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Analysis for Local Structure of Rh Nanoparticles Prepared
via Microwave-assisted Liquid Phase Reduction
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Abstract

Rh nanoparticle catalysts were prepared via liquid phase reduction assisted by microwave-heating. Different kinds of alcohols
as reductant including Rh precursor and stabilizer (Polyvinylpyrrolidone) were equally and quickly heated by
microwave-heating. Conventional liquid phase reduction using electric heater requires long-heating time (2-3 h) . However,
microwave-heating leads to formation of uniform Rh nanoparticles within 15 min. In EXAFS analyses, local structure of
prepared Rh nanoparticles was identical to that of pure Rh powder, indicating that Rh atoms were reduced to metallic state.
Coordination number (Rh-Rh) decreased from 12.5+1.1 to 9.4+0.7 when Rh particle size determined by TEM decreased from
6.7 nm to 3.3 nm. It was revealed that smaller Rh nanoparticles which have low coordination number (i.e., many dangling bond)

show higher catalytic activity in CO oxidation reaction.
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Fig. 1. (A) Employed microwave synthesizer
and (B) obtained Rh powder.
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Fig. 2. Time course of temperature

during catalyst preparation.
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Fig. 3. TEM images of Rh nanoparticles reduced by (A)
ethanol, (B) ethyleneglycol, (C) diethyleneglycol, and (D)
triethyleneglycol.
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Fig. 4. Rh-K edge EXAFS spectra of Rh nanoparticles with

different sizes and references.
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Fig. 5. Fourier transformed EXAFS spectra of Rh

nanoparticles with different sizes and references.

Table 1. Curve-fitting results of Rh-K edge.

Sample  Shell  CNe R(A)® o2 (A2)e R factor
33nmRh Rh-Rh  94+07 2689+0.003 0.0059*0.0004 0.002
57nmRh Rh-Rh 11.6+0.8 2690+0.002 0.0051+0.0003 0.002
67nmRh Rh-Rh 125+0.7 2692+0,002 0.0047+0.0002 0.001
95nmRh Rh-Rh 125%11 2690+0.003 0.0047%0.0004 0.002
Rhpowder Rh-Rh  12.0¢  2684%0.003 0.0041£0.0003 0.002
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Fig. 6. Particle size dependence of turnover frequency in CO

oxidation reaction and coordination number.

(a) Coordination number, (b) Radial distance, (c) Debye-Waller factor,
(d) Set number (range: Ak = 3-13.5 A", AR =1.8-2.9 A)
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