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Abstract: In this study, the stability behaviors of oil-in-water nanoemulsions that were prepared via sonication using a
polyvinyl alcohol (PVA) stabilizer, containing various homologous straight-chain alkanes and binary alkane mixtures,
were investigated. Despite the similarity in the chemical structures of the studied alkanes and their similar interfacial ten-
sions with the aqueous PVA solution, the resulting emulsions with various compositions revealed systematically different
stability behaviors, confirmed without ambiguity using a Turbiscan instrument. Overall, emulsions containing higher-car-
bon-number alkanes, having lower solubility in the continuous phase, exhibited remarkably higher long-term stability,
which suggested the significance of the molecular diffusion in destabilization mechanisms of the alkane-in-water
nanoemulsions.
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Figure 1. Chemical structures of straight-chain alkanes (dispersed
phase) and PVA (stabilizer) used in the emulsion formulations.
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Table 1. Emulsion Formulations and Interfacial Tensions
between the Dispersed and Continuous Phases

Dispersed Continuous Interfacial
Sample phase phase Tension
(10 vol%) (90 vol%) (mN/m)
S1 CgHg 12.1
S2 C,H 12.6
53 CioHss Aqueous PVA 13.0
S4 C,Ha6 (80)+C4H 4 (20) (5 wt.%) 12.2
S5 C1aHus (80)+CyHys (20) solution 12,5
S6  Cj,Hy (80)+C sHsy (20) 13.0
S7  CjoHy (80)+C,,Hys (20) 13.0

TE 7R BHx i dAII0] 20 vol%E ARl 5= AR
8] St -, 225 T3 PVA 8% f3kE| it

ZF A& 2 E8E TAVHEARD T AE53H(PVA
gyt Z4E AWLEE Table 12 $= AP0l Yeh)
ATh BE 2= st ek 23 AN AW
(~50 mN/m) thy] &2 74w AdEEE(~12-13 mN/m)S
AT 5 ANeH, o= 3ol Bad FEF FAlSI
ARG Ta ol wE A Zfolof] el L FsEA,
T =-GAIRNG e ARl BArel] w4 mN/m
Ao AU zpol7t WA up ok 22, Table 1
o YR uie} o] PVA 5841 75, A 9
7Yl wet ARG gho] Fsehe AR fAkehd, Al
ol 1ol 1 mN/m PRke] 2k Zpolgto] ER|THS 21k
T AL, o= E-LARIS] AWMl #=Fe] PVATE F3
gl mE Ao Bt #AHste, B AP Sol|A e} 2ol
el PVAZE EAIR B, fr-7 AR =) PVA FA&
Skl oal] AFhEA] 4oL, Ao SAF R dojid 5= Q)
om, A F2HE PVAE FHH 0= 71 KIS YAl
FHE Fstr] flal AiE 2 < Advkar BarE up Aok

ZeIE B3l A A3 A gARIES oEAd
W Whe=7] APEe R EAfste] St ik ol 4 #
73S SME 2 FS HESP 7T o). wEbA, 2=
7] Y= Exe] A4S 98l, DLSE ol &, Al&ell ZAL B
AFHE 633 nm Hle] 2}7]/d43H(autocorrelation function)
ZHE AL 884 2 & (hydrodynamic diameter)y= Ak
231t} Figure 25 A& S1, S2, S30] EAME CeHy,
CioHas, CiHyy EAIY] N2 E8] 88 A5 Ex=olth
PVA 84379 ARG Aol = Eakar, EAQ1E]
B 7F STl et dAwbE o7 A S0 A7|7F A

siEf EAE " tigt 7|Ee] FHEN ARE HFE
3 fFAFelt). 531, Z-average ko] °F 160 nmZ FAFRE A

Intensity (%)

100
Size (nm)

Figure 2. Hydrodynamic diameter distributions of the emulsion
droplets dispersed in samples S1, S2, and S3.
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Figure 3. Stability of the emulsion S1: (a) NIR transmittance; (b)
backscattering results; (c) visual observation for 30 days.
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Figure 4. Stability of the emulsion S2: (a) NIR transmittance; (b)
backscattering results; (c) visual observation for 30 days.
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Figure 5. Stability of the emulsion S3: (a) NIR transmittance; (b)
backscattering results; (c) visual observation for 30 days.
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Figure 6. NIR backscattering results for the emulsion S1 within the
initial 30 min.
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Figure 7. NIR backscattering results for the emulsion S2 within the
initial 30 min.
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Table 2. Water Solubilities of Various Alkanes

Water solubility

Alkanes (mg/kg)
Ce¢Hyy 9.5 x 10°
CgH g 6.6 x 10
C,Hay 3.7 x 107
CisHsy 2.1 x 10°
CyHys 7.8 x 107
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Figure 8. Hydrodynamic diameter distributions of the emulsion
droplets dispersed in samples S4 and S5 (those of S1 and S2 were
also plotted for comparison).
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Figure 9. Stability of the emulsion S4: (a) NIR transmittance; (b)
backscattering results; (c) visual observation for 30 days.
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Figure 10. Stability of the emulsion S5: (a) NIR transmittance; (b)
backscattering results; (c) visual observation for 30 days.

35
30
I 25 . §2
- 20 ———83
i -8
‘E 10-
- 5
0
100
Size (nm)

Figure 11. Hydrodynamic diameter distributions of the emulsion
droplets dispersed in samples S6 and S7 (those of S2 and S3 were
also plotted for comparison).
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Figure 13. Stability of the emulsion S7: (a) NIR transmittance; (b)
backscattering results; (c) visual observation for 30 days.
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Figure 14. Long-term (3 months) stability observation of the emul-
sions S2, S3, S6, and S7.

Figure 15. Long-term (9 months) stability observation of the emul-
sions S2, S3, S6, and S7.
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