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Experiments were made on the anisotropic growth mechanism
of tabular grains, according to which the predominance of their
lateral growth rate over the vertical was ascribed by Jagannathan
et al. to rapid growth of the self-generating {100} faces on their
side surfaces at low pBr. This mechanism was supported by analy-
ses of the preferential adsorption of a dye to {100} faces on the
side surfaces. The lateral and vertical growth rates of tabular
silver bromide grains at critical supersaturation were measured
in reaction solutions with varied pBr values as functions of their
equivalent circular diameter (D.) and thickness (k). The lateral
growth rate at low pBr was larger than the growth rate of cubic
grains and increased with increasing D, and decreasing &, whereas
the vertical growth rate at low pBr was smaller than the growth
rate of octahedral grains. This result indicates that the diffusion
of solute ions through the solution from the vicinity of the main
surfaces to that of the side surfaces enhanced the anisotropic
growth of the grains at low pBr. At high pBr, the lateral and ver-
tical growth rates were small, nearly equal to each other, and
decreased with increasing D,, obeying the diffusion-controlled
scheme. At some intermediate pBr, the lateral growth rate de-
creased with increasing D, and was still much larger than the
vertical growth rate, providing the opportunity for the precipita-
tion of monodisperse tabular grains.
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Introduction

Twinned tabular grains of silver halides are of great im-
portance for highly sensitive photographic emulsions.! One
of the most important properties of tabular grains is their
large specific surface area, which is favorable for the prepa-
ration of spectrally sensitized emulsions with high sensi-
tivity for the following reasons: (1) The sensitivity of
spectrally sensitized emulsions is, in principle, propor-
tional to the average surface area of the emulsion grains,
because sensitizing dyes that absorb incident light are
adsorbed on the grain surface in monomolecular layers.'*
(2) The orientation of sensitizing dye molecules on the main
surfaces of tabular grains is more suitable for absorbing
incident light than that of the dye molecules on other
grains when the main surfaces are parallel to the surfaces
of the layer.®
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To realize the merits of tabular silver halide grains in
photographic materials, it is highly desirable to precipi-
tate monodisperse tabular silver halide grains.*% Exten-
sive studies on the mechanism of regular grains have
established that monodisperse regular grains can be pre-
cipitated through diffusion-controlled grain growth, ac-
cording to which the growth rate decreases with increasing
grain size.” 2 It is not certain if this guiding principle is
also applicable to the precipitation of monodisperse tabu-
lar grains, because the mechanism of growth of tabular
grains is different from that of regular ones in that tabu-
lar grains grow anisotropically, whereas regular grains
grow isotropically. It is therefore important and interest-
ing to study the rate and mechanism of the growth of tabu-
lar grains.

The anisotropic growth of tabular grains, according to
which the lateral growth rate is larger than the vertical
growth rate,”® was at first ascribed to the presence of
reentrant grooves on side surfaces composed of {111}
faces."*"® In the last decade, that proposal has been exam-
ined, and it has been proposed anew that the unique crys-
tallographic planes present at the corners of the sidefaces!®
or on the contour of the acute lip!” are the preferred sites
for the nucleation of new growth. A model with the appli-
cation of the spherical diffusion field and the rapid inter-
facial transport of solutes to the diffusion-controlled
growth of a tabular grain was proposed as a detailed pro-
cess of its anisotropic growth and was used to explain the
following empirical characteristics known for the growth
of twinned tabular grains of silver bromide in a solution
with relatively high bromide ion concentration: (1) They
grow exclusively in the lateral direction and (2) the size
distribution becomes wider as they grow.!®

All of the above models rely on the self-generating {111}
faceted side face structure, which has been questioned on
the basis of ball-model simulation. Instead, a concept of
cubo-octahedral side faces has been proposed to explain
the anisotropic growth of tabular grains.'®® Namely, it is
assumed that the side faces of tabular grains are bounded
by {100} as well as {111} planes, self-generating and stabi-
lizing the {100} faces, and that the predominance of the
growth rate of {100} faces over that of {111} faces at low
pBris the cause of the anisotropic growth of tabular grains.

