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Phase behavior, structural effects, and volumetric and transport properties
In nonaqueous microemulsions
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We report here results concerning nonaqueous microemulsions containing sodiuf@- bis
ethylhexy)sulfosuccinatd AOT) +hexane-nonaqueous polar component, i.e., ethyleneglycol/2-pyrrolidinone/
glycerol/methanol, over a wide range of volume fractign of dispersed phase at 30 °C. The influence of such
nonagueous systems on conductivity, dynamic viscosity, density, and ultrasonic velocity have been investi-
gated. Electrical conductivityo) and viscosity(7) data show the existence of a percolation threshold. An
excellent agreement between thef §) o, and (o/ ¢) o calculated from the prediction of the droplet charge
fluctuation model has been observed. The aggregation nutnecore radius K,), and surface number
density of the surfactant molecules at the interfageg) (have also been computed. Droplet size in the case of
the AOT+hexane-methanol system primarily depends on the molar ratio according tor,=0.545
(+=0.021)+0.366(+0.006)w. The phase behavior showing the realm of existence of microemulsion for the
systems AOT-hexane-ethyleneglycol/methanol has been delineated at 30STC063-651X%99)03504-7

PACS numbegps): 82.70.K]|

I. INTRODUCTION ous volumetric and transport properties. Structural param-
eters such as aggregation number, i.e., the number of AOT
In comparison to aqueous based microemulsions, ther@olecules per dropléh), core radius (), and surface num-
are fewer reports in the field of nonaqueous microemulsiongoer density of surfactant molecule at interfaeg)(have also
These are industrial systems which have been explored witheen calculated.
regard to various aspects. Peyrelasse and co-wofke?b
have investigated the system glycerol/sodium (is Il. EXPERIMENT
ethylhexy)sulfosuccinaté AOT)/isooctane at 25 °C and dis- ) ) ) )
cussed the properties of this nonaqueous microemulsion in_ 1h€ @gueous system is the starting point for the analysis

terms of a percolation phenomenon which is typical of aquepf a nonaqueous system. The microemulsions were prepared

ous microemulsions. Nonaqueous dispersions glycerol/AO y mli(xing 3ppropriate amount of AO'GFllfka), hexane(E- Th
n-heptane have been studied using dynamic light scatterin erck), and water or a nonaqueous polar component. The
and viscometry by Robinson and co-workd@. It was ater replacement components are ethylenegli®isico Re-

found that droplet size is independent of temperature an earch_ Laboratorigs 2-pyrro|idinone (Sisco _Chemical
. P 1z€ 1S Indep peratu ndustries, glycerol (Qualigen$, and methanolE-Merck).

depends primarily on the molar rati@) of glycerol to AOT. -
Dérfler and Borrmeistef4] have mapped the phase dia- FOF AOT+hexaner2-pyrrolidinone/glycerol/water systems,
microemulsion formulation is possible only fow=2,

grams of nonagueous microemulsions formed by a four com-
ponent system of the nonaqueous liquid/Triton X-114/Whereas for AOHhexanermethanol and AO¥hexane
pentanol/dodecane type. The so-called water replacemeqtethyleneglycol systems, it varies up to 4.5 and 3, respec-
components are dimethylsulphoxidgsbutyrolactone, and tively. A d|_lu_t|on series o_f these microemulsions was pre-
acetonitrile. Recently we have investigated the ternanP@€d Dy fixing molar ratiav=[NPCJ/[AOT] but varying
nonaqueous microemulsion system containing AQTvelume fraction in the range gf~0-0.55. For AOT, criti-
+ethylbenzeng ethyleneglyco[5] over a wide range of vol- ca[g mlceLIar con%entra.non_[(i] is of the order of
ume fraction of dispersed phageand different molar con- 10 “—10"“moldm™, which is much lower than the con-
centrationo. centration used in these experiments and therefore all the

In this paper the spectrum of the nonaqueous polar Coms_urfactant is'c_onsidered to.be Ioca_lized at the interface. As-
ponents (NPC) or so-called “water replacement compo- SUMINg negllglble penetration pf oil pha_se at the mterface,
nents” for the microemulsification was broadened. Thelh€¢is defined as volume fraction occupied by the dispersed
NPC'’s chosen in the present investigation are ethylenegly?n@se (AOT-NPC) in the bulk organic phase
col, 2-pyrrolidinone, glycerol, and methanol. The phase dia-
grams of the systems AOHhexane-ethyleneglycol and b= Vaort Vinec
AOT +hexane-methanol were systematically investigated. Vao1+ Vhexans™ Vpe'

