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United States Patent Office 3,220,846 
Patented Nov. 30, 1965 

3.220,846 
USE of SALTs of READiY DECARBOXYLATED 
ACDS IN THERMG GRAPHY, PHOTO GRAPHY, 
PHOTOTHERMOGRAPHY AND THERMOPHO 
TOGRAPHY 

John F. Tinker and John J. Sagura, Rochester, N.Y., as 
signors to Eastman Kodak Company, Rochester, N.Y., 
a corporation of New Jersey 

Fied June 27, 1960, Ser. No. 39,155 
11 Claims. (C. 96-91) 

This invention relates to the use of heat-sensitive salts 
of readily decarboxylated organic acids in heat-sensitive 
elements for thermography, photothermography, thermo 
photography and photography. 

Thermographic, photothermographic and thermophoto 
graphic copying materials and methods have been pre 
viously described in a number of domestic and for 
eign patents. The use of light-sensitive silver halide 
emulsion layers which incorporate a developing agent 
and in which the latent image may be developed by heat 
processing have been described in patents. These mate 
rials usually have the advantage over other copying ma 
terials of being processed simply and rapidly without use 
of solutions, to give direct positive images. For example, 
thermographic materials are used to produce copies by 
holding the support of the thermographic copying material 
in conductive contact with the original image, while pass 
ing infrared radiation through the copying material, thus 
creating a heat pattern of the image in the original which 
is conducted to the heat-sensitive layer of the copying ma 
terial where a corresponding image is produced. Photo 
thermographic copying materials are exposed through an 
image transparency with visible light to differentially 
photodecompose the light-sensitive component in areas 
of the copying material corresponding to the transmitting 
areas of the transparency and then a visible image is 
formed in the copying material by heat treatment. 
Thermophotographic copy material is exposed in the same 
manner as the thermographic material and the image 
produced is stabilized by photodecomposition of the re 
sidual unreacted light-sensitive component in the image 
layer. 

Certain of these thermographic, photothermographic 
and thermophotographic copying materials used previous 
ly are not as sensitive as desired, and, consequently, re 
quire relatively long exposure to produce a facsimile 
copy. Other materials may not suffer from the afore 
mentioned limitation, but they are difficult to use or han 
die because they contain metallic ions which might stain 
the support uopin which the heat-sensitive layer is coated. 
Other materials exhibit thermotrophy and loss in devel 
oped color when the heat-sensitive material is cooled to 
Toon temperature. 

It is, therefore, an object of our invention to provide 
novel thermographic, photothermographic and thermo 
photographic copying materials which have improved 
sensitivity, which are free of stain problems, and which 
produce images that are stable. 
A further object is to provide valuable thermographic, 

photothermographic and thermophotographic copyingma 
terials which contain salts of readily decarboxylated or 
ganic acids which, upon heating, release in situ basic ma 
terials such as amines, reducing agents, such as photo 
graphic developing agents, catalysts or color-forming com 
pounds which react with other components present or 
which bring about chemical reactions between other com 
ponents present to create the visible image. 
A further object is to provide a light-sensitive silver 

halide emulsion which contains a heat-sensitive salt of a 
readily decarboxylated organic acid and a reducing agent 
which, upon exposure, becomes developable by heat treat 
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ment which produces in situ a reducing agent that devel 
ops the exposed silver halide to a silver image. 

Other objects will become apparent from the follow 
ing specification and claims. 
We have discovered that these and other objects are 

accomplished by incorporating heat-sensitive salts of 
readily decarboxylated organic acids in radiant energy 
sensitive layers used for thermography, photothermog 
raphy, thermophotography and photography. The heat 
Sensitive salts of readily decarboxylated organic acids 
which are valuable for use in our invention are repre 
sented by the formula: 

in which WH represents a member selected from the 
class consisting of: 

-L - 

a YN-" radical, a radical, a R2-N-(CH2)(-)-H+ 
/ N R 

Rid-1) It R 

NEII+ 

radical, and a (NH2)2C=NHH radical 
in which L represents the non-metallic atoms necessary 
to complete a cyclic structure such as a piperidine radical, 
a 2-alkyl or 4-alkyl substituted piperidine radical in which 
the alkyl radical has from 1 to 8 carbon atoms, e.g., meth 
yl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, terti 
arybutyl, n-amyl, isoamyl, hexyl, heptyl, octyl, etc., such 
that the piperidine radical may be 2-methylpiperidine, 4 
ethylpiperidine, 2-propylpiperidine, 4-isopropylpiperidine, 
2-butylpiperidine, 4-isobutylpiperidine, 2-tertiarybutyl 
piperidine, 4-isoamylpiperidine, 2-hexylpiperidine, 4-octyl 
piperidine, etc., a 2-alkarylpiperidine in which the alkaryl 
group has from 7 to 14 carbon atoms, e.g., methylphenyl, 
ethylphenyl, propylphenyl, butylphenyl, amylphenyl, 
hexylphenyl, heptylphenyl, octylphenyl, etc., 22,4-di 
nitrobenzyllpyridine, etc., morpholine, a 2-alkmorpholine 
in which the alkyl group has from 1 to 8 carbon atoms, 
such as defined above and in which the 2-alkyl morpholine 
radical may be 2-methylmorpholine, 2-propylmorpholine, 
2-hexylmorpholine, 2-octylmorpholine, etc., 2-alkaryl 
morpholine radicals in which the alkaryl has from 7 to 
14 carbons atoms as defined above and the 2-alkaryl 
morpholine radical may be a radical, such as 2-methyl 
phenylmorpholine, 2-butylphenylmorpholine, 2 - octyl 
phenylmorpholine, etc.; R represents a hydrogen atom, 
a lower alkyl of from 1 to 4 carbon atoms, such 
as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
tertiarybutyl, etc.; d is a positive integer of 1 to 2; X 
represents a hydrogen atom, a hydroxyl group or a di 
alkylamine radical in which the alkyl groups each have 
from 1 to 4 carbon atoms as defined above; R1 represents 
a hydrogen atom, an alkyl radical having from 1 to 8 
carbon atoms as defined above, aminoalkyl radicals, such 
as aminomethyl, aminoethyl, etc.; R represents an amino 
alkyl radical as defined above or a 1,3-dihydroxy-2-hy 
droxymethyl-2-propyl radical; n is the positive integer 1, 
2 or 3; Y represents a hydrogen atom, a chlorine atom, 
a bromine atom of a fluorine atom; n is the positive in 
teger 1, 2, 3 or 4; and Z represents a 

