PHOTOGRAPHI C ELEMENTS The invention relates to a photographic el ement

having a support and at |east one radiation- sensitive enulsion |ayer
conprL§ed_of a dispersing 5 -medi um and ‘tabul ar silver bronoi odi de S
grains. a. Silver bronnlbdlde grai ns Radi ati on- sensi tive emul sions

enpl oyed i n phot ography are conpri sed ofLja di spersing medi um typically.
gel atin, containing enbedded mcro- 10 crystal s--known as gr Sz -of
radiati on-sensitive silver halide. Emulsions other than silver aoj;rﬂ- 30

i odi de enul sions find only |inPHOTOGRAPHECCEREMENTBeed phot ographi ¢

elements. Siiver bromi qflelqnedidsnioelateons! al pRotogr@plifystal s of
silver 15 brom de and others 6) ver

at her { the
crystal s cont aieteRant HayHing ‘aﬁd‘PiPGG‘tdéndAgtoiﬁf‘ﬁﬁrPPﬁ 5H§¥5§g
phot ogr aphy SiIseﬁsﬂtiwmoemw1d&ogrAByerccoh@rmsedsoEverdbsperdtngrystaI

lattice ';gl P 'ﬁ‘ﬁ%' dabiiie S31vat b%%&%ih@dg%ihe.i ts 20

sol ubilit ver out 40 nol e percent
i'0di de, depending upon’ téve téﬁ%&ﬂﬂ&%ﬂwﬂ&ﬁlon Except as

ot herw se indicated, al |Rdd?ifﬁimﬂsdtli&lel éaulsionst egpioyed based on
s;lver present i.n th I rain region
phorog Faphy fe}%n@ggﬁq'ligid o ﬁi?gerggﬂg neagu%

bei ng di scusse Stin nol odi d& cont ai ni ng
40 nol e percenttypicndd)artﬂatsi@‘l,cmari @8 esbeddedcBAETBroni de. |odide

gonce“”at gns dt?ﬁdl‘@-l&fo%@'a%d' 1%@4'-%@%adaaikeﬁtsanaiasoecal 30
al ance between ant ages_ produced by i uc I ncyeased efficiency
of latent images¥bvemhalidenc °\Fbe§eﬁ§‘ﬁ §?§yera FOB8Tt er |
adsorption of agktEuk emilkbidmndiad agﬂs; Windltedr | use in bagera '
Chemical "sens: {48449 girotosraptiy drambisd, 811948 Eﬁﬁé%’%%a hom Stry,
grains do not consist of some cryscals of silver
15 bromide and others of silver iodide. Rather, all of
the crystals contain both bromide and iodide. As '
o : ordinarily employed in photography silver bromoiodide
' grains :ontain a silver bromide crystal lattice into
which silver iodide can be incorporated up-to its
20 solubility limit in silver bromide--that is up to
about 40 mole percent iodide, depending upon the
temperature of grain formation. Except as otherwise
indicated, all references to halide percentages are
based on silver present in the corresponding -
25 emulsion, grein,'or grain region being discussed;
e.g., a grain consisting of silver bromoiodide
containing 40 mole percent iodide and also contains.
_ 60 mole percent bromide. "lodide concentrations in
* ' silver bromoiodide emulsions reflect a practical
30 balance between advantages produced by iodide, such
as increased efficiency of latent image formationm,
increased native sensitivity, and better adsorption
'of-addenda, and disadvantages which arise at higher
concentrations, such as development inhibition and
35 resistance to chemical sensitization.
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Focal Press, 1966, p. 18, states: An inportant factor to -be considered in
‘hecase of i odobr oni de enul sions is the location of 5 t he i odi de,
i"gh may be present mainly at the centre of the crystal, distributed
, ughout the grain or mainly on the outside. . The- actual | ocation of the
i odi de is deternined by the preparatlon condltlons and wll clearly have an
10 - i nfl uence on the physical =Chem cal properties of the .crystal.
Since silver ‘iodide is mich | ess solu |l e than silver bromde, in a single

run precipitation in which both iodide and bromi de salts are initially
entirely 15 presenDuEEihhePheae raphiesEauladdnsChemistayt is run into

the reactio S f VeRk ghr l,de grains, silver iodide tends
to be pre0|3 ?EPsggtagg ’c ncenﬁrggg I'n the. center of. the grains. By

~performing a doubl e- Agt ipportpntafastorntenbenconshdeved iBdthe and bronmi de
Salts a:e CO“CUE@@@ibf ﬂgﬂor&bgiﬁhefﬁﬁaeﬁrﬁe !Gsahe Qbﬁaﬂiuntbfthﬁ SIlver'

‘sa it is poss i stgi e silver ut the grain.
By cont nui ng |5§ng égFﬁ’aabﬁf oﬂa%h ePEFSE ﬁlalﬂ? ?Eﬁlng brog1de
salt addition, icentre2®fHehe icrystaliodissrd uged tbapughoutstheer brono-

i odi de shel | of peqlﬁ%f aﬂ&ﬁq?clsat tHe BltbiBe’ ATHa: abtlugtralive of

patents which sg on.,si | yer uU. S
203043 dndoriined by chag 15 ' ¢

ctivel %QP i
Patent's 3,206, 31pcation;of,she;
Patents 1,027, 14 ;Egééatiéﬁ7cBﬁBitAogseahdvaﬁﬁ&tylehrlyghhae and irregul ar

oo TGP "S5 ASRAP 3] R pRypckT ol CHBalh ogEBRL e ) 07,

Regular rains
roundi ng due toof the egyst@adsts, .and in the presence of strong ripening-

gge[‘}]fcksgf%ﬁ%e&@ﬁ%% 1dd3de 1s°muthi1e3sMRb10618 RRaBPBELVER oOF exist
bromide, in a- single run precipitation in which both
iodide_snd_bromide salts are initially entirely.
15 present in the reaction vessel and silver salt is runm _
| into the reaction vessel to form silver bromoiodide ;J
grains, silver iodide tends to be precipitated first ‘
and concentra#ed_in the center of. the grains. By
'performing a double-jet precipitation in which both
20 jodide and bromide salts are concurrently run into
the reaction vessel slong with the silver salt, it is
possible to distribute the silver iodide_througheu:
the grain. By continuing iodide salt addition while'
stopping or diminishing bromide salt addition, it is
25 possible to form a silver iodide or silver bromo-
iodide shell of higher iodide content on the grains.
Illustrative of patents which selectively position
silver iodide in the grains are U.S. Patents
3,206,313; 3, 317 322; 3,505,068; and 4,210 450 and
30 U.K. Patents i, 027 146 and 1,477,901. '
A greet variety of regular and irregular
grain shapes have been observed in silver halide
photographic emulsions. Regular grains are often
cubic or oetahed:sl.. Grain edges can exhibit '
35 rounding due to ripening effects, and in the presence
o of strong'ripening agents, such as ammonia, the



| ets which are nearly spherical, as described, for exanple by U S. Patent
3, 894, 871 and Zelikman and Levi Making and Coating Photographic Emulsio
Focal Press, ‘1964, page 223. Rods and tabular grains in varied
portlb‘ﬁs have been frequently observed mixed in anpng ot her grain shapes,
particularly where the pAg (the negative lLggarithmof silver ion concentra-
tion) of the emrul sions has been varied duri ng preci- 10 pltatlon as -
occurs, for exanple in single-jet precipitations. Tabular silver brom de
grai ns have been grains imay evendecdpheirticali ornexistsazcthhoki plate-

hot ogr aphi ¢ ut i lqige) d S ose. -
_Eavi n§ :\R/ot palr fi|' I:e#)ﬁor s&s?&ﬁﬁgﬁgghﬁgzﬁhzi igéffgag:m gﬁi of whi ch
s substantia y"zﬂ“{?elre y is a8 y gr ai n.

The aspect ratioleviaMakingt aad Eoating Photbgeaphfct Bhaks£sss ; OFoéabul ar

grains is s sta I at er - _ ; ati p tabul ar
grain silver bro%(f}se'm}l s@dn?‘\ﬁgr 32r3é oﬂf’ § B?ddtg gﬁgcgﬁﬂ DENR eau, |
"Evol ution of t haawdegh porgjons Baweebeenoﬁrdquéhytyabbsérwedgnﬂmd| cal

R peni ng", Scien °H£ t i'q 962), 25
pp. 121-125. Al t%% an lj%%ge're?rﬁﬁﬂ Bpa ?Qbrgsﬁtiggg ﬁu 5| ongtléﬁle known
in the art, noneP: aemlg V&v PCQE E@Bee silver @Hlmmbf
tablul ar S|CIh ver bltdlw)ocblfdthgr 20l sdppsahasi ggaufzfrhﬁiaﬂ’_fr_ﬁﬁﬂﬁ pﬂf‘t&éﬁg h
Erru si on Pre p. an r | an m t
"The Effect EilEf aE9?’0(% %SSH}? f%?rﬁ’é?ﬁ?i *nBﬂ) _
Precipitation SelPlr@§1P tlﬁ&ipnét-ographl ¢ Journal, Vol. LXXX JuI y 1940, pp.
285-288. Trivelli and SmrTaBuQB%eE!Weé BESHPHECEE'a 6&’%&&9“ in both

SRR o D S e
_ photogrsphic utility. Tabular grains are herein defined
15 as those having two parallel or substantially parallel -
crystal faces, each of which is substantially larger
U - than any other single crystal face of the grain. The
. aspect ratio--that is, the ratio of diameter to
thickness--of tabular grains is substantially greater
20 than 1:1. High aspect ratio tabular grain silver
- bromide emulsions were reported by de Cugnac and
Chateau, "Evolution of the Morphology of Silver
Bromide Crystals During Physical Ripening', Science
- et Industries Photograghigues, Vol. 33, No. 2 (1962),
25 pp. 121-125.
Although tabular grain silver bromoiodide
emulsions are known in the art, none exhibit a high
_ . average aspect ratio. A discussion.of tabular silver
S - bromoiodide grains appears in Duffin, Photographic
' 30 Emulsion Chemistry, Focal Press, 1966, pp. 66-72, and
Trivelli and Smith, ""The Effect of Silver Iodide Upon
the Structure of qumo-Iodide'Precipiﬁation,Series",
.The Photographic Journal, Vol. LXXX, July 1940, pp.
285-288. Trivelli and Smith observed a pronounced
35 reduction in_both'grain.size and aspect ratio with
the introduction of iodide. Gutoff, "Nucleation and

o



. ‘Hal i de Phot ographi c Enul sions", Photographic Sciences and Engineering, Vol .

b4, No. 4, July-August 1970, pp 248- 257, reports preparing silver bronide
Yy 5 silver bronoiodide: emul sirons of the type prepared by single-jer
2ci pitations using a continuous precipi- tation apparatus. From 1937

hd

ohti |l the 1950 s the Eastman Kodak Conpany sol.d a Duplitized (trade mark) .

r adi ogr aphi c

film10 product under the nane No-Screen X-Ray Code 5133.

The product contained as.coatings on opposite major faces of a film support
sul fur sensi tGi&ﬂ:lﬁ'ﬁd’ﬁs tmﬁnn awlﬁmqnﬁﬂ% iofe SiTweti ONS were

i ntended to thqy not aec | - éa ly _
sensitized. W‘F‘a °<'f(fer’a &P—% t§'§ range of:

from about 5

dmd Eﬂgirﬁai@ul\hl grldtnﬂa}cck)urd\ﬂty‘fﬁmgt@tedﬁﬂ st han 50% of

the projecte r nlcg}.; ORI fqed er than 25%:
of the proj. e&éde%? ea.. ﬁh 0 e%ﬁ% ﬂ?a | ng ral rﬁjgﬁw tht hi ghest.
aver age %specﬂ ket (me e anwlaiong YP@ad’r&P‘&'\Fé e tabul ar

~grain di anet eﬂn?él dfeﬁnpfﬁﬁﬁaim a.\ﬁz@ea et fafudisiprediipdeness of
0. 36 n1croneter an average aspect ratio of .7:1. In . other renmakes 25
t he emul si ons Q&ﬁﬂ

er, smaller dlaneter t abul ar .grai ns whi ch wer e ,
of |ower average aspecﬁrtmul%n rngicki thes ¥950° pﬁéﬂm iﬁﬂ}f@mﬂ &0&&1& | n V\/m ch-

a mj or propqsq Yisd e $i rma:.lédie(wadgwm ipad3Qgrdoia o &

tabul ar grains ntI been nt 063, 951 teaches
f or mi ng g@l veR ‘?&F‘F'ﬂé‘ é&&ﬂ r%lf%ﬁu% *1001 cubi ¢
faces and ha\lmg chxmecdominec( heess enbatri ngrkg ol e:pgdt)iua‘ majon 1.5 to 7: 1.

qs&&ar laf]ﬁ: f&'{ﬁ}q%ﬁ surf aces '
c o? é ni f?(ﬂ"stap ace g at ent ‘%067 739 t eaches
e _

The 35 tab
characterlstl
 the preparatib®p

15

emulsfons. Since the emulsions were intended
to be exposed by X-radiation, they were not spectrsl- .
ly sensitized. The tabular grains had an average
aspect ratio in the range of from about 5 to 7:1.

 The tabular grains accounted for greater than 50% of v

20 -

the prbjected area whiie nontabular grains accounted
for greater than 25% of the projected srea; -The
enulsion having grains with the highest average
aspect ratio, chosen from several remakes, had an

' average tabular grain diameter of 2.5 micrometers, an

25

average tabular grain thickness of 0.36 micrometer,
and an average aspect ratio of 7:1. In other remakes

the emulsions contained thicker, smaller diameter

tabular grains which were of lower average aspect

30

ratio. _

_ Procedures for preparing'emulsibns'in which
a major proportion of the silver halide is present in
the form of tabular grains have recently been
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 length) of from 1.5 to 7:1. The

35

tabular grains exhibit square and rectsngular major

- surfaces characteristic of {100} crystal faces.
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silver halide enmul sions wherein nost of the crystals are of .the tw nned
oct ahedral type by form ng' seed crystals, causing the seed crystals to
i ncrease in- 5 size by Ostwald ripening in the presence of a silver !
hal i dé sol vent, and-conpleting grain growh wthout- renucleation or Gstwald

ri pening while controlling pBr (the negat ve | ogari thm of brom de ion :
concentra- tion). U S Patents 4,150, 994, 4,184,877, and 10 4,184, 878,

U K. Patent 1,540 58ia: 067075 méfaéwﬁe’pa%ﬁé gid 2,921, 077

‘teach the forma- tion O S|I0er E rain at_tw nned- oct.a- hedral
configurati on bfidNgrohprhidscenu ?&%?%JghﬁﬁﬁiﬁlﬁﬁiFeﬂf (CIP LR} per cent
i odi de. Increasggeldf :ﬁeveﬁiﬂﬂe@oemahedtebon: by Hereing Sewss are said

to be useful in ca filns t S. Patent -
4,063, 951 speci FFX?\ 3 Peﬁﬁ?ﬂng Bﬁ% gg&? %X@oanigs%@eg%& 1% X0 7: 1, and,
fromthe véry | efzeshpcOstweldsripen: Mdim thepresence o0b & sidveth is only
2:1, the 7:1 aspﬁi&daabbivaﬁeeaa aues ieéiﬁﬁ%iﬂiﬂﬂlﬁfbwtﬁtwiﬁu&hear from

r'epeating exanples and view n ﬂ? cr i sh hat the
aspect ratios rE&PPEéﬂaF#PthoéﬁE‘r’Bﬂ@o?/&%%ﬁ? o‘%éﬁlgeq%‘? Rere al so
less than 25 Bi: (c&apﬁagaemt z:agat(bthm 682 8684 de ubdn stunteutzaer 6,

1‘580 appears- t éat e8 shz#ggégg?s tt@rlgg 7S fr?é ent 4, 150 994 |

but is not rest ﬂ dt as’the’ seed grains.
b.  SpeedlOgr aéullﬁﬁl.ﬁys .aHszeﬁsten!albéﬁosﬁﬂmrSMIG%@%m Iogr aphy

POy v AcL2! | pUb1EEREIbhNC2590; 56955319@2?;92?%?7 fedbio RHS| i um
rggiatioﬁ-genS|F29 % Sig geﬁnﬁggﬁdéra Eﬁr?ﬂg£¥ﬁ€agﬁigﬁfiiﬂﬂghrg a | atent
i mage center, rhedtaﬂ.ngonﬁigutatbagrhynempleyimgetged crystalks othdstbl e, can
be produced by 323060t 188t 98"h¥18 percent fodide. Increased
15 covering power is reported. The emulsions are said
to be useful in camera films, ‘both black-and-white
and color. U.S. Patent 4,063,951 specifically
reports an upper limit on aspect ratios to 7:1, and
_ from the very low aspect ratios obtained in the
20 example, which is only 2:1, the 7:1 aspect ratio
- appears unrealistically high. It is clear from
repeating examples and viewing the photomicrographs
-published that the aspect ratios realized in the
other above-mentioned references were also less than
25 7:1. Japanese patent Kokai 142,329, published
November 6, 1980, appearsfto'relate to similar
subject matter to U.S. Patent 4,150,994, but is not
~ restricted to the use of silver iodide as the seed
~ grains. | | A ' o |
30 : " b. Speed, granularity, and sensitization
' Silver halide photography employs radiation-
sensitive emulsions comprised of a dispersing medium,
typically gelatin, containing embedded micro-
. crystals--known as grains--of radiation-sensitive
35 silver halide. During imagewise exposure a latent
| image center, rendering an entire grain selectively

A
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- Ley guanta of radiation. It is this capability that inparts to silver
de photography exceptional speed capabilities as conpared to many
ernat ive 5 ° imaging approaches. The sensitivity.of silver halide
% Il si ons has been inproved by sustai ned i nvestigation for nore than a
century. A variety of chemcal sensitiza- tions, such as noble netal
(e.g., gold), mddle 10 chal cogen (e% , sul fur and/ or' sel enium, and

reducti on sen5|t|zat|ons have been devel oped whi ch, S|ngly and in -
‘conbi nati on, {é?gﬂ& ﬁﬁp fo ghal i de
enmul si ons. V\h GEr;"ec(wm ceﬁeogendsrgtg%\eﬁ%n |sb§§?§ri‘§l§tgéngn op;1 mum 15

| evel s, relat | GRATES | _ arp | osses

in imge di scmpam §.r.) s(memmmifw :dwu y) resulting
sensi 11 zat i o 14eq AR AR M Yhuviid Ko %&2@?&?. i nati on,
and mIMSnun(inagingf&gpnpaqhﬁsilc phot ographi ¢ appllcatlon Usual Iy the

: sensitivity of the si Iﬁf\er Mdidﬁwﬂ %Pﬁlﬁ?ﬂﬂi@'ﬂl@ﬂbn%ﬂ ended
beyond their spe tral %t 40}: | nt ri ns| cd{s]en3| tivity chem-cal 25

sensiti zati oMéas Yo sustaine él‘ﬁ"&été&?l‘ép@n;"é'aﬂ%é ext ended
over the ent |mw|§|d§:ﬂum§ect rAJmamtdyeyﬁld:lﬁmiw @engdtdpast ral sensiti-

zers, typically nethin es n sensitivit e t he regi on of
intrinsic sefgiTtyA t’)}"ciel‘?mgseé‘soé’sl es“g‘s &8 00804 r’a#gﬁqﬁf spectral
sensi ti Z9 i mhakeogen (e @ an mﬂfummﬁ/@qa@miilm)demlndnes rapi dly

1942, pp. | 10&T SO, rEL“"i rouncf oty S YRR deveISEEE MR ok of

silver halidé4p %FDH an mmqh%epmﬁ dPPEONEALe| enent s
-7- the nmaxi rgHe Wabﬁa:yweut aiilam: MaDide emulédons’ When

chemical sensitization is extended beyond cptinum
15 levels, reletively small increeses in speed are
| accompanied by sharp losses in imege discrimination
(maximum density minus. mininum density) resulting
from sharp increases in fog (minimum density)
Optimum chemical sensitization is the best balence
20 among_speed._imege_discrininetion, and minimpum
density for eﬁspecific_photogrephic application.
Usually the sensitivity of the silver halide
'emulsions.is'only negligibly extendedpbeyond their
'spectrel tegicn of intrinsic sensitivity by chemical
25 sensitization. The sensitivity of silver halide
emulsions can ‘be extended over the entire visible
spectrum end beyond by employing spectral sensiti-
_zers,_typically methine dyes. Emulsion sensitivity
' beyond the region of intrinsic sensitivity increases
30 as the concentration of spectral sensitizer increases
up to an optimum and generally declines rapidly
_thereefter._ (See Mees, Theq;y of the Photﬁgtaphic |
- Process, Macmillan, 1942, pp. 1067- 1069, for back-
- ground.) L :
35 - Within the range of silver halide grain
sizes normally encountered in photogrephic elements

o




‘devel opabl e. Untket : _
grains is concephépagsled ] wedFl i th ¥ncrddd it éﬂﬂiﬁ?s@&ﬁ-grQQhef

increases linearly with increasing grain size. The nunber of absorbed <
quanta necessary to render a grain devel opable is substantially independel;é%ﬂ:
of- grayn 5  size, but the demsity that a given nunber of grains will N
produce  upon devel opnent | i.5 directly related to their size. If the aimis
to produce a nmaxi numdensity of .2, for expsple, fewer grains of 0.4 mcro-
nmeter as conpared to 0.2 mcroneter in average 10 di aneter are required -

to produce that density. "Less radiation is required to render fewer ‘grains

Mmg,smmqm@% ioptipumi seasitiizatdon | ar ger

int-to- int flI t uat j | I ty.. Th |- { of
boint-to- poi niPYBERE R aFacThediante necensary o Tender acgralp.
obj ective neasudevelepalled stsubstantikallydndependentn ofegriadn is ternmed .
cgranularisy” . ffke, Wit Rl Uddd Rty that % PIVER bimblerd b grdlinGy Nave '

taken different ranularltagl s nost commonly neasured as rns (root

mean square) gr&hbt R¥Q ice R idevrlannantad & i racslyarelasedatron of
density within thed®evéide Nl TP tdlnf 4 tH produce 4O makdhem 25 neters).

ovain, but not SHVELEL A e U8 MRy Fhel, SURTRR b Dok Biezes 1 c

enul sion | ayer neteriad idompirddicoridi2rmicrpmeterhiiah average real i zed for

that enul Sjon | @yleter A0 Flhut fld ¥d ptildhdd Priat ehisdyl.NC1LRse001 N It
can be appreciate THat over The years itensive 1omveSPesatiron RSt he
phot ogr aphi ¢ artadiation ds zequirned &a sendexafevent graing naxi num

~phot ographi ¢ spe@deldpabiébsol ute 35 'sense, but, rather, has been

directed toward obtain- .n namlnngspgfd at_opti mym sensitization while
satisfying practical gr OLtUnAtR iy pefayse She, depsity REPGVERENts in

silver halide ermtilsithe karger grains is concentrated at fewer grain

15 -sités, there are greater point-to-point fluctuations
. in density. The viewer's perception of point-to-
- point fluctuations in density is termed "'grain-
| iness'. The objective measurement of point-to-point
fluctuations in density is termed 'granularity”.

20 While quantitative measurements of granularity have
taken different forms, granularity is most éommbnly
measured as rms (root mean square) granularity, which .
is defined as the standard deviation of density
‘within a viewing microaperture (e.g., 24 to 48 micro-

25  meters). Once the maximum permissible granularity
(also commonly referred to as gfain, but not to be
cnnfused with silver halide gfains) for a specific
enulsion layer is identified, the maximum speed which

_ can be realized for that emulsion layer 1s also

30 effectively limited. = = o

: I . From the foregoing. it can be appreciated
' ‘that over the years intemnsive investigation in the
phocographic art has rarely been directed toward
obtaining maximum photographic speed in an absolute
35 sédse, but, rather, has been directed toward obtain-
ing maximum speed at optimum sensitization while



“vi4wal |l ow speed to be increased wi thout increasing granularity,
g’*‘ arity to be reduced without 5 decreasi ng speed, or. both speed and
#pdl arity to be simultaneously inproved. -Such. sen5|t|V|ty | nprove- r’re@’t,
~is comonly and succinctly referred to in the art .as"inprovenent in the
‘'speed-granul arity relation- ship of an emussJ on. 10 : In Figure |
.a schematiic plot of speed versus granularity is shown for five silver
hal i de emul sions 1, 2, 3, 4 and 5 of the sane corrp05|t|on but dif-. ferlng.'

in grain size, e%ﬂtiﬁ‘d Hingd Ipracitdl FranulaedityC ol grada eriterda.

. denticall. roc ()

_speedl.and érgnul gff‘fe 1'?\4*? ‘?e“?];héJ]pre?icltw%ﬂﬂﬂ%ar%mﬁl%i% s%%slilhag)e!t \Arr;(rann
t he enul sions' asiqmcﬂldaxve@m o hedncreased,wit @ltnénﬁfeﬂlsﬁnsrml sions -
whi ch can be | o nataril X €y1¢ mﬂ:vh@dy kid wa-ewadsm%ou%o |

granul arity rel at onshldﬁré_‘ Enmul s ons h exhi Etrue |r{p ntgln
sensitivity Yie & fP&ed  OF, ROER Bpesd: @ &gkrrg e
- emul sions 6 and hiwﬁmdows]qn itnlpa‘mdmn Sueke sepsdtiivdtyt ymproveB, are
superior in thelr ’%P&H t Qﬁﬁﬂq’p NY% n0Re0f ‘the
enmul sions 1 througﬁ%% ()&hgﬁél‘%dts a g"hetcgéts%%geé%t hanleg‘rrul sion 1,
but no hi gher gr ARk £§ tim P‘Eﬁ{ﬁ%% &he speed granyiardtye Fedetdemi-si on
‘2, but at. a nuch gwroﬂrﬁplgmdpyil&y. ~Emulsion 7 is of hi gher speed t han

errul sion 30 but i s of ranul ar| ty than .enul ich is of
| ower speed]t \an emul si on ﬁ" %ﬁﬂ%ﬁg i, nloY,4 sfoﬁpeed versus °
- the' speed-granul qnggu]lam%isa)dhdnﬂ sfdmefimmrsdé.we&p&i.i@eamhaldbps

- position shown i " F| rsa 14 ‘ﬁ} L@ tﬁ'ﬂ“ﬂnﬁn gﬁfgyitfito"h t% @%iéll ghest

' of em

phot ogr aphi c speed’ > an si.on I's realized

only at a di spropﬁnmsw n gradnaled n Qg@hmmltaflymeﬂe#ﬁé e of
speed-granul arity{dentically coated, and identically processed. While

15 the individual emulsions differ in maximum speed and
granularity, ‘there is a predictable linear relation- _
ship between the emulsions, as indicated by the -
~speed~-granularity line A. All emulsions which can be
joined along the line A exhibit the same speed-

20 granulériﬁy relationship. Emulsions'which exhibit

~ true improvements in sensitivity lie above the speed-
granularity line A. For example, emulsions 6 and 7,
which lie on the common speed-granularity line B, are
- gsuperior in their speed-granularity relationships to

25 any one of the emulsions 1 throﬁgh 5. Emulsion 6
exhibits a higher speed than emulsion 1, but no
higher granularity. Emulsion 6 exhibits the same
speed as emulsion 2, but at a much lower granu-

- larity. ‘Emulsion 7 is of higher speed than emulsion

30 2, but is of a lower granularity than emulsion 3,

which is of lower speed than emulsion 7. Emulsion 8,

- which falls below the speed-granularity line A,
exhibits the poorest speed-granﬁlarity?position shown
in Figure 1. Although emulsion 8 exhibits the

35 highést photographic speed of any of the emulsions,




rel ationship in photography has led to extensive 5 efforts to quantiff -
and generalize speed-granularity determnations. - It is normally a sinp e‘gﬂ
matte( jto conpare precisely.the speed-granul arity.rel ationships of an )
emul sion series differing by a single chagac- teristic, such as silver
~hal.ide grain size. The 10 speed-granularity reIatlonships_of phot ogr aphi ¢
products which produce simlar characteristic curves are often conpared.
‘However, univers$es Blpleéﬂliatrd&lﬁM@@ﬁMaMMWﬂﬂﬂl&mf

photographlc el eARPLEsDAYE. gp%an hi eved, since speed- 15. granu]arity
conpari sons becOne I nNCreasi ary as other phot ographic - _

characteristics differ. Taet °r%§ﬂ$ﬁuq (ﬁﬂﬁ -gramlapitiul arity
rel ationshi ps otepheiogshpPpi £nep PRy Had ' Rsldiae dxteisiverges (e. g. .

bl ack- and- |te r h-t hose mhlch prqduce dye
| mages (e.d., g?*ﬁ%dég @ﬁ%@%ﬂ? 4Ei?ﬁﬁ€§§#ﬁ?«§&ﬁﬁﬂﬁ%5 q& nunerous
conS|derat|ons denerminanione.5|1we¢srnptmna & rsinmpls matiter, ta nce the
nature and ori geamgaréheraawa | enerapbid g%m’a%sme%unt' ng

for 25 granul aLi ranul arity

are e abor
npasur ement s i n98i F%e?m‘é}nﬂ ﬂ?e‘? r&%ﬁ%ﬁis (9°'
"Under st andi ng &ﬁotnessswﬁ ﬂawlwerthalid@ ﬁutﬂﬂw.t | @heNo.  F- 20,
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Ganularity"”, mm%oowbiaum@mosa@me:hmcmum rdcnrves |
May- June, 1965; aEéls.eesnaadm%f&@antnow e AL Xl nﬂ%&dwerse

Phot ogr aphi ¢ Emul si gns” 35 Phot o raozlc Sci ence and I neering, Vo
16, No. 4, Jul ySMEﬂISSr&W ardty m%owc?frrms@srw ¢.-10-
Random Sphere Mollehehos WeGi@thbeen Fﬁmwﬁ)hlﬁn‘i‘e apeednd Engi neering,

Vol . 21, RPS 4, grgngiaFFEStcgég2ti§§ns ecome ‘increasingly
' arbitrary as other photographic characteristics
differ. Further, comparisons of speed-granularity
relationships of photographic elements which produce
_silver images (e.g., black-and-white photographic

20 elements) with those which produce dye images (e.g.,
color and chromogenic photographic elements) involve
numerous considerations other than the silver halide
grain sensitivity, since the nature and origin of the
materisls producing density and hence accounting for

25 granularity are much different. For elaboration of

' granﬁlatity measurements in silver and dye imaging

~attention is directed to "Understanding Graininess
“and Gtanularity", Kodak Publication No. F-20, Revised
11-79 (available from Eastman Kodak Company,

30  Rochester, New York 14650); Zwick, ''Quantitative
Studies'of Factors Affecting Grannlarity
Photographic Science and Engineering, Vol. 9, No 3,
May-June, 1965; Ericson and Marchant, "RMS

. Granularity of Monodisperse Photographic Emulsions ’

35 Photographic Science and Engjneerigg, Vol. 16, No. 4

_ July-August 1972 Pp. 253-257; and’ Trabka, "A
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I | ver- bronvoi odi de emul si on having 5 out standi ng silver.imaging

Nack- and-whi te) speed- granularity properties is illustrated by U.S.

ent 3, 320, 069, which discloses gelatino-silver brono- iodide enul si ons-

( aining preferably froml.to 10 nole percent of iodide. The equIS|on

Sensitized 10 wth a sulfur, seleniugygaer telluriumsensitizer. The
emul si on, when coated on a support at a-silver. coverage of between 300 and-
1000 g per square foot. (0.0929 [ERR]).and- exposed.on an. intensity scaIe

~sensitoneter Rmdbwr&p.‘rmd&ddel For rnyeshoudﬁﬁal?hb&ogmme mar k)

Devel oper DK-b0s Ul i ©-41Y dhgX mcdevel oper)

at [ERR] (68F Saemmo 880 400dnd & re'rraln resul ting from
subtracting i 9577915?2144@ d-ue fromits | og speed, of betvveen 180 and

220. tGol dis prteLer akd. ygjfrﬂxombmodﬂda Gadlgida m‘m Ithe sul fur group
sensitizer, a i 0 yana es i en |

preci pit< tIOI‘P tﬁr’f % %g@f}ﬁ%}t‘ﬂg ?Itﬂit‘f&) :}ilee%: at any tine
prior to vvasrgtapullm @raope die idiatratied by Iiblﬁ-dd’amﬁétﬁ pitation &
and 25 senss tszzmtow Wl dH | Rk 1%%&-%&61%& Promb-305;

2,222,264 . an ‘f' he, emJI eldcinc t 3,320,069
al so provi de ’tﬁff ‘ﬁ’;‘ %ﬁ ﬁﬁ%ﬁ?}ﬁt efgtq"’n%c :ﬁghot ography, -~
al t hough quaruoleatpem:etm el i‘oﬂidh/.e Ihe emuimd o daulsenisigized not '

E\;\?\él gceae |nves |gat£§fﬁpch| %1 M’nﬁe@éngﬁirm 9“2{3&?%1% evgig ;Loeeds :

granularity. Theyremyls O'Whé'm aﬁ‘?&ﬁ?ﬁm% Betqm?tSpéédaaﬁélﬁe&' in 35
Size", The Jibviatagd &¥UEEIEEN 30656RTIAV00/ ;ﬂgo pet anQfa%e ootl16- 125,

[eports bl gpestad {: Bk 4 axRReed Rordh EATRAEY ARELAL hor obser ved
that with grasénﬁm@:eatﬁd tpesceduud o5 § BAHuties ﬂrmjmm area (0.8
M Crometgs ifyyrage mark) Developer DK-50 (an N(methyl-g,aminophenol
sulfate-hydroquinone developer) at 20°C (68°F), has a
log speed of 280-400 and a remainder, resulting from | o
subtracting its granularity value from its log speed,
of between 180 and 220. Gold 1is preferably employed
20 in combination,with.the sulfur group sensitizet, and
thiocyanate may be present during silver halide
precipitation or, if desired, may be added to the
silver halide at any time prior to washing. Uses'of
‘thiocyanate during silver halide precipitation and
25 sensitization are illustrated by U.S. Patents '
2,221,805; 2,222,264; _and 2 »642,361. The emulsions
- disclosed in U.S. Patent 3, 320 069 also provide
outstanding speed-granularity properties in color _
photography, although quantitative values for dye SRR
30 image granularity are not provided. '
- In a few instances the highest attainable
photographic speeds have been investigated at higher
than the normally useful levels of granularity.
Farnell,f”ThefRelationship Between'Speed and Grain
35 size", The'Joufnal'of~Photog§aphio Science, Vol. 17,
1969, pp. 116-125, reports blue-speed investigations




5 di ameter) no further increase in speed with increasing grain size A
coul d be achieved. This was not unexpected based on the assunption that tﬁk
nunber of absorbed quanta required for developability is independent .of

grai Msize. Actual declines in- 10 speed as a functi.on-of increasing

-grain size are reported. Farnell attribe«lld® the decline in sensitivity of

“large grains to their large size inrelation to t he limted average
di ffusi on distance of photo-generated el ectrons which are required to 15

‘produce latent i@ffgsilvegsbronide andrhroppindide eawisiontdedh® a I'arge
grain t han a smapbsefeel Bfoégjétfﬂlfﬂémﬂtfw@itﬁpﬁblﬂlé advtifor Mage site.

Tani , Factors I n Iuenc P otP aphi ensi tivit 0C -Sci
Technol . Japan, 6 %‘ 5%%" ‘b{;z ﬂ’@"&eﬁ?g% W|th
‘Farnell and ext emﬂcroinetdrgcilaspmjeéteédlm é@rﬂsmimmnﬁr |y ger sil ver
et ral conui i SFulbret) o5 £GPUARE, PALLORLE N Sufded A ooeroC Of
gpectral ly sen5|iPigﬁa€£%$s$Eﬁ#? |?9 IhQIQé%ﬂ ﬂﬁ; Q:he
relative quantunnytehdenpeepedtbasedemu|thaaﬁssump{ibncthatkthensut|za-

Lo 2o 2, | e GE b e oA S s RS

quantun1y|eld of sensi een observe be near
unity and there- Foi@dﬁbﬁnﬂ¢kél9ftSF!*ﬁrﬁ%ﬁ§1(mﬂqgﬂﬂlnﬂﬁﬁhiﬁesTdm not es

orain L%Phn%biﬁéﬁ*’%ﬁ" o ‘“f‘““@t“’“e“ﬁ?’%&!‘é“?'ﬁ‘*';ﬁf‘f"’%e“;"?i?%Zﬂaést >
the grain’is exp5§88 g%’%#ﬁ% ?é%ﬁﬁb“ ted, %ﬂﬂﬁ1 de of the

i ncrease in n1nusehkﬂeis£tp|ofvltyge grdinhs ito thetxﬂkuude size liey than the

nerease in bl uergegebhvESYMbCTIdlbed| etlad B SN OH Ulktard AE Ca0ed.

Attenpts to increaSe I'rgh sorp% ncreasing dye coverage
does not necessaphpyo-generated electrons which are required to

15 produce latent image sites. More light quanta must
| be absorbed by a large grain than a small one in
) order to form a developable latent image site.
_ . ‘Tani, "Factors Influencing Photographic
Sensitivity", J. Soc. Phdtggr. Sci. Technol. Japan,
20 . Vol. 43, No. 6, 1980, pp. 335-346, is in agreement
- with Farnell and extends the discussion of reduced
sensitivity ofllérger silver halide grains to addi-
tional causes attributable to the presence of
spectral sénsitizing dye. Tani reports that the
25 ,sensitivity of épectrally sensitized emulsion is
: additionally influenced by (1) the relative quantum
yield of spectral sensitization, (2) dye desensitiza-
.tion, and (3) light absorption by dyes. Tani notes
that the relative quantum yield of spectral sensiti-
30 zation has been observed to be near unity and there-
fore not likely to be practically improved. Tani -
" notes that light absorption by grains covered by dye
- molecules is_prdportional to grain.volume.whén '
exposed to blue 1light and to.grain_surface_a:éa when
35 the grain is exposed to minus-blue light. - Thus, the -
_magnitpde of the increase in minus-blue sensitivity




result in |ncreased sen5|t|V|ty because dye desensi- tization
eases as the ampunt of dye is increased. Desensitization is attributed
educed latent inmage formation rather than reduced photo- generatlon‘gf

electrons. Tani suggests possible 10 i mprovenents in speed-granul arity
~of larger silver halide grains by prepgipJig core-shell enulsions-to avoid
- desensiti-zation: Internal doping of si ver hal ide grains tao all ow the use

of otherw se desensi- tizing dye levels is taught by Glman et al US. 15
Patent 3,979, ?3 3 16 genéFal pnenal Vbt | ehar aEhé AnddeadecivBIwE its

rel ation- ship e f c of - dj sjon relating to
~image quali ty ﬁﬁgg gﬁgriﬁsg Eﬁ%ng{)%gzgk g@'ﬁﬁ#% ?ﬁ:gi deﬁﬁw)dent ly. Sone
" factors whi chinefeasede iAttemptarpociacreass h&hht@sﬂrnﬁﬁ‘qm&}bn of
ar e more ol 22%?‘-‘512“‘*‘é‘*‘?%"‘.‘%é"*e%“ s St ﬁ*“‘@n&%e‘%é.%a ‘S’?"’“L ne
silver 28 hE® Eli gf%l cregse ﬂg@ %ﬁ)‘é&‘ﬂé T ght
scattering propsatien, incraasehaasdehgrmmuunth@ﬁs&&deSspr|narlly affect
shar pness dur I § o0 at S|Iver
hal i de grai ns ﬁaw ng_ di avbégerlggfén)f e ?%nise %‘%%% éé}%"{cg‘g '
m cromet er exh#ﬁ?ﬂtn%Rﬂ&ﬁnf@E%ﬁFé?ﬂnﬁaﬁheﬁl ereduged RhREODf | mage

shar pness resgléﬁéf‘ﬂtiéﬂ%flﬂl%cﬁﬁéésﬁ“'iﬁxﬂeﬂ?g gedtvs ipdFss W th
i ncr easi

lid | Th 35
for thisiBan LEPERRFREPES o 5??@?@%#&%%%@53&9 €% (8L1VAT, on of 11 ght
1 is deflectehabjde graims by prepating deoxeeshell emuisiunezmw an angle e
measured as ag Gsfb'gé ﬁEiEiﬁH}:i&ﬁ Oriﬂté'?nal)aé%p?ﬂﬁi gr after

absorbed by a secon de grain at a 3 after traverS|ng a
t hi ckness [ EFrgldy etggains to allow the use of. otherwise desensi-_

tizing . dye levels is taught by Gilman et al U. S.
‘15 Patent 3,979,213. :
C. Sharpness _ _
While granularity, because of its relation- NS
ship to speed, is often a focal point of discussion '
_ relating*to-image'quality,'image=sharpness can be
20 addressed independently. ‘Some factors which
influence image sharpness, such as lateral diffusion
of imaging materials during processing (sometimes
termed ''image smearing“), are more closely related to
imaging and processing materials than the silver
25 halide grains. On the other hand, because of their
light scattering properties, silver halide grains
“themselves primarily affect sharpness during image-~
wise exposure. ' It 1s known in the art that silver
halide grains having diameters.in the range of from
30 0.2 to 0.6 micrometer exhibit-ma*imum'scattering of
visible light. ' C ' |
. Loss of image sharpness resulting from light
scettering-generally increases with increasing thick-
ness of a silver halide emulsion layer. The reason
35 for this can be:appreciated by reference to Figure
2. 1f a photon of light 1 is deflected by a silver



5 enul sion | ayer, the photographic record of the photon is displace
|aterally by a distance x. |f, instead of being absorbed within a
t hi ckness [ERR], the photon traverses a second equal ‘thickness [ERR] an
abssrbed at a point 4, the photographic record of the 10 photon is

di spl aced | aterally by twi ce the distance x. i's therefore apparent ‘that
the greater the thickness displacenment’ ofki%e S|Iver halide grains in a

phot ogr aphic el enent, the greater the ris reduction in i mage sharpness
attributable to. Iight 15. _scattering.. Although Figure 2 illustrates the

rinciple in a t agRr ct ual
Br:act : (F:)e aI phot \(;(ri\{&lis%taﬁt?iﬂ ta%at‘l n't zl mageégFIFaé‘ra‘gle%Ea%e o?g -

ally ye ted
act ual | y ‘bei ng aisslesdd #P& && °ﬁé§ﬁ6&§ et rﬁﬁﬁl iggtheren
predict its probdwuenﬂdhsmtbeddbgtunabcond bilvekthadide ghainganpdic

- elenents contalnég; rls é#i raqgﬁrhngﬂigﬂﬁahkvgr QQIEQ emul si on

| ayers an increa uctlon | arpnéss can be presented,
Since the sidver mhsd@maw.nshar phoitogrnphﬂodrecerdaofl thetphotem | ayer

e | oem R e atheaitioa 8] L
dhat ei tgher (1) |°r# &3&& F?P %F?kﬁg§§é§ 8 ‘Si&%ess E?m%\‘%n? LR s
t hensel ves, CIfor ebﬂﬂteieﬂ/\hersec@m} equadethiekndssgtiaandi fks are
t n I (S
o o AP IS, (5 LRI Bl 48 o

separating the s sion’l aye I ncreasl ng
t hi ckness dikbl a ﬁoﬂi ased lssefliﬂﬁrbYséH&Fﬁt§h§c6¥%h§%¢eand

d{ée1 Igagehprow dmg rnttqlrsl therafore & pai-ahe tHa8CEhé greacepchayers. ] '
cuper | mposed | aySPARERs 213 VaBApARe, R HRET B TveRrhELTRE FipiffCn M O
enmul si on | ayer. Bhphotogzaphic alsubatanthalgoppberunheyrimk of
. ' reduction in image sharpness attributable to light |
15 - scattering. Although Figure 2 illustrates the
principle in a very simple situation, it is appreci-
ated that in actual practice a photon is typically
reflected from several grains before actually being
absorbed and statistical methods are required to
20 predict its probable ultimate destination.
In multicolor photographic elements contain-
~ing three or more superimposed silver halide emulsion
layérs an increased risk of reduction in image
sharpness can be presented, since the silver halide
25 grains are distributed over at least three layer
thicknesses. | In some. applications thickness

displacement of the silver halide grains is further

increased by the presence of additional materials
_ that either (1) increase the thicknesses of the
30 emulsion layers themselves, for example--where dye-

. image~-providing materials are incorporated in the
enulsion layers or (2) form additional layers |
separating_the_silvgr:halide emulsion layers, thereby
increasing their thickness displacement--for example,

35 where separate scavenger and dye-image-providing
material layers separate adjacent emulsion layers.

o



(| l'oss of image sharpness attributable to scattering. Because of the

| ative scattering of overlying silver halide enul sion | ayers, the
Ision layers farther renoved from the exposing radiation source can
~exhibit very significant reductions in sharpness. 10 - . uUs Patéﬂf
3,402, 046 di scusses obtaining clear, shi< images in a green-sensitive
_enuIS|on | ayer- of a nulticolor photographlc el enent. The green-sensitive
emul sion layer lies beneath a blue- sensitive enulsion layer, and this
~relationshi p Fartheegoint aulticalbosphotoghaphbesslenentd thdrte to the

gr een- Sens't'xggzﬂg4gagge'exg&e EhﬂQ%i@ﬁ@&&&ri efsu%fégcqgaéﬁcord'“g to

U S. Patent 3 nEﬁ e ove
| ayer -sil ver nantaéngnauns ash ane ailvershal ¢ezgmu sieRoneter,

preferably O.71ayerl STHug,OBRERESisi & SMBEEEﬁtﬂbﬁngﬁ?értﬂﬂﬁﬁ $ £6¢i N

agreenmen m cropret er Bl d
: n?nus-bl e spggﬁssgg ?ﬁﬁgﬁn g?F?BF‘Brgﬁ%F%B?€§§£ £ 3FR ﬁkﬁ%&%s suffP? gg R
ci ent nati ve-Becausevoffythe thnuhhuévposcabheninghefspvetlnhngo record bl ue

radiation “‘tE?f&ablﬂs1§ascg§ahsisgs%§yées'0 V@@@1%?3361 gions are

~enpl oyed to record green nus exposures, they are
cor r espondi ngEprspest rampyedo r°§eﬁ§ﬁt9¥59““8n’ﬁ¢§£§ AR JSWFER® and

- monochr onat i cchf. exhebl eMvgeyi 81gADEL ognophEdubeicas Ui ssapndes . chromatic =

et Pve o v by o .”yF BBl SouPaatlE ahhelape ‘3‘395*??‘? nded s "¢
record bl ue |cgaarhsshdvnniugseasinkbmevcen-annnithﬁceemmlwtnnruﬂ| des are

enpl oyed in - 1aybe- o?”ﬁ'ﬁhQQiEBISESphBESEQSHhIQ éf&ﬂéﬂt?XpPﬁdres in the
green or red poftion of  the s i g t _ naigg | ue sensit V|ty i's an
|nconven|ence$r§PHEEePE§ESH§e BoPR LRYET enesthe u%oth bl ue and

red |ight sensitive emulsion layer, and this relationship
| 15 accounts for a loés”in-sharpness-attributahle'to-the
E ‘green~sensitive emulsion layer. 'Light scatterihg.is
reduced according to U.S. Patent 3,402,046 by
employing in the overlying blue-sensitive emulsion
layer silver halide grains which are at least 0.7
20 micrometer,.preferébly-O.] to 1.5 micrometers, in
average diameter, which is in agreement with the 0.6
micrometer diameter referred to above. _
d. Blue and minus-blue speed separation
, Silver bromoiodide emulsions possess suffi-
25 cient native sensitivity to the biue-portibn of the
spectrum to record blue radiation without blue
spectral sensitization. When these emulsions are
‘employed to record green and/or red (minus blue)
_ light exposures, they are correspondingly spectrally
30 sensitized. In blackéand-whi:e and monochrométic
(e.g. chromogenic) photography the resulting ortho-
' chromatic or-panchromatic sensitivity is advantageous.
' -In multicolor photography, the native
sensitivity of silver bromoiodide in emulsions
35 intended to record blue light is advantageous.
However, when these silver halides are employed in

sensitive emul sion. -



5 inthe emulsion layers will falsify the hue of the multicolor inage <;%§
sought to be reproduced. In constructing multicolor photographic elenents ¥
usingvﬁllver br onmoi odi de enul sions the color falsification can be anal yzed

as two distinct 10 concerns. The first concern is the difference betme%izggz
the bl ue speed of the green or red reco#llfag emul sion |ayer and its green

~or red speed The second concern is the difference between the blue speed

of each bl ue recordlng enul sion layer and the 15 blue speed of the

correspondi ng gemeksion rlayers dntended &aureicord exposucescinl Ehein
preparing a rrulgreers:c&xorrmwmhld:f@m citru)dete! fatEv@r g1gacuratel y

. I d ht t th t
achiove a 20 - aRaeEERRASY g dnchniar é#c?élsaégﬁ% 588PABERCER the bl ue
speed of each (bath rbdoe dind gtradmlldtghtayn:r bom&h bleeband rpdeliightt he _
- correspondg ng gﬁee&(},é)rﬁmf&pqg% 1S ?‘ﬁ&hgﬁgeagg Qﬁa recogni zed
ed di | ze

that such ai-m spe erences are not rea Ing siTver
Br onoi odi de emmukthep oyght ite denwepxodugedi-t h one or nore

appr oaches known to anelltprﬁrgﬁqj&rm‘ Inti 1 eadllioen phbt8 rhbﬁﬂc full order
of nmagni tude speed differ nces ave ot al; been roduct
waevgr even %ﬁﬁ?gﬂﬁﬂ1 eg “@&3&@&9ﬂ&?3°93aﬁgfea° %8st her
increas- i'ng thﬁah&iﬁtaﬁninntnngh!1dﬂalgzaﬁdamlmus diseinpeeds viill result .
03 TurEnES il O TP £155Y Uohdedh Wl EndXBOELEERBY | VO S

intended to re m nus exposures ar the nost -
common appr oac tbetreenthe plue sneed of the greey QEnrsgeceﬁaFﬂSMSenm tized

-16- silver tN(gﬂuryydkayaydgmdﬂaIffger e@g Q&ugeulgagedghetggy effectively
reduci ng their blue pee is to Ioc%t %I&titese e |%I on I behi nd a
yel l ow (bI ue- a&%‘?‘?ﬂ‘ﬁ onqdern, 15 fhe di FRCE 8\*/ PPR E §i§ €and-
speed of each blue recording emulsion layer and the. '
15 ©blue speed of the corresponding green or red record-
ing emulsion layer. Generally in preparing a muled-
W, color photographic element intended to record
accurately image colors under daylight exposure
conditions (e.g., 5500°K) the aim is to achieve a
20 difference of about an order of magnitude between the
blue speed of each blue recotding enulsion layer and
_ the blue speed of the cortesponding green or red
recording emulsion layer. The art has recognized
that such aim speed differences are not realized
25 using silver bromoiodide emulsions unless employed in -
combination with one or more approaches known to
ameliorate color falsification. Even then,'full_
order of magnitude speed differences have not always
¥ been realized in product. However, even when such
30 aim speed differences are realized, further increas-
< . ing the separation between blue and minus blue speeds
will result in a further reduction of the recording
of blue. exposures by layers intended to record minus
blue exposures. L | .
- 35 By far the most common approach to reducing
exposure of red and green spectrally sensitized



5 .yell ow col l oidal silver are commonly enployed for this purpose. In a
eoynon nul ticolor layer format all of the enul sion |ayers are silver

Qyri de or bronoi odi de. The emul sion layers intended to record green and

d exposures .are | ocated behind a yellom110 filter while the emul sion
ayer- or layers intended to record blugjlgght are located in .front of the
filter layer. This arrangenent has a nur er of art- recognized _ '
di sadvant ages. Wile blue |ight exposure 15 of .green and -red recording.

emul si on | ayer gi1verecbrondiodide! enabstoh clayérs o cshué Maaghitlpal | ayer

d h T d
Ced emil 51 on | EpereBy SEESEEITLT "Falib1te Onaty Pl éé%é?hr*ogdg Fhoth the
bl ue 20 enulLoenteaybeseremuﬁeignahevene inﬂv4|YQ ow (blue|ight has
been scat t er edabgofBeR yxnnteramyefragessmr cmwer &4 ald

d ded. _S bl T | fa |l east
ey %2?55&?3%53&9?53 Qﬁseg“daf‘sﬁmﬁw”’dfi %éé:fe Sour ce of
eﬁp05|ng|&ag|athbr poeposet - cﬁntAIbomnononuhageohhmftlyss fornde dePree - F
- that wou e e 0 r Jdrgen emulsion -
_ layer. Furtheéfil hf ghgyeﬁbgk*ﬁﬁrﬁkgggggg%? éiié?%_ﬁ?hﬁ! dﬁgctually

absorbs to a stQﬁPieﬂiéﬂt i fhe hemgds °§rb§ﬁe§6riﬂ%ﬁpﬂﬁdt¢ﬂaEﬁﬁﬁﬁdun] whi ch ¥

results in a |?ﬁéeﬂfaﬂﬂeﬁédséﬁﬁésuré@eﬂ‘@'i@&biéétﬁéhﬁ?&eé'ﬂn&ﬁ”'CU' arly
where it é@ silve erials, cost

w col dal nc
accel er at GEEFQH égiﬁthﬁn?mdi‘ﬁ?Bci%g? ﬁ?%s‘“%ﬁf&qﬁ‘gs‘%S
bl eachi ng and beeerd-bluenyightuarenkocated wn ﬂ'mit cfictiverfilitamevant age -
associ at ed mntp ﬁggaratlng the blue enulsion layer .or |ayers of a
phot ogr aphi c e 8%ERt fromthe red and green emnul sion | ayers by |nterp03|ng
a' yellow filter is thatThhe &rranggmentohashe numbernof sa®tr|ayer is '

decreased.  Thigcognized disadvantages. While blue light exposure
' | 15 of green and red recording emulsion layers is reduced
to tolerable levels, a less than " ideal layer order )
arrangement is imposed by the use of a ‘yellow N\
filter. The green and red emulsion layers receive
light thet'haS'already passed'thrbugh both the blue
20 emulsionllayer3orliayers and the yellow filter. This
light has been scattered to some extent, and image
sharpness can therefore be degraded. Since the blue
recording emulsion produces by far the least visually
'impoftant-reéotd; its favored location nearest the
25 source of exposing radiation does not contribute to
image sharpness to the degree that would be realized
by similar placement of the red or green emulsion
'layer. Further, the yellow filter is itself imper-
fect and actually abserbs.to'a”sligthextent in the
30 green'portion'of'the spectrum, which results in a _
loss of green speed. The yellow”filter”material - N
sparticularly where it is yellow colloidal silver,
increases materials cost and ac;elerates required
replacemenﬁ'of processing solutions, such as
35 bleaching and bleach-fixing solutions. |




I s because the yellow filter |ayer absorbs blue |ight passing through th
bl ue emul sion | ayer or | ayers that m ght otherw se be reflected to enhange
-expasure. One approach for increasing speed is-to 10 nove the yel |l ow

filtef | ayer so that it .does not lie i tately bel ow the bl-.ue enul sion.
This is taught by U K Patent 1,560,963; however, the patent adnmits that
bl ue speed enhancenent is. achleved only at the price of inpaired color

~reproduction-in the greeStdld anotherddisadvantagecamsecbatédywithl yi ng

" above the yellowe%FFEE&F ?¥§?S QB gﬁgiﬁgﬁnaﬂg?ggcggsl qugf” suggested -

for eI|n1nat|ng
di sadvant.ages. - Bhotographd 3293543984 fremckbe zed apécﬁ%’ﬂ‘nﬁ ﬁm‘&%%‘PPor red

spectrally sensuhrym Biyl mteebbenndeaoyemmbwr fhleerdps| ehet tie@rest the

hebl T oi bl ¢ hat 1 $04sT S Ehe” plUE, SHUIEARN YEbeEtybidScFlRbEY: By |
nati ve bl ue sendist becagse’ thayyeiiouOéélner 167ﬁfthbseﬁh$§blnﬁllﬁehtnearest

the exposing ra | r &g | ayer
“intended to rec%?%%g%%e%ﬁ*Bg?h Vs ﬁqgﬁgﬁﬁﬁlﬂﬂdﬁ nggﬂaﬁgU%§%56 954 teach

‘avoi di ng bl ue | EHAE EéﬁpﬁnPEHPFUﬁséfthE‘ﬁiEEﬁeﬁnB°39nh4%%erecord|ng
¥nul si on | ayer s eRposiiteny Ohesappavach ¥8rofndPeasing 5i>ewris respectively,

than the bl di Th ted =
Lt e BRI SRR AN R AR T AR R G SO
and red recordudgm@@iate&ulbednwlaherblue bhu&signeenrhhmdﬁsethﬁgnﬁn o
respectively, ﬁe‘iJOK' ”%‘E?ﬁ% 1h668cH8R3! hBPeGSrt h€he it DAY @9d M nus

bl ue speeds of t m nus bl ue récording sion | ay er I'S. appr oach
al l ows the enul &hat P&yergpeedbenbeaseaenﬁ ARyaebseveé P%}$r36r

arrangenent’, buprieleaos ihpaitedadvabragapebdastl 6ni 18 chycgremn fand er
15  red sensitized emulsion layers lying above the yellow
-filter layer.
A number of approaches have been suggested
— for eliminating yellow filters, but each has produced
. its own disadvantages. U.S. Patent 2,344,084 teaches
20 locating a green or red spectrally sensitized silver
chloride or chlorobromide layer nearest the exposing
radiation source, since these silver halides exhibit
only negligible:native blue sensitivity. Since
silver bromide possesses high native blue sensiti-
25 vity, it does not form the emulsion layer nearest the
| ‘exposing radiation source, but forms an underiying
emulsion layer intended to record blue light.
U.S. Patents 2,388,859 and 2,456,954 teach
'avoiding blue light ‘contamination of the green and
R .30 'red recording emulsion layers by making these layers
" 50 or 10 times slower, respeétively, than the blue
- ‘ recording enmulsion layer. The emulsion layers are
| overcoated with a yellow filter to obtain a match in
. sensitivities of the blue, green, and red recording_
35 emulsion layers to blue, green, and red}light,'
respectively, and to increase the separation of the

f :




Al | as additional di sadvantages. In order to obtain the sensitivity
grences in the blue and mnus blue recording emulsion |ayers w thout
use of a yellow filter layer to inplement the teachings 10 of US. &
Pafents 2,388,859 and 2,456,954 rel atively nuch larger silver bronnlodlde*,
grains are enployed in- the bl ue recordi_Rg.enul sion layer. Attenpts to
obtain the desired sensitivity di f f erences relying on differences ingrain

- size alone cause the blue 15 - enul sion |layers to be excessively grainy:

and/ or the gr Tuéi&ed Aidke Viweiss pedids '¢F Al Wl I8! (Blud layers to be
excessively .snmal | ther tively slow speed. To ameliorate

- this dlfflcult§e??r$€n§ﬁﬂmh $%§?01$ié%€'the proportion of iodide in 20 .