Furthermore, these nonagueous microemulsions were ana-
lyzed with respect to the influence of such systems on vari- In the determination of the phase diagram, the samples
were equilibrated in a thermostated water bath maintained at
30*=0.1°C. For each point in this phase diagram, the com-
* Author to whom correspondence should be addressed. Electronjposition of the three components is summed up in wt % com-
address: skmehta@panjabuniv.chd.nic.in position and 100% composition was obtained.
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FIG. 1. Phase diagram of AGHhexane-ethyleneglycol micro-
emulsion system at 30 °CA—single phaseB—double phase,
C—mesophase.

X% AOT+ Y% hexaneg-Z% NPC=100%. (1)

Phase separation took place within a few minutes but th
samples were placed in a water bath for hours/days to attai
the proper equilibrium. The positions of these phase bounds—
aries were reproducible. The phase behavior of AOT,
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and shifted towards the oil rich corner. This system has an
additional phasdD) showing suspended type formulations
towards the methanol-AOT corner.

The conductivities of the nonagueous microemulsions
were measured in a thermostated glass cell with two plati-
num electrodes and digital conductivity bridge NDC 732 op-
erating at 50 Hz from Naina Electronics. The electrodes were
inserted in the double walled glass cell connected to a ther-
mostated water bath containing microemulsion. The tem-
perature of the sample was monitored. Sufficient time was
allowed for equilibration. All measured samples were single
phase and optically transparent under conditions of conduc-
tivity measurements. The cell constant of the cell used was
1.0 cm 1. Measurement of conductivity was carried out with
an absolute accuracy up tb3%.

Viscosity measurements were made using a modified
form of Ubbelholde’s viscometer placed in a thermostated
water bath. The estimated error in viscosity is less than 0.3%.
The densities were measured with the help of the Anton Paar
densimete{DMA-60). The absolute uncertainty for density
is estimated to be less than 10y cm °.

An ultrasonic time intervalometegiUTI-101) from Inno-
vative Instruments based on pulse echo overlap technique
(PET) coupled with an oscilloscope was used for the precise
measurements of ultrasonic velocities. The principle of mea-
surements is to make the two signals of interest overlap on
he oscilloscope by driving th¥ axis with frequency whose
eriod is the travel time between the signals of interest. The
equency of sound was 2.0 MHz. The cell for the speed of
ound measurements was calibrated with water as a refer-
nce. The precision in measured ultrasonic velocity values is

+hexaner-ethyleneglycol/methanol ternary microemulsion +q 304,
systems exhibits a single phase, double phase, and me-

sophase regions, which are sensitively dependent on the NPC

to surfactant molar ratio, i.e@ (Figs. 1 and 2 A large one
phase regionA) exists at lowerw. The region labeled

Ill. RESULTS AND DISCUSSION

A. Structural parameters

represents the double phase. At very high concentration of We begin the analysis of nhonaqueous based microemul-
emulsifier, the system is highly viscous, which is due to me-sions by computing the structural parameters using a simple
sophaseC. In the case of the AOFhexane-methanol sys- structural model. In this model, a monodisperse population
tem the area under two phase regi@ has been shrunken of spherical droplets of disperse phase is considered to be
separated from the organic phase by a monolayer of AOT.
The radius of the droplets is the sum of the radius of the
nonaqueous corer () and the length of the surfactant tails
(). The value ofg allows us to calculate the core radius X

and the aggregation numbe@m which is the number of AOT
molecules per NPC droplet. The aggregation nuniBgtn)

is defined as

AOT

_ Npor

whereN o7 represents the total number of AOT molecules
and Ny is the number of NPC droplets in total volunvg .
Therefore the above equation is written as

n— NaoTNa
d(VrlVy)'
whereN, is Avogadro’s number an¥; is the total volume
of the droplet(including the surfactant tail of length, given
by

()

Methanol Hexane

FIG. 2. Phase diagram of AGAhexane-methanol microemul-
sion system at 30°C.A—single phase, B—double phase,
C—mesophase)—suspension phase.

