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The effects that both temperature and solute concentra-
tions exert on specific viscosity are studied in this
paper. The products used were sodium or triethanolam-
monium dodecylsulfates or dodecylbenzenesulfonates,
as surfactants, and tetrasodium or tetrapotassium pyro-
phosphates, as electrolytes. All are of technical quality.
As temperature decreases, within the temperature range
studied, a phase separation or an appearance of non-
Newtonian behavior is noted in many solutions. The
solutions studied fit, within the accuracy range for
experimental measurements, an empirical equation that
agrees with what is called the activated diffusive relax-
ation model. For this model, the relative viscosity is a
linear superposition of stresses coming from hydro-
dynamic interactions and from activation energy due
to structural relaxation of the uniform distribution of
micelles in the quiescent micellar solution. Solutions
containing a dodecylsulfate show very slight hydro-
dynamic effects. Their activation energy, which is inde-
pendent of temperature, becomes greater by increasing
the concentrations of surfactant and pyrophosphate.
The specific viscosities of these solutions also increase
by replacing the triethanolammonium counter-ion with
sodium. Solutions containing sodium dodecylbenzene-
sulfonate show considerable hydrodynamic effects, which
increase with the addition of tetrasodium pyrophosphate.
The activation energy is independent of temperature.
Solutions containing triethanolammonium dodecyl-
benzenesulfonate show decreasing activation energy
values when temperature is increased. Consequently, a
maximum for specific viscosity appears at a certain
temperature. This maximum diminishes progressively
with the addition of pyrophosphate, while the corre-
sponding temperature becomes higher. From the inves-
tigation carried out, the necessity for further basic
studies remains clear. Research should be done on con-
centrated aqueous solutions containing surfactants and
electrolytes, taking into comsideration the variations
that their dynamic viscosities present along with com-
position and temperature. All of this, naturally, must
be carried out before developmental research on manu-
facturing, commercialization and usage of such solu-
tions proceeds.

The rheology of highly concentrated aqueous solutions
containing an anionic surfactant and a strong electrolyte
as solutes is very complicated and has not yet been
studied systematically (1).

For spherical micelles of similar sizes in quite diluted
aqueous solutions, if they are considered comparable to
dispersed solid particles, the equation for specific viscosity
nsP 18!

NP = 111] ¢ [1]
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where ¢ is the volume fraction of the micelles. The
intrinsic viscosity 'n' depends on several factors, such
as the mean radius of hydrated micelles, the thickness
of the diffuse electrical double layer which surrounds
the micelle, the electrokinetic potential and tempera-
ture, as well as the dynamic viscosity, the permittivity
and the specific electrolytical conductivity of the con-
tinuous aqueous phase (2-7).

As the concentration of micelles increases above the
critical micellar concentration, the equation which relates
nee to the characteristics of micellar dispersion becomes
more complicated (8-12).

At high concentrations, hydrodynamic interactions
and collisions between micelles have to be taken into
account. This being the case, the specific viscosity is
usually represented by the equation:

=gl b+ ky 42+ kg §3 + . . 2]

Subsequently, at very high concentrations, inter-
micellar interactions can give rise to the formation of
nonspherical-shaped micelles.

The activated diffusive relaxation model, described
by Goodwin (13), establishes that in disperse systems
at a very low gradient of shear rate the relative viscosity,
nel = pep + 1, is a linear superposition of stresses, some
due to hydrodynamic interactions and others to the
structural relaxation of the uniform distribution of
micelles in the quiescent micellar dispersion.

When the volume fraction is high, the disturbance in
the fluid as it flows around each micelle interacts with
the flow around neighboring micelles. As a result, a
hydrodynamic increase in viscosity takes place. The
contribution of these hydrodynamic interactions, gre,
to the relative viscosity of an aqueous system is expres-
sed as follows:

g = (1 -k, ¢ 3]

where k, is the so-called ‘“‘crowding factor,”” which is a
function of the coordination number of the ordered,
liquid-like, micellar structure (14).

