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Stability of saturated L-Arginine Phosphate (LAP) solution studied as a function of supercooling rate and
crystal growth kinetics investigated as a function of supersaturation are reported in this communication.
Solution stability was studied by observing the metastable zone width at different cooling rates employing a
polythermal method. Analysis of the experimental data yielded the kinetic constant of nucleation and the
order of nucleation. Crystal growth rates studied on small seed crystals with regular morphology, under
normal growth conditions and at different supersaturation levels were found to satisty BCF surface diffusion
model. Crystal growth rates were investigated normal to the (100), (010) and (001) faces.
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1 Introduction

L-Arginine phosphate (LAP) crystals can be grown from aqueous solutions and exhibit interesting nonlinear
optical properties [1]. It is a biaxial crystal describing the monoclinic system with space group P2, with lattice
parameter values a = 10.75A,b=7.91 A, c = 7.32 A and B = 98°. Salient features of LAP that make it a better
choice in NLO applications are a) wide transparency range b) high optical damage threshold power c) high
nonlinear optical coefficient (>1pm/V) d) less hygroscopic than KDP crystals [2-8]. The successful growth of
large size crystals of good quality by gradual temperature lowering technique requires knowledge of
fundamental nucleation parameters that influence the growth of crystals.

Nucleation is a birth process in which a new phase (solid) is born from a homogeneous mother phase
(liquid). The formation of stable three dimensional nuclei and the subsequent development of the stable nuclei
into crystals with well developed faces are the two stages. Reduction in the Gibbs free energy of the system
leads to the formation of critical nuclei.

According to classical nucleation theory, the change in the Gibbs volume free energy for the birth of new
phase contains the volume free energy term and the surface free energy term and is given as

AG=4nr o+ %nr3AGV

where r is the radius of the critical nuclei (assumed spherical in shape for simplicity) and o the interfacial
tension.

The driving force that leads to nucleation and crystal growth is supersaturation. For a given supersaturation
and temperature there exists a critical value of the free energy when 3D nuclei of a critical size is formed. Only
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those nuclei, which are greater than the critically sized nuclei continue to grow into crystals of visible size by
the attachment of growth species such as molecules, atoms or ions, at energetically favourable growth sites [9].

Nucleation and growth kinetics reveal valuable information about the crystal growth process, which can be
employed in the growth of large size crystals. In the earlier publication, induction period and metastable zone
width and interfacial tension of LAP and sulphate substituted LAP solutions has been reported [10,11].
However to the best knowledge of the authors there is no detailed investigation on the effect of supercooling
rate on the metastable zone width and the crystal growth rate studies on LAP. In this communication, the effect
of cooling rate on the metastable zone width of saturated LAP solution and the growth kinetics of prominent
faces of LAP crystals at different supersaturation levels are reported.

2 Experiment

2.1 Synthesis and solubility

L-Arginine phosphate salt was synthesised by slow evaporation of equimolar ratio of AR grade L-Arginine and
Phosphoric acid dissolved in excess water. The synthesized salt was purified by recrystallizing before the
actual experiments. It is known that the solubility of LAP varies with pH of the solution [10]. Since the
solution prepared by dissolving a known amount of recrystallized salt showed a pH of 5.8, a detailed study on
the solubility of LAP with solution pH at 5.8 was carried out. For the solubility estimation, a known quantity of
the synthesized salt was added to 200ml of distilled water and heated to specific temperature. A test seed was
suspended and the dissolution of the seed was monitored by adjusting the temperature at regular intervals and
under constant stirring of the solution. Equilibrium solubility was arrived at when there was no dissolution of
the seed and no dissolution current was observed around the seed. A known volume of the saturated solution
was dried out and weighed to determine the equilibrium solubility curve. The experiment was repeated at
different temperatures to estimate the equilibrium solubility. The solubility of LAP at specific temperatures is
shown in Figure 1.
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Fig. 1 Solubility of LAP (pH=5.8) in the
temperature range 290K - 320K (inset- heat of )
solution).
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2.2 Metastable zone width

For measuring the metastable zone width, polythermal method [12] was employed. The experimental setup
consists of a larger beaker filled with water serving as an encapsulation to the inner nucleation flask.
Temperature of the outer flask was controlled with a programmable controller and a digital thermometer placed
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very close to the nucleation flask was used to read the temperature of the solution. About 100ml of the
saturated solution prepared in accordance with the solubility curve was taken in a round bottom nucleation
flask with the equilibrium saturation at 40°C. The solution was undersaturated by heating it to 45°C and leaving
it at this temperature in a stirred condition. Homogenization of the solution was ensured by stirring the solution
with a magnetic stirrer throughout the experiment. After a lapse of 10 minutes, cooling was carried out at
required cooling rates (16K/hr, 20K/hr, 25K/hr, 30K/hr and 36K/hr) until the appearance of the first nuclei was
visually observed. Figure 2 represents the metastable zone width of LAP at different cooling rates, the
experimental points are the average of several trials.
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2.3 Crystal Growth rate

