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This invention relates to photographic emul 
sions and more particularly to photographic 
emulsions which contain sensitizing dyes of a new 
class, namely such dyes as N-alkyl-heterocycly 
liidene derivatives, N-alkyl-heterocyclyliidene-eth 
ylidene derivatives and N-alkyl-heterocyclyli 
dene-butenylidene derivatives of heterocyclic 
compounds containing a reactive methylene 
group. 

It has been known for some time in the art of 
photography that in order to render photo 
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graphic emulsions, such as gelatino-silver-halide 
emulsions, sensitive to substantially all of the vis 
ible spectrum, it has been necessary to treat the 
emulsions, either by overcoating or by admixture 
With the emulsions themselves, with a compound 
which extends or enhances the sensitivity of the 
emulsions to light beyond their natural sensitiv 
ity. Many dyes suitable for this purpose have 
been described in the literature, such for instance 
as pseudocyanine, pinacyanol, thiocarbocyanine 
and others. Additional ones have been described 
in United States Patent No. 1,942,854, wherein 
emulsions containing thiazolinocarbocyanine 
dyes are described, No. 1,962,123 wherein emul 
sions containing. dibenzoxacarbocyanine dyes are 
described and No. 1962,124 wherein emulsions 
containing oxacarbocyanine dyes are described. 

It is an object of the present invention to pro 
vide a photographic emulsion, such as a gelatino 
silver-halide emulsion, which contains dyes of a 
new class, namely, such dyes as N-alkyl-heter 
ocyclylidene derivatives, N-alkyl-heterocyclyli 
dene-ethylidene derivatives and N-alkyl-heterocy 
clyildene-butenylidene derivatives of heterocyclic 
compounds containing a reactive methylene 
group. A further object is to provide a photo 
graphic emulsion, such as a gelatino-silver-halide 
emulsion, which is sensitized with such dyes. A 
still further object is to provide a photographic 
element consisting of, a transparent Support 
coated with such an emulsion. Other objects will 
appear hereinafter. ??? 

Dyes of this new class are described both as to 
chemical nature and as to methods of prepara 
tion in my copending application Serial No. 
739,502, filed August 11, 1934. The Sensitizing 
properties of related dyes are described in my 
copending application Serial No. 739,503, filed 
August 11, 1934, of which the present application. 
is a continuation-in-part. 

It is interesting and instructive to compare the 
dyes of this new class with those of the well 
known cyanine class. While these new dyes are 
distinctly different from the cyanines, a compari 

(C. 95-7) 
son of the two classes serves to make clear the 
nature of this new discovery. 
The cyanine dyes have in common the follow 

ing grouping: 

- 
R R? X 

wherein R, and R' represent alkyl groups, X rep 
resents an acid radical, the carbon atom C1 and 
the tervalent nitrogen atom are situated in a 
heterocyclic ring system and the carbon atom Ca 
and the quinquivalent nitrogen atom are situated 
in another heterocyclic ring System and 72 repre 
sents a positive integer. The two nitrogen atoms 
are always linked together by means of a conju 
gated carbon chain. The following formulae of 
some typical cyanine dyes serve to illustrate the 
application of this general formulae: 

OC) K 
??. B 

2-ethyl-1-methylthia-2'-cyanine flodde 

? ????? 
EC- N 

?Y. Y-6Y 
1º-ethyl-i-methyl-2,4’-cyanine iodide 

? X-20 =CH-CH=CH- r N 

NN/ YH-6AY 
sFIs 
1,1-diethyl-2,4-carbocyanine iodide 

Now it has been found that dyes having in Com 
mon the following grouping are valuable photo 
graphic sensitizers: 

n 

In this general formula, R represents an alkyl 
group, A represents an atom such as Oxygen or 
sulfur, the carbon atom C1 and the nitrogen atom 
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are situated in a heterocyclic ring system, the 
carbon atoms C2 and C3 are situated in another heterocyclic ring system and n represents a posi 
tive integer, The atom A (oxygen or sulfur) is 55 
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2 
linked to the nitrogen atom by means of a Con 
jugated carbon chain. 

In the case of the cyanine dyes, there iscOn 
siderable evidence (cf. Mills and Braunholtz, J. 
Chem. Soc. 121, 1489 (1922) and Hamer, ibid. 
(1928) 206 in favor of the existence of the virtual 
tautomerism represented by: 

R 

In the Cas? of the new dyes, there quite possibly 
exists a similar equilibrium as: 

b-i-A 

?????? 
V 

The sensitizing properties of the cyanine dyes 
may be associated with the first type of equilib 
rium shown above, although this has not been 
proved. Likewise, the sensitizing properties of 
the new dyes may be associated with the second 
type of tautomeric equilibrium shown. In any 
event, the new class of dyes appears to Offer as 
wide a field for photographic sensitizers as the 
Well known cyanine class. 

Examples of typical dyes of this new class are: 
Eacample 1-5-(1-ethyl-2-pyridylidene)-3-phe 

mylrhOdanine 

O 

,Y-ch ??? 

