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This invention relates to the duplicating arts and pro 
Svides a heat-developable composition, and more partic 
ularly a photosensitive composition that may be developed 
to produce a colored image simply by the application of 
heat. The composition is accordingly ideally suited as the 
sensitive component of thermographic and photographic 
'copy sheets of the direct exposure type, and sheets em 
bodying the invention are inexpensive, stable and of ut 
imost convenience in use. A copy may be formed by ex 
posing the sheet to ultraviolet rays through a master and 
then heating it to produce a visible duplicate of the 
master. Copy, sheets embodying this invention may be 
stored without deterioration for considerable periods of 
time, up to several months at ordinary temperatures, and 
under conditions of relatively high humidity, and when 
ilised for copying purposes they combine the versatility, 
-cleanliness and permanence of copy of the diazotype sheet 
With the speed and convenience of the thermofacsimile 
type sheet. 
Of the numerous systems available for making copies 

of graphic Works, the most useful for general office use, 
where only one or a few copies are desired, are those that 
provide copy directly by contact exposure of the copy 
sheet to the master. Three types of system in common 
use are the silver emulsion type, the diazo type and the 
thermofacsimile type. Of these only the last two provide 
a direct copy (positive); the silver emulsion type pro 
duces a negative by direct exposure which is then by 
chemical means transferred in reverse to a positive sheet. 
The thermofacsimile type is the most convenient to use, 
for it simply requires a single exposure of the copy sheet 
to the master under infrared radiation, and the copy is 
produced directly in a single exposure. The copy, how 
ever, suffers from the disadvantage of not being sharp and 
distinct, and Subsequent heating will cause a darkening 
in the manner of an original exposure and obliterate the 
copy. The sheets currently available for thermofacsimile 
copies are moreover formed of materials transparent to 
thermal radiation, and lack the texture, finish, stiffness and 
body of paper. 

Diazotype copy sheets, on the other hand, produce a 
copy which is generally superior to thermofacsimile in 
clearness, distinctness, sharpness, contrast and perma 
nence, and the sheets may be formed on any kind of paper 
or other backing material, which permits any desired 
texture or other character. Diazotype sheets presently 
available commercially, however, require a treatment 
subsequent to the exposure to develop the copy. Gen 
erally the sheet is either brought into contact with am 
monia vapors, as in the Ozalid type, or is treated with a 
basic solution reactive with the photosensitive material in 
the sheet, as in the Bruning type sheet. In either case, 
additional equipment and processing is necessary follow 
ing the exposure of the sheet. - 

Diazotype copy sheets are conventionally dependent on 
the fact that certain diazonium compounds are light sensi 
tive and decompose when exposed to actinic rays. The 
same compositions are dyestuff components and react un 
der basic conditions with a class of compounds, certain 
phenols, known as azo couplers, to form dyes. Upon ex 
posure of the diazotype copy sheet to actinic rays, the 
diazo compound in the exposed area is destroyed, remain 
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ing only in the dark, relatively unexposed areas, and de 
velopment causes the dye to be formed in these areas, 
providing a color pattern that corresponds to the master. 
The formulation of the photosensitive coating on con 

ventional diazo sheets may include only the diazonium 
compound, in which case development is brought about 
‘by treating the sheet with a developer solution containing 
the azo coupler compound and a base. Alternatively, the 
coating may include both components of the diazo sys 
tem, the diazonium compound and the azo coupler, to 
gether with stabilizers (such as urea and thiourea) and 
acid material which prevents premature reaction between 
the diazonium compound and the azo coupler compound. 
Such a paper may be developed simply by applying a base, 
most conveniently by exposure to ammonia vapors, and 
is generally referred to as an "ammonia developing di 
azotype paper. * . . . . . . . . . . . . . . . - 

The present invention is directed primarily to improv 
ing the versatility and convenience of diazotype copy com 
positions by incorporating in the diazo system a latentide 
veloper which is activatible by heat alone to bring about 
the color forming reaction of this type of system. The 
invention in this sense does not contemplate any funda 
mental change in the chemical reactions that normally 
take place, but rather makes use of a class of composi 
tions by which a developer for the diazo system is made 
physically present, but in a latent, stable and unreactive 
manner. 

Latent developers employed in the compositions of this 

exist as stable, solid materials at normal conditions of 
temperature and humidity and dissociate at an elevated 
temperature to yield a base. Compounds of this type 
known to the art constitute a base and a "carrier"com. 
pound with which the base will crystallize and form a 
stable crystal complex containing the base within a 
crystal lattice in the form of a distinct physical-chemical 
entity. The latent developers, although containing a basic 
component, do not exhibit substantial basic properties 
and may accordingly be incorporated in the diazo system 
without causing a dye forming reaction to take place. 
They are, however, dissociable at relatively low elevated 
temperatures and the base is released in fully active con 
dition and made available for the reaction. 

Latent developers most suitable for this inven 
those stable under conditions normally encou 
the manufacture, storage and shipment of materials of 
this type. These conditions are referred to in this speci 
fication and in the appended claims by the term "normal" 
and may be typified by conditions of temperature below 
about 100°F. and a relative humidity less than 96 per 
cent. The term is not used, however, in an absolute 
sense, but rather with reference to the general range of 
conditions one might expect to prevail under actual 
conditions of use, and to the fact that dissociation will 
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attainable in a piece of office equipment. The relative 
facts of stability and unreactivity at practically low tem 
peratures and dissociation to yield a base at an elevated 
temperature well above any temperature that might rea 
sonably be expected under such normal conditions are 
the significant factors in selecting a latent developer. 

Types of compounds which may be used as latent 
developers include in general the class of compounds 
formed when a base, generally an amine, and a ma 
terial which will crystallize with the base are combined 
to form a solid stable material, which may be desig 
nated a crystal complex, characterized by stability at 
normal conditions of temperature and humidity, inert 
mess with reference to its basic characteristics, and dis. 
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sociability at a convenient elevated temperature to yield 
the base. 