When an ordered, liquid-like, micellar structure is
subjected to shear flow and is strained, then a nonuniform
distribution is produced. Structural relaxation is caused
by a long-range diffusive motion in the dispersed phase.
This is restricted by the repulsive forces of neighboring
micelles, which produce an activation energy barrier in
opposition to this process. Assuming that there is no
cooperative motion, the activation energy is easily cal-
culated from the structure and the sum of the pair
interaction energies.

The stresses due to structural relaxation contribute
to the relative viscosity of a system in this way:
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J exp(E/KT) = [h/(16 = n, a3)] exp(E/kT) [4]

where h is Planck’s constant divided by 2 n, n, is the
dynamic viscosity of the continuous aqueous phase, a
is the mean radius of micelles having similar sizes, E is
the activation energy for long-range diffusive motion, k
is Boltzmann'’s constant and T is the absolute temper-
ature.

The complete equation for the activated diffusive
relaxation model is:

nel = gl + J exp(E/KT) [5]

At very high concentrations, cooperative motion ac-
quires an increasing importance, which leads to a rise
in relative viscosity at a slower rate than that pre-
dicted by the preceding equation (15).

This model is a micellar close association model (16)
which is acceptable only for micelles with a narrow size
range and with very lengthy residence times for each
monomer in each micelle.

In this paper, the effects of both temperature and
the concentrations of solutes (an anionic surfactant and
a strong electrolyte) on the specific viscosity of aque-
ous solutions showmg a Newtonian rheological behav-
ior are studied. The anionic surfactants used were sodium
or triethanolammonium dodecylsulfate and dodecyl-
benzenesulfonate, while the strong electrolytes were
tetrasodium or tetrapotassium pyrophosphate.

The interpretation of the results obtained for these
solutions has been based on Goodwin’s activated diffusive
relaxation model.

EXPERIMENTAL

Products. The technical anionic surfactants used at
concentrations of 0.25 and 0.50 mol/l were the following:
sodium dodecylsulfate, Na-DS; triethanolammonium
dodecylsuifate, TEA-DS; sodium dodecylbenzene-
sulfonate, Na-LAS, and triethanolammonium dodecyl-
benzenesulfonate, TEA-LAS. Their mean molecular
weights are 299, 427, 344 and 471, respectively. A
complete description of these surfactants was presented
in a previous paper (17).
A tetrasodium pyrophosphate, Na-PF, and a tetra-
potassium pyrophosphate, K-PF, were used. Both were
of technical quality. They were used at concentrations
of 0.25, 0.50, 0.75, 1.00 and 1.25 eq/l.
Equipment. Experimental measurements of dynamic
viscosity were taken at temperature between 5 and
60°C, according to Scheme 1. The equipment required,
at each temperature, was the following:
A Hettich, model Rotanta/K, thermostatic centrifuge
was used in order to exclude samples that separate
into phases after being subjected to an acceleration
of 25,000 m/s2 for 30 min.

¢ A rotational rheometer Haake, model RV-3, was
required in order to select those samples that show

Newtonian rheological behavior.
¢ A Hoepler falling-ball viscometer was used for New-

tonian solutions to obtain their dynamic viscosities.

The density values required for these calculations

were done by pycnometry.

RESULTS AND DISCUSSION

First, it is necessary to take into account that, as
temperature decreases, within the temperature range
studied, a phase separation or an appearance of non-
Newtonian behavior is produced in many solutions.
Due to this, the minimum temperature at which dynamic
viscosity was measured (denoted by t.,} is included for
each system in every table.

Solutions containing only an alkaline pyrophosphate.
The specific viscosity values do not change significantly
with temperature within the range studied. These values
are shown in Table 1. The 95% confidence limits diverge
from these values only in the last digit. .

The plots of specific viscosity versus concentration
adequately fit linear regressions in which the intercept
does not differ significantly from zero. The slopes of
these regressions may be estimated as 2.11 Vmol for
Na-PF and 0.88 I/mol for K-PF. This difference is ex-
plained by the greater hydration of the sodium cations.
To deliberate further, it is necessary to bear in mind

SYSTEM, t°C

ROTANTA/K
GENTRIFUGE

!