This dye can be prepared as follows: 2.1 parts of 
3-phenylrhodanine and 3.6 parts of 2-iodopyri 
dine ethiodide were refluxed with 2.12 parts of 
triethylamine and 30 parts of absolute ethyl alco 
hol for about fifteen minutes. The dye was fl 
tered from the cooled solution. It was recrystal 
lized from methyl alcohol, giving reddish-brown 
plates which gave a yellow-orange solution in 
methyl alcohol. 
Eacample 2.-5-(1-ethyl-2-quinolyliidene) -rhoda 

nel 

This dye can be prepared as follows: 2.66 parts of 
rhodanine, 8.2 parts of 2-iodoquinoline ethiodide 
and 4.24 parts of triethylamine were refluxed in 
25 parts of absolute ethyl alcohol for about 15 
minutes. The dye separated from the hot solu 
tion. It was filtered off and recrystallized from 
glacial acetic acid, giving brownish red needles 
with a green reflex. The methyl alcohol solution 
Was Orange in color. 

2,078,283 
Eacample - 3.-5-(1-ethyl-2-quinolyllideme) -3-phe 

mylrhodanine V 

. ? 

C 

/ ?N-ca? 
==C t 7-1 

NM ?? / ?S 
??, S 

This dye can be prepared as follows: 2.1 parts of 
3-phenylrhodanine and 4.1 parts of 2-iodoquino 
line ethiodide were refluxed with 55 parts of ab 
solute ethyl alcohol and 2.1 parts of triethyl 
amine for about fifteen minutes. The dye sepa 
rated from the cooled solution. It was filtered 
off and recrystallized from glacial acetic acid, 
yielding red crystals with a green reflex. 
Eacample 4. - 5-(1-ethyl-2-8-maphthoquinolyli 

dene)-3-phenylrhodanine 

? 

C.H. 
This dye can be prepared as follows: 0.3 part of 
3-phenylrhodanine and 0.66 part of 2-iodo-B- 
naphthoguinoline ethiodide were refluxed with 0.3 
part of triethylamine and 15 parts of absolute 
ethyl alcohol for fifteen minutes. The dye Was 
filtered from the cooled solution. It was recrys 
tallized from glacial acetic acid, giving brick red 
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crystals which gave a red solution in methyl al 
cohol. 

Eacampile 5.-5-(2-ethyl-1-benaeocaaeyliidene-ethyl 
idente) - rhodammte 

This dye can be prepared as follows: 1.33 parts 
of rhodanine, 4.34 parts of 1-(p-acetanidido 
vinyl)-benzoxazole ethiodide and 0.9 part of 
anhydrous sodium acetate were refluxed in 50 
parts of glacial acetic acid for about fifteen 
minutes. The dye separated from the hot solu 
tion. It was filtered off and recrystallized from 
glacial acetic acid, yielding brownish crystals 
with a bright blue reflex which gave a brownish 
yellow solution in methyl alcohol. , 
Eacampile e : 6-3-carbeithocytmethyl-5-(2-ethyl-1- 

* ben2O3Ca2yllidence-ethyllidence) - rhoddiannine 
O 

This dye can be prepared as follows: 1.1 parts of 
3-carbethoxymethylrhodanine and 2.2 parts of 1 
(3-acetanilidovinyl)-benzoxazole ethiodide were 
refluxed with 20 parts of absolute ethyl alcohol 
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and 0.53 part of triethylamine for about fifteen 
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minutes. The dye was filtered from the cooled 
solution. It was recrystallized from glacial acetic 
acid, yielding reddish-orange crystals which gave 
an orange colored methyl alcohol solution. 
Eacampile 7. - 3- (p-dimethylaminophenyl)-5-(1- 

eithyl-2-quinollyllidente-ethylidence) - rhod amline 

C2H5 
This dye can be prepared as follows: 1.25 parts 
of 3-(p-dimethylaminophenyl)-rhodanine and 
2.2 parts of 2-(8-acetanilidovinyl) -quinoline ethi 
odide were refluxed with 25 parts of acetic anhy 
dride and 0.45 part of anhydrous sodium acetate 
for about five minutes. The dye was filtered from 
the cooled solution. It was recrystallized from 
glacial acetic acid, yielding minute greenish crys 
tals which gave a bluish-red solution in methyl 
alcohol. 
ECampile 8. - 5-(2-ethyl-1-benaeothiaegylideme 

ethylidine) - rhodamine 
O 

? Zº N N 
C=CE-CBeC ?û=2 
/ N CeS / 

N S 

dye separated from the hot solution. 

fi 

th 

Cas 
This dye can be prepared as follows: 1.33 parts of 
rhodanine, 4.5 parts of 1-((3-acetanilidovinyl)- 
benzothiazole ethiodide and 0.9 part of anhydrous 
Sodium acetate were refluxed in 50 parts of gla 
cial acetic acid for about fifteen minutes. The 