These latent developers include such crystal complexes 
as the co-crystal adducts of a bisphenol, and the in 
clusion compounds. Although these various types of 
complexes are sometimes referred to as different classes 
of materials, they are for the purposes of the present 
invention essentially the same with regard to the physical 
characteristics required of a latent developer. In each 
case a base and carrier compound, i.e. a bisphenol or 
urea, are combined in a manner such that the resultant 
complex conceals the characteristics of the base and 
exists in stable, inert form, while dissociating at an ele 
vated, but relatively low, temperature to provide basic 
conditions. They are designated as complexes because 
the base and carrier compound are combined or associ 
ated by a low energy bond. 
Although certain specific compositions are herein 

designated as examples of latent developers, it should 
be noted that one skilled in the art and familiar with 
this disclosure will not in any way be limited in a se 
lection of suitable latent developers to the materials 
Specifically set forth. He may rather employ any com 
position comprising a basic component combined with 
a carrier compound component to form a crystal com 
plex, and having the requisite properties of inertness, 
stability and dissociability. The selection of such com 
positions may readily be made on the basis of known, 
or readily determined, properties, as in any case of se 
lecting a material that possesses the characteristics re 
quired for its intended use. The chemical nature of 
the latent developer is significant primarily in that it 
must include a base effective to effectuate a dye forming 
reaction in the diazo system, but such bases are well 
known to those skilled in this field of chemistry, and 
this invention is not otherwise concerned with the chemi 
cal aspects of diazo systems. When the base is re 
leased by the dissociation of the latent developer the 
reaction that occurs is not essentially different from that 
occurring in the development of diazo systems by al 
ready known techniques. In this respect the invention 
relates to a physical combination of ingredients long 
known to be reactive, and is essentially characterized by 
the way that the ingredients are combined in an unre 
active manner. 
The selection of a suitable latent developer can readily 

be made to provide for a variety of characteristics in 
the copy sheet. Assuming that a given base or class 
of bases, such as primary hydroxyl amines, is selected 
as the desired basic component on the basis of the known 
chemistry of the reaction, and that numerous solid as 
Sociation products, or crystal complexes, of such an 
amine or amines with a bisphenol or urea will be avail 
able, the one having the desired characteristics of sta 
bility, inertness, and activation temperature may then 
readily be selected on the basis of those characteristics 
which are known or easily determined with the aid of 
simple experiments within the skill of anyone versed in 
laboratory technology. If for instance an activation 
temperature of between 90 and 100° C. is desired, the 
various complexes may be heated to within this range in 
the presence of a color indicator to determine whether 
a basic condition is brought about. Another suitable 
procedure is to apply a sample of the various complexes 
to a sheet of commercial ammonia developing type diazo 
paper, and then heat the sheet to the desired range to 
see whether development occurs. 

If stability is a factor, the various crystal complexes 
may be applied to a diazotype sheet which may then be 
stored under test conditions, such as relatively high tem 
perature and humidity, to determine whether any de 
velopment occurs. 

These test procedures, it will be noted, involve purely 
manipulative steps which determine the presence of prop 
erties on the basis of which a selection may readily be 
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4. 
made without in the least involving any inventive effort. 
The latent developer may be incorporated in the diazo 

type sheet in any of numerous ways, the only require 
ment being that it be present throughout the diazo sys 
ten in potentially reactive association with that com 
position. Heating of the sheet to cause dissociation of 
the crystal complex and a release of the basic com 
ponent will thus cause uniform development over the 
heated area. The latent developer may be combined 
with ordinary commercial diazotype copy sheets which 
contain both the diazo compound and the azo coupler, 
as a coating over the Sensitive coating. In one preferred 
embodiment, the latent developer is dispersed in a solu 
tion of a binder and coated onto the sensitized surface 
of the diazotype sheet by conventional means. In some 
cases a soiution of the latent developer may be formed 
and applied to the diazotype sheet. An alternative pro 
cedure is to form a coating composition containing the 
diazo compound, azo coupler, and latent developer in 
Suspension, and applying this composition to paper or 
other suitable backing material as a single coat. 

Crystal complexes suitable as jatent developers and 
currently known to the art include in general organic 
bases co-crystallized with bisphenol carrier compounds 
to fortin co-crystal adducis of the general type described 
in U.S. Patent 2,829, 175; and inclusion compounds of 
organic bases with urea as described in U.S. Patents 
2,569,984 and 2,520,716. 
Any amine otherwise suitable as a basic developer 

for a diazotype sheet may be employed including pri 
mary, secondary and tertiary aliphatic amines, alicyclic 
amines, aromatic amines, heterocyclic armines, hydroxyl 
armines, but preferably an amine having highly basic 
characteristics is preferred, e.g. hydroxyl amines, poly 
functional amines and primary aliphatic and alicyclic 
annines. 

Latent developers of the co-crystal adduct and in 
clusion compound type are formed by dissolving the 
amine and the carrier compound in a Sutiable solvent 
and crystallizing out the co-crystal complex, which may 
then be recovered and incorporated into a sutiable coat 
ing medium for use as described herein. 

Representative examples of this invention setting forth 
the best mode presently contemplated of carrying out 
the invention and representative types of latent devel 
opers which may be used are given below. In each 
example it will be seen that a latent developer is pre 
pared and is then incorporated in a diazotype copy sheet. 
The components of the diazotype sheet are themselves 
Well known in the art and are not considered as con 
stituting per se any part of this invention. Such sys 
tens are described in U.S. Patents 1,444,469 and 1,628, 
279. 