:IVIE?IMETER —> non-Newtonian behaviour

L phase separation

Newtonian behaviour

v

FALLING-BALL
VISCOMETER

PYCNOMETER

DENSITY, t°C

DYNAMIC VISCOSITY, t°C
SCHEME 1

TABLE 1

Specific Viscosity Values for Solutions Containing
Pyrophosphate as the Only Solute

Tetrasodium Tetrapotassium
pyrophosphate pyrophosphate

Concentration tint nsP ting neP
0.25 eqg/l 5°C 0.172 5°C 0.039
0.50 eg/l 5°C 0.282 5°C 0.091
0.75 eqfl 20°C 0.552 5°C 0.151
1.00 eq/l 30°C 0.632 5°C 0.211
1.25 eq/l 35°C 0.687 5°C 0.247

These values remain unchanged within the range of temperature
studied.
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TABLE 2

Parameters for the Equations Relating Specific Viscosity

to Absolute Temperature in Solutions
Containing Dodecylsulfate

AF.

GUERREROQO ET AL.

Pyrophosphate
concentration ting nsP(40) B VNJ
Sodium dodecyisulfate at 0.25 mol/l
None 25°C 0.674 0 -
0.25 eq/l Na-PF 25°C 0.711 0 -
0.50 eg/l Na-PF 25°C 1.26 1.75 1.95
0.75 eq/l Na-PF 25°C 3.13 3.70 0.53
1.00 eg/l Na-PF 25°C 8.78 5.52 1.17
1.25 eq/l Na-PF 40°C 34.4 8.71 0.04
0.25 eq/l k-PF 40°C 2.04 5.09 5.32
Sodium dodecylsulfate at 0.50 mol/l
None 25°C 2.04 0 -
0.25 eq/l Na-PF 25°C 3.13 1.711 0.84
0.50 eq/l Na-PF 25°C 12.5 5.22 0.24
0.75 eq/l Na-PF 30°C 74.7 8.43 0.23
0.25 eq/1 K-PF 40°C 16.4 7.54 1.73
Triethanolammonium dodecylsulfate at 0.25 mol/l
None 5°C 0.376 0 -
0.25 eqg/l Na-PF 20°C 0.852 0 -
0.50 eq/l Na-PF 25°C 1.06 0.440 6.35
0.75 eqg/l Na-PF 25°C 1.68 1.86 4.33
1.00 eg/l Na-PF 25°C 3.04 3.18 0.17
1.25 eg/l Na-PF 30°C 6.00 4.70 0.70
0.25 eq/l K-PF 40°C 0.719 0 -
0.50 eq/l K-PF 40°C 3.85 5.93 1.74
0.75 eq/l K-PF 40°C 34.1 11.5 0.12
Triethanolammonium dodecylsulfate at 0.50 mol/l
None 5°C 0.834 0 -
0.25 eq/l Na-PF 20°C 2.43 0 -
0.50 eq/l Na-PF 25°C 3.05 0.626 1.94
0.75 eq/l Na-PF 25°C 6.74 2.98 1.32
1.00 eq/l Na-PF 25°C 17.8 5.24 0.34
1.25 eq/l Na-PF 30°C 38.9 5.45 0.04
0.25 eq/l K-PF 30°C 2.48 0.517 2.19
0.50 eq/l K-PF 40°C 8.35 4.58 2.50
0.75 eq/l K-PF 40°C 68.0 9.82 0.10
1.00 eg/l K-PF 40°C 175.0 12.1 0.86
TABLE 3

the fact that the specific viscosities of these pyrophos-
phate solutions do not exceed a value of 0.7.

Solutions containing a surfactant. Because of the
different behaviors shown by solutions containing a
dodecylsulfate, sodium dodecylbenzenesulfonate or
triethanolammonium dodecylbenzenesulfonate, their re-
sults are presented and discussed separately.

Solutions containing a dodecylsulfate. These solutions
fit the equation given below:

In [nseinee(40)] = 108 B(U/T - 1/313.2) (6]

The values for parameters np(40), specific viscosity
at 40°C, and B in equation [6], as well as the percentages
of the residual variance for the linear regressions VNJ,
are presented in Table 2. [VNJ = 100 (1 - r3} (N - AN
-2), where r is the linear regression coefficient and N is
the number of the pairs of data.]

