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The mathematical modelling of the solution growth of high quality single crystals requires
a good understanding of the fluid properties. In addition to the physical and mechanical
properties a detailed knowledge of the optical parameters is required to study the
dynamics of the crystal growth process. Measurements of polarizability, refractive index,
optical dispersion, solubility, pH, viscosity, and density were performed on aqueous
L-Arginine phosphate (LAP) solutions. The index of refraction was measured with an Abbe
refractometer at four different wavelengths. Optical dispersion was calculated using the
Cauchy’s equation. Effects of the density and kinematic viscosity of the LAP solution are
discussed in terms of the dimensionless Grashof and Reynolds number allowing a better
understanding of the benefits of operating under the ‘micro-g’ conditions of space for the
solution growth of single crystals. The Cauchy’s formula and Sellmeier formula of the
refractive index have been used to determine both the gradients dn/dc and dn/dT as a
function of wavelength and the polarizability of the LAP solution. The polarizability of the
LAP crystal, o, was found to be 14.50 cm3/mol and this value was in good agreement with
experimental data obtained and analyzed using the well-known Lorentz-Lorenz formula.
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1. Introduction (HzN)2+CNH(CH2)3CH(NH3)+COO_H2PO4_H20,
Crystals are taking a primary part in areas of moderrabbreviated as LAP, is a more recent nonlinear optical
technology involving e.g. lasers, sensors, interferom{NLO) material first introduced by Chinese material
eters, memory chips, detectors, electrical devices, anscientists in 1983 [3]. An attractive feature of LAP
optical components. Frequency conversion is one of thes in its direct replacement for KDP in a wide range
important and popular techniques to extend the useef devices. This is because LAP crystals are phase
ful wavelength range of laboratory lasers. Over threematchable for all nonlinear processes where KDP
decades there have been extensive efforts to develdap also phase matchable, and because they benefit
new materials. Despite these efforts, only a handfufrom a substantially higher efficiency than KDP [2].
of nonlinear crystals are commonly available for fre- Also it is less hygroscopic and easier to handle than
guency conversion. These crystals are lithium tribo-KDP, and large crystals can be grown with relative
rate (LiB3Os known as LBO), magnesium-oxide-doped ease [4]. LAP and KDP crystals are usually grown from
lithium niobate (MgO:LiNbQ@), potassium niobate aqueous solution by atemperature lowering technique.
(KNbOs), barium borate (BagD4, commonly referred Growth of crystals from agueous solutions is one of
to as BBO), potassium titanyl phosphate (KTiOPO the standard and important techniques in the optical
known as KTP), and potassium dihydrogen phosphatendustry involving the production of large crystals.
(KH2PO4 known as KDP). After the discovery of LAP, this crystal caught the
The NOVA laser facility at Lawrence Livermore attention of many research workers because of its
National Laboratory currently uses 74-cm aperturehigh nonlinearity, wide transmission ranges (220 nm—
segmented arrays of potassium dihydrogen phosphate950 nm), high conversion efficiency) (= 38.9%),
(KDP) for laser fusion experiments [1]. The group and high damage threshold [5-8]. The damage thresh-
of KDP materials remains the most widely usedold of the LAP &30 J/cnf) was found to be about
crystals for frequency conversion [2]. The key factorstwice as high as for the best quality commercially avail-
for material selection depend not only upon theable KDP [2, 4]. The crystal structure of LAP has
laser conditions—beam size, beam quality and bearbeen reported extensively by Aokt al, [6]. Fig. 1
power density—but also upon the crystal's physicalshows the structure of LAP along tbexis [6]. Oxygen
properties, such as, transparency, damage thresholdtoms are indicated by double circles, nitrogen atoms
conversion efficiency, phase matching, and temperby shaded circles and carbon atoms by single circles.
ature stability. L-Arginine Phosphate monohydrate, Water molecules are label&f. Hydrogen bonds are
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Figure 1 The crystal structure of the LAP along tleaxis. Oxygen atoms are indicated by double circles, nitrogen atoms by shaded circles and
carbon atoms by single circles. Water molecules are lab&lelydrogen bonds are shown by double broken lines (adapted from [6]).

shown by double broken lines. The crystal structureand wavelength for the growth of good optical qual-
consists of alternate layers of phosphate groups anitly single LAP crystals. This information will allow a
arginine molecules stacked along t@xis and held better understanding of the growth dynamics from a
together by hydrogen bonds. The space group of LABupersaturated solution. The measurements performed
crystal is P2, with the twofold axis parallel to thb-  include polarizability, refractive index, optical disper-
axis by convention. The unit cell parameters of LAP sion, solubility, pH, viscosity, and density of aqueous
crystal area = 10.85A, b = 7.91A, c = 7.32 A with LAP solutions.