" the grains of the bl ue Tetorepproachal kows Lhe enulaian layans ﬂ%?t|onately
-increasing 'tsbé”é&@@cllsiu dnyi de/sifzeédlowyquw '&ﬂdn%éiie% pute. Still,

if the minpus que ecos.di n | sion Ia o_exhi t han very '
noder at e -Bhot étb% %%“n% nt%e 3&&’3%%% Ton | ayers
of at |east 10es|wek1 gtsaadﬂitsimllld;!saﬂvméﬂe vEn rundemmual I y _
acceptabl e |ey, [ i
recor di ng EITU|§IL§)EI’1 ﬁ‘ié‘ yhf ters are e&% §}§ to reduce 30 -
bl ue Iight st rBkawg. ‘hill'b%r?% I%‘? %E/elf‘:ye’f% Yho thea 8| i ni nat e
theltragsm 33|§ﬂ &fy bil@w:cf?hter | w'dt?’\/ﬁ;dddlﬂr :aaret o
enpl oye i efits al i ur. aration o
bl ue and hf nus® %qggés ???ﬁtfg@%f ég ané%’vﬁ'é% q‘ﬁé’ Ision .

| ayers intendemutchh laxgex sﬁﬂvﬂk'hrwmni¢ﬂider3rains1aﬁetdupkqxaﬂrinn -
19- According ¢ tmgr@é@&%ﬁﬁmﬁmaﬁmf Pragesi gk 1Y 001 aphi

el ement s haV|ngba support an eaﬁL;one ra I ON- S¢ nS|t|ve enmul si.on
| ayer conprise@Po# vty idistenpnare 22N Yr ai ns

characteri zed dﬂff@ﬂén@és'ﬁ@%rmﬂze alone cause. the blue -
15 emulsion layers to be excessively grainy and/or the
- grain size of the minus blue recording emulsion
-layers to be excessively small and therefore of ' o/
'relatively slow speed. To ameliorate this difficulty
it is known to increase the proportion of iodide in
20 the grains of the blue recording emulsion layer,
' theteby'disproportionetely.increasing its blue sensi-
tivity without increasing its grain size. Still, if
the minus blue'recording emulsion layers are to
exhibit more than very moderate photographic speeds,_
25 obtaining blue recording emulsion layers of at least
10 times greater speed is not possible within
normally acceptable levels of grain, even with
increased iodide in the blue recording emulsion layer.
-While yellow filters are employed to reduce
30 'blue light striking underlying emulsion layers, they
by no means eliminate the transmission of blue
- light. Thus, even when yellow filters are employed
 additional benefits can be realized by the further
seperation of blue and minus blue sensitivities of
35 silver bromoiodide emulsion layers intended to record
in the minus blue portion of the spectrunm.



" faces and located nearer th

- the total prOJected area of said silver bronoiodide grains is prOV|ded by
tabul ar silver bronoiodide grains having first and second opposed, paral
maj or~ faces, a thickness of less than 0.5 micronmeter, 10 .a dianeter of a

| east’ 0. 6 mi croneter, the-dianeter of a grai n.bei ng defined as the di aneter
of a circle having an area equal to the projected area of said grain, :and

-an average aspect ratio of greater than 8:1, gMn ch aspect ratio is def i ned

as the ratio of 15 the dianeter of a grain to its:thickness, at |east sone

of said tabular silver brondc6arddngr EPnEhaapragent ciaventior hareskendi ng

bet ween' sai d maj or p&meaedsphdtegahpntcremeﬁaneétvmmiglvap;wﬂpcurtd on of

o e tnan ot | eash SUa.R B AR adH A ey O ERRE S Tt
present invention SORPrdsedi g eaadQSPeraing nedipecend silren hramo4hen

phot ogr aphi c elserferifoalaecg&dmg tRatherBreseal ih "Wkt | O %éé‘s@% Epar ed
w th phot ographi c el enents eggsgé g conventlon i65|lver- r onoi o

emul si ons or previ Fotadc Fed axpacef sgid sibemd EﬁQQ#PQ§ﬁﬁ si ons,
gr eaél y i rrg(r).oved sgeadngr uubﬁbviaeaebyt taﬁﬁhwszz’.nr& biouIRId iideot ogr apgi c
speeds  at comparahl.e ranuj arity conpar abl e
Phot ogr aphi ¢ speed %aigk HQQ@gaﬁét% 2&% gﬁﬁﬁi" oﬁﬁéﬁlﬁf 3? nt :
ivention are unexp@éﬁé&lfaséﬁbeﬁ Fhiﬁhéﬁﬁspﬂﬁtkeﬂsw#hﬁnHbéb@ﬂ&@oﬂh&#rhlgh

‘aspect ratio t1®bgl ar dﬂhﬁb&ebr QEDa@dIQEsemll@ﬂ@r@m:etélanlﬂb %m%%@%b 'gd' de
concentrations ut. with_t nti or I stribyte
wi thin the tabul ar §r§|ﬁ§32P éﬁﬂﬁ ??§¥ t?ﬁw&%g'¢i? égg &ralns
Further, the hi gh heydog aat aveaabgual gplzhetpmnﬁnanhdkau!aﬂdf gaddof this
i nvention are unex dl eLre e

Eﬁﬁiﬁ ¥n9 Lﬁ Ev%g%%%] & ral 3 %@ﬁ; qgfagq.@a(i:er thad

properties than hi aspect
_ 1 whlch aSpect ratio 8 defined as the ratio of

15 the diameter of a grain to its thickness, at least
some of said tabular silver bromoiodide grains having
a central region extending between said major faces,
said central region having a lower proportion of
iodide than at least one other region also ektending
20 between ‘'said major faces and located nearer the grain
perlphery than said central region. . '
-The present invention offers unique and
' totally unexpected advantages. When photographic
 elements according to the present'invention'are '
25 compared with phocographic elements employing
' conventional silver bromoiodide emulsions or
previously described low aspect ratio tabular grain
emulsions, greatly improved speed-granularity
relationships (e.g., higher photographic speeds at
30 comparable granularity and reduced granularity at
comparable photographic speeds) can be obtained. The
. emulsions of the present ivention are unexpectedly
better in their photographic response than high
aspect ratio tabular grain bromoiodide emulsions
35 having the same lodide concentrations, but with the
‘iodide substantially uniformly distributed within the
tabular grains or concentrated toward the centres of
the'grains. Further, the high aSpectIratio tabular
grian bromoiodide emulsions of this invention are
unexpectedly better in these same phofdgrephic



i odi de emul si ons havi ng i odi de concentrations throughout at |east equal to
“the surface iodide concentrations of the tabular grainsof this invention.
Further, the 5 high aspect ratio tabular grain bronoi odi de enul si ons uge

jont.abul ar - core-shel | ‘e€nul si ons havi ng conparabl e surface iodide
\¢gentrati.ons. The enul sions used in the present 10 inventi.on are :
parti cul-arly advant ageous when spectr@p?y sensitized and ‘when enpl oyed to
produce dye inmges. .The photographic el ements of the present invention

have been f éﬂ;i@s umqpmgdlaspabmmadgmodmhuiammaﬂ ﬂng'ochpe yi el ds

when enployl ayyﬁdgq? but The
phot ogr aphi ¢ P‘%}é‘ﬁ% é‘%ﬁﬂﬁg Inve | on ‘usi.n aspect rati ogfﬁ%bug?
grai n enul siahsleast bequath Hemche SFuriace Lo nirahhons ers
when the hi ghamsPost f@ﬂgbfamg_@rizgf@ﬂ&n errulmmm,re'qmltloned to

“receive light,t | ree ter The | sions are.
parti cul ar?;h/hgﬁeﬁf?ﬁ‘éé FI‘Yﬁ% E+€"§n*)%*t£¥véugi% Ja‘?‘g"]% ‘b’g"%ﬁ he
enul si on | ayesedntar the pneseourtevemtéqnosregsmpertnrcﬁn thtese spectral |y
sensi tized Zan %Ja l‘i’ié'eg Popérefedied %&mr&n aéb‘:ﬁm | ons '
exhibit a lar I O hei r fn5|t| ¥ {Rﬂ Iue regi on of the _
$pectrum as ﬁg ?B‘Yﬂ%gr%%?ﬁﬂr5$ ?h%uE%EQ whi ch they are
spectral ly semcemtmltiobslus Thecemelsidns asséd imieherpmgsent sil ver -

brOnDIOdI?E ﬁyéﬁ*? requ€y£é¥&ﬁf fgﬂ&&%&«€a¢§§&%LWhéﬂ9ht than to m nus-

bl ue 1igh r ot ect O, provi de acceptable m nus
bl ue exposur&peetBrily wensikhzed 4) when repployed to rueduceiay| i ght at

5500K.  Verydgpé ia&gesmc'rmseﬁowgﬂmépepéhéﬁ:é hef stHe Yrdiféf- | odi de

emul si ons haye bee real ed as red to . -21- t e'r nati ve bl ue speed

advantageous in increasing dye yields when employing
' 15 color developing agents and dye-forming couplers.

| . The photographic elements of the invention W
using high aspect,ratio tabular‘grain-emulsions
exhibit enhanced sharpness of underlying emulsion -
layers when the high aspect ratio tabular grain

20 emulsions are positioned to receive light that is
free oflsignificant scattering. The emulsions are
_particularly effective in thié”respect'when they are
located in the emulsion layers nea:est'the'source of
exposing radiation. When spectrally sensitized

25 outside the blue portion of the spectrum, the
emulsions exhibit a large 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

30 tabular grain silver ‘bromoiodide emulsions are much -
less sensitive to blue light than to minus blue light
and do not require filter protection to provide
acceptable ninus blue exposure'records'when exposed
to neutral light, such as daylight at 5500°K. Very

35 large increases in blue speed of the silver bromo-
iodide emulsions have been realized as compared to

he present invention are superior in these same photographic properties -



“tizers are enployed. Conparisons of photographic elenents for radiographic
applrcatrons according to this invention with sim/lar radi ographic el enents
~contai'ning conven- tional enulsions show that reduced crossover can be

attriButed to the emul sions used in the present invention. Al ternatively,

<

conparabl e crossover. |evels can be achieved with the enulsions used in the ~

10 . present invention using reduced sil=23= coverages. |Inmage transfer film
“units containing emul sions as described herein are capable of achiev- ing a
hi-gher performance rati o of photographic speed to si | ver coverage (i.e.,
"silver halide coatthepernative blue ;spegd vhan blue rpertnaly sensdabl e
transferred inmage, ¢ 22drdi §PE" espléyed] Of transferred i mages with less tinme

of devel opnent. Brief Description,of the_Draw n s invention can be
better appreciated by 20 . #gve?E%E%“fonrﬁhqﬁﬂékﬁR glement® &8%cription

consi dered in conrnadiogmnphih eppﬂthemﬁonp;eccondingrd&(;hﬁssihwehliomnd 13

| ot's of d
e s 50 SPerIpLERskatiaR kAt el U BFededll LR EBEI When:
of high aspect rath°@ﬁBu¢'&\’1§rfr@M shWeﬁ Qﬁdrﬁﬂlé}tﬁ émavesqm

described herein, Etﬁﬂsu_ieasca aheteaﬁumhdaamtﬁnt:h@r;&@sé{t mol es of

I b di d
ohot o or g aphs. oA BVRRESPhaS AhrERSaELTRIS T Senresatle, drfiitnen,s
descri bed herein.: Asveﬂplted be ahhievedewibhonheodhdksfﬁns usedsdnnthew

described her gign tB@gFEﬁE‘iﬁ%@@&ﬁéﬁeﬁsiﬁgdfépucéhrﬁi é¥c¥§04¥#kuckness of

requiring that the rarns avi n
| ess t han o - Image transfer £film units containing

emulsions as described herein are capable of achiev-
ing a higher performsnce ratio of photographic epeed
to silver coverage (i.e., silver halide coated per
_ 15 unit area) faster access to a viewable transferred
image, end higher contrast of transferred images with
less time of development. . '
Brief Description of the Drawings
This invention can be better appreciated by
20 reference to the following detailed description
considered in conjunction with the drawings, in which
Figures 1, 12, and 13 are plots of speed
versus granularity,
Figures 2 and 4 are schematic diagrams
25 releted to scattering, _ :
' Figures 3 and 6 are photomicrographs of high
-aspect ratio tabular grain silver bromoiodide emul-
sions as described herein, _
_ Figure 5 is a plot of iodide content versus
30 moles of silver bromoiodide precipitated, and
_ - Figures 7 through 11 are photomicrographs of
individual high aspect ratio tsbular grains as
pdescribed herein. :
_ "As applied to the silver bromoiodide
35 emulsions as described herein the term "high aspect
ratio" is herein defined as requiring that the silver

Y



Pias n1croneter (preferably 0.3 mcroneter, optimally |ess than 0.2

“'mi cxoneter) and a dianeter of at least 0.6 microneter have an average
ct ratio of 5 greater than 8:1 and account for at |east 50 percentepf
e/total projected area of the silver halide grains. The tabular grains
o|V|duaIIy satisfying the thickness and dianmeter criteria set forth above_;
are hereinafter referred to as "high aspect,yatio 10 t abul ar grai ns"
(The term "high aspect ratio" is analogouﬁ%??nuﬂled to enul si ons and
grains of differi hgomaiicdddeogredns)havhagnaj thitknessod £t hespreamt

tabul ar silver bronsi gdic n | gl 30 | l el .
15 The adva tagﬁs gggﬂkggbggéaffﬁﬁbﬁg B 3_5%29@%%@?gf?%$¥1@§¥2# grain

si | ver bronoi odi d&ée&/ult8aBn m&€§€PPBGH hEP@lﬂ é?%m%F?Flﬁﬁt%bI%EQ%Fthe
uni que positioni ng.6f miikeometiedehaivehan aherhgahasppettraedidofabul ar

AN, ooy ahgasagel tALNOS!AOURA! allound’ 2bP% 8" fadll! A S Y

first and second tfpose aces-and a ce gi on
ext endi ng bet ween® éhﬁaFBFaiaB§§J€9ﬁ§dlﬁFﬁg afleherst&vgxwhakideﬁ i odi de

than at |east onegehhfis,r eqhanthBadbedgkaihbe1aatpi, SOLEN) Ing
bet ween the maj or Thi,s earer

grain periphery tﬁ§ﬁ §HF8E88ﬁFran ngﬂﬁteﬁngrggeﬁ€$eﬁﬁF é%? %Qﬁ%ﬁred to

as an outer regioarel hevednpfeter refetved) theasuteighegspect scatimteral |y

surroundi ng gpnul %rabh‘?ﬂko?ra}:ﬁgugggk'gﬁ%l%E%O“hggh adSUAL | Yad A0 & e

portion of the grain_firs recl wever; in
vari ant forns theaBéﬁPBQPsi¥gﬁbﬂléaﬁ pe emuislonedand graknsiakition

progresses. For eﬁalf]fleeingh_haﬁ:ederebntegtom CTie i fla fOrEfdced FEAhde
e ST AR sl S o ARG e e
bromni de or S|IverPbrek@ﬂédpdesubihentéallmjparallel.
15 ' The: advantages obtainable with the high aspect
ratio tabular grain silver bromoiodide emulsions as
_ described herein are attributable to the un1que o’
~ positioning of the iodide within the high aspect
ratio tabular grains. The high aspect ratio tabular
20 - grains arefcharactefized by first and second opposed,
parallel major faces and a central region extending
between the major faces containing a lower proportion
of'iodide than at least ome other region located in
. the same grain also extending between'the major
25 - faces. This other region is located nearer the grain
- periphery than said central'region, and is herein-
after referred to as an outer region. In one
preferred form the outer region is a laterally '
surroundlng annular region. The central_region
- 30 usually forms the portion of the grain first produced
during precipitation. However, in variant forms the
central region can be introduced as precipitation
progresses. For example, the:cenfral region can in
some instances be annular, surrounding a pfeviously
35 precipitated region of higher iodide content.



region preferably contains |less than 5 nole percent iodide (optinally |es
than 3 ol e percent iodide) 5 and at |least 1 nole percent |ess iodide tha
- the outer region. The iodide concentration in t he outer region can range
~upwaxdly to the saturation limt of silver iodide in the silver bromde
~crystal lattice at the tenperature of precipitation--that is, up to 10
about 40 nole percent at a precipitation tenpggature of [ERR]. The outer
regi on preferably cont ai ns frgm about 0 20 nol e percent iodide.
proportion of ‘the high as ect 3t?%PEE§hMEﬁ {%%u?ﬂ?f?ﬂqéifqa sFﬁ@téél??al .
regions can be 15 veafied#lv Gprrmmi@PLQINStﬂv&nﬂhmomﬂiadﬁﬂeuenmhngcbatrais

such as grain thick EsPasiv I cen | the -
- outer region, choi Cgﬁé?fgnsﬁ[d% er, a:s:jdée}5 g_cg etg%glc%f #%q%hgaéglregthl c -
end use. The’proport?‘Bﬂi ¢ mad@ Rergent dedi §)forned

by the central r8gi ossd cat b@aszom luitﬂle/ ﬁaﬁﬂdtﬂlm iogidedichgnuphe ot her

factors, such as tho n_go
“f£rom about - 1 to .99 pée‘?%éeﬁ?f%%&gmel gﬁ%e il#dﬁe ngé%gc?)g %ﬁ Sﬁ ggﬂkﬁf
grain. For npst 25 E9RI0R£4%Eangs 4pwarddit chrtélfeersﬁ@@rgltépn iimék-of

nesses, aspect rat|0§11wﬁgi&$fdé/eirv ﬁlfé Isej.tivéidrb%mq,‘a%ce@%%hiom&tﬁeé an
annular outer region, e central re on s prefera I gout 2 to 50

percent of the high %Bp ? ?%H??F? Gipitgtio S5 1B EBout 4_'
to 15 percent ol0t heabégt %&pmmlerggrcentﬂuﬂea’g;euﬁpitafnohheeﬂpbeAthned

Tegions, e centr 2{"8?25?2%' ST GG B etd PhelEunY, S8gthTas Bl [ <
the tabul ar 35 gral gbout (?Qﬁﬁ(nﬁ?qeﬂﬂ dedddecenent can be achleved
merely by increasing the prcugﬂélﬁybﬂﬂfdﬂyﬁ(yi Qh@ﬁg&hhdugbggttpgtgéomﬁh of
the high aspect rat'éﬁbéingéirains formed by the central regions can be
15 varied, depending_upon a number of influeuncing
' factors, such es“grain thicknesses and aspect ratios,
| ifodide concentrations in the outer region, choice of
N - developer addenda, and the specific photographic end
' use. The proportion of the high aspect ratio tabular
20 grains formed by the central regions can be routinely
' ascertained. Depending upon other factors, such as
those indicated above, the central region can
comprise from about .1l to 99 percent (by weight) of
the high aspect ratio tabular grain. For most
25 applicetions, such as with preferred grain thick-
nesses, aspect ratios, progressively varied iodide
- concentrations, and an annular outer region, the
central region is preferably from about 2 to 50
percent of the high aspect ratio tabular grain,
30 optimally from about 4 to 15 percent of the high
_ ‘aspect ratio tabular grain. On the other hand with
- ~ abrupt differences in iodide concentrations between
central and outer regions, the central region is
preferably from about 75 to 97 percent of the tabular

.35 'grain



gmﬁh of tabul ar grains silver halide deposition occurs predon1nant|y I f
¥ entirely, at the edges of the grains. By proper choi ce of -/

. \pikcipitation conditions tabular grains exhibit little, if any increase in
"~ thickness after 10 ‘initial nucleation. By abruptly changi hg the i odide
concentration present during grain preC|p|tﬁ%|on I's possible to. produce
an abrupt increase in the iodide concent ratfon. of one or nore outer edge

regions as conpared to the Thantundlquecdiodide plagementScani bet achtevéde

out er edge region S :
_|ncreasegpro-ggre§§ veﬁﬁ%?ﬁg (#%?w%%oncenﬁﬁgg%gﬁiéé 9ﬁai6§%8§ sfgsgnénnoth
gradation from' h@'k?é-rﬂgr &her sg'.oym o fathgnhdghr agpect raglontabulars

- possi blt e, alt t houg][grt%fr:ilns usugl |i)ét mtnP&-ef:ergheéedt Byl EHBket BR110ddden
‘concentra- tion o e S rtion -
i mportant featdire the A, 3 Erﬁesuggﬁ Fﬁofﬁé BEEFBEP;ﬁﬁlgga}EﬁEﬁitv%F the .
present inventionhaldde depositisn oegurss predendnsatiygenifheof5 - opposed
maj or faces of thenkahuhgr q&ahns ed Es'Sfrtﬁggpkéiﬂsthakgzgﬁotég'de'

" content of the ce uni For_ex It is .
specifically conté%ﬁﬁé?%&giWchgﬁétPG&PHeceﬁﬁ igdqngstabpiasi 8Faingr ease
near the major f?@&hﬂmiﬂlhiﬁﬁ&e, idbaby igeeense iﬁhuﬁickﬁessodfﬂer

- concentrationg, 0 n uteg.rg abuj.ar s set
forth above Qﬁ% ré%gﬁﬁﬁgeé&gée%&ng e ?gd gt88§% ﬁ§?§§iﬂﬁs thﬁ?ﬁi $ese.
regions. Wile apomwenﬁapsﬂopa@@gsens duninslgaaﬂnogreciptgeohencaht

exhibit 35 the s.fsrreo%urﬂbaeetboglréaueenaﬁnab%beni‘:nci-éa!sé in ¢ o
preferred that the central %Fons dlfﬂ% the amounts i n |cated above in
o telaty t AP

i odi de content frd® PESROTRAAUBLHRAGE cr onet er
nmost preferably Iesgﬁdmsna@ @¢dmparedonst ehe oénthelgragﬂon. In some

15 instances the outer edge regions appear castellated.
Alternatively, it is possible to increase pro-
gressively the iodide concentration so that there is O
~a smooth gradation from the central region to an

!u’a|ns As is well recognized by those skilled in 5 the-art during the

_ annular outer region. It is possible although
20 usually not preferred, "to lower the iodide concentra-
tion of the outermost portion of ‘the tabular grains.
It is an important feature of the grains
used in the photographic elements of the present
_ ._invention that the central regions extend between the
25 opposed major faces of the tabular grains. 1t is
' recognized that the iodide content of the central
region need not be uniforu. For example, it is
specifically contemplated that the iodide can and
usually will'increase”near the major_faces_of the _
30 tabular grains. Thus, the iodide concentrations of
| the central and outer'regions of the tabular grains
. set forth above are recognized as average iodide
' concentrations within these regions While at the
. major faces the central and outer regions can exhibit
35 the same surface iodide concentrations, it is



5 surfaces, measured perpendicular to the major faces of the high. aspg
ratio tabular grains. The preferred high aspect ratio tabular grain silve
br onpi odi de enul sions in the photo- graphic el ements of the present

i nvention are those 10. wherein the silver bronoi odide grains having a

t hi ckness of less than 0.3 microneter and a dianeter of at |least 0.6 '
m cronmeter have an average aspect ratio of-2%-|east 12:1 and optimally at

| east 20:1. Very é]lggfggﬁeé@g&ref erér e‘{fﬁdr%sl gre%t(]ﬁksoﬁi% g90 Held - Or

nmore) can- be obtai orm o nventi on ese silver
br onpi odi de gr ai ns2BRYRES yiﬂ?b’-%f@dalﬁ&ﬁé’et H-F’cliﬂéé-éeanéﬂﬂﬁaﬁeﬁéﬁmcth@ eria

foral "propected ar eatgp L f‘?{% J?F*"é?ﬁggﬁggl’%“%g 1t ggﬁ‘geﬁf&@%‘ dhsthe
appr eci at ed t hat tWée 455 s 90 rBE‘EG Fei A5 Fhe &Tgiven
percentage of $§he qurfandsed measurdd perpendicullaracer the naj)ettfaaeso of
the grains.in the gpusd agsh ‘I;ysraeq:ag la eiihe t%%ulattagklhi gral ns have an

.average thickness of at 03 m croneter ast 0.05
mcronet er, - al t hough. even t%%r?é'@ft%ﬁldahighaﬁﬁﬁ%&nrﬁﬁiﬁrFﬁlé'# B be

| ehrfpl'lczyed- It is rmﬂlsaﬂdretﬂmrdni&oaaml afnugrsabﬂa canthe pheteased Ib nI

4 hickness' to satis eci. p atio abul ar
- grains having aver%llrg%"%%c BEDL é“qu% EFanﬁﬁPgiog rngE‘f‘? c%l arly
useful in ineb@ tréetedn dhensritdyer h\r@mg-edgﬂal grafinskhevies af up to 0.5

35 -26- mcr O”Bétﬁ!clé{é%sa"o%) 1638 lthafnob Bea2tPoR@tbtUsndi hdiamster
di scussed bel ow. I—g rati os wi.t hout unduly

hi ect
i ncreasi ng grain & r?a%t nge F§| ﬁgvﬁf apLAVERABS; ATRETF t he
" phot ographic 5 mdteircerds a:n‘ lidaist: |]J2\:é.ntandnop|tﬁ.inaﬁldmynatl Veaaw 2l aver age

_th' ckness of less 0&@;‘ bﬁ.éﬁ 'H\&rr%'g'etﬁ spect tatios (100:1 or even 200:1
15 or more) can be obtained. 1In a preferred form of the

invention these silver bromoiodide grains satisfying

‘the above thick_ness and diameter criteria account for

~ - at least 70 percent and optimally at least 90 percent
'. of the total projected area of the silver bromoiodide
20 grains '

It is appreciated that the thinner the
tabular grains accounting for a given percentage of
- the projected area, the higher the average aspect
.tatio_of the grains in the emulsion. Typically the
25 tabular grains have an average thickness of at least
' 0.03 micrometer, preferably at least 0.05 micrometer,
although'even thinner‘tabular grains can in principle
 be employed. It is'recognized'that the tabular
. - grains can be increased in thickness to satisfy
30 :'specialized applications.'-Fot example; tabular
‘grains having average thicknesses up to 0.5 micro-
- . meter are'particularly'ﬁseful'in image transfer
elements. Average grain thicknesses of up to 0.5

35
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T?‘ Jrai n characteristics described above of the silver bronol odi de

fined herein can be readily ascertained by procedures well .
hose skilled in the art. . As enployed herein the term -
refers to the ratio of the di aneter . of the grain toits

"diameter” of the grain Lg gLn turn defined as the dianeter
ing an area equal to the _projected area of the grain as
to- mcrograph-or. an el ectron m crograph of "an enul sion

itk wde Gireo ald e aw filh ol r@wmi@ug diuel adght,i s
dd" {i%ocq}%eté‘ 'b%‘irb‘%ﬁs %%%@“‘E*t ath46/ h}-&éﬁ' ?ﬁggé

ose ral ns havil a t’hickness o
frating vd@qntc r'-mﬁé-t]érl) rm;asimsamaém @4 apetezrsot tbee

QTHUJlai' tdﬁi&fdf)% tfh‘et 'e%tﬂfsi%(sh omhet shultagrabnaa can be
i, ect hﬁ&g{a aﬁ? in the sanple

£ m vren(a%p 5 & §‘°&"‘§ PEYS 8P thi ckness

&venagmﬁ:thimknmtd lcess d&han ©a3 d cxomesesd to obtain

spect rat "lgxl w% aﬁtri‘ il drint sl *d'é%ci-‘i%"e%g‘ib%%&eﬁtf ratio

of 30 u ar graln aspect_ratios. .In practice
ithe &4 ltv%&r@wm axﬁereag@st mn@kﬁ@sseéﬁeeén hereinge

dabtﬂélrrewdmss dwmimdd”ll e@furlefss welllakndwn

Iqefr %%Oaﬁ%grﬂllcﬁggg’e%e ec I a%rﬁp °§§dt ﬁ@rfz?‘sgh%f 6t ﬁgse

Weatxhéfaspert ratdp" aﬁezged:o rehiey ivautdlo afpehie rati os or the

he rain Mmeasurenents cont e ated, the

‘idiameter” obithearain da in v definediiesr she The
N anfdter wlaarcﬁdwmdwﬁig)laqﬂla%agwm to the -

'projected aréa of the grain as viewed in a photo-

micrograph or an electron micrograph of an emulsion

sample. From shadowed electron micrographs of o
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

0.5 micrometer (preferably O 3_micrometer) and a

diameter of at least 0.6 micrometer. From this the

aspect ratio of each such'tabular grain can be

calculated, and the aspect ratios of all the grains

'in the sample meeting the less than 0.5 micrometer

: (preferably 0.3 micrometer) thickness and ‘at least

.30

35

0.6 micrometer diameter criteria can be averaged to
obtain their average aspect ratio. By this defini-
tion the average aspect ratio is the average of
individual tabular grain aspect ratios. In practice
ic. is usually simpler to obtain an average thickness
and an average diameter of the tabular grains having
a thickness of less than 0.5 micrometer (preferably
0.3 micrometer) and a diameter of at least 0.6
micrometer and to calculate the average aspect ratio
as the ratio of these two_averages; Whether the

r%qnsﬁ%er ancesﬂ{? %{ ﬁ[‘i&li‘ﬂ £ 1MeEE. ne-ﬁ.ﬁge average aspect.

“



meeting the thickness and dianeter criteria can be sumed, the project
areas of the remaining silver bronoi odide grains in the photonicrograph
be 1Q 5 sunmed separately, and fromthe two suns the percen- tage of the
‘total " projected area of the silver bromgg.ndide grains provided by the
tabul ar grains nmeeting the thickness and diameter critera can be. _
calcul ated. In the above determnations a reference 15 tabular grain
‘thickness of |eaveraged0individoatt aspéptetativsyod. theiavaragey Jofias
~chosen to di St'--Q&H‘i‘c%e%'&.%%{ﬂﬁ!ﬁh&&@ HaéaQE &fggf&éﬁénbﬂgl gont enpl at ed
from thicker tabul’ar grains ich: provide I nferior_photographic properties.
A reference graBvefngfcaspesy ragiog within bhe tolpxanehs Lf  at

| ower .di anet er s melasurementsl contepplateds thedavérage sépécdbutarignd

same sence o+ RecaspRd-ET5BE B1gni BFchELy BIELEE Tnid FrojdedpPe 1N tNE
commonl y ‘enpl oy&¥eas Phet PtFabﬁéﬁffSilgﬁanbrem°$eéﬁéﬁe%%##ﬁ@gins,
Floanent ol of alhetag nd ehiUkteus Meaaspselissnenriusane p, 10,
_.p}ggent?inventiﬁﬁqgﬁgséﬁhgopr° SCFPauggfﬁfe°?h5h%éf? ¢ %u%ébﬁﬁ%t can be
present. Gain bedmbfbddteageainst dhruthe photomidcwdgraph daresbe he thickness -
o or £y ofG e suined 38parAELTySRAS. £tbn' EndPRIS THind e pNRAdR |
.satisfy the thi $Rgesofashedtatalcprejected ampesef the ralluer hromgr aver age
aspect ratio of 1odia28Fra§'n§: Frébieeaf’ﬁeﬁﬁei&ﬁ@a?rﬁm&rﬁ&% are a
few grains which,do satis t. t hi ckness and di aneter criter The
orain 103 Tor EREnGRackRRpBoabd, ELancheR SEisare San be qalqulefed;
thickness 5 = greater tlantBe3aboveodetermindtions ca wdféreddeis- trates a
fine grainlBreSEQEuEQ@tggg?ﬁ~gﬁ§cﬁﬂ£§§f¥ftffis than 0.5 micrometer
' (preferably 0.3 micrometer) was chosen to distinguish
the uniquely thin tabular grains herein contemplated
~ ~ from thicker tabular grains which provide inferior
photographic properties. A reference grain diameter
20 of 0.6 micrometer was chosen, since at lower
diameters it is not always possibie to distinguish
- tabular and nontabular grains 1n_micrographs. The
‘term "projected area' is used in the same sense as
the terms "projection area" and “projective area'
25 commonly employed in the art; see, for example, James
' and Higgins, Fundamentals of Photographic Theory,
Morgan and Morgan, New York, p. 15. ' .
Figure 3 is an exemplary photomicrograph of
an emulsion according to the present_inventioh chosen
30 to illustrate the variant grains that can be
- present. Grain 101 illustrates a tabular grain that
(A satisfies the thickness and diameter criteria set
'fofth_abdve.” It is apparent that the vast majority
_ of the grains present in Figure 3 are tabular grains
35 which satisfy the thickness and diameter critera.
These'grains exhibit an average aspect ratio of




diameter criterion. Depending upon the conditions chosen for enulsion
\paration nmore specifically discussed below, in addition to the desired
ul ar 10 silver bronoiodide grains satisfying-the thickness and
di‘aneter criteria secondary grain popul ations of | ar gel y nont abul ar gra|h§
._fine grains, or thick. tabular gralnqﬁégn be present Gccasional 'y ot her
nontabul ar grains, such as rods, can present. Wiile it is generally
preferred to maxi m ze the: nunber of tabular gralns satlsfylng t he thickness

~and diameter jgriterj ﬁsot feBbBECHACCRE PROPIAIEoFEEL PPRUAOELPNS (S

“specifically conte rovi s” remai n,of -hi gh aspect
rati o, as deBFﬁéBs bﬂ?en°ﬁlQﬁt§§g¥chgaf?gg¥%5ﬁfaf ndain silver
br onoi odi de diameterscrdterra.pr Ther gdabn tOB;rﬁbtlagamplepductlon of . i odi de

salts in theypsggiphtahl AMnBhPAEATaENEERAS 2 :fpélawﬁ

conventi onal ﬁe i or 5| ver halid re0|£|tat|on equi pped
wi th an5eff|8FGHFe§tFPFPn8 B &HP?EFFS'ln?FGd&EGHna @9 shtlusng nedi um

“Typically the:d:aﬁeESEﬂﬁengﬂaﬂn1pﬂeseﬁtluhaatdaduC@dtlsifds fi¢ tleaction

| f -
wei ght 'Eaiéaﬁﬂgis?a?’é&ég 488" 0 Bpending LugoR Ehels J?@fgﬂpefﬁe? he
silver bronoehdses foul ey saontneepenst&enonnoregnpccﬂ eallytation.
Since d'SperEKQQuEEQHUSEEBG bsnrsaa!eﬂoarea1gﬂs ééﬁfiééntﬂﬁéﬁﬁi_by

dosert bal eRivg? A auphd JuckBasan BeH Rrring.tun, ehickbasss 071 830 1.
I s appreci at addt §damebervoriterdd deecndsryggﬁsﬁnUpmpﬁlitﬁény @fesent in.
br ooy odi de. BAEESES ABHsEBHERr brRYRD, CHRE stAtaYy SEeRICHC LI CFLG o
- of grain pregapuiarusnainsheasubpepseagnﬁeduQqcamiomally othenduced into
~the nontabular grains, such as rods, can be present. :
15 While it is generally preferred to maximize the _
number of tabular grains satisfying thehthickness and
diameter criteria, the presence of secondary grain o
populations is specifically contemplated, provided |
-~ the emulsions remain of high aspect ratio, as defined
- 20  above. o - E
| High aspect ratio tabular grain silver
bromoiodide emulsions can be prepared by controlling
introduction of iodide salts in the precipitation
process which.is as follows: Into a conventional
25 reaction vessel for silver nslide precipitation
equipped with sn_efficisnt stirring mééhanism is
introduced's dispersing medium. Typically the |
dispersing medium initially introduced into the
reaction vessel is at least about 10 percent,
30 preferably 20 to 80 percent, by weight, based on
total weight, of the dispersing medium present in the
silver bromoicdide enulsion at the conclusion of .
grain precipitation. Since dispersing medium can be
removed from the reaction vessel by ultrafiltration
35 during silver bromoiodide grain precipitation, as
~ described in Belgian Patent 886,645 and French Patent

w



reaction vessel is preferably water or a dispersion of peptizer in water, .
optionaIIy contai ning other ingredients, such as one or nore silver halldg7'f
10 ‘¢i,pening agents. and/ or  netal dopants, nore speci fically described

'belom1 Were a peptizer is initially pLggent, it is preferably enployed in’

a concentration of at |east 10 percent, nbst preferably at ‘| east 20
percent, of the total peptizer present at 15 the conpl etion of silver

br oni odi de prezlm%asz@n $ 4064 tdpprade (e evato thidivelume odded to the

t I I | t trod d :
Uhrough a. separdd 8PPER: nsf*eif%%tﬁsfaff.@&efetaﬁ%ﬁ% %I(?%%Fggolrtn ‘o of
di spersing 20 vessélincapaedualicr Iemm) eéxoeesh the mlplm@p the of
pepti zer, afterﬁ] Oﬁ@oﬁéi {'1035 §ﬁ$ pridatild e r&a@:ﬂ% portion,
n

typlcaIIy | ess erce of the brqm,de salt e oned in
25  forniéfg th\ée%ﬁﬂf b?‘lﬁrtﬁ‘%ﬂfr V%? of grain,py (}N%‘éé’&t &Ff
reactlon vessel di gpégsing ﬁiﬂdﬁﬁclnitialiy(intxnduoed(ﬂntﬁ thiee dlsper3|ng

o sporsing. mech VTR ShSAAEL £F WRLAHEAP R ) Iﬁﬁ‘;??ubst Sially

free of iodide oﬁngeptime iheﬂw%er@tiﬂnﬂﬂeﬂ containing theF concurrent

i ht roduct on Of gilé&ié&ésbrmweasadﬁé i\ L Ve rnstmm of thick and
nont abul ar ain m ) substanti-ally. free of 35

ed herein r
i odi de- i ond as"ibﬁﬂ%&l ggenﬁg %’6 ‘{%’ﬁt@eﬁmetéﬁ?ﬁ‘b%ﬁ:'c MW R essel means t hat
there are insufgpecifically3describeid below pr dwrne & pephiaesd 1o broni de

ions to precipijg %gigflgeﬁ? lfiq:e ?%Wﬁepé@fu%frylv loydd i Qreferred to

mai ntai n the iodi con react i sel Fl(ﬁé 4% silver-
sal t |ntroduct|onnaensratiOQSthh§n1€F!$r&ﬁe??ﬁﬁﬂﬂﬁu 08 & RFaiATAd LY, i de

ion concentrat|gg Re8SEN20 péfcéhe, PEL ehhe (tordll PePtizer present at
15 the completion of silver 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

20 medium, particularly to increase the proportion of
peptizer, after the completion of the. selt
introductions.

A minor portion, typically less than 10
_ 'percent by weight, of the bromide salt employed in

25 forming the silver bromoiodide grains is initially
present in the reaction vessel to adjust the bromide
‘{on concentration of the dispersing medium at the

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

30 initially substantially free of jodide ions, since
the presence of iodide fons prior to concurrent
introducton of silver and bromide salts favors ‘the
formation of thick and nontabular grains. As
employed herein, the term substantially free of

35 {iodide ions" as ‘applied to the contents of the
reaction vessel means that there are insufficient
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nedlun1|s initially too high,* the tabul ar S|Iver br onoi odi de grains

qduced will be conparatively thick and therefore of |ow aspect ratios.
{)iis 10 ~contenplated to nmaintain the pBr of the reaction vessel <
iftially at. or below 1.6, preferably below 1.5. ©On the other hand, if the
bBr is too |ow, the formation of nopt ai3@=ar sil ver bronoi odide grains is '
favored. Therefore, it is contenplated to maintain 15 the pBr of the
reaction vessel at or above.0. 6; referably above 1. f hereln enpl oyed, -
pBr is deflne&odgd?hé°ﬂ§gafﬁ§%ntoﬁﬁr??ﬂh*fﬁ HFOBERm Qﬁl dfRration. pH,

pl, and pAg apeealﬁltatéyadeal sepafatehyiilvgenioddde dshasedd sItvis ion.
-concentrations

and i odi de sa??ggﬁf’éeaggg H)X?hgn Q{é f%%ﬁ/%cé%‘é%“f 6n+ \(;fu%stlg\é)efp gﬁown
in the preC|preactbonovesseleprbonnbOoqiH%egraﬂhs inﬁ§?¢%QG 9n B/t aqueous 25

- solutiongof a éQQUEhEnSP' Yehotadl perseht o8 s&évsécmtﬁﬂfdelfoﬁ nt roduced
into the reacti on vesse

concurrentl EE hg g on of,the bromde
and i odi de saFche?FEES?8H1BEeaﬁBtrongg g/ PET 0 é# §Rﬁ5§ﬁ? :
introduced asmedfiemussshhitiallyi too, highlh the tal:ulba]rlea)ilbvsnl utions of one

or nore SO'“bkgoﬁgipagﬂg]gﬂbiﬁb'ggsdﬂbeéewﬂll ﬁgdéﬁ“?.de A1 ?ff'“”l or

~

al kal i ne eart g Lum or ca The sil ver
salt is at |etbicknandat ?r¢ﬁPFBd9§eH°Vn!GP?ﬁE F%%%?#on Tesk®| separately

; (rj gmdBiS 1toth hecbﬁd?dﬁl&ﬁbd toThﬂihQﬂ!tldetnédpbrOﬁfdeh?aréicﬁﬁdmbteh -31-

_ ed to the reactio ara e

i ntroduction 8?3§F#V£P¥§§F$iy g ?ﬁegfgﬁ t}bﬁ v%gigf#%ﬁgywabpgﬁtlon stage
of grain 5 1f6kmaOnothesotheti hand, i pheupBtibs tooglowy thelei is
forned which_E3rfaeeBheat’ noftubigad s Pieek Pbidnol baue' geRider1E | ver

brom de and' si ver
avored Therefore, it is contemplated to maintain

15 the pBr of the reaction vessel at or above 0.6,
_ preferably above 1.1. As herein employed, pBr is _
 defined as the negative logarithm ‘of bromide ion ' Y
concentration. pH, pI, and pAg are similarly defined
for hydrogen, iodide, and silver ion concentrations,
20 ,respectively. '
. During precipitation silver bromide, and
iodide salts are added to the reaction vessel by
techniques well known in the precipitation of silver
bromojodide grains. Typically an aqueous
25 solution of a soluble silver salt, such as silver
nitrate, is introduced into the reaction vessel _
concurrently with the introduction of the bromide and
- 1odide salts.f The bromide and iodide salts are also
'typically introduced as aqueous salt solutions, such e
30 as aqueous solutions of one or more soluble ammonium, o
alkali metal (e g ’ sodium or potassium), or alkaline
‘earth metal (e.g., magnesium or calcium) halide
salts. The silver salt is at least initially
introduced into ‘the reaction vessel separately from
- 35 the jodide salt. The iodide and bromide salts can be



the introduction of silver, brom de, and iodide salts continues. The _
precipitation of silver bron1de and 10 silver iodide onto existing grai
nucIQV,constltutes the growth stage of grain formation. The aspect ratios

of .the tabular grains forned according tQ3jus invention are | ess affected
by iodide .and bromni de concentrations durlng the growth stage than during 15

- the nucleation stage. It is therefore possible during the growmh stage to

i ncrease the per addedbte thei redetdbnpiesseli sgpararely cov agitg oduction of
si | ver, brom de, mggqur di de sal'ts above 0.6, preferably in the range of
from0.6 to 2.2, preferably.from0.8 to 1.6, the |atter being
particularly preferred mhﬂﬂ&hatbebinﬁn9ﬂaﬂtieﬁeoﬁf8@#%9#1#nl#e§n§anaI|on-

Such as 1 ghe. bioga F"“?S%B*Sr"d*’s"‘°e“@f“§*‘““‘°*‘”"§‘ed A .‘o‘ﬁ‘s" i si g
pBr val ues Zbovel? Q‘E ggf’Pnést ABEEEF‘Y-ﬁaa. nA Eg%%l‘?g 3‘FF ﬁg

the grains, but: &snfbemedlvhachdisncapnblenafams:miutndaapredipﬁmxﬂ|Z|ng an
dverage aspect ragig Pitﬂ?eﬁhﬁr53?6858bion?9e and silY?r gldgrnative

to the-introduction and as aqueous sol u-
tions, it is speEhFlEBFF?dESHi@ﬁpPﬁt%HiYEF»rk?QﬁRﬂQ»t#ﬂﬁsﬁ qdide aaldd de,

and i odi de sal t Scongihisakly Qhelﬁréb ﬂfswu6h86ﬁ9@11¢értﬁﬁbﬁiuénéﬁdflne :

silver 35 al i [ d spersi raln Si ze
s such thatO ne§ TAPEE, L8aRHEPERER et f‘sginézsr#%%%feoﬂ‘foo & ain
nuclei, if any atbepgeowth, stage ofit gvaineformatiome Bhectdspectessel . The
maxi mum usef ul gi-ﬂt!‘oﬁ' sesu«el EaﬂﬁP@Pd%r atﬁbeféﬂf&d fa&&m%r# I endld i N

t he reaction ves as te he preserice of
sol ubi l'i zi ng and PVHEEEHB apenless & %%Fe {h§£49l%&9 bramide and/ or
sil ver bronD|odldongentnattOﬂsbdurﬂthdW@Q;bowth stage than during

15 the nucleation stage. It is therefore possible
~ during the growth stage to increase the pefmissiﬁle
latitude of pBr during concurrent introduction of
N~ silver, bromide, and iodide salts above 0.6,
_preferably in the range of from 0.6 to 2.2,
20  most preferably. from 0.8 to 1.6, the '
~ latter being pérticuiarly preferred where a
shbsténti;l rate of grain nuclei formation continues
throughout the introduction of silver, bromide, and
_ iodide salts, such as in the preparation of highly
25 polydispersed 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. - :
30 " As an alternative to the introduction of
- silver, bromide, and iodide salts as aqueous solu-
‘tions, it is specifically contemplated to introduce
‘the silver, bromide, and jodide salts, initially or
in the growth stage, in the form of fine silver
35 ‘halide grains suspended in dispersing medium. The
grain size is such that they are readily Ostwald




1 ntroduc

5“4 brom de and/or iodide are precipitated in preference to chloride, it
1573l so possible to enploy 10 silver chl orobrom de and sil ver
chl.or obr onoi odi de grains. The silver halide grains are preferably very <
fine--e.g., less than 0.1 mcroneter in nean dianeter. Subject to the

i odi de concentration and pBr reqU|rene@Q§ set forth above, the
concentrations and 15 .rates of silver, bromde, and i-odide salt intro-
“ductions can take any conveni ent - conventlonal form The silver and halide
salts are pr ei-epehed bAatoolacgdri gradncroeled | ohf aiyfarenlﬁ'éséntﬁ mol es
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short ened prespeeisieoeoﬁaﬂ95oay VIERLASERE FékctPie Wissél yaduand halide
sal t |nt50duct og dur i and alide salt

o aa o PaBb TR uke caAd; the, Prpsence ot aelvBLl{Zing Hndil cn't ho
di spersing merl pening agentsl vesi bver brombdeal s5lver iadimduced or by

Lnereasing { hgaa0neegh i9ax bOUR,PEAl E SAYEE Edd BE!ider g aHédW thin the
ated

30 dlsper5|ng uce eci y preferred to
~increase the $ needbr@miéeraanéonai¢d%deaare|pw¢ It to maintain

gpenéafe OrhigréfgféhbentbetﬁﬂbrhSethi€5b9|dls€Vﬁ$s§$2$F”é$‘éﬁé}é ggatggnht
by U.S. b enftive 56‘%17% ’é°‘6‘7‘é°9’6'6“ ELP% 491‘58%’&& fﬂ_g Taa Y

2,107, 118; Eugnaieas.Pa'l'hetsmerchalbdewmrarpjrdﬁqranpwerwecham sm

of AGBI Cryst plgelle L AL 9o 0Lk 00, 1 RHPLAGRARNE 4 PAENE S Pl L] o | 0.

Vol . 21, No. 1; Janual g ruary @g , avoi di ng
the formation of addit Bhi?cﬁrﬁ?nthﬁci iGﬁt%ﬁ“%ﬁ&%?#Eﬂ??ﬂ%P@rﬁﬁﬁromﬁh
stage of precrpqubtémentsecsati ﬂorvhnmspﬁﬁee@bnm&ﬁtﬁns/eand)rom odi de

15 rates of silver, bromide, and fodide salt intro-
_ ductions can take any convenient conventional form.

