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Materials science

The hardest
known oxide

L. S. Dubrovinsky*, N. A. Dubrovinskaia*,
V. Swamy, J. Muscatf, N. M. Harrisont,
R. Ahuja$, B. Holms, B. Johansson$||

boron nitride has yet to be

identified" ™, but here we report the
discovery of a cotunnite-structured titani-
um oxide which represents the hardest
oxide known. This is a new polymorph of
titanium dioxide, where titanium is nine-
coordinated to oxygen in the cotunnite
(PbCl,) structure.

Nature 410 (2001) 653 Q material as hard as diamond or cubic

Table 1 Hardness of polycrystalline materials
Material Bulk modulus (GPa) Hardness* (GPa) Ref.

B,C 200 30 (30) 3
SiC 248 29 (29) 3
AlLO4 252 20 (19) T
SiO,, stishovite 291 32 (33) 7
WC 421 30 (30) 8
Cubic BN 369 (32) 3
Cotunnite-type TiO,1 431 38—~

Sintered diamond 444 (50) / 3

*Literature data are given in parentheses. TRewncertainty in ?Asured
hardness is less than 3 GPa.
TMeasurements were made at 157 =2 K. Calculate yourself,

using crystal info on next slide




By now, you know
what this means |
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Figure 1 Example of profe-fitet X-ray ifracton data obtained from a cotunnite-structured T0, sampl (space group Prrma, Z=4,
a=5.163(2) A, b=2.989(1) A, c=5966(2) A, Ti (0.264(1); 0.25; 0.110(1), 01 (0.346(1); 0.25; 0422(1), 02 (0.0122); 0.75;
0.325(1); numbers in parertheses, ). The sample was synthesized in an electicall heated diamond ani cel at 612 GPa and
110025 K and then temperature-quenched to 290 K. The GSAS program' was used in Rietveld refivement” (wF, = 1.9%,
Ry =1.6%, x7=0.49). Left inset shows the stabilty of various known and hypotheical Ti0, polymorphs reative to rue s a functon of
pressure, obtaine by latice dynamics at =300 K; right inset shaws the pressure dependence of the voume for the anatase, badde-

phases of T0,. Birch ofstate lnes, Kao=17821GPa,
and Vo =20.59:% 1 o mol™ for anatase; Koo =304 6 GPa, K'=3.9:+2 and V= 16.90 + 3 cmemal ™' for badde:
leyite type; and Koy =431 10 GPa, K'=1.35 10 and V= 15823 cm’ mol for the cotunrits type (0 phase.
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