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2 Claims, 
This invention relates to photographic sensitiz ing compositions and to photographic prepara 

tions, Such as emulsions Or plates Or films coated. 
With emulsions, comprising such compositions. 

This application is a continuation-in-part of 
our co-pending application Serial No. 540,810 
filled in the United States May 28, 1931, and in 
Great Britain May 31, 1930. It is known that a standard photographic emul 
sion is sensitive to light rays Only within the 
wave-length range of about 360 to 500 millimi 
Crons, and that by suitable treatment, e. g., by 
bathing a photographic plate in a dilute solution 
of a sensitizer, the emulsion becomes sensitive to 
light of other wave-lengths, but it is still a matter 
of difficulty to increase or decrease the sensitivity 
at will in any desired degree. It is an object of this invention to produce new 
and improved sensitized photographic emulsions. 
A further object is to provide sensitizing compon 
sitions which will render photographic emulsions 
sensitive to light rays in the red and infra-red 
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region of the spectrum. It is a further object of 
this invention to provide photographic emulsions 
sensitive to red and infra-red light rays. It is also 
an object of this invention to provide plates and 
films coated with such sensitized emulsions. 
Other objects will appear in the description and 
claims. These objects are achieved according to this in 
vention by the employment of unsymmetrical 
polymethine dyestuffs such as can be obtained by condensing a heterocyclic nitrogen compound 
containing an external reactive methylene group 
with an intermediate compound obtainable by the 
process described in our British Patent No. 
344,409. In general, the sensitizing dyes employed 
in accordance with the present invention. are 
characterized by having the general formula: 

X Z 

RC DC-M-cC> N R^ Y k 
wherein X represents a member of the Oxygen 
group of elements or dialkyl methylene, 2 repre 
sents a member of the oxygen group of elements, 
dialkyl methylene, or vinylene and is different 
from X, R1 and Ra represent the same or different 
Ortho-aromatic nuclei which may or may not be 
substituted by monovalent auxochromic substit uents, e.g., by alkyl and alkoxy groups and/or 

(C. 95-7) 
the meta- and para-positions, R represents an 
aliphatic hydrocarbon radical (not necessarily the 
same), Y represents the negative radical of an 
acid (e. g., halogen, sulfate, oxalate, nitrate, chlo 
rate, etc.), and MI represents a methenyl chain 
which may or may not be substituted by monova 
lent auxochromic substituents, for instance, by 
alkyl, alkoxy or aryl groups or by halogen atoms 
such as chlorine, bromine Oriodine. It will be recognized that this formula may also 
be Written: X 2. 

R? Yc-M-0 Y, 
N/ 
a? Y 

... O 
K 2, . 

KC3-M- C Ya, 
kN / k 

The position of the acid residue Y is not definite 
ly known and it may be in equilibrium between 
the two nitrogen atoms, In carrying our invention into practical effect, 
We treat a photographic emulsion with unsym 
metrical polymethine dyestuffs as described 
above, e. g., by bathing a photographic plate in a 
dilute aqueous solution of the dyestuff. The dye 
stuff may be added to typical photographic emul 
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sions, such as gelatino silver halide emulsions, in 
a manner well known in the art. Preferably, a 
solution of about 1 part of dyestuff in about 2000 
parts of 50% aqueous alcohol is prepared. This 

35 

stock solution is diluted for use with about 20 
parts of water. Approximately 100 cc. of the di 
luted solution are then taken for each full size 
photographic plate to be treated and the plate is 
immersed in the solution which is agitated gently 
and kept in contact with the plate for a period of 
about five minutes. The plate is then washed 
with water and dried. It will be apparent to those 
skilled in the art that the proportions of dyestuff 
and photographic emulsion may be varied in 
Order to obtain the desired effect. a The accompanying drawing illustrates the sen 
sitivity curves of photographic emulsions treated 
with certain of the unsymmetrical dyestuffs here 
inafter described. The invention will be further illustrated but is 
not limited by the following examples, in which 

