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Volumetric properties of reverse micellar system of n-heptane/sodium bis(2-ethylhexyl)
sulfosuccinate (AOT)/water+diethylsulfoxide (DESO) have been studied by densitometry. The
apparent molar volumes (¢V) were calculated at concentration range of AOT from 0.106 to 1.912
mol/kg, constant degree of AOT hydration (W=10) and temperatures of 298.15-313.15 K. The
obtained results were compared with those of n-heptane/AOT/water+dimethylsulfoxide (DMSO). The
@V values at different W and constant concentration of AOT were also calculated at temperature
range 273.15-298.15 K. The apparent molar volumes at infinite dilution (#v°) for both DMSO and
DESO containing polar phases were calculated using Masson type equation. From the temperature
dependence of ¢V Hepler's constants were calculated. The presence of DESO tends to the increase
of apparent molar volume of polar phase comparing with DMSO.

Figs. 3, tables 3, references 26.

Introduction

Physicochemical studies of aqueous ternary systems are gaining importance,
sometimes it is difficult to arrive at a definite conclusion regarding structure and
properties of solutions from studies of binary systems alone. Volumetric and related
thermodynamic parameter values in binary systems are abundantly available,
whereas data of thermodynamic parameters of ternary systems are limited [1,2].

Reverse micelles having a number of technological applications have attracted
considerable attention in recent years. They are considered to be models of
biological membranes [3], they can be used for the preparation of nanoparticles [4]
and provide nano-sized reactors for the enzymatic reactions [5]. Certain amounts of
apolar solvent and water containing surfactant molecules are thermodynamically
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stable for the formation of surfactant aggregates that are called reverse micelles.
They have a polar core which is formed spontaneously when dissolving surfactants
in apolar solvents. Aerosol OT (AOT) or sodium bis (2-ethylhexyl) sulfosuccinate is
the best known sample of this class of surfactants. AOT is used to form reverse
micelles because of a great ability to solubilize large amount of water in various
organic solvents.

In this work the volumetric properties of reverse micellar systems of n-
heptane/AOT/water+diethylsulfoxide (DESO) were studied. The results were
compared with our previously reported studies of n-heptane/AOT/
water+dimethylsulfoxide (DMSQO) [6,7] to reveal the effect of alkyl chain length of
sulfoxide on the properties of n-heptane/AOT/water+sulfoxide systems. The use of
mixtures as polar solvent is largely used in microemulsions. The mixtures of ionic
liqguid bmmCl and formamide, glycerol and N,N-dimethylformamide, DMSO and
water were used as polar solvents by other researchers [8-10]. It was shown that
DESO like the widely used DMSO has unique physicochemical properties with
possible biomedical applications [11-13].

In this work we report apparent molar volumes, limiting partial molar volumes
of the polar phase at different concentrations of both surfactant and polar phase.

Experimental

Sodium bis(2-ethylhexyl) sulfosuccinate (AOT 98%) was obtained from Sigma-
Aldrich, USA and was used as received, n-heptane was purchased from
“Macrochem”, Holland. DESO was prepared and purified according to the literature
[14]. The double distilled water was used with conductance less than 2 #S/cm at
298.15 K.

The reverse micellar systems were prepared by dissolving calculated amount of
AOT in n-heptane. In one case the molal concentration of AOT was changed from
0.106 to 1.912 mol/kg and the ratio of concentrations of polar solvent (water+DESO)
and AOT was remained constant (W=[polar phase]/[surfactant]=10). In the other
case the concentration of AOT was remained constant and equal to 0.106 mol/kg and
W was changed from 3 to 14 by adding appropriate amounts of water+DESO
mixtures to n-heptane/AOT systems. The dependences of ¢V from both molal
concentration of AOT and nanopool size (W) for water and DESO+water mixture
were demonstrated in graphical abstract. It should be noted that for high content of
DESO the system is not suitable for density measurements because of non-
homogeneity of solutions, therefore the most optimal volume ratio of water to DESO
have been chosen as 5/1.

