
INTRODUCTION

Microemulsions are optically transparent, thermodyna-

mically stable, nano-structured mixture of oil and water

stabilized by surfactant, either ionic or nonionic1-3. They are

classified as w/o, o/w and bicontinuous microemulsion. They

have attracted great interest3-5 because of their unique

physiochemical characteristics such as large solubilization

capacity, ultra low interfacial tension, a very large interfacial

region and because of their potential industrial applications

such as enhanced oil recovery, biotechnology, nanotechnology,

cosmetics, agriculture, beaverages and chemical reaction6-17.

The phase behaviour and structural organization of

microemulsion are highly dependent on the elastic properties

of surfactant monolayer, along with different field variables

such as temperature, pressure, ionic strength of water, nature

of oil and co-surfactant1-4. For a given surfactant, a change in

the natural curvature from curve water (positive) to towards

oil (negative) or vice-versa can be achieved by changing one

or more field variables. The most pronounced effect is tempe-

rature for nonionic surfactant and salts for ionic surfactant18.

In microemulsion systems, increasing salinity usually induces

a variety of phase changes and various different forms, i.e.,

Winsor I, II  and III are possible as function of salt concen-

tration19. These types of transitions are possible by increase of

temperature involving nonionic surfactants20. It has been

observed that the three-phase microemulsion formation

(Winsor III) is always accompanied by ultra low interfacial

tension (ca. 10-3 mN/m) between miroemulsion layer and oil
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and/or water layer20. This ultra low interfacial tension is the

promising factor for the employment of these formulations in

the oil recovery processes7. At the optimal salinity, interfacial

tension (IFT, γ o/m) between oil (o) and microemulsion (m)

becomes equal to that of interfacial tension (IFT, g w/m)

between water (w) and microemulsion (m). Several studies

involving the optimal salinity and various factors influencing

optimal salinity such as nature of oil, nature of co-surfactant

etc., have been reported in the literature21,22. In this paper, the

optimal salinity (OS) of nonionic microemulsions comprising

a well known surfactant, Triton X-100 plus co-surfactant (1-

hexanol)/dodecane/water in presence of different electrolytes

at various temperatures are reported.

EXPERIMENTAL

The nonionic surfactant, Triton X-100 (poly-oxyethylene

tetramethyl butyl phenyl ether, molecular weight ca. 624) was

obtained from SRL, India. Anhydrous dodecane and 1-hexanol

were procured from Merck Schuchardt, Germany. Sodium

chloride (AR) was purchased from SD Fine Chemical Ltd.,

India. Oxalic acid (AR) was purchased from Speckpure, India.

Double distilled water was used for all sample preparation.

Salinity studies: An equal volume of oil and water (10

mL each) and 5 g of surfactant plus co-surfactant (1:5 molar

ratios) was taken in a flat-bottle graduated tube and kept at

desired temperature. Solid sodium chloride was added in

installment of 10 mg at a time and the volume of the different

phases i.e., water, oil and microemulsions were measured from

the calibration of the graduated test-tube. The ratio of volume



of water (Vw) to the volume of microemulsion (Vm) and the

ratio of volume of oil (Vo) to the volume of microemulsion

(Vm) were calculated and plotted together against the molar

concentration of electrolytes. The intersection point of Vw/Vm

and Vo/Vm denotes the optimal salinity of the microemulsion

at constant temperature.