The silver and halide salts are preferably introduced “

in concentrations of from 0. 1l to 5 moles per liter,
although broader conventional concentration ranges,
20 such as from O. 01 mole per liter to saturation, for
example, are contemplated Specifically preferred
- precipitation techniques are those which achieve
shortened precipitation times by increasing the rate
of silver and halide salt introduction during the |
25 run. The rate of silver and halide salt introduction'
 can be increased either by increasing the rate at
which the dispersing medium and the silver ‘and halide
salts are introduced or by increasing the concentra-
tions of the silver and halide salts within the
30 .dispersing medium being introduced. It is specifi-.
~cally preferred to increase the rate of silver and .
halide salt introduction but to maintain the rate of
introduction below the threshold level at which the
formation of new grain nuclei is favored--i e., to
35 avoid renucleation, as taught by U.S. Patents
| 3,650,757; 3,672,900; 4,242,445; German OLS

v~



graln popul ati-ons .can be obtalned Enul si ons havi ng coefficients of
variation of |less than about 30 10 = percent can be prepared. As enplg
‘herein, the coefficient of variation is defined as 100 tinmes the standa
~devi atiion of the grain dianeter divided<=33« he average grain di aneter.
~intentionally favoring renucleation during the growth stage of 15

- precipitation, it is, of course, possible to ﬁroduce polgdlspersed

enul si ons of suBsiQﬁbl&ﬂhthFQHEGBCBéF$$E|QPD ication 80302242y @sligh the
preparation of Wwag "cebweﬁpnst-haﬁim 6ﬂm¢nf W&B& Imrc@ram odi de -
by, refe [

emul si ons has. Zgﬂﬁ F enydescri| _o_ produces.
. neutral or nona g B o34 by “‘é VP wention

and their utlllﬂi,aNe‘nbt UanﬁCEﬂ/Eqbahqrpa197Zunku oqgse tlﬂyr

' t t
P hat ond 4 ggaégkhérﬁﬁ%e?‘ﬁaﬁ‘%f@ﬁz"ﬁv@%&‘ Snél giain o"ﬁr‘ﬁ“ﬁge oilver
i odi de concent r 8EteFopasRinge PEathﬁnSV%%EQI3¥%S¢eﬁﬁuﬂiﬁ tiags nole
ger liter and tbewaxvau?sbﬁswépéheesltmu@%mﬂ adﬂﬁndifudild?&'y

ey rod posi 1 oFATh BARNLAFISRR e Be coPbATRed , Eatafod HARET,

~desired p05|t|o§tﬁgﬂ BBRE
tabul ar grains obefftcienterofrvaristion of Ih%srthhﬁmrhbut(ﬁﬂ1 be achleved

by control hipng éggchggggﬂcséogfgéa{,ggl de%% C}f&eirpr&é de a central

region of l[imt de conce on of 1odide salts
can be  -34- raefficiengcpfiyvariaty ¢mieoﬁeﬁfkn¢ anelr Q Hdmesithe region

~of the grain 'SsEQﬁHHQd d@bﬂ&ﬁiéh'dﬂrthé ﬂe:asam&éxesaﬁmédolw_ than
ot her silver L*deg nuch Iesi | odi e sa é gp aIt isin
solution 5 RgakeEess; 8521 d13mRtehen BN ANER Yonide and i odi de
sal t |ntroduct|ﬁavaréngqnahuCIEHutennéuriggeﬁhecgrQWEh|sthgkaofnroduced
precipitates | "gpdedpfeation, it is, of course, possible to produce
polydispersed emulsions of substantially higher
coefficients of variation. :
o ' o Although the preparation ofgthe high aspect
- ratio tabular'grain silver bromoiodide emulsions has
20 been described by reference to a process, which
produces neutral or nonammoniacal emulsions, the
- emulsions of the present invention and their utility
are not limited by any particular process for their
preparation. In an alternative process, which is an
25 improvement over U.S. Patent 4,150,994 and_German OLS
2,985,655 and 2,921,077, the silver jodide concentra-
: tion in the reastion vessel is reduced below 0.0S
mole per liter and the maximum size of the silver
fodide grains 1nitia11y present in the reectiqn
- ' 30 vessel is reduced below 0. 05 micrometer. =
"The desired position and concentration of
* iodide in the high aspect ratio tabular grains of the
| - silver bromoiodide as defined herein can be achieved
- by controlling thelintroduction of iodide salts. To
35 = provide a central region of limited iodide concentra-
tion the 1ntfdduction:of iodide salts can be




For exanpl e,
. regi on has been observed to be slightly higgher than predlcted based - soIer

f. (b d .iad t b tl duced
aikadats, 48aapYy) 8¢, EadEons Rl oo FORE LhEmaRb D %
conpensat e for i cegienriod a:ll'neorgnadmisoforlnled.ceSinab gihverrégdml\e are
wel | within the sidluc 1 abiuble BMlauSbAlz! B910LEPALGHA0S O miuglli de i1

the halide salts be|n | ntroduce

& Selt KBagabFopdde BRLEI ectnosoTeRIeR I n the
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218 38srOlfeRRbR SPR Shugh, oL PRLRS F0Er19C,
addi ti @rlls@ft Itate tlndildleoﬂcmtro;ivnsdu prepépivhates ohmmediater th the
Thug ght fallde iBﬁ o %oihki@ﬁ Qéiﬁgdﬁréﬂ formed on the . -

>ge mi gration of

~with halide ion in solution being provided principally by brom de.
dted another way, iodide 10 is incorporated into the portion of the
“di n being grown when it is introduced into the reaction vessel. Fbwauer
iodide within the grain structure neverthel ess can occur.

the proportion of the iodide present in the central 15

on the proportio
~ . during formation

~either gradually
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salt -30
silver salt.

tabular silver
during 35

of the salts acc
such as conpound
chalcogens (1.

15

20

25

30

35

uring- precrp

S® canh be, present

g
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- region has been observed to be slightly higher than

predicted based solely on the pr0portion of bromide
and iodide salts being concurrently introduced during

 formation of the central_grain'regions. Minor

adjustments to compensate for iodide migration into
the central ‘grain regions are well within the skill
of the art.

' By adjusting the proportion of iodide in the

- halide salts being introduced during precipitation it

is possible either gradnally'or'abruptly to increase
the level of iodide in the outer regions of the high
aspect ratio tabular grains. In a variant form it is
specifically contemplated'to terninate iodide or

‘bromide and iodide salt addition to the reaction

vessel prior to the termination of silver salt
addition so that the bromide ions in the solution
react with the silver salt. This results in a shell
of silver bromide being formed on the tabular silver
bromoiodide grains - ' _
Modifying compounds can be present during

silver bromoiodide precipitation Such compounds can
be initially in the reaction vessel or can- be added
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3,488, 709; 3,737,313; 3,772,031; and 4, 269, 927; and 10 Resear ch
Di scl osure, Vol. 134, June 1975, Item 13452. Research Disclosure and its
prede?essor, Product Licensing Index, are publications of Industrial
Opportunities Ltd.; Honewell, Havant; Hanpshire,. P09 | EF, United Klngdon1

The tabular 15 grain enmul sions can be tf<ernally reductlon sensi - tized
during precipitation,.as illustrated by Misar et al Journal of

Phot ogr aphi ¢ Sci gnce 25, 1977..p i ndi vidual _silver and
hal i de salts caft 3.“§3£5&H§u°€b“9ﬁ8 BéigPFoﬁagggsﬁfcfﬁég h*Qurface or
subsurf ace deIwnaqwanﬂ@amaﬂypgn&eﬂuyebeeduodiﬁyidsl¢omp9ua@parmmdh for

nai nt ai ni ng con I r | i t H, nd/ or pAg of’
t he reactlgn vetalrSPCdgl OBBQS %EeCQPPQS Eﬁﬁ! ﬂﬂ Tﬁaﬂ bpﬁﬁaigﬁts 3, 82% 002

SSe S
g 5051 S04 Sadmdugng 2dney misﬂc}eog}'agﬁpgené WarpephbEit: mong cob
Nurmber 10, 51967 seleniGh and ¢eddurfam)ht godbd,apnd Greupi VIIIomoblethe

t ant t hi I devi
can be enpl oyed BefiercRen B pEaREhe aﬂﬁ‘iéﬁ BLIGAPChAYEAE bt 0, 1oV Te
3, 415, 650; 3, 785atipn.4a§4i 13ustrased, by U, 82/Patenrt sk, 195, 8325 cation
2,022, 431A; Ger i 23448408 2 ,628,387; gng55E9ychh Di scl osur e,

ol ure 100 FEPE}%S& 3!@ 5T A19522, 172,051 gna. by A6 S8F) DO, Lo0M &
- 36- contanﬁbdjﬂeshmmcMhaipedobuca,v&biel134InJanarbBEB;eDtéwrn1the
conbentrati ons. 51?‘#5?5%"5%"*?%9\_‘851ﬁgégﬁt‘?%ﬁaé??h% Fr AN ora 5
wei-ght of enul sifmedustpdidcensing Indexgasreopub $cetionanofe enpl oyed. It -
s C?”"D” prac:ugaukerqaunba Brtﬂﬁii?aﬁgﬂiaéﬁ'ﬁa?ﬁéeife REVAREET 1N the
feaction vesse Q%ﬁ%“ire,u¥0 R%%ﬁe%nitegsﬁ nggom. The tabular
15 grain emulsions can be internally reduction sensi- _
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
20 be added to the reaction vessel through surface or
' subsurface delivery tubes_by-graﬁity feed or by
delivery apparatus for maintaining dontrol'df_the
rate of delivery and the pH, pBr, and/or pAg of the
reaction vessellcontents, as illustrated by U.S.
25 Patents 3,821,002 and 3,031,304; and Claes et al,
: ‘Photographische Korrespondenz, Band 102, Number 10,
1967, p. 162. 1In order to obtain rapid distribution
of the reactants within the reaction vessel,
. - specially constructed mixing devices can be emplbyed,
30 as illustrated by U.S. Patents 2,996,287; 3,342,605;
3,415,650; 3,785,777; 4,147,551; and 4,171,224; U.K.
Patent Application 2,022,431A; German OLS 2,555,364
- and 2,556,885, and Research Disclosure, Volume 166,
February 1978, Item .16662.
35 - - In forming the tabular grain silver bromo-
fodide emulsions a dispersing medium is initially




) , prior to and during silver halide formation 10 and to adj ust the
_é on vehicle concentration upwardly for optimm coating characteristics
b ayed, supplenental vehicle additions. It is contenplated that theQJ

emul sion as initially formed will contain from5 to 50 grans of peptizer
per 15 nole of silver halide, preferaBfy 10 to 30 grams of peptizer per _
nol e of silver halide. Addi- tional vehicle can be added | ater to brlng t he

concentration up tq as hl%@ﬁ %%8 %ﬁ per - si-l ver hall
Pref erabl y thé= élqi%@l ge,s,q he PnAsREaferTe | on is
above 50 gramiqnn‘uhﬂ<dﬂipemdﬁng'ﬂeﬂﬁuﬁaimmmuuuﬂaeddoéhdndaqaéous form ng
a phot.ogr aphi e # 7Q ¢£p nt by
wei ght of the‘i’ee%ﬁqm | a e?‘x%'i'o%&' @"e%ft‘iz@l?' Xéo GEF& ELV\EBB fongf‘ﬁge bot h

s e dghthy

- binders and p - tional Iy .
-enpl oyed §n sudeighmaalﬁ @émulzdlon mpolaenfter Head thepreaetionr vebgdlgphilic

col | oi ds, ed |
' hydrophob| c rra erﬁ% s%pq%e%bl efﬂhq(?eo Q.zi‘r%ll‘:glggs(E&Bn)(?(hkggggubstances
~ such as prot eithe qonsentratdaon of |z|em dacther reacties -e. g.

| ﬁe:jl ul olse ESthéssélegﬁ]Jd%r bt sa denttr em@g%hat:ha cotall e Ibone or .
Dt o1 ) i 53 SR S har Ratele Bontuhe SRl
ot her E@B7- amshi ud axd jarst dtihec lemsada lion MWlethGhurutionVol 176,
part 1 cul a??ZBH?Jﬁ?@&%%%?ﬁ OBt cobe1hy” ettt by, 0 o "
" material s usefdalayedsoravpplemantale ﬁ%ﬁ%&iml-oyé& A8t only in the
enul sion | ayer&:&fedﬂl%d@mtmr:amec eﬂuﬁ@‘i%s a%f ih'i'l:ia'l'l&e%‘rﬂad but also in
ot hdr Layers, wiuﬁh contoa\i%rc r%tm |55‘ yter%o 'gri'ta%rs a&e peptizer per -
15 mole of silver halide, preferably 10 to 30
- . grams of peptizer per mole :of silver halide. Addi-
tional vehicle can be added later to bring the - ;9'
concen:ration up to as high as 1000 grams per mole of
. _ silver halide. Preferably the concentration of
20 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 preferably
forms 30 to 70 percent by weight of the
‘emulsion layer. :
25 - . Vehicles (which include both bindera and
peptizers) can be chosen from among those conven-
tionally employed in silver halide emulsions.
- Preferred peptizers are hydrophilic colloids, which
" can be employed: alone or in combination with
30 hydrophobic materials. Suitable hydrophilic vehicles'
-include substances such as proteins, protein deriva-
tives, cellulése.derivatives--e.g.,'cellulose esters,
~gelatin--e.g., alkaliftrea:ed-gelntin {cattle bone or
hide gelatin) or acid-treated gelatin (pigskin
35 gelatin), gelatin derivatives--e.g., acetylated
gelatin, and phthalated gelatin. These and other



and |l ayers positioned beneath the emulsion layers. 10 . It is
speC|f|caIIy contenplated that grain ripening can occur during the _
prepafation of silver bronpiodi de emul sions as defined herein.. Known silve
hal i de solvents are useful in pronoting ri eni ng For,exanple ~an excess
_of bronide ions, 15  when present in the3?eactidn,vessel,'is known to
pronpte ripening. It is therefore apparent that the bronide salt solution

run into the rea vessel an |ts f ponote ri‘pening. Ot her. ri pening
“agents can al so ‘fé“é&pﬂ éir% E&ﬂ&&f—é@&&-ﬁﬂ@ hﬁ?\}t hin the
di spersing nEdILﬁﬁ6{1ndﬁamhﬁﬂleﬁBAMiﬁﬂﬂ 1764dr,c Sectdon 3IKd hal i de salt

o mor e of the TS gutitld atdadls MudcauRLngIphrpRURAF Ly, PRETD 1y O
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hal i de and %i | varaMﬁaladuhsteﬁmisinAmnbipneﬂenr tHereptthngangbets are those ’
cont ai ni ng sul ng 3:8113»5"1313 d‘.&n egﬁl'ﬁi% lﬁggpaaéft Eﬁﬁilskal I met al

Salts, nost connD y SOdI € sa and
annnnlun1th|cx3uﬂhﬁﬁ9&§ﬂﬂh§° e@#mnet&nyfbshéen#nvﬁatiqaanbu:yabsoth@

Lhi ocyanate sal loziem Tagerily Gieteds Dvekeoue!lagass)! Latbelayars general |y
FfromO 1l to 20 of t hi oc qatep§ Biﬁ ng #Ivei hallde :

I I'lustrative pri @F’h@?sé% 0§F95 i & ﬁaﬁﬁP%s PRe ?ﬁﬁr%gents are
~found in UID Patents 2, 222i%ﬁépecif3pé48y536naadp3a888 that grain

Al t t ly,
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enpl oyed. 5 bromoiodifie: emulisienscas defloedabereings aknown| ver

br onoi odi de e”“@%r¥§i‘ﬁiﬂ*ﬂ@ %%dvﬁﬁt%'HrirﬁsEEﬁielﬁbb¥oM6€hﬁﬂ to renove

ol uble salte Rl Soitleiiniih Pn’ SHRES BY Uebhablltn) son aves.
15 wvhen present in the reaction vessel, is known to
. promote ripening. It is therefore apparent that the

bromide salt solution run into the reaction vessel
.can itself promote ripening. Other ripening agents
can also be employed and can be entirely contained

20 within the dispersing medium in the reaction vessel
before silver and halide salt addition, 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

25 agent can be introduced independently during halide

' and silver salt additioms. : :

Among preferred ripening agents are :hose
_ containing sulfur. Thiocyanate salts can be used,
:_ - such as the alkali metal salts, most commonly sodium
' 30 - and potassium thiocyanate salts, and ammonium -
thiocyanate salts. While any conventional quantity
of the thiocyanate salts can be introduced, preferred
concentrations are generally from 0.1 .to 20
grams of thiocyanate salt per mole of silver halide.
35 1Illustrative prior teaehihgs_of employing thiocyanate
ripening agenté are found in U.S. Patents 2,222,264;
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{9, \chill setting and .Ieaching, as illustrated by Research D scl osure,
. 176, Decenber 1978, Item 17643, Section Il. 1In the present |nvent|on
'|ng is particularly advantageous in ternmnating ripening of the tab
_S|Iver bronoi odi de grains after the 15 = conpletion of precipitation to.
-avoi d increasing their thickness, redwd8wg their. aspect rati o -and/ or

excessively |ncreaS|ng their diameter. The emul- sions, with or w thout

- sensitizers, can be dried and stored prior to use. 20 - - Once the.
. hi gh aspect ransésnéaélandgaaﬂaoeﬁﬁﬁsuoA%tﬁanetbeehyso@qsnsm¢k9n%bn be

"shelled to preﬁmse:ae90fs ehithg sguhssQnabahp&@ceﬁaseSdﬂféioéeuwtnto those
orpl oyed in o8-8 BereREs pﬁe??; S7enas ArareBectpara f87 3B S0 0
~emul si ons pr eper esipbpyede present process. Tech- niques for forn1ng silver
- salt shekls are illust e 2

3,317, 32§ 37017 agh. 1o ﬂiig h@éﬁcea}ﬁgié éﬁﬁggﬁglgﬁaf" Rhrvee fechni ques
for shelllng bromgiodider epulsigpanes ode inedhexeincareatio tabul ar
grains, as shprefgrabliy wsehsddeothemeveraetunxaesiltﬁtlormé the enul si on

decl i t t
int Ihgefeactl8§Ygggéegggﬁ%?égﬁggge eRErpaty e P Syl O B Cah ocur
pref eren- tuanayhoﬁqpne,oaueg eagégcentshéogsaﬁﬁbtgetinas andlqg aspect
ratio negg no&hﬂfilbEEtinE“ﬂﬁdaﬁeﬂéﬁiﬁgt'QBCPIPE§@fi£e3 lar grain

cenul sions are_partic useful P ucin ter ent I mages and
can be used Jﬁgﬁﬁﬁﬁﬁi a??@é iggk hﬁgﬁPQﬁ?rgg% Atep oy ersal .
phot ogr aphi c. &Vé#ﬁntSecAibhoﬁ@h tha thecpriesestf tnventhan i wgphtdylar sil ver

bromorodi de 95! 8ard88ATAREY, BAOKRNELbUR" 96Dl S PRRSFipLREAg (DUl a1

grain enul - sion ralns sa
of the tabular silver bromoiodide grains after the.

15 completion of precipitation to avoid increasing their
‘thickness, reducing their aspect ratio and/or
excessively incfeesing their diameter. The emul- : o '
sions, with or without sensitizers, can be dried and
stored prior to: use. '

200 Once the high aspect ratio tabular grain
emulsions have been formed they can be shelled to
produce a. core-shell emulsion by procedures well
known to those skilled in the art. Any photo=-

_ graphically useful silver salt can be employed in

25 forming shells on the high aspect ratio tabular grain
emulsions'p:epered'by the present process. Tech-
niques for forming silver salt shells are illustrated
by U.S. Patents 3,367,778; 3,206,313; 3,317,322,
3,917,485; and 4,150,994. Since conventional

- 30 techniques. for shelling do not favor the formation of
high aspect ratio tabular 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

35 ~shell formation, shell- growth can occur preferen-

tially on the outer edges of the grains so that




10 'thickness and dianeter criteria for aspect ratio accodnt for at Ieas
50 percent of the total projected area of the total silver bronoiodide _
graiQ;popuIation; it is recognized that advantages can be realized by .-
i ncreasi ng the proportion of such.tabul 2395 grains present.. Preferably
at least 70 percent (optimally at-least 90 percent) of the total projected:
area is provided by tabular silver halide grains, neeting the thickness and:
di ameter criter BAPeRR; ratipnpeed okt §_96“Rﬁnta§%ﬂ’&r‘§ﬁ%&%s"%’é’ fully 20
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grains usi sy CopuGaisa12bhdeBgrabhoB EERLAEKSS--€. 0., by using a |
centrifuge or hy&rocycloki. Aglafl strativ egeac I'ng of hxprocyclone
separation is provided b?lehgpsbaFEﬁtPﬁ?Sﬁ utes xay preparing. i js
- general |y nost tebularesilverpbepmotodidé gratns dedcvivedudboverai n silver
br onoi odi de -enul §hQn QL d t p el I | lch
§ubstantial!y-thglgn?r?gﬁggbbﬁgp gfgggtpgggfgtF%ﬁ¥f€%f§£%ﬁ¥ar-ffphose
fabul ar grai ns 84Pnsf §pnyhiph She tebularcgraime spthefeing theria set
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response, 3% degeaifRgdppBe¥fit. Preferably at least 70 percent

. (optimally at least 90 percent) of the total
| projected area is provided by tabular silver halide
o : grains méeting the thickness.and'diameter criteria,
'~ While minor amounts of nontabular grains are fully
20 compétible_with many photographic appIications, to
' achieve the full advantages of tabular grains the
proportion of tabular grains can be increased. .
Larger tabular silver halide grains can be mechani=
cally separated frdm'smaller, nontabular grains in a
25 mixed population of grains using conventional
separation techniques--e.g., by ﬁsing a centrifuge or
hydrocyclone. An illustrative teaching of =
hydrocyclone separation is provided by U.S. Patent

3,326,641. o |
- 30 "~ It is generally most convenient to prepare
" high aspect ratio tabular grain silver bromoiodide
. emulsions according to the present invention in which o

substantially the entire tabular grain population,
particularly those tabuléf gfains sa:iéfying the

- 35 thickness and diameter criteria set forth above, _
incorporate a central region and at least one



\Qp in direct relation to the proportion of the silver bronoi odi de present
in/the formof high aspect ratio tabular silver bronpiodide grains of |ogwer
i'odide concentration in a central region than an outer region. Wile the
‘emul si ons defined herein need only. 15  contain sufficient high aspect
- ratio tabular ‘silver bronoiodide grains having a higher proportion of
~iodide in at l'east one outer region than ingg.central region to produce an

I mpr oved photograp respo re d that at |east 50 percent,
oprl iy P50 %Pt ek BRETRR ok nigyBLol GALES 4 ddtatt, obare crudh dn o
tabul ar silver broemu&dida ¢sapuepanedhiétecahsbenslefdédiwitnvamdther have a
central region conhzibﬁl 9933650%519rQQE{Iigﬁ_hg{'%iRdéffvep%aiﬁean -outer

region, as-describedab h™aspect 0 tabul ar
grain emul - sions BMULRECBloBHERaBRI & Bi&heﬂ?ﬁeﬁécﬁﬁﬁ gt4hp¥¢ﬁa&ﬁ%%ﬂnn

" invention can lge chi&vealbroﬁeﬂadidiedmuISIEﬂ'HEV& & i sal é%%?“t'ZEd '
with active gelatin rat e .
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sel eni um teIIur|unraggﬂdFOpaadlthnncenmtaﬁhregion|aﬁtnhe(graﬂnm rMhedi um

rhenium or phosph [ 0, t itizers,
such as at pAg Ievgék@l?ﬁ?? ﬁléﬁééd %m&?%é@@&?é%elfé #19%’3&0 t-o 8 and
tenperatures of frofProved p %@853? ]re%lémisﬁus%sr eﬁ%ﬁ?‘-’tﬁb% '
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15 contain sufficient high aspect ratio tabular silver
bromoiodide grains having a higher proportion of
iodide in at least one outer region than in a central o/

_ region to produce an improved photographic response, |
it is preferred that at least 50 percent, optimally

20 at least 90 percent by weight of the high aspect
ratio tabular silver bromoiodide grains in the
emulsions of this invention have a central region
containing a lower prportion of iodide than in an
outer region, as described above.

25 - - . The high aspect ratio tabular grain emul-

| ~ sions of the photographic elements according to the

- present invention can be chemically sensitized. They
can be chemically sensitized with active gelatin, as
_ 1llustrated by T. H. James, The. Theory of the

30 Photographic Process, 4th Ed., Macmillan, 1977, pp.
67- 76, or with sulfur, selenium, tellurium, gold,
platinum, palladium, iridium, osmium, rhodium,
‘rhenium, or phoSphorus senéitiiersror combinations of-
these sensitizers, such as at pAg levels of from 5 to

35 10, pH levels of from 5 to 8 and temperatures of from




cont ai ni ng conpounds of the type disclosed in U S Patents 2,521, 926;
3,021, 215;. and 4,054,457. It is specifically contenpl ated to .sensitize
chemically in the presence of finish (chem cal sensitization) 15 .
modi Mers--that is, conpounds. known to syppress fog and increase speed when
present during cheni cal sensitization, Zﬂﬁh as azai ndenes, azapyridazi nes,
azapyri m di nes, benzothi azoliumsalts, and sensitizers haV|ng one or nore

heterocyclic n ibed in US
patonts’ 2. 151 835E058676 ﬁ@@%@@%@ﬁ%@%ﬁ4mmM
Patent 778, 723V°&ﬁd129iantt%olﬁbﬁapﬁtéﬂE%éﬂ%ﬂo Regganaeh ry, Focal Press

- (1966), New YopkgcPBsuted-¥dB. 1S¥l (3ei@!1979] Pldf 18520 et @lvel Y, the

enmul sions can t d-- t as |IIustrated"
by U.S. PatentB'§'8g§tﬂﬂﬁsaidg§59é§824§'€%€ 5%%&;#&$§§ié§é'l ess than 5)
‘and/ or hi §h pH2( 649,361l 297;44N; 83,2924460t3 772)031ugh the use of

d 30 | d
ﬁ%&ﬁ%ﬁwﬁymwmw¢@%#@%eﬁﬁmw

Oft edahl et al 3r206abLH; Dﬂ%dlfés&f cPatents 113639%1 argi’s, |'tem 13654, U.S.

. Patents 2,518, 69815?7339 O6RemPed ¥ 3sdi¥git Lzat'ford 865 optHhadd3; and
3,361, 564. 35

cal _sensitiz i ncl.udi ng sub-surface ;
-42- sensitizaf?PB uc??&ug? @T%CPY) nee gﬁtfé}#gc%a%-,e Aﬁé POVRAS 5066 476, is
speci fi cakQy cent deptuibed in udﬂarauqntoeb&kzmﬁﬁiunnuiﬁdtw-senS|t|zed t he

hi gh aspect. rakodedehihe’ cOifotnds | £ eHY Wbe BiscidUllH LRS! ONS of the

phot ogr aphi ¢ Eresen I nven are al so spectrally

sensitized. |PatenspedpPetal?; cd it hﬁecﬂfi‘b A Sectltalissensi ti zi ng
dyes that - exhi bpbcﬁbsaamyocbmmtéu e dunsltine r&tﬂsﬂdﬂmg in €., green
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15 modifiers--that is, compounds known to suppress fog
and increase speed when present during chemical
sensitization, such as azaindenes, azapytidazines,
- azapyrimidines, benzothiazolium salts, and
sensitizers having one or more heterocyciic_nuclei.

20 Exemplary finish modifiers are described in U.S.
Patents 2,131,038; 3,411,914; 3,554,757; 3,565,631;
and 3,901,714; Canadian Patent 778,723, and Duffin
Photographic Emulsion Chemistry, Focal Press (1966),
New York, pp. 138-143. Additionally or alterna-

25 tively, the emulsions can be reduction sénsitizgd--
e.g., with hydrogen, as illustrated by U.S. Patents
3,891,446 and 3,984,249, by low pAg (e. 8o less than _
5) and/or high pH (e.g., greater than 8) treatment or
through the use of reducing agents, such as stannous

30 chloride, thiourea dioxide, polyamines and amine-
boranes, és,illustrated_by U.S. Patent 2,983,609,
Oftedahl et al Research Disclosure, Vol. 136, August
1975, Item 13654, U.S. Patents 2,518,698; 2,739,060;

©2,743,182; 2,743,183; 3,026,203; and 3,361,564.
'35 Surface chemical sensitiZation, including sﬁbfsurfgce
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infrared absorbing spectral sensitizers is specifi-
cally contemplated

The emulsions herein defined can be
spectrally sensitized with dyes from a variety of
classes, including the polymethine dye class, which
includes the cyanines, merocyanines, complex cysnines
and metocyanines (iie.,ftri-; tetra- and poly-nuclear
cyanines and merooyanines), oxonois, hemioxonols,
styryls, merostyryls and streptocyanines. '

The cyanine spectral sensitizing dyes
include, joined by a methine linkage, two basic
hetetocyclic nuclei, such -as those derived from

~ quinolinium, pyridinium, isoquinolinium, 3H-indolium,
benz[e]indolium, oxazolium, oxazolinium, thiszolium,
thiazolinium, selenzolium, selenazolinium, _
imidazolium, imidszolinium, benzoxazolium, benzo-
thiazolium, benzéselenazolium, benzimidazolium,
nsphthdxazoiium,'nephthothiazolium, naphthoselena-~
zolium, dihydronsphthothiszolium, pyrylium, and
imidazopyrazinium quaternary salts.

" The merocyanine spectral sensitizing dyes

include joined by a double bond or methine linkage, a
basic heterocyclic nucleus of the cyanine dye type and

C



variety of spectral sensitivity curve shapes are known. The choice and
rel ati ve proportions of dyés depend upon the region of the spectrum for
whi chi_15 sensitivity i s desired, and upon the shape of the spectral
sensitivity curve desired. Dyes with ovep | appi ng spectral sensitivity
curves will often yield in conbinationa %urve in which the sensitivity at
each wavelength in the area of overlap is approxi- 20 mately equal to the

sum of n{) he tsensama/éiddw icldims ryitdﬂ @gtlcasty ©e. deFrved ri-omea??ﬂlbl eto
use conbinatio & ieye a spectra
sensitivity cur€kf£ﬁ %%é?ﬁngjﬁﬁiﬂ Eﬁéﬁﬁq%hahggnsrﬁPaﬁﬂ Dfaxi ma of the

i ndi vi dual dyeshydntoin, 2-thidbhydantedmné-chiohydangoisgnsitizing dyes
can be used whi rg f&&nmwrw&ﬂ&%ﬂmsw §hdahRggaLal

senS|t|zat|on t 1S ‘greater in SO spectr r e i dn_t han t R from any '
concentrat$on 1R cﬁqum ;'g'éu&“etah pFanR@afa b f‘eagPPef’rom 30
t hF a;:ldljt [ V(rarbef;f)egazajtiﬁ-km sigm:}e Stgufmﬁs-lz |4z-atj,|oga gan ﬁe acghevgd Wit hh
sel ected conbin ns spectr.a |t|2| ot her addenda, suc
as stabilizers (iﬁﬂﬁgtﬁi;ﬂﬁ 9£§ﬁ; n@ﬁg%EEégigige’tors or inhibitors,
coating aids, btsqnutnni£n1kubnﬂi anﬂHQhﬂnmnanagedﬂsne.Any one of several _
mechani sns ‘as wel | as C Y e .l eh
lé[)ld%@‘i‘lym%%e al se%%@%@%ﬂbbd%g% 24

sen5|t|zat|$n are di scussed evi eW 0
Super sensi ¥ zatyssd . . Ao tdzdaga meximg ﬁéewﬁwglevsﬂhsw 1974

TP} 18430, Spamicunass s ?‘P“@*P@%Q“?ii‘“%;‘%?“ e Foggant s or
stabili zgrs, dEW{ﬁ)arrPé £ Zfe‘r%t(ﬂ&sn Ctag rﬁ%yblcl.’“(fvf g‘ﬁgeﬁalnb' en aggeptors
or el ectron acdomwns, The ditedicesamd rrel]&tivléalpe‘mporzibas o0£sdyed
gegg?t ?S?n 12|Ivege%drourﬁ)?tg\gﬁ£ e fdsﬂc?'rslﬁs? are tphose retférre %é%sl];]orResearch
u_sc|Osuréf_\k”squﬁtivity is desired, and upon the shape of the
' spectral sensitivity curve desired. Dyes with over-
‘lapping spectral sensitivity curves willjoften yield -
in combination a curve in which the sensitivity at
each wavelength in the area of overlap is approxi-
- 20 mately equal to the sum of the sensitivities of the
individual dyes. Thus, it is possible to use
combinations of dyes with different maxima to achieve
a spectral sensitivity curve with a maximum between
the sensitizing maxima of the individual dyes.
25 _ Combinations of spectral sensitizing dyes
- can be used which ‘result in supersensitizstion--that
'is,_spectral sensitization that is greater in some
spectral region than thst_from sny concent:ation of
‘one of the dyes alone or thatjﬁhich_would result from
30 the additive effect of the d&es."SuperSensitization
' can be achieved with selected combinations of - '
'spectral sensitizing dyes and other addends, such as
stabilizers and antifoggants, development accelera-
~ tors or inhibitors, coating aids, brighteners and
35 antistatic agents. Any one of several mechanisms as_
well as compounds which can be responSible for super-




-,vloyed 15 in spectrally sensitizing the emul sion | ayers contai ni ng
pt abul ar or | ow aspect ratio tabular silver halide grains. To reallzé;
He full advantages of this invention it is preferred to adsorb spectral
sensitizing dye to the grain surfaces of4dhe hi gh 20 ~aspect ratio tabular
- .grain silver bronoiodide enmul- sions of this |nvent|on in an optlnum
amount--that is, in an anmount sufficient to realize at |east 60 ercent . of
t he maximum ptuﬁmmatciorpm aitscussiede byr Grlhllﬂﬁ@sgr ‘Reviewnad T g
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' Conventional amounts of dyes can be employed
15 1in spectrally sensitizing the emulsion layers
"containing nontabular or low aspect ratio tabular
silver halide grains. To realize the full advantages e
" of this invention it is preferred to adsorb spectral
o sensitizing dye to the grain surfaces of the high
20 aspect ratio tabular grain silver bromoiodide emul-
' sions of this invention in an optimum amount--that
'is, in an amount sufficient to realize at least 60
' percent of the maximum photographic speed attainable
from the grains under contemplated conditions of
- 25 exposure. The quantity of dye employed will vary -
with the specific dye or dye combination chosen as
well as the size and aspect ratio of the grains.f It
is known in the photographic art that optimum
_ spectral sensitization is obtained with organic
30 dyes at 25 to 100 percent or more of monolayer
coverage of the. total 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
35 of Phys. Chem., Vol 56, p. 1065, 1952; Spence et al,
‘WDesensitization of Sensitizing Dyes", Journal of

enber 1978, Item 17643, Section Ill. Conventional ampunts of dyes can be




can be gained by increasing 15 the thickness of the tabular grains

invention in their region of native sensitivity, advantages in sensitivi t
: : si- . . ins. Fo |

exanple, it is preferred to increase grain thicknesses as described above

in connection with inmage transfer applications. Specifically, in one

preferred formof the invention the emul ®¥¥INs are blue sensitized 20
si | ver bronoi odi de enuIS|ons in which the tabular grains haV|ng a thickness

of |l ess than O.
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the thickness of the tabular grains. For example, it,.

is’ preferred to increase grain thicknesses as
described above in connection_with image transfer
applications. Specifically, in one preferred form of
the invention the emulsions are blue sensitized
silver bromoiodide emulsions in which the tabular
grains having a ‘thickness of less than 0.5 micrometer
and a diameter of at least 0.6 micrometer have an
average aspect ratio of greater than 8: 1, preferably
at least 12:1 and account for at least 50 percent of
the total projected area of the silver halide ‘grains.
present in the emulsion, preferably 70 percent and

optimally at least 90 percent.

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 art subsequent to the completion of
chemical sensitization. However, it is specifically

'recognized that spectral sensitization can be under-

35

taken alternatively concurrently with chemical sen-
sitization, can entirely precede chemical sensitiza-
tion and can even commence prior to the completion

rcent. of {he silver



g ndj ust nent , incIUding variation in pAg which conpl etes one or nore

es, during chem cal and/or 15 spectral sensitization. A specific
e .nple of pAg adjustnent .is provi ded by Research Disclosure, Vol. 181, {py
1979, Item 18155. Hi gh aspect ratio tabular grain silver bronoiodide
emul si ons can exhibit better speed- 20 ,.granularity relationships when
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_ PAg adjustment including variation in PAg which
completes one or more cycles, during chemical and/or
15 spectral sensitization. A specific example of pAg
| adjustment is provided by Research Disolosure, Vol .
181, May 1979, Item 18155. R . _ N
‘High aspect ratio tabular grain silver 1 '
bromoiodide emulsions can exhibit better speed-
20 .granularity relationships when chemically and
spectrally sensitized than have heen heretofore
realized using silver bromoiodide emulsions
containing low aspect ratio tabular grains and/or
 exhibiting the highest known speed-granularity
25 relationships. Best results have been achieved using
minus blue spectral sensitizing dyes.
- In one preferred form, spectral sensitizers
f.can be incorporated in the emulsions of the present
'invention prior to chemical sensitization. Similar
30 results have also been achieved in some instances by

introducing other adsorbable materials,_such as
finish modifiers, into the emulsions prior to |
chemical sensitization
h Independent of the prior incorporation of
35 adsorbable materials, it is preferred to employ N
thiocyanates during chemical sensitization in concen-



salts capable of precipitating onto the grain surfaces, such as silver
t hi ocyanate, silver 15 phosphate, silver carbonate, and the like. Fine\
silver halide (i.e., silver bromnde, iodide, and/-or:chloride) grains )
capable of Ostwald ripening onto the tabu * grain surfaces can be
i ntroduced. For exanple, a Lippmann enul3 ﬁn can be introduced during 20
chenical sensitization. The chenical sensitization of spectrally

itized high | ted at
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al l ows chem cal to occur selectively at unlike
crystalIograpm(fﬁﬁﬁiééﬁggﬂéﬂkhe tabul ar grains. The preferred chen1cm
sensitizersSfor the 30 Hmesklla shicd approaghagnwhicht ganebaet i onshi ps

are gold and sulgpgee3oRd tmz%abmlccioandﬁal sabugbssaghtbieeﬁ and gol d,
Sul fur, and sele un1sen5|t| ers rre ormof the inven-

in.a
tion, the high I9§‘ﬂﬁR%WQQﬁIWVE&e§S°f=b?GnﬁFodlde emul si ons
of the phot ogramtlenfemmlbrttos adfj usite theccentensrasioanofosidvera niddl e

¢hal cogen, If I r..ge C t pe

det ect abl e, and (ﬁ@{plknaﬁ'c&u ettse%q/e% pt %eﬁ%tp’i? Etgg?" ggucs’gal ly - =
contain detldt asiuring, shendcal hlsmé-ﬁé-ﬁétiant-hoﬁgﬂl“bﬁe gbhventsaiteon of the
thio- 5  cyanghfH rhst i Ivetalacobdte’ orasn%& b?iﬂﬁéi—bxcéedeeedam known .

I hi I th di cated
O oD PR liSaicn,! RakobesiaeRbciRabas valk na o Lrybes CoLrt
at their surfacesaltisilcapabdie o plrlmcdq:yl.anaﬂ.ag ontéOtheagoahnr silver halide
of different hal sutEs %r&tergtuﬁq.‘[ a3 siE.Ue 'i:h‘ingéhﬁ&, ﬂ, yer bronide),

al t hough the other s ver resent abl e
15 phosphate, cilver carbonate, and the like. Fine

silver halide (i.e., silver bromide, iodide, and/or
chloride) grains capable of Ostwald ripening onto the
tabulér'graih surfaces can be introduced. For
example, a Lippmann emulsion can be introduced during
20 chemical sensitization. The chemical sensitization
of spectrally sensitized high aspect ratio tabular
grain emulsions can be effected at one or more
ordered discrete sites of the tabular grains. It is
believed that the preferential adsorﬁtion of spectral
25 sensitizing dye on the crystallographic surfaces
forming the major faces of the tabular grains allows
chemical sensitization to occur selectively at unlike

crystallographic surfaces of the tabular ‘grains.

_ - The preferred chemical sensitizers for the
.30 - highest attained speéd-granularity relationships are
gold and sulfur sensitizers, gold and selenium

sensitizers, and gold, sulfur, and selenium
sensitizers. Thus, in a preferred form of the inven-
tion, the high aspect ratio tabuiar grain silver

35 bromoiodide emulsions of the photographic elements of
the present invention contain a middle chalcogen,



el s. Al t hough not required to realize atl of 15 their advantages, the
it sions defined herein are preferably, in accordance with prevailing
manuf actur- ing practices, optimally chem cally.-and spectrally. sensitiz
That is, they preferably achieve speeds of at |east 60 percent of the )
maxi mum | og speed 20. attainable fromthé8grains in the spectral regi on of
sensi.tization under the contenpl ated conditions of use and processing. Log

“speed is herein defined ag 100 (1:) og E), ere E, s neasured.in L
neter-candl e- sUFTHSEE ‘éé‘%ﬁwq}g slﬂhf“\ggﬂfe“g&&i Wc@"ihBeZS si | ver
hal i de grains’ ofdmmb]seprnmh\pllb,emmtﬂrdm deenecz:adble.t Mhepossible to
estimate fromf % 0 et her
‘Gé[ddlf prg‘g‘:}t& 15 pa\eiz.f @ﬁ‘i:ba&‘%{ fd% ?%1% QE%EF gghet h

an emul sion | ay y chem ca and

spectral |l y senS|Qh%R§Y4¢#QR) a%ﬁﬁ%ﬁﬂ“ﬂFhﬁ)ﬁﬂﬂﬁ&ﬁﬁﬂﬁ S0 thGPrerlngs
of other mguf acdyas rﬁrca‘e inf e ioel tdalsivnecan dédv mm? eedubedpr esent

chem cal Ty or Z&ev @%ﬁﬁﬂﬁﬁ“’é@%%&w@e{s@e Variery of
" Once high aspectthentpre fextnedifopms ri.mﬂiwme@ablweetboemaguﬂcrat ed by

precipitation giAfsy ﬁiﬂd‘:ﬂﬁd@ﬁd HEeS ldnotér 3319R%Cr i bed
above, their pre atlon C be gp eted by th ncor pqrati on_ of
conventional ph 2%!1 iﬁ@ CyaRBLei 8Tt o

phot ogr aphiypg 5 anamer @Itlvers halide iofy d’iﬂdmt hﬁgelet aontento-
duced--e.g. . coryent | onah AUl o RAAVRY Rdksale mgqgapm c

el ement s accor di Yi¢ prese i-nvention Tnten i mages
can be hardened QI'EF aﬁ:l@@t ahlvar el max Peoprasent: heloy detesctabley of
i ncor porating -addiydignal hardener during processing.-This pernits |ncreased

.SI | ver covering power toﬁethro%agl Zn%dt %'Sefuoi eadr et% tr% t}_ oto relphlfc

15 their edvantages,-the emulsions defined herein are
‘preferably, in accordance with prevailing manufactur=-
ing prectices; optimally chemicaily and spectrally.
sensitized. That is, they preferably achieve speeds
of at least 60 percent of the maximum log speed

20 attainable from the grains in the spectral region of
sensitization under the contemplated conditions of
use and processing. Log speed is herein defined as
100 (1-log E), where E is measured in meter-candle-
seconds at a density of 0.1 above fog. Once the

25 silver haiide'grains of an emulsion have been charac- -
terized it is possible to estimate from further
product analysis and performance evaluetion whether
~an emulsion layer of a product appears to be

- optimally chemicelly ‘and spectrally sensitized in

30 relation to comparable commercial offerings of other
manufscturers. To achieve the sharpness advantages
of tﬁe'present'invention it is immaterial whether the
silver halide emulsions are chemically or spectrally
sensitized efficiently or inefficiently.

35 .. Once high aspect ratio tabular grain
emulsions have been generated by precipitation



el ements sim.larly hardened and processed, but enploying non-tabular grain;
enul sions. Specifically, 15 it is possible to harden the high aspect
rati o_fjabul ar grain emulsion layers and other hydrophilic colloid |ayers of
bl.ack- and- whi t e . phot ogr aphi ¢ ‘el ements i n.gg-anount sufficient to reduce
swel | i ng of the layers to | ess than 200 percent, percent 20 swel |'i ng
being determi ned by (a) incubating the photographic elenent at [ERR] for.3
days at 50 perceprocedutréssg wvasthed ; yand 9emektsizedy asamsdrhl.lheldness (c)

i mrersing the phﬂﬁ&@éap@h&i@ﬁ%ﬁ@ﬁﬁtéi&éﬁ5%& 7Tl 3 m nutes,
and (d) measuring- chah er thickness. t oug hardenlng of
t he phot o- graphg%cg%?@%¥§°? rﬂ%rﬁﬁﬂ’qq}if%ﬂ Photoagraphics epﬁéaextenft

Spoci {1 ol Iy b o ey Sy Pead (60 pee AT ?“"t“{@% r‘”ﬁ?f”‘*?"ﬁ??d' 'n the
plroesent 30 5 an%gﬂg'ga%ia#%er?%}% 8¢ % itehae PEPS . It is
further speC|f|céﬁ¢9dtnmt&nplemuxbntionainblankianﬂ4uhiten@m@uogrpphgess|ng
i R e e A
har deners (for e-béchatsdened taoean Iext!natslrfﬂﬂti&?ﬂ:ea:rocbbﬁiae@thbe Vol .

g el 261 GE Sty S RV T

i ni mum densi t s1on coa gor
whi ch increases Pﬁ'?ﬁ#ﬁﬁﬁ%ﬂm %rP%#%éwm&%m yegi syveninz

di rect-positive powesi €4 waéemé‘dirhdﬂa:dﬁ pard b Y a'@l&i'cncorporatlon
tabi i zers and SLHRAEEE ARRIAAF S %edea%ﬂa%n%pg lsr""e%%%h,ggﬁi ayers prior
to coating, as |¢¢pknytnsxhonrGlhuiazﬂgnntnﬂemnhsioﬂ%ol Speaifieadiygr 1978,
ltem 15 it is possible to harden the high aspect ratio
' tabular grain emulsion layers and other hydrophilic
| colloid layers of black-and-white photographic
i elements in an amount sufficient to reduce swelling
- of the layers to less than 200 percent, percent
20 swelling being determined by (a) incubating the
photographic element at 38°C for 3 days at 50 percent '
relative humidity, (b) measuring layer thickness, (c)
- immersing the photographic element in distilled water
_ at 21°C for 3 minutes, and (d) measuring change in
25 layer thickness. Although hardening of the photo-
graphic elements 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 emulsions used in the present
30 invention can be hardened to any conventional level.
It is further specifically contemplated to incor-
R porate hardeners in processing solutions, as illus-
| trated, for example, by Research Disclosure, Vol.
184, August 1979 Item 18431, Paragraph K, relating
35 particularly to the processing of radiographic
' materials. ”
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are effective in emulsions can also be used in

__developers and can be classified under a few general
_headings, as illustrated by C.E.K. Mees, The Theory

of the Phot;graphic Process, an Ed., Macmillan,_ - <

1954, pp. 677-680. ' '
- Where hardeners of the aldehyde type are

employed the emulsion layers can be protected with

conventional antifoggants. o

_ In addition to sensitizers hardeners, and

_ antifoggants and stabilizers, a variety of other
conventional photographic addenda can be present.
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

30

35

brighteners can be introduced, as disclosed by Item
17643 at Paragraph V. Absorbing and scattering
materials can be employed in the emulsions.ofpthe
invention and'in'Separate layers of the photographic
.elements, as described in Paragraph VIII. Coating

. aids, as described in Paragraph XI, and plasticizers

and lubricants, as described in Paragraph XI1I, can be

-



as well as other, conventional silver halide emulsion layers, interlayerg 4
overcoats, and subbing | ayers, 15 I f any, present in the photographic :

el engnts can be coated and dried as described in Research Disclosure, Vo\-
176, cenber 1978, Item 17643, .Par agraph Xg | n accordance with
“established practices within the art it is 3e0|f|cally contenpl ated to 20
bl end the high aspect ratio tabul ar graln enul sions used in the present

| Ie%legf io?n? ;M.ot Qate?g?reéggh dAcﬁ‘:e:lr'rul sion l'a er r@su:’déed%ﬂ%‘defi&ir @e&?aa-
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phot ogr aphi c el eneaddemdaaarefd'es?cmﬂmﬂatim maﬂtrﬁph xm.endlartgimgn be. -
enpl oyed to '“Creaﬁgeﬂé s U646 O 61 AESE Eedsidd f{eéc%ﬂﬁ‘lnag’a%@%%e and

processing, to decrgase or- | ncrease o e

characteris- 80 XV&.cuPeveloping Regerth and koﬁﬁ;RPQﬂﬁ) 18??0
acconpl i sh this thgagyuisi aesiséd] bé Laeerpdrie ey e ddgdedanisnh

Di sclosure. Vol | TASEEARHE K 165 YOF T oy Wi §°e§.ear€qef°§[f3\%§ Para 35

graph I. It is spetehents|gf ctive cipveneton mie cintandedrod serve as

grain siiver iﬁf’o?ﬁée SRR app | SEUCAIADT danyt SUIGL %&%‘g‘génf%%' §"
emul sions of lRe ppésthe radieographic element canrtake any wofe thentfioxms
. and{ or sensitivi tll’s écffic511 WIKH@% HddearcH fﬁis@l%}%'t_u gfltggfem
SruLst on oo resul a3, EUELR ik, A o L SRR
present i nvention emp#e@laa5|otherJibonuenﬂinnxiIsi&uerchmﬂadu egud siogh
8" ohk o o c P8, (BT el T B O R
one sil ver E ﬁua%yoﬁpresent 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
20 blend the high aspect ratic tabular grain emulsions
used in the present invention with each other, dis-
- cussed above, or with conventional emulsions to
‘gatisfy specific emulsion layer requirements. For
i example, it is known to’ blend emulsions to adjust the
25 characteristic curve of 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 '
E increase oinimum density, and to adjust characteris- d'
30 tic curve shape between its toe and shoulder. To
accomplish this the emulsions of this invention can
be blended with conventional silver halide emulsions,
- such as those described in Research Disclosure Vol.
- 176, December 1978 Item 17643, cited above, Para-
35 graph I. 1t is specifically contemplated to blend
the emulsions as described in sub-paragraph F of

-
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fayer as well as overcoat, subbing, and interlayers 15 can be usefully

' ‘Mded.  Instead of blending emul sions as descri bed above the sane effect
sual ly- by achi eved by coating the emul sions to be bl ended as separ

rs. Coating of separate emnmulsion |ayers to achi eve exposure |atitude
iis well 20 .known in the art, as illusgpated by Zelikman and Levi, Making
and Coati ng Photographlc EnuIS|ons Focal Press, 1964, pp. 234-238; US.
Patent 3,662,228; and U K. Patent 923,045.. It is further well known in the

art that incr @mgqﬂphcig.rapihen %relaﬁmtloarfﬂm rgralirnzsd.lwleen faster and
sl ower emul - yg;&er %Jﬂ?ﬂ% L PrUries ‘a@{%@%&m% Jla@eRicendi ng.

Typical ly the ayer | S coat 't e negrer "t he exposing
- radi ation sourthe QﬂQﬁMﬁhﬁﬂﬂﬂﬁﬁﬁﬂ¥l tiom, & th&Th can be 30

extended to t mﬁfz-e:asémtre thep onyEs amu\om medmty-smb l,ayer

arrangengnt s WA { r f

"nventi ord The ReRfT r§44u°%34141=aﬁ84%1§9}a?=%‘1 T o
variety of sumeRukE, Eliyrﬂ%!ﬂhtp Pa@mlhlé@pddﬁt andnd.Sde

pol yneric fil papipd 3 o7 J-, paper, metallic sheet and foil, glass
-53- and ceramc supportln elenent rov ded th one r--mQre subbing -
| ayers to enhance the & ﬁm EgEP§§F§e

har dness, - fri Catdeanii.ngarﬁd hnieat meam/maﬂdwn m@yt laesiefglehe support S

"~ surface. hese ort are wel] e for
Resear ch sclY ay%(f"ﬁ?cé% 3"7"2[5@'l é’rﬁcf? 5?"3# XVI l.
Al t hough the gnaisl csrill\anerbmdiagddrda amlltsﬁmmald y!e(ﬁimeddhas‘edont i nuous

| ayers on sup @%ﬁ | a s, this need not =~
be the case. - %%q ayers .,p corﬁatei eraIIy d| spI aced o

| ayer segment§Q‘3°(?ﬁ'l ié-ﬁ’&l Fer or -

| ayers layer as well as overcoat, subbing, and interlayers

- 15 can be usefully included. Instead of 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 exposure latitude is wvell
20 known in the art, as illustrated by Zelikman and
 Levi, Making_and CoatingﬁPhotographic Enulsions,
Focal Press, 1964, PP. 234-238; U.S. Patent
3,662, 228 and U.K. Patent 923 045. 1t is further
well known in the art that increased photographic
25 speed can be realized when faster and slower emul-
sions are coated in separate layers as opposed to
'blending. Typically the faster emulsion layer is
'coated to lie nearer the exposing radiation _source
" than the slower emulsion layer. This approach can be
30 f'extended to three or more superimposed emulsion
) layers._ Such layer arrangements are specifically
contemplated in the practice of this invention.
o ~ The layers of the photographic elements can -
N be coated on a variety of supports Typical photo-
35 _graphic supports include polymeric film, wood
fiber--e.g., paper, metallic sheet and foil, glass

ot



are segnented; it is preferred to enploy a mcro- 15 cel lul ar support.
Useful microcellular supports are-disclosed by Patent Cooperation Treat
publ { shed application W80/ 01614, published August 7, 1980 (Bel gi an Pat ex
881, 513, August 1, '1980, corres- pondingysgad U S “Patent 4,307, 165.

