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FIG. 
A = 3,3'-DIETHYL-2,2'-CYANINE ODIDE. 
B = -PHENY-3-METHYL-5-HYDROXYPYRAZOLYL-ALPHA 

METHY TRIMETHINEPHENY-3 METHY5 PYRAZOLONE-P-P-D-AMMONIUM SULPHONATE. 
C = A MIXTURE OF THESE TWO DYES. 

| | | | | | | | | | | | | | | | 
| 2NA leaf As21NY 1T (IITs, NIT 640 680 mu 
s 

F.G. 2 
D = 3,3'-DIETHYL-2,2'-CYANINE ODIDE. 
E = -PHENYL-3-METHYL-5-HYDROXYPYRAZOLYL-ALPHA 

BETA-BUTYLENETRIMETHINE-I-PHENYL-3-METHYL 5-PYRAZOLONE-P-P-D-AMMONIUM SULPHONATE. 
F = A MIXTURE OF THESE TWO DYES, 

32O 360 4OO 440 48O 52O SSO 600 640 680 m 
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G = 3,3'-9-TRIETHYL-6,7,6,7-DIBENZOxo-CARBOCYANNE ODOE. 
H= -PHENYL-3-METHYL-5-HYDROXYPYRAZOLYL-ALPHA 

METHY-TRIMETHNEl-PHENY 3-METHY5. P-RAZOLENE-P-P-D-AMMONIUM SULPHONATE. 
= A MIXTURE OF THESE TWO DYES. . . 

| | | | | | | | | | | | | | | | | 
|| || 4N an III 21 NN1TYN 
221 TNGSN 

32O 360 4OO 440 48O 52O S60 6OO 64O 68ompu 

J = 3,3'-9-TRIETHYL-6,7,6,7-DIBENZOXO-CARBOCYANINE ODOE, 
K= -PHENYL-3-METHYL-5-HYDROXYPYRAZOLYL-ALPHA 

BETABUTYLENERMETHINEPHENY 3 METHYL-5- PYRAZOLONE-P-P'-D-AMMONUM SULPHONATE. 
L= A MIXTURE OF THESE Two DYES. 

| | | | | | | |k | | | | | | | | | 
|| || 2NT ln. 21 NS 21 

32O 360 4OO 440 480 s2O 560 6OO 640 - 680 m. 
3 r \ x 

NVENTORS 
JACOB JOSEPH JENNEN, 
OSCAR HENORK VANDENBROELE 

/624/6/ 
AGT 

  

    

    

  

  

    

    

  

  



Patented July 7, 1953 2,644,754 
UNITED STATES PATENT OFFICE 

2,644,754 
SUPERSENSITE ZED PHOTOGRAPHICSILVER 

HALDE EMULSIONS 

acob Joseph Jennen, 
Hendrik Wandenbroele, Wilrijk-Antwerp, Bel 
giun, assignors to Gevaert Photo-Producte 
N. W., Mortsel-Antwerp, Belgium, a company of 
Belgium 

Antwerp, and Oscar 

Application August 4, 1947, Serial No. 66,098 
In Germany May 22, 1941 

Section 1, Public Law 690, August 8, 1946 
Patent expires May 22, 1961 

This invention relates to a process for Sensitiz 
ing photographic silver halide emulsions by 
means of dyestuff cornbinations. In the present 
case, the expression “combination' does not mean 
a chemical combination but an association in a 
larger Sense, i. e., a union in action. 
As generally known, the effect of a sensitizer 

is not in proportion to the quantity added to the 
emulsion; it passes through a certain maximum 
by raised concentration. 
A combination of sensitizers usually does not 

produce a larger effect; it often causes but a 
Smaller effect than a single Sensitizer when the 
latter is used in a concentration equal to the Sun 
of the concentrations of the mixed dyestuffs. 

