Sept. 9, 1941. G. P. HAM ETAL 2,255,731

PHOTOGRAPHIC DEVELOPER

Filed March 15, 1940 2 Sheets-Sheet 1
1.0 : / GA OXIDIZEDL &5 D4avs
9 v
84
—GA
8 /] ™~ cwa
7 // A—ConTrROL
N - / S A~—84a oxiorzrp 5 pars
o’
N -6 A %
“ /// s
2 .5 / //'
§ 4 i
Q P =] P | —=—6va ox/orzen 5 omars
I — P //
2
T T T T T et m e mm el cedCONTROL OX1DIZED 5 DavS
A
] -
LIGHT 1 2 3 4 5 6 7 8 9 parH F’G
WEDGE S7£PS * ,?'
' J—GCA OX101z£0 2 DaYS
1.2 ‘,‘ \{caxvrwa/.

Ga
. . ’ l/
11 V4

/,r’ /«Gﬂ OXIDIZED 3 LAVS
; ,

r) 7 _
5 /’,' ) / ACoNTROL Ox1012F0 2 £aYS
7 'I
7
7 M 4

4 .
/ i ~CA OXIDIZED 4 DAYS
)

5 .
/ / ’ V~cownrmos oxrorzrp 3 Dars
rd

DENSITY
O
N

24  FlG. 2.

-3 L 'I L
78 iV
2 N "_' = "/
memp et b e e e e CONTROL OXIDIZED 2 DAVS
N
INVENTOR.
o G'arnet Philip Ham

LIGHT | 2 3 4 s e 7 8 o agy/r””d Robert BawlfnzBaZ/:es
WEDLGE S7TF£~P5

ATTORNEY.




Sept. 9, 1941. G. P. HAM ETAL 2,255,731

PHOTOGRAPHIC DEVELOPER

Filed March 15, 1940 2 Sheets~Sheet 2
. /‘—Gﬂ 50‘j,
1.4
1.3 convrrRoL
: } ~164 /0g.
: ,' {Gﬂ. 20¢9.
1.2
ll'
1 ;
/ ,l' r CA 509. OXIOIZED & HoOuRS
1.0

] -~ Ga qu. OX/DIZED 6 HOURS
/ GAa /q;. ” " woow v

7/
4
/ / / A= CONTROL OX/101260 6 HOURS
/

CENSI T Y
~
\\
\\\

\pZv4B FlG6.3.

]
> 2 ” 4
2 _.__—-/ ‘_-’/- ’,’
o
2IGHT 2 3 a4 s 6 7 8 S sarw
WEDGE S7FPS
CONTrROL
I G
4 Guag
].O :/ &4q OXILIEL & OS5
1 GCa i o er 4 e
.9 CONTROL ONIDIZED 5 0AYS
G4 OXIDIZED 10 Days

.6 \{604 L4 ~ " ”n
,\ 7
N 6 5
A 7 av4 A CONVTROL OXIDIZED 10 Davs

4" -~
) 5 v/ <
% . 0" / : 4 g
'y A L FIlG.4
Q .4 ’/ / ‘,‘ . . *
7 P
3 Z - /
/ = T
.2 = =i i
oT INVENTOR,
. : G’m—ﬂe}'\l FPhilip Harm
: And Robert Bowling Barnes
]

LIGHT | 2 3 4 5 @ 7 a8 Sﬂﬂkkwi
WEDLGLE STEALS ATTORNEY.




Patented Sept. 9, 1941

2,255,731

UNITED STATES PATENT OFFICE

PHOTOGERAPHIC DEVELOPER
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American Cyananmid Company, New York, N. Y.,
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10 Claims.

This invention relates to improved silver halide
photographic developers capable of withstanding
aerial oxidation.

Photographic developers for silver halide ma-
terial have a tendency to deteriorate if exposed
to the air over long periods of time. The effect
is even more pronounced in the strongly alkaline
solutions of some high energy developers. In
addition degradation compounds are formed in
the solutions which materially retard the devel-

oping action, and if the developing solution is

also exhausted through developing a large area
of sensitive material, the effect of such silver
complex sludges is greatly exaggerated.

