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A systematic kinetic study of crystallization among two smectogens of higher
homologues of the benzylideneaniline nO�m series viz 15O.8 and 15O.10 has been
carried out by thermal microscopy, differential scanning calorimetry (DSC), and
dielectric studies. The crystallization kinetics was studied by two techniques viz
the traditional thermal analysis (DSC) and electrical studies viz capacitance
and dielectric loss variation with temperature. The DSC thermograms were run
from crystallization temperature to the isotropic melt for different time intervals.
The liquid crystalline behavior together with the rate of crystallization of smectic
ordering in newly synthesized nO�m compounds were discussed in relation to the
kinetophase (which occurs prior to the crystallization). The molecular mechanism
and dimensionality in the crystal growth were computed from the Avrami equa-
tion. The characteristic crystallization time (t�) at each crystallization temperature
was deduced from the individual plots of log t and DH. Further, it was observed
that the data obtained from DSC and dielectric studies were in good agreement
with one another.

Keywords: crystallization kinetics; dielectric study; DSC; nO �m compounds

1. INTRODUCTION

The smectic orderings exhibited by liquid crystals can be broadly
classified as orthogonal and tilted phases. The molecules in the orthog-
onal smectic phases are parallel to each other with their long axes
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perpendicular to the layer plane, resulting in free rotation of the
molecules around the long molecular axis [1]. Consequently, in
the case of tilted phase, the significant difference is the tilt of the
molecular long axes with respect to the layer normal, leading to
the hindered rotation of the molecule along the long axis. Further-
more, the layer thickness in a tilted mesophase is smaller than the
molecular length, while in the case of orthogonal ordering they are
approximately equal. This degree of variation in the layer thickness,
coupled with the molecular rotation, has a significant influence on
the rate of crystallization. In fact, the distribution of heat trans-
formation in both orderings, which has a direct impact on the rate
of crystallization, is rather a complicated process, which may be
elucidated structurally by detailed X-ray investigation. Alterna-
tively, the study of crystallization kinetics [2,3] is a powerful tool
to understand the various mechanisms involved in crystallization
of liquid crystals.

The liquid crystalline materials belonging to the class of benzylide-
neaniline exhibit a fascinating mesomorphic behavior associated with
a distinct molecular ordering; the convenient working thermal range
makes them suitable for systematic kinetic investigations. In continu-
ation of our experimental studies [4,5] on nO�m and ferroelectric liquid
crystals, here we present a detailed analysis of two smectogens of
higher homologues of the benzylideneaniline nO�m series viz 15O.8
and 15O.10.

2. EXPERIMENTAL

The nO�m compounds of the present investigation were synthesized
and characterized as reported earlier [6]. The crystallization kinetics
of the present compounds, determined by the rate of growth of a
particular transition, were performed on a Shimadzu DSC-60 differen-
tial scanning calorimeter and Agilent 4192 A LF impedance analyzer.
The thermograms at each crystallization temperature, together with
simultaneous phase identification [7] were obtained using a Instec
Standalone Temperature Controller (STC 200) supplemented by
Nikon polarizing microscope. The DSC measurements were performed
on each member of pure nO�m compounds (3–7 mg sample) using
aluminum and=or glass crucibles. A typical DSC scan for a given sam-
ple at each crystallization temperature is described as follows. The
sample was heated to its isotropic melt with a scan rate of 10�C min�1;
after holding for 1 minute to attain thermal equilibrium, the sample
was cooled at the same scan rate to its predetermined crystalliza-
tion temperature. After holding for a requisite time interval at
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crystallization temperature, the endothermic peaks were recorded
while the sample was cooled to the crystal state at of 10�C min�1. This
process was repeated for each individual member of the nO�m series at
the appropriate preselected crystallization temperatures.

For the elucidation of the dielectric data, the nO�m sample under
investigation was filled in a 4 micron spacer polyamide buffed cells
(Instec Inc. USA) in its isotropic state under vacuum. Silver paste
and wires were used to draw the electrodes from the cell. The cell
was placed in an Instec hot and cold stage (HCS402) equipped with
Instec Standalone Temperature Controller (STC 200). The tempera-
ture is monitored and controlled through a computer by a software
program to an accuracy of �0.01�C. The sample was heated to its iso-
tropic melt with a scan rate of 10�C min�1; after holding for a period of
1 minute time to attain thermal equilibrium, the sample was cooled at
the same scan rate to its predetermined crystallization temperature.
After holding for a requisite time interval at crystallization tempera-
ture, the data of capacitance and dielectric loss were noted for each
time interval. This process was repeated for each individual member
of the nO�m series at the appropriate preselected crystallization
temperatures.

