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COMPLETE SPECIFICATION 

Photographic Nucleating and Developing Solution 
We, EASTMAN KODAK CoMPANY, a. Com­

pany organized under il:h.e Laws of the State 
of New Jersey, United States ~ Amet'i<:a of 
343 State Street, Roohesre.r, New York 

I 14650, United States of America (Assignees 
of PHILIP ERWIN PERKINS and HERBERT 
LLEWELLYN REES) do hereby declare the 
in'Y'Clltion, for which we pray that a patent 
may be granted to us, and il:he method by 

10 which it is to be performed, to be par­
ticularly d~bed .in and by idie following 
sta.<rem.ent: -

Tiris · invention . relates . to a photographic 
processing solutiion conwning a silver ha'lide 

15 nucleating ·agent and a silver halide develop-
ing agent. . . . 

In our parent application 46674/64 (Serial 
No. 1089991) there is described and claimed 
a !COloull' reversal process wherein ia photo-

20 graphic material which comprises a support 
'8l1E!-alt.Jeast an outer silver halide emulsion 

. fayer .and '81 next mner siilver haliide emul­
sion kY.er which ls sensitive •to a part of 
itlle : region of the spectrum to whioh the 

25 outer layer is sensitive is exposed to a light 
dmage mid developed by a: black and white 

· developer thereby producing a negadve silver 
iiinag_e ... and a romplementairy silver halide 
~magie · iin · each of the emulsion layers, die 

30 wt:~sion layer ·is subjeoted to a re­
!Versal~u:re without rendering develop­
a~e srlver halide :in the dnner emulsion 
fayer; ·iftie outer emulsion layer is colom' 
developed by a colOU1' devd.oper in the pres-

35 ence of a. colour forming coupler, the material 
is treated with an aqueous solutioo which 
contains a silver halide nucleating boron oom­
pound having at ~east one boron atom bonded: 
to at least one hydrogen &tom ·so a.s tto 

40 nucleate :residua:l silver ba:lide in the outer 
emulsiioo layer and the sHver ruwde image 
in the inner emclsion fayer and ait the same 

[Price 4$. 6d.] 

tiine or thereafter the material is tteaitea 
with a.n alkalll:ie. aqueous Solution which con:.:, 
tains· a silver haiide developing agent whidl: 45 
is a 1,4~ihydroxybenzene soluble :in the Solu..; · 
t-i9n and haying . ai side chain containmg .·at· 
ieast 4 C atoms substituted fa the nucleus 
so as to reduce to silver only the nud.ea.ted · 
silver . halide ifu the outer emulsion b.y~r: · . 50 

The present invention: relates partdcularl.y · · 
to a solution which can be used m :the 
above prooess for .treating the photograpnc · 
materiai with clie alkaline aqueous solutt.i:On: 
c<>ntaining the 1,4 - dihydroxyibenzene at 55 
tthe same !llime e.s it is treaited with the 
aqueous solution 'containing the mlver fultid.e-, 
nucleating boron: compound. · · · 

According to the present mvent:ion the:i;e 
as provided an alkaline aqueous solution cOil- 60 
tainting a silver halide-nucleaimng boron cooi-
poond containing at ~east one boron atOin ·: ... 
bonded to '8/t least. one hydrogen :atom and 
a silver halide developing agent which,. as 
a 1,4-dihydroxybenzene soluble in t:he du".' 65 · 
tion and having a side ohain contallning. • • · · 
chain of at •least 4 C atoms suhstd.tut>ed in 
the nucleus, :the alkalmity of il:h.e solutbt. 
and the concentrations of the boron- aJm-
pound and 1,4-dihychoxybenzene being siron . 70 · 
that, on co111tacting illhe solution with · sil.ver 
hruade in a silver !halide emulsion layer . the 
si1ver halide is nucleated by the boron ooni..: 
pound ·and. me nucleated silver ~- .ire- ... 
duced to silver by the 1,4-dihy<:froxy&enzene .. 75· · · 

The alkaline solutions COJlltaining the effec.:. . . 
tive hydroqudn~e derivatives and boron.Quin-.··· :·.'.: ·· 
pound are prdembly strongly_ alkaline hliv-.· 
ing a pH of at least 10. ·" · .. · .. 

The solutiion may be made alkaline by-· a . --'$() 
strong 'Ol'pC Or inorganic ~ sucl:r; 98 ·. , . i :':, 
alkali metal hydroxide·tand·quuemairy ~°"."; 
niUm hydroxide. 0th~ ~depqa ~r·· 
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~ .. 

"°""· -~. 

