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Chapter five 

Results  

5.1 Formulation 

5.1.1 Phase Behavior  

For a good description of the microemulsion systems it is necessary to determine the phase 

diagram that describes the experimental conditions in which it is possible to combine the 

components in order to obtain transparent, one-phase and low-viscous systems. 

A number of factors influence the water solubilization in mixed nonionic surfactants/oil mixtures. 

Among these factors the type of surfactants, surfactants mixing ratio, the presence of additives 

such as alcohols or electrolytes, temperature (Ogino, Abe, 1992). 

The roles of alcohol in microemulsions are to delay the occurrence of liquid crystalline phases, to 

increase the fluidity of the interfacial layer separating oil and water, to decrease the interfacial 

tension between the microemulsion phase and excess oil and water and to increase the disorder in 

these interfacial layers as well as their dynamic character. The miscibility of water, oil, surfactant 

or mixed surfactants and cosurfactant is a composition dependent variable (Kunieda, Nakano, Pes, 

Ma, 1995),( Kunieda, Nakano, Akimura, 1995) and (Kunieda, Yamagata, 1993). 

 These oils influence the surfactant layer curvature in aggregates or self-organized structures when 

solubilized. Other authors (Fanun, 2007), (Fanun, Salah Al-Diyn, 2006),(Szekeres, Acosta, 

Sabatini, 2006) and (Mehta, Bala, 2000) studied cyclic hydrocarbons effect on microemulsions 

formation.  The placement of the solubilized oil in the surfactant aggregates highly affects the 

change in surfactant layer curvature. If oil tends to penetrate in the surfactant palisade layer and 

locates near the interface of the water lipophilic surfactant moiety (unieda, Ozawa, Huang, 1998), 
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the curvature would be less positive or negative. The curvature being defined as positive when the 

surfactant film is convex toward water. 

 

 On the other hand, if oil is solubilized deep inside the aggregates and tends to form an oil pool 

(swelling), the opposite change in surfactant layer curvature is often induced (Kunieda, Umizu, 

Aramaki, 2000). It is known that the penetration tendency of amphiphilic or polar oils and cyclic 

hydrocarbons is large. Cyclic hydrocarbons tend to penetrate in the surfactant layer and widen the 

effective cross-sectional area per surfactant. As a result, the surfactant layer curvature becomes 

less positive or negative. On the other hand, the surfactant layer curvature tends to be more 

positive upon addition of the oils that do not penetrate in the surfactant layer. 

However, high surfactant levels are often not acceptable for economic or performance reasons. For 

example, high surfactant levels in consumer product formulations may leave unacceptable residues 

on substrates. In chemical reaction media, high surfactant levels may constitute contaminants that 

need to be removed, resulting in unacceptable process costs. 

 

Ternary phase behavior 

Sucrose monolaurate and single oil 

Figure 5.1 presents the phase diagrams of the system water/sucrose monolaurate/Ŭ-ionone at three 

temperatures (A) 25, (B) 37, (C) 45°C. At Figure 5.1(A) the single phase appears for surfactant 

contents above 60 wt% from the first addition of water. For surfactant contents below 60 wt% the 

system extend multiple phase regions, but in Figure 5.1(B) and 5.1(C) the single phase appears for 

surfactant contents above 45 wt% from the first addition of water. 
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       (A) 

 

 
        (B) 
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(C) 

Figure 5.1: Phase diagrams of the system: water/ sucrose monolaurate (L1695) / Ŭ-ionone (ION) 

at three temperatures (A) 25, (B) 37, (C) 45ÁC. [The one phase region is designated by 1ʌ, and the 

multiple phase regions are designated by ȽȽ (Wm+O)]. N65 is the dilution line where the weight 

ratio of mixed surfactant / single oil or mixed oils equals 65/35. 

Figure 5.2 presents the phase diagram of the system water/sucrose monolaurate/soybean oil at 

25
Ǔ
C. The single phase appears for surfactant contents above 80 wt% from the first addition of 

water. For surfactant contents below 80 wt% the system extend multiple phase regions. 
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Figure 5.2: Phase diagram of the system: water/ sucrose monolaurate (L1695) / soya beans oil 

(SB) at 25°C. 

 

Figure 5.3 presents the phase diagram of the system water/sucrose monolaurate/sunflower oil at 

25
Ǔ
C. The single phase appears for surfactant contents above 85 wt% from the first addition of 

water. For surfactant contents below 85 wt% the system extend multiple phase regions. 

 

                        

Figure 5.3: Phase diagram of the system: water/ sucrose monolaurate (L1695) / sunflower (SF) at 

25°C.   

Figure 5.4 presents the phase diagram of the system water/sucrose monolaurate/olive oil at 25
Ǔ
C. 

The single phase appears for surfactant contents above 85 wt% from the first addition of water. For 

surfactant contents below 85 wt% the system extend multiple phase regions. 
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Figure 5.4: Phase diagram of the system: water/ sucrose monolaurate (L1695) / olive oil (OO) at 

25°C. 

 

Figure 5.5 presents the phase diagram of the system water/sucrose monolaurate/sesame oil at 25
Ǔ
C. 

The single phase appears for surfactant contents above 85 wt% from the first addition of water. For 

surfactant contents below 85 wt% the system extend multiple phase regions. 
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Figure 5.5: Phase diagram of the system: water/ sucrose monolaurate (L1695) /sesame oil (SO) at 

25°C.   

Table 5.1 The total monophasic area AT (%) for the system W/L1695/single oil at different oil 

type and different temperatures. 

 

 

 

The results presented in Table 5.1 we observe that, for microemulsion systems based on sucrose 

laurate (L1695) only Ŭ-ionone oil has the higher total monophasic area values compared to other 

oils studied. This refers to the cyclic structure of Ŭ-ionone oil which tends to penetrate in the 

surfactant layer and widen the effective cross- sectional area per surfactant. 

Triglyceride oil has low total monophasic area because of their high molecular volume and so the 

ability to penetrate the interfacial film is very low and does not assist to obtain the optimum 

curvature of surfactants. 

 

Sucrose oleate and single oil 

Figure 5.6 presents the phase diagram of the system water+PG/sucrose oleate/ peppermint oil at 

25
Ǔ
C. The one phase microemulsion region extend to approximately 35 wt% water and surfactant  

approximately 47 wt%  along the dilution line N65.For water above 35 wt% the System extends 

multiple phase regions. 

                          AT (%) 

                            Oil  25
Ǔ
C 37

Ǔ
C 45

Ǔ
C 

ION 24 33 33 

SB 17 18 19 

SF 8 8 8 

OO 11 10 10 

SO 8 8 8 
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Figure 5.6: Phase diagram of the system: water+PG (2/1) /sucrose oleate (O1570)/ peppermint 

(MNT) at 25°C.  [The one phase region is designated by 1ʌ, and the multiple phase regions are 

designated by ȽȽ (Wm+O)]. N65dulition line dilution line where the weight ratio of mixed 

surfactant / single oil or mix oil equal 65/35, the mixing ratio (w/w) of W/PG equals 2/1. 

 

Figure 5.7 presents the phase diagram of the system water+PG/sucrose oleate/R(+)-limonene oil at 

25
Ǔ
C. The one phase microemulsion region extend to approximately 35 wt% water and surfactant  

approximately 45 wt%  along the dilution line N65.For water above 35 wt% the system extends 

multiple phase regions.  
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Figure 5.7: Phase diagram of the system: water+PG /sucrose oleate (O1570)/R(+)-limonene oil 

(LIM)  at 25°C. 

 

Figure 5.8 presents the phase diagram of the system water+PG/sucrose oleate/ Ŭ-ionone oil at 

25
Ǔ
C. The one phase microemulsion region extend to approximately 35 wt% water and surfactant  

approximately 42 wt%  along the dilution line N65.For water above 35 wt% the System extends 

multiple phase regions.  
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Figure 5.8: Phase diagram of the system: water+PG /sucrose oleate (O1570)/ Ŭ-ionone oil (ION) 

at 25°C. 

 

Figure 5.9 presents the phase diagram of the system water+PG/sucrose oleate/ Ŭ-ionone oil at 25
Ǔ
C. 

The one phase microemulsion region extend to approximately 20 wt% water and surfactant  

approximately 55 wt%  along the dilution line N65.For water above 20 wt% the System extends 

multiple phase regions.  
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Figure 5.9: Phase diagram of the system: water+PG /sucrose oleate (O1570)/ isopropylmyristate 

oil (IPM) at 25°C. 

 

Figure 5.10 presents the phase diagram of the system water+PG/sucrose oleate/caprylic-capric 

triglyceride oil at 25
Ǔ
C. The one phase microemulsion region extend to approximately 35 wt% 

water and surfactant  approximately 45 wt%  along the dilution line N65.For water above 35 wt% 

the System extends multiple phase regions.  
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Figure 5.10: Phase diagram of the system: water+PG /sucrose oleate (O1570)/ caprylic-capric 

triglyceride oil (CCT) at 25°C. 

 

Figure 5.11 presents the phase diagram of the system water+PG/sucrose oleate/ olive oil at 25
Ǔ
C. 

The one phase microemulsion region extend to approximately 18 wt% water and surfactant  

approximately 63 wt%  along the dilution line N65.For water above 18 wt% the System extends 

multiple phase regions.  
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Figure 5.11: Phase diagram of the system: water+PG /sucrose oleate (O1570)/ olive oil (OO) at 

25°C. 

Figure 5.12 presents the phase diagram of the system water+PG/sucrose oleate/sesame oil at 25
Ǔ
C. 

The one phase microemulsion region extend to approximately 15 wt% water and surfactant  

approximately 65 wt%  along the dilution line N65.For water above 15 wt% the System extends 

multiple phase regions.  
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Figure 5.12: Phase diagram of the system: water+PG /sucrose oleate (O1570)/ sesame oil (SO) at 

25°C. 

 

Table 5.2: The total monophasic area AT (%) for the system W+PG/O1570/single oil at different 

oil type and different temperatures. 

 

  

From the results printed in the Table 5.2 we observe that the systems containing cyclic oils (MNT, 

LIM and ION) and linear oil (IPM), there is a difference in the behavior of their oils and 

triglycerides, and this is explained in terms of oil lipophilicity and penetration in the surfactants 

palisade layer. Solubilization and placement of polar oils in aggregates or self-organized structures 

                          AT (%) 

                            Oil  25
Ǔ
C 37

Ǔ
C 45

Ǔ
C 

MNT  47 47 47 

LIM  43 46 46 

ION 44 45 46 

IPM  47 47 47 

CCT 45 45 45 

OO 38 40 35 

SO 28 28 30 
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influences the surfactant layer curvature and the structure of the self-assembled systems. If the oils 

have a tendency to penetrate in the surfactant palisade layer and locate near the interface of the 

water lipophilic surfactant moiety, the curvature would be less positive or negative (Kunieda, et al, 

2001).   

For microemulsion systems based on triglyceride oil, we observed that the total monophasic area 

AT (%) in the system was less than other oils used in this study; cyclic and linear oils. This is due 

to that the two oils (OO and SO) are triglyceride with high molecular volume and so the ability to 

penetrate the interfacial film is low when compared with cyclic oils which are non triglycerides 

oils. Formation of microemulsion depends on the oil structure and oil penetration which is affected 

by molecular volume, triglycerides have bulky shape and high molecular volume which increases 

the difficulty to penetrate the interfacial film to assist the optimum curvature. 

Phase diagrams  present of the systems W/ single surfactant/ oil and W+PG/ O1570/ oil, the 

variation of the total monophasic region for oil at different temperature when change surfactant 

type the variation depend on surfactant chain length and HLB. 

The observed temperature independence of the O1570 systems can be a consequence of the 

enhance solubility of the hydroxylated nonionic surfactant in the mixture of propylene glycol and 

water. 
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Ethoxylated mono-di-glyceride and single oil 

Figure 5.13 presents the phase diagram of the system water/ethoxylated mono-di-glyceride / Ŭ-

ionone oil at 25
Ǔ
C. The single phase appears for surfactant contents above 48 wt% from the first 

addition of water. For surfactant contents below 48 wt% the system extend multiple phase regions. 

                      

Figure 5.13: Phase diagram of the system: water/ethoxylated mono-di-glyceride (EMDG)/ Ŭ-

ionone oil (ION) at 25ÁC. [The one phase region is designated by 1ʌ, and the multiple phase 

regions are designated by ȽȽ (Wm+O)]. N65dulition line dilution line where the weight ratio of 

mixed surfactant / single oil or mixed oil equals 65/35.  

 

Table 5.3: The total monophasic area AT (%) for the system W/EMDG/ION at different 

temperatures. 

 

 

 

                          AT (%) 

Oil  25
Ǔ
C 37

Ǔ
C 45

Ǔ
C 

ION 24  33  33 
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PEG-7 glyceryl cocoate and single oil 

Figure 5.14 presents the phase diagram of the system water/PEG-7 glyceryl cocoate/peppermint oil 

at 25
Ǔ
C. The single phase appears for surfactant contents above 72 wt% from the first addition of 

water. For surfactant contents below 72 wt% the system extend multiple phase regions. 

              

Figure 5.14: Phase diagram of the system: water/ PEG-7 glyceryl cocoate (M159) / peppermint oil 

(MNT) at 25ÁC. [The one phase region is designated by 1ʌ, and the multiple phase regions are 

designated by ȽȽ (Wm+O)]. N65 is the dilution line where the weight ratio of mixed surfactant / 

single oil or mixed oils equals 65/35. 

 

Figure 5.15 presents the phase diagram of the system water/PEG-7 glyceryl cocoate/R(+)-

limonene oil at 25
Ǔ
C. The single phase appears for surfactant contents above 65 wt% from the first 

addition of water. For surfactant contents below 65 wt% the system extend multiple phase regions. 
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Figure 5.15: Phase diagram of the system: water/ PEG-7 glyceryl cocoate (M159)/R(+)-limonene 

oil (LIM) at 25°C. 

 

Figure 5.14 presents the phase diagram of the system W / M159/MNT at 25°C. Figure 5.15 

represents the phase diagram of the system W/M159/LIM system at temperature 25
Ǔ
C. For the 

system W/M159/MNT, the total monophasic area AT (%) at 25°C equals 19%. For system 

W/M159/LIM, the total monophasic area AT (%) at 25°C slightly increases equals 20%. 