M crocell s can 20 range-from1 to 200 mcroneters in wi dth and up -'to 1000
mcronmeters in depth. It is generally preferred that the m crocells be at
teast 4 m cromatald; ¢erantb rsuppbrting tedlenezdd providedewdthnodepon, with

opt i mum.di rrenSI ﬂé;ngq e letiHan?'eS the athF‘i‘th hwgggj -dept h for
n - |te

ordi nary bl ack-a | i,cati,ons-<particu ere.the
phot o- graphic i 15'(? éﬂ’ﬁ’t‘ge@"ﬁﬁésﬁholfﬁéf' Ar8le| enent s
of the present lsnﬂtta]m:imm arl /o gethiexe propertdeisn ofngheosupper 8o

I h I I 17643,
L Toa aboy rPar agr% Onl?fescHThe resentlgl:és%‘%r]ﬁ kg"% ﬁUEﬁe PE@

‘cited abov XV I nvention is tLcu :
advant ageous whe¥e Bisclostrei,t N°él-ee?f’c- magnet iC

radi ation Wt hi mé&mﬁ@glms)f ],tm AU ,UBedTion XVHE.Ch the spectral
sensitizers present exhibj.t; or ma, When th hot ogr aphi c

el enent s “54- are i nt dHGRP "Isi‘ r%fo ugage n layer °FeS‘98F3 gf?ar ed
éxposures, spectuypicalkiy tcmedalnardmnu}mﬁshda@bm ogr eappored or
infrared p |or}!£; | a n I magi ng
applicati O(I’)Igél t iﬁé]eoISr eg er :ﬁrfgﬂtpﬁgql 5 gtgg r gﬁheéigl gﬁéﬁtagﬁ :
ort hochr omat i callg e Mﬁzedcea per pratedgds to extend
sensitivity' V\IIMJI-.&:*EIM s:uty mtlr sB%dl'eﬁ%Ts eRcmdy18AMEOYyed for

cxposure can be il TRuealy G B 00 el upe1,
reduced tenper ataresegmntedy disdsepreifecired 1o emplogr al mbcrokensity
exposures, LONtIdWPHR4F suffdet.! ! Ybe FUlP Bt roee130A82  sGppbEES are
disclosed by Patent Cooperation Treety published_
application W080/01614, published August 7, 1980
— ~ (Belgian Patent 881,513, August 1, 1980, corres-
_ ponding) and U.S. Patent 4,307,165. Microcells can
20 range from 1 to 200 micrometers in width and up to
1000 micrometers in depth. It is generally preferred
that the microcells be at least 4 micrometers in
width and less than 200 micrometers in depth, with
-optimum dimensions being 10 to 100 micrometers
25 1in width and depth for ordinary black-and-white
' imaging applications--perticularly_where_:he photoe
graphic image is intended to be enlarged.
- The photographic elements of the present
invention can be imagewise exﬁbsed in any conven-
30 tional manner. Attention is directed to Research |
Disclosure Item 17643, cited above, Paragraph XVIII. |
‘The present invention is particularly advantageous
when imagewise exposure is undertaken with electro-
magnetic radiation within the region of the spectrum
'35 “in which the spectrallsensitizers present exhibit
-;absorptien'ﬁaxime. When the photographic elements




raqging frommnutes to.relatively short durations in 15 the mllisecond '
0| ilcr osecond range and sol ari zi ng exposures, can be enployed within the

4l response ranges determ ned by conventional sensitonetric technlqu~ﬁ
fllustrated by T. H Janes, The .Theory of the Photographlc Process, 4
Ed., Macnillan, 20 1977, Chapters 4, 54-17 18, and 23. The

| i ght -sensitive silver hallde contalned in the photographic el enents can be o

processed conven- tionall foll owi ng exposure to forma visible i mge by -
associ ating tmesuimen«ai itoe rRicomdablugue gweens red,kari fnfrazedm in the

- presence of a gieFiigd raG.OIiTeQisfi%(ine'i- hb%oﬂ%‘ih?”lﬁr chbebther,rent Once'

o | h b fO

_ &ﬁ%ﬁ?bhﬁﬁ%@sﬁm? rniﬂ“rle"ﬁﬁ ePgltggeg ?%%gF ﬁBFFgEm‘Tié hi gh aspect
30 ratio talpremenfrai rrasnﬂlamndf-whlisepdmaﬂ.ngu applicatdonsr it
Bhorter & o &Y?’é&"ﬂ 43 ehet AU “°f°"?:i§m LedbhERRbEr 07 107 |
__-photographlc ardhachr #ﬂﬁ;kﬁa ti& V‘HéﬂsiﬁgﬁégfﬁP produci ng

: flh lver i rr?ggs permite lighti ity eakaqehdd sensitdvity wichiar etei vdgtblier ough

e use o er e S| a

y%ﬁecé e A Qiﬂi ahnte ef %g& %hgﬁ@&rg e gggghﬁrﬁeggln he

- projectable c _ conventlo $%eE i'nC ora
support of thoepndm@ergmapwnbeseemeﬁrandnn phase) owage esentt(én under- 5

taken as ydpscrhdbe %ddaadabgaaa%erse 2 Thlalg ¥ seR% ohﬁréeraed the
el enent |s r end re sub tanti al i'ncapabl e ol transm-itin

t her et hr ough, - QWQEEFnPHQrEﬂ95§dIt&ﬂ?‘?§‘PF&ﬁsﬂPF?SH corres-
pondi ng in CO|p):redSthtdb9, dﬁdcl:udﬁngt highijproliow inteh8ityt kxposayes,col ored

Lo oan be et 156 10e Lo AR SRR R hRBoHBFICRIREE] DY U000
‘having a tranmm r!ltimim &id e altd-MedH phomgdapatéosseinnt s can
15  the millisecond to microsecond range and solarizing
exposures,_can be employed within the useful response
- ranges determined by conventional sensitometric | o,
techniques, as illustrated by T. H. James, The Theory
of the Phogggraphic Process, 4th Ed., Macmillan,
20 1977, Chapters 4, 6, 17, 18, and 23.
| The light-sensitive silver halide contained
in the_photographic elements can be processed conven=-
tionally_following exposure to form a visible image
by associating the silver halide with an aqueous
25 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
fix the undeveloped silver halide. The high aspect
30 ratio tabular grain emulsions of the present inven-
tion are particularly advantageous in allowing fixing
to be accomplished in a shorter time period. This
allows processing to be accelerated. o
o - The photographic elements and the techniques-
35 _described above for producing silver images can be
' readily adapted to provide a colored image through




15 be used to forn1dye i mages therein through the selective destruction /,
or formati on of dyes.” The photographic'elenents descri bed above for
formiag silver inmages can be used to form dye i mages by enpl oyi ng’

devel opers contai.ning dye inmage formers, 20 such as col or couplers, as
illustrated i n Research Disclosure, Vol.=3%6, Decenber 1978, Item 17643,

Section Xl X, Paragraph D. In this formthe deveIOper CORLaIRS a 't”

col devel opi n n pne i C its - :

oxi di zed form | SHo dks ‘%@w "X Beknabd; Bhe; nlmplgh croprondhit6) <o
p

formthe inmage &W& GGGGM €0, Dreinagevel9onuenbkonnborporated .'

eore ROt o0 ey care bRy t“""'?&"ﬁé'm“e?‘&' SHS| SUBBOEE of ERY PHOEST ¢
i ncorporated in i ff.erent. a

effecfs For eﬁé' hic ele qg&ﬁbeﬁpg i&ﬂeﬁfiEBSﬁlgPrPﬂtF@Fa?gﬁﬁrro t he
silver covérage t@&#nbOSI deisczdbed mbeveihalnnareas! yvherpl aysilwepunts in
faster and interpRdeay %E&ﬁﬂde%HESEQQmEﬁtei rgﬁdegpracpbstadbf § (.

d f I orm su
yollow magent aincas rl%a(é?'&"%an¥miﬁaiesdiss hEnEharethEough § Land| ko
col orless coupl ehe feﬁpdn&mgnaugasoﬁnbhtsiﬁftﬂaﬁﬁﬂitﬁgdredﬁgegnfratesfln

I y ve desire ects for
Singl e O Separ BLadiAgcin %%P tBTERRYEB1RR GECEEY pimRbES R S oo
coupl i ng ca® reﬁ@ééewpwbﬂogp Iﬁdaﬁnygeseanlberagaéﬁly forméd as Theel opnent
Jnhibitors or agaBeceaizae, ohcatlo 58 heREiObd bISUELLP ANARS, S ver

gen Te

hal i de 10 sol vent one eners ggl n gants,
conpeti ng coupl 97€, %éﬂé éFYSF eFedyeafi §§ﬁ§|Gfﬁ@@%tahﬁsekh%mSWiﬁ ers.

Devel opnent i nhiahi edeneakehavigg( D Rrafopatent sappset! known in the art.

SO are dye- forn1ng COUpl%ﬁ% gifvgg ngide photographic elements can

15 be used to form dye images therein through the

' selective destruction or formation of dyes. The
- photographic elements described above for forming

silver images can be used to form dye images by
employing developers containing dye image formers,

20 such as color couplers, as illustrated in Research
Disclosure, Vol. 176, December 1978, Item 17643,
Section XIX, Paragraph D. 1In this form the developer
contains a color-developing agent (e.g., a primary
aromatic amine) which in its oxidized form is capable

25 of reacting with the coupler (coupling) to form the
'image dye. _

Dye-forming couplers alternatively can -be
incorporated in the photographic elements in a
. | conventional manner. They can be incorporated in
' 30 different amounts to achieve differing photographic
effects. For example, the concentration of coupler
in relation to the silver coverage can be limited to
-less than normally employed amounts in faster and
intermediate speed emulsion layers
35 . The dye- forming ‘couplers are commonly chosen
to form subtractive primary (i.e., yellow, magenta




form ng conpounds whi ch upon coupling release a variety of -

{ ogr aphically useful groups. DI R conpounds which do not form dye upon

action with oxidized col or-devel opi ng agents can al so be enpl oyed. DI Ry

compounds whi ch oxidatively cleave can 20  al so be éenployed. Silver

hal i de enul si ons which are relatively Lsght insensitive, such as Lipmann

emul - sions, have been utilized as interl ayers and overcoat |ayers to

prevent or control the migration of devel oprment ‘inhibitor fragnents. 25

" The phot ogr aphamd ecmhtisnagm dyemrqmi atm mdmiieﬁfugﬂblfew wolpriess ers,

such as those @&%Pasfi Dy &4 B2 dO'arEaAl :faalc%riddmges
ou ers ghot o

and/ or conpetin ra hic el enments._can rthe
i ncl ude converﬁ%l slay%q n %%ﬁ\?@’ é:& scl osed

in Research Dlscﬂwew edesu-ed Jﬂﬁfemetomrsﬂeﬁffid tptrotbgréphisect i on VI .
Dye i mage r-anmplified by processes which enploy in
natBn o WP LGSR

conbi nat i i mage- gener ati ng reduci ng %gdnt an OX|d|2|ng
agent in -57- the fo'mﬁ oﬂmqu I!St‘FQiJElQﬂ‘Q)mm #oupdingogArex, and/ or

a peroxi de oxighFeédie et E DYyl FrapiintsSA rsu@tp@sce dye

I mages through th sele tion of e precursors,
such as S|Iver< ?ﬁ%%ﬁ ?gg;q{)qgfﬁéggég?ﬁﬂ%uﬁ% n formng dye

i mages in sil mcekeﬂmmotdnyaalmlainslms, tsd lvemhaliide devel oped

silver by, bl eagdi ¥éhes S%héfm\w&r@efs&ﬁ dedrOlapigd i on of a
bl each actel erator or qFprecursor there roce55|ng sol ution or
] Ypkehife £

in a layer of %#88&fthe %m spectridler forned by

- devel oprent lSsmtizérseim|duséxmimamuntne:fe1dwhemwduced,- _ _
pRrLeuar Y e IR AP Y i AT i L v 18
. the art. So are dye-forming couplers and nondye-.
15 forming'compoﬁnds.which upon coupling release a
variety”of5photographica11y useful groups. DIR
compounds which do_not'form dye upon reaction with -
oxidized.color-developing'agents-can'also_be' |
employed. DIR compounds which oxidatively cleave can
20 also be employed.‘ Silver halide emulsions which are
_ relatively light insensitive, such as Lipmann emul-
sions, have been utilized as interlayers and overcoat
layers to prevent or control the migration of
development inhibitor fragments.
25 The photographic elements can incorporate '
colored dye-forming couplers, such as those employed
to form integral masks for negative color images,
~ and/or competing couplers. - S
" The photographic elements can further ’
30 include conventional image dye stabilizers. All of
the above is disclosed in Research Disclosure, Vol.
0176, December 1978, Item 17643, Section VII.
Dye images can be formed or amplified by
proceSses which employ in combination with a dye-
35 image-generating reducing agent an oxidizing agent in




effect. In still other applications the silver image is retained and the /i,
‘dye image is intended to enhance or supplenment the density provided by the{"
i mage _silver. In the case of dye enhanced silver imaging 20 it is usual.
preferred to forma neutral dye or a conbs'gtion of dyes which toget her
produce a neutral image. The present invention can be enpl oyed to produce -
mul-ti col or photographic i mages. Generally 25 . any conventional nulticolor:
ib'rra_gi ng el Sment zlsrwti;ﬁfh,ddm&:atideaastt_r??_itiﬂowhghﬁui deneteuhpitl_aﬁ,lta%elr can
€ | nproved nere | l4.S Ing_a_hlgh aspect ratio tabul ar
grain emnul si on a%‘i%}r_%'ﬁ% R& -?ﬁédeptég@gr%#%%ﬁﬁn M. = The present invention
is fully 30 applicabl e The phatographice elementsl cani prgdugeadye _
subtractive nul tisales EHRAIgH thel @eldctIverldasithfictlBhi 6 49Bs0br! hi s
i nven- tion.to qggl | ve nmul t71 col or |nag|qgv a flltga arhaé cont ai ni ng
interlaid bt ue, PeRFEHIPIEr BuAS3SL1versdyn-bleanh Brerpeesea in
conmbi nation with a phot oditafs @ csimare piraxtdeediing fornihg gdyesémageaven-
“58- tion capable, Gt Rk Ha1id e pdeloptaphiROB1 ehtele 8 85 RERbVp LR {abUl ar
grain emul sion of the present I nventi on Ich 1s panchromati call _
‘sensitized and \eeelaradsidver by Sleachingot o§ughhrenevaleseni Bes
i"magew se e?poseﬂgﬁﬂa&w H@Wo&"a‘tﬁ.o?r brfahybflhthﬁhr.aaﬁé?ﬁra?&fér
processing o produce a silver and _view n ro e filter array,
Bt cot b8 Py Eere T in s pFoehahiog: BRLAORoPE) Mhion
Hence both the paerycpitihe ¢lememt .andnl@omet hostahtes theagmbvnh have or

share in common td ERsdar I IagihakieC 33t Nt ag | so be
realized by the flfp'p ﬁcat | on 'oeaé% dgeg\fgr#?‘lg%ltt ggmﬁ tq?igoigr ig%gtega?aphi c
n

el enents whi ch pgiddilte apaunt oo dyenpgoduesd, pagtkicylsriy: tBndyes
subtractive priniage ramplification, as described above, and silver

15 ©bleaching is omitted without substantial visual
effect. In still other applications the silver image
is retained and the dye image is intended to enhance
or supplement the density provided by the image

_ siiver.' In the case of dye enhanced silver imaging

20 it is usually preferred to form a neutral dye or a

combination of dyes which together produce a neutral

image. o
_ The present invention can be employed to
~ produce multicolor photographicfimages. Generally
25 any conventional multicolor imaging element contain-
_ing at least one silver halide emulsion layer can be
improved merely by adding or substituting a high
. aspect ratio tabular grain emulsion according to the
present invention. The present invention is fully
30 applicable to both additive multicolor imaging and
subtractive multicolor imaging.. :

To illustrate the application of this inven-
tion to additive multicolor imaging, a filter array
containing_interlaid blue, green, and red filter -

35 * elements can be émployed'in combination with a |
photographié element according to the present inven- -



Such photographi ¢ elenents are conprised of a support and typically
ast a triad of super- inposed silver halide enmulsion |ayers for
ately recording blue, green, and red exposures as 'yellow, 20 .
magenta, and cyan dye-inages,'respectlvgb In a specific preferred form a
m nus bl ue sensitized high aspect rati02Pabul ar grain silver bronoiodi de
enul si on accordlng to the invention forns at | east one of t he enul si on

l-ayers i ntende &F‘a tq . bl ue,

- green, and redii%‘:egg?;big %%ﬁl’érﬁ%g‘bﬁ?%l ?&eﬂ% aph| o

"~ elenent. The t S Q :
exposure of thinwéation owitddh il paachrdmattedYly demuatedsw bI ue |ight

30 ddi t- rd. Th
20 ) e AR E06 B SE bAoA A T,
expresseddin tbna@ewisq ERRjosed) through ahemdditiye primary M]ten og [ERR]
- 35 E d
- light the tabu Pgag{;%;:e& m%ifs%?%{@n& ﬁ to éraegcg‘}%r ERRfrbre?ng
the | og of co n%b’é‘lﬁ feT AT TaYe t‘alﬂ!ﬂ "éﬁg emul si on
also 5 dlreceinmge is m'eon‘h Buch r images xqrs best Fridwed by .
met er - candl e e ess an -
0.7 (preferablsﬁp‘f)‘irgslét%%gn S(f??é@%# 31'1#‘%%0?1‘”' ngicgl%cle%&%% legq"l‘:image '
replicatib® ofthenfilten| arrayfheth havejor sh ixgommon @y in view of .
~the high propog,fg.p?ﬁe;gg agﬁppagsent in the errul sions-as defined herein

ot A ar o oo utEinfh e Svddeleds L AR pedliALO AL
conposi tion arhiyaﬂeeaqwhﬁcat:gpmlmf ditebe timventiormh o muleddodora hi gh '
aspect ratio tﬁﬁ%%éﬁr&ﬁﬁié éléd@ﬁt§”ﬁﬁ¥&ﬁ“¥£¥ﬁdﬁ&“ﬁﬂI¥lé§id¥ﬁid3§es |
15 from combinations of subtractive primary imaging '
| dyes. Suoh photographic elements are comprised of a
- _ ' support'and'typically et-least a triad of super-
' imposed silver halide emulsion layers for separately
recording blue, green, and red exposures as yellow,
- 20 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
~at least one of the emulsion 1ayers intended to
25 record green or red light in a triad of blue, green,
and red recording enulsion layers of a multicolor
photographic element. The tabular grain emulsion is
positioned to receive during exposure of the photo-
~ graphic element to neutral light at 5500°K blue light
30 - in addition to the light the emulsion is intended to
record. The'relationship of the blue and minus blue
" 1light the layer receives can ‘be expressed in terms of

pa

4 log E, where
_ ' "8 1og E = log Ep = - log Eg
35 log ET being the log of exposure to green



herein a higher and usually unacceptable | evel of color falsification wl
result.  In a specific preferred formof the i-nvention at |east the m nu
20 bl ue recording emul sion |ayers of the triad:-of blue, green, and red
recd?ﬂlng enul si.on | ayers are silver. pg nnlodlde emul si ons as defined

‘herein. It is specifically contenplated that the blue recording emulsion
| ayer of the triad can advantageously also 25 be a high aspect ratio '

tabul ar grai oo B4 KIRIRS e itabd 1a¢ grddn bidudes8ACLE| tnoesdsar cd form of
t he |nvent|035the t%ﬁr ‘grains present-in each of the emulsion |ayers of

‘the triad ha ss of less than 0.3 mcronmeter have an ‘average-
~grain 30 dlaneter oﬂc@: bcdng thei dognefeconpuetentbey=-at | east 2

REFONEEErS o‘% u[‘”l %ﬁ‘f-& Rhgf ‘E&EEQ&OEQB% L{i@bbi‘é!ﬁ“ 189 the

mul ticol or pﬁ S can be assi Spéed I ndex of at
| east 180. 3ece ves. InTieac PFFSSFGﬂcﬁhQKBQFHEHbCEeI%ﬁeﬁ%s according-to

L h;a l nvem} l orhdmd-mw-rsmn\g@t | Q\ﬂless- 8@hetwwiber 153165:8351 tioned

et ween t he exposure ce .an a r:grain green
and/or red enul sion | éP °5P0$8c egﬁegég gé? R?FB uﬁgyllght

exposure, orhﬂss)nhdnmﬂ'ﬂ)lmhdlbayadlllbbtainipgeseceptahhebﬁmagduced in
-density to '%%%f&@%& o&?"ﬁWlEiE ?Br'ﬂﬁﬁ eggn3|§§igeigtofore enpl oyed to

pr ot ect fro t exposure re n recor - enul sion | ayers
~ of photdd}aprﬁttrna%s 0 yidewdof ttaebbisiapaseaorﬁieaypfgsra D&n one

specifically senwafrerthedeinoamaﬁsbhuedéﬁﬂédlnereﬂulnwﬂngamr i's
tri ad and « ndVeinas, Beetet B a¥eqcat BRAR\R.7CpEFHoBRREE YRR Dhic T
el enent is suéhsomparable nposabnlbruorabouesuAgpcet ratiertabuba¥ween the
green and/cw gfaidﬂadaydmad @Eeﬂ&kﬁ“ﬁaliﬁbdEB&pésﬂﬁibﬂgaﬁédbaérﬁib
15 grain diameter is substituted for a high aspect ratio
tabular grain silver bromoiodide emulsion as defined
_ herein a higher and usually unacceptable level of
~ color falsification will result. In a specific
| preferred form of the invention at least the minus
20 blue recording emulsion layers of the triad of blue,
green, and red recording emulsion layers are silver
bromoiodide emulsions as defined herein. It is
specifically contemplated that the blue recording_
emulsion layer of'the triad can advantageously_also
25 Dbe a high aspect ratio tabular grain emulsion as
‘defined herein. 1In a specific preferred form of the
invention the tabular grains present in each of the
- emulsion layers of the triad having a thickness of
less than 0.3 micrometer have an average grain
30 diameter of at least_l 0 micrometer, preferably at
‘least 2 micrometers. In a still further preferred
- form of the invention the multicolor photographic
| _ elements can be assigned an 150 speed index of at’
least '180. _
35 o “he multicolor photographic elements
according to the invention need contain no yellow |



Al t hough only one green or r v
ed recordi ng high aspect rat ' [
iot ’
: \(;(rarpﬁ(r);)gm odlhde enmul si on as descri bed above i g required, ?Egl ﬁtrjl '?lr?l 20
| ghor pn b?Lgp ic el ement contains at least- three separ at e enul sions ﬂg
g green, and red light, respectively. The enulsions other "

- than the required high a i '
spect ratio tamﬂ&H rain green i
enmul si-on can be of. any conveni ent conven- g tlogal fopalresa;?gggdlng

_conventlonal ‘emul sions are illustrated b Rese .
h- Di
cited above, Piiiﬁeepmaber posatponeérbeéweeﬂ a%g ?ﬁgggﬁgéuéﬁgnéégr}13?4§he
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gh aspect ratio

tabular grain g
;Igcor%p%?su&%fl ad ther giellow £ilges tlﬁﬂﬁroné erul si on | ayer

s prOV|ded to

it is prefSerre®nef@nty q’é‘agegr ?ﬁ"@lq defi 123 ‘tboleqis Bhan hy spectum |

ratio . tabul emarrfmsmmm densiit herararord Smpidyed tol oh aspect

recogni zed that al |- Hﬁ mmtmndgngeammeﬁo

.ggfthedphotogr 01'Fenen can adv eoumﬂﬂ I ¢ SR 1ayers

o et oo, t“mw"w sre oGRS SRS RCIR T,
0 o

contrast of th P%I ¢ é‘deﬂiSdaﬁltgistrl HEnl one)\aPe G f/ﬁlﬁ’gﬁ'}t he speed and '

The 10 rbﬁat|9§3§Pﬁﬁg$ g%ﬁ§a$$ f df iﬁgfi&ﬁﬁaidhlrayes dary widely.

sensitized hi ghiﬁsaepbsedtbetVMI GMGQSEG;F?;% ég'g% %Jlgéieéml sion.

| ayers accordin
enul si on Iayersg 8Q53gp05| ¥@E oE'Eﬁeatrﬂldgandnthedtour¢ed°fecord|ng

I-oned “at
3PfhggiathC el expasingdtpdhathony O?ﬂ¥ﬁ§? %aunuﬁ% €a§Wif;chor 13 |
blue Ilgh? ing i&&m@%&VQ@thQB&taﬂt&aanyl&ueetofpbévenﬁ Fﬂégi Gx%osﬁrgnby
| paterial between the green and/or red emulsion layers

and incident exposing radiation.

' Although only one green or. red recording o
high aspect ratio tabular grain silver bromoiodide
emulsion as described above is required the multi-

20 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-

25 tional form Various conventional emulsions are |
illustrated by Research Disclosure, Item 17643, cited

- above,: Paragraph 1. Ina preferred form of the
invention,'all of the emulsion layers contain silver
bromoiodide grains.- In a particularly preferred form

.30 at least one green recording emulsion layer and at
least one red recording emulsion layer is comprised
of a high aspect ratio tabular grain emulsion as
defined herein. 1f more than one emulsion layer is
provided to. record in the green and/or red portion of -

35 the spectrum, it is preferred that at least the

' faster emulsion layer contain high aspect ratio




The present invention is particularly useful with multicolor photographic
el enents intended to 20 replicate colors accurately when exposed in

dayl ight. Photographic el enents of this type are characterized by producin
bl ue, green, and red exposure records. of subelantially. matched contrast: and
limted speed vari ation when exposed to a 5500K 25 (daylight) source.

The term "substanti al mat ched contrast™ as enployed' herein nmeans that the. -
bl ue, green, .and ref a}bg‘é&rdSrG#Pf GP“Fﬁj-@BnFFaQGSQy bed sabdree. 2Lt pl:sa;‘ afibl y

| ess than 10) per cenburbesedewgbhzedOGh&ﬁSilDfofhﬁa@'b’l} e%{%s s %e
imted speed 30 e SbCaath Riylhie DhTRRe, GEOLEE SOOI ere

expressed as a speed_variati on wher
the speed vari at i onelemens Faﬂge ventageows Yebeméstdmll/mrgﬁdimssrw 0

the green or rgd reaelfdnaadabbee§p££dde§i{-b€ bl ue record.- 35 ° o
Both contrast and | og speed ,P%asurerrents necessary for deternmnin ese

rel ationships of the - 62- 0?55?%55|£n¥#ﬁﬁﬁﬂﬂsiﬁxﬁﬂli¥(ﬂﬁniin oo -

exposi ng a phot ographlciebkcrenplratogrqﬂh? é et eu{ga dgs&ﬁlﬂad ?gwbonht 2st
trally nonsel eciiVv u

ggjegc{a a%d 5 pr%iée?slliﬁg H‘? ﬂ%?%gér% h?%f%’\g%g% "S’ree é’r"‘éol BT®¢Per t he

processi ng condltlg:% ;ﬁﬁgaos a{ﬁg ion%ﬂayﬁrnuvany1ﬁ%? ebfgsefpght

and red densitl1@s 18€1 DSk 1-

of 435.8 nmin wav en?t %% ; §4% 1 n llbrﬁi&? r\ﬁg/élpggggﬁ dand

red light of 643.8 a%sRﬁ?s"crlT#é@ abulaar grainSsddver s0

PH2. 1- 1952, publ i srierlomwdrsde oammcnpmai &@Wﬁ%ﬂﬁtgﬁa%‘is( Aveh-

B d , hbm/Ybrk reen and r ristic curves
c;(r)labgagl otted 15 rliﬁ ogr a&lﬁ Yo X8tk FEecoT, ﬁ%swﬁaﬁe@r 4BHRES
el ement has a refl €€® E‘zﬁ)&)‘&qnedatmranmaim&attMsriqhimut nudgdeolor '

.reflectlon denBStléphdxﬁgﬂkbﬁmdﬁiﬂédént independently of the remaining
emulsion layers and without taking any conventional
Precautions to prevent their exposure by blue light.

Y | , The present invention is particularly useful
with multicolor photographic elements intended to

20  replicate colors accurately when exposed in
daylight. Photographic elements of this type are
 characterized by producing blue, green, and red
exposure records of substantially matched contrast
_ ‘and limited speed variation when exposed to a 5500°K
25 (daylight) source. The term ' 'substantially matched
contrast' as employed herein means that the blue,
green, and red records differ in contrast by less
than 20 (preferably less than 10) percent, based on
) the contrast of the blue record. The limited speed
30  variation of the blue, green, and red records can be
expressed as a speed variation (A log E) of less
than 0.3 log E, where the speed variation is the
 -larger of the differences between the speed of the
 green or red record and the speed of the blue record.
35' o Both contrast and log speed measurements
necessary for determining these relationships of the



transm ssion densities. Fromthe blue, green, and red

ctleristic curves speed and 20 contrast can be ascertained by
rocedyres well known to those skilled in the art. The specific speed asg
' st measurenent procedure followed is of little significance, provided
each of the blue, green, and red recort@are I dentically neasured for '
pur poses of 25 - conparison A variety of standard sensitOnetrlc

measur enment- p edures f it tigolor ot hIC ts _inptended for
differing. photpgb‘? Iq ric'i or?s"ﬁ}\? (% §We§ Etﬂg 4 The -
fol | owi ng aremrdtq \péemmﬁerqtcm cglmdsueoppmtgrelg 95500°K.
PH2. 47-1979, aitrdilgh %'- &ralifley mddda@aimqm&am aeﬁlsqw;

~according to the inve tlon capable of i.catin accura |y colors when
exposed i n dayl% "dht"%fﬂee'r sac&ﬁlafq @aﬁ?’é’&@‘aﬁteé %é ntional - -
phot ogr aggi c wocﬁﬂmtwemﬂnmhﬂeﬁmmpmwy uhderhe -

phot ographic gl éﬁ itcmssé ‘aeﬂ\tp'l‘a'tetdhi sl M bl ue
sensitivity of green a d red spec- -t y sen3|t|ze tabu r S|Iver
br onoi odi de erﬁﬁ%ﬁ‘!ﬂ-’#&m %hl&"qwmﬂoﬁe@a epsitdesce

separate the PHercEraphid dleaditiag mrnemsion mu&eomibhtebfand t he

bl ue speed of bl ue. .r.eco enul 1,0 a ing upon the

" specific appli 'idg‘ M%gl&ngttgm eq | Pﬁézédﬁg g&l ns in the
- green andt@ed wmxed:engnj\,erandsmed Ildgghts o@uﬁkﬂeﬁ as d.mwsdelengehl,r ably

208 10| enchi UddUidund Yy Dk feuP ahdiied 14939 T nus bl ue

recordi ng enuIS|on ayers. - I'n sone applicatiagns i.t €’desirable to
i ncrease furt blshed Ry Anarican | O@slbﬁsenéﬁadm ﬁ9§t5FH§er ecor di ng

errthS| on | ayer(smsalg)e 430 h@o@wa;ﬂowl'ﬂo@ka,' Malyue gmq@ sep,ab_qt |hon
echnl Ques, 0 B SR S A IS AT AR Ryb (i Re 1o
photograﬂﬁ(:eﬁarnthe[phnnngndphic element. 1f the photographic
' element has a reflective support rather than a trans-
parent support, reflection densities can be substitu-
' ted for transmission densities. From the blue,
green, and red characteristic curves speed and _
20 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
red records are identically measured for purposes of
25' comparison. A variety of standard sensitometric
’_measurement procedures for multicolor photographic
elements intended for differing photographic applica-
tions have been published by ANSI. The following are
- _representative. ‘American Standard PH2.21-1979,
30 - PH2. 47- 1979 and PH2 27- 1979
~ The multicolor photographic elements
according to the invention capable of replicating
accurately colors when exposed in daylight offer
significant advantages over conventional photographic
35 elements exhibiting these characteristics. In the
"photographic elements according to this invention the -



fastest green recording emul sion | ayer nearest the 20 exposing radiati
source and .the fastest blue recording enul sion |layer farthest fromthe
equv/ng radi ation source, the separation of the blue speeds of the blue
and green recording enul sion |ayers, thougf.a full order of nagnitude.(1.0
log E) differ- 25 ent when the enul sions are separately coated and o
-exposed, may be effectively reduced by the |ayer :ofrder arrangenent, since

- the green reccwcﬁﬁq}u!dﬂhiun1shapdmiwd¢y|wééthblgnéenhendlnedllghc during
exposure, but t rbefrf‘s‘lctri@éagt%Wl%W%i'l%?fb?BﬁoQ%BEHe@le!{S’ﬁ'Y' ng

| ayers may abso reﬁ# 3 - ug gE ore it reaches the
bl ue recording SANeL% é&@ﬁ nVﬁ“§&EH AP BRsTEALEAHPPBYFRg a hi gher
proportion of |(1hphrauetﬂhelwhme speeddiofy theubluenreepedingn be relied .

upon 10 su p%%hnt% i ayg A endl 8108 bBabBCOE P %miNGs Wiife SPoCC

separa- ti mn ue re g l'ayers.
When a bl ue recdiefarsing esdsion dayessneaPepen é38x9990n§h¢ad|at|on

sglulrgsv ]Elh??eﬁ he gp t eerriv:ltﬁﬂal lagtyel%e%dbaq eHel as@nofa¥gbular! slives dgnfle tC grd ]
u i
' gnuIS|on | ayers 4%?4%%% @3 §a§§°BPu§ngnﬁeﬂ1ﬁﬁ§°5?g%35eparat|ong
¥n no instance, dmuimsion luyeru nauepezryetprau&éeuaedeéiamblpflargse
t { t t
oavenl vond SheRpaVA 1o Sl CRcbAnbltoR LAE pILE bR WREs

t hensel ves provi an or rence n
separation or amlxppmuxpn@ﬁmcnemné éon layensas heretofore been required in

o b ' Shoeg e s o e AR e Lech 198, gt ot
s e opey SRl e B o Sohh BesBFEkLbSa R G S .S
col ors when expmﬁmwsﬂhiuelndcnnd&ngleghﬂs&gnc&ayetsohy ebpleybmgnitting a
mich “‘derJEPQ'%%n%%n%&%%%ﬁtbﬁﬂgsEﬁﬂgh'BQpLPQEiQHStESﬁSi8£8£
| supplement the blue speed separations obtained by the
presence of the high aspect ratio tabular grains.
~ : For example, if a photographic element places the
' fastest green recording emulsion layer nearest the
20 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) differ-
25 ent when the emulsions are separately coated and
exposed, méy be effectively reduced by the layer
order arrangement, since the green recording emulsion
layer receives all of the blue light during exposure,
_ but the green recording emulsion layer and other
) ' 30 ' overlying layers may absorb or reflect some of the
| ' blue light before it reaches the blue recording
emulsion layer. ‘In such circumstance émploying'a
‘higher proportion of iodide in the blue recording
, emulsion layer can be relied upon to supplement the
35 tabular grains in increasing the blue speed separa-
tion of the blue and minus blue fecording'emulsion” '



possi bl e. 20 Mul ti col or photographic elenents are -often
escyibed in terns of color-formng |layer units. Mdst commonly nulticol or
p ographi c el ements contain three superinposed color-formng |ayer uang
‘each containing at |east one silver halide emulsion 25  |ayer capable of™
recordi ng exposure to a different thlrcléﬂ the spectrum and capabl e of
produci ng a conpl enentary subtractive prifmary dye inmage. Thus, blue,
~green, and red recording:color-formng layer units are used to produce R

yel low, magent gaydn@ Cymeaoa bdy:e reeoeainFe&aamhwﬁl !ayeayesl nagi ng
mat eri al s need not be esent

ornm.n t can be
~entirely supphqﬁfQﬁﬁ) @@??Fﬂg 2§Fﬁ%£gﬁ§ ’ﬁHEﬁgdggxﬁnﬁg éiﬁg erials are
i ncor por at edi n bilue pbcbwgdagh isdosndayekrqy acdimbtedodenstityyn an 35 :
emul sion | ayer i igk AR dateriad coatde eb&%waéhdFﬁsdbﬂﬁxekaa' ng or
el ectron trans r ag rom -65- a nt enul si on r _of the same.
color-form Eﬂ"@ r?&°ﬁﬁé9§nf“ﬁ&§i&blgﬁySFBOEPB|9§deﬂé£%YBﬁ|ng or

el ectron transhm’tnymmhsebeﬂmeenndbhdmuhob&uegaEparatapnn uBntaowi th '
resul tant col og @%qsg%gat h3fevelr . 3s°UERRCBLAREYCEo! RaRAPLEY 58AURYICT S

an ves

The scavengers™C ocate id fhe emu s on é ense . as taught
by U.S. Patent of ¢he SGBG%GP& iongl; ﬁﬁ’@ﬁﬂa?é?ﬂ‘a ﬁ-ﬂéeﬁesbf'&ﬁléﬁﬁ to

Zloltﬁr fﬁrm n% |th\eel’exlt@ntt5 th&ft they Ii.hlt uﬁh&ahwebypblo&dé’aaﬁnbraea36 3|27 |
ough each caql or . unit .can ain_a_s sion | ayer,
to. thr ed or Sk ASRHIUAE § 1EERE8ts 150 nk Bflel nBeRe . dpRREEERG ar e
of ten |ncorporEMEdn approxigation chereodfi, ngslh;arheﬁetoﬁore be&Wiere the
dest e 1 aver Qi Ald A0RHY adocs Hiteve Teh1BULL! bE SRULELARA] AVCI S

differing in speed to occur: a single ormn runit, it
conmon pract|cdﬁn&ﬂ@&?ﬂiaaaﬁﬂwtﬂpﬂse(biuslByd ninus lue speed

separation is desired for a specific application.

15 Thus, the multicolor photographic elements replicate
accurately image colors when exposed under balanced _
lighting conditions while permitting a much wider -«
choice in element construction than has heretofore .
been possible. S o

20 : . Multdicolor photographic elements are often
described in terms of color-forming layer units.

Most commonly multicolor photographic elements
-'contain_three'superimposed color-forming layer units
each containing at least one silver'halide emulsion'

25 layer Capableiof recording exposure to a different
third of the spectrum and capable of producing a
'complementary subtractive primary dye image. ‘Thus,
blue, green, and. red recording color-forming layer
units are used to produce yellow, magenta, and cyan

30 dye images, respectively. Dye imaging'materials need

' not be present in any color-forming layer unit, but
can be entirely supplied from processing solutions.
When dye imaging materials are incorporated in the
photographic element, they can be located in an

35 emulsion layer or in a layer located to receive
oxidized developing or electron.transfer agent from



two or three) blue, green, and/or red recording 20 color-formng | ayer
units in a single photographic elenent. At |east one green or red recording
emul s{on | ayer. containing tabular silver bronpi odide grains as descri bed
above is located in the nulticolor photo-- graphic el enment to receive -
an increased proportion of blue Iight-dei{ﬁ}ﬁ magew se exposure of the

phot ographi ¢ el enent. The increased proportion of blue Iight reaching the

@

high aspect ratio hORd13eaftobhuilrba’ PAypRYSE, PR dgie doldiEd d bl ue

I'i ght absor p@fo overrying ye ayer.or., preferably,
el i'mination of ovdayernyngsikl ow filter layers entirely. The increased
IOfOloort ion of lblt-uel- X g][]t r !‘aCBi-asiéhbeph'gﬂhtﬁsﬁgsf ds:a:f.di)zédibuwslmd@-i on

ayer can result also,fromrepositioning the 1§ yer unit
inwhich it is coﬁFaFFl@ﬂg'HEQr-gFaPﬁk?ﬁeagﬁﬁggegﬁfw%é%o%#gpr@cﬁgﬁgn. For’
-66- exanpl e5 gr edayawdundtisr withdreguitaot- color ndegradation; sitoka ai ni ng
green and red reCQBﬂhBﬁ PfﬂEtQEQGEB'éﬁﬁl@yt&@ﬂ&éﬁgﬂfﬁln THe! sSdddngers .
respectively, can be pos t|one8 nearﬁ; to.ihg SOﬂrce of .ex osir%%radlatron
5 than a bl ue £88cP& kgcated: ip Fhe gunisien fayers Lhenselves o a8
phot ogr aphi ¢ el emeaughtabyt k8 .aPatentv2;93#;086randbosi £ cinteskayans
requi re- ments ingi A - j S ' arrangenents
of Table 27a, p. %f%gkgﬁsgpgéggngyE§68£Ggggﬁ%gésggfa*2%@%%€gfi%iudies of
the Photograli c BAduetzatedchy Pr8ssPakentydsR36¢327 be enpl oyed. To

provide a sinple, specificalkhoaghabaeR cblotsfepathg! Bayer agsit ccan

-conventional multicolor SI|V§F Eallde gioto?raghlc el engnt duréﬁq@+é%

preparation 15 SRBt&L0#r SIRBAR GTHLELOPLLRAZCF aphY Sy 'Sl?ﬁ?ﬁ’e 1’817

| ayers sensitized emulisienrilayers défferingninf phbtogpapbicnspeed paseti oned

Lo receive exposi dgedliAto®Polakl 18 h"ELhGTR' BO16r CEUERIAY 1dy&ES.
' ’ '15 . unit. Where the desired layer_ordgr arrangement dpes
' not permit multiple emulsion layers differing in
‘speed to occur in a single color-forming layer unit,
it is common practice to provide multiple (usually

' two or three) blue, green, and/or red recording

20 color-forming layer units in a single photographic

element. -

' At least one green or red recording emulsion
layer containing tabular silver bromoiodide grains as
described above is located in the multicolor photo-

25 graphic element to receive an increased proportion of
blue light during imégewise exposure of the
photographic element. The increased proportion of

 blue light reaching the high aspect ratio tabular
. grain emulsion layer can result from reduced blue |

30 light absorption by an overlying yellow filter layer
or, preferably, elimination of overlying yellow
filter layers entirely.. The increased proportion of
blue 1ight_r¢aching'the high aspect ratio tabular '

. emulsion layef can result also from repositioning the
35 color-forming layer unit in which it is contained
nearer to the source of exposing radiation. For '



Instances it is preferred to substitute one or 20 nore m nus bl ue
A%gordrng hi gh aspect ratio tabular grain enulsion | ayers for conventi onal

hyds bl ue recording enul si.on |ayers, optionally in conbrnatron wth Iaygp
er arrangenment nodifications. Alternative |ayer arrangenents can be-
“better apprec- 25 iated by. reference to‘ﬁﬁe f ol 1 owi ng preferred
Illustrative forns. Layer Crder Arrangenent Exposure 30

LR 0 et i R S A
. Order Arrangenentunitsthntntniﬂg'@}eﬁn and red recording high aspeou L TR
. ratio tabular grain emulsions respectively, can be
positioned nearer to the source of exposing radiation
5 than a blue recording color-forming layer unit. -
The multicolor photographic. elements can
take any ‘convenient form consistent with the require-
ments indioated above. Any of the six possible layer
arrangements of Table 27a, p. 211, disclosed by
10 Go:okhovakii,rSpeCtral-Studies-of.the Photographic
' - Process, Focal Press, New‘Yofk,-can be employed. To
~ provide a simple, specific illustration, it is
possible to ‘add to a conventional multicolor silver
halide photographic element during its preparation
15 one_or'more‘high'aspect'tatio tabular grain emulsion
layers sensitized to the minus blue portion of the
spectrum and'positioned'to receive exposing radiation
ptior“to-the'remaining emulsion layers. However, in
most instances it is preferred to substitnte one or
20 more minus blue récording high aspect ratic tabular
 grain emulsion layers for conventional minus blue
recording emulsion layers, optionally in combination
with layer order arrangement modifications.: _ _
Alternative layer arrangements can be better apprec-
25 jated by reference to the :ollowing preferred
illustrative: forms.
'Layer Order Arrangement I
| Exposure
- B . +
30 ) B
_ : = - 1L
TG
IL -
TR

35



IL B 25 _ - Layer Order Arrangenent |V Exposure TFG IL 30
TFR IL TSG IL TSR 35 S : 1L B Layer Order _
Arrangenent V Exposure TFG 5 _ o AL TFR IL TFB IL
10 : _ TSGIL TSR IL SB 15 Layer
Order Arrangenent VI Exposure TFR IL 20 «§7- : TBIL
TFGIL TFR .25 . . _ L SG : _

- - ' Layer Order Arrangement II
- _ ' - Exposure
. . TFB

5 S | ___IL
. . . TFG

o - IL
< | - __TFR
- 1L
o _____sB

| 1L

SG
IL

SR

15 '
Layer Order Arrangement III
L% | _ Exposure

| - | |

| R TG

20 1L

| | TR

_IL

B

25 - Layer Order Arrangement IV
Exposure
+
TFG
. IL
L - IL
TSG
IL
_ : TSR
35 | - 1L
_ _ o . 5




SR 30 35 -69- Layer Order Arrangenent VII Exposure TFR IL TFG IL TB

CK» 10 TFG IL TSG IL TFR 15 .
/ TSR Layer Order Arrangenent VII| Exposure 20 ' o/
+ TFR IL FB SB 25 .' IL FG SG I L FR 30

SR 35 . -68-

Lazer Order Arrangement \'A
Exposure

+
_ S .. TFG
IL
TFB
B 1L
o ___TSG
TSR.
1L
L o SB
15 ' Layer Order Arrangement VI
1 J Exposure , _
r | _ o vl
e : o
| 1L
20 , : . ' TB
: n
s
IL
. _TFR
25 _ . = 1L
. R oo
IL
SR_

30

35



-70- Layer Order Arrangenent | X Exposure TFR 5 _

IL FB SB IL FG 10 IL FRIL SGIL 15 _
SR where B, G and R deS|gnate que green, and red recording color-formb
| ayer units, respectively, of 20 any convqﬂklonal type; T appearing :
before the color forming layer unit B, -G or i ndicates that-the enuI5|on

| ayer or. | ayers contain a hlgh aspect ratio tabular grain silver - '
- bronoi odi de- enul si on, as nore '{I@¥&é§/é¥ian' werd vgd above. F .

' appearing before the col or-forntT TG ndi cat es t hat the
‘color-forming tayer unit is faster in phEFBBPHEﬁlc speed than at |east one
other color-formng |ayer unit which 30 receérds |ight exposure in the
same third of the spectrumin the sane Layerngder Arrangenent; . S appearlng
before the col or-formng |ayer-u B _ _ that the
color-formng $ayer unit is. sIome.L_J_n_.p_h.Q_L.Q_g_r_akhj__Ls_p_e_e.d._t han at 35 | east
one other color-formng |layer- unit which regords |ight exposure in the

Sarre third of the spectrumin thE'§EWE‘EHVET'E{HET'FFTEHUenent and IL
designates an interlayer contain

-

| | | 11.
10 ' TFG

| IL

TSG

1L

. TFR
15 - - ~IL
| | TSR

~ Layer Order Arrangggent VII1
| | ' ~ Exposure .

20 ¥
| _TFR
IL

FB _

. __SB_

25 A B . IL
' ' FG
SG

~IL
c ~__FR

o - — e

35



jenger, but substantially free of yellow filter 5 material. Each
ter or slower color-formng layer unit can differ in photographic speed
om anot her ~color-formng | ayer unit which records I'i ght exposure in thg -
"sane third of the spectrumas a result of its position in the Layer O der
Arrangenent, its inherent 10 speed pegperti es, or a conbinati on of both.
In Layer Order Arrangenents | through | X, the 1ocation of the support is

not shown.. Fol |l owi ng custonary practice, the support will in nost.

i nst ances be. p03|t|oned f arbager @rggE; angement®iIX5  exposing
radiation--that is, beneath the |ay Geursgown. | f the support is.

col orl ess and specularly transm-ssive--1. e., transparent, it can be Iocated
bet ween t he exposure source ' hig ' Stated nore
general Iy, the support can be 20 | ocatT¥R bet ween t he exposure source and
any colorg formng layer unit intended toggecord Tight to whi ch the support
is transparent. Turning fir : nt I, it can be seen:

t hat the photographic el emrent_is.25 <nﬂEBant|allu free of yellow filter
“material. However, follow ng conventionalggractice for el enents containing
yellow filter material, the. ] ' ing layer unit lies
nearest the source of'  expos+ | e formeach color- 30

formng layer unit is conprised of a S|QgﬂE sil'ver halide emul sion | ayer.

I n anot hejaf orm each color- formng Iayerltwnt can contain two, three, or

nore different silver halide—emmtsromtayers—rema triad of enul sion

| ayers, one of highest speed_from3s _ eaf® of the color-form ng

| ayer' units, are conpared, they are prefergbly substantially matched in

~ -72- contrast, and the photdUT?Rﬂﬂ??'§b!¥ﬂf3?‘17ﬂ?'grﬁén and red recording

- emul si on Iayers d|ffer fronq4¢u»44uu¥trﬂ 3¢ Ll ue wacordi ng enul sion |ayer
by . Iess than 0.3 1L .

15 . o SR

where . L ' e o

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

' recording color- fofming layer units, respectively, of

20 any conventional type; | :
T appearing before the color-forming layer

“unit B, G, or R indicates that the emulsion layer or
layers contain a high aspect ratio tabular grain
silver bromoiodide emulsion as more specifically

25 described above, :

_ F appearing before the color -forming 1ayer
unit B, G, or R indicates that the color-forming
layer unit is faster in photographic speed than at

'“;least one other color forming layer unit which
30 records light exposure in the same third of the
'spectrum in the same Layer Order Arrangement, _
S eppearing before the color-forming layer
unit B, G, or R indicates that the color-forming
layer unit is slower inlphotogrephic speed than at
35 least one other color-forming layer unit which



log E. Wien there are two, three, or nore different 5 emul sion | ayers /
differing in speed in each color- formng Iayer unit, there are preferabl
two, \three, or nore triads ‘of emulsion layers in Layer Order Arrangenent
having the stated contrast and speed rel ationship. The absence of yellow
filter material ‘10 beneath the blue reffrdlng color-form.ng uni't increases
“the photographic speed of this unit. $ not necessary that the
interlayers be substantially free of yellow filter nmaterial in Layer O der

Arrangement | re@tgl figag&oa&ga&ugaagFamanéaméS:mP& gg! gu filter

~material can be | ocat ed "bet we reen recording color form ng
units without SREGHIUm AN the same; &&UEFnBSdB? 6ﬁF§nBW%Froﬁn Further, the

interlayer separating Tiedesdgnates aadineeeldyeg eonﬁiiﬁtn &g | ayer units

it depart | ng baaveRber ; BUk- BLbARARGRALY, 280 SF rffiow, *ﬁié%% Serlow
filter méteri Matgrdadnpl Bpeh fegsercary eégwarngotorofomtmc nkaYe®t is not
restricted tounit ¢aa dififabuliar phbvgta hQE‘Dbﬁdédefﬁéﬁ' &fotRér 25

cont rast and £9383 “EekBins; EvERLeF upgnvegf B Pegotds] LISRE cPrRotiite on y

feat ures t hat iai shengamehtbiydr ofr the Apeatyumecassaltesulbugfi 12630 from
Laver O der ARgaminsyl cHecLAPRE: bRkl KrrdhBUSAED 1od YRIER L 0o

green redd}dlﬁ@e@ﬂuPSPGﬁfFéyébsornatnemb&néttenoﬁf b@#hnng | ayer unit, two

separate bl ue, green, qadLE9€r35rdereﬁ9rﬂh§3méﬂé9r fa&%&aﬂﬁver units are
provi ded. Chl{aﬁrﬁggnulshpn Iaﬁer or ¥e£ h? fastg& 1
~col or-forning <8t &P BYBBPEF 1f| 9RF BRER: o %&e?ﬁ%ﬁ&s as
described abocestomaeyspreetigegethangupportewdl Vi iy dsder -form ng |ayer
units - instances be positioned farthest from the source of '
15 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
20 located between the exbbsure source and any color-
forming’ layer unit intended to record light to which
the support is transparent. .
Turning first to Layer Order Arrangement I
it can be seen that the photographic element is
25 substantially free of yellow filter material.
However, following conventional”nractice for elements
containing yellow filter naterial, the blue recording
coloréform;ng'layer'unit"lies'neareSt the source of
_ ‘exposing radiation; "In a simple form each color-
30 forming layer unit is comprised of a single silver
halide emulsion layer. In another form each color:
forming layer unit can contain two, three, or more
different silver halide emulsion layers. When a-
 triad of emulsion layers, one of highest speed from
35 each of the color¥forming layer units, are compared,
they are preferably subs;antially matched in




be_daéé f their slower speeds as well as the over- 5 | yi ng faster blue
recording color-formng layer unit,. are adequately protected from bl ue
xposure. wi thout enploying a yellow filter material. The use of high
‘aspect ratio tabular grain silver bronoiodide enul sions in the enulsion

|l ayer or Iayers of the 10 'slower gr and/or red recording color-formng -
l'ayer units is,  of course, not precluded.” In placing the faster red
recordi ng col or - form ng | ayer unit above the slower green recording .

