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1

This invention relates to photographic emul-
sions and particularly to a method for increas-
ing the speed and.contrast of sueh emulsions.

The invention relates to the use 'of hydrazine
and related compounds in a photographic process.

Hydrazine and hydrazine derivatives have been
used in photographic emulsions or developers for
many purposes. One well known use of hydrazine
compounds in photographic emulsions is that of
a halogen acceptor or halogen absorber, During
the exposire of a’senSitive silver halide-emulsion,
the silver halideis thought to release halogen such
as bromine ‘or chiorie and the sensitivity of the
material is improved if the halogen thus released
is immediately combined with a compound which
prevents it froin recombining with silver. The
use of hydrazines for this purpose is described in
Caldwell U. S. Patent 956;567. This effect of
absorbing or accepting halogen is manifested
only during exposure -of the sensitive material.
The hydrazine or -other compound used in this
way is intended to be used up during the exposure
of the sensitive material and it is customary to
remove the unused compound prior to develop-
ment.

Hydrazine derivatives have also ‘been used as
anti-foggants in sensitive emulsions. This use is
described.-in Sheppard and Wightman U. 'S, Patent
1,763,990, When used for this purpose, the hy-
drazines prevent the formation of ‘emulsion fog
at the time of exposure of the sensitive material
or shortly before or thereafter.. They have no
function in the development of the exposed mate-
rial.

Hydrazines have also been used in photographic
emulsions to inerease the infra=red speed and
contrast of the material as described in "Trivelli
and Carroll U. S. Patent 2,245,236, When used
in this way the hydragzines act in the infra-red
region of optically sensitized material. I# was not
known that an tatresse in speed and contrast in
the visible and ultra-violet regions of the spee-
trum could be obtained by the use of these mate-
rials.

Hydrazines have 4150 beeh used in photographic
developers for two puiposes. They have been
used as the developing agent and have also beent
used in fogging second developers to render re-
versal exposure of the material unnecessary.
When used in this Way they do not affect the speed
or contrast of the material. Since the effective
speed and contrast are deteriined by the original
development, the hydrazines in the second de-
veloper do not affect these characteristics of the
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2
material but are used only to fog all of the unex-
posed silver halide.

It is an object of ‘tlre ‘present invention. to pro-
vide an improved method -for sensitizing photo-
graphic silver halide emulsions. A further object
is to provide a mew method for increasing the
speed of photographic silver -halide emulsions.
A still further object is to provide a new method
for increasing the contrast of photographic silver
halide emulsions. A further object is to provide
a new method for processihg photographic silver
halide emulsions %o ‘effeet dinproved properties
in the resulting image. -Other objects will appear
from the following description of our invention,

These objects are actomplished by developing
an undeveloped.silver halide photographic emul-
sion, after exposure, ata pH of about 9.5 or higher
in the presence of a hydrazine, hydrazine salt, or
hydrazine derivative of the general formula:

where at least two R’s are hydrogen atoms and
the remainder afe ‘caibon radicals, more spe-
cifically an aliphatic radical, 'a heterocyeclic
radical, of a carbonyl group difectly connected
f0 an aliphatic carbon atom of a carbon radical,
a heterocyelic carbon atom of a carbon radical,
an oxygen atom of a carbon radical or a nitro-
gen atom-of a carbon radical.

The drawing illustrates typical sensitometric
curves showing the imbirovement obtained by oiit
invention.

We secure an improvement in the sensitivity
characteristics, that s, the speed or contrast, or-
both, of photographic material by developing the
exposed material in the presence 'of a hydrazine
or a compound related to hydrazine. It is im-~
portant that these compounds be present at the
time of photographi¢ development since the effect
which we obtain is a developinent effect. Our
compounds may, aceordingly, be added to the.
emulsion or to the developer as long as they are
present during development of the exposed mate-
rial. Prior users of hydrazines in the photo-
graphic emulsion have sought to obtain benefits
from their use, during exposure of the material
and not during development. The only excep-
tion is the Trivelli and Carroll U. S. Patent
2,245,236, referred to above, and in this case the
effect is limited to the red and infra-red region
of the spectrum. When the hydrazines employed
in the prior art have been incorporated in the
developing solution, they havé been tsed either
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as the developing agent or as the fogging agent 12,
in a reversal developer and would not effect an NO:——O—NHNHa.HCI
jimprovement in sensitometric properties of the
photographic material. p-Nitrophenylhydrazine hydrochloride
The following classes of compounds have been 5 i3 CH;
found suitable for use according to our invention: [- . NH:I 304
Hydrazines of the general formula:
NH;—NH—R l. _IZ

10 a-Methyl-a-phenyl hydrazine sulfate

Hydrazides (acyl hydrazines) having the gen-
eral formula:

in which R is hydrogen, an acid ester group or a
heterocyclic group. The following compounds
illustrate this class. .

