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Fig. 1 Schematic illustration of preparation of liquid marble
using polyphosphazene microspheres as an air-water interface

stabilizer
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Fig. 2 Preparation route of PZHF microspheres
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Fig. 3 FTIR spectra of HCCP, BPHF and PZHF

microspheres
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Fig. 4 XPS spectrum of PZHF microspheres
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Table 1 Surface elemental percentages of PZHF microspheres

C N 0 P Cl
Calculated® 80. 65 4.84 6.45 4.84 3.23
Calculated” 75.76 6. 06 6. 06 6. 06 6. 06

Result of XPS 75.63 5.86 9.54 4.53 4.44

* The theoretical elemental concentrations of PZHF microspheres are
calculated from Csy Hy, O4N;P;Cly ;" The theoretical elemental
concentrations of PZHF microspheres are calculated from Cy; 5 Hyy-

0;N;P;Cl5.

K 5(a) ~5(c) f&Hl % 1 PZHF ERIY SEM
M. BT LA Y, #7519 PZHF Sk BAT 8
HFHIERTETES, SEXTRAR 2R 1.3 . [R]AS, DA
8 SEM B8 R (&1 5(c) ) Hik i] LA th ek 2% 1 43
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Fig. 5 (a~c) SEM images of PZHF microspheres with different magnifications, and (d) water contact angle of the PZHF microspheres-

coated glass slide
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Fig. 6  Digital photograph of the liquid marble prepared by
encapsulating water drop with PZHF microspheres

The droplet volume is 25 wL.

L5H. FFE 40 min J5 , WATERIT 8R4 A2 3 0, A
FHRIFEIE A | X T2 B2t T AR AR B 2

C

Fig. 7 Horizontal profiles of the liquid marble stabilized by PZHF microspheres at different incubation time (a) 0, (b)
10,(c) 20,(d) 40,(e) 60 and (f) 80 min obtained by a digital camera (OCA 15 EC,Dataphysics Instruments Ltd. )

The droplet volume is 10 pL.
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Fig. 8 Optical microscope image of a liquid marble stabilized

by PZHF microspheres
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Fig. 9

Digital photographs of a liquid marble placed in

ammonia atmosphere for (a) 0 s and (b) 5 s
The liquid marble was prepared by encapsulating a droplet of

phenolphthalein aqueous dispersion with PZHF microspheres.
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Poly| cyclotriphosphazene-co-(4 ,4’-(9-fluorenylidene ) diphenol ) ]
Microspheres and Their Properties for Stabilization of Liquid Marbles

Rong-jie Lu, Wei Wei" , Ze-rui Chen, Wei-tao Ye, Jing Luo, Ye Zhu, Xiao-ya Liu"
(The Key Laboratory of Food Colloids and Biotechnology, Ministry of Education, School of Chemical and Material Engineering,
Jiangnan University, Wuxi 214122)

Abstract Hydrophobic and cross-linked poly[ cyclotriphosphazene-co-(4,4’-9-( fluorenylidene ) diphenol ) ]
( PZHF ) microspheres were facilely prepared by a one-step precipitation copolymerization of
hexachlorocyclotriphosphazene and 4 ,4"-9-( fluorenylidene ) diphenol with triethylamine as deacid reagent and
acetonitrile as solvent. The chemical structure and morphology of the microspheres were characterized by
Fourier transform infrared ( FTIR) spectroscopy , X-ray photoelectron spectroscopy ( XPS) and scanning electron
microscopy ( SEM) ,respectively. Then the microspheres were employed to stabilize air-water interface to form
liquid marbles. The static stability of the resultant liquid marble and the interfacial packing of the PZHF
microspheres was investigated by digital camera and optical microscope, respectively. In addition, the vapor or
gas permeability of the liquid marble was also studied. The results showed that the PZHF microspheres owned
highly cross-linked and organic-inorganic hybrid structure, and the average particle size was 1.3 um. The
microspheres possessed a rather rough surface and thus hydrophobicity. The microspheres could encapsulate
liquid to form stable liquid marbles. The loose packing of the microspheres at the air-water interface endowed
the liquid marble with unique vapor or gas permeability. The outside gas could diffuse into the liquid marble
easily without destroying its architecture.

Keywords Polyphosphazene microspheres, Cross-linked, Stabilizer, Liquid marble, Air-Liquid interface
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