O 

CH,- 
radical, a ClsC- radical, a FaC- radical, a BrC- radi 
cal, a NC- radical or a (NO3)3C- radical. 
When the heat-sensitive salt compounds of our inven 

tion are heated to the temperature at which the acid 
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moiety decarboxylates, there is produced a free base rep 
resented by W of the formula, CO2 and a compound 
having the formula HECY)(n-1)Z. For example, when 
piperidine trichloroacetate, one of the salts of our inven 
tion, is heated to the decarboxylation temperature, piperi 
dine, carbon dioxide and chloroform are produced. 
The following compounds are representative of the 

heat-sensitive salts of readily decarboxylated acids of our 
invention. 
(1) Piperidinium trichloroacetate 

N/ 

(2) Morpholinium trichloroacetate 

(3) 2-picoline trichloroacetate 

(4) 1-methyl-2(2,4-dinitrobenzyl)pyridinium trichloro 
acetate 

N O 

rt-C- 
NN/ 

(5) Guanidinium tricholoroacetate 
NH 

(-NHoc CCl3 
iH, 

(6) Tetraethylammonium trichloroacetate 
C2H5 

H.C.--C-Ho-c C Cla 
2Es 

(7) Triethylenediamine trichloroacetate 
(HNCHCH)NH+O-CCCl3 

(8) 1,3-dihydroxy-2-hydroxymethyl-2-propylammonium 
trifluoroacetate 

OE 

&H, 
Ho-CH-NH Hoc CF 

Ha 

&H 
(9) 1,3-dihydroxy-2-hydroxymethyl-2-propylammonium 
perfluorobutyrate 

OH 

&H, 
EO CH-i-NH. Hoc CF 

d 

OH 

4 
(10) 1,3-dihydroxy-2-hydroxymethyl-2-propylammonium 

trichloroacetate 
OH 

(H, 
Ho-CH-)-NH-HOCCC1, 

O (11) p-Toluidinium trifluoroacetate 
pH, 

NH, Ho-CCF, 
(12) 2-amino-5-diethylaminotoluene trichloroacetate 

(H, 
-NE-HOCCCs 

(13) p-Aminophenol trifluoroacetate 
O 

NH-Ho CCF3 
(14) p-Methylaminophenol trichloroacetate 

oit 

H3C-NE-HOCCCl3 
In general, the amine salt compounds are prepared by 

adding a solution of the base, compound W, dissolved 
in a suitable solvent, such as diethyl ether, to a solution 
of the acid, 

O 

EO (CY) (n-1)2 

dissolved in the same solvent or a compatible solvent. 
The salt compound precipitates, is removed by filtration, 
washed with solvent to remove excess reactants, filtered 
and dried in a vacuum desiccator. 
The preparation of piperidine trichloroacetate will fur 

ther illustrate this process. 
EXAMPLE I 

1.0 mole of piperidine dissolved in 150 cc. of diethyl 
ether was added to a solution of 1.1 moles of trichloro 
acetic acid dissolved in 80 cc. of diethyl ether. The pre 
cipitated salt, piperidine trichloroacetate was collected, 
filtered, washed with 100 cc. of diethyl ether, filtered 
and dried in a vacuum desiccator. 
We have found that it is advantageous to use mixed 

Salts having a common acid moiety, such as a mixture of 
piperidinium trichloroacetate and morpholinium tri 
chloroacetate. The following example illustrates how 
Such a mixture was prepared. 

EXAMPLE II 

The process of Example I was used, but an ether solu 
tion containing 0.9 mole of piperidine and 0.1 mole of 
morpholine was added to the ether solution containing 1.1 
moles of trichloroacetic acid. The resulting mixture of 
piperidinium trichloroacetate and morpholinium trichloro 

75 acetate was purified and dried as in Example I. 
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In general, the quaternary ammonium salt compounds 
are prepared by adding an alcohol solution of the quater 
nary ammonium chloride salt to an alcohol solution of 
the sodium salt of the appropriate acid. The precipitated 
sodium chloride is then removed by filtration and the 
quarternary salt product is isolated from the filtrate either 
by evaporation of the solvent or precipitation with a non 
solvent. 
water, aqueous solutions may be employed. The product 
then precipitates from the reaction mixture. 
The preparation of 1-methyl-2(2-dinitrobenzyl)pyri 

dinium trichloroacetate will illustrate this type of reaction. 
EXAMPLE III 

1 - methyl - 22.4 - dinitrobenzyl pyridinium trichloro 
acetate was prepared as follows: 

Equimolar amounts of 1-methyl-2I2,4-dinitrobenzyl 
pyridinium chloride and sodium trichloroacetate were dis 
solved in a minimum of absolute ethanol. The solution 
was stirred at 50 C. for four hours, the precipitated So 
dium chloride was filtered off and the filtrate was evapo 
rated to dryness. The product was purified by solution in 
absolute ethanol followed by precipitation with diethyl 
ether. 