2.1. Synthesis of the Compounds

The compounds were prepared [6,7] by condensation of the respective
alkoxy benzaldehyde (0.1 mole) and alkyl aniline (0.1 mole) in reflux-
ing in absolute ethanol in the presence of a few drops of glacial acetic
acid. After refluxing the reactants for 4 hours, the solvent was
removed by distillation under reduced pressure. The crude sample
was subjected to repeated recrystallization from cold absolute ethanol,
till transition temperatures were found to be reproducible.

The homologous series N-(p-n-alkoxybenzylidene)-p-alkylaniline
are Schiff bases with the general molecular formula is given below:

where n and m represents the number of carbon atoms in alkoxy and
alkyl end chains, respectively. The anilines used for the synthesis of
the above compounds are obtained from Sigma Aldrich Chemicals
while the alkoxybenzaldehydes were prepared in our laboratory.

2.2. Synthesis of p-n-Pentadecyloxy Benzaldehyde

To a cyclohexanone solution containing p-hydroxybenzaldehyde
(1.83 gm=15 mmol) and n-pentadecyl bromide (5.82 ml=20 mmol),
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5.15 gm of (37.5 mmol) of anhydrous potassium carbonate was added
slowly with constant stirring. The reaction mixture was then heated
under reflux for 3 hours until the evolution of CO2 ceased. After cool-
ing to room temperature, the reaction mixture was filtered off to
remove excess of K2CO3 and KBr formed during the reaction. The pre-
cipitate was washed repeatedly with excess of ether. On evaporation,
the excess ether and cyclohexanone under reduced pressure, a color-
less oil product (85% yield) was obtained. The oil product was further
purified by passing through a silica gel column using a mixture of
benzene and acetone in the volume ratio 1:4.

3. RESULT AND DISCUSSION

3.1. Phase Identification

The observed phase variants, transition temperatures, and corre-
sponding enthalpy values obtained by thermal microscopy, dielectric
studies, and DSC are presented in Table 1. The compounds of the
present nO�m series are found to exhibit characteristic textures [8],
viz broken focal-conic texture in smectic F phase. The smectic F phase
with monoclinic symmetry [9], and long range tilt order, possessing a
hexagonal molecular packing with in the smectic layers (normal to the
long axis of the molecules), has a quasi 2-dimentional solid structure
(i.e., poor correlation between layers).

The 15O.8 and 15O.10 exhibits mono-variant phase sequence
(Smectic F). Further the phase transition temperatures observed by
thermal microscopy are found to be in good agreement with those
obtained from DSC and dielectric studies (Table 1).

TABLE 1 Transition Temperatures (in �C) Obtained from TM, DSC, and
Dielectric Studies of nO.m Compounds. Corresponding Enthalpy Values (in
J=g) are Given in Parenthesis

Dielectric studies

Capacitance Dielectric loss

nO.m Phase transition TM DSC 10 KHz 100 KHz 10 KHz 100 KHz

15O.8 Isotropic–SmF 82.5 82.85 (14.97) 82.7 82.5 82.7 82.5
Sm F–Crystal 40.9 40.03 (45.53) 42.1 41.5 42.3 41.5

15O.l0 Isotropic–SmF 84.7 83.15 (35.09) 83.9 83.8 84.7 83.9
Sm F–Crystal 44.3 41.00 (45.56) 44.9 44.7 44.3 44.5

20 T. Chitravel et al.
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3.2. Selection of Thermal Range of Crystallization
Temperatures

The procedure for the thermal selectivity for the crystallization tem-
peratures (CT) is described for 15O.8. The DSC thermograms of
the 15O.8 is illustrated in Fig. 1. The compound 15O.8 is taken as a
representative member of the present work, it exhibits two distinct
transitions in the cooling run at 82.85�C and 40.03�C with heat of
transition 14.97 J=g and 45.53 J=g, respectively. From this data it is
inferred that the thermal span of mesomorphic phase as (TIso-SmF,)-
(TSmF-Cry) is 42.82�C. Once the TIso-SmF is completed the kinetics of
crystallization from smectic F could be investigated over a tempera-
ture range between TSmF-Cry. provided if the crystallization kinetics
are not too fast.

