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Abstract: The stabilities of BiTiO; and BiVO, under thermodynamic equilibrium conditions are studied
within the framework of the density functional theory ( DFT)  with the generalized gradient approximation
( GGA) and the pseudopotential plane wave method. The results indicated that neither of BiTiO; or
BiVO, is energetically stable under thermodynamic equilibrium conditions with respect to their competing
phases and approaches deviated from equilibrium are necessary to prepare these materials.
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Table 1 The Comparisons between the total energy of two structures of BiVO, and BiTiO,( Unit: eV/f. u.)
- _ N BiVO, ( Pnma) BiVO, ( C2/c)
Structure BiTiO;( Pm3m) BiTiO5( Clcl) - - - -
FM AFM FM AFM
Total energy -36.37 -36.721 -34.20 -34.18 -33.92 -33.17
3.2 BiVO, BiTiO,
VASP BivO,  BiTiO, AE,
21 .
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!«'EHE — GGAH\ + 3 II-'EHE ( 2)
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2 3
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4 . 4 GGA +U
0.10% ~12.8% 5.71% 1.42% ~
8.13% 3.61% . o
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Table 2 The comparisons between the structures of BiVO,( Pnma) and BiTiO,( Clcl) and their theoretical and

experimental values of the formation energy of two-component competing phase( Unit: eV/f. u.)

Substance Space groups Formation energy Modified formation energy Experimental value
BiVO, Pnma(S. G. :62) -10.37 -10.28 a
V, 05 P121/ml1(S.G.:11) -16.07 -16.32 a -16.09 d
V,04 R3c(S.G.:167) -13.88 -13.67 a -12.64 d
Vo, C12/m1(S.G.:) -7.78 -7.79 a -7.41 d
VO Fm3m( S. G.:225) -5.05 -4.83 b -4.48 d
BiTiO; Ce(S.G.:9) -10.63 -11.04 ¢
Ti, 0, PI(S.G.:2) -33.06 -34.87 ¢
Ti; Os Cmem( S. G. :63) -23.80 -25.10 ¢ -25.51 d
Ti, 05 R3¢(S. G.: 167) -14.77 -15.56 ¢ -15.78 d
TiO, C12/ml1( S.G.:12) -9.09 -9.60 ¢ -9.80 d
TiO Fm3m( S. G. :225) -5.22 -5.50 ¢ -5.39 d
Bi, 0, C12/¢1(S.G.: 1) -6.85 -7.11 ¢
Bi, 04 P21(S.G.:4) -6.02 -6.05 ¢ -5.95 d
2 a b c
d T =300 K 2.
3 V.Ti.Bi 0, ( reV/f.u.)

Table 3 The comparisons between the theoretical and experimental values of the

cohesive energy of V. Ti Bi and the binding energy of O,( Unit: eV/f. u.)

Substance Space groups Cohesive energy/Binding energy Experimental values
v Im3m( S. G. :229) 5.37 5.31
Ti P63 /mme( S. G.:194) 5.32 4.85
Bi 1A /mem( S. G. 1 140) 2.37 2.18
02 Gas phase 3.32 2.60
T=0K V.Ti.Bi 0, #

3.3 BiVO, BiTiO,
( BiVO,)
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Table 4 The Comparisons between the deviations of theoretical and experimental values
of the formation energy of the Pre—correction and Post-correction 1%
Substance BiVO, V,0, V,0, VO, ) BiTiO, Ti, O,
GGA +U — 0.10 9.80 5.01 12.80 —
FERE — 1.46 8.13 5.15 7.89 —
Substance Tis 05 Ti, 0, TiO, Ti0 Bi,0, Bi, 0,
GGA +U 6.71 6.42 7.26 2.07 — 1.19
FERE 1.61 1.42 2.06 3.12 — 1.69
BiVO, BiVO, pEe,
BiVO, BiVO,
Apg; + Dy +3 Apg = AE( BiVO;) (6)
Apgi~ Dy~ Dpg (5)
M :,U*SB(;M + Apy; = - Eiih + Apg
My :,U«i?lid + Apy = _E:oh + Apy (7)
Mo ZMSZ + Apo; = _E?ozh + Apo
Apgi~ Dy~ Dy
BiVO, 0
Bi \Y BiVO,
Mg = — E?jh My = — E:;;. Mo =~ Eg,h
Apy; =0 Awy =0 Ap,=0 (8)
BivVO, o
BiVO, :
2Apy +5Ap0= AE(V,05) (9)
2Auy +3 Ao = AE(V,0;) (10)
Apy +2Apo = AE(VO,) (11)
Ay + Apg < AE(VO) (12)
2 Ay +4 Apg < AE( Bi,0,) (13)
2Apg +3 Apo=AE(V,0;) (14)
BiVO, - (6)  (8) Apgi~ Ay Apg
0000 Bi.V.O ; A AE/(BiVO;) = -10.279 0 0 0.V
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Fig. 1 The phase Diagram of BiVO,( Pnma) Fig.2 The phase diagram of BiTiO,( Clcl)
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