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[ Abstract] In recent years, organic-inorganic hybrid perovskite materials have gradually emerged in the
field of electronic information research. Their unique structural compatibility and adjustability can make the
material properties coexist and couple. The material has the advantages of adjustable optical band gap, high
external quantum efficiency, high carrier mobility, long lifetime and long diffusion length. Among them,
ferroelectric materials have significant advantages over traditional materials, such as simple synthesis path, light
weight, high thermal stability and high mechanical flexibility. Moreover, the Curie temperature of some
organic-inorganic hybrid ferroelectric materials are above room temperature besides the excellent ferroelectric and

piezoelectric properties. Based on the above advantages, organic-inorganic hybrid perovskite materials have been

TEWRMER T


https://pstr.oajrc.org/�

ATsE, IEOCEE, BN, skob, XIWNER, SUEEE, #AelE, TilRs

A HL-TEHUES BRI G5k Bk AR BT FE 3T e 5 182

widely concerned and favored by researchers in recent years. However, the organic-inorganic hybrid ferroelectric

materials used in devices are not perfect in the related design and mechanism, which still needs further exploration.

This paper reviews the physical properties of a series of organic-inorganic hybrid ferroelectric materials and the

related materials reported. The excellent physical properties and applications of the organic-inorganic hybrid

ferroelectric materials are introduced in detail. Finally, the research progress of some organic-inorganic hybrid

ferroelectric materials are summarized, and the development trend and application prospect of the

organic-inorganic hybrid ferroelectric materials are discussed.

[ Keywords] Organic inorganic hybrid perovskite; Ferroelectric Materials; Ferroelectric materials; Physical

property

1 518

BEAE B B R RIR, A AR N PR
RIBRH, AFFR MBI RE T Bt 5
IR, WO R B ST TE R . TR, B
HL-TEHLZAAB4RE™ (OIHPs) ZkEtt RN BA +5
ATDER R, a0 BREME. R, BRRETE.
R JEZR ML ARG AR N S S, A
Z AP RIE R PHBE I . G FEARIZS . e W)
A BA T M X ARSI
K. GER- WERE . RERSRA. HRIT
HA KRR E, RIS IR R
MR THEZNER, 51 T AT ML
()32 SRTE A A

BREAPRME A AN AR R HAPRIRT A
BRI SRR 2 S, R e 2 F A
B B IRRIRES, AR RS
LA, BARZIMR B V2 TAE ST
PR BRI GE, (HRIX M BB AT /R 5 AR
Biltn: K ZH AR R B B BLR A, DL
TEEWR FRTR . DAEAZ M RIS IR AR 4
AN+ BURK, LR TR R BRI,
sERIRERE B R AR AR, MEDLKE A RAF . NI
R EA e B R AR e M v B BIL- TRk B
Bl mEOT HE 2013 4, AR RIAIRIE
T E BB S AR E AR Py B TRk AR R
PEEEE (DIPAB) . %51 BA ik 406 K [1)E
HRRE, 295523 pClem” FIMAINRAL IR Py, I H.
MHEHOR. A HIFEC. DIPAB it B RIFHIE
FEL I IR LA () FE, X SRR PR A L AR AR R, IR
B BAEAEAE FOG LA R TR T 5 TR
N BB AR REW ST E R0
DIPAB 73Tk AR il th, Jiidedfe iz 2828 o 7k

FLIA FRRIT i LA B 320 1 o F F 25 R,

2017 4%, JiEM S A BNIRIE T & 4 2 A K& Ha i
V[ OHIPs £k Fifk — RS =&k (1D M
e;NCH,CIMnCl;, (TMCM-MnCly) ], iZ#RHE
A8 dys (5 5 NI A BTO #H24, £15 185 pC/N.
M tn, TMCM-MnCls i& E 406 K AR IR
B, AR EETT . U A4 71 2 B
s Hse gt £ R, 20 TiHT 2018
TF, Ye Sl 2%t HA L& 8 1 = 4E MR 2k ik M
DABCO-NH,I; (MDABCO: N-HIJE-N" %4
H[2.2.2]\iR%E) - MDABCO-NH,I; B 5 448 K 1]
ERASIREE (T) . 22 pClem® B Py K )\AMAL
Jr e XA AR & BRI AN W
B S B A R A S P o B 51 M Bt A D
MBMERE M SRA W &, AT AR R 2
FREE, JTHFRLITLH OIHPs £k AR I H ARy
FITERE, PlngE e, 5T S ki
SRPE Py MR BLUEFE T, WIS 2 M v RE R L A7
ALY, 13LLE I £ thaE BT S R4
M RSB EE IR T LS (A WO Lk R A
(PIEARDIEME T, 40 T I SRR AR S )k e
PERE, FF 7R T AR B2 7R 12 A LA AE G TAE
RJE, HPERETRIE IR AR T B 45 DLz R
TEA A7 T I8 F G DUEAT A 4R . S Xz Rl
fEHEgE SR,