3.3. Crystallization Kinetics Through DSC

The crystallization kinetics of 15O.8 relating to the phase transition
from Smectic F to the melt is selectively performed at each predeter-
mined crystallization temperatures viz 81, 71, 61, and 51�C, respec-
tively. The sample is held at 81�C for different time intervals (0.1 to

FIGURE 1 DSC heating and cooling thermograms of 15O.8 recorded at a scan
rate of 10�C min�1.

Crystallization Kinetics Study 21
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7 minutes). The heating curve with a crystallization time of t¼ 0 min
is recorded immediately following the quenching of the crystal to melt,
at crystallization temperature 81�C.

The enthalpy values for individual transitions at different time
intervals are calculated at each crystallization temperature, and the
corresponding data plotted against the corresponding logarithm of
time intervals for each member of nO �m series. A plot of heats of melt-
ing of the mesomorphic phase, viz the log of annealing time for differ-
ent crystallization temperatures of 15O.8, obtained by shifting data
along the log t axis to the 61�C curve is depicted in Fig. 2. These plots
have an identical shape, apart from the shift in the log t axis suggest-
ing the limitations of the rate of crystallization kinetics [10]. Further-
more, simultaneous measurement of the heats of melting of the
smectic F endotherm with time shows, without ambiguity, that the
affective beginning and end of the crystal formation process coincides
with those of the decay of smectic F phase, illustrating a direct smectic
F to crystal phase conversion. Such a master curve strongly suggests
that the same mechanism operates for crystallization from the smectic
F to crystal for both the compounds. As expected [10], the overall crys-
tallization rate is controlled by a nucleation rate influencing the rate

FIGURE 2 Plot of heats of melting of the mesomorphic phase of 15O.8 viz the
log of the annealing time for different temperatures, obtained by shifting data
along the log t axis to the 61�C.

22 T. Chitravel et al.

D
ow

nl
oa

de
d 

by
 [

Si
au

liu
 U

ni
ve

rs
ity

 L
ib

ra
ry

] 
at

 0
4:

43
 1

7 
Fe

br
ua

ry
 2

01
3 



of growth of domains; this is a function of the degree of super cooling
and the starting smectic mesophase.

Similar experimental studies are carried out for measurement of
crystallization kinetics of the other compound (15O.10) of this homolo-
gous series. The corresponding data of crystallization time t� along
with the calculated crystal growth parameters for different crystalliza-
tion temperatures are summarized in Table 2, which includes the
results relevant to the following sections.

3.4. Crystallization Kinetics Through Dielectric Studies

It was earlier proposed by us [5] that the crystallization kinetics can
also be studied and analyzed at a selected frequency with the dielectric
data. The crystallization kinetics relating to the phase transition from
Smectic F to the melt of 15O.8 is selectively performed at each prede-
termined crystallization temperatures viz 51, 61, 71, and 81�C,
respectively, at an excitation frequency of 1 KHz. The sample is held
at 51�C for different time intervals (0.1 to 10 minutes). The dielectric
data (capacitance and dielectric loss) at 1 KHz excitation frequency
with a crystallization time of t¼ 0 to 10 min are recorded immediately
following the quenching of the crystal to melt, at crystallization
temperature 51�C. The capacitance and dielectric loss values for indi-
vidual transitions at different time intervals are noted at each crystal-
lization temperature, and the corresponding data plotted against the
logarithm of time intervals for each member of nO �m series. The log-
arithm of the constant b obtained by dielectric studies (e0 and e00) as a
function of crystallization temperatures for the compound 15O.10 is
depicted in Fig. 3. From Fig. 3 it can be inferred that the growth mech-
anism follows a uniform trend for all the temperature studied in the
present compound. Crystallization obtained by this technique for
15O.10 compound at 45, 61, 71, and 81�C are identical to those of
DSC data curves suggesting the existence of the same mechanism in
the rate of crystallization kinetics [4].

