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9. (H[err]PO[err]CH[err])[err]N-(CH[err])[err]-N(CH[err]PO[err]H[err])[err]
1,6 - hexanediamine - N,N,N[err],N[err] - tetra-  zolidone and 4,4 -
diethyl - 1 - phenyl -3- 40            methylenephosphonic acid (Prepared
from   pyrazolidone.            1,6 - hexanediamine and chloromethylene-
The colour-forming developers useful in the      5    phosphonic acid.)
invention have been previously described in
the prior art and the invention is not restricted            10.
to the use of any particular colour-forming  45
developer. Particularly useful colour-forming                  [err]
developers are the phenylenediamines and sub-
stituted derivatives thereof. Typical of such
colour-forming developers are the sulphon-                       amido -
substituted p - phenylenediamines dis- 50
closed in Specifications Nos. 651,749; 653,284;
and 663,101. Other phenylenediamine colour-            o -
acetamidobenzylamino - NN - dimethyl-  forming developing agents can be
employed in            enephosphonic  acid  (Prepared  from  o-  the
developing solutions of the invention.            acetamidobenzylamine and
chloromethylene-   In addition to the usual alkaline agents, 55      10
phosphonic acid.)                         such as carbonate or alkali used
in photo-                                                      graphic
developing solutions, other ingredients,            11.
such as antifoggants, e.g., benzotriazole and
6-nitrobenzotriazole, development restrainers,
[err]                   e.g., potassium bromide and sodium iodide, 60
preservatives, such as alkali metal sulphites,
e.g. sodium sulphite, can be present. In colour
developers, other ingredients can be present,
such as couplers for forming the colour image
by coupling with the oxidation products of 65            o - toluidine - NN
- dimethylenephosphonic  the colour developer.            acid (Prepared
from o-toluidine and chloror-   The concentration of the sequestering
agents            methylenephosphonic acid.)                can be varied
widely in photographic develop-
ing solutions, depending upon the molecular            12.
weight of the particular sequestering agent and  70
the concentration of undesired calcium ions.
In general, it has been found that from 0.1 to      15
50 grams per litre of solution of the amino-                    [err]
N,N-dimethylenephosphonic acid or its deri-       vative is quite
satisfactory. A particularly use- 75
ful range is from 0.5 to 10 grams per litre
of solution.           2 - pyridylamino - N[err],N[err] - dimethylene-
The following examples illustrate the present           phosphonic acid
(Prepared from 2-amino-  invention.           pyridine  and
chloromethylenephosphonic                 EXAMPLE 1.                   80
20    acid.)                                            Calcium
Sequestering Ability           The phosphonic sequestering agents can be
The effectiveness of ethylenediamine - NN, 



employed in photographic developing solutions  N[err],N[err]  -
tetramethylenephosphonic   acid         of the type normally employed in
black-and-  (EDTMP) as a sequestering agent against car-         white
photography, or in colour photography.  bonate ion was determined by
employing a  85   25  They can also be employed in photographic  2.5%
aqueous solution of sodium  sesqui-         solutions which are intended
for use in the  carbonate, Na[err]H(CO[err])[err]2H[err]O, which buffers in
removal or stabilisation of unexposed silver  the pH region of 10.0, common
to photo-         halide such as in fixing or stabilising solutions,
graphic developers. The solution  without         or they can be added to
toning or bleach  further addition was used as a control, the tetra  90
30  baths.                                      sodium salt of
ethylenediaminetetracetic acid           Typical black-and-white developing
agents,  (EDTA) was added to a second portion, and         which produce a
negative silver image, include  the heptasodium salt of EDTMP (Compound
the polyhydroxy benzenes, such as hydro-  1) was added to the third
portion. This   quinone, chlorohydroquinone, 2,5-(dihydroxy-  material was
66% pure, the diluent compris-  95   35 ethylamino-hydroquinone and
methylhydro-  ing sodium chloride. A 1% aqueous calcium         quinone,
monoalkylaminophenols, such as N-  chloride solution was added to this
until a    methyl-p-aminophenol (sulphate or hydro-  permanent precipitate
was produced. The         chloride), 3-pyrazolidones, such as 1-phenyl-3-
following values were established:         pyrazolidone,
4,4-dimethyl-1-phenyl-3-pyra-                 4
1,006,878
Concentration           CaCl[err] to
Produce Ppt.                                                Grams per
Mols per        Mg. per                Addendum
Litre        Litre           Litre                 Control
-            -               50                 EDTA . 2H[err]O
(tetra-sodium salt)      5         0.012        1400                 EDTMP
(hepta-sodium salt)           10         0.0127           1100
