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Photographic Nucleatlng and Developing Solution -

We, EaAstMAN Kopak COMPANY, a Com-
pany organized under the Laws of the State
of New Jersey, United States of America of
343 State Streer, Rochester, New York
14650, United States of America (Assignees

- of PHirte ERwIN PERKINS and HERBERT

LLEWELLYN REES) do hereby declare the
invention, for which we pray that a patent

may be granted to us, and the method by -

which it is to be performed, to be par-

ticularly described in and by the following -

statement : —

This invention relates to a photographic
processing solution containing a silver halide
micleating agent and a silver halide develop-
ing agent. .

In our parent apphcauon 46674/64 {Serial
No. 1089991) there is described and claimed
a wolour reversal prooess wherein a photo-
graphic material which comprises a support
and-gt_least an outer silver halide emulsion

" layer #nd & next inmer silver halide emul-
- sion layer which is sensitive to a part of
- the fégion of the spectrum to which the

outer layer is sensitive is exposed to & light
image and developed by a black and white

) developm’ thereby producing a negative silver

-and @ complementary silver halide
nmage in each of the emulsion layers, the
wte;_gnulsmn layer is subjected to & re-
versal sure without rendering develop-
oljle silver halide in the inner emulsion
layer, the outer emulsion layer is colour
developed by a colour developer in the pres-
ence of a colour forming coupler, the material
is treated with an aqueous solution which
contains a silver halide nucleating boron com-

" pound having at least one boron atom bonded

to at least ome hydrogen atom so as fo
pucleate residual silver halide in the outer
emulsion layer and the silver halide image
in the inner emudsion layer and at the same

[Price 4s. 6d.]

time or thereafter the material is treated '
with an alkaline aqueous’ solution which con™:
tains a silver halide developing agent which -
is a 1,4-dihydroxybenzene soluble in: the solu-"
tion and having a side chain containing “at
feast 4 C atoms substituted in the hucleus
50 as to reduce to silver only the nucleated
silver halide in the outer emulsion fayer:
The present invention relates particularly . -
to a solution which can be used in the %+ -
above process for treating the photograplnc" T
material with the alkaline aqueous solution -~ - .-
contzining the 14 - dihydroxybenzene at 55 -
the same time as it is treated with ‘the -
aqueons solution ‘containing the silver haﬂ!de-.
nucleanng boron: compound, :

0

According to the present invention dm'e
is provided an elkaline aqueous solution con-
taining a silver halide-nucleating boron com-
pound containing at least one boron atom
bonded to at least one hydrogen atom and S
a silver halide developing agent which-is = = .
a 1,4-dihydroxybenzene soluble in the solu- 65 - - -
tion and having a side chain confaining a -
chain of at least 4 C atoms substituted . in
the nucleus, the alkaluuty of the solution
and the concentrations of the boron com-
pound and 1,4-dihydroxybenzene being such -
that, on contacting the solution with silver
halide in a silver halide emulsion layer the
silver halide is nucleated by the boron com~ = - : -
pound and  the nucleated silver halide: fe~ . =~ "
duced to silver by the 1 4-d1hydroxybenzene N |- B

The alkaline solutions containing the effec- .. .. - .
tive hiydroquinone derivatives and boron com- -
pound are preferably strongly alkaline hav—__ Lo
ing a pH of at least 10.

The solution may be made alkaline by e
strong organic or inorganic aelkali such: es:
alkali metal hydroxide and quaternary ammo-
nium hydroxide, Other addenda com
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used in photographic- developer compositions
may be added.

Fromi-0.05 t0 . 10g or more of the boron
compounds may be used and from 0.05 to
5g or' nioreé ‘of the hydroquinone denvauve
per litre of solution. However, the quan-
tity of boron compound and hydroquinone de-

-rivative used will -depend in part upon the

activity of these materials. In general too
high a concentration may be expected to
cause unwanted development of a green sensi-
tive (inner) emulsion layer during treatment
of a blue sensitive (outer) emulsion layer
with the alkaline solutions of - boron com-
pounds and hydroquinone derivatives, The

- preferred concentration of the boron com-
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. the amine Yoranes irclude. those of: formuls - .
ZBH_, i which Z represents - ammonia, a’
@ mono- or-

50
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pound in the solution is from G.1 to 0.5
grams per litre and the preferred concen-
tration of the 14 - dihydroxybenzene is
from 0.5 to 0.7 grams per litre.

