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The electrical conductivity ¢ and dynamic viscosity 7 of water-based water-AOT-undecane
[AOT:sodium bis(2-ethylhexyl) sulfosuccinate] microemulsions and waterless glycerol-AOT-isooctane
microemulsions were studied as a function of volume fraction ¢ in dispersed matter (water plus AOT or
glycerol plus AOT) and pressure up to 1000 bar. The realm of existence of the single-phase zone was
also determined versus pressure P. The curves 7(P) and o(P) at constant ¢ and temperature T, and the
curves 1(¢) and o(¢) at constant P and T were analyzed within the framework of percolation theory.
For water-based microemulsions the percolation threshold ¢, decreases when P increases, corresponding
to an increase in interactions. For waterless microemulsions ¢, varies very little. The scaling exponents
are ~2 above the threshold and = —1.2 below, whatever the pressure, the system, and the property
studied (values which have already between obtained at 1 bar). This corresponds to the fact that these

systems belong to the same class of universality.

PACS number(s): 82.70.—y, 05.40.+j, 66.20.+d, 72.90.+y

I. INTRODUCTION

We recently published [1] a study concerning results
obtained on electrical conductivity, dielectric relaxation
(static permittivity and characteristic frequency), and dy-
namic viscosity for microemulsions with very varied
compositions (water-based or waterless, ternary or
quaternary, with or without salt). However, they do have
in common the fact that they all correspond to the distri-
bution model of spheres subjected to Brownian move-
ment dispersed in a continuum. For all these systems the
associated dynamic percolation model [2,3] is qualitative-
ly verified. Moreover, when the conditions of application
of the theory’s asymptotic laws are satisfied the scaling
exponents are the same for all systems (approximately 2
above the threshold and —1.2 below it), which is con-
sistent with the theoretical predictions. This reflects the
fact that all these systems belong to the same class of
universality. We also showed [4] that for correct and
convenient study of the phenomenon of percolation it is
essential to choose an appropriate experimental path
which does not affect interactions. Other paths are of
course possible, since if one begins with a system located
below the percolation threshold ¢, (¢: volume fraction in
dispersed matter) it is not absolutely necessary to change
¢ in order to reach the threshold. One can for example
vary the temperature, but we have shown [5,6] that this
makes analysis of the curves difficult as the experimental
path followed no longer maintains constant interactions.
Correct analysis requires the introduction into these con-
ditions (constant ¢ and variable T) of a percolation tem-
perature T, such that ¢ (T,)=¢. Moreover, at constant
¢ and T the salinity p of the system can be varied and a
percolation salinity p,. introduced or one can vary the
molar ratio [water]/[surfactant], etc. All these studies as
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well as most of those published by a number of other au-
thors (for example, Refs. [7]-[10]) connected with per-
colation in microemulsions were carried out at atmo-
spheric pressure.

In this paper we will consider another experimental
pathway whereby interactions can be varied in the system
to move it closer to or farther from the percolation
threshold, i.e., the pathway based on varying pressure.
Recent studies [11] have shown that temperature and
pressure can be used to control the stability of mi-
croemulsions. Light scattering and SANS (small angle
neutron scattering) measurements were made as a func-
tion of pressure [12,13] for the water-AOT-oil systems
[AOT: sodium bis (2-ethylhexyl) sulfosuccinate]. It was
shown that at fixed temperature, when pressure increases
the microemulsion becomes opaque at it approaches a
certain limit and phase separation takes place. The pres-
ence of a very large cluster of droplets with strong inter-
droplet attraction was suggested. Moreover, SANS mea-
surements [12] show that pressure variation (and hence
density variation) has no measurable effect on the radius
of droplets in the single-phase domain. In a review arti-
cle [14] it is stated that the effect of pressure is similar to
that of temperature in that it controls the phase separa-
tion limit. Thus when the phase boundary is approached
as a result of varying pressure (or temperature) the pair-
wise droplet attraction becomes enhanced but the water
radius is not affected. Invariability of size has also been
observed in other studies [15].

At this stage it is interesting to mention a recent study
[16] on pressure effects on the phase behavior of a
propylene-water-surfactant mixture. The effect of in-
creasing pressure is similar to the effect of reducing tem-
perature or increasing the electrolyte concentration, in
agreement with a phenomenological model [17]
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developed for the phase behavior of amphiphile-water-oil
systems.