1,089,;992 • 
used in photographic deve}1)per oompolSitlons· 
may be added. 

From: 0.05 to lOg or more of the boron 
compounds may be used and !from 0.05 ilXJi 

5 5g o:f more ·ot ithe hydroquin.one derivative 
per titre of solution. However, ~he quan­
tlity of boron compound and hydroquinone de­
rivative ·used will depend m part upon the 
activity otf these materials. In general too 

10 high a amcentration may be expected t:o 
cause unwanted developriient. of a green sensi­
tive (inner) emulsion: layer during treatment 
of a :blue sensitive (outer) emulsion layer 
WU.th 'the allt'aline salutioos of boron oom-

15 pounds and hydroquinone deriva1!i.ves. The 
pref'med concentration of tire boron com­
pound in t'he solution is frotp. 0.1 to 0.5 
grams per litre and the preferred Co.trc.en­
ll!l'ation of the 1,4 -- di:hydroxybenzene is 

20 froill 0.5 to 0;7 gitam$ per litre. 
·The -boron ""COmpound nucleanng agents fat· 

silver· halide used :in.· the· ·solut:ions· of this 
invention, are ·boron: compounds containing 
at least· one: b()t'()tt· a.tom·.l>onded" tor at least 

25 one hydl'ogen atom:. Thus,-the·boron. com­
pounas incliide. me· borohydrides, boranes arid 
bOrazenes.-· Examples of the ·~1f 'COiriprunds 
which :nmy'be used- are·.th~ ~Ikali metal boro­
hydrides~· e;g. · ipotassiU:n'l and:· sodium bo:ro-

30 hydrides (KBH4 and· NaBH.c") and. ·die amine 
bomnes such' as· a:hiphatic aminie boranes; aryl• 
emiile·OOra.nes ·and cydic amine -boranes; ·Thus 

. !the. amine borants· mclude those of fonnulaJ 
ZBH3 ·m. Which· Z represents ammonia,. ar 

35 mon-6'--; · di-· or . tti..ia:lkylamine, a moo:o- or 
di·hydxoxyalkylamme, for example metihyl­
iamine, dimethylamine, mmet:hylamin:e, et:hyl­
-amiiie, ethltnofamine, diethylamine, . 11rjet:hyl-
1lrl\ine, · diethanol~ . . propymmine, 3-

40 :hydi-oxy.ptopy1iimine, · · · diproevlamine~ · tti­
<propylmne, primary-burytam1ne; secondary­
butyl~ne; tertiary - bucylamine, • primary­
aniylamilie, setondaxy - amylamilne and 
te~ry - amyla:min:e. The . .ant.i_ne . bor-

45 anes also include those . which contain a 
pO.lyamine or a hydrazine· in which eacli of 
u:hel· aii'iiilie groups· lb! bonded to a BH3 group 
lfor eXani'!)le of form.ula Z(lU{~)s. wherein Z 
lis NH~CH.CH~NH~ or N1t;Nl!2. The abOve. 

50 !f6rm.U;la . ZBH3 may alsO ~t an BII'fl­
atnine· bbi'arte' in wmch fur example z · as 
anftii:i~ or may represent a heterocydic amine 
~n - which· for example Z :is pyridine, 2';6-
a.ritidine; 3,4' - lutidine, 2,4· - lu'tlidine, 2:.;. 

55 et:liylpY1',i.4ine,,2,4 - dietb¥1pyrldine, ~6 - di­
·ethylpy.tidine, 3)4:..dd.ethylpyridine, 2-propyl­
pytidine· and 3-propylpyridine. In illhe above 
fo:nnula ZBH3 Z may a:lso· be a phosphine 
sucli as aµ: · alkyl phc>Sphine, for · example 

60 methyl phOSpliine~ &imeth~ph'OSphine, tri­
metliyJp~hirte, ethylphoSphitte',· di~ylphos:,;, 
. phiiie, triethylphosphine; propylphosP.hirie, di­
propylphosphine, tdpropylphosphine, primary­
OOcyilpbosphine and secondary.ootylphosphine, 

GS or an aryl :phosphine, tfor example ·phenyl .. 

