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This invention relates to photography and more 

particularly to photographic color processes and 
compositions and elements useful therein. Still 
more particularly it relates to photographic color 
processes, compositions and elements wherein 
polyvinyl acetals are used as dye intermediates 
or color formers. Still more particularly it re 
lates to water permeable colloid layers compris 
ing as an essential dye component a polyvinyl 
acetal capable of reacting with a diazo compound 
to form a dye. The invention further relates to 
developer and treating solutions, containing such 

O 

acetals and to their preparation and use, par 
ticularly in photographic development processes. 
This invention has for an object the provision 

of new and useful photographic compositions 
containing dye intermediates or color formers 
which are immobile in water permeable colloid 
layers, such as gelatin layers. A further object is 
to provide photographic compositions and ele 
ments which contain novel polymeric dye inter 
mediates. A still further object is to provide a 
new photographic color process, especially a pho 
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ographic color development process involving 
the use of polyvinyl acetals. Another object is 
the preparation of photographic emulsions which 
contain new and improved water-soluble dye in 
termediates or color formers which yield dyes by 
coupling with the oxidation products of photo 
graphic developing agents or by treatment with 
aromatic or heterocyclic diazo compounds. Other 
objects are to provide alternative photographic 
compositions and processes and to contribute a 
general advance in the art. Still other objects 
will be apparent from the following description 
of the invention. 
The above objects are accomplished by the 

preparation and use of photographic compositions 
and elements containing polyvinyl acetals which 
are capable of reacting with a diazo compound to 
form a dye. \ . . 
in a more limited Sense, they are accomplished 

by the preparation and use in photographic col 
loid layers and photographic developing and 
treating Solutions of polyvinyl acetals formed 
from aldehydes which are capable of reacting 
with a diazo compound to form a dye. The alde 
hyde or ketone nuclei may thus have an aromatic 
nucleus such as a benzene ring containing a 
phenolic hydroxyl group or an amino group either 
substituted or unsubstituted, e. g. an alkylamino, dialkylamino, arylamino, or alkylarylamino 
group, and which are further characterized in 
that they have a reactive position ortho or para 
to the mentioned groups, or have an active meth 
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ylene group. The ortho or para positions may 
be reactive by being unsubstituted or by having 
a replaceable group such as a halogen atom, e. g. 
chlorine or a sulfonic acid group. One or more 
of such groups may be present. 

In one important aspect of the invention, it 
involves the preparation and use of photographic 
compositions, e. g. colloid layers, light sensitive 
emulsion layers and coating compositions there 
for, and developer solutions containing polyvinyl 
acetals which are soluble in dilute alkaline solu 
tions and are capable of coupling with diaz0 com 
pounds to form a dye. 
The acetals of this invention, because of their 

structure and the nature of the aldehyde nuclei, 
couple with diazo compounds to form a dye. As 
examples of such latter compounds, mention is 
made of the diazonium salts, syndiazotates, di 
azo-anhydrides and diazo inner Salts of the genn 
eral formula A-N=NX, wherein A is an aro 
matic or an unsaturated heterocyclic residue or 
compounds resulting from intramolecular elimi 
nation of HX therefrom. X may suitably be OH, 
or salts thereof, such as ONa, OK and ONH4, or 
salt forming anions, such as Cl, Br, NO3, and 
SO3H. Elimination of HX is exemplified by 
diazotized O-aminophenol of the formula, 

and by diazotized sulfanilic acid of the formula 

sos N=N 
The acetals furthermore react with the Oxidation 
products of an aromatic amino developing agent 
under conditions of the usual photographic de 

4. 
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velopment processes to form a dye. The acetals 
which contain as Solubilizing groups carboxylic 
or sulfonic acid groups constitute the preferred 
embodiment of the invention. These groups need 
not be present in the nuclei containing color 
forming groups which are joined through acetal 
linkages to the polyvinyl alcohol nuclei, but may 
be in radicals free from color forming groups 
joined to the latter nuclei through acetal link 
ageS. 

50 The dye-forming polyvinyl acetals of this in 
vention are conveniently prepared by the follow 
ing general manner. One method comprises re 
acting polyvinyl alcohol under conditions suit 
able for the formation of an acetal, with an alde 

ss hyde capable of reacting with a diazo compound 
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to produce a dye. The most important of such 
aldehydes are those containing an aromatic nul 
cleus on which is substituted a phenolic hydroxyl, 
amino, including unsubstituted and substituted 
amino groups, e. g. alkylamino, arylamino, or 
mixed alkylarylamino group, at least one of the 
positions oriented by such groups (ortho and 
para) being reactive. Thus, the positions may 
be unsubstituted or have a replaceable group, e. g. 
chlorine, sulfonic acid, etc. Other suitable alde 
hydes are those having active methylene groups, 
such as, for example, those containing pyrazolone 
and acetoacetamino groups. 
The polyvinyl acetals just described are also 