2 BH-FTHI Sk AR R E AR 4 R

2.1 4kt

BRI (7 A R B SR AR S R AR e, A2
P R AR e R R S B . X T4k s RIAE AR
RS (B H SRR M R FRIERUE, £k
HPE RS . TEERRAS T OBEARD X BRI
w, SPEREMERE . BT AR AT, L



frse, EmOCE, BIEN, sk, XIENEE,

R, HaiE, TiRE

A HL-TENUES SR G5k Bk AR BT 7E 33T e 5 82

RHIE BC AN B ER X FR Mok i R, JfRdt—2D it
A8 BAR SRR AR 5 7 O B RR R,
AR, BHEN RIS T Y205 ek Rl .
7E 2021 4 Luo S5 XU 25 tH 3, 3- 53
TR, BRI R ) oY 4k OTHPs 2 4%
R FARI3, 3- TN T K],CuCly, M RHE
380 K MOJE IR E TN KA T 4/mmm F) mFm B4k A
KRS, P24 0328 uClem®, BA 4 MRl 8
SERALTT IR, EEK 28 4 OIHPs #kHifk, HE
TN % BaTiOs (R AR AL 7 aiE 5 %, i 1
FiRe BN BRI R, SR
HH R A € N B % € B VR A €0 1) S 2 IR AT
No SRR EIERE . R 2 M s 1 5 s
bR, Bz RE BN T — R TR e
BT W T 2022 EARIE T AT IR 14 TR A R T
AMRA ) 4R IR A EKT (TMAD 3SbyCloe H

5

§
3,

-4
R
- e

v,

m = dimmm}
T.=3s0K N o

1
Fy
e
1
L

0
7
iy

I;
|ET

K]

L C@N@F@CI@Cu

00z

X
4

iﬂn

1 () [3, 3-Z@IFT ERZ],CuCl, SREEARFINTFE AR = 4t S (A HERRE],

B2, (TMA) 3SbyCly FJ BA5 FeCly B 1-4di )2 LA
TE AR PE AN K B (TMAD JFe Giii) Cly-Sb,C
L8,

PRAZE T 2020 4E41E T —Fh OIHPs 2k ATkl
AR — R Z 88k (CH3NH3) ,CuCly, B P
B HUEEAA T A PPV, i e ) HE Sl
gesEry . X TAEUER T (CH3NH3) »CuCly 8k H
PEFIRE A . IR R & R EE K T (CH3NH;3)
,CuCly #i iy, FFIEM] T (CH3NH;) ,CuCly R HL
T FELRIRG PR E . X Fh OTHPs A 5 TR A LA
J05 3d dES RS N AR, ff (CH;NH;3)
2CuCly A B A AE A 1 2 2tk fh A, A an ik,
ISR I B B S AR R . xAR
e N T 2 DiRE 2 B as R it 1 s ATy
e,

b) 04 0.30
T=32K
02 0.18
i %
L
g 0o 0.00 <
Y |3
.2 +<0.15
S r——————+————— 030
-20 -10 ] 10 20

E (kViem)

(ET) FHmLHE, (FT) kEmzaEhiE; (b)

SRABUEELE 328K TiA o $H7E 2 i B 2 e i )

(a) (b)
0.15F | G
_o.10} 7 E FiE
ﬂEU.l}S' 7 8 “' L L ]
30.00 //557 > i g
= éé// =H[- . .
&-0.05} —a 1= -5}
-0.10} 4 —— g “.
015k : 0 i | R : ZAEEL
24 -12 0 12 124 -1.0 05 00 05 1.0
E (kV/em) H(kOe)

2 (a) (CH;NH;) ,CuCl, 8 @RHEFELZR (b) £ 2k TAREHIANE XM ME 384"

22 WM

R RI SN i P AR AR e R AL I B, A
FAXS I B S R L, AR BN 2y
F e HUAAR PRLE 5 T 4 AR B AU IR T AR

IR PEARAIN U R G T 4% 52 k. BT, K2
Kot A R DL ST Bk ra AR 1 EON BN faAA, EE
TN RZARA T, FBHELLZHEIR
PEAR G AT 2P o T8 IR HL-JE WLk AR E A



T

Are, EOCHE, BRIEEN, Kb, XINEER,

S, Tille

A HL-TEHUES BRI G5k Bk AR BT FE 3T e 5 182

PR R 22, N I 7R TR ORIT R ek B A 02,
B #2017 4F You S54RIE | —H OIHPs ZkHIAEL T
MCM-MnCly { = I E-E A D ), &R
5 HL R dss TT SRR (BTO) [T Ha M AR B 3%,
I HIRE ZAMALTT 1A, AR iy 57 e
TRRE T HrHER . 1 3-4 FiR, ZEkHKEE 4 0
Clem’ ) Py, 3 day B35 185 pCO/N, JEid AFM
MG ENHAT Z R0 W 2R e S5 1 . X O 5 P g
i 2 BONBEST « TMLIORI A4 7325 80 B4 38 4
PRI, T B — R AR &, JE das XELASE

(a) ]

T=363 K L4
£~ ¥ L2
E 4
=
o0 0
= ]

4 [

T - T - T T

400 -200 0 200 400
Voltage (V)

o BHFN AZAWUR ILE SRR B R, R
BRI ds3o AEHIEHA TAREBELER . 12
019 4 Liao HIP KBRS & H (TMFMD (T
MCM) | CdCls, FFE IR T dss 18 ELESERER SR IL
BRI [ A T AR o X SRR AT DL I b A5 3k
TR ERE . TR (TMEMD) (56 (TMCM)
074CdCl3 [ dsz fERIE 1540pC/N,  EuAL GE i s 15
BREE . MUk, ZAEHE 298 K Nk A HZ)
10 pClem® H Py FET IR RS B AT 5% 64
FHE T 5 U FR A b B v e S