B = 98.0° whereg is the angle betweemandc axes,
andb is the two fold axis [6]. Some of the important ] . .
properties ofthe LAP crystal are summarized in Table 1 2- Physical properties of LAP solution .
Several papers have been published for the growth gfAP crystalline powder is not commercially available
LAP crystals using similar growth conditions[7, 8]. The to date. Thus, ;he LA.P powder was s'ynthe5|zed in the
growth of LAP with sulphate (LAPS) and its structural, Iaboratory by o!|s§oIV|ng 2559 ofarglnlne and 78 g of
mechanical, electrical and optical properties have als h_osphorl_c acid in 700 m| OfF’e'OP'?ed water at60
been reported [9]. All these papers, however, have only NiS solution was heated while stirring for 2 hours for
reported on the growth and properties of LAP crys- gll chemlgal reactions. This fuIIy_reacted solution was
tals. A better understanding of crystal growth dynam-f'lt_en?oI 5 times V‘."th membrane f|lters. By evaporating
ics in aqueous solution requires a knowledge of thdhis filtered solution, the crystallized LAP powder was

physical, chemical, and optical properties of aqueoué’bt_am_ed' This povv_derv_vas_ further purified by a recrys-
LAP solutions. This will allow better modeling of the tallization process in deionized water. For the measure-

crystal growth and is particularly important for crys- ment of variou_s properties of the aqueous LAP solution
tal growth in the ‘micro-g’ conditions of space. Un- this recrystallized LAP powder was used throughout

fortunately, many basic physical and optical propertiediS WOrks.