55 halogen atoms such as chlorine and bromine in the parts are by weight. 
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2 
Eacample 

An intermediate compound was prepared by 
Condensing together 60 parts of quinaldine ethi 
Odde and 40 parts of diphenylformamidine in ac 
Cordance with Example 2 of the provisional spec 
ification of our British Patent No. 34.4,409 or Ex 
ample 6 of the complete specification. Approxi 
mately 16 parts of this product were condensed 
with 7 parts of 1:3:3-trimethyl-2-methylene 
indoline by boiling the two components under re 
flux for ten minutes in 2 parts of acetic anhy 
dride. The reaction mixture was then cooled, 
somewhat diluted by 50 parts of hot water, and 
vigorously stirred. The dyestuff separated out 
and was filtered of and washed. This dyestu has the formula 

CEI CE 

CQ 
C-CH=CH-CH= Na NM 

off, Yi s 
When a photographic plate was treated with a 

solution of the dyestuff as described above, it 
became sensitive to light of wave-lengths within 
the range of about 360 to about 653 millimicrons. 
The procedure in preparing the above dyestuff 

may be varied. For instance, we may first pre 
pare the intermediate compound from 2:3:3-tri 
methyl- indolenine - methiodide and diphenyl 
formamidine, as described in Example 1 of the 
complete specification of our British Patent No. 
344,409, and then condense one molecular pro 
portion of this with one molecular proportion 
of quinaldine ethiodide in the manner described 
above, with the addition of an acid-binding agent 
Such as sodium acetate. 

Ecample II 
An intermediate compound was prepared by 

condensing 9 parts of 2-methyl-benzothiazole 
ethiodide and 66 parts of diphenyl formamidine 
in 500 parts of acetic anhydride, as described in 
Example 5 of our British Patent No. 344,409. 
Twenty-four parts of this product were then 
condensed with 18 parts of 2:3:3-trimethyl-in 
dolenine-methiodide in 160 parts of acetic an 
hydride to which 5 parts of sodium acetate had 
been added. The condensation was effected by 
boiling the solution under reflux for about fif 
teen minutes. The mixture was then diluted by 
a solution of 50 parts of water and the precipi 
tated dyestuff purified by lixiviation with ether. 
It may be given the formula: 

ce oH, S C 

Ye-on-on-on-o/ 
/ N 

cá,Y ch, 
or the formula: 

CBI CE 

YoC S 

w Ye-on-on-on-o/ 
/ N 

cá, Y &B, 
When photographic plates and emulsions are 

treated with the dyestuff as previously described 
the sensitivity range is from about 360 to about 630 minicrons, 

9,071,899 
An alternate method of preparing the dyestuff 

is to produce the intermediate compound from 
2:3:3-trimethyl-indolenine-methiodide and di 
phenyl formamidine, as described in Example 1 
of our British Patent No. 344,409, and then re 
acting equil-molecular proportions of said com 
pound and 2-methyl-benzothiazole-ethiodide in 
160 parts of acetic anhydride and 5 parts of so 
dium acetate with boiling for fifteen minutes, 

Eacample III 
An intermediate product was prepared by boil 

ing 58 parts of 2-methyl-benzoxazole-ethiodide 
and 66 parts of diphenyl formamidine in 250 
parts of acetic anhydride for twenty minutes, as 
described in Example 4 of Our British Patent No. 
344,409. The dyestuff is prepared by condensing 
about 18 parts of this product with 18 parts of 
2:3:3-trimethyl-indolenine-ethiodide by boiling 
under reflux in a solution of 160 parts of acetic 
anhydride to which 5 parts of sodium acetate 
have been added. After boiling for fifteen min 
utes, the mixture is diluted with 150 parts of hot 
water and the precipitated dyestuff is purifled 
by lixiviation with ether. This dye has the for mula: 

CF CHs 
N/ 

/e- 
s/ N/ 

cá, Yi &H, 
and may also be given the formula: 