The conductivities of the nominally propylene-
continuous upper phases in the systems are high enough
to suggest electrical percolation, implying the presence of
significant volume fractions of micelles in these phases.
The upper phases also present high viscosity. However
the phenomenon of percolation as such was not studied
specifically. It is important to recall another recent study
[18] on micellar and bicontinuous microemulsions formed
in both near-critical and super-critical propane with di-
dodecyldimethylammonium bromide (DDAB) and water.
The phase behavior of this system presents unusual and
dramatic effects due to pressure. When the pressure of
the system is increased from 80-400 bar, the conductivi-
ty is observed to decrease by three orders of magnitude.
This conductivity effect appears to be consistent with a
change in the microstructure (structural change from in-
terconnected conduits to dispersed droplets). The au-
thors refer to an “antipercolation” effect. As regards our
own work as reported in this paper, we will consider
those systems for which we have already verified [4,6,19]
that they present a highly marked percolation effect at at-
mospheric pressure. These systems were studied at vari-
ous pressures.

II. EXPERIMENTAL TECHNIQUES

Our experimental measurements were concerned with
determining dynamic viscosity 7, electrical conductivity
o and density p versus pressure P, and volume fraction ¢
at a given temperature 7. The value of the viscosity 7 is
determined by means of a falling body viscometer which
operates at up to 4000 bar and whose characteristics are
specified in detail elsewhere [20]. The density p is mea-
sured by means of a DMA 45 ANTON PAAR KG den-
simeter to which the additional DMA 512 cell has been
added, enabling measurements to be made up to 400 bar.
Use of this apparatus with a double reference calibration
system was the subject of another article in a specialized
journal [21]. Beyond 400 bar the values of p are extrapo-
lated according to the method described in an earlier pa-
per [22]. This shows that the relative uncertainty on the
values of p determined in this way has practically no
influence on the relative uncertainty of the viscosity 7
which can be estimated as being of the order of 2% for
P <1000 bar. The electrical conductivity o is measured
with the aid of a semiautomatic Wayne-Kerr B331
measuring bridge operating at a frequency of 1591.5 Hz
(pulsation 10* rad sec™!). The pressure measurement cell
manufactured in the laboratory [23] allows measurements
at up to 1500 bar. For all of these devices one has
AP=0.5 bar (at pressures other than atmospheric pres-
sure). For the viscometer AT =0.5°C, while for the den-
simeter and conductivimeter AT =0.1°C.

We studied on the one hand the waterless microemul-
sions glycerol-AOT-isooctane and on the other hand the
water-based microemulsions water-AOT-undecane. The
substances used were distilled water, glycerol (Aldrich
purity >99%), AOT (Sigma purity >99%), isooctane
(Fluka purity >99.5%), and undecane (Fluka purity
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>99%). The samples at given P and T are characterized
by the volume fraction ¢ in dispersed matter (water plus
AOT or glycerol plus AOT) and by the molar ratio n
([water]/[AOT] or [glycerol]/[AOT]). We will see below
that because of the influence of pressure on the density of
the components, for a given system ¢ varies slightly with
pressure. We will therefore use ¢, to denote the volume
fraction at 1 bar. Finally the measurements were general-
ly carried out at T=25°C for waterless microemulsions
and T =20°C for water-based microemulsions, because
these systems had previously been studied [4,6,19] at
these temperatures and at atmospheric pressure.

III. STUDY OF PHASE DIAGRAM BEHAVIOR
WITH PRESSURE

We first examined the behavior of phase diagrams un-
der pressure of the samples studied, with a view to identi-
fying accurately the realm of existence of the single-phase
zone. To do this we used a ROP brand full visibility sap-
phire cell, details of which can be found in the literature
[24]. It can be used to carry out measurements at pres-
sures up to 500 bar. The sample is subjected to an iso-
thermal pressure variation and the liquid-liquid transition
is clearly identifiable since the fluid becomes opaque and
scatters light to a considerable extent.

A. Glycerol-AOT-isooctane system

Figure 1 represents the realm of existence of the
single-phase zone in the plane (P,T) for the microemul-
sion of molar ratio n =4, such that ¢,=0.20 at 25°C. It
is seen to remain single phase all along the T'=25°C iso-
therm, and this is also the case with this system for other
values of ¢,. Figure 1 shows that for temperatures above
34°C the system moves from a two-phase domain to a
single-phase domain under the effect of pressure. In oth-
er words the single phase of the domain of the mi-
croemulsion increases (at given ¢,) with increasing pres-
sure.