It was 
filtered off and recrystallized from glacial acetic 
acid, yielding crystals resembling iron filings 
which gave a reddish-orange solution in methyl 
alcohol. 
Eacampile 9. - 5-(2-ethyl - 1 - benaeothiaeyilideme 

eithyllidenze) -3-phengyl rhod anime 
? 
FI 

ls e ? N / N-CE 
CscCH-CHaC ?=2 

/ N c=s 
N S 

b„H, 
This dye can be prepared as follows: 2.1 parts of 
3-phenylrhodanine and 4.5 parts of 1-(B-aceta 
nilidovinyl)-benzothiazole ethiodide were re 
fluxed with 55 parts of absolute ethyl alcohol and 
1.06 parts of triethylamine for about twenty min 
utes. The dye was filtered from the cooled so 
lution. It was recrystallized from glacial acetic 
acid, yielding small dark crystals with a glitter 
ing green reflex which gave a pinkish methyl al 
cohol solution. 
Eacample 10. - 5 - (3-methyl-2-thiagolinylidene 

ethgjlidene) -3-phenglrhodanine 
? 

"../ N 
??, 

3 
This dye can be prepared as follows: 2.1 parts 
of 3-phenylrhodanine and 3.9 parts of 2-(p-acet 
anilidovinyl)-thiazoline methiodide were refluxed 
with 50 parts of acetic anhydride and 0.9 part 
of anhydrous sodium acetate for fifteen minutes. 
The dye was filtered from the cooled solution. 
It was recrystallized from glacial acetic acid, 
yielding brown needles with a blue reflex which 
gave a yellow methyl alcohol Solution. 
Eacampile 11. - 3 - ethyl-5-(1-ethyl - 2 - quimolyli 

deine-ethylidence) - rhod anime 

This dye can be prepared as follows: 0.8 part of 
3-ethylrhodanine and 2.2 parts of 2-(6-acetanili 
dovinyl)-quinoline ethiodide were refluxed with 
25 parts of acetic anhydride and 0.5 part of an 
hydrous sodium acetate for about five minutes. 
The dye was filtered from the cooled solution. It 
was recrystallized from glacial acetic acid, yield 
ing dark bluish-gray crystals which gave a 
bluish-red methyl alcohol solution. 
Eacampile 12.-5-(1-ethyl-2-quinolyliidene-ethyli 

de?e) -3-ph????rhoda???? 
O 

YN/ 
??, 

This dye can be prepared as follows: 2.1 parts of 
3-phenylrhodanine and 4.4 parts of 2-(a-acetani 
lidovinyl)-quinoline ethiodide were refluxed with 
50 parts of acetic anhydride and 0.9 part of an 
hydrous sodium acetate for about fifteen min 
lutes. The dye was filtered from the cooled solu 
tion. It was recrystallized from glacial acetic 
acid and yielded brown needles with a green re 
flex which gave a pinkish-brown methyl alcohol 
Solution. x 

* Eacample 13.-5-2-ethyl-1-bemæoacaaylideme-ethyl 
| idente) -2,4,6-triketohexahydropyrimidine 

This dye can be prepared as follows: 1.3 parts of 
barbituric acid and 4.3 parts of 1-(6-acetanili 
dovinyl)-benzoxazole ethiodide were refluxed 
with 35 parts of absolute ethyl alcohol and 1.06 
parts of triethylamine for about twenty minutes. 
The dye was filtered from the cooled solution. 
It was recrystallized from glacial acetic acid and 
yielded bright yellow crystals which gave a yel 
low methyl alcohol solution. - 
Ecample 14-5-2-ethyl--benzothiazylidene-eth 

' ylidene) -2,4,6-triketoheacahydropyrimidine 
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4. 
This dye can be prepared as follows: 2.6 parts of 
barbituric acid, 9 parts of 1-(6-acetanilidovinyl)- 
benzothiazole ethiodide and 1.8 parts of anhy 
drous sodium acetate were suspended in 50 parts 
of acetic anhydride. This mixture was heated 
just under the boiling point for about one-min 
ute. The dye separated from the cooled solu 
tion and was filtered off. It was recrystallized 
from dilute acetic acid, yielding minute crystals 
with a blue reflex which gave a yellow-orange 
methyl alcohol solution. 

Eacample 15.-5-(2-ethyl-1-benaeothiaeydene - 
ethylidence) - 2 - thio - 2,4,6 - triketo heacahydropsy 
rimine 

O 

CEs. 

s2 

This dye can be prepared as follows: 14 parts of 
thiobarbituric acid and 4.5 parts of 1-((3-acet 
anilidovinyl)-benzothiazole ethiodide Were re 
fluxed with 30 parts of absolute ethyl alcohol and 
1.06 parts of triethylamine for about fifteen min 
utes. The dye was filtered from the cooled solu 
tion. It was recrystallized from pyridine and 
gave dull red crystals which gave a reddish 
orange methyl alcohol solution. - 

Eacampile 16.-4-(2-ethyl-1-bengocaatylidente-eth 
ylideme)-3-methyl-1-phenyl-5'-thiopyrazolone 

j? 
re: 

This dye can be prepared as follows: 0.95 part 
of 3-methyl-1-phenyl-5-thiopyrazolone and 2.2 
parts of 1- (8-acetanilidovinyl) - benzoxazole ethi 
odide were refluxed with 25 parts of absolute 
ethyl alcohol and 0.53 part of triethylamine for 
about fifteen minutes. The dye was filtered from 
the cooled solution. It was recrystallized from 
methyl alcohol, yielding brownish crystals with 
a green reflex which gave a reddish-orange 
methyl alcohol solution. 