of the aqueous LAP solution have hitherto not been

measured. This paper reports upon the physical, chen2.1. Solubility

ical and optical properties of the aqueous LAP solutionAn investigation of solubility is a pre-requisite of crys-
and their dependence on temperature, concentratioral growth especially from solution. The solubility of
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60 - duce convection forces that the solution to flow upward
C and generates significant variations in concentrations
in different parts of the fluid. Second, the density gra-
dient results from solute depletion. Convection in so-
lution growth is also caused by density gradients that
occur when solute is depleted from the solution at the
growing crystal surfaces [10]. Effects of density-driven
convection greatly affect the growth rate of the crys-
tals with upward motions of the solutionse( buoy-
ancy forces). This buoyancy-driven flow occurred in
the form of a plume and was well illustrated in Fig. 2.
of reference [11], Fig. 1. of reference [13], and Fig. 4. of
_ reference [14]. These figures also show that a buoyancy
0 e force induces a vertical motion of the fluid where as-
25 30 35 40 45 50 55 60 . . .
TEMPERATURE (°C) cendlng warm solutlor) from the bottom of the growing
crystal is replaced by inflow of cooler solution. Obser-
vations were made that the density of the LAP solution
depends on temperature, generally decreasing with in-
creasing temperature due to expansion of solution.
the LAP was determined in deionized water using a
double-walled temperature jacket cell. 50 ml of deion-2.3. Viscosity
ized water was poured into the cell, and its temperatur&inematic viscosity values of the agqueous LAP solu-
maintained constant at a desired temperature to an acctien for different temperatures were measured with a
racy of £0.01°C by circulating water through the outer viscometer (Ubbelohde) tube immersed in a controlled
part of the cell. This double-walled cell was placed ontemperature water bath. The device was calibrated with
a magnetic stirrer. Initially at a given temperature 1 gdeionized water at several different temperatures before
of LAP powder (weighed by Mettler H54AR balance the real measurements on LAP. The kinematic viscos-
with an accuracy of-0.001 g) was added to the 50 ml ity was determined by measuring the time required to
of water and its solubility observed whilst constantly draw a known volume of fluid through a capillary with
stirring. The procedure of adding LAP powder into the a constant pressure difference across the fluid column.
solvent was repeated, reducing the amount of LAP a3 he results of viscosity measurements of the saturated
the saturation point was judged to be reached. TowardsAP solutions at pH 4.3 over a temperature range of
the end only 0.05 g of LAP powder was added until a30°C to 55C are plotted as a function of temperature
small amount of LAP was left undissolved in the so-in Fig. 3. Note that the viscosity decreases slightly as
lution. This was then repeated for other temperatureghe temperature is increased up toG5and start to
The solubility curve of the LAP from 3@ to 55Cis increase as the temperature is increased further from
shown in Fig. 2 at pH of 4.3. The saturated LAP so0-35°C to 45C.
lutions have a pH values of 4.2—4.3. This pH can be The importance of viscosity for crystal growth can
increased by adding-Arginine to the LAP solution. It be examined from the dimensionless Grashof number,
was observed that increasing of pH value increases th@&,, which governs convection of the fluid and is given
solubility of LAP. by [12]
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Figure 2 The solubility curve of the aqueous LAP solution.
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2.2. Density Gr : (1)
The density of a saturated LAP solution was measured
using a chain balance and glass specific gravity plum-
met capable of a resolution €f0.0001 g/ml. The ap- __ 14
paratus was calibrated with deionized water prior tc2 [
the measurement of the LAP solution. The results OE 13 |
the calibration with deionized water were confirmed‘g' !
using the data available in handbook of chemistry an( 12 |
physics. Density measurements were made fron€30 & :
to 40°C and could not go over 4C because of the S 11t
maximum working temperature of the densitometer.2 :
The results of density measurements obtained wereo
(a) 1.0495 g/ml at 3CC (b) 1.0104 g/ml at 3% (c)
1.0038 g/ml at 40C. There are basically two mecha-
nisms involved in density gradients around a growings

. . . . . O T H
crystal in solution. First, the density gradient results 25 30 35 0 45 50 55 60
from temperature variations. The values of the den
sity were dependent on the fluid temperature. Thus the
density gradients caused by temperature variations iﬁigure 3 The kinematic viscosity of the saturated LAP solution as a
the fluid. This temperature variations of the fluid in- function of temperature.

10 |

09 |

NEMAT!

TEMPERATURE (°C)
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where,g is gravitational field8 the thermal expansion index is its dependence on wavelength, concentration,
coefficient, AT the temperature differencg,the size  and temperature. The value of refractive index is also
ofthe cell (m), and the kinematic viscosity of the fluid. closely related to the atomic structure of the material.
This Grashof numberindicates the ratio of the buoyancy

force to viscous force acting on the fluid. Its role in free

convection is much the same as that of the Rey”9|d§_1_ Refractive index of LAP solution

number in forced convection. The advantage of growing:

. ) . “The index of refraction of the aqueous LAP solution
crystals in space is seen from the Grashof number since .
. of a known concentration was measured. The measure-
the grows effects of earth growing éffect) are nearly

. . / ents were carried out using an Abbe refractometer at
removed and the density-driven convective flow almos{g

eliminated. The Grashof numb& plavs the same role 04 different wavelengths at 3Q using a temperature

) U Fplay . controlled sample stage. The values of refractive in-

in free convection that the Reynolds number plays in ) )
. dex measurements on the agqueous LAP solution were;

forced convection.

. ! (a) 1.3631 at 479.99 nm, (b) 1.3597 at 546.07 nm, (c)
The Reynolds numbeR. is defined as follows 1.3580 at 589.30 nm, (d) 1.3562 at 643.85 nm. The
Cauchy’s dispersion formula is a useful tool for the de-
Re = VL = &’ (2) termination of refractive indices at other wavelengths.
v 12 The Cauchy’s formula of refractive index as a function
of wavelength %) is given by
whereV is velocity (m/s),L is characteristic length
(m), v is kinematic viscosity (rs), p is density, and B C
w is viscosity (kg/am). The Reynolds numbéd®. pro- n)=A+ -+,
vides a measure of the ratio of the inertial to viscous A A
forces acting on afluid element. Other than this Grashof .
numberG, and Reynolds numbeRe, several impor- where A_, B, andC are constants which depen_d on
tant dimensionless numbers, i.e., Schmidt nunther the particular ch_aracterlstlcs of the sam_ple_ an_d;
Prandtl numbeP;, are also closely related with viscos- the wavelength (in nanometers). If refractive indices at
ity value of the fluid. These dimensionless numbers playfe€ wavelengths are known, the constahts, and

