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ABSTRACT OF THE DISCLOSURE 
The addition of organic nitrogen compounds contain 

ing an N->O group to nonsilver photosensitive com 
positions is found to improve the photographic speed of 
such compositions applicable, for example, to the com 
positions of United States Patent 3,042,515. 

This invention relates to photosensitive films and to 
the compositions thereof. More particularly, it relates 
to the improvement in photographic speed of known 
photosensitive compositions by the addition thereto of 
one or more organic nitrogen compounds represented by 
one of the following generic formulas 

R-N-O (1) 

and 

Ri NyO 
N-1 (2) 

wherein the meaning of R and R1 is as hereinafter 
defined. 
The improvement in photographic speed which the use 

of such compounds produces is evidenced by the fact 
that a given exposure produces a higher density in the 
film containing the added compound than the identical 
exposure of an otherwise identical film composition from 
which the N->O compound has been omitted, or by 
the fact that the same density increase in the film com 
position may be achieved by shorter exposures of the 
film containing the N->O compound as compared with 
the same film composition from which the N->O com 
pound has been omitted. 
The known photosensitive compositions to which the 

present invention is particularly applicable to produce 
a remarkable increase in photographic speed include the 
photosensitive compositions in which an amine, styryl, 
cyanine or merocyanine dye base or other leuco di- or 
triphenylmethane compound is activated by an organic 
halogen compound or a sulfur containing compound as 
described in the following United States Patents, among 
others: Amines 3,042,515 and 3,147,117; Styryl and 
Cyanine Dye Bases 3,100,703, 3,102,810 and 3,095,303; 
Merocyanine Dye Bases 3,109,736; Leuco Di and Tri 
Phenyl Compounds 3,121,632; Organic Halogen Com 
pounds 3,042,515 and 3,147,117; Sulfur Containing Com 
pounds 3,285,744; and Sulfur and Halogen Containing 
Compounds 3,113,024. 
The disclosures of said patents are intended to be 

incorporated herein by reference and the following 
paragraphs enumerating typical compounds selected from 
the compounds to which the invention is applicable are 
to be considered illustrative and are not to be considered 
a complete listing of all of the compounds to which the 
invention is applicable. 

(1) COLOR FORMING COMPOUNDS 
(a) Amines 
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2 
The amines described in U.S. Patent 3,042,515 are 

those described by the formula 

wherein R is an aryl nucleus such as benzene, naphthalene 
or anthracene which may be either unsubstituted or sub 
stituted with e.g., alkyl, halogen or aryl groups and X 
and Y are each selected from the group consisting of 
alkyl, aryl, aryalkyl, halogen and hydrogen and may 
be the same or different. Aniline, diphenylamine, o 
toluidine, leuco crystal violet, leuco malachite green, and 
similar amines, or mixtures of two or more of such 
amines have been found to be suitable. 

(b) Styryl and cyanine dye bases 
Suitable styryl and cyanine dye bases include 2- and 

4-(p-dimethylaminostyryl quinoline, 2- or 4-4-(p-di 
methylaminophenyl)butadienyl quinoline, 2 - (3-ethyl 
2(3H)benzothiazolylidene) propenyl benzothiazole. 

(c) Merocyanine dye bases 
Merocyanine dye bases which may be included in the 

compositions of this invention include those described in 
U.S. Patent 3,109,736 and others of a similar nature. 

(d) Di- and tri-phenyl methane compounds 
The di- and tri-phenyl methane compounds most suit 

able for this invention are the leuco bases of di- and tri 
phenyl methane dyes such as leuco crystal violet, leuco 
malachite green, leuco opal blue, leuco methyl violet, 
leuco p-rosaniline, leuco Victoria blue and others of a 
similar nature. n 

In addition to the above named leuco compounds in 
which a central carbon atom is present to which two or 
three aryl groups are attached or which forms a portion 
of a heterocyclic ring in fused ring compounds such as 
xanthenes, thioxanthenes, acridines, dihydroanthracenes 
and the like, it is intended to include alkyl ethers and 
allyl ethers of such compounds within the context of the 
expression "leuco compound.” 