It is therefore expected that the lateral and vertical growth
rates of tabular grains in comparison with the growth rates
of octahedral and cubic grains provide instructive knowl-
edge for the examination of the growth mechanism of tabu-
lar grains. The growth rates and mechanisms of cubic and
octahedral grain growth have been extensively studied by
many groups of investigatots22°-24n particular, it has been
found that grain growth under a high supersaturation condi-
tion is important for the precipitation of monodisperse regu-
lar silver halide emulsion grains. Measurements of the growth



rate of various regular silver halide grains at the critical surate of addition of an aqueous solution of AgNO, that could
persaturation point have provided very important informabe provided for the growth of the grains without forming
tion for the study of the growth mechanism and design ofny new grains when aqueous solutions of AgNO, and KBr

emulsion grains.

However, it is rather difficult to measure the growth
rate of tabular grains, because they grow anisotropically.
Sugimoto?® and Karpinski and Wey?* reported their analy-
ses on the growth mechanism of tabular silver bromide
grains under the condition that only the side surfaces of
the grains grew according to a physical ripening process
in the presence of many fine silver bromide grains.
Sugimoto proposed that the side surfaces of a tabular
grain grew by receiving solute ions diffused directly to-
ward its side surfaces and also solute ions that diffused
toward the main surfaces and were interfacially trans-
ported to the grain’s side surfaces.?? This interfacial trans-
port of solute ions has been criticized on the basis of the
ball-model simulation.'®1

On the other hand, Karpinski and Wey proposed that a
tabular grain grew by receiving solute ions, which diffused
toward the side surfaces of the grain.?* By use of the lumi-
nescence property of silver iodobromide, Maskasky has
made tracks for the growth of tabular grains by adding
iodide ions in increments during the growth of tabular sil-
ver bromide grains and observing optical micrographs
made of the luminescence to determine the position of the
iodide ions in the grains.?®

The growth rate of tabular grains studied by Sugimoto
and later by Karpinski and Wey was measured at low su-
persaturation. Maskasky did not measure the growth rate
of tabular grains. The growth mechanism of tabular grains
has not yet been studied on the basis of their growth rate
at the critical supersaturation condition in contrast to the
study of the growth mechanism of regular grains. No guid-
ing principle is available for the preparation of monodis-
perse tabular grains. Sugimoto has pointed out that the
size distribution of tabular grains becomes wider as they
grow.1®

The work reported here was undertaken to study the
growth mechanism of tabular grains with cubo-octahedral
side surfaces and to seek a guiding principle for prepar-
ing monodisperse tabular silver halide grains by measur-
ing the growth rates of a series of tabular silver bromide
grains at the critical supersaturation condition with vari-
ous pBr values of reaction solutions and by comparing
them with the growth rates of octahedral and cubic grains.
In addition, the adsorption by the grains of a dye with
strong preference for {100} faces was analyzed to obtain
evidence for the mechanism.

Experiments

The electron micrographs and dimensions of the tabu-
lar and octahedral AgBr grains used are shown in Table I
and Fig. 1, respectively. Included are a series of tabular
grains with nearly the same average thickness and differ-
ent average area of main surfaces (Emulsions A, B, C, and
D), and a series of tabular grains with nearly the same
average area of main surfaces and different average thick-
ness (Emulsions B, E, and F). The dimensions of these
grains were determined from electron micrographs of their
carbon replicas. The average thicknesses of tabular grains
were calculated from the lengths of their shadows, which
were formed by sputtering of gold and palladium onto the
grains from a fixed angle before the preparation of their
carbon replicas. The uncertainty of the measured values
of the average thickness of tabular grains was 6.4%.