 

Figure 5.16 presents the phase diagram of the system water/PEG-7 glyceryl cocoate/ Ŭ-ionone oil 

at 25
Ǔ
C. The single phase appears for surfactant contents above 75 wt% from the first addition of 

water. For surfactant contents below 75 wt% the system extend multiple phase regions. 

  



 52 

 

Figure 5.16: Phase diagram of the system: water/ PEG-7 glyceryl cocoate (M159)/ Ŭ-ionone oil 

(ION) at 25°C. 

 

Figure 5.17 presents the phase diagram of the system water/PEG-7 glyceryl cocoate/ 

isopropylmyristate oil at 25
Ǔ
C. The single phase appears for surfactant contents above 72 wt% 

from the first addition of water. For surfactant contents below 72 wt% the system extend multiple 

phase regions. 
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 Figure 5.17: Phase diagram of the system: water/ PEG-7 glyceryl cocoate (M159) (M159) / 

isopropylmyristate oil (IPM) at 25°C.  

 

Figure 5.18 presents the phase diagram of the system water/PEG-7 glyceryl cocoate/ caprylic- 

capric triglyceride oil at 25
Ǔ
C. The single phase appears for surfactant contents above 72 wt% from 

the first addition of water. For surfactant contents below 72 wt% the system extend multiple phase 

regions. 

         

Figure 5.18: Phase diagram of the system: water/PEG-7 glyceryl cocoate (M159)/caprylic-capric 

triglyceride oil (CCT) at 25°C. 

 

Figure 5.19 presents the phase diagram of the system water/PEG-7 glyceryl cocoate/soybean oil at 

25
Ǔ
C. The single phase appears for surfactant contents above 70 wt% from the first addition of 

water. For surfactant contents below 70 wt% the system extend multiple phase regions. 
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Figure 5.19: Phase diagram of the system: water/ PEG-7 glyceryl cocoate (M159)/soybean oil 

(SB) at 25°C. 

 

Figure 5.20 presents the phase diagram of the system water/PEG-7 glyceryl cocoate/sunflower oil 

at 25
Ǔ
C. The single phase appears for surfactant contents above 70 wt% from the first addition of 

water. For surfactant contents below 70 wt% the system extend multiple phase regions. 
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Figure 5.20: Phase diagram of the system: water/ PEG-7 glyceryl cocoate (M159)/ sunflower oil 

(SF) at 25°C. 

 

Figure 5.21presents the phase diagram of the system water/PEG-7 glyceryl cocoate/olive oil at 

25
Ǔ
C. The single phase appears for surfactant contents above 80 wt% from the first addition of 

water. For surfactant contents below 80 wt% the system extend multiple phase regions. 

 

 

 

 

 

 

 

 

 

Figure 5.21: Phase diagram of the system: water/ PEG-7 glyceryl cocoate (M159)/ olive oil (OO) 

at 25°C. 

 

Figure 5.22 presents the phase diagram of the system water/PEG-7 glyceryl cocoate/ sesame oil at 

25
Ǔ
C. The single phase appears for surfactant contents above 70 wt% from the first addition of 

water. For surfactant contents below 70 wt% the system extend multiple phase regions. 
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Figure 5.22: Phase diagram of the system: water/ PEG-7 glyceryl cocoate (M159)/ sesame oil 

(SO) at 25°C. 

 

Table 5.4: The total monophasic area AT (%) for the system W /M159/single oil at different oil 

type and different temperatures. 

 

 

From the results printed in the Table 5.4 we observe that the systems containing cyclic oils (MNT, 

LIM and ION) and linear oil (IPM) and triglyceride oil ,we observed that the total monophasic area 

                          AT (%) 

                            Oil  25
Ǔ
C 37

Ǔ
C 45

Ǔ
C 

MNT  19 22 22 

LIM  20 19 20 

ION 13 13 13 

IPM  19 23 21 

CCT 37 37 37 

SB 19 21 20 

SF 17 19 17 

OO 14 14 14 

SO 23 22 23 
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AT (%) in the microemulsion systems triglyceride oil was less than other oils used in this study; 

cyclic and linear oils. The result the same reasoning as result in page 48. 

 

Glycerol monooleate and single oil 

Figure 5.23 presents the phase diagram of the system water/ glycerol monooleate /peppermint oil 

at 25
Ǔ
C. The single phase appears for surfactant contents above 90 wt% from the first addition of 

water. For surfactant contents below 90 wt% the system extend multiple phase regions. 

 

 

Figure 5.23: Phase diagram of the system: water/ glycerol monoolerol (M300K) / peppermint oil 

(MNT) at 25ÁC. [The one phase region is designated by 1ʌ, and the multiple phase regions are 

designated by ȽȽ (Wm+O)]. N65 is the dilution line where the weight ratio of mixed surfactant / 

single oil or mixed oils equals 65/35. 
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Figure 5.24 presents the phase diagram of the system water/ glycerol monooleate /R(+)-limonene 

oil at 25
Ǔ
C. The single phase appears for surfactant contents above 85 wt% from the first addition 

of water. For surfactant contents below 85 wt% the system extend multiple phase regions. 

 

      

Figure 5.24 Phase diagram of the system: water/ glycerol monooleate (M300K)/R (+)-limonene 

oil (LIM) at 25°C. 

 

Figure 5.25 presents the phase diagram of the system water/ glycerol monooleate /Ŭ-ionone oil at 

25
Ǔ
C. The single phase appears for surfactant contents above 85wt% from the first addition of 

water. For surfactant contents below 85 wt% the system extend multiple phase regions. 
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Figure 5.25: Phase diagram of the system: water/glycerol monooleate (M300K)/Ŭ-ionone oil 

(ION) at 25°C. 

 

Figure 5.26 presents the phase diagram of the system water/ glycerol monooleate/isopropyl 

microstate oil at 25
Ǔ
C. The single phase appears for surfactant contents above 95wt% from the first 

addition of water. For surfactant contents below 95 wt% the system extend multiple phase regions. 
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Figure 5.26: Phase diagram of the system: water/glycerol monooleate (M300K)/ 

isopropylmyristate oil (IPM) at 25°C. 

 

. Figure 5.27 presents the phase diagram of the system water/ glycerol monooleate / caprylic-capric 

triglyceride oil at 25
Ǔ
C. The single phase appears for surfactant contents above 95wt% from the 

first addition of water. For surfactant contents below 95 wt% the system extend multiple phase 

regions. 
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Figure 5.27: Phase diagram of the system: water/ glycerol monooleate (M300K) /caprylic-capric 

triglyceride oil (CCT) at 25°C. 

 

Figure 5.28 presents the phase diagram of the system water/ glycerol monooleate / soybean oil at 

25
Ǔ
C. The single phase appears for surfactant contents above 95wt% from the first addition of 

water. For surfactant contents below 95 wt% the system extend multiple phase regions. 
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Figure 5.28: Phase diagram of the system: water/ glycerol monooleate (M300K) /soybean oil (SB) 

at 25°C 

 

Figure 5.29 presents the phase diagram of the system water/ glycerol monooleate / sunflower oil at 

25
Ǔ
C. The single phase appears for surfactant contents above 95wt% from the first addition of 

water. For surfactant contents below 95 wt% the system extend multiple phase regions. 

 

Figure 5.29: Phase diagram of the system: water/ glycerol monooleate (M300K) / sunflower oil 

(SF) at 25°C. 

Figure 5.30 presents the phase diagram of the system water/ glycerol monooleate /olive oil at 25
Ǔ
C. 

The single phase appears for surfactant contents above 95wt% from the first addition of water. For 

surfactant contents below 95 wt% the system extend multiple phase regions. 
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Figure 5.30: Phase diagram of the system: water/ glycerol monooleate (M300K) /olive oil (OO) at 

25°C. 

 

Figure 5.31 presents the phase diagram of the system water/ glycerol monooleate /sesame oil at 

25
Ǔ
C. The single phase appears for surfactant contents above 95wt% from the first addition of 

water. For surfactant contents below 95 wt% the system extend multiple phase regions. 
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Figure 5.31: Phase diagram of the system: water/ glycerol monooleate (M300K) /sesame oil (SO) 

at 25°C. 

 

Table 5.5: The total monophasic area AT (%) for the system W/M300K/single oil at different type 

oil and different temperatures. 

 

 

 

Figure 5.32: Variation of the total monophasic region AT (%) as function of surfactants content in 

the Ŭ-ionone at temperature 25
Ǔ
C. 
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                           Oil  25
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The results presented in Figure 5.32 we observe that for microemulsion systems based on different 

types surfactants and Ŭ-ionone oil has the higher total monophasic area values when used (O1570 

and PG) that tend to other surfactants. 

From the results shown in Table 5.5 different systems are observed. Solubilization of water in 

reverse micelle systems depends upon many factors, for example, type of surfactant (and 

Cosurfactants/second surfactant), oil, temperature, and additives (Liu, Ma, Cheng, et al, 1998). But 

the main driving force of such solubilization is the spontaneous curvature and the elasticity (or 

rigidity) of the interfacial film formed by the surfactant system (Leung, Shah, 1987). If the 

interfacial curvature and the bending elasticity are fixed, solubilization can be maximized by 

minimizing the interfacial bending stress of the rigid interface and the attractive interdroplet 

interaction (Chen, Evans, Ninham, 1984). The critical packing parameter (CPP, given by P = v/al 

where v and l are respectively the volume and length of the hydrophobic chain and a is the area of 

the polar head group of the surfactant) of the surfactant plays an important role in water 

solubilization. 

In the present study, addition of nonionic surfactants of different types and chemical structures 

(L1695, O1570, M159 and M300K) with different types and chemical structures produces 

synergism in their solubilization capacity. The highest and lowest total monophasic area AT (%) 

values are obtained with the L1695/ION, O1570/ION, EMDG/ION, M159 and M300K/ION 

systems respectively, at corresponding total monophasic area AT (%) values of 17, 44,24,13 and 8, 

whereas follows the order O1570 >EMDG >L1695 >M159 >M300K. Because of the 

interdependence of both the parameters the plausible mechanism for the solubilization 

phenomenon arising out of the hydrophilicïlipophilic balance (HLB) of the added nonionic 

surfactant, and For such systems, the solubilization capacity can be increased by any modification 

of the molecular structure of either the interface or continuos phase so that R0 is increased. Starting 
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from a shortchain alkane, increasing the oil chain length would gradually reduce the cohesive 

interaction between the hydrocarbon chains of the interface and decrease the interfacial rigidity 

due to decreasing oil penetration. The solubilization for such systems thus increases due to the 

decrease in packing parameter (P) and consequent increase in natural radius. On the other hand, for 

systems with greater chain length alkanes, the interdroplet interaction governs the solubilization 

process. Consequently one would expect a decrease in solubilization in microemulsion with further 

increase in oil chain length (Paul, Mitra, 2005). 

 

il systems  oingle surfactants/ s edixmof  Phase behavior2 1.5.1. 

Effect of mixed surfactants weight ratios 

The volume of microemulsion generated per weight of surfactant added to a water/oil is commonly 

described as the surfactant ñefficiencyò. Surfactant efficiency can be influenced by surfactant type, 

molecular weight, temperature, and a host of formulation variables (Biais, Clin, Laolanne, 1987). 

In order to avoid superimposing the effects of domain curvature on efficiency measurements, 

surfactant efficiencies are typically determined at zero interfacial curvature (in the bicontinuous 

microemulsion state) at equal oil to water volumes. 

    5.1.1.2.ʽ Mixed sucrose monolaurate and PEG-7 glyceryl cocoate. 

         For microemulsion systems W/L1695+M159/Oil, adding PEG-7 glyceryl cocoate (M159) to the 

system to enhances the formation of the one-phase microemulsion regions. This is explained by the 

mixture of surfactants enhance the surfactants partitioning at the interface, thus increasing the 

stability of the amphiphilic film. And the average HLB number of about 14.5, so that the blend of 

surfactants affect the packing parameter of the mixed surfactants in a manner that more water can 

be solubilized in the microemulsion droplets.  
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 It is considered that the surfactant monolayers at the interface of water and oil domains inside the 

microemulsions are directly related to the solubilization of water and oil the monomeric 

solubilities of L1695 in both oil and water are low and this quite different from that of M159 

which is completely soluble in both oil and water. 

The maximum total aria AT (%) in ratio between L1695/M159 is equal 1/1. 

 

System#1 W/ L1695+M159/MNT 

 

Figure 5.33 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glyceryl cocoate (M159) / peppermint oil (MNT) system at different weight ratios of L1695/M159 

that are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.33 A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 75 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 80 wt% water. 

For low mixed surfactants contents (below 30 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.33B, with the difference that the area of the one phase 

microemulsion region decreased since the multiphase region is extended to mixed surfactants 

contents above 35 wt%. In Figure 5.33C the one phase microemulsion region shrinks more 

compared to 5.33B. 
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                                                                          (A) 

                 

                                                                          (B) 
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                                                                           (C) 

Figure 5.33: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7 glyceryl 

cocoate (M159) / pepper mint oil (MNT). The one phase region is designated by 1ʌ, and the 

multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M159)/MNT = 65/35, L1695/M159: (A) 75% (B) 50% (C) 25%. 

 

Table 5.6 The total monophasic area AT (%) for the system W /L1695+M159/ MNT at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M159/L1695+M159)% 25°C 37°C 45°C 

25 56 58 58 

50 48 50 50 

75 39 43 43 

100 19 22 22 
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Figure 5.34: Variation of the total monophasic region AT (%) as function of PEG-7 glyceryl cocoate 

content in the surfactants mixture (L1695+M159) and as function of temperature for the system: W / 

L1695+M159/ MNT. 

System#2 W/ L1695+M159/LIM 

 Figure 5.35 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glyceryl cocoate (M159) /R(+)-limonene oil (LIM) system at different weight ratios of 

L1695/M159 that are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.35 A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 30 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 60 wt% water. 

For low mixed surfactants contents (below 30 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.35B, with the difference that the area of the one phase 

microemulsion region decreased since the multiphase region is extended to mixed surfactants 

contents above 55 wt%. In Figure 5.35C the one phase microemulsion region increase slowly 

compared to 5.35B. 
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           (A) 

 

                                                                               (B) 
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      (C) 

Figure 5.35: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7 glyceryl 

cocoate (M159) /R (+)-limonene oil (LIM). The one phase region is designated by 1ʌ, and the 

multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M159)/LIM = 65/35, L1695/M159: (A) 75% (B) 50% (C) 25%. 