(2) ACTIVATORS 
(a) Organic halogen compounds 

The organic halogen compounds which may be included 
in the light sensitive compositions to which the present 
invention is applicable are those represented by the gen 
eral formula A-C-Xs wherein. A represents halogen 
(C1, Br or I), alkyl, substituted alkyl, including halogen 
substituted alkyl, aryl, substituted aryl, aroyl, and aralkyl 
and each X represents a halogen atom which may be 
either chlorine, bromine or iodine, it being understood 
that not all of the X atoms need be alike. Bromine is 
a preferred X and preferred compounds are halogen 
substituted alkanes, e.g., CBra, CH3, CBRrs, etc., and 
oxazor-tribromoacetophenone. 

(b) Sulfur containing compounds 
The sulfur containing compounds which may be in 

cluded in the light sensitive compositions to which the 
present invention is applicable are those represented by 
the formula R-SH or or R-S-S-R wherein each 
R represents an aryl or heterocyclic ring. Suitable com 
pounds include 2-mercaptobenzothiazole, 5-methoxy-2- 
mercaptobenzothiazole, 1-phenyl-5-mercaptotetrazole, and 
pentachlorobenzenethio bis(dimethylthiocarbonyl) disul 
fide. 

(c) Sulfur and halogen containing compounds 
Activator compounds containing both halogen and Sul 

fur and which are suitable for the present invention in 
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clude the sulfonyl and sulfenyl halides described in United 
States Patent 3,113,024, e.g. 2,4-dinitrobenzene sulfonyl 
chloride, p-chlorobenzenesulfonyl chloride, o - nitroben 
Zenesulfenyl chloride and pentachlorobenzenesulfenyl 
chloride. 

(3) BINDER 
In addition, the compositions described in the above 

noted patents are usually formulated with a film-forming 
binder and are cast as a thin film from solution usually 
as a thin coating on a suitable Substrate or the binder 
may be omitted and a porous substrate used as the Sup 
port for the composition, paper being a preferred Sup 
port when the binder is omitted from the composition. 
Among the binders which can be used are solutions of 
polystyrene, polyvinyl alcohol, copolymers of styrene and 
acrylonitrile, and others such as those described in United 
States Patents 3,100,703 and 3,147,117. 

(4) ADDITIONAL CONSTITUENTS 
Many compounds which have been added to the above 

referred to photosensitive compositions are fully described 
in the above noted patents, including compounds to sen 
sitize the compositions to certain wave lengths of light, 
Stabilizers to permit storage of the compositions and ad 
ditives which facilitate fixing of the compositions after 
eXposure. 

(5) THE N- O COMPOUNDS 
The N->O compounds which may be used to increase 

the photographic speed of the known photosensitive com 
positions are those represented by one of the following 
formulas: 

R-N - O 

and 

The R-N->O compounds include N- oxides of tertiary 
amines and nitrones and dinitrones. The N-oxides of the 
tertiary amines may be prepared as described in United 
States Patent 3,047,579 and include trialkylamine oxides, 
Such as trimethyl-, triethyl-, methyl diethyl-, tripropyl-, 
tributyl-, etc.; triaryl such as triphenyl amine oxides, alkyl 
aryl amine oxides such as N,N-dimethyl aniline oxide, 
alkaryl amine oxides such as tribenzyl amine oxides, and 
halogen substituted amine oxides such as are described 
in the Witman patent noted above. 
The nitrones and dinitrones are amines to which two 

valences of the amine nitrogen are attached to a carbon 

- O 

wherein R represents atoms of carbon, oxygen, nitrogen 
alkyl, alkenyl, aryl and substituted aryl. Examples of ni 
trones suitable for the present invention include ox-N-di 
phenylnitrone, a,c-diphenyl-N-methylnitrone, N-ethylni 
trone, A-tetrahydropyridine-N-oxide, 4,5,5-trimethyl-A'- 
pyrroline-N-oxide, N-methylcyclopentanone ketonitrone, 
N-phenylfluronone ketonitrone and dinitrones such as N, 
N'-diphenyl-p-quinonediimine-N,N'-dioxide. 
The heterocyclic N-> oxides which may be used in the 

light Sensitive compositions of the present invention are 
N-oxides and di-N-oxides represented by the formula 