This represents a severe test since calcium   approach that of the
iron-free developer.          carbonate is the least soluble calcium com-
The data in this run apply to the Kodak          pound encountered in
ordinary photographic  Developer D-76 to which was added 1 part 20       5
practice.                                 of iron (as ferric chloride) per
100,000 parts                         EXAMPLE 2.                 of
developer. The developer was then divided                     Developer
Oxidation            and sequestering agents added to parts 2 and
The addition of iron to a photographic  3. Small air bubbles were
introduced into the          developer will somewhat reduce its resistance
developer through a sintered glass bubbler. 25       to aerial fog and so
reduce its useful life, for  As indicated in the following table, the de-
example, by 10 to 30%. However, the further  veloper containing the EDTA
sequestering addition of an aminocarboxylic acid complex-  agent
discoloured about ten times as rapidly 



ing agent, such as ethylenediaminetetracetic  as the control while the
developer containing          acid (EDTA), will cause rapid oxidation, re-
the EDTMP lasted perhaps a third longer than  30      15  ducing the life
to perhaps 10 to 20% normal.  the control. Tests for photographic activity
But with the phosphonic acid complexing agent confirmed the visual results.
EDTMP, the life is actually increased to
Data for Kodak Developer D-76 + Iron
Condition After Bubbling Air For:             Addendum       0 Hours
3 Hours       5 Hours     42 Hours      58 Hours             None
Hue             Cloudy        Cloudy        Cloudy     Med. Brown   Very
Dark            Activity*        0.96           -             -
1.10          0.10             EDTA            Hue              Clear
Med. Brown   Very Dark            Activity*        0.92          0.78
0.00           -             -             EDTMP            Hue
Clear         Clear       Clear          Clear      Med. Brown
Activity*        0.95           -            -            1.10
0.94           * Photographic Activity- density of a negative speed
bromoiodide emulsion, developed 10 min.            at 68[err] F.
The composition of Kodak Developer D-76 is as follows:
Monomethyl-p-aminophenol sulphate             2.0 grams
Sodium sulphite, desiccated                  100.0  ,,   Hydroquinone
5.0  ,,              Sodium tetraborate  10H[err]O  2.0
Water to make                                  1.0 litre
1,006,878                                     5
EXAMPLE 3.                  grams of the EDTMP, heptasodium salt, per
The photographic activity of the developer  litre. A negative speed
bromoiodide emulsion 



was not impaired by the addition of EDTMP  was exposed to a step wedge and
developed  10      sequestering agent. This is shown in the table  in the
two developers for 15 minutes at 68[err]  5  below in which Kodak D-76
developer of  F. Substantially equal values of speed, fog, and      the
above composition is compared with the  contrast were obtained.      same
developer modified by the addition of 2
Speed                                             Gamma    (Relative log E)
GrossFog             Kodak Developer D-76              1.22            4.63
0.13             Kodak Developer D-76 + EDTMP 1.21                 4.67
0.12    15                 EXAMPLE 4.                  example, developed
for 10 minutes at 68[err] F.,        One of the disadvantages of EDTA as a
in Kodak Developer DK-50. It will be seen      sequestering agent is a
propensity to cause an  that while the addition of the EDTA caused
increase in developer fog, particularly with  bad fog, the addition of
EDTMP caused no      very high speed films. The following data apply
increase in fog.                     25  20 to a negative speed bromoiodide
emulsion, for                       Sequestering Agent
Net Fog                       None
0.16                       EDTA, 10 grams per litre                    0.73
EDTMP, 10 grams per litre                   0.15                      The
composition of Kodak Developer DK-50 is as follows:
Monomethyl-p-aminophenol sulphate        2.5 grams
Sodium sulphite, desiccated             30.0  ,,
Hydroquinone                             2.5                       Sodium
metaborate . 8H[err]O            10.0   Potassium bromide
0.5  ,,  Water to make                            1.0 litre
EXAMPLE 5.                  of Example 2, it was found free from pro- 40
1,3 - Diaminopropan - 2 - oltetramethylene-  pensity to promote developer
oxidation.                phosphonic acid (DPTP)
EXAMPLE 6.  30    This material was prepared by reacting 1,3-  1,3 -
Propanediamine - N,N,N[err],N[err] - tetra- 



diaminopropan - 2 - ol with chloromethylene-      methylenephosphonic acid
phosphonic acid. The reaction product con-   This compound  was prepared
by the  45      tained about 50% by weight of the octasodium   methods
described previously and obtained as      salt of the sequestrant and about
50% of  a polysodium salt with sodium chloride as a  35  sodium chloride.
