2109576 HI GH ASPECT RATI O PHOTOGRAPHI C SI LVER BROMO ODI DE EMULSI ONS AND
PROCESS FOR THEI R PREPARATI ON ;Thi s* i nvention rel ates to a photographic

si | véxs br onoi odi de enul si on -conprising a di spersing.% %2329 t abul ar
silver bronoiodide grains and to-a process for its pr epar at ngz

Radi ati'on-sensitive emul sions enpl<led-in photography are conprise of a
di spersing medium typically gelatln containi ng enbedded microcrystals 10

--known as Hpi C pﬁgégg RAPHQCSskﬁvgahghbﬂ@Iod@mﬁEﬂ(HB ot her
t han silver HSPREPARQTEON speed phot ogr aphic
el ements. L moi odi de

enul si ons |h whi ch the |od|de 15 preferably conprlses fromlto 10 nnle
percent. Silver bronoi odi de grains do-not-consist of sone crystals of
silver bron1de and<ﬁTﬁi$ inventien rellates Bat lacphotidgrdphie crystals
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formati on, e d W QPEQQPFE?E?HEKBB'O”S are usual |y enpl oyed. Except-
for speC|aI appllca ons ver bronnlodlde -enmul sj ons sel dom
enpl oy nore than abo&amm%‘W%éﬁ%VFoﬁPﬁés opge#mpdayeded ®  anounts of
i odide, as pLew pﬁ%rﬁréféﬁﬁﬁﬁﬂsedcéﬂ Bedﬁ%ﬁﬂréiﬁﬂ med¥@@pt as

o e s L B i‘iw Eaha LS o Rc LRkhE) BRDedRed BOLar N SE LS, o bei ng
di Scus d e~fnowh HHAIigr smsmbfnﬂaeiaaﬁ.bmersehrsqrﬁﬂvwlm\ewt ai ning 40
i o pbPcen o SLin GeSkal 6ngE TRhG THIGHE sttt shend vor e
hal i de photogﬂqpmﬂmﬁtedsusewimrccmded gpeeldl ptlotagtagtitie i nagi ng

appki cationg)agnehdl! Y ¥, 'PEL A9 28D550,069 discloses gelatino-

| silver bromoiodide emulsions in which the iodide
15 Ppreferably comprises from 1 to 10 mole percent.

| ‘Silver bromoiodide grains do not consist of'sone

crystals of silver bromide and others of silver

iodide. Rather, all of the crystals contain both

bromide and fodide. Although'it.is possible to .

20 1introduce silver iodide up to its solubility 1imit in
silver bromide--that is, up to about 40 mole percent
iodide, depending upon the temperature of grain
formation, much lower iodide concentrations are

 usually employed. Except for specialized applica-
25 tions, silver bromoiodide emulsions seldom employ '
more than about 20 mole percent iodide. Even very
swall amountsfof iodide, as Iow,as_0.0S nole percent,
can be beneficial. Except as otherwise indicated,
_ all references ‘to halide percentages are based on
.30 silver present in the corresponding emulsion, grain,

%
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or grain region being discussed e.g., a grain
consisting of silver bromoiodide containing 40 mole
percent iodide also contains 60 mole percent bromide._
' A great variety of regular and irregular
35 grain shapes have been observed in silver halide
photographic emulsions intended for black-and-white
imaging applications generally and radiographic



-2- imaging applications specifically. Regular grains are often cubic or
hedral . Gain edges can exhibit rounding due to ripening effects, and
he presence of strong ripening agents, such as ammonia, the grains nay
/eh be spherical or exist as thick platelets, vhich are nearly spherical
‘described, for exanple by Lapd U S. Patent 3,894,871 and Zel i kman and -

evi Making and Coating Photographi c Emulsions, Focal Press, 1964, page

223. Rods and .10 ° tabular grains in varied portions have been frequently -

obseuegiﬁgxa@pllrims)tdqﬁécﬂfmanyapene na@tv giidy where the pAg (the
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ver eZetfknkadabd devd¢alcingdasdaCeating EPnbltyggmei‘id he Morphol ogy of
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937tgbulart graias0'in tvar fexd tpart Konakh&vepbeensol d a Dupliti zed (trade

e e gdbRU13° B iyl RO i MEonE NG LRRES glser eon X Ray Code 5133

The talne I NngS: on_ OpposI or faces of a film support
sul fshaseﬁsu pRr&dcylapdy mmsietm&oﬁshe segesitvlee emul si ons were |

I ntengdgdrithm of silver ion concentration) of the
emulsions has been varied during precipitation,:as_ ' o v

R

-

occurs,; for example in single-jet precipitations. °
Tabular silver'bromide grains have been

extensively studied, often“in macro-sizes having no ' N,
photographic utility. Tabular grains are herein
defined as those having two'parallel'or'SUbstahtially

. parallel crystal faces, each of which is substantially
larger than any other ‘single crystal face of the grain.
The aspect ratio—-that is, the ratio_of diameter to
thickness--of tsbular"grsins is substantially greater 3
‘than 1:1. High espect rétio tsbular“grain'silver '
bromide emulsionS'were reported by de Cugnac and
Chateau,-”Evolution_of'the'Morphology of Silver

~ Bromide Crystsls'DuringlPhysical Ripening N Science'
et Industries Photogrsphigpes,.Vol 33, No. 2 (1962),
pp- 121-125. .

. From 1937 until the 1950's the Eastman Kodak
Company sold a Duplitized (trade mark) radiographic film
. product under the name No-Screen X-Ray Code 5133. :
The product contained as coatings on opposite major

- faces of a film support sulfur sensitized silver .
bromide emulsions. Since the emulsions were intended

v




-3- to be exposed by X-radiation, they were not spectrally sensitized. Th
tabul ar grains had an average aspect ratio in the range of fromabout 5 tof
7:1. \The tabul ar grains accounted for greater than. 50% of the projected \
area while nontabul ar grains.-accounted.for greater than 25% of the

pfoj ected area. Upon reproduci ng these eaBksions several tines, the
enul si on havi ng the hi ghest average aspect ratio has an average'tabular
grain dianeter of 2.5 10.microneters, an average tabul ar grain'thickness of -
0.36 mcroneter ;:oaﬂut axposeddey Xmeadiation,othéylwere adter renmakes the

emul si ons cont aig anefﬁ | re of
| oner aver age asg% égﬁ#éifég abu %r£§?§P%E§ E@g$ahﬁgﬁgpgglde
emul sions are knmraae t&ﬂ?%ﬁ‘t T nhthet rangeghfafzoagabouted Gt | 0.

Phot ogr aph#c 20 ""2‘.‘-‘3'n“‘ﬁ“*iE’é’“9‘2%25"%@223‘*‘%“3*““@”“2 and..
Trivelli and S0, °'Tﬁ?§3?¥ﬂi2Qﬁe 8T8 VggiﬁenEBGﬁgPHérgﬁF e of

-Bano | odi de Pr@uqmunﬁedﬂfdiw reateihEhEhozbnroﬁhtherumUdctéfy LXXX,
July 1940, pp. 28841 1T S r 25 -
reduction in bo?% g?r'al r‘,ljp:sgldze zflédxgj;&é%n hg??g gﬁ?ﬁgflﬁgg Q%Q'%Q%Elct I on of
i odi de. Gutoff, timsl,eanhe)remkatmvmvmeghmhﬂ.sgesme ameercaaa taRpent of

Silver Halide Ph}af:qwmm Caxﬁrwée cal?@meggeawd%sh oam 5
Ehglneerlngo Vol No.

ust port _
prepari ng SI|V€P#&QQHQ£9E§K1%R)2;%¥ 3%rt5PB£GFogFGine fhe type
prepared by singl.g§ mtid&romauszt,atammmsamrageoas aueusame:cldm 7t ion

appar at us. Procedur for ari ns i proportion
o ehe. o1 ver nif pEher” meaifet | {He ey D RPRs' Pabiadn FREUER Ve rocently
publ i shed. U.S. sﬁaﬂdetr di(iﬁn%&&ii tatgles gmﬁnsgwhibhearbalaﬁdawezst als of -

tabytar habit b%%‘%%%eb%s(p]eocoé APLs. |
15 Although tabular grain silver bromoiodide
- emulsions are known in the art, none exhibit a high =
o - average a5pect ratio. A discussion of tabular silver |
‘bromoiodide grains appears in Duffin, Photographic
Emulsion Chemistry, Focal Press, 1966, pp. 66-72, and
Trivelli and Smith, "The Effect of Silver Iodide Upon
the Structure of Bromo-Iodide Precipitation Series";
The Photographic Journal, Vol. LXXX, July 1940, pp.
285-288. Trivelli and Smith observed a pronounced
» 25 reduction in both grain size and aspect ratio with
the: introduction of iodide. Gutoff, "Nucleation and
Growth Rates During the Precipitation of Silver
Halide Photographic Emulsions", Photographic ‘Sciences
and Engineering, Vol. 14, No. 4, July-August 1970, |
pp- 248-257, reports preparing silver bromide and

20

L]

_30 ' silver bromoiodide emulsions of the type prepared by
single-jet precipitations using a continuous precipi-
tation apparatus. : . H

Procedures for preparing emulsions in which
a major proportiocn of the silver halide is present in

35
. the form of tabular grains have recently published.
U.S. Patent 4,063,951 teaches forming silver halide

crystals of tabular habit bounded by {100} cubic



- faces and having an aspect ratio (based on edge |ength) of from1.5to 7:1.
-The tabul ar grains exhibit square and rectangul ar maj or surfaces
ariacteristic of {100} crystal faces. US. 5 Pat ent 4, 067, 739 teaches
ége”preparation of silver halidg-enulsions wherein nost of the crystals are

he tw nned octahedral type by form ng seed crystals, causing the seed
stals to increase in size by Gstwald ripening in the presence of a

SIlvefcacféEH Pe,o] Jtihvisg)ladﬁnas pagd . Qa&aloet(mta ?{“‘ adgput v h(}[Mht hout t- B
renugl eati.an o ripegiQg e cqntyollin r e negative
Ioga ﬁ; Q#oﬁ?ﬁ@ an EB geitrQQEﬁ { g%ﬁﬁnts 4, 150, 994,

4, 18éxhilbitamqueidland Srett kKngBiaentn nﬁ.'?(slfﬁacasld Gerhan’ OLS 15 :
publ i iiaa(%ao ;:2?_ 9{)‘:6532 ggﬁ ﬁ gﬁ& @ v JgtheU %rmatlon of silver halide
gra| W nne 8 I gurati on by enploying seed crystals
5wh|cWaﬂenEu4JQ6%;739 ueaehpsrchntmnaﬁatatidﬂ&bfﬂmibwer4 063, 951 -
Spech ﬁé %ﬂ@ﬁé&saﬂh&’?&gh hb @ﬁ%lé)%l?éffi Zﬂit glo 7:1, but, from

the very low as rati.o obtal ne e ex the 7:1 aspect
‘rati &hep reetabedral 9ysr=ghy ﬁqmisisnw eEVeEaDBat i ng exanpl es

?QSL .*?S‘é“ t‘*‘*ﬁ“" °ﬂ%§f§%§32“’i%%??‘$§@?" R e Lo s than
‘ﬁﬁé;ﬂxﬁiﬁﬁﬁibﬁ inEPelﬂfe§f§ceb Hﬁ@f g%s%¥§e 1980, appears to
r Iats@ﬁv@rﬁ,mdrai cobp et 1Hpt geaias g lﬂo&ttPaﬁeuﬁonﬂt 150, 994, but is not
estrlcte tQ {he use Oﬁw h ver 1o |d L'he 30 fg d-grains: Accordlng
ot FETckaRk Lot AR O8FwEnd! Eipeh & shrtEet LIRS oi  ver
broanmmGﬁhanndgnttweohpgasithmaod’bmumida;i&nhcnneeﬂtrabular silver
b ombigire g B nedEerRy' & IR0 BN G4 Thiatd s M crometer and & *
di anét,é|840f87a&, 1'% Baaentcloﬁioel’.iSﬂ.avelmﬂn Gexmam 0LS pect ratio of great eJ;
15 publications 2,905,655 and 2,921, 077 teach the: )
| formation of silver halide grains of flat twinned
octahedral configuration by employing seed crystals | o
- which are at least 90 mole percent iodide. u. S. N
| Patent 4,063, 951 specifically reports an upper limit ' o
90 ©°n aspect ratios to 7:1, but, from the. very low
aspect ratio obtained by the example (2:1), the 7: 1
aspect ratio appears unrealistically high. It is _
clear from repeating examples and viewing the phcto-
micrographs published that the aspect ratios realized
25 1in the other above-mentioned references were also '
less than 7: 1. Japanese patent Kokai 142 329,
published November 6, 1980,'appears to relate to
'similar subject matter as U.S. Patent &4 150,994 but
is not restricted to the use of silver iodide as the

30 seed grains.
According to the present invention there is-

provided a photographic silver bromoiodide emulsion
comprising a dispersing medium and tabular silver -
bromoiodide grains which is characterized in that tabular
35 silver bromoiodide grains having a thickness of less
than O. 5 micrometer and a diameter of at 1east 0.6
micrometer have an average aspect ratio of greater




than 8:1 and account for at |east 50% of the total pro- Jected area of the
si'lver bronoi odide. grains in the emul- sion, aspect ratio being defined as
the retio of the dia- meter of a tabulag_grain to its thickness and the

dianeter 5 of a grain being defined as the dianeter of a circle having an

area equal tot r area of said The present invention also’
prOVIng a proeggsﬂo LS éggrﬁﬁ ré%ﬁi??%ﬁl@@g of otbe todedepro-
emul si on accor diegited aneapoésahe Bd%mﬁm<brdmbﬂéhid@tg§gyﬁgng StheeEmul- |
portion of the S S5y rdspEetibltlo" SATHERMINE (2 TG Cratidi g Bbe dtarhe
di spersi ng nediBfteT tf natﬁébﬂbaCtguaiMeimeﬁhswthiéknes&rgﬂ@cthgndggmgéer
the iodide s8ltof Ga ggt£1€! b r Pnbat 9l + ni ng.the reaction -
vessel substant]all agf ree o@in% &gg Bl‘gl org to%| n{graio%[fea%? fatﬁir 1§ \}@V%ﬁ’ﬂ-
br oni de sal ts, ﬁéﬂrﬁ?ﬁ EotﬁéepBroﬁﬁpﬁﬁd @H&awnﬁnsatdvgnsfh 20 'at a

| evel of at Ieast 0.6 ghélgge@@bﬁp@mvéﬁﬁidﬁ dleoi pﬁbdgdgglgs The above
process for pr Earlng enul si can one %gf gi ﬁnBr se .
introducing sil Fof dBrgﬁér %5?49 & $LL¥PFoRTPBSsel

conlt ai n- t25 | n:godidéeemulgimr uﬁmm‘inmetol&lﬂperpresentdﬁ.nve?mohg@y :

emul si-on nd i.s.char e adj usting

t he pBr of OJE(Ee gﬂt“gga{’@gﬁﬁgﬁé fq# "W{ft‘#e %%t?%%fé géﬁ:ﬁoiétpevel of
from1.6 to O. &preactﬁoncmserleretorﬂmining afticteastoa portiphvef, bromnide -
and iodide salt ( lwgubstantially free of -
| odi de prior - toégglglsggggﬁrgﬁyga%rcﬂhﬁﬁ#g ég%yf%%§3| ver, brom de and '

i odi de salts, and (3) adius&imen $hen@Brpof the rdispersing vadiumsel at a

35 Fevel of at yeeRinOthelvbbdt1oh Yed¥ll pRlir | 66 entebahbaohl o

silver, braqm de: and e salts. According tents 67 739 and
e _-(¥B the iogide salt to a level of from O.g é
v ' maintaining the reaction vessel substantially

free of iodide prior to introduction of the silver
and bromide salts, and o
~ : - maintaining the pBr within the reaction vessel
20 ‘at a level of at least 0 6 during introduction of the
iodide salts. : .
- The above process for preparing the emulsion _
can, in one embodiment comprise introduelng silver,
~ bromide and iodide salts into a reaction vessel,contein-_"
25 ing at least a portion of the dispersing medium for
the emulsion to be prepared and is characterized _
by the steps of (1) adjusting the pBr of the
dispersing medium within the reaction veseel to a
- level of from 1.6 to 0.6 prior to'concurrent
30 introduction of the silver, bromide and iodide salts,
(2) maintaining the reaction vessel substantially .
free of iodide prior to said concurrent introduction
of the silver, bromide and iodide salts, and (3)
maintaining the pBr within the reaction vessel at a
35 level of at least 0.6 during said concurrent intro-
duction of the silver, bromide and iodide salts.
According to U.S. Patents 4,067,739 and
4,150,994 and other references referred to above,

e



4,150,994 and other references referred to above, silver halide - .
nulsrons of only | ow aspect ratios are provided. Advantages in covering
Wer and ot her photographic characteristics are recogni zed-therein. By
J'preparing high aspect ratlossllver bronoi odi de 5 enul sions the invention
or the firs-t time conbin€s the known -advantages of silver broni odi de

emul sians with the advantages of high aspect ratio. - -- Significant
advant ages i n, speed- 8ranu|ar|ty rel ati onshi p, sharpness, blue sensitivity,

anc®IhYRT elideneRud sdoms ofhanly 1oy cespeetrrariosneire vity differences
fo nHWHé‘@JWA@GQntaQé@t 13 b veinld g Pl Plla 3gBReE ratio tabular grains
er er bro di de -enul.si.gns accordrng to-this_invention can be -- )
redNOLRS hlﬁhaEQﬁEGFirsétiF& ey ERC gl zed sthawpdnens of this -
' lnwtpﬁpﬂh@gtcmgnhaspeessrfat:ilwdserrweneu%&léﬁwﬂdbayers when the tabul ar
5gra| @é gosrtkgned---to recg Orfg -- that is.free of -
. S st3%t tPVRY oz &he T%eC%Pbséﬁﬁ i nvention are 20
| partheukaew gbvagtiaged Rof (U Fud £PEGh l‘@&ideh‘é)ﬁuls g ocated in- -
the | sion | ayers-n res e source o? exposi ng When

th ¥ eséﬁ?#f‘r‘-msorﬂ%ﬂtiéh mspece pakipen of the spectrum the -
erml sions of stgpiFieast dd%ﬁt{&é eﬁﬁ'ﬂ:éeé-%}%ﬁﬁl&% aration in their

the spect rum as conpa d to the region of

.sens t he- bl ue regi Qn o
ttm?%iﬁﬁi?%ﬁ#%B mﬁh&ﬁppﬁéﬁuﬂhiﬁﬂnﬁﬁﬁiﬁ {vitysi andeblue M nus bl ue
1oer5mdlﬂ£ﬂu§|blaé (o dd, d %snfeeyceéasmuwtshe invention are much

oA fETeneER. 85?89?#3%41@%%%%&% L3 genrasizsdic exposure records
V\hehﬁ.gehpmspdctnratdbr dabulght g ralils 361 Louti Bhbmallodde err]K . The sil yer
BV EbL 5 R P ERRg, e, Tl irovet {RActaRohBarea o pr evi ously known
t aeeslizgedin Thel highs aspect ratio tabular grain = & A
15 emulsions of this invention enhance’ sharpness of ST B
' underlying emulsion layers when the tabular _
grain layers are positioned to receive light - N, 12\
that is free of significant scattering.  The ' o
emulsions of the present invention are =
20 particularly effective in this respect when they—

are located in the emulsion layers nearest the source -
of exposing radiation. When - spectrally sensitized - -
outside the blue portion-of the spectrum, the |
emulsions of the present invention exhibit a large
25 separation in their sensitivity in the’ blue region of | - ’
the spectrum as compared to the region of the ' .
spectrum to which they are spectrally sensitized.
Minus blue sensitized silver bromoiodide emulsions = —
according to the'inVention are much less sensitive to
30 blue light than to minus blue light and do not -
require filter protection to. provide acceptable minus o
blue exposure records when exposed in neutral light, '
 such as daylight at 5500°K. The silver bromoiodide
emulsions of the present invention when sensitized E
35 exhibit improved speed-granularity relationships as
compared to.previously known tabular grain emulsions




. . 7
and as conpared to the best speed-granularity rel atiaonshi ps heretofore
achieved with silver bromp- iedide enulsions generally. Very large ' ;yé-
i ncreases in blue speed of the silver bronpiodide enul sions of the 5 '
present invention have beenirealized as conpared to.their native. blue speed
-when bl ue spectral sensi- tizers aréfenployed Ermil $1 ons according to.the
present I nvention can bé.used in radlographlc elenents coated on both 10

maj or surfaces é afradiatio tran tltg rt to control crossover.
Conpari sons of&f d?ﬁgFaﬁHFEe é%%ﬁ i éﬁﬂ?%?%ﬁ% 8&¥cording-to this

|nvent|on\Mtfreiamiomshﬁpsobe&ahbfo&hemwhﬁeveﬂﬂﬂﬁﬁhrﬁnr@@rebrbﬁaa| . .
enul si ons sho r CcrQs er attriputed to :
enul si ons of t éﬁ%ﬁ%sgﬁ |n98%t§8 erﬂﬁﬁ rnatl ?’ ?%5?%S%FOEE over
| evel s can be ke espeledi of the e&ﬁwemobgambﬁddideeznuﬁszmwsnbfouh53|ng
reduced sikver f@@@ﬁ@gfﬁveﬁfﬂhﬁ'HQ%F?%@@“mfgﬁffgédm%§”é§ﬁ?rré&vggt'On 20

can al-so bg used I n Image transfer I"'m~u ansfer film-
units are capdiielninathvevbhyeashegdewhea ibd usf Wmhpsﬁns:peed to
silver coverag6i4dr$ aréi bxiflioyelii.de coated per unit area), faster access
to a viewabl e transferred |nage and hi gher 25 ‘contrast of transferred .
imges with less tine oEmuésépnpnsnporﬂﬁnsnuq“#hewnxnﬁentdtnuantipons of

this inventi O%Eﬁ‘“bé”GQHHeiBUEEBQB§&'&§gﬁg{D%‘l@d‘e&¥/ dsatédcSn ﬁHEﬂ as
&d

‘reduced sensitivit rocessi ng, tenperature and

|ncreasedl@old?aigﬁt$35f8°55|Pﬁ &t [ ﬁﬁﬁiQRy%ﬁ#ﬁQ?%§ﬁ%®8aQBEPQEH 5e

realized, dep%seoypeﬁosbsveeemtbap&wézﬁ{@mozfd%gf hQ&
contenplated addi ti on thgn resent _invention offers an advantageous

method of preﬁ%f#ﬂﬁnEﬁuFQPSH gheginlens 449 Eﬁ&v%? BPBﬁnlodlde
grains. Altmﬂiﬁbeﬁfdon with similar radiographic elements

N - 'containing conventional emulsions show that reduced
15 crossover can be attributed to the emulsions of the
" present invention. Alternatively, comparable cross-
over levels can be achieved with the emulsions of the
present invention using reduced silver coverages..
 Emulsions according to the present invention
20 can also be used in image transfer film units. The
image transfer film units are ‘capable of achieving a
higher ratio of photographic speed to silver coverage
(i.e., silver halide coated per unit area), faster
- - access to a viewable transferred image, and higher
. 25 contrast of transferred images with less time of -
development. _ :
_ The silver bromoiodide emulsions of this
invention can produce further photographic advan- .
| tages, such as reduced sensitivity to variations in
30 processing temperature-end increased color contrast.
© Still other. photogrephic advanteges can be realized,
depending upon the specific photographic application:

N

-contemplated._. o _
In addition the present invention offers an
35 advantegeous method of preparing_emulsions of high _
aspect ratio silver bromoiodide grains. Although the



use of seed crystals is not inconpatible with the practice of this

-‘tlon it is unnecessary either to provide seed crystals or to _
ol pul at e precipi- tation conditions between the nucleating and grow h &/
ges of enul sion precipitatign in order to obtain grains of high aspect
© e |os Inits preferred formy=the precipitation process of this invention
- can he . an 1 priQry art ocesses of obtaining -
‘tabul ar s ver&?) ¢ ¥tgigpk§ Iotsll g‘ﬁ's tlja’]s‘ﬁp‘é}'% gﬁﬁ obtaining high
aspaﬂ?&%&i?ﬁt%ﬁuthisgiawnn§MOMm'ﬂnwiﬁnunheheesmrylemshehere other
procw@&m f@éé&dcrﬁétsis%%%'oou éﬂhdéé@ dﬁ?é‘%@ gs Figures 1 and 2

ar e om Cro ons wgl’ esent invention,

Fi gu %?Quﬁ965€£€°BfoP§t8Fe§pé quﬂqﬁusyo hd Figure 5is a
sBhes&@@eaﬁaiﬁenulsi@meﬁréﬁipi&ht&bmnﬂnIarder to obt£§napp||9d to the

silv r t the nt _inv ntlo he term "high aspect -
. rati erei n%f%%ég éFgaﬁisrl ng ﬁ %?%l odi de grains
havi ﬁbeaptnﬂcc‘-miminnlwmcesanoﬁ shiisd imv@lrmmitercaxi bé | east 0.6 -
~mcroneter e an aye pect tio of greater than 8:1 and account
for &en a%%V%EYC%ﬁFPiF %g Iéie[ﬂ 1A tAKE REACBESBRe silver halide -
grai ref mmfﬁgrtaﬁumwh sddvedt brimolddide aemgl 816nsi bwdr broni odi de

- enul si ons ,of t, 30, i,nyention .are those wherein the silver
DB e o If SO ERT Rt nuh Mool & a0 Gl RS BRI ot o
(opUsﬁﬂﬁqrIbrcmotedianemndsdmmmeMberziathhruptecessest | east 0.6
m cr an average aspect ratio of at |east 12:1 and optinally at
| east 1 %@ry hi gh average aspect ratios (100:1 or even 200:1 or

nor e B 1 g . ! hep Dafawings f orm of the invention these silver
'_brO”D'Od'de grﬁigﬁréﬁcfughderare photomicrographs of

15 emulsions according to the present invention, o o - _-

%

Figures 3 ‘and & are plots of speed versus’
granularity, and . ' '

Figure 5 is a schematic diagram related to ' ';)
scattering. . _ ' . -
20 - As applied to the silver bromoiodide

‘emulsions of the present invention the term 'high
aspect ratio" is herein defined as requiring that the
silver bromoiodide grains having a thickness of less
than 0.5 and a diameter of at least 0.6_micrometer
25 have an average aspect ratio of greater'than 8:1 and &
' account for'af-leaSt 50 percent of the total | |
-prOJected area of the silver halide grains-.
The preferred high aspect ratio tabular
grain silver bromoiodide emulsions of the present
30 invention are thosefwherein'the'silver'bromoiodide'
grains having'a_thickness'of less than 0.3 micrometer
(optimally less than'O;Z'miCrometer) and a diameter
of at least 0.6 micrometer have an average aspect
- ratio of at least 12:1 and optimally at least 20:1.
- 35 Very high average aspect ratios (100:1 or even 200:1
or more) can be cbtaihed1 ‘In a preferred'form of the
invention these silver bromoiodide grains account for.



projected area of the silver bronoiodide grains. It is appreciated that the
thinger the 5 tabular grains accountipng for -a given percentage of the
prOJected area, the higher the avera aspect ratio of the grain.

Typically the tabular grains have an average thickness of at |east 0.03
mcroneter., gteleasbl YOapelreasit Grdb optrimaklyrat 1Deasel §0opghrcenen

thi nner tabU\ g gha! P3eEEnoLlIBLEAY BR P, r@t&ysﬁve&n?wgggogggnsféf

filmunits tabular grarns average t nesses up Fo- nefer :
can. be used aﬂv&hnageously Ayerage grain thlcknesses of up'to 0.5 '

Fovever, 5o achi eve ni oh S3oe Pt ER LR e £0e 10 orai 1

o aet o s (EARETAT (4 PRI AP RECANPLGS ok & NS BSTCERERBE BE T he
emul si ons. of tﬁesproyeotednawehl hheehm@hemwtﬁﬁea¢er&gesaspéctess than- 0.3
20 mcroneter e grajn characterst,ic es r|b ove of .the silver

br onoi odi de eﬁﬁFg oﬂg gbetﬁf§iane &ﬁé;%y &@aESEEFtﬁﬁned by
.procedures,MEEAVenamnaVerabesthﬂaHdess|ditme beaStAG Gﬁployed herei n the
2-5 term"asp ra he t|o fat f the grain to
its th|cknes§§f§ﬁ%méhggﬁeﬁggfzgﬁaﬂ? gﬁ 9ﬁﬁfdﬁ% ?ﬁ%ﬁ *as the

di anet er1Qf aabthoughhevengthdnaeeanahnﬂan(graﬁn$r@eeciedpateaipﬂethe,

grain as V|em$g é@?fﬁygﬁto Igpimgg%ngygﬂgkég fii it ﬁiggraph of an _d

enul si on sanplé adowed ron mcrograpns |on sanples it
i s possible t@rdﬁnerhanénghevemageuahithesﬂesmnmwt@fOeécnigrarn and to

denti fy thosge¢abubah BealBsd AtyMhedddindriess Mletgs §hatn3s 0.5,

preferably O m croneter an | east m_cronet-er. Fr om
this the aspeehickpesses efcmp 5@ﬂ9¢5ﬂﬂﬁ%ﬁ°@ﬁ%ﬁﬁ %@ Blseafdgrated, and

the_aspel$ cussed below for recording blue light. However, to
‘ ~ achieve high asnect'ratics without unduly increasing
 grain diameters, it is normally'contemplated that the .
tabular grains of the emulsions of this invention
will have an average thickness of 1ess than 0.3
20 _micrometer.. : S S
 The grain characteristics described above of
the silver bromoiodide emulsions of this invention
~ can be readily ascertained by procedures well known
jto.those skilled in the art. As employed herein the
25 - term "aspect ratio" refers to the ratio of the
' diameter of the grain to its thickness. The
"diameter' of the grain is in turn defined as the

-9- at least 70 percent and optimally at |east 90 percent of the total é;é

t.’;\,

: diameter of'a_circle'having an area equal-to-the :
- 'projected area of the grain as viewed in a photo-
30 micrograph or an electron micrograph of an emulsion
sample. Froﬁ shadowed electron micrographs of
emulsion samples it is possible to determine the
thickness and diameter of each grain and to identify
those tabular grains having a thickness of less than
35 0.5, preferably 0.3, micrometer end a diameter of at
least 0.6 micrometer. From this the aspect ratio of each
such tabular grain can be. calculated, and the aspect
.raticsoi all the tabular grains in the sample meeting the



f_5,

i s
t abul

/TaKi os of all the tabular grains in the sanple neeting t he | ess than

preferably 0.3, mcroneter thickness and-at Jeast 0.6 mcroneter

Ameter criteria can be averpged to obtain their average aspect ratio. B

definition the average ect ratio is the 5. average of individual
ar grain aspect ratios. In practice it is usually sinpler to obtain an

aver ajesshithene€s 53N brasf exwe g €0 05 anii eropbtele thal&llﬂrﬁssﬂaadms having a

~ thickyes | s a r at least 0.6 '
~mecr o?rgt %reﬁ%t 0% yl?% gna%é% ﬁfﬁ%gégvggégsgggngé tbzft i6 as the ratio of
thesanﬁﬁa&§9r&Qe9 tajgetthelr mvenegeageapeasi vagdal. afgect ratios or the
- . aver agiebs ofle Ebhgkdons tard @ﬁ@%@raﬂs@ceswtia det-ehg ne the average aspect
_ hiin %th (W] X es .0

L3 aetthlelo

rain asurenments 15 contenpl ated, the

(ﬁré BnffPeSht F@tdioser.  The projected

ar easI@fptaeciabulier iy h\éQfaltlryorﬂm&? ©b2bBEaTRERNY the thickness and -
di anet er crltggla can be s ﬁgected ar&as of theé renmi ning

si | ve?VEF28Ei bigkness |?ﬂ;4YP 28e AoeBRFEFoftatean be sumed
separmbhl/aragﬂainsrrhalvé_ﬂg/\m il kivees peo £ ebeagethhant Be 5t ot al proj ected .

area
- neet i

i ctbfe Bpk 8haP e Wldllcly G4 PLAYEIGI6PN1ERBLRAY ar grains

ng t ness and di-aneter critera can be calculated. 25

Q1tkﬁn6b©Qecﬂbﬁﬁlﬂ$ﬁaﬁh@n§ﬁ§ﬂﬂ§Qﬂﬁﬁnﬂﬁtab&tép gsakhet hi ckness ‘of |ess

t han

gralns herein contenpl ated fromthicker

fa P18l SEOFRREE ¥0® ERAURLS. dIidaNut SPnkNgviRlaguel v thin tabular

ich provide

rain .
i nferkngivifualr apreetagatigsmy tthe 8V€¥$&¢%r@%c§héﬁknﬂséianeter of 0.6
oo crqmedwﬁateboaee, u%lelacetoatdéWMéaﬂﬁéeaﬁetagbsa@%c% ways possi bl e

to di

e

stln ui s nont abul rajns in-mcrographs. The term N
’éygﬁﬁf tﬁ?eg ﬁqﬂﬂf%ﬁué¥ d%e?ﬁBrSEegtFerns "projection *®
‘cantedplofed)i theanveragemaypectavied obthlifedr do see, for exanple,

Jane%ot significantly differ. The projected areas of the -f_
-'tabular_silver_bromoiodide_grains meeting_the_

20

25

thickness and diameter criteria can be summed, the .
projected areas of the remaining silver bromoiodide : g
grains in the'photomicrograph can be summed '
separately, and from the two sums the percentage of
the total projected ' area of the silver brompiodide
grains provided by the tabular grains meeting the
thickness and diameter critera can be calculated.

In the above determinations a reference
tabular grain thickness of less than 0.5 micrometer - _ &
was chosen to- distinguish the uniquely thin tabular
grains herein contemplated from thicker tabular

~grains which provide inferior photographic

30

. properties. A reference grain diameter of 0.6

micrometer was chosen, since at lower diameters it is
not always possible to distinguish tabular and '

- nontabular grains in micrographs. The term

35

"projected area' is used in the same sense as: the
terms ''projection area" and .projective_area_
commonly'employed'in'the'art; see, for example, James -
and Higgins, FundamentaIS'of Photbgraphic.Theory; |




and Hi ggi ns, ‘Fundament al s of Phot ographi ¢ Theory, Mor gan and Morgan, Ne '3
‘York, p. 15. Figure 1 is an exenptary photom crograph of an enul sion G-

accokding to the present i nvention chosen to illustrate the variant grains
that can be 5 present. Gain 101 ill gtrates a tabular grain that
satisfies the thickness and di aneter CritTeria set -forth above.. It is |
apparent that ‘the vast' ﬁrlt of 4t he WS p ent in Figure 1 are - N
tabul ar grains %E’tﬁ?@kxg§ saRd diHmeter critera. 10 These

“grains exhibit an averagEignpecl L3t an ekemplhrylﬁhnrqmrcmmgraphtbf .
photon1crograp r g ch d 0 nd

di anet er cri tepaat? &fﬁaégar‘gl é\ééiggdwﬁ& nggh élsea% ust rﬁa{ﬁgmﬁ i ﬁ ar
grain. It is dfoallhusknete the yariast mirus Fhatreamthe . The grain -
105 illustrate gr r n tlﬁgﬂégﬁ?% \/ ad ter
criterion, %Er 3’8?%%'?107@%??3 r%g't g’s a an% ‘fi’?‘&%?é %{‘Eﬁat tggtgr sfies
the di ameter crsakksbhespthenshickoess ansdsilaneterieniteniamgetndi ng upon

"the conditions £ Nab8GreCMUlLEi @ ?ygy' it Gha ﬁﬂ{ﬁhS@@gtfﬁg brit i scussed
bel ow, in addltlgﬁfﬁoatﬁeede3|red@ta a e j y '

SI|V br onoi .0
satisfying the 9hitRfc852ing Brefent, Iié‘r? c’cﬁﬁia‘f@bdi %Bﬁat i ons
of largely nontwbﬂthrsaﬁisﬁyathe thdmkn;ssrendcﬂiametertamﬁteragralns can

be pr esent 1000 oel £ L1 8D Gkn8RIL M A Souied Ao L905e can be

present. referre of tabul ar
grains sati sfylhﬁg lhe hsckpssgeandim Sihex @thctﬂﬂmiétn‘@gram ave préewnce of
secondary grai fEfW AhPER & C |y gvided the
enul si ons renaﬁ% % % as eétﬁ?gtkgtg%éy za%ﬁé?klﬁg hi gh- aspect

ratio tabul ar gﬁiaﬁlhe%??v%?-‘ £58i oa'beessmm.% kT RxgmRbRsed by a
. preci P' ta- 3;5 tilﬁf‘s@f@@@f{s‘sav‘ﬂbﬁbaﬁu?ﬁrf ST pqrﬁ fg 6f'eapﬂQ§@I@ﬁess
Vgt on 35l N Sater EhanB5 nidtoneter. The grain 105
illustrates a fine grain present that does.not
satisfy the diameter criterion. The grain 107
. Aillustrates a thick tabular grain that satisfies the

diameter criterion, but not the thickness criterion.

20 Depending upon the conditions chosen for emulsion
_preparation, more specifically discussed below, in
addition to the desired tabular silver bromoiodide_ -
grains'satisfying the thickness and diameter criteria
secondary grain populations'of largely nontabular
- 25 grains, fine grains, or thick tabular grains can be
present. Occasionally other nontabular grains, such
‘as rods, can be present. While it is generally _
dpreferred to maximize the number of tabular grains
satisfying the thickness and diameter criteria, the
30 presence of secondary grain populations is .
specifically contemplated, provided the emulsions
remain of high aspect ratio, as defined above.
The high aspect ratio tabular grain silver

e}

bromoiodide emulsions can be prepared by a precipita-
35 tion process which also forms a part of the present
invention. Into a conventional reaction vessel for
silver halide precipitation equipped with an
efficient stirring mechanism is introduced a



s Nntyoduced a -12- dispersing nmedi um fyprcally t he di spersi ng nedi um
initially introduced into t reaction vessel is at |east about 10 percewt,
preferably 20 to 80 percert$“Dy wei ght, based on total weight of the
di spersing 5 medium present in the silver bronoiodide emlsion at the o
concl usq PEpeLsPhag' el p|t | ¥h11P E6E glgpefgiag maanuﬁ(xUIbe removed
fromth { gﬁii vesse traflltratlog durln Sl yer q%onnlod|de grain -
preci pi tBtf Xsip§ﬁeﬁpcﬁﬁIiﬂﬁﬂﬂFh%uEﬁﬁc $o8, X? BI0 18 & esponding to
'Beljgl arld%eéermla&&f» ]395perbeht apweeﬂsﬁmtmué h&OVpétloe:mf di spersi ngd _
medi umginiti ese in .t react | or even excee
t he vomuﬁe ﬁ.?ﬁépéfﬁs Sﬁ%a %&gﬁgﬁﬁf %f%géﬁ?fpﬁ the reaction.

- vessBl medium pfesent| tlal nheofsig.rv&m hmmipnd:bde cemulghendatpersi ng nedium

initialdye %ﬁﬁ@ﬁ&gfgn'BEOgEE&d”§¥Edel Sh . |sspﬁg£erably water or a

: dlsper5|on i n“wat'er; optiona y contalnlng ot her ingredients,
such a# r@ﬂ@ipmeFaﬁabFHGQNQ¥ﬁﬂ e E@@¢BEOR0 netal dopants,

' rr?re sm‘sféepas YuUE?ﬁﬂheg'altﬁbﬁiNddNﬁit ﬁpwi-lseémbiodm?enl glly pr efent .
it is pre er ed in ration of_oa as per cen nos
prefer P W%%QE%LgéPceﬁts g?'ﬁ:erh ofé % gresent at the '
corﬂ;@etﬁdﬂbﬁ%ﬁuveor?&spouddmdlt@e Belgigm t%atmt 886j 6&46pal dispersing -
-~ medi umits iaéildﬁh%gu}é eeﬁgpogh\ée%em tdY t&@sﬁéﬁ(ﬂr‘%and halide salts and

can al.so be hrou h a separate jet onmon practice to
adj ust mebiym O‘Imit‘-iohlﬁf P@TB§§®rtS|img thelizeacthionvess@d Fanly to increase
the prespral wr cdverpexeeed aheewotﬂnme:mialtme osnbverh‘ereabt- i ntroducti ons.

~ A-minorg qupréé Yau ] YRORPLYEEES 1N el FARCAN vEYsuti gt cr@l Lhe brom de,
salt enp In formng the silver bronoiodide grains s -inttially :
. conclusion of grain precipitation. The ispersing
medium initially’ introduced intolthe reaction vessel B ' ¥
is preferably'water or a-dispersion_of”peptizer‘in
water, optionally containing other ingredients, such

Qgggylfyt hal i de precipitation equipped with an efficient stirring nmechani sm

as one or mote silver halide ripening agents. and/or LN

20 metal dopants, more specifically_ described below.
Where a peptizer is1initially present;'it is_prefere_
ably employed in'a chcentration of at least 10
percent, most preferably at'leestIZO percent, of the
total peptizer present'at the completion of silver

25 bromoiodide'precipitation.' Additional dispersing
medium is added to the reaction vessel with the =
silver and halide salts ‘and can also be introduced
through a separate jet. It is common practice to
adjust the proportion of dispersing ‘medium, particu-_

30 larly to increase the proportion of peptizer, after
the completion of the salt introductions.

A minor portion, typically less than lO
percent by weight, of the bromide salt employed in
forming the silver bromoiodide grains is initially

35 present in the reaction vessel to~ adjust the bromide
ion concentration of the dispersing medium at the

&

outset of silver bromoiodide precipitation. _Also,
the dispersing medium in the reaction vessel is




35 present in the reaction vessel to-adjust the brom de ion concentration (E;;

of the dispersing mediumat the outset of silver bronoiodide precipitation.
Al son he di spersing mediumin the reaction vessel is -13- initially
substantially free of iodide"ions,-. sigﬁﬁ_the presence of iodide ions prior
to concurrent introducton of silver and bronide salts favors the formation
of thick -and nontabular grains. As 5 enpl oyed herein, the term '

"substantjally free of iadide jons: ag_applieq ta ihe contents of the
reaction. véséé}itr?ea;r?og_.t% s‘f‘ﬁ‘%{:gai}g ?ﬁggf f’i-fgiq'é’ﬁt"qteog'i"d’es’i osﬁtsncp‘? esent as .
conpared to luhariptesense tof plodidet dbasaprdoxetar atoncuidnent i odi de phase.
It is 10  pref eqd. . | pt & e_l qdj centynat i Lt reaction
vessel pri orit:}?’éoqu’{/éeérjogzcll'f ﬁlﬁ%gu% ?otﬁggpiﬁgsgatlht}tn %.r{?{rkolée}?%ercent of
the total halfiarmationorfetinicki andpnoosabulaxf gmainsmr d¥s t he di spersing
medi um i, imé%ﬁl - A byl a ' f O e grains
produced” w | | De dc%ed g%a%%f yﬂ'?ﬁi %E@gndé?ﬁlg:ﬂgﬁx&%&iy g%%?p%ét grat’ los. It
i s cont enpl atiadide kons aj 43 ARP bhedotor fher G&c&qwsvé%éé}hq nitially at. or
?ﬁl O\évo-l- 6% pr:%{ﬁﬁbirv \F@éfwb 1Téans erahhhe%ahliar-ag@;q,nddf_ﬂﬂem&f i's tgo | ow,
e or on of nontabul af silver bronpiodi,de grai is favored.
Therefore,i{£54§4kni%ﬂﬁﬂef%ﬁe?' ﬁﬁLﬁPQPﬁrﬁﬁgtﬁBPFﬂéiék;ikﬁﬁtF%n vessel at
~or ‘above 0. 6 precdipeirteiie abosesdpdratasshdvenn lodide) phagedr ikt degi ned as
‘the negative fggg' ' ' [ 2 n ' OH - pl, and
pAg arg 19 ni Far y éd"(ta | ng%*’%?ﬂ%ﬂ Irloggﬁ, if?ﬁlicai(réi &g?‘tclreg{cﬁ%gioarg?%i veér Ioi on
concent rat i oveactdnmeessel privribg plives saditodnfinoductinmmitie, and

1302 G s 02 apei ol AT thabe oL M i L™
| preci pi I , SIlv I oql gral ns. ypI ) ueous
sol ution of &oRGERATALIIR Rresent- sugg abesPSfep_fm&hea@ei,sn%rsafns

. medium is initially too high, the tabular silver

T '15' bromoiodide grains produced will be comparatively
thick and therefore of low aspect ratios. It is
contemplated to maintain the pBr of the reaction
vessel initially at or below 1.6, preferably below ‘
'1.5. On the other hand, if the pBr is too low, the

20 formation of nontabular silver bromoiodide grains is
-favbfed._ Therefore, it:is contemplated to maintain
the pBr ofﬂthe_teaction vessel at or above 0.6, '
preferably above 1.1. As herein employed, pBr is

- ‘defined as the negative logarithm of bromide ion

25 concentration. pH, pCl; ri, and pAg are similarly
defined for hydrogen, chloride, iodide, and silver
ion concentrations, respectively. o '

. During precipitation silver, bromide, and

jodide salts are added to theireaction'veSsel by

30 techniques well known in the precipitation of silver

e

bromoiodide grains. Typically_én aqueous éolution;of
a soluble silver salt, such as silvet nitrate,'is'
introduced into the reaction vessel concurrently with
the introduction of the bromide and iodide salts.

