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In this work, we present experimental results for partial molar volumes and viscosities of aqueous solutions of
�-DL-aminobutyric acid, DL-norvaline and DL-norleucine at 288.15, 293.15, 298.15 and 303.15K. The thermo-
dynamic behavior of aqueous amino acid solutions is compared with that reported for glycine and �-alanine in
water and is discussed in terms of group additivity and electrostriction.

The temperature dependence of the infinite dilution partial molar volumes and the B viscosity coefficients
are interpreted in terms of amino acid hydration. According to the usual hydrophobicity criteria, the amino
acids considered do not have a hydrophobic character and their behavior is dominated by the polar groups.
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INTRODUCTION

Amino acids have been considered model compounds that can give useful information
to understand the behavior of proteins and the role of solvent structure in the denatura-
tion process. In fact, volumetric and viscometric properties of these compounds
have been used to provide an insight into hydrophobicity, hydration properties and
solute–solvent interactions.

Most studies have been done on naturally occurring amino acids at 298.15K [1–13].
However, very few data are reported in literature for amino acids such as norvaline and
norleucine in spite of their linear hydrocarbon chain, especially at temperatures
different from 298.15K [14–20]. For this reason, in this work we present a study of
the temperature effect on apparent molar volumes and viscosities of aqueous solutions
of DL-�-aminobutyric acid, norvaline and norleucine at 288.15, 293.15, 298.15 and
303.15K.
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The experimental results are analyzed in terms of group additivity [1,3,12,13,
15,20,23] expressing the experimental values as the contribution of polar groups and
number of CH2 units. The electrostrictive effect or the solute–solvent interaction associ-
ated with electrostatic interactions between the charged groups and water [3,11,24–26]
is used to evaluate the electrostriction volume and the number of hydrated water
molecules based on the simple model proposed by Millero [3]. According to this
model, the infinite dilution partial molar volume can be described as the sum of two
contributions: the intrinsic volume and the electrostriction volume

V
o
¼ V

o

int þ V
o

elect: ð1Þ

The temperature dependence of the partial molar volume at infinite dilution and the
viscosity B coefficient are used to interpret the effect of the hydrocarbon chain on
water structure using the general hydrophobicity criteria proposed by Hepler
[16,22,23,27,28]. According to his criteria, the behavior of the second derivative
of the infinite dilution partial molar volume with temperature is related to the hydro-
phobic or hydrophilic character of the solute. In this way if @Vo=@Tð Þ > 0 and
ð@2Vo=@T2Þ < 0 the solute has hydrophilic character, but if the behavior shows that
@Vo=@Tð Þ < 0 and @2Vo=@T2

� �
> 0 the solute has hydrophobic character [27].

EXPERIMENTAL SECTION

The materials used were the following: DL-�-aminobutyric acid, DL-�-norvaline and DL-
�-norleucine Merck, analytical reagents which were dried under vacuum for 48 h before
use. Water was bidistilled, treated according to literature and degassed before use.
All solutions were prepared by weight using a Mettler balance AT 261 dual range
with sensitivity of 10�5 g in the lower range. The concentration range in which solutions
were prepared was 0.003�0.100 molal for aminobutyric acid and norvaline and 0.003–
0.080 molal for norleucine solutions.

Density of solutions was measured using a magnetic float densimeter described
elsewhere [29] with a sensitivity of � 2�10�6 g cm�3. Viscosity was determined using
two Ubbelohde viscometers with efflux times near 300 s for water. Reproducibility of
efflux times was in all cases better than 0.05%.

Density and efflux times were determined at 288.15, 293.15, 298.15 and 303.15K for
the amino acid solutions. All measurements were carried out in a constant temperature
bath with temperature controlled to � 0.005K.

The density data obtained for each solution were used to calculate the apparent
molar volume �v using the equation:

�v ¼ M=d þ 1000 do � dð Þ=mddo ð2Þ

where M is the molecular weight of the solute, m its molal concentration, d and do
are the densities of the solution and the solvent respectively.

The viscosity data were obtained from the relation:

� ¼ � dt� � d=t ð3Þ
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where � and � are the viscometer constants, d is the density and t the efflux time.
The relative viscosities �r¼ �/�o were calculated from the solution and solvent viscos-
ities respectively.

RESULTS

For each amino acid, the apparent molar volumes were fitted by least-squares to a
linear equation of the type

�v ¼ �o
v þ Svm ð4Þ

where �o
v is the infinite dilution apparent molar volume and Sv is the experimental

slope. At infinite dilution �o
v equals V

o
the infinite dilution partial molar volume.

The relative viscosity values were adjusted by least-squares to a second-order
equation as proposed by Tsangaris–Martin [30].

�r ¼ 1þ BmþDm2 ð5Þ

In this equation B and D are empirical coefficients. The B coefficient depends on the
size, shape and charge of the solute molecule.

Electrostriction volumes were calculated according to Eq. (1) which assumes that the
partial molar volume at infinite dilution can be expressed as the sum of a contribution
due to the intrinsic molar volume and a contribution due the electrostriction volume. In
this work we adopt the proposal of Millero to calculate the intrinsic molar volumes
from the crystal volume [31–33], considering the corrections due to the packing densi-
ties for organic crystals and for random packing spheres [3,34].

