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Multifunctional Fe;0,@SiO, Janus Particles
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Abstract Fe;04@Si0, particles were synthesized by a solvothermal method and a classical stOber method. Superparamag-
netic Fe;O,4 was the core, and a sol-gel coating of SiO, was the shell. After the SiO, surface was modified with amino groups,
benzaldehyde was conjugated to the particles by a Schiff base reaction. The Fe;0,@SiO, particles were emulsified in paraf-
fin/water as a solid emulsifier to obtain an oil-in-water Pickering emulsion. After cooling the paraffin, the particles were fixed
on the surface of the emulsion droplets. The particles were etched in ammonium fluoride aqueous solution, and Janus parti-
cles with different structures could be obtained by adjusting the etching time. Via the in situ growth of metal Pt or Ag nano-
particles, superparamagnetic Fe;O0,@SiO,-Pt or Fe;0,@SiO,-Ag Janus particles were obtained. The movement of
Fe;0,@Si0,-Pt Janus particles was observed due to the catalytic decomposition of hydrogen peroxide aqueous solution. It
was found that in the short term, there was a linear motion, while in the long term, the motion direction and trajectory were
random. Fe;O04,@Si0,-Ag Janus particles were used as magnetic solid surfactants to stabilize the emulsions and catalyze the
nitro reduction. About 60% of the surficial area of the Janus particles was modified by phenyl groups, while the remaining
40% was covered with Ag nanoparticles. Under the premise of maintaining the Janus balance, the whole particle became
more hydrophobic, which was conducive to the formation of the water-in-oil emulsion. In addition, the Ag side of the Janus
particles was towards the aqueous phase, and the opposite hydrophobic side was towards the oil phase. The Janus particles
possessed a fixed orientation assembly at the oil-water interface. The assemble membrane possessed Janus characteristics,
and it facilitated the stable dispersion of the emulsion and the catalysis. The method has the advantages of a simple principle,
capability for mass production, universality and versatility. It is expected that Janus particles will be used to more precisely
regulate the zoning with different functional substances.
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Figure 1 Preparation of paramagnetic Fe;0,@SiO,-Pt or Ag Janus
particles
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Figure 2 (a) SEM and inset TEM images of the paramagnetic Fe;O4
particles. (b) SEM and inset TEM images of the Fe;04@SiO, particles.
(c) X-ray powder diffraction spectra of the Fe;O, particles (curve a) and
Fe;04@Si0; particles (curve b). (d) The magnetic hysteresis loops of the
Fe;0, particles (curve a) and Fe;0,@SiO; particles (curve b)
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Figure 3 FTIR spectra of magnetic particles. (a) Fe;O4 particles; (b)
Fe;0,@Si0, particles; (¢) Fe;04@SiO@NH; particles; (d) benzaldehyde
modified Fe;0,@SiO, particles
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Figure 4 (a) Photograph of Pickering emulsion emulsified with benzal-
dehyde modified Fe;04@SiO, particles. (b) Polarized microscopic image
of Pickering emulsion emulsified with benzaldehyde modified
Fe;0,@Si0, particles. (¢) SEM image of Pickering emulsion paraffin
droplets emulsified with benzaldehyde modified Fe;0,@SiO, particles.
(d) SEM image of benzaldehyde modified Janus particles on the surface
of paraffin droplets
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Figure 5 (a) Photograph of the dispersion of Fe;04@SiO; particles in
water (1) before and (2) after benzaldehyde modification. SEM and inset
TEM images of Fe;04@SiO, Janus particles at different etching times: (b)
1 h, (c) 2 h, (d) 3 h, (e) 4 h. (f~h) EDX elemental analysis of different
areas of the etched Fe;04@SiO, Janus particle surface
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Figure 6 FT-IR spectra of the particles: (a) etched Fe;04@SiO, Janus
particles; (b) PEO segment modified Fe;O,@SiO, Janus particles
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Figure 7 (a) SEM and inset TEM images of Fe;0,@SiO, Janus parti-
cles modified by PEO segment. (b) SEM image of Fe;04@SiO,-Pt Janus
particles. (¢, d) EDX elemental analysis of different areas of
Fe;04@Si0,-Pt Janus particles
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Figure 8 Motion video shots and motion traces of the Fe;0,@SiO,-Pt
Janus particles (with intervals of 200 ms in each image). (a, b) water; (c,
d) mass fraction 1.0% H,O, aqueous solution; (e, f) mass fraction 5.0%
H,0, aqueous solution
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Figure 9 (a) SEM and inset TEM images of phenyl modified
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Fe;0,@SiO,-Ag Janus particles. (c) The photograph of the wa-
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(d) The CLSM image of emulsion stabilized with Fe;04@SiO,-Ag Janus
particles
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Figure 10 The emulsion interfacial catalysis of Fe;04@SiO,-Ag Janus
particles
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Figure 11 (a) UV-vis spectra of 4-nitroanisole concentration in the
water-in-oil emulsion after conversion by Fe;04@SiO,-Ag Janus particles
with different time: 10 min (curve black), 20 min (curve red), 30 min
(curve light blue), 40 min (curve pink), 9.8 X 10> mol/L 4-nitroanisole
(curve green), the system without NaBH, (curve navy blue). (b) UV-Vis
spectrum of 4-aminoanisole. (c, d) The standard curve of 4-nitroanisole
and 4-aminoanisole. () Conversion kinetics of 4-nitroanisole in emulsion
system. (f) Catalyst recycling of Fe;04@SiO,-Ag Janus particles in the
emulsion system
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