It proved to be an effective  diluent. It proved a very effective
sequester-      sequestering agent when employed under the  ing agent in
borate-containing developers.      conditions of Example 1, sequestering
100 mgs.  Whereas unmodified Kodak Developer D-76  50      of calcium
chloride per gram, or 1.0 mole per  precipitated on the addition of 40 mgs.
of      mole of the DPTP. Used under the conditions  calcium  to one litre
of the developer, the                       6
1,006,878               addition of 2 grams of the above agent per    The
sequestering agents of our invention               litre of D-76 prevented
the formation of a  can be incorporated in dry developer com-  35
precipitate even when 400 mgs. of calcium   positions of the type described
in Specifica-               were added per litre, equivalent to 1100 mgs.
tions  Nos. 729,388;  729,862;  731,407;           5  of calcium chloride.
This concentration of cal-  731,419; and  732,945 and  U.S. Patent
cium is in excess of that found even in very  2,816,026.               hard
water supplies.                          The invention includes dry
developer com- 40                              EXAMPLE 7.
positions containing developing agents com-                 1,6 -
Hexanediamine - N,N,N[err],N[err] - tetra-   monly used for developing
exposed silver           10           methylenephosphonic acid
halide grains in emulsion layers used for black-  This compound  was
prepared  by the  and-white photography, such as p-amino-     methods
described previously and  obtained  phenol derivatives, e.g. N - monomethyl
- p- 45               as a polysodium  salt with sodium  chloride
aminophenol sulphate, ascorbic acid, hydro- as a diluent. The calcium
sequestering action  quinone, substituted hydroquinone, or a 3-
15  was determined in a solution containing sul-  pyrazolidone developer.
The dry compositions               phite and borate as the precipitating
ions in  contain an alkali, for example, sodium car-               the
proportions of 5 grams of anhydrous sod-  bonate, potassium carbonate,
trisodium phos- 50               ium sulphite, 0.75 gram of sodium
bisulphite,  phate, sodium pyroborate, sodium metaborate,               and
2 grams of sodium metaborate octahydrate  sodium hydroxide, or potassium
hydroxide and           20  per 100 mls. The addition of 0.1 ml. of 2.75%
can contain an alkali sulphite, for example, calcium chloride solution
(containing 10 mgs.  sodium or potassium sulphite, an alkali bi-
of calcium per ml.) to 10 mls, of this solution  sulphite, for example,
sodium  or potassium  55               caused the formation of a white
precipitate,  bisulphite, an alkali metabisulphite, for ex-
presumably of calcium sulphite and borate.  ample sodium or potassium
metabisulphite.           25  But when 0.1 gram of the tetramethylene-  The
dry  compositions contain  sufficient               phosphonic acid was
added to 10 mls. of this  amino - NN - dimethylenephosphonic acid
solution, 1.2 mls. of the calcium  chloride  sequestering agent to provide
from 0.1 to 50  60               solution were required to form a
precipitate.  grams per litre of the compound.               The
sequestering action was, therefore, in ex-    For example, the following
composition may           30  cess of 100 mgs. of calcium or 275 mgs. of
be packaged ready for dissolving in one litre               calcium
chloride per gram of the sequestering  of water to make a photographic
developing               agent. This quantity of calcium is in excess
solution:                                 65 



of that found in most water supplies.