a key role in heat transfer and mass transfer of the fluit ¢&n b€ obtained from Equation 3. The values of three
for crystal growth. In solution crystal growth, the fluid constants aré\=1.34537905B = 4998594721, and

L : : : C = —212597275 for the aqueous LAP solution at
motion is associated with the moving of large num- .
bers of molecules collectively or as aggregates. This?’(_)oc'dwIth thes¢|a threedconlstantAf,(B}anQC) _d?jter-
fluid motion contributes to heat transfer in the presenc Ined accurately, good values of refractive index can
of a temperature gradient. The flow patterns may gen: € obtained over f"‘" vyavelength from absorption ba'.‘ds-
erate significant variations in concentration at differ—The plotofrefractive index of the aqueous LAP solution

ent part of crystal, thus leading to non-uniform growth as a_function O_f V\_/avelengt_h is shc_)wn in Fig. 4 Thedis-
rate [14]. persion curve is just the differential of Equation 3, that

is dn/dr = —2B/A% — 4C/A5. For the aqueous LAP
solution, the dispersion can be expressed as follows by
substituting for the constan& andC,

3

A temperature gradient constitutes the driving po-
tential for heat transfer. Similarly, concentration gra-
dient of a species in a mixture (or solution) provides
the driving potential of mass transfer. Both conduc-
tion heat transfer and mass diffusion are transport pro- dn _9997-189442+ 850389100 (@)
cesses that originate from molecular activities. As crys- - A3 A ’
tal growers we are actually concerned with two aspects
of the nutrient-to-crystal transport: (a) With the mass
flux across an interface, which we will call the inter-
facial flux and determines the crystal growth rate; anc
(b) With the concentration profile of growth species in
the nutrient adjacent to the crystal, which is an essentie
parameter in describing morphological stability.

1.3700

1.3650

1.3600

3. Optical properties of LAP solution
and crystal

A detailed knowledge of the optical parameters is re-&
quired to study the dynamics of the crystal growth pro-
cess using optical techniques such as interferometn
ellipsometry, and holography. Most optical parameters
are closely related to temperature, and concentratio
change as well as density change. The index of refrac
tion is one of the most important parameters for trans-
parent materials in the study of growth dynamics and:igure 4 The refractive index of the aqueous LAP solution as a function
growth modelling. The well-known effect of refractive of wavelength by the Cauchy’s formula.

FRACTIVE INDEX

1.3550
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3.2. Gradient dn/dc 980
The refractive index variation as a function of concen- :
tration is another important parameter for the study 01"33 970 |
crystal growth dynamics in aqueous solution. For the >
determination of the concentration gradient of the solu- &, 260 |
tion, the Lorentz-Lorenz equation was used from whick T
the relationship d/dc was obtained at different wave-
lengths. From the Lorentz-Lorenz equation the specifit
refractivityr can be defined and is given by

©
o
=3

dnidc (g LAP/lite
[(s]
3

2
n“—1 _F (5) 9.30
p(n?+2)
_ 9.20 . . . . . . .

wherep is the density. Note thatis a function of the 400 450 500 550 600 650 700 750 800
wavelength of light. By differentiating Equation 5 with WAVELENGTH (nm)

respect tqo, one obtains

Figure 6 A plot of gradient ai/dc of the LAP solution as a function of
dn (n2 _ 1)(n2 + 2) (6) wavelength.