 

Table 5.7: The total monophasic area AT (%) for the system W /L1695+M159/ LIM at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M159/L1695+M159)% 25°C 37°C 45°C 

25 50 51 50 

50 54 51 54 

75 58 52 58 

100 20 19 20 
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Figure 5.36: Variation of the total monophasic area AT (%) as function PEG-7 glyceryl cocoate 

content in the surfactants mixture (L1695+M159) and as function of temperature for the system: W 

/ L1695+M159/ LIM. 

System#3 W/ L1695+M159/ION 

Figure 5.37 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glyceryl cocoate (M159) / Ŭ-ionon oil (ION) system at different weight ratios of L1695/M159 that 

are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.37 A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 12 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 62 wt% water. 

For low mixed surfactants contents (below 55 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.37B, with the difference that the area of the one phase 

microemulsion region increased since the multiphase region is extended to mixed surfactants 

contents below 55 wt%. In Figure 5.37C the one phase microemulsion region shrinks more 

compared to 5.37B. 
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(C) 

Figure 5.37: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7 glyceryl 

cocoate (M159) / Ŭ-ionon oil (ION). The one phase region is designated by 1ʌ, and the multiple 

phase regions are designated by ȽȽ (Wm+O).  N65 is the dilution line where the mixing ratio (w/w) 

of (L1695+M159)/ION = 65/35, L1695/M159: (A) 75% (B) 50% (C) 25%. 

 

Table 5.8: The total monophasic area AT (%) for the system W /L1695+M159/ ION at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M159/L1695+M159)% 25°C 37°C 45°C 

25 20 21 20 

50 52 46 52 

75 42 41 42 

100 13 13 13 
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Figure 5.38: Variation of the total monophasic area AT (%)  as function PEG-7 glyceryl cocoate 

content in the surfactants mixture (L1695+M159) and as function of temperature for the system: W 

/ L1695+M159/ ION. 

Figures 5.33, 5.35 and 5.37 present the phase behaviors of the systems W/L1695+M159/ cyclic oil. 

The mixing ratio of (L1695/M159) equals (75, 50, and 25%) and Figures 5.34, 5.36and 5.38 

represent the variation of the total monophasic region AT (%) as function of mixing ratios of 

different surfactant and as function of temperature .When PEG-7 glycerol cocoate mixed with 

sucrose monolaurate, the total monophasic area AT (%) at 25°C for the mixing ratios M159/L1695 

equals maximum total area gave us the best result in Table 5.9. From the data presented an Tables 

5.6, 5.7 and 5.8 and Figures 5.33,5.35 and 5.37, about the values of the total monophasic area AT 

(%), it apperes that the variation in AT (%) values with temperatures is small indication the 

formation of temperature insensitive microemulsions. This behavior indicates that mixing M159 

with L1695 improves the water solubilization but did not affect the temperature insensitivity of 

L1695. This behavior an advantage for this mixture of surfactants. 
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Table 5.9 The mixed  surfactants ratio and compared to maximum  total monophasic area AT (%) 

for the system W /L1695+M159/ oil at temperature 25
Ǔ
C. 

Oil  Maximum A T (%) Mixed surfactants 

(M159/M159+L1695) 

MNT 56 1/3 

LIM  58 3/1 

ION 52 1/1 

    

System#4 W/ L1695+M159/IPM 

Figure 5.39 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glyceryl cocoate (M159) /isopropylmyrstate oil (IPM). system at different weight ratios of 

L1695/M159 that are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.39 A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 35 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 58 wt% water. 

For low mixed surfactants contents (below 42 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.39B, with the difference that the area of the one phase 

microemulsion region increased since the multiphase region is extended to mixed surfactants 

contents below 42 wt%. In Figure 5.39C the one phase microemulsion region shrinks more 

compared to 5.39B. 
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    (C) 

Figure 5.39: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7 glyceryl 

cocoate (M159) /isopropylmyristate oil (IPM). The one phase region is designated by 1ʌ, and the 

multiple phase regions are designated by ȽȽ (Wm+O).  N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M159)/IPM = 65/35, L1695/M159: (A) 75% (B) 50 % (C) 25%. 

 

Table 5.10: The total monophasic area AT (%) for the system W /L1695+M159/ IPM at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M159/L1695+M159)% 25°C 37°C 45°C 

25 38 38 34 

50 48 50 50 

75 39 44 43 

100 19 23 21 

 

Figures 5.39 present the phase behaviors of the systems W/L1695+M159/ linear oil. The mixing 

ratio of (L1695/M159) equals (75, 50, and 25%) and Figures 5.40 represent the variation of the 
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total monophasic region AT (%) as function of mixing ratios of different surfactant and as function 

of temperature .When PEG-7 glycerol cocoate mixed with sucrose monolaurate, the total 

monophasic area AT (%) at 25°C. From the data presented in Tables 5.10 about the values of the 

total monophasic area AT (%), it appears that the variation in AT (%) values with temperatures is 

small indication the formation of temperature insensitive microemulsions. This behavior indicates 

that mixing M159 with L1695 improves the water solubilization but did not affect the temperature 

insensitivity of L1695. This behavior an advantage for this mixture of surfactants. 

 

Figure 5.40: Variation of the total monophasic area AT (%) as function PEG-7 glyceryl cocoate 

content in the surfactants mixture (L1695+M159) and as function of temperature for the system: W 

/ L1695+M159/ IPM. 

For the systems W/L1695/M159/IPM at 25°C the total monophasic area AT (%) for the mixing 

ratios surfactant (M159/L1695=25%) equals 38, for the mixing ratios surfactant 

(M159/L1695=50%) equals and 48, for the mixing ratios surfactant (M159/L1695= 75%) decrease 

to 39. For M159 content equals 50 wt. % the total monophasic area AT (%) equals 48% reads its 

maximum values. 
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System#5 W/ L1695+M159/CCT 

Figure 5.41 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glycerol cocoate (M159) /caprylic-capric triglyceride oil (CCT). system at different weight ratios 

of L1695/M159 that are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.41A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately wt% water along the dilution line N65. For higher mix surfactant contents the one 

phase microemulsion region could extend to about 28 wt% water. 

For low mixed surfactants contents (below 48 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.41B, with the difference that the area of the one phase 

microemulsion region decreased since the multiphase region is extended to mixed surfactants 

contents below 50 wt%. In Figure 5.41C the one phase microemulsion region shrinks more 

compared to 5.41B. 

 

(A) 
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 (B) 
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Figure 5.41: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7 glyceryl 

cocoate (M159) / caprylic-capric triglyceride oil (CCT). The one phase region is designated by 1ʌ, 

and the multiple phase regions are designated by ȽȽ (Wm+O).  N65 is the dilution line where the 

mixing ratio (w/w) of (L1695+M159)/CCT = 65/35, L1695/M159: (A) 75% (B) 50% (C) 25%. 
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Table 5.11: The total monophasic area AT (%) for the system W /L1695+M159/ CCT at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M159/L1695+M159)% 25°C 37°C 45°C 

25 36 35 36 

50 35 34 35 

75 35 35 35 

100 37 37 37 

 

Figures 5.41 present the phase behaviors of the systems W/L1695+M159/triglyceride oil. The 

mixing ratio of (L1695/M159) equals (75, 50, and 25%) and Figures 5.42 represent the variation of 

the total monophasic region AT (%) as function of mixing ratios of different surfactant and as 

function of temperature .When PEG-7 glycerol cocoate mixed with sucrose monolaurate, the total 

monophasic area AT (%) at 25°C for the mixing ratios M159/L1695 equals maximum total area 

gave us the best result in Table 5.11. About the values of the total monophasic area AT (%), it 

appears that the variation in AT (%) values with temperatures is small indication the formation of 

temperature insensitive microemulsions. This behavior indicates that mixing M159 with L1695 

improves the water solubilization but did not affect the temperature insensitivity of L1695. This 

behavior an advantage for this mixture of surfactants. 

 

 

Figure 5.42: Variation of the total monophasic area AT (%) as function PEG-7 glyceryl cocoate 

content in the surfactants mixture (L1695+M159) and as function of temperature for the system: W 

/ L1695+M159/CCT. 
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System#6 W/ L1695+M159/SB 

 

Figure 5.43 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glycerol cocoate (M159) / soybean oil (SB). System at different weight ratios of L1695/M159 that 

are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.43A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 14 wt% water along the dilution line N65.  

For low mixed surfactants contents (below 62 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.43B, with the difference that the area of the one phase 

microemulsion region increased since the multiphase region is extended to mixed surfactants 

contents below 55 wt%. In Figure 5.43C the one phase microemulsion region shrinks more 

compared to 5.43B. 

          

                                                                           (A) 
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  (B) 

         

                                                                           (C) 

Figure 5.43: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7 glyceryl 

cocoate (M159) / soybean oil (SB). The one phase region is designated by 1ʌ, and the multiple 

phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing ratio (w/w) 

of (L1695+M159)/SB= 65/35, L1695/M159: (A) 75% (B) 50% (C) 25%. 
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Table 5.12: The total monophasic area AT (%) for the system W /L1695+M159/ SB at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M159/L1695+M159)% 25°C 37°C 45°C 

0 17 18 19 

25 20 21 16 

50 27 18 21 

75 17 15 17 

100 19 21 20 

 

 

 

Figures 5.43 present the phase behaviors of the systems W/L1695+M159/triglyceride oil. The 

mixing ratio of (L1695/M159) equals (75, 50, and 25%) and Figures 5.44 represent the variation of 

the total monophasic region AT (%) as function of mixing ratios of different surfactant and as 

function of temperature .When PEG-7 glycerol cocoate mixed with sucrose monolaurate, the total 

monophasic area AT (%) at 25°C for the mixing ratios M159/L1695 equals maximum total area 

gave us the best result in Table 5.12. About the values of the total monophasic area AT (%), it 

appears that the variation in AT (%) values with temperatures is small indication the formation of 

temperature insensitive microemulsions. This behavior indicates that mixing M159 with L1695 

improves the water solubilization but did not affect the temperature insensitivity of L1695. This 

behavior an advantage for this mixture of surfactants. 
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Figure 5.44: Variation of the total monophasic area AT (%) as function PEG-7 glyceryl cocoate 

content in the surfactants mixture (L1695+M159) and as function of temperature for the system: W 

/ L1695+M159/SB. 

System#7 W/ L1695+M159/SF 

Figure 5.45 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glycerol cocoate (M159) / sunflower oil (SF). System at different weight ratios of L1695/M159 

that are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.45A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 9 wt% water along the dilution line N65For low mixed surfactants contents (below 

60 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.45B, with the difference that the area of the one phase 

microemulsion region increased since the multiphase region is extended to mixed surfactants 

contents below 60 wt%. In Figure 5.45C the one phase microemulsion region shrinks more 

compared to 5.45B. 
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(A) 
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 (D) 

Figure 5.45: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7 glyceryl 

cocoate (M159) / R(+)-limonene oil (LIM). The one phase region is designated by 1ʌ, and the 

multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M159)/SF = 65/35, L1695/M159: (A) 75% (B) 50% (C) 25%. 

 

Table5.13: The total monophasic area AT (%) for the system W /L1695+M159/ SF at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M159/L1695+M159)% 25°C 37°C 45°C 

0 8 8 8 

25 17 16 17 

50 19 20 19 

75 14 16 14 

100 17 19 17 

 



 90 

Figures 5.45 present the phase behaviors of the systems W/L1695+M159/triglyceride oil. The 

mixing ratio of (L1695/M159) equals (75, 50, and 25%) and Figures 5.46 represent the variation of 

the total monophasic region AT (%) as function of mixing ratios of different surfactant and as 

function of temperature .When PEG-7 glycerol cocoate mixed with sucrose monolaurate, the total 

monophasic area AT (%) at 25°C for the mixing ratios M159/L1695 equals maximum total area 

gave us the best result in Table 5.13. About the values of the total monophasic area AT (%), it 

appears that the variation in AT (%) values with temperatures is small indication the formation of 

temperature insensitive microemulsions. This behavior indicates that mixing M159 with L1695 

improves the water solubilization but did not affect the temperature insensitivity of L1695. This 

behavior an advantage for this mixture of surfactants. 

 

 

Figure 5.46: Variation of the total monophasic area AT (%) as function PEG-7 glyceryl cocoate 

content in the surfactants mixture (L1695+M159) and as function of temperature for the system: W 

/ L1695+M159/SF. 
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System#8 W/ L1695+M159/OO 

Figure 5.47 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glycerol cocoate (M159) /olive oil (OO). System at different weight ratios of L1695/M159 that are 

(A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.47A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 12 wt% water along the dilution line N65.  

For low mixed surfactants contents (below 58 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.47B, with the difference that the area of the one phase 

microemulsion region increased since the multiphase region is extended to mixed surfactants 

contents below 57 wt%. In Figure 5.47C the one phase microemulsion region shrinks more 

compared to 5.47B. 

 

  (A) 
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Figure 5.47: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7 glyceryl 

cocoate (M159) / olive oil (OO). The one phase region is designated by 1ʌ, and the multiple phase 



 93 

regions are designated by ȽȽ (Wm+O).  N65 is the dilution line where the mixing ratio (w/w) of 

(L1695+M159)/OO = 65/35, L1695/M159: (A) 75% (B) 50% (C) 25%. 

 

Table5.14: The total monophasic area AT (%) for the system W /L1695+M159/ OO at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

 

 

 

 

 Figures 5.47 present the phase behaviors of the systems W/L1695+M159/triglyceride oil. The 

mixing ratio of (L1695/M159) equals (75, 50, and 25%) and Figures 5.48 represent the variation of 

the total monophasic region AT (%) as function of mixing ratios of different surfactant and as 

function of temperature .When PEG-7 glycerol cocoate mixed with sucrose monolaurate, the total 

monophasic area AT (%) at 25°C for the mixing ratios M159/L1695 equals maximum total area 

gave us the best result in Table 5.14. About the values of the total monophasic area AT (%), it 

appears that the variation in AT (%) values with temperatures is small indication the formation of 

temperature insensitive microemulsions. This behavior indicates that mixing M159 with L1695 

improves the water solubilization but did not affect the temperature insensitivity of L1695. This 

behavior an advantage for this mixture of surfactants. 