EXAMPLE IV 

Guanidinium trichloroacetate was prepared as follows: 
Ninety grams (0.5 mole) of guanidine carbonate was 

placed in a one-liter Erlenmeyer and covered with meth 
anol (150 cc.). To this was added slowly a solution of 
245.1 grams (1.5 moles) of trichloroacetic acid in 150 cc. 
of methanol. After the addition was completed, the 
reaction mixture was warmed on the steam bath with the 
addition of more methanol (approx. 200 cc.) until all the 
guanidine carbonate was in solution. This was allowed 
to cool in the ice chest and filtered. The filtrate was 
evaporated to about one-third of its original volume on 
a Rinco evaporator, cooled and filtered. The filtrate 
was then diluted with ether and filtered. The three crops 
of the crystalline product were combined and recrystal 
lized from methanol, yield 114 grams (51.5 percent of 
theoretical), M.P. 162-163, M.W. 222. 

EXAMPLE V 
The other heat-sensitive salts of our invention were 

prepared by one of the methods illustrated above. Table 
I lists the base or salt, the acid or sodium Salt, and the 
solvent used in the preparation of the representative ex 
amples of our heat-sensitive salt. 

Table I 

Salt Com- Base (or Salt) Acid (or sodium salt) Solvent 
pound 

Piperidine------------ Trichloroacetic acid. Diethyl 
ether. 

Morpholine----------------- do----------------- Do. 
2-picoline------------------- do----------------- Do. 
1-methyl-2(2,4-di Sodium trichloro- Ethanol 
trobenzyl) pyridin- acetate. 
ium chloride. 

5--------- Guanidline carbonate.------ do----------------- Methanol. 
6--------- Tetraethyl-ammon- Sodium trichloro- Water. 

ium chloride. acetate. 
7--------- Triethylene-diamine.-- Trichloroacetic acid--- Methanol. 
8--------- 1,3-dihydroxy-2- Trifluoroacetic acid--- Do. 

hydroxymethyl-2- 
propylamine. 

9-------------- do----------------- Perfluorobutericacid Diethyl 
ether. 

10------------- do----------------- Trichloroacetic acid--- DO. 
11-------- p-Toluidine----------- Trifluoroacetic acid--- Methanol. 
12-------- 2-amino-5-diethyl- Trichloroacetic acid--- Diethyl 

aimino-toluene. ether. 
13-------- p-Aminophenol------- Trifluoroacetic acid. Methanol. 
14-------- p-Methylaminophenol. Trichloroacetic acid--- D0. 

The seat-sensitive salts of our invention are incorpo 
rated in layers for heat-sensitive copying materials in which 
binders such as gelatin, polyvinyl alcohol, polyvinyl butal, 
polyvinyl acetal, ethyl cellulose, methyl cellulose, poly 
vinyl acetate or any other water or alcohol-soluble poly 
mer is used. These layers are coated upon paper or other 

If the desired quarternary salt is insoluble in 
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6 
fibrous compositions which have a char temperature that 
is preferably above 125 C. These layers may also be 
coated on transparent materials used for photographic 
film base such as cellulose acetate, polyethylene tereph 
thalate, polystyrene, polycarbonates, etc. 

Heat-sensitive copying material of the thermographic 
type which contains our heat-sensitive salts have (a) a 
component such as a heterocyclic quaternary salt having 
the formula 

(II) /'s 
- (CH) 

s C-R. 
Nee 
k Jet 

in which D represents the nonmetallic atoms necessary 
to complete an aromatic ring, a heterocyclic ring or a 
carbocyclic ring, Q represents a nitrogen atom, a sulfur 
atom, an oxygen atom, a selenium atom, or a -(CH) = 
group, l represents 0 or 1, R. represents an alkyl group 
having from 1 to 18 carbon atoms or an aryl group, R 
represents an alkyl group having from 1 to 18 carbon 
atoms or an aralkyl group, J represents an acid anion 
of an acid weaker than the readily decarboxylated acid 
of Formula I, such as p-toluenesulfonate, methyl sulfate, 
alkylsulfonate, chloroacetate ions, etc., such that the 
quaternary ammonium salt may be a benzothiazolium salt 
compound, for example, 2,3-dimethylbenzothiazolium 
p-toluenesulfate, 2,3-dimethyl-5-alkylbenzothiazolium p 
toluenesulfonate, in which the alkyl group may have 
from 1 to 8 carbon atoms, e.g. methyl, ethyl, propyl, 
butyl, amyl, hexyl, heptyl, octyl, etc., 2,3-dimethyl-6-alkyl 
benzothiazolium p-toluenesulfonate in which the alkyl 
group may have from 1 to 8 carbon atoms as defined 
above, 1,4 - dimethylquinolinium p - toluenesulfonate, 1 
ethyl-2-picolinuim p-toluenesulfonate, 3-ethyl-2-methyl 
benzothiazolium p - toluenesulfonate, a benzoxazolium 
compound e.g. 2,3-dimethylbenzoxazolium salt compound, 
e.g. 2,3-dimethylbenzoxazolium p-toluenesulfonate, 2,3- 
dimethyl - 5 - alkylbenzoxazolium p-toluenesulfonate in 
which the alkyl group may have from 1 to 8 carbon 
atoms as defined above, and (b) a p-quinone or a sub 
stituted p-quinone which has at least one unsubstituted 
hydrogen on the ring such as the p-quinones of Crevling 
et al., U.S. Patent 2,899,334 issued August 11, 1959, or 
alternatively, cupric salts such as cupric chloride, cupric 
chloride dihpdrate, cupric nitrate, cupric nitrate trihy 
drate, cupric nitrate hexahydrate, cupric sulfate, cupric 
Sulfate pentahydrate, etc. 
Copying materials of the photothermographic and 

thermophotographic type containing our heat-sensitive 
salts also contain (a) a radiant energy Sensitive com 
ponent, e.g., a diazonium compound of the type conven 
tionally used in the art of diazophotography along with 
one or more conventional diazo-couplers. 

