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Recent progress in nonlinear optics of 2D organic-inorganic

hybrid perovskites (Invited)

Zheng Yunhao, Han Xiao, Xu Jialiang

(School of Materials Science and Engineering, National Institute for Advanced Materials,

Nankai University, Tianjin 300350, China)

Abstract: Since the advent of perovskite materials, the numerous organic-inorganic hybrid perovskites have
thrived vigorously over the decades. Two-dimensional (2D) organic-inorganic hybrid perovskites containing
prototypical inorganic octahedron frames and diverse organic cations feature characteristics of intrinsic quantum-
well structures and intriguing optoelectronic properties, and have therefore attracted research attention intensively
for their optical applications in light emitting, sensing, modulation, photovoltaic cells and telecommunication
devices. The low-cost and solution-processed fabrications as well as the alternative organic spacer cations endue
2D hybrid perovskites with flexible layer distances, number of layers, and variable lattice distortion, leading to
effectuate the adjustable frameworks as well as higher tunability in optical and photonic applications. In
particular, they also demonstrate distinguished and appealing nonlinear optical (NLO) characters whether in the
second-order, third-order NLOs or the higher-order NLOs such as second-harmonic generation (SHG), terahertz
generation, two-photon absorption (2PA), and saturable absorption (SA), three-photon absorption (3PA), etc.,

under the excitation of laser pulses. Here, we discuss on the construction of the various 2D hybrid perovskites
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with different structural features. Furthermore, some representative properties and applications of these 2D hybrid

perovskites are discussed in both linear and nonlinear optical regimes. Lastly, the status quo and challenge of 2D

hybrid perovskites are elevated, and the future developments of 2D hybrid perovskites is prospected.

Key words: 2D hybrid perovskites;
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Fig.2 Schematic illustration showing the crystalline structure of 2D per-
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Fig.1 Derivation of 2D halide perovskites from the parental cubic
perovskite lattice of 3D layered halide perovskites by cutting the

latter along typical crystallographic planes: (100), (110), and (111)
ovskites (7 = 1 and 2, where n represents the metal halide lattices),
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Fig.3 Structural comparison among the n = 3 crystal structures of the R-P phase, D-J phase, and ACI phase 2D perovskites: (A, E, I)
(PEA),(MA),Pbsl,g; (B, F, J) (BA),(MA),Pbsl,¢; (C, G, K) (BAMP),(MA),Pbsl,p; and (D, H, L) (GA)(MA);Pbs1,o™
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Fig.4 Structural drawings of the 2D perovskites [benzimidazolium],Snl,

(a) and [benzodiimidazolium]Snl, (b) Perpendicular to the
stacking direction. The d-spacing between the single perovskite
sheets indicated. The corresponding diffraction patterns of the 2D
perovskites spin-coated on glass substrates are shown under-
nea). View of the unit cells of the (GA)(MA),Pb, 15, (n = 1-3)
perovskites along (c) Crystallographic b-axis and (d) Cry-
stallographic a-axis highlighting the ordered crystal packing of the

GA and MA cations between the perovskite layers®
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Fig.5 (a) Blue-light emission from (BZA),PbBr, powdered polycrystalline sample and white-light emission from the (BZA),PbBr,_Cl, (x = 1.5, 2, 3,
3.5, 4) perovskite series under UV excitation at /., = 365 or 254 nm; (b) Diffuse reflectance spectra and band gaps of the solid powder of the
(BZA),PbBr,_,Cl, perovskite (x = 4, 3.5, 3, 2, 1.5, 0) series. Structural geometry of (c) (BZA),PbBr, and (d) (BZA),PbCl,. Bond distances of
(e) Pb—Br and (f) Pb—Cl for PbBr* and PbCl* octahedra, respectively!'®”
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Fig.6 (a) Schematic plot of the Cl-addition-induced transformation from
the 0D dimer phase of A;Sb,ly to the 2D layered phase of
A;Sb,CLIG "™ (b) Schematic representation of different
structural types of corrugated (110)-oriented members of the 2D
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2014 4E%7], Karunadasa 25 NG T — ZR 4 — 4k 3%
K6 Z R 554k 5 (EDBE)[PbX,](EDBE = 2, 2'-(4
TR W (L FHE); X = CL, Br, ), EUR L E TR
2R (PLQEs) # K 5] 9%, fH & HAS & ST dEde T
=AH o X ERIRGE I KW, R AR S R
(4 i R A8 R Y B RO A B T 2k B S
B G & 000 AR I S B, RIS B — R A
2= Ak 55 Bk B (CgH5C,H,NH;),PbCl1,"*" (CH;CH,NH;),
Pb;Br;,_,CL", (C,H,NH;),PbCl,">, FI (3APr)PbX,
(3APr = 3—Z FEML & e g5, I L T = R ARAF T
EIISPIiv 2 1

