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Table 1 The experimental structures were successfully repro-
duced by CALYPSO method

h % T H 71 (GPa) 454
0.0 BCC/9R
Li 10.0 FCC
40.0 hR1
50.0 cll6
120.0 oC24
20.0 e-0
O
100.0 ¢-0
0.0 a-quartz
SiO, 20.0 Stishovite
70.0 CaCl,-type
Y,C; 0.0 1-43d
ALO, 0.0 R-3c
96.0 Pbcn
CaCOs 0.0 Calcite
Li(Na)FeAs 0.0 P4/nmm
AlOOH 150.0 Pnnm
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Table 2 The experimental unknown structures were successfully
determined CALYPSO method
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P63/mmc-4u WB;

TiH, 80.0 P4/nmm
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Table 3 The structures predicted by CALYPSO method were
confirmed by experiments

% T K 1 (GPa) L
Li 70.0 Aba2-40
FeTi;0, 61.0 Imm?2

. 12.0 C2/m
Bi;Te, 14.0 C2e

. 13.0 C2/c
BixSes 24.0 C2/m

Pnma
SnTe 5.0~18.3 Cmcm
GeS-type

. 10.0 Pnma

BiTel 50.0 Pd/nmm
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CALYPSO structure prediction method

WANG YanChao, LU Jian & MA YanMing

State Key Laboratory of Superhard Materials, Jilin University, Changchun 130012, China

Microscopic structures of materials are fundamental basis for the understanding of physical and chemical properties, and they are also the
key for design of functional materials. The theoretical prediction of structures with the only known information of chemical
composition independent of previous experimental knowledge remains a great difficulty and a big challenge as it basically involves in
classifying a huge number of energy minima on the lattice energy surface. We here have proposed a CALYPSO methodology for
structure prediction based on several major techniques (e.g. particle-swarm optimization algorithm, symmetry constraints on structural
generation, bond characterization matrix on elimination of similar structures, etc.) for global structural minimization and its same-
name computer software. Our method allows the users to perform unbiased search of the energetically stable/metastable structures at
given chemical compositions and design novel functional materials with desirable functionalities. Currently, our method has been
applied to predict the structure of a broad range of materials including those of three-dimensional bulks, two-dimensional
reconstructed surfaces and layers, and isolated clusters/nanoparticles or molecules. The high success rate demonstrates the reliability of
this methodology and illustrates the promise of CALYPSO as a major technique on structure determination.

CALYPSO, structure prediction, swarm intelligence algorithm
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