The densities of the solutions were measured using Anton Paar DMA 4500
vibrating tube densimeter with precision of 1.0x10? kg/m®and uncertainties of
5.0x102 kg/m®. The temperature was kept constant at each measurement with
uncertainties of £0.01 K. Before and after each measurement the densimeter was
calibrated with deionized double-distilled water and dry air.
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Results and discussion

Effect of surfactant concentration. The densities of reverse micellar systems
of n-heptane/AOT/water+DESO were measured at temperature range from 298.15 to
313.15 K, surfactant concentration range from 0.106 to 1.912 mol/kg, W=10 and
5water/1IDESO volume ratio.

The apparent molar volumes (¢V) were calculated from the measured density
values using equation (1) [15]

M -p( Mom,y +1
Ny = 3 A P[ rAll] ]
poppW-m

(1)

where Mj is the average molar mass of polar phase (for water+DESO mixture
0.02019 kg/mol), p; and p are the densities (kg/dm®) of the systems n-heptane/AOT
and n-hetane/AOT/water+DESO, respectively, M, and m, are the molar mass
(kg/mol) and molality (mol/kg) of surfactant, respectively. The densities of n-
heptane/AOT/water+DESO system with the apparent molar volume data at 298.15,
303.15, 308.15, 313.15 K are reported in Table 1.

Table 1

Densities of n-heptane/AOT/5water+1DESO (v/v) system and apparent molar
volumes of polar phase at W=10 and different temperatures

T, K
n’:‘gf/’; 20815 | 30315 | 30815 |  313.15
g p x 107 kg/m?
0.106 0.69908 0.69478 0.69046 0.68610
0.227 0.71706 0.71274 0.70842 0.70405
0.530 0.75481 0.75048 0.74612 0.74174
0.956 0.79664 0.79232 0.78799 0.78362
1.275 0.82075 0.81647 0.81216 0.80781
1.593 0.84198 0.83772 0.83342 0.82903
1.912 0.85929 0.85506 0.85079 0.84650
oV x 10°, m*/mol
0.106 22.66 22.77 22.85 22.97
0.227 2161 21.66 21.92 21.82
0.530 20.94 21.01 21.09 21.17
0.956 20.79 20.86 20.94 21.01
1.275 20.70 20.78 20.85 20.93
1.593 20.57 20.62 20.70 20.78
1.912 20.81 20.88 20.95 21.03
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Fig. 1. The apparent molar volume of polar phase plotted against molality of AOT at 298.15 K:
1 - n-heptane/AOT/water, 2 - n-heptane/AOT/5water+1DMSO (v/v) [6], 3 - n-
heptane/AOT/5water+1DESO (v/v).

Comparison with our earlier reports [6] shows that the values were increased
with addition of DESO to n-heptane/AOT/water system (Fig. 1). It is known that
both DMSO-water and DESO-water mixtures exhibit strong deviations from
ideality. The excess molar volumes of these solutions are negative over the whole
range of composition [16]. Therefore it is expected that the polar DESO-water
mixture encapsulated within the reversed micelles is characterized with less volume.
On the other hand the existing competitive strong intermolecular interactions
between molecules of water and sulfoxide affects the hydration of surfactant head
groups leading to the promotion of the solubilization of vitamin E [11]. It can be
suggested that due to sulfoxide-water strong interactions the surfactant head groups
were less hydrated and the weakened AOT-polar phase interactions were led to the
increase of effective volume of polar phase thus higher ¢V values. It is also found
that ¢V was decreased with the increase of AOT concentration similar to that of
DMSO-water polar solvent. However in the case of DESO-water mixture this
decrease is slightly larger than in the case of DMSO-water and pure water as polar
phase. This result indicates that with the increase of surfactant concentration,
consequently the content of polar phase, as their ratio was remained constant, the
concentration of dispersed particles was increased. Therefore the probability of their
collision and hence the aggregation was increased. The intermicellar interactions
were led to the formation of higher aggregates and the effective volume was reduced
[17]. The study of conductivity of these systems [18] also confirms the formation of
aggregates, where the conductivity of n-heptane/AOT/water+DESO system was
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much higher comparing with those of n-heptane/AOT/water and n-
heptane/AOT/water+DMSO systems due to formation of infinite clusters.

Effect of polar phase content. The densities of n-heptane/AOT/water+DESO
system at different contents of polar phase and constant concentration of surfactant
([AOT]=0.106 mol/kg) were also measured at temperature range from 273.15 K to
298.15 K. The apparent molar volumes of polar phase were calculated according to
the equation (1) and together with the measured densities are shown in the Table 2.