CBI CE 
N/ 

C-C-C-CH=C 
/ N 

cá, Yr &H, 
When this dye is employed for sensitizing pho 

tographic plates and emulsions, as previously de 
scribed, it extends the wave-length range and the 
plate becomes Sensitive to wave-lengths of light 
within the range of 360 to about 600 millimicrons. 
An alternative method of preparing the dye 

stuff described above is to prepare the interme 
diate compound from 2:3:3-trimethyl-indole 
nine-ethiodide and diphenyl formamidine, as de 
scribed in our Example 1 of British Patent No. 
344,409, and then boll under reflux equi-molecu 
lar proportions of said compound and 2-methyl 
benzoxazole-ethiodide in 160 parts of acetic an 
hydride and 5 parts of sodium acetate for fifteen 
minutes. The dyestuff may be separated as pre viously described. 

Eacample IV 
An intermediate compound was prepared by 

boiling 90 parts of 2-methyl-benzothiazole-ethio 
dide and 66 parts of diphenyl formamidine in 500 
parts of acetic anhydride for fifteen minutes, as 
described in British Patent No. 34.4,409. Approx 
imately 26.92 parts of this intermediate product 
were then boiled under reflux with about 17.92 parts of 2-methyl-benzoxazole ethiodide in 160 
parts of acetic anhydride to which 5 parts of so 
dium acetate had been added. After boiling for 
fifteen minutes, the mixture was diluted with 150 
parts of hot water and the precipitated dyestuff 
was purifled by lixiviation with ether. 

Alternately, the dyestuff may be prepared by 
making the intermediate product from 2-methyl 
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benzoxazole-ethiodide, as described in Example 4 
of Our British Patent No. 344,409, and then con 
densing equi-molecular proportions of this inter 
mediate product and 2-methyl-benzothiazole 
ethiodide in the presence of acetic anhydride and 
sodium acetate as previously described. 
The dyestuff may be given the formula: 

s 

or the formula: 

/ s 

When photographic plates and emulsions are 
treated with the above identified dyestuff in the 
manner previously described, the range of sensi 
tivity to light is extended and the plate becomes 
sensitive to a wave-length range from 360 to about 
640 millimicrons. It will be apparent that the present invention 
is applicable to the treatment of photographic 
plates and emulsions with other unsymmetrical 
dyestuffs of the type described in the examples, 
namely, those characterized by having dissimilar 
heterocyclic nuclei connected by a methenyl 
chain. By "dissimilar nuclei" we mean nuclei 
which are substantially different, either in having 
dissimilar hetero atoms (as, for instance, an 
Oxazole, thiazole or selenazole nucleus) Connected 
through a methenyl chain to an indoline nucleus 
or a quinoline nucleus. Thus, in Examples II and 
III, we have described dyestuffs in which a thia 

40 zole and an oxazole nucleus are connected through 
a methenyl chain to an indoline nucleus. By sub 
stituting chemically equivalent proportions of 2 
methyl-benzoselenazole-ethiodide for 2-methyl 
benzothiazole-ethiodide or 2-methyl-benzoxazole 

45 ethiodide in these examples, it will be apparent 

50 ties, 

that we can obtain dyestuffs containing a selena 
zole nucleus connected through a methenyl chain 
with an indoline nucleus, said dyestuffs also be 
ing characterized by excellent sensitizing proper Similarly, by reacting chemically equiva 
lent proportions of ethiodides of 2-methyl-ben 
ZOxazole, 2-methyl-benzothiazole or 2-methyl 
benzoselenazole with the quinaldine ethiodide-di 
phenyl formamidine condensation product of Ex 