35 . The bromide and iodide salts are also'typically
introduced as aqueous salt solutions, such as aqueous .



i'ntroduced into the reaction vessel concurrently with the introduction of -
he -brom de and iodide salts. The brom de and i odi de salts are al so .
ypi cal Iy i ntroduced as aqueous salt solutions, such as aqueous -14- O
sol utions of one or nore sol ubl e ammoni um aIkaI| metal (e.g., sodiumor:

potassiun), or alkaline earth mafal (e.g., magnesiumor calcium halide

.'_salts The silver salt is at least initially introduced into the 5

reaction vessel zeparately fromthe jodide s he .i,odi de and bron de
sal t sSehMthengd8ddong aremqa’eﬁ;tsm%gsemeegawate ¥add as a nixture. Wth
the inétaliugeign, Ofsoﬁlﬂudﬁrorsqidtaﬁﬂuﬁh? otaalkalivesedrtithe nucl eation

"stage_o in_ 10 formation is i | at i o, Of ‘grain nuclei
is fo‘??}%ﬁgv\ﬁFéﬁ‘i’sm@§ %P%e?#%%“‘ﬁi ﬁ?%éf‘ﬁ. tsﬁlitlsl on St es for silver
brom gtlesae siaflteisi Qd:l dedast tthlbyluzhteodai:eal ivro theoni de, and
|od|deesa%%g contlng The- preci |tat%ﬁn gf illver g“fnhg{ and 15 silver
poa LA e RUPR] dPmerarh il S e et e o Moo o wrain L
or odiddeTheda ofcand ed gba arccording to IS
.|nve r nd brom de concentratlons during the .
gr owt §€%§ gfhgg‘g&%ﬁ g%%g%{)ﬁaé “gg*ﬂg%?l on st age. is-therefore poss?bl e
during the groWithsthge introductbentof pélneSSBBﬂélﬁnﬁqLMe *of pBr during
CO“CUEIEE“%?EEHBQU%%%10ft 'ﬁifél%%fghdgtgé‘ﬁdo'fogg-%‘irﬁa' ts above 0.6,

pref er - .rage()'Hom preferably fromO0.8
10 1. §°rmﬁﬁ¥°Patitse§- lafeshy t A RERPYY 355-9%9%8’%4& auelafhstantial rate

of gragnformed whabmamsorca;miwues éélf@ﬂﬂéouh ‘plreciiptitacucti on of silver,
ol yol e, Benedo £0F, Sluey B nén F BBt BIse. % ' ST ng abular
gr ai rtlye oknbrodvakion vk raidlmng:mm dhe,gaadnipdﬁdte salt®e tolerated in -
many 495t 2AGES . WTHE precipitation of silver bromide and-
15" silver iodide onto existing grainm nuclei constitutes.
the growth stage of grain formation. The aspect _
ratios of the tabular grains formed according to this _ o ~
invention are less affected by iodide and bromide ‘
concentrations during the growth stage than during
20 the nucleation stage. It is therefore possible .
~during the grthh'sta§e~t0'increase the permissible
latitude of pBr during concurrent introduction of
silver, bromide, and iodide salts above 0.6, prefer-
ably in the range of from 0.6 to0.2.2, most '
25  preferably from O. 8 to 1.6, the latter
being particularly preferred where a substantial rate : B

.0

of grain nuclei formation continues throughout the
introdoction oflsilver, bromide, and iodide salts,

| such as in the preparation of highly polydispersed

39 emulsions. Raising pBr values above 2.2 during
tabular grain growth results in thickening of the
grains, but can be tolerated in many instances while
still realizing an average aspect ratio of greater
than 8:1. | '

35 ~ As an alternative to the introduction of
silver, bromide;-and iodide salts as aqueous




As an alternative to the introduction of silver, bromde, and iodide salts
as aqueous solutions, it is specifically contenplated to introduce the
silver, brom de, and iodide salts, initially or inthe growth stage, in
the formof fine silver halide grains §&3ﬁended._in di spersing 5° nedium
The grain size is such that they are readily Gstwald ripened onto larger

grain nuclei, if any are,present, e introduced into the reaction vessel.
The naXinun1u§%£HF2éP§Pni§i _ssﬁqqygiﬁﬂiiY(ﬁPQ?ﬁpg RE#Pi Econditions -

wi thin the reffitroducesshle silser],0 bromidepeaind uiedbde shdtpresence of
solubilizing gnd_tipenin ents. __Silver bromde, sjiJveg Lodige, and/or
silver bronolgﬂgﬁgagﬁghﬁg gghgkgi%ﬁﬂw _(§§%S%§ncﬁnb¢%ﬁ1g%&§n8ﬁor i odi de
are precipitafitdei sipvefrehalddet graing isisspended. dhsdippershbhg t o enpl oy
15 silver chl md n sl ver. l:0y O 1,00 gr.aLns. . I |l ver
hal i de gbai nsgé‘?g{l%r'ef gpgbgfi&gr%j’rz%&g e%m}gésjésdﬁg% %Pé ﬁegrgg%z er in-
nean di anet erOstwhjldcripenede opido rlepgergrainsnuclei hifbeny, ariee

trati t f Sl ' 1de, 1odi ' t
niroducti ono EaRCRERconsy AKrYRiuce Ll aRe e RPCLIK QRaBELL g

hal i de salts Zhe paxisumhbseful graio sizesriebhlrdepend or £heém 0.1 to 5
mol es per |l.t%ec_ﬁng?.gogghd%‘i%@ﬁw‘i‘%‘ﬁﬁf‘%@%e&@@f@ﬁ%@}é@ﬁ!,r'S‘Elﬁ?;& such

as fromO0.01 er liter;to saturation, for exanR , are:
cont enpl 30ed. 28pEERPREALIFep AR Rl RFateRFe L F ofoLUBRALZABE 8Pd t hose
whi ch achi evergpent fpedgenee.pi Sallvir Hrowidy, | §L19asi fgdibe,rate of
silver and hallg? sa é-lntr ductloniaggn he run.. Th .go rat% of silver
and-hal i de safPd7REr §dd¥EToRECRP IRA 1R & e??ﬂe?ebgn hefugedng the rate
at which the ﬂinggrbtogiﬁedhn@ﬁmnﬂﬁddidéIgma precipitdtedalins are :
i nt roduced of p by £LREHERS kY 1B AN LY Ad W8 pbBEIble to employ
_ 15 silver chlorobromide and silver chlorobromoiodide
| ~ grains. The silver halide grains are preferably very

still realizing an average aspect ratio of greater than 8:1. 35 | | (é};{
\

.  fine--e.g., less than 0.1 micrometer in mean diameter.
Subject to the pBr requirements set forth
above, the concentrations and rates of silver, |
20 Dbromide, and iodide salt introductions can take any
- convenient conventional form. The silver and halide
salts are preferably introduced in_céncentrations of
from 0.1 to 5 moles per liter, although brqader' |
- conventional cbncéptration ranges, such as from 0.01
25 mole per liter to saturation, for example, are
contemplated. Specificglly ﬁ:eferred precipitation
techniques are those whiéh,achievé-shb:tened
precipitation_timesiﬁy increasing the rate of silver
and halide salt introduction during the run. The
30 rate of'siIVer and halide salt_iﬁtroduetion'can be
increased either by increasing the rate at which the
dispersing medium and the silver and halide salts are
" introduced or by iﬁcfeasihg the cpncentratibnszof the
Silve:'and halide salts within the dispersing medium

(5. }

| 35 beihg'introduced. It is specifically preferred to
increase the rate of silver and halide salt intro-
duction, but to maintain the :ate.of introduction



s specifically preferred to increase the rate of silver and halide salt

iHver and halide salts within the dispersing nedium 35 being introduced.
o- duction, but to maintain the rate of introduction -16- bel ow t\he

shold I evel at which the formation of new grain nuclei is
favored--i.e., to avoid renucl Lon, as taught by U S. Patents 3,650, 757,
3,672,900; 4,242,445; Cerman OLS 2,107,118, European 5 Pat ent Appllcatlon
80102242, and Wy "Growth Mechani.sm of AgBr Crystals in Gelatin Sol ution”,

Phot WlW'&é%ﬁf@@h@ﬂd EUR1C8E! Ui ¥plehd o et don JaBuary/ February

1977, avol d formati of additional grain nuclel'

aft er“eK) s%%mgc}ﬂ%oishéaypméﬁﬁt zfg‘e- &0 # é)l tation, relatively
MONOFHeHAIREt iow)| 86 eahgat byomnsadlméﬁ@ 8 OS] 257 ons can be obt ai ned.

O D% AR AR e B O ALES Sl RRoL 00 pereet

npl @eredtersp i&@tt@nf 80¢Dea&2qf aval iwdy dlGrowetef i ned as 100 times the

i ot i a“fef%ﬁanFV?E 13 A B S R T e o h Srage

of ZthrogyaphinlﬁmientelandoEngﬁmeariggxmﬁdie 2D, podute pol ydi sper sed

enusions. of ant.i al g er oeffljcients vari The
- concélO dﬁ d?b?ﬂﬁfﬁei¥Z9 eﬁﬂ%réﬁglod e %ﬁ%fé#ﬁﬁs of this
|nvemhenfmrmatEDQSOfceddiﬂﬁbeﬂlbgnaﬁn|nuclemcafberof iodide salts. Any

" SR, 60 g OReaRth R Bt M ol O T T the art 1o

be bermalfatz‘,i‘aely mnnodespep'seﬁettramlfar raileexnbtonoheddde30 the present

inve f&%f%ﬁsa&ahega tneld. 1'E%ﬁi£§§ﬁ§”ﬁ%v9ﬂg Si | ver >
I odi de can |ncor or--ated into the tabular silver |od|de grains up
to coeff icients of variation of less than about 3

' percent can be prepared employing the process of the - v

15 Present invention. As employed herein the
coefficient of variation is’ defined as 100 times the
standard deviation of the grain diameter divided by RV
the average grain_diameter. By intentionally
_ favoring renucleation during the growth'stage of
20 precipitation, it is, of course, possible to produce
' polydispersed emusions of substantially higher
:coefficients of variation. _
~ The concentration of iodide in the silver

EYt)

. bromoiodide emulsions of this invention can be
. 95 controlled by the introduction of iodide salts. Any
' conventional iodide concentration_can be employed.5
Even very small amounts'of_iodide--e.g.,_as low as
0.05 mole percentrrare'recognized_in the art to be -
beneficial. 1In their preferred form the enulsions of
30 the present invention incorporate at least about 0.1
| mole percent iodide. Silver iodide can be incorpor-
. ated into the tabular silver bromoiodide grains up to
- its solubility limit in silver bromide at the
temperature of grain formation. Thus, silver iodide
35 concentrations of up to about 40 mole percent in the
tabular silver bromoiodide_grains can be_achieved at




its solubility linmit in silver bronmide at the tenperature of grain s
formation. Thus, silver iodide concentrations of up to about 40 nole :
percent in the tabular silver bronoiodide grains can be achieved at - -17 /

precipitation tenperatures of 90[err].- In practice precipitation ) -
tenperatures can range down to near amiiZnt room tenperatures--e.g., about
30[err]. 1t is generally preferred that precipitation be undertaken 5 at

tenmperatures in the range of from 40 to‘80[erg£; "For nost phot ogr aphic

appl i cat i ons predipifratiisin teaperatureannfnlfh Codi d8 poassiceti ons to
about 20 nol i Ny b PR+ 0di d8nCeRneR! Haks ' up to about
15 nol e perc?ﬁ??¥é?gatfaﬁrkéw&%ﬂgeygggt?vg grogortion€g$’?§g?%e-and :
bromi de sal t $mbHensd FIQR HRRPEFRLYERE T r8n8yes88PUEUSUNE pr d& Fi% ati on can

be ][ra: nt ai nte .éxié:%l}‘]i'y(%tfﬁéfﬁeb&Otﬁétgpge&!ﬂbi_tal&ﬁ.ioﬁl b wﬁ&;&rﬂ‘auaﬁi de " |
profile_in abul ar_sil ver, branmoi odi de gr.ai.ns r,yari o achieve
di fferimg ph8toSERRfratiines in the range ﬁoﬁﬁﬁfna%m %oa@ar#‘agééo? esul t
fromincreasmogt phavagraghin applbdations desndlsapredgraesd afo hi gh aspect
rati o tabul ap..qarain Sjd v | odi lskon r to . central :
‘regions of ta‘g'gi% mﬁ%&gﬁﬁéﬁﬁ%Sgogﬁ?%ﬁlgggiggﬁgeﬁﬁr %t%%‘%s%n ni%lée cent ral

regi ons. of tpenndnﬁ;uwipbﬂopmigmmrﬁngédéroanﬁengrit@das[hainguupthh at

| east one nDE% %ﬁgayﬂisiaéigiyéég%%g.concentratlons in the laterally |

surroundi ng annular regions u solubility limt of silver 25

i odi de 1@ silver bronilhe Felativel praporsiapogf dedifie and ceremide

optimally upsmcasbqﬁtéofamcf PEEGothe TbBCRILA b@@tseflordaéiglq S
specifically contenplated to termnate 10dide or bromde an odi de salt
addition to PFeciplhatiirn an be naintgined ipna ddxad matde dosil ver

sal t. addi ti Offot@ tahHubNtERASLATE] y Geni £88kS18ELHe! BRoFilleeibale This

results i & e s Ve brtno1o81d8' §2a1Rs T8 Varied to

15 achileve differing photographic effects. Specific
photographic advantages result from inéreasihg the
proportion of iodide in annular regions of high-
aspect ratio tabular grain silver bromoiodide_.
emuisions as compared to central regions-of'the

20 . tabular grains. Iodide concentrations in the central

~ regions of the tabular grains can range from 0 to_S_”
mble_percentg with at least one mole percén:,highef
iodide concentrations in the 1ateraliy surrounding -

o ‘annular regions up to the solubility limit of silver

o  25 iodide in silver bromide, preferably up to about 20

¥ - mole percent and optimally up to about 15 mole

percent. In a variant form it is specifically
contemplated to terminate-iodide or bromide and
iodide salt addition to the reaction vessel prior to
30 the termination of silver salt .addition so that
excess halide reacts with the silver salt. This
results in a shell of silver bromide being formed on
the tabular silver bromoiodide grains. Thus, it is
'apparent that the tabular silver bromaiodide grains
35 of the present invention can exhibit subSténtiélly
uniform or graded iodide concentration profiles and



:t abul ar sil ver br onoi odi de grains. Thus, it is apparent that the
Ul ar sil ver bronoi odi de grains 35 of the present invention can exhibit
stantially uni formor - -graded iodi de concentration profiles and -18~J -
at. t he gradati on can be controFl8a, as desired, to favor hi gher i odi de
concentrations internally or at or near the surfaces of the tabular silver -
‘brono- i.odide, grain | n t ng silver =~ -
" bronoi othAE Ehgc55éaa§£§P qﬁﬁg g}eganaﬁe ifgg §&}n the reaction:
vessel ﬁavoanhhghed'ddddé.ldrmg:omaénmti;@nami-aternaﬂéYsa)ll‘t §%lccor ding to
conventj angl pr gpad &&d 1 £¥e COADAYAES g1 IVRE BEomypOUNdS of copper
thalllu?? ﬁ g,gé% % égd#?%%] g?ﬁc nfddle chal cogens (i.e., sulfur,
selenluh@dﬁdetsrainﬁun) gold, and Group Vi1l noble netals, can be present
during silver hay béiﬂ%‘%? Q‘!omjd’ﬁﬂd’é‘ ,cad bkl g%b&éh R R 1gS. Pat ent s

| 95, 432: 15 1793 48, 060 . 2. 628 950, 97 488, 709:
3 %37 3&%1\'31'71?203920‘54 %prwmearéﬂc §8PB§’M”§S \%ﬂ“ 134, Juné

1975, PséﬂiﬁﬁéiallyRamewha1ﬂléuﬁiowreeﬁsdllbs pcmdceesmﬁedeOduct o
LlcenS|n Indei are publlcatlon:édgh Indfﬁﬁrlal %%ﬁ nltles Ltd.

Hornewelql ongWith ope 2f,ARTS © 4 ef p&ge © The tabular grain
enuIS|oaanoaﬁt&enuﬂtpmudddureskuﬂMomiﬁyﬂng cbmpedndsulgpqhemlpltatlon as
|IIustrated by Moi,sar. £t al f _Ph ra ence, Vol. 25,

1974, é?un?ﬁe &QPQﬁEﬂL§§$i£$u%hd?%§g’d§ éwls *can be added to the

S Te ctlooadmiaml tﬁmanMiddIeucha&cogeasr(i@e-dehmmﬁqriubes by gravity

(T sRIndEbp it AL qTe ) apd b it ot a1 of
metals, can. be present during silver halide precipi- .
tation, as illustrated by U.S. Patents 1,195, 432,
1,951,933; 2,448,060; 2, 628 167 2,950,972;

3,488, 709; 3, 737, 313; 3, 772 031; 4,269, 927, and
Research Disclosure, Vol. 134 June 1975, Item

13452. Research Disclosure and its predecessor,
Product Licensing Index, are publications of
Industrial Opportunities Ltd.; Homewell, Havant; -
Hampshire, P09 1EF, United Kingdom. The tabular
grain emulsions:can be internally reduction'sensi-

20

tized during precipitation, as illustrated by Moisar
et al, Journal of Photographic Science, Vol. 25,
1977, pp. 19-27. | '

The individual silver and halide salts. can
be added to the reaction vessel through surface or o %
subsurface delivery tubes by gravity feed or by

L

25

delivery apparqtus for naintaining control of the
rate of delivery'and the pH, pBr, and/or pAg of the
reaction vessel contents, as illustrated by U.S.
'Patents 3, 821 002 and 3,031,304 and Claes et al,
'Photographische Korrespondenz, Band 102 Number 10,
1967, p. 162. In order to obtain rapid distribution
of the reactants ‘within the reaction vessel,
pecially constructed mixing devices can be employed,

30

. 35




reaction vessel contents, as illustrated by U S. Patents 3,821,002 and _
3,031,304 and Caes et aI Phot ogr aphi sche Korrespondenz, Band 102, Numbér 28 =
10, 1§67 p. 162. I'n order to obtain rapid distribution of the reactant§ ;
wi t hin the reaction vessel, specially edBstructed m.xing devices can be
enpl oyed, -19- as iIIustrated by U S. Patents 2,996, 287; 3, 342, 605;
3,415, 650; - 3,785, 777; 4,147,551; 4,171, 224; U K Pat ent rication
2,022, 431A; Gasnkhlossratess bysd a%‘ndllaﬂﬁmes%ﬂ%dz&éseasgﬁZDﬁQél»osure

Vol urre - 166, Febsuar 650978, 78581776663, 147 , 551 4,171, 2248 0gpkng the tabul ar

O ey  PhRoRr ABRAE AR T 07, SR #ﬁr?e%ﬁ%%?ﬁé”é?é?'elﬁ. ng
medi umis conands@g566, &BSQqaadbgggggmiELJEQQEEEE_ﬁ Vé%pmezb66 -
concentratlon?eggugggn1§98 Qf%dxzégkzmwcent by wei ght, based on the totm

wei ght o ston c nRgne S In the reaction vessel, can be enployed. It
i's connDn practice to Spaminghsheotabulan ioratn shbvespbroee=in t he
reaction vessg &dP&LO%ﬁ@Q% aeye éa}weiéomiciélw ght, prior
to and during silver ormat 1 on an adj ust the enul.si.On vehicle

concent r at i orFeRtRiaeg VéFhéﬁchﬁmﬂﬁﬂﬁﬁ (ﬁﬁﬁ%ﬁierlgﬂlﬁspﬁ9 8EF&fed,
suppl enent al f@ﬁhctﬁeadﬂl.'sbe@in Hediwqrs %@éf@e& hgf aﬁeaqmab&son as

initially forne f congaln from rans of Etl er nol e’
of s fver  halPERE LRI SHABFYSLET-o TOR Fari8al A EBR oi | ver
hal i de. iﬁdltmozatovEDlpbeo@mm mg'awmghﬁ;ubased)omlhbethetemncentratlon up

(02 1 9 28,000 L BTRaRTt B £ oBbehanta Vi O | ShasELghehelb e,
nol € of silvecahabedemployedn cdat da &mmmmnegractiwentogmaipbeingraph|c
el ement the V@ﬁécé8n8£SE%£é9 h of the peptizer in the reaction
vessel below about 6 percent, based on the total
weight, prior to and during silver halide formation |
and to adjust the emulsion vehicle.concentration
N ‘upwardly for optimum coating characteristics by
delayed, supplemental vehicle additions. It is
contemplated that the emulsion as initially formed
will contain from 5 to 50 grams of peptizer per
' mole of silver halide, preferably 10 to 30
grams of peptizer per mole of silver halide.
- Additional vehicle can be added later to bfing'the
" concentration up to as high as 1000 grams per mole of
. silver halide. Preferably the concentration of
-vehicle in the finished emulsion is above 50 grams
per mole of silver halide. When coated and dried in
~ forming a photographic element the vehicle pfeferabiy
forms 30 to 70 percent by weight of the
emulsion layer. ' ) :
~ Vehicles (which include both binders and
peptizers) can be chosen from emong_:hose_conventionf
ally employed in silver halide emulsions{ Preferred
peptizers are hydrophilic coiloidéi which can be
employed alone or in combirnation with'hydrOPhobic

15
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' %gé)B;SO to 70 percent by weight of the 30 enulsion |ayer. Vehicles (which
y ude both binders and peptizers) can be chosen from anmong those

- convention- ally enployed in silver halide enulsions. Preferred peptizerg,
are hydrophilic colloids, which_gga be enployed alone or in conbination - .
wi t h hydr ophobi c - 20- materiafs. Suitable hydrophilic materials include

' substances such .as proteins, protein derivatives, cellulose

deri va&aaéﬂarsg Saelklap1es w1 00| e er 1816 nelllidl - treated gelatin -
(cattle bone or hi de gelatin of ‘acid-tre te&eggnatln (pi'gskin gelatin),

gelatlﬁuhﬁFFOSFFv§§°hea§ Prataingy RF PR gEiVeSed gel atin. These N
and oteellvtdsél e&rawﬁk;ec‘sl-o-%aﬁﬁ debhalsve Desteegyre, Vol . 176, Decenber.

1978, 7643, .S I I '
) S EREIARE 80 mIKRI IS trastid (R fAEL T (GRERIR. pR %fhi‘%phobl c
naterrhideugelatinh ownhnddHUmeaﬁ&ﬂe&el&ttan(bégekﬁnoyed not only in the
edul si Qlaﬁ‘iﬁDS gglhlgq_nolagt:qg;m};é:s.elgr@nt Sa@ét&theHnVent ion, but also in

ot her ers, as overcoat | ayer it er| é d | ayers p05|t|oned
beneat%\e %%i'érruPbFBﬁ RERS, genatti,rg. s $¢ can y°E ffenpl ated that grain

ri penlmwnet@rc]aué aaamzsuae ic s Qw! edrel Discloyarehr vﬁn: ogl de Ierrul tSl ons .
accor e, pre 0 al i de solvents are
usef uld”g pﬁ% 5 iggbm &&em wéekg.?ﬁ)‘? °%nlgf<ce €f bronide ions; |
mgen FvéhfmlelmatbeiaéaqtEmefuﬂing,paftkmwhmrly phenot e rlpﬁnlng 1t is
there t.he broni sal't Lnto the reaction -
vessel %ﬁgﬁﬁggi B%g;SFSSﬁlﬁﬁﬂWé¥i Eﬁé)#%éﬁ?ﬁéggé agents can al so be
enploymdtenﬂalanubefe&tdmebpmhiﬂeﬁinniWherewithecdnsber5|ng medi umin the

react o 45598! nBE" 808 o Uy S WhilY4dlE PAYLra7gE kAR OF they can be
- photographic elements of this invention, but also in |
other layers,_such as overcoat layers, interlayers B v
13 and layers positioned beneath the emulsion layers. |
It is specifically contemplated that grain _ B
ripening can occur during[the preparation'of silver o W
- bromoiodide emulsions according to the present
20e invention. Known silver halide solvents are useful
in promoting. ripening._ For example, an excess of
‘bromide ions; when present in the reaction vessel, is
known to promote ripening. It is therefore apparent
that the bronide salt solution run into the reaction
vessel can itself promote ripening. -Other ripening - _ s
agents can also be employed and can be entirely . ' . |
contained ‘within the dispersing medium in the . , ¥
reaction vessel before silver and halide salt '
additlon, or they can ‘be introduced into the reaction,
vessel along with one or more of the halide salt,
silver salt, or peptizer. In still another variant
the ripening agent can be ‘introduced independently
during halide and silver salt additions. Although
ammonia is a known ripening agent, it is not a
preferred ripening agent for the silver bromoiodide

enulsions of this invention exhibiting the highest
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vessel ‘along with one or nore of the halide salt, 30 silver salt, or &0
peptigzer. In still another variant the ripening agent can be |ntroduced

i ndep dently during halide and silver salt additions. Al though anmonia is
a known ripening agent, ‘it is not-a 3521ﬁreferred ri peni ng agent for the
silver bronoiodide enul sions of this invention exhibiting the highest :
-21- realized sieed granul arity relationships, The prefgrred enul sions of -

the present FRé@ ﬁ??énSRFde&¥%ﬂﬁ%ﬁﬁ#£¥ﬂYQ}3§ERR$§1P%HUIIhens Anong

preferred rlpeereereaeemlesieddmﬁe the prséenti Dgvetitivn. aréhi ocyanate
salts can be_used i the al a|llﬂaﬁﬂ ialts 'nost- conmonl y - sodi um and
potaSS|un1th985y8H§PB ¥ BEyanate salts. Wile any .
convent.i onal . quantltyAmbﬂ@upndfenneﬂmttpenimg ggenbs amer bHosed, preferred

concentratlogg gggngﬁger%h@q |L§??§fﬁ¥i§hg¥b]£’ ggaggnogetghggyanate salt

per nol § of Si Pyer rior gs .of enmployi ng
t hi ocyanat e 8HpbnRRgthgelkadde metigld salts 6. m%ﬁeﬁPmEOBiZ sediua t ed

?EovethU S. Kadep 6&8.35‘1?1&- E?Ao@ n%tﬁe?cbﬂgtgs |é&dna&maﬁis.ﬂmpconvtenthnal C
i oet her ri n nts, .such ose disclosed.in U. S nts

3,271, 157; 3€§g gggg%&n&a,ol 37, g@kflecaﬁf%e %%?Bg%ﬂr.‘a%g“ﬁpgﬁrggspect ratio
t abul ar gralofstheethﬁooyana&mdsa&tﬂsnanubeﬁintmndmeeéntpreferredn are 20
preferably V\/éligpggnrtga% eas‘%I %?“eusﬂ!t :KleOSfu:I?a ogsal ts can be

rennvedl Nnown suc as decan fon, filtration,
‘and/ or chil |Igsansi af ahdobya@hmmgsait|pénmmabeemquiI&eeahahidasclosure

Vol . 176, Degenlgt-ARige b B SR 91 dhp1ot ol EnBegy ity Vo0l o0

washi ng 25 is par vant ageou
t abal ar S|Ivb*P%ﬂbﬁﬁléS?Qésgﬁaﬁh§QMﬂdﬂintﬁr&xnﬁ#tsménzog $s86fpitation to

avoi d '”CreaéiﬂﬂdtﬁsbbethUQBUE¥%6€Hid*%“549953beand339320 069'0 The
N _ Alternatively, conventional thiocether ripening h
15 agents, such as those disclosed in U.S. Patents
_ 3,271,157; 3,574, 628; and 3,737, 313 can be employed._
— ' The high aspect ratio tabular grain silver
bromoiodide emulsions of the presentpinvention are
preferably washed to remove soluble salts. . The
soluble salts can be removed by well-known tech-
niques, such as by decantation, filtration, and/or
chill setting and leaching, as illustrated by
Research Disclosure, Vol. 176, December 1978 Item
17643, Section II. 1In the present invention ﬁaShing
is particularly advantageous in terminating ripening
of the tabular silver bromoiodide grains after the
'completion of precipitation to avoid increasing their

20

25
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thickness and reducing their aspect ratio The
' 'emulsions, with or without sensitizers, can be dried
30 and stored prior to use. ' '
Although the preparation of the high aspect
‘ratio tabular grain silver ‘bromoiodide emulsions has
.been described by reference to the process of the |
present invention, which produces neutral or

_35 nonammoniacal emulsions,_the_emulsions of the present -



iggriions, with or without sensitizers, can be dried and stored prior to :
Al t hough the preparation of the high aspect ratio tabular grain silver
' i odi de enul si ons has been described by referencé to the process of ‘whe
35 present invention, mhlch-%aeduces neutral or nonannnnlacal enul si ons,

t he emul si ons of the present i n | hejr utility are not

i m dowvemtiony angd ¥ m%ruH%%EXSaFSrnP “ﬁ&ee@d%}{ " According to an

| altegﬁ%@fﬂ%ﬂ§¥“§¥%%ébsaﬁoﬁttnéiseprepemaﬂmdnuznquamdﬂBglver br onoi odi de
enmul Srron acgordi'n ese PLERPLE d by a nethod

n
conpites BRy aldernad YﬁrEF?ﬁeﬁ éaEFhéﬁgxg%se “an’ énuT sron conprising a
disp lﬂﬁ)Sﬂﬂﬂeﬂnhwmh@iqdidedemulsnbweBdﬂﬂﬂdﬁﬁgﬂtﬂr@heand (b)

oggg}r rﬁentl J_nt rrggg?é?g?hnFQ gp@psal gt |b9n vmoélé&%rgggngrom de sal ts

. hi"gh iodide grains.is lNmted to .
-Iess(eﬁamﬂhvhdﬂngcmnaadreaeteoncEﬁﬁﬁ@ﬂl&mwﬁmqkﬁﬂ ¢amprisiBg to | ess

than 1% Fafifd hidSm %ﬁdoﬁiﬁhhioa'ﬂd\éersi@ﬂﬂe:brmﬂ@es rasnar,e

conc&r cet aspect, ratio é r in 15
emul amh mmrmﬂaﬁdiwrpﬁéclaﬂ"%c D the FFRSEROP "ﬁ§ i on they can
" be s ¢§} ér sy%?fd@ gglesghehbr@qm:ﬁu§1ﬂbamwdmadates o€l 1 known to
t hose gk led In the art nx ggég%éa) :i uE$%# s?lver salt can be
16! @pdd ihighrie! §h€??§n§n £h 5&?‘? ‘%J%%t 9+ tabul ar grain
- emul %J_Qﬁsorprmrﬁde byohbenpratden phdeskide Thshbimibedf to Lessi ng silver
salt shells.a2e idlu a t 313; '
3, 317t lc?;md i1 Oség iggl nwdegggﬁ\fgﬁt%}ﬁ‘;éﬁn%éﬁegg %géghel ling do not
25 fsamtstamefcmneﬂrnan&iyhi@hnmﬂuﬂﬁdJaI|o tabul ar grains, as shell

growth proceedsyl Dee AUhIRn ARRT: LAl OOéawfas kaign declines 1T

conditions favora rgrain Torna e present in the
lrSeactamuispmmhmmhgeshépmedrmlt&e pagess of th

present invention they can be shelled to produce a
- core-shell emulsion by procedures we11 known to those
- skilled in the art. Any photographically useful .
. silver salt can be employed in forming shells on the N
20 high aspect ratio tabular grain emulsions'prepared by
‘the present process. . Techniques for forming silver
salt shells are illustrated by U.S. Patents
3,367,778; '3,206,313; 3,317,322; and 4,150,994.
Since conventional techniques for shelling.do'not
25 favor the formation of high aspect ratio tabular

123

. grains, as shell.growth proCeeds the average aspect
ratio of the emulsion declines. .If conditions
favorable for tabular grain formation are present in

| the reaction vessel during shell formation, shell
30'_ growth can occur preferentially on the outer edges of
the grains so that aspect ratio need not decline.

-High aspect ratio core-shell tabular grain emulsions
are particularly useful for producing internal latent
images and can be used in forming either negative

- 35 working or direct reversal photographic elements.

Although the procedures for preparing
tabular silver halide grains described above will
produce high aspect ratio tabular grain emulsions in
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emulsions of the present invention can be chemically

grains using conventional separation techniques--
e.-g., by using a centrifuge or hydrocyclone.' An
illustrative teaching of hydrocyolone separation is
provided by U.S. Patent 3,326,641.

' The high aspect ratio tabular grain

sensitized. They can be chemically sensitized with

" active gelatin, as illustrated by T. H. James, The

25

Theory of the Photograghic Process, 4th Ed.,

Macmillan, 1977, PP- 67 -76, or with sulfur, selenium,'-

- tellurium, gold, platinum, palladium, iridium,
~osmium, rhodium, rhenium, or phosphorus sensitizers

30

or combinations of these sensitizers, such as at pAg
levels of from 5 to 10, pH levels of from 5 to 8 and
temperatures of from 30 to 80°C, as illustrated by
Research Disclosure, Vol. 120 April 1974, Item - -

12008, Research Disclosure, Vol. 134, June 1975 Item
_13452 U.s. Patents 1,623,499; 1,673,522; 2,399,083;

35

2,642,361; 3, 297 447 3,297,446; U.K. Patent

- 1,315,755; U.S. Patents 3,772,031; 3,761,267;
- 3,857,711; 3, 565 633; 3,901,714 and 3,904,415 and

U.K. Patent 1, 396 ,696; chemical sensitization being-

y ;separated from



(ﬁé;gpnblnatlons of these sen5|t|zers such as at pAg 30 levels of from5
0, pHlevels of from5 to 8 and tenperatures of from 30 to 800C, as
ustrated by Research Di scloz Vol . 120, April 1974, 1tem 12008, O
Research Di scl osure, Vol. 1347 June 1975, Item 13452, U. S. Patents
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_conpUusds Pait drites tzf,t&zmszepsedozm 215. aBaltdnEjoss Q,&57., 976t 3, ﬁZl 21|5I and -
4.054, 457. S e | ont e teed t e ze chemcally in
t Re eé&ﬁﬁ?ﬁﬁc?iixs 8?% HiegﬁésgﬁsﬁFﬂ%ﬁi éhﬁﬁ#l i Y that is
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cheny s a e |
azapyr| m | nes, %ﬁénzg?%fagtg)ﬁ)gﬁ]ngél FQB% 3: s?ﬁ@% 1 zeréﬁhaw ng one or nore.
-.heteﬁ@éydﬂ@?qaﬁﬂeﬂPe$§éﬁb¢aryr¢Sﬁn§hdnEdm®(ﬂhﬁﬂ%@ﬂbescrlbed in US.

Pat eglendi¥3bdt3n 3 éddh %44; aéaiﬁéeﬁéé %éﬂﬁ?fﬁﬁhzﬁh@@l 714; Canadi an

. -Patent 778, and ffln 1g igto raﬂ 4££55|0n Chen1stry Focal Press
1Q96872PNE ﬁiiﬂﬁg aZOALHM; Bt LIS sy fAensha- tively, the :

- emul slimscm\bmg @ha:tovrmetasheteedcycdig; nudIdi hydr ogen as illustrated

by UskenBTRes ikt 4301 A00-3, 984 843 b Py pRade 0 | 1 ess than 20 5)

rough the use of

redu?ﬁﬁgn&g@mlﬁ f&hﬁla% 41hpfbhs 35564, dS7 5t 13,8663 bxi de, pol yam nes

- and gngp @.a | p t b S ab?? 983,609, Research .
sclg?u?e7qulQgéggﬁaxtgd§§é§5 gﬁs ¥2§ §n813 fr S, Patents 2,518, 698;

_73BheEeasaEhisjﬁaals&aatﬁastiaasxs Egsa rqsﬁjcaaﬁﬁ)564 Surface |
New York, pp. 138-143. Additionally or alterna- ' Voo

tively, the emulsions can be reduction sensitized--

e. g., with hydrogen, as- illustrated by U.S. Patents .

. 3,891,446 and 3,984,249, by low pAg (e g.! less than , o

':_20 5) and/or high pH (e. ‘8o greater than 8) treatment or '

through the use of reducing agents, such as ‘stannous

chloride, thiourea dioxide, polyamines and amine-

boranes, as illustrated by U. S. Patent 2,983,609,

Research Disclosure, Vol. 136, August 1975 Item

25 13654, U.S. Patents 2,518,698; 2,739,060; 2,743,182

' and 2 743,183, 3, 026 203, and 3 361 564. "Surface
chemical sensitization, including sub surface
sensitization, illustrated by U.S. Patents 3,917, 485

. and 3, 966,476, is spec1fica11y contemplated '

30 In addition to being chemically senSitized
the high.aspect_ratio tabular grain silver bromo-
iodide emulsions of the present invention can also be
spectrally sensitized. It is specifically'contem-_'

te

plated to employ- spectral sensitizing dyes that

35 exhibit absorption maxima in ‘the blue and minus -
blue--i.e., green and/or red, portions of the visible -
-spectrum. In addition, for specialized applications,
‘spectral sensitizing dyes can be employed Wthh '
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quinolinium, pyridinium, 1soquinolin1um, 3H-indolium,
benz{e]indolium, oxazolium, oxazolinium, thiazolium,
thiazolinium, selenazolium, selenazollnium,'

'imidazolium, imidazolinium, benzoxazolium,.beﬁzo-

‘thiazolium, benzoselenazolium, benzimidazolium,

20

" naphthoxazolium, naphthothiazolium, naphthosélens
_azolium, dihydronaphthothiazolium, pyrylium, and
_imidazopyrazinium quaternary salts.

The merocyanine spectral sensitizing dyes

_ ihélﬁde, joined by a double bond or methine linkage, a

25

(et}

30

35

- basic heterocyclic nucleus of the cyanine dye type and an

acidic‘nucleus; such as can be derived from barbituric

acid, 2-thiobarbituric acid, rhodanine, hydantoin, Z;thio-__'
hydantoin, 4-thiohydantoin, 2-pyrazolin-5-omne, :

2-isoxazolin-S5-one, indan-1,3-dione, cyclo-

hexanel, 3- dione, 1,3~ dioxane-4 6-dione,

pyrazolin-3 5- dione, pentane-2,4-dione, alkyl-

sulfonylacetonitrile, malononitrile, iso-

quinolin-4-one, and chroman~2 4~ dione. N
One or more spectral sensitizing dyes may be

used. Dyes with sensitizing maxima at wavelengths

throughout the visible spectrum and with a great .

variety of spectral sensitivity curve shapes are

o1 ni tFL - sHECRTBC| aﬁfi 29 Y& @8 mdol i um



2 di c nucl eus, such as can.be derived frombarbituric acid,

pbarbituric acid, r hodani ne, hydantoin, 2-thio- hydantoin, . o
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~cyclo- hexanel , 3-di one, 1, 3-di.@gane-4, 6-dione, 30 pyrazolin-3,5- dione,

-pent ane- 2, 4- dlone al kyl - sulfonylacetonltrlle mal ononitrile, iso-
qui nol i n- 4 one, and chroman-2, 4- dione. One or nore spectral senS|t|Z|ng
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. conbéachi wavedengyis iw tﬁhejlén‘ea ecmf overibapt dlsaablpmza- spectr al
sens,hétgl?yggug\ie W i é{ﬁﬁ(lé’%ﬂ’@ﬁ)@tg? #E,giéggl le maxi ma of the

|
I ndivid nb nat1ons of Sensi ng ‘dyes can be used
whi chndévidualndyesersdhsa, Ak |bm poaai.ble toi sx,sespect ral sensitization

10hatcombongaisnsi B S ey s RAKH t Qi?ifn Riate concentration of
forent f

one of the _dyes al one’or, that resu e “addi tive effect
of tHheSRFEETAS, SENS Wﬂ%ﬁﬂqQFV%d%igﬁ &cﬂ#ﬁ@@&mwbﬁﬁWQQQxﬂed conbi nati ons

of 2fhesgensiniziaps maxAing dﬂ&ﬂaemhahfauamdﬁyget such aztlstn ab;! 'dgers and -
gplt bL?gggptssangﬁ kgs{}%?‘lt c%;%ggrﬁé&rékﬁrgﬁ fr']' Iéglgeaglesn;gham gms as weI'I ; |
as CABRAd4sesi vhi §bn1‘19(81#1&Fidhsﬂtma;rSemstu;baation--that
15 1is, spectral sensitization that is greater in some
spectral region than that from any concentration of
- one of the dyes alone or that which would result from |
the additive effect of the .dyes. Supersensitizatlon ~
can be achieved with selected combinations of ; |
20 spectral sensitizing dyes and other addenda, such as
stabilizers and antifoggants, development accelera-
tors or inhibitors, coating aids, brighteners and
antistatic sgents._:Any_bne of-sever31 mechanisms~as' _
well as compounds which can belresponsible for super-_
25  gensitization are discussed by Gilman, "Review of the
Mechanisms of Supersensitization s Photographic _
Science and Engineering, Vol. 18, 1974, pp. 418- 430,
Spectral sehsitizing dyes also affect the
emulsions in other'wsys;~'Spectral sensitizihg dyes
- 30 can also function as antifoggants or stabilizers,.
development accelerators or inhibitors, and halogen
. acceptors or electron acceptors, as disclosed in U.S.
Patents 2,131,038 and 3,930,860.
_ Among useful spectrel sensitizing dyes for
35 sensitizing silver bromoiodide enulsions are those
‘referred to 1in Researchzbisclosure, Vol. 176,
December 1978, Item_17643,'Sectipn III.




25 sensitization are discussed by G| nman, "Review of the Mechani sns of
Super sensi tization", Photographic Science and Engi neering, Vol. 18, 1974,
pp. 418-430. Spectral sensitizing dyes also affect the enulsions in other
ways' . Spectral sensitizing dyes 30 can also function as antifoggants or
stabilizers, devel opnent accel erators otgprhibitors, and hal ogen acceptors
or electron acceptors, as disclosed in U'S. Patents 2,131,038 and

3,930, 860.. Among useful spectral sensitizing dyes for 35 sen5|t|2|ng

silver br orml od| de enmul Toopealige Rtdee ﬁ_ﬂfprgdaﬁhﬁ@ag@s Regeehtd Di scl osure,
Vol .- 1786. nb 1978 17 ti I t.h
f8|l advant age Kglr‘FﬁPE ?‘ﬁvé‘%tmpgﬁ%detfqéefﬁoe?%qﬁ%ﬁbtﬁpﬁﬁéﬁ?}) gﬁég rialzesengl

tizing dye to theiggadpestpf ah% grfaimasurffces eftthathbghabspactgrai n
| .
Siver bromo ofl deachubnans s o i1Uet WMGINISNAC SIPRLOMME

amount--that 1S Iclrent- to reallze a
t he maxi m@m phohtgr&phentipaednaamalqmnem rmurm-gt:lamsisndi;n an

cont enpl at ed Cssdbapeﬁ ®hi cLBR S%er e./asé éuegvegpéﬂxeg will vary =

with the 10 speci ye or .dye co |na on osen as e size
and aspect rattbeomaxheugrahnsosrnphis mﬂﬁﬂﬂ|4tt¢in$hb@o§raphtbeart t hat'
opti mum spectr S 'dﬁﬁk rgan et about 25
to 100 percentéLaiﬁg hhH%ﬁ' ctol!\@édg?%)%dgr e f\%{ﬁg £ éﬁ’?éﬁéaval | abl e '
surface area ofh suqﬂaneigyngﬁtdve smplay IWtﬁigﬁ%EﬁSWiéb thecl osed, for -

exanpl e, 10 V‘ésﬁe@ifik dg@h%:A‘d?@’ %mﬁtﬁea%ﬁéé%agal 5€éll“a'§h€h€9raph' c

EnuIS|ons Jou Spence et al

EEsenS|t|zat|% zﬁfaEQ aSéﬁ§Ft fﬁﬁ& E%g Eﬁﬁ#%%j *tP%§skBQWna 8 Colloid
Cheristry, V0|th§6thQog§ap~Hi.@3a1:Q48:h§§3 opl@ﬁﬁhxilﬁﬁeetasﬂ Fefsibabant

fagg,gtzgg e TS VB ERIEEN LIORAIRLE 405 e “L8aS0 BY BLogBt s
‘percent or more of monolayer coverage of the total .

15 available surface area of surface sensitive silver .
halide grains, as disclosed, for example, in West et
al, "The‘Adsorption of Sensitizing Dyes in
Photographic Emulsions', Journal of Phys. Chem., Vol
56, p. 1065; 1952; Spence et al, 'Desensitization of

20 Sensitizing Dyes', Journal of Physical and Colloid
ChemiSttz,'Vol. 56, No. 6, June 1948, pp. 1090-1103;
and U.S. Patent 3,979,213. Optimum dye concentration
levels can be chosen by procedures taught by Mees, .
Theory of the Photographic Process, 1942, Macmillan,

25 pp. 1067-1069. Although native blue sensitivity of

' silver bromoilodide is commonly relied upon in the art

ey

in emulsion layers intended to record exposure to
blue light, significant advantages can be obtained by
_the use of blue spectral sensitizers.
30 Spectral sensitization can be undertaken at
any stage of emulsion preparation heretofore known to
be useful. Most commonly spectral sensitization is
undertaken in the aft'subsequent to the completion of
chemical sensitization."HoWever,'it is specifically
35 recognized that spectral sensitization can be underéf
taken_alternatively concurrently with chemical




heory of the Photographic Process, 1942, Macm | lan, 25 pp. 1067-1069.
1hough native blue sensitivity of silver bronoiodide is comonly relied
n-in the art in enulsion layers intended to record exposure to blue '\
ght, significant advantages can be obtained by the use of blue spectral
-sensitizers. 30 _ Spé@ﬁf sensitization can be undertaken at any

st age of enuIS|on preparation heretofore known to be useful. Mst commoniy -

spectral , i tization is taken i th art ubsequent to the
-conp?%??b téﬁ@wlgﬁn:ﬁﬂég%$i¥u?5 ceds ﬁﬁe it is specifically 35
recogensédizhaﬂ.omemdalcaerevem zemmmencenphéom'ndor theaken alternatively
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em cat Ssensitization rror e COI’Tp| et i on of

si | veaughti by Yr-8i-n Paterts t3a;62)&,9é@,tanghé 3325u6§6-PatAawts 3,628, 960; and
4,228 ficall -
> ?ﬁ Bétsg gl str:‘l%gltt“'elzy H§ 688} oft # 1 Eée@@.@iea |ys ot ui ol Y

contenp ate i’hiroluct? on tral “sensitizing dye

i nt cCPREeRRLRELEN too diigkTib RﬁﬁtiﬁﬁﬁQﬁuFﬁé°§p@§tF§F sensitizing dye is

Presgpéceradr sbﬁs‘i‘&@.’i‘ Q% d%@siﬂt&aéh@”eﬁﬁ@siohe%' Rhak ) -portion is
“introduced after . chem c en5|t|f€£€£g§ nllhe U.S. Patent 4,225,666, it
e

i s SPREFLPRaP t@&nﬁ&ﬁﬁ?ﬁ YRaLSsBRESEDS ng dye can be: added
to tﬂs\ﬁsﬂutsl aneaﬁt:erl FerAtiide Déntd8dshl ¥emallaiinge has: been

AR SR i BpetL s Db
chenﬁlﬁ}aikanﬂ/sr 9ﬁt@tnrta|4 235, 666atienis épéaeﬂﬁhu anpl e of : pAg
20 U5 Rlp 1384 IR, I FEmce il gl 98 gne Ve Ty by, 1979, 1t
emul sdded tenthzehehulslilogheafmesﬂ percehtr ofythel atiilameshi ps when = -
chemgoihy AAY BRSH %‘i!éc\’ipsﬂ‘éééaZedséhéfttﬁi}é%i%%e%a%ereé°f°re
15 enhanced by pAg adjustment,_including variation in |
pAg which completes one or more cycles during
chemical and/or spectral sensitization. A specific
example of pAg. adjustment is provided by Research
Disclosure, Vol. 181 May 1979, Item 18155.
20 High aspect ratio tabular grain silver
" bromoiodide emulsions can exhibit higher speed-
granularity relationships when chemically and
spectrally sensitized than have been heretofore
realized using silver bromoiodide emulsions
25 containing low aspect ratio tabular grains and/or

exhibiting the highest known speed-granularity o -
relationships. Best results have been achieved using '
minus blue spectral sensitizing dyes. ' '
. - In one preferred form,. spectral sens1tizers
30 can be incorporated in the emulsions of the present
" invention prior to. chemical sensitization. Similar

results have also been achieved in some instances by
introducing other adsorbable materials, such as
finish modifiers, intO-the_emulsions prior to

35 chemical sensitization. | o




real i zed using silver bronoiodide enul sions 25 containing | ow aspect rati ’
t abul af_ grains and/or exhibiting the highest known speed-granularity
rel ati onshi ps.  Best results have been achi eved using m nus bl ue spectral
sensitizing dyes. 1n one preferred f0rn1_2@pectral,Sensitizers 30 can be
incorporated-in the emul sions of the present invention prior to chemcal
sensitization. Simlar results have al so been achi eved in sone instances by

i ntroduci ng other adsor bahdep@idunts 6f théhpasoti fhebrpoeiatiiensofi nto the

emul si ons prior _t eni itizajlo __-29- . I ndependent .of the
prior.incor poraﬁp_%ﬁ%iafb;%scrin}%ﬁgggif e#%g*é,glt?flegrérge]tgr ?@g'ipg «§ °oy L
t.hi o- cyanat es dyenageshdunixig stheniidahtsemsitizationt ia- conoeatel~f rom
about 2 X.10[er ' ; 9 5¢ 1 o8 Sihuek. aught by U 'S.
Patent-2,642,36%¥°?%tégngkgvgeﬁﬁﬁgié%§§i%§ﬁiﬁgoazeﬁ?ggcgﬁrggng§ed during
chemical sénsit basedosn 'sidvean, |as taught bypréeaBh, Pakeos daddide Idlacticed
i n.conbi nation i 0 .botgtt t : b RPLRACRES separ at el y
thereof, it is g?gggr?§°9?q,a@@ﬁ§?tif?%é%?%ﬁ??ﬁ?ﬁgnégﬁ g?lgggdand/or- _
hal i de salts pr §€ﬁpgiﬁg§&¥ﬁéy3ﬁﬁﬂﬁ 1zatipnguring chenical sensitization

Sol ubl e silver salts, su@h atidl Eretioad adpproath§rwhithl sanodeet ate, and
15 silver nitrate '

preci pitating OBFSCFH%% r %]lcgng%g_u&céa{io@s * ls°§$l$lélrg8ﬁ iglfgi cg,pag:_favgj; |
phosphat e, 19 | vabowver approachesl dihasdpdatlyethereof,hdkide (i.e., silver
onto the t abul BPTRERFASS Eoa Rl Ak, W SRTSRREERTLOROPECRAIVEE, o Li pprann
enul sion can beahdybedhedddiursals < fpard sent sttisédiaoelgnpridhetohom cal
sensi tization of, SRee! (hent M Wend s ML OlogSPesb1 181601308 P ka1t s,
e : such as silver acetate, silver trifluorocacetate, and
15 silver nitrate, can be introduced as well as silver
salts capable of precipitating.onto the grain
surfaces, such as silver thioéyanate, silver
phosphate, silvér-carbonate, and the like. Fine
- silver halide (i.e., silver bromide, iodide, and/or
20 chloride) grains capable of Ostwald ripening onto the
. tabular grain surfaces can be introduced. Eor  ) |
éxamplé, a Lippmann emulsion-CAn be introduced during
_ chemical sensitization. The chemical sensitization
- o of spectrally sensitized high aspect ratio tabular
25 grain emulsions can be effected at one or more _
: ordered discrete sites of the tabular graiﬁs- It is =
~believed that the preferenfial adsorption of spectral
sensitizing dye on the crystallographic surfaces
forming the major faces of thé,tabular'grains.aIIOWS_

o

30 chemical sensitization to occur selectively at unlike
crystallographic surfaces of the tabular grains. )
The preferred chemical sensitizers for the
highest attaiﬁéd speed?granularity'relationships are
_ gold and sﬁlfur'seﬁsitizers,-gold and selenium
35 senSitizers,'and'gbld, sulfur, and selenium
~ sensitizers. Thus, in a preferred form of the



e tabular grains. It is believed that the preferential adsorption of

tral sensitizing dye on the crystallographic surfaces form ng the najer
faces of the tabular grains akhlpws 30 chem cal sensitization to occur
selectively at unlike crystallographic surfaces of the tabular grains. The
preferred chenical sensitizers for the highest attained speed-granularity
rel alnveation,atheghlighhadpidt watsbostabatap, goalid s8idveal eni um 35

or orereBGLpa1A8 ettt of iy eagRl ThOTRERONTCCS T, LB

gr ai¢Prt2ainr apréddledrhaleagen oich Qﬁesﬁlﬁgﬁnanﬂﬁpshtion contain a
n ddg €16ALLBYIRRLcRUGR %d‘i:l“ﬁél_rdé)&”@u@ébE%eah& oMai,ch may not be

detegt ahl e, apnd_gol d : ich is detectaple. The_enulsions also usually
-5cxnﬂéhfghe%§c$%5gﬁtﬁéasrs' & FLAIRRE, @ f?hﬁﬁﬁﬁigﬁe concentration of the

