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57 ABSTRACT 
There is described a concentrated photographic silver 
halide developing solution which comprises from 50 to 
150 g/liter of an ascorbic acid type compound of the 
general formula I: 

O I 
R-CH1 

OH OH 

or alkalimetal salts thereof, in which the group R repre 
sents a hydroxylated alkyl group, and at least one basic 
compound the anion of which is carbonate, sulphite or 
hydroxide of which the cation is an alkali metal, espe 
cially sodium or potassium, the total sodium to total 
potassium ion ratio in the concentrated developing solu 
tion being from about 50:50 to 0:100 (mole: mole). 
Preferably the concentrated solution is entirely aqueous 
but it may comprise a proportion of water-miscible 
organic solvents such as ethyl alcohol, or glycol sol 
weats. 

10 Claims, No Drawings 
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CONCENTRATED PHOTOGRAPHC 
DEVELOPING SOLUTION 

FIELD OF THE INVENTION 

This invention relates to liquid concentrates of photo 
graphic silver halide developing solutions. 

BACKGROUND OF THE INVENTION 
Suitable compositions and components for photo 

graphic developing solutions are well known, and are 
described for example, in the books Photographic Pro 
cessing Chemistry by LFA Mason, published by the 
Focal Press in 1975, any Modern Photographic Process 
ing by GM Haist, published Wiley-Interscience in 1979. 
Of recent years, there has been increasing interest in 

the use of ascorbic acid and related compounds as the 
agents in photographic silver halide developing solu 
tions. The use of ascorbic acid and related compounds 
as developing agents is well known, but the recent in 
crease in interest in these developing agents has been 
prompted by health and safety concerns about other 
silver halide developing agents. 
The use of concentrated photographic developer 

solutions is also well known. A formulation of a concen 
trated hydroquinone developer which can be diluted 
1:9 before use is given in Haist's book, vol 1, p 528. 
There is a need, however, for concentrated developers 
using ascorbic acid as developing agent. 
By a concentrated photographic developer we mean 

a liquid concentrate which has to be diluted with water 
or other diluent before use, by addition of at least about 
five parts of water to one part of concentrate (1:5), and 
preferably by addition of at least about nine or ten parts 
of water to one part of concentrate. Liquid concentrates 
are simpler and quicker to dilute than powder formula 
tions, and the greater the dilution factor the less water 
needs to be transported. 
To date, however, a method has not been found for 

incorporating ascorbic acid or related compounds in 
concentrated developer compositions. For instance the 
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2 
sium ion ratio in the concentrated developing solution 
being from about 50:50 to 0:100 (mole:mole). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferably the concentrated solution is entirely aque 
ous but it may comprise a proportion of water-miscible 
organic solvents such as ethyl alcohol, or glycol sol 
Vents. 

Preferred compounds of formula I for use in the pres 
ent invention include L-ascorbic acid, D-isoascorbic 
acid and L-erythroascorbic acid. Salts of such com 
pounds may also be used. Preferably the sodium salts of 
the compound of formula I are used, and are commer 
cially available in solid form. In general, synthesis of the 
Formula I compounds is well within the skill in the art. 
A preferred ion ratio of sodium to potassium in the 

concentrated developing solution is from 20:80 to 10:90. 
20 
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formulations described in U.S. Pat. No. 5,098,819 are 
prepared at the final concentration, and not diluted at 
all. 

SUMMARY OF THE INVENTION 
We have discovered a concentrated ascorbate based 

developing solution which is stable as the concentrated 
solution and which when diluted acts as an efficient 
silver halide developing solution. 

Therefore according to the present invention there is 
provided a concentrated photographic silver halide 
developing solution which comprises from 50 to 150 

45 

50 

It is preferred to include both sulphite and carbonate 
and both as the potassium salts, the sulphite serving not 
only as a basic compound but also as an anti-oxidant and 
as a development accelerator (noted in U.S. Pat. No. 
5,098,819 which is incorporated by reference entirely) 
and the carbonate serving as a basic compound and as a 
buffer in the diluted solution when in use. Sufficient 
sulphite and carbonate should be present so that when 
the concentrate is diluted to a working strength devel 
oper, the pH is within the range of 9.0 to 11.0. 
When the concentrated developing solution of the 

present invention is to be diluted 1:9 the amount of the 
compound of formula I present in the concentrate is 
from 60 to 110 g/liter (weighed as the sodium salt). A 
suitable amount of sulphite in the concentrate as potas 
sium sulphite is from 100 to 200 g/liter. If the diluted 
concentrated solution has too high a pH, then a quantity 
of potassium metabisulphite can be added to the concen 
trated solution to decrease the pH. Alternatively, the 
pH may be adjusted by use of the free ascorbic acid 
compound, or by the use of the free acid of a metal 
complexing agent (described below), or by the use of 
alkali metal bicarbonate. A suitable amount of alkali 
metal carbonate is up to 300 g/liter, preferably between 
100 and 300 g/liter, depending on the quantity of alkali 
metal sulphite and the desired final pH. 
A suitable amount of carbonate as potassium carbon 

ate is from 150 to 220 g/liter. 
In order to achieve maximum efficiency when using 

the concentrated developing solution of the present 
invention at working strength it is preferred to carry 
out development of exposed silver halide material using 
the diluted developing solution of the present invention 
in the presence of an electron transfer agent. 