 

 

AT (%) 

(M159/L1695+M159)% 25°C 37°C 45°C 

0 11 10 10 

25 23 23 24 

50 26 22 23 

75 20 19 18 

100 14 14 14 
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Figure 5.48: Variation of the total monophasic region AT (%) as function PEG-7 glyceryl cocoate 

content in the surfactants mixture (L1695+M159) and as function of temperature for the system: W 

/ L1695+M159/OO. 

System#9 W/ L1695+M159/SO 

Figure 5.49 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glycerol cocoate (M159) / sesame oil (SO). System at different weight ratios of L1695/M159 that 

are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.49A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 10 wt% water along the dilution line N65.  

For low mixed surfactants contents (below 58 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.49B, with the difference that the area of the one phase 

microemulsion region increased since the multiphase region is extended to mixed surfactants 

contents below 59 wt%. In Figure 5.49C the one phase microemulsion region shrinks more 

compared to 5.49B. 
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(C) 

     Figure 5.49: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7 glyceryl 

cocoate (M159) / sesame oil (SO). The one phase region is designated by 1ʌ, and the multiple 

phase regions are designated by ȽȽ (Wm+O).  N65 is the dilution line where the mixing ratio (w/w) 

of (L1695+M159)/SO = 65/35, L1695/M159: (A) 75% (B) 50% (C) 25%. 

     Table 5.15: The total monophasic area AT (%) for the system W /L1695+M159/ SO at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M159/L1695+M159)% 25°C 37°C 45°C 

0 8 8 8 

25 21 22 21 

50 18 19 18 

75 15 15 15 

100 23 22 23 

 

Figures 5.49 present the phase behaviors of the systems W/L1695+M159/triglyceride oil. The 

mixing ratio of (L1695/M159) equals (75, 50, and 25%) and Figures 5.50 represent the variation of 
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the total monophasic region AT (%) as function of mixing ratios of different surfactant and as 

function of temperature .When PEG-7 glycerol cocoate mixed with sucrose monolaurate, the total 

monophasic area AT (%) at 25°C for the mixing ratios M159/L1695 equals maximum total area 

gave us the best result in Table 5.15. About the values of the total monophasic area AT (%), it 

appears that the variation in AT (%) values with temperatures is small indication the formation of 

temperature insensitive microemulsions. This behavior indicates that mixing M159 with L1695 

improves the water solubilization but did not affect the temperature insensitivity of L1695. This 

behavior an advantage for this mixture of surfactants. 

 

 

Figure 5.50: Variation of the total monophasic area AT (%) as function PEG-7 glyceryl cocoate 

content in the surfactants mixture (L1695+M159) and as function of temperature for the system: W 

/ L1695+M159/SO. 

For the systems W/L1695/M159/triglycerides oil at 25°C the total monophasic area AT (%) for the 

mixing ratios surfactant (M159/L1695=50%) the total monophasic area AT (%) gave us the best 

result. 
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Table 5.16: The maximum total monophasic area AT (%) for the system W /L1695+M159/ oil at 

mixed surfactant ratio at 25
Ǔ
C temperatures. 

Oil  Maximum A T (%) at 25
Ǔ
C Mixed surfactant ratio that 

gave maximum AT (%) value 

at 25
Ǔ
C M159/(M159+L1695) 

MNT 56 1/3 

LIM  58 3/1 

ION 52 1/1 

IPM 48 1/1 

CCT 36 1/3 

SB 27 1/1 

SF 19 1/1 

OO 26 1/1 

SO 21 1/3 

 

     5.1.1.2.ʽi Mixed sucrose monolaurate and ethoxylated mono-di-glyceride     

For microemulsion systems based on Ŭ-ionone (ION), adding ethoxylated mono-di-glyceride 

(EMDG) to the system W/L1695/ION enhances the formation of the one-phase microemulsion 

regions. This explained by the mixture of surfactants enhances the surfactants partitioning at the 

interface, thus increasing the stability of the amphiphilic film. It is considered that the surfactant 

monolayers at the interface of water and oil domains inside the microemulsions are directly related 

to the solubilization of water and oil. The monomeric solubilities of L1695 in both oil and water 

are low and this quite different from that of EMDG which is completely soluble in both oil and 

water so that the blend of surfactants affect the packing parameter of the mixed surfactants in a 

manner that more water can be solubilized in the microemulsion droplets. From Figures (5.51) 

presents the phase diagram of the system W/L1695+EMDG/ION at 25°C. Figure (5.52) represents 

the variation of the total one-phase area AT (%) as function of ethoxylated mono-di-glyceride 

content in the mixed surfactants and as function of temperature for the W/L1695+EMDG/ION 

system the total monophasic area AT (%) at 25°C L1695 content equals 24%, for EMDG content in 

the mixture of mixed surfactants equals 25 wt.% the total monophasic area AT (%) equals 18%, at 
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equal amounts of EMDG and L1695 in the surfactant mixture, the total monophasic area AT (%) 

equals 33% and for EMDG content equals 75 wt.% the total monophasic area AT (%) equals 41% 

and for EMDG equals equal 100 wt.% 35%. 

The monomeric solubility of lipophilic surfactant (ethoxylated mono-di-glyceride) in Ŭ-ionone and 

its mixing with sucrose laurate enables us to obtain large solubilization capacity of water and oil 

observed that when the mixing ratio of nonionic surfactant L1695 and EMDG 1/3 unity. 

System#1 W/ L1695+EMDG/ION 

 

Figure 5.51 present the phase diagram of the water/ sucrose monolaurate (L1695) + ethoxylated 

mono-di glyceride (EMDG)/Ŭ-ionone (ION). System at different weight ratios of L1695/M159 that 

are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.51A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 9 wt% water along the dilution line N65.  

For low mixed surfactants contents (below 60 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.51B, with the difference that the area of the one phase 

microemulsion region increased since the multiphase region is extended to mixed surfactants 

contents below 52 wt%. In Figure 5.51C the one phase microemulsion region increase more 

compared to 5.51B. 
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        (A) 

 
          (B) 
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           (C) 

Figure 5.51: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + ethoxylated 

mono-di glyceride (EMDG) / Ŭ-ionone (ION). The one phase region is designated by 1ʌ, and the 

multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+EMDG)/ION = 65/35, L1695/EMDG: (A) 75% (B) 50% (C) 25%. 

 

Table 5.17: The total monophasic area AT (%) for the system W /L1695+EMDG/ ION at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

(AT) % 

(EMDG/L1695+EMDG)% 25°C 37°C 45°C 

0 24 33 33 

25 18 18 26 

50 33 39 39 

75 41 41 44 

100 35 29 29 

 

Figures 5.51 present the phase behaviors of the systems W/L1695+EMDG/ION. The mixing ratio 

of (L1695/EMDG) equals (75, 50, and 25%) and Figures 5.52 represent the variation of the total 
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monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When ethoxylated mono-di glyceride mixed with sucrose monolaurate, the total 

monophasic area AT (%) at 25°C for the mixing ratios EMDG/L1695 equals maximum total area 

gave us the best result in Table 5.17. About the values of the total monophasic area AT (%), it 

appears that the variation in AT (%) values with temperature sensitive system due to the ability of 

thermal motion upon heating and the hydrophilic-lipohilic balance of EMDG changes with 

temperature due to the dehydration of the polyethylene group which makes EMDG more lipophilic 

with increasing temperature. This behavior an advantage for this mixture of surfactants. 

     

Figure 5.52: Variation of the total monophasic area AT (%) as function of ethoxylated mono-di 

glyceride content in the surfactants mixture (L1695+EMDG) and as function of temperature for the 

system: W / L1695+EMDG/ ION. 

For the systems W/L1695+EMDG/Ŭ-ionone oil at 25°C the total monophasic area AT (%) reachôs a 

maximum  for at the surfactant  mixing ratio (M159/L1695=75%).  
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    5.1.1.2.ʽii Mixed sucrose monolaurate and glycerol monooleate.     

The average HLB number of about 9.9 and the maximum total aria AT (%) in ratio between 

L1695/M300K is equal 1/3 that mixing gave better solubilization behavior than prescribing one 

type of surfactant. 

System#1W/ L1695+M300K/MNT 

Figure 5.53 present the phase diagram of the water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/peppermint oil (MNT). System at different weight ratios of L1695/M300K 

that are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.53A, the one phase microemulsion region does not appear from the first 

addition of water along the mixed surfactants/ oil axis along the dilution line N65. 

For low mixed surfactants contents (below 58 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.53B, with the difference that the area of the one phase 

microemulsion region increased since the multiphase region is extended to mixed surfactants 

contents below 58wt%. In Figure 5.53C the one phase microemulsion region not change compared 

to 5.53B. 
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(B) 
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(c)  

Figure 5.53: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/ peppermint oil (MNT). The one phase region is designated by 1ʌ, and the 

multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M300K)/MNT = 65/35, L1695/ M300K: (A) 75% (B) 50% (C) 25%. 

 

Table 5.18: The total monophasic area AT (%) for the system W/L1695+M300K/MNT at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M300K/L1695+M300K)% 25°C 37°C 45°C 

25 7 7 8 

50 16 19 19 

75 16 21 20 

100 4 4 4 
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Figures 5.53 present the phase behaviors of the systems W/L1695+M300K/MNT. The mixing ratio 

of (L1695/M300K) equals (75, 50, and 25%) and Figures 5.54 represent the variation of the total 

monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When glycerol monooleate mixed with sucrose monolaurate, the total monophasic 

area AT (%) at 25°C for the mixing ratios M300K/L1695 equals maximum total area gave us the 

best result in Table 5.18. About the values of the total monophasic area AT (%), it appears that the 

variation in AT (%) values with temperature is small indication the formation of temperature 

insensitive microemulsions. This behavior indicates that mixing M300K with L1695 improves the 

water solubilization but did not affect the temperature insensitivity of L1695. This behavior an 

advantage for this mixture of surfactants. 

 

Figure 5.54: Variation of the total monophasic area AT (%) as function glycerol monooleate 

content in the surfactants mixture (L1695+M300K) and as function of temperature for the system: 

W / L1695+M300K/ MNT. 
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System#2W/ L1695+M300K/LIM  

 

Figure 5.55 present the phase diagram of the water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/R(+)-limonene oil (LIM).  System at different weight ratios of 

L1695/M300K that are (A) 3/1 (B) 1/1 (C) 1/3.  

 

As show in Figure 5.55, the one phase microemulsion region not appears from the first addition of 

water along the mixed surfactants/ oil axis along the dilution line N65. 

 

(A) 
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(B) 

 

(C) 

Figure 5.55: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/ R (+)-limonene oil (LIM). The one phase region is designated by 1ʌ, and 

the multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M300K)/LIM = 65/35, L1695/M300K: (A) 75% (B) 50% (C) 25%. 
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Table5.19: The total monophasic area AT (%) for the system W/L1695+M300K/LIM at different 

mixing ratios of mixed surfactants and at different temperatures.  

 

AT (%) 

(M300K/L1695+M300K)% 25°C 37°C 45°C 

25 9 9 9 

50 9 10 10 

75 9 10 10 

100 7 7 7 

 

 

Figures 5.55 present the phase behaviors of the systems W/L1695+M300K/LIM. The mixing ratio 

of (L1695/M300K) equals (75, 50, and 25%) and Figures 5.56 represent the variation of the total 

monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When glycerol monooleate mixed with sucrose monolaurate, the total monophasic 

area AT (%) at 25°C for the mixing ratios M300K/L1695 equals maximum total area gave us the 

best result in Table 5.19. About the values of the total monophasic area AT (%), it appears that the 

variation in AT (%) values with temperature is small indication the formation of temperature 

insensitive microemulsions. This behavior indicates that mixing M300K with L1695 improves the 

water solubilization but did not affect the temperature insensitivity of L1695. This behavior an 

advantage for this mixture of surfactants. 
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Figure 5.56: Variation of the total monophasic area AT (%) as function glycerol monooleate 

content in the surfactants mixture (L1695+M300K) and as function of temperature for the system: 

W / L1695+M300K/LIM. 

System#3W/ L1695+M300K/ION 

Figure 5.57 present the phase diagram of the water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/Ŭ-ionone oil (ION). System at different weight ratios of L1695/M300K that 

are (A) 3/1 (B) 1/1 (C) 1/3.  

 

As show in Figure 5.57, the one phase microemulsion region not appears from the first addition of 

water along the mixed surfactants/ oil axis along the dilution line N65, but in Figure 5.59C show 

one phase microemulsion region not appears from the first addition of water along the mixed 

surfactants/ oil axis along the dilution line N65, for low mixed surfactants contents (below 58 wt 

%) a multiphase reign ȽȽ (Wm+O) is observed. 

 

(A) 
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Figure 5.57: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/ Ŭ-ionone oil (ION). The one phase region is designated by 1ʌ, and the 

multiple phase regions are designated by ȽȽ (Wm+O).   N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M300K)/ION = 65/35, L1695/M300K: (A) 75% (B) 50% (C) 25%. 

 

Table 5.20: The total monophasic area AT (%) for the system W/L1695+M300K/ION at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

 

AT (%) 

(M300K/L1695+M300K)% 25°C 37°C 45°C 

25 0 0 0 

50 0 0 0 

75 22 22 20 

100 20 20 20 

 

 

Figures 5.57 present the phase behaviors of the systems W/L1695+M300K/ION. The mixing ratio 

of (L1695/M300K) equals (75, 50, and 25%) and Figures 5.58 represent the variation of the total 

monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When glycerol monooleate mixed with sucrose monolaurate, the total monophasic 

area AT (%) at 25°C for the mixing ratios M300K/L1695 equals maximum total area gave us the 

best result in Table 5.20 when mixed M300K/L1695 equals 75 %. About the values of the total 

monophasic area AT (%), it appears that the variation in AT (%) values with temperature is small 

indication the formation of temperature insensitive microemulsions. This behavior indicates that 

mixing M300K with L1695 improves the water solubilization but did not affect the temperature 

insensitivity of L1695. This behavior an advantage for this mixture of surfactants. 
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Figure 5.58: Variation of the total monophasic area AT (%) as function glycerol monooleate 

content in the surfactants mixture (L1695+M300K) and as function of temperature for the system: 

W / L1695+M300K/ION. 

