 
ics give the following rule: if the index of refraction of 
the coating material (anti-re?ection layer) is exactly 
equal to the square root of the index of refraction of the 
substrate (transparent support), then all surface re?ec 
tion of light will be eliminated for that wavelength at 
which the product of the refractive index times thick 
ness is equal to one-quarter of that wavelength At other 
wavelengths the destructive interference between light 
re?ected from the top and bottom surfaces of the anti 
re?ection coating is not complete but a substantial re 
duction in overall re?ectivity is obtained. By selecting 
the optical thickness of the anti-re?ection coating to be 
one-quarter of a wavelength for approximately the mid 
point of the visible light wavelength range (i.e., one 
quarter of 5,500 Angstroms or about 1,400 Ang 
stroms), the reduction in re?ectivity is optimized. The 
term “optical thickness” as used herein refers to the 
product of the physical thickness of the coating times 
the refractive index of the coating material. Unless oth~ 
erwise indicated, as used herein the expressions 
“eighth-wave” and “quarter-wave” refer to coatings 
having an optical thickness, respectively, of one-eighth 
and one-quarter of a predetermined wavelength of 
light, said wavelength being 5,500 Angstroms. ' 
The anti-re?ection coating should be optically clear 

and provide an essentially unifonn layer. The anti- ' 
re?ection coating may also be effective as an anti 
abrasion coating, since it is preferably more scratch re 
sistant than the support. While the above discussion of 
the applicable principles of physics has concerned itself 
with a single quarter-wave anti-re?ection coating, it 
will be understood that the same principles are applica~ 
ble to a anti-re?ection coating comprising two eighth 
wave strata where the indices of refraction of each 
eighth-wave stratum is within about 0.1 of the other. 
Transparent supports with which the anti-re?ection 

coatings of this invention may be used include polyes 
ters, polystyrene, cellulose esters (such as cellulose ac 
etate [triacetate] and cellulose acetate butyrate) poly 
carbonates, and similar art known polymeric ?lm base 
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materials. Such ?lm bases typically have a thickness of 
about 3 to 10 mils (0.003 to 0.010 inch). Particularly 
useful polyester ?lm bases have a thickness of about 3 
to, 6 mils. Polyester and polystyrene ?lms have higher 
refractive indices than cellulose acetate, and the resul 

_ tant greater incidence of surface re?ected light as com 
pared with cellulose acetate would normally be consid 
ered to be a disadvantage of using such materials in in 
tegral negative positive re?ection or other prints in 
which the image is viewed through a transparent base. 
(Indeed, the greater surface re?ection resulting in 
greater glare, and the resultant need for more direc 
tional viewing, exhibited by polyester ?lms as com 
pared with cellulose acetate is well known from the 
commonly used protective transparent covers for note 
book pages.) These higher indices of refraction are 
turned into an advantage by the present invention, for 
the high index of refraction makes it much more possi 
ble to provide anti-re?ection coatings which practically 
eliminate all re?ectivity, whereas re?ectivit-y can only 
be reduced when using cellulose acetate. 

Particularly useful transparent supports are ?lms of 
polyethylene terephthalate, such as those commercially 
available under the trademarks “Mylar” (E. I. DuPont 
de Nemours & Co.) and “Estar” (Eastman Kodak Co.) 
Such polyester ?lms have an index of refraction on the 

- - f materials suitable for 

. . S, | . I n 

isclose to the 1.29 ideal index of refraction, i.e., the 
geometric mean of the indices of refraction of the poly 
ethylene terephthalate and the surrounding air, or, be 
cause the index of refraction of air is l, the square root 
of the 1.66 index of refraction of polyethylene tere 
phthalate. Furthermore, the fact that the difference of 
about 0.3 in the indices of refraction between air and 
the anti-re?ection coating is close to the approximate 
0.3 difference in the indices of refraction of the anti 
re?ection coating and the polyethylene terephthalate 
support means that maximum bene?t will be obtained 
from the anti-re?ection coating; the amplitude of the 
light entering the anti-re?ection coating will more 
closely match the amplitude of the light re?ected back 
from the interface of the polyethylene phthalate and 
the anti-re?ection coating, and more effectively cancel 
out the thus re?ected light. 
Reference is now made to the accompanying draw 

ings wherein a plurality of embodiments of this inven 
tion are illustrated and wherein like numbers, appear~ 
ing in the various ?gures, refer to like components. For 
ease of understanding, these embodiments illustrate the 
formation of a monochrome image using a single dye 
developer. The illustrated embodiments include appro 

' priate means of opaci?cation to permit the processing 
of the ?lm unit outside of a dark chamber, i.e., the ?lm 
unit is intended to be removed from the camera prior 
to image completion and while the ?lm is still photo 
sensitive. Opacifying systems are described in the pre 
viously noted patents and per se form no part of the 
present invention which is equally applicable to ?lm 
units intended to be processed within a dark chamber. 

In the discussion of FIGS. 1, 2 and 3, reference to the 
anti-re?ection coating 26 is to be understood as refer 
ring to the anti-re?ection coating provided by strata 
26a and 26b of FlG..4. 
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6 
A particularly useful opacifying system for ?lm units 

of the type shown in FIGS. 1 and 3 utilizes a color dis 
chargeable reagent, preferably a pH-sensitive optical 
?lter agent or dye, sometimes referred to as an indica 
tor dye, as is described in detail in the aforementioned 
U.S. Pat. No. 3,647,437. In ?lm units of the type shown 
in FIG. 2, photoexposure is effected from the side op 
posite the side from which the image is viewed. An 
opaque layer to protect the exposed silver halide from 
further exposure may be provided by including a light 
absorbing opacifying agent, e.g., carbon black, in the 
processing composition which is distributed between 
the photosensitive layer(s) and a transparent support 
or spreader sheet. In such ?lm units, it may be desirable 
to include a preformed opaque layer, e.g., a dispersion 
of carbon black in a polymer permeable to the process 
ing composition, between a preformed light-re?ecting 
layer and the silver halide emulsion(s). Such opacifying 
systems are shown and described in the aforemen 
tioned U.S. Pat. Nos. 3,594,164 and 3,594,165. 

Referring to FIG. 1, Stages A,B and C show in dia 
grammatic cross-section, respectively, imaging, pro 
cessing, and the ?nished print in one embodiment of 
this invention. In Stage A, there is shown a photosensi 
tive element 30 in superposed relationship with an im 
age-receiving element 32, with a rupturable container 
16 (holding an opaque processing composition 17) so 
positioned as to discharge its contents between said ele 
ments upon suitable application of pressure, as by pass 
ing through a pair of pressure applying rolls or other 
pressure means (not shown). Photosensitive element 
30 comprises an opaque support 10 carrying a layer 12 
of a dye developer over which has been coated a silver 
halide emulsion layer 14. The image-receiving element 
32 comprises a transparent support 24 carrying, in 
turn, a polymeric acid layer 22, a spacer layer 20 and 
an image-receiving layer 18. An anti-re?ection coating 
26 is present on the outer surface of the transparent 
support 24. Photoexposure of the silverhalide emul 
sion layer is effected through the anti-re?ection coating 
26 and the transparent support 24 and the layers car 
ried thereon, i.e., the polymeric acid layer 22, the 
spacer layer 20 and the image-receiving layer 18 which 
layers are also transparent, the ?lm unit being so posi 
tioned within the camera that light admitted through 
the camera exposure or lens system is incident upon the 
outer surface of the anti-re?ection coating 26. After 
exposure the ?lm unit is advanced between suitable 
pressure-applying members, rupturing the container 
16, thereby releasing and distributing a layer 17a of the 
opaque processing composition between the photosen 