K ARME LGB — B8R )12 K, IFTEAL s
FEAH R4 A S b e B TV AE L A (E N it
Hb, T RTP R OGAAR ) 2 6] 48 (ISC) o 2 F1 A T
TADF & YR 1 [z % 8] 68 #& (RISC) & 2 4 15 P &= 1
% (IQE) 1T ik 100%™, Yan S5 AFF AT Cd 1Y
ZRAE KAL) — 4R A5 KT CACl,-4HP(4HP = 455 3Lt
WE) [ FE5E D-n-A 4544, HAE 416 nm 4b A 18R 98,
FH oK ik 103.12 ms (& 7(c) 1 7(d)P7, &7 BR S
N A6 B A RO RN IR Z5 4 (& 7(a),
T T LA R €0 R S (B 7(b)) R 4 R B ARL
R (63.55%). ZALUH, Hu % A ULEE 3 (148 AL — 48 45
W (PEA,_,TTMA,),PbBr, (PEA = 4 £ %%, TTMA =
WEWY I [3, 2-b] BEW;-2-F BLE%) (B, 4R 0.2 ms,
TEZE IR L R 11.2%", K =H 2 (T)
FNHEEA (So) ML AR ALY, TTMA AL FEE R
TARRBEEI, B, K TIMA A L5 4l A

BRI TCHLE 2R P, FETCHLAL o B 1 BE B RS
2 TIMA, BT A5 k. i — Bt M, R
A PR R 3 R R G TSk 1T LA 2
FEFR G A, DTTHE = B 5 i AL R (1

B ER T AT R 4 1 A LA BE B T AN AT A ek AR
HAR B, BaE e Gy Faoe O e, T
BBk T H B EE T flan, S4EFra L5
A EEER B B, JER B TUART o X R P
W 4 BT LUK I 3 8 b (CD) M IE 4R O
(CPL) M Jif . 2018 4F, Xu 55 A3f b 4 FPE e 45 5 5
FLERDT ARG b, HGE T —Fh S ERET (MPEA), 5
PbBr; s(DMSO), 5", H i 74 25 # 2 B, &6 43 B4R
Br ) DMSO ¥ 5 43 71 )2 T8 73 i 3L 2 (1 THLZ 1
1 IF 5 Po* I B AL (8] 7(e)). e il % R-FS-
(MPEA), sPbBr; s(DMSO), s %, % 3 & ¥7E 325
405 nm AL F I R ZLM CD 55N (B 7(g). I
b, 38 3 7E A R 0 =TT ) R G A TR /O AR
KA R B SR, SRR FAHF B = AHh & P12s (]
BE. ARYEIE RS, THE R B2 R 3.07 eV,
[, B 4t R B 5 5K 49 2K £ 7 400 nm ' Y )
BOF WR T 58 A AL B A BT X8R K SV R
(B 7(0)s YK LT i AR K 5 14 € B A by (0.40,
0.42), B & IR 1O .

2018 4F, Long % ANRIE T FE —4E85 k0 ik
AR RTE LT 3% B9 A BER AL C 8L L), 18
1G5 = e85k, xR HA 1 ST MR A4 fk
S FEZTFYE R, TR (R-/S-H 3
R BT (n=2) ffiff CD itk R B
B RO BEEME DL RS SRS CPL & 6. BbAh, 58k 0 X
AR 1) 471N E A 118 Wl A R B2 i M R 3 6 1k AR A, 52
BT HEF R B E BERE

ULk, Li %8 ANTE 57%HI EE b, 3 2 18 18 19 %5 i)
BB, JoH IR k515 B R TS R R/S-0-
(PEA),POLM™, AL A2 E N (o) AT L (67), 1T
S BAE R 500 nm Ab A 15 i 31 ' A S5 R B T
F 225 (B 7(h),(1)), 3 2 B 3306 T 45 Bk o A
AT Bk Btk . K% F ISR it — 25
F CPL K, /R T i vl 8 52 M DG T & i
(E 7G)), F HREIL T M & NI TR0R (B 140%).

