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Ion-solvent interaction

/ B-coefficient / a-Alanlne /

Amino acids

The viscosities of d/-a-Alanine at three different pH's have been measured at 35° and 45° C
and the ß-coefficients have been calculated using the equation / 0 1 + Be. The corresponding activation energies for viscous flow have been calculated with the help of the NightingaleBenck equation. The effect of ionic charge on the ß-coefficient of -Alanine in its three different
ionic forms has been discussed on the basis of ion-solvent interaction.
=

Viskositäten von d/-a-Alanin wurden bei drei verschiedenen pH-Werten und bei 35 und
45° C gemessen und die ß-Koeffizienten aus der Gleichung / 0 1 + Be berechnet. Die
zugehörigen Aktivierungsenergien für viskoses Fließen wurden aus der Nightingale-BenckGleichung berechnet. Der Einfluß der Ionenladung auf den ß-Koeffizienten von a-Alanin in
seinen drei Formen wurde im Hinblick auf die Ion-Lösungsmittel-Wechselwirkung diskutiert.
=

Introduction
Amino acids in aqueous medium (at the isoelectric point) remain as
dipolar ions or Zwitterions and the viscosity Ä-coefficient of such electrically
neutral molecules is found to be given at low concentrations by the equation

[1,2]

=

1 + Be.

(1)

higher concentrations [3] a "c2" term is to be included. Electrically
charged species such as electrolytes require, on the other hand, a yc term in
the viscosity equation (Jones-Dole equation [4]):
For

(2)
The 5-coefficients in Eqs. (1) and (2), although not identical, are well
established as the manifestation of solute-solvent interaction. The Bcoefficient is directly dependent on the size, structure and charge of the ions,
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interesting to study the effect of charge only on the /^-coefficient
the
other two factors constant. Few experimental studies [5] have
keeping
been done in this regard. Since an amino acid molecule may exist once as
positively charged, at another time as negatively charged and at yet other
times as a neutral molecule, depending upon the pH of the medium only, i.e.,
without otherwise drastic alteration of the environment in which the
molecule finds itselfs, it would appear that the amino acid molecule would
serve this purpose eminently well. This prompted us to investigate the
viscosity behavior of amino acids under the above different conditions.
Nightingale and Benck [6} have applied the theory of absolute reaction
rate [7] to the phenomenon of viscous flow of electrolyte solutions and
calculated the energy of activation for viscous flow for the electrolyte *
with the help of the following eouation:
and it is

*
éE*

where

AE%\

V

=

R

^

7°

=

/ *
Dà\n(i+Bc)
AE*0+R

d(VT)

) is the energy of activation for viscous flow of the

d(l/O/

solvent. The free energy of activation and the entropy of activation for
viscous flow can also be calculated by use of the pertinent equations. The
significance of these thermodynamic parameters is that they lead to an insight
into the order or disorder producing effect of the ions in the solvent structure.
We report here the values of the viscosity fi-coefficient of £#-a-alanine in
water, 0.1 (N) HCl and 0.1 (N) NaOH solution [8] at 35° C and 45° C
respectively and therewith the calculated value of the energy of activation of
viscous flow. The calculation of the values of the other thermodynamic
parameters could not be carried through in absence of required pertinent
information.

Experimental
The d/-a-Alanine used was analytical grade (Reanal, Budapest) and was
used without further purification. The salt was dried at 100° C for about
2 h each time before being dissolved in double distilled water for preparing
solutions on the molai basis. The densities of the solutions were measured at
35° C and 45° C with 50 ml specific gravity bottles and are precise to
± 0.0001 g/cm3. All viscosity and density measurements were carried out in a
constant temperature bath controlled to within ±0.01°C. An Ostwald
viscometer with a flow time for water at 35° C of 373.5 s was used. Flow times
were measured to an accuracy of 0.1s with a stopwatch. At least three
measurements for each solution were made, and in most cases these rarely
differed mutually by more than 0.2 s. Flow times for water were measured
twice for each set of measurements, once at the beginning and the other at the
end.
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Fig. 1. Relative viscosity contribution
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The viscosity of the solutions was calculated with the help of the usual
relation 1/ 2 ^-ihl^ih- ^rei f°r alanine in HCl or NaOH solutions were
calculated relative to the corresponding HCl or NaOH solution. Kinetic
Ct
energy corrections were calculated by means of the usual relation /
characteristic
viscometer
The
constants.
and
the
where
are
C
K/t,
absolute viscosity values of water [9] used at 35° C and 45° C were 0.7194 and
0.5963 centipoise respectively. The corresponding densities [10] were 0.99406
and 0.99020 g/ml respectively. Four to six solutions of a-alanine were
prepared in the concentration range 0.006 to 0.1 (M) for each set of
experiments (acid, alkaline and neutral media) at the two temperatures.
(For HCl, only three solutions were made.) The experimental results are
presented in Fig. 1.
=