As this table shows, parameter B does not differ
significantly from zero in solutions without pyrophos-
phate. The same occurs in some solutions containing
0.25 eq/l of pyrophosphate. In these cases, the 95%
confidence limits for each n°(40) value diverge from
this in the last digit appearing in Table 2. The rest of
the solutions present clearly positive values for parameter
B.

If the dodecylsulfate concentration remains constant,
parameters n°(40) and B become greater by increasing
the pyrophosphate concentration. If, on the contrary,
it is the pyrophosphate concentration that remains
constant, both parameters increase by duplicating the
dodecylsulfate concentration or by replacing the tri-
ethanolammonium counter-ion with sodium.

The replacement of Na-PF by K-PF produces a pro-
nounced increase in the parameters »0(40) and B, except
for those solutions containing 0.25 eq/l of pyrophosphate
and 0.25 or 0.50 mol/l of TEA-DS.

Solutions containing sodium dodecylbenzenesulfonate.
These solutions fit the following equation:

In[(n* - Q)/in=r(40) - Q)] = 103 B(1/T - 1/313.2) [7]

The values for the three parameters in equation [7],
as well as their corresponding values for VNJ, are
presented in Table 3. [VNJ = 100 (1 - r2) (N - 1)/(N -2),
where r is the linear regression coefficient and N is the
number of the pairs of data.]

Parameters for the Equations Relating Specific Viscosity to Absolute Temperature
in Solutions Containing Sodium Dodecylbenzenesulfonate

Concentration Pyrophosphate

of surfactant concentration tint Q nP(40) B VNJ
0.25 mol/l None 5°C 0.7 1.99 5.08 0.22
0.25 mol/l 0.25 eq/l 20°C 1.6 7.27 10.4 0.40
0.50 mol/l None 15°C 9.0 66.0 9.74 0.08
0.50 mol/l 0.25 eq/l 40°C 16.0 247. 3.65 1.24

JAOCS, Vol. 65, no. 12 (December 1988)
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The addition of 0.25 eq/l of Na-PF to the solution
containing only 0.25 mol/l of Na-LAS increases the
values for the three parameters. However, if this addi-
tion is carried out in the solution containing 0.50 mol/l
of Na-LAS, parameters nr(40) and Q increase, but B
decreases to less than half its initial value.

By increasing the Na-LAS concentration from 0.25
to 0.50 mol/l, in systems without Na-PF, the values for
the three parameters increase. However, if the systems
contain 0.25 eq/l of Na-PF, the increase in Na-LAS
concentration from 0.25 to 0.50 mol/l raises the values
of the parameters n(40) and Q, but it decreases B to
less than half its initial value.

Solutions containing triethanolammonium dodecyl-
benzenesulfonate. The solutions without pyrophosphate
fit equation [6]. The values for parameters rr{40) and
B, as well as the VNJ values, are presented in Table 4.

The solutions with a pyrophosphate fit this equation:

Inf(ne - Q)/(ne2(40) - Q)] = 103 B(T - 1/313.2)

- 106 C(UT? - 1/313.22) 8]

The values for the four parameters in equation [8],
as well as the values for the multiple regression coefficient
R, are presented in Table 4.

Parameters Q and C become clearly superior to zero
by adding pyrophosphate up to 0.25 eq/l to solutions
with TEA-LAS at 0.25 or 0.50 mol/l. Moreover, high
increases in parameters n»(40) and B also are produced.

The solution containing 0.25 mol/l TEA-LAS exhibits
a relevant increase in the four parameter values when
the Na-PF concentration is raised from 0.25 to 0.50
eg/l. If this concentration ascends to 0.75 eq/l, n(40)
keeps on increasing and Q becomes null, while B and C
decrease significantly. A further addition of Na-PF up

TABLE 4

to 1.00 eqfl produces a reduction in the values for
n#2(40), B and C, while Q remains null.

