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Fig. 1 The pressure-volume relations of transition-metal

osmium and diamond
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Table 1 Lattice constants a,axial ratio ¢/a,bulk modulus B, ,and its pressure derivative B, for

transition-metal osmium and diamond under zero-pressure

Os Diamond

Parameter

GGA LDA Ave. Others GGA LDA Ave. Others

a/(nm)  0.2746 0.2732 0.2739 0.2734,0.273527,0.2733%  0.3568 0.3532 0.3550 0.3567%,0.3537%

c/a 1.576  1.574  1.575  1.580°7,1.5797%1,1, 579"
B,/(GPa) 410.0  437.8 423.9 462117, 395020 41113 436.8  468.8  452.8 4462°1 438025
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Table 2 Elastic constants C,, ,shear modulus G, Young’s modulus E and Poisson’s ratio v for

transition-metal osmium and diamond under zero-pressure

Os Diamond
Parameter
GGA LDA Ave. GGA LDA Ave. Others

C,, /(GPa) 734.9 807.6 771.3 1059.3 1106. 4 1082.9 10204
C.,/(GPa) 208.5 240. 1 224.3 128.9 150.5 139.7 133024
Cy;/(GPa) 210. 8 243. 1 227.0
Cs5/(GPa) 810. 8 893. 1 852.0
C. /(GPa) 260. 0 279.5 269. 8 569. 1 603. 9 586. 9 5530211
G/(GPa) 266.5 287.1 276. 8 525.0 549.9 537.5 50924
E/(GPa) 652. 1 707. 4 679.8 1126.1 1186. 2 1156.2

v 0.223 0.232 0.228 0.072 0. 079 0.076
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Fig. 3 Calculated elastic constants(C; ) as a function of relative volume Fig. 4 Calculated charge density
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Mechanical Properties of Transition-Metal Osmium under High Pressure
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Abstract: The equation of states, elastic constants and other mechanical properties of transition-metal

osmium under high-pressure are studied by the first-principles plane-wave pseudopotential calculations

based on the density functional theory (DFT). The calculated results indicate that osmium has high
bulk modulus B,(423. 9 GPa) and large elastic constants C,, (771. 3 GPa)and C;; (852. 0 GPa) compara-
ble to diamond (B, =452. 8 GPa,C,, =C;; =1 082. 9 GPa),so it is an ultralow-compressible material.
However,its elastic constant C,, (269.8 GPa) and shear modulus G (276.8 GPa), which indirectly
measure hardness,are half of those of diamond (C,, =586. 9 GPa,G=537.5 GPa). Because of its pure

metallic bonds,it may not be superhard material. The microscopic mechanism of high bulk modulus

and low hardness can be understood from the analysis for electronic structures,and it helps to design

and synthesize new superhard material.
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