SI LVER HALI DE TABULAR GRAI N EMULSI ONS The invention relates to photograph
5 elenents with at | east one silver halide enul'sion | ayer conprising

tabul ar silver halide grains and a dispersing nmedium a.

granylarity, and sensitization Silver halide photography em?ixﬁZﬁ)S?

radi ation- sensitive emnmul sions conprised of a - dispersing nmedium

typically gelatin, containing enbedded nicrocrystals--known as grains--of

.radi ation-sensitive silver halide. Duringd+nagew se exposure a.latent

| mge center, rendering an entire 15 grain selectively developable can
1Ly J

be produced by absorpti and it is this
capability that inparts nal speed

capabilities as conpared foHEBHMASPEG&raﬁilneSnﬁmgkngéggggoaches 20

The sensitivity of silver hali dg,gpuA®i N'¥HuR8e qsnproved by sustai ned
|nvest|gat|on for nore than a certm emcal sensitiza-

t+ons, such as noble netaﬂheeiﬁve“EkRQDreﬁﬂﬁﬁﬂ G°CBBPEQ§E#PR*§ g., sulfur
and/ or sel erg un) ,ebenibrts withdatt ledss o tgiAveirohal idevendiomievel oped
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of S|Iver hal i de ¢ em cal sensitlza ed beyond
optinmm | evels, rthen Kﬁﬂ Pmrncreases in speed are 30 acconpanied by

sharp | osses in inmaga.di s@pesdyagtaul Rty Endegehs ¥t {zdeiorr ni num
D IRETHE o e mem MR
di scri mi nat iléh, defintioprmsessitivesenylginns, copprised 9f ogr aphic
application. - dispersing medium, typically gelatin, containing
embedded microcrystals--knoﬁn as grains--of
radiation-sensitive silver halide. During imagewise
exposure a latent image center, rendering an entire .
U 15 grain selectively developable, can oe prodﬁced by
absorption of only a few quanta of radiation, and it
is this capability that imparts to silver halide
photography exceptional speed capabilities as
compared to many alternative imaging approaches. _
20 The sensitivity of silver halide emulsions
has been improved by sustained investigation for more
than a century. A variety of chemical sensitiza-
tions, such as noble metal (e.g., gold), middle
_/Ehalcogen (e.g., sulfur and/ot_seleniuﬁ), and
25 reduction sensitizations; hgve'béen déveioﬁed which,
singly and in combination, are capable of improving
the sensitivity of silver halide emulsions. When
ggéhical sensitiza:idn_is extended beyond optimum
levels, relatively small increases in speed are
# 30 .. accompanied by sharp losses in image discrimination
(maximum dépsity pinus minimum density) resulting
from sharp increases in fog (minimum density).
Optimum chemical sensitization is the_best balance
among speed, image discrimination, and minimum
35 density for a specific photographic application.
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o -2- ually the sensitivity of the silver halide enmulsions is only

ne I bly extended beyond their spectral region of s<intrinsic sensitivity

b m cal sensitization. The sensitivity of silver halide 5 emul si ons
cal—be extended over the entire visible spectrumand beyond by enpl oyi ng
spectral sensiti- zers, typically nethine dyes. Enulsion sensitivity beyond
“the region of intrinsic sensitivity increases as the concentration of
spectral sensitizer increases 10 up to=2a optimum and general |y declti nes
rapidly thereafter. (See Mees, Theory of the Photographic Process,
Macm || an, 1942, pp. 1067-106 back- ground Wthin the range of
silver halide grain 15 %RiiyhﬁgﬁaPFQSEHgﬁﬁﬁﬁeﬂ (th13ﬂHUP69F&bﬁg
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(root mean squargyound.)

Within the range of silver halide grain

15 sizes normally encountered in photographic elements
the maximum speed obtained at optimum sensitization o
increases linearly with increasing grain size. The
number of absorbed quanta necessary to render a grain
developable is substantially independent of grain

20  size, but the density that a given number of grains
will produce upon development is directly related to
their size. If the aim is to produce a maximum
density of 2, for example, fewer grains of 0.4
micrometer as compared to 0.2 micrometer in average

25 diameter are required to produce that density. Less

| radiation is required to render fewer grains
developable. '
) Unfortunately, because the density produced

with the larger grains is concentrated at fewer

30 sites, there are greater point-to-point fluctuations
in density. The viewer's perception of point-to-
'point fluctuations in density is termed

graininess ' The objective measurement of point-to-
point fluctuations in dersity is termed '‘granula-
35 rity". While quantitative measurements of granula-

rity have taken different forms, granularity is most
commonly measured as rms (root mean square)



-3- granul ar

maxi mum perm ssible granularity (also conmonly referred to as 5
but not to be confused with silver

ity, which is defined as the standard deviation of density
within a viewing mcroaperteure (e.g., 24 to 48 mcroneters). Once the

| ayer is identified, the nmaxi mum speed which can be realized for that

emul siveh | ayer

appr eci at ed
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hat over the years-intensiive investigation in the

phot ographic art has rarely been directed fdar d obt ai ni ng maxi num

phot ographi ¢ speed in an absol ute sense, but, rather, has been directed
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obtaining maximum speed at optimum sensitization
while satisfying practical granularity or grain
criteria. True improvements in silver halide
emulsion sensitivity allow speed to be increased
without increasing granularity, granularity to be

: reduced without decreasing speed, or both speed and

20

granularity to be simultaneously improved. Such

" sensitivity improvement is commonly and succinctly

referred to in the art as improvement in the speed-

granularity relationship of an emulsion.’

25

In Figure 1 a schematic plot of speed versus

-granularity is shown for five silver halide emulsions

1, 2, 3, 4, and 5 of the same composition, but
differing in grain size, each similarly sensitized,
identically coated, and identically processed. While

- the individual emulsions differ in maximum speed and

30

granularity, there is a predictable linear relatiop-

3 ship between the emulsions, as indicated by the
. speed-granularity line A. All emulsions which can be

35

joined along the line A exhibit the same speed-
granularity relationship. ‘Emulsions which exhibit
true improvements in sensitivity lie above the speed-

~granularity line A. For example, emulsions 6 and 7,



nularity line A For exanple, enulsions 6 and 7, -4- which lie on the
:ﬁ} on speed-granularity line B, are superior in their speed-granularity
<El/ati onships to any one of the emulsions 1 through 5. Enulsion 6 exhibits

i gher speed than enulsion 1, but no 5 hi gher granularity. Enulsion 6
exhibits the sane speed as enmulsion 2, but at a nuch |ower granularity.
Emul sion 7 is of higher speed than enulsion 2, but is of a | ower o/

granularity than enulsion 3, which is of |ower speed than enul sion 7, 10
Emul sion 8, which falls below the speed®¥tanularity line A exhibits the
poorest speed-granularity relationship shown in Figure 1. Although emul-sion
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granul arity. Theuperiem igctheirspreed geanilazity relatienships itp

phot ogr aphy hasakyebried cfxthesenal eions t5 througntsi.f yEagUsencs al i ze

compar o SPEL?LA@%%Lp@eéﬁﬁésﬁgﬁar%%ﬂﬁ#‘éf rshoh 1o BoE A8 bl sion series -
differing 9y a Rishaw greaudarity,i sEpelsion(b exhibigerthelseregrain size.
The ispeedhgramt.gﬁg_édt Yag %qmg.gaghgpsb@é %‘-E&-Qﬂfc&phbﬁegr oducts whi ch produc_:a
simlar characteri st c.curve L are onpar ed. wever, universal ‘v
quantitative_sd@gﬁygfgﬁﬁpéri??uiﬁﬁﬂﬁrf§§$§%gﬁ&§ﬁgfpﬁpﬁﬁﬂi %?enpnts have

not been achi evemhlsdionc@,spaedisgofinal kovwey gramulardtysthasone increasingly
arbitrary as %Mswtﬂgmﬁﬂhciﬁf?faﬁféﬁlﬁﬁf %gﬁn éhligfon Further,

conparisons of speed-granularity relations _ ot ographi ¢ el enents
whi ch prodifte Saulsiqn$yewhighgfalls helowFhmispeednsrapy el enent s)
with those whi ching aduexhipdtsnmehespicrest spded-gradutariopgeni c

phOtOQraphiC'elfﬁ?ﬂﬂfiﬁéhﬁ$okﬁ8wn'in Figure 1. Although emulsion 8
' exhibits ‘the highest photographic speed of any of the

emulsions, its speed is realized only at a dispropor-

15 tionate increase in granularity. |

The importance of speed-granularity

relationship in photography has led to extensive
efforts to.quéntify'and-generalize speed-granularity
determinations. It is normally a simple matter to

20 compare precisely the speed-granularity relationships
of an emulsion series differing-by'a single charac~
teristic, such as silver halide grain size. The
speed-granularity relationships of photographic
products which produce similar characteristic curves

25 are often compared. However, universal quantitative
speed-granularity comparisons of-phdtographic'
elements have not been achieved, since speed-
granularity comparisons become increasingly _ .
arbitrary as other photographic characteristics

30 differ. Further, comparisons of speed-granularity - ' >
relationships of photographic elements which produce
silveréiﬁéges'(e.g;, black-and-white photographic
elements) with those which produce dye images (e.g.,
color and chromogenic photographic elements) involve

35 numerods:cbﬁSidetatibns‘bther-than~the silver halide
grain SehSiéivites; since the nature and origin of

[



35 nunerous considerations other than the silver halide grain
sensitivites, since the natture and origin of -5- the materials produm
density and hence accounting for granularity are nuch different. For

el aboration of granularlty measurements in silver and dye |nag|ng attention

Is diirected to "Understanding G aininess 5 and G anularity"', Kodak

Publ i4ti on No. F- 20, Revised 11- 79 (avai |l abl e from East man Kodak Conpany,
Rochester, New York 14650); Zw ck, "Quantidqive Studies of Factors d
Affecting Ganularity", Photo- graphic Sci ence and Engi neering, Vol. 9, No.

3, 10 May-June, 1965; Ericson and Marchant, "RVMS Granu- larity of
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mol e percent 25 %Fu&ﬂﬂ% B2 Fdecors 5} n@EQ LlaPeeymdigiidesl all

references to hali -ercentages are base | ver presermt—ITT t he
correspondi ng enulgxaphic ANCe  ang neering,eoVal - o? sdﬁ%sé&' e.g., a

grain consistig i nguyf-mnb\geu%sgmmm&e @ Mairghagt 40"'rMS Gyemeent 30
i odi de al so conteufgifﬁ% ﬁ?gﬁéfgggr;g(yg(&ﬁé&apgg$hﬁgaﬁgiéggd s sensitized

um sensi

si o, when coat-ed

with a sulfur, seleniu
> 6, No. &,

on a support at aX

Random-Sphere Model for Dye Clouds", Photqgraphic
15 Science and Engineering, Vol. 21, No. 4, July-August
N~ 1977, pp. 183-192. :
Silver halide emulsions other than silver
bromoiodides find limited use in camera speed photo-
.. graphic elements. A silver bromoiodide emulsion
20 having outstanding silver imaging (black-and-white)
speed-granularity properties is illustréced by
Illingsworth U.S. Patent 3,320,069, which discloses
gelatino-silver bromoiodide emulsions in which the
diodide preferably comprises from 1 to 10 mole percent
25 ©of the halide. (Except as otherwise indicated, all
references to halide percentages are based on silver
present in the corresponding emulsion, grain, or
. o grain region being discussed; e.g., a grain consist-
ing of silver bromoiodide containing 40 mole percent
30 iodide also contains 60 mole percent bromide.) The
emulsion is sensitized with a sulfur, seleniunm, or
tellurium sensitizer. The emulsion, when coated on a
support at a silver coverage of between 300 and 1000
mg per square foot (0.0929m’) and exposed on an
35 intensity scale-senéitometer, and processed for 5
minutes in Kodak (trade mark) Developer DK-50 (an

L)



rl square foot [err] and exposed on an 35 Intensity scale

slegd®i yoneter, and processed for 5 mnutes in Kodak (trade mark) Devel oper

- (an -6- N-nmethyl-[err]-am nophenol sulfate-hydroqui none devel oper)
at 20%C (68F), has a | og speed of 280-400 and a remainder (resulting from
subtracting its granularity value fromits |og speed) of between 180 5
and 220. Cold is preferably enployed in combination with the sul fur grows
sensitizer, and thiocyanate may be preseng_durlng silver halide ]
preC|p|tat|on or, if desired, may be added to the silver halide at any tine
prior to washing. Uses of thlocyanate during 10 silver halide precipitation
and senS|t|ZﬁtlqmqﬁwﬁhyUJEiahlﬂbpﬁehwlLbﬁif&ﬁ&*hjd&oﬁrlﬂ&n&OS 2,222, 264d and
2,642, 361. The e Upae P 3 a r 0 t andi ng
speed granul arity pr oogJeér% [ es | ﬁ (c:o %btlgggér)a‘geﬁg s?‘gﬁgugﬁ gﬁ%nﬁ&fat ive
values 15 for &ﬁu(ﬁ?#?%‘ rae8ingniesfew i nst ances

t he highest att tmhihuﬂnt @gmaahftoﬁpfwlﬂ dwenolfnbeeﬁegﬁtmbat hi gher

than the n nall | $.0 rnell tionship
Bet ween Speed an a|n ZEBYQS?%estgﬁégﬁgéglé@hl%ﬁ%d %étgo?a Ci ence,
Vol . 17, 1969, ﬁ&tn@qzylfpepsrpgpbsw%%u méstthéasvemtefmasxwer

‘brom de and brorgé mh&m Ssinvéhmﬂmlcp&eefi paetonl ospnbfti zation.
The aut hor obserdga tgegaaagdsggqﬁug gbggta 5 25 [err]

in projected area oneter rn dr ame ncr%ase i n speed
wi th increasing &me rpréoz:eteou#ahbesacmmm mi@cmsaﬁet \&ﬁ%‘?@)ect ed based

gn tlhe aEslti ti ol kvead Hallddeuybeeipitmm W&&itﬁﬂﬂbgedré or. g
as a function ofﬁhé%g'e”ﬁ genﬁﬁﬁt Facehs %%»@8 ha?h%r?%'z ?ﬁ%h?eip?ﬁe
decline in 2,361. The emulsions of Patent 3 +320,06
' also provide outstanding speed-granularity.properties
in color photography, although quantitative values
15 for dye image granularity are not provided. )
- 1In a few instances the highest eétainable &/
photographic speeds have been investigated at higher
than the normally useful levels of granularity.
. Farnell, "The Relationship Between Speed and Grain
20 Size”, The Journal of Photographic Science, Vol. 17,
1969, pp. 116-125, reports blue-speed investigations
of silver bromide and bromoiodide emulsions in the
absence of spectral sensitization. The author
observed that with grain sizes greater than about 0.5
25 mictometer?'in'projeqted'area (0.8 micrometer in
"~ diameter) no further increase in speed with
“increasing grain size could be achieved. This was
not unexpected based on the assumption that the
number éf'absorﬁed quanta required for developability
30 1s independent of grain size. Actual declines in
speed as a function of increasing grain size are
reported. Farnell attributes the decline in
sensitivity of large grains to their large size in
relation to the limited average diffusion distance of
35 photo-generated electrons which are required to
produce latent image sites. More light quanta must




sensitivity of large grains to their large size in relation to the limted, -
aver age diffusion distance of 35 phot o- generated el ectrons which are %

required to produce latent image sites. Mre |ight quanta nust be
absorbed by a large grain than a small one in order to forma devel pabl e
|latent image site. Tani, "Factors |Influencing Photographic Sensitivity", J.

Soc. otogr. Sci. Technol. Japan, 5 Vol .. 43, No. 6, 1980, pp. 335-346,
is in agreement with Farnell and extends t«4¥- di scussi on of reduced !
sensitivity of larger silver halide grains to addi- tional causes
attributable to the presence of spectral sensitizing dye, Tani, reports that
the 10 sensitivil% apsorbed: P¥ fylarsegnaidy | & B’Haf%- SRR onal | y
“influenced by (1) dtder doatform gudevelpable datientpémagal steesiti zation, (2)
dye desensitiza- tion, and | i I d | tes that
the rel ative quantum yi el Téﬁlé eg@%%@big]ngltu%?;c%g ﬁz;g%?%1 l.laﬂs},:obeen
observed to be neateRfEERYIENd st OfK. -t e ] |y
iproved. Tard notVel & 43, Nogh6,ab$80 ptppon 335-346i,nEsCchn cagredmenty e

arain surt Liepéﬁ’ﬁé“ﬁ%‘)n@f"ﬂl?gé" LELE M Q‘é‘%“?éfﬁ#ﬁﬁé AffucqdlL 2nd 1o
Thus, the magni t'uc&?%ﬁqﬂgtyne etRE8e T %SWKPB‘PS decgraingtq gddi-
general, snmaller ttiomalheausescattributdble tenthei pregenderof he size of

enul sion grains i Ssaid&@‘iqsﬁgnsiéﬁfﬁ?t&é.o 'ﬂ%&egﬁgo{-éghltrhfpstﬁfe(’t ion by 25
merely increasing dye.C vgrage 0es hot, necessar | résult_in | ncreased
sensitivity, l&calﬁé‘ﬂfgv t¥cnfi spectrally, sensitized emulsiondfint of dye
I's increased. Desaddiitiioanldy infhidérnicéditbad (10 cheurelative fuantage

formati on rather t ' s yerat i e pnolani
suggests possible #%r%\?g“ngﬁgge?ﬁi f%ee%'csipteig%%?gﬁul(g?i %e réafsca%ﬂ[sg'ns z|a'p of

| arger. silver hal ithorgr ands (B) bightrabrprpsienshy dyes. Tani notes
' that the relative quantum yield of spectral sensiti-

15 zation has been observed to be near unity and
U therefore not likely to be practically improved.
Tani notes that light absorption by gréins covered by
dye molecules is proportional to grain volume when

_ exposed to blue light and to grain surface area when

20 the gréin is exposed to minus-blue light. Thus, the
magnitude of the increase in minus-blue sensitivity
is; in general,_smaller'thah the increase in blue
sensitivity when the size of emulsion gfains is
increased. Attempts to increase light absorption by

25 merely increasing dye covefage does not necessarily
resqlt'in increased sensitivity, because dye desensi-
tization increases as the amount of dye is _ _

- increased. Desensitization is attributed to reduced
latent iﬁége formation'rathet than reduced photo-

30 generation of electrons. Tani suggests possible
'1mprovemeﬁts in the speed-granularity relationship of
iarge: silver halide gfains by pteparing core-shell
‘emulsions to avoid desensitization. Internal doping
of silver halide grains to allow the use of otherwise

35 desencitizing dye levels is'taught by U.S. Patent
3,979,213, |

[



, 979, 213. -8- b. Shar pness Wil e granularity, because of

equl sions to avoid desensitization. Internal doping of silver halide grains
~al l ow the use of otherw se 35 desensiti zing dye levels is taught by
S. Patent 3

ts relatton-
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ship to speed, is often a focal point of discussion relating
ty, image sharpness can be 5 addr essed i ndependently.

Sonme factors which influence i mage sharpness, such as. IateraI di f f usi on et
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al's during processing (songtines terned "i mage snearing'),

are nore closely related to i magi ng and“Blfocessing materials than the
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20

25

30

35

- visible light.

- and is absorbed at a point 4, the photographic record "

themselves primarily affect sharpness during image-
wise exposure. It is known in the art that silver

halide grains having diameters in the range of from
0.2 to 0.6 micrometer exhibit maximum scattering of |

Loss of image sharpness resulting from light
scsttering generally increases with increasing
thickness of a silver halide emulsion lsyer. The
reason for this can be appreciated by reference to
Figure 2. 1If a photon of ligﬁt 1 is deflected by a
silver halide grain at & point 2 by an angle 5]
measured as a declination from its original path and

 is thereafter absorbed by a second silver halide

grain at a point B:after traversing a thickness t!

of the emulsion layer, the photographic record of the

_photonfis displaced laterally by a distance x. If,

instead of being absorbed within a thickness t?, .
the photon traverses a second equal thickness t?

of the photon is displaced laterally by twice the
distance x. It is therefore apparent that the
greater_the_thickness displacement of the silver
halide grains in a photographic element, the greater
the risk of reduction in image sharpness attributable
to light scattering. Although Figure 2 illustrates



distance x. It is therefore apparent that the greater the thickness

di spl acement of the silver halide grains in a photographic elenent, the [/
greater 35 the risk of reduction in inmage sharpness attributable to Iigh
scattering. -Although Figure 2 illustrates -9- the principle in a very

sinple situation, it is appreciated that in actual practice a photon is
typicéPly reflected fromseveral grains before actually being absorbed and
statistical nethods are 5 required to psedict its probable ultimte !
poi nt of absorption. In multicolor photographic elenents contain- ing three
or nore superinposed silver halide enulsion |layers an _increased risk of

reduction in i magetBepyinciple tass verypeippla sitastionacdtide silver
hal i de grains are dpptecintied] thaer int attusl practideawephdbbonkisnesses. In

sone applications ' > disol o) [ hal i grains is
further increased %gﬁfﬁgﬁﬁfégﬁﬂgéégﬁnggé?té%ﬁé§5§;§f§§?§|QLF g? either (1)
15  increase the #fFeakbsfeing abrerked) and syasiaticalcnethods.aze | or
exanpl e, wherg dyeregﬁuad M&Xrﬁﬂﬂﬁt”ﬁt@@?&]ﬁﬁ[@ul't(i._ﬂhﬂer faciofthe
enmul sion | ayers or % % formadditional |ayers separating the silver halide
emul si on | ayers, . il Egéi icreasi ng 20 t hei r- thi ckness di spl acenent --for
eXanpl e where separate scadéngelticdlaycphotagraphic ¢legents ceontaimyers
separate adj acent fﬁ%'éﬁf&b'd%yﬂbie EupéPlipoddd H11vetOha 1180 MY SIYH C
el ements there are ,at | east jthree s peglﬂpo ed‘ia r uqbti- eacqagontalnlng
25 at least one L8YSES apingreasgr Fif I_%ge?e. ““‘_ﬁfg, h&pase Ssharp-
substantial okpor tness cdmbe presehtedpoeindmgheesd lverr haliide|grains
scattering. Becauggedidtisibutdd aveyCatChéddd¥ itHred 1ayek! ¥hieksil ver
hal i de- emul sion | ayers, the emnul sion igger far&ﬂg renngfd fo frénnthe
exposi ng radi at i onPE€HIRLe SeRfi BPP ggfbns_t ckness displacemen
' of the silver halide grains is further increased by
the presence of additional materials that either (1)
15 increase the thicknesses of the emulsion layers
(Y themselves--as, for example, where ﬁye-image-
providing materials are incorporated in the emulsion
layers or (2) form additional layers separating the
silver halide emulsion layers, thereby increasing
20 - their thickness displacement--for example where
separate scavenger and dye-image-providing material
layers separate adjacent emulsion layers. Further,
in multicolor photographic elements there are at
_ least three superimposed layer units, each containing
25 at least one silver halide epnlsion layer. Thus,
there is a substantial oppoptﬁnity for loss qf image
sharpness a;tributable to scattering. Because of the
cunulative scattering_ofugvetlying_silver_halide
emulsion layers, the emulsion layers farther removed
30 from the exposing radiation source can exhibit very
significant reductions £n sh§rpness. _
U.S. Patent 3,402,056 discusses obtaining
crisp, sharp images in a green-sensitive emulsion
layer of a multicqloruphqtbgtaphic element. The
35 green-sensitive emulsion_Lgye:_lies beneath a blue--
sensitive emulsion layer, and this relationship
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o aining crisp, sharp inmages in a green-sensitive enmulsion | ayer of a
ti col or photographic elenent. The green-sensitive enulsion |ayer |lies
beneath a blue- sensitive enmulsion layer, and this relationship -10-
accounts for a loss in sharpness attributable to the green-sensitive -
ermul sion layer. U S. Patent 3,402,046 reduces light scattering by enploywng'
in the overlying blue-sensitive enul siomwdayer silver-5 hal i de graj ns
which are at least 0.7 mcroneter, preferably 0.7 to 1.5 microneters, in
average dianeter, which is in agreement with the 0.6 mcroneter dlaneter
referred to abodecotnts fdrica alvtdﬁﬁw&hbbgﬁeﬂ?e&dtﬁﬂﬂﬂfﬁ]jdﬂtolQhe

Silver bronide Egeﬁngﬁgiéiégnadqi St §f°nSUF§ fficient native
0

sensitivity to | ue portion o ctrum record blue radiation
wi thout bl ue sp@sfPa)04érEedycasn |1(§-I8ht\/\ﬁéﬁtFﬁ§§%8é?filI@!R;rPyié!Seiérrpl oyed to
recgrd ?reen andheroﬁérlytngiHlneﬂtbnEPuQ»elegblsﬁ%@Qﬁg&gssjnheﬁ are corres--
ondi n spect sensj ti n_bl acksan an nochromati c .
Ee g. gh?/oﬁrggenf"e#ké o@%‘i éﬁﬁgfri RES 8 uIIFFﬁfj ﬁ,m{ %’c ? c' or
panchromati c sensﬁf¢V$byY - hdmit-Sgodgrometers, in averagen nulticol or
phot ogr aphy, Giﬂﬁt&? SRURdn :ltd ‘i'n;fg%eﬁhhife&iﬁoéﬂém) 3d silver

bronoi odide in e ecor,d blug light is advanta- geous.

I ONS | #%? e
However, when tR&§ E°§FF§Er GRS T Zef 59®PP¥P erul si on | ayers i nt ended
to record 25 expoeuresBluetdnd.ggaes-blueedpenﬂtsepauitﬂdme spectrum the

n| ficant reductions in sharpness. U S. Patent 3,402,.046 discusses

native quF gsensitivity iﬁq@g}l gn an eEffv ﬁ q Q@ese to both blue
and green Trght or_both ue an g In the enu q ¥ers will
fal'sify the hue®Bp1# mqqﬁﬁﬂsoﬁtﬁ é a5 pative sans: ftiviey

the blue portion of the spectrum to record blue
radiation without blue spectral sensitization. When
these emulsions are employed to record green and/or
15 red (minus blue) light exposures, they are corres- )
pondingly spectrally sensitized. In black-and- —
' white and monochromatic (e.g. chromogenic) photo-
graphy the resulting orthochromatic or panchromatic
sensitivity is advantageous. |
20 ~ In multicolor photography, the native sensi-
 tivity of silver bromide and silver bromoiodide in
emulsions intended to record blue light is advanta-
geous. However, when these silver halides are
employed in emulsion layers intended to record
25 exposurés in thé gteen'or'red portion of the
' spectrum, the native blue sensitivity is an inconven-
fence, since response to both blue and green light or
both blue and red light in the emulsion layers will
falsify the hue of the multicolor image sought to be
30 reproduced.

In construccing multicolor photographic
elements using silver bromide or silver bromoiodide
emulsions the color falsification can be analyzed as
two distinct concerns. The first concern is the

35 difference between the blue speed of the green or red
recording emulsion layer and its green or red speed.



30 reproduced. In constructing nulticolor photographic el enments using
silver brom de or silver bronoiodide enulsions the color falsification can_C:;;
be anal yzed as two distinct concerns. The first concern is the 35

di fference between the blue speed of the green or red recordi ng enul sion

| ayer ,and its green or red speed. -11- The second concern is the

di fference between the blue speed of each blue recording emul sion |ayer and

t he bl ue speed of the corresponding green gr Jed recording emulsion |ayegr.
Generally in preparing a 5 mul ticol or photographic element intended to
record accurately image col ors under daylight exposure conditions (e.qg.,

5500K) the aimis Theagééonyd corderncigntRe 0di fferincd) betdeenOthaBWNid Ude

bet ween the blue s o, qﬁﬁﬁ‘ ' i Qn 4l r and .10 t he
bl ue speed of the gg??%s%%n | &g%llr“geggg&?iéﬁgr%s}o%g 13%&9@?. 'I:l%ﬁ/er. The
art has recogni zedblueatspeedh rn%@searqspmlmesrm ororedeal i zed using
silver bronide or setording emiladodelagelsi CGeneri IS iaNprepesing a

oo f1cations BvoRulRkeTer phosegiRBhRe, afsmetl dhesbed®ep ERRTREL have
ngt al ways been r e8FFUEALelY Jmagec colppacyrder dayl ightn exposute m speed
and 20 nus bl g eeerpt; {4 %2 SP0OR) DEhd L AR e e e
?gcor di ng of blue g%gggﬁérj‘g & Iag’yé‘gs‘f‘n? %ﬁ’éo"{ d‘ﬂgétigl"geni’ﬁﬁge?ﬂ' e
exposures. By far blue ngmeed:mﬁmncypbluectemrdhrmce'mugsénpotayer_oﬁr:;_} gg and
S oyl 21 LSRR, o8 LU SHEERIAOR Bkt 1l o
speed, is to locat®®t edsdan g@?g' beth& prF %’él’l SRFP8R bsor bi ng)
filter layer. Botbthgelsush aim speed differences are not realized
using silver bromide or silver bromoiodide emulsions
unless employed in combination with one or more
15 approaches known to ameliorate color falsification.
Even thien, full order of magnitude speed differences
have not always been realized in product. However,
even when such aim speed differences are realized,
further increasing the separation between blue and
20 ®minus blue speeds will result in a further reduction
- of the recording of blue exposures by layers intended
to record minus blue exposures.. _
By far the most common approach to reducing
~ exposure of red and green spectrally sensitized
25 - silver bromide and silver bromoiodide emulsion layers
- to blue light, thereby effectively reducing their
blue speed, is to locate these emulsion layers behind
- ' a yellow (blue absorbing) filter layer. Both yellow
filter dyes and yellow colloidal silver are commonly
* | 30 .employed for this'purpqse. In a common multicolor
layer format all of the emulsion layers are silver
bromide or bromoiodide. The emulsion iayefs intended
to record green and red exposures are_locéted behind
a yellow filter while the emulsion layer or léyers
35 intended to record blue light are located in front of
' the filter layer.

-



IAter dyes and yellow colloidal silver are conmonly 30 enployed for this
xpose. In a common nulticolor layer format all of the enmulsion_ | ayers

arg silver brom de or bronvoiodide. The enul sion layers intended to record
feen and red exposures are |ocated behind a yellow filter while the

enmul sion | ayer or layers 35 intended to record blue light are located in .
front of the filter |ayer. -12- This arrangenment” has a nunber of art
recogni zed di sadvantages. Wile blue.light exposure of green and red ,
recordi ng ermul sion |ayers is reduced tG*0l erable | evels, a |less than idea
| ayer order 5 arrangenment is inposed by the use of a yellow filter. The

green and red enul si on lgayes 5%55&*&,,93@; 4 MAlnHe3s oF @eedy passed through
both the bl ue enulsigf | ayer aor layers aggﬁépedxfll i lter. This |ight
has been scatt eF8H°8 @Ré%ﬁiéﬂﬁ?ﬂPF gRB-i 4 Prus c8¥PREWFE her ef or e
be degraded. Shficgrééw dnd rederecdrdingnehsl siomrlayerss ilsyréducede | east
visually inportagteseite llevelld)0nClebf CRRAR LIGA QdlyehBragy ce of

exposi ng radi ati on does. not contribute to |1 mage sharpngss to the degree N
that woul dSbe ravrapgepent is,imposed Py rhengeobia ¢ ¥d or green

enul sion | ayer. ffbtener , Thdgreen eisdf réedecemubsidmwddyergpareceivet and )
Whi oh results i HeRr e s xSy BabBgd SRR HACH e blds Jpec T
particul arly whepalsion daxen o dsyess and the rellayw fddses - mfBifal s cost
Bl cachi ng And. bl E e e & B e ooy antage
associ at gdW\/i th8 grpn%se%ar% ﬁ:ﬁﬁl{#ﬁg{lgl ng%f%;]eg Sl %"glrcgo'rq\@a%ggg of a
phot ogr aphi ¢ el zecoxding emuiisiocad pradugeschy cfar tthen leapsr ¥igpalhyer posi ng
a yellow filterihpoit@it tftord, its favored location nearest the
source of exposing radiation does not contribute to |
image sharpness to the degree that would be realized
15 by similar placement of the red or green emulsion .
layer. Further, the yellow filter is itself imper~ ~
fect and actually absorbs to a slight extent in the '
‘green portion of'the'SPectrum, which results in a
'loss of green speed. The yellow filter material,
20 particularly where it is yellow colloidal silver,
' increases materials cost and accelerates required
replacement of processing solutions, such as
bleaching and bleach-fixing solutions.
| Still another disadvantage associated with
25 separating the blue emulsion layer or layers of a
photbgraphic element from the red and green emulsion
layers by interposing a yellow filter is that the

speed of the blue emulsion layer is decreased. This .
is because the yellow filter layer absorbs blue light |
30 passihg'thtbugh'the blue emulsion layer or layers *

that might otherwise be reflected to enhance
exposufe. One approach for increasing speed is to
move the yellow filter layer so that it does not lie
. immediately below the blue emulsion. This is taught
35 by U.K. Patent 1,560,963; however, the
patent admits that blue speed enhancement is achieved



speed of the blue emulsion layer is decreased. This is because the yell ow
filter |ayer absorbs blue |ight 30 passi ng through the blue enul sion

| ayer .or |ayers that m ght otherw se be reflected to enhance exposure. Q
-approach for increasing speed is to nove the yellow filter |ayer so that
does .not lie inmediately below the blue emul sion. This is taught 35 by

U. K. ‘Patent 1,560,963; however, the patent admits that blue speed .
enhancenent is achieved -13- only at thf price of inmpaired color ¢
reproduction in the greén and red sensitizea emul sion | ayers |ying above
the yellow filter layer. A nunber of approaches have been suggested 5

for elimnating yedaby dt Ither pribut o fabtipdired calveecdepir6dereion in

di sadvant ages. 1t 2 , 084, Eﬁﬁ¥f 9¢ati.Ng. red
spectrally sensit |L£zt§ed itﬁte\?{e]?néh?éréi ggn%ir C .or%éggg%shegfg?/‘gé ege]‘['égest t he
exposi ng radi at i orRRR &he yeddew: fileexla¥8T 5| i des 10  exhibit only
negligible native blue send nuiibéy. ofi spproiches havenbden ppsggesteal hi gh
rnative bl ue sensitgyityag : r§Qqt emyl si Tt t he
exposi ng radit i onf%%tﬁicigi%gg?ﬁgofgniélé‘g fu]:ii'rllcf'teb(ri.Is imr%giegrrgféiaﬂ%l yer"&l%tr?t ended
to record blue 15 it4 jqym disadvantegess 2 B, Fademtd 2243608584 teach
~dvoi ding blue |ighteashdsaloeating afgiden Wreaedidgecetlal by odehigiized si on

| ayers by making t e layers,.30 or tines slower. re ' t han t he
bl ue 20 recor di fif-eRA fﬁgﬁrﬁgﬁew'%%@iﬂ&n Pgﬁgrégggeé%\eﬁet?ecoat ed
with a yellow fil te¥pasingrranhatiiont &ource s sisicei thesessbivenhalides green,
and red recoryy ng é‘:&ﬁ!!b?!to'&n'lgyﬂﬁgli Plé'hativetBlud"densficiviey .

tively, d t f . the 25 . bl d m
bl ue Speeds of t hTIMSUIVEE PEBIGE kpasnnane, high, aRcive Bfue"C M 11O

sensitivity, it does not form the emulsion layer
nearest the exposing radiation source, but forms an
underlying emulsion layer intended to record blue
15 light. | | | o |
~  U.S. Patents 2,388,859 and 2,456,954 teach
avoiding blue light contamination of the green and
red recording emulsion layers by making these layers
50 or 10 times slower, respectively, than the blue
20 recording emulsion layer. The emulsion layers are
overcoated with a yellow filter to obtain & match in
sensitivities of the blue, green, and red recording
emulsion layers to blue, green, and red light,
respectively, and to increase the separation of the
25 blue and minus blue speeds of the minus blue
- recording emulsion layers.
This approach alloﬁs the emulsion layers to

- | be coated in any desired lgyér order arrangement, but
_ retains the disadvantage of employing a yellow filter
: 30 as well as additional disadvantages. In order to

obtain the sensitivity differences in the blue and
" minus blue recording emulsion layers without the use
of a yellow filter layer to implement the teachings
~ of U.S. Patents 2,388,859 and 2,456,954 relatively
35 much larger silver bromide or bromoiodide grains are
employed in the blue recording emulsion layer.
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thi s approach allows the enmulsion |ayers to be coated in any desired |.ayer
der arrangenent, but retains the disadvantage of enploying a yellow:
fi/lter 30 as well as additional disadvantages. |In order to obtain the
ensitivity differences in the blue and minus blue recording emnul sion

| ayers without the use of a yellow filter layer to inplenent the teachings
of U S. Patents 2,388,859 and 2,456,954 rel atively 35 much | arger sil Ve
brom de or bronvoi odide grains are enployed in the blue recording enul sion
| ayer. -14- Attenpts to obtain the desléed sensitivity differ- ences
‘relying on differences in grain size alone cause the blue emulsion |ayers

to be excessivelgﬁgraing and/.or t he gr%%n siée_of the m nus blue 5

recording enul si ShtEADES tQ Phkain, styednsens tivityge ddfdes -of
relatively | ow spaeds i@ly&pgian:dkfﬁgﬁenqdbfihcgfiynigiiesd@unan to increase
the propor- !ionelsbothé®1dh 'dia1313n"1adbrhfo 'Sl dfillidielg omu! si on

| ayer, thereby in It's e sensill - VI ty W thout “i ncreasing

creasi n u ) t
its grain size. 859?}"7,‘ 4/q,Ehe gFain Gézﬁeegrfﬁ‘ g""{‘lﬂﬂ dlye | ayers are to

exhi bi t nor & t harecerding damulisd ophdiayerapbocbe peeciss s iokeily swadlband

recording ?”“!S'QQekétéfé ff fﬂldﬁ%%%hglﬁob'Egﬁeafeahfﬁuﬁﬂﬁ%Qahé hot ,
possi ble within . normal Iy acceptable levels of grain, even with -
i ncreased iodidet9ﬁ5t¢kf§ﬁQR;ﬁﬂééGré?n&?@ﬁﬂl§?oﬁ?¢%ﬁ&§€ the pEoperrow filters
are enployed to ttdtcefbiodide gt thie gratgsuoficthy iblhe Bécdrdingayers, they

by no neans elinj ' ' SIh.SSI f bl K Wght . _ even when
ygl low filters glfﬁ‘i‘%%%‘?%f}egie_gdﬁﬁgﬁ I Qﬁéglé#ﬁ%gc‘a#_ g’g'ureegﬁzgggiﬁy t he
further sepd@ati ¥htyfwhtheutdnoneasing dsssgrainisize cs Ssildi,i $&r broni de
and bronoi odi de EHH|ﬁiﬁﬁb|EmﬁﬁT%éd@iaﬂﬁgdehﬁ}éf&&rIhﬁéb&|l%éﬁt%US bl ue

portion of the nghigggggéégnthag'vefy moderate photographic speeds,

obtaining blue'reqotaing emulsion layers of at least
10 times greater speed is not possible within

15 normally acceptable levels of grain, even with
increased iodidé:in thé biue'recording emulsion layer.
_ While yellow filters are employed to reduce
blue light striking underlying emulsion layers, they
by no means eliminate the transmission of blue

20 1light. Thus; even when yellow filters are employed,
‘additional benefits can be realized by the further
separation of blue and minus blue sensitivities of
silver bromide and bromoiodide emulsion layers
intended to record in the minus blue portion of the

25 spectrum. ' _

Although silver chloride and chlorobromide
enulsions can be put to use as minus blue recording
layers in multicolor photographic elements without
yellow filter protection, as suggested by U.S. Patent _

30 2;344,084,'dited above; it should be realized that -
 these emulsions also absorb blue radiation, albeit at
reduced levels. There are applications where even
the sméil_levels_of absorption in the blue portion of
the spectrum (often reférred'to-és'"tail absorption")
35 of these silver chlofidé;con:;ining_émulsions can be
disadvantageous. For example, if it is desired to
imagewise expose at camera speeds a photographic



Al t hough silver chloride and chl orobrom de enul sions can be put - to use as
m nus blue recording |ayers in nmulticol or photographic el enments w thout -
yellow filter protection, as suggested by U S. Patent 30 2,344,084, ci -
above, it should be realized that these enul sions al so absorb bl ue

radi ati on, albeit at reduced | evels. There are applications where even the
smal | Tevels of absorption in the blue portion of the spectrum (often

referred to as "tail absorption") 35 of tltfese silver chlori de-contai nitng
enul si ons can be disadvantageous For exanple if it is desired to

[ ' hot havi ng a sil ver
chiori de emil ot on TX 3@‘?‘??0 SRR BARSSE PRESESs emified B 0pTe0 £t the
spectrum (e. g. grEé Qﬂtﬁiﬁﬁrafeﬂyeah¥PQrnﬂﬂﬂﬂﬂnepfptbeeenectmnm

-phot ogr aphi c el eme(eé. gn, tmqu,e&eaqeoefjﬁfgaﬂdye Jdcglgherghgtggul sion | ayers
Can X1t U1 gEdedly i o Bl HATE 4 4 o B R phge FELST OO
sensitivity 03 th ¥#ﬁ(*ﬁ&h?wc6hPaFnFﬁgianﬂQNQﬂﬁ|Q9no#k91hi§na¢ffffact|on 10

of its sensitivitycient hratiad biluensEHEi@W&fitt'd ftie'rE&QSV\lﬁe exposure, the
duration of exposyf. [ er. Hence even

si'lver chloride an °‘éﬁ%§?’6@:§ ﬁékgnﬁfls %?%%rﬁéﬁéﬁ PLL YO AR&4 on of
their blue sensitilighting.15Althoughi the tbluhaensdeivityvofythe anot her

spectral region. den1or1iwc%=aahy§éerve :9&6& 3R14 xaégﬂy flad@P a1 and

I rregul ar graia sha have In silver“hall 1B“ghoto-
gr aphi ¢ enul si ons.® 11 it Vﬁ§yaF% the spdiationoemploved #uringy ai n

edges can exhibit imagedise éxpobare) peie rdurdtiion 9f arfostré heo presence of
strong ripening agﬁfﬂ&sé‘i‘i@h@iﬁ%@ﬁa’mﬂ&? lgsrn%'eQ'S "RénEY e EE SPherical

or exist as thick platelets wh
ilver chloride and chlorobromide emulsions can

~ benefit by reduction of their blue sensitivity in
15 relation to their sensitivity in another spéctral
o . region.
d. Tabular silver halide grains
A variety of regular and irregular grain
shapes have been observed in silver halide photo-

20 graphic emulsions. Regular grains are often cubic or
octahedral. Grain edges can exhibit rounding due to
ripening effects, and in the presence-qf strong
-ripening agents, such as ammonia, the grains may even
be spherical or exist as thick platelets which are

25 nearly spherical, as deséribed for example by
U.S. Patent 3,894, 871 and Zelikman and Levi Making
and Coating Photggraphic Emulsions, Focal Press,
1964, pp. 221-223. Rods and tabular grains in varied
portions have been frequently observed mixed in among

. 30  other grain shapes, particularly where the pAg (the
negative logarithm of silver ion concentration) of
the emulsions has been varied during precipitation,
as occurs, for example in single-jet precipitations.

Tabular silver bromide grains have been
35  extensively studied, often in macro-sizes having no

photographic utility. Tabular grains are herein
defined as those having two parallel or substantially



5 nearly spherical, as described, for exanple by U S. Patent 3,894,871 and
| i kman and Levi Nhklng and Coating Photographic Emulsions, Focal Press,
op4, pp. 221-223. Rods and tabular grains in varied portions have been
riequent |y observed m xed in anong 30 ot her grain shapes, particularly
ere the pAg (the negative logarithmof silver ion concentration) of the
emul si ons has been varied during precipiéatlon as occurs, for exanple
single-jet precipitations. Tabular silv brom de grains have been 35
extensi vely studied, often in macro-sizes having no photographic utility. .
Tabul ar grains are herei.n defined as those having two parallel or
substantially  Ramallel srvetadr faces.feeel obahiclh imhisubstantially

substantial ly I ar:mw‘gémelnmmnmt behem sphgleromgstall Faceoboft kheggrain. The

aspect ratio--th t c e abuyl ar _
grains is subst an 53# gfbeg?etlﬁlg aﬁie{% O:ﬁé aspecr}te afn%fte%aggl ar grain

silver bronide ergh Kﬂ§§QMaQ£ Fébﬁlﬁﬁdsﬁyiﬂﬁaiiuﬁ“h?&ﬂﬁ& eﬂ&Ve&Heaﬁiwolutlon

of the lvbrphol OYern Ji; |1Verl-15§ﬁ”h9§e&>’§£@i6 ﬁwm: glﬁahcah&eem ng",
Sci ence et ustries 43hoto r h| gues Vol

962 0 pp.
121-125. From 19 PFMh !efﬁe"t%%f% "R’o Cé& &n9n old a
Duplitized (traddﬂuﬂmﬁp,r&Ewognaﬁhncoflthnrﬁqnphulauudef Shbvqane No- Scr een

X-Ray Code 5133. ghig:fed csqat BLPEAg Ph f&fwn 19 poss Sefi®é O 15
faces of a film suport su ur sensi tized si qﬁrpgg g T . ' Since
t he enul si ons wers e PRgto -kee,"_:%lﬁgdl o9t fie * not

spectral - |y Xengpgi Zlml-llbe tabul ar grai ns had an average aspect ratio in
the range of from about SgiBn’333720ndfe b0 Y 2has EaBERMR' RidiT

greater than 50% of the prOJect area whi nont abu rains accoyn ed
for greater than Gompasny eeddppoPuplitized t’t%’@n mark) ra iographic
product under the name No-Screen X-Ray Code_5133.

The product contained es'coetings on oppbsite major

15 faces of a film support sulfur sensitized silver _
bromide emulsions. Since the emulsions were intended o/
to be exposed by:x-radiation,'they were not spectral-
ly sensitized. The tabular grains had an average

~ aspect ratio in the range of from about 5 to 7:1.

20 The tabular grains accounted for greater than 50% of
the projected area while nontabular grains accounted
for greater than 25% of the projected area. Upon
reproducing these emulsions several times, the.
emulsion having the highest average aspect ratio,

25 chosen from several remakes, had an average tabular
grain diameter of 2.5 micrometers, an average tabular
grain thickﬁéts of 0.36 micrometer, and an average
aspect retio_of 7:1. 1In other remakes the emulsions

‘contain thicker, smaller diameter tabular grains

30 which are of lower average aspect ratio.

' Although tabular grain silver bromoiodide
emulsions are known in the art, none exhibit a high
average aspect ratio. A discussion of tabular silver
bromoiodide grains appears in Duffin, Photographic




reproduci ng these emul sions several tinmes, the. emul sion having the highest
average aspect ratio, 25 chosen from several renakes, had an average =~
tabul ar grain dianeter of 2.5 microneters, an average tabular grain

t hi ckness of 0.36 microneter, and an.average aspect ratio of 7:1. In other
remakes, the enul sions contain thicker, smaller dianmeter tabular grains 30
whi ch dre of |ower average aspect ratio. Al though tabular grain silver

br onoi odi de enul si ons are known in the artl7mone exhibit a high average!
aspect ratio. A discussion of tabular silver bronoiodide grains appears in

Duf fi n, Photographjc -17- | sion_Chem stry, Focal Press, 1966,
66-72, and TriveIItﬂg&ﬁiggngﬁﬁﬂzgiﬁx EFoeal Bress, 1966),0mp ccbomity ta

Structure of BronoTtiwelid RndcSpith i ﬁ'!‘héSGEfﬁbt, o’ﬁﬂiﬁ’b@foﬂé@ﬂb pbaur nal ,
Vol . LXXX, July 19€&E.§Hﬁ¥é§$re g§532§§° 19d g ved a
Py ot dri. cipiraEL

pr onounced reduCtgg Ize. an
Iéxéiwt Hul?at b%‘“bummg t he

i ntroduction of i
Preci pitati ord of 285~288-al fl‘d’iv&’hbtomdim:tttEmﬂs%ma a pheradicadi c

Sci ences 10 and FEdidtEn : 97
248- 257, reports pre | néi s&?‘l \tl’gr% ?%an%%elhazned aa aépe O%F%% '8{(9 kgrrul si ons
of the type preparrt-ﬂ?p&f‘ trodyctipaiof kedide ot Gutoffisi ueleankam ands

prgf|ph-dt?t|on aﬁhanﬁﬂuiath During the F¥erdpdtatiofiaye S£1¥§ELY Eeen

publ i shed for prepani W] [ 0portj o the SI ver
hal i de is present Rﬁ{ it%e% ng?ia‘g %"}13319318 Bh d % 3‘

di scl oses forl@ ng Wcr%’eal%oﬁ%al&ul ulﬁﬁAugmﬂtW&unded by
{100) cubic faces gpd MQBQ,aﬁewt ﬁeydrq_ngba;wegnbp&gfdé end h) of from

L aul s, LR BBl Rt Nl TS o8 ek EDE Shaped By
single-jet precipitations using a continuous precipi-

tation apparatus.

15 - Procedures have recently been -
Y published for preparing emulsions in which a major
proportion of the silver halide is present in the
form of tabular grains. :U.S;.Patent 4,063,951
_ discloses forming silver halide crystals of tabular
20  habit bounded by_{lOO} cubic faces and having an
aspect ratio (based on edge length) of from 1.5 to
7:1. The tabular grains exhibit square and rectangu-
lar major surfaces characteristic of {100}
‘erystal faces. U.S. Patent 4,067,739 discloses the
25 preparation of silver halide emulsions wherein most
of the crystals are of the twinned octahedral t&pe by
forming seed crystals, causing the seed crystals to
" increase in size by Ostwald ripening, and completing
grain growth without renucleation or Ostwald ripening
30 while controlling pBr (the negative logarithm of
‘bromide ion concentration). U.S. Patents 4,150,994,
4,184,877, and 4,184,878, U.K. Patent 1,570,581, and
German OLS publications 2,905,655 and 2,921,077 teach
the formation of silver halide grains of flat twinned
35 octahedral configuration by employing seed crystals
: which are at least 90 mole percent iodide. Several-

LS
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crystal faces. U S. Patent 4,067,739 discloses the 25 preparation of

ivey halide enul sions wherein nost of the crystals are of the tw nned
och&hedral type by forming seed crystals, causing the seed crystals to

| NCL€ase .in size by Ostwald ripening, and conpleting grain growh w thout
renucl eation or Ostwald ripening 30 whgle controlling pBr (the negative

| ogarithm of bronmide ion concentration). U S. Patents 4, 150,994, 4, 184, 87,
and 4,184,878, U K. Patent 1,570,581, and German OLS publications 2, 905, 655
and 2,921,077 teach the formation of silver halide grains of flat tmnnned
35  octahedral coflf tiueiretioven riefetencesi pgporedineyedsdd cuveriingr e at | east

90 mol e per cent i pEidle. eI Etitlemul stnhd” aRlh_biée@ O e SGeS Teport

i ncreased covering p I'siops and state t. “they .are useful’
in canera filns, ‘!ﬁﬂﬁ‘vfliébﬁ% BSan °EBIB?"°‘EJ"S‘J'P‘§Q% apdg3 951
specifically repomhoan T.S. Patent! 4;063905hsppeei fidd 1y trapérts ant, from

the very | ow asp ty y xggp? ( b aspect
rati o appears unﬁ@ﬁéltgt |%Eﬁ‘q&:;§ari§§:igé Qgﬁ‘éﬁ%ﬁ@r‘eéaﬁpl es and
vi ewi ng t he phot offf )y the

ot her above- nent|uhnuﬂ°dehsmcn¢erl:éalappdamnrunti&ildﬁi:ilﬂbahiéhl Japanese

patent Kokai 142,82%s mmdzsmmNQ&sfh Bg uamﬁﬂrﬁemn ekfpe to
1 3

simlar subject tter ,to but is not restricted to
the use of .silver? Qﬁﬂﬁﬁ$§3§rf§h' Pﬁg gﬁgﬁanhﬁkﬁﬁﬂﬁﬁQﬁ atgo ﬁ@ present
“invention tAére |@hepmhqm@bawh»ogl.apmcrefmewn«uueﬂeasreone si | ver

haljl de erznci)l sion |Qyey maraolthihnq-;ltlvtsa mw detit Rokad 244, lsnerI ngt |
medl um a sensitize
" aﬁlﬁ}ﬁ%&r NoVEmbar B g@é&&gﬁl ess %ttfe B:oy

tabul ar silver € gralns. having m cronmet er
and a di aneter similar subaect matter to U S. Patent 4,150,99&,

but is not restricted to the use of silver iodide as
15 the seed grains.
According to the present invention there is
provided a photographic element with at least | o/
one silver halide emulsion layer comprising
silver halide grains and a dispersing medium,

20 characterized in that chemically and spectrally
‘sensitized tabular silver halide 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 and account for at least 50%

25 of the total projected area of said silver halide
grains, aspect ratio being defined as the ratio of
the grain diameter of a tabular grain to its thickneas,
and the diameter of a grain being defined as the diameter
of a circle hﬁving an area equal to the projected area

30 of said grain.




and account for- at | east 50% 25 of the total projected area of said
silver halide grains, aspect ratio being defined as the rati-o of the gra
di anmeter of -a tabular grain to its thickness, and the dianeter of a grain
bei ng defined as the dianmeter of a circle haV|ng an area equal to the
proj eet ed area 30 of said grain. -142- The present invention offers
significant inprovements over the prior state of the art. Sharp- ness of

phot ogr aphi c i mages can be y otogta el ements
according to the 5 preseg?gphgégg g 168 é%? §&P§s ﬁ%%grg¥ ?&ﬁwng

enul sion | ayers whispzQvemeatgr avar hh%d’ﬁemg@m afetheaart di Hharprs. The
shar pness advant ag:eé?ss:aff %oltagi'ﬁﬁﬁfé Magémr&aﬁwgibsﬁo%@twtlon of the

tabul ar grain enul si rom radlatlo |nclu ng 10 both
radi ati on. recei veae"ER?"&t 85§ﬁ?s‘é€%n°§'{ ne& P&EPF Cl'é§<arrpl e,

the use of antd halpresant dpveatipn,h partieulaniysthoset oﬁrhaﬁimgct ive
supports. Wen spemﬂeuwh aapaa-blasé:emsetfte ralnROhhv e &Egé Ny rumto

whi ch they posses sensjii sl i.ons used n the
present invention %55% 5¥qt§F§é st%ﬁ %?%%PP? 43?%“ tagss; can; ?ty in the
regi on of the specinaneasedwhucﬁnbheasﬁngsths pnntentisnnsftthetyabu&ar
conpared to the r N\ Q%EF

20 tized. M nu{;&t‘) e(gggr}rséﬁ'ﬁ zggyé??]v lit‘)\,ﬂé f and si \%2?8 girr%?l]bgl g g
emul si ons uséd® i n BoER iTARAtioR XPEeHﬁEﬂ ‘Plés%i%%qﬁlméuFS BPGe Yi ght than
to m nus.blue I|ghtef&ehtﬂmnnotFbeqexanplelthy theo e odnahtihadatiien

B s i s B et
particularly the s %QHSRﬁQiﬁa&éYaﬁGn§1F¥%?dtﬁuﬁﬁide the’ portion
of the spectrum to which they possess native
15 sensitivity, the emuslions used'in the present
- invention exhibit a large separation in their sensi-
S tivity in the region of the spectrum to which they
possess native sensitivity, as compared to the region
of the spectrum to which. they are spectrally sensi~
20 tized. Minus blue sensitized silver bromide and
silver bromoiodide emulsions used in the invention
are much less sensitive to blue light than to minus
blue light and do not reqﬁire filter protection to
provide acceptable minus blue exposure records when
25 exposed to neutral light, such as dajlight at
5500°K. The emulsions used in the'present invention,
particularly the si}ve: bromide_and'silve: bromo-
iodide emulsions, exhibit improved speed-granularity
relationships as compared to previously known tabular
30 grain emulsions and as compared to the best speed-
"granularity'reletionships heretofore achieved with
silver halide emulsions of like halide content
generally. Very latge increases in blue speed of the
silver bromide and silver bromoiodide emulsions used
35 in the present invention have been realized'es
compared to their native blue speed when blue
spectral sensitizers are employed.

of at least 0.6 m<croneter have an average aspect ratio of greater than
4,



i pdi de enmul si ons, exhibit inproved speed- granularity relationships as-
‘fconpared to preV|oust known tabul ar 30 grain emul sions and as conpared
5@6 he best speed- granularity rel ationships heretofore achieved with

Si JAver halide enul sions of |ike halide content generally. Very |arge
Increases in blue speed of the silver bromde and silver bronpi odide
emul si ons used 35 in the present invention have been realized as conpé?bd
to their native blue speed when bl ue spectral sensitizers are enpl oyed.

-20- Enul sions used in the present invem0en are useful also in

radi ographi c el enents coated on both major surfaces of a radiation
transmtting support to Cross

on r ol npari sops of yadi ographic 5
el enents containing . enul iggaﬂﬁoﬁiﬁ4ifa(thhP§°Pﬁ9§n£P3ﬁ“$* %ggﬂ | ar
radi ogr aphi ¢ el amefud adsbain radipgrapldt ielealenesuboated emdbwnhmu reduced

Cross- over -can fsh‘r'f%ﬂﬁ %4 ihﬁaﬁlﬂﬁitp't%aﬁfsmiféi %iﬁori“’fd“'on

Alternatively, co ara l e cross- 10 over |evel 8 |l eved with the
emul si ons used |49QHﬁ91pFEQEHPV?ﬁveH@?QRP?ﬁﬂﬂ“Wb°¢é3& 408%8P cover ages
Phot ogr aphisc eleﬂmmmntaccondahging ednel shonse mccordéngi o this he form of

| mge transier liayintion Wikl Ssﬂm@&?é%fogqfagg&'a' sxhagng%mm atio of
hax

phot ogr aphi ¢ sp ‘covera coated per unit
"area), faster adé@h§°@&e&tipéﬁbb$ﬁﬂ sions thakgeedused (FERRS cont r ast

of transferred "ﬁme%‘“ be he&is'hf@d ofo e ledRIBAbNS20F the the Drgvm ngs
L e e el bR, e Bt e 2 1 ¢
phot om crog,raaph ofera lleivgasagpncbe achieved with the emulsions used
in the present invention having reduced silver
coverages.
Photographic elements according to the
present invention in the form of image transfer film
15 units are capable of achieving a higher ratio of
photographic speed to silver coverage (i.e., silver
halide coated per unit area), faster access to a
viewable transferred image, and higher contrast of
transferred images with less time of development.
20 In the Draw__g_
Figures 1, 5, and 6 are plots of speed versus
granularity, . _
Figures 2 and 4 are schematic diagrams related to

scattering, and _
25 ' Figure 3 is a photomicrograph of a high aspect
~ratio ‘tabular grain emulsion used in the photographic
elements of ‘the invention.
Tabular emulsions and their pregaration
: -As applied to the silver halide emulsions
30 used in the photographic elements of the present
invention the term "high aspect ratio" is herein
defined as requiring that the silver halide grains
having a thickness of less than 0.5 micrometer (in
preferred embodiments of less than 0.3 micrometer)
35 and a diameter of at least 0. 6 micrometer have an
average aspect ratio of greater than 8:1 and account



rati o tabular grain enul sion used in the photographic elenments of the Ki:é}
i nvention. Tabular enul sions and their preparation As applied to the silve '
hal i de emul sions 30, used in the photographic elenments of the present
dnvention the term"high aspect ratio" is herein defined as requiring that

the silver halide grains having a thickness of less than 0.5 mcroneter (in
prefeFde enbodi nents of less than 0.3 nic?%%ﬁter) 35 and a di aneter of

at least 0.6 mcroneter have an average aspect ratio of greater than 8: 1

d - 21- - ' ] f
the of lver hal dilgfé;? at?d §f§%%ﬁ%ﬁf’°§afﬁ‘3?"%Q&s&@%ﬁ?taqa#f%c%ﬁftg‘?%?;ieﬁ °

g
silver halide enul fhe 8 halidg arainss i nvention are those

wherei n the silver halide gThensréferred aigh akpest piticmbular 0.3
m cronmeter (optimal e ' ter) an l,aneter of at |east
0.6 mcroneter hav r)aér%ha\ggrlgggrg%bé%‘{neﬁqigg’%g‘? ggegegrésﬂfz:?fegﬁcﬁtopti mal |y
at least 20:15 10 invengipncere rthpgewhereinhshenstlven haliste: grainsr

T fraine ot Liuitng Mcnobound g 1unas chnd OL 9T Srodiet | 2 Bccount
or at |eas ercent,_and_opti egs efcenj o e tota

proj ected area O]E) t(cﬁ?:é‘F'Fggy 3?%%}31-&!355@“ 3 ‘“‘{ﬂ @dLapeLer, ¢ at ed
that the thinner tiof agbleast b micrometeri hgvéoan caverage aspeett age of

the projected area iegher WEMAaGE 48 [ f e 9@yl si on
Typi el |y the.t abular Lo, SE0sE) Lol AZIURSTSPEERRLEY & Hedete 200001 05

m crometer, 2&Y p!lg & REP gﬁgg%tfqré‘aaﬂ\?%?‘ggim'ﬁ? dihefe #ddyRTeven
thinner tabul ar gr hialddeagraingrsatdigfiyinge thepabyee-thicknhessaankdow as 0. 01
merometer. 1t 1S WaeRdlefofritd1d Waddlint 8be! P As A RrReRe BAE
sui tably enpl oyed for parilcu r speclalized applicattons. “For
optimally at least 90 percent of the total projected
area of the silver halide grains. |
15 It is appreciated that the thinner the
tabular grains accounting for a given percentage of
N\ the projected area, the higher the average aspect
ratio of the emulsion. Typically the tabular grains
have an average thickness of at least 0.03 micrometer,
20 preferably of at least 0.05 micrometer although even
thinner tabular grains can in principle be employed--
e.g., as low as 0.0l micrometer. It is recognized
that the thicker tabular grains are more suitably _
employed for particular specialized applications. For
25 example, in image tranSfer units tabular grains having
thicknesses up to 0.5 micrometer are useful. Grain
thicknesses of up to 0.5 micrometer are also discussed
below for recording blue light. However, to achieve
high aspect ratios without'undﬁly increasing grain
30 diameters, it is normelly contemplated that the
preferred tabular grains of the emulsions used in this
invention will have an average thickness of less
than 0.3 micrometer.:




Y5 anple, in image transfer units tabular grains having thicknesses up
’ .6l m cronmeter are useful. Grain thicknesses of up to 0.5 mcroneter are
S

I I scussed bel ow for recording blue |light. However, to achieve high
aspect ratios without unduly increasing grain 30 dianeters, it is
normal Iy contenpl ated that the preferred tabul ar grains of the emul sions
used in this invention will have an average thickness of Iess than 0.3

m cronet er. -22- The grain characteristics described above of the,silver
hal i de emul sions used in this inventiore2an be readily ascertained by
procedures well known to those skilled in the art As enployed herein the 5

term"aspect ratio" refers to the_ratio.o f the grain to its
thi ckness. The dlanetﬁhe &ﬁaﬁqufqﬁgéFﬁeFisFﬂ dmﬁgetag di anet er

of acircle hathegsihveréhektﬂﬁﬂeﬂuiaﬂuaspueedctndth&sﬁiuﬁendﬁyngra|n as

sanple.  From ohafobe resdlly Uk tatndd by BrOCAIIRE WY MAGHR, O, STl o1 O
es, | |s

possible to deF@r éetﬁ’éfﬁﬁ%énfbsté‘ea “di a t%‘FPJo % Fh&ng t '

i denti fy ghoseteshul'aspecti ret fullireferst kockhessatio | ek thehan 0. 5,
preferably 15 1%3:&059% r@i‘.ﬁ\ftod'ﬁ'ietﬁicﬁﬁeé‘& lefid 0.6 microneter.
From this the gspect %IO of "each such tabul ar 3 gimggan beﬁgalculated Y
and t he aspect ﬂ&ﬁPﬁSeﬁ of | the gralin, is ig SpFe de neeting the
less than 0.5, diasbeerbbf &. Alré e having uhlakeasequstien theast 0.6 20
m cronet er dlanet e aged t t JAverage aspect

By thisP Egﬁfﬁﬁ?# Er;{%% SELHE &2“5‘3&1 a5 vig‘{u?&’ ?ﬂrh ido

ratio. e avera aver age of
i ndi vi duall ot ab@ierograph ermeelaaten m#SYBSEQPhc%f|Qn|Q?q}ﬁﬁﬁq y sinpler

to obtain an a @.! Firoltnshad oweld a¢ll evterary mitrographs26f emtilsient abul ar
- grains having %%ﬁniisigfpbgﬁfbﬂ‘a{b Qiesber‘ﬂfi?{ee“tﬁgl tthﬁn@kSrQH@ter and a
diameter of each grain and to 1dentify those tabular
grains having a thickness of less than O. 5, preferably
15 0.3 micrometer and a diameter of at least 0.6 micrometer. g
From this the aspect ratio of each such tabular grain
can be calculated, and the aspect ratios of all the
tabular grains in the sample meeting the less than 0.5,
preferably 0.3 micrometer thickness and at least 0.6
20  micrometer diameter criteria can be averaged to obtain
their average aspect ratio. By this definition the
average aspect ratio is the average of individual tabular
grain aspect ratios. In practice it .is usually simpler
~ to obtain an average thickness and an average diameter
25  of the tabular grains having a thickness of less
than 0,5, preferably 0.3 micrometer and a
‘diemeter of at least 0.6 micrometer and to

calculate the average aspect ratio as the ratio _ s
of these two averages. Whether the averaged
30 1ndividua1 aspect ratios or the averages of thickness s

and diameter are used to determine the average aspect
ratio, within the tolerances of grain measurements
contemplated, the average aspect ratios obtained do
not significantly differ. The projected areas of the
35 tabular silver halide grains meeting the thickness
and diameter criteria can be summed, the projected



dianeter of at least 0.6 mcroneter and to cal cul ate the average aspect

ratio as the ratio of these two averages. Whet her the averaged 30

i ndi vi dual aspect

rati os or the averages of thickness and di ameter are use

to determ ne the average aspect ratio, within the tol erances of grain
measurgnpents contenpl ated, the average aspect ratios obtakned do not

significantly differ. The projected areas of the 35 tabul ar silver halide
grains meeting the thickness and di aneter e23teria can be sunmed, the

proj ect ed -23-

phot oni crograph can be sumred se
percentage of the t¥}EAS &

t hi ckness of less t

uni quel y thin tabul $F® ﬁi?
grains which QHOV|ck!HQﬁiﬂw&niiphowegF&p&|%hﬁr
di aneter of 0.6 m cg¥pgErd cams beheat8ulateéde at |l ower dianeters it is not

always possible to distin sh b r_a byl

n1crggrgphs The ternllp?glghfgi g#éﬁ’ ?%‘%i&&?4§¥§ % ﬁggggﬁggtgé t he
terms "projection aFQRFlﬁﬂulfléPoFbéFkoesareé.1Q!ﬂnﬁhﬂ“y°e§pP69EG°¢ﬁeThe art;
m%mwtwumiu Eﬁﬂmﬁhﬁ\ﬂ{uﬂbotﬁﬂhaﬁhbﬁlﬂ'heor y,

see, for exanple,

20 Mor gan a&$
phot om crogra

illustrate the varigmraing atich provide
tabular grain that pYfoperadieiss§ i Asréberénce kgrastn didadtegcderocéiteria set

1>

20

25

30

35

areas of the renalnlng silver halide grains in the

'§¥n nd RY¥rEdnt coﬂcaﬂr

nuIS|on accor

S

resent 1 nven

micrometer was chosen, since at lower diameters it is
not always possible to distinguish tabular and
nontabular grains in micrographs. The term
""projected ares' is used in the same sense as the
terms "projection area" and "projective area
commonly employed in the art; see, for example, James
and Higgins, Fundamentals of Photographic Theory,
Morgan and Morgan, New York, p. 15.