' Eogorlgorwkn&dh@ﬁa':gnahd6tner9ascd &B&;dccﬁ§e3676£athée§reea aaggggzb924
~ Pate

‘and 2, 704, 82 %Lgﬁs é?g °§3?5§§ ?Iaéggfs gz??oﬁ$€ g%g der

Arrangenent Rf khe &épﬁgrenersﬂea eaxdsdpnglayesrbyolassgt Ani t

_fartheft f;OEb he.ﬁOWheaxnn?ueea&QUtee.dt§ﬁea tbenmefaccsffEe?ntefn recor d-

i ng. col or-form ayer - un e r ing color-formn

| ayer umi t nSEP@% eigfﬁﬁgupg%?%gi nTﬁpgegrgg ?éﬁé ?gghlghly advag-

- tageous in pﬁbdudngglaU&rppnﬂmghCQGablByenprefenhb .y2two,| thoee, The green

recording CobﬁrmEQEFEQQab§y%E Hﬂhﬁsi@ﬂ'qggﬁﬁkeiptﬂgygg brigportant visual -

contribu- tion to nulticqlor.imgln result el n at ed near est
t he exposureA§5§P88mF§tcépHBVénSftBFo&EGFﬁS SOpEF9sEHand gﬂﬁﬁé since there

are no 30 Qequtibnsmi@yerShEOassah&aroEl9bnlowThe1teﬂ hecotUaly

I f I t tant I
cont 1 badl onBegeatt e PLeoFecRRBI0E, BoLPELOPBLNE PRLE has passed
t hrough onl y inferegsesn thec phoitographdc- Bpeedngfl ghis unit.and has 35
‘therefore not ‘been chkt&rego%ngicgkpﬁr5etﬁﬁg'EHFCQhQEri g?gayer unit.
- suf _

. Though t.he bl ue recor ayer unr ers in
conpari son t subsfrantdadd W Axegn §dnyed lpw ﬁﬁé=PES§35Pr§ﬁ&rﬁﬁe&%yeﬁes not

_offset the agaRageTangdbedtd I.n Lagsgthan ebdventional amounts

15 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 green and red
recording color-forming layer units can contain up to
20 conventional amounts of ‘yellow filter material with-
out departing from the invention.' Where conventional
amounts of yellow filter material are employed, the
red recording cOlor-forming unit is not restricted to
_ the use of tabular silver bromoiodide grains, as
25 described above, but can take any conventional form,
. subject to the contrast and speed considerations
indicated.
' To avoid repetition, only features that
distinguish Layer Order Arrangements 11 through IX
30 from Layer Order Arrangement I are specifically
discussed. 1In Layer Order Arrangement 1I, rather
" than incorporate faster and slower blue, red or_'
. green recording emulsion layers in the same color-
forming layer unit, two separate blue, green, and red
35 recording color-forming layer units are provided.
| Only the emulsion layer or layers of the faster



red recording color-formng layer units, since the 5 bl ue recording
color-formng layer unit nakes by far the |east significant visual
contrisbution to the multicolor inmge produced. Layer Order Arrangenent |V
expands Layer O der- Arrangerrent 1l to include green and red -10 recordi ng
col or-formng layer units containing sepafdre faster and sl ower high aspect
rati o. tabul ar grai n enul si ons. Layer O der Arrangerrent V differs-from

Layer Order Arra [V,din v d qu recordlng
color-formng Iag %?“ﬂ':n%b t4 %}a“xﬁ&%‘g’% %51 ue recordi ng
~color-forming |4 eemqhedtde grainssias dﬁ&ﬂ;ihﬁﬁnﬂhqw;-coﬂbc—ﬁdpMBNQ | ayer

unit enploys hi giréeRegrid rw?éd Créc'i-!?édﬁ{ HAdtForsd 'hlgb'l‘igﬂ'roﬁhi%se”“' sion,

as descri bed abaqve. - The e recordl -col o formng | ayer

it n this | nobSHRUSSRE HALE BATHER PSR e kP ki dtc Lt OVER Tcen. t he
prloport i on $f bllyidg ofastemdiliug nmrﬂimercoj.rome#fondmgedayecouding
.color-formng | I and red- o
recordi ng col oraa(gé “%é"‘eig’p I?";/ae?é%m S need’ﬂlt 13 ?l x%‘)E_E:Qaspect ratio
tabul ar grain eri# aRARHing feryedlovh fidter “ﬂtGP-'flﬁé enkseyer

O der Arrangrrentof\high mwg:@cwluwmr irai $31veeOob¥ordiodide
color-formng | aye rl{ﬂﬁt q§h3§fn t h (#Heen and red re&o Hln

col or-forming | %&H & Y& 85 1§YPESi Q%GR As is

poi nt ed out1abovslowémagrennenndﬁqrrreﬂtnecuxdinyrthoﬂqﬁorhdnglﬂgyaner

unit can be co e blyie P enuI5|oh -
| ayers and, an'ﬁj g@gﬂ pﬁ 1:bqél[gu’e I‘Ir"(}gg; |nlg;gde@r¢u S|I(&)lln |1§§Q'g?‘ grﬂe present,
they can differ %ﬁ%ﬁ%é@? qQF 8 dayer unit apgyered

posi tion which tiﬁefélbﬁéxxgﬁbéhJﬁéﬂdﬁdi{?ﬂcﬁﬂaiJﬁﬁfﬁﬂn%n&h%ewouhdtQtherMﬂSe
occupy. Layer Of'&éreAééé‘&‘gsep@é‘é cin BE T edlfd, 'O Taught’ vy US5.
15 ~ Patent 4,184,876 and German OLS 2, 704 797 2, 622 923
2,622,924; and 2,704,826.
Layer Order Arrangement I11 differs from
‘ Layer Order Arrangement I in placing the blue
recording color-forming layer unit farthest from the
20 exposure source. This then places the green record-
_ing color-forming layer unit-nearest'end'the red
recording color-forming layer unit nearer the
exposure source. This arrangement is highly advan-
o tageous in producing sharp, high quality multicolor
25 _images. The green recording color- forming layer
| unit, which makes the most important visual contribu-
tion to multicolor imeging, as a result of being
located nearest the exposure source is capable of
_ producing a very sharp image,_since there ere no
30' overlying layers to scatter light The red recording
color- forming layer unit, which makes the next most
'important visual contribution to the multicolor '
‘lmage, receives light that ‘has passed through only
~ the green recording color forming layer unit and has
35 therefore not been scattered in a blue recording
'color_forming layer unit, Though the blue recording



angenent IV in providing a second fast red 5 '

recordi ng color-form
eélor ?2?%1nghigceLsuﬁ?flglgn?ﬂ bet ween the tabular grain b?ue recordlg]ng
. n e source of exposing radiation,.
the favored | ocation which the second tabular gralg fast red recgfg?ﬁ;e\pf

fngia{gén}ggelounllayfrtﬁglt oc?up{es hy |s faster than the first fast red
recor _ mp ast re recordlng l'ayer units incor
i dentical enul- sions. of .course, recogni'zed that the first aﬁgrate

~ second fast tabu'§%=9§$%£ﬁﬁgf éﬁ&prgﬁﬂg éoffers 1n cdupanﬁnynegRﬂ units

can, if desired® t

ot Ee: r relative BpEQUSOtEéﬁrbérﬁﬁf‘ﬁg?ﬁﬁ g’tgé% %ﬁ%sogve own’?l'[tf)b étdqhgts

3n: t!Sedalsnshg\iﬂa&?hgfggﬁeaﬁhgfaMWgag tenlized #%dﬂ?%cﬁﬁ?ﬁrh qdyer ©
'de5|red be repF&éeH ﬁffﬁgagsgologa?gg?gﬂFrfﬁ?églﬂﬂitgyesimmntthman "

con
.kﬁygr units Labéuecrdeordﬁnang@ﬁﬁﬁr 9¢Pge§ﬁ 5£e$g%ﬂ*€q3€8% liayerg};ger
ngenment VI, FEEG?Q il fReanedivigulldt bontsibuntionate Fhﬁular grain

25 red recordin a t

?rgen recordlngm@iFéF938Fn3H§3Fa9§P¥ﬁﬁlPn:ntgpgoa ZeggPd Los) tagglgglgraln_

uﬁ|{atlon source and thelmqhuidegﬁaﬁﬁfbpﬁémﬁﬁﬁoiﬁ %P 68 ?grnlgg Iagef' .
%#Aqu?{;% Toeht ‘i'I'I' c%ndnbluaeegeaaneandonad arrangenent s

of Iayers wher ei a
~ contains apell xedanding qq;\ﬁ?éel'«ra@mgétg%u (raz Sg‘ﬂ:ﬁliglg.ﬁg o uﬁ ;;ghtt
. ratio tabular gr ﬁhsddé/ffashﬁri %&mﬂomernhﬁgmgspepﬁetéﬁépsf:ﬁguga erpec

nearest the exposin Source The .t
X 4}@#1 rdl2 A rang s vcdi fife
E);) record  -7@8T§ qnf"b}tﬁ s nd Sj sensj t.i zedeatmr ecor grr:ggs: ;[ I ﬁted
in pairs of IfﬁﬁusiayernordﬁniAnraﬂﬁﬁﬂﬁquiyaiﬁh Y gﬁ ' )

reSpeCtlver additional blue recording color- -forming layer unit
'15' above the slower green, red, and blue recording
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 recording color-_

20 forming layer unit in this ‘instance acts to absorb
blue light and therefore reduces the proportion of
blue light reaching the slower green and red
recording color-forming layer units. In a variant

: form, the slower green and red recording color-
25 forming layer units need not employ ‘high aspect ratio

tabular grain emulsions.
| Layer Order Arrangement VI differs from

Layer Order Arrangment IV in locating a tabular grain
blue recording color-forming layer unit between the

30 green and red recording color-forming layer units and _

~ the source of exposing radiation. As is pointed out

above, the tabular grain blue recording color- forming
1ayer unit can be comprised of one or more tabular
grain blue recording emulsion layers and, where

35 multiple blue’ recording emulsion layers are present,
'they can differ in speed. To compensate for the less



There are, of course, many other advan- 5 t ageous | ayer order
arrangenents possi ble, Layer Order Arrangenents | through | X being nerely

illugj trative. In each of the various Layer Order: Arrange- nents 2
correspondi.ng green and red recording color- formng layer units can b /
|nterchanged--i.e., the 10 faster red 294l green recording color-form

| ayer units can be interchanged in positionh in the various |ayer order
arrangenents and additionally or alterna- tively the slower green and red

recordi.ng col or -fdvyr@d dsentqronu%tﬁ:hc%nebeean&eeabanagdcbnoﬁosItlon 15
Al t hough phot ogr%ohl c eﬁg si_ons: i nt engi_\ig g mul-ti col or
conpri sed of co o] Pﬁﬁ?ghﬁyggcﬂBynaPF¥e ake the
formof a pIunmqndptomrsmpgemepmsvﬁ adgor differai frog Layerplrdent ed
dye-form ng nat 0 p is is by no

B Sl glripen¥ifih 190 1 SrLVINIAG 2 oectRUPERLE rbd

means reqU| n eferred to as
‘packets, - h céﬁﬁﬂqﬁ#ﬂ§ §°§PFV§PTH Pﬁdggﬁﬁﬁlﬂpéﬁ-fUh iebcdsding 1ight in

one third of t hgositifvred tetiveen ahd zabulake raaﬂabneeOi-eéefaiﬁg a

| t 2 d
singl o ayer of 493 ?é?t&é’?%% /daBer Bnte 450 EAS. BSuRREIEE SROSIAR, "
Exenpl ary ni xed: lon t Besiawsepost shead nweredeignagiaaewuisbl@bed by

U.S. Patents 2, @@%dﬂﬁ4t&@@l&r8ﬁ334%9fa§e red recordiﬁ ééléPEféﬁﬁfﬁ vely
| ar ge separ hﬁ green and

ion in the ue an ensi
r ed recordﬂib &5¥'qWﬂqﬁ ttésc%ﬁfiFﬁlﬁbaPaB #8§§5I Tl ver
br onoi odi de errultsad)rt:ecrolralﬁ.n;geriuye: vadecifosher twbi fasstred-of yel | ow

filter 35  mate ééﬂr%i?]{r%d/ﬂére@%n‘i%l Qé@‘é?kp?fstﬂoiﬁhnkﬂﬁ g&.@fﬁ

arr angenent s. ete that ~can eﬁfrowdlng a
quantitative neégﬂmﬁ-ofIﬂhésnepétFvsrﬁésp§ﬁ§988izgﬂe§h5§nﬁh¢ ¥&€or di ng

color-formng | @y s&tiond E@sQ'QﬁbhﬂﬁhtgtaiﬁukbacﬁhebrabﬁgOebﬁﬁﬁbC
15 forming layer units can, if desired, be formed of the
. same or different emulsions and that their relative
N . 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
20 fast red recording layer unit can, if desired, be
replaced with a second fast green fecording.coloré'_
forming layer unit. Layer Order'Arrangement VII can
be identical to Layer Order Arrangement VI, but
differs in'providing_both'a second fast tabular grain
25 red recording color-forming layer unit and a second
' fast tabular grain green recording color-forming
layer unit interposed between the exposing radiation
| source and the tabular grain blue recording color- '
SR : : forming layer unit.
30 ~ - Arrangements VIII and IX are conventional
. ' afrangements of layers wherein the interlayer beneath
| the layers recording blue light contains a yellow
filter. However, these structures utilize a high
aspect ratio tabular grain silver halide emulsion in
35 the emulsion layer nearest the exposing source. The
tabular grain emulsions can be sensitized to record



I nts is to expose through a step tablet a sanple 5. of a nulticolor
% ogr aphi c el enent according to this invention enploying first a neutral

posure source--i.e., light at [ERR--and thereafter to process the ¢
sanpl e. A second sanple is then identically exposed, except for the
interposition of 10 a Watten 98 féf6er, which transmts onry li.ght
- between 400 and 490 nm and thereafter |dent|cally processed. Using bl ue,
green, and red transmnission densities deternined-according to American
Standard PHXed ddght as deddcated ,asensitdged: teysesnzdagrern 15 stic

- curves can hg ﬁ)“didifxprpﬁ.%@l oiﬂrnﬂyers Beasditizederec rkeBrld #ed [ERR] in

bl ue speed of he qu cordln or-formng layer unit(s) and the blue -
speed of thé& tr’e(? %‘ﬁ%i&ﬁl& fornming |ayer unit(s) can be
determ ned from t he r‘m'iea:ta are) wf 2@urse, many othpr pEMBh- ([ERR] - '
[ERR]) 5 B?U, E RR ([ERR] - [ERR])
wher e [ERR] tor‘f‘es[b speg&@fa th?‘%ﬁéne% BB]ssibhE |%yggl or-form ng

| ayer uni t(sf')fdéé?p ngenene thehronghed X 8bﬁ1PGePerFERR]!- L¥8rhe bl ue
- speed of thergtdee. ey dath oF ¢hel Yarious! a.a%ruoraés) Ae¥afgad through

Fecording cAEY SRTRsRORAAPS, e ane 5o <R, AR st en 08
filter; [ERMorminghdayereuaissdcan bee intercheogedi-ird.esl,otheor m ng | ayer
uni t(s)lf@xp@sq:é,p rd @ rg%@ (r[e'v::'@gd)idg %Wlor-formin [ EB?L:" s the green

speed t he reen re | or-form nit osed to neutral
- (B500K) 11 gt ganche Intdribangsd da.atsitien H'Bdt & BRELAYS

layer order arrangements and additionally or alterna-
tively the slower green and red recording color-
forming layer units'can be interchanged in position.

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

20 couplers, this 1is by no means required. Three
color-forming components, normally referred to as
packets, each containing a silver halide emulsion for
recording light in one third of the visible spectrum
and a coupler capable of forming a complementary

25 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. :

30 It is the relatively large separation in the_
blue and minus blue_sensitivities_of the green and
red recording color-forming layer units containing
tabular grain silver bromoiodide emulsions that
permits reduction or elimination of yellow filter

35 materials and/or the employment of novel layer order
' arrangements. One technique that can be employed for



5 color-formng |ayer unit(s) exposed to neutral ([ERR]) light.

-above description inputes blue, green, and red densities to the blue,

.greeQJ and red recording color-formng layer units, respectively, ignoring

10 unwant ed spectral absorption by the yellow, nagenta, and cyan dyes.

- Such unwanted spectral absorption is md7el y of sufficient magnitude to

affect materially.the results obt ai ned for. the purposes they are here

enpl oyed. 15 tlc | or phot o hi.c eI s in the absence

of any yel | vPFPY g PaRELEAFEYE BEARNRE b heFRUREIsRC 1 ecor ding

col or - forn1ngrespensenofsgmbenhend redlr§§nrdingrnnioqxidnmtﬂd y at least 8

times, and op s! reen and/ or

red recordlngi%g?% €3$$%&% ii s c§“Pg|n.ngﬁﬁﬁgﬁﬁhﬁﬁg%hgrat|o '

tabul ar grai n® %PQFSn%S 'é% %PéB%#? & stRp \fablat & HARALeon, an

- exanpl e bel OV\bﬂeﬁDﬁéltﬂé@Bof %o@o '%e@'&d&ﬁ‘dﬂn@ft@ ogr aphi c

el enent Iacklgaééeilom/%* Zg ggTaF exhi bi ts a bl ue speed

di fference be Y eebteR ?'B?: ‘?Yf‘"% Tt -4 AHTRPS KKROSWG and the

green recor di sourceerifer yi hightiyet 55006 -axid |thereadftert tid mes (0.55 | og

E) as conpar eg,éggeggaﬂl,g ggmé ds .40? !L@gsﬁep Py arabl e mul ticol or
or S

phot ogr aphi ¢ ent” 1 nvention. This.

conpari son il ideetieakly Rxperedti aﬁj@%ﬁk‘ r%&h%rﬁ-qt@r@l"lﬁé'ﬁéﬁé’eefof green
feCOfd'nDOC0|wafﬂtﬂEﬂg98af£ItéE“tﬁhiéﬁﬂtféﬁbittsﬂdﬁr?”ligﬁi ng hi gh aspect

t t abul di d Anot h
_ :r:alsﬁr eamch ?h%gﬁ’gé%ésléé% W:‘ﬁ“{ tfé“ﬁ%%fr%%%ﬁé%ﬁ}é’%&ﬁg t |n\c/)| t?(ras of
mul ticolor prJdéesgedt oglﬂs:bhg b hiegteen 5 and aed aranswd sgieen speed of a

Ccord: no. kol SnFELEke) "%‘Q‘é*?“t%?’ odttaudy S M e Rt posur e
and prOCgSS,nEHZ.f f& d descrived above, three dye character- P

15 istic curves can be plotted for each sample. ‘The
- difference 4 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-forming.
layer unit(s) can be determined from the relationship:

20 () 8 = (Bygg = Gygg) = (By
' GN).or

() A" = (Bygg - nwgg)' -.(n"N - Ry

_ BW98 is the blue speed of the blue _
25 recording color-forming layer unit(s) exposed through
the Wratten 98 filter, ' . |
_ GW98 is the blue speed of the green o
‘recording color- forming layer unit(s) exposed through
the Wratten 98 filter;
30 Rw98 is the blue speed of the red .
- recording color-forming layer unit(s) exposed through.
the Wratten 98 filter;
_ By is the blue speed of the blue recording
color- forming layer unit(s) exposed to neutral
35 (5500°K) light,

where



techni ques described above are enployed, except that the neutral Iight
qure is changed to a m nus blue exposure by interposing a Watten 9.
¢r, which transnits only light beyond 490 nm The quantitative ' .
erence [ERR] and [ERR] being determ ned are ‘10 (O I[ERR] or =
[ERR] where [ERR] and [ERR] are -fgf i ned above; [ERR] is the green -
speed of the green 15 recordi ng . col ‘of - form ng layer unit(s) exposed
‘through the Watten 9 filter; and [ERR] is the red speed of the red

recording col or- fOrncﬁgibagné gﬂgaﬁskpegaoaedghbrgueénthe Watten 9 fllter

Agai n unwant ed I I d
i's :gngred E&&igﬁﬂs FgéﬁrggegPéggg%ESFSrXP%nggygiﬁﬁéeaﬁﬁ tg gg;?é:ﬁlngn
t abul ar granautrhﬁeKSBQBW&DO&iﬂbtenandlons as described above, exhibit a

di f ference between t 'ElsSEﬁedrlea Epeed! vE taalﬁadOi-e&bediﬁ ~spectrum and
their speed in the pottion of th SR Strun1to are spectrally :
sensit5zed gpler-fgraingelayer PHiF 8 reﬁPﬁéegnH°nFﬁH§r%}ue speeds) of at

| east 10|t|qg?00259 Lag EE) preferably at |east 20 times (1.3 log E). In
an exanpl e oW, t he [ 2 1.35 | E
while for t c&RﬁXFaSP@cggﬁgéﬁp §§§p£§59§i§§ Fggﬁgfograp é falenentOg )
| acki ng yeIHensﬁtﬂeertoathelbluehl3rdeﬁteaadceedsr9998 ingn 10 tines (0.95
S R 5 quga&'ha&t&e &ek?shemsgug porfng0 B and C to D

for the sane el'e sults wll i nif the green
and red0 ugwantedopaer§rad| 8PsPEPRLAY ngEheuﬂF °HremF§%ﬂF?eal (except
for their vwawd %%hhay@fs .SpSuchaunwantedi spectral) absdpptieasts is that in

~most i nstangge o §° o §uri21dheInagRiRlabOLE A rbRY ChatBELAELy || DO

the results obtained for the purposes they are here.

emp loyed. :
15 - The multicolor photographic elements in the
- absence of any yellow filter material exhibit a blue
speed by the blue recording color-forming layer units o
which is at least 6 times, preferably at least 8 '
‘times, and optimally at least 10 times the_blue speed
20 of green and/or red recording color-forming layer.
units containing high aspect ratio tabular grain
| emulsions, as described above. By way of_comparison,
an example below demonstrates that a conventional -
- multicolor photographic element lacking yellow filter
25 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 4
times (0.55 log E) as compared to nearly 10 times
(0.95 log E) for a comparable multicolor photographic
- 30 element according to the present invention. This
comparison illustrates the'advantageous reduction in
blue speed of green reoording_color-forming layer
units that can be aohieved”using high aSpect'ratio
., tabular grain silver bromoiodide emulsions.
35 Another measure of the large separation in'
the blue and minus blue sensitivities of multicolor



5 receiving light that has already passed through the corresponf

green recording color-formng layer unit(s). However, 'if a seco :
gﬁepared which is identical to the first, except that the correspdgnding =
gre ~and red recording color-formng 10 | ayer -units have been '

i nt erchanged in position, then the red recording color-fornmng |ayer
unit(s) of the second elenent should exhlb ~Substantially identical val ues

for relationships B and D that the green recordlng color-form ng | ayer o
units of the first 15 el enent. exhibit for relationships A and C, respec-

Ctively. Stated rphctographid |elemdit sTde to)Ronpatle thecgrepacipabd

sensitization as r t 0 o]
significantly i nf uencédﬁ% f‘fﬁ%tﬁ%@ﬁ%ﬁ%@ Ilggvg gﬁg{gt %Fa h§0

tive conpari sons.redapegdaf a red reserding &eﬂpgefnsnips dayerrunitate
green and red spegsisitd WP AP\ t THY %ﬁo%os@tb @dr gi-e&ekeiﬂ een and

red speeds g nerlcall as m nu Lue, speeds. The ~rati abul ar
grain silver?25 (é%ﬁﬁ#%@éa) oye AT ﬁ@?aﬂgFgP eﬁFﬁpﬁdsﬁﬂ
- tageous because cﬁhernnutr&ihkkghﬂnexpazuﬁeaﬂe chiangedatbeai mgnas bdapared
to nontabul ar an N € ns di scussed
above with ref er%ﬁf&@r%%ﬁé%ﬁ%ﬁ?;ﬁ ﬁ%g%:’tghg 9r ?égi?g?,owhiﬁﬁzed t hat :

i mage sharpness oeR$RSBALS \Qnly i Hahta Heyendh 490 ave ofmsnsuéﬂtﬁﬁﬂéi’ﬁl ver

hal i de emul SI on | yPfsrend® VY tind A0 Bedee detiermihedl agedpparent that the
| at eral coi ent of light, Scattering (x ald 2x) increases directly mnth

the angle [ To the t et 8afdl e [ERR] rerains small,

the | ateral di spl acemen{D)of aStatst Géﬁd mg;é? remai ns small and i nmage

shar pness renmin ﬂ% . Advantageous ar pn characteristics obtainabl e

wi th high aspect ratio tabular grain 5 emul si-ons as defined herein are

attributable to the reductGay dchifgygaddiec definedr shgve;This can be .

Syuo is the green speed of the green

15 recording color~forming layer unit(s) exposed through
‘the Wratten 9 filter; and
' Ryg is the red speed of the ted recording
_color- fotming layer unit(s) exposed through the
Wratten 9 filter. Again unwanted spectral absorption
20 by the dyes 1is rarely material and is ignored.

Red and green recording color- -forming layer
units conteining tabular grain silver bromoiodide
emulsions, as described above, exhibit a difference
between their speed in the blue region of the

25 spectrﬁn_and their speed in the portion of the
spectrum to which theyeere spectrally sensitized
(i.e., a differenee in cheir blue and_miﬂus blue
speeds) of at least 10 times (1.0 log E), preferably

at least 20 times (1.3 log E) In an example below

30 the difference is greater than 20 times (1.35 log E)
while for the comparable cqnventionel multicolor
photogrephic element lacking yellow filter material
this difference is less thana 10 times (0.95 log E).

' In compering the quantitative relationships

35 AtoBandC to D for the same element, the results

will not be identical, even if the green and red



atively denpnstrated. Referring to Figure 4, a sanple of an

ksyon 1 according to the present invention is coated on a transparent
ul arly 10 transm ssive) support 3 at a silver coverage of -1.08 \J

_ Al t hough not shown, the enulsion and support are preferably. _
imrersed in a liquid having a substaqa tially matched refractive index to

- mnimze Fresnel reflections at the s Qfaces of the support and the 15

emul sion. The enul sion coating i s exposed perpendi- cular to the support -

B;?Reu %. gati-gg.bw&h cbuabtfaeulﬁg Dayeki gLk’ avet maeﬁanaam foll OWIt ngka
i ne oL B, an | xis, strikes
the emul si off °§it§8§ﬁtw23elﬁh3wgfgﬂﬁ ﬁBFEﬁrB&s gg?h?gﬁgh t he

-suppoLt andtdﬁuDS|omheamehsoaedsedhat dncmostabnstiasceacthérvedt he enmul sion
at a hem sp | e C n ich lies at the _
|ntersect|o%%b ?%#n% %EEEEQQO§H#B? QaﬁerAhn?tRQB &igatﬁgand the detectlon
25 s fac¥eceiydngolighsashatnhes: edseagy) pegpeds aemesbea eAn

arbitraril Yc‘éﬁ-lt% dieighigreens rekowding Eoloes féralnghtagerection surface. -

~The dashed | t A d |

Coating - BB gﬁf"‘%@angﬁ@r deBie BReBapFote Propatad o ' 00 Uy
[ ERR] fronl@hﬂmh[ERRﬁdeaﬁinnésap-th#gfﬂnothnesnsptytbﬂttHbel|ght scattered. -~
el iy fcb%e%}ohhgng ag::ehEBBh irldi %eEQ%EiHhecBQS‘Ea%?mQBFt he -

rotational symre t .scatterin bout axis 7) to

t
det-er nili@e tHéﬁﬁﬂnHQ¥ﬁ3vb beed dntep Bﬁegs R PBﬁéfﬁBﬁ’oFgﬁﬁe angl e
[ERR]. For the redSZecoad ¢od oteforinthgotagert baiecs) efi thel i ght

Phot ogr aphi & <SRG PARERY ERSohAEnARLE, sullsnane apty BHeRELeRICE L 200
5 Engi neseilugs foir. rﬁ&ptwonSBiphhﬁ-Andeniahat ppe ggeengl _
' ' recording color-forming layer units of the first
15 element exhibit for relationships A and C respec-
~tively. Stated more succinctly, the mere choice of
green spectral sensitization as opposed to red
spectral sensitization does not significantly
influence thelvalues obteined_by the above quantita-
20 tive comparisons. Therefore, it is common practice.
not to differentiate green and red speeds in
comparison to'blue'SPeed but'to"refer to green and
red speeds generically as minus blue speeds. |
The high aspect ratio tabular grain silver
25 bromoiodide emulsions as defined herein are advan-
‘tageous because.of their reduced high angle light :
scattering as compared to nontabular and lower aspect
ratio tabular grain emulsions. As discussed above
- with reference to Figure 2, the art has long recog-
30 nized that image sharpness decreases with increasing
thickness of one or more silver halide emulsion
layers. However from Figure 2 it is also apparent
that the lateral component of light scattering (x and
2x) increases directly with the angle 6. To the
35 ‘extent that the angle 6 remains small, the.lateral



.After determ ning the cunul ative light distribution as a function of t
angle [ERR] at values fromO to [ERR] for the enmulsion 1 according tg
10 , present invention, the same procedure is repeated, but with a .
“conveéntional emnul sion of the same average grain volune coated at the sane
"silver coverage on another portion of .ggpport 3. In .conparing the: _
-cumul ative light distribution as a function of the 15 angle [ERR] for the

two emul sions, for values of [ERR] up to [ERR] (and in sone instances up to
[ ERR] and hi gdtsplabementunf séatveredright gremaind emallnviand t he enul sions

according to r ' y igure 4 the angle [ERR] is shown
‘as the conpl eingﬁggogﬁggﬁnégﬁgp%%gﬂr;% . The an%l e .of scattering is
herein discussed by recAdyantasecus _ %?QLchﬁﬁﬁﬁ emstdicH aspect ratio

‘tabul ar grai nobtaiaabbe with high hespéot apetiditatellaegraiof thi's invention -

exhibit Less hQighs e, SC | ' | 1ol | I - 25
~tering of |i g%‘?‘g?%gl?w%o% r?%%f‘éés&]g?esﬁ)%&pgﬁél ()andzit?eﬁly‘&?oﬂgéﬁocﬁ%n I n I'mage
shar pness, itreduesienipfiihisgh angle sentteringo (BhA #ayA n enul sions as
defined herei guaheitdtPoély | dehoieer SERPD| Reffertiail W' Fighiteddr, | mages. 30
~ As herein deflned,tfe;t?rn1"colie thg angl e/, i s th%?value of .the angle
FERR] at which R&PPL8:OF 2R | $RRE8L9B i.%b.g‘l’%’-%t'é’ct h$h PERSERE: ies within
an area subt einvention t®neodvedssh by tmamiparentt (speeuvd@rdiyout the pol ar '
- axi s at e ' 3 faoOfst i 'quggt tection
surface iB -aggkg?lrﬁ%%gi§$§%e;ﬁ%?’£%i%ng_tsugr]%aiblﬁvg't%\{\ét .r°eé]rrg'i°(r¢?ng ar ea.
Whi | e not wi s8/Rg: t cAbehouginpak shawparthe wmlalemapd GUPPESENt for the
reduced high pre gREEEr&SEY ! Hiddtsdd Off'd I 183qulld Hed/ingS REGupbstana tabul ar
grain enuIS|onf ff define hergrn, t 15 elleveq.thif t he Iarqg flat major
crystal facestially matched refractive index to minimize Fresne
' - reflections at the surfaces of the support and the
15 emulsion. ‘The emulsion coating is exposed perpendi-
cular to the support plane by a collimated light
o ~ source 5. Light from the source following a path
indicated by the dashed line 7, which forms an
optical axis, strikes the emulsion coating at point
20 A. Light which passes through the support and
emulsion can be sensed at a constant_distance from
the emulsion at a hemispherical detection surface 9.
At a point B, which lies at the intersection of the
extension of the initial light path and the detection
25 surface, light of a maximpum intensity level is
detected. ' o S -
An arbitrarily selected point C is shown in
Figure 4 on the detection surface. The dashed line
'between A and C forms an angle ¢ with the emulsion

30 coating. By moving point C on the detection surface
it is possible to vary'¢_£roh 0 to 90°. By measur-
ing the intensity of the light scattered as a func-
tion of the angle.b it is possible (because of the

. rotational symmetry 6f-light scattéring.about the

35 optical axis 7) to determine the cumulative light .

distribution as a function of the angle ¢. For a



esent &d by the high aspect ratio tabular grains as well as the

rLQ ‘agion of the grains in the coating 10 account for the inprovenents
i\ sharpness observed. Specifically, it has been observed that the tabul ar
grarns present in a silver halide emulsion coating are substantially ~/
aligned with the planar support surfacegg.which they lie. Thus, light
directed 15 perpendicular to the photographic el enent striking the

~emul sion layer tends to strike the tabular grains substantially -
perpendi cul ar backgeouafodescyiptiiohaoé. thaccumibative olighbul ar gralns as

wel | ‘as their a&hﬁgkﬁht?BnWQGE ﬁ@gh@gapﬁha‘éist h" éfﬂfﬁingi:herat'o
- tabul ar grain emulsion_[ayers subst an- o&% nner_th
convent i onal eﬂBF§FGg EBQPFH§§GSMBECB EEHSEPBB B B8 By pness

"However, the pMeaeetCaﬁubsMenhdeerBhexb baphtehSotedeahandness -even when

hey I '
[ ayerer©) B3 CEnknbEARTTYDE,CH8COREY 37 May 16RO EITLZIBh SO S 00,

ratio tabul ar S&rﬁ9énuIS|on Iayers exhi bit a mini num aver age graln
diameter of at least 1. Qf¢ber aéeehinfRg! tRectanabhyivé if@ﬁ .2 30

Cm t d bl

Ot i n i anot er LAPELPRECER AR SVRVRECHAR; RENFOE FUBLELE,8h M gﬂ?‘% g
witl vary wthfeba greoanésiothahecenubeibnlbratedrdﬁngatcrmheflc i magi ng
appl i cati gf theeUBXLHAVBNELBA BRe ol JrbadBLE" Bs feblabedrect ratio

tabular g I ONnsS  as rern e rn_all 1 nstances !ess . -84-
than 30 ni cr onBusr ¥ithr af epaNeptiensl: amulston; efothacsane aveweedti nal |y

no greater thagr&anvelﬁﬂetebateanaaddhél9&mé0s9106#0¢aee§£§e5&@rpneSS_
~ advant ages indicated above e aver a d|a ters 5 1€ﬁ|cated it is

“al so noted thafPPRk eﬁlBﬂ’&éBEcP rﬁPPB°ngarar Br SPAPERLRE; ERR avaid a
nunber of d|sadunnlataggsléghcudlstgﬂbhyionnasnalﬁuattﬁoulsfoﬂbehaving

15 angle ¢ for the two emulsions, for values of ¢ up.
to 70° (and in some instances up to 80° and higher)
the amount of scattered light 1is lower with the
enulsions a:cording to:the'present invention. 1In
Figure 4 the angle 6 is shown as the complement of

20  the angle ¢. The angle of scattering is herein
discussed by reference to the angle 6. Thus, the
high aspect ratio tabular grain emulsions used in the
photographic elements of this invention exhibit less
high-ahgle]scattering; Since it is high-angle scat-

25 tering of light that contributes disproportionately
to reduction in image sharpness, it follows that the
high aspect ratio tabular grain emulsions as defined
herein are in'each instance éépable of producing

sharper images. : :
30 . " As here;n defined the term "collection
angle' is the value of the angle 6 at which half of
- the light striking the detectiqn surface lies within
an area subtended by a cone formed by rotation of
Line'Ac'about the polar axis at the angle ® while
35 half of the light striking'the detection surface



these | arge average grain dianeters. First, it is difficult to prepar
conventional, nontabular enul- 10 sions wi'th average grain di aneter
above 2 micro- nmeters. Second, referring to Farnell, cited above, it |
not & that Farnell. pointed to reduced speed performance at average grain
“diraneters above 0.8 microneter. Further, in enploying conventional 15
emul si ons of high average grain dianeters a=83€h | arger volune of silver is

present in each of affi g WA Fikdet AP Y isndh CREPREARLALLRATSOT

Thus, unl ess conve stons are-.coated at “hi gher 'silver coverages,
- which, of course, i&*®&wvery 20 real practical disadvantage, the

~grai niness produced by the qaﬂuﬁa&kﬁnwishgh%et@iggebgﬁngrgynaﬁ nt ai ni ng
~enul sions is higher_th 'éith H@f emul si ons "as defined herein hayving the
sanme average grain'Qﬁﬁéih Ar theqnmy tq,Aaccount; for the gedneed bighin. 25
cont ai ni ng convent | angle a4 ttieringa properitdesd o fwhighoaspetboratiocr eased

si | ver_coverages, U4 1y Glels £ QMDA G AUEILSA horaggomTpdpge the
correspond- ing Iaﬁg | ckhesses of _the |arger diameter grains. wever,
tabul ar grain | ayer®$h t the dargen flatymgjor crwstatntapesc
: gi amlelters_ 'ﬁre ﬁbovq:ﬁdfhédﬁtﬁﬁfy'iﬂhﬁ hi Qgp@@tobg%:ia ghaBapaesgrafliyand siges.
inally, the sharp vant ages pr.oduce abul ar grains, are in, part a
di stinct function'gﬁgﬁkgﬂ%ﬁglegﬁﬁﬁﬁﬁg Y gyﬁbed§§Fiﬂ8u£§hﬁﬁef?%ﬁ$ ely
their average 135 aficownterforarthe Haperoveaenssaline sharpresierobgeshed pness
advant ages over POWEiﬂ'}?Augp,m&bWa@ b3kd BBservealenat! HHOUEMbLTaES
possi bl e to obtain reduced hi gh an%Le sc&tterln?.mﬁth single | ayer coatings
of high aspect rat & &R%uPEesEnti AleAupdiyrt halide amulsdeRi¢Patingoes not
foll ow that reducedcrs gubstaineially addghed wgthsthecgsandt | yuppset zed in

mul ticolor coati Nggyrdle ' ShlcHthe§O126 . COPhLEY {O5HB firected
15 perpehdiculat tb'ché photographic.elemgnt_striking
' the emulsion layer tends to strike the tabular grains
substantially perpendicular to one major crystal
N . face. The thinness of tabular grains as well as
' their orientation when coated permits the high aspect
20 Tratio tabular grain'eﬁulsion layers to be substan-

- tially thinner than conventional emulsion coatings,

which can also contribute to sharpness. However, the

present emulsion layers exhibit enhanced sharpness

‘even when they are coated to the same thicknesses as
25 conventional emulsion layers. _ .

' In a specific preferred fo:m_of'the inven-
tion the high aspect ratio taﬁulat grain'emulsion
layers exhibit a minimum average g:aiq_diameter'of at
least 1.0 micrometer, most preferably at least 2

30 micrometers. Both improved speé&'andrsharpngss are
_ attainable as average gfain diameters are increased.
- : While maximum useful average grain diameters wili
vary with the graininess that_éan'bé'téleratéd for a
specific imaging application, the maximum'avefage
35 grain diameters of high aspect ratio tabular grain
emulsions as defined herein are in all instances less




anced sharpness can be achieved with the high aspect ratio tabular grain
egyl.ions of this inven- tion, but in other nulticolor coating formats the
19

hi gh aspect ratio t abul ar grain enmul sions of this invention can «
al ly degrade the sharpness of underlylng emul sion layers. Referring
back to Layer Order Arrangenent |, £an be seen that the blue recording
"~ emul sion layer 15 lies. nearestIX)t%e exposing radi ation source while the

under|ying green recording enul sion layer is a tabular enulsion as defined =

herelg The:aﬁaesorﬂqe&GhEQeesqlsgemekausy lashutﬁaﬁVE5|?£5rbhF red .
recordi ng enul sion ue_re sion_l ayer
.contalnsggr5Qﬁ$ ﬁavﬁﬁé t&?@ﬁ?ﬁé“&lﬁﬁﬁf hﬁgﬂegpaﬂggrBPe??5ﬁ1% 2 t6 0.6
m croneter, as is tyﬂncadddtioanyonpnbdhulng thel shanpness will exhibit
”aX'”U”\Scashﬁ&b&qggg khQQEaﬁﬁashﬂnghEE“Qﬁe'BVEP?EFaEEamEEeQEGG” and red

recordi_ng enu ready been -
scat t ePed béﬂéﬁéatﬁdréﬁcﬁés‘@ﬁe RPER a§Bé§tthﬁtb$8haﬁ PﬁthFSPL Oemul si on

forming thecabedar &@Iiekl epuddibaisoavodden, nilibetabil disgdeans can scatter

bven o oat SEEREY, §@9ﬁ§§255§o§3 ﬁ?ﬁ§ﬁ§?5§§8F”?gﬁfy#ﬁhgnhﬁﬁinsLS??[CL?a?”
choi ce of emieseodarged aveyegeagraigeddnmeteralt sFinsthelthdBpness of the

~red record'B&f&&&hitoﬂo|§rébab%'ngﬁeﬁﬂiﬁhﬁﬁntn&néﬂﬂﬁﬁd?demﬂlan ext ent
greater t han efined herein were

O N sty aaras g3 4in, LeneeSFgsabafa, Apierhlcd T eI 1 ere
t he shar pnemgtadeant 8gesndn zeferwisgosol Baenelbat cihedrabeveqa hi gh aspect

ratio tabul 3 gAResld (AacFaTREad! §616RUL 5! PBalBUAT eppedel i nod herein

it is preferre he 5 Faln emuj sion yer be
p05|t|oned perﬁesaavse|sghsvsﬁaselsrﬁisedéﬂmstgﬁsfsbane QeBitering

~ micrometer. Further, in employing conventional
15 . emulsions of high average grain diameters a much
larger volume of silver is present in each grain as
compared to tabular grains of comparable diameter. N
Thus, unless conventional emulsions are coated at o
higher silver coverages, which, of course, is a very
20 real practical disadvantage, the graininess produced
by the conventional large diameter grain-containing
enulsions is higher than with the emulsions as
defined herein having the same average grain
diameters. . Still further, if large diameter grain- :
25 containing conventional emulsions are employed, with
| or without increased silver coverages, then thicker
coatings are required_to acoommodate_the correspond-
ing large thicknesses of the larger diameter grains.
However,'tabular'grainlayer thicknesses .can remain verv
30 low even while diameters are above the levels indi-
cated to obtain sharpness advantages._ Finally, the
_sharpness advantages produced by tabular grains are
in partfa distinct function of the shape of the
grains\AS_distinguished from merely their average
35 diameters and therefore capable of rendering
sharpness'advantages over conventional nontabular
grains.



(preferably positioned to receive substantially specularly transmtted

light).. Stated another way, i nprovenents in sharpness in emulsion |ay

_unde({ 10 | yi ng tabul ar ‘grain enul sion | ayers are best realized on
he

when tabul ar grain enulsion |ayer - ggs not itself underlie a turbid
| ayer. For exanple, if a high aspect T@®To tabular grain green recording
emul - sion'layer overlies a red recordi ng emul'sion |ayer -and underlies

a Li ppmann enul si on Iay ggpgﬁggxa&glg@sgiggghggghbgaigbygapcgéaln bl ue -

recordi ng enul si on- Iay T ness o
recordi ng emuihigh angle seatterdng wishe6ing ehéapeeseneﬁiassmﬁ overl ying

.t?bgLar g{firlﬁigﬂfi éﬂ)rafE%Vthﬁna&a g2ain eﬁhibtﬁnhnaﬂgﬁéfiéé%'Ve te[ns

i e collec 0 e |l ayer, .or ers qver e high aspec
rati o tabul ar °F§b6¥¥ﬁrﬁ§¥$ﬁﬁ §Séﬁ Fegureds LE&ES‘P& fi about

[ERR], arbi rrpra::ammrting\ iishaecessardly weallicedednr madedcayoenul sion |ayer |

25 can be reeagd 'tId %.’erq.f i?,‘o“;‘ﬂ olmq.t %E’h P&hg#@ﬁaﬁhe red

-recordi ng emulslon 15yer 15 T tsal Laspec ar grain
emul si on, | ay@nhan ﬁh@GPﬁ@ﬁélﬁﬂmanf&F devedewdthethechighe overlying

Lﬁyters onhi tSa?dﬁl dme.ea:ﬂos mme&ngd-aiwemulsiolns of! ahesrmh%itsol 0[ _

ot ogr aphi ¢ el;enent .co osed or-ftorm its it is
prefe?reg tha& égéz %bﬁ% g%iFQ er rof 5nﬁeg?5§fgghgggource of
exposi ng kdi d’t:hgl'n &aepes:mltglti@s[tebmlma‘t gratabenul sgonsnoénthison i n order
to 35  obtai &Mﬁ@\f@@h@ﬂ%@:ﬁfangaaeaegge the Ehé?ﬁﬁéébcé‘k |y preferred

form each enul si yer whi nearer the exposing radiation
source than aﬁﬁFﬁﬁﬂx & gYGFEIS|on | ayer is a high aspect ratio
tabul ar grain emul si onRefgerin abat:kOtdeLaﬁei-aoeeernnﬁi-&n emeht!I,IV, V,
phot ogr aph cd%%é#é?ﬁ Z%%%%aﬁ?*gﬁgSnénPé%#sﬁ%ﬁin@as%#éi§$ Bhast . o
: 15 ies nearest to the exposing radiation source while
-the underlying" green recording emulsion layer is a
tabular emulsion as defined herein. The green
recording emulsion layer in turn overlies the red
- recording emulsion layer. If the blue recording
20 emulsion layer contains grains having an average
diameter in the range of from 0.2 to 0.6 micrometer,
-as is typical of many nontabular emulsions, it will
exhibit maximum scattering of light passing through
. it to reach the green and red':eeording emulsion
25 layers. Unfortunately, if light has already been
scattered before it reaches the high aspect ratio
tabular grain emulsion forming the green recording
emulsion layer, the tabular grains can scatter the
light passing through to the red recording emulsion
30 layer_tn.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
35 if no emulsions as defined herein were ptesent in the
layer order arrangement. '



ddvant ageous contri bution of 10 hi gh aspect ratio tabular grain
er bronoi odi de enul sions. to i mage sharpness in multicol or photo-
gr-aphi ¢ el ements has been specifically described by reference to nulticofﬂr
phot ographi ¢ el enents, sharpness advantages can also be realized in nmulti-
- 15 | ayer bl ack-and- mhlte photograpm&§1ﬂenﬁnts i ntended to produce silver
i mages. It is conventional practice to divide enulsions fornmng

DL acle and. i o |0y Bk EbChed e, BFLaL S SnaBngE. O\ 10 MO
Pearest tPF advantagesadnaanoensdsion layerhthatcundetliescallyighy enﬁlshon
ayers w gggCEErQKEQo EHPEEEEdg?lecgglOEé %&&ﬁ?t&&??&ré fly with the

_present one ribe I n fur rchis
referred to SBoRelayemces dgf #neathsﬁsiarétbaseareﬁecreﬁ hat Eh?lon Nos.

| 338 gfﬁs gggrg%gtanga@ggaiﬁOgﬁﬂls18ﬁ01895r Bé 892:18&94998 320b918 .
an nven on; can. be better
appr eci at ed B{S Fé?@r&i§gt ggfﬁegf ?FS&«ES gg@ﬁif 8‘@ aﬁﬁ?t erif8cach of the
exanpl es the(puafeuablyfpbhétionedreecreoeivessubamaneiallyred vi-gorously
t hr oughout S%k&%blﬁ?@yhﬁrhﬁﬁ itkld 1% E?Ct'§9§tegh§%6€ﬁern] cent” means

percent by we ess ot ermnse | |ca e stands for
nol ar ‘concen mPF&FPBﬁntﬁnFBSE arREesssin emplaien layers upde¥ons, 10

unl ess gqgher Myiagi ndbeahedgaa&naeuamuioﬁouyeﬁsSarEXBe@t erdalisédver
br omoi odi de (Qy6r bk ¥R Pgnl ek grE2R" §h1819n PhiePESEN Aot 201! 27 Orain

itself underlie a turbid layer. For example, if a
high aspect ratio tabular grain green recording emul~ "
sion layer overlies a red recording emulsion layer

15 and underlies a Lippmann emulsion layer and/or a high
aspect ratio tabular grain blue_recording“emulsipn _
layer as defined herein, the sharpness_of the red ' o/
recording'emulsion layer will be improved by the .
presence of the overlying tabular grain emulsion

20 layer or layers. Stated in quantitative terms, if
the collection angle of the layer or layers overlying
the high aspect ratio tabular grain green recording
emulsion layer is less than about lO°; an improvement

~ in the sharpness of the red recording emulsion layer

25  can be realized. It is, of eeurse,_immaterial
whether the red recording emulsion layer is itself a
high aspect ratio tabular grain emulsion layer as
defined herein insofar as the effect of the overlying
layers on its sharpness is concerned.

30 In a multicolor photographic element
containing superimposed coloreforming units it is
preferred that at least the emulsion layer.lying
nearest. the source of exposing radiation be a high
aspect ratio tabular-grain-emulsibn in order to

35 _obtain the advantages of sharpness. In a specifical-
'ly preferred form each emulsion layer which lies

’h nlficant i ncreases in sharpness to underlying enul sion layers. Although
t
si |




having an average dianeter of 1.7 [ERR] was prepared 15 by a double-jeg ;
precipitation technique utilizing accelerated flow. To 4.5 liters of an o]
aqueoys gelatin solution (Solution A 0.17 nolar potassiumbromde, 1.5 '
percent by wei ght bone gelatin) at [ERR] argi{_pBr 0.77 20 were added by
double-jet with stirring at the sane constant flow rate over a two m nute
period- (consum ng 1.36 percent of the total silver nitrate), an aqueous

po: astSI um lbrfm de n'“‘éﬂz‘ét(t‘s(?;:i'\eg EleutElm?, ‘Eadla¥§oﬁob8ﬁi‘cf§néhaﬂ angenes silver
nitrate sol ution ol uti |_mu 0 sane
flow rate, an aquéd'l?sg ﬁﬂsbre&‘ﬁla&%‘oiﬁsfﬁn%fsﬁl b??ﬁ H%pXEtlé %ﬁa o
was- run into Sol utualml@r gxlaimi emlliand leyeer.e hayppeerdéreAr:msm'nut es
the pBr vas ad] uShighdp 7 1w Loyt v B y &ERBLscem,ae ab3GEEOUS

sol ution (Sol ution f dotassi um’yr & assi um

i odi de (0. 24 5ol arerq/vésutwrﬁ%et Sfcaudticples. BBPGPS%ﬁSg ﬁt?i?%%
accel er- ‘ated f|0V!d)€Hz€ a(r&a&:&énfmsswmcm arki capablevef 2dpdroing tes At

the sane tinme, Sol C was ,added to thereaC|on . _
Sol ution F by doulﬁli& i 5\5,\% AnGreases if‘n@hfﬁgngéﬁe 8c88¥§§§§%‘a£= | ow rate
-89- profile (consemulrsj.diﬂ Jayeascent of the total silver nitrate used) and

mai nt ai ni ng pBr 1.14. Sol t1| ﬁ%Etg(f %@Q E]t‘ﬁﬁ ugakkﬁﬁriﬁgﬂfﬁﬂs gol ut i ons

of potassium.iodide 5 (Soru Ver

(Solution G ¥o M&h yaspecs a‘@@é@ ttnbwlby ca'eépesﬂ-éveat Fﬂ%%‘aﬂ%dﬂ ow rate
until pBr 2.83 at Jm%ﬁ'iiidwssﬁ%ttﬁ lee‘%%r qanhuqfuheuak §hb!6"- nitrate

S e iy Moo et At SbrLEH Frkeiodd bz
Patents 2,614, 928 namih:&rﬁ:hd t Wulgdicatlior phiotographit. Elpmenean 1.2
liters) was added gharpness advantages can also be realized in multi-
15 layer black-and-white photographic elements intended
to produce silver images. It is conventional
prfctice to divide emulsions fnrning black-and-white
images into faster and slower layers. By employing
high aspect rat;oftabular grain emulsions as defined
20 herein in layers nearest the exposing radiation
source the sharpness of underlying emulsion layers
will be improved.
Further applications filed concurrently
with the present one describe in further detail
25 . subject matter which is referred to above. These -
applications are based on U.S. Application Nos. 320,891,
320,898, 320, 899. 320.904 320,905. 320,907,
320,908, 320,910, 320,911. 320,912 and 320,92Q.

