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This invention relates to fog-inhibiting agents 
and stabilizers for photographic emulsions and 
to photographic emulsions containing them. 

It is known that photographic emulsions, par 
ticularly ultra-sensitive emulsions or those con 
taining optical sensitizers exhibit a tendency to 
form a deposit of silver in the emulsion. This 
deposit extends more or less uniformly over the 
entire emulsion and is known as fog. Photo 
graphic fog is of two types: local and general. 
Local fog is formed by exposure of the ?lm or 
plate at undesired points as by a light leak in 
the camera. General fog is formed in a number 
of ways. It may be caused by the conditions 
under which the ?lm or plate is stored such as _ 
conditions of high temperature or humidity or 
unusually long time of storage. The nature of 
the emulsion may also produce general fog as 
well as the conditions of development of the 
emulsion as by development for protracted 
periods of time or at temperatures above normal. 
We are primarily concerned with the fog and 
sensitivity changes in ?lms or plates which have 
been stored under adverse conditions of tem- , 
perature and humidity. 
General fog and loss of sensitivity of the 

emulsion are especially likely to occur when the 
sensitive material is stored under conditions 
other than ideal, that is, under conditions of 
high temperature and humidity as in tropical 1 
regions. 

It is an object of the invention to provide novel 
anti-fogging or fog-inhibiting compounds for 
emulsions. A further object is to provide anti 
fogging agents which stabilize the initial sensi- I 
tivity of the emulsion. A still further object is 
to provide anti-fogging agents which improve 
the keeping of the emulsion in tropical regions. 
Other objects will appear from the followin 
description of our invention. 1 

These objects are accomplished by incorporat 
ing into a silver halide emulsion a palladous'salt 
complex as a stabilizing agent. The following 
compounds are given as examples of the com 
pounds useful in our invention. 

Diethylenediammine palladous chloride, 
_ Pd (-HgNCgH.,l\lH2 ) 2C1; 

Ethyldimnminepalladous chloride, Pd (CgH5NH2)2C1g 
Dipyridiniumpalladous chloride, Pd(C5H5N)2Cl2 
Diainminepalladous chloride, Pd(NI—l3)2Cl2 
Diquinolimumpalladous chloride, Pd ( CgH7N)2C1g 
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Benzyldiamminepalladous chloride, Pd ( CQHDN ) :Clz 
Diethylenepalladous chloride, Pd (C2H4)2C12 
Diamminepalladous bromide, Pd (‘NH;;)'_>Br-_ 
Diamminepalladous iodide, Pd (NH3)2'I2 
Diamminepalladous sulfate, Pd(NH:;)2SO4 
Diamminepalladous carbonate, Pd(N'H3)2CO3 
Diamminepalladous nitrate, Pd(Nl-13)2(NO8)2 
These compounds are described in the Textbook 
of Inorganic Chemistry by M. M. J. Sutherland, 
published by Charles Griffin and Company, Ltd., 
London, vol. 10, pp. 193-243 (1928), and may be 
called acido-palladium compounds or complexes 
in which the basic compounds, or ethylene, exists 
in the cation strongly bonded to the palladium 
atom and the anion of the complex is a mono 
valent or di-valent anion of an acid. As is ap 
parent the useful compounds include the com 
plexes in which the group bound to the palladium 
atom is either ethylene, ammonia ‘or an organic 
base, e. g., methyl, ethyl, propyl or iso-propyl 
amines, heterocyclic tertiary nitrogen compounds 
as quinoline and pyridine; benzylamine or ethyl 
ene diamine. The anion of the complex may, 
for example, be either halide, sulfate, carbonate 
or nitrate. 
The object of our invention is to maintain the 

sensitivity and fog of silver halide emulsions at 
or close to initial optimum values under keeping 
conditions of high temperature and humidity. 
The fog inhibitors which we propose to use are 
added to the emulsion during the process of 
manufacture to avoid loss of sensitivity and to 
inhibit the growth of fog with passage of time 
under non-ideal conditions of storage. 
A solution of the compounds of the invention 

when added in suitable concentration before 
coating to unsensitized or optically sensitized 
photographic emulsions does not appreciably af 
fect the sensitometric values for sensitivity and 
fog when measurements are made soon after 
coating. When sensitometric measurements are 
made at appreciable intervals of time under 
tropical or dry conditions of storage at elevated 
temperatures, however, these compounds do sta 
bilize photographic speed and maintain fog at 
a low level. 
The preparation of silver halide emulsions in 

