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A DFT Investigation of Vibrational Nature and Ferroelectric Phase
Transition of BaTiO3; and PbTiO3
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Abstract The vibrational modes of BaTiO; and PbTiO;z in different crystalline phases have been investi-
gated by means of density functional theory pseudopotential method. No evidences of |ow-temperature
phase transition were found for PbTiO3, while the tetragonal-orthogonal and orthorhombic-rhombohedral
phase transitions were present for BaTiOs. The variety of vibration frequency with tetragona strain shows
that the soft mode frequency increases with the tetragonal strain increasing followed by the transition of un-
stable soft mode to stable vibrational mode at a certain critical point. The tetragonal phase of PbTiOs is very
stable owing to its large tetragonal strain, and relatively small tetragona stain of BaTiOs is an important
reason for its low-temperature phase transition.
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Figurel Proto-phase of PbTiO; and BaTiO3
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Tablel Lattice constants and atomic coordinates of PbTiO;and BaTiOs
a/nm c/nm al(®) Ti #1 O, O, 1 Oy Ref.
L (0.500, 0.500, 0.500) (0.500, 0.000, 0.500) [14]
MJiAH 03984 0.3984  90.000
(0.500, 0.500, 0.000) (0.000, 0.500, 0.500)
) (0.500, 0.500, 0.538) (0.500, 0.000, 0.617) [14]
PUJr#H  0.3902  0.4156  90.000
N (0.500, 0.500, 0.118) (0.000, 0.617, 0.500)
IR
N (0.500, 0.520, 0.520) (0.500, 0.068, 0.571) —
IEASAH 03935 04071  89.049
(0.500, 0.568, 0.072) (0.000, 0.574, 0.576)
B (0.519, 0.519, 0.519) (0.561, 0.059, 0.561) —
=M 04015 04015 89.341
(0.561, 0.561, 0.588) (0.059, 0.561, 0.561)
L (0.500, 0.500, 0.500) (0.500, 0.000, 0.500) [15]
MJiAH 04010  0.4010  90.000
(0.500, 0.500, 0.000) (0.000, 0.500, 0.500)
) (0.500, 0.500, 0.520) (0.500, 0.000, 0.488) [15]
PUJr#H  0.3997  0.4041  90.000
. (0.500, 0.500, —0.026) (0.000, 0.488, 0.500)
NSl
N (0.500, 0.508, 0.508) (0.500, —0.015, 0.477) [16]
IEACA] 03984 04018  89.824
(0.500, 0.477, —0.015) (0.000, 0.486, 0.486)
- (0.487, 0.487, 0.487) (0.511, 0.019, 0.511) [16]
=fA1 04003 0.4003 89.840
(0.511, 0.511, 0.019) (0.019, 0.511, 0.511)
R 2 ML PUTT AR IR AT B AR R AN (R AR A % (em ™)
Table2 Vibration modes of PbTiO; and BaTiOj; in cubic and tetragonal phase (cm 2)
o S5 A e
b Rkl Bt SR
PbTiOg Ref. [17] BaTiOg Ref. [2] PbTiO; Ref. [9] BaTiO;
T —221.1 —182.0 —248.0 soft E(1TO) 127.1 88 —148.5
A(1TO) 168.5 147 1711
Tow 88.3 63.0 165.3 182.0 E(2TO) 205.7 220 177.4
A(2TO) 373.0 359 3233
Toy 223.0 — 263.4 — E 281.5 289 287.8
B, 294.8 289 291.2
T 466.9 447.0 453.2 482.0 E(3TO) 5154 505 475.4
A1(3TO) 744.1 646 543.8
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Table3 Thelowest frequency modes of PbTiO; and BaTiO;

ST VYA 1EZTAH =
N —221.1 127.1 69.6 67.9
RN —248.0 —1485 —144.6 166.4
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Figure 2 Tetragona strain-lowest frequency mode curve of
PbTiO;
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Figure 3 Tetragona strain-lowest frequency mode curve of
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