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Abstract

CHsNHsPbBrs QDs (MAPbBr3 QDs) were incorporated into thermoplastic polyurethane (TPU) with high
elasticity, high transmittance and excellent environmental stability via an ultrasound-assisted micro-
emulsion two-step method. Through electrospinning, a highly luminescent and stretchable MAP-
bBr3/TPU fiber film was prepared. Optical performance tests revealed that compared with the intrin-
sic quantum dots, the MAPbBr3/TPU film exhibited a high PLQY of 65.43% with an increased fluores-
cence lifetime of 47.2 ns and retained 65% of its initial fluorescence intensity after 12 h of water im-
mersion. Together with the protection of TPU, the composite films exhibit excellent optical properties
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and stability under different environmental conditions, such as solvents and high temperatures.
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1. 3]

REVMEHUEAE B R DL RAR T 1 7122 R, O T AR I AR A, B R T
AR 1] RSB B T MBI 2R EWM R, REVI I BUR G e 8 A AR 4 A R BL (7K 73 A
AROR R BT R AR, WMEERmE T ARE. XMESHEAURI 7880 &1 bR
L FYERE, ERE T RAEVM R R R e, AR AR SRR BRI R I H B X
(R J3(2]-[4]. HETS A FCRE, FIH R PR ER TR (PMMA). Ei M JEPVDF) LKL R 4
IGIE(PVA) SR AV ERIE & T S [5)-[7]. 2R, KZHCRAVME AR ERER, =
HETRZEWHEEER, SEETF S mA S KAERSE, #mEHb R TR,

PIBYE T BR(TPU) 2 —Fp B 53 RIB I RFE I & 2 TS GV RL, ErE #2343 T 98,
B G SO AR o X PR (A BUR AR R4S TPU RERS @I a7 5o i R i R se sl R &0 1
Aol B e o DRt R B R O FRARATRL 8] [9]. BEAh, TPU B E &t Ed etk RUF A HuE A 2 mn T
PESEAR I R, IX {43 TPU £ Ak 22 W 78 88 45 52 938« TPU 11 431 25 A6 388 5 HH 52 1R B BORI A B A8 B4
B R, b vt B R gt 7 AR SR M, TR B T T AR B 5 R AN A . @R
NINREA R A (IR 3L . FRRE . BIEE), SR TPU MIRMIER . MAVELL L5 Hob bRl A HAE T,
T i LR VS R [10]-[12]0 PR, 4SSN &1 B4 3] TPU MALt, BifeE 7 &1 sfaett, X
PrEF 7 HAR R 05t e, A BRSNS & SUE SOGAR R AUR  1 R R

A, I A 5 B LM 5 & T MAPbBrs QDs/TPU YR VAW, BhJS, R BT 48
AN I i) 2% BCEL A AT hr A H =y R OEHE s ) MAPbBr; QDs/TPU & 4 4R . % 8 & AT 1IR3
FIRAE. 1335 T TPU A SRR Mk =i v Bk T DR ZETIPE, RN, MR A%
PEF MRS e 18 BT

2. SCIGERSY
2.1. MAPbBr; QDs &Rk

R 75 4l Bh A FL0% A B MAPDBBr; QDs [13], A& 241~ #RHL 0.16 mmol MABr 73-H#(F] 0.3
mL DMF (%3 A)H, K 0.2 mmol PbBr, 4 HU7E 0.5 mL DMF (V&K B)H, RIS 25 V. b
Je, W 50mL B0 RN By 10mL IFECUbE. 0.5 mL OA. 20 uL 1E & LR A, #8710
R, LA N FLA . BEJS I S mL TBA, BRAIEEE TBA M0 EHET B 3L (A G2 R g
B phil, 78 AMT IR R R 54, KW MAPbBr; QDs S &% B35 R IE ki 2 2
Bt &7 s AT TR O . BE, R EZTRAATE 60CHIEE N/ 8 /N, BB 53k MAPbLBr;
QDs ¥ K.