. sitive element 30 and the image-receiving element 32. 
The opaque processing composition contains a ?lm 
forming polymer, a white pigment and has an initial pH 
at which one or more optical ?lter agents contained 
therein are colored; the optical ?lter agent (agents) is 
(are) selected to exhibit light absorption over at least 
a portion of the wavelength range of light actinic to the 
silver halide emulsion. As a result, ambient or environ 
mental light within that wavelength range incident 
upon transparent support 24 and transmitted through 
said transparent support and the transparent layers car 
ried thereon in the direction of the photoexposed silver 
halide emulsion 14a is absorbed thereby avoiding fur 
ther exposure of the photoexposed and developing sil 
ver halide emulsion 140. In exposed and developed ar 
eas, the dye developer is oxidized as a function of the 
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silver halide development and ‘immobilized. Unoxi 
dized dye developer associated with undeveloped and 
partially developed areas remains mobile and is trans 
ferred imagewise to the image-receiving layer 18 to 
provide the desired positive image therein. Permeation 
of the alkaline processing composition through the im 
age-receiving layer 18 and the spacer layer 20 to the 
polymeric acid layer 22 is so controlled that the process 
pH is maintained at a high enough level to effect the 
requisite development and image transfer and to retain 
the optical ?lter agent (agents) in colored form, after 
which pH reduction effected as a result of alkali perme 
ation into the polymeric acid layer 22 is effective to re 
duce the pH to a level which “discharges" the optical 
?lter agent, i.e., changes it to a colorless form. Absorp 
tion of the water from the applied layer 17a of the pro 
cessing composition results in a solidi?ed ?lm com 
posed of the ?lm-forming polymer and the white pig~ 
ment dispersed therein, thus providing the re?ecting 
layer 17b which also serves to laminate together the 
photosensitive element 30 and the image-receiving ele 
ment 32 to provide the ?nal laminate (Stage C). The 
positive transfer image in dye developer present in the 
image-receiving layer 180 is viewed through the trans 
parent support 24 and the intermediate transparent lay 
ers against the re?ecting layer 1712 which provides an 
essentially white background for the dye image and 
also effectively masks from view the developed silver 
halide emulsion 14b and dye developer immobilized 
therein or remaining in the dye developer layer 12. 
The optical ?lter agent is retained within the ?nal 

?lm unit laminate and is preferably colorless in its ?nal 
form, i.e., exhibiting no visible absorption to degrade 
the transfer image or the white background therefor 
provided by the re?ecting layer 17b. The optical ?lter 
agent may be retained in the re?ecting layer under 
these conditions, and it may contain a suitable “an 
chor" or “ballast“ group to prevent its diffusion into 
adjacent layers. Alternatively, if the optical ?lter agent 
is initially diffusible, it may be selectively immobilized 
on the silver halide emulsion side of the re?ecting layer 
171;, e. g., by a mordant coated on the surface of the sil~ 
ver halide emulsion layer 14; in this embodiment the 
optical ?lter in its ?nal state may be colorless or col 
ored so long as any color exhibited by it is effectively 
masked by the re?ecting layer 1712. 
The re?ecting layer provided in the embodiment of 

this invention shown in FIG. 1 is formed by solidi? 
cation of a stratum of pigmented processing composi 
tion distributed after exposure. It is also within the 
scope of this invention to provide a preformed pig 
mented layer, e.g., coated over the image-receiving 
layer 18, and to effect photoexposure therethrough, in 
accordance with the teachings of U.S. Pat. No. 
3,615.42I issued Oct. 26, I971 to Edwin H. Land. 

In the embodiment illustrated in FIG. 1, photoexpo 
sure is effected through the image-receiving element. 
While this is a particularly useful and preferred em 
bodiment, it will be understood that the image 
receiving element may be initially positioned out of the 
exposure path as illustrated in FIG. 3 and superposed 
upon the photosensitive element after photoexposure, 
in which event the processing and ?nal image stages 
would be the same as in FIG. 1. 

In the embodiment illustrated in FIG. 1, photoexpo 
sure and viewing of the ?nal image both are effected 
through the transparent support 24. Accordingly, the 
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8 
advantages of the anti-re?ection coating 26 are ob 
tained twice, i.e., ?rst, by minimizing failure of the ?lm 
unit to record light passed by the camera lens and sec 
ond, by minimizing glare during viewing. 

It will be noted in the embodiment illustrated in FIG. 
1 that the image-viewing layer 18 is temporarily 
bonded to the silver halide emulsion layer 14 prior to 
exposure. The rupturable container or pod 16 is so po 
sitioned that upon its rupture the processing composi 
tion 17 will delaminate the ?lm unit and distribute itself 
between the image-receiving layer 18 and the silver 
halide emulsion layer 14. The distributed layer of pro 
cessing composition 17a upon solidi?cation forms a 
layer 17b which bonds the elements together to form 
the desired permanent laminate. Procedures for form 
ing such prelaminated ?lm units, i.e., ?lm units in 
which the several elements are temporarily laminated 
together prior to exposure, are described, for example, 
in U.S. Pat. No. 3,625,281 issued to Albert J. Ba 
chelder and Frederick J. Binda and in U.S. Pat. No. 
3,652,282 to Edwin H. Land, both issued Mar. 28, 
1972. A particularly useful and preferred prelamina 

tion utilizes a water-soluble polyethylene glycol as de 
scribed and claimed in the copending application of 
Edwin H. Land, Ser. No. 247,023 ?led Apr. 24, 1972, 
now U.S. Pat. No. 3,793,623. 
The use of such temporarily laminated ?lm units 

maximizes the bene?cial effects obtained in the photo 
exposure stage from having the exposure effected 
through the antire?ection coating 26, since the 
prelamination eliminates any other layer-to-air inter 
face which could also re?ect light and thus reduce the 
amount of light recorded by the photosensitive 
layer(s). 

It will be recognized that the transfer image formed 
following exposure and processing of ?lm units of the 
type illustrated in FIG. 1 will be a geometrically re 
versed image of the subject. Accordingly, to provide 
geometrically nonreversed transfer images, exposure of 
such ?lm units should be accomplished through an 
image reversing optical system, such as in a camera 
possessing an image reversing optical system utilizing 
mirror optics, e.g., as described in U.S. Pat. No. 
3,447,437 issued June 3, 1969 to Douglas B. Ti?any. 
As noted above, when photoexposure is effected in 
such an image reversing optical system, photoexposure 
through an anti-re?ection layer provides additional ad 
vantages in preventing the re?ection of light which 
might cause the formation in the ?nal image of a re 
?ected or “ghost" image of one part of the photo 
graphed scene superposed upon another part of the 
scene. 

If desired, the photosensitive element 30 may utilize 
a transparent support instead of the opaque support 10 
shown in FIG. 1. In this alternative embodiment, the 
?lm unit should be processed in a dark chamber or an 
opaque layer, e.g., pressure-sensitive, should be super 
posed over said transparent ‘support to avoid further ex 
posure through the back of the ?lm unit during pro 
cessing outside of the camera. 
FIG. 2 illustrates another ?lm structure adapted to 

provide an integral negative-positive re?ection print 
and wherein photoexposure and viewing are effected 
from opposite sides. In this embodiment, a photosensi 
tive element 34 comprises a transparent support 24 
carrying a layer 22 of a polymeric acid, a spacer 20, an 
image-receiving layer 18, a light-re?ecting layer 60 
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(e.g., of titanium dixoide), an opaque layer 62 (e.g., of 
carbon black), a dye developer layer 12, and a silver 
halide emulsion layer 14. After photoexposure, a pro 
cessing composition 17 is applied by rupturing a pod l6 
and distributing the processing composition between a 
cover or spreader sheet 64 and silver halide emulsion 
layer 14. The cover sheet 64 may be transparent as il 
lustrated in FIG. 2 and described in detail in the above 
noted U.S. Pat. No. 3,594, I65, in which event photoex 
posure may be effected through it while it is held in 
place, e.g., by a binder tape around the edges of the 
?lm unit or by temporary lamination prior to photoex 
posure, as discussed above. In this embodiment, an an 
ti-re?ection coating 26 is provided on the outer or ex 
posure surface of the transparent cover sheet 64. (Al 
ternatively, cover sheet 64 may be opaque in which 
event it is positioned out of the exposure path prior to 
photoexposure, as described in detail in the above 
noted U.S. Pat. No. 3,594,164.) The opaque processing 
composition 17 contains suitable opacifying agents, 
e.g., carbon black, titanium dioxide, etc. The light 
re?ecting layer 60 preferably includes a white pigment, 
such as titanium dioxide, to provide a white back 
ground against which the transfer image may be 
viewed. The opaque layer 62, e.g., a layer of carbon 
black in gelatin, provides the requisite light protection 
while assuring an aesthically pleasing white back 
ground for the ?nal image. ' 

