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Studies of Microemulsion : Mixed Alkane/
Non-ionic Surfactant/Water Systems
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Department of Chemistry, Faculty of Science, M.5. Umversity of Baroda, Bareda-390 002.

Abstrrct—The effect of the variation the compcsition of the oil and temperature has been
studied on the microemultion area of the system oil/Brij 35 + n-propanol/water, where oil
is heptane, nonanc snd various mixtures of these. It has been observed that the srea in
gencral increases with increase in temperature, The microemulsion area decreases in going
from heptane to nonane but no linear dependence was observed.
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INTRODUCTION

Microemulsion is a single phase, optically isotropic, thermodynamically stable
system [1]. This is generally composed of water, oil and surfactant. A cosurfactant,
though, seems to be of necessity [2]. It has beery suggested that in case of nonionic
surfactants, the presence of a cosurfactant is not imperative. The microemulsions
have tremendous technological implications and have been studied by various
techniques [3-5]. The triangular phase diagram of the three/four component system
is a must as only in some part/parts of the diagram the microemulsion is formed
and therefore one needs to know the composition [6-8] of the micromulsion.

In the present study we chose nonionic surfactant, Brij 35 as one of the com-
ponents. Its cloud point in water is over 100°C and hence the study of the effect
of temperature on mcroemulsion will be reasonable in this case as the probability
of precipitation will be minimal. We have taken pure heptane and nonane as
oil and also different mixtures of the two. This way the effect of the variation of
the composition of the oil on the microemulsion area can be studied. To our
knowledge such type of study has not been reported earlier. As we mentioned,
the nonionic surfactant was not ecxpected to need a oosurfactant but unfor-
tunately it was observed that Brij 35 does not form microemulsion and hence we
used n-propanol as cosurfactant. The mixed alkane system was used as oil
phase because of the fact that in the practical cases, e.g.. in the tertiary oil
recovery, the pure alkane microemulsion behaviour will not be very useful. The
anionic surfactants are generally used in the tertiary oil recovery {9] but importance
of using nonionic surfactants cannot be over emphasised. This is because in case
of anionic surfactants the electrical properties become important whereas in case of
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nonjonic surfacants only the chemical proparties will be imgorunt As higher
temperature cffect is important in tertiary oil recovery, we sudied the microemul-
sion area at various temperatures.

EXPERIMENTAL

Brij 35 [C (OCH,CH OH] was from Merck, Germany andwas used as
recived xifg'épanol Mctc}:.'lndi]a), Heptane (S.D.s, India) and nonane (S.D.*,
India) were used after purification by standard procedure [10). Doubly distilled
water (approx. 10~'s) was used. The weight ratio betwetn surfactant and cosur-
factant was slways kept at 1:2.

Titration technique was used to determine the onc phase microemulsion
region. Known amount of oil or water was taken with surfactant in a stoppered
test tube and was kept in a thermostat of required temperature (£0.05°C) and
titrated with water or oil respectively from a microburettc. A trisngular phasc
diagram was then plotted (Fig. 1). The arca on the upper part of the line is the
single phase microcmulsion area and the lower part is the nonmicroemuision part.
With the help of a planimeter, the arca under the curve was determined. A few
systems were duplicates and the microemulsion arca was found to be within 19
of each other. Higher temperature studies were done with sealed tubes. Detailed
scanning of the phase diagram was avoided as it is in general time consuming and
was not of much importance for the present study. The temperature range used
was from 20 to 70°C. Three mixed alkane systems with mole ratios 1:3,1:1 and
3:1 were used.