(TSR NO N oY = | N /Y L 7 Y S
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7 (a)CACL-4HP {14 1 AR 25405 (b) D0 MU F% (o) 764 R AE 365 nm Abi#k & 1Y CCL-4HP Y BIE (H54k) FIAEIR (4148) PL 61t
(d) CACL-4HP 7236 AU ] 43 B PL 560 12k (416 nm), HA 103,12 ms AU AT (e) WAL, XRD 3RS A9 THERGER ™ Y IR 4%
#, R T, DMSO 1 AR ASAETERIRRAE,; (f) BT 1451 (R-MPEA), sPbBr; s(DMSO), s A1K£k )9 —1k DRS (18 516iE) Feiet
o WURIHHR: 400 nm; (g) A R-FiI S-(MPEA), sPbBr; s(DMSO), s #54kH™ fhi4n DMF #BRIENR TR AY CD JEiE™; (h),()(S)-a-(PEA),Pbl,
1 (R)-0-(PEA),Pbl, fIERMIEIN L PL & 5T; ()(R)-0-(PEA),Pbl, #F7EMER—3 V Y 520 nm Ff o—Fl o+ BB (625 TF RN

Fig.7 (a) Crystal structure ; (b) Fluorescence microscopy images of the CdCl,-4HP crystals; (c) Prompt (blue line) and delayed (red line) PL spectra of

CdCl,-4HP excited under 365 nm at room temperature; (d) Time-resolved PL decay profiles (416 nm) of CdCl,-4HP at room temperature with a

long lifetime of 103.12 ms"™; (e) Crystallographic structure of the chiral perovskites as obtained from single crystal XRD measurements, showing

the features of chirality, DMSO intercalation, and partial edge sharing; (f) Normalized DRS (diffusive reflectance spectrum) and fluorescence

spectra of the as-prepared (R-MPEA), sPbBr; s(DMSO), 5 nanowires. Excitation wavelength: 400 nm; (g) Normalized CD spectra of the films

spin-coated from DMF solutions of the R- and S-(MPEA), sPbBr; 5(DMSO), s perovskite crystals. Average film thickness for both R- and S-

(MPEA), sPbBr; s(DMSO), 5 is ~ 350 nm'™*; (h), (I) Circularly polarized PL emission of (S)-a-(PEA),Pbl, and (R)-a-(PEA),Pbl, crystals.

(J) Optical switching characteristic of the (R)-a-(PEA),Pbl, device under a 520 nm monochromatic ¢~ and ¢" illumination at a bias of =3 V!'*]
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Z MK (Bi QDs!"™, Te 4k F1°1, Se 44k /12, Bifk
BUSURN BPUS) —RE G HRI v J B O 5 A
FAR Sk HLA R A I LR R B, AT DA RO S
Y Z B A AR AR U, e AT R A K R A
JEE U514 w8 1 TR /5 HL 9 B TS R0 R AR B R Y )
W, Tan 55 A il & 7 48854k (C4,HoNH;),PbBr,
A, IR HF A, A SR R S, X
G 7 2% TR b G b s AR A A el O g R
(2100 A/W), ZEl#th, Qian 25 A48 T Sn % —4E45
KB (PEA),Snl, Br, (x = 1, 2, 3) BTk A, W43 T
7E 470 nm Y% B8 R (PEA),Snl, f & K % i 1 BE Ky
3290 A/W, Kl 3y 2.06 x 10" JUO R4 44k — 4k
R A M B DRI LA PR, (R e AT
A ROERENE FLE H 1 Bi QDs., Se 49K A, SnS 45 4k
MR
22 ZHSHRERIELMERF

