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This invention concerns inhibitor-releasing developers 
and more particularly photographic emulsions containing 
such developers. 

It is well-known in the photographic art to employ 
developing agents in the photographic emulsion. These 
developing agents can be activated to provide develop 
ment of the latent image and in some instances to harden 
or tan the colloid containing the silver halide in the ex. 
posed regions which will subsequently form relief images 
after the unhardened images have been removed. How 
ever, the presence of the developing agent in the photo 
graphic emulsion may have an adverse effect on the 
keeping qualities of the emulsion resulting in an overall 
hardening of the emulsion or fogging. In addition, the 
developing action carried on by the use of an alkaline 
agent which initiates development may result in fog or 
other adverse results. Therefore, it has been desirable 
to incorporate a development inhibitor agent along with 
the developer which would reduce fog and improve the 
keeping characteristics of the photographic emulsion. 
Preferably, such an inhibitor would also result in inactivat 
ing the developer or keeping it in an inactive state until 
such time that it is needed for carrying out development 
following exposure. 
Hydroquinone has been combined with various ma~ 

terials in the prior art for use as developers or for in. 
corporating in photographic emulsions. For instance, cer 
tain compounds of this type have been used wherein it 
is desired to eliminate and minimize the need for washing 
or stabilizing operations in liquid photographic baths 
subsequent to the formation of the silver image, for in 
stance in the diffusion transfer systems, particularly where 
prints are desired from a silver halide emulsion which 
has been substantially underexposed in relation to its 
ASA exposure index. However, these prior art hydro 
quinone derivatives do notgprovide inhibitors at the site 
of development or produce the desired effect of reduc 
ing contrast with no loss of speed. 
We have found a substituted hydroquinone which, upon 

activation, produces free hydroquinone and also releases 
an inhibitor at or near the site of development, resulting 
in reduced contrast and increased edge effects with little 
or no loss in speed. 
One object of this invention is to provide inhibitor 

releasing developers. Another object is to provide photo 
graphic emulsions containing inhibitor-releasing develop~ 
ers. A further object is to provide developer containing 
emulsions having reduced contrast and increased edge 
effects with little or no loss in effective speed. A further 
object is to provide a development inhibitor in chemical 
combination with a developing agent which releases the 
inhibitor at or near the site of development. A still fur 
ther object is to provide aryl or alkyl mercaptotetrazole 
substituted hydroquinones. Other objects will be apparent 
from the following disclosure. 
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The hydroquinone developers which are useful in our 

invention are preferably prepared by reacting a p-benzo 
quinone with a mercaptotetrazole. 
The phenylmercaptotetrazole derivatives of hydroqui 

none are preferably incorporated in the photographic 
emulsion by forming a dispersion in a high boiling crystal 
loidal solvent of the type described in Jelley et al., U.S. 
Patent 2,322,027. These developers may be substituted 
in an amount of 5 to 100 mol percent depending upon 
the particular compound and the desired decrease in con 
trast. 
The following reaction is typical of the general method 

of preparing these inhibitor-releasing developers (IRD): 

0 OH 
H l N-N 

CH3 

The most useful compounds within the scope of our 
invention have the following general formula: 

wherein X, Y and Z represent a hydrogen atom, alkyl 
groups (for example alkyl groups having about 1-20 
carbon atoms, such as methyl, butyl, octyl, decyl, tridecyl, 
eicosyl, etc.), OH, amine, aryl groups (for example aryl 
groups such as phenyl, tolyl, xylyl, etc.), halogen, hetero 
cyclic groups (for example heterocyclic groups such as 
tetrazolyl, thiazolyl, quinolinyl, etc.), or mercaptophenyl 
tetrazole and R represents an aryl group (such as phenyl, 
tolyl, xylyl, etc.) or a lower alkyl group, (for example 
methyl, ethyl, propyl, butyl, amyl, etc.). X and Y are 
members of a carbocyclic ring. 
The substituents on the hydroquinone ring are not 

critical and may be the same or different. Preferably, the 
substituted hydroquinone will be an active developer, 
However, the activity of the substituted hydroquinone will 
depend upon its desired use and may be negligible. 
The IRD hydroquinone developers useful in this in 

vention may ‘be prepared as shown by the following pre 
paration of ( l-phenyl-5~tetrazolylthio)—p-benzoquinone. 

In approximately 20 g. portions p-benzoquinone (86.5 
g.) was added to a chilled suspension of l-phenyl-S-mer 
captotetrazole (143 g.) in 500 ml. of methanol. The 
temperature was maintained below 20° during additionI 
and after addition was complete the mixture was allowed 
to stand for 2% hours. Collection of the solid materials 
gave‘ 218 g. of white solid (l-phenyl-S-tetrazolylthio) 
hydr'oquinone M.P. 211~212°. The product could be re 
crystallized from large volumes of acetone to yield white 
prisms, M.P. 212-2l6°. 
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Hydroqulnone and Structure Compound Empirical Molecular Melting Point 
Number Formula Weight 

2,S-bis-(Qehloroacetoxy)-3-(1<pllenyl~5-tetrazoly1thio) 13 C1TH1205C11N4S__ _ 471. 28 128-131" (1. 
liydi'oquinonc. 

0 H 
| 

0 2C CHzCl 

0101120 01 ¢ — I 

| s _C\ i 
O H N —N 

2,5-dimethyb3l(l-phenyl-Ew-tetrazoiyltliio)liydroquin0ne__. 14 CHHHOZN4S ____ . , 314. 36 213-4‘l d. 