System#4W/ L1695+M300K/IPM 

Figure 5.59 present the phase diagram of the water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/ isopropylmyristate (IPM).System at different weight ratios of 

L1695/M300K that are (A) 3/1 (B) 1/1 (C) 1/3.  

 

As show in Figure 5.59, the one phase microemulsion region not appears from the first addition of 

water along the mixed surfactants/ oil axis along the dilution line N65, but in Figure 5.59C show 

one phase microemulsion region not appears from the first addition of water along the mixed 

surfactants/ oil axis along the dilution line N65. 
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(A) 

 

(B) 
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(C) 

        Figure 5.59: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/isopropylmyristate (IPM).The one phase region is designated by 1ʌ, and the 

multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M300K)/IPM = 65/35, L1695/M300K: (A) 75% (B) 50% (C) 25%. 

 

Table 5.21: The total monophasic area AT (%) for the system W/L1695+M300K/IPM at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M300K/L1695+M300K)% 25°C 37°C 45°C 

25 0 0 0 

50 0 0 0 

75 18 18 16 

100 3 3 3 
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Figures 5.59 present the phase behaviors of the systems W/L1695+M300K/IPM. The mixing ratio 

of (L1695/M300K) equals (75, 50, and 25%) and Figures 5.60 represent the variation of the total 

monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When glycerol monooleate mixed with sucrose monolaurate, the total monophasic 

area AT (%) at 25°C for the mixing ratios M300K/L1695 equals maximum total area gave us the 

best result in Table 5.21 when mixed M300K/L1695 equals 75 %. About the values of the total 

monophasic area AT (%), it appears that the variation in AT (%) values with temperature is small 

indication the formation of temperature insensitive microemulsions. This behavior indicates that 

mixing M300K with L1695 improves the water solubilization but did not affect the temperature 

insensitivity of L1695. This behavior an advantage for this mixture of surfactants. 

 

 

Figure 5.60: Variation of the total monophasic area AT (%) as function glycerol monooleate 

content in the surfactants mixture (L1695+M300K) and as function of temperature for the system: 

W / L1695+M300K/IPM. 
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System#5 W/ L1695+M300K/CCT 

Figure 5.61 present the phase diagram of the water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/caprylic-capric triglyceride oil (CCT). System at different weight ratios of 

L1695/M300K that are (A) 3/1 (B) 1/1 (C) 1/3.  

 

As show in Figure 5.61, the one phase microemulsion region not appears from the first addition of 

water along the mixed surfactants/ oil axis along the dilution line N65. 

 

(A) 
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(B) 

      

 (C) 

Figure 5.61: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/caprylic-capric triglyceride oil (CCT). The one phase region is designated 
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by 1ʌ, and the multiple phase regions are designated by ȽȽ (Wm+O).N65 is the dilution line where 

the mixing ratio (w/w) of (L1695+M300K)/CCT = 65/35, L1695/M300K: (A) 75% (B) 50% (C) 

25%. 

 

  Table 5.22: The total monophasic area AT (%) for the system W/L1695+M300K/CCT at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

 

AT (%) 

(M300K/L1695+M300K)% 25°C 37°C 45°C 

25 0 0 0 

50 0 0 0 

75 6 6 10 

100 4 4 4 

 

Figures 5.61 present the phase behaviors of the systems W/L1695+M300K/CCT. The mixing ratio 

of (L1695/M300K) equals (75, 50, and 25%) and Figures 5.62 represent the variation of the total 

monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When glycerol monooleate mixed with sucrose monolaurate, the total monophasic 

area AT (%) at 25°C for the mixing ratios M300K/L1695 equals maximum total area gave us the 

best result in Table 5.22 when mixed M300K/L1695 equals 75 %. About the values of the total 

monophasic area AT (%), it appears that the variation in AT (%) values with temperature is small 

indication the formation of temperature insensitive microemulsions. This behavior indicates that 

mixing M300K with L1695 improves the water solubilization but did not affect the temperature 

insensitivity of L1695. This behavior an advantage for this mixture of surfactants. 
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Figure 5.62: Variation of the total monophasic area AT (%) as function glycerol monooleate 

content in the surfactants mixture (L1695+M300K) and as function of temperature for the system: 

W / L1695+M300K/CCT. 

System#6 W/ L1695+M300K/SB 

 

Figure 5.63 present the phase diagram of the water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/ soya bean oil (SB). System at different weight ratios of L1695/M300K that 

are (A) 3/1 (B) 1/1 (C) 1/3.  

 

As show in Figure 5.63, the one phase microemulsion region not appears from the first addition of 

water along the mixed surfactants/ oil axis along the dilution line N65, but in Figure 5.63C show 

one phase microemulsion region not appears from the first addition of water along the mixed 

surfactants/ oil axis along the dilution line N65, for low mixed surfactants contents (below 62 wt 

%) a multiphase reign ȽȽ (Wm+O) is observed. 
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(C) 

Figure 5.63: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/Soya bean oil (SB). The one phase region is designated by 1ʌ, and the 

multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M300K)/SB = 65/35, L1695/M300K: (A) 75% (B) 50% (C) 25%. 

 

 Table 5.23: The total monophasic area AT (%) for the system W/L1695+M300K/SB at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M300K/L1695+M300K)% 25°C 37°C 45°C 

25 0 0 0 

50 0 0 0 

75 13 13 13 

100 4 4 4 

 

Figures 5.63 present the phase behaviors of the systems W/L1695+M300K/SB. The mixing ratio 

of (L1695/M300K) equals (75, 50, and 25%) and Figures 5.64 represent the variation of the total 
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monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When glycerol monooleate mixed with sucrose monolaurate, the total monophasic 

area AT (%) at 25°C for the mixing ratios M300K/L1695 equals maximum total area gave us the 

best result in Table 5.23 when mixed M300K/L1695 equals 75 %. About the values of the total 

monophasic area AT (%), it appears that the variation in AT (%) values with temperature is small 

indication the formation of temperature insensitive microemulsions. This behavior indicates that 

mixing M300K with L1695 improves the water solubilization but did not affect the temperature 

insensitivity of L1695. This behavior an advantage for this mixture of surfactants. 

 

Figure 5.64: Variation of the total monophasic area AT (%) as function glycerol monooleate 

content in the surfactants mixture (L1695+M300K) and as function of temperature for the system: 

W / L1695+M300K/SB. 

System#7 W/ L1695+M300K/SF 

Figure 5.65 present the phase diagram of the water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/ sun flour oil (SF). System at different weight ratios of L1695/M300K that 

are (A) 3/1 (B) 1/1 (C) 1/3.  
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As show in Figure 5.65, the one phase microemulsion region not appears from the first addition of 

water along the mixed surfactants/ oil axis along the dilution line N65. 

 

 

(A) 

 

(B) 
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(C) 

Figure 5.65: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/sun flour oil (SF). The one phase region is designated by 1ʌ, and the 

multiple phase regions are designated by ȽȽ (Wm+O).N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M300K)/SF = 65/35, L1695/M300K: (A) 75% (B) 50% (C) 25%. 

 

Table 5.24 The total monophasic area AT (%) for the system W/L1695+M300K/SF at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M300K/L1695+M300K)% 25°C 37°C 45°C 

25 0 0 0 

50 0 0 0 

75 0 0 0 

100 4 4 4 

 

 Figures 5.65 present the phase behaviors of the systems W/L1695+M300K/SF. The mixing ratio 

of (L1695/M300K) equals (75, 50, and 25%) and Figures 5.66 represent the variation of the total 
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monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When glycerol monooleate mixed with sucrose monolaurate, the total monophasic 

area AT (%) at 25°C for the mixing ratios M300K/L1695 equals maximum total area gave us the 

best result in Table 5.24. About the values of the total monophasic area AT (%), it appears that the 

variation in AT (%) values with temperature is small indication the formation of temperature 

insensitive microemulsions. This behavior indicates that mixing M300K with L1695 improves the 

water solubilization but did not affect the temperature insensitivity of L1695. This behavior an 

advantage for this mixture of surfactants. 

 

 

Figure 5.66: Variation of the total monophasic area AT (%) as function glycerol monooleate 

content in the surfactants mixture (L1695+M300K) and as function of temperature for the system: 

W / L1695+M300K/SF. 

System#8 W/ L1695+M300K/OO 

 

Figure 5.67 present the phase diagram of the water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/ sun flour oil (SF). System at different weight ratios of L1695/M300K that 

are (A) 3/1 (B) 1/1 (C) 1/3.  
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As show in Figure 5.67, the one phase microemulsion region not appears from the first addition of 

water along the mixed surfactants/ oil axis along the dilution line N65, but in Figure 5.67C show 

one phase microemulsion region not appears from the first addition of water along the mixed 

surfactants/ oil axis along the dilution line N65, for low mixed surfactants contents (below 63 wt 

%) a multiphase reign ȽȽ (Wm+O) is observed. 

 

 

(A) 
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Figure 5.67: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/ olive oil (OO). The one phase region is designated by 1ʌ, and the multiple 

phase regions are designated by ȽȽ (Wm+O).   N65 is the dilution line where the mixing ratio (w/w) 

of (L1695+M300K)/OO = 65/35, L1695/M300K: (A) 75% (B) 50% (C) 25%. 

 

Table 5.25: The total monophasic area AT (%) for the system W/L1695+M300K/OO at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M300K/L1695+M300K)% 25°C 37°C 45°C 

25 0 0 0 

50 0 0 0 

75 20 22 22 

100 4 4 4 

 

Figures 5.67 present the phase behaviors of the systems W/L1695+M300K/OO. The mixing ratio 

of (L1695/M300K) equals (75, 50, and 25%) and Figures 5.68 represent the variation of the total 

monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When glycerol monooleate mixed with sucrose monolaurate, the total monophasic 

area AT (%) at 25°C for the mixing ratios M300K/L1695 equals maximum total area gave us the 

best result in Table 5.25 when mixed M300K/L1695 equals 75 %. About the values of the total 

monophasic area AT (%), it appears that the variation in AT (%) values with temperature is small 

indication the formation of temperature insensitive microemulsions. This behavior indicates that 

mixing M300K with L1695 improves the water solubilization but did not affect the temperature 

insensitivity of L1695. This behavior an advantage for this mixture of surfactants. 
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Figure 5.68: Variation of the total monophasic area AT (%) as function glycerol monooleate 

content in the surfactants mixture (L1695+M300K) and as function of temperature for the system: 

W / L1695+M300K/OO. 

System#9W/ L1695+M300K/SO 

 

Figure 5.69 present the phase diagram of the water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/ sesame oil (SO). System at different weight ratios of L1695/M300K that are 

(A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.69, the one phase microemulsion region not appears from the first addition of 

water along the mixed surfactants/ oil axis along the dilution line N65. 
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(C) 

Figure 5.69: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + glycerol 

monooleate (M300K)/sesame oil (SO). The one phase region is designated by 1ʌ, and the multiple 

phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing ratio (w/w) 

of (L1695+M300K)/SO = 65/35, L1695/M300K: (A) 75% (B) 50% (C) 25%. 

 

Table 5.26: The total monophasic area AT (%) for the system W/L1695+M300K/SO at different 

mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M300K/L1695+M300K)% 25°C 37°C 45°C 

25 0 0 0 

50 0 0 0 

75 0 4 0 

100 4 4 4 
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Figures 5.69 present the phase behaviors of the systems W/L1695+M300K/SO. The mixing ratio 

of (L1695/M300K) equals (75, 50, and 25%) and Figures 5.70 represent the variation of the total 

monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When glycerol monooleate mixed with sucrose monolaurate, the total monophasic 

area AT (%) at 25°C for the mixing ratios M300K/L1695 equals maximum total area gave us the 

best result in Table 5.26. About the values of the total monophasic area AT (%), it appears that the 

variation in AT (%) values with temperature is small indication the formation of temperature 

insensitive microemulsions. This behavior indicates that mixing M300K with L1695 improves the 

water solubilization but did not affect the temperature insensitivity of L1695. This behavior an 

advantage for this mixture of surfactants. 

 

Figure 5.70: Variation of the total monophasic area AT (%) as function glycerol monooleate 

content in the surfactants mixture (L1695+M300K) and as function of temperature for the system: 

W / L1695+M300K/SO. 

The phase behaviors of the systems W/L1695+M300K/oil the total monophasic area AT (%) at 

25°C for the mixing ratios (M300K/L1695=75%) equals gave us the best result in all systems. 
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Table 5.27: The maximum total monophasic area AT (%) for the system W /L1695+M300K/ oil at 

mixed surfactant ratio at 25
Ǔ
C temperatures. 

 

                     Oil  

 

 Maximum A T (%) at 25
Ǔ
C 

Mixed surfactant ratio that 

gave maximum AT (%) 

value at 25
Ǔ
C 

M300K/(M300K+L1695) 

MNT 16 1/1 

LIM  8 3/1 

ION 22 3/1 

IPM 18 3/1 

CCT 6 3/1 

SB 13 3/1 

SF 4 M300K only 

OO 7 3/1 

SO 4 M300K only 

 

Temperature insensitive microemulsion were formulated by mixing M300K and L1695 with cyclic 

oil, linear oil and triglycerides  

 5.1.1.2.ʽv Mixed sucrose oleate and glycerol monooleate. 

Some molecules are known to self-assemble in polar organic solvents like propylene glycol and 

glycerol. Propylene glycol like water form hydrogen bonds has relatively high dielectric constants 

and is immiscible with hydrocarbon solvents. The resulting penetration of propylene glycol into 

the surfactant interface leads to smaller or no liquid crystal phase regions when it is used as water 

substitute. It was reported that polyols such as propylene glycol provide a ósalting-inô effect (Garti, 

Yaghmur, Leser, et al, 2001; Yaghmur, Aserin, Garti, 2002; Martino, Kaler, Phys, 1990)  . 

Therefore, we assume, in this study, that a considerable fraction of propylene glycol molecules are 

incorporated into the surfactant layer and thus increase the interfacial fluidity, while other fraction 

of the propylene glycol molecules resides in the water and decreases the polarity of the water. The 
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surfactants become more soluble in the propylene glycol + water compared to their solubility in 

pure water alone. 