Processing of ?lm units of the types described above 
is initiated by distributing the processing composition 
between predetermined layers of the ?lm unit. In ex 
posed and developed areas, the dye developer will be 
immobilized as a function of development. in unex 
posed and undeveloped areas, the dye developer is un 
reacted and diffusible, and this provides an imagewise 
distribution of unoxidized dye developer, diffusible in 
the processing composition, as a function of the point 
to-point degree of exposure of the silver halide layer. 
The desired transfer image is obtained by the diffusion 
transfer to the image-receiving layer of at least part of 
this imagewise distribution of unoxidized dye devel 
oper. In the illustrated embodiments, the pH of the 
photographic system is controlled and reduced by the 
neutralization of alkali after a predetermined interval, 
in accordance with the teachings of the above noted 
U.S. Pat. No. 3,615,644, to reduce the alkalinity to a 
pH at which the unoxidized dye developer is substan 
tially insoluble and non-di?usible. As will be readily 
recognized, the details of such processes form no part 
of the present invention but are well known; the previ 
ously noted U.S. patents may be referred to for more 
speci?c discussion of such processes. 
The film units illustrated in FIGS. 1, 2, and 3 have, 

for convenience, been shown as monochrome ?lms. 
Multicolor images may be obtained by providing the 
requisite number of differentially exposable silver hal 
ide emulsions, and said silver halide emulsions are most 
commonly provided as individual layers coated in su 
perposed relationship. Film units intended to provide 
multicolor images comprise two or more selectively 
sensitized silver halide layers each having associated 
therewith an appropriate image dye-providing material 
providing an image dye having spectral absorption 
characteristics substantially complementary to the light 
by which the associated silver halide is exposed. The 
most commonly employed negative components for 
forming multicolor images are of the “tripack” struc 
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ture and contain blue-, green-, and red-sensitive silver 
halide layers each having associated therewith in the 
same or in a contiguous layer a yellow, a magenta and 
a cyan image dye-providing material respectively. In 
terlayers or spacer layers may, if desired, be provided 
between the respective silver halide layers and associ 
ated image dye-providing materials or between other 
layers. Integral multicolor photosensitive elements of 
this general type are disclosed in U.S. Pat. No. 
3,345,163 issued Oct. 3, 1967 to Edwin H. Land and 
Howard G. Rogers as well as in the previously noted 
U.S. patents, e.g., in FIG. 9 of the aforementioned U.S. 
Pat. No. 2,983,606. 
A number of modi?cations to the structures de 

scribed in connection with the ?gures will readily sug 
gest themselves to one skilled in the art. Thus, for ex 
ample, the multicolor multilayer negative may be re 
placed by a screen-type negative as illustrated in U.S. 
Pat. No. 2,968,554 issued Jan. 17, 1961 to Edwin H. 
Land and in the aforementioned U.S. Pat. No. 
2,983,606 particularly with respect to FIG. 3 thereof. 

' The image dye-providing materials which may be em 
ployed in such processes generally may be character 
ized as either (I) initially soluble or diffusible in the 
processing composition but are selectively rendered 
non-di?‘usible in an imagewise pattern as a function of 
development; or (2) initially insoluble or non-diffusible 
in the processing composition but which are selectively 

' rendered diffusible or provide a diffusible product in an 
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imagewise pattern as a function of development. These 
materials may be complete dyes or dye intermediates, 
e.g., color couplers. The requisite differential in mobil 
ity or solubility may, for example, be obtained by a 
chemical action such as a redox reaction or a coupling 
reaction. ' 

As examples of initially soluble or diffusible materials 
and their application in color diffusion transfer, men 
tion may be made of those disclosed, for example, in 
U.S. Pat. Nos. 2,774,668; 2,968,554; 2,983,606; 
2,087,817; 3,185,567; 3,230,082; 3,345,163; and 
3,443,943. As examples of initially non-diffusible mate? 
rials and their use in color transfer systems, mention 
may be made of the materials and systems disclosed in 
U.S. Pat. Nos. 3,185,567; 3,443,939; 3,443,940; 
3,227,550; and 3,227,552. Both types of image dye 
providing substances and ?lm units useful therewith 
also are discussed in the aforementioned U.S. Pat. No. _ 
3,647,437 to which reference may be made. 

It will be understood that dye transfer images which 
are neutral or black-and-white instead of monochrome 
or multicolor may be obtained by use of a single dye or 
a mixture of dyes of the appropriate colors in proper 
proportions, the transfer of which may be controlled by 
a single layer of silver halide, in accordance with 
known techniques. It is also to be understood that “di 
rect positive” silver halide emulsions may also be used, 
depending upon the particular image dye-providing 
substances employed and whether a positive or nega 
tive color transfer image is desired. _ 

It will also be understood that the present invention 
may be utilized with ?lms wherein the ?nal image is in 
silver, and photoexposure and/or viewing is effected 
through a transparent support which is provided with 
an anti-reflection coating in accordance with the teach 
ings of this disclosure. Indeed, the transfer of silver may 
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be utilized to provide a silver image or to provide a dye 
image by silver dye bleach processing. 

1n the preferred embodiments, the layers comprising 
the individual ?lm units are secured in ?xed relation 
ship prior to, during, and after photoexposure and pro 
cessing to provide the desired integral negative-positive 
image. Film units of this type are well known in the art 
and are illustrated, for example, in the above cited U.S. 
Pat. Nos. 3,415,644; 3,467,437; and 3,594,165, as well 
as in other patents. ln general, a binding member is pro 
vided extending around, for example, the edges of the 
composite structure and securing the elements thereof 
in ?xed relationship. The binding member may com 
prise a pressuresensitive tape securing and/or maintain 
ing the layers of the structure together at its respective 
edges. 1f the edge tapes are also opaque, edge leakage 
of actinic radiation incident on the ?lm unit will be pre 
vented. The edge tapes also will act to prevent leakage 
of the processing composition from the laminate during 
and after processing. The rupturable pod is so posi 
tioned as to discharge its contents between predeter 
mined layers; e.g., between the image-receiving layer 
18 and the silver halide emulsion layer 14 of FIG. 1; 
these layers may be temporarily bonded to each other 
with a bond strength less than that exhibited by the in 
terface between the opposed surfaces of the remaining 
layers, as described above. The binding member may 
also serve to provide a white mask or border for the 
?nal-image. The manufacture of such ?lm units or 
packets is well described in the above-noted and other 
patents and need not be set forth in any detail here. 
Rupturable container 16 may be of the type shown 

and described in any of U.S. Pat. Nos. 2,543,181; 
2,634,886; 3,653,732; 2,723,051; 3,056,492; 
3,056,491; 3,152,515; and the like. In general, such 
containers will comprise a rectangular blank of ?uid 
and air-impervious sheet material folded longitudinally 
upon itself to form two walls which are sealed to one 
another along their longitudinal and end margins to 
form a cavity in which processing composition 17 is re 
tained. The longitudinal marginal seal is made weaker 
than the end seals so as to become unsealed in response 
to the hydraulic pressure generated within the ?uid 
contents 17 of the container by the application of com 
pressive pressure to the walls of the container, e.g., by 
passing the ?lm unit between opposed pressure apply 
ing rollers. 
The rupturable container 16 is so positioned as to ef 

fect unidirectional discharge of the processing compo 
sition 17 between predetermined layers, e.g., the im 
age-receiving layer 18 and the silver halide layer 14 
next adjacent thereto, upon application of compressive 
force to the rupturable container 16. Thus, the ruptur 
able container 16, as illustrated in FIG. 1, is ?xedly po 
sitioned and extends transverse a leading edge of the 
prelaminated ?lm unit with its longitudinal marginal 
seal directed toward the interface between the image 
receiving layer 18 and the silver halide emulsion layer 
14. The rupturable container 16 is ?xedly secured to 
this laminate by a tape extending over a portion of one 
wall of the container, in combination with a separate 
retaining member or tape extending over a portion of 
the laminate’s surface generally equal in area to about 
that covered by said tape. 
A preferred opaci?cation system to be contained in 

the processing composition 17 to effect processing out 
side of a camera is that described in the above 
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mentioned U.S. Pat. No. 3,647,437, and comprises a 
dispersion of an inorganic light-reflecting pigment 
which also contains at least one light-absorbing agent, 
i.e., optical ?lter agent, at a pH above the pKa of the 
optical ?lter agent in a concentration effective when 
the processing composition is applied, to provide a 
layer exhibiting optical transmission density>than 
about 6.0 density units with respect to incident raida 
tion radiation actinic to the photosensitive silver halide 
and optical re?ection density<than about 1.0 density 
units with respect to incident visible radiation. 

