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Abstract

The dependence of the induction period of cryzailon on super cooling was determined for theesgdlithium
chloride—potassium acid phthalate (KAP) over thenposition of 1mole % Ligl This dependence can be
described by 1/ ( InS) against Inz curve. In order to reduce the effect of heterogesenucleation on the
nucleation parameters, the interfacial energy wakalated from the slopes determined in the linesgjion of the
line plots. Nucleation parameters like free enecfpange, rate of nucleation and critical radius wetetermined
using the value of interfacial energy. Correctiomas made to the interfacial energy based on the
thermodynamically approach. An attempt has beenentactalculate the nucleation parameters corresprogdo

the critical super saturation ratio using the maekif classical nucleation theory.
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1. Introduction

Super cooling of liquids is a phenomenon the nadfirghich is not yet fully understood.
The existence of a liquid in thermodynamically ahée state at the temperature lower than is its
equilibrium temperature of solid—liquid transiti@an be explained by an anomalous slow-
down of nucleation of crystals. A quantitative m@asof super cooling is the induction period of
crystallization [1]. This induction period corresps to the time at which the first observable
crystal forms in the liquid at given super coolif@@enerally it holds that the induction period
shortens when super cooling increases. At thecalitemperature of super cooling it reaches its
minimum value, the so-called critical induction iper of crystallization. If the temperature is
further decreased the induction period of crystation starts to increase as a result of increasing
viscosity of the liquid.

Ability of some salt solutions for super coolingshbeen studied by several authors [1—
3]. It has been found that salt solutions are bletanodel systems for investigation of the
influence of salts on super cooling. The aim o$ thork is to present the results of investigation
of the influence of composition on the inductiomipeé of crystallization in the system potassium
acid phthalate — lithium chloride. The interfadiahsion ) between the solid-liquid interfaces
is evaluated by measuring the induction period bGiffree energyAG*), the critical radius (r*)
and number of molecules in the formation of a caitinucleus of the pure and 1mol% LiCl
doped potassium acid phthalate crystals grown fraqueous solution using classical
homogeneous nucleation theory. It has been notldhe interfacial tension of curved surface
differs from that of the planar surface only forywemall drops and bubbles. Hence the classical
nucleation theory (CNT) is modified by incorporafithe size factor for the interfacial tension
and this modified classical theory (MCNT) is apgli® the nucleation of the system potassium
acid phthalate —lithium chloride (LKAP) solutions.

2. Experimental procedure
2.1 Induction period

In the present investigation, the direct visionsetvation method was employed to
measure the induction period. The saturated solwtias cooled to the desired temperature and
maintained at that temperature and the time takenttfe formation of the first speck was
measured [4]. The critical nucleus can be obseovidylafter the nucleus reaches a sufficient size
with time. The appearance of first visible specknotleus was noticed at the bottom of the
container and hence the induction period was recbrdhe consistency of the reading was
verified by repeating the experiment three or fimes.

3. Nucleation kineticsof LKAP

The change in the Gibbs free energyGj between the crystalline phase and the
surrounding mother liquor results in a driving ®mhich stimulates crystallization. For rapid
crystallization AG < 0; “The energy required to form LKAP nuclegisen by Eq. (1)".
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AG = (413nrPAG, + 4nr’y (1)

WhereAG, is the energy change per unit volumés the interfacial tension and r is the radius of
the nucleus. The first term expresses the formatfarew surface and the second term expresses
the difference in chemical potential between thestalline phaseu) and the mother liquony).

At the critical state, the free energy formatioryddAG)/dr = 0; Hence “the critical nucleus is
expressed as Eq. (2)".

= -2 yIAG, )

WhereAG, = -Ap/v,Au=(—KkT/) In S, S = C/C*, C — actual concentratioh— equilibrium
concentration. Hence “the radius of the criticatleus is expressed as Eq. (3)”.

r*=2vy/Ap (3)
“The critical free energy barrier is expressed Qs(B)".
AG* = 16my*Vv? | 3 (Ap)? (4)
“The number of molecules in the critical nucleusxpressed as Eq. (5)".

i* = 4t ()3 / 3v (5)

3.1 Modified classical nucleation theory

The classical nucleation theory makes use of tpélaaty approximation. According

to which, the physical properties of nucleus atrmievel are assumed to be the same as those in
the macro level. The application of the concepswface tension to nucleation phenomena and
the strong dependence of the nucleation rate, @gedean the classical nucleation theory on the
value of the surface tension, led to a renewede@stdn the problems [5]. Since the interfacial
energy plays an important role, a correction habdoapplied and the classical theory was
suitably modified to calculate the nucleation paggers of the critical nucleus. Some new results
for the curvature dependence of droplets were akoved based on thermodynamically
considerations. The “interfacial energy of a sptedrshaped nucleus of size ‘r’ can be written as

Eg. (6)",
Y= vo—(dr/dn)r (6)

where,y be the interfacial energy of the spherical shapadeus when the size is ‘rp is
interfacial energy of the macro level anddt is the surface energy gradient. When the size
the nucleus is equal to the size of the single m@rpthere is no interface at all. It means, when
r =9, the size of the single monomers 0. At this condition “interfacial energy of tispherical
shaped nucleus is given as Eq. (7).