55 ample I in the presence of acetic anhydride and 
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sodium acetate, we may prepare dyes containing . 
an Oxazole, thiazole or selenazole nucleus COin 
nected through a methenyl chain to a quinoline 
nucleuS. It will also be apparent that we may employ 
dyes containing various combinations of Oxazole, 
Selenazole and thiazole nuclei. Thus, Our pre 
ferred dyes are those in which the two heterocy 
clic nuclei are dissimilar in that they contain dis 
similar atoms from the oxygen group of elements. 
Such a dye is described in Example IV in which 
a thiazole and an oxazole nucleus are connected 
by a methenyl chain. Instead of 2-methyl-benz 
oxazole-ethiodide in Example IV, we may em ploy the chemically equivalent proportions of 2 
methyl-benzoselenazole-ethiodide to produce a 
dye in which a selenazole nucleus is connected 
through a methenyl chain to a thiazole nucleus; 
or, we may prepare the intermediate compound 
from 2-methyl-benzoxazole-ethiodide and d 

phenyl formamidine, as described in Example 4 
of our British Patent No. 344,409, and boil to 
gether equi-molecular proportions of this com 
pound and 2-methyl-benzoselenazole-ethiodide in 
160 parts of acetic anhydride containing 5 parts 
of sodium acetate, as in Example IV, and obtain 
a dye containing an oxazole and a selenazole nu 
cleus connected by a methenyl chain. 

For simplicity in describing the invention, we 
have heretofore referred specifically to the un 

5 

10 
substituted benzoxazoles, benzothiazoles and ben 
zoselenazoles, but it will be apparent to those 
skilled in the art that dyestuffs containing auxo 
chromic substituents, such as halogen atoms 
(e. g., chlor methyl, ethyl, isopropyl, butyl and higher homo 
logues), and/or alkoxy groups (e. g., methoxy, 
ethoxy, butyloxy, etc.) may be present in the 
aromatic nucleus in any position, or positions, 
but the ortho positions which are already fully 
substituted by the bonds from the heterocyclic 
ring. The method of preparing the dyestuffs 
from the Substituted derivatives is the same as 
from the unsubstituted derivatives, except that 
an intermediate is employed in which a substit 
uent is already preserit. For instance, a 2 

rine or bromine), alkyl groups (e. g., 5 
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methyl-benzoselenazole ethiodide or a 2-methyl 
benzothiazole-ethiodide in which the position 
para to the carbon atom connected to the sele 
nium, sulfur or oxygen atom is occupied by an 
atom or group such as chlorine, bromine, methyl, 
ethyl, methoxy or ethoxy. 
matic nucleus of the oxazole, selenazole or thi 
azole being a benzene nucleus, it may be a naph 
thalene nucleus, either substituted or unsubsti 
tuted. Unsymmetrical dyes of the type described con 
taining dissimilar heterocyclic nuclei connected 
by a penta-methenyl chain may be prepared as 
described in Our British Patent No. 355,693, by 
reacting a beta-anilino-acrolein-anil and 2:3:3- trimethyl-indolenine-alkyl-iodide or 2-methyl 
benzothiazole-alkyl-iodide or 2-methyl-benzo 
selenazole-alkyl-iodide or 2-methyl-benzoxazole 
alkyl-iodide in acetic anhydride to form an inter 
mediate compound, and then condensing said 
intermediate compound with a 2-methyl-benzo 
thiazole-alkyl-iodide, 2-methyl-benzoxazole-al 
ky-iodide or 2-methyl-benzoselenazole-alkyl 
iodide in which the member of the oxygen group 
of elements is dissimilar from that employed in 
the formation of the intermediate. This con densation may be carried out in the presence of 
acetic anhydride and sodium acetate, as above 
described. - Unsymmetrical dyestuffs of the type described 
containing substituents on the methenyl chain 
may be prepared by employing alpha-substituted 
beta-anlino-acrolein-anils in the preparation of 
the intermediate bodies in accordance with Brit 
ish Patent No. 355,693, and then reacting the 
intermediate with the desired 2-methyl-benzothi 
azole ethiodide, 2-methyl-benzoxazole-ethiodide 
or 2-methyl-benzoselenazole-ethiodide, the choice 
of intermediate and/or reacting component being 
made so as to obtain a dye having dissimilar 
heterocyclic nuclei. The dye is obtained by re 
acting the intermediate, for example, an inter 
mediate prepared by heating approximately equi 
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molecular proportions of alpha-chloro-beta-ani- . 
lino-acrolein-anii in 200 parts of acetic anhydride 
to boiling for one hour as in Example 2 of British 
Patent No. 355,693, and then condensing the 
intermediate with an equ-molecular proportion 75 
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4. 
of 2-methyl-benzothiazole-ethiodide or 2-methyl 
benzoxazole-ethiodide or 2-methyl-benzoselenaz 
ole-ethiodide in acetic anhydride containing po 
tassium acetate, as in Example 4 of said patent. 
The resultant dyestuff will have a chlorine atom 
Substituted on the methenyl chain. By employ 
ing the corresponding alpha-alkyl- and alpha 
alkoxy-substituted beta-anilino-acrolein-anils or 
other alpha-substituted derivatives, the corre 
sponding Substituents may be obtained on the 
methenyl chain. 
The course of reaction for the process of pre 