It is also known to obtain a high supersensitiz 
ing effect from certain sensitizer combinations. 
Such a SuperSensitizing effect does not imply an 
increase of the sensitivity of an emulsion all over 
the spectrum but an increase of the Sensitizing 
maximum resulting from the addition of a second 
or even third chemical compound. 
The number of SuperSensitizing aSSociations is 

proportionally small in comparison with the num 
ber of possible combinations. So it appears from 
the U.S. Patent No. 2,066,968 that the combina 
tion of 1-1'-diethyl-Seleno-2'-cyanine-iodide with 
2-2'-diethyl-5-5'-tetraethyl - diamino-thiocarbo 
cyanine-iodide produces good panchromatic sen 
sitizing which is due to the fact that the green 
gap in the sensitizing curve of the carbocyanine 
is quite filled by a strong increase of the maxi 
mum of the pseudocyanine in the green part 
which strong increase is effected by the carbo 
cyanine. In the same Sense, an increase of the 
sensitizing effect of 2'-cyanines and 2-2'-carbo 
Cyanines, it is knoWn, can be achieved by addition 
of other sensitizing dyestuffs. 
Known added dyestuffs are mesosubstituted 

carbocyanines of the following general formula: 

wherein Z is non-metallic atoms required to com 
plete a heterocyclic ring, or thio and Seleno-4'- 
carbocyanines: 

X R 
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2 
or carbocyanines bases, without X and R', or 
styryls: 

Z alkyl /...Y / 
: e-CH=CH-g D-N 2 - X CH=CH/ Yalkyl 

X R. 

wherein the two CN groups are coupled by a 
pentamethine chain being partly-closed by a side 
bridge, or styryl bases. 

It is, an object of our invention to provide a 
new process for the manufacture of photographic 
Silver halide emulsions. 
Another object of the present invention is to 

provide new photographic silver halide emul 
S.O.S. 

Further objects will appear from the following 
description. 
We have found that the process of sensitization 

by means of dyestuff combinations can be applied 
most Successfully by using two or more dyestuffs 
at least one of which corresponds to the following 
general formula: 

(-CH=CH)-CH=G, 
... - 1 

SCOH OscC1 

Wherein Z and Y are non-metallic atoms required 
to complete a heterocyclic or an isocyclic ring. 
which may have a fused-on arylene group, and 
7 is 1 or 2. . . 
The hydrogen of the open chain may be re 

placed by hydrocarbon groups, halogen or carbon 
containing bridges. . . 
The compounds to be used in accordance with 

our invention, since being easily soluble, mostly 
even Water-Soluble, can, from a technical point of 
view, easily be handled, i.e., without the use of 
any organic Solvents. For this very reason, they 
are also unstable in photographic baths so that 
after bathing colorless photographic layers are 
obtained. 
Some examples of usable supersensitizing dye 

stuffs according to our invention are given here 
inafter: 

(1) 1-phenyl-3-methyl - 5 -hydroxypyraz 
Olyl - alpha' - methy1 - trimethine-1-phenyl 
3 - methyl - 5 - pyrazolone - p - p' - di - ammo 
nium Sulphonate 

e 8 
CH3----CH=CH-C=C-CCH 

&H, 
l ONa O l 
dison H, C6HSON 
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(2) i - phenyl-3-methyl - 5 - hydroxypyraz- (9) 3,1' - diethyl - 4 - phenyl - thiazolo - 2 - 
olyl - alpha' - beta - butylene - trimethine - 1 - cyanine iodide. - 
phenyl - 3 - methyl - 5 - pyrazolone - p- p' - di -- 
ammonium Sulphonate -i 5 
Cs-C-C-C-C-C-C-CCH3 - Hg. }-cal &H, - C.H.-ba 4 N/ 2 CE N31 / N 

ONa) (H-CH, o N N Chs 
Y^ Y^ O . . . &B, - The following are examples of usable 2,2'-car 
CSOsNBA C.H.so.NE, bocyanines: 