Figure 3 is an exemplary photomicrograph of

an emulsion according to. the present invention chosen

to illustrate the variant grains that can be
present. Grain 101 illustrates a tabular grain that

satisfies the thickness and diameter criteria set

forth above. It is apparent that the vast majority
of the grains present in Figure 3 a:é tabular grains
which satisfy the thickness and diameter critera.
These grains exhibic an qvétage aspect ratio of
18:1. Also present in the photomicrograph are a few

‘grains which do not satisfy the thickness and
diameter criteria. The grain 103, for example,

illustrates a nontabular grain. It is of a thickness

~greater than 0.5 ﬁiérongter. ‘The grain 105

illustrates a fine grain present that does not
satisfy the diameter criterion. The grain 107

b

par d fromthe t su
G“&gg;néf‘fi&?%nhix$d‘h§Fm883 gﬁlﬁg provi ded
by the 5 tabularp@p&nutcnuuﬁmphgcahebehsuﬁm!dﬁ;qyltltnauetendcftoera can
be cal culated. In tﬂﬁa W%udﬁt %BE‘ ai-eaaé. r&f UrE E3thd bebyéaeearal n

an

al'ﬁ'g%ﬁgramﬁfegrﬁé ‘23’&’?"%"8&% gﬁ r tabul ar

kriass and; éf-ﬂ‘eﬁéé grain

I on chosen to
fﬁ#tﬂ%nnh°ﬂ9&§‘ﬁ hig1 illustrates a



above. It is apparent that the vast mgjority of the grains present in
i e 3 are tabular grains which satisfy the thickness and di aneter

critera. These grains exhibit an average aspect ratio of 30 18:1. Also
present. in-the photom crograph are a few grains which do not satisfy the

t hi ckness and di aneter criteria. The grain 103, for exanple, illustrates a
nontabul ar grain. It is of a thickness greater than 0.5 nmicroneter. The \w/
grain 105 35 illustrates a fine grain present that does not satisfy,the
dianeter criterion. The grain 107 - -24s34dlustrates a thick tabular ‘grain
that satisfies the dianeter criterion, but not the thickness criterion.
Dependi ng upon the conditions chosen for enulsion preparation, nore

specifical |y di sédiuetrages s thick tabuydar:goein thate sasdisfiest thel ar
silver halide graiagetéd icditieidoacbulti aBcthe atll chimdEat @riterioni a,

secondar rain _ r b r rains, or

t hi ck ta%ulgar grggﬁgl'l f&@”ﬁr g?%n?%%é%ggg%gn%?émg %e"lp eﬁ‘o&f ﬂlgar grains,
such 10 as rodBfeEQFF%iPHJWEQEQ:SPeﬂﬂ ieallyidispuaned belewaf &Rred to :
nmexim ze th nungadiceion adv!ltliie Weaiiredseabalat néilva Halddecgradng di aneter

criteria, e pres 0 I D_RO ons_ i ci fical

cont enpl at ed Brﬁﬁ?gﬁgyf%ﬁ?ﬁ.ﬂgﬂqﬁ&gfg “5 ﬂg+|ﬁe%er tﬁrd% Z'g' dct rati g as -
defi ned above. | aegopdany raly popudationagod hargely acpsabulerser ved
~advantages the pg?&ﬂiu Immﬂ r@in%rIprY’Ehﬂcﬂhtm graiing ekhvbe

‘atio silver broREREREL 'ﬂqﬁ% SraTA3PERRE Sedfaiiiar v arathes BB 0r "t 7o
i nvention, poich sautedsnscai dengresenst i Whike &t tis Igeneraddyct ratio
tabular grain sipyefelféd i HaddamlFe theNaukBer NEE FthAlatd gk idsPr eci pi t a-
satisfying the thickness and diameter criteria, the
presence.of secondary- grain populations. is
. specifically contemplated, provided the emulsions
15 remain of high aspect ratio, as defined above.
| In a preferred form' offering a broad range
of observed advantages the present invention employs
high aspect ‘ratio silver bromoiodide emulsions.
| Although the inventors believed that high aspect
20 ratio silver bromoiodide emulsions would be useful in
the practice of this’ invention, such enulsions did
not exist in the art. -
' High aspect ratio tabular grain silver
bromoiodide emulsions can be prepared by & precipita-
25 tion process which is as follows: Into a convention-
al reactien;vessel'fcr silver halide precipitation
equipped'with an efficient étirring mechanism is _
introduced a dispersing medium. Typically the *
dispersing medinm_initially introduced into the
30 reaction-vessei 1§fa: least about 10 percent,
preferably 20 to 80 percent by weight based on total
weight, of the dispersing medium present ‘in the
silver bromoiodide emulsion at the conclusion of
grain:precipitation. Since dispersing medium can be
35 removed from the reaction vessel by ultrafiltration
during silver bromoiodide grain precipitation, as

.



25 tion process which is as follows: |Into a convention- al reaction '
vessel for silver halide precipitation equipped with an efficient stirring #«

mechani smis introduced a dispersing nedium Typically the dispersing
mediuminitially introduced into the 30 reaction vessel is at |east about
10 pergcgent, preferably 20 to 80 percent. by wei ght based on total weight, of
the di spersing mediumpresent in the silver bronoiodide emulsion at the
conclusion of grain precipitation. Since ?*sper5|ng medi um can be 35
renmoved fromthe reaction vessel by ultrafffiration during silver
bronoi odi de grain precipitation, as - -25- taught in Bel gian Patent No.

?ﬁG 64? cor;ezpomﬂmgggtQthaqgih&%gdﬂﬁﬁtzNﬂ?lgggosasttﬁf%figggﬁ jaLed th?t

e volune of dis epl in the reactlon-vesse

can equal or even §£23§g°€9patgﬂérzﬂﬁtlﬂg&g ?ﬁ E%l?REﬁeQiQEQQ §ba8e emul sion
present in the re&bei ¥valyoesef 4ﬁ8nﬂnsiacnubdiunninitgkay1gmeeenpl1at|on
Thef di SEFrSI g rredhunreactieélvbddatlr %ﬁf&ﬂuhﬂ!t&tﬁfm{%@&fg ssel | : S
preferably er er5|o | Z wat er -op i onal |y
containing o her gﬁéﬁBg §ﬂéﬁ°§pgg §9dh@?émﬂql§A9n REZEBERt  {Reni ng
agents and/ or net&hed§9eﬁt%9nrﬂnﬂae§pa¢|theatbgcthiibnlmiﬁghaﬁﬁw Where a
peptizer is initigpby @ﬁf{B it Y, concentration
of at least 10 peg gﬂ%ﬁi nrioestmlgfg?'gﬁggffaé m&@s’f@% E’g}ggnt of the
total peptizer S uceq fnto, the reant éY?%&? 8o pERSErably

preci pitation. Admiteon@t alidisperisignnofi pept tzexidar watelhje reaction vessel
wiih Lne sLIY6" aopriGhaliy <breaddg8inl Staad ed( 6idn20s obg' OuOM 2

et et a?#sm«%ge%@gsm&aeprmf:érpm;;ps;er:g:;h Fpering
conpl etion of thedepants hmmareuspecifically described below. Where a
-peptizer is initially present, it is preferably
employed in a concentration of at least 10 percent,
15 most preferably at least 20 percent, of the total
peptizer present at 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
20 through a separate jet. It is common practice to
adjust the proportion of dispersing medium,
particularly to increase the proportion of peptizer,
after the completion of the salt introductions.
_ A ninor portion, typically less than 10
25 percent by weight, of the bromide salt employed in
-~ forming the silver bromoiodide grains is initially
present in the reaction vessel to adjust the bromide

- ' ion concentration of the dispersing medium at the
outset of silver bromoiodide precipitation. Also,

: 30  the dispersing medium in the reaction vessel is
initially substantially free of iodide ions,'since
the presence of iodide ions prior to concurrent
introducton of silver and bromide salts favors the
formation of thick and nontabuléf-grains.,'As

35 employed herein, the term "substantially free of
~ 1odide ions" as applied to the contents of the



NI portion, typically less than 10 25 percent by weight, of the
r 4y de salt enployed in formng the silver bronoiodide grains is initially
3

2nt in the reaction vessel to adjust the brom de ion concentration of
t he di spersing nedium at the outset of silver bronoi odide precipitation.
Al so, 30 the dispersing mediumin the reaction vessel is initially
substantially free of iodide ions, since the presence of iodide ions pri'ef
to concurrent introducton of silver and bromide salts favors the formation
of thick and nontabul ar grains.- As 35 '3ﬁployed herein , the term
“substantially free of iodide ions" as applied to the contents of the

-26- reaction vesselta_?aI E)}%g;?ftn‘é%‘g e‘@ﬁe éh'l%'éf L&_gl g&é*k?gé#j&ld ons pr esent

as conpared to BT € as a sep i odi de
phase. It is prdiadideqi PBSWBFM%‘F#] Qméqmreé éenbﬁmié\e ng tahe 5

reaction vessel p&rdc%itacaluea Sé@pdrdt¥ 'gddvel QBdi&e'ﬁiéséharltO i% ol e

percent of the t pr, r of the
di spersi ng nedi L?%[e%s?&%flt ?gl +Qj)?§£{}ﬁe%§1 a’ﬂ%ﬁ 5§ﬁ§ gff%/%?& Ef%%?\ €odi de =
grai ns produced reactios vem{aprm y:qailvam selsnintrededtian &t | ow )
aspect ratios. -ldggd tha@n0e5Phélebércdtit Y ithe! R8cAB haliddeideact i on

/T the pBr i i%e‘%a‘ce%ueﬁtwomﬁ@s o e BB aP EsEPe H AR e
grains is 15 mediusdis fndtiebly toq highyothenprhutartsileemiain the pbr
of the reactionpmptodieO r@mep&&cew e:fnllabbycabpd@azlwen‘%s herein
enpl oyed, pBr is g gative logarithmof” bro I on _
concent r at il§n. tﬁ&ttkpef gﬁ‘“‘ﬁﬁ ﬁf ’%eFe&rF tges. dg"f’ d for
hydr ogen, chl or icdatempdatied aodnsi.ttuﬂm ithre pﬁmeﬁt thei vemctiarspecti vel y.
During precipit3idg3e1Sihtetal Pyt B t¥ldw 1.6, preferably below
1.5. On the other hand, if the pBr is too low, the
formation of nontabular silver bromoiodide grains 1is
15 favored. Therefore, it is contemplated to maintain
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
: concentration. pH, pCl, pl, and pAg are similarly
20 defined for hydrogen, chloride, iodide, and silver
ion concentrations, respectively.
During precipitation silver, bromide, and
fodide salts are added to the reaction vessel by
teéhniques well known in the precipitation of silver
25 bromoiodide grains. Typically an'aqueous-solution-of
a gsoluble silver salt, such as silver nitrate, is
introduced into the reaction vessel concurrently with
the introduction of the bromide and iodide salts. s
The bromide and iodide salts are also typically
30 introduced as aqueous salt solutions, such as aqueous 3
solutions of one or more: soluble ammonium, alkali
metal (e.g., sodium or potassium), or alkaline earth
" metal (e. 8o magnesium or calcium) halide salts. The
silver salt is at least initially introduced into the
35 reac:ion vessel separately from the iodide salt. The
iodide and bromide salts can be added to the reaction

o

vessel separately or as a mixture.



i odide salts are added to the reaction vessel by techniques well known i _
the precipitation of silver 25 bronoi odi de grains. Typically an aqueo
solution of a soluble silver salt, such as silver nitrate, is introduced

into the reaction vessel concurrently with the introduction of the brom de

and iodide salts. The brom de and iodide salts are also typically 30

i ntrotidced as aqueous salt solutions, such as aqueous solutions of one or

nore sol ubl e anmoni um al kal i et al (e.g.,_2 odi um or potassiun), or t

al kaline earth netal (e.g., magnesiumor calcium halide salts. The silver

salt is at least initially introduced into the 35 reaction vessel

‘separately fronlthe iodidewiahtgheTtﬁtidaﬁ¢#1oghafbggy$d§ ggugsiﬁh@n be added
ntroduction of sinoreRstio Fededl fie HuBIHEIG0 pers S A o o1 age
of grain fornatiorfarmation; iscinitiatrdul A ipopudationi of rgrain nusledr ned
bron de and g | ver. o0 do aeribe. |t oo o 3?*2?‘-‘§ieéfﬁ};§‘f‘-%f°“§rnd
i ogimde sal tssscont iSHORS .ﬂ%ﬁé ﬁ?’éc?%f‘f%ﬁ_&ﬁ?’”&%nesfpgeﬁiﬁﬁ#ﬁ 88 | ver
SRR i o v gt r e ettt
to this inventi onw*e\t-ilnieﬁg' 'f%%%%%i%ﬁi@ug?ds ?géf eéﬁ)frla?ejr??@;t i onsg
during the gromﬁkniikﬂ@@ iﬂgﬁdﬁu??Fﬁlﬁ | éiﬂﬁ §5928n“§? cqnstitutes, o7 or e
et o skt i e e 10
above 0.6, pidl or acrus of ERE IO g?%‘*.‘g?%‘?ga R EGra bl co 23 O
from0.8 to 1.6, q‘t‘_‘l‘é“FZPPeFrﬁgfgﬁg‘ﬁ cted byyipdide and) bramide, oo

substantial rate songeatratioheidiringithen growthnatage than during

the nucleation stage. It is therefore possible
during the gquth stage to increase the permissible
15 1latitude of pBr during concurrent introduction of
o silver, bromide, and iodide salts above 0.6,
preferably in the range of from .0.6 to 2.2,
most preferably from 0.8 %0 1.6, the
- latter being particularly preferred where a
20 substantial rate of grain nuclei formation continues
'throughout the introduction of silver, bromide, and
iodide salts, such as in :he'p:eparation of highly
polydispersed emulsions. Raising pBr values above
2.2 during tabular grain growth results in thickening
| 25' of the grains, but can be tolerated in maﬁy instances
' while still realizing an average aspect ratio of
_greater than 8:1.° i - ,
N ' ~ As an alternative to the introduction of
‘silver, bromide, and iodide salts as aqueous
30 °~ solutioms, it is'specifically\cohtemplated to
-introduce the silver, bromide, and iodide salts,
initially or in the growth stage, in the form of fine
silver halide grains suspended in dispersing medium.
The grain size is sugh that they are readily Ostwald

35 _ ripened onto larger grain nuclei, if any are present,

once introduced into the reaction vessel. The



youghout the introduction of silver, bromde, and iodide salts, such as
-‘the preparation of highly pol ydi spersed enul sions. Raising pBr values
abgve 2.2 during tabular grain growth results in thickening 25 of the
grai ns, but can be tolerated in many instances while still realizing an
average aspect ratio of greater than 8:1. As an alternative to the

I ntroduction of silver, brom de, and iodide salts as aqueous 30

solutions, it is speC|f|caIIy contenplateﬂBto i ntroduce the silver,

brom de, and iodide salts, initially or in the gromh stage, in the form of

fine silver halide grains s ended. |n di sp ium _The grain size is
such that they ar"@"&@é‘dﬁ gﬁivﬁ? 3lnsizeq ﬁé’r@dggﬁfﬁglﬁ?gg? grain nucl ei,

if any are presertpec(irfd.e cnndi;dimmi vithin [ther ezactbonvvessel, Burh - 28-
e et on ooy teipbEarlie ah§PalY EVbddiee BEC bl GbE ST AG MR i L hi N

t he reaction ves | ubi |

and ri pen: ng \z;gerﬁj?e“igﬁl 98EDES o1 %ﬁyglkaﬁrjﬂ“ildﬁdl géggggcf"%ﬂﬁsgr us: I {/élr "

br onoi odi deggral rnndloli- helvatrbﬂm@bdﬁmcpdtmncda badintroduteth are
precipitated In [yy 81{58 £R4 df%icfe late h%QcI'E EEAPL i enpl oy

silver chl orobrom e an ver: c r-onoi odi_de gr I'NSs. he silver halide
grains are prefecpsefpreace to chlomideec it is adso: peastble e reRpkay in -
mean di aneter. Syjieelr t«:mbbebﬂ&udecuhd emm &hﬂ.oi‘&bf&n@i&/ﬁe the |

can Cake any condEAte o Sheckitihs HALHA Sralll nPd PR g dpl T Lt 07
salts are piéfer fifing-i-gt SGdubeqslth%mernmseG‘f inrmm diamet®mp| es
per liter, although broadsﬁbfggyefgléugﬂ g&o&g&g&geﬁbgesrg@gegotgnu:h as from
0.01 nole per liter to uration, g fﬂﬂ% Satdlh ogonif Iated
Specifically pre %sgcf peeptEgLion
' bromide, and iodide salt introductions can take any
_ _convenient conventional form. The silver and ‘halide
15 salts are preferably introduced in concentrations of
from 0.1 to 5 moles per liter, although broader -’
conventional concentration ranges, such as from 0.01
mole per liter to saturation,_for example, are
.contemplated. Specifically preferred precipitation
20 techniques are those which achieve shortened precipi-
tation ‘times - by increasing the rate of silver and
halide salt introduction during the run. The rate of
silver and halide salt introduction can be increased
either by increasing the rate at which the dispersing
25 medium and the silver and halide salts are introduced
' or by increasing the concentrations of the silver and
halide salts within the dispersing médium being _
introduced. It is specifically preferred to increase
the rate of silver and halide salt introduction, but
30 to maintain the rate of introduction below the
threshold level at which the formation of new grain
nuclei is favored--i.e., to avoid renucleation, as
taught by U.S. Patents 3,650,757; 3,672, 900 _and
4,242,445, German OLS 2, 107 118; European Patent
35  Application 80102242, and Wey ''Growth Mechanism of
AgBr Crystals in Gelatin Solution ’ Photographic '
~Science and Engineeri_g, Vol. 21, No.'l,

i




20 techni ques are those which achieve shortened precipi- tation times by (@EE
increasing-the rate of silver and halide salt introduction during the run. :
The rate.of silver and halide salt introduction can be increased either by
increasing the rate at which the dispersing 25 medi um and the silver and
hal i de salts are introduced or.by increasing the concentrations of the
silver’and halide salts within the di spersing nedi um being introduced. It

is specifically preferred to increase the rate of silver and halide salt
introduction, but 30 to maintain the rat#29ef introduction below the

t hreshol d | evel at which the formation of new grain nuclei is

favored--i.e., voi d r cleati as tayght by U S. ‘Patents 3, 650, 757;
3, 672, 900: and 4 2@’2“ /Febrya cf%”z 2‘}8_Eu££$earppa&‘9¥tdi98

Appl i cat | on 80102t ﬁmﬂaﬂyn &mdiﬁmanlgmnf négbei Qﬁﬁsd:al s in CGelatin
Sol ution", Photogr 1Q,gSq_hgacgh§r§i,M rhq:ear ge8f gfggciﬁt% A2 ma?t | an O- 29-

January/February 977 seq av0|

dddi ti onal graln|iﬁﬂQ§FV$ﬂVeﬁ°%%§§#Rﬁf§ abnéagrs Yet hrpmajedid
precipitation, r elmﬂmbypntaoﬂonpeuae(bd abgladnedi | VESuly vty mivd.ﬁg5

grai n popul ations [ gt s of

Vari ation of Iess gnﬂg PQ gfd%ar%grﬁic’?a% Q§¥ ggr ea‘eggklstcqupl oyed herein
the coefficient ofPer&en&t FGH be E@R#féﬂ-as Afosmpilmd therednatder d devi ati on

of the grain di amztdarffciueﬂedobyvéﬂacit&ﬁ i%Vahiﬂﬁeaf@é MOoD ARiel" theBy

brecipi tation, |t easr8 dEVERIGE ¥ loned axeiadiRecsr i uidad by
emul si ons of 18ubstthe ayeragai gmn chisfafeteront SyoLntent fonakly 15
The concentration ﬁvdr@.@lgd?ehﬂclé”@:ﬁid \Rir {RgOFREOF i.g@t@rgg jPHE used i n
this invention can RR;SPLELLA S Vid %8 ToulseS polsflire 46 GEoaliceS Y
polydispersed emulsions of substantially higher
coefficients of variation.
15 The concentration of iodide in the silver
" bromoiodide emulsions used in this invention can be
controlled by the introduction of iodide salts. Any
conventional iodide concentration can be employed.
Even very small amounts of iodide--e.g., as low as
20 0.05 mole percent--are recognized in the art to be
beneficial. In their preférred‘form’the emulsions
used in the present invention incorporate at least
about 0.1 mole percent iodide. Silver iodide can be
 incorporated into the tabular silver bromoiodide
25 grains up to its solubility limit in silver bromide
: at the temperature of grain formation. Thus, silver
iodide concentrations of up to about 40 mole percent
" in the tabular silver bromoiodide grains can be
. achieved at precipitation temperatures of 90°C. 1In
= ’ 30 practice precipitation temperatures can range down to
near ambient room temperatures--e.g., about 30°C. It
is generally preferred that precipitation be under-
taken at temperatures in the range of from 40 to
80°C. For most photographic applications it is
35 preferred to limit maximum iodide concentrations to



dide--e.g., as low as 20 0. 05 nol e percent--are recogni zed in the

o0 be benef|C|aI In their preferred formthe emul sions used in the
present invention incorporate at |east about 0.1 nole percent iodide.
Silver iodide can be incorporated into the tabular silver bronoiodide
grains up to its solubility limt in silver bromde at the tenperature o&/
grain formation. Thus, silver iodide conggntrations of up to about 40 ,nole
percent in the tabular silver brOﬁDIOdldg jrai ns can be achieved at '
precipitation tenperatures of [err]. In 30 practice precipitation

tenperatures can 5 QZG“HUIJ eg@ghtanﬁieﬁt 00 9533 et Uures--e. g., about
[err]. It is gene re e t hat £|te¥ on be under - taken at
tenperatures in ?ﬂ%°?¥1 50“?0 0@? Yhor inﬁﬂ:epﬁﬁfﬁﬁPEphlc
applications it is 35 - MmladiVe proporuion rnfnﬂadﬁdéeandncent rations to
-30- about 20 MobgopElE U1t s e rBRLLEEMACS die ha%. pbeing up to

about 15 nol e percent. e relative proportlon of on1de salts
i ntroduced 5nt o dweisg precipiratien can be paintrak f@(ﬂ “nt &t eéan be
mai ntai ned in a fagbel.to diorm hoshbsunntsubbyamiﬁdﬁw iodiider proﬁﬂlde profile

phot ogr aphi o ef { LB Ehe gpe@o”‘la‘%"'sﬂﬁxﬁsa#m@éﬁ% Lt AR
i ncreasi ng the 190 agh ieﬁfe@'finsoahqéoSﬁM|%ﬁ e&ts@t h8peri€icat er al ] y

di spl aced regio agwmsmnea b8 tebylereftindithetela¥thghtREDI odi de
emul si ons as co are ons of,the ta alns. |odide

ral | ar
concentratiths i ??1%" r'%t 1r°ga‘fiﬁn n.ape ‘1? ?%ﬁa:g‘ 3‘%?0 to 5 nole
percent, with at lhmlhndﬁnpﬂacpdrregtom o rhiighdiaspecsneatieati ons in the

laterally surroupsbdTear Frdid silve?Bréfoiddidé enulsions as.

compared to central regions of the_;abulgt_grains.
Iodide concentrations in the central regions can

15 range from 0 to 5 mole percént, with at least one
mole percent higher iodide.con;entratiohs in the
laterally surrounding annular regions up to the
solubility limit of silver iodide in silver bromide,
preferably up to about 20 mole percent and optimally

20 up to about 15 mole percent. In a variant form it is
specifically contemplated to terminate ilodide or
bromide and iodide salt addition to the reaction
vessel prior to the termination of silver salt
addition so that excess halide reacts with ;he.silver

25 salt.. This results in a shell of silver bromide
being formed on the tabular silver bromoiodide
grains. Thus, it is apparent that the tabular silver
bromoiodide-graine_used in the present invention can
exhibit substantially uniform or graded iodide

30 - concentration profiles and that the gradation can be

- controlled, as desired, to favor higher ifodide
concentrations internally or at or near the surfaces
of the tabular silver bromoiodide grains. |
Although the preparation of the high aspect

35 .ratio tabular grain silver bromoiodide emulsions has

been described by reference to a process, which

'ggéigntiohal | odi de concentration can be enployed. Even very small anounts
f
t




solubility limt of silver iodide in silver brom de, preferably up to about

20 nol e percent and optimally 20 up to about 15 nole percent. In a
variant formit is specifically contenplated to terninate iodide or bromnide®
-and iodide salt addition to the reaction vessel prior to the term nation of
silver salt addition so that excess halide reactts with the silver 25
salt.“~This results in a shell of silver brom de being fornmed on the

tabul ar silver bronoiodide grains. Thus, it i,s apparent that the tabul ar
silver bronoi odide grains used in the preseﬁﬁﬁfhvention can exhi bi t
substantially uniformor gfaded iodide 30 concentration profiles and that

t he gradati on can be | ' Faedd] I ogy. de
concgntrations interﬁgﬁﬁgé%# égbeﬁ%&nggfh?ﬁgmmﬁﬁ%éfé?)e#ﬂ%%ﬁ%ﬁfébg*gr silver

u 0
br onoi odi de grains. RFEf ﬁﬁrFTVﬁ?ﬁﬂq§p5P9tFgﬁiﬁf“¥£l£%ﬂgﬁ?ea§ﬁéci15§‘e¢aiio
t abul ar grain silverbpranyi particular provcesbafoberireil pxepardtiiynt efAmence
to a process, which ava rﬂ¥3&€%§ uRha fgggﬁgﬁyv | g€ L.oNs,
the present enulsionalgﬁg&?ﬁgir ut|Ii?§ %&eiﬁ to Imte .§§C25§'5§% +€€Iar

o

process for thebr préphsQs9¥h and, German QLE 2)82:057 andy Z,88heVéAent over
U S Patent 5 4, 1¥heféin dnl aCpreferted LoPd5tke silver?.i9dide77, wherein

" a preferred form{hge gyl diPqrdengOBIERLE S| Whdd) Y1 roBRRbEoPe YaPoC!
i s reduced beIOM/0.0% e per 11ter and € naxi num si Ze SPCPRE STTVer
i odi de grains initiaVr p?%ﬁ%rﬂe‘i dites apd themaximum &dge ofstheduced
emul 31 ons 1 acki pg. | ol e pan e Brean LT e ascr bed. | n detai |
carl i er. modi fi58 tofsHEFEEL VERICLY, Faaatel Be Rin Y RISFaReERL 1 15
sil-ver bronide enul sions can Highcaspectcratbie pabylkar griadn siimgra
procedure based on tPRbmfd®|&Wifi%ions lacking iodide can be prepared by

' the process described in detail earlier, modified to

exclude iodide. High aspect ratio tabular grain

15 silver bromide emulsions can alternatively be
prepared following a procedure based on that employed
by Cugnac and Chateau, cited above. High aspect
ratio silver bromide emulsions containing square and
rectangular grains can be prepared by a procedure, in

20-. which cubic seed grains having an edge length of less
than 0.15 micrometer are employed. While maintaining

 the pAg of the seed grain emulsion in the range of
from 5.0 to 8.0, the emulsion is ripened in the
substantial absence of nonhalide silver ion
'~ 25 complexing agents to produce tabular silver bromide
grains having an average aspect ratio of at least
8:1. Still other preparations of high aspect ratio

- tabular grain silver bromide emulsions lacking iodide
' : are illustrated in the examples.

5 ' ' 30 -~ Certain of the advantages achieved in the
practice of this invention, such as sharpness as well
as advantages in radiographic elements and in image
transfer film units, are independent of the halide
composition of the high aspect ratio tabular grain

35 emulsions. The diversity of high aspect ratio
'~ tabular grain silver halide emulsions which can be



Qugnac and Chateau, cited above. Hi gh aspect-ratio silver brom de

i ons containing square and rectangul ar grains can be prepared by-a
Qrogedure, in 20  which cubic seed grains having an edge | ength of |ess
than 0.15 microneter are enployed. Wiile nmaintaining the pAg of the seed
grain emulsion in the range of from5.0 to 8.0, the enulsion is ripened in
the substantial absence of nonhalide silver ion 25 conpl exi ng agents t\
produce tabul ar silver brom de grains having an average aspect ratio ¢f at

| east 8:1. Still other preparations of hréﬁ'aspect ratio tabular grain .
silver brom de enulsions lacking iodide are illustrated in the exanples. 30

Certain of the a%\ﬁﬁr{togggséﬁcgtlg gaéﬂéé" pr:qﬁtsl iﬁvgixtigﬁsié g\h/1 nt i_on, such

as sharpness as we ra h nent’s ey I mage
transfer film unitta&tes, by khep 8 (ﬁhﬁthéaﬂ?&l RZcstbvebsehlexids the high
aspect ratio tabgraing can Bé prepated wiich Bre dubecantﬂabiy hi gh aspect

rati o tabul ar grgfﬂfﬁ?%!?ﬁv @%éqgfeggg léyr%éghb?ggggg %ﬁ? ? : enpl oyed

in the practice Lon is |1 Ius- I ng that

tabul ar silder cHiafiidee gfgi FBig pnda ;ﬂ%e@de\mpmcavétsm antially
internally free grdeeisls Lil egployedivirereih chilorédeSand sblVete salts this

end a doubl e-j et ‘ge(‘\"&?’é‘%{'?ﬂe%mﬁ@e dermltg,ygd gggﬁﬂ,g &{Q 1 de and -

silver salts are concur |nto reactl on vesse contalnlng
di sper si ng nedi ukontaipdng 4 %@Hsm n Bbﬁl REeeeneR e salt

} nt rogugt I Onlg he gni@ni@. nui-h:rx]gl éﬁ&ﬂ@@rﬂltnﬂnﬁﬁédt{gti% thd Wangef of
armoni 2 at AdghorhEie be RLEPFERERE mediiLd Ap: nf ers of HEA° ©
Theref ore preci pi&sd toi 30 aadpdmtpﬂw ahe iriamgecdft frop 8§ £6AQ. to 15
produce high aspege Hesent@ Ve dnddiid &t Migher temperatures tends
to cause thick grains to form.  Therefore precipita-
tion temperatures are limited to up to 60°C, to
15 produce high aspect ratio tabular grain silver
chloride emulsions. o '
It is also possible to prepare tabular
-grains of at least 50 mole percent chloride having
opposed crystal faces lying in {111} crystal
- 20 planes and, in one preferred form, at least one peri-
pheral edge lying parallel to a <211> crystallo-
graphic vector in the plane of one of the major
surfaces. Such tabular grain emulsions can be
prepared by teacting aqueous silver and chloride-
25 containing halide salt solutions in the presence of a
crystal habit modifying amount of an amino-
. substituted azaindene and a peptizer having a _
thiocether linkage. S . . 3
Tabular grain emulsions can also be prepared
'3y9 wherein the silver halide grains contain_chloride and
bromide in at least annular grain regions and
preferably throughout. The tabular grain regions
containing silver, chloride, and bromide are formed
by maintaining a molar ratio of chloride and bromide
35 ions of from 1.6:1 to about 260:1 and the total
concentration of halide ions in the reaction vessel

(¢



.chloride emulsions. It is also possible to prepare tabular grains of at

| east 50 nol e percent chloride having opposed crystal faces lying in {lI1l}
crystal 20- planes and, in one preferred form at |east one peri- pheral
edge |lying parallel to a <211> crystallo- graphic vector in the plane of
one of the major surfaces. Such tabular grain enul sions can be prepared by
reactﬁn@ aqueous silver and chloride- 25 containing halide salt solutions
in the presence of a crystal habit nodifyi«g3anount of an am no- !
substituted azai ndene and a peptizer having a thioether |inkage. Tabul ar
grain emul sions can al so be prepared 30 _ wherein the silver halide grains
contai n chloride ad® thenraege ofitframb. 1950 8r98rnermale durningand
preferably throughdmmroﬂhetlahubﬁfsxmveﬂl magbemaegontéu{aéugaﬁdlver

chl oride, and brom chl ori de
and bromi de 35 - ﬁ%i@?;ﬁ}igm"ﬁ% Bhg Bﬁirrp %J%i}f?ﬁ I"%SQFI
concentration of h dhegBolaRsTatig RE ﬁ@é@FFbﬁ Jeside to sijyer promddeange of
fom 0.10 to @ 90 Mo ehe tabuler igvaiadlcanorangesEtomrl: 99l 2d@,. bromi de,

and, optionally, iodide salgi$ ﬁnggggyafagqgthgguggf ég in TR Bhs ati o of

5|Iver chloride to silver. bro rains can range from
1799 to 2:3. High %8gfui imithe ipnaqtdceges shiguinvention cam haye; he
practice-of this iextremebychighaverage aepbythrehiweraubn.ﬁaﬁegnmt | 0S.

average grain di ambveraEs iipddt ARAEH AR bRCIRRRGtsSY By 1EREREEng”

maxi num aver a3@ gr AVRTaBang¥ein diameters.al Thisi een cproduce agelranesy

requirements for aggpaatagésprii®Hadbun averhgal gPalin Wihideterd’ are average

aspect ratios can il§8r9i19lifﬁ{5§d\ﬂ%'%r%%ularity requirements for a
- specific photographic epplication. Tabular grain
average aspect ratios can also or alternetively be

15 increased by decreasing average grain thicknesses.

% ‘When silver coverages are held constant, decreasing
the thickness of tabular grains generally improves
granularity as a direct function of increasing aspect
ratio. Hence the maximum average aspect ratios of

20 the tabular grain emulsions used in this invention
are a function of the maximum average grain diameters
~ acceptable for the specific photographic application
and the minimum atteinable tabular grain thicknesses
which can be produced. Maximum average aspect ratios
25 have been observed to vary, debending upon the
precipitation technique empleyed and the tabular
grain halide eomposition. The highest observed
average aspect ratios, 500 1, for tabular grains with
photographically useful average grain diameters, have
30 . been achieved by Ostwald ripening preparations of
' silver bromide grains, with aspect ratios of 100:1,
200:1, or even higher being obcainable by double-jet
preeipitation procedutes. The presence of fodide
generally decreases the_meximum average aspect ratios
35 realized, but the prepafetibh of silver bromoiodide
tabular grain emulsions haVing average aspect ratios

°



i ncr eased

by decreasing average grain thicknesses. Wen silver’

%e'ages are held constant, decreasing the thickness of tabul ar
fral |y inproves granularrty as a direct function of

grains

i ncreasi ng aspect

rati o. Hence the maxi mum average aspect ratios of 20 t he tabul ar grain
emul sions used in this invention are a function of the maxi mum aver age
grain dianeters acceptable for the specific photographic application ans

the m ninum attai nabl e tabul ar grain thi

Maxi mum aver age

achi eved by CBtﬂﬁPGc Fah

nesses whi ch can be produced.

aspect ratios 25 have'@één observed to vary, depending
upon the precipitation technique enployed and the tabul ar grain hal i de

conposi tion. Th est opb er, pegt . or tabul ar
grains with pho1(:2’oéqu'lgb ?cafﬂz%‘ye?‘b?\i Aohotal 28 féi‘&ib’fe erjf’ e

aspect ratios ohil@ﬁrlchﬂaﬂide tabuda grajing;, bptignablyicuntaining

.doubl t
dggregsjeg tﬁ?%&bﬁﬁ}é;&ﬁ;ﬁf%&;}% rc-agl&?ggrgﬁgaﬁrea lized, but the

preparatiof of silver br¥

aspect ratios
aspect ratios a

grains, optionally con?glnln

ompouRnds, cannbepresent "d-!aﬁﬂrqﬂg
tabﬂlarogrdm ;ﬂreuipdswtiaao 1Sachnoospdund £ xarb be.
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fe&! 1o0dide generally

aver age
Aver age

23 ¢n 22 %F;sggraélgggrbgr%ﬁ dfle tabular

prepared 5

Modi fyi ng corrpoerlegscuﬁtbem?ﬁ &‘érﬂ"f(ﬁu"iﬁ&hﬁaﬁalﬁﬁ 8°eRTAINE G t at i on.

Sthh Cormgunds mvbatr.anuad»i-dcednﬁdm r Modiifgting c6ompovridsAsurh adged

al ong Wt S C I to \Y proceaures.
Modi fyi ng ¢ npo%ﬁdggagﬁgﬁdﬁogf ced'ﬁ o%li}ng gP 129&] ﬂ%mh | ead,
eadeive, ziae) emia%lrs: shalsogens | 1sﬁl-iu$“ eni um and

tel luriun, gol gelenduis; Oﬂﬂd\&élldﬂh{xﬂ JTgodls, aﬁancbouprmmamm ng silver

bi snut h, cadm u

hal i de preci pi -

15

20

metals, can be present during silver halide precipi
tation, as illustrated by U.S. Patents 1,195,432;
1,951,933; 2,448,060; 2, 628,167; 2,950 »972;
3,488,709; 3;737,313;'3,772,031; 4,269,927, and
Research'Disclosure,'Vol' 134 ‘June 1975, Item

l3452.. Research Disclosure and its predecessor,

Product Licensing Index, are publications of
Industrial Opportunities Ltd.; Homewell, Havant;
Hampshire, P09 1EF, United Kingdom. The tabular

_ grain emulsions can be internally reduction sensi-
tized during precipitation, as illustrated by Moisar
~ et al, Journal of Photographic Science, Vol. 25,

25

30

1977, pp. 19-27.

The individual silver and halide salts can -

be added to the reaction vessel through surface or
subsurface delivery tubes by gravity feed or by
delivery apparatus for maintaining control of the
rate of delivery and the pH, pBr, and/or pAg of the
reaction vessel contents, as illustrated by

_U.S. Patent 3,821,002, U.S. Patent

35

3, 031 304 and. Claes et a1 Photographische '
Korrespondenz Band 102 Number 10, 1967, p. 162.

In

order to obtain rapid distribution of the reactants

within the reaction vessel, specially constructed

%301 92/ #ep 00T Brai ns, with

1



" tation, as illustrated by U S. Patents 1,195, 432; 15 1, 951, 933;
2,448, 060; 2,628,167; 2,950,972; 3,488,709; 3,737,313; 3,772,031;
4,269,927, and Research Disclosure, Vol. 134, June 1975, Item 13452.
Research Disclosure and its predecessor, Product Licensing Index, are
publications of 20 | ndustrial Opportunities Ltd.; Honewell, Havant;
anpsh{re, P09 1EF, United Kingdom The tabular grain emul sions can be
internally reduction sensi- tized during precipitation, as illustrated by
Mbi sar et al, Journal of Photographic Sci 888, Vol. 25, 25 1977, pp.
19-27. The individual silver and halide salts can be added to the reaction

| th h s g - 1 L1y d b
del i very apparat ﬂi“?ﬁ‘?’%ﬂ&‘."ﬁ’l@?“f%ﬁﬁ?gﬁﬁiﬁ%?gémgﬁéﬁ B ivery and
“the pH, “pBr, and/ d'-$afasentse ngétfg ; s603t nf35,830; | | ustrated by
U.S. Patent 3,821 30M5,707S. 4Pa42ps58; 081 Q2241 UCKacPaténtl |

Phot ogr aphi sche Ko, o Zp Band . , ol , 62. In 35
order to obtain ra‘épgﬁ%??‘l gﬂﬁ?ghl'#)g’t k%g%?é’%t g’%e;h?ﬁa t%%dzreact i on
vessel., specidally »885scand Resgarch DisclosuressVelwmecl &yl oyed, as
izrl,lustrat ed by U Febiisry 1978998td8 71666842, 605, 3, 415, 650; 3, 785, 777;

, 147,551; 4,171, 224; U. K JPatent pl cati.on 2, 022 .431A; rman OLS
2. 555.364 and 5 2,556, 888 Eﬁﬁ'ﬁigs?é‘? Seiler sEata enniefens & Febr uary
1978, Item 16662. disgensiinggmedburabsl initfedily conteived withimpdhs ng

medi umi s !nitia@lgédayydg Q@ngighifht;uigaiagggqnfggﬁsgﬁe.d{bﬁgﬂyyakerred
formthe dispersi %%émdl um %'s SonPrl sed of an agggous pepti zer
suspensi on. ti SnEPIPFORRY - 147 AYePUEPPBEHEFEent by wei ght,
based on the totalsuspegision. Peptizer concentrations of from
0.2 1 10 percent by weight, based on the total weight
of emulsion components in the reaction vessel, can be
employed. It is common practice to maintain the
15 _concentration of the peptizer in the reaction vessel
in the range of below about 6 percent, based on the
total weight, prior to and during silver halide
formation and to adiust the emulsion vehicle concen-
tration upwardly for optimum coating characteristics
20 by delayed, supplemental vehicle additions. It is
contemplated that the emulsion as initially formed
will contain from 5 to 50 grams of peptizer per
mole of silver halide, preferably 10 to 30
grams of peptizer per mole of silver halide. Addi-
25 tional vehicle can be added later to bring the
' ‘concentration up to as high as 1000 grams per mole of
silver halide. Preferably the concentration of
vehicle in the finished emulsion is above 50 grams
per mole of silver halide. When coated and dried in
EE 30' 'forming a photographic element the vehicle preferably
' forms 30 to 70 percent by weight of the
emulsion layer. - o
_ Vehicles (which include both binders and
peptizers) can be chosen from among those convention-
35 ally employed in silver halide emulsions. Preferred
peptizers are hydrophilic colloids, which can be




of, | sion conmponents in the reaction vessel, can be enployed. It . is

C practice to maintain the 15 concentration of the peptizer in the

r on vessel in the range of bel ow about 6 percent, based on the total
weight, prior to and during silver halide formation and to adjust the
enul si on vehicl e concen- tration upwardly for optinmum coating -
characteristics 20 by del ayed, supplenental vehicle additions. It is \w
contenplated that the enulsion as initiallygformed will contain from5,to
50 granms of peptizer per nole of silver halide, preferably 10 to 30 grans
of peptizer per nole of silver halide. Addi- 25 tional vehicle can be
added | ater to briegplopedcaleretsntimeotibinatddnhwith abydfithalians per nol e

of silver halide.mgﬁgggﬁggly §$fi %@H@%@h&&%gfv%ﬁféﬁégaiﬂEl finished

enul sion i s above grans per en coated and dried
in 30 formng aspﬂr@segpaphmcblmottqi@s\;enrel:eipr@%#\asﬁ%ﬂ%rms 30 to
EO Sercentdby Wfl (Hmmflohbegeantﬁmdf-a%erg.,Vebmheasévtueérstpcl ude bothII

i nders and pepti ze can be c rom n onvent i.on- a
enpl oyed in |Iveﬁeh3%ﬁﬂé‘€n515|é§kéi @F@P g’%@ﬁi?zéﬁ%t ?aqﬂﬂﬁWS Bhi | i Y
col | oi ds, which chidecgelatgs) evmicidrtreated gelahisofpigskimn with
hydr ophob| c mater '8@153159' t &ﬂyc&éamddﬁ,e\éehl cgeg | Ngdeda atgast ances

such as proteins, rot r| lves, . cell Iose ' rlvat €s- - e,

cel lul ose esters, glé‘b‘téda if‘r’ea %‘yl‘?#tet,rattl e bone
or hide gel ati n) mehé.cﬂ.dst aeetdathg‘kdsﬂd dn( gggehrahghiaeloj_g egeVali-n
derivatives-y aggkghg&gdl atiﬁﬁarj_@m@t hgbaton X at ifhe These and

oLher vem ol & i"‘{ Sr (5isoasturfals, Toclu{oa, pAPELGMFRY (the BIRFRL0i ng
particularly the iphdide colloids, as well as the hydrophobic materials
useful in combination. therewith can be employed not
- only in the emulsion layers of the photogrephio
15 elements of this invention, but also in other layers, _
' such -as overcoat layers, 1nterlayers'and.1eyers : \J
- positioned beneath the emulsion layers. '
Grain ripening can occur during the
preparation of silver halide emulsions as defined
20 herein, and-it:is-preferred'tha: grain ripening occur
within the reaction vessel during at least silver
bromoiodide grain formation. Known silver halide
solvents are useful in promoting ripening. For
example, an excess of bromide ionms, when present in
25 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 within the
30 dispersing medium in the reaction vessel before
silver and halide salt addition, or they ean be
introduced into the reaction vessel along with one or
more of the halide salt, silver salt, or peptizer.
In still another variant the ripening agent can be
35 introduced independently during halide and silver
‘salt additions, Although ammonia is a known ripening



philic colloids, as well as the hydrophobic materials useful in conbination
therewi th can be enpl oyed not only in the emulsion [ayers of the (ﬁ'
phot ographic 15 el enents of this invention, but also in other |ayers, ;
such as overcoat |ayers, interlayers and layers positioned beneath the

enmul sion layers. Gain ripening can occur during the preparation of silver
halldé/enuIS|ons as defined 20 herein, and it is preferred that grain
ripening occur within the reaction vessel gzrlng at | east silver

br onoi odi de grain formation. Known silver=halide solvents are useful in
pronoting ripening. For exanple, an excess of brom de ions, when present in

25 the reaction yg&se€) u askae\anatpr@fmae ﬁp%ahgga éﬁ: foi @il ore

apparent that the br é;%h% gg lon r rﬁ%? t|o vessel can

itsel f pronote ri p&®# ERLE HERY g‘ﬂb 333 Qﬂﬁﬁotyed and

can be entirely com@s&tngﬂ\npnbdnsrhaukiritxhzqiatinngh&pdbunThm the reaction

vessel beéfore sily, g&&éqal%qsighg gfld&ﬁé tt hﬁ¥eﬁ€‘ﬂo§eai'é‘t roduced
esse

into the reaction one %i\ re of alide salt, silver
salt, or peptdzer.R9p-ammqniac 3tﬂ§r“§%§¥ emulsiongani ng agent can be 35
i nt r oduced i ndependent |y dustong bnéfdtreduktpdnﬂug agehtadaréithose Al t hough

armonia is a known SApeiag euisif. Beieyddads dilts? B{.eﬂ;&r& (i peni ng

agent for the emul ST 0Rs 0 hi's |nven g Yeal i zed
speed- granul arity $44h8s e ﬁ%kaﬁe“ﬁ'ﬁ eﬁﬂf]éi! -eH'GP i Sﬂ@%‘! IWé’%ent

invention are 5 amdporassiuacghiotydrate aialecml ndN smnSiDig ﬂlfﬁ-e[) red |
ri peni ng agent,s ar e ai t c e used,
Suth as the Al Srdfi s81? (WRPLE g convenRRNT Gulivicy o

t hi ocyanate salts, t"&ﬁlcﬁmﬁmﬁﬁt Apdbts 1¢an bﬂ/érﬁtr@dS‘&Fﬂs Prmﬂ,ﬂdany

conventi onal quantééneedferations are generally from 0.1 to 20
' grams of thiocyanate salt per mole of silver halide.
, Illustrative prior teachings of employing thiocyanate
15 ripening agents are found in U.S. Patent 2,222,264,
S cited above; and U.S. Patents 2,448,534 and
3,320,069.' Alternatively, conventional thiocether
- ripening agents, such as those disclosed in U.S.
Patents 3,271,157; 3,574,628; and 3,737,313, here
20 incorporated by reference, can be employed.

- The high aspect ratio tabular grain emul-
sions used in the present invention are preferably
washed to remove soluble salts. The soluble salts
can be removed by well-known techniques, such as

25 decantation, filtration, and/or chill setting and
leaching, as illustrated by Research Disclosure, Vol.
176, December 1978, Item 17643, Section II. 1In the
- ' present invention washing is particularly advanta-
geous in terminating ripening of the tabular grains
30 ‘after the completion of precipitation to avoid
increasing their thickness, reducing their aspect
ratio and/or excessively increasing their diameter.
The emulsions, with or without sensitizers, can be
dried and stored prior to use. |

35



tlhi ocyanate salts can be |ntroduced preferred concentrations are

jeénefally fromO0.1 to 20 grans of thlocyanate salt per nole of silver:

‘T de. |llustrative prior teachings of enploying thiocyanate 15 ri peni ng
agents are found in U S. Patent 2,222,264, cited above; and U S. Patents
2,448,534 and 3, 320, 069. Alternatlvely, conventional thioether ripening
agents such as those disclosed in U S. Patents 3,271,157; 3,574,628; an

- 3,737,313, here 20 i ncor porated by regékence can be enployed The high
aspect ratio tabular grain enul- sions 5d in the present invention are
preferably washed to renove soluble salts. The soluble salts can be renoved

by well -known techni quescm,seuc‘thll §§ asfg Sent eés)rbabﬁlﬁl g{,kgﬂ and/ or

chill setting and Ieachln as arc osure, Vo
176, Decerber 19%el 31—9"&%%?“% prae 19 dfe FAvention

washing is partpeodide \ecrd~ahiedl gmalisions tley rpt“cﬁiedig'ersl wedlnknoén t he
t abul ar grains &9 h@{é esrkitﬂ%d‘:?.ﬁpkﬁé' of ﬂf?ﬂ%?83§%5?1w0| d

increasing their t ness, red duci ng t T as or? excessi vel y
i ncr easi ng t hei wsefulheaidverrisal GnﬁﬂglbﬁsemR}QYFQH ﬂMﬁﬁM&&PSSEHS1}§zers can

be dried and stoneth@rhicgh tsxpu&e rdbio taBflagmairhenulghonspect ratio

core- ahel | el ETRACES B SheaFe fe&é”?"-’w%%eﬁ% il%& 1388 Bz B The art.
Any phot ogr aphi ferning si lvggesaﬂtspheblssewe byel:Bm formng
A oL watcasisei g, 2223. pisiesy 72
Ey uU. S. Iga]t%nts 53-3@;{% sise glglaoge #éff i10 and
4,150, 994, cit ctiectimiques Torcsheddingtdomdt. 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

15 formation are present in the reaction vessel during
shell formation, shell growth can occur preferen-
‘tially on the outer edges of the grains so that
aspect ratio need not decline. High aspect ratio
core-shell tabular grain emulsions are particularly

20 useful for producing internal latent images and can
be used in forming either negative-working or
direct-reversal photographic elements.

"Alth0ugh-the procedures for preparing
tabular silver halide grains described above will

25 produce high aspect ratio tabular grain emulsions in
which tabular grains satisfying the thickness and
diameter criteria for aspect ratio account for at
least 50 percéntfof the total projected area of the

. total silver halide grain populatiom, it is recég-

30 nized that further advantages can be realized by
increasing the propdrtion of such tabular grains
present. Preferably at least 70 percent (optimally
at least 90 percent) of the total projected area is
provided by tabular silver halide grains meeting the

35 thickness and diameter criteria. While minor amounts
of nontabular grains are fully compatible with many



techni ques for shelling do not favor the formation of high aspect ratio
tabul ar grains, as shell growth proceeds the average aspect ratio of the
enul sion declines. If conditions favorable for tabular grain 15 fornmati
are.present in the reaction vessel during shell formation, shell growth c&n
occur, preferen- tially on the outer "edges of the grains so that aspect

rati o~heed not decline. H gh aspect ratio core-shell tabular grain

enul sions are particularly 20 useful for gooducing internal |atent images
and can be used in formng either negatlve rking or direct-reversal

phot ographi c el enents. Al though the procedures for preparing tabular silver

hal i de grfal ns desgyn r&?ﬂ!@ dbplicetiody ?%?aeme?ﬁaewe%inatlo tgbul ar
grain enulsions in i ns_satisfyin e ckness an

di aneter criteria ?%m 'gltsﬂﬁ@@t °|fa[:fg g F¥'§t 8F83g’f'££‘3f‘ p°2‘r@cent of the
total projected artabulan gralosacasi quwam-grkmmmmlm it is

recog- 30 nized éfwezf HalAge géxmaaﬁﬁu@&&aamanr dséb’atﬁ@deaSI ng the
dr oportion of such_tabul ar gralns resent Preferably E éeast per cent
(S

(optimally at5 | castt® smaller,) ngpcabilar, grains in g é"fpé"lﬁr:é\?f'ded by.
tabul ar silver- haloﬂegn;imnss:laetcogvettﬁtﬁﬁl sepacraties and di aneter

ériteria. Wile nL e I atlble
wi th many - 39- r?{%g.{ léhl % p&l ca‘Fglj‘g1 toﬁgg ﬁ%@ %#: H’%/ advant ages
of tabular grains $4fRey od8 Lldustratiye teachiag,e chl’i E@X%sed Lar ger
tabul ar silver ha|débﬁt@tdbhsiﬁaﬁrb€imwlm@ | Pagener 3} 326 fé4ln snal | er,

nont abul ar gr Q%ns ddhdfl %qo opul ation of grains using conventional

separation t ques—igké--ﬁz using a centrifuge or hydrocy- clone. An

illustrative teaching of hy#eobjghossperthmatdiootabularcgraknl shlvers. Pat ent

3, 326, 641. halide emulsions used in the present invention are
chemically sensitized. These and other silver halide

. emulsions herein disclosed can be chemically sensi-

15. tized with active gelatin, as illustrated by T. H. |
James, The Theory of the Photographic Process, 4th
Ed., Macmillan, 1977, pp. 67-76, or with sulfur,
selenium, tellurium, gold, platinum, palladium,
iridium, osmium, rhodium, rhenium, or phosphorus

20  sensitizers or combinations of these sensitizers,

' such as at pAg levels of from 5 to 10, pH levels of
"from 5 to 8 and temperatures of from 30 to 80°C, as
illustrated by Research Disclosure, Vol. 120, April
1974, Item 12008, Research Disclosure, Vol. 134, June

25 1975, Item 13452, U.S. Patents 1,623,499; 1,673,522;
2,399,083; 2,642,361; 3,297,447; 3,297,446; and UK.
Patent 1,315,755; U.S. Patents 3,772,031; 3,761,267;

- 3,857,711; 3,565,633; 3,901,714 and 3,904,415 and
' U.K. Patent 1,396,696; chemical sensitization being

Ny 30 optionally conducted in the presence of thiocyanate

' compounds, as described in-U.S,_Patént

2,642,361; sulfur containing compounds of the type
disclosed in U.S. Patents 2,521,926; 3,021,215; and
4,054,457, 1t is specifically contemplated to sensi-
35 tize chemically in the presence of finish (chemical
‘sensitization) modifiers--that is, compoﬁnds known to




- ensitization The high aspect ratio tabular grain silver halide
e ﬁs ons used in the present invention are chemcally sensitized. These
and_#t her silver halide enul sions herein disclosed can be chenmically sensi-

15. tized with active gelatin, as illustrated by T. H Janes, The Theory

of the Photographic Process, 4th Ed., Macm |l an, 1977, pp. 67-76, or with
sul fur, selenium tellurium gold, platinum palladium iridium osm um'
rhodi um rhenium or phosphorus 20 sensitizers or conbinations of these

sensitizers, such as at pAg levels of frt#@% to 10, pH levels of from5 to
8 and tenperatures of from30 to [err] as illustrated by Research

133, June 25 1898PrefE tag At 19caRst iRt d TGRSk 345G, VO
2,399, 083; 2, 642chemical eensitization, such gpgazeiadengsn@2apyrd-755. U. S,
Patents 3,772, 03dazind6} &éapylaiailnek); bans6bhsdzol Fudalts) and 3, 904, 415

and U. K. Patent o Al sensi tizat WAl _ | onal
conducted in thelSﬁggggggt%ﬁmﬁﬂyggﬁgﬁhpzl%g%%Oh%§§£&%§g5§g€H%¥§§ﬁ n'U.é.
Pat ent 2, 648, 361ExemplarycEinishinadifdessunne deseribed j Y-l osed in U S
Patents 2,521, 92Qaténts12 /151,088, 8,534,,934; B{554,P9Fsi3,565,/631;

(chem cal - sens t DoUPteRi A arnadian Fasane, 17807035 MABEGL . ' " Sho.
suppress fog andPhotegusphieEmulaion Chesdstrit,r Fogal Rarees| (1968ist i zati on,
such as azai ndengg, %@Eggm. 0P34 123 . 2AABYEEBhA1 19 Sor DETE&idEazol i um

, ~fhe

salts, and sensitizers e, or nore_heterocyt¢lic nuclei
Exenpl ary fiﬂi'shtﬁﬂﬁﬁyPeF ag'%“ 583 PR peduc ?%ﬁ@%%ﬂggg;

3,411, 914; 3,554elgi;, @WithShyddogeh Q@b 11liusCrated dby RhiSntPatedts23; and
Duf f i n. Phot ogr aphyj, @oEuLs i eRa FJE4[246, BYCabwPphsS(é1955)1ess than
5) and/or high pH (e.g., greater than 8) treatment or
through the use of reducing agents, such as stannous
15 chloride,'thiéurea'dioxide, polyamines and amine-
boranes, as 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.
20 Surface chemical sensitization, including sub-surface
gsensitization, illustrated by U.S. Patents 3,917,485
and 3,966,476, is specifically contemplated.
In addition to being chemically sensitized
the high aspect ratio tabular grain silver halide
'25 emulsions used in the present invention are also
spectrally sensitized. It is specifically contem-
plated to employ in combination with the high aspect
ratio tabular grain emulsions and other emulsions ~
disclosed herein spectral'sensitizing dyes that
30  exhibit absorption maxima in the blue and minus _ T
blue--i.e., green and red, portions of the visible
spectrum. ‘In addition, for specialized applicatioms,
spectrhl sensitizing dyes can be employed which
improve spectral response beyond the visible

35 specttum.. For example, the use of infrared absorbing
- 'spectral sensitizers is specifically contemplated.



New York, pp. 138-143. Additionally or alterna- 10 tively, the enulsion
can be reduction sensitized-- e.g., with hydrogen, as illustrated by U.
Patents 3,891,446 and 3,984,249, by low pAg (e.g., less than 5) and/or
pH (e.g., greater than 8) treatnment or through the use of reducing agent
such as stannous 15 chloride, thiourea dioxide, polyam nes and am ne-
borah€s, as illustrated by U S. Patent 2,983,609, Otedahl et al Research

Di scl osure, Vol. 136, August 1975, Item 13654, U.S. Patents 2,518, 698;!
2,739,060; 2,743,182; 2,743,183; 3,026, 2881-and 3, 361,564. 20 Surface

chemi cal sensitization, including sub-surface sensitization, illustrated by

U S. Patents 3,917,485 ang,3,9 specifi.cally ¢ ntenplated I n
*addition to being chenlcgp ggﬁ fﬁﬁiﬁ? W}F&Hnﬁsé553b?atlo t abul ar
grain silver hal|&nsanallanabssbntzqéenﬁuh1dyas gromecat vaniety iafh are al so

spectral ly sensi tdmcéesl t 1h§1§8£ﬁgft1€é" olyuethife B at%agsf)oﬁ?lm gtnher

conbination with t a tio tabul ar gra
. emul si ons di scl os"eit:a elq‘ﬁl éﬁgftf ness A§ Bfggniﬂﬁf RPOPIEX,; b ¢
absor ption raxi neyanines Iahdemendcynmmeablﬂea.l, ¢ri-grtetramgd arall, portions
of the visible s y'#ﬂicle'a'i' egdhihea arid’rmei&%aﬂkhéﬁﬁ a&P&ﬂ&P&'O”S

gpectral sensitlzl_gng? es_can efpl o 8 ectral response
beyond the visi bl “§ﬂéetFEﬁ¥y prigPegITY 18p N sé‘ P&} rar ed
absor bi ng spect r atyardmeist.i zers is specifically contenplated -41- The
silver halide enmul sions cqﬁebg §Hfﬁél‘ 4 ,_saqn§ Tn'slegzi‘hﬁ §£s froma

variety of classes, (including- he po |ne ass Ich cl asses

i ncl ude- the]dyanl#ﬂﬁ}“qﬂerJE}ﬁﬁﬁnhx cﬂﬂﬁh ine 3in aS?anF“%éb%ﬂﬁF mer ocyani nes
(i.e., tri- tetrsetermeycideynaclédiarsuginsichoseddeerived afedies), oxonol s,

hem oxonol's, Styruli%ie1 T8, Y pykfasdiith Sis3}unol inium, 3H-indolium,
benz[elindolium, oxazolium, oxazolinium, thiazolium,
thiazolinium, selenazolium, selenazolinium, imidazo-

15 lium, imidazolinium, benzoxazolium, benzothiazolium,
benzoselenazolium, benzimidazoliym, naphthoxazolium,
naphthothiazolium, naphthoselenazolium, dihydronaph-
thothiazolium, pyrylium, and 1midazopyrazinium
quaternary salts.

20 The merocyahine'spectral sensitizing dyes
include, joined by a double bond or methine linkage, a
basic heterocyclic nucleus of the cyanine dye type and
an acidic nucleus, such as can be derived from barbituric
acid, 2-thiobarbituric acid, rhodanine, hydantoin, 2-thio-

25 hydantoin, 4-thiohydantoin, 2-pyrazblin-sione, '
2-isoxazolin-5-one, indan-1,3-dione, cyclohexane-
1,3-dione, 1,3-dioxane~4,6-dione, pyrazolin-3,5-

- dione, pentane-2, 4-dione, alkylsulfonylacetonitrile,

malononitrile, isoquinolin-&-one, and '

g - 30 chroman-2,4-dione. - - _

One or more spectral sensitizing dyes may be
used. Dyes with sensitizing maxima at wavelengths
throughout the visible spectrum and with a great

'varigty of spectral sensitivity curve shapes are
35 known. _Thelchoice and rélative proportions of dyes
depends upon the region of the spectrum for which



cy,ani nes. The cyani ne spectral sensitizing dyes 10 i nclude, joined by a
'Qé i ne |inkage, two basic heterocyclic nuclei, such as those derived from
nol i nium pyridinium isoquinolinium 3Hindolium benz[e]indolium

oxazol i um oxazolinium thiazolium thiazolinium selenazolium

sel enazol i nium i mdazo- 15 lium 1 mdazolinium benzoxazolium :
benzot hi azol i um benzosel enazol i um benzi m dazolium naphthoxazolium A
napht hot hi azol i um napht hosel enazol i um g&gydronaph- t hot hi azol i um !
pyrylium and i m dazopyrazi nium quaternary salts. 20 The

mer ocyani ne spectral sensitizing dyes include, joined by a double bond or

net hi .ng. i nkalge, senagioibgt féO&#Qiﬂ’é‘dﬁlﬁid]?u%oﬁf :hﬁessaﬁ@im,me type and
an aci di ¢ nucl eus, ag G derjved fu rbifuric -
2-thi obarbituri cssggl%&fég}hgagggﬁg‘ﬁ%&#arﬁ%g,e%?-t?ﬁi'o-b&%é wﬁ%gdrﬂeori n,
4-t hi ohydant oi n, 12ppingzspeateabrensitindty, eurves-whkl oftrm-yledddi one,
cycl ohexane- 1, 31 @dabihadiehouaperve Gulhdilen EXeadehsftfviey done,
pent ane- 2, 4.di ong, itrile, N ifri -
I soqui nol i n-54'- on%fcg‘n'gxggﬁggﬁr‘o?ﬁaﬁg%fg |aog’§. %gf%ﬁ %T%r%ﬁ’sﬁooexcji ral
sensi tizing dyes Mfplycequal. toykhe gum ofotive sepaithuithes Af vidvrel engt hs
t hroughout the vijaidivedaREcdyesn arThud § 1A i@ 965-8_!512&% wde squatiir-al
sensitivity curv S.@r : . C : Ve
proportions of dg‘eas%qgggeﬁgssﬂggnw’f#godr/{ekgfleg}ggf &F%%ﬁg g%‘t?%ﬁ%r &hi ch
-42- sensitivity specgrslr senshpivigpcunwe yiibeaopaxipun hetvean $8esitivity
curve desi r‘iﬁ- DsensttiBiny chaxidd B EHePdpdividagnsayeyity curves will
often yield™n conbi natloa ag£u'rv in i ch the: s‘enm% %#X 2& 5 each
wavel ength in the area of “OR{PALLIoNS of, spectral; geps ﬁ '8 FXG4Fe sum of
the sensitiviti esanf behesed which resul;:in supersensitization--that
is, spectral sensitization that is greater in'some
spectral region than that from_any concentration of
15 one of the dyes alone or that which would result from )
the additive effect of_the_dyes; Supersensitization o’
can be achieved with selected combinations of
spectral sensitizing dyes and other gﬂdenda, such as
stabilizers and antifoggants, development accelera-
20 . tors or inhibitors, coating aids, brighteners and
' antistatic agents. Any one of several mechanisms as
~well as compounds which can be responsible for
supersensitization are discussed by Gilman, T"Review
of the Mechanisms of Supersensitization', Photogra-
25 phic Science and Eggineerin , Vol. 18, 1974, pp.
418"‘30-

Spectral éensitizing dyes also affect the
emulsions in othe: ways. Spectral sensitizing dyes
can also function as antifoggants or stabilizers,

30 development accelerators or inhibitors, and halogen
acceptors or electron acceptors, as disclosed in U.S.
Patents 2,131,038 and U.S. Patent 3,930,860.

~ Among useful spectral sensitizing dyes for
sensitizing silver halide emulsions are those

35 refetred:tq in Research Disclosure, Vol. 176,
December 1978, Item 17643, section III.




I ndi vi dual dyes. Thus, it is possible to use conbi- nations of dyes with
different maxima to achieve a spectral sensitivity curve with a maxi mum
bet ween the 10 sensitizing maxi na of the individual dyes. Conbinations
spectral sensitizing dyes can be used which result in _ _
supersensitization--that is, spectral sensitization that is greater in sone
spect¥al region than that fromany concentration of 15 one of the dyes
~alone or that which would result fromthe,gdditive effect of the dyes.!