B. Water-AOT-undecane system

Figure 2 represents the realm of existence of the
single-phase zone in the (P, T) plane for the microemul-
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FIG. 1. Realm of existence of the single-phase zone.
Glycerol-AOT-isooctane system. (Molar ratio n =4, volume
fraction at 1 bar ¢,=0.20, T=25°C.) 1¢, one-phase area; 24,

two-phase area.
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FIG. 2. Realm of existence of the single-phase zone. Water-
AOT-undecane system. (Molar ratio n =30, volume fraction at
1 bar ¢,=0.20, T=20°C.) 14, one-phase area; 2¢, two-phase
area.

sion of molar ratio n =30 such that ¢,=0.20 at 20°C.
With the sapphire cell, we determined the boundary pres-
sure P =161 bar at 20.2°C, at which the transparent sys-
tem changes into an opaque system. It will be observed
that the water-AOT-undecane system has a domain
which shrinks with increasing pressure, an observation
which had already been made [11] for the similar water-
AOT-octane systems. For water-hexadecyltrimethyl am-
monium bromide (CTAB)-chloroform-heptane systems,
on the other hand, the domain increases [11] as it does
with the glycerol-AOT-isooctane system.

IV. EXPERIMENTAL RESULTS
ON CONDUCTIVITY AND VISCOSITY

Taking account of all our previous results at P =1 bar
we know that the percolation phenomenon is clearly visi-
ble with viscosity 7 for the glycerol-AOT-isooctane sys-
tem and with electrical conductivity o for the water-
AOT-undecane system.

A. Study of the viscosity 7

We first studied variations of 7 versus P for a given
sample. Figure 3 represents variations of 7(P) for n =4,
T =25°C, and ¢,=0.30. An increase in 7 was observed.
Figure 4 represents variations of log,,n versus P for
n =4, T =25°C, and several values of ¢,. Variations of
pure glycerol and pure isooctane are also represented.
We also carried out measurements at constant pressure as
a function of the volume fraction ¢p, which is the real
volume fraction at the pressure P considered, calculated
from ¢, on the basis of variations versus pressure of den-
sities of components [Figs. 5(a) and 6(a)]. The sigmoid
shape of the curves for log,yn versus ¢, at P=C"* will be
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FIG. 3. Glycerol-AOT-isooctane system. Variations of 7 vs
P. (Molar ratio n =4, volume fraction at 1 bar ¢,=0.30,
T=25°C)

observed. It will be noted that the interval of variation
extends over approximately three decades.

B. Study of the electrical conductivity o

Figure 7 represents for the water-AOT-undecane sys-
tem (T =20°C, n =30, ¢,=0.15) the curves for varia-
tions of o versus P, while Fig. 8 represents the curves for
variations of log;go versus P for several values of ®,.
Figures 9(a) and 10(a) represent for the same system the
curves for variations of log,go versus ¢p for 50 and 150
bar. Here again the sigmoid shape of the curves and the
large interval of the variations (approximately 5 decades)
can be observed.
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FIG. 4. Glycerol-AOT-isooctane system. Variations of
log,on vs P, for several values of the volume fraction ¢, at 1 bar.
(Molar ratio n =4, T =25°C.) A, 0.30; 4, 0.25; 0, 0.15; @, 0.10;
0, 0.064; W, glycerol; A, isooctane.
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FIG. 5. Glycerol-AOT-isooctane system. (Molar ratio n =4,
T =25°C, P =200 bar.) (a) Variations of log,yn vs ¢p. +, ex-
perimental points; -, theoretical curve. (b) Variations of 7'/*
and 17 !/* vs ¢p. (Values normalized to 1 for ¢, =0 and ¢p=1.)
+, experimental points; -, theoretical curve. (c) Variations of
logion vs logigl¢p —¢.|. +, experimental points; —, theoretical
curve.
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FIG. 7. Water-AOT-undecane system. Variations of o vs P.