3.5. The Process of Crystallization

In general, the kinetics of crystallization involving the rate of growth
of small domains in a smectic phase is manifested equally by its tem-
perature and time. Temperature dependence of nucleation, taking
place as a homogeneous process over a constant period of time leads
to the phenomenon of sporadic growth. In addition, defects and impu-
rities in the compound have a pronounced influence on the nucleation
process [10]. Further contributions from solid state transformations,

Crystallization Kinetics Study 23

D
ow

nl
oa

de
d 

by
 [

Si
au

liu
 U

ni
ve

rs
ity

 L
ib

ra
ry

] 
at

 0
4:

43
 1

7 
Fe

br
ua

ry
 2

01
3 



T
A

B
L

E
2

M
ea

su
re

d
C

ry
st

a
ll

iz
a
ti

on
P

a
ra

m
et

er
s

fo
r

6
3
.2
%

T
ra

n
sf

or
m

a
ti

on
fr

om
th

e
V

a
ri

ou
s

S
m

ec
ti

c
M

es
op

h
a
se

s
to

th
e

C
ry

st
a
ll

in
e

P
h

a
se

of
n

O
.m

C
om

p
ou

n
d

s
E

x
p

er
im

en
ta

ll
y

O
b
ta

in
ed

b
y

T
h

er
m

a
l

L
a
n

d
E

le
ct

ri
ca

l
S

tu
d

ie
s

E
le

ct
ri

ca
l

st
u

d
ie

s

T
h

er
m

a
l

st
u

d
ie

s
D

ie
le

ct
ri

c
st

u
d

ie
s

(1
K

H
z)

D
if

fe
re

n
ti

a
l

sc
a
n

n
in

g
ca

lo
ri

m
et

ry
(D

H
)

P
er

m
it

ti
v
it

y
(e
0 )

D
ie

le
ct

ri
c

lo
ss

(e
00 )

n
O

.m
C

T
=
� C

t�
=
se

c
n

b
t�
=
se

c
n

b
t�
=
se

c
n

b

1
5
O

.8
8
1

1
0
3
.0

3
1
.4

7
8

0
.1

0
5
�

l0
�

2
2
7
9
.1

2
0
.4

5
2
3

0
.7

8
3
�

l0
�

1
2
1
5
.2

1
0
.6

7
1
6

0
.2

7
1
1
�

l0
�

1

7
1

4
3
.0

3
2
.0

1
6

0
.5

0
8
�

l0
�

3
2
5
4
.1

0
0
.4

6
7
4

0
.7

5
1
�

l0
�

1
1
3
9
.1

0
0
.5

1
4
4

0
.3

1
9
1
�

l0
�

1

6
1

1
0
3
.9

0
2
.3

1
1
1

0
.1

9
6
�

l0
�

4
2
7
0
.0

0
.4

1
8
8

0
.9

5
8
�

l0
�

1
2
3
9
.1

3
0
.5

3
3
4

0
.3

3
6
�

l0
�

1

5
1

1
3
9
.5

6
2
.9

8
7

0
.3

9
2
�

l0
�

6
3
2
8
.6

8
0
.5

3
0
6

0
.4

6
2
�

l0
�

1
5
0
9
.5

8
0
.5

4
4
3

0
.7

8
9
7
�

l0
�

1

1
5
O

.l
0

8
1

4
1
.2

5
0
.7

8
6

0
.5

3
7
3
�

1
0
�

1
2
7
4
.4

5
0
.3

0
6
2

0
.1

7
9
6

2
0
1
.0

7
0
.3

3
8
1

0
.1

6
6
4

7
1

4
1
.2

6
0
.7

8
3
9

0
.5

4
3
3
�

l0
�

1
7
2
1
.6

7
0
.2

5
7
2

0
.1

8
4
0

2
0
5
.4

2
0
.2

8
6
1

0
.1

8
7
9

6
1

4
3
.0

3
0
.7

7
8
1

0
.5

8
8
�

l0
�

1
7
4
7
.7

7
0
.2

6
5
0

0
.2

2
0
2

4
3
5
.6

1
0
.2

0
6
0

0
.1

8
8
5

4
5

9
7
.3

9
0
.6

0
6
8

0
.6

2
3
�

l0
�

1
1
3
5
.0

0
.2

7
5
0

0
.2

5
9
5

1
7
0
.4

2
0
.3

1
2
5

0
.2

2
0
7

24

D
ow

nl
oa

de
d 

by
 [

Si
au

liu
 U

ni
ve

rs
ity

 L
ib

ra
ry

] 
at

 0
4:

43
 1

7 
Fe

br
ua

ry
 2

01
3 



where growth occurs only at the surface of the nuclei, hampers the
overall rate of phase transformation and the dimensional geometry
of the growing domains.