25 B FIBT 24 00 4 RRE (19 4n A7 380, BPUOY,
SnSUSL T Se g4k 1) 5y i F AR 2R il
N, A7 B EL A T8 AN R AR 1Yl R M 2R TR
WS DL R PR T W T 4 A B OC R Y A )
P A Rl B VST 1051 JURT D S F] U5 1061 i 27 S 25 R B
R ) S = B AR G A RN, (DU YR AR —
W= A4 VLS RGFMISC ARG b 4 T, ik
b, PR A ot X B SRS 25 A U fil T DL
T BrAE M2 SnS ERA R A iy fhoF
RGP U DL B mT R Y BRORT A A RR
RN = N S 7 - 0 { Rl 10 5 B e o D VAo =3 1
SnS #H T At 5 B4, 2t TF U SAM,
UEAh, BB B SE B, H)2 SnS AR 9 A o X FR
C,, (mm2) i FEd H B A SHG #UREY, = A&
() 4k Se 4K A WoR T R AP M AR 41 T,
X AT A B R 2 i B R 5 RS R G B e,
FLAE M AN A S PO T T R B TR
B

5 R T AEARE H, T2 R 1k
S REE N ZE 0 Z R T e e AR B
M Z WA, =AW 2 8 7 PF (MQW) 454494
W AR LR M AE R RN, BUA, X R A A b
FHERE BB S AR 2R AR SRR AR 4y 8, wTaE
IR AR R L 5 H A 2 i — 2 o ) i 3 ) 0

PG B 5 U7 R ™ A 1 A S5 AU A L
SUREN (TR W b7 Y I WD R Y /N IR C =gl = B R i)
THEASERT AR AR . AR, AAILBH B A T AE A AR A AR
i 8 By B S AR 2R P2 B 08 5 SR 42 T ) %
1o X 3AE S T Y J b A ki 3 et 24 1
KIE.
221 ZEAEARE 0 N AER M KA A

1961 4F-, Franken %5 A7 & YR M AT ¢ i A v L8
F)7 SHG M %, X —FRiR M EFIF T IR Mot
WY 5. 25, BEE BT ARG A6 AR Pk
R, B2 AR MR B e AT R,
FNPAE, SHG /2 HE AR LG A U0, SR
1M, FH T FLAR AR 30 (U S 1 B AR R e 2 i A
FEH UL X FREE A T LF %, B AR 2= 80 7R
G X FR SR AR TR ASBH A IS B, AR St
St HREAATE Tl O X Bk G 4 28 prlissisal

KEB AR t T 25 () 4548 X PR AN BA
TR E T . Wang & R T —F R Dk
M 4E =L P56k F° (2meptH,)PbBr, (2mept 2 75 2-H
BE-1, 5-AE AR )™ BR T R SHE SR PLQY
PAAR, 7E 1064 nm #0% (Nd: YAG) i & N &b & L
SHG M (£ 1) B X HHER AT 5 70 Fr & BIZ 45 5K
)& T Ce(No. 9) &5 (BB, 225 A b i 22 1
BL/TH AR BLBF ™ A, A B 745 31 535 00 (8 A 6
(0.3354x10% Cm™),

BRHL PR AR R AR i R, 5 AR X PR
% NAT 43, DRI Bk R P A R P B B R 2R
2SI HRE RN, AV E P E A fiEs
BB AR AR SR T 2 A HL ", Luo AF A
V5 BE W 1 e G 4 Ak, R 28 ) = 4k TCHLAS BK
CsPbBrsy & i, B3R T 470 % i 1A 19 6 R 190, A ol 1
(C4HyNH;),CsPb,Br, HA B FHERHME (2 4.2uC/em ™)
Flis F BaTiOs 1Y & BLIR B (T, = 412 K). ME i F]
T,, W% 7 — 8580 AH (1 8 (b), (c), (d) Fl (e)) HAXT
FROCE B0, BRI 5 IR AR SC Y SHG M
(&l 8(a))o SZPr I, SHG K I 2 385 51 A X Bk o 5l AR
XoF R R X R M 2 TR R A A 46 1) A A0 L R By
AR,

Sun %5 AU BT — P s B 4 BBURR Y 4k 2%
FBABER 4 HiL 1A [CH5(CH,);NH;],(CH;NH;)Pb,Br, Jf:
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Tab.1 2D perovskites for NLO

