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Thermodynamic Studies of Interaction Between
Cetyltrimethyl Ammonium Bromide and Lysozyme Using
Potentiometric Techniques
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The interaction between cetyltrimethyl ammonium bromide and
lysozyme was studied by a potentiometric method using a surfac-
tant-selective electrode. The binding isotherms of the interaction
between cetyl trimethyl ammonium bromide were measured for
different conditions and show a concentration dependence attri-
butable to aggregation of the lysozyme-surfactant complexes. The
binding isotherms are discussed in terms of the binding potential
concept of Wyman and are used to calculate an apparent Gibbs
energy of binding per surfactant cation.

INTRODUCTION

This paper deals with further work on the thermodynamic properties'™. The
interaction between macromolecules and small charged organic molecules, such
as surface-active agents, has been investigated by several workers*®. Essentially
two types of experimetnal techniques have been used: firstly, those which measure
macroscopic quantities, i.e., which are influenced by all the components present
in the solution (e.g., viscosity, conductivity, emf measurements); secondly,
techniques which measure changes in the molecular properties of the interacting
species (e.g., spectroscopic changes, NMR, etc.).

The result of the experimental measurements can be used to construct a binding
isotherm, i.e., a curve representing the amount of bound surfactant per monomer
unit of the macromolecule as a function of the concentration or activity of the
free surfactant in equilibrium. From these isotherms, an attempt is made to deduce
a mechanism or model for the binding process. The most widely used model for
detergent-macromolecular interactions assumes that the binding of detergent
molecules (S) to the macromolecules (L) occurs through a stepwise sequence of
several chemical equilibrium (multiple equilibrium) in which each elementary
process is governed by the law of mass action’:
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Lysozyme-surfactant interactions can be understood if the balance of forces
involved can be estimated. Generally the dominant forces can be listed under the
headings of electrical, hydrophobic interaction and dispersion forces. The first
includes charge and dipolar interactions, e.g., charge-charge interactions between
a polyelectrolyte and surfactant head group and the dipoles of a non-ionic
lysozyme.

Tadros obtained clear evidence of the interaction between polyvinyl alcohol
(PVOH) and cetyltrimethyl ammonium bromide (CTAB) using surface tension,
visocity and conductivity techniques’.

In this work the ion-selective electrode (ISE) without liquid junction poten-
tial was applied to determine the binding isotherm of cationic surfactant
(CTAB = cetyltrimethyl ammonium bromide) with lysozyme in the presence of
various concentrations of buffer solution.

EXPERIMENTAL

The lysozyme was obtained from Merck and was used as received. It has a
nominal molecular weight of 14600. The lysozyme was used to make up solution
(0.05 w/v %) with water which had been doubly distilled. The cationic surfactant
was Aldrich 99% pure grade.

The cationic surfactant-selective electrodes were constructed using a method
which has been described previously'®'2, For cationic surfactant the monomer
surfactant activities in various solutions can be obtained from emf measurements
from the following cell:

Ag/ AgBr/Internal soln. membrane/PVC membrane /Exp. soln./Ref.
electrode

In the experiments the temperature was controlled to within £0.1°C by a
circulating thermostated water through the jacketed glass cell, and the sample
solution was continuously stirred using a magnetic stirrer. The concentration of
lysozyme was kept constant as the concentration of surfactant was varied during
each experiment. The experiment was repeated with different concentrations of
buffer solution.

RESULTS AND DISCUSSION

In this work, a system of fixed lysozyme and constant concentration of buffer
solution, in the range between C; and C, of the surfactant concentration was

considered. C; represents the concentration at which interaction between the
surfactant and the lysozyme first occurs, and C, the concentration at which proper

micelles are formed on the lysozyme. The emf of the cell was plotted against total
concentration of surfactant, CTAB (Figure 1) referenced to a saturated calomel
electrode and three different regions were found:
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Fig. 1. Plot of the emf of cell vs. logarithm of total concentration of CTAB in aqueous
solution of lysozyme (0.5 w/v %) at 308.15 K.

I. The first region shows the Nernstian slope which indicates there is no
binding and hence no measurable interaction between lysozyme and
surfactant which is present in the form of free monomer.

II. In the second region a break (shown as C;) was found in the linear line
where the interaction between lysozyme and surfactant begins. In this
region the concentration of both bound and free monomers of surfactant is
varying.