 

The average HLB number of about 9.4 and the maximum total aria AT (%)  in ratio between 

O1570/M300K is equal 3/1 that mixing gave better solubilization behavior than prescribing one 

type of surfactant.  

 

System#1W+PG/ O1570+M300K/MNT 

 

Figure 5.71 present the phase diagram of the water/ sucrose oleate (O1570) + glycerol monooleate 

(M300K) / peppermint oil (MNT) system at different weight ratios of O1570/M300K that are (A) 

3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.71A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 42 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 62 wt% water. 

For low mixed surfactants contents (below 42 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.71B, with the difference that the area of the one phase 

microemulsion region decreased since the multiphase region is extended to mixed surfactants 

contents above 55 wt%. In Figure 5.71C the one phase microemulsion region shrinks more 

compared to 5.71B. 
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(C) 

Figure 5.71: Phase diagrams of the system: water+ propylene glycol (PG) / sucrose oleate 

(O1570) + glycerol monooleate (M300K) /peppermint oil (MNT). The one phase region is 

designated by 1ʌ, and the multiple phase regions are designated by ȽȽ (Wm+O). N65 is the 

dilution line where the mixing ratio (w/w) of (O1570+M300K)/MNT = 65/35, L1695/M300K: (A) 

75% (B) 50% (C) 25%. 

 

Table 5.28: The total monophasic area AT (%) for the system W+PG /O1570+M300K/MNT at 

different mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M300K/O1570+M300K)% 25°C 37°C 45°C 

0 47 47 46 

25 36 37 38 

50 30 30 31 

75 19 21 21 

 

Figures 5.71 present the phase behaviors of the systems W+PG/O1570+M300K/MNT. The mixing 

ratio of (O1570/M300K) equals (75, 50, and 25%) and Figures 5.72 represent the variation of the 

total monophasic region AT (%) as function of mixing ratios of different surfactant and as function 
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of temperature .When glycerol monooleate mixed with sucrose oleate, the total monophasic area 

AT (%) at 25°C for the mixing ratios M300K/O1570 (25%) equals maximum total area gave us the 

best result in Table 5.28. About the values of the total monophasic area AT (%), it appears that the 

variation in AT (%) values with temperature is small indication the formation of temperature 

insensitive microemulsions. This behavior indicates that mixing M300K with O1570 improves the 

water solubilization but did not affect the temperature insensitivity of O1570. This behavior an 

advantage for this mixture of surfactants. 

 

 

Figure 5.72: Variation of the total monophasic area AT (%) as function of M300 K content in the 

surfactants mixture (O1570+M300K) and as function of temperature for the system: W+PG/ 

O1570+M300K/MNT. 

System#2W+PG/ O1570+M300K/LIM 

Figure 5.73 present the phase diagram of the water+ propylene glycol (PG) / sucrose oleate 

(O1570) + glycerol monooleate (M300K) /R(+)-limonene oil (LIM ) system at different weight 

ratios of O1570/M300K that are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.73A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 
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approximately 9 wt% water along the dilution line N65. For higher mix surfactant contents the one 

phase microemulsion region could extend to about 46 wt% water. 

For low mixed surfactants contents (below 46 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.73B, with the difference that the area of the one phase 

microemulsion region decreased since the multiphase region is extended to mixed surfactants 

contents above 48 wt%. In Figure 5.73C the one phase microemulsion region shrinks more 

compared to 5.73B. 

                   

                                                                          (A) 
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                                                                         (B) 

                

                                                                           (C) 

Figure 5.73: Phase diagrams of the system: water+ propylene glycol (PG) / sucrose oleate 

(O1570) + glycerol monooleate (M300K) /R(+)-limonene oil (LIM). The one phase region is 

designated by 1ʌ, and the multiple phase regions are designated by ȽȽ (Wm+O). N65 is the 
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dilution line where the mixing ratio (w/w) of (O1570+M300K)/LIM = 65/35, L1695/M300K: (A) 

75% (B) 50% (C) 25%. 

 

Table 5.29: The total monophasic area AT (%) for the system W+PG /O1570+M300K /LIM   at 

different mixing ratios of mixed surfactants and at different temperatures. 

 

 

AT (%) 

(M300K/O1570+M300K)% 25°C 37°C 45°C 

0 43 46 46 

25 40 41 41 

50 30 31 32 

75 13 13 15 

 

Figures 5.73 present the phase behaviors of the systems W+PG/O1570+M300K/LIM . The mixing 

ratio of (O1570/M300K) equals (75, 50, and 25%) and Figures 5.74 represent the variation of the 

total monophasic region AT (%) as function of mixing ratios of different surfactant and as function 

of temperature .When glycerol monooleate mixed with sucrose oleate, the total monophasic area 

AT (%) at 25°C for the mixing ratios M300K/O1570 equals maximum total area gave us the best 

result in Table 5.29. About the values of the total monophasic area AT (%), it appears that the 

variation in AT (%) values with temperature is small indication the formation of temperature 

insensitive microemulsions. This behavior indicates that mixing M300K with O1570 improves the 

water solubilization but did not affect the temperature insensitivity of O1570. This behavior an 

advantage for this mixture of surfactants. 
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Figure 5.74: Variation of the total monophasic area AT (%) as function of M300 K content in the 

surfactants mixture (O1570+M300K) and as function of temperature for the system: W+PG/ 

O1570+M300K/LIM. 

System#3W+PG/ O1570+M300K/ION 

 

Figure 5.75 present the phase diagram of the water+ propylene glycol (PG) / sucrose oleate 

(O1570) + glycerol monooleate (M300K) / Ŭ-ionone (ION) system at different weight ratios of 

O1570/M300K that are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.75A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 30 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 60 wt% water. 

For low mixed surfactants contents (below 60 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.75B, with the difference that the area of the one phase 

microemulsion region decreased since the multiphase region is extended to mixed surfactants 

contents above 53 wt%. In Figure 5.75C the one phase microemulsion region shrinks more 

compared to 5.75B. 
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                                                                         (A) 

         

(B)  
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(C) 

Figure 5.75: Phase diagrams of the system: water+ propylene glycol (PG) /sucrose oleate (O1570) 

+ glycerol monooleate (M300K) Ŭ-ionone (ION). The one phase region is designated by 1ʌ, and 

the multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing 

ratio (w/w) of (O1570+M300K)/ION = 65/35, O1570/M300K: (A) 75% (B) 50% (C) 25%. 

 

Table 5.30: The total monophasic area AT (%) for the system W+PG /O1570+M300K/ION at 

different mixing ratios of mixed surfactants and at different temperatures. 

 

 

AT (%) 

(M300K/O1570+M300K)% 25°C 37°C 45°C 

0 44 45 46 

25 38 40 40 

50 28 28 30 

75 16 15 18 
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Figures 5.75 present the phase behaviors of the systems W+PG/O1570+M300K/ION. The mixing 

ratio of (O1570/M300K) equals (75, 50, and 25%) and Figures 5.76 represent the variation of the 

total monophasic region AT (%) as function of mixing ratios of different surfactant and as function 

of temperature .When glycerol monooleate mixed with sucrose oleate, the total monophasic area 

AT (%) at 25°C for the mixing ratios M300K/O1570 (25%) equals maximum total area gave us the 

best result in Table 5.30. About the values of the total monophasic area AT (%), it appears that the 

variation in AT (%) values with temperature is small indication the formation of temperature 

insensitive microemulsions. This behavior indicates that mixing M300K with O1570 improves the 

water solubilization but did not affect the temperature insensitivity of O1570. This behavior an 

advantage for this mixture of surfactants. 

 

 

Figure 5.76: Variation of the total monophasic area AT (%) as function of M 300 K content in the 

surfactants mixture (O1570+M300K) and as function of temperature for the system: W+PG/ 

O1570+M300K/ION. 
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The phase diagrams of a system W+PG/O1570+M399K/ oil at different temperature. Decrease 

microemulsion phase region was observed the total one-phase area AT (%) when in glycerol 

monooleate (M300K) increase when mix with sucrose oleate (O1570). 

 

System#4W+PG/ O1570+M300K/IPM 

Figure 5.77 present the phase diagram of the water+ propylene glycol (PG) / sucrose oleate 

(O1570) + glycerol monooleate (M300K) / isopropylmerstate oil (IPM) system at different weight 

ratios of O1570/M300K that are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.77A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 40 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 60 wt% water. 

For low mixed surfactants contents (below 60 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.77B, with the difference that the area of the one phase 

microemulsion region decreased since the multiphase region is extended to mixed surfactants 

contents above 50 wt%. In Figure 5.77C the one phase microemulsion region shrinks more 

compared to 5.77B. 
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             (C) 

Figure 5.77: Phase diagrams of the system: water+ propylene glycol (PG) / sucrose oleate 

(O1570) + glycerol monooleate (M300K)/isopropylmyristate oil (IPM). The one phase region is 

designated by 1ʌ, and the multiple phase regions are designated by ȽȽ (Wm+O). N65 is the 

dilution line where the mixing ratio (w/w) of (O1570+M300K)/IPM = 65/35, O1570/M300K: (A) 

75% (B) 50% (C) 25%. 

 

Table5.31: The total monophasic area AT (%) for the system W+PG /O1570+M300K/ IPM at 

different mixing ratios of mixed surfactants and at different temperatures. 

 

AT 

(M300K/O1570+M300K)% 25°C 37°C 45°C 

0 47 47 47 

25 53 51 53 

50 42 47 43 

75 20 26 23 
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Figures 5.77 present the phase behaviors of the systems W+PG/O1570+M300K/IPM. The mixing 

ratio of (O1570/M300K) equals (75, 50, and 25%) and Figures 5.78 represent the variation of the 

total monophasic region AT (%) as function of mixing ratios of different surfactant and as function 

of temperature .When glycerol monooleate mixed with sucrose oleate, the total monophasic area 

AT (%) at 25°C for the mixing ratios M300K/O1570 (25%) equals maximum total area gave us the 

best result in Table 5.31. About the values of the total monophasic area AT (%), it appears that the 

variation in AT (%) values with temperature is small indication the formation of temperature 

insensitive microemulsions. This behavior indicates that mixing M300K with O1570 improves the 

water solubilization but did not affect the temperature insensitivity of O1570. This behavior an 

advantage for this mixture of surfactants. 

 

Figure 5.78: Variation of the total monophasic area AT (%) as function of mazol 300 K content in 

the surfactants mixture (O1570+M300K) and as function of temperature for the system: W+PG/ 

O1570+M300K/IPM. 

System#5W+PG/ O1570+M300K/CCT 

Figure 5.79 present the phase diagram of the water+ propylene glycol (PG) / sucrose oleate 

(O1570) + glycerol monooleate (M300K) / caprylic-capric triglyceride oil (CCT) system at 

different weight ratios of O1570/M300K that are (A) 3/1 (B) 1/1 (C) 1/3.  
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As show in Figure 5.79A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 24 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 48wt% water. 

For low mixed surfactants contents (below 48 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.79B, with the difference that the area of the one phase 

microemulsion region decreased since the multiphase region is extended to mixed surfactants 

contents above 50 wt%. In Figure 5.79C the one phase microemulsion region shrinks more 

compared to 5.79B. 

           

   (A) 
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Figure 5.79: Phase diagrams of the system: water+ propylene glycol (PG) / sucrose oleate 

(O1570) + glycerol monooleate (M300K) caprylic-capric triglyceride oil (CCT). The one phase 

region is designated by 1ʌ, and the multiple phase regions are designated by ȽȽ (Wm+O).  N65 is 
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the dilution line where the mixing ratio (w/w) of (O1570+M300K)/CCT = 65/35, O1570/M300K: 

(A) 75% (B) 50% (C) 25%. 

 

Table 5.32: The total monophasic area AT (%) for the system W+PG /O1570+M300K/CCT at 

different mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M300K/O1570+M300K)% 25°C 37°C 45°C 

0 45 45 45 

25 43 43 44 

50 32 31 32 

75 19 22 22 

 

Figures 5.79 present the phase behaviors of the systems W/O1570+M300K/CCT. The mixing ratio 

of (O1570/M300K) equals (75, 50, and 25%) and Figures 5.80 represent the variation of the total 

monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When glycerol monooleate mixed with sucrose oleate, the total monophasic area AT 

(%) at 25°C for the mixing ratios M300K/O1570 (25%) equals maximum total area gave us the 

best result in Table 5.32. About the values of the total monophasic area AT (%), it appears that the 

variation in AT (%) values with temperature is small indication the formation of temperature 

insensitive microemulsions. This behavior indicates that mixing M300K with O1570 improves the 

water solubilization but did not affect the temperature insensitivity of O1570. This behavior an 

advantage for this mixture of surfactants. 
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Figure 5.80: Variation of the total monophasic area AT (%) as function of mazol 300 K content in 

the surfactants mixture (O1570+M300K) and as function of temperature for the system: W+PG/ 

O1570+M300K/CCT. 

System#6 W+PG/ O1570+M300K/OO 

Figure 5.81 present the phase diagram of the water+ propylene glycol (PG) / sucrose oleate 

(O1570) + glycerol monooleate (M300K) / caprylic-capric triglyceride oil (CCT) system at 

different weight ratios of O1570/M300K that are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.81A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 12 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 49wt% water. 

For low mixed surfactants contents (below 49 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.81B, with the difference that the area of the one phase 

microemulsion region decreased since the multiphase region is extended to mixed surfactants 

contents above 42 wt%. In Figure 5.81C the one phase microemulsion region shrinks more 

compared to 5.81B. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

0 25 50 75 100 

25 c 

37 c 

45 c 

{M300K/(O1570+M300K)}% 

  
  
  
  

  
  
  

  
  

 
A

 T
  
(%

) 
   



 154 

                   

(A) 

            

(B) 



 155 

        

(C) 

Figure 5.81: Phase diagrams of the system: water+ propylene glycol (PG) / sucrose oleate 

(O1570) + glycerol monooleate (M300K) /olive oil (OO). The one phase region is designated by 

1ʌ, and the multiple phase regions are designated by ȽȽ (Wm+O).  N65 is the dilution line where 

the mixing ratio (w/w) of (O1570+M300K)/OO = 65/35, L1695/M300K: (A) 75% (B) 50% (C) 

25%. 

Table 5.33: The total monophasic area AT (%) for the system W+PG /O1570+M300K/OO at 

different mixing ratios of mixed surfactants and at different temperatures. 

 

 

Figures 5.81 present the phase behaviors of the systems W/O1570+M300K/OO. The mixing ratio 

of (O1570/M300K) equals (75, 50, and 25%) and Figures 5.82 represent the variation of the total 

 

AT (%) 

(M300K/O1570+M300K)% 25°C 37°C 45°C 

0 38 40 35 

25 28 28 29 

50 23 25 27 

75 22 23 23 
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monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When glycerol monooleate mixed with sucrose oleate, the total monophasic area AT 

(%) at 25°C for the mixing ratios M300K/O1570 equals maximum total area gave us the best result 

in Table 5.33. About the values of the total monophasic area AT (%), it appears that the variation in 

AT (%) values with temperature is small indication the formation of temperature insensitive 

microemulsions. This behavior indicates that mixing M300K with O1570 improves the water 

solubilization but did not affect the temperature insensitivity of O1570. This behavior an 

advantage for this mixture of surfactants. 

 

Figure 5.82: Variation of the total monophasic area AT (%) as function of mazol 300 K content in 

the surfactants mixture (O1570+M300K) and as function of temperature for the system: W+PG/ 

O1570+M300K/OO. 

System#7W+PG/ O1570+M300K/SO 

Figure 5.83 present the phase diagram of the water+ propylene glycol (PG) / sucrose oleate 

(O1570) + glycerol monooleate (M300K) / sesame oil (SO) system at different weight ratios of 

O1570/M300K that are (A) 3/1 (B) 1/1 (C) 1/3.  

As show in Figure 5.83A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 
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approximately 13 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 42wt% water. 

For low mixed surfactants contents (below 42 wt %) a multiphase reign ȽȽ (Wm+O) is observed. 

Some behavior is observed in Figure 5.83B, with the difference that the area of the one phase 

microemulsion region decreased since the multiphase region is extended to mixed surfactants 

contents above 42 wt%. In Figure 5.83C the one phase microemulsion region shrinks more 

compared to 5.83B. 

             

(A) 
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(C) 

              

(D) 

Figure 5.83: Phase diagrams of the system: water+ propylene glycol (PG) / sucrose oleate 

(O1570) + glycerol monooleate (M300K) /sesame oil (SO). The one phase region is designated by 
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1ʌ, and the multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where 

the mixing ratio (w/w) of (O1570+M300K)/SO = 65/35, L1695/M300K: (A) 75% (B) 50% (C) 

25%. 

 

Table5.34: The total monophasic area AT (%) for the system W+PG /O1570+M300K/SO at 

different mixing ratios of mixed surfactants and at different temperatures. 

 

AT (%) 

(M300K/O1570+M300K)% 25°C 37°C 45°C 

0 28 28 30 

25 26 25 28 

50 22 23 24 

75 18 18 19 

 

Figures 5.83 present the phase behaviors of the systems W/O1570+M300K/SO. The mixing ratio 

of (O1570/M300K) equals (75, 50, and 25%) and Figures 5.84 represent the variation of the total 

monophasic region AT (%) as function of mixing ratios of different surfactant and as function of 

temperature .When glycerol monooleate mixed with sucrose oleate, the total monophasic area AT 

(%) at 25°C for the mixing ratios M300K/O1570 (25%) equals maximum total area gave us the 

best result in Table 5.34. About the values of the total monophasic area AT (%), it appears that the 

variation in AT (%) values with temperature is small indication the formation of temperature 

insensitive microemulsions. This behavior indicates that mixing M300K with O1570 improves the 

water solubilization but did not affect the temperature insensitivity of O1570. This behavior an 

advantage for this mixture of surfactants. 
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Figure 5.84: Variation of the total monophasic area AT (%) as function of M300 K content in the 

surfactants mixture (O1570+M300K) and as function of temperature for the system: W+PG/ 

O1570+M300K/SO. 

Table 5.35: The maximum total monophasic area AT (%) for the system W+PG/O1570+M300K/ 

oil at mixed surfactant ratio at 25
Ǔ
C temperatures. 

  

                     Oil  

 

 Maximum A T (%) at 25
Ǔ
C 

Mixed surfactant ratio that 

gave maximum AT (%) value 

at 25
Ǔ
C 

M300K/(M300K+O1570) 

MNT 47 O1570 

LIM  43 O1570 

ION 44 O1570 

IPM 53 1/3 

CCT 45 O1570 

OO 38 O1570 

SO 28 O1570 

 

Temperature insensitive microemulsions were formulated. Mixing M300K with O1570 does not 

improve the water solubilization. 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

0 10 20 30 40 50 60 70 80 

25 c 

37 c 

45 c 

{M300K/(O1570+M300K)}% 

  
  
  
  

  
  
  

  
  

 
A

 T
  (

%
) 



 161 

          Chain length of the oil 

In order to better understand the role that the oil chain length plays in the solubilization capacity of 

the microemulsions. It was our intention to replace R(+)-limonene by non-food grade linear 

saturated hydrocarbons (CnH2n+2) with different chain lengths (C6ïC16) in order to determine 

and to evaluate more quantitatively the effect of the nature of the oil on the solubilization capacity. 

The effect of the molecular volume of the oil on the values of AT (%) for the systems based on 

Surfactant is illustrated in Figure 5.85 for systems in which the oil/ethanol weight ratio (1/1) and 

the water/PG weight ratio was also kept constant (1/1). There is a rapid decrease in the 

solubilization with the increase in the molecular volume of the linear hydrocarbons. The isotropic 

area progressively reduces from 47.3 to 20.4% as the hydrocarbon chain length increases from 

number of carbon C6 to C16 (Fig. 5.85).  

 

 

Figure 5.85: Effect of oil molecular volume at 25
Ǔ
C on AT (%) for the systems based on 

L1695+M159 (1/1) with the different oil types and water. 
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980 cm
3
/ mol respectively. 

Large molecular volume oils are considered to form a core in the centre of the surfactant 

aggregate, and this can cause one of two effects depending upon the initial shape of the droplet. If 

the droplet was already spherical, the presence of oil hardly alters the head group area and the 

hydrophobic volume of the surfactant, thereby allowing the aggregate to still maintain nearly the 

same degree of curvature and consequently a similar PIT as the corresponding micellar solution 

(Aveyard and Lawless, 1986). 

Obviously the definition of a ôsmallô and ôlargeô molecular volume oil is relative to the surfactant 

being studied, although it is generally considered that a small oil is one that has a chain length less 

than that of the hydrophobe of the surfactant. 

In contrast, at low concentrations, the smaller molecular oils act in much the same way as a 

cosurfactant, increasing the effective hydrophobe volume (and decreasing the effective length of 

the hydrophilic head group) of the surfactant, thereby encouraging the formation of more 

asymmetric aggregates with lower spontaneous curvature and higher intermicellar interactions, and 

consequently lowering the PIT (Monduzzi et al., 1997). At higher concentrations the small 

molecular volume oils are thought to go into the core of the droplet, where they have little effect 

on the hydrophobe volume of the surfactant, transforming the asymmetric droplets to more 

symmetrical aggregates and restoring the PIT. The molecular volume of oil appeared to be more 

important in determining phase behaviour than its polarity (Aboofazeli et al., 1995). 

éé.ééééééééééééééééé.Equation no. (5) 

 

These results are in a good agreement with systems (Hou, Shah, Langmuir, 1987). They reported 

that the solubilization process is limited either by the radius of the spontaneous curvature of the 

interface, R0 (curvature effect) or by the critical radius of the droplets, Rc (effect of attractive 

interaction among the droplets). They found that the solubilization capacity decreased by 
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increasing the molecular volume of the oil, due to an increase in the attractive interaction among 

droplets. Therefore, solubilization of systems consisting of tetradecane or hexadecane, seems to be 

limited by the critical droplet radius, Rc, through attractive interactions between droplets. It was 

reported that this change in the solubilization capacity is due to the compatibility of the 

hydrophobic part of the surfactant with the oil, the alcohol, and the hydrocarbon in the system 

(Garti, Aserin, Ezrahi, Wachtel, 1995), (Shiao, Chhabra, Patist, et al, 1988). Ethanol is too soluble 

in short-chain oils such as hexane and water. As the oil chain length increases, the concentration of 

ethanol in the oil phase decreases, forcing the ethanol to penetrate into the interfacial region and to 

the aqueous phase, and it is likely that more of the ethanol partitions to the aqueous phase taking 

with it additional surfactant, thus decreasing the stability of the interface. (Eastoe, Hetherington, 

Sharpe, Dong, Langmuir, 1996). 

 

The solubilization capacity of the system with R(+)-limonene consisting of cyclic hydrocarbon 

with double bond was significantly higher than that of systems with linear hydrocarbons. This 

difference is at present not fully clear but could be attributed in part to better compatibility 

between the hydrophobic chain of the surfactant and the oil phase. The mutual miscibility between 

the hydrophobic part of the surfactant and the oil will affect the degree of oil penetration into the 

amphiphilic film and will also affect the spontaneous curvature. The solubilization mechanism of 

perfume oils such as R(+)-limonene by nonionic surfactants has been studied (Tokuoka, 

Uchiyama, Abe, Christian,1995),(Kanei, Tamura, Kunieda,1999). It was found that perfume 

molecules tend to be solubilized in the vicinity of the interface of the waterïhydrocarbon moieties 

of the surfactant or the surfactant palisade layer. Their results are good indication that also in our 

microemulsions the improved solubilization in R (+)-limonene is related to its compatibility with 

the surfactant and its partial penetration into the surfactant film at the interface. 
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5.1.1.3 Phase behavior of mixed surfactants/ mixed oils  

i - Constant weight ratio of mixed surfactants W/L1695+M159/mixed oil  

 

In this section we investigated the effect of mixing oils at different mixing ratios (oil1/ oil2) which 

equal 1/2, 1, 2 and 3 on the formation and properties of biocompatible microemulsions based on 

the mixed sucrose monolaurate (L1695) and PEG-7 glyceryl cocoate (M159) at different 

temperatures (25, 37 and 45°C). The mixing ratio (w/w) of L1695 /M159 used in this study equals 

unity surfactants mixture so that we fixed the mixing ratio of mixed surfactants at mixing ratio 

(wt/wt) equals unity give best AT (%). In this section we presented the phase diagrams for the 

systems which contain the mixing ratio (w/w) of oil1/oil2 equal (A) 1/2 (B) 1 (C) 2 (D) 3. 

Mixing effect of oils 

We have also found that mixing oils gave better oil surface tension polarity and solubilization 

behavior than prescribing one type of oil in some cases. Figure 5.86 shows the results when 

isopropylmyristate oils were mixed with peppermint oil. As can be seen, the mixing effect was 

observed for each combination. The most effective mixing ratio was 1:1 of IPM, CCT and Oil 2.  

 

W/L1695+M159/IPM+MNT  

Figure 5.86 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glyceryl cocoate (M159) (1:1) / isopropylmyristate (IPM) +peppermint oil (MNT) system at 

different weight ratios of MNT/IPM that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.  

As show in Figure 5.86 A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 100 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 72 wt% water. 
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For low mixed surfactants contents a multiphase reign ȽȽ (Wm+O) is not observed at dilution line 

N65.Some behavior is observed in Figure 5.86B, with the difference that the area of the one phase 

microemulsion region increased since the multiphase region is not extended to mixed surfactants at 

dilution line N65. In Figure 5.86C the one phase microemulsion region shrinks more compared to 

5.86B and 5.86D. 

 

(A) 
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(B) 

          

  (C) 
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(D) 

Figure 5.86: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7 glyceryl 

cocoate (M159) /isopropylmyristate (IPM) +peppermint oil (MNT) at 25°C. The mixing ratio 

(w/w) of L1695/M159 equals unity. The one phase region is designated by 1ʌ, and the multiple 

phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing ratio (w/w) 

of (L1695+M159)/ (IPM+MNT) = 65/35, MNT/IPM: (A) 1/2 (B) 1 (C) 2 (D) 3. 

 

Figure 5.86 presents the phase behavior of the system W/L1695+M159/IPM+MNT. Figure 5.87 

and Table 5.36 represents the variation of the total monophasic region AT (%). as function of 

mixing ratios of different mixed oil and as function of temperature. When peppermint oil is mixed 

with isopropylmyristate oil, the total monophasic area AT (%) at 25°C for the mixing ratios 

(oil2/oil1=1/2) equals 50%, for mixing ratio (oil2/oil1=1) the total monophasic area AT (%). 

increase to 63%, for mixing ratio (oil2/oil1=2) the total monophasic area AT (%). decrease slightly 
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equals 55%, for mixing ratio (oil2/oil1=3) the total monophasic area AT (%). increase again to 

63%.So that mixing peppermint oil with isopropylmyristate oil at mixing ratio (oil2/oil1=1or 3) 

gave us the best result. 

 

Table 5.36: The total monophasic area AT (%) for the system W/L1695+M159 (1:1) / IPM + MNT 

at different mixing ratios of mixed oil and at different temperatures. 

 

AT (%) 

(MNT/IPM)  25°C 37°C 45°C 

0.5 50 49 49 

1.0 63 59 56 

2.0 55 57 58 

3.0 63 63 62 

 

 

 

Figure 5.87: Variation of the total monophasic area AT (%). as function of weight ratio of 

peppermint and isopropylmyristate and as function of temperature for the system: W/ 

L1695+M159/IPM+MNT. 
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W/L1695+M159/IPM+LIM  

Figure 5.88 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glyceryl cocoate (M159) (1:1) / /isopropylmyristate (IPM) +R(+)-limonene (LIM)  system at 

different weight ratios of LIM /IPM that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.  

As show in Figure 5.88 A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 100 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 60 wt% water. 

For low mixed surfactants contents a multiphase reign ȽȽ (Wm+O) is not observed at dilution line 

N65.Some behavior is observed in Figure 5.88B, with the difference that the area of the one phase 

microemulsion region increased since the multiphase region is not extended to mixed surfactants at 

dilution line N65. In Figure 5.88C the one phase microemulsion region increased more compared 

to 5.88B and 5.88D. 

                           

(A) 
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(c) 
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(D) 

Figure 5.88: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7 glyceryl 

cocoate (M159)/isopropylmyristate (IPM) +R(+)-limonene (LIM) at 25°C. The mixing ratio (w/w) 

of L1695/M159 equals unity. The one phase region is designated by 1ʌ, and the multiple phase 

regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing ratio (w/w) of 

(L1695+M159)/ (IPM+LIM) = 65/35, LIM/IPM: (A) 1/2 (B) 1 (C) 2 (D) 3. 

 

Table 5.37: The total monophasic area AT (%) for the system W/L1695+M159 (1:1)/IPM+ LIM at 

different mixing ratios of mixed oil and at different temperatures. 

 

AT (%) 

(LIM/IPM)   25°C 37°C 45°C 

0.5 48 46 33 

1.0 52 53 53 

2.0 56 58 57 

3.0 47 50 51 
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Figures 5.88 present the phase behaviors of the systems W/L1695+M159/IPM+LIM . The mixing 

ratio of (L1695/M159) equals 1/1 and Figures 5.89 represent the variation of the total monophasic 

region AT (%) as function of mixing ratios of different oil and as function of temperature .When 

R(+)-limonene mixed with isopropylmyristate, the total monophasic area AT (%) at 25°C for the 

mixing ratios LIM /IPM equals maximum total area gave us the best result in Table 5.37. About the 

values of the total monophasic area AT (%), it appears that the variation in AT (%) values with 

temperature is small indication the formation of temperature insensitive microemulsions. This 

behavior indicates that mixing LIM  with IPM improves the water solubilization. 

 

Figure 5.89: Variation of the total monophasic area A T (%) as function of R(+)-limonene oil 

content in the oil mixture (IPM+LIM ) and as function of temperature for the system: W/ 

L1695+M159/IPM+LIM. 
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W/L1695+M159/IPM+ION. 

Figure 5.90 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glyceryl cocoate (M159) (1:1) / isopropylmyristate (IPM) +Ŭ-ionone (ION) system at different 

weight ratios of ION/IPM that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.  

As show in Figure 5.90 A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to 

approximately 100 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 62 wt% water. 

For low mixed surfactants contents a multiphase reign ȽȽ (Wm+O) is not observed at dilution line 

N65.Some behavior is observed in Figure 5.90B, with the difference that the area of the one phase 

microemulsion region decreased since the multiphase region is not extended to mixed surfactants 

at dilution line N65. In Figure 5.90C and 5.90D the one phase microemulsion region shrinks more 

compared to 5.90B. 

         

(A) 
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(D) 

  Figure 5.90: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7 

glyceryl cocoate (M159) /isopropylmyristate (IPM) +Ŭ-ionone (ION) at 25°C. The mixing ratio 

(w/w) of L1695/M159 equals unity. The one phase region is designated by 1ʌ, and the multiple 

phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing ratio (w/w) 

of (L1695+M159)/ (IPM+ION) = 65/35, ION/IPM: (A) 1/2 (B) 1 (C) 2 (D) 3. 

 

Table 5.38: The total monophasic area AT (%) for the system W/L1695+M159 (1:1)/IPM + ION at 

different mixing ratios of mixed oil and at different temperatures. 

 

AT (%) 

(ION/IPM)  25°C 37°C 45°C 

0.5 54 55 55 

1.0 51 51 54 

2.0 49 50 47 

3.0 51 51 48 
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Figure 5.91: Variation of the total monophasic area AT(%) as function of Ŭ-ionone content in the 

oils mixture (IPM+ION) and as function of temperature for the system: W/ L1695 +M159 / IPM+ 

ION. 
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surfactants contents above 63 wt%. In Figure 5.92C the one phase microemulsion region increase 

slowly compared to 5.92B. 

With the difference that the area of the one phase microemulsion region increase since the 

multiphase region is not extended to mixed surfactants at dilution line N65. In Figure 5.92 the one 

phase microemulsion region increase more with increase peppermint oil. 

 

Figure 5.92 presents the phase behavior of the system W/L1695+M159/CCT+MNT. The mixing 

ratio of (CCT/MNT) equals 1/2. Figure 5.93 and Table 5.39 represents the variation of the total 

monophasic region AT (%) as function of mixing ratios of different mixed oil and as function of 

temperature. When peppermint oil mixed with caprylic-capric triglyceride oil, the total 

monophasic area AT (%) at 25°C for the mixing ratios (oil2/oil1=0.5) equals 43%, for mixing ratio 

(oil2/oil1=1) the total monophasic area AT (%) increase to 45%, for mixing ratio (oil2/oil1=2) the 

total monophasic area AT (%) decrease slightly equals 56%, for mixing ratio (oil2/oil1=3) the total 

monophasic area AT (%) increase again to 58%.So that mixing peppermint oil with caprylic-capric 

triglyceride oil at mixing ratio (oil2/oil1= 3) gave us the best result. 

So mix peppermint oil with isopropylmyristate oil give total aria grater when mix with caprylic-

capric triglyceride, because CCT have molecular volume large than IPM and IPM make as 

penetration enhancer. 
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Figure 5.92: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7     

glyceryl cocoate (M159) / caprylic-capric triglyceride (CCT) + peppermint (MNT) at 25°C. The 

mixing ratio (w/w) of L1695/M159 equals unity. The one phase region is designated by 1ʌ, and 
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the multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M159)/ (CCT+MNT) = 65/35, MNT/CCT: (A) 1/2 (B) 1 (C) 2 (D) 3. 

 

Table 5.39: The total monophasic area AT (%) for the system W/L1695+M159(1:1)/CCT +MNT 

at different mixing ratios of mixed oil and at different temperatures. 

 

AT (%) 

(MNT/CCT)  25°C 37°C 45°C 

0.5 43 44 45 

1.0 44 46 48 

2.0 56 57 56 

3.0 58 55 53 

 

Figures 5.92 present the phase behaviors of the systems W/L1695+M159/CCT+MNT. The mixing 

ratio of (L1695/M159) equals 1/1 and Figures 5.93 represent the variation of the total monophasic 

region AT (%) as function of mixing ratios of different oil and as function of temperature .When 

peppermint oil mixed with caprylic-capric triglyceride, the total monophasic area AT (%) at 25°C 

for the mixing ratios MNT/CCT equals maximum total area gave us the best result in Table 5.39. 

About the values of the total monophasic area AT (%), it appears that the variation in AT (%) values 

with temperature is small indication the formation of temperature insensitive microemulsions. This 

behavior indicates that mixing MNT with CCT improves the water solubilization. 
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Figure 5.93: Variation of the total monophasic area AT (%) as function peppermint content in the 

mixture (CCT+MNT) and as function of temperature for the system: W / L1695+ M159/CCT+ 

MNT. 

W/L1695+M159/CCT+LIM : 

Figure 5.94 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glyceryl cocoate (M159) (1:1) /caprylic-capric triglyceride + R(+)-limonene oil (LIM)  system at 

different weight ratios of LIM /CCT that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.  

As show in Figure 5.94 A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/oil axis. The one phase microemulsion region extend to 

approximately 30 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 58 wt% water. 

For low mixed surfactants contents (below 42 wt %) a multiphase reign ȽȽ (Wm+O) is observed at 

dilution line N65.Some behavior is observed in Figure 5.94B, with the difference that the area of 

the one phase microemulsion region decreased since the multiphase region is extended to mixed 

surfactants contents above 63 wt%. In Figure 5.94C the one phase microemulsion region increase 

slowly compared to 5.94B. 
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With the difference that the area of the one phase microemulsion region increase since the 

multiphase region is not extended to mixed surfactants at dilution line N65. In Figure 5.94 the one 

phase microemulsion region increase more with increase R(+)-limonene oil in Figure 5.94C. In 

Figure 5.94D the one phase microemulsion region shrinks more compared to 5.94C. 

     

(A) 
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          (C) 
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             (D) 

Figure 5.94: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7     

glyceryl cocoate (M159) / caprylic-capric triglyceride (CCT) + R(+)-limonene (LIM) at 25°C. The 

mixing ratio (w/w) of L1695/M159 equals unity. The one phase region is designated by 1ʌ, and 

the multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M159)/ (CCT+LIM) = 65/35, LIM/CCT: (A) 1/2 (B) 1 (C) 2 (D) 3. 

Table 5.40: The total monophasic area AT (%) for the system W/L1695+M159 (1:1)/CCT+ LIM at 

different mixing ratios of mixed oil and at different temperatures. 

 
AT (%) 

(LIM/CCT)  25°C 37°C 45°C 

0.5 40 40 40 

1.0 42 43 44 

2.0 44 46 46 

3.0 41 40 40 
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Figures 5.94 present the phase behaviors of the systems W/L1695+M159/CCT+LIM. The mixing 

ratio of (L1695/M159) equals 1/1 and Figures 5.95 represent the variation of the total monophasic 

region AT (%) as function of mixing ratios of different oil and as function of temperature .When 

R(+)-limonene mixed with caprylic-capric triglyceride , the total monophasic area AT (%) at 25°C 

for the mixing ratios LIM /CCT equals maximum total area gave us the best result in Table 5.40. 

About the values of the total monophasic area AT (%), it appears that the variation in AT (%) values 

with temperature is small indication the formation of temperature insensitive microemulsions. This 

behavior indicates that mixing LIM  with CCT improves the water solubilization. 

 

 

Figure 5.95: Variation of the total monophasic area AT (%) as function R(+)-limonene content in 

the mixture (CCT+LIM) and as function of temperature for the system: W / L1695+ M159/ CCT 

+LIM.  

 

 

 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 
            LIM/ CCT   

  
  
  
  

  
  
  

  
  

 
A

 T 
 (
%

) 
   



 186 

W/L1695+M159/CCT+ION: 

Figure 5.96 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glyceryl cocoate (M159) (1:1) /caprylic-capric triglyceride + Ŭ-ionone oil (ION) system at 

different weight ratios of ION/CCT that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.  

As show in Figure 5.96A, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/oil axis. The one phase microemulsion region extend to 

approximately 25 wt% water along the dilution line N65. For higher mix surfactant contents the 

one phase microemulsion region could extend to about 52 wt% water. 

For low mixed surfactants contents (below 48 wt %) a multiphase reign ȽȽ (Wm+O) is observed at 

dilution line N65.Some behavior is observed in Figure 5.96B, with the difference that the area of 

the one phase microemulsion region increased since the multiphase region is extended to mixed 

surfactants contents below 52 wt%. In Figure 5.96C the one phase microemulsion region decrease 

slowly compared to 5.96B. 

With the difference that the area of the one phase microemulsion region decrease since the 

multiphase region is extended to mixed surfactants at dilution line N65. In Figure 5.96C and 

Figure 5.96D the one phase microemulsion region shrinks more compared to 5.96B. 
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Figure 5.96: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + PEG-7     

glyceryl cocoate (M159) / caprylic-capric triglyceride (CCT) + Ŭ-ionone (ION) at 25°C. The 

mixing ratio (w/w) of L1695/M159 equals unity. The one phase region is designated by 1ʌ, and 

the multiple phase regions are designated by ȽȽ (Wm+O). N65 is the dilution line where the mixing 

ratio (w/w) of (L1695+M159)/ (CCT+ION) = 65/35, ION/CCT: (A) 1/2 (B) 1 (C) 2 (D) 3. 

 

Table 5.41: The total monophasic area AT (%) for the system W/L1695+M159 (1:1)/CCT+ ION 

at different mixing ratios of mixed oil and at different temperatures. 

 
AT (%) 

(ION/CCT)  25°C 37°C 45°C 

0.5 42 42 42 

1.0 50 51 51 

2.0 37 39 41 

3.0 35 40 45 

 

Figures 5.96 present the phase behaviors of the systems W/L1695+M159/CCT+ION. The mixing 

ratio of (L1695/M159) equals 1/1 and Figures 5.97 represent the variation of the total monophasic 

region AT (%) as function of mixing ratios of different oil and as function of temperature .When Ŭ-

ionone mixed with caprylic-capric triglyceride, the total monophasic area AT (%) at 25°C for the 

mixing ratios ION/CCT equals maximum total area gave us the best result in Table 5.41. About the 

values of the total monophasic area AT (%), it appears that the variation in AT (%) values with 

temperature is small indication the formation of temperature insensitive microemulsions. This 

behavior indicates that mixing ION with CCT improves the water solubilization. 
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Figure 5.97: Variation of the total monophasic area AT (%) as function Ŭ-ionone content in the 

mixture (CCT+ION) and as function of temperature for the system: W / L1695+ M159/CCT+ 

ION. 

Table 5.42: The maximum total monophasic area AT (%) for the system W/L1695+M159/mixed 

oils at 25
Ǔ
C temperatures. 

 

               Oil 1 

 

Oil 2 

 

AT (%) at 25
Ǔ
C 

 

Mixed oil ratio 

where maximum AT 

(%) is obtained at  

25
Ǔ
C 

 

IPM  

MNT  63 1/1 

LIM  56 2/1 

ION 51 1/1 

 

CCT 

MNT  58 3/1 

LIM  44 2/1 

ION 50 1/1 
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The mixing ratio of oils equals 1/1 is the optimum mixing ratio to be chase for their formulations 

the increase in the water solubilization for higher mixing ratios is not significant cause an increase 

the amount of one oil or the other. 

Phase behaviors of mixed surfactants/oil / cosurfactants/systems 

W/ L1695+M159/IPM+EtOH 

 

Figure 5.98 present the phase diagram of the water/ sucrose monolaurate (L1695) + PEG-7 

glyceryl cocoate (M159) (1:1)/ isopropylmyristate (IPM)+ ethanol (EtOH) system at different 

weight ratios of EtOH/IPM that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.  

As show in Figures 5.98, the one phase microemulsion region appears from the first addition of 

water along the mixed surfactants/mixed cosurfactants and oil axis. The one phase microemulsion 

region extend to approximately 100 wt% water along the dilution line N65.  

With the difference that the area of the one phase microemulsion region increase since the 

multiphase region is not extended to mixed surfactants at dilution line N65. In Figure 5.98 the one 

phase microemulsion region increase more with increase ethanol. 

 



 192 

                  

  (A) 

 

                                                                              (B)  



 193 

                                             

                                                                               (C) 

           

                                                                                (D) 