ln lieu of having the light-re?ecting pigment in the 
processing composition, the light-re?ecting pigment 
used to mask the photosensitive strata and to provide 
the background for viewing the color transfer image 
formed in the receiving layer may be present initially in 
whole or in part as a preformed layer in the ?lm unit. 
As an example of such a preformed layer, mention may 
be made of that disclosed in U.S. Pat. No. 3,615,421 
issued Oct. 26, 1971 and in U.S. Pat. No. 3,620,724 is 
sued Nov. 16, 1971, both in the name of Edwin H. 
Land. The re?ecting agent may be generated in situ as 
is disclosed in U.S. Pat. Nos. 3,647,434 and 3,647,435, 
both issued Mar. 7, 1972 to Edwin H. Land. 
The dye developers (or other image dye¢providing 

substances) are preferably selected for their ability to 
provide colors that are useful in carrying out subtrac 
tive color photography, that is, the previously men 
tioned cyan, magenta and yellow. They may be incor 
porated in the respective silver halide emulsion or, in 
the preferred embodiment, in a separate layer behind 
the respective silver halide emulsion. Thus a dye devel 
oper may, for example, be in a coating or layer behind 
the respective silver halide emulsion and such a layer 
of dye developer may be applied by use of a coating so 
lution containing the respective dye developer distrib 
uted, in a concentration calculated to give the desired 
coverage of dye developer per unit area, in a ?lm 
forrning natural, or synthetic, polymer, for example, 
gelatin, polyvinyl alcohol, and the like, adapted to be 
permeated by the processing composition. 
Dye developers, as noted above, are compounds 

which contain the chromophoric system of a dye and 
also a silver halide developing function. By “a silver 
halide developing function” is meant a grouping 
adapted to develop exposed silver halide. A preferred 
silver halide development function is a hydroquinoyl 
group. Other suitable developing functions include 
ortho-dihydroxyphenyl and ortho-and para-amino sub 
stituted hydroxyphenyl groups. In general, the develop 
ment function includes a benzenoid developing func 
tion, that is, an aromatic developing group which forms 
quinonoid or quinone substances when oxidized. 
The image-receiving layer may comprise one of the 

materials known in the art, such as polyvinyl alcohol, 
gelatin, etc. It may contain agents adapted to mordant 
or otherwise ?x the transferred images dye(s). Pre 
ferred materials comprise polyvinyl alcohol or gelatin 
containing a dye mordant such as poly-4»vinylpyridine, 
as disclosed in U.S. Pat. No. 3,148,061, issued Sept. 8, 
1964 to Howard C. Haas. 
1n the various color di?‘usion transfer systems which 

have previously been described, and which employ an 
aqueous alkaline processing ?uid, it is well know to 
employ an acid-reacting reagent in a layer of the ?lm 
unit to lower the environmental pH following substan 
tial dye transfer in order to increase the image stability 
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and/or to adjust the pH from the ?rst pH at which the 
image dyes are diffusible to a second (lower) pH at 
which they are not. For example, the previously men 
tioned U.S. Pat. No. 3,415,644 discloses systems 
wherein the desired pH reduction may be_ effected by 
providing a polymeric acid layer adjacent the dyeable 
stratum. These polymeric acids may be polymers which 
contain acid groups, e.g., carboxylic acid and sulfonic 
acid groups, which are capable of forming salts with al 
kali metals or with organic bases; or potentially acid 
yielding groups such as anhydrides or lactones. Prefera 

l0 

bly the acid polymer contains free carboxyl groups. Al- ’ 
ternatively, or in addition, an acid-reacting reagent 
may be provided in a layer adjacent to the silver halide 
layer most distant from the image-receiving layer, as 
disclosed in U.S. Pat. No. 3,573,043 issued Mar. 30, 
1971 to Edwin H. Land. Another system for providing 
an acid-reacting reagent is disclosed in US. Pat. No. 
3,576,625 issued Apr. 27, 1971 to Edwin H. Land. 
An inert interlayer or spacer layer maybe and is pref 

‘ erably disposed between the polymeric acid layer and 
the dyeable stratum in order to control or “time" the 
pH reduction so that it is not premature and thus inter 
fere with the development process. Suitable spacer or 
“timing" layers for this purpose are described with par 
ticularity in US. Pat. Nos. 3,362,819; 3,419,389; 
3,421,893; 3,455,686; and 3,575,701. 
While the acid layer and associated spacer layer are 

preferably contained in the positive component em 
ployed in systems wherein the dyeable stratum and 
photosensitive strata are contained on separate sup 
ports, e.g., between the support for the receiving ele 
ment and the dyeable stratum; or associated with the 
dyeable stratum in those integral ?lm units, e.g., on the 
side of the dyeable stratum opposed from the negative 
components, they may, if desired, be associated with 
the photosensitive strata, as is disclosed, for example, 
in US. Pat. Nos. 3,362,821 and 3,573,043. in ?lm units 
such as those described in the aforementioned US. Pat. 
Nos. 3,594,164 and 3,594,165, they also may be con 
tained on the spreader sheet employed to facilitate ap 
plication of the processing ?uid. 
As is now well known and illustrated, for example, in 

the previously cited patents, the liquid processing com 
position referred to for effecting multicolor diffusion 
transfer processes comprises at least an aqueous solu 
tion of. an alkaline material, for example sodium hy 
droxide, potassium hydroxide, and the like, and prefer 
ably possessing a pH in excess of 12, and most prefera 
bly includes a viscosity-increasing compound constitut 
ing a ?lm-fon'ning material of the type which, when the 
composition is spread and dried, forms a relatively ?rm 
and relatively stable ?lm. The preferred ?lm-forming 
materials comprise high molecular weight polymers 
such as polymeric, water-soluble ethers which are inert 
to an alkaline solution such as, for example, a hydroxy 
ethyl cellulose or sodium carboxymethyl cellulose. Ad 
ditionally, other ?lm-forming materials or thickening 
agents whose ability to increase viscosity is substan 
tially unaffected if left in solution for a long period of 
time are capable of utilization. The ?lm-forming mate 
rial is preferably contained in the processing composi 
tion in such suitable quantities as to impart to the com 
position a viscosity in excess of 100 cps, at a tempera 
ture of approximately 24° C. and preferably in the 
order of 100,000 cps. to 200,000 cps. at that tempera 
ture. . ~ 
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14 
1n particularly useful embodiments of this invention, 

the transparent support contains a small quantity of a 
pigment, e.g., carbon black, to prevent fog formation 
due to light-piping by internal re?ection within the 
transparent support of actinic light incident upon an 
edge thereof; such elements are described and claimed 
in the copending application of Edwin H. Land Ser. No. 
194,407 ?led Nov. 1, 1971 (now abandoned and re 
placed by a continuation-in-part application, Ser. No. 
419,808, ?led Nov. 28, 1973). Similarly, fog from such 
lightpiping may be avoided by incorporating an alkali 
dischargeable dye in a suitable layer, e.g., the image 
receiving layer, in accordance with the disclosure of 
the copending application of Howard G. Rogers, Ser. 
No. 194,406 ?led Nov. 1, 1971 (now abandoned and 
replaced by a continuation-in-part application, Ser. No. 
408,052, ?led Oct. 19, 1973 ). The transparent support 
advantageously may include an ultraviolet light ab 
sorber, as taught in the copending application of R0 
nald F. Cieciuch and Herbert N. Schl'ein, Ser. No. 
214,600 ?led Jan. 3, 1972 (now abandoned and re 
placed by a continuation-in-part application, Ser. No. 
300,277, ?led Oct. 24, 1972). 
While it is generally desirable to provide the anti 

