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This invention consists in an improved method 
of modifying the sensitivity of silver halide 
photographic emulsions. 
In the specification of my copending British 

patent application No. 13601/35 I have described 
a method of modifying the sensitivity of photo 
graphic silver halide emulsions by treating them 
with a compound containing a System 

-----N-- - 
in which n is a positive integer, which System 
may also be represented as 

-N-(-C=C-)-C=N- 
| | | 

in which n is 0 or a positive integer. 
According to the present invention a method 

of modifying the sensitivity of a photographic 
silver halide emulsion comprises treating the 
emulsion with a compound which contains the 
System 

(where Y represents S or Se, and n is 0 or a posi 
tive integer) and in which the nitrogen atom of 
the above system forms part of a heterocyclic 
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ng. 
The present invention also includes a photo 

graphic silver halide emulsion in which one or 
more of the above mentioned compounds is in 
corporated. 
Examples of compounds which may be used 

according to the present invention age the at 
and ythiones and selenones of any of the hetero 
cyclic nitrogen compounds commonly used fog 
the preparation of cyanine dyes, for example 
unsubstituted and Substituted thiazoles, thias 
zolines, oxazoles, oxazolines, selenazoles, selena 
zolines, quinolines, indolenines, pyridines, their 
analogues and honologues including those of the 
benzene and naphthalene series, and also diazoles 
such as pyrimidine, described in British attent 
No. 425,609. w 
A convenient method of prepairing he thiones 

and selenones of compounds containing a five 
membered heterocyclic nitrogen ring is as foll 
lows: The corresponding Enercaptain (or seleno 
mercaptain) is alkylated, for example with methy 
sulphate in caustic Soda, Solution, to form the 
thioether (or selenoether) which is then heated 
at about 130-150° C. for several hours with 8, 
molecular proportion of an alkyl Sulphate or para 
toluenesulphonate to form a quaternary Sait; the 
reaction mixture is then boiled with 8. Small 
quantity of pyridine for about an hour or until 

(C. 95-) 
complete solution effected; on dilution the thione 
(or selenone) is precipitated and may be purified 
by crystallisation from an alcohol or benzene or 
by distillation at low pressures. In many cases 
the yields obtained are almost theoretical when 
calculated on the quantity of thioether (or 
selenoether) employed. 
Many of the compounds which may be en 

ployed in accordance with the present invention 
are coloured and absorb portions of the Visible 
spectrum, in which case they act as so-called 
optical or colour sensitisers, that is they increase 
the range of colour sensitivity of certain photo 
graphic silver halide emulsions. Other com 
pounds possessing the necessary characteristics 
are colourless and do not absorb light of the 
visible spectrum, but nevertheless they act as 
sensitisers and increase the speed of the emulsion 
without apparently adding any additional Colour 
sensitivity to the emulsion. 

In treating the emulsion the substances may 
be added at any convenient stage during the 
preparation of the emulsion before coating it on 
a support, or the finished coated material may 
be bathed in a Solution of the Substance. 
The amount of Substance added and the 

strength of the solution for bathing may vary 
over quite wide limits according to the Substances 
and types of emulsions used. In general an addi 
tion of the order of 80 ccs. of a, A.000 solution of 
the substance per unit of 6% litres of emulsior 
equivalent to 250 gms. of silver initiate will give 
useful results, but the amount added may be as 
little as 40 ccS, or as much as 40 ccs. Or ever, 
Oe, 
In general a, Aooo solution is used for bathing 

but this may also he varied in strength. Over gaite 
Wide limits. 
The above methods of treating the emulsions 

follow the usual known practice and in carrying 
out the present invention it is found that these 
methods are applicable to the cases where come 
pounds are employed which are coloured or air. 
sorb portions of the visible spectrum and increase 
the range of colour sensitivity of the emulsion. 
In the case of the compounds which are not 
coloured and do not absorb portions of the visible 
spectrum, however, it is found advantageous to 
incorporate them in the emulsion at an earlier 
stage during its production, that is they should 
be added either to the silver nitrate Solution or 
to the alkali halide solution employed in the 
preparation of the emulsion. 
The following are typical examples of cons 

pounds which may be used in accordance With the 
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2 
present invention and which have colour sensitis 
ing properties. 
N-ethyl-dihydroquinoline-2-thione extends the 

Sensitivity of a silver chloride gelatin emulsion 
6 to about A 4400 A. with a maximum at about 

A 4100 A. w 
C 

10 

N-methyl-dihydroquinoline-4-thione extends the 
5 Sensitivity of a silver chloride emulsion to about 

A 4600 A. with a maximum at about A 4300 A. 
Cars S 

YoH 
20 H 

N/ 

N-ethyl-dihydropyridine-2-thione extends the 
sensitivity of a silver chloride emulsion to about 
X 4300 A. with a maximum effect at about 
A 3900 A. 