“The ‘borén ‘compound -nucleating agents for

silver- halide -used in- the. solutions of this
invention: are -boron: compounds - containing

at least one: boron: atomr-bonded to at least

one hydrogen- atom. Thus,-the boron com-

pounids include the borohydrides, boranes and:

borazenes:- Examples of: the boron compounds
which ‘maybe used. are-the alkali metal boro-
hydrides; e:g.- potassium and- sodium boro-
hydrides (KBH, and NaBH,) and the amine

botdnes such” as-aliphatic amine boranes; aryl-

amine-boranes and cyclic amine boranes. Thus

mend; di-- or- tri-alkylamine,

di-hydroxyalkylamisie, for example methyl-
amine, dimethylamine, mmethylanmne, ethyl-
amine, ethanolamine, diethylamine, triethyl-
aniting, diethanolamine, . propylamine, = 3-
hydroxyptopylamtine, ~ dipropylamine, tri-

propylamine, pnmary-butylanune, secondary— _

butylamine; tertiary - butylamine, primary-
amylamme, secondary - amylamnne and
tertiary ~ amylamine. The amine bor-
anes also include those Wthh contain a
polyamine or a hydrazine in which each of
the aidine groups is bonded to a BH, group

- for exam'ple of formula Z(BH.); wherein Z

|ls NHzCHnCHgNHg or NHzNHg The abﬁve.

formula ZBH, may also represént an aryl-

aimine’ borase’ in which for example Z is
aniline of may represent a heteracyclu: amine

in" whicti for. example Z is pyridine, 26~

lutidine; 3,4 - lutidine, 2,4 - lutidine, 2-
eﬂlylpynd‘ine, 24 - d.lethylpy'ndme, 2,6 - di-~
ethylpyridine, 3,4-diethylpyridine, 2-propyl-

pynidine’ and 3-propylpyridine. In the above

formula ZBH; Z may also- be a phosphine
such* as an: a]kyl phosphine, for example
nigthyl phosphine, dimethytphosphine, tri-
methylphosphine, ethylphosphine, diethylphos-

(phirie, triethylphiosphine, propylphosphine, di-

propylphosphine, tripropylphosphine, primary-

" butylphosphine and secondary-butylphosphine,

or an aryl phosphine, for example phenyl-

methylarsine,
primary-butylarsine, secondary-butylarsine-and
amylarsine, or an arylarsine, for example,.

phosphirie, or may be an arsine . such as an
alkylarsine, for example methylarsine, di-
trimethylarsine, " propylarsine,

phenylarsine, or may be 'a stibine, such a5 -

an alkylstibine, for example, methylstlbme,
dimethiylstibine, uunethylsﬁbme, ethylstibine;
diethylstibine,
primary - butylstibine, secondary - butylstibine:
and tertiary-butylstibine, or an' arylstibine,
for example, phenylstibine. The borazene
nucleating agents may be of the formula::

}\ .
H-g" N\B-H
B‘I N\B/'!I Rl

H'i_ -

wherem R R’ and R” each Tepresent an.
H atom; a halogen atom, -such as. chlorine, -

‘triethylstibine, -propylstibine, .

(-3

bromine, fluorine, iodine, an alkyl graup,

preferably lower alkyl containing ‘from- 1

4- C atoms;- such. as methyl;. ethyl;: propyl and_
butyl, an alkexy:group, preferably lower atkoxy.-
to- 4 'C atoms, such as’

containing from 1
methoxy, ethoxy, propoxy and butoxy.

- Included among-the boron compound sﬂvéf |

halide nucleating: agents . which- may be used. '

in the invention are the' following -

~Alkali ‘Metal Boroliydrides -
Potassium’ borohyidride
Sodium * borohydride

-Amine- Boranes. - _ _
Trimethylamine borane
Diethylamine borane -

" Triethylamine borane
Tert.~butylamine bomne :

. Pyridine borane -

2,6-1ut1dme borane

Polyamane bora.nes : S
Ethylenediamine dxborane D
_Hydrazine dﬂborane

-Phosplmne borane o
. ’ hine borane

v boe. Dimethylphosphine
: _Dimethylarsine'_borane PEEPEE
Stibine borane e
Dimethylstibine borane - _
Borazenes Ll 10
Borazene ;

N,N’,N*’-trimethy} borazene = -
"~ NLN’,N’’-trimethoxy borazene

TToaes
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These.
example, the monograph: “Borax: to-Boranes”

edited: by T. Wartik:and- Heinrioh: Notl: Has+
ds 92838

sobeyer, Berichte,. Vol 93;
and: 1078—83 (1960) dﬁseubeﬁ the aliphatic
amine boranes: The-pyridine and lutidine bor-

anes - are: commercially: available. from the:

Callery Chemical: Company i P‘imburgh
Pennsylvania..

