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57 ABSTRACT 
A photographic emulsion of the silver halide direct 
print light-developable type containing cyclic com 
pounds of the general formula: 

2 N 
O O 

wherein X may be sor Se; and hydrogen and lower 
alkyl substitution products thereof. Optimum results 
may be obtained by addition of iodide, gold and silver 
thiocyanate sensitizers. 

8 Claims, No Drawings   
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DIRECT-PRINT LIGHT-DEVELOPABLE SILVER 
HALIDE EMULSION CONTAINING CYCLC 
DIOXIDE OR SELENONE ASSENSITIZER 

BACKGROUND OF THE INVENTION 

This invention relates in general to photographic 
emulsions. More specifically, the invention concerns 
photographic emulsions of the “direct-print light 
developable' type. 
The term “direct-print light-developable' refers to 

layers, generally deposited on a film or paper substrate, 
containing photosensitive materials upon which a visi 
ble image is obtained after an initial exposure to a pat 
tern of high intensity light or other electromagnetic ra 
diation has been utilized to form a latent image; the vis 
ible image being obtained by additional overall expo 
sure to generally lower intensity radiation. This addi 
tional exposure is known as “latensification.' The en 
tire sheet surface is exposed including exposure of the 
background area and re-exposure of the area upon 
which the initial image was formed. Direct-print light 
developable materials are distinguished from develop 
ing-out emulsions in that they do not require a wet de 
velopment treatment, such as a multi-step chemical de 
velopment after initial exposure to produce a visible 
image. While the direct-print light-developable materi 
als of this invention may be used for ordinary photo 
graphic purposes, they are particularly sensitive to a 
high intensity beam of light or other electromagnetic 
radiation and are, therefore, especially useful in high 
speed recording such as oscillographic recording and 
the like. 

Direct-print light-developable type materials are 
today in general use for recording of oscillographic 
traces. However, the direct-print light-developable ma 
terials of the prior art are not entirely satisfactory for 
this recording purpose for a number of reasons. For ex 
ample, it is generally true that the prior art materials 
which exhibit high sensitivity to an exposure of short 
duration to a high intensity beam tend to exhibit a cor 
respondingly low degree of background stability. The 
latensification procedure for these materials is highly 
critical and accordingly is exceedingly difficult to carry 
out. The latent image may be entirely lost during the 
latensification operation where the background dark 
ens too rapidly. In other cases, a phenomenon known 
as "reversal' may occur, this being a darkening of the 
background which proceeds at a more rapid rate than 
darkening of the image trace. In these situations, the 
trace may be temporarily or permanently obscured. 
Conversely, materials which exhibit a high degree of 
background stability tend to exhibit a correspondingly 
low degree of sensitivity to the recording beam and, 
thus, the minimum exposure time is far above that de 
sired for use in modern recording instruments. 

Sensitized direct-print light-developable materials 
have been described utilizing the sensitization of silver 
halide emulsions with a combination of a plumbous salt 
and a thiourea, thiosemicarbazide or mercapto succinic 
acid. While this material shows increased sensitivity, it 
is not as stable when exposed for prolonged times to 
daylight or normal room lighting as would be desirable. 
Upon prolonged exposure to ordinary illumination, the 
background darkens and the image regresses depend 
ing upon the viewing conditions which reduces the 
ratio between background and image density. 
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On occasion it is desirable to make a truly permanent 

record of an oscillographic trace. In this circumstance, 
it is desirable to develop the usual direct-print light 
developable emulsion either before or after latensifi 
cation by chemical developing-out techniques, Many 
conventional direct-print light-developable emulsions 
require special developing materials and procedures, 
Preferably, a direct-print light-developable emulsion 
used in an oscillographic recorder should be develop 
able by the usual direct-print light-developable tech 
niques or alternatively, by means of a chemical deve 
loping-out process. 

Different direct-print light-developable materials 
produce image traces and background areas of varying 
colors. Typically, the image trace may be developed as 
a brown or blue-grey line. The background areas which 
would preferably remain white often acquire a uniform 
color, typically, pink, brown or blue. Preferably, there 
should be good contrast between the trace and back 
grounds both in density and in color to permit conve 
nient and accurate examination and evaluation of the 
trace. ... 

It is also desirable to have access to the information 
recorded on the material as rapidly as possible. The ac 
cess time is the period of time which elapses between 
the imagewise exposure and the first appearance of the 
recorded information in response to latensification. 
Thus, there is a continuing need for improved direct 

print light-developable materials having improved sen 
sitivity, stability and appearance characteristics. 