capable of reacting with the Oxidation products 
of photographic aromatic primary amino de 
veloping agents to form azomethine or quinone 
imine dyes including indophenol, indoaniline, and 
indamine dyes. 
An alternative method comprises reacting an 

aldehyde which does not have the above-described 
structure with a polyvinyl alcohol and then 
chemically modifying the acetal so that it has 
the desired structure. The methods are illus 
trated below. 
These polymeric dye intermediates may be in 

corporated in a colloid binding agent including 
a light-sensitive emulsion and coated on a sup 
port by any of the general or known methods to 
form an element having a light sensitive or pho 
tographic layer. After exposure, the intermedi 
ates are converted into dyes, for example, by de 
velopment of the images produced with a color 
forming developer, such as p-aminodiethylani 
line, or by some other suitable procedure such 
as a treatment with aromatic diazo compounds. 
The polyvinyl acetals capable of reacting with 

diazo compounds may be incorporated in various 
types of Colloid binding agents which are capable 
of forming water permeable films or layers such 
as gelatin, agar agar, or polyvinyl alcohol by 
forming aqueous or alcoholic dispersions or emul 
isions of the same and coating them upon a sup 
port which may be a transparent or non-trans 
parent support or film base. Suitable supports 
include cellulose derivatives, e. g. cellulose ace 
tate, cellulose nitrate, cellulose-aceto-propionate, 
etc., Synthetic resins, e.g. polyvinyl acetals such 
as polyvinylisobutyraldehyde acetal; polymeric 
compounds Such as nylon and paper, etc. The 
layers may be deposited on a subbing layer which 
is used to anchor silver halide emulsion layers 
On a film base or on another colloid layer which 
may be a gelatin silver halide layer. One or more 
of such layers containing one or more of the novel 
polyvinyl acetals hereof may be present in the 
resulting element. 
The polyvinyl acetals hereof may be incorpo 

rated into colloid compositions containing light 
Sensitive materials, e. g. silver halides and photo 
graphic layers formed on suitable supports as de 
Scribed in the preceding paragraph. A plurality 
of such layers may form a multilayer photo 
graphic element. The polyvinyl acetals of the 
respective layers should, however, be capable of 
forming different colored azo and/or azomethine 
Or quinoneimine dyes. 
The invention will be further illustrated but 

is not intended to be limited by the following 
examples in which the parts stated are parts by 
Weight, 

Eacample I 
Thirty-two parts of polyvinyl alcohol, 45 parts 

lof Salicylaldehyde, 525 parts of glacial acetic acid, 

O 

5 

20 

25 

30 

35 

40 

50 

SS 

60 

65 

70 

75 

and 5 parts of 85% phosphoric acid were stirred 
and heated at 60-70° C. for nine hours. . The 
reaction product obtained in translucent solution 
was precipitated by addition of ethanol and wa 
ter and was washed successively with water and 
methanol and was dried. The yield of dry prod 
uct amounted to 39 parts. This resin, when 
placed in a photographic emulsion, e. g. a gela 
tino silver-iodo-bromide emulsion, exposed and 
developed with p-aminodiethylaniline, gave a 
blue-green image. This color is presumably due 
to coupling with an oxidation product of the de 
veloper at the free position para, to the phenolic 
hydroxyl, giving an indophenol dye of the prob 
able structure (assuming polyvinyl alcohol to be 
a 1,3-glycol) : 

C st 
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Eacample II 
The same ingredients as in Example I Were 

used. However, after stirring and heating for 
four hours at 60-70° C., 4.5 parts of isobutyralde 
hyde was added. On heating one hour further, 
the translucent, hazy solution at first obtained 
became clear. The resin was worked up in the 
manner described under Example I and was 
found to have the same properties in regard to 
dye formation, but was of lower softening point 
and enhanced solubility. 

Eacample III 
Twenty-two parts of polyvinyl alcohol, 23 

parts of redistilled salicylaldehyde, 250 parts of 
glacial acetic acid, and 2 parts of 85% phosphoric 
acid were heated and stirred at 65° C. for four 
and one-half hours, at which time a milky Solu 
tion had formed. Nine and four-tenths parts of 
phthalaldehydic acid was then added and heat 
ing was continued for three hours further. The 
resin was precipitated by addition of ethanol and 
Water and was washed successively with Water 
and methanol and was dried. The yield of dry 
product amounted to 26 parts. This resin is 
Soluble in aqueous alkali and may thus be suit 
ably introduced into photographic emulsions. 
When a silver halide emulsion, e. g. a silver-iodo 
bromide emulsion containing this product is coat 
ed on a suitable support, is exposed and developed 
with p-methylaminophenol, a black and white 
negative is obtained. Subsequent development, 
after re-exposure, with p-aminodiethylaniline 
gives a blue-green positive after removal of silver 
and silver Salts. The dye thus obtained, in Com 
mon with those from the resins of Examples 1 
and 2, transmits little or no red light and is thus 
eminently suitable for use in subtractive proc 
esses of color photography. In spite of its sol 
ubility in dilute alkali, the dye is not at all re 
moved by the alkaline processing baths and may 
even be leached for long periods in 5% sodium 
carbonate Solution without removal. 