Supersensitization can be achieved with séSected conbi nati ons of spectral
sensitizing dyes and ot her addenda, such as stabilizers and antifoggants,

devel opnent accel era- 20 Coh%ﬁt? nhi‘hénpé tg:rss lsngaﬁl e zﬂguygﬁeners
and .antistatic agents. Any_one 0O S mel as “conpounds
whi ch can be res SRRSF yéﬁﬁ@?%Ei%féS di‘ °&|i§&§§%d by G | nman,

"Revi ew of the Mdntaimimgohofitpbulansot ilow iampectPeatigreabikar phic
Science and Engl neervewnatllee Faidfl? 1o edtiie!He fftmaﬁ%stm ng

dyes al so affect rf;ge erm sions.in ectral sensit g dyes

can al so furtti oPHthik ipyggsien gF is 6&f¥€%ﬁ§ t90adsoEb SRARKER
accel erators or isenditizing dyd bel thergrairemwurfaces ofcthe duiglcceptors, as

i sclosed in U.S. F'gcg:n ol % 9 %ﬂ& adaiong usef ul
spectral sensiti 2|dD ?'oréég‘gfi&f'l n:égtk ?ﬂ@?&sﬁgl ?ﬁeélg stons are those
35 referred to¥® ‘7£h9ﬁ sclBstn amount spfficient be raatige |tem
17643, section |lat lees«t%OCpereentomﬂltlwmm\mf phgtsegraphixe spageldoyed in

spectrally si t QEH# Sﬂggﬁﬁyﬁ{é bahegmﬁﬁﬁ%ﬁu' ar or |ow

aspect rati ar Sl alns advantages 5
of this inventi orpqqd#técwepér eXPOSUredsdhe M#sv of dye employed
will vary with the specific dye or dye combination

chosen as well as the size and aspect ratio of the
grains. It is known in the photographic art that
15 optimum spectral sensitization is obtained with
" organic 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

20 Adsorption of Sensitizing Dyes in Photographic
Emulsions", Journal of Phys. Chem., Vol 56, p. 1065,
1952; Spence et al, 'Desensitization of Sensitizing
Dyes'', Journal of Physical and Colloid Chemistry,

- Vol. 56,:No. 6, June 1948, pp. 1090-1103; and Gilman

25 et al U.S. Patent 3,979,213, Optimum dye

. concentration levels can be chogsen by procedures
taught by Mees, Theory of the Pho;;g;_phic Process,

- _ pp. 1067-1069, cited above.
- Although native blue sensitivity of silver
30 bromide or bromoiodide is usually relied upon in the
art in emulsion layers intended to record exposure to
blue light, it is a specific feature of the present
‘invention that significant advantages can be obtained
by the use of spectrai_sensitizers, even where their
35 principal absorption is in the spectral region to
which the emulsions possess native'sensitivitys For




1$i t1zing dye to the grain surfaces of the high aspect ratio tabul ar

\"n emul sions in an opti num anount--that is, in an anount sufficient- to
alize at |east 60 percent of the WBX|nun1photograph|c speed 10

attalnable fromthe. grains under contenpl ated conditions of. exposure. The
quantity of dye enployed will vary with the specific dye or dye conbination
chosen as well as the size and aspect ratio of the grains. It is known iYW
the photographic art that 15 optlnun1sggptral sensitization is obtained .
with organic dyes at 25 to 100 percent or ‘nore of nonolayer coverage of the
total avail able surface area of surface sensitive silver halide grains, as

g)iy Zg' ?ﬁeg,hoz ggr e Ew:ﬂ: W4Sisp ahmcanTyeu?&gu%aO&a&toaaoanSeBsI t1 IOEISHQ
0. Soonce o Epeds gan e’ RRalipRd’ Bfon the Hen of Biue. sbasEraL of
Physi cal and CoItensil@ﬁmgstdtyy;-VoEveﬁ&;hm the emisimsspfpphelogo 1103
?g\cllelesl 222 _zg Chﬁ%ﬁtﬂérag?a h&r telsatsaﬁ‘gt HatLo %M¥eg¥ﬁiﬁ08£§%f atton
Phot ogr it pr e gt 83 TveEour Sndiatdn, Rl sAPREa UK 145 bl o
sensitivity of sinexeas® inbspeedcave bealizediibie the useabfybleei ed upon in
the art in enul s ﬂbd&uers%nls%ﬂiﬁg &%&ecwﬁ&%swse%heeahe& goont, it is

a specific feature of r,esent tion that si ant gvantages can
‘be obtained by t$#EPWARR %ﬂi@?ﬁr&Fegﬁ 08 o BVFHE PR35
princi pal .absor pir ctheix iregiba eﬁénhtﬁ#er:gnsttﬂvityhiaﬂvaheagealtmons

possess natjye sgéiitiviey dadl be g @reassag%ﬁaee?igﬁé&
recogni zed that a van- t €an rea se 0 ue, spectral
sensitizing dyesOf ptths ‘Fh&ré F5| €on FoRTEFRTTRYN aspect
ratio tabul ar greerincrtease grain thicknesses as described above in
connection with image transfer applications. Speci-
fically, in one preferred form of the invention the
15 emulsions are blue sensitized silver bromide and _
bromoiodide emulsions in which the tabular grains A
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
20 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.
Useful blue spectral sensicizing dyes for
25 high aspect ratio tabular grain silver bromide and
‘silver bromoiodide emulsions can be selected from any
of the dye clgssés_known-to yield spectral sensiti-
zers. Polymethine dyes, such as cyanines, mero-
cyanines, hemicyanines, hemioxonols, and merostyryls,
30  are preferred blue spectral sensitizers.  Generally
useful blue spectral-sensitizefs can be selected from
among these dye classes by their'absorption charac-
teristics--i.e., hue. There are, however, general
structural correlations that can serve as a guide in
35 selecting useful blue sensitizers. Generally the
shorter the methine chain, the shorter the wavelength




5 brom de and sil ver bronoiodide enul sions, very |arge increases in ;
speed are realized by the use of blue spectral sensitizing dyes. Were it

is intended to expose enul sions according to the present invention in thei
region of native sensitivity, advantages in 10 sensitivity can be gai ned
by increasing the thickness of the tabular grains. For exanple, it is
prefér?ed to increase grain thicknesses as descri bed above in connection
~with image transfer applications. Speci- 4%ally, in one preferred fornm of
the invention the 15 emul si ons are bl ue sensitized silver bronide and

br onoi odi de enuIS| LN _whi e tabul ar grain a ess of

| ess than 0.5 m cr rsﬁﬂﬁggiﬁ? *at ﬁPﬁiﬁ? %)i%gr?tacrlc‘)"r?e{é T have an
average aspect raté °G’PtéPEat efhe addigion gf-fused| yings [taysuclel 12:1 and
account for at |e3gndaltBCEatoE mn épmbng&ahesf%@dﬁm@n the silver

hal i de grains pre th refer 7 er.cent and optinmally
at least 90 perceﬁ%%sﬁégPﬁfgﬁ nsﬂﬁéﬂlé%tegeﬁ ¥EF$&§) acker: gg hi gh
~ @spect ratiobstabultdesgr aln the viormulae Gbiahdfelloe; unkess othéwissul sions
can be sel ected fo@catyeaf &ﬂ?yﬂYﬁ'cﬁJp%siﬁa hBeUELE P &’drﬁ!ﬁrﬁ&%hf gl
sensiti- zers. Pol ymé hi ne *dyes, such a yggl n? ”f éyan nes,
flem cyani nes, henitSx4RoFETbAR AtAMS, Rreferably frap, p‘?‘éf B ue
spectral sensitizatoms.CeAeylhl gyoumsefand imodetipectoataierfram fete 3&n be
sel ected from ano S ' d%yy
teristics--i._e., qukhﬁ Et9¥§§§§f E m@Q fgggg%gagﬁgﬂf$uctu grrelatlons
that can ser§9 a53§°§aﬁd8r mo ie%electlng useful blue sensitizers.
Ceneral ly the shorter the Beefhttedﬂuyaninbhbleeospectt&tasunsﬂu&:gth - 45-

of the sen3|t|2|ngrgaFgI e %#ngg éﬂfﬂgslngbugggquﬁagﬁﬁa P lke addition

of fused rings to absorptlon
ue spectral sensitizers can be selected from among

those of Formula 1.
15 « eZlea =y R* R* R® = =Z2= -

~ R! -N-ecn-cu-)Pc-c':(-clz—tI:) -c-ecn-cue *N-R?

| (B, &),

_ Formula 1

20 where ' _

' Z! and Z? may be the same or different
and each represents the elements needed to complete a
cjclic nucleus derived from basic heterocyclic nitro-
gen compounds such as oxazoline, oxazole,

45 benzoxazole, the naphthoxazoles (e.g.,
naphth[2,1-d]oxazole, naphth[2,3-d]oxazole, and
naphth[1,2-d]oxazole), chiazoline,-thiezole,
benzothiazole, the naphthothiazoles (e.g.,
naphtho[2,1-d]thiazole), the thiazoloquinolines

30 (e.g., thiazolo[4,5-blquinoline), selenazoline,
selenazole, benzoselenazole, the naphthoselenazoles
(e.g., naphtho[1l,2-d)selenazole), 3H-indole (e.g.,
3,3-dimethyl-3H-{ndole), the benzindoles (e.g.,
'1,1-dimethylbenz[e}indole), imidazoline, imidazole,

35 benzimidazole, the naphthimidazoles (e.g.,
naphth[Z,S-d]imidezole), pyridine, and quiholine,



Subs*htuents can also alter absorption characteris- 5 tics. In the

ﬁg% | ae which follow, unless othew se specified, alkyl groups and noieties
itain from1l to 20 carbon atons, preferably from1l to 8 carbon atons.

; groups and noi eties contain fron16 to 15 carbon atons and are

preferably phenyl or naphthyl 10 groups or noieties. Preferred cyanine

bl ue spectral sensitizers are nononethine cyani nes; however, useful cyadFﬁe

bl ue spectral sensitizers can be selecteg fron1annng those of Formul ay1. 15

[err] [err] Formula 1 20 .where [err] 8- [err] may be the same or

different and each represents the el enments needed to conplete a cyclic

nucl eus. der i ved JiQup haRciNGhs! BEYEubEL il I RHGOER g  SHeTbrs

oxazol i ne, oxazo henzdxazo % napht hoxazo
napht h[ 2, 1- d] oxd&‘-’tﬂ%° épﬁtiﬁFZ"SfélfBXaQ ueati$: Kpen2 ﬁ] oxazol e),
t hi azol i ne, thi dpydmxyethet halagens (é\égnapﬂtﬂurtd]l zhdbes, (bromo,

naphthol 2, 1-d i 4 @gg)tﬁﬁkﬁ'gé h%lué{'% enazéﬂ%d éik 5EF2RE ol e, thé

t hi azol o[ 4, 5-b] quin
napht hosel gnazol &+ &o. @€ hﬁ&ph?ﬁ@? » 2PEORY) £ HeBopTOpPYl3 Pﬁﬂbbe (e.g.,

3,3-dinephy| 3F+d Iehodbbglheaatada¢y§ (z» drokykth) methylbenz[e]lndole)
In?pﬂ?ﬁfgl ged] | m%ai‘g‘:fe"}?‘%%% i’di aﬁm‘ﬁ@éﬁl‘ nbl cﬁ%&% d&élglcﬁsnfjgl gl may
be substituted drkflaoromgtbyldacasyl g¥eups Q?\ﬂubstisﬂtedyaﬁylsubst|tuents
such as hydr oxy, ﬁ&upguﬂegggqs heng1, 1L¢u§uthyju ngapheaym, and i odo),.
al kyl groupg, or é R ophedg1d’ SLeafbSxPohenyl, and 4-biphenyl),
aralkyl groups (e. -8+, benzyl and phenethyl), alkoxy
groups_(e .g., methoxy, ethoxy, and isopropoxy),.
aryloxy groups (e.g., phenoxy and l-naphthoky),
alkylthio groups (e.g., methylthio and ethylthio),
15 arylthio groups (e.g., phenylthio, p-tolythio, and
2-naphthylthio), methylenedioxy, cyano, 2-thienyl,
styryl, amino or substituted amino groups (e.g.,
anilino, dimethylamino, diethylamino, and
morpholino), acyl grdups, such as carboxy (e.g.,
20 acetyl and benzoyl) and sulfo;

R! and R? can be the same or different and
represent élkyl groups, aryl groups, alkenyl groups,
or aralkyl groups,'wich or without substituents,
(e.g., carboxymethyl Z-hydroxyethyl 3-su1fopropy1,

25  3-sulfobutyl, 4-sulfobutyl, 4-su1fopheny1, _
2-methoxyethyl, 2-sulfatoethyl, 3-thiosulfatopropyl,
2-phosphonoethyl, chiorophenyl, and bromophenyl) ;

R? represents hydrogen;

R* and R® represents hydrogen or alkyl of

30 from 1l to 4 carbon atoms ;

p and q are 0@ or 1, except that both p and q
preferably are not 1;

m is 0 or 1 except that when m is 1 both p and q
are 0 and at least one of Z' and Z? represents |

35 imidazoline, oxazoline, thiazoline, or selenazoline;

i



5 (e.g., nethyl, ethyl, propyl, isopropyl, butyl, octyl, dodecyl, _

oct adecyl, 2-hydroxyethyl, 3-sul fopropyl, carboxynethyl, 2-cyanoethyl, and

trifluoromethyl), aryl groups or substituted aryl groups (e.g., phenyl,

| - napht hyl , 2-naphthyl, 10  4-sul fophenyl,; 3-carboxyphenyl nd

4- brgyenyl), aral kyl groups (e.g., benzyl and phenethyl), al koxy groups

(e.g. > nethoxy, ethoxy, and isopropoxy), aryloxy groups (e.g., phenoxy and

I-naphthoxy), al kylthio groups (e.g., netfIthio and ethylthio), 15 1

arylthio groups (e.g., phenylthio [err] tolythio, and 2-naphthylthio),

met hyl enedi oxy, cyano t hi en am no or substituted am no groups
~(e.g., anilino, dlnet f%. cfﬂ@?ﬂﬁih§F§HPn and norpholino), acyl grgups

such as carboxy (e.g.B ¥® a Qﬁﬁﬂgﬂicasaobﬂhzéqd) and sulfo; [err] and [err]

C?L‘ belthe same or d'ftffﬁ&ﬂi g3 eSO s&emt ééﬂtfé(ﬁdﬂ{ lb‘?ﬁ%wh?i:ﬁbfgr Ol(JIOS

al kenyl groups, og _a Ituents. (e.g.,

car boxymet hyl , ?1 :F xﬂ?ﬁm%%&ﬁSpPﬁﬁW“t?Swaé‘é% pf .
4-sul fobutyls 4- sobﬁnpherpdssi’blmaﬁ.lnowyéchyk mém’fatlﬁeuhyll

.get hi osul f at opro ;qu et(%lr 15{] SEDY heed m a%d Q;‘g phenyl ) ;

“ferr] represents rEf err represents ydr o HE or al kyl of
30 from1lto 4.8 Fb » TRRTe eﬁFetbeo‘F oms Necess ﬁ ®hoth p and g

"preferably are notoﬁpleﬂesxﬁ)aikwleancbptdgéat when mis 1 both p and q are

0 and at- least one of [e idogidebehbhak P68 Wi oyl H320LL"ES |
~oxazol i ne, thlazollne or 'selena nanronrc group; Bis
a cationic gt@up; bhue sengktizers agey listedotn Tabkadndi ng on whet her i onic
substituents are present. Variants are, Tgble 1

1. 3 3'-Diéthy1thiacyan1ne brdmide

ﬁ S\‘--CH--Q;j>u/ \1

15 s
- 1 | Br”
et Cz2Hs Cz2Hs
2. 3-Ethyl-3'-methyl-4'-phenylnaphtho[1l,2-
d]thiazolothiazolinocyanine bromide
20 . \, \ / \
1 e
NN\ \N/ N\ / \
g i -
N CaHs cHs N
25 3. 1',3-Diethyl-4-phenyloxazolo-2'-cyanine
1odide '
WA S
2N 1 N
. U *=CH= \F '\
) . ./ \./ . ./
f 30 : ! ¥ N |
< . AR C2Hs CzHs 1

35



S.ﬁr course, possible in which [err] and [err] and [err] or [err]
(éﬁ”tlcularly when- m p, and g are 0) together represent the atons
eceSsary to conplete an al kyl ene bridge. Sone representative cyanine dyes

usetful as 10 bl ue sensitizers are listed in Table |I. Table'I 1.

3,3 -Diethylthi acyani ne brom de 15 [err] 2.

3-Ethyl -3' -met hyl - 4" - phenyl napht ho[ 1, 2- d] t hi azol ot hi azol i nocyani ne bronhde
20 [err] 25 3. 1', 3-Di et hyl - 4- phe g;ooxazol 0-2' -cyani ne i odi de [err]
30 35 -48- 4. Anhydro 5-chloro-5'- xy-3, 3" -bis-

(2-su|foethy|)thiacyanine hydroxi de, triethylamne salt 5

err err] 10 rbexy pll 0- carbocyani ne
i[odi Le[[er]r] 15 6. 41 1 A%iq ?53%%}2%8”9‘ Igﬁg%é:%é% ol ocyani ng
i odide 20 [err] 25 ¢2-su q@rmwmgcnenteemﬂmxmu dene) -

-1, 2, 3, 4-tetrahydro- 2- nethg}gaﬁuykaﬂﬁa %nhk benzothlazollnlun1|od|de [err]

- ;\/\ o /s\/\
5 . aCHas
| d\’\n/ \x(\-’ NocHs

(?Bz)z (?Hz)z (C2Hs ) sNH
80y~ 803"
5. 3,3'-Bis(2-carboxyethyl)thiazolino-
carbocyanine 1odide
7 | 5
\N\/\--cu-cu-cu--g(j |
3 N
15 (?Hz)z (?ﬂz)z_-
| COOH COOH I~
6. 1,1'-Diethy1-3,3'-ethyleﬁebenzimida-
zolocyanine iodide
Csz _ Czﬂs

10

20

7. 1F(3-Ethy1-2-benzothiaiolinyli&ene)-
1,2,3,4~tetrahydro-2-methylpyrido-
[2,1-b]-benzothiazolinium iodide

25

30
l AN I

35
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35 -49- 8. Anhydr o-5, 5' - di net hoxy-3, 3' - bi s(3- sul fopropyl)thiacyani ne
hydr oxi de, sodiumsalt [err] Preferred nerocyani ne blue spectral sensi- 10
tizers are zero nethine nmerocyanines (azo nero- cyanines); however, useful
mer ocyani ne bl ue spectral sensitizers can be selected from anong those of
Formulia,2. O [err] 15 Fornula 2 where 20 Z represents.the samne

el ement's as either [err] or Z2 of Formula 1 above; R represents the sane
groups as either [err] or [err] of Formula 1 above; [err] and [err] .
represent hydrogen, an al kyl group 25 of #90 4 carbon atoms, or an aryl
group (e.g., phenyl or naphthyl) Gl represents an al kyl group or

substituted al kyl groupg ar. bs [ I.q an aral kyl
group, an al koxy group ﬂ\%g r’g &iﬁé%&ﬂy%r oxi’gégou ‘3‘ anmno
group, -a substituted anlno Pr§P§1)gh6ﬁ%%3Q$Pq Gespée WRally in
Formula 1; [err] can represqgaltany one of the groups listed for G and in
addition can represent a cyano gr;yp S an ?;ﬁgk, ,Oor arylsul fonyl group,

or a group -50-- - L 1
. 5 om -
: . cH o’ N7 \N// No# Nocu,
-+

$
NaSOa(CHz)s (CH2)380s" Na

Preferred merocyanine blue spectral sensi-
10 ~ tizers are zero methine merocyanines (azo mero-
cyanines); however, useful merocyanine blue spectral
sensitizers can be selected from among those of
Formula 2.
o . 0
) 15 I- 2 - - R ?-G‘
R-N{CH=CH}._ c-(c -cr®)_=+{

n \Gz
Formula_z
- where
20 - Z represents the same elements as eithertz‘ or

Z? of Formula 1 above;
'R represents the same groups'as'éither R! or
R? of Formula 1 above; '
R* and R® represent hydrogen, an alkyl group
25 of 1 to 4 carbon atoms, or an aryl group (e.g-;
phenyl or naphthyl); '

G' represents an alkyl group or substituted
alkyl group, an aryl or substituted atyl group, an
aralkyl group, an alkoxy group, an aryloxy group, a

30 hydroxy group, an amino group, a substituted amino
group, e.g. groups as indicated specifically in
Formula 1; _ o

G? can represent any one of the gtohps listed

for G! and in addition can represent a cyanq group,
35 an alkyl, or arylsulfonyl group, or a group

0,

a




esented by [err], or [err] taken together with [err] can represent the
nts needed to conplete a cyclic acidic nucleus such as those dertved
m 5 2, 4-oxazolidinone (e.g., 3-ethyl-2,4-oxazolidin- dione),

'2,4-thiazolidindione (e.g., 3-nethyl-2,4- thiazolidindione),

2-thi 0-2, 4- oxazol i di ndi one (e.g., 3-phenyl-2-thio-2,4-oxazolidindione),
r hodani ne, such as 3-ethyl rhodani ne, 3-phenylrhodani ne, 3-(3-di- 10

met hyl am nopr opyl ) r hodani ne, and 3-caerF¢; met hyl r hodani ne, hydant oi n
(e.g., 1,3-diethyl- hydantoin and 3-ethyl-1|-phenyl hydantoi n), 2-thio-

gyﬂggt 3: r]I (Shgnfepf %%ﬁgdgﬁen?_cﬁ t?%wq%&ﬁ%eg Fetz‘hfﬁl‘%%a%t oi n)

2- pyrazolin-5-one, such as 3-ne@hy||-pheny| 2- pyrazol i n-5-one,
3-net hyl - 1- (4- car boxybutyl’) - 2- pyrazol i n-5-one, and

3 phenyl-2-1 soxaf EepLgkne EiL Ylddlick SaBask (8 ABARILES 24 0 (° 0

|, 2-di et hyI 3, 5CYeMAs, sridiadnenteun Suchh as Shesel dsriseéyﬁré%| i di n-
dione), 1,%i ndmdu-@stazolidsndnoxwﬁﬁ Es-dmgﬂ-z 43onisbDbexwnedi one,

barbituric acid I arblturlb 25
acid), and 2- thﬂ%ﬁgggﬂtéf Q§i$%g %é%tiféﬁ;3 %-g-?ﬁf%ggfglturlc acid
and 1, 3- bi s( 2- nﬂﬂﬂ@%?@ﬁﬂiﬂ?igﬂﬁhb Q1ﬂu4c°§éﬂe idindfene €& can be 0
or 1 except thats -QScﬁibhzmwawmwibbeo Zrh&ddREhé ] Gurth to 30

benzoxazol o or Ford %&xie%aa? I T S
repr esent atlidve hiethylandnbpropyl yrhodaretie)c ade3-enebbkyted bel ow in Tabl e
. 35 -51- _Bﬂgﬂilkhodanine, hydantoin (e.g., 1,3-diethyl-
hydantoin and 3-ethyl-l-phenylhydantoin), 2-thio-
hydantoin (e.g., l-ethyl-3-phenyl-2-thiohydantoin,
3-heptyl-l-phenyl-2-thiohydantoin, and
1,3-diphenyl-2-thiohydantoin), 2-pyrazolin-5-one, <
such as 3-methy11-phény1-24pyrazol1n-5-one,
3-methyl-1-(4-carboxybutyl)-2-pyrazolin-5-one, and
3-methyl-2-(4-sulfophenyl)~-2-pyrazolin-5-one,
. 2-isoxazolin-5-one (e.g., 3-phenyl-2-isoxazolin-
20 s5-one), 3,5-pyrazolidindione (e.g., 1,2-diethyl-3,5-
pyrazolidindione and 1,2-diphenyl-3,5-pyrazolidin-
dione), 1,3-indandione, 1,3-dioxane-4,6-dione,
1,3-cyclohexanedione, barbituric acid (e.g.,
l-ethylbarbituric acid and 1,3-diethylbarbituric
25 acid), and 2-thiobarbituric acid (e.g., |
' 1,3~diethyl-2~thiobarbituric acid and
1,3-bis(2-methoxyethyl)-2-thiobarbituric acid);
' r and n each can be 0 or 1 except that when n is
1 then generally either Z is restricted to
30 imidézoliné, oxazoline, selenazoline, thiazoline,
| imidazdliné, oxazole, or benzoxazole, or G! and

15

G* do not represent a cyclic system. Some
representative blue sensitizing merocyanine dyes are

listed below in Table II.
5 ' '



1. 5- (3- Et hyl - 2- benzoxazol i nyl i dene) - 3- phenyl rhodani ne 5

[err] 10 2. 5-[1-(2-Carboxyet hyl) -1, 4-di hydr o- 4-

pyridi nylidene] -1 -ethyl -3-phenyl -2-thi ohydanto. in [err] 3.

4- (3- Et hyl - 2- benzot hi azol i nyl i dene) -3- 20

met hyl - 1- (4- sul f ophenyl ) -2-pyrazolin-5- one, Potassium Salt 25 [err] 4.
3-Caﬁbbxynethyl-5-(5-ch|oro-3-ethy| 2- benzot hi azol i nyl i dene) r hodani ne
[err] 35 -52- 5. 1 ,3-Diethyl-5-[3,4 i trimet hyl oxazoli - !
di nyl i dene) et hyl i dene] - 2"t hiobarbituric a0rd 5 [err] Useful blue
sensitizing hem cyani ne dyes include those represented by Fornmula 3. 10
[err] Formula 3 15- where Z, R and pTa8iecgent the sane elements as in

F la 2 d t
Al kyl ) substitul o0 alkyl | S EeBRD SR T ORERARSA LI LAP AV AT o 20

illustrated for ring substphemylchodanfoenula 1 or [err] and [err] taken
together conplete a ring system derived fro a cyclic secondary amne, such
as pyrrolidine, 3-pyrroline, plperldln 2|ne (e.qg.,

4- nethylplpe5a2|ne and 4- phenyl eraz? nmor phol i ne,

1,2, 3, 4- t et r ahydr oqui nol i n& \Jet ydr 9 Eﬁu line, "

§-azab|cyclo[3 2, 2] nonane,} |ndQL>pe"\\ /,"S

L Csz
l10 2.  5-[1-(2- Carboxyethyl)-l 4-dihydro-4-~
pyridinylideneg1-ethyl-3-phenyl-2-thiohydanto
in '
AN,
' cme NN/
15 oK

— | HOOCCHzCHa =X Je=+{  J+=8
' Y

. Ca2Hs
3. 4 (3-Ethy1 2-benzothiazolinylidene)-3-
20 methyl-1-(4-sulfophenyl)-2-pyrazolin-5-
' one, Potassium Salt

./ ® - +
I S0:°K

s\
\N/’ \\

4, 3-Carboxymethyl 5-(5-chloro-3-ethy1 -2-
benzothiazolinylidene)rhodanine.

30 | !.' _/CH3COOH
| \
e’ \ / \N/ \ /

Csz

25

O,

[}

35

¢



etidi ne, and hexahydroazepine; [err] to [err] represent hydrogen, alKkyl

f\1 to 4 carbons, aryl, substituted aryl, or any two of [err] 30 [err]
an:represent the el enents needed to conplete an al kyl ene or carbocyclic
brif/dge; nis 0 or 1; and A and k have the same definition as in Fornula 1. -
e representative blue sensitizing 35 hem cyani ne dyes are |listed bel ow
in Table I11. -53- Table Il 1. 5,6-Di chl oro-2-[4- (diethylanino)-léf '
but adi en-1-yl]-1, 3-di et hyl benzi m dazoliumiodide 5 [err] 10 2.° ;
2-{2-[2-(3- Pyrrol|no)-I-cycIopenten- I-yﬁPethenyl}B et hyl t hi azol i ni um

~perchlorate 15 [err] .
2- (5, 5-D net hyl - 3-p| eri 0
1-yl denenet hyl ) - 3- et yr bérfg’oy?ifgr‘?hmg E'st?ﬁ%r%ﬁ toethyloxszoliz; | 1 e
sensiti zi ng heni oxonol" ﬁL&éﬁ@GéeF \piidene) ieparpicyriol acéd 30
[err] Fornmula 4 where [err] an [err] ren&gsentc;ﬁya sane elenents as in
Formul a 2; e _
s H;C'Jl o-CH-CH-. . -B<O =S | .
| BWeYy o cabs
CHs ' "

Useful blue sensitizing hemicyanine dyes
inglude those represented by Formula 3.

10 == - =
R Jv-eca-cn-) bect’ a1 (scrtcr’) sré .

(A)y

Formula 3
15 where _
Z, R, and p représent the same elements as in
Formula 2; G’ and G may be the same or
different and may represent alkyl, substituted
alkyl, aryl, substituted aryl, or aralkyl, as
20  illustrated for ring substituents in Formula 1 or
G’ and G' taken together complete a ring system
derived from a.cyclic secondary amine, such as
pyrrolidine, 3-§yrrolihe, piperidine, piperazine
(e.g., 4-methylpiperazine and 4-phenylpiperazine),
25 morpholine, 1,2,3,4-tetréhydroquin011ne, decahydro-
quinoline, 3-azabicyclo(3,2,2]lnonane, indoline,
azetidine, and hexahydroazepine;
L' to L* represent hydrogen, alkyl of 1 to 4
carbons, aryl, substituted aryl, or any two of L',
30 L%, L', L* can represent the elements needed | -
to complete an alkylene or carbocyclic bridge; '
n is Oor 1; and '
A and k have the same definition as in Formula 1.
Some representative blue sensitizing
35 hemicyanine dyes are listed below in Table III.

»



[err] and [err] represent thé sane elenents as in Fornula 3; and nis O or
1. Sone representative blue sensitizing 5 hem oxonol dyes are listed: in.
Table IV. Table 1V 1. 5- (3- Api | i no- 2- propen-1-ylidene) -

di et hyl - 2-thi obarbituric acid 10 [err] 15 2.

3-Ethx+;5 (3- pi peridino-2-propen-1- ylidene)rhodanine [err] 20 3.
3-AllyI-5-[5, 5-di net hyl -3-(3-pyrrolino)- 2-cycl ohexen-I-ylidene rhodani ne
[err] Useful blue sensitizing merostyryl ges i ncl ude those represented,by
Forrmula 5. 30 [err] Fornmula 5 #2 [err] and n are as defined in

Formul a 4. .--55- Sone representative blue sensitizing nerostyryl dyes are
listed in Table V. Table V' 1. ~ 1- CyanQaL f&nethylan1nobenzyl|dene) 5
2-pentanone [err] 10 2. 5-(4- nobenzyl i dene- 2, 3-

di phenyl t hi azol i di n- 41one- B+6xPiehlexrqq2-{%-{diethylanino)-1,3-
2- (4- D et hyl ami noci nnany| bdeaéjéd+ baal -1, 3-diethy1benzimidazolium

- - iodide
3 szs

1]

CI\./.'\_/ : CaHs
{ U, Jr-CH=CH-CH=CH-N{

1/ \ W4 \N/ CaHs

: i : -

10 CzaHs . I
2. ' 2-{2-[2-(3-Pyrrolino)~l-cyclopenten-

-y1]etheny1}3-ethy1thiazolinium
perchlorate
CH;

7 \, . Ha cnz_ '_\ﬁ

U, 15
v ‘7 *-CH=CH C=C%

{ c1-o~

CzHﬁ _
3. 2-(S,S-Dimgghyl-3-piperidino-2-cyclohexen-
20 | l-yldenemethyl)-3-ethylbenzoxazolium
perchlorate
(CHa)z
./.\./o\\ _ 1/ \1 —
1\ /u + *=~CH= \./ ( : /'
25 . l . [ 1 1]
|
. CzHs

Cl 04 -

. Useful blue senéitizing hemioxonol dyes
include those represented by Formula 4.

.30 g C<°
G

cecL! (-CL‘-CL’ -N(
G‘~

4]

Formula 4

where

35
G! and G? represent the same elements as in

Formula 2;



-[ 3, 2-a] benzi mi dazol -3-one [err] Spectral sensitization can be undertaken at
anyzsst age of enul sion preparation heretofore known-to be useful. Mst -
nonl y spectral sensitization is undertaken in the art subsequent to the
gl eti on-of chem cal sensitization. However, it is specifically

recogni zed that spectral sensitization can be under- taken alternatively
concurrently with chenical sensitization, can entirely precede chemnical ™
sensitization, and can even comrence prLgﬁrto the conpl etion of silveg
hal i de grain precipitation, as taught by”U S. Patents 3, 628,960, and
4,225,666. As taught by U S. Patent 4,225,666, it is specifically

contenplated to di st(pi’b@bq 'Lnt’rgducgﬁ@mbfréﬁﬁsgaectnal sensitizing dye
into the emul sion soehgat_g'- -gé- éiﬁtiérapﬁ‘§he_spectral sensitizing dye
is present priorsa®® Slemepks 8g I8 FOERYLS, 35,849 crnining portion is

i ntroduced after chamimsald eendktization. Unlike U S. Patent 4,225,666, it
is specifically 5  conigggll gbprebéiitatiie TR sohstelelagzi ng dye can be
added to the enul sion after, 80 percent of th ilvig hal i de has been

preci pi tat &d. Shemioxenolodyegnare Me‘d‘ &Fi’;}ﬁg dj ust ment, i ncl udi ng
variation in pAg which conpl etes one @abler&Vcycl es, during chem cal 10

and/ or spectral sensitizati,qn e4l L) - Ay adjustnent is
. provi ded by Researc?"ﬂ s?légu%g?f%%§.fﬁéééb%agym?gggghfPe%f%8155.-It has
been discovered that hi gdigsbeir2rebicparhihuricyasiq si|ver halide

enul si ons can 15 exhi bi t bﬁtﬁer speed-granul arity rel ationshi ps when
chenicallyégfd spectrally selééébzed t han have heretof ore been achi eved

usi ng conv ional silver hajl.g€ emul sions gpf l.ddee halide content. It is
general |y known in the -arst..\ﬁat s‘j.buecamw.(di d%.

I 0
CaHs

15 2.  3-Ethyl-5-(3-piperidino-2-propen-l-
ylidene)rhodanine

o
U

;(s/ CH-CH=CH-N,

CzHs

20 - .
3. 3-Allyl-5-[5,5-dimethyl-3-(3-pyrrolino)-

2-cyclohexen-1-ylidene]rhodanine

_ g H;C\ /Cl'ls
' CH2=CH=~CHz AN N
25 | | P /é'"< i
& ¢~ ¢ o

Useful blue sensitizing merostyryl dyes
include those represented by Formula 5.

' /0 - 3
30 G' - RLIN G
. G / ) .CHCH.C%.\._- ./.—[(G“

Formula 5

where
35 : G, G*, G*, G*, and n are as defined in.
Formula 4. S - '



20 enul sions produce the best achievabl e speed-granularity relationships
Therefore, such enul sions are used to satisfy comrercial canera-speed
phot ographic applications. Optimally chemcally and spectrally sensitized
hi gh aspect ratio tabular grain 25 silver bronoiodi de enul sions exhi bit
i nproved speed-"granularity relationships as conpared to the best
speed¥granularity rel ati onshi ps heretofore achieved in the art. Mre
‘generally, optimally chem cally and spectraL#%_sensitized hi gh aspect ratio
tabul ar grain 30 enul sions when exposed within a region of spectral
sensitization exhibit inprovenents in speed-granularity rel ationships as
conpared to conventional enuSémencepifesdntdtdivendlludcsénsieiding nproved
speed-granul ari ty 1 Gletidsegehh Piyas Carl 116Ul GabIY gONt enplated for high
aspect ratio tabular grai i1 VET® broni de and “si ['ver< b onoi odi de -57-
enul si ons spectrally sensitized and exposd@bl® ¥he green and/or red
portions of the spectrum. | npcOy£ae+ls(4-dineehyRaatingbensy Pidene) - '

rel ati onshi ps.i.n the native ?gﬁg'égaQ#é/ regi on of the spectrun18e;g., 5

the blue portion of the spectr H* can al so ‘be realized using bhlue spectral
sensitizing dyes when the high aspect rgio tabular grains used in this

:}“

I nvention are conpared to SiOﬁtéﬁﬁ itized.cOnventéﬁmal (i.e., low
aspect ratio tabular or non-ta ula%% Si caag;hglid o d grai ns of
conpar abl e individual grain volune. INC'one prekesfed TCHyN Spectra

sensitizers can be-incorporated in the enul sions used in the present
i nvention priofgto chemleal 8efAtRimethylamisobenaylidenet2,3rave al so been

achieved in sone 15 instangpshdiylithilaed1eina-otosé-Pinadabl e material s,
such as finish nodifiers, into the enmul sions priaor to chem cal

sensitization. Independent of/t@e pr@ or incorporation of

\./ \./ ome CH3
. . . /&\ \\. .CH10< ;.- )
: 15 . ‘/ \. ./ \.-‘ CH’
o [
' \,” o

3. Zf(4-Dimethylamihocinnamylidene)thiazolo-
[3,2-a]benzimidazol-3-one |

20 _/o.-\ O :

A S PalitN CHs

N #°
Neoo? CHs

. U
\ \ . .
_?:s//_fCH CH=CH
Spectral sensitization can be undertaken at
25 _any_stage_of_eﬁulsioq p?eparation 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-
taken aiterna:ively concurrently with chemical

‘ N sensitization, can entirely precede chemical
sensitization, and can even commence prior to the
completion of silver halide grain precipitationm, as
taught by U.S. Patents 3,628,960, and 4,225,666. As
taught by U.S;'Patent 4,225,666, it is specifically

35 . - :
. contemplated to distribute introduction of the

spectral sensitizing dye into the emulsion so that a



g0y bable materials, it is preferred to enploy 20 t hi ocyanates during

c &wf cal sensitization in concentrations of from about 2 X [err] to 2 nole
per gent, based on silver, as taught by U S. Patent 2,642,361, cited above.
Ottfer ripening agents can be used during chem cal sensitization. 25 '
In still a third approach, which can be practiced in conbination wth one
or both of the above approaches or separately thereof, it is preferred tss
adj ust the concentration of silver and/or_ halide salts present inmediately
prior to or during chem cal 3U sensiti®®1on. Soluble silver salts, such
as silver acetate, silver trifluoroacetate, and silver nitrate, can be

I ntroduced as wel | il a d 3 the grain
surfaces, such a Eﬁ? °{%’hgc?gégfgags%@seghﬁﬁ%ﬂ "its eggagarbonate
and 35 the |ikerioyitp chemical happaétéﬁaﬁi°ns4 nem@indBg i odi de,
and/or chlori de) pgFeidw fé‘ﬁ&iﬁr@dﬁ%e@shﬁﬁeﬁ' chenfdhl Iseipitigacton. t he

tabular grain s rd d or nn emul si on
can be mtroducgg&gﬁﬁ?n‘? chem I;kly': szégg f?ggtliﬁmrp%ﬁi%ﬁfﬁwahem cal
sensitizati®n ofcont:ﬁpkdﬂqd:ﬁhn$ltheedpéctralngﬁns&qﬁaﬁmsrdveocgabh¢ar grain
emul si ons can bea&dé&%&ctlﬂ ﬁﬁs&bn”ﬁf@e?rwrﬁrﬁt&crﬁ Qh&' kesvet the

t abul ar grai ns. L s bel i eved tha éefe ent gg gtlo of
spectral sensitiB# ﬁﬁ%l ﬁn?qﬂﬂbPEF§ FFBB a % 5PRi RS t he nmj or
faces of 10 t henhmedarb)gmsddhumnthehmcmdkmsmnia&ﬁpuninop&ecur

selectively at gg+igﬁ égdﬁ¥&¥é§095§paﬁ ﬂﬁyéféf %{Egii§¥:agﬁgaicglalns The

preferred chem ensi t'l ze €st a peed-granyl arity
rel ati onshﬂgﬁ arﬁ“ r spach sens Gizgéﬂ%‘i‘t i Zhrape 2H8URLR PFum
sensitizers, gzsglﬁjﬁdﬁm iangrovlided by Resddrcie Disclbesre,n a

preferred formopoihe g, May 1979, Item 18155
It has been discovered thet high aspect
ratio tabular grain silver halide emulsions can
15 exhibit better speed-granularity relationships when
chemically and spectrally sensitized than have
heretofore been achieved using conventional silver
halide emulsions of_like_halide content. It is
generally known in the art that silver bromoiodide
20 emulsions produce the best achievable
speed-granularity relationships. ' Therefore, such
‘emulsions are used to satisfy commercial camera-speed
photographic applications. Optimally chemically and
spectrally sensitized high aspect ratio tabular grain
25 silver bromoiodide emolsions'exhibit'improved speed-
granularity relationships as compared to the best
speed-granularity relationships heretofore achieved in
the art. More generally, optimally chemically and
spectrally sensitized high aspect ratio tabular grain
30 enulsions when exposed within a region of spectral
sensitization exhibit improvements in
speed-granularity relationships as compered_to
conventional emulsions of similar halide content.
Improved speed-granularity relationships are
35 - specifically contemplated for high aspect ratio
' tabular grain silver bromide and silver bromoiodide




br onoi odi de enul sions of the 20 present invention contain a mddle ;
chal cogen, such as sul fur and/or sel enium which nay not .be detectabl e, and
gold, which is detectable. The emulsions also usually contain detectable
Ievelqvpf t hi ocyanate, although the concentration of the thiocyanate in the
25 final emul sions can be greatly reduced_by known emul si on washi ng

techni ques.. I n various of the preferred f 6PAS i ndi cated above the tabul ar
silver brom de or silver bronoiodide grains can have another silver salt at

their surface, su RY ' 0] f r | lxer halide
of differing hali S%“‘i%rﬁ%é*ﬁtg 5?8??%?@%‘%"“%%%? g'dorggg%’Pgérf%r%}ﬁ de),
al t hough the ot her8%$§R &0 t TRAYPOELINRE 9f the smegtru®:abl e | evel s.

Altlhough not L equi Ifgrdvenentis 16 ehé_qieé‘é-grddiﬂf lair 129V e8laebonsiips in .
ermul si ons used in n . I cprdance wi
--59- prevailing m%ﬁ%ﬁ?@ngegggﬁ%ﬁﬁﬁtﬁ{néffighé%e%gﬁ Q%‘CP"_
spectral |y sénsitithel blueaporsionhef therapeatirumlcicanyalapchelsreglized cast
60 percent of the uebhignilueogpepcedl adéme liding dydst Whed' théchigh 5 t he
spectral region of_sen itiigtign Uﬂder tﬁﬁ con%%ggla&ﬁg cgnditi ns %f use
and processi ng. Lo’gs F&2%n FEY 28 B 38 n( - Bg %Y?“ s
measured in net er -¢eRRATeds ooAdnltarky kensktized conventiendbg(i@nce the
silver halide graipsy Qlapplel@aci8 EABIIAY |Gt HonlRuBulEe) SPRVEE atliaRd. it
IS possible to estimate fr n1?urt er g#qgfct anal ysi s ang pertormance

eval uati on widt hergzﬁ'"@mﬂfgf’Bﬂp?ﬁﬁ e 0 cBTRABYPLUR: he optimally
chemcally and spectral |y s@nsohezpreferred Fort] spe6Oralrsdtisitizers
comrer ci al of fer | gy Y QLIGEpBRRELA A" ¢He' enuld 185D’ G¥Ea 1 " PPess

advant ages -of the presen
o present invention prior to chemical sensitization.

Similar results have also been achieved in some
15 instances by introducing other ‘adsorbable materials,
; : such as finish modifiers, into the emulsions prior to
chemical sensitization. _
Independent of the prior incorporation of
adsorbable materials, it is preferred to employ

20 thiocyanates during chemical sensitization in
concentrations of from about 2 X 10°® to 2 mole
percent, based on silver, as taught by U.S. Patent
2,642,361, cited above. Other ripening agents can be
used during chemical sensitization.

25 In still a third approach, which can be
practiced in combination with one or both of the above
approaches or separately thereof, it is preferred to
adjust the concentration of silver and/or halide salts

- present immediately prior to or during chemical

30 sensitization. Soluble silver salts, such as silver
acetate,'silvef trifluorocacetate, and silver nitrate,
can be introduced as well as silver salts capable of
precipitating onto the grain surfaces, such as silver
thiocyanate, silver phosphate, silver carbonate, and

35 the like. Fine silver halide (i.e., silver bromide,
iodide, and/or chloride) gréins'capable of Ostwald

i nvention, the high aspect ratio tabular grain silver brom de and silver’
<Ei



veation it is inmmaterial whether the silver halide enulsions are :
ixally or spectrally sensitized efficiently or inefficiently. 20 Silver
g Once high aspect ratio tabular grain emul sions have been generated
by~pf eci pitati on procedures, washed, and sensitized, as described above,
their preparation can be.conpl eted by the 25 . incorporation of

conventi onal phot ographi c addenda, and they can be usefully applied to o
phot ogr aphi ¢ applications requiring a stb8&er image to be produced--e.g.,
conventional bl ack-and-white photography 30 The. photographic

el enent s accord%&g t% t he ﬁre ent ntlon I ntended to form silver inmages
can be har dened FHeRA"ExPBRP f?%ﬁ T 85aif PUTEACRS AN RSty of |
i ncorporati ng additriodugedpar Bercexanplay apLdppaspngepelsdon qanbeased

: : L\r/g] t SO\SI.GH Ingrmwoauhed?@urizg mi'emg sasasunatfént 0 Fleitegd, aﬁgln tcabul N
or less than hi (fh% g&@%?g?gt P{)ﬁﬁcetsﬁ% n?‘éé Lﬁ attized

ar- grain S|on pECI caIIy it is
possi bl e t g har ddgh Bapacghratie tabukar gradn empulsions ¢8R Hen | ayers and

olt her hydrophl | le‘ffé%{tbal fd]g:lauerfr ?ioié orda&aakdaadrubetﬁawtmwahl cI

el enents in an anmpugt suffjcient_tq r e o less
than 200 per cent~2PHiAZ-gFa %I’I ity jtﬁae%a&(f geﬁ#’ﬁgdt \ Qﬁ?ﬁ%ﬁrbi%tll ng the
phot ogr aphi c eIo@onmp&icpeof]spenttnkkggn&ﬂtiaonaedrenonrchoi|ve humidity, -
(b) measuring 1Q: Q?XEB {' ﬁ#@e@f&s T RE" % thﬁéaofafc el ement

| ayer “t hi ciflese th EABUIAT naraths Al lowa %@eﬁseagr FLECALRIES | 1t ended
to formsilver igteues sbmeébﬂvexj&m tidﬁlk&&ltgveneuogeephﬂé suriscese
i ncor porated i ”ﬂ‘&ﬁﬁsﬁhﬂgﬁiﬂg{‘éﬂ{? is - _
_ ' The preferred chemical sensitizers for the
highest attained speed-granularity relationships are

15  gold and sulfur sensitizers, gold and selenium
sensitizers, and gold, sulfur, and selenium <
sensitizers. Thué, in a preferred form of the

- invention, the high aspect ratio tabular grain silver
bromide and silver bromoiodide emulsions of the

20 present invention contain a middle chalcogen, such as
sulfur and/or selenium; which may not be-détectgble,
and gold, which is detectable. The emulsions also
usually contain detectable levels of thiocyanate,
although the concentration of the thiocyanate in the

25 final emulsions can be greatly reduced by known
emulsion washing techniques. In various of the

- preferred forms indicated above the tabular silver
bromide or silver bromoiodide grains can have another
silver salt at their surface, such as silver thio-

30 cyanéte or another silver halide of differing halide
content (e.g., silver chloride or silver bromide),
although the other silver salt may be present below
detectable levels.

Although not required to realize all of

35 their advantages, the emulsions used in the present

invention are preferably, in accordance with
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s;mp@:timseeimm further Prt&?ﬂ&lcs snalyeipandgraphic
Perfiormance evaluation whether an emulsion layer of a
product appears to be optimally chemically and
spectrally sensitized in relation to comparable
commercial offerings of other manufacturers. To
achieve the sharpness advantages of the present
invention it is immaterial whether the silver halide
emulsions are chemically or spectrally sensitized
efficiently or inefficiently. o

. Silver imagin

Once high aspect ratio tabular grain
emulsions have been generated by precipitation
procedures, washed, and sensitized, as described
above, their preparation can be completed by the
incorporation of conventional photographic addenda,
and they can be usefully applied to photographic
applications requiring a silver image to be
produced--e.g., conventional black-and-white
photography.

The photographic elements according to the
present invention intended to form silver images can
be hardened to an extent sufficient to obviate the
necessity of incorporating additional hardener during
processing permits increased silver covering power to
be realized as compared_to”photographic'éléments
éimilatly hardened and processed, but employing

be

to

f

choi ce



4 within the capablllty of the art. A variety of useful addenda are
d;?QI-sed in Research Disclosure, Vol. 176, Decenber 1978, Item 17643. .
pti gal brighteners can be introduced, as disclosed by Item 17643 at

emul si ons-of the invention and in separate |ayers of the photographic

el enents, as described in Paragraph VII1. Coating aids, as described in \

Paragraph XI, and plasticizers and |ubricagggs, as described in Paragraph
XI'l, can be 25 present. Antistatic layers, as.described "in Paragraph
XIll, can be present. Methods of addition of addenda are described in
Par agr aph Xl V. I\/anbnngbayerlte;t ckes shdhamc bigbr aspelct asatiias crabuddri n

dosi red. be | noor BoraReoHuBGRite, HEpeEcaly] LEPEs BRI Lo ¢ he
Si i SCri | S

phot ogr aphi c el erTBﬂF erﬂPﬁ}fﬁbéﬂHe&ﬁ §P§1Pnggﬁg‘gﬂrt§%‘é¥ \ﬁ?“lléaPBgr aphi ¢
appli- cations, e&BVerenaaddothetﬁhydnpﬁhildh codloddi bayershiof el enent can

take any of ghe fgy i SBAG LI EA Iphotdgrapfilc bYefentls TP GR1 dho QP%C' osure,
Item 18431, Tited a gx he eq&%flon & E n, as well

other, convention3BEELFient te raduce swe bl PgyREst ? ayers &0 legser coat s,
and subblng Iayerthanf2anypernen§ynpencehhesphblbggahtingederemminedabybe

coated and dried 33)0gagboetnd U HRLCRrRAEL S fent Ur D for

Decenber 1978, ltem Par n-accordance th est Ilshed

practices withi-n SRESaRE 50 PQFQﬂﬂinqﬁLﬂﬁﬁﬂ? bunidiey ot (RY measUTINEt he high

aspect ratio babulayegrahﬂcknessy o dnnérsmngheherpﬁuﬁdgraphﬁﬂn on with

Pardgraph V. Absorbing and scattering materials can 20 be enployed in t he

-62-

ayer roqu oL gﬂgﬁafﬁﬁ @ﬁﬁﬂﬁ@aﬁd Q@‘E%O%S?%‘” b S%ryﬁﬁm bR

the characteristi éuP?ESEF g Fhangs dgn EYEFeEBﬁ?kQQF%ﬁnl
predet er m ned alﬁhardening of the photographic elements intended to

form silver images to the extent that hardeners need
15 not be incorporated in processing solutions 1is

specifically preferred, it is recognized that the W/

emulsions used in the present invention can be
hardened to any conventional level. It is further
specifically contemplated to incorporate hardeners in
20 processing solutions, as illustrated, for example, by
- Research Disclosure, Vol. 184, August 1979, Item
18431, Paragraph K, relating particularly to the
processing of radiographic materials.
 Typical useful incorporated hardeners
25  (forehardeners) are illustrated in Research
Disclosure, Vol. 176 December 1978, Item 17643,
Section X. o
Instability which increases minimum density
in negative type emulsion coatings (i.e., fog) or
30 which increases minimum density or decreases maximum
density in direct-positive emulsion coatings can be
protected against by incorporation of stabilizers,
'antifoggants, antikinking agents, latent image
stabilizers and similar addenda in the emulsion and
35 contiguous layers prior to coating, as illustrated in
Research Disclosure, Vol. 176, December 1978, Iten

%



real i zed on exposure and processing, to decrease or increase nininmm
density, and to adjust characteristic curve shapes bet ween their toe and
shoul der portions. To acconplish this the enulsions of this invention can -
be bl ended wth conventional 20 silver halide emul sions, such as those
descri-bed in Research Disclosure, Vol. 176, Decenber 1978, Item 17643,

cited above, Paragraph |. It is speC|f|caIIy contenplated to blend the
enul si ons as described in sub-paragraph F &T Paragraph |. \Wen a relatively
25 fine grain silver chloride emulsion is blended with or coated adjacent

the enul si ons USGQ?E&BU‘&@E&&E'\H ) nuaasyleﬂ tmraﬂmo%r hﬁtbhﬁhiéﬁV@Ee
br onoi odi de enuIS|ggs$5€. éﬁxmﬂ crease

1
Sensitivity- i e HsAGhg 2en ! B1ad b Ukddi3h 8BReliners  on can
result, as taught SD§ CATS, bPanhasslf:ipMO;ldﬁﬁ arfew gﬁemneadmge; ras

Bl endi ng can be enpl oyed to increase or decrease 15 maxi mum densities (iéé&

sinpl est form phomnae&u@e@lwtsxacsaédl Nthd OrHd¥%: BGESQHE i nvention
enploy a single s VL hau q§ S|on ﬁygé gh aspect 35
ratio tabul a? gra th t F phPR* support .

It is, of course, 67%t6@@4zed -63- that nmore than one silver halide
‘€nul sion |ayer as well as %@h@zd&ﬁb?bnaf a@ameww ﬁéﬁecaﬁebe
ri

useful ly |ncluded ste bIe | si ons e, the
sanme effect can uSH& ‘Ey‘g‘ Fg@eﬁv%ﬁq s to be
bl ended as separacenv egtionalcantifgggantepar at e enuI5|on 1ayers to achi eve

ﬁxposu'rvgkl at Lauge Cz) s well. W%d‘ﬂﬂ:ﬁetériené’ﬁtiiéﬂbﬁ :iﬁ"raﬁngi‘szg%ﬂzd‘”ﬁn agg
LouT sheki 19 nd, CR8l EOg et S RRLE RIS 1% bl o BRpet ot 2P 10
known in the art chaventftmlﬂsq:dhopbﬁreghiphldﬂemhad:mfbebpreeahtzedl'lwhen
specific choice of addenda depends upon the exact
. nature of the photographic application and is well
_ 15 within the capability of the art. A variety of useful
N addenda are disclosed in Research-nisclosufe, Vol.
176, December 1978, Item 17643. Optical brighteners
can be introduced, as disclosed by Item 17643 at
' Paragraph V.  Absorbing and scattering materials can
20 be employed in the emulsions of the invention and in
- separateé 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 XII, can be
25 present. Antistatic-layers;'as described 'in Paragraph
XI1II, can be present. Methods of addition of addenda
are described in Paragraph XIV. Matting agents can be
incorporated, as described in Paragraph XVI.
_ Developing agents and development modifiers can, if
30 desired, be incorporated, as described in Paragraphs
XX and XXI. When the photographic elements of the
- invention are intended to serve radiogréphic appli-
cations, emulsion and other layers of the radiographic
' element can take any of the forms specifically
35 described in Research Disclosure, Item 18431, cited
' above. The emulsions of the invention, as well as

L]




fast&r and slower silver halide emulsions are coated in separate |ayers as
0 Rﬁsed to blending. Typically 15 the faster enmulsion layer is coated to
I earer the exposing radiation source than the sl ower enul sion |ayer.
approach can be extended to three or nore superinposed enul sion

| ayers. .Such | ayer arrangenents are specifically contenplated in the
practice of this 20 i nvention. The | ayers of the photographic el enment sw
can be coated on a variety of supports..gypical photo- graphic supports

i ncl ude polyneric film wood fiber-- e.g., paper, netallic sheet and foi

gl ass and 25 ceram c supporting elenments provided with one or nore
subbi ng | ayers DuhenhanonwemmiqnﬂtﬁﬁﬁhyetahaEtGQI¢mulaionﬂt§y!ﬂﬂ, abr asi ve,

hardness, frictijagaklapdis; Mﬁdars aaelaosuabhs p& Lisegs a%fy the support
surface. These suggorts rzilr%/el knovvn i,n t

ar See, npl e,
Resear ch Di scl o®&PEentf *Bé@&?ﬁ@?‘ifg? em?? ?‘n"l%épf °§€&e| §V
Al t hough the emdirdednasagescribediar Res Qthaclgsm; daiblas 1(76r;t i nuous

| ayers on guppobggrglg%%n PP ORGSR qlmgr mggrg illf,’wes this need not be
#

the case. "The enu g¥ers C be ¢ ter qg%%ﬁaced | ayer
segnents on a pl anar suppdft8€CoL c?sﬁ | ayer or

| ayers are segnwithiin thelsrtprﬁdrecqbecclfénplby comtenmlatiddltsx support .
useful mcrocel bibal EHEPRIZH dirfedt %&l:%eéabma’et%mmr fllopan Treaty
publ i shed applicatio /01 blis 7, 1980, gBeIglan
Patent 881, 513, “Aﬁﬂug‘? he 1%?9%31"@93%8%\5? °§hq5at°é"nf"15 307, 165.
M crocel | sygan cangenttonal.eunllibnn tbosntésfylmpectﬁtczauhhqdoho 1000 :
m croneters in q ﬁuif’e s.ge@@i.akkx?ﬁigf e{)sefg thddwd o Bhenacel I's be
atlﬁwt4rnmo ms ga mcmmme5|n _
emu sions to. a ust . the characteristic curve o
photographic element to_satisfy.a predetermined aim.
Blending can be employed to increase or decrease
15 maximum densities realized on exposure and processing, -
to decrease or increase minimum density, and':o adjust -
characteristic curve shapes bet ween their toe and
shoulder portions. To accomplish this the emulsions
- of this invention can be bléended with conventional
20  sillver halide emulsions, such as those described in-
Research Disclosure, Vol. 176, December 1978, Item .
17643, cited above, Paragraph I. 1t is specifically
contemplated to blend the emulsions as described in
sub-paragraph F of Paragraph I. When a relatively
25 fine grain silver chloride emulsion is blended with or
coated adjacent the emulsions used in the present
invention, particularly the silver bromoiodide
emulsions, a further increase in the contrast and/or
sensitivity--i.e., speed-granularity relationship--of
30 the emulsion can result, as taught by U.S. Patents
3,140,179 and 3,152,907.
In their gimplest form photographic elements
. according to the present invention employ a single
silver halide emulsion layer containing a high aspect
35 = ratio tabular grain emulsion as defined herein and a
photographic support; It is, of course, recognized




depth, with optimum di nensi ons being 10 to 100 mcroneters in w dth and
depth for ordinary bl ack-and-white imaging applications--particularly 15
where the photographic inmage is-intended to be enlarged. The phot ographic
el ements of the present invention can be inmagewi se exposed in any -
conveéntional manner. Attention is directed to Research Disclosure 20 Item
17643y’ cited above, Paragraph XVI11. The present invention is particularly
advant ageous when i nmagewi se exposure i s u#aél3¢taken with el ectromagnetia
radiation within the region of the spectrumi'n whi ch the spectral
sensitizers present exhibit absorption 25 xi ma. _When the photographic
el enents are int erfdi&t mOTre-EhAR ‘D‘P%lesﬂg}ﬁ?eﬁ“lﬂ-éﬁ egulsign JaeBSosur es,
spectral sensitizeveldbasr bwegcoat; I“mliﬂing, gmdelnteeliayets igdr deed portion

of the spectrumi ac gﬂp‘ sit is
preferred 30 thatﬁ"#hﬁaq o] 8@2% otggbgrgﬁﬁ g digogﬁ ggor
panchromatical | y- dascribed a Bvﬂer Q%leftfﬁ‘:&xﬁéﬂd“% X Bty within
the visible gpect rdihieved bt coaciny tHe enitddibae €56 Wblermdud a3 eit her

mgew se expoaur SETRFAEEL %?‘39 herev“;‘ﬁ‘%*w@ 335 T8 amEl SNl dbvkts) o7
Pressures, -65t9 n@héewsgeapgwm lapitindecdsi weldxkaown dn '-'c!'@ntﬂrﬁuous or

internmittent exposy qaluetea&uaebilzmmaglam Leom, nyawd s drd rel atively
short durations | h . d g’IaH’2|ng

exposures, 5 o EherS ¥ 1geS
det er mi ned b)wcon\Zéﬁl'lZéﬂal Us&nsl’am r3.(66t23325|,qend UeK. iRatentr at ed by T.

R Janes, The Thewy2s @4st.he1Phos opurtituL ﬁlqcﬁﬁéwnﬂﬂ Eﬁ’e ari@Hal! an, 1977,
ﬁg??;grioﬁta?neé71n%reaseg %gotagraphic speed cag be' lerESJh.Ve sil ver
faster and slower silver halide emulsions are coated
in separate layers as opposed to blending. Typically
15 the faster emulsion layer is coated to lie nearer the
St exposing radiation source than the slower emulsion
layer. This approach can be extended to three or more
‘superimposed emulsion layers. Such~1qyer arrangements
are specifically contemplated in the practice of this
20 invention. N
The layers of the photographic elements can
be -coated on a variety of supports. Typical ﬁhoto-
graphic supports include polymeric £film, wood fiber--
e.g., paper, metallic sheet and foil, glass and
25 ceramic supporting elements provided with one or more
subbing layers to enhance the adhesive, antistatic,

- dimensional, abrasive, hardness, frictional, anti-
halation and/or other properties of the support
surface. These supports are well known in the art;

30 see, for example, Research Disclosure, Vol. 176,
December 1978, Item 17643, Section XVII.
‘Although the emulsion layer or layers are
typically coated as continuous layers on supports
~ having opposed planar major surfaces, this need not be
35 the case. The emulsion layers can be coated as

€

laterally displaced layer segments on a planar support



h -t Ne phot ographic el enments can be processed conventionally follomnng

e%ﬁb ure to forma visible imge by associating the silver halide wth. an
quebus al kaline mediumin the preéesence of a- developlng agent 15

ained in the nediumor the elenent. Once a silver inmage has been forned
in the photographic elenent, it is conventional practice to fix the .
undevel oped silver halide. The high aspect ratio tabular grain enul si ons'-sf

the present invention 20 are particul aid4. advantageous in allow ng fjxing

to be acconplished in a shorter tinge period. This allows processing to be

accel erated. Dye Inmagi ng The photographic el enents and the techni ques 25

descri bed above tarfaceduWhen tiHes @mulsdgaslayer ber rksyéds/ axsapt ed to

provide a col OregeFHBHEe& | ov ol Bﬁ‘”eﬂé%%eﬁf tdYédploy a REIdKARD110g at! P! eSt
approach to obtain | e COlgépgﬁﬁ convent.i onal e ,can be
i

i ncorporated in FHBPQEBpor‘t’é E“ERP"%H%ﬁﬁa ’céﬁ edi | ver

i mge formation- bydBatakenCanpetanﬂumbd&eahyvpubltshad%nppmtaatians|Iver

i mage i s fogmed I sgan: |y

tranem tting It oRPEPFOFERE) o%%lﬁ*"*? AaRit ?m%’%% (B PcRhr
transmitted corr 88headdnA ?&P%B » d#80 FS’FﬂEPEQﬂ%F support. In
this way a coIoradsLnteenmunxﬁowfmﬁﬁ | y f oMderocébkssane effect -66- can

al so be achieved --“ f&&fg@r %KEVEiBEB@S%e¥§yfﬁ or dye filter el enment
n

together with an® Having a transpare port elenent The silver
hal i de phot ograpkidtblmémm &t 1000 migzometers mcden |1r¥aé-és t herein

through the;gel eﬁbh&?sﬂﬁftﬁtﬁéﬁé@rthﬁw Eﬁ&' ﬂﬂc?&cé‘l@é belht Ilb@"s@ghaphl c
el enent s descrlbeg gbove for for 8Ll es n#gg@g iLormdye
i mges by enpl oyPRETIREESTS %ﬁﬁﬁ%gfﬁpné 8§ e
depth with opcimum dimensions being 10 to 100
'misrometers in width and depth for ordinary
black-and-white imaging applications--particularly
15 where the photographic 1mage is intended to be B
enlarged. . o/
The photographic eleients of the present
invention can be imagewise exposed in any conventional
_ manner. Attention is directed to Research Disclosure
20 Item 17643, cited above, Paragraph XVIII. The present
' invention is particularly advantageous when imagewise
exposure is undertaken with electromagnetic radiation
within the region of the spectrum in which the
spectral sensitizers present exhibit sbsnrption
25 maxima. When the photographic elements are intended
'to record blue, green, red, or infrared exposures,
spectrsl sensitizer'absorbing in the blue, green, red,
or infrared portion of the spectrum is present. For
blsck-and-white 1maging applications it is preferred
30  that the photographic elements be orthochromstically
or panchromatically sensitized to permit light to
extend sensitivity within the visible spectrum.
Radiant energy employed for exposure can be either
noncoherent (random phase) or coherent (in phase),
35 produced by lasers. Imagewise exposures at ambient,
eleévated or reduced temperatures and/or pressures,

>



10 such as color couplers, as illustrated in Research D sclosure, Vol.
176, Decenber 1978, Item 17643, Section Xl X, Paragraph D. In this formthg
devel oper contains a col or-devel opi ng agent (e.g., a prinmary aromatic “
amne) which in its oxidized formis capable 15 of reacting with the
coupler (coupling) to formthe i nage dye. Dye-form ng couplers
alterhétively can be incorporated in the photographic elenents in a
conventi onal manner. They can be incorpora68e in 20 di fferent anmountstto
achieve differing phot ogr aphi c ef fects. For exanpl e, the concentration of
coupler in relation to the silver coverage can be limted to |l ess than
“normal |y enpl oyed ¥fdnding highsee rlewdin Q?rUYnGHPQFEfﬁ)e&PW‘@Pén

| ayers. 25 or intEraitiyent cexpoguresiplexposare time® tangingsdtromo form

subtractive pri My dieeg tovs};imv@m%@%mﬁpers Shdifngand are

nondi f fusi bl e, colorl'ess co orm ng .cou rin

reaction rates in 885AR% tG, B éﬁa?%?%“q FAnNge and ﬁi#%‘}&c?’m?mes sachi eve
desired effegs foatﬁlUéC'efn aogbetmmhlaxamﬁat kes onJ@emitgw‘ or m ng

Coupl s o) COUL R ods i A ST RAREL bl bR "

as devel opnent i nhi ors or
devel opi ng agent s,asiilllastiratedeby T. 3. Jamesgn{The Tbeerxgof]Mners

foggi ng agents, arpHot ﬁ&&srrsemtlmwpl #asnitDeR) CRd7 Ay spectral
sensitizers and d nent | Ribitor-rel easing (DR

couplers are wel | Tendy 6, 1fp 1§y ands23,, dye-forning couplers and
non dye-forml@y conpounds wEhehlight-sengitiive silverchalide icuntadined

phot ographi cal | y g_sdefcy hets rﬂﬁwc%i 68 ?p gfgsgcprm dye upon
reaction with oxi donven onal% f¥g$¥£ia %%E%u%%”:o g;m a visible
image by associating the silver halide with an aqueous
alkaline medium in the presence of a developing agent
15 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
ratio tabular grain emulsions of the present invention
20  are particularly advantagegus in allowing fixing to be
accomplished in a shorter time period. This allows
processing to be accelerated. '
Dye Imaging .
The photographic elements and_:he'techniques
25 described above for producing silver images can be
readily adapted to provide a colored image through the
use of dyes. In perhaps the simplest approach to
obtaining a projectable color image a conventional dye
can be incorporated in the support of the photographic
30 element, and silver image formation undertaken as
described above. In areas where a silver image is
formed the element is rendered substantiélly incapable
of transmitting light therethrough,; and in the
remaining areas light is transmitted éorrgsponding in
35 color to the color of the support. In this way a
colored image can be readily formed. The same effect




enpl oyed. DI R conpounds whi ch oxidatively cleave can al so be _
fldoyed. Silver halide enul sions which are relatively |light insensitive,
as Li pmann enul si ons, have been utilized as interlayers and overcoat
efs to prevent or control the mgration of 15 devel opnment i nhibitor
fragnents The photographlc el enents can incorporate colored dye-form ng-
coupl ers, such as those enployed to formintegral masks for negative colss
i mges and/or conpeting couplers. The phaggygraphic el enents 20 can

i nclude i mage dye stabilizers. - All of the above is disclosed in Research
Di scl osure, Vol. 176, Decenber 1978, Item 17643, Section VII. Dye imges
can be formed orcanpal-w&e chieness bys ushngha coepatate dyentfiliseron with a

dye- 25 image- QIS9€£'aéi:nyé esnﬁdeig eqaaahtaaogxtmzzlm:rawubaehhe f or m of

an inert transit and/or,a oxi de oxi di zi ng agent.
The photographlchgréﬂﬁn st q%ﬂi EBPﬁFlﬁlﬁﬁgﬁﬁéd to formdye imges.

30 The photogr1h¢1&ikﬂeﬂmhnﬂideaphptcgtnnhtﬁu;hemgg@s eanough t he
selective d strugglggegftgyfgfﬁna ?@ngﬁgf§1n8¢5¥bﬁihfﬂhhyer-dye-b|eaCh

rocesses. Is C ractice m mages 1n SI ver halide
Bhot ogr aphi c el eft ?§t£‘6£ &ﬁfé"’t%?'%@r fggV§¥§%'éo°€ | eachi ng.
Such renoval canphoteghaphﬁd eiemeunn'ﬂeaerlbedoibcmblinxﬂfcnmdaterator or a
-68- precursor tgﬂgg% ﬁ r‘gﬁpw %geaokut ver or %dg@/ggvof t he

element. In sone | anmount of _Si érq el opment is
smal | in relatiof®pP °Y °Hﬂ’ﬁdf€“ﬁPéﬁﬁEGddY$a§QQEﬁn MPrEn dye i mage
5 anpl i fygat i gGchaas deslot keshiplleves, aandltusvedtdd ciac Resgarshoni tted

I bout SubStant o bREL EPC 76, Sibahbaf I57 PR ATGU, The 511 ver

' 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

15 of reacting with the coupler (coupling) to form the B

~ image dye. v’
' Dye-fotming couplers alternatively can be
incofporated in the photographic elements in a
conventional manner. They can be incorporated in

20 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 inter-
mediate speed emulsion layers.

25 ’ The dye-forming couplers are commonly chosen

' to form subtractive primary (i.e., yellow, magenta and
cyan) image dyes and are nondiffusible, colorless
couplers. Dye-forming couplers of differing reaction
rates in single or separate layers can be employed to

30 achieve desired effects for specific photographic
applicetions. ' : .

