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Spherulitic growth of single (Gd & Pr) and mixed
(Di) rare earth heptamolybdates in silica gels
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Single (Gd and Pr) and mixed rare earth (Di—a mixture of four rare earths La, Pr, Nd & Sm)
heptamolybdates grow as platelet, multifacetted crystals and spherulites when
corresponding rare earth chloride ions are made to react with ammonium paramolybdate.
Various spherulitic formations are illustrated. It is shown that the spherulitic formations
may be due to either fibres radially diverging from multiple nuclei or agglomeration of tiny
crystallites orienting and accommodating themselves in a spherical space or intergrowth of
multiple crystals which may include multiple twinning of interpenetrating type.
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1. Introduction

Spherulites are polycrystalline aggregates. Their crys-
tallization is one of the most interesting, exceptional
and anomalous problems in the well-known theories of
crystal growth. Comprehensive theory which can of-
fer satisfactory explanation of the mechanism of for-
mation of spherulites from different environments is
still not formulated. High polymers [1, 2] are usu-
ally spherulitic. Gel growth leads to spherulitic crys-
tallization in number of cases [3-9], because of which
this technique of growth offers means of understand-
ing spherulitic crystallization. The problems posed by
crystallization leading to spherulitic morphology have
excited renewed interest and are gaining some techno-
logical importance also. Inspite of several attempts hav-
ing been made over the years to resolve these problems,
the development of the subject has been fragmentary.
As a consequence of this, it has been rendered impossi-
ble for the researchers of various periods to formulate
a comprehensive theory which can explain the mecha-
nism of crystallization on a unified basis, and in terms
sufficiently general as to be applicable to spherulitic
morphology and spherulite forming systems of all types
known till date.

Spherulitic crystallization of various compounds
have been reported by several workers; the spherulitic
formation having been defined as the growth of
radiating crystal fibres [10, 11]. Spherulitic formation
is also reported in various glass systems [12-18],
organic as well as inorganic compounds [19-30].
Spherulitic morphology is also assumed by several
varieties of tungstates, phosphates & carbonates [11].
Crystallization of spherulitic formations have also
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been reported in a number of rare earth containing
materials [31-34]. Formation of monodispersed Y-Ba-
Cu-O superconductor spherulitic particles via sol-gel
methods have also been reported [35]. The spherulitic
morphology is also reported by Matsuno and Koishi
[36] in the case of materials named as 3DSA and 3DSB.
Based on the experimental results, several authors
have tried to explain the phenomenon of spherulitic
crystallization. Keith and Padden [37] have provided a
phenomenological theory of spherulitic crystallization.
According to them, high viscosity and presence of
impurities are basic requirements for spherulitic crystal
growth. According to Bolotov and Muravev [38] a
spherulite grows from a single crystal nucleus, drawn
out in a direction perpendicular to C-axis lying in the
plane of the crystal, the circular shape arising due
to surface tension forces acting on different faces.
Spherulitic crystallization has also been explained to
be as a result of lamellas or crystalline fibres growing
and diverging radially from a common centre or a
nucleus [39]. That the spherulitic morphology is due
to fibres radially diverging from multiple nuclei and
not from a centrally located common nucleus has been
explained by Kotru et al. [40] and Anima Jain et al.
[34].

Experiments leading to crystal growth of
praseodymium, gadolinium and didymium molyb-
dates, employing gel encapsulation method, using
the system RCl3-(NH4)6Mo070,4-NH4NO3-HNO3-
Na;Si03 (where R = Pr, Gd & Di) are already reported
[41-44]. In this paper, the results of spherulitic mor-
phologies of single rare earth (Pr & Gd) and mixed
(Di—a combination of four rare earths viz., La, Nd, Pr
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& Sm) rare earth heptamolybdates offering different
modes of formations, are reported.

2. Experimental

Experiments on crystal growth of pure and mixed rare
earth heptamolybdates are performed using the pro-
cedure as reported in the literature [41-43]. Table I
is a summary of the crystallization conditions used in
the growth of various spherulitic formations under dis-
cussion in this paper. Optical microscope (Neophot-2,
Carl Zeiss, Germany) and Scanning electron micro-
scope SEM (Jeol IMS-25 S and 6100 Japan made) are
used to examine the outer and sectioned surfaces of the
spherulites thus obtained. In order to look into the in-
ternal structure of spherulitic formation, the spherulites
are cleaved with the help of a sharp glass knife. Prior to
the SEM examination, the crystals are gold plated under
vacuum, using ion sputter coating model JFC-1100.