=

—

Results

The /i-coefficients for a-alanine in water (isoelectric point 6.1) were
calculated by means of Eq. (1) whereas in the cases of a-alanine in HCl and
NaOH both Eqs. (1) and (2) were tried. Computerised least square fits were
made, and it was found, curiously, that Eq. (1) gave a better fit. The Bcoefficient values at the three different pH's and the two different temperatures together with the corresponding standard deviations are as follows:
[35°C; Binli20 0.244(±0.01), 5inNaOH 0.205 (±0.009), fiinHC1 0.196
=

=

(±0.014);

45°C:

5 0

=

0.238

(±0.017), fiinNaOH

=

=

0.169

(±0.005),
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AnHci = 0 079 ( ± 0.001)]. The Bion values at 35° C for the cationic and anionic forms of alanine have been calculated on the basis of the usual assumption
(BK< Bcr at all temperatures [11]) using the ^-coefficient values of KCl [12]
and NaCl [13] at 35° C (Äanion 0.120; £calion 0.191).
The U-coefficient obtained for a-alanine in water at 35° C (0.244) is
slightly greater than that obtained by Mason, Kampmeyer and Robinson [14]
(0.236) at the same temperature. A similar discrepancy for /3-alanine at 25° C
was also noted by Devine and Lowe [2] between their results and those of
Mason, Kampmeyer and Robinson. The temperature coefficient of a-alanine
as found by us agrees with the trend as obtained by M.K.R. for the same salt
between the temperature range 25° 35° C. The temperature dependence of
the 5-coefficient for ß-alanine as found by Devine and Lowe shows a reverse
trend as compared with that found by M.K.R.
=

=

=

—

Discussion
It is interesting to note that the ^-coefficient of the dipolar ion is always
larger than those of the other two ionic forms at both the temperatures.
According to Gurney [15], dipolar ions, in general, possess a stronger field

compared to that associated with the fields of two small separate ions. So the
relatively large field around the dipolar ion accounts for the largest Bcoefficient of alanine in aqueous solution. Laurence and Wolfenden [16] also

observed the ß-coefficient of the acetate ion to be much larger than that of
acetic acid in aqueous solution at 25° C and concluded the larger value of the
acetate ion to be due to its order producing property. Thus in both these
cases, the charge factor actually plays the dominant role in influencing the Bcoefficient since the size remains sensibly constant.
The calculated ( *
%) values for alanine at the three different pH's
are all found to be positive (141.5 cal/mol in water, 593.9 cal/mol in NaOH,
1948.0 cal/mol in HCl), and it is interesting to note that the dipolar ion has the
lowest value. This phenomenon can be explained in the following manner. As
the temperature increases relative loosening of water structure around the
dipolar ion is less presumably due to its stronger field compared to the weaker
field of the other two molecular ions in the above temperature range. All these
ions with positive ^-coefficient and positive energy of activation may be
included in the category of classi ions as proposed by Nightingale [17].
Nightingale and Kuecker [5] during their investigations of the effect of
ionic charge on the viscosity ^coefficient of substituted chloroamminoplatinum salts in aqueous solution in the temperature range 20° 30° C
observed the ionic 5-coefficient for most of the larger ions (r > 4 A) to be
independent of the ionic charge. (Aperipheral hydration with positive energy
of activation for viscous flow; classIV ions.) On the other hand, the Bcoefficients for smaller ions with crystal radii in the range 0.6 1.1 Â
—

—

—
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increase with increase in charge if the radius remains more or less constant
because on the average, a larger number of water molecules are peripherally
oriented in the stronger electric field of the highly charged ions. Similar also is
the effect of smaller polyatomic anions like XO4z ions with radius 2.9 Â (and
with approximately 50% -character in the —O bond) on the solvent
structure, determined mostly by the surface charge density.
Our preliminary findings with ¿//-ot-alanine reported above seem to
suggest that a-alanine in the three different ionic forms under the conditions
mentioned above interacts with the solvent very likely in the above manner.
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