' The dye-forming couplers upon coupling can
release photographically useful fragments, such as
development inhibitors or accelerators, bleach

35 accelerators, developing agents, silver halide



or supplenment the density provided by the image 10 silver. In the case
of dye enhanced silver imaging it is usually preferred to forma neutral
dye or a conbination of dyes which together produce a neutral imge.
Partial grain devel opnent 15 It has been recogni zed and
reported in the art that sonme photodetectors, e.g. sem conductors in video
caner'a$, etc., exhibit detective guantum effici encies which are superior to
those of silver halide phot ogr aphi c el enepggp. A study of the basic 20 !
properties of conventional silver halide photographic el ements shows .t hat
this is largely due to the binary, on-off nature of individual silver
hal i de grains, ratsedwvenita tomers) dvanrdenensy foggingvagentsihiantiis

di scussed, for ex atk) eba | & | deal
Photographlc Deteé!taogag 3‘otogi%t:u:}é] ch'h:‘_:l\rlaci‘les’glaﬁﬁbﬂi§gge%lr.|air}"‘je 01. 16, No.
3, May/June 1972, ﬁﬁ§51 éfefﬁo “SWQESQQ? syy DRY Qﬁqtnaiure of silver
halide grains is tinkibdtor-zeleasing i (RIJY covpderssarerwell dinawrsiihver

halide graing the @l.Q.tSO §§c S"ﬁuf‘;ﬂ’tﬁ gggk)@gﬁpl Qg narily

developnent I's in as struck the

grain above a thr ﬁ%l ﬁﬁ?eﬁ?m? ﬂnﬁﬂ? release A, i de
¢r ai n- produces examrliptwhefsphetqegmphithlﬂgnudeiallogrmpsA/\/ndlllit-)r It has

absorbed 35  manydipeuARs ﬁﬁﬂcﬁ%&%é%hgh%@% i-é@&ﬁ&?% > Of

absorbed only the m.nimum nupber of photons t st ngle latent
i mage center. oxddi Bﬁénee&?ﬁﬁﬁﬁ¥9lﬁPﬂQSgHBG“Fér°Fﬂs!¥§ﬂx?eI atent i mage
centers are figr rredmpdogad.onnmecm#mdsh&lﬂiéh oxbaacivély ldaveh caapect

have onty one ?;?'gﬁe%”#sségﬁiﬁéfd DAV RO LAR 8L T AR e

nunber of | atent yg Ayelight insensitive, such as Lipmann

emulsions, have been utilized as interlayers and

overcoat layers to prevent or control the migration of

15 development inhibitor fragments. '

~ 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. The photographic elements

20 can include image dye stabilizers. All of the above

. is disclosed in Research Disclosure, Vol. 176,
December 1978, Item 17643, Section VII.
' Dye images can be formed or amplified by
processes which employ in combination with a dye-

25  image-generating reducing agent an oxidizing agent in
the form of an inert transition metal ion complex,
and/or a peroxide oxidizing agent. The photographic
elements can be particularly adapted to form dye
images. - ' : :

30 . The photographic elements can produce dye
images through the selective destruction of dyes or
dye precursors, such as silver-dye-bleach processes.

- It is common practice in forming dye images in
silver halide photographic elements to remove the

35 = developed silver by bleaching. Such removal can be

' enhanced by incorporation of a bleach accelerator or a




pied is related to the anmount of exposing radiation. Because the tabul ar
iins can be relatively large in diameter and since their 10

spegd-granul arity rel ationship can be high, particularly when forned of
stantially optimally chemcally and spectrally sensitized silver

~ bronoi odi de,

their speed can be relatively high. Because the number  of

| atent image centers in or on 15 each grain is directly related to t hen
amount of exposure that the grain has regg.ed, the potential is presept
for a high detective guantum efficiency, provided this information is not
lost in development. In a preferred formeach latent image center 20 S
devel oped to i nCpemsdﬁ thiereof thoat processing \salutdomporginhe sil ver

hal i de grai

ns.

iwg wmmen Py aaﬁsrfﬁmﬂ&é&;&eaﬁa&dss
arli

devel opnment at an usual  sta fore I pum devel opnent
for ordinary phob Lyexn %‘!.ﬁﬁg|hycéﬁvsﬁgpﬂggf2 mea'\? gg Bfot her
approach |s to euhéogmeuﬂlfbixﬂnd @modnded,cphtmicni&#lxnﬂmgdage&magihe

i nhi bitor

easgﬂp qlg@a%cbﬁbéalwdv&p%& favegent conpl et e
developnent of t e ver of practi cing

this step self

ach*ﬂﬂtﬁﬁl EBPE a? %ééh for eIf-|nh|b|t|ng

devel oper is oneceffiect. i rid isttidd dcheboppphicttidné\ﬁheIuﬂlwde §mages, but
itself stops dev f e I entirely
devel oped. Pref erﬂ?gﬁ dﬂ %g RE chid d?h ?ﬁaﬁﬁa# dﬁl& o t@‘éﬁhﬁﬁ@@

pers are Lting evelopers

cont ai ni ng [ err]orptupplenant the densitynhpravided by she;jnage 70 Neuber ger

aL a:Qa " A]p I OHSIG‘OﬁCGFIIﬂ adh@realihf of! dyénenhamced ﬁ]glvgrl daagingBttween
the Rate o oprrent, 2 LR el ope ncentration 0
[err]- Phenylened#ﬁn?ﬁ%% F&@h Cgefﬁnﬁe nevy dyqﬁﬁ% feering, Vol.

19, No. 6, Nov- Deemhmstiq;p ota:ﬂmsxhivht ﬁosﬂtbmr mqslm;ewempﬁiﬁi or

devel opnent
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35
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Partial grain development :
It has been recognized and. reported in the -
art that some photodetectors, e.g. semiconductors in L
video cameras, etc., exhibit detective quantum
efficiencies which are superior to those of silver
halide photographic elements. A study of the basic
properties of conventional silver halide photographic
elements shows that this is largely due to the binary,
on-off nature of individual silver halide grains,
rather than their low quantum sensitivity. This is
discussed, for example, by Shaw, "Multilevel Grains
and the Ideal Photographic Detector", Photographic
Science and Engineering, Vol. 16, No. 3, May/June
1972,‘pp"1926200. What :is meant by the on-off nature
' of-silve; halide grains is that once Aflqtgnt-image
center is formed on a silver halide grain; the grain
becomes entirely developable. Ordinarily development
is independent of the amount of light which has struck
the'grain'ébove'afthreshold, latent image.forming
‘amount. The silver halide grain produces exactly the
same product upon development whether it has absorbed
many photons and formed several latent image centers
or absorbed only the minimum number of photons to
produce a single latent image center.




in the presence of DIR couplers silver halide grains having a | onger
devel opnent i nduction period than adjacent devel oping grains can be
entirely precluded 10 from devel opnent. The use of a self-inhibiting
devel oper, however, has the advantage that devel op- nent of an individual
silver halide grain is not inhibited until after sone devel opnent of that
grain\Has occurred. 15 Devel opnment enhancenent of the | atent
i mage centers produces a plurality of sil~89-specks. These specks are !
proportional in size and nunber to the degree of exposure of each grain.
| nasmuch as the preferred self-inhibiting devel opers contain color 20
devel opi ng agents, the oxi dVDR &RRAUFS %g 348ht» pFoxinatanse .ndatentt ed

Yv@t_h addye-fOrm' ?gmggupbencég)s @wtﬂbmeldycni- mgﬁonkﬂwmve&idhaemalﬁ a
I mted anmount o r t e Ich can
- u ?akﬁ?sogﬁé%gﬁifﬁﬁ} ;L?fb%fgp?qﬁﬁ Ea@ﬁrﬂcﬁ I:Lé'nhy

be fornmed in this n-approa renoves any
such linitation ofmNARLons wsed dahdhis dsventien. Semeygrainscmayns t he

QTFportiona:Btydohaﬂpeodmysbﬁd latddte idageceefitef X ESnE Gany addcEBReY 2

Cransi tion b npaR-; ;ﬁg‘aﬁé?ﬁ%’ BulnB3%, R 1AEe Rl GoneRsE!

image- gener ati ng fo¥meRnds xelated foh the amountroficexnaniingy agent . Wher e

Contors oan {hem e e (e e s & dye image

ngnr)]I ief;scat I on rea%??igg?gﬁg of%"l‘%eglig"‘, %@%ngaﬁ? %ﬁ'ﬁ%ﬁcﬁ Tt he I)alttent igmage

by devel opned0 i sspeedapranularity sedationshiptcendse ihigh, is preferred.

In the preferred baetiedYavrly wiéh FdrmRd bENBuBsESat Lallie optamayLgrhic

element after forming,the, dye rragee I s renoved b¥ béesqﬂ’len , as is

conventional in cgb iﬁﬂﬁ%%gﬁ%éﬂﬂ? ctrally sensitize
bromoiodide, their speed can be relatively high.
Because the number of latent image centers in or on
15 each grain is directly related to the amount of _
N exposure that the grain has received, the potential is
present for a high detective quantum efficiency,
provided this information is not lost in development.
' In a preferred form each latent image center
20 is.déveloped to increase its size without completely
developing the silver halide grains. This can be
undercakeh by interrupting silver halide development
at an earlier than usual stage, well before optimum
- development for ordinary photographic applications has
25 been achieved. Another approach is to employ a DIR
- coupler and a color developing agent. The inhibitor
released upon coupling can be relied upon to prevent

. complete development of the silver halide grains. In

> o a preferred form of practicing this step self-

30 inhibiting developers are employed. A self-inhibiting
developer is one which initiates development of silver
halide grains, but itself stops development before the
silver halide grains have been entirely developed.
Preferred developers are self-inhibiting developérs

35 containing p-phenylenediamines, such as disclosed by -




: >~{(esulting photographic inmage is a dye 10 | mage which exhibits a
ngT -to-point dye density which is proportional to the anmount of exposing
r&di ation. The result is that the detective quantum efficiency of the
hoyogr aphi c el enent is quite high. H gh photographic speeds are readily
obt ai nabl e, 15 - although oxidation reduction reactions.as described above
~can contribute in increased | evels of graininess. Gaininess can be redied
by enpl oying a mcrocellular support as-f@ught by PCT application !
W80/ 01614, cited above. The sensation of graininess 20 is created not
just by the size of individual ipage dye clouds, but also by the randommess
of their pl acemifeubemgezogti A}, 'anemalong ConcengrasionkEifeety A
m crocel I's for mgva¥sehRelDOhéhEp Bt the! Ratdy8£PDOMTEshernt each
m crocell so th%t :D |§ der' ni forn%t _ougﬁtp t ~ a reduced sensation of
grai ni ness can 0% P8l ég ) PRITRH %ﬂ_ JORen devel opiment has been
descri bed giboveamilh' nypevedienings’ e’r&ﬂﬂﬁ&f n§ciiencenamds, it can be
appl i ed tosf or nigg inee¥ehgi, "WEES BS, Mdb. 6\Nov-DeR ¥9YS,OppNg to produce a

oy Lo ot ade Ooagn b en AT skt of HgveTamets | oo oo,
been conpl et el y iderheopresesceacet DIR sxauplersnisdiver balide gradna s 35 or
dovel oprent, t heAYARE: eDYoRger Svelchbity (RGAREESH PORTad YR £ iiced. A
Smlar 7! adReaRE SR LoPkie, RALRe Hach b, eBELZRLY St Tude e | ag! ng
usi ng i nconor atfrdac deyetopment! i The nupe lof mosed friahibiting t he coupler so
that 1t IS PresQiive1Bpbsshbliéves | S HiY [EHd dviREAKETLRAC! SRVIBY i C S
relationship to silve jhaltdg tfo qp SI%& g cqverfgefslgbéhe
phot ogr aphi ¢ el &8@%: of ep frdividual silver halide gra |
inhibited until after some development of that grain
has occurred. - S o g e
15 '~ Development enhancement of the latenc'image N
‘centers produces a plurality of silver specks. These -
specks are proportional in size and number to the
degree of exposure of each grain. Inasmuch as the
preferred self-inhibiting developers contain color
20 developing agents, the oxidized developing agent
produced can be reacted with a dye~forming coupler to
create a dye image. However, since only a limited
amount of silver halide is developed, the amount of
dye which can be formed in this way is also limited.
25 ~ An approach which removes any such limitation on
- maximum dye density formation, but which retains the
proportionality of dye density to the degree of
exposure is to employ a silver catalyzed oxidation-
reduction reaction using a peroxide or transition
30 metal ion complex as an oxidizing agent and a dye-
image-generating reducing agent, such as a color .
developing agent.  Where the silver halide
grains form surface latent image centers the




‘initially higher to permt partial grain devel opnent to achi eve maxi mum
density Il evels conparable to those of total grain developnent, the silver
halide that is 10 not devel oped can be renoved by fixing and recovered,
hence the net consunption of silver need not be increased. By enploying
partial grain devel opment in silver imaging of photographic el enents having
m cr o>15 cel lul ar supports it is possible to reduce silver inmage
graininess sinmlarly as described above i m?tonnecti on with dye imaging.'

For exanple', if a silver halide emulsion used in the present invention is

I ncorporated in an array of mgcrocelJ]ls on a 0 arti al
develgped af ter irﬁﬁﬁ&ﬁééecéRpBEGP%F Ve§, RFoYL; pgﬁf%§F£$%§ éxig%ﬁ%t e Y
produced proporti(naﬁahyzethedqeatnsgeﬁampiiﬁﬂnn&loneteaetibuuw exposure and
the number of | at %o&%&ﬁ?l?' tEﬁef&E’ﬁg% eé'hta'&%!l'.ﬁgt the fav&l rﬂm@%""ﬁ? orain

t he silver specks arison _to t

| eve
devel oprment, it ¢ Wﬁ;°PHEP5agéd“%& %Rﬁﬂfdih:eﬁﬁﬁéﬁgfgpe%ﬂ q al i de,
rehal ogenati sy t hdssipre€erpedsenInithé rpreﬁetlredetfbsm anyl ﬂelrb],tdﬁym cally

devel 0pi ng the i |alyeiEangtHILE L Rt radite BlMLEEIaglate! oprent

nucl ei contained i m croce e 5| |ca eveloped onto

f+ne nuclei can haﬁ’é’“ﬂ-%&ﬁeh dyeclnags fa )“H?XR chgngi

si'l ver, a mnuch m(junventlbnum1ﬂnneolquphduagwubhyobtalned Further t he

physically 35 devel oped s d Vi each
Ste I BG DrbBRThBATL IERSd L o'd MR

mcrocell. This produces a redu t he

random occur iénce wagen¥hich, exhikits g/ H@MPaEEGnBdehéQWHYaH ty of
the mcrocell patutidech Eenproportiomsl ad the! aabunt 6feskpodingegi on

When the high aspeglysadib.! 9P et 1s that the detective quantum
efficiency of the photographic element is quite high.
High photographic speeds are readily obtainable,
15 = although oxidation reduction reactions as described
L - above can contribute in increased levels of graininess.
Graininess can be reduced by employing a
microcellular support as taught by PCT application
W080/01614, cited above. The sensation of graininess
20 1is created not just by the size of individual image
dye clouds, but also by the randomness of their
placement. By coating the emulsions in a regular
array of microcells formed by the support and smearing
the dye produced in each microcell so that it is
25 uniform throughout, a reduced sensation of graininess
can be produced.
Although partiel grain development has been
described above with specific reference to forming dye

. _ : images, it can be applied to forming sllver images as
' 30 well. In developing to produce a silver image for
‘ . viewing the graininess of the silver image can be

reduced by terminating development before grains
‘containing latent image sites have been completely
developed. Since a greater'numbet'of silver centers
35 or specks can be_p:oduced'by pertial_grain'development
than by whole grain development, the sensation of
graininess at a given density is reduced. A similar




il.$i ons used in the photographic elenents of the present invention are
Iy sensitized as described above within a selected spectral region
he sensitivity of the ermulsion within that spectral 10 region is
conpared to a spectral region to which the emul sion woul d be expected to
possess native sensitivity by reason of its halide conposition, it has been
observed that a nmuch larger sensitivity difference exists than has w’/
heret of ore been observed in 15 conventjgnal enulsions. [|nadequate |,
separation of blue and green or red sens{fTvities of silver bronide and
silver Dbronoi odi de enul sions has Iong been a di sadvantage in nulticolor

phot ogr aphy. Th%eﬂ%i‘?&ﬂgfﬂ a‘[ %nsaqsar B8k ﬁsnfé%a“ﬁy a%@

di fferences of the ver br.onoi o this
FEFePXn

|
i nvention are |ﬁPG§iP&tEG ing| QHRQF ot i@ {;QﬁHQHebolor
phot ogr aphi ¢ el ecaceatratios of)thEIunnpgnmzsd thateieris tprdsdnt dni s but an

il lustrative apgli.ga S divit

di ff erences exﬁﬁgs? ghgﬂ ?‘%ge"ew'f‘[ﬁ?&%égﬂe" gFﬁ?@r’%@%ﬁ'l nven%ll on are
not linmted to %8 PF&-BPBP PheR oth ide.si plEhough $4kves bronoi odi de
emul sions. It ceoveeageprbai ﬁierHduﬁgrUphicpemémehtmttbyl ty sensitivity

ditierences of 34 cRBEySHULALON, Yabileo paBEEL! DA Wie RRRRNCT 11

si ngl e emul si on
i ncreased spectFSI‘§Bﬁ§?§|%4*%ﬂ¥ﬂquaﬁéﬁﬁéQGUBﬁslﬁ°@Bﬂ?4§iQﬂﬁﬂ Pons be

r eal |h zed wi tE el sbeal gi-amw&vdmdhe@mpehaltwnvkﬁmuh Rhatd is gseful
i n phot ogr o e
emJIDS| ong Zpeykﬁggma?séwéifaw(#sses °¥'§fif ﬁ? gﬁ‘g@g ago‘?c,i? %C%y& m
sensitivity thahepseytbannskaQensyqn;imsceﬁdséiuen aeed capt jBeht | n

mul ti col or photmgeaahyeamthout protection from blue |ight’ exposure, t here
are advantages in other aap

¥

Iem.ploying partial grain development ia
silver imaging of photographic elements having micro-
15 :cellular supports it is possible to reduce silver :
~ image graininess similarly as described above in o/
connection with dye imaging. For example, if a silver
halide emulsion used in the present invention is
incorporated in an array of microcells on a support
20 and. partially developed after imagewise exposure a
plurality of silver specks are produced proportional
to the quanta of radiation received on exposure and
the number of latent image sites formed. Although the
covering.power of the silver specks is low in
25 comparison to that achieved by total grain
' development, it can be increased by fixing out
undeveloped silver halide, rehalogenating the silver
present in the microcells, and then physically .
developing ‘the silver onto a uniform coating of )
30 physical development nuclei contained in the
microcells. Since silver physically developed onto
fine nuclei can have a much higher density than
chemically developed silver, a much higher maximum
density is readily obtained. Further, the physically
35 _developed.s11ver_produces a uniform density within -
eachxmicrocell;'.This produces'a-reduction in_



5 cations for increasing the sensitivity difference between different
spectral regions. For exanple, if a high aspect ratio tabular grain sil .
chloride emulsion is sensitized to infrared radiati on and i magew se exposed~ '
in the spectral region of sensitiza- 10 tion, it can thereafter be _
processed in light with less increase in m.ninumdensity |evels because of

t he reduced sensitivity of the enulsions used in the invention in spectral
regions free of spectral sensitization. 1573=Multicol or photography The
present invention can be enployed to produce mul ti col or photographic

i mges. Cenerally qﬁéﬁfonventlonal Hultlc or inmagin nent cont ai ni ng

at least one silvef nResa filocs, the Ean WREYT, 8 oghe WY by
addi ng or substitudensity Higylreplaced byt the txdgularigyaiof ehel siaroeelklor di ng

to the present |nv,5@¢é¥h The present invention is fully applicable to both
additive nulticolq 2 g and subtractive [ |tICO|or i magi ng. 25

To illustrate the 2§ F—a CEAS = LR EEE&B 2l t i col or

imaging, a figter array conﬁ&enlnge|h£ghllsphdﬁlnntﬂ@reabulandgrsthflIter

el ements can be enghpkbdg" u%%@biﬁag{sgnpﬂ\‘:i%ﬁgﬂl? Qle%&ﬁ??' 6f eérﬁ‘{e

according to the present i nvention producing a silver
itrage. A high asp%EQSQQﬁ|§9“F&S§Pﬁr‘§?a9PF Ly sengdtdzed &%ec present

|Evenhlon mhlﬁh |Sdgxurﬂhaaﬂibb06|ﬁﬂtﬁfﬁsttdeﬂtﬁidjs b293105 dn lay@er of
iter 350 array toadund EATRICHE Eng BRiHion %'Q@?ve?ﬁrﬁa@éf % ew np
t hrough the {10t erregian is,compared/ te a mppctral regipp tecvhichdthe npges -
are best viewed byaﬁuxxfﬁﬂ|wamldHaacex§@§£gafgbggyygaggaahtgvglenent and the
filter array both Davg «vitdPbs +laSONOF fd Ha138%" E8hposttion, it
has been observed that a much larger sensitivity
difference exists than has heretofore been observed in
15 conventional emulsions. Inadequate separation of blue
o and green or red sensitivities of silver bromide and
- silver bromoiodide emulsions has long been a
disadvantage in multicolor photography. The
advantageous use of the spectral sensitivity
20 differences of the silver bromide and bromoiodide
emulsions of this invention are illustrated below with
'specific'referenCe to multicolor photographic
elements. It is to be recognized, however; that this
is but an illustrative application. The increased
25 spectral sensitivity differences exhibited by the
emulsions used in the present invention are not
limited to multicolor photographj or to silver bromide
_ " or bromoiodide emulsions. It can be appreciated that
- " the spectral sensitivity sensitivity differences of
_ 30 the emulsions of this invention can be observed in
* single emulsion layer photographic elements. 'Further,
' advantages of increased spectral sensitivity
differences can in varied applications be realized
- with emulsions of any halide composition known to be
35 useful in photography. For example, while silver
chloride and chlorobromide emulsions are known to




JQRport. 5 Significant advantages can al so be realized by the
|ijcation of this invention to nulticolor photographic el enents whic¢h

wice mul ticol or images from conbi nati ons of subtractive prinmary inmaging
Such phot ographic elenments are conprised of a 10 support and
typically at least a triad of superlnposed silver halide enulsion | ayers
for separately recording blue, green, 2 red exposures as yellow, nmageMa,
and cyan dye i mages, respectively. Athd éﬁ t he present invention generally
enbraces any nulticol or photo- 15 graphic element of this type including

t | t h I
del S?znaf)n:dvlﬂ%%g%gtguk %Qelt‘?f)ge q{ﬂiﬁmslbl\gg sgﬁkigfvﬂ%'a%ial ar grain
sil ver bronide ef'mf BSdPB% e%l'é?‘iﬁﬁde&r@eghﬁ g%& ebient |y, the 20
foll owi ng descr mullmollsrdphecbgrhplw oektihout pmtec:edneﬁbmmm S

i ncorporating si a | $i0 aspect
rati o tabul ar grla te%‘?glhggg g&%}@r‘%}.ﬁ a?? corrgggl ?’Poﬁét&%ﬁ%ﬂﬁgst I tuted,
if desireds Excé’fﬁti«?slssﬁe& ﬂ‘ﬁﬁ?ﬂ/i% th‘btmté-é’ ¥sOLEERERDG® e nul ti col or
phot ogr aphi c el wmncanffarenpupéaﬁﬂe rlegdionses  Pbrt éxanphé p @i C

el enments descri revi qusl n ecifj erre of the

I nvention a mn sl Rd- | ar grain
TR a3 eBH-F¥ 16 e fhORRE dpate sl BE SERi SERE

silver bronide enuwsdon 88 genghtize taé.n:fmmddrnéietﬁomo:m at | east one

of the enul sion fuiRvisenas Qﬁ’édt?nrtﬂfé)rs‘i‘;d&%‘i'i pe 139 bf Wend ft iz~ i ad of

‘bl ue, green, and recordl S| 0 ers' g 1.col 0 hot ogr aphi ¢

el enent. TH® 35 1"c“e!bﬂ'l aFaBr gﬂﬁ’%ﬁ%ﬁ °§8§i’Fflof‘lﬁd '1[ é\!gl'ge during

exposure of the leisst dpcapase. iehem:’ﬂ:mnumdmsm:gl levebs becaus df lthee | i ght

in addition to thf@ddedhsehBEtiviey fof AHd TutilsidnsN88dCn €ng eCOrd. The

relatlonshlp Ofinvention in spectral regions free of spectral

: sensitization.
- 15 Multicolor photogra h _
- The present invention can be employed to g;

produce multicolor photographic images. Generally any
conventional multicolor imaging element containing at
least one silver halide emulsion layer can be improved

20 merely by adding or substituting a high aspect ratio
tabular grain emulsion according to the present
invention. The present invention is fully applicable
to both additive multicolor imaging and subtractive
multicolor imaging.

25 . To illustrate the application of this
invention to additive multicolor imaging, a filter
array containing interlaid blue, green, and red filter
elements can be employed in combination with a photo-
graphic element according to the present invention

30 capable of producing a silver image. A high aspect
ratio tabular grain emulsion used in the present
invention which is panchfomatically'sensitized and
which forms a layer of the photographic element is
imagéwise exposed through the additive primary filter

35 array. After processing to produce a silver image and
viewing through the filter array, a multicolor image



the blue and m nus blue light the | ayer receives can be expressed in terns
of [err] E, where [err] 5 log [err] being the |log of exposure to
green or red light the tabular grain enulsion is intended to record and | oy
[err] being the log of concurrent exposure to blue light the tabular grain-.
enmul si,on al so receives. 10 I n. each occurrence exposure, E, isin

net er - Candl e- seconds, unless otherwi se indicated. In the practice of the
present invention A Iog E can be | es than=337 (preferably | ess than 0. 3

/

while still obtaining acceptable |nage repllca- 15 tion of a nmulticolor
subject. This is s sin w of th ropostion of grains
present in the: enﬂ?sfls%nh usg esprc-}?eﬁ’tesl nyéﬁ'f'?gnb}‘lfﬁﬁ OBver age
di aneter of great G 7 h?c?hﬂﬁﬂ&ﬁﬂP 1Ffe&eoenpannwlmheufﬁkﬂum ar or

| ower aspect rati arrayubothZRave Bighatd!ini ebmbn! i ker&idpdiantonposition
and aver age grainﬁﬁgagg ter is substituted for a high aspect ratio tabul ar
grain silver brom Br onpi odi de enul si on used in the present invention
as hi gher and5usually unaccePispificantcjadyanteges ¢ahsilsa die aealikkd?25

result. i s kn@g;th& hﬁﬁlﬁéiti&lﬁ%f%‘lﬂ% iﬁbﬁh&i&ﬁ‘ td n@.ﬁéﬁ%g%?e” or re

sen5|t|zed silver n1de onnlo |gﬁcgnu sI,ons can ced by .
reduction of aver& 5?3 hPE°¢B§%I¥%§?#FQ¥Qﬁ1#PRQGHHX|num

achi evabl e photogﬁtphlconbtnlkiqns\niIsubfhecﬁﬂve pr b gi on achi eves
not only advanta se t is able
y 0996S . SCHAER %tmttdg;:% ¢ 22nhEy sl %%mﬁ#%%ggap

to achi eve tﬂbs advantag ﬁé@ I on on bl e
m nus bl ue phBt ogPYBRPE QQléyéﬂGcFFFEthe¥%#¢4uPﬁ(§PPF§imPﬁéed
invention at | eassilSer hakide remulsion &Cgﬁfdlﬁﬂreﬂiﬂéﬁéﬂllbaiébéreinéhe
triad of blue, orgge,3gFedfd drif Yedl Q%SHRL&&O as yé'ﬁrosw,a;nggenta?and
cyan dye images, respectively. Although the present
invention generally embraces any multicolor photo-
15  graphic element of this type including at least one
(7 high aspect ratio tabular grain silver halide
emulsion, additional advantages can be realized when
high aspect ratio tabular grain silver bromide and
bromoiodide emulsions are employed. Consequently, the
20 following description is directed to certain preferred
embodiments incorporating silver bromide and bromo-
iodide emulsions, but high aspect ratio tabular grain
emulsions of any halide composition can be
substituted, if desired. Except as specifically
25 otherwise described, the multicolor photographic
'~ "elements can incorporate the features of the
photographic elements described previously.
. ' " In a specific preferred form of the
. invention a minus blue sensitized high aspect ratio
30 tabular grain silver bromide o:_bromoiodide:emulsion
as defined herein forms at least one of the emulsion
- layers intended to record green or red light in a
‘triad of blue, green, and red recbrding emulsion
layers of & multicolor photographic element. The
35 tabular grain emulsion is positioned to receive during
exposure of the photographic element to neutral light
at 5500°K blue light in addition to the light the



pzige‘|f|c preferred form of the i nvention at |east the m nus bl ue

; rning enul sion layers of the triad of blue, green, and red recordi ng
gion | ayers are silver brom de or bronoi odi de enul sions as defined 5
herein. It is specifically contenplated that the blue recordi ng enul sion
layer of the triad can advantageously also be a high aspect ratio tabular
grain enul sion as defined herein. In a specific preferred formof the (-
i nvention the tabular grains 10 present $#¥®ach of - the enul sion | ayer s of
the triad having a thickness of Iess than 0.3 microneter have an average

grain diameter of I ter fer Y. )

mcroneters. In a gFlfﬁgﬁ %hgrﬂ% erre&ef %glof % r?%ﬁ%ﬁ%ﬁ%ﬁptgg mul ti -
15  col or phot ogﬁhshbeuelmm@‘tﬁaﬁ’ hg§nthe akayer raredyesngar of at
| east 180. The nubbleﬁbeésab@tiuﬂegﬁug:dﬂ ama tg,o&hébe i nventi on need

contain no yellow filter layer p Qeg ween exposure source and
the high 20 aspect ratio tabul éf%ﬁaﬁj Pg ETand}ég d enmul sion |ayers to-
protect thesg |ayers fiog Bpikelogithe:logs ofcexposure teigreen onter | ayer,

i f present, can beegedligRtl the dedbiildt igrdiasemuilldfofnys yindendedd ltoer | ayer
density heretofore enEIoX g to protect from25 blue |ight exposure red or
green recording eﬁEFg gnap yers of ‘phot ographic el ements .intended to be _
exposed in daylight. |hognByshedng ithe |lpgoodf eoncurrentn expasured ®eention no

bl ue recording em&'l%bohgﬁleéhé%dﬁﬂﬁﬂog%‘ﬂnbﬁh WE8 Lok NE1 84 aReeV¥sQr red 30

recordi ng enul sion |ayer he triad

urce of exposi
radi ati on. Th@ref&PeePﬁB DRENTERDG i QXPASHT et Psggu gt%ﬁﬁ?519%P4¥%ee of bl ue
absor bi ng naterlabehehdsenuﬂhesgraﬁhanuﬂiEOﬁnﬂédaeedLS|on | ayers and

I ncident exposing radiationg, 3he pradtice of the present invention
A log E can be less than 0.7 (preferably less than
0.3) while still obtaining acceptable image replica-~
15  tion of a multicolor subject. This is surprising in
view of the high proportion of grains present in the
 emulsions used in the present invention having an
average diameter of greater than 0.7 micrometer. If a
comparable nontabular or lower aspect ratio tabular
20 grain”emulsion of like halide composition and average
grain diameter is substituted for a high aspect ratio
tabular grain silver bromide or bromoiodide emulsion
used in the presént invention a higher:ahd usually
unacceptable level of color falsification will
25 result. It is known in the art that color falsifica-
tion by green or red sensitized silver bromide and
bromoiodide emulsions can be reduced by reduction of
average grain diameters, but this results in limiting
maximum achievable photographic speeds as well. The
30 presént invention achieves not only advantageous
séparation in blue and minus blue speeds, but is able
to achieve this advantage without any limitation on
maximum realizable minus blue photographic speeds. In
_ a specific preferred form of the invention at least
'35 the minus blue recording emulsion layefs of the triad
~ of blue, green, and red recording emulsion layers are




Al t hough only one green or red recording high aspect ratio tabular grain
silver brom de or bronoi odi de enmul sion as descri bed above is required, th
mul ti col or photographic el ement contains at |east 5 three separate

enmul sions for recording blue, green, and red light, respectively.: The
enul sions other than the required high aspect ratio tabular grain green or
red recordi ng enul sion can be of any conveni ent conventional form Various
conventional 10 enulsions are illustrated-hy Research. Disclosure, Item
17643, cited above, Paragraph I. 1In a preferred formof the invention al

of the enulsion |ayers contain silver brom de or bronoiodide grains. In a

parti gyl arly lorgaf ar aﬁdciﬁe’_g&eﬁdiedm\feahi of the | fivéntiion @telgagen _
recorading emnmul sio a e (0] er 1s
d S bEhuf b1l S RHRI° ehEle G0 el S WRRORRANCT

conprised of a hi aspec
If nore than one efubiven 8%8en, and,red geeording emulsion laygreecarend/ or
red portion of theil@ersbeohidenor briomolvdider eduldidnsilas definkle faster

emul sion | ayey cofkaih.hi ofy ' b ' | Si as
descri bed ab%e. ptml’g‘,".O?ﬂcg"uss?gg”?‘?é’%g%?‘ge%&ﬁ%@%ﬁ%dg?ufﬁeegfue, gr een,
and red recordi ngPdHBl SpePrding enulsion: 1aKer of the trdadean 25 can
advant ageously beadtahesigecusly ailad be. dchigh wepedw ratiiof edbalaed,

al though this is egLli - C T tdis invention. The
present inventi onglgéiéu?igig%%‘{ %E:satl#gigéarr%f%‘& or%ﬁot’@&?gghgc el enent s
as described abovereferred foum af&hepinvennion the Labudar: gsabnse, green,
and red recond) Nngpeavkfit Oln |act o/ the éhdtsion TdfersloE ithe Bkuéd

tabul ar o ai b oi | DEPEBE Gt SELCKHeER 02 1688 DR Gs AHLTEPSESFDRYE 55
enpl oyed in this Bnveverage grain dlametenddbrat ckeast dr.d mjceometevy | ayers
to be positioned ZkefBy¥ably at least 2.0 micrometers. In a still
' further preferred form of the invention the multi-
15 color photographic elements can be assigned an 1SO
- gpeed index of at least 180.

The multicolor photographic elements of the
invention need contain no yellow filter layer.
pésitioned between the exposure source and the high

20 aspect ratio tabular grain green and/or red emulsion
layers to protect these layers from blue iight
exposure, or the yeilow filter layer, if present, can
be reduced in density to less than any yellow filter
layer density heretofore employed to protect from

25 ©blue light exposure red or green recording emulsion

' layers of photographic elements intended to be
exposed in daylight. 1In one specifically preferred
form of the invention no blue recording emulsion
layer is interposed between the green and/o: red

30 recording emulsion layers of the triad and the source

of exposing radiation. Therefore the photographic
element is substantially free of blue absorbing
material between the gteen'and/or red emulsion layers
and incident exposing radiation. ' |

N\’

35



A-yllocation within a nmulticol or photographic el ement independently of. the
rning emul sion | ayers and w thout taking any conventional precautions

prevent their exposure by blue light. 5 The present

ntion is particularly applicable to multicol or photographic el enents

i ntended to replicate colors accurately when exposed in daylight.

Phot ographic el enents of this type are characterized by produci ng bl ue, ‘o

green, and red 10 exposure records of s antially matched contrast  and

-limted speed variation when exposed to a 5500K (daylight) source. The

term "substantially matched contrast” as enpl oyed herein neans that the

bl ue, green, and red recorAbthbdgieronly oaet geeénbyr| red dédcordingn 20

(preferably less gaa &Qgeeermo r@ggﬂqﬁoggphﬁ semé@%rﬁ @grbl ue

record. The I|n1tg variatl o £ green, records can
be expressed as a §3EE@° ide saay)sion pg descy b?@s%bQY&uiﬂ)Wqu&geEa wher e

tpe ﬁpeed vari at i chei aulttedlor plvtpgraphichelenéhe’ comesinicatcdeakbe speed
t t t t t
of 1he areen 91 T el GoREe s IGRIMBEY Sor Phchtdny Wl gogbR cONI 2

and | og spee asur.enen necessar ernt nrng I'dnshi ps of
the phot ographi ¢ 8RdnERgsiigh Eiu?qqﬂﬂsﬁﬁNBAYcanThe Q!leinaﬂaQﬁhssd by

exposi ng a phot ogthahi chel reqifired ha.ghohepeéen?etﬁé UWgbyllad @iralint hrough a

spectral ly nonsel e i t %& ) mf a carbon test
obj ect, and proce glkéé ?ﬁr@% féogr ari%sc%f’g%rgg?m@ el?eerq;% under the
processi ng condi tpengewn%mwtéme i forme. Vexioumsenvestdonad| ue,
green, and rqd degaulbeondfatd el IMiiteadteadhby ReSEEPEh (DL ddIypuressi on of

B R e i B oyl A
American 35 St afezmdofrthe -imamtionhaldhed byeAqmmlatpn|1§yeamal St andar ds
Institute (ANSI), coABRLE PEIVEY brididdéCbk bromoiodide grains. 1In a
particularly preferred form of the invention at least
15 one green recording emulsion layer and at least one
red recording emulsion layer is comprised of a high o/
aspect ratio tabular grain emulsion as defined
herein. If more than one emulsion layer is provided
~ to record in the green and/or red portion of the
20 spectrum, it 1s-pre£erred.thdt at least the faster
emulsion layer contain high aspect ratio tabular
grain emulsion as described above. It is, of course,
recognized that all of the blue, green, and red
recording emulsion layers of the photographic element
25 can advarntageously be of tabular grains.as.described
“above, if deSired 'although this is not required for
the practice of this invention.
' ‘The present invention is fully applicable to
multicolor photographic elements as described above
30 in which the speed and contrast of the blue, green,
‘and red récordtng emulsion layers vary widely. The
relative blue insensitivity of green or red ,
spectrally sensitized high aspect ratio.tabular grain
silver bromide or silver bromoiodide emulsion layers
35 employed in this invention allow green and/or red
recording emulsion layers to be positioned at any




-80- N Y. 10018, blue, green, and red characteristic curves can be plotted ¢
for the photographic elenent. If the photographic element has a reflective { 48
support rather than a transparent support, reflection 5 densities can be \(
substituted for transm ssion densities. Fromthe blue, green, and red
charaﬁyer- I stic curves speed and contrast can be ascertained by procedures
well Khown to those skilled in the art. The specific speed and contrast
measur enent procedure 10 followed is of liggtle significance, provided esach
of the blue, green, and red records are identically neasured for purposes
of conparison. A variety of standard sensitonetric measurenent procedures

for multicol or phtResfiigmwdthiananmultigalnr phiogogrephics ebement
phot ogr aphi ¢ appl i sdépendentiycolicche prétd tritig Rauvdbbon ThgefH!dri ng ar
repre- sentati ve:m"ri can §t andgrd PH2. Zéoé%ég §H2h4i- 17 and o
PH2. 27-1979. The U F8KLBR A8 SPRYER PEESAUERPRS P | hyent i on
capabl e of repli cereventashein: exposure by Wae dighted i n daylight offer
Those character| oftom. in Thel rent AiedUide e P ELEARIFIY b ont lon < he'
It_i'ren'ste egl bl ue sensal‘gpf@f“t‘)ﬁ& tphguggfg%ﬁg%@%qrgg GeBLPREREB sensiti zed
tabul ar silver brimtiended tor veplicatie colidrs accuratelycwheheexprisesid upon to
separate the bl uetRReA ightl.nePRbtSgF &I ¢ id1enNtsS bENthY SEypgdithrddre bl ue
speed of the m nug blue recordi ng emilsjon_ l.ayers. Dependin pon the 30
specific appl i'cat"ﬁlﬁf‘cﬁ:ﬁ@iﬁg %V Pﬁ%ﬁ*f“%ﬂb&i‘%ﬂ' BRethe ﬁ?ée?F%nd red
recordi ng enkiPsi @xpasiwes regorger of csybatantial lycmatahed ¢ontgastepar ati on
in the blue respGiie 19nited Bpeéd Wér1dctsh Wndd ekpOEEANEo SANYSUCTR | ayers.
35 (daylight) source. The term "substhﬂcially'matched' |
contrast' as employed herein means that the_biue,
green, and red records differ in contrast by less
15 than 20 (preferably less than 10) percént, based on
the contrast of the blue record. The limited speed
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
20 larger of the differences between the speed of the
green or red record and the speed of the blue record.
Both contrast and log speed measurements
necessary for determining these relationships of the
‘photographic elements of the invention can be
25 determined by exposing a photographic element at a
- . color temperature o£-§500°K_through'a spectrally
nonselective (neutral density) step wedge, such as a
carbon test object, and processiﬂ; the photographic
element, preferably under the processing conditions
30 contemplated in use. By measurihg the blue, green,
and red densities of the photographic element to
transmission of blue light of 435.8 nm in wavelength,
green light of 546.1 nm in wavelength, and red light
of 643.8 nm in wavelength, as desc:ibed by American
35 Standard PH2.1-1952, published by American National
Standards Institute (ANSI), 1430 Broadway, New York,




sone applications it may be desirable to increase further blue speed
arations of blue and m nus blue recording enmul sion | ayers by enpl oyi ng
entional blue speed separation techniques to 5 suppl ement t he

de. speed separations obtained by the presence of the high aspett ratio
tabul ar grains. For exanple, if a photographic el enent places the fastest
green recording enul sion | ayer nearest the exposing radiation source an
the fastest blue 10 recording enulsion_gpyer farthest fromthe exposing
radi ati on source, the separation of the ue speeds of the blue and green
recordi ng enul sion |ayers, though a full order of magnitude (1.0 |log E)

di fferent when tigy eMilgp1®)sbaue, SgPeén) and e chatactepfistbeposed, my be

effectively redu the.la r g een
recordi ng enul s%"ﬁ& g‘yyecrablr gcee ?/re’gg&ﬁI {tﬂ%%@-{% ragh?'sdu?lgﬁg‘g%x osure,
but the green reti)ruhmgmmbsmhicaqkmm has @ refdecgivg SUPROLt may
absorb or refl eciaﬁﬁfe :Qi‘ant BetEQnsbht'&xélﬂrﬁ &ea‘orremhcteaﬁhes the bl ue

recording egul si uch hi gher
proportion gu J&M 18 ﬁ@‘“b ﬁe‘?éﬁgﬁﬁ‘ﬁ'g‘?gﬂﬁgl %&sg%gtc‘an be relied
upon to supplenﬁﬂnnainiasabuExomgthenblwm.|smﬁﬂnﬁn&ﬂg red phavacte®t separa-
25 tion of the ffkec%ﬁ%e@ Bpael! BRd' ESREFHAY AN bY @Bckik&ifed N a bl ue

recording enuIS|on er afer the exposing ,f.adiatio 0 e than the
mi nus bl ue recorBf a‘é‘fﬁﬁ Sﬂ‘i &98?“ g cﬁﬂ@ﬁ&fé’ (E,Pg #?I | ter
materi al coat ed The \mcitﬁic bpeedaaddaeomm measurementi pyoceduse on

layers can b0 CTELplgvhd dd BE 128018l ¥EgAOAL e, Prdo1a8RckathosE | n nO
i nstance, however, 1§ Il necessary ro fake Use 0 qé Riie convent i onal
speed separ at | orthedHMey 8TCER »t AR e‘i? eqqrds tﬂ?@y ﬁnFIiI Yves provide

an order 35 ofmesmaurdd dordputrposascof ncoapatison.spdewazdptiyacfon or an
approxi mation t helbodarPSeAdicBae et 0L Wéadififdhent procedures for
multicolor photographic elements intended for
15 differing photographic applications have been -
published by ANSI. The following are repre- A
sentative: American Standard PH2.21-1979,
PH2.47-1979, and PH2.27-1979.
- The multicolor photographic elements of this
20 invention capable of replicating accurately colors
when exposed in daylight offer significant advantages
over conventional photographic elements exhibiting
these characteristics. In the photographic elements
of the invention the limited blue sensitivity of the
25 green and red spectrally sensitized tabular silver
bromide or bromoiodide emulsion layers can be relied
upon to separate the blue speed of the blue recording
emulsion layer and the blue épeed of the minus blue
recording emulsion layers. Depending upon the
30 | specific application, the use of tabular grains in
the green and red recording emulsion layers can per
se provide a desirably large separation in the blue
response of the blue and minus blue recording
emulsion layers. ' :
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-82- required in the art. However, this is not precluded if exceptlonally
| arge bl ue and m nus bl ue speed separatlon is desired for a specific
application. Thus, the present invention achieves the objectives 5 for
mul ti col or photographlc el enments intended to replicate accurately inmage
col ors when exposed under bal anced |ighting conditions while permtting a
much \w der choice in el ement constructi ongihan has heretofore been
possi bl e. 10 Mul ti col or photographic elenents are often !
described in terns of color-formng |ayer units. Mdst commonly multicol or
phot ogr aphi ¢ el ements cont¥n reame appddparionssiti nay de ﬁ@shﬂéleayer units

each containing- alné?@&ée(EﬁtﬁﬂérV%anahbdédeﬂ%ﬁé&éﬂl&Hﬁ ofaptiecandbl e of
recordi ng exposure,-to ?@P& ﬁ& %Q%ﬁé;u”]%$d gggable of
producing a conpl BABHE "%Lﬁﬁﬁ%f eeBPF \& T5rede SRPTRYENE | ve,
green, and red reconventiondabblue spegdl agper niquest 80pr oduce

yel l ow, nagery a, aﬁgpwaéhecthéimubrmae&d ééﬁi’@&ﬂd&ﬂ bbtadned BRIERE
materi al s need not

t b
éntirely supplied F?ﬁ e B &i§§|§ng%§ qﬁﬁ%%qﬁﬁéﬁﬁﬁhu?héhﬁa?erfgrs gre
i ncorporated in tHerpﬂnﬂmgﬁQxﬂﬁﬁ:&eanGnsraphtq elendns md@sesdtha an 25

enul si on | ayer Orfhé‘céséagﬁ!’ed Q“e%b?éiha BB 1 %ﬂﬂ%@aéé!&' eRéng or

el ectron transfer i fr‘ﬁ? gLacent en%%5|on er o&lthe sane

col or-form ng Iayﬁf gtne #ykif EOHFGRARY F t#sFe8 48vel opi ng 30
or -el ectron tlQanstecording eshdisieanlepevr f4rthesty froge thenexposing

resul tant col or d?ﬂgfﬁfiéz?rb opitied,S tHTHRPaPAESA FF the* BELRY spERNENTCT S

The scavengers can cate , as taught

ers the
by U S. Patent 2,957th® BRePRt EPFATS @5(§§ ggySHfacent
col or-form ng Iayehoughts fu&i|dﬂd¢rtb£tndgb&t¢ﬂés(I%Qemdg E)336, 327.

different when the emulsions are separately coated
15 and exposed, may 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
overlying layers may absorb or reflect some of the
20 blue light before it reaches the blue recording
enulsion layer. 1In such circumstance employing a
higher proportion of iodide in the blue recording
emulsion layer can be relied upon to supplement the
tabular grains in increasing the blue speed separa-
25 tion of the blue and minus blue recording emulsion
layers. When a blue'recordihg emulsion layer is
nearer the exposing radiation source than the minus
blue recording emulsion layer, a limited density
_ yellow filter material coated between the blue and
T 30 minus blue recording emulsion layers can be employed
' to increase blue and minus blue separation. 1In no
‘instance, however, is it necessary to make use of any
of these conventional speed separation techniques to
the extent that they in themselves provide an order
35 of magnitude difference in the blue speed separation
or an approximation thereof, as has heretofore been




fﬂB Al t hough each color-formng |ayer unit can contain a single enulsion

]I yer, two, three, or nore enulsion layers differing in photographic 'speed
arg# often incorporated in a single color-formng |ayer 5 unit. \Were the
esired | ayer order arrangenent does not permt nultiple emulsion | ayers
differing in speed to occur in a single color-formng layer unit, it is
common practice to provide nultiple (usually two or three) blue, green,
and/or red recording 10 -color-formng $8ger units in a single !

phot ographic elenent. It is a unique feature of this invention that at-

| east one green or red recording enul sion | ayer containing tabular silver
broni de or bronpregviredodipdeherantis Foweverni bbisabs ot oresiaded in the

mul ticol or phot ogrfapiicepeion®lly tturgr dlve and athasselud®rsywad i on of bl ue

l'i ght during i nagew XROgur phat ' e increased

pr gport I on gf bl 3%?1‘?5&?9{3‘3 %h%\%&%%%%% ggggg?igogﬁﬁgﬁtoi -g;'b'ul ar grain

enul sion | ayer cIhusssthe Presentdinvantion. achirvesthe Rbisrtives,

ovlelrl yi P'g| %/es I FWfbi:I 81t L3y Pér Qphotisgaphild _mealehahnﬂatma% wwerl yih?g

ellow filter |ayer ir . | ncreas " ion. o ue

¥eaching t he hig*%g§&§§P¢2§¥¥ﬁ$%§§?¥{%ﬁﬁ?iar%%§%?§§%§“|ék%ésﬁéu¥94§§8|t al so

from repositioni bglaneedolbghtingiicopditionsywhilenpermitting s ai ned
musi

nearer to the Sow&ﬁaroﬁhsw&siﬂge_fﬁﬂﬁ icdhstEAbtESAPh&n KH£LEN and red
recording color-formn ayer units qg%alnlng'green and red 30 recording
Gits,

hi gh aspect ratiB‘F&SBE&FegP%E?lkﬁﬂﬂ respectively, can be positioned
nearer to tHd source of eMpbticwmlomdihmtiographic eléhkents care diftercol or -

formi ng- | ayer Unigey F8geful b €L SPUNUCABIGIFECTRPEF Bheddi s 35

i nvention can take any. conveni formeconsistent_w th_the requirenments
i ndi cat ed above.”ﬂﬁ} gpmpauly multicolor photographic elements

contain three superimposed color-forming layer units
each contéining at least one silver halide emulsion
15 layef_capable of recording exposure to a different _
third_of_:he.speétrum and capable of producing a o/
complementary subtractive primary dye image. Thus,
blue, green, and red teéording color-forming layer
units are used to broduce_yellow,.magenta, and cyan
20 dye images, respectively. Dye imaging materials need
not be preéent 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
25 ' emulsion layer or in a layer located to receive
oxidized déveléping or electron transfer agent from
an adjécent emulsion layer of the same color-forming
 layer unit. . | |
_ | - To prevent migration of oxidized deveioping
30 or electron transfer agents between color-forming
layer units with resultant color degradation, it is
cémmon,pract;ce to employ scavengers. The scavengers
_'cén'be;located in the emulsion layers themselves, as
) taught by U.S. Patent 2,937;086 and/or in interlayers
35 between adjacent color-forming layer units, as.
illustrated by U.S. Patent 2,336,327.




-84- six possibfe | ayer arrangenents of Table 27a, p. 211, disclosed by X,
Gor okhovskii, Spectral. Studies of the Photographic Process, Focal Press
New York, can be enployed. To provide a sinple, specific ilfustra- 5

tion, it is possible to add to a conventional nulti- color silver halide

photogrgphlc el enent during its preparation one or nore high aspect ratio
tabul al” grain enul sion layers sensitized to the mnus blue portion of the
spectrum and positioned to receive 10 - exppsi ng radiation prior to the
remai ning enul sion |ayers. However, in nost instances it is preferred to
substitute one or nore mnus bl ue recordlng hi gh aspect ratio tabular grain
enul sion layers for converAltheughiieagh polerrfommitigidayer snde teyers, 15

.$Et|onall¥ in CoghbﬂahlﬁnsV&iﬁkﬂeﬁh&hl@léﬁrlfﬁ?ﬁ?gﬁgznﬁﬁﬁrﬁg ? fgﬁ%ﬁ”s
T e TR AL ol 6 R v 54
Exposure [err] B eEtew imporporated in a single color-formifg layéb - 85-
Layer Order Ay rangﬁ;[@nt WHerethe'dRsiFed layer order arrangement does
not permit multiple emulsion layers differing in
‘speed to occur in a single color-forming layer unit,
it is common practice to provide multiple (usually
two or three) blue, green, and/or red recbrding
10  color-forming layer units in a single photographic
element.

'™

It is a unique feature of this invention
that at least one green or red recording emulsion
layer containing tabular silver bromide or bromo-

15 1iodide grains as described above is located in the

St multicolor photographic element to receive an

- increased proportion of blue light during imagewise
exposure of the photographic element. The increased
proportion of blue light reaching the high aspect

20 ratio tabular grain emulsion layer can result from
reduced blue light absorption by an overlying yellow
filter layer or, preferably, elimination of overlying
yellow filter layers entirely. The increased
proportion of blue light reaching the high aspect

25 ratio tabular emulsion layer can result also from
repositioning the color-forming layer unit in which

~ it is contained nearer to the source of exposing
radiation. Fot'example, green and red recording
color-forming layer units containing green and red

30 recording high aspect ratio tabular grain emulsioms,
respectively, can be positioned nearer to the source
of exposing radiation than a blue recording color-
forming -layer unit. '
The multicolor photographic elements of this
35 = invention can take any convenient form consistent
with the requirements indicated above. Any of the



IL TFGIL TFRIL 10

T)\BL SGIL SR 15 Layer Order Arrangenent |11 Exposure TG 20
_ TR IL B 25 Layer Order Arrangenent |V Exposure TFG IL 30
TER'IL TSG IL TSR 35 IL B -86- Layer Order

Arrangenent V Exposure [err] TFG 5 IL TFR

10

15

20

25

30

35

-
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six possibie layer arrangements of Table 27a, p. 211,

.disclosed by Gorokhovskii, Spectral Studies of the

Photographic Process, Focal Press, New York, can be

employed. To provide a simple, specific illugtra-

tion, it is possible to add to a conventional multi- i
color silver halide photographic element during its
preparation one or more high aspect ratio tabular -

grain emulsion layers sensitized to the minus blue

portion of the spectrum and positioned to receive

exposing radiation prior to the remaining emulsion

layers. However, in most instances it 1s preferred

to substitute one or more minus blue recording high

aspect ratio tabular grain emulsion layers for

conventional minus blue recording emulsion layers,

optionally in combination with layer order arrange- - )
ment modifications. The invention can be better L

- appreciated by reference to the following preferred

illustrative forms.
Layer Order Arraggﬁment I
. Exposure
3
B
IL
TG
IL

[ v

TR




IL TFB IL 10 TSGIL TSR IL SB 15 Layer: Order

Arrangenment VI Exposure TFR 20 IL TBIL TFG1L
25 TFR IL SGIL SR 30 35 -87- Layer Order
Arrangenent VII Exposure TFR 5 IL TFGIL TB
IL 10 TFG IL -TSG.-

-85~ P

- Layer Order Arrangement 11
.. Exposure
4
. TFB
5 ' IL
TFG
IL
TFR
IL
10 . SB
' IL
SG
IL
SR

15
Layer Order Arrangement III
-Exposure

¥

. TG

20 IL

' TR

IL

B

25 . - Layer Order Arrénggment v
- Exposure
- TFG_
: : IL
30 _ TFR
IL
TSG
_IL
TSR
35 ' ' IL
_ _ B




_;TLR 15 IL TSR Layer Order Arrangenent VIII
' uge 20 _ [err] TFRIL FB SB 25
N FGASG IL FR 30 SR 35 Layer Order

Agement | X Exposure [err] TFR 5 IL FB SB
IL FG 10 ~ILFRIL SGIL 15 '
SR where B. G and R designate blue, green, and red recordi ng col or-for mshg
| ayer units, respectively, -86~- : _ f

‘Layer Order Arrangement V
Expoéure
+
: TFG
5 : i 1L
TFR
IL
TFB
IL
10 | | TSG
IL
TSR
IL
SB .

15 .
Layer Order Arrangement VI -
Expdsute
'
| TFR
20 | 1L
TB_
IL
TFG_
| . 1L
25 E ' - TFR .
IL
SG
IL
SR

30

35



20 of any conventional type; T appearing before the color-formng |ayer
unit B, G or Rindicates that the -enulsion |layer or |ayers contain a high: ¢
aspect ratio tabular grain silver brom de or brom odi de enul sion, as nore
25 specifically described above, F appearing before the color-formng !
| ayer unit B, G or Rindicates that the color-formng |ayer unit is faster
in ph&t’ographi c speed than at |east one other color-formng |ayer unit

whi ch records 30 |ight exposure in the s,gge third of the spectrumin the
sanme Layer Order Arrangenent; S appearing before the color-formng | ayer
unit B, G or Rindicates that the color-formng layer unit is slower in
phot ogr aphi c speed than at | chsfer3 OrdercAvrangenehorVIDrning | ayer unit

whi ch records |ight exposure 1n the s &4 of the spectrumin the sane
Layer Order Arrangenent; and -89- | esl gnates an interlayer containing
a scavenger, but substantially : - i terial. Each faster
or slower color-formng layer unit can di fPER i n photographic speed from

anot her 5 scol or-form ng layer unit whichygecords I1ght exposure in the
sanme third of the spectrum as 1 =t in the Layer Order

Arrangement, its inherent speedpropertiedIFG®r a coghination of both. 10
I'n Layer Order Arrangenents | through I X, t3¥I¢ |ocation of the support is

not shown. Follow ng custonmary practice, thygg support w Il in nost instances
be positioned farthest fromthe—snwce—nf—eaivshﬂ-g-ﬂ—ad-i ation--that is,
beneath the layers as 15 shown | f the skleport is colorless and
specul arly tp@nsm ssive--i.e., transparentTpg@t can be | ocated between the
exposure source and the indicalead . IL
TSG
IL
: TFR
. 15 : IL
> - TSR

Layer Order Arrangement VIII
| '~ Exposure | |
20 . v
TFR
IL
FB
. . SB
25 | 1L
- | FG
SG
IL
| | . FR
30 | I .

35



Stated nore generally, the support can be | ocated between the
re source and any col or- 20 formng |ayer unit intended to record
light/to which the support is transparent. Turning first to Layer Order
Agenent |1, it can be seen that the photographic elenent is
substantially free of yellow filter material. 25 However, follow ng -
conventional practice for elenents contahalng yellom/filter material, the
bl ue recording color-formng |ayer unit es nearest the source of exposing
radiation. In a sinple formeach color-forning layer unit is conprised of
a single 30 silver halide ggghg;ﬁpdé@yﬁgrqnqéae%&pgher form each
color-formng | ayer unit can re different silver
hal i de enul sion |ayers. Wen a triad EﬁpQﬁﬂﬂﬁﬂcwllayers one of highest
speed fromeach of the color-forming |ayertunits, are 35 conpared, they

are preferably substantially matched i n rast ‘and t he phot ographi ¢ speed
of the greeg -90- and red r1cﬁvﬂrﬂg—t$£§¥n1nr+1m1ws differ fromthe
speed of the blue recording emulsion layerIlhy lesq than 0.3 log E. Wen

there are two, threes or nore different erggsion |layers differing in speed

in each 5 color-formng layer unit Tfmg are preferably two, three, or
nore triads of enul sion Iayere—+ﬁ-faye+—€*4£P—Aﬁﬁaﬁgenent havi ng the
stated contrast and speed rel gtionship. THEL absence of yellom/fllter

mat eri al beneath the blue recording color-g@rnmng 10 wunit increases the
photographlf speed of this unTt. TT TS ot ecessary‘that the interlayers
be subst ant glly free of yell , _ er Order Arrangenent
| . Less than conventional amounts of vell FERfilter nmaterial can be |ocated
15 between the blue and green recording cglor-formng units wthout
departing fromthe teachings oT (s SG

_ 1L
15 _ | SR

where
B, G, and R designate blue, green, and red
. recording color-forming Iayer units, respectively,
20 of 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 bromide or bromiodide emuléicn, as more
25 specifically described above,
F appearing before the color-forming layer 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 records
30 1light exposure in thé same third of the spectrum in
the same Layer Order Arrangement;
S appearing before the color-forming layer unit
B, G, or R indicates that the color-forming layer
unit is slower in photographic speed than at least
35 one other color-forming layer unit which records
light exposure in the same third of the spectrum in
the same Layer Order Arrangement; and



I nvention. Further, the interlayer separating the green and red recording
color-formng layer units can contain up to conventional anounts of yello
20 filter material w thout departing fromthe invention. Were"
conventional anounts of yellow filter material are enployed, the red
recording color-formng unit is not restricted to the use of tabular silver
broni dé or bronvoi odide grains, as 25 described above, but can take any
conventional form subject to the cont rast.sgnd .speed consi derations ,

i ndicated. To avoid repetition, only featurées that distinguish Layer O der
Arrangenents |1 through I X 30 from Layer Order Arrangenent | are

speci fically di scussedL deslignatesr sierintierdagercebnthinigg er than

i ncorporate fastergdif we I 4 1.0, corgdin | sion | ayers
in the sane col or-sf or rrin?qgl’a&e’? tﬁ?§ﬁﬁm%‘qgggar g?ea |’(ﬁ%ﬂ‘b‘?e§$%‘5 ‘and red
recording col or - f akerdalay cEachi fastar on slower. coboy-forninglayer | ayer
or layers of the unitotanfdiffercin phdtvgraphicnspéedcrbr Uticther abul ar

and red 1 ecori ng “Caeb Pnifp LS uiy ME1Eh BcefaF TIRAE siover 5
speeds as wel | as ®XPOSY¥er LD ngf%m%rthﬂﬂﬂeoﬁesbedsngcmu)r&a‘ @ mng | ayer
Vel low f111er mat ggn e e B L e L e ar grain i lver
%?ompéve Ior br onoi ?ﬁégfgggtén%gi%eﬁ%t ﬁ@eﬁﬂu?g?wtf °&'?‘I ayers of |
t he sl ower greenl&gggéﬂrﬁég:reédnuﬁgg col or-forming |ayer uni}s i?brﬁjn
- fg;refehnin?t aEtoo\ig Eﬁg Zl,g%g{ ?@%E{ee%(ffgﬁg?gﬁ?g?gfim%%%@ &P%yer unigt,
i ncreased speed can b P AL PP 8 not shown.” Following
customary practice, the support will in most
~ instances be positioned farthest from the source of
‘exposing radiation--that is, beneath the layers as
15 shown. 1If 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
located between the exposure source and any color-
20 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
--gubstantially free of yellow filter material.
25 However, following conventional practice for
elements containing yellow filter material, the blue
recording color-forming layer unit lies nearest the
source of exposing radiation. In a simple form each
 color-forming layer unit is comprised of a single
30 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 each of the color-forming layer units, are
35 'compared, they are preferably substantially matched
in contrast and the photographic speed of the green




At |by U.S. Patent 4,184,876; German OLS 2, 704, 797, and German OLS

_ 23; 2,622,924; and 2,704, 826. Layer Crder Arrangenent |11 differs
rom 20 Layer o der Arrangenent | in placing the blue recording

C -forming layer unit farthest fromthe exposure source. This then

pl aces the green recording color-formng layer unit nearest and the red
recording color-formng |ayer unit nearer the 25 exposure source. Thiv
arrangenent is .highly advantageous in préeguci ng sharp, high quality malti-
col or images. The green recording color-forming layer unit, which nakes the
nost inportant visual contribution to multicolor imging, as a result of 30
being | ocated neﬁﬂe&bdthccetﬁtﬁgwénumyﬂumelhgeecpdhfﬁenffxumxhha ng a very

sharp i nmage, @&gehhggefﬁéebfgh(ggg%ﬁﬁ#ﬁ# bﬁégﬁio Ol&iﬁ%téxnﬁ dht. The red

recording col or-formn ayer unit | npor t ant
visual contributhem Do3t keg3B. mifhen Shere sxgctvpe thre’, |97 MOTE At has
pagSﬁd tm ouq][] arﬂfﬁett-bgcgénenstaccuym Mfff&riﬁgningsbw@rin eack?- unit

and has ef ore,nat chee cQ Jornn

| ayer uni t%Thogﬁ"th"’E’gﬁg g%%?{i ‘Pﬁigc]’olq:&%r %? £g§€‘g %q{ s’ufferg in
conpari son to L&pTeeqr a6 mare fxisAmiof emuls PBs%SlefS in diayethess does not
of fset the advam‘caaesaesah éﬁéhtnltm:ﬁf ‘t'heaﬁdatéd EGROF&E D @rD| or - f or i ng

he | ehst o gni AFERR PEsFAAoE . e ?hgknﬂ#?%‘il%ﬁ“éﬁgﬁkﬁfoﬁﬁcfeﬁr

10 _ Lmner@naebemnehmrhlua/rsspzddgsmq&rfﬁm D& r angenent
111 to incligle @¥mleninbdessés €ké Phdtbgr@phic! egabagofam{s Wirfes, containing
£he" 1A {aydlY BN Laver

separate faster and slo h aspect ratl
Order. Arrangenent V dlfrgﬁ £ Yot ctdsdaly that

substantially free of yellow filter material in
Layer Order Arrangement 1. Less than conventional
amounts of yellow filter material can be located
15 between the blue and green recording color-forming
units without departing from the teachings of this A
invention. Further, the interlayer separating the
green and red recording color-forming layer units
can contain up to conventional amounts of yellow
20 filter material without departing from the
invention. Where conventional amounts of yellow
filter material are employed, the red recording
colot-formihg unit is not restricted to the use of
tabular silver bromide or bromoiodide grains, as
25 .described above, but can take any conventional form,
subject to the contrast and speed considerations
ind;cated. : : :
‘To avoid repetitionm, only features that
distinguish Layer Order Arrangements 1l through IX
30 from Layer Order Arrangement 1 are specifically
discussed. In 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,
35 and red recording color-forming layer units are
provided. Only the emulsion-layef or layers of the



15 from Layer Order Arrangenment |V in providing an additional blue
recording color-formng | ayer unit above the slower green, red, and b
recording color- formng layer units. The faster blue recording
color-formng layer unit enploys high 20 aspect ratio tabular grain silver
brom de or bronvi odi de enul sion, as descri bed above. The faster blue
recorﬁfng color-formng layer unit in this instance acts to absorb bl ue

| i ght and therefore reduces the proportiggyof blue |ight 25 reaching the

sl ower green and red recording color-formng |ayer units. In a variant ,
. form the slower green and red recording color-formng |layer units need not
enpl oy hi gh aspefasteri eolemrfarming unissuneedneontyin tabular | ayer O der

Arrangenent VI dh&ﬂ%&i Bf@ﬂidéﬂ6¥ HQUﬁaioélaén s \ad ddsetabeny a tabul ar
grain blue recor

coI et ween, t he green and red
“recording col or- be’ Zne ‘?§r§\r‘{?& Pﬂg Eﬁgr’éﬁc?ﬁd%om ng radiati on.
35 As is point esth- bomtiog tkryer wniizs yeaauselmé thnia.'r @iloyecol or - f or mi ng

Layer unit omn bg eaaurasedeu heofovei}i TPhgrdf iyt orain blue
recordi ng 6ﬁU|SIOE ﬁg er ue recor HU|SIOH
| ayers are preseff€ °F 93035 ?ﬁ? 8tYt he | ess

ffavored positi onpubtebtedectfon bhu!jldghmrdxpgsuneowiﬁhnuh ngpﬂeyéngunlts
woul d ot her wi se_GoGUDYow  #YPEerniterdial2NdgHE iad/ o rﬁg it from Layer
hrameipdld

Order Arrangenent TV in grOV| a second_ fast re col or-form ng
layer unit, whi cFakdopbabylew srain wddvernbroaide ot %ﬂ? dag| ye
recor di ng cdir - feaulsigns aﬂertwldmﬂmd.ohhhyeﬂrce Diyevs@f ther adi ati on.