0 II 

—C H3 
N-N 
% I 

CII3~ — S —-C 
\ i 

I N-N 
0 II I 

2,6-dinietliyl—3-(1phenyl?-tetrazolylthio)liydroquinone _ . 15 C15H140¢N;S ____ _ _ 314. 36 188°. 

0 H ' 

l 

C H; ——CII; 
N—N 
% ll 

—S—-C I 
l \ l 
0 II 1 

2,3-(1iniethy1-5-(1-phenyl-S-tetrazolyltliio)hydroquinone _ . 16 G15H1401N4S ____ _ , 314. 36 155-7" (1. 

O H 
1 

C11; 
N——N 

% H 
CH; -—S—C l N —N 

O H [ 

Z-n-pentadecyl-x-O-phenyl~5-t-etrazoly1thio)liydroquiuone. ' 17 CHH4UO¢N4S ____ . _ 49G. 63 158—8° d. 
Cz3II4oOzN4S .... ._ 496. 63 85° (1. 

(‘>11 
_ N-—N 

n‘C15H31 % 8_G\ u 
N——N 

‘ I 
O H 

The following examples are intended to illustrate our 70 sq. ft. is exposed, and developed in a developer contain 
ing 0.67 g./1. (67 mol percent) of hydroquinone and 0.87 invention but not to limit it in any way. 
g./ 1. (33 mol percent) of (l-phenybS-tetrazolylthi0) 

_ EXAMPLE 1 hydroquinone, 0.25 g./1. of. Elon, 40 g./l. of sodium 
A coating of a silver bromoiodide photographic emul- sul?te, 25 g./l. of sodium carbonate monohydrntc, and 

sion having 500 mg. of gel and 300 mg. of silver per 75 1 g./l. of potassium bromide adjusted to pH 11.5 with 
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sodium hydroxide, for six minutes at 68° and then ?xed 
and washed as usual. Relative to a similar developer but 
containing 1 g./l. of hydroquinone and no thiohydro 
quinone derivative, this gave a 4 percent reduction in con‘ 
trast and .07 log E loss in toe speed. X-ray line ex 
posures showed more density at an edge than in an ex 
tended exposed area. 

EXAMPLE 2 

In a test similar to the above and using a variety of 
compounds, the following results were ‘obtained: 

Strips of a silver bromoiodide photographic emulsion 
coating were exposed on an intensity scale sensitometer 
and processed according to the procedure given in Ex 
ample 1, except that only 10 mol percent of the hydro 
quinone in the check developer was replaced with each 
of the hydroquinones described as follows. 
A OH 

( ) /N_N 
0H3 s—o/ \ 

N—N 
CH3 | 

O5H§ 
611 

B OH O 
( > I / \ 

CH5 —S-—C\\ 
C133 N/ 

(‘>11 
Developer A 

G. 
Hydroquinone ______________________________ __ 1 

Elon ______________________________________ __ .25 

Sodium sul?te ______________________________ __ 40*‘ 

Sodium carbonate monohydrate ______________ __ 25 

Potassium bromide _________________________ __ 1 

Water to 1 liter, pH 11.5. 

Developer B 

As in Developer A, except: 
G./l. 

Hydroquinone ______________________________ __ .90 

(A) ______________________________________ __ .29 

Developer C 

As in Developer A, except: 
G./l. 

Hydroquinone _____________________________ __ .90 

(B) _____________________________________ __ .265 

The following results were obtained. 

Percent of 
Compound Concentration Spd. vs. Ck. Reduction 

111 'y 

(A) __________ __ 10 mol percent __________ ._ ——.05 15 

(B) __________ __ 10 mol percent __________ ._ —.10 3 

It can be seen from the above comparison that the 
phenyl mercapto tetrazole hydroqinone (A) derivative 
gives considerable reduction in contrast with no signi?cant 
loss in speed. The benzoxazolylthiol hydroquinone deriva 
tive (B) is much less effective in reducing the contrast of 
the developed image. 
When hydroquinone-phenyl mercapto tetrazole deriva 

tives are compared to other heterocyclic mercaptan 
hydroquinones such as hydroquinone derivatives of mer 
capto benzothiazole, mercapto benzimidazole, mercapto 
thiazoline, mercapto pyridine and etc., similar advantages 
are obtained with the hydroquinone-phenyl mercapto 
tetrazole derivative as described in the comparative ex 
ample given. 
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10 
EXAMPLE 3 

In a test similar to the above and using a variety of 
compounds, the following results were obtained: 

Concentration Speed vs, Ck Percent -y Compound 
(HQ) Reduction 

2 ____________ __ 10 mol percent. 
1 ____________ .. 33 mol percent. 
14 ___________ __ 10 mol percent. _ 

3 ____________ _ - 5 mol percent ___________ - . 

5 ____________ _ _ 100 mol percent _________ - _ 

—. 34 
Equal 

In all cases a lower minim-um density relative to a 
check developer and increased edge effects were noted. 

EXAMPLE 4 

By using a developer formula similar to that of Exam 
ple 1, but replacing the hydroquinone with 0.8 g./l. of 
2,5-dimethyl hydroquinone and 0.9 g./l. of 2-methyl-5 
(l'-phenyl-5'-tetrazolylthio) hydroquinone, a silver bro 
moiodide photographic emulsion coating with twice the 
normal silver halide and gel could be developed to the 
same speed and contrast as a normal coating through a 
check developer. An improvement in graininess was ob 
tained. 

EXAMPLE 5 

A sample of silver bromoiodide ?lm was exposed to 
X-ray using a knife edge to get a sharp edge. When de 
veloped in a formula containing 1 g./l. of hydroquinone, 
5.2 g./l. of (1-phenyl-5-tetrazolylthio) hydroquinone, 75 
g./l. of sodium sul?te, 30 g./l. of sodium carbonate 
monohydrate, and 0.1 g./l. of potassium bromide at a 
pH of 11.5, fog was repressed adjacent to the exposed 
area. This type of effect in a negative is useful in produc 
ing enhanced sharpness in a positive print. 