9R. 30 c SoH. 
of b-s 
Y^ 
&H, 

35 N-methyl-dihydropyridine-2-thione extends the 
sensitivity of a silver chloride emulsion to about 
A 4300 A. with a maximum effect at about 
a 3900 A. 

40 C 
CH^ Sch 
ch (=s 
Y/ 

45 ch, 
The sensitivity curves of the above-described 

emulsions are shown in the accompanying draw 
ing in which 

0 Fig. 1 is a spectrogram of a silver chloride 
emulsion containing N-ethyldihydroquinoline-2- 
thione. 

Fig. 2 is a spectrogram of a similar emulsion 
containing N-methyldihydroquinoline-4-thione. 

Fig. 3 is a spectrogram of a similar emulsion 
containing N-ethyldihydropyridine-2-thione. 

Fig. 4 is a spectrogram of a similar emulsion 
containing N-methyldihydripyridine-2-thione. 
The following examples are given in order to 

illustrate the use in accordance with the present 
invention of compounds which increase the speed 
of photographic silver halide emulsions without 
having any apparent effect on the colour sensi 
tising properties. 
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Eacample I 
A normal unwashed silver chloride emulsion 

containing a small proportion, less than 1% to 
gether, of silver bromide and silver iodide, was 
prepared by adding a solution of silver nitrate to 
a solution of alkali halide in gelatin and ripen 
ing the mixture by maintaining it at 115° F. for 
fifty minutes. The emulsion was then made up 
to bulk by the addition of gelatin solution, fin 
ished in the normal manner, and then coated on 
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paper and tested in the standard manner de 
Scribed below. 

Identically similar batches of emulsion were 
also prepared in a similar manner but with the 
addition of varying quantities of a A000 Solution 
of N-ethyl-dihydrobenzoxazole-1-thione in 50% 
aqueous methylated spirit; the quantities were 
the equivalent of multiples of 100 ccs. of solution 
per 4A, litres of emulsion containing 54.5 gms. 
of silver and were added to the gelatin Solution 
of the alkali halides before the addition of the 
silver nitrate Solution. " . 
The emulsions were then tested as described 

below, the results being given in the following 
table: 

Relative 
exposure 
time 

Quantity of 
solution 
added 

Fog 

Cubic cent 
treets 
None 

30 
200 

. 400 

Another series of experiments was carried Out 
in which the Solution of the compound was added 
to the silver nitrate solution before the silver 
nitrate was added to the alkali halide; the fig 
ures for this series of experiments are given in 
the following table, from which it will be seen 
that the variation in procedure does not make any 
material alteration in the result: 

Relative 
exposure 
time 

Quantity of 
solution Fog 
added 

Catbic centi 
neier8 
None 
100 
200 
400 

In the above experiments the data relating 
to emulsion speeds was derived from the charac 
teristic curve of the emulsion obtained in foln 
lowing manner: A strip of paper coated with 
the emulsion was exposed under a normal step 
wedge of known characteristics at a known dis 
tance from a calibrated light source in the form 
of a half-watt lamp of known intensity. The 
strip was then processed under standard condi 
tions, i. e. developed for one minute at 65 F. in 
a standard metol hydroquinone developer as nor 
mally used for gaslight papers, fixed, and then 
washed, to produce an image comprising a series 
of patches varying in density inversely in ac 
cordance with the densities of the corresponding 
patches of the step-wedge. These patches of 
graded density were then examined in a standard 
reflection densitometer and their densities so de 
termined were plotted against the logarithms of 
the exposures employed to produce them so giv 
ing the characteristic curve. 
The logarithms of the corresponding exposures 

can be easily obtained from the known intensity 
of the light source, the distance at which the ex 
pOSure was made and the transmission densities 
of the respective strips of the neutral step-wedge 
employed. 
From this characteristic curve the relative ex 

posure time, is obtained by interpolation and is 
expressed as the number of candle meter seconds 
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exposure required to produce a density of 1.0 
as measured in the densitometer. " 
This figure, of course, is inversely proportional 

to the working speed of the emulsion, but ex 
presses this speed in its most useful form for this 
type of material. 
The figure for the fog is obtained as the dens 

sity measured in the same densitometer produced 
on development, under the same conditions, of a 
portion of the strip which has not received any 
exposure to light. 

