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1 C54 18 TiSi: P ERFREABEIESREF2H
Fig.1 First and second nearest neighbor atoms in C54 TiSi, surrounding Ti (a), and Si (b)( :Ti; :Si)
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Table 1 Structural data for the TiSi», c-Ti and c-Si
Structure Space group Site Special position Prototype
c-Ti A3 P63/ mmc Ti (0,0,0) Mg
c-Si A4 Fd3m Si (0.125,0.125,0.125) Diamomd
TiSiz C54 Fddd Ti (0,0,0); (0.25,0.25,0. 25) TiSiz
Si +(0.333,0,0)
C49 Cmem Ti + (0, 0. 102, 0. 25) ZrSi,
Sil +(0,0. 752, 0. 25)

Sill + (0, 0. 4406, 0. 25)
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B2 C49 # TiSi. F$K.Si [#1 Si R F R EEBIEF 5%
Fig.2 First and second nearest neighbors in the C49 TiSi. surrounding Ti (a), SiI(b), and Sill(c) ( :Ti; :Si)
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Table 2 First-neighbor and second-neighbor coordination around Ti and Si sites in TiSi»

C49 C54
Central atom Number of atom Type d/nm Number of atom Type d/nm
Ti 4 Sill 0.2633 4 Si 0. 2555
2 Sil 0. 2695 4 Si 0. 2750
2 Sil 0.2703 2 Si 0. 2815
2 Sill 0. 2865 4 Ti 0. 3208
2 Ti 0. 3600
2 Ti 0. 3620
2 Ti 0. 3850
Si I 4 Sil 0. 2553 2 Ti 0. 2555
2 Ti 0. 2695 2 Ti 0. 2750
2 Ti 0.2703 1 Ti 0. 2790
2 Sill 0. 3206 2 Si 0. 2527
2 Sill 0. 3210 1 Si 0. 2688
2 Sil 0. 3600 2 Si 0. 2814
2 Sil 0. 3620 2 Si 0. 3201
2 Si 0.3218
Sill 2 Sill 0. 2393
4 Ti 0. 2633
2 Ti 0. 2865
4 Sil 0. 3210
2 Sill 0. 3600
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Table 3 The equilibrium structural parameters from this work and from experiments

Phases References a/nm b/nm c¢/nm Vo/nm?

Ti (this work) 0.2932 0. 2932 0. 4674 0. 04018

Ref. 22 0. 2951 0. 2951 0. 4679 0. 04075

Si (this work) 0.5370 0. 5370 0. 5370 0. 15485

Ref. 22 0. 5431 0. 5431 0. 5431 0.16019

C54-TiSi2 (this work) 0. 8140 0.4774 0. 8483 0. 32965

Ref. 24 0. 8267 0. 4800 0. 8551 0. 33932

Ref. 25 0. 8269 0.4798 0.8553 0. 33934

C49-TiSi. (this work) 0.3514 1. 3383 0. 3534 0. 16620

Ref. 26 0. 3620 1. 3760 0. 3605 0. 17957

Ref. 14 0. 3560 1.3610 0. 3560 0. 17249

Ref. 17 0. 3620 1. 3760 0. 3605 0. 17001

F4  TiSi: WEEMEES  REEMEFH Mulliken B 7 &
Table 4  Bulk modulus and calculated total energy and Mulliken electronic charges(in e) in TiSi:
Mulliken population
B/GPa References Total energy (eV) T Sil Sill
C54-TiSi: 125. 99 (this work) —1824. 3364 +0.09 —0.045
146. 80 Ref. 16
126. 90 Ref. 15
C49-TiSi» 94. 6 (this work) —1824. 3355 +0.19 —-0.04 -0.15
102.9 Ref. 17
Ti —1605. 5082
Si —108. 5818
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IR A, A SCES TR AR TE 0 K, AT
FRISAE AN LI (IR A — LR 22
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Density of states(a.u.)
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B3 TiSi WEFEZEE
Fig.3  Calculated density of states of TiSi:
(a)C54 phase, (b) C49 phase
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Comparison between C54 and C49 Phase of TiSi> by ab initio Calculaltions*

Wang Tao Dai Yong-Bing' Ouyang Si-Ke Shen He-Sheng Wang Qing-Kang Wu Jian-Sheng'
( Research Institute of Micro/ Nano Science and Technology, Shanghai Jiao Tong University;
'School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai — 200030)

Abstract  The ab initio plane-wave ultrasoft pseudopotential method based on generalized gradient approxi-
mation (GGA) has been utilized to compare C49 and C54 TiSi» in terms of the structural, elastic and electronic
properties. It has been and found out that C49 TiSi, has less symmetry and smaller bulk modulus, lower melting
point, stronger antibonding states above Femi level, weaker ionicity than C54 TiSi», even though their formation

energies are almost equal to each other.

Keywords: TiSi;, Bulk modulus,  Ab initio, Ultrasoft pseudopotential
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