Because of the f3Y80ed LRedh A Sl UScSERENY R Follaa” fast rod

recordi ng col or- ornln
layer units is, of course, not precluded. 1In

placing the faster red recording color-forming layer
‘unit above the slower green recording color-forming
15 layer unit, increased speed can be realized, as
s ‘taught by U.S. Patent 4,184,876; German OLS
2,704,797 ; and. German OLS 2,622,923; 2,622,924; and
2,704,826. _
: Layer Order Arrangement III differs from
20 Layer Order Arrangement I in placing the blue
recording color~-forming layer unit farthest from the
exposure source. This then places the green
recording color-forming layer unit nearest and the
red recording color-forming layer unit nearer the
25 exposure source. This arrangement is highly
- advantageous in producing sharp, high quelity multi-
color images. The green recording colo:-forming
layer unit, which makes the most important visual
contribution to multicolor imaging, as a result of
30 being located nearest the exposure source is capable
of producing a very-eherp image, since there are no
overlying layers to scatter light. The red
recording color-forming layer unit, which makes the
next most important visual contribution to the.
35 multicolor image, receives light that has passed
“through only the green recording color-forming layer



~fagter than the first fast red recording |ayer 15 unit if the two fast
ﬂiﬁ cording layer units incorporate identical enulsions. It is, of

, recogni zed that the first and second fast tabular grain red
re ding color-formng |layer units can, if desired, be forned of the sane
or different 20 enmulsions and that their relative speeds can be adjusted
by techni ques well known to those skilled in the art. |Instead of enpl oy¥ng
two fast red recording |ayer units, as sbgfg, the second fast red recprding
| ayer unit can, if desired, be replaced 2 with a second fast green
recording color-formng layer unit. Layer Order Arrangenent VII can be

i'dentical to Layuni® dad hasatigerefire/nothbeed Gtattered piw\vd Blug both a
second f ast tabwég

lal ot SESEEN - M- Ny, L-aveer [ nd a
second fast 30 tacbog'ﬁg'bagréglﬁ%*ggeen-Jr%c%?&%b’kggl’or??%%nﬁ é{/lé’% uni t
i nter posed bet we@econéiagpeelon-foxming Javesuusdtasuffers (kbul ar grain bl ue
recording col or - iconipardsbnyts Layér Cider Artangémeatglpntiie \idds @8l | X are

Coyers racorti ng REEBARS, foas HEE R EHALE hel davaflskef) e il h "¢
structures utili Xheagseenmand redxeconding colorafoymring Layerr halide

emul sion in the gRiesl,081h8¥CEne BIES rddbtdngOeolors eoinitng Miydrabul ar
grai n emul sions car be.Een$$tL€ed t.o record r,ed ht as, i ndj cat ed,
BREER PYght

AN
" sensitized to re ?-Eﬂ‘i%?ﬁiﬁ15538Ff§g‘nFa§¥ﬁ%‘ ensitized to
record red and giceatriibgbionectoctie \midtichlore image producede, many ot her

A ouen T el . ror gL PuE OBSEE e AR v Bindl iy T angoTn
: Order Arrangement I1I to include green and red
recording cdlor-fotming_layer'unita containing
separate faster and slower high aspect ratio tabular
grain emulsions. Layer Order Arrangement V differs

15 from Layer Order Arrangement IV in providing an
additional blue recording color-forming layer unit
above the slower green, red, and blue recording
color- forming layer units. The faster blue
recording cdloréforming'lgyér unit employs high

20 aspect :atib_tabular'grain silver bromide or
bromoiodide emulsion, as described above. The
faster blue recording color~forming layer unit in
this instance acts to absorb blue light and
therefore reduces the proportion of blue light

25 reaching the slower green and red recording
color-forming layer units. In a variant form, the
slover green and red recording color-forming layer
units need not employ high aspect ratio tabular
grain emulsions. I o .

30 ' Layer Order Arrangement VI differs from
Layer Order Arrangment IV in locating a tabular
grain blue recording color-forming layer unit
between the green and red recording color-forming
layer units and the source of exposing radiation.

35 As is pointed out above, the tabular grain blue
recording color-forming layer unit can be compfised




15 illustrative. 1In each of the various Layer O der Arrangenents A
correspondi ng green and red recording color- formng layer units can be "

interchanged -- i e., the faster red and green recording color- fornng
| ayer unlts can be interchanged in position 20 in the various |ayer order
arrangenments and additionally or alternatively the slower green and red

record g color-formng | ayer units can be interchanged in position.

Al t hough phot ographi ¢ emul si ons intended Jgg25 formnulticolor inmages ¢
conpri sed of combinations of subtractive primary dyes nornally take the
formof a plurality of superinposed |ayers containing incor- porated
dye-f or ni ng nat er o4 9nesormexe abulamgrginobuersecarnding emp}stonneans

rquI {ed Th[1 ee 30a§@ts’akd) mmecg.qng.smESbllaermAﬁauﬁf %gidiaﬁ aﬁt _
packets, each con g ver halide enu recording i ght in
one third of the 3??2%? agﬁeé%ﬁ'(ﬁﬁtam& 5’085& é#gg'%;{ﬂ 5€deo Png a
conpl e- nmentary sfpupensate faxr the less favered mmteyhipbgﬂhher in a
singl e |ayer f arpdoreeseding c¥10FForh®ng' Payer Blts Vould | mages.

Ex I d - 95- K t I I hot hi c el are

i scl osedl by 0. 5. “EAPERHLS PeaupaokaiRy Orles Arkstaenent Fiabipa fve y

| &r ge separati on Ahffers bfxem dayeri Gudew| Aerangnenu/lm da providingeen 5
and red recordlngacpgggnj(#gggu}éda¥ggoggiég EﬁTEfufafﬂl Hg?i grain silver

brom de or bronoi od,de e Sl reduction-or I m nation of
yel low filter natHYPEEr W ér‘ Prsitio F'S?nhﬂ?“%ﬁn rﬁhﬁel“lba‘}eF sratin

arrangenent s.10neblGe récording eolost-foeiihg my&t)mtitf @ndpehei ding a
quantitative measyper-0 $f“% gﬂﬁhrgaﬁgggggﬁelt Eed recordi ng

col or-form ng Iayer units c 6ho?ograph|c el enent s
is to favored location which the second tabular grain fast

red recording color-forming layer unit occupies it
is faster than the first fast red recording layer
| - 15  unit if the two fast ted-reéording layer units
St incorporate identical emulsions. It is, of course,
recognized that the first and second fast tabular
grain red recording color-forming layer units can,
if desired, be formed of the same or different
20 enulsions and that their relative speeds can be
adjusted by techniques well known to those skilled
in the art. Instead of employing two fast red
recording layer units, as shown, the second fast red
recording layer unit can, if desired, be replaced
25 with a second fast green recording color-forming
- layer unit. Layér-OrderﬁArrangement VII can bde
identical to Layer Order Arrangement VI, but differs
. in providing both a second fast tabular grain red
recording color-forming layer unit and a second fast
30 tabular grain green recording color-forming layer
- unit interposed between the exposing radiation
‘source and the tabular grain blue recording
color-forming layer unit. |

35



se through a step tablet a sanple of a nulti- 15 col or photographic
nent according to this invention enploying first a neutral exposure
sourfce--i.e., light at [err] and thereafter to process the sanple. A
segond sanple is then identically exposed, except for the interposition of
20 a Watten 98 filter, which transmts only |ight between 400 and 490 ,nm
and thereafter identically processed. The word "Watten" is a trade mar%.
Usi ng bl ue, green, and red transnissichékgBities determ ned according to
Anmerican Standard 25 PH2.1-1952, as destcri bed above, three dye character-
I stic curves can be plotted for each sanple. The differences [err] in blue
SFeeﬂ of the bJue-recordgfghﬁgaduti(ﬂpmnngnaaxxraueiédﬁﬁeﬁﬁﬁbﬂhﬂe bl ue speed
of* the green or | N o f ! 3 I 1 Ss) can be
det erm ned from‘? ﬁgnﬁgﬁgﬁ%%gﬂ%ﬂ %%Egni e e?ér']'ﬂyé(# %B) [err]
where [err] is bareathcthedayens mesogding, blue }+ght contdins. Bor i ng | ayer
uEit(s) exposedybmlougﬁilhﬁrvvaknannﬁﬂ-thhbersttnctﬁrée;uﬁtiﬂdeue speed of
t he green rgecordi = 1N oLk LS »qole) rough the Watten
08 11 tor; S0 MBH &Fpeés Fgkd'Bardias dhath 4L VRE G 00) |
col or-forning | apulsient{n)the amusion dayer: nearpst (e AxXpasing . BN is
the bl ue speed QBui'ES.b"ﬂ?erﬁbiﬂ(ﬂﬂ%hﬁ(ihoémﬁwﬁﬂbﬂﬂ ¢dy e UNi t (s) exposed to
nelutra:c 15 [Ierérﬁbf%%?%‘? %g;{éﬁé&jtﬁeg ﬂéﬁﬁ? ;Qefgdﬂaé&ﬁgreen recordi ng
color-formn . Sy a

? sensitized to record green light, or in pairs of
10 layers sensitized to record red and green light

£

respectively. :

There are, of course, many other advan-
tageous layer order arrangements possible, Layer
Order Arrangements I through IX being merely

15 {llustrative. In each of the various Layer Order
Arrangements corresponding green and red recording
color- forming layer units can be interchanged --
i.e., the faster red and green recording color-
forming layer units can be interchanged in position

20 in the various layer order arrangements and
additibnally_or alternatively the slower green and
red recording color-forming layer units can be
interchanged in position. o

Although photographic'emﬁlsions intended to

25 form multicolor images comprised of combinations of -
subtractive primary dyes normally take the form of a
plurality of superimposed layers containing incor-
porated dye-forming materials, such as dye-forming -
couplers, this is by no means required. Three

30 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 comple-
mentary subtractive primary dye, can be placed

'35 together in a single layer of a photographic element
to produce multicolor images. Exemplary mixed



[err] light; and [err] is the red speed of the red recording 20
color-formng |layer unit(s) exposed to neutral [err] light. The above
description inputes blue, green, and red densities to the blue, green, and
red recording color-formng |ayer units, respectively, ignoring 25
unmantq%;spectral absorption by the yellow, magenta, and cyan dyes. Such
unwant ed spectral absorption is rarely of sufficient magnitude to affect
materially .the results obtained for the pugggées they are here enpl oyed,
30 . The nmul ti col or phot ographic el nts of the present invention
I n the absence of any yellow filter material exhibit a blue speed by the

bl u]ge regf)rdi Pg| col ?rpnfeaqemi ngu:ueéovrﬁnaqgﬂﬁﬁhﬂéfqhbﬂtﬁstf@eFi nes, e bl
preferably at |eas as e bl ue
speed of green and/ ﬁ’?&g‘;?gcg?g?ﬁg c_%?gﬁéggrim%ﬂége”ﬂnsté}‘f&-{ﬂ-
contai ni ng hi gh aspect rati oltabsithe grelatisalysilexrge separstiomdm above.
el 1 Lol o photpOr agt e L oab Loy PHTURHALRTLELER of ORF eGP
mul ti col or photggr aghisc.ele i ng, = oy filter, mteria

exhibits a bIuépspeggudfﬁpeggﬁéﬁéiﬁg\ﬁé??ﬁﬂ{?tﬁﬁﬁé i%%ﬁ?d?ﬁ&ﬁ%olor-forning
layer unit and the GPBEALPLRS tebylan graim stlver hyowideiaxs) of |ess than
4 times (0.55 | og Epremotodpde osimils tery lthatOperites (Pedicth By fOor a 10

bl I ticol ' ' rdi t nt
‘nvention. This. Eﬁnggﬁﬂgﬁﬁe?‘?ﬂi“ JARIE IR kB2 SRAERR, (1 bl ue
(0]

- trates.
speed of green recoP@P Mﬂ%rqfd?qﬁﬂig Layez; ogdersarrangenentse aOvecyed
usi ng hi gh aspdé r&ecbniguel that)rcsim bes employedr £or OptsheLdlingdle0NDi 0di de

emul si ons. Another gBa&ei€aivé edstird ¥ RRe bPitive response of
: green and red recording color-forming layer units to
~blue light in multicolor photographic elements i{s to
expose through a step tablet a sample of a multi-
15 color photographic element according to this
AN invention employing first a neutral exposure
source--i.e., light at 5500°k-- and thereafter to
process the sample. A second sample is then
identically exposed, except for the interposition of
20 a Wratten 98 filter, which transmits only light
between 400 and 490 nm, and thereafter identically
processed. The word "Wratten" is a trade mark.
Using blue, green, and red transmission
- densities determined according to American Standar:
25 PH2.1-1952, as described above, three dye character-~
~ istic curves can be plotted for each sample. The
differences A and &' in blue speed of the blue
recording color-forming layer unit(s) and the blue
y speed of the green or red recording color-forming
30 layer unit(s) can be determined from the relation-

ship:




-blue and m nus bl ue sensitivities of multi-color phot ogr aphi c elenents
Ahe present invention is to conpare the green speed of a green recording
color_forning l'ayer unit or the red speed of a red recording

6cessing techni ques described above are enployed except that the neutral
|'i ght exposure is changed to a minus blue 25 exposure by interposing

- Watten 9 filter, which transmts only |light beyond 490 nm The quant,ta-
tive differences [err] being determ nedggte (C) [err] or 30 (D)
[err] where [err] and [err] are defined above; [err] is the green speed.
of the green recording color-formng |ayer unlt(s) exposed through the 35
Watten 9 filter; A & -9 rf] i?lrma ddodf the red recording
col or-form ng IayeQBgnlhés)( yjtten 9 filter. Again
unwant ed spectr absorption - the arel material and is 5
i gnored. . Red. 2 r'Qreen recordi ng col or- fornlng | ayer units containing
tabul ar silver bro is bhenblue cx:pekd @flitheobiueasecdesdinged above,

exhibit a §li ff /AR FoehtRgN APEE d%pd@@dbkﬁﬁ G8Ri eRe Of 10 the
spectrum and tﬁ%lrfggegg Sﬁlthe portlon of the spect?u to which they are

spectral ly sen¥r@at terdifference in their blue.and mnus bl ue
speeds) of at | easGw%g fsnthe (Wlve | appdd ofpthiecgzken meécomddng 20 tines. (1.3
I

I E I n an %&%%ﬁ [ han 2 [
(2935)Iog E) a\/\,@?:%?‘:gr ;Eggfml&n%eatr.ggﬁﬂc{mve tlggalih%ﬁ?ﬁeﬂlé an 20 times
10 RW98 is the blue speed of the red recording
' color-forming layer unit(s) exposed through the
- Wratten 98 filter;
B is the blue speed of the blue recording
. color-forming layer unit(s) exposed to neutral
15 (5500°K) light; - | -
GN is the green speed of the green recording
color~-forming layer unit(s) exposed to neutral
(5500°K) 1light; and
is the red speed of the red recording
20 color-forming layer unit(s) exposed to neutral
(5500°K) 1ight. :
The above description 1mputes blue, green, and red
 "densities to the blue, green, and red recording
color-forming layer units, respectively, ignoring
25 wunwanted spectral absorption by the yellow, magenta,
and cyan dyes. Such unwanted spectral absorption is
-rarely of sufficient magnitude to affect materially
_the results obtained for the purposes they are here
employed. : :
30 The multicolor photographic elements of
the present invention in the absence of any yellow
filter material exhibit a blue speed by the blue
recording color-forming layer units which is at
least 6 times, preferably at least 8 times, and
35 optimally at least 10 times the blue speed of green
and/or red recording color-forming layer units |

icolor



phot ographi c el enent |acking yellow filter material this difference is |gSs,,

than 10 tinmes (0.95 log E). In conparing the quantitative relationship 29[6.'

Ato Band Cto D for the sane elenent, the results will not be identidgal,
even if the green and red recording color-form ng layer units are identi
(except for their wavel engths of spectral sensitiza- tion). The reason is
that ™ nost instances the red 25 recording color-formng |layer unit(s)
will be receiving light that has already passed through the corresponding
green recording color-formng |ayer uni t('s$7.‘ However, if a second el enent
Is prepared which is identical to the first, except that the 30

correspondi ng gre : rdj cQlok-f I r. units have been

i nt erchanged in -p%?p?lngﬂg.ﬁghlgfﬁﬁ@p;}%& ?'égg'ﬁ‘d?ég‘]’g‘gf (ﬁy.?'gr m ng | ayer
unit(s) of the see@¥dsirnsets Janardbed abpvesypBy way £y i dentical val ues
for relationships cBmEgﬂiEbﬁhadn tM?ie below aeacnstritew/thiatf @armng |ayer

units of the firs We' r | ' Ca - 90-
respectively Stat tggﬁmggﬂéﬁgié ﬁl‘(éh[‘lt"y ,‘ﬁto ﬁé%k@%‘g&%ﬁ@?@% é(?fqugrleterll ‘gl[%% ral
sensitizatior? as ¥gpdewdfilbter materdalaexbihitsiahlus apeed not
significantly infdifferehée betwern Thedbltd PEcoéPeimd Relot+Forniag ©

oreen_and red speb8¥SF ittt and sue’ a7 84N, RePERitas Sakon-rormtne® "o cen
and red speeds geh8yetamnites) mf less thappéctitmeRctis Loggk)aase
scattering. 10  compared fd'thdirdly ADPeehes2(0095 AV F) Fori @ Si | ver halide
enul sions us in t he [E ent vention. are advant ageous because of their
reduced hi gh “angl 8"?‘?5&? i?:d'f‘f]let;}r O%s PPBﬁﬂ&F%Bg{']‘B %&ﬂ%ﬁ&r—%ﬁm ower
aspect ratio tabukerthezpresent dnwentida.di This sechpdrisvimddlusth reference
to Figure 2, the grht8gSth@ édvantageous reduction in blue speed of
. green recording color-forming layer units that can
be achieved using high aspect ratio tabular grain
15 silver bromide or bromoiodide emulsions.
Another measure of the large separation in
the blue and minus blue sensitivities of multi-color
photographic elements of the present invention is to
compare the green speed of a green recording
20 color-forming layer unit or the red speed of a red
recording color-forming layer unit to its blue
speed. The same exposure and processing techniques
described above are employed, except that the
neutral light exposure is changed to a minus blue
25 exposure by interposing a Wratten 9 filter, which
transmits only light beyond 490 nm. The quantita-
tive differences A" and A''' being determined
: . are L :

" g - '
, (C) A”-"-G‘w ..ngls_-or
« 30 (B 2777 =Ryg - Rygy
where : _ _ .
Gyog and Rygo _are defined above; |
ng is the green speed of the green recording
color-forming layer unit(s) exposed through the

35 vratten 9 filter; and




ijzed that inmage sharpness decreases with increasing thickness of one
silver halide enulsion |ayers. However fromFigure 2 it is also

nt that the lateral conponent of |ight 20 scattering (x and 2x)
ases directly with the angle [err]. To the extent that the angle [err]
remains small, the lateral displacenent of scattered |light remains snal

and i mage sharpness remai ns hi gh. Advant ageous sharpness characteristi c®?25
obt ai nabl e with photographic el ements of the present invention using high:
aspect ratio tabular grain enul sions ar&98rtributable to the reduction of

hi gh angl e scatterlng Th|s can be quantltatlvely denonstrated. Referring

to Figure 4, a sanp enuls as flned g re|n IS coated on
a trans- parent (sp thrﬁﬁgn?%§$ 8| ver cover age of
1.08 [err] Al thseieurfiorsdagnlayes wait lﬂ#&ﬂﬂ!@ﬁupptpvshréhﬁreferably

i mersed in a-'lﬁ%&ﬁiémav Fe1ee#lb Agu&aeuﬂahﬂa%wph écteinactlve 35 index
to mnimze Fres fl (0} e surfa e su t and the
enul sion. The Jb4ﬂﬁ§%%§§UP§ gﬁ %%ffr&flgfegay ke ﬁgfbeﬁ ar to the
suppor t pl ade byignored. mated |ight source 5. Light fron1the source
following a path indi cat RdabundNgreds Fekdiding’ cotBrbobfilif Riyap! i ca!

I ch

axis, strikes 5 t he enulsion.Cq ol passes

t hrough t he supﬂ'mjtt‘aﬁﬂ‘néﬁ'ﬁPsPSn g‘l‘i‘b'g %aiélr?&é'd%ipm& de, EtQH?"‘EIT stance from
the emul sion at kodisde spudsionsal asicdescribed aboves exhibie @oint B. which
lies at the intgfg %@eoﬁrib eﬁ 6 éﬂh‘ﬂ%?ch@'ﬁiﬁé QQ% og gt path

and t he det §tl 5 sur#ace tensit I s detected.-

An arbitrar FE %&Wﬁ% Pﬁrﬁi"’i‘h% dR&ction
surface. The dasd_pmttlmmtbewhkeh they dare fspectrallyngensitizédwi th t he

emul si on (i.e., a difference in their blue and minus blue
speeds) of at least 10 times (1.0 log E), preferably
at least 20 times (1.3 log E). In an example below
15 the difference is greater than 20 times (1.35 log E)
while for the comparable conventional multicolor
photographic element lacking yellow filter material
this difference is less than 10 times (0.95 log E).
' In comparing the quantitative relationships
20 A to B and C to D for the same element, the results
will not be identical, even if the green and red
recording color-forming layer units are identical
(except for their wavelengths of spectral sensitiza-
tion). The reason is that in most instances the red
25 recording color-forming layer unit(s) will be .
receiving light that has already passed through the
corresponding green recording color-forming layer
unit(s). However, 1f a second element is prepared
which is identical to the first, except that the
30 éorresponding green and red recording color-forming
layer units have been interchanged in position, then
the red recording color-forming layer unit(s) of the
second element should exhibit substantially
identical values for relationships B and D that the
35 green recording color-forming layer units of the
first element exhibit for relationships A and C,



15 coating. By noving point C on the detection surface it is possible to
vary [err] fromO to [err] By neasuring the intensity of the |ight '
scattered as a function of the.-angle [err] it is possible (because of the
rotational symetry of |ight scattering about 20 the optical axis 7) to
deterq;ye the cunul ative light distribution as a function of the angle
[err] FOr a background description of the cunulative |ight distribution see
DePal . ma and Gasper, "Determning the Optical Properties of Photographic:
Enmul sions by 25 the Monte Carlo thhod"r99hotographic Sci ence and

Engi neering, Vol. 16, No. 3, May-June 1971, pp.. 181-191. After -determ ning

the cunmul ative |ight t,ri Qutiopg, a functi on ,of err] at 30
val ues fromoO to &fqp&csﬁi}ygqgﬁm gFfjﬁ &%rﬁ‘:ﬁ&“ﬁ& ?heggge%éﬁ i nventi on,
the same procedur eheiqe: pfagreenhapectrsal sennitization asnopposed o t he
same average gra I t not her
verage grai TrePldpderial Edni‘id%%@d“ﬁo%d gt%;e gggféfg&ﬁw

~portion of support rlng t | bution as
a function of the %ﬂﬁﬁq?ﬂﬁﬁfFP fﬁ? Uee oRks “of [err]
up to [err] (3nd itiweocenpasisonss UThérefore, itndshcgimon prectdoeint of
scattered [ight i sadouel wﬁfuraaewe&”ﬁéw R Helll BPebls i}y Present

i Avention. In Figure 4 £err hown as onpl enent of
the angle [err]. °°HPé“' gP B t@#ﬁb ibuth Eocrrfar st graeh\@nd:f er ence -
to the angle 0. Thred. lﬁasdblghnesbetllyeus<nﬂmmhubdnegapeadenulS|ons used in
this invention ex ing. Since it is high-angle
10 scatteri )roportion- ately to reduction
in inmage shargﬂess;

it fol IBRsH l\l&t“!m%%’-&sﬁéﬁ-‘ pxt 8¥Riniilyery oi n
emul si ons used i n halddehemalsbphis uséd imitheoprebenpr tavedtion axe on are in

each instance capjfivantiagebli'belfuse of their reduced high angle
: light scattering as compared to nontabular and lower
aspect ratio tabular grain emulsions. As discussed
15 above with reference to Figure 2, the art has long
' recognized 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
20 scattering (x and 2x) increases directly with the
~ angle 8. To the extent that the angle 6 remains .
- small, the lateral displacement of scattered light
remains small and image sharpnéss remainsg high.
Advantageous sharpness characteristics
25 obtainable with photographic elements of the present
invention using high aspect ratio tabular grain
emulsions are attributable to the reduction of high
angle scattering. This.can be quantitatively
demonstrated. Referring to Figure 4, a sample of an
- 30 enmulsion 1l as defined herein is coated on a trans-
parent (specularly transmissive) support 3 at a
silver coverage of 1.08 g/m?. Although not shown,
the emulsion and support are preferably immersed in
a liquid having a substantially matched reftgctive
35 index to minimize Fresnel teflections at the
- surfaces of the support and the emulsion. The




sharper images. As herein defined the term"collection angle"” is the
f the angle [err] at which half of the light striking the detection
lies within an area subtended by a cone formed by 20 rotation of
C about. the polar axis at the angle [err] while half .of the |ight

strTking the detection surface strikes the detection surface within the

remai ning area. Wiile not wishing to be bound by any 25 particular thewfy
to account for the reduced high angle scattering properties of high aspect
rati o tabular grain enul sions used in. =A00present invention, it is believed .
that the large flat major crystal faces presented by the high aspect ratio
30 tabul ar grains as well as the orientation of the grains in the coating

account for thcePuhsinR Roating, 1s,expreed pecpendiculanda fhe,i |y, it has
" been observed t bappobe platné by w collimacednligiit ascideesrS. haltiighcenul sion

coating are sub t Iy surface on
which they lie. ﬂfﬁﬁ éﬁ+ %@éfgrégtlggiﬁglr Ré?gufém {q::e ph(i)‘ o- -102-
graphi ¢ el ement 4a8hed; hip athich fermgyen optical axks, werdkest apul ar
‘grains subgt ant tﬁélammw-cﬂﬁw ath oQﬂQ AR ougwm::ﬁ gsesThe

t hi nness of tab ns as wel r,orientation coat ed
per i ts the hi gRPEewER LR SiprdEin aBR spatALen, ot He uaaked e? ‘n this
i nvention to beceubumtdﬁﬂgnqehlﬁnonr thbamubnﬁmt#bmthMﬁ'coat i ngs,

whi ch can al so Eﬁﬂtaéébﬁéiéd)éﬂﬁidﬁﬁe9$ K& VEs £néf33‘¥ﬁidﬂ Qqeayers of the
phot ographic 10 _e|lenments accordlngftshfhls |nv nt| |b| hanced

shar pness even ﬁﬁeﬁh? ersection heXte ?%l i&é onventlonal
emul si on | &Per slightepsmaﬁd ¢&her dbclencdot!osm'ﬁcehelight of a

maximum intensity level is detected.-
An arbitrarily selected point C 18 shown in
Figure 4 on the detection surface. The dashed line
between ‘A and C forms an angle ¢ with the emulsion
15 coating. By moving point C on the detection surface <
it is possible to vary ¢ from 0 to 90°. By
measuring the intensity of the light scattered as a
function of the angle ¢ it is possible (because of
the rotational symmetry of light scattering about
20 the optical axis 7) to determine the cumulative
light distribution as a function of the angle ¢.
For a background description of the cumulative light
distribution see DePalma and Gasper, ''Determining
the Optical Properties of Photographic Emulsions by
25 the Monte Carlo Method", Photographic Science and
Engineering, Vol. 16, No. 3, Mhy-June 1971, pp..
181-191. '

After'determining the cumulativa light

'distribution as a function of the angle ¢ at

30 values from 0 to 90° for the emulsion 1 according to

~  the present invention, the same procedure is

repeated,'but with a conventional emulsion of the
same average grain volume coated at the same silver
'coverage on another portion of support 3. 'In

35 comparing the cumulative light distribution as a
function of the éngle ¢ for the two emulsions, for



I nvention the high aspect ratio tabular grain 15 enulsion |ayers exhlblt
a mni mum average grain diameter of at least 1.0 m.cronmeter, nost
preferably at |east 2 mcroneters Bot h i nproved speed and sharpness are
attalnable as average grain dianmeters are increased. Wil e maxi mum usefu
average grain 20 dianeters will vary with the graininess that can be

tol erated for a specific imagi ng application, the maxi num average grain

di ameters of high aspect ratio tabular grajgy£enul sions as defined herein
are in all instances |less than 30 m croneters, preferably less 25 than 15
m croneters, and optimally no greater than 10 microneters. In addition to
pr oduci ng t he sharypslses af nupgeo 700 (and dmisone dnstancescupao di aneters

indicated it is alwrpddaqu_ )t BReNadbufe REE tscdite | 1hRPUY Gr grain

emul sions avoid a ﬁunber advaga es encou tere nventional

enul si ons having t eF&B %ﬂrFQﬁ &o téprgyesqq
difficult to prepaimventhomt i d:na?igunethtthearsmhd #i desshoth werage gra| n

difaneters abo e 2 éﬁ%at l@;lr e & of §ﬁgd£kq%1£Qerr ahg}gaafell cited

above, it is noted p0|nte eed
performance at aveSSAkrering, 18 hereindiscuased gymfélfGFEPEF cgu‘i‘?‘her in
efpl oyi ng convent i amgle énul Thuss thewhgﬁhanqnngengmabntdbahlters a much

| | f t abul
orains of compar atVEASH SLIRIBRE bebd £AEhA Blveliidn oRRIDEE ode OOV
coated at hi gher @islv-ranxiwemgssermuh Sirice & 4o, highaangle recal :

practi cal dlSlOVfUiéitteiﬂﬂ@ Qﬁalmgﬂeséhif(53ﬂ¥¥iﬂﬁtekhai§ PRYSOEE Lo
enul si ons of Iarge avera r,ai n

i agneterg i s highe with the
emul si ons used in $¥8YY | Pﬁﬁiﬂﬁv*ﬂgﬂﬁ'&’ s‘i‘ﬁﬂ’&?@gagi E%ﬁ?'fﬁ anet ers.
Still further, if tbslgéttﬁ dighdaspectrratio dtabulaxi grain emulsions

used in the photographic elements of the present
_ invention are in each instance capable of producing
| 15 sharper images. | L p |
et o As herein defined the term "collection
angle" is the value of the angle 8 at which half
of the light striking the detection surface lies
‘within an area subtended by a cone formed by
20 rotation of line AC about the polar axis at the
angle @ while half of the light striking the
detection surface strikes the detection surfsce
within the remaining area. | |
While not wishing to be bound by any
25 ._psrticulst theory to account for the reduced high
angle scattering properties of high aspect tstio
tabular grain emulsions used in the present
. invention, it is believed that the large flat major
crystal faces presented by the high aspect ratio
30 tabular grains as well as the orientstion of the
grains in the costing account for the imptovements
in shsrpness observed. Specificslly, it hss been
- observed that the tabular grains present in a silver
" halide emulsion coating sre substsntially aligned
35 with the planar support surface on which they lie.
~Thus, light directed perpendicular to the photo-




!

ent-sions are
Prt dker coati
t hi/fcknesses o
i cknesses ¢
i ndicated to
advant ages pr
t he shape of

di aneters and
conventi onal

obtai n reduce
aspect ratio
it does not f

enpl oyed, with or without increased silver coverages, then
ngs are required 15 to acconmodate the corresponding | arge
f the larger di ameter grains. However, tabular grain |ayer
an remain very |low even while dianeters are above the |evels
obt ai n sharpness advantages. Finally, the sharpness 20
oduced by tabular grains are in part a distinct function ofw
the grains as distinguished fromnerely their average
therefore capabl e of rend82rng sharpness advant ages over
nont abul ar grains. 25 Al though it is possible to
?gEh?ﬁiéngiéhéﬁfﬂ*é¥fﬂ¥iéwhﬁg éﬁﬂﬂ&f?ﬁa?é?eé“?ﬂﬂd%g§90f hi gh
ufar qrarn_enulsions-as used 1n tQ tHe present Invention,

oBFEikenthe tahiar gradng,gpbstantielly perpenscessarily 30

real i zed i n nudteadasrtsome ngsjor lcrysealafacell tThelthinmess of f or nat s

enhanced shar
enul si ons of"
hi gh aspeét r
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SHowévéf, [thé dnil¥TonONayébs Sfeﬁﬁhr?ﬁiﬁdgiliﬁﬁﬁu|Sion_|ayer in
the red recor %-g’%nerml ILon Iaé-er l(ﬁ%& ue recording

r element s acroRding, Lo this,iav ption in the range of

t enbaficed csharpnegs avenswhepi they odrercoeteshitabther enul si ons,
| Lﬂ&%ﬂl‘&&é&?&éf 'dg"¢otiventional emulsion layers.

In a specific preferred form of the
invention the high aspect ratio tabular grain
enulsion layers exhibit a minimum average grain
diameter of at least_l;o micrometer, most preferably
at least 2 miérqﬂeters. Both improved speed and
sha:phgés are attainable as éverhge'grain diameters
are increaséd. While maximum useful average grain
diameters will vary with the graininess that can be
tolerated for a specific imaging application, the
maximum average grain diameters of high aspect ratio
tabular grain emulsions as defined herein are in all
instances less than 30 micrometers, preferably less
than 15 micrometers, and optimally no greater than
10 micrometers. A

~ In addition to producing the sharpness
advantages indicated above at the average diameters
indicated it is also noted that the high aspect
ratio tabular grain emulsions avoid & number of
disddﬁaﬂtdgés encountered by conventional emulsions
‘having these large average grain dismeters. First,
1t is diff;cﬁlt'to prepare conventional, nontabular
emulsions with average grain diameters above 2
micrometers. Second, referring to Farnell, cited
above, it is noted that Farnell pointed to reduced




| i ght passing through it to reach the green and red recordi ng emul sion .
| ayers. Unfortunately, if light has already been scattered before it o
reaches the 15 hi gh aspect ratio tabular grain enulsion formng the gre
recordi ng enul sion | ayer, the tabular grains can scatter the |ight passing
~through to the red recording enulsion |ayer to an even greater degree than
a convéntional ermulsion. Thus, this particular 20 choice of emulsions and
| ayer arrangement results in the sharpnesss¥¥3<«he red recordi ng enul sidn

| ayer being significantly degraded to an extent greater than would be the

¥ o . . e el q
o rangenont 5. vpedd Pereleianfl b dladd B4tk ulpndEerd ol °°'
advant ages of the fd&BICTORGERT: orFUTEthET o N smployipe r comventienal i es a
hi gh aspect ratio temullsdongr effnhigh! sveragergaaias ddaheteds grmidhit is

Feceive i ght g hat T2 amodolfne bl PLEVEL S prelkh 2R ok 0RMA BT { O
0 recei ve subst antopparedpte tabylay gralins pe‘.dcpmgﬁrgigle Slitanetemot her
o pross. 35 1 n et ot L aer o g e L0 TRES ESRRS AL | ayers
Zr Zr ngtssreal i zed g‘n ha\?hg%i?%g ?%‘g{ﬁdﬁeyg’r X?‘ﬂr"g» 8%?8\'5??? A d’&ég'ngt
itself underlie a tr®a}i @rpayieal mdisadvantiage, the prafnimess tprasuiced abul ar
grain green fecor diyy0 chelbshoent forfi1 WRile10hs’ of Tak £6 4 iirike BralnOn
| ayer and und ‘#le?igPélggnagnd? e S|qub3é_£ an q{ a I gfl aspect
ratio tabul areg ai EeFa 4f “Tﬂ’%’fﬂﬁ i aSTULEIORY) ykadiln the
sharpness of the reliscdnvdntfonrhdwing theysamei bivebage ngralediinmeéters.
R e af e e
| ayers overlying tf@4sdpns are employed, with or without increased
silver coverages, then thicker coatings are required
15 - to accommodate the corresponding large thicknesses
L - of the larger diameter grains. However, tabular
a ' grain layer thicknesses can remain very low even
while diameters are above the levels indicated to
obtain sharpness advantages. Finally, the sharpness
20 _édvantages produced by tabular grains are in part a
distinct function of the shape of the grains as
distinguished from merely their average diameters
"and therefore capable of rendering sharpness
'advantages over conventional nontabular grains.
25 - Although it is possible to obtain reduced
‘high angle scattéring'with single layer coatings of
“high aspect ratio tabular grain emulsions as used in
to the present invention, it does not follow that
reduced high anglée scattering is necessarily
30 realized in multicolor coatings. In certain
multicolor coating formats enhanced sharpness can be
achieved with the high éspect ratio tabular grain
emulsions of this invention, but in other multicolor
‘coating formats the high aspecc ratio tabular grain
35 emulsions of this invention can actually degrade the
sharpness of underlying emulsion layers.
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PRCt ratio tabular grain green recording emulsion layer is less than
10, an inprovenent in the sharpness of the red recordi ng emul sion

real i zed. It is, of course, immterial whether the red
ion layer is itself a high aspect ratio tabular grain

‘as defined herein insofar as the effect of the overlying

har pness i s concerned. 20 _ In a multicolor

ement contai ni ng superinposed color-formng units it is

at least the enul sion | ag@&=] yi ng nearest the source of
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get BLCEAmMBtAr 48 I8,8yPies ‘hﬁ %%W%ﬁmﬁe i mges
enhl)mns syir willy exiiibdyi naxbiogh scgerérimg iof t abul ar grain
b1 gRe Pﬂﬂtfb ﬁulo%‘ﬂ' it to reach the green and red

recording emulsion layers. Unfortunately, if light

~has already_been scattered before_i:'reaches the

15

high aspect ratio tabular grain'emulsion_forming the

_green'teeording emulsion layer, the tabular grains

can scatter the light passing through to the red

‘recording emulsion layer to an even greater degree

20

than a conventional emulsion. Thus, this particular
choice of emulsions and. layer arrangement results in
the sharpness of the red recording emulsion layer
being significantly degraded to an extent greater
than would be the case if no emulsions as defined

~ herein were present in the layer order arrangement.

25

- In order to realize fully the sharpness
advantages of the present invention in an emulsion

‘layer that_underlies a high aspect ratio tabular

30

35

grain emulsion layer as defined herein it is
preferred that che:the:tabular grain emulsion layer

 be positioned to receive light that is free of

significant scattering (preferably positioned to
receive substantially speeularly transmitted

light). Stated another way, in the photographic
elements of this. 1nvention improvements in sharpness
in emulsion.laye:s underlying tabular grain emulsion
layers are best realized only when the tabular grain



nearest the exposing radiation source the sharpness 10 of underlying .
emul sion layers wll be inproved. Further applications filed concurrent:
with the present one describe in further detail subject matter which is ™
referred to above. These applicati opgogsre identified by reference to their
publ i shed specifi- 15 cation Nos. 2,110,831, 2,110,404, 2,110, 405,

3 110, 231 TrendieCod Yajet dodel A0 ORInate WiichTle & tHLIED, 7. 109 578
an : : : en .S r | rat.ed’: e following
exanpl es.: 20 Egﬁffﬁ'es #%Ilq’ﬁ'ﬂ'?ﬁfat gfsﬁe%gq asRfich %&qﬁeFﬁi’PgﬁEhi ps A
series of silver preimigxeete recordiogsenalsioyilayersoyerldiesi o rede
.prepared as descree6rdfigd émulsionC lagbr! £fd Uided HestadtippikAnand 25

subsequent headi ngs § hg cqntents _qf, the ction vessel r tirred
vi gor ousl y t%roug%% sf%?ﬁ@””ﬁh&“ﬁé??d@ éﬁf? 85R8R F #Sﬁgfguiﬂﬁ'term
"percent” means pgFeimtblye wecprdingnesuistomclayer asndiefined; and the term
'V: 'tsjtands folr a ﬁ@%ﬁn&@ﬁ‘@%}{lﬁ?bgﬂﬂs 8 ch&@ﬁﬁé&{d&@&%s%:hﬂﬂiﬁ&@? edi Al

sol utions, unless r st gted ar ueous sol ution e physica
~descriptions of t%gygﬁﬁ%ﬁr"f %'&ngng a@f‘% Rﬁe’ﬁﬂ"leoﬁ%ﬁhfhe preparation
of Emul sion No. 7overxlying siabulRrcgraiini emulskbredayer pxt layess.
Brul sion 1 ( np j 13kl .17 H

TIPS Edcdd %ﬁdﬁgggscﬁﬁgc&ﬁgaa s POLE Te E313kkR 1ol

pot assi um brom de soj uti ! I n d by
double-jet, 2.2 M %s%#o&heorlﬂ?a@h'n ayers I\ﬂ‘éﬁ‘l]w?éllnsnﬁi‘f’aggggol utions
-107- over a two aspect maticotabuilaregraintgreemrecoridingf efuBs{emnsun ng

0.56 percent of tp é:?_tﬂ ﬂésv"ihaﬁigﬁ%gwed)an w&%ﬁgg ?glﬂgéon was

stopped and the st]¥er nitrate_solutron conttnue or m nut es

. sharpness of the red recording emulsion layer can be

15 realized. It is, of course, 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. _

20 In a multicolor photographic element
containing superimposed color-forming units it is
preferred that at least the emulsion layer lying
nearest the source of exposing radiation be a high
aspect ratio tabular grain emulsion in order to

25 obtain the advantages of sharpness offered by this

" invention. In a specifically preferred form of the
invention each emulsion layer which lies nearer the
exposing radiation source than another image '
recording emulsion layer is a high aspect ratio

30 tabular grain emulsion layer. Layer Order

- Arrangements II to IX described above, are illus-

trative of multicolor photographic element layer

N arrangements according to the invention which are

| capable of imparting significant increases in

35 gharpness to underlying emulsions layers.
| Although the advantageous contribution of
high aspect ratio tabular grain emulsions to image
sharpness in mﬁl;icolor photographic elements has



zpnsum ng 5.52 percent of the total silver nitrate used). The bron de
ilver nitrate solutions were then run concurrently maintaining pBr 1.0
n accelerated flow (2.2X fromstart to finish--i.e., 2.2 tines faster
the end than at the start) over 10 13 minutes (consuning 34.8 percent
of the total silver nitrate used). The -bl%de sol ution was st opped and t-he

“silver nitrate s Q 6.4 t of tet
total silver ni t?%%geé u‘sbitﬁfhf%% ﬂi‘ggﬂgg? g?%#?%’é&ﬁ)l Pg‘ﬁfr ggn V\II(")IlCh ©
was al so 0.24 M iePlnx phategraphicceleventiscishirpnesn: adviantagest rat e sal t
sol ution for 15. ean mmwwﬁm&bﬁw th il efl@Fée BT adihnd-at1ee 6X from

start to finish cept _of t e total, silver nitrate used,
mai ntai ning a p?Brp OWP% §1§8?HE§0%H5$ vies é"ﬁ%ﬁfe i&ﬁ& ¥a 5 minute
di gest using . 5 ipagas-umlthisc ganyentfonel prevticmta divide A 0.18 M
ggL giszl um It 03" dte Mlm Fodnlhg suaﬁhﬁulﬁﬂ& Yldges’ L1ntd tgr
(consun{ ﬁg g 8ape§£&1ent o QW 'g?gié @ﬁ%? Br,f'?ét@&\i\e%sp‘rc%ag_&gip of .
approxi matel y 11tﬁ@ﬂésfbsfsiﬂveﬂﬂhltoa!el!wﬂQ£in!§jhdﬁQinetnlinyqraas cooled *
to [err] and wasinehrest itheCerpokthgoradtilsh Cﬁ‘odi-e'i thel 3Rlargnbded. 929. To

the enul sio t of the reens ectral .
sensitizer, rh'acﬁhy% E‘k’ Wﬁpgiﬂg ﬁﬂ?gﬁf golpﬂp#u F y Sp

_(3-sul fopropyl ) - oxacarmﬂ apPiieadions, £ G‘i‘uﬂ?we'&ﬂd't MAg

adjusted to 8.4 a:ﬂ-ieepresaatrrbautdebo*-ﬂbﬂmtw slmmasuwéeat 3 5

ot asst umt ot r ac BEAE, g FELErDEN SSUe; Mikse app
Was then heated A3€ ddenk ?a-gi sa;%%gﬁg,ﬁgm M@%@&' on
pot assi um brddhi deatdont Nos. 2 1100831. 2,110,404, 2,110,405, 2,109,576,
2,110,402, 2,109,577, 2,110,830, 2,110,403, 2,111,706,
2,109,578 and 2,111,231, _
The invention is furthet 111uatrated by the

following examples:
20 Examples to Illustrate sEeed/Granularitz
Relationships - :

' A series of silver bronoiodide emulsions of
varying aspect ratio were prepared as described
below. In each of the examples under this and

25 gubsequent headings the contents of the reaction
vessel were stirred vigorously throughout silver and
halide salt introductions; the tern'“percent" means
percent by weight, unless othcrwiae {ndicated; and
the term ''M'" stands for a ‘molar concentration,

30 unless otherwise indica:éd. All solutions, unless

| otherwise stated are aqueous solutiona. The
physical desc:iptions of the enulsions are given R
Table VI followtng the prcpnration of Emulsion No. 7.

A. Esulsion Pregaration and Sencitization >
35 Emulai.on 1 SExanglez o ' "

‘l’o 5.5 literc of al. 5 percent gelatin,
0.17 M potassi.un bron:l.de aolution at 80°C, were

added with ctirting and by double-jet, 2.2 M
poeasstu- bromide and 2.0 M suver n:l.t:nte uoluti.ons




Emul sion 2 (Exanple) To 5.5 liters of a 1.5 percent gelatin, 0.17 M QQ/"/

pot assi um bromi de solution at 80C, pH 5.9, 5 were added with stirring
by double-jet 2.1 M potassiumbrom de and 2.0 Msilver nitrate sol utions
over a.two nminute period while maintaining a pBr of 0.8 (consum ng 0.53
percent of the total silver nitrate used). 18? brom de sol ution was stopped
and M/ the silver nitrate solution contind for 4.6 mnutes at a rate

consumi ng 8.6 percenveofatitwo tilimites iperdod)i Whilé &@ﬁi’cai ‘;b ? gnd
e
:

silver nitrate solu r r gpt
mai ntai ning a pBr oP ? Sc&‘ﬁﬁﬁnﬂgrb Sl&n %Q‘gﬁgg 6% +l¥e %Hz"‘éx om staré to
finish), consum ng pitga Er%%?ﬂ) bf gpifesse 'é'l" 9 Mas StopeRd 4R

broni de sol uti on washet smndr anitddte soluedioni continved o3 minutes one

mnute (consuming 4 (CoRBLaLA} 9fsd *y’eztc%%' o?.' a%iér:&kééi aéﬁs}é%eﬁ):.crﬁﬂe

A 2.0 M potassium bromg ut.l on tassium

i odi de was doubl e- P8eddd W&, lﬂﬂ!ﬂ&q G‘Bﬂ ﬁ“?’ﬁ%’e“%%‘l’%ﬁq &?11"(5 OR8§ 3 ninutes
isn an accel erat ed f wewve(théxX fumreoicurrentlyi naﬂntairr&nmtpﬂmllng anpé&n of
1.7, and consum ng t o] | igraegused. To
t he emul si on was ad§ éeigg‘g?é)e{w (zofzxt Qgf“{'}m6 |% éaa/madhgnd&t ﬁe enul si on

was held for 25 min %'fﬁ‘p&ta§§FuﬂPf‘o 1the (?r?‘&'ﬁa PMeTS | ver
nitrate sol uti obOweld dmnbtajmdzﬁima.h a3&08 porcémtitof i toeal rate for

marel'y 6.6 porcent SEEoRE bigrfedfasd . ?hﬁfg eﬁﬁ#@%ﬁaﬁgs?f’%?x'
nitrate consuned waSteppeda@ndithe, Slillvﬁsl §trﬁt%0$ yiderprussdog bt 735
pht hal ated gel atin nfindtds! (¢nsuniing\®t. a4 pagcéhcrofickig tothd ealieron
cooled to 30C and ﬂ@épgfhtaﬁed) 1%1.8 potassium bromide solution
15 which was also 0.24 M in potassium iodide was added
with the silver nitrate salt solution for 15.5
minutes by double-jet in an accelerated flow (1.6X
U ' from start to finish), consuming 45.9 percent of the
total silver nitrate used, maintaining a pBr of
20 1.6. Both solutions were stopped and a 5 minute
digest using 1.5 g sodium thiocyanate/mole Ag was
carried out. A 0.18 M potassium iodide solution and
the silver nitrate solution were double-jetted at
equal flow rates until a pBr of 2.9 was reached
25 (consuming 6.8 percent of the total silver nitrate
used). A total of approximately 11 moles of silver
nitrate were used. The emulsion was cooled to 30°C,
and washed by the coagulation method of U.S. Patent
2,614,929, To the emulsion at 40°C were added 464
30 wmg/mole Ag of the green gpectral sensitizer,

| "anhydro-5-chloro-9-ethyl-5'-phenyl-3'~(3-sul fobutyl)-3
. -(3-sulfopropyl)-oxacarbocyanine hydroxide, sodium
= salt, and the pAg adjusted to 8.4 after a 20 minute

hold. To the emulsion was added 3.5 mg/mole Ag of

35 sodium thiosulfate pentahydrate and 1.5 mg/mole Ag
of potassium tetrachloroaurate. The pAg was
adjusted to 8.1 and the emulsion was then heated for
5 minutes at 65°C. pAg adjustments were made with
potassium bromide solution.



~ghgul ati on net hod of Exanple 1. The enul sion was then optinally

ally and chemically sensitized in a manner simlar to that described
| sion 1. Phthalated gelatin is described in U S. 5 Patents

56X, 928 and 2,614,929. Enulsion 3 (Exanple) To 30.0 liters of a 0.8
percent gelatin, 0.10 M potassium brom de solution at 75C were added with
stirring and by double-jet, 1.2 M potassium 10 bronide and 1.2 M silve™
nitrate solution over a 5 mnute period while nmaintaining-a pBr of 1.Q
(consuming 2.1 percent of the total sil-@8-nitrate used). 5.0 liter of a
sol ution containing 17.6 percent phthal ated gelatin was then added, and the
15 emul sion held for one mnute. The silver nitrate solution was then
run. into the emulsion until a pBr of 1.35 was attained, consuning 5.24

per cent of ;he t ot agmalb¥6n 2i 16 d:.A 1.06_N1potassiun1broniQe
wth the ol ver mtiate E&Iﬁf?oi %ﬁ%"%ﬁ%‘eﬁ3%-??3915%%??&3‘?@5?*?4’2'mes{ ot to
fini sh) consum @gld2M7pptasshum bronide modution, at 80tCatpH 2ty and .
s used |95 Tosionaidd ek --‘"E%‘Z‘*gy““’% LAt o haghed and o
\ggts i lrgfl y spect P&I%I‘?gg”ﬂ gﬁﬁ%ﬁl? ‘ré%t gefnnggﬁﬁ%ﬁeﬁ"wq"fr .to that =~
described for Ewvesi entwo @houte periqd-whillecpaiotaisingtarpBoiof 1.5
her o added wi th 50 (conkaathpobiss peRcUAETOE ch KbLad Biver ] DL S i, o
M silver nitrat @*EFALe 8ﬁ§- t alhe %#deeeﬁipt?ﬁ?e"ﬁ§e?t%’2@{ i*ﬁi’dof one
m nute at al(pBr thie 8i3veronitrave folutiow eontdhuedefort&lb635 silver
nitrate used). HiautedTadCa Pkt ombiifie 8.4 jedcBnl00! £ Aidn | O de
sorutton “ere si&vggnnitratg used. The bromide and silver nitrate
solutions were then run concurrently for 13.3
_minutes,.maintaining a pBr of 1.2 in an accelerated
15 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 nitrate
solution run for one minute (consuming 4.7 percent
_ of the total silver nitrate used). |
20 _ . A 2.0 M potassium bromide solution which
was also 0.30 M in potassium iodide was double-
jetted with the silver nitrate solution for 13.3
minutes in an accelerated flow (1.5X from start to
-finish), maintaining a pBr of 1.7, and consuming
25 35.9 percent of the total silver nitrate used. To
the emulsion was added 1.5 g/mole Ag of sodium
thiocyanate and the emulsion was held for 25
minutes. A 0.35 M potassium iodide solution and the
silver nitrate solution were double-jetted at a
30 constant equal flow rate for approximately 5 minutes s
- until a pBr of 3.0 was reached (consuming approxi-
- mately 6.6 percent of the total silver nitrate
used). The total silver nitrate consumed was
. approximately 11 moles. A solution of 350 g of
35 phthalated geia;in,in.l.i liters of water was then
added, the emulsion cooled to 30°C, and washed by



concurrently at an equal constant rate over 7 minutes, maintaining pBr O
and consum ng 4.8 percent of the total silver nitrate used. The triple
was then continued over an additional 5 period of 37 mnutes maintaini
pBr 0.8 in an accelerated flow (4X fromstart to finish), consumng 94.5
per ceqt, of the total silver nitrate used. A total of approximately 5 noles
silver’nitrate was used. The emul sion was cooled to 35C, 10 1.0 liter of
wat er containing 200 g of phthalated gelatin was added, and the emul sign
was coagul ati on washed. The enul sion wasl®®en optinally spectrally and
chemcally sensitized in a manner simlar to that described for Enulsion 1.

fanner descri bed T3¢ b Resan HAbRoERRE Ha :gprere?éﬁit SRFET, o
gelatin in 17.5 |vagrtheny optdmaldy spectxellydndi chemdcsilyring and 20 by
constant equal | PRised 18 Sondiief, Jiddir (<) chek! Befebthed &5 D1 o
2.1 (consu(r:ln' ng ap %i&a#m g1'y ﬁ‘g&f‘tgﬁé 5&*% & \98F°Eﬁ’?ét JE iﬁ t he

seed grain pPeparPatents 2116143928 ahdv2p§14,829.so0l uti ons was then adj usted

t,o a rate consum ng qgﬂng@dgagekgngepg!cent'pf the total silver nitrate
used in the seed grai a_perjqd of 15 mnutes. The run of
t he ammoni um i odi de sol uti 0 ﬁEﬁrSt%f)r?ecé'%lPGrFﬁétsﬁe 4%t +ion of the
sil ver nitrate sodil0 oh poxasisiuadbrombde| safutich atA?BBCakené a&fjedxi nat el y
e oy S PSR Ay AR Mol
further prec#ﬁ?téerEiin ds ZgMseilven #ﬁ#ﬁﬂﬁﬁhﬁ@@ﬂ%1°?hevﬁﬁe? e grain
di aneter of the ssisute perdodawhileimaintoiwiny a pBr of 1.0
| " (consuming 2.1 percent of the total silver nitrate
used). 5.0 liter of a solution containing 17.6.
percerit phthalated gelatin was then added, and the
U 15 emulsion held for one minute. - The silver nitrate
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
- 20 iodide was double-jetted with the silver nitrate
gsolution 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
approximately 20 moles of silver nitrate was used.
25 The emulsion was cooled to 35°C, coagulation washed,
and optimally spectrally and chemically sensitized
in a manner similar to that described for Emulsion 1.
« Emulsion 4 (Example) -
' To 4.5 1iters of a 1.5 percent gelatin,
30 0.17 M potassium bromide solution.at 55°C, pH 5.6,
were added with stirring and by double-jet, 1.8 M
potassium bromide and 2.0 M silver nitrate solutions
at a constant equal rate over a period of one minute
at a pBr of 0.8 (consuming 0.7 percent of the total
35 silver nitrate used). The bromide, silver nitrate,
- and a 0.26 M potassium ifodide solution were then run

-



igﬁﬁ liter of a 5 percent gelatin solution containing 4.1 noles of the Agl
| sYon as prepared. above was heated to 65C. A 4.7 M ammoni um broni'de
ion and a 4.7 Msilver nitrate solution were 5 added by doubl e-j et

' at an equal constant flow rate over a period of 7.1 mnutes while

. maintaining a pBr of 4.7 (consum ng 40.2 percent of the total silver _
nitrate used in the precipitation on the seed grains). Addition of the A
ammoni um brom de solution 10 al one was_ ! continued until a pBr of
apprdxi- mately 0.9 was attained at which tine it was st opped. 2.7 liter of
a solution of 11.7 M ammoni um hydroxi de was then.added, and the emnul sion
was hold for 10d6n&uﬁ:&&ntl'?eaﬁl'huva$qm twmam Eaﬁevwérlﬁ sul furic

acid, and the d%ﬂﬁkﬁehetmhﬂéﬁggﬂféé. BBhHHhPﬁ g? and silver

nitrate sol ution was ré&sune naln al ni ng of appr oxi -
mately 0.9 and pergens: efcthe total %@%F’é&ﬁ'ﬁts‘fuﬁﬁé tom silver nitrate
consuned. The pRriple rhianwasd :H&ht@éﬂiﬁ&cﬁ&e&ndntheﬂmﬂpn cooled to

[err] tal of ,app s ,of, sil was used. 900 g *°
of phthalaiid g@Fﬁ#Pﬁ ﬂgxégaﬂﬁﬂ%c é%? é ﬁaé % | ati on washed.  ~
The pAg of the mdﬁu‘ntndsfhd}ruééﬁdftm BLATL5 to ﬂmisb)ihe enul si on was 2

added 4.2 ny/ nol s i y nmg/ nol e Ag R
of potassium tet‘:r%%‘%glfIl aggaynbéﬂhéﬁym;i eo%%ttali ﬂl%&ra?ﬂ?%]%hed for 16 _

mnutes at [err¥ Ieﬁ gt ﬂgc9f 0P° fé fggﬁ'spectral 30
sensi tizer, anhydtrateciwherosédet The &nqihelmyi was- co8led| tobiﬁ %,

-3-(3- sulfquop I bgey zggp gdded and the
enul si on was hepaxp&ai%g 8f 6thf %%en1cg#ﬁ%n sBectrgk se zation was
_optimm for the&ﬁéﬁ§#P|YEFs¢§§e -e%&ﬂ dhey emulsiopowas coagu ﬂt on

washed. The emulsion was then optinally spectrally

and chemically sensitized in a manner similar to
that described for Emulsion 1. _
15 Emulsion 5 (Control -- This emulsion was
precipitated in the manner described in U.S. Patent
4,184,877.
~Toas percent solution of gelatin in 17.5
liters of water at 65°C were added with stirring and
20 by double-jet 4.7 M ammonium iodide and 4.7 M silver
nitrate solutions at a constant equal flow rate over
a 3 minute period while maintaining a pI of 2.1
(consuming approximately 22 percent of the silver
nitrate used in the seed grain preparation). The
25 flow of both solutions was then adjusted to a rate .
consuming approximately 78 percent of the total
silver nitrste used in the;seed,grain”prepsration
over a period of 15 minutes. The run of the _ L.
ammonium iodide solution was then stopped, and the ST
30 addition of the silver nitrate solution continued to . ;é
" a pl of 5. 0. A total of approximately 56 moles of -
gilver ni:rate was used in the preparation of the
seed grains. The emulsion was cooled to 30°c and
used as a seed grain emulsion for further precipita-
35 tion as described hereinafter. The average grain
diameter of the seed grains was 0.24 micrometer.




Emul sion No. 6 (Control) -- This enulsion is of the type described in U S.
Patent 3,320,069. To 42.0 liters of a 0.050 M potassium brom de, 0.012 M
pot assi um i odi de and 0.051 M5 pot assi um t hi ocyanate solution at [err]
containing 1.25 percent phthal ated gelatin, were added by double-jet with
stirring at equal flowrates a 1.32 M potassium bronide solution which was
also 0711 Min potassiumiodide and a 1.43 Msilver nitrate 10 solution,
over a period of approximately 40 m nutes. The precipitation consuned 21.
nol es of silver nitrate. The enul sion waggden cooled to [err] and S

- coagul ati on washed by the nethod of U S. Patent 2,614,928. 15 o
The pAg of the emul sion was adjusted to 8.1 and to t he emul si on was added
5.0 ny/nol e Ag of sodi um t1§.-@sdirercofeat hipencens gedatin aelutiaen Ag of

pot assi um t et racfuﬁmuﬂ%tgea 1THE1688U6 £ e T RN s16Al adi ﬁu-qineédat [err]

cooled to [err mol e ;Ag Ofcé ectra
anhydro 5- E:hl o]ro &@ﬁﬁ&?ﬁmﬁgﬂy?o?’és g S%]ﬁb%u?(/) on meﬂé i
3%§.3- sul f opr opy| )esdatdomo epdnané . Kyﬂr%&ltﬂ: n&ﬁnnxsnsalu;iqaswgwded and the

&mul si on wasshel daddéd ¥y @oﬁ%‘lﬁsje@hw&?'e Tonstant EPOWifag@li on was
23 optimumfor the sensiti

&mulsion is of tHY QZ‘% (fé'é'(? Bgd Pﬁ #‘g‘dtﬁl;at |on iBtﬁgﬁigg‘ggﬁ% Iltl:Plss

of a 0.050 hMpot @€ tﬁcmsm;lne 0@22mquasuqﬁnthsd:acglanﬂlunﬁlhn/: 30 .
i um t hi 1 n
T SRt b 8 e 11158
M pot assi um br oni &8 )u‘tl %#ii gﬂ ﬁﬁt%{%ﬁ‘lﬁfﬂq odi de,
and a 1.43 M6i| velone twas ¢héh coatimtéd untidlcra pBreoifodpptoxbpr oxi mat el y
40 mnutes. The pI&AYiIC. 3 Wl 8CEaYREE £ vHYES tihe it was -
' stopped. 2. 7 liter 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
\« - 15 gulfuric acid, and the double~jet introduction of
' the ammonium bromide and silver nitrate solution was
resumed for 14 minutes maintaining a pBr of approxi-
mately 0.9 and at a rate consﬁming'56.8 percent of
the total silver nitrate consumed. The pBr was then
20 adjusted to 3.3 and the emulsion cooled to 30°C. A
total of approximately 87 moles of silver nitrate
was used. 900 g of phthalated gelatin were added,
and the emulsion was coagulation washed.
The pAg of the emulsion was adjusted to 8.8
25 and to the emulsion was added 4.2 mg/mole Ag of
- sodium thiosulfate pentahydrate and 0.6 mg/mole Ag
of potassium tetrachloroaurate. The emulsion was
then heat finished for 16 minutes at 80°C, cooled to
40°C, 387 mg/mole Ag of the green spectral
30 'sensitizer, anhydro-5-chloro-9-ethyl=-5"'-phenyl-3"'-
(3-su1fobuty1)-3 (3-su1fopropyl)oxacatbocyanine
hydroxide, sodium salt, was added and the emulsion
was held for 10 minutes. Chemical and spectral
sengitization was optimum for che sensitizers
35 employed.




=1 silver nitrate. The enul sion was then cool ed to 35C and coagul ati on
Wb hed in the same manner as Enulsion 6. The pAg of the emul sion was -

adj ysted to 8.8 5 and to the enul sion was added 10 ng/ nol e Ag of sodi um
sul fate pentshydrate and 2.0 ng/nole Ag of potassiumtetrachl oroaurate.
The emsd si on was then heat finished at [err] cooled to [err] 387 ng/nole Ag
of the green spectral sensitizer, b
anhydr o- 5- chl or 0- 9- et hyl - 5' phenyl ilfulfobutyl) 3 -

(3-sul fopropyl ) oxacar bocyani ne hydrOX|ﬂ Bodium salt, was added and the
enul sion was held for 10 mnutes. Chem cal and spectral sensitization was

optimum for the sengi iy, BTPEOYE TABLE VI
PHYSI CAL DESCRI PTI' G% LELT e Ll 1;’;25,“1“” is of \or- %
of Emul - | ok Eype described),ipiU.s. %&R?nt 969, Cont ent

Di anet er ness  Aspedo 42c0t ¢dtébs of a 0.050 I!bpotassd.hﬁﬂ) [err]

[err] Rati o I 0.14 27: 1
550 Exarpl ¢ Zbroﬁcfea o301 & ; ium Pocbide and° 9%?11 L Examl o 3 .
12.0 2. 8’0““16“15‘11“19’* obption Af $8°C, containjng 1.8 -

0.12 15:1 1728 pércentophthhlatéd gelatih/ were addédiby 0. 42

?éoﬁt ;Lol g Cor'ﬂovﬂ%le-j@t withlgﬁirrinf at 124“&]2 {1%? ]ratesze8103§ bat ent

3, 320, 069 does Mdotassdugs branidet sehﬁw whiieh xascal8020: 31 Mer e
det erm ned by 3fh potassit@cibididet bﬂdpalprwm sver aa:eaderreasurl ng the

grains. sion t hr ou h 4 were,hi,g ratl ular grain
enul si ons thlwszt‘#é‘nﬂr’ep P8 Bﬁﬂ'ﬂ?t?ﬁrfé) @ pat ent application
in that 35 thainutdaskndbe precipitatiom mn;tmed chle!lloﬂ-eBAPfhough sone
tabul ar-grains @iwﬁ%ﬁc%%e(} 6THRCEREES £6n Ivaslithigd @boledecbncl uded in
conputing the t %@nd ooagulation washed by the method of U S.
Patent 2,614,928, '
15 - The pAg of the emulsion was adjusted to 8.1
~and to the emulsion was added 5. 0 ng/mole Ag of
sodium thiosulfate pentehydrate and 2.0 mg/mole Ag
of potassium tetrachloroaurate. The emulsion was
‘then heat finished at 65°C, cooled to 40°C, 464
20 mg/mole Ag of the green spectral sensitizet.
anhydro-5-chloro-9-ethyl-5'-phenyl-3'~-(3-sulfobutyl)-
3-(3-sulfopropyl)oxacarbocyanine hydroxide, sodium
gsalt, was added and the enulsion was held for 10
minutes. Chemical'and'speotral sensitization was
25 optimum fot the sensitizers employed. _
Enulsion No. 1. SCOntr012 -= This emulsion is of
the_type described in U.S. Patent 3, 320 069._ _
To 42.0 liters of a 0.050 M potassium -
' bromide, 0.012 M potassium iodide, and 0.051 M
30 potassium thiocyanate solution at 68°C containing ) -
1. 25_percent.phthalated gelatin, were added by
double-jet with stirring at equal flow rates a 1.37
M potassium bromide solution which was also 0.053 M
in potassium iodide, and a 1.43 M silver nitrate
35 solution, over & period of approximately 40
minutes. The precipitation consumed 21 moles of

)
i




-114- grain average dianeters and percent projected area in these and
subsequent exanpl e enul sions, except where this exclusion is specifically
noted, insufficient small dianeter tabular grains were 5 present to alteg
significantly the nunbers reported. To obtain a representative average
aspect ratio for the grains of the controljggul sions the average grain
di aneter was conpared to the average grain thickness . Al though not
measured, the 10 projected area that could be attributed to the few
tabul ar grai ns nmeesilver mitinate.t hTheOesulstommmsethen coodted tod at | east
0.6 microneter di ans?eraxfd idcligulatddni WaSREA 1Mt GanRS haRRe#dady Vi sual
I nspection to accc n r very little, if any, of 15 the total projected
area of the total 6%— | ation of the control enulsions. B

Speed/ Granul arity of Slngléﬂmayég pfic the cenubaiiato wasc ad3uetedr tohd 8

Material s Theschenigdldd tHid enR28168! wssmalw ol@”lhsb?;”s (Eml si on
Nos. 1-7) were separ er oat In as | aye nta,formf on a
cetlulose tri- ace?%?é,\ 1{?! 8Fe. pEﬁtﬂﬂx‘gﬁﬂr&% “ﬁéﬂﬁi?s‘éﬂ si | ver
hal i de enul si ons aef meq[sd.ml] tetrachlopesuradte at Thel4mudsidniwashi ch a

sal vent 25 disper t gel f lopr
1‘9(2 4- di met hyl - 6- ?r'] lﬁaﬁﬁz’lﬁ%@&ggﬁ?ﬁg@ E4d14 e, 387

3-n-p nta I
phenoxy) - but yr ani d®8 QP rﬁ‘?EARQﬁqﬂ §¥ 1zeFe antistain
agent 5-sec- o&Oadecghiqmb<s-chlbmohe-éthyl#Sﬁwﬁhnnymﬁ3dsicu§u$ﬁbbutylf%32

g/nmole 30 Ag, and_ t [
1,3, 3a,7- tetraazal nde aﬂ{léﬂ%g ?Rﬁxg{gﬁ%&%’%een M E)"rlg S?st um An
overcoat |ayer, coh®tEsiap g@deg. find; the 8@? thEe:h@r

bi s(vinyl - sul.f ony&:tmith;d ) eiChemichllad Wﬂ&ﬂil md.cdaatmbnlwﬂﬁ gel atin

wei ght, was appli €fpeimum for the sensitizers employed.