paring the dyes as described in the examples may 
be illustrated by the following equations: 

2,071,899 
in which Ar and R have the same significance 
as before (though not necessarily representing 
identical groups), whilst Zstands for -O-, -S- 
Or -Se-, or -CR'- (R being alkyl) and is 
different from X. 
It will be recognized that the results obtained 

with the different dyestuffs may vary. This is 
illustrated by the examples. The invention 
however, offers a wide selection of dyestuffs of a 
particular type with which it is possible to ob 
tain new and improved sensitized photographic 
plates, films and emulsions. 
As many apparently widely different embodi 

ments of this invention may be made without 

Rs--CE-NECO CH-i-Na. 

X 
/ N Diarylamidine Acid anhydride 

(i) R c-alkyl--e.g., H-C-N-CH+. g., acetic anhydride 
X NCH 

R Y 

X 
/ N 

--> R c–c ti-gh --CEs-NHCOCH 
/N N-CH 

R Y OCBs 

Intermediate 
X Z 

/ N / N Acid anhydride 
(2) R. C-CEacCH --alkyl-C Rae. g., acetic anhydride-- 

Na N / 
Q N-Cas -N 

R Y OCE R Y 

b /* /2. N Acid-binding substance 
(3.g., sodium acetate - R. C-McC 

N2 Y^ /N 
y R. 

wherein F, R1, Ra, X, Y, Z and if have the fore 
going significance. 

in the foregoing reactions, it will be recognized 
, that equivalents may be employed, for example, 
propionic anhydride for acetic anhydride 03 So 
dium progionate for sodium acetate. The for 
nation of the dye may also be effected in the 
presence of pyridine, alcoho; or other soivents. 

Preferred dyestuffs of the invention are such 
as may be represented by the general formula: 

where A is a monovalent heterocyclic nitrogen 
residue of the type: 

X 

ACc 
N 

R^ Yy 
in which Ar is an ortho-asylene group, R is alkyl, 
Y is an acid residue (such as halogen, sulfate, 
oxalate, etc.) and X stands for the bivalent aton 
or group of the oxygen group of elements, e. g., 
-O-, - S- or -Se-, or -CR'2- (R being 
alkyl), and 8 is a divalent heterocyclic nitrogen 
residue of the type 

Z 

departing from the spirit and Scope thereof, it is 
to be linderstood that we do not limit ourselves 
to line specific embodiments thereof except as de 
fined in the appended claims. 

Fife Cia: 
3. Photographic gelatino-silver halide emul 

Sio2S containing an unsymmetrical polymethine 
dyestuff having the following general formula: 

C-CBeC-CE 
N1 
R^ Y 

in which X represents a member of the Oxygen 
group of elements or dialkyl methylene, R1 repre 
Sents an aryl radical of the benzene series, R. 
represents an alkyl radical, and Y represents the , 
negative radical of an acid. 

2. Photographic gelatino-silver halide emul 
Sions containing an unsymmetrical polymethine 
dyestuff having the following general formula: 

CH oh, 
'O 

C-CeC-CBs 

s 
ch, Y. 

EENRY ALERED PIGGOTIT. 
ERNEST HARRY RODD. 
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