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Abstract 

     A mixture of three components having different physical and chemical properties 

is represented by equilateral triangular diagram. Such a mixture produces various 

regions on the interior of the triangular diagram. A system in each apex of the 

triangle consists of two components. 

 In this work, the effect of surface active agent on the micelle and microemulsion 

formation in a mixture, of octylphenyloxy-ethylene, octanol and water were studied 

at 25°C. 

This mixture exhibits three regions. The appearance of these regions well fit with 

approach that surface active agent can take several forms depending on their 

concentration in any mixture (22). The possible forms are monomer hexagonally 

ordered molecules or gonfeled micelles. 
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Background 
     The main point of interest here is that during 

Hammurabi’s period one of the lesser known 

forms of divination involved pouring oil on 

water (or water on oil) and observing the types 

of spreading behavior that occurred (1-5) The 

following picture seen that portion of clay tablet 

inscribed in cuneiform, (dealing with the art of 

lecanomancy). The tablet dates back to the of 

Hammurabi (18
th
 century b.c.). the omens 

numbered 1 to 5 deal with the spreading of oil in 

water. 
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Introduction 
     It is known that surface active agent 

compounds have no ionic structure in their 

aqueous solution. Their polar part (the 

hydrophilic) is resembled by R-O-R, R-OH, R-

C-R or R-NH-R and the nonpolar part (the 

lipophilic) resembled by aliphatic chain; mostly, 

these surface active agents are obtained by the 

polycondensation of the oxyethylene on lipophil 

part as shown by the following reaction: 

R-H+nCH2-CH2 R-(CH2-CH2-)On-H

O  
     The above reaction is a stepwise reaction, it 

forms a mixture of ethoxy group (CH2-CH2O) 

depending on their preparation method(1). The 

molecule under investigation are consists of a 

polar part (CH2-CH2O) and a nonpolar aliphatic 

chain, having different isomers of a formula of 

C8H.17 (OCH2CH2)9-10OH. The whole structure 

can be resembled by the following model. 

Aliphatic chain Polar part  

     The usefulness of these compounds is their 

adsorption  onto the solid surfaces from their 

dilute solutions which have different forms  

into the interface[6,7]. These kinds of 

adsorptions possessing the following specific 

characters: 

1. Stability of emulsion and microemulsion 

(liquid- liquid interface). 

2. Their uses as a wetting agent such as a 

detergent (solid - liquid interfaces). 

3. Bulb and foams formation. 

     Micelle is formed by the aggregating of 

number of molecules shape (Figure 1), and it 

can be given by the following equation: 

 

mS Sm     ………………………….(1)                                           

 
Figure 1 

     S represents a molecule of the surface active. 

m represents a number of aggregating molecules 

as spherelike (Number of monomer of each Sm 

micelle). 

The micellary aqueous is considered as 

pseudobiphasic, in which the lipophiles links 

with each other to form the micelle. It represents 

the polar center at which the aggregation 

occurred[8, 9]. 

These compounds are capable to dissolve the 

organic compounds which are insoluble in 

water. Funidler and Kshindo’s[10,11], have 

shown that these compounds have a wide range 

of applications in different fields. 

The following relation has been derived between 

CMC (Critical Micelle Concentra-tion) and the 

number of carbon atoms in the hydrophilic 

chain[12,13] is: 

Log CMC = a + bNc   ……………………. (2) 

Where a and b are constants, Nc is number of 

carbon in the hydrophilic part. 

     It is possible to determine the stability 

constant of the micelle formation by using 

the[14] following equation: 

mm )]1(C[m

C

]S[

]Sm[
k

φ−

φ
==   ……………….(3) 

Where: 

C = concentration of surface active agent, 

φ = percentage of linked in the micelle. 

     From equation (3) the value of φ is small in 

comparing with the concentration of surface 

active agent, Thus 
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CMCC …………………...(4) 

     The free energy of micelle formation can be 

found by the following relationship 

Klog
m

RT
G

−
=∆ o

…………………………(5) 

Where m is the molality. Shaw [14] found an 

entropy increase in micelle formation. Cobb[15] 

described the effect of emulsion and found that 

there are two ways for obtaining the emulsion, 

first by searching on a surface active agent 

which mostly possess a HLB (Haydrophobic 

Liophobic Balance) by using a strong mixer, and 



Hassan and Majeed                                   Iraqi Journal of Science, Vol.52,No.3,2011,PP.  282-285                                                                  

 ٢٨٤

second to get a surface active agent that has a 

value of HLB in which the emulsion of water in 

oil (W/O) can be obtained[16]. When the value 

of HLB in a range between 8 to 16, it produces 

an emulsion of oil in water (O/W). It is possible 

experimentally to determine the value of HLB 

which produces the exact and most stable 

emulsion by mixing non-ionic surface active 

agent have HLB related to their ratios. Shinada 

[17, l8] study the temperature effects on the 

value HLB of the non-ionic surface active agent. 