re?ection coating as part of the transparent support 
prior to applying the photographically used layers and 
subsequent assembly of the ?lm unit, it is within the 
scope of this invention to apply the anti-reflection coat 
ing at any stage of the manufacture process that is best 
suited for the particular materials and components. 
As discussed above, the anti-re?ection coating or 

stratum should comprise a material having an index of 
refraction less than that of the transparent support. The 
optimum index of refraction to be exhibited by the anti 
reflection coating may be readily calculated by the 
principles of physics previously discussed, but it is not 
essential that such optimum value be used in order to 
obtain very bene?cial results. In the preferred embodi 
ments of this invention, the transparent support is 
formed of a polymer having a high index of refraction, 
e.g., of about 1.6 or higher. The anti-re?ection coating 
preferably has an index of refraction at least 0.20 less 
than, and more preferably at least 0.35 to 0.3 less than, 
the index of refraction of the transparent support. 
Since the preferred transparent supports will have an 
index of refraction of about 1.6 or higher, the preferred 
anti-re?ection coatings will exhibit an index of refrac 
tion of about 1.3 to 1.45. ' I 
As stated above and as illustrated in FIG. 4, the novel 

anti-re?ection coatings provided by this invention com- ' 
prise an eighth-wave stratum of silica and an eighth 
wave stratum of a ?uorinated polymer. The ?uorinated 
polymer should have an index of refraction substan 
tially corresponding to the index of refraction of the sil 
ica. The difference in index of refraction between the 
silica stratum and the ?uorinated stratum should not 
exceed about 0.1. - 

The eighth-wave silica stratum is preferably provided 
by use of a colloidal silica. Colloidal silica as used 
herein is intended to refer to aqueous sols of widely dis 
persed discrete particles which are essentially amor 
phous silica (SiOg). The silica particles preferably are 
extremely small, being on the order of about 15 milli 
microns or even smaller, e.g., about 7 millimicrons. 
The silica particles may have a small quantity of sodium 
ions on the surface to prevent agglomeration. Particu 
larly useful colloidal silicas are the sols of colloidalsil 
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ica comprising aqueous colloidal dispersions of sur 
face-hydroxylated silica commercially available from 
E. l. du Pont de Nemours Co., Wilmington, Del, under 
the tradename “Ludox" colloidal silica. On dry-down, 
surface hydroxyl groups on the silica particles induce 
coalescence and inter-particle bonding results. The 
index of refraction of such silica strata is about 1.41 to 
1.46. 
The ?uorinated polymer may be selected from 

among the many well-known and readily synthesizable 
?uorinated polymers. The index of refraction typically 
increases as the degree of ?uorination is increased. Flu 
orinated polymers having indices of refraction of about 
1.3 to 1.45 are preferred. Good adhesion of the ?uori 
nated polymer to thesilica stratum is of course highly 
desired, and the adhesion ability of any given ?uori 
nated polymer may be readily determined by routine 
tests, keeping in mind the adhesion desirable for any 
speci?c utilization. 

In accordance with this invention, the desired quar 
ter-wave anti-re?ection layer comprises two eighth 
wave layers as illustrated in FIG. 4. The element shown 
in FIG. 4 has novelty and utility apart from the photo 
graphic applications speci?cally described herein. As 
shown in FIG. 4, a transparent polyester support 24 has 
coated‘on one surface thereof an eighth-wave layer 26a 
of silica and and eighth-wave layer 26b of a ?uorinated 
polymer. Generally speaking, the two eighth-wave lay 
ers 26a and 2612 providing the anti-re?ection coating 26 
will have a combined optical thickness of about 0.08 to 
about 0.2 micron and more preferably from about 0.12 
to about 0.15 micron, or a preferred physical thickness 
of about 0.09 to about 0.1 1 micron. 
The following example is illustrative of the prepara 

tion of an element of the type shown in FIG. 4. 

Example 
A transparent 4 mil polyethylene terephthalate ?lm 

base 43 inches wide was coated at room temperature 
with an eighth-wave layer of colloidal silica (dry cover 
age of silica about 7-8 mg./ft.2) by applying a colloidal 
silica coating solution at an approximate rate of 90 
cc./minute with the ?lm base moving at a rate of ap 
proximately 50 ft./minute. The colloidal silica coating 
solution comprised 1.98 liters of an aqueous 1 percent 
solution of Triton X-IOO (tradename of Rohm and 
Haas Co. for a nonionic wetting agent, isooctyl phenyl 
polyethoxy ethanol), 1.24 liters of Ludox SM-30 
(tradename of E. I. du Pont de Nemours for a colloidal 
silica dispersion approximately 30 percent by weight 
silicon dioxide. approximate particle diameter 7 milli 
microns) and 23.2 liters of distilled water. The wet sil 
ica coating was dried at 250° F. An eighth-wave ?uori 
natcd polymer coating was applied at room tempera 
ture over the silica layer by applying, at an approximate 
rate of 130 cc./minute with the ?lm base moving at a 
rate of approximately 55 ft./minute, a solution compris 
ing 1 12.9 kg. of methyl ethyl ketone, 28.2 kg. ofmethyl 
isobutyl ketone, 2.26 kg. of Kynar 7201 (tradename of 
Pennwalt Chemical Co. for a copolymer of vinylidene 
?uoride and tetra?uoroethylene) and 0.399 kg. of 
polymethyl methacrylate. This coating also was dried at 
about 250° F., giving a dry coverage of about 9-10 
mg./ft."’. The polyethylene terephthalate ?lm base con 
tained a small quantity of carbon black to prevent light 
piping by internal re?ection, as described and claimed 
in the above-mentioned application of Edwin H. Land, 

16 
Ser. No. 194,407, ?led Nov. L, 1971. The eighth-wave 
silica coating was applied to the “raw” ?lm base, i.e., 
the ?lm base was not given any special treatment prior 

_ to coating. 
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While coatings applied were intended to have an 
eighth-wave thickness with respect to a wavelength of 
about 5,500 Angstroms, it will be seen from curve B in 
FIG. 5 that the coatings actually applied resulted in a 
minimum re?ectance at about 6,000 Angstroms. 
The anti-re?ection properties of the just-described 

anti-re?ection coating were determined by applying a 
?at black coating to the uncoated other surface of the 
polyethylene terephthalate ?lm base by spraying on a 
coat of Krylon Ultra Flat Black Enamel N0. 1602 Spray 
Paint. As a control, a similar ?at black coating was ap 
plied to one surface of another length of the same poly 
ethylene terephthalate ?lm base to which the anti 
re?ection coating had not been applied. The re?ec 
tance of light incident upon the two ?lm bases was 
measured in a Cary 14 recording spectrophotometer 
with an integrating sphere. The thus-measured re?ec 
tances are reproduced in FIG. 5 wherein curve A is the 
specular re?ectance of the ?lm base without an anti 
re?ection coating, curve Bis the specular re?ectance 
of the ?lm base. with the above-described :. anti~ 
re?ection coating, and curve C is the diffuse re?ection 
without the anti-re?ectionacoating.:The ef?cienty of 
the anti-re?ection coating is indicated by the difference 
between curves A and B, with curve C indicating the 
minimum re?ectance one could hope to obtain. This 
comparison readily demonstrates the substantial reduc 
tions in re?ected light provided by the anti-re?ection 
coating applied in accordance with this invention. 
The just-described polyethylene terephthate ?lm 