. thi coompain detebeableallesmlsichtickocyengtegt hithedghed by known enul sion
120 SEORR B gk T o U £ Bl Bl o 10 calea cbove
sur femel stoms @ansbevgrealtilyc wedticed dy damownr emulsdonhal i de of differing
ot g EechbEqless YR ERRIL 0L nd R¥EEeBERY Ve At hough not

10equfomus tind baated abbvef thecitatubamtsbleertbeomolibdiides of the present
or adk) Ss A PREVF, Bfgther] AT UL BE MRERH LRI T Y,

t heysypias apljvarhrblocygaate oforitanather 69ipverchaldtet he maxi num | og
RIS Yterentie amlecets, (e dpmtlplanag o et st en
“or silver bromide), although the other sg _ _ :
15 ma& be present below detectable levels. .
| Although not required to realize all of
their advantages, the emulsions of the present _
invention are preferably, in aécordance'with o e
| prevailing manufacturing practices, optimally _ '
20 chemically and spéCtrally sensitized. That.is,.they
preferably achieve speeds of at least 60 percent of
- the maximum log_spéed attainable from the grains in
the spectral region of sensitization under the
contemplated COnditioﬁs.of use and processing.’ Log -

25 speed is herein defined as 100 (1-1log E), where E is ' ' *
measured in metér;candle-seconds at a'density]of 0.1
above fog. Once the silver halide grain content of
an emulsion has been-charécterized it is.possibie'to'

. _estimaté from further product analysis'and'perform- “
30 ance evaluation whéthet an-emu1sion layer of a

-:_{% rain enmul sions can be effected at one or nore ordered discrete sites
A

| YNy

lver salt

product appears to be optimally chemically and
spectrally sensitized in relation to comparable -
commercial offetings of other-manufaqturérs. To
~achieve the shérpness advantages of the preéent
35 invention it is immaterial whether the silver halide
emulsions are chemically or.spectrally.sensitizéd
efficiently or inefficiently{




met er - candl e- seconds at a density of 0.1 above fog. Once the silver _
grai "~content of an enul si on has been characterized it is possible to . .
estimate from further product. analysis and perform 30  ance evaluation
whet her an emul sion |ayer of a product.gppears to be optimally chenmically
and spectrally sensitized inrelation to conparable commercial offerings of
ot her manufacturers. -~ To achi eve the sharpness advantages of the present 35
invention it is |nnateOnab hﬂghha@pbht Ydtis tubhulier egrabnons are

chemically or itiz S ntly. = -31-
Once hi ghyas %’gﬁf%&ﬁ #gi’ Fe&r ggr‘i’%gf SI o%r# ng%/%i e%%tgbeﬁerat ed by
preC|p|tathP¥nQﬁé@n¢ss waabadd agdd semsditdizadi, a8 drseribed above, their
Dot o0r aphi o aoue o ERELE! PReplratdon carMY MU red by oKe ?33‘?}! ¢
appl i cat?ons f- ﬁﬁtg9§|P§eF°PN§ iPE‘ﬂeﬁﬁaﬁﬁgkﬁgh &@ entlona
blafk and- mhldﬁdphbép cgnabbyusé&ully appliedﬁtﬁ(ghamwgnaphtaents haV|ng .
enul si ons accgr i nve on. int end t0 formsilver images .
can- be hardenﬁ?d*gg%#?%é ZF?‘P& gntsllb'a'e(fo\;lnbat%e ftg% 1g)?lecesm ty of
|ncorporatnnyznﬁm¢ednae gasdonawedmmqn;hmhianknaqﬁ-ﬁhdtepphqtos i ncr eased

15 silver ﬁ ﬁ power to be realized as conpared to photographic
el enent s S|n1 fp ardened ‘and processed, but enploying nontabul ar or Iess

25 speed is herein defined as 100 (1-log E), where E is neasured in - {iE§>
hal i d¢

t han hlghoaspect ratuoPhabggaapguaunhamﬁnﬁswh;Vﬁﬂgxgmu siogs it is - o
- possible to éﬁ?ﬁ S t | 1y € ion |ayers
and ot her Hﬁ% |€§cg?géhg ?%egfé%o Iac i}ﬂ |?%§&H%?of§g%hlc _ Y

el erent s |n aﬁﬁ- yexininagesi eﬁgnbet bardened sF\ﬂelﬂfi REEANE h%uf-ﬁ etento | ess

than 200 per qeftobWPEA€EERE necessity of incorporating additional
Y hardener during processing. This permits increased
15 silver covering power to be realized as coﬁpared to
photographic elemeénts similarly hardened and
o processed, but employing nontabular or less than high -
~aspect ratio tabular grain emulsions. ‘Specifically,
it is possible to harden the high aspect ratio
20 tabular grain emulsion layers and other hydrophilic
colloid layers of black-and-white: photographic
elements in an amount sufficient to reduce swelling
_ of the layers to less than 200 percent, percent
- . swelling being determined by (a) incubating the
| 25 photographic element at 38°C for 3 days at 50 percent
relative humidity, (b) measuring lgyer'thickness; (e)

Lo

immersing the photographic element in distilled water
at 21°C for 3 minutes, and (d) measuring change in |
layer thickness. Although hardening of the photo-
30  graphic elements inténded to form silver images to
the extent that hardeners need hotlbe_incorporated in
- processing solutions is_specifically prefefred, it is
recognized that the emulsions of the present B
invention can be hardened to any conventional level.
35 It is further specifically contemplated to incorpor-
ate hardeners in processing solutions, as '



<é§%)ling bei ng deternmined by (a) incubating the 25 photographic element at
{err] for 3 days at 50 percent relative humdity, (b) neasuring |ayer
t hi ckness, (c) inmersing the photographic elenent in distilled water at ‘o
21[err] for 3 mnutes, and (d) neasuring change in |ayer thickness. .
. Al though' hardening of ‘the pho#82-30 graphic el enments. intended to form -
-~ silver images to the extent that hardeners need not be incorporated in - .
‘processing solutions is specifically preferred, it is recognized that the

emul £l bastoatede §p§sGﬂﬁmnﬁﬁyanN§§§EEDEhhﬂidehedure,any conventi onal
|eVeVol35184|tAh§u%%”ﬂ§79‘“I¥Hﬂ f@ﬁiy CPQ%EgPh?Peﬁ to incorpor- ate

har de s I n roceSS|n so ut1aons, usfrated, for exanple, by
g g

Resf kot Eng PaTLiculealy mthmgchqssm ofem 18431, Paragraph K,
reIafa@gogﬁaphiulaatgrﬁq1ghe processing of radiographic materials, 5

-5Typ|cal usef orat ardeners ehardeners) are illustrated in
Resear ch Di 33#883 V@Ff%%7g' é & rdepers17643, Section X.

Inst@intehqrdhnehsbnareaidiumtnaueﬂ(inERégeéﬁchln negative type enul sion’
coalp g5 dhue, Y8Y) 276A D ddifd 2EPE M PELYM 96AS| 1Y OF dect eases

maxi Y i n dirfect-positlve st on coafingS’can be protected
agai t%@nlﬁcorporatlon of stabilizers, antifoggants, antlklnklng agents,

latent inage lAstabiabiyi ¥eATtAThdidided RINERGA H8nklgyenul sion and

onttguousiﬁg%er€¥8rlorﬁ o.coatin %Je |dJustra gd In RESearch Di scl osure,

_ SobyPeoeBulsion £ &clh ofr 1 TO8ABAF of the antifoggants

- whi othixle Hidrebses mmnmuhsummn ot dedPeds€d mAx2Bumdevel opers and can

b SRR b R R REHIBNE BmiSAB Fan e e RN Bron, osa . T

677-pa81tected against by incorporation of stabilizers, o - '
antifoggants, antikinking agents, latent image '

15 stabilizers ‘and similar addenda in the emulsion and
contiguous layers prior to coating are 1llustrated in
Research Disclosure, Vol. 176, December 1978, Item

17643, Section VI. Many of the antifoggants which
are effective in emulsions can also be used in

‘20 developers and can be classified under a few general
headings, as illustrated by C.E.K. Mees, The Theory .
of the Photographic Process, 2nd Ed., Macmillan, '
1954, pp. 677-680. .

Where- hardeners of the aldehyde type are '_ _ 's-

25. employed, the emulsion layers can be protected w1th

| conventional antifoggants. . : : _ _ .
In addition to sensitizers, hardeners, and '
antifoggants and stabilizers, a variety of other -
'conventional photographic addenda can be present. _

30 The specific choice of addenda depends upon the exact
nature of the photographic application and is well
within the capability of the art. A variety of .
useful addenda are disclosed in Research Disclosure,.

- Vol. 176, December 1978, Item 17643. Optical |

35 ©brighteners can be introduced, as disclosed by Item

17643 at Paragraph V. Absorbing and scattering




can be protected with conventional antifoggants. In-addition to

sensi‘ti zers, hardeners, and antifoggants and stabilizers, a variety of

ot her ‘conventi onal photographlc addenda can be present. 30 The specific
choi ce  of addenda depends upon the exatd3-nature of the photographic
appli-cation and is well within the capability of the art. A variety of "
useful . addenda are disclosed in Research Disclosure, Vol. 176, Decenber
1978, Item 17sagertplscernibe lempovededn dhe muhimaceé the di scl osed

by 'te”1176431§%e86363raah Yn s o dﬁ1 éXE¥§Q§ft@ﬁé oto%gﬁghﬁeter'als

can. be enployed i n the enul sions tion and arate | ayers of )
the phot ogr aphlezentaenes, dascadded Had Raraaranh aphLl4 | | Coatbaging ai ds,

Gescri beg i %E?Ear“ra%?f"&é’sﬁ”q“"??*‘d ey s?ﬁ‘?d%“’@“é”‘**s -

| i
descrlbed i n 8¢ gP§§E°%PFPs 8480 9% éﬁﬁi&%ﬁninlﬁhﬁQQEEPBf leFBaESf
‘addenda’ar eddpﬁesehed IAnEdsa@tapP hwyéﬁslﬁu%dgsmfm? tan be i
i ncor por at ed, i in el o nts an
developnentn%ﬁﬁ?gggéﬁ Rigl’fcﬁ egpﬁﬁquuxn%ﬁﬁqﬁ% §5£§%§g$°86d I n
Par agr aphs 0 finaddandavaze dnscgﬁ&msbdap RarageapmtXI¥s tMatthugntion are
i ntended to S@gdﬁ:gaéhﬂgbapmhcec% Blriat@dld Oy duBESiKed e pa#egrhauers 15

of ther |o hic.ele can take a e forns s |ca
descri be 8 , earBﬂVESSEhBSUF&e“FFEﬁﬁgwdéﬁe RERAY 8§£k &ré enuI5|ons
Ff t he |nvent¢£m, 2f dekired, ObbeincommgruueuvﬂasndesarﬁbéddsnenulSIon
ayers, inter eLy any, present in
the=photogra.% %géfgﬁﬁﬁt gﬂabe coatﬁ’g1 %é%ﬁ%%*%bed i n Research
Discl osure, \@lemddts ®fctheeinventiomn melﬁﬁx&nd@da@mam@rw In
accordance‘M££Hféé?&&hi@erB&iE%%&%%s, emulsion and other layers =~
15 of the radiographic element can take any of the forms
specifically described in Research Disclosure, Item
18431, cited above. The emu151ons of the invention,

Wher e hardeners of the aldehyde'type are 25 enpl oyed, the emul sion Iayers(igéé;

as well as other, conventional silver halide emulsxon'
layers, interlayers, overcoats, and subbing layers,_
20 if any, present in the photographic elements can be
' " coated and dried as described in Research Disclosure,
Vol. 176, December 1978, Item 17643, Paragraph XV.
| | In accordance with established practices
- | within the art.it is specifically contemplated to
| 25 blend the high aspect ratio tabular grain emulsions
 of the present invention with each other or with:
conventional emulsions to satisfy specific emulsion
layer requirements. For example, it is known to
_ ‘blend emulsions to adjust the characteristic curve of
30 a photographic element to satisfy a predetermined
aim. Blending can be employed to increase or
_ decrease maximum densities realized on exposure and
processing, to decrease or increase minimum density, -
~ and to ‘adjust characteristic curve shape between
35 their toe and shoulder. portions. To accomplish this
the emulsions of this invention.can'be'blended'with

wA



i/ the art it is specifically contenplated to 25 blend the high aspect
“tabular grain enul sions of the present invention with each other or
conventional emulsions to satisfy specific enulsion layer
requirenments. - For exanple, it Lggknown to blend enul sions to adjust the
characteristic curve of 30 a photographic el'enent to satisfy a
predetern1ned aim Blendlng can be enployed to increase or decrease

Mexi nuabeleealttﬁoemr Al Ivead 1od Ba@Oemi Bs 8B8spr Buehs lafsg ,ctidsedecr ease or

55 Cnarserabeman Anscanch bdsefobdte, RATTAT L) DeeBtar Cireions o

this i 1998t Creanrl 1643 aticed vabdve, Baragmphnzil. siltvelrs hal i de emul si ons,
such as .th -d cribe esearch osur 176, Decenber 1978,
“Item 1?3%9'%3 Yalfi "Waf%rg? ph° Ig)lj'epf1 ?’E‘ ﬁ@&qﬁli@éﬁ P&ontenpl ated to
bPend dbeceﬁbbﬂ(ﬂﬁ;&ubiparagraphbﬁdofnPawhgmap&gﬂaphWheﬂ ‘&ar agr aph 1.

. \When -a I IsS. bl ended with or
-coatedrégfgkgﬁﬁgyﬁgdk SIO #¥§%egﬂi85kg? ?ﬁ&£%£Q§1f% further increase
in thebiendied miih pnuc@ateépeéﬁageanutbeu eynwleaiazna)m|¢he of the 10 -
erul <1 gResghe! d5ieln ti¥h ) WY hir dile EncPahge! 1ndelt0 seffhand 3,152,907 1n-
their est formp | c. el ements_according q# e present
|nventFéNi§NﬁP thﬂﬁRﬁQé) %ubﬂfiEYeFeééﬁt&Qﬁhi?" dHhispect ratio.

t abul ?ém&isi&hak:'&ﬁﬁ'r‘é&ﬂ@ | WP eagR t:e | gi.gn @f@e@rmsﬂg to the pr ezetnth t
i nven o) uppor i's, -of .course, recognize a
nore t aﬂ4§n31§ §H§c$k§$%e§ IS|on Iayer as wel'l as -overcoat, subbing,
and |nterlayersImamhainuxﬁmplqstnfbudephotbssﬁahiaﬁeIHMeﬁnend|ng _
enul si QJ’:‘?ﬁ@aiﬁ S¢ld gk g:t}%’sf‘%:ﬁélﬁia‘zggﬁtf%e% %9 %%&dgaég achi e"ed by s

coating Is lons t ating
separa@@uéﬁépgl@#MQENQQPQQiQéNSe@ehﬁgbaéépeéip&§§¥9IQﬁthﬁ% is mell known

i pst hegi‘ain §11vel Yol Md etk T8 on according to the S
present invention and a photographic support. It is,
of course; recognized that more than ome silver _
halide emulsion layer as well as overcoat, subbing, o ' Q)

. and interlayers can be usefully included. Instead of '

20 blending emulsions: as described above the same effect
can usually by achieved by coating the emulsions to-
be blended as separate layers. Coating of separate '
emulsion layers to achieve greater exposure latitude
is well known in the art, as illustrated by Zelikman

25  and Levi, Makingﬁand Coating Photographic Emulsions, :

- Focal Press, 1964, pp. 234-238; U.S. Patent j '
3,662,228; and U.K. Patent'923'045.- It is further
well known in the art that increased photographic
speed can be realized when faster and slower '

30 emulsions are coated in separate layers as opposed to
blending. Typically the faster emulsion layer is
coated to lie nearer the exposxng radiation source
than the slower. emulsion layer. This approach can be
extended to. three or more superimposed emulsion

35 layers. Such layer arrangements are specifically
contemplated in the practice of this invention.




pp. 234-238; U.S. Patent 3,662,228, and U. K Patent 923,045. It is furth
wel |- Rhown in the art that: |ncreased photographlc speed can be realized
when faster and s|ower 30 emulsions agﬁ%coated in separate.layers as
‘opposed to blendlng Typlcally the faster emul sion layer is coated to lie
nearer the exposing radiation source than the ‘sl ower emul sion layer. This

approach can be extendgd tp_ three L e l.gj o .
| ayers. Such | ayer ar i ?%ﬁﬁ% % et ﬁeﬁpaHggfﬁgﬂg%n%&%aéﬁgﬁﬁé?Pthe
practice of bh:;qanﬂﬂnonwa variéfy dﬁesuayerSS@f Typ iicladt edvoimiri ¢ el enent s

can be coate I t O+ hic supports.
i ncl ude pol y%erl C éllfsrn"% éfré;g ﬁg@?@ aes 01%‘8%@6 f&h’&él Iw dzﬁeet angpfml

glass 5 . afdbearad- cs-sumﬁperngn%m ﬁessbeem aad \ﬁqirl,osela@s nor e
subbi ng 5 ayefa%dt @ AU S50 'éffméﬁkb g%b%tildﬁd U I &y

abrasive, hardness, frictional, antihalation and/or other propertles of the
support surfBe¥e swbhing dayers ke ephangaothei adhesive, arti- see for

eXanpl 6. RESQU1 Y SRS FondD] - abFRs1 PBGCRRPANEIL], FBLANS, Section

XVI1. Al though the enuI5|on yer or ayers are ty |caIIy coat ed as
conti nuous | 8p&ddhalad ﬁa‘%%"o&ﬁ@géﬁtépén&f FReosUpRaTices, this

geedI not 1|5 s fldeee catsmeséfmu €soarbawens k?awaeiqpmtﬁ&jatlerally
i spl acq ayer ment s a ar ort surfac e enul sion .
| ayer orq“ 3‘?’3’5@‘@?@2{] M—éﬁ&ﬁi&&-ﬁ& SF& cro- cellular
support. UseDucembaux$978uzﬁtempbbﬁés aSecEQondxﬂdmased by Pat ent S
Cooperation Treaty publ4i 89/ 1 gJ d‘3 ugust 7,
1986, (Bel gi an Patent W%&’ é&% §Ei¥g88a9%g ?gs&% eﬁsc#]% éA\ and U.S.
Patent 4, 307tywca1mmqaafe¢ sas:amomaiaguoasohyer@ 2O0 sMBPti ers in width
and‘up to having,opposed Planar major surfaces, this need not
15 be the case. The emulsion layers can be coated as
laterally'displgced-layer'segments on a_planar _
support surface. When the emulsion layer or layers

25 and Levi, Mking and Coating Phot ographi c Enul si ons, Focal Press, 1963<j§£9

are segmented, it is preferred to employ a micro-
cellular support. Useful microcellular supports are
20 ' disclosed by Patent Cooperation Treaty published
application W080/01614, published August 7, 1980,
(Bélgian Patent*881,513,-August'1, 1980, corres-
ponding), and U.S. Patent 4,307,165. Microcells can
-  range from 1 to 200 micrometers in width and up to
- 25 1000 micrometers in depth. It'is-generally.prefefredﬁ
| that the microcells be at least 4 micrometers in
width and less than 200 micrometers in depth, with .
optimum dimensions beihg about 10 to 100 micrometers
in width and depth for ordinary black-and-white
30 imaging applications-- particularly where the
~ photographic image is intended to be enlarged.
"~ The photographic elements of the present
invention can be imagewise exposed in any
_ ‘conventional manner. Attention is directed to
35 Research Disclosure Item 17643, cited abpve,' |
- Paragraph XVIII. The present invention is

15 S




1000 m croneters in depth. It is generally preferred that the
|\ Smijcrocells be at |least 4 micronmeters in width and |ess than 200 mcroneters

“depth, with optinmum di mensi ons being about 10 to 100 microneters in
~width and depth for ordinary hlaggk-and-white 30 . imagi ng applications--
particul'arly where the photographic inmage is intended to be enlarged. The
phot ogr aphi c eIenEnts of the present invention can be inagew se exposed in

any £Rpyentidhaly WVIRlcag e hOR Liegbutabedxbosite ARpearch D scl osure.

Ite ent .invention is

ove aragr
- 36- “Bﬂ??FéBP&rP&‘iH QékﬁFlﬁﬁﬁ%ﬁF%@neY the yndertaken with
‘el ec+&QUBANGE] Qheatélp@dmm{\dithlvihidfle tk@i spedtriafle spectrum in_which the

spectr al Ein5|t|zers rese EXhI%Pt abgg Btlon naxi v%en 5. the

phot 8§RELREZEZ S RERS $QEPELB deF&@a‘gr Dred, or. infrared
5exposheephosogrhpwicse&sﬂenﬁs ‘gbsoiftended tbe rielcord green red, or- . -
infr p L.on h k and- mhlte | magi ng

applﬁ%sgfogége QL%#e?@fgﬁgféiygéha¥§§§sggﬁdtSgra%hlg el enents be ortho-

chronensmaiheroabpmmﬂﬁngnﬁncﬁhéybkueslgreed,twedermn: light to extend

evpotbF¥abkd BHka #ﬁo%h%?‘ﬁfﬁeéaﬂ‘ao#%%@% Y eren T 18

phasklackretdcevhiyd damging lappbitstionpoitr ds preferirad, el evated or.
oedugﬁg tgggehgh&rgiéyﬂyén fgf@??éﬁ?e bgghgdlng high or lowintensity

- exposures erm exposures, exposure ti nmes rangl ng
from:hmmatécacllbrem ipasicheomaticallyi eensin zed tiee nillisecond-to

”‘Crﬁé?ﬁQEdliﬁﬁ&Eﬁﬁ“E£¥e&H'3éﬂﬂi€i€9€?r6§th3ﬁﬂthﬁ.%@Qi%@i’V“th'n t he
useful response r es detern1ned éﬁ%& ¥ent|onal sensitonetric techni ques:

as i $PESEFYRed Nk enersy &R O5f S¥RESHRS G&hphi ¢ Process, 4th
Ed. béhéﬁthEanoncoherent (random phase) or coherent (in .

15 phase), produced by lasers. Imagewise exposures at

| ambient, elevated or reduced temperatures and/or
pressures, including high or low intensity exposures,
continuous or intermittent exposures, exposure times

¥

| ranging from minutes to relatively short_durations in
20 the millisecond: to microsecond range”and solerizing
 exposures, can:behemployed within the useful response
ranges determined by conventional sensitometric
techniques, as illustrated by T. H. James, The Theory
of the Photographic Process, 4th Ed., Macmillen,c
25 1977, Chapters 4, 6, 17, 18, and 23." | _ N
The light-sensitive silver halide contained - -
in the photographic elements can be processed L
'conventionally following exposure to form a visible
image by associating the silver halide with an
30 aqueous alkaline medium in the presence of a
developing agent contained in the medium or the
 element. : '
_ Once_a-silver image has'been formed in the
photographic element, it is conventional practice to -
35 fix the undeveloped silver halide. The high aspect
~ ratio tabular grain emulsions of the present




contaiwed in the photographlc el ements can he processedyconventionally
fol | owt ng exposure to forma- visible imge by associating the silver hal i de
with an 30 aqueous al kaline mediumin the presence-of- a devel oping agent d
contained in the mediumor the el enent. Ght®.a silver i mge has been formed -
I n the photographic elenent, it is conventional practice to 35 fix the
undevel oped silyver halide. The hjgh aspect -ratio tabul n _enul si ons

of the present invenfion n%’é%t?%ﬁtilg'élﬁﬁi% EGV&PF?SSM%%W iR& | owi ng
flxbng to Fe adﬁmﬂﬁgstmxberuocohplisheﬂltn aeeho&téﬂﬂtﬁfﬂIpnmiqdoce55|ng
to be accel era T 0 e ni ques 5

descri bed abovzﬁ’fqtﬁ %ﬁ)% g?g ﬁg §§ Eg?igﬂ'gqﬁgggcl y adapted to

provi de a col ored i nage Theqnmtogeaphécoéléyteats lamt.’pmﬁaa@cmmlqnml est
approach t® ob P € can be
|ncorporaf%d |ﬁ?ﬁ%§¥?ﬁﬁkﬁ§gs§ ?€£ SQhBEinagggﬁF%De é%) §y5|lver

25 1977, Chapters 4, 6, 17 18, and 23. The light- sensitive silver halide (?

i mage formati orraatiek) aadep %edde@cpree&dabeveo oredaimeg ﬁMﬁh@9Q8%|lver~
ranon tting | e SRR Myes, | T PERATLAR sluplest Hpidadh to

transmtting light therethrough, and_ int

transmtted co&iﬁﬁiﬂﬁﬂgmﬁ|FF%$¢6F3PBetﬁ€19§IéPaBF gheonyankional n this

way a col ored Idr?wecaqarwem@af'pwaéeanea thehﬁupg%%tefJﬁcﬁhéan al so be
a separate dye filter ier or |ter el ement -

achi.-eved 3¥ usi
toget her n ah@%m ke e hement s aAsfas Awemimaaapaﬁqm%#eht. The

silver halide Wﬁé&h%elmi—ebéanns@eusem Qrledsnwhierd n@ges therel n
through the selective destrugtign or fo on of qye%enégréﬁmnographlc

el enents descriSeVemhotRa8e, 1s fAFRgd t e element
' substantially incapable of transmitting light

therethrough, and in the remaining areas light is
15 transmitted corresponding in color to the color of
the support. In this way a colored image can be
' readily formed. The same effect can also be achieved
' | by using a separate dye filter layer or dye filter .
- element together with an element having a transparent
20 support element. - | |
- The silver halide photographic elements can
be used to form dye images therein through the
selective destruction or formation of dyes. The
photographic elements described above for forming
- 25" silver images can:be'nsed_to form.dye images by
eoploying deveiopers containing dye image formers,

e
M

such as color couplers,'aS'in Research Disclosure,
- Vol. 176, December 1978, Item 17643, Section XIX,
Paragraph D. 1In this form the developer contains a
30 color-developing agent (e.g., &8 primary aromatic
| amine) which in its oxidized form is capable of
reacting with the coupler (coupling) to form the
image dye. - '
' Dye—forming couplers alternatlvely can be
35 incorporated in the photographic elements in a
conventional manner. They can be incorporated in




§;>25 silver imges can be used to formdye i mages by enploying devel opers
. containing dye image formers; such as color couplers, as in Research
- Di scl osure, Vol. 176, Decenber 1978 , Item 17643, Section Xl X, Paragrapf D.
lh this formthe devel oper contains a 30 col or-devel opi ng agent (e.g.,-a
primary aromatic am ne) whi ch38n its oxidi zed formis capable of .reacting.
mmth the coupler (coupling) to formthe inage. dye. Dye-form ng couplers o
alt tively can 5 or por. otographic elenments-in a
L 23001\ ﬁﬂﬂHB? %?héfaiﬁ#%néiﬁﬁfﬁ£?éa§%§@?ﬁrgpﬁg§é-.different anmount s
toeﬁfeemm diFoer exgmple,odmfaister efrikclinterrediakenpl e, in faster :
an S n of coupler _in:
Ghdde’ {@8;;}&8:1 REGE Tk %A@a@an Patidf SENEBNPIRL 99 ©

rel&ation I coverage ess than normal |y

enptedpatiomotot thensidvesr cmrage qan deckinitedpted- enul sion | ayers. The

5 9y rd N Eidn CRYPhRY 1y RRpINTER landlins L & OEASEEY W Aot e primry (1.

enta and Cyan) _i mage .dyes and ‘are-nondi ff.usi bl e, colorless
-- tRFe ate srepd. eaplsien: J@vesss: of differing reaction rates in

single or- sepﬁéaayeLgﬁeﬁgnga@d@prgﬁg(3@51é@m@@ﬁlyvehde&nred effects for -
oPSl S RhOB SO0 Ce prsmer (st DALY, hegdREd/ S oL 1O COUPleTs
deverid pawean) | ﬂhaget dyesoendcmrﬂeerramﬂﬁffxbéme, acotbelessrs, developing
10, SRl e, B P oL B DR, FOUP Lo ik L S E0RET PapcBB8R0Y 20 g
deSﬁnBes|tnrsingteveropepmmetelﬁayntsweamébeaemp@oyéﬂRxocouplers are wel |
comiiite (AfehE soﬁ§%8§5|s ﬁféerr a%eea@#’afV%L*E’?ﬁ?érsﬁgaﬁﬁi‘ﬁé?ap%?é2} 'y useful
gnxgpﬂiéhf&ens. _ .
The dye-forming couplers upon coupling can . | ..
15 release photographicallyﬂuseful,fragments, such as - — '
development inhibitors or accelerators, bleach E _ - T
acceleratore, developing agents, Silver halide” e O
. solvents, toners, hardeners, fogging agents, anti-
= foggants, competing couplers, chemical-or spectral
20 sensitizers and desensitizers. Development--
-inhibitor- releasing (DIR) couplers are well known in-
the art. So are dye-forming couplers and_nondye- ) -
forming compounds which upon coupling release a
~ variety of photographically useful groups. DIR - o .
25 compounds. which do not form dye upon reaction with" _
oxidized color-developing agents can also be . _ o "
employed. DIR compounds which oxidatively cleave can | |
also be employed. Silver halide emulsions which are
relatively light insensitive, such as Lippmann
30 emulsions,;heveibeen utilized as.interlaye:s—and
_ overcoet-layers_;omp:event or control the migration
of development inhibiﬁor'fragments} - B
| The photographic elements can incorporate L -
colored dye- forming couplers, such as those: employed
35_' to form integral masks for negative color images
and/or competing couplers. The photographic elements




25 conpounds which do not form dye upon reaction with oxidized
col or -devel opi ng agents can al so be enpl oyed. DI R conpounds which
oxi datively cleave can al so be enployed.- Silver halide emrul sions which ar
relatively |ight insensitive,* such as.-Lgf mann 30 . emul'si ons, have been
utilized as interlayers-and overcoat | aye to prevent or control t he
m gration of devel opment inhibitor fragnents. -- The photographlc el enents’
can |ncorporate col e;form cQ such o ed 35 to.
form i ntegral §€9§fu%%g:5??§§ gg?o ‘U-B}?gﬁ?eéﬁd/ o?ﬁc]br??e% Fers.
The. photograpmisedianinsed inﬁ&eseanchnbiadéosggge &piénkiﬁleers AL
of the above I 9 éﬁ§ﬁ$ g Fgégﬁr§b6@35cg gu& VTI 176 Decenber 1978,

on '

ltem 17643, Sectl | mages can - %z
processes which enploquy cﬁﬂﬁ%ﬁ@lﬁﬁnmPFh Srﬂ9 °Th§@§ g redUC|ng
agent. an oi di piveeeagsed wmmeexﬁpwinnaaoﬁbmutlim ada 4 rdyehe form of

an inert transi otogra el e C be
particul arly a&g‘ﬁ%}drgt%d’a%%%# n@% c?‘ﬂﬁgggeﬁg 80 H"Q-F’&éé—%?g%ﬂ?e £ .
phot ogr aphi ¢ eltdveerfiorm zof podextd figkng ragestt Anotie Hoemafan ve )
destruction of 4 C | ve esses.
It is conmon prg’}:ét ice |ér%y ﬁ&?%éf’éf iéH Qoﬁﬁlék Frh%%}%ﬁ%?hﬁ{fg

phot ogr aphi ¢ eledem@nt & (F%%rhﬁ'ePQh%igelférbEeédsplteér tioy fiommeiieng.  Such

r emoval %@Qp n of -a bl each accelerator or- a
precursorqgheréﬁg qﬂb?%3225|689§ %?IOH or in a layer of the el ement .

I n sone instances: the aﬂmﬁnPQﬂtQBF%EhiQOGIPEPﬁﬁé EfndémﬂdﬂﬂﬁyﬁYQS snall-

in relation toyagaid lﬁﬂrdﬁf'&%é’rQ«QI'é@inéadesE%é'tlﬂbn' i £\, el JTRARE
anpllflcatlon as descri bed above L lver Byeac ing.is omtted mnthout

substanti al vi S¥8 PREIB{SOTS %‘P‘F‘T‘I agt ﬁ“vﬁ‘p'p e5bilefsh PFaG9SA9S i mage
T It is common practice in forming dye images in silver

15 halide photogrephic elements to remove the developed
' silver by bleaching. Such removal can be enhanced by
— " incorporation of'a bleach accelerator or a precursor
' | thereof in a processing solution or in a layer of the
element. In some instences the amount of silver
20  formed by development is small in relation to the
h amount of dye produced, particularly in dye image
amplification, as described above, and silver
_ _ . bleaching is omitted without substantial visual
Co ~ effect. 1In still other applications the silver image
' 25 is retained and the dye image is intended to enhance
 or supplement the density provided by the image
" gilver. In the case of dye enhanced silver imaging
it is usually preferred to form a neutral dye or a
- combination of dyes which together produce a neutrale
30 image. It is also possible to form monochromatic or

£

neutral dye images using only dyes, silver being
'entirely removed from the image-bearing photogrephic
'uelements by bleaching ‘and fixzng | |
| ' The present invention can be employed to
35 produce multicolor photographic imeges ~ Generally
any conventional multicolor imaging element



is retained and the dye inmage is intended to enhance or ‘suppl enent the
Nsity provided by the image silver. 1In the case of dye enhanced silver
dging it is usually preferred to forma neutral dye or a conbi nati on o#
es whi ch together produce aJggural 30 inmmge.- It is also possible to
orm nonochromatic or neutral dye inmages ‘using only dyes, silver being
entirely renoved fromthe i mage-bearing photographic el ements by bl eaching
~and &onta@niﬂge qu d=mét i owensibvecahabédenemuled o 1Hyer produce

't { | | multicolor
ool i Be MR ANAP fe- 41D 067, nafRHE B HBBESURGRL NN (TS
| ayehighnaspeictpmatdp rﬁa&myanysaaﬁnngmaismnsﬂcmdigxa %9 gh aspect ratio
- tabuipe gws@mw&tf&ﬁprdms QeEQﬁtpi%%%ttﬂdﬁlqmllon | - The present "
5oy FUL LY BBRMEARNGIES hRFh AAGLEEVR BB BOL0r ARARLIR [ on of thig
|nveahdosub&nattﬂweumuﬂticcbonrimaggngg a filter array containing
interlaid blug %g %%iic%gioﬁl SEERLg £an be enpl oyed in

-conbi nati on mnth a g accor ng to the present. invention.

9
4

capabnvectlpnbﬁﬂbl t£¥N¢\nN1¢$agbor dmagdngasgefilltar o tabular grain

enulg %oheﬁiﬁﬁ Iﬂnﬂ I&QIC rb&nPal rggically 15 sensitized
o K orns a grap |c e enent i s i magew se exposed
. lphr oﬁgﬂ\t?h'eeéea!ietﬁt\ﬁe ‘-’pﬁrﬁ rkﬁye%"f@lﬁﬁ daipagombines dogr stiddsisg to produce a

5'|Vﬁhot3§9§pﬁ&@ EW@HéHttJHéBEﬂiﬁéeto'thérpéé%éht a nulticolor image is
seen Suc e‘§£ I ewed 2 proj,ection Hence both the
photbnvﬁpg RPbchéﬁ;ﬁ cPT?éb?¥ 8cf & 139rbépﬁgﬁaveAbr share in common a

trangggneahp&unpcratt1oslmdla:ﬂngraﬂtl(aeaamsioaaafbtrfeealIzed by the - -
__app||PCats|eIC%@ Qhvedel 'nvenicl:l'?nis Oparnjchromagically |

15 sensitized and which forms a layer of the photo-
graphic element 1is imagewise exposed through the
~additive primary filter array. After processing to
'produce_a_silver_image and viewing through'the filter ' W
array, a nulticolor image'is seen. Such images are
20  pest viewed by projection. Hence both the photo-
| graphic element and the filter array both have or
 share in common a transparent support.
Significant advantages can be realized by
the application of this invention to multicolor
- 25 photographic elements which produce multicolor 1mages
' from combinations of subtractive primary imaging
dyes. Such photographic elements are. comprised of a
support and typically at least a triad of super-
imposed silver halide emulsion layers for separately
30 '-recording blue, green, and red exposures as yellow,
magenta, and cyan dye images, respectively. _
In a specific preferred form a minus blue
'sensitized high aspect ratio tabular grain silver
_ bromoiodide emulsion according to the invention forms
35 at least one. of the emulsion layers intended to
record green or red light in a triad of blue, green,




of subtractive primary inmaging dyes. Such photographic elenents are
conprised of a support and typically at least a triad of super- inposed
si-lver halide enulsion | ayers for sepaé tely 30 .-recording blue, green, and
red exposures. as yel |l ow, nmagenta, and” ?én dye images; respectively. In a
specific preferred forma m nus blue sensitized high aspect ratio tabular
grain silver bronoi,odi de | sion_according to the inveniion forns 35 at

| east one of8R erE%FEFBFSHUWeF?ngcF)&f§& rY -‘b‘ﬂﬁg#%&red light in a
triad of bl ushogbgeaphic elbmenitd THe rtxbiilancg eaih semalsdyardsof a =~ - -
mul ticol or phot hi,c el e ol | ar. L. L O LS. ROSi tioned-
to receive $§§g£§§5855§erg?g§ﬂ'g %‘(ﬁ%f?fpﬁ@%l%ﬂﬁét@%gﬂtral | ight.

at 5500K bl ugraphic 8lememtadd memtnsl tlight gt  35@0ckubtuenlightnt ended -

to recosd. 4he LRNgAI f I qﬂg1¥§ U ¢ & t | ayer
recei ves caniﬁeagg%?%ggegei Eh%e}r%g%cﬁ) .':Xﬁio , mrgéxf?%%ﬂa%g gg E[err]
10 - recogdeT Bhengedias Longhdp %5319 blue prd mbpupchlupght t he
tabul ar grai 14 ghtl €henlayernreeddels0 deit Bl eitprd Hded ein] tebsng £t he | og
of concurreq& ixgogure to blue light the tabular grain emulsion 15 also
recei ves. Ih L9BhEecWhPEEnce exposure;, E, is in meter-candl e- seconds,

‘unl ess otherw se i ndi 4aleg. EA=l dggFEqar Hog Bpsitive value less than 0.7
(preferagly |l ess thanyQ,3 i St ]| il tabl e._Lgage _

repli cagaon of a nul t}ggl_gﬁ'\,\g&&?‘gsu Jeegt(gg adlﬂléswqg&gﬁ?p%?s ﬁgglﬁn vi ew of
the hi gh proporrednlighfr thes tgbsdam gneithemmsionnts otnteadgdesent

i nvention hav nge@bradvghave di aneter of greater than 0.7 micrometer. If a

conpar abl e nont abul ar _or Lower aspect ratio jabular grain
i _ - log -m%eingpthe log og concurggnt-

25 phot ographic el ements which produce nmulticol or inmages fron1conbinations<@%§

: ° exposure to blue light the tabular grain emulsion

15 also receives. In each occurrence exposure, E, is in

meter-candle-seconds, unless otherwise indicated.
o A log E can be a positive value less than
0.7 (preferably less than 0.3) while stilllobtaining_
- acceptable image replication of a multicolor

20  gybject. This is surprising in view of the high
proportion of grains present in the emulsions of the
present invention having an average diameter of
greater than 0.7 micrometer. If a comparable
nontabular or lower aspect ratio tabular grain

25 emulsion of like halide composition and average grain
diameter is substituted for a high aspect ratio
tabular grain silver bromoiodide emulsion of the
preéent invention a higher and usually unacceptable
level of color falsification will result. In a

30 specific preferred form of the invention.at-least*the
minus blue recording emulsion layers are silver
bromoiodide emulsions according to the present
invention. It is specifically contemplated that the
blue recording emulsion layer of the triad can

35 advantageously also be a high aspect ratio tabular
grain emulsion according to the present invention. -



enul sion of |ike halide conposition and average grain dianeter is
ég bstituted for a high aspect ratio tabular grain silver bronoiodide .~
| sion of the present invention a higher and usual |y unacceptabl e | eveh
of color falsification will resght. In a 30 -specific preferred formof the
i nvention at |east the m nus blue recording enulsion |ayers are silver
br.onoi odi de enul si ons accordrng to the present invention. It is.

speciTd Céllép'e@i)ﬂieﬂpi—efeér%atfotrhﬁd@ Yehe eﬁ%é'ﬁf‘ﬂoﬁ”k‘ﬁ ion layer of the
anta eousl y .al so qhﬁgh tgh % ratro t:abul ar grain

errulq1 n]a%'éog Bs{ BrEREDS, 40 9@g th embils 90 {AY&TSpecific

pref ey ff arthd crrd ad hseingvanthqakmest W Ps@rehas O[8sent in each of the

I the triad having ,a ckness of |ess than 0.3 microneter
egeés 4 Eiééé ?g?ngﬂrQNEFéﬁebﬁéﬁiQeéiﬁmgﬁer Q1 OaﬁriFGﬁEter preferably

t | dadd nacmmcteterpreferabw it leddter2 ﬁiﬂfﬁézﬁédée{-er ImS%f sfoggdl In\rﬁg(l 8?
th t can assj gne n

at eI re%i{lst'd ﬁ‘lofhl'ﬁg&#meﬁ%?pgréfgﬁﬁﬁ 0&59 ocibe‘f Egﬁ 10 contain no

yel | &he muldicaler mh@tosvaphibeeWemenﬁEaeaqxbnn&ssb@ned and the high
aspeghIIQO(%ﬁégHHf%dgﬁabE greqRagd/ (g Fed enul sion layers to protect

t hese | ayers "ftom bl t exposure, or the yellowfilter layer, if

_ present, can & dely %Hc?goﬁeHBPF98$§Phi9IeiﬁmentﬁlaquyeIIOM/frlter | ayer
1dens icontheiretms welmlﬁyedetomyet:e%et itIBrddIehd t@dén eKEOSUre red.or -

| Siﬁﬁgeé‘f’%%’f? Qﬁ%‘ﬁ-ﬂ% 088 $RE°bTeB ARpscl Tt SATRR m no bl ue 200
recoBdaip gnden @ndigerred emudsponed dysinsearo thwogeeen and/ or. red
recodele A L ELS B ulf 11 Phe! Ekggs?&%étn[& ?q’g{,f}?%%? gxposing

radi gt i_on. Therefore t he phot ograp Yally free of que'
abso%ﬂr lteTdedetd HEtREesente gasebe reduced in density

15 to less than any yellow filter layer density
) heretofore employed to protect from blue light
exposure red or green recording emulsion layers of
photographic elements intended to ‘be exposed in .
daylight. In one specifically preferred form no blue
- 20 recording emulsion layer is interposed between the
green and/or red recording emulsion layers of the

w

triad and the source of exp081ng radiation.
 Therefore the photographic element is substantially
free of blue absorbing material between the green
25 and/or red emulsion layers and incident exposing _
radiation. . : _ : L S
Although only one green or red recording - | -
high aspect ratio tabular grain silver bromoiodide
emulsion as described above 1s required, the multi-”
30° color photographic element contains at least three
separate emulsions for recording blue, green, and red
~ light, respectively. ' The emulsions other than the -
-required high aspect ratio tabular grain green or red
recording emulsion can be of any-convenient conven=-
35 tional form. Various conventional emulsions are
illustrated by Research Disclosure, Item 17643, cited




25. and/or red emulsion |ayers and incident exposing radiation. Although
only oﬁe’green or red recording high aspect ratio tabular grain silver:

br omoi odi de enul sion as described above is required, the nulti- 30 color
phot ogr aphi ¢ el ement contains at |east tg ee separate enul sions for -
recordi ng blue, green, and red |ight, éectlvely The enul si ons ot her
than the required high aspect ratio tabular graln green or red recording

emul sion can b et cq ven | QUS .
conventi onal é%% SIbggaggg¥spbugtrat fﬁé§§§ rﬁ§§é %2% %%®#?3n117643
cited - 43- ambleiowalageaphcpntmim @idﬁunemmnmdindﬁdél of the enulsion

| ayers contal legdiugl DIATE B MBIy oA LG At vigagterfed form
at | east one dfeen recor Si on | east one

recordi ng enul @R®n8¥rag8r 1’¢§°§6ﬁ@8l 9@@11&10@ Iﬂ&}?ﬁ%eﬁﬁitaﬁ aleastapnear - gr ain
enul si on Bccorﬁédlgré@oi-hiﬁg' BHENEHRR 1ayer e ddiy Nk eé‘f"&'ﬂi‘%hay s

provided to record Iin the green_and/ o ed port| e _spectr
preferred thalaﬁfeFEaSPtﬂﬁetEQUI&ﬁa&m5inﬂﬁﬂ ﬁeﬁ&#°€@hﬁ&|ﬁthBﬁsaspect

ratio tabul ar ﬂﬁ@éﬂtf&yls' F ASrdeTH: 'rp%é%@sién'h & f£gurse, :
recogni zed t hat ali he bl ue, reen and reqﬁyffordln enulilon ayers

of the phot ogrRpPY? GﬁeﬁﬁnFeEQH adPa ey ep¥ed RPEFhoBNAESi ons

15 accordi ng ¢ife! fpectouayt fenis Er@@%‘ffr‘#ﬂ K Ry Stadgt RSt On 1S Tully |

I bl got I t I d bed. ab i n which
the speedtand ERRtPEceByIBIRD TaTRT Gonnirh it S ATRAGE GTRE 8 si on |
| ayers vary witebylafhgréin eabaslim Hmdesrn&ﬁﬂmdlabmyeof thet@' oof(rjeg

trall d t t | de
ohul st on | ayerCoSEEET FedBpRIRRN, chidly BUCUE MindTElde ' ax8on " 80 ©
recordl ng errul’éﬁ‘?.)nr?‘é?éqignSoeBElﬁé§m layersarof rghe cpdmwmre@hhcn a

. element can advantageously be tabular grain emulsions
15 according to this invention, if desired.
The present invention is fully applicable to
[ ~multicolor photographic elements as described above
‘ "in which the speed and contrast of the blue, green,
and red recording emulsion layers vary widely. The
20 relative biue insensitivity of green or red
spectrally sensitized high aspect ratio tabular grain
silver bromoiodide emulsion layers'according-to this
invention allow green and/or red recording emulsion
layers to be positioned at any location within a
25 multicolor photographic element independently of the
- remaining emulsion layers and without taking any
conventional precautions to prevent their exposure by
blue light. :
The present invention is particularly useful
30 with multicolor photographic elements intended to
replicate colors accurately'when'exposed-in day-
light. Photographic'elements of this type are
characterized by producing blue, green, and red
. exposure records of substantially matched contrast
35 and limited speed variation when exposed to a 5500°K B
(daylight) source. The term "substantially matched



ers- and wi thout taking any conventi onal precautions to prevent their
sure by .blue light. The present invention is particularly useful 30 &
mnth mul ticol or phot ographic elddrent s intended to replicate colors
accurately when exposed in day- |light. Photographic elements of this type
~are characteyg,i zed by :produci ng .bl ue, green, and red exposure records of

subsFAREFAEEy A% ETPd wad rheresn megﬁa FhﬁFt&Besb@@G:varlatlon when
expogeéehQ anHSQ:Q[derrrécdﬁtvyldgﬂférspur eontThagtt 1e%@st antially matched

' h s.that he bl u gr een, and 'r ed
recoFﬁgp‘ @f gP %e%g%tlr%? erﬁ%gnfﬁ nPEECFB%ef bAsEA, 9%kss t han 10) -
per cthe, Cbateasmncﬁh&hmﬂhlustrecotde bThe ﬂémdtédbsﬁeédlrntgd speed 5 .

at essed as a spee

SVZ;'g%rgﬁtﬂa B? thléelglq'{% e%régk?hr&qg ggﬁo%ﬁg%g %’ ﬁ’e speed ‘vari ation

s tﬁsprasgsd és ﬁhépﬁqﬁexaﬁiﬁ@i@etﬁbehoshg)spéede@h the ﬁreen or red g

h d -Bot'h contrast an _
' {g;Oﬁﬂgggdngagggg%§nf§hﬂ%%§§§%u§b%§§Oggfé%gfﬁnnistﬁg%e relationships of the
photbgrssnugfetbsedﬂiﬂemenneakhqﬂwseedthe eppedlng'ahphotographlc el ement’
f tr onsel ective
iy EQ H(rjeh'glgB M&d) aer?\i\'@idﬁréﬂ:eéawfgﬁhé %ﬁbo%n r?é;]s‘%%dgbj ect, ‘and
groce33|ng t h8 ° F&@Qﬁﬂﬂﬁzﬂn rﬁﬁﬁ SmﬁeﬂemabsyrsmgatarmaproceSS|ng

. condihé&8B8 a8 ESHD it Th 152 th@ye”?éﬂtiaﬂshﬁgsﬂo‘nieg een. |?Sﬂtr§? -

e 2o B13ee b i (hgHetersined b AAPRBIR AL h, and r o

mul ticol or photographic el enent independently of the remaining emulsion
I
DO

I|gﬂphotoééapﬁiﬁmdhém&ﬁfﬂifwﬁfboB@rdeéﬁpe?ﬁéth 6E§ssgquﬁa?gaEiNS|) .
PH2 e nmer na ndar stitu .
1430'9‘#‘2‘%%9%%&? S‘fiviyr{?%seﬂfﬁﬁ Ve, eutra? 4383 ey

15 step wedge, such as a carbon test obJect, and - o

processing the photographic element, preferably under -
the processing conditions contemplated. in use. By_
measuring the blue,.green, and red densities of the - : V)
photographic element to transmission of blue light of
20 435.8 nm in wavelength, green light of 546.1 nm in
wavelength, and red light of 643.8 nm in wavelength,
. as described by,Americen Standard PH2.161952,
published by American National Standards Institute
(ANSI), 1430 Broadway, New York, N.Y. 10018, blue, .
25 green, and red characteristic curves can be plotted
~ for the photographic'element. If the photographic
| element has a reflectiVe support_rather than a
transparent support, reflection densities can be
substituted for transmission densities. From the
30 blue, green, and red characteristic curves speed and
contrast can be ascertained by procedures well known
to those skilled in’ the art. The specific speed and
- contrast measurement procedure followed is of little
significance, provided each of the blue, green, and -
'35 red records:arehidenticelly measured for purposes of -
comparison. _A_variety of standard sensitometric




25 green, and red characteristic curves can.be plotted for the . N
phot ogxaphic elenent. |f the photographic element has a reflective support R
rather than a transparent support, reflection densities can be substituted

for transm ssion densities. Fromthe 30_4 :

characteristic curves speed and contrast ¢can be ascertained by procedures
wel |l known to those skilled in the art. The specific speed and contrast

The bl e, or bencoahseneaie, Byocddutiie £ds dute PO Lo e g BN i poscs
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Pen esent at | voROLIGMng, az4 SRpRarestatipe ) A¥eti S hinsdry” ]
PH2. 27-1939. TRH2a21t+18719qr BR2ot4rlpr0 £ andnBli2s22ap@BBe of replicating
accurately colors when. 0 ' i = w5L0onhLi trages
over conven- tional photqz’%r }Sﬁecﬁenga’n%r#gg%%iﬁ??%gg?%gggg%oéq\ﬁ%%l%g
characteristicef replicetimg apcaptdtely cenhosstwbehi ekpeded da sensitivity
of the green a p I §§¥f§ ' ' .Sl iadi de
enul sion | ayerggngg ?s%;?nf\’/%nt%i c_an&ébtg@(rj%‘??%géu 8%_ %’gggegg’?\g?? t he bl ue-
speed of the btienedcphgotogrephicrlenents sxhibhtiingetbese speed of the

m nus bl ugQr ecagdi HesiiQiy | @ W n CighleC
applicati%n, t gggggt%?qugﬁﬁzr ﬁ?fﬁ%ﬁe_ onng%ggﬁgpgrg?ggeﬁggtE@ebreen'and
red recordi ng dfmisednblagesensitisgityoprehedgreedeandaled | arge 20
separation in. 'r'ggﬁﬂéft |18, ap€1 GhBU , di ng
enulsion-Iayer%pgfﬁkggﬁgeapp|(§§%%$EF?§ME§§ ﬁglg%gigggmgq?gq?%£rease :
further blue spBASieBalaviedits of BHik tRvPRten BRBeDPeEEIRAUBRAR si on

layers by enpl eyi Bgparate the blue speed of the blue recording
15 emulsion layer and the blue speed of the minus blue
' recording emulsion layers. Depending upon the '

.  specific application, the use of tabular silver
bromoiodide grains in the green and red recording
emulsion layers can per se provide a desirably large

20 sepatation'in the blue response of the blue and minus
blue recording emulsion layers. _ B -
_ ‘In some applications it may be desirable to
increase further blue speed separations of blue and
s minus blue recording emulsion layers by employing
| 25 conventional blue speed separation_techniques to
' Supplement the blue'speed'separétions_obtaiﬁed by the

ue, green, :.and red :

<y

presence of the high aspect ratio tabular grainms.
For example, if a photographic element places the
- fastest green récofding emulsion layer nearest the,'
30  exposing radiation source and the fastest blue
" recording emulsion layer farthest from the exposing
radiation source, the separation of the blue speeds
of the blue and green recording emulsion layers,
| though a full order of magnitude (1.0 log E)
35 different when the emulsions are separately coated
and exposed, may be effectively reduced by the layer



£d separations obtained by the presence of the high aspect ratio tabular

Cg%;zconventional bl ue speed separation techniques to supplenent the blue
g

ains. For exanple, if a photographic el enent places the fastest green @

recordi ng enul sion | ayer neare; the 30 exposing radiation source and the

- fastest blue recording enul si®

Fayer farthest fromthe exposing radiation

- .source, the separation of the blue speeds of the blue and green recording ...
enul si on | ayers, though fuII order of oq E) 35 dlfferent
wherPI9RE ATFETERUSaES 82 &:roea%%dr”%%%réi%séaﬁ 8%e errectively.