, Similar series of experiments were carried out 
using N-ethyl-dihydrobenzthiazole-1-thione in 
place of N-ethyl-dihydrobenzoxazole - 1 - thione 
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with similar results, except that the speed in 
crease was not quite so large, 

Similar results were also obtained by using N 
methyl-dihydrobenzthiazole-1-thione, N-methyl 
dihydrobenzoxazole- 1 -thione, N-methyl - 5:6- 
benzdihydrobenzthiazole-l-thione and N-methyl 
4:5-dimethyldihydrobenzoxazole- 1 - thione, with 
the the exception that the increase in speed was 
not quite So great. 

Eacample II 
The experiments described below illustrate the 

effect of the addition of compounds such as de 
Scribed in Example I to an emulsion of low initial 
Sensitivity prepared from inert gelatin. 
In this case a normal iodobromide emulsion 

Was made up by adding a solution of silver ni 
trate to a solution of ammonium bromide, potas 
sium iodide and a gelatin known to yield emul 
sions of a slow type; the mixture was ripened by 
maintaining it at a temperature of 120° E. for 
twenty minutes. Further quantities of silver ni 
trate and gelatin of the same kind were then 
added and the emulsion was set, shredded, 
Washed, and then digested by maintaining at a 
temperature of 125 F. for fifty minutes. 
The emulsion was then cooled and coated upon 

glass plates. 
A similar batch of emulsion was prepared with 

the addition of a quantity of a dilute solution of 
N - ethyl-dihydrobenzoxazole - 1 - thione. The 
quantity was equivalent to 80 ccs of solution 
per unit of 6% litres of emulsion equivalent to 
250 gms. of silver nitrate, the solution being add 
ed partly to the gelatin solution of the alkali 
halides and partly to the bulk gelatin added after 
the ripening stage, the quantities added to each 
being proportional to the quantity of gelatin 
added at each stage, the emulsion being further 
treated as above (i. e. washed, digested, etc.). 

Strips of these plates were then exposed under 
a neutral step-wedge at a known distance from 
a light Source of known characteristics and then 
developed for eight minutes at 65° F. in a normal 
metol-hydroquinone developer as commonly emi 
ployed for this type of emulsion, fixed, washed 
and dried and tested as follows: The character 
istic curves were obtained by measuring the den 
sities of the graded patches of the test image in 
a standard transmission densitometer and by 
plotting them against the logarithms of the ex 
posures producing them, which are obtained di 
rectly from the known characteristics, that is 
the intensity of the light source, the distance at 
which the exposure was made and the known 
transmission density of the corresponding 
patches of the step-wedge. 
From these curves two speed figures were ob 

tained, one C as the reciprocal of the anti-loga 
rithm of the exposure at which the curve showed 
a density of 0.1 above the minimum fog density, 

3 
and T. S. as the reciprocal of the anti-logarithm 
of the exposure of the point on the curve at 
which a tangent to the curve makes an angle 
tan-0=0.2 with the abscissa. 
As before the fog values were obtained as the 

density measured in the same densitometer of 
a portion of the plate unexposed to light and de 
veloped, fixed and washed and dried under the 
same conditions. 
The following results were obtained: 

Quantity of 
solution adde d Fog 

Cubic centi 
meters 
None 
80 

A further experiment was carried out in a 
similar manner using a different gelatin and 
adding the compound to the first addition of 
silver nitrate solution, and otherwise proceeding 
as before. 

Results obtained from this experiment were as 
follows: 

Quantity of Speed Speed solipied Fog 6 S 

Cubic centi. 
meters 
None 

Both results show an increase in speed on the 
addition of the 80 ccS. Of Solution with a slight 
increase in fog. 

Similar series of experiments were carried out 
with emulsions containing varying quantities of 
N-ethyl-dihydro-benzoxazole-1-thione and di 
gested for varying times. The results showed 
that with increasing quantities of the compound 
added the same emulsion speeds were obtained 
in shorter digestion times. 

claim: 
1. A photographic silver halide emulsion of 

modified sensitivity in which is incorporated in 
sensitizing amounts N-ethyl-dihydrobenzoxazole 
1-thione. 

2. A photographic silver halide emulsion of 
modified sensitivity in which is incorporated in 
sensitizing amounts N-ethyl-dihydrobenzthiazole 
1-thione. 

3. A photographic silver halide emulsion of 
modified sensitivity in which is incorporated in 
sensitizing amounts N-ethyl-dihydroquinoline-2- 
thione. 

4. A photographic silver halide emulsion con 
taining in sensitizing amounts a mononuclear 
heterocyclic mono-nitrogen compound Selected 
from the group consisting of a thiones and sele 
nones of the N-hydrocarbon substituted thiazoles, 
benzthiazoles, naphthathiazoles, thiazolines, oxa 
zoles, benzoxazoles, naphthaoxazoles, oxazolines, 
Selenazoles, benzSelenazoles, naphtha Selenazoles, 
selenazolines, indolenines, pyridines, quinolines, 
and y thions and Selenones of N-hydrocarbon sub 
stituted pyridines, quinolines and naphthaquino 
lines. 