Saturated solutions of LAP prepared in accordance with the estimated solubility curve were used for the crystal
growth rate studies. For the growth rate measurements 100ml of the solution with equilibrium saturation at
35°C was prepared. Seeds with natural morphology were chosen for studying the growth rates normal to the
(010), (00T), (100) faces at different supersaturation levels. Prior to the experiments, the dimensions of the
seeds were measured using an optical microscope with a micrometer scale. All the growth trials were carried
out between 6 to 9 hours at the required supersaturation levels. The saturation temperature was carefully
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chosen for the experiments to avoid evaporation of the solvent and to maintain the supersaturation at the
required level throughout the experiment. Seed was suspended from the stirrer using nylon thread and the
required supersaturation was arrived at by cooling the solution as per the solubility curve. At the end of the
experiment, the crystal was harvested from the solution, dried between filter papers and the crystal dimensions
were measured to compute the growth rates. The experiments were repeated several times on transparent good
quality seeds with no visible inclusions. The fluctuations in the crystal growth rate in all the experiments fell
below 15%. The growth rate (R) measured normal to the (001), (001) and (010) are plotted in Figure 3.

3 Results and discussion

The estimated solubility of LAP between 290K and 320K was found to show linear temperature dependence
(Figure 1) with a slope of 0.734. In the case of solution grown crystals, the roughness of the interface between
a solid and a liquid phase has been quantified in terms of a factor [13] and is given as

AH
o= :
c RT

where & is the crystallographic factor describing the anisotropy of the faces, AHj; is the heat of solution R is the
gas constant and T is absolute temperature.

The a factor is an important factor influencing the growth mechanism of a face and is related to the heat of
the solution. From the solubility curve of LAP the heat of the solution was estimated as 32kJ/mole and is
shown in the inset of Figure 1.

Metastable zone width was measured by a polythermal method in which the solution was cooled at a
constant rate from the undersaturated state passing through the equilibrium saturation point in the solubility
curve to the supersaturated state, until the appearance of the first visible nuclei. As soon as the solution attains
supersaturation, clusters continue to coalesce and grow till they reach a critical size. With the clusters
continuing to grow beyond the critical size, the new phase is born. The critical size is too small and also
depends on several factors such as size of the molecules, impurities. Since the time taken for the critical nuclei
and the detectable crystallite is very small, the temperature at which the first crystallite was observed was taken
as the nucleation temperature. The difference in the nucleation temperature and the equilibrium saturation
temperature is termed as metastable zone width.

The expression relating the metastable zone width (AT,,,x) and cooling rate b is given by the following
relation [14]

_ dW
tog AT, = U= M 10p "er - Liogie — Liogeh)
m dT m m

The nucleation parameters

(1-m) dW, 1
k= log————1logk
[ m & dT m 8w

1
m:_
B

A plot of log(b) vs log(ATyy,y) is linear (Y= k + BX) from which the nucleation parameters k and m can be
obtained. The experimental data was analyzed based on the above equation and the nucleation parameters
obtained for k and m are 0.028 and 1.65 respectively.
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After the formation of critical nuclei, further growth occurs by addition of growth units. In the visual
observation method the first crystal observed is several microns bigger than the critical size. Since nucleation
and crystal growth process occur simultaneously, it is essential to know the crystal growth rates. The growth
kinetics depends on several factors such as crystal structure, solution-crystal interface, presence of dislocations,
growth temperature, stirring rate, impurities in the growth medium. These factors play a dominant role in
determining the surface morphology of the crystals [15-17].

In the present work, the growth rates normal to the prominent (100), (010) and (001) planes were studied as
a function of supersaturation and are shown in Figure 3. From the observation it is evident that the overall
growth rate of all the faces increase with increasing supersaturation. It is also found that the growth rate normal
to the (100) is slower than in the other directions investigated. At low supersaturations, the growth rate normal
to the (010) is higher than the growth rate normal to (001). At high supersaturations, the growth rate becomes
identical normal to the (010) and (001).

From the crystal structure of LAP [18] it can be found that alternate layers of L-Arginine and phosphate
groups are stacked normal to the (100) plane. Diffusion of growth units along this direction is significantly
influenced by the l-arginine molecule size, which in turn affects the growth rate normal to (100). In the
directions normal to (010) and (001) hydrogen bonds are observed in the crystal structure. The presence of
hydrogen atoms in the solvent is presumed to influence the growth rate. At high supersaturation levels the
availability of more growth units and subsequent incorporation leads to an increase in the growth rate normal
to (100). The crystal growth rates (R) measured as a function of supersaturation (o) were analyzed with BCF
surface diffusion model

R=(C/o,) 6” tanh (c,/0)
The constants C and o, obtained from the fits are shown in table 1. It follows that the growth rates of LAP
normal to the three planes satisfy the BCF surface diffusion model. It is to be noted that the crystal growth
rates are greatly influenced by the presence of impurities in the solution, dislocations in the seed crystal and the

pH of the solution.

Table 1 Estimated values of constants C and o, of the growth rate equation.

Crystallographic plane C(um/min) (]
(110) 16.129 0.1709
(010) 16.809 0.2530
(100) 10.368 0.6262
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