1. NH,NH:.2HC1 Il i Ji
Hydrazine hydrochloride 15 R—C—NHNH; or R—C—NH-NH—U—R'
2. NHE:NH:. H:0 where R is an alkyl radical or a chemical bond to
Hydrazine hydrate a similar radical and R’ is an aryl radical.
3. NH:NHCOOC:H; 14,
Ethyl hydrazine carbonate I
. s 20
' N/ . Pad
| H C—NHNH; C{ CH;CONHNH;
\/\I/ «-Acothydrazide pyridinium chlorlde
25
2-benzothiazolythydrazine 154
5 “
H NHNH Dl
H 2 / \
NN 30 cf “omcoNENHC o-o
2-quinolythydrazine
6 NENH; g-Benzoylacethydrazidopyridinium chloride
’ cl
16, |
“ ' L 36 =I\|T—CHzC ONHENH;
CH: N C—
oW k No& Q
4-hydrazinoquinaldine
40 The product made by adding ethy! chloro-
7. acetate to 2-phenyl pyrimidazole, followed
by treatment with hydrazine. The structure
” is presumably as given
N\ NHNH: 17, CONHNH:
C
2-pyridylhydrazine =\..."
pyrdyiy 45 £ N NcoNENE;
Alkyl or aryl hydrazines of the general formula: \Br
R Malonyl dihydrazide pyridinium bromide
NH-NH-R  or  NE~N 18
N\ 50 '
RI
where R and R’ are alkyl or aryl groups. D 4
The following compounds illustrate this group: c{ CH;C ONHNHO
8. HO— <:>—NHNH:.H ¢l 55 p-Phenylacethydrazidopyridinium chloride
. 19, CH;
p-Hydroxyphenylhydrazine HCI D—CH:—I{I—CH;C ONHNH: [c1
9. CH; CH:
N—NH:HCI 60 Benzyl-dimethyl-acethydrazido-ammonium chloride
CHs 20, CONHNH;
as Dimethyl bydrazine hydrochloride ch;
10. N\
NOz—<___>—NHNHn 65 CONHNH,
. Malonic acid dihydrazide
NO3 21, . CONHNH;
2,4-dinitrophenylhydrazine é ONHNH;
1i. Q\ 70 Oxalic acid dihydrazide
22, CH:—CONHNBH:

I;T —NHz.HC1 (JJ
Qc - —CONENH;
bm—conaNm,

a-Benuzyl-a-phenylhydrazine hydrochloride 75 Aconitic acid trihydrazide
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< ~CH—CONHNH)
o (L,H,, CONHNH;
Phenyl succinie dihydrazide 5

Semicarbazides, carbohydrazides -and aniine
‘biurets having-the formula:
AN
\'\N——C—-NHNHZ
RI

10

where R is hydrogen and R’ is hydrogen, NHz
which may or may not be substituted, an -aryl

radical, or a carboxylic acid .amide radieal. 15
24, NH3;CONHNH;HC1
-Semicarbazide-hydrochloride
25. NH:NHECONHNH;HCI 20
‘Carbohydrazide hydrochloride
26.
l ' 25
Y
.Cl/ \C‘,HzC ONHNHCONHNH;
Acetcarbohydrazide pyridinium chloride 30

>N< CONENEHO ONENE: 2
Br CH
CONHENHC ONENH;

Malonyl-dicarbohydrazido pyridinium bromide

28. : 40
NH;NHCO NH——QCI

4-(p-chlorophenyl)-semicarbazide

29.
NH;NHC ONH— 45
JJHa

4-(o-tolyl)-semicarbazide

30. 50

NH:NHCONH— —Cl

tm,

4-(4'-chloro-2’-methyl-phenyl)-semicarbazide
81, /\

&N/ CONENH;

ofts \SOr—C>—CH3 60

N-methyl-2-carbohydrazyl pyridinium p-toluenesulfonate

55

32, NH:NH.CO.NH.CO.NH.NH; o5
Diamino biuret
33. NH;.CO.NH.CO.NH,NH;
Amino biuret

Hydrazones. These compounds contain the
grouping:

i
—C—=NH~N=0 5

‘Typical compounds ;.ére as :follows:

34 y
\.NJ /JGHa
of CH:CONENHCONHEN=C'
“CHs
‘The acetone derivative of #26

36 h 2
Xy CH; CHs LN

Cl/ \DHzCQNHN=(,I7 IB:?N&HN.CD;GHQ/ \.TGI
-The-diacetyl-derivative of #14
36. /\
()
‘C{ \CHZOQNHN=OHCHOHOHOHCHOHCHOHCH?.OH
The:g-'lucose detiﬁative of #14
37. ‘CHj3 CH3™
‘ Qcm—llr—CHzcoNHN=c/ 1o
" b Nom.
Acetone-derivative:of #19

The :increase in sensitivity .or .contrast which
we obtain by the introduction of hydrazines to
the emulsion or developer, whether as water-
soluble or as water-insoluble compounds increases
considerably with increase in pH of the developer.
The pH of the developer used with our materials
should be about 9.5 or higher. With a developer
having a pH of 12.8, the use of hydrazine in a
silver chlorobromide emulsion produces g strong
effect by which the gamma, can be increased from
3 to a gamma, of 10 or higher. With some emul-
sions @ gamma. as high as 24 has been obtained.
Speed increase without gamma increase, speed
increase with gamma increase and gamma in-
crease without speed increase have been observed.

In addition to pH, the pAg or silver ion con-
centration, of the emulsions to which an active
compound is added, is an important factor in
controlling the effect which we obtain. Higher
silver ion concentrations tend in general to in-
crease the effect as do high pH’s. It is -also
important not to add carbonyl hardening agents
to the emulsion. If present in equimbolar con-
centrations such hardeners usually destroy the
effect probably due to hydrazone formation. 'The
explanation of this apparent inconsistency is
that the hydrazones listed above are believed to
decompose to release hydrazine or hydrazine de-
rivatives. The hydrazones formed by reaction of
the carbonyl hardening agents with gelatin are
not readily decomposed and therefore do not
improve the sensitimetric characteristics of the
emulsion. Chrome alum may, however, be used
as a hardening agent. The pAg of the emulsions
which we use lies in the range of 6.0 to 9.5.
Emulsions of various types such as chloride, bro-
mide, bromoiodide, and chlorocbromide may be
employed. The effect has been found to be
especially noticeable in the case of high contrast
emulsions.

The increase in sensitivity or contrast which
we produce is obtained with any type of develop-
ing agent such as the phenolic type, such as
monomethyl-p-aminophenolsulfate, catechol, p-
hydroquinone and pyrogallol. A developer of the
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following composition such as Kodak Formula
D-8 which has a pH of 12.8 is suitable.

Sodium sulfite (desiccated) e grams... 90
Hydroquinone . _______________ do.... 45
Sodium hydroxide - oo dOweo~- 37
Potassium bromide . oo do.._.. 30
Water £0 oo e liters.. 1

A developer of the following composition, such
as Kodak Formula D-19, which his a pH of 10.2,
is also suitable:

Monomethyl-p-aminophenol sulfate_grams.. 2.2

Hydroquinone_.__ do. 9
Sodium sulfite (desiccated) oo __ do-_—. 96
Sodium carbonate (desiccated) .. do_... 48
Potassium bromide......- do 5
Water t0 ceeceeee ——— liters.- 1

It has been found that the novel effect pro-
duced by hydrazine or its derivatives may be ex-
tended to developers of normal pH, by regulating
the concentration of sulfite in the developer. In
developers of pH 10 or higher, such as Kodak
Formula D-19, the concentration of sulfite may
be high. With developers of lower pH the con-
centration of sulfite must be decreased in order
to achieve the advantages of the use of hydrazine
or its derivatives. For example, a developer of
the following composition, which has a pH of
9.7, and contains hydrazine dihydrochloride is
suitable for increasing the speed of silver halide
emulsions. )