5. A photographic silver halide emulsion con 
taining in sensitizing amounts a mono-nuclear 
heterocyclic mono-nitrogen compound selected 
from the group consisting of a thiones and sele 
nones of the N-alkyl substituted thiazoles, benz 
thiazoles, naphthathiazoles, thiazolines, oxazoles, 
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benzoxazoles, naphthaoxazoles, oxazolines, sele 
nazoles, benzSelenazoles, naphthaselenazoles, 
Selenazolines, indolenines, pyridines, quinolines, 
and y thiones and selenones of N-alkyl substi 
tuted pyridines, quinolines and naphthaquino 
lines. 

6. A photographic silver halide emulsion con 
taining in Sensitizing amounts a mono-nuclear 
heterocyclic mono-nitrogen compound selected 
from the group consisting of a thiones and Sele 
nones of the N-hydrocarbon Substituted oxazoles 
Selected from the group consisting of oxazoles, 
benzoxazoles and naphtha.Oxazoles. 

7. A photographic silver halide emulsion con 
taining in sensitizing amounts of a mono-nuclear 
heterocyclic mono-nitrogen compound selected 
from the group consisting of a thiones and sele 
nones of the N-alkyl substituted oxazoles selected 
from the group consisting of Oxazoles, benzoxa 
Zoles and naphthaoxazoles. 

8. A photographic silver halide emulsion con 
taining in Sensitizing amounts a mono-nuclear 
heterocyclic mono-nitrogan compound selected 
from the group consisting of or thiones and Sele 
nones of the N-lower alkyl Substituted oxazolesse 
lected from the group consisting of oxazoles, 
benzoxazoles and naphtha Oxazoles. 

9. A photographic Silver halide emulsion con 
taining in sensitizing amounts a mononuclear 
heterocyclic mononitrogen compound selected 
from the group consisting of the or thiones and 
selenones of the N-hydrocarbon substituted thi 
azoles taken from the group consisting of thi 
azoles, benzthiazoles and naphthathiazoles. 

10. A photographic silver halide emulsion con 
taining in sensitizing amounts a mononuclear 
heterocyclic mono-nitrogen compound Selected 
from the group consisting of the or thiones and 

Patent No. 2,155,929. 
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Selenones of the N-alkyl substituted thiazoles 
taken from the group consisting of thiazoles, 
benzthiazoles and naphthathiazoles. 

11. A photographic silver halide emulsion 
containing in sensitizing amounts a mononuclear 
heterocyclic mononitrogen compound selected 
from the group consisting of the or thiones and 
selenones of the N-lower alkyl substituted thi 
azoles taken from the group consisting of thi 
azoles, benzthiazoles and naphthathiazoles. 

12. A photographic silver halide emulsion con 
taining in sensitizing amounts a mono-nuclear 
heterocyclic nitrogen compound selected from the 
group consisting of a thiones and selenones of 
N-hydrocarbon substituted compounds selected 
from the group consisting of pyridine, quinolines 
and naphthaquinoline. 

13. A photographic silver halide emulsion in 
Sensitizing amounts, a mono-nuclear heterocyclic 
nitrogen compound selected from the group con 
sisting of a thiones of N-hydrocarbon substituted 

t 

15 

Compounds selected from the group consisting of 
pyridine, quinoline and naphthaquinoline. 

14. A photographic silver halide emulsion in 
sensitizing amounts, a mono-nuclear heterocyclic 
nitrogen compound selected from the group con 
sisting of or thiones and selenones of N-alkyl sub 
stituted compounds selected from the group con 
sisting of pyridine, quinoline and naphthaquino 
line. 

15. A photographic silver halide emulsion in 
sensitizing amounts, a mono-nuclear heterocyclic 
nitrogen compound Selected from the group con 
sisting of or thiones and selenones of N-lower 
alkyl substituted compounds selected from the 
group consisting of pyridine, quinoline and naph 
thaguinoline. 

JOHN DAVID KENDAL. 

CERTIFICATE OF CORRECTION. 
April 11, 1939. 

JOHN DAVID KENDALI, 

It is hereby certified that error appears in the printed specification 
of the above numbered patent requiring correction as follows: Page 5, first 
column, line 22, for "the the "read the ; same page, second column, line 67, 
claim - for "thions" read thiones; page ), first column, line l5, claim 
7 strike out the word "of"; and that the said Letters Patent should be 
read with this correction therein that the same may conform to the record 
of the case in the Patent Office. 
signed and sealed this 6th day of June, A. D. 1939. 

(Seal) 
Henry Wan Arsdale 

Acting Commissioner of Patents. 

30 