do 6np

In typical solution crystal growth experiments, con-tion of the LAP solution at 589.3 nm measured using
centration changes are proportional to density changean Abbe refractometer at eight different temperatures
Figure 7 of Kroes’ paper [11] clearly shows the valid- from 25°C to 50 C with temperature controlled sample
ity of this assumption. Concentration and density arestage. TheAn of the saturated LAP solution is 0.0038
independent of wavelength. Thus, when concentratiofifom the refractive index variation curve of Fig. 5, and
or density remains fixed, Equation 6 can be rewrittenAc is 40.2 [g LAP/liter O] from the solubility curve

as follows shown in Fig. 2, as the saturation temperature changes
) ) from 35°C to 30°C. Thus the gradientrd'dc can be de-
dn ~ (n°—=1)(n"+2) (7)  termined over this temperature range. The value of the
dc n ’ gradient ah/dc for the LAP solution is 0.000094527

[g LAP/liter H,O]~* at 589.3 nm. By substituting this
value of ch/dc into the left hand side of the Equation 7,
the proportionality constant3557x 10~° was deter-

Therefore, if ¢h/dc at onen (or 1) is known, it can eas-
ily be determined at other wavelengths. The gradien

dn/dc can be written adn/AcwhereAn (= n2—N1) — mined. The final result of the gradient ttc between
is the refractive index change (or difference) on goingy temperature range 3Dand 35C is as follows
from a saturated solution at one temperature to another,

and Ac is the corresponding concentration difference

(= solubility difference of the LAP powder in one liter F 3.9557x 107°

of H,0). Therefore the gradienthgddc of a LAP solu- c ) )

tion can be obtained by knowing the solubility of LAP (n*—1)(n"+2) , 1

and the variation of the refractive index of LAP solu- X n [9 LAP/liter H,0] (8)

tions at various temperatures. Fig. 5 shows the variation

of the refractive index with temperature and concentrafig. 6 represents a plot of the gradient/dc be-
tween the temperature range’@and 35C. Similarly,
Equations 3 and 7 can be combined to obtain the con-
centration gradientr/dc at other temperature ranges
and different wavelengths.

1.3800

1.3750 |

1.3700

3.3. Gradient dn/dT

For the solution growth of crystal, temperature vari-
ations play an important role particularly when mass
and heat transfer processes occur. The refractive index
variations as a function of temperatufeand concen-
tration ¢ are two important functions in the analysis
of interference fringes [15-20]. Detailed interference

1.3650 |

1.3600 |

REFRACTIVE INDEX

1.3550 |

1.3500 |

LB S EEEE— techniques are explained in reference 15 through 20 for
20 2% %0 3% 4 45 80 %608 ggch of their techniques. Interferometry techniques are
TEMPERATURE (°C) very sensitive, accurate and powerful tools for the deter-

Figure 5 Variation of the refractive index with temperature and con- m:jnatlog Olf Opﬁlcal %aramete:js. of SOIIdS’ ggses’ and Illcqb_
centration of the LAP solution at 589.3 nm measured using an AbbeH!0S anad also have been used In sensors, etectors, tiber

refractometer. (C1, C2, C3, C4, C5, and C6 are the concentrations of th@PtiCS, communications, and many industrial applica-
LAP at 25C, 30°C, 35C, 40°C, 45C, and 50C respectively). tions. With these techniques, the difference of optical
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path length is measured between the reference beaBi4. Polarizability and refractive index

and the beam reflected from the medium. These two  of LAP crystals

beams produce an interference pattern from where thghe refractive indices of a LAP crystal can be deter-

desired informations and parameters can be obtainedmined at room temperature by using the Sellmeier for-

Figure 4 of Kroes’ paper [11] shows that at a givenmula:

wavelength, the gradieninddc and d/dT are prac-

tically constant for typical temperature and concentra- 5

tion ranges of interest. The procedure used to determine n"=A+ A2+ C

the temperature gradienbgdT involved using the re-

lationship determined by Murphy and Alpert [21] as where is the wavelength in microns, andl, B, C,

follows andD are constants. The Sellmeier formula for a LAP
crystal for each dielectric axis\( 8, andy) is given

dn 3n(n? — 1)B ©) by [22]

+ DA%, (11)

dT ~ 222 +1)