Vo
int ¼

0:7

0:634

� �
V

o

cristal ð6Þ

In this way, the electrostriction volumes are evaluated and the hydration numbers are
calculated from the equation:

V
o

electr ¼ nH V
o

E � V
o

B

� �
ð7Þ

where V
o

E is the partial molar volume of electrostricted water, V
o

B is the molar volume
of bulk water and nH is the hydration number. The difference V

o

E � V
o

B

� �
taken as

�3.3 cm3/mol from Millero is assumed to be constant in the temperature range consid-
ered in this work [16].

DISCUSSION

The dependence of the apparent molal volume on concentration is linear in the concen-
tration range considered. For all amino acids the slope (dV/dX2) was positive. Table I
shows the partial molar volume at infinite dilution and the viscosity B coefficient for
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�-DL-aminobutyric acid, DL-norvaline and DL-norleucine at 288.15, 293.15, 298.15 and
303.15K.

Figure 1 shows the behavior of the partial molar volume at infinite dilution with the
number of CH2 groups and Fig. 2 shows the behavior of the viscosity B coefficient as a
function of the number of CH2 groups. In both cases, data for glycine and alanine from
literature have been included. At all temperatures, the infinite dilution partial molar
volume and the B coefficient of viscosity increase linearly with number of CH2

groups. This is a very important result because up to the moment, most additivity
studies in amino acids have not considered norvaline and norleucine but have been
done with valine and leucine which do not have a linear chain.
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FIGURE 1 Partial molar volume at infinite dilution as a function of the number of CH2 groups at
288.15K, 293.15, 298.15 and 303.15K.

TABLE I Partial molar volume at infinite dilution and viscosity B coefficient for
�-DL-aminobutyric acid, DL-norvaline and DL-norleucine at 288.15, 293.15, 298.15 and 303.15K

Amino acid T (K) V
o
(cm3mol�1) B (kgmol�1)

Aminobutyric acid 288.15 74.44 0.3130
293.15 74.98 0.3103
298.15 75.64 0.2950
303.15 75.89 0.2793

Norvaline 288.15 90.53 0.4063
293.15 91.03 0.3993
298.15 91.77 0.3710
303.15 92.21 0.3519

Norleucine 288.15 106.20 0.5011
293.15 106.88 0.4925
298.15 107.58 0.4543
303.15 108.22 0.4342
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The behavior of volumetric and viscometric group contributions with temperature is
presented in Table II. The volumetric contribution was evaluated from the slope of the
curve and it increases with temperature. In the case of the group contribution to the
viscosity coefficient the change is very small and does not follow a defined tendency.
We will not attempt an explanation about this fact because the lack of viscosity data
at temperatures different from 298.15K is noticeable and data dispersion is high.

The partial molar volume at infinite dilution increases with temperature while the B
coefficient decreases with temperature. The volumetric behavior with temperature is
characteristic of solutes showing hydrophilic hydration. In both cases the behavior
can be described well by a polynomial second-order equation. In Table III the first
derivative at 298.15K and second derivative of partial molar volume at infinite dilution
with temperature are reported. The second derivative is negative for the three amino
acids considered in this work. According to Hepler hydrophobicity criteria this
means that hydrophilic interactions predominate over hydrophobic interactions,
thus confirming the previous result. The second derivative becomes less negative
with increasing chain length showing that the hydrophobic character becomes more
important. A similar conclusion can be obtained from the analysis of the behavior of
the viscosity coefficient with temperature.

288.15 K

0

0.1

0.2

0.3

0.4

0.5

0.6

0 1 2 3 4

GROUPS CH2

0 1 2 3 4 5

GROUPS CH2
0 1 2 3 4 5

GROUPS CH2

0 1 2 3 4

GROUPS CH2

B
 (

kg
/m

o
l)

298.15 K

0

0.1

0.2

0.3

0.4

0.5

0.6

B
 (

kg
/m

o
l)

293.15 K

0

0.1

0.2

0.3

0.4

0.5

0

0.1

0.2

0.3

0.4

0.5

0.6

B
 (

kg
/m

o
l)

B
 (

kg
/m

o
l)

303.15 K

FIGURE 2 Viscosity B coefficient as a function of the number of CH2 groups at 288.15, 293.15, 298.15 and
303.15K.

TABLE II Group contribution to partial molar volume and viscosity B
coefficient at 288.15, 293.15, 298.15 and 303.15K

T (K) V
o

CH2
(cm3mol�1) BCH2

(kgmol�1)

288.15 15.83 0.086
293.15 15.93 0.095
298.15 16.00 0.084
303.15 16.08 0.072
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In Table IV electrostriction volumes and hydration numbers are presented. It can be
seen that at all temperatures and for the amino acids studied, electrostriction volumes
and hydration numbers become smaller with temperature increase and with increasing
chain length. This shows that electrostrictive effect decreases with temperature and
chain length and so the number of water molecules hydrated predominantly by polar
groups.
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