- 30

35



and Ythe enul si on was -coagul ati on-washed twi ce. 15 Figure 3

psents a 10,000 times nmagnifi- cation carbon replica el ectron

I'ef ggraph of ‘the.enulsion prepared by this exanple. The average grain- \,
Aeter is 1.7 mcroneters and the average grain thickness is 0.11
yricroneter. The tabul ar grains 20 &8s an average aspect ratio of 16:1.and
account for greater than 80 percent of the total projected area of the
silver bronglod|ge grains.. In Figure 5 a plot is presented.of the total

nol es of 'si noi odi de preci pitated versus the 25 nmol e percent
“jodide. Initially tThei tdvelm:tmscan wtmewmpmacq@mem age of the

'-total hal i t éé§¥g futed 12 nole
dfﬁf&elw? e gigf?ﬁéelé eas d%o s | evel in |

" percent of the tota ﬁ
central region to a Hach8 R cPxamR, R qyxgdanundlng

annul ag regtmtfdanvéesé’l ﬁwénbwoiruﬁlv&@imlyormmdﬁt (overall
. average io e c . di amet er

- appr oxi mat e+£]f‘ig;7) %@%Fﬁ‘%ﬂz@é sEfE f&{}oé@g{&%f epar erhflag/ doubl e-j et
preci pi t ati ‘percentt means |p¢xz¢ergt By cvekghteg unlcms mhervd-ae ters of an

?qgeggfcgg[‘fﬁf&é‘ééd S@hdERE €SBh U'MONg fandhs lfomomﬂoca&éc%ﬁm brom de, 5

t gelafi at re added b
doubl e-j et F\Fgﬁ %‘?rr?‘? §1t° {%&"% dﬁ'ﬁ%ﬁpg ok eF 1008k e %erl od

(consult®ng dnbéspcothetwiiet bndicated sate caquedusislutaiomeuueous pot assi um o

brom de sol Wt S0 lution. B, 2.33 nolar) 10. and an aqueous sil ver
nitrate sol lution D, 2.0 nolar). At f he end of the two mnute

period, Solution B wasshiveedbremotpdide ofovenall axexnge kodisdestant flow
Crate for lchnQ@ﬂgtgsg(&6{@Lﬁ@f@bﬁ%fﬁtiﬁﬁfg¥ﬂgfgiﬂfghﬂryfﬂnfﬂ | ver nitrate)
_ unt|I pBr 1L
: aving an average diameter of 1.7 um was prepared
15 by a double-jet precipitation technique utilizing
accelerated ‘£flow.
To 4. 5 liters of an aqueous gelatin solution
(Solution A, 0.17 molar potassium bromide, 1.5
percent by weight bone gelatin) at 55°C and pBr 0.77
20 were added by double-jet with stirring at the same
| constant flow rate over a two minute period
(consuming 1;36'percent of the total silver nitrate),
‘an aqueous potassium bromide solution (Solution C,
2.15 molar) and an aqueous silver nitrate solution
25  (Solution F, 2.0 molar). Simultaneously, at the same
flow rate, an equeous potassium bromide solution '
(Solution B 2.15 molar) was run into Solution c.
Solutions B and C were stopped after two minutes; the
pBr was adjusted to 1.14 with Solution F at 55°C. An
30  aqueous solution (Solution D) of potassium bromide
~ (1.87 molar) and potassium iodide (0.24 molar) was
run simultaneously into Solution C utilizing acceler-
ated flow rate (3.2X from start to finish) over 21.4
minutes. At the same time, Solution C was added to
35 the reaction vessel with Solution F by double-jet
 addition utilizing the same accelerated flow rate



15 at [ERR] was attained. Solution C (1.94 nolar KBr and 0.18 nol ar

and Solution D were added to the reaction vessel by double-jet utilizfin

accelerated flow (4.3X fromstart to finish) over a 22 mnute period _
(cohstiming 20 88.4 percent_of total silver nitrate used) at pBr 1.12&— ,
Solution E (2.0 nolar [ERR]) was added next at constant flow rate until pBr
2.83 was attained (1.61 percent of total silagg-nitrate used). 5.08 Ml es

.of silver nitrate mere n was

cool ed to 35C, conblne é%@né%papgrgg Hggﬁgggzgf h@%af%?%h %ﬁjé%é) '
sol ution. (25 percent“ikﬁfa«ﬁ@ seedjeead ppiasaindngupBr {)rlﬁh weStkecionsd), 30
- Figure 6 represents B0 JeirBaaMeeai.fi- cation carbon replica el ectron

n1crograph of the emul sion priepared by.this exanpl e, a e t abul ar
grain dianmeter is 1.7 n1cron@ﬁ§P§u3n8g3H5189§r8 cPPERES ?mg¥éé € hi ckness :
i s approxinately 0. (@aturiomweEsr 0.3%haolar) madubilvgranisrabe e(Solubdomge

aspect ratio of from aboy n8sk)and-acaaull FAtadpsa tgubigﬁegoatgglfeem of

-91- the total projected area o ver bronol le 3 A
hi gh aspect ratio t#fReaflgvarats ppsilspBr Brﬁﬁn#ﬁdﬁaeceﬂﬁ$sﬂ%ﬁﬁ q

substantial l'y uni for(ms @dlp«éecamf blfetbh_amusmw&rtﬁe:ﬁéeé r@se&)‘»‘ﬁ' %138890'
Control 1, was prep 3 8& aratlg Eroce ure si nh to tm? of :
Exanpl e 2 was enplo%@’esb rF FrBﬂEEeHs?ﬂt °t?ﬁ9?%%it vesse
fromthe start 1@muhwmam[nta1|on and i odi de was substantially

uni for iy di st but od L oUgpnGad kBh PEETELOTLACLEI S, dn AANSIPTC |

concentration of 9.0 nole percent ar grains h aver %raln
di ameter of 2.8 mi cPbtbedrsedafsgecPa§e PArenrtess,d14,928 and 2 614 92

gelatin solution (11.5 percent, 1.2 liters) was added
-and the emulsion was coagulation washed tﬁiee. _ '
15 " " Figure 3 represents a 10,000 times magnifi-
cation carbon reblica electron microgreph of the
_ emulsion'prepafed by this example. The average grain
LN o * diameter is 1.7 micrometers and the average grain
thickness is 0.11 micrometer. The tabular grains
20 . have an average aspect ratio of 16:1 and account for
greater than 80 percent of the total projected area
of the silver bromoiodlde grains.
In Figure 5 a plot is presented of the total
moles of silver bromoiodide precipitated versus the
25 mole percent iodide. Initially the iodide consti-
' tuted a very small percentage of the total halide.
At the end of precipitation iodide constituted 12
mole percent'of'the_tdtal.halide and thus increased
. from a very low level in a central region’to-a much
30 higher level in a 1atera11y surrounding annular
"region. ' '
Example 2
HEE A tabular grain silver bromoiodide (overall
- average iodide content 7 mole percent) (average grain
35 diameter approximately 1.7 um) emulsion was



S 0.12 microneter, an aver age aspect rati o of about 23:1 and accounted
ﬂQﬂ» reater than 80 percent of the total projected area of the silver . _

A\br opfoi odi de- grains. Control 1 was chenmically sensitized for 15 20 m niges

[ ERR] with 100 ng'sodiuntthiOcyanate per nole of Ag, 7 ng sodium _

t hi osul fate pentahydrate per nble of ;Ag, 3 ng potassiumtetrachl oroaurate

" .per nole of Ag, and 30.4 ng 3-nethyl zothlazolluntlodlde per nole of Ag,

and spectrally sensitized with 695 my 25 _

anhydr 0--5- ch Y, f*“ﬂ Ifopropyl)
‘oxacar bocya Qrg%?oi]l&de&%o I%fp ré&jﬂg o?‘/ééAg r?!ﬁ%?é‘a nafter
desi gnat ed %££§* z%$°9@e§5 ‘%70 ng anhydro-11-ethyl -1, -

- bis(3-sul fopropyl ) nemdnt hi5 Ztlerxard| axt aduedissibimel geldvady OXI de sodi um

| ~salt per i ($GTEE L0 LRT diﬁﬁ %é}dﬁf?sﬁ[itﬁerbz%n%@ second high

aspect rati ar-grain 5|Iver ronol 0 st.on % substanti all.y
unPf ordn i odfd% &ﬁ’fﬁ?q% bhvsishtiigeintinhiat, 55359 angb fBM&A-Jd Control 2,

vvasI pr egar edere Tddded eﬁmr@éxrb)re-pjw%ﬂe §EEr eeE ftilﬂ éﬂﬂég gnid | gr CIt o -t hat
enpl oye Silver ro odi de grains
contai ned a s&%s’f anél g?% nﬁ‘%%rﬁ(‘?% c?eeri{ﬁéh@t 0 nol e o

percent. THrexeentioh tlmmmh %ii\eaﬂel'rdgﬂrqpeainaha’qaxenus)f 3.2 micro- 5 -
ot er's and § i YT U Gl AK SRS (oA JELO R T.Y3 gl ybul ar “grai s
rea

had an veragi aspect ratio of 27:1 and accoun han 80 percent

of thelQot AR 2R AqURPYS Sllyer Hﬂ%ﬂ#%rsﬂﬂﬁiﬂ% Lﬁri@imé), 10
Control 2 visO ckeTdzEp] | w@mhesr&mrﬂ Ithe QW) ldiZfifte and spectral

b osul 1 at STUESR A ¥ e oot AL Sp 1P L By o J;(}J ?eﬁ;i'at cvel of
potaSS|unttqnnenﬁntwitnwen&te for 10.7 minutes (consuming 8.43
_ percent of the total ‘silver nitrate) until pBr 1.14
15 at SS C was attained. :
~ Solution C 1. 94 molar KBr and 0 18 molar
KI) and Solution D were added to the reaction. vessel | ' e
by double-jet utilizing accelerated flow (4.3X from '
start to finish) over a 22 minute period (consuming -
20  88.4 percent of total silver nitrate.used) -at pBr
1.14. Solution E (2.0 molar AgNO;) was added
' next at constant flow rate until pBr 2.83 was
attained (1. Gl“percent of total silver nitrate -
-used). 5.08 Moles of silver nitrate were used to
25 prepare this exulsion.
. " The emulsion was cooled to 35°C, combined
with 0. 5 liter of an aqueous phthalated gelatin _
solution (25 percent by weight gelatin) and coagula-
"tion washed twice. : : : .
30 . Figure 6 represents a 10,000 times magnifi-
cation carbon replica electron micrograph of the emulsion
_prepared by this example The average tabular grain
'diameter is 1.7 micrometers and the average tabular grain
thickness is approximately 0.06 micrometer. The
35 tabular grains have an average aspect ratio of from
about 28:1 and account for greater than 70 percent of



15 was increased to 10 .ng/nole Ag, and the |evel of
3- nmet hyl benzot hi azol i um i odi de was decreased to 15.2 ng/nole Ag. Also

[ the2
: | so,
870 ny of Sensitizer A per nole of Ag and 838 ny of Sensi- 20 tizer B pe#’

ermul sion was finished for 5 mnutes rather than 15 ninutes at [ERN

nmol e of Ag were enployed. An emul sion asg9gsed in the photographic el enments -
according to this invention, hereinafter designated Exanple 3, was prepared
simlarly as. described in Exanple 1. The high aspect ratio 25 tabul ar :
si | ver bronpi odthe totaksppebected aren »f the sliver dromsiledidencentration
of 12 nole percgghig|d an average iodide concentration of 8.9 nole percent,
reflecting the omgr | odi de concentration in a central region as
conpared to a IEEQEBLE*-surroundlng 30 -annular region. The tabular

grai ns had an average grA| highosspect ofa®id tabulewrtgrain a&ilwvesr age

thi ckness gf 0. 82ofbesgss &umswfa@ SRt i1y iRdrg 1 and

accounted Tor greg&g ercent of the tot grai“n projected area.

The 35  enul si bRI%EE BEP Qﬂﬁlﬁh%uﬁF%$ﬂﬁmrQQQ%8Q§§EQt|zed .
Chherri gal and spechtﬂbISE;lSwiaZptemwS sArpwgaﬁam?tprwceHu/re ls&ﬁilaxcgpt
that Sensitizery e C 0 nol e Ag an
Sensitizer B was aﬁggﬁ 8? % éjm)l e %ﬁg&%oc{h% ° & chemi cal | y
finished for 5 dhneduced tmto the mgaﬁtknn;vpsaai:Znym theastezdnof

chemical Iyq and\ﬂgeee&gﬁkhuaﬂnsﬁaZf&%wsm&a&d £n Qnd £l ?r
sensitization ave been | ess an o tlnun1 or t hen1ca| and
spectral sensit #28FE1buped,through Rramaiiadide gradnss ate g

Sﬁeed gralnul arlta;tI aeéﬁhgenebnaénﬂﬂatim%ﬂ gwaorencfm@rpei&wnﬂed By COLTparI ng
Lhe Exarmle ¢ ook ghutaLne ok ot S0 R g e seen (ha
- of 2.8 micrometers, an average thickness of '
15 0.12 micrometer, an average aspect ) .
ratio of about 23:1 and accounted for greater than 80
) percent of the total projected area af the silver-
bromoiodide grains. -
Control 1 was chemically sensitized for 15
20 minutes at 65°C with 100 mg sodium thiocyanate per
mole of Ag, 7 mg sodium thiosulfate pentahydrate per
mole of Ag, 3 mg potassium tetrachloroaurate per mole
of Ag, and 30.4 mg 3-methylbenzothiazolium iodide per
mole of'Ag; and spectrally sensitized with 695 mg
25 anhydro-5-chloro-9-ethyl~5'-phenyl=-3'-(3-sulfobutyl)-
3-(su1fopropy1) oxaearbOCyanine'hydroxide, sodium
salt per mole of Ag, hereinafter designated Sensi-
~tizer A, and with 670 mg'anhydro-li-ethyl 1,1'-
_ bis(3-su1fopropyl)naphth[1 2-d] oxazolocarbocyanine
- .30 hydroxide, sodium salt per mole of Ag, hereinafter
designated Sensitizer B. : o
A second high aspect ratio tabular grain
silver bromoiodide emulsion with a substantially
- uniform iodide profile throughout the grains,
35 designated Control 2, was prepared. The preparation
'procedure was essentially similar to that employed



"on, but with the iodide being substantially 15 uniforny

ffbuted within the grain. Control 2 had about the same surface |od|de
ce’tratlon as the Exanple 3 emulsion, but with the iodide |evel belnga
stantially uniformy distributed throughout the grain. Thus, a direct

conpari son of uniform 20 i odi de distribution grains at both the-average-

and surface iodide Ievels of the grafns‘usedan the invention is afforded.

(The differences |€ detaLJ of chem spectral sen5|t|zat|on wer e
insufficient to act¥unttere i%ni?*?ﬁﬂﬁ_ éﬂEﬁ onodiestiés aphic
per f or mance. ) Exang)telms cumtained a asubs’imttricdl]& &mﬂfortii ddiwere -
separately coated 4énhlest r for Tat an

Fhi fo 8¢y§ 1'72 3 qﬂ ver Qﬁ% &on

cel | ul ose tr|aceta @&&ﬁﬁ%t at -
gelatin/[ERR] . ta‘hv’s‘{ﬂﬁ&ﬂ Bk @ime}/enz Orﬁa@eﬂt alic-@‘@pl er A,
1- (6-chloro-2, 8- dlmiﬂéu@ -and the avera%¥1thickness was 0.12 micro-

raz ol one, 3. 2 o/ Ag

henyl )-3-[[ ERR ta
ﬁol eyo12 po'E <[5135| Lnf%%tgée{:l og{i‘gdecy - 2%&%5&5&883&&% 6 g/mole ~
Ag of 35 4-hydr &t raf Had h@@aﬁ@q\nm aﬁamalgrcéam: thiae GOapengent
t d 0.90 t 4-
chna e 050 D1EHD aat et o5, che pidtes Bapdssdotel "

0.46 percent by melaht of bls(V|ny sulfonyl _
content. Exposuré S+or 1/100 second through a 0 to 4 O step tablet

(plus Wattenito. 9 filter Comtrpl 2 kaESch%dHEﬁﬂﬂeﬂﬁdt x;& E&Eti?to a 600W

[ERR] t t I col or
devel oper “of the ?g“ﬁ?%%ﬁ bed{h% %%%'1”%%1%@%%%%3@8 SELOF aPRS
Annual , 1979, pp. 1a¥s toyiCom lopgxsepti tbetothe. 2evahdof. 86ditm

minutes being usedivsultite wagdeaw 3l 1hekehBgadtb 241 Ng sampl es to

facilitate ranular| onpari son e relative.green sensitivity and the .
P ITE g _ }ﬁél EP,_ che ieveq of potassigm tetrachloroaugate

15 . was increased to 10 mg/mole Ag, and the level of
3-methy1benzothiazolium iodide was decreased to 15.2
mg/mole Ag Also, the. emulsion was finished for 5 QJ'
minutes rather than 15 minutes at 65 C. Also, 870 mg -

| of Sensitizer A per mole of Ag and 838 mg of Sensi-

20 tizer B. ‘per mole of Ag were employed.

An emulsion as used in the photographic
elements according to this invention, hereinafter
deSLgnated Example 3, was prepared similarly as

'described in Example 1. The high aspect ratio
'~ 25  tabular silver bromoiodide grains produced exhibited
e surface iodide concentration of 12 mole percent and
-an average iodide concentration of 8. 9 mole percent,
reflecting the much lower iodide concentration in a
central region as ‘compared to a laterally surrounding

30 annular region. The tabuler.grains had an average .
grain diameter of 2.1 nicrometers; an average
thickness of O 12 micrometer, an average aspect ratio
of about 17 1 and accounted for greater than 80
percent of the total grain projected area. The -

_35 _emulsion was optimally chemically and spectrally

' sensitized. Chemical and spectral sensitization was
similar to Control 1



granularity of each of the photographic el enents 15 processed was

determ ned. (The rns granularity is neasured.by the nethod described b
C. Scmidt, Jr. and J. H Altman, Applied Optics, 9, pp. 871-874, Apri
1970.) The rns granularity was determined at a density of 0.60 above fOoU:
The emul si ons had 20 essentially simd498=granularity, but the enulsion
used in the invention, Exanple 3, exhibited a superior speed. Thus, the
speed-granularity position of the invention was superior to that of the
control's. (The eXsept FhatuSensdgieeraAi washepployedsin aheonepntoas were

E)S(S(an'lt i a!3,| y theion I%'.[f) g7?pﬁ§i/fn.$1§| tAgl ﬁggt Pén§ﬂ€féﬁﬁrBIP![I&S@"%‘%&%?%;;O” of
ampl e 3 was sf4 nB o0 ,be R 0 eed un -
Con{nrool 1 or Cﬁdr&g/g’PleLéé'spégﬁ"i §h8eﬂ"ﬂgi§§ w8% ¢hep ‘b‘%fy | og E bei ng
measured at a ddmdishpdofoz05 mfndtesoat 653C. AlfhComtrole Eambl2 3

enul sion sxhi biaellnaell ehenisRIty hHANshBELERTIYOLefpLEELES A1 2

conpar abl e granyl ari t It cap |ate scussion of speed
nmp QHF

Y ppLe
and granul arit R&#cﬁﬂéyeﬂﬁl§¥Bﬁ8%ﬁsgdthﬂéﬁ seneirizatlomorayld e exhibit
a 35 | ower: ghavel deehylaessathanpopelihansgeedthe Shériealamdt i on of

| nproved speed LaRr - RN - ol arlfVens els not -
just speed, bufagggkggegﬁsg%g%gggﬁi??p¥§?%?fdﬁé%iip%#Enéﬁégﬁﬁﬁgééxkscﬁ_the
present i nvent PERPastides| (&r8-.inppeeddgranulanity drebationshipht the
control eng si @Ba1donha9k Been aépresea the prior art and are nerely

i ntended to denonstrate_that the,iodide distrjbution jn the grains is
i nportant. Exanpl es 4 aRd '§°‘|‘Rﬁtﬁf‘§ht§§pg’éfmﬂ?i ¢ ign d?%l'h silver 10
Eronpi_ O?E[ gre _rererﬂbgrt_uni Weaadpﬂe_pmlretl dsitietanchle Il“ﬂetn mhﬂheﬂmn#tcsliedn
'cgaggzﬁration Egaiggf g 32§E§§§Epﬁfé?%§§rgéggﬁgaégtﬁﬁkf%ﬁéﬁéﬁe 3
mulsion, but with the iodide being substantially
15 uniformly distributed within the grain. Control 2
o had about the same surface iodide concentration as-
Ul } the Example 3 emulsion, but with the iodide level
| being substantially uniformly distributed throughout
the grain. Thus, a direct comparison of uniform
20 iodide distribution grains at both the average and
- surface iodide levels of the grains used in the
invention is afforded. (The differences in the
details of chemical and spectral sensitization were
 insufficient to account for significant differences
25 1in photographic performance.) o
: Example 3, Control 1, and Control 2 emul-
sions were separately coated in a single-layer,
single color magenta format on cellulose triacetate
~ support at 1.07 g silver/m* and 2.5 g
30 gelatin/m?. Each element also contained 0.75
. g/m? magenta coupler A,-1-(6-chloro-2,4-dimethylf
 phenyl)-3-[a-(m-pentadecylphenoxy)butyramido]-5-pyraz
olone, 3.2 g/Ag mole of potassium 5-sec-octadecyl-
hydroquinone-2-sulfonate, and 3.6 g/mole Ag of
35 4-hydroxy-6-methyl-1,3,3a,7-tetraazaindene. The
coatings contained a 0.90 g/m? gelatin overcoat and



%gigg were being grown. A second enul sion herein- 15 after referred

t Exanple 5 was precipitated under conditions in which the iodide .
ntration was increased in a graded manner durlng precipitation. Thes
Apl e 4 emul'sion was prepared as follows: 20 _ - To 4.5 liters of
an aqueous bone gelatin solution (Soli94« on A, O. 17 nol ar pot assi um broni de,
1.5 percent by weight gelatin) at 55C and pBr 0.77 were added by doubl e-j et
‘with stirring at .the sane flow rate over a two nminute period (consum ng
0.95 25 pwerenhavdenad. vt:hlOsﬁﬁvnﬂrﬁﬁﬂték%)"eb&héqﬁgous pot assi um

brom de sol BP&‘(O&@QEH&EGH B- ﬁetﬁy@@eﬁﬁéﬁrﬁaséﬂdoﬁntéﬂﬂk 1SI lver nitrate
sol ution (So

ut’i on I B-1
hal t ed. 30 ¢°BSPBF|'oné@?LsRE§ Eﬁﬁt %ﬂﬁﬁj}géo 3%5?@& #ﬁrs‘?‘l'gsﬁ/ gnuntl I W(SSBr
1.14 at [ERgb wa@ stepi o aHlefhéplaquﬂUHStenlNo;oﬁsfbltgntasélun1bron1de

(Solutlon B;2,.3.00 a d ut 3, 0.37 I d
sil ver n|tr&fzs(§8PE??g d%?i?ggefiigg%gdggtgpéﬁagS 3@@0%5 by trlprg ?;% :?
an accel er atedgsitew légbt(QQNrF#OWIBFQ¢§8§$BS|Hﬂ§h9°nﬂ¥FFe@m$Gt|on C-1 was

- 96- exhausa9d7€epm50§lEalskydééembﬁéieéf 59e5t Jec@akcpibédtbh silver _
nitrate use gp 0 egqg_iol tiQgns o | ver (S0 Z?on G2, 3.00

nol ar) and $8PuBE3LLE pag O :HQLQE : ----Pe-f »akPtonstant flow °
rate until RgB4-2083 althE&Eyemapmentatﬁnds(9f53.;ﬁwanﬁn AStotal silver
niLralgoCongiibtes betREOYsLE! Flayoﬁtﬁiﬁ“hﬁﬁfﬁ%dshbﬁﬁfaﬂtﬁr266 were used to

pr epar th| on was d 10 th
0.90 liter sheaﬁigéeséas BRERALAL EQ géFﬁigﬁaESI&FPBH figtx Lgscent byWI

wei ght gelabbﬁgﬁgaggggagu- | ation washed twi ce. The enulsion had an
average grain dianet g, 00 03,23 PeCp2dehhend e tVEEGIEnd" 8hE rns
- granularity of'each of the photographic elements B
15 processed was determined; (The rms granularity is -
| measured by the method described by H. C. Schmidt,
Jr. and J. H. Altman, Applied Optics, 9, pp. 871-874, vy
April 1970.)"The rms granularity was_determined at a - :
density of 0.60 above fog. The emulsions had
20 essentiaily similar granularity,'but the emulsion
used in the invention, Example 3, exhibited a
superior speed. Thus, the speed-granularity position

of the invention was superior to that of the
controls. (The speed-grahularity relationships of
25 the controls were essentially the same.) Specifical-
' ly, the speed-granularity position of Example 3 was
estimated to be +15 to +20 log speed units faster
than Control 1 or Control 2. Log speed is defined as
_ 100 (l-log'E); log E being measured at a density of
30 0.6 above fog. Although the Example 3 emulsion |
- exhibited a higher speed than the control emulsions
at a comparable granularity, it can be appreciated
from the discusszon of speed and granularity that the
emulsions as defired herein can therefore exhibit a.
35 lower gtanUlérity at a cdmparable-spéed or some
combination of improved speed and improved granu-



t hi ckness of 0.09 mcroneter, and an average aspect 15 ratio of 26.6:1
with the tabul ar grains accounting for greater.than 80 percent of the t
proj ecied area of the silver bronoiodi de grains. The Exanple 5 enulsio
prepared as follows: 20 ~To 6.0 liters of an aqueous bone ge
solution (Solution A 0.17 nol ar pota55|?@JNcwnde 1.5 percent by wei ght
gelatin) at [ERR] and pBr 0.77 were added by doubl e-jet over a two minute.
period (consunming 0.96 per cent of the total silver-nitrate), 25 an

agqueous sol utlomaehpot agfi Bﬁhbe%ﬁ@s(S%tlt mE’s e?edl4umiauﬂe and an

Sl aneous! v, JRRedcBERRuIeELE §#§‘?i§%é*§€% e AL AEn ¢ 2. 35
nmol ar) -was run theopSeSGntohnﬁeatioheasamalIIm Amprowd. Mtt er the -

initial two ni nuhsamSﬁLuageaa &aedugewﬁ% t#&it&ﬁh sf¥Hd' ldP hdt

continued (con- sumn er cent ot al ver n|trate unt|I pBr
1.14 at [ERR| \/\/ESPE??&PHeBhFaB’E)*%%%'Ee#‘}d 1eremeredy, kntgndeds$q i i ons B

and F were addedehigngeghte-tRatttke 16dide desetinicias g tie an
accelerated flow 9&5 iﬁéﬂﬁéi 43X fromstart to finish). at pBr 1.14 and .

‘55 C unti | 50|u8F8ﬁ“% By (80.6 percent of total silver nitrate
used). SinultaBsamplesgh andebus sol ution (Solution D) of potassium

brom de 5 (1.89 nDIar%wgngi£§t§§§$gg1*g@igeﬁ$ f%;ﬁgﬁéia e&dded at

t he sane agﬁele at ed fISM/rate ution B |on
exhaust ed, 18quebricmedrdide quyl sivns seerm, peRpared a8 dafdned 0. 24 nolar)

and silver nitrheeeffol UTheneful2ién Wetéinafifer ﬁ!ﬁéttﬂﬁkﬁbfisWU|taneOUS'Y
Eégcf?oﬂéié‘;ﬂ sslae S*é%éf%*é%ﬁ*’ﬁé@aﬁ af i Msenbtasde, 0,
m nut es) . iodide was abruptly increased as the tabular
' grains were being grown. A second emulsion herein-
15 after referred to as Example 5 was precipitated under
conditions in which the iodide concentration was
e B increased in a graded manner during precipitation.
' The Example 4 emulsion was prepared as

follows:
20 . . To 4.5 liters of en'aqueous bone gelatin
solution (Solution A, 0. 17 molar potassium bromide,
1.5 percent by weight gelatin) at 55°C and pBr 0.77
were added by double-jet with stirring at the same
flow rate over a two minute period (consuming 0.95
25 percent of the total silver nitrate), an aqueous
.potassium bromide solution (Solution B-1, 3.30
' molar), and an aqueous silver nitrate solution
(Solution c-1, 3.00 molar). ' -
After two minutes, Solution B- l was halted.
_ . 30 Solution C-1 was continued at a constant flow rate
e ' ~ until pBr 1.14 at 55°C was attained. Then aqueous
solutions of potassium bromide (Solution B-2, 3.00
molar), potassium iodide (Solution B-3, 0.37 molar)
and silver nitrate (Solution C-1) were added at pBr
35 1.14 by triple-jet at an accelerated flow rate (10X
from start to finish) until Solution C-1 was '



| sion was cooled to [ERR], conbined 15 wth 1.5 liters of an

s phthal ated gelatin solution (13 percent by weight gelatin) and

gul ation washed twice. A total of 8.34 noles of silver nitrate were\w

_ to prepare this enulsion. The enul si on had an average grain dianeter
of 2.1 20 nicroneter, an average gr¥m thickness of 0.12 mcrometer and

" -an average ratio of 17:1, with the tabular grains accounting for greater

than 80 - percent of the total ,pro ilver bro i odi de
grains. 25 exhausted FWPrQHﬁqﬁgéi szlE&PPGRSP ggng P8§GFPFn 8*Exampl e 4
- and 5 e”U|St@m&lﬁfik?frﬂnﬂﬂiahﬁ @sed)r.on nicroscopy. The technique for
exanlnatlon was that ,de gl B. WIlians,
- "X-ray Analysis in tﬁ%“éﬁﬁkp$%ﬁﬁ*i§:§ ﬁfegkglectgéggg5g Nlcroscopy/1977
Vol . 1, 11T (Sedawdeom 1Gndt,i 3400 mod §9¢7S° utfon B-g WPR€ (o be exanined
wer e p@pced éa'Eﬂenmﬂ9om%uwwedj%&daQOQbﬁ@tthtEﬁobeﬁﬁteauntilof liquid -

pot “on 35 BREGTEY Aty 35t uas, AREALISL S S BSEEeR. BETRRC L L e were
exam ned at silved mdcﬂﬁ&teacnmismud)ng Approzimatielyg6..3 modesl oftron beam
stimul at ed g i $3eUhedf wirlelived®t JTpERarA0 chilg el3BIbhy and ener gy of

the X-rays Was possi b m ne 't he ratlo o -|od|de to
bromi de in the grain Be emulaion was copledegor 39 Cnp gd.  To provide

cont r ol f ok sieie PR Tttt idE a¥f dquidions @ﬁ&ﬁﬁ&htéﬁl alar:aaul ar grains
con5|st|ng essentlallei(ﬂ: sil.ver brom d ﬁg@n- t3 rc%ralns consi sti ng

_essentially & lugiqny, TR DY e @8Y7The results
are sunmar i et fival @usm;dra:bﬂmd. Thiz enulsion hadcam: aiveahage Exanpl e

Figure . Spotréin digﬁeéﬂr 5%“5 dqmiéggmeéér, an average grain
| o thickness of 0.09 micrometer, and an ‘average aspect
15 ratio of 26.6: 1, with the tabular grains accounting
for greater than 80 percent of the total projected
area of the silver bromoiodide grains ' W
The Example 5 emulsion was prepared as |
follows: ' : S
20 To 6.0 liters of an aqueous bone gelatin .'
solution (Solution A, 0 17 molar potassium bromide,
1.5 percent by weight gelatin) at 55°C and pBr. 0.77
were added by double-jet over a two minute period
(consuming 0.96 percent of the total silver nitrate),_
25 an aqueous solution of potassium bromide (Solution B,
2.14 molar), and an. aqueous solution of silver
nitrate (Solution F, 2.01 molar). Simultaneously, an
aqueous solution of potassium bromide (Solution cC,
2.35 molar) was Tun into Solution B at the same flow
30 rate. _ ' |
After the initial two minutes, Solutions B
and C ‘were halted. Solution F was continued (con-
suming 7. 71 percent of the total silver nitrate) -
until pBr 1. 14 at 55 'C was attained (approximately 16
35 minutes) Solutions B and F were added by double-Jet
| then to the reaction vessel at an accelerated flow



4 7 51 11.5° 11.7 15 4 [ 8
3.7 _ 10.8 . 11.0 4 ; 9 4.3 11.(2 - ;
11.1 & . 10 2.4 . 7.6 ' . 10.3 5 '
2.9 4.4 8.3 10.1 In |OOkIn§ at Tablé | it can be seen that.
20 Exanple 4 enulsion in which the conce lration of iodide was abruptly

increased during the run exhibited a very simlar iodide concentration bot h'

in amd-grain regien (4SAOX eoadeaktaRoddRLERY] 9B gﬁrti)ewraﬁa (Spot B).

Righer than in L1 CeABEA SRdsIopcRone) exhanathd” (Bleb RRFESRECPE h

P PEFEENEPLt he
Exanpl e 5 enul si dotial mﬂd&brthitpeteenbegé.ofSimdld&néoﬁskytaﬂurlng

precipitation wag bbnd:&%hqusd ioarg §§s#égaéggés o%ﬂd%Od'de
h K regl Spot E)
fgntngtn teolf W |t | g‘im@ mo §H mﬁ;*eein%ggagﬂngl ézﬁiée §Padd mehsn ewedit (Spot

M, exan1n|ng a sddmﬂdgmh¢hegbame EQQEQéréﬁﬁdtfm%wf#&téffoh%gﬁutggifzﬁhfo
dual crease in iodi r l, N_pLOQr ess ro he

?Lg gggelgf t he grains. %hgg §°295ﬁﬁ9e§ g Fh?ﬁﬁg“3§°$L 2qveRYS at e .
Speed/C?anuIarltyoﬂamdpncngﬁlpotngsénmeiodidel[SclubionﬁtpdmdmhenULSInglof |
aryi ng aspect r P c ySi

descri pt i ons of ﬁ"?é“%ﬁ?@.‘%%?ﬁ?g niEdES (888 Ran G A0 a0 o

liters of a 9 5 perecadd QélﬁﬁpﬁltGDEQUﬂﬂbo(h@s7ﬁnph¥©ﬂ¢deogctmnabn at .80C,
vere added with $@lvest hitrAteadsed) deusbRstiit £1cw Mo %&m brom de -

eriod
i nt ai ni ng LVSEF%‘ES% P88l R TY "B8e 2rBaat or o8 g rantatnart,
nitrate used).. fhppnpuﬁmdﬁelwlhllmﬁnuaesktopped and the silver solution.
The emulsion was cooled to 35°C, combined
15 with 1.5 liters of an aqueous phthalated gelatin
solution (13 percent by weight gelatin) and
coagulation washed twice. A total of 8.34 moles of
silver nitrate were used to prepare this emulsion.
The emulsion had an average grain diameter of 2.1
20 micrometer, an average grain thickness of 0.12
micrometer and an average ratio of 17:1, with the
tabular grains'accounting for greater than 80 percent
of the total projected area of the silver bromoiodide
~ graims.
25 The_iodide distribution in_the resulting
Example 4 and § emulsions was examined by electron
_ microécop§ The technique for examination was that
. described by J. I. Goldstein and D. B. Williems,
""x-ray Analysis in the TEM/STEM", ScanningﬁElectron
30 Microscopy/1977 Vol. 1, IIT Research Institute,'
March 1977, p. 651. Grains to be examined were
placed on a microscope grid and cooled to the
_temperature of liquid nitrogen A focused beam Of
electrons was impinged on a 0.2 micrometer spot on
'35 each grein to be examined for composition. The
samples were examined at 80 kilovolts accelereting




ontinued for 3 mnutes (consum ng 5.52 percent of the total silver

e used) The broni de and silver solutions were then run concurrently
ai ni ng pBr 1.0 in an accelerated flow (2.2X fromstart to

--i.e:, 2.2 tinmes faster at the end 20 than at the start) over 13*
‘mnutes (consum ng 34.8 percent of theggatal silver nitrate used). The
brom de sol ution was stopped and the silver solution run for 1.7 m nutes
~(consum ng 6.44 percent of the total silver nitrate used). A 1.8 M

- potassi um 25 vobrage de Tioé Lélectoon deamss timrl 4t edll thé |enirniaa'5| um i odi de

dded thgt -
B (e My N
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was reached (devrerxmimation of. BDQJ‘hd%anﬁntﬂﬂIiQnalt&hum graing e used). -
A total of a.égﬁgi%F%é% %ge foﬁli) fngggg nonP0- used. The
e .

emul si on was cQ0 shed e coag tlon et hod of U. S.
Patent 2, 614, Wlaq'cs’c'%%“%rﬁﬁ%? 8[%"%&4@- cﬁféﬂé’@’-?rg_of the green . ,

wmumsmauﬂiwwwuuuﬂmaQle5-5

phenyl - (3-sul fobutyl, ul f opro - r.b Nigne 4h oxi de,

sodi um gla?t per nole 0 i é%‘h h%lp Aé%ﬁéﬁeéﬁq% rﬁfﬁ‘i’rl% 0 ninute
hold. To the emul sion was added 3!a§gieﬁ sodlun1th|osulfate pent ahydrate

per- mole of Ag and 1.5 ng of pota55|un1 -éﬂ@ﬂ ‘ate per nole of
Ag. The pAg was adj usted to 8. Mile péid icke for 5

m nutes at 6EXample odjiigure s Mﬁadéms.ﬂi potM_lﬂn br§nﬁ.§i§. sol ution.

Exanple 7 4 7 5.1 11.5 11.7
15 &4 8 3.7 1 10.8 - 11.0
4 9 4.3 11.2 11.1
5 10 2.4 7.6 . .10.3 o
5 11 2.9 4.4 8.3 10.1

_ In looking at Table I it can be seen that
20 - Example 4 emulsion in which the concentration of
iodide was abruptly increased du:ing the run
exhibited a very similar iodide concentration both in
a mid-grain region (Spot M) and at an edge region of
the grain (Spot E). The iodide concentration at the
25 mid-grain and edge locations were higher than in the
~ central region (Spot C). On the other hand, for the
Example 5 emulsion in which the percentage of iodide
present during precipitacion was gradually increased,
- a progressive inorease in iodide content from the
30 central region (Spot C) to the edge region (Spot E)
1s noted. While this is shown with a single mid-
grain measurement (Spot M), examining a second mid-
grain region (Spot N) further highlights the gradual
‘increase in iodide present in progressxng from the
'35 center to the edge of the grains.



15 .To 5.5 liters of a 1.5 percent gelatin, 0.17 M potassium
bromi de solution at [ERR], pH 5.9, were added with stirring and by
doubliejet 2.1 M potassiumbronmide and 2.0 Msilver nitrate sol uti ons ove
a two minute period while maintaining a pBr of 0.8 20 (consum ng 0.53

. percent of the total silver nitrate. used’P9' The brom de sol-ution was:
stopped and the silver solution continued for 4.6 mnutes at a rate
‘consunmng 8.6 PRLES i de and
,S|Iver sol uti ons=w - =S~ RN
mai ntai ning a pklﬂf&_&ﬂiﬁan accel erated flow (2. 5X fromstart to

finish), consuming 43.6 meseefés 06f L&ELVEF Broudiedidy Tém%n%ilb%%dof The
‘brom de sol ution: vva 'stogﬁ e silver solujion n r one m nute

‘(consuni ng 4.7 397 ?°5f"1'r?te°t‘6§%ﬁ Pﬁ?ﬂfé‘t‘ &5 82 A 2.0 M.
pot assi um Br omi UQIQUI- ut The: mma\hsdesmaﬂmsvlof\ thet m]wﬁmdl de was

added with the.g8b! yf¥es0ialtt (qgg et for 13.3 mnutes in an
accel erated flow 1g/ ¢ ‘Tom sét}gjfét)ylfg nc%s mai n- taining . a pBr of 1.7,
and consuni ng nt of the total S|Iver nitrate used. 'To the.

emul sion was added 1.5 grmswmm:&@mmqa_tseg&rcdﬁﬁ eqfat&q ,20d17 -101-

t'h | di’d | ut

and the i Lver Sstiantim B S Tiufian &Y A% a?'e%ﬂ"g'ﬂ &858 11 ow
rate for ap@r oxstriatéilyg cand riw edoubitetjet p. HM Cpoﬂ:a&sium/vbromé.dehed : .
(consumi ng apprgxd "el ¢!y @iﬁré’@&?ﬂﬁaéﬁ ddi cti%tn%l f%)elz"%r tWX faﬁt!seo') The

total silver nitra consu r oxi mat utton of 350

P,
g of phthal at edpﬁ’éi%ﬁla while ‘E‘jr‘?‘i%f ning avpBy Wfa@ tsne(ﬁ%@é‘én& he ‘emul si on
cool ed to [ ERR|Q.398 perdvhtashathdwddil quag»dxatxm&amet h@ddqf Expepl e 6.

mmnner si i L ar TECRFER SRACHISL AT s SoERe BN BBe mityebSodnseR 1 |
_ - 15 continued for 3 minutes (consuming 5.52 percent of
the total silver nitrate used). The bromide and
. - silver solutions were then run concurrently main-
taining pBr 1.0 in an accelerated flow (2.2X from
start to finish--i.e., 2.2 times faster at the end
20 than at'the start) over 13 minutes (consuming 34.8
percent of the total silver nitrate used). The |
bromide solution was stopped and the silver solution
run for 1.7 minutes (consuming 6.44 percent of the
total silver nitrate used). A 1.8 M potassium
25 bromide solution which was also 0.24 M in potassium
' iodide was added with the silver solution for 15.5
minutes by double-jet in an accelerated flow (1.6X
from start to finish), consuming 45.9 percent of the
_ _total silver nitrate used maintaining a pBr of 1.6.
30 Both solutions were stopped and a 5 minute digest
‘using 1.5 g sodium thiocyanate/Ag mole was carried
out. A 0. 18 M potassium iodide solution and the.
'silver solution were added by double-jet at equal
flow rates until a pBr of 2.9 was reached (consuming
35 6.8 percent of the total silver nitrate used) A
..total of approximately 11 moles of silver nitrate was




: senS|t|zed in a

de (bed in U S Patents 2,614,928 and 2, 614,929. 15 Exanple 8 To 30.0

3 of ‘a 0.8 per cent gelatln sol ution contalnlng 0.10 M potassi um

fle at [ERR] were added with stirring and by. double-jet, 1.2 M o

pot a$sium brom de and 1.2 Msilver nitrate solution 20 - over a 5 mnute
efiod while naintaining a pBr of 1.0 (c uming 2.1 percent of the total -

silver nitrate used). 5.0 liters of a sgﬁihlon containing 17.6 percent.

.pht hal at-ed gelatin mas then added, and the enul sion held for one nlnute.

.. The silver nitr THE el 1 fageﬁ%atsh%orwa 3t 30°eS and maeunb a pBr
of 1.35 was atta ned consun1ng r the t & itrate
used. A 1.06 NIG@F&&Q&&H dﬁﬁcélc%‘ﬁég aﬁsg & ?2 %

pot assi um i odi dﬁtrv&isem’iﬂ%rwddﬂtﬁf@ ;ﬂdr\eerad‘:leldjﬂuédndgyotfomhleegrﬁen jet in
an accel erated flom1 &é_ %@€} %,tghhb@&%ué_gﬁqégnggegggﬁ -gercent of the

total silver nit8® R
mately 20 r®l es ni‘fetwll'\ﬂar - (3 tsuk L)S'e‘g'co rmﬂgmases Bg'r?)(;l
[ERR], coagul at Ie{ahmféﬂ d%h%@ Mﬂuﬁalslan:s mubyo&nngqhanucm ly

s crj he 6. g -102- -
Exanpl e 9 To 4. & Pé% ’cﬁ"%&f%%poerce ef}eﬁxl l% %Of 8’% pc??'gsm um brom de
sol ution at 55C,theH emds hony avasideided tﬁw%lﬂ& nﬁwgodmmbyhdsesﬂ atet, 1.8 M
5 potassium g d}@%e’-(ph‘v'm%w%f mg ‘@ 159 g OF potlasgit@nst ant -

| parcent of 10 tatHAGhiaRASURALRET BEE © m-brgﬁaeda%w.?fa‘%?r "and'a 0.26
M poz Zﬁf' lrJgﬁt Ieogilshajmnﬁmm 8\l ard@he winulls Lo eacu tham Ihﬁaa':redarfocqual .
ggPient of the tit‘%ﬁ %qqﬁ/(;srﬁﬂ't gﬂéea@%l{% QF%I vllgglérgl(r% \%gs ?&en
continued over apotaissium bronise cﬂpbftion .
_ Example 7 :
15 "To 5.5 liters of a 1.5 percent gelatin, 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 while maintaining a pBr of 0.8 _
20 (consuming 0.53 percent of the total silver nitrate
- used)- ‘The bromide solution was stopped and the
Silver solution continued for 4.6 minutes at a rate
consuming 8.6 percent of the total silver nitrate
_ used. The bromide and silver solutions ‘were then run
25 concurrently for 13.3 minutes, maintaining a pBr of
1.2 in an accelerated flow (2.5X° from start to
'finish), consuming 43.6 percent of the: total silver
nitrate used The bromide solution was stopped and |
_ the silver solution run for one minute (consuming 4. 7
39 'percent of the total silver nitrate used)
. A 2.0 M potassium bromide solution which was
_also 0.30 M in potassium iodide was added with the
“silver solution by double-jet for 13.3 minutes in an
taccelerated flow (l 5X from start to finish), main-
ttining a pﬂr,of 1.7, and_consuming 35_9_peroent of
the total silver nitrate_used.'iTo the emulsion was
added 1.5 g of sodium thiocyanate per'mole-of Ag and

35



37 mnutes maintaining pBr. 0.8 in an accelerated flow 15 (4X from st %EEE
to finish), consuming 94.5 percent of the total silver nitrate used. o
totak_pof approxi- mately 5 noles of silver nitrate was used. The enul sre '
.was cooled to [ERR], 1.0 liter of water containing 200 g of phthalated

gel atin was added, and 20 = the emul si<d@lwas coagul ati on washed. The @
-ermul sion was then optimally spectrally and chem cally sensi- tized in a

manner simlar to that described in Exanple 6. Control 3 -- This enul sion

was preci pit ate iepulsion vasrheld fers @S pdautesy. SA PaBénM 4, 184,877. To
a E_hpe{_cen_t soécsl%aegéwi ﬂf&f&ié -rkd41rh7t3ﬂ>n5 dod ¢he fafié\_og&emh:kgﬁﬂ wlere added
Wi stirring and. ouhl.e-je : agoni um i odi de and 4, silver
nitrate sol uti'GH® d%/d%¥3’r%tiﬂﬂ%l€q'éﬁw .H% FRPELADE egﬁaq glgwm- nute peri od
whi | e mai nt ai nfage afqn agpxisareisud minutesovntdilchay pB2 pérdelt of the
~Silver nigrat §gls §bddhdd Y ctifdh nﬂr:t?t r&p@"r%&%ﬁ_ ‘tb‘ig) 6.61 SrELﬁE’ % bot h
sol utions was..then adA USte]S{tO rdte consymn pﬁrox ma y percent of
tthe total 35 tRkal gl lyer afe s ed_&h&i ofRL &LAVEEBN over a

period-of 15 mitutete cinsumed ofas approxdimately lllfidlesodi de sol uti on was .
then stopped, g, : i4d Ilwery Rihratke sl wtho I nued to
“a pl of 5.0. A toet{z}f‘n #%ﬁ%ﬁ%ﬁﬂ@%& Blse'lg?tlgi' F‘\S}e?'%i ?:rlg ggwas ‘used
in the prepar f% HAWAT a8 S&ep @ddedyr shes eamdpdppncorhedehial 300fs was

.cool ed t?d ERRIn@whslfed! 15 the ebgiidtionwethod bgr Ekdmpier 6preci pita-
tion as descriped herei,nafter. IEE avg&ggﬁ%dlaneter gg t he .seed grains was
0.24 ni cromet efe AR §4qn, Mas,then; op Yo8PEeFRaliyuandn 10 | '
cont ai ni ng 4. chemiama ldy tdensdgiizedilin annannercpdmdédazbovethat heated to
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sol uti on were _ ow rate
- described in U.S. Patents 2,614,928 and 2,614.,929_.
15 Example 8 o ' 2

| To 30.0 liters of a 0.8 percent gelatin
solution containing 0.10 M potassium bromide at 75°C
were added with stirring and by double-jet, 1.2 M
potassium bromide and 1.2 M silver nitrate solution
20  over a'S_minutg period while maintaining a pBr of 1.0
(consuming 2.1 percent of the total silver nitrate
used). 5.0 liters of a solution containing 17.6
percent phthalated gelatin was then added, and the
emulsion held for one minute. The silver nitrate
25 solution was then run into the emulsion until a pBr.
| of 1.35 was attained, consuming 5.24 percent of the
total silver nitrate used. A 1.06 M potassium . -
bromide solution which was also 0.14 M in potassium
. ‘iodide was added with the silver solution by double-
30 jet in an accelerated flow (2X from start to finish)
| consuming 92.7 percent of the total silver nitrate
used, and maintaining pBr 1.35. A total of approxi-
mately 20 moles of silver nitrate was used. The.
emulsion was cooled to 35°C, coagulation washed and
35 optimally spectrally and éhemically sensitized in a
manner similar to that described for Example 6.



- -sensitizers a

wa period of 7.1 m-nutes while maintaining a pBr 15 of 4.7 (consum ng
percent of the total silver nitrate used in the precipitation on the

S grai ns) .. Addition of the.amoni um bronide sol ution al one was then o
. conti nued unt|I a pBr of approximately 0.9 was attained at which tinme it '
‘was-stopped. .2.7 20 liters of a sotl@wen of 11.7 M ammmoni um hydr oxi de
was then added and the emul sion was hel d for 10 minutes. The pH was :
adjusted to 5.0 mﬁih-gulfurlc acid, and the double-jet introduction of the
amoni um br o L. ilver nitrate solution was resunmed for 25 = 14 '
nnutes naintaining a PBr4cd bppersi ofitaly.5. Perventitgelatdim, consuni ng 56. 8

t of th tal T t dj ted t
beLCeny the cauid) B pBkhyElull t%goﬁéwﬂ?“ WS e L M Mare
of silver nitwere addedswith stirying and by dewbleriege hitd Mwere added,

agd ttheds[rul Zpeaawsuﬁmﬂebﬂaeoanwzhedu Eﬂrv@é\gnﬂéraw S L HE. Vas
adj uste 0]

ﬁo i on, vas. a f @g g SOdI m t hi o-
~sulfate pentaﬂ dPafgnﬁgfn Faug 5@ 5nﬁvﬁt n%e5 0450 R : :
tetrachl oroavatit® pBr ofl @.8f (egnsuming cOu¥ spercent afmthémﬁntalnlshed for

16 minutes atsuvew&i:?e& ﬁeeagd tfnéOE:o envsfivwe gigey spectral

(3-sul f obut yl hég . B%F*%ﬁig‘ﬂ%-; Q%Ea?%&?&#n@?ﬁdim d8sodi'um sal t per

- nmol e of AQ, maeneddtdnamj bt antéqualutonsvantsriee covexr 20 m nutes.

Chem cal and §g§§£é Tﬁgfﬁéaiﬁfﬁ%ﬁ93¥ﬂéf9pt 'Eéﬁgrééﬁéﬁﬁﬁf" tizers

enpl oyed. Con in U S Patent
3, 320, 069. 1opercent of thg fotal) siéveromiargteaeﬁq#pot'&mm&%m de,

0.012 M pot aseuﬂrmasdtHSnaeéneiﬂééd%Ma&ﬁlMiﬂ&&yprﬁéﬁwlﬁI on .at
[ERR Contaln599minuge EnEaERRha'Sﬁ gg f"éh acce g%Lé%dtQﬁow
15 (4X from start to finish),.consuming 94.5 pe:cent of
the total silver nitrate used. A total of approxi-
mately 5 moles of silver nitrate was used. The
emulsion was cooled to 35°C, 1.0 liter of water
- containing ZOO-g of phthalated gelatin was added, and
20 the emulsion was coagulation washed. The emulsion
was then optimally spectrally and chemically sensi-
tized in a manner similar to that described in
Example 6. o :
: Control 3 == This emulsion was precipitated in the
25 manner described in U.S. Patent 4 184,877. _

To a 5 percent solution of gelatin in 17.5
liters of water at 65°C were added with stirring and
by double-jet 4.7 M ammonium iodide and 4.7 M_silver7
nitrate solutions at a constant equal flow rate over

30 a 3 minute period while maintaining a pl of 2.1°
(consuming approximately 22 percent of the silver
nitrate used in the seed grain preparation). The
flow of both solutions was then adjusted to a rate
‘consuming approximately 78 percent of the total

35 silver nitrate.nsed,in_the seed grain preparation
over a period of 15 minutes. The run of the ammonium



brom de sol ution which was also 0.11 Min potassiumiodide and a 1.43 M
sil ve\/nltrate sol ution, over .a period of approximtely 40 mnutes. The
precipitation consuned 21 nol es of silver nitrate.” The enul sion was then
"cooled to [ERR] and 20 coagul ati on §£J by the nmethod of U S. Patent
2,614,928. The pAg of the emul sion was adjusted to 8.1 and to the enul sion
was added 5.0 nmy of sodiumthio- sulfate pentahydrate per nole of Ag and

2.0 ng of 25 1ipaidessobut o s ormurﬁ@p rmiae tHe Addickln Ul sion

2’33& ol 22?2.%#?é?ff‘gﬁﬁtﬁfgg%‘%ﬁf%ﬁgﬁ&%t gl (g Yl of the oreen
- (3-sul'fobut§r§-3- Q$leo®fmyomm%mm£@f sli)lmeam de, sodium -

double-jet with stlrrlng at equaI flowrates a 1.32 M 15 pot assi um @

<5l

sdf;ﬂt per mges@itﬁﬁ?wsw ﬁmom@ TR B | e sen%l 10t nglrﬂses
em cal an ]
enpl oyed. glCont bRins _apuis Wajcﬁ Q'hé’%%/[fé’@égcrtlobég Chagd U. S

Pat ent 3, 320, Ofded as é%eed’cg:ﬂa’a.tﬂ émdlm:bmffoa.- Eudehel peeaspiua-broni de,

I
[ErR yoﬁféﬁﬁ?*fmémi percéﬁf?eprﬁ%%’{%#%é R L S NP

wtth -stirring #ead graineyas 0.24 mmbromde sol uti on which
was also 0.053 Min potpssp UM dékd ¢ @ryj él.:}]eﬁ geq e’ sBhbitdbg SO ution,

motes of L97vaonsfhifs Tl does At agt salnions aa erepsredC and
coagul ati on woshede iwvas easted tor6EC.as i o atmofdampBgomidehe emul sion
was adj usted tébﬁh@i dhdd 4 e 73@'8?.1%%3:%%3@ 339%;@108“ wagd! um |
thiosulfate pené e ate \H:le- et at an equal constant flow rate
over a period of 7.1 minutes while maintaining a pBr
15 of 4.7 (consuming 40_2 percent of the total silver
nitrate used in the precipitation on the seed |
U grains). Addition of the ammonium bromide solution
o alone was then continued until a pBr of approximately
0.9 was attained at which time it was stopped. .2.7
20 liters 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
bromide and silver nitrate solution was resumed for
25 14 minutes maintaining a pBr of approximately 0.9 and
at a rate'cOnSuming 56.8 percent of the total silver
nitrate consumed. The pBr was then adjusted to 3.3
and the emulsion cooled to 30°C. A total of approxi-
- : " mately 87 moles of silver nitrate was used. 900 g of
30 phthalated gelatin were added, and the emulsion was
. : coagulation washed. S
o 'The pAg of the emulsion was adjusted to 8.8
and to the emulsion was added 4.2 mg of sodium thio-
sulfate pentahydrate per mole of Ag and 0.6 mg of
35 potassium tetrachloroaurate per mole of Ag. The
emulsion was then heat finished for 16 minutes at



Iyt assi um tetrachl oroaurate per nole of Ag. The emul sion was then
ijni shed at 55C, cooled to [ERR], 387 ng of the green spectral

- sknsit/zer, anhydro-5-chl oro-9-ethyl-5'-phenyl -3'-(3-sulfobutyl)- e
“-sulfopropyl)- oxacar bocyani ne hydroxi de, sodium 20 salt per nole 5(
- Ag, was added and the enul sion was hel@&for 10 mi nutes. Chenical and

spectral sensiti- zation was optlnun1for the sensitizers. ‘enpl oyed. TABLE T

PHYSI CAL DESCR|PT|CNS OF  BROVD, QDI EMULSI.ONS 1-7 25
Tabul ar Grai 89°Cs capded t°%$9chn§ 7 mg| gfj ghe green spectupl k. = age

(P{ E-RR ]SI) on  genlsdtizel, anhgaro-geahloroAspsthylj-sét-pﬁeﬁm-3'--(IVI[)ERR] |
VAR ¢S .V it)E§a - {‘?&?Eésggﬁ°¥g“b°¢¥%'gﬁ‘ 0.14
271 75 Ehadpbxideg sodiumZBQlt per2m@le of Ag,1vas added: gnd >90

Exgnp]es ,the e%%&%& n wss geéd fegolézminuﬁes5 lcqsﬁﬁgefbﬂﬁq0| 3
[ERR] . zsgegtrgg seggitigpt on was optimum . orltbe SG“SirERm

2.5:1* - 1@4zets @mplofedent 3, 320, 069 does not discl ose aspect ratios:

moasurng. t nEoREERlc e RS duTE13% AEPEE BB ERBaPaREERRbaTHRT D TlTa

grain enul si §n§ .wPakentt Be380ePéPred definition linits of this patent
appl i cagigon |n t hat t&gl&ztblgkgg§§ 3@3 Igsgsghﬁn Btasgignoneter. Al though
sone tabular IB hiit t han ? i 8g$ter ﬁéggeter ‘were 10 _
incl uded in PSRBEELagOe §bBP§Fs§ YRniQ ﬁgénel ¥ and percent
pr oj ect ed arpotmmsﬁhnsthindyehhte soduplien, aex68fC ebatainbagr exclusion.is

-speC|f|caIIylraﬁt%gggﬁhgsg&&hgiﬁggdsEgihtg#gngggéo gégsbyere present to

alter significa ers®repor regresentatlve
average double-jet with stirring at equal flow rates a

15 potassium bromide solution which was also 0. 11 M in
potassium iodide and al. 43 M silver nitrate
solution, over a period of approximstely 40 minutes
The precipitstion consumed 21 moles of silver _
nitrate. The emulsion was then cooled to 35 C and

20 coagulation washed_by the method of U.S. Patent

' 2 614 928. _ . - _

. The pAg of the emulsion was adjusted to 8 1
and to the emulsion was added 5.0 mg of sodium thio-'

 sulfate pentahydrate per mole of Ag.snd 2.0 mg of

25 potassium tetrachlofoaurate per mole of Ag. The
enulsion was then heat finished at 65°C, cooled to
40°c, 464 mg/Ag mole of the green spectral
sensitizer,.snhydro-s chloro-9-ethyl-5'-phenyl-
3'-(3fsu1fobuty1)335(3-sulfopropy1)-oxscarbocysninei

30 hydroxide, sodium sslt'pe: mole of Ag, wes.sdded and
the emulsion was held for lO'mimutes._ Chemical and
spectral sensitization was optimum for the sensi-
tizers employed. _

Control 5~-This emulsion is of the type described in

35 U.S. Patent 3,320, 069. -



aspect ratio for the grains of the control enulsions the average grain o
di ameter was conpared to the average grain-thickness. Al though not -
measuced, the projected area that could be attributed to the few 20
tabul ar grains neeting the less than O.iosicroneter-thickness and 0.6
mcroneter diameter criteria was in eaChvPnstance estimated by visual
inspection to account for very little, if any, of the total pro- jected

area of the total gralnTgpgglgtlgeegg BQeQZE 05509t§8£a§@9+ &l ons. The

chenical Iy and spectrall sensitlized emul siQns were sepa ely coated in a
singl e-1 ayer nkFomidenoOrRlZoM potaspirgsiodidgecand 003 Mupport. Each:

c??ggg]elenFnE anau&edhibb§agahalsdEuBQoneavl68605c§ﬁwu£ﬁuﬁgIN£%5?L 1.07
g gel ati sol,ye i e e
magent a i mage- £ %F%PH& 8§&§F5 Bk §g2‘§? Pﬁ?ﬁ gdHeH by dbibre-fe

chl or ophedyl) - 9ithERRireing- p&neaﬂc&yfbh\!nuawﬂbat§'F317n Mpdtasgiumzol one at
g chgé£F§§Lc§ . gguﬁﬁiﬁg?byshﬁi6h35as agsggg|g%?sn o OtaSSi?%g mol e,
and the antifod§ QS'F’ rﬂxi %gn&t H?i"it ngé"?"?eﬁ’g‘éﬁ?ﬁler@ %f?

