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Polyaniline—graphene Hollow Spheres based on Graphene Stabilized
Pickering Emulsions

Zheng, Yuan Luo, Jing* Wei, Wei Liu, Xiaoya
(The Key Laboratory of Food Colloids and Biotechnology, Ministry of Education, School of Chemical and Material
Engineering, Jiangnan University, Wuxi 214122 )

Abstract In recent years, hybrid nanomaterials of graphene and polyaniline have attracted extensive interest and have been
considered as promising electrode materials for supercapacitor combining the advantages of both materials with synergistic
effects. In contrast to the well-developed two-dimensional planar structure of graphene-PANI, the pursuit of hollow gra-
phene-PANI hybrid structure is relatively less investigated. The hollow micro/nanostructured graphene-PANI materials with
the nanoscale shell, inner cavity and pore structures, is highly expected to exhibit remarkable enhanced supercapacitor per-
formance owing to the enhanced specific surface area and shortened diffusion length for both charge and mass transport. In
this work, a novel kind of graphene-polyaniline hollow capsules (PANI-SGR HS) was prepared via Pickering emulsion
polymerization using sulfonated graphene (SGR) as Pickering stabilizer. Amphiphilic sulfonated graphene is prepared by a
covalent modification and used to stabilize oil phase containing aniline monomer. Aniline molecules were adsorbed to the
oil-water interface owing to the electrostatic interaction between amino groups of aniline and sulfonic groups of SGR, which
subsequently underwent interfacial polymerization at the oil/water interface upon the addition of initiator ammonium persul-
fate (APS). The effects of the sulfonation degree of graphene, the SGR concentration as well as the oil/water volume ratio on
the stability and morphology of SGR stabilized emulsions were investigated in detail. The SGR with appropriate sulfonation
degree can produce stable emulsions. The average diameter of the emulsion droplet decreased with the increasing concentra-
tion of SGR stabilizer. The emulsion stability can be improved with the increased water phase infraction. After polymeriza-
tion of aniline and removal of the oil phase, three-dimensional hollow graphene-polyaniline sphere (PANI-SGR HS) was
obtained. The morphology of PANI-SGR HS was observed by scanning electron microscopy (SEM). The special hollow
sphere structure not only enlarged the liquid contact area but also improved charge carrier mobility. The hollow sphere modi-
fied electrode exhibited excellent performance with a specific capacitance of 480.59 Feg™' at 1 Aeg™', which is much higher
than 251 Feg™' of the common two-dimensional stacked graphene-polyaniline film. This novel three-dimensional PANI-SGR
HS material may have potential applications in energy storage.

Keywords graphene composite; polyaniline; Pickering stabilizer; hollow sphere; electrochemistry
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Figure 1 Schematic illustration of the preparation of PANI-SGR hollow sphere via Pickering emulsion polymerization
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Figure 3 SEM images of RGO (a, b, ) and SGR (c, d, f) and corre-
sponding EDS images
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Figure 5 (a) Photograph and (b~d) optical microscopy images of
Pickering emulsions with different samples, taken after 24 h and (e) the
average droplet diameter as a function of sample (SGR concentration: 2
mgemL ", oil/water ratio: 1 : 1)
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Figure 6 (a) Photograph and (b~g) optical microscopy images of
Pickering emulsions stabilized by SGR-3 at different concentrations,
taken after 24 h [(b) 0.5, (c) 1, (d) 2, (e) 3, (f) 4 and (g) 6 mgemL '], and
(h) the average droplet diameter as a function of SGR-3 concentration
(Oil/water ratio: 1 - 1)
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Figure 8 Optical microscopy images of emulsions stabilized by SGR-3
(a) before and (b) after aniline polymerization (SGR-3 concentration: 3
mgemL ', oil/water ratio: 1 : 2)
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Figure 9 SEM images of (a) PANI-SGR hollow spheres and (b) a single
PANI-SGR hollow sphere in large magnification
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Figure 10 (a) Cyclic voltammetry curves of PANI-SGR composite and
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Table 1 Parameters of SGR prepared under different conditions

P GO/mg X 2 B K R /mg TP RS ER 5 G Eg/ UL
SGR-1 90 56.7 33.8
SGR-2 90 113.4 67.5
SGR-3 90 226.8 135
SGR-4 90 453.6 270

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

4.2 Pickering FLigHH &

PL—m R SGR /K7 HGR N /KHH, R (5 AR
IR A%MZRRE AR AR, BEIRE S, R
Y EHL(T10 basic Y, £ [H IKA £ 4)7E 20500 r/min %)
Jii 2 min, 133 O/W & Pickering FLii.

4.3 BERPE-AEKTLMEK(PANI-SGR HS)#H &

B 3 mL FEZR(F 120 pl ZKJE)E NiiAH, 3 mL i &
WM 3 mgemL ™" f) SGR /KA BUE T FEM I, fE8
T3 HHL 20500 r/min $% 38 T 355 2 min ] % Pickering
FLA. K FLIZ R I, 20T 10 mL 2585 17K,
BT 0 CUk/KBH, BHE30 min. H0.285 g il A R ¥4 ¥4
fidF 10 mL HCI RV (1 mol/L)H, BT 0 CUk/KiB
B BEEE 30 min, CREZVEOZTE N FLIR S SO R,
Insea, BREIEE T 0 CukigHh, HiFERMN 24 h
W REJE I X B R CRERR G, AR BI=)
AGTRE, SRR RR-ARGE 6T OMER.
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