2 0.0117 2
ng = 22439+ ———— —0.0111°, (12)
whereg is the coefficient of the thermal expansivity 4% —-0.0179
of the liquid and is independent of wavelength. At this 2 _ 00158 2
stage it is worth mentioning the desired concentrations N = 24400+ A2 —0.0191 0.0212% (13)

and temperatures relevant in fluid analysis are explic- 0.0177
itly independent. Thus, the partial and total derivatives n)z/ = 24590+ ———————
are equivalent. The relationship of Equation 9 gives the A%—0.0226
values of ah/dT accurately to within~2% [18]. Thus,

if nand ch/dT at one wavelength are known, we can
determine the constagtfrom Equation 9. The refrac-
tive index of the LAP solution at 3C was 1.3580 and tive index of an aqueous solution can be confirmed b
1.3572 at 35C for a given constant concentration aS e well-known Lgrentz-Lorenz formula y
shown in Fig. 5 for measurements made at 589.3 nm.
Thus theAn of the saturated LAP solution is 0.0008 2_4
for a given concentration, andT is —5°C. There- nm--_
fore, the gradient w/dT at 589.3 nm has a value of n?+2
—0.00016C1. By substituting this value into the left ) o ,
hand side of the Equation B.can be obtained and used wheren is the refractive index of the solutiom; anda,

in the right hand side of Equation 9 to give the following &€ the polarizability of KO and LAP, respectively\;
result: andN, are the moles of b and LAP in the solution.

The refractive index of the saturated LAP solution at
dn n(n? — 1) 30°C was 1.3565 at 633 nm from the Cauchy’s formula
— = —6.3074x 10*x ———°Cct. (10) Equation 3. The left hand side of Equation 15 is then
aT 2n? +1 (n? — 1)/(n? + 2) = 0.2187.
The value of the polarizability of $0D, «;, has been
Sinceg is considered constant with wavelength, substireported by Ogawa [23], Hirano [24], and Mantani [25]
tuting values of refractive index at different wavelength giving the value of 0.886 cffmol. Their agreement of
allows ch/dT to be determined as a function of wave- «; was less than 1% error range. The polarizability of

—0.01622, (14)

The refractive indices of the LAP crystal at°Z5are
plotted in Fig. 8 as a function of wavelength.
The polarizability of the LAP crystal and the refrac-

47
?(011 N1 + a2Np), (15)

length. This is shown in Fig. 7. LAP crystal,a,, was found to be 14.50 ctimol and
1.59 1.6200 r
1.58 1.6000 F
v & 1sso0 |
e g :
x 1.56 Z r
-~ | w 15600 |
g T E 1.5400 i
~ [ R b
B 154 | & [
'g [ m 1.5200 -
' 153 L e T
1.52 - 1.5000 b

1.51 ) . L L n . 1.4800 . t
400 450 500 550 600 650 700 750 800 400 500 600 700 800 900 1000 1100
WAVELENGTH (nm) WAVELENGTH (nm)

Figure 7 A plot of temperature gradiennddT of the LAP solution as  Figure 8 The refractive indices of the LAP crystal at"Z5as a function
a function of wavelength. of wavelength by the Sellmeier formula.
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TABLE | Physical and opticla properties of the LAP crystal (some ditions to produce good quality LAP crystals. However
numbers are adapted from thaser and OptronicsNovember1987)

L-arginine phosphate (LAP) Values
Crystal structure Monoclinic
Space group R2
Formula weight 290.1¢9

Unit cell parameters

Unit volume
B (the angle between tree
andc axes)
Transmission wavelength
Conversion efficiency
Damage threshold
at 1064 nm

at 526 nm

Refractive indices
at 1064 nm

at 532 nm

Density
Thermal conductivity
coefficient
Melting point
Phase-matching range
Vicker hardness
plane (100)
plane (010)

a=1085A, b= 7.91A,
c=732A

621.9A3

B =980°

220 nm-1950 nm
38.9% (532 nm-266 nm)

10 GW/ch(with 1 ns
pulse width)

60 GW/crh(with 0.6 ns
pulse width)

ne = 1.4974,ng = 1.5598,
n, = 15376
ne = 1.5114,ng = 1.5794,
n, = 15883
1.531 g/crh
0.59 W/m K

~130°C
440-1950 nm

240 kg/mfn
154 kg/mf

the data obtained in this works has not yet been used
to grow much better crystals. This work is actually on-
going and will be applied for the growth of better crys-
tals later on. The solubility of LAP was determined
over the temperature range of°8to 55C at a pH of

4.3 in deionized water using a double-walled cell. The
saturated LAP solutions had a pH value of 4.2—4.3.