41
V= (r+ ) @
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In the spherical droplet model,, is related to the volume ™
fraction of droplet core/,,, as )
3 1/3
= (Evn) . (5)
As the number of NPC molecules per droplehis, Eq. (5) 154

can be rewritten in terms of the specific volume of NPC
molecules in micelless,)

3 1/3
rn=<ESnnw> . (6) .

Thus from Eqgs(3)—(6) we get

nAOTNA 47T 3 13 3

T Tevr 3 |lag )t @
0.5 7 T T 1

or 10 30 50 70 90 V.,

A BV 1/3 -3 FIG. 3. Variation of core radius,, (nm) vs molar volumeV,,

n=—|3 ( T ) —(S,w)3 (8)  (cnm’mol™!) for AOT+hexane-NPC system; 2-pyrrolidinon€2-
3 NaotNa Py), ethyleneglycolEG), methanol(Me), glycerol (Gly), water.

The two unknown parameters in E®) arel andS,,. Day
et al. [3] have reported the value dffor AOT as 1.03 nm.
The specific volume of NPC moleculeS, is calculated by
using molecular weightNl ypo) and density of NPC dypo) establishes a linear relationship betweeandr,,, which is
as Mppc/Napnpo). Thus, the value oh andr, can be in good agreement with previous measuremefs,9.
obtained from Eqs(8) and(6), respectively. Surface number There is now increasing eviden¢&0] to suggest that the
density of surfactant molecules at interface has been linear relationship is the result of various competing factors

r,=0.545 +0.021) + 0.368 = 0.006 w (10)

calculated using the equation which conceal the underlying complexity of the structural
changes.
_ n L The value of interfacial are@,or per AOT molecule may
as_(core surface ar@a 4wr§' © be calculated from the value of slope of the graph between

andr,. For a spherical microemulsion droplet containing a
At constantw =2, with change in NPC, the value of  core of phases (volume per molecule is equal td;) and
increases in the order watemethanokKethyleneglycol containingnaor surfactant molecules having an interfacial
<glycerok:2-pyrrolidinone. areaaor per AOT moleculglassuming that all AOT is in-
This order may be correlated with respective molar vol-terfacially bound, particle surface area and particle core vol-
umes. Figure 3 represents a linear dependence, afith ume are given by
respect to molar volumeM,,) of different NPC’s. Table |
I,ilsését’Ze values of, r,,, a5, andV,, calculated for different (particle surface ar@a4mri=nygranor, (11)
Table | shows that the systematic variatioruofias a well
defined effect on the structure of the droplets in the case of

47
. o oa
the AOT+hexane-methanol system. The equation (particle core volume= -, =naoreVs, (12

TABLE I. The value ofn, r,,, a5, V., andu for the AOT+hexane-NPC microemulsion system at

30°C.
Mn as Vi M
Name of NPC ) n (nm) (nm~?) (cm®*mol™) (debye
Water 2.0 36.10 0.80 4.46 18.08 1.82
Methanol 2.0 64.76 1.27 3.19 40.04 2.87
3.0 94.72 1.65 2.76
4.5 146.76 2.19 2.44
Ethyleneglycol 2.0 88.87 1.58 2.83 56.10 231
3.0 135.57 2.08 2.48
Glycerol 2.0 113.86 1.88 2.57 73.37 2.56

2-pyrrolidinone 2.0 120.37 1.93 2.57 77.16 3.55
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30 7 FIG. 5. Variation of conductivity 1% (S m 1) vs volume frac-
tion of dispersed phaseé for (a) AOT+hexane-ethyleneglycol
10 system,(b) AOT+hexane-methanol system.
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work. In the dynamic percolation model, the attractive inter-
droplet interactions are responsible for the percolative
clusters[18—2Q and the conductivity is mainly due to the
efficient transfer of charge carrier between the disperse phase
globules.
An alternative view for the conductivity transition in
ms of the static percolation modell] states that the con-
ductivity transition is mainly caused by the formation of a
continuous connected disperse phase in the system. Several
experimental investigations togetij@2—24 with theoretical
[18] argument provide additional support in favor of the
former view, i.e., the dynamic percolation. However, the ex-
Vnpc is the volume of a single NPC molecule. The modelact molecular mechanisms of the percolation are still not
assumes the monodisperse collection of droplets so the slopg@own.
o VS I, is equated with ¥ypc/anor to yield an apparent  The concept of percolation can be expressed as follows, if
value ofasor. For the AOT+hexane-methanol system the it is assumed that the two components are conductors with
value of asor Obtained is 0.547 nfnin comparison to the conductivity o5 and o,. For a heterogeneous system com-
value of 0.465 nrhfor the AOT+hexane-water system. posed of these two components, the conductivitis given
by the relation 1]