15 TABLE VI
PHYSICAL DESCRIPTIONS OF BROMOIODIDE EMULSIONS 1-7
W _ : Grain Aver- 7 of
Emul - Iodide Thick- age Pro-
S . . sion Content Diameter ness - Aspect Jjected
20 No. (M2I)  __ (um)  _(um) - Ratio Area
Example 1 = 6 =3.8 .0.14 27:1 >50
Example 2 1.2 =3.8 .- 0.14 27:1 - 75
Example 3 12.0 2.8 . 0.15 19:1 >90
. Example & - 12.3 1.8 0.12 15:1 >50
25 Control § 4.7 1.4 0.42  3.3:1 --
Control 6 10 1 =0.40 . 2.8:1% -
Control 7 S - 1.0 20.40 2.5:1% --

* U.S. Patent 3,320, 069 does not disclose aspect
-ratios. The aspect ratios were determined by

. : 30 repeating the prior art examples and measuring
. the grains. : _
g : Emulsions 1 through 4 were high aapect

ratio tabular grain emulsions within the preferred
‘definition limits of this patent application in that
35 their thickness was less than 0.3 micrometer. Although
‘some tabular grains of less than 0.6 micrometer in
diameter were included in computing the tabular



3 esul ting photographic elenents were exposed for 1/100 of a second
oygh a 0-3.0 density step tablet plus a Watten No. 9 filter and 1: 26

_ 'ty neutral filter, to a 600W 3000K 5 tungsten |ight source.
Precessi ng was acconplished at [err] in a color process of the type
described in the British Journal of Photography Annual, 1979, pp. 204-206.
The devel opnent tinmes were varied to produce fog densrtles of about 0. 1%«
The rel ative 10 green sensitivity and the rns granularity were detefm ned
for each of the photographic el ements.=1Q#re rns granularity is neasured by
t he met hod described by H.-C Schmitt, Jr. and J. H Altman, Applied.
Optics, 9, pp. 8 - 874, 970.) 15 The speed-granularity
rel ati onship f&r Reg¥er ?I#Ib%m (AR, PETCLPtSRERISS iﬁfﬁﬁ of Log

G een Speed vsin thefeaand csubsegeki: iaxaﬁp@er entilsions s eteapty shown in

Figure 5 that %Eﬁahﬂ'c&aﬁi‘?as 4 ?_gg_eaﬂgxﬁgf; g(ized silver brono-

- 20 | odi de e avin t.a much better
* speed- granular ggiﬁg Bhs é‘LH&PHsQE 08 NEXP si | ver o

br onoi odi e enpiregent. totabter sigrel fivantlyh chet hambers ofeportiedyl e- | ayer
format, where all the s#,.vg&muietq%v g@ukibgngv?{%goﬂﬁ%@t equal .

silver coverage and mrt a conmon Si er cou best format ™
to illustrate ww&iopfen- ghergraing )P%eﬁhﬁ)lcﬁptaﬁéeeBﬂlﬁig‘vaéP hal i de
enul si on Wt hodverageogtain odlaueater as'¢ompaeedctoothe dferage

Sheed & an oL AR el e e P
el enent wekd pr prajested evesithat irould benatgribyted o the fewWi ose
triacetate fil Pabullae’ graindomeeting itht Qeds’ thafi 069 micrometer
thickness and at least 0.6 micrometer diameter '
criteria was in each instance estimated by visual
inspection to account for very little, if any, of
15 the total projécted area of the total grain popu-
lation of the control emulsions.
" B. SEQed/Granulatity of Single Layer Incorporated
Coupler Photographic Materials
" The chemically and spectrally sensitized
20 emulsions (Emulsion Nos. 1-7) were separately coated
in a single-layer magenta format on a cellulose tri-
acetate film support. Each coated element comprised
silver halide emulsions at 1.07 g/m® silver,
gelatin at 2.14 g/m?, to which a solvent
25 - dispersion of the magenta image-forming coupler
' 1-(2,4-dimethyl-6-chlorophenyl)-3~[a~-(3-n-pentadecyl
phenoxy) -butyramido]-5-pyrazolone at 0.75 g/m?
coupler, the antistain agent 5-sec-octadecylhydro- S
quinone-2-sulfonate, potassium salt at 3.2 g/mole |
30 Ag, and the antifoggant 4-hydroxy-6-methyl- ;
1,3,3a,7-tetraazaindene at 3.6 g/mole Ag had been
added previously. An overcoat layer, comprising
gelatin at 0.88 g/m® and the hardener bis(vinyl-
Sulfonylﬂethyl)ether at 1.75 percent based on total
35 gelatin weight; was applied. -




-116- Layer 1 Slow Cyan Layer -- conprising red-sensitized silver
br onoi odi de grains, gelatin, cyan i mage-form ng coupl er, colored coupler,
and DIR coupler. 5 Layer 2. Fast Cyan Layer -- conprising faster
red-sensitized silver bronoiodide grains, gelatin, cyan image-form ng
coupler, colored coupler, and DI R coupler. Layer 3 Interlayer --

correri ng gelatin and 10 ' 2,5-di-sec- dodecyl hydr oqui none
antistain agent. - Layer 4 Sl ow Magenta Layer -- conpri sing green- '
sensitized silver bronoiodide grains (1. ﬂB'L%- silver/[err]), gelatin (1.21

[err] the 15 : magenta coupler 1-(2,4,6-trichlorophenyl)-

- 3-[3-(2, 4-di anyl phenoxyaceg} am do nza 0] - 5 yra olone (0.88 [err] the
col ored coupler |-(2,4,6-t cﬁFB?“B ﬁ rp)‘ graphic ciements vere
[err]-(3-tert- but%p&é@cﬁm}dlﬁﬂonﬁ)aeumhd:a:mugh a 0-3.0

nani do- 2- chl or oandgy An@%; £aB1EB pouy) g VHULLGRRG-S9PELPERE it (0. 10

/[ n2 the DIR tert °
ghenz)xy) bﬁt yr amCO %ﬁéﬁﬂ‘,ﬂ%’[ err;B; dﬂﬂbtﬁr’ ((ar? ar%&qp’ 3000°K
-5-tetrazol ybt hi @u@mﬂdﬂhﬁesﬁﬁrce. ProcessingOwagecactompliished anti stain
ggent 5-sec-oct ad@@%mﬂco%' 408816 St ?bunaaeém& 09 [err]

Layer 5 Fast Mage ta La 1 CS ). f.2 Jr senslti silver
br onoi odi de gr ai British Johrnal of Phaogos BpAY, LOnual »t+4/ 10. 88
[err]), the rragerma. cznfp-lm-l @Bﬁlldévelapment times were varied to

chl or ophenyl ) - 3- [I;s, gpggf g @f?ﬁméj@ %@enzmdph&fwé azol one
0.12 h d - 3
E:hl oroE)ﬁreFl]yl }6 i ?ﬁr?@qﬁvﬁ yypg - r‘lagglﬂgranularity were

henoxy)tetr adecamdﬁnﬁe@ iforoeachi dslﬂ]ttﬂe (photographic elements.
(The rms granularity is measured by the method .
described by H. C. Schmitt, Jr. and J. H. Altman,
. Applied Optics, 9, pp. 871-874, April 1970.)
15 . The speed-granularity relationship. for
these coatings is conveniently shown on a plot of
Log Green Speed vs. rms Granularity X 10 in Figure
5. 1t is clearly shown in Figure 5 that optimally
chemically and spectrally sensitized silver bromo-
20 - iodide emulsions having high aspect ratios exhibit a
much better speed-granularity relationship than do
the low aspect ratio silver bromoiodide emulsions.
It should be noted that the use of a
single-layer format, where all the silver halide
25 emulsions are coated at equal silver coverage and’
with a common silver/coupler ratio, is the best
format to illustrate the speed-granularity perform-
ance of a silver halide emulsion without introducing
complicating interactions. _
30 C. Speed/Granularity Improvement 1n a Multilayer
. Incorporated Coupler Photographic Element
A multicolor, incorporated coupler photographic
element was prepared by coating the following
layers on a cellulose triacetate film support in
35 the order recited:

x
eb




'-117{'4-dinethoxy)pheny|azo-5- pyrazol one (0.03 g/n2), and the antistain
aQQSE -sec-oct adecyl - hydroqui none-2-sul fonate, potassiumsalt (0.05 -

: . 5 Layer 6 Interlayer -- conprising gelatin and
- sec- dodecyl hydroqui none antistain agent. Layer 7 Yellow Filter
Layer -- conprising yellow colloidal silver and gelatin. 10 Layer 8 Sl ow
Yel | ow Layer -- conprising blue-sensitized silver bronoi odi de grains,

gelatin, a yellow dye-form ng coupler, and the antistain agent |
5-sec-oct adecyl hydro- qui none-2- sul foralés potassiumsalt. 15 Layer 9
Fast Yell ow Layer -- conprising faster blue-sensitized silver bronoiodide
grains, gelatin, a yellow dye-form ng coupler and the antistain agent
5-sec- oct adecy| hewen-1 qiSkh Cyans hayerare, cooprleingn salt. 20 Layer 10 WV
Absor bi ng Layer -- conprigd<kensitidédaBiivee bronsiiodidee gaiis)oO) -

o onpr 1 ng gel ati n hriP THEs TRE ARSRYT FRFRyRE SapLer, OCMCO%  (AVET,
silver halide emul si ons ¢olaresh cospderi,rand- PERn¢owpleser of this coating -:
contai ned [0l YL 3p@FSE. Pyt THUN Layet C-UtohpPifing Eudvee described in -
U S. Patent 3,3207069. The, emul si.qns .30,. were all,© mal | y sensitized .
with sulfur and gold in b _'ﬁﬁq§;§%53d0F13ﬁ?5c_Eﬁﬁﬁ%? \ﬁﬁéén§pectrally =
sersit|zed (o L1 apor ogslmateoqyem inaganéorsiag)eouglay um | e
[eglrjr]sg OI ow 35 asgec%__%{ﬁi%?ﬁg*ﬁ%r%[_%@?&%%@ I odi de) a
enul si on whi ch #B¥eHr3p TlayeT s7nepoprising gelat
_ 10 - 2,5-di-sec~dodecylhydroquinone antistain
" agent. - - ' o
Layer 4 Slow Magenta Layer -- comprising green-
' ~  sensitized silver bromoiodide grains (1.48
| ‘g silver/m?), gelatin (1.21 g/m?), the
15 magenta coupler 1-(2,4,6-trichlorophenyl)- '
3<[3<(2,4~diamylphenoxyacetamido) -benzamido]-
"5-pyrazolone (0.88 g/m?), the colored
coupler 1-(2,4,6-trichlorophenyl)=-3-
: [a=-(3=-tert-butyl-4-hydroxyphenoxy)tetradeca
20 ' namido-2-chloroanilinoc)~4-(3,4-dimethoxy)~
o - phenylazo=5-pyrazolone (0.10 g/m‘),'the
" DIR coupler 1-{4-[a-(2,4-di-tertamyl-
‘phenoxy)butyramidolphenyl}-3-pyrrolidino~4-
(1-phenyl~5-tetrazolylthio)-5-pyrazolone
25 . (0.02 g/m?) and the antistain agent
* 5-sec-octadecylhydroquinone-2-sul fonate,
‘potassium salt (0.09 g/m?).
Layer 5 Fast Magenta Layer -~ comprising faster
green-sensitized silver bromoiodide grains |
30 7 (1.23 g silver/m’), gelatin (0.88 .
' g/m?), the magenta coupler 1-(2,4,6-tri-
“chlorophenyl)-3~[3-(2,4-diamylphenoxy
acetamido) -benzamido]-5-pyrazolove (0.12
g/m?), the colored coupler 1-(2,4,6-tri-
35 ' 'chlorophenyl)-3-[d-(3ﬁsg£g-buty1eﬁ-hydroxyp
henoxy)tetradecanamido-2-chloroanilino]-4-(3,



simlar to Emul sion No. 6 described above. -118- A second nulticol or
| mge-form ng photo- graphic el enent was prepared in the sanme nmanner,
except the Fast Magenta Layer utilized a tabular grain silver bronoiodi
(8.4 Mobiodide) emulsionin 5 pl ace of the | ow aspect ratio emul sion
descrbed above. The enul sion had an avegfg?_tabul ar grain- dianeter of
about 2.5 am a tabular grain thick- ness | ess than or equal to 0.12
[err] and an average tabular grain aspect ratio of greater than 10 20:4,
~and the projected area of 4<@inethok#d)pBenylézo's- Jpsra2olbian(Goopercent,
measured as descri bed aboyv, mz‘Bhe Fidgéhgn éf)%q: egl rati o enul sions were
both simlarly optimally em c’af y and Specira BE€BLsitized. 15

Bot h phot ogr aphi ¢ el enent Sg@croekadecyl ¢ crydrsu -sulfonate,

nul ticolor 0-3.0 density Jotiassibmcsale! (6.05 G/aroutral densi ty) to a 600W
5500K tungsten i ; [ e o QGESSL NG VAS 3-1/4 mnutes in a color
devel oper asgdesch%%goéjncﬁF@r} ye%BI’I tf%@ﬁ%ﬁilqe&f‘tglﬂofﬂara hy Annual ,
1979, page 204. Sensit onetdsdcdieggerdodecyhydroquinpael envistatnow. TABLE
VI Conparison of Tabul ar n#thh Aspect Ratio). 25 and Thr ee- D nmensi onal

(kow Aspect Rati G ai yl.sions.in Niltilayer, Milticol or_lnage-Formn ng
El ements Fast aye_rheﬁ Yeiidw ?‘iﬂ:e@ r - comprising yRALOW: o

Log Log rns. ‘colloidall sil@ér andigwlatin. Speed Speed
G an PoeedL e '®! Slow Y «l : 011 240
Exanpl e 225 7. slﬁg eiiﬁg Bﬁéer .%gmgﬁaségswbasuref at a
density of 0.25 aboye_fogPA¥G'PSPF}t£§% t§84lver Bromoiodide grains,

gelatin, a yellow dye-forming coupler, and
the antistain agent S-gec-octadecylhydro-
| quinone-2- sulfonate, potassium salt.
15 Layer 9 Fast Yellow Layer -- comprising faster
_ ' blue~sensitized silver bromoiodide grains,
\ | gelatin, a yellow dye-forming coupler and -
the antistain agent 5-sec-octadecylhydro-
quinone-2-sulfonate, potassium salt.
20 Layer 10 UV Absorbing Layer -- comprising the UV
o absorber 3-(di-n-hexylamino)- allylidene-
malononitrile and gelatin.
Layer 11 Protective Overcoat Layer -- comprising
gelatin and bis(vinylsul fonylmethyl)
25 ether.
. The silver halide emulsions in each color
' image-forming layer of this coating contained
polydisperse, low aspect ratio grains of the type
described in U.S. Patent 3,320,069. The emulsions
. 30 were all optimally sensitized with sulfur and gold
' - in the presence of thiocyanate and were spectrally
sensitized to the appropriate regions of the visible
spectrum. The emulsion utilized in the Fast Magenta
Layer was a polydisperse (0.5 to 1.5 um) low
35 aspect ratio (=3:1) silver bromoiodide (12 M%
iodide) emulsion which was prepared in a manner
similar to Emulsion No. 6 described. above.

)



\\ The results in the above Table VII illustrate that the tabular grains

h¢ present invention provided a substantial increase in green speed

Nery little increase in granularity. 5 D. Speed/ G anularity -of
-and- Whi te Phot ographic Materials To illustrate speed/granularity

advant age i n bl ack-and-white photographic materials five of the chen1ca4_y

and spectrally sensitized enul sions 10 described above, Enul sions

5, 6, and 7, were coated on a polyethyleqﬁ t erephthal ate) film support,.

Each coated el ement conprised a silver - 8ri de emul sion at 3.21 g

silver/[err] and gelatin at 4.16 [err] to mhlch had been added the

antifoggant 15 4- hydroxy 6:&?&{3" u]]. c%"i Wrox 6 g /sole
silver. An over coat Li ?éENISIn Iatl e r and t he
hardener bi s(vi n$F&8 1‘“ NAS & 7§hﬁe?

on total
gel ati n wei ght, meeppptheo!‘am Magenta Layefhutiktztdmg;qﬁ\dtaxgr aph| c

el ements were ex Qagﬂ ﬁgivﬂ.% an?%cct?d;,thgoyggi@ep pemel iftay step

tablet plus a W tt n neutr@%lter to a .:
600W [err] % ungdtese| pinthe Glow Aspact é')?ﬁ&?eﬂm\él%%ﬁ{t t hen
devel oped in an Wbowehy| Theregulsiomw hadnan avéi-age th graim (Kodak -

DK-50). devel oper. h [ a r | si ons were -
devel oped for 5 ﬁ?%fgggv\%lklé’é‘ﬁyvﬁ Si‘afspe% ?PoA sﬁ)inbg‘qvﬂ\mere

devel oped for 3.8easnefcless Wmn q;'clqm #atehba T mémpes for the
conmparison. The wQefaglOfainild® grdin?@8p @&tkraﬂs £t datiar W and

o anul ari 13 1040 Tg; éﬁ?aﬂﬁa TR 3ol o, phé e b Fleky it 55 of
Control 35 Enul sWwessgseaternrthan vk @earlcsatl,ymem@n@ras desandd
above. The high and low aspect ratio emulsions were
both similarly optimally chemically and spectrally
- sensitized.
15 .. Both photographic elements were exposed for
- 1/50 second through a multicolor 0-3.0 density step
tablet (plus 0.60 neutral density) to a 600W 5500°K
tungsten light source. Processing was for 3-1/4
minutes in a color developer as described in the
20 British Journal of Photoggaphz Annual, 1979, page 204.
Sensitometric results_are_given in Table VII
below. : S |
. TABLE VII
Comparison of Tabular (High Aspect Ratio)
25 and Three-Dimensional (Low Abpect Ratio) Grain
Emulsions in Multilayer, Hulticolor
Image-Forming Elements | |
Fast Red Green : Blue -
 Magenta Log ' Log.  rms.* _  Log
30 Layer Speed Speed Gran. Speed
. Control 225 = 220 -0.011 240
Example 225 240 0.012 240
* Measured at a density of 0. 25 above fog, 48 um
aperture.

35



Emul sions 1 and 4 of this invention. -120- Exanple Relating to Tabul ar |,
Grain Enul sions Doped with Noble Metals of Goup VIII of the Periodic Char

of the Elenents Emul sion A5 An 0.8 [err] average grain size i
| ow aspect ratio (<3:1) AgBrl (1 nole percent iodide) enul sion was prepare
by a double-jet precipitation technique simlar to that described in US.
Pat ent 3, 320, 069, and had 0.12 ng/nole silver of amoni um 10
hexachl or orhodate(l11) present during the éq wmati on of the silver halid
crystals. The emul sion was then chem cal | 3 nsitized with 4.4 ng/nole’
silver of sodiumthiosulfate pentahydrate, 1.75 ng/nole silver of potassium

zehrgchl orgauraﬁleI and 250 mrﬂmlsdd dey thle above Table VI[I ol | ovi

- hydr oxy- 6- net hy t . ol 1 owm ng
cheni cal sensiti za %%ﬁs@?ﬁéee% Sion \%&?Q@p% Eféif'? Qg @h Pi‘é#m& h 87

my/ mol e silver anhj@yeoticn prawisies = sybstansia}i m;vw%sreen

pt0py|)ben21n\dazohﬁaacawtcny@&ryniﬂtmnmo&ndeeaiﬂ in granulari | ow aspect
rati o AgBrl eguIS|B BS, O Iv r L-rr and 4.84 ¢
gelatin/[err] “over~a t¥%ah A : Bre on a paper

sypport. The emul sion 25&52&5&2ﬂ§£4§!£5£§33_g/nDIe silver

4- h%/ﬂroxy |6 et hlyl 1,3, 3a, 1é drmt&&uaiphadsége?numwrm D:Baged
on e emnul sit on ayer S |
3o e e oo | AR RSl il o %?s%rg g afeertide f00 940, 0 10

aSS|un1 rom-de solutlon at
[err] were 30 addEE‘mF??P’sﬁ#g}H r?g‘daﬂd'wfaé ¥| sepeitizesd apnionsi um

brom de and 210 M dasceibed latsva s Enulisdonscove; &, Sy iG] mid (7)o wereut es

whi | e nmai nt ai ni ng 1 t otal silver
nitrate used). Theé°b$§£n$ géen %%Jtl on w‘. ggrﬂﬁﬁﬁgﬁaéﬁ) £¥1d
support. Each coate " e em t conpriscd a silver -

halide emulsion at 3.21 g silver/m® and gelatin at
'4.16 g/m?* to which had been added the antifoggant
15 _6-hydroxy-6-uethy1-1,3.3.-7-:btr¢aza£ndene at 3.6 g
St : - /mole silver. An overcoat layer, comprising gelatin
at 0.88 g/m? and the hardener'bis(vinylsulfonyl-
uechyl)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 600V, 3000°K
tungsten light source. The_cxposed elements were

25 then developed 1nlan'N-nethyl-gfantnophenol
' dﬁlfaci-hydrOQuinone'(Kadak DK-50) developer at
'20°C, the low aspect ratio tabular grain emulsions
were developed for 5 minutes vhile the high aspect

. | ratio emulsions were developed for 3.5 minutes to
: 30 achieve matched curve shapes for the cqnpatiaon. The
< word "Kodak" is a trade mark. The resulting speed

- and granularity measurements are shown on a plot of
Log Green Speed vs. rms granularity X 10 in Figure 6.
The speed-granularity relationships of Control

35 Emulsions 5, 6 and 7 were clearly inferior to those of
Emulsions 1 and 4 of this invention.



. Ahe silver nitrate solution continued for approxi- mately 11 minutes at
e consum ng 8.5 percent of -121- the total silver nitrate used

a pBr of 1.1 was attained. After 8 mnutes 0.1 ng/nole Ag (based on
wei ght of silver nitrate) of ammoni um hexachl ororhodate was added to
‘the reaction vessel. 5 When the pBr of 1.1 was attained, a 2.14 M ,

pot assi um brom de sol ution which was also 0.022 Min potaSS|un1|od|de were
double-jetted with the silver nitrate solution for approxinmately 22 mnutes
while maintaining pBr at 1.1, in an accdiZ®rated flow (4.3X 10 fromstart
to finish) and consum ng 77. 9 per cent of the total silver nitrate used. To

the emul si on wag_added ZeT o y[ Jwﬂ A_'oni ngi |- F: DBr of 2,7 was
attai ned (consufFhg £ ot er—p-tr-are—dased) . The
total silver niNEBERe 1e fetral o f CroupnNIZEi ofit the Periodi The emul si on

was cooled to [ ghatt @fS@ﬁéﬂgI&héﬂdeOO g of phthalated gelatinin 1.0 liter

of water was adO€d and tne emul st on, shed by the coagul ati on net hod.
20 The resulting tabul ar %er br onoi odi de (1 M i odi de)
enul sion hdid an aver age Amiid §numaverageagrain sizé. Toy&sgectn aver age

tabul ar grain tghﬂae@;; oi) OAéﬁ.i e{_)lr holﬂ‘gei-ébﬂkaioﬁid’éf‘s exhi bited an

aver age aspect rat acc or rcent, of the
proj ected area GP“kﬁ%°PdY%§ Eﬁ%RQF Liﬁﬁi%ﬁr%ﬁ?éi; Sed above.

.ThF tabulgr gratechnﬁﬂueomimﬁ&atfnn1ﬂhﬂ&nﬂeabrﬁbeéntntﬁzfxiEauanS nmy/ nol e
ety achi or qaur adot é 0647 it Y U7 aflote WAIVEE OF dififortim P Bs! U
Fol | owi ng g& rachlQrerb QEﬁﬁfiq)ePFEHGPQr BFQFG ng éﬁ?ﬂFQ&ﬁ9 spectral ly
sensitized Mﬂthof5ﬁhégéﬂtﬁér5hdlﬁﬂe crystals. The emulsion was
then chemically sensitized with 4. 4 mg/mole silver of
sodium chiosulfate pentahydrate, 1 75 mg/nole silver of
potassium tetrachloroaurate, and 250 mg/mole silver of"
15 4-hydroxy-6-methy1-1 3-3a, 7—tettaazaindene for 23
_ming at 60°C. Following chemical sensitization, the
emulsion was spec;rally_sensitized with 87 mg/mole
silver anhydro-5,6-dichloro-L;3frdiethy1-3-(3-su1fo-
propyl)benziﬁidazolox;parbpcyaniné_hydroxide.
20 :  The low aspect ratio AgBrl emulsion was
coated at 1.75 g silver/m? and 4.84 g gelatin/m?
over a. titanium dioxidé-gelatin (10:1) layer on a
paper support. The emulsion layer contained 4.65
g/mole silver 4-hydroxy-6-methyl-1,3,3a,7-tetra-
25 azaindene. An overcoat was placed on the enulsion
| layer, consisting of 0.85 g gelatin/m?. |
= Emulsion B
To 4.5 liters of a 1.5 percent gelatin,
0.17 M potassium bromide solution at 55°C, were
30 added with stirring and by double-jet 2.34 M
| potassium bromide and 2.0 M silver nitrate solutions
over a period of two minutes while maintaining a pBr
of 0.8 (consuming 1.6 percent of the total silver
nitrate used). -The bromide solution was stopped and
35 the silver nitrate solution continued for approxi-
mately 11 minutes at a rate consuming 8.5 percent of



anhydro-5, 6-dichloro-1 , 3" -diethyl-3-(3-sul fopropyl)- 35

benzi m dazol oxacar bocyani ne hydroxi de. The tabul ar grain emnul sion,
Enul sion B, was then coated in the sane manner as descri bed above for
~Emul sion A - -122- Exposure and Process The two coatings descri bed abov
were exposed on an Edgerton, Cernmeshausen, and Gier sensitoneter at [err]
sec u§¥ng a graduated density 5 step tablet and a 0.85 density neutral
filter. The step tablet had 0-3.0 densitkzkmth 0. 15 density steps. The
exposed coatings were then developed in a

“hydr oqui none- | - | L.d . d- i .
POl | owing 11 xi ng Gl Se wdORLCAREe Rt galiad hnedT o BPECOFXLUE

the results are Skfained-Tapftey 8 ninntrs Ordomg/gole ABo(Pes8bARd Tabul ar
Gain AgBrl Enul sftwall weight of sitveérsnfiwvube)noFopssloAgts! Enul sion of Low

Aspect Ratio SilWﬁﬁuﬁ?é?&?thodﬁg%r'aé%ﬁ?ﬂﬁqcﬁéiﬂﬂ% %27§E¥3£S¢é§gﬁﬁy [err]
ate :

Speed Contr ast _ _
2:28 1952 Whepn shezpPrng cwas aftgined, a 2.4 M potasshmp

2. 20 1.75 bichide Aslutliont whieh was ldoc OVOR2, Mt ba poraisiom doped
AgBr | tabul ar graj |.Si 0 e oS | 0 ,exhibited a
0‘.923 units hi gheﬁ%&%ww%sdgﬁglgéé gﬁgi?/\gs&ﬁggt%’r% tsﬁ'gke?héféon ¢ ol by 30
109 rel ative specapintion forsappooxinately 2% minuges: whileo coatings was

nearly equival entmaintaining pBr at 1.1, in an accelerated flow (4.3X
10 from start to finish) and consuming 77.9 petcent of
the total silver nitrate used. To the emulsion was
added a 2.0 M AgNO, solution until a pBr of 2.7
was attained (consuming 12.0 percent of the total
silver nitrate used). The total silver nitrate
15 consumed was approximately 5 moles. The emulsion
\ was cooled to 35°C, a solution of 200 g of
" phthalated gelatin in 1.0 liter of water was added
and the emulsion was washed by the coagulation
method. '
20 The resulting tabular grain silver
' bromoiodide (1 MZ iodide) emulsion had an average
tabular grain diameter of 1.5 um, an average
tabular grain thickness of 0.08 um. The tabular
grains exhibited an average aspect ratio of 19:1 and
25 accounted for 90 percent of the projected area of
the total grain population, measured as described
above. The tabular grain emulsion was then
chgmicaily'senéitized with 5 mg/mole silﬁet“sqdium
thiosulfate pentahydrate and 5 mg/mole silver
30 potassium tetrachlorocaurate for 30 minutes at 65°C
s _ to obtain an optimum fiﬁish.' Following chemical
' gsensitization, the tabular grain emulsion was
- gpectrally sensitized with 150 mg/mole silver
anhydro-5,6-dichloro-1,3"'~-diethyl-3-(3-sul fopropyl) -
35 benzimidazoloxacarbocyanine hydroxide. The tabular
grain eﬁulsion, Emulsion B, was then coated in the
same manner as described above for Emulsion A.




ﬁﬂp'\ I'l'lustrating |Increased Speed Separation of Spectrally Sensitized
Nat/l ve Sensitivity Regions Four multicol or photographic el enents were
repared, hereinafter referred to as Structures | through IV. Except

for the differences specifically -123- identified below, the el enents
were substantially identical in structure Structure | Structure 11
Structure Il Structure |V Exposure Exposure Exposur e o/
Exposure 5 [err] [err] '-122_ [err] [err] OCi

oC oC oC B B B '

BIL + YF I L O . IL + YF FG _ FG

TFG . TFG 10 | LExposure and Process e ‘ L
::E FR L SG 'l'he J::wRo %tings aesér'fg&h above wez'eI LSG L

| L | exposed on an Edgqupn, ‘Germeghausen, endsﬁgier SR

<

SR OC is a prot gghsitofieteti &t VBT @do u%linPSay grhauvaced | dénislt g I ver

et ni ng ?’e?ﬁs%ﬁf%"ﬁfé%ﬁ §30:8 daspley poRbeal ELiEre MR "G der 20
Arrangenents | wstepugablethed (#+3. @ Bensdtyewith) 0.bddensittR) recording

color-formng | gynits | acking. the T prefix contained | ow aspect ratio “
si |l ver bronvoi odi de " emul si,gns_pre e t aught by, U. S, Pajent 320, 069.
Correspondi ng | ayers in #ﬁ Qﬁ? ’D%‘ipﬁﬂ‘?@ gﬁfﬁuggg“mﬁ?%aiﬂpﬁ‘%g%arre

i odi de content, aehwépbqatnuneelkpﬂényrqﬂﬂpgmezabmaenegbhndkgreen sensitive

emul si on 'fwrsawdfi%ﬁital EQVQYO%&? prﬁ #ufﬂfnébé’ﬂéafieﬂ*ﬁr#”es)

fg?fg;fﬁg _ tab%%%rcoet Sés%gere su itted for dehggtgne ry, the
- results are shown in Table VIII below:
o . TABLE VIII
Rhodium-Doped Tabular Grain AgBrI Enulsion
15 versus Rhodium-Doped AgBrl Emulsion of _
| Low Aspect Ratio . had
Silver
Cover~ Rela-
. age tive
20 Emulsion (g/m?) Speed Contrast Dpax Dpin
A ' _
Control . 1.72° 100 2.28  1.52  0.06
B
Tabular _
25 Grain 1.61 209 2. 20 - 1.75 0.10

As illustrated in Teble VIII, the rhodium-
doped AgBrl tabular grein emulsion coated at a lower
silver coverage exhibited a 0.23 units higher -
maximum density and was faster than the control by *
30 109 reletive epeed units (0. 32 log E). Contrest of
the two coetings was neerly equivelent.
Examples Illustrating Increased Speed Sggeretion of
Spectrally Sensitized and Native Sensitivity Regions
o | Four. multicolor photogtaphic elements were
35 ptepeted hereinaftet referred to as Structures I
through 1IV. Except for the differences specificelly




manner: To 2.25 liter of an aqueous bone gelatin solution (1.5 percent by
wei ght gel atin) containing potassium brom de (0.17 nolar, Solution A) at
[err] .35 and pBr 0.77 were added sinultaneously by double-jet addition
over a two mnute period at a constant flow -124- rate (consum ng 0.61
percent, of the total silver nitrate) aqueous sol utions of potassium brom de
(2.19 | ar, Solution B-1) and silver nitrate (2.0 nolar, Solution G1). 5
After the initial two mnutes, Solution B-1 was halted while Solution G1
was continued until pBr 1.00 at [err] wasl2B#ai ned (2.44% of total silver
nitrate used). An aqueous phthal ated gelatin solution (0.4 liter of 20
percent by wei ght gelatln 10 solution) containing potaSS|un1bron1de (0.10
nmol ar, Sol uti on Didentifierdbelow, the GlFPe‘ltO weke [substagsiallyn B-1 and
C-1 were added thgdeheiédE ireavrudturessel by double-jet addition over a

period of 24 mnu (L0 '.Eﬂ 4 !ngflzhe [ | éi E£Egt at an
accel erated fl ow é‘m f ¢ _ : PA e 3

Sol uti on B-1 was haExpesunel” Sol Exposutel was Expasuned unt i Expepuzego at
[err] was attsained. Sojution C1 agd an aqueous golution 20  §Sol ution

By2) of potaSS|un1Uf'§§ﬁ"(2 17 and pggﬁiiiz?llodlde‘Tg'U3'nDIar)
' ' addltl

wer e added next to ctlon by do a period

of 12 minutes (consyni®g 50.4 %of Bt he total sj|Ber nltrate} aB an
accelerated flow ragg $lyB7 X frome5 start tg,finish). Aqne¢ugysolutions

of potassium i odi de mol-ar ;- i on B- Ilver n EE'(Z.O
nol ar, Sol ution C 2 added doubl addi tion é-eonstant
flow rate untlid pBr_2IB6 at .[err] Ilas

IR__ —R_ —IFR__ ..I!E__

IL _IL | IL : IL
_SG_ SG SG - _S6__
L i - = _ir
- 15 ~_SR__ = _SR SR SR

OC is a protective gelatin overcoat, YF is yellow
colloidal silver coated at 0.69 g/m? serving as a
yellow filter material, and the remaining terms are
as previously defined in connection with Layer Order
20 Arrangements I through V. The blue (B), green (G),
and red (R) recording color-forming layer units
lacking the T prefix contained low aspect ratio
silver bromoiodide emulsions prepared as taught by’
. U.S. Patent 3,320,069. Corresponding layers in the
25 separate structures were of the same 1od1de content,
except as noted. ' S
The faster tabplar grain green-sensitive

. o __emulsion layers (identified by the prefix T in the
|  above structures) contained a tabular silver
te ' 30 'bromoiedide emulsion prepared in the following

manner:

' " To 2.25 liter of an aqueous bone gelatin
solution (1.5 percent by weight gelatin) containing
potassium bromide (0.17 molar, Solution A) at 80°C

35 and pBr 0.77 were added simultaneously by double-jet
addition over a two minute period at a constant flow



S%F?ﬁ tained (2.59% of total silver nitrate consuned). 6.57 noles of silver

i e were used to prepare this enul sion. The emul sion was cool ed to 35C,
ned with 0.30 liter of aqueous phthal ated gelatin 35 solution (13.3

% by wei ght gelatin) and coagul ati on washed tw ce. -125- The faster

tabul ar grain green-sensitive enulsion | ayers contained a tabular grain

silver bronoi odi de emul sion which had an average tabular grain di anmet er “f

5.0 [err] and an average tabular 5 égkn t hi ckness of about 0.11 [err]

The tabul ar grains accounted for about percent of the tatal grain

proj ected area and exhi bited an average aspect ratio of about 45:1,

measured as deseatbe ShlPing 1, 617 pebbeflt S6E- HE kSt WAV ve emul si on
| ayer 10 of St ﬁ% talne

ercent odi de while the
.faster tabul ar B gﬁfé%ﬂP°9§ﬁiﬁﬁ§§%28H§| v5°£$kﬁ 959@#% of Structures
111 and |V cont §2nk8 fiokamySolutionl B-iérsndtsilnh:kniﬂraﬁpedﬂlOely 15

The faster- tabuhglagrasmﬁﬁi{l-@ql)m tive enul SI on was then opt| mal Iy
spectrally _and chem tall sen5| ti th oug e addi tg oln (1 O.nmg/ nole Ag .-
of anhydr 095- chl or o- 9- et o u nutes, Solut -1

- (3-sul f obut yh&s&z(&ed:lﬂtﬁmﬁpll)miana%hcyamml?ﬂmdd/dmbmde sodi um .
Eﬁl t2 d]18>1<arzrg{ ggg Boc anl neW(f')om dgimﬁ |ﬁrln(ggl‘éia%guégé%1 Ivkgagpt godl um
t hi ocyanat e, & séd! &ﬂ\“ﬁﬁ!’&sm‘ﬂ%p %ﬁ%ﬁr}&& e and 3 ng/ nol e
Ag 25  of pot asolutioﬁt (@M\qumw 20 ibscénttby velghtagejatiin
red-sensitipge e 3&’6%{%“1%%% paklkaiufl Bt onfdd V. 10 FFad! de
emul si on prepare an op o

Solution D) was sdded next at pBr 1.0 and 80°C.
Solution B-1 and C-1 were added then to the

reaction vessel by double-jet addition over a period

of 24 minutes (consuming 44 % of the total silver

15 nitrate) at an accelerated flow rate (4.0 X 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. |

Solution C-1 and an aqueous solution'

20 (Solution B-2) of potassium bromide (2.17 molar) and
potassium iodide (0.03 molar) were added next to the
reaction vessel by double-jet addition over a period
of 12 minutes (consuming 50.4 % of the total silver

' nitrate) at an accelerated flow rate (1.37 X from

25 sgtart to finish)

Aqueous solutions of potassium iodide (0.36
molar, Solution B-3) and silver nitrate (2.0 molar,.
Solution c-2) were added next by double-jet addition
at a constant flow rate until pBr 2.16 at 80°C was

30 attained (2. 591 of total silver nitrate consumed)
6.57 moles of silvet nitrate were used to prepare
this emulsion.

The emulsion was cooled to 35 C, combined
with 0.30 liter of squeous phthalated gelatin

35 solution (13.3 % by weight gelatin) and coagulation
washed twice.




silver bronoi odi de enul si on descri bed directly above,

sensitized in a manner sinmlar to the tabular grain 30 green-sensitized (ig%ge

that 144 ng/ nol e Ag of anhydro-5, 6-di chl oro-1-ethyl-3-(3-

- sul fobutyl)-3"-(3- :
I azol ocar bocyani ne hydroxi de and 35 224 ng/ nol e Ag of

napht ho[1,2-d]-th
anhydie-5, 5' -di chl oro-3, 9-di et hyl - 3'-(3- %?'fobutyl)thiazarbocyan

hydr oxi de were utilized as spectral seanﬁ

sul f opr opyl ) benzi m dazol o-

er s -126- Ot her det

differing only in L

ne
ailg

relatlng to Structures | through IV will be readily apparent fromU.S.

Pat ent

exposed mnth a 600

, 184, 876.

filter and a 0 to®
sanpl es of Structmuemoloﬂhdeugﬁuléidﬁﬂwhﬂﬁhphaddaasadescgetnibuﬂmmve

with the additiongleadd giafbEé

bl ue -exposure

as descri bed

Structurgfel g &&Eé%”ﬂlﬂ@%ﬁ%eggaiggg£é£ﬁdééhéiﬁ£g% eut

using a ig

\cﬁéﬁQLt; féguéér&ﬁn%\ﬂ tabylap gealn silver,s
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Separ at e
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to obtain

eparat e _sa ?Oéf t% qgt r UC UI’ egh%g?ﬂgg é*ﬁ*@ wer e exposed

bov8Fads: tW-FKﬂ?ﬁ% ofiahautn 9. 1ilnpay po'gh?lféﬁb‘ﬂfﬂ%l Watten 9

filter to obtain gradasbhocosnted Ufcrs abolit 992pRreenv o £ tie tdﬁi&nt l cally
processed using t

JOur na

of Phot ogffa

AEats'hrojefted dild Wnd IRIRLUR°A A¥Frddh Yo

m nut es

15 seconds at 38C'-'3':1‘QI pEvabowE At el » mseysﬁ éﬁaﬂﬁ%ﬁéﬂ?%‘! IQPQ’!'[?r-ves wer e
plotted for each Shepifastéd gfeénw<sardd Fed+senhslelive Sédwl efoayezonpar ed by

densi 1y port 1 5ka. S ShECEEYEe T ATk SenbltHRCH il etk

I'X 25
|V

15

20

25

iodide while the aatgg,q;bpgpgsg:ain green< |and
red-sensitive emulsion layers of Structures II1I and
IV contained 1.5 and 1.2 mole percent 1odide,
respectively.

The faster tabular grain green-sensitive
emulsion was then optimally spectrally and
chemically sensitized through the addition of 350
mg/mole Ag of anhydro-5-chloro-9-ethyl=-5'-phenyl-
3'-(3-sulfobutyl)-3-(3-sulfopropyl)oxacarbocyanine
hydroxide, sodium salt, 101 mg/mole Ag of
anhydro-ll-ethyl-l.l'-bis(3-su1fopropy1)naphth-
[1,2-d]oxazolocarbocyanine hydroxide, sodium salt,
800 mg/mole Ag of sodium thiocyanate, 6 mg/mole Ag
of sodium thiosulfate pentahydrate and 3 mg/mole Ag
of potassium tetrachloroaurate. “

The faster tabular grain red-sensitive

" emulsion layer was a tabular grain silver

30

35

bromoiodide emulsion prepared and optimally
sensitized in a manner similar to the tabular grain
green-sensitized silver bromoiodide emulsion
described directly above, differing only in that 144
mg/mole Ag of anhydro-s,6-dichloro-1¥ethy1-3-(3-
sulfobutyl)=-3'-(3-sulfopropyl)benzimidazolo~
naphtho[1,2~d]-thiazolocarbocyanine hydroxide and
224 mg/mole Ag of anhydro-5,5'-dichloro-3,9-diethyl-
3'-(3- sulfobutyl)thiazarbocyanine hydroxide vere
utilized as spectral sensitizers.

ni num
Tabl e
[11



f een\Structur

Ye
ences [e

) 1.9
0. 95 1.3
>3. 10 -127-

green recordin
above; [err] [
bl ue recording
recording 10 c

[err] is the dlﬁﬁéﬁénﬁl Pn the log of the green speed of the green

e Differences FG FG TFG TFG Red

D fferences FR FR TFR TFR Yel | ow
S No ' No Yes Log E Bl ue/ M nus Bl ue Speed\
rrj (A 1.3 0.55 0.95 1.75 [err] (B
0. 95 - 1.60 >2.40 35 [err] (O 1.8
5 " 2.25 [err] (D . 2.5 1.55 2. 20 A

[err] is the differencejigg-the 10og of the blue speed of the
bl ue recording color-formng unit and the |l og of the blue speed of the

g color-formng unit, as determ ned by Equation (A 5

err] is thethierfdetatm irelakdngogooSttbetunter Epeed of the

GFERRRECETOEN A il Bl 05 gl 1 L2

recording col or-forn ng StrictureslI throughgIVf webe Ddewt £ea¥ly of the green

| RSk FTdy fdordf IR TGOB wite 28300R nolmeg BT 1 VL)

. recording aplo
and [err] 1Is

recordi ng colo
recordi ng col o

r 1/300; second rusing & Dayddshe dnfibter apda ¢ f“tH'e
raiaabnygseepteamquimmgnedzbydsﬂuﬂtyoméﬁa above;

Separate samples of Structures I through IV were

' exposed as described sbove, but with the ‘additional

10

15

interposition of a Vratten 98 filter to obtsin blue
exposures. Seperste ssmples of Structures 4 through
IV were exposed as described sbove, but with the
dditionel interposition of a Urstten 9 filter to
obtsin minus blue exposures. All samples were
identicslly processed using the 0-41 Color Negative
Process described in British Journal of Phot;grsphy
Annual, 1979, p. 204. Development wss for 3 minutes
15 seconds at 38°C. Yellow, msgents, and cyan

| cherecteristic curves were'piotted for each sample.

20

25

30

35

Curves from different samples were compared by
metching minimum density levels--that is, by super-
imposing the minimum density portions of the curves.
Results are summarized in stle IX.
stle X
Structures

r ed

1 I1 I11 IV

Green Structure - - :
Differences  FG - FG. TFG - TFG
" Red Structure - : _
Differencesj ‘FR - ~ FR TFR' TFR
Yellow Filter @ Yes No - No Yes
Log E Blue/Minus | - S
Blue Speed\
Differences
A (A)
- ' (B)
At (C)
A (B RN (D)

0 I b gt
L) [ ] K L ] . .
WViooww

- 0.95 1.60 >2.40
1 0.95 1.35 2.25
1055 2.20 .. >3010

¥

® .



[err] 25 ' In conparing Structures Il and I1l, it can be seen th t

superior speed separations are obtained wth Structure [11 enploying j,uté
tabul ar grains according to the present invention. Although Structure II
did not attain the speed separations 30 of Structure I, Structure Il di

not enploy a yellow filter material and therefore did not encounter the
di sadvant ages al ready di scussed attendant to the use of such materials.

Al t hough Structure |1V enpl oyed | ar ger aqﬁégts of yellow 35 filter ¢

mat erial than necessary for use in the p Ographic el ements of this

I nvention, Structure -128- 1V does show that the speed separations of

Structure 111 could Regghgpgag i'én&einr Qﬁe R¥aCoR! Avd re%;%en smal |

%/ﬁll;)w{llter dens?tlepﬁ gh gg‘eﬁgé)ene ﬁ%ﬁﬁa#gp . re ar coating
e faster green- z iﬁ%ﬁ 0 ?%ééﬁ &ad; i on,
described above, the dogi bfh thehlue apeed ofc thei ggeentteemgﬁlrmr n

protective |ayer.q }'&‘i‘-lfbk‘ﬁiﬁ {es &% l&t%%gﬂ‘aegfrgg $ e el enent
was then det rntne usrng 10 e exposure and protessing techni ques
described a equantltatlve di fference determ ned by Equation (Q),
gerrg was 1t28 o Eb 2$t eﬂﬁﬁidcg?g adequate blue to ntnustblue
peed separation can | e i nvention
A |op§ bu ar feren hﬁg E?ﬁ this (¥Hé

when the high aspect ecor ng enul si on

| ayer |ies near eSpees e° xpe i pkne recordingscales-forming nnithesdect ed by
any overlying gl ‘theadd rbfnehéq%rme ks E;!S:Relf\éane?é&dmgr OVﬁd| ! mage
arpness. | 0 aphic ainj n ular Grain
Enul si ons Trqle@f Oﬁ%r §a \éﬂi ‘é’}gﬁ'p %s eltfﬁg‘i?‘ﬁé bgf?g “‘tni" (-B |
above,

= (Byog = Bygg) - (By R
A" is the difference in the log of the green
speed of the green recording color-forming unit and
15 the log of the'blue'speed of the green recording
' color-forming unit, as determined by Equation (C)
above;
8" = Gyg = Gygg; and
A''' is the difference in the log of the red
20 speed of the red recording color-forming unit and
the log of the blue speed of the red recording
color-forming unit, as determined by Equation (D)
above;
a'''= Ryg = Rygg- |
25 _ In comparing Structures 1I and I11I, 1t can
be seen that superior speed separations are obtained
with Structure III employing tabular grains
- according to the present invention. Although
Structure 111 did not attain the speed separations
X 30 of St:ucture I, Structure III did not employ a
yellow filter material and therefore did mot
encounter the disadvantages already discussed
attendant to the use of such materials. Although
Structure 1V employed larger amounts of yellow
35 filter material than necessary for use in the
photographic elements of this invention, Structure



d i mage sharpness which is achieved by the use of high aspect ratio
ar\ grain emulsions in 25 photographic materials. In these exanples
onfrol elenents utilize |ow aspect ratio silver bronDiodide enul si ons

anpl/es the | ow aspect ratlo enuI5|ons wil | be i dentified as 30
nti onal enul.sions, their physical properties being described in TdBfe

X. 35 . -129- TABLE X Conven- tional - Aver age Average

Emul si on Grain Aspect 5 =128~ No. . Dianeter
Ratio C 1.1 pm 3:1 2 0.4-0.8 [err] 3:1
C3 1 10

c5 0. ivoéno)e W t’oﬁat £he egeed seperatit{pql 4; §t[tgpp:].:re 31

Four tabul ar graIiI(ooquabg)dcnenmnd) $£l deeibedw;rrb)ochmtelomtﬂgslons wer e
prepared by neth iqif” éﬂickh@iﬁtﬂ%sﬁéhp ed. the exanpl es 15
granu

relating to spee rove phyS|caI properties
emul sions are descrl bed ?Au "é'{ﬂ"g‘p giBEE“RI"QQ) prepared by
Tabul ar G aisn Taboating the faster green-sensitimrmm grélaf Pro- Gain

fgg{gé'ggte epulsion fﬁ?ﬂfnﬂimggukiigﬂ 9€Wé¥fﬁﬁa ebove;T%?55 TQSDECt

7.5 pm ‘[ efilm support)and overcpstingTeith a gelnmtia r] [err]
40:1 >50 protective layer. The blue to minus blue speed
separation of the element was then'deternined'using
10 the exposure and processing techniques described
above. The quantitative difference determined-by
Equation (C), a'= ng GW98’ was 1.28 Log E.
This illustrates that adequate blue to minus blue
speed separecion can be achieved according to the
15 present invention when the high aspect retio tabular -
grain ninus blue recording emulsion leyet lies'
nearest the exposing radlation source and is not
protected by any overlying blue absorbing layer.

Examples Relating to Improved Image Sharpness in

20 Multilayer Photographic Elements Containing Tabular
Grain Enulsione o

The following three examples illustrate the
improved image sharpness which is achieved by the
use of high aspect ratio tabular grain emulsions in

25 photographic materials. In these examples the
control elements utilize low aspect ratio silver
. bromoiodide emulsions of the type described in U.S.
Patent 3,320,069. For the purpose'oflthese_exenples
the low aspect ratio emulsions will be identified as
30 conventional emulsions, their physical ptoperties
being described in Table X. '

35



T3 2.4 pm O pm 27:1 >70 T4 1.6 [err] WX
[err] 27:1 >70 The silver bronvoi odi de enul si ons described 3@ |
above (Cl1-C6 and T1-T4) were then coated in a series of nultilayer

el enents. The specific variations are shown in the tables containing the .
results. Although the enul sions were chem cally and spectrally sensitized,
sensit*fation is not essential to produce the sharpness results observed.
-130- Common Structure A Overcoat Layer FagpgBl ue-Sensitive, Yellow )
Dye- Form ng Layer 5 Slow Bl ue-Sensitive, Yellow Dye-Form ng Layer '
Interlayer (Yellow Filter Layer) Fast Green-Sensitized, Magenta Dye-Form ng
Layer 10 : I nt er | PABLEFESt Red- Sensitized, Cyan

Dye- Formi ng Layer |nterl ayeicoahvew-CG een- Sensitized, Magenta Dye- Formi ng
Layer 15 : I ntertayer Sl ow Red-Sensitized, Cyan

Dye- Forning Layer [ [ / tionalg ', 'p b’ Average | AVeTag8osure and
Process 20 . . The sZmpletomere exp@raimnd develspectas descri bed

hefei nafter. %he sharpness defgrni nations %f#;gje by ﬂﬁ&gam' ni ng the
Modul ati on Transfer Functroﬁg‘tWWFT. Thi. s 1S knowmr=t—t he art; see,
foy exanple Journal of Appli & Phot ogr aphike 2 ¥®ngi neeri gt 6 (1):1-8,

1980. Modul ation Transfer FuB&tions for rdl4<0yi8 ymere ofthi ned by exposing

the nultilayer coatings for g415 sec at GCb-Jyﬂugnt nodul g4 on using a
Watten 29 and an 0.7 neutral, , density filter, een 30 's were obtained
by exposing for 1/15 sec at 88 1.5 um :
10 C5 0.4-0.5 um 3:1
c6 - - 0.4=0.8 um 3:1

Four tabular grain (high aspect ratio)
silver bromoiodide emulsions were prepared by
methods similar to those described in the examples

15 relating to speed/granularity improvements. The

et ' ~ physical properties emulsions are described in Table
XI.
TABLE XI
20 Tabular Grain
x Tabular : ' Approximate % of Pro-
., Grain Approximate Average
Emulsion _Awerahe .+ Thick- Aspect jected
25 No. - Diameter | 'nesg _Ratio Area
I 7.5um =0.19%um 40:1 =65
T2 3.0 um =0.07um 40:1 >50
T3 2.4 um -~ =0.09um  27:1  >70
- | T4 l.6um  =0.06um  27:1  >70
o 30 ~ The silver bromoiodide emulsions described
ey above (C1-C6 and T1-T4) were then coated in a series
of multilayer elements. The specific variations are
shown in the tables containing the results.
Although the emulsions were chemically and
35 spectrally sensitized, sensitization is not

essential to produce .the Shgrpness results observed.



ﬁ?ﬁ Nt nodul ation in conjunction with a Watten 99 filter. Processing was
ugh the C-41 Col or Negative Process as described in British Journal of
Photography Annual 1979, p. 204. Devel opnent tinme was 3-1/4 mn at

[err]. Follow ng process, -131- Cascaded Modul ati on Transfer (CMI)
Acut ance Ratings at 16 mm magnification were determned fromthe MIF
curves. Results 5 The conposition of the control and experi'

mental coatings along with CMI acutancqagal ues for red and green exposures
are shown in Table XIlI. TABLE XlI| Sharpness in Structure A Varied in

. Conventional 10 and Tabul ar Grain Enmul sion Layer Content Coating .
- No. 1  Coiimon SBructure A 5 - 6 7 FY Cl d T-1
- T-2 T-1 T-1 T-18Y c2 c2 _T2 T-2 T-2 T-2 T-2 15
FM C3 =3 =3 T3 =2"TC M 4
4 o4 o4 o T.o su  Overcoss Layer, 17 C5

0.7 98.% 825 g Test Plle-sediictve Ye %ﬂ&m“%%r R

+4.3 +3.4 +5.6 +6. §16$EiihélﬁﬁdiiﬂiiaceYe1§5w5DyéﬁTé%mfﬁ§3Lay@% 8 90.1
92.8 92.1 25 A QMLlki-tis 4 3— +5.6

Unexpectedly, as shown i nidtéxlayéxd (YeldownBileen| bayer)hin emul sions in T
mul til ayer col or

Fast Green-Sensitized, Magenta Dye-Forming Layer,

10 _ - Interlayer
Fast Red-Sensitized, Cyan Dye-Forming Layer

Interlayer

Slow Green-Sensitized, Hagenta Dye-Forming Layer

15 - Interlayer

Slow Red-Sensitized, Cyan Dye-Forming Layer
/ /(1 [ suPrPORT [/ [/ [/ [/ [/

Exposure and Process
20 The samples were exposed and developed as
described hereinafter. The sharpness determinations
were made'by;determining the Modulation Trensfer
_ Functions (MTF) . This method is known in the art;
'see, for example Journal of Applied Photograghic
25 Engineering, 6 (1):1-8, '1980. .
: _ Modulation Transfet Functions for red light
~ were obtained by exposing the multilayer coatings
for 1/15 seéc at 60 percent modulation using a
Wratten 29 and an 0.7 neutral density filter. Green v
30 MTF's were obtained by exposing for 1/15 sec at 60
percent mbdulation in conjunction with a Wratten 99
filter. :

Processing was chrough the C-41 COIOr
Negative Process as described in British Journal of
35 Photography Annual 1979, p. 204. Development time
was 3-1/4 min at 38°C (1006F). Following process,




Consi dering Red CMI' Acut ance, one observes that Coating 2, containing twg '
tabular grain layers, is less sharp (-1.0 CMI units) than control Coati y
1, an all conventional enulsion structure. Simlarly, 35 Coating 3 (f&ur

tabul ar ‘grain layers) is less sharp than Coating 4 (three tabular grain

| ayers) by 1.3 -132- GMI units and | ess sharp than Coating 5 (two
tabul ar grain layers) by 0.4 CMI units. However, Coatings 6 and 7
denonstrate that by proper placenent of srfrég%p tabul ar grain enul siong-
(note that Coating 5 6 is sharper in Re Acut ance than Coating 4 by
1.3 units) in layers nearest the. source of exposing radiation, very

significant- : lffpr ovecameaauoaembianrmﬂhwﬁrt onbﬁgbneemw gs 0
contai ning all convgnt

Cont ing 615 6.5 orier O SREHAELERPLON el Yachrnified "Bike B BE", (¢
6.6 Red CMI units sYHEYeS. than Cbatrng 1. CbnnDn Structure B 15

Qyercoat Layer- Fast Blue-Sensitive, Yell pagil¥egForm ng Layer Sl ow

Bl ue- Sensi ti ve Yel | ow.Dye lter Layer)
Fast G een- Sengrtrzed Vag e?@ ”E§QP§§¥€# éﬁngH&Fe#egﬁasé zed,
Magent a Dye- For mi ndenads ¢P#Féﬂ$§y§1°¢&s‘liﬁle ecutance, volues I:SR; For mi-ng
Layer 25 Sl ow Red- mlﬁﬁgéeeﬂ’aﬁp&&@rﬁégweln| vasléaxer./ | |
/| SUPPORT [ | I I 30 ;égggmgi%coatrng, the nmulticol or
phot ographi c el enents of Cbnnnn Structu exposed and processed
according to the, profbarpoegssini Struetune A Varded g Conwvenrtiondie
conposition vajgations  and Tabular Grain Emulsion Layer Content

Coating : '
No. 1 2 3 & 5 6 7
FY ~Cl .c1 T-1 ~T-1 T-1 T-1 T-1
- sY €C2 €2 T-2 T-2 T2 T-2 T-2
e 15 FM ¢c3 T-3 T-3 T-3 C3 T-2 T-2
- FC Cc4 c4 Ca4 c4 C4 c4 T=-2
. SM ‘€5 T4 T-4 €5 €5 C5 C5
8C cé Cé cé cé cé Ccé6 cé
Red CMT ' '
20  Acutance - 79.7 78.7 82.7 84.0 83.1 85.3 86.3
A CMT
- Units ewe | «1,0 +3.0 +4.3 +3.4 +5.6 +6.6
' Green CMT - ' :
Acutance 86.5 87.8 93.1 92.8 90.1 92.8 92.1
25 A CMT | | D |
Units == $2.3 +6.6 +6.3 +3.6 +6.3 +5.6
- ' ' . Unexpectedly, as shown in Table XII,
placing tabular grain emulsions in multilayer color
. _ . 30 coatings can lead to a decrease in sharpmess.

Considering Red CMT Acutance, one observes that
Coating 2, cohtaining two tabular grain layers, is
less shérp (=1.0 CMT units) than control Coating 1,
~ an all conventional emulsion structure. Similarly,
35 Coating 3 (four tabular grain layers) is less sharp
than Coating 4 (three tabular grain layers) by 1.3



@& control and experinental coatings along with CMI acut ance ratings
own in Table XIl11. . -133- TABLE XII|1 Sharpness in Structure B-
Varied in Conventional and Tabular G ain Emul sion Layer Content 5 :

g No. 1 2 3 4 FY Cl Cl T-1
2 2 T-2 T-2 FM C3 T-3 T-3 €3
SM c5 T-4 T-4 C5 FC 4 4 W
4 C4 SC C6 G 06 _y386 Red OMI Acutance 80.0  78.4
83.9 82.815. A CMI Units -1.6 +3.9 +2.8 Green
CMI Acutance 87.3 88.9 94.3 . 92.3 A CMI 20 Units

W .+1|-6 h+7-€m,+én J%ﬂa@_sp&sag:;gteﬂamc%e@i@gislwd |thb_ul%i'atesb
eneficial changes jn sharpness i ,phgto- phi,c materi gl s | can be
obt ai ned t hr oughsfﬁ£n£%y?ﬁp§r}t B9,01 % R HoRRRT <) ‘%e‘fiﬁh%ﬂégﬁéét 8 he 25
source of exposiandrZadiendnatrate thati bynpuopen placendnth afhe t abul ar grain

emul sions in int Eg&@ﬁ'ffé CedBUISTS gradf bh@lbiohs CSctd N4t Cyaeingon | ayers.
Common Strugture,C, 30

/1 | s 9 ppcR ¥& ghagpey in %“T%TnﬁﬁBEﬁ;%?srte"gﬁa‘g%aﬁﬁsz\ﬂ( ner E)?)/anél
B 35 (Exanpl e)l.3cunits)dxn dayerscoearagtfthe source of exposiagl ayer
formul ations on gadd AfAGH'PRAYYY significant improvements can be
obtained over the control coating containing all
conventional emulsions. As seen in the above table,
10 Coating 6 is 6.3 green CMT units sharper than
- Coating 1, and Coating 7 is 6.6 Red CMT units
sharper than Coating 1.
. Common_Structure B

15 R Overcoat Layer

Fast Blue-Sensitive, Yellow Dye-Forming Layer

Slow Blue-Sensitive, Yellow Dye-Forming Layer

Interlayer (Yellow'Filter Layer)

20 Fast Green-Sensitized, Magenta Dye-Forming Layer

Slow Green-Sensitized, Magenta Dye-Forming Layer

Interlayer

Fast Red-Sensitized, Cyan Dye-Forming Layer

. 25

Slow Red-Sensitized, Cyan Dye-Forming Layer
| ' Interlayer |
/ 1 1 1/ sueproRT [/ [/ /| [ |/ ' -

30 . After coating, the multicolor pho:ographic
elements of Common Structure B were exposed and S
'proceésed_according to the procedure described in
~ the preceding example. The composition variations
of the control and experimental coatings along with
35 CMT acutance ratings are shown in Table XIII.




-134-. TABLE XIV Emul si ons El enent A El emrent B. Layer (A5
T3 ' Fast Magenta 5 (03] T4 T
Sl ow Magenta The nonochrone el enments were then eval uated for sharpness
according to the nmethod described for the previous 'exanples, with the

foll owing results. TABLE XV 10 El ement CMT
Acut ahde (16 mm A (Contr.ol) 93.9 B (Tabular Grain
Erul si on) 97.3 Exanple Illustrating duced Hi gh- Angl e Scattering by
H gh Aspect Ratio Tabular Grain Enulsi on&l S" ' To provide a

specific illustration of the reduced high-angle scattering of high aspect
ratio. tabular grain emulsions accordl RABLE kPif | nvention as conpared to
~nontabul ar grain emy] sions of the rrE"ave'r?'E' grain vol ung, the
quantitative angul aPBAFPRessyhn §E’é‘t‘?"é+‘|'91@ ardedi 4 Genvertionalescri bed
above with reference toasd qlabmlarwSradnpEnytsiion [aydrgiConteatt ratio

tabul ar® grai n enmul sion accordi ng to the present invention consisted
essentially %f di spers- g!m and tabul ar grains having an average 25
di anet er of 4 m cromet ers n an aveiage t hi ckness, of 0.23 mcroneter and
ap average aspect ratio of L~ | Wed for nore
tthan 90% of the total projé&Xed area 61 the €Lains 'lp-rlesenfl‘.-lThe aver age
grain volune was 5.61 cubi g0 mcrogygters.q A co ngababul ar emul si on
was enpl oyed havi hg an avergge grain v Iurre o cub| C _m croneters.
(When.resol ved into spheres™f the saM@ vol uw .eT‘, equﬁ@al ent

'spher es- - bot goe;rm_l sions -hadMearly eq@8l gralT+k di arfiBiber s. £5Bot h 35
emul sions had™a total trangggttance opg90 peggent a4 Ch

SC cé cé c6  Cé6
Red CMT
Acutance 80.0 78.4 83.9 82.8
| 15 A cMT- |
St Units --=  -1.6 +3.9 +2.8
' Green CMT '
Acutance 87.3 88.9 94.3 92.3
_ A CMT : _
20 X Units cee 41,6 +47.0  +5.0

_ The data presented in Table XIII illus-
trates beneficial changes in sharpness in photo-
graphic materials which can be obtained through the .
use of tabular grain emulsionS'ljing nearest the

25 = source of exposing radiation and detrimental changes
when the tabular grain emulsions in intermediate
layers underlie'light scattering emulsion layers.
Common Structure C

. _. 30 - Fast Magenta

 Slow Magenta
/[ 1/ /| [ surPPORT [/ [ [ [ [
Two monochrome elements, A (Control) and B

35 (Example), were prepared by coating fast and slow
magenta layer formulations on a film support.




nhER they were imersed in a liquid having a -135- matching refractive
idé®\ ‘Each emul sion was coated on a transparent support at a silver " -
Page of 1.08 [err] As nore specifically set forth belowin 5 Table
lfower percentages of total transmitted |ight were received over the
ion surface areas subtended by [err] wup to values of [err] of [err]
t he high aspect ratio tabular grain emulsion of this invention as
conpared to the control emulsion of 10 394w | ar average grain volune.; From
Table XVI it is also apparent that the collection angle for both enul sions
-was substantially below [err] Thus neither emnul sion woul d be considered a
turbid emulsion in terns of its. |ighTABEEtXEVi ng characteristics. Wen 15
[err] was [err] the enulghgfsg and Ne present invention exhibited only half

of the high-ang | erul sion. Table XVI Percent of
~ Transnitted ngELEEEEE__ | Element B ned Wt hi n bAYe® Phi Tabul ar

Nont abul ar Grain ‘Grain Ergg sion EnPast Magenta Per cent
( Exanpl e) trd) Regucti on 25 [err 2% :
6% 3 = B[err T, Slgw Megenta 2%,
12% 24% 1e monochrmg [elements were thggo)gvaluated 33%
él‘l% Sg ' Cral s f[%hargness accox‘@ffﬁ t:o theo%ﬁﬁodEdéB@iﬂaéd | g rating

ue Spectra SI WA in gﬂu{ ar grain
silver bronnlod? ﬁ ?gﬁ %%P{k ﬁ§§ 6gggé§%§E é?é ‘ol | owi ng

manner: To 3.0 liters of a 1.5~ perce
10 Element A _ CMT Acutance (16 _mm)
= A (Controlj . i 93.9
B (Tabular Grain Emulsion) 97.3
Example Illustrating Reduced High-Angle Scattering
by High Aspect Ratio Tabular Grain Emulsions |
15 To provide a specific illustration of the - .
reduced high-angle scattering of high aspect ratio had
tabular grain emulsions according to this invention
as compared to nontabular grain emulsions of the
same average grain volume, the quantitative angular
20 1ight scattering detection procedure described above
with reference to Figure 4 was employed. The high
aspect ratio tabular grain emulsion according to the
present invention consisted essentially of dispers-
ing medium and tabular grains having an average
25 diameter of 5.4 micrometers and an average thickness
of 0.23 micrometer and an average aspect ratio of
23.5:1. The tabular grains accounted for more than
902 of the total projected area of the grains
present. . The average grain volume was 5.61 cubic
30 micrometers. A control nontabular emulsion 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
35 emulsions had a total transmittance of 90 percent
when they were immersed in a 1liquid having a




and by double-jet, 4.34 M potassium -136- bromde in a 3 percent gelp
solution and 4.0 Msilver nitrate solution over a period of 2.5 mnutes
while nmaintaining a pBr of Q 8 and consum ng 4.8 percent of the total
silver nitrate used. The 5 brom de sol ution was then stopped and the -
silvernitrate sol uti on continued for 1.818sautes until a pBr of 1.3 was
attained consunming 4.3 percent of the silver nitrate used. A 6 '
percent-gelatin solution containing 4.0 M potassium brom de and 0.12 M 10

pot assi um i odi de maschirg refractiiver lodexy wEath témulsilonowasi coatedsol ution
for 24.5 mnutes gRi Bt gkdndhtiile buppbPtds 3& CHL B @bvierage( 4£0X from

start to finish) ﬁCﬁgSU@{]g 87.1 percent of the total silver nitrate used).
The brom de solutid stopped and 15 the silver nitrate solution run

for 1.6 mnutes at a rate &omxre spedifipallyndetffardth bellaw &nl ver nitrate

used, until Br . Pq;etla' ' | l ed to 35C,
279 g of pht %aloat %g%%l}g{#?sl | ssotp\%ggeln-trzggggn?*'f'ke%l\é\%i‘fgllgﬁgfgtglal | ed wat er
was added and the F Yere Recedyedupyer ofhe dekartinn surface; Ageas| ver

bgono- i odi de enusabtendeéd Wy ijodipdep wallues of of apf Shcawitti gheter of about
I.0 [err] a averaﬁfgf}ﬂiﬁ%%ﬁ%ﬂioalﬂﬂﬁlgr1&}&%?*&&0@ RE @Hg_ spect ratio

of about 25 10:1 e |'ar gralns accoun or greater an 85% of
the total proj ect MveRklonas iconpared; taathelcoRtRds emudsdan P t he

enmul sion | ayd0. Taitmilar saverages gradni vollge scrPrdn Zable XVISpdi Usn

't hi ocyanat e, sodi | n o] ' t | a e. 30
Coating 1 -- A po#_ﬁ%?%%@; ?ﬁ‘g% gg?l %/gggénm gl'gei’@%u%?ogsg%s coated on
a cellulose tri- e@alsienswag subssantiahly helow ¢ codhusgnedshes pri sed

of tabular silveretiDstdmwdicildiba eonsidéPed a turbid emulsion in
~ terms of its light scattering characteristics. When
15 ¢ was 70° the emulsion of the present invention
exhibited only half of the high-angle scattering of

b the control emulsion.
Table XVI
Percent of Transmitted Light
20 : Contained Within Angle Phi
| Tabular - - Nontabular
Grain .- Grain :
- ~ Emulsion - Emulsion - Percent
o (Example) (Control) Reduction
25 30° 22 | 6% 67%
50° 5% - -15% ' o 67%
70° 1 S S - 50%
: 80° 25%2 - - 33% 247
- _ - 84° -40% - 40% ST 0%
’ . 30 Example Illustrating Blue Spectral Sensitization of
.. A Tabular Grain Emulsion - |

A tabular grain silver bromoiodide emulsion
(3 M% iodide) was prepared in the following manner:
| ‘To 3.0 liters of a 1.5 percent gelatin,
35 0.17 M potassium bromide solution at 60°C were added
to with stirring and by double-jet, 4.34 M potassium



1 ng coupl er 1 (6-chl oro-2, 4-di net hyl phenyl )-3-[err]-(m pent adecyl! ph
enoxy) but yram do] - 5- pyrazolone (0.79 [err]

- oct adgcyl - 5- sul f ohydr oqui none (1.69 g/nole Ag), and

y-6-nethyl -1, 3,3a, 7-tetraazai ndene (3.62 g/nole Ag). 5 -
Coating 2 -- A second portion of the tabular grain silver bronnlodlde '
ermul sion was spectrally sensitized to hhjag.l i ght by the addition of 3!x
[err] nole/nole of silver of anhydro-5, 6- _

di met hoxy-5-net hyl t hi o-3, 3'-di (3-sul fopropyl )thi oa- 10 - cyani nehydr oxi de,
triethylan ne shikbomiderin4803 rpgrcenthgedptdnr ablytiemsand Zod ¢hul si on was

t hen constitut egﬂ%bggﬂi@?aéé‘%m dvercal Béﬂggl§gbw|§rmﬁﬁltl& coating 1

and coated as above e cqf S e ed for 5, seco 15 t hr ough
a 0-3.0 density¥sidg naines ?{Pg S\(ARFRF/ Pg‘h %t angseensvaipg &dtr ce.
Processi ng was bercanu1oﬁtehe|tn=alxiiive¢euétnpee ‘uéed he Thepe described in

the Britishs Jougpg, higg EQ« gZ? agag?gs%‘?&ﬁ 20

Coati ng 2 exhi bi gémghlc spee é@F ter than Coating 1,

showi ng an effeBﬁFFGtFnE?¢5 bar bP nytes, Yptdd &t zati on.