The results of the LAP solution density measure-
ments were: (a) 1.0495 g/ml at 3D (b) 1.0104 g/ml
at 35C (c) 1.0038 g/ml at 4QC. The values of the
density were dependent on the fluid temperature and
the buoyancy-driven convection resulting from the fluid
density gradients caused by temperature variations in
the fluid. Convection in solution growth is caused by
density gradients that occur when solute is depleted
from the solution at the growing crystal surfaces. The
viscosity values of the saturated LAP solutions were
made at pH 4.3 over a temperature range ¢fC3
55°C. The viscosity was found to decrease slightly at
first as the temperature was increased toG5nd then
to rise again as the temperature was increased from
35°C to 55C.

The index of refraction of an aqueous LAP solu-
tion of a known concentration was measured at vari-
ous wavelengths. The values of refractive indices were;
(a) 1.3631 at 479.99 nm, (b) 1.3597 at 546.07 nm,
(c) 1.3580 at 589.30 nm, (d) 1.3562 at 643.85 nm. The
refractive indices of the LAP solution (400—-800 nm)
were determined using the Cauchy’s dispersion for-

was obtained by using the averaged value of thenula. The measurements of refractive index data in

refractive indices of LAP crystal

(e +ng +n,)/3=(1.5067+ 1.5725+ 1.5809)3 =
1.5534 and the corresponding density is 1.531 §/cmsometry.

at 633 nm: four different wavelengths will be extremely useful for

the surface studies of the LAP crystals using an ellip-

(see Table I). A saturated LAP solution at°8was For the solution growth of crystal, concentration
made by dissolving 165 g of crystalline LAP powder and temperature plays an important role in mass and
into 1000 g of deionized and distilled water. The heat transfer. The refractive index variations versus
density was 1.0495 g/cinThe molar weight of the temperatureT and concentratiorc are two impor-
LAP crystal is 290.1 g and that of water is 18 g. Fromtant parameters for the analysis of interference fringes.
this information, the saturated LAP solution containsThe gradient d/dc of the LAP solution was deter-
an N; =0.05 molicn? of H,O, and anN,=5.13x  mined as: d/dc=3.9557x 107° x (n? — 1)(n>4+2)/n
104 mol/cn?® of LAP. Substituting all the obtained [g LAP/liter H,O]~! at 589.3 nm and used to ob-
values of ¢ and N into the right hand side of tain the gradientsmydc at different wavelengths from
Equation 15 gives 0.2166 which is in good agreemenEquations 3 and 7. The temperature gradienod of
with the calculated value 0.2187 in the left hand sidethe LAP solution was found to bexddT = —6.3074x
of Equation 15. The small difference of 0.0028106)  10~* x n(n? — 1)/2n? +1°C~! at 589.3 nm and again
between the left and right hand side of Equation 15used to determine thenddT at different wavelengths.
comes mainly from the use of an averaged refractivén solution growth, the fluid motion contributes to heat
index value for LAP crystals and the experimentaltransfer in the presence of a temperature gradient. The
errors on measurements of solubility and densityflow patterns may generate significant variations in con-
The good agreement obtained justifies the use of theentration at different parts of the crystal, thus leading to
Lorentz-Lorenz equation in the entire part of this anon-uniformgrowth rate. Atemperature gradient con-
works. stitutes the driving potential for heat transfer. Similarly,
a concentration gradient of a species in a mixture (or
solution) provides the driving potential for mass trans-
4. Summary fer. Both conduction heat transfer and mass diffusion
The growth and perfection of crystals from the agueousare transport processes that originate from molecular
solution phase is important both from the fundamen-activities.
tal and application interests. To this end, an extensive The polarizability of the LAP crystay,, was found
study has been made on the physical, chemical and oppe be 14.50 criymol and this value is confirmed by
tical properties of aqueous LAP solutions to allow thethe well-known Lorentz-Lorenz formula using the mea-
modelling and hence a better understanding of the corsured refractive index values of the LAP solution.
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