In each of the following Examples 1-28 the carrier 
compound was first dissolved in the solvent at a tem 
perature of about 150 F., and the base was then added 
and agitated for 30 minutes with a motor-driven stirrer. 
The mixture was then chilled for about 14 hours (over 
night is Sufficient) at about -30° F., during which a 
precipitate formed. The precipitate was filtered, washed 
thoroughly three times with n-hexane at room tempera 
ture (70 F.), filtered, and dried. In each case the 
resulting product constituted a latent developer. The 
examples set forth the proportions and identities of the 
Several ingredients. All ingredients were technical grade 
unless otherwise noted, and all operations were carried 
out in glass vessels. 

EXAMPLE 1. 

G. 
Carrier: Bisphenol A-------------------------- 13 
Base: Isopropylamine-------------------------- 30 
Solvent: Toluol------------------------------- 550 
Product: Co-crystal adduct of isopropylamine and 

bisphenol A, M.P. 154-157° C. 
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EXAMPLE 2 
G. 

Carrier: Bisphenol A--------------- - - - - - - - - - - - 113 

Base: Ethylene diamine------------------------ 30 
Solvent: Toluol------------------------------- 550 
Product: Co-crystal adduct of bisphenol A and 

ethylene diamine, M.P. 91-96 C. 
EXAMPLE 3 

Carrier: Bisphenol A-------------- - - - - - - - - - - - - 113 

Base: Cyclohexylamine------------rum - re-a- - - - nor 51 

Solvent: Toluol------------------------------ 550 
Product: Co-crystal adduct of bisphenol A and cy 

clohexylamine, M.P. 108-110 C. 

EXAMPLE 4 

Carrier: Bisphenol A.-------------------------- 113 
Base: Diethylamine--------------------------- 37 
Solvent: Toluol------------------------------- 550 
Product: Co-crystal adduct of bisphenol A and di 
ethylamine, M.P. 117-153 C. 

EXAMPLE 5 

(Carrier: Bisphenol A-------------------------- 113 
Base: Di-n-propylamine------------------------ 51. 
Solvent: Toluol------------------------------- 550 
Product: Co-crystal adduct of bisphenol A and di 

n-propylamine, M.P. 154-156 C. 
EXAMPLE 6 

Carrier: Bisphenol A-------------------------- 113 
Base: Tributylamine.----- --- 93 
Solvent: Toluol--------------- ------ --- 550 
Product: Co-crystal adduct of bisphenol A and tri 

butylamine, M.P. 117-155° C. 

EXAMPLE 7 

Carrier: Tetrachlorobisphenol A---------------- 183 
Base: Diethanolamine---------------------- -- 53 
Solvent: Toluol------------------------------- 364 
Product: Co-crystal adduct of tetrachlorobisphenol 
A and diethanolamine, M.P. 144-149 C. 

EXAMPLE 8 

Carrier: Tetrachlorobisphenol A.---------------- 182 
Base: Diethylamine--------------------- ------ 37 
Solvent: Toluol------------------------------- 364 
Product: Co-crystal adduct of tetrachlorobisphenol 
A and diethylamine, M.P. 142-175 C. 

EXAMPLE 9 

Carrier: Tetrachlorobisphenol A.---------------- 182 
Base: Hydroxyethyldiethylenetriamine------------ 75 
Solvent: Toluol------------------------------- 364 
Product: Co-crystal adduct of tetrachlorobisphenol 
A and hydroxyethyldiethylenetriamine, M.P. 93 
114 C. 

EXAMPLE 10 

Carrier: Tetrachlorobisphenol A.--------------- 182 
Base: Isooctylamine--------------------------- -65 
Solvent: Toluol---------- --------------------- 364 
Product: Co-crystal adduct of isooctylamine and 

tetrachlorobisphenol A, M.P. 172-185 C. 
EXAMPLE 11 

- G. 

"Carrier: Tetrachlorobisphenol A.--------------- 182 
Base: N-decylamine-------------------------- 75 
Solvent: Toluol------------------------------ 364 
Product: Co-crystal adduct of n-decylamine and 

tetrachlorobisphenol A, M.P. 192-198° C. 
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6 
EXAMPLE 12 - 

G. 
Carrier: Tetrachlorobisphenol A---------------- 182 
Base: Tributylamine-------------------------- 93 
Solvent: Toluol------------------------------ 364 
Product: Co-crystal adduct of tributylamine and 
and tetrachlorobisphenol A, M.P. 110-112 C. 

EXAMPLE 13 
Carrier: Tetrachlorobisphenol A.---------------- 82 
Base: Triethanolamine------------------------ 75 
Solvent: Toluol-----------------------s an an on m. m 364 

Product: Co-crystal adduct of triethanolamine and 
tetrachlorobisphenol A, M.P. 134-140° C. 

EXAMPLE 14 
Carrier: Tetrachlorobisphenol A.---------------- 182 
Base: Ethanolamine-------------------------- 31 
Solvent: Toluol------------------------------ 364 
Product: Co-crystal adduct of ethanolamine and 

tetrachlorobisphenol A, M.P. 96-104° C. 
EXAMPLE 1.5 

Carrier: 4,4'-thio-bis-(6-tert, butyl-m-cresol)----- 144 
Base: Ethylene diamine----------------------- 30 
Solvent: Stoddard solvent--------------------- 20 
Solvent: Toluol----------------.n mi more remi (a ram on ---- 800 

Product: Co-crystal adduct of ethylene diamine and 
4,4'-thio-bis (6-tert. butyl-m-cresol), M.P. 112 
115 C. 

EXAMPLE 16 
Carrier: 4,4'-thio-bis-(6-tert, butyl-m-cresol)----- 44 
Base: Cyclohexylamine-----------------a man - rs re. 51 
Solvent: Stoddard solvent--------------------- 200 
Solvent: Toluol----------:----, mn-n-n - - - - -a -a - - - - - mm 800 

Product: Co-crystal adduct of cyclohexylamine and 
4,4'-' thio-bis-(6-tert, butyl-m-cresol), M.P. 79 
96 C. 