The growth rates of a series of tabular grains at the
critical supersaturation point were given by the maximum
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were simultaneously added, keeping the pAg of the reac-
tion solution at a fixed value. Measurements of the growth
rate were made under these conditions: temperature 75°C;
pBr 2.49, 2.78, 3.07, and 3.65; and initial gelatin concen-
tration 2.3%.

According to the illustrations in Fig. 2, the growth rate
of the volume of a tabular grain is given as,

dVidt = S(dr/dt) + S (dh/dt), (D

where V is the volume of a grain; S, and S, are the areas
of the side and main surfaces of the grain, respectively;
r and h are the equivalent circular radius of the main
surface and the thickness of the grain, respectively; and
(dr/dt) and (dh/dt) are the lateral and vertical growth rates
of the grain, respectively. Then

a = (dh/dt)/(dr/dt) = dh/dr, (2)
dr/dt = (dVIdt)/(S, + a8S,), 3
dh/dt = (dV/dt)/(S,/a + S,). (4)

The values of S, and S, were those shown in Table I, and
dV/dt could be measured according to the above procedure.
The values of dr/dt and dh/dt were thus calculated. The
ratio of dr/dt to dh/dt, which was designated as a, was
given by the tangent at the beginning of grain growth in
the curve showing the change in equivalent circular ra-
dius of the main surface as a function of the change in the
thickness of tabular grains. Because the change in the
radius of the main surface was actually in a linear rela-
tionship with the change in the thickness of the tabular
grains, a was given by the slope of the straight line.

The presence of {100} faces on the side surfaces of tabu-
lar silver bromide grains was examined by analyzing the
adsorption of 3,3'-bis(4-sulfobutyl)-9-methyl-thiacarbo-
cyanine (Dye 1) to the grains in emulsions on the basis of
their diffuse reflectance spectra and the Kubelka—Munk
equation,?$?” expressed as

K/S= (1 -R)¥2R = celS, (5)

where R is the diffuse reflectance of a thick emulsion layer
at the wavelength of light absorbed by the dye molecules
under specific conditions; K and S are absorption and scat-
tering coefficients, respectively; ¢ is the concentration of
the dye molecules under the specific condition; and € is
the extinction coefficient of the dye molecules. It is well
established that Dye 1 molecules are preferentially
adsorbed to the {100} faces of silver halide grains to give a
double band peaking at 520 and 600 nm, then adsorbed to

TABLE 1. Dimensions of Emulsion Grains Used

(a) Tabular Grains (b) Octahedral

Grains
Emulsion 2r(um) h(um) Edge Length (um)
A 0.52 0.46
B 0.99 0.81
c 1.42 0.1 + 0.01 1.26
D 2.14 1.54
E 1.02 0.184
F 1.06 0.36

2r-equivalent circular diameter, h-thickness
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Figure 1. Electron micrographs of tabular grains in Emulsions A, B, C, and D.

204 Journal of Imaging Science and Technology Hosoya and Tani



dh/dt
T dr/dt

]

Figure 2. [llustration of lateral and vertical growth rates of tabu-
lar grains (dr/dt and dh/dt, respectively), where r and A are the
equivalent circular radius and thickness of a tabular grain, re-
spectively.

the {111} faces to give a J-band peaked at 625 nm after the
saturation of the {100} face by the dye molecules.?

The growth rate of tabular silver bromide grains was
measured in the presence of small amounts of Dye 1 and
3,3"-bis(sulfopropyl)-5,5'-dichloro-9-methyl-thiacarbo-
cyanine (Dye 2), which adsorbs preferentially to {111}
faces,?® in order to examine the proposal that the aniso-
tropic growth of tabular AgBr grains is caused by the rapid
growth of the {100} faces on the side surfaces, as compared
with the growth of the {111} faces on the main surfaces at
relatively low pBr values.!®?

