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Table 1 Bond lengths of titanium oxides after cell optimization
TiO Ti,03 Ti; Os Anatase Rutile
Cal Expl Cal Expl Call Expl Cal Expl Call Expl
T20l 208 8 209 0 20215 2011 0 184 5 1831 0 1921 1 1911 0 1941 5 194 4
T202 208 8 208 0 2061 4 208 0 21719 218 0 1951 9 1951 0 198 5 198 8
2
Table2 Assignment for the Raman bands of titanium oxides
Ti, Oy Method cm !
TiO Expl 194 216 332 462 -
! Cal 196 202 272 518 -
. Expl 199 233 279 325 426
Ti20s Cal 196 231 265 349 425
. Expl 155 261 416 606 -
Ti:0s Cal 151 235 412 600 -
Anatase Expl 143 196 396 515 648
Cal 137 192 392 495 656
. Expl 238 - 448 608
Rutile Cal 245 - 458 585
T 102 s s
, ) 2
R R Dilor LabRan2HR
R : H&Ne R 6321 8 nm,
413 mW,
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Fig 2 Raman spectra of TiO, Ti,Os, Ti;Os

and TiO, at room temperature



5 939

[ 1] XuWZX, ZhuS, FuXC, et a. App. Sur. Sci., 1999, 148: 253.

[ 2] PAN Xia?yan, MA Xu@ming, YOU Jinglin( s s ). Journal of Functional M aterials( ), 2003, 34(2):
192.
[ 3] LIU Cheng@lin, ZHONG Jw2hua, LI Yua2 guang, et al( s s , ). Spectroscopy and Spectral Analysis(

), 2005, 25(12): 1947.
[ 4] MammoneJ F, Nicol M, Sharma SK. J. Phys. Chem. Solids, 1981, 42: 379.
[ 51 ArashiH. J. Phys. Chem. Solids, 1992, 53: 355.
[ 6] Chen Q, Cao H H. Chi. Phy. Sci., 2004, 13: 2121.
[ 71 Melendres C A, Narayansamy A, Maronic V A. J. Mater. Res., 1989, 4 (5): 1246.
[ 8] GasparovL V. J. Mol. Struct., 1995, 349: 133.
[ 91 Shiyanovskay I, Ratajezak H, Baran J, et al. J. Mol. Struct., 1995, 348: 99.
[10] Delley B. J. Chem. Phys., 2000, 113: 7756.
[11] VoskoSJ, Wilk LM. J. Phys., 1980, 58: 1200.
[12] Watanabe D, Castel J R, Jostsons A, et al. Acta. Cryst., 1967, 23: 307.
[13] Newnham R E, de Haan Y M. Z. Kirst., 1962, 117: 235.
[14] Asbrink S, Magneli A. Acta. Cryst., 1959, 12(5): 75.
[15] Cromer DT, Herrington K. Journal of Am. Chem. Soc., 1955, 77: 4708.
[16] Baur W H. Acta Cryst., 1956, 9: 515.

Structure and Raman Spectra of Titanium Oxides

XIAO Ping, ZHENG Sha@bo’ , YOU Jin2lin, JIANG Gu@chang, CHEN Hui, ZENG Hao
Shanghai University, Shanghai Key Laboratory of Modern Metallurgy and Material Processing, Shanghai 200072, China

Abstract U nder the firs@principle density functional theory, structures of several titanium oxides ( TiO, T, O3, Ti;Os, anatase
and rutile) were optimized, and the obtained the structure parameter that coincides with the X2 ray crystal diffraction result. The
optimized structure parameters coincide well with those obtained by Xray diffraction method. Molecular vibrational modes were
also studied and assigned. Double Numeric including 2 polarization function basis set was used with local density approximation,
and the local exchang@ correlation energy was described with Vosk@ Wilk2 Nusair and spin no2restricted function. The calculated
vibrational wavenumbers were used to interpret observed experimental Raman spectra of those titanium oxides. By comparing the
Raman spectra of those titanium oxides with the calculated results, the characteristic peaks of various titanium oxides could be

assigned. So the types of titanium oxides could be diagnosed and recognized. T his will help to investigate the correlation between
the structure and property of materials.
Keywords  Titanium oxides; Raman spectra; Density functional theory
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