Monomethyl-para-aminophenolsulfate

--grams... 2.2
p-Hydroquinone .o do___- 8.8
Sodium. sulfite (desiccated) woweeeeo do..-_ 16.0
Potassium bromide___..___ e do.... 5.0
Sodium carbonate.________________ do_... 48.0
Hydrazine dihydrochloride__._.____ do..—- 0.2
6-Niftrobenzimidazole nitrate__.._..__ do__.__. 0.05
Water $0 o liters_- 1

The improved effect obtained by controlling the

sulfite concentration of the developer is not lim-
ited to the particular formula stated above. The
formula which may be employed depends upon
the type of emulsion and the sensitometric char-
acteristics sought. The anti-foggant employed
in this developer is not essential although its use
is desirable for controlling fog and development
time. The hydrazine compound may also be in-
corporated in the emulsion and the improved ef-
fect obtained by development in a developing
solution of low sulfite content.
* The amount of hydrazine or hydrazine deriva-
tive added to the developer differ depending upon
the composition of the hydrazine and of the de-
veloper employed. Amounts in the range of 0.01
gram to 5 grams per liter of developer in general
are satisfactory.

When the compounds are added to the emul-
sion, they may be added bhefore, during or after
second ripening. A necessary requirement is
that they be present during the development of
the exposed material, It is also essential to our

" invention that the hydrazine compounds should
not function as anti-foggants in the emulsion.
The amounts used in the emulsion will vary with
the composition of the hydrazine compound and
of the emulsion buf the amount used should not
be sufficient to cause fog. In general, amounts
ranging from 0 to 2 grams per pound of wet
emulsion are satisfactory.

The following table shows the improvement. in
speed and gamma, obtained upon addition of hy-

8

drazine dihydrochloride in an amount of 0.06
gram to 1 liter of D-8 developer having the com-
position stated above. A normal speed gelatino-
silver bromide emulsion was exposed and de-

& veloped for 1% minutes in the developer, a com-
parison being made with the developing solution
without the hydrazine., The speed contrast and
fog recorded in the two cases were as follows, the
speed being measured as ten times the reciprocal

10 of the inertia.

sfgﬁd Gamma| Fog

15 Check | 9.5 23! .07
~+Hydrazine dihydrochloride (0.06 g. per 1.

D-8 developer).. 25.0 9.4 .08
The following tables show the change in speed
and contrast obtained when various compounds

20 gecording to our invention were added to a nor-
mal speed chlorobromide emulsion:

Concen-
tration,
25 Compound Gn&sl.b per| 10/f {QGamma| Fog
10 1b.
Emulsion
Semicarbazide HCL. ... { B ey %
0 18| 415] .10
L LUN 1.0 18| 440 .08
R 2.0 14| 615} .10
3.0 17| 7.30) .09
0| 25| 38} .08
40| 19.0 7.41 .09
6.0 180 11.3] .07
D 80| 20| 1.0} .07
35 R RCRGRCEEISSEEEEE 10.0| 180 140} .06
12,0 | 17.0 9.0 .07
14.0| 220 186 .07
60| 25| 17.0| .08
Hydrazine dihydrochloride. . ___ { %51 B3| &3 -
0 16 45| .06
10| 185 6.6 .06
40 Ethyl hydrazine carbonate ... 15 205| e8] o8
2.0 225 7.0{ .06
40| 230 126{ .06
0| 150 6.8{ .00
4-(p-chlorophenyl)-semicarbazide g: 8 ég g gj é : 8?
0.0 | 150 9.6 .04
45 o 180 45{ .08
3.0 180 6.0 .07
4-(o-tolyl)-semicarbazide. ......._ 5.0 19.5 9.4 .07
7.01 245| 13.2] .05
10.0 | 23.5 9.0 .06
N-chloro-N-pyridinoacetic acid U] 16.0 4.5 .06
carbohydrazide . ___._.__._____ 4.0 23.5 6.4 .16
1-(N-chloro-N-pyridine acetic 0 16.0 4.5 .08

50 acid)~4-carbohydrazone.._..__._ 4.8 ggg gi .14
2-pyridyl hydrazine......__.___. 32| o5 BN
as-Dimethyl hydrazine HCI . ... 9 Gg J{gg g% ;g

- . 0] 12.3 51| .13
2,4-Dinijtropheny] hydrazine. ... 4.2 16.5 51 ‘13
55 a-Benzyl-q-phenyl hydrazine 0 13.5 5.0 .26
b o) I . 04(2) 1§. g é g 3(1}

; y] s 13. . .
p-Nitrophenyl hydrazine HCI. __ 2 20.5 53 o7

The emulsions developed according to our in-

.60 vention may be exposed by any kind of actinic

radiation, but in certain cases we prefer to em-
ploy light of wave-length shorter than infra-red,
that is, visible light, ultra-violet light, X-rays or
gamma rays. Charged particles such as «-rays,

656 g-rays and cosmic rays may also be used for the

exposure.