In reference to the solution containing 0.50 mol/l
TEA-LAS, the increase in the Na-PF concentration
from 0.25 to 0.50 eq/l gives a null value for Q and
produces a decrease in the other three parameters.
Furthermore, parameter Q remains nuil and ns(40), B
and C diminish by increasing the Na-PF concentration
from 0.50 eq/1 to 1.00 eg/l.

Because in each of these systems specific viscosity
fits equation [8], it passes through a maximum when
the temperature has a value of

t .. + 273.2 = 20103 C/B

Both sets of values, t,,, and their corresponding
maximum specific viscosity, ne,,,, are included in Table
4.

The influence that the addition of a pyrophosphate
exerts on nw_,, and t.,, in a solution already contain-
ing 0.25 eg/l should be emphasized. Thus, n,,,, dimin-
ishes progressively, and t,, becomes higher.

In order to facilitate the study of the relationship
between the values for lnne and 1/T for each of the
pyrophosphate concentrations, their corresponding graphs
have been plotted in Figures 1 through 4.

From the analysis of these curves it can be inferred
that the addition of pyrophosphate to a solution con-
taining 0.25 mol/l of TEA-LAS always leads to an increase
in specific viscosity. On the contrary, if the concentra-
tion of surfactant is 0.50 mol/l, the solution without
pyrophosphate presents, below 25°C, a higher specific
viscosity than the solutions containing a pyrophosphate.
It also can be deduced that, at low enough tempera-
tures, the specific viscosity of a solution containing

Parameters for Equations Relating Specific Viscosity to Absolute Temperature
in Solutions Containing Triethanolammonium Dodecylbenzenesulfonate

Pyrophosphate
concentration

tng Q n°P(40)

B C n°P . Adjustment

ez

Triethanolammonium dodecylbenzenesulfonate at 0.25 mol/l

None 15°C 0 5.71
0.25 eq/l Na-PF 20°C 4 40.2
0.50 eq/l Na-PF 5°C 17 76.1
0.75 eq/l Na-PF 20°C O 94.3
1.00 eg/l Na-PF 30°C 0 72.4
0.25 eqfl K-PF 5°C 6 52.0

Triethanolammonium dodecylbenzenesulfonate at 0.50 mol/l

None 15°C 0 292
0.25 eq/l Na-PF 5°C 25 36l.
0.50 eq/l Na-PF 5°C 0 256.
0.75 eq/l Na-PF 15°C 0 152,
1.00 eq/l Na-PF 256°C 0 110.
0.25 eq/l K-PF 5°C 38 311.
0.50 eq/l K-PF 25°C 0 154

659 0 - - VNJ=038
56.78 T.142 -22°C 2840 R=0.9995
123.2 1762  13°C 358 R=0.9998
100.5 1505  26°C 130 R=0.9995
82.45 12.76  36°C 74 R=0.9993
199.8 28.84  15°C 397 R=0.9984
828 0 - - VNJ=008
570 7.86  2°C 1520 R=0.9999
419 596 12°C 466 R=0.9989
266 384 15°C 204 R=0.9944
205 300 19°C 129 R=0.9908
830 119  15°C 745 R=0.9998
580 892  34°C 159 R=0.9972

JAQCS, Vol. 65, no. 12 (December 1988)
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FIG. 1. Relationship between In n*® and 1000/T for solutions
containing 0.25 mol/l of triethanolammonium dodecylbenzene-
sulfonate and tetrasodium pyrophosphate. (O, 0.00; *, 0.25; O,
0.50; A, 0.75; x, 1.00 eq/l).

Ing®

D L I A .