T 1
0 0.2 0.4 06 O
FIG. 4. Variation of conductivity 18 (Sm™1) vs volume frac-

tion of dispersed phas¢ for AOT +hexane-NPC system.

wherer, represents the radius of the central droplet core;,,
Combining Egs(11) and(12) yields

3wV
Fp= e (13

aaor

B. Transport properties

. - - Cooa(pe— ) ~° where p<¢ (14
Figure 4 shows the variation of conductivity) as a func- o
tion of volume fraction of dispersed pha&¢) at 30 °C for -!{c — ) 1+ 192 (t+s)
AOT+hexane-rNPC atw=2. The magnitude of increases 7 101($= bo) Cio (6= c) (15)

in the order watexmethanokglycerokiethyleneglycol
<2-pyrrolidinone.

For the systems AOThexane-ethyleneglycol p=2,3)
and AOT+hexane-methanol @w=2,3,4.5) it is observed
that by increasingw values, the magnitude af increases
because with increase im, ionic strength decreases and
spontaneous radius of the surfactant incredBas 5).

Electrical conductivity measurements have been used t
provide information on the continuity of the agqueous phase.
Like aqueous microemulsiofl1—-17 the present nonaque-
ous microemulsion also shows a percolation phenomenon in
conductance. When the volume fraction of the dispersed
phase is small, the interactions are so weak that the droplets
may be regarded as an assembly of dynamical noninteractinghereA andB are free parameters.
isolated spheres dispersed in the continuum oil phase. But These laws are only valid near percolation threshold
with further increase irp, the attractive interactions between (¢.). It is impossible to use these laws at extremely small
the droplets prolong the lifetime of the particle encounterdilutions (¢—0) or at limit concentrationgg— 1) and in the

where ¢> ¢,

whereC,, C;, andC, are constants andands are expo-
nents which are positive.

As (t+s) is positive, theo, /o, does not tend towards
infinity, while ¢ is close to¢.. If o,/01<1 (e.g., for per-
fect insulatorss,= 0) close to percolation threshold, we can
ave

_ A(¢c_¢)7s where ¢<¢c
77 B(¢—¢o)' where ¢.<4,

(16)
(17)

and produce a cluster of droplets that at sufficiently high
called the critical value of the volume fractiah,, may per-

immediate vicinity of ¢.. Previous investigations have
shown thatt varies from 1.2 to 2.1. Grannan, Gailand, and

colate into an infinite dynamic or static interconnected net-Tanner [25] and Songet al. [26] have suggested=0.7
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FIG. 6. Variation of viscosityy (cP) vs volume fraction of dis-

persed phase for the system AOT-hexane-NPC. FIG. 7. Variation ofd(log,q 7)/d¢ vs volume fraction of dis-

persed phasé for the system AOThexane+2-pyrrolidinone.

whereas Peyrelasse and Borjdd have utilizeds=1.2 for
dynamic systems of nonaqueous microemulsions. C. Charge fluctuation model
The variation of viscosity(7) with volume fraction of We have also calculated the specific conductance with the
dispersed phasé¢) has been depicted in Fig. 6. The help of the droplet charge fluctuation model of Eicke, Bork-
7 increases in the order methangllycerokwater ovec, and Gupt&27]. In this model, which is valid for the
<ethyleneglycok 2-pyrrolidinone. freely diffusing species, it is assumed that the net charge of a
For the present nonaqueous microemulsion systems, Vigiroplet (which contains negative ions in the head groups of
cosity also shows a percolation phenomenon and obeys pesurfactant molecules and Nacounterions dispersed in the
colation laws. However, the viscosity percolation theory iSNPC pool fluctuatésaround an average net zero charge and
far less developed than complex permittivity percolationits transport is associated with the free diffusive process of
theory. We can write the following equations for viscosity, in single droplets. The details of the model are explained be-
analogy with the equations in the case of conductance: |ow.