Compartment A                                 N-Monomethyl-p-aminophenol
sulphate     5.0 grams                                Hydroquinone
2.5                                                     Compartment B
Sodium sulphite (anhydrous)              60.0 grams
Sodium metaborate                       20.0  ,,
EDTMP                                    10.0  ,,
Sodium hydroxide                        30.0  ,,                   If
desired, the EDTMP can be placed in    Developing compositions containing
the               Compartment A rather than in Compartment  sequestrants of
this invention can be  com-  75               B.
bined developing and fixing solutions or com-           70    Other
materials can be added to the dry  bined developing and stabilising baths,
e.g.,               developer compositions, such as antifoggants,
monobaths, such as those disclosed in Speci-               e.g.
benzotriazole, and development restrainers,  fications Nos. 631,184,
765,250 and 898,328.               e.g. alkali bromides.
Some of these combined developer and fixer, 80
1,006,878           or developer and stabilizer compositions can   3. A
processing composition as claimed in  45 be prepared in dry form for making
working  Claim 2, in which the amino - NN - di-           solutions later.
methylenephosphonic acid is one of com-             It is to be understood
that, if desired, the  pounds 1, 2, 4, 5 and 7 hereinbefore specified.
5  incorporation of the amino - N,N - dimethyl-   4. A photographic
processing solution com-           enephosphonic acid sequestering agent in
the  prising an aqueous solution of the composition  50           developer
can be accomplished by adding the  as claimed in any of the preceding
claims.           sequestrant to the emulsion layer or to a    5. A
processing solution as claimed in Claim           gelatin interlayer of a
photographic element, 4, in which the concentration of the amino-      10
and, as a result of treating the layer or inter-  N,N -
dimethylenephosphonic acid is between           layer with developing
solution, the amino-  0.1 and 50 grams per litre.            55
N,N  - dimethylenephosphonic acid will be    6. A processing solution as
claimed in Claim 



thereby introduced into the photographic de-  5, in which the said
concentration is between           veloper composition.
0.5 and 10 grams per litre.      15    The sequestrants of the present
invention    7. A photographic developing solution or           are not
only useful for removing calcium ions,  dry composition comprising a
processing solu- 60           but also for magnesium or any other hard
tion according to Claims 4 to 6 or dry com-           water cations which
may be present in a de-  position according to Claims 1 to 3 also con-
veloper solution.                            taining a photographic silver
halide develop-      20    The word " Kodak " employed hereinabove  ing
agent.           is a Registered Trade Mark.                    8. A
developing solution or composition  65             The terms " photographic
processing com-  according to Claim 7, in which the developing
positions"  and  "photographic  processing  agent is one or more of the
following:           solutions" as employed in this specification,    a
polyhydroxybenzene developing agent,      25  refer to photographic
developing, fixing, toning    a 3-pyrazolidone developing agent,
or bleach compositions and solutions respec-   an N - monoalkyl -
p-aminophenol develop- 70           tively, and include combined developing
and  ing agent.           fixing compositions and solutions.          9. A
developing solution or composition             WHAT WE CLAIM IS: -
according to either Claim 7 or 8, also con-      30    1. A photographic
dry processing composi-  taining a silver halide solvent.           tion
(as herein defined) containing an amino-    10.  Photographic  processing
solutions  75           N,N - dimethylenephosphonic acid or a water-
according to Claim 4 and photographic dry           soluble salt thereof in
sufficient amount to  processing compositions according to Claim 1
act as sequestering compound when the com-  substantially as herein
described.      35  position is dissolved in water.                 11. A
method of processing an exposed             2. A processing composition as
claimed in  photographic silver halide emulsion  layer 80           Claim
1, in which the amino - NN - di-  which comprises performing a developing,
fix-           methylenephosphonic acid has the general  ing, toning or
bleaching step in the presence           formula
of sufficient amino - NN - dimethylene-      40
RN(CH[err]PO[err]M[err])[err]                 phosphonic acid or a
water-soluble salt there-           wherein M  represents hydrogen or a
water-  of, to act as a sequestering compound.  85           solubilizing
cation and R represents an alkyl           (including substituted alkyl),
aryl, aralkyl,  L. E. T. BRANCH, B.Sc., F.R.I.C.           alicyclic, or
heterocyclylalkyl group.                      Patent Agent.