phosphine, or may ibe an arsine . suoh as m ,.,,. 
ialkylat"Sine, !for ClWD.ple m:ethylarsdne, di- ,Q· 
m-ethylarsine, mmethy.lanine, ~ P.l'OPyJa'I'Sine,. 
prima:ry-butyfarsine, seconda!ry-but}r.Iamne:~ 
amyla.TSine, or a.n arylarsine, !for example,_ 70 
phenylarsine, or may ibe a ~tibine, suoh ~-~ .· 
ian a:Ikylmbine, for exampie, m.ethylstibine, 
dlimethyl&tibine, · ttimethylstibine,. ethylsriibine; 
diethylstibine, ·triethylstibine, . · propyJstibine, .. 
primacy - buty~tibine, SCCQndary.;: butylstibine· 7S 
and tettiary-ibutylstlbine, or · an aryfstibine, 
for example, phenylstibine. The bo.raiene 
nuclea.ting agents may be of the lf'Ol'llilula: · 

wherein R, R' ·and R" each represent an: SOC 
H atom; a halogen atom, ·such ~s chlorine, ·· 
broi'n:ine,. ::fluorine; iodine,.. an· alkyl group, . 
preiferably lower a:lkyJ. containing froin · 1 ito · 
4; C atOIDS), such 'lfS methyl; etltyl; propyl •QQ<t 
but:y1" an ·alkoxy'·groUp,·pref~•bly lower;alkoxy; ·.· BS~ 
con~ng itrom l to 4 -c attlllX)S, such · a~ 
methoxy, et:lroxy, propoxy and· . butoxy . 

Included among.- the b~ cQmpOUnd silver 
ha11ide ·nucleating· agents which· may be used 
in me in\lelltion· a:r~ the' following . . 90~ 

·Alkali ·Metal Borohydil'itles· · 
PotasSiunr botohydride 
Sodium 'borohydride 

Amine Botanes 
T:cintethylam.ine borane 
Diethylamine bo.nme 
Triethylamine borane 
Tert.-butylamine · bomne 
Pyi<idine: borane 
2;6-lutidine borane · 

Polyamine bora.nes 
Ethylel1edfamine dibora.ne 
Hydrazine ·Qiborane 

-:-~··: 
~ ...... ~ .. 

·0~· 95 
*---~~~~- -. 

. .:;A?:~ /'. 
;· .• 'f . ·• •.• 

Pliosp.htine borane · · -..... ~_~::...:.,.._,., . 
:Q&Mylpk.-e borane · .. · ·... > 1-0S .. , .. 

Arsine borai1e ~ime;t~yl~hDsphine 
Dimethylarsine borane 

Stibine · borane 
Dimethybtibine borane 

· Borazenes 
Borazen:e 
N,N' ,N" -lln'imethyl borazene·. 
N,N' ,N"-trimethoxy borazene 

: 110 
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·" ·· niese.. compounds-. and the.iit ptepamtions .. 
·\.!, have been desc.Dibed·m·tlie· h'terawre: For· 

exa:tn:ple, the moo~g.ra:ph, '~Btirax: w;·Bomne&" 
edited: by T. Warcik:andtHeinriioh:Nom•Ha&<.•· 

5 sobeyer, Betiicllte,.'. Vol 93; pages 92'8""-3&•. 
and:. 1078_;_83 (1960)" d.t'Scribes, the·,.a:liphadc 
amine ·bora.r!es;. The· pyridine and:JUrlc:J.ine.:bor-· 
a~es .. are: commetcla;lly: avaiJa:ble·. from the: 
carflery Chemical; Company in' PittsOurgb, 

10 Pennsy1V6nia. 
The·. phosphine ·boranes, ~he M&'ine' boranes 

and stibine •boranes are desaibed in U.s,p~ 
2,t999,854;· 

The benzenes· are .. synt:besise<f.:·by conden.:,;-
15 sation. of. diborane Wkh· the' appropriate nimr.. 

gen· compound~ For, · ex:ampkl,:- ibomzene. is 
made by. condensing· diborane• witll emmmia. 
N,N' ,N" -tcialkylborazene is produced by: con-. 
densing diboranei ·wiith, itli:e corresponding N-

20 allKylamine. An N;N~-dialkylbora~ene'ds pro. 
du~ by condensing. diborane with·. & mix­
ture Olf ammonia Md-' the· iappr.opriate N­
alkylamine. BOnlzenes; are sometimes retfeITed. 
to as borazoles eg. in Z ianorg• iallg. Chem. 

