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The thermodynamic potential energy density of the (001)-oriented bulk ferroelectric is expressed

as:

Goony(E,T) = ay(PY + P + P§) + ay1 (P} + P§ + P{) + ay,(PPP; + P;P§ + PEP§) + ay11 (P +
PP + P3) + ay1p[PE(P; + P3) + P3 (P! + P5) + PS(Pf + Py)] + @105 PYPFPY + aqa0a (P + P7 +
P38)+a1122(P14P24+P§P§+PfP34)+a1112[P16(P22+P§)+P26(P12+P§)+P36(P12+P22)]+
1123 (P P;P§ + PE PP + PEPPy) — PEy — P,E; — P3E5, (S1)

The thermodynamic potential energy density of the (110)-oriented bulk ferroelectric is expressed

as:

Gaioy(ET) = a;(P? + P? + P2) + 511 (2P} + P} + 6PZP + P§) + S a,,(4PEP + P} + 4PZPZ —
2PZP? + P§) + - a1, (4Pf + P§ + 15P#PZ + 15P2P} + P§) + - 11, (4P{P} + 2P2PS + P +
4P}PZ + 12P2PZPZ — Py P} + 2P?Py — PZPy + P$) + iam(PfP; — 2P?PZP% + PEPY) +

% [a1111(16P8 + 2P8 + 56PSP2 + 140P) Py + 56P2PS + 2P8) + @111, (16PPPZ + 4P2PS + 2P8 +

16PSP? + 60P2P4PZ + 8PSP2 + 60P2P?Py — 20PyP3 + 4P2PS + 8P2P% + 2P8) + a;1,,(8PPS +
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P8 + 48P}P;P2 — AP$P? + 8PP} + 6Py Py — 4PZPS + P8) + ay,,3(4PPy + 4P2PS — 8PP2P? —
4P2P}P2 + 4P}P} — AP?P2PY + 4P?P$)] — PLE, — P,E, — P3E;, (S2)

The thermodynamic potential energy density of the (111)-oriented bulk ferroelectric is expressed

as:

Gy (ET) = ay(PE + P + P) + =y (3P} + 6PZPZ + 3P} + 12V2P2P, Py — 4V2P3Ps +
12PZP? + 12PZP? + 2P3) += a12(3P1 + 6PZPZ + 3P3 — 12V2P2P,P; + 4V2P;P; + 4P3) +
—a111(9P16 + 45P}P? + 15P2Py + 11P$ + 90v2P}P,P; + 60v/2PZP3P; — 30V2P5 P; + 90P}PZ +
180P7PZPZ + 90P#PZ + 120V2P2P,P3 — 40V2P3P; + 60PZP; + 60PZP§ + 4P%) + a112(9P1
9P;P? + 39P?P} + 7P$ — 18\/§P14P2P3 — 12V2P2P3P; + 62P5 P, — 48\2P?P,P; + 16V2P3P3 +
24PEP§ + 24P;P§ + 8PF) + — a123(18P1 P} — 12P2P} + 2P — 18V2P;P,P; — 12v/2P2P3P; +
6V2P; P3 + 9P}P? + 18P12P22P32 + 9P#PZ + 12\2P2P,P3 — 4\2P3P3 — 12P?P§ — 12P2P; +
4P9) + - 051111(27131 + 252PPP? + 210P{P} + 28PZPS + 43P$ + 504+/2PPP,P; +
840\/§P14P2 Py 4+ 168V2P2P5 P; — 168v2P] P; + 504Pf P? + 2520P; P?P? + 840P?P}P? +
616P2PZ + 1680V2P}P,P3 + 1120V2P2P3 P — 560v2P; P3 + 840P;P§ + 1680P12P22P§ +
840P; Py + 672\ 2P2P,P; — 224\2P3P3 + 224P2P$ + 224PZP§ + 8P§) +— 041112(27131
72PPPZ + 150P}P} + 128P?P$ + 23P$ + 36V2P{P,P; + 60v2P}P3P; + 12\/§P1 PyP; —
12V2P] Py + 90PfPZ — 630P{P?P2 + 870P2P4PZ — 10P$P? — 420/2P}P,P3 — 280v2P2P3P3 +
140V2P; P3 + 60P14P§ + 120PZPZP} + 60P; P§ + 48V2P2P,P; — 16V2P3P; + 160PZP§ +
160P?PS + 16P%) +5 ()(1122(27131 36PPPZ + 114P}P} + 188PZPS + 11P§ — 72N/2PfP,P; —
120V/2P{P3 P, — 24\/§P1 P5P; + 24+/2P] P; — 72P{ P} + 504P}P2P? — 696P2P5P? + 8PSPZ +
48V2P}P,P3 + 32V/2P2P3P3 — 16V2P; P3 + 96P14P§ + 192P2PZP$ + 96P3 P — 384\2P2P, P} —
128v2P}P; + 64P7P§ + 64P;P5 + 16PF) + — a1123(18P1 P? + 6P}P} — 10P?P$ + 2P% —
18V2PPP,P; — 30+2P}P3P; — 6N/2P2P5P; + 6\/7P27P3 + 9PPPZ + 45P}PZP? + 15P?P}P? +
11P$P? — 6\2P}P,P3 — 4\2P?P3P3 + 2/2PSP3 — 3PP} — 6P2P} Py — 3P4 P} + 12V/2P2P,P5 —
4N2P3 P§ — 8P2PS — 8PZPS + 4P§) — P,Ey — P,E, — P;E; (S3)