‘The improvemeni secured by our invention
will be more readily apparent by reference to the
accompanying drawing which shows typical sensi-

70 tometric curves of exposed and developed photo-

graphic material. These curves were made by
plotting density against the logarithm of the
exposure in the well known manner. Curve A
shows the result of exposing and developing a

76 normal speed chlorobromide emulsion for 12
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minutes- in- D=8~ déveloper at: 65°° F: Curve: B:
was- obtained” from: a- similar emulsion. exposed:
and developed under-tlie same conditions:as: the:-
emulsion: resulting: in-curve A} but with.an-. ads:
dition of 0.625gram perliter-of emulsion ofrortho-- g«
tolyl semi¢arbazide, Clurve:C was:obtained with:
an-emulsion similar:to-that:-of{Clurve A; but with:
the-addition of0.9375 gram per:liter-of emulsion.
of  orthotolyl: semicarbazide: It: will' be noted:

that in curves B and C the speed.of:the: emulsion: 1¢:

has- been- increased’ and’ the contrast: has. also

been:increased: No:increase in-fog:is-evidentiin:
these-curves. The untreatedemulsion showed a:
10/i- speed of: 8.9; a- contrast: of: 3.95 and~a:fog:

density of’.04: The-emulsién-from: which curve: 15

Bwas-obtained showeda speediof 9:4'and fa.gam=-
ma 0f’ 637 The-emulsion: from which: curve -C:
was obtained showed a speed:of 9.6-and:asgamma;
of8:3; THe- fog: density: in-all-three: emulsions

was-the:same: 20"

It will be- understood: that- the: examplés- and:
modificationsincluded herein are illustrative only
and-that:our-inventién is to-be:taken aszlimited-
only-by-the scope-of ‘the appended iclaims:

We:claim: 2

1. The method: of ' improving: the: sensitivity:
characteristies~ of'a silver- halide- photographic
layer-with respeet to radiation consisting-of: light:
of wave length shorter than red; which:comprises-

exposing-an - undeveloped silver halidé- emulsion- 39

layer-to said-radiation and-:developing.it:with:a-
phenolic -developing- agent- at’ a- pE- of at- least
approximately 9:5-in-a- developing- solition: se=-
lected from the- class-of developing solutions-con-

taining_an appreciable amount of sulfite up-to~ 3;5:

16 grams-per-liter-when-the-pH is between 9.5
and 9.7, and-containing-more-than 16 grams per
liter of sulfite.when the pH.is higher than 9.7,
in the presence of ‘a compound selected from the

group -consisting: of - hydrazine- compounds-of-the 46

general formula:
R R.
R/ \R, .

where ‘at least two R’s are hydrogen atoms.and
when less than 4 R’s are hydrogen atoms, the re-
mainder.are selected from the class. consisting, of
aliphatic radicals, heterocyclic- radicals. and>a 50
carbonyl group directly,connected to a member
of “thie. class..consisting of "an_aliphatic. carbon
atom. of "a carbon radical; a heterocyclic carbon,
atom. of .2 carbon radical, an_oxygen atom .of.a
carborr radical, and ‘a nitrogen.atom of a.carbon 55
radical, .and .the salts of said compounds, said
compound having no fog inhibiting action.on
said emulsion.

2. The method  of- increasing the speed to

actinic radiation of a silver halide photographic o

layer; which-comprises-exposing-an-undeveloped.

silver-halide- emulsion- layer-to-aetinic-radiation-
and" developing - it~ with- a- phenolic - developing~
agent-at‘a pH of-at least -approximately 9:5 in-

a developing solution selected from the -class-of- g5-

developing solutions containing an appreciable
amount of sulfite up to 16 grams per liter when
the pH is between 9.5 and 9.7, and containing
more than 16 grams per liter of sulfite when the
pH is higher than 9.7 in the presence of an ali- 70
phatic acyl hydrazine.