Eacampile 17.-(2-ethyl-1-benaeothia8yliidente 
ethylidene) -thioacindogenide 

s 

This dye can be prepared as follows: 0.97 part of 
thioindoxylic acid, 2.25 parts of 1-(6-acetanili 
dovinyl)-benzothiazole ethiodide and 0.5 part of 
triethylamine were refluxed in 15 parts of abso 
lute ethyl alcohol for about fifteen minutes. The . 
diye was filtered from the cooled solution. ?t 
was recrystallized from methyl alcohol giving 
purplish needles and a crimson methyl alcohol 
solution. 

2,078,288 
Eacample 18.-5 - (1-ethyl-4-quinolyliidene-ethyl 

idene) -fhodontine 

SR /* 
H. H. S 

This dye can be prepared as follows: 0.34 part of 
rhodanine, 1.1 parts of 4-(6-acetanilidovinyl)- 
quinoline ethiodide and 0.22 part of anhydrous 
sodium acetate were suspended in 12 parts of 
acetic anhydride. The mixture was heated for 
about two minutes just under the boiling point. 
The dye was filtered from the cooled solution. 
It was recrystallized from ethyl alcohol, yielding 
reddish-blue crystals which gave a blue methyl 
alcohol solution. 
Eacample 19. - 5 - (1 - ethyl - 4 - quinolylidene 

eithyllidenze) -3-phengyl rhod anime 

This dye can be prepared as follows: 105 parts 
of 3-phenylrhodanine and 2.2 parts of 4-(6- 
acetanilidovinyl)-quinoline ethodide were re 
fluxed with 25 parts of acetic anhydride and 0.45 
part of sodium acetate for about five minutes. 
The dye was filtered from the cooled solution and 
was recrystallized from glacial acetic acid yield 
ing dark blue crystals which gave a blue methyl 
alcohol solution. 

Eacampile 20. - -5-(2-ethyl-1-benaeothiaraeyliidene 
butenylidene) -3-phenylrhodanine 

? 

Bs 

This dye can be prepared as in Example 9, using 
the condensation product of 1-methylbenzothia 
zole ethiodide and 3-anilinoacrolein anil hydro 
chloride, instead of the condensation product of 
1-methylbenzothiazole ethiodide and diphenyl 
formamidine. The diphenylformamide conden 
sation products are prepared in known manner 
according to the process of British Patent No. 
344409 and the 3-andlinoacrolein anil condensa 
tion products are prepared in known similar man 
er, 

The above dyes are all prepared from hetero 
cyclic compounds such as rhodanine, 3-carbo 
tethoxymethylrhodanine, 3-(p-dimethylamino 
phenyl) -rhodanine, 3-ethylrhodanine, 3-phenyl 
rhodanine, barbituric acid (2,4,6-triketohexahy 
dropyrimidine), thiobarbituric acid (2-thio-2,4,6- 
triketohexahydropyrimidine), 3 methyl-1-phe 
nyl-5-thio-pyrazolone and thioindoxyl. These 
compounds have the common property of con 
taining a reactive methylene group as shown be 
low: 

(ch,   
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2,078,283 
Wherein. A represents an atom such as oxygen or 
Sulfur. The methylene group undoubtedly is ac 
tivated on account of its position adjacent to the 
group 

A 

??-C---- 

(carbonyl or thiocarbonyl). Hereinafter such a 
group (carbonyl or thiocarbonyl) is referred to 
as an activating group. 
The heterocylic compound containing the re 

active methylene group may be condensed with a 
2-iodopyridine alkiodide, with a 2-iodoquinoline 
alkiodide or with a 2-iodo-g-naphthoquinoline 
aikiodide. Dyes No. 1-4 inclusive are examples 
of such condensation products. Such dyes are 
called N-alkyl-heterocyclylidene derivatives of 
heterocyclic compounds containing a reactive 
methylene group. 
Condensation also takes place readily between 

Such heterocyclic compounds and intermediate 
compounds formed by the condensation of an al 
kyl quaternary salt of a heterocyclic base con 
taining a reactive methyl group with a diaryl 
formamidine. The following three compounds 
are examples of Such intermediates. 
. 

/*? 
1. C-CH=CH-NHCH 

??NN 
/ N 

CEH I 

1-(6-anilinovinyl)-benzothiazole ethiodide 

ls 
HC 2. ? ? C-CH=CH-NHCHs 

2 \\ ???N 
? 