Chemical formula Metal  Halogen Organic ligand Phase  NLO property  Reference
(2meptH,)PbBry Pb Br 2-methyl-1,5-diaminopentane R-P SHG 185
(C4HyNH,),CsPb,Br, Pb Br CH,NH, R-P SHG 189
[CH3(CH,)3NH;3],(CH;NH;)Pb,Br, Pb Br CH3(CH,);NH;, CH3NH;3 R-P SHG 191
(BA),(EA),Pbsl g Pb 1 n-butylammonium, ethylammonium R-P SHG 192
[(C¢HsCH,NH3),]PbCly Pb Cl C¢HsCH,NH; R-P SHG 199
R/S-(MPEA), sPbBr; s(DMSO), 5 Pb Br methylphenethylamine - SHG 148
[R/S-LIPF],Pbl, Pb I R/S-1-(4-chlorophenyl)ethylammonium R-P SHG 200
(C¢H5C,H4NH3),Pbl, Pb 1 C¢HsC,H4NH; R-P THz 203
(CH3(CH,)3NH3),(CH;NH;),,.1Pb, I3+ Pb I CH3(CH,);NH;, CH3NH;3 R-P THG 207
(C4HoNHj;),PbBr, Pb Br C,HoNH; R-P THG 209
(C,HoNH;),PbI, Pb I C,H,NH, R-P THG 209
(C4HogNH3),(CH;3NH;3)Pb, ], Pb 1 C,HyNH;, CH3NH; R-P THG 209
(C4HgNH3)o(CH;3NH;),Pbsl;g Pb I C4HoNH;, CH3NH; R-P THG 209
(C4HoNH,),(NH,CHNH,)Pb,Br; Pb Br C,Hy,NH;, NH,CHNH, R-P 2PA 213
(PEA),Pbl, Pb 1 phenethylamine R-P 2PA 214
(BA),Pbl,/(BA),MAPb,I,) Pb I n-C4HyNH; R-P 2PA 215
(PEA)»(MA)4PbsBr¢ Pb Br phenethylamine, methylammonium R-P 2PL 217
(C,HoNH,),PbBr, Pb Br C,HyNH, R-P 3PA 226
(OA),PbBr, Pb Br octyl ammonium R-P 5PA 227
(C¢H5C,H,NHS;),Pbl, Pb I CHsC,H,NH; R-P SA 234
(BA),(MA),_,Pb,Br3,,. Pb Br n-C4HoNH;, methylammonium R-P SA 235

FH R 02 0 A iR 61 P-E W I 280 S, £
318 K BB HA 3.6 nClem?® KB [ &AL (Py), i
D29 SHG i [ 57w H 7F % T 2 1Y SHG 5
28 0.4xKDP, IZAGELH 2k B AR 8 R H A Y
HELE (F/For=2.0), TR EAT H (0 i 7 BRI 3 (2
10°Jones) 1% I X 38k ) R B R (2 20 ps)o IR
B WEIE T e = T ROk 4 22 )2 A A 5 Bk
((BA),(EA),Pbsl,o (BA =I1E T H: 5, EA =2 HL 4 )",
o BRI B A SHG 7 PEIIESE TSk A7 16
HLO X ARE5 K o P-E B B 26 30 UE 1 8% LR S 8K
(IAETE, ZPER LA P, } 5.6 nClem® (%8R 1Y XU &k
FEL R B S (29 363 K)o [RIA, 0 1 i BE kR
(65%-83%) W T T Hmi sk i s v o BLAh, K H A
B 5 AR AR rb o X R T R AR 2 1 O 2 % U0 A
U939 R, K2 AR R AT R A TEHL
). {5140, CsLaNb,O,"*! RbBi, Ti,NbO,,!""", CsBi,Ti,
TaO,""*"" Al LIRTiO (R R FHM 70 ) I A kY
AW SHG 155, R FRAE AR R

