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Abstract

The metastable zone width and nucleation parameters such as interfacial tension were estimated for pure and sodium p-toluene

sulfonate (NaTS)-doped 4-N,N dimethylamino-40-N-methyl-stilbazolium tosylate (DAST) single crystals. Pure and additive-doped

DAST single crystals were grown by the slow-cooling technique. The grown crystals were morphologically interpreted. The crystalline

powders of the grown crystals were examined by X-ray diffraction to estimate the crystal lattice parameter values. From Vicker’s

microhardness test, the mechanical strength on (0 0 1) face of the crystals was found.

r 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Ionic organic materials such as DAST (4-N,N dimethy-
lamino-40-N-methyl-stilbazolium tosylate) have been inves-
tigated by many researchers for their use in optical
applications. The materials have the advantages that the
alignment of ionic chromophore can be controlled in a
polar structure by changing the counter ion [1]. Thus, there
is no need to modify the chemical structure of the
chromophore itself after having determined the ionic
species with large second-order hyperpolarizability. Re-
cently, a series of stilbazolium derivatives has been studied
due to their potential use for second-order harmonic
generation (SHG) and electro-optic (EO) modulation
[2–6]. One of the stilbazolium derivatives is DAST, which
is the most useful nonlinear optical material researched to
date, and which has been demonstrated to have a very large
nonlinear optic (NLO) susceptibility and the largest EO
coefficient [3,7–10]. It belongs to the monoclinic crystal

system with the non-centrosymmetric space group Cc and
the point group m, and has the following lattice parameters:
a ¼ 10.365 Å, b ¼ 11.322 Å, c ¼ 17.893 Å, Z ¼ 4 and b ¼
92.241 [3]. Duan et al. [11] found that sodium p-toluene
sulfonate (NaTS) has a short cut-off wavelength of 280 nm
as well as comparatively large hyperpolarizability. It is a
potential chromophore for second-order NLO. The chemi-
cal structures of DAST and NaTS are shown in Fig. 1.
It is believed that NaTS is a possible dopant for DAST;

both having NLO properties. NaTS is considered to
dissociate in methanol generating p-toluene sulfonate
anions and sodium cations. DAST has the anionic toluene
sulfonate, which is responsible for the non-centrosym-
metric nature in its own molecular structure. In the present
study, we used NaTS as a dopant in the DAST solution.
The nucleation behavior in the presence of NaTS in the
DAST solution was investigated through induction time
and metastable zone width (MZW) measurements. The
pure and NaTS-doped DAST crystals were grown by the
slow-cooling method. Moreover, the grown crystals were
examined by X-ray diffraction analysis and Vicker’s
microhardness tester.
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2. Experimental procedure

DAST was synthesized by the condensation of 4-methyl-
N-methyl pyridinium tosylate and 4-N,N-dimethylamino-
benzaldehyde in the presence of piperidine [12–14]. The
4-methyl-N-methyl pyridinium tosylate used in the con-
densation reaction was prepared from equimolar quantities
of 4-picoline and methyl-p-toluene sulphonate. The entire
synthesis process was conducted in dry nitrogen atmo-
sphere to avoid the formation of the orange hydrated form
of DAST. The resulting DAST material was further
purified by recrystallization from methanol. The recrystal-
lized DAST crystals were used for the nucleation and
crystal growth experiments.

The nucleation experiments were carried out in a
constant temperature bath, with a control accuracy of
70.01 1C, provided with a cryostat for cooling below room
temperature. Hundred milliliter of the saturated DAST
solution was used in all the experiments. NaTS (1mol%)
was used in the DAST solutions. Several trials were carried
out to arrive at the optimal conditions. To measure the
MZW, the conventional polythermal method was em-
ployed [15,16]. In this method, the equilibrium-saturated
solution was cooled from overheated temperature under a
stirred condition until the first visible crystal was observed.
Since the time required for the formation of a visible crystal
after the attainment of a critical nucleus is minimal, the
first crystal observed may be taken as the critical nucleus.
In order to learn the induction period for the DAST
solutions in different supersaturations, the conventional
isothermal method was used. Here, the saturated solution
was cooled to the desired temperature and maintained at
that temperature, and the time taken for formation of the
first crystal was measured, which gave the induction period
for a selected supersaturation.

The solubility of DAST was estimated for the solvent
methanol by the gravimetric method. For the growth of
DAST crystals, a known amount of DAST salt was
saturated in 100ml of methanol at 40 1C. For the NaTS-
doped DAST crystals, 1mol% of NaTS was used in the
saturated solution. Spontaneously grown good-quality
seed crystals from pure and doped DAST solutions were

used to initiate the growth. The solution temperature
(40 1C) was then reduced initially by 0.5 1C/day in constant
temperature bath for two weeks.
By means of a diffractometer (MAC Science Diffract-

ometer MXP-3), the X-ray diffraction pattern was
recorded for the powdered pure and doped DAST samples
in the range 101–351, where the monochromatic wavelength
1.5418 Å (CuKa) was used. Vickers hardness measurements
were done on (0 0 1) face of the grown crystals using a
microhardness tester (Model HMV-2, Shimadzu, Japan).

3. Results and discussion

To calculate the interfacial tension, the following
theoretical consideration can be used [17]. The kinetics of
nucleation depends on the thermodynamic driving force,
which in turn depends on the supersaturation, temperature
and impurities present in a system. The induction period, a
measure of the nucleation rate is determined experimen-
tally for the pure and NaTS-doped DAST solutions at
different supersaturations. According to the classical
theory of homogeneous formation of a spherical nucleus,

ln t ¼ lnBþ 16pg3V2NA=3R3T3ðlnSÞ2, (1)

where V is the molar crystal volume, NA is Avogadro’s
number, R is the gas constant and S is the relative
supersaturation (S ¼ C/C*) with C as the actual concen-
tration and C* as the equilibrium concentration. The
function lnB weakly depends on temperature and hence,
there is a linear dependence between ln t and (lnS)�2 at a
constant temperature. The above equation suggests a
straight line for ln t and (lnS)�2 with the slope given by

m ¼ 16pg3V 2NA=3R3T3. (2)

The interfacial tension of the solid relative to this solution
has been calculated from the slope of the line as

g ¼ RT ½3m=16pV2NA�
1=3. (3)

The crucial parameter involved in between a growing
crystal and the surrounding mother liquor is the interfacial
tension g. In the present study, the interfacial tension was
calculated using the experimentally determined induction
period values. This complex parameter was determined by
conducting the nucleation experiments on saturated solu-
tions of pure and NaTS-doped DAST. From the induction
period measurements, it was found that the induction
period increases with the addition of NaTS.
From the induction period measurements, the interfacial

tensions of pure and doped DAST were estimated and are
shown in Fig. 2. The interfacial tension decreases with the
addition of NaTS. The interfacial tensions of pure and
doped DAST are estimated in the ranges 2.4–3.8 and
1.8–2.8mJ/m2, respectively.
The MZW of pure and NaTS-doped DAST solutions as

a function of temperature is shown in Fig. 3. The results
obtained from the MZW experiments show that the
addition of NaTs enhances the zone width. Pure DAST
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Fig. 1. Chemical structures of (a) DAST and (b) NaTS.
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