Exanpl e I'l [ ust r? rnefthesswsliteﬂnem e@fnsamlﬁnghazs péreent cFiatul-m Tabul er
g4

Gain Silver ONghivde KIVLSEQNded!l IIh 3 Sekehd! bo1ACRY GG SIIVer
.chlori de emul si 67 Was repare | eac L on ves was pl aced
2.0 liters of acgotaﬂ-ngnsﬁnﬁdﬂmmﬂm bzocmide and\Qsl2iMa- 30

pentyl met hayg yl b%aﬁeiﬂﬁr%dﬂdélcﬁék Qﬂte% Eﬁhhééhihrréﬂtpymmﬂtﬂe sul fonic

acid, sodium sa &&v%@dngtrat éfﬂgi %P 34.§h3138Lg§|&Ek3¥Ei&i g 05 Min
pBr 1.3 in an accelerated flow.(z.oxzfrom start to
finish) (consuming 87.1 percent of the total silver
nitrate used). The bromide solution was stopped and
15 the silver nitrate solution run for 1.6 minutes at a o
rate consuming 3.8 percent of the total silver o
nitrate used, until a pBr of 2.7 was attained. The
emulsion was then cooled to 35°C, 279 g of
phthalated gelatin dissolved in 1.0 liters of
20 distilled water was added and the emulsion was
coagulation washed. The resulting silver bromo-
iodide emulsion (3 MZ ioQide).hAd an average grain
- diameter of about 1.0 um, a average thickness of
about 0.10 um, yielding an aspect ratio of about
25 10:1. The tabular grains accounted for greater than
85% of the total projected area of the silver halide
- grains present in the emulsion layer. The emulsion
was chemically sensitized with sodium thiocyanate,
~ sodium thiosulfate, and potassium. tetrachloroaurace.
30 Coating 1 -- A portion of the chemically
sensitized emulsion was coated on a cellulose tri-
acetate film support. The emulsion coating was
comprised of tabular silver bromoiodide grains (1.08
8 Ag/m?) and gelatin (2.9 g/m?) to which had
35  been added the'magenta.dye-fqrming.cqupler _
1-(6-chloro-2,4-dimethylphenyl)-3-[a~-(m-pentadecylph

eV
3



cal ciumchloride,’ and 0.0125 Min sodium brom de. The pH was adjuste rgb
2.6 at 55C. To the reaction 35 vessel were added a 2.0 M cal ci um chfor
solution and a 2.0 Msilver nitrate solution by double-jet -138- o%er a
‘period of one minute at-a constant flow rate consuming 1.2 percent of ft
total silver nitrate used. The addition of solution was then continued for
15 m\putes in an accelerated flow (2. 33X€£ﬁ)m5 start to finish) while
consuming 28.9 percent of the total silver’hitrate used. The pCl was

mai nt ai ned throughout the preparation at the value read in the reaction

vessel one ninut ae:ﬁf:éﬁrbd& eBR8Y-§ Loy rkltome (0. T9eg gt )| i ons vere then

added for a 10 u at_a consta sumng 70.0
percent of the to% '{é ﬁe q’ ?PP%? hﬁé’é%quﬁ}gr{f %‘Msboﬁl'ﬂﬁi |de

sol uti on was addetnd |‘mhy§ireawrﬁgmehbyhls?e 3d-tietrdagaindener&hifd t ati on
to maintain the pgfadle? Ag)at [err] A total of 2.6 15 nmoles of silver

ol oi on hadSdi aneters of 5L & £ K adiend portign ol Bhe i Ckness of
0.28 microneter, tabular graiat eihveralgﬁomoda;ﬂaeemﬂaion wis 15:1, and
accounted for gr éﬁtﬂﬂ?%} §Qn9§ff£§ﬁ & Sﬂﬁé‘l ?ﬁ, 9°hﬁét§ﬁhfi The
f=abul ar grains mer 3 ugg reSence of {110} and
{111} edges. The ? tiulxas'%gralnﬂ%ﬁé'@ gn‘bf 133’%9 AphYdRe2%:6= i nt o four
palrts t Pa][lt A \é\m m—aathgmw-rm,cs'r-aiﬂ(g-semsoprapyllmgc:mat ggr?nBa
.agsy22ngrt|z£g]|ﬁﬁﬁﬁﬁEF$PF}°QZdL élié%ﬁ9§§§¥$l ??E gf%&; &6& nol e Ag) was
added and 30 th I§hGn8nastﬁél¥VfQ#niiﬁﬁ&ﬁdt6903319ErV98 emul si on
was SIOEC'[ rally sesidtizeoted 4BiAghtié Osdine magenta dye-forming '
coupler as in coating 1 and coated as above.
The coatings were exposed for 1/25 second
15 through a 0-3.0 density step tablet to a 500W 5400°K
~ tungsten light source. Processing was for 3 minutes
in a color developer of the type described in the
British Journal of Photography Annual, 1979, Pages
204-206. '
20 Coating 2 exhibited a photographic speed
0.42 log E faster than Coating 1, showing an
effective increase in speed_attributable to blue
sensitization. R
Example Illustrating the Sensitization of a High
25 Aspect Ratio Tabuler Grain Silver Chloride Emulsion
A high aspect ratio tabular grain silver
chloride emulsion was prepared as follows: _
In a reaction vessel was placed 2.0 liters
- " of a solution containing 0.63 percent poly(3-thia-
‘ 30 pentylmethacrylate-co-acrylic acid-co-2-methacryl-
- oyloxyethyl-1-gulfonic acid sodium salt) and 0.35
percent adenine. The solution was also 0.5 M in
calcium chloride,' and 0.0125 M in sodium bromide.
The pH was adjusted to 2.6 at 55°C. To the reaction
35 vessel were added a 2.0 M calcium chloride solution
and a 2.0 M silver nitrate solution by double-jet

'




110 o¢ 9- et hyl - 5 phenyl 3, 3" -bi s(3-sul fopropyl ) oxacar bocyani ne hydrOX|de
Jumsalt (0.75 nillinole/ nole Ag) for 10 minutes at [err] and then
ed |ike 35 Part A. Chemical and spectral sensitization was optinmm
r the sensitizers enpl oyed. -139- Part C and D were optimally
sensitized. art C, 0.75 mllinole/nole Ag of anhydro-5-chl oro-9- .
et hyl -5' - phenyl - 3, 3' - bi s(3-sul f opropyl ) oxacar bocyani ne hydroxi de, sodi uhw
salt were added and the enulsion 5 was held for 10 m nutes at 40C. ,Then
a 3.0 nole percent NaBr solution was added based on total silver halide and
the emul sion was held for 5 mnutes at [err]. Then [err] (5 ng/nole Ag),
NaSCN (1600 ng/ nole Ag), and 10 [err]-138ng/nnle Ag) were added and the
emul sion was held for ‘5 nminutes at 65C prior to coating. Part D was

ignlezed theﬁgn%aogs Pah" I‘fexceggaéth ;O%gl%rml e Ag fﬁ& %W\Ngggotésed.

tungsten |ight consusing'd .2 pezcest 66rthe totai essllanerzm:ttrsten

e Ler ] Sigormlamisitopepotit ol e ks chstiharer. |
XVI1 Relative 15 plnunes’in an 'Sﬁ%gﬁ"‘“d £flow (2:33X Expp A
None 5  start to finish) while cﬁnﬂﬁmiugt2&59 percentepf] theDye T

0.05 25 Part 06 SN
oo PartaE) Gotal il@?n&t@ﬁ@& Used. The, 91:8012%3 meintsitlxgﬁL +[ ; Cltl S

Aul *  Under t¥Re yt She preparaticpdat i vAlue readoin density
failed to reachrédertncasksselcohel iinute after beginning the

addition. The solutions vere then added for a
10 further 26 minutes at a constant flow rate consuming
- 70.0 percent of the totel silver nitrate used. A
0.2 M sodium hydroxide solution was added slovly
during the first one-third of the precipitation to

maintain the pH at 2.6 at 55°C. A total of 2.6 -
15 moles of silver nitrste were consumed during the
precipitation. '

The tabular grains of the emulsion had
- diameters of 4 0 to 4.5 micrometers, an average
thickness of 0.28 micrometer, an approximate average
20 aspect ratio of 15:1, and accounted for greater than
80 percent of the total projected area. The tabular
grsins'were'dodecehedrsl, suggesting the presence of
{110} and {111} edges. )
‘The tsbuler grain AgCl enulsion was divided
25 4into four_psrts. Part A was not chemicslly or
'spectrelly sensitized and coated on a polyester film
support at 1.07 g/m silver and 4.3 g/m? gelatin.
"Part B was sensitized in the following
manner. Gold sulfide (1.0 mg/mole Ag) was added and
30 the emulsion was held for 5 minutes at 65°C. The
emulsion was spectrslly seneitized with enhydro-S-
chloro-9-ethyl-5'-phenyl-S 3'-bis(3-su1fopropyl)oxscsr
bocyanine hydroxide, sodium salt (0.75 millimole/
mole Ag) for 10 minutes at 40°C and then coated like
35 Part A. Chemical and spectral sensitization was
optimum for the sensitizers employed.



| evel of 0.1 above fog. However, under varied exposure and processing
conditions inmagi ng was obtained with Parts A and B. At 365 nm exposures
Parts A and B were about 2 log E (200 35 relative speed units) sl
than Parts C and D. -140- Table XVII illustrates the superior. speed of
the optimally sensitized enul.sions according to the teachings of this

i nventyon. Exanple Illustrating Inter nal.jggent | mage Tabular 5 G ain

Emul sion To 5.0 liters of a 0.9 percent gelatin solution at [err] adjusted
to a pBr of 1.3 with sodiumbrom de, and containing 2.44 X [err] noles of a
0.026 pmsilver iodide se®argrfi ané b ws e oprimaldycsensbtizedn stirri ng '

| ﬁlnflr gtyedgglblu?l JO ﬁtaﬁ: ©,2%. Mssaﬂwmb%.%&l& Y Ye aahgaﬂoggﬁesﬂﬁw-‘w ver
percent of the td f’eﬂﬂ‘ %t% W'ﬁ“}%t@rﬁ i?‘b’ﬂ%ﬂ %ﬂf%ﬁe

mai nt ai ni.ng t he 1@?43-19*@83 sodbum osalinwereriaddednandi theremilsizme were

Start to finfan) o Held "”1“9“‘“‘?“(%‘;?%'“’“ O TR & B0 B ate used.
\ihi | e mai nt ai ni nd ﬁﬁﬁgﬂinyggﬁ S°g QﬂﬁzgngﬁF +?ﬁ?%n1 and a5 .0 M

silver nitrate sdilvesnhaliéde ahéntlwlchnnllgiodloublsehpbd for 33.9 mnutes,

ufilizing accel erﬂlﬁ&é‘sl gw 48°eX ffda sﬁgazrg. d‘Qshl pi sh) and consuning 68.38

e o oo Y malanls, gl ShSrCle0g Ba/mmrevdn) s Ban oS © 2

m nutes, cond@mi ng\um..o (;Semgémbleng)lavéﬂ added ead nherem\elsjsa'd The

‘emul si on was COOllﬁhth% eEBl' 9'@15&@9%%% %g.qoi.of_g ﬁ p%/ g;e addi tion of

silver nitrate so i on, consu nt o S|Iver
nitrate used. Apgass P was sensit zed the same as Part C except that

10 mg/mole Ag of Na;S;0,*5H,0 were

used.
15 - The coatings were exposed for 1/50 second to
| a 600W 5500°K tungsten light source and processed for
g 10 minutes at 20°C in an N-methyl-p-aminophenol

sulfate-ascorbic acid surface developer.
Sensitometric results are reported below.

20 ' TABLE XVII
' ' Relative
o Sensitization Sgeed - Bgi_g_
Part A None : =eok : 0.05
Part B AuzS + Dye ' ek 0.05
25 Part C Dye + NaBr + 277 0.06
" -~ [S + SCN +'Au] o - -
Part D ‘Dye + NaBr + 298 0.13

_ [s + SCN + Au]
* Unaer the conditions of this experiment maximum
30 density failed to reach the speed threshold
level of 0.1 above fog. However, under varied
exposure and processing conditions imaging was
obtained with Parts A and B. At 365 nm
" exposures Parts A and B were about 2 log E (200
as relative speed units) slower than Parts C and D.



atehy\4 noles of silver nitrate were used in the precipitation of these
'ﬂéf s.] The resultant tabular grain silver brono- iodide enulsion had-an
.averagge grain dianeter of 2.8 35 pm an average thickness of 0.09 [err]

~gA average aspect ratio of about 31:1. -141- The emul sion was then
chem cally sensitized in the followi ng manner. The pH was adjusted to 4.0
and the pAg to 6.0 at [err]. Then 3.0 ng/nole Ag of sodi um t hi osul f at e
pent ahydrate and 3.0 ng/nole Ag 5 of.j@@tassi um tetrachl oroaurate were
added and the ernul sion was heated to 80C and held for 20 m nutes. At 35C,
2.5 liters of a 0.4 percent gelatin solution containing 0.20 nole silver of
the tabul ar grain silver TabberX\GIR dd lowstratieedthe osupexdon Bpeed usted to pH

6.0 The tempepg! khe YEEIAELY | SEHAAAGEA eolitBhbndndeddifafiig o3l usted (o

- 1.6. Wi le ﬁBIﬂé%éﬂ#ﬂg””ﬂlS'p 33@&6'5 Nh% di um brom de solution and a 2.5
M silver nitrat& SoFEEFBRNER Wy 1RyeR5EBPa- j et over a period of 28

mnutes in 15 ExamptecItlustxatiing Intetnailr Datentr Image fTabullax, consuning

78.7 percerg of gef¢nt : @lsféd Ver nitrate used during this precipitation. - .7
The silver nltrarE‘sng%tégn'W? hen added_.af a constant_  rate over a period
of 9.5 ninutes until a pEP ¥f g" %"%‘ Qt'baPﬁEﬁ?nE'cﬁ%Jcﬂﬁ 21.3 percent
of the total si bo&utﬁbnra@:e&ﬂf@d.adﬂm@ tof aapProofnhi®iwith 8 nol e of "
T Do o oS CRE L  dnp Giiatgon, o1t B9t serhgres cool e Lo
coagul ation 25 °\ﬁa§hadb$6\d‘?i§1bs".“rﬂ\\g’%§9§u”8ﬂt sratn emplaionsnsiti zed
‘tabul ar grdih Agétée addédiwitihatirringcaadebyrdoublieejet ar 1a25M5 [err] an
average thiCknegﬁffﬁ$obééhiﬁﬁrgofﬂﬁid%naﬁﬁeﬁag?zgsﬁefiléégi&léﬁite
approxi mately 40:1." The - : :
solution over a period of one minute at a rate
consuming 0.1 percent of the total silver nitrate
~ used in this precipitation. While maintaining the
15 pBr 1.3, the sodium bromide and silver nitrate were .
then added over a period of 10.9 minutes in an A
accelerated flow (29.4X from start to finish),
consuming 17.2 percent of the total silver nitrate
used. While maintaining_pﬂr 1.3, a 5.0 M sodium
20 bromide solution and a 5.0 M silver nitrate solution
where then added by double-jet for 13.9 minutes, '
utilizing accelerated flow (2.2X from start to
finish) and consuming 68.8 percent of the total
silver nitrate used. The pBr was then adjusted to
25 2.8 by addition of 5.0 M silver nitrate solution
over a period of 4 minutes, consuming 11.0 percent
of the total silver nitrate used. The emulsion was
cooled to 35°C and the pBr adjusted to 3.0 by the .
addition of silver nitrate solution, consuming 2.9 .
30 pefcen:_cf the total silver nitrate used. Approxi-
mately 4 moles of silver nitrate were used in the
precipitation of these grains. -
"The resultant tabular grain silver bromo-
iodide emulsion had an average grain diameter of 2.8
35 um, an average thickness of 0.09 um, and an
average aspect ratio of about 31:1.



30 tabular grains accounted for 85%of the total projected area of the
silver halide grains. The enul sion was then spectrally senS|t|zed by th
addition of 502 ng/ nole Ag anhydro-5-chloro- 9-ethyl-5'-phenyl -

(3-sul fobutyl)-3-(3-sul fopropyl)- 35 oxacarbocyani ne hydroxi de, sodiunls
and 144 ng/ nol e Ag anhydro-1l-ethyl-I,|"-bis-(3-sulfo- -142-
propthnaphthI,2-d]oxazo|ocarbocyanine hydr oxi de, sodiumsalt. In addition,
a 3.0 nmole percent sodiumiodide solution based on total silver halide mas
added to the spectrally sensitized enul stbl=5 The internally
sensitized tabular grain enulsion was then coated on a polyester film

xposed for 1/ 200 second {iie SFHIELER wEs R fhsmLadds: SEORLELRSY pi us
Watten 12 fil terj.ntthd(foﬁo@ﬁﬁ\g/ ﬁiﬁﬂ&rtur@ﬁqﬁi Iwa;hhdgul:eé tod4 {0 ocessed
for 6 mnutes al ZAE ée A} 8 6Ll her shoam neahierlo ag)is- Ay deaui none
devel oper cont ai nl%lﬁ)z‘gﬁm lﬂﬁ\;ﬂodl de he, resuM%so er n ative
iTtage di spl ayed ¢¥ tePentahydrate pg/uple 0.20 and
a maxi mrum dedsi tyoﬁfpd;@i@@qtlrechlorbhﬁ:ste atesrdDmmeﬂt and dﬁe Silver
Brom des A. Emul simi S¥did et hQQEeE”ESSS 1nutes. To 8.0
I"iters of a well-stirred ﬁgﬁg&y% gng g§$ tlrlé 2§rcent 2 wel ght)
sol ution containing 0.14 ot &4 e H R P&YGBEHy doubl e-j et
addi tion at constgelatimwsolutidt cohtaiming 020 mplersdivendof thé nol ar
ercont of 1t e 53%5"’“*{ @2?*3‘23&3”%*””%8%?%%&? dhaa 1B RboRgo 19 057
then added afOcorfdinsted &9 PH 6afpr okhetennecatyre was then| ppr 1.2 at
1ncreased to 80°C and the pBr adjusted to 1.6.
While maintaining this pBr, a 2.5 M sodium bromide
 solution and a 2.5 M silver nitrate solution were
added by double-jet over a period of 28 minutes in
15 an accelerated flow (6.6X from start to finish),
consuming 78.7 percent of the total silver nitrate
used during this precipitation. The silver nitrate
solution was then added at a constant rate over a
period of 9.5 minutes until a pBr of 3.0 was
20 attained, consuming 21.3 percent of the total silver
nitrate used. A total of approximately 0.8 mole of
silver nitrate was added in this precipitation. The
‘emulsion was cooled to 35°C, 30 grams of phthalated
gelatin was added and the emulsion was coagulation
25 washed two times.
o ' The resultant internally sensitized tabular
grain AgBrl emulsion had an average grain diameter
of 5.5 um, an average thickness of 0.14 um, and
_ -an average'aspect ratio of approximately 40:1. The
- 30 tabular grains accounted for 85% of the total
projected area of the silver halide grains.
The emulsion was then spectrally sensitized
by the addition of 502 mg/mole Ag anhydro-5-chloro-
'9-é;hy1-5'-phény1-3's(3¥su1fobuty1)-3-(3-sulf0propy})-
35 oxacarbocyanine hydroxide, sodium salt and 144
mg/mole Ag anhydro-ll-ethyl-l,1'-bis~-(3-sulfo-




reached consunihg 5.7 percent of the'total 30 silver used. A 2.3

to finish) for 25.6 mnutes at controlled pBr 1.2 at [err] consum ng
49. 4 percent of 35 the total silver used. Then a 2.0 solar silver _
-143- nitrate solution was added at constant flow for 5.4 minutes until WAg
8.25 at 60C was re-ached consuming 7.7 percent of the total silver usegd. A
2.3 sol ar potassium bronide solution and44=2.0 nolar silver 5 nitrate

sol ution were added by doubl e- Jet addition at constant flow for 49.4

m nutes at controll e 5 err]l,con n of the tota
silver used. ApB FBRY*#&&#&;%E% 'ﬁg ggz%}og*; yéhéi?fh?ﬂ?qgiﬁ%fe are this

enul si on. Fol | ogpdium salty edmiadddtdan; he %nQnmlcm nme@&olﬂeéim 40C, 2.2
liters of a phtighpsedssRitdtidn Yabed3oRcE6€a1 PY1vVE Hilideowaisi on was added,

and the enul sion ed a Yut zy and Russel

U S 2,614, 929. ‘dﬁﬁéngqsg‘ﬁ Q%F?q‘?ig gglﬁg“igge&) ée)'ﬁgfftnq{ *13. 5 percent by '
wei ght) solution was add@e Metmelénrussneﬁt#mdaka &%) 8T819H 5.5 and pAg
8.2 at 40C. TheenSEsidiWas thed cdateddencalpslpesterd filmsappoett abul ar

grain diranmeter of rr n S§ of 0 O[e , and an -
aver age ‘aspect Ftoltzgl%fs/f% 'A’%"’% nShiBté ac?x’%nt ed for

greater than 95cpatingtwasf qxpmspdoﬁbctbdlﬁﬂemecqndnuhnnusb @acRafple) 25

To 6.0 liters Oéoatm&uéwds&%fwagmgwe WEd tdd) 1(21 £l1leargcsd by

wei ght) soI tion aSS|un1bro wer e .added by
doubl e-j et 18 1 QSg§§$:$£§égkﬁﬁﬂqﬁﬂFﬁPo sgpyrce an processed

for 6 minutes at 20°C in a N-methyl-gfaminOphenol
sulfate.nydroquinone developer containing
potassium iodide. The resulting internal negative
image displayed good discrimination with a minimum
15 density of 0.20 and a maximum density of 1.36. . -
Examples to Illustrate Properties
- of Silver Bromides |
A. Emulsion Preparations
Emulsion 1 (Example) | |
20 . To 8.0 liters of a well-stirred aqueous
bone gelatin (1.5 percent by weight) solution
containing 0.14 molar potassium bromide were added
by double-jet addition at constant flow a 1.15 molar
potassium bromide and & 1.0 molar silver nitrate
25 solution for 2 minutes at pBr 0.85 at 60°C consuming
2.3 Petccnt_bf the total silver used. A 2.0 molar
silver nitrate solution was then added at constant
flow for approximately 5 minutes until pBr 1.2 at s
60°C was reached consuming 5.7 percent of the total
30 silver used. A 2.3 molar potassium bromide solution
and a 2.0 molar silver nitrate solution were added
by double-jet addition utilizfing accelerated flow
(5.6x from start to finish) for 25.6 minutes at
| controlled pBr 1.2 at 60°C consuming 49.4 percent of
35 -the total silver used. Then & 2.0 molar silver




-

1EX

tion and a 1.0 solar silver nitrate solution for 2 30 m nutes at constan
flow at pBr 0.85 at [err] consum ing 1.6 percent of the total silver use
Followng a 0.5 mnute hold at pBr 0.85 at 65C, a 2.0 nolar silver nitrat
sol ution was added for approximately 7.5 mnutes until pBr 1.23 at 65C wa

reached ,35 consum ng 6.0 percent of the total silver used. A 2.3 solar
pot ass\ﬁm brom de solution and a 2.0 nolag3ilver nitrate solution were
added at controlled pBr -144- 1.23 at 65C by double-jet addition for!

25.5 minutes util nitegtacselector drdd Wdded B¢ toREtahe’ F16W féf”ﬂl)

29.8 t.of al itrat
ol ut i on was adﬁgé‘i@m‘gt“é@@’o&%arﬂ 23 8 A57E waR ErReReR Forniming,t oo
until pAg 8.15 at 7pérperegat raf dhei Mﬁunﬂ-iget used; coAt203 Idhzt ot al

Si : ver usted t Theiga_._agm%d d lrgguceig 200 Ubhd Py SHEL notggl g{
silver nitrate so dde u
constant fl OW%at pgu.gpﬁ\gﬁéf &nﬁ%ﬁ?a Hé éﬁugiﬂes)%'érﬂgﬁtﬁ% t ot al
si-fver used. AppAtxtonstant ridmé&}ﬁ dhuealm.tecmublbd) re this

enul si on.  Fol | 0\/\8025106@06096‘ E&d g Ee&ﬁg Gfﬂéﬁﬁé C 1. 65
liters.of a phthal gela ent {we ution was
y 3ime !!)a‘gg

added, and the enﬁﬁ?ﬁﬁ Yﬂ-‘process of

Yut zy ?ng Russelh![wét'ﬁ ufed ito %pltﬁthﬁ ﬁulhi@ﬁS FoRl gel ati nt(égt 3
percent Dby g e jUS ed to
pH 5.5 and \3%8 grﬁﬂi?'i e re%li%Ag‘éf gﬁﬁig‘?g&ﬁ rage
tabul ar grain di alrﬁ?ﬁ?'cﬁ 2 Ehthalated gedntinnfls. bfptrmt{ehy] and an

average aspect . . ﬁalgﬁ:pfndﬂuﬁdn \ﬁidmat 2RHacEn, fiﬁﬁ'f-ﬁﬁ?‘i&ﬂ ed 25 for
greater than 95 pgiggll 19; e & r.(y“«ic.tﬁgna{,ggc.ﬂm of futz aad P! )
Russell U.5. 2,614,929. Then 1.9 liters of a bone
15 gelatin (13.5 percent by weight) solution was added
| and the emulsion was adjustcd to pH 5.5 and pAg 8.2
ot at 40°C.
The resultant silver bromide
enulsion had an average tabular grain diameter of
20 1.67 um and thickness of 0.10im, and an average
aspect ratio of 16.7:1, and the tabular grains
accounted for greater than 95 percent of the
projected area. | | '
. - Emulgsion 2 (Example) |
25 To 6.0 liters of a well-stirred aqueous
bone gelatin (1.5 percent by weight) solution
containing 0.14 molar potassium bromide were added
| by double-jet a 1.15 molar potassium bromide solu-
. ~ tion and a 1.0 molar lilvur nitrate solution for 2
30 minutes at constant flow at pBr 0.85 at 65°C consum-
ing 1.6 percent of the total silvur used. Following
a 0.5 minute hold at pBr 0.85 at 65°C, a 2.0 molar
silver nitrate solution was nddcd for approxlnntely
7.5 minutes until pBr 1. 23 at 65°C vas reached
35  consuming 6.0 percent of the total silver uled. A
2.3 molar potassium brontde lolution and a '2.0 molar
silver nitrate solution were added at controlled pBr




_ B0 liters of a well-stirred aqueous bone gelatin (1.S percent by
V\ﬁ? t) solution containing 0.14 nolar potassium bron de were added 30 by
doUblje-jet addition at constant flow a 1.15 sol ar potassium bromni de
solution and a 1.0 solar silver nitrate solution for 2 mnutes at

C rolled pBr 0.85 at 60C consunming 3 pppercent of the total S|Iver. sad.
A 2.0 solar silver nitrate solution 35 was then added at constant fl oW for

o cont of ‘i hel 123t B5%fo by, dawb1g-Je8 pafiflodoEet SIS MERRRAT NG 5.
sol ution and aygiPiEmg raadm:ramdt €low £5+6%i EromSEARRIRR) by double-jet

addi tion util Ié*ﬁﬁ? ceI esr@%fi% r:;EU Y g ﬁhartgtolfsmuﬁ for 25.5

m nutes at con cons dded of th
t ot al S|Iver uscdd-ThbrﬂeDl‘Qi%l'érl"ﬁ g !%ﬂ ﬁZ‘Stlg%ﬁe‘was adged ate

constant f F £" a5 3§.wtmrfai gmoimle@ Pomiprutebed consum ng
12. 4 percet 0 C!-i B&aéf r6§rte m‘%hlaabghyuitﬂgsems of 10

silver were us®gt P2t on Fo g € ation the
ermul sion was ¢ Oh-edntoofeth& uomlmwtbﬂ"& dsht. thdzgg %IQ%£(15 3

percent by wei uhe .Onmblavnsfdverash .
coagul ati on prgegégig*ﬂ*?z#and 15 nfiﬂ 4n TanE(’ij gy the -
liters of a boﬁ@tgﬁﬁﬁt!ﬂ 'SYHQ: @ sggg re added and

t he enul spon \Aaanednsaedcomws £ own cth eAg3 82 15t uo@i ¢he°ne%la'rtant

silver
CertT and o o8A8 8657 pEpGUnE b he AN IV uadas) appraztey o] 1. 43
and the tabul alllgF&VnM)a!EBﬁht%é !ﬁf"&ﬁ MATS: '&%%Qsl’ﬁsl’tﬁﬁt %?xt he ’
proj ect ed afeaenulsion.' Following precipitation the enulsion was
' cooled to AO‘C. 1.65 liters of a phthalntod gelatin
15 (15.3 perecnt by weight) lolution vas added, and the
enulsion uas washed two times by the coagulntton
process of Yhtzy and Russell U.S. 2,614,929. Thcu ;J
'1.55 liters of a bone gelatin (13.3 percent by
weight) lolution vas added and the enulsion was
20 adjusted to pH 5.5 and pAg 8.3 at 40°cC.
, The reaultant AgBr emulsion
had an average tabular grain diameter of
2.08 um and thickness of 0.12 um, and an average aspect.
ratio of 17.3:1, and the tabular grains accounted
25 for greater than 95 percent of the projccted area.
' Enulsion 3 (Example)
. To. 8. 0 liters of a vell-stirred aqueous
bone gelatin .s percent by uuight) solution |
. contnining 0. 14 molar potassium bromide were added
30 by double-jet addition at constant flow a 1.15 molar )
potassium bronide colutiou and a 1.0 molar silver '
nitrnte aolution for 2 ntnutca at controlled pBr
0.85 at 60°C consuning 3.6 perccnt of the total
silver uced.n A 2.0 molar silver nitrate solution
35 was then ‘added at constnnt flow for npproxtnntely 5
'ninutes until pBr 1.2 nt 60'6 was ‘reached consuming
8. 8 percent of thc total silver used. A 2.3 molar



25 Enmul sion 4 (Exanple) To 4.5 liters of a well-stirred aqueo
bone gelatin (0.75 percent by weight) solution containing 0.14 solar Yy
pot assi um brom de were added by double-jet a 0.39 sol ar potassium broni e
and a 30 0.10 nolar silver nitrate solution for 8 minutes at constant
flow at pBr 0.85 at 55C consuming 3.4 gg nt of the total silver used.
Fol | owng a 0.5 minute hold at pBr O . “[err] a 2.0 nolar silver
nitrate solution was added for approximtely 18 35 m hut es at const artt

flow until pBr 1.potsisiuar brosider s6lttton axrsdina 1) 0l molaresddwerof the

t ot al -146- 3 0 I
S|OI \a/ler nitrate :Ic#’\(ﬁ‘#s&g’}g%&ég H§§+aéo§€&ﬁe%gu%él§b%§.aaq g?rg] byrm !
doubl e-j et addi t iutitkiaings agcelecated; ﬂi‘?n@s ré?"!a SEATE] G\W (5.6x from5
start to fini sh) UTEH) 'R:G'islspﬂiﬁﬁﬁhoitt&tﬁaﬁi&ﬁledﬁlﬂueﬂ. 2sa¢. Then a

mately 8 mnil os Ghid Ropaiiny 18- 42Befiest S8 the WM wtivlY O FODION

the total hSI I ver lulmli Then/mpRe0i nalatysﬂlﬁelmmm aollwd-onevcgggldeé ot ]
is enu

prepare t &:Eakh?%a efiﬁ‘gnﬂ{ﬁ? iPP dfified udied)

40C, 0.85 liter ercent by weight) solution
Was added, and th?a- M Q)rc was mgandtm: A2 .% perceatcofgul ati on

process of Yutzy iewel ﬁfﬂelduu& 4sed{, 9APprodisitdly 1.Ia Woles 8f£hone
gelatin (13. perc t b e) iolutlon was, added ,and the_egul si on was
adjusted to é' 9’! % CooPTeRfTe, tml'ﬁﬁr cRRLiPHR 20  had
an average tabul ad;n.rpxecti:ttrlﬁim the2efidl $ton | wes cocledk tas 408C,0. 08 [err]
20, n S P G0 2 hbnd1atid (JFd Y. Sytintc by 0 0
ight) lolution unrc ndded, and the emulsion was .
wvashed by the coagulation process of Yutzy and
15  Russell U.S. 2,614,919. Then 1.3 liters of a bone
gelatin (13.5 percent by weight) solution were added
o and the emulsion was adjusted to pH 5.5 and pAg 8.2
at 40°C.
The resultant silver bromide
20 emulsion had an average tabular grain diameter
of 1.43 um and thickness of 0.07 um, and an average
‘aspect ratio of 20.4:1, and the tabular grains
accounted for greater than 95 percent of the
projected area.
25 Enulsion & (Exanplc)
To 4.5 liters of a well-stirred aqueous
bone gelatin (0.75 percent by weight) solution
‘containing 0.14 molar potassium bromide were added
. by double-jet a 0.39 molar potassium bromide and a
: 30  0.10 molar silver nitrate solution for 8 minutes at
constant flow at pBr 0.85 at 55°C consuming 3.4
percent of the total silver used. Following & 0.5
pinute hold at pBr 0.85 at 55°C, a 2.0 molar silver
nitrate solution was added for approximately 18
35 minutes at constant flow until pBr 1.23 at 55°C
vas reached consuming 15.4 percent of the total



5 (Exanple) 25 To 6.0 liters of a well-stirred aqueous

E

bok atin (1.5 percent by weight) solution containing 0.14 nol ar

po m brom de were added by doubl e-jet addition at. constant flow a 1.15
sol pot assi um brom de solution and a 1.0 solar silver 30 nitrate
solution for 16 mnutes at controlled 0.85 at 55C consum ng 3.4 percent
of the total silver used. A 2.3 nol ar lp “assi um bromi de solution and a 240
nolar silver nitrate sol ution en added by double-jet addition
utilizing accel éii‘!’%ﬁ used. flﬁzf aT; potasgium; bropide and A

approxi mately 28.01i molss almltu.'aldlti sBluish ee:&eadaedonsum ng 64.4

percent of the égé&?fledihi'lsf tfzor (X doub § s“&fﬁ*&trate

sol ution was ad const ant oxXl rra until pAg

8.0 at 55C was fe&&%m&w&mqﬁ tpspef:sehreseﬂhs owi £5-6x | from ysed.

éplolr oxi mat elBy %eﬁfm@s.fmmu \&rn Gbl'iidpheeafon%péget%@:ﬁ?ﬂ@' fS' on.
ol | owi n reci ation ol e iter of a
“pht hal at gdpgel aﬂ‘*\ fﬁé’?i‘er W&ﬁﬁ Bﬁgvfﬁnnﬁg'gﬁded and the

emul si-on was wasblution iwas added aﬁ @ comstent Slovufery Qpplrdﬁ.- Russel |

U S 2,614,919. igae | §ti 8 m?b wei ght
sol ution was adﬁ‘ggf%detﬁé‘*%énu s“lﬁbtnﬁ S agggstagd ’tsgést?%pgéan %Aé 8. 1gat)
[err] The resulFﬁh!“‘!H‘&e} o pansents of, ﬁstFBF‘ﬂaﬁ Ver \u88dic t abul ar
grai n di amaQer 92095!5&1& & dolien ofs 3idved. 98rbcusedapsl an average

cpect a1 D, of péghte hth Nomiiblr Foli0SLR BURAEALFLLE NS 11,0
liters of a stismylsioncses cooled to 40°C, 0.85 liter of &

phthalated geletin (15 3 percent by veight) solution
vas added, and the enulsion was uunhnd two times by .

15. the coagulation process of Yutsy and Russell U.S.
2,614,929. Then 0.8 liter of a bone gelatin (13 3
percent by weight) eolutlon was edded and the ~
enulsion was adjusted to pH 5.5 and pAg 8.3 at 40°C.

' The resultant AgBr emulsion

20 had an average tabular grain diameter of 2.09 um
and thickness of 0.08 um, and an average aspect
ratio of 26.1:1, and the tabular grains accounted
for greater than 95 petcent of the projeeted_eren.

Emulsion 3 (Exnnple)

25 To 6.0 liters of a well-stirred aqueous
‘bone gelatin (1.5 percent by weight) solution
containing 0.14 noler potassium bronlde vere added

by double-jet eddition at constant flow a 1. lS molar

potassium bromide solution and a 1.0 noler ellver

30 nitrate solution. £ot 16 nlnuten et controlled pBr
0.85 at ss’c consuming 3. 4 percent of the total
silver used. A 2.3 nolet poteeelun bromide solution
and a 2.0 molar eilvet nitrate solution were then
added by double-jet eddltlon utilizing eccelereted

35 flow (5.0x from start to finleh) for epproxinntely
25 minutes at controlled pBr 0.85 at 55’0 consuming
64.4 percent of the total ellver ueed. A 2.0 molar



pht hal ated gelatin (4.54 percent by weight) solution at pH 5.6 were adde i
by double-jet addition at controlled pAg 8.3 at [err] an aqueous 3.5 sol ar »
25 potassium bromi de sol ution and an aqueous 3.5 solar silver, nitrate N
solution. The halide and silver salt solutions were added stepw se .
accorging to the procedure described int47S. Wlgus DT 2,107,118, in seven
four-m"nute increments with increased rovxs of 30 appr oxi matel y X (i.e.,
no flowrate i nc:t\haa) nixrite 4¥1uGidy, wax adﬂc&%tﬁ%ﬂﬁ:&dﬁ/ gilewt e frorh

ff)a:oﬁ e|togr]:aI tmhlsg enul on&aﬁlﬁﬁd&?&g}(hq éx Z?Q%%% oFmﬁLeagﬁggus
phthal ated 35 Y8 a!!'fFl'{‘!b consupdngt 3gy2v@?§¢ﬂ9tsﬂﬁ lﬁh&)ﬁ% added at 40C
and the enul si omﬂmﬁ\aﬁwt proxinabely k.66 sl e ich sileeess of Yutzy

and Russel | vereju d% %Q- ¢ E ne@ufsi& er ocif gqueous bone
8 & g ad’de? (f%?

gelatin (10. percent enul si on was
adj usted to pH e tmg.c@ the: ml:sson \m coolotrm 401C,80.85ntrol ) To

el &t ed el arl “*7%‘“ PHetated gblatin (15 F pabeett Miba 558 g (0. 6

pht hal at ed gel at i regen on yere adde g

mol e) of Emul soﬁ' ﬁ() Fgauaynil_pm@%p 1@9‘?'&;& siongwea by

doubl e-j et addi washest hyomheobbnjulmgiﬂn@mcimafl Yuteyoand3. 5 nol ar

pot assi um brenm t .a d eo l9ts ver rate

sol ution. The h?"?eﬂﬂ % Q Giaél??ysol ons% V\r?/;rlg'tg dg? 8 ggWI se according .
to the 15  pr odBRR# ’H@éﬁﬁb?&ﬂ’ﬂﬂﬂ ¥.veight): svlut 9@7'!!8‘##0§even

four-ninute | nCras e Wiulsioar 9ascadjvored (ﬁo FWBS @adepag’8.1. 2X, 1.5X
1.8X, 2.0X 2. 4%% .IX mM/mnute fromstart to finish respectlvely
€

Appr oxi mately 6 S of silver were used in
The resultant silver bromide

15 enmulsion had an average tabular grain diameter of
: 2,96 pm and thickness of 0.08 um, and an average
| aspect ratio of 37:1, and the tabular grains
- accounted for greater than 95 percent of the
projected area. . :
20 ' Emulsion A (Control)

To 2.2 liters of a stirred aqueous
phthalated gelatin (4.54 percent by weight) solution
at pH 5.6 were added by double-jet addition at

| controlled pAg 8.3 at 70°C an aqueous 3.5 molar
25 potassium bromide solution and an aqueous 3.5 molar
silver nitrate solution. The halide and silver salt
solutions were added stepwise according to the
procedure described in H. S. Wilgus DT 2,107,118, in
seven four-minute increments with increased flows of
~ 30 .approximately X (i.e., no flow rate increase), 2.3X,
) 4X, 6.3X, 9X, 12.3X and 16X ml/minute from start to
. finish respectively. Approximately 7.0 moles of
silver were used to prepare this emulsion. Follow-
ing precipitation 0.4 liter of an aqueous phthalated
35 gelatin (10.0 percent by weight) solution was added
at 40°C and the emulsion was washed two times by the
. coagulation process of Yutzy and Russell U.S.




ition to the seed grains to prepare this enul- sion. Follow ng
ation 0.65 liter of an aqueous phthal ated gelatin (10 percent ‘by
sol ution was added at 40C and the erul sion was washed two tinmes by
agul ation process of Yutzy 25 and Russell U S. 2,614,929. Then 2.0
liters of an aqueous bone gelatin (10,5 percent by weight) solution were
added and the enul si on was adj usted r& 5.5 and pA4 8.5 at [err] Emul

C (Control) 30 - To 2.0 liters of an aqueous bone gelatin (2.8

percent by wei gR,$14p9290t "Phag €2, eghabnggLﬁgt; sgéu%ron
X

G

wer e added 1169 of Emul sion rre

wer e added by dﬁg%*é"? @§%|R$ m‘ahtgdtmgtsgn vere addedC an
aqueous 3.5 nol &rdp Qsemuﬁltnnnwlialﬂjuln¢d1t0nﬂﬂaﬁ SQIﬁdU?AE 8,50 ar
silver nitrate ag 40%9; solution. The halide and silver salt solutions were

added stepwgse accordin t he ocedure described in H S "Vilgus DT
2,107, 118, m?n twel ve fogﬁeétﬁikﬂigrthqaﬁﬁﬂ: Wi th increased flows of
“approximately X, 5 1.2X 7Td. 2300 111@(',: bf5¥n aglEous Bone iﬁtt’:’n:”x 2. X,
2.7X, and 2.9X fi lve Approxrnately
5.7 nol es of srﬁ/er %ﬁ‘ﬂﬂs‘g |n a E? Mi&h@iggﬁ %“to prepare
this enul si.on. EBLTbv’chquecbgpl\!dtghﬂ) @olGtiohcwetd ldddd 558

pht hal at ed gel a 096( r&gm tal\ds%:! o8 ¥e ﬁd;legl at [err] and

Rissel | st “aﬁessgwme%?@%r%? e:&%aiéeits'a%b Sﬁévi?miwﬂéysa”d
percent by wei gpAg 853sst (7OC averequattad 3a5dmblarcpotaasbumas adj usted to
PH 5.5 and pAg ﬁr?nf&é%ﬂtf&%"ﬂd”h@(q%g 9.5 Rotag, alives Of an
aqueous bone gel'a
' nitrate solution. The halide and silver salt .
solutions were added stepwise according to the '
15 procedure described in H. §. Wilgus DT 2,107,118 4in
seven four-minute increments with increased flows of .
approximately X, 1.2X, 1.5X, 1.8X, 2.0X, 2.4X, and "t
2.7X ml/minute from start to finish respectively.
Approximately 6.4 moles of silver were used in
20 addition to the seed grains to prcpire~thic emul-
" sion. Following precipitation 0.65 liter of an
aqueous phthalated gelatin (10 percent by weight)
solution vas added at 40°C and the emulsion was
washcd two times by the coagulation process of Yutzy
25  and Russell U.S. 2,614,929. Then 2.0 liters of an
aqueous bone gelatin (10.5 percent by weight)
solution were added and the emulsion was adjusted to
pH 5.5 and pAg 8.5 at 40°C.
| Emulsion C (Control) |
30 "~ - To: 2.0 liters of an aqueous bone zclattn
(2.8 percent by weight) and phthalated gelatin (2.2
percent. by weight) solution were added 1169 g (1.3
moles) of Emulsion B and stirred at pH 5.7. Next
were added by double-jet addition at controlled pAg
35 8.3 at 70°C an aqueous 3.5 molar potassium bromide
solution and an aqueous 3.5 molar silver nitrate




(5.07 percent by weight) solution were added 1395 g 20 (1.4 soles) of
Emul sion C and stirred at pH 5.3. Next were added by double-jet additio 'H%"
controlled pAg 8.3 at [err] an aqueous 3.5 nolar potassium brom de sol ufio
and an aqueous 3.5 nolar silver nitrate solution. The halide and silver
salt 25 .solutions were added by accelerated flow for 60 mnutes (1.86X from
start t0 finish) consunming 89 percent ofltbe silver salt sol ution added.
Then the halide and silver salt solutions were added at constant flow for 5

Aoproxi mat el y 2. 3 $04pBLoB:  oTRe Halade arid piiyeRamionstuhodd Here o . s
to prepare this emddedostepwiseaceprding tio the proceduce| deserihedin
38'and the Qﬁhﬁiieiﬁg%iska”!%g“? (P (21107, 1090 do) HOLYE, SOt L o
YUt 7y and Russel | 1Bcgemengs vish tncreased ‘Sigks plotpprofinptaly £uoo o
bone gel atin (50.1.n!LCQDBbe1mEXQHI)634ﬂ1ﬂ83y1lmsx,aﬁd&!.aﬂdSXhé erul si on f
the tabuar 5 or i SEia2eAEscind. 29K A/ dinuty sree” hﬁﬁ‘?ﬁﬁgr B 1 zod
in. Table Xviil Taespesvively,oj Approximately. Snj-mades of silver , o, o 10

Gain - Gain Getehusédrtatadditicd to"the SeedSgratas &W@grﬂ_hi ckness

Bl aains 1 o i, i hitog bebQARChCLLR 6.96 1co¥ 2 )
0.07[err] 201@: 10f anosquéous phthalated gelatin> (20 peréent. B[ err]
26.1:1 >95 5 weight) solutfodf béd 'ddded’AtCUOPC and theé ‘edulsicw® A
octahedral 0'27[e&LL vnsh;d two tiif%'uy the :;agulation proécci of
Yutzy and Russell US 2,614,929. Then 2.0 liters of -
an aqueous bone gelatin (10.5 percent by weight)
15 solution were added and the emulsion was adjusted to
i pH 5.5 and pAg 8.5 at 40°C.
hd Emulsion D (Control) .
| To 1.3 liters of an aqueous bone gelatin
(5.07 percent by weight) solution were added 1395 g
20 (1.4 moles) of Emulsion C and stirred at pH 5.3.
'Next were added by double-jet addition at controlled
pAg 8.3 at 70°C an aqueous 3.5 molar potassium
.bromide solution and an aqueous 3.5 molar silver
nitrate solution. The halide and silver salt
25 golutions were added by accelerated flow for 60
minutes (1.86X from start to finish) consuming 89
percent of the silver salt solution added. Then the
- halide and silver salt solutions were added at
" constant £low'£or 5 minutes consuming 11 percent of
30  the silver salt solution added. Approximately 2.1
- ' moles of silver were used in addition to the seed
' grains to prepare this emulsion. Following precipi-
tation 0.70 liter of an aqueous phthalated gelatin
(10 percent by weight) solution was added at 40°C
35 and the emulsion was washed two times by the coagu-
lation process of Yutzy and Russell U.S. 2,614,929.




4_[err] * [err] ** C . " 120[ err] *
AV ** 20 D 1.30[err] o* [err] kxox
=St irmated to be approximately equal to grain dianeter. ** Tabular grains
greater 0.6 mcron in dianeter were essentially absent. 25 B. Emul sion
~Sensitizations The tabular grain AgBr enul sions and the octahedral AgBr
control enul sions were optimally chédxbally sensitized and then optlnaﬁ+y
spectrally sensitized to the green region of the spectrum 30 according to

tsgﬁsffpg;}znqgcﬁheé 19¢e20bg &h*aq &Jrn;alveﬁm m:a&er(twncsalof |
Sensitizati og reent; Bﬂ*”‘i‘héu?gsf%ﬁi rkdéﬁf&"ﬂ%?n anat e :Hol d

Dye A Tabul ar elmulsion wasSadjusted to 9175-5 afdpAg 8.5 at e 2
5.0 ~10.0 175 Zﬁﬁrbhysi meki%tcrtctiéi‘3f the Cabular2?5

[err] 750 10 750 5

4.0 8.0° graimsand tbe pontrol s} VQBrR'F?R’-% "'“1"%9'0]‘ %50 800

[err] 7Quckiarized i3 Table/X®WIII. 800 . [err] 370 15 C

0.9 1.35 150 [err] 170 D 1.0 1.5 150

[err] 80 * Gold - pota55|un1tfgg 1agurate Sul fur-[err] sodium .
. thiosulfate pentahydrate Thlocyanate - S0C un1th|ocyanate 20 ** Dye A =

anhydr o- 5- chl or 0- 9- et hyl -5' - phenyl - : Projected

(3-sul fobutyl)-3-(3- sulfopropyl)AbicigboquﬁmughrwdrOX|de Agedi Im sal t

10 Grain Grain Grain Aspoet Tabular

Emulsion Shnga Dianeter Thicknesn Ratio ' Grains

1  tabular 1.67umm 0.10m 16.7:1 595 .
2 " 2.08m 0.12m 17.2:1  >95
3 " 1.43m  0.07)m 20.4:1  >95
15 4 " 2.09ym 0.08im 26.1:1  >95
5 " 2.96m 0.08m 37:1 595 L
A octahndrul 0.27um * - «lsl bkl |
B " 0.64um * el *k
C " 1.20m  * =1:1 ok
20 D " 1.30im * s1:1 e
* Estimated to be approxinntely equal to 3r¢1n
dianeter.

** Tabular grginc'greltqr 0.6 micron in dismeter
ucre'csientially absent.
25 B. Emulsion Sensitlzations
‘The tabular grain Agsr enulsions and the
octahedral AgBr control emulsions were optimally
chenically sensitized and then optimally spectrally
sensitized to the green region of the spectrum
30 according to the conditions listed in Table XIX.
All values represent mg of sensitizer/Ag mole. ' e



C. Enul sion Coatings The tabular grain and the control AgBr 25 emul
were separately coated in a single-layer magenta format on cell ul ose
triacetate filmsupport at 1.07 g silver/[err] and 2.15 g gelatin/[err].
The coating el enent al so contained a sol vent dispersi-on of the nagenta

i mge-form ng coupler 1-(2,4-di- 30 ey i-l-' 6- chl orophenyl )-3-[err] -

(3-[epr] - pent adecyl phenoxy) - butyrami doJ - 5- pyrazol one at 0.75 [err] thle
anti- foggant 4-hydroxy-6-nethyl-1,3,3a, 7-tetraazai ndene, sodium salt ‘at
3.6 g/Ag nole, and the antistain agent potassium - .

5-sec. - oct adecyl hydr oqui none- 2-sul - 35 TehlecX¥X 3.5 g/ A novl e.. The coatings
were over- coated with a 0.51 [err] gelatin layer and were gg sal
hardened at 1. 0% bis(vinylsulfonyl nethyl) ether based on t eptot aﬁ
gelatin content. D. Speed/ G anularity Conparisons The coati Wé'r’é’é‘kposed
for 1/100 second 5 to a 600VCReADEal ungst erSensdtizacion® t hr cxtdn®® O- 3. 0

d ity st t ; | ' fil 2 it tg al
fonsi1y sLepy! sk VeaeTedte?, || Hftociale’ HE Y BRUASL

achi eve nBtChEdWIRVE| s at 37.7Cin a color 10 devel oper of the type
described in the Bgitish Jogg¢sal of,ghot ogngpsy As300gho®éo79, seES

204-206. Both rel aty ve spee al nd gr ari X%, sNr enent re

i ndependent |y take# at 0. 25§tl nsizg’ﬁnits %e f g Eiakgg'aeeip peed vs.
rms 15 Granularity3 [err] $s0 s in Fi d&5% 7. 305870p€ed is I8 (1-1o0g.
E), where _EA;B_theaexposuresLo nej@so candigassecongsepd®e densiggp of 0.25

above fog. illugtrated, jhg tabylar grai gBr z bQNs conglstently
exhi bited a superi0r speed-gfanul ?#T@y 20 .%ﬁtior'?@ﬁ aa conpa (g to the
nont abul ar cont r Gongxollsi ons. _

A 10.0 15.0 800 30'€70°C = 700
B 3.2 4.8 800  30'e70°c = 370
1s C 0.9 . 1.35 150  30'€70°C 170
B 1.0 1.5 150  30'e70°C 80
o ‘% Gold = potassium tetrachloroaurate

Sulfur = godium thiosulfate pentahydrate
Thiocyanate = sodium thiocyanate
20 %* Dye A.-'hnhyaro-s-chloro-9-ethyl-s'-pheny1-3'—
(3-sulfobutyl)-3-(3-sulfopropyl)oxacarbocyanine
hydroxide, sodium salt ' :
C. Emulsion 00;t;ggl ]
'~ The tabular grain and the control AgBr
25 emulsions were separately coated in a single-layer
magenta format on cellulose triacetate £ilm support
at 1.07 g silver/a® and 2.15 g gelatin/m®. The
| coating element also contained a solvent dispersion

. of the magenta image-forming coupler 1-(2,4-di-

30 methyl-6-chlorophenyl)-3-[a~(3-n-pentadecylphenoxy)-
butyramido)-5-pyrazolone at 0.75 g/m?, the anti- -
fbggnﬁt'4-hydroxy-6-neth71-1;3.3..7-tctranzaindono,
sodium salt at 3.6 g/Ag mole, and the antistain
agent potassium 5-sec.-octadecylhydroquinone-2-sul-

35 fonate at 3.5 g/Ag mole. The coatings were over-

_ coated vith a 0.51 g/m? gelatin layer and were



E.__Mnus Blue to Blue Speed Separation The tabul ar-grain enulsions No. 1,
‘and 5 were conpared to the nontabular grain control 25 emul si ons A,

d Din regard to mnus blue to blue speed separation. The enul sions

optimal |y chemcally and spectrally sensitized as described above. The

| sions were coated and processed sh lar to that for the speed/grain

conparisons. 30 Exposure to the blue™ g?lon of the spectrumwas for 1/1b6.

second to a 600W([err] tungsten |light source through a 0-3.0 densitystep

tablet plus WRhidénd@- .661mﬁ&iﬁqﬂm.umynauaytgumeﬁosure was the

sanme except th t _ in 35 place of the Watten
No. 36 + 38A fﬁhﬂd\%ﬂR% atl e#% \@}'\ﬂie recorded at 0.25 density

units aboveDrogSpes . PALY LONparigonsgi ven in Tabl e Table XX

gel a'él VES SRel gt I V& Phe Eéd4 Loy 'Iﬂ l&pO‘.d forWWOOBﬁﬂé‘ond [err] | No.
1%6 (BS) 5 gee &W) SOOO‘gEtunthenalilig%fggource througggc 10 4

-43 - Pe3. 0 density dtép tablet plussWratten No. 92filter - 163

%gtrol A g 1:2 duﬁsity ncu@ﬂﬁ?9 filter. P%%g;ning vas 531-78 100 =

1.00 log E As’ verisble: times betveenod.: t?é‘dtéoﬂli&PtQPaFﬂ AgBr enul si ons -
show si gni f i canchleVeshatchedcfophevelyl at 1375 79Cudnsacedlogpar ati on. These

o s dena g?&*%%&ée"%“@#g%%mﬁ%%‘ fBesBiEbage0 1  aspec
sensitivity in ggﬁﬂngg Photogrngh! Annual, 1979, pages 204'206-
: Both relative speed values and granulnrity
measurements were independently taken at 0.25
. density untts ‘above fog. A Log Green Speed vs. rms
15 Granularity x 10°.is shown in Figure 7. Log speed
is 100 (l-log E), whcre E i3 the exposure in meter-
' candle-seconds at a density o£ 0.25 above fog. As “
1llustrated, the tdbular 3ra£n AgBr emulsions
consistently oxhibitcd a superior speed-granularity
20 telationship as conparpd to the nontabular control
enulsions. |
E. Minus Blue :o llue Sgecd Segcration
The :abula:-gruin enulsions No. 1, 3, 4,
and 5 were compared to thn nontabular grain control
25 emulsions A, B, and D in rcgnrd ‘to sinus blue to
blue speed leparation The enulsions were optinally
chemically and apcctrally sensitized as described
above. The emulsions were coated and processed
‘similar to that for thc npeedlgrnin comparisons.
30 Exposure to the blua regton of the spectrum was for
1/100 second to & 600W SSOO‘K tungsten light source
through a 0-3.0 density step tablot plus Wratten No.
36 + 38A filter. The minus blue exposure vas the
same except that a ﬂrcttcn Nb. 9 filter was used in
35 place of the Hratten Nb. 36 + 38A £11t¢r._ Rnlativa
speed vulucs vutc rccordcd at 0.25 density units




bl ue and bl ue spectral regions as conpared to optinmally sensitized ‘
-nont abul ar grain AgBr enul sions. 25 Exanples to Illustrate Proper
of Silver Bronoiodides of Uniformlodide D stribution A Emrul sion _
Preparations Emulsion 1 (Exanple) To 30.0 liters of a well-stirred aqu
30 bone gelatin (0.8 percent. by weight) solution containing 0.10 nol ar

pot as®um bronmi de were added by doubl @153 addition at constant flow, a
1.20 nol ar potassiumbromide and a 1.2 nolar silver nitrate solution for 5
mnutes at pBr 1.0 at [err] 35 thereby consum' ng 2.40 percent of the total
silver used. A phtbal ated g at| solut (2,4 liters - =154- percent
by wei ght) was a®f8¥e: °§he# él‘ 'sPFPrQ@l"?Br"& ?ﬂjﬁﬂe at

[err] The silver XX« rate sol ut|on descri bed above was added then at

constant flow rate for apprOX| rrately t unt|I 5 pBr 1.36 at [er'r]
was reached consum ng 4. 80 p of t e t S|Iver usod. An aqueous
sol ution containing pot aSSI ®e (1 I') pl us potassi um i odi de

(0. 14 sol ar) &ndEmuladonous Bbhd- tion oMizids/®luei t r at gSpéed*nol ar) were

added by 10 doubl eyaet addlts edl (BSY "% ed f (gs X fromstart
to finish) at pB Mnm;o til the
silver nitrate sMﬂ-Gﬂ uﬂs exhaust ed t hereby consum ng 92 8 percent of the
total silver used. Approximatepg 20 15 sol eqy¥ silver wepgsused to prepare
t he enul si on. FO||O\gI Nng precipiiation the eriélsmn was ¢ ﬁg d to 35C, 350
grans of additional “pht hal ate %el atin were 3ded stirre and the
emul si on was Mshed‘three ti me#3by the coagtzlﬁilon proceslﬁQf Yutzy and 20
Russel |, U S. Patentg 2,614, 929y Then 2.0 Iltzgros of bone ggggtin soI ution -

(12. 3 percent by weu gh&) .
A ose ) 31 ’ . )81
B : 37 ' 160 ' - 123
15 » 109 - : 187 ' __78

*.100 = 1.00 log E
As illustrated in Table XX, the tabular grntn AgBr
emulsions show significantly higher blue speed and
minus blue speed separation. These results demon-
20 strate that optimally minus blue sensitized high
aspect ratio tabular grain AgBr emulsions exhibit
i{ncreased separation of sensitivity in the minus
blue and blue spectral regions as compared to
optimally sensitized nontabular grain AgBr emulsions.

25 Examples to Illustrate Properties of Silver
Bromoiodides of Uniform Iod:l.de Dtltributton

A. Enula:lon Ptegarati.ona '
Enulsion 1 (Example)
To 30.0 liters of a well-stirred aqueous
30 bone gelatin (0.8 percent. by weight) solution
| containing 0.10 molar potassium bromide were added
by double-jet addition at constant flow, a 1.20
- molar potassium bromide and a 1.2 molar silver
nitrate solution for 5 minutes at pBr 1.0 at 75°C
35 thereby consuming 2.40 percent of the total silver
~ used. A phthalated gelatin solution (2.4 liters, 20




' n were added and the enul sion was adjusted to pH 5.5 and pAg 8 3 at
q T e resultant silver bromp- 25 iodide (88:12) enulsion had an average
grain diameter of 2.8 [err] and. thickness of 0.095 [err], and an
e aspect ratio of 29.5:1. The tabular grains accounted for greater
than 85% of the total projected area of the silver bronoiodide 30 grains

- present in the emul sion. Emulsion 2.B4nple) To 7.5 liters of a bt
wel | -stirred bone gelatin (0.8 percent by weight) solution containing 0.10
nmol ar potaSS|un1bron1de mere added by double 35 jet, a 1.20 nol ar potassi um

brom de sol utigge baﬁai'hﬁﬂﬁd“tﬁrfﬁf’fiiéﬂ ﬁ¥1iﬂ% seinstant flow
for 5 mnutes on ) the total silver -
used. After aa&%g@f‘&?&fs%ﬁﬂgfk ﬁg g% gfl n QHW (0.7 liter, 17.1
percent by \Aellgtm)ltmetdmﬁiamdmribldrlbmonl nddld ehen [atrr] . A 1.20
Conoum ng 4 1 SOSRhe K1ty RackTo2 Hpprokiiate *"t%f tek dnetas reached
. contai ning ESE ﬁrr#% J(E‘% 1"06"?&?’ d gons ReRGent (0. 14 o
solar) and a bﬁ&hmlmcmwﬂwtr used. at Ansequéows selutiviied by doubl e-j et
addi tion ut|I| 0 f h) for 52 .
m nutes at pBr W .cons %Wré@%gk g}gﬁfﬁ(&#ﬂ@{ﬂf silver used. *
‘Approxi - mat c|Rotags Lto\r@g H@lér sand tan Aquagus t!ﬂlé-"lS enul si on.
Fol | owi ng precepon £ GilIver alitrace) (132 ﬁephe)i wére Gidded & sted to pH 3.7

oht hai at ed ol SOREEEFER adf %gz?fw?ﬁ&e“ Eﬁ;&f«ﬁiﬁé Koo added:
after stirringftom stext o sh)c agpBxi 3r3 dferyai n to 35C/pH 4.1
and washed by gp@rokisatelf wiﬂaunhr 96€¢3 tHECHLlver nitrate
solution was exhausted thereby consuming 92.8
percent of the totn;uqilvcr used. Approximately 20
15 moles of silver were used to prepare the emulsion.
Followiug precipitation the emulsion was cooled to - :l;
35°C, 350 grams of additional phthalated gelatin '
were added. stirred wlll and the enulsion was washed
three times by thc congulation process of Yutzy and
20 Rulsell. U S. Patent 2 614,929. Then 2.0 liters of
bone gclatin lolution (12 3 percent by weight)
lolution,ujrg added qnd the snulsion was adjusted to
pH 5.5 and pAg 8.3 at 40°C. _
Tha reaultant silver bromo-
25 iodide (88 12) unullion had an average tabular grain
dianctot of 2 8 LR 'and. thickness of 0.095
um, and an average aspect ratio of 29.5:1. The
tabular grains accounted for greater than 852 of the

total projocted area of the silver bromoiodide .
30 grains ‘present in the enulsion. o .
!‘nulston 2 (B'nnph) ' . <

. To 7.5 ltteu of a vell-.ti.rrcd bone
gchtin (0 8 percent by vo.tght) solution containing
0.10 lohr potnltun bromide were added by double

35 jet, a 1.20 molar potassium bromide solution and a
1.20 molar silver nitrate solutton at constant flow

2



0.7 liter of aqueous bone gelatin solution (11.4 percent by weight) was
added and the enul sion was adjusted to pH 5.5 and pAS 8.3 at [err] 25
The resultant silver bronoi odi de enul sion (88:12) had an average tabul ar
grain diameter of 2.2 [err] and thickness of 0.11 [err] and an average
aspect ratio of 20:1. The tabular grains accounted for greater then 85% of
the td¥al 30 projected area of the si | verssu onoi odi de grains present in the
enul sion. Emul sion 3 (Exanple) To 7.5 liters of a mell-stlrred bone gel‘atin

(0.8 percent by r Q?UVEgQCBFon 3yn1bron1de
wer e added by do et 3 S| um®brom de sol u-
-156- tion a%d asg EB‘JSB?EH s*ﬁ(ﬂﬁt ‘ggFEt 983153 I%'grﬁ‘l'%ﬂﬂ“!‘ | ow fgr 5
mnutes at pBr lphthalated gehizim @ulution {047 Riter)ildil tpurdental silver

d. Aft dd | I ter,
17°0 porcent by 33, AnPRhER ENE AU Wi Beedrid for Y dalde | Pl
sol'ution of s§IvB® art rAt b 20 Polar: @‘d»ﬂ"Go%-FHﬂFCf!W'F%RQ VAR il pBr 1.36
wes reached consgdged 4:16mmwfpwa.w ﬁhsstﬂéﬁod‘%uﬁnﬁ’ﬂ i de

ol 0oy ot RNt HE K sey st udt Feds) KDALY 0% O
doubl e-j et add|tso&untonlewngptutnsegqmmnuihhohroaiaér(inﬂﬂzanltn)-f|n|sh)

f 52 t 9 h I |
| or 52 M nutes ap1al pdfidd Bl 1o W01945RoRapy A 'e of 20 Rarde] ST Ver

es of silver mer epare this
ehul si on. Fol }@us 3 ¥e%*iﬁ§%ﬁ splution. yere; 84 b!dé?!ﬁﬁ% %] adjusted
to pH 3.7 and wasdditben tuelilizing accelératydaflioRu(2X| frod/Stardld, 920.

Addi tional pht hagat ol £k 52 HiniiteaOatOpBr' 1186/65% Cdtiuhailily Y
wei. ght) was adde
pereen: of the total silver used. Approxi-

sately 5.0 moles of silver wers used to prepare this

15 emulsion. Following precipitation the emulsion was
cooled to 35°C, adjusted to pH 3.7 and washed by the
process of Yutzy and Russell, US 2,614,929, Addi-
tional phthalated gelatin solution (0.5 liter, 17.6
percent by weight) was added; after stirring for 5

20 minutes the emulsion was cooled again to 35°C/pH 4.1
and vashed by the Yutzy and Russell process. Then
0.7 liter of aqueous bone gelatin solution (11.4
percent by weight) was added and the emulsion was
adjusted to pH 5.5 and pAg 8.3 at 40°C.

25 - The resultant silver bromoiodide
enulsion (88:12) had an average tabular grain
dismeter of 2.2 um and thickness of 0.1l um and an
average aspect ratio of 20:1. The tabular grains
accounted for greater than 852 of the total

- 30 projected area of the silver bromoiodide grains
present in the emulsion. '
= Emulsion 3 (Example) .