(Molar ratio n =30, volume fraction at 1 bar ¢,=0.15,

T=20°C.)
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FIG. 6. Glycerol-AOT-isooctane system. (Molar ratio n =4,
T=25°C, P=1000 bar.) (a) Variations of log,on vs ¢p. +, ex-
perimental points; -, theoretical curve. (b) Variations of 7!/*
and 77" vs ¢p. (Values normalized to 1 for ¢,=0 and ¢p=1.)
+, experimental points; —, theoretical curve. (c) Variations of
logion vs logolép—¢.|. +, experimental points; —, theoretical
curve.
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FIG. 8. Water-AOT-undecane system. Variations of log;q0
vs P. (Molar ratio n =30, volume fraction at 1 bar ¢,=0.15,
T=20°C)
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FIG. 9. Water-AOT-undecane system. (Molar ratio n =30,
T =20°C, P=50bar.) (a) Variations of log,oo vs ¢p. +, exper-
imental points; —, theoretical curve. (b) Variations of o!’* and
0715 vs ¢p. (Values normalized to 1 for ¢p=0and ¢p=1.) +,
experimental points; -, theoretical curve. (c) Variations of
logoo vs logioldr —¢.|. +, experimental points; —, theoretical
curve.

V. DISCUSSION OF RESULTS

A. Theoretical background

Analysis of earlier studies carried out on percolation
indicates that the following relationships can be adopted
as asymptotic laws of behavior. It is generally assumed
that the system is made up of two components (1) and (2)
and that ¢ is the volume fraction of component (1),

$>¢.+8, 0=Cio,(6—¢.V, n=Cim(é—¢. ),
(n
$<¢.—8, —¢)7% n=Comyld.—4)°,

in which A=56+8' is the width of the transition interval
(the “crossover regime”) which is of the order of
A,=(0,/0)"**S) for conductivity [25]. These rela-
tionships indicate that the derivatives (1/0)(do /d¢) and
(1/m)(d7n/d¢) tend towards infinity at the percolation
threshold ¢.. In fact, experimentally, there is a continu-
ous transition in the transition interval A in the im-
mediate neighborhood of ¢, and (1/0)(do/d¢), and

0=C202(¢c
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FIG. 10. Water-AOT-undecane system. (Molar ratio n =30,
T=20°C, P =150 bar.) (a) Variations of log;q0 vs ¢p. +, ex-
perimental points; —, theoretical curve. (b) Variations of o!/*
and 07 1/* vs ¢p. (Values normalized to 1 for ¢p=0and ¢p=1.)
+, experimental points; —, theoretical curve. (c) Variations of
logiooc vs logplédp—¢.l. +, experimental points;
-, theoretical curve.

(1/m)(dn/d¢) goes through a maximum at the thresh-
old. At P =1 bar, a very close adjustment of conductivi-
ty of the water-AOT-undecane system is obtained [19] be-
tween the experimental curves and the theoretical values,
using £#=1.94 and s =1.2, which clearly reflects the dy-
namic aspect of the phenomenon [2,3]. Quantitative
analysis performed on the viscosity of waterless mi-
croemulsions  gives [26,27] u=2.00+0.25 and
s =1.210.2. In both cases, (conductivity and viscosity)
the scaling exponents at P =1 bar are practically identi-
cal, which shows that these microemulsions, which are
very different in their compositions, behave in a very
similar way as regards dynamic percolation, provided the
conditions of application of the asymptotic laws are
satisfied [1].

B. Analysis of the results

The log,;n=f(¢p) curves at given pressure have a sig-
moid shape which merits analysis. To do this the
coefficients of a fourth degree polynomial in ¢, were ad-
justed in the most sharply increasing part of the curve
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and the value of ¢, for which the second derivative of
this polynomial is cancelled out was identified. This
value is that of the point of inflexion, in other words, of
the maximum for (1/9)(dn/d¢p). It corresponds to the
position of the percolation threshold ¢,.. As an illustra-
tion, Fig. 11 represents the variations of (1/9)(dn/d¢p)
versus ¢p at P =200 bar (glycerol-AOT-isooctane system,
n =4, T=25°C) in which the points correspond to the
numerical derivative and in which the solid line corre-
sponds to the polynomial obtained after adjustment of ex-
perimental log,yn values. Once ¢, has been ascertained,
the least squares method is used to adjust the theoretical
expressions [Egs. (1)] in such a way as to be able to deter-
mine the exponents u and s. For all the pressures stud-
ied, 1, 50, 100, 200, 400, 600, 800, and 1000 bar, we found
1.855<pu <2.048 and 1.029 <s < 1.211 with mean values
#£=1.914 and s =1.108. Figures 5(a) and 6(a) represent
the experimental and theoretical log,;n curves for
P =200 bar and P =1000 bar. We also show in Figs. 5(b)
and 6(b) the variations of !/ and %~ !/* as a function of
¢p normalizing to 1 for ¢, =0 and ¢, =1. Finally, Figs.
5(c) and 6(c) represent variations of log,yn versus
log,ol¢p —¢.|. For all three types of representation the
excellent fit between experimental values and theoretical
curves [Egs. (1)] will be observed. It will be noted that
representations 5(a), 5(c), 6(a), and 6(c) clearly show the
existence of a transition interval A, when ¢, —¢.. Final-
ly, Fig. 12 represents variations of ¢, versus P (n =4,
T=25°C). It will be seen that ¢, is practically constant
with perhaps a slight decrease when P increases. This re-
sult should be linked to the fact that as P =1 bar, ¢, also
varies little when the temperature increases [5,6],
reflecting the fact that the interactions change little in
this system.
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FIG. 11. Glycerol-AOT-isooctane system. Variations of