RESULTS AND DISCUSSION

Fig. 1 shows the plot of optimal salinity for the pseudo-

ternary system, Triton X-100 + 1-hexanol (1:5 molar ratio)/

dodecane/water at various temperatures. In Fig. 1, the solubi-

lization parameter of oil, Vo/Vm and that of water, Vw/Vm have

been plotted together against NaCl concentration. The concen-

tration at which these two curves intersect is termed as optimal

salinity (OS). During the course of investigation, it was

observed that the ternary system was biphasic in absence of

electrolyte at 25 ºC in which water continuous microemulsion

equilibrates with excess oil phase. With addition of electrolyte,

biphasic system changes into three-phase system in which

middle phase microemulsion equilibrates with excess oil and

aqueous phase. It is very interesting to note that with progres-

sive addition of electrolyte, the volume of excess water

increases and that of oil decreases. As a result solubilization

parameters of water, Vw/Vm increases and that of oil, Vo/Vm

decreases at constant temperature. This is probably due to the

fact that Triton X-100 is hydrophilic in nature at low tempera-

ture in absence of electrolyte23. With the addition of sodium

chloride, hydrophilicity of Triton X-100 decreases. That is,

Triton X-100 turns hydrophobic in presence of sodium

chloride. As a result solubilization of Triton X-100 increases

in oil phase and decreases in aqueous phase and this apparently

causes an increase in Vw/Vm and a decrease in Vo/Vm and this

finally leads to a phase inversion from a lower phase micro-

emulsion (Winsor I) to an oil continuous upper phase

microemusion (Winsor II) via a middle phase (Winsor III).

Influence of temperature: It is clear from the Fig. 1 that

optimal salinity (OS) of the pseudo-ternary system, Triton X-

100 + 1-hexanol (1:5 molar ratio)/dodecane/water system is

0.60 mol dm-3 at 25 ºC. When temperature is increased from

25-30 ºC, optimal salinity decreases drastically and has been

found 0.28 mol dm-3. With further increase in temperature from

30 to 35 ºC, optimal salinity decreases slightly and is equal to

0.25 mol dm-3. The optimal salinity-temperature plot (Fig. 2)

shows a decrease in optimal salinity with increase in tempe-

rature. That is, optimal salinity of a microemulsion system is

a function of temperature.

Optimal salinity of nonionic microemulsion composed

of Triton X-100 decreases with increase in temperature in the

present investigation. Similar results were reported for ionic

surfactant, sodium dodecyl sulfate (SDS)24. By comparing

these results it is observed that optimal salinity for nonionic

surfactant, Triton X-100 is lower than ionic surfactant, SDS

and the corresponding temperature at which the solubilization

curves intersect are found to be higher in ionic surfactant than

nonionic surfactant. Optimal salinity was 0.80 mol dm-3 at 80

ºC in presence of NaCl for SDS + Brij 35 system and whereas

it is 0.60 mol dm-3 for Triton X-100 + 1-hexanol at 25 ºC in

the present investigation. These results clearly indicate that
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Fig. 1. Plot of Vw/Vm and Vo/Vm against NaCl concentration to determine

optimal salinity for the system Triton X-100 + 1-hexanol (1:5 molar

ratio)/dodecane/water at different temperatures. Vw, Vm and Vo are

the volume of water, microemulsion and oil, respectively

a little change in temperature of nonionic surfactant changes

hydrophilicity of the surfactant to a greater extent that induces

phase transitions even at very low temperature. It is known

that temperature induces phase transition Winsor I → III → II

in the microemulsion where nonionic surfactants are present

and this is due to increase in hydrophobicity with increase in

temperature23,24. As a result, solubilization of the surfactant

(Triton X-100) in water decreases and in non-aqueous

medium increases. At low temperature Triton X-100 is hydro-

philic in nature. So to turn Triton X-100 hydrophobic in

nature at lower temperature, higher concentration of NaCl is

required. This is the reason for higher optimal salinity value
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Fig. 2. Plot of optimal salinity vs temperature.

at comparatively lower temperature. When temperature is

increased, Triton X-100 turns hydrophobic due to conforma-

tional changes in poly-oxyethylene moiety of the surfactant23

and this leads to phase inversion from Winsor 1 to Winsor II

via middle phase at higher temperature at comparatively lower

salt concentration.

The effect of salinity on the various microemulsion

systems have been reported earlier21,22. In ionic microemulsion,

increasing salinity usually induces a variety of phase changes.

Various different forms i.e., Winsor I, II and III are possible as

a function of NaCl concentration. These types of transitions

are possible by increase of temperature in the system involving

nonionic surfactants19. It is known that ionic surfactant does

not form a three-phase microemusion due to its high hydro-

philicity. The presence of electrolyte, like NaCl, decreases the

hydrophilicity of the surfactant system and hence the possi-

bility of formation of a three-phase microemulsion increases.