CH3 I 
2-(3-anilinovinyl)-thiazoline 

methiodide 

\ 

3. C-CH=CH-NHCH 
?N? 
/ C2 Yr 

2-(6-anilinovinyl)-quinoline ethiodide 

The acetyl derivatives of these compounds may 
also be used. 
When Such intermediates are condensed With 

heterocyclic compounds containing a reactive 
methylene group, dyes of which Nos. 5-19 inclu 
SiWe are examples, are i produced. 
The heterocyclic compounds containing reac 

tive methylene groups may also be condensed 
with intermediate compounds formed by the con 
densation of alkyl quaternary Salts of heterocy 
clic bases containinº a reactive methyl group With 
compounds such as 3-anilinoacrolein anil hydro 
chloride. In the resultant dyes, the two hetero 
cyclic nuclei are linked together by a chain of 
four carbon atoms, which may also be called a 
tetramethenyl chain. Dye No. 20 is an example 
of such a condensation product. 
The dyes described above are useful as photo 

graphic sensitizers over a wide range of the 
Spectrum. This is illustrated in the accompany 
ing diagrammatic spectrograms which give the 
intensity and range of the sensitizing properties 
of six of the dyes. Unless otherwise indicated the 

5 
sensitivity measurements have been made using 
a Silver bromide emulsion. V 

Fig. 1, 5-(2-ethyl-1-benzoaxazylidene-ethyli 
dene) - rhodanine (dye No. 5). 

Fig. 2, 5-(2-ethyl-1-benzothiazylidene-ethyli 
dene)-3-phenyirhodanine (dye No. 9.) 

Fig. 3, 5-(1-ethyl-2-quinolylidene-ethylidene)- 
3-phenylrhodanine (dye No. 12). 

Fig. 4, 4-(2-ethyl-1-benzoaxazylidene-ethyli 
dene) -3-methyl-1-phenyl-5-thiopyrazolone (dye 
No. 16). 

Fig. 5, (2-ethyl-1-benzothiazylidene-ethyli 
dene) -thioindogenide or 2-ethyl-1- (thioindogen 
ethylidene)-benzothiazoline (dye No. 17). 

Fig. 6, 5-(1-ethyl-4-quinolylidene-ethylidene) - 
3-phenylrhodanine (dye No. 19). 

O 

5 

Of the other dyes described herein, the foll 
lowing sensitize in the blue-green and green por 
tions of the spectrum: dye No. 1 with a maxi 
mum at 490 millimicrons and a range extending 
to 585 millimicrons, dye No. 2 with a broad max 
imum at 530 millimicrons and a range extending 
to 580 millimicrons, dye No. 3 with a broad max 
imum at 525 millimicrons and a range extending 
to 580 millimicrons, dye No. 4 with a maximum 
at 540 millimicrons and a range extending to 
595 millimicrons, dye No. 6 with a maximum at 
550 millimicrons and a range extending to 600 
millimicrons, dye No. 7 With a maximum at 555 
millimicrons and a range extending to 605 milli 
microns, dye No. 10 with a maximum at 540 
millinicrons and a range extending to 600 milli 
microns, dye No. 15 With a maximum at 525 
millimicrons and a range extending to 560 milli 
microns. Dyes Nos. 13 and 14 sensitize less 
strongly than the above described dyes in a 
silver bromide emulsion. However, they are of 
use particularly in a silver chloride emulsion. 
For instance, dye No. 14 shows a maximum at 
495 millimicrons and a range extending to 530 
millimicrons when tested in a silver chloride 
emulsion. 
Dye No. 8 sensitizes farther toward the red 

than the above dyes, having a broad maximum 
at 580 millinicrons and the range extending to 
660 millimicrons. 

Dye No. 11 is a panchromatic Sensitizer with 
two maxima, the first at 560 millimicrons and 
the second at 625 millimicrons, the range extend 
ing to 720 millimicrons. 
Dyes Nos. 18 and 20 are sensitizers for the 

red and deep red regions. The former has a 
maximum at 665 millimicrons and a range ex 
tending to 705 millimicrons with a gap between 
the regions of ordinary and extraordinary sensi 
tivity. The latter has a maximum at 705 milli 
microns and a range extending to 74.5 millimi 
crons with a gap between the regions of ordi 
nary and extraordinary sensitivity. · 
While I have described herein Specifically, the 

sensitizing effect of only those dyes containing 
the following grouping: 

R 

wherein m represents one, two or three, it will 
be obvious from the breadth of this description 
that dyes wherein in represents the integer four 
or even a larger integer, may be prepared in a 
similar manner by choosing suitable starting ma 
terials. Further it is obvious by analogy with 
the dyes of the cyanine class that such higher 
molecular weight dyes may possess photographic 
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6 
sensitizing powers. In other words, the prepara 
tion of the remaining dyes in this entire new class' 
of dyes as well as their possibilities as photo 
graphic sensitizers will be apparent to those 
skilled in the art from the teachings set forth 
above. 
The new dyes of my new emulsions can be 

formulated as follows: 