To 7.5 liters of a well-stirred bone
gelatin (0.8 percent by weight) solution containing
35 0.10 molar potassium bromide were added by double-
Jet addition, a 1.20 molar potassium bromide solu-



for 5 mnutes the enul sion was cooled again to 35C/pH 4.1 and

y the Yutzy and Russell process. Then O7 |iter of aqueous bone
solution (11.4 percent by weight) and the enul sion 25 was adjusted -
.5 and pAg 8.3 at 40C. The resulting silver brono- iodide (88:12)

i on had an average tabular grain diameter of 1.7 [err] and thickness

of 0.11 [err] and an average aspect.y5®. o of 15.5:1. The 30 tabul ar grawns
accounted for greater than 85%of the total projected area of the silwver

br onoi odi de grains present in the nmulsion. Enulsion 4 (Exanple) To 7.5
liters of a well-stirred bone 35 gelatin (0.8 percent by weight) solution
contai ni ng 0. tfonvand ol 20 imcldy eilvervnicratdcsobiitionhe- -157- jet

addition, a 1cgg.gpherfpgq, | ovﬂ ge.%ob*t g_l.gy?gng e?j% mol ar silver

nitrate solutlon at . coni&? m nu ‘err] thereby
consumi ng 2. 460R8NELng £140Q Rexcang %ﬁ the tgta s! t\!?"&ddl ng an aqueous
pht hal at ed geAfter adaﬂngCIlﬁﬁtﬁhlaﬂnﬂ‘;qhiahcp;elattab;ohntﬂhﬂ) and

stirring f@r n byt reitrate was s
added a? as)co SFZ ?iﬁf lﬂ.r#:{‘& W ?‘ga\/\zshrggagge?i*%s%# ng 4.1 °
percent of 10 tﬂéﬂﬂbﬂaﬂts-”\&rs qb\ﬂﬂilﬂfdé"g-&ﬂ-%ofn’ﬁtlﬁﬁvﬁbnt aining

pot assi um br ofiteaté Wés 'addéd iﬁlébdiﬁii&SEﬁﬁvlthdeuﬁﬁil4p!?|ar) and a

D e aochrab Hhh FREGRES BATmEHE 41 BurBint o bE, Eapcholll! T o0
pBr 1.36/[ err pilvazuused. 93A thalide: molatione cootaintngpotassatum Appr oxi -
mately 5. 0100%98n&305(1¥06 iﬁii&)“ﬁ!hi‘bdﬁiﬂ%iﬁﬁ 1381&8”!0510” Fol | owi ng
D e Pi ot 0N L0C§THhg 8155 Sehe b11vet s1ctdbd"bSut Lo id 20 Vs
by the
added by double-jet addition utilizing accclc:atod :
flow (2X from start to finish) for 52 minutes &t pBr
1.36/55°C consuming 93.5 percent of the total silver
15 used. Approximately 5.0 moles of silvér were used
to prepare this emulsion. Following precipitation -gi;
‘the emulsion was cooled to 35°C, adjusted to pH 3.7
and vashed by the process of Yutzy and Russell, US
 2,614,929. Additional phthalated gelatin solution
20 (0.5 liter, 17.6 percent by weight) was added; after
stirring for 5 minutes the emulsion was cooled again
to 35°C/pH 4.1 and washed by the Yutzy and Russell
process. Then 0.7 liter of aqueous bone gelatin
solution (11.4 percent by weight) and the emulsion
25 was adjuutcd to pH 5.5 and pAg 8.3 at 40°C.
' The resulting silver bromo- |
fodide (88:12) enulsion had an average tebular grain
dismeter of 1.7 ym .and thickness of 0.11 S
and an average aspect ratio of 15.5:1. The - o
30 tabular grains accounted for greater than 85% of the
total projectod area of the silver bronoiodidc
grainu prcsent in the enulaion.
~ Emulsion & (Exanplc)
To 7 S lltcrs of a wvell-gtirred bone
35 gelatin (0.8 percent by velight) solution containing
0.10 molar potassium bromide were added by double-




20 process of Yutzy and Russell, US 2,614,929. Addi- tional phthal ated R
gelatin solution (0.5 liter, 17.6 percent by weight) was added and the {‘:"ié; )
enul si on was redispersed at pH 6.0, 40C. After stirring for 5 mnutes the -.
enmul sion was cooled again to 35C/pH 4.1 25 and washed by the Yutzy and

Russel | process. Then 0.7 liter of aqueeps bone gelatin solution (11.4

percenf“by wei ght) was added and the enul sion was adjusted to pH 5.5 and
pAg 8.3 at [err] The resulting silver brono- 30 iodide (88:12). enul si on‘thad

an average tabul aatglﬁditiodl,atewzoaiolhﬂ potidds iual brbatdgcsslel 0. 08

[err] and an aver, 29Ee! 17.9b! ul ar I ns_accounted for
greater then 55%of the togt zli'l Qb OJ e d"%*%g-m}éﬁg &lggi%rﬁﬁm odi de 35
grai ns present i fonstaat, £low, -im% At PBr AcOAS58C) 9.0 liters of
an aqueous pht halﬂiatibgeleahlunﬁ.ﬁgc’z -HOTFEFcedty OFitHe totallUbiPPehi Ch

0,11 0l ar sod o oc AEERE, Qe%ﬂ%’qé' }%&Mﬁ?gﬁsiﬁ%&' Pang

0.11 nol ar sodium |ocya
stirrred.  The teffdugd §Gfusl§dltkﬁlﬂlbt'ﬁv wedghtdsandver e added

[ ey o w5 ¢ eyt s
| l utl
40T i B eSSV gl 3 X i ek o

for 40 mminutes at

silver. At appr&utidt By 1.36vae ;n#ched<9qnaqliag|bnloperhentumﬁ t he
hal i de salt smbutﬁww&uhanwr dhed! rxftmawtc'ﬂ% sbGeionenul sion was

Vutzy and Erame. COREIIBInBIBatanEive brpmide tls 0k mOLaE) BIWE (16 5 por cent
by wei ght) soIutmomlmuiuldﬂedidad(ﬂk&#einlt!)amudai dJR0skolako pH 6. 4 at
40C silver nitrate solution were added by double-jet
: addition utilizing accelerated flow (2X from start
15 to finish) for 52 -minutes at pBr 1.36/55°C consuming
93.5 percent of the total silver used. Approxi-
. mately 5.0 moles of silver were used to prepare this
™~ emulsion. Following precipitation the emulsion was
cooled to 35°C, adjusted to pH 3.7 and washed by the
20 process of Yutzy and Russell, US 2,614,929. Addi-
tional phthalated gelatin solution (0.5 liter, 17.6
percent by weight) was added and the emulsion was
redispersed at pH 6.0, 40°C. After stirring for 5
minutes the emulsion was cooled again to 35°C/pH 4.1
25 and vagshed by the Yutzy and Russell process. Then
0.7 liter of aqueous bone gelatin solution (11.4
percent by weight) was added and the emulsion was
adjusted to pH 5.5 and pAg 8.3 at 40°C.
'~ The resulting silver bromo-
" 30 iodide (88: 12) emulsion had an average tabular grain
diameter of 0.8 ym and thickness of O. o8
um and an average aspect ratio of 10:1. The
tabular grains accounted for greater than 5571 of the
total projected area of the silver bromoiodide
35 grains present in the emulsion.

o



_ .~ Bmulsion B (Control) This énulsion was prepared sinilarly as
sion A -except that the tenperature was.reduced to [err] and the total
time was reduced to 20 mnutes. 25 Ermul sion C (Control) This
sion was prepared simlarly as Emul sion A except that the tenperature
reduced to 50C and the total run tine was reduced to 30 m nutes. 30
EnuIS|on D (Control) This enul sion «&88srepared sinmilarly as Emul sion »
except ‘that the tenperature was increased to 75C. The total run tinmetwas 40

rr_ihnut es. 3|5 I. - ] B lylon a2l(Congeat)eristics of the tabul ar gr a| n and
the control silver r"% 0 S r

-159- Table XXl Proj ec y iﬂ/&ﬂgg 'Aé‘é %%qu e€°)° ai n Grain
G ain Asp€Li07 paxcent Dy Bﬂ%lshﬁnlolm&pc Vhtchml!#tmfl:kness Rati o
Gains 1 9@ I#81ar %@iﬂs’ﬂm bt@m@%i[.ebr b1 3815:1901:-

Tabul 2 0
0 11 ?(rarr]g sdide, %]&ri %GP?&“‘O‘%}@F?T‘“‘O"% lfbt!‘ﬁd 10: 1
>55 10 A :I.n Sppuetpitﬂ:m oragsel and stirred. Thertemperas -

Spherical 0. 89{1 ¢ was ndjulted to Ggr"lti.e“l'b the vessel Wiré added 0. 9|[ Eare”]
r
*% * Esti mat eﬁytﬁ"%‘l‘o\p‘lﬁﬁﬂméo ]

=

| ar 1.7[err]

ﬁaﬁat WSL& RLES“"‘“dl aneter. **
Tabul ar gr ai nbromtdé csolutton) whiruk:m Onlé7ameler potassbaenti ally absent.

10 jodide and a 1.57 molar silver nitrate solution for
40 minutes at a constant flow rate at 60°C consuming
4.0 moles of silver. At approximately 1 minute
prior to"-somvht_icn of the run, the halide salt
solution was halted. After precipitation, the
15 emulsion was cooled to 33°C and washed two times by
the coagulation process described in Yutzy and
Frame, US 2,614,928. Then 680 ml of a bone gelatin o
(16.5 percent by weight) solution was added and the S
‘emulsion was adjusted to pH 6.4 at 40°C.
20 “Emulsion B (Control) |
Th:la enulsion was prepared similarly as
Emulsion A, except that the temperature vas reduced
to 50°C and the total run time was reduced to 20
minutes.
25 Emulsion C (control')
This esulsion was prepared similarly as
Emulsion A, except that the temperature was reduced
to 50°C and the total run time was reduced to 30
minutes. : . : .
30 Emulsion D (Co’ntrol) 3 o .
This emulsion was prepared li.nuarly as
Emulsion A, except :hat the temperature wvas -
increased to 75'6. ‘l.'he total run time was 40 '
_ minutes. : :
5 The phya:lcnl‘ ehunc:eristlcs of the tabular
grain and the control silver bromoiodide emulsions
are summarized in Table XXI. |



Each of Emulsions 1 through 4 and A through D contained 88 nble perceny [[
brom de and 12 sole 20 percent iodide. In each of the enulsions the io id%"*
was substantially uniformy distributed within the grains. B. Dye | magN\ng
Results The tabul ar grain and control . AgBrl emul- 25 sions were optimal |y
chem call'y sensitized at pAg adjusted {£58.25 at 40C according to the
condi%fons listed in Table XXI|. For the tabular grain emul- sions spectral
sensitization at pAg 9.95 at 40C preceded the chemical sensitization while
the 30 control enulsions were optinmalfaprPaptrally senS| - tized after

chemical sensitization wthout further  pAg-adjustnent valuga regresent
mg of sensitizer/Ag nole. 35, Table XXII Chemn cal Sens;tlzafﬁ
" Spectral (ng/Ag nole)* - AverlgeSenAvdtlfmJl Average dAreaulkf ur
E’h| o]cyanat e?OEOI d Dye A FGraTﬁpm a@rh.n § Aa ect) Taby §Q’O
err
4.0 12'¢ ‘Emulston O ck (&12 15Gxatns’ 100
[err] 900 10 cOmrol Tabular zlaQn o.cssm 29 131 [>c|sr]
210 B 1.1 3. [ er .
r] é&? ¥ Q 2unO 6111 "3 15 21 0 [err]

2.4 0 [
200 15 * old - pé)t assi Jﬂh‘@i‘r"ach%?@!urat@ Bl wwr -153-&}|1um t H’ﬁésul fate -
pent ahydrate Thi ocyanate Tabularm t 0.8¢manat 9.08 e A 10:1 5§

?ghgg[?ogufg: - 3- (3E23¥Lé??ﬁﬁaﬁ?%xgég?ﬂﬂcyanlne "1l
pherical 0.89m xl:]l
c Spherical 0.91um - . wlsl W
- D Spherical 1.10um * sl:l W&
* Estimated to be approximately .qunl to 3rn1n
15 dianmeter.

*% Tabular grains greater than 0.6 micron in
: dianeter were essentially absent.
S~ Each of Emulsions 1 through 4 and A through
D contained 88 mole percent bromide and 12 mole
20 percent lodide. In each of the emulsions the iodide
was substantially uniformly distributed within the
grains. : :
B. Dye Imaging Results :
The tabular grain and control AgBrI emul-~
25 sions were optimally chemically sensitized at pAg
adjusted to 8.25 at 40°C according to the conditions
ligted in Table XXII. For the tabular grain emul-
sions spectral sensitization at pAg 9.95 at 40°C
preceded the chemical sensitization while the
. 30 control emulsions were optimally spectrally sensi-
' tized after chemical sensitization without further
b pAg adjustment. All values represent mg of
~ sensitizer/Ag mole. -
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- ~ hydroxi de, sodiumsalt .The differences in sensitization that -appear
.npTabl e XXI| were necessary to achieve optinmum sensitization for each of
ﬂﬂ arious emulsions. If"the control enul sions had been 25 chemically and
spegfrally sensitized identically to,the tabular grain enulsions, their
ative perfor- mance woul d have ?gan | ess than optinmum To |Ilus- tr\pe
the results of identical sensitizafions of the tabular grain and control
enul si ons, portions of 30 Emul sitebré am@IEMul sion C hereinafter designated
Emul sion 2x and Enul sion Cx, were-identically chemcally ctrally
sensitized as follows: cmtcelrlsmmimigpectrally sensﬁﬂ &%%?ch 900 ny

Dye A/Ag nole at pAg 9. 95(mg/Agmdledd usted to pAg 35 8. Bens<*¥C and t hen

chenm cal |y seggk f 0 4. A

t et rachl oro- —-ﬁigéj G1e m Thibotuithée mﬁ%% pent a-
hydr at e/ Ags siabulaz 100 ny SOdI um t hi ocyanat el Ag nol e. ‘The tabular grain
and control AyBrl enul -3 sions9dre sepdo@tely SHESORC i n 2005 ngl e-1ayer .

~ magenta for on cell e tri igebate fliabsuppoét!“oé Ogﬁ silver/[err]

-and 2.15 g g at| n/[err The .c |ng el epent al s a sol vent
di spersion of3t he mage -ePImage pmng cd88 er 1

met hyl - 6- chl agophenyl ) -8 err| (15a0pent adtog! - 5* eso’c 900

phenoxy) - g v, -5 pyrasol one at 0.75 [err] the antifoggant

4- hydr oxy- 6- ', 3,3a, 7-tetra- azai ndene,  sodi S@It at 3 6 g/ Ag nol e,
and the antishain agentl bt assi ude® sec -ocPadecysﬁw

qui none- 2-sulgonat e at 13,13 g/ Ag mgi2e. The cQati ngs'm%covmm ed with a
0.51 [err] latin | ay, and werp ,har denedgat 1. 8age® .
bi s(vi nyI sul fgnyl nmet hyl %t her b£éd on theot ot al §9%?%;?n c%srﬂ ent.
e65°C 200
15 * Gold = potauiun tc:rachloroauratc
' Sulfur = sodium thiosulfate pcn:ahydrate

Thiocyanate = sodium thiocyanate - -
%%t Dye A = anhydro-S-chloro-Q-othyl-S'-phcny1-3' e

(3-sulfobutyl)=3-(3-sulfopropyl) oxacarbocyanine '
20 hydroxide, sodium salt

The differences in sensitization that
appear in Table XXII were necessary to achieve
optinum'icniitization for each of the various
enulsions. If the control emulsions had been

25 chemically and spectrally sensitized identically to
the tabular grain emulsions, their relntive'perfp:-
mance would have been less than optimum. To illus-
trate the results of identical senlittzattbdc of the
tabular grain and control enulsions, portious of

30 Esulsion 2 and Emulsion C, hereinafter designated
Emulsion 2x and Emulsion O:, vere 1dent1cally 5
chenmically and lpectrnlly sensitized as follows"
Each emulsion was opectrally sensitized with 900
Dye A/Ag mole at pAg 9.95 at 40°C, adjusted to pAg

35 8.2 at 40°C and then chemically sensitized for 20
minutes at 65°C with 4.0 mg potassium tetrachloro-

T
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The coatings were exposed for 1/100 second 20 to a 600W 3000K tungsten . 1¢
| i ght source through & 0-3.0 density step tablet plus Watten No. 9 filtfer?.
and 1.8 density neutral filter. Processing was for variable tines betwee
1.5 and 6 minutes to achieve matched fog levels at 37.7Cin a color:25
devel oper of the type described In tfm&ﬁgltlsh Journal of Photography
AnnuaN# 1979, pages 204-206 Both rel atT él‘ speed val ues and granularity
neasurenents were independently taken at 0.25 density units above fog. ' A
Log Green Speed vs rns 30 (}aﬂulariﬂy X [err] is shown in Figure 8. As

Il lustrated, the tabular grain AgBrl emnul sions consistently exhibited
speed- granul ari tquratefApmoluh 12.0umgr sodium thiceulfdtdipenta’y t he

B &1 one 2x_ andRdEAtelAg, mole, RSSO0 ad AOHAL LSRR DS 0T

G ving the tabul!ﬁlgfaln and control enul sions 2x and Cx identical chem ca
and spectral sensitizati (¥t aW;edthOanddeunﬁﬂl BYY iedvled chemi cal

oen b oat or Surihibe QH}Q? Fopiederd Laxchd fp. {'ﬂﬂé& A8 5"5¢ Bl 5; on
2x as conpared tmagentaformalh amcellulaser tuiacetiate Hilm isupporti cul arly
el nge ol uﬁégc“wﬁl VLRI REICRULY & SfaTePRIfn At o 1 ol 10,
conpa?e t he rela ;éhﬁHQQ§u? kgiﬁfﬂe aﬁﬁ#&ﬂ Qﬁiﬂgﬁpiﬁp they-
exanpt e and contoﬁltluruiqalml, Mnefenlagonaupkmsl-t(&.dd-d&'rd 15 coated as
115 220 2590 adenp Ot o Sy 7 o
enoxy)-butyrQJY%o g-p nzo one at
the antifoggant 49hydro:y-6-n.thy1-1,3 3.,7-:.::.-
azaindene, sodium salt at'3,6 g/Ag mole, and the
antistain agent potassium S5-sec.-octadecylhydro-
15 quinone-2-sulfonate at 3.5 g/Ag mole. The coatings
: vere overcoated with a 0.51 g/m? gelatin layer and
~ vere hardened at 1.5% bil(vinyllulfonylncthyl) ether
based on the total gelatin content.
The coatings were exposed for 1/100 second
20 to a 600W 3000°K tungsten light source through a
0-3.0 density step tablet plus Wratten No. 9 filter
and 1.8 density neutral filter. Processing was for
variable times between 1.5 and 6 minutes to
achieve matched fog levels at 37.7°C in a color
25 developer of the type described in the British
Journal of Photography Annual, 1979, pages 204-206.
' Both relative speed values and granularity
< . measurements were independently taken at 0.25
- ~ density units above fog. A Log Green Speed vs. rms
30 Granularity x 10 is shown in Figure 8. As
{llustrated, the tabular grain AgBrl emulsions
congistently exhibited cpeed-irunularity relation-
ships superior to those exhibited by the conttol
emulsions.
35 The lpeed-gtanularity rolatiouships of
Emulsions 2x and Cx in Figure 8 should be particu-




w

4 {ty step table (0.15 density steps) plus Watten No. 36 + 38A filter

: ﬁgq .0 density neutral filter. 20 The m nus bl ue exposure was the sane
Cept that a Watten No. 9 filter was used in pl ace of the Watten No. 36

Afilter and the neutral filter was of 1.8 density units. Processing

s for variable times between 1.5 gygb 6 mnutes at 37.7C 25 in a color”

devel oper of the type described in the British Journal of Photography =

Annual , 1979, pages 204-206. Speed/fog plots were generated and relga- tive

bl ue and m nus bl ue speeds were recorded at '0.20 density units above fog.

Sensi t onmet ri clagly! éomplréd & Givdhg ithe  tabalX¥! graidSand - 163- Table XX ||

Lere  Seeed &%Eilézbw&ﬁf&&i’ 2x 4 1M scal gheatcal and Pl U° SPOCO)

+42 3 spectral sensitizations as3compared to individually +37

Sgnér0| 10  éptimized chemical and s ectral sensftizations, as

-5
*30 rel at |‘?/e g‘ﬁeﬁﬁ‘&ﬁi‘fesofeﬁ‘flﬁ'% J“E EB an even ‘R‘Fﬂ"ust rated in
Table XX 11 thnpe:ﬁatttygththd{ﬁytodaatunummrtsbonnﬂa:tgnchipamfIy great er

m nus bl ue tophl,¥g16HCK iﬁ*@ﬁiﬁd g thiaeC 02O ?Li@ﬁuéi;ﬁmﬁ of the same .
t1nma .
8gch

hal i de conpositi hese [ es s de strate t “sensitized
hi gh 20 aspecF‘Fi#Fﬁ tab g? {h “gﬁhP9FBFi‘iﬁ exhi bi t
i ncreased senBmulwylonsi2xtdwd Cx exhibited subctlnttnlly similar

10 average volumes per grain of 0.418 m® and
0.394um*, respectively. '
~To compare the relative separations in
minugs blue and bluc speeds of thc example and
control enulnions. ‘these cnulaionc, conlitizcd und
15 coated as described above, were cxponcd to the blue
region of the cpectrum vas for 1/100 second to a o
600w 3000°K tungltcn 1ight source through a 0-3. 0 ' S
density step table (0. 15 dcnstty steps) plus Wratten I
No. 36 + 38A filter and 1.0 density neutral filter.
20 The minus blue exposure was the same except that a
Wratten No. 9 filter was used in place of the |
Wratten No. 36 + 38A filter and the neutral filter
wag of 1.8 density units. Proéesling was for
variable times between 1.5 and 6 minutes at 37.7°C
25 1in a color dcvnlopcr of the typc described in the
British Journal of Photography Annual. 1979, pages
204-206. Spoedlfbg plots were generated and rela-
tive blue and minus blue lpoedu vere rccorded at
0.20 denpity units. abovu fog. Sensitometric results_
30 are given in Table XXIII. |

35



spectral region over optimally sensitized conven- tional AgBrl enulsions,
If the iodide content Fs decreased, a such larger separation of m nus bl ug
25 and bl ue speeds can be realized, as has already been illustrated by
prior exanples. Emulsions 1, 2, and 3 and Control Enulsions A, B, C and D
were conpared for sharpness. Sensiti- zation, coating and processing was

i dentidak to that 30 described above. Me¥Bation transfer functions for
green |ight were obtained by exposing the coatings at various tinmes betwéen
1/30 and 1/2 second at 60 percent nndu*ﬂﬁi ' fonjunction with a Watten
No.. 99 filter. Follow ng processing, Cascade dul a- 35 tion Transfer
(CMT) Acutance Ratings at .16 nm magnifi cd iSpeede(Minys-blue spesd the MIF
cur ves. -164- TEautstsnl Noenul si ons exhibitedhi!Q%QEQ%Q%W acut ance
rangi ng from 98.6 ;"gg'gg'_Tﬁe control enulsionS exnibrted a green CMI
acutance ranging f .R1 8%1 (0 97.6. The green CMI acutance of Enul sions 2
and C, which ha® subdtantially simlar average vol ud#8¥®per grain, is set
forth below in Tabl eaXXI'V. Table XXl V-G een CMI Acuggpce Exanple Emul sign 2
97:2 10 Control Emul gion C 96.1 C, §i|ver | magi ng Results
The control emul sionS were adjusted to pH 6.2 and pﬁ@ 8. 2 at 40C and then
optimal Iy chemi - cal #y sensitized by addi ng sodium#87osul fate 15

pent ahydrate plus eghega?un1tetrachloroaurate and hol ding the enul sions at
a specified tengﬁrat re tor a period of tinme. The enul sions were spectrally
sensitized by atdi ngfanhydr o-5-chl oro-9-et hyl - =5 R '

5' - phenyl - 3" - (3-sul fBbutyl)-3-(3-sul fopropyl)- 20 o%Bcarbocyani ne

hydroxi de, sodium sat (Dye A). and +0
> . =5
*30 relative speed units = 0.30 Log E _
15 . "As illustrated in Table XXI1I the tabular

grain AgBrl emulsions showed significantly greater
minus blue to blue speed separation than the control
P enulsions of the same h;ltde composition. These
< " results demonstrate that optimally sensitized high
20 aspect ratio tabular grain AgBrl emulsions in
general exhibit increased sensitivity in the
spectral region over optimally sensitized conven-
tional AgBrl emulsions. If the iodide content is
decreased, a much larger separation of minus blue
25 and blue speeds can be realized, as has already been
1llustrated by prior examples.
_Emulsions 1, 2, and 3 and Control Emulsions
A, B, C and D vere compared for sharpness. Sensiti-
zation, éonting_nnd processing was identical to that

. 30 described above. Modulation transfer functions for
green light were obtained by exposing the coatings
“ at various times between 1/30 and 1/2 second at 60

percent modulation in conjunction with a Wratten No. |
99 filter. Following processing, Cascaded Modula-

35 tion Transfer (CMT) Acutance Ratings at 16 mm
magnification were obtained from the MTF curves.



ydro- 3-et hyl -9- methyl -3'-(3-sul fobutyl)thiocarbo-* cyani ne hydroxi de

e B) at the specified anobunts. (See Table XXV for details.) The -tabul ar
in emil sions were spectrally 25 sensitized by adding Dyes A and B to the
| sions at pAg- 9.95 at 40C prior to chem cal sensitization with sodlum

| ocyante, sodiumthiosulfate penta- hydrate and potassi um

tetrachl oroaurate at a specified«lédperature for a period of tinme. (Seé 30

Tabl e XXV.) 35 -165 Table XXV *SCN/S/Au - Time/ Tenp Dye A/Dye ,B 35 mm
Emul si on ng/nole A q&bnn e Ag CMI 1 100/ 4.5/1.5
0/ 60 5‘#235“?190@9151”' ilhﬂ’i ] lfsﬁll GMT acutsnce 387/ 236

101.5 3 rabglng Trom598.6 €0693.5. Tiil/ctmtrolledulsions 100/ 12/4

778 5%%53&:-8,333*39@5%5 adlitadiy Tanging 0809351 62
0/ 1. 94/ 0. 97 97+6p0/ Sbe green CHTmcutancy of Eaulsiops]2s8nd €25 5/ 60
68.1/43  wiilch n.acshbaeaatm | PIMVTNE Qviragecdvudih Opet | ot e

Pentahyd?ate A ass Tetr Ior e enul si ons wer«€
- coated at 433"3' Agﬁ‘feff# g]ﬁ % 3@ &H *a filmsupport.. Al
i

coatings were hardened with nucobsblke i d (1.0 by wt. gel). Each coatlng

%fa?ﬁfﬁé°?>§t‘;£§£g§f%83u?e'tf on Tt ani‘%'#'#n%’rﬁé’i!@éééiﬂﬂﬁefffn |
Journal of 8 18898,8i ¢ Engineering, 6P7r21-8, 1980. Mbdul ation
Tr ansf er 1guConteol EmutsbbhaCned 96.1
C. Silver Imaging Results
The control emulsions were adjusted to pH
6.2 and pAg 8.2 at 40°C and then optimally cheni-
cally sensitized by adding sodium thiosulfate
15 pentahydrate: plus .potassiun tetrachlorosurate and
holding the emulsions at a specified temperature for
a period of time. 'TheVdnulcion;'wcre specttaliy '
sensitized by adding anhydro-5-chloro-9-ethyl-
5'-phenyl-3'~(3-sulfobutyl)-3-(3-sulfopropyl)~ N
20 Oxacarbocyanine hydroxide, sodium salt (Dye A) and L
nnhydro-3-¢thy1695nethy1-3'-(3-:u1£obutyl)thiocarbo- -
cyanine hydroxide (Dye B) at the lpocified amounts.
(See Table XXV for details.)
The tabular grain emulsions were spectrally
25 sensitized by adding Dyes A and B to the emulsions
at pAg 9.95 at 40°C prior to chemical sensitization
with sodium thiocyante, sodium thiogulfate penta-
hydrate and potassium tetrachloroaurate at a
specified temperature for a pcrlod of tize. (See L
30 Table XXV.) I .

x
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5

25 by exposing for 1/ 15 second at 60 percent nodul ation using a 1.2 neutr,
density filter. * Processing was for 6 mnutes at_[err] in an |
N- net hyl -[ err] -am nophenol sul fate-hydroqui none devel oper (Kodak Devel op&r
D-76).  Foll owi ng processing, Gascaded Mdul ati on 30 Transfer (CM)
Acutance ratings at 35 am magnifi catid®=were determi ned fromthe MIF
curves. (See Table XXV.) The data in Table XXV clearly denonstrate the

i mprovenent in sharpness obtainable y t | ar 35 grain enmulsions in a
bl ack-and-white format. To.conpare si e speed-granularity

rel ationshi ps separate po*8¢W8/Ax t hTimedTemps Dye-AlDye Bs@S mad above

were al so exposgaullstonl lRe/dsT® kb t O [err t Img' t source
through a 0-4.0 cogf I nuo gab’tﬁgﬂ’p&ﬁ L4 or ! =g~ and 8
mnutes at 20C in an N-ne 1€ am n /_ ¥ phen M9 at _elt%@oqui none
devel oper (K®dak D8vel opelOQ&S/1.5R¢c at 5/60speed 387/236 wer 40Bsur ed at
0.30 density unitsgabove {ooy&/%Y1. % Semggggcul ar Pﬁl) gr Rty
:det ermi nati ons wer rradeaﬂ?:l&@ (}egi tyniiggs abov'%ftgg%A d (;igds%eed vs 10
F s seni - specul ar Sranut . %t for tR ni nut 2BHERM opne? B ne is
"given in Figure 9.A The E®4/@.9Tul ari 5f65el ati ABIYTE of tleg.6abul ar
. grain AgBrl enul signs wer ] upeki to tho the AgRrle contr ol
-emul si ons. rﬁvel oﬂ' nt ti%fs: ﬁffdﬁéﬁd 125%3% nut egf?£éssi m | g?'rsesul ts. In
those instane®s i n*which ‘éﬁﬂ@'@ nt r ad0£6fer e nok1®AXi ned, 9h& t abul ar
grai n enul si ons habl hi ghdd/r50/00325. Thsgebad thesg £5/43 of 9@QQ ng the
tabul ar grain enug-ggdN | r ast to have a higher granu- 20
larity than would h%%’ b?@?’t‘ﬁeqﬁsﬁwgﬁm rasts of the emnul sions had been
mat ched. Thus, althou¥h rSefiium Thioeulfane Pentabydzate n enul sions to be .
_ Au: Potassium Tetrachloroaurate _ -
15 The emulsions were coated at 4.3 g Ag/m?
and 7.53 g gel/m? on a £fila support. All coatings
.were hardened with mucochloric acid (1.0% by wt.
gel). Each coating was overcoated with 0.89 g
| gel/m?. | | |
N 20 The procedure for obtaining Photographic
Modulation Transfer Functions is described in
Journal of Applied Photographic Engineering,
2(1):1-3,_ 1980.
~ Modulation Transfer Functions were obtained
25 by exposing for 1/15 second at 60 percent modulation
using & 1.2 neutral dens_ity filter. Processing was
for 6 minutes at 20°C in an N-methyl-p-aminophenol
sulfate-hydroquinone developer (Kodak Developer
- D-76). Following processing, Cascaded Modulation
o 30 Transfer (CMT) Acutance ratings at 35 sm

)

: _ magnification were detgmine_g! from the MTF curves.
- (See Table XXV.) o |

| ~ The data in Table XXV clearly demonstrate
the {mprovement in sharpness obtainable with tabular
35 grain emulsions in a ‘black-and-vhite format. _
To compare silver image speed-granularity
relationships, separate portions of the coatings



cVearl % superior to the control enulsions, to the. extent ‘the tabul ar grain
n’u‘gbns exhi bited hi gher 25 contrasts than the control efrul sitons, the

ul I' extent of their speed-granularity relationship superiority is not
denopsStrated. Exanple Illustrating the Performance of a 175:1 AsDect Ratio -
Enmul si on 30 The high aspect ragkQ tabular grain silver bronoiodi de

emul sien enployed in this exanple had an average tabul ar grain dianeter
approximately 27 mcrons, an average tabular grain thickness of 0.156

m cron, and an mwmdam wereoalisoapeposedtfsr 1 /AD0L decbndThe tabul ar
grai ns account fore 3500 r ‘%@-tﬁ{g @ ected area of
the silver broea? Ofé Jgﬁal n;ﬂ;r%gngﬁtaﬂ f?ﬂ& (7)‘° sion vvaihchem cally
and spectral |y Q2hd9 € nupus, densdty: tablet oand Pracessed e presence
of hsgdl ur5n t5h| 00§aneid § slhutesmatc200, in an N-methyl-p -m:lnh od- g

anhydr o- !%xé y Y ydr oxi de,
triethylam r‘?d ﬁ&%éﬁf& d?ggﬁgéglguﬁqx?ﬂi@.f Mnt ahydrate (1.50
ng/ sol e Ag) andPevs -ach 1stive: speed Maluss were\) The -

sensi tized errulﬂmm wmlaoedmlh 1ﬂn1eblmfﬁdﬂm coupl er

Lyl Lar o- 5- (n-
hexationanesul  ARAARAEulE Tatedy°gReggE z ﬁf“@t"iﬂmﬁ i oo (1
4- hydr oxy- 6- nethsde 188 (6 Bensdty, unitsne og s0lAd log speed vs
gogtzegcgﬁdiq??S)%A erﬁlﬁe muzlrn ?ﬁnuﬁtzgg?iiﬁéafét (ﬂ‘éessgi e.d_l['f%) sﬁggort
Th | | ‘%@“ 3‘3&& i
coﬁt :ml fllgogl s?grnyllaﬂ.ﬂyf m‘,‘l.llftd.bhph}lpihef l:hcmhy%félgﬁliu er%re} g 20
The dried coat '%Ww e(ﬁ/;l.&9 3iPerior to those of the

AgBrl control emulsions. Development times of 4 and

15 8 n:l.nutn gave siailar ruulu. In those instances

in which matched contruts vere not obta:lned, the "
tabular grain cnuhionl had higher contrasts. This PN

had the result of showing the tabular grain emul~-
sions of higher contrast to have a higher granu-

20 larity than would have been the case if contrasts of
the cnulsions had been natched Thus, although
Figure 9 shows the tabular grain epulsions to be
clearly superior to the control emulsions, to the
‘extent. the tabular grain esulsions exhibited higher

25 contrasts than tlie control emulsions, the full |

' oxtent of their lpeed-granularity relationnhip
superiority is not demonstrated.

Exagglc Illuatnt:lng the Performance of '

175:1 Asgeet Ratio Esulsion
30 The high npoce ratio tabular grain silver

bromoiodide enmulsion employed in thh example had an
average tnbuh: grain dimeter of approxiutcly 27
-1erona. an avcuge tabular 3rain thickness of 0.156
-:lcron. lnd an avorlge aspect ratio of approxiutely

35 175:1. The tabular 3u1nl accountcd for greater
than 95 percent o£ thc total projecud area of the
silver bromoiodide grains present.



500W 5500K) through a graduated density step wedge with a 1.0 neutral
density filter plus a Watten 2B filter and processed for 4.5 mn/37. 8C|r(‘Q/b
a col or devel oper of the type described in The British 25 Journal of .
- Phot ography Annual, 1979, pages 204-206. The elenment had a [err] of 0.13>4

[err] of 1.45, and a contrast of O0.56. -168- CLAIMS 1. A photographic
elemef with at | east one silver hal |tl:b5'61'rul sion. |l ayer conprising silver .
hal i de grains and a dispersing nedium 5 characterized in that !

chem cally and spectrally sensitized talpular silver halide grains havi ng a

t hi ckness of |ess than O. mcrgmiter and ﬁ‘ %%ﬁ ter of at Ieazi '
mi croneter have an avera BEELPT: VS RGP {and, spectrp account for
at | east 50% 10 omstqu)w holdiogt §ti ﬁoeal@fnhallt &S5°Cednhghede grains,

Grain toits thibasidd Yk 5aiG ERLLEya “‘e‘“‘f" e. AR, 2 LD o
di aneter of a cﬁ'g?ﬁ%\f%@'déﬁgéf’gans Sa‘l’b thiss 15 of said
g; ain. 2.OI /g | ngmqol hydrekadnottm:hyumw sy r(naso ﬁbmuerl rz1ed in
that said tabu s than 0 3
m.cronet er acco?rﬁ)s‘f o\r%‘ﬂﬂaggqs'gag/he? ?ﬁﬂé%%;% ';[ rea of said
‘silver halide grA8 A8 and; P°'=A'ﬂ mogvsm%lgmth ®ele ains 1 or
2, characterizedagy that said silver halide grains of sal d enul si on | ayer

ot i ver DO ¢ 0 21 apa?enytereen amiandh WAL bEND GRS,
of said enul Qidoryeldpst mestpmtnormm e-pfvalyd ~a-[4-
(4-hydroxybenzene-sul fonyl)phenyl ]1-2-chloro~5-(n-

- - hexadecanesulfonamido)-acetanilide (0.91 g/m?),
4-hydroxy=-6-methyl-1,3,3a,7-tetraazaindine (3.7
g/mole Ag), 2-(2-octadecyl)-5-sulfohydroquinone,

| 15 sodium salt (3.4 g/mole Ag) and coated at 1.35 g
o e— Ag/m* and 2.58 g gel/m? on 1 polyester film
| support. The emulsion layer was overcoated with a
gelatin layer (0.54 g/m?) containing bis(vinyl-
- sulfonylmethyl)ether (1.0% by weight total gel).

20 - The dried coating was exposed (1/100 gec,
500W, 5$500°K) through a graduated density step wedge
with a 1.0 neutral density filter plus a Wratten 2B
filter and processed for 4.5 min/37.8°C in a color
developer of the type described in The British -

25 Journal of Photography Annual, 1979, pages 204-206.
The element had a D nin of 0.13, a D of 1.45,
and a contrast of 0.56.



bhot ogr aphc el enent.. according to 30 any one of ctaims 1 to 4,
‘@rized I1n that said tabular silver halide grains of* said enul sion

| § Ave a m1 nﬂmluatio of at least 12:1. 6. A phot ogr aphi c
el dae acconmmﬂ lm f clains 1 to 4, characterized in that said
35  tabular stler *haf'i dd gtains of said enulsion |ayer have an average-
aspect ratio of ‘at |east 20: 1. 7. = A photographic el enent according ¢
apy one.of clains 1 to 6, characterized in that said tabular silver halide
~grains of said enulsion |ayer account for}és.!|east 70 percent of the total
5 projected area of said silver halide grains. 8. A phot ogr aphi c

el enent according to any one of clainms 1 to 6, characterized in that said

tabul ar silver halide grai ns of said emulsion |ayer account for at |east 90
percent of the t 2 projected area of said silver halide grains. 9.
A phot agr aphi ¢ el enent acdor di g photagyaphbcoslenentwith 2ty leasti o g,

characterized i nohga§i§a§§ Balide mgfo'grﬁgﬁ.@coﬁigiﬁ?| sion layer are
conprised of up to,40 sole percen '|odr|8ﬂe. oo T0. A _
phot ogr aphi c_el e%ﬁ?’ﬁcgﬁfﬁﬁw%f_ & Ssnensing mediym, o acteri zed
in that said3tabul archarsctentzedcin that diemicallynand spectyailyr e
inter gialnl yt goggds&ﬁlsh?ﬁ]z%neﬁwﬁ Ve 4Bk il'fi’l-idjeligrﬁiiﬁhohgﬂﬁﬁahkc el ﬁrsreglg K
Sai d emi'si on I aRFcRpER 92 TERF B K% i rgilesaF drhTR gpmiE g S 7
of the Periodic d&bat bcﬂﬁ'ﬁeoééh%@ew haveh o averaige espeelit accor di ng
to 25 any one “defd & ;Jgg.arl]thgihaga_cmai -1e§o§:ntt Be;- ati Yegsti 50% of
sai d te.”“' S| Ofo'dg' ?rtﬁéletg éﬁéié/?ééﬁ [dioa %at:.'az'%‘h%}-.h B9Pag Ml
Sensttizer, MOCerains, “‘dspect ratic ege,mre_ uecftilr:%& as 'the ratio of
the grain diameter of a tabular grain to its thickness,
and the diameter of a grain being defined as the diameter
of a circle having an area equal to the projected area
15 of said grain. - . _ o __,
" 2. A photographic element according to !
claim 1, characterized in that said tabular silver
halide grains having a thickness of less than 0.3
micrometer account for at least 50% of the total
.. 20 projected area of said silver halide grains.
' - 3. A photographic element according to
claims 1 or 2, characterized in that said silver
halide grains of said emulsion layer are silver
bromide grains. _ '
25 4. A photographic element according to
claims 1 or 2, characterized in that said silver
halide grains of said emulsion layer are silver
bromoiodide grains. ' |
' 5. A photographic element according to X
30 any one of claims 1 to 4, charscterized in that said .
tabular silver halide grains of said emulsion layer
have an average aspect ratio of at least 12:1.
6. A photographic element according to
any one of claims 1 to &4, characterized in that said
35 tabular silver halide grains of said emulsion layér
have an average aspect ratio of at least 20:1.




or a conbination of said sensitizers. 30 13. A photographic o
el ement according’to any one of clainms 1 to 12, CW saiig/ . :
grains of said enulsion |layer are chem cally sens in the pres nce of
a ripening agent. 14. A photographic elenent accordi ﬁ““muu“ﬁ‘
charac{erized in that said grains of said gggil sion I\m‘“‘“ 7
sensitized in the presence of a sulfur cont al ni ng ri pvenlf-ng‘-ag nt’ -
15. A phot ographic el enent according to any .one of clains. 1 to 14, !

characterized in that said grai na ﬁoga&g, sdmgni Ec@iﬂiﬂ?té |1 y
0

chem cally and spe as rcen
‘maxi mum | gg speed ?{d’t}g "\ébl ? é ﬁ?%hs‘%ﬁ%r Gét B thﬁﬁl!ﬁ#‘bf
sensitization. 16. Wog# yeE b‘bﬁéﬁtsm cbflgdiﬂl ehaluén layer

characterized in t lsscosmitd £oicl wer 1849€070 it Eiid emul si on
| ayer conprisesfro t | Peast 70 per cent
of the total proj e??égeggrlgaggggsg? %f‘?\ﬂﬁ' F’GdSE&’-@!al ns being

provi ded by optimally chem £al | yA photoggraphdid phﬂlatt héedrdﬁbg”u?d silver
br onoi odi de gr ai ns ahgvong aft 81&&5?5? &5 6 e%&.&h@%&n’éeﬂ‘ fﬁo l% #edtaer
ra

dirameter of at |ea nd a r S

| east 12:1. 17. A%t'ﬁgtlggn“fﬁ 'F sraing ﬁagfég amyl Ry leten crayems s 1
to 16 in which sai G°SHE“ f@%r‘ha’r#&ﬁ: eﬂﬁulpsm‘cnntayérthonwtsbs t abul ar
silver 20 brodiQde propectedositee af aald %ltdvirbhunagcr?“ig@r i's adsor bed

to the surface of said tabugar I I od S. A
phot ogr aphi ¢ el enent acco#é%p§%°ﬁgﬁggn§iﬁ AT UQ@ H’ed I n that

"said tabular 25 sif9¥roB¢ Qﬁ"QNNOVGr‘Bﬁoﬁnﬁedﬂde¢§ﬂ€n¢nntt;n§ dn | east
one cyani ne, nerocthet eaidaiilmemnhadidecgratn®odbf fiid emulsion
layer are comprised of up to 40 mole percent iodide.
15 - 10. A photographic element according to
' any one of claims 1 to 9, characterized in that said
tabular silver halide grains 6f said emulsion layer
are internally doped with a sensitivity modifier.
1l. A photographic element according to
20 claim 10, characterized in that said tabular grains
- of said emulsion layer are internally doped with a.
noble metal of Group VIII of the Periodic Table of
the Elements. SR
' _12. A pho:ographie element according to
25 any one of claims 1 to 11, characterized in that
said grains of said eﬁdlclon-layer are chemically
surface sensitized with noblé metal sensitizer,
ntddle chalcogcn scnsitizer. reduction sensitizer,
or l combination of said sensitizers.

s 30 13. A photographic element according to
any one of claims 1 to 12, characterized in that
 said grains of said enulsion layer are chemically
sensitized in the presence of a ripening agent.

_ 14. A photographic element according to
35 claim 13, characterized in that said grains of said
esulsion layer are chemically sensitized in the
presence of a-sulfur'con:atning rvipening agent.




sai df t abud arc Sic e grains of said enulsion |ayer are silver
i odi de grains qonprlsed of up to 40 nole percent iodide, wherein the
sil ver bronoi odi de grains having a thickness of less than 0.3

sorbed on their surface. 19. A'photographic
ﬁi .cc4q mﬂdg H H of claine 1 to 16 or 18, characterized in that
I . . . .

mcronmeter and a dianmeter of at |east 0_$782 -171- nicroneter have an’

average aspect ratio of at least 12:1, account for at |east 50 nole pgrcent

of the total projected area of said. bronniodide grains, and 5 are
optimal |y chemcally sensitiz ;k ggy | east one
of sul fur and sel enium |§$fheﬁ l&é‘?’b‘% Qt’%ﬁ' aﬁgf'gg?%émf%g agent and
spectral |y senssnyzenevwpfnhclaimecl rtg ldansharscsgrdgedhini thatin absorption
pleak Itn ‘the mdnuszal gfaigdi 6f dé1Ld difultﬂ%tnsllﬂ Ui.'Uﬂ'eZQ?tﬁn Ogrfﬁh't c ;
el ement accordi 0 a at sai
tabul ar silver Eﬂfkggegr |£§?c§p§% éﬁaﬁﬁI§$3# &ng g f?s omO0.1to
20 nol e percent pevgent ofsthe maximum log. -aepﬂopsgn&pmel Mtﬂ%ﬁ:cordl ng
"to any one of chanﬂnslﬂntuh&cbpiuttiﬂ(zugmai of seasietedetonver halide
grains of said enulsion ery | | t presence of
Y aﬁ\?:rféﬁe nH 1% lete E‘é&% Lbéggdiﬂg &6

at least a portiogn, of ectr t|2|n 22. A

phot ogr aphi c el k8 hgim ﬁcc i@héhGF GF&#W!‘&V?B BROMRTar act er i zed
in that said tabuaﬁdesgi-umahafl dgrauhianenyhreeohpnm frof de grai ns,

on the surfgce C qigq ?gyg e r n anmount
sufficient to 2 lm%r?a?is +1 sens'Et I VI ty df h@ 1 '?alféglmﬁéfh@
phot Ograph| c el eﬁeﬁhea&“ |W q;t. ‘area °£ “id t lv‘r bromo=

iodide grains being provided by optimally chemically

and spectrally sensitized tabular silver bromoiodide
graing having & thickness oi:lco: than 0.3 micro-
15 meter, a diameter of at least 0.6 micrometer, and an

average aspect ratio of at least 12:1. . A

- 17. A photographic element according to.
any one of claims 1 to 16 in which said one silver
halide emulsion layer comprises tabular silver

20 bdromide or bromoiodide grains_and_a3b1ue sensitizer
| is adsorbed to the surface of said tabular silver

bromide or iodide grains.
18. A photographic elemene according to

any of claims 1.17, characterized in that said tabular
25 silver bromide or silver bromoiodide grains have at least
one cyanine, merocyanine,. hemicyanine, hemtoxonol. or
merostyryl sensitizing dye adsorbed on their surface.
19. A photographic element according to any
one of claims 1.to 16 or 18, characterized in that
30 said tabular silver hnlide grains of said emulsion
" layer are silver bromoiodide grains conprtsed of up
to 40 mole percent fodide, wherein the tabular
- silver bromoiodide grains having a thickness of less
than 0.3 micrometer and a diameter of at least 0.6

35

s



any one of claims 11-to'21, characterized i n that sardtabttar—grains of

sai d emul sion | ayéer contain rhodi umincorporated agyj ¥ AXi muh [,4
30 density increasing anmount. 24. A phot ographic all mmqm’jmﬁ,ﬂto apy't’
one of clains 1 to 23 conprising & first silver halidecenul Swons | r
positijgned to receive specularly transmtted light, and a second sil ver '
hal'i de emul si on 35 | ayer positioned to r-dd@i=-ve |ight transmitted through
said first silver halide ermul sion | ayer, characteriz- ed in that at |east
said first silver halide enulsion -172- layer contains chenically and
spectrally sensitizslictobeter silver halide grains having a thickness of

I'ess than 0.5 m cronet ehad@dat et B’ t tof- G, gk which
have an average aspect ratio of_5 raesgtg‘ezf'1 thﬁé89€,&a?€o%lf%{q?éri’at | east

50% of the total projecREEPURE L% ’s‘aa&‘ﬁl 78rooke parcant o thed have an
average di ameter of tatalepsejdctedriarea ofesald Bfomdiqiide grajhs; ghénent

according to 1 cl ai ' ggﬁ ' it iq ar sl yer
hati de g?ai ns %ave' an mé%i‘gé | aﬁ t'g:?.‘bé?gggf?egﬁsgan%é %{he?g.ihziéﬁ A
bl ack- and- whi t e pho?8§€¥%§ °‘él’é‘rfggﬁta&eeﬁaiﬁ@et%faﬁﬂ%a@# gedepiunm o
25, character- 15 inijthkel preddmie 96 d shiveyahate aeipsnings ageatoghdnal |y

Contcoul *S1° M ROt 8B Bl a1
characterized in t hBaving amabsasptispepeak in theminusplye degibul ar
silver halide yoai nefitheaspddtarm] to receive, during inmagew se exposure,
[ gnt-transm ssive. layer. 28 AMROPECRERRITEE ATaMeRE accarafng &9
any one of claims 1 to 19, characterized in that
said tabular silver halide grains of said emulsion
are comprised of from 0.1 to 20 mole percent iodide.
_ 15 21. A photograpic element according to any
\/ one of claims '17_.to 20, characterized in that said
' silver halide grains of said emulsion layer are
chemically sensitized in the presence of at least a
_ portion of the spectral sensitizing dye.
20 | 22. A photographic element according to
any one of claims 1 to 21, characterized in that
said tabular silver halide grains are silver bromo-
iodide grains, on the surface of which additional
silver halide is present in an amount sufficient to
25 increase the sensitivity of said grains.
23. A photographic element according to
any one of claims 11 to 21, characterized in that
said tabular grains of said emulsion layer contain
© rhodium incorporated as a dopant in a maximum
30 density inéreasing amount. o
. : 24. A photographic element according to
' any one of claims 1 to 23 comprising a first silver
- halide emulsion layer positioned to receive specularly
transmitted_light, and a second silver halide emulsion
35 layer positioned to receive light transmitted through
said first silver halide emulsion layer, characteriz-
ed in that at least said first silver halide emulsion



n .Ialm in that said enulsion |ayer containing said
fa43ﬂ$r sil Blﬂﬂ@@ gﬂ}"ﬂi I's the outernost enul sion | ayer of the
hot og aphl phot ographi ¢ el enent according to 30 any.
ong of clains 26 to 28 characterized in that the enulsion |ayer contalnlng
said tabular grains is * positioned to r%_(:ﬁ ve during i magew se exposure€ .
light that falls within a collection angl'e Of |ess than 10 degrees. 35 \/
30. A nulticolor photographic elenent according to any one of claims 1 to

25, conprising emisyen éanmﬂtné(nhemﬂ@maawebydrepecﬂraglmls&nstﬁixﬂd

o0 123 | AR ARE IS Pyl Eremsapes e 1) o
red recor |ng enu S|on ers rcol or 0 ic
el enent accordi ng }&s%h m@éﬁ , 894 ﬂnaﬁé? &F q° g é%ﬂ

layer 05 s pOSItmp&mu.émwm wh ety dmve) anadverage pspectivatic of
O g, e S Ok N el Glard WL ldddiOolAt02pgRE! goxleme 32. A

mul ticol or ph togr 1 ¢ el enent. accor racte |zed I n

that said one enul%?%#ilnﬁﬂﬂeqiﬁd|%?ﬁﬁx9 sgddq s VPECEFi@ Py
‘transmitted |ight swd loanee Iamsa\eérdgmmamed:en ety a&nﬁleasmnll.aymicné-sal d
nul ticol or photograppic el ement. 33 A mul ticol or photographlc el ement

according to any one o er|z I n t said 15 e
bl ue recordi ng enul sion Iasggs SR IH%‘ g 8P§ QFﬁﬁrﬂ 8% uh? and
silver hali d® grai ntatnclﬁdldgtmdeﬂw ﬁhdﬂ'@ﬁeﬂlﬁdl Egbulaxisileer t abul ar

silver halide grai Ra10a¥i §8atni Mave ot sfedapes dianaterSofi 6t OIwést and a
di aneter of at |eas roneter which have an average aspect ratio 20

of greater than 8.Tiﬁﬁﬁ ﬁgégﬁht for at |least 50% of the total projected
. area of said silver halide $Pai ik blsck-andnwhite GP°§HSF6§P&$N¢¥P!ﬁQ§n3nt

according according to any one of claims 1 to 25, character-
15 ized in that said silver halide grains are optimally
' chemically sensitized and orthochromatically or
panchromatically spectrally sensitized.
27. A photographic element according to ;/ N
claim 26, characterized in that the emulsion layer "
20 comprising said tabular silver halide grains is '
‘positioned to receive, during imagewise exposure,
1ight which is free or essentially tree_ot scattering
in an overlying light-transmissive -layer.
28. A photographic element according to
25 claim 26, characterized in that said emulsion
layer containing said tabular silver halide grains
is the outermost emulsion layer of the photographic
" element. _ o
29. A photogriphic element according to
30  any one of claims 26 to 28, chatactcrized in that
the emulsion layer con:nining said tabular grains is
positioned to receive during 1nagew£ae exposure
‘1ight that £falls withtn a collection ‘angle of Iess
than 10 degrees.
35 30. A multicolor photographic element
according to any one of claims 1 to 25, comprising
emnulsion laycrs for sepa:a:ely recording blue, green

]




to any one of claims 30'to 33, characterized in that—saird 25 one emnul sion
| ayer is one of said green and red recording enul si “lﬂﬂn{alns
tabul ar silver bromde or silver bronoiodide grai ns ‘“mwmumm
phot ogr aphi ¢ el ement according to claim34. -¢iaracter4 zéd +n Phal said
S|Iveﬁké;on1de or 30 silver bronoiodide grains are optimally chenmically
sensit™ed. 36. A nulticol or photographic el enment according to any one of

clainms 30 to 35, characterized in that said tabular grains are chemcally
surface sensitizethdmvided galgdtBSndaBdmtoﬁeaﬁummnaqulzf gormfgSeheni um

ST 3 A il eq e BiRRooRlhCagh TN MG dahgdK ORF0L. of &1

(3%

30 to 36. characterlz rains -are
chemically sensitized in ﬁﬂe phe!@hé%ﬂ@#°%iERHEQﬂfﬂﬂhﬂpaPﬂPHgnFlﬁéﬁ?h@lng

agent. 05 to ci3im AoNUkhag@bOér DXéd OO HALC saliamohe 3fGPEUoNTLIAYer

claim 37, ch cteeri zed t Qa I_ni e a 1S a
i onyani. W0 et gt e S Tt o
clrai s 0] r e

recording enuIS|QnduanQrs contains chenically and spectrally sensitized

si|ver brom de or silver onoL o £ DS cludin grains aving.
a“thickness of |ess than 35 nb g%ﬂg%éh %ﬁu?gék Pg ?gg?nF 3§fofﬂ{?g
m cromet er whi ch teaedaim 30er aharacpecizeditin ttat saidt oneaemulgian slayer

account for atp | gas ozfi%ieheaheoteéehﬂ ogﬁééﬁ%ﬂ@eezahsietéealiyeﬁubsm de
or silver bronoiodi Ségral east one

of said tabul ar SVeFS+Hr B (].lﬁaﬁF éﬁ‘? v%n;rah%ﬁ cﬁmlﬁ&%‘e)‘ﬂyafangcﬁﬂ%l ni ng

enul si on | ayers mml2dcoposi phonegraphi®oslementuri ng exposure of the
o1 ot T Sy ASknL LRG3 a1 Bl At
to any one of claims 30 to 32, characterized in that said
15 blue recording emulsion layer is comprised of a dispersing
medium and silver halide grains including chemically and
A ' spectrally sensitized tabular silver halide grains having
' a thickness of less than 0.5 micrometer and a diameter of
at least 0.6 micrometer which have an average aspect ratio
20 of greater than 8:1 and account for at least 50% of the
total projected area of said silver halide grains.
_' 34. A multicolor photographic element according
to any one of claims 30 to 33, characterized in that said
25 ene emulsion layer is one of said green and red recording
emulsion layers and contains tabular silver bromide or
silver bromoiodide g:alns. | |
35 A nulticolo: photog:aphic element according
to claim 34, characterized in that said silver bromide or
30 silver bromoiodide grains are optimally chemically
. sensitized. L |
36. A multicolo:'photog:aphic element according
to any one of claims 30 to 35, characterized in that said
tabular grains are chemically surface sensitized with gold

35 and at least one of sulfur and selenium.



for said ehulé{on:layer bei ng |l ess than 0.6, whefe Iég E=1[err] 25

bei ng Hﬂﬂkre to red or T green |light*said tabular

br-om Cmmlnluﬁlmlr“m i odi de grain containing emulsion |ayer is
nded to record &nd"l-oY [%err] being the | og of concurrent exposure-to 30
blue light of said tabular silver halideyf4n containing enmul sion | ayer

40. A nmul ticol or photographic el enent according to claim 39, charactefﬁfed "

in that said el enent has no -175- yellow filter material -or an anmpunt of
yellow filter materiial .that is |ess than_the con entlgnall used nDunt.
i nt er posed bet ween exp®si ndd rARALRGIRL RBOFLAraRPSS eLemeRt ARAT

lleast one of gai gngrene ot dfﬁiiéﬂanhonQSS chhrhetegized tmnthatnsqu

enul sion |ayers, 41. ‘A icol o t ny one
T a5 ERpukse SrAbL 4R pp iy B cB1ETCREaREERICH ok haT) O
'r od record|ngpeeaescenotayeﬁ%lﬁnﬂnQﬂﬂﬁﬁiyﬁQSbGﬂ&ﬁnépﬂvégebFon1de or silver
bronoi odi gg 10 grains 3¢, pQ§|iu1x¥ubnd1 @m@&bgeapnmesememenﬂla&cording(Jr to

sai d bl ue recordi n Ia r t st
according to EPaFﬁglﬂn&% %'E% trez'eitf Ih i'[%nat onggli'ii gg? 9%?’9& ﬁ@renreg
cont ai ni ng sathgﬂé@ﬁ @ﬁe¢%di$eﬁxﬁ%ﬁ9ﬁ¥1Hﬂ&$-ar 15 silver brom de or silver

bronoi odi de grains is pesi tACﬁiﬁﬁidb]foﬂ:CQih\éQo@Xﬁthageiadentlmandmg to all
other silver halide enul sj r d e A

mul ti col.or ph&PoBPEPARE 2 e‘%ﬁn’t Bchzt’or Sﬁ tgﬂ%%%%%@?%& FL {-HE;‘% eaA@h

char act er lpedofnsahdt geeen #d tegd | cac gipn iﬂYaﬁsléeﬁiaiﬁﬁeof

said green ang aﬁﬂcaﬁgrﬂwgsm&ﬁn@ Im&mea gillver browide @r ai ns. 44.
A mul ti _coI or ot ogragoaglg e g’:aaiccorch rl%di% QXbRTS:OE:Sié‘é r’rﬁa& n&o 43.

conpri sing silve
a thickness of less than 0.3 micrometer and a diameter of

_ at least O. 6 micrometer which have an average aspect ratio
15 of at least 12 1 and account for at least 70% of the total
' projected area of said silver bromide or silver -
bromoiodide grains in the same enulsion layer, and f' ~
at least one of said tabular silver bromide or
' silver bromoiodide grain containing emulsion layers is
20 positioned to receive during exposuce of the photographic
element at a color temperature of 5500 K. blue light in
addition to light the layer is 1ntended to record, and
log B for said_enulsion layer being less than 0.6, where
_ _  log E = log E, - log Ep
25 log E being the log of exposure to red or
green light said tabular silver bromide or silver
bromoiodide grain containing emulsion layer 1s intended to
record and
log EB berng the log of concurrent exposure to *
. 30 blue light of said tabular silver halide grain containing

_emulsion layer. .
_ 40. A nulticolor photographic element according
to claim 39. characterized in that said element has no



a filmsupport and, "I ocat ed t hereon, 25 i tg.

for separately reCordl ng blue, green and red Ilght

| ayer units being chosen so that when said phot ograp m@eﬂl&“‘(m osed
at a color tenperature of 5500 X through a spectrally eatl ve step
wedge nd processed, said photographic el ement exhibi ts, inrelation to
blue cohtrast and blue speed. green and rod contrast vari ations of |ess
than 20 percent and green and rod speed vari-e#5ns of |less than 0.3 |og i,
using blue, green and red densities determ ned according 35 to American
Standard PH2 1-1952, -176- each of said color-fornmng |ayer units

I ncl udi ng at teast one enul sion | ayer conprised of a dispersing nmedi um and

si | \éer h?l i de Igr 30w Fid e WAteRdaldorgani asovht aéf | weklown ilitad of 05
said enul sion ayersﬁ;éoé‘éi j-,z-.%%r g.t e'ﬂéﬁeﬁgkﬂ' EH.bLb'Eve&Ef‘ Sia1 B G anloite,

_ being positioned RAF exposing radration remal ni n
. emul sion | ayers dftarnosed DeTHeon, 0XPABARS! EF"&‘&?“I%’( Rt Yo er,
characterized i n dividertalasidaatsiledst bhenotosatié dheewrat nsed rexmirdtigugeen

and red record ”Qﬁﬂﬁ'a? QU Lﬁ,y%I’oitgfiniabd.hﬁlaﬁoﬂajﬁ%@. thi ckness of |ess

than 0.3 mcroneter an | amet er ter have a

average aspect ratio of at“'l’eaét "féz}'”éteﬁom’l?t?ﬁ‘&f’fe ﬁ“‘ftf%‘(ﬁc%ﬁénq
total projected o amycansf ofaicdaimey3® Bndndlodthircagterized in &hatsatf ace

cggm caljl yI sensi ty gt wnteh o&olsdtangzahnl gaat :eaezoéomwtsmﬂmoaelmmum
and sai d el enent ‘ilﬂztﬁs tantl% 1*& 833?’8& ggung +t;{n{’ga£ ﬁloi r&tﬁaposed

bet ween exposi ng enen sal
green recordil@y enaisisoris mﬁstomgase FPP&H"°4§"P°#%IH tdon prior

22?508;222' gngl engy s A Y1deNEelcOraiagmedd1s£onr BayeLi zed in that each of
42. A multicolor photographic element according
to claim 41, characterized in that one of said emulsion
layers containing said green or red-recording tabulac
15' gilver bromide or silver bromoiodide grains is positioned
to :eceive'éxpéslnq radiation prior to all other silver
halide enulsion layers of said photographic element.
_ 43. A multicolor photographic element according
to any one of claims 39 to 42, characterized in that said
20 tabular grains present in at least one of said green and
red recording enmulsion layers are silver bromide grains.
44. A nulticolor photographic element according
to an? ong'ot claims 30 to 43, conmprising
a film support and, located thereon,
25 color-forming layer units for separately

' :ecozding blue, green and red light.
gaid color-forming layer units being chosen so

> " that when said photographic element is exposed at a ecolor

témpe:atu:e of ssooox'thzouqh a spectrally non-selective

- 30 step wedge and processed, said photographic element
exhibits, in relation to blue contrast and blue speed,
gzeen 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

35 to American Standard PH2.1-1952,




- ecordln col or - formng | ayer units of said triad 25 exhibits a mnus
spee m!m t 10 times greater than its blue speed. 46. A
{ col o umrenent according to claim45. characterized in
each. of $ai b gfeeh and red recordi ng color formng | ayer units
exhibits a mpnus 30 blue speed which is -3 6reast 20 tinmes greater th Lts
bl ue speed. 47. A nulticolor photographic elenent according to claim

characterized in that the que speed of the =~ -177- blue record produced

by said elenment is at |east Eg ggeat t han the blue _speed_of . the
m nus bl ue record prod&2&® B §3 € g A3¥AL UBGits 1BRARBEREphi ¢
el ement accor @Githg easito oneaenmmigionhbayet ecomised tdfata Wdiepelrseéngpeed of

t he bl ue recoggﬂ?5$ﬁgggdsnggﬁiﬂafig %Faiééai | east 8 times greater than
u

t he bl ue spee € m nus e recor roduced by said elenent. 49. A
nul ti col or photograph|éaéﬂeﬁéhFeacbb}Hﬁﬁggqiﬁﬂ%)Qﬁnﬂﬁm%9Q§F @l &rdadaafio 48.
charact er igged éafidt Ralu1sdod Qayatsf Db £ §@pa Pase 1yt Nidco ridings dlaedt gkyen,

recordi ng bl ue, .green e t and cyan &
dye-form ng c éF 1F8§Se§??9 gb&%gepﬁég[%ﬁQ44§% n%%%gg h|c el enent

accordi ng 15 F@d&ﬁ§ieﬁepéﬂ°6lﬁPnﬁnﬂ4F?@F ¢ repkaion ﬂéJeFﬁ Fﬁﬂt the blue _
recor di ng emiinavang &hehv@f:aéél diané o6 contat nﬁeaedﬂloghemmbﬁenatcent age of "

i odi de than said green d_enu n,,l r tri

mul ti col or phot ographi & 8I‘8 ﬁf"ﬁ%‘i ’8 %ﬁgtisbdﬁbﬁ r*g‘ $g°gﬁl°d€de
char act er il0ed draimsainogeidf green gn@emﬁéwRFQQﬁﬂi&!uﬁmmlﬁéoanﬁﬂrﬁaﬂ pfiyers
of said triadgayd Qeataadnheihecm YRi kNG4S IS Aldes AnancBRgSmiecbadtaki on

L oct ed o iBRLEE SRR FUSTE T g Frqupayiuo0r aPhl el erent
reference to .have an ave:aqe aspect ratio of at least 12:1:
account tor at 'least 70% of the total projected
15 area of said silver bromoiodide grains, and
are surface chemically gsensitized with gold and
at least one of sulphur and selenium, and __ _
'eaid_element_is_substantially free of yellow m———
filter material intetposed between exposing radiation M%H
20 1incident upon said element and said red and green
recording emulsion layers of said triad.
45. A multicolor photographic'element according
to claim 44, characterized in that each of said green and
red ctecording color-forming layer units of said triad
25 exhibits a minus blue speed which is at least 10 times
greater than its blue speed,
46. A nulticelour photeg:aphic.element according
to claim 45, characterized in that each of said green and
red recording color-forming layer units exhibits a minus
30 blue speed whxch is at least 20 times greater than its | ’
blue speed. : _
' "47. A multicolor photographic element according
'to claim a4, characterzzed in that the blue speed of the
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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.

48. A multicolor photographic element according
to claim 47, characterized in that the blue speed of the
blue record produced by said element is at least 8 times
greater than the blue speed of the minus blue record

produced by said element.

49. A multicolor photographic element according
to any one of claims 44 to 48, characterized in that said
color-forming layer units for separately recording blue,
green, and red light contain yellow, magenta, and cyan
dye-forming couplers, respectively.

§0. A multicolor photographic element according
to any one of claims 44 to 49, characterized in that the
blue recording emulsion layer of said triad contains a
higher mole percentage of iodide than said green and red
emulsion layers of said triad.

51. A multicolor photographic element according
to claims 44 to SO, characterized in that one of said
green and red recording emulsion layers of said triad is

| located to receive substantially all exposing radiation

directed toward said photographic element.
§2. A photographic element according to claim 1

substantially as described herein and with reference to
the Examples. ' :