It is well known that the crystallization process involving the
fraction of the transformed volume x, at a time t measured since the
beginning of the crystallization process, is described by the Avrami
equation [2,3]

x ¼ 1� expð�btnÞ; ð1Þ

where the constant b and n depend on the nucleation mechanism and
the dimensionality geometry of the growing domains, respectively.
The transformed volume x at a crystallization time t is given by
DH=DHo where DH is the crystal heat of melt measured at time t and
DHo is the maximum value obtained from the plateau of the individual
master curves (Fig. 3). A similar argument holds good for dielectric
data De0=De0o and De0=De0o

0, where De0 and De00 are the values of capaci-
tance and dielectric loss at time t and De0, De0o

0 are the maximum value
obtained from the plateau of the individual master curves.

If the kinetics of the crystallization from the corresponding smectic
phases are described by the above Avrami equation, the data for all the
crystallization temperatures can be applied to the single equation [10]

FIGURE 3 The logarithm of the constant b obtained by dielectric studies (e0

and e00) as a function of crystallization temperatures for the compound 15O.10.
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x ¼ 1� exp½1� ðt=t�Þn� ð2Þ

where t� ¼ b�1=n. Further, the characteristic time t� can be exper-
imentally determined, since at t¼ t�, x¼ 0.632. Substituting the
values of t� and x in Eq. (1), constants b and n are obtained at a
specified crystallization temperature. It is found from the experi-
mental data that the constant n which manifests the dimensional
geometry of the growing domains is almost unaltered while the
magnitude of the constant b, which govern the nucleation mech-
anism, varies in the order of 10�1 to 10�6 for the compounds stud-
ied. The data of constants n and b experimentally obtained by DSC
and dielectric studies (capacitance and dielectric loss) for various
specified crystallization temperatures of 15O.8 and 15O.10 are
tabulated in Table 2.

For a specified crystallization temperature, the values of constants
n and b are found to be unaltered in both thermal and electrical stu-
dies implying that the same type of nucleation mechanism is taking
place in both the nO�m compounds. The trend of the magnitude of
the two constants n and b are found to be in agreement with the data
reported for discotic [9] and smectic [4] mesophases. The variation of
the magnitude of n in both the nO�m compounds is attributed to the
sporadic nucleation and growth in two dimensions.

3.6. Influence of Tilted (Smectic F) Phase Variance
on Crystallization Kinetics

The phase sequence in liquid crystal molecules has a pronounced
influence on their crystallization kinetics. The kineto phase which
occurs prior to the crystallization is solely responsible for many combi-
national factors of the crystallization mechanism.

In the present study of 15O.8 and 15O.10 compounds the kineto
phase prior to crystallization is Smectic F. Our previous studies [4]
on different nO�m compounds exhibiting various kineto phases con-
curred with data of the present investigations. Further in Smectic F,
as expected, the rate of crystallization is rapid as it is close to crystal-
line phase. It is a known fact that crystallization kinetics will be fast
for the crystallization temperatures (CT) near to crystal and slow
when the CT is near the isotropic melt.

3.7. Influence of Alkyloxy Carbons

Both the 15O.8 and 15O.10 compounds have Smectic F as kineto
phase, in which the molecules are tilted with respect to the director.

26 T. Chitravel et al.
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The data from Table 1 suggest the liquid crystalline phase thermal
range is 41.6�C and 40.3�C for 15O.8 and 15O.10 compounds, respec-
tively. Further the isotropic clearing point shifts to higher tempera-
ture with increase in carbon chain length, it is evident from Table 2,
that the degree of variation of dimensionality parameter n infers a
unique crystallization mechanism for these compounds. A possible
explanation for crystallization dimensionality is a sporadic nucleation
and growth involving a homogeneous process of continuous nucleation
over a constant time [10]. Furthermore, the volume transformation
calculated at individual crystallization time t� is in accordance with
equation (2) which strongly implies the completion of crystallization
process.

3.8. Dielectric Studies

The dielectric studies enable to identify the phase transitions tempera-
tures and the thermal range of individual phases. This study is a soph-
isticated tool to detect the second order transitions which cannot be
identified by DSC studies.

