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1 INTRODUCTION

Clouding is an inherent property of nonionic sur�
factant solutions. At the cloud point (CP), a homoge�
neous nonionic surfactant solution separates into two
coexisting phases, one of which contains much of the
surfactant, generally named as the surfactant�rich
phase, while the other phase has largely water with sur�
factant concentration around its critical micelle con�
centration (cmc) [1]. This phase separation is revers�
ible; that is, when temperature decreases below CP,
the two�phase system merges into a single homoge�
neous phase.

Clouding is attributed to the efficient dehydration
of hydrophilic portion of the micelle at higher temper�
ature. An increase in temperature results in gradual
removal of hydrated water from hydrophilic head�
groups leading to van der Waals attraction between
micelles to dominate and hence the clouding [2]. The
CP value depends upon various factors including type
of surfactant, surfactant concentration, and additives
[3]. On the other hand, clouding phenomenon has not
been observed in the case of totally charged micellar
systems, as raising temperature allows increase in elec�
trostatic repulsion between micelles due to an increase
of counterion dissociation. Recently, clouding has
been, however, reported for charged micellar systems
upon addition of organic salts [4–10]. The role of
these salts is to lower the net charge on micelles as well
as to bridge them. Therefore, all the organic salts hav�
ing counterions with enough hydrophobicity can be

1 The article is published in the original.

used as additives [11], which are adsorbed in certain
amounts on the micellar surface. The temperature�
dependent solubility of the remaining portion of
counterions provides a route for binding the micelles
[7].

However, the mechanism, which guides the phe�
nomenon, remains obscure. The role of oscillations in
the critical concentration and of micellar growth as
mechanisms for the clouding phenomenon is still a
controversial issue [12, 13]. It is well established that
the addition of ionic surfactants increases the cloud
points of their nonionic counterparts [14, 15] and this
increase depends on composition of the mixed
micelles. Valaulikar and Manohar [16] have demon�
strated that the increase in cloud point can be
described in terms of the surface charge per micelle,
which is responsible for electrostatic repulsion
between the micelles. This supports the viewpoint that
micelle coalescence, rather than micellar growth, is
responsible for the clouding process. Hence, if intro�
duction of charge to a nonionic micelle inhibits phase
separation, the depletion of charge on an ionic micelle
could cause resumption of this process. Thus, the
charge could be one of the factors to tune CP, espe�
cially in ionic micellar solutions.

The clouding of micelles is of practical interest in a
route, by which the material can be solubilized in
micelles and phase separated. Therefore, phenome�
non of micellar clouding has been extensively
employed to different extraction methods of separa�
tion and purification in chemical, pharmaceutical,
mineral, and petroleum industries [17, 18].
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