SUMMARY OF THE INVENTION 
It is, therefore, an object of this invention to provide 

a direct-print light-developable emulsion overcoming 
the above-noted disadvantages. 
Another object of this invention is to provide a novel 

light sensitive composition. . . . " 

Another object of this invention is to provide a more 
sensitive dry process for the reproduction of images. 

Still another object of this invention is to provide a 
photosensitive emulsion which may be developed ei 
ther by direct-print light-developable techniques or by 
chemical developing-out techniques. 

Still another object of this invention is to provide an 
improved direct-print light-developable emulsion 
which possesses both a high degree of photosensitivity 
and a high degree of background stability under gen 
eral latensification. 
Another object of this invention is to provide a pho 

tosensitive emulsion which provides relatively im 
proved access time. 
A still further object of this invention is to provide a 

direct-print light-developable emulsion resistant to 
light degradation after imaging. 
A further object of this invention is to provide a di 

rect-print light-developable emulsion which is capable 
of producing images having improved contrast and 
color characteristics. 
The above objects and others are accomplished in ac 

cordance with this invention by providing a photo 
graphic direct-print light-developable emulsion com 
prising a photosensitive silver halide and gelatin con 
taining cyclic compounds of the general formula: 

o O 2 
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wherein X may be S or Se; and hydrogen and lower 
alkyl substitution products thereof as a sensitizer. Pref 
erably, the emulsions also contain iodide, gold and sil 
ver thiocyanate. 
Good results have been obtained using from about 

0.02 to 20.0 mole percent of cyclic compounds of the 
formula given above based on moles of silver in the sil 
ver halide grains. Approximately 0.01 to 25 mole per 
cent iodide is added to the emulsion. Additional bene 
fits primarily in reduced access time and increased 
image contrast results from the addition of from about 
0.001 to about 1.0 mole percent gold to emulsions con 
taining compounds within the formula given below. 
Optimum results are obtained with the addition of from 
about 0.1 to 25 mole percent silver thiocyanate based 
on the silver in the silver halide grains. The use of silver 
thiocyanate is disclosed in our copending application 
Ser. No. 125,816, filed Mar. 18, 1971 the disclosure of 
which is incorporated herein by reference. The sensitiz 
ers may be added in any suitable form. The silver thio 
cyanate is added in the form of a gel suspension. Typi 
cally, gold and iodide are added as water soluble com 
plexes or salts in water. However, this is not necessary. 
For example, some ingredients may be added as solids 

: or in other solvents such as acids, bases or water misci 
ble organic solvents. 
As is further pointed out in the Examples below, the 

use of iodide alone provides images having low contrast 
and low sensitivity. The addition of compounds of the 
general formula to the emulsion containing iodide im 
proves contrast; that is, the difference in density be 
tween the image area Dmax and the density of the: 
background areas Dmin is greater. The difference be 
tween Dmax and Dmin is known as AD. It also im 
proves sensitivity which increases the speed at which 
images may be recorded. Further, the addition of gold 
to the emulsions containing cyclic compounds of the 
general formula given above and iodide improves the 
access time. Optimum image quality is achieved by 
adding silver thiocyanate. 
The emulsion layer may comprise any suitable con 

ventional silver halide and binder. Best results have 
been obtained with silver chlorobromide emulsions 
these are, therefore preferred. These emulsions are 
made by first forming silver chloride and then convert 
ing substantially all of the silver chloride into a mixed 
crystal of predominantly silver bromide by adding a sol 
uble bromide salt to the emulsion. Gelatin is the con 
ventional binder for photographic emulsions. However, 
any other suitable binder, such as polyvinylalcohol, 
may be used if desired. Ordinarily, this layer should be: 
no greater than about 25 microns in thickness. For op 
timum results, the layers should contain about three. 
grams of elemental silver per square meter of coated. 
emulsion. The emulsion layer may contain additional 
ingredients to enhance, synergize or otherwise modify 
its characteristics, as desired. Typical silver bromide 
emulsions are described in "Photographic Emulsions,' 
E. J. Wall, American Photographic Publishing Co., 
Boston (1929) and in U.S. Pat. No. 3,249,440. 