][l
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2.2. MAPbBry/TPU EiRE R

KA #2722 5K % MAPbBrs/TPU E &M, BAAG BRI T: RBCE =R TPU BURA T
THF %50, fEER NEHER B R 6 /N, SRR 0N 20 wie iR &Rk 14] [15].
[ s A1 B N 4 mg/mL ) MAPbBr; QDs ) THF IR S, iR E R M. b5 BN E IR &,
T 122 MR et b, HidE R e SRR —. BHl ST Mg 2B 10 mL fE5 84, BerE
FRE G HLESE Lo SIS AMINEE N 15KV (+)/1.5kV (5)« BRI 2 [0 TAEFE B4 20
cm, R & H E 400 rpm/min, 1 P RAAML R %A 3 mL/h. FRHLYT22 3.5 /N A, K15 2 MAPbBr/TPU
CRYERSE, TRCCEIE XN LT 12 /NI, SRR B VAR S R . TR SE R R AW IRAE 365 nm AN
MRG T R H a2 4k

3. ER5118
3.1. ESRGEHIFRIE
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Figure 1. SEM images of (a) TPU fibre film and (b) MAPbBr3/TPU composite fibre film; (c) Particle size distribution of
MAPDBBr3/TPU
[ 1. (a) TPU F4E5# RN (b) MAPDBr:/TPU & & 4F4EESERY SEM Elf%; (c) MAPbBr/TPU RifZ 5376

X TPU £F4EHEAT MAPbBry/TPU B & BT [ TESRAE. & 1(a) 7R 1 48 TPU 21 4EBAE T4
T RMBL(SEM) RIS, MBI TSR R, LF4EREDEHE, SRR, B4 mMEASH,
TERPPIRZER, ARBL T TPU MR R 7152 MERE R R EARAE . 18] 1(b)> MAPBBrs/TPU & & 1 5 F 1
TESUE, E BTl DUE Wb 82 AR T TPU ISR E, (HE04F 48484, X /& H1 T MAPDBr;
QDs &I A F| TPU Mk, SEEFYEL AR TR W 1(0)fiR, MAPbBry/TPU £F 4573 E AT
4 0.58 um.
3.2. JEEFEMEEMIR

K4 2(a)’y MAPbBr3/TPU & & R OGS (UV-VIS) R U B (PLYY it . v LAE Y, Ho— 7k
W7 T 489 nm, PL WETE 523 nm, US54 29 nm, %G HBAXMME, £HE TS TPU E
BRI S), RFFRIFR B . SEE R TIEIE 365 nm SRAMT IS T & H s ZI 4R
Jo NPT E A W AR, AT LBRAS PL G, A&l 2(b)Fn. 3 PL 3 2k m]dE
U i (AU ek B AT LA 16]

(= Aexp(=7/7,)+ A exp(-7/7,) (1)

Horr, A AU Ap 53 ARZR A AN [R5 i 200 B ARG IR o A7 i (o) UL BN 3 TR o320 57 B B 7 2R D
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AW AR S, TS (o) WA B T35 4 2SR . 3875 67 (tave) P LR A T 515
H[17]:

Azl + Az,
B Azt + 4,1,

2

avg

Hrh, MAPbBr; QDs f T35 7w~ 22.3 ns, 1l MAPbBry/TPU & & IR )71 5 ar B %) 47.2 ns.
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Figure 2. (a) PL and UV-VIS spectra of MAPbBr3/TPU film; (b) TRPL spectra and (c) PLQY's of MAPbBr3 QDs and MAP-
bBr3/TPU films
[& 2. (a) MAPbBry/TPU B&HY PL F1 UV-VIS i ; MAPbBr; QDs 1 MAPbBrs/TPU S#EA%AY(b) TRPL JiZF(c) PLQYs

AL, BOERT R Rt DI 7Ok ERE MR T . WK 2(0)FR, HiH MAPbBBr; QDs [
PLQY A 54.39%, 1Ml MAPbBrs/TPU [¥] PLQY 2= 3] 65.43%. 45K EW, K2 T B4 3] TPU MR af
R €l AL | LT = e N N b a s =Raw % b & N Ay ety 4 1