Eacample IV 
Twenty-two parts of polyvinyl alcohol, 250 

parts of glacial acetic acid, 23 parts of salicylal 
dehyde, 9.4 parts of phthalaldehydic acid, and 4. 
parts of 85% phosphoric acid were heated and 
stirred on a water bath maintained at 65° C. for 
five and one-quarter hours. A clear, light yel 
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low solution was obtained from which the resin 
was precipitated by the addition of methanol, . 
After washing several times with methanol, and 
cold water, the product was dried in a vacuum 
oven. Twenty-four parts of white, finely divided 5 
resin were obtained. The product was dissolved 
in dilute alkali and coated in a photographic sil 
ver halide emulsion sensitive only to blue light. 
After exposure and development with p-methyl 
amino-phenol and fixation, a yellow dye was pro- 10 
duced throughout the whole film by treatment 
with diazotized p-nitraniline. The film may then 
be differentially bleached by any selective bleach 
ing process, e. g. according to the process of 
Christensen (c. f. Br. Patent 133,034 or U. S. Pat- lis 
ent 1,517,049). After removal of the silver im 
age there will remain a yellow positive image. 

Eacample V 
Forty-four parts of polyvinyl alcohol, 46 parts 20 

of m-hydroxy-benzaldehyde, 500 parts of glacial 
acetic acid, 18.4 parts of phthalaldehydic acid, 
and 8 parts of 85% phosphoric acid were stirred 
and heated at 65° C. for eleven hours. At this 
time 1.6 additional parts of 85% phosphoric acid 25 
was added and heating continued for ten hours 
further. Most of the resin at this stage was in 
the form of a gelatinous mass. This was dis 
solved in dioxane and reprecipitated in fibrous 
form with Water. 
water and aqueous methanol and drying, 58 parts 
of resin were obtained. Treatment with oxidized 
p-aminOdiethylaniline gave a blue-green dye. 

Eacample VI 
Eight parts of polyvinyl alcohol, 84 parts of 

glacial acetic acid, 8 parts of o-nitrobenzaldehyde, 
6 parts of phthalaldehydic acid, and 3.2 parts of 
85% phosphoric acid were heated and stirred at 
65° C. for five hours. 
by addition of methanol and cold water and was 
washed. It was then dissolved in dilute sodium 
hydroxide solution and the nitro group of the 
acetal formed was reduced with sodium hydro 
sulfite to the amino group. After neutralizing, is 
the resin was precipitated with acetone, was 
washed, dried, and dissolved in formamide. 
Twelve parts ethyl aceto-acetate and 1.9 parts 
pyridine were added and the solution was heated 
for five hours on a steam bath to form the aceto 50 
acetanilide of the acetal having the probable unit 
structure: 

-ch-H-ch-H- 
O-CH-O 

- 55 
NCO CHCOCBIs 

After reprecipitating with acetone, washing, and 
drying, the product was introduced into a photo 
graphic silver halide emulsion which was sub- 60 
sequently coated on a cellulose acetate film. ex 
posed and developed with p-aminodimethylani 
line, a yellow dye being formed. 

Eacample VII 
Twenty-two parts of polyvinyl alcohol was sus 

pended in 250 parts of glacial acetic acid. To 
this were added 15.5 parts of 2-hydroxy-3-meth 
ylbenzaldehyde, 19 parts of phthalaldehydic acid, 
and 4.3 parts of 85% phosphoric acid and the 70 
mixture was heated on a water bath at 65 C. 
with vigorous stirring for 11 hours. At the end 
of this time a thick translucent solution had 
formed. The resin was precipitated from the S0 
lution with methanol and was washed in meth 

After washing the product with 80 

The resin was precipitated 

65 

anol and in water. Upon incorporation of the 
acetal in an emulsion after the manner set forth 
in Example VI, and after subsequent exposure and 
development with p-aminodiethylaniline, a blue 
green color was formed, 

Eacample VIII 
In place of the 2-hydroxy-3-methylbenzalde 

hyde of the preceding example, 12 parts of 3 
chlor-2-hydroxybenzaldehyde was used. After 5 
hours heating at 65 C. the resin was precipitated 
from the reaction mixture and washed with 
methanol and water. Upon incorporation of the 
acetal in an emulsion and after treatment of the 
emulsion as set forth in Example VI, a blue-green 
color was formed. 

Eacample IX 
The procedure of Example VII was carried out, 

using the following quantities of reactants: 
Parts 

Polyvinyl alcohol------------------------, 22 
5-chlor-2-hydroxybenzaldehyde ---------- 20 
Phthalaldehydic acid -------------------- 19 
Glacial acetic acid----------------------- 250 
85% phosphoric acid--------------------- 6.8 
Five and a half hours heating at 65°C. on a water 
bath was required to complete the reaction. The 
reaction product was precipitated with methanol, 
washed with methanol, then with water. This 
yielded a white solid soluble in dilute alkaline so 
lutions. The acetal was incorporated in a silver 
halide emulsion which was treated after the man 
ner set forth in Example VI, whereupon a blue 
green color was formed. 