(®) .
o= 1804
e &
§ 8 1=
(__‘. ;2100-63'. nt-ao'l'l
~ 50 Y] a Increase
¥ Decrease
A TR e TR % T
T Frequency (Hz)

T T v T .2 T - T - T
320 340 360 380 400 420
Temperature (K)

B3 (a) TMCM-MnCl; BSkERIERT (b) FEERZERH ds,

—_
o]
-

TMCM-MnClz
|

8

$

DC Bias (V)
e AR R

BaTiOz
n

8

4 LiNbO3

-
=]
N

Amplitude (pm)
cs33EYY

[1210)

Local piezoresponse (a.u.)

o

100 150 200 250 300
Macroscopic dy; (pC/N)

0 50

/rg‘, >

350 400

4 TMCM-MnCl; B9 1530 2k B8,/ [ £ 4314 )



‘J%i %i%i %E[EW! gK‘{tF; ?'JWE,%,

R, HaiE, TiRE

A HL-TENUES SR G5k Bk AR BT FE 3L e 5 82

23 el

Ji HL I B AT - B s AR e=C/
(T-T) , HF € 2AmELH, C 2EEFEH T
(T>T lE, T &R BIRE. EEEWHRAM
— o I S I R R A, g — i U H LIRS
LA, IXARELGAR N A R AR H R, A
KARIE OHIPs £k HM KL K 2 B B4 i/ U £
(F4FPE. (HAEAE 2018 4F Ye & NIRIE T B L4 8
F=4E OHIPs £, MDABCO-NH,l;, Bt 373 K
i, BAT A 26uC/em’ (1] Pyo FEAHASIRE N 448 K
i, AT CABH S AR MR 20 Hz FIMR T B mik
14068 MINFUHEL, W 5 . XEMEIES
o PR g i e Re RO R AR A, BT —1R
MEMS. Pt v B AT A 2 0 A
FoRE A,

BEE A HL- AL AR A WTIR R 5 R I,
RUIT N G325 6 AR B RS F B a0,
FEAE 2021 4F, Zhu 2@ 50N K45 F PR A
SRR Hh 7 ) FLer SE B T A B RO, FF
KRG B SN 5 B REAE S BR . M R
CHIEAER L R, EEE EIF T % R EE A
THREOLT, F A B BE A SEELES BRI 57 ki 1)

—
=]
e

— 418K
1 413K
— 403K

=
=

-
=1
N

1
|

Polarization (uClem?)

20 %5 — 383K
— 313K
20 40 ] 10 2

E (kVicm)

(b)

[}

AMATI#AR. HILERE T PCEs Hiid 22 % mtEfe
[ 45 1) PPV 2348, I HLAE 1.62 eV KB R 3K75 1.25
V B . X — RIS i RERI R AT T
BRI,

3 X FEEMFI TS HI T

3.1 FIR TN CH3-3T8 5 F 3T AR K 2 3 T.

b5 OIHPs kMR IS Ak Je, BA Iy
SER SR RIE I F) = 4E OTHPs Tl N 4 BRICIE AR
Mo SR H TR 28 = 408 il TR T, A K
b RN Bk L THTHE LATE =R R T IR TAE, Ak
T Bl W TR TR = —4E OIHPs ] T,
HIEPERERY ., Fu 25@id 5] N CHs-& K T 2w
LR FEF AR # R R/S-2-Me-H,odabeo] [TFSA]L
(DABCO: 1, 4-Z"&EW[2, 2, 2]k , (T
FSA=X =% I 3Lt 4% ) - @i DSC 7 Z #3
5 8 B E 2y ) A 405.8 K A 415.8 Ko iXFh
PRI BT JFE 32 CHs-RI I ANFT 8% T 5k 1 [Hoda
beo][TFSA], FIRFFRE . LAAEEk Hi[H,Dabeo][TFSA],
NER, SREA O FRER Pyye 2B, fEEET
HEAT P S5 ARS8 40 Y S 15 B BRI A [ 2-
Me-H,Dabco]” /)T, 1531 H AT 42 i 0 JE BLiR P Al —
SERRHMER Rk, W 6 R,

16000 - —20Hz
sidi —— 100 Hz
——— 200 Hz
12000 < B — 500 Hz
e 1k Hz
—— 10k Hz
0001wl o0k Hz A
we] —MHz |
wl T A
n.lﬂﬂ 40 40 40 0
Temperature (K)
0

:ﬂll] S;n 3;50 3-50 460 450 -I-I|I:I 4&0
Temperature (K)

E 5 (a) MDABCO-NH,L; EAELEE THIE#EZE (b) FRISFR TN BEiL!