EXAMPLE 6 

Coatings 
48810-—A silver chlorobrornide photographic emulsion 

was coated on a cellulose acetate support at 300 mg. 
Ag/ft.2 and 692 mg. gel/ft.2. 
488l4—~The same as coating 48810 except just before 

coating, a dispersion of X-methyl-(l-phenyl-S-tetrazolyl 
thio)hydroquinone in N-n-butylacetanilide was added, to 
yield .025 mole of the hydroquinone per mole of silver 
halide. ' 

Each of the above coatings was exposed for 1/s" on 
an Eastman IB Sensitometer, developed 5’ at 68° F. in 
Kodak Developer DK—50, rinsed, ?xed in Kodak F-S, 
washed and dried. Another set of ?lm strips was exposed 
and processed as above except that development was 
for 4’ in Kodak Developer D-19. Sensitometric results 
are given below. Speed is measured at a density of 0.30 
over fog. 

Coating 
Relative 
Speed 

111 
104 

Relative 
Speed 

'7 Fee 1 

4. 40 
2. 86 

48810 _________ _ _ 

48814 _________ _ _ 

3. 40 
2. 80 

.04 

.04 
102 
97 I 04 

Addition of the IRD hydroquinone developer from a 
coupler solvent dispersion produced contrast reduction 
with no loss in toe speed. 

EXAMPLE 7 

Coatings 
94~9—-Control coating of a silver chlorobromide emul 

sion on a cellulose acetate support at 300 mg. Ag/f-t.2 
and 692 mg. gel/ft.2. 
-94~5—The same as coating 94-9‘ except just before 

coating a dispersion of trimethyl(l-phenyl-S-tetrazolyl 
thio)hydroquinone in N-n-butylacetanilide was added, at 
a concentration of 0.1 mole of the hydroquinone per 
mole of silver halide. 
94—7~—The same as coating 94-5 except 0.1 mole of 
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2 - (4-methyl-phenyl - x - (1-phenyl-5'tetrazolylthio)hy 

droquinone was added. 
94-8--The same as coating 94-5 except 0.1 mole of 

2 - n-pentadecyl - x-(1-phenyl-5-tetrazolylthio)hydroqui 

none was added. 
117-1—The same as coating 94-5 except 0.1 mole 

of 2,5 - dimethyl-3-(l-phenyl-5-tetrazolylthio)hydroqui 
none was added. 
Each of the above coatings was exposed on an Edge 

ton Germeshausen and Grier Mark V1 sensitometer and 
processed as in Example 1. 

5’DK-50 4’D—19 
Coating 

Relative 7 Fog Relative 'y Fog 
Speed Speed 

94-9 __________ _ _ 140 3. 0S . 05 140 4. 20 . 05 

94-5 __________ __ 146 2. 10 . 06 146 2. 80 . 08 
94-7 __________ ._ 140 1. 75 . 00 135 3 52 . 06 
94-8 .......... _- 138 2. 76 . 05 __________________________ __ 

117-1 _________ . _ 144 2. 56 . 08 __________________________ _ 

EXAMPLE 8 

Coatings 

48952—Same as coating 48810 of Example 6. 
48954—Same as coating 48952 but 0.1 mole x-methyl 

(1-phenyl-5-tetrazolylthio)hydroquinone added from dis 
persion on N-n-butylacetanilide per mole of silver halide. 
48956?8ame as coating 48954 but .025 mole added. 
48958—-Same as coating 48954 but trimethyl-(Lphen 

yl-S-tetrazolylthio)hydroquinone added. 
48959—-Same as coating 48958 but .025 mole added. 
The above coatings were exposed and processed as in 

Example 6. In addition, X-ray line exposures were made, 
processed in the same way, and a microdensitometer 
trace made of the line edge. The coatings containing the 
thio-substituted hydroquinones had relatively higher line 
edge densities than the control. 

5' DK~50 4’ D-10 
Coating 

Relative 'y Fog Relative 'y Fog 
Speed Speed 

111 3. 68 . 04 107 4. 50 .04 
90 2. 52 . 04 96 2. 64 . 04 
103 3. 06 . 04 102 2. 82 . 04 
111 2.82 . 06 112 3.16 . 04 
112 3.04 .04 116 3.40 .04 

The bene?cial eifects obtained by the 1RD hydro 
quinone developer cannot be obtained by adding the de 
velopment-inhibitor itself, such as phenylmercaptotetra 
zole, directly to the emulsion. When the development 
inhibitor is added directly to the emulsion, speed losses 
with no contrast reduction occur even at much lower 
levels than those used for the 1RD thiohydroquinones. 
With compounds of this type the development-inhibitor 
appears to be released imagewise, thereby giving the con 
trast reduction with no speed loss. 

EXAMPLE 9 

Coatings 

126—5—-A silver chlorobrornide emulsion was coated 
on a cellulose acetate support. (Control) 

126-1-—Similar to the above except just before coating, 
a dispersion of 2,5-dimethyl-3-( l-phenyLS-tetrazolylthio) 
hydroquinone in N-n-butylacetanilide was added at a con 
centration of 0.1 mole of the hydroquinone/mole of 
silver halide. 