Eacamaple X 
Twenty-five parts of 3-allyl-2-hydroxybenzal 

dehyde, 19 parts of phthalaldehydic acid, 22 parts 
of polyvinyl alcohol, 250 parts of glacial acetic 
acid and 8.5 parts of 85% phosphoric acid were 
stirred and heated on a water bath at a temper 
ature of 65-70° C. for 7.5 hours. At the end of 
this time a clear, homogeneous solution was ob 
tained. The resin was precipitated by addition 
of methanol, was redissolved in dioxan, and was , 
finally precipitated in fibrous form by pouring into 
Water. The product was thoroughly washed in 
water and dried. The polyvinyl acetal was sol 
uble in aqueous alkali and, when incorporated in 
a photographic silver halide emulsion, a blue 
green image was formed after exposure and de 
velopment with p-aminodiethylaniline. 

Eacample XI 
Six parts of 1-hydroxy-2-naphthaldehyde, 4 

parts of phthalaldehydic acid, 6.5 parts of poly 
vinyl alcohol, 63 parts of glacial acetic acid and 
3.4 parts of 85% phosphoric acid were heated 
and stirred on a water bath at a temperature of 
65-70° C. for 10 hours. The resin was then pre 
cipitated by stirring in methanol and was 
washed thoroughly with methanol and finally 
with water. The polyvinyl acetal was found to 
be soluble in dilute alkali and, when incorpo 
rated in a photographic silver halide emulsion 
which was exposed and developed with p-amino 
diethylaniline, a blue-green picture was ob 
tained. 

Eacample XII 
A mixture of 33 parts of 3,5-dichlorosalicylal 

dehyde, 22 parts of polyvinyl alcohol, 263 parts 
of glacial acetic acid and 5 parts of 85% phos 

75 phoric acid was stirred and heated on a water 



4. 
bath at 85° C. for one hour. At the end of this 
time the mixture was a clear homogeneous solu 
tion. Twenty-five parts benzaldehyde-O-So 
dium sulfonate of 58.6% purity was then added 
and the mixture was heated one hour further 
under the same conditions. The resin Was pre 
cipitated by adding acetone, was washed with 
acetone, and was dried. Forty-three parts of a 
white solid, readily soluble in dilute sodium car 
bonate solution, was obtained. This may be in 
corporated into a photographic silver halide 
emulsion and processed after the manner of Ex 
ample I. 

w Eacample XIII 

A mixture of 36 parts of 3,5-dichlorosalicylal 
dehyde, 10 parts of phthalaldehydic acid, 22 
parts of polyvinyl alcohol, 236 parts of glacial 
acetic acid, and 6.8 parts of 85% phosphoric 
acid was stirred and heated at 70° C. for eight 
hours. At the end of this time an additional 3.4 
parts of 85% phosphoric acid was added and 
heating was continued for two hours further. 
At the end of this period this product was a very 
viscous solution. The resin was precipitated by 
adding methanol and was washed with methanol 

... and finally with water. After drying in air, a 
white solid was obtained which was readily sol 
uble in dilute sodium carbonate solutions. This 
may be incorporated into a photographic silver 
halide emulsion and processed after the manner 
of Example I. 

Eacample XIV 
A mixture of 250 parts of glacial acetic acid, 

22 parts of polyvinyl alcohol, 19 parts of phthal 
aldehydic acid, 12 parts of 5-chlorosalicylalde 
hyde, and 5 parts of 85% phosphoric acid was 
stirred and heated on a Water bath at a tempera 
ture of 65° C. for 5 hours. After precipitating 
the reaction product with methanol and wash 
ing with methanol and water, 37 parts of an 
alkali-soluble white solid was obtained. This 
may be incorporated into a photographic silver 
halide emulsion and processed after the manner 
of Example I. 

Eacample XV 
Eighty-eight parts of polyvinyl alcohol, 945 

parts of glacial acetic acid, 122 parts of salicyl 
aldehyde and 16.9 parts of 85% phosphoric acid 
were mixed in a reaction vessel surrounded by 
a water bath. . . With continuous stirring the mix 
ture was heated to a bath temperature of 85-90' 
C. and held there for 3.5 hours. Sixty parts benz 
aldehyde-o-sodium sulfonate of 50.1% purity 
was then added and heating and stirring were 
continued for one hour further at the same 
temperature. After precipitating the reaction 
product with acetone, washing thoroughly with 
acetone and drying, 140 parts of a light-colored 
resin was obtained. This polymer is completely 
soluble in five per cent Sodium carbonate solu 
tion. This may be incorporated into a photo 
graphic silver halide emulsion and processed 
after the manner of Example I. 