RESULTS AND DISCUSSION

From Table |, it is quite clear that the microemulsion area is rather small. This
is probably because the nonionic surfactant is very hydrophilic in nature due to
the presence of 23 (OCH,CH,)- groups Morcover the cosurfactant, n-propenol,
is also not hydrophobic. Probably higher alcohols, which are more hydrophobic
in mature, could have given a greater microemulsion area. This part will be
looked into in future. It is also seen that with increase in tempersture the micro-
emulsion area generally increases. As the temperature rises the interfacial éen-
sion generally decreases; the surfactant may bring the interfacial tension to a
very low positive [11] (or probably negative {[2}} value leading to higher
microemulsion area. Moreover, as the temperature increases the oxyethylene
groups become less solvated with water, its lipophilic character increases and
hence more solubilization of oil with concommitant increase in microemulsion
arca takes place [13]. At a temperature around 60°C there seems to be a ten-
dency for a decrcasc in the microemulsion area. It is a bit difficult to reason
this out. Again, as the variation is not large a detailed discussion is precluded.
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TABLE 1

The percent srea of one phase microemulsion regiop in the phase disagrame of the system
Alkane® [Surfactant /water at various temperatures,

Percent microemuision area

Percentage 20°C 30°C 40°C $0°C 60°C 70°C
Heptane in .
the mixture
100 142 15.01 16.34 17.18 1824 17.80
15 10,74 11.20 12.18 13.52 1443 i4 66
50 9.64 10.10 11.03 12.53 13.05 12.99
25 8.95 9.53 10.10 11.08 11.03 10.56
1] 699 8.3 9,53 10.62 11.89 11.26

*Alkane means mixture of beptane and nonane.

In Fig. 1, a representative triangular phase diagram id given. Only at 20°C,
the phase diagram is somewhat different as can be seen from Fig. 1 (inset). This
is simply because of the low Brij 35 solubility in alkane at 20°C. From Table 1,
it can also be seen that the percent microemulsion area is higher in case of heptane
but much lower in case of nonane. This is probably because of the lower solu-
bility of the surfactant in nonane than in heptane.

3

JaN

Fig. 1. Trisngular phase disgram of water/surfactant/heptane at 40°C. Inset : at 20°C.
W represents water, S represeats surfactant and coaurflchnt together, O represents either
oils (nonane or heptane) or their mixtures.

In Fig. 2 the percent of micromulsion area is plotted against the mole
fraction of nonane in mixed alkane. It is obvious that the variations in the
microcmulsion area of the mixed systems are not that large and also it is clear
that there is no linear relationship. At higher temperatures of 60 and 70°C, the
concave nature of the curve is quite obvious with the minima around nonane
mole fraction of 0.75.

W
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Fig. 2. Plot of microemulsion area vs mole fraction of nonade in the mixture.

200C® ; 30°C O, 0°C w; 50°C [J; 60°C [J: 70°C w.

Hence we conclude that the study of microemulsion area at higher tempera-
ture and with mixed alkane systems are important as it helps in the modelling of
the crude oil in the oil fields. It has generally been suggested earlier [14] that
the interfacial tension between water and mixed systems vary linearly with one
of the components of the mixed system. We find that even if that is so, the
amount of microemulsion formed does not necessarily follow the same relation.
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Abstract

Different alkane mixtures were used as oil phase to determine the effect of
such mixing on the physical properties of the alkane/ Brij 35 + propanol/
water microemulsions., The allknnes were various mixtures of heptame and nonane.
Viscosity of microemulsions waxx was nonlinear in nature as a function of
heptare mole fraction in slkane mixtures. Viscosity of mixed allane microemi-
sions were glmost same. Conductance and viscosity studies indicate that the
gystems retain their bicontinuous nature through out though surfactants,
beoguse of reasonsbly high concentration , can slso form a continuous structure.
The activation enthalpies gnd entropies of viscous flow were computed tor nll m
oystems. Adlabetic compressibility of the eystems were also determined. all
stulies were made in between 30 and 70°C.

* gorrespondence should oe addressed to this author.



Introduction

Explosive inorement of research notivities .in microermilsion during last
fecade is because of. its potentinl use in tertisry oil recovery. Mioroemulsions
are formed due to very low wzter/ oil interféoial tension. The mioroemulsion
flooding can , theoretically , extract crude oil even from the pores of the under-
ground rocks. )

Current literature D-Z] has oonsiderable amount of work on modeling of
microemulgions. Shah et.al. [_3] have investigated extensively the effect of wvarious

paramoters viz. salinity, slkane chain length and the nature of cosurfactant on the
phese pehaviour and golubilizing power of microemulsions. Many other researchers

have also done similar studies [4=8] . The majority of these studies though, were
done with pure components and hence 40 not provide enough information for systems
where hydrocarbon mixtures were involved. We failed to locate systomatic studies of
the alkane mixture microemulsions, their formation and their properties. lence in
this paper we present some properties e.g. conductance, ultrasonic velocit:},
vigoosity etc. of a few nonionic surfactant microemulsion systems & mixed

, alkanes nt Aifferent temperntures.