126—3—Similar to the above except just before coat 
ing, a dispersion of 3-(2-benzoxazolylthio)-2,5-dimethyl 
hydroquinone in N-n-butylacetanilide was added at a con 
centration of 0.1 mole of the hydroquinone/molc of 
silver halide. 
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12 
Each of the above coatings was exposed on an intensity 

scale sensitometer, developed for ?ve minutes in Kodak 
Developer D-19, rinsed, ?xed in Kodak F-S, washed and 
dried with the following results: 

Coating No. Rel. Speed 1 Fog 

126-5 (Control)- _ .. 123 5. 10 . 05 
126-1 ___________ _ . 120 3. 26 . 03 

126-3 ___________ . . 100 4. 80 . 07 

It can be seen from the above comparison that the 
preferred PMT-hydroquinone derivative gives an appre 
ciable reduction in contrast with no signi?cant loss of 

' speed whereas other heterocyclic mercaptan-hydroquinone 
derivatives yield no appreciable reduction in contrast and 
desensitizes. 

EXAMPLE 10 

In order to prepare a gelatin overcoat for a color nega 
tive, the following dispersion is prepared. A separate dis- 
persion is prepared as a control without any hydroquinone 
derivative. 

Part A1 

5,8-ethano-2-(l-phenyl - 5 - tetrazolylthio) - 5,8 - di 

hydro-1,4-naphthohydroquinone _________ __g__ 136 
Methyl alcohol _________________________ _._ml__ 136 
Di-n-butyl phthalate ____________________ "ml..- 272 

1 Heat at 70° C. to dissolve them. Cool to 40° C. 

Part B 2 

10% gelatin solution ____________________ __g__ 1360 
Distilled water ________________________ __rnl__ 1360 
Mucochloric acid (2.7% aqueous solution) __ml__ 136 

1* Heat to 40° C. 

Part A is slowly added to Part B with the aid of me 
chanical agitation. The solution obtained is then passed 
through a Caton-Gaulin laboratory colloid mill ?ve times. 
The colloid mill is then rinsed and the dispersion is ad 
justed to a weight of 3775 g. chill set and stored in a 
refrigerator. 
The above dispersions are then prepared as follows: 
A negative element was made in which the top layer of 

a basic color negative is prepared as follows: 

Part I 1 

Dispersion _____________________________ -_g__ 3775 
Distilled water ________________________ .._ml__ 2225 

1Heat to 40° C. 

Part II 2 

10% gelatin solution __________________ __g__ 3180 
Distilled water ______________________ "ml-.. 12,000 
Mucochloric acid (2.7% aqueous solution) 

ml-.. 515 
2 Heat to 40° 0., adjust pH to 5.5. 

Parts I and 11 are then combined and diluted with 
distilled water to 22,700 ml. This solution is coated as 
the top layer of a basic color negative to yield a cover 
age of approximately 120 mg. of gelatin per square foot 
and 40 mg. of the hydroquinone per square foot. This 
coating is compared to the control coating. After ex 
posure on an intensity scale sensitometer the negatives 
are processed in an aqueous activator containing 3.5 per 
cent hydroxyethyl cellulose, 4.5 percent NaOH and 2.0 
percent benzotriazole, and the released dyes are trans 
ferred imagewise to a receiving sheet by lamination in 
the known manner. 
The following illustrates the basic color negative struc 

ture as described in U.S. Patent 2,774,668. 
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Gelatin overcoat. (A) 

Blue sensitive bromoiodide emulsion (B) 

Yellow dye developer (0) 

' Gelatin interlayer (D) 

Green sensitive brcmoiodide emulsion (E) 

Magenta dye developer (F) 

Gelatin interleyer (G) 

Red sensitive bromoiodide emulsion (H) 

Cyan dye developer (J) 

////////7>"77“////]///l/7 U“) . . l _ l 

The receiving sheet is a paper support carrying a gela 
tino coating containing a mixture of poly-4-vinyl pyridine 
and l~phenyl-5~mercaptotetrazole. 
The following results show the effectiveness of the thio 

ether hydroquinone as an auxiliary developer compared 
to the control. 

D min 
Feature --—— 

Red Blue Green 

Control ______________________________ _ _ . 32 . 86 . 48 

Control +40 mg. per sq. ft. of 5,8 
ethano-2-(l-phenyl-S-tetrazolylthio) 
5,8-dihydro-l,4-napthohydroqui 
none _______________________________ a. . 28 . 30 . 25 

The IRD developer compounds of our invention can 
be incorporated in an ordinary photographic silver halide 
emulsion, or colloidal dispersion of a water-permeable 
hydrophilic colloid suitable for preparing an undercoat 
or an overcoat for such silver halide emulsion, by mixing 
a solution or dispersion of the developer compound with 
the silver halide emulsion, or dispersion of hydrophilic 
colloid, prior to coating. For example, an IRD developer 
can be made up as an oil dispersion by stirring a solution 
of 10 grams of the IRD developing agent into 40 grams 
of warm tricresylphosphate, and then mixing this solu— 
tion with 100 grams of a 10 percent aqueous gelatin solu 
tion containing 10 cos. of a 5 percent aqueous solution of 
an alkylnaphthylene sodium sulfonate wetting agent. The 
resulting dispersion can then be homogenized by passing 
for 5 times through a colloid mill to produce a homoge 
neous colloid dispersion. Solvents other than tricrcsyl 
phosphate can be employed, including any of the crystal 
loidal compounds described in Jelley and Vittum US. 
Patent 2,322,027, issued June 15, 1943. The resulting col 
loidal dispersion can then be added to a photographic 
silver halide emulsion, or to a dispersion of a water 
permeable hydrophilic colloid, adapted for preparation of 
an undercoat or overcoat for such silver halide emulsion. 