(3) 5-hydroxy - 3 - phenylisoxazolyl - alpha - (10) 3.3 - 9 triethyl- 6,7,6,7 - dibenzoxo 
carbethoxy - alpha' - methyltrimethine - 3 - carbocyanine iodide 
phenylisoxazolone-5 - 5 

gooch. CH, g-g-b-c-d-- tok o& N 20 
No^ O 

(4) barbituryl-pentalmethine-hydroxyuracil . . . ryl-p (1) 9 - methyl - 3,3' - diethyl - 45,4',5'-di 
OH 25 benzthiacarbocyanine iodide 

NH-co -- s CE, S co? C=CH-CH=CH-CH=CH-C YH N (- 3 / N / C=CE-CeC-C 
NE-CO O N O N / N 

N?, 30 N N 
C.H. 11b,H, 

(5) (1 - oxy - 3 - oxyhydrindyl - 2) - beta - 
chlorotrimethine-indandione. 35 (12) 3,39triethyl- 5,5'-dichloro-thiacarbo 

cyanine iodide - - 

S S 

O D-on-on-C O - O Yo-one-y O 
YG 40 C1 Y/ Yx Cl 
O ONa CHs I CHs . . 

By means of the above dyestuffs, the Sensi- - (13) 9 - methyl - 3,3' - diethyl-4,5-benzthia 
tivity of pseudocyanines and alpha-alpha"- 45 seleno-carbocyanine iodide - 
carbocyanines is increased. Examples of pseudo 
cyanines are as follows: . . /'N Cs - - 

(6) 3,3'-diethyl-2,2'-cyanine iodide Yo=CH-C=CH-C 
50 N/ N/ 

CE 
N X - - - - &H, Chs 55 (14) 3,3' - dimethyl - 9 - ethyl - thiacarbocy 

. . . . anine iodide. 

(7) 3,1'-diethyl-thia-2'-cyanine iodide a S - S 
Cas Y/ . . . . 

S Yo-on-on-o? - 

C-CH= N c?, YI bH, off, I 
s 2 is The specification is accompanied by drawings 

85 in which the Supersensitizing effects of our new 
aSSociations are shown. 
In Fig. 1, the curve A represents the sensitivity 

S - of an emulsion containing 3,3'-diethyl-2,2'-cya 
/ N nine iodide. The curve B represents the sensi 

- C=CH N 70 tivity of the same emulsion containing 1-phenyl 

Y 

(8) 3,1-diethyl-4,5-benzthia-2'-cyanine iodide 

M. N. 3 - methyl - 5 - hydroxypyrazolyl - alpha'- 
Cabs I methyl - trimethine - 1 - phenyl - 3 - methyl-5- 

pyrazolone - p - p' - di-ammonium sulphonate, 
The curve C represents the sensitivity of the same 

- - - - 75 emulsion containing 3,3'- diethyl-2,2'-cyanine 
Cas 

  



2,644,754 
S 

iodide, and 1-phenyl-3-methyl-5-hydroxy 
pyrazolyl - alpha' - methyl - trimethine - 1 
phenyl - 3'-methyl-5-pyrazolone - p - p' - di 
ammonium Sulphonate. . . . 

In Fig. 2, the curve D represents the sensitivity 
of an emulsion containing 3,3'-diethyl-2,2'-cya 
nine iodide. The curve E represents the sensi 
tivity of the same emulsion containing 1-phenyl 
3 - methyl - 5 hydroxypyrazolyl - alpha' - beta 
butylenetrimethine - 1 - phenyl - 3 - methyl - 5 
pyrazolone - p - p’ - di - ammonium Sulphonate. 
The curve F represents the sensitivity of an emul 
sion containing 3,3'-diethyl-2,2'-cyanine iodide 
and 1 - phenyl - 3 - methyl - 5 - hydroxypy 
razolyl - alpha' - beta - butylenetrimethine - ill 
phenyl - 3 - methyl - 5 - pyrazolone - p - p' - di 
ammonium Sulphonate. 
In Fig. 3, the curve G represents the sensitivity 