3.3. BEMNR

FEE| TPU = TR G MAPbBrs QDs IGRY", A LUE MBHIESEA . K ERTER KR . X
BT 7R AR AN KA RS A P A E A

1) ¥R E v

435K 5 mL 1258 /K (H0). FEE(CH;0H). ZJE(ACN). HRd(Acetone). LR ZBH(EA) LA K F 2K
(Toluene) IIAF 4 mg MAPbBr; QDs ¥ K H', 1R 5 min, WEA FEVEFIXT & T 528 Gan e,
RO . W 3(a)FiR, E Acetones EA LLK Toluene H T s/ IR EH T 3% 8%FH 12%[1)
WAL, TMAESRIER T HO. CHsOH Al ACN w1, & miRKA T HRKRGHE KNG . X —E K
FANEAR T &7 ACRT AN, SRR RERIGE, RS T2 51X SEkaEE R A AR,
SHELZMEB TSGR RRENE S, N ol 56T K[18]. )5, LLFEFER S &4, #
MAPbBry/TPU #4332 T FR HiEFI A 12 /e, IR T 3296k PL 481k, @il 3(b) AR, 54k
MAPbBrs QDs #H b, & WA SOG50E SR T R8T, 7l BEIREEWILE PL 321 35% (H20).
47% (CH30H). 51% (ACN). 67% (Acetone). 71% (EA)LA K 76% (Toluene). 45 H%H], HT TPU AR
SRR A5 24 5 B A MRHIE R Fa e Y TT

AR, # MAPbBrs QDs ¥ A1 TPU 4544 5 R GriA R E IR 2 1TO 3R T,  H B A AT 1 85K
PEMR . el g /NS 3R TSR 77 BRI 27 [RAE ELAE FH D S5 ER R R B VA O, B0/ 3 fi 1 15 B
K TE MR T Bk PR ZE o AR, e i A 88K DU 3 7= 7K 3 7 T 26 T () Bk MR . Tl 3(c)s 14
3(d)Ffn, /KiFAE MAPbBr; QDs R IHI K44l f1 N 48.7°, TME MAPbBry/TPU K MM N 113.6°, X
RPN EMEEABERGKAE 1. b, a5k T A EEEK IR 20 N R 5OEE R, lE 3(e) Al
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Figure 3. PL changes of (a) MAPbBr3; QDs and (b) MAPbBr3/TPU in different polar solvents; Contact angle tests of (c)
MAPDBBr3 QDs and (d) MAPbBr3/TPU films; (e) Photographs of PL intensity of MAPbBr3/TPU films with different immersion
times

3. (a) MAPbBr; QDs #(b) MAPbBry/TPU ZEARELAFI A ABE LK (c) MAPbBrs QDs #1(d) MAPbBr/TPU 38
EIEMANR; () ARIRBAET MAPbBry/TPU EEKNBER A

2) #AEE S KAt E

Kl 4(a)~(c) 7~ 7 MAPbBr; QDs M H 5 TPU & & MR R tEMNASE B . & 4(a)fias, 1E90°C
I}, MAPbBrs QDs )% iR E R IR BIWIUE 1) 5%, FF HBEEIRE T &, &7 R EVRIOGHEKINER,
X FE BT & S B AR S M AE S T 2 K AR AR B AR K . X PR AR E i A
TR, SR AR, (iR EAME TR, RN, SRS IESFRIE%, Bmes
TER, XEEERIGIEH AR 2 A, B RRAC T R [19]. MHELZ T, MAPbBr/TPU E &M kR
IR ERE AR ENE, WE 40)FE 4(c)fiR. ERETEE 120CH, MAPbBry/TPU %658 EAT)
RETRFF 31.5%. X —RFEMMFEEERTE, A HMIEY T TPU REMIFHIBE R 1EH. TPU MU
PRRLE 7 AR BT A S SR A B, ERTRRAE R AL R — R CRRET , BRGESE T E TN
P T IE A R AR A, AT 3B A T AR AR . [FI, TPU (2R M B AN = 4k 4% 25 1) B 6 2%
PR T R G | A I AR AR B T, SRR TS ERET AR AR SR E RIS TR . IER IR M Z R IR
(B [E DRAP AL ——FABERE . & I MmI AR b ——JILEER, T 7B &R Al i ek &
F IR E .