T
S,
FJC'!',\H’_'SWCF;

non-ferroelectric l:l +

H
Introducing =CH,

chirality H

ferroelectric &

N+

| 'I.I &
*
Facfﬁsﬂdﬁ\c':a] 6r
OH O 2

N%

Rand 5|3

CH,

T, =405.8 K. 4158 K

DSC (mWimg)

—~——

380 400 420
Temperature (K)

6 ITRRREKERIRATIZ TR F1 S-2-MeH,dabco][TFSA], K 48 R il 54412

_5-



ATsE, IEOCEE, BN, skob, XIWNER, SUEEE, #AelE, TilRs

A HL-TENUES SR G5k Bk AR BT FE 3L e 5 82

2017 4F, Zhang %51t 5] N CHs-ff15ER%, DL D
abco BHEATIEJR It —Fh R B =2 OIHPs n -
-1, 4-ERXUA[2, 2, 2]kt (MeHdabeo)
H R SEBLAr F IR L . X — B IAE T C
Ha- 1] DS A3 S bRl B A 2k s, LRI A T ik
6 uClem’®, %J7H N> TR — S Pt T
b,

3.2 A8 FHBKRERIRS T,

SRk A N AT S, R R &
JEREEE (TO REREBEM M. BHIALR
RILLA ik Ab 2 dr i <H/F BUR SRS 2 T~k Hadk
erh B CRIEE X 4548 T 1 4 1R 47 H/F BRE
i) o BINGREAATER F R, PAERRE RS T
MEAERH, 5 SEIMMER Rk, BEREM
BH AR IR R B R AP, Tang 269 Tk R Githfi
BT 5% T.ANLR. S & Rac-DMFPI. dFgkHEAg
WLk (DMFPD ))& BLRE T, o8 382 K, I8 47
FETFHEAC H JFETF3RE (R) . (S) . (Rac) -D
MFPL. 1Kl 7 fos, AI3R1% FH B#)5H) (R/S) -
DMFPI 25 d F VPR AL v, JE4ER T 8k pe AR
RAAR SR EEIRE T, (470 K) . FiX} OIHPs
XA R/S-3F- (%42 MCly (M*=Cd** 1 Mn*")
T FH BUR, T nl6s 7 63 K A38 K, 4]
7 FRP,

2022 4F, Fu Z54kiE T = Ff—4E OIHPs 2k /K [E
Q]Pbl;. [Rac EQ]PbI; AI[R-EQ]Pbl;, _iR4E4EKH 15
AAYSPEARAR . it 5] NFPERR SR %t T 8k
PR/ B 2 2k A BHREQ]PbI; . HIL7E N-2 3455
MIFHE gl N2, BT R [R-E
QIPbl; 7EF- AR 1k i s A 45 i [R-EQIPLL; 2217 1
622F, (s) BUHZLHIAAAS, T, H 380 K, X@&—
FhZ ik mfk . AMUntt, e EAN—4ETF
£ OIHPs 2k FAA /R TR AR o W2 A4 B o) A5 B T-3d
B GIN A TR M % The 2 T8k AR,

3.3 @it RAEUHAT R4 P,

A6 55 R AEAE At 25 2k rB 2R B/ N B B SR B8 1
E 5B B 2R 9K G ORFFAR E I TF ORI, IRk
Bk AR 7 2 15K . MDABCO-NH,I; & —Ff
To& e i = 4Rk AbRL, o B T A SR A
BB R BAR. 3EF iR, 2022 4 Pan
BRI VRS Ko Rt iy p SN L QN N B WG

. KWL & 4 Bk MDABCO-
NH,- (PFg) 3, JFIER] 7 MDABCO-NH4 (PFo) 5
A 110 kV/em EB— MDABCO-NH,I; f)
Bz 12 kV fem K— NS, RONRTE 5>
TS B AUER RN R ST 50 T &8
X Bk FEL - T R A AR Ui B R R S B s o Lo
WA T A HUER F AR (1 e o] LIod ik 1 7 S B e
SR B 33 rb S N AR 5 e M A7 2 O IT A Bt
BT A5 SR SR

3.4 FVRH5E 5B TR AR AT IR

H T AL E e FI S 2 PR 24, OIHP
s PARIAT DAZE M b B e & 3 Tl =
T4, AT e SR AR ) — Le 3P i . 2020
fF Zhang SFR T TR n-HJE-T, 4-EEXGA
[2, 2, 2]% %t (MeHdabco) , H.IBJ4MirE K40
TR, BT R EIE 17%Y, Tang
2 \#§38 T CH3NH,PbBr; (MaPbBrsy) #4541 B fif
Hii5 2k Bi 1] LIOKRAR S R S H s, 1X — R BT
F TR 088 52 P, 2020 4E Ren 25438 1 7Y
fl] CHsNH;PbI; it 544 Mn® T #48 Akl M p4
B, A ) g LA A . I B 4% Mn
BT A AL ES BT CH3NHSPbI; 3578 N Ekmgrt L,
AT AT A [ B 4 ) L A LA A e IR R
JEF Mn®™ -1 -Mn™ 2 8] {0 A HAE B T
BeAh, RIS AT LA RO R A5 24 Mn A5 SR
FEREAR T . Mn 5 2285 5K0™ K FH A% Lt i 06 FL
WAE 1 T B NN 0.5%, AR 2855k K BH
B FL b FO O FRLIL D 3.39%61°¢

4 BH-FTHAKESFHRAER

4.1 RFFEEIT X

BT K BHAE H 0 6 FR B 4 AR AE R R T LAE
M 3.8% 0 EHE = 2 28% LA b, (HVF £ BB FE AR A
AR, B RKRARIE RTINS 5%, BR
T L N ) s (PFMD B T3R80 CH3NH;
Pbl; AT REAEERIE Y, HlT B Tissh. #f
HHELAE FH AR AL FEATLAR AT B8 7= A= P20 0 Fa i 7
R e, 08 R AR AR B S BN
#iEL", 2017 4E, Zhao Z5HEH] T EHAHMI XA CH
sNH,PbI; 5, R AR A A 2 18] B R 5 1 AH
HAER AR, W E) B R AR AT TR
HLIZ B O R s E R AT U4 . JemT BARRAIE C