- reddeyebyredeivesecall o Sh ngsemesune,green recordi ng
ewlme%ﬁ&zgf éﬁ%&%%dqln% @fm&m&a L@aiéﬁhanduatﬁarexposure but the

green recor

emul si on. I ayer _and over | ers my absorb or

r ef IO¥Qr LHiRe ofaygEssmaypp §°thmF %FFts9 gstgﬁe bl ue recording
serrullﬂw 1 .beforaugle  teachsy m%mlﬁywﬂdﬁngl gher proportion of

|od|de | bl ue recordin ey |SIO | ayer can e relled upon-to
supfi oqﬁ%a i ﬁ%

Yebul ar®gfuf ?ﬁ)?%% BEsBeed separa- 10 tion

. of tl-ki@ﬁémqampiontima blfuéodeldﬁ dlmg:lmnbhn@nréaqedsng When a bl ue
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mat dratatlam g eaihet i\aemnchreablimg ahe jtﬁluen medﬂ sepaveor di ng enul sion
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| nst. ance

speddBRRTSr atmntéchﬁpaué?c%dtim @G\-&ﬁiQMalaYﬁéyiSn t hensel ves provi de

t I
*%%ﬁ?ﬁk ?g ygpseparation. In no

I
owever, 1S It necessary to an of these conventi ona

an‘Heg¥ethh@fﬁ£€g§ihgd%aﬁEEEQ%%ﬂ%%dfbéffh&ﬁ”@hépﬁfﬂuéeparat'0“ or an

approxi mation t

as has heretofore been required in the art. However,

~ thi Plue mrcordingdenulsion: dnyieshals 1 inited Measiky m nus bl ue speed
sepFelllin £516€51 hefeb?n1acoreed e i n CBHé Blue and
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‘accurately image colors when exposed under balanced

minus.blue recording emulsion layers can be employed
to increase blue and minus blue separation. In no
instance, however, is it necessary to ﬁake_use of any
of these conventional speed separation.techniqﬁes'to
the extent that they in themselves provide an order
of magnitude difference in the blue speed separation
or an epproximation'thereof, as has heretofore been
required in the art. However, this is not preoluded
if exceptionally large blue and minus blue speed |

~ separation is desired for a specific application.

Thus, the multicolor photographic elements replicate

lighting conditionéhwhile permitting a much wider
choice in element construction than has heretofore.

'been possible. -

Multicolor photographic elements are often
described in te:ms_of color-forming layer units.
Most commonly moltioolor'photographiccelements'

_contain three superimposed color-forminglleyer units

each containihg'et least one silver halide emulsion
layer capable of recording exposure to a different
third of the spectrum and capable of producing a




25 Thus, the nUIticoIor-photographic elenents replicate accurately image

col ors "when exposed under bal anced 4~1ighting conditions

while permitting a much wi der choice in element construction than has
her et of ore been possible. 30 - .MLticol or photographic el ements
are often described in ternms of color-forming |ayer units. Mst commonly
mul ti col or photographic el enents' c¢ontain three superinposed col or-form ng

layer units eagbmplehahBay aubteawitidne prindry f?é dfmggel SiTHUEY | ayer
capabl e of recoydi ng_exposure,to g different thi %% %@f spﬁéérun1and
capabl e of pr %%?ngSSP n,_gnd 1§ Fﬁﬁ%ﬂéiﬂ@:ﬁﬂi?%i FIRIDE | HA¥§T dye i mage.

produce vel | oy dvggiag, 2dehUaRiUsy I SRR e drsa DYCGLORY! NS

mat eri al s_nee _present “in-any ayer uni ut can

be entitePy supptike Preseptodassenygcodioniforpingicleyee undlinbubaterials

are incorporat I e T g 8h ¢ el FYRIN - g&ga/éyﬂg .in an
enul si on_Iayer@é(}? !?‘e gﬁiﬁgﬁ%% ggg?telgete receipve 10s 0X foi@@f&ﬁg
electron-tran§W¥ﬁna§$ﬂt

col or - f or mi ng preoesg taphic Talemenent thes’ dldrdbed sodtid efh dgnel opi ng or
el ectron transfer'afentf bet ween col or,-1orm.n ) | ayer upits with-
resul t ant Cd(ﬁm%&@ onate¥RT PE 12 Eo&ﬁ&?ﬁn¥§§§§ﬁgt§96§ﬁﬁ V€cavengers

The scaveh@er soxcidd hed | deve bdpingt be elelctiron Itaasfdheagent efroms t aught

by U S. Patent,?2, apd/-QLsin i I r.s. between, adj ac .
col or-form ng ?lgy%d?iﬁ%g E g'gé?éabﬂi F’P&' tr %cﬁ%ﬁ qtjv% ﬁ%ﬁtf‘gﬁi\%@%?;
Al t hough eachlxyﬁr-ﬁnﬁhing llayer unit can contain a single enulsion |ayer,
two, three, or nvre_envra!gefbaxeraig EE?H&“%f'b£¥H¥££Hfﬁﬁwélé&?&£ are
often incorporated in a sihgle color=formng |ayer :

¥ or electron transfer agents between color-forming -

15 layer units with resultant color degradation, it is
common practice to employ scavengers. The scavengers
W can be located in the emulsion layers themselves, as
| taught by U.S. Patent 2,937,086 and/or in interlayers
‘between adjacent color-forming layer units, as |
20 illustrated by U;S. Patent 2,336,327. -
| ~ Although each color-forming layer unit can
contain a single emulsion layer, two, three, or more
emulsion layers differing in photbgraphic speed are
¢ ~ often incorporated in a single color-forming layer
25 unit. Where the desired layer order arrangement does
not permit multiple emulsion layers differing in
speed to occur in a single color-forming layer unit,
- it is common practice to proviﬂe multiple (usually'
_two or three) blue, green, and/or red recording
30 color-forming layer units in a single photographic
~ element.’ N | - | |
At least one green or féd'recording émulsion_

<¢r

'1ayer containing tabular bromoiodide g:éinSfas
described above is located in the multicolor photo-
35 graphic element to receive an incregsed-proportion of

foeg. n.an
pRgingnmagezrdads &ra éwm@t#efneteégngp' o |
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Thus, blue, greebtsaader adedetor piroglucal grellow; ntagewyes , uandscpan used to -



dhit. \Where the desired |ayer order arrangenent does not

t-'rrulti ple enulsion |ayers differing in speed to occur ina single
otor-formng. layer unit, it ig 4 §9nMoON practice to provide nultiple

“(usually two or three) que green and/or. red recordlng 30 color-fornmng

layer units in a single photographic el enent. | east one green or red -
- recongi g él&)@riﬁ e pagaldisd @roprgqpl beg~grains as described
above 1s |ocated 1nt e nu tICO|OquKnO_ ra Ic.element to receive an
i ncr G@arhie d%%???ﬁﬁ'of e ingreg IRERR°HE¥ OfnBd¥Ri se exposure of the

‘phot a{ @pfea:cﬁiegeahe hl’?h Ia@@reeaseehﬁ@p&%mparoﬁraiue l'ight reaching -

-~ the hi afgeci ratio -t abul ar gr S1 0 #ﬁ er iag result from reduced
bl ue & n layer, FEPoF P Ln ?@ t+E8BF | ayer or,

Jref eﬂ:eéﬂvptmnﬁbyaembvei-lw yie']gqnelfblztérlleyerayer,s entirely. The
incr ase [ ect ratio tabular

~enul ?ﬁ%é&éﬁy %fgggéfgké :Eﬁééigiﬁémﬁéff°a Eéegglor- forn1ng
|ayedaxﬁns|enn¢wehy»t WbecénpaﬁmﬁtduRﬁQPOIQﬁ@he°§ob1§é of exp05|ng

radi gt e FOAcKIA gptﬁe HIger aeytaeckaef&rewmael 8huflgipng | ayer units

_contaln ng -green a ordi'ng hi aspect ratio abular grain
emul Siayes 9%%e€%§?£ﬁlﬁ s@a%‘&@ E?PQ§i§¥9é;ﬁﬂ ﬁhﬁr%? P57t he source of

WP?Sﬂdﬁni lP%y@f' ﬁiﬁ@a &nblwhﬁdtﬁqcﬁ cu}@%@@&ﬁné@rﬁeagetkalger unit. T[le .

mul ti ot ogLaphi c n nta any conveni en or m consi st en

Wit b SR ol OE ERpGsTng Rl tIN e TAY SFSEHLee; BEBBOLI bl | ayer 20

arrang&hemé& ﬁéc&hﬂiﬁgZEalop £5Ehin§sl&ystdubytﬁbrokhovskl| Spectra

St udi es_,of, the Phot oagr Br ocess 0C e W, can be _

- enpl&ﬂﬁf ogFﬁsg ggan%ﬁg %ﬁ&&ﬁ?ﬂi@éﬁiiﬁ gé??gﬁ rX?E?S possi ble to add

to aUEbuﬁnt|gmainnamulsdbue,sMeegeéEivékw;deaphbeographlc el enent during

155 $3¥¥¥fgﬁé@ nearer to the source of exposing radietion _ _
~ than a blue recording color-forming leyer unit. ' e

W

The multicolor photographic elements can |
take any convenient form consietent with the require- )
. ments indicated above. Any of the six possible layer '
20 arrangements of Table 27a, p. 211, disclosed by '
‘Gorokhovskii, Spectral Studies of"the.Photqgraphic
Process, Focal Press, New York, can be employed. To
?rovide'a simple, specific illustration, it is
possible to add to a conventional multicolor silver
25 halide photographic element during its preparation
one or more highsespect ratio tebﬁler grain emulsion
layers sensitized to the minus blue portion of the
' spectrum and positioned to receive exposing radiation
_"_ prior to the remaining emulsion layers. However, in
30 most instanees it is preferred to substitute.one or
more minus blue recdrding high aSpect”ratio'tabuler
grain emulsion layers for conventional minus blue

recording emulSion‘leyers, optionelly in combination
with layer order errengeﬁent modifications.

- 35 " Alternative layer errangements can be better
apprecieted by reference to~ further preferred
illustrative forms. '

L



one or nore hi gh aspect ratio tabular grain enulsion |ayers sensitized to
t he mlpus bl ue portion of the spectrum and positioned to receive exposing -

radi afTion prior to the remaining emul sion |ayers. However, in 30 nost
instances it is preferred to substitutgqune or nmore mnus blue recording
hi gh aspect ratio tabular grain emul sion |ayers for conventional mnus blue
recordi ng enul sion | ayers, optionally in conbination with |ayer order

arrangenent nodifications. efd@ﬁaéﬁtA¥§ah gg@ngrqangenents can be better
appreci ated by reference to er UsStrative forns. -49-
Layer Order Arrangenent | Exposure NRQSHSQI_'TR 10 ' Layer

Order Arrangenent |1 Exposure + TFB IL 1% o ' - TFG
IL TFRIL SB 20 B T SGTL SR 25
Layer CEFer Arr angenent III—JquyywuﬂiTP ' .

IL

TG
_IL
TR

10 - . Layer Order Arrangement II
' Exposure
¥
TFB
. . IL
15 ' TFG
IL
TFR
IL
_SB
20 ; - . IL
| _sG
- IL
SR

3

25 - ' Layer Order Arrangement III
Exposure
¥
TG _
. . 1L
30 o | TR
IL
B

<y

35



ﬁa 30 . - : TRIL B 35 -50- Layer Order

if angenent |V Exposure + TFG 5 IL TFR IL TSG
10 = : TSR I L B Layer Order Arrangement V 15
Exposure TFG IL TFR 20 - " =50- _ ) _ IL TFB I'L TSG IL 25

TSR IL SB 30 35 -51-

Lazer Order Arrangement IV.
Exposure_ B

+
| TFG
5 | . 1L
| - o TFR
CIL
__TSG
: | IL
10 o 3 TSR .
| | e

Layer Order Arrangement V
15 - . Exposure - ' _ I
. Eheaa | | | |
IL T o
| | . TFR - |
20 O IL
| _TFB
IL
TSG
| . | L
25 | X TSR
| ' IL
SB.

30

35




Layer Order Arrangenent Vi Exposure + TFR 5

IL TBL TFG IL 10 : TFR IL SG 1L SR 15 Layer
Order Arrangenent VI I Exposure TFR 20 IL TFG
IL.TBIL 25 ' - -§f& IL TSGIL TFR 30

IL TSR where B,. G and R de5|gnate bl ue, green, and red 35 recording .
color-formng. | ayer units, respectively, of any conventional type; . . -52-

T appearing before the col or-I.fayem' Ordey eArtangefent Vﬁr R | ndi cat es that
the emul sion | ayer or _

Exposure
v
. TFR
5 . | iL
| | | T8
iL
TFG
| IL
10 | | TFR
IL
SG
SR _

S

15

- Layer Order Arrangement VII
| Exposure
¥
TFR
20 i . - IL
__TFG_
IL
- - TB
L - iL
IR . | TFG_
' TSG
IL
- TFR
30 | IL
| _TSR

where
B G, and R designate blue, green, and red

35 recording color-forming layer units, respectively, of
‘any conventional type; |



| ayers contain a high aspect ratio tabular grain.silver bronoiodide

emul sions, as nore specifically 5 descri bed above, F appearing before the
' or-formng layer unit B, G or R indicates that the color-formng | ayar
- is faster in photographic eed than at |east one other color-formng-
I'ayer unit which 10 records T%%ﬁt exposure in the same third of the '
ectrumin the same Layer Order Arrangenent;.S appearing before the

col or-formi ngpl MwaMMnglmmr
unit is slomg? gﬁséﬁy?b§rapﬁsg speeddq$ fgﬁééﬁgl Qg? one ot her
colmmﬁﬁnﬂnrﬁylayéf ind caﬁeéhthesommﬁlq omobayeriarthe sane third of
thef§¥§¥§lﬁﬁﬁ€hiﬁeasﬁf§hL§% bc@”?itﬂ%réﬁﬁﬁiﬁ$t raff | L designates an :
|nterlayer contgéglpg a sc ﬁn ger, but substa.%4€%F¥ iree of yellow filter .
20 sidvar pronadedlidesesrlsionsonds @RS IRA ¥ unit-can differ in
5 pholdeE i Bed sélsedef r om anot her col or - forntng Iayer unit which records - o
. |light exposur

i rd S tru aresult of its -
p05|t|on|r1tﬁkﬁ?ﬁﬁﬁriEﬁgEP%gFFa£§§nﬁéi° 1 °7% epf '8E. speed properti es,
Ior amicuTtB,PaG;homroR bndmcatasLahﬁrt @héercd&cm@@mmg | “through VI I, thhe

ocation o e, Suppo own. .F n r ractice, the - .
sup e ‘qu t iﬁpggs#ﬁ§tZHb8§4§ Q#%nﬁﬁ%?grgﬁé rgnpthe source of 30
eprﬁauﬁrdnhéﬁtmmr tb&brrforh&mgammyduednﬂtﬂwhhchshomm. If the sugport

s col or Ly ST sparent, it can be

oc &EP Y iﬁs\?\kggﬁj?hggé§5§§ﬁr Eicessﬁa#\%le?ﬁier?n%h céﬁgd | ayers. Stat ed nore
gensmddgmumrtnsﬁmposameabawer39rddnnﬁnnahgnmem@a the exposure source and
any color-f(gr@agehgéﬁg BRifodd W e 1 fﬁ@*g%% Eo whi ch t he support

is- transparent rning first to a rrangenent I
unit B, G, or-R indicates that the color-forming

layer unit 1s slower in photographic speed than at
15 1least one other color-forming layer unit which

records light exposure ih'the same third of the

spectrum in the same Layer Order Arrangement; and

IL designates an interlayer containing a

. ‘scavenger, but substantially free of yellow filter
20 materiél. Each faster or slower color-forming layer
unit can differ in photographic speed from another
color-forming layer unit which records light exposure
in the same third of the spectrum as a result of its
position in the Léyer Ordef.Arrangeﬁent,_its inherent
' 25 speed properties, or a combination of both.

In Layer Order Arrangements 1 through'VII,
the location of the support is not shown. Following
customary practice, the support will in most
instances be-pbsitioned farthest from the source of

30  exposing radiation--that is, beneath the layers as
shown. If the support is colorless and specularly
transmissive--i.e., transparent, it can be located
between the exposure source and the indicated
layers. Stated more generally, the support can be

35 1located between the_exposure source and any color-
forming layér unit intended to record light to which
the support is transparent. -




it can be seen that
mat er.i al However

[ t he photographic elenent is free of yeIIosziIter
dal. , followi ng conventional practice for el enments containing
yel | oW 5 filter material, the blue recording color-formng |ayer unit

‘lies nearest the source of exposing rag$§- tion. Ina sinple form each

color-formng layer unit is conprised

| ayer. I'n another f
three, or nore diff

a 5|ngle silver halide enul sion
orm each col or - forn1ng | ayer unit 10 can contain two,

ef e friad of
enul si on ‘| ayers, one ?ﬁﬁéiﬁ% HPE gsf ?%E?a?#dgg%r}acggﬁh"?orh ng | ayer
units, are corpfam,b ?h%?eﬁrﬁhﬂFeEEF PhetpeFaphishe lanentpt e nkreen | |
contrast and dheydldw-£ilbredrapbesiapcedHtoelvien grﬁﬂfloﬂiidi ed record| ng

enul sion |ayers dif
by. | ess t han PHEY

ermul si orB | ayefid tiof

tifena brRrer LR 3Pe pasSenha. g S g S

fattexial, sphedblueeaebomdﬁmgfmmmonrfaguinynlt 20

there are b I@P dod ¥y Ll S8 0LeRRE Wokals W Ulol e | AVgTS-i 0 Layer

Order Arrange
absence of ymﬂqnmf
unit increasgsgt
necessary that t e
material in @ye

hé~s ed-contrast an onshlp The

idn eﬂ SL’MIQIEafOUBneth ciod ot mdaxs dliengez:dmitf or mi ng

&P agéﬂﬂglg §E‘i%r°?1 tlp LE?:*J ﬁ i's not
|nte ayers stantial ree yellow filter
deh enothesnfarm eacmsglpwaﬁqmmtlw updbtint s of

ye”<NNfl¢tebéﬁﬂéﬂné&i&aﬂw89 EHE@EEd Behaean difffeintbIdBL v green
recordi ng color fonnqéhunlts W t holt de parting fromthe teachings of this

i nvention.
colm'fOHnngg

ﬁf?%rl%)}é?ssepﬂhéﬂl By tadadyafe emeiQn recordi ng
, Ushé So£3aRigRBLRI Bp EBdth%&PWQRﬁiQﬂﬂtﬁ%ﬂeﬁmérOf yel | ow

filter materi 35 t hout departin fron1the i nyention r
conventlonalé%ﬁﬂﬂﬂ&yiﬁyﬁﬁfvﬁﬁgfplfﬁ FRRRATRM »athiey Qﬁﬁﬂﬂﬁﬁﬁérfhe red

recording colgbly wubsgantially matched! Hincicohtirasthand eiod phbtbar silver -

15 graphic speed of the green and red recording emulsion

layers

differ from the speed of the blue recording

emulsion layer by less than 0.3 log E. When there
are two, three, or more different emulsion layers

_ differing in speed in each coiorforming layer unit,
20 there are preferably two, three, or more triads of
emulsion layers in Layer Order Arrangement I having
the stated contrast and speed relationship. The |
sbsence of yellow filter material beneath the blue
. recording color-forming unit increases the photo-
25 graphic speed of this unit. |

1t is not necessary that the interlayers be

. substantially free of yellow filter material in Layer

30

35

Order Arrangement 1. Less than conventional amounts.

of yellow filter material can be located between the
blue and green recording color- forming units without
departing from the teachings of this invention. _
Further, the,interlayer separating the_g:een_and red
recording color-forming layer units can contain up. to
conventional amounts of yellow filter material '
without departing from the invention. Where
conventional amounts of yellow filter material are



_bronoi odi de grains, as described above, but can take any conventional form

"sybj'ect to the contrast and 5 ° speed considerations indicated. To avoid
r ét tion, only features .that 2|st|ngU|sh Layer Order Arrangenents |1

r'oggh VII'fron1Layer..Crder'A rangement are specifically discussed. In
Layer Order Arrangenent rather 10 ‘than incorporate faster and slower

bl d ers in the,sane color- formng -

I aygém%ﬁ??eg mgf‘gg?i&?:%?@r‘ﬁ erm on #ﬁﬁiﬂgrBE Fdd 808 or-forming | gyer

uni tneszueicptexdltiedthénhyetlmé e:aﬂtsllam stleeror |ayers of the faster 15
COl HrdgoagaEngta1nged a0 éﬁ:f@é&"%o%ogﬁhed*:gﬁ ghggkns. as described

above. gre n an recordi ng & ormng ol ayer units
bec &Mk ¢anvertionadnfprmpesubipctvtio the(¢enbvastyrnd faster bl ue -

Sremgggéu)é@ﬁ@idégaguaaslqgajdgﬁéd,are adequately 20 protected fron1b|ue'
| i ght exposurg with mpl low filter terial.  The use of high
aspect ratio fgbﬁYﬁgagFSPﬁtg¥ﬁ6§} 5%%*% ﬁéﬁEEF%ﬁuggFGns in the emulsion
I aydiatingty:ksh bayebeOrHe\men&:g:raitg”ewnﬂmrII ethteaghdVaEd@ col or - f or ni ng '
| ay 5 ot | acing the faster red
_ recgﬁ écy%’? 0 %?%n %§§?§§§%eﬁ‘% tI ﬁf gﬁi%gig%ﬁkgygreen recordi ng _
col.¢ii SQ#S# ed. | aarLayer, Ordere demangamentabl peratherzed, as taught by
S. 6 2,622,923; 30 2,622,924; -
_%Jnd tgﬁ%?l%z a@Z ggg%ﬁg@gg@%@#& dt ??eécrlé $r%om Layer O der .
Arr@rf@éﬁerﬁe‘FOW\iBBa@PH sipa Blayensdn kb samercodonirng iayer unit
far il dg orayde ExPesUteoSdepatate HEud h%&&éﬁceénghe ed €en 35

recor di ng_ col or- forn1ng Iayer unit nearest Ere recordlng

col FieG¥di 78 ¢aler-farmingadayemanits sore crpovidedsource.  This - .
ar I GHIS e | dmit] S1bY 2dyad oraqeYetd P RCERgesbarp. high quality.

15" color-forming units need contain tabular bromoiodide _ . .

grains, as described above. The slower green and red
recording color-forming layer units because of their
slower speeds as. well as the overlying faster blue ' o
recording color-forming layer unit, are adequately '
20 protected from blue light exposure without employing
a yellow filter material. The use of_high aspect
ratio tabular grain'silver bromoiodide emulsions in
the emulsion Iayer or iayers of the slower green
and/or red recording color-forming 1ayer units is, of
25 course, not precluded. In placing the faster red ' '_ ¢
' recording color-forming layer unit above the slower |
‘green recording-coiorfforming'layer unit, increased
speed can be realized, as taught by U.S. Patent
. 4,184,876, and German oLS 2,704, 797; 2,622,923;
30 2,622,924; and 2 704 826._
Layer Order Arrangement 111 d1ffers from

'Layer Order Arrangement Iin placing the blue
recording color-forming layer unit farthest from the
| exposure source. This then places the green _
35 recording color-forming layer unit nearest and the
red recording color-forming ‘layer unit nearer the




inages The green recording color-formng layer unit, which nakes the nosf,
i nmportant visual contri- 5 bution to multicolor imging, as a result of
bei ng~1 ocat ed nearest the exposure source is capable of producing a very
Sharp i mage, since there are no overlyrﬁé'hayers to scatter light. The re
recording color-formng |ayer unit, which nakes the next nDst 10 inportant

visual contribution to the nulticql or i nage, rece %s 1.i hat has passed
t hrough only S¥ROFVERNSPUESLdI n §I&Fq4ﬁaﬁ é&% #BS therefore

peL e een scattegecusnia prudustog 3’““"5’2!’?8“ ??‘é‘?"?* a’"““‘?‘.’é‘éf?ﬁ“ﬁgyte?e
O der Arrangeﬁﬁ?ﬁef’ ﬁée|§§§38~f r§ﬁ§,’-’,§‘ﬁé§ Y ?mbff}féof?fﬁﬁ advant ages
realizedi|1tﬁmﬂg;eﬂhiahdmakesrchermqs;(iﬂnnrﬁantnvtpwayecouhris si nce
‘the bluesrecqlis] C@b%u%@iﬁrb'igr' 1ee1d | BLTMTIE el N | CaS!

significant v]su contr| at'ron i col or ] mage produc Layer
Or der Arrangéh%%¥t¢ RBEAGE EhpeeXposiirensounfels ¢4?3?Be|ﬂglude green

and red recor duhéihgrafoéﬁynghhgpeaﬂgyé, gxﬁaéuﬁhé@b2§ress@arate faster'
d sl hi t t abul I L

At angenent \PYRTTEISE 1 Bkees, BP stanter Aiglh e, The, T4 Fecoifingan

addi ti onal blcmlamfmﬂni\ggcbhyarf anditng whiyoh maliés attoe enéxe moster green,

red. ant ) U g SR hDOvEQuatOLBhE BB |6 Snd i odfigef At er bl ue

recordlng col’or- ornln ayer J? F3F t abul ar grain
si | ver bronoiimuagee, enemeims &éghss@hmeaxa@omse Hehreughronlyie recording

col or- form nghd Féeﬂntécbfdm?t o1V Ecmihg ﬁé f%ﬁf’@%i?d%&?J | ght

and therefore re fes t roportion of ‘bl ue reachi g the s
green  -56-thewe %vaemesrheﬁg 86R&tLeE@dhilmy 4 e ¥g¢erding a vari ant

form the S|QM@Ioﬂ*§6ﬂmﬂﬁ§ la9eteﬁﬁﬁ¢|ngThough the blue recording
| * 15 color-forming layer unit suffers in comparison to
' Layer Order Arrangement I, the loss of sharpness does
not offset the advantages realized in the ‘green and
~ red recording color~forming layer units, since the
blue recording color-forming layer unit makes by far
?0 the least significant visual contribution to the '
_multicolor image produced._
Layer Order Arrangement IV expands Layer
Order Arrangement III to include green and red
recording color-forming layer units containing
: 25 separate faster and slower high aspect ratio tabular
grain emulsion. LayerIOrder Arrangement V differs
from Layer Order Arrangement IV in providing an
 additional blue recording color-forming layer unit
above the slower green, red, and blue recording '
30 color- forming layer units. The faster blue
recording color-forming layer unit employs high
aspect ratio tabular grain silver bromoiodide
emulsion, as described above.. The faster blue

'y

recording color- forming layer unit in this instance
35 acts to absorb blue light and therefore reduces the
proportion of blue light reaching the slower green



A

|l or-formng |layer units need not enploy high aspect ratio tabular grain
| sions. 5 Layer Order Arrangenent VI differs fronlLay
er Arrangment IVin | ocating-a tabular grain blue recording
olor-formng layer unit betwgga the green and red recordi ng col or-forming
| ayer ‘units and the source of exposing radiation. -As is pointed out 10
above, the tabular grain blue recording color-formng | ayer unit can be

| COW&&S%FdOi—eeB%d%gWﬁJ@bs&ﬁmgawyék-uenaeeqrdlmg £l sion layers and , .
wher e nu % recor di ng EHU|SI02 %ers ar e, present they can differ
i n ¥pEdgnt GrﬂomégﬁuﬁQPWQﬁ greencerd;5ed; 16024198si tion which the red
r ecos VorY£oohdng ﬂwymmgxdm/sernemtnomahployhhﬁgmes@e@my Layer Order
Arrange gthé aIsoﬁ&&{fer onlLayer Order Arrangenent IV in providing a -
- secbfii* PatfoH 9 $orming layer unit, which is 20 positioned
5 between the tabulLmygmmOrdermArrnngdmegthEodifﬁunslﬁ;dmwer unit and the
' SO f Si e h I ti on which the
secsfifef pEiRR it My, 10CEOLRELRE B EALBMA Gl T O ctpi o0 ¢
|s blueerechadinge colos- i g lamrreuétdbegvreeperthmm if the two f ast

ggseeﬁdaﬂa &euegéeaﬁﬁﬂg%mafsrmﬁgt 18960 BItOMha It 15, of

_ recogni t hat,. t he {st and s i egbular grain red

| red%?ﬂlﬁQ“ESPoP EFPRSIR zﬁﬂA afien- ¢ F 88 B formed of the same
10o0r éiﬂovdef:ﬁéeﬁfabﬁmdtslg(mﬁrﬁrtﬁlﬁélafeébedingebaub\t@-fiﬁﬁﬁd% can be adj usted

' wel | -known' t: se.skilled 1n_th ‘I'nst ead of enpl oying

bxﬂiechnl u é %rg
- twor§%RE aﬁg rﬁé&r&ehﬁqQBf s 9§ one gﬁoﬂﬂretﬁé BBdnd fast red recording
' I aygraini blnenrecbnddmg eeinuhﬁomplayedsSEndw whexesecond fast green

s Y ep ALyrgenent Vi1 can be'.!'
%?‘éﬁﬁ%g ?hfot"%a er é%e%'ﬁér&aé\ge%ré?¥§%ﬂ QQ_—% ?f{% F?ﬁgs i n providing both
. a g@b@mdcaasdif£§g|émgﬁpgedfgﬂﬂo compensate for the less
15 - favored position which the red recording color-

forming layer units’ would otherwise occupy, Layer

L3

Order Arrangement 1’28 also differs from Layer Order
Arrangement IV in providing a second fast red
recording color-forming layer unit, which is
20 positioned between the tabular grain blue recording
color- forming layer unit and the source of exposing
‘radiation. Because of the favored location which the
second tabular grain fast red recording colorforming
layer unit occupies it is faster than the first fast
25 red recording layer unit if the two fast redrecording | _
layer units'incorporate identical emulsions. It is, B o
of course, recognized that the first and second fast ' ' B
tabular grain red recording color- forming layer_
units can, if desired be formed of: the same or
30 different emulsions and that their relative speeds
- can be adjusted by techniques well known to those
skilled in the art. Instead of employing two fast
red recording layer units, as shown, the second fast
red recording layer unit can, if des1red be replaced
35 with a second fast green recording color- forming
- layer unit. Layer Order Arrangement VII can be




recording color-formng layer unit and a second fast tabular grain green ./
recordi_ng color-formng |ayer 5 unit interposed between the exposing é%&
radi ati on source and the tabular grain blue recording color- formng |ayer
unit. There are, of course, many other advan- tageous |ayer order , _
arrangenents possible, Layer 10 Order.4guangenents | through VII being
merely illustrative. -In each of the various Layer O der Arrangenents
correspondi ng green and red recording color- formng |ayer units can be
i nt er changed- { fefiti cllle thatisSer Trdd¥ AFLongémeRt dVIY BatodifEEewsng 15
| ayer wunits cgn be |Rt§rch nged in posifion In the varroui'lay r order
arrangenents ARdPRAY EiBﬁa%P& @ /&QTHat ﬁ%ﬁyt§ ﬁlgFoﬁéﬁlgréﬁ ~and red
recordi ng col pacokdifigNedldte oty &¢ i €r 6AdngedecondoFalgiton. 20
Al t hough photogﬁgihlc emyl sions.-intendeg to foin1 Itli0|gi I mages. :
conprised of t@RBFAZEt BEAL HBTIEAR BRIGNAADS | ?rggﬁgm BBnal¥$tt ake the
formof a pluaaltt ¥nterpoped Hetaasend aoltos sexpos ihgi pgdiacdoposouatord -
dye-form ng nmaterpals, sugh_as dve-f.arnn S..couplers. this i,S _by no '
means requireﬁ‘?8 tRecEabaisr &5 f31(1ﬂﬁnﬁ%ééﬁgfngo?ﬂgPFy &8%3;P§ﬂ to as
packets, eachlagetaunimg a silver halide emulsion for recording light in
one third of the visib e um gg pl a _ rmng a .
conpl enentary 30 subt_t[’gl(:e?%v%tt{)‘arﬂ nﬁ%%ﬁ?gtaﬁggg %?gégdg?gfgae her in a
singl e | ayer tageopRoleyeapbirdest aunangengntspesalblesoleyermges. -~ -
Exerpl aryom xgglqaackel-afdedrted T RIMAGRALE SeeAEMherdng di sclosed by
U S. Patents f £98 794 .and 2,843,4 96§? _ Lt I S- hg relatively .
| arge separ at 1 BAUSRTRAEVE- e TAh &8GR Hihe warious bayet Brdefe green and
-58- red recoAdraggeneats’ eofrkponding g tées oahdi pedgreabuddnggrai n
stlver bro”“'891§9-6¥8¥%k%%5fﬁ?@f units can be 1n;etchanged--i.e.,

the faster red and green recording color-forming
15 layer units can be interchanged in position in the

various layer drder'arrangéments and additionally or

%

alternétively the slower green and red recording
color-'formingllayer'units'can be interchanged in
position. o | |

20 Although photographic emulsions intended to
‘form multicolor images comprised of combinations of
subtractive primary dyes normally take the form of a
plurality of superimposed layers containing incorpor-
ated dye-fofming'materials, such as.dye-forming'

s 25 couplers, this is by no means required. Three
color-forming components, normally referred to as
packéts, each containihg a silver halide emulsion for
recording light in one third of the visible spectrum

~ and a COuplef capable of forming a complementary '

30  subtractive primary dye, can be placed together in a
single layer of a photographic element to produce |
‘multicolor images. Exemplary mixed packet multicolor
photographic elements are disclosed by U.S. Patents
2,698,794 and 2,843,489. - |

35 ' It is the rélatively large separatidn in the
blue and minus blue sensitivities of the green and



_ n1 s reduction or elimnation of yellomrfllter materials and/or the
”é gyment of novel |ayer order .5 arrangenents. One techni que that CQ%
\ be efipl oyed for providing a quantjtative neasure of the relative respons
green and red recording colorﬁanrnng | ayer units to blue light in
mul ti col or ‘photographic elenents is to expose through a step tablet a

le_1Q of il ticol I t to thi t |
! oy FRY FeFeral o a LT DAgPRERG LafipEcunt e EORUARIERE Ssoo orr |- and |

't her eatabulas mmainnsil&esahponoiodddecenulsdmmsanhauhen i den- tically

: f filt whi ch
OXPOSCle RXCG e 3 38 ROR1hhBDoR o SeLAEEIGE 11 LEr. i o
proces@é&er@ﬁ &ﬂdfeor fkerenpheymeatt pinaevedi die msndee det er mi ned
agcor di an 2 t hree dye

300" ORBgabg BN PUe KitnlhRe pAIR Gal® Ll WIS mYE, L e Y

-~ character-
- di ffer prodd ding ja aﬁi@:ﬁl['éiﬁﬁtiﬁeb!leésyﬁéeﬁ’foﬁh%é'ﬂlﬂfei‘f%cordl ng

col or - £akpbonged BeTg f&éﬁ(éﬁdaﬁédtPScBrHQngp@@id¥-fd¥h£H en or red :

recording col or - for qgilayf uni é i g % determ ned Trpomthe

rel ati éAY@fpuifFs to blue {&Ft i r PRt Fﬂ quzphotographis where [err] is

the bl g¢ehpaed qfs tthe éﬁp@s@%hf@ﬁ?hdhnﬁt | gabletndGdmyrs unit(s) -
sed hr ou W at.ten 98 f#% 1; 8 is the blue speed of the green:
001 dPfg &AM SR AT, PHOGRBTARRL <  1eRERE ASAATHINE (FR W at ton 98 |

fl : terthds invention dupXdyingt Btrbtua apeetadf exposiare recor di ng _

col or -

ool or LAt I, Widlp e asspt ppb el g 08 Tilters s
_ process the sample. A second sample is then 1den- _ : e
" tically exposed, except for the interposition of a = ” _
15 Wratten 98 filter, which transmits only light between ". .
| 400 and 490 nm, and thereafter identically |
processed. Using blue, ‘green, and red transmission
densities determined -according . to Amer1can Standard _ <
PH2.1-1952, as described above, three dye character-
20 istic curves can be plotted for each.sample.' The
differences A and A' in blue speed of the blue
recording color-forming layer unit(s) and the blue
speed of the green or ‘red recording color-form:ng _
- layer unit(s) can be determined from the relationshlp:
25 (A) 8 = (Bugg - Gygg) - (By - |
Gy) or - _ .
@ A" - (ngs Rygg) = (By - Ry)

where _ _
BW98 is the blue speed of the blue

30 | recording color-forming layer unit(s) exposed through.
the Wratten 98 filter;.

GW98 is the blue- speed of the green .
recording color-forming leyer unit(s) exposed through
the Wratten 98 filter;

- 35 ' ngs is the blue speed of the red
' recording color-forming 1ayer unit(s) exposed through
the Wratten 98 filter, '




gree

to neutral

peed of the green 5

color-formng |ayer unit(s) exposed to neutrél (5500K), light; GNis the ,‘
n_s _ recording color-formng layer unit(s) exposgd(d/
] (5500[err]) light; and R is the red speed of the red recordi kg -

L

color-formng layer unit(s) exposed te59eutral (5500[err]) light. 10 The

above description inputes blue, green, and red densities to the blue, '
and red recordlng color-formng layer units, respectively, ignoring
unwant ed spectral abs® ﬁlsortl'tq blhe \epdary, ofraghethluenﬂecyadidges

unwant ed spegpy -%ﬁ%&mgqg;&o%n [ SpQledUtb! fLgREaToOn tude o

green,

af f ect naterla

tain e purposes

Such

ey are here

enpl oyed. Thé5§Q tKaoﬂéshﬁhOtographlc el enents in the absence of any yeIIow
mat eri al exhi by sb|tl1lﬁ %Q-eeﬁpgaﬁ_cgd)yof hené! glgeéﬁcordl ng

filter
col or-f
t1.nes,

grning | ayer, un

h t
nd opeFREAR 9saf=°ﬁ@§ @fwﬁé@xqﬁ meté*iesaﬁepe

east reférably at

Ieast 8

r&@n” and/ or red

recordlng cohea:ia&n(ﬁgonéxgrnmgug%tznazurnng hlgh aspect ratio tabular
grain 25

bel ow denpnstr at es th

enul si ons, dejﬁ i bed, above

dlLl,Son, an exanple

rﬁﬁqnﬁﬁe?ﬂHQES P%r ﬂoFSﬁB&BﬁP& el enent

| acki.ng yeIIomdbrkietmﬂmgemayenwdnin¢s§Eeipueedpeedndutianence bet ween t he
bl ue recordlggpg9bg5 ﬁ? ng Iayer unit and the green 30 recording .
g

color-formn

to near

advant ageous re

| ess than 4 tinmes (0.55 log E) as conpared

L0 10Themebote. a&smpmidmrimpmabme gukengobad edt ogr aphi ¢
el enent acco&thgtggstQ% R s ;§¥g%ﬁkﬁagy gegogggagaggglllustrates t he

I on reen recor

'ng%col or - form ng

| ayer units cn&prcénrmén&ﬂiayﬁxjunﬁngbrwgﬁpespévelyatﬁgnpabugar grain
silver bro”“hﬁQhHEe@”Eb%b%Q%l absd¥¥tion by the yellow, magenta,

-

15

20

25

30

35

and cyan dyes. Such unwanted spectral absorption is
rarely of sufficient magnitude to affect materially
the results obtained for the purposes they are here
emp loyed. o
The multicolor photographic elements in the
absence of any yellow filter material exhibit a blue

- speed by the blue recording color-forming layer units

which is at least 6 times, p:eferably at least 8
times, and optimally at least 10 times the blue speed

of green and/or red recording color-forming layer

units containing high aspect ratio tabular grain

emulsions, as described sbove. By way of comparison,

an example below”dembnstrateslthat a conventional

multicolor photographic element lacking yellow filter

material exhibits a blue speed difference between the

blue recording color-forming layer unit and the green
recording color-forming layer unit(s) of less than &

times (0.55 log E) as compared to nearly 10 times
(0.95 log E) for a comparable.multicolor photographic
element according to the present invention. This

comparison illustrates the advantageous reduction in "

blue speed of green recording color-forming layer
units that can be achieved using high aspect ratio
tabular grain silver bromoiodide emulsions.



r measure of the large separation in the blue and m nus bl ue

ivities of multicolor photographic elements is to conpare the gree

of a green recording coI&é formng |ayer unit or the 5 red speed‘bf
- recordi ng color-form ng ?4ayer unit to its blue speed. :The sane
exposure and proce55|ng technlques descri bed above are enpl oyed, except
t hat the neut ht exposur ed to.a | ue exposure by

i nt er posi ng- Rﬁ%&?gﬂmﬁ ?ﬁFFeP% %ﬁf ﬁ tﬁ%ﬁﬁ; £9 l'i ght beyond 490
nm thehdlperdnd avimes dblber eensstf.lewrirqmsarccf [mlt}icnbong determned are
(0O [ reql ] are defined -
gabo ek%[dgr ﬁisc t%eédleregg% gs g9 c]meare rtg{eér:; %ec%?gsé]gé%ol or-formng | ayer
un| F-@ﬁﬁﬁﬂxFQ¢9 ingt ee vraipem *g Layar umkt [@Frtheis the red speed

| i?éédﬂolfhrEbéoteéefein§0E6ﬂ@&4ﬁﬁ#ﬂi nildpar exppeed through the
VVatte filter

want ed spectral absorption the dyes is rarely

o 60 e RIS Smppd o THECOANE §RBOS ULk A FCIATPIRB! i ng | ayer uai 1
contenhni deﬂndefctdbdéraboeevaeélémpl?yeﬂuﬂfxiﬁpm ﬁhadescr;beﬁ above,"
- exhi r be n pee the ue region of the spectrum .

~ and eﬂg'g:;feaelgf %ﬁgg}"ﬁ &&rcﬁrﬁt%l%? ﬁg?ﬁey are spectrally
. senexpnauidlbyaincatpésbngnaeWrattbu @lﬁﬂkteruiwhhﬂh bl ue 30. speeds) of
t S o P s (1.3 1log E). In
107, el 5Ey (e dnk e Rhng O it | Mo, 08K FPRELURS L0 UogB Tiniie

fordﬁﬁfenaquasﬂﬁéacmdvéﬂflbaihgnﬂh&emdﬂnedﬂxtmgraph|c el ement |acking

yellom/fllter @?Ie L al 3éwﬁthl dlff%rence i's l'ess than 10 tinmes (0.95 | og

E). -61- coqfarl BB|tat|ve relatlonshlps )
= Ryo - Rw98 I S :
- . "where _ . . : L - . _
R Gygg and ngs'are-defined above; o n AR

Gyg is the green speed of the green )
recording color-forming layer unit(s) exposed through
the Wratten 9 filter; and . o _ “

. ng is the red speed of the red recording
20 color-forming layer unit(s) exposed through the _
Wratten 9 filter. Again unwanted spectral absorption
by the dyes is rarely material and is ignored.