wherein. A represents a divalent atom, such as 
oxygen or sulfur, D represents...a phenylene group, 
R represents an alkyl group, n represents a posi 
tive integer not greater than three, Y represents 
the non-metallic atoms necessary to complete a 
five-membered heterocyclic nucleus, for example, 
a five-membered heterocyclic nucleus containing 
two nuclear non-metallic atoms other than car 
bon, one of which non-metallic atoms is trivalent 
nitrogen and the other of which is divalent, such 
as benzothiazole, thiazoline and benzoxazole, Y 
also represents the non-metallic atoms necessary 
to complete a six-membered heterocyclic nucleus, 
for example, a six-membered heterocyclic nucleus 
containing but one nuclear non-metallic atom 
other than carbon, such as pyridine, quinoline 
and naphthoquinoltre, and Z represents the non 
metallic atoms necessary to complete a five-men 
bered heterocyclic nucleus, for example, a five 
membered heterocyclic nucleus containing two 
nuclear non-metallic atoms other than carbon, 
at least one of which is trivalent nitrogen and 
the other of which is divalent when other than 
nitrogen, such as rhodanines, Z also represents 
the non-metallic atoms necessary to complete 
a six-membered heterocyclic nucleus, for exam 
ple, a six-membered heterocyclic nucleus con 
taining two nuclear trivalent nitrogen atoms 
and four nuclear carbon atoms, such as barbi 
turic acids. It has recently been proposed to call 
the dyes of this new and very large class, merocy 
anine dyes. In the above formulas, when 7 rep 
resents 1, the dyes are conveniently referred to 
as simple merocyanine dyes, when n represents 2, 
as merocarbocyanine dyes, and when as repre 
sents 3, as merodicarbocyanine dyes." 
The preparation of gelatin-silver-halide emul 

sions is well known to those skilled in the art of 
photography. To sensitize such emulsions with 
the dyes herein described, a stock solution is pre 
pared by dissolving the dye in a suitable solvent 
such as methyl alcohol, acetone or pyridine. 
Then into one liter of a flowable photographic 
gelatino-silver-halide emulsion, an amount of the 
above stock solution, diluted somewhat if de 
sired, containing about 0.010 g. of the desired 
dye is thoroughly incorporated. This sensitized 
emulsion may then be coated upon a suitable sup 
port, such as glass, cellulose derivative, paper or 
the like, to a suitable thickness and allowed to 
dry, details of these processes being well known 
to photographic experts. 

Photographic elements so sensitized have prop 
erties different from the ones heretofore pro 
duced with other sensitizing dyes and hence are 
Of special utility. 

2,078,288 
The amount of dye which is actually incorpo 

rated in a given quantity of emulsion will, of 
course, vary from dye to dye and emulsion to 
emulsion and the regulation and adoption of the 
most economical and useful preparation will be 
apparent to those skilled in the art upon observ 
ing the sensitizing power of the particular dye 
for the particular emulsion in question. The 
above proportions are, therefore, to be regarded 
only as illustrative and not to be understood as 
limiting the invention in any sense. Further 
more, it will be apparent that these dyes may be 
incorporated in the emulsion by other methods 
practiced in the art as, for instance, by bathing 
the plate or film upon which the emulsion has 
been coated, in a solution of the dye in an ap 
propriate solvent, although this method of in 
corporating the dye in the emulsion is not to be 
preferred over the first described. Obviously the 
claims are intended to cover any combination 
of these dyes with a photographic emulsion 
whereby the dye exerts a sensitizing effect upon 
the emulsion. 
Under the class of gelatino-silver-halide emul 

sions, of course, are included all of the silver 
halides customarily employed in the art, but more 
particularly the silver chloride and silver bromide 
emulsions. 
What I claim as my invention and desire to be 

secured by Letters Patent of the United States 
is: 

1. Agelatino-silver-halide emulsion which con 
tain a 5-(1-alkyl-2-quinolylidene)-3-phenyl 
rhOdanline. 

2. A gelatino-silver-halide emulsion which 
contains a 5-(1-ethyl-2-quinolylidene)-3-phenyl 
rhodanine. 

3. Agelatino-silver-halide emulsion which con 
tains a 5-(1-alkyl-2-quinolylidene-ethylideme)3- 
phenylrhodanine. 

4. A gelatino-silver-halide emulsion, which 
contains a 5-(1-ethyl-2-quinolylidene - ethyli 
dene) -3-phenylrhodanine. 

5. Agelatinosilver-halide emulsion which con 
tains a 5-(2-alky1-1-benzothiazylidene-butenyli 
dene)-3-phenylrhodanine. 

6. A gelatino-Silver-halide emulsion which con 
tains a 5-(2-ethyl-l-benzothiazylideme-butenyli 
dene)-3-phenylrhodanine. 

7. A photographic-silver-halide emulsion con 
taining a photographic Sensitizing dye selected 
from the group consisting of dyes characterized 
by the following formula: - 

N-d=(CH-CH)=b-dea 
k 

and dyes characterized by the following formula: 

wherein A represents an atom selected from the 
group consisting of Oxygen and sulfur, D repre 
sents a phenylene group, R represents an alkyl 
group, in represents a positive integer not greater 
than three and Y and Z represent the non-metal 
lic atoms necessary to complete a heterocyclic 
nucleus selected from the group consisting of five 
membered and six-membered heterocyclic nuclei. 