25 256 177 [1948J~ . 
The solution provided by the present: in­

vention is capaible of nucleating unexposed 
. silver :halide· in· the phorogmphic material 
and of developing the nucleated silver halide; 

30 The presence of the side chain having at 
least 4· C atom5 in :the 1,4-di:hydroxybenzene 
derivarive causes the derivative to diffuse 
slowly in photographic silver hailide emulsion 
iayer.s, particularly fin gelatin-silver halide 

SS emulsion layers, whereby the development of 
:the nucleated silver- halide can be confined 
to the outer layer of the colour photographic 
materia-1 which 1s colour reversal processed 
according to the parent :invention. Thus, n-

40 propy!· hydroquinone is n'Ot present in the · 
soluti_On: of the invention because it would 
tend t9-<Cause development of the inner emul­
sion. ll!Y«' to take place at the same time 
as development of the residual silver halide 

45 .· in the.·· 9uter emulsion layer. Also, the hydro­
quinone derivatives. 2,5-di-t-:butylhydroquin­

. one._ n;.decylhydroquinone, laurylhydroquinone, 
cyclohe;cylhydroquinone and 2,5-dicycloihexyl­
hydr'oquinone are not useful in the solution 

50 particula;ly because of low solubility in the 
alka~lutlon. 
· T.liC iliydroquinone derivatives (i.e. 1,4-
d:ihydro:tjbenzene derivatives) which may be 
present in the combined nucleating and de-

55 veloping Iba.th af the invention aie soluble 
in die a:lka:line solution. and preferably. con­
tain 4 to 20 C atoms in the nuclear-su:bstitu­
ted chain. The 2,5-diliydroxyacylophenones 
oonta:ining 8 to 10 C 9.toms in the alkanoyl 

60 groups, as in compounds 5, 6 and 7 below, 
are very USelful. Exemplary hydroquinone 
derivatives are: 

The hydtoquinone derivatives useful in a 
eombined. developer and reve.rwa:l bath CKf the 

65 invention are thos-e which are soluble in aab-

These--compouilds .are ~ed by ~"'.~ . 95 
!f~::;::uze=~=-:·: :: ,-,- ... 
through photogmphic emumoli layen ·suqb, 89 
gel.a.'l!in silver halide emukion ·hi~ wbe.re- ·. 
by rthe reduction -of· the · nudeattd . silver. · 100 
ha-tide am be confined. to the nudea.ted. silvet 
halide in the oute.tnwst einuJSioti . layer. suelf 
as the outer blue-senmve ~ layer: of 
a conventional multilayer colour film. . . 

It is believed c:Mt- m a &olution of the 105 
mvencion which has been prepared using . a 
phenone of formula No. S, 6 or 7 aindi ll 
borohydride, the phenone may. be reduced· to . 
the oorresponding aicohol. 'Thtis-, it is belieVed, 
that the groups -COCaH1n -COC;H15 and 110 
-COC9H19 may be redu(;e({ . . 'tO 
-CH(OH)-CaH1u -CH(OH}C.,.Hi:s . and 
-CH(OH)C9H19 gl"Oll!p$ respeclllvely. . .·.··· 

The following are examples· of the inven- · · 
tion: · 115 

water 
NaOii 
KBH, 
NaaSOs 

EXAMPLE 1 

2,S - dillydroxy - n­
nonanophenone 

water to make 

. gnmis 
800 ml 

3 
(>.1 
5 

120 

· .. -: 

ExAMPLBS 2-$ . . ... ,.· .· ' 125 . 
The aqueous sol~·¢. ·~ ~et 

( 
! 
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were ·made up as in Example 1-but ·using 
the lfollowing0 pain oif 1,4 - dihydroxybenzeile 
derivative end· OOron a>mpound in place Of· 
the 1,4-dihydroxybenzene derivati'Ve end: boron-

s: compound ~ in Example 1. _ 

10 

a. O.Sg of 2,5:.ddhydroi:y-n-nonanophenone 
· and ·o.2g of itertia:ry bntylamine borane 

.:b. O.Sg -~ 2,5-dihydroxy-n-nonanophen.one 
and · 0.2g ·or dim.eth.ylamine bomne 

-c. 0.5-g _ of ~,S-dihydroocy-n-nonan<>phenone. 
·and 0.2g af trimethylamine borane 

d. 0.5g of --2,S-dihydroXy-n-nonanophenone 
and o.4g of pyrldine.bomne· -

- - ~ 

the. nucleated silver halide -reduCed to silver , -
by : the 1,4-dihydroxybenzelie. - - 30~~-

2. A_ 'SiOlution: according l'O cladm. 1, said 
sidet Chain be:iilg a -straight chain a1kyl gToup 
containing from 4 to 9 _ C atoms. - - -_ 

-3. A- ·solution 61XOl'ding to claim 1, said 
side -chafu being a Straight chain ~l 35 
groop containing ·from 8 to · .10 C atoms.-

4. A solution aocordmg :ro claim 1, sa-ict·· 
side cha-in; being a straight chain ¢-hydroxy­
alkyl group containing : llrom 8 w 10. C 
a.toms.· - , - - - 40 