EXAMPLE 17 
Carrier: 4,4'-butylidene-bis-(6-tert, butyl-m- 

cresol) ------------------- - - - - - - w us - - - - - - - - 161 

Base: Ethylene diamine----------------------- 37 
Solvent: Stoddard solvent.---------------------- 200 
Solvent: Toluol------------------------------ 800 
Product: Co-crystal adduct of ethylene diamine and 

4,4'-butylidene-bis-(6-tert, butyl-m-cresol), M.P. 
212-246 C. 

EXAMPLE 18 
Carrier: 4,4'-butylidene-bis-(6-tert, butyl-m-cre 

Sol) ------------------------------------- 61 
Base: N-methylethanolamine---- 38 
Solvent: Stoddard solvent.----------------- 200 
Solvent: Toluol----------- ------------------- 800 
Product: Co-crystal adduct of N-methylethanol 
amine and 4,4'-butylidene-bis-(6-tert, butyl-m- 
cresol), M.P. 213-216 C. 

EXAMPLE 19 
Carrier: 4,4'-butylidene-bis-(6-tert. butyl-m-cre 

sol) - - - - - - - - - - - - - - - - - -a as-era - a mum - - - - - - - - - 161 
Base: Tetramethylguanidine------------------- 58 
Solvent: Stoddard solvent.-----on an army was re-a-a- - - - 200 

Solvent: Toluol------------------------------ 800 
Product: Co-crystal adduct of tetramethylguanidine 
and 4,4'-butylidene-bis-(6-tert. butyl-m-cresol), 
M.P. 183-185° C. 

EXAMPLE 20 
Carrier: 2,2'-methylene-bis-(4-methyl-6-tert, butyl 

phenol) ---------------------------------- 140 
Base: Diethanolamine------------ ran -a --m-ma-...----a 53 
Solvent: Stoddard solvent.--------------- - -a-, m- - - . 560 
Product: Co-crystal adduct of diethanolamine and 

2,2'-methylene-bis-(4-methyl-6-tert, butyl phe 
nol), M.P. 110-117 C. 
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EXAMPLE 2. 
G. 

Carrier: Tetrachlorobisphenol A.---------------- 32 
Base: 2-amino-1-butanol---------------------- 44.5 
Solvent: Toluol------------------------------ 364 
Product: Co-crystal adduct of 2-amino-1-butanol 

and tetrachlorobisphenol A. 
EXAMPLE 22 

Carrier: Tetrachlorobisphenol A---------------- 182 
Base: Monoisopropanolamine------------------ 37.5 
Solvent: Toluol------------------------------ 364 
Product: Co-crystal adduct of monoisopropanol 
amine and tetrachlorobisphenol A. 

EXAMPLE 23 

Carrier: Tetrachlorobisphenol A.---------------- 182 
Base: Methyldiethanolamine------------------- 59.5 
Solvent: Toluol------------------------------ 364 
Product: Co-crystal adduct of methyldiethanol 
amine and tetrachlorobisphenol A. 

EXAMPLE 24 
Carrier: Tetrachlorobisphenol A.---------------- 82 
Base: Propylenediamine (70%).----------------- 53 
Solvent: Toluol------------------------------- 364 
Product: Co-crystal adduct of propylenediamine and 

tetrachlorobisphenol A. 
EXAMPLE 25 

Carrier: Tetrachlorobisphenol A.---------------- 182 
Base: 2-amino-2-ethyl-1,3-propanediol------------ 59 
Solvent: Toluol------------------------------- 364 
Product: Co-crystal adduct of 2-amino-2-ethyl-1,3- 

propanediol and tetrachlorobisphenol A. 
EXAMPLE 26 

Carrier: Bisphenol A-------------------------- 113 
Base: Isobutylamine--------------------------- 36 
Solvent: Toluol------------------------------ 550 
Product: Co-crystal adduct of isobutylamine and bis 

phenol A. 
EXAMPLE 27 

Carrier: Bisphenol A-------------------------- 113 
Base: Dimethylaminopropylamine----------------- 51 
Solvent: Toluol------------------------------ 550 
Product: Co-crystal adduct of dimethylaminopropyl 
amine and bisphenol A. 

EXAMPLE 28 

Carrier: Tetrachlorobisphenol A.---------------- 182 
Base: Aminobispropylamine-------------------- 66 
Solvent: Toluol------------------------------- 364 
Product: Co-crystal adduct of aminobispropylamine 
and tetrachlorobisphenol A. 
In the foregoing examples the bisphenol A and the 

tetrachlorobisphenol A were commercial products. The 
2,2'-methylene-bis-(4-methyl-6-tert. butyl phenol) is sold 
as Antioxidene 2246. The 4,4'-thio-bis-(6-tert. butyl-m- 
cresol) is sold as Santowhite crystals, and 4,4'-butylidene 
bis-(6-tert, butyl-m-cresol) is sold as Santowhite powder. 
The co-crystal adduct formed in each of the preceding 

Examples 1-28 was incorporated into a standard ammonia 
developing diazotype paper, e.g. Ozalid paper, by the fol 
lowing technique: Tengrams of the co-crystal adduct were 
dispersed in 50 g. of a 1.5 percent solution of polyvinyl 
ethylether dissolved in hexane, by milling the co-crystal 
adduct with the solution for four hours in a ball mill op 
erating in a chilled room at 40 F. The dispersion was 
coated by means of a Mayer rod onto the diazotype paper 
to a dry weight of 3-5 pounds/3000 square feet, and the 
paper was then dried. Samples of the dry treated sheet 
were exposed to a master under ultraviolet light in accord 
ance with standard practice, and the sheet was then heated 
for five seconds on a hot plate heated to 300 F. In each 
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8 
case a clear and legible copy of the master was formed. 