3.4 3.6 3.8

0%/

FIG. 2. Relationship between In »? and 1000/T for solutions
containing 0.50 mol/l of triethanolammonium dodecylbenzene-
sulfonate and tetrasodium pyrophosphate. (O, 0.00; *, 0.25; O,
0.50; A, 0.75; x, 1.00 eq/)).
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FIG. 3. Relationship between Iln nsP and 1000/T for solutions
containing 0.25 moll of triethanolammonium dodecylbenzene-
sulfonate and tetrapotassium pyrophosphate. (O, 0.00; *, 0.25
eq/l).
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FIG. 4. Relationship between In »*? and 1000/T for solutions
containing 0.50 mol/l of triethanolammonium dodecylbenzene-
sulfonate and tetrapotassium pyrophosphate. (O, 0.00; *, 0.25; O,
0.50 eq/l).
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TEA-LAS may diminish when the pyrophosphate con-
centration is raised. The following case may be men-
tioned as a typical example: The addition of Na-PF up
to 0.50 eq/l to a solution containing 0.50 mol/l of TEA-
LAS reduces, at 15°C, the specific viscosity from 2730
to 449; whereas at 60°C this addition provokes an
increase in specific viscosity from 59 to 99. That is to
say, at 15°C, at which many hydrogen bonds are present,
specific viscosity suffers a decrease of 84%; at 60°C, a
temperature at which there are only a few hydrogen
bonds left, the specific viscosity increases to 68%.

INTERPRETATION OF RESULTS

With respect to the explanation of the behaviors found
in the solutions studied, the two following hypotheses
may be assumed.

(i) If the parameters g and J in equation [5] do not
change significantly with temperature within the range
studied, then that equation can be transformed into
the following one:

In [(nrel - qrel)/(nrel(40) - qrel)] =
(E/k) (1/T - 1/313.2) [9]

where nr¢(40) is the relative viscosity at 40°C.

{ii) If the activation energy for long-range diffusive
motion may be expressed by the following function of
temperature:

E=E, - AT [10]

where E, and A do not change significantly with tem-
perature within the range studied, then Equation [9]
can be converted into the one below:

In [ (nrel - qrel)/(nrel(40) - qrel)] =
(E,/k) (1/T - 1/313.2) - (A/k) (1/T2 - 1/313.22) [11]

If it is assumed that the parameter gel does not
significantly differ from unity, then Equation [9] is
equal to Equation [6], which was found to be valid for
those solutions containing Na-DS or TEA-DS, and for
those containing TEA-LAS as the only solute. The
parameter 103 B in Equation [6] corresponds to the
parameter E/k in Equation [9].

Unity values for gre! may be due to the fact that
intrinsic viscosity, 'n!, for micelles is very low. Thus,
Equation [3] results as follows:

g =(1-k, ¢) ko = (1 -k, ¢)0 =1 [12]

Equation [9] is equal to Equation [7], which was
found to be valid for those solutions containing Na-
LAS, and where Q = gt ~ 1 and 103 B = E/k.

Finally, Equation [11] is equal to Equation [8], which
is valid for those solutions containing TEA-LAS and
pyrophosphate, where Q = gt - 1; 103 B = E /k, and
108 C = A/k.

Consequently, all the experimental results can be
explained if the equation for the activated diffusive

relaxation model, modified according to the hypotheses
proposed above, is acccepted.

With respect to the explanation of the behavior
found in solutions containing TEA-LAS and a pyro-
phosphate, with an activation energy for long-range
diffusive motion, E, which increases when temperature
is raised, the following can be assumed:

(a) The large micelles formed in these solutions are
surrounded by a layer of water molecules. These mole-
cules are joined by hydrogen bonds to the hydroxyl
groups of the triethanolammonium cations situated in
the Gouy-Chapman and Stern layers of the micelles.

{(b) This aqueous layer, because it contains alkaline
pyrophosphate ions, helps to “‘screen” the electrostatic
repulsion forces between micelles. Thus, the higher the
pyrophosphate concentration is, the greater the
“screening”’ effect.

(c) An increase in the ‘“‘screening” effect produces a
decrease in the activation energy for long-range diffusive
motion.

(d) As temperature becomes higher, a breakdown of
hydrogen bonds take place. Consequently, the efficiency
of the “‘screening” process goes down as temperature
increases.

(e} The rise in the ““screening’’ process, caused by an
increase in the concentration of pyrophosphate, leads
to a drop in the nsr,,, value, as well as to an increase in
the t,,, value.

