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ARTICLE INFO ABSTRACT

Keywords: Formamidinium (FA, CH(NH),) lead bromide perovskite (FAPbBrs) nanoparticles (NPs) are promising
Formamidinium lead bromide emitters due to their high stability and ability to emit pure green color in both film and solution states. Even
Nanoparticle though various types of metal halide NP emitters in solution have shown high photoluminescence quantum

Light-emitting diodes
Charge injection
Luminescence efficiency

efficiencies (PLQEs), electrolumi effici of the light-emitting diodes (LEDs) using the NP films are
still much poorer, possibly due to the insulating ligands which can impede the charge injection and transport in
films. Therefore, the organic ligand of NPs should be designed to facilitate charge injection and transport in
LEDs. Here, we synthesize ligand-engineered colloidal FAPbBr; NPs at RT and demonstrate high efficiency
perovskite NP LEDs based on the FAPbBr3 NPs. Control of ligand length reduces trap-assisted recombination of
carriers at the surface traps, and thus maximizes the PLQE of FAPbBrz NPs. Ligand engineering can also
improve the charge injection and transport capability in FAPbBr; NP films. With this ligand engineering
method, we achieve maximum current efficiency of 9.16 cd/A in LEDs based on FAPbBrs NPs, which is the
highest efficiency in FAPbBrz NP-LEDs to date. The ligand engineering method reported here can be a simple
way to improve the luminescence efficiency of optoelectronic devices based on perovskite NP LEDs.