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A Comparative Study on Solubilities and Refractive Indices of
Aqueous Solutions of Sodium and Calcium Salts of o-Amino
Fatty Acids
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Solubilities and refractive indices of sodium and calcium salts
of o-amino isovaleric, oi-amino f3-hydroxy butyric and o-amino iso
caproic acids have been studied. Solubilities, apparent heat and
entropy of solution suggest the existence of aggregates of salt above
K.P. (323 K) in water. The C.M.C. has been determined by refractive
index using Lorentz-Lorenz equation. The values of molar refrac-
tion of soap, [R],, of calcium salts are found higher than sodium
salts.

INTRODUCTION

A number of metal salts of amino carboxylic acids have been used as
plasticizers', heat stablizers?, detergents3'5 , cosmetics®, shampoos, synthetic toilet
soap’, dentifries® etc. In view of the above important utility and the fact that the
references on the physical properties of these salts are rare, the present study has
been initiated. Solubilities and refractive indices of these soaps in water have
been studied in order to compare their micellar behaviour.

EXPERIMENTAL

o-Amino isovaleric, 0-amino B-hydroxy butyric and ai-amino isocaproic acids
were obtained from Sigma Chemical Co., U.S.A. Sodium hydroxide and calcium
carbonate were of AR grade. Double distilled water was used through out the
work.

Freshly prepared sodium hydroxide and calcium hydroxide solutions were
added dropwise in aqueous solutions of amino acids containing a drop of
phenolphthalein till a pale pink colour was obtained to prepare sodium and
calcium salts of amino acids respectively. The solution was then concentrated to
yield a white crystalline salt. It was further recrystallized with water and dried in
an air oven (373-378 K).

The methods of determination of solubility and refractive index were the same

as reported earlier” !

RESULTS AND DISCUSSION

Solubility: The solubility of sodium and calcium salts of a-amino acid



1456 Vermaetal. . Asian J. Chem.

increases with increase in temperature. When the salt is heated in water, the
opening of lattice due to thermal agitation of chain permits entry between the
chain of solvent molecules. The increased disorder in the lattice due to this
penetration of solvent causes a breakdown in the structure of the salt which
dissolves in the form of micelles'2.

It is observed that the solubility of sodium salt is higher than that of calcium
salt. However the solubility of both sodium and calcium salts of a-amino acids
vary in the following order.

0-amino isocaproate < O.-amino isovalerate < o-amino-f-hydroxy butyrate.
The apparent heat of solution, AHg,; was calculated from the Van’t Hoff

reaction isochore.
_ 2 dInS
AH,,, =RT {—dT ]

Where S is the solubitlity in mol kg™ and other terms have their usual meaning.

The value of AHy, (Table-1) has been calculated from slopes of linear plots
of log S vs 1/T. The appreciable difference in the value of AH,, below and above
the K.P. (323 K) confirm the formation of micelle. However, the values of
AHg, for sodium salt are higher than calcium salt below K.P. except a-amino iso
caproic acid below K.P. and a-amino isovaleric acid above K.P. which shows the
reverse order.

Another factor which affects the solubility of soap is the entropy of soap in
solution, AS,, (Table-1) can be calculated as

AHg,
T

The variation of ASg is similiar to the behaviour of AHg.

ASsol =

TABLE-1

VALUE OF AHg,; (KJ mols™') AND ASsq(J K™'mol™') OF SODIUM AND CALCIUM
SALTS OF a-AMINO FATTY ACIDS IN WATER

Below K.P. Above K.P.
AHsol ASsol AHsol Assol

308 313 318 328 333
Sodium )
o-amino isovaleric acid 1728 56:10 5520 5434 11-49 3503 34-50
o-amino B-hydroxy butyric acid 16-81 5459 53.71 5287 919 2802 27-60
«-amino isocaproic acid 1121 3964 3900 3839 1723 5254 51.75
Calcium
o-amino iso valeric acid 11-21 3964 3900 3839 1340 4086 40-25

o—amino B-hydroxy butyric acid 1097 3563 3501 3451 613 1868 1840
o—-amino iso caproic acid 1334 4333 42.64 4197 14.93 4553 44-85
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Refractive Index: Refractive index n increases with increase in concentra-
tion. The n-C plots show a change at a definite concentration, i.e., 0-01 M of salt
for all the salts called C.M.C. However the values of n of calcium salts are higher
than sodium salts. The refractive indices data have been analysed using Lorentz—
Lorenz equation.

n?-1 XM, + XM,
[Rl=5—=
n‘+2 d

where n and d are respectively the refractive index and the density of solutions,
X is mole fraction of solvent of molecular weight M; and X, is the mole fraction
of the solute of molecular weight M,.

The molar refraction of solution [R] is also expressed by the equation

[R]=X,[R]; + Xz[R];

where [R]; and [R], are molar refraction of the solvent and solute respectively.

The value of [R], (Table-2) have been calculated using refractive index data.
These values vary too much with the salt-concentration below C.M.C. due to the
existence of molecularly dispersed salt. When the concentration of the salt
increases, the size of the micelle also increases but after a certain concentration
there is no further interaciton so that the values of [R], do not vary appreciably.
It is observed that the value of [R], is higher for calcium salt than sodium salt.
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