In water-oil system, non ionic surface active 

agent-produces emulsion of oil in water [19]. On 

the other hand when the temperature of this 

system increases more than that of the room 

temperature, the emulsion will be water in oil 

[20]. 

Experimental Part 

     The octylphenylpoly (oxy ethylene) 

glycol ether was supplied by Rohm and 

Hass Co., France., and it’s purity more than 

98%, Octanol was supplied by Fluka Co., 

and it’s purity more than 98%, the distilled 

water have been used in all experiments, In 

ten test tubes two times (10ml) contain 

different volumes of water and octanol, the 

surface active agent was added to each tube. 

The percentage of mole fraction for each 

ether are illustrated in (Figure 2). 

Figure 2: Ternary Diagram of the (Water, 

Octanol and Surface Active Agent) System at 

25°C 

The following table represent percentage of each    

component. A, B and C.  

     A = Water, B = Octanol, C = Surface active 

agent. 
 

 

 

Table 1: represent percentage of each component. 

A, B and C.  A = Water, B = Octanol, C = Surface 

active agent. 

A B C 

28.5 42.8 28.5 

23.25 46.5 35.23 

45.5 45.2 9 

33.3 33.1 3.3 

50 25 25 

68 10.3 27.8 

90.9 4.5 4.5 

62.5 41 4.16 

68.9 6.9 24 

80 8 12 

58.2 29.4 11.7 

45.5 18.2 36.4 

Results and Discussion 
     The ternary system of (surface active agent- 

water-octanol) at limited ratio’s. We obtain a 

stable monophase on the addition of these 

components at different concentrations. This 

mostly forms a microemulsion called swallen 

micelles [21]. Ekwal [22] studied the ternary 

system of (water-hexanol-cetytrimethy-

lammonium bromide) and showed that this 

system represents the best example for 

microemulsion formation. It was also shown 

[21] that hexanol has a parallel role like surface 

active agent. 

In (Figure 2) Regions distributed and the 

microemulsion was found it formed of 

microdroplet (L1) of Octanol in aqueous phase. 

This part of the diagram is representing the O/W 

which is rich with water. While L2 represents the 

part which is rich with Octanol (W/O), when the 

surface active agent increases, it shows the 

appearance of a new region (D) which is celled 

gonfeled Lamellair micelles. 

The region (E) of the diagram is a hexagond 

structure of reticulate form in which the 

hydrocarbon parts of molecular are directed 

toward the center. While the polar parts are 

directed upwards, the structure of (D) is 

different from L1, L2 and E, through which the 

surface active agents are ordering themselves in 

a uniform lineup, and the polar parts of the 

molecular are directed toward water molecules 

forming hydrogen bonds while, the aliphatic 

parts tangled with the aliphatic part of Octanol 

Therefore the polar directed toward up in the 

uniform lineup and the aliphatic part meet of 

surface active agent. In 1950 Winsor put the 

idea of classification which related to number of 
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phases of liquid after mixing of the components 

and stability of the solution. 

     Region I (according to Winsor) which 

contains two solutions in an equilibrium state 

with the microemulsion, comprising oil and 

water (the greatest part of the above solution 

(microemulsion) are surface active agent + oil) 

(Figure 3). 

 Figure 3: Represents WINSOR Zones 

Region II (according to Winsor) consists of two 

layers. This region represents the microemulsion 

that equal to monoaqueous phase. 

Region III (Winsor) comprises three layer where 

microeomulsion in the middle of oil and 

aqueous solution layer. Similarly, various 

regions formed on the interior of the triangle on 

mixing Octonal, water, and surface active agent 

depending on the arrangement of the surface 

active agent with the participations of water and 

Octanol molecuis. 

Conclusion 
     In this work the ternary system of surface 

active agent, Octanol, and water have been 

studied at 25°C. This study shows the formation 

of different zones on the interior of triangle by 

changing the concentration of the components in 

the mixture. Consequently, the surface active 

agent play an important role in the formation of 

these regions, as it contains the polar part 

contributing in the formation of Hydrogen 

bonding with water molecules and non polar 

part which evolves an aliphatic part of the 

Octanol. 
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