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Metal nanoparticles are useful as catalysts having specific reactivity owing to highly reactive site and strong

size dependency. Structural information of metal nanoparticles is essential for interpretation and prediction of their

reactivity. Wulff theorem predicts the equilibrium structures of crystals by using the surface energies of plane indices

such as (111), (110), and (100). In this study, we evaluated the surface energies of well-defined Rh surfaces by the

first principles calculations, followed by systematically constructing various sizes of Rh nanoparticles based on the

Waulff theorem. For small nanoparticles with radii of 2 nm or less, only the (111) and (100) planes were present. On

the other hand, high index surfaces appeared at large nanoparticles, of which the radii were more than 2.5 nm.
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Table 1. Surface energies of Rh and their ratios with respect to y111 of the most stable surface.

hkl i [J m?] Yhkt / Y111
100 2.436 1.151
110 2.495 1.179
111 2.116 1.000
210 2.614 1.235
211 2.441 1.153
221 2.361 1.116
310 2.595 1.226
311 2.502 1.182
320 2.568 1.214
321 2.512 1.187
322 2.341 1.106
331 2.416 1.142
332 2.299 1.087

Figure 1. Construction process of Wulff nanocluster.

Figure 2. Wulff nanoclusters of Rh, of which 4111 are (a) 0.4, (b) 1.5, (c) 4, (d) 10, and (e) 50 nm, respectively.
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Surface area distribution
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Figure 3. Cluster-size dependences of surface area distributions for Wulff nanoclusters of Rh.
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