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Figure S1. Mass spectra for bimetallic nanocluster (NC) anions of PdnMm (M = Cu and W) produced 

by HiPIMS NC source. Sputtering conditions: flow rates of He and Ar are 400 and 90 sccm, respectively. 

 

 

 

Figure S2. Optimized geometries for neutral Pd13 NCs with D5d (most stable isomer) and Ih symmetries 

at PBE0/def-SV(P) level of DFT calculations, in which the former is by 0.41 eV more stable than the 

latter. Representative bond lengths are shown. 
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Figure S3. Electrostatic potential mapping at isoelectronic density surface of 0.010 au3 for neutral Pd13 

NCs. Deep blue color corresponds to a positive electrostatic potential. 

 

 

 

 

 

Figure S4. Electrostatic potential plot for neutral Pd13 NCs. Distance is defined from the center of the 

vertex atoms (Pd6 for D5d and Pd2 for Ih isomers). 
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Table S1. Coordinates for neutral Pd13 NC optimized at PBE0/def-SV(P) level. Icosahedral isomer was 

optimized with symmetry constraint. 

Pd13 D5d isomer 

 x y z 

Pd1 0.000000 2.460315 1.177403 

Pd2 1.446137 1.990437 -1.177403 

Pd3 -1.446137 1.990437 -1.177403 

Pd4 -2.339899 0.760279 1.177403 

Pd5 -2.339899 -0.760279 -1.177403 

Pd6 0.000000 0.000000 -2.467869 

Pd7 0.000000 -2.460315 -1.177403 

Pd8 2.339899 -0.760279 -1.177403 

Pd9 2.339899 0.760279 1.177403 

Pd10 1.446137 -1.990437 1.177403 

Pd11 0.000000 0.000000 2.467869 

Pd12 -1.446137 -1.990437 1.177403 

Pd13 0.000000 0.000000 0.000000 

Pd13 Ih isomer 

 x y z 

Pd1 0.000000 0.000000 2.727123 

Pd2 -1.433734 -1.973365 1.219607 

Pd3 1.433734 -1.973365 1.219607 

Pd4 2.319830 0.753758 1.219607 

Pd5 2.319830 -0.753758 -1.219607 

Pd6 0.000000 -2.439213 -1.219607 

Pd7 0.000000 0.000000 -2.727123 

Pd8 -2.319830 -0.753758 -1.219607 

Pd9 -2.319830 0.753758 1.219607 

Pd10 -1.433734 1.973365 -1.219607 

Pd11 0.000000 2.439213 1.219607 

Pd12 1.433734 1.973365 -1.219607 

Pd13 0.000000 0.000000 0.000000 
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Table S2. Charge distributions for neutral Pd13 NCs obtained by natural population analyses at 

PBE0/def-SV(P) level. Label for each Pd atom were shown in fig. S2. 

 

D5d isomer Ih isomer 

 Natural charge Mulliken charge Natural charge Mulliken charge 

Pd1 +0.10 +0.66 +0.12 +0.47 

Pd2 +0.13 +0.59 +0.14 +0.49 

Pd3 +0.13 +0.59 +0.14 +0.49 

Pd4 +0.15 +0.49 +0.09 +0.47 

Pd5 +0.15 +0.49 +0.09 +0.47 

Pd6 +0.16 +0.68 +0.12 +0.47 

Pd7 +0.10 +0.66 +0.12 +0.47 

Pd8 +0.15 +0.49 +0.09 +0.47 

Pd9 +0.15 +0.49 +0.09 +0.47 

Pd10 +0.13 +0.59 +0.14 +0.49 

Pd11 +0.16 +0.68 +0.12 +0.47 

Pd12 +0.13 +0.59 +0.14 +0.49 

Pd13 -1.62 -7.01 -1.41 -5.71 

 