Instead of adding the oil dispersion directly to the 
liquid silver halide emulsion or colloidal dispersion, it 
can be dried for storage purposes and then be reconsti 
tuted for use by merely mixing with water. 
The IRD developing agents of our invention can be 

adapted for addition to a liquid silver halide emulsion or 
colloidal dispersion by other means as well. Suitable 
methods will depend largely upon the solubility char~ 
acteristics, particularly in water or polar solvents, of the 
particular precursors in question. 

After addition of the dispersion or solution of the IRD 
developing agent substance to the liquid emulsion or 
colloidal dispersion, the mixture is stirred to assure uni 
form results, or passed through a blending device, such 
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14 
as a colloid mill or Waring Blendor. A uniform coating 
can then be made on a suitable support and the coating 
dried. Suitable supports comprise any of the well known 
supporting materials, such as cellulose ester ?lm base 
(e.g., cellulose acetate, cellulose nitrate, cellulose acetate 
butyrate, cellulose acetate propionate, etc.), polyethylene, 
polypropylene, polystyrene, polyethylene terephthalate 
and other polyesters, paper, polycarbonates, etc. 
The photographic elements of our invention compris 

ing a photographic IRD development agent either in the 
photographic silver halide emulsion layer, or layer con 
tiguous thereto, or both, can then be exposed to an 
original or negative and developed by merely treating 
the exposed emulsion layer with an alkaline activator 
bath. Typical activator baths comprise, for example, an 
aqueous solution of an alkaline material, such as sodium 
carbonate, sodium hydroxide, potassium carbonate, po 
tassium hydroxide, mixtures of sodium hydroxide and 
sodium sul?te, etc. Suitable baths can comprise, for ex 
ample, an aqueous solution containing about 1 percent 
sodium hydroxide and 5 percent sodium sul?te. A bath 
of the latter type is quite suitable for developing an ex 
posed emulsion layer in about 30 seconds when the ac 
tivator bath is at about 68° F. Modi?cations can easily 
be made in the activator baths without departing from 
the spirit and scope of the invention. For example, an 
aqueous solution comprising about 4 percent of sodium 
carbonate and 5 percent of sodium sul?te produces devel 
opment in about 30 seconds at 68° F. Another aqueous 
activator solution comprising 2 percent sodium hydroxide 
and 5 percent sodium sul?te produces useful photographic 
images in a few seconds when heated at 130° F. Partic 
nlarly useful activator solutions have a pH of at least 
about 9.0 and preferably of at least about 10.5. 
The activator solutions of the present invention can 

be applied to an exposed photographic element in any 
number of known ways, such as by dipping, spraying, 
or other suitable surface applications. If desired, a thick 
ener can be added to the activator solution to increase 
the viscosity of the composition and make it more 
adaptable for continuous processing. Viscous composi 
tions can then be removed by squeegeeing or water spray 
ing. The photographic element can then be stabilized by 
conventional ?xation or stabilization, such as by sodium 
thiosulfate. 
The concentration of the IRD developers used in our 

invention will vary, depending upon the particular chemi 
cal compound involved and the location of the compound 
within the photographic element. That is, if the IRD 
developer is incorporated within the silver halide emul 
sion undergoing development, it may be desirable to use 
a somewhat different concentration than would be used 
if the IRD developer were incorporated in a layer con 
tiguous to the photographic silver halide emulsion. A use 
ful concentration of IRD developer for incorporation in 
the emulsion is from about 0.01 to 4.0 moles per mole 
of silver halide. A particularly useful range is from about 
0.1 to 2.0 moles per mole of silver halide. For incor 
poration in a layer contiguous to the silver halide emul 
sion layer, somewhat larger concentrations of IRD devel 
oper can be tolerated without adverse effects. A partic 
ularly useful effect of our invention is that even when 
incorporated Within the silver halide emulsion, the IRD 
developers have little or no desensitizing effects. In many 
cases, this is not true where development-inhibitors or 
developing agents, per se, are incorporated within the 
silver halide emulsion layers. 

Photographic silver halide emulsions useful in our 
invention comprise any of the ordinarily employed silver 
halides developing-out emulsions, such as, silver-chloride, 
-chlorobromide, -chloroiodide, -chlorobromoiodide, -bro 
mide and -bromoiodide emulsions. Any of the conven 
tionally employed water-permeable hydrophilic colloids 
can be employed in the silver halide emulsions, or in 
layer contiguous thereto. Typical water-permeable hydro 
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philie colloids include gelatin, albumin, polyvinyl al~ 
cohols, agar agar, sodium alginate, hydrolyzed cellulose 
esters, hydrophilic polyvinyl copolymers, etc. 

Photographic silver halide emulsions useful in our in 
vention can also contain such addenda as chemical sensi~ 
tizers, e.g., sulfur sensitizers (e.g., allyl thiocarbamate, 
thiourea, allyl isothiocyanate, cystine, etc.), various gold 
compounds (e.g., potassium chloroaurate, auric trichlo 
ride, etc.). (See U.S. Patents 2,540,085, 2,597,856 and 
2,597,915, etc.) 