Results and Discussion

Figure 3 shows the growth rates of cubic and octahe-
dral AgBr grains at critical supersaturation and the solu-
bility of AgBr as functions of pBr. In the range of pBr =
3.65, where the solubility of AgBr is small, the growth rates
of cubic and octahedral AgBr grains were very small and
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Figure 3. Solubility and critical growth rates of cubic silver bro-
mide grains with edge length of 0.68 yum (O) and octahedral sil-
ver bromide grains with edge length of 0.72 um (O) as functions
of pBr.

nearly equal to each other. With decreasing pBr, the solu-
bility of AgBr increased, and the growth rates of those
grains increased. The increase in the growth rate of cubic
grains with decreasing pBr was larger than the increase
in the growth rate of octahedral grains.

Figure 4 shows the growth rates of the volumes of tabu-
lar grains with an average thickness of 0.1 um and octa-
hedral grains at critical supersaturation as functions of
their surface areas at various pBr values. The increases
in the grain volume of tabular grains and octahedral grains
could be compared as functions of surface area, because
the amount of solutes provided by diffusion is considered
to be nearly the same for a tabular grain and an octahe-
dral one when their surface areas are nearly equal. The
volume growth rates of tabular and octahedral grains de-
creased with increasing pBr of the reaction solution dur-
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Figure 5. Changes in the thickness (2) and equivalent circular
diameter (D,) of tabular silver bromide grains during their growth
under critical supersaturation in solutions with various pBr val-
ues. The values of AWAD, were 0.950, 0.054, and 0.034 for pBr of
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ing their growth. The volume growth rate of tabular grains
was larger than that of octahedral ones in a reaction solu-
tion with small pBr values during their growth; the dis-
crepancy between them decreased with increasing pBr
value and disappeared at pBr 3.65. The large volume
growth rate of tabular grains with respect to that of octa-
hedral ones at low pBr could be attributed to high lateral
growth rate of a tabular grain with respect to that of the
usual {111} faces.

Figure 5 shows the ratio of the increase in the equiva-
lent circular diameter of the main surface to the increase
in the thickness of tabular grains when grown at critical
supersaturation in the reaction solutions with pBr values
as indicated in the figure. The experiments started with
the smallest grains in Fig. 5, which grew at critical super-
saturation according to the procedure described in the
Experimental section to give the second smallest grains.
Similar experiments were repeated for the second small-
est grains to grow to the second largest ones, and for the
second largest grains to the largest ones. At low pBr val-
ues, the diameter of the main surface increased more rap-
idly than did the thickness of tabular grains. At pBr 3.65,
the increases in the diameter of the main surfaces and
the thickness of a tabular grain were nearly equal to each
other, indicating that the tabular grains grew isotropically.
Because the increase in the diameter of the main surface
was in a nearly linear relationship with the increase in
the thickness of a tabular grain, the tangent at the origin
of the relation of the increase in the thickness with the
increase in the diameter of the main surface of a grain
was given by AR/Ar.

The lateral and vertical growth rates of tabular grains
were then given by their volume growth rate and Ah/Ar
at the critical supersaturation in light of Egs. 1 through
4. Figure 6 shows the lateral and vertical growth rates
of tabular AgBr grains with an average thickness of 0.1
um as functions of the average equivalent circular di-
ameter of their main surfaces at critical supersatura-
tion in the reaction solutions with pBr values of 2.49,
3.07, and 3.65.
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low pBr

Figure 7. Fluxes of solute ions as indicated by arrows for the

growth of a tabular grain at low pBr. The rectangle indicates the
side view of a tabular grain.

T

At pBr 3.65, the lateral and vertical growth rates were
small, equal to each other, and they decreased with in-
creasing diameter of the main surfaces of tabular grains.
This result indicates the disappearance of the anisotropic
growth of tabular grains at pBr 3.65, and could be attrib-
uted to the condition of the diffusion-controlled growth of
tabular grains owing to the low solubility of AgBr at pBr
3.65, as was observed for the growth of octahedral and
cubic AgBr grains at that pBr value.