Consider a nanodroplet composed bf, negatively

B C§n2(¢c—q§)‘5' if ¢p<db. (18 charged surfactant molecules amd, positively charged

T Clnud— o)t if ¢> e (190  counterions. For electroneutrality the average values are
in which s’ andt’ are the two positive exponents; and 7, dlogsoC
are the viscosities of NPC and oil, respectively. Equations do

(18) and (19) are valid only if ,/7,<<1. This condition is
fully satisfied by the nonaqueous systems where the viscosity
of ail (,) is much smaller than the viscosity of NP@().

The variation ofd(logg#)/d¢ vs ¢ shown in Fig. 7
presents a maximum which corresponds to the percolation
threshold¢.. The resultingé. value is close to the value
obtained by the numerical estimate of the maximum of
d(logipo)/deé vs ¢ (Fig. 8. Figures 9 and 10 also show
good agreement between the experimental and calculated
values of logyo vs ¢ and logy#n vs ¢, respectively. By
fitting the different values in Eq$16) and(17), and(18) and
(19), the values of exponentsandt for dynamic conductiv-
ity and s’ andt’ for dynamic viscosity are obtained in the
range(0.5-1.4 and(1.1-2.4, respectively.

This shows that the exponendsands’, andt andt’ of
dynamic conductivity and viscosity appear to be those which
occur in the dynamic model of percolation of microemul-
sions 6=s’'=1.2 andt=t'=1.94). This illustrates the gen-
eral character of the phenomenon of dynamic percolation of FIG. 8. Variation ofd(log;yo)/d¢ vs volume fraction of dis-
microemulsions. persed phaseé for the system AOThexane-2-pyrrolidinone.

0 T T 1
0 0.2 0.4 06 ®
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logyo0 where 7 is the viscosity of the solvent andruns over all
] different ionic species in the solution. In the case of micro-

* oxpt emulsion droplets it is more convenient to write E21) as

- theor

pe?

7= 6mnr,

(2%, (22)

wherep is the number of droplets per unit volume afidis
the canonical average over all droplets. Note that due to elec-
troneutrality(z)=0.

The quantity of interest is the mean-square chdmjg of
a droplet. It can be expressed in terms of the mean-squared
fluctuations of the number of ions residing on a droplet
ON;=N;—(N;) by

(2%)=(6N3)—2( 8N, 6N, )+ ( 5N?). (23

-8 : : : : l Such averages are related to derivatives with respect to the
0 01 02 03 04 05 O conjugated thermodynamic forcg29]

FIG. 9. Variation of logyo vs volume fraction of dispersed oN;
phase for the system AOT-hexane-2-pyrrolidinone. (6N;6N;) = kBT( (9_) , (24
L
equal,(N;)=(N,)=N. However, due to spontaneous fluc- B
tuations in these numbers, the droplet will carry an exceswherey; is the chemical potential of thgth component j
charge =1,2), T is the absolute temperature, akg is the Boltz-
mann constant.
z=Ny—N; (20) To evaluate(z?) explicitly, one needs a model for the
chemical potentiaj; of the ion residing on a droplet. One

in units of the elementary chargeEven though the valency may write

of a dropletz will fluctuate in time, the conductivity of a
NPC in oil microemulsion and a dilute electrolyte solution pi=p@+ kT InN;+ u(& (25)
containing different ions can be evaluated in an entirely b ® I

equivalent manner. This is because only the mean-squaighere the first two terms on the right-hand side represent the

valency of the iongor droplets determines the conductivity. chemical potential for an ideal solution whije(® is the
The conductivityo of a dilute electrolyte solution of differ- gycess chemical potential

ent ionsi with a valencyz; radiusr , (taken as independent of

i for simplicity), and number density; is given by[28] (o0 aG<e><>> 26
__© > 7 21 SRR TNict
o= 671.,'7[-” i Zi Pi ( )

We adopt a very simple model and identify the electrostatic
log work required to charge a droplet in the solvent with the
10M : .
7 excess Gibbs free energy, i.e.,
e expl
- theor z’e?