/ 
R. N. 
N-1 

wherein R represents atoms of carbon, oxygen, nitrogen 
or sulfur necessary to complete a 5 or 6 membered ring 
or a fused ring such as the following: 2H-azirine N-oxide, 
N-ethylpyrrole-N-oxide, pyridine-N-oxides and substi 
tuted pyridine-N-oxides such as the picoline-N-oxides, 
lutidine-N-oxide, p-bromopyridine - N - oxide, azopyridine 
and azoxypyridine-N-oxide, pyridylcarbinol-N-oxides, vi 
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4. 
nylpyridine-N-oxide, N,N-dimethylaminostyrylpyridine-N- 
oxide, quinoline-N-oxide and substituted N-oxides such as 
quinaldine-N-oxide and lepidine N-oxide, phenazine-N-ox 
ide, acridine-N-oxide as well as di-N-oxides such as phen 
azine 9,10-dioxide, the preparation of which is described 
in U.S. Patent 2,681,918. 
One special class of compounds coming within the 

above formula are the furoxans which may be represented 
by the formula 

s No 
No? 

wherein R1 and R2 can be alkyl or substituted alkyl, aryl 
or substituted aryl, amino, halogen, nitro, carboxyl, oxy 
gen (as ether), either symmetrical or unsymmetrical and 
both R1 and R2 can be part of a ring system. Examples 
of furoxans suitable for the present invention include: 
diphenylfuroxan, dibenzoylfuroxan, amino (phenyl)furox 
an, benzofuroxan, cyclohexenfuroxan, naphthofuroxan 
and derivatives thereof. 

Proportions.-The proportions of the various N-oxides 
ployed depending on the Solubility of the particular N 
oxide in the binder-solvent system used. 

Base.-The formulations employed in this invention 
can be applied to any suitable film or paper substrate such 
as cellulose acetate, Mylar, baryta paper, etc. 

Fixing.-Fixing of the exposed films employed in this 
invention can be accomplished by heat or solvent wash 
and has been described in the previous patents. 

EXAMPLES 2-5 

The following examples are illustrative of a few of 
the many ways in which the compounds referred to in 
this invention were used and are not intended as limitative 
thereof. 

EXAMPLE 1. 
density of 0.55. 
One and four-tenths (1.4) grams of carbon tetrabro 

mide were dissolved in 4 cc. of a 10% solution of poly 
Styrene (Styron 700, Dow) in benzene containing 100 
mg. of leuco crystal violet and 15 mg. of 4-picoline-N- 
oxide. The mixture was coated on 300-D Mylar and al 
lowed to dry. Exposer of the coating to a GE medium 
preSSure mercury arc lamp (GE-H100A38-4) at a film 
to-lamp distance of nine inches for 30 seconds through 
an Eastman No. 2 step wedge resulted in 15 visible steps 
with a density of 2.42 in the first step. Identical exposure 
of an otherwise identical coating made without the 4 
picoline-N-oxide resulted in only 9 steps and a first step 
can be varied from as little as 0.1 part to as many as 
2 parts by weight of the color forming compound em 

Example 1 was repeated using other N-oxides with the 
following results: 

Weight No. of 
N-oxide (Eng.) Steps Step 

2. 2,6-iultidine-N-oxide.----------------------- 5 18 1.95 
3.4 (P-N,N-dimethylamino styryl pyridine- O 13 2.28 

N-oxide. 
4. Quinaldine-N-oxide hydrate----------- 20 13 90 
5. 1,3-dipyridylpropane-N,N'-dioxide.-------- 5 5 2.06 

EXAMPLE 6 

Similar results were obtained when 3,6-bis(dimethyl 
amino) - 9 -(p-dimethylamino)phenylxanthene was used 
in place of the leuco crystal violet of Example 2. 

EXAMPLE 7 

Leuco malachite green was used in place of the leuco 
Crystal violet of Example 1. Similar results were obtained. 

EXAMPLES 8-10 

Similar results were obtained when a-N-diphenylni 
trone, A-pyrroline-N-oxide, and diphenylfuroxan were 
each used with leuco malachite green as in Example 7, 
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EXAMPLE 11 
Five hundred milligrams of carbon tetrabromide were 

dissolved in 4 cc. of a 10% solution of the copolymer of 
styrene and acrylonitrile (Tyril 767, Dow) in methylene 
chloride containing 50 mg. of 2,7-bis(dimethylamino)- 
10 - p - dimethylaminophenyl-9,10-dihydro-9,9-dimethyl 
anthracene, 100 mg. of triphenylstibine and 2 mg. of pyr 
idine-N-oxide. The mixture was coated on 300-D Mylar 
and allowed to dry. Exposure of the coating of a visible 
light source in an Eastman Kodak sensitometer (Model 
101) for one minute resulted in an image which indicated 
a speed increase of at least 10 times over a otherwise 
similar coating without pyridine-N-oxide. 