Leamington Spa: Printed for Her Majesty's Stationery Office, by the Courier
Press                  (Leamington) Ltd.-1965. Published by The Patent
Office, 25 Southampton Buildings,                                 London,
W.C.2, from which copies may be obtained.
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developer and stabilizer compositions can   3. A procesing composition as
claimed in  45     be prepared in dry form for making working  Claim  2, in
which the amino - NN - di- 



solutions later.                            methylenephosphonic acid is one
of com-       It is to be understood that, if desired, the  pounds 1, 2, 4,
5 and 7 hereinbefore specified. 5  incorporation of the amino - NN -
dimethyl-    4. A photographic processing solution com-     enephosphonic
acid sequestering agent in the  prising an aqueous solution of the
composition  50     developer can be accomplished by adding the  as claimed
in any of the preceding claims.     sequestrant to the emulsion layer or to
a    5. A processing solution as claimed in Claim     gelatin interlayer of
a photographic element,  4, in which the concentration of the amino- 10
and, as a result of treating the layer or inter-  N,N -
dimethylenephosphonic acid is between     layer with developing solution,
the amino-  0.1 and 50 grams per litre.                  55     N,N  -
dimethylenephosphonic acid will be    6. A processing solution as claimed
in Claim     thereby introduced into the photographic de-  5, in which the
said concentration is between     veloper composition.
0.5 and 10 grams per litre. 15    The sequestrants of the present invention
7. A photographic developing solution or     are not only useful for
removing calcium ions,  dry composition comprising a processing solu-  60
but also for magnesium  or any other hard  tion according to Claims 4 to 6
or dry com-     water cations which may be present in a de-  position
according to Claims 1 to 3 also con-     veloper solution.
taining a photographic silver halide develop- 20    The word " Kodak "
employed hereinabove  ing agent.     is a Registered Trade Mark.
8. A developing solution or composition  65       The terms " photographic
processing com-  according to Claim 7, in which the developing
positions"  and  "photographic  processing  agent is one or more of the
following:     solutions " as employed in this specification,    a
polyhydroxybenzene developing agent, 25  refer to photographic developing,
fixing, toning    a 3-pyrazolidone developing agent,     or bleach
compositions and solutions respec-   an N - monoalkyl - p-aminophenol
develop-  70     tively, and include combined developing and  ing agent.
fixing compositions and solutions.             9. A  developing solution or
composition       WHAT WE CLAIM IS: -                       according to
either Claim 7 or 8, also con- 30    1. A photographic dry processing
composi-  taining a silver halide solvent.     tion (as herein defined)
containing an amino-    10.  Photographic  processing  solutions  75
N,N - dimethylenephosphonic acid or a water-  according to Claim 4 and
photographic dry     soluble salt thereof in sufficient amount to
processing compositions according to Claim 1     act as sequestering
compound when the com-  substantially as herein described. 35  position is
dissolved in water.                11. A method of processing an exposed
2. A processing composition as claimed in  photographic silver halide
emulsion  layer  80     Claim  1, in which the amino - NN - di-  which
comprises performing a developing, fix-     methylenephosphonic acid has
the general  ing, toning or bleaching step in the presence     formula
of sufficient  amino - NN - dimethylene- 40
RN(CH[err]PO[err]M[err])[err]                  phosphonic acid or a
water-soluble salt there-     wherein M  represents hydrogen or a water-
of, to act as a sequestering compound     85     solubilizing cation and R
represents an alkyl     (including substituted alkyl), aryl, aralkyl,   L.
E. T. BRANCH, B.Sc., F.R.I.C.     alicyclic, or heterocyclylalkyl group.
Patent Agent.             Leamington Spa: Printed for Her Majesty's
Stationery Office, by the Courier Press            (Leamington) Ltd.-1965.
Published by The Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained.    