Red and green recording color-forming layer
units’ containing tabular silver bromoiodide

25 emulsions,'as described above, exhibit a difference
between their speed in the blue region of the
spectrum ‘and their speed in the portion of the

spectrum to which they are spectrally sensitized
(i.e., a difference in their blue and minus blue |

30" speeds) of at least 10 times (1 0 log E), preferably_.'
at least 20 times (1.3 log E) In an example beiow
the difference is greater than 20 times (1.35 log E)
‘while for the comparable conventional multicolor
photographic element lacking yellow filter material

35 this difference is less than 10 times (0 95 log E).




even i%/the green and red recording color-formng |ayer units are identica
5  (except for their wavel engths of spectral sensitiza- tion). -The reaso
is that -in nost instances the red recording color-formng | ayer unit(s)
will be receiving light that has al.ready 98Ssed through the corresponding
green recording color-formng layer 10 wunit(s). However, if a second

el ement is prepared whi is identical,to the fir exc pt. 4 hat ihe '
correspondi ng green and*‘éa“?‘%ﬁﬁﬁ‘ﬁgLB& 8?’39&151%&‘1 'ﬁﬁﬁt‘i%sm% been
i nterchanged i & ptm;lB amd €hto Phforetiheccamei ed emenir, fuhe:nrigsﬁhysar o

unit(s) of the p(s:m% f&%ﬂ%ﬁ%ﬁfhogbgnei@ the g#}ltrﬁr’gddal{.é/ i denti cal | '

val ues for relatlons reen re g col or forn1ng
| ayer units of Rm#di% 9 bapnformhngi ﬂ-aVGI?-' nalss areniide

respectivegy. M&%m&mw%&wﬁﬁgcﬁer 8 £2@p ec@ﬂlcesél{sﬁiaﬁ‘- '
spectral sensitizatyon as opposed ; g ectral ien5|t|zat|q? do%f not -
significantly|9#%4kﬂuxjA%éR£%f%%s 8bEBRRed DpPOSke 1DFHAR e Fedi v
cogpargsons dTmaaﬁtﬁfhgIdol6r€ﬁ@ﬁﬁﬁn§raggeeeuhﬂtékoﬁwﬁﬁkﬂﬁﬁﬁlate green
and red speeds _in ar i to ue ee ref.er .t 0 green
and red speeds ﬁﬁ£§ kiéétn¥ﬁﬁgnbﬁﬁe 585?5 é#‘ t*H&t i o
t abul ar grain sdnnﬁsﬁnnﬂingxgthennnésoodingfcbﬂeqmﬁanmﬁngrizyaron are
advant age ft d d_h ring a
vant ageols bESRE P! HSHEvEFS E8 e b BoAR0L cllac 1O eSO as

conpared to no oner * aspelt ar. grai‘n S1 ons.
Thi s can be quauhﬂqmtﬁwdtbemt‘ttatﬁhe fRe*B&r,r exgept Rihatr elte a sarrpl e

ansperent (oL e R I SO,
of 1:08 g/n2. lanewo mthsmvheenhénémphamedndmmﬁqion, -Wenare
pref-erably | MyReddd Fetbf@iflg"@¥1BY-Forming layer unit(s) of the

15 second element should exhibit substantially identical

' " values for relationships B and D that the green

- recording color-forming layer units of the first
element exhibit for relationships A and C,
respectively. Stated more succinctly, the mere .

20 choice of gréen spectral sensitization as opposed to
red spectral sensitization does not significantly
influence the values obtained'by the above quantita-
tive comparisons. Therefore, it is common practice
not to differentiate green and red speeds in compari-

25 sion to blue speed, but to refer to green and red '
speeds generically as minus blue speeds.

‘The high aspect ratio tabular grain silver
ibronoiodide emulsions of the present invention are

Ato Band Cto D for the sane elenent, the results will not be identibal,KiEE;

advantagedus'because of their reduced high angle
- 30 -Iight scattering as cbmpared'to nontabular and lower
| ‘aspect ratio tabular grain emulsions. This can be
quantitatively demonstrated. Referring to Figure 5,
a sample of an emulsibn 1 according to the present
invention is coated on a transparent (specularly
35 transmissive) support 3 at a silver coverage of 1.08
" g/m?. Although not shown, the emulsion and support



substentrally mat ched refractive index to mnimze Fresnel reflections at

he surfaces of the support and the enul sion. The enul sion .coating is o
%n xposed 5 per pendi cul ar to.the support plane by a collimated |ight source .

Light fromthe source follgpng a path indicated by the dashed |ine 7
whi ch fornms an optical axis, strikes the enulsion coating at point A :
Li ght whi ch passes through the support and 10 -enulsion can be sensed at a

conax_aért ﬁhﬁémgyfim&bgdem [ qriqafica e gphgri cal detecti o]rr Slﬁrface 9.
At { ten n t
ini ?‘i ??ﬁﬁi hmﬁhﬁgf“ﬁ éét}?@c?{qqo :ﬁﬁ%’gntgl?gﬂfmgé S ?r:agr m(jm i nteensr ty

I evd‘lram% reflectédnsArtathiet sariflaces|af t thie PSUPPOLEi s shown in Figure 5
on 3 @Q%hﬁfsf hlaC¢he Lﬂ%r§¥ﬂﬁﬂtdd égporn @s gd C forms an.angl e

[err e enu sion coatl ng movi n -on -t he detection
3 sur PRxPemiicyles EGSEhﬁléuPB°F§r?H§ﬂ4] ¥ rorcollimabed By neasuring the.

Intq ﬁty éﬁui-@e nghﬁgaet Ef%adth% %cfuwélﬂéupéwmg anglt;a [err] Ibt Itsth -
possr ause 0 atiqgn scattering abou e .
opt | @eFI ted B¥; Eﬁ?n aési”ﬁg %ﬂﬂy%\?@/ﬁ&bh# § @Pstribution as a
fun@pm.ﬂli:hfsangteikgsr}:he Emulfsﬂl?xlclcgsmﬂruigd Gadeecpbnht[;)gn of the . ) :
cumyl at i;v.e ributi see al ma_an sper termning the
CppﬁtalHﬁ%ﬂﬁfﬁb%@hoﬁaﬁﬁﬁfogﬂ§8ﬁsg JURRO %@ ?ﬁg Monte Carl o Met hod”
1¢>hotenlg-r lgfon Guncbecsendedoatbmgicoamtiant; dhstadde foom3, May- June 1971,
eLs det C I sgribution as a
_ Pgnctlon 18{?& ét & ﬁe???bggreg%&egﬂ¥%cwn%§§ ég%% ?%r§the enulsion 1
- accé‘-'dmg’qfcnﬁ h%’ 3‘3h19 eddgs atvédhe dntersectienppfcthere Is repeated, “but
wt@ﬁwtwn@ﬁeemerau qfi g%a&?ﬁy&resr@ detefSioflrain volume

coated at the sane silver cover
' surface, light of a maximum ntensity level is

15 detected. o |
' - An arbitrarily selected point C'is_sﬁqwn'in
Figure 5 on the detection surface. The dashed line
between A and C forms an angle ¢ with the emulsion
| coating. By moving point C on the detection surface
20 it 1s possible to vary ¢ from 0 to 90°. By |
measuring the intensity of the light scattered,as a
function of the angle ¢ it is possible (because of
the rotational symmetry of light”scattering abont'the'
optical axis 7) to determine the cunulative'light
.25 distribution as a function of the angle ¢. For a
- background description of the cumulative light : _ .
‘distribution see DePalma and Gasper, "Determining the |
Optical Properties of Photographic_Emnlsions by the
Monte Carlo Method", Photographic Séience and |
30 Engineering, Vol. 16, No. 3, May-June 1971, pp.
181-191.

After determining the cumulative_light
distribution as a function of'the angle ¢ at vaines-
from 0 to 90° for the. emulsion 1 according to the

35 present invention, the same procedure is repeated,
 but with a conventional emulsion of the same average':




anot her portion of support 3. .In'conparing the cunul ative |ight '

di stribution as a functon of the angle [err] for the two emul sions, for

values of [err] up 5 to 700 (and in sone instances up to 80[err] and o
hi gher) the anpunt aof scattered |ight | ower wi-th tthe emul sions according
to the present invention. In FigureE?é%e angle [err] is'shown as the

conpl enment of the angle [err]. The angle of scattering is herein 10

di scussed by refere g Thu h as ect rati-o tabul ar
grain ol o) SRR G VT oAt a0aE, Ans: PenE.s1dvat SRR AL ng T
Since it is rarg:btlwuglwostﬁoneofnguppolrtgﬂt..tIIaI cmm:tamilng eshe S
di sproportio y'gfb%egﬂgﬁtqaléerigag oﬁhg pg$§%ﬁ Ioms t hat

t he hi gh aspect ra rarn emul Sions resent |nvent|on are -
in each inst @ngledpafer 6hepmquemnésmnsraepfqrne@é@ew%& &M used the

term"c@ | ecty | $nt a e yang! %t [ of the 20°
l'i ght striki n&ivh?gdeﬁ%q;%ngg¥ gggtﬁﬁcbg X Q:oeﬁ) ad’&"‘l‘ﬂ{% d)ed by a

g i ﬁ hi,n an are%h
cone formed HP& &2aYtdn scatteredpiightnd spdoyer; Wit %e angl e [err]
whil e hal f ofenulsidgditactsrding tbetHet peeisemtsdmvant izind keknt he o

Sehing ro bEiaiEel S e [AGal €78 P nRkE g5l Bhe complensalidf 0O
hi gh angl e s&atet angile py opefhe eanglehofhsaapteringt |ics ﬂ'ﬁtﬂﬂian grain R
emnul si ongy acgqrs@lﬁ%écf) l#}heré)fégﬁléel géegﬁboEnggte igS bqlﬂuesveq:t{@at the | arge )

flat major 30 . cryst aces presente %h asp ect atio tabul ar
grains as welbd &h;&&R?Qﬁ|¥#ﬁ%@|6ﬂbblath8rgﬁ§|RQU ﬁﬁ9ﬂ§ B account for

the i mroven&&%dﬁ&haémﬁc opegs vRd h-§ag%f Isealclaérilrrghhassﬂw |
obsérved t hat, tgt %ﬂﬁ+ar éialns resi % ﬁ silver 35 al i de emul si on
coating are dfbsifatighTangle gseachprhngneiplight &hgsoontrk %n whi ch
they lie. -di%‘bro'fiv&idnﬂf‘éli“fGCi'éduaeibﬁndlnCliEn&rget GHAYprEEE p- -
15 it follows that the high aspect ratio tabular grain
' emulsions of the present invention are in each
o instance capable of producing sharper images.
As herein used the term collection angle"
is the value of the angle 6 at which half of the
20 " 1ight striking the detection surface lies within an
area subtended by a cone formed by rotation of line
AC about the polar axis at the angle 6 while half’
of the light striking the detection surface strikes

. . the detection surface within the remaining area.
25 - While not wishing to be bound by any
* . . ".particular theory to account for the reduced high-

angle scattering properties of high aspect ratio
tabular grain emulsions according to the present:
invention, it is believed that the large flat major - -
30 crystal faces presented by the high aspect ratio
tabular grains as well as'the'orientation'of the
grains in the'ooatingiaccount'for the_improVements in
sharpness observed. 'Specifiéally; it has been -
"~ observed that the tabular grains present in a silver
35 halide emulsion coating are substantially aligned
' with the planar support surface on which they lie.



.aphic el ement striking the enulsion |ayer tends to strike the tabul ar

ijns substantially perpendicular-to one major crystal face. The thinness.
fabular 5 grains as well as their orientation when coated permits t
ki-gh aspect ratio tabul ar graeg4genul sion |ayers of this invention to be’
substantially thinner than conventional emul sion coatings, which can also
contribute to sharpness. However, the enmulsion 10 |layers of this

| NVETRUH) Exghbl Hi&&h&@&@e&lﬁﬂdmslﬁeﬂowbhé pheroare coated to the same

t hi ckneSﬁg con ent| r%hs on %a¥ers .2 eﬁgf £ preferred form
of tHEAP ‘énF raﬁ‘iﬁ%e € &Y os 3Bui157 §r 5BR€5159 exhibit a nminimum
averslgeibeathedtabnﬂalr grading esadisﬂamtimllynperpendﬂsmlpnef erably at |east
2 mMEL O d1MELEd sﬂ‘?é‘gcﬁg\ﬁnﬁgér BZeEab1G Al tal nabl e as

N average graln |ane &rs are increase Xi mum usef ul average grain
" 3di argxratnswas| wedl wsr gheiltth ariengathonewbenhapated be tolerated for a

' Spegﬁ&ﬁzwﬂah@gh&gw afs?écﬁ{‘ rdtfo r@ébw&ageaaaeea&a'ﬁéh aneters of high
aspect ratio tagy H&ﬁ emul si_ons agcor Eg i Bg present invention are
n ayere aficEBL fodaVemiton te Bo iR cant] BLaYab less than 15
m crameéonvandionmmdnlsicmgrwdﬁn sanvhichi eapalleis. I n addition to
‘produci S ess advant es |nd| ed_ab v at t he average di aneters

|nm323§£h??t? aﬁ?ﬁ&f%?ﬁi VﬁY?ﬁgh §p§EP F PP 30 tabul ar grain-.
l@nulbayzmsaoﬁldhasndmbemumbnhexhihdt enbencedceharpnaSQW'conventlona

ewwaemp 'Eﬁeghﬁ% 'c%rQ:"eda‘ntf‘cf agulgafe&hgaaes Fgst, itis

di ffi 0 prepare _conventio srons mnth average grain
di arkeryentbonaloepudisdomssd 8¥ﬁﬁﬁxs Second Farnel | in "The Relationship

Bet ween SpeedIﬁng %@b@f@cz%refe%d]%ﬂﬁJOQf thBot ographi ¢ Science, 17, =
1969, pp. 116-125, pointed to reduced 65-
invention the h gh aspect ratio tabular grains
15 exhibit a minimum average grain diameter of at least
1.0 micrometer, most preferably at least 2 micro-
meters. Both improved speed and sharpness are
attainable as average grain diameters are increased
-While maximum useful average grain diameters will
20 vary with the graininess that can be toierated'for,a
specific imaging application, the maximum average
grain diameters of high aspect ratio tabular grain
emulsions according to the present invention are in
all instances less than 30 micrometers, preferably
25 1less than 15 micrometers, and optimally no greater
than 10 micrometers. : L _ | .
In addition to producing the sharpness _ B
-advantages indicated above at the average diameters
- indicated it is also noted that the high aspect ratio '
30 tabular grain emulsions avoid a number of disadvan-
- tages encountered by conventional emulsions having
these large average grain diameters. First, it is
difficult to prepare conventional, nontabular _
_ 'emulsions with average grain diameters above 2 micro-
35 meters. Second, Farnell in "The Relationship Between
- Speed and Grain Size" The Journal of Photographic
Science, 17, 1969, pp. 116-125, pointed to reduced




speed perfo
Further, in

rmance at average grain diameters above 0.8 m croneter .

enpl oyi ng convent.i onal enul sions of high average grain -

diraneters a much larger volune of silver is present in each grain as 5

conpared to

‘conventional enul sions are coated at higher silver coverages, which,

course, is
t he convent
than with t
di anet ers.

t abul ar grains of conparabgg-di aneter. Thus, .unless

of .
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a very real practical disadvantage, the graininess produced by .

| e de;rmi-swﬁfanteé aar aeeelagreamagrtardtta&tdramevé i's “hi gher
SI ONS..0 venti,on hawl e sane erage grain :
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therefore c
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foll ow t hat
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shar pness ¢
emul si ons o
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lon of the shape
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&Rt VTR pBERIBatio

t abul arl@r aidﬁma&ér@nssaheghdrnghha thprtefeer&muwﬂmsO@f thigoes not
reduce 1? gg g scatterr ng i S nece ar‘#r%realrzed 30
c‘&‘ﬁ’h on Baving: thR REPF AYESAESATHSP f g € hanced
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fe I ts th
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vqmeeave:aaﬁaertprengtbﬁs Tokqafings are._pequired

to accommodate the corresponding large thicknesses of

the larger diameter grains. However, tabular grain
thicknesses can remain very low even while diameters-
are above the levels indicated to obtain-sharpness
advantages. Finally, the sharpness'advantages
produced by tabular grains are in part a distinct

function of the shape of the grains as distinguished .

from merely their average diameters and therefore
capable of rendering sharpness advantages over
conventional nontabular grains. o
Although it is possible to obtain reduced _
high angle scattering with single layer coatings_of

~ high aspect ratio tabular grain emulsions according

30

to the present invention, it does not follow that
reduced high angle scattering is necessarily realized
in multicolor coatings: In certain multicolor

 coating formats enhanced sharpness can be achieved

35

with the high aspect ratio tabular grain emulsions of .

this invention, but in other multicolor coating .

formats the high aspect ratio tabular grain emulsions =

of this invéntion can actually degrade the sharpness
of underlying enulsion layers.



ing enul sion layer |ies nearest to the exposing radiation source

'e I ng back to Layer Order Arfangenent I, it can be seen that the blue
|I

t he underlying green recording enulsion layer is a5 tabul ar gra

‘enul sion according to this i nwg®§- on. The green recording enul sion |layer in
turn overlies the red recording emulsion layer: If the blue recording :
emul si on | ayer contains grains having an average- di ameter 'in the range of.

- from 0.2 to ORefexrririgriack cto hayer OyderalAraingementordt abul ar enul si ons,

o] cRNNbY e LR S (K100 oIk BANTRIGH Ny h it to reach the

green, and red recor

ston | ayers ortunate | i ght has.

- aIre&H?sbééﬁnﬁﬁﬂtﬁﬂwﬁhﬁxﬁﬁﬁQﬁiQSré&éﬁé§19neSﬁpgﬁeiﬁﬁﬂdspect ratio tabul ar

S

rou to the re

grai ehenuhabemﬁg{gmg}%e}:pgﬁ]&mﬁgﬁ 18908 agedn g 2XeT, Lhe tabul ar

rains_can sca
?ayeFa'P vlar erainyemilsiorpecordingateokhdst doventdansi on. Thus, this

t passi ordi ng enul si on

partThéE! gtedf r@@@faq éﬁg&gﬁ@@slgygrlgﬁegughrgmwmy@g results in the
sharﬁﬁess af the r recor di | s1on kgyer bei_ng S|gn|f|cantly degr aded
: t

exFert T§ce. &fﬁﬂP % €Fe cdfethe Bdueml'si ons according to

t hi Sreouedingnemrleimea@?er redi€aiAyegrai 48r h&%inﬁararrﬁngeﬁent I'n order

ndcRPPESSS Highehah. & (Lh Fadit| 4F SFamnOsd bar b

réoon | ayer .t hat
noi.odi de enul si on

10ayemi arometiergy a8 ﬂheqypiuaﬁ o Hiveaniy onohtaBllari s preferred that the

' k Qi i ght that free of
g?gﬁ+?§}g§§h? ggg{?gﬁ?hg réﬁgr %?§$B§n§gﬁgﬁsasﬁglﬁ ce:ge subgtanfla{ly
spectightypasainsi thaeughy Htfa tsizeach abbe hgreany andnpedvenent s in
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~aspect ratio tabular grain emulsion forming the green

* Shar?@@§§diﬂgeaﬁh§'ﬁ%x§iagnet er yypdeEbihBaLyabylean 1@l n enul sion |ayers:

-are Jbest

|zeg e ta rgrain -67-
has a ready een scattered before it reaches the high

recording emulsion layer, the tabular grains can

' scatter the light passing through to the red

recording emulsion layer to an even greater degree = = -
than a conventional emulsion. Thus, this particular ' |
choice of emulsions and layer arrangement results in
the'sharpness'of the red recording emulsion layer
being significantly_degraded to an extent greater
than would be the case if no emulsions according to
this invention were present in the layer order,
arrangement.-_ | .

' In order to realize fully the sharpness

'advantages in an emulsion layer that underlies a high

aspect ratio tabular-: grain silver bromoiodide
emulsion layer according to the present invention it
is preferred that the tabular grain emulsion layer be

. positioned to receive light that is free of signifi-

cant scattering (preferably positioned to receive
substantially specularly transmitted light). Stated
another way, improvements in sharpness in emulsion.
layers underlying tabular grain emulsion layers are

_best realized only when the tabular grain ‘emulsion




layer does not itself underlie a turbid layer. For exanple, if a high
aspec{_ratio tabular grain green recording enulsion |ayer overlies a red
recordi.ng emul sion |ayer and underlies a Lippmann enul sion 5 | ayer
and/ or a high aspect ratio tabular grabd=bl ue recording emul sion | ayer
according to this invention, the sharpness of the red recording enul sion
| ayer will be inpraoved by the presence of,the oveyrlying tabular grain
enul si on | aybBY8E p&?ér§°QQ¥ﬁ%§i€nPQQF¥ﬂ$ﬁn?tEPFPEX lgﬁﬁr‘lf e

COLl Iect i on aeshﬁpm‘e t RE |aa)tﬂrgmrad1fétﬁtf SrWﬁdS'Ua'ﬁﬁlhbegbaﬂh gs-ﬂeext ratio
tabul ar grai

I th ]
abul 2t ol 1 SLER oS LA O LSVl oy  EaR FIR-ARRN 10leri]
realized. Iteﬁﬁlsion layemowmﬁaundeu&tssad Lipphennt emulsdonecor di ng

| | | | |
Scoordi g {oTkHed il 3 Helh e (e ot ERBLTR-ORRICHIR O, LOVE
on its sharpneseridingoegerlsddn Aryer according tonthiscdhwengiomagr aphic
el ement cont ghil BLaUARIIITS G A 01 LELOLATRY bS] b oS 1RNELET ed that

g radiation.be

| east the emul'Si on | gaPearest e sou éxpos
a hi gh aspecvildtbe ﬂmvmqmeQ] thenpxg sence ofdehetgvesluﬁnsun the .

advantages of ;Bh3EANESS o Nl PRG 11 £ye 2! b PhGEERT COsharmyeagh emul sion

| ayer |ch I es nea e exposi ng radiation source than an i mage
recor di enqusnt;ntlagme itermshi diif dhegolbestionbangleged ﬁh@rrul si on

| ayer. LayerlQSv@'i‘-r 020 1 e SRAEFLPI Ag - tﬁé'hi%l\'( a¥p e¥t rﬁ'&‘ioV' |, .described

above, are il rative’ of multicol or {oto enent ai

arrangement s ﬂhF ﬁragéaé§b§HQ§QﬁrQQRﬁé) 3y ﬂ ?Fc Ayerndscdess in -

Sgar pness tornadeabxgumg wﬁJ,:c s wéme:% in the sharﬁhels@uw.flthe -

advant ageous ri n ecty Lo N .S

bronoi odi de Sﬁg %an § dﬂg ééﬂ%ﬁ#? ﬁu?%ﬁbﬁforeghgfgd grggalc

.eIenent£5hasibeeafspeum&egamqmahﬂmiaImmhé@her the red recording
emulsion layer is itself a high aspect ratio tabular

grain emulsion layer according to_this'invention }

N~ insofar as the effect of the overlying layers on its
- sharpness is concerned. _
20 In a multicolor photographic element

containing. superimposed color-forming units it is
preferred that at least the emulsion layer lying
nearest the source of exposing radiation be a high
_ aspect ratio tabular grain emulsion in order to
- 25 obtain the adVantages of sharpness. In a specific-
ally preferred form each emulsibn layer which lies
.nearer the exposing radiation source than another
image recording emulSion"layer is & high aspect ratio
_ tabular grain emulsion layer. Layer Order —
- 30 Arrangements 11, 111, 1V, V, VI, and VII, described
above, are illustrative ‘of multicolor photographic
element layer arrangements which are capable of
imparting signiflcant increases in sharpness to -
underlying emulsion layers. :
- 35 Although the advantageous contr1bution of

high aspect ratio tabular grain silver bromoiodide .
‘emulsions to image sharpness in multicolor photo-

graphie elements has been specifically described by

(u



eference to multicol or photographic el enents, sharp- ness advantages.
4l so be realized in nultilayer black-and-white photographic el enents

gnded to pr.oduce silver i es. It is conventional practice 5 to di vi-de
emul si ons form ng bl ack-and- Te inmages into faster and-slower |ayers. By

errpltaafaﬁeaeehtess%qtur&éwrtﬁ%%a%rﬂ RiB sglg!m% 2 dnasqmtﬁﬂ ng to this

“invention iin | ayers nearest the ng ra source the sharpness -

of dh%l%‘?l?ﬁiﬂﬁngﬁﬁ%q SR Rlse ke sroplized Apppeldd laden her applications
flIamammeuﬂdewhE;€MﬂHofdgt ﬁ&ﬁﬁ&l@ﬁénﬂgsghtgﬁﬂgafﬁgther ggtall subj ect
matter ks referred to cificatjion nunbers are
2, 11%’%%%5 iiUe&'o mages - aﬁ'ﬁ ﬁ®5°°‘2"ﬂ§i? i Precdif® 2,109,577,
5 11t s&Dvide 166udg3onk Jfbirn?ﬂﬁgf PldOR- Eﬁa-ﬁhdt% ibbge¥l. The | nvention i's
furt rate t he Ilomnng ecific _ex Ie In each of the
| exani;:ﬁé% #ﬁﬁ% F@Cﬁjltf\i& Wehet PP rac oﬁ%é??élngu&i@ tirred vigorously
~ t hr @aspeet satiertabunuﬁ|ghainﬂémuhsiodschcco&dih@eﬁoNrn percent” neans
per n a nd the,derm"M stands for
Rorite dnbEhibn 10 Byl Ughesak oEhE hREaTTE RHAIA Tsol ur one.
unl dskotseuns ecthedisbarphess o fiqumdeslybhgt emndsibmnple 1 To 4.55 liters

10 aydrPente tbghq@? (see U S. Patents 2,614,928 and 2, 614, 929)
gelati'n 30 solution 71lerr], pH 5. 8, adjusted to a pBr of 1.3 with

pot assi um br BrFEReT\apPldsekians i ledr cagcuntentlyomiith jet a 1.40 M
- sol mh@rpﬁés@ﬁtaéﬁbuae%rm&e MIﬁEHﬁéra&éeahO%%ﬂe\)ﬂgd’c potassi umi odi de,

silver nitrate over a peri of 27 35 m nutes,

d
m I%W%t%ﬁ?huaﬁhge?&rrﬁd o3 aboyey okhe Mafely 4.6 noles of silver
ni 't Isptex Mficabion mdmbébe end sn,qmd\;aezyp%eﬂ boaﬁﬂc and held for 15 -

181 "9,999 Ldd'e 2129879870 19 /S & 49 59Uyt deyanate.
2,110,403, 2,111,706, 2,109,578 and 2,111 231 - | 0
The invention is further illustrated by the | |
following specific examples:
_ In each of the examples the contents of the
20 ‘reaction vessel were stirred Vigorous1y-throughout
| s11ver and halide salt introductions, the term
percent means percent by weight, unless otherw1se
indicated and the term ''M" stands for a molar
concentration, unless otherwise indicated. All
25 solutiouns, unless ‘otherwise indicated are aqueous
| solutions ' '

Examgle 1
To 4.55 liters of a 2.4 percent phthalated

(see U.S. Patents 2,614,928 and 2, 614 929) gelatin
30 solution at 71°C, pH 5.8, adjusted to a pBr of 1.3
with potassium bromide, were added with stirring and
by double-jet=a_l.40 M solucion-of-potassium_bromide
which was also 0.088 M in potassium iodide, and a.

_ 1.46 M solution of silver nitrate over a period of 27
35 minutes, while maintaining the pBr at 1.3. Approxi-
' mately 4.6 moles of silver nitrate was consumed. The

emulsion was cooled to 50 C and held for 15 minutes
in the presence of 8.9 g/mole Ag sodium thiocyanate.




-69- The enul sion was then coagul ati on washed by the nmethod of U.S. Patent

2,614, 928. In each of the sanples under this and subsequent headi ngs the

contents of the reaction vessel were %tirred vigor- 5 ously throughout

silver and halide salt |ntroduct|ons-
prepared is shown in Figure 1.

-photon1crograph of the emul sion
The average di aneter -of the tabul ar grains
was 1.25 mtﬂhmmemutsiud Whelmhamemn;gulatﬂmmsmaﬂhed by ckbaet er.
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Example 2 : _ -
To 22 liters of a 2.27 pereent phthalated

gelatin solution at 70°C containing 0.060 M sodium

bromide were added with stirring and by double-jet

- with equal constant flow rates; a 0.97 M sodium .

bromide solution which was also 0.027 M in potassium
iodide and a 1.0 M silver nitrate solution over a 30
second period while maintaining a pBr of 1.2

(consuming l.ﬁ'percent of the total silver nitrate

used). The twin jet addition was continued for an
additional 5.5 minutes, maintaining a pBr of 1.2 and
at a rate consuming 4.5 percent of the total silver -
nitrate used. Addition was halted, and then a 3.88 M
sodium bromide solution which was also 0.12 M in

sodium iodide and a 4.0 M silver nitrate solution

were added eoncﬁrrentiy over a period of 9. 5 minutes

maintaining pBr 1.2 at an accelerated flow rate (4.8X

. from start to finish, i.e. 4.8 times faster at the

end than at the start) consuming 90.8 percent of the
total silver used. A 0.40 M silver nitrate solut1on
was then added until a pBr of 3.4 was attained
(consuming approximately 3 percent of the total

- silver nitrate used) " A total of approximately 37

moles of silver nitrate was used.

jeal iﬂt‘e'aéapté@ﬁ§t ant flow"



silver nitrate used). A total of approximately 37 noles of silver nitrate

ysed. -70- The emul sion was then coagul ati on washed simlarly to -
angl e 1. El ectron micrographs showed that this emul sion was conpri sed
ar silver bronoiodide 5<.7@kains (3 nole percent iodide). having an
s age grain dianmeter of 0.94 pm and an average thickness of.
approximately 0.07 [err]m- The tabul ar silver bronoiodide grains exhlblted'
an average asTrestemul sDonf wad: thend corgulnitdbr afagtdeder cent of ‘the total -
éyi E guie 2 is-a photom crograph of a sanple of the
enuI5|on prepare y |s éxanpl e. Exanples to |llustrate Speed/ Granul arity
Relatlonsm[ﬁ5¥$@£¥¢%smb¢regraph8bB@mmadﬁﬂhatﬁnhﬁsons of garylng aspectf
rat WA cLieb I escriptions o
t hebg#%%g%p ar e%ﬁ%gigﬁ ?E ngﬁlitarlbfsnger Iﬁgo pr e%ar i on of Emul sion
m°k9nR%¥%ﬁnPr§BﬂP§F ohadﬁ@GSGMMQYQﬁﬂs%n Enul si on 1 (Exanpl e)

20 grain diamele®. &fHDIQASuﬁf, and. anpgmggé;qhﬂcdgheé)s 17 M pot assi um

bromde _sol ut, o 8 . we add dwith stirring and by double-jet,
2.2° BPéﬁﬁﬁﬂ#hﬁ EGZ %mz OEﬁF H#%?t YLl utions over a two

: n1nbrempdndadﬁ\gnaknsmaxhbbhted anpBvetiage asPect (aiseim ng 0. 56 percent

Y t opped and t he
grléer ??E?L@?suﬁg?qﬁﬁéﬁé nzg pF§?2§2r03Lq§§§qE§H§ﬁﬂ1ﬁgSSSSZ percent of
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(2 §§§‘?}§m“;§§r‘¥% ki sﬁeﬁ%’séag%”k?nu“% Bl ng 34. 8 porcent of the
t ot AXag S S s /6renidard ¢ivuRiedm v st ipped and t he
si.lver ”'tra%?sgyfgécgiryfl$8E ﬂergiBHSQ% emulsions of
varying aspect ratio were prepared as described
below. The physical descriptions of the emulsions
are given in Table I following the preparation of
Emulsion No. 7. _ | _
A, Emulsion Preparation and Sensitization
Emulsion 1 (Example)
To 5.5 liters of a 1.5 percent gelatin,
0.17 M potassium bromide solution at 80°C, were added
~with stirring and by double-jet, 2.2 M potassium
bromide and 2.0 M silver nitrate solutions over a two
‘minute period, while maintaining a pBr of 0.8
(consuming 0.56 percent of the total silver nitrate
used). The bromide solution was stopped and the
 silver nitrate. solution continued for 3 minutes
(consuming 5.52 percent of the total silver nitrate
‘used). The bromide and silver nitrate solutions were
then run concurrently maintaining pBr 1.0 in an
accelerated flow (2 2X from start to finish) over 13
minutes (consuming 34. 8 percent of the total silver
nitrate used) The bromide solution was stopped and
the silver nitrate solution run for 1.7 minutes
(consuming 6.44. percent of the total silver nitrate _
used). A 1.8 M potassium bromide solution which was




35 (consum ng . 6.44 percent of the total silver nitrate used). A 1.8 M t% _
potaab,un1bron1de sol ution which was -71- also 0.24 Min potassium AL
i odi.dé was ‘added with the silver nitrate solution for 15.5.m nutes by
double--jet in an accelerated flow (1.6)9fromstart to finish), consuning

45.9 percent of the total.silver 5 used, naintaining a pBr of ‘1.6. Both

sol utions were stopped and a 5 m nute dlgest using 1.5 g sodium

thldothanat Ie/ m@fm %@SMCﬁﬁ{pSﬂaQHIum AoQili® Mwmmmﬂmlﬂ%sol ;Jt ion

an e silver,pitrate. solutio ua w rates
o1 10° o Tt BEeRate; sdTnBRoR. SR s miiue Y Ualefat (ot o
silver n|tradeuninnanAacweherateépﬁioW|(1 |froml stems @d silver nitrate
was used. Th fﬁ?% 0 egdet LT oagul ati-on
met hod of U ? aﬁnf n%&@%ﬁﬁggé @?09 E %Hceoéﬁﬁgl%&; at 4 yltse:tr \flverg added .
464 ny/ mdl e Asest iaseetpar §¢§n§-|° j+z e BOt t AL qp%m@f% 9-

et hyl - 5' pherhvdopi:ea %&aﬂios'uwhixte?:dﬁge%lel mﬂrr@on J5 w&imcyan ine

hydr oxi de, sodi,um sal adjus a 20 ninute hol d.
To the 20 ﬁi Zﬁﬁ&ﬂ gs FEEEg Gﬂﬁammﬁudiiﬁ sul fate
pent agydratgpwthélsﬁmgid as?id:eAgomﬁtmehaaadﬁmﬁeehtsriaaiéz?rWﬁe The pAg
was adj usted t and the,e L t hen he or m nut.e :
65[err]. EnulS§ Cid‘ﬁ"é) r%g ﬁ)etwaa at pgue q‘seﬂ 5% s Hnt lpercent
gelatin,l®. 12 Mﬁmtmﬁ%silu?n%asnrdechedut(consmm@[ dra§ ,pmesntg ofiere added
Wth stirrin l-Pé“dcé%’af' é’Pifx‘?ei-eﬁiEF&tM 892355' “F&‘ Rl % ’bﬂ: %45' | ver

e al ni r

nitrate solutlons over erio mal n of 30 .
0.8 (consumrﬂﬁﬂ?kﬁ%¥ﬁﬂm&4@500fthélverani§ﬂaﬁﬁ'Wﬁ&rﬂﬁ us e The broni de

sol ation wa t&s Ppat f t ed for 4.6
) S ethAsh andls %Y%EVEB Bb €3 nﬁiO'\Jéél-@?i RNtEHY

m nutes at a rate consum ng total si'lver nitrate used.
The broni de maﬂl%iommeahed 5% G°8. Patent 2,614,929. To the

15 emulsion at 40°C were added 464 mg/mole Ag of the
green spectral sensitizer, anhydro-5-chloro-9-
ethyl-5'-phenyl- 3"(3-su1fobuty1) 3-(3-sulfopropyl) -
oxacarbocyanine hydroxide, sodium salt, and the pAg
adjusted to 8.4 after a 20 minute hold. To the

20  emulsion was added 3.5 mg/mole Ag of sodium thio-
sulfate pentahydrate and 1.5 mg/mole Ag of potaséium'
tetrachloroaurate{_ The pAg was adjusted to 8.1 and
the emulsion was then heated for 5 minutes at 65°C.

Emulsion 2 (Example) |

25 - To 5.5 liters of a 1.5 percent gelatin,

. o 0.17 M potassium bromide solution at 80°C, pH 5.9,
were added with stirring and by double-jet 2.1 M
potassium bromide and 2.0 M silver nitrate solutions
over a two minute period’whiie.maintainiﬂg a pBr of

30 0.8 (consuming 0.53 percent of the total silver
nitrate used). The bromide solution was stopped and
the silver nitrate solution continued for 4.6 minutes
at a rate consuming 8.6 percent of the total silver
nitrate used. The bromide and silver nitrate

35 solutions were then run concurrently for 13.3
minutes, maintaining a pBr of 1.2 in an accelerated




Jsol utions were then run concurrently for 13.3 mnutes, naintaining a
f 1.2 in an accelerated -72- flow (2.5X fromstart to finish),
nstim ng 43.6 percent of the total silver nitrate used. The brom de W
ution was stopped and the sidpger nitrate solution run for one mnute
(consunming 4.7 percent of 5 the total silver nitrate used). A 2.0 M
pot assi um brom de sol ution which was also 0.30 Min potassiumiodide was

doub: £166t SQ?FW Frod ettty ao nfmﬁsle)sobuhsonihgr 483.683 minutes i nBan f
accel erate tart mai ntaining a pBr- of -~ -
1,7, BRGEDHs %Nﬁg‘%g:q?%{er@e Yeh B %ﬁgak& §Is£g| °| vgrhenltrate used. .To the
emul sbpomide adde&ibﬂ5uysnjﬂnpgpdfanddthe1Bhﬂueyammnr&ﬁ&ithe enmul si on was
,held e de t he silwver

ni tra%gig(%?og ?ﬁhmgoffg‘égni\% gé{)ﬂgh ﬁg cons?atgfm&ehq%ar?fflow rate for
appro&hﬁa§9F§15S#ﬂwﬁﬂé§1 4neep )of. 3.0 was reached (consum ng

approxi mately @ @.gem t@ésim E?éﬂidé' b¥eutdon A db_fls The total

“sil t t | ut f 20 350
o of FhenaPabbofbdramarass i Todiae srb dpublasdented added. he emul sion
coo: edith aabeﬁﬁ]lve&;mmw éxymhfclmoﬁaul aﬁl.dnwtwm dfn tErrul 3l on 1. The
emul si on_was,then S ra e sensitized in a
“mannef? s?ﬁFF&FrFSe%ﬁftlo%s@r %gdéi"%? gnﬁf’s%ﬁ&fwlzwl sion 3 (Exanple)
16 30meinhtadningf sapBB qferkeh;: gmﬂaconsuﬁine MSp & pestaentbr oni de sol ution
al TSR he"EbEaTd4aq viid *hzférfééé“&l aadl Drodendl gpldlesoh 2 M pot assium 30

brom de I'ver. nitrate so ution over a mnute period while
nalntﬂﬂﬁlﬁédsdpérjosfPQi% @Fi seddun ghieeyangte nd Rh8 silver nitrate

used) emufsPoll bh%ehé%dlﬁdfﬁﬂsxﬁdﬁuﬂéQQ 1% 6. Bgrﬂﬁﬁbdﬂgé¥ﬂiﬂed gelatln was
then ?gggge %Qith%S“EE the silver nitrate solution were '
15 double-jetted at a constant equal flow rate for .
' approximately 5 minutes until a pBr of 3.0 was |

reached (consuming approximately 6.6 percent of the

total silver nitrate used). The total silver nitrate o
| consumed was approximately 11 moles. A solution of |
20 350 g of phthalated gelatin in 1.2 liters of water

was then added, the emulsion cooled to 30°C, and"

washed by the coagulation method of Emulsion 1. The

emulsion was then optimally spectrally and chemically

sensitized in a manner similar to that described for

25 Emulsion 1. | | | - .
Emulsion 3 (Exemgle) ' - | _
To 30.0 liters of a 0. 8 percent geletin, . T

- 0.10 M potassium bromide solution at 75°C were added
with stirring and by double-jet, 1.2 M potassium

- 30 bromide and 1.2 M silver nitrate solution over a 5
minute period while maintaining a pBr of 1.0 _
(consuming 2.1 percent of the total silver nitrate .
used). A 5.0 liter solution containing 17.6 percent

_ phthalated gelatin was then added, and the emulsion

35 held for one minute. The silver nitrate solution was
then run into the emulsion until a pBr of 1.35 wasd'



35 held for one mnute. The silver nitrate solution was then run into t
emul sion until. a pBr of 1.35 was -73- attained, consum ng 5.24 percent
of the total silver nitrate used. A 1.06 M potassium brom de sol ution
whi ch was also 0.14 Min potassiumiodiyg was double-jetted with the silv
nitrate solution in an'5 .accelerated flow (2X fromstart to finish)
consunming 92.7 percent of the total silver nitrate used, and maintaining
pBr 1.35." Agteladined, w{éﬁﬂﬁ?ge$yZR%QPESﬁtOBESthEetoQ'aHr%tiqv_@zs used. .
The enuIS|onﬁgaS-cooled o 35] réé, coagul ati on masgsd, aqg gptimally 10
spectral |y afdtaabR ufgdr séhsh1P9dd PAtasAiHmePTOmAARaSOlMtIRR descri bed
folr tE_rml Sioog;ahiclﬁrr;dafd,@lsfbb(@@%rm@?T@éaésihggﬁadeﬁeawasg perignt -
gelatin, O. VI.Rot assi.u r o SO on a err]. . G, wer e
added with sfjf”\i"/‘b’ﬂﬁg%zﬁﬁf:% ‘ﬂ‘g{?bli‘!?e#i‘i?ﬁ R}EEP §si519r41“%5&ﬂ gé‘ &l 2.0 M
silver @ tranecedertateds £iow (2hsfron stant tet £inieh)acpmsuming one
mnute at a r -0f4 s Wil p ' +Lhe totalsy siJver nitrate
used). The %?drﬁgg%c%zf@eér’f%%g%gﬁ%l giggghﬁgfgggleu%ts%gdl (ﬁendsaol ution
were then rumadotedniag PBmtl o35 equdl tebalt afit approxdmatel miZfut es,

mai ntaini ng BNl $f HIA VAR Fed FaBChs8AL Oﬁ‘hshﬁmﬁﬂts?ﬂorﬁida?éer nitrate
57 nut o5, nEPRLAEN Ry TRC 0 GPAFP LA HeR VeFhedd ARGVOPEABRIIN Start to

37- m nut es [ 2. € a ' start to

f}ni Sh)',l_Q30n%pt@cft§'a§.4.-)5ldiﬁT wénbialby §6ﬁ§_it‘$hbﬂ§ﬂnnht-ﬁ&_frﬁlelt_56d-- A tot a:- .
of approxi- n nol.es ,sijver nitrate was used. - The enul sion was cool ed .
to 35[err], f.th¥FéF°bF (§e§ﬁf{§ﬁ%iﬁﬁrggﬂug5$°ﬂ'gf pht hal at ed gel atin
was added, and the emBmilsiomd c(Expmpledn washed. The emul sion was then
optrrmal ly spectrally d,chem : nsitiged.] imlar to that
descri bed for Enu|si0?5L44§iﬂéﬁéﬁg5§fc%ngfé|ﬁ??gﬁ?§:8%3?§F§H wa

: ' . 0.17 M potassium bromide solution at 55°C, pH 5.6, .

15. -were added with stirring and by double-jet, 1.8 M .
potassium bromide and 2.0 M silver nitrate solﬁtions

at a constant equal rate over a period of one minute
at a pBr of 0.8 (consuming 0.7 percent of the total
silver nitrate used). The broﬁide; silver, and a

20 0.26 M potassium fiodide solution were then run

' concurrently at an equal constant rate over 7
minutes, maintaining pBr 0.8, and consuming 4.8
‘percent of the total silver nitrate used. The triple

.  run was then continued over an additional period of
25 37 minutes maintaining pBr 0.8 in an accelerated flow
. (4X from start to finish), consuming 94.5 percent of

" the total silver nitrate used. A total of approxi-
mately 5 moles silver nitrate was used. The emulsion
was cooled to 35°C, 1.0 liter of water containing 200
30 g of phthalated gelatin was added, and the emulsion
| was coagulation washed. The emulsion was then _
optimally spectrally and chemically sensitized in a
manner similar to that described for Emulsion 1. -
Emulsion 5 (Control)--This emulsion was
35 precipitated in the manner described in U.S. Patent
4,184,877. ' o




precipitated in the manner described in U S Patent 4,184, 877. - 74-

a 5 percent solution of gelatinin 17.5 liters of mater at 65[err] were
d with stirring and by double-jet 4.7 Mammoni umiodide and 4.7 M-
Si{ver nitrate solutions at. a=zéwstant equal flow rate over 5 a 3 mnute -
period while maintaining a pl of 2.1 (consum ng approximately 22 percent of
‘the silver used in the seed grain preparation). The flow of both solutions -
was then adj Uk eal 5 opercene sonamtbmgoeﬁ)gei)am ey I'B. percent of the total

I nit deic@at eg r a period of 15 .

_ SI ﬁtqgéﬁje Sﬂ%g%Fuéﬁ 62nﬁn%§6§1 utlo 9%£§? %é% stogped and the
: addhm(douﬁleﬁﬁeel4vérMnammaneumoﬂ@dddm<and|4uﬁxﬂteﬁkwer of 5.0. Atotal
Wz@%&%@idﬂ:?@ng"kﬁs OEo s':‘é‘%{t Qé £ V5 @é dveri N the preparation

of ?ﬁé seed graln enul si.o %{HIMBS co ed to §O[err] and used as
5a seed Mut%m#%i@@ wbileumaﬁaﬂ:aérnémaoue &} onf ad- Yescri bed hereinafter.