BB PAA BHE IR K T (25°C, MXHRE 60%) MKt ErE, &RmE 4(d)~OFiR.
MAPbBr; QDs % T IR P i /7 22 RJF, HROGHEMNIRE 3.2%, X2HTFHHKT. AT
BE T AR, PRGSO ERE. M2 R, MAPbBry/TPU fEM R EL & 1F T A7 120 K5,
RCREAR IHBEORFE 41.3%, X125 T TPU H S m KIS ENE, HA G KM, A 3095 LKA
AARRT R T BRI R S T AU AR E .
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Figure 4. PL intensity of (a) MAPbBr3; QDs and (b) MAPbBr3/TPU at different temperatures; (c) Changes in PL intensity of
two samples at different temperatures; PL intensity spectra of (d) MAPbBr3; QDs and (¢) MAPbBr3/TPU exposed for different
times in air conditions; (f) Changes in PL intensity of two samples

4. (a) MAPbBr3 QDs F1(b) MAPbBrs/TPU ZERNELEBE T HIZNIRREE ; (c) A ELIRE THIZOLRREE I T ILE;
(d) MAPbBr3 QDs F(e) MAPbBrs/TPU fEZ S &M KRB ERBEMTLREEE; () MiMERITORETHE

3) hiffaE
i+ TPU i BA & aidt . i S0 55, 3k — D% al f {8 1) MAPbBry/TPU # (K 31.2 mm,
Pi: 123 mm, JE: 1.5 mm)i#EAT 77 E RIS, KRR T

Y:Lh_LO

%100 €))

o, Ly AV Lo 53 BB G 1) i 28K FERUR BN (W16 K . W 5(a)Bon T A FTE 2300 TPU 5
MAPbBr; QDs & & IR I 71255 B . 1 MEREMINASE KB, 24 TPU W& 550N 20 wtld,

A T ) N AR IR B K AE 354.2%, UEIFIINE 1308 384.5 kPa, FEHAEILAMF T, MRAL R E Kok, X
—EERRY, SR 20 wt% ) TPU B & EG RAER %R, 2R, 4 TPU S =34 25 wt%
W, 28 TPU Al e S EE T RAER SYEE R i B N0, b Z A EAE R, T3 3o
BT AT A 1 FEAR[20]

S(b)E/R T HREEAR R N ARRAS R 2GR, 75 057 Hh 3 B 7E R A N ARV N 0%~390%0, T E
RIHREFF AR T R W] S(o)fw, T8I0 AN A REAS R R 58 s BE K, I MAPbBrs/TPU 5 1)
RICPEREFEARZ RN E s, 1 BEMEEA R R P& T, R PL WAL IR K AERS), RWPLE TPU
PILRY T, MAPbBrs QDs EILH AL K= RE . £ S(d)h, &g 3000 REE hifi )G, MK
WRIRRELRFETE 98.6%, R LR A {1 5 WPk o7 v LR RO AR e 1 . DA 45 RR I, RIF1 e
BRE TPU SE AN T EES. EWNEA5M. Fik, FEAWHE. Bk meedk L& m
SR E M) TPU BT, #il41) MAPbBry/TPU B R A 2 I RIN, fREF T H AR
PERE
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Figure 5. (a) Stress-strain curves of MAPbBr3/TPU films containing different TPU mass fractions; (b) Photographs of fluo-
rescent films at different strains; (c) PL intensity at different tensile strains; (d) Changes of PL intensity of film after 3000 times
of stretching

& 5. (a) TEIBRES# TPU B MAPbBr/TPU SERERN 17 - NAEMIZE; (b)) FRINE THERRARRE; (o) FARERMH
METHRNBETL; (d) R 3000 KEENKNRETL

4. &g

) FH R 7 4 B ACFL VR P 25 & 32, MAPDBrs QDs 5 7% 31| B sttt . it DL b 25 fa e
PR TPU BEYM B, FHilid & g 2 50K % 7 MAPbBr/TPU & HE B . ZE 5 HEAH 65.43%
PR R TR, RHFHFMEKET] 47.2 ns. t4h, ¥ MAPbBry/TPU & & AE K FIRIE 12 /NS,
WKIHREPREF 65% M EoRE, FE2 AT FHEAF 120 K, GHREN G E] 41.3%, FEMEHAH{H 3000
Ue, RICHREMKIHRERTE 98.6%. [N, 53T TPU KR VER, E&HBEmEMA R R hE
R R AR EE. BT TPU B S B AR IR ErE . BKE M SER ek, Mimidem 7 &1
MG PE R AR T
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