EXAMPLES 12 and 13 

Results similar to those obtained in Example 11 were 
obtained when cyclohexene furoxan and o-N-dipheny 
nitrone were each used in place of the pyridine-N-oxide of 
Example 11. 

EXAMPLE 14 
When leuco crystal violet was used in place of the 2,7- 

bis(dimethylamino) - 10 - p-dimethylaminophenyl-9,10 
dihydro-9,9-dimethylanthracene of Example 11, similar 
results were obtained. 

EXAMPLE 15 
Example 1 was repeated using 25 mg. of 4-(p-dimethyl 

aminostyryl) quinoline in place of the 100 mg. of leuco 
crystal violet. After the initial exposure, the coating was 
exposed to a 500-watt projector having a Corning No. 
2030 glass filter in front of the lens. The resultant step 
wedge showed an increase in speed of 5 to 10 times over 
a coating without 4-picoline-N-oxide. 

EXAMPLE 16 
Example 15 was repeated using 2-(p-dimethylamino 

styryl) quinoline in place of 4-(p-dimethylaminostyryl) 
quinoline, with a similar increase in speed. 

EXAMPLE 17 
Five hundred and seventy milligrams of carbon tetra 

bromide were dissolved in 5 cc. of a 10% solution of 
polyvinylchloride (PVC-450, Diamond Alkali) in cyclo 
hexanone containing 100 mg. of 3 - ethyl-5-(3-ethyl 
2(3H) - benzothiazolylidene) - ethylidene-2-(duinolyl 
methylene)-4-thiazolidone, 100 mg. of 2-mercaptobenzo 
thiazole and 15 mg. of 4-picoline-N-oxide. The mixture 
was coated on 300-D Mylar and allowed to dry. Exposure 
to a 500-watt GE photoflood through an Eastman No. 2 
step wedge resulted in image which indicated a two times 
to three times speed increase as compared with results ob 
tained by exposing a coating without 4-picoline-N-oxide. 

EXAMPLE 18 
Example 17 was repeated replacing 4-picoline-N-oxide 

with cyclohexenefuroxan. A similar increase in speed was 
obtained. 

EXAMPLE 19 
In place of the merocarbocyanine of Example 17, a simi 

lar amount of carbocyanine 4 - 3 - (3-ethyl-2(3H)- 
benzothiazolylidene) propenyl]-quinoline was used. Simi 
lar increases in speed resulted. 

EXAMPLE 20 

One and four-tenths (1.4) grams of carbon tetrabro 
mide were dissolved in 4 cc. of a 10% solution of poly 
styrene in benzene containing 50 mg. of leuco malachite 
green, 25 mg. of 4 - (p-dimethylaminostyryl)-quinoline, 
10 mg. of the methoxy ether of malachite green and 2 
mg. of 4-pyridylcarbinol-N-oxide. The mixture was coated 
on 300-D Mylar and allowed to dry. Exposure in an 
Eastman Kodak sensitometer (model 101) through a 
step wedge (Eastman No. 2) and post exposure to a Pene 
tray IR lamp for 6 minutes resulted in an image which 
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6 
had 7 more steps than that obtained from a coating which 
contained no 4-pyridyl-carbinol-N-oxide. 

EXAMPLE 21 
Fifty milligrams of p - nitrobenzenesulfonyl chloride 

were dissolved in a mixture of 2.0 cc. of 10% solution of 
polystyrene in benzene plus 2.0 cc. of acetone containing 
50 mg. of leuco opal blue and 30 mg. of 2-pyridylcarbinol 
N-oxide. The mixture was coated on 300-D Mylar and al 
lowed to dry. Exposure to a GE photoflood at 12 inches 
distance (lamp to film plane) through an Eastman No. 
2 step wedge resulted in an image which had 10 more 
steps than that obtained with an otherwise identical coat 
ing with no 2-pyridylcarbinol-N-oxide. 

