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Fig. 1. Replacing H atoms with methyl groups to break
cation symmetry.
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Fig. 2. (a) Structures of MDABCO?*, NHZ‘ , PFg components; (b) the primitive cell of MDABCO-NP; viewed along the a-axis;

(c) cations substituted with different functionalities; (d) the primitive cell of MDABCO-NPy3; (e) the primitive cell of MDABCO-
NP; viewed along [111] direction; (f) the unit cell of MDABCO-NP; viewed along a-axis.
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Table 1.  Structural optimization of A-NP; by using PBE and PBE+D3 methods.
Material Method a/A a/(°) V/A3
PBE 7.89(0.57%) 84.91(0.06%) 485.51
MDABCO-NP; PBE+D3 7.73(-1.46%) 84.55(-0.36%) 478.25
Exp 7.84 84.86 496.46
PBE 7.93 83.84 489.86
SHDABCO-NP;4
PBE+D3 7.74 83.18 483.46
PBE 7.95 83.74 493.15
NODABCO-NP4
PBE+D3 7.84 81.25 485.65
PBE 7.85 85.2 478.75
ODABCO-NP4
PBE+D3 7.75 83.65 475.21
PBE 10.58 85.21 477.19
CNDABCO-NP,
PBE+D3 9.28 83.48 486.48
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Fig. 3. (a) Binding energy of A-NP3; (b) molecular dynamics simulation of A-NP3 under 300 K conditions.

TSR T AR AR E . I A WL BN Z5 M R
L, 5 FRTRHIG R A IS5 K, Uil 5 Rk &
P RA BRI EE.

451

TR, BEXTAHUASERD 450, 1THET
RS EMBEAEE, ME 4 PR, IOTTHEW
MDABCO-NH,-(PFg); B H7 B 4 7.05 eV, 5 Li
S5 10 B ARGE B 25 R (713 V) A —F W[ LIE
), i EEE F oo ok, o, NODABCO-NP,
FORREY L F2E N TEM O TLESHE &
i, SHDABCO-NP; #oKBE i £ 202 S TR
A% A5 5, ODABCO-NP, 1 2% K i 2% Fff it
FEIE O TERAH I 4, CNDABCO-NP; il
MDABCO-NP; ) C LR AEAE T -4—0 eV, HAh
MR C TN T4 eV fERUT, XEPN T
—4—0 eV 1Y CILE M BTHk K H—CN FI—CH;
(1) C. DAL g5 SR R B BRI A ZEAN A TR F2 2

3.2

VERT, DRI FT LASREIN , BROAC 2% A1 4 3o 0y B 1V i
VRSB PREAE L. A, SR> B POt R
I 4 Al R AN R AT B G A, ST
TERIEAEA R 0973 T 2454 L, AR T i -2 O
5.

EREAXNBINHEEFELXRULD

=AU
N T HRFA P E X A2, FH DFT
LA AL BRI (MTP)B2 W58 T 5 FiAT LS
R AR UE BRI AL 52 . AR A 2]
AR, A-NPy A7 AL EH S 5 AT ¥ 20 19 728
i — R ARR L AR AL TR A, IR Z ST
(O B AR E W, H Berry J5i it 5k it fb e
BNME. PR FAT T 1 5 AT HLIH S 7 A NHY
WA [111] J7 1 e, T2l R3 BRALZEH, WA 5(a)
Ji7s . AEARAS I RE v, A HILRH B 5 A0 NHY T [111]
7 1) S LETE RS 180° T niAZAE 1+ R3 BRHL 4544, 4

3.3

126202-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 12 (2024) 126202

Bl 5(a)—(c) Fis. Hi X B Ioa WS4, X T45 ZRATEF P, = eR/Q5EM, H e BHFHY
AN, XTI 0L E AT UL, B AT DUPPAS A HLff i, R OB AT 0] A A B 4R, 2 2 AR AR,
Ak, DLW AR S X ok B 3% 22 Ak AT DL B ] [ AR R 2

M, HA N =11 REEAEIENY R E .