g/liter of at least one ascorbic acid type compound of 55 
the general formula I: 

O I 
R-CH1 

OH OH 

or alkalimetal salts thereof, in which the group R repre 
sents a hydroxylated C1-C4 alkyl group, and at least one 
basic compound the anion of which is carbonate, sul 
phite or hydroxide of which the cation is an alkalimetal, 
especially sodium or potassium, the total sodium/potas 

65 

Most preferably the electron transfer agent is present 
in the concentrated developing solution of the present 
invention. However, it may be present in an auxiliary 
developing solution which is used in conjunction with 
the concentrated developing solution of the present 
invention or it may be present in the silver halide mate 
rial which is to be developed. 
By electron transfer agent is meant a compound 

which acts synergistically with a main developing agent 
such as ascorbic acid or hydroquinone to provide an 
active relatively long lasting developing combination. 
A large number are known from the patent literature 
but in practice the two most commonly used ones are 
amino-phenols such as p-methylaminophenol which is 
known commercially as Metol and pyrazolidinone com 
pounds of general formula II 
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R2 R II water 670 in 
R O potassium sulphite 65% w/v solution 150 m les a DTPA pentasodium salt 37% w/v solution 68 mil 
R4 5 potassium carbonate 200 g 

N - N sodium ascorbate 100 g 
V compound A 5 g 

Air H potassium bromide 10 g 
acetic acid 80% w/w solution 17 m 

in which Ar is an aromatic ring, R1 and R2 are hydro- Benzotriazole 0.2 g 
gen, lower alkyl, or hydroxy alkyl, and R3 and R4 are O E. 1 585 
hydrogen, lower alkyl or phenyl. By lower alkyl is Y is a 
meant an alkyl group with up to 3 carbon atoms. Syn 
thesis of these compounds is well within the skill in the In a photographic test one part of this developer 
art. concentrate was diluted with 9 parts of water and the 

Preferably Ar is phenyl or a substituted phenyl such resultant developer was used to process silver chloro 
4-me O-OV. bromide photographic paper. Comparison was made 2S thyl phenyl or 4-chloro-phenyl ith a hyd based devel (devel 2) i A particularly preferred compound for use in the wit! a nyaroquinone based developer (developer 2) in 

concentrated developing solution of the present inven- which the following components were present: 
tion is 1-phenyl 4-methyl-4-hydroxymethyl pyrazolid- 2O 
3-one which is hereinafter referred to as compound A. Water 875 cm3 
A suitable amount of compound A to be present in a DTPA pentasodium salt 37% w/v solution 35 cm 

concentrated developing solution of the present inven- sodium sulphite 120 g 
tion when it is to be diluted 1:9 is from 2 to 8 g/liter. EVE carbonate 

Preferably at least one metal complexing agent is 25 EME ; 
present in the concentrated developing solution. A par- potassium bromide 7 g 
ticularly suitable compound is diethylenetriamine pen- benzotriazole 0.3 g 
tacetic acid (DTPA). sodium hydroxide 67% w/v solution 12 cm 

s pH (1 - 9) = 10.80 Other suitable metal complexing agents include with 
out limitation phosphonic acids such as 1-hydroxye- 30 
thylidene 1,1-diphosphonic acid, diethylenetriamine Both developers were tested by processing 75 
penta(methylenephosphonic acid) ethylene diamine (10"X8") sheets of exposed silver chlorobromide paper 
tetra(methylene phosphonic acid) and nitrilo tris (me- in the fresh developer solution and in the same solution 
thylenephosphonic acid), and alkali metal salts thereof. after letting it stand in an open dish for 18 hours (used 
A suitable quantity of metal complexing agent to be 35 developer). 

present in the concentrated developing solution is up to 
100 millinoles/liter. A. D Dmax R4 Devel C 
An alkali bromide and in particular potassium bro- 2.13 0.14 s oper Nem 

8 p a es 

mide may be present in the developing solution 2S a 40 99 2.10 0.6 1 Used developer 
stabilizer or antifoggant. A suitable amount is from 1-20 0.00 2.11 0.14 2 Fresh 
g/liter. 0.00 1.93 0.2 2 Used developer 
An organic antifoggant may be present in the devel 

oping solution. A suitable amount is from 0.1 to 0.5 Dmin and Dmax represent the minimum density (fog) 
g/liter. A preferred antifoggant is a benzotriazole 45 and the maximum density of the paper and R4 is shoul 