At pBr 2.49, the lateral growth rate was overwhelming-
ly larger than the vertical growth rate of tabular grains.
The concentration of solute ions in the vicinity of the main
surfaces is therefore considered to be larger than that in
the vicinity of the side surface, and the diffusion of solute
ions from the vicinity of the main surfaces to that of the
side surfaces took place, as illustrated in Fig. 7. This idea
could be supported by the fact that the lateral growth rate
of a tabular grain increased with increasing diameter of

12

10

Growth Rate [x10“um/s]
(o)}

0.2 03 0.4

Thickness h [um]

O PR ST
0 0.1

Figure 8. Lateral growth rate of tabular silver bromide grains
as a function of their thickness at pBr 2.35.
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Figure 9. Growth rate of octahedral grains () and main sur-
faces of tabular grains (O) together with solubility of silver bro-
mide as a function of pBr.

its main surfaces, because the ratio of the area of side sur-
faces to that of the total surface decreased with increas-
ing diameter of the main surfaces and fixed thickness of a
tabular grain.

Figure 8 shows the lateral growth rate as a function of
average thickness of a series of tabular silver bromide
grains with nearly the same average diameter and with
variation of thickness. As seen in this figure, the lateral
growth rate decreased with increasing average thickness
of the grains. The amount of solute that diffused from
the vicinity of the main surfaces to that of the side sur-
faces should be nearly the same for those grains, and the
amount of the solute per unit area of the side surfaces
should decrease with increasing thickness of the grains.
This would account for the fact that the lateral growth
rate decreased with increasing average thickness of the
tabular grains with nearly the same average diameter of
the main surfaces.

Figure 9 shows the growth rates of {111} surfaces of oc-
tahedral silver bromide grains and the main surfaces of
tabular grains and the solubility of AgBr as a function of
pBr values of the reaction solutions. Although the growth
rate of octahedral grains increased with decreasing pBr
values, in accordance with the increase in the solubility
with decreasing pBr values, the growth rate of the main
surfaces (i.e., vertical growth rate) of tabular grains de-
creased with decreasing pBr values. This result could also
support the diffusion of solute ions from the vicinity of the
main surfaces to that of the side surfaces during the aniso-
tropic growth of a tabular grain, as described in the dis-
cussion of Fig. 8.

As seen in Fig. 6, at pBr 3.07, the lateral growth rate
was still considerably larger than the vertical growth rate
of the tabular grains. However, the lateral growth rate
decreased with increasing diameter for the tabular grains
with relatively small diameter. As seen in Fig. 9, the solu-
bility of silver bromide was lower and therefore the amount
of solute ions provided by their diffusion in solution was
less at pBr 3.07 than at pBr 2.49. We therefore conclude
that the amount of solute ions that diffused from the vi-

Vol. 40, No. 3, May/June 1996 207



PN 7l
N
M\
L VAN
sl | MW /
NS\ V4

30} \\K\ f{/i
MIEER\\¥&

e

-—..._\

(L

Reflectance [%]

(@@

e

0 L L
400 450 500 550 600 650 700 750

Wavelength [nm]

Figure 10. Diffuse reflection spectra of thick emulsion layers
composed of tabular silver bromide grains with an equivalent
circular diameter of 1.14 ym and thickness of 0.1 ym and Dye 1
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Figure 11. The values of (1 — R)¥2R at 620 nm of the diffuse
reflectance of the emulsion layers indicated in Fig. 10 as a func-
tion of the volumes (in cm?) of a methanol solution of Dye 1 (1.1 x
1072 mol/L) added to emulsion layers containing 5.45 x 10~2 mol
of silver bromide.

line were in the gelatin phase of the emulsion. The amounts
of dye that created the crossing point between the first and
second lines and that between the second and third lines
give 10.0% as the ratio of the area of the {100} faces to the
total surface area of the tabular grains.?