The sead meter. 20
15.0 Ilter %%ﬁ?ﬁ%ﬁ%ag Z?I r?%:?élﬁ m‘f?ﬂﬁéﬂ 1 nol es of the Agl

9
erutsiesh 1 th theieed speie RasPREAtde™o 6 Llow 08 7 M amoni um broni de
sol Wotd) sykatidnd Whsi then adtjh%TthSQﬂdltd cmawr@o@@ldodngy double-jet at an -

o aprsoiAtely o8 AFads BE bk tatabstied YRl ate tsed in
1Q he ymeetiini tthe weed gheiaepdegemamd)on oAdskt td qre of od he£anmoni um br oni-de

2o 4o B, Chd EnTOE EREC SaliBid b 48 APRERERIDY SO, (07 P

anwvmaﬂﬁhﬁnﬂsﬁﬁnkﬁﬁasanﬂeﬁhadGéditdmmtﬂﬁa&hﬂﬂ&ilﬂﬁﬁas held for 10

m ”H’i%%at@%dl'i‘:ﬂ’?&n%ﬂﬁiﬁgehoté Q yrt sy fori caagéglarand the double-jet

: |ntroduct|on of the
approximetely fes of silver nitrate was used

15 .in the preparation of the seed grain emulsion. The : H
emulsion was cooled to. 30°C and used as a seed.graiﬁ

emulsion for further precipitation as described _ _

hereinafter. The average diameter of the seed grains NS

was 0.24 micrometer.-

20 15.0 liter of a 5 percent-geletin solution
'containing_4.1 moles of the Agl emulsion as prepared
above was heated to 65°C. ‘A 4.7 M ammonium bromide
solution and a 4.7 M silver nitrate solution were
added by double-jet at an equal constant flow rate

25 over a period of 7.1 minutes while maintaining a pBr
of 4.7 (consuming 40. 2'perceﬁt of the total silver
nitrate used in the precipitation on the seed
'grains). Addition of the ammonium bromide solution
alone was then continued until a pBr of approximetely

30 0.9 was attained at which time it was stopped. ' 2.7
1liter of a solution of 11.7 M ammonium hydroxide was
then added, and the . emulsion was held for 10
‘minutes. The pH was adjusted to 5.0 with sulfuric
acid, and the double-Jet introduction of the ammonium

35 ©bromide and silver nitrate solution was resumed for
14 minutes maintaining a pBr of approximately 0.9 and

(]




35 bromde and silver nitrate solution was resuned for 14 m nutes

mai ntai ning a pBr of approximately 0.9 and 75- at a rate consum ng 56.
-percent of the total silver nitrate consunmed. The pBr was then adj usted
3.3 and the enul sion cooled to 30[errf73=A total of -approxi- mately 87
nmol-es of silver nitrate was used. 900 g of 5 phthalated gelatin were.

added, and the enul sion was coag%gﬁt on washed. _The pAg of the enul sion was
adj usted to 8tgaakateo comsraings %w&?%&ﬁﬁ% b 2th§/ﬁBFélAﬁiéVe§od|um '

t hlt osulh}‘ ate ﬁfﬁtt-ah)éd?l:_?h%uml 0. THE)/pBY a.raoﬁ ﬂfxeﬂoadj)ﬁbgédlﬂmlg .3 : o
et rachl or oaur e ,enul si on or m.nutes a
B0l err]. coofBd FhesBRUEIomSPaiEt e 0 br hebaFainoE BRPRaRIS o ¢
?gnsi Hzer nabgliyo87- abllesoof }?tiic‘jly&}eﬁ niﬂimlydé Qas(ﬁsédeOBOOyg) °c$ié| d. 4
-sul f gprop ni.ne [ OXi Yo was  added an
t he enu S|on¥h£§ ﬁé%ﬁgf iﬁﬁiﬂlﬁh 4§%§Hc%?ggh% sﬁ@giﬁipnsgﬁ§ltlzatlon
was opti num ¢oaguhbet$enswaisheds enployed Enul sion No. 6 (Control)--This -
enul sion is of the ty [ 0
To 42.0 liters of a O. Oﬁa%rp(ﬁg:géum 'ﬁb f%éqg% Oigg%FQggagél gmsl odi de and
0. 051 M pot agsdutot thec emudisd osoiwas @ddad &{%rmg/moheaAgl ng 1.25 percent -
pht hal ated g r ual flow
P ha 259 9ebRs ¥RIDeAtate eb?ﬁ‘*ﬁ-‘“f?*#%ﬁﬂ 5, ae7dpTe 88)3%, ;
pot assi 4 |oa@aesaﬁumatetmch19nwram-r at %@mlaﬁonoves §h§§r|od of
appr oxi mat el He4® Findkhad EHe Nre@ithitdd M COOSOEdodiedOtBS 4OPCSi | Ver:

e T noaETVhg (3915536, AE £56h gpass SRAS AL HonaLLiRroy b hon "AShe
adj usted taq Bn&ydad—BechﬂeruﬂﬂﬂauhylMﬁfiphkﬁbfbﬁ #Q3aplt £Abuei 19edi-um
thiosulfate anégffgﬁgggyiggx%caﬁg%'?%ﬁaﬁglhydroxide, sodium
' 15 salt, was added and the emulsion was held for 10
minutes. Chemical and spectral sensitization was
optimum for the sensitizérS'employed.
o Emulsion No. 6 (Control)--This emulsion is
of the type described in U.S. Patent 3,320,069.
20 To 42.0 liters of a 0.050 M potassium
bromide, 0.012 M potaséium iodide and 0.051 M
potassium thiocyanate solution at 68°C containing
1.25 percent phthalated gelatin were added by
double-jet with stirring at equal flow rates a 1. 32 M
25  potassium bromide solution which was also 0.11 M in
' potassium iodide and a 1.43 M silver nitrate
solution, over a period of approximately 40 minutes.
~ The precipitation consumed 21 moles of silver
. nitrate. The emulsion was then cooled to. 35°C and
30 coagulation washed by the method of U.S. Patent i
2 614,928.

" The pAg of the emulsion was adjusted to 8. 1 _
and to the emulsion was added 5.0 mg/mole Ag of
sodium thiosulfate pentahydrate and 2.0 mg/mole Ag of

35 potassium tetrachloroaurate. The emulsion was then
heat finished at 65°C, cooled to 40°C, and 464



5fefr], cooled to 40[err], and 464 . -76- ng/nole Ag of the green
Jt ral sensitizer, anhydro 5-chl oro-9- et hyl -5' - phenyl - -(3- squobutfo
3-sul f opropyl ) - oxacarbocymﬂﬁﬂahydrOX|de_ sodiun1sa|t, was added and the
enul sion was held for 10 5 m nutes. Chem cal and spectral sensitization
was oet qrn1for he sensitizers enployed. E sion No. 7 (Control)--This -
enum@/Bolie; A qhthe greeacsPeelTA Segsighasy, 3,320,069, To 42.0 liters
of adhyﬂib4%1nhrﬁw¢ﬂﬁ?éﬂhybPbﬁrphenghiﬁz4%3xﬁu&fnhumybm+de and 0.051 M

Pt AR B R E- SRa LA R0s ThaB R Bl e bl " s PO EETE ) o
r at sgla:,lvms mqﬂnéssm@ntbeoamuéséonumamhﬂictrfcwasml s0-0.053 Min 15

pOtﬁiﬁuegé(KMQﬁ?mfﬁﬁﬁaa& T%%ggékgie e%'ﬁkﬁgiffgdnﬁﬁgl over a period of

apprOX|nateI tation cons nol es of silver
‘ni t o@td mumr wemhmmna&;izam GGDI]-@GE{Q) 35[err] and coagul-ati on washed in

: Wot assi um tetrachl oroaurate. The emul sion was then heat finished at
op ’
v

~‘the sane mn@upﬁ@)&gl of @CFgerOI%--m&cfe(fH]‘gl&%?nm gthe enulsion was

adjusted to e Ag of sodium

th|9§Uﬁhﬁx§ﬁﬁ§n4§ﬂﬁﬁ¥k%daﬁ§ 8.8 -nEatens Ay ssi um tetrachl or oaur at e.
L m§|mé' 2 oo e nlgirfiﬁsfsﬁg'cahm"?é’nﬂl ﬂd“ﬁ‘ﬁﬁ'ygfotg chioroo
eth brogi ﬁ[ﬁwe%!rlélai lﬁ?%’iﬁ?%b’d?y&?gé dea- and - oxacar bocyani ne

hyd %acé%nﬁpchm@ﬁ&ﬁawasomd@anaa% W@fﬂ&rﬁﬁﬁhi’ﬁ% hel d for 10 minutes.
and srloect rah sepsl ti zil gn. was optdéruc{n for e sensitizers
o§§HP9§§e t phthalated gelatin were &
double-jet with stirring at equal flow rates a 1 37 M
potassium bromide solution which was elso 0.053 M in

15 potassium iodide, and a 1.43 M silver nitrate x

'solution, over a period of epproximetely 40 minutes.
The precipitatlon consumed 21 moles of silver _ _

" nitrate. The emulsion was then cooled to 35°C and -
coagulation washed in the same manner as Emulsion_6;

20 . The pAg of the emulsion was adjusted to 8.8

and to the emulsion was added 10 mg/mole Ag of sodium
thiosulfate pentahydrate and 2.0 mg/mole Ag of _
potassium tetrachloroaurate. The emulsion was then
heat finished at 55°C, cooled to 40°C, 387 mg/mole Ag

25 ' of the green spectral’ sensitizer, anhydro- 5-chloro-9- : :

" ethyl- 5'-phenyl-3'- - (3-sulfobutyl)- -3-(3- sulfopropyl)-
oxacarbocyanine hydroxide, sodium salt, was added and
‘the emulsion was held for 10 minutes. Chemical and
spectral sensitization was optimum for the

30 gensitizers employed

35




-77- TABLE | PHYSI CAL DESCRI PTI ONS OF EMJLSI ON 1-7 Tabul ar Grain Aver -

“%of Epul- lodide Thi ck- age Pro- '5 * sion
Content Dianeter ness Aspect jected No.. (M) - ([err]lm

[err] Ratio Area Example - Ll77- 6 - - -~ .=3.8 0.14

27:1 >50 Exanple 2 1.2 =3.8 0.14 271 75. -
‘Exanple 3 12.0 - 2.8 - 0.15 . 19:1  >90 10 Exanple 4
12. 3 1.8 - 0:12 ~15: 1 TABEE Tontrol =5 - - 4.7 1.4

0.42 - 3.3:1 - - 0l _ ; : err]O. 40 .
2.8:1* - Control P%TCOAIS'DEBSCRIP;%?%S OF E’é’éj.'%,&w 1- 7[ AR P S

Pat ent 3,320, 069 does. not disclose aspecTabblar GradatiosAvéEhe agbexﬁ
rati os were deternine the prior ar npl es J ng
the grains. EnuIS|ons {Iﬁaéégkre hi gh’ aspegpq§gt|o tgg ar graln
enul siod¥s within the prieirerrdlbmsénhl -Dismetern | i mess of AsPeglat gmcted
application in that theiy thic wa t han M CRYWLLT . ,ﬂtté'g)ugh
sone tabul ar grains o thgﬁggfﬁ nrt#gﬁzrer réggiaNE

in conput i ngEbdwptlfd)ul alr grai rbaver age®dr Bret er s End4per cer?t7-dr01 e’ciad 25

area in thesgﬁgﬁﬁ egluent exagpl e epyl gi ons, epcaH mhemw{tns ex$! usi on
I's specifica 0 |nsuff|C|ent smal | _di anet er ralns P &g t to
alter S|gn|fﬁ6@mﬂ¥ﬁ1:h &3 numbek - erorte 870 obtafn é repr at i

average 13 ' Exanm seoectz,ratlolipg t he gragns of t Ige 1@nt r ol1 sl si5B t he
ave.rage grain d|a ter_was coppared to the avera e aln t ess,_ - _
Al t hough notcﬁ@&ﬁﬁ’r d, 2 he pro{rp ted are that co e atti1 %\lj{led to the

f ew t abul ar g:romtrgopeetﬁ ng theo35- = 1lkéss't han'm.ll_&') m cr &l £1* t ht tkness
and-at | east'coo.nq:rrglcr om;t er di §rret er cr'it.@ri e 'vvag_,d.rhdeach 2.5:1% -
* U.S. Patent 3,320,069 does not disclose aSpect
15 ratios. The aspect ratios were determined by
| repeating the prior art examples and measuring
the grains.. '
. Emulsions .1 through 4 were high aspect ratio
tabular grain emulsions within the preferred definl-
20 tion limits of this patent application in that their
" thickness was less than 0.3 micrometer. Although some
tabular grains of less than 0.6 micrometer in
diameter were included in cemputing the tabular

A grain average diameters and percent projected
25 area in these and subsequent example emulsions,
. ’ except where this exclusion is specifically

nqted, insufficient small diameter grains were
present to alter significantly the numbers
reported. To obtain a representative average
30 aspect ratio for the grains of the control
| emulsions theeaverage graih diameter was compared
to the average graiﬁ thickness. Althodgh not
- measured, the pfojected'area_that_could'be
'attributed'to the few tabular grains meeting the
25 less than 0.3 micrometer thickness and at least
0.6 micrometer diameter criteria was in each



ery little, if any, of the total prOJected'area of the total grain ~

ation of the control rq? i ons. ~ Speed/ G anul arity of _
gl e Layer_lncorporated Cot ﬁier Photographlc Nhterlals The chemi cally and

~ spectralgl t ggﬂ 1.Q 1- re separately coated

B |E a S|%g e-layer mage'grgll?&l EﬁaigghéﬁﬁiﬂPt hi% acetate film
supportPrOE&@NQQxﬁﬁﬁﬁe#@nnMMtednﬁorswdra dmuuiejuﬂfctnrnuIS|on at 1.07 g

silver/gg, tﬂ§|35tﬁlakr%j%%ef€j 4]?9.§g$v§g£aglsper3|on of the nagenta

I mage-fo cou

6- chl or%ﬁ%ﬂyp?l’ﬁ etien @ fpé’rh%dlﬁ}#mbrmylstxangs- 15 ami do] - 5- pyr azol one

t 75 g c a 5- secoct adecyl - hydr oqui none-
%'gﬁlfonattgﬁgéaléféﬁhla 1€ B _ rand the ant i f oggant
-4- hydr oxy- 6Ir Roratedafoupilef RR taty 3l 8§ol e Ag. An overcoat
| ayer, 20 C OTHE léhéiﬂié&‘li?' Anat sge%%zsdl % s@gdener
t gel ati n wei ght

of SaRteRs (EulELol ¥ea 4rd), sena aapares as?q‘?aﬁ“eéf’te?r'ems wer ¢ |
explmsenl s‘iafgnéammi- mag enoadfbh'mltglbtﬂd)-c%ph?hlﬁﬁﬁﬂrf-#S Zt ggowbgggopl[gfr? '
V\L%g}ster'lgo ﬁtnﬁ %)"Eﬁl;c%%lbr o%éggflﬁgSIt %'ﬁ I .70C in a color '
pr@csiﬁvﬁrth&ii@@eedetsiohedtlﬂ Dﬂeg&sﬂlv&rﬁmﬁ;nal of Phot ogr aphy .
Bl T 2014802 2081 o BB LA o, V2 20, roduce
grmleama ylm/agea'ﬁemingnedupdaereaer(quA-tdimqﬂhybgraphl c elements. (The rns
! e S L
15% pé@dQQ’ RN#nglenatabn9h7ﬁ gondugiﬁrﬁmﬁultns i S convenlently shown on
Bh%&s@Eﬂﬂxhégﬁf”B-secoctadecyl-hydroquinone-”
2- sulfonate, potassium salt at 3.2 g/mole Ag, and the.
_antlfoggant 4-hydroxy-6- methyl-1,3,3a,7-tetra-
~ azaindene at 3.6 g/mole Ag. .An overcoat layer,
20 comprising gelatin at 0.88 g/m? and the-hardener_'
- bis(vinylsulfbnylmethyl)ether.at 1.75 percent based
on total gelatin weight of all layers, was applied.
The resulting photographic elements were
exposed for 1/100 of a second through a 0-3.0 density
25 step tablet plus a Wratten No. 9 filter and 1.26
density neutral filter, to a 600W, 3000°K tungsten
'light source. Processing was.eccomplished at 37.7°C
in a color process of_the type described in the
British Journal of Photography Annual, 1979, pp.
30 204-206. The development times were varied to
"produce fog‘densities'of about 0.10. The relative
- green sensitivity and the rms granularity were
determined for each of the;photogfaphic eleﬁents._'
(The rms granularity is measured by the method
35 described by H. C. Schmitt, Jr. and J. H. Altman,
 Applied Optics, 9, pp. 871-874, April 1970.)
| The speed-granularity relationship for. these -
coatings is conveniently shown on a plot of Log Green

-gﬁ;; i nstance estimted by visual inspection. This projected area accounped
|




-79- Speed vs. rns Granularity X 10 in Figure 3. It is clearly shown in Y
Figurg,3 that optimally chemcally and spectrally sensitized silver o
br onoi odi de -emul si ons having hi gh aspect ratios exhibit a much 5 better
speed-granul arity relatlonshlp t han do7ﬁhe | ow aspect ratio silver

br onoi odi de ermul sions 5, 6, ‘and 7. It should be noted that the use of a
single-1ayer format, where all the silver hallde enul sions are coated at

equal silver .covera e and with r/ coupl er atlo is the

best format CBS® éﬁ%?@ﬂi%ﬁf agnfgri ¥i§P5F|§ d5%f a silver

hal i de- enulscdnamhyunhownntnmﬁigmmpchphatabpngmaﬂﬂgrahEmmcalky

Speed/ Gr anul g.ist ger | ncor porated
2hid! P MAP Ueddifi dod silver brofliblidl

Coupl er Photograp | or, Tncorpora coupl er phot o-°
gr aphi ¢ el emepulgdons fawing fyighaspect hﬁatépsoﬂmébll&yer Fueh a cel | ul ose

tri acet?te fbh&%ltgl%%@ed-{gﬁd}ﬁxd 1?4471 d@élé@fb{aggi pLéngh &o S:h@t/n%n Layer
-- conprising a red se ed silver i odi rain el ati cyan

i mage- forn1ng SpeGhH &at (Rﬁﬁ¥9£5§£8eEFFPESgBPér ’Zg %%é;7? Fast
Cyan Layer -- conprisungsmduxﬁeserﬁmbemsthatedhaihneroﬁr@nnlodlde grai ns,
gelatin, cyan e- forn1 | er,, colo Qu ap | R coupler
Layer 3 InteFIiggg (ﬁ”r% %Jg d'é}P%Y?n ;ﬁdtgﬁ Eifvér Q

5-di - sec- demedyﬂbpwrmmw|una£eﬁnasteqmahgeﬁlvetayevetagSIawdwhgenta Layer

-'s.'|32?? l??l]”? e S S L Gl EAER e eHe TR 2 coupl e

1-(2,4,6-tri Enrmaspionyl )luss'—qaaae( xhe o5 pesd paradRlazdtanred ption ani do] 5
: ship of a silver halide emulsion without introducing

complicating interactions.

K

C. Speed/Granularity Improvement in a |
15 Multilayer Incorporated Coupler Photographic '
Element

A multicolor, incorporated coupler photo-
graphic element was prepared by coating the following
layers on a cellulose triacetate film support in the

20  order recited: o
Layer 1 Slow Cyan Layer -~ comprising a red
' sensitized silver bromoiodide grains,
gelatin, cyan image-forming coupler, colored

~ | "coupler, and DIR coupler.
n 25 Layer 2 Fast Cyan Layer -- comprising a faster
- redsensitized silver bromoiodide grains,

gelatin, cyan image-forming coupler, colored coupler,
and DIR coupler. : -
| Layer 3 Interlayer -- comprising gelatin and
30 _ 2,5-di- sec-dodecylhydroquinone antistain
o agent. - _
Layer 4 Slow MagentaiLayer ff'comprising a green-
' sensitized silver bromoiodide grains (1.48 g
gsilver/m?), gelatin (1.21 g/m?), the '
35 magenta coupler 1-(2,4,6-trichlorophenyl)-
' 3-[3-(2,4-diaﬁy1phenoxyacetamido)-benzamido]-s



-pyrazol one (0.88 g/nR), the col ored coupler 1-(2,4,6-trichlorophenyl)-3-
[eri](j3-tert-butyl 4- hydroxyphenoxy)tetradecan

am do- 2- chl oroani | i no] - 4- (3, 4- di net hox heny 5°

| azo- 5- pyrazol one (0.10 g/[err]), the coupler
1-(4-[a-(2,4-di-tert-anyl - phenoxy)butyran1do]phenyl] 3- pyrroI|d|n04 (1

- phenyl -5-tetrazol yl-t hi o) - 5- pyrazolone (0 Og err])_.and the antistain
agent 5-sec-octa- 10 =Pyrazolonej(Q, u no BeZCQQPFéﬁate pot assi um

csalt (0.09 g/nferr]). dedtlerd 1F@2t4'\@0@mahta¥sphen qqmr-l s. ng a faster.
green-sensitized SI|V?F QrOﬁDIOdId ﬁ%gﬂ ﬁ 5|Iv r% gelatin
(0.88 g/lorr]). 15 Buraers etk epietony TEatEadekiast o.

p/h'[enyl %? Eﬁ (2, I4 di gmﬁ &?mﬂmncéf])gnz@}]dohﬁenhb&m Phenyd. 12
gllerr e colore pl pheny DIR

3- 3ttbt|1%- PR toégg e .
anghséo 2(chlggoan?l?noppi§;3ﬁéxﬁ#ﬁu y4=¢heteytaanyd-pyrazol one (0.03.

g/[err]), and the ant gﬁm@’é@ SSFTyLay -
2-sul fonate, potassiu ﬁ%g??y? err{im ggg H%Prog?g?ﬂﬂgeﬁl__
conprising gel atin andPhenydi~ iﬁiﬁQﬁﬁﬁﬁ$ﬂ¥&@¢% o anEaaﬁipgﬁa Bfent .

Layer 7 Yell ow F|Iteg/b§»ehnﬂ-gngngﬂgagghyﬁlAg@hgongédabcghLver and
gelatin 30 Layer 8

S| | Pl ue- t d
“silver BPomoi odi de gréﬁﬁgtha X %éfrégT%$fﬁ§%aFﬁrn?ﬂﬁagﬁﬁiggflahéethe

anti stain agent 5- secsadttac(@a)ﬂm)g}’rm}) qui none- 2-sul fonate, potassiumsalt.

SR 0 R Se) EAe Fllerita YUY °L0% G L ERG "k BaRERY 1 200

S|Iver br onmor*o e gralns
green-sensitized silver bromoiodide grains

(1.23 g silver/m?), gelatin (0.88 g/m?),
< 15 ' the magenta coupler 1-(2,4,6-trichloro-
phenyl)-3-[3-(2, 4-diamylphenoxyacetamido)-
. benzamido]-5-pyrazolone (0.12 g/m?), the
— . colored coupler 1-(2,4,6-trichlorophenyl)-
o ) 36[a-(3-Eg£g;butyl-A-hydroxyphenoxy)tetradec
20 ' anamido-z-chloroanilino]-4-(3,4-dimethoxy)-phe
| nylazo-5-pyrazolone (0.03 g/m?), and the
antistain agent 5-sec-octadecylhydro-
quinone 2- sulfonate, potassium salt (0.05
| g/m?). |
i 25 Layer 6 Interlayer f- comprising gelatin and -
2,5- di-sec-dodecylhydroquinone antistain
~ agent. S
Layer 7 Yellow Filter Layer -- comprising yellow
| colloidal silver and gelatin. -

» 30 Layer 8 Slow Yellow Layer -- comprising blue-
sensitized silver bromoiodide grains,
gelatin, a yellow dye-forming coupler and
the antistain agent 5-sec-octadecylhydro-
quinone-2-sulfonate, potassium salt..

35 Layer 9 Fast Yellow Layer -- comprising a faster
' blue-sensitized silver bromoiodide grains,

@



gelatin, a yellow dye-form ng coupler and the antistain agent
5- segzpoct adecyl hydro- qui none-2-sul fonate, potassiumsalt. Layer 10 W
"~ Apsor/bfng Layer -- conprising a W5 . absorber
3-(y) - - hexyl ami no) al | yl irdenesgxml ononitrile and gelatin. Layer 11
ective Overcoat Layer -- conpr|5|ng gelatln and ) )
bAs(¥i nyl sul fonyl met hyl )ether. 10. The si.lver halide enulsions in
each col or 'rm@rﬁmmmgyénycw ayet-forming icompled aimdd pol ydi sperse, |ow

aspect ratlo ai ns describ Ny U nt 3, 320,069. The
enul si ons wer "aﬁ“%% ﬂ'gPl 9¥ggﬁsSt+%-§§d%%eﬁge9}ﬁrW%§d gold in 15 t he
presence of tquinsymere? esabfionete ,spetasaiium saldiii zed to the appropriate

reg %@%éﬁld:y?\%F%54§iﬁgeg£gggg_rng g@ﬁé%ég1én¢¢|zed in the Fast Magenta

Layer | Sperse _ ow aspect ratio (=3:1) S|Iver
5 broni odi de @mawhendd dédiso-hexylemdnodldly Msdens epared in a manner

S|n1Iar to Eﬂﬂ ﬂth%Eif dgﬁgrggqgtquve A second mul ticol or

e- forn1n bhot 0 gr aphi ¢ el Brent was prepared in the same manner except
the gyer Ndg&rofachisye ¢F§€ﬂtaLFXBGIaF £ompTd&dng si | ver bronoi odi de

(8.4 Mriodi g@latin sad bis fvaagletilifeaylastasicpdtiefi o enul sion
descri bed above. The enul sion had an average tabul ar grain di aneter of

~ about 2.5 [err]m a tabular grain thickness of |ess than or equal to 0.12
10 err]m and Sheasdrlwer Malidéuemulgions dspedch adloof greater than 20: 1,

a”difng prf(y é,,?]ggjdé\%ocgftgﬁir%agﬁhgﬁngrglog&a%égreater t han 75 percent,

neasur bove I'ow aspect ratio enul sions were
~ bot now#ms@ﬁrr;seopthmag:p%énreaipygaﬁdngp@cﬁ it \EYPR . sensitized. -82-

Bot BeRRHBERAN U3 enPé‘éénﬂeBGBQBRQSW f9he emulsions

were all optimally sensitized with sulfur and gold in

15 the presence of thiocyanate and were spectrally
sensitized to the appropriate regions of the visible
spectrum. The emulsion utilized in.thé_ngt Mageﬁta
Layer was a polydisperse (0.5 to 1.5 um) low aspect
ratio (=3:1) silver bromoiodide (12 M% iodide)

20  emulsion which was prepared in a manner similar to
Emulsion No. 6 described above. '

A second nulticolor image-forming photo¥
graphic element was prepared in the same manner
exdeﬁt the Fast Magenta Layer utilized a tabular

25 grain silver bromoiodide (8.4 M% iodide) emulsion in
place of the low aspect ratio emulsion descfibed”
above. The emulsion had an average tabular grain

~diameter of about 2.5 um, a tabular grain thickness
of less than or equal to 0.12 um, and an average

30 tabular grain aspect ratio of greater than 20:1, and

- the projected area of the tabular grains was greate:
than 75 percent; measured as described above. The
high and low aspect ratio emulsions were both
similarly optimally chemlcally and spectrally

35 sensitized. |




1/ 50 second through a nulticolor-0-3.0 density step tablet (plus 0.60
neutral density) to a 600W5500[err] tungsten |ight source. Processing
for 3-1/4 5 m-nutes in a color devel oper of the type described in the
British Journal of Photography Annual, _1979, pp. 204-206. Sensitonetric ke
results are given in Table Il below. T 1 10 : Compari son of . '
Tabul ar (Hi gh Aspect Ratio) and Three-Di nensional (Low Aspect Ratio) Gain -
Ermul sions in Multilayer , Milticolor I mge-Form ng El enents Fast

Red G eeBoth photograﬂﬁiuaéIbméﬂgenﬁere exposeao@or
ggged.cggfko;/so secoghO¥Hrigh a mulr SSESE q-3.0 a2RETLy s E%
225 tablet (pdusiP.60 neutraUGiensity) cticag 60QWNS500° &f o 25

above fog; 48, gagkm 435 gag%eg O]B}f‘%éééé’iﬁé wst?sraaew ,Jable |1

illustrate.t e ta ntion grOV|ded a

subst an?i al mﬁeuéageinnagpeéﬂrsmm;zer\mfytwtt:mmdeseai edhin
granularjty. :ﬁé BrPtish JoushAd/d¥ PHLBEs Y &a&hangawt P
Phot ogr aphi ¢ vant'a |n

Tty a
bl ack-and- whie- A6t 0 SEPAIE ORBETHCIe T4 1S AT heL¥eRiBalRYLand L
spectral l'y spagbisi,zed emul sions 30 described above, Emulsion Nos. 1, 4, 5,

6, and 7, were coated on a poly(etﬂihsﬂg_:iLephthalate) filmsupport. Each
coat ed elenent conprised.a ‘silver | sion at 3.21 g silver/[err]

and gel &9in at 4. 16ogparisomife ITdtarl dieefHighlctispéet aRatLodgant 35

gvgyg{)g?yl gyg‘ret %on{)lﬂf}l%gﬁ%me%&%{gggfl @EégeAggegth‘%&?‘%ﬁ)eé%(#it\{ﬁe har dener

bi s_(‘v| nyl sul fonyl Emulsions in Multilayer, Multicolor
' Image~Forming Elements ,
- Fast Red ' Green - . Blue
- 15 Magenta = Log Log Tms.* .~ Log
Layer Speed Speed  Gran. - Speed
« Control 225 - 220 0.011 240
Example 225 240  0.012 240

*Measured at a density of 0.25 above fog; 48 um
20 aperture. | '
' The results in the above Table II illustrate
that the tabular grains of the present inventlon
- provided a substantial increase in green speed with:
~ very little increase in granularity. |
25 p.- Speed/Granularity of Black-and-White
' ' Photographic Materials
To illustrate speed/granularity advantage in
. black-and-white photographic materisals five of the_
‘chemically and spectrally sensitized emulsions
30 described above, Emulsion Nos. 1, 4, 5, 6, and 7,
were coated on a poly(ethylene terephthalate) film__
support. Each coated element comprised a silver . )
halide emulsion at 3_21 g silver/m? and gelatin at
4.16 g/m? to which had been added'the antifoggant |
35 4-hydroxy-6-methyl-1,3, 3a-7-tetraazaindene at 3.6
g/mole silver. An overcoat layer,_comprising gelatin




hyl )ether at 1.75 percent based on total gelatin weight, was applied.
e resul ting photographic el enents were 5 exposed for 1/100 of a secqn
f¥ough a 0-3.0 density step tablet plus a Watten No. 9 filter and a 1.26
gnsity neutral filter, to a_@3QW 3000[err] tungsten.light source. The
exposed el enents were then'developed I n an N-net hyl - p-am nophenol sul f ate-

10 hydroqui none (Kodak DK-50) devel oper at 20[err], -the Iom/aspect ratio
- enulaY @\B8RS Antlewed opré ﬁafdén@rntbtieqwﬂuﬂesdr&ﬁynh aspect ratio.

mul si wer.e devel for nutes to a eve natched curve shape for
theqﬁﬁﬁiil%ﬁnPr(ﬁhefmggdgerRﬁﬂékg;%ﬁﬁa aﬁQE;i latine (rade marks).
Theweigﬂﬁ;rwpsunppﬂﬁed granularlty neasurenents are shown on a plot of Log

G een Speed ul ar i P! F| he .speed- granularity
relatlonshlpéﬁ%? giﬁ?“ﬁnﬁb?‘& %?h¥§ %-E?early inferior to

' 5thoeagased(forrtytﬂﬂlefoassecand ¢hMbughsa|0n&a@|dnns£xanple Relating to

: that

Tebuly LT 0k RSNERREL i) WA At ek £19WP M 11! of 1 he

PHIO mmn _ An 0.8 [err]m
avedﬁg;kﬁxuneQﬁnﬁil5ﬂlaepect0ratﬁ@Qﬁ«33QOQ{ENtuqash©ne per.cent | odide)

emul ar b b ?ﬁ%? t n technique simlar to
1% esc\r@%‘fﬁ?g Uﬂg éx?ogﬁ!d e gf}re'gén%g h‘g?:lée 12 ny/ rrgl e silver

viehareddin 2 - Neeethﬂaoaaaeé-mprp)hem@seqﬁ kateng the formation of the

CSI ! Wd:*%{dﬂ?oﬁéyexa&ak DRy MulgEvl ot tden2etei erél y_sensitized with

15

20

25

30

35

e silver, of soi i hlosulfate pentah drate, 1.75 g/ mol e silver
of ‘hﬁRﬁﬁ‘E K3btp| enBAsians, vate Sy Q¥ Jer of 35  4-hydroxy- 6-

nethﬁhuteadhhiléetmeaﬁﬁghdaspeburnaiﬂoremuMsiHHSNwére Fol | owi ng chenica
SN AYP A 65 5 hEh R o RRHY Y hEliRdd | 4fhvy! LN 87 mulmole -
shape for the comparison. (The words "Kodak" and "Wratten"'
are trade marks). The resulting speed and '
granularity measurements'are shown on a plot of Log
Green Speed vs. rms granularity X 10 in Figure 4. . .
The speed-- granularity relationships of Control ' L )
Emulsions 5, 6, and 7 were clearly inferior to those '
of the Emulsions 1 and 4 of this invention. '
Example Relating to Tabular Grain Emulsions Doped
with Noble Metals of Group VIII of the Periodic Chart

'of the Elements

_ Epulsion A = ' | o ..
An 0.8 um average grain size low aspect

ratio (<3:1) AgBrl (1 mole percent iodide) emulsion N ¥

was prepared by a double-jet precipitation technique

similar to that described in U.S. Patent 3, 320, 069,

and had 0.12 mg/mole silver ammonium hexachloro-

rhodate(III) present during the formation of the

silver halide crystals. The emulsion was then

chemically sensitized with 4.4 mg/mole silver of sodium

thiosulfate pentahydrate, 1. 75'mg/mole'silver of '

potassium tetrachloroaurate, and 250 mg/mole silver of

4-hydroxy-6- methyl-l,3- 3a, 7-tetraaza1ndene for 23

mins at 60° C. Following chemical sens1tization, the

emulsion was spectrally sensitized with 87 mg/mole




si | ver anhydro-5, 6-di chl oro-1, 3" -diethyl-3-(3-sul fo- 16 .
m dazol oxacar bocyani ne hydr oxi de. The Iom/aspect ratio AgBrl | ¥

enul sion was coated at 1.72 g silver/[err] and 4.84 g gelatin/[err] 5

pr opyiybenzi

over a titanium di oxide-gelatin (10: ¥B4-ayer on a.paper support.

The -

enul sion | ayer contained 4.65 g/ nole silver of 4-hydroxy-6-nethyl -l
,3,3a,7- tetra- azaindene.- An overcoat was Placed on.t he emul sion

consi sting oSidves gnywidawi-f Jéerdichldro-1,3

1ayer,

-diethyl-3-(3-sulfeml sion B

To 4.5 literprabyd %e'éaeﬁmop&&ééﬁboé’%éﬁ%pﬁyafaﬁabbrom de sol ution

at 55[err],
brom de and

8.5 percent
at t ai ned.
of amoni um-

[err] soluti
-the total si
approxi mat el
of 200 g of

t he enuIS|on
~period of two minutes while maintaining_a pBr of 0.8

15

- 20

wer e a W th stirring an

34. M pot assi um

2.0 Msilvee diow Aspesi Fabie 6&8? ae@{afsiservaa of two
m nutes whil goatied aithilng 2 g B'i Bie P/ (smswsagglgemeﬁ.n(imt’ of the total

silver gltrate used) TBe brom de sol pped and the i
ni trate sol uPVEF Eofd; iloxidess £9m?ionix Ré§e§t°3 Bate consuming
ap‘ehesa@pow.al THd \eﬂunidmtha#éegcutit?ﬁ-nédpm 6(5[] gy fl wals ') |

nut e o nal t of silver

" Rode At 88 AR A bV REE, a0 47 eLBAL  when (he

pBr. of 1.1 wagadntianead, An:bﬁbtddqtnws5|whabednodethelemudllzﬁ whi ch. was

al so 0.022 I, oot [ S b 2Wwith the silver

sol ution fo?&agﬁ?oxﬁﬁgéggﬁéggcgfnﬁeggw# églég&h?glnlng pBr at 1.1,

accel er d@ed flow (4. 3X fron1start Eauflisdiosh)B and consuming. 77. 9 per cent of

the total 30 S|Iverfg %¥§¥L oEb tfese Shae ia&?&n added a 2.0 M

on until a p t al ne consy

‘silver

nitrate
in an .

0 percent of

Pvdd M pp&e@sl;yéu)brcm@e cﬁelu%iWeat n55r §t:e"§§|$s addedras
¥ighmakesri dﬂﬁ“ﬁ?‘ﬁbﬁﬁ@eﬁféteﬂ 88 ®5p ot@ék&Uﬂ a sol ution

ght hghgt ggdg% %t IPP sirlver ni?trate solutions over

(consuming 1.6 percent: of the total silver nitrate

.-used) The bromide solution was stopped and the
*511ver nitrate solution continued for approxlmately _

11 minutes at a rate consuming 8.5 percent of the
total silver nitrate used until a pBr of 1.1 was
attained. After 8 minutes 0.1 mg/mole Ag (based on

final weight of silver) of ammonium hexachlororhodater

was added to the reaction vessel. When the pBr of

25
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1.1 was attained, a 2.14 M potassium bromide solution
which was also 0.022 M in potassium iodide was

double-jetted w1th the silver nitrate solution for
approximately 22 minutes while malntaining pBr at
1.1, in an accelerated flow (4.3X from start to
finish) and consuming 77.9 percent of the total
silver nitrate used. To the emulsion was then added
a 2.0M AgNO; solution until a pBr of 2.7 was
attained (consuming 12. 0 percent of the total silver

wat er mas added and

nitrate used). The total silver nitrate consumed was

approximately 5 moles. The emulsion was cooled to
35°C, a solution of 200 g of phthalated gelatin in



.\.‘ -

de (1 Mxwiodide) enulsion had ap average tabular 5 grain dlaneterQy
[err]n1and an average tabugeL grain ‘thickness of 0.08 [err]m The

| ar grains exhibited an average aspect ratio of 19:1 and accounted f-or
percent of the projected area of the total grain population. The

talbu. ) g{@éﬁa @mﬁtea Jist %Ee‘dh%%dﬂt&fé @%y%ﬁﬂ/s‘ba{szed_ }M th 5f -rrg/{rol e
silver .o i um t hi osu pen ate an ng/ nol e silver of potassium .
t et r%ﬂ%qg?a’ﬁ e ?Bngg %&ﬁﬁ‘t @?t}toyng[err]to obtain an optimum finish.

Fol | owi ng chéﬁheatesehtingzaabudanﬂgrainnst&verebrnmoulS|on was 15

spegt #9, 6-

_di 091%‘?%&% gfr}g‘l {'éggdgbggnéﬁ'% (I)g?{pﬁu(%y bae/‘;nér% dazgggigcar bocyani ne
5hyd@aminadiHMEteabqfal umnaadhhﬂ(aveﬂaaﬁst%butﬁrmas then coated in the

S SRR ASAESE T bReY. 0ROKE. | O

ure an h

rocess e two coatings . scrlfkﬁ a%ove were exposed on an
Edgémhibiﬂﬁﬂrﬁ%h%ﬂ%ﬁﬂgeaﬁépepﬁeﬁ iﬁkﬂel amd10' sec using a graduated

densgdqy @&dtfbke%aﬁéree&\t%f% r)’o édl atéht 8 thEhe 25 step
tablet ad O-3 15 de y steps. The exposed coatings were .

t he Qiﬁkﬂ&ﬁﬁ%ﬂlPPBP 9818&u|n3h@4:- T -8XaiRn ol 8488 bl ack- and- whit e

1Qleve}pperhen FoheRTE AU 1Y ¥R iTiTadhSHLIY, 5td1i§/1§@ﬁé|§ﬂ§vi3@r @iggbm ttgg f or
el Ow. -

‘Cli'ig?ﬂ?tdoitr‘r-}enlt‘ réﬁcﬂ?‘d#%ﬁ%etﬁgﬁggw :reaéseg%ri‘%ggr“l‘géﬁl}é: I V§F58§ Rhodi um Doped"
AgBrjottaes bumntet raohl drpacrata ifor 30 minutes at GSPCveb Cover - Rel a-
obtain an optimum finish. Following chemical
sensitization, the tabular grain emulsion was _
15 spectrally sensitized with 150 mg/mole silver of | .
anhydro-5, 6- dichloro-1 3'-d1ethy1 -3~ (3-su1fo- -
propyl)benzimidazoloxacarbocyanine hydroxide. The

tabular grain emulsion Emulsion B was then coated ' ' . \)
in the same manner as described above for Emulsion A. B
20 ‘Exposure and Process

The two-coatings described-above were
exposed on'an'Edgerton, Germeshausen, and Grier
sensitometer at 10°"* sec using a graduated density
step tablet and a 0.85 density neutral filter. The :

25 step tablet had 0-3.0 density with 0.15 density steps. . -

The exposed coatings wvere then- developed in
a hydroquinone-l-phenyl-3-pyrazolidone black—and~white
developer. Following fixxng and washing, the ,

_ coatings were submitted for densitometry, the resultS‘
30 are shown in Table III below: |

35




age tive Enulsion , (glf[err]) Speed Cont r ast Dmax Dmi n
10 Control 1.72 100 - 2.28 1.52 0. 06 B Tabul ar
Gain 1.61 - 209 2..20° 1.75  0.10 As illustrated
Table. 111, the rhodium 15 doped &R | tabul ar grain énul sion coated at a
| ower silver coverage exhibited a 0.23 units higher maxi rum density and was
faster than the control by 109 relativée speed units (0.32 log E). Contrast
of the two coatings was nearly equTABLENIIIPO0  Exanpl es I I'lustrating o
| ncreased Speed S d¥dé”b é? E!’ycgg?ﬁlagggq %ﬂﬂl@i Lve Sen3|t|V|ty
Regi-ons Four nulticolor pho ogra 1 C” el enen repare her ei naft er
referred to as Strudersus |[RhogbumhDoped AgBeit Etnmlsm & f f er ences '
specifically 25 i dentified be‘d‘&y\/ﬁéﬁ% <€/ REEPHS Were substantially

-0 St

|dent|c$ in structure. 30_35 ructure | Structure 11 Structure
uc

1] ture 1V Exposuﬁélver - Exposure ' Exposur e - Exposure +
+ . Covér®C Rela- CC - ac 5
B B B - COBIL+YF L
.- |L+YF FG  @8e  fgtive TFG p L TRSIL -
Il Emulgion - gg/mzzlL FBpeed Cdrdtrast  “maxTFR “min
TFR 10 T _ L TL SG " SG
SsG - '%G I L ' I L : I L : : IL SR :
SR 10  confpol 1.72 SR CClio9 a proteblzﬁe gelalxﬁZoverOoas YF is
yel | ow- B

Tabular - : . _ _ . _

Grain - 1.61 . 209 2.20 1 75 0.10

As illustrated in Table 111, the rhodium-
15 doped AgBrl tabular grain emulsion coated at a lower -
silver coverage exhibited a 0.23 units higher'naximum
density and was faster than the control By-109
relative speed units (0.32 log E). Contrast of the
two coatings was nearly equivalent. | |
20 Examples Illustrating Increased Speed Separation of .
Spectrally Sensitized and Native Sensitivity RegiOns
Four multicolor photographic elements were
prepared, hereinafter referred to es Structures 1
¢ - through IV. Except for the differences specifically
25 1identified below, the elements were substantially
- identical in structure.

30

35



col | oidal silver coated at 0.69 g/n2 serving as a'yellow filter

ial, and the remaining terns are as previously defined in connectng

.Layer Order Arrangenents | through V.. The blue (B), green (G, and red

recordi ng col or-formng tg%fr units 20 lacking the T prefix contained

| ow aspect ratio silver brom Or bronoi odi de enul sions prepared as taught "

by U S. Patent 3,320,069. Corresponding |layers in the separate structures

wer Stelicthe e de SuzriidmmnlléntStnucePteailif)e(Sitfrimm;e nb¥ed. 25

The t abul ar een-sepshilyeemul sio (1dentified by the
Frpertne e Sndirgtle ey co) ERBRBLES e |

prefi ' the ab _ alned a tabul*ar grain silver

br onoi_oditde_enul siqn_prepared-in thetfol|owi ng manner: To 2.25 liter of an
aqueousgg 17 nol ar 3Q¢ pot assi um br ggi de bone gel atgeh sol ution (1.5 '

e percemt—bywei ght.—getratin) (Sol utTom A at 80[ efTT_amd~pBr 0.77 were added
5 sinulLanEausly by_dnuﬂle;;et addi tioB _over a tmoiniﬂLLe_period at 'a

const gn,t-y-flym/v rate (cpmsum ng 0.61 percent of thegl ok HFsilver nitrate) 35
aqueoUus _Z. M pot aSSIum br oni de an .0 Msilver —588- hitrate solutions
( Sol uml and-GSE—Llél—hespec;iv - ter the--midat two mnut es, .
Sol utiodLlB-1 was haltEd while Solutfbn G 1 was contlilnued until pBr 5 :
1.00 atg80[err] was ai ned (2.44% total silvermgy trate used). An
aqueousgghrhalated-géﬁ%f%n solutggg%gi;hgliter oﬁ—ggﬂ%ercenf by wei ght
10gel at i nIgol uti on) corklaining pot ELm bromi de (Q ML poplar, Solution D) was
- added nggt at pBr 1.Geagnd 80[err]. &g - Sggitions B-1 and G 1 were
.added—rgen-TD t he reaction vessel—bggduuble-jet adgirfun over a period of
24 mipuflds (consum_ngl44 percent of ILhe total silygkkpjtrate) at -an

accel ergged fl ow r.at 4.0X fromstggt to finish). fter 24 m nutes e
SolutfoggBrr'15 'maggﬁa?red-and R n.C1 mas-égﬁf%nued until pBr
0C is a protective gelatin overcoat, YF is yellow

15 colloidal silver coated at 0.69 g/m® serving as a
yellow filter material, and the remaining terms are

as previously defined in connection with Layer Order
Arrangements I through V. The blue (B),'greén (G),
and red (R) recording color-forming layer units
20 lacking'thé T prefix contained low aspect ratio
silver bromide or bromoiodide emulsions prepared as
taught by U.S. Patent 3,320,069. Corresponding
layers in the separate structures were of the same
iodide content, except as specifically noted. '
'25 The faster tabular grain green-sensitive
emulsion layers (identified by the prefix T in the
above structures) contained a tabular grain silver
bromoiodide emulsion prepared in the following manner:
To 2.25 liter of an aqueous 0.17 molar
30  potassium bromide bone gelatin solution (1.5 percent.
by weight gelatin) (Solution A) at 80°C and pBr 0.77
were added simultaneously by double-jet addition over
" a two minute period at a constant flow rate
(consuming 0.61 percent of the total silver nitrate)
35 aqueous 2.19 M potassium bromide and 2.0 M silver




1.80 at 80[err] was attained. +Sol ution C-1 and an aqueous sol ution

(Sol ut i

silver
Aqueous
Solution B-3) and silver

~on B-2) of potassiumbromde (2.17 nolar). and potassium i odi de (0. 0%(@%5

nol ar) were added next to the 20 reacti on’ vessel by doubl e-jet addition
over a period of 12 m nutes (consunin§850.4 percent of. the total
nitrate) at an accelerated flowrate (1.37X fromstart to finish).
sol utions of potassiumiodide (0.36 25 nolar,

nitrate (2.0 ”BIiQE %0'3‘&11&15?%@(1%}%\?:@%:??%“%&:1@ dQubI e-jet addition at

a constant. flow' rate untl
silver nitrateréd

err]  was at talned (2.59% of total
Y. 57 Moles of silver nitrate were used to prepare

30 this enulsion. Theﬂﬂéﬁ'&%%@?&i%é%%h@é&] seQueifeRd pult h 0. 30

el ot e oyagt RalEed, ¥hid B ptar GBI bas ZoRELRGRD Phel iy

t abul ar gﬁaln ihbﬁeatbﬁmﬁﬂ waxhatt&inedloz h4¥ of sveridgeiflsled ar grain

Binlack Basdl) ] C A aqRAUE SRROATIR sfIRE TS orcont of

the total grai noéusjio@t e(dD Fr dd tewl k20| pevcent abyrwgdghtpgetllatin o of

8nt)hrough W%%ﬁ%‘?%ﬁam?ﬁgwlgpﬁsp %l 'y and

di amet er

about 0.11 [er

about 45:1. 5 ¢
chemcally senS|t|ze

anhydr o- 5- chl oP@lytdomy D)5 was Afded next at pBr 1.0 .

(3-sul fobagyl ) - 3-(3-sul fsmwssd&s)wrmy@m %Pudaeaédethéadwm:h@t

1 eth :
d%/%ﬂ)%'ér%d‘ééfrﬁﬂ?nevﬁ}’dPoPied'é-°dsod| um
4&, pSro@nEOLE fHeOtogadi um thi o-

ng/ nol e Ag of anhydro-
1, 1' -bi s( 3- sul FERREEPP)

sal t, 800 ng/ naIEeZAnghut@B b(raddym

sul f at e pent ah

ate a nol e Ag. of Masultaram r,0 ate. 15
The faster tabégéy edr & Fﬁggé &kidn Acce erated ¥i°w rate 140X

Py

15
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from start to finish). After 24 minutes Solution B-l
was halted and Solution C< 1 was continued until pBr
1.80 at 80°C was attained. -

Solution C-~1 and an. aqueous solution

(Solution B-2) of potassium bromide (2.17 molar) and

potassium iodide (0.03 molar) were added next to the
reaction vessel by double-jet addition over'a.period'
of 12 minutes (consuming 50.4 percent of the total '
silver nitrate) at an accelerated flow rate (1.37X
from start to finish). _

Aqueous solutions of potassium iodide (0 36

‘molar, Solution B-3) and silver nitrate (2.0 molar,

Solution C-2) were added next by double-jet addition
at a constant flow rate until pBr 2.16 at 80°C was
attained (2.59% of total silver nitrate consumed).