To calculate the lead, capacitance, the liquid crystal cell is cali-
brated with a known (benzene) substance. Further, the empty liquid
crystal cell is also calibrated against temperature in the range of
25�C to 150�C and with the frequency in the range of 100 Hz to 1 MHz,
respectively. The compounds (15O.8 and 15O.10) are filled in a 4
micron spacer polyamide buffed cells (Instec Inc. USA) in its isotropic
state under vacuum, the silver leads are drawn from to excite the cell
with a frequency of 10 KHz and 100 KHz, respectively, obtained from
an Agilent low frequency impedance analyzer (4192 A). This liquid
crystal with compound is heated to its isotropic state and held for 10
minutes to attain thermal equilibrium. Further, it is cooled to crystal
at a programmed scan rate of 0.1�C=min with an accuracy of �0.01�C.
This liquid crystal cell is placed in an Instec hot stage and is observed
under crossed polars of a Nikon polarizing microscope. Simultaneous
observation of the liquid crystal texture through polarizing microscope
along with the dielectric data confirmed the formation and identifi-
cation of the various smectic phases.

Compound 150.8 is chosen as a representative member of the
present work, and the plot of capacitance with temperature at two
frequencies viz 10 KHz and 100 KHz, respectively, is depicted in
Fig. 4. Also variation of the capacitance with temperature for the
empty cell is shown in Fig. 4 as solid line. The corresponding dielec-
tric loss is illustrated in Fig. 5. The transition temperatures
obtained from DSC, polarizing microscopic studies and dielectrics
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FIGURE 5 Temperature variation of dielectric loss at two frequencies
(10 KHz and 100 KHz) identifying various liquid crystalline phases of 15O.8.

FIGURE 4 Temperature variation of capacitance at two frequencies (10 KHz
and 100 KHz) identifying various liquid crystalline phases of 15O.8.
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studies are compared in Table 1. The following points are noted
from Figs. 4 and 5:

a) At isotropic to smectic F transition, a linear variation in both the
profiles at 82.7�C and 82.7�C is observed, indicating the starting
of smectic F phase. This transition occurred at 82.5�C from polariz-
ing microscopic textural observation, which concurred with the
dielectric studies.

b) The unaltered variation of the magnitudes of the capacitance and
dielectric loss with lowering of temperature in the thermal range
82.7�C to 42.1�C is attributed to the stabilization of smectic F
phase.

c) The transition from smectic F phase to crystal is marked by sudden
decrement of capacitance and dielectric loss at 42.1�C and 41.5�C,
respectively. The formation of crystal at 40.9�C is also evinced
through polarizing microscopic textural studies, concurring with
the transition temperatures obtained by dielectric studies.

It is prudent to mention that, in the present homologous series, the
experimental results of 15o8 compound follows the same trend of
15O10 compound dielectric studies, as expected. These results are
tabulated in Table 1. Furthermore, the transition temperatures
obtained by various techniques, namely, dielectric studies, polarizing
microscopic textural observations, and DSC thermograms are concur-
ring with each other as can be seen from Table 1.

4. CONCLUSIONS

1. For the first time in the history of crystallization studies, crystal-
lization kinetics data is experimentally elicited from a novel dielec-
tric technique. Though the magnitude of the constants b obtained
by both these techniques varies considerably, we claim that the
trend of the crystallization kinetics result by this new technique
is similar to that of the traditional thermal analysis.

2. In titled ordering (Smectic F) the formation of an ordered domain
occurs which converts to a stable nucleus that initiates the aggre-
gation of the surrounding molecules to form layered domains. The
origin of this nucleus is critical since its formation proceeds until it
reaches a sufficient size to initiate the crystallization process.

3. We propose that this process of crystallization is controlled by
either the lamellar or interlayer distances in tilted (Smectic F)
kineto phase. In such a process of seed nucleation, factors relating
to the smectic layer plays an important role. A particular molecule
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in the lower smectic layer first acquires the requisite energy to
allow the formation of ordered domains, which in turn propagate
crystallization to the adjacent smectic layers. These ordered
domains will further proceed through the smectic layers by a pro-
cess of successive addition of the molecules from neighboring
layers leading to sporadic nucleation and growth in two dimen-
sions. This process continues until the crystallization is completed.

4. The nucleation mechanism is found to be uniform in all the crystal-
lization temperatures of both the nO�m compounds studied. This is
manifested in Fig. 3, where log b is plotted against crystallization
temperature. Further, from the dielectric studies the process of
crystallization kinetics is observed to be identical.
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