The presence of electrolyte reduces the repulsive force between

the charged surfactant molecules and hence affects the phase

diagram19. Addition of electrolytes eventually causes an

inversion to an oil continuous upper phase microemulsion

(Winsor II) from a lower phase microemulsion (Winsor I) via

middle phase. That is, an inversion occurs from a lower phase

microemulsion to an upper phase microemulsion via a middle

phase.

It is well known fact that the maximum solubilization can

be achieved by varying the factors, which increases the packing

parameters of the surfactant molecules. The packing para-

meters can be increased by reducing the effective area of the

head group by dehydrating the head group of a nonionic

surfactant either by increasing temperature or by addition of

salt25. It is clear from the Fig. 1 that optimum salinity decreases

with increase in temperature and this is due to decrease in

hydrophilicity of TritonX-100 when temperature is increased

or NaCl is added because both have similar effect.

Influence of nature of electrolytes: Fig. 3 shows the

optimal salinity of the pseudo-ternary system, Triton X-100 +

1-hexanol (1:5 molar ratio)/dodecane/ water in presence of

oxalic acid at 25 and 35 ºC. By comparing the results shown
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Fig. 3. Plot of Vw/Vm and Vo/Vm against oxalic acid concentration to

determine optimal salinity for the system Triton X-100+1-hexanol

(1:5 molar ratio)/dodecane/water at different temperatures. Vw, Vm

and Vo are the volume of water, microemulsion and oil, respectively

in Figs. 1 and 3, it is evident that optimal salinity decreases

with increase in temperature in presence of both types of elec-

trolytes, strong as well as weak. But the decrease in optimal

salinity is higher in presence of sodium chloride as compared

to oxalic acid. In presence of sodium chloride, optimal salinity

is 0.60 mol dm-3 at 25 ºC and 0.25 mol dm-3 at 35 ºC. That is,

optimal salinity becomes less than half in presence of strong

electrolyte (NaCl). Whereas optimal salinity is 0.88 mol dm-3

at 25 ºC and 0.82 mol dm-3 at 35 ºC in presence of weak elec-

trolyte (oxalic acid) (Fig. 3 ). That is, optimal salinity does not

change much with change in temperature in presence of weak

electrolyte. Furthermore, at 25 ºC optimal salinity is higher in

presence of weak electrolyte (oxalic acid) than strong elec-

trolyte (NaCl). This is probably due to the fact that strong

electrolyte (NaCl) decreases hydrophilicity of Triton X-100

to a greater extent than oxalic acid. As a result, phase inversion

occurs from Winsor I to Winsor II via middle phase at compa-

ratively lower salt concentration. That is why optimal salinity

is observed less in presence of sodium chloride as compared

to oxalic acid. Alternatively, oxalic acid is a weak electrolyte

and furnishes fewer ions as compared to NaCl and decreases

hydrophilicity of the surfactant system (TX-100 + 1-hexanol)
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to lesser extent than sodium chloride. That is, higher concen-

tration of oxalic acid is required to decrease the hydrophilicity

of the surfactant system for the phase inversion from Winsor I

to Winsor II via middle phase. As a result optimal salinity

is observed higher in presence of oxalic acid than sodium

chloride.

Conclusion

The optimal salinity of nonionic microemulsions consis-

ting of Triton X-100 + 1-hexanol (1:5 molar ratios)/dodecane/

water was investigated in presence of different types of electro-

lytes at various temperatures. It is inferred that optimal salinity

of a microemulsion system is a function of temperature. It

decreases with increase in temperature due to increase in

hydrophilicity of the surfactant system in presence of both

types of electrolytes, strong as well as weak. However, the

decrease in optimal salinity is higher in presence of strong

electrolyte than weak electrolyte. Further, at constant tempe-

rature optimal salinity is found higher in presence of weak

electrolyte in comparison with strong electrolyte.
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