Light-sensitive silver halide photographic copying mate 
rials of our invention contain heat-sensitive salts which, 
upon decarboxylation, produce free developing agents, 
such as p-aminophenol, 2-amino-5-diethylaminotoluene, 
p-methylaminophenol, etc. They may also contain a 
Second heat-sensitive salt of our invention which, upon 
decarboxylation, releases a basic material such as piper 
idine, morpholine, 2-picoline, guanidine, etc. 
The following examples will illustrate specifically rep 

resentative applications of our salts in these heat-sensi 
tive copying materials. 

EXAMPLE VI 
A thermographic copying material was prepared as 

follows: 
The methanolic solution of poly(vinylbutal), 2,3-di 

methylbenzothiazolium p-toluenesulfonate, p-quinone and 
piperidinium trichloroacetate was coated on a thin paper 
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base. After drying, the suport of this copying material 
was held in conductive relationship with a printed original 
and infra-red radiation was passed through the copying 
material. This created a heat pattern according to the 
image of the printed original which was conducted through 
the support of the copying material and created a cor 
responding visible image in the heat-sensitive layer. 

Alternatively, the dry thermographic copying material 
may be exposed to infra-red radiation by passing the 
radiation through the printed original instead of passing 
it through the copying material as described above. In 
order that this be possible, however, the support of the 
printed original must be capable of transmitting infra 
red radiation. 

In this process, the piperidinium trichloroacetate decar 
boxylated in the areas corresponding to the heat image 
produced in the original to release piperidine in situ and 
thus causing the 2,3-dimethylbenzothiazolium p-toluene 
sulfonate to couple with the p-quinone to produce a dye 
image. 

Although any of the base releasing heat-sensitive salts 
of our invention may be used for the thermographic 
type of copying material, we have found that those hav 
ing decarboxylation temperatures in the range of 60 C. 
to 130° C. are to be preferred. 
We have discovered that the stability of heat-sensitive 

copying materials during the period of storage before 
exposure and use, can be improved appreciably by the 
use of mixtures of two heat-sensitive salts having a com 
mon acid moiety in place of a single heat-sensitive salt. 
For this reason, it is particularly advantageous to use 
such mixtures especially where the heat-sensitive salt 
has a relatively low decarboxylation temperature. 

Examples VII and VIII serve to illustrate this effect. 
EXAMPLE VI 

An ether solution of 0.9 mole of piperidine and 0.19 
mole of morpholine was added to an ether solution of 
1.1 mole of trichloroacetic acid. The precipitated solid 
was collected, dried in a vacuum desiccator and stored in 
a closed bottle. A sample of piperidinium trichloro 
acetate was prepared and stored in a similar manner. 
After one week, the stored sample of piperidinum trichlo 
roacetate had decomposed, while the mixed salt sample 
showed no signs of decomposition even after one month. 
A sample of the mixed salt exposed to the atmosphere 
also showed no signs of decomposition after one month. 

EXAMPLE VII 

Guanidinium trichloroacetate (decomposes at 162 C.) 
was mixed intimately with 1-methyl-2 (2,4-dinitrobenzyl 
pyridinium p-toluenesulfonate (decomposes at 200 C.). 
A sample of this mixture began to turn blue (the char 
acteristic color of the anhydro base of the pyridinium salt) 
at 65° C. A coating, on paper, of a dope containing 1 
gram of the guanidinium salt and 72 gram of the pyridini 
um salt in 100 millimeters of 10% gelatin was dried and 
exposed in contact with a printing original and eXposed 
to infra-red radiation in the manner described in Example 
6, such that the image temperature was 100 C. An ex 
cellent blue image resulted. 

Valuable thermographic copying material is made in 
which the p-quinone compound is replaced by a cupric 
salt. We have found that in general the exact stoichi 
ometry for a thermographic layer containing such a salt 
combination must be determined empirically. We have 
also found that those quaternary salts of Formula II in 
which the R5 bears an active hydrogen atom are most 
useful in thermographic layers and the operating ten 
perature of the layer may be varied by varying the con 
centrations of the salts employed or by adding a common 
anion or a foreign anion to the system. Common ions 
tend to raise the operating temperature while foreign 
ions tend to lower the operating temperature. 

In practice, a coating on a suitable Support is made 

5 

O 

20 

30 

35 

40 

45 

50 

60 

65. 

Salt in the exposed areas. 

3 
from a solution of the indicated materials in the empirical 
ly determined stoichiometric amounts and a resinous 
binder in a common solvent. The coating is then ex 
posed by the procedure used in Example 6 to create a 
visible image in the heat-sensitive layer. The color and 
stability of the colored image formed can be varied by 
the particular salt combination employed. The back 
ground color is uniform in color and density and is not 
to be confused with the mottled or streaked stains that 
develop in some prior art elements containing metallic 
OS 

The following Examples 9, 10, and 11 illustrate typical 
embodiments of this system. 

EXAMPLE X 

A solution in 50 ml. of methanol of 3.43 grams of 
1,4-dimethyl quinolinium p-toluenesulfonate, 2.2 grams of 
guanidinium trichloroacetate and 0.85 gram of cupric 
chloride dihydrate was added to 50 ml. of a 5 percent 
solution of ethyl cellulose (such as Ethocell T-100 made 
by Dow Chemical Company), in 9:l ethanol-benzene. 
The resulting dope was coated on the sized side of Rhine 
lander Opaque Greaseproof paper. Exposure of the 
coated element according to the method used in Example 
6 gave a blue image on a pale yellow background. 

