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water, 6 g of photographic inert gelatin and 0.024 g of KBr,
was placed in reaction vessel, and the temperature thereof
was kept at 40C. To a vessel while stirring an aqueous
solution of silver nitrate (1 mol/l) and aqueous solution of
potassium bromide (1 mol/l) were simultaneously added
thereto over 3 minute at a rate of 15 ml/min according to a
double jet method. During addition pBr value was kept at
pBr=32+0.2. The resulting emulsion contains isometric
silver bromide microcrystals with average sife fianane-
ters.

The received emulsion was used for creation of silver
halide tabular crystals by a method of physical ripening and
recrystallization in gel. The experiments have carried out in
a following manner: to a gelatin solution (3 % gelatin) in
glass tube at temperature 4D was added the necessary
volume of a fine emulsion. Then the received mix during 5
minutes was cooled down to temperature°C2for gel br-
mation. The received sample was maintained at room te
ff perature 8+2°C during 72-500 hours. The dispersionreha
acteristics of received microcrystals was estimated on pho-
tos received on an electron or optical microscope. During

. experiment the concentration of microcrystals of an initial
and that the formation of tabular crystals proceeds atd9 fine emulsion, concentration and type of complexing ions

but its will not be formed at temperature 30 even during . . .

. concentration of a gelatin etc were varied.
long (more than 800 hours) aging. The authors connected
the observable phenomena that the growth of tabular crys-
tals proceeded on the coalescent mechanism. In our opinion
a large scientific interest is in more detail to study the proc- ] ) ) ) )
ess of tabular crystals formation in a gel. We undertook Concentration of microcrystals in gel and in an emulsion
attempt to reveal laws and driving forces ensuring gorm  Was determined on the formufa
tion of silver halide tabular crystals during recrystallization [MC] = 6x 102 x [ AgHal] x M,
in gel. nxd®xp
where [MC] - microcrystals concentration in emulsion (1/1);
[AgHal] - silver halide concentration in emulsion (mol/l);

Mr - molar weight of a silver halide;

At the first stage the fine silver halide emulsion was Créy,c - average diameter of microcrystals of a fine emulsion
ated. The synthesis was carried out in a following manner: nm);

An aqueous gelatin solution, containing 200 ml of distilled ’

Introduction

Traditionally for creation of silver halide tabular crystals
use a method of a control double-jet crystallization or
method of physical ripening of fine emulsion. The process
of tabular crystals formation in the latter case was invest
gated and the mechanism was offered. However formation
of such crystals can proceed not only in an emulsion, where
the mobility of microcrystals is not limited, but also with
aging of containing fine microcrystals gelatin gel.

The technique of reception of tabular crystals was
offered by means of fine microcrystals recrystallization in
gelatin gef. In this case the received fine emulsion was
cooled down to temperature of gel formation and was
maintained during 48-240 hours at the temperature
19+1°C. The authors investigated influence of conditions
controlling the solubility of silver halide on process of
tabular crystals formation in gel. It was shown that the e
ciency of tabular crystals formation largely depends on of
an initial fine emulsion microcrystals concentration in gel,

Calculations

Experimental

p - density of a silver halide (g/cn
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On a figure 1 the dependence of concentration of microon a figure 2 the calculated dependence of interparticle
crystals with the average size of 50 nm on a silver halide distance in gel on concentration of a silver halide for micro-

concentration is presented. crystals with the average size of 50 nm is presented.
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Figure 1. The calculated dependence of microcrystal concentr a-igure 2. The calculated dependence of interparticle distance in
tion in gel on silver halide concentration (microcrystal size is 50 gel on concentration of a silver halide (microcrystals average size
nm). is 50 nm).

From general reasons, it was possible to expect that the The large importance on the dispersion characteristics
essential influence on process of formation of tabular microsf tabular crystals renders a quantitative ratio between
crystals can render distance between microcrystals intabular crystal nuclei and common microcrystals in an initial
gel. If these microcrystals are distributed in gel in regular fine emulsion. The tabular crystal nuclei are formed at
intervals, the average volume of environments per one micr@ stage of synthesis of a fine emulsion, together with usual
crystal will be equal: microcrystals at the expense of a coalescence of formed

particles*. By varying conditions of a crystallization of a
fine emulsion, it is possible to increase or to reduce a share

