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Table 1.  Landau coefficients of different kinds of ferroelectric materials.
Coefficients BaTiO;*! PbTiO4*! BiFeO;/ ImC10,* [I(V;DH‘/E)? ggl CulnP,SgH! ’EEIYE]])) E;]
0,/C 2N 5~0120105 x 160;60 3.8 x 195>< 4.646 x 10°x  7.533 x 107x 4.01 x 10°% 1.76 x 1(?_7>< 1.412 x 197><
{th(?)fcah(%)} (T 752) (T - 1103) (T - 373) (T - 437) (T - 315) (T - 315)
a1/C*4mSN ~1.154x108 ~0.73x108 2.290% 108 1.5x10"  -7.032x10°  1.38x10"  —~1.842x10U
ap/C4mbN 6.530x 108 7.5x108 3.064x 108 1.124x108
a11/C5m!"N ~2.106x10° 2.6x108 5.99x10° 2x1012 ag11(T) 6.81x10%  2.585x10'3
ay19/Cm!ON 4.091x10? 6.1x10% -3.340x 108 0
Qp3/CSm!ON ~6.688x10° -3.7x10° ~1.778x10° -2.018x 1010
ay111/CHm!N 7.590x 1010
aq112/C S m!N -2.193x 10"
Qy199/CHm!N -2.221x10%
Qy193/C Sm!N 2.416x 1010

55

. 55
e a(T): T > Ty(d37 K), oy = 3x10'; T'< Ty, ayyy = —3.5085%x10°x 55[th (?> @oth(—)}.
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Table 2.  Specific heat capacity and density of different ferroelectric materials.
Parameters BaTiOy#9742  PHTi0 %454 BiFe0,2 ImClO,® [MDABCO|(NH)L#2 CulnP,S¢l! P(VDE-TrFE) !
p/kgm3 6020 8300 8346 1719 4039 3405 1886
C/Jm3K'  3.05 x 10° 3.9 x 108 2.88 x 106 2.423 x 10° 4.039 x 106 1.896 x 106 2.244 x 108

3 #XR5i%®

BRHL AR B A A Al B Bk HL A R AR E
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Bl 1(a) fros, it #8407 27 58 a5 A/ Ak el LA 3
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P(VDF-TrFE) 7E #1320 0 B # Ak bl 1L 2 1) 28 4k
XERE ) Te 43504 396, 766, 1103, 373, 447, 315,
340 K. MR BB B AL K/ N LA
S HAWR AR LY, 25 IO B 2k HL i BTO,
PTO, BFO HA KK H LW Ak, i HAthgk i 4
PR AT/, AR AR TR AR, R T
k. BB 1(a) 0T AR 1 AR S ik fk-
TR IR A PFISERY — AR A —2%
A # ¥ BTO, PTO, MDABCO, P(VDF-TrFE)
1) A RWALBES B T2 T M oE8R T R 2%
T YRR RPEE BFO, ImCl1O,, CIPS [ T+

B T, ARMWALZ ST REEIZ. 78N 5 MV/m
S E, AR (8 1(b)) FTLAE 2,
ERGERT, RA A —ZARAE [ A AR AR

PR AT 2 T3 o T H RS B IR HL 3R
B, RN 5 MV /m i, —ZHARRRERT — 20
AR A AR L 2R IR IR BE 1 R ALl 6 o0 B B R A
B 1(c) fE 1(d) H. ATRABH R, 5 AR
PR L, — AR AR A RS HA 3 K AR L R
B, X5 WAk R AR L. — AR AR B BE A
B Y AR X LN S R Sy p SR SR
KR R A, (H AR IR X A4S . T A AR
5 R - 5% WA AT i £k AR SRR AR B R
BFO, ImCl10,, CIPS [ # 8 i R FH X4/, 5
HHEA B R AAR IR X, (i H 053 S BR i H
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Fig. 1. Temperature dependent polarization and pyroelectric coefficients obtained in different ferroelectric materials: (a), (b) Tem-
perature-dependent polarization for BTO, PTO, BFO, ImClO,, MDABCO, CIPS, and P(VDF-TrFE) with the electric field of 0 and
5 MV/m, respectively; (c) temperature dependent pyroelectric coefficients for the first-order phase transition materials BTO, PTO,
MDABCO and P(VDF-TrFE) with the electric field of 5 MV /m; (d) temperature dependent pyroelectric coefficients for the second-
order phase transition materials BFO, ImClO, and CIPS with the electric field of 5 MV /m.
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Fig. 2. Temperature dependent AS and AT from different ferroelectric materials when the applied electric field is 5 MV /m: (a), (c) Te-
mperature dependent AS and AT from the first-order phase transition materials BTO, PTO, MDABCO and P(VDF-TrFE), re-
spectively; (b), (d) temperature dependent AS and AT from the second-order phase transition materials BFO, ImClO, and CIPS,