The- phosphine boranes, the arsine boranes -

and stibine boranes are described in U.S:P.
2,999,854,

. The borazenes are. synthesised: by conden=-
sation of diborane with: thie appropriste nitro=-

gen compound. For example; borazene. is
made by condensing-diborane: with ammonia.
N,N’ ,N"’-¢rialkylborazene is produced by con-
dénsing’ diborane “with: the corresponding N-
alkylamine, An: N;N?-dialkyl borazene-is pro-
duced by condensmg diborane with a mix~

ture’ of ammonia and’ the appropriate N-

alkylamine. Borazenes are sometimes referved-

to as borazoles eg. in Z anorg: allg. Chem.
256 177 [1948].
"The solution provided. by the present: in-

vention is capable of nucleating unexposed
_silver halide in- the photographic material

and of developmg the nucleated silver halide:
The presence of the side chain bhaving at
least 4 C atoms in the 1,4-dihydroxybenzene

derivative causes the derivative to- diffuse

slowly in photographic silver halide- emulsion
layers, particularly dn gelatin-silver halide
emulsion layers, whereby the development of
the nucleated silver halide can be confined
to the outer Tayer of the colour photographic
material which 4s colour reversal processed
according to the parent invention. Thus, n-

propyl hydroquinone is not present in the

solution of the invention because it would

- tend to cause development of the inner emul-

sion. layer to take place at the same time

" as devélopment of the residual silver halide
- in the outer emulsion layer. Also, the hydro-

quinone derivatives 2,5-di-t-butythydroquin-

- one, n-decylhydroquinone, laurylhydroquinone,

cyclohexylhydroquinone and 2,5-dicyclohexyl-
-hyd’quuin'one are not useful in the solution
particulazly because of low solubility in the
lution.

€ hydroquinone derivatives (ie, 1,4~
dihydroxybenzene derivatives) which may be
present in the combined nucleating and de-
veloping bath of the invention are soluble
in the alkaline solution and preferably. con-
tain 4 to 20 C atoms in the nuclear-substitu-
ted chain. The 2,5-dihydroxyacylophenones

" containing 8 to 10 C atoms in the alkanoyl

groups, as in compounds 5, 6 and 7 below,
are very useful. Exemplary hydroguinone
derivatives are:

The hydroquinone derivatives useful in a
combined developer and reversal bath of the
invention are those which are soluble in alka-

_ unds~ and their pmpamnons-
have been described:in:: the literature. For

litte:solution :and: containga- chasm
4:C.atoms: suhsumtedsm ﬂm Serren

are fthe alka.h—soluble. aﬂbkhy:qunmwg,. 70: T
the alkyl group of which contains at -least :
7 @. atomsy. pmfemhlyx%mmﬁmamm :

s i Gmnpcmndsd, dﬁantﬂ»mﬁlmam. 75

1 t-butytiydroquinone::
2. n-hexythydroquinone -
3. n-octylhydroquinone -
4. n-nonylhydreguinone.
5 2,5~ d:hydmzya

disodiume: wlr

These: compuunds are chamctemsed by ba
ing" good " solubility- in- -alkaline-dqueous: solux
tion: and possess the desiredlow: rate- difftision-
through photographic emulsion layers such as_ _
gelatin silver halide emmdsion layers where- = = .
by the reduction of the opucleated silver 100 . -
halide can be confined to- the nucleated silver - :
halide in the outermost emulsion layer such’
as the outer blue-sensitive emiulsion layer of
a conventional multilayer colour film.

It is believed that in a solution uf the
invention which has been prepared using - &

phenone of formula No. 5, 6 or 7 and'a -
bo-rohydnde the phenone may. be seduced o .
the corresponding alcohol. Thus, it is believed 110 -

that the groups —-COC, --C()C,I-l;5 and
—CHj OH)—C Hi,, —.-CH(()H)C,I-I;,j and S
—CH(OH)C,H,, groups respectively. . ~ . .-
The following are examples of the mven-j' R
tion: RS ¢ | R

05

ExampLE 1 :
: . grams
 water 800 ml
NaOH ‘3 :
KBH, 01
N83803 : 5 -
2,5 - dihydroxy - n~ -
nonanophenone
water to make

EXAMPLES 2-5 » '
The aqueous soluttons of thcse Exmnplcs
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. toatleastonehyd.rogenammandasﬂver_
agent which is'a 14-di-
hydroxybenzme ‘soluble in the solution and .