Eacample XVI 
A mixture of 22 parts of polyvinyl alcohol, 236 

parts of glacial acetic acid, 23 parts of salicylal 
dehyde, 5.1 parts of 85% phosphoric acid and 30 
parts of benzaldehyde-o-sodium sulfonate of 
58.6% purity was stirred and heated on a water 
bath at 65-70° C. for 7 hours. The resin was 
precipitated by adding acetone and after wash 
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tained. This polymer was soluble in water, 
dilute alkaline solutions and in water-alcohol 
mixtures. This may be incorporated into a 
photographic silver halide emulsion and proc 
essed after the manner of Example I. 
The term "polyvinyl alcohol' has been used 

herein to designate a substantially completely 
hydrolyzed polyvinyl ester. The acetal forma 
tion may also be carried out with a partially 
hydrolyzed polyvinyl ester. The acetals may 
also be conveniently prepared in One step from 
a polyvinyl ester by a simultaneous hydrolysis 
and acetalization. They may also be prepared 
from a mixture of aldehydes by simultaneous or 
stepwise reaction. An important modification 
of the process of acetal formation consists in 
using a process of acetal interchange. This is 
illustrated in the following example: 

Eacample XVII 
Nine parts of polyvinyl alcohol, 15 parts of 

salicylaldehyde, 6 parts of the diethyl acetal of 
glyoxylic acid, 105 parts of glacial acetic acid and 
6.8 parts of 85% phosphoric acid were stirred 
and heated together on a water bath at 65-70 
C. for six hours. The reaction product in the 
obtained viscous Solution was precipitated by 
stirring in aqueous methanol and was then 
washed with water. After drying in air over 
night the product was found to be soluble in 
dilute aqueous alkali and to yield a blue-green 
color upon development with oxidized p-amino 
diethylaniline. 

Eacample XVIII 
Ninety-five parts of meta-aminophenylmethyl 

pyrazolone and 70 parts of sodium acetate were 
stirred in 1000 parts of glacial acetic acid at 50 
C. while 81 parts of beta-chloropropionaldehyde 
diethyl acetal were added over a period of 1 hour. 
Stirring was continued for a second hour and then 
80 parts of polyvinyl alcohol and 50 parts of 85% 
phosphoric acid were added. After continued 
stirring at 85°C. for 1 hour, 90 parts of benzalde 
hyde ortho-Sodium sulfonate were added and the 
reaction mixture was stirred at 80° C. for an ad 
ditional hour. The reaction product was then 
precipitated by means of acetone, the resin was 
washed with acetone and dried. Two hundred 
parts of a light Orange-colored product were ob 
tained which dissolved completely in 5% sodium 
carbonate. The product is a polyvinyl acetal with 
the benzaldehyde ortho sodium sulfonate and the 
reaction product of the amino pyrazolone with 
the beta-chloro-propionaldehyde acetal and has 
the following probable color-forming unit struc 
ture: 

-CH-CH-CH-CH 

O-CH-O 

&h, 
&H, -NH -N-N 

(–c Bis 
O 

A 20 part sample of this resin can be dissolved in 
50 parts of 4% sodium carbonate and when this 
is incorporated in a silver halide emulsion sensi 
tive to green light and processed as in Example 
I, a magenta dye image is obtained. f 
Other polymeric color formers which have been 

found as a result of this invention to be of value 
in color photographic processes are the polyvinyl 

ing and drying, a light-colored powder was ob- 75 acetals of 1,4-hydroxy-naphthaldehyde, 3-di 
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methylaminobenzaldehyde, 4 - hydroxy-3-meth 
oxybenzaldehyde, i-(3-formylphenyl)-3-methyl 
5-pyrazolone, 1 - (4-formylphenyl)-3-methyl-5- 
pyrazolone and 1-(2-formylphenyl)-3-methyl-5- 
pyrazolone, o-, m-, and p-acetoacetaminobenzal 
dehyde, 3-brom-2-hydroxybenzaldehyde, 2-hy 
droxy-3-nitrobenizaldehyde, 6-hydroxy-2-methyl 
benzaldehyde, and 2-hydroxy-5-methylbenzalde 
hyde. The acetals may be suitably prepared from 
aldehydes in which the aldehyde group is not di 
rectly substituted on the aromatic nucleus, for 
example, as in the polyvinyl acetal of p-hydroxy 
phenylacetaldehyde. 

Acetals containing active methylene groups for 
color coupling have been described above and in 
the working examples. An active methylene 
group is a methylene group having One hydrogen 
replaceable in azo coupling reactions or replace 
able by alkali metal in alkaline solution. This 
group derives its reactivity by reason of the fact 
that it is attached by a single valence directly to 
One of the following groups: 

-- -C=N-, -CEN, -NO 
the remaining valence of the active methylene 
groups being also attached to one of these same 
unsaturated groups either (1) directly or (2) 
through an even-numbered chain of multibonded 
carbon atoms, each carbon of which is part of a 
conjugated system of which the atoms connected 
by the multiple bond in the above unsaturate 
groups are an integral part. 