In the past deterioration of alkaline developing
solutions has been partly diminished by the in-
clusion of sodium or other soluble alkaline metal
sulfites in the developing solution. It is thought

that the sulfite acts as an oxidation inhibitor,

.. being more readily oxidized than the developing
agents themselves.
" While sodium sulfite does produce a large
measure of inhibition against aerial oxidation,
there are certain classes of medium energy de-
veloping solutions and even those-of low energy
type which are by no means fully protected.
Increasing the amount of the inhibitor in such
solutions -generally detracts from the efficiency
of the developer due to the solvent action of

the sulfite upon the latent image which obtains

its best efficiency when the latent image is such

.. that after development it possesses a density .of.

approximately 0.8. .

According to the pres .t invention we have
found that those developers which contain a
soluble sulfite as oxidation. inhibitors can. be
further fortifled against aerial oxidation by the
addition of an amidine salt of an aminobenzoic
acid in the developing solution, Organic bases
containing the . .

: —C=NH.

Ille )

or amiding group such.as benzamidine, acetami-
dine, guanidine, guanylurea, biguanide and their
alkyl, hydroxyalkyl and aryl substitution prod-
ucts are sufficiently basic to enable them to form
salts with such aminobenzoic acids as anthranilic
acid, and the addition of such salts to photo-
graphic developing. solutions constitutes the im-

[

we prefer to use salts of anthranilic acid and an
an amidine containing a guanyl radical such as
guanidine anthranilate, biguanide anthranilate
and guanylurea anthranilate. .

‘The secoridary inhibitors of the present inven-

- tion may be added. to any standard developing
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provement of the present invention. While the .

invention broadly includes any amidine salts of

formula, the optimum amount varying with dif-
ferent developers. This is an advantage as the
photographic technician may still employ his
known solution and by adding the -.compounds
of the present invention render his developing
solutions more efficient for longer periods of
time, thereby effecting great savings in cost. ‘At
the same time the quality of the development,
that is, density, gradation, and contrast values
are not diminished. In some instances the de-
velopers containing the inhibitors of the present
invention, even after long exposure, have actu-
ally caused an increase in density over that
originally obtained from the fresh developer.
Furthermore, these secondary inhibitors do not
cause any deleterious effect on the film material
such as over-softening of the gelatin, nor are
there any difficulties attendant with subsequent
fixing or hardening such as reticulation, nor is
there any noticeable change in the transmission

.or flexibility of the film support. Likewise, there

is no effect on the grain size and distribution.

While it is not intended {o limit our invention
to-any particular theory as to the mechanism by
which this class of compounds contribute protec-
tion to the developer solutions against oxidation,
we believe that they may either enter into a
loose combination with the developing agents to
form a new developer complex which has a de-
creasingly less affinity for atmospheric oxygen,
or the new compounds themselves may act as
anti-oxidants il the solution due to their low
oxidation potential (approximately 0.4 V-at 25°),
Perhaps it is neither one nor the other, but a

combination of these two factors, or some en-

tirely different phenomenon that accounts for
the great inhibiting effect of this class of com-
pounds. Whatever the cause or theory of action,
we have discovered that the use of such com-
pounds in developing solutions enhances not only
the keeping qualities, but as is pointed out above,
in some cases densities are obtained exceeding -
those of the fresh developing ‘ solution. Thus
poor quality developers, that is, those developers
hitherto unfit for wide use due to their suscepti-

any amino-benzoic acid, in a more specific aspect 55 bility to deterioration and other drawbacks such
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as rapid exhaustion, can be made to serve effi-
ciently over long periods of time.

The results obtainable by the present invention
are illustrated in the drawings in which:

Fig. 1 is a series of curves obtained by a fine
grain developing solution containing guanidine
anthranilate, biguanide anthranilate and guanyl
urea anthranilate, vespectively;

Figs. 2 and 3 are similar sets of curves ob-
tained by DK60 and DK50 developing solutions
containing guanidine anthranilate; and

Fig. 4 is a series of curves obtained by a D19
developing solution containing guanidine an-
thranilate and guanyl urea anthranilate, re-
spectively.

The invention will be further described in the
following examples which show the use of sec-
ondary inhibitors of the present invention in var-
ious standard developing solutions. It is not in-
tended, however, that these illustrations should
in any way limit the scope of the present inven-
tion, for as stated above, any standard developing
solution may be used. Furthermore, the amount
of inhibitor compound to be used may vary within
a wide range depending on the particular solu-
tion employed, the extent to which it is subject
to oxidation, the alkalinity of the solution, and
the length of exposure:time to.atmospheric oxi-
dation.