Silver thiocyanate is added to the emulsion in the 
form of a suspension, preferably about 0.6 mole 
AgCNS per liter of a gelatin suspension. The suspen 
sion is formed by adding silver nitrate to potassium thi 
ocyanate in water. The precipitate is dispersed in a gel 
atin binder. Since the silver thiocyanate formed is light 
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4. 
sensitive, the precipitation and subsequent process 
steps should be carried out under safelight conditions. 
The silver thiocyanate is added after the silver halide 
grains have been formed. 
The iodide may be added in the form of any com 

pound which will furnish iodide ions to the suspension 
and may be water soluble or insoluble. Typical com 
pounds include lead iodide, silver iodide, alkali metal 
iodides, ammonium iodide, calcium iodide and barium 
iodide. 
The gold may be added in the form of water soluble 

compounds such as ammonium aurothiocyanate, po 
tassium aurothiocyanate, sodium aurothiocyanate, au 
rous thiosulfates, alkali metal aurous sulfates, chlor 
auric acid and alkali metal halides complexed with 
auric trihalides. 
The iodide and gold are also added after the silver 

halide grains are formed. It is believed therefore that 
the sensitizers are primarily present on the surface of 
the silver halide grains. It is also believed that whether 
the gold is added to the emulsion in the auric or the au 
rous form that it is converted to or remains aurous be 
cause of the presence of thiocyanate. The sensitizers 
within the general formula given above are also added 
after the silver halide grain has been formed. The sensi 
tizers are added along with the iodide, bromide and the 
gold. Preferred compounds within the general formula 
include: tetrahydrothiophene-1,1-dioxide; 2,5-dihydro 
thiophene-1, l-dioxide; 3-methyltetrahydrothiophene 
1,1-dioxide and 3-methyl-2, 5-dihydrothiophene-1,1- 
dioxide. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
The following Examples in the Table further specifi 

cally define the present invention with respect to par 
ticular sensitizers and the amounts thereof used in the 
direct-print light-developable emulsions of this inven 
tion. All percentages used are mole percent per mole 
of silver in the silver halide grains unless otherwise indi 
cated. The Examples below utilizing sensitizers within 
the ranges described above are intended to illustrate 
various preferred embodiments of the direct-print 
light-developable emulsions of the present invention. 
A gelatino-silver halide emulsion for use in the fol 

lowing Examples with different amounts of different 
sensitizers is prepared as follows: An aqueous solution 
of silver nitrate is added to an aqueous gelatin solution 
of potassium chloride in such a manner that there is 
about 105 mole percent of chloride ion based on the 
silver nitrate. The resulting mixture is ripened for about 
30 minutes at about 160°F. Potassium bromide in an 
amount sufficient to provide about 120 mole percent 
based on silver is then added. Ripening is continued for 
an additional 10 minutes. 
The emulsion is then chilled, set, shredded and 

washed to remove excess salts. This material is then 
melted at about 100°F., the sensitizers to be tested are 
then added and the mixture is ripened further. Before 
coating, an additional about 15 mole percent cadmium 
bromide is added. The emulsion is then coated onto a 
substrate to obtain a layer having about three grams of 
elemental silver per square meter. 
The direct-print light-developable emulsions thus 

produced in each Example are tested by exposing in an 
Edgerton, Germeshhausen and Grier Mark VII Sensi 
tometer at 100 microseconds exposure time. The test 
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strips are exposed through a V2 stepwedge. After ex 
posure the test strips are latensified for about 10 min 
utes under General Electric Cool White Fluorescent 
lamps at an illuminational level of about 50 foot can 
dies. 

TABLE 

EXAMPLE NO. 
l 2 3 4 

Tetrahydro- AgSCN AuSCN) II) 
thiophene-l, 
l-dioxide 

0.00 0.00 0.00 5.60 
I 0.098 0.00 0.00 5.60 
III 0.98 0.00 0.00 5.60 
W 98 0.00 0.00 5.60 
V 9.8 0.00 0.00 5.60 
W 0.00 8.0 0.03 5.60 
VII. 0.098 8.0 0.03 5.60 
V 0.98 8.0 0.03 5.60 
IX .98 8.0 0.03 5.60 
X 9.8 8.0 0.03 5.60 

2,5-dihydro- AgSCN), AuSCN, ) 
thiophene-1, 
1-dioxide 

X 1.98 8.0 0.03 5.60 
3-methyl- AgSCN (AuSCN) I 
tetrahydro 
thiophene-1, 
i-dioxide 