8. A gelatino-silver halide emulsion containing 
a photographic sensitizing dye selected from the 
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2,078,288 
group consisting of dyes characterized by the 
following formula: 

and dyes characterized by the following formula: 
D 22 ???? , 

wherein. A represents an atom selected from the 
group consisting of oxygen and sulfur, D repre 
sents a phenylene group, R represents an alkyl 
group, in represents a positive integer not greater 
than three and Y and Z represent the non-metal 
lic atoms necessary to complete a heterocyclic 
nucleus selected from the group consisting of 
five-membered and six-membered heterocyclic 
nuclei. 

9. A photographic-silver-halide emulsion con 
taining a photographic sensitizing dye selected 
from the group consisting of dyes characterized 
by the following formula: 

Y \\ Y Z? ?? 

hi-d=CH-CH)--b-d-A 
R 

and dyes characterized by the following formula: 
?? rz? 
r=b-d=A??(c=(CH-CH\ ? 

NM 
wherein A represents an atom selected from the 
group consisting of oxygen and sulfur atoms, D 
represents a phenylene group, R represents an 
alkyl group, n represents a positive integer not 
greater than three, Y represents the non-metallic 
atoms necessary to complete a heterocyclic nu 
cleus selected from the group consisting of five 
membered and six-membered heterocyclic nuclei, 
the five-membered heterocyclic nuclei containing 
two nuclear non-metallic atoms other than car 
bon one of which non-metallic atoms is trivalent 
nitrogen and the other of which is divalent, and 
the six-membered heterocyclic nuclei containing 
but one nuclear nonmetallic atom other than 
carbon, and Z, represents the non-metallic atoms 
necessary to complete a heterocyclic nucleus se 
lected from the group consisting of five-mem 
bered and six-membered heterocyclic nuclei, the 
five-membered nuclei containing two nuclear 
non-metallic atoms other than carbon, at least 
one of which nuclear atoms is trivalent nitrogen 
and the other of which is divalent when other 
than nitrogen, and the six-memberedi nuclei con 
taining two nuclear trivalent nitrogen atoms and 
four nuclear carbon atoms. 

10. A gelatino-silver-halide emulsion contain 
ing a photographic sensitizing dye selected from 
the group consisting of dyes characterized by 
the following formula: 

• Ya 22 ?? , 

k 
and dyes characterized by the following formula: 

- 

whereiri A. represents an atom selected from the 

7 
group consisting of oxygen and sulfur, D repre 
sents a phenylene group, R represents an alkyl 
group, m represents a positive integer not greater 
than three and Y represents the non-metallic 
atoms necessary to complete a nucleus selected 
from the group consisting of five-membered and 
six-membered heterocyclic nuclei, the five-mem 
bered heteorcyclic nuclei containing two nuclear 
non-metallic atoms other than carbon one of 
which non-metallic atoms is trivalent nitrogen 
and the other of which is divalent, and the six 
membered heterocyclic nuclei containing but one 
nuclear non-metallic atom other than carbon, 
and Z represents the non-metallic atoms neces 
Sary to complete a rhodanine nucleus. 

lli. A?gelatino-silver halide emulsion containing 
a photographic sensitizing dye selected from the 

O 

15 

group consisting of dyes characterized by the 
following formula: 

? Y / Z M. 
f W 

-d-b-d=A 
R 

and dyes characterized by the following formula: 
Z D y 

R-NYYC-b-d-A 
NM 

Wherein. A represents an atom selected from the 
group consisting of oxygen and sulfur, D repre 
Sents a phenylene group, R represents an alkyl 
group, and Y and Z represent the non-metallic 
atoms necessary to complete a heterocyclic nu 
cleus selected from the group consisting of five 
membered and six-membered heterocyclic nuclei. 

12. A gelatino-silver-halide emulsion contain 
ing a photographic sensitizing dye " selected from 
the group of dyes characterized by the following 
formula: 

wherein R represents an alkyl group, Y repre 
Senats the non-metallic atoms necessary to com 
plete a six-membered heterocyclic nucleus, the 
six-membered heterocyclic nucleus containing 
but one nuclear non-metallic atom other than : 
carbon, and Z represents the non-metallic atoms 
necessary to complete a rhodanine nucleus. 

13. A gelatino-silver-halide emulsion contain 
ing a photographic sensitizing dye selected from 
the group of dyes characterized by the following 
formula: 

? 

NN/ N ???? C=S 
S 

wherein D represents an arylene group of the 
benzene series, R represents an alkyl group and 
R’ represents an aryl group of the benzene series. 