3. Results and discussion

3.1. Gadolinium heptamolybdate
spherulitic crystals

Layered type spherulitic formation of Gadolinium hep-

tamolybdate is shown in Fig. 1a. The layers are clearly
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Figure 1 (a) Layered spherulitic formation of gadolinium heptamolyb-
date. (b) A region of Fig. 1a, at a higher magnification, reveals circular
layered structures.
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circular in shape when examined under a higher magni-
fication. A small region of the surface of this spherulite,
when examined under a higher magnification is as
shown in Fig. 1b. It reveals that the circular layered
structure is actually clustering of small crystallites in
spherical envelope. Each tiny crystallite has well de-
fined habit faces and is either a platelet like or a pris-
matic rod formation. An aggregate of crystallites spread
all over the surface of a spherulitic formation is shown in
Fig. 2a. That these crystallites collectively tend to orient
themselves as to be in a spherical formation is revealed
by Fig. 2b which shows a region somewhere within
the inset of Fig. 2a at a higher magnification. Thus,
the surface of each isolated spherulite is composed of
tiny crystallites aggregated in a spherical formation.
There are examples of clustering of such spherulites
such as to stimulate a twinning process of interpenetrat-
ing type. Fig. 3 illustrates an agglomeration of several
spherulites interpenetrating into each others formation.
Fig. 4a offers an example of three spherulitic formations
interpenetrating into each other. Their boundaries of in-
terpenetration simulate the grain boundaries between
three single crystals. That each individual spherulitic
formation maintains its growth seems to be clear from

D —
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Figure 2 (a) Aggregate of gadolinium heptamolybdate crystallites
spread over the surface of a spherulitic formation. (b) A region within the
inset of Fig. (a) at a higher magnification showing crystallites collectively
orienting themselves in a spherical formation.
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Figure 3 Agglomeration of spherulites of gadolinium heptamolybdate
interpenetrating into each others formation.

the trisection of the boundaries of Fig. 4a as shown at a
higher magnification in Fig. 4b. The maintenance of ori-
entation of crystallites in such a way as to maintain their
belongingness to their own spherulitic formation is very
apparent from this figure. The spherulitic formations re-

Figure 4 (a) Three spherulitic formations interpenetrating into each
other. (b) The trisection of the boundaries of the three spherulites of
Fig. 4(a) shown at a higher magnification.
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Figure 5 (a) A cleaved section of gadolinium heptamolybdate spherulite
showing crystal fibres diverging radially from the centre. (b) Central
portion of Fig. (a) at a higher magnification revealing multiple nuclei
generating radiating crystal fibres.

ported here resemble with some of those reported ear-
lier by Kotru et al. [40] and Jain et al. [34] for rare earth
tartrates.

The internal structure of the spherulitic formation is
different from what is reflected by its surface. Fig. 5a
is a cleaved section of gadolinium heptamolybdate
spherulite. The crystal fibres appear to be radially di-
verging from the centre. Fig. 5b shows the centre of
the sectioned spherulite of Fig. 5a at a higher magni-
fication. It clearly shows that the nucleus of radially
diverging fibres is not common to all. The space at the
centre is hollow. These are multiple nuclei dispersed
within the central region wherefrom the crystal fibres
originate and diverge radially, resulting into spherulitic
formation. What is seen at the later stages of its de-
velopment is the clustering of crystallites all over the
surface of spherulitic formation which initially had re-
sulted from diverging crystal fibres from multiple nuclei
dispersed in a centrally located space. The tiny crystal-
lites get nucleated all over the surface of the spherulitic
formation covering its entire surface, giving to its outer
surface a look of randomly oriented crystallites aggre-
gated in a spherical envelope. The concept of splitting



Figure 6 Crystals of praseodymium heptamolybdate revealing different
morphologies. Notice two distinct spherulitic formations A & B.

of a single crystal nucleus [41] under the influence of
stresses arising on crystallization, as a means of ex-
plaining the growth mechanism of a spherulitic forma-
tions, cannot be ruled out here as is also supported from
what follows.