It has been found that an especially advan 
tageous modification of the invention is obtained 
when acidic Salt forming groups are introduced 
into the polymeric color former. Particularly 
suitable groups are carboxyl and sulfonic acid 
groups, the introduction of which leads to prod 
ucts soluble in dilute sodium carbonate solutions. 
The introduction of phenolic hydroxyl and mer 
captain groups in sufficient number also promotes 
alkali solubility but the resins are not in general 
soluble in solutions made alkaline with carbon 
ates. Since these products may conveniently be 
introduced into photographic emulsions from di 
lute carbonate solutions, they are uniquely suit 
able for incorporation into the slightly alkaline 
photographic emulsions where they manifest full 
compatibility and thus lead to bright, intense 
colors free from haze. Since acetal formation need not proceed to substantial completion to pro 
duce a satisfactory color forming product, the 
acidic salt forming groups may conveniently be 
introduced by reaction of the unreacted portion 
of the polyvinyl alcohol molecule. Procedures of 
this type are illustrated in the examples. 
The products are most conveniently solubilized 

by reaction of the polyvinyl alcohol or partial 
acetal thereof with aldehydes containing carboxyl 
or sulfonic acid groups. Suitable compounds for 
this purpose are phthalaldehydic acid, benzalde 
hyde-O-sulfonic acid, glyoxylic acid and propion 
aldehyde beta-sulfonic acid. In place of acetal 
formation with aldehydo-acids, the acidic salt 
forming groups may also be introduced by any 
other suitable reaction such as half-esterification 
with anhydrides or dibasic acids, e.g. phthalic or 
maleic anhydrides, or etherification with halo 

... genated acids, e. g., chloracetic acid. In general, 
the introduction of the Color forming nuclei and 
the acidic salt forming groups into the polyvinyl 
alcohol molecule may proceed simultaneously or 
successively in any desired order. The acidic salt 
forming group may form an integral part of the 
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S 
color forming nucleus as in the case of 3-carboxy 
2-hydroxy-benzaldehyde, in which case the re 
action of one compound with polyvinyl alcohol 
introduces both the color forming nucleus and 
the acidic salt forming group. In certain cases 
the acidic salt forming group may be 
by Sulfonation of the polymer. 

It is often found that acetalization of polyvinyl 
alcohol with the complex aromatic aldehydes 
contemplated in the present invention occurs to 
Only a limited extent. In general, only a small 
percentage of acetal formation is necessary to ob 
tain a compound with color-forming properties, 
but the physical properties of the polymer, e.g. 
solubility, may not be all that is desired. In this 
case, additional reaction with the partially ace 
talized product may be carried out to give the 
polymer, the desired properies. This additional 
reaction is preferably further acetal formation 
with a different aldehyde or cyclic ketone or a 
mixture of aldehydes and/or cyclic ketones, as ill 
lustrated in the examples, but may be any other 
suitable reaction, such as half-esterification with 
dibasic acids or etherification with halogenated 
acids. Furthermore, the acetal formation may 
be carried out upon polyvinyl alcohol or upon a 
partially hydrolyzed polyvinyl ester, and the hy 
drolysis products of interpolymers of vinyl esters 
and other unsaturated compounds. The acetals 
may also be prepared from polyvinyl esters, e. g. 
polyvinyl acetate, by simultaneous hydrolysis and 
acetalization. They may also be prepared from 
a mixture of aldehydes by simultaneous or step 
Wise reaction. Acetal interchange may also be 
resorted to. 
Among the Suitable acetal forming compounds 

which may be used as modifying constituents 
for the acetals are formaldehydes, acetaldehyde, 
propionaldehyde, n- and iso-butyraldehyde, etc. 
Suitable cyclic ketones include cyclohexanone, 
3 - methylcyclohexanone, 3,5-dimethylcyclohex 
anone, 2-methylcyclohexanone, 1-ethylcyclohex 
anone, 2-bromocyclohexanone and oxotetrahy 
dronaphthalenes. The aliphatic aldehydes are 
preferred. 
The polyvinyl acetals of this invention have a 

degree of acetalization from the color-forming 
aldehyde used of about 10 to about 50% and pref 
erably about 20 to about 30%. The degree of 
acetalization resulting from the non-color-form 
ing aldehyde, that is, from the modifying or solu 
bilizing aldehyde, is about 10 to about 50%, pref 
erably 20 to 30%. The total degree of acetaliza 
tion is 40 to 75% and usually 50 to 70%. By “de 
gree of acetalization' is meant the percentage of 
original hydroxyl (or ester) groups which have 
been converted to acetal groups. 