T Born-Karman J&HiPE2 525440 B9, A Rk 2 Ps = Prinal + 1Py — Piitial, (2)
100 b) 70
(2 50 NODABCO-NP; ( /3 —C
n 0 LA s A [N T —F
50 ", /\/\ [!\ SHDABCO-NP; = —H
3 0 A o s A AN 3 N
5 50 L\\ LA /\ A ODABCO- NP3 5 st _ P
2z 108 \’ ]\H/\'J\ M“/\'\ﬂ CNDABCONP, A = —©0
n A 0
8 58 J\ A//"AAMDABCO NP3 8
0 [\ s W .
-6 -4 -2 2 1 6 8 -6 —4 -2 0 2 4 6 8
Energy/eV Energy/eV
() 70 G (d) so c
7 —F T —F
: —n| 7 —x
3 —N 3 —N
< 35 —P 3 40 —P
z —s z —o0
~ ~
wn wn
o) o)
A o
0 : . , ; —siaa ol e
-6 —4 -2 0 2 4 6 8 -6 —4 -2 0 2 4 6 8
Energy/eV Energy/eV
(e) 200 G (f) so G
7 —F T —F
: —n| 3 —x
3 —N 3 —N
< 100 —P s 40 —P
% 42
< e
wn wn
o) o)
A A o
0 \ , , , 0 \ , . ,
-6 —4 -2 0 2 4 6 8 -6 —4 -2 0 2 4 6 8
Energy/eV Energy/eV

Bl 4 (a) 5 Fhbt RGBS (b)—(f) 43514 NODABCO-NP;, SHDABCO-NP;, ODABCO-NP;, CNDABCO-NP;, MDABCO-
NP, ISR 5 SOKRBERBE R 0 eV

Fig. 4. (a) Total density of states for A-NPs; (b)—(f) projected density of states of (b) NODABCO-NP;, (¢) SHDABCO-NP;,
(d) ODABCO-NP;, (¢) CNDABCO-NP;3, (f) MDABCO-NP;. Fermi level is set to zero.
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Fig. 5. Transformation of —R3 to +R3 structure: (a) —R3 ferroelectric phase (A = —1) structure; (b) intermediate phase transition
structure (A = 0); (c) +R3 ferroelectric phase (A = 1) structure; (d) quasi-antiferroelectric phase structure (A = —1).
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CTE 80 | P, with correction
o-0.0.0.0.0.0 o-o.0-q
O%’ 40 ooy P SN
= 0} e—o—s—o—o—o—o—t—o—0 4
<
‘f —40 | --e-- P, without correction
80 F oo+ Py, without correction
120 L P, without correction )
-1 0 1
A
160
120 [(d) —e— P, with correction
— —eo— P, with correction
0\: 80 F P, with correction
5 aof
g OF e G i _'~-o-vo--o=o=~o-+_o-o—-e~o
< DO
,f —40 --0-+ P, without correction
—80 --o-- P, without correction
120 L P. without correction )
-1 0 1
A
10
(f) ¢
= 8
I
g 6t A v
O —a SHDABCO-NP3
2 4 n g —o- NOABCO-NP;
E —A- MDABCO-NPy
2r -¥- ODABCO-NP;
—- CNDABCO-NP3

B 6 351 (a) MDABCO-NP;, (b) SHDABCO-NP;, (¢) NODABCO-NP;, (d) ODABCO- NP3, (¢) CNDABCO-NP; i 2t} 1k

THUEIE R FURAE IE R AL(E; (£) 5 FhBRLE R AL (E

Fig. 6. Calculated polarization value of (a) MDABCO-NPj;, (b) SHDABCO-NP;, (¢) NODABCO-NP;, (d) ODABCO-NP;,

(e) CNDABCO-NP; with and without correction for polarization quantum; (f) the total polarization values of five materials.
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R, TAFERA ORI LA AR R b, AR X
LRy 5 £ S5 . ODABCO-NP, fil MDA
BCO-NP; 11 BHES - XF S A i) o ik o iy Jat P 32 22
SEANUHE T H R T 5018 PF; il F 1
#i1& O—H.--F(—OH) fl C—H.-----F(—CH;) Hi 1.
YEH, BEAS A HLPE B 7 [111] J7 ] i B 38 K
MR R T BH S %o b Ak 1 DTk

%2 ABHBETIWAL Py (0C/em?) FIbHEHE

BAL Ps (uC fem?) K FHES T OB ALRT S AL 1 52

Hik Py/Ps

Table 2.  Polarization of A-site cations (P,) and

total polarization of materials (Pg) and the contribu-

tion of cation polarization to total polarization

(Pa/Ps).