YHothods and Materials

Brij 35 ( c12325( Ocnzcnz)zsm ) from Merck ( Germany) was used as received.
Propanol, heptare, nonane { S.D.'s,India), purified by standard methods r9J , and
doudly distilled water ( oconductancesv3 x 10_68 cm'1 ) were used.

Propanol was the cosurfactant and the cosurfactant/ surfactant ratio was
2 8 1 by veighte Three different mixtures of heptane and nonane ( 1+ 3, 131 and 331
mole ratios) were used as the 0il phasee O.1 M NaCl wap used as the aqueous phase
for conduotivity measurements with a Rullard conduotivity oridge. Viecoslty was
obtained with a standard Upbelchde viscometer and ultrasound xwimt welooity was
with the help of an ultrasonic interferometer ( M3, Mittal Enterprises, New Delhi).
S4andard pyknometer was used for density determination. The standard deviation in
' density and viscosity measurements were 10,005 % and <T0.4 % recpoctively.

Adisbatic oocmpressibility ( P ) of the microemulsion was caloulated 5 p
P =( u? )™' where € and u sre the density and ultresonic velooity in micro-
emulsion. The operating frequenocy wes 1 Miz. 3 and 5 Miz were used for e few gystems
and no appreciable difference in ,6 values were observed when compared with 1 'YHz data.
‘Hence 3 and 5 Mz were not used in general. The standard deviation in u was +0.4 %.

Eight different aliquots of one phase microemulsions ( having 80 % surfactant)
with various 011/ water weight ratios ( 000526’ 0.111' 0.333' 00667’ 15, 3.0' 9.0
and 19.0 ) were used for conductance measurementse The term surfactant here means
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both surfactant and cosurfaotant ., Pour differont composition mioroemulsions
were ohosen for the viscosity ( Table I ) and six for adiabatic oombressi‘cility
measurements at regular intervals ( Table IT ) . Viscosity and wsmiwwkzwix
conductance were studied at five different temperatures ( + O.1 % ) ranging from
30" to 70°C at 10°C interval. Sound velocity could not be determined et 70°C and
" hence compressinility was ocslculated only at other four temperatures.

Results and Discussion

Fig.1 is a repwesentative termary phase diagrem of mixed alkane- surfactante
water gystem. This diagram was determined oy the well known titration method. Phase
dingran of all systems show similar pattern with difference in the area of monophasic
region. Seleoted compositions for the phyeical property study are marked in the
diggram. A detailed scanning of the phage diagrams was not done, as it was time con-
suming and of little importance in the present study. However the preliminary stmdies
indiocated that there was no three phase zone. Below surfactant concentration of10 %
er so,very viscous liquid was obtained over the entire range of 0il/vater ratiop No
senigolid wos at all obtained.

Fig.2 shows varintion of specific conductance as a function of water volume
freotion st various temperatures. Percolation,( an abrupt increase in electrical
conduotivity at certain water volume fraotion ) which represents the miorostructural
chenges in mioroemulsion [10] , 15 absent . The steady incre ment of electrical
genduotivity with inocremse of weter frection indicetes that the present system has
same structure over the entire o/w range at this surfactant concentrstion. XowWwever,
percolation was observed at high wter/surfactant reatiom Honpercolative conductance
variation in mixed slkame systems Indicates & piocontinuous structure. High surfactant
cencentration ( Brij 35027 » ) may also introduce s continuous surfactant structure.
Therofore we feel that both continuous Brij 35 and = bdicontinuous water conduitsare
probably present. The percolation vehaviour does not change with the change in the
alkano composition indicating that the microstructure of the mioroemulsions xxx is
independent of the slkane mixture compositione a gradual change to discrete particle
structure may be ovserved when surfactant concentration decreases Eﬂj .

