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We have investigated surfactant-free O/W emulsions (SFEs), which can be prepared without addition of
surfactant with ultrasonicator at extremely low oil concentrations (~ 0.1 vol%) slightly above oil solubility. =~ SFE
is relatively unstable compared with ordinary emulsion stabilized by surfactant, however, it keep dispersion for a
certain time under surfactant-free condition. For example, when droplet size was observed by dynamic light
scattering (DLS) measurement for benzene SFE, droplet size distribution changed from ~ 30 nm (S class), to ~
300 nm (M class) and to ~ 3000 nm (L class) with lapse of time during one or two hours, while for n-hexadecane
SFE, droplet size around 50 nm in diameter grew up to 200 nm during 3 days. Summarizing the droplet sizes of
several kinds of hydrocarbon SFEs observed by DLS, SFE consisting of hydrocarbon with longer chain length was

more stable than shorter one.

Furthermore, we found that hydrocarbon having longer chain length and branch
like glyceroltrioreto makes significantly stable emulsion under absence of surfactant.

Larger molecules is able to

form rigid surface of droplet and prevent molecular diffusion from droplet surface.
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Figure1 Size distributions at various elapsed times of ben-
zene droplets at 25°C measured by dynamic light scatter-
ing (Sub-micron particle analyzer system 4700 : Malvern
Instrument Co.) after ultrasonication Concentration of oils :
(a) benzene; 30mM, (b) n-hexane; 4mM and (c) cyclohex-
ane; 3mM. Ultrasonic treatment time 2 min.
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Figure 2 Temporal change of mean droplet size as a func-

tion of time for hydrocarbons. Benzene; 30mM( 3 ), cy-
clohexane - ; 3mM( 9 ), n-hexane; 4mM( @ ), n-octane;
1mM( ), n-decane; 1mM( A ), n-dodecane; TmM( &), n-
tetradecane; 1TmM( []), and n-hexadecane; 1mM( O ).



PRHLREEICEN YT 7722 8- T —-I7I32D

RBEDMEILE T DEE - & BEDARRR

Table 1

Types of hydrophobic oils

(Al
n-hexane type

[C]
benzene type

(B]
n-hexadecane type

Solubility As low as 1 mM Quite lower As high as 23 mM
Viscosity Very low medium Very low
Interfacial tension ~50 mN m”* ~50 mN m” 25-33mN m™
Ym large small small
Initial droplets size 200 - 300 nm 90 - 100 nm 30 -50 nm

Growing Fast M to L change Slow S to M change Fast S to M change
Table 2 Evolution pattern and stability of fine particle
i Results
Molecular Mw. | mo.7c | b/ Density tSurf‘aci) I:terf.am:l Viscosity? Vaporrem
formula o P- P /gem® ensaon_‘ ensmnq /mPas pressu 2 Evolution | Stabilitty of
/mNm /mNm /mNm ) .
pattern fine particle
Water H,0 18.02 0 100 0.99705 | 72.59 - 0.7973 |3.1673%x10° - -
7 b)d)e) bdje)
Benzene CeHs | 78.11 | 5533 80.100 | 0.87372 | 28.24 35.0 0.564 |1.2689X10 [C] ~20min
Cyclohexane | CgH, | 8416 | 6541 | 80719 | 0.77853 | 24.65 | 50.59 0.825 |1.3009x10’| [AP? 0d
n-Hexane CiHu | 86.18 | -95~100 | 687 | 06603 | 17.90 | 50.80 0200 |2.5387x10" [A]??| o™
n-Octane CiHi |114.23| -56.8 1257 | 0.7026 | 21.14 | 51.68 0480 |1.8634x10°| [A[® 0%
n-Decane CoHx [14229| -30 174.0 | 0.7300 | 23.37 | 52.30 0835 [1.7315x10°| [BI"® | ~20min®
n-Dodecane | CpHn |170.34| -9.6 2145 | 07511 | 2491 | 52.78 1.257 |1.5351x10%| [B]?® |~3days~®
n-Tetradecane | C,Hy, [198.39| 55 2525 | 0.7624 | 26.13 | 53.32 1.783  |1.2645x10°| [B]?® |~3days~™
n-Hexadecane | CiHy [226.45| 18.13 |286~293 | 0.7734 | 27.05 | 53.77 2571 9.0072x10'| [B]”® |~3days~™®

a)20C, b)257C, ¢)30°C, d)Ultrasonication for 2min, e)Ultrasonication for 8min

Evolution pattern of oil droplets: [A]

~10"%middle class)—>~10%(visible class)

[B]~107'(fine class)— ~10"%middle class)
[C1~10"'(fine class)— ~10~*(middle class)—>~10"(visible class)
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Figure 3 (a) Size distribution measured by dynamic light
scattering (Sub-micron particle analyzer system 4700 :
Malvern Instrument Co.), and (b)FFEM image of benzene
droplets dispersed in water, immediately after sonication.
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Figure 4 (a) Size distribution measured by dy-
namic light scattering (Sub-micron particle
analyzer system 4700 : Malvern Instrument
Co.), and (b)FFEM image of coalescence of
benzene droplets dispersed in water, and (c)
FFEM image of small aggregate of benzen
droplets 60 min after sonication.

to M and M to L class droplets obtaine by FFEM.
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Figure 6 Size distributions at various elapsed times of squalane

droplets at 30°C measured by dynamic light scattering meth-
od. Squalane concentration is TmM. Sonication time is 8min.
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Figure 7 Size distributions at variious elapsed times of oleic
acid droplets in water at 30°C measured by a dynamic light
scattering method.

24months

3months

1month

= 0.8 1 2weeks

o} e L /7days &
K-} N
g 0.4 P ..../1/ + ) 3days <
02 a " 1 Ll i Sl
z 2days
1L 1 .
. 2 345678 2 3 4% 10min
1000 Omin

Particle size /nm

Figure 9 Size distributions at various elapsed times of glyc-
erol trioleate droplets in water at 30°C measured by a dy-
namic light scattering method.
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Figure 8 Size distributions at various elapsed times of meth-
yl oleate droplets in water at 30°C measured by a dynamic
light scattering method.
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erol triolete (&)
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tribution, at various elapsed times oleic acid droplets in wa-
ter at 30°C measured by a dynamic light scattering method.
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elapsed time of methl oleate droplets in water at 30°C
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Figure 14  Temporal change of droplet size in tetralin dis-
persion as a function of time on n-hexane addition. Mixing
ratio to 1mM tetralin is 1:1000 (O ), 1:100 (4 ), and 1:10
(£&). Tetralin alone (@ ).
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Figure15 Interfacial tension (y) for tetralin-water boundary
at various contents of n-hexadecane (30°C ).
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Figure16 Photographic recording of droplet stabilization for
n-hexadecane/benzene mixture in water at 30°C .
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Figure17 Plots of the cube of droplet size at various contents of
glycerol trileate as a function of time at 30°C . Oleic acid/glyc-
erol trioleate=25% ( O ), 50% (M ), 75% ( A ), and 100% (@ ).
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