-107- g/nole A elrd.d»dbeénap@dedmaeéuyuaoymiﬂateser preeip iwrprl sing

dgelatin at -0.8 [ ERR rden vin fony nethyl)ether at
1.-75 percent b%&g Eﬁn¥ ﬂ 32|3? ﬁsmgggﬁ?ivéﬁ gt The
resul ti ngl®hot eguisiion waenshes wepdedxposas’® Coand/cﬁﬁgmﬁazdmmcond t hr ough

a 0-3.0 densitya3hel iﬁbkﬁg gégi ﬁaﬂ%ﬂ&tﬁg eﬁgcﬁoi dter and 1.26 density

neutral filter, to a ggst t source. Processing was
acconpl i shed at 37. 7OC CS e’ﬁPBEEQ% s adivgted ke Gibed in the
British Jour naandf tBhehegéﬁﬁmuéﬂnwah added. 10Pmg 298 -@6iund he devel opnent

Lies were var LRd bl yRRY SR ke dEisL J?Sémg{,gb&'t a8 b 216 dg'g41 ve

green sensitiv an
15 potassium tetrachloroaurate per mole of Ag. The

emulsion was then heat finished at 55°C, cooled to
40°C, 387 mg of the green spectral sensitizer,
anhydro-5-chloro-9-ethyl-5'-phenyl-3'-(3-sulfobutyl)-
3~ (3-sulfopropy1)-'oxatarbocianine hydroxide, sodium
20 salt per mole of Ag, was added and the emulsion was
' held for 10 minutes. Chemical and spectral sensiti-
'zation was optimum.for the sensitizers employed.

~ TABLE II
. PHYSICAL DESCRIPTIONS OF BROMOIODIDE EMULSIONS 1-7
25 . _ Tabular Grain Aver- % of
' Emul-_ Iodide ' Thick- age Pro-
sion Content Diameter ness Asﬁecc jected
No.  (MZI) (um) (um).  Ratio  Area
Example 6 6 =3.8 0.14 27:1  >50
30 Example 7 1.2 =3.8 0.14 27:1 75
i | Example 8 12.0 2.8  0.15 19:1  >90
Example 9 12.3 - 1.8 . 0.12 15:1  >50
Control 3 4.7 1.4  0.42 . 3.3:1
Control 4 10 1.1 =0.40 = 2.8:1%
5 5 1.0 =0.40  2.5:1%

35 Control



\ det er mi ned for each of the photographic elenents. (The rns-granularity
_ pasured by the nmethod described by H C Schmtt, Jr. and J. H Altnan
- AppHed Optics, 9, pp. 871-874, April 1970.) The speed granularity - ("

relationship for these 20 coatings is conveniently shown on a plot of Log .

. Green Speed vs. rns Granularity X 10 in Figure 12. 1t is clearly shown in

- Figure 12 that optimally chemcally and sg&strally sensitized si'lver
br onoi odide enmul - sions having high aspett-Tati os exhibit a nuch better 25
speed-granul arity relationship than do the | ow aspect ratio silver

br onoi odi de enul si one 3y.g. Patedst 3;33@9%91 dxe s el dtaﬂddeauqmaﬁ a

singl e-layer format, |t S d at
equal silver coverage a ﬁkﬁ%é% fﬁ#}&é %%%Dn g&ﬁbe cou r ra |o is the .~
best format to |||ustrarepeﬁeiese&ngvamasnwﬁemh%mn%m#w@asu|ver
hal i de emul si.on mnthoutthgt Paltes ng conplicating interactions:. Exanple 10

grSepar ed by5co§t |mrjllgt ![ ﬁgl ?%‘F\“tﬁ\;%r@goé aéﬁ‘g%gougl erggw% c%l?%?eeétf acet at e

- filmsupport in ubarogreinresul stions awtthin thewpmgiﬁrtgﬂ/ e i sing
red-sensitized. Sikﬁi sPb2™h Pdi ﬂ&taﬁe' £\§p19@é@£¢ﬂ 1 YeHa® their thickness
I mge-form ng cou oIored C £ d DI oupl.er. Laye Fast Cyan
Layer -- conprlsVﬁﬁ ;8§PeF AR Q- geﬁ ?T?Q% Bt éh?) Ths, -

gel altl n, Eyan Iggﬂ&iﬁerafnneseueheﬁ 06| 9f efodéter in diameawpiae and DIR
coupl er. er

'2,5-di -sec- odec}Pﬁgﬂaﬁau ﬂoﬁémgﬂ?£85afhggﬁgﬁ?f£{2§€£¥a-‘?ﬁfﬁ?%@genta Layer

-- conprising grdtameters and percent projected area in these and
other examples, except where their exclusion is
specifically recited, insufficient small diameter
gtains'ﬁefe_present-to’aiter_signifieently the

15 numbers reported. To obtain a representative average
aspect ratio for the grains of the control emulsions o

~ the average grain'diameﬁer'wes compared to the .

average grain thickness. " Although not measured, the
projected area that could be attributed to the few

20 tabular gfeins meeting the less than 0.3 micrometer
thickness and 0.6 micrometer diameter criteria was in
each instance estimated by visual inspection to _
account for very little, if any, of the total pro-
jected area of the total grain population of the

25 control emulsions. = :

The chemically and spectrally sensitized
emulsions were separately coated in_a single-layer -
magenta format on a cellulose triacetate film
support. - Each coated element comprised.silver halide

30 emulsions ‘having silver at 1.07 g/m?, gelatin at
2.14 g/m » to which a solvent dispersion of the
magenta image forming coupler 1-(2,4-dimethyl-6-
chlorophenyl)-3-[a- (B-E-pentadecylphenoxy)-butyramido
~ ]-5-pyrazolone at 0.75 g/m? coupler, the antistain
35 agent 5-sec-octadecylhydroquinone-2-sulfonate,
~ potassium salt at 3.2 g/Ag mole, and the antifoggant
4-hydroxy-6-methyl-1,3,3a,7-tetraazindene at 3.6



15 | sensitized silver bronoiodide grains (1.48 g silver/[ERR]), /... "
gelatin (1.21 g/[ERR]), the nagenta coupler 1-(2,4,6-trichlorophenyl)-- rg?”
' 3-[3;§2,4-diany|phenoXyacetanido)-benzanido]- 5- pyrazol one (0.-88 g/[ERR}\), /
. the colored 20 : : coupler 4 6 trlchlorophenyl) 3-[ a-
(3-tert-butyl-4- hydroxyphenoxy)tetrade&
am do- 2- chl or oani | i no] - 4- ( 3, 4- di net hoxy) - phenylazo 5- pyrazol one (0. 10

/ [ ERR th R t-,25
'gqg!phL%oxy)g§??P& é%]gﬁgnyFé [ng?b ﬁgeéiousier zAn overcoat
L i"di no- 4- (1 - player,5copprising grlsris- apyPa88| pfw (and2thg ) and the

~antistain agewn‘ire%e% 84392y 1BuIERAYIABERY D) e bk ORI £, 790t aSST um sal t
(0.09 g/[ERR -- conpri s faster

gr een- senS|t|%8J°§PFv§Pg5ﬁoﬁB|gﬁFﬁé égiFﬁgn(ngéhﬁﬂéY?§fﬁ9q . gelatin
(0-88 g/[ERR]), the nauFtet zeecvilpling phoLogréphiccélements were

ot o1 5. SEPARMEBSEP IO BECRCEN g Sbough 03y, dstey
1- (2, 4, 6- tr.gﬁmgpoﬁ ;p)plus aj¥vatten No. 9 filter ang

3-[[ERR] - (3- taehsu YheﬂtbﬂrEHEE?“%N)E%OW?%OOO K tungsren '
ananm do-2-chl i NO

9/ [ERR]), and aﬁf’f" §| n gﬁ@ﬁgls éggx%%pgg‘g@]?%% p%é fmce (0.03

qui-none- 20sul lanat-eplpet procasssakt thé. Oppe/ dpsciibed tn ﬁﬁeerlayer --
conprising ge | n | - g€ : hyd o] ain agent. 10
Layer 7. Yellhgk i 90 rﬁg? of" ﬁﬁggg £ Wiel gf?f? Silver and

gel atin. LayeR06-286ew VbRl development timesiweny vaxded skisitized sil ver

broni odi de gp¥oatcedFog! dBnsdtiek! 8F SY¥Sat OO0 CPAR! 1 aEve
green sensitivity and the rms granularity were
15 determined for each of the photographic elements.

- (The rms granularity is measured by the method
described by H. C. Schmitt, Jr. and J. H. Altman,
Apglied Optics, 9, pp- 871-874, April 1970.)

_ The speed-granularity relationship for these

zd coatings is conveniently shown on a plot of Log Green
Speed vs. rms Granularity X 10 in Figure 12. It is

- ¢learly shown in Figure 12 that optimally chemically
and spectrally sensitized silver bromoiodide emul-
‘sions having high aspect ratios exhibit a much better

25 speed-granularity reletionship than do_the low aspect
ratio silver bromoiodide emulsions 3, 4, and 5. .
It should be noted that the use of a
single-layer format, where all the silver halide
emulsions are'coated ct_equal silver.coverage and

30 with a common silver/coupler ratio, is the best
format to illustrate the speed-granularity relation~
ship of a silver halide. emulsion without introducing

~complicating interactions '
_ Example 10 . _

35 A multicolor, incorporated coupler photo-

graphic element was prepared by coa:ing the following




1 - the antistain agent 5-sec-octadecyl hydro- quinone. Layer 9
Fas _-IIOM/Layer -- conprising a faster blue-sensitized silver bronoiodide
gra gel atin, a yellow dye-fornming coupler and 20 =~ t he -
antlstaln agent 5-sec-octadecyl-hydro- quinone. Layer 10 WV Absorbing Layer
-- conprising the UV absorber 3-(di-:n-hexyl am no)alylidene- malononitrile
and gelatin. 25 Layer 11 Protective CNerg&gt Layer -- conprising gelatin
and- bi s(vi nyl sul fonyl net hyl ) ether. The sil hal i de emul sions in each

col or image-formng | ayer of this coating contained poly- 30 di sperse,

low aspect ratio my’eﬁs 0% &hoeliloseseridastite fln RS L2EHSO.

~The enul si ons ver e ly chemcally sensitized with sul fur and gold
in the presence 0 65 %£ga *and were spectrally sensitized to the
appropriate regi oIqQYGF B5 Sl@%ecw#%ﬂbﬂée%petwmrim aoredwsensinizeded in

t he Fast Nhgenta Layer massfq¢§&y5&éﬁsg 4nhd, 1atﬂﬂi)¢§§§FQ) | ow
- aspect ratio ([ERR]) silvef bro é Yo 1 odi mul SI@Q mh was
prepared in & manner. simil 3%?%%%9 ?EP or ¥t ? ond

mul ti col or image-forning pmﬂloeo&plergraphlc el enent was prepared in the

sanme manner exce uti b r srlver.

br onoi odi de (8. 4%i€@dfd2€ érgni_l place éé@%ﬁrﬁ%wy%%{%%tlaér‘g?l o]

“enul sion described above. H¢RS¥#4FQ#cﬁilﬂﬁrtbﬂan#OQ#Q#rSI ng an 10

average di ameter of about ggﬁh{fﬁ&ﬂc én t Dhagdober % Te¥, oEsed to
er t

gr (%JZeE:FeR?] ergado?nt ﬁ\ée{ :gﬁ‘F&' ’é? ri%névagfér%éﬁﬁe‘fhan 75 per ceﬁ?d. rrggsur ed
~as descri bed abovgayeﬁhg hxgheﬁndyaﬁ --I@umﬁ&&gﬁﬁgrgﬁlgtiﬁeaﬁaenulS|ons
wer e bOth simlarly 2,5-di- sec-dodecylhydroquinone antistain
 ‘agent. :
Layer 4 Slow Magenta Lsyer -~ comprising green-=
15 - sensitized silver bromoiodide grains (1.48 g
silver/m ), gelatin (1.21 g/m ), the w
magenta coupler 1-(2,4,6-trichlorophenyl)-
3-[3-(2,4~ diamylphenoxyacetamido)-benzamzdo]-
_ 5-pyrazolone (0.88 g/m‘), the colored
20 : coupler 1-(2,4,6-trichlorophenyl) -3-[a-

' (3'tert-butyl44-hydrokyphenoxy)tetradecaﬁ-
amido-Z-chlorosnilino]-4 (3, a-dimethoxy)-
phenylazo- 5-pyrazolone (0.10 g/m?), the
DIR coupler 1l-{4- [a-(2,4- di-tert- '

25 - amylphenoxy)butyramido]phenyl} -3-pyrro-
| 1idino-4-(1-phenyl-5-tetrazolylthio)-5-
pyrazolone (0.02 g/m?) and the antistain
 agent 54secéoetadeeylhydrquinene 2-
_ _ " sulfonate, potassium salt (0.09 g/m?).
30 Layer 5 Fast Magenta Lsyer -- comprising faster
' ' green- -sensitized silver bromoiodide grains
(1.23 g.silver/m');'geistin'(0.88 g/m?),
. the magenta coupler 1-(2,4,6- trichlore-
_ o phenyl) -3-3-(2,4- diamylphenoxyscetamido)-'
35 ' benzamido] 5-pyrazolone (0.12 g/m?), the
colored coupler 1-(2,4,6-trichlorophenyl)-~



optlnally chenically and spectrally sensitized. Both photographic el enepfs
were exposed for 1/50 second through a nulticolor 0-3.0 density step tg
(plug_QO. 60 neutral density) to a 600W [ERR] 20 . tungsten |ight source.
Processing was for 3.25 minutes in a color -devel oper as described in the
British Journal of Photography Annual . Z9, -page 204. Sensitonetric
results are given in Table Il bel ow. TABLE |11

- Conparison of Tabular (H gh Aspect Ratio) and Thr ee- Di mensi onal (Low Aspect
"Ratio) Grain Enul sions3i~faM{Btteagebutilirérhpdooxypisemsoxy) tetepddenent s 30

_'Eg;t . fnseg | aEasid§t9eEhlotoan§}1no]Eﬁ @3“§§Higéihoxxgpﬂé%3
Speed Contr ol 2231320'5'PY226°1°"° Bocﬁi g/m?), alﬂG@(anpl e
225 . 240 @n€istain ageaéos%ec-écamw déo4a density of 0.25

?IbIO\ljg-f? at 38t LEFR% hgpgﬁ%y{;g?-%F%?%é&n?@%rese '# P%%/lerﬁ &qun -pl)-?lo){/?dla::ll a

~substantial increase’ i 8/ gr en speed with very little increase in
granularity. ﬁa?erEganphggrig y&8PU-12s ompef Ei#d &¢4d Va Black and- v%lte
Phot ogr aphi c Maferials | ustr arit tage in

bl ack-and- white phot ogf agﬁ? ébé&%iiﬁXéfhﬂ t@gﬁiﬁﬂ and
spectrally sensitized egahsuons 10 descri bed above, EnuIS|on Nos. 6, 9, .

3 b andgS 1EYEro93! 94190y rBRLIL CLAYLENE: | SLARILIALA A Iy M suppOT !

Each coa nt co Sed alid aV|ng silver at .
3.21 g/n2 and gelatin ao 101659/ﬁtlvervwmiwg¢ks:tnua1 added the 15

antifoggant faludr 8xysfowet@Yiow Bayér ’s- comprising blue-
. sensitized silver bromociodide grains,
gelatin, a yellow3dye-£orming'coupler and

15 the antistain agent 5-sec-octadecy1hydro-
_ - “quinone.
W, : Layer 9 Fast Yellow Layer =-- comprising a faster

blue-sensitized silver bromoiodide grains,
_ gelatin,'a'yellow dye- formingncoupler and
20 the antistain agent 5-sec-octadecy1hydro-
y : qQuinone.
Layer 10 UV Absorbing Layer =-- comprising the UV
absorber 3- -(di-n-hexylamino)alylidene-
: malononitrile and gelatin. _
25 Layer 11 Protective Overcoat lLayer =-- comprising
gelatin and bis(vinylsulfonylmethyl)ether.

_ The silver halide emulsions in each color
. image-forming layer of this cocating contained poly-
_ 30 disperse, low aspect ratio grains of the type
. ' described in U.S. Patent 3,320,069. The emulsions
| ' were all optimally chemically sensitized with sulfur
~and gold in the presence of thiocyanate and were
spectrally sensitized to the appropriate regions of
35 the visible spectrum. The emulsion utilized in the
- Fast Magenta Layer yas'a polydisperse (0.5 to 1.5



r rapzai ndene at 3.6 g/silver nole.
a 8 g/ [ ERR]

' nt based on total
resul ting photographic el ements were
through.a 0-3.0 density step tabl et
density neutral filter,
el ements were then 25 devel oped in
hydr oqui noneam Xatkak B{aéﬂ) it ofse3:
enul si ons me

grain enuIS| re
curve shape ﬂﬁﬂnﬁlhes
mar ks) .
pl ot of Log Ge
granul ity &%
~clearly infeexoeptcthe
-112- Exanpl
of . Spectral | Sen5| n tiv,
phot. ographl %?%?‘re?’n% S% go% ?ﬁ‘
Structures Iahdwe)ugkﬂ'he/ emilaign b

jdentif] @d b

Structu StrJ%ture I'T  Structure
Exposure  les&fhamrer equal
CC B
(I |
TEG I L

aréé’${_the tabular Q{ein

15

20

ejcnxé?éi g?ﬁ?

The resultlnggagg§5h¢umhxufﬂun¢ﬁ|ﬂﬂg

S St i PG 4 ‘ﬁ&l% dap 55?;““?
%fMQB\%nETLﬁ-%YQmsJ@-%‘b aitabylan nvent | on.
Fails @mvéﬂ Bédmcmdélg(smm%aiw%mw ien

9 fostA
as eé%.ratio of gre&ter than 20:1, Edd_théﬂirojected L

percent, measured as described above.

An over coat | ayer, conprising gelatin

and t he hardener bis(vinylsulfonylnethyl)ether at 1.75
gel atin wei ght,

was applied. 20 . The

exposed for 1/100 of a second o

Hrg-a Watten No. 9 filter and a 1.26
to a 600W [ERR|

tungsten light source. The exposed
an.-N- net hyl - p- am nophenol sul f at e-
I gidRier brtomdimdidepect ratio grain

M yﬁﬁ% q3Pect ratio tabular
e |

n1nu eve 30 mat ched
a3’6"31°t'en are trade
otio>> shown on a
13 The speed-
and 5 were '

nmul ti col or

egkzoltlwfe%/ir?ggieﬁ'snﬁ' &L‘J"{ed to as

tabulaz fgradmee haydag @rcal |y

|T1- "StYucture 1V 10
gmycand an average

& NeLaheewdof iBGue PSS Qi) Al lohddiaiiidgL @l 10 Structure.

Exposure
o0

s was gggiqq; tpan 75
The high and
low aspect ratio:g:aiq'émulsipns were both similarly
optimally chemically and
~ Both photographi
1/50 second through a mul
tablet (plus O. 60 neutral
tungsten light source. P
minutes in a color devel

spectrally sensitized.

¢ elements were exposed for
ticoldr,043.0 density Step
density) to a 600W, 5500°K
rocessing was for 3.25
oper as described in the

British Journal of Photography Annual, 1979, page 204,

Sensitometric results are
below. '

25
Comparison ‘of Tabul
and Three-Dimensional
' Emulsions in Mul

given in Table III

TABLE 111

ar (High Aspect Ratio)
(Low Aspect Ratio) Grain
tilayer, Multicolor

Image-Forming Elements

_Red
‘Log -
~ Speed
225
225 _
~ * Measured at a density o

30 Fast
Magénta
Laiet '
Control
Example
35

"aperture.

. Blue
Log-
Speed.

240

240

‘Green

Log
Speed

Tms . ¥
Gran.
220 10.011
240 0.012
£ 0.25 above fog; 48 um



FR FR TFR TFR' I L I L
I L ' L SG SG . _ SG y . SG 20. :

I L ' IL _ . IL SR ' - SR .. SR _

" SR&® is a protective gelatln overcoat, Yfrphs yellow colloidal silver.
coated at 0.69 g/[ERR] serving as a yeIIOM/ ilter material, and the
remai ning terns are 25 as previously defined in connectlon w th Layer

O.derdArranglenen]gs | throzmla Irxsulcilhentlztue éBbvegTE‘SPe(ﬁI ﬂm;hgedl (R
recordi ng color-formn S cki refix ined | ow
aspect ratio 5|I5§PE%?%ﬁP%g%§F EP@H&‘%dFEQQE §§I8ﬁ E Eﬁéﬁg A S Yo} '
taught by I1]ing$lont providedameaubgtantiadoincoeasepbnigreenspeedin the
noted. The fast 2Wﬁ‘;‘ﬁ@{e?fﬁ%‘at?q*s%Z‘S“@gb"???%““"f““‘ffﬁf on 1ayers oY
(|dent|f|ed5by t £s, 1 ‘“g qgﬁeﬁpee ?GﬁanﬁLﬂﬁé_ﬁﬂggctures) Xontalned a L'
tagu£§r|5|lver bBdﬁak-aﬁdhﬂhieeuPhbebgﬁaﬁh&teﬁatértbbsf0||0mﬁng n?nner
a i ter aqueous 0. 17 I t|n SO

(1.5 percent by melght 5 TS pgggk%%?SgPﬁszg%g§ g fﬁg '5ﬂﬁ %P

- were added si-mul bdaskraingd -whiteuphotiographée 38CGniﬂiaufthe0foﬂhat a
const ant flow rakgendeaiyy Qﬂdogﬁécﬂﬁhi?gtE@Bsibfzéatéﬁu§b£8§£ nitrate)

~aqueous 2.19 nolar potas- ution B-1)_an | ar silver
10 ni trat &q sod@siEH %e d1 pboyeyt %S‘Hg 1apy

P8th alﬂptaal bmﬁnﬁ1 ut es, .
Sol ution B-1 was‘weglet egageid enSal b&g@eﬁhilens cerephtRalace) | £pBs 1. 00 at

0 :
 pht ha Q?Zda‘gé?;{‘.esﬂlp%ér eoRatTo %%' 534 Eieapnb; E58phEtd e 8FLIB Gh: gel atin
sol ution) conta|haﬂgdpoemsisdnnbhewidg gdlvernatad, ZBogﬂmfonnd» was added
next at pBr 1.0 %@qa&@%Rkt 4.16 g/m® to which had been added the
15 antifoggant 4-hydroxy-6-methyl-1,3,3a-7-
' tetraazaindene at 3.6 g/silver mele. An overcoat
layer, comprising gelatin at 0.88 g/m? and the
~ hardener bis(vinylsulfonylmethyl)ether at 1.75
: percent based on total gelatin weight, was applied.
.20 The resulting photographic elements were
' exposed for 1/100 of a second through a 0-3.0 density
step tablet plus a Wratten No. 9 filter and a 1.26
density neutral filter, to a 600W 3000°K tungsten
light gource. The exposed elements were then
25 developed in en N-methyl-g—aminephenol sulfate~
hydfoquinone (Kodak DK- 50) developer at 20°C, the
low aspect ratio grain enulsions were developed for 5
minutes while the high aspect ratio tabular grain
emulsions were developed for 3.5 minutes to achieve
30 matched curve 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 granuieritv X 10 in Figure 13. The speed-
granularity relationships of Control Emulsions 3, 4,
35 and 5 were clearly inferior to those of the Emulsions
| '6_and 9 of this invention.



hons B-1 and C-1 were added then to the reaction vessel by double-jet
g period of 24 20 m nutes (consum ng 44.0 percent of the total
‘nitrate) at an accelerated flow rate (4.0X fromstart to finish)iy

, &r 24 minutes Solution B-1 was halted and Solution C-1 was continued .
~unti{ pBr 1.80 at [ERR] was attai ned1®5 ' - Solution C1 and an
aqueous sol ution (Solution B-2) of potassiumbromde (2.17 nolar) and -

pot assi um i odj de” (0. 03 nolar) were added.next to-the reaction vessel by
doubl e-j et Exemplesck3 ca:hd)fléﬂ_ﬂlﬁmm D rinerieagesh Speedt cent of the total

~silver 30 2 b S tﬂ,g el erdatae,é };&@64 romstart to
finish). Aﬁ?&na‘;f 0 u S u e pt=ar, Sol ution B-3)
and silver 833583 EVXT) l'as"ls Solutlon C 2) were added next by doubl e-j et

at a 35 constant fFéutrﬁurtiualdrrﬁhoﬁbguhpﬁidlawﬂmeuxs atelra ned (2.59

perce of total_silver GQ 7 Ies of silver
nit ra'?% werBF GRARF b\iﬁ%egfali%ﬁ{% #ﬁj.ﬁ]rm on ‘P%ne Atdy cst?%% Was cooled to 35C,
conbi ned withrougly V4 erEmemkuﬁQMsﬂ}mt farences apéeifdically  tion -

" (13.3 per. tbn/fm HU14iP] Atd)e RPN iibatatitadiny ce. The
resulting ta iQ#HEiQ)Sllver bronD i odi de enul si on had grai ns having an

aver age di *an average thickness of about 0.11 10
[ ERR] . Thstﬁlwd:wre o1 almmmmtw fSrrudmire AT PerStanic nfre 1V t ot al

‘grain OJect and an a pect about 45: 1.
The e 5| on %oa{‘?en opt %ébéy&g%ect ral %ﬁhem ca% sgxtrfse?t I zed

- through the addi*jop of 350 75 ng of
- anhydr o- 5- chl or@c9 et hyl - 5" menyl oc -
(3-sul fobutylT™=% -suIfoﬁquyrrbxacarbocyqplne hydrOX|d sodlun1salt per
nol e of Ag, L f | —
IL + YF = . IL . _IL ;;;:;zg
15 FG - _F TFG . _TFG
iz ~~ _iL L = _IL - |
FR ' ;FR : TFR _ TFR N
L _IL L IL
_ SG - - 8G - SG _SG___
20 _IL - _IL _IL | IL
. _SR__ _SR_ _SR__ - _SR__

OC is a'prOtective'geletin overcoat, 'YF“iS'yellow
colloidal silver coated at 0.69 g/m serving as a
- yellow filter material, and the remaining terms are

25 as previously defined in connection with Layer Order
Arrangements I through IX. The blue (B), green (G),
and red (R) recording color-forming layer units
lacking the T prefix contained low aspect ratio

, silver bromide or bromoiodide emulsions prepared as

30 taught by Illingsworth U.S. Patent 3,320,069.

- Corresponding layers in the separate structures were
of the same iodide content, except as specificelly
noted.

The faster tabular grain green-sensitive
35 emulsion layers (identified by the prefix "T" in the



-anhydro-11-ethyl-1,1"-bis(3-sul fopropyl) -naph- [1,2-d]oxazol ocar bog
- hydr oxi de, sodiumsalt per 20 nol e of Ag, 800 ng of sodiumthiocyg
per (ole of Ag, .6 ng of sodiumthiosulfate pentahydrate per nole of
3 ng of potassiumtetrachloroaurate pi&in”e of Ag. The faster.
red-sensitive emul sion | ayer was 25 abul ar grain silver bronoiodide

Ag and

enul si on prepared and optimally sensitized in a manner simlar to the -

tabul ar graing g‘g‘ggr\?m&*gﬁ/j %/ﬁ.rqéylwa%ﬁe. esrﬁk,glrogrgﬁggrl bed \ -

directly above errng o
anhydro- 5, 6- die¢ide epukiinn -E;qurgd)in the following manner:

'f;lgogrt¥L) 3 I(3 Sglfruwéwndzsxﬁlﬁdﬁ dﬂ%;@hﬂhOmolar pot?ssium

i azol oc ani n [ OXi € 0

anhydr o- 5, 5' Z‘Eﬁ%’?‘nﬁ%‘? 3’%" e]e? %°1duet( Lﬁfﬁo[{%ﬂ‘ﬁ%“[{ﬁb’gzgfﬁgwam ne

ggdrom d& pergerbﬂteim} @:phmbmm) iate BOYC amet tpiBa OsdﬂswereeaddedTgel 1|‘ast er.
gr een- ed'g\” r n

contai ned 9 no e perc %ﬁ? :Pp}ae ﬂéﬂ]ééﬁéﬁ}eﬁ} (a&fstc?ror#&gul %r S%Fg'lﬁ green

and red-sensiat @ Qs EATSH flavw satet(sonsuning Q4 61vpeseenatned 1.5 and 1.2

nol e percent tl@@“@k@tal%ﬂﬁféﬂ vl tratd) esr quihad Izs.1r9elm%tlla&9£bea§f-ructures I 5

N Prodgn. 1 v 4 e SRR A AR %G mler skkeRour oo ot 11 100
roug &3 Tsource a

second. h&ingnﬁtfk@élCﬁnldtiontGﬁlkuxbkudldnm.4 density step 10 tablet _

havi ng 0.20 density st f¥€¥ a ru hyough |V

wer e exposed as descri above tﬁﬁ rqyoe%igﬁl&?k % berhpgmtlon of a

Watten 98 fi¥&%r Q%FQﬂn?h#ﬁQNQR;45&Rﬁ; ﬁﬂﬂ%ﬁPQGQWH 15PBXt ruct ures
| through I'V 0@ e B0 uass J&taﬂﬁﬁ?rcmﬂimmleothllt sdilivert he additional

sanpl s wer e THEAETE A §<5 deieiys prititatel BaRUE O PVS o ees
descri bedsin solution (0.4 liter of 20 percent by weight gelatin

solution) containing potassium bromide (0.10 molar,

Solution D) was added next at pBr 1.0 and 80°C. '

Solutions B-1 and C-1 were added then to the
reaction vessel by double-jet over a period of 24

20 wminutes (consuming 44.0 percent of the total silver

- nitrate) at an accelerated flow rate (4.0X from start
to finish). After 24 minutes Solution B- 1 was halted
and Solution C-1 was continued until pBr 1. 80 at 80 c
was attained.’

25 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 over a period of 12

. minutes (consuming 50.4 percent of the total silver

30 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 at a

35 constant flow rate until pBr 2.16 at 80°C was
attained (2.59 percent of total silver nitrate



J sh-Jour &l of Photography Annual, 1979, p. 204. 20 Devel opnent was
g m nutes, 15 seconds at [ERR]. Yellom/ magent a, and cyan

acteristic curves were plotted for each sanple. Curves fron1d|ffereqp
| es were conpared by matching mninmumdensity |evels--that is, by
Superi nposi ng ‘t he m ni num density 25%14 portions of the.curves. Results are

.. summarized in Table I'V. 30 35 -11 Table IV Structures | . o
S IV (Control) (Control) (Ex.13) (Ex.14) Green Structure D fferences
FG | cEﬁsumed) 5'597 Moles JEGREdeP!AtEtaté &éé Eﬁfé@% FR |
FR P YE||OM/FI|ter - Yes - No
Yes Log E BPE@Parﬁ/I Fiﬁ%st'ﬂ'é %i) 4 Dffer- ences [ERR] (A) 1.3
~0.55 0.95 - Thele@8lg$on V&RRooled £®)35°C, doﬁbined 0. 95 -

% gg [.ERR] Qgtﬂoz[ Rliter onqueous ﬂ%@malsted Zég%;tin soly 10 (ERR is

the di Pf er ehd@n hd P8§°6$tth¥ ﬁﬁ%&hEpﬁﬁiﬂﬁﬁn)rﬂﬁ4ﬂQR#8QiR#innm)
col or - forn1agsuadttﬁﬂde20 the I og of the blue speed of the green

ERR
e %che o1 for ohRE FRbd1eBRe SEHRLTY ”edﬁés%iéﬁ%&éq#%f’ﬁéere&md?ng
" col or - forn1hgdn®etemulsion hsd grains having an average diameter =

of 5.0 ym snd an average thickness of about 0.11
10  um. The tabular grains. accounted for about 90
percent of the totsl grain projected area snd
exhibited an sverage aspect ratio of about 45: 1. _
. The emulsion was then optimslly spectrally
and chemically sensitized through the addition of 350
15 mg of snhydro-S-chloro 9-ethy1 5'-pheny1-3' i.
- (3-sulfobutyl)-3- (3 sulfopropyl)oxacarbocysnine o
hydroxide, sodium salt per mole of Ag, 101 mg of b
'snhydro-ll-ethyl -1, 1'fbis(3-su1£opropy;)fnaph-- .
[ 2-d]oxazolocsroocyanine hydroxide, sodium salt per .
20 mole of Ag, 800 mg of sodium thiocyanate per mole of
o Ag, 6 mg of sodium thiosulfate pentshydrate per mole
of Ag and 3 mg of potsssium_tetrschloroaurate per
mole of Ag.
The faster red-sensitive emulsion lsyer was
25 a tabular grain silver bromoiodide emulsion prepared
and optimslly sensitized in a manner similsr to the
tabular grain green-sensitized silver bromoiodide
 emulsion described directly sbove, differing only in
~ that 144 mg of ‘anhydro-5,6- dichloro-l-ethyl -3-(3-
30 sulfobutyl)-3'- (3-su1fopropyl)benzimidazolonaphtho-
{1, 2-d]-thiazolocsrbocyanine hydroxide end 224 mg/Ag
mole of anhydro-5, 5'-dichloro-3 9-diethy1 -3'-
(3- sulfobutyl)-thiszsrbocysnine hydroxide per mole of
Ag were utilized as spectral sensitizers The faster
35 green- and red-sensitive emulsion layers of Struc-
tures I and 1I contained 9 mole percent iodide while



25 and the log of the blue speed of the red recording color-formng
as determ ned by Equation (B) above; [ERR]; [ERR] is the difference i
| og df_the green speed of t.he green recordl ng color-formng unit 30
‘the log of the blue speed of the green recordr ng col or-form. ng unit,
determ ned by Equati-on (C) above; [ERR] 15md [ERR] is the dlfference |n the
1og of the red speed of the red recording color-formng unit and 35 t he

| og of the bl r Ior r.m ng un|t as
det er mi ned byuéaugfl on [iﬁqblﬁd eﬁi%%r? cd’r&]gl eﬁ‘g 59%‘%?3?% I and .
111, it can beemabslonmiof Sraucturas

Structure 1 Enplgyid é,a‘{gﬁtaridxizaéwsm %12.0 t he present invention.

Al t hough Structure 111 di.d no&fattaln he speed arations_of Structure I,
Structure II1. did not tadhls, peliating értr Betyrest ferefore did not
encount er5t he thxsmlgtaril\agdsln(be raladddgy aqblpmm:s:etfraht @n8anPatenthe use of
such materi al s{r fé] hepgh Structure 1V enployed | arger amount s of yel |l ow
filter materia ah necessary for_ use |n t he phot ographic-el efrents of this
i nvention, Structure |\Ptotetunesyk through JVoverecidenticadlyr 15

Structure I'll expdgbdaritie e®00] watit Wﬁdsoh!'c%”ﬁltol'/'moe!é@oﬁﬁa”
yellow filter de s|t| ]Qtﬁrﬁ)%c meele nt _was grr‘a3 by coating the -
faster green-s 3’}3{ 5 To A% 8 9 8y &r de 5¥| BFSR, descri bed
?bove ori.h(b L:ﬁab]saq)pm\tir@lo mdemsmtgoatlepg W pra;'gebflhaﬁp]béet ect |hve
ayer The e s then

Y e d fj‘?:h%gﬁg?i SﬁpWeQ' gﬁﬁe gg Sgg‘é?%’Bﬁ

det er m.ned usi ng t e exposure an ocessli N above.
The quantltat iaRove f bute mitdhe the addiitdonsy) Eqsatrpeﬁi(:d;pn PER®| 25 [ERR],

was 1.28 Log Wratids 98 |#4ditet! @ obtain blue exposures. Separate
- samples of Structures I through IV were exposed as
15 described above, but with the additional interposi-
tion of a Wratten 9 filter to obtain minus blue
~ exposures. All samples were identically processed
using the C-41 Color Negative Process described in
British Journal of Photography Annual, 1979, p. 204.
20 Development was for 3 minutes, 15 seconds at 38°C.
Yellow, magenta,_end cyah characteristié'curves were
plotted for each sample. Curves from different .
samples were compared by matching minimum'density' _
levels-~-that is, by superimpdsthg the minimum density
25 portions of the curves. : -

Results are summarized in Table_ IV.‘

- 30

35

contaigedblaiSnends with '



hay. pdequat e bl ue to m nus bl ue speed separatlon can be achi eved according
L Yt e present invention when the high aspect ratio tabular grain mnus .
recording enul sion |ayer lies nearest the exposing 30 radi ati on \o/
ource and i-s not protected by any over - | yi ng bl ue absorbing |ayer.

Exanpl es 15 t-hrough 19 Relating to ] oved'lnage Sharpness in Miltilayer
Phot ogr aphi ¢ El enents Cont ai ni ng Tabui .Grain Enul sions 35° The
fol l ow ng exanples illustrate the |nproved i mage sharpness which is

achi eved by the use of hi gh aspabler Vi 0 tabular grain enulsions in

phot ographic materials..  In these‘e%dﬁﬁl“b t control elenents utilize |ow .
aspect ratio silver bronoi tn US 5

Pat ent 3,320,069. For the purbose of tl_ﬂese exarﬁil'es t he IVow aspect ratio

enul sions will be-identifi frevyrs | e@g sl:gns (ﬁ,pql@) physi cal
properties being described T - vV _ conven-

ti onald Greerfiver age Average Emul si on G ain Aspect

No. . SthuceEter - Ratio d 1.1 [ERR] - 3:1 15

C2 Différendes | ERF!TG 3 1RK=s- TFG 0.8 [ qu 3:1

4 edl 5 [ERR] - = 3:1 G o 0.4-0.5 [ERR]. - 3:1

C6 e 8 [ ERR] . 3.:1 20 o ~ Four ‘tabular grain (high -
aspect rat |p§f§éfh egarom)l;qdl de emul- FEONS vvere-ﬁrRepar ed lpgrrethods simlar

to thag cri be t xanples relating to eed/ gragul.arity '
i rrprovfe‘ﬁe ie{i°‘ﬁ'&é{£qﬁ& $roperti g? of thesgs"grrul si ongeére described in
Table 25 Dog B/ARldef4 '

‘Minus Blue
Speed Differ-

ences . —_— o
A (A) 1.3 0.55  0.95 - 1.75
15 At (B) 1.9 0.95  1.60 >2.40
| A" ©) 1.8 0.95 1.35 12.25 .
a"t  (P) - 2.5 - 1.55  2.20 = >3.10 ™

A is the difference in the log of the blue
speed of the blue recording color- forming unit and
20 the log of the blue speed of the green recording
color- forming unit, as determined by Equetion (A)
~above; 4 = (Bygs = Sweg) = (By =G
A' is the difference in the log of the
blue speed of the blue recording color-forming unit
25 and the log of the blue speed of the red recording
 color-forming unit, as determined by Equation (B)
above; &' = (Bygg - Gygg) = (By -Ry);
- 4" is the difference in the log of the
green speed of the green recording color-forming unit
30 and the log of the blue speed of the green recording
color-forming unit, as determined by Equation (c)
above; A' = w9 w98’ and
A"' is the difference in the log of the
red speed of the red recording color-forming unit and
35 the log of the blue speed of the red recording

PRI - PPN, . —



Tabul ar Grai n Tabul ar ' - Approxi mate Gain.

Appr oxi mat e Aver age. % of 30 Emul si on Aver age _
ThICKf Aspect jected No. . Dianeter ness . . Ratio
Area T1 7.5 [ ERR] . [ERR] - 49: 1 [ERR] T2 }

[ ERR] . [ ERR] - 40: 1 >50 2.4 [ERR [ERR] -
27: 1 >70 35 . T41 1.6 [ ] [ ERR] 27:1 >70

-119- Similar to Exanple 4 in being formed by an abrupt increase in iodide
in the annul aeou.eel-ﬁasmmﬁgtbﬁitabuhadeeéﬁmedw Equaror(dipi odi.de

emul si ons desgg g UL vae (ﬁa and Tl -T4) were then coated in a
series of nul P gér el emenwe #883%pecific variations are shown in the
tabl es containing the Igsgpmparinstﬁbngﬁtwmeseh%lendnillwntt<9#nn cally and
spectral |y sepgi gebhZz€HatSeipeé fiéﬁt%péedss épdr £5EGHE [ adte iobtuiedde the 10

shar pness resul seryed LI u Qvercoat Layer St .
: BluepSenéltlvgi&aesg Eﬁge ﬂ?ﬁﬂp (é&kpl %ﬁf JE%§§HE? ve,
Yel | ow Dye- Fot@i ngeLnyese(ISY;.nvmeidDayerAf(fAMtlsiw Sllﬂu@uﬂm)ld’r]) dlabt -
. Green-Sensi ti t F %?Eu
I nterlayer FaétseRegeggﬂs?thgﬁgga%r‘ %%ﬂlﬁo?émM er ﬁleC) ] nt erI ayer Sl ow
Green- Sensi ti 2EFUCtMERNEAIHLd ki empley A X ilter material

Interlayer Sl gwdReHePefistei d€d. né¥ aenédenter "t dwaava(nﬁgds [
SUPP Proc The sanpl es

wer e expgged ﬁﬁﬁeﬂggeﬁiﬁg'dsﬁgg gé??%%tgt He? e%‘éf"lse? ot ar pness

detern1nat|onnaterials. Although Structure IV employed larger
amounts of yellow filter material than necessary for
use in the photographic elements of this invention,
Structure IV does show that the speed separations of
15 Structure III could be increased, if desired, by
employing even small yellow filter densities.

N A mdnqchromé element was prepared by coating
the faster green-sensitized tabular grain emulsion
layer -composition, described above, on a film support

20 and overcoating with a gelatin protective layer. The
blue to minus blue speéd sepafation of the element
was_thén determined using the exposure and procéssing
techniques described above. The quantitative dif-
ference determined by Equation (C), A" = :

25 w9 GW98’ was 1.28 Log E. This illustrates _
that adequate blue to minus blue speed separation can

- be achieved according to the present invention when

the high aspect ratio tabular grain minus blue |

_ récofding emulsion layer lies nearest the:exPosing

© 30 radiation source and is ﬁot protected by any over-
.  1lying blue absorbing layer. '
Examples 15 through 19 Relatingﬁto 1;proved Image
Sharpness in Multilayer Photographic Elements
Containing Tabular Grain Emulsions
35 ' The following examples illustrate the
' improved image sharpness which is achieved by the use




Zedle Dy detern1n|ng t he Modul ati on Transfer Functions (MIF). This
‘ HKnown in the art, see, for exanple Journal of Applied o
i 35 - Englneerlng, 6 (1):1-8, 1980. . -120- Modulation
- ¥ nctions for red light were obtained by exposing the multilayer
-_Coatlngs for 1/15 sec at 60 percenrlﬁﬁdulatlon using a Watten 29 and an
0.7 neutral density fllter C?een MIF. s were 5 obt ai ned by exposi ng for

1/ 15 sec at rcent. n n h Watten 99
filter. Prﬁeggggﬁb f@ﬁ&ﬁ Eﬁ&“&a%l gg#“ ghgqg?pb% ?ocess as descri bed-
in Br|t|shphmﬂagﬂaphidPM@W@;iﬂ&iy Aﬁﬂu&he§979xaﬂP1264t Bevel opnent tine 10
‘4’35 3f 1/4 ( t3o1 EBBheH:ERﬂ:)nionllbwageatO]?a&io @a&vadeddl\/:)dul ati gnf
ransf er cu n i n ecdet erm ned from
the MIF cu 10 1&%3 of %g°¥%§p80§68§%?$5§ %ﬁephg ‘control and = -
experig nemaa:lenmat,laﬁ@s,%%ng Foirt the\puxposenod thesesexsmpled and green -
exposures ahfy fbgmagao Rt 1Y en &%1%5.33@111& be 1hdhr1FABGEaYl| . Sharpness

of Conventional ayer rs ers Cbntalnlng :
Tabul ar Emgionvens lionad emulsions, t sg&f r?rBP Eﬁ n Structure (Ex.

( Ex. (EXbeir(gBaescz(m‘sed QantTabde v. _' | 15) 16) 17)
18)  19) © mmev S -
10 o Conven- | |
tional = Average | 'Average |
Emulsion " Grain ' Aspect
. No.  'Diameter _'Ratio
: | cl 1.1 um : 3:1
15. c2 0.4-0.8 um 3:1
- - c3 0.8 um 3:1
cs 1.5 um 3:1 o
cs 0.4-0.5 ym  3:1
S c6 10.4-0.8 un 3:1
20 ~ Four tabular ‘grain (high aspect: ratio)
silver bromoiodide emulsions were prepared by methods
similar to those described in the examples relating
to speed/granularity improvements. The physical
properties of these emulsions are described_in Table
25 VI. o
TABLE VI
~ Tabular Grain
Tabular . o ' Approximate
‘Grain Approximate - Average. % of | .
30 Emulsion  Average  Thick- Aspect’  jected ' '
| No. Diameter ness _ Ratio Area .
M  7.5um  =0.1%um  49:1 265
T2 3.0 um  =0.07um . 40:1  >50
T3V 24 um =0.0%um  27:1  >70

35 T4! 1.6 ym~ =0.06um 27:1 . »>70



1 2., 3 4 5

No. . 6 7 FY a
a T-1 T-1 T-1 T-1 T-1 10 SY 2 c2
T-2¢ T-2 T-2. T-2FM. = C3 T-3 T3 T-3 3.
T-2 FC 4 C4 Cc4 - C4 T-2 SM
T-4 T-4 G5 G G BB = 6 C6 6

6 06 . 0615 = Red OMI Acutance. 79.7 78.7 82.7 84.0 83.1
85.3 - 86.3 [ERR 4 +5.6

. 85! dnits, . - old0. +3 0 +4.3 . +3.
. 46.6 . Green CMT 20%%5&% Exapple 4 4n Qe’-“%%?_".“éz.bg 80531 92.8
92.1 a CMI Units abrupt increask inrdcgiiderdns the+an@ular6. 3 +5.6
Unexpectedly, as shquy d 'B@ﬂghgﬂd,bdQQQC| ., . tabul ar grain enul sions
in multilayer color c can éﬁigg&agg%}ecr ase i n sharppess. -
Consi dering Red CMI Ac %1 Lver, b ngefcrigﬁﬂalnlng t wo
tabul ar §rai rabower@l+Ch lans Mtqc) @e‘reo tGh ¢oated Lham sepfesl Coating :
1,.an all cony. n ing 3 (four
rabul ar grain fayeﬂpﬁ ;’%ess S “gr% t han %g’ q'ﬁ'c ?kgEkngﬁ?ér grain :
- l.ayers) by 1.8h wmuqfsem ess sontala imart-heoaslsn ts.(t Adthewghar grain
Ibayer s) by O. t'.‘héj‘@i?ﬂl#icﬁms lﬂfwemeﬁlwmryg&n@ a@ecirdemynsefiéi-hSE rg) et t hat
y proper cement o Ci fi.C ular. grain ions _(hote_iha ating
6 is shar peraﬁﬁz ‘? si i&ﬂ?ﬁc sfﬁé‘ﬁ%a?f’n&"& B§elt units) in
| ayers nE@r es&hatmlm:rmdft%mmd—adl ation, very significant R
| mprovenents % - S difk Qver the control coating containing all

conventi onal ~STOTTS, As seen in the above tabIe Coating 6 is -
6.3 green CMI uni ' ~ ed CMT

units sharper than Coating 1. Commyidagguugyag B
| Fast Blue-Sensitive, Yellow Dye-Forming Layer (FY)

1 _Slow Blue-Sensitive, Yellow Dye-quming Leyer (5Y)
o Interlayer (Yellow Filter Layer)

Fast Green-Sensitized, Magenta Dye-Forming Layer (FM)

'20 ' Interlayer

| Fast Red-Sensitized, Cyan Dye-Forming Layer (FC)

_ Interlayer
Slow_Green-Sensitized; Magenta Dye-Forming Layer (SM)

25 , Interlayer

._Slow'Red-Sensitized, Cyan Dye-Forming Layer (SC)
[/ / [ / [ suPPORT [/ [/ [ [ [

Exposure and Process
30 . The samples were exposed and developed as
 described hereinafter. - The sharpness determinations
were made by determining the Modulation Transfer
Functions (MTF). This. method is known in the art,’
see, for example Journal of Applied Photog;ephic _

35 . Engineering, [ (): 1-8 - 1980.




-JFormi ng Layer (FY) Sl ow Bl ue-Sensitive,
ntlrl ayer (Yellow Filter Layer) 15 Fast .G een-Sensitized, ‘Magenta
e- Form ng Layer (FM Sl ow G een- Sensj

Over coat Layer Fast Bl ue- Sensrtrve Yel

| ow

Yel | ow Dye- For ni ng Layer (SY)

zed, Magenta Dye- Form ng Layer

nsj _
"(SM Interlayer Fast Red-Sensitized, ‘C&éﬁ Dye- For i ng- Layer (FC) 20 Sl ow
Red- Sensitized, Cyan Dye-Form.ng Layer (SC) Interlayer / /-

PORT /[ '/

el ement s of O{)mri)nzgtra%?%%t’f?%%géﬁg%ge%tciﬁ}@séIedﬂacc

procedure deseereccbtained by cexposingxtheinult

~of the contro}}/ﬁs%@épﬂla@{%&&cmwmﬂﬁw gr;/q/fﬁf’&:eraczs
S

rati ngs-are

Tabl e

TAB
"~ As a Functron‘B&m%bGI' \r RERETH E%ﬁ?%*%s%éﬁﬁe{ay reen dhgerfeiei®h
-~ MiltilayBr Phobtgimedi by Rxpesisg Heor rib/15 sec at 60 pe_rcent modu~"

Comn S sy At 4By gqn wieh f eaten 9 dlees. 4
T-2 T-2 EM - - Processing waq;gchrough-mg C-41 €ajor . C3 SM
NON T-4 Negativé Proces£35aEQlescribed in British Qournal &
%utsgnce Flgtogra) b - 2y P Qé:'GS %WPR%PFS time Red T
-1.6  183. was 3-lf4suincet 3RACACLOGTER. Bullowing mmd@mss, 94, 3

I

SUP

t ogr aphi c
ing to the

ance

92.3 A CMI' Ungis caded Modulation Traddfér (CMTY Atutance Rdtil¥s dat a

presented I n

15

Tabig mm magnigfcat{on were determined from the MTF
curves. a

Results . . :
| The composi:ion of the control and experi-

: mental coatings along with CMT acutance values. for

20

25

30

35

red and green exposures are shown in Table VII.

evmeatingsm £ i ati ons

111 pness Changes

FY
C2

4



20 beneficial changes in. sharpness in photographic materials which can b&
.obt ai ned.t hrough the use of tabular grain enulsions |ying nearest the [!t?_ "

sour cé—of exposi ng radiati.on and detrimental changes when' t he tabul ar

Y

emul sions in internediate |ayers under- 25 - lie light scattering enmulsion -

| ayers. Common’ Structure C Fast Magent al@lew Magenta 30 / [/ [/ [ |/
SUPPORT / [/ / /[ [ Two nonochrome el enents, A (Control) and B
(Exanpl e), were prepared by coatlng fast and- sIOW/nagenta | ayer

formul ati ons on a film support. TABLEAVIEAR| E | X Enul sions El ement A
Elemrent B -~ =~ S&éwﬁﬁeé§3of Conventionaiﬂimulsion - .. Fast
Magenta 5 Sl ow _Magent a The

nonochr one él errents V\ergo}?l'énu%}/%*bﬁe?fo?rsslffa%:sisl €& i ng to the .
met hod descri bed for the Sootiadndngx Iapuder Emuhsihesfbnlomnng resul ts.