3.2. Praseodymium heptamolybdate
spherulitic crystals

Praseodymium heptamolybdate grows both as a single
crystal as well as a spherulite. The spherulitic forma-
tions in this case are different from what is reported
in the case of Gadolinium heptamolybdate crystals as
discussed above. Fig. 6 shows morphologies assumed
by Praseodymium heptamolybdate crystals grown by
gel technique. It includes distinctly different spherulitic
formations (say type A and type B) and single crystals.
One type of spherulitic formation owes its origin to
multiple twinning (see A). A large number of crystals
interpenetrate resulting into twinning, leading to what
appears to be a spherulitic formation of the type A as
shown in Fig. 7. Twinned structures giving the appear-

S-Pr-220EL.
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Figure 7 Interpenetrating multiple praseodymium heptamolybdate
crystals leading to complex twinning and giving the appearance of
spherulitic formation.
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Figure 8 (a) Cleaved section of praseodymium heptamolybdate crystal
of the type B of Fig. 6, showing randomly arranged separately nucleated
crystallites within a spherical envelope. (b) A small region of Fig. (a), ata
higher magnification, revealing that each separately nucleated crystallite
is a platelet with well defined faces.

ance of a spherulitic formation is observed in the case
of fluorite [10]. So, one can attribute the spherulitic for-
mation of the type A of Fig. 6 to crystal intergrowths.
The second type of spherulite of Praseodymium hep-
tamolybdate owes its origin to different mechanism of
formation. Fig. 8a illustrates a cleaved section of the
second type of spherulite (marked as B in Fig. 6). Un-
like gadolinium heptamolybdate spherulites (Fig. 5a)
here the spherulitic formation is not due to radially di-
verging crystal fibres from a centrally located nuclei,
but is, in fact, an agglomeration of tiny crystallites ac-
commodating themselves in a spherical envelope. This
spherulitic formation is just a collection of randomly
oriented crystallites arranging themselves in a spher-
ical space, probably due to requirement of minimum
volume. Each crystallite is a platelet with well defined
faces as is shown, on a higher magnification, in Fig. 8b.
It is a small region of the central portion in Fig. 8a
shown at a higher magnification.

3.3. Mixed rare earths (Di)

heptamolybdate crystals
Didymium is a mixture of La, Nd, Pr & Sm. Its crys-
tal when grown in silica gel assume morphologies

1747



Figure 9 Intergrowth of several crystallites of didymium

heptamolybdate—A case of multiple twinned structure.

that include platelets, cuboids, multifacetted crystals
and spherulites. Twinned structures are not uncom-
mon. Fig. 9 shows intergrowth of several crystals
of Didymium heptamolybdate. Fig. 10a is a cleaved

8883 20KV

(b)

Figure 10 (a)Cleaved section of a didymium heptamolybdate spherulite
revealing its internal structure. (b) Central portion of Fig. (a) at a higher
magnification, showing that each crystallite platelet has well defined
faces.
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section of a spherulite. This spherulitic formation is
very similar to what is exhibited by single rare earth
(Praseodymium) heptamolybdate as described above
and owes its origin to a mechanism similar to that.
Unlike gadolinium heptamolybdate spherulites as dis-
cussed in Section 3.1, the origin of didymium hepta-
molybdate spherulites is not due to radially diverging
crystal fibres from centrally nucleated multiple nuclei.
The central portion of the cleaved section of Fig. 10 ais
shown at a higher magnification in Fig. 10b. The crys-
tallites are randomly oriented and each one of these
is a platelet with well defined faces. So here too, the
spherulites are a result of agglomeration of tiny crys-
tallites orienting and accommodating themselves in a
spherical envelope.

4. Conclusions

The observations made on as—grown surfaces and the
cleaved sections of the spherulites of single rare earth
(Gadolinium and Praseodymium) and mixed rare earths
(Di—a mixture of La, Nd, Pr & Sm) heptamolybdates,
as explained above, suggest that the spherulitic forma-
tions of crystalline materials may be due to variety of
causes which could include the following:

1. Initially, the spherulitic formations may result due
to crystal fibres radially diverging from multiple nuclei
dispersed within the central region of the spherulite.
Subsequently, it may be followed by nucleation and
clustering of crystallites all over the surface of the
spherulitic formation at a later stage of its growth
and development. Example of this type is offered by
Gadolinium heptamolybdates.

2. The spherulitic formation may also arise due to
agglomeration of tiny crystallites orienting and ac-
commodating themselves in a spherical space. The
same process may continue till the cessation of crystal
growth process. This process of spherulitic formation
is suggested by single rare earth (Praseodymium) as
well as mixed rare earth (Didymium) heptamolybdate
spherulites.

3. The spherulitic formation may also owe its origin
to multiple twinning/intergrowths of multiple crystal-
lites. The evidence to this effect is offered by examples
of Praseodymium heptamolybdate spherulites.
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