Practically any condensation catalyst of acid 
reaction may be employed. Suitable catalysts in 
clude mineral acids, e.g. phosphoric, hydrochloric, 
perchloric and Sulfuric; organic acids, e.g. p-tol. 
uenesulfonic acid; acid reacting salts, e.g. alu 
minum chloride; and boron trifluoride. Phos 
phoric acid is preferred, being one of the best cat 
alysts from the standpoint of the color of the re Sulting product. 
While acetic acid is the preferred solvent for 

the preparation of acetals of this invention, other 
organic solvents may be resorted to. As further 
examples of suitable solvents, mention is made of methyl, ethyl, propyl, isopropyl, and n-butyl alco 
hols and dioxane. 
The color yielding elements may contain light 

Sensitive layers composed of simple or mixeds. 
ver halides which may contain the usual sens 

introduced 



6 
tizers, desensitizers, stabilizers, fog inhibitors, 
emulsion hardeners, etc. Suitable types include 
silver chloride, silver bromide, silver chloro-bro 
mide, silver chloride-bromide-iodide, silver bro 
mide-iodide, etc., which may contain cyanine, 
scarbocyanine, polymethine cyanine, cyazine, car 
bocyazine, pseudocyanine, kryptocyanine, mero 
cyanine, rhodanine, etc. salts and bases. The sil 
wer halide layers may be anchored to the supports 
by means of the usual subbing solutions which are 
also useful for anchoring dye component layers 
free from silver salts to bases. 
The products of this invention are not limited 

0 

in their utility to any one process of color photo 
graphy. They may be used with color coupling 
developing agents in general and are not limited 
to those specifically described in the examples. 
Hydrazines such as those described in U. S. P. 
2,220,929 and the color coupling developers of 
U. S. P. 2,163,820 can be used. The diamino aryl 
compounds such as paraphenylene-diamine and 
its substitution products constitute a practical 
class of such agents. These developers may be 
substituted in the amino groups as well as in the 
ring, preferably the former, to constitute con 
pounds such as the mono- and di-alkyl arylene 
diamines, including the mono- and di-alkylnaph 
thylenediamines, alkyl phenylenediamines and 
alkyl toluylenediamines. The compounds, of 
course, must have one free primary or unsubsti 
tuted amino group which enables the oxidation 
product of the developer to couple with the color 
forming compounds. As examples of developers 
of the class described, there may be mentioned 
p-aminodiethylaniline, 1,4-naphthylenediamine, 
4-diethylamino-1-naphthylamine and their acid 
salts. The salts of the bases which may be Or 
ganic or inorganic are, in general, more soluble 
and more stable than the free bases. The hydro 
chlorides and sulfates have great utility. 

All of the acetals couple with diaZO compounds 
so that they are, therefore, suitable for transfor 
mation to azo dyes, followed by differential 
bleaching in the presence of silver images, as 
known in the art. These compounds are also 
especially useful in the azo process of applica 
tion, Serial No. 335,416, filed May 15, 1940, now 
U. S. Patent 2,297,732. 
The above-described acetals may also be incor 

porated in colloid layers sensitized by treatment 
with bichromate. Any colloid capable of this sen 
sitization may be used, as, for example, gelatin, 
gum arabic or albumen. Appropriate methods of 
developing dye images after exposure then include 
the process of removal of the unexposed colloid 
with hot water and dye development of the ex 
posed portions with p-nitrosoaniline or its deriva 
tives and the process of development with dye 
coupling developers. 

All of the compounds contemplated in the in 
vention possess the major advantage of being 
nonmigratory in emulsion layers. The signifi 
cance of this fact is that incorrect color values 
cannot then arise from migration of one of the 
“color formers' into a layer adjacent to the one 
in which it is placed. Furthermore, no bleeding 
can take place into processing baths. This ob 
servation is striking when it is recalled that the 
preferred products are soluble in dilute alkali and 
certain of the processing solutions are alkaline in 
nature. 
The polyvinyl acetals hereof have the further 

advantage that they do not have a deleterious 
effect on the photographic characteristics of sil 
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2,380,032 
ver halide emulsion layers of photographic ele 
ments. 
This application is a continuation-in-part of 

application Serial No. 233,480, filed October 5, 
1938, now U.S. Patent 2,310,943, which covers the 
polyvinyl acetals hereof as new compounds. 
As many apparently widely different embodi 

ments of this invention may be made without de 
parting from the spirit and scope thereof, it is 
to be understood that we do not limit ourselves 
to the Specific embodiments herein except as de 
fined by the appended claims. 
We claim: 
1. A photographic element bearing a water 

permeable colloid layer containing a light-sensi 
tive material and a polyvinyl acetal capable of 
reacting with a diazo compound to form an azo 
dye. 

2. A photographic element bearing an emulsion 
layer containing a light-sensitive material and a 
polyvinyl acetal capable of reacting with a diazo 
compound to form an azo dye. 

3. A photographic element bearing an emulsion 
layer containing a light-sensitive silver thalide 
material and a stratum comprising a polyvinyl 
acetal of polyvinyl alcohol with an aldehyde, said 
acetal being capable of reacting with a diazo 
compound to form an azo dye. 