In each of the foregoing examples the polyvinylethyl 
ether solution serves as a mechanical binder by which the 
latent developer is retained in potentially reactive associ 
ation with the underlying diazo composition. Other film 
forming materials such as methylmethacrylate polymer, 
vinyl chloride polymers, polyvinylalcohol, natural resins 
and gums and similar materials may also be used when 
dissolved in suitable solvents which are not solvents for 
the crystal complex. Where the solvent will also dissolve 
the crystal complex, the base may become released in re 
active form and cause premature dye formation within the 
diazotype system. It has been found, however, that cer 
tain crystal complexes do not result in base release when 
dissolved. For instance, the co-crystal adduct of dietha 
nolamine and 2,2'-methylene-bis-(4-methyl-6-tert, butyl 
phenol) described in Example 20 may be dissolved in tri 
chloroethylene or in octane and coated upon a standard 
ammonia developing diazotype paper without premature 
development. 

In the following examples the use of crystal complexes 
other than the adducts of an amine and a bisphenol are 
described. In Examples 29-31, the carrier compound 
was first dissolved in the solvent at a temperature of about 
150 F. and the solution was then left to stand overnight 
(14 hours) at room temperature (70 F.). The base 
was then added with mechanical stirring, and the solution 
was then again left to stand overnght (14 hours) at room 
temperature (70 F.) during which a precipitate formed. 
The precipitate was filtered out, washed thoroughly three 
times with n-hexane at room temperature (70 F.), filtered 
and dried. In each case the resulting product constituted 
a latent developer. The examples set forth the propor 
tions and identities of the several ingredients, all of which 
were technical grade unless otherwise indicated. All 
mixing operations were carried out in glass vessels. 

EXAMPLE 29 
G. 

Carrier: Urea------------------------------- 90 
Base: Di-n-hexylamine----------------------- 45 
Solvent: Methanol--------------------------- 396 
Product: Inclusion compound of di-n-hexylamine 

in urea. 
EXAMPLE 30 

Carrier: Urea------------------------------- 90 
Base: Di-n-butylamine ----------------------- 45 
Solvent: Methanol--------------------------- 396 
Product: Inclusion compound of di-n-butylamine 

in urea. 
EXAMPLE 31 

Carrier: Urea------------------------------- 98.8 
Base: N-decylamine ------------------------- 49.4 
Solvent: Methanol--------------------------- 434.2 
Product: Inclusion compound of n-decylamine in 

Ca. 

The inclusion compounds formed in each of the pre 
ceding Examples 29-31 was incorporated into a standard 
annonia developing diazotype paper, e.g. Ozalid paper, 
by the following technique: 

Nine and one-half grams of the inclusion compound 
were dispersed in 100 g. of a 5 percent solution of methyl 
methacrylate polymer (Acryloid B-82) dissolved in 
toluol, by milling the inclusion compound with the solu 
tion for 4 hours in a ball mill operating in a chilled room 
at 40 F. The dispersion was coated by means of a Mayer 
rod onto an ammonia developing diazotype sheet to a dry 
Weight of about 3 pounds/3000 square feet, and dried, 
The dry sheet was exposed through a master to ultra 
violet light according to standard practice, and was then 
heated for 5 seconds on a hot plate heated to 350° F. 
In each case a clear and legible copy of the master was 
formed. 

In the following examples the latent developer is com 
bined with the components of the diazotype system, and 
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then coated upon a suitable support. A single coating is 
thus formed which is itself light-sensitive and heat-devel 
opable. 

EXAMPLE 32 

The following ingredients in the following amounts 
were charged into a ball mill: 
s' G. 

Thiourea ------------------------------------ 25 
Citric acid----------------------------------- 25 8-amino-1-naphthol-3,6-disulphonic acid-sodium salt 

(azo coupler) ------------------------------ 50 
ZnClap-diazomethylhydroxyethylaniline (diazo com 

pound) ----------------------------------- 50 
Polyvinylethylether, 25% solution in heptane------ 480 
The components were milled together for 4 hours in a 
room chilled to 40F. Twenty-five grams of the diazo 

10 

5 

system composition prepared in the ball mill and 5.g. of 
the co-crystal adduct prepared in Example 11 and 25 g. 
of hexane were combined in a ball mill and milled for 
4 hours in a room chilled to 40° F. to disperse the co 
crystal adduct in the diazo system composition. The mix 
ture was then coated by a Mayer rod to a dry weight of 
approximately 3 pounds/3000 sequare feet on a 60 pound 

: chromekote paper, and dried. The dried sheet was ex 
posed to ultravioletlight through a master and then heated 
for 5 seconds at 350 F. to produce a legible copy of the 
master. 

EXAMPLE 33 
Twenty-five grams of the diazo system composition 

prepared in Example 32, 5 g. of the co-crystal adduct pre 
pared in Example 10, and 25 g. of a 2 percent solution 
of Acryloid B-32 dissolved in trichloroethylene were 
-mixed together in a ball mill for 4 hours in a room chilled 
to 40°F. The mixture was applied by means of a Mayer 
rod to a dry weight of approximately 3 pounds/3000 
square feet to a 60 pound chromekote paper, and dried. 
The dried sheet was exposed to ultraviolet light through 
a master and then heated at 350 F. for 5 seconds to pro 
evide a legible copy of the master. 

In selecting a particular latent developer, the lowest 
itemperature at which development will occur within a 
"reasonable heating time will be of obvious interest. This 
may be considered as the temperature at which dissocia 
-tion of the latent developer occurs with the release of its 
basic component. That temperature is referred to herein 
as the "base release temperature.” An experimental pro 
cedure to determine the base release temperature of a 
ilatent developer is as follows: 

Base Release Test 
A-coating dispersion is formed by charging a ball mill 

“with 100 grams of latent developer, and 500 grams of a 
2% percent solution of polyvinylethylether (Bakelite 
iEDBM) in hexane, and milling for 15 hours. The com 
iposition is then coated onto glassine to give a coating hav 
-ing a dry weight of 2-3 pounds/3000 square feet, and 
dried. The coated glassine is then cut into a strip one 
squarter inch wide, and placed coated side down against 
an indicator paper (e.g. pHydrion, 6.0-8.0 pH range, in 
which the essential ingredient is a Sulfonphthalein indi 
cator) on a hot plate. A 'cork stopper having its face 
icut to one-quarter inch in width is placed crosswise over 
the coated glassine strip to give a contact area of one 
-quarter inch by one-quarter inch and is weighted with a 
500 gram weight. The temperature of the plate is raised 
by increments of 5 F., each step being maintained for 
1 minute, and the lowest temperature at which a color 
echange takes place is noted. 