PR Z 00 R AR Ak B e R e & Fh RS 7, —
Y 45 EK B A AR L Al 4 2R AR S S AT R
YER R A, H W SHG R I BE A5 kT B Ak Y
AR AR . i, Wei 55 A SHG #6075 2%, W
227 HA Wbk 2 [ L A (Cme2,)) 19 4 24 b A5 5k i
[(CeHsCH,NH;),]PbCly 442K Fr Hh Y8 4AE (vdW) A A
PEFIN, anlEl 9(a) AR 9(b) FIrzR, W dsA b 4N o il
WAk i) SHG %5 % LA K SHG 5 JiF (14 4% 1] S 2 0, i
F vdW A EAE BN AR, BE 98K R TR EE 8
AN AT R A T R

WA ATA, FHEE RN GIA T LIS 4854k
I WA Hoc X FR S (R R 2, A2 1 — B A 2R e 43
R S . N, 4 TS R 9 K 4L R-
(MPEA), sPbBr; s(DMSO), 5 {7 H 78 2 Rl gt K 130
THEMM RN SHG (55 (B 10(a)). EHABREKZ
By NLO 8K (dgp 24 0.68 pm / V), ORI BI1E N 8.6%
10 W/em?, #F— 20 (w4 H61 ) SHG Ml & (151 10(c))
SERFW, TR 7E &AM AR O T (B 10(b))
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8 (a)(C4HyNH;),CsPb,Br; (iR MM SHG (55 . #KIF /R (C,HNH;),CsPb,Bry fEA IR F B S IALE ) . 1 293 K. (b) #r4s &b b 40l
2, (o) UK B A, HiSkFORUY ¢ RAORIX RS 7E 420 K (d) mBEXSFRAGLEFMERUR (o) #5EkH B 420
Fig.8 (A) Temperature dependent SHG signals of (C4HoNH;),CsPb,Br,. Inset: Crystal structures of (C4HoNHj3),CsPb,Br; at different temperatures. At

293 K: (b) viewed along the crystallographic b-axis and (c) the perovskite framework. The arrows indicate the relative displacements along the

crystallographic c-axis. At 420 K: (d) highly symmetric structure packing and (E) perovskite framework!'*"!

(a) 0 ® 92.2 nm
* 58.3 nm
60 ® 44.5 nm
» 18.8 nm
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2
£ 20 |
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£
S
40
240 120
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i —
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9 (a) 4k [(CeHsCH,NH,),] H56K5 94K - ik M SHG 3R BEPE; (b)SHG 3R A5 1] 5 (1, anis/Tp-anis) TRDRT B AU AR - fr JEEED )
Fig.9 (a) Polar SHG intensity plots of the 2D [(C¢HsCH,NH3),]PbCl, perovskite nanosheets. (b) SHG intensity anisotropy (/..ayis/Zp-axis) dependent on

the thickness of the measured nanosheets!'*”!

IR R 96.4% 09 K #i L, 78 1B 3R OGS T T
(%1 10(d)) o 57 35 M g AR M B — ok
ZIE AN, Xiong 55 A POVEE T BH S 1 X B fR
(R/S-LIPF, LIPF = 1-(4-50 R 5E) £.4%) 5 b H 45
BRA 45 Ay, 159 2[R I LA Bl B0 SHG MR B (14 — 4 45
BRAT A RFR0 00T X B R 2 o 7 B 1) 3 R T
IR T AE PLAS T 25 Fh i, XCRI T B L fk
MITEAE GFEAE 2N 13.96 uC/ cm?), R-LIPF(T,(R) =
483.0 K) il S-LIPF(T,(S) = 473.2 K) %5 4k 5™ it #H 72 &
JE T, B A, X5 —Hof s S AT, I SHG
Sk, R/S-LIPF R il i) SHG 38 B (K202
KDP 2% [y —2F), M B b Jt, H230 T, i 5 B % i

B, R W N 7 B GBS (PFM) Y R i I £k SR
T R-LIPF ¥ I HL A AH > K 09 Jay & %7 i H s i) 7
(=112 V), X RE T I 35 1) K F 1k R R A 2 46 e i
BN