ATsE, IEOCEE, BN, skob, XIWNER, SUEEE, #AelE, TilRs A HL-TENUES SR G5k Bk AR BT 7E 33T e 5 82

Z B A EAE SR AL T IR, IR AR 52
2k GUNRREAR S H M LG AR e 52 i ) B L4
A R T DY,

(6) os

H;NH;Pbls (5 F o iz i s, X 3R B
HiE PR e ML A SR . 8
HZHE AN CHNH3PbLy HOGE i T AR A AN S+

(@) L?‘ " —— R-DMFPI
I —a— S-DMFPI’-—
I\ 0.3-
2/m T=382K, 6/mmm NE
FIH Isubstltutmn o 0.0
=
I 1 b3
" & 03
I le
I\ FAY -0.6-
£ ‘3 Tﬂigm rsunx 25 20 15 10 6 0 5 10 15 20 25
2==——+432 2/m—=———>m3m 2--—432 E (kVicm)

& 7 (a) DMFPI#{T H/F RREIRERR (b) RFEEER THEHELZLD)

( a) ydrogen Bonded Organic Perovskite (b)

X A . 6} MNP,
L g 4l —50Hz
‘-‘3 5Hz
= 2}
Py . :
& 2 ot ]
-
m
.- B a2t
[ L)
| D-MNP, |
L o —— 50 Hz
4 PE, BF A 5 Hz
300 -200 -100 O 100 200 300

Polarization from Coercive field from

ionic displacement

hydrogen bond

Electric Field (kV/cm)

Elg (a) SREHEATIHEMREER (b) RIKMFTRIZHREE

lorr JIO"
0 0=
—a—06T] 2 =
2 -"m'—-—o.ﬂ '-2 5 -é
o
—a— 10T \ 2=
-4 Mn-doped HOFF '4_2 'g
= H_perovskite || MAPbI; ~ g
10 _9 1800 9% 180 —
2k Time (s) Time(;)’..ﬂ;‘-
E -
g /V Mn-doped
- = kit
=) — erovskite
Z fe— . d )
Magnetic field (T)
9 CH;NH;PbI; # Mn BilJE AR R FF < B R A5 )



ATsE, IEOCEE, BN, skob, XIWNER, SUEEE, #AelE, TilRs

A HL-TENUES SR G5k Bk AR BT FE 3L e 5 82

4.2 FEAEIN B P a AR R

6 HLPR I 25 0 i B R A S 5 R R S A Rl
FRRAENE . HHEERNZEEFMERE TS
AN T2 PP, %A T, 2020 4E Mal
lory 26438 7 —Fh L DMF. DMSO M1 HI 214713k
HGE AR MR AR e . AR, VAR R T —
WAE A BA m i E T A, RS
HAAPIREARE &35 m R Ry . i
24 R Rl AR I 280, B JS, Matsushima 254R 14
TSRS ARPUR Snl, 1 CeHsC,H,NH;I #il] £ (C
sHsCoH NH3) ,Snly FHERH R . fifb 7 A KA,
157 30 nm JEH) 4 OIHPs M, 25 /GEE N
0.78 cm® V'ST, Tung SEARIE T A HL-TEHLESEK
WG HER I ZS PCBM CRH B IGIR ) TR & B
W e JZ B AT

FEFAR R Ed N PCBM. A LL AR IS H i 25
B, MR AR . FHIRET BT g 3R
B PCBM MI{ELERFME T IR 2 Th ik $ (WE)
S T AR SRS . BRRUR A KR
(AR F G MITEARTIN 2R | 2R 3 253 Rl AR I 24 i) 2 i
[ TH#A TR, k2] T b DU 4
(P REN,

43 EERE T BOHRRR

OIHPs 528 FIFEMESZ /) . B Al
BRESRR M . XT3 VU5 KIERS ik 4
FAI TR 22 FE I ] BELEAL BRI 7 R R A AR . 7645
BRI MR 5 2R BUR A H B 9K 45 0/ 85 1 ] DA
JRANK A A A, AT LAHE— B PR A I as ), i,
2020 4F Haque S5fik3E 1 — P dk T va R B50RE S15E t 1
B (TFD) AR RRES, BAWET AR OIHP
s FISEMALET (MAPDI;) o MAPDI-TFT FBI{E
JE 7 HH R 2 1 iR B AR v, IR RECN 200
+£10 mV/K, AFIH R BRI P AL KA . MAPbL,
VNI TFT RIS AR R P U, R s v T
BUBPEVA R T 224k MAPDI; 58K 450 b 1 e B
A. ATLAFIFH MAPBL-TFT H UL Sk d R e
AT AL B 11 I R s iR A A8 1) v A TR e 7
B, R R B R RITER UK. T XX
AR HATAEIN, Nidhi 25 — & 4 AmBib g
FRIE T — R AL OTHPs Ak}, JF#14% T 854k
W, T UARIE T T USSR R & T A