base was then used as the support for an image 
receiving element of the type shown as element 32 in 
FIG. 1 and an integral negative-positive multicolor re-' 
?ection print was prepared in accordance with the pro 
cedure described in Example 2 of the copending appli 
cation of Edwin H. Land, Stanley M. Bloom, and 
Howard G. Rogers, Ser. No. 246,669, ?led Apr. 24, 
1972 (now US. Pat. No. 3,801,318 issued Apr. 2, 
1974). The general format of the integral negative 
positive re?ection print was similar to that shown in 
FIG. 1 of the above-mentioned US. Pat. No. 
3,415,644. Similar ?lms were prepared wherein the 
polyethylene terephthalate ?lm base carried (a) a quar 
ter~wave layer of colloidal silica (Ludox SM) or (b) a 
quarter-wave layer of the above described Kynar/ 
polymethyl methacrylate mixture. Good anti-re?ection 
properties were obtained with all three types of anti 
re?ection coatings. When the respective ,?lm units 
were processed in a Polaroid SX-70 Land Camera, it 
was found that the ?lm carrying the two eighth-wave 
coatings exhibited the greatest resistance to scratching 
during ?lm advance from the cassette through the pro 
cessing rollers to exit from the camera. It was unex 
pected that the use of two eighth-wave coatings would 
give greater resistance to scratching than either of the 
same materials present as a quarter~wave layer. This 
result was particularly unexpected in view‘ of the fact 
that a quarter-wave coating of silica exhibited a ten 
dency to be brittle and ?ake off, and a quarter-wave 
coating of the Kynar ?uorinated polymer exhibited 
marginal adhesion in a Scotch tape adhesion test. The 
?lm carrying the two eighth-wave coatings exhibited at 
least as good resistance to scratching during ?lm ad 
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vancement as the uncoated polyethylene terephthalate 
?lm base. 
The unexpectedly greater adhesion and resistance to 

scratching noted in the above tests using an eighth 
wave layer of silica was demonstrated with eighth-wave 
layers of other ?uorinated polymers, e.g., Fluoropoly 
mer B (tradename of E. I. du Pont de Nemours for a 
70/20/10 copolymer of vinylidene ?uoride, tetra?uor 
oethylene and vinyl butyrate, Viton A (tradename of E. 
I. du Pont de Nemours for a 30/70 copolymer of hexa 
?uoropropylene and vinylidene fluoride, and Kel F 
Elastomer 3,700 (tradename of 3M Company for a 
50/50 copolymer of chlorotri?uoroethylene and vinyli 
dene ?uoride. \ 

As noted above, the product shown in FIG. 4 has util 
ity apart from use as a photographic ?lm support. One 
such use is a protective sheet laminated, anti-re?ection 
coating outennost, to the surface of a processed photo 
graphic image, e.g., a diffusion transfer image, in accor 
dance with the teachings of U.S. Pat. No. 2,798,021 is 
sued July 2, 1957 to Edwin H. Land. It is also within the 
scope of this invention to apply the same anti-re?ection 
coating to both surfaces of the transparent support, es 
pecially where the product is not intended for use as a 
photographic ?lm support, e.g., for use as protective 
transparent covers for notebook pages. 

It will be recognized by those of ordinary skill in the 
art that the solvent of choice for a particular material, 
and the concentration of the material in the coating so 
lution, may be readily determined by routine experi 
vmentation. Obviously the solvent should be one- which 
will not adversely affect, mechanically or optically, the 
transparent support upon which it is coated. 
The transparent support advantageously has a mois 

ture permeability rate adapted to accelerate “drying” 
of the layers forming the integral negative-positive re 
?ection prints of the preferred embodiments. Refer 
ence may be made to U.S. Pat. No. 3,573,044 issued 
Mar. 30, 1971 to Edwin H. Land for a detailed descrip 
tion of dimensionally stable, transparent supports, e.g., 
microporous polyesters, having suitable permeability 
rates, and said description is hereby incorporated 
herein for convenience. It will be understood that se 
lection of an anti-re?ection coating should not ad 
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versely affect the desired moisture transmission rate of 45 
the transparent support(s). 
While the image dye-providing material is generally 

carried on the same support as the photosensitive silver 
halide, it will be understood that this initial location is 
not essential, as in forming monochromes the image 
dye-providing material may initially be contained in the 
processing composition or in a layer of the image 
receiving element as is taught, for example, in the use 
of dye developers in the previously mentioned U.S. Pat. 
No. 2,983,606. 
The provision of an anti-re?ection coating provides 

a number of advantages. In the absence of the anti 
re?ection coating provided in accordance with this in 
vention, the optimum angle for viewing an image ' 
through the transparent support is very speci?c and 
limited, if the viewer is to avoid to the maximum possi 
ble extent seeing specular reflection from the surface 
of the transparent support of light from the illumination 

_ source. The anti-re?ection coating has been found to 
substantially reduce or prevent such specular re?ec 
tion, thus greatly improving viewing. The resulting im 
ages exhibit, as shown above, increased color satura 
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tion and density and “cleaner” whites, i.e., reduced 
minimum densities. The avoidance of light loss during 
photoexposure is useful also in ?lms wherein exposure 
is effected through a transparent support but the ?nal 
image is separated and not viewed through a transpar 
ent support. The reduction in surface re?ection (glare) 
simpli?es copying integral negative-positive re?ection 
prints of the type with which this invention is primarily 
concerned and aids in obtaining truer copy prints; light 
polarizers are customarily used to eliminate surface 
glare during copying. The anti-re?ection coating may 
also provide anti-abrasion protection and, depending 
upon the polymer or other material used, desirable an 
ti-friction properties to facilitate transport during man 
ufacture and/or processing. 

It is recognized that anti-re?ection coatings have 
been used on photographic prints previously, e.g., U.S. 
Pat. No. 3,617,354 proposes to apply a layer of a poly 
merized per?uorinated ole?n over the image-bearing 
photographic emulsion layer of a photographic print. 
The “photographic emulsion layer” referred to is cus 
tomarily gelatin, and that patent acknowledges that 
only limited reduction of surface re?ection is possible 
because such perfluorinated polyole?ns do not have 
indices of refraction low enough to equal the ideal low 
index of about 1.23 required in view of gelatin’s typical 
index of about 1.5. In contrast, the preferred and most 
useful embodiments of the present invention apply the 
anti-re?ection coating to a polymeric layer having a 
much higher index of refraction; the seeming disadvan 
tage of such high indices of refraction as about 1.66 for 
a polyester transparent layer thus becomes a distinct 
advantage as the resulting “ideal” index of refraction 
for an anti-re?ection coating becomes more practical 
to provide. For this reason, an anti-re?ection coating of 
a given “low” index of refraction will provide a greater 
reduction in glare and surface re?ection from a high 
index polyester than from a‘lower index polymer such 
as cellulose acetate. (It will be understood, however, 
that the present invention expressly includes the use of 
cellulose acetate as well as polyester and other high 
index transparent ?lms.) 
Furthermore, the teachings of the prior art as illus 

trated by said U.S. Pat. No. 3,617,354 require that the 
anti-re?ection coating be applied after the ?nal image 
is formed, to avoid interference with processing solu 
tions or chemicals, e.g., by virtue of impermeability or 
low permeability to aqueous solutions as would be true 
of per?uorinated polyole?n coatings. Other efforts to 
provide anti-re?ection coatings by aftertreatment have 
resulted in coatings which reduce glare but also reduce 
density by virtue of a coating which is not optically con 
tinuous and/or not optically clear. 