(1/9)Xdn/dép) vs ¢p. (Molar ratio n =4, T=25°C, P=200
bar.) @, numerical derivative;-, adjustment polynomial. (The
maximum corresponds to the percolation threshold.)
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FIG. 12. Water-AOT-isooctane system. (Molar ratio n =4,
T=25°C.) Variations of the percolation threshold ¢. vs pres-
sure P.

We proceeded in the same way for the water-based mi-
croemulsions water-AOT-undecane (n =30) for the study
of electrical conductivity . Figure 13 represents varia-
tions of (1/0)Xdo /d¢p) versus ¢p for P =150 bar. We
also determined ¢, for P=1, 50, 100, and 150 bar. Then
numerical analysis of experimental values of o gives
2.110<p <2.252 and 1.05<s <1.36 with mean values
©=2.166 and s =1.172. Figures 9(a) and 10(a) represent
values of log,qo versus ¢p for P =350 bar and P =150
bar. Figures 9(b) and 10(b) correspond to o'’# and o ~!/*
versus ¢p (normalized to 1 for ¢, =0 and 1). Finally
Figs. 9(c) and 10(c) correspond to variations of log;,o
versus log,ol¢p—¢.|. Here again the excellent fit be-
tween experimental values and theoretical curves will be
noted, as will the existence of the transition interval A,

30—
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FIG. 13. Water-AOT-undecane system. Variation of
(1/c)do/dép) vs ¢p. (Molar ratio n =30, T=20°C.) @, nu-
merical derivative (P =150 bar); +, numerical derivative
(P =50 bar); —, adjustment polynomial. (Maxima correspond to
the percolation thresholds.)
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[Figs. 9(a), 10(a), 9(c), and 10(c)] in the immediate neigh-
borhood of ¢.. Finally, Fig. 14 represents variations of
&, versus P. It will be observed that for water-based mi-
croemulsions, ¢, decreases markedly with increasing
pressure. This result should be linked to the sharp de-
crease in @, versus T observed for identical [19] or similar
[9] systems at P =1 bar, which reflects an increase in in-
teractions.

Figures 12 and 14 show that, depending on the system,
¢, may or may not be a function of the pressure P. In
Egs. (1) the quantities o, 0,, 7y, 17, on the one hand, and
the prefactors C,, Cj, C,, C; on the other hand are a
priori functions of P. For example, for isooctane at 25°C
one obtains 17=0.472 cP at 1 bar and 1.235 cP at 1000
bar, and for glycerol at the same temperature one obtains
955 cP at 1 bar and 1680 cP at 1000 bar. However, if, for
varying P, ¢.(P) remains in the neighborhood of the
value ¢p, one can write, developing to the first order,
¢.(P)=¢p+K(P—P.) in which K=(d¢ /dP)p and
¢.(P.)=¢p, which defines the percolation pressure P,. If
K <0, which corresponds to the case in Fig. 14, then
é.>¢p, if P> P, and this implies the following relation-
ships:

0=C,(P)o,(P)K(P,(P,—P)}* if P>P,+5, ,
0=C,(P)o,(P)[K(P,XP—P,)]™* if P<P,—8) .