Photographic silver halide emulsions useful in our 
invention can also be sensitized by other means, such 
as by alkylene oxide polymers, many of which are well 
known to those skilled in the photographic art. Typical 
polyalkylene oxide polymers include those of U.S. Pat 
ents 2,423,549 and 2,441,389. 
The emulsions of the invention can also contain speed 

increasing compounds of the quaternary ammonium 
type as described in U.S. Patents 2,271,623, issued Feb. 
3, 1942; 2,288,226, issued June 30, 1942; 2,334,864, 
issued Nov. 23, 1943; or the thiopolymers as described 
in Graham et al., U.S. application Ser. No. 779,839, ?led 
Dec. 12, 1958, now Patent No. 3,046,129; and Dann et 
al., US. application Serial No. 779,874, now Patent No. 
3,046,134, ?led Dec. 12, 1958. 
The emulsions may also be chemically sensitized with 

reducing agents such as stannous salts (Carroll U.S. 
Patent 2,487,850), polyamines such as diethylene triamine 
(Lowe and Jones U.S. Patent 2,518,698), polyamines 
such as spermine, (Lowe and Allen U.S. Patent 
2,521,925), or bis-(B-aminoethyl) sul?de and its water 
soluble salts (Lowe and Jones U.S. Patent 2,521,926). 
The emulsions may also be stabilized with the mercury 

compounds of Allen, Byers and Murray U.S. application 
Serial No. 319,611; Carroll and Murray U.S. application 
Serial No. 319,612; and Leubner and Murray U.S. appli 
cation Serial No. 319,613, all ?led Nov. 8, 1952, now U.S. 
Patents 2,728,663, 2,728,664 and 2,728,665, respectively, 
granted Dec. 27, 1955. 
The addenda which we have described may be used in 

various kinds of photographic emulsions. In addition to 
being useful in x-ray and other nonoptically sensitized 
emulsions, they may also be used in orthochromatic, 
panchromatic, and infrared sensitive emulsions. They may 
be added to the emulsion before or after any sensitizing 
dyes which are used. The agents may be used in emul 
sions intended for color photography, for example, emul 
sions containing color-forming couplers or emulsions to 
be developed by solutions containing couplers or other 
color-generating materials, emulsions of the mixed-packet 
type, such as described in Godowsky, U.S. Patent 2,698, 
794, issued J an. 9, 1955; or emulsions of the mixed-grain 
type, such as described in Carroll and Hanson U.S. Pat 
ent 2,592,243. 

It has been found that the development rate of the IRD 
developers above can be improved by adding an auxiliary 
developing agent either to the silver halide emulsion layer, 
or a hydrophilic layer contiguous thereto. Typical auxil 
iary developing agents include those described in the co 
pending application Serial No. 134,014, now abandoned, 
?led August 5, 1961, of P. H. Stewart, G. E. Fallesen and 
J. W. Reeves, Jr. Typical auxiliary developing agents 
described in this application include 3-pyrazolidone com-7 
pounds containing an alkyl (e.g. methyl, ethyl, etc.) or 
aryl substituent (e.g. phenyl, p-tolyl, etc.). In addition, 
such pyrazolidone developing agents can contain an acyl 
or acyloxy substituent which can be hydrolyzed from the 
3-pyrazolidone compound by treatment with the above 
activator solutions to produce the desired auxiliary de 
veloping compound. Typical auxiliary developing agents 
include, for example, 1-phenyl-3-pyrazolidone, l-p-tolyl 
3~pyrazolidone, 1-phenyl-5-methyl-3-pyrazolidone, l-acet 
amidoprenyl-3-pyrazolidone, 3-acetoxy-1-phenyl-3-pyraz 
olidone (Enol ester), Z-(pyridinium acetyl)-l-phenyl-3 
pyrazolidone chloride, l-phenyl - 4,4 - dimethyl-3-pyrazo 
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16 
lidone, l-phenyl - 4 - methyl-3-pyrazolidone, l-phenyl-Z 
benzoyl-3-pyrazolidone, l-phenyl - 2 - lauroyl-3-pyrazoli 
done, 1-phenyl-2-chloroacetyl-3-pyrazolidone, etc. 
The concentration of auxiliary developing agents can 

be varied and, of course, no auxiliary developing agent 
need be employed unless so desired. Useful concentrations 
of auxiliary developing agents vary from about 0.01 mole 
to 2.0 moles based on the IRD developing agent com 
pound. Depending upon the particular auxiliary develop 
ing agent employed, larger or smaller quantities can be 
used. 
The IRD developers of our invention can be used in 

emulsions intended for use in diffusion transfer processes 
which utilize the undeveloped silver halide in the non 
image areas of the negative to form a positive by dissolv 
ing the undeveloped silver halide and precipitating it on 
a receiving layer in close proximity to the original silver 
halide emulsion layer. Such processes are described in 
Rott U.S. Patent 2,352,014, issued June 20, 1944, and 
Land U.S. Patents 2,584,029, issued Jan. 29, 1952; 
2,698,236, issued Dec. 28, 1954, and 2,543,181, issued 
Feb. 27, 1951; and Yackel et al. U.S. Patent 3,020,155, 
issued Feb. 6, 1962. They vmay also be used in color 
transfer processes which utilize the diffusion transfer of 
an imagewise distribution of developer, coupler or dye, 
from a light-sensitive layer to a second layer, while the 
two layers are in close proximity to one another. Color 
processes of this type are described in Land U.S. Patents 
2,559,643, issued July 10, 1951, and 2,698,798, issued 
Ian. 4, 1955; Land and Rogers Belgian Patents 554,933 
and 554,934, granted Aug. 12, 1957; International Pola 
roid Belgian Patents 554,212, granted July 16, 1957, and 
554,935, granted Aug. 12, 1957; Yutzy U.S. Patent 
2,756,142, granted July 24, 1956, and Whitmore and 
Mader U.S. patent application Ser. No. 734,141, now 
abandoned, ?led May 9, 1958. They may also be used 
in emulsions intended for use in a monobath process such 
as described in Haist et al. U.S. Patent 2,875,048, issued 
Feb. 24, 1959, and in web-type processes, such as the 
one described in Tregillus et a1. U.S. patent application 
Ser. No. 835,473, ?led Aug. 24, 1959, now abandoned. 
Of course, the activator solutions which are used in 