V, = (MC] x107 (2), of formed nuclei and thus to adjust amount and size of
tabular crystals in an emulsion. On the base of the assump-
tion that all nuclei as a result of physical ripening turn to

where \ - gel volume per one microcrystal (i tabular crystals and knowing the geometrical sizes of initial
[MC] - concentration of microcrystals in gel (). microcrystals and final tabular crystals, it is possible to

o determine, how many common crystals in a fine emulsion are
This individual volume can be presented as correct cube pecessary on one nucleus under the fornfula

with an edge length:
Nmc = VilVue  (5),
| = 3&7 x10° (3) where Nyc- amount of microcrystals per one tabular crystal
g 1
nucleus;
V1 - average volume of the tabular crystguif’);
Vyk - average volume of a microcrystal of a fine emulsion

().

wherel - cube edge length (nm);
V, - gel volume per one microcrystal (M

Considering the microcrystal size the average distance

. : g Considering that the tabular crystal has the form of a
between particles will be:

disk and a microcrystal of a fine emulsion - form of sphere

ly =1 =dye @), we receive:
where l;, - average interparticle distance particles in gel 3xd T2 x h
(nm); Nye = oxd. (6),
duc - average size of microcrystals of a fine emulsion (nm). MC
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where @ - average equivalent diameter of a tabular crystal characteristics of formed tabular crystals. However, this

(um); forecast has appeared not correct, though a number of un-
h - average thickness of tabular crystalgsm); expected results were received also. First of all, it was
duc - average diameter of microcrystals of a fine emulsion revealed that there is a very strong dependence of growth of
(um). tabular crystals in gel from concentration of microcrystals

of an initial fine emulsion. On a figure 4ethmicrophote of
On a figure 3 the designed dependence of necessargrystals received as a result of a recrystallization in gel with
amount of microcrystals of a fine emulsion with the average different concentration of initial microcrystals and as a
size of 50 nm per one tabular crystal with thickness of 100 result of physical ripening are presented.
nm on an average equivalent diameter of this tabular crystal
is presented.
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) ) Figure 4. The microphotos (x1000) of crystal received by yecs-
Figure 3. The calculated dependence of amount of microcrystals (o jization in gel (pBr=1.0; gelatin concentration 3 %) and by

of a fine emulsion per one tabular crystal on an average @@ul . sical ipening (d). The microcrystal concentration:
diameter of this tabular crystal (microcrystal size is 50 nm, tabulary "q 15106 |2

crystal thickness is 100 nm). b - 2.2x10' |
o ) ) c-2.2x10" I';
The nuclei ratio in a fine emulsion was expected from

the dispersion characteristics of tabular crystals received as g, g figure 5 the graphic dependencies of an average

a result of physical ripening of this fine emulsion. In case of gqyjvalent diameter of tabular crystals on concentration of

ripening, the movement qf microcrystals is not limited and microcrystals in gel are presented. With reduction of co

all of them can take part in growth of tabular crystals. centration of microcrystals down to threshold vatLiex10*’
Iy the fast reduction of an average equivalent diameter of

Experimental Results received tabular crystals and increase of a share of isome

crystals is observed. The very similar dependence was

On the basis of result of experiments on research formationfeceived by Breslav et &

of tabular crystals during physical ripening of fine emulsion The influence on the dispersion characteristics is rendered
the conclusion was made that the formation of tabular @S0 by concentration of a gelatin. On a figure 6 the

crystals includes stages of transformation of a nucleus in adependence of an average equivalent diameter of received
tabular crystal on the ionic mechanism and growth of a tabular crystals on concentration of a gelatin is presented.

tabular crystal occurs simultaneously on ionic and The increase of gelatin concentration makes the process of
coalescent mechanisriié. formation of tabular crystals less effective.
It was expected that at a recrystallization in gel it will From the received results follows, that with increase of

be possible considerably lower the contribution of processesconcentration of initial microcrystals and with reduction of
of a coalescence in formation of tabular crystals. This, in gelatin concentration the number of microcrystals included
turn, should result in essential change of the dispersionin growing tabular crystals is increased.
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1 Then effective radius of action of a nucleusd, pum) will
4 be:
2
2 4 — 6%V,
c |
S re =3———x5%x10° (8)
2 Tt
= i
% 2 2 The calculated values of effective radius of action of a
tabular crystal nucleus are presented on figures 7 and 8.
4
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Figure 5. The dependencies of an average equivalent diameter of
tabular crystals on concentration of microcrystals in gel. The
initial emulsions characteristics:

1 - 76,000 microcrystal per nucleus, microcrystal size 52 nm;