. Fig. 3 shows the variation of avsolute viscosity of these syetems with

; waight peroentage of water. Viscosity steadily increases with increase of wnter Lyxaiis
fraction for ell mixed systems. This type of varistion charscterises a bicontinuous
struoture Di’,}}j ; Bicontinuous structure in microemulsion indicates water £illed
intercornected conduits in oil medium 62] « Incremse of water fraction swells the
conduits and nence increase in viscosity ["_15] « A8 can ve seen from Fig. 3 the lines
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at any one temperature for various systems are almost parallel ( but not exaotly
parallel) indicating that the nature of 0il pnase does not have much influense
on the mode of vigcosity variation.

Tonmperature plays an important role on the physical properties of microemul-
sions. In Pig, 3, it is observed that the slopes of the lines deorease with rise of
tomperature, This variation of the slope with temperature is reasonably linear ( r =
0.986 ) and on extrapolation one can obtain o temperature where the slope is zero
( ‘1‘9). Over this temperature no change in vigocosity is expected on furthur addition
of water. It is evident that this temperature is a funotion of alkane composition.

A plot of ¥ ngainst alkame mixture composition shows a maximm at 0.5 mole fraction
nonano ( Fig. 4°) indicating that this system is irregular - somewhat different from
the reat,

Pron Pig. 5, it is obviocus that the viscosity of most of the mixed alkane
nioroonuleions are almost gimilar inspite of different mixing compositions. Wo linear
variation is observed when viscosity is plotted against the mole fraction of nonane,
This is truws at =ll temperaturos. This property was quite unexpected as the ideal
nature of the heptans ~ nonane mixing is w; But phage diagrams of these systems
also indicate the same behaviour. Henoce it is clear that though hepteme and nonane
are ideally misoible, such Lehaviour is not observed in the properties of mioroemule
sions as the alkane mixture composition is changed. Here properties of all mixed
allgne mioroemulsions are similar inspite of different alkane composition and deviate

maoh from those of pure alkanes,

Efforts have been made to onloulate various activation parameters (de 48*
and 45% ) fron the vincosity mensurements for polymeris [14) as well as micellar
solutions and interpret the resulte in terms of structural changes [15] « Ve have
extended those relations to mioroemulsion systems. It is known that [1 4]

In (77/ M ) . aH7/RT - 457/R where HN,h and V are Avogadro number, Plank
constant and molar volums respectively. AH* and 48T are activation enthalpy and
entropy of the vigcous flow respectively. The plot of 1n ( nv / Fh) vs '1'-‘ is
linear { r o 0.99 ) and the slope gives ABY gnd the intercept 4 g# + Thesce are
given in Teble I, It is observed that both the enthalpy and enitropy valuss of different
systems are very mear to each other. The maximum deviation being sbout 7 % . This
supports cur carlier statement that the mixed alkame microemulsions sre all similar

and independent of alkesne composition.

In Fige. 64 the linear variztion of adincetic sompressibility with water
volune fraction of different syetems are shown. this linearity indicates thet the
inerease of water fraction decreases adiabatic compressibility. Fig. &8 shows that
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‘b linearly inoresses with temperature. Increase of temperature increases the hydro-
phopicity of the interfacial surfactant £ilm due to dehydration of the polyéthylene
oxide chgin EGJ « Moreover rise in temperature should provide enough kinetic energy
to loosen the interfacial film. These two effects are expeoted to erhance the pene-
tration of the alkane moleonles into the interfacisl film, swelling the dispersed phase.
Hense compressidbility is higher at higher temperature.

The varistions of viscosity and edinvatic compressibility are opposite to
each othere This is cleur from a comparison of Fig. 3 and Fig. 6A. Similar wesults
were noticed esrlier D'i.‘!tﬂ e from Table II it is seen that the variation of the
conposition of the o0il phaese has no affcct on compressibility when the oil/ water
rutio io kspt sanme,

Conclusion

It onn be concluded from the present work that the properties of the mixed
plikzne mioroemulsions cannot be predicted from tne properties of pure alkeane nicroome
lsions. Mzm However like pure alkano systems , these mixed alkane systems have
vicontinuous structure throughout at 80 % surfuctant concentration. A continuous
struoture dus to high surfactant concentration can not be rulsd out though. axdiavatio
compresgibility study indicetes tnat the dispersed prase is swelled because of mikms
alkane penetration with rise of temperaturec.
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Taple I

Vicoosity sctivation Bnthalpies and Entropiss of Oil-Surfactunt-¥ater System.,
Surfaotant is 80 % w/w ( see text ).