volves three separate operations (1) the emulsi 
?cation and digestion or ripening of the silver 
halide, (2) the freeing of the emulsion from 
excess soluble salts usually by washing, (3) the 
second digestion or after-ripening to obtain in— 
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creased sensitivity. (Mees, The Theory of the 
Photographic Process, 1942.) We prefer to add 
the fog-inhibiting agents after the ?nal digestion 
or after-ripening although they may be added 
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used a high-speed silver bromoiodide emulsion 
exposed on an Eastman type IB sensitometer and 
developed for ?ve minutes in a developer of the 
following composition: 

before digestion. The most useful concentration 5 Grams 
range of fog inhibitor is from .26 to 3.9 gm, of Monomethyl paraminophenol sulfate ____ __ 2.5 
fog inhibitor per kilogram of silver nitrate used Sodium sul?te (desiccated) _____________ __ 30 
in making the particular silver halide emulsion Hydroquinone _________________________ __ 2,5 
and converted to silver halide. The quantity Sodium metaborate ____________________ __ 10 
used will of course vary for example depending 10 Potassium bromide ____________________ __ 0.5 
on the silver halide or mixture of halides used Water to one liter. 

Conditioned to 45% R. H. 

Gms. of compound 
Sample per Kg.AgN 03 Original 18 da. 120° F. 
No. (converted to AgX) 

incmulsion _ ‘ 

sgégd Gamma Fog splééd Gamma Fog 

Control _____ _. None 105 .98 .03 49 .82 .21 
PIKNHQMBI‘: . 0. 50 108 .95 . 08 84 .87 . 07 
Pd(NH5)2Brz _- 1. 00 98 .98 .02 90 .05 . 07 

. Pd(NHs)1'Bra. 1.50 94 .08 .02 02 .93 .00 
ramnmn. _. 0.50 90 .05 .03 70 .94 .08 
Pd(NH5)zI2_ ._ 1. 00 92 .99 .04 82 .98 .05 

' 'Pd(NH.~,)1Iz.__ 1.50 94 1.07 .02 80 .98 .00 
Control _____ __ None 115 .97 .04 76 .83 .10 
Pd(NHa)zClz__ 0. 50 . 110 . 97 . 02 94 .90 . 08 

- Pd(NHa)2C1z.. 1.00 105 1.01 .02 88 .89' .07 
Pd(NH3)2C12._ 1. 50 100 .07 . 02 88 . 89 . 09 

Conditioned to 60% R. H. Conditioned to 70%,R. H. 

S31?‘ Original 18 (33.1200 F. Original 0 <15. 120° F. 
No. 

1/1 ll 11 11 - Speed Gamma. Fog spéod Gammav Fog spéed Gamma Fog Spéed Gamma Fog 

100 1.02 .02 39 .77 High Fog 
110 1. 00 .02 70 .87v 73 .90 .00 
08 1.02- .02 08 .88 05 .85 .09 
100 1.08 .01 88 .93 63 .87 .10 
95 1.08 .02 01 .91 55 .92 .09 

100 1.09 .02 .90 ______________________ __ 
92 1.12 .02 00 .89 05 .08 .07 
110 .05 .02 37 .75 24 .80 .88 
110 .98 .02 05 .87 53 .84 .15 
100 .09 .02 82 .86 53. .80 .10 
98 .99 .02 88 .86 59 .87v .12 

Original 4 Wk. Tropical 
Sample Gms. of compound per KgJlgNOa (converted 

o. to AgX) 1n emulsion loli 10” 
speed Gamma Fog Speed Gamma Fog 

Control _______________________________ ._ None 1,180 1. 24 .00 780 1.07 .22 
____.<10 ____________ __. None 980 1. 20 .07 400 1. 30 . 22 
Pd(CzH5NHi)2C15__ 1.5 1,100 1.20 .00 940 1.14 .08 
rdwinimqolz ....................... -- 1.0 1,080 1.24 .07 1,080 1.23 .11 

10 ...... __ P11 011 ................ -- 1.0 1,000 1.30 .07 1,120 1.10 .13 

\N/ 2 

PdwnnoHzNHmGn ................ .- 1.0 1,120 1.17 .05 1,200 1.18 .10 
Control . None 1,850 1. 39 .21 1,120 0. 90 .85 
___-_do ...... .- __ None 2, 200 1. 28 . 22 1, 400 1. 00 .30 