14. A gelatino-silver halicie emulsion contain 
ing a photographic sensitizing dye selected from 
the group consisting of dyes characterized by 
the following formula: 
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and dyes characterized by the following formula: 

? Z 
A. W 

R-N 

wherein. A represents an atom selected from the 
group consisting of oxygen and sulfur, D repre 
Sents a phenylene group, R represents an alkyl 
group, and Y and Z represent the non-metallic 

10 atoms necessary to complete a heterocyclic nuclei 
Selected from the group consisting of five-men 
bered and six-membered heterocyclic nuclei. 

15. A photographic-Silver-halide emulsion con 
taining a photographic sensitizing dye selected 

15 from the group consisting of dyes characterized 
by the following formula: 

Y. Z M. 
YA A YA 

f t 

hi-d-ch-ch-b-d-A 20 R 

and dyes characterized by the following formula: 
D ? Z 

R-N4 Yo-CH-CH=b-d-A 
25 N-t/ 

wherein. A represents an atom selected from the 
group consisting of oxygen and Sulfur atoms, D 
represents a phenylene group, R represents an 
alkyl group, Y represents the non-metallic atoms 

30 necessary to complete a heterocyclic nucleus se 
lected from the group consisting of five-men 
bered and six-membered heterocyclic nuclei, the 
five-membered heterocyclic nuclei containing two 
nuclear non-metallic atoms other than carbon 

35 one of which non-metallic atoms is trivalent ni 
trogen and the other of which is divalent, and 
the six-membered heterocyclic nuclei containing 
but one nuclear non-metallic atom other than 
carbon, and Z represents the non-metallic atoms 

40 necessary to complete a heterocyclic nucleus se 
lected from the group consisting of five-men 
bered and six-membered heterocyclic nuclei, the 
five-membered nuclei containing two nuclear 
non-metallic atoms other than carbon, at least 

45 one of which nuclear atoms is trivalent nitrogen, 
and the other of which is divalent When Other 
than nitrogen, and the six-membered nuclei con 
taining two nuclear trivalent nitrogen atoms and 
four nuclear carbon atoms. 

16. A gelatino-silver-halide emulsion contain 
ing a photographic sensitizing dye selected from 
the group of dyes characterized by the following 
formula: 

50 

Ya Z 
W t 

55 --cu-en--- 
wherein R represents an alkyl group, Y repre 
sents the non-metallic atoms necessary to com 

60 plete a six-membered heterocyclic nucleus, the 
six-membered heterocyclic nucleus containing 
but one nuclear non-metallic atom other than 
carbon and Z, represents the non-metallic atoms 
necessary to complete a rhodanine nucleus. 

?? 17. A gelatino-silver-halide emulsion contain 
ing a photographic sensitizing dye selected from 
the group of dyes characterized by the following 
formula: 

76 wherein D represents an arylene group of the 

benzene series, R represents an alkyl group and 
R represents an aryl group of the benzene series. 

18. A gelatino-silver halide emulsion contain 
ing a photographic sensitizing dye selected from 
the group consisting of dyes characterized by the 5 
following formula: 

Y. " Za Y 

k O 
and dyes characterized by the following formula: 

? ? Z ̀w 

wherein A represents an atom selected from the 
group consisting of oxygen and sulfur, D repre 
Sents a phenylene group, R represents an alkyl 
group, and Y and Z represent the non-metallic 
atoms necessary to complete a heterocyclic nu 
cleus Selected from the group consisting of five 
membered and six-membered heterocyclic nuclei. 

19. A gelatino-silver-halide emulsion contain 
ing - a photographic sensitizing dye selected from 
the group of dyes characterized by the following 
formula: 

20 

25 
/YN 

hi-d=CH-CH=CH-CH-b-d-o R 
wherein R represents an alkyl group, Y represents 
the non-metallic atoms necessary to complete a 
five-membered heterocyclic nucleus, the five 
membered heterocyclic nucleus containing two 
nuclear non-metallic atoms other than carbon, 
One of which non-metallic atoms is trivalent ni 
trogen and the other of which is divalent, and Z. 
represents the non-metallic atoms necessary to 
complete a rhodanine nucleus. ? 

20. A gelatino-silver-halide emulsion contain 
ing a photographic sensitizing dye characterized 40 
by the following formula: 

30 

35 

? 

S R 
Wherein D represents an arylene group of the 
benzene series, R.' represents an aryl group of 50 
the benzene series and R represents an alkyl group. 

21. As an article of manufacture, a photo graphic element comprising a transparent sup 
port coated with a photographic-silver-halide 
emulsion which contains a dye selected from the 55 
group consisting of dyes characterized by the 
following formula: 

PK 
N 

Y. , Z M 
d-??? -C=(CH-CE)-sC-C= - ( B)--b-c-A 60 

and dyes characterized by the following formula: 
D " Z A 

/. N 1. 

Wherein. A represents an atom selected from the 
group consisting of oxygen and sulfur, D repre 
Sents a phenylene group, R represents an alkyl 
group, 7 represents a positive integer not greater 
than three and Y and Z represent the non-metal- 70 
lic atoms necessary to complete a heterocyclic 
nucleus selected from the group consisting of 
five-membered and six-membered heterocyclic 
nuclei. 

LESLE. G. S. BROOKER, 7s   