e—__ — ~
0.6 G 8megery’ (27)

wherez is given in Eq.(20), g, is the dielectric permittivity
of the vacuum, and is the dielectric constant of the solvent.
The excess Gibbs free enerffyg. (27)] is also the basis of
. Born’s theory of ionic solvation.
. Now we will calculate<22> explicitly. Using Eqgs.(25)—
(27), the 2<2 matrix with the elements&(ui/aNj)Nk%j,T
was evaluated and it was found that

0.2
_02 -

-0.6 1IN+« —a

sl ] IN,+al 28)

1 1 T n . ) The abbreviationa=e?/(4mwkgTeger,) has been intro-
0 01 02 03 04 05O duced. The derivativesiN;/du;) ,, ., v required in Eq(24)
FIG. 10. Variation of log,  vs volume fraction of dispersed can be obtained most easily by noting the fact that the ma-
phaseg for the system AOThexane-2-pyrrolidinone. trices with the elements d; /ﬁNj)Nk#j T and
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TABLE |Il. Experimental and calculated specific conductances in the Igw region of
AOT +hexane-NPC microemulsions at 30 °C.
i 3
¢expt ¢theor

Name of NPC o d— b (units of 1) (units of 1¢)
Water 2.0 0.028-0.194 1.25-1.80 7.29
Methanol 2.0 0.031-0.299 1.51-2.39 1.83
3.0 0.033-0.147 0.30-0.88 0.84
4.5 0.037-0.162 0.27-0.74 0.36
Ethyleneglycol 2.0 0.038-0.074 1.52-1.89 0.95
3.0 0.038-0.120 10.20-13.06 0.42
Glycerol 2.0 0.036-0.268 1.63-1.92 0.57
2-pyrrolidinone 2.0 0.038-0.070 2.73-3.15 0.52

(0N, /07/.Lj)luk#, 1 are related by simple matrix inversipng]. surement of ultrasonic velocity enables the accurate determi-
Inverting the matrix in Eq(28) and using Eqs(24) and(23),  hation of isentropic compressibilitys, a more sensitive pa-

it gives rameter to structural changes. The interfacial region of a
droplet should show different compressibility characteristics
2N relative to that of the remaining portion of the microphase

(%)= 11 2Na’ (29 droplets because of the chemical and electrical gradients that

can occur across the interfacial region, particularly when am-
phiphile species are located at the surface. The isentropic
compressibility k) was calculated fromu and p for the
microemulsion using the relation

There are two limiting cases to consider. ko1 the sec-
ond term in the denominator of EqR9) is negligible, and
therefore(z?)=2N. This is the limiting case of ideal behav-
ior where the mean-square fluctuations are essentially given ko= 1/u2p, (31)

by the number of ions residing on the droplet. Ws-1, the

realistic case corresponds to the second limit wh@®  which assumes that dissipative effects are negligible and that
=1/a. This means that it is determined by the ratio of Cou-the hydrodynamic equation of motion can be linearized.

lomb and thermal energies. Insertifg’)=1/a into Eq. The densities of these nonaqueous microemulsions for
(22), we obtain the final result for the conductivity of a dilute =2 at 30 °C show a linear trend. With increasednp in-
microemulsion creases in the order watemethanokglycerol
<ethyleneglycok2-pyrrolidinone.
_ goekgT ¢ 30 A plot betweenu and ¢ at constanfT (Fig. 11) shows a
7= 27y r_ﬁ (30 decrease im with increasinge and then a sharp increase in

u. There is no evidence of discontinuity in ultrasonic velocity
p has been replaced with the volume fraction of the droplets
¢ by using the relationﬁ=4wrﬁp/3. Equation(30) predicts
that the specific conductivity in a NPC in oil microemulsion
o/ ¢ should be constant and, for a given solvent and tempera-
ture, depend on the radius of the droplets onty {3). This
result is independent of the charge of the ions in question. As

u
1

1160

seen from Table Il, the comparison of the/g) .y and 1140 1
(01 ) expr data(maximum and minimum values in the log
region shows a satisfactory agreement between the two and 1120
they are of the same order of magnitude. The observed de-
viations occurred due to low values &f where droplets are 1100 -
smaller in size. Such a result has been noticed by Eicke,
Borkovec, and Gupté27] in isooctane and by Apran30]
in n-heptane microemulsions. The valuesrgfrequired for 1080
the above calculations were evaluated from ). The ¢
and » used for hexane are 1.8799 and 0.2932], respec- 1060
tively.
1040 . T 1
D. Volumetric properties 0 0.2 0.4 06 P