Y =70 (1- 6/ (7)
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Thus when r =zo, the “value of the interfacial energy is deterndiras in Eq. (8)”.

Y =Yo €))

When the crystal nucleus just forms, there is men&gion of interface between the crystal and
the solution and hence the interfacial energy is0.z&Vhen the crystal nucleus attains
considerably large size the interfacial energy bex® equal to the bulk value. This condition
implies that interfacial energy depends on the sfzthe nucleus. “The critical radius was given
by the Eq. (9)".

r* ¢AGy) (1+ (1- 6G3 / v0) ) C)
“The critical free energy change associated withdtitical nucleus was obtained as in Eq. (10)”,
AG* = 4r+z (yo (r* - 8) — (1/3)rAG,) (10)
Now, “the rate of nucleation is given as Eq. (11)”

J = A expG*/KT) (11)

4. Results and Discussions

The crucial parameter involved between a growingstal and the super cooling
mother liquor is the interfacial tensioy {6]. This complex parameter has been determingd b
conducting the nucleation experiments on saturat#dtion of pure potassium acid phthalate
(KAP) and LKAP under stirred condition. Plots of(t) against 1 / [In S is given in the “Fig.
1” are nearly linear [7]. It is inferred from ouxperiments that the interfacial tension for LKAP
solution is 0.4729mJ/
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Figurel: Plot of Int vs 1/(In S§
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In the present study, in order to estimate théic@l nucleation parameters, the
interfacial tension has been calculated using tkgemmentally measured induction period
values by the relation Eq. (12) [8].

Int = — InB + 16:y°v°N, /3 R'T? (InSY (12)

The free energy change as a function of supeedaiarratio (S) for KAP and LKAP
solutions are given in “Fig. 2”.
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Figure 2: Variation of free energy change with supersataratatio of (a) pure and (b) 1mol% LiCl
doped KAP solutions

The evaluated radius of critical nucleus and r&teugleation as a function of supersaturation
ratio (S) is shown in “Fig. 3" and “Fig. 4” respadly.
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Figure. 3: Variation of Rate of nucleation with SupersatioatRatio of (a) pure and (b) 1mol% LiCl
doped KAP solutions
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Figure 4. Variation of Nucleation radius with Supersaturati®atio of (a) pure and (b) 1mol% LiCl
doped KAP solutions

When the nucleation rate is unity, the growth naes controlled and good quality
crystal can be grown. Hence an attempt was madaltolate the supersaturation ratio required
to grow one nucleus per unit volume in one secam) the critical supersaturation, using the
classical nucleation theories at 45°C. The critm#bersaturation ratio for LKAP at 45°C was
evaluated to be 1.003954. Since the classical aticte theory was based on capillarity
approximation a correction was made to the inteafaenergy based on the thermodynamical
approach. The values of nucleation parameters symoreling to the critical supersaturation ratio
were also calculated using the modified classicaleation theory.

Table 1: Critical Nucleation parameters of LKAPwimn (T=318K and, = 0.4729 mJ/f)
S AGyx T A AG*x10%2] J (nuclei/msec)
10* J/nt CNT MCNT CNT MCNT CNT MCNT

1.003951 8.3693 113.0083 112.5060 2.5298 2.4627 206.9 4.270

1.003952 8.3714 112.9800 112.4777 2.5285 2.4615480.8 4.3649
1.003953 8.3735 112.9516 11.2.4493  2.5272 2.46020760. 4.4960
1.003954  8.3757 112.9219 112.4197 2.5259 2.4589 061.0 4.6312
1.003955 8.3778 112.8936 112.3914 2.5246 2.4577 363.0 4.7596
1.003956  8.3799 112.8653 112.3631 2.5233 2.4565 675.0 4.8915

A comprehensive data was prepared for the bettéerstanding of the growth kinetics for the
successful growth of LKAP single crystals from agu® solution and presented in the “Table 1”.

5. Conclusions

Induction period was recorded for pure and 1matéeum chloride doped potassium
acid phthalate solutions at different supersatonatialues. A linear graph was obtained between
1/[In SF and Int for pure and doped solutions. The interfacial gnevas calculated from the
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slopes of the graphs. The calculated values ofirttexfacial energy decrease for the LKAP
solutions.

The nucleation parameters such as free energy ehamage of nucleation and
nucleation radius for pure and doped solutionsewsiculated and represented graphically at
45°C using the classical homogeneous nucleatiaoryth@he free energy change was found to
be reduced for the large value of the supersaturatatio. The value of free energy change
decreases for the doped solutions. The rate okatioh increases by the addition of alkali metal
ions to the potassium acid solutions. The radiuthefnucleus decreases for alkali metal ions
added solutions.

The critical supersaturation ratio for the pure afgysolution at 45°C was calculated
by applying homogeneous classical theory. Thecatitsupersaturation ratio decreases for the
LKAP solution. The variation in the nucleation paeter based on the modified classical theory
also calculated.
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