041 Weight percent 4 Hi(k.)‘ mol") 4 S*(J mcl"‘K'd)
Heptane/Nonane water
(mole ratio)
2.0 174 1.1
Te s 8.0 20.2 ‘ 9.8
12.0 212 13.0
18.0 22.3 16.6
2.0 17.8 2¢4
1213 8.0 20.1 9.0
12.0 21.0 13,9
18.0 23.0 - 1847
2.0 16.6 -1.0
B.0 2041 9e4
3t 12,0 21.3 12,9
18,0 2241 16.0

T
The standard deviation in éﬁi and 48" are 1 3.0 » and 110 » respectively.



Pable II

7diabatic Compressibility ( P ) at 1 WHz of 01l-Surfactant-mater System at
Various Temperatures. Surfactant is 60 » (w/w) ( See ext )

0il deight percent ([b x 10'! cmedyne;‘
Heptane/Monane water Temperatore  °C
(mole matio)
30 40 50 60
18 6.0 62 645 7.0
15 643 0.8 1.2 Te6
ted 12 6.7 7.2(7.5)7 1.6 8.3
8 Te2 146 841 8.8
5 746 8.2 8e7 9.5
2 To8 BeT 9e1 9.7
18 5.9(5.9)T 6.2 646 6.9
12 549 649 7030767 7.7
8 ol 1.6 840 8.8
133 2 748 8.5(8.4)7 8.9 9.6
18 549 6.2(5.9)7 6.6 Te1
15 Ge3 be7 7.0 7.6
381 12 0] To1 1e5 8.1( 7. *
8 Te3 Tt 3.2 9.0
5 749 8.2 BeT 944
2 Be2 Be5 9.0 9.5(9. 7Y%
"t st 5 Wz % at 3 Mz



pegends

Fig. 4 Pseudo tornnpy vhese diarram of mixea nlvane/ vrij 3y + vropanol/

water systom at @« Mixe? alknne is heptane 4 nonnne 41+ .
o + :

Fig. 2 Plot of snccifie conductaree ve volums percent of wnter of the aysten
Mixed alkane/ Brij 35 + rroranol/ 0.1 m NaBl aqueous solution at 80 'c.
V/W surfactant, Mixed alkane i9 heptane (1) . nonane (1)
X 3° ;, @ 40% ; a 3°C; @ 60t ; © 70°r .
Fig. 5 Yariztion of apsolute viscosit, with weight percent water at various
tenperatures i x 30% i Q 4.% I 50°C 3 - &60% ;
® .
(4) Meptane + Honane | 3 I« tB) Heptane , Nonane 3:1 .,
Surfactant gg Ve QD .
Fig. 4 Variation of ‘I'p against the mole fraction of nonane in the alkane
mixtures in the ieroemulsions.
Pig. 5 Plot of absolute viscocity vs nonnne mole Iraction in alkane amixturce
at 80 ZN/W surfactant at various tempergtures s x 4U°c 3 ‘ 50°% H
] 6% ; @ %’ .
rig. &

Variation or adiavatic oomnressinility wit
at 80 %o wW/w surfactant. Alkane
M 50 ; X 60°c.

h (A) volure porcent of wnter
o,. )
nixturez 1% 153 , g 307 ; A 60

(B) with cempernturo at various weight porcent of Water. x 2: 0 5

va;.1z;‘;5;g1e.
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Physicochemical Studies of Microemulsions
Ajith 8; A.C.John and A.K.Rakshit

Department of Chemistry, Faculty of Science,
M.S.University of Baroda, Baroda 390002, India.