of an emulsion containing 3,3'-9-triethyl-6,7- 
6,7-dibenzoxocarbocyanine iodide. The curve 
H represents the Sensitivity of the same emulsion 
containing 1 - phenyl - 3 - methyl - 5 hydroxy 
pyrazolyl - alpha' - methyl - trimethine - 1 
phenyl-3-methyl - 5 - pyrazolone - p - p' - di 
ammonium sulphonate. The curve I represents 
the sensitivity of the same emulsion containing 
3,3 - 9 - triethyl - 6,7,6,7 - dibenzoxocarbocya 
nine iodide and 1-phenyl-3-methyl-5-hydroxy 
pyrazolyl - alpha' - methyl - trimethine a 1 
phenyl - 3 - methyl - 5 pyrazolone - p - p' - di 
annonium Sulphonate. 

In Fig. 4, the curve J represents the sensitivity 
of an emulsion containing 3,3' - 9 - triethyl - 6,7- 
6,7-dibenzoxocarbocyanine iodide. The curve 
K represents the sensitivity of the same emulsion 
containing 1 - phenyl - 3 - methyl - 5 - hydroxy 
pyrazolyl - alpha' - beta - butylenetrimethine 
1 - phenyl - 3 - methyl - 5 - pyrazolone - p - p'- 
di-ammonium sulphonate. The curve I repre 
sents the sensitivity of the same emulsion con 
taining 3,3'- 9 - triethyl - 6,7,6,7' - dibenzoxo 
carbocyanine iodide and 1-phenyl-3-methyl-5- 
hydroxypyrazolyl - alpha' - beta - butylenetri 
methine - 1 - phenyi - 3 - methyl - 5 - pyrazolone 
p-p'-di-annonium Sulphonate. 
This invention may be applied to ordinary sil 

Ver halide gelatine emulsions. However, the dye 
stuff combinations of our invention may also be 
used in emulsions wherein instead of gelatine 
another binder is employed, as, e.g., resinous sub 
Stances or cellulose derivatives, this without a 
noxious influence upon the light-sensitive sub 
Stance. 
AS far as the SuperSensitizing dyestuffs are con 

cerned, the dyestuff listed as Example 2 is men 
tioned in the British Patents Nos. 414,664 and 
506,998. 2 - (3' - hydroxythionapthenyl - 2'- 
allylene) - 3 - oxo - 2 - 3 - dihydrothionaphthene 
is mentioned in Chemisches Zentralblatt 1940, II 
1577. 
The dyestuff of Example 2 the preparation of 

which has not been described yet may be obtained 
by condensation of phenylmethylpyrazolone-p- 
ammonium sulphonate with sodium-oxymethyl 
ene-cyclohexanone in methyl alcohol as disclosed 
in the co-pending application Serial No. 766,097, 
filed August 4, 1947. The dyestuff 5-hydroxy-3- 
phenylisoxazolyl - alpha - carbethoxy - alpha'- 
methyltrimethine-3-phenylisoxazolone-5 may be 
prepared as follows: 0.02 mol phenylisoxazolone, 
0.01 mol sodium acetyl pyruvic acid ethyl ester 
and 60 cm3 methyl alcohol are heated on the 
Water bath for tWO hours whereafter the inten 
sive-violet colored mixture is poured into 400 cm. 
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6 
of a 20 per cent potassium bromide solution. The 
precipitated dyestuff is then drained. The dye 
stuff obtained is probably of the formula given 
in Example 3. . . . :. . . . ... . . . 
* . The dyestuff barbitury - pentamethine -hy 
droxyuracilis prepared in the following. Way: 0.04 
mol barbituric acid, 0.02 mol glutacondialdehyder 
dianilido-hydrobromide and 0.04 "...mol triethyl 
amine are mixed in 60 cm3 of alcohol, whereupon 
the mixture is heated on the water bath for thirty 
minutes and then-cooled... Next the dyestuff is 
drained and recrystallized from water. The ab 
sorption maximum of this violet dyestuff, which is 
probably the dyestuff of Example 4, lies at about 
592 mu, 
The dyestuff (1-oxo-3-oxyhydrindyl-2)-beta 