RN, (ERIIAFEAE T, FERH VI h 3 (0 AR AR
o, GERRY, fERFVRIFLE T LS B K,
ZE TR — b R R B R E AL A, W 10
FiR™), Xiao and Song 257 F Fl %% = stk 4 (M
APOX) FHERH AR A, SERR T B SNy (145
RO e R ES, JERR T HAE A ARSI
BT AR RO AR, B IR
DT ANGURBRL 4208 70 nm. B S48
Wi B OIHPs 76 1& &A% 1F b (152 i 2 B RO,

4.4 JEWE T\ AR R

OIHPs #4 £} A4 J& s b4 )\ T 1A X oA L 2258
IR R LA Bl B PR S AR EAE R, AT AR
TEMNEBRFEER AR Py
538 OIHPs W] DLIE I 7 51, AR FIMER IR T 205K Al
W, HAEMEL R AER I B . IR AR &
THEIM BRI R ER Y, S ERE Sk
AR EREAT 7RI . R i
e FL PRI A5 ) you SEIRAE TR 2R O
ALFE S B A U AR o LR (3 288 2 G
MHEN 124 cm® VST UL E ST B
Wi N 38 Ry 320 A/W, RIS LA R E N 10 ps.
PAAEZEME Si/Si0, AR AE Juth Get f i A4 5 TR Al H
WA E, ATRE LB R . (HR AR 11
Bl AT KA R AN Z T 2 2 2R e A R
A, BIATHR SR R, R AT DA R R IR
RYL, IRLBLE R AL MRS R e -8 5 F o 4
M7 ERARIEDY . Sun S EAT AT T SEi
W5, KA HIO, fE MR AALA KL, &% T —Fh
WA BGTC 0 e A . RAMESN Sio,
JZ MAPDI; S G AR Au 1 A H R 1) 2% 4
B, SMaE 11 Fos . LD MAPDL /i ZidE—
N FE M PRI A8 I ) S 3R A T — B BTSN T
b,

5 BREMRE

ARSI EE T A HL-TCHL A A AR 8k fi A R
Y FE N FH SR BIR AR AN RIS AL A5 AR BT AE
FERIBE N CATERH X W4 e g A B e o % L e gt
— G RE IN LARRE . BEJS, ST H AT IZ
KM EHE B DLAT T g . ENE. 12,
MBERFE A G R 2 5 P 2 R AL ), AP RE
PR g R T I i A ST .



ATsE, IEOCEE, BN, skob, XIWNER, SUEEE, #AelE, TilRs A HL-TENUES SR G5k Bk AR BT FE 3L e 5 82

(8) oo i

) EEE

Perovaldte Cernmie

Namecomposite layer ottt FLLH -
r valo . .
o 0; .{.-'.' a- Host
- o 1 m_.J'“ I
e ¥ caexe
- Po @ Mn @

Mn:CsPbCI,NCs O &

Ammonia gas

(c)

Detection chamber S0 ppm

electrometer

Bl 10 SfEEUEREREE. (a) BRERHE; (b)) EXRENE; (o) SftRfrEE"

Light

erovskite
Au

A

E 11 BA HIO, M ERIET MAPLL BIYeE N rEE?

H AT, AVL-TOALE R MR S Ie A T A BT IR o RIS, Xt R EEIRATTHEAT AN K 15
W IR E A — Lo R IO A R . 73 T A A o THERZR, AT REEARRX IR 2 Oy
IR — A BAT PR 1) 108 A HL- oAV BRAT 8k T AT A L A )
AT BB R TE R R . ok, X RARREH
PERIE AR RE AR (UL 348D B9 S 3k
B G EAT ) AR S AT R & —
ANMERR . GfeT G B TR E BOHT A HL- oAU AR
WA R AN 7~ 45 55 18 o 2 () A 7E O 2R DL Sk
B AR LR 2 T AL 2 P R T4 (2] FE BT, U TS OE ) & A HL-ToH L% A A5 B

[T FE 3 R[] 46 Tk 2018,37(07): 2672-2685.

(11 EHzx, Bk, K2R AV — OISR A BT
B 78330 FE [0]. BARAL T 2019,01:0150253-4320.



arss, EOCEE, BEWE, gkeh, XUEE

, SR,

e, TR

A HL-TEHUES BRI G5k Bk AR BT FE 3T e 5 182

(3]

(3]

(6]

(7]

(8]

91

[10]

(1]

(121 =

[13]

Xiong Y A, Feng Z J, Jing Z Y, et al. Recent progr
ess in molecular ferroelectrics with perovskite structur

e (in Chinese)[J]. Chin Sci Bull, 2020, 65: 916-930.

Jin H H,Sang HI,Noh JH et al Efficient inorganic-orga
nic hybrid heterojunction solar cells containing perovs
kite compound and polymeric hole con ductorsJI[J].Na

ture Photonics 2013,7(6):486-491.

R, 7E R . Rk FM LR ) B 2 A0 1) S I A
HERE[T. B ZiE K 2021,66:580-590 .

FEEW, et al"§5ERA K FH Lt (BT 72 2 R 5 S B Bk k.
" [J]FERR 2 R 49.07(2021):1306-1322.

5K, and JARCGEE. A HL- LA ES ERAT A4 R AL AR
SEE.[J]. PIEE R 68.15(2019):137-147.