The plots of apparent molar volume versus W are depicted in Fig. 2. for the
systems of n-heptane/AOT/water, n-heptane/AOT/water+DMSO [7] and n-
heptane/AOT/water+DESO at 293.15 K. As it follows from Fig. 2. ¢V values were
greater for DESO-water polar phase comparing with water and DMSO-water for
each W.
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Fig. 2. The plots of the apparent molar volume of polar phase versus W at 293.15 K: 1 — n-
heptane/AOT/water, 2 — n-heptane/AOT/5water+1DMSO (v/v) [7], 3 — n-heptane/AOT
/Swater+1DESO (v/v).

It is also found that ¢V was subtly increased with increasing W up to W=8-10
and then reduced. In AOT reverse micelles it was reported that one AOT molecule
can be hydrated by as much as 12 water molecules [19]. The counterion Na* in AOT
can account for 6 water molecules in its solvation shell [20,21]. Thus AOT head
group could bind as much as 6 water molecules to get complete hydration, i.e. W=6.
Similar changeover points were found by the other authors W=8 [19], W=7 [22]. The
reported values of W are quite consistent with our currently observed changeover
point around W=8-10.

The limiting value of the apparent molar volume (4V°) (equal to the partial
molar volume at infinite dilution) was calculated using the empirical Masson-type
equation [23]

N =gv°+S,Jm, 0
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where S, is the experimental slope, which is sometimes considered to be the
volumetric pairwise interaction coefficient and is the measure of solute-solute/ion-
ion interactions, m is the molality of the polar phase. The values of #/° obtained by
least squares fitting of the linear plots of experimental values of ¢V versus the square

root of molal concentration (\/E ) are reported in the Table 3 together with the
standard errors.

Table 2
Densities and apparent molar volumes of polar phase
of n-heptane/AOT/5water+1DESO (v/v) system
at [AOT]=0.106 mol/kg and different temperatures
T, K
w 27315 | 27815 | 28315 | 288.15 293.15 | 298.15
p x 107 kg/m®
3 0.71453 0.71042 0.70623 0.70202 0.69780 0.69354
5 0.71533 0.71121 0.70704 0.70284 0.69861 0.69435
8 0.71655 0.71243 0.70825 0.70405 0.69982 0.69556
10 0.71723 0.71312 0.70894 0.70474 0.70050 0.69625
12 0.71834 0.71424 0.71006 0.70586 0.70163 0.69738
14 0.71878 0.71469 0.71052 0.70634 0.70213 0.69788
oV x 10°, m*/mol
3 20.86 20.87 21.01 21.15 21.29 21.44
5 21.10 21.17 21.21 21.29 21.32 21.56
8 21.16 21.23 21.31 21.39 21.44 21.62
10 21.43 21.49 21.57 21.65 21.73 21.87
12 20.90 20.94 21.01 21.09 21.14 21.27
14 21.45 21.49 21.55 21.61 21.64 21.77
Table 3

Limiting apparent molar volumes of polar phases at different temperatures

T, K ®Vox 10°, m*/mol
Water Swater/1IDMSO 5water/5SDESO
273.15 16.38 £ 0.07 16.81 +£0.05 20.60 £ 0.04
278.15 16.55 +0.09 17.03+£0.09 20.64 £ 0.04
283.15 16.74 £ 0.10 17.23+0.09 20.77 £ 0.04
288.15 16.88 +0.11 17.42 £0.09 20.85 +0.04
293.15 16.91 +0.09 17.49 +£0.09 20.95 +0.04
298.15 17.01 £ 0.09 17.81+0.09 21.36 £ 0.04

It is evident from the Table 3 that ¢V° values increase with an addition of
DASO and with an increase in temperature. Moreover the #v° values increase in the
following order: water<DMSO<DESO mainly due to the increase of Vyw and Vg
as it is known the ¢V° values can alternatively be thought of as arising from four
constituents [23,24]:
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¢VO :Vv,w +Vv0id +Vh—phi|ic +Vh-phobic ) 3)

where Vy w and Vg are van der Waals volumes and volume of empty spaces present
therein. Vihpniic and  Vihpnovic  represent  contributions due to hydrophilic and
hydrophobic hydration respectively.