Figure 12 shows the influence of Dyes 1 and 2 on the lat-
eral growth rate of tabular grains in a solution at low pBr. As
seen in the figure, Dye 1 depressed the lateral growth of the
grains, whereas Dye 2 did not. It is known that Dye 1 is
adsorbed preferentially to {100} faces, rather than to {111}
faces, whereas Dye 2 is adsorbed preferentially to {111} faces
rather than to {100} face®.The growth of surfaces is con-
sidered to be depressed by dye molecules adsorbed to the
surfaces. Therefore, the result shown in Fig. 12 could sup-
port the idea that {100} faces were present on the side sur-
faces of the tabular grains and grew more rapidly than the
main surfaces, bringing about their anisotropic growth.

in increasing amounts. The volumes of a methanol solution of
Dye 1 (1.1 x 102 mol/L) added to emulsion layers, each of which
contained 5.45 x 102 mol of AgBr, were 0.2, 0.4, 0.6, 0.8, 1.2, 1.6,
2.0, 3.0, 4.0, 5.0, and 6.0 cm?. The diffuse reflectance decreased
with an increasing amount of dye.

cinity of the main surfaces to that of the side surfaces was
also smaller at pBr 3.07 than at pBr 2.49. The lateral
growth rate could therefore obey a diffusion-controlled
scheme, according to which the lateral growth rate should
decrease with increasing diameter of the main surfaces.
For larger grains, however, the lateral growth rate in-
creased with increasing diameter of the main surfaces of
tabular grains, as was observed for the growth of the grains
at pBr 2.49.

Figure 10 shows the diffuse reflectance spectra of thick 15
emulsion layers composed of tabular silver bromide
grains with an average equivalent circular diameter of
1.14 ym and an average thickness of 0.1 yum and Dye 1 in
increasing amounts. The absorption spectra of the dye
adsorbed on the surfaces of the tabular grains in small
amounts show a double band with absorption peaks at
600 and 520 nm, attributed to the dye on the {100} faces
of the silver halide grains. With increasing amounts of
dye, the spectra show a J-band peaking around 625 nm,
attributed to the dye on the {111} surfaces of silver ha-
lides. Thus, there were certainly {100} faces on the sur-
faces of the grains; with increasing amounts of dye, the
dye molecules first adsorbed to the {100} faces and then
to the {111} faces of the grains after the {100} faces had 0
been saturated by the dye. 0 10 20 30 40

The value of (1 — R)?2R at the absorption peak of the
J-band, which was proportional to the amount of the dye
on the {111} faces, was plotted in Fig. 11 against the amount

|

ADDyelADlype
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wn

Surface coverage by dye molecules [%]

of the dye. With increasing amounts of dye, the experimen-
tal values were plotted on three straight lines. The dye mol-
ecules on the first straight line were adsorbed to the {100}
faces on the surfaces of the grains, those on the second
straight line were adsorbed to the {111} faces after the {100}
faces had been saturated by the dye, and those on the third
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Figure 12.The increase in equivalent circular diameter of tabu-
lar grains during their growth in the presence of Dyes 1 and 2
(ADy,,) with respect to that in the absence of any dye (AD, ) as
functions of the surface coverage of the grains by the dyes. The
results with Dyes 1 and 2 are shown by O and O, respectively.
The areas occupied by a Dye 1 molecule and by a Dye 2 molecule
were 62 A% and 81 AZ, respectively.
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Discussion of the Mechanism of Tabular Grain
Growth

According to the proposed concept of cubo-octahedral
sidefaces,'® the predominance of the growth rate of {100}
faces on the side surfaces of tabular grains over that of
{111} faces on the main surfaces at low pBr is the cause
for the anisotropic growth of tabular grains. This concept
could be supported by the results obtained in this investi-
gation. The existence of {100} faces on the side surfaces of
tabular silver bromide grains was confirmed by use of the
preferential adsorption of Dye 1 to {100} faces on the sur-
face of silver bromide grains. The concept was further evi-
denced by the observation that the lateral growth of
tabular silver bromide grains was depressed, not by Dye 2
with preferential adsorption to {111} faces, but by Dye 1
with preferential adsorption to {100} faces on the surfaces
of silver bromide grains.