The same procedure may be employed using a com 
mercial ammonia developing diazotype paper, preferably 
'one designated as "slow speed" (which has a low acid 
content) such as Tecnifax 25-S. When the latent de 
veloper "does not contain an ionizing medium, the use 
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10 
of standard indicator papers cannot be relied upon since 
the the color change may not occur in the absence of 
such medium. The use of a standard ammonia develop 
ing diazotype sheet is therefore better suited for deter 
mining the base release temperature of such latent de 
velopers. 
The “base release' temperature, determined as outlined 

above, for several of the latent developers described in 
the examples are given in Table I. 

TABLEI 

Base-release tempera 
ture, F., as deter 

- mined with 
Example - - - - - - 

pHydrion Tecnifax 
(6.0-8.0 25-S pH range) 

150 150 
14.5; 45 
150 50 
150 150 

- - - - - - - - - - - - 40 

55. 50 
- - - - - - - - - - - - ar. 40 

. . . . . . -- w w man 290 

45 145 
120. 20 
15, 115 
15 15 
125 125 

- - - - - - - -- a 160 

- - - - - - - a-- 55 

s 60 
- - - - - - - - - - - 155 

- - - - - - - - - - - - 55 

30 30 
15: 175 
75 175 

- - - - - - - - - - - - 225 

31--------------------------------------------------------- 5 

Generally, suitable latent developers will have a base 
release temperature, determined as described above, above 
about 110° F. and preferably above about 140°F. The 
time and temperature of development are frequently inter 
related in that development may occur within shorter 
periods at higher temperatures while requiring longer pe 
riods at lower temperatures. The "base release' tem 
perature will necessarily reflect this interrelationship and 
its value in a given case will depend on the conditions 
linder which it is measured. The procedure set forth is 
useful for purposes of comparison as a standardized ref 
erence, and in view of the long duration at which the Sam 
ples are maintained at each temperature step, the results 
will approximate the absolute minimum at which release 
of the base from the latent developer will occur. It is 
conceivable, however, that release of the base will occur 
at lower temperatures within longer periods of time, or 
that the temperature may momentarily be raised to above 
the reported base release temperature for shorter periods 
of time. 

In addition to the base release temperature, a factor 
relating to the selection of particular latent developments 
is the stability of the developer and its reactivity or inert 
ness toward the particular diazo system. This may be 
most readily determined by coating a dispersion of the 
developer onto an ammonia developing diazo sheet, and 
then subjecting the sheet to actual, or simulated exag 
gerated, conditions of storage. A latent developer hav 
ing the desired characteristics may then be selected and 
a comparison of various developers may be readily made. 
The reaction of the base in causing development of 

diazo systems is not fully understood, but it is known 
that a stable composition requires that the diazonium 
compound be in the form of its acid salt and additional 
acidic compounds are frequently included in diazo sys 
tems to improve their stability. The base apparently 
serves to neutralize the acids present in the system and 
also to convert the diazonium salt to its more reactive 
base form. Since the acidity or acid content of different 
diazo systems will be different, different amounts of base 
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are required for development, but in any event the amount 
required for any given system may easily be determined 
experimentally if it is not already known. 
The amount of latent developer required in any given 

application will depend on the amount of base required 
for development, which will in turn depend upon the 
nature, including the acidity, of the diazo system. No 
precise amount can be set forth as a proportion of the 
composition except according to the general rule that suf 
ficient base must be present to effect development, and 
the determination of that amount is well within the abili 
ties of one skilled in the chemistry of diazotype processes. 
The nature of the image formed in any particular 

system will be determined by the precise nature of the 
diazo components, and it should here be noted that any 
of the diazo systems known to the art will be suitable. 
The compositions of Examples 32 and 33 employ conven 
tional diazo compounds and azo couplers, but others may 
also be employed with comparable results. For example, 
the following diazo compounds may be used: 
ZnCl-P-diazo-N-dimethylphenylenediamine 
ZnCl2-diazo compound of 4-(N-methyl-N-hydroxyethyl 

amino)-aniline 
2,1-diazohydroxynaphthalene-5-sulfonic acid 
ZnCl2-diazo compound of N-ethanol-ethylamino-4-amino 

benzene 
ZnCl2-P-diazodimethylaniline 
ZnCl2-tetrazodiphenylpiperazine 
ZnCl-N,N-diethylaniline-P-diazoniumchloride 
ZnCl-N,N-dimethylaniline-P-diazoniumchloride 
ZnCl2-4-N,N-diethylaminobenzenediazoniumchloride 
ZnCl-4-N,N-benzyl-N-ethylbenzenediazoniumchloride 
ZnCla-P-diazo-N-methyl-N-hydroxyethylaniline 
ZnCl-P-diazo-N-ethylamino-o-toluidine 
CdCl-N-ethylaniline-P-diazoniumchloride 
CdCl-N-methylaniline-P-diazoniumchloride 
ZnCl-N-hydroxyethylaniline-P-diazoniumchloride 
ZnCl2-N-propylaniline-P-diazoniumchloride 
2,5,4'-triethoxydiphenyl-1-diazonium acid sulfate 
Naphthalene-2-diazo-1-oxide-5-sulfonic acid 
P-diethylaminobenzenediazoniumborofluoride 
ZnCl-4-benzoylamino-2,5-diethoxybenzenediazonium 

chloride 
P-phenylamine benzenediazonium sulfate 
ZnCl-N-hydroxyethyl-N-methylamino-P-benzenediazoni 

umchloride 
ZnCl2-1-(N-hydroxyethyl-N-ethyl) amino-3-methyl-4- 

benzenediazoniumchloride 
2,5,4'-triethoxydiphenyl-4-diazoniumacid sulfate 
ZnCl2-1-benzoylamino-2,5-diethoxy-4-benzenediazonium 

chloride 
ZnCl2-1-ethylamino-3-methyl-4-benzenediazoniumchlo 

ride 
ZnCl2-4-(N-methyl-N-hydroxymethyl)aminobenzenedi 
azonium chloride 

The diazonium components of the compounds above 
which are metal dichloride complexes may also be used. 
Azo couplers which may be used include: 