4. A photographic element bearing an emulsion 
layer containing a light-sensitive material and 
a polyvinyl acetal of polyvinyl alcohol with an 
aldehyde, said acetal being capable of reacting 
with the oxidation products of an aromatic pri 
mary amino developing agent to form a dye. 

5. A photographic element bearing an emulsion 
layer containing a light-sensitive silver halide 
material and a stratum comprising a polyvinyl 
acetal of polyvinyl alcohol with an aldehyde, said 
acetal being soluble in dilute alkaline solutions 

40 and is capable of reacting with a diazo compound 
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to form an azo dye. 
6. A photographic element bearing an emulsion 

layer containing a light-sensitive silver halide 
material and a stratum comprising a polyvinyl 
acetal of polyvinyl alcohol with an aldehyde, said 
acetal being soluble in dilute alkaline solutions 
and is capable of reacting with a diazo compound 
to form an azo dye and with the oxidation prod 
ucts of an aromatic primary amino developing 
agent to form a dye taken from the group con 
sisting of azomethine and quinoneinine dyes. 

7. A photographic element of the type set forth 
in clain 5 wherein the light-sensitive material 
comprises silver chloride. 

8. A process of producing dye images compris 
ing exposing a photographic element containing 
a light-sensitive material and a polyvinyl acetal 
which is capable of reacting with a diazo com 
pound to form an azo dye and treating the ele 
ment with an aromatic primary amino develop 
ing agent. 

9. A process of producing dye images compris 
ing exposing a photographic element containing 
a light-sensitive silver halide material and a poly 
vinyl acetal of polyvinyl alcohol with an alde 
hyde, said acetal being capable of reacting with 
an aromatic diazo compound to form an azo dye, 
treating the element with a diazo compound and 
then differentially bleaching the azo dye thus 
formed in the image areas. 

10. A photographic element bearing a water 
permeable colloid layer containing a light-sensi 
tive silver halide material and a polyvinyl acetal 
of polyvinyl alcohol with an aldehyde, said acetal 
being capable of reacting with a diazo compound 



2,880,032 
to form an azo dye, said acetal being of a car 
bonyl compound containing free acid radicals 
taken from the group consisting of carboxylic 
and sulfonic acid radicals. 

11. A photographic element bearing a water 
permeable colloid layer containing a light-sensi 
tive material and a polyvinyl acetal capable of 
reacting with a diazo compound to form an azo 
dye, said acetal containing acetal linkages from 
an aromatic aldehyde compound containing free 
acid radicals taken from the group consisting of 
carboxylic and Sulfonic acid radicals. 

12. A photographic element bearing a water 
permeable colloid layer containing a light-sensi 
tive silver halide material and a polyvinyl acetal 
capable of reacting with a diazo compound to 
form an azo dye, said acetal containing acetal 
linkages from a carbonyl compound containing 
free acid radicals taken from the group consist 
ing of carboxylic and sulfonic acid radicals, and 
acetal linkages from an aldehyde capable of cou 
pling with a diazo compound to form an azo dye. 

13. A photographic element bearing at least 
one water-permeable colloid layer having, dis 
persed therethrough a polyvinyl acetal capable of 
reacting With a diazo compound to form an azo 
dye. 

14. An element as set forth in claim 13, con 
taining a stratum of a light sensitive material. 

15. A process of producing dye images which 
comprises exposing a photographic element bear 
ing a light sensitive silver halide emulsion layer 
containing a polyvinyl acetal of salicylaldehyde 
and benzaldehyde-Ortho-sulfonic acid and devel 

10 

5 

20 

7 
oping the exposed element in a developer solution 
containing an aromatic primary amino Color de 
Veloping agent, 

16. A photographic element bearing a water 
permeable colloid layer containing a reducible 
silver halide and a polyvinyl acetal of salicylalde 
hyde and benzaldehyde-ortho-sulfonic acid. 

17. A process of producing dye images which 
comprises exposing a photographic element bear 
ing a light sensitive silver halide emulsion layer 
containing a polyvinyl acetal of 1-hydroxy-2- 
naphthaldehyde and phthalaldehydic acid and 
developing the exposed element in a developer 
solution containing an aromatic primary amino 
color developing agent. 

18. A photographic element bearing a water 
permeable colloid layer containing a reducible 
silver halide and a polyvinyl acetal of 1-hydroxy 
2-naphthaldehyde and phthalaldehydic acid. 

19. A process of producing dye images which 
comprises exposing a photographic element bear 
ing a light sensitive silver halide emulsion layer 
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containing a polyvinyl acetal of 3,5-dichloro 
salicylaldehyde and benzaldehyde-Ortho-sulfonic 
acid and developing the exposed element in a de 
veloper solution containing an aromatic primary 
amino color developing agent. 

20. A photographic element bearing a water 
permeable colloid layer containing a reducible 
silver halide and a polyvinyl acetal of 3,5-di 
chlorosalicylaldehyde and benzaldehyde-Ortho 
sulfonic acid. 

GEORGE LOWRANCEDOROUGH. , 
DAVID MALCOLM. McQUEEN. 