Note that 10% surface coverage by Dye 1, which in Fig.
11 resulted in total coverage of the {100} faces, caused the
lateral growth rate to be reduced only to 90% of its nor-
mal value and that substantial reduction in lateral growth
rate appeared to occur only after Dye 1 was also adsorbed
to around 20% of the {111} faces of the grains. The result
shown in Fig. 11 is believed to have been obtained under
equilibrium condition, which was achieved by agitating
the emulsions for a long time. On the other hand, the re-
sults shown in Fig. 12 were obtained under dynamic con-
ditions with competition between the grain growth and
dye adsorption. This condition could be the reason that an
amount of Dye 1 more than that required for the total cov-
erage of the {100} faces was needed for substantial reduc-
tion in the lateral growth rate.

The lateral and vertical critical growth rates of tabular
silver bromide grains, which were measured and compared
with the critical growth rates of cubic and octahedral
silver bromide grains, could also support the proposed con-
cept of cubo-octahedral side faces and clarify the charac-
teristics of the growth of tabular grains. Although growth
rates of grains were dependent on their sizes,”'? the com-
parison between the results shown in Figs. 3 and 6 indi-
cates that the growth rate of the side surfaces of tabular
grains was larger than that of cubic grains at low pBr.
The result shown in Fig. 9 also indicates that the growth
rate of the main surfaces of tabular grains was smaller
than that of octahedral grains at low pBr.

The above results indicate that the diffusion of solute
ions through the solution from the vicinity of the main
surfaces to that of the side surfaces enhances the aniso-
tropic growth of tabular grains. This concept was supported
by the observation that the lateral growth rate of tabular
silver bromide grains was increased by Dye 2 with its pref-
erential adsorption to {111} faces, as shown in Fig. 12, be-
cause it is considered that the preferential adsorption of
Dye 2 to the main surfaces composed of {111} faces de-
pressed their growth and enhanced the diffusion of solute
ions from their vicinity to that of the side surfaces of the
grains. Therefore, we point out that the diffusion of solute
ions, together with the predominance of the growth rate
of the {100} faces over that of the {111} faces at low pBr, is
important for understanding quantitatively the anisotro-
pic growth of tabular grains.

The guiding principle for the preparation of monodis-
perse grains through diffusion-controlled grain growth,
which is quite useful for regular grains,™? is also avail-
able for the preparation of monodisperse tabular grains,
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although it is diminished by the diffusion of solute ions
from the vicinity of the main surfaces of a tabular grain to
that of its side surfaces. The anisotropic growth rate, which
decreases with increasing diameter of the main surfaces,
can be readily observed at relatively low pBr values for
relatively small tabular grains and thus provides the op-
portunity for the preparation of monodisperse tabular
grains.

Conclusion

1. A method was provided to measure the lateral and ver-
tical growth rates of tabular silver halide grains at the
critical supersaturation and was applied to the study of
the mechanism of their anisotropic growth.

2. The measured values of lateral and vertical growth rates
of tabular AgBr grains in comparison with those of oc-
tahedral and cubic grains indicated that the anisotropic
growth of the tabular grains resulted both from the rapid
growth of self-generating {100} faces on their side sur-
faces at low pBr, as proposed by Jagannathan et al., and
from the diffusion of solute ions through reaction solu-
tions from the vicinity of the main surfaces to that of
the side surfaces.

3. The above mechanism of the anisotropic growth of tabu-
lar grains was evidenced by the analysis of the effects
of dyes with preferential adsorptivity to {100} and {111}
faces on the anisotropic growth. /A&
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