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Abstract: Lead halide perovskite light-emitting diodes with tunable light emission, high luminance, high external
quantum efficiency, wide color gamut, low cost and solution processable are promising candidates for solid-state
lighting, ultrahigh-definition displays and optical communications. However, lead halide perovskites are toxic and
harmful to both the human body and environment, which are therefore not in line with the concept of sustainable de-
velopment. Two-dimensional phenylethylammonium tin-iodide (PEA,Snl,) perovskites with pure red emission are ex-
pected to become next-generation red light-emitting materials for displays due to their advantages of ultrahigh color
purity, ultrawide color gamut (close to the Rec. 2020 standard) , and environmental friendliness. However, the fast-
er growth rate of tin-based perovskite films compared to lead-based perovskites results in poorer quality films, and

Sn’ ions are easily oxidized to Sn*", resulting in nonradiative composites. The electroluminescence(EL) performance
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of pure red PeLEDs prepared based on PEA,Snl, is poor and lags far behind that of Pb-based PeLED devices. Here,

we demonstrate that vitamin C is an effective multifunctional additive, which reduces the crystallization of the

perovskite and improves the quality of the film by interacting with PEA,Snl,. Vitamin C can also significantly reduce

the trap density and the nonradiative recombination rate by preventing the oxidation of Sn** to Sn*. After addition of

the vitamin C, the PeLEDs exhibit enhanced EL properties, with the maximum brightness and the maximum external

quantum efficiency increasing from 67. 6 ¢cd/m* and 0. 2% to 513. 6 ¢d/m’ and 0. 68%, respectively. This work indi-

cates the red-emitting PeLEDs based on PEA,Snl, have great potential applications in the field of displays, and also

provides ideas for the preparation of highly efficient tin-based perovskite materials.
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Fig.1 (a) Schematic diagram of two-dimensional PEA,Snl, perovskites. (h) Molecular structure of vitamin C. (c¢) Diagram of

electrostatic potential distribution of vitamin C. (d) Fourier transform infrared spectroscopy (FTIR) spectra of PEA,Snl,

films without/with vitamin C. (e)Schematic representation of the interaction between vitamin C and PEA,Snl, perovskites.

(f)XRD patterns of PEA,Snl, films without/with vitamin C

T XA A5 Bk 3 100 5 Sn™ A7 A SR BN A A AR
IR BN AR E G ER T A5 0 I PR 4 o R o Ok
TR KR

J T IR C SR ER Y 2 8] & A A7 e A
AR ) AR AR e 4T 1 63 (FTIR ) X 45 4k
WA T T RAE . R (D, RIE N T 4
AR C Y BRI 43 ) AE 1 384 em™ F 2 924
em™ Ak HBE T B WA AR B 0, X R T —OH Fil—
COO FE A I R AiE 4R 2l W . (EAS T A2, W T
A= 2 C I ES BRI i —OH Fl—CO0 A 1Y
FRAE 4R 2h g 5 4k A= 3 C A E A Rt i A8 4k, I 1
TN PR o, R YE A R C 55K 2 1R AF
FEAHH AR

R T E AR AR R T AN [ KA A
) PEA,Snl, £5 5K 7 3 B A9 X 3 46 A7 3F (XRD) 3%
(B 1)) o A [ i 3R 44 i 25 9 PEA,Snl, 85 8K
JEEFY) XRD S % 2 Rt AH [ i) i 59 0, SR e i1 2
A AL S5 o TR X% 2 1) 2R BEAT G e 43 )
X 7 IR A (000) (1= 2, 4, 6, 8, 10, 12, 14) - [ 4
A1 5% (000) THI A7 5 Vg 1 A7 A6 R BB 1L T KA AT

(B 2 Al A B PR R S5 A HE B A — R, Wtk — Bk
S5 4 PEA,SnL R ) T o Bl AR A
3.2 EHERR

FFE 4 E C X PEA,SnlL 555K 0 By 45 & A
TR A0 52 ), AR SCOR A L R
(SEM ) RAE 8 B 45 Bk Wi 5t . 18 2(a) By 25 3%
B, R 78 4k 2 % C 9 PEA,Snl, 45 4k 67 3 I 78 35
2 AR R A B FLBERE o PEA,Snl, 1 B £ AL
1) 7 A RIS B i 2R 25 1 o I R 5 R A%
SEMCZET AR AE R TR, Y mgEE R CJE
PEA,Snl, 858k o 9 B 7 35 0% A1 1 B 8 1 ol 5 (&
2(b)) o BT I W GUEE CAFM) IR AR IE 52 45 fin 4
A= 2 C 1Y PEA,Snl, 85 £k 5™ 5 o1 2t 0 3 5 5615 )
e (B 20e) ((d)) o Ak, SR 5 8 00 i X 3%
F "X PEA,SnL, 55 8K 4 8 B — 25 dE 47 1 A DU
(P 2Ce) ((£)), B UE S 3 BT 25 W] dnb vl 52 A, 3 W0
D307 00 4 A= 28 C VR N A0 5 BRI R Ot 5
B AR T, R4 R USRI BR T AT LAy
o S ol 12 B0 I A TE B, 38 BT L T



AR, 5 YEAER CUR N G 2021 B 345 Bk ™ i BUR DLV fiE 529

10 pm

aEdve,

10 pm Tl LN S 8 30, pm

B2 Ca) R ANGEA 3R C R B BRH 5 4140 P BE AT 5 (b) 8 N 2 2 3R C R 39 BR AT W IR s B 181 5 (o) NN ZEZE 3R C Y
B ERAT R I 1 OB AL 5 () S A= 2R C R B BR T W R I 1 ) BB 1AL 5 Ce) MR IR AR R C A A5 B i A '
BORETR LA s (D WRINZELE C Ry 85 B IR Uk 6 8 4341 [

Fig.2 (a)Scanning electron microscopy(SEM) image of perovskite film without vitamin C additive. (b) SEM image of perovskite

film with vitamin C additive. (¢) Atomic force microscopy (AFM) image of perovskite films without vitamin C additives.
(d) AFM image of perovskite films with vitamin C additives. (e) Photoluminescence (PL) intensity mapping image of

perovskite films without vitamin C additives. (f)PL intensity mapping image of perovskite films with vitamin C additives
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Fig.3

(a) UV-Vis absorption spectra of perovskite films without/with vitamin C. (b)PL spectra of perovskite films without/with

vitamin C. (¢)PL spectra of perovskite films with vitamin C for calculation PLQYs. (d) X-ray photoelectron spectroscopy

(XPS) of Sn 3d in perovskite films without vitamin C. (e) XPS of Sn 3d perovskite films with vitamin C. (f) PL decay

curves of perovskite films without/with vitamin C
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Tab. 1 Optical properties of the PEA,Snl, perovskite films without/with vitamin C
Films 7,/ns B, 7,/ns B, 7,/ns PLQY/% k/ps™ k,/ps
Control 1.01 950. 55 6.95 141.73 4.01 1.8 4.49 244.89
Vitamin C 1.39 788. 12 7.91 201. 86 5.25 6.7 12.76 177.71
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Fig.4 (a)Schematic diagram of PeLED device structure. (b) Electroluminescence (EL) spectra of PeLLEDs with vitamin C. (¢)
Color coordinates of the EL spectra in the CIE 1931 chromaticity diagram. (d) Current density-voltage and luminance-volt-
age (J-V-L) characteristics of PeLEDs. (e) Current density-external quantum efficiency (J-EQE) characteristic curves of

PeLLEDs. (f)Current density-current efficiency(J-CE) characteristic curve of PeLEDs
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