(2)

These relationships are not valid in the immediate neigh-
borhood of P, (in other words, ¢.) where there is continu-
ous variation in a narrow pressure interval around the
percolation threshold P,. The cross-over regime is
Ap=08p+86p. One thus has scaling laws for variations of
o (and also of 7)) versus P with the same exponents u and
s as for variations of o (and also for %) versus ¢. It has
also already been shown [5,26] that one also has the same
exponents at constant ¢ and P for variations versus tem-
perature T. But it is essential to emphasize that analysis
of variations of o and % with Egs. (2) (or similar for %) is
only simple if K is independent of P, and if o, 05, 91, 75,
C,, C}, C,, Cj are also independent of P, which is not
generally the case. Moreover, as we have already indicat-

dc

0.2

o.l T

T T
0 50 100 150 P(bar)

FIG. 14. Water-AOT-undecane system. (Molar ratio n =30,
T =20°C.) Variations of the percolation threshold ¢. vs pres-
sure P.

ed, there is also a small variation in the volume fraction
¢p of the sample when pressure varies, this variation be-
ing due to the influence of pressure on the system
components’s density. For example at 7=25°C the
values obtained for isooctane are p=0.6874 g/cm? at 1
bar and 0.7627 g/cm?® at 1000 bar. For glycerol, the re-
sults are respectively 1.2546 g/cm® and 1.2856 g/cm’.
Assuming that the density of AOT varies very little, if at
P =1, bar one has ¢;,=0.15, then at 1000 bar one has
¢p=0.163 (n =4, T =25°C). Similarly, if ¢,=0.30 then
one obtains ¢ =0.320 at 1000 bar. For the water-AOT-
undecane systems pressure variations are less marked and
so the value of ¢ varies little. For example, if ¢,=0.301
then ¢p=0.303 at 150 bar (n =30, T =20°C). The result
is that in fact, for any given sample, the value P, of the
threshold for that sample is itself a function of pressure
because one has ¢(P). However this variation only has
any influence when the pressure is such that the sample is
close to the percolation threshold. It is only if all these
effects are negligible (which is not the case here because
of the variations of 7;, 7,, 0, 0, versus pressure) that
log,g0 = fllog,o|P—P,|) or log,on= f(log,o|P—P,|) cor-
responds to two straight lines of slopes 4 and —s.

If, as is the case here, these effects are not negligible, it
is difficult or even impossible to determine experimentally
the values of p and s with this experimental pathway
(variable P) and, in general, satisfactory analysis of the
experimental curves is complicated. Figures 3 and 4 for
viscosity and Figs. 7 and 8 for conductivity, which
represent variations as a function of P for a given system
[¢o imposed, but ¢(P)], are characteristic of this
difficulty. Let us recall that the same is true for the ex-
perimental pathway which consists in variable tempera-
ture T, which can produce curious effects [5,6] that are
difficult to analyze unless certain precautions are taken.

VI. CONCLUSION

The two ternary systems considered here correspond to
a dispersion of spheres in a continuum, the spheres being
subjected to Brownian movement. The dynamic descrip-
tion of the phenomenon of percolation applies and the
theoretical predictions are verified, whatever the pres-
sure, both the conductivity o and the viscosity 7 increase
with the content of dispersed matter ¢ [with
(1/0)do/d¢) and (1/9)dn/d¢$) passing through a
maximum as a function of ¢]. Quantitatively, it is very
satisfying to observe that when the conditions of applica-
tion of the asymptotic laws of the theory are satisfied, the
scaling exponents are the same, i.e., =2 above the thresh-
old and =~ —1.2 below the threshold whatever the sys-
tem, the property studied, and the pressure. This indi-
cates that the systems belong to the same class of univer-
sality. For the water-AOT-undecane systems we ob-
served that the percolation threshold decreases with in-
creasing pressure, thus reflecting an increase in interac-
tions. It has recently been possible [9,28,29] to calculate
quantitatively the variations of ¢_. versus T solely on the
basis of knowledge of variations of interactions versus T.
It would be interesting to apply this model to variations
of pressure.
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In an earlier article [4] we insisted on the importance
of the experimental pathway. In the present study we
chose to vary pressure while maintaining the other pa-
rameters constant. Equations (2) show that the distance
|¢(P)—¢.(P)| is essential. As the threshold varies at
each point on the pathway it is possible to pass through a
percolation point which defines the percolation pressure
P.. As the prefactors (and also ¢) of the asymptotic equa-

tions are also dependent on P, this makes correct analysis
of the experimental curves 7(P) or o(P) substantially
more difficult. This illustrates the difficulty of interpret-
ing experimental data when the phenomenon of percola-
tion is involved, and the importance of accurately con-
trolling all the parameters when one experimental path-
way has been selected. Unless this is done there is a
direct risk of arriving at faulty interpretations.
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