In general we have found that amounts of from
1 to 5 grams per liter of solution are effective to
give optimum results for most of the standard
developers. Larger amounts do nof show any
increased effect, and in fact we have found that
the addition of eéxcessive quantitiesof theinhibitor
has a retarding action on the developer. In some
cases it may be found desirable to use a combina-
tion of inhibitors of the present invention to ob-
tain some special result.

Example 1

Four developing solutions were prepared ac-
cording to the following formula:

Water (85 t0-90°) o _..——____ounces__ 26.00
Diotol P~R_________ grains._. 120
Monotol F-R do 82
Sodium sulfite, anhydrous—_ .. ounces.- 2.75
Glycin_ grains__ 22
Sodium phosphate, tribasic_._._.—— do.._ 45
Potassium bromide, U. 8. P~ do__.. 3.50
Cold water added t0_ - —ecmeee ounces_.. 32

The components are mixed in the order given.

. One solution was left as a control, and the
other three were treated with 1 g. respectively of
guanidine anthranilate (GA), biguanide an-
thranilate (BA) and guanylurea anthranilate
(GUA) per 1000 ml. of developer solution. Por-
tions of all four solutions at room temperature
were then subjected to oxidation by bubbling air
through at the rate of 1 bubble per second for a
continuous 5-day period.

A photographic wedge with logarithmic steps
representing a 50% increase in exposure from
step to step, was contact printed onto a series of
portions of 35 mm, supersensitive panchromatic
film, using an extremely accurately controlled
uniform exposure obtained by using as an ex-
posing light a beam from a Leitz enlarger with
the lens stopped down to its smallest opening.

A series of strips of film were then developed,
one in each of the developing solutions both be-
fore and after oxidation, for a 16-minute period
at 21° using stagnant development in each case.
The densitometric values of the finished films
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were measured and plotted as is shown in Fig. 1.
A study of this graph indicates that all three so-
lutions containing the secondary  inhibitors
showed a density greater than that of the control
developer before oxidation. After being subject-
ed to oxidation for five days the control did not
show enough development to be measured, the
developers containing guanylurea anthranilate
and biguanide anthranilate were decreased in
density somewhat but still showed good develop-
ment, while the developer containing guanidine
anthranilate actually showed better development
after aerial oxidation than before, and much su-
perior density than the fresh control.

Example 2

Two Eastman DEK60 solutions: were prepared
according to the following formula:

Water milliliters__ 500.00
Metol___ grams__. 1285
Sodium sulfite, des._ . ____ do__-_ 15.00
Hydroquinone do - 1.25
Kodalk __-__________ L _._ do____ 1000
Potassium bromide________ _______ do__.. 025

One solution was left as a control, the other
being treated with 5 g. of guanidine anthranilate
per 1000 ml. of developer solution. Portions of
both solutions were then subjected to the same
oxidation as in Example 1.. At the termination of
a 2-day, 3-day and 4-day period photographic
wedge strips, prepared as in Example 1, were de-
veloped in horizontal stagnant manner in each
of the solutions for a 7-minute period at 18°.
After fixing, the strips were measured on & densi-
tometer; and the results plotted as is shown in
Fig. 2.

‘The control solution after the 2-day oxidation
had its density decreased from 1.25 to 0.85,
whereas the solution containing the guanidine
anthranilate showed a density of 1.33, greater
than the density of the unoxidized control.

After three days the control density had
dropped to about .58, whereas the density of the
solution fortified with guanidine anthranilate
was .95, and after four days of oxidation the con-
trol showed no development while the guanidine
anthranilate still had a density of .6.

Example 3

Four Eastman DKS50 solutions were prepared
according to the following formula:

Water __ . milliliters__ 500.00
Meto] e grams._ 1.25
Sodium sulfite, des do. 15.00
Hydroquinone do___. 125
Kodalk. O 5.00

Potassium bromide do_.._.- 025

One solution was left as a control, the other
three being treated with 10, 20 and 50 g. of guan-
idine anthranilate per 1000 ml. of developer.
Portions of all four solutions were oxidized as de-
scribed in Example 1 but the rate of air was in-
creased to 5 bubbles per second, and oxidation
continued for six hours.