EXAMPLE X 

A solution of 50 ml. of methanol of 3.5 grams of 3 
ethyl-2-methylbenzothiazolium p-toluenesulfonate, 2.2 
grams of guanidinium trichloroacetate and 0.85 gram of 
cupric chloride dihydrate was added to 50 ml. of a 5 
percent solution of ethyl cellulose in 9:1 ethanol-benzene. 
The resulting dope was coated on the sized side of Rhine 
lander Opaque Greaseproof paper. Exposure by the 
method described in Example 6 produced an excellent 
blue image on a pale yellow background. 

EXAMPLE X 

A solution of 50 ml. of methanol of 3.5 grams of 
3-ethyl-2-methylbenzothiazolium p-toluenesulfonate, 2.2 
grams of guanidinium trichloroacetate and 0.36 gram of 
cupric nitrate trihydrate was added to 50 ml. of a 5 per 
cent solution of ethyl cellulose in 9:1 ethanol-benzene. 
The resulting dope was coated on the sized side of Rhine 
lander Opaque Greaseproof paper. Exposure by the 
procedure used in Example 6 produced an excellent blue 
image on a white background. 

EXAMPLE XII 
A photothermographic copying material was prepared 

as follows: 
A methanolic solution of poly(vinylbutal), 4-diethyl 

aminobenzenediazonium chloride zinc chloride, 2,3-dihy 
droxynaphthalene and piperidinium trichloroacetate was 
coated on a film base. The dry coating was exposed 
through a continuous tone positive transparency to a 
General Electric R.S. Reflector Sunlamp at 10 inches 
for one minute to differentially destroy the diazonium 

The exposed plate was then 
heated at 130° C. for 30 seconds to liberate the piperidine 
from its salt to develop the positive violet azo dye image. 
Alternatively, daylight or any other approximation of 
daylight can be used in place of the General Electric 
R.S. Reflector Sunlamp used to differentially destroy the 
diazonium salt in the exposed areas of the photothermo 
graphic copying materials of our invention. 
Although any of the heat-sensitive salts of our inven 

tion which release a basic material upon decarboxylation, 
may be used for photothermographic copying materials, 
we have found that those having a decarboxylation tem 
perature of from 100° C. to 160° C. are to be preferred 
for this application. 
The following example will illustrate how our heat 

Sensitive salts are used in copying materials for thermo 
photography. 
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EXAMPLE X 
A thin paper base was coated with the composition 

described in Example XII and the coating was allowed 
to dry. The dry copying material was then exposed 
in contact with a printed original by the method described 
in Example VI. The print was then exposed to a Gen 
eral Electric R.S. Sunlamp for 30 seconds to destroy 
the residual diazonium salt and thus stabilize the print. 
The following example will illustrate how the heat 

sensitive salts of our invention that have a reducing agent 
as the basic moiety of the salt are used in light-sensitive 
silver halide emulsions for photography. - 

EXAMPLE XIV 

A sheet of silver bromide paper, such as Kodabromide 
E-5, was soaked in a dilute aqueous solution of the tri 
fluoroacetic acid salt of p-aminophenol for 30 seconds and 
then allowed to dry. The dry copying material was then 
exposed through a negative pattern with a 60-watt in 
candescent lamp at 2 feet for 60 seconds. The emulsion 
side of the paper was then steamed for 30 seconds to de 
velop a blue-brown positive image. Untreated silver 
bromide paper of the same type subjected to the same 
treatment gave no image. 

Similarly, other photographic printing paper may be 
treated in dilute aqueous solutions of heat-sensitive Salts 
of our invention containing other developing or reduc 
ing agents to produce similar results. 

Heat-sensitive salts of readily decarboxylated acids 
can also be made of other compounds which, when 
freed from the salt by decarboxylation of the acid 
moiety, are useful in copying materials and in photo 
graphy. For example, such salts may be made which 
generate catalysts, such as mercury and mercuric ions, 
stabilizing materials, such as antifoggants, e.g., a mercap 
totetrazole, color-forming compounds, such as illustrated 
above and other types of reactants commonly used in 
photography. 
The accompanying drawings, FIGURES 1, 1A, 2, 2A, 

3, 3A, 4 and 4A, further illustrate how our heat-sensitive 
decarboxylatable salt compounds are used in copying ele 
ments and how these elements are used. 
FIGURE 1 represents a cross sectional view of a 

thermographic element consisting of a support 10 and 
thermographic layer 11 containing 2,3-dimethylbenzo 
thiazolium - p - toluenesulfonate, p - quinone and piperi 
dinium trichloroacetate. 
FIGURE 1A illustrates how the printed character 2 

of the original 13 is copied in thermographic layer 11 by 
passing infra-red radiation from infra-red lamp 14 
through the thermographic layer 11 and support 40 held 
in conductive contact with the original printed character 
12, thus creating a heat pattern of 12 that is conducted 
through the support 10 resulting in the production of 
piperidine in 11 from decarboxylation of piperidine tri 
chloroacetate according to the heat pattern, followed by 
the color-forming reaction of 2,3-dimethylbenzothia 
zolium-p-toluenesulfonate with p-quinone where piperi 
dine was produced. 
FIGURE 2 shows a cross sectional view of a photo 

thermographic element consisting of a support 15 coated 
with a photothermographic layer 16 containing 4-diethyl 
amino-benzenediadonium chloride zinc chloride, 2,3-di 
hydroxynaphthalene and morpholinium trichloroacetate 
which is being exposed by light from 9 through image 
17 in original 13 to photodecompose the 4-diethylamino 
benzenediazonium chloride in layer 16 excepting under 
image 17. 
FIGURE 2A shows the heat processing of the exposed 