Materials Py Py Py/Pg
SHDABCO-NP, 2.4 3.8 0.64
NODABCO-NP;4 2.6 4.2 0.63

ODABCO-NP;4 4.3 6.0 0.71
MDABCO-NP;4 4.3 6.3 0.68
CNDABCO-NP4 5.7 9.4 0.61

WL 22 S TR B, AT T AR AR A LA
A FIRUHAR O 18 7 25 10T O TR A 2R 1 2 4 Ha i 2%
JER. WE 7 RIE L, (a) MDABCO-NP; H1—CHj
) C—H %, (d) ODABCO-NP; +—OH Yy O—H
A (e) CNDABCO-NP,4 H1—CN fj C—N 4 1
i I (b) SHDABCO-NP; H'—SH fiy S—H % 1
(c) NODABCO-NP3 1—NO ) N—O ##FaE. ¥l

AU R AT v T B ) 5 353 0 o o O AR A AT 32
Wi, OEE P R Bt SRR E , PRI AL (EROR.

3.4 HTERE

S RO — N E A A S AR ) 2R M Y
Pysiie, JEF UL T HE St AR RV 2 ) SR, AN
BRSSP SRV FDRA R BE . X e v AL L A-
NPy, T2 T H I 25 Fa e v, SR A BR N A8 11
MR S E . ST DFT A9 — e i i+
TOOINAAFH A P  E JEE DL A B30l =Ty AR )
SFRGETER 7 S P E L Cry, Cly, Cis, Cuy,
Cs, Cs3 F Cyy YeiE . =7 b & J17#RasE YEFIE BT

Cy >0, C11 > |Cha|, C33 < 0.5C33 (C1q + C1a),

0124 + 0125 < 0.5C44 (C11 — Ch2) (3)

SERINGE 3 A, SRR AL O i bR AR e P vfE
. PR, gE—B R 5 Rl A MLES B HR AR
PUbAE EPE.

Ak, E i LR RS, i T A T Ak

A [33.39]

E =9BG/(3B + G), (4)

B = (Cll + 2012)/3, (5)
3B —-2G

Y= 2BB+ ) ©)

Horp B RARER, BB RERE, GRIUINE,

B 7 RRMZESHEMHEE  (a) MDABCO-NP;; (b) SHDABCO-NP;; (¢) NODABCO-NP;; (d) OHDABCO-NP;; (¢) CNDABCO-NP,
Fig. 7. Differential charge density distribution of differ systems: (a) MDABCO-NP3; (b) SHDABCO-NP;; (¢) NODABCO-NPs;

(d) OHDABCO-NP;; (¢) CNDABCO-NP;.
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*3
Table 3.

Poisson’s ratios of A-NP.

TN A-NP; U sPENIEE KB Oy B B, 5P G W E (GPa). ZJLIL (B/G) ANARALL v
Calculated elastic tensor coefficients Cj; , bulk modulu B, shear modulu G, Young’s modulu E(GPa), Pugh’s and

Materials Cn Cys Cy Ciy Cis Cuy Cos B G E B/G v
MDABCO-NP;, 32.9 15.9 8.2 15.9 16.3 0.8 0.1 21.4 8.2 21.8 2.6 0.3
ODABCO-NP4 21.9 7.2 6.7 7.2 14.4 0.2 0.4 18.4 3.6 10.2 2.8 0.3
CNDABCO-NP4 35.2 19.4 6.6 19.4 22.8 0.6 1.3 25.7 6.7 18.4 4.0 0.4
SHDABCO-NP;, 324 21.8 8.6 21.8 24.1 4.8 4.4 25.9 7.3 20.1 4.1 0.4

NODABCO-NP4 36.2 19.7 4.4 19.7 19.7 0.3 0.4 25.0 5.9 16.5 4.5 0.4

v RERA L, T3 2 P91, S SR BB,
FEAMIBL AR F 7 ARSI, SR AsT 26 b
M FEAPE. B2t HO R A B SUPPARHE R
T B B0 0, S PR B K T 175
(T H) A 0.26 (KAL) 1l PR PR, Wtk bhat
ANTE A SR BRI R PR M, T80 5
FHUAG R 18 I R PRI, T RS2 3
o, I EL PR R A i ) .