{f) The addition of pyrophosphate to a solution con-
taining 0.25 mol/l TEA-LAS provokes, within the range
of temperature studied, an increase in viscosity as may
be observed in Figures 1 and 3. Nevertheless, as can be
deduced from inspection of Figures 2 and 4, if the
concentration of TEA-LAS is 0.50 mol/l and tempera-
ture stays below 30°C, the opposite effect takes place
when pyrophosphate is added. These contrasting effects
may be attributed to the difference in magnitude of the
intermicellar repulsions in each solution, because they
are obviously higher at a double concentration of TEA-
LAS.

The influence of the changes in the surfactant anion,
in its counter-ion and in the cation of pyrophosphate
will be analyzed extensively in a subsequent paper.

To sum up, interactions among water, surfactants
and alkaline pyrophosphates are very complex, and a
satisfactory explanation of rheological behaviors of aque-
ous media containing them requires additional studies.

REFERENCES

1. Hoffman, H., and H. Rehage, in Surfactant Solutions. New
Methods of Investigation, edited by R. Zana, Marcel Dekker,
New York, 1987, pp. 209-239.

2. Gruen, D.W.R., in Surfactants, Adsorption, Surface Spec-
troscopy and Disperse Systems, Progress in Colloid and Poly-
mer Science, Vol. 70. edited by B. Lindman, G. Olofsson and
P. Stenius, Steinkopff Verlag, Darmstadt, 1985, pp. 6-16.

3. Birdi, K.S,, Ibid., pp. 23-29.

4. Eagland, D., in Physicochimie des composés amphiphiliques,
edited by R. Perron, Editions C.N.R.S., Paris, 1979, pp.
27-40.

5. Hiemenz, P.C., in Principles of Colloid and Surface Chemistry,
Marcel Dekker, New York, 1977, pp. 42-84.

6. Tanford, C., The Hydrophobic Effect. Formation of Micelles
and Biological Membranes, Wiley, New York, 1980.

JAOCS, Vol. 65, no. 12 (December 1988)



1970

10.

11.

12.

13.

A.F. GUERRERO ET AL.

Hunter, R.J., in Foundations of Colloid Science, Vol. I, Oxford
Sci. Pub., Oxford, 1987, pp. 538-550.

Hall, D.G., and G.J.T. Tiddy, in Anionic Surfactants. Phys-
ical Chemistry of Surfactant Action, edited by E.H. Lucassen-
Reynder, Marcel Dekker, New York, 1981, pp. 55-108.
Blanc, R., in Colloides et Interfaces, edited by A.M. Cazabat
and M. Veysie, Editions de Physique, Les Ulis (France),
1983. pp. 55-98.

Dickinson, E., and G. Stainsby, in Colloids in Food, Applied
Science Pub., London, 1982, pp. 331-410.

Vold, R.D., and M.J. Vold, in Colloid and Interface Chemis-
try, Addison Wesley Pub. Co., London, 1983, pp. 341-372.
Ottewill, C.R.H., in Colloidal Dispersions, edited by J.W.
Goodwin, Roy. Soc. Chem., London, 1982, pp. 197-217.
Goodwin, JW., in Surfactants, edited by Th. F. Tadros,
Academic Press Inc., Orlando, Florida, 1984, pp. 133-151.

JAOCS, Vol. 65, no. 12 (December 1988)

14,

15.

16.

17.

Goodwin, JW., in Colloidal Dispersions, edited by J.W. Good-
win, Roy Soc. Chem., London, 1982, pp. 165-195.

Hirtzel, C.S., and R. Rajagopolan, in Colloidal Phenomena.
Advanced Topics, Noyes Pub., Park Ridge, NJ, 1985, pp.
282-305.

Hunter, R.J., in Foundations of Colloid Science, Vol. I, Oxford
Sci. Pub., Oxford, 1987, pp. 564-625.

Gallegos Montes, C., J. Mufioz Garcia, J.M. Martinez Moreno,
V. Flores Luque and C. Gémez Herrera, in Surfactants in
our World Today and Tomorrow, Vol. 111, Kiirle Druck und
Verlag, Gelnhausen, 1984, pp. 90-103.

[Received August 3, 1987;
accepted May 17, 1988]