viscosity and conductance of various microemulsion systems were studied
over a range of temperature (30-80"C). The phase diagram of two systems
studied were (1) alkane/Brij 35 (s)/water and (II) cyclohexane/NaDS(s}/
water. n-¥ropanol was used as cosurfactant (cs) for both systems. The
cs/s weight ratio was kept at 2. The nonane and heptane were used as
alkanes in system I. The effect of NaCl on phase diagrams wgs found to
be drastic act higher concentrations. For the nonionic Brij 35 systems,
the effect of increase in temperature and increase in NaCl
concentration were in the same direction. The conductance surprisingly
decreases with increase in temperature for system I1I at very low w/o
ratio. The \linsor transitons were also studied. The thermodynamic
guantities for the solubilization of oil in water or water in oil for

both systems at various surfactant concentrations were computed. All
these are discussed here.

Introduction

Microemulsions have attracted curiosity of scientists due to their
structural complexity as also the potential for obtaining the
miscibility of oil and water. Significant amount of work dealing with
the effect of salinity on the formation of microemulsions are already
available. 0il chain length, nature of surfactants and cosurfactants,
temperature etc. are the factors which control the optimal salinity of
these systems (1,2). In this article we present the effect of
temperature and high salinity on a couple of oil - water - surfactant
systems.

Materials and Methods

Brij 35 (Merck, Germany) and SDS (Qualigens, India) were used as
received. n-Propanol, cyclohexane, heptane and nonane from S§D's India
were used after purification. NaCl (A.R.) was obtained from
Merck,India.



through out the study. Phase diagrams, conductance and viscosity were
determined as described earlier (3). The systems selected for the
investigation are alkane/Brij 35 + propanol/water (13} and
cyclohexane/$SDS + propanol/water {(II).

Results and Discussion

The Figs.l and 2 are the comparative phase prism representation of
the systems I and II respectively at various NaCl concentrations. The
presence of NaCl in high concentration totally changes the nature of
the phase diagram of both the systems. High salinity introduces three
phase region in the phase diagram. Formation of the three phase zone
which exhibits maximum miscibility of o0il and water occurs only when
the surfactant strikes an optimum balance between its hydrophilicity
and lipophilicity. The high hydrophilicity of the surfactant here
prevents it from forming a three phasc region with pure water., But the
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presence of the electrolyte diminishes the water-surfactant
interaction. Thus it achieves the required hydrophilic - lipophilic
balance for the formation of three phase region, Similar effect can be
achieved for the nonionic surfactant system (1) by lincreasing the
temperature also. At low temperature the phase diagram remains similar
to that of non brine systems, but .at higher temperature variations are
observed. Thus the effects of NaCl and temperature are in the same
direction for the systems where nonionic surfactants, which show cloud
points, are present. For the system Il the phase diagram pattern 1is
invariant with temperature. This is because the 1onic surfactants do

Surfactant to cosurfactant ratio was kept at 1:2 by weight



noi show any cloud point. As the salinity increases to 3M, monophasic
region disappears in both the cases, It is also clear from fig.2 that

only sBolid/liquid or liquid/liquid biphasic regions are obtainable in
SDSs-cyclohexane system.

Fig.3 shows the Winsor transitions in the systems as a function of
NaCl concentration at different temperatures {40°C & 60°C). Synergistic
effect of temperature and NaCl in I is more obvious here (Fig.3a). At
low temperature transition from Winsor I (O/W + oil} to Winsor III
occurs at high salinity.>The higher the temperature lower the salt
concentration, tending to zero at very high temperature (> 70°C). 1In
system II the transition occurs from lower level {(LL) to middle level
(ML) and then to upper level (UL) microemulsion with increasing
salinity. The higher temperature influence these transitions nominally
by inducing somewhat early transition (Fig.3b). In the salinity rapge
studied, system II shows three ¥Winsor formations whereas in system I
only Winsor I and III are observed. The optimal salinity of a system
was described as the salinity at which there is an equal solubilization
of oil and brine ({Yo/m = Ym/w) (4). This is true in Winsor III
formations, Hence it is concluded that the temperature lowers the
optimal salinity in both I and II., Similar type of behaviour was
observed_egarlier also (5).
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Fig. 4 represents the variation of cloud point of system I with

