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Abstract

The apparent molar volumes, V2,/, apparent molar adiabatic compressibilities, jS,2,/, and relative viscosities, gr, of L-serine and
L-threonine in different concentrations of aqueous sodium acetate and magnesium acetate solutions at T = 298.15 K have been obtained
from the measurements of densities, speed of sound, and flow time, respectively. These data are used to derive the partial molar volumes,
V �2, partial molar adiabatic compressibilities, j�S;2 (at infinite dilution), and viscosity B-coefficients. The corresponding quantities of trans-
fer, (DtV

0, Dtj�S;2, and DtB), have been obtained. The activation free energy, Dl�6¼2 , for viscous flow has been calculated for L-serine and
L-threonine in aqueous solutions. The hydration numbers, nH, side chain contributions, and interaction coefficients have also been
calculated. The values of V �2, j�S;2, viscosity B-coefficient, and Dl�6¼2 for viscous flow increase with the concentration of sodium acetate
and magnesium acetate solutions. The influence of magnesium acetate on the transfer properties is greater than sodium acetate in
aqueous solutions. A comparison of DtV

0, Dj�S;2, and DtB values for L-serine and L-threonine with the reported data for DL-a-alanine
and DL-a-amino-n-butyric acid in aqueous sodium acetate and magnesium acetate solutions shows that the values are greater for L-serine
and L-threonine at the same concentration of sodium acetate and magnesium acetate.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Knowledge of the interactions responsible for stabilizing
the native state of a globular protein in aqueous solution is
essential to understand its structure and function. The
study of these interactions provides an important insight
into the conformational stability and unfolding behaviour
of globular proteins [1]. Due to complex structure of pro-
teins, the study of conformational stability and unfolding
behaviour of globular proteins has proved quite challeng-
ing and still remains a subject of extensive investigations
[2,3]. The thermodynamic properties of a completely

unfolded protein system can be estimated by adding
together the thermodynamic property contributions of
the small structural units that constitute its molecular
sequence. Therefore, protein model compounds such as
amino acids and peptides, which are basic components of
proteins, have been investigated in detail with respect to
their thermodynamic properties in aqueous and mixed
aqueous solutions [4–21].

Salt solutions are known to influence the stability and
structure of proteins [22,23]. Remarkable experimental
work has been reported on the thermodynamic and trans-
port properties of amino acids in aqueous salt solutions
[4–21], but very few studies exist on the volumetric and
transport properties of amino acids in aqueous organic salt
solutions [24–31], probably due to the complex nature of
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their interactions. Moreover, no systematic studies are
available on the thermodynamic and transport properties
of amino acids having polar side group (chain) in the pres-
ence of organic salt solutions.

In view of the above and in continuation of our studies
[29–31], we have undertaken a systematic study on the vol-
umetric (volume and compressibility) and viscometric
properties of amino acids in aqueous sodium acetate and
magnesium acetate solutions. In the present paper, appar-
ent molar volumes, V2,/, apparent molar adiabatic com-
pressibilities, jS,2,/, and viscosity B-coefficients of L-serine
and L-threonine in water and in different concentrations
of sodium acetate (SA) and magnesium acetate (MA) solu-
tions have been determined by measuring the densities,
speed of sound, and flow time using vibrating-tube digital
densimeter, multi-frequency ultrasonic interferometer and
Ubbelohde type capillary viscometer, respectively, at
T = 298.15 K. These data have been used to calculate the
transfer parameters such as DtV

0, Dtj�S;2;/, and DtB for
the studied amino acids from water to aqueous SA and
MA solutions. The hydration numbers, nH, side chain con-
tributions, interaction coefficients, and activation free
energy of viscous flow have also been calculated. The
effects of size of the cation and concentration of SA and
MA have also been discussed.