F L e P FE 37 9 B o B i it
HHIA. A-NPy(ZSARE R3) MR HL AT d, J
KR A

din —dinn 0 dia dis  —2da
—da  dyp 0 dis —dis —2di1 |,
d31 d31 d33 0 0 0

dijjﬁ 6 Ak dy1s dyg, d3, dig, dis, dai. Hrp
dyy, dyy, daz PR HLI T [ FINZE 5 1] —2, J& T 1
HNEHLREL, T dyy, dis, dsy JE T 1 PR HL R AL X
R PR L 1K e, PRI 4675

er1 —ein 0 ey e5  —ex
—e22 €22 0 es —es —enn
es1 es; ezz3 O 0 0

JRHL N AR 5K [d], FREL N JTk & [e] | 5P R RE Tk
B [§) ZI9EEN [d = [e][s). A-NPy(2 IR R3)
) 5L 2 B o AR R R Ry

S11 812 S13  S14  —S25 0
512 S11 S13 —S14  S25 0
$13 813 S33 0 0 0
0 0 0 S44 0 2595
—S25 s25 0 0 S44 2514
L 0 0 0 2825 2814 2(811 — 812) i

THEY A-NP; (14 0 AR 5K R HE N 7 5K
HANE 8, K 4 F 5 Frn, PRI sk WL 6.
H: CNDABCO-NP; £l SHDABCO-NP; (1) JE Hi,

AR 5K R B KA dsg, 43914 36.5 pC/N Fll
32.3 pC/N, (L FIRZTHUEHK, I H & T HETE
A HLESEKE (MDABCO-NH I3 ¥R ) dyy =
14.4 pC/N)L 43k 7 frgl). phah, Hay 3 Fh ik
B H I A2 5K 1 S R AT R38R dyy , 4300 h 6.3
pC/N (MDABCO-NP;), 27.5 pC/N (NODABCO-
NP,), 57.5 pC/N (ODABCO-NP;). &1 AL
s A ) e B RV A 5 S 1) e R A iR X, SR 8 BT
G FIRXF M, A-NPy H A7 8K il s H i 1
S Tl s H O T A P A e S A k. s i 1 722 5k i
I dig = €14 X Saq + 2e11 X 14 — 2€22 X So5 , FeH
55 2 RN 3 WELER 1 T/ 3 Mg X5 1 I
e14 X S4a, HT A-NP; 1 ey 22 AR/, Fr LA dyy
Bl E PHE TRk L s, 3.

g% 601 (a) == dn
28 —o— da
ISER=H 30

g3z —A— d33
§ = % 0t —v—dyy
L8 _sol ——dis
&5 —d3

40 1 1 1 1

o (b) " en
£32 20t e ex
2! —A— e33
g+ E

Q 0 Ve
8 g‘?\g ——e5
s —20p L L L L e

92 o3 9 9 0
O’ﬁ QOﬂ OO’ﬁ QO’ﬁ COX&

o
o O\@@&)@@ RN %\;,o%?)

K8 IHHM A-NP; 9 (a) JE AL ZZ 548 HI (b) JEHL I )
fjSTs

Fig. 8. Calculated piezoelectric strain (a) and stress (b) ten-
sor of A-NP,.

F# 4 ANP; EHRNAEK R d; (pC/N)
Table 4.  Piezoelectric strain tensor d;; of A-NPj
(PC/N).

Materials dyy dyy  dgy  dy dis  dy
MDABCO-NP; 29 -26 20 -63 -1.0 3.0
ODABCO-NP; 55 -09 7.4 -57.5 -28.9 0.9
CNDABCO-NP; -1.3 -2.7 365 -79 -1.6 17.0
SHDABCO-NP; -18.2 -20.9 32.3 -10.6 -41.6 27.2
NODABCO-NP; 08 04 7.1 275 -21.8 6.18
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£ 5 A-NP; EHN kS e; (C/m?)

Table 5.
(C/m?).
Materials el ep €3 e e es1
MDABCO-NP; -3.5 -3.0 24 45 -0.6 49
ODABCO-NP; 2.1 -05 35 81 -1.7 99
CNDABCO-NP3; -1.9 4.7 347 4.7 -0.8 9.7
SHDABCO-NP; 52 6.6 7.3 43 -21.9 65
NODABCO-NP; -1.6 -0.5 10.5 89 -10.7 16.8

Piezoelectric stress tensor e; of A-NPj

6 A-NPy IERMENIEKE s; (1012 m/N).
Table 6.  Elastic compliance tensor s; of A-NPj
(102 m/N).

Materials 811 S33 S44 812 $13 S1u S5

MDABCO-NP; 48.8 49.8 130.3 -16.8 -16.7 3.2 0.6
ODABCO-NP; 38.4 57.2 2473 -9.0 -17.6 18 45.5
CNDABCO-NP; 56.9 85.4 157.3 -8.8 -35.7 5.5 13.3
SHDABCO-NP; 124.7 142.4 218.9 -37.0 -79.2 -60.1 5.0
NODABCO-NP; 46.8 51.2 199.0 -16.6 ~-17.2 17.1 19.9

F 7 REMTHL. HPUEHEMXT CNDABCO-NPy
F1I SHDABCO-NP; H R HL 35 dgy AIXT EL.
Table 7.

dy3 of representative inorganic, organic piezoelectrics
to CNDABCO-NP; and SHDABCO-NP;.