XI 98 8.0 0.03 5,60 
3-methyl-2, AgSCN) (AuSCN) I 
5-dihydro 

thiophene-1, 
1-dioxide 

XIII 1.98 8.0 0.03 5.60 

As indicated by the above table, outstanding results 
are obtained with a direct-print light-developable emul 
sion sensitized with the sensitizing agents of the present 
invention. In the above table columns 1 through 4 indi 
cate the mole percents of the cyclic compounds listed, 
silver thiocyanate, gold and iodide, respectively. The 
fifth column gives the access time which is the amount 
of time required to produce a visible image upon laten 
sification. The sixth column gives the density difference 
which indicates contrast between the image and back 
ground. 
The above test results were obtained using relatively 

small samples of photographic emulsion. When scaled 
up to production size quantities, it has been found that 
the optimum concentration of silver thiocyanate is 
about one-fourth that of the laboratory scale optimum. 
The increase in sensitization obtained with larger 
batches is believed to be caused by a number of vari 
ables which have not been duplicated in laboratory 
scale apparatus. For example, the scale up probably 
changes the average particle size, particle size distribu 
tion and ripening conditions caused by differences in 
agitation and in heating and cooling cycles between 
large and small batches. Further, it is believed that sil 
ver thiocyanate reacts with the surface of the silver hal 
ide particles. Accordingly, the surface area available to 
the silver thiocyanate affects this reaction. Sensitiza 
tion will depend, therefore, on gel concentration, tem 
peratures and ripening conditions and also on the parti 
cle size of the silver halide when the silver thiocyanate 
is added. The preferred quantity of silver thiocyanate 
for large scale lots is about 2 mole percent based on the 
moles of silver in the silver halide grains. 
Although specific components and proportions have 

been described in the above Examples, other suitable 
materials, as listed above, may be used with similar re 
sults. In addition, other materials may be added to the 

6 
emulsion layer to synergize, enhance or otherwise mod 
ify its properties. For example, sensitizing dyes, various 
finishing aids such as formaldehyde, surfactants, sur 
face active agents such as saponin, humectants such as 

5 glycerin, stabilizers such as 7-hydroxy-5-methyl-1,3,4- 

5 6 
Access Time AD 
Seconds 

5 0.2 
7 0.22 
O 0.24 
8 0.31 
9 0.20 
6 0.22 
4 0.22. 
4 0.32 
5 0.36 

>3 0.26 
Access Time AD 
Seconds 

4 0.34 
Access Time AD 

Seconds 

6 0.31 
Access Time AD 

Seconds 

4. 0.37 

triazoindolizine, matting agents, etc., may be used in 
the emulsion layer. 
Other modifications and ramifications of the present 

invention will occur to those skilled in the art upon a 
35 reading of the present disclosure. These are intended to 

be included within the scope of this invention, 
What is claimed: 
1. A photosensitive direct-print light developable 

emulsion comprising silver halide grains, a binder, io 
40 dide and a cyclic compound having the general 

formula: 

45 

-*s 2 n. 
O O 

so wherein X is selected from the group consisting of S 
and Se; and hydrogen and lower alkyl substitution 
products thereof, said cyclic compound being present 
in an amount effective to sensitize said emulsion. 

2. The emulsion of claim 1 wherein there is included 
ss from about 0.01 to about 25 mole percent iodide based 

on the moles of silver in the silver halide grains. 
3. The emulsion of claim 1 wherein there is also in 

cluded from about 0.01 to about 25 percent iodide and 
from about 0.001 to about 1.0 mole percent gold based 

60 on the moles of silver in the silver halide grains, 
4. The emulsion of claim wherein there is included 

from about 0.5 to about 9.0 mole percent silver thiocy 
anate, about 0.4 to about 10 mole percent iodide and 
about 0.01 to about 0.1 mole percent gold based on the 

65 moles of silver in said silver halide grains. 
5. The emulsion of claim 1 wherein said compound 

is selected from the group consisting of tetrahydrothio 
phene-1,1-dioxide; 2,5-dihydrothiophene-1,1-dioxide; 
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3-methyltetrahydrothiophene-1,1-dioxide 
methyl-2,5-dihydrothiophene-l, 1-dioxide. 
6. The emulsion of claim wherein said compound 

is present in an amount of from about 0.02 to about 20 
mole percent based on the silver in the silver halide 
grains. 

7. A photosensitive direct-print light developable 
emulsion comprising silver halide grains, a binder, from 
about 0.01 to about 25 mole percent iodide, from 
about 0.001 to about 1.0 mole percent gold, from 
about 0.5 to about 9.0 mole percent silver thiocyanate, 
and from about 0.02 to about 20 mole percent of a cy 
clic compound having the general formula: 

and 3 
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2 

wherein X may be S or Sc; and hydrogen and lower 
alkyl substitution products thereof. 

8. The emulsion of claim 7 wherein said compound 
is selected from the group consisting of tetrahydrothio 
phene-1, 1-dioxide; 2,5-dihydrothiophene-1,1-dioxide; 
3-methyltetrahydrothiophene-1,1-dioxide and 3 
methyl-2,5-dihydrothiophene-l, l-dioxide. 

ck k >k k sk 
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