5~ A ~lution a'()O()tding to any· af the 
preceding ~ 1the boron: compound being 
an' a:lka:1i-.nletal borohyd:nide - -· - -

· 6. A solution ~ding ~_any of claims· 
WHAT WE CLAIM IS~- 1. to 4, tbe boron compound being an amine 45 

15 : l. Ari alkailine-•queous solution conwning bOrane. - - _- _. 
a: silwi- haJ.ide-nudeallling boron eom90und . 7: A. solUbion accrord:ing tto cla.im 6, the 
conita:inmg at ·lease one boron atom· bonded boron compound being· a mono(tet.tiaryaJkyl)-· 
to: oa.t least-One- . iJydrogen atom and a silver amihebot'ane. - -- - --- -
mlide developing agent whiclt is· a 1,4-di- . s; A wlution according to claim 6, the SO 

20 hydroxybeniene '.soluble in .the solooon a:nd bOrQn. 00mpound being tt- - dialkylanline or a 
having a:• 11ide cliain contmnmg _ a chad11i af tria;J.ky.lamiile.bonm.e. 
at ·:1ea9t 4 C · atOlllS sUbst.itiited in the nucleu_s, 9. A solution according t.0 claim (i, the 
dre allcalinicy · _of the solution and the oon- ibo.rQn: compound being -~ heterocyclic amine 
centtations of the boron compound and 1,4- borane. 55 

25 dihydioxyben.ie:rie- being such ithat, -on con- ' 10. A solution substantially as· descnl>ed 
tacting· the"solutit>n-with silver ha~e in a in any af the Examples herein. 
silver . hailide emulsion layer the silVe:r halide -- -- - , 
is nucl~ted. by th~ boron_oom __ poun __ d_an_d __ _,_.L,...·._A_._--__ TR_-.... ANGMAR, Bsc., --C.P~A. -~-

te~ington· Spa: :Ptj:11te4 for Her Majesty's ·Stationery ·omce~ by the Courier Press_....,-1967. - __ · __ · 
Fu\)lished at Tbe Patent Office; 25, Southampton Build~gs, _London, W.C.2, frOJll which _c.opies ·may be obtained. 
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the nucleated silver halide reduced to silver were made up as in Example 1 but using 
the following pairs of 1,4 - dihydroxybenzene 
derivative and boron compound in place di 
the 1,4-d~hydroxybenze:n.e derivative end boron 

by the 1,4-dihydroxybenzene. 30 ., 
2. A 'SOlution according to cla9in 1, said 

S compound used in Example 1. 

a. 0.5g of 2,5-ddhydroxy-n-nonanophenone 
and ·o.2g of ;ter.t.iary ·butylamine borane 

b. 0.5g of 2,5-dihydroxy-n-nonanophenone 
and 0.2g of d:imethylamine borane 

10 c. 0.5g of ~,5-clihydroxy-n-oonanophenone 
'aDd 0.2g of trimethylQllline borane 

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

side chain being a straight chain alkyl group 
containing ifrom 4 to 9 C atoms. 

3. A solution according to claim 1, said 
side chafa •being a stradgbt chain alkanoyl 35 
group containing lfrom 8 to 10 C atoms. 

4. A solution acrording :to claim 1, . said 
side chain; being a straight chain a-hydroxy­
alkyl group containing · ifrom 8 to 10 C 
~~. ~ 

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 
WHAT WE CLAIM IS:- 1 to 4, the boron compound being an amine 45 

15 · 1. An alkaline e.queous solution conmining borane. · 
a, siJver halide-nuclea4ling boron compound . 7. A solution according ito claim 6, the 
containing at least one boron atom bonded boron compound being a mono(tertiaryalkyl)­
to at least one hydrogen atom and a silver aminebomne. 
ha.Ude developing agent which :is a 1,4-di- 8. A solution according to claim 6, the 50 

20 hydroxybenzene soluble in the solution and :boron compound being e. dialkylamine or a 
having a: side chain containing a clWn of trlalkylamineborane. 
at foa\91: 4 C atoms substituted in the nucleus, 9. A ·solution according to claim 6, the 
the alkalinity of the solution and the con-. · iboron compound being a hete:rocyclic amfae 
centrations of :the boron compound . and 1,4- borane. 55 

25 dihydroxybenzene being such ithat, on con- 10. A solution substantially as described 
tact:ing the solution with silver haltide . in a in any of the Examples herein. 
silver halide emulsion layer the silver halide 
is nucleated by the boron compound and L. A. TRANGMAR, Bsc., C.P.A. 

t.eamington Spa: Printed for Her Majesty's Stationery Office by the Courier Press.-1967. 
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which copies may be obtained. 
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