Comparison of piezoelectric component

Materials dga/ (PC-N'T)

ZnSH 3.2
LiNbOj;, LN 6.0
Cds#l 10.3
ZnOM 12.4
MDABCO-NI;!" 14.4
CNDABCO-NP;4 36.5
SHDABCO-NPy 32.3

# 8 REERMETHL, AYUEHLAY MDABCO-NP;,
NODABCO-NP; fil ODABCO-NP, B dyy
froxH
Table 8.
of representative inorganic, organic piezoelectrics
to MDABCO-NP;, NODABCO-NP; and ODABCO-
NP;.

Comparison of piezoelectric component dy,

Materials dja/(pC-N1)
NaClO,*7 1.7
LagGas 5Tag 50,4, LGT!0 5.0
GaNI["7 6.4
AINBT 9.7
CasTaGaySis0y,, CTGSHS 24.3
MDABCO-NP, 6.3
NODABCO-NP4 27.5
ODABCO-NP; 57.5

BT % RS S — MR A 7
MDABCO-NP;, fyJhit I, #—CHg B b HAbA
IﬁJE@ 4 PR (—CN, —OH, —NO FI—SH), il

B REFN T3 12 E T T AR R E Y, e
mm?@m PESAIL T 1 BOESE. BT BN
oL 5K i AR Y R LV AR 43 i, CNDABCO-
NP, fll SHDABCO-NP,; A KHY d33, MDABCO-
NP;, NODABCO-NP;, OHDABCO-NP; £ 4 K
1 dyy, AT SIRZTOHLRARAIRESE. (R AH AR i
TAFA ERBIAT LR A IR A R W, Bz, iidit
UL T ASCHFTE A R DL S i e F A, TR
F N P B LRI . eAh, B HLBH S X A4
B AR S M5 Sy W 4, PR A D PR SR E 1Y
BUBYER T AL B 16088, (R LRI PR 2
LR

RPNE N SIS VR LIRS Erotap R NIV

S 30k

Kieslich G, Sun S J, Cheetham A K 2014 Chem. Sci. 5 4712

Sessolo M, Bolink H J 2011 Adv. Mater. 23 1829

Bechmann R 2005 J. Acoust. Soc. Am. 28 347

Haertling G H 1999 J. Am. Cera. Soc. 82 797

Zhao Y X, Zhu K 2016 Chem. Soc. Rev. 45 655

Mischenko A S, Zhang Q, Scott J F, Whatmore R W, Mathur

N D 2006 Science 311 1270

Pena M A, Fierro J 2001 Chem. Rev. 101 1981

[8] Zheng L L, Qi S C, Wang C M, Shi L 2019 Acta Phys. Sin.
68 147701 (in Chinese) [KBFEST, FFittHE, THM, A%, 2019 )
H2E4 68 147701
[9] Neaten J B, Ederer C, Waghmare U V, Spaldin N A, Rabe K

M 2005 Phys. Rev. B 71 14111

[10] Lebeugle D, Colson D, Forget A, Viret M 2007 Appl. Phys.
Lett. 91 22907

[11] Palkar V R, Kundaliya D C, Malik S K 2003 J. Appl. Phys.
93 4337

[12] Gao W X, Chang L, Ma H, You L, Yin J, Liu J M, Liu Z G,
Wang J L, Yuan G L 2015 NPG Asia Mater. 7 €189

[13] Xu W J, Kopyl S, Kholkin A, Rocha J 2019 Coordin. Chem.
Rev. 387 398

[14] Nandi P, Topwal D, Park N G, Shin H 2020 J. Phys. D:
Appl. Phys. 53 493002

[15] Kohnen E, Jost M, Morales-Vilches A B, Tockhorn P, Al-
Ashouri A, Macco B, Kegelmann L, Korte L, Rech B,
Schlatmann R, Stannowski B, Albrecht S 2019 Sustain.
Energ. Fuels 3 1995