EXAMPLE 22 
When 2-mercaptobenzothiazole was used in place of the 

p-nitrobenzenesulfonyl chloride of Example 21 a similar 
speed increase was obtained. 

EXAMPLE 23 

When 300 mg. of iodoform were used in place of the 
p-nitrobenzenesulfonyl chloride of Example 21, similar 
results were obtained. 

EXAMPLE 24 
Five hundred milligrams of carbon tetrabromide were 

dissolved in 5 cc. of a 5% solution of the copolymer of 
styrene-acrylonitrile (Tyril 767, Dow) in methylene chlo 
ride containing 10 mg. of leuco crystal violet, 10 mg. of 
Michler's ketone, 100 mg. of triphenylstibine and 2 mg. 
of 4-picoline-N-oxide. The mixture was coated on baryta 
photographic paper which has a polyvinyl alcohol coat 
ing on the surface, and dried. Exposure of the coating to a 
35 mm. projector for 10 seconds gave a visible blue 
image. The entire coating was heated at 100° C. for 
two minutes for fixing. Without the N-oxide, the same 
coating exposed to the same dose of radiant energy re 
quired additional heating under a GE IR lamp at 6 inches 
for 2-3 seconds before any image was visible. 

EXAMPLE 25 
Example 24 was repeated using cyclohexenfuroxan in 

place of the 4-picoline-N-oxide. Similar results were ob 
tained. 
We claim: 
1. A photosensitive composition comprising: 
(a) at least one color forming compound selected from 

the group consisting of leuco di- and tri-phenylmeth 
ane color forming compounds, and leuco dye bases; 

(b) at least one activator for accelerating the change 
in said leuco compound, produced as a result of ex 
posure to a suitable dose of radiation, from the orig 
inal compound to a product having a different color; 
and 

(c) at least one organic N->O compound in sufficient 
amount to further accelerate the change to said prod 
luct directly as a result of said exposure of said dose 
of radiation, and wherein the N->O compound is 
Selected from the group consisting of compounds 
represented by one of the general formulas R-N->O 
al 

KN - O 
N/ 

wherein R represents an organic moiety such that the 
resulting compound is an N-oxide selected from the 
group consisting of tertiary amines, nitrones and di 
nitrones and R' represents atoms of carbon, oxygen, 
nitrogen or sulfur recessary to complete a 5 or 6 
membered ring or a fused ring. 

2. The composition of claim 1 wherein the N->O com 
pound is one represented by the general formula R-N->O 
wherein R represents an organic moiety such that the 
resulting compound is an N-oxide selected from the group 
consisting of tertiary amines, nitrones, and di-nitrones. 
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3. The composition of claim wherein the N->O com 
pound is one represented by the general formula 

/N 
R1 N - O 
N-/ 

wherein R represents atoms of carbon, oxygen, nitrogen 
or sulfur necessary to complete a 5 or 6 membered ring 
or a fused ring. 

4. The composition of claim 1 wherein the activator 
is at least one compound represented by the general for 
mula A-C-X3 wherein. A represents a monovalent radi 
cal selected from the group consisting of halogen, alkyl, 
substituted alkyl, including halogen substituted alkyl, aryl, 
substituted aryl, aroyl and aralkyl and each X represents 
a halogen atom selected from the group consisting of 
chlorine, bromine and iodine and all of the X's need not 
be the same. 

5. The composition of claim 4 wherein the activator 
is a bromine substituted alkane. 

6. The composition of claim 1 wherein the activator 
is a sulfur containing organic compound represented by a 
general formula selected from the group consisting of 
R-SH and R-S-S-R1 wherein R represents a ring 
selected from the group consisting of carbocyclic, hetero 
cyclic and fused rings. 

1) 
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7. The composition of claim 6 wherein the activator 

is a mercaptobenzothiazole. 
8. The composition of claim 1 wherein there are be 

tween 0.1 and 2 parts by weight of N-> O compound for 
each part by weight of color forming compound. 

9. The composition of claim 1 which includes in addi 
tion, a film forming binder. 

10. The process which comprises preparing the com 
position of claim 1 in a thin dry layer and thereafter photo 
graphically exposing said composition to a suitable dos 
age of radiation, whereby a color change occurs in the 
exposed portions of said layer, directly as a result of 
said exposure. 

11. The composition of claim 2 wherein the N->O com 
pound is 4 picoline-N-oxide. 
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