3. The method of increasing the speed of a
silver halide photographic layer with respect to
radiation consisting of light of wave length
shorter than red, which comprises exposing an 75

25

45

10

undeveloped- silver halide emulsion-layer: to: said:
radiation.and developing. it: with' a: phenolic'de=-
veloping-agent:-at a.pH of at least: approximately”
95" iiv- a. developing: solution' selected: from: the:
class of? déveloping. solutions containing: an ap-

preciable amount: of sulfite up:to 16:grams.per-
liter when the pH is between:. 9.5 and 9.7; and.
containing more than 16 grams per liter: of 'sulfite

when the pH is higher:than 9.7 in'the presence:of
a.semicarbazide:.

4. The method: of’ increasing the speed:of a.
silver. halide photographic:layer. with respect: to:
radiation: consisting. of: light of  wave.: length:
shorter: than- red; which comprises. exposing an’
undeveloped silver: Halide emulsion layer: to. said:
radiation’ and developing: it with a phenolic de=-
veloping agent at a:;pH:of at:least approximately:
9.5 in: a+~ developing: solution. selected from: the:
class- of developing: solutions. containing an: ap~-
preciable- amount! of ' sulfite' up. to. 16 grams:per:
liter when the pH is between 9.5 and 97; and:
containihg:more: than: 16 grams: per liter. of: sul
fite when the pH is higher than 9.7 in the:press
ence .of:hydrazine.dihydrochloride: .

5 The” method’ of! increasing: the- speed: ofi a:
silver-halide photographic layer; with respect-to:
radiation.consistingof light of wave length shorter:
thamn: red; which. comprises exposing: an; unde=-
veloped:silver:halide emulsion layer to said radia=-
tion:and developing it*with.a: phenolic develops:
ingragent:at'a pH:of atleast.approximately. 9.5:
in a developing solution:selected from:. the:class:
of .developing :solutions containing ‘an appreciable:
amount. ofsulfite up.to 16° grams: per-liter when-
the: pH is between.9.5-and 9.7, and" containing:
more than 16 grams: per: liter: of ' sulfite” when:
the pH:shigher than 9.7:in the presenceof semi-
carbazide-hydrochloride:

6:, The- method: of: increasing: the: speed: to:
aetinic radiation.of:a silver halide photographié:
layer; which comprises incorporating.an aliphatie:
aeyl ‘hydrazine:in a.gelatino-silver:halide: emul=-
sion; coating the: emulsion ona-support; exposings
the undeveloped:layer: to:actinic: radiation: and:
developing: it ‘with-a .plienoli¢:-developing: agent:
at'a:pH'of atleast-approximately 9:5:in:a:develop=-
ing selution selectedfrom the class-ofideveloping:
solittions containing an: appreciable amount of:
sulfite up to 16 grams per liter-when-the: pH is-
between .9.5>and:9.7, and:containing more: than
16-grams per liter-of 'sulfite when the pH-is:higher:
than 9.7in the presence of said hydrazine:

7. The: method of inecreasing:-the speed of  a:
silver-halide-photegraphic layer with respect to:
radiation consisting: of light- of " wave' léngth
shorter than red; whieh comprises incorporating
a semi-carbazide in- g gelatino-silver emulsién::
coating: the-emulsion :on a- support; exposing the-
undeveloped layer to-said radigtion and develép:-

-ing it-with"a, phenolic -developing agent at'a:pH*

of-at least approximately 9.5 in & developing-selu=-
tion containing an.appreciable-amount of ‘sulfifé:
up to 16:grams per liter when the pH'is-between
9:5-a11d~9.7,’ and ‘containing more-than-16 grams+*
per liter of-sulfite when-the pH is higher than'9.7"
in the presence of said semi-carbazide.

8. The method of increasing the speed of &
silver halide photographic layer with respect to
radiation consisting of light of wave length
shorter than red, which comprises incorporating
hydrazine dihydrochloride in a gelatino-silver
halide emulsion, coating the emulsion on a sup-
port, exposing the undeveloped layer to actinic
radiation and developing it with a phenolic de-
veloping agent at a pH of at least approximately
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9.5'in a developing solution selected from the class
of developing solutions containing an appreciable
amount of sulfite up to 16 grams per liter when
the pH is between 9.5 and 9.7, and containing
more than 16 grams per liter of sulfite when the
pH is higher than 9.7 in the presence of said
hydrazine dihydrochloride.