2,3-dihydroxynaphthalene-6-sulfonic acid 
resorcinol 
N-3-hydroxyethyl-o-resorcylamide 
oz-Resorcylamide 
N-phenyl-o-resorcylamide 
Mono-cy-resorcylamide of ethylene diamine 
Phloroglucinol 
dihydrovynaphthalene 
Na-naphthalene 1,3,6-trisulfonic acid 
Phenylmethylpyrazolone 
diresorcinolsulfoxide 
7-hydroxy-1,2-naphthimidazole 
resorcinolmonoacetate 
resorcinolmonocarbazate 
resorcinol-mono-N-(6-aminoethyl)carbamate 
resorcinol-mono-N,N-diethylcarbamate 
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resorcinol-mono-ethylcarbonate 
2-diethylaminoethylresorcinolmonobenzenesulfonate 
3-hydroxyphenylthiourea 
2-hydroxyphenylthiourea 
4-hydroxyphenylthiourea 
6-methyl-4-hydroxy-2(1)-pyridone 
6-ethyl-4-hydroxy-1-methyl-2(1)-pyridone 

Typical diazo systems will generally include, in addi 
tion to a diazonium compound and an azo coupler, 
other materials such as stabilizing acids and other sta 
bilizers. Typical stabilizing acids are: citric acid, maleic 
acid, formic acid, phosphoric acid, tartaric acid, boric acid, 
hydrochloric acid, ascorbic acid and isoascorbic acid; 
and other stabilizers include: thiourea, zinc chloride, 
aluminum sulfate. Other types of diazo systems utilize a 
single diazonium compound, which upon exposure to 
actinic radiation decomposes to form an azo coupler 
compound. A brief exposure of such a compound will 
result in partial decomposition and form a coating con 
taining undecomposed diazonium compound and the 
decomposition product, an azo coupler. Such are de 
scribed in U.S. Patent No. 2,313,288. 
As shown in the examples described above, photocopy 

sheets provided by this invention may be exposed to the 
master in the same way as conventional diazotype paper, 
but development of the latent image is much more easily 
accomplished simply by heating the paper. Another con 
venient method of making use of the photocopy paper of 
this invention is to use a light source rich in both ultra 
violet and infrared radiation by which the paper may be 
simultaneously exposed and developed. Standard dupli 
cating equipment of the type used for exposing thermo 
facsimile may also be used. It should be noted in this 
connection that the thermofacsimile process is also suit 
able since infrared radiation of the dark areas will cause 
Selective heating and develepoment of the diazotype paper 
there, without affecting the light areas. Subsequent ex 
posure of the sheet to ultraviolet light will then destroy the 
diazonium compound in the light areas and obviate the 
possibility of further darkening therein. 

In this connection it will be noted that the systems of this 
invention may employ, in place of the diazo components, 
the color indicator material utilized in the procedures 
reported in Table 1 which also changes color in the 
presence of a basic organic amine. 
The foregoing description sets forth in detail the tech 

nical aspects of this invention and describes representative 
examples of compositions and procedures that may be 
employed in its practice. These are given to familiarize 
those skilled in the art with its advantages and features 
and to set forth not only various specific compositions 
that may be used, but also procedures by which suitable 
materials other than those herein described may be se 
lected and the full scope of applicants' contribution may 
be made use of. 
A commercially useful heat developable photosensitive 

composition has long been sought but without practical 
success. Suggestions that have been advanced have in 
cluded the incorporation of heat activatable material 
which is potentially reactive with the constituents of the 
diazo system, but none of the systems heretofore proposed 
has provided a commercial commodity. Potentially re 
active developers suggested in the past have for the most 
part been in the nature of solid materials which themselves 
are reactive, as when heated or dissolved, but which re 
main relatively dormant in the system until heated, where 
upon their reactivity is increased. As an example, urea 
and dimethylurea may be included in the diazonium com 
position, as shown by Morrison in U.S. Patent No. 2,732 
299, to provide a relatively stable composition which is 
described as requiring a rather long development (1 min 
ute) at a high developing temperature of 150° C. 

Both urea and dimethylurea have been tried as latent 
developers in connection with the present development, 
but they have been found to produce a result quite dif 
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ferent from that attained by means of the latent developers 
employed in compositions of this invention. Both of 
these compounds caused an irregular, gradual darkening 
when the paper was heated; first the area just outside the 
heated portion turned blue (when employing a blue 
developing diazotype sheet) and then the heated area 
reddened. Apparently, as the urea was heated to activa 
tion temperature, there was initially a decomposition 
which formed ammonia vapors causing development just 
outside the heated area. Continued heating caused melt 
ing of the urea, and some kind of color-forming reaction 
resulted. This type of reaction, marked by bringing the 
urea, or dimethylurea, to reactive conditions, was in 
marked contrast to the mechanism of applicants' system 
wherein the dissociation of the crystal complex releases 
the base in a fully reactive state. The practical signifi 
cance of this is instantaneous and complete color forma 
tion upon reaching the developing temperature. 
By way of example, it will be noted from Table I that 