It also is recognized that the use of silica to provide 
matte surfaces, thereby reducing glare, previously has 
been proposed. Such matte anti-re?ection layers func 
tion by different principles, e.g., light-scattering, and 
are totally different in visual appearance and effect 
from the anti-re?ection coatings of the present inven 
tion. Thus, for example, while a matte surface reduces 
glare it also reduces the visual color saturation of the 
image, and its presence is visually apparent. In contrast, 
the anti-re?ection coating of the present invention is 
almost, if not completely, invisible, and it thus permits 
the color saturation of the image to be seen without the 
dilution introduced by either a glossy surface or a matte 
surface. ‘ 
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Where the expression “positive image” has been 
used, this expression should not be interpreted in a re 
strictive 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 respect to the image in the photo 
sensitive emulsion layers. As an example of an alterna 
tive meaning for “positive image,” assume that the 
photosensitive element is exposed to actinic light 
through a negative transparency. In this case, the latent 
image in the photosensitive emulsion layers will be a 
positive and the dye image produced on the image 
carrying layer will be a negative. The expression “posi 
tive image” is intended to cover such an image pro~ 
duced on the image-carrying layer. 
Since certain changes may be made in the above 

product and process without departing from the scope 
of the invention herein involved, it is intended that all 
matter contained in the above description or shown in 
the accompanying drawings shall be interpreted as il 
lustrative and not in a limiting sense. 
What is claimed is: 
1. A photographic product for use in diffusion trans 

fer processes comprising a transparent support carrying 
on one side thereof an image-receiving layer, the other 
side of said transparent support carrying an anti 
reflection coating having an index of refraction at least 
about 0.20 less than said transparent support, said anti 
re?ection coating comprising a stratum of a fluorinated 
polymer over a stratum of silica, each said stratum hav 
ing an optical thickness approximately an eighth-wave 
thick, the indices of refraction of said ?uorinated poly 
mer and said silica differing by not more than about 
0.1. 

2. A photographic product as de?ned in claim 1, in 
cluding at least one layer containing photosensitive sil 
ver halide carried on said ?rst side. 

3. A photographic product as de?ned in claim 2, in 
cluding an image dye-providing material in a layer con 
tiguous to said silver halide containing layer. . 

4. A photographic product as de?ned in claim 1 
wherein said image-receiving layer includes a mordant 
for a dye. 

5. A photographic product as de?ned in claim 1 
wherein said image-receiving layer is a silver receptive 
layer containing a silver precipitant. 

6. A photographic product as de?ned in claim 4 
wherein said dye is a dye developer. 

7. A photographic product as de?ned in claim 1 
wherein said transparent support has an index of re 
fraction of at least about 1.6. 

8. A photographic product as de?ned in claim 7 
wherein said transparent support is a polyester. 

9. A photographic product as de?ned in claim 8 
wherein said polyester is polyethylene terephthalate. 

10. A photographic product as de?ned in claim 7 
wherein said anti-re?ection coating has an index of re 
fraction of about 1.3 to about 1.45. 

11. A photographic product as de?ned in claim 1 
wherein said transparent support is cellulose acetate. 

12. A photographic product as de?ned in claim 7 
wherein said silica stratum comprises silica particles 
having a diameter of about 15 millimicrons. 

13. A photographic product as de?ned in claim 7 
wherein said silica stratum comprises silica particles 
having a diameter of about 7 millimicrons. 
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14. A photographic product as de?ned in claim 7 

wherein said ?uorinated polymer is a vinylidene ?uo 
ride copolymer. 

15. A photographic product as de?ned in claim 14 
wherein said ?uorinated polymer is a copolymer of vi 
nylidene ?uoride and chlorotri?uoroethylene. 

16. A photographic product as de?ned in claim 14 
wherein said ?uorinated polymer is a copolymer of vi 
nylidene ?uoride and tetra?uoroethylene. 

17. A photographic product as de?ned in claim 14 
wherein said ?uorinated polymer is a copolymer of vi 
nylidene ?uoride and hexa?uoropropylene. 

18. A photographic product comprising a transparent 
support carrying on one side thereof a layer containing 
a photosensitive silver halide, said silver halide layer 
being exposable through said transparent support, the 
other side of said transparent support carrying an anti 
reflection coating having an index of refraction at least 
about 0.20 less than said transparent support, said anti- ' 
re?ection coating comprising a stratum of a ?uorinated 
polymer over a stratum of silica, each said stratum hav 
ing an optical thickness approximately an eighth-wave 
thick, the indices of refraction of said ?uorinated poly 
mer and said silica differing by not more than about 
0.1. 

19. A photographic product as de?ned in claim [8. 
including an image dye-providing material in a layer 
contiguous to said silver halide containing layer. 

20. A photographic product as de?ned in claim 19 
wherein said image dye-providing material is a dye de 
veloper. 

21. A photographic product as de?ned in claim 19 
wherein said image-dye providing material is a com 
pound which provides a diffusible dye as a function of 
oxidation or color coupling. ' 

22. A photographic product as de?ned in claim 18 
including an image-receiving layer, said layer of silver 
halide being positioned between said support and said 
image-receiving layer. 
23. A photographic product as de?ned in claim 18 

wherein said transparent support has an index of re 
fraction of at least about 1.6. 
24. A photographic product as de?ned in claim 23 

wherein said transparent support is a polyester. 
25. A photographic product as de?ned in claim 23 

wherein said anti~re?ection coating has an index of re 
fraction of about 1.3 to about 1.45. 

26. A photographic ?lm product comprising a ?rst 
support and a second support, at least one of said sup 
ports being transparent, a plurality of layers including 
a photosensitive silver halide layer carried on one of 
said supports, and a rupturable container releasably 
holding a processing composition adapted, when dis 
tributed between a pair of predetermined layers carried 
by said supports, to develop said photosensitive layer 
and provide an image viewable through said transpar 
ent support, the external surface of said transparent 
support carrying an anti-re?ection coating having an 
index of refraction at least about 0.20 less than said 
transparent support, said anti-re?ection coating com 
prising a stratum of a ?uorinated polymer over a stra 
tum of silica, each said stratum having an optical thick 
ness approximately an eighth-wave thick, the indices of 
refraction of said ?uorinated polymer and said silica 
di?ering by not more than about 0.1. 
27. A photographic product as de?ned in'claim 26 

wherein both of said supports are transparent and each 
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said transparent support carries said anti-re?ection 
coating on the external surface thereof. 
28. A photographic product as de?ned in claim 26, 

including an image-receiving layer and means adapted 
to provide a masking layer between said photosensitive 
layer and said image-receiving layer to mask the devel 
oped photosensitive layer when the image in said im 
age-receiving layer is viewed through said transparent 
support. 
. 29. A photographic product as de?ned in claim 28 
wherein said product includes a silver halide solvent 
and said image is a silver transfer image. 
30. A photographic product for forming a diffusion 

transfer image in dye within a permanent laminate in 
cluding at least one developed silver halide layer, said 
photographic product comprising, in combination, an 
image-receiving layer; at least one silver halide emul 
sion, each said silver halide emulsion having associated 
therewith an image dye-providing substance selected 
from the group consisting of image dyes and image dye 
intermediates; means providing a light-re?ecting layer 
between said image-receiving layer and said silver hal 

I0 

15 

20 

ide emulsion(s) to mask said silver halide emulsion(s) , 
after development thereof and to provide a white back 
ground for viewing a dye image in said image-receiving 
layer; a transparent support through which image 
receiving layer may be viewed; means providing a pro 
cessing composition for developing said silver halide 
emulsion(s) after photoexposure and for forming a 
transfer image in at least one dye in said image 
receiving layer; said product including an anti 

. reflection coating on the outer surface of said transpar 
ent support having an index of refraction at least about 
0.20 less than said transparent support, said anti 
re?ection coating comprising a stratum of a ?uorinated 
polymer over a stratum of silica, each said stratum hav 
ing an optical thickness approximately an eighth-wave 
thick, the indices of refraction of said ?uorinated poly 
mer and said silica differing by not more than about 
0.1. , 

31. A photographic ?lm as de?ned in claim 30 
wherein each said dye is a dye developer. 
32. A photographic ?lm as de?ned in claim 30 

wherein each said image dye-providing substance is an 
intermediate for an image dye. 
33. A photographic product as de?ned in claim 30 

wherein said silver halide emulsion(s) are adapted to 
be exposed through said transparent support. ' 
34. A photographic product as de?ned in claim 30 

wherein said means providing a light-re?ecting layer 
comprise a white pigment dispersed in said processing 
composition, and said processing composition is con 

‘ tained in a rupturable container positioned to distribute 
said processing composition containing said pigment 
between said image-receiving layer and said silver hal 
ide emulsion(s). . 
35. A photographic product as de?ned in claim 30 

comprising a temporary laminate including said layers 
con?ned between two dimensionally stable supports, at 
least one of said supports being transparent, the bond 
between a predetermined pair of layers being weaker 
than the bond between other pairs of layers, and in 
cluding a rupturable container releasably holding said 
processing composition, said rupturable container 
being so positioned as to distribute said processing 
composition between said predetermined layers, said 
processing composition being adapted to provide said 
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22 
permanent laminate following distribution and drying. 