[16] Sahli F, Werner J, Kamino B A, Briuninger M, Monnard R,

Paviet-Salomon B, Barraud L, Ding L, Diaz Leon J J,

Sacchetto D, Cattaneo G, Despeisse M, Boccard M, Nicolay

S, Jeangros Q, Niesen B, Ballif C 2018 Nat. Mater. 17 820

W N =

SaEENY X

[=2)

=

126202-9


https://doi.org/10.1039/C4SC02211D
https://doi.org/10.1039/C4SC02211D
https://doi.org/10.1039/C4SC02211D
https://doi.org/10.1039/C4SC02211D
https://doi.org/10.1039/C4SC02211D
https://doi.org/10.1039/C4SC02211D
https://doi.org/10.1039/C4SC02211D
https://doi.org/10.1002/adma.201004324
https://doi.org/10.1002/adma.201004324
https://doi.org/10.1002/adma.201004324
https://doi.org/10.1002/adma.201004324
https://doi.org/10.1002/adma.201004324
https://doi.org/10.1002/adma.201004324
https://doi.org/10.1002/adma.201004324
https://doi.org/10.1121/1.1908324
https://doi.org/10.1121/1.1908324
https://doi.org/10.1121/1.1908324
https://doi.org/10.1121/1.1908324
https://doi.org/10.1121/1.1908324
https://doi.org/10.1121/1.1908324
https://doi.org/10.1121/1.1908324
https://doi.org/10.1111/j.1151-2916.1999.tb01840.x
https://doi.org/10.1111/j.1151-2916.1999.tb01840.x
https://doi.org/10.1111/j.1151-2916.1999.tb01840.x
https://doi.org/10.1111/j.1151-2916.1999.tb01840.x
https://doi.org/10.1111/j.1151-2916.1999.tb01840.x
https://doi.org/10.1111/j.1151-2916.1999.tb01840.x
https://doi.org/10.1111/j.1151-2916.1999.tb01840.x
https://doi.org/10.1039/C4CS00458B
https://doi.org/10.1039/C4CS00458B
https://doi.org/10.1039/C4CS00458B
https://doi.org/10.1039/C4CS00458B
https://doi.org/10.1039/C4CS00458B
https://doi.org/10.1039/C4CS00458B
https://doi.org/10.1039/C4CS00458B
https://doi.org/10.1126/science.1123811
https://doi.org/10.1126/science.1123811
https://doi.org/10.1126/science.1123811
https://doi.org/10.1126/science.1123811
https://doi.org/10.1126/science.1123811
https://doi.org/10.1126/science.1123811
https://doi.org/10.1126/science.1123811
https://doi.org/10.1021/cr980129f
https://doi.org/10.1021/cr980129f
https://doi.org/10.1021/cr980129f
https://doi.org/10.1021/cr980129f
https://doi.org/10.1021/cr980129f
https://doi.org/10.1021/cr980129f
https://doi.org/10.1021/cr980129f
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.7498/aps.68.20190222
https://doi.org/10.1103/PhysRevB.71.014111
https://doi.org/10.1103/PhysRevB.71.014111
https://doi.org/10.1103/PhysRevB.71.014111
https://doi.org/10.1103/PhysRevB.71.014111
https://doi.org/10.1103/PhysRevB.71.014111
https://doi.org/10.1103/PhysRevB.71.014111
https://doi.org/10.1103/PhysRevB.71.014111
https://doi.org/10.1063/1.2753390
https://doi.org/10.1063/1.2753390
https://doi.org/10.1063/1.2753390
https://doi.org/10.1063/1.2753390
https://doi.org/10.1063/1.2753390
https://doi.org/10.1063/1.2753390
https://doi.org/10.1063/1.2753390
https://doi.org/10.1063/1.2753390
https://doi.org/10.1063/1.1558992
https://doi.org/10.1063/1.1558992
https://doi.org/10.1063/1.1558992
https://doi.org/10.1063/1.1558992
https://doi.org/10.1063/1.1558992
https://doi.org/10.1063/1.1558992
https://doi.org/10.1038/am.2015.54
https://doi.org/10.1038/am.2015.54
https://doi.org/10.1038/am.2015.54
https://doi.org/10.1038/am.2015.54
https://doi.org/10.1038/am.2015.54
https://doi.org/10.1038/am.2015.54
https://doi.org/10.1038/am.2015.54
https://doi.org/10.1016/j.ccr.2019.02.012
https://doi.org/10.1016/j.ccr.2019.02.012
https://doi.org/10.1016/j.ccr.2019.02.012
https://doi.org/10.1016/j.ccr.2019.02.012
https://doi.org/10.1016/j.ccr.2019.02.012
https://doi.org/10.1016/j.ccr.2019.02.012
https://doi.org/10.1016/j.ccr.2019.02.012
https://doi.org/10.1016/j.ccr.2019.02.012
https://doi.org/10.1088/1361-6463/abb047
https://doi.org/10.1088/1361-6463/abb047
https://doi.org/10.1088/1361-6463/abb047
https://doi.org/10.1088/1361-6463/abb047
https://doi.org/10.1088/1361-6463/abb047
https://doi.org/10.1088/1361-6463/abb047
https://doi.org/10.1088/1361-6463/abb047
https://doi.org/10.1088/1361-6463/abb047
https://doi.org/10.1039/C9SE00120D
https://doi.org/10.1039/C9SE00120D
https://doi.org/10.1039/C9SE00120D
https://doi.org/10.1039/C9SE00120D
https://doi.org/10.1039/C9SE00120D
https://doi.org/10.1039/C9SE00120D
https://doi.org/10.1039/C9SE00120D
https://doi.org/10.1039/C9SE00120D
https://doi.org/10.1038/s41563-018-0115-4
https://doi.org/10.1038/s41563-018-0115-4
https://doi.org/10.1038/s41563-018-0115-4
https://doi.org/10.1038/s41563-018-0115-4
https://doi.org/10.1038/s41563-018-0115-4
https://doi.org/10.1038/s41563-018-0115-4
https://doi.org/10.1038/s41563-018-0115-4
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 12 (2024)