the latent developers of Examples 30 and 31 both employ 
urea, not as a developer but as the carrier compound. 
These show "base release' temperatures of 225 F. and 
115 F. respectively. The same test, using urea alone as 
though it were a latent developer, coated from its aqueous 
solution onto glassine paper, shows with Tecnifax 25-S 
paper a blue color formation in the area surrounding the 
test area at 170-280 F., and a reddening in the contact 
area at 245-280 F. With dimethylurea, the initial blue 
color formation outside the contact area occurred at 260 
290 F. with reddening in the contact area at 260-290 F. 
Ammonium carbonate may also be employed as a kind 

of potential developer as shown by Dieterle in U.S. Patent 
No. 2,228,562. It is activatable at a much lower temper 
ature than urea and its derivatives but may not be pre 
liminarily combined with the diazonium system since de 
velopment will occur even at room temperature after a 
relatively short period of time. This material is neither 
inert nor stable. Neither of these systems which have 
heretofore been suggested has made use of a latent de 
veloper which is both stable and inert at normal con 
ditions of temperature and humidity while being dis 
sociable at an elevated temperature to yield a base in fully 
reactive state effective to cause instantaneous and com 
plete development. 

Photothermographic papers embodying this invention 
stand in marked contrast to the diazo systems proposed 
in the past. They possess the general advantageous char 
acteristics of conventional diazotype papers, but are easily 
developed completely by heating to temperatures ranging 
upwards from the base release temperatures reported by 
an amount depending on the time of heating. Develop 
ment occurs by release of the base from the latent develop 
er in already reactive condition, and the reaction occurs 
quickly and completely upon heating within periods of 
time as short as a few seconds. Processing of the paper 
other than by heating is entirely unnecessary; the image 
originally formed is stable and since exposure to ultra 
violet light has destroyed the diazonium compound in 
the exposed, undarkened areas, there is no danger of sub 
Sequent development in these areas. 
We claim and desire to secure by Letters Patent: 
1. A heat developable photo copy composition com 

prising a potentially reactive photosensitive azo dye 
forming material in stable unreactive condition but re 
active with a basic organic amine to form a dye and a 
stable, unreactive latent developer in potentially reactive 
association with said material, said latent developer being 
an organic amine in combination with a bisphenol forming 
a solid crystalline complex which is stable under, normal 
conditions of temperature and humidity and dissociable at 
said activation temperature to yield said amine. 

2. A heat developable photo copy composition compris 
ing a potentially reactive photosensitive azo dye-forming 
material in stable, unreactive condition but reactive with 
a basic organic amine to form a dye and a stable un 
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14 
reactive latent developer in potentially reactive association 
with said material, said latent developer being an organic 
jamine in combination with urea forming a solid inclusion 
compound which is stable under normal conditions of 
temperature and humidity and dissociable at said activation 

3. A photosensitive heat developable copy sheet com 
prising a support carrying a potentially reactive photo 
sensitive azo dye-forming material in stable, unreactive 
condition but reactive with a basic organic amine to form 
a dye, and a latent developer in potentially reactive as 
sociation with said material, said latent developer being an 
organic amine in combination with a bisphenol forming 
a solid crystalline complex which is stable under normal 
conditions of temperature and humidity and dissociable 
at said activation temperature to yield said amine. 

4. A photosensitive heat developable copy sheet com 
prising a support carrying a potentially reactive photo 
sentitive azo dye-forming material in stable, unreactive 
condition but reactive with a basic organic amine to form 
a dye, and a latent developer in potentially reactive as 
sociation with said material, said latent developer being an 
organic amine in combination with urea forming a solid 
inclusion compound which is stable under normal con 
ditions of temperature and humidity and dissociable at 
said activation temperature to yield said amine. 

5. A photosensitive heat developable copy sheet com 
prising a support carrying a potentially reactive photo 
sensitive azo dye-forming material in stable, unreactive 
condition but reactive with a basic organic amine to form 
a dye, and a coating containing a latent developer uni 
formly distributed over said material and in potentially 
reactive association therewith, said latent developer being 
an organic amine in combination with a bisphenol form 
ing a solid crystalline complex which is stable under nor 
mal conditions of temperature and humidity and dis 
sociable at said activation temperature to yield said amine. 

6. A photosensitive heat developable copy sheet com 
prising a support carrying a potentially reactive photo 
sensitive azo dye-forming material in stable, unreactive 
condition but reactive with a basic organic amine to form 
a dye, and a coating containing a latent developer uni 
formly distributed over said material and in potentially 
reactive association therewith, said patent developer being 
an organic amine in combination with urea forming a 
solid inclusion compound which is stable under normal 
conditions of temperature and humidity and dissociable 
at said activation temperature to yield said amine. 

7. A heat marking copy sheet responsive to heating to 
an elevated activation temperature by changing visibly to 
a contrasting color comprising, in combination, a support 
carrying indicator material which changes color in the 
presence of a basic organic amine, and a stable unreactive 
latent heat sensitive developer in intimate association with 
said material for causing a color change upon heating said 
sheet to an activation temperature greater than 110 F., 
said developer being an organic amine in combination 
with a bisphenol forming a solid crystalline complex which 
is stable under normal conditions of temperature and 
humidity and dissociable at said activation temperature 
to yield said amine to cause said color change. 

8. A heat marking copy sheet responsive to heating to 
an elevated activation temperature by changing visibly to 
a contrasting color comprising, in combination, a support 
carrying indicator material which changes color in the 
presence of a basic organic amine, and a stable unreactive 
latent heat sensitive developer in intimate association with 
said material for causing a color change upon heating 
said sheet to an activation temperature greater than 110 
F., said developer being an organic amine in combination 
with urea forming a solid inclusion compound which is 
stable under normal conditions of temperature and hu 
midity and dissociable at said activation temperature to 
yield said amine to cause said color change. 

(References on following page) 
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