respectively.
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HAE R TCHESERT M8 ARG WLk
HLIR ImClO,. M4k, R ImClO, [ R AR
J MDABCO, {HE 2:0] LU 515 ) AL LA b1
B L, I H A AR A 5 i DX H A AR
AL IR, 25 DA, B iR R C 4 S
B MDABCO 54+ F# MK ImC10, 2 H T1IX
FL 377 e 1 B [ AV A AE A R s A Bk HL AL

T EHE— PRGN R AR R PR 2 R
HEALE]. & 4 it $O )2 RS B B —
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CIPS By HLHF IR, T ECE A% 48 i A8 B ok
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Fig. 3. Temperature dependent EC strength AS/AE and AT/AE from different ferroelectric materials: (a), (¢) Temperature de-
pendent AS/AFE and AT/AE from first-order phase transition materials BTO, PTO, MDABCO and P(VDF-TrFE); (b), (d) tem-
perature dependent AS/AE and AT/AE from the second-order phase change materials BFO, ImClO, and CIPS. The solid lines in
the figure indicate the calculation results when the electric field is 5 MV/m, and the dotted lines with symbols indicate the calcula-

tion results of P(VDF-TIFE) in a larger electric field (40 MV/m). The symbols indicate the data in the references, Ref.a, Ref.b, Ref.

¢, Ref.d correspond to Ref. [42], Ref. [24], Ref. [43], Ref. [41] respectively.
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Fig. 4. Hysteresis loops of different ferroelectric materials at temperature of T¢ -5, T -3, Tc -1 (K): (a), (c) Electric-field depend-
ent of polarization from the first-order phase transition materials MDABCO and BTO; (b), (d) electric-field dependent of polariza-

tion from the second-order phase transition materials ImClO, and CIPS.
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Fig. 5. Free energy as a function of polarization from different ferroelectric materials at the temperature of T -5, Tc-3, Tc-1
(K): (a), (c) Free energy curves as a function of polarization from first-order phase transition materials MDABCO and BTO;
(b), (d) free energy curves as a function of polarization from second-order phase transition materials ImClO, and CIPS. Three-
dimensional inset figures show three-dimensional free energy surface at Tc—5 (K) from different ferroelectric materials.
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Abstract

The electrocaloric effects in various types of materials, including inorganic perovskites, organic perovskites,
organic polymers, molecular ferroelectrics and two-dimensional ferroelectric materials, possess great potential in
realizing solid-state cooling devices due to the advantages of low-cost, high-efficiency and environmental
friendly. Different ferroelectric materials have distinct characteristics in terms of phase transition and
electrocaloric response. The mechanism for enhancing the electrocaloric effect currently remains elusive. Here,
typical inorganic perovskite BaTiOs, PbTiO3; and BiFeOs, organic perovskite [MDABCO](NH,)I;, organic
polymer P(VDF-TrFE), molecular ferroelectric ImClO, and two-dimensional ferroelectric CulnP,Sg are selected
to analyze the origins of their electrocaloric effects based on the Landau-Devonshire theory. The temperature-
dependent pyroelectric coefficients and electrocaloric performances of different ferroelectric materials indicate
that the first-order phase transition material MDABCO and the second-order phase transition material ImClO,
have excellent performances for electrocaloric refrigeration. The predicted results also strongly suggest that near
the phase transition point of the ferroelectric material, the variation rate of free energy barrier height with
temperature contributes to the polarizability change with temperature, resulting in enhanced electrocaloric
effect. This present work provides a theoretical basis and a new insight into the further development of
ferroelectric materials with high electrocaloric response.

Keywords: electrocaloric effect, ferroelectric material, thermodynamic calculation, Landau-Devonshire theory
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