126202

(17]

(18]
(19]

20]

[21]
22]

(23]

24]

Yang W S, Park B, Jung E H, Jeon N J, Kim Y C, Lee D U,
Shin S S, Seo J, Kim E K, Noh J H, Seok S I 2017 Science
356 1376

Yun J S, Park C K, Jeong Y H, Cho J H, Paik J, Yoon S H,
Hwang K 2016 Nanomater. Nanotechno. 6 20

YeHY, Tang Y Y, Li P F, Liao W Q, Gao J X, Hua X N,
Cai H, Shi P P, You Y M, Xiong R G 2018 Science 361 151
FuD W, Cai HL, Liu Y M, Ye Q, Zhang W, Zhang Y, Chen
X Y, Giovannetti G, Capone M, Li J Y, Xiong R G 2013
Science 339 425

Wang H, Liu H H, Zhang Z Y, LiuZ H, Lv Z L, Li T W, Ju
W W, Li HS, Cai X W, Han H 2019 npj Comput. Mater 5 17
Wu H S, Wei S, Chen S W, Pan H C, Pan W P, Huang S,
Tsai M, Yang P 2022 Adv. Sci. 9 2105974

Choi H S, Li S N, Park I, Liew W H, Zhu Z Y, Kwon K C,
Wang L, Oh I, Zheng S S, Su C L, Xu Q H, Yao K, Pan F,
Loh K P 2022 Nat. Commun. 13 794

Sun M J, Zheng C, Gao Y, Johnston A, Najarian A M, Wang
P X, Voznyy O, Hoogland S, Sargent E H 2021 Adv. Mater.
33 2006368

Kasel T W, Deng Z Y, Mroz A M, Hendon C H, Butler K T,
Canepa P 2019 Chem. Sci. 10 8187

Kresse, Furthmuller 1996 Phys. Rev. B 54 11169

Kresse, Hafner 1994 Phys. Review. B 49 14251

Kresse, Hafner 1993 Phys. Review. B 47 558

Spaldin N A 2012 J. Solid State Chem. 195 2

Li Z Z, Li Z H, Peng G Q, Shi C, Wang H X, Ding S Y,
Wang Q, Liu Z T, Jin Z W 2023 Adv. Mater. 35 2300480
King-Smith R D, Vanderbilt D 1993 Phys. Rev. B 48 4442
Vanderbilt D, King-Smith R D 1993 Phys. Rev. B 47 1651
Wang X M, Yan Y F 2022 arXiv: 2206.11137v1 [cond-mat.