_ PMC2110401; _ 0. 25 1,850 1.40 .10 1,750 0.91 .28 
Pd(HzN—C'.-H4—NH2)1CL ____________ __ 0.25 2,000 1.23 .20 1, 320 0. 95 .38 

and upon the speci?c complex salt used as a 
stabilizer and fog inhibitor. 
The anti-foggant and stabilizing action was de 

termined by incubation of the emulsions under 
simulated tropical conditions and also by incuba 
tion at low relative humidity at 120° F. for vari 
ous lengths of time from 12 days to one month. 
The results of these tests are tabulated here and 
are compared with the initial ‘speed, gamma and 
fog of the emulsions with and without the anti 
foggant and stabilizing compound. The tests 
from which the following tabulation was made 
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It will be apparent from the above data that, 
considering all of the stabilizing compounds of 
our invention, the palladous halide complexes of 
ammonia, the heterocyclic tertiary nitrogen com 
pounds and ethylene are the most e?ective com 
pounds for stabilizing both speed and log of 
emulsions and of these three preferred groups 
of complexes, the ammonia complexes appear to 
be most e?ective, the heterocyclic tertiary nitro 
gen complexes next, and the ethylene complexes 
least effective since the latter tend to inhibit fog 
less. 
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One of the advantages of our invention is the 
fact that the compounds are readily prepared 
with high purity. The compounds are prepared 
by the methods shown in the Textbook of Inor 
ganic Chemistry by M. M. J. Sutherland, pub 
lished by Charles Grii?n and Company, Ltd, 
London, vol. 10, pages 193 to 243 (1928). For 
example, diamrninepalladous chloride is prepared 
by the addition of concentrated aqueous ammo 
nia to an aqueous palladous chloride solution un 
til the precipitate ?rst formed just dissolves. The 
solution is then evaporated to dryness, extracted 
with water and heated slightly to remove excess 
ammonia. After cooling and acidifying with ex 
cess concentrated hydrochloric acid, the product 
is allowed to crystallize. The resultant yellow 
crystalline powder is then washed with a limited 
quantity of water and dried at 100° C. 
The iodo compound prepared as above is less 

soluble in water but nevertheless gives satisfac 
tory results as an antifoggant at concentrations 
of the order shown in the above table. The other 
palladium compounds of the invention are pre 
pared and used in an analogous manner. 
The fog inhibiting agents which we have de~ 

scribed may be used in various kinds of photo 
graphic emulsions. In addition to being useful 
in ordinary non-sensitized emulsions they may 
also be used in orthochromatic, panchromatic 
and X-ray emulsions. If used with sensitizing 
dyes, they may be added to the emulsion before 
or after the dyes are added. Various silver salts 
may be used as the sensitive salt such as silver 
bromide, silver iodide, silver chloride and miX~ 
tures of these. The dispersing agents may be 
gelatin or other colloid such as collodion, albu 
men, cellulose organic derivatives or synthetic 
resins. 
We also contemplate as a part of our inven 

tion those cases where it is desirable to coat the 
antifoggant in a colloid layer such as gelatin on 
either or both sides of or also in a silver halide 
emulsion layer, so that the antifoggant is con 
tiguous to the silver halide emulsion. In these 
cases we use the same or a slightly greater ratio 
of rare metal salt to silver halide as when the 
salt is in the emulsion layer. 

It will be understood that we contemplate as 
included within our invention all modi?cations 
and equivalents falling within the scope of the 
appended claims. 
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We claim: 
1. A photographic silver halide emulsion con 

taining an acido-palladium complex as a stabiliz 
ing agent. 

2. A photographic silver halide emulsion con 
taining as a stabilizing agent a dipyridiniumpal 
ladous halide. 

3. A photographic silver halide emulsion con 
taining as a stabilizing agent, dipyridiniumpalla 
dous chloride. 

‘1. A photographic silver halide emulsion con 
taining as a stabilizing agent, an acido-diam 
mine-palladium complex. 

5. A photographic silver halide emulsion con 
taining as a stabilizing agent, a diamminepalla 
dous halide. 

6. A photographic silver halide emulsion con 
taining as a stabilizing agent, diamminepalladous 
chloride. 

7. A photographic silver halide emulsion con 
taining as a stabilizing agent, a diethylenepalla 
dous halide. 

8. A photographic silver halide emulsion con 
taining as a stabilizing agent, diethylenepalladous 
chloride. 

9. A light-sensitive photographic element com 
prising a silver halide emulsion layer and an or 
ganic colloid layer contiguous to said emulsion 
layer, at least one of said layers containing an 
acido-diammine-palladium complex as a stabiliz 
ing agent for said emulsion layer. 

10. A photographic silver halide emulsion con 
taining as a stabilizing agent an acido-palladium 
complex containing in the cation a palladium 
atom and a basic nitrogen atom. 

11. A photographic silver halide emulsion con 
taining as a stabilizing agent an acido-palladium 
complex containing in the cation a palladium 
atom and a basic nitrogen atom of a heterocyclic 
ring compound. 

ROBERT E. STAUFFER. 
WILLIAM F. SMITH. 
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