The comparison of the values of partial molar volumes of water presented in
Table 3 with the same values reported in [16] shows that the volume of water in
micellar system is smaller than that of bulk water. This can be explained by the
difference of properties of water within organized and bulk media.

The temperature dependence of #v° can be expressed as [23-25]:

0 _ 2
N =a+bT+cT” , )

where T is the temperature in Kelvin, a, b and ¢ are empirical parameters.
The sign of second derivative of the limiting apparent molar volume with

oT?
Hepler’s constant, characterizes the long range structure making and structure

breaking ability of the solute in the solution [25,26]. If (62415\2 °j value is positive it
aT? )

means the solute is structure maker, if it is negative, the solute is structure breaker.
The values of Hepler’s constant may be determined by least squares fitting of
#V° = f(T) plots (Fig. 3.) and were positive for both quaternary systems of n-

heptane/AOT/water+DMSO and n-heptane/AOT/water+DESO, respectively, which
indicates that DMSO and DESO act as structure makers.
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Fig. 3. The plots of limiting apparent molar volume against temperature: 1 - n-heptane/AOT/
water, 2 - n-heptane/AOT/5water+1DMSO (v/v), 3 - n-heptane/AOT/5water+1DESO (v/v)
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Conclusion

In this paper data of density of n-heptane/AOT/water+DESO reverse micellar
system were reported. Derived properties such as apparent molar volume and partial
molar volume at infinite dilution were calculated. These parameters were compared
with those of n-heptane/AOT/water+DMSO reverse micellar system to reveal the
influence of alkyl chain length. The comparison shows that in the presence of DESO
the surfactant head groups were less hydrated due to competitive sulfoxide-water
strong interactions. Therefore the effective volume of micellar core was increased
and thus the apparent molar volume of polar phase was raised. The positive values
of Hepler’s constant suggested that both DMSO and DESO act as structure makers
in reverse micellar system.

We believe that the results from these studies can be utilized for better
understanding the interactions within the organic polar solvent containing aqueous
microemulsions.
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BJIMSHUE JUITHICYJIb®OKCHUJIA HA OFBEMHBIE CBOMCTBA
MHUKPO3MYJbCUI HATPUEBOM COJIA BUC(2-3TUJIT'EKCHJIOBOIO)
3PUPA CYJIbDPOSHTAPHON KUCJIOTHI

I'. A. IHATUHSH, A. P. CAPKUCSH, A. M. KOJIKEP u III. A. MAPKAPSIH

MeTo/10M I€HCUTOMETPUH UCCIIEIOBAHBI 00BEMHBIE CBOMCTBA OOpAIIEHHOW MHUTIEI-
JIIPHOW CHUCTEMBI H-TeTITaH/HATpHUeBasi COJIb OMC(2-3THITEKCHIIOBOTO) d¢upa CyabdosH-
tapHOi KucioTel (AOT)/Bogatamtuncynbpokrcua (JIDCO). Kaxymumecs MOsIpHbIE
00BeMBI BBIYUCICHB NpH KOHIEHTpanuoHHoM wuHTepBate AOT ot 0.106 mo 1.912
Monv/ke, moctosiHHOM cTenienn ruaparanuu AOT (W=10) u Temnepatypax ot 298.15 no
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313.15 K. Tlomy4yeHHBIE pe3ynbTaThl CPAaBHUBAINCH C TAaKOBBIMH, TOJYyYEHHBIMU JIJIS
cucremsl #-rentan/AOT/ Boma+anmermincyibdokenn (AMCO). 3nauenns ¢V BeIUuCIe-
HBI Takke Tpu pa3HeIX W u moctosHHO0# KoHIeHTparmu AOT B TemmepaTypHOM HHTEp-
Baje ot 273.15 mo 298.15 K. C momomipio ypaBHeHNsI MaccoHa BEIUHCIICHBI KaXKyIIAECS
00BpembI TOJSIpHBIX (a3, copepxkamux JJMCO u JI3CO npu 6eckoHeUHOM pa30aBIeHUN
(0V°). M3 temmeparypHoii 3aBucumoctn GV ompeencHbl moctosHHbE Iermepa. ITo
cpaBrenuo ¢ JIMCO nammuue JI9CO npuBOAWT K MOBBIMICHAIO KaKYIIETOCS MOJISPHO-
ro o0beMa MOAPHOH (asbl.
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