our invention are stable for extended periods of time and 
are not subject to the harmful decomposition reactions 
so common to conventional photographic developing so 
lutions when these developing solutions are stored for 
extended periods of time. No special precautions are re 
quired to prevent oxidation of the activator solutions since 
they are inherently quite stable. If desired, the activator 
solutions can be incorporated in a carrier, such as gela~ 
tin and coated in contact with the photographic silver 
halide emulsion layer which contains the development 
precursors of our invention. After exposure, the develop 
ment can be effected merely by heating the photographic 
emulsion layer to a temperature sufficient to release water, 
which may be present in the support or in a separate 
layer in the photographic element. This water then dis 
solves the activator solution from the hydrophilic colloid 
layers and takes it into the photographic halide emulsion 
layer where development is effected. 
The elevated temperatures from about 95—150° C. are 

usually sufficient to effect development in this manner. If 
desired, additional moisture can be added by spraying 
steam upon the sensitive surface of the photographic ele 
ment. 
The invention has been described in detail with partic 

ular reference to preferred embodiments thereof, but it 
will be understood that variations and modi?cations can 
be effected within the spirit and scope of the invention as 
described hereinabove and as de?ned in the appended 
claims. 
We claim: 
1. A photographic element comprising a support and 

a photographic silver halide emulsion layer, and integral 
with said photographic element a water-permeable hydro 
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philic colloid layer containing a compound represented 
by the following general formula: 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, a ‘heterocyclic group and members of a 
carbocyclic ring, Z represents a member selected from 
the class consisting of a hydrogen atom, alkyl groups 
having about 1 to 20 carbon atoms, OH, amine, an aryl 
group, a halogen atom and a heterocyclic group and R 
represents a member selected from the class consisting of 
an aryl group and a lower alkyl group. 

2. A photographic element comprising a support and 
a photographic silver halide emulsion layer comprising a 
water-permeable hydrophilic colloid layer containing a 
compound represented by the following general formula: 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups, having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, a heterocyclic group and members of a 
carbocyclic ring, Z represents a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom ‘and a heterocyclic group and R represents 
a member selected from the class consisting of an aryl 
group and a lower alkyl group. 

3. A photographic element comprising a paper support 
and a photographic silver halide emulsion layer compris 
ing a water-permeable hydrophilic colloid layer contain 
ing a silver halide developer and a compound represented 
by the following general formula: 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, ‘amine, an aryl group, 
a halogen atom, a heterocyclic group and members of a 
carbocyclic ring, Z represents a member selected from the 
class consisting of ‘a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom and a heterocyclic group and R repre 
sents a member selected from the class consisting of an 
aryl group and a lower alkyl group. 

4. A photographic element comprising a support and 
a photographic silver halide emulsion layer comprising 
a water-permeable hydrophilic colloid layer containing 
a colloidal dispersion of a compound in a water-insoluble, 
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18 
Water-permeable crystalloidal solvent, said compound 
represented by the following general formula: 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, a heterocyclic group and members of a 
carbocyclic n'ng, Z represents a member selected from 
the class consisting of a hydrogen atom, alkyl groups 
having about 1 to 20 carbon atoms, OH, amine, an aryl 
group, a halogen atom and a heterocyclic group and R 
represents a member selected from the class consisting of 
an aryl group and a lower alkyl group. 

5. A photographic element comprising a support and 
a photographic silver halide emulsion layer comprising 
a water-permeable hydrophilic colloid layer containing a 
colloidal dispersion of .a compound in tricresylphosphate, 
said compound represented by the following general 
formula: 

on 
N—N 

% 
X —s-o \ 

N-N 
Y Z I 

I R 

on 

wherein X and Y represent a ‘member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, a heterocyclic group, and members of 
a carbocyclic ring, Z represents a member selected from 
the class consisting of a hydrogen atom, alkyl groups 
having about 1 to 20 carbon atoms, OH, amine, an aryl 
group, a halogen atom and a heterocyclic group and R 
represents a member selected from the class consisting of 
an aryl group and a lower alkyl group. 

6. A photographic element comprising a support and 
a photographic silver halide gelatino emulsion layer con 
taining a compound represented by the following general 
formula: 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, a heterocyclic group and members of a 
carbocyclic ring, Z represents a member selected from the 
class consisting of a ‘hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom and a heterocyclic group and R represents 
a member selected ‘from the class consisting of an aryl 
group and a lower alkyl group. 

7. A photographic element comprising a support and 
a photographic untanned silver halide gelatino emulsion 
layer containing a compound represented by the following 
general formula: 
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wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, and aryl group, 
a halogen atom, a heterocyclic group and members of 
a carbocyclic ring, Z represents a member selected from 
the class consisting of a hydrogen atom, alkyl groups 
having about 1 to 20 carbon atoms, OH, amine, an aryl 
group and a halogen atom, a heterocyclic group and R 
represents a member selected from the class consisting of 
an aryl group and a lower alkyl group. 

8. A photographic element as de?ned is claim 2 where 
in said compound is 2-methyl-5-(l'-phenyl-5'-tetrazolyl 
thio)hydroquinone. 

9. A photographic element as de?ned in claim 2 Where 
in said compound is (l-phenyl-S-tetrazolylthio)hydro 
quinone. 

10. A photographic element as de?ned in claim 2 
wherein said compound is 2-n-pentadecyl-X-(l-phenyl-S 
tetr-azolythio)hydroquinone. 

