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Characteristics of Non-ionic Micellar and O/W
Microemulsion Systems and Solubilization of Sudan IV

Ung Kil Jee’, Sung-Joo Hwang, Eun Ok Chang and Jong Mok Hyun
College of Pharmacy, Chungnam National University, Taejon 305-764, Korea

Abstract—The O/W microemulsion systems were made from 2 or 4% (w/w) oil (soybean oil, olive oil or
isopropyl myristate) and 10, 15 or 20% (w/w) Brij 96. They were compared with micellar solution of e-
quivalent surfactant concentration in therms of physicochemical properties, and the solubilization of su-
dan V. They were characterized by dynamic light scattering, stability, surface tension, viscosity and rhe-
ogram. The mean diameters of O/W microemulsion systems were 10~15nm, and those of Brij 96 micellar
solutions were 18~19nm. Both of them were monodisperse systems. The O/W microemulsion systems
showed Newtonian flow and their apparent viscosities were lower than those of micellar solutions. The sur-
face tensions of O/W microemulsion systems were increased or decreased depending on the types of oil
used, when compared with those of micellar solutions. The O/W microemulsion systems were very stable,
and did not show any flocculation or aggregation. Their mean diameters were not changed after three
months. But oxidation was observed in microemulsions without nitrogen gas at high temperature. There
was a significant improvement in the sudan IV solubilization in microemulsion compared with that in the
micellar solution containing equivalent concentration of surfactant. The size distribution and mean di-
ameters of O/W microemulsions were not changed when sudan IV was solubilized.

Keywords [ ] O/W Microemulsion. Micellar solution, Sudan IV, Brij 96, Dynamic light scattering, Ap-
parent viscosity, Surface tension, Solubilization, Stability.
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Fig. 1 — Phase diagram showing area of existence of

O/W microemulsion systems for soybean oil/
Brij 96/water and [PM/Brij 96/water systems.

Table I— Size distribution and mean diameter of Brij 96 micellar solution system and O/W microemulsion systems

Systems/ Size distribution . R
Concentration(%. w/w) (nm) Mean diameter (nm)
Brij 96 micellar solution system
Birj 96
10 14~26 18.6+0.26
15 14~25 18.7+0.55
20 14~25 19.1+0.29
Microemulsion Systems
Soybean - Brij 96
2-10 10~15 13.1+0.24
2-15 8~15 11.3+0.29
2-20 9~13 11.2+0.52
4-15 12~20 14.1+0.16
4-20 10~16 13.1+0.13
Olive oil-Brij 96
2-10 10~16 13.0+0.33
2-15 10~15 11.3+0.27
2-20 8~14 10.6+0.26
4-15 10~20 14.5+0.22
4-20 8~16 12.5+0.37
IPM-Brij 96
2-10 9~17 12.6+0.33
2-15 8~15 10.5+0.23
2-20 6~19 10.2+0.17
4-15 10~18 13.2+0.20
4-20 9~17 12.1+0.22

*Data are given as meanztstandard deviation.
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Table II— Apparent viscosity of substances at con-
stant shear rate 500 s ' (25°C. n=5)

Substance Apparent viscosity (mPa - s)*
Soybean oil 49.19 +0.056
Olive oil 62.58 +0.064
Isopropyl myristate 5.25 +0.033
Brij 96 102.16 +0.084
Water 0.996+0.024

*Data are given as mean-tstandard deviation.
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Fig. 3 — Rheograms of several materials at 25°C.

Key 0:Brij% A=122E-01 B=097 R’=1.00
1: Soybean ol A=554E-02 B=098 R’=1.00
2: Olive oil A=676E-02 B=099 R’=1.00
3:IPM A=601E-03 B=098 R’=1.00
4 Water  A=144E-03 B=09 R'=1.00
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Table IV — Surface tension of substances at 21°C (n=5)

Substance Surface tension (mN/m)*
Soybean oil 34.78+0.045
Olive oil 34.22+0.045
Isopropyl myristate 30.20+0.141
Brij 96 35.10+0.000
Water 72.40+0.071

* Data are given as meanzstandard deviation.