9. The method of increasing the speed of a
silver halide photographic layer with respect to
radiation consisting of light of wave length shortey
than red, which comprises incorporating semi-
carbazide hydrochloride in a gelatino-silver halide
emulsion, coating the emulsion on a support, ex-
posing the undeveloped layer to said radiation
and developing it with a phenolic developing agent
at a pH of at least approximately 9.5 in a develop-
ing solution selected from the class of developing
solutions containing ah appreciable amount of
sulfite up to 16 grams per liter when the pH is
between 9.5 and 9.7, and containing more than
16 grams per liter of sulfite when the pH is
higher than 9.7 in the presence of said semi-
carbazide hydrochloride.

10. The method of increasing the speed to
actinic radiation of a silver halide photographic
layer which comprises exposing an undeveloped
silver halide emulsion layer to actinic radiation
and developing it with 2 phenolic developing
agent in a developing solution having a pH of at
least approximately 9.5 and containing an ali-
phatic acyl hydrazine and being selected from
the class of developing solutions containing an
appreciable amount of sulfite up to 16 grams per
liter when the pH is between 9.5 and 9.7, and
containing more than 16 grams per liter of sulfite
when the pH is higher than 9.7.

11. The method of increasing the speed to
actinic radiation of silver halide photographic
layer which comprises exposing an undeveloped
silver halide emulsion layer to actinic radiation
and developing it with a phenolic developing
agent in a developing solution having a pH of
at least approximately 9.5 and containing a semi-
carbazide and being selected from the. class of
developing solutions containing an appreciable
amount of sulfite up to 16 grams per liter when

the pH is between 9.5 and 9.7, and confaining’

more than 16 grams per liter of sulfite when the
pH is higher than 9.7, ‘
12. The method of increasing the speed to
actinic radiation of a silver halide photographic
layer which comprises exposing an undeveloped
silver halide emulsion layer to actinic radiation
and developing it with a phenolic developing agent

in a developing solution containing hydrazine di- 5

hydrochloride at a pH of at least 9.5, said devel-
oping solution being selected from the class of
developing solutions containing an appreciable
amount of sulfite up to 16 grams per liter when
the pH is between 9.5 and 9.7, and containing
more than 16 grams per liter of sulfite when the
pH is higher than 9.7.

13. The method of -increasing the speed to
actinic radiation of silver halide photographic
layer which comprises exposing an undeveloped
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silver halide emulsion layer to actinic radiation
and developing it with a phenolic developing agent
in a developing solution having a pH of at least
approximately 9.5 and containing a semicarba-
zide hydrochloride and being selected from the
class of developing solutions containing an ap-
preciable amount of sulfite up to 16 grams per
liter when the pH is between 9.5 and 9.7, and con~
taining more than 16 grams per liter of sulfite
when the pH is higher than 9.7.

14. A gelatino-silver halide emulsion capable of
exhibiting improved speed and confrast charac-
teristics when exposed and developed in a devel-
oping solution having a pH of at least approxi-
mately 9.5, comprising a gelatino-silver halide
emulsion having therein an appreciable amount,
not greater than 2 grams per pound of web emul-
sion, or a semi-carbazide.

15. A gelatino-silver halide emulsion capable
of exhibiting improved speed and contrast char-
acteristics when exposed and developed in a de-
veloping solution having a pH of at least approxi-
mately 9.5, comprising a gelatino-silver halide
emulsion having therein an appreciable amount,
not greater than 2 grams per pound of wet emul-
sion, of an aliphatic acyl hydrazine.

16, A gelatino-silver halide emulsion capable of
exhibiting improved speed and contrast charac-
teristics when exposed and developed in a devel-
oping solution having a pH of at least approxi-
mately 9.5, comprising a gelatino-silver halide
emulsion layer having uniformly dispersed therein
an appreciable amount, not greater than 2 grams
per pound of wet emulsion, of an aryl semi-car-
bhazide.

ADRIAN P. H, TRIVELLIL
WILLIAM F. SMITH.
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