Photographic wedge strips prepared as in Ex-
ample 1 were developed stagnantly for a 7-minute
period at 18° C., fixed, and the density measured
and plotted as is shown in Fig. 3.

It is evident from a study of the graph that the
solutions containing 10, 20 and 50 g. of the in-
hibitor per liter of developing solution after be-
ing subjected to oxidation still showed densities
of approximately 1.0, but the control density had
dropped from 1.3 to 0.85. However this test indi~
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cates that increasing the amount of inhibitor does
not materially increase the stability, for the den-
sities of the developers containing 10 and 20 g.
per liter of solution were the same, and the 50 g.
only slightly higher.

Example 4

Three Eastman D19 solutions were prepared
according to the following formula: ’

Water ___ .. __.milliliters_. 500.00
Metol grams... 1.10
Sorniium sulfite, deso oo do____ 48.00
Hydroquinone ____ ... _________._ do..__ 440
Sodium carbonate, deS. oo do-._. 24.00
Potasium bromide.. . ________ do.._. 250

One solution was left as a control, the other
two being treated with 1 g. respectively of guani-
dine anthranilate and guanylurea anthranilate
_per 1000 ml. of developer. Portions of all three
solutions were oxidized as in Example 1 continu-
ously for 5 day and 10 day periods. .Photographic
‘wedge strips, prepared as in Example 1, were de-
veloped stagnantly for a 5-minute period at 18°
C. and then fixed with a standard fixer. The
strips were then measured on a densitometer and
the curves.obtained are shown in Fig. 4.

Ezxample 5

Two 1 liter portions of the developer of Ex-
ample 1 were prepared, one being used as-a con-
trol and the other was treated with 1 gram of
acetamidine anthranilate. Both portions of de-
veloper were divided into two parts, one part be-
ing blown with air for five days as described in
Example 1. A wedge strip was printed on East-
man panatomic X35 mm. film as described  in
conjunction with the wedge strips on supersensi-
tive film in Example 1. Four identically exposed
strips were made, one strip being developed in
the unoxidized control developer, another in the
oxidized, and two more in the unoxidized and

oxidized developer with the acetamidine anthra-'

nilate. The control developer after five days’
oxidation showed no development at all, the re-
sult being the same as that obtained with a fast
© emulsion in Example 1. In the case of the oxi-
" dized developer to which the acetamidine anthra-
nilate had been added blowing for five days had
" -some effect but the developer still operated to
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produce a satisfactory development.” The in-
hibiting action of acetamidine anthranilate,
while effective, is not quite as strong as that of
guanidine anthranilate.

We claim: _

1. A silver halide photographic developer con-
taining at least one silver halide developing agent,
a soluble sulfite and an effective amount of an
amidine salt of an aminobenzoie acid.

2. A silver halide photographic developing
solution containing at least one silver halide de-.
veloping agent, a soluble sulfite and an effective
amount of an amidine salt of an aminobenzoic °
acid, said amidine salt containing a guanyl radi-
cal.

3. A metol-hydroquinone photographic de-
veloping solution containing a soluble sulfite and
an effective amount of an amidine salt of an
aminobenzoic acid.

4. A metol-hydroquinone photographic de-
veloper containing a soluble sulfite and an effec-
tive amount of an amidine salt of an aminoben- °
zoic acid, said amidine salt containing a guanyl
radical. . :

5. A silver halide photographic developing
solution containing at least one silver halide de-
veloping . agent, a soluble sulfite and an effective
amount of an amidine salt of anthranilic acid.

6. A silver halide photographic developing
solution confaining at least one silver halide de-
veloping agent, a soluble sulfite and an effective
amount of an amidine salt of anthranilic acid,
said amidine salt containing a guanyl radical.

7. A metol-hydroquinone photographic de-
veloping solution containing a soluble sulfite and

© an effective amount of an amidine salt of an-
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thranilic acid, said amidine salt containing a
guanyl radical. .

8. A metol-hydroquinone photographic de-
veloping solution containing a soluble sulfite and
guanidine anthranilate in effective amounts,

9. A metol-hydroquinone photographic de- -
veloping solution containing a soluble sulfite and
biguanide anthranilate in effective amounts.

10. A metol-hydroquinone photographic de-
veloping solution containing a soluble sulfite and
guanyl urea anthranilate in effective amounts.

ROBERT BOWLING BARNES.
GARNET PHILIP HAM.