36. A photographic product as de?ned in claim 30 
wherein said transparent support has an index of re— 
fraction of at least about 1.6. 
37. A photographic product as de?ned in claim 36 

wherein said transparent support is a polyester. 
38. A photographic product as de?ned in claim 37 

wherein said polyester is polyethylene terephthalate. 
39. A photographic product as de?ned in claim 36 

wherein said anti-re?ection coating has an index of re 
fraction of about 1.3 to about 1.45. 
40. A photographic product comprising a ?rst sup 

port; a red-sensitive silver halide emulsion; a green 
sensitive silver halide emulsion; and a blue-sensitive sil 
ver halide emulsion; said silver halide emulsions having 
associated therewith, respectively, a cyan dye devel 
oper, a magenta dye developer and a yellow dye devel 
oper; an image-receiving layer for receiving image dyes 
transferred thereto by diffusion as a function of expo 
sure and development of said silver halide emulsion 
layers; a second support which is transparent and 
through which said image-receiving layer may be 
viewed; a rupturable container releasably holding a 
processing composition adapted, upon'distribution be 
tween predetermined layers of said ?lm to develop said 
silver halide emulsions and to effect the formation of a 
transfer image in dye in said image-receiving layer, said 
processing composition also being adapted to provide 
a permanent laminate including said developed silver 
halide emulsions and said image-receiving layer; and 
means providing a light-reflecting layer between said 
image-receiving layer and said silver halide emulsions 
effective to provide a white background for viewing 
said transfer image and for masking said developed sil 
ver halide emulsions; said product including an anti 
re?ection coating on the outer surface of said transpar 
ent support having an index of refraction at least about 
0.20 less than said transparent support, said anti 
re?ection coating comprising a stratum of a ?uorinated 
polymer over a stratum of silica, each said stratum hav 
ing an optical thickness approximately an eighth-wave 
thick, the indices of refraction of said ?uorinated poly 
mer and said silica di?ering by not more than about 
0.1. ' 

41. A photographic product as de?ned in claim 40 
wherein said ?rst support is opaque. 
42. A photographic product as de?ned in claim 40 

wherein said transparent support has an index of re 
fraction of at least about 1.6. 
43. A photographic product as de?ned in claim 40 

wherein said transparent support and said image 
receiving layer comprise a separate element adapted to 
be brought into superposed relationship with said silver 
halide emulsions. 
44. A photographic product as de?ned in claim 40 

wherein said layers are held in ?xed relationship be 
tween said supports prior to and during exposure. 
45. A photographic product as de?ned in claim 44 

wherein said ?xed relationship is provided by binder 
means along at least two parallel sides of said product. 

46. A photographic product as defined in claim 44 
wherein said product is a laminate of said layers be 
tween said ?rst and said second supports, the bond be 
tween a pair of predetermined layers being weaker than 
the bonds between the other layers, said rupturable 
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container being so positioned as to release said process 
ing composition for distribution between said pair of 
layers. 
47. A photographic product as de?ned in claim 40, 

wherein said silver halide emulsions are present as sep 
arate planar layers. 
48. A photographic product as de?ned in claim 40, 

wherein said silver halide emulsions are present in the 
form of minute elements arranged in side-by-side rela~ 
tionship in a photosensitive screen pattern. 
49. A photographic product as de?ned in claim 47, 

wherein said blue-sensitive silver halide emulsion layer 
is between said image-receiving layer and said other sil 
ver halide emulsion layers. 
50. A photographic product as de?ned in claim 47, 

wherein said blue-sensitive silver halide emulsion layer 
is between said ?rst support and said other silver halide 
emultion layers, and said ?rst support is transparent. 
51. A photographic product as de?ned in claim 50 

wherein said transparent ?rst support carries an anti 
re?ection coating on the outer surface thereof having 
an index of refraction at least about 0.20 less than said 
transparent support, said anti-re?ection coating com 
prising a stratum of a ?uorinated polymer over a stra 
tum of silica, each said stratum having an optical thick 
ness approximately an eighth-wave thick, the indices of 
refraction of said ?uorinated polymer and said silica 
differing by not more than about 0.1. 
52. A photographic laminate comprising (a) at least 

one exposed and developed silver halide layer, (b) an 
image-carrying layer containing an image in at least 
one dye, (c) a light-re?ecting, white layer positioned 
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between said silver halide layer or layers and said im¢ ,' 
age-receiving layer and effective to mask said devel 
oped silver halide layer or layers, and (d) a transparent 
layer through which said image may be viewed against 
said white layer, said layers being permanently lami 
nated together, said transparent layer having an anti 
reflection coating on the outer surface thereof, said an 
ti-re?ection coating having an index of refraction at 
least about 0.20 less than said transparent layer, said 
anti-re?ection coating comprising a stratum of fluori 
nated polymer over a stratum of colloidal silica, each 
said stratum having an optical thickness approximately 
an eighth-wave thick, the indices of refraction of said 
?uorinated polymer and of said silica differ by not 
more than about 0.1. 
53. A photographic laminate as de?ned in claim 52 

wherein said transparent layer is a polyester. 
54. A method of forming a diffusion transfer dye 

image by developing an exposed silver halide emulsion, 
forming an imagewise distribution of a diffusible dye 
image-providing substance as a function of said devel 
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opment, and transferring at least a portion of said im 
agewise distribution of diffusible dye image-providing ' 
substance to an image-receiving layer in superposed re 
lationship with said silver halide emulsion to provide 
said dye image, said image-receiving layer and said sil 
ver halide emulsion forming a permanent laminate in 
cluding a light-re?ecting layer positioned between '..aid 
image-receiving layer and said silver halide emulsion, 
the step of said exposure of said silver halide emulsion 
being effected through a transparent support having an 
anti-re?ection coating on the outer surface thereof, 
said anti-re?ection coating having an index of refrac 
tion at least about 0.20 less than said transparent sup 
port and comprising a stratum of a ?uorinated polymer 
over a stratum of silica, each said stratum having an op 
tical thickness approximately an eighth-wave thick, the 
indices of refraction of said ?uorinated polymer and 
said silica differing by not more than about 0.1. 
55. A method as de?ned in claim 54 wherein said dif 

fusion transfer dye image is viewed through said trans 
parent support and said anti-re?ection coating. 

56. A method as de?ned in claim 54 wherein said dif 
fusible dye image-providing substance is a dye devel~ 
oper. - 

57. The method as de?ned in claim 54 wherein a red 
sensitive silver halide emulsion, a green-sensitive silver 
halide emulsion and a blue-sensitive silver halide emul 
sion are present, said silver halide emulsions having as 
sociated therewith‘, respectively, a cyan dye developer, 
a magenta dye developer, and a yellow dye developer, 
and said dye image is a multicolor image. 
58. A photographic image comprising a transparent 

support carrying on one side thereof an image-carrying 
layer containing an image in dye or silver, the other 

side of said transparent support carrying an anti 
re?ection coating having an index of refraction at least 
about 0.20 less than said transparent support; said dye 
image being viewable through said anti-re?ection coat 
ing and said transparent support, said anti-re?ection 
coating comprising a stratum of a ?uorinated polymer 
over a stratum of silica, each said stratum having an op 
tical thickness approximately an eighth-wave thick, the 
indices of refraction of said ?uorinated polymer and 
said silica differing by not more than about 0.1. 
59. A photographic image as de?ned in claim 58 

wherein said transparent support has an index of re 
fraction of at least 1.6 and said anti-re?ection coating 
has an index of refraction at least about 0.20 less than 
said transparent support. 

60. A photographic product as de?ned in claim 58 
wherein said anti-re?ection coating has an index of re 
fraction of about 1.3 to about 1.45. 
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