H B AR LMt A A B AR B KR %% (THz) 48
S (EHAE 0.1~10 THz SR )P, B2 2l
REIENLH TR A A it . HJRAE SE BRI
FH B, AR D 38 ik = 4555 BR80T A RN 3 i THz 48 55 .
2017 4F-, Chanana %5 A P03 i PURUAE 2 SR 4 I 1
) 4k 2246 55 8K B (CgHsC,H,NH;),Pbl, (PEPI) 5¢ i,
T THz 48 5 (9 3 B P 98 1 B, wT DL 2o AR R A R
T b VR 5 22 2 K B A B A e . S sl
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10 (2) IS RIHER A Y (R-MPEA), sPbBr; s(DMSO)o s AHAKZ A —Fk NLO il (b) K B /K-FHIAAY (R-MPEA), sPbBr; s(DMSO)o s K
L0 SHG SEE 5 i 42 0 IR AR MERR AL A A DE 2R () NLO MEUR I 5 (d) 49Kk SHG S8 BESE A4 D R ek M n i B, ik
SR, SRS 450 22590, SN AR Ak, e £ 13500 31500, TN ATHEBIAR AL,

Fig.10 (a) Normalized NLO spectra of a (R-MPEA), sPbBr; 5(DMSO), s nanowire pumped at various wavelengths; (b) SHG intensity from a

horizontally oriented (R-MPEA), sPbBr; s(DMSO), 5 nanowire as function of the linear polarization angle as tuned by the A/2 plate;

(c) Schematics of the NLO measurements; (d) SHG intensity from the nanowire as function of the rotation angle of the /4 plate. The pump was

left-handed circularly polarized when the rotation angle was 45° and 225°, and was right-handed circularly polarized when the rotation angle was

135° and 315°, as indicated by the arrows '

P RAH LG, A5 BR /AE A Fr b 8 T DR % I ]
AL,
222 ZUHABKE G ZWAZMAELREAF

=B AR 2O N A2 AR R0 X BR 25 4 Y BR
i, PRI, 5522 9 e R0 R AT DL T = B AR ot
220572081 Saouma 48 il i = WK 7= 4 (THG), 45
K T 4 R-P 45 4k (CHs(CH,);NH;),(CH3NH;),
Pb, I3, (n=1-4) B =R oz, ik ~2rst
(IR) 1y THG RN 5, & W3R IR T H =4 X% )
MAPbBr; filZ %+ £l AgGaSe,, ¥ T FI M (2.6 £ 0.5)x
107" esu 3 (5.6 £ 1.0)x107" esu. FEH 45 EkH N ~HAY

/N, OGS R B AR B T, IAh, X
S A AL R AR B A Ot AR B i e A . —
N 24k R-P 85 ER AT Hh i PR BIF A5 A R T
SR = B AR 2 Mol 2 P, Abdelwahab %5 A M PUAS —
4k R-P £5%k 5" (C4HoNH;),PbBr,(Br,_,),(C4H,NH;),Pbl,
(Li=1)s  (C4HoNH;),(CH3NH;)Pb,Iy(1,-) Al (C4HoNH3),
(CH;3NH;),Pbslyo (1,—3) F9 5 & H ML AR B B 409 ok
JrROT, Il T4k R-P ASERE K R LT AR T Lot
5 AR e = A5k THG {5 5 o (C4HoNH;),(CH;NH;)
Pb,l; R-Ps 1 = By AE Ze ML 06 = i Ak R 4® Ry 1112 %
1077 m* V72, 36 5 T FL bR
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MOEF W (2PA) )2 B2 Y = B ARtk 2
RN, B RIRBE 5 R SE R, iR A R
o A BH B R Yt 199 D' 4l 3 BB 7 POT RO R 2% 1 R A
JEPR Luo 5 AGE T HAT 28 H X% F WIS 1
Bk o, 24 Ak 55 5k 5 (C4HoNH;),(NH,CHNH,)Pb,Br, 5
i PP, FE [Pb,Bry],, /N AR, SRR BUZ S R B
PR TR TR ). A Z FEEARN E T R0k
TR R BN 5.76x10° cm GW !, B TG H 4 AL
PR, DSC MiZed s 1 Al (322 K/318 K) £k
AR, IR T 3.8 uClem W) H KAl . A T 158
2PA WOBEUR N, Lu % NI T —FP i SiO, ik 4
B A A5, IR A R 50 SR A
B TE B, A5 1 (PEA),PbI, £54k
1 JHE S R LA 34 7 3k 26 — AEAS AR -, SRS s
SJAY R r ek . RS RS T IR A LAY
JoT 235 R AN A SR O AR v g ELA R T A e S A
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