It is not necessary to use organic cosolvents. How der contrast, obtained by measuring the A log E be 
ever, it may be advantageous to use a quantity of or tween 80%. Dmax and 95%. Dmax. It can be seen that 
gicOSolvent in the concentrate (e.g. p. to 109 the developer 1 of the present invention gives superior 
ml/F), either to aid dissolution of the pyrazolidinone (if results to that of the hydroquinone based developer 
used), or for a photographic effect. Suitable organic 50 (developer 2). When both developers have been used 
cosolvents include ethylene glycol and condensates, (exhausted) the diminution of the shoulder contrast is 
propylene glycol and condensates, and alkanolamines, less and the Dmax drop is less when developer 1 is used 
for example N-methyl ethanolamine. compared with developer 2. 
The liquid concentrate developers of the present 

invention are easily prepared and are stable. They are ss EXAMPLE 2 
resistant to formation of precipitates on cooling. How- The developer of Example I was prepared with the 
ever, if the molar ratio of total (i.e. from all sources) same quantity of sodium erythorbate in place of sodium 
Sodium ions to total potassium ions exceeds about 50:50 ascorbate. The following results were obtained for ex 
then a concentrated solution cannot be prepared. Thus posed silver chlorobromide paper which was processed 
such compositions are not within the present invention. 60 in fresh working strength developer and in developer 
The following Examples will serve to illustrate the which had 5m2 of silver chlorobromide paper processed 

invention without limiting its scope. The disclosure of therein (used developer). 
patents and other documents cited herein is incorpo 
rated by reference. 

65 Omin Dmax R4 Cornment 
EXAMPLE I 0.00 2.13 0.14 Fres 

0.00 2.12 0.13 Used developer A liquid concentrate (developer 1) was prepared by 
adding the following components Dmin, Dmax and R4 are defined as in Example 1. 
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This shows that this developer, like the ascorbate 
based developer of Example 1 is an active developer 
which was still active after 5m2 of exposed silver chlo 
robromide paper had been processed therein. 
What is claimed is: 
1. A concentrated photographic silver halide devel 

oping solution which yields a working strength devel 
oping solution having a pH between 9 and 11 upon 
dilution 1:9 with water and comprises: (i) from 60 to 110 
g/liter of at least one ascorbic acid type compound of 
the general formula : 

O I 
R-CH1 

OH OH 

or alkalimetal salts thereof in which the group R repre 
sents a hydroxylated alkyl group, (ii) an electron trans 
fer agent that acts as a synergistic developing agent, (iii) 
from 100 to 200 g/liter of potassium sulphite, (iv) from 
150-220 g/liter of potassium carbonate, and (v) a molar 
ratio of total sodium ion to total potassium ion from 
about 20:80 to 0:100. 

2. A concentrated silver halide developing agent 
according to claim 1 wherein the ascorbic acid type 
compound is L-ascorbic acid, D-isoascorbic acid, or 
L-erythroascorbic acid or alkali metal salts thereof. 

3. A concentrated silver halide developing solution 
according to claim 1 wherein the ratio of total sodium 
to total potassium ions is 20:80. 

4. A concentrated silver halide developing solution 
according to claim 1 wherein the ratio of total sodium 
to total potassium ions is 10:90. 
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5. A concentrated silver halide developing solution 

according to claim 1 wherein the electron transfer agent 
is an amino-phenol compound. 

6. A concentrated silver halide developing agent 
according to claim 5 wherein the amino-phenol com 
pound is p-methylamino-phenol. 

7. A concentrated silver halide developing agent 
according to claim 1 wherein the electron transfer agent 
is a pyrazolidinone compound of the general formula II: 

I 
R2 

eS,eO R4 
N-N 

V 
Air H 

in which Ar is an aromatic ring, Rl and R2 are hydro 
gen, lower alkyl, or hydroxy alkyl, and R3 and R' are 
hydrogen, lower alkyl or phenyl. By lower alkyl is 
meant an alkyl group with up to 3 carbon atoms. 

8. A concentrated developing solution according to 
claim 7 wherein the pyrazolidinone compound is 1-phe 
nyl-4-methyl-4-hydroxymethyl pyrazolid-3-one. 

9. A concentrated developing solution according to 
claim 1 which comprises as a metal complexing agent 
diethylenetriamine pentaacetic acid and alkali metal 
salts thereof. 

10. A concentrated developing solution according to 
claim 1 which comprises as a metal complexing agent a 
phosphonic acid selected from 1-hydroxyethylidene 1, 
1-diphosphonic acid, diethylenetriamine penta' (me 
thylenephosphonic acid), ethylene diamine tetra (meth 
ylene phosphonic acid) and nitrilotris (methylenephos 
phonic acid) and alkali metal salts thereof. 

k k k is k 


