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Effect of electric field on the growth of
barium molybdate crystals in silica gel
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The growth of BaMoO, crystals in silica gel under the influence of an externally applied
uniform electric field is studied. The habit changes resulting from different growth
parameters are reported. Crystals up t0 4.0 mm X 1.2 mm X 0.9 mm were obtained under
field. The morphology of some crystals is examined by optical and scanning electron

microscopy.

1. Introduction

Barium molybdate has the tetragonal scheelite
structure [1]. It has been the subject of acoustic,
optic, laser [2] and electronic studies [3], and the
crystals have been grown by Czochralski [4],
hydrothermal [5] and gel [6, 7] methods. Single
crystals grown in silica gel media are faceted,
octahedral bipyramids, but the drawback of this
method is its slow growth rate [8]. Magnetic and
electric fields have been used in liquid—solid
growth [9] and theory of accelerated diffusion
under constant electric field has been developed
by Mysels [10] Lamm [11] and Simnad and Ling
Yang [12]. In this paper we report the effect of
electric field on the growth of BaMoO, crystals in
silica gel.

2. Experimental procedure and results

The apparatus consists of an electrolytic cell of
length 12 c¢m and diameter 2.5 cm (Fig. 1). A
suitable d.c. voltage is applied between two car-
bon electrodes, acting as anode and cathode.
Current in the circuit is recorded by means of a
sensitive milliammeter (mA).

The following variables were investigated: (1)
pH of the gel medium, (2) concentration of re-
agents, (3) age of gel, and (4) polarity of applied
voltage.

2.1. Variation of concentration of top
solution for the same pH value

The two growth systems (as shown in Figs. 2 and 3)

were filled with a gel mixture containing equal
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volumes of sodium silicate solution of 1.03 den-
sity and 0.001 M ammonium molybdate solution.
The pH was adjusted to 6. While plugging the
rubber corks after pouring 02M, 0.15M, and
0.1 M Ba(NQOs), solution, care was taken to ensure
that no air bubbles existed between the electrode
and the solution.
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Figure 1 Schematic diagram of the electrolytic cell.
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Figure 2 Accentuated growth of BaMoO, crystals under
electric field.

After 1% to 2 h, a large number of nucleation
centres of polycrystalline aggregates began to ap-
pear just below the gel interface, after forming a
small white precipitate column. This stage took
10 to 12 h for completion. After 10 h, the nu-
cleation shifted towards the cathode, each nu-
cleation centre at its rudimentary stage consisting
of a set of octahedral crystals hinged to a common
centre (Figs. 2 and 4). As time elapsed the length
(dmm) of the individual arms of star-shaped cry-
stals were subjected to a kind of accentuated
growth with an average rate of nearly 1.5 mm
day !, ultimately attaining a dagger shape (Figs.
5 and 6). The growth rate and final length of each
arm was greater for low concentrations of top
solution (Fig 7), although the number of nucleation

Figure 3 Liesegang ring formation without field.

Figure 4 Radiant starlike growth of BaMoO, crystals
in its rudimentary stage, X 18.75.

centres was lower. A high current recorded im-
mediately after the onset of the experiment, was
found to dwindle exponentially (Fig. 8) with time.
After 6 to 7 days, the current became practically
nil, by which time the crystallization in both
zones was almost complete.

In the second system (Fig. 3) “Liesegang rings”
[13] were obtained on account of spontaneous
crystallization of molecules obeying the ‘““time
law” [14], and the “spacing law’’ [15]. At the
top, the precipitation was continuous but soon
bands (Fig. 3) separated by relatively clear spaces
were produced.

The results obtained are given in Table I.

Figure 5 Fully grown dagger-type octahedral needles,
X 18.75.
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Figure 6 Enlarged SEM view of fully grown octahedral
needle, X 150.