Da-Wei Fu, Hong-Ling Cai et al.Diisopropylammoniu
m Bromide Is a High-Temperature Molecular Ferroele
ctric Crystal[J].Science 2013,339, 6118.

Yu-Meng You, Wei-Qiang Liao, et al.An organic-inorg
anic perovskite ferroelectric with large piezoelectric re
sponse[J].Science 2017,357, 306-309.

LR, R RS AR JE TR PRI N R Ak 251 B AT
Fet e D REMTRL S 3R 2R [].2020,3, 6.

Heng-Yun Ye, Yuan-Yuan Tang.et al.Metal-free three-d

imensional perovskite ferroelectrics[J].Science 2018,361,

151-155 .
Tith, 23558 2D A HL— THLAAL S AR AR

%%%ﬁﬁﬁ@M%?ﬁ#Eﬁﬂ%%&ML

7, et al."B T HEAHLICHLAAL FERDT IR v i A

BN R 69.19(2020):328-336.

#FIE, et al."HAHL/ AL IS ERT A FH A8 HL it e IR A2
SE M S FLER T 5 R4 IE R 61.09(2016):1025.

Biao Wang.Curie-Weiss law in thin-film ferroelectrics

[J].Journal of Applied Physics2006.100, 044114.

M. Fahnle and J. Souletie. Comment on ‘Generalized

Curie-Weiss Law”[J].Phys. Rev. B1985,32, 3328.

Chao-Ran Huang, Xuzhong Luo,et al. A multiaxial lead
-free two-dimensional organic-inorganic perovskite ferr

oelectric.Natl Sci Rev 2021, 8, 232.

-10 -

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[26]

[27]

(28]

[29]

Zhenyue Wu, Shunning Li.et al.Intercalation-driven fer
roelectric-to-ferroelastic conversion in a layered hybrid

perovskite crystal. Nat Commun 2022,13:3104.

Zhao Hu et al.van der Waals force layered multiferroi
¢ hybrid perovskite (CH3;NH;),CuClysingle crystals.Phy
s[J].Chem. Chem. Phys 2020,22, 4235-4239.

Daibei Yang, Lingheng Luo.et al.Rational design of o
ne-dimensional hybrid organic—inorganic perovskites wi
th roomtemperature ferroelectricity and strong piezoele

ctricity[J].Mater. Horiz 2019, 6, 1463.

Tian-Meng Guo, Fei-Fei Gao.et al.Mechanical and aco
ustic properties of a hybrid organic—inorganic perovski
te, TMCM-CdCI3, with large piezoelectricity[J].APL
Materials 2020,8, 101106.

Asif Abdullah Khan, Guangguang Huang.et al.Superior
transverse piezoelectricity in organic-inorganic hybrid
perovskite nanorods for mechanical energy harvesting.

Nano Energy 2021,86,106039.

Wei-Qiang Liao, Dewei Zhao.et al. A molecular perovs
kite solid solution with piezoelectricity stronger than 1

ead zirconate titanate[J].Science 2019,363, 1206-1210.

G.H.Jonker.On the dielectric curie-weiss law and diffu
se phase transition in ferroelectrics[J].Materials Resear

ch Bulletin 1983,18, 3, 301-308.

Tongle Bu, Shengwei Shi,et al.Low-Temperature Presy
nthesized Crystalline Tin Oxide for Efficient Flexible
Perovskite Solar Cells and Modules[J].ACS Applied
Materials & Interfaces 2018,10(17), 14922-14929.

Fo-Ling Zhoua,Shuang-Teng Song,et al.A hybrid multi
functional perovskite with dielectric phase transition a
nd broadband red-light emission[J].Journal of Molecula

r Structure 2021 1239,130468 .

Jie Li, Yang Zhu.et al.Ferroelasticity in Organic-inorga
nic Hybrid Perovskites[J].Chem. Eur. J 2022, ¢202201
005.

MRKAT. ke AN i 1 S5 M A ). oM K223,
1973(1).

Da-Wei Fu, Ji-Xing Gao,et al,High-T. Enantiomeric F



frse, EmOCE, BIEN, sk, XIENEE,

R, HaiE, TiRE

A HL-TENUES SR G5k Bk AR BT 7E 33T e 5 82

[30]

[31]

[33]

[34]

[37]

[38]

[39]

[40]

erroelectrics Based on Homochiral Dabco-derivatives
(Dabco = 1,4-Diazabicyclo[2.2.2]octane)[J].Angew. Che
m. Int. Ed. 2020, 50(40): 17477-17481.

Wan-Ying Zhang. et al.Precise Molecular Design of H
igh-T, 3D Organic-Inorganic Perovskite Ferroelectric:
[MeHdabco]Rbl; (MeHdabco = NMethyll,4 -diazoniabi
cyclo[2.2.2]octane).J. Am. Chem. Soc. 2017, 139, 108
97-10902

Yuan-Yuan Tang, Yong Ai,et al. H/F-Substitution-Induc
ed Homochirality for Designing High-Tc Molecular Pe
rovskite Ferroelectrics[J].Adv.Mater. 2019,31, 1902163.

Yuan-Yuan Tang,Yong Ai,et al,H/F-Substitution-Induced

Homochirality for Designing High-T. M[J].olecular P
erovskite Ferroelectrics[J].Adv. Mater. 2019, 31(29): 1
902163.