2. Materials and methods

L-serine (S-4500), and L-threonine (T-8625) of highest
purity grade procured from Sigma Chemical Company
were used without further purification. However, these
were dried for 24 h in a vacuum oven and then kept in a
vacuum desiccator before use. Analytical reagent grade,
sodium acetate trihydrate, and magnesium acetate tetrahy-
drate from Sisco Research Laboratories were used as such
after drying in a vacuum desiccator at room temperature.
The molalities of these salts have been calculated using
molar mass of sodium acetate trihydrate and of magnesium
acetate tetrahydrate by considering the constitutional
water present in these salts. The specific conductivity of
deionised, doubly distilled degassed water used for studies
was less than 1.30 Æ 10�6X�1 Æ cm �1. All solutions were pre-
pared afresh on a mass basis using a Mettler Balance hav-
ing an accuracy ±0.01 mg. The solution densities were
measured using a vibrating-tube digital densimeter, Anton
Paar DMA 60/602. The reproducibility of the measure-
ment on an average is ±3 Æ 10�6 g Æ cm�3. The details of
its principle and working have been already described
[29,30]. The densimeter was calibrated both with distilled
water and dry air, respectively. The working of densimeter
was checked by measuring the densities of aqueous sodium
chloride solutions, which agreed well with the literature
values [32].

Viscosities were measured using an Ubbelohde type cap-
illary viscometer, which was calibrated using a flow time of
water from T = 298.15 K to T = 318.15 K. The flow time
of a constant volume of water through the capillary was

measured with an electronic stopwatch, with a resolution
of ±0.01 s. An average of at least four readings was taken
as the final value of time. The viscosity of a solution, g, is
calculated by using following equation:

g=q ¼ at � b=t;

where q is the density of the solution, t is the flow time, and
a and b are the viscometer constants, obtained by measur-
ing the flow time for water at four different temperatures.
The measured viscosity values are accurate within
±0.001 mPa Æ s.

A multi-frequency ultrasonic interferometer (Model
M-82, Mittal Enterprises) was used to measure the sound
velocities with the maximum uncertainty in velocity of
0.5 m Æ s�1. The interferometer was calibrated by measuring
the speed of sound of distilled water at T = 298.15 K,
which agreed well with the literature value [33]. The sound
velocities were precise within 0.1 m Æ s�1. The average of at
least 10 readings was taken as final value of sound velocity.
The temperature of water around the densimeter cell,
viscometer, and interferometer cell was maintained within
±0.01 K.

3. Results

The apparent molar volumes, V2,/, and apparent molar
adiabatic compressibilities, jS,2,/, of amino acids (L-serine
and L-threonine) in water and in different concentrations
of SA and MA (co-solutes) solutions have been obtained
from the solution densities and compressibilities, respec-
tively, using the following equations:

V 2;/ ¼ ðM=qÞ � ½ðq� q0Þ � 1000=ðmAqq0Þ�; ð1Þ
jS;2;/ ¼ ðMjS=qÞ � ½ðj�Sq� jSq0Þ=ðmAqq0Þ�; ð1aÞ
where M and mA are the molar mass and molality of amino
acids, respectively. The q0 and q, j�S, and jS are the densi-
ties and adiabatic compressibilities of solvent (water or co-
solute + water) and solution (water + amino acids or
water + co-solute + amino acids), respectively. The adia-
batic compressibility was determined from the sound veloc-
ity and density using the relation:

jS ¼ 1=u2q; ð2Þ
where u is the sound velocity. The densities, V2,/, u, and
jS,2,/ as a function of concentration of amino acids in
aqueous SA/MA solutions are given in tables 1 and 2,
respectively. The uncertainty in the determination of V2,/

and jS,2,/ occurring because of the measurement of various
quantities has been calculated. The uncertainty values for
V2,/ range from (0.05 to 0.007) cm3 Æ mol�1 for the lower
(60.05 mA) and higher concentration range in aqueous
SA/MA solutions for the studied amino acids, respectively.
The uncertainty values for jS,2,/ range from (0.40 to
0.31) m3 Æ mol�1 Æ Pa�1 for the lower (60.05mA) and higher
concentration range in aqueous SA/MA solutions, respec-
tively. As reported earlier [29–31], SA/MA being a salt of a
weak acid and a strong base undergoes hydrolysis and
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