2.2. Variation of pH of gel Media

Keeping the pH of gel medium at 7.5, all the re-
maining growth parameters were kept unaltered.
Precipitation occurred below the gel interface, in
all cells after the onset of the experiment, the rate
being directly proportional to the concentration of
the top solution. For 0.2M top solution, one
Tiesegang ring was also formed. As time elapsed
some dendritic nucleations originated just below
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Figure 7 Parabolic growth curves representing accentuated
growth under electric field.
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Figure 8 Exponential decay of current in the gel medium.

the ring (Fig. 9). The main stem of the dendrite
was found to giow downwards, with side branch-
ings of nearly 60° inclination and terminated with
enumerable number of octahedrons (Fig. 10). The
same type of growth was found below the precipi-
tation column in the case of 0.15M and 0.1 M
systems, but devoid of Liesegang ring formation.
After 6 to 7 days the growth mechanism of the

Figure 9 Growth system under electzic field for enhanced
pH (7.5) leading to dendritic growth.
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Figure 10 Enlarged SEM view of top of a dendrite, X 150.

whole system came to a standstill and the current
in the circuit became practically nil.

In the control tubes without field, well faceted
octahedral bipyramidals (Fig. 11) were obtained
throughout the length of the tube. The length
(d mm) of them along the z-axis was found to
obey the parabolic relation of growth (Fig. 12).

2.3. Variation of age of gel

Maintaining a suitable pH value between 7 and 8,
gels of different ages, 48, 72 and 96 h, were sel-
ected. On application of electric field a single
growth-front region was formed below the gel
interface. The crystals nucleated were mainly
octahedral bipyramids, cruciform twins, inter-
penetrated twins, etc. It took 8 to 10 h for com-

Figure 11 Octahedral bipyramid BaMoO, crystals
nucleated in control tubes without electric field, X 300.
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pletion of growth. However, in control tubes,
both precipitation and microcrystals were ob-
tained within 15 to 20 days.

3. Discussion

Under electric field Ba?* and MoO32 ions move
in opposite directions, and Ba?" ions are repelled
from the anode. A chemical inhomogenity thus
produced in the medium changes the structure
and nature of the growth system. In other words,
an anisotropic effect in diffusion is produced
under electric field [16]. The theory of diffusion
of Simnad and Ling Yang [12], Lamm [11],
Mysels [10, 17] and Kauman [18] anticipates an
accelerated diffusion given D, =D, + U2E/2K
where U is the product of ionic mobility and
charge, £ the intensity of the field and K a rate
constant. Ba?* and MoO3™ ions drift in opposite
directions under electric field and a supersaturated
metastable state region is formed just below the
interface which ultimately leads to the crystal-
lization of twinned crystals, and polycrystalline
aggregates. Meanwhile, some of the Ba®" ions
escape through this crystallization front and reach
the cathode region, where a moderately super-
saturated region is created. The accentuated growth
of octahedral crystals along the z-axis, being per-
pendicular to an equatorial plane of symmetry,
takes place due to the effect of the field. This is
attributed to the anisotropic interfacial free energy
as well as anisotropic rate constant [19].

The gel medium as such exerts a kind of frict-
ional force to the ionic motion on account of its
viscosity and structure. For alkaline and older
gels, ionic velocity is small. With diminishing
acidity the cellular nature of the gel becomes
less distinct [20]. It is also plausible to conclude
that the decrease in current is due to age of the
gel. Ba?* and MoO3™ ions under an electric field
drift in opposite directions and a supersaturated
metastable state is formed just below the gel
interface. The ionic velocity is therefore accelerated
to a value adequate for the formation of well-
shaped twinned crystals and dendrites. Again for
slightly high concentrations of top solution the
condition for the formation of Liesegang ring
Cy =Cg [21] is satisfied. Subsequently the
supersaturated region created below the ring
leads to the formation of dendritic growth. Den-
drites propagate through the supersaturated region
at maximum possible velocity consistent with the
constraint. Application of an electric field pro-
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moted linear growth along the z-axis perpendicular
to the equatorial plane of symmetry, and side
branching is conjectured as being due to the
accentuated growth of [11 1] and [1 1 1] sides
of a tetragonal bipyramid coming under the
scheelite group [1]. In all cases the exponential
decay in current observed is assumed to be due to
the joining of Ba®" and MoOZ ions for crystal-
lization and the current value becomes zero when
crystallization is complete.

4. Conclusions

It has been found that an electric field affects the
growth of BaMoO, crystals in silica gel media in
the following ways:

(1) the crystals take less time to attain maxi-
mum size;

(2) a tremendous increase in size of the crystal
leading to an easily perceptible and measurable
quantity, is observed;

(3) a suitable and definite control over growth
rate and nucleation centre formation is exercised.
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