- 6.57 Moles of silver nitrate were used to prepare
~ this emulsion. ' '

The emu1510n was cooled to 35 C, combined
with 0.30 liter of aqueous phthalated gelatin

solution (13.3 percent by weight gelatin) and coagu-
" lation washed twice. |

The resulting tabular grain silver bromo--

iodide emulsion had an average tabular grain diameter

101



“enul sion layer contained a tabular grain silver_ bronoi odi de emul sion

dpared and optinally sensitized in a manner simlar to the tabul ar grain
¢n- sensitized silver bronoiodide enul si'on 20 described directly abovey/
ering only in that 144 ng/ m8% Ag of anhydro-5, 6-dichloro-I-ethyl-3-
-sul fobutyl)-3 t - (3-sul-fopropyl)benzi m dazol onapht ho- [ '
.1,2-d] -thi azol ocar bocyani ne hydroxi de and 224 ng/ nol e Ag of

anhy deg 3.9 14 Edrdn aaeralget Babular( gradk (thiZ'ﬁcnéwé yé ¥- t hi-azar bocyani ne
hydroxh mgL utlllzeﬂ? sgegtral sensitizers. faster green- and

r ed- s&RS R1 on-pQyERRY Frsgfﬁ&Pﬁr@§9°Qﬂﬁfql ¥ont ai ned 9 nol e
perceabouadgmapdrdentfmffaheetotamugaaigr@m@;@mmad aredl red-sensitive
emul S'g%ﬁs QJF;. il el f&? 49EPabl aBBdck -G %&toa'd}e%gur&a@sj ;2 mol e percent

i_odi d |ve s uctures | through IV
Wil be readil m@m@siwmw shenapemim 1y, spEet sl

ff) Llrlggwe%rﬂedﬂuﬂ Aéﬁmfzédeahteaghv:wsmwidm @56990watt 2850[ err]

donsi B /3048 AR ARNIGEP T 20h BRGrByoEhai ' BHAMELE (i os of

Struct(ar-sallfdbhru}dlg}h34/(3\/ese1£apaepgilasxdeamb deyrarelie, but with the

addi t <1 terpostglon OL fO %% fi ter t obtaln bl ue
exposhyg§° o4 %> %t?ﬁ??ﬁigs &P Wer e exposed as
adscr ﬂ.ﬂeétbﬂyd\fd, lb'u-tbizs (&-subfaﬂdopydhahapm[dr -2 @bxazml@éaabw atten 9
filte a | u S denti cal
proceésgg %%% u |ng ép gﬁ&%bﬁ QEEEQ ti VeﬁggH%§§§ g%#lbed I n B?ltlsh
Jour napddumpidieayvanstennbang /noke. Ag °ib5°¢¥ﬁ%l tpkRmt was for ‘3 minutes
15 segan¢acal g%ﬂﬁﬁﬁdraf@élm 3eg8 a1 eaAg @@@dﬂ@gmsrl stic curves werg

plotted for | e. Curves-fromdifferent sanpl es were conpared
" by naFGﬁFﬁ& ARRAHR &fePsity : :

15 - The faster tabular grain red-sensxtive o e

emulsion layer contained a tabular grain silver
bromoiodide emulsion prepared and cptimally
sensitized in a manner similar to the tabular grain Q)
_green-sensitized silver bromoiodide emulsion '
20 described directly above, differing only in that 144
mg/mole Ag of anhydro-S,G-dichloro-léethyl-3-
(3-su1fobutyl)-3'-(3-su1fopropyl)benzimidazolonaphthc-[
'1,2-d]}-thiazolocarbocyanine hydroxide and 224 mg/mole
Ag of anhydro-5,5'-dichloro-3,9- diethyl-3'-(3-sulfo-
25 butyl)ethiazarbocyanine hydroxide were utilized as .o
spectral sensitizers. The faster green- and ' '
red-sensitive emulszon layers of Structures I and 11

gﬁ 1]

contained 9 mole percent iodide while the faster
tabular grain green~ and réd-sensitive emulsions of
30 Structures III and 1V contained 1.5 and 1.2 mole
' percent iodide, respectively.
Other details relating to Structures 1
through IV will be readily apparent from U S Patent
4,184, 876
35 ' Structures I through IV were identically
exposed with a 600 watt 2850 K source at 1/100 second




|l evel s, that is, by superi nposi ng the m ni nrum density. portions of the
curves,, Results are summari zed i n Table V., Table IV 20

Structures | . 11 AN - IV Green Structure' Di fferences _
FG - FG - TFG ' TFG Red étructure 25 - Differences FR
FR TFR TFR Yel l ow Filter™?"" Yes. - No - No '
Yes Log E Bl ue/ M nus Bl ue Speed Differences [err] (A 1.3

82526_30 0. %éi g a ?%yiigh%rglfi%ﬁggﬂand a0 %g-@ density’ sgép 5 251 60

(D Qab et havings9Q.20 densigy 5te?§3JIﬁTE#??t¢ss§ﬁE185fference in

the log of the bteeceaeed If thieup MHQVW#§¥éﬂé%?d§ed"a§Odétﬂﬂibéﬂt and the
| og of the que speed of .t .co#o[ forging unit, ‘as

e een, recordin
det erm ned b Eﬁﬁatpﬁﬁ UAfgaEg@e dddtjonal giﬂFeTEﬁ$ tioq ¢ eadlfference in

the | og5of tieabten 9Bcfilebrt ko bbweﬂﬁabmubrukpa&ﬂweéornsegaﬁaté and the
| og of the que eed the.red r rd| Ilszr fornr uni,t, as o
.det er ni ned U@a%ﬁ le %Bfugturggo |¥?Yﬁee ?$8fcfife in the I og

of the gr eerdesmeib@d abevgr,ebutr mimr’rdltmx; eddirtfonal nbnter+ and the | og of
t he bl ue sp e.gr di - relgict | S erm ned by
Equation -(C %)9&1%9 OQ r%%?:%% g’l%iClCHeO{ cf;qéwjr'tlelnruefémrl% ?ggal og of the
red speed(ﬁexpﬁﬁutﬂsrec 1&|ﬁgmeéeerwﬁmenhQ9nnﬁqak%RrR¢Qc¢ege6f the blue -

speed Of0t &4 £hlg F€RET BLAY Color Negative Process described in
British Journal of Photography Annual, 1979, p.. 204.
Development was for 3 minutes 15 seconds at 38°C.
. Yellow, magenta, and cyan characteristic curves were
plotted for each sample. Curves from different
15 samples were cbmpared by matching minimum density

levels, that is, by superimposing ‘the mlnimum density.
portions of the curves. '

/ _
- | Results are summarized in Table IV.
Table IV |
20 | ' ' ~ Structures
| I - IT . III - IV
Green Structure | ' o
- Differences FG FG TFG : TFG
e Red Structure o T
25 Differences FR = -~ FR TFR - - TFR
. Yellow Filter . Yes No - No . Yes
Log E Blue/Minus '
Blue Speed .
Differences ‘ I o -
A  (A) 1.3 0.55 0.95 -~ 1.75
o A? (B) - 1.9 0.95 1.60 >2.40
30 A" (C) a 1.8 0.95 1.35 2.25
: AM (D) o 2.5 1.55 ¥ 2 20 -23.10

4 is the difference in the log of the blue
speed of the blue recording color-forming unit and
the log of the blue speed of the green recording

35 color-forming unit, as ‘determined by Equation (A)

above; 4 = (Bw98 - ngs)'- (BN‘-GN);'

[err] -



or-formng unit, as determned by Equatlon (D) 15 above;[err] In

pari ng Structures Il and 111, it gan be seen that superi or speed o
'paratlons are obtained with Structure Il enpl oyi ng tabul ar grains
according to the present invemglon. Al though Structure |11 did 20 not
attain the speed separations of Structure |, Structure Ill did not enploy a

yellom/frlter material and therefore did not encounter the drsadvantages
al ready di scusSeils athendbfiferentiee insehe loglofretleei al s. Al t hough

St 1 25 {+S |J ow f er materi al thah .
nerc«g’g‘?ge eoﬁaelrgéo¥ﬁg %Z“gﬁ%ﬁ&ﬁ?gﬂ%gc%«rélé’r?erﬁ%re%#ngvh‘rlgi nvention, Structure
1V aods tﬁ'lmﬂctgmfttieesbbed sppadapifotheofrest menmrdai.:i%l I coul g be _ 30

b ter densities.
knfnr)nosﬁmfdgmfﬁreﬁﬁgaésxgregggrg&&%y%\c/o t?@%rhilﬂ rI gr gen- sensitized
5 tabalb@rvegrﬁ n enlBgg .5 descri bed above, on a film :
support' and pvejrés én?iﬁége cgaa’%t georl%tsgecci] thh ayer. The blue to m nus-
o)

bl ue speed separation enent et er mi ned u5|ng t he
exp8Ieen freed rkestheggreennrggesdiag: rqqietraﬁnming Taeiuantitative

- 2and they Iy JetEne pede by EeuablfOI&heC)gre[eer rﬂe‘c&ﬁ!iﬁ%was 1.28 Log E.

This iJlus rates t hat- adeg gte bl e to.m speed Separation can be
p

achCOLSF - jtﬂ&td'“? t! h&spfesene F‘ﬁ@erl?ty Bérél%feirp% Jthe high aspect ratio
' IQ ababawegr a'h -m% gecandl ng emul sion |ayer |ies nearest the exposing.
hg A

di at 1 tected 0 ng bl ue absorbin
{Zye? Iggaigﬂég %f$ﬁ§P§§eg %&6 iﬁﬁ;éﬁughggn 10 NUItrIaygr.
Phoregdr spieiesd & & mhwe sr@nrecqrdgngabbdlom*-f@mm:mgimnist oarsd The fol | owi ng -
1T eReC1RFP I dild HIE! pbla bEPERYCE el RARCHARYIESS Whi ch is achi eved by B

_ color -forming unit, as determined by Equatlon (D) : o
| 1$ above; A"' = R g - RW98 - . | o v
' In comparing Structures II and III it can : :
be seen that superior speed separations are_obtained o _
with Structure III eﬁploying tabular grains_aecording et
to the present invention. Although Structure III did
20 not attain the speed separations of Structure I,
Structure III did not employ a yellow filter material
and therefore did not encounter the disadvantages
already discussed attendant to the use of such .
-materials. Although Structure'IV'employed larger
25  amounts of jeilew filter material than necessary for
use in the photographic elements of this invention,
Structure IV does show that the speed separations of
Structure III could be increased, if desired, by
employing even small yellow filter densities. _
30 . - A monochrome element was prepared by coatlng
the faster green-sensitized tabular grain emulsion
layer composition, described above, on a film support
and overcoating with a gelatin protective layer. The
blue to minus blue speed separatidn-of the element
35 was then determined using the exposure and processing
' techniques described above. The quantitatiVe




of -high aspect ratio tabular, grain emulsions in 15 photographic materials.
I.n these exanples the control el ements utllee | ow aspect ratio silver

“br onoi odi.de enul sions of the type descCribed in U.S. Patent 3,320,069. For
the purpose of these exanples t he Iowgﬁbpect rati ooenmul sions will be
i-dentified as 20 conventional emulsions, their physical properties bei ng

describéd in Table.V , TABLE V Conven- tlonal : Aver age Aver age
25 difﬁinﬂnnenﬂeterminéﬁaby Equatlonmﬂﬁym A= ~ Dianeter
Ratio Cl1 [ ] 4 0.8 [err]n1 _
21 o3 QWQB{ 5%% .28 Log E g% illustraté% 15
[err]m that:hdeﬁhte blue to ﬁinu@ 51perﬁpeed sepamaxion can

0.4-0.8 [erpgn chie\?‘e& f@é‘ér&fﬂgegEa ghe! ?ﬁ(egegxg %.%Qfe%ti{d'@ﬁ WHesg! | ver

bronnlﬁglde enmu S|ons wer e prepa simlar to those

describbd i rtheldﬁes@n%ﬂibgcte?-'ﬁtﬁ-ﬁgtﬁbug-ﬁé'ealrgriéhmietm% yw3usrovenent s

(emul si ons N%%oéhin%)éﬁhléﬁoﬂ)la Ihelﬁﬁksh@@rd§ﬁﬂﬁﬁé'é¥bd§iﬁ ese -
enul si ons are deSC{ g ABLE VI Tabul ar Grain Tabul ar

Appr oxi mat e Tadiakien ;source A8 ﬁnﬂ?& protected by anyerage Pro-
Emul sion  ovaMeldiasg blue aﬂhoﬁking 1a pact jected No. Di anet er
ness tio A{ .5 rrlm =0. 19[err]nr o
40° 1. [e Lg§ Re aé&ng to Im r W) Sha 40:1
>50 T310 MuItﬁﬂég&r]Bhot;grﬁpﬁﬂbeEﬂgments Corit&ining Téﬁnﬂyar 1.6
[err]m }) fﬂ 1M ons 271 >/0 The silver bronoiodide

emul sions d
_ The following three examples illustrate the

improved image.sharpness which is achieved by the use
of high aspect ratio tabular grain emulsions in
15 photographic'materiais} In thése-examples the
~ control elements utilize low aspect ratio sil#er -
_ - bromoiodide emulsions of the type described in U.S.
~  Patent 3,320,069. For the purpose of these examples
_ the low aspect ratio emulsions will be identified as
- 20  conventional emulsions, their physical properties

%

being described in Table V.

. TABLEV
Conven- '
. tional ' Average Average
25 _ ' Emulsion Grain Aspect
. : No. . Diameter Ratio
ct- - 1.1 um 3:1
cz | 0.4-0.8 um  3:1
- c3 0.8 um 3:1
- 30 | ScE 1.5 ym 3:1
| c5 . 0.4-0.5 um  3:1
cé 0.4-0.8 um  3:1

Four tabular grain (high aspect ratio)
s11ver brom010d1de emulsions were prepared by methods
35 similar to those described in the examples relating
to speed/granularity improvements (emulsions Nos. 1



11.

ahove (A-C6 and TI-T4) were then coated in a series 15 of multilayer
prients.  The specific variations afe shown in the tables containing the
esul.ts. Al though the enul sions were chémically and spectrally sensitjzéﬁ,
énsitization is not essentia?;t..o produce the sharpness results observed.

20 Common Structure A Overcodt’ Layer Fast Blue-Sensitive, Yellow :
Dye- Form ng Layer 25 - Sl ow Bl ue-Sensitive,. Yellow Dye-Form ng Layer

I nterl ayxer I i |fer_Layer) .Fast_. - Sensitized, Magenta Dye-Form ng
_Lay ° %ﬁfeHﬁﬁ%ﬂﬁﬂ&giééf,pkgggfgiFgRéiﬁgggéﬁi _%ﬁgig%ﬁ Dye- Form ng Layer
I nt erleagescIihedyirnTaehei Vized, Magenta Dye- Forming Layer Interlayer 35
Sl ow Red- Sensi tii zed, "Cyan gyt ng Layer / 11 SUPPORT /
[ -94- Exposur éamu-Processi ng The sanpl es were exposed and
~ devel oped as described hereipafter. The sharpness determ nations were made "
5 by det er i ni ng the MNhdyl hebwha¥r Graday 5 Functions (MJF). This method is
“ knowdabylaTe art, see for. exanple, Jour n&PRICXARAtRJ P?ao?ggraphi c
'Engi neaigiing, 6 Apprdxfma#880. Modul ation Trg;vg,_f@ge Functpggs for red |ight
ver EmQllisdiored by Sveeg@g the nThickayer C(xgljew for écted/ 15 sec at 60

perce modul ati.on using a Watten 29 and an, 0.7 neutral_density filter. '
Ge ' mr—eﬁiﬂﬁiﬁgd by e*pBSi-sﬁg—Lor—;%ﬁk%s-at 13 nt modul ati on

~in conMInction WZh5 aquiV att en=091 0t er . Pr desisi ng we65t hr ough the C-41

- | or Negat'i v. rocess as_gegeribed in Brdtdsh Jougpal of Photography
;Oﬁﬁnual 79, p. ﬂf_ .veropnéﬁf6?FWe 4o >56 : _
T3 2.4 ym =0.0%m 27:1 >70 ' '

T4 1.6 ym  =0.06um .  27:1 >70

The silver bromoiodide emulsions described
above (Cl-C6 and T1-T4) were then coated in a series
15 of multilayer elements. The specific variations are
~ shown in the tables containing the results. -Although
the emulsions were chemically and spectrally

sensitized, sensitization is not essential to produce
the sharpness results obsefved. ' |
20 Common Structure A
Overcoat Layer - o _
Fast Blué-SensitiVe, Yellow Dye-Forming Layer
25 - Slow Blue-Sensitive, Yellow Dye-Forming Layer
- ' IﬁteriéYér'(Yelidw'Filter Léyer) o | 2

Fast GreenfSehsitized, Magenta Dye-Forming Layer

Interlayer

30 . Fast Red-Senéitiged, Cyan'Dye-Forming Layer

- Interlayer

Slow Green-Sensitized, Magenta Dye-Forming Layer

__Interlayer

35 - - ' - " '
Slow Red-Sensiti:ed, Cyan Dye-Forming Layer

/1 /1 { suPPORT / / [ [ [/




was 3-1/4 min at 38[err] (100[err]). Follow ng process, Cascaded I\/bdulatio"t.--l'_3
Transfer (CMI) Acutancé Ratings at 16 nm pagnification were:-deternined from—/.
the MfF-20 curves. Results The conposition of the control and experi -

mental coatings along with CMI acut ance3%al ues for red and green exposures

are shown in Table VII. 25 30 35 -95- TABLE VI Sharpness of Structure A |
Varied in Conventional and Tabular Gain Enul sion Layer Content Coating 5
No.- 1 2 3 4 . 5 6. - 7FY a C1

T-1 T-1 TExposurejand Processing 2 C2 T-2°  T-2. T-2°

T-2 T-2 FM C3  The3samplds wekel expdsed and 'developed &S 4
C4 7 g4 Ci T-2 . SM C5 T-4 ~ T-4

5 5 Qésscri ed-hereinafter. shagpness determiggtionscy

C6_ Red CMI' Acutwere madfe7by/8eterfiining the) Modildtio®STBansBér3 A CMI 15 -
56 5 g7.a° o3 Butchiofd GIFIY Sgpis ulenty As kibyh %’_?%Q\g‘fé‘fuig.n? '
+6.6 - +6.3 +8ee@ forcezampls,cJpurvadx o piliedPhotagraphiable VI,
Geor case | n shoohiacellES: € AT 1ay AP i ance, one observes that
Coating 2, containing 25ModulstigpuTrangfem Runetiions sferssedhbight- 1.0
CcMmr were obtained by exposing the multilayer coatings for
10 1/15 sec at 60 percent modulatipn,using'a Wratten 29
and an 0.7 neutral density filter. Green MTF's were
obtained by exposing for 1/15 sec at 60 percent
modulation in conjunction with a Wratten 99 filter.
o Processing was through the C-41 Color
15 Negative Process as described in British Journal of
' Photqgraphy Annual 1979, p. 204. Development time
was 3-1/4 min at 38°C (100°F). Following process,
Cascaded Modulation Transfér'(CMT) Acutance Ratings'_
at 16 mm magnification were determined from the MTF
20  ‘curves. |
Results

The composition of the controi and experi-
mental coatings along with CMT acutance values for
red and green exposures are shown in Table VII.
s e | - .

30

35



u¢j than control Coating 1, an all conventional enulsion structure.
imAtarly, Coating 3 (four tabular grain Iayers) is | ess sharp than Coating
three tabular grain layers) by 1.3 CMI'"units and 30 | ess sharp t han
Coating 5 (two tabular grain &pers) by 0.4 CMI units. However, Coatings 6
and 7 denonstrate that by proper placenent of specific tabular grain
emul si ons (note that Cbatrngggﬂiijiﬁgper I n Red CMI' Acutance than Coating -
4 by 1.3 35 units) in lay t he source of exposi.ng radiation,
very si Shdrpaessi ofr Steueturecdn Varied -196-Carventtonaler the control

coating cont [ C ti I en in the above table,
Coating 6 is .398?22%’:09%\63% t%@hﬁ@érl%ﬁ %ﬁlﬁg 1, and Coating 7 is .
6.6 R6datimgunits sharper than 5. Coating 1. Conmmon Structure B Overcoat -
ayer 1@,. Fast lue-Sgnsitivg Yel | M/Dye—%prnrng'}ayer Sl ow

| ue- ' —for Filter Layer)
Fast G E&n- SensiGli zed ChagenTal Dye- Bokmi ngTrdyer T3l STt

Green- Sgsi ti ze¢g2 Magegg a DypaZor m pg2layer-2nt erfpayger Fast2 Red- Sensi ti zed, ‘
Cyan Dye: ornrn ayer, ow Sen i zed,,Cyan For Layer 20
CEpad O+ Rl Sk T Mg R A 2 “the

~ Interla coat
- multicoFgr photmraphrcl; el en@ht s ofc@ommnCStructrme B we-e2 exposed and 25

rocess accor the progedurg.descri.@ed in e pr di ng exanpl e.
Qe con%ggltlonq#grlat 4; g? %he chtror d exper nent coatings al ong
wi th CMBCacut an@é rat iCys ar@6$hownC6n TabCé VI | C630 35 C6 ' :

‘Red CMT -
Acutance 79.7 78.7 82.7 84.0 83.1° 85.3 86;3.j
. aoMT e |
15 Units eee  <1.0 +3.0 +4.3 3.4 45.6 +6.6 .
Green CMT _ o ' ' o
Acutance 86.5 87 8 93.1 92.8 90.1 92.8 92.1
acwr | . | -
Units = =-<- +2.3 +6.6 +6.3 +3.6 +6.3 +5.6 |
20 | : : | _
_ Uﬁexpectedly, as shown in Table VII, placing
tabular grain emulsions in multilayér color coatings
can lead to a decrease in sharpness. Considering Red
CMT Acutance, one observes that_Coating-Z, cbﬁtgining
25 Egg_tabulaf'grain-layers, is less sharp (-1.0 CMT ' .
' units) than control Coating 1, an all conventional
emulsion structureQ Similarly, Coating 3 (four | ¥

tabular grain layers) is less sharp than Coating 4
(three tabular grain layers) by 1.3 CMT units and
30 1less sharp than Coating 5 (two tabular grain layers)
| by 0.4 CMT units. However, Coatings 6 and 7
demonstrate that by proper placement of specific
tabular grain emulsions (note that Coating 6 is
sharper in Red CMT Acutance than Coating &4 by 1.3
35 units) in layers nearest the source of expoéing
radiation, very significant improveménts can be




-97- TABLE Vilf.Sharpness of. Structure B Varied in Conventional and Tabu

G ai m_mul si on Layer Content Coating No. 1 2 3 4 F
Cl. Cl T-1 T-1 SY c2 ., 2 T-2 T-2 FM _

T-3 T3 @&svm o - T-4=98-1.4 . 10 . - FC

c4 c4 (07] 4 SsC C6 C6 C6 C6 Red CMI

Acut ance CMI 15 ' Units --- :
-1.6  +3.9 °‘2Fzﬂ’8“%§‘e%¥ﬁb\ﬂhﬁcﬁ?‘é\ﬁ€ef °8?F§“8_'§§P§ai"é~$‘.&3 anngaz.s [err] oM
Units convenﬁldhal+éhﬁlsi¢ﬁs0 2@s seen in thee abve ratskbef ed in
Table VI il fgcCl hagge S hi c

mat eri al s Wmd t# ng?%e%?%ﬁér;oe“? Pﬁgggsgﬁgﬁt ablﬁﬂz}rrprgngﬁ | si ons
Iylng_nearestiﬂﬁpdxﬁniﬁins &xbosbnf Redi §MTomndts edianpamitharhanges when
the taby ar @il | sions in internmediate |ayers underlie |ight
scattering emul si'o Iayers CbnnDn Structure C Fast Magenta 30 Sl ow Magenta
/| | | [CommqmStruyghure B/ ; / / Two nonochrone el enents, A

(Control) and B (Exanple), mere prepar ed by coatlng fast and sIOW/nagenta

Iayer fornulatlons o a 1111 Support.
Overcoat Layer

10 Fast Blue-Sensitive, Yellow Dye-Forming Layer

Slow Blue-Sensitive, Yellow Dye-Forming Layer
Interlayer (Yeilow Filter Layer)
- Fast Gfeed-Sqnsitized, Magenta Dye-Forming Layer
< 15 Slow Green-Sensitized, Magenta Dye-Forming Layef
- 'Interiayer _
9 Fast Red-Sensitized, Cyan Dye-Forming Layer
R Slow Red- Sensitized, Cyan Dye Formlng Layer
20 _ SO Interlayer

/////SUPPORT/////

After coating, the multicolor photographic
‘elements of Common Structure B were exposed and
v 25 Processed according to the procedure described in the
preceding example. The composition variations of the
control and experimental coatings along with CMT
acutance ratings are shown in Table VIII.

30

35



Fast Magenta 5 N c5 T4
Magent a The monochrone el enents were’then eval uated for sharpness v/
accordlng to the nethod descrrbe@?ior the previous exanpl es, mnth t he

TABLE | X Enul si ons El enent A El enent B Layer C3
J
AW

. following results. TABLE X 10 El ement CcMr
Acut ance (16 mm) A (Control) 93.9 B (Tabul ar Grain
Enmul si on) 97. 3 Exanpl SABLENERLi ng Reduced High-Angle Scattering by

15, H ghonspeabsBabieo stalid T B Ve SLANeodGeRt kg @ speciTic

I'l lustratron*or: the re scatterin aspect ratio
tabul ar grai Anénmiedudes Lxedmi %%1?%|§3YﬁFeGPP§ﬁn§S conpared to
nont abul ar grain enHiS|ons of the same 20 average grain volune, the
a#antltatlve an &Fin8 ght scattering detection procedure described above
th reference to Nbgure 5 was enpl @yed. Tig hi gh &spect ratio tabul ar _
grain enul sion ordarng to,tNe present | nt1 on, cpnsi sted of di spersing
" medi um and t abul®at 25 gralﬁ hawﬁa an a e% ' ter of 5.4 mcroneters
and an aver age t8¥ ckness of CR. 23 niC&r onet ér-ﬂand aTr-bver age aspect-ratio of
23.5:1. Geater Fypan 90% of she prq.J_gct ed mAfa ofcj he grains was provi ded
by the tabular grains. The average grain volunme was 5.61 30 cubic
“mcroneters.. AS%ntrol non€8bul ar Teful si Firdnas &l oyed having an aver age
gk%in vol ume of g 57 cubic gicronepgrs. (\Wien resgjved into spheres of ‘the.
same vol unme--i. e, equrvalené spher s--both enulsréww=had nearly equa
grain di arreters% Bot h enul §Pons h&& a 35€6 ot alC ransm ttance of 90
percent whenrﬂuaedwmnmlnnersed in a I|qU|d haV|ng a natchlng refractive

Acutance 80.0 78.4 83.9 82.8 ' ot
A CMT o | | | o
1 Units . =--  -1.6 +3.9 +2.8 ¢
Green CMT. :
_Acutance 87.3 88.9 94.3 92.3 -
A CMT e - -~
| Units ===  +1.6 +7.0 +5.0 |
20 ‘The data presented in Table VIII illustrates
beneficial changes.in sharpness in photographic
materials which can be obtained through the use of
tabular grain emulsions lying nearest the source'of .
' exposing radiation and detrimental changes when the .
25 tabular grain emulsions in intermediate layers *
underlie light scattering enulsion layers. .
: Common Structure C
Fast Magenta
30 -

Slow Magenta |
/1 1/ 1 surPORT [ [ / [ /

Two monoChfome'elements, A (Control) and B (Example),
_ 35 were prepared by coating fast and slow magenta layer
formulations on a film support..




-99- index. Each emulsion was coated on a transparent support at a silver
coverage of 1.08 g/[err]. As nore specifically set forth belowin Table X,
| ower percentages of total transmtted 5 i ght were received over the
detection surface areas subtended by [err] up to values of [err] of 900
with the high aspect ratio tabular grarB8enulsion of this invention as
conpared to the control emul sion of simlar average grain volunme. ~From
Table XI it is 10 also apparent that Egﬁﬁéghhfctlon angle for both
enmul si ons was substantially bel ow 60. ther enul sion woul d be
considered a turbid emul Emulsionerns of its |light scattering
characteristicsilvmen E@i YO*fhe [siop f the present invention 15

exhi bited only e hig Merl ng of t he=8d&& ol emul si on:

Tabl e XI Percent of Cansmi tted Li ghtT3 Cont ai ned Wt hi nFAls@;I Magenta

Tabul ar y No bular Gain -+ Gain Eml gi

Emul si on 3 nggent (Exanpl e) - T4 (Control) %13@ gﬁﬁﬁ%ﬁ%ﬂl30
204 : 6% The monoclyopexelements were theg%pvaluated

é896 - forGyﬁéyﬁhess accordﬂﬂﬁﬁto the method24¥scribed fo%m/ 50% -
40% “the grsionn xanRARS avitheFhe EpLLoPIPEERSHLESA i on of A

30 Tabular Grain Enul sion A tabul ar- grpABLEi Xver bronD|0d|de enul si on (3

M4 1 odi de) s prepared iy the fol |l ow ng nanner : Eé Oilliers 01;3 .é
per cent geﬁgﬁln 0.17 M ;@ﬁﬁggﬂhn1bron1de sol ution 1

to with stirring and by dou@omtimsl) 4. 34 M potassi um bron93e9 n a 3 percent
gelatin solution and 4. Oﬂw(Tabulat Grain Emulsion) 97.3

4

: Example Illustrating Reduced High-Angle Scattering by
15 High Aspect Ratio Tabular Grain Emulsions
| To provide a specific illustration of the
N\  reduced high-angle scattering of high aspect ratio
| tabular grain emulsions according to this invention _
.as compared to nontabular grain emulsions of the same

20 average grain volume, che'quéntitétive angular light
. scattering détection_procedure'described above with
reference to Figuré 5 was employed. The high aspect -
ratio tabular grain emulsion according to the present
invention consisted of dispersing medium and tabular
25  grains having an average diameter of 5.4 micrometers
" and an average thickness'of:0.23 micrometer and an
average aspect ratio of 23.5:1. Greater than 90% of
the projected area of the grains was provided by the
tabular grains. The average grain volume was 5.61
30 cubic micrometers. ' A control nontabular émulsion was
employed having'aﬁiaverage grain volume of 5.57 cubic
- micrometers. (When resolved into. SPheres'of the same
volume--1i. e., equivalent spheres--both emulsions had
, nearly equal grain diameters.) Both emulsions had a
35 total transmittance of 90 percent when they were
immersed in a liquid having a matching refractive




f-/ silver nitrate solution over a period of 2.5 mnutes while

xgiimt ai ning a pBr of 0.8 and consuming 4.8 percent of the total silver
~nitrate used. The brom de solut?gn was tHen stopped and the silver 5 -

nitrate solution continued for 8 minutes until a pBr of 1.3 was attained
consum ng 4.3 percent of the silver nitrate used. A6 percent gelatin -
5Ol Ut §@aeh0Nt BaUH s De M ROVASS LUALRLOBrfl m&g&%ﬂeot assium i odi de was
t hen run concurrent (ﬁj ution for 24.5 :
m nut 88PPATH eﬁﬁi*hgs%hl’e{ S°?’ﬁr&§ea<?gelle§i§ Blow (2.0X fromstart to
finish) (consumsgndire Ispecifitaldiiyt Bett dordtisibelswninrate used).

© The' b&gg&%@ "ﬂdg?k“ﬁ§¥éé892 gsa§§ %Q&aﬂl qghﬁéﬁﬁi solution run for

1.6 mnutes e con per total silver
ﬁ.traﬂég@@e@engunece@ygm over. zhnaéemannﬁunism?ﬁneznmseaa was then cool ed

to 35&@53]&&@93@, o %t@@l @éggﬁgebgt N oF %;I VAt Nede O liters of

distilled water was ed an e enul si on ‘'was coagu atlon washed. 20 The
resul high Sispaat Fakrte ctrbularussedn empulmiioniia®)thbsl an average grain

- di alrfgiﬁbeﬁfti%bplats Jecﬁx% p&Féd MtoatA¥CEaAR Xl @mﬂ%ﬁ&ﬁ gpout 010 [ter(rj] m
yi el di n_as ratio . u rajns accounted for
'great@?gé ié%%Qﬁgﬁrﬁ??g?avogﬁme'pr§F€ &gﬁb fék 8silver halide
gﬂainalpoeapphﬁamﬁf&h&tntbeooolhéetionThngﬂfﬂﬂotNo?fﬁ chenhcally _
sensi e iyt hi su and pot assi um _
tetra%hﬁgrg%\gﬂr athaosdéjqéé‘&?g}f i& BS?‘?S of t %ffclé?’r'y 30 sensitized
enulsemnlaégncumuiﬂ(hez;Qnﬁideneé artarbﬁdtemuﬂaﬁqnutmwt The emulsion
coat i (1.08 g- S
Ag/[e??f?‘gan Juel a?l%% Q@ferr EEEWEE‘Eh f%gﬂg&en added the magenta 4
dye- f &r ¥RAg 7Oouthe emyles g present invention , _
- P54- deﬁnihxtehe@ﬂny%hixf(@Ep@ﬂéaﬂsguLaBQQQX%kaEEEﬂﬁﬁgﬂ6¥ﬂ 5- pyrazolone

(0 79tgé ontroqc JT@&on. - _ ?_
_ ' Table X1 | |
Percent of Transmitted Light R
Contained Within Angle Phi - o
20 '~ ‘Tabular  Nontabular
Grain ~ Grain o
* Emulsion Emulsion - Percent
b (Example ~ (Control) Reduction
- 30° 2% 62 - 673 | |
25 .s50° - 5%2. 15% . 67% <
Soo70° 0 123 7. S 50% -
go° - 257 331 24% .
- 84° 40 40% 0%

Example Illustrating Blue Spectral Sensitization of A
30 Tabular Grain Emulsion - _
A tabular grain silver bromoiodide emulsion
(3 M%Z 1odide) was prepared in the following manner :
" To 3.0 liters of a 1.5 percent gelatin,
0.17 M potassium bromide solution at 60°C were added
35 to with stirring &nd by double-jet, 4.34 M potassium
' bromide in a 3 percent gelatin solution and 4.0_M |




gt .
= e
ks 2
4

5-sul f ohydr oqui none (1.69 g/nole Ag) and 4-hydroxy-

6-met byt -1, 3, 3a, 7-tetraazai ndene (3.62 g/mole Ag). Coating 2 -- A second
portion of the tabular grain si | ver bronoi odi de enul si on was spectral ly 5
sensitized to blue Iight by the addition.php3 x 10 4 nol e/ nole Ag of
anhydr o- 5, 6- di met hoxy-5- nethylthio-3,3" -di(3- sulfopropyl)thlacyanlne
hydrOX|de -triethylam-ne salt (Xmax 490 nm) . The spectrally sensitized
emil si on was they 1GaNnsty ﬂ"EF’lEJe 1£)owéwa sbsrsangeﬂ%nuﬁ PS5 ilidek

coupler as in coatlng 1 an as_abo coatlngs wer e posed for
1/ 25 second t hrdUyH %Péﬁ%%t? EPEp°¥a9I'£t d’gtungsten

type desor bed Wh 3 t“ﬁ% e f‘*‘"‘“ea“@@“‘”l“‘“%‘?épe% ges
ype descri be nthe Britjs our na 0 a ages
204- 206. Coat i nd’r?“&qﬁ b?‘?je §°Bh8?§gFgﬁﬂi Eggﬁggﬁoﬂ%éﬁ’@g dé']fl‘éfs‘f er t%an
Coating 1, _%howrrig:ﬂlrte?(hohlitfb@mlw@ntﬁguedséoknlsﬁ?ndmtﬁer'l s huitill eat o bl u]fz
sensi tization. 2s, t Llu _Rr rt.p 0 nDE odkl des o
Uni f or m | odi de B mroqgﬁlt‘i%nw% éEEgigEﬂu?@?‘S%‘nﬁ?‘ y g poeﬁéc%gpwoof ,91,3

Emul sion 1 (Exammhﬂefnniirdtéimsné.oan6mpEtcenmrgai&ﬁmnanaidnﬁmngelatin
(0.8 percent by%?“éﬁkaié l4thoq gggg ?hﬂgbgo%QPFPE%BFU“ um brom de

wer e added :: addi ti const ant 0 nol ar
pota55|un1bronl@@&ﬂﬂiiﬂ@.tpdﬁﬂ%uwsﬁlVbﬁnnrunaséﬂsﬂﬁmﬁnﬁiﬁ(ﬂlﬁhrﬁhﬁnes at

pBr 1.0 at 150‘Q¥¥V§9’ﬁE%E&@@”ﬂo?ué@oﬁeEGQHQAOB hﬁ%dﬁégﬂméidﬁﬁiniﬁ d A
phthal ated gel atin. solutlon 2. ters drr%Aper §Qt bé' I ght) was. added to

the reaction veP8s s 4y |4‘F ?BFtE gWe (#r OFsdrom Stdnt, honjtrate

sol ution descri tFchiafioy e(d6esaditeg 8hel pereentt off theowotaik silver

apprOX|nater > Tt?gfgsdggdj The_b;omide solution was stopped and

" the silver nitrate solution run for 1.6 minutes at a

15 rate consuming 3.8 percent of the total silver
. ' nltrate used, until a pBr of 2.7 was attained. The
L/ emulsion was then cooled to 35°C, 279 g of phthalated
gelatin dissolved in 1.0 liters of distilled water
was added and the emulsion was coagulation washed.
20  The resulting silver bromoiodide emulsion (3 M%
iodide) had an averége grain diameter of about 1.0
um, a average*thicknéss of sbout 0.10 um,
| yielding an aspect ratio of about 10:1. ' The tabular
LI | grains accounted for greater than 857 of the total
25 "projected area of the silver halzde gra1ns present in
the emulsion layer. ‘The emulsion was chemically
sensitized with sodium thiocyanate, sodium thio-
éulfate, and potassium tetrachloroaurate. )
- Coating 1 -- A portion of the chemically
30 sensitized emulsion was coated on a cellulose
~ triacetate film support. The emulsion coating was
'comprised of tabular silver bromoiodide grains (1.08
g Ag/m?) and gelatin (2.9 g/m?) to which had been
added the magenta dye-forming coupler l-(6-chloro-
35 2,4-dimethy1pheny1)-3-[a4(m-pentadecylphencxy)-
| butyramido]-5-pyrazolone (0.79 g/m?), 2-octadecyl-



- pBr 1.36 at 75C was reached consum ng 4.80 percent of the total

I'Xer used. An aqueous sol ution congaining pot assi um broni de (1.06 nol ar)

: s potassiumiodide (0.14 nolar) and an aqueous solu- 5 tion of silve

' nitrate {1.2 nmolar) were addedQdy doubl e-jet addition utilizing accel erated
flow (2.4X fromstart to finish) at pBr 1.36 at 75C for “appr oxi mately 50
n1nutes unt! the silver nitrate sol uti on was exhaust ed t hereby consum ng -

92.8 Posyd rquinone: €1.69| gémolecdg) Apmdnéﬁhadﬂqxﬁﬂ nol es of silver:
were gsadt HNK¥3U3a}7ﬁtéf%ﬁét9ﬂndEﬁb|T@ @@ ﬁqat o the enul si on was
ate

cooled to 35[er 50.grans,of additional el atin were. added,
stirred wel asgiﬁiiﬁmgIS|oﬁ ﬁﬁ§°ﬂﬁsﬁeatf9q Hlaxhe coagulatlon
procegradh ¥dlvermittdastedide lbdul Fabanwasd & 6E¥L11 hen 2.0 liters of

B < PRpdned 2l Bl g 1EaRELER kg %i%%%n w3 v e e

resul 180t mll mdirmnkglmﬂlmhyaﬁo%),sembem an average tabular grain |
di a 1l.g 095 rlm and an average aspect

.ratrgﬁthggtgig-hgjﬂ ﬁxﬁtﬂ g?éﬁﬁéSXEQBBEFggakgp reater than 85% of the
25 t oh¥Arerddent é@iaatJWMim salte(A naxn%i9@dnts) gr &Atres present in the -

. emnmul si I t rred bone gelatin °

' 3@ 5 ?ceE?q%?:ﬁsﬁﬁég | fﬂ%%p%éﬂtg?%.§§i qg%ﬁ?%#)égépota53|un1bronlde'
re '&GHBS syedaemeeqaaenfep dye-fermingocauplem m=odimie solution and a

1.20 eaheingluvahdﬂddggéasgngbg@eat constant flow for 5 minutes at pBr
1.0/ 65C consunhg ercent of the total silver used. After addihg an
t aFé’d‘

aqueous 35 ph &t iIWPLD| eXPRFed ! for| 1/@5 serondiercent by wei ght)
‘the etitough ua94§m0wd§h§iryJst&ﬁUt&baétGEbeafBOOW bagppol ar silver a

Nitr ol gngQtlh' P9gHRS source. Processing was for 3 minutes
15 in a color developer of the type described in the |
British Journal of Photography Annual, 1979 Pages
204 206. _ _ :
Coating 2 exhibited a photographic speed o _ Q?
0.42 log E faster than Coating 1, showing an | '
20 effective increase in speed attributable to blue
sensitization. '

@

Examples to Illustrate Properties of'Silver.
Bromoiodides of Uniform lodide Distribution
A, Emulsion Preparations |
25 = Emulsion 1 (Example)

To 30.0 liters of a well-stirred
aqueous bone. gelatin (0.8 percent by weight) solution
containing.0.10 molar potassium bromide were added
by double-jet addition at constant flow, a 1.20

30 molar potassium bromide and a 1.2 molar silver
nitrate solution for 5 minutes at pBr 1.0 at 75°C
thereby consuming 2.40 percent of the total silver

’ used. A phthalated gelatin solution (2.4 liters, 20 .

percent by weight) was added to the reaction vessel
35 and stirred for 1 minute at 75°C. The silver

nitrate solution described above was added then at.
constant flow rate for approximately 3 minutes until

]




-103-. added at 65[err] until pBr 1.36 was reached consuning 4.1 percent of
the total silver used. A hal i de sol ution containing potassium brom de
(1.06 ol ar) plus pot assi um i odi de (0. 14 m)l ar) and a 1.20 nolar 5 silver
nitrate solution were added -by doubl e- Jﬁ=2£T addition utilizing accel erated .
flow (2X fromstart to f|n|sh) for 52'319 utes at pBr' 1. 36/65C consum ng

93.5 percent of _th oer_used f S|Iver
were used to pP@b'aieS?’n' ?@4 irﬁﬁ%.%‘?ﬁ‘ﬁ%&fg@’ﬁ‘d gm |ta |on to

enul si on was codl ctet ttoﬁ]ersi}lvmjméd tbnp&neewane don by the -
process of Yutz S d I al at ed
gelatin soluti Sﬁ %qu%it Z’r c%ercenﬁ%y(?\edsh?%l&/gg gg_(?tgg after -
stldrrl nﬁ I‘jor S5pbt a”ssrﬂﬂnesi.échﬁden(msllanmwarqoahada@gwmddm?iﬁm-]/pH 4.1
and ‘washed Ry £, r aqueous
bone gel ati 5:{13;[ (sﬁﬂge-‘ ﬁﬁgﬁétgygk?gm’};\ﬁ "%&?ec# e grrul si on
was adj ust ed tdqﬂ%ﬂﬁiﬁeﬁuﬁ¢ﬂ%ﬁﬂbﬁ utildging] accelerated £16Hm£2e§&Itant
si | ver bronoi og (8 r21€ r ain dianmeter.
of 2.2 [err]m ﬁguﬁ;ﬂﬂ%ggg ?n%@ﬂ FQ ??m gn %g?tt\a/ﬁeyrﬁacgiefdalfs ect ratio of
20:1. The -t ab@PRTQ¥imately 30 minutes yntilcthensilyex BltTare o o 25

projected area gyl itosiwas’ eRhREBEEM) éaee&wn%owsmm igR ige emul SI on.

Ermul sion 3 Exarrple) To liters, of wel | -stirr bon ,
percent by PROCERR Lﬂgo‘?h%oﬁ?%}nﬁﬁfgﬁroufﬁdnnl eqf?i%r de wer e

adged lfyngUb: thowé ofidsiiver wete2(ised to p&bmwmftlm wmwuesmy- tion

an a- no ver n| t I’ 0 t1o at coRpst,ant 0 nut es at
pBr. 1.0/ 55C th?roé&? Qiﬁbl%%?cg gRULAI SN, Was \%‘T?()e?dsu d. 35

Af ter addi ng aﬁﬁm,aliiis@(tmmeouﬁ anl!.aﬂ.onaiolpMn?midﬁd? gelatini7. 1 : |
percent by wei guid, alfhed ! r&éfPrLSrwéli“ BHEC el Rnulsido Wik WadHedO! Ution

° S|Iver 15 three times by the coagulation process of Yutzy_and
Russell, U.S. Patent 2,614, 929. Then 2.0 liters of
. bone gelatin solution (12.3 ‘percent by weight)
- - solution were.added and the emulsion was adjusted to
| pH 5.5 and pAg 8.3 at 40°C. .
20 ' The resultant silver bromo

iodide (88:12) emulsion had an average tabular grain .
diameter of 2.8 ym, and thickness of 0.095 "
um, and an average aspect ratio of 29.5:1. The
_ tabular grains accounted for greater than 85% of the
* 25 total projected area of the silver bromoiodide
grains present in the emulsion. '
Emulsion 2 (Example)
" To 7.5 liters of a well-stirred bone
_ gelatin (0.8 percent by weight) solution containing
30 0. 10 molar potassium bromide were added by double
" jet, a 1.20 molar potassium bromide solution and a
1.20 molar silver nitrate solution at constant flow
for 5 minutes at pBr 1.0/65°C consuming 2.4 percent.
of the total silver used. After adding an aqueous
35 phthalated gelatin solution (0.7 1iter, 17.1 percent
by weight) the emulsion was stirred for 1 minute at
65°C. A 1.20 molar silver nitrate solution was




5 |
-104- nitrate was added at- constant flow rate until pBr 1.36 was reached

///\bnsun1ng 4.1 percent of the total silver used. A halide solution \)
[ nt ai ni ng potassi um brom de (1.06 nDIar) pl us potassiumiodide (0.14 5
lar) and a 1.20 nolar silw@O®itrate solution were added by double-jet .
addi tion utilizing accelerated flow (2X fromstart to finish) for 52

M NUig & eafﬁé?é%ﬁéﬁ BQS!UB%QV%% %mtc@ésﬁhﬁngot al silver used.

Appr oxi_mat Wer e’ us epare this enul sion.

“Fol | &wiln g??ﬁ%ﬁﬂbl?gDFga gﬁ&‘@nﬂ VieT Wee bol dh?BEQSC adjusted to pH 3.7

1d V%giﬁ%& f 14, 929. Addit |
gﬂt hal at ed gél g{aﬁﬁaggﬁﬁgg%w tad&'ﬁi@égq)e?geﬁ?lg 3\/vel ght) WiasI ggged
_afterpﬁ 8 sPPERRGuMyLodide, b#m)sﬂb@ aal. 360ﬂleaaa‘ga| nto35C/pH 4.1
ang* vvﬁbeérbuitbacxmsau%&%mladaéw beg gﬁé liter of aqueous .

b 1 rcent by wel e emul sion was : :
agrﬁ§¥§éthQBiﬁ§ aa&pA§q§¥;¢a=q®[€}¢v ?@5 from starthe resulting silver
brorm:olﬂﬂnﬂehwﬁoi:ZBZemﬂrﬁim hael By aléﬁ!GgSS?debﬁBuﬁ&ﬁj[gn dlt arretferlgf51l7 N
Lhe. 19808 aperPanhe o3, £he, dak 41,8 hver disefan SBPFeRLhe 25 total o o
pr oj emeellyrkaomoubs oif Mmewlm&rlﬁbn?répag&Bth&% tlheterml(gl gn
- Eqpts -sti one gelatin

- pga?ce%'gg})f/iégx ié‘gﬁgﬂsoi (ﬁi‘tepaftrﬂotr&g"% HﬁJPgP pUFésgl um bromi de were
addecCQg'lcld)ubOe35j €y addusited to pmcs.rrblmdmahedubybchm de solu- tion
and go frﬁﬁth Enal tR'ix%tsPel I?&@ ﬁl.CQQ ankd%ﬁow for 2.5 mnutes

at pbr consuni ng etcent the otal silver 35 used.