layer 16 by exposure to infra-red radiation from 14 to 
produce morpholine by decarboxylation of morpholinium 
trichloroacetate which causes the invisible 4 - diethyl 
aminobenzenediazonium chloride zinc chloride image to 
react with 2,3-dihydroxynaphthalene to produce a visible 
positive record of the original. 
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10 
FIGURE 3 shows a cross sectional view of a thermo 

photographic element consisting of Support 22 coated 
with a thermophotographic layer 21 containing 4-diethyl 
aminobenzenediazonium chloride zinc chloride, 2-3-di 
hydroxynaphthalene and morpholinium trichloroacetate 
which is being exposed to infra-red radiation from 14 
while support 22 is held in conductive contact with 
image 12 in original 13. The heat pattern formed of 
image 12 is conducted through 22 and produces morpho 
line by decarboxylation of morpholinium trichloroacetate 
in the areas corresponding to the heat pattern where a 
visible image-forming reaction occurs between the 4-di 
ethylaminobenzenediazonium chloride and the 2,3-dihy 
droxynaphthalene to produce positive record image 20. 
FIGURE 3A shows how visible image 20 is stabilized 

by exposing layer 21 to light source 19 to photodecom 
pose the residual 4-diethylaminobenzenediazonium chlo 
ride in layer 21. 
FIGURE 4 represents a cross sectional view of a photo 

graphic element consisting of support 24 bearing light 
sensitive silver halide emulsion layer 23 containing in 
corporated p-aminophenol trichloroacetate which is being 
exposed to light from 19 through image 17 in original 
18. 
FIGURE 4A shows the heat processing of the ex 

posed element of FIGURE 4 by exposing layer 23 to 
steam which causes the p-aminophenol trichloroacetate 
to decarboxylate with the release of p-aminophenol which 
develops the exposed silver halide to form the silver 
positive record 25. 
The novel heat-sensitive copying materials of our in 

vention are characterized by containing heat-sensitive 
salts of readily decarboxylated organic acids. We have 
found that it is highly advantageous to use a mixture of 
two heat-sensitive salts which have a common, readily 
decarboxylated organic acid moiety. This improves the 
stability of the unused copying material during storage 
periods. These copying materials are prepared for ther 
mographic, photothermographic, thermophotographic 
methods or for silver halide photographic methods. 
Upon heat processing of these materials, the incorporated 
heat-sensitive salt decarboxylates and produces in situ 
the basic moiety of the salt which may be a reducing 
agent, such as a photographic developer that brings 
about the development of exposed silver halide, a basic 
material which causes the reaction of other components 
present, such as the coupling reaction of the 2,3-dimethyl 
benzothiazolium p-toluenesulfonate and p-quinone as ill 
lustrated in Example VI or the reaction of 1,4-dimethyl 
quinolinium-p-toluenesulfonate and cupric chloride di 
hydrate as illustrated in Example IX. The novel heat 
sensitive copying materials of our invention are valuable 
because they may be quickly and conveniently processed 
to form a stable and permanent image which is not 
subject to stain problems as are common with some of 
the prior art copying materials. Furthermore, the heat 
sensitivity of compounds used in our copying materials 
is such that they require relatively short exposure and 
heat treatment to produce a good facsimile reproduc 
tion. 
The invention has been described in detail with par 

ticular reference to preferred embodiments thereof, but 
it will be understood that variations and modifications 
can be effected within the spirit and scope of the inven 
tion as described hereinabove and as defined in the ap 
pended claims. 
We claim: 
1. A heat processable radiant-energy-sensitive image 

forming layer containing: 
(A) a heat-sensitive salt compound of a readily decar 

boxylatable compound being selected from those hav 
ing the formula: 

O 

- WH-0--(CY) (n-1)-Z 
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wherein WH+ represents a member selected from the 
class consisting of: 

X 
-L - 

R 5 
a 'N' radical, a radical, a R2-N-(CH2(n-1H 

/ N k Rd-1) It R 

HH 

radical and (NH)2C=NHH+ radical in which L 
represents the nonmetallic atoms necessary to com 
plete a cyclic structure selected from the class con 
sisting of piperidine, 2-alkyl substituted piperidine, 
picoline, 2-alkyl substituted pyridine, and morpholine; 
R represents a member selected from the class con 
sisting of a hydrogen atom, a lower alkyl radical hav 
ing from 1 to 4 carbon atoms; d is an integer of from 
1 to 2; X represents a member selected from the 
class consisting of a hydroxyl radical, and an -NR2 
radical; R represents a member selected from the 
class consisting of a hydrogen atom, an alkyl radical 
having from 1 to 8 carbon atoms, an aminoalkyl 
radical having from 1 to 6 carbon atoms; R repre 
sents a member selected from the class consisting of a 
1,3-dihydroxy-2-hydroxymethyl-2-propyl radical and 
an aminoalkyl radical having from 1 to 6 carbon 
atoms; n is an integer of from 1 to 3; Y represents a 
member selected from the class consisting of a hydro 
gen atom, a chlorine atom, a bromine atom, and a 
fluorine atom; m is an integer of from 1 to 4; and Z 
represents a member selected from the class con 
sisting of a 

O 
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radical, a ClsC- radical, a F3C- radical, a C 
radical, a BraC- radical, a N=C- radical, and a 
(NO3)3C- radical, such that when Z is a 40 

CHC 

radical, m is the integer 2 and Y is a hydrogen atom, 
said organic acid moiety of said salt compound de- 45 
carboxylating upon heating to release a free amine 
selected from the class consisting of those having the 
formulas: 