Dongying Fu, Zuoming Hou,et al.Multiaxial Ferroelect
ricity and Ferroelasticity in a Chiral Perovskite.Chemis

try of Materials2022,34(7), 3518-3524

Hwa Seob Choi, Shunning Li,et al.Tailoring the coerci
ve field in ferroelectric metalfree perovskites by hydr

ogen bonding[J]. Nat Commun 2022,13:794

Weidong Tang,Jinshuai Zhang,et al,Substitutional dopin
g of hybrid organic—inorganic perovskite crystals for t

hermoelectrics[J].Mater. Chem. A 2020, 8, 13594.

Lixia Ren,Yutao Wang.et al.Tuning Magnetism and Ph
otocurrent in Mn-Doped Organic-Inorganic Perovskites

[J].phys. Chem. Lett 2020, 11(7): 2577-2584.

T HE I\l and SKIEGE." A BHRE HEth CHsNH;PbI; [
% LZ 5 E AR 7. "[J].06 05 5 B T .2021.08:43-44.

Peiqi Wang,Jinjin Zhao. et al.Photo-induced ferroelectr
ic switching in perovskite CH3;NH;Pbl; films[J].Nanos
cale 2017, 9, 3806.

Mallory Mativenga, Jeoungmin Ji,et al,Ambient Air St
ability of Hybrid Perovskite Thin-Film Transistors by

Ambient Air Processing[J].Adv. Mater. Interfaces 2020,
7(6): 1901777.

Anastasia Vassilakopoulou, Dionysios Papadatos. et al.

Room temperature light emitting diode based on 2D

-11 -

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[49]

[50]

[51]

hybrid organic-inorganic low dimensional perovskite se

miconductor[J].Applied Materials 2016, 5: 128-133.

Peng You, Guanqgi Tang.et al.Two-dimensional material
s in perovskite solar cells[J].Materials Today Energy 2
019,11: 128-158

Feng Tang,Qi Chen.t al.Mixture interlayer for high pe
rformance organic-inorganic perovskite photodetectors

[J].Appl. Phys. Lett 2016,109, 123301.

Haonan Pei , Xiaokun Li.et al.LaFeO3 perovskite nan
oparticles for efficient capture of elemental mercury fr

om coal-fired flue gas[J].Fuel 2022,309 ,122134.

Myung-Yeon Cho, Sunghoon Kim,et al,Perovskite-Indu
ced Ultrasensitive and Highly Stable Humidity Sensor
Systems Prepared by Aerosol Deposition at Room T
emperature[J].Adv. Funct. Mater 2020, 30(3): 1907449.

Farjana Haque,et al,Highly Sensitive and Ambient Air-
Processed Hybrid Perovskite TFT T emperature Senso
r[J]..IEEE ELECTRON DEVICE LETTERS 2020,41,7.

Fangyuan Lin,Feiming Li,et al, Mnll-Doped Cesium L
ead Chloride Perovskite Nanocrystals: Demonstration o
f Oxygen Sensing Capability Based on Luminescent
Dopants and Host-Dopant Energy Transfer[J].ACS Ap
pl. Mater. Interfaces 2018, 10(27):23335-23343.

Nidhi Gupta, Omita Nanda,et al. A new inorganic-orga
nic hybrid halide perovskite thin film based ammonia

sensor[J]..Organic Electronics 2018,58 ,202-206.

Wenzhao Sun, Can Huang,et al,On-Chip-Integrated Me
thylammonium Halide Perovskite Optical Sensors[J].Ad
v.Optical Mater 2019, 7, 1801308.

Fengren Cao,et al,Polarized Ferroelectric Field-Enhance
d Self-Powered Perovskite Photodetector[J].ACS Photo
nics 2018, 5, 37313738 .

Peiqi Wang,et al,Photo-induced ferroelectric switching
in perovskite CH3;NH;3Pbl; films[J].Nanoscale 2017, 9,
3806-3817.

Hwa Seob Choi,et al,Tailoring the coercive field in fe
rroelectric metalfree perovskites by hydrogen bonding,

Nat Commun 2022, 13:794.



Arse, EOCHE, B, kb, XUANER, BUEEE, EaiE, TiRE A HL-TEHUES BRI G5k Bk AR BT FE 3T e 5 182

[52] Yilin Sun, Changjiu Teng,et al, Photomodulated Hyste RSB ©2023 154 5 TFHGRBUH R FL L (OATRC)IT
B ACEERFISE BV RO R

resis Behaviors in Perovskite Phototransistors with Ult http://creativecommons.ore/licenses/by/4.0/

ra-Low Operating Voltage[J].Phys. Chem. C 2017, 121 OPEN ACCESS

(21): 1166511671 .

-12-


http://creativecommons.org/licenses/by/4.0/�

	1 引言
	2 有机-无机铁电体材料的基本物理性质
	2.1 铁电性
	2.2 压电性
	2.3 介电性

	3 对分子结构进行调控进行改性
	3.1 利用引入CH3-打破分子对称性获到高Tc
	3.2 利用F/H取代法来提高Tc
	3.3 通过氢键进行调控Ps
	3.4 利用掺杂金属离子对材料性能进行调控

	4 有机-无机铁电分子的应用情况
	4.1 光诱导铁电开关
	4.2 在光电探测器中的研究进展
	4.3 在传感器方面的研究进展
	4.4 在晶体管方面的研究进展

	5 总结和展望