chlorotrimethine-indandione is prepared as foll 
lows: 0.02 mol indandione, 0.04 mol, chloromalon 
dialdehyde dianilhydrochloride and 0.02 mol so 
dium hydroxide are mixed in 250 cm3 methylal 
cohol and allowed to remain for two days. Then 
the formed crystals are drained and washed with 
ether. The dyestuff obtained is probably that of Example 5. 
The preparation of the pseudo and carbocyan 

nines to be used according to our invention is 
Sufficiently known from the respective literature. 
In order to carry out our invention, the dye 

stuffs may be mixed with the emulsion either in 
dividually or in combinations. 

It is believed that the general method and the 
specific examples of our invention, as well as the 
advantages thereof, will be apparent from the 
foregoing detailed description. It will also be 
apparent that while we have shown and described 
preferred examples Of Our invention, changes 
may be made without departing from the spirit 
of the invention, as sought to be defined in the 
following claims. 
We claim: 
1. Photographic silver halide emulsion having 

incorporated therein a supersensitizing dyestuff 
composition comprising at least one sensitizing 
dyestuff and at least one polymethine dyestuff, 
said sensitizing dyestuff being selected from the 
group consisting of 3,3' - diethyl-2,2' - cyanine 
iodide and 3,3,9-triethyl-6,7,6,7-dibenzoxocar 
bocyanine iodide, said polymethine dyestuff have 
ing the following general formula: 

YoH. o=d- 
wherein Z, and Y are the non-metallic atoms re 
quired to complete a ring selected from the group 
consisting of a heterocyclic ring and an isocyclic 
ring, n is a positive integer of from 1 to 2, and the 
hydrogen atoms of the open chain may be re 
placed by substituents selected from the group 
consisting of hydrocarbon groups, halogen and 
carbon-containing bridges. 

2. A photographic silver halide emulsion hav 
ing incorporated therein a SuperSensitizing dye 
stuff composition comprising 3,3' - diethyl - 2,2'- 
cyanine iodide and - phenyl-3-methyl-5- 
hydroxypyrazolyl - alpha' - methyl - trimethine 
1 - phenyl - 3 - methyl - 5 - pyrazolone - p - p'- 
di-ammonium Sulphonate. 

3. A photographic silver halide emulsion hav 
ing incorporated therein a supersensitizing dye 
Stuff composition comprising 3,3' - diethyl-2,2'- 
cyanine iodide and 1 - phenyl - 3 - methyl - 5 hydroxypyrazolyl-alpha-beta-butylene- tri 

5 methine - 1 - phenyl - 3 - methyl - 5 - pyrazolone 
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pp-di-ammonium sulphonate. . . . . . . . . . -4. A photographic silver halide emulsion hav- References Cited in the fille of this patent 
ing incorporated therein a supersensitizing dye- UNITED STATES PATENTS 
stuff composition comprising 3.39 triethyl 
6,7,6,7-dibenzoxocarbocyanine iodide and 1- 5 Nube Name Date 2,127,340 Mees -------------- Aug. 16, 1938 
phenyl - 3 - methyl - 5 - hydroxypyrazolyl - al P 2,220,123 - Schwarc ---------- Nov. 5, 1940 
pha'... methyl - trimethine - 1 - phenyl - 3- 2,274,782 - Gaspar Mar. 3, 1942 
methyl- 5 - pyrazolone - p - p' - di - ammonium ---, Pa. ------------- a w 
Sulphonate. - -- - - - 
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