(34]

35]

(36]

[37]
(38]

[39]
(40]

[41]
[42]
(43]
44]
(45]

[46]

[47]

(48]

mtrl-sci]

Singh J, Kaur H, Singh G, Tripathi S K 2021 Mater. Today
Energy 21 100820

Al-Qaisi S, Rai D P, Hag B U, Ahmed R, Vu T V, Khuili M,
Tahir S A, Alhashim H H 2021 Mater. Chem. Phys. 258
123945

Kiely E, Zwane R, Fox R, Reilly A M, Guerin S 2021
CrystEngComm 23 5697

Mouhat F, Coudert F 2014 Phys. Rev. B 90 224104

Haid S, Bouadjemi B, Houari M, Matougui M, Lantri T,
Bentata S, Aziz 7 2019 Solid State Commun. 294 29

Birch F 1938 J. Appl. Phys. 9 279

Kholil M I, Bhuiyan M T H 2020 Solid State Commun. 322
114053

Crisler D F, Cupal J J, Moore A R 1968 P. IEEFE 56 225
Weis R S, Gaylord T K 1985 Appl. Phys. A 37 191

Joffe H, Berlincourt D, Krueger H, Shiozawa L 1960 14th
Annual Symposium on Frequency Control Atlantic City, NJ,
USA May 21-June 2 1960 p19

Vanderbilt D, Hamann D R, Wu X F 2005 Phys. Rev. B T2
35105

X Y H 1991 Ferroelectric Materials and Their Applications
(Netherlands: Amsterdam)

Li F L, Tian S W, Wu G D, Jiang C, Wu F P, Zhao X 2019
Symposium on Piezoelectreity, Acoustic Waves and Device
Applications Shijiazhuang, China, November 1-4, 2019 pl
Guy I L, Muensit S, Goldys E M 1999 Appl. Phys. Lett. 75
4133

Irzhak D, Roshchupkin D, Fahrtdinov R 2012 Proceedings of
ISAF-ECAPD-PFM 2012 Aveiro, Portugal, July 9-13 2012

pl

First principles study on polarization and piezoelectric
properties of group substitution regulated lead-free
organic perovskite ferroelectrics”

Zheng Peng-Feil)

Liu Zhi-Xu?v

Wang Chao ?

Liu Wei-Fang Df

1) (Tianjin Key Laboratory of Low Dimensional Materials Physics and Preparing Technology,

School of Science, Tianjin University, Tiangin 300072, China)

2) (School of Science, Tianjin Chengjian University, Tianjin 300192, China)

( Received 18 March 2024; revised manuscript received 2 April 2024 )

Abstract

Organic ferroelectrics are desirable for the applications in the field of wearable electronics due to their eco-

friendly process-ability, mechanical flexibility, low processing temperatures, and lightweight. In this work, we

use five organic groups as substitution for organic cation and study the effects of organic cations on the

structural stability, electronic structure, mechanical properties and spontaneous polarization of metal-free
perovskite A-NH,-(PF4); (A = MDABCO, CNDABCO, ODABCO, NODABCO, SHDABCO) through first-

principles calculations. Firstly, the stabilities of the five materials are calculated by molecular dynamics

simulations, and the energy values of all systems are negative and stable after 500 fs, which demonstrates the

stabilities of the five materials at 300 K. The electronic structure calculation shows that the organic perovskite

materials have wide band gap with a value of about 7.05 eV. The valence band maximum (VBM) and
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Cconduction band minimum (CBM) are occupied by different elements, which is conductive to the separation of
electrons and holes. We find that organic cations have an important contribution to the spontaneous
polarization of materials, with a contribution rate over 50%. The presence of hydrogen atoms in the substituting
groups (MDABCO, ODABCO) enhances the hydrogen bond interaction between the organic cations and PFg
and increases the displacement of the organic cation, resulting in an increase in the contribution of the
polarization of the organic cation to the total polarization. In addition, we observe large piezoelectric strain
components, the calculated value of dy3 is 36.5 pC/N for CNDABCO-NH,-(PFy)s3, 32.3 pC/N for SHNDABCO-
NH,-(PFg)3, which is larger than the known value of ds3 of MDABCO-NH,-I3(14pC/N). The calculated value of
dyy is 57.5 pC/N for ODABCO-NH,-(PFy)s, 27.5 pC/N for NODABCO-NH,-(PFg)s. These components are at a
high level among known organic perovskite materials and comparable to many known inorganic crystals. The
large value of dy, is found to be closely related to the large value of elastic compliance tensor sy. The analysis of
Young’s modulus and bulk’s modulus shows that these organic perovskite materials have good ductility. These
results indicate that these organic materials are excellent candidates for future environmentally friendly
piezoelectric materials.
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