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Abstract: Finding out the processes of the microcosmic reactions and particle states in the early growth of
BaTiO; (BTO) thin films is very important for the preparation and control of good structure in the growth of BTO
thin films. The precedence reaction processes of Ba, Ti, and O atoms, the formation of BaO and TiO, molecules,
and the microcosmic reaction mechanism underlying the formation of BTO have been investigated using a
generalized gradient approximation of density functional theory (DFT) at the PW91/DNP level. The reaction
intermediates, transition states (TS), and activation energy have been calculated. The mechanisms of formation of
BTO molecules have been explored using the highest occupied and lowest unoccupied molecular orbital theory.
The reasons of formation of perovskite-structured BTO thin films have been investigated comparing with the
formation of STO thin films. It was found that BaO, TiO,, and BTO molecules are the primary particle states in
the early growth of BTO thin films. As it acts as a combining center, the TiO, molecule is preferentially formed.
Subsequently, BaO molecules combine with this center and BTO molecule, which is stable and somewhat similar

to the BTO unit cell, is constructed. Due to the mechanisms, BTO thin films have been formed.
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Fig.1 Model I : the reaction models of Ba and O atoms
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Fig.2 Process of formation of molecular BaO
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Fig.3 Reaction energies of formation of molecular BaO
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Table 1 Difference between molecular BaO and SrO on the bond lengths and energies

Bond length / nm Energy / (kJ-mol™) Ey, / (k] -mol™) Eqsi / (k] -mol™) E=Ex—Ew / (k]'mol’l)
BaO 0.203 4 -264 463.67 —528 746.82 -528 691.81 55.01
SrO 0.198 2 —277 988.47 -556 009.75 -555 928.62 81.13

22 Ti,0 RERiItE
WRVFRATT P G I 5202 R R 2% & T Ti R4

M5 O JEF A0, 20 FI AL TiO, AfE DL, T34
KL TIO, 73 T HITE HLEEAE BTO #1 STO Wik K
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Fig.4 Conformations of molecular BTO
®2 FHE TS3.GHEUE BaTiO, & TR
Table 2 Difference among F, TS3, G, and molecular BaTiO,

Bond length / nm Bond angle / (°) Distance from Ba to O / nm Energy /

O1-Ti 02-Ti 03-Ti 01-Ti-02  02-Ti-03  03-Ti-O1 Ba-01 Ba-02 Ba-03 (kJ-mol™)
F conformation 0.1831 0.1841 0.1679 95.7 11222 111.3 02367 02362 04171 -813585.88
TS3 0.1814 0.1816 0.1703 96.3 101.8 101.9 02406 02396 03193 -813575.33
G conformation 0.1779 01779 0.177 9 96.8 96.8 96.8 02522 02522 02522 -813587.18
BaTiO; molecule  0.2015 0.2015 02015 90.0 90.0 90.0 02849 02849 02849 -814300.25

2.3.2 BTO 4T WJE AL EE
BaO .TiO, 7+ F Al L 3R A W F 5 G H ALY
BTO %+ ¥, B BaO "# ) O JiiF# 4 Ti0, 73 F H 1

Ti BT, i AT B N 2] IS, &
Y1 F WFREfLRE SR 446.01 k] -mol™', 7E F ML
T O JLF I B W 5145 M, Ba i+ 2w 34
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Fig.5 Process of formation of molecular BTO
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Fig.6  Reaction energies of formation of molecular BTO
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Fig.7  HOMO and LUMO energies of BaO and TiO,

molecules
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