AfteF%ﬂRﬂZmP%ﬁhﬁ ﬁEBésSEﬂFﬁéﬂbﬁ&iRﬁiQﬂ Gpsﬁlbiten.(b77ﬁllter 17. 1 a
penuyag&ghﬁmbghﬁéigﬁg)suhgngaaéax éfﬁ@fﬂ%@if*iﬁECfoé %. 20 nol ar solutlon

15 minutes the emulsion was cooled again to 35°C/pH 4.1 é-'
and washed by the Yutzy and Russell process. Then | '
0.7 liter of aqueous bone gelatin solution (11.4
percent by weight) was added and the emulsion was : <
~adjusted to pH 5.5 and pAg 8.3 at 40°C. '
20 . ‘The resultant silver bromoiodide
emulsion (88:12) had an average tabular grain o
diameter of 2.2 pm, and thickness of 0.11 pm and an
‘average aspect ratio of 20:1. The tabular grains
accounted for greater than 85% of the.ﬁdtal
25 projected area of the silver bromoiodide grains o : . ®
present in the emulsion. S S :
©  Emulsion 3 (Example) | B
To 7.5 liters of a- uell-stirred bone _
gelatin (0.8 percent by;weigh;) solution containing
30 0.10 molar potassium bromide were added by double-
 Jet addition, a 1.20 molar potassium bromide solu-
tion and a 1.20 molar silver nitrate solution at
‘constant flow for 5 minutes at pBr 1. 0/55°C thereby
consuming 2.40 percent of the total silver used.
35 After adding a phthalated aqueous. gelatin solution .
(0.7 1liter, 17.1 percent by weight) apd.stirring_for
1 minute at 55°C , a 1.20 molar solution of silver

“




-105- of silver nitrate was added at -a constant flow rate until pBr 1.36
was reached consuming 4.1 percent of the teotal silver used. A halide sal
sol uti-on contai ni ng potassi um bromide (1.06 nolar) plus 5 potassium'i odi
(0.14 nnlar) and a 1.20 nolar silver-X04«ate sol uti-on were added by

doubl e-j et addltlon ut|I|Z|ng accel erated flow (2X fromstart to finish)

for o2 Mt chutrdld Va@USBLE' 4t EORBVERRO £18.0 satie it of giie ot
silver used. prOXI of silver were use repare
this enul si onl2f was keashed p¢%§%ﬁnshé dnpescentnef m é‘@q 35C,
adj usted to p%iiéhﬁ”ﬁhéﬁ$hed ha1ise abmﬁeisnotdﬂﬂa&ﬁ um US

2,614,929. Ad |- t | atin solytio 17 6 15
percent by wei°dt %aaba@g% rsjhgf'éﬁngFBﬁs E‘Q&qﬁﬁe @ﬁ"ht pH 6.0,
40[err}. At mo]sxr)r ramd) doI.EOnnohatsslmvecnntltmemmmﬂmd wapen to

23&253%;:“3&%@ A I R T et T R

enul si on was qm1iﬁsrunﬁopﬁgnQBB)af0¢062 mHauteslat MBBil ver

brono- i odide (8% ﬁ”saﬁéiéﬂﬁttégukﬁe Q%%dl‘ﬂfﬁvﬁf” of 0.8
pm and thlckness of an average _aspect ratlo 10:1.
The tabul ar gMfeds a&RR}Fﬂ éa eP°1ﬁ&n°§5%iéfve@n(¥ecf(i M8es oj ect ed

ar ea ofltmeosrclov rdﬁﬁ@lﬂldmeeﬁmmnpreremlowan Eglr@& itatidynul sion A
bercent. by welthit LRARATR AR EROLERT 5PaT B oRGINRRA ot REL 4 br on e,
0. 01 nol ar polaaskiwasheadiibie, thmcbﬂodéswbirYeudyumﬂﬁW,e Uts pl aced
oo F] o o' BnSARGETe | ANLELOAAE o EhEREIRT Ry ARk WU L2 o 10
pot assi um (0.5 liter, 17.6 percent by weight) was added; after
v 15 stirring for 5 minutes the emulsiqn was cooled again
| to 35°C/pH 4.1 and washed by the Yutzy and Russell
process. Then 0.7 liter of aqueous bone gelatin
w solution (11.4 percent by weight) and the emulsion
was adjusted to pH 5.5 and pAg 8.3 at 40°C.
20 The resulting silver bromo- :
jodide (88:12) emulsion had an average tabular grain
diameter of 1.7 im, and thickness of O. 11
um and an average aspect ratio of 15.5:1. The
tabular grains accounted for greater than B5% of the

| * 25 total projected area of the silver bromoiodide .
s grains present in the emulsion.
v . Emulsion &4 (Example)

To 7.5 liters of a well-stirred bone
gelatin (0.8 percent by weight) solution containing
‘30 0.10 molar potassium bromide were added by double-
jet addition, a 1.20 molar potassium bromide solu-
tion and a 1.20 molar silver nitrate solution at
constant flow for 2.5 minutes at pBr 1.0/55°C
thereby consuming 2.40 percent of the total silver
' 35 used.  After adding an aqueous phthalated gelatin '
solution (0.7 liter, 17.1 percent by weight) and
stirring for 1 minute at 55°C, a 1.20 molar solution



tde sol ution which contained 0.147 potassiumiodide and.a 1.57 nolar
nitrate solution for 40 mnutes at a constant flow rate at 60[err],
ing 4.0 noles of silver. At apprOX|nater 1 mnute 5 prior to
conp¥etion of the run, trmrlQﬁ+de salt solution was halted. After
Cipitation, the emul si on was cool ed to 33C and washed two times. by the
coagul ati on process described in Yutzy and Frame, ‘US 2,614, 928." Then 680 ni
of a bone gelatin 10 (16.5 percent by weight) solution was added and the
enul soén sidyexijnisizate ovgsi gddedt agOpecopstint Slov Fat@ntrol) This

| A; the t t .
 vas ?ggucedi?? DI bt B fihdaEpETUING 40 PlRTn oA 110 LOTEBATUrE
Emul sthg &9 1ﬁ*iﬁeq7#%9%ﬂulé halide BﬁéﬁaPQAQQQGQGHIy as Emulsion A, -

eXCEpthbﬁ!u& éﬁdﬁEbﬁﬁﬁiaédﬂi¢d6ZQolﬁr§OH¥ﬁd and the total run
| was reﬂll t o 0 |SI8 gﬁnt ) This enul sion was
‘prepaPeiagsiium, %ﬁ |Bﬂlﬂ‘ cBBEpp h &Tenperature was 25

: IncreasedetrOnﬁIi:@Hé sofﬁ%id@twéréuadaeaebgaaoﬁsw gtes. The physi cal

gﬂs[gcaﬁgt Slﬁ?§t§§§f$¢y$£5?§€%?|§T aggptro sil.ver bronnlodlde'

1BFagY pr oj ected Average
Aver age fiﬁishégébrmiﬂaﬁ&ﬁitem at pBxi b.36/658Ch consutlngt  Tabul ar :

93.5 percent of the total silver used. Approxi-
10 mately 5.0 moles of silver were used to prepare this
B euulsion.' Following precipitation the emulsion was
cooled to 35°C, adjusted to pH 3.7 and washed by the
process of Yut:y and Russell, US’2,614;929.-’Addi-
tional phthalated geletiu.solution (0.5 liter, 17.6
15 percent by“ﬁeight)'wasiedded-eud the emulsion was _
redispersed at pH 6.0, 40°C. After stirring for 5
minutes the emulsion was cooled agsiu to-35°C/pH 4.1 W
and washed by the Yutzy and Russell process. Then
0.7 liter of aqueous bone gelatin solution (11.4
20 percent by weight) was added ahd'thesemulsion'wss -
adjusted ‘to pH 5.5 and pAg 8.3 at 40°C.
~ The resulting silver bromo-
_iodide (88: 12) ‘emulsion had an average tabular grain
diasmeter of 0.8 um, end thickness of 0.08 : : ¥
25 ym and an average aspect ratio of 10:1. The | |
tabular grains accounted for greater than 552 of the'
total projected ‘area of the silver bromoiodide o
grains present in the emulsion.
Emulsion A (Control)
30 ' 9 0 liters of an aqueous phthalated gelatin
(1.07 percent by weight) solution which contained
0.045. molar potessium bromide, 0.01 molar. potessium '
iodide, ‘and 0.11 molar’ sodium thiocyanate was placed
in a precipitstion vessel ‘and stirred. The tempera-
35 ture was adjusted to 60°C. To the vessel were added
by dOubleejet addition a 1.46 molar potassium
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Emul sion Shape. Di aneter_Thickness Ratio - Grains 1 Tabul ar

2.8[eqy]m 0.095[err]m 29.5:1 ~->85 2 , ~Tabular 2. 2[errlm = 0.11
[erf]m - 20:1 >85 3 Tabul ar 1.7[err]m  0.11 [err] 15.5:1
>85 4  Tabular 0. 8lerr]m 0~-306ferr] 10:1- >55 10 A
Spherical 0.99[err]m : , [err]1:1 -** B ~ Spherical .
0.89[err]m * 11 C Spherlcal 0.91[err] *
[err]1:1 ** D Spherlcal ‘1.10[err]m * : -1:1 *xox

gf;:ggtg?e;?e?%?aaaEO%I re? |r1cPtéb&%€i€%%5°e%gggPBEEkga'B;*n:abE;gL of
Ermul si ons 1 tﬁpéggﬁ &“Qnd‘ ﬁ g?::?r éﬁYﬁFn@gtBﬁtﬁnPeib‘&#&% 9% oni de and
12bmfgﬁt Zgl Pewe&]ginm@sd@: d mb&ﬁh:oétﬁt@w?ﬁutélaaseoﬁc b%lsdﬁlli S
subs i y,unifo ut e in ra e | magin
Resul ts The téb@ 1&%‘% fr#‘ﬁﬁl‘t A@)@Tm’éﬁﬂg ;3 4 m‘\%e optgl rrgl ly
chem cal | y3 sepgiibrzed dompletiuh usfethéOrvSnZScnb. Kalede] sadeording to the
pectra ens PPILsOm VAE" B dedALLEF HPOUBLEARTR, Fe ) OO
sensiti zat i onemhilisd omhavad0 conited tendd Conndweaehedt twal Eimescdy al |y
sensi- ‘tized el t Uty f adj ust nent .
Al val ues reﬁgégenggﬁyégi %é%§7§?EC¥?£g83§n bHﬁ:?ggaﬂ?gbleJXIII
Cheni cal rasensils ia.tﬁlﬁw.”%pecfhm 689/ m} of &) bonesgedatirrmy| sion
Gold  Sulf@r (1‘6’“30?@?&:& bf@&gh?}lesélétidﬁbuhﬁr alded and thd =

err '

9.0 100
o ~ emulsion was adjusted to pH 6.4 at 40°C.
- . Emulsion B (Control) . _
® _ This emulsion was prepared similarly as

v

Emulsion A, except that the temperature was. reduced
15 to-50°C and the total run time was reduced to 20
_ minutes.
N Emulsion C (Control) |
B ~ This emulsion was prepared similarly as
Emulsion A, ~except that the temperature was reduced
20 to 50°C and the total run time was reduced to 30
minutes. '
Emulsion D (Control) _
_ This emulsion was prepared similarly as
. Emulsion A, except that the temperature was
25 increased to 7S°C. The total Tun time was 40
minutes. ‘ |
The physical characteristics of the tabular
grain and the control silver bromoiodide emulsions |
~are summarized in Table XII.




4.0 12.0 100 0'[err] 793 3 4.0 12.0

0'[err] 800 4 5.0 , 15.0 100  5'[err] 900 19 .
rol A - 1.0 - g 0 ~b"[err] 210 B ' 1.1
0 5 [err] -19 ° 0.8 2.4 0
@err] 233D 1.5 0 5 [err] 200 15 *
Gol d - potaSS|un1tetrach|orBahletKISulfur = sodi um t hi osul fat e pent ahydrat e
Thi ocyanate - sodlun1th|ocyanate K Dye A Projected
anhydr o-5-chl or o- 9-et hyl - phenyl - 3" -

(3-sul fobutyl ) - 3-(3- su|f%mmsegs)oxévsrsseyanﬁmsnaxe Angay By de, sodium
salt The differepegpnin sepsihi zat geasphat amgyghﬂr1ﬂgﬁﬁpaglll wer e

.gﬁenileﬁar]y to achﬂ. eve opté EJ gensﬁ |!zgt I on f ach OfEt hE Va;lldog;ect fally
pertor- Z‘Ednéﬁem‘*‘“"iﬁﬁvéc’zé"ﬁ‘“f cas e @’“’S"?}SS. ge- trate the

' Pesults of - |deﬁﬁﬁﬁgha§ens$f?fﬁt|on9 gﬁ ‘ﬂg tab gralﬁyind Control

ermul si ods, por tTailad 301 Efmsi onORlanderruIH.ciT.IC he»&bnafter designated °
Emul si o, 2x . anc&;)ﬂwiﬂ.on O%gm""ered 8" al Iy g g‘q caI; and spectrally

sensitized as f ows: Eac nul si on wa spectrally sensi’ |zed wi th 900 ng

| ove A Ad nol e Spherkeal 98.99um0C, adfusted to pAgB5 &% at 400C and then
chem calgl y se@$ﬁé%§¥5joo ggyﬁénutes*at 65C\Mtl1$i()rikp0taSSIum

tetrachl oro- aur at e nole, 12.0 ngy. sodlﬂntinosulfate pent a-

_ hydr at efAg nolSPhexirabPg? %Bﬂlun1tthcyanate/A§-ﬂbha *he tabular grain

and confy ol A@Heﬁ’@ﬁl D.10@ns wer & separatelg] Qoatekkin a single- Iayer .
o

magent t on, cellulose triacetate fil m.support
gent & %st mated to be approx mate& p

o 15 diameter. _ _
| *% Tabular grains greater than 0.6 micron in.
diameter were essentially absent.
Each of Emulsions 1 through 4 and A through
D contained 88 mole percent bromide and 12 mole .
20 percent iodide. In each of the emulsions the iodide_
was substsntially uniformly distributed within the
grains.
B. Dye Imaging Results
3 The tabular grain and control AgBrl emul-
95 sions were optimally chemically sensitized'et pAg
- -adjusted to 8.25 at 40°C according to the conditions
listed in Table XIII. For the tabular grain emul-
‘sions spectral sensitization at pAg'9 95 at 40°C
preceded the chemical sensitizstion while the
'30 control emulsions were optimally spectrally sensi-
tized after chemical sensitization without further
' pAg adjustment. All values represent mg of
sensitizer/Ag mole.

y equal o grein | o .
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at 1.07 g silver/[err] and 2.15 g gelatin/n2. The coating elenent also </
cont ai ned a sol vent di $persion of the magent a | nage-form ng coupler _
I-(Z\Z[-dl 10 net hyl - 6-chl oropheny 0%_[[err](S n- pent adecyl - -
phenoxy) - but yr am do] - 5- pyr azol one 75 g/m2, the antifoggant -

4- hydr oxy-6-nethyl -1, 3,3a, 7-tetra- azai ndene, sodiumsalt at 3.6 g/Ag nole,
and the antistain agent pot assi um Fabeke mhdecyl hydro- 15 '

qui none- 2-sul fonate at 3. g:ag éﬁ_ﬁ Theggf 1ng§tg\_@he 0Bplectaiald with a
0.51 g/n2 gelatin | ayer and were har dened ?“ 3 2% bi syl nyg ul fqul met hyl ) -
et her based on the total gelatin content. 8 6 aPP posed for

1/ 100 second 20 4t 6 00 g@gstmibb ahaaeurcﬂoﬂ.hi r c8ollid oudlyen £-3. 0

density stepgz%—glép (E)usﬁéa %1 9"1’I"I'F%T"§h'a' T.8 density neutral

filter. Pboc&Zmbuimmas for varlable ti mes between 1.5 and 6 ninutes to

achi eve matcg ed fog levplg -at 3797berr] i 408 col 05'B60TS el AR of the
d

type describ in the B Itish Jo of Phghograp 7Py 9, pages
204-206. Botl2rel ative ép@ed val ﬂé and grgﬁbl ari t;/wneasyremaé&é were -
i ndependent | y3 t aken at 4, 65 densigyOunits aB@ve f o' @68 by n Speedvs.

rme 30 Granularity x 1 r] is OWn in Fi s s 0%e ustg@o ed, t he
t abul ar grai rﬁAgBrI en‘u* ons cois gnent I yllglqn bi ted/ts%peed granul arity

rel ati on- 18higsnee®Eri or to those exhl bited by the control enulsions. 35

The speed- graXI'UT‘if—Fy rel gtionshig f Emul sigons 2x5egelsW i n2Edgure 6
shoul d be par®i cu- ilg larly c rrpar ed. Qvi ng%,tpééa buI gral n and
control enul snons 2x anl.Tx identBed chem czQ and | tizations

as conpar ed t@ i ndi vi dual hy opti mgzed chemicg and spe&s?eu saaau ti zations,
a

as o in-the se of Emul'Sions 2 and C, an even greai sdperbpgpity .in the
speed granul abity rel at PeBship of L¢3 ¢ °§ig6seerey

15 * Gold = potassium tetrachloroaurete
Sulfur = godium thiosulfate pentahydrete
Thiocyanate = godium thiocyanate
e Dye A = anhydro-S-chloro-9-ethyl-S'-phenyl -3'-
| (3- -sulfobutyl)-3- (3-su1fopropy1)oxacarbocyanine
20 | hydroxide, gsodium salt
The differences in sensitization that
appear in Table XII1I were necessary to achieve.
optimum sensitization for each of the various
emulsions. If the control emulsions had been
25 chemically and spectrally sensitized identically to
|- the tabular grain emulsions, ‘their relative perfor-
. mance would have been less than optimum.' To illus-
.trate the results of identical sensitizations of the:
tabular grain and control emulsions, portions of o
30. Emulsion 2 and Emulsion C, hereinafter designated
Emulsion 2x and Emulsion Cx, vere identically
chemically and spectrally sensitized as follows:
Each emulsion was spectrally sensitized with 900 mg
Dye A/Ag mole at pAg 9.95 at 40°C, adjusted to pAg
35 8.2 at 40°C and then chemically sensitized for 20
minutes at 65 C with 4.0 ng potassium tetrachloro-'

\\.7"
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sjon 2x as conpared to that of Enulsion Cx was realized.- This is ,
fi/cul arly surprising, since Enulsjons 2x and Cx' exhlblted substantlak,y
ar 10 average volunesJKgL_graln of 0.418 [err] and 0. 394 nferr],
eSpectively. To conpare the relative separations in mnus blue and bl ue

ana 4urarerde BT AT AEAGRL R PO tbR T Eab e BorRE DI o egion of the

~ spechydmatad Agomalle,)arskcH00 mg aocdfGu/ Sﬂﬂ.bléylamm;a/drg | i ght source through

a 0-§°1g density step tablet (O. 15 density st eps) plus Watten No. 36 + 38A
filter and 1.0 densnty neutral filter. 20 The minus blue exposure was the -
same except tThe fahikar greinoand) cgntmi Ag3¢T emulre of the Watten

®. #6otig3tare | te';;aﬁ&fg'peea&&aa% af b behg¥@s1alyel 8 density units

Processin vari aldl e t1nes between m nut es .at 37. 7C in a
‘col oRagenEro %@%ertﬁéeceﬁasneférnlmpmnm of Phot ogr aphy
Annuat, 11979 Qﬁ%w‘m 2$Pse£/§eyaeh.avmaer¢r&enerat ed and rela- tive
bl ue and WlﬂUi ue speeds were; regor ded é& density units above fog.
SensFP8king elezen fwntained g ?SBVE“XI speT8iompi e X1V [err]

Speedf(Nhéuﬁahleh(tﬁﬁﬁﬁte-mmg)rboupler 1-(2, A-di- . bl ue speed)
_E§QU|aEhy1—6-chloropheny1)-3 [u(3-n-gg§t&decyi- ' '
+37 phenhodly)+butyramido]-5-pyrazolone at 0.75 g/m‘:; B
*> Ghe antifoggant 4~hydroxy-6-metﬁ91-1,3,33,7-tetre-
: azaindene, sodium salt at 3.6 g/Ag mole,'and-the,
antistain agent potassium 5-sec.-octadecylhydro- _
15 quinone-Z-sulfondte'a; 3.5 g/Ag mole.. The;codtings_d
were overcoated with a 0.51 g/m? gelatin layer and
- were hardened at 1.5% bis(vinylsulfonylmethyl) ether
based on the total gelatin content.
~ The coatings were exposed for 1/100 second
20 to a 600W 3000°K tungsten light source through a.
0-3.0 density step. tablet plus Wracten No. 9 filter

~ and 1.8 density neutral filter. Processing was for

variable times between 1.5 and 6 minutes to -

| achieve matched fog levels at 37. 7°C in a color

25 -developer of the type: described in the British

- Journal of: Phoggg;gphy Annual, 1979, pages 204-206.

' Both relative speed values and granularity
measurements were independently taken at 0. 25 |

_ density units above fog. A Log Green Speed vs. Tms

30 Granularity x 10° is shown in Figure 6. As
illustrated, the tabular grain AgB:I.emuleions;

- consistently exhibited speed-granularity relation-
ships superior to those exhibited by the conttol
emulsions. _ C :

35 The speed-granulerity relationships of
Emulsions 2x and Cx in Figure 6 should be particu-
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D 5 *30 relative speed,units - 0.30 Log E B
15 - As illustrated in Table XIVth,etabuIar grain AgBrI enmul si ong” -/

showed significantly greater nminus bld@«t o bl ue speed separation than
the. control enulsions of. the sane halide conposition. These results
denonstrate tllal)opmqmtqdsen@lvingdtheghabﬁlatpmﬁtﬁmm tabul ar grain

AgBr1 emul si (E’b?nﬁf??egﬁﬁﬁkisﬁﬂl ket ahﬂ%ﬁ%ﬁ@n%%}ﬁt 'c‘ﬂédid[ﬁ tdiea spect r al

regi on over optima sensi tfzed conven- £ onal sions. - 1f the
i odi de cont efiPeet TRk reeasiti aaﬁﬂenﬂasgepmpeyadatmrindfi%dwellw ue 25 and -

bl ue Speeds‘5§tiiii€@1¢ﬁéﬂic3§ Baa Bbééééilbﬁﬁﬁdﬂﬂﬂﬁﬂﬁfﬁdﬁjtﬂhprlor exam

pl es. and ntr nul.sions A B, and D wer e-

conpar ed %§haﬁjl}ﬁ18§§e °§e$?§"r’ B °E§t goﬁn dcCat ARy eYRR |§|‘-' ng was

i dent i Ical ht 0 stdﬁrﬂ&ﬁbpcinbeﬁeabpued-gwhdunaﬂty t:hamtfieann‘mr;ctoﬁnsbf or |

green |ight y | t Jvarisus. tinmes. between

1/ 30 and 1/ 2%@@%0’%&%&&% EPa ﬁng%hﬁi&r*&q a’t% a Watten

No. 99 filtemrealteédwn nthsotsspangicGlariycdulipadlsding’ls sinve Transfer .

(CMT). Acut an f t he MIF

Curves. - o FRTRAGHS A dha Tk REBLbLERl BRpETaReRAIT HALR | 0

rangi ng flgm&XFtise)!QﬂﬁmeSThQrcanalnlOinﬂhéﬂﬁnynéxhdﬂted a green cMr

acut ance rambrgﬁﬁ N19§eg%ée ?;eﬁg The green CMI acutance of Emul sions. 2
a |

and C, 5 which shbst tra m | ar vol umes per- grain, is set forth
bel ow i n Tabl e XV. Tab¥®@ QﬂmEPEEnthﬁﬂrﬂéaFéﬁGe'Eﬂ&ﬁ!ﬂiqgﬁn¥ﬂcwn2

97.2 10 Conthﬂndﬂnﬁfﬁé"hﬂa blue speeds of th@Seka®pld lat |Magi ng Results

The control emil dj ust edl
e _control enulsions wese, a Lustgeseoegulsions. sensitized and .

T control emu
I 13 coated as described above. were exposed to the blue
N ~ region of the spectrun was for 1/100 second to a

600W 3000°K tungsten light source through a '0-3.0
density atep'tablet(o 15 density steps) plus Wratten
U} No. 36 + 38A filter and 1.0 density neutral filter.
20 The minus blue exposure was the same except that a
Wratten No. 9 filter was used in place of the _ |
Wratten No. 36 + 38A filter and the neutral filter
was of 1.8 density units. Processing was for o
variable times between 1.5 and 6 minutes at 37.7°C
. in a color developer of_the-type described in the
. . "British Journal of Photography Annual, 1979, pages
204-206. Speed/fog plots were generated and rela-
tive blue and minus blue speeds were recorded at
0.20 density units above fog. Sensitpmetrié results
30 are given 1n Table XIV..' S .
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'and pAg 8.2 at 400C and then optimally chen1- cally sensitized by

'ng sodiumthiosul fate 15 pentahydrate pl us potaSS|un1tetrach|oroaurqye
hol di ng the emrul sions at a specified tenperature for a period of tine.
T e enul sions were spectraHjﬂliﬁwltlzed by adding

anhydr o-5-chl oro-9-ethyl - 5" -phenyl.-3' - (3-sul fobutyl)-3-(3-sul fopropyl)- 20
~oxacar bocyani ne hydrOX|de §9§ aIt (Dye'A) and.

“anhydr o- 3- et hyl - 9- net hyl - 3 A(§pééthﬂﬂhﬁb)bhhe- Gyanine hydr oxi de -
(DyeEBg!ah the specified amunts. ( - for details.) The tabular
gr ai ns were spectrally 25. y adding Dyes A and 3 to"

~the Babulaens at pAg 9.95 at 40[err] prior to chenical sensitization with:
dlun%thlocyante sodi um t hiosul fate PER* hydrate and potassium-
tetra Ioroaurate at ‘a speC|f|ed tenperature for a period of tine. (See. 30

Table &VI.) 35  -113- Table XVI *SCN $#2u Time/ Tenp Dye A/Dye B 35
nn1Enu33|on my/mole A~ min/C' B _nghgnle Ag Ccvmr 1 100/ 4.5/ 1.5
0/ 60 387/236. 101.3 2 . 100/4,5/1.5 5/ 60 - 387/ 236 :
101.5 4 100/ 4.5/1.5 - 5/60 - +3d1/ 354 -100.8 4 . 100/ 12/ 4
0/ 55Contro1581/ 354 97.3 A 0/1.94/0.97 5/ 65 . - 123/ 77
: 0/1.94/0.97 15/ 65 - 139/88 . 96.5 10 C :
q“94ﬁ0.97 10/ 65 116/ 73 . "97.5 D 0/ 1.50/0.525 5/ 60
68. 1/ 48 98.0 * SCN: Sodi um Thi ocyan#be - S: Sodi um Thi osul fate
Pent ahydrate- Au: Potassium Tetrachl orogyrate 15 -~ . - The enul sions

"were cBated at 4.3 g Ag/[err] and 7.53 gel/[err] on a filmsupport. . Al
coatinPs were hardened wi'th nucochlorlc-écld (1. 0@6by mﬂ

- %30 relative speed units = 0.30 Log E L ; - o 'f’ _
15 . As illustrated in stle XIV the tabular . | --\;
grain AgBrI emulsions showed significsntly greater

minus blue to blue speed sepsrstion than the. control
emulsions of the same hslide composition. These
results demonstrste thst optimslly sensitized high
20 aspect ratio tsbulsr grsin AgBrl emulsions in
- general exhibit.incressed,sensitivity_in the
spectral region over optinslly.sensitizea conven- f
.tional AgBrl emulsions._ If the iodide content is
decreased, a nuch lsrger sepsrstion of minus blue
25 and blue speeds can be reslized as has slresdy been
-~ 4illustrated by prior exsmples.
Emulsions 1, 2, and 3 and Control Emulsions
A, B, C and D were compsred for shsrpness. Sensiti-'
zation, coating and processing was identical to that
30 described above. Modulstion transfer functions for
green light were obtained by exposing the coatings
at various times between 1/30 and 1/2 second at 60
" percent modulstion in conjunction with a Wratten No.
99 filter. Following processing, Csscsded Modula-
35 tion Transfer (CMT) Acutance Ratings at 16 mm
magnification were obtained from the MTF curves.

R S




gel ).  Each coating was overcoated with 0.89 g gel/[err] 20 _ The
procedure for obtaining Phot ogr aphi ¢ Modul ation Transfer Functi ons is

described in Journal of Applied PhoE gg aphi ¢ Engi neering, 6(1):1-8,  1980.
Modul ation Transfer Functions were= ned 25 by ‘exposi'ng for 1/15 second

t 60 t d ty f

D P8 S, N b O eyt o
devel oper (Kmtb&efupm 98.66r0 93r4.| oﬂhq:; qansixssk ieny 1 chonaded

Mbdul at 3 f t

tot or i ned f?%’g%‘??ﬁ?ﬁ N N e ﬁ%?ata EIb S I
clearly denori3lrbte The SFEFDVS nacutanes of Emusionsnt eﬂwltﬂ.tabul ar 35

grain enuksi Gigtéw ﬁa@laeisseaﬂ:m/amw EenTlar VR IMMER Fesigvdln | MO |
speed-granul arity relati onships, E.arateﬁ ortions.of the coatings - -114-

descri bed abov® &®F cfarsh Bﬁﬂ)@!feé}nf able1 &Y .second to a 600W 5500[ err]
tungsten |ight source through a O- 4'rgbq_gn1x|vnuous ‘densi ty t abl et and
processed for 4, 6, and 8 mnutes at 20[err th | . g am no- 5
phenol sul f ate-hydroqui none devel oper (Koddal Rel ati ve

speed val ues Mﬁpmaﬁmbdich 2 30 density units ajb.\& fogand rmse - . -
sem specul ar [ arl determ nati ons de at 0.6 density
units abobg ‘g“ ni %“‘S{plét 10 rms sem- speculaéregaanul arity plot for
the 6 m nuteQJleveSb}.yentImaMSRgsuénsl n Figure 7. The speed- granularity

rel ati onshi ps of the t I n I lygsuperior to
those- of" theé con.tﬁsgl éﬁng?al efld?h Bg%’ﬁ“lw?%tset rﬁ?sé%fe@él nd 15 8

m nutes gave 4%5‘ pagubed. 3Fn48h556nﬁn§m9§qiﬁﬂ/ﬁ)brFl?ﬁﬂ%Tled contrasts
wer€ not obt a4y séfsitized by adding sodium thiosulfate |

C.=~ 15 pentahydrate plus potassium tetrachloroaurate and
. ‘holding the emulsions at a specified temperature for
| a period of time. The emulsions were spectrally

- - ,sensitized by adding anhydro-5-chloro-9-ethyl-

~ 5'-phenyl-3'-(3~-sulfobutyl)-3-(3-sulfopropyl)-

20 oxacarbocyanine hydroxide, sodium salt (Dye A) and
anhydro-3-ethy1-9-methy1-3'9(3-su1£obuty1)thio-.'
carbbcyenine hydroxide (Dye B) at the specified
amounts. (See Table XVI for details.)

‘The tabular grain emulsions were .spectrally

25 sensitized by adding Dyes A and B to the emulsions

at pAg 9.95 at 40°C prior to chemical sensitization
with sodium thiocyante, sodium thiosulfate penta-

LU

)

hydrate and potassium tetrachloroaurate at a
- specified temperature for a period of time. (See
30 Table XVI.) o o
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A | ar grain emul sions had higher contrasts. This had the result of
('ng the tabul ar grain emul - sions of higher contrast to have a higher-
gFanu- 20 larity than mould e been the case if contrasts of the ‘j_
- enul sions had been matched.” S, al though Flgure 7 shows the tabular grain

enul sions to be clearly S“p?ﬁb b &1t he control "enulsions, to the extent - '
t he tabul ar gr n_enul si ons —exgrzrted hi gher 25 contrasts than the.control
enul si ons, the Qﬁm/%&éﬂnt oTimpéTenp)ecyeyddRyiearB t y35 edmt i onshi p -

supeBmylididon S /m&'EE0A tratﬁqn/°5xanplﬁ / AL AGin e Performance of a
IST;SVMO Qfg/ rﬁ:‘(ir ne %99 _ﬁ% mtlo A i r
. np dint | e n average tabul ar
e ot b g S TIEa o AEOL b o ol omely 35
175: 1. ?ﬁe t abu /dngygssaccouﬁygg forggﬁgixigﬁruu1 rggnt of they' |
total prfojectedQP the sil O€55or omoi SBISB5 ai ns 2ﬂe3ent . -115- The -
at 65 I the e ?“" 7ol yaL bR otyandes /o %/M‘RS," ror Lomn
anhydrons 5- di Eﬂﬁg'r%fgos Tpi s(%sfélsf oprop}lzﬁfkﬂ c%n5ne hydr oxi de,
tyd et hylcam ne 041.9840. 9B/ nol po sodi ggt psul fatge; pentahydrate (1.50
sensi t1 2oq. emitdErodad- 2noi LZ‘ [ﬁa‘{é"’%- 47 mmge Frh o coupl e
[err]- plsﬁmvl-ék*ﬁﬁuﬁlmﬁwwb acazene- sulfonyl)phenyl] 2-chl or o-5-(n-
'.-Zeﬁsgfgig? -LL a?t?#ﬁagépﬁﬁﬁﬂgé%§e7 g/ mol e Ag),
2-(2- octadﬂﬁylPdt&nsfuﬂwmbtmpmhboeoaﬁiased|un1sa|t (3.4 g/nnle Ag) and
'ﬁﬂ?ted at 1391k emulgions were coated at 4.3 g Ag/m?
and 7.53 g gel/m? on a film support. All coatings |
were hardened with mucochloric acid (1.0% by wt. |
'gel) Each coating was overcoated with 0.89 g o o
gel/p:z. | S R L -
20 ' The procedure for obtaining Photographic
Modulation Transfer Functions is described in
Journal of Applied Photoggaphic Engineeriqu
6(1):1-8, 1980. : .
| Modulation Transfer Functions were obtained
25 by exposing for 1/15 second at 60 percent modulation
using a 1.2 neutral density filter. Processing was
for 6 minutes at 20°C in an N-methyl-p-aminophenol
sulfate-hydroquinone developer (Kodek Developer .
- D=76). Following processing, Cascaded Modulation
30 Trensfer (CMT) Acutance ratings at 35 mm magnificaa_
tion were determined from the MTF curves. (See |
Table XVI.) _
: The data in Table XVl clearly demonstrate
the improvement in sherpness obtainable with tabular
35 8rain emulsions in a black-and-white format. |
To compare siivet'image'speed-granularity'
:elationships, separate portions of the coatings
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Ag/[err] and 2.58 g gel/n2 on 1 polyester filmsupport. The enulsion |ayg
was owercoated with a gelatin I ayer: (0.54 g/[err]) containing bis(vinyl-
sulfonyl net hyl )ether (1.0% by weight total gel). 20 - The dried
coating was exposed (1/100 sec, 500W _33QQ[err]) through a graduated

density step wedge with.a 1.0 neutral density filter plus a Watten 2B

filter and procgagesibes ahévmaésg 8186 dxpdbéd SO ADE g@RVn! the type
described in The B“Ehé 5 d urnal of Photo raphy Annyal , é’?‘?Q pages _
204-206, The el Efeft °RYY 2°P8 K typgeten lﬁgtﬁw quzge theough® a contrast
of 0.56. CLAOME. 0. coﬂtﬁhowgrmttylta&tebrdﬁmpxbd&awlfmon
conprising a digpe n I I er nnlodl rains, 5
characteri zed |§ t%ﬁg Pagfgg?&slwer bro’?é)l odlryd egﬁ[y G2"g-ga t hi ckness
of |ess than®0.Bhenelosulfaterhydroquinine dﬁVQ%OPQkﬁﬁKQﬁﬂ$ m croneter have
an average aSpeQEv&%{:QrOﬁ-%?aterR De1de lapgit aemﬁﬁ etle at |east 50% of
the total 10 ed egg é SI| r.onol odi de ains in the

enul si on, aspec bﬁFaé) f ?aﬁ‘? DS f %é IME er of a
tabul ar grain toeuispehuuﬂeegr«m) tglmrthbmitfy dﬁta-nd.rrauidw wereefi ned as
t he di aneter of el a of 15
said grain m&i? afvgragggﬁ%$gg‘%é enﬁﬁgﬁgn aéé gﬁ?%@l

char act er i ze’ao i Fus h&?mé‘wﬂe@‘&ﬂ# #ranylanicy gkt ifan G@%jﬁamuﬁml ng a

thi ckness of |eﬂ§véhaﬁm9n8 fﬁ.ﬁéois Fﬁﬂnaﬁc u:fem.at TRABpeed® of 't he

LS o hecor qeRRSaLEEEy St OFat odai AL s Sipythed V‘inhg W age
aspect ratio isesulstons were. chear1¥sﬁunaxiqr(nnn&hﬁ&ga on accordi ng
25 % to any onexgirt! @biErdl @il s £t ACITVAYbdeht tAlnes of 4 and

15 8 minutes gave similar results. -in those instances
in which matched contrasts were not obtained, the
tabular grain emulsions had higher contrasts. This
had the result of showing the tabular grain emul-
sions of higher contrast to have a higher granu-

20 larity than would have been the case if contrasts of
the emulsions had been matched. Thus, although '
Figure 7 shows the tabular grain emulsions to be
‘clearly superior to the control emulsions, to the
:'extent the tabular grain emulsions exhibited -higher

25 contrasts than the control emulsions, the full

- .extent of their speed-granularity relationship

supé:iority'is not demonstrated. _
Example Illustrating the Performance of a
175:1 Aspect Ratio Emulsion
30 -~ The high aspect ratio tabular grain silver

. bromoiodide emulsion employed in this example had an
average tabular grain diametei of approximately 27
microns, an average tabular grain thickness of 0.156
micron, and an average aspect ratio of approximately

35 175:1. The tabular grains accounted for greater
than 95 percent of the total p:ojected-area of the

~ 8llver bromoiodide grains present.

1%
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| si on- accordlng to any of clains -l to 4, characterized in that the
cular sil ver bronoi odi de grains having a thickness 30 of less than 0.3

' avera.ge aspect ratio is at least 20:1. 5. A silver bronoiodide

" mcroneter and a dianmeter of at least 0.6 microneter have an average aspect

ratio of greater than 8:1 and aedd®at for at |east 70% of the total
projected area of the silver br onoi odi de grains in the enul sion. 35

6. A silver bronoiodide enul sion,according to claim5, characterized in

“to cla|n15 &wamééﬁehwégex#ﬂeph&?isshulswﬁoersalsnsﬁée.as

that said tabul ar bronoi odi de grains account for at |east 90% of the
-117- total projected area of the silver bronvoiodide grains in.the

enulsion. 7. A S'|Ve&hhrQE&QQQbﬁEwGEUEﬁbﬂmc&§§9rQhagsﬁécéfﬂlpfe of clains
1to 6, characteH

I
br onoi odi de 5F3|ﬁ§ g?bﬁ@éﬂiPﬁt#&n BF }b éeggnﬁébaof ggsbeygént .
A silver bropriesénte edhhsﬂdnmachdodyngate &léOnmg/moharAgterlzed in that'
iodide is prgﬁg tbufsngigthQB_grgnnbgg(gesg?gﬁg?gg?ﬁytﬁgggentratlon 10

of fromO, per cent ?nu£5|on accordi ng
BP&Pns are

conpri sed ongp .l sodiumbithipsulfate pdndahydpdeehdl . saldgﬁmbyer br omoi odi de

15 grains | than_0Q nd a di aneter
of at | east g%é %ﬁ@?gﬁg §§q§ gggﬁagégpgﬁguggbgcgbfzg ?ﬂ°?ﬁe range of
from20:1 toAgd.1l and account for at |east 90% of the. total proj ected area
of 'silver bromoi odi dergeakenghtiz8a eBUIRLAR waE combined with A process

of preparj hot Qgr aphi_c si | ver nol. 0 e eny accoraing to any
one of cI%& eiq 8% ?e'ﬁPFB&BS| guegevep-psvsﬁyaea- i odide salts into

a reaction vQ$shbdeenybeazageabuutaaylapnehylqnzeéhlbeodsspﬂ&SIng nmedi um  «

",

CharaCter'Zeﬁexadecanesulfonamido)-acetanilide (0.91-g/m?),
4-hydroxy-6-methyl-1,3,3a, 7-tetraazaindine (3.7
g/mole Ag), 2-(2-octadecy1)-S-sulfohydroqninone,
15 sodium salt (3.4 g/mole Ag) and coated at 1.35 g .
 Ag/m? and 2.58 g gel/m? on 1 polyester film N\
support. The emulsion layer was overcoated witha
gelatin layer (0.54 g/m’) containing big(vinyl-
sulfonylmethyl)ether (1.0% by weight total gel).
20 . The dried coating was exposed (1/100 sec,
500w, 55009&) through a graduated density step wedge
with a 1.0 neutral density filter plus a Wratten 2B
filter and processed for 4.5 min/37.8°C in a color
developer of the type:described. in The British
25 Journal of ?hotqgrgphx Annual, 1979, pages 204-206.
The. element had a D nin of 0.13, a D of 1.45,
and a contrast of 0. 56. :

v
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25 by adjusting the pBr of the dispersing medi umwi fhin The Teaction |
ves el prior to introducti on of theiodide sal t m mO.6 tp :
Sx‘fnsu ntaini ng the reaction vessel * substél lml m'ﬂ"#ﬂ”" odi de /
pr| or. to introduction of the silver an.d.llﬁr.om de sal s, tan¥l nai ntai ning t e[ 2
pBr within the reaction vessel at a level of at least 0.6 during .

i ntroduction of the iodide salts. 35 11 A process according to
claim 10 charac¢gAMsd by the steps =~ . -118- =~ CLMSI)

adj usting the p'BF_(ﬂ"th di sp n vessel to a-
d& %-br}go&r rg ‘Mun*%)te:l-og o‘i@ﬁ Q

| evel of from1l.1 to 1.6 prr | ono t he silver,
bromi de and/ or émulsion comprising de d;laapteysizl)s ﬂ%ﬁlé-r“ﬂ't angdi §8PURBT  cacti on

vessel substantj gi$¥rfﬁf&9iod%%aﬁé)r to concurrent i ntroduction of the
silver ancgbro e salts, and tarnlég the pBr Wi thin

the reaction vessel at f@%tﬁi%dl%s&ﬁ & &%concurr ent
_introduction Ofbfbﬂoﬁbaﬂ@é grd e deaving iodihlckaesas oflﬂ.ess Ahgnocess

according to cl e pBr within the
reaction vessel g‘f‘rﬁ?ﬁﬁ%‘% 1r1§"’t?1e range fJ%%g riet‘r% Zotd%rr ng the
“introduction ofmrloupuetgal kavezan avomses%smt)rm#ﬂg: taf BReafert| ai ns '
10-12, charact ethdRdgtD ahétadcdanti 26F 4t 1edsOBHEDS e Zibtal the

e Tver . biBm depaRdreretoatfa Rl Ee 4LV SRBEMIERle G ‘33* e of
clainms 10 to 13emghaion:caspedtiratiaitbeing defined as the ratio .
| diameter of a tabular grain to its thickness and ‘the
diameter of a grain being defined as the diameter of a
% ~ ‘eircle having an area equal to the projected;area of
- 15 - said grain.. o N o
o - - 2. A silver bromoiodide-emulsion'according to
claim 1, characterized in that said tabular silver bromo-.
y iodide grains having a thickness of less than 0.3 micro-
~0 meter account for at least 50% of the total projected area
o of grains in the emulsion.

3. A silver bromoiodide emulsion according
to claims 1 or 2, characterized in that the average
aspect ratio is at least 12:1. _

: _ 4. A silver bromoiodide emulsion according
25 to any one of claims 1 to 3, characterized in that
| _ithe average aspect ratio is at leaat 20:1.

5. A silver bromoiodide emulsion according

to any of claims 1 to’ 4, characterized in that the
_ tabular silver bromoiodide grains having a thickness
30  of less than 0.3 micrometer and a diameter of at

least O. 6 micrometer have an average aspect ratio of
greater than 8:1 and account for at least 70% of the
total projected area of the silver bromoiodide grains

- in the emulsion.
35 6. A silver bromoiodide emulsion according

to claim 5, characterized in that said tabular
bromoiodide grains account for at least 90% of the

£ e
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of the reaction lare maintained in the range of - 30 to
dur %mu m troduct i on of silvers, bronide and/or iodi dQ_,

: ng to any oné of clalnB 10 to 13, characterized
t the contents 30 of the reiﬁklon ‘'vessel are mmintained in the

e of 40 to 80C during concurrenf=ritroducti on of silver, bronide and/or

I'odi de salts. 16. A_process. accordlng to any one of clains 10 to 15,
" characterized |ﬁ°FH&tPEPJGFtSQ area; §f; theoallven boometedidegratnst the
pBr of the di spansithe gndlungLthln the reaction vessel is adjusted to a

level of 1.5 to 1.1 S ng to.
any one of clainms 10 to 16 cﬁarag%er|§%8&&§°?%z? ?ﬁhf££§3 §?§?¥é¥é%
reaction vesseltpslnﬂlﬂpelﬂédclﬂinﬁelrﬁﬂgégochﬂrﬁctarﬂzﬁﬂd%nltkﬁthe
i ntroductibn of sbadiddes p:eseht 1n15aidAsﬂlGE€5§r6£G%diM gPafhy one of

clainms 10 to 171 character g 2 % ﬁ 6% veraa and at |-east one of
t he broni de and*Pofli Qngﬁf’ ?'gnlﬂ Bl the O‘Fﬂ}ﬁfp§¥$w hal i de
grains 10 having an avsnageAdsilvberbn&mbﬁodidéaamﬂlﬂianCtetﬁidin 19. A
process accordi Yy =20n 0 t that the
concentration o?g gagg aftﬁhggfﬁgg#ggfé éﬁg j§5f£ éé?%#éhned bel ow
0.5 nol e percenﬁﬂoﬁaﬁﬁesiévar hapme&OGédeeatnsnso&nln corcentration vessel
prior to cHcur pgnErbit 00UUEbI 20 8b1ehgeséener and halide salts. 20. A

photographt e St Lver bromg o0l e o ym B e Lot IS R B8 Sk ne.
to claim 1, characterized in that said silver
_ bromoiodide grains are eomprised of up to 15 mole
. percent iodide, and that said silver bromoiodide <

15_ grains having a thickness of less than 0.3 micrometer ;_'
and a diameter of at least 0.6 micrometer have an
average aspect ratio in the range of from 20:1 to 50:1
and account for at least 90% of the total projected
area or silver bromoiodide grains. in the emulsion.

- 20" 10. A process of preparing a photographic
silver bromoiodide emulsion according to any one of
claims 1 to 9 by 1ntroducing silver, bromide, and
jodide salts into a reaction vessel containing at
least a portion ot'the dispersiﬁg medium, characterized

25 by B
- adjusting the pBr of the dispersing medium
within the reactian vessel prior to introduction of
the iodide salt to a level of from 0.6 to 1. 6.
' maintaining the reaction vessel
30 substantially free of iodide prior to 1ntroduction of
the silver and bromide salts. and k
. maintaining the pBr within the reaction
. vessel at a level of at 1east 0 6 during 1ntroduction
: of the iodide salts.
35 11. A process according to claim 10
eharacterized by the steps




21. A process of preparing a photographic silver—bronoi odi de emnul sion .
according to claim10 25 substantlally as descrl th
ref eFence to the EBxanpi es. [ flllilﬂlllll W (5

-

1) adjusting the pBr of the dispersing'hedium
within the reaction vessel to a level of
from 1.1 to 1.6 prior to concurrent

. introduction of the s;lver, bromide and/or
.5 : " 1odide salts, :

"~ 2) maintaining the reaction vessel
substantially free of fodide prior to
concurrent introduction of the silver and

. * bromide salts, and
10 3) nmaintaining the pBr within the reaction
vessel at a level of at least 0.6 during
said concurrentlintroduction of the ;ilver;
bromide and iodide salts. _
12, A process according to claim 10 or 11,
15 charactetized in that the pBr within the reaction
vessel is maintained in the range of 0.6 to 2.2
during the introduction of lodide salt. |
i 13. A process according to any of claims 10-12,
el , _ charaeterized in that a peptizer is introduced into
20 the reaction vesselso that it is present during
- concurrent introduction of silver, bromide and/or
iodide salts. .
14, A procesa according to any one of
claims 10 to 13, characterized in that the contents
25 of the reaction vessel are maintained in the range of
- 30 to 90°C during concurrent introduction ot
 silver, bromide and/or iodide salts. |
15. A process according to any one of _
claims 10 to 13, characte:izéd in that the contents
30 of the reaction vessel are maintained in the range of
. 40 to 80°C during toncurrent introduction of |
'ailver. bromide nnd/or 1odide salts.
16. A process according to any one of
: clains 10 to 15, characterized in that prior _
35 to introduction of the iodide salt the pBr of the
dispersing medium within the reaction vessel is
adjusted to a level of 1.5 to 1.1 '
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17. A process according to any one of
claims 10 to 16, characterized in that the pBr within
the reaction vessel is maintained in the range of 0.8
to 1.6 during the introductioh of iodide

18. A?process:according'to any one of
claims 10 to 17, characterized in that the silver

_salt and at least one of the bromide and fodide salts

are introduced in the form of silver halide gfains
having an average diameter of less than 0.1
micrometer. .

19. A process according to any one of
claims 10 to 18, characterized in that the
concentration of iodide within the reaction-vessel is
maintained below 0.5 mole percent of the total halide
concentration in the ‘reaction vessel prior to

' concurrent introduction of the gilver and halide

salts. :
' 20. A photographic silVer-bromoiodide
emulsion according to claim 1 substantially as
described herein and with reference to the

Examples. | - o
21, A process of preparing a photographic
silver bromoiodide emﬁlsion according to claim 10

substantially as descrlbed herein and w1th reference

: to the Examples.
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