Ultrasonic has proved to be a useful tool for acquiring FIG. 11. Variation of ultrasonic velocity (ms™1) vs volume
information about the dynamics of liquid systems. The meafraction of dispersed phasg for the system AOFhexane-NPC.
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~ FIG. 12. Variation of density (kg m~3) vs volume fraction of FIG. 13. Variation of isentropic compressibilit, (TPa™%) vs
dispersed phasep for the system AOT-hexane-methanol ¢ volume fraction of dispersed phasep for the system
=4.5). AOT +hexane-methanol p=4.5).

over the entire range. With increasedn u increases in the o
order 2-pyrrolidinoneethyleneglycokglycerokmethanol (07 ®)cac, calculated from the prediction of the charge fluc-
<water. tuation model, has been observed. These charged droplets
As from |iterature, it may also be considered that the mi-&re formed by Spontaneous number fluctuations of the ions
croemulsions are made up of two noninteracting regions, théesiding on the droplets. The magnitude of these fluctuations
micellar phase containing drops and bulk phase or oil phasié directly related to the Coulomb energy that is required to
in w/o microemulsiond30—32. Assuming the volume ad- charge up a droplet. Density shows a linear trend wth
ditions of micellar phase and bulk phase, the total densityvhereas ultrasonic velocity first decreases and then starts in-
and isentropic compressibility of the system is given by thecreasing. The calculategl, value decreases anq ,, value
relation increases withp but the change is not very prominent, show-
ing that the size of the particle is not dependentdoriFor a
p=bmpm+ (1= bm) o (32) particularw, the core rao!iusr_c]) remair_ls constant at differ-
ent values of¢ but it varies linearly with respect te. The
interfacial area occupied by AOT molecules in a nonagueous
Ks= ¢pmKsmt (1= Pm)Kso, (33)  system (AOT-hexanermethanol) is 0.547 nfmas com-
pared to 0.465 nAof the aqueous AOFhexane-water sys-

where ¢, and ¢, are the volume fractions of the micellar €M In the phase diagram of AGThexanetethyleneglycol/

and oil phase, respectively,, andks , are the micellar den- Methanol systems, ternary nonagueous microemulsions are
sity and isentropic compressibility of micellar phase wheread0rmed towards the oil rich corner at lower

po andks,, are the density and isentropic compressibility of It ¢an be concluded that replacing water by methanol,

the oil phasep,, andks,, calculated from the above relations 9/Ycerol. ethyleneglycol, and 2-pyrrolidinone, microemul-
are plotted against in Figs. 12 and 13, respectively. It is sions are formed. These nonaqueous microemulsions are

concluded that with increase i, p,, shows a little increase [0rMed as spontaneously as in the aqueous system. However,
at low ¢ and then becomes constant wherkas decreases M€ Polar components bring about some changes in the hy-

at low ¢ and becomes almost constant at higlger The dr_ogen boln(_i!ngt_equmk_)rrrl]a anl\(ilpeclze,ctr%statlc mteractlonhs in thc?
variation inp,, andkg , is not very prominent, showing that microemuisitication. e S nhave more ennhance

the size of the particle is not dependent én molecular interaction with the .hydrophobic compounds
P P é than water(cf. ,uNPC>,uH20). This difference leads to higher

V. CONCLUSIONS penetration of NPC molecules in the hydrocarbon part
of the surfactant. The high penetration means an increase
In all the systems, the conductivity and viscosity increasan cross sectional area of the surfactant, i.e., AOT is more
with increase ing. Both the properties exhibit the percola- closely packed at the NPC interface. The effect will be
tion phenomenon. By fitting different values in scaling laws,more pronounced with 2-pyrrolidinone because of its
the calculated values a§=s’ andt=t' are in the range cyclic structure and better hydrogen bonding capability
0.5-1.4 and 1.1-2.4, respectively. The conductivity is exwhereas among the other three it varies as bonding sites de-
plained by the migration of charged droplets in the electriccrease, i.e., glycer@i=42.5>ethyleneglycdle=37.7)
field. A satisfactory agreement betweemw/()c,, and — >methanole=32.7).
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