50 

-Is, R NH 
-N-', R-N, and H.N-C-NH, 

R. R 
R 55 

NE 

wherein L, R, R, R2 and X are as defined previously, 
and 

(B) at least one radiant-energy-sensitive image-form- 60 
ing composition selected from the class consisting of: 

(1) a heterocyclic quaternary salt selected from 
those having the formula: 

65 
- (H) (-) 

I 
see-R 2 

70 
R4 ge 

wherein D represents the nonmetallic atoms nec 
essary to complete a ring selected from the class 
consisting of a heterocyclic ring and a carbo- 75 

2 
cyclic ring; Q represents a group selected from 
the class consisting of nitrogen atom, a Sulfur 
atom, an oxygen atom, a selenium atom and a 
-(CH)= group; p represents an integer from 
1 to 2; R represents a group selected from the 
class consisting of an alkyl group having from 
1 to 18 carbon atoms and an aryl group, R rep 
resents a group selected from the class consist 
ing of an alkyl group having from 1 to 18 car 
bon atoms and an aralkyl group; J represents an 
anion selected from the class consisting of a p 
toluenesulfonate ion, a lower alkylsulfonate ion 
and a chloroacetate ion; and a p-quinone having 
at least one unsubstituted hydrogen atom on the 
ring; 

(2) said heterocyclic quaternary salt and a cupric 
salt; 

(3) a diazonium compound and a diazo-coupler; 
(4) a light-sensitive silver halide and a silver ha 

lide developing agent; and 
(5) a light-sensitive silver halide and a heat-sensi 

tive salt of a primary amino silver halide de 
veloping agent and a readily decarboxylatable 
organic acid. 

2. A heat processable radiant-energy-sensitive image 
forming layer of claim 1 which has a hydrophilic colloid 
binder and is coated on a support. 

3. A heat processable radiant-energy-sensitive image 
forming layer of claim 1 containing a mixture of two 
different heat-sensitive salt compounds selected from 
those having the formula: 

Such that the compounds have identical anions and dif 
ferent cations. 

4. A thermographic element comprising a support 
coated with a thermographic layer comprising a hydro 
philic binder having dispersed therein: 

(1) a heterocyclic quaternary salt selected from those 
having the formula: 

wherein D represents the nonmetallic atoms necessary to 
complete a ring selected from the class consisting of a 
heterocyclic ring and a carbocyclic ring, Q represents a 
group Selected from the class consisting of a nitrogen 
atom, a Sulfur atom, an oxygen atom, a selenium atom 
and a -(CH) F group, p represents an integer from 1 
to 2, R represents a group selected from the class con 
sisting of an alkyl group having from 1 to 18 carbon 
atoms and an aryl group, R5 represents a group selected 
from the class consisting of an alkyl group having from 
1 to 18 carbon atoms and an aralkyl group, J represents 
an anion Selected from the class consisting of a p-toluene 
Sulfonate iron, a lower alkylsulfonate ion and a chloro 
acetate ion; 

(2) a compound selected from the class consisting of 
a p-quinone having at least one unsubstituted hy 
drogen atom on the ring and a cupric salt; and 

(3) a heat-sensitive salt compound of a readily de 
carboxylatable organic acid, said salt compound 
being selected from those having the formula: 
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wherein WHit represents a member selected from the 
class consisting of: 

X 
-L - 

a 'N' radical, a 
/ N 

Rd-1) H+ 

R 

radical, a R2-N-(CH2)(n-1)H- 
R ly 

radical and (NH2)2C=NHHF radical in which L repre 
sents the nonmetallic atoms necessary to complete a cyclic 
structure selected from the class consisting of piperidine, 
2-alkyl substituted piperidine, picoline, 2-alkyl substituted 
pyridine, and morpholine; R represents a member se 
lected from the class consisting of a hydrogen atom, a 
lower alkyl radical having from 1 to 4 carbon atoms; d 
is an integar of from 1 to 2; X represents a member se 
lected from the class consisting of a hydroxyl radical, 
and an -NR2 radical; R' represents a member selected 
from the class consisting of a hydrogen atom, an alkyl 
radical having from 1 to 8 carbon atoms, an aminoalkyl 
radical having from 1 to 6 carbon atoms; R represents a 
member selected from the class consisting of a 1,3-di 
hydroxy-2-hydroxymethyl-2-propyl radical and an amino 
alkyl radical having from 1 to 6 carbon atoms; n is an 
integer of from 1 to 3; Y represents a member selected 
from the class consisting of a hydrogen atom, a chlorine 
atom, a bromine atom, and a fluorine atom; n is an in 
teger of from 1 to 4; and Z represents a member selected 
from the class consisting of a 

O 

CH,- 
radical, a Cl3C- radical, a FC radical, a IC- radical, 
a BraC- radical, a N=C- radical, and a (NO3)3C 
radical, such that when Z is a 

O 

CH,- 
radical, m is the integer 2 and Y is a hydrogen atom, said 
organic acid moiety of said salt compound decarboxylat 
ing upon heating to release a free amine selected from 
the class consisting of those having the formulas: 

X 
-L - 

R NH 
- ' --, y R-N, and H2N-C-NEH 
R R R 

NH 
5. A radiation-sensitive image-forming element de 

signed for photothermography and for thermophotog 
raphy comprising a support coated with a radiation-sensi 
tive image-forming layer comprising a hydrophilic binder 
having dispersed therein: 

(1) a light-sensitive diazonium compound, 
(2) a diazo coupler compound, and 
(3) a heat-sensitive salt compound of a readily de 

carboxylate organic acid, said salt compound be 
ing selected from those having the formula: 