TABLE X 1G El ¢éPthin Layers of Comm Mﬁé‘”ce (16 My A
(Control) (Ta | I on)

97. 3 Exanple 20 IIIustratlng Reduced leﬁxAngl Catt ng BE%¥« QQ5ECt
Rati o Tabul ar @oatingmul sions 15 15) To p59V|dela)spec13)c 19)

i Llustration of e reducedlhlgh aggl e scgtterlng of hi , .t.railf

t abul ar grain emr=st G re—to—t~44 R e =48 B = 5 MR ALY 4%

“nont abul ar gralnFBhUIS|on§1of thSlsane EvbrageTglaln Wolune T¢he T-1
quantitatijge anggyar |ighig220 geatterqug detechi on procedufey desopiped

above with refer;gfe_to Flgure Sngs:enELgyed.T_Ihe“hégh_aspFE£ ez

FC  C4  Ch  C4 C4 c4 . C4  T-2
sM €5 T-4 T-4 'C5 €5 .C5 c5

. sC.  C6  C6 c6  Cé6 cé Cé cé
15 Red CMT B - : '
| Acutance 79.7 78.7 82.7 84.0 83.1 85.3 86.3
o A CMT |

Units e==  =1.0 +43.0 44.3 +3.4  +5.6 +6.6
. _.Green CMT = | o
20 Acutance 86.5 87.8 93.1 92.8 90.1 92.8 92.1
A CMT o - - |
Units == +2.3 +6.6 +6.3 +3.6 +6.3 +5.6

~Unexpeétéd1y, as shown in Table VII, placing
25 tabular grain emulsions in multilayer color coatings
can lead to a decrease in sharpness. Considering Red
CMT Acutance, one observes that Coating 2, containing
two tabular grain layers, is less sharp (- -1.0 CMT

T " -units)_than control Coating 1, .an all conventional
_ ' - 30 emulsion structure. Similarly, Coating 3 (four
. tabular grain layers) is less sharp than Coating &

(three tabular grain layers) by 1.3 CMT units and
less sharp than Coating 5 (two tabular grain layers)
by 0.4 CMT units. However, Coatings 6 and 7 demon-
35 strate that by proper placement of specific tabular
grain emulsions (note that Coating 6 is sharper in



Aatip tabular grain enmul sion according to the present |nvent|on consi sted
ﬁﬁi tlaIIy of di spersing medi um and tabul ar grai ns having an aver age .
angter of 5.4 25 nmicroneters and an average-thickness of 0.23 mcro-w

. r and an average aspect ratio of 23.5:1. ‘Geater than 90% of the
projected area. of the grains was prey2gded by the tabular grains. The .

~average grain volune was 5. 61 cubic mcroneters. A control 30 nont abul ar
grain emul si on was enpl oyed " havi ng an average grain vol une of .5.57 cubic

m cronet er sRe@VE¥A Acutaned thag 89&@#@8 4fbyhb.3weite) e--i. e, -

equi val ent m%&-esneheébceﬁubsseaf-caadfneﬁpbu fgURadfaeion flivéRyers.) Both _'
enul si ons hag gtal %? n@ o% §%£$ cent - en they were

i mersed in8 SPFE £anka B§°¥eﬂﬁPEﬁ|ﬁ§n ¢ obts nPERE -125-
emul si on meeonuabédcoat&ngreaapaiaﬁngsahbocbnvenaisniheemnbverage of 1.08

o/, 4s moggoagec AicglLy 98! che' LobE Qub1D, Tabkerdk ! oy, gercentages

of totdl trans were recei ved®over i'on surface
areas subt eB¥egnLHEMIERRLtEpsharparythans Coatdngol [!?@ﬂCQﬁFHPShe hi gh

aspect rat'Qst8b8|RédQCﬂTnuﬁﬂﬁbSbﬁﬂrﬁértHhﬁn'ﬂdgﬂiﬁgnlﬁs conpar ed to the
control enuh5|on ot sinmlar Everage grain vol une rom Table XVI it is 10
al so appar ¢ tion angle for both emul sions was :
substantially bel ow [ERR] Thus ‘nei t her enul sion woul d be consi dered a
turbi dygmul sion In ternms of |tsobéggaa§cE£%g£|ng characteristics. \Wen

[ ERR] mas 70 the enulsion of the present vention 15 _exhibited only. hal f
f the high- I t I t of
o e high-angl e pggt EleGSGEﬁiéfvéoniéPi?ﬁ”gyéifﬁkmiﬁi’Ehggﬁn nt o

Transmitted Lig WLar
Nont abul ar Grain Slow Blue-SEhﬁiﬂive, Yellow Dye-Forming Layer (SY)

Interlayer (Yellow Filter Layer)

15_ Fast Green-Sensitized, Magenta Dye-Eorming Layer (FM)
Slow Green-Sensitized, Megenta”Dyeeforming Layer (sM)
Interlayer
_ Fast Red-Sensitized, Cyan Dye-Forming Layer (FC)
-20 Slow Red-Sensitized, Cyan Dye-Forming Layer (5C)
_ Interlayer '_
| [/ /.1 [/ [ suPPORT [/ '/ [ [ [
25 : After coating, the multicolor photographic_

_elements of Common Structure B were exposed and
_ processed according to the procedure described in the
preceding example. The composition variations of the
~ control and experimental coatings along with CMT
?'36 acutance ratings are_shown in Table VIII.

35

Ll



Enul si on Enul.si on Per cent ( Exanpl e) (Control)

Reduction [ERR] 2% - 6% 67% 25 - 5
5% - 15%. : : 67% 7 0 _ 12% ' - 24%

50% 800 25% ' © 33% ' 24% 84 40% -
~ 40% L - 0% Exanple 21 Il ust raH%g Bl ue Spectral Sensitization

30 of A Tabular Grain Enul sion A-tabular grain silver bronoiodide
emul sion (3 Msiodide) was prepar ed i rABRE {;Qt&ovvl ng manner: To 3.0 liters
of a 1.5 percent gelatin uf i 60C were.

added to 35 wth%ﬁrmeﬁg Qi’&nsfsdgﬁbPeH:BFtiHnSQ%NTﬁB\'gQE| FR4R oni de i n
a 3 percent gelatin sol utiPmulaidns. AnMl LayetZArrangdﬁénm Inate solution

over a period of 2.5 m. ﬂﬁ[ nd consum ng
4.8 percent of the tota sgfv%mtra%ﬂsﬂﬂc#w#h rom}% utlon a/as

t hen stoppell and the silver 5 SomponofittuRtureed for 1. 8 mnutes until a
pBr of 1.3 was attained consum ng 4.3 percent of the silver nitrate used.

A6 percent gelatin solution contai n- |ng 4.0 M pot assi um bromni de and 0. 12

M pot assi um i.odi de w . hen. the Si| 10 nitrate -
sol ution for 24.5—-2eA as ; = N 2. OX
fromstart to finiER) (consum ng 87. 1 F&ircent ofC]I he t ot a1-IS|Iver'rnﬂ.trate

used). The_ brom dgysol ution was stoppegsh and th $ilver Jil ?'ate SQl Qtlon '
run for 1.61&%inutes at a rate 15 - consum ng 3 ercent of the total -

silver nitrate use® until a pBr of 2. €dhas atta'ﬁ'ﬁed TAe3emul si 88 was
. then cooled to 35GgM279 g of phthal atedcgel ati-n gligsol veddgn 1.0 Ic|5ters of
distilled water vvafgadded and the emul s{,on was agul at i % washed The 20

resulting silver noi odi de enul si on M i od| e) had aver agg grain
di aneter of about 8CO [ERR], a . . C6 cé
15  Red CMT Acutance  80.0 78.4 | ‘83.9 - 82.8
A CMT Units  mes -1.6 +3.9 +2.8
Green CMT Acutance 87.3 - 88.9  94.3 92.3

N\ 4 CMT Units L eee +1.6 +7.0  +5.0
- The data presented in Table VIII illustrates
20 benéficial changes in sharpness in photogrsphis
materials which can be obtained through the use of
tabular grain'emulsions lying nearest the source of
exposing'radistibn and detrimental changes whsn the
tabular grain emulsions in intermediate layers under-
25 lie light scattering emulsion layers. ' -
Common Structure C

Faslt 'Magenta

. Slow Magenta
/////surpoa'r/////

. - Two monochrome_ elements, A (Cont:ol) and B
(Example), were prepared by coating fast and slow
magenta layer formulations on a film support.

30

35



gver,age thi ckness of .about 0.10 [ERR], yielding an aspect ratio of about
1@6& The tabul ar grains accounted for greater than 85% of the total )

' prOj gcted 25 area of the silver halide grains present in the enul si on\y

' The enul sion was chenically sensi- tized with sodiumthi ocyanat e,
SOdI um t hi osul fate, and potassium t&l2gshl oroaurate. Coating 1 -- A portion
of the chemcally 30 sensitized enmul sion was coated on a cellulose tri-
acetate filmsupport. The emulsi-on coating was conprised of tabular sil ver
br onoi odi de grains (1.08 g Ag/ [ ERRABLENdXgel atin (2.9 9/ [ERR]) to which had
been added the magengauplygo{,grm ng coupl er 1-(6-chloro- 35

2, 4- di met hy = 3- ecyl phenoxy) -

but yrami do] | one (0. .7 ), 2-octadecyllayeri27.

5- sul f ohydr oqui ﬁbne (1.69 g/ mol eT3\g), and Fast Magenta _
4- hydr gxy- 6- net kyl - 133, 3a, 7-t et r@azai ndene (3. 62 Coating 2.-- A
secondgport I on (e; the tabular 5 L rain silver bro% W&i %I si on was :

spectral |y -sensi ti zethe @WQ@TQ’%@ enks Mene thenfevalugtedy] nol e of
ﬁngydr _od5 Ger”fﬁ af¥ieds rrsélt'?(iam “t&.the Chéé:&d“ééﬁmdof atfazoacyaglhge

ydr oxi de rie m ne_sa .
- spectrally leﬁs?f%/‘igﬁ"%rﬁffiﬂ’%]fé\a Rﬁrﬁrﬁ%r@ & FFHYRP t he same
- magent a-dye form ng coupl er aS|lwthEEEg 1 and coated as above. The

coatingg were exposeghfor.Jd/25 secon rough P.&”cu‘}: q‘e&y 6 SdBP t abl et
to a 500W[ERR}] 15 en |ight source. é&%eessrﬁg-vfeﬁaﬁgbéiln nut es
in a color deveboffednt®olhe type described in the B33i%h Journal - of
Phot ogr aphy Anrmua('raﬂﬁi)]?&- %mlﬁbﬁ) ng 2 exhl biged a phot ogr aphi c

0. 42

speed 20 ter th n Cpating S r].l.ge agcatter(i_ tive

i ncrease i —'::'-“_ R B hE
_ - by High "Aspect Ratio Tabular Grain Emulsions
15 - To provide a specific illustration of the
 reduced high-angle scattering of high aspect ratio
tabular grain emulsions according to this invention ' v

as compared to nontabular grain emulsions of the same
| average grain volume, the quantitative angular light
20 scsttering_detection procedure described above with
reference to Figure 5 was employed. The high aspect
ratio tabular grain emulsion according to the present
invention consisted essentially of dispersing medium
and tabular grains having an average diameter of 5.4
25 micrometers and an average thickness of 0.23 picro-

' meter 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 cubic micrometers. A control
30 'nontabular_grain emnlsion was employed having an
- average grain volume of 5. 57 cubic micrometers.
(When resolved into spheres of the same volume--i.e.,
equivalent spheres--both emulsions had nearly equal
grain diameters.) Both emulsions had a total trans-
35  mittance of 90 percent when they were immersed in a
liquid having a matching refractive index. Each



zation. Exanple 22 Rel .ating to Tabular G ain Enul sions Doped wi th Nobl e @
Met al s of . Group Vi1 of the Periodic 25 Chart of the Elements Enulsion A

An 038 [ERR] average grain size |ow aspect ratio (<3:1) AgBrl (1 nole

- .percent iodide) emulsion was prepared by a double-jet precipitation 30
technique similar to that described in<=128=~ Patent 3,320,069, and had 0. 12

nmg/ nol e si |l ver of ammoni um hexachl ororhodate(l11) present during the

formation of the sjlver halide crystals. The enulsion was then chem caIIy

sensitized witeEleign WA <94 Qf} RFTANSPATERL; BURPLFEAAL Sent ahydrate,
1. 75 ny/ ol e sigibvenfcpnirags Wi tli0&gwdr.oaur ate, and 250 ng/nol e sil ver

- of -128 4- hydr oxy- 6- fal. | L,ns at [ERR].
Fol | owi ng chemi cal sensﬁﬁléﬁﬁonsp?%a%efiecﬁau 1?@%;3&%@? gﬁlgﬁ'l ghsenm tized
wi th 87 ng/ nol eT@ble/é%IaMm-psmmecﬁ@fltyudu srnysmét(:sdsul fo- 5
propyl ) bengi m dpggh©xasre e dUEt THeldetbtt lonVsazFace a#bnsg A9Br!

emul si on was coat.ed S|Iver/ ERR I /TERR] over a
t'i t ani um di oxi o%“b‘eﬂ'%é?% i‘) Ir‘oﬂ/ s] %&Péépupogﬁ gTFIS [emJI ]SI on

| ayer dg(r)lgt ai Rﬁngtﬁfaslliect giatﬂoe tiaHular %Mlnemlﬁlimt byfl tgisli%sf:?n; f)fet ra-
azain =T¢

6..85 g gelatin/ ST Emilsi orﬁﬁé‘iﬁé@}& Wﬁ te@r‘ss%(g:%I1 e%)éggic’ﬁcg%t gelatin, 15
0.17 M pot assi Admklarn avexage ignaln whomewr Froagidablet %Vgt itr L8y and by |
doubl e- Jet}@ 349 4 PUpttetR HHE %@%1&&&%&1 Iav:guemfb&-abe:ﬁol utions over

el cent of the SBELALGRS Juts A¥bSCATGLAIAY BaIPY Sre Bk BBLEBRR i on uas
stopped and t heemilsdon nwoulad de dorisideredila ruedidoenappioni in
terms of its light scattering characteristics . When

_ ¢ was 70° the emulsion of the present invention

15 exhibited only half of the high-angle scattering of

: the control emulsion.

o : Table XI
' Percent of Transmitted Light:_
Contained Within Angle Phi

20 o Tabular Nontabular
| Grain ~ Grain
o Emulsion  Emulsion Fercent
$  (Example) (Control) ‘Reduction
30° 2% . 6% 873
25 50° 5% 15 . 67%
S 70° . 12% | 7 50%
80° . 25% 33 247
| 84 ° 40% o 40% B 0%
¥ - " Example 21 Illustrating Blue Sgectral Sensitization

30 of A Tabular Grain Emulsion
A tabular grain silver bromoiodide emplsion
(3 MZ iodide) 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 to
35 with stirring and by double-jet, 4.34 M potassium
bromide in a 3 percent gelatin solutiou and 4.0 M



tel 1 minutes at a rate consum ng 8.5 percent of t he totaI silver

|tﬁﬁ efused until a pBr of 1.1 was attained. After 8 minutes 0.1 ng/nDIe
Ag (baged on 25 final weight of silver nitrate) of ammonium .

' | ororhodate was added to the reaction vessel. Wen the pBr of 1.1 ﬁhé

~.attained, a 2.14 M potassium brom de. sgﬁgtion whi ch was al so 0.022 Min
potaSS|unt|od|de was double-jetted wt he silver nitrate 30 sol ution

for approximately 22 minutes while nmaintaining pBr at 1.1, in an '

accel erated floyybg. aﬁtaean gbeGELbA éwt-sg eaﬂoéoafums'qnﬂu&@ercent of

the total S|Iver nrer on .was M [ ERR]
SQ‘MMf qﬁﬁgo percent of

sol ution untiVhil ﬂE!P‘g‘FtQ&TfBG a H@E %thu
- the total si |pércéntrﬁfetheedotslThﬁlvetahimhverumdr at'Ehe:onsumed was

appr oxi mat el yb?ﬂ'ﬁb?s?%@ ﬁl’@&él aqiﬁvag?%égd#@ ‘%@@n@usol ution of 200 |

g of -129 at Ln_in 8 adged and t he
enul si on5was ﬁa%HEﬂOByCPH ipyedufari bné minates wRtibs RBRPE bt ar grain

3! I ve{ 5 Ofb;esslaéétsrnéa Wasaﬂiﬂ )4eBup stoénbadfathaveimtaggl ?rER%]r ain

i anet er e n

“The tabul ar ngF%g Hfﬁaf "a g%ﬁ%&%ﬁt %ﬁ%@i“ ééi éikglﬁng accounted

- for 90 perceningf4t0eMppo;:essﬁdmabmbde1md @thtMtMtqrsaﬁ.um popul at.i on,
nmeasured as-d e b ﬁiyh hen cheni cal |
sensitized mﬂ?ﬁ&gh@ g ag e“é?l%ﬁ? éa§#%€$?ﬂ£fgnffaye penta y ate and 5 y

- g/ nol e EDIveﬁiE§§§§sFG¥VF§?Fa€ﬂFo?%aﬁr%i%ﬂ*%ﬁ oelstaining RBnse 35 to

obtain an opt iHUththEMeraEéJi'ﬂ\bﬁg(Ehﬂm sﬁémsmtle@tfmsﬁ)te t abul ar
gral n emul si o?evvas S eCté? #y sens. vVer
4

anhydr o5, o AXCAREPBLaEaET o cpREreat (SEtRe el JEIVEr aftzddd
ben2|ntdazolousedDbothelheohideosoﬂetidhewAabmtopped and the

silver nitrate solution run for 1.6 minutes at a rate
15 consuming 3.8 percent of the total silver nitrate
used, until a pBr of 2.7 was attained. The emulsion
was then cooled to 35°C; 279 g of phthalated gelatin w
' dissolved in 1 0 liters of distilled water was added
- and the emulsion was coagulation washed. The
20 resulting silver bromoiodide emulsion (3 M%Z iodide)
had an average grain diameter of about 1.0 um, a
average thickness of about 0.10 um, yielding an
aspect ratio of about 10:1. The tabular grains
‘accounted for greater than 85% of the total projected
. 25 area of the silver halide grains present in the
emulsion layer. The emulsion'was chemically sensi-
tized with sodium thiocyanate, sodium thiosulfete,
_and potassium tetrachloroeurate.

€9

L

I

Coating 1 -- A portion of the chemically
30 sensitized emulsion was coeted on a cellulose tri- . _ _
acetate film support. 'The emulsion coating was : - -
comprised of tabular silver bromoiodide grains (1.08
g Ag/m ) and geletin (2.9 g/m?) to which had been
added the magenta dye-forming coupler l- (6 -chloro-
35 2 4-dimethy1pheny1) -3~ [o (m-pentadecylphenoxy)-
| butyramido ]~ S-pyrazolone (0.79 g/m?), 2-octadecyl-



3 . A
20 grain emul sion, EnuI5|on B, was then coated in the sane nmanner a i ARE
descri bed above for EnuIS|on A. Exposure and Process The two coatings { -0 7/
descri bed above were exposed on an Edgerton, Gerneshausen, and Gier 23

sensit.ometer at [ERR] sec usi-ng a grad d density step tablet and a 0.85.
density neutral filter. The step table ad 0-3.0 density with 0.15 den5|ty.
‘steps. The exposed coatlngs wer e then developed |n 30 a '

- hydr oqui none- | ;.Qdéj(me 5‘,1@ deveI oper. Fol | owi ng
a’%gn1tte nS|>o try, the

fixing and maﬁ% ngs

results are s dﬂ?# ??QﬁhﬁiTk! eﬁggeze EnQIﬂ odi um Doped
Tabul ar Grai n g¥pisle Iigy.m on versus Rhodi um Doped AgBrl Enul sion of Low
Aspect Ratio 5 | er, EnuIS|on
(0/ [ERR])_~ Speed &?-ﬂ-ﬁi'a%ﬁi og[ g]%%d Pﬁ%k? gE]ghe 'éSb{‘u?

1.72 - 5 1@raln silvem bromolodide emudsiongwaghgparttahln 1.61
209 2. 2Gsensitided to bluel A ight byuttiealaddiitdohablfe3l kI, the rhodi um

oxhi bi tod a 008 LE & ERER - Sime - -l ey Eh e lXZL the
control by 10B s¥i=ddi (3 ropiyld thdoazyaosne) hydtonidest of the two
coatings was N&aafdehyAidMA Y¥¥1t (Amax 490 nm)per mole of Ag.
' ' 10. The spectrally sensitized emulsion was then consti-
tuted using the same magenta-dye forming coupler as
in coeting 1 and coated as above. |
'The coatings were exposed for 1/25 second
_ through a 0-3.0 density step tablet to a 500W 5400°K
15 e'tungsten light source. Processing was for 3 minutes
- in a color developer of the type described in the
- : British Journal of Photogreghz Annual 1979, Pege
Y 204.°

_ Coating 2 exhibited a pho:ogrephic speed

20 0.42 log E faster than Coating 1, shcwing an effec-
tive increase in speed attributable to blue sensiti-
zation. " ' -

Examgle 22 Relating to Tabular Grain Emulsions Doped

with Noble Metals of Groug VIII of the Periodic
25 Chart of the Elements -

Emulsion A _
_ "An’ 0.8 um average grain size low aspect
“ratio (<3:1) AgBrl (1 mole percent iodide)
enulsion was prepared by a double-jet precipitation
30 technique similar to that described in U.S. Patent
' 3,320,069, and had 0.12 mg/mole silver. of ammonium
hexachlororhodate (I1I) present:during the formation
- of the silver halide crystals. The emulsiee was
then chemically sensitized with 4.4 mg/mole silver of
35 sodium thiosulfate pentehydrete, 1.75 mg/mole silver of
' potassium tetrachloroaurate, and 250 mg/mole silver of




131/ CLA\VE 1. A phot ographi c el ement having a suppert agnd at |east one
r adi tI sensitive enul sion | ayer conri.sed of a dispersing nedium and .-

silv onmo- 5 i odi de grains,‘characterized_in that at |east 50% of \Whe "
total projected area of said silver bronoiodide grains is provided by
tabul ar silver broniodide grains havi I rst and second opposed,

xsubstantlally 10 paral l el major: faces a thickness of less than 0.5

m cronet er, Laﬁﬁ%ﬁ%ﬁéﬁ%ﬁ§346¥¥nl 3 rc gpkﬁﬂﬁkﬁkaihgid@ Qggt B of -a graln

bei ng deflned as hav an area e to t he
projected area ®Bingart §06n, Eokl %s]-pé@t“‘r"&tiizé Pn15t 8r eat er

than 8:1, V\hlcl“eﬂﬁwﬁnrﬂs cspéctiaﬂllsetieaﬁﬂdi&ddawittmﬁﬂ hg/dbdecter of a

grain to its thigk;ep® t ilav QnD-
i odi de grains hélw ng gﬁ%ﬁ%l ?aig‘?%éﬁ "%I ndi“ng q%.%tt&%ié%%k&?%r faces, -
sai d centrap ragrepw ngﬁm&ﬂazqiqxnmsrqaomoa&neo yéroxddede than at |east

one other region also ex'mgldlm Mw&ﬁq&m ehy183 onnddalgocat ed nearer -

the grain perlpher n raI 0 thlc el enent

according to 258 %?ét *aﬁ fa’cﬁ ﬁ‘i‘r}{ ﬁ’dlsl‘sél 5%3%839' si | ver

br onoi oi di de grotvels accttmiuug dtnxiade#geelslti‘io%lcﬂ"lt)hdwabnpnm ected area

have a thi cknes& lQT %5{@n OX‘!‘fe 1Y TR 12 a@r coﬁtﬂqﬂkﬁg&aﬁg' c el ement -t
al a

according to 3 1 or, 2, characterlze sal d tabular silver

br onoi odi d&Fgr asAsohavsihvss\/eTtbwmm Irlod,3aslcketrer 1. 4. A
phot ogr-aphi ¢ el@é@mws&prcmgwéwdﬁ Wasl pllacéd omdithel emuledonn that said

| east 201, 5 Vi%ﬁéé’%ﬁ# f@%éi@é#‘”%&%tﬁ@eﬁginisﬁfcb;?LL"J’Z "
characterized in that said other _ Emulsion B
'To 4.5 liters. of al.5 percent gelstin,-

15 0.17 M potassium bromide solution at 55°C, were
added with stirring and by double-jet 2.34 M
potassium bromide and 2.0 M silver nitrate solutions
over a period ofltwo'minutes while maintaining a pBr
of 0.8'(eonsuming 1.6 percent of the total silver

20 nitrate used) The bromide solution was stopped and
the silver nitrate solution continued for approxi-
mately 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 O 1 mg/mole Ag (based on

25 final weight of silver nicrate) of ammonium
hexachlororhodate was sdded.to the reaction vessel.
When the pBr of 1.1 was sttained a4 2.14 M potassium
bromide solution which was also 0. 022 M in potassium
iodide was double-jetted with the silver nitrate

30 solution for epptoximetely 22 minutes vhile
msintsining pBr at 1.1, in an accelerated flow (4.3X
from start to finish) snd cansuming 77.9 percent of
‘the total silver nitrate used. To the emulsion was
added a 2.0 M AgNO; solution until a pBr of 2.7

35 - was atteined (consuming 12.0 percent of the total

~ gilver nitrste used) The total silver nitrate
consumed was Approximately 5 moles. The emulsion
was cooled to 35°C, a solution of 200 g of |



-132- said central reg;on differ in the proportion of iodide present by at
| east 1 nole percent 6. A phot ogr aphi c elenent-according'to any one of
clainmes1 to 5, characterized in that said 5, central region contains 0 {0
5 nol e percent iodide and sai d Iaterally'f%‘placed regi on contains up to

nol e percent iodide. 7. - A photographic el'enent according to any one of
clainse 1 to 6, characterized in that said 10 central region. contains 0 to
5 nol e percent iodide within:0.035 nicroneter of at.least one of said najor
surfaces. 8. A phot ogr aphi‘c ‘el enent according to any one of clainms 1 to

-7, characterized phthaletedigelstin|in &k L |1itkrs pfhoatercyasnaddedn annul ar

region surroundi ngndatKle C&RII M ont Gl £ Wwalifhd R @gagﬁggﬁgbhatlon of said .

tabul ar- sil ver bronD glde gral ns 1 ncreases progressiv rom-said central
region to said anfi@F2P%regi on. 20 9." A photographic el enent
according to. any one .of clzhemrésuttﬂhg(ﬂubummmewﬁamd sdlvleet said iodide

present in sag e i | ease tly at t he

i nterface of sal dg‘(b:en ic<h51‘§'(ndﬁf Q{f;;ﬁh(ﬂ ?eeqacsg i g‘%ldoﬁé §¥§QL§3

10. A phot ogr aphtebel éﬁeﬂﬁa %ﬂﬁ'gelt@ e i@ ofanclayersge to 9, _
characterized in gagugglgirgﬁbwmcl&iéy@roprm_m Q. dem@_alcaguggeount for at

- least 70 t of fhe t ted f I d
grains. a0 o graing exhibidd P el atosct.zabtel 8 3T 888 ne o
clains 1 to 9, chacaeum:edeﬁbt BQ Ipercaxit] afalthieaproijleceedbaveai ofli de grains
account for 3 | eggé é%kif”éfﬁ!n‘ﬁdgdfidfﬂﬁ? d@i%h%%BGQsaEEQcPibéé'd silver

br-onoi odi de grai ns, ot ograp I C enent accordlng to
‘any one of cl ai msaROY®- 1JTh%rEﬁQ&%4§|&Rﬁ}q e sdog, was “then :

chemically sensitized with 5 mg/mole silver sodium
thiosulfate pentahydrate and 5 mg/mole silver
- pocassium tetrachloroaurate for 30 minutes at 65°C
15  to obtain an optimum finish. Following chemical
sensitization, the tabular grain emulsion was
spectrally sensitized with 150 mg/mole silver
anhydro-5,6-dichloro-1,3"'-diethyl-3-(3-sulfopropyl) -
benzimidazoloxacarbocyanine hydroxide. The tabular
20 grain emulsioﬁ, Emulsion B, was then coated in the
sate manner as described above for Emulsion A.

J61

Exposure and Process
The two coatings described above were
exposed on an Edgerton, Germeshausen, and Grier
25 sensitometer at 10°* sec using a graduated density
step tablet and a 0.85 density neutral filter. The
_ - step tablet had 0 3.0 density with 0.15 density
. - steps.

The exposed coatings were then developed in
30 a hydroquinone-l-phenyl-3-pyrazolidone black-
and-white developer. Following fixing and washing,
- the coatings were submitted for densitometry, the
- results are shown in Table VIII beldw:



133\t abul ar silver br oroi odi de grains are |nternaIIy doped 13. A
phi c el ement according to claim 12, characterized in that said.
silver .5 br onoi odi de grains are internally doped with a netaL)
up VII11- of the Periodic Table of13de El enents. 14. A photographic

- elenent according to any-one of clains 1 to 13, characterized in that said

‘tabul ar silver bronoiodide grains are surface 100 chenically sensitized
with noble netal sensitizer, niddle chal cogen sensitizer, reduction
sensitizer, or a conblnatlon of said sensitizers.. 15. A phot ogr aphi c

el ement according to any one of cl aTABLE V&1l4, characterized in that said

15 tabul ar S"Vefattramheﬁbggggwkaiﬁ@reﬁtﬁnhg fyza@m&azed in the
By

- presence of a ripening agen ccording to
claim 15, characterlzéGrPHStﬁ§9d§&P69P833I83§£? $+9%v gdlde grains are
chem cally sensitized in the-20 Lof Aspaeée Ratfiosul fur containing ripening
agent. 17. 5 A photographlcsgggant according to any one of. clains 1 to 16,
characterized in that said

sensitized to a portion of Conerspect Redarn the minus 25. = blue region. 18.

A phot ogr aphi c- el ement accog Ny to gpyeone of - clains 1 to 17,
% Ea

characterized in that sald 1y _dis Iaceg reglon is pn annuhar regi on
surroundi ng saE@udsdon,) e;&ﬁ&cent

- irodode. 19. A phouographlc elenent according to any one of clalns 1 to 18,
characteri ed | tgyg: a bI&e79r m nus BQ
to the surtace o sald si | vér bronnlod e grains

ue spec&rgg sen5|i|§§r |q%aﬂ§orbed
5 | 20. 7 A

ar silver bronoiodide grains are spectrally. '

~phot ogr aphi c el eme® according to any one of clalns 1 to 19, characterized .

in that sai d 'rabulat

Grain o 1.61 - 209 2.20 1.75 - 0.10
, As illustrated in Teble III, the rhodium-
15  doped AgBrI'tabular grain emulsion coated at a lower

silver coverage exhibited a 0.23 units higher
maximum density and was faster than the control by
109 relative speed units (0.32 log E). Contrast of
the two coatings was nearly equivalent.

4y

Ky



-134- tabul ar silver bronmoi odi de grains are optimally chemcally sensi @

‘“Wth gold in conbi nation with at [east one of sulfur and seleniumin. t
.-presence of a thiocyanate ripening agent and with a spectral 5

 sens$t’ti zi ng dye having an absorption .peak in the ninus blue portion of the _
vi sible spectrum 21. A phot ographi c el erren-t],ﬂc.cordl ng to any one of clains
1to 20, characterlw that said tabular grains have an average aspect
ratio of from 10 o 100:1. 22. A photographic el enent according to
any one of clains 1 to 21, charach ehotagraphirate lesiemtyhavingame supporeal |y

-sensitized in the pa&&ea‘ﬁelé’is@toﬂﬁﬁd?am#%ﬁtiﬁresle%tlrs%'onSQ%EE' zing
dye. 15 - @ggo%ggra {]ﬁjé: el rren ccor one” of
ciaims 1 to 22, cha?%ﬁ' $ ullblal é(ﬁrd TPWOBr esent

on the surface Bf skdiide |gmaidsa onoi odi de gral ns in an armunt sufficient to

~increase sensitivity. 20 characte@fhefl : ﬁ%%g]&(éﬁg&e%?t o#CeRLdI ng to

any one of clainms 1 to 23, characterize I ation-sensitive
emul sion |ayer conpkP&el WOE%%@@m@ﬂmm%qrabmpapigdlider

br onoi odi de gr al ns gﬁamlis Pl ided BLILEdUIRC BHavky BEBBS%H?&Q light.

. 25 ' - hoto a enent accordi to a y on |
to 24, char acterl z ‘H‘P? %é‘?‘;{réﬁ dteit%laé’r ﬁqc\Péﬁd"gW |GHg§F§Pﬁ£ i‘ug;e an
average di amett0 ofparallekim&jor dfawest,eias chﬁ:knAslsI atfklasd vhahel.5

phot ographi c el enenjy g‘pomet?&cor 'dﬁtﬁeﬁ: Pt q 'OmE hikPommeter
characterized in thlgliﬁ ta’bu ver rormlo gral ns are oplimlly
e _

chemically and orth gFAIh P&RE; é&rfply p8&t EBe| 918‘39—‘331‘
sensitized. 27. A bdbfick- atmbwlhaaripig)targra’rrdu e@lednedt the prageoetédng to.

Clai m 26, characterizefl &£ ddvd A et A b36ehgtOdkBblt"gad b doFabu! ar
E 15 greater than 8:1, which aspect ratio is defined as '
the ratio of the-diameter of a graih to its thick-
ness, at least some of said tabular silver bromo-
iodide grains having a central region extending
between said major faces, said central region having
20 a lower proportion of iodide than at least one- other
region also extending between said major faces and
located nearer the grain periphery than said central
region. -
2. A photographic element according to
25 claim 1, characterized in that said tabular silver
bromoioidide grains accounting for at least SOZ of -
the total projected area have a thickness of less
than 0.3 micrometer. :
3. A photographic element according to
30 claims 1 or 2, characterized in that said tabular
- silver bromoiodide grains have an average aspect
‘ratio of at least 12:1.
| 4, A photographic element according to
claims 1 or 2, characterized in that said tabular -
- 35 silver bromoiodide grains have an average aspect
‘ratio of at least 20:1. o ' _
5. A photographic element according to any
of claims 1-4, characterized in that said other

L
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regi on
form ng

overlyi
phot ogr aphi c

emul si on | ayer containing sai d tabul ar S|Iver brOnDiodide grains Is the

ek o HELEASRED oo AF AL LSRR 501 o

g i magew se exposure |ight that

and bronoi odi de grains overlies at |east one other
silver halide enulsion |layer and . is positioned to rec

ng light transm ssive Iay§$ 28. A bl ack-and-white
el ement according to. clai” 57 characterized in that

ei ve

is free of significant scattering

the:

28, charact eriodide présensdyl at Ilmsmrbrmkﬁilmqgnm-ns are chemcally

th at leggt ong f %ygj '
presence of a thlocyaﬂgte H[#H é%? ﬁi& él o rnﬁE§(X)o g%otoan

sensitized W

el ement conpreBeeEiclaiaspbr§o a-'hd ¢ %‘e&ﬁ!’ Me"d'h that, egish | ayers for
separate$y recén€rdl) Fégidn Usontiieg, 0 avl 5 asble r&ﬁfdﬂ iodi@e sed of -a

t he
raphi c

| ?'eiﬁfé.s'nggeﬁéﬁ*%@iyiééevtﬁ%%f%%é%é’%%ﬂ‘%w iﬁf@%{ i AT g

dyes, respectﬂlwhygemmhciaﬂi@d in that 25 at least o

-said green and red recprdlqg

.

ne of

SUPHEY U Terbt Adtorditil & layand

n

spectrally sensiti bul ar - si ) ver bronnlodl ai.ns accord I'ng to any
ope of clai ms"'iet%ézgla la n{H tqt!?cﬂﬁtﬁﬂi‘tﬁqgrﬁbm hataaid\: 30

accor di npot o cénthOreghm acnmtaizxui 0 ntd Hatmale peércamitd iwdilde on | ayers _
contai ni ng Sa&ﬁﬁﬁ?% 35 S ot UL I &FSI L %déo‘? sal &%ﬁu@ receive

~exposi ng radi

phot ogr aphi c
accordlng to

15

on prior to rena|n ng emu ayers O

I"t.i col or

éﬁ%ﬁ%ﬁ@S-SS : A mul ticol or photographic el ement

cl ai m 30, Schaf@%lﬁtdﬁhpﬁld helexift Giccording to any
one of claims 1 to 7, characterized in that said
laterally displaced region is an annular region

~ surrounding said central region and the iodide

20

25
one of claims 1 to 9, characterized in that said

30

35

concentration of said tabular silver bromoiodide
grains increases progressively from said central

region to said annular region.

_ 9. A photographic element according to any
one of claims 1 to 7, characterized in that said _
iodide present in said tabular silver bromoiodide
grains increases abruptly at the interface of said
central and laterally displaced regions. '

10. A photographic element according to any

tabular silver bromoiodide grains account for at
least 70 percent of the total projected area of said

silver bromoiodide grains.

11. ' A photographic element according to any
one of claims 1 to 9, characterized in that said
tabular silver. bromoiodide grains account for at
least 90 percent of the total projected area of said
silver bromoiodide grains. _

12. A photographic element according to any
one of claims 1 to 11, characterized in that said

T AR, O 0

v,

-



-136- said enulsion layers containing said tabular silver bronoiodide

" grains is positioned to receive specular- ly transnitted |ight and over
at leagst one other enulsion. | ayer of said nulticol or photographic 5.
celement. 33. A nulticolor photographﬂ&ielenent according to any one of
claims 30 to 32, charac- terized in that said tabular silver br onoi odi de
grai ns have an _average di ameter of at |east 2 10 mcrongeters. 34. A
nul ti col or pH%ﬂ%k%&ﬁﬂﬂ#iwgféhEﬁPOé@ééﬂelBgaibscﬂﬁﬁnigger%ﬁb}ﬁcter|zed in
that said bl @ged.ordi ng emul sion Iayer s conprlsed of chemcally and .

spectrally sensitized g tabul,ar,silver odlde ains as defined in
any one of clains 1 aH&P3 # Egtoggap Cnf FPSB oFcﬁﬂBg abRi ¢ el enent.

accordi ng tocdmﬂaodd,othahacmerlﬁeﬂoiﬂ4thahaaatd tabuler silvémt said

wth gord and gy O%‘i"ﬁ?*‘ s’ LAEeRRELTY: bBGRANERh € byefE 151 7o

photographlc Gﬁhé Fo Pgrjodie Tablepfisthe Elementsnyra-
cterized in that at Iaast an hotogehﬂhlabunaﬁeﬁtlueéoﬂéin be@r@apdi de grain.

bosi t1oned « SHeceE patE ur.s%' Qéeg%ufégafs?%ﬁﬁﬁéteia ﬁ%ﬂ#e&éé%@ﬁt'; 2
col or tenper &adasy sigd womoloddde graidodi arensuvfacght the |ayer is
I'ntended g o h%@&ﬁ@ali@dsénbiﬁiﬁgd wEthOhoB 8 n@fhl Skfisi@yEdr Dei ng | ess

O TR TN R R g A
and 35 -a comblingtibRRbfbenald seasivgzetsconcurrent exposure to bl ue
light of said tabular ygraig BﬁBEQhQaphEQ STEbéhQ”aLEXPEing to any
one of claims 1 to 14, characterized in that said
15 tabular silver bromoiodide grains are chemically
 sensitized in the presence of a ripening agent..
16. A photographic element according to
1 claim 15, characterized in that said tabular silver
' bromoiodide grains are chemically sensitized in_the
20 presence of a sulfur containing ripening agent. _
17. A photographic element according to any
one of claims 1 to 16, characterized in that said
tabular silver bromoiodide grains are spectrally
_ sensitized to_ a portion of the spectrum in the minus
25 blue region. _
- 18. A photographic element according to any
‘one of claims 1 to 17, characterized in that said
laterally displaced region is an annular region
- surrounding said central region and contains at least
s 30 6 mole percent iodode. :
_ 19. A photographic element according to any
. one of claims 1 to 18, characterized in that a blue
or minus blue spectral sensitizer is adsorbed to the
 .surface of said silver bromoiodide grains ,
35 _ 20. A photographic element according to any
~ one of claims 1 to 19, characterized in that said

—-—
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-137- 37 A mul ticolor photographlc el enent according to cIa|n136
. characterized in that said el ement contains |ess yellow filter materi al
t comonly used, or is free of yellow filter material 5'interposed

b en exposi ng radi ation inci dent upon said el ement and at |east one of\J
sakd/ green or red recording tabul ar gri cont ai ni ng enul'si on Iayers 38.
A mul ticol or photographic el ement acco éﬁng to clains 36 or 37,
~characterized in that 10 at | east one of said green or. red recordlng

| ayer s cont ai Qi t abu 8Los 0 r&ce Xposi ng -
~radiation pr.gﬁg36‘§aFaiBPﬁ F%%B#ﬁ?ﬂgge%ﬁfgfg ‘f%. L%é;f YA nul ticol or
- phot ogr aphi ¢ ehemégally seastbtdedgwibhczeldsim6c@mbﬂﬁatt¢nuuithw|zed in
_that at |east gpngefbeSahd bfyemgenaaanwﬁem ABDINE pk

positioned to recel exposi'n t1.0 | or er s ver hal i de
emul si on | ayePE GftgiPGYﬂHGFSgFiBﬂFShGI%GEHF “fih a epechpl A
nul ticol 8r pheengiefbingedgachavingoani algsd opealofiw!thes 30 to 39,

" both sai d Bredd 2295 é§*?é§§b§¥ nEng Yy £°§€%ﬁ9€*9'§sgra' S i
mul ti col or phot ogr aphi 8lel eAephotegvaphig element orcardingite &y to 40,
conprised of énE'bE‘éwﬂﬁﬁ tlaﬁg Zbocéﬁfﬂaéaégf?ﬂ% £0 @had dido | ayer units

for separatel reen, and re Cchar agt r|zed 300 in
hat oo 4 col BAPRERF: BEALRY RAVS] €3 BEFFASE RARSFEFAFER o)
phot ogr apbi ¢ gbedesb LO0etposed at a col or tenperature of. 5500 K through a

spectral ly nonsel ectivg,ste rocessed gr aphi c
‘el ement exhibits in re?%t'l oﬁ *ﬁgg$§ggggﬂ?r%§$mﬁ’%l ‘b%%'gé]g‘i%e% PV red
" contrast varieneonf clafmssl to 21, characterized in that said ' ,
grains are chemically sensitized in the presence of
at leest a portion of a spectral sensitizing dye.

15 ' ;23. A photogrephic element according to any
one of claims 1 to 22, characterized in that
additional silver halide is present on the surface of o/

said silver. bromoiodide grains in an amount
sufficient to increase sensitivity.

20 2., A photogrephic element according to any
one of claims 1 to 23, characterized in that said
'radiation-sensitive emulsion layer comprised of a
dispersing medium and tabular silver bromoiodide grains
is positioned to receive specularly transmitted light.

25 25. A photographic element according to any
one of claims 1 to 24, characterized in that said
tabular silver ‘bromoiodide grains have an average
diameter of at least 2 micrometers.

26. A black-end-white photographic element

30 - according to. any one of claims 1 to 25, characterized
in that said tabular silver bromoiodide grains are
cptimally chemically and orthochromatically or
_penchrometically spectrally sensitized.

' 27; A black-end-white photographic element

35 according to claim 26, characterized in that the
emulsion layer containing said tabular silver

* c L M 1 *




Y )
- 138- t han 20 percent and green and red speed variations of less than 0.3

|l og E, using blue, dgreen, and red -densities determ ned according to ,
Anerican Standard PH2. 1-1952, 5 ' each of said color-formng |ayer '
unies including a.t |east one enul sion |ayer conprised of a drspersrng
-medi um and si | ver bronpi-odi de grains, said silver bronoiodide grains of a
triad of said enulsion layers for separ atel_ylgga.cordr ng blue, 10 gr een,
~and red light being positioned to rec e ex osrn iation_prior to any

remai ni ng enul si on FAgEPR. aRg DERAMHP 8t leaptaohey 7

m cr onet er, mherernothenlﬂmagefafmiﬂgcxﬁiveh(halﬂdﬁIamulmibﬁ layerdagdeen

and red recordrng e S f r r.at gond _
opposed, parallel ngy ﬁbé)gdégygé etscg d"]a‘q'r&erce%%teuug 8 ?ﬁﬁg central

region extendi ng belhsbh thed h%rfﬂe¢eﬁﬁﬁ$i&ﬂiﬂiﬁ£ﬂt @casiteriagcdnt anodi de
-in said other: rsgloaveﬁif{ﬁgrmn trﬁa&#alésivtlnay@& faces, a thickness of

~less than 0.3 mcroneter,, dj r of, at J|.eas one - ave
_an average aspect ratio of a a%qyﬁﬁﬁi qﬂ;Jﬁ %°%°3§38§&ﬁt # éEE |
"l east 70 per cent ofacherdnmglt@rcl&imeiﬂfﬂ&hanictaﬂﬁted inechbtottbeodi de
grains present in t8gy$afEn Ay SF Oébd@a/ﬁ{i Lﬁ'ﬂ”&ﬁf Qa%%ﬁ‘ai‘cﬁiﬁk}@?‘ cally

sensitized with gold and, at, | east one é fur and sel en

said el ement is subRFamPiafidersraing %%I Y 4TTOS T CBY, QHLPnEéVﬁﬁs%G
bet ween exposi ng radhatphotograsieid efsuwersnd d el enent and said red and

green recording emul sion layggs of éLtJHé”%EEQ% ﬁﬁoqggégﬁakgreleFﬁ“F sai d

phot ogr aphi ¢ el enent 35 accordi‘ng
green and red recordtﬂgdt@80¥°fen7n¢ﬁﬁIQ@wslﬁﬁﬂQ53 o 28, characterized

in that said silver bromoiodide grains are chemically
_ sensxtized with at least one of gold, sulfur, and
15 _selenium in the presence of a thiocyanate ripening
agent.
o 30. A multicolor photographic elemeﬁt
~ comprised of a support and, located thereon,
B emulsion layers for separately recording
20 'blue, green, and red 1light each comprised of a
dispersing medium and silver bromoiodide grains,
_,' | said green and red recording emulsion layers
_'containing green and red spectral sensit121ng dyes,
respectively, characterized in that
25 ~ at least one of said green and red recording
‘emulsion layers contains chemically and spectrally
'sensitized tabular silver bromoiodide grains accord=-
;ing to any one of claims 1 to 25.
_ -31. A multicolor: photographic element
d _ 30 according to claim 30, characterized in that one of
| . said emulsion layers containing said tabular silver
bromoiodide grains is positioned to receive exposing
radiation prior to remaining emulsion layers of said
pulticolor photographic element.
35 . - 32. A multicolor photographic element
" according to claim 30, characterized in that one of

* c L M S *



aid triadexhibit a mnus blue speed which is'at,least 10 tines
ffer) than their blue speed. 43. A multicol or photographic el enent
ng-to claim42, characterized in that said 5 green and red .
di ng col or- forn1ng | ayer units of said triad exhibit a mnus blue
speed which is at least 20 tines greater than their blue speed. 44. A
mul ti col or phot ographi c el enent accordi ng-186¢! ai ns 41, characterlzed.in
that the 10 blue s d of; t.he Ql ue recor duced,RQy. said ele i s at
| east 6 tines. gr@gﬁ s 108, ﬁpﬁgssﬁ@@gagngﬁesﬁrHugangérr%t Naoul
produced by sai d dromedodide. grAinsliSCpbeitﬁbnedgtapheceE#en@pécdfhr-
according to cl ai ri‘y44:r§ BRLEELE" 11gAe! BnlBbokifeb! bE 0260 Slo | IdEU

record produced by”s i I s at rea
speed of the ni nuSMHl§donetsyerprsdseid 991§§F61@¥eﬁbﬂt°gmiph1¢\nultlcolor
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blue recording emulsion layer is comprised of '
chemically and spectrally sensitized tabular silver
15 bromoiodide grains as defined in any one of claims 1
 and 3 to 25. : - o
35. A multicolor photographic element ' -]
according to any one of claims 30 to 34, charac-
terized in that said tabular silver bromoiodide
" 20 grains.are surface chemically sensitized with gold
and at least one of sulfur and seleniunm.
- 36. A multicolor photographic element
' according to any one of claims 30 to 35, chara- _
cterized in that at least one of said tabular silver
25 ubromoiodide grain containing emulsion layers intended
to record green or red light is positioned to receive
' during exposure of the photographic element at a
color temperature of 5500°K, blue light in addition
_ to light the layer is intended to record, and A iog
30 E for said emulsion layer being less than 0 6, where
o A log E = log ET - log E
log ET being the log of exposure to red or
green light said tabular grain containing emulsion
- layer is intended to record and _ |
35 . log EB being the log of concurrent
exposure to blue light of said tabular grain contain-
ing emulsion layer.
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emulsion layer.

39. A multicolor photographic element
15 eccording to claims 36 or 37, characterized in that
at least one of said layers containing said tabular
'grains is positioned to receive exposing radiation

< prior to all other silver halide emulsion layers of
' said photographic element.
20 o 40. A multicolor photographlc element

._according to any one of claims 30 to 39, charac-
| terized in that said tabular silver bromoiodide
grains are present in both said green and red
recording emulsion layers. '
- 25 . 41. A multicolor photographic element
 according to any one of claims 30 to 40, comprised of
- " a film support and, located thereon,
~ color-forming IEyef units for separately
recording blue, green, and red light, characterized
30 in that '

L

_ said color-forming layer units being chosen
so that when said photographic element is exposed at
" a color temperature of 5500°K through a spectrally
nonselect;ve 'step wedge and processed said photo- _
'35 graphicfeiement exhibits in relation to blue contrast
‘and speed green and red contrast variations of less
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| east 70 percent of the total projected area of said

ver bronoi odi de gralns 10 15 20 25 30 35

10

- 15

20

25

30

35

-138- _
than 20 percent and green and red sPeed variations of
less than 0.3 log E, using blue, green, and red
densities determined according to American Standard.

 PH2.1- 1952,

each of said color-forming layer units
including at least one emulsion layer comprised of a
dispersing medium and silver bromoiodide grains,

said silver bromoiodide grains of a triad of

| said emulsion layers for separately recording blue,
_'green, and red light being positioned to receive

exposing radiation prior to any remaining emulsion

layers and having an average diameter of at least 0.7
micrometer, '

‘wherein tabular silver bromoiodide grains in
said green and red recording emulsion layers of said

triad having first and second opposed, parallel major

faces; less than 3 mole percent iodide in a central

region extending between said major faces, at least 6 °

mole percent iodide in said other region extending
between said major faces, a thickness of less than
0.3 nicrometer, and a diameter of at least 0.6
micrometer, | '

have an average aspect ratio of at least
12:1, _ '
account for at least 70 percent of the total

.projected area of said silver bromoiodide grains
_present in the same emulsion layer, and

~ are surface chemically sensitized with gold
and at least one of sulfur and selenium, and
said element is substantially free of yellow

filter.material_interposed between exposing radiation
incident upon said element and said red and green

recording emulsion layers of said triad.

'42. A multicolor photographic element
according to claim 41, characterized in that said
green and red recording color-forming layer units of
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said triad exhibit .a minus blue speed which is at

least 10 times greater than their blue speed.

43. A multicolor photographic element

'according to claim 42, characterized in that said

green and red recording color-forming layer units of

‘said triad exhibit a minus blue speed which is at

least 20 times greater than their blue speed.
- 44, A multicolor photographic element

-according to claims 41, characterized in that the

blue-speed of'the.blue record produced by said
element is at least 6 times greater than the blue

:_speed of the minus blue record produced by said
element. '

45. A mnlticolor_photograohic element |
according to claim 44, characterized in that the blue

'speed of the blue record produced by said element is

at least 10 times greater than the blue speed of the
minus blue record produced by said element.

-~ 46. A multicolor photographic element
according to any-one of claims 41 to 45, charac-

' terized in that said color forming layer units for

separately recording blue, green, and red light
contain yellow, magenta, and cyan dye-forming

* couplers, respectively.

47. A multicolor-photographic element

according to any one of claims 41 to 46, charac-
terized in that the blue recording emulsion layer of

said triad contains a higher mole percentage of

. iodide than said green and red recording emulsion

layers of said triad _
48. A multicolor photographic element

according to claims 36 to 47 comprised of
a film support and located thereon,
' color-forming layer units for separetely
recording blue, green, and red light containing - _
yellow, magenta, and cyan dye image. formers, respec-
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ttively, and each containing at least one silver
" halide emulsion layer, characterized in that

said color-forming layer units being chosen
so that when said photographic element is exposed at
a color temperature of 5500 K through a Spectrally
non-selective step: wedge and processed said photo-

‘graphic element exhibits, in relation to blue
- contrast and speed, green and red contrast variations

of less than 20 percent and green and red speed
variations of less than 0.3 log E, using blue, green,
and red densities determined according to the
American Standard PH2.1-1952,
a triad of said emulsion layers for
separately recording blue, green, and red light,
~said green and red recording emulsion layers

. of said triad

" being positioned to receive substantially
specularly transmitted exposing radiation prior to at
least one other emulsxon layer and during exposure
of the photographic element at a color temperature of
5500°K, blue light in addition to light the layer is
intended to record, Alog E for said emulsion layer
being less than 0.6, where

" Alog E = log ET - log Eg
* log ET being the log of exposure to red or

‘green light said emulsion layer is intended to record

and _
log EB being the log of concurrent

exposure of said emulsion layer to blue light ‘and
containing silver bromoiodide grains having

- an average diameter of at least 1.0 micrometer

including optimally chemically and sPectrally
sensitized tabular silver bromoiodide grains having

first and second opposed, parallel major faces, less .

than 3 mole percent iodide in a central region
extending between said major faces, at least 6 mole
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' percent iodide in one other region extending between -
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: said major faces, a thickness of ‘less than 0.3

micrometer and a diameter of at ‘least 0.6

micrometer having an average aspect ratio of at

least 12:1 accounting for at least 70 percent of the
total projected area of said silver bromoiodide
grains o '
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