. 3
3 - reference 1. 2 /\\A
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2 - 73,000 microcrystal per nucleus, microcrystal size 50 nm;
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g Figure 7. The dependence of effective radius of action ofta tab
E 7 lar crystal nucleus on microcrystal concentration. The initial
- emulsion characteristics:
S 450 — 1 - 76,000 microcrystal per nucleus, microcrystal size 52 nm;
2 - 73,000 microcrystal per nucleus, microcrystal size 50 nm;
_ 3 - reference 1.
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Figure 6. The dependence of an average equivalent diameter of 4.25 —
tabular crystals on concentration of a gelatin. The initial fine &
emulsion characteristics: microcrystal size - 52 nm, 76,000im g 7]
crocrystal per nucleus, microcrystal concentration - 1.11*i0. ‘€ 400 —
It is represented expedient to enter concept about effective @ 7

radius of action of a tabular crystal nucleus in gel. The fine 375 —
microcrystals, which situated within of this radius take part

in formation of a tabular crystal. If we know the amount of

microcrystals per one tabular crystal and gel volume per 350
one microcrystal, it is possible to calculate gel volume

which tabular crystal growth supply:

Vgel = NM(,X Vg (7)1

2 4 6 8 10
Gelatin concentration, %

where g - gel volume, ensuring growth of a tabular Figure 8. The dependence of effective radius of action of a tabular
crystal (rTT”); crystal nucleus on gelatin concentration. The initial emulsion
Nwuc - amount of initial microcrystals per tabulary stal; characteristics: microcrystal size is 52 nm, 76,000 microcrystal

) . A . . . _l
V, - gel volume per one initial microcrystal (ﬁ)_ per nucleus, microcrystal concentration is 1.11*101 %,
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any more on concentration of microcrystals of a fine
emulsion and becomes close to value of an averageaequiv

In our opinion, the most probable reason of so essentiall©Nt diameter of tabular crystals received by a way ofiphys

changes of the dispersion characteristics of crystals, formedc@! fiPening. Thus, the final emulsion will contain tabular
during a recrystallization, can be change of the mechanismCfyStals with high crystallographic uniformity, as the share
of crystals formation in gel. It is very difficulty to explain ©f ISometric microcrystals is considerably reduced.

observable dependence by increase of a diffusion way of With reduction of concentration of microcrystals in gel,

ions. Experimentally was shown that the silver and bromide (e Situation can be achieved, when the contribution of the
ions have rather high mobility in gelatin gel. Therefore coalescent mechanism can be shown up to a zero level (see

hardly it is necessary to expect essential change of the diS_Figure 4a). In these conditions, the transformation of nuclei

persion characteristics of tabular crystals caused by the!MO tabular crystals on the ionic mechanism is observed.
contribution of the ionic mechanism of growth. Thus most HOWeVer as the growth on the coalescent mechanism is
probable reason of change of the dispersion characteristics £<cluded, the tabular crystals do not have advantages over
change of amount of particles, which can supply growth of |som_etr|c crystal_ in growth rate. Therefore_: mix of_ tabu_lar
tabular crystals on the coalescent mechanism. a_nd isometric m|crocrystals_ of _the a_pprommately identical
On the basis of the presented data it is possible to react?i2€ at the end of recrystallization will be formed.
a conclusion, that initial microcrystals which are situated in
sphere of effective action of a nucleus participate in growth
of a tabular crystal mainly on the coalescent mechanism.
The tabular crystals on this mechanism can be formedi. Yu.ABreslay V.V.Peisakhoy L.Y.Kaplun, “Synthesis and
quickly, but the mobility of microcrystals in gel is limited Properties of the Silver Halide T-crystalsAdvances 0 Sci.
also growth rate is limited by movement speed of the micro- Photogr. (Russig 24: 5-46 (1986).
crystals. On the other hand, the mobility of ions in gel is 2. T.A.Larichev, “Synthesis of the Tabular Grains by means of
high, but the growth rate on the ionic mechanism is small. ~ Ripening of Fine AgHal Emulsion” Dr. Sci Dissertation ,
The opportunity of participation of an individual micro- _  State University of Kemerovo, 1994.
crystal on a coalescence process is determined by its M.G.Antoniades J:S'Wey’ T h? Effect .Of Coalescy:ence on
sizé"’. As a result of Ostwald ripening there is a change of ﬁgslrj E’g'ﬁ;@gqggogmﬁgzﬂigfff %déngpg IZSé&GT_ZSGQSth
Fhe size of microcrystal; and owing to high mObi"tY ofions 4 T.A.Larichev, E.I.Kagaki,n, “The Dependénce of Mean Size
in gel the speed of this process depends on microcrystal  and Shape of AgBr T-crystals Created by Physical Ripening of
concentration in a smaller degree. Through the ceirtain Fine Emulsion on the Fine Emulsion Crystallization €an
terval of time in system does not remain of microcrystals  tions”, Proceedig of IS&T’s 49th Annual Confereec, 1996,
capable to provide the growth of tabular crystals on the
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