O 

WH+O-C-(CY)(-)-Z 
wherein WH represents a member selected from the 
class consisting of: 

-L - 
( , R 

a -N-' radical, a radical, a R2-N-(CH2)(n-1)H+ 
R k / N 

Rid-ly Hit 

NH.H. 
radical and (NH2)2C=NHH radical in which L repre 
sents the nonmetallic atoms necessary to complete a cyclic 
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4. 
structure selected from the class consisting of piperidine, 
2-alkyl substituted piperidine, picoline, 2-alkyl substi 
tuted pyridine, and morpholine; R represents a member 
Selected from the class consisting of a hydrogen atom, a 
lower alkyl radical having from 1 to 4 carbon atoms; d 
is an integer of from 1 to 2; X represents a member se 
lected from the class consisting of a hydroxyl radical, 
and an -NR2 radical; R represents a member selected 
from the class consisting of a hydrogen atom, an alkyl 
radical having from 1 to 8 carbon atoms, an aminoalkyl 
radical having from 1 to 6 carbon atoms, R2 represents 
a member selected from the class consisting of a 1,3- 
dihydroxy-2-hydroxymethyl-2-propyl radical and an ami 
noalkyl radical having from 1 to 6 carbon atoms; n is an 
integer of from 1 to 3; Y represents a member selected 
from the class consisting of a hydrogen atom, a chlorine 
atom, a bromine atom, and a fluorine atom; n is an integer 
of from 1 to 4; and Z represents a member selected from 
the class consisting of a 

O 

CH,- 
radical, a ClC- radical, a FC radical, a IC- radical, 
a BrC- radical, a N=C radical, and a (NO3)3C- radi 
cal, such that when Z is a 

O 

CH,- 
radical, m is the integer 2 and Y is a hydrogen atom, said 
organic acid moiety of said salt compound decarboxylating 
upon heating to release a free amine selected from the 
class consisting of those having the formulas: 

X 
-L - 

R NH 

d -N-', , R2-N, and HN-C-NEI, 
l, R R R 

NH, 
6. A thermographic element comprising a support and 

a thermographic layer said layer consisting of poly(vinyl 
butal), 2,3-dimethylbenzothiazolium-p-toluenesulfonate, p 
quinone and guanidinium trichloroacetate, which upon 
exposure of said heat-sensitive element to radiant energy 
in heat conductive association with an image pattern con 
taining portions highly absorptive of said radiant energy 
and portions substantially nonabsorptive of said radiant 
energy, said heat-sensitive layer undergoes a rapid color 
change only in those areas in heat conductive association 
with those areas highly absorptive of said radiant energy. 

7. A thermographic element comprising a support and 
a thermographic layer, said layer consisting of ethyl cellu 
lose, 3-ethyl-2-methylbenzothiazolium p-toluenesulfonate, 
cupric chloride dihydrate and guanidinium trichloroace 
tate which, upon exposure of said heat-sensitive element 
to radiant energy in heat-conductive association with an 
image pattern containing portions substantially nonabsorp 
tive of said radiant energy, said heat-sensitive layer under 
goes a rapid color change only in those areas in heat 
conductive association with those areas highly absorptive 
of radiant energy. 

8. A photothermographic element comprising a sup 
port and a photothermographic layer, said layer consist 
ing of poly(vinylbutal), 4-diethylaminobenzenediazonium 
chloride zinc chloride, 2,3-dihydroxynaphthalene and mor 
pholinium trichloroacetate, which upon exposure through 
an original image with light followed by heat treatment, 
produces a positive azo dye image of the original. 

9. A thermophotographic element comprising a support 
and a thermophotographic layer consisting of poly(vinyl 
butal), the photodecomposable component 4-diethylami 
nobenzenediazonium chloride, 2,3-dihydroxynaphthalene 
and the decarboxylatable compound guanidinium trichlo 
roacetate which upon exposure to radiant energy in heat 
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conductive association with an image pattern containing 
portions highly absorptive of said radiant energy and por 
tions substantially nonabsorptive of said radiant energy, 
said thermophotographic layer undergoes a rapid color 
change only in those areas in heat conductive association 
with those areas highly absorptive of said radiant energy. 

10. A light-sensitive photographic element comprising 
a support and a light-sensitive silver halide emulsion layer 
containing a heat-sensitive decarboxylatable compound 
selected from the class consisting of those having the 
formula: 

NHEIOC (CY) (n-1)-Z 
in which X represents a member selected from the class 
consisting of hydroxyl radicals and -NR radicals, R 
represents a member selected from the class consisting of 
a hydrogen atom and lower alkyl radicals having from 1 
to 4 carbon atoms, Y represents a member selected from 
the class consisting of a hydrogen atom, a chlorine atom, 
a bromine atom and a fluorine atom, m is a positive integer 
of from i to 4 and Z represents a member selected from 
the class consisting of CH3CO-radicals, CC- radicals, 
FaC- radicals, 13C- radicals, BraC- radicals, NC 
radicals and (NO3)3C- radicals such that when Z is a 
CH3CO-radical, m is the integer 2 and Y is a hydrogen 
aton, said light-sensitive element upon exposure to a light 
image is developable by treating the exposed light-sensi 
tive layer with steam which causes the said decarboxy 
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16 
latable compound to decarboxylate to produce a product 
having the formula: 

NH 

said product developing the exposed silver halide to a 
silver image. 

11. A light-sensitive photographic element comprising a 
Support and a light-sensitive silver bromide emulsion layer 
containing p-aminophenol trichloroacetate which after ex 
posure through a negative image to light from an in 
candescent light source is developed by treating the ex 
posed light-sensitive layer with steam to produce a posi 
tive silver image. 
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