11. A photographic element comprising a paper sup 
port ‘and a photographic silver halide emulsion layer and 
integral with said photographic element a water-permeable 
hydrophilic colloid layer containing a compound repre 
sented by the following general formula: 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a ‘halogen atom, a heterocyclic group and members of a 
carbocyclic ring, Z represents a member selected from 
the class consisting of a hydrogen atom, alkyl groups 
having about 1 to 20 carbon atoms, OH, amine, an aryl 
group, a halogen atom and a heterocyc'lic group and R 
represents a member selected from the class consisting 
of an aryl group and a lower alkyl group. 

12. A photographic element comprising a ?exible sup 
port having thereon a photographic silver halide emulsion 
layer and integral with said photographic element a water 
permeable hydrophilic colloid layer containing a com 
pound represented by the following general formula: 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, a heterocyclic group and members of a 
carhocyclic ring, Z represents a member selected from 
the class consisting of .a hydrogen atom, alkyl‘ groups 
having about 1 to 20 carbon atoms, OH, amine, an aryl 
group, a halogen atom and a beterocyclic group and R 
represents a member selected from the class consisting 
of an aryl group and a lower alkyl group. 

13. .A silver halide photographic developer containing 
a compound represented by the following general for 
mula: 
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20 
wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, a heterocyclic group and members of a 
carbocyelic ring, Z represents a member selected from 
the class consisting of a hydro-gen‘atom, alkyl groups 
having about 1 to 20 carbon atoms, OH, amine, an aryl 
group, a halogen atom and a heterocyclic group and R 
represents a member selected from the class consisting 
of an aryl group and a lower alkyl group. 

14. A silver halide photographic developer solution 
containing .a silver halide developer and a compound rep 
resented by the following general formula: 

OH 
I N-N 

% H t 
\ 
N——N 

Y Z | 
R 

011 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, a heterocyclic group and members of a 
carbocyclic ring, Z represents a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom and a heterocyclic group and R repre 
sents a member selected from the class consisting of an 
aryl group and a lower alkyl group. 

15. A process for forming a visible photographic image 
comprising developing an exposedv photographic element 
comprising a support and a photographic silver halide 
emulsion layer, and integral with said photographic ele 
ment, a water-permeable hydrophilic colloid layer con 
taining a compound represented by the following general 
formula: 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen. atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, a heterocyclic group and members of a 
carbocyclic ring, Z represents a member selected from 
the class consisting of a hydrogen atom, alkyl groups 
having about 1 to 20 carbon atoms, OH, amine, an aryl 
group, a halogen atom and a heterocyclic group and R 
represents a member selected from the class consisting 
of an aryl group and a lower alkyl group by inbibing 
throughout said photographic silver halide emulsion layer 
an aqueous alkaline solution containing sutllcient alkali 
to give a pH of at least about 9.0. 

16. A process for forming a visible photographic image 
comprising developing an exposed photographic element 
comprising a support having thereon a photographic silver 
halide gela-tino emulsion layer containing a silver halide 
developer and a compound selected from the class of 
compounds represented by the following general formula: 

OH 
I NN 

N —N 
Y 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, a heterocyclic group and members of 
a carbocyclic ring, Z represents a member selected from 
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the class consisting of a hydrogen atom, alkyl groups 
having about 1 to 20 carbon atoms, OH, amine, an aryl 
group, a halogen atom and a heterocyclic group and R 
represents a member selected from the class consisting of 
an aryl group and a lower alkyl group, by imbibing 
throughout said photographic silver halide emulsion layer 
an aqueous alkaline solution containing su?icient ‘alkali 
to give a pH of at least about 9.0. 

17. A process for forming a visible photographic image 
comprising developing an exposed photographic element 
comprising a support and a photographic silver halide 
emulsion layer, and integral with said photographic ele 
ment, a water-permeable hydrophilic colloid layer con 
taining a compound selected from the class of compounds 
represented by the following general formula: 

OH 

I /N—-N 
X- S—C/ \ 

N~N 
Y Z l 

R 

H 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, a heterocyclic group and members of a 
carbocyclic ring, Z represents a member selected from 
the class consisting of a hydrogen atom, alkyl groups 
having about 1 to 20 carbon atoms, OH, amine, an aryl 
group, a halogen atom and a heterocyclic group and R 
represents .a member selected from the class consisting of 
an aryl group and a lower alkyl group vby imbibing 
throughout said photographic silver halide emulsion layer 
an aqueous alkaline solution containing a silver halide 
developer. 

18. A process for forming a photoresist comprising 
exposing a photographic silver halide emulsion layer con~ 
taining a tanning silver halide developer and a compound 
selected from the class of compounds represented by the 
following general formula: 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, a heterocyclic group and members of a 
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carbocyclic ring, Z represents a member selected from 
the class consisting of a hydrogen atom, alkyl groups 
having about 1 to 20 carbon atoms, OH, amine, an aryl 
group, a halogen atom and a heterocyclic group and R 
represents a member selected from the class consisting 
of an aryl group and a lower alkyl group, developing in 
an alkaline bath, and removing the untanned areas in 
warm Water. 

19. A process for forming a visible photographic 
image comprising developing an exposed photographic 
element comprising a support and a photographic silver 
halide emulsion layer by imbibing throughout said emul 
sion a silver halide developer solution containing a com 
pound selected from the class of compounds represented 
by the following general formula: 

wherein X and Y represent a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom, .a heterocyclic group and members of a 
carbocyclic ring, Z represents a member selected from the 
class consisting of a hydrogen atom, alkyl groups having 
about 1 to 20 carbon atoms, OH, amine, an aryl group, 
a halogen atom and a heterocyclic group and R represents 
a member selected from the class consisting of an aryl 
group and a lower alkyl group. 
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