III. C, is the beginning of the third region where the monomers concentration
has reached a maximum. Above this point, the monomer concentration was
found gradually to decrease as the total concentration of surfactant was
increased.

This is normally considered as due to the appearance of proper micelles
presumably occurring on the chain of lysozyme!* 14 The emf were used for the
construction of the binding isotherm. The ratio of bound amount per number of
mole of lysozyme, v = (C, — m;)/Cp, was plotted against In m;, where m is the

monomer concentration of surfactant, CTAB (Figure 2).

Determination of Gibbs energy of binding

The calculation of the apparent binding constant, K, , can be applied to the

entire binding isotherm. This is based on the Wyman binding potential concept'>.
The binding potential, I, is calculated from the area under the binding isotherm
according to the equation:

\"
N=RT [ vdinm, N

v=0

and is related to an apparent binding constant, K,p,,, as follows:
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Fig. 2. The binding isotherm of CTAB/lysozyme interaction. Concentrations of buffer
solutions are 0.01 and 0.05 M and for CTAB is 0.05 w/v %

I1=RTIn (1 + Ky, my) 2)
v; is calculated using the following equation:
C, -
=
Ce
C,. Cp and m, are the total surfactant concentration, lysozyme concentration and
free surfactant concentration, respectively.
Values of Ky, were determined by application of Eqgs. (1) and (2) and were
used to determine values of the Gibbs energy (AG,y,) and the Gibbs energy of
binding per surfactant ion (AG,):
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Figure 3 shows Gibbs energy of binding of interaction of lysozyme with CTAB
at various concentrations of ethanol. Initially there is a competition between the
binding of surfactant to lysozyme, and exothermic process, and unfolding of the
lysozyme chain, an endothermic process.

According to Figure 3, the process of binding involves two regions. In the first
region AG, decreases as binding values are increased; therefore, there are more
sites available on the lysozyme to fill these sites. On the other hand, the lysozyme
chains are unfolded until the balance between the number of free and bound sites
shifts in favour of lysozyme-bound surfactant and reaches the minimum values
of AG,. We believe that when the surfactant concentration exceeds this critical
value there are steric factors and electrostatic repulsion between head groups of
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Fig. 3. Plot of Gibbs energy of binding versus v for interaction between CTAB and lysozyme
at various concentrations of ethanol.

the surfactant. Thus in the second region AG, increases. This Gibbs energy of
binding, AG, for CTAB at various v; and concentrations of ethanol (3, 5, 7 and
10%) tabulated in Table-1.

TABLE-1
GIBBS ENERGY OF CTAB/LYSOZYME INTERACTION AT VARIOUS v AT 308.15 K
Ethanol 3% Ethanol 5% Ethanol 7% Ethanol 10%
AGy AG, AGy AG,
(kJ mol ™) (kJ mol™) (kJ mol™) (&J mol™)
0.61 -18.03 0.73 -19.11 149  -20.60 138 -19.00
0.98 -21.92 1.14 2187 205  -21.89 1.86  -20.80
1.48 -23.13 159  -2291 259  -22.57 243  -21.53
1.95 -23.64 209 2334 317 -22.89 301 -2193
2.49 -23.79 294 2351 375  -23.08 563  -22.67
3.05 -23.85 3.21 -23.59 670  -23.34 8.89  -22.51
3.63 -23.86 379 -23.62 962  -2334 1174 2257
4.23 -23.83 678  -23.58 1244 2331 1446  -22.60
716  -23.70 960  -23.52 1518  -23.28 17.11  -22.60
1010 2375 1242 2344 1781  -2325 19.64  -22.60
12.93 -23.48 15.16  -23.38 2031  -2324 2439 2262
1566  -23.42 17.17 -23.33 2505 2320 2879 2261
20.78 2334 2029  -23.30 2942  -23.18 - -
25.42 -23.28 2496 2325 - - - -
29.75 2322 29.31 -23.70 - - - -
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The process of micellization of ionic surfactant represents a balance between
several forces favouring and resisting aggregation. One of the main forces
resisting aggregation is the crowding together of the ionic head groups at the
surface of the micelle. The effect of a synthetic water-soluble lysozyme with
various hydrophobic segments has been investigated. As the concentration of the
backing electolyte increases, the critical concentration at which the surfactant first
binds to the lysozyme decreases. This is analogous to the effect of electrolyte on
the micellization of the pure surfactant. For a given head group, the strength of
the interaction has been found to be enhanced by increasing the hydrophobic
chain length of the surfactant.
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