NaCl concentration and alkane weight percentage. High salinity brings
down the cloud point sharply from above 100°C to 25°C (Fig.4a). The
variation of cloud point versus alkane weight percentage (Fig.4b)
passes through a minima, which depends on the oil. The initial decrease
of the «cloud point here can be attributed to the increased
hydrophobicity of the system by the addition of the alkane, But further



growing of oil phase facllitatcs the solubility of surfactant molecules
in o0il. Hence, the cloud point at higher temperature. It was shown
earlier that more soluble the surfactant in oil phase higher was the
cloud peint (6)., Hence the rise in cloud point with increase of alkane
weight fraction. The microemulsion samples with highor alkaneo fraction
do not show the clouding below 100°C.

in Fig.5% specific conductance of four oil continuous
microemulsion samples of system II at various w/o ratios { 0,05,
0.08, 0.12, 0.16) and containing 0.5M NaCl is plotted against
temperature, At the lower w/o ratios, there are decrease in
conductance. These are contradictory to what has been termed as
‘temperature percolation', but this rather surprising trend was
observed earlier also (7). Moreover at w/o = 0,16 the conductance
increases at higher temperature with a similar trend at w/o = (,12.
Besides the viscosity of these samples shows a continuous decrease with
temperatdre which 1is non-complementary to the conductance variation
though the complementary was expected from the Walden's rule., Among the
two approaches proposed for the conductance behaviour of
microemulsions, a dynamic model developed recently assures the charge
transport by 'hopping' of ions through the globules during their random
collisions (8). As temperature increases, there is increased kinetic
energy of the water droplets in the oil continuum., Hence each droplet
spends lesser time in the vicinity of another droplet at low w/o ratios
while they collide. This decreases the probability of the conducting
ions to hop alony from globule to globule and hence decreased
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conductance. Thus the decrease in conductance with increase in
temperature supports the hopping mechanism rather than the sticky
collision. But for higher w/o ratio, the water droplet density becomes
high enough for the formation of a sort of water clusters with
temperature elevation. This enhances the possibilty of ion transport
and there by conduction.

Fig. 6a represents the results of viscosity measurement carried
out in presence of 0.5M NaCl along the one phase region of system II at
a constant surfactant weight percentage. The increase in the diameter
of water filled conduits in a bicontinuous structure with water
addition (9) accounts for the rise in the viscosity profiles. The
position of the peak Observed marks the transition to o/w structural
regime. Viscosity of the microemulsion I increased when salinity was
introduced to the system, Fig. 6b compares the percentage increase in
heptane and nonane microemulsions when water was replaced by 1M NaCl.
It can be seen that heptane micreoemulsion has larger increment than
nonane microemulsion at all compositions. Thus hydrophobicity of the
system controls the influence of NaCl. Similar effect was observed in
the cloud point studies., Same concentration of NaCl lowers the cloud
point of nonane microemulsion to a much lesser extent than heptane
system {data not shown). Hence there exists some antagonistic effect of
salinity and alkane chain 1length of the hydrocarbon in system I,
Similar conclusions were reported earlier also (10).

For very small solubility Frec energy of solubilization c¢an be
calculated by the well known relation t&Gsol = RTln X where X is the
molefraction of the solute. For the formation of microemulsion, i.e.
o/w or w/o at specific surfactant and cosurfactant concentration,£>6801
can be calculated using the same relation (11). 1In Figs. 7 and 8 plots
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of so calculated &G values against temperature are shown for some of

the systems. The nonlinear nature of the plots indicates that l&GSOl is

not a function of temperature only. z;cso] - T plot for o/w
microemulsion passes through a maxima for both the systems. At this
temperature of maxima, Acsol becomes equal to the enthalpy change for
the process. The negative value of t)Hsol indicates that solubilization
in microemulsion media 1s an excthermic process. Further it can also be
seen that though the system I and II are totally different, the &G
and & Hooy
calculatod for w/c microemulsions in system 1. It is interesting to see
that for w/o system acsol T curve shows a minima rather than a
maxima, We believe that the maxima {(for o/w system) and minima (for w/o
system) are characteristics of the two different microemulsion systems.

sol
data do not differ much. Free energy change was also
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