20

were made up. ds in . Examp]e 1:but usmg'
the following: pairs.of 1,4 - dlhydmxybemene.

boron - in place of
the 1,4-dihydroxybenzene derivative and. boron-

derivative and
compmmd used in. Example ) __
a. 0.5g of 2,5-duhydmxy—n-nonanophmone

“and 0.2g of tertiary butylaminé borane -

b 0.5g ‘of 2,5-d:hydroxy-n-nonan0phenone

©and '0.2g ‘of dimethylamine borane -

-¢. 0.5g of  2,5-dihydroxy-n-nonanophenone.
and 0.2g of trimethylamine borane

d. 0.5g of 2,5-dﬂ1ydroxy—n—nonanophenone
end 0.4g of pyridiné borane.” = -

WHAT WE CLAIM 1S:—

1. An alkaline-aqueous solution . containing
a: silver halide-nucleating. boron compound
containing at ‘least one boron “atom bonded

halide developing

havmgasxdechamconta:mmgachamof
at least 4 C dtoms substitiited in the. nixcleus,

the alkalinity of -the. solution end the oon-

centrations of the boron compound and 1.4-
diliydroxybenzerie béing such that, on con-
tacting' the solutibn with silver halide in a
silver ‘halide emulsion layer the silver halide
is nuclea.ted by rthe boron uompmmd and

the nucleated silver halide reduced to mlver _

by :the. 1,4-dihydroxybenzene.

3. A solation according to ciaim 1, said:
sldechambangasm'alghtchamalkylgroup

containing from 4 to 9 C atoms.

-3, Asoluuonaooordmgmclmml,sa:ld'

side chain being @ straight chain alkanoyl
group containing from 8 to 10 C atoms.

35

4. A solution aocording to claim 1, said -

side chain being 2 straight chain o-hydroxy--
alkylgrmpcontammgtﬁrmn%toloc
. atoms.’ _
5. Asolutlon aocordmgtoany of the -

preceéding claims, the boron: compound bemg;
ydride. -

.6 ‘A solution wcoordmgtoemyufclalms
1to4 theboronuompoundbemgananune'

-7 Asolumonawotdmgttochxm6 the

bomncompoundbem a mon tema 1)--
g oftertiaryalkyl)

amine!

-8, A so]utxon according to cIaam 6, the

boron, ‘compound being a dialkylamine or a
trialkylamineborane, -

9. A solution according to claim 6, the_

goron compound bemg % heterocychc amine
orane, . .

*10, A solution substantially as descn’bed
m any of the Examples hetem :

L. A TRANGMAR, Bsc., QPA

Leammgton Spa: Prmted for Her Majestys Statlonery Oﬁice by the . Couner Press, -—1967
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were made up ws in Example 1 but using
the following pairs of 1,4 - dihydroxybenzene
derivative and boron compound in place of
the 1,4-d1hydroxybenzene derivative and boron

compound used in Example 1.

a. 0.5g of 2,5-dihydroxy-n-nonanophenone
and 0.2g of tertiary butylamine borane

b. 0.5g of 2,5-dihydroxy-n-nonanophenone
and 0.2g of dimethylamine borane

c. 0.5g of 2,5-dihydroxy-n-nonanophenone
and 0.2g of trimethylamine borane

d. 0.5g of 2,5-dihydroxy-n-nonanophenone
and 0.4g of pyridine borane.

WHAT WE CLAIM IS:—
-1. An alkaline aqueous solution containing

a’ silver halide-nucleating boron compound |

containing at least one boron atom bonded
to at least one hydrogen atom and a silver
halide developing agent which is a 14-di-
hydroxybenzene soluble in the solution and
having a side chain containing a chain of
at least 4 C atoms substituted in the nucleus,

the alkalinity of the solution end the con-

centrations of the boron compound and 1,4-
dihydroxybenzene being such that, on con-
tacting the solution with silver halide in a
silver halide emulsion layer the silver halide
is nucleated by the boron compound and

the nucleated silver halide reduced to silver
by the 1,4-dihydroxybenzene.

2. A solution according to claim 1, said
side chain being a straight chain alkyl group
containing from 4 to 9 C atoms.

3. A solution aocording to claim 1, said
side chain being a straight chain alkanoyl
group containing from 8 t0 10 C atoms.

4. A solution according to claim 1, said
side chain being a straight chain a—hydroxy-
alkyl group containing from 8 to 10 C
atoms. -

5. A solution according to any of the
preceding claims, the boron compound being
an alkali-metal borohydride.

6. A solution according to any of claims
1 to 4, the boron compound being an amine
borane.

7. A solution according to claim 6, the
boron compound being a mono(tertiaryalkyl)-
amineborane.

8. A solution according to claim 6, the
boron compound being @ dialkylamine or a
trialkylamineborane.

9. A ‘solution according t0 claim 6, the
iboron compound being a heterocyclic amine
borane,

10. A solution substantially as described
in any of the Examples herein.
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L. A. TRANGMAR, Bsc., C.P.A.

Leammgton Spa: Printed for Her Majesty’s Stationery Office by the Courier Press.—1967.
Fublished at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which copies may be obtamed.
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