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Abstract Using organic particles to stabilize Pickering emulsions has attracted more and more attention. However, Picker-
ing emulsions synergistically stabilized by organic particles with adjustable wettability combined with inorganic particles is
rarely reported. Herein, maleopimaric acid (MPA) with multi-carboxylic acid groups and alumina nanoparticles are used to
stabilize Pickering emulsions, and the transitions of the type of Pickering emulsions induced by pH and related mechanisms
are systematically studied. With the increase of pH, resulting in the change of the type of emulsions from a W/O Pickering
emulsion to an O/W Pickering emulsion to an O/W emulsion when only MPA is used. The increase of the hydrophilicity of
MPA is the reason for the transformation of the emulsion. When alumina nanoparticles are added to the system, W/O Picker-
ing emulsions can be transformed into O/W Pickering emulsions (pH=1), which is attributed to the increase of the hydro-
philicity of MPA particles caused by the adsorption of alumina nanoparticles on the surface of MPA particles. When pH=6,
both MPA particles and alumina nanoparticles have strong hydrophilicity and cannot form stable emulsions respectively, but
the mixture of the two can form stable W/O Pickering emulsions. It is because that MPA particles and alumina nanoparticles
can form hydrophobic complexes in aqueous solution. In addition, the influence of MPA concentration and volume fraction of
oil phase on the appearance and droplet size of Pickering emulsion is studied. It is found that the droplet size of Pickering
emulsion gradually decreases with the increase of MPA concentration. However, the increase of volume fraction of oil phase
will cause the increase of droplet size. Finally, the stability mechanism of Pickering emulsion is studied by the measurement
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of Zeta potential, adsorption rate of particles at the oil-water interface, three phase contact angle and surface/interface ten-
sions. The armor-like particles layer adsorbed on the oil-water interface and the network structure formed between the parti-
cles are the reason for the stability of emulsion droplets. This study provides a new avenue for the green preparation of Pick-
ering emulsions, which will be important applications in the fields of cosmetics, medicine and new materials.

Keywords maleopimaric acid; pickering emulsions; alumina nanoparticles; phase transition; synergistic stable
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Figure 1 Schematic illustration of phase transition of emulsions in-
duced by pH (a), appearance (b) and optical photographs (c) of emulsions
stabilized by 0.5% (w) MPA at different pH
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Figure 3 Appearance and optical pictures of Pickering emulsions stabi-
lized by 0.5% (w) ALO; nanoparticles and different concentrations of
MPA at pH=7: (a) 0.0001% (w), (b) 0.001% (w), (c) 0.01% (w) and (d)
0.1% (w)
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Figure 4 Appearance and microscopy pictures of Pickering emulsions
stabilized by 0.1% (w) MPA and 0.5% (w) Al,O3 nanoparticles at pH=7
with different oil volume fractions
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Figure 6 Three-phase contact angles of oil droplets in different concen-
trations of MPA aqueous solution on aluminum oxide plate at pH=7
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115K 71 FA%2 Pickering FLIBASE 1SR A 2 —B3, 34k
FEM K T AL A2 FRARBORLZ, S URL IR 2 18] 7
J AL RIURE AR 25 K (G R A 2 S9), A 7LV ARV A
F g L[] 5 I (RIS Bing < [ 2O, AT AT LA
FLIBORFFARE.

3 g

i MPA ] DUEAN A pH 26 A R A FIZE AL A 7,
W, BEAE pH AWHE N, FLBHISEAH W/O Pickering 7L
B3] O/W Pickering FLif, &) O/W FLIK 1% 2, MPA
FIRLSE B K VAN — B MPA. 7Ei 7K ST frIBE 254
N, R O/W Pickering L 13 i FLA X E S50 J
ARSI, DK ALO BRI, fEpH=1#f, A

770  http://sioc-journal.cn

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

i) W/O Pickering FLi %%~ O/W Pickering FLil, 3£7K
PEEGRIDIK ALOs BURMAS TR K ME R 1) MPA f5iki,
iR K PESE N, 2 S B ER L AZRERE. 4
pH=06It}, /KR TR MPA 7315 ALO; Bk £ /K ¥
W RE Y K 48 A, AT LAY RIRR 8 FFE & W/O
Pickering FL¥E. T3 41, MPA 3 5 P BAAR B I AR AR R 70 5
I3 0 #0524 Pickering FLIR IRLARIE N, 5 FIH Zeta
M4 Bl e R/ FHHEK JIRF L T MPA 43 FAEYK
ALOs Jkr LW R FE . SR K AL B FL AR 2 1
HLEE.

4 SCIGERSY
4.1 MPA Fg83K AlOs Bk Bt M 45 A FR1E

Jic B FIT 5 U BB P MPA VA R, TR 1 3 S 06 SR 1Y) pH,
S I ZURYDL T8, 192000 MPA [E AR50k, 4
Xt MPA/ALO; IR EWIE R, TEE —ERER MPA Fl
ALOs RABIFIR, FIR WA T 2 fifE, oItk
R, TGS MPA/ALOs [EIAR TR, L T8 75 b fi] 4
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F F R

KIAIAK ALOs UKL F 17 & 434 HL 58 (Zeiss Sigma
300, Germany) K W ZZ FE 3.
4.2 Pickering ZLi&AYHI& X FIE

T B AN [594¢ FBE 1 MPA. B MPA/AL O3 Bk 7K B V77K,
FIH 1 mol/L HCI B¢ 1 mol/L NaOH YAV i 1 BT /) pH,
IONEARFUPmARZS e, A IKA SiE A HL(T18)1E
12000 r/min FF AL 3 min, & 24 h J5HATHAE,
1) A TR A FH Y A TR s . A O BB (R 2
W1, BXS3) WS FL i Mo 4544, FIH Imagel B A4
G AN [F 4644 T FLIBOROR TR, ARGt
200 M.
4.3 Zeta BEHRINE

Jic B AN R34 B 1Y MPA/AL O TURLTR & /K B, 1R
TR pH, TR FIH Zetasizer WA (Malvern,
ZSE){E 25 Cll& 3 X, HCFE.
4.4 Z=HEEmMANNE

i B AL EE AR SRAR S ALO; R A 0L 5 4 K
ALOs R EWL Bt MPA JE BRI AR 1k, ek AL R IR
IRVBAE AR FE 1) MPA 7KV AR~ 167 24 h(s 1 I
5B S3 AR, FI kA I E U (DSA100, Kriiss)ll
2 MPA 7K i (28050 72 B AL R AR b B2 A,
SE R R AR 2 uL.
45 FEKEFHEIKDRME

K B v E AR 264 R 2SS - /KRR TH 5K 1A
ZEpE— K ST Ky A B fd A DU & A (DSAT100,
Kriiss) AR 48 437 47 17-# 75 FE A o ARV FE B8, 15
LMK S MR 5K Al A ERT K 200, A
FER 7 Atk 2R 5k 1 B 72.3 mN/m. BRI
B|E/DIT =R, il ST,
4.6 FRIZEm/K RE LRI

WA AR E 24 h, R VRS B84 4 55
MIKAH, FEER 2 CRRE RIS, 78 100 CHEFEF
IR RK, Ba R N AaBkiE T 70 CEET
AP EEE, O POR I E Rl PSR AL
)2 HR R P A FE e T R B 6.
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