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Chemicals 
Osmium(III) chloride hydrate (53.4% Os) was purchased from Aldrich. Sodium acetate 

(>98.5%), ethylene glycol (>99.0%), sodium tetrahydroborate and 

poly(N-vinyl-2-pyrrolidone) (K30) were purchased from FUJIFILM Wako Pure 

Chemicals. Acetylacetone (>99.0%) was purchased from Nacalai Tesque. 

 

Synthesis 
For the synthesis of the hcp Os NPs, we used Os chloride hydrate and sodium 

tetrahydroborate as the precursor and the reducing agent. Os chloride hydrate (35.6 mg) 

was dissolved in 3.0 mL water. Then, sodium tetrahydroborate (189.2 mg) was mixed 

into the solution. The solution strongly foamed, and after the reaction completed, the 

black powder was separated by centrifugation from the solution and washed with water. 
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Figure S1. PXRD pattern of the precursor powder and Rietveld refinement. The 

measurement was performed using Bruker D8 ADVANCE (Cu Kα). The Rietveld 

refinement was performed using the TOPAS 5 (Bruker AXS) software: observed 

pattern (black circle), calculated pattern (red), background (grey), residual (black line), 

Os(acac)3 (blue), trans-OsCl2(acac)2 (green) and cis-OsCl2(acac)2 (orange). The fitting 

parameters Rwp and S are 4.81% and 2.18, respectively. The proportion of the three 

compounds is 30.0(3)wt% (Os(acac)3), 25.0(2)wt% (trans-OsCl2(acac)2) and 

45.1(2)wt% (cis-OsCl2(acac)2). 

 

 

 

 

 

Table S1. Lattice parameters obtained by the Rietveld refinement of Os(acac)3 (P21/c), 

trans-OsCl2(acac)2 (P-1) and cis-OsCl2(acac)2 (C2/c). 
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Figure S2. TEM images of the synthesized hcp Os NPs, obtained with Hitachi 

High-Tech HT7700. The particles were aggregated because of being synthesized 

without PVP. 
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Table S2. Atomic sites of Os atoms in the fcc-structured icosahedron model. The 
atomic sites are obtained referring the report about fcc-structured icosahedron1. τ = (1 + 
5)/2. 
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Figure S3. Atomic-resolution HAADF-STEM images of the obtained powder 

synthesized using the Os acetylacetonate complexes. The magnified image on the left 

shows fcc-structured icosahedral particles. The magnified image on the right shows an 

hcp-structured particle. The structural model of hcp Os corresponds to a view along the 

[001] zone axis. 
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Figure S4. Rietveld refinement of the PXRD pattern of the obtained Os NPs. The 

patterns are the observed pattern (black circles), fitting pattern (red line), hcp phase 

(blue), fcc phase (orange) in the fitting pattern, background (gray) and residual (black 

line). The fitting parameters Rwp and S are 3.60% and 4.55, respectively. The proportion 

is 31(3)wt% (fcc Os) and 69(3)wt% (hcp Os). 

 

 

 

 

Table S3. Lattice parameters obtained by the Rietveld refinement of the Os NPs 
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Figure S5. Core-level HAXPES spectra of the obtained powder synthesized using the 

Os acetylacetonate complexes (red) and the hcp Os NPs synthesized as reference (blue). 

The black and green bars indicate the Os 4f5/2 and 4f7/2 peak positions of Os metal and 

OsO2, respectively.2 
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