Table III— Flow exponent(B) of micellar solutions and oil-in-water microemulsion systems

Micellar solution

O/W microemulsion system

Brij 96 Oil-Brij 96 . . .
(% w/w) B (% w/w) Soybean oil Olive oil IPM
10 0.99 2-10 1.01 1.03 1.02
15 0.94 2-15 1.00 1.02 1.01
20 0.84 2-20 0.98 1.00 0.98
4-15 1.01 1.02 1.00
4-20 0.98 0.97 0.98
Table V— Surface tension of the micellar solutions and microemulsion systems at 25°C (n=5)
Aicellar solutions O/W microemulsion systems (mN/m)*
Brij 96 Val Qil-Brij 96
9% o) (/) % wih) Soybean oil Olive oil IPM
10 32.33+0.084 2-10 35.42+0.010 34.42+0.045 30.84+0.090
15 32.46+0.055 2-15 34.98+0.045 33.70%£0.010 31.34+0.055
20 32.48+0.084 2-20 34.70+0.009 33.44+0.055 31.54£0.090
4-15 36.06+0.055"" 34.54+0.055"" 31.20+0.010*"
4-20 35.68+0.045*" 33.92+0.020™ 31.28+0.048""

Data are given as meantstandard deviation.

* Significantly different (P<0.01) from micellar soultions at the same concentration of surfactant.

** Significantly different (PX0.01) from 2% (W/W) oil microemulsion systems at the same composition.
The surface tensions of microemulsion systems showed a significant difference (P<0.01) at the same composition.
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Table VI— Size distribution and mean diameter of Brij 96 micellar solutions and O/W microemulsion systems after

3 months
Systems/ ' Size Mean RMS
Concentration(%, w/w) distribution(nm) diameter(nm)* (rate mean square)
Brij 96 micellar solution system
Brij 96

10 14~26 17.8+0.24 4 86E-4

15 14~28 18.4+0.41 1.18E-3

20 13~20 19.1x0.25 6.34E-4

Microemulsion system
Soybean oil-Brij 96

2-10 10~18 13.3+£0.35
2-15 6~22 12.5+0.29
2-20 9~14 11.1+0.32
4-15 11~21 14.7£0.20
4-20 8~20 13.1+£0.14
Qelive oil-Brij 96
2-10 8~20 13.5+0.27
2-15 8~19 12.4+0.33
2-20 7~13 10.1£0.25
4-15 11~19 14.4%0.24
4-20 10~18 13.0+0.20
IPM-Brij 96
2-10 9~17 12.6+0.16
2-15 8~15 10.6£0.18
2-20 7~13 10.810.36
4-15 9~18 13.3+0.20
4-20 10~15 12.3£0.35

*Data are given as mean*standard deviation.
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Oily substance Solubility (% W/V) 731
Soybean oil 0.226%0.022 1 e
Olive oil 0.264+0.009 - R T Tmeann
Isopropyl myristate 0.213%0.026 E 61 § --------
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Table VIII — Size distributions and mean diameters of sudan IV-solubilized O/W microemulsion systems

C . Mean Addition Incorporation *Size “Mean
(;nce/nt;‘atlon diameter conc. level distribution diameter
o W/w (nm)™* (ug/mi) (ug/mi) (nm) (nm)**

Soybean oil-Brij 96
2-15 11.3%+0.29 100 78.1 8~15 11.2+0.22
2-15 500 237.1 9~14 11.5+0.15
2-15 2000 297.6 9~16 12.1+0.24
4-15 14.1+0.16 100 77.2 11~19 15.0£0.09
4-15 500 234.8 11~18 14.8+0.21
4-15 2000 346.6 9~24 16.0£0.11

Olive oil-Brij 96
2-15 11.3£0.27 100 61.2 9~14 11.84+0.18
2-15 500 221.4 9~14 11.4+0.16
2-15 2000 295.7 10~15 12.0+0.55
4-15 14.5+0.22 100 68.8 11~21 15.2+0.22
4-15 500 218.4 11~19 14.6+0.16
4-15 2000 442.5 9~23 15.9+0.21

IPM-Brij 96
2-15 10.5£0.23 100 81.3 9~14 11.0x+0.16
2-15 500 241.3 9~14 11.4£0.31
2-15 2000 235.1 8~13 11.3%£0.36
4-15 13.2+0.20 100 75.8 10~18 13.3£0.43
4-15 500 213.6 11~18 14.5%+0.17
4-15 2000 480.4 12~22 15.0+0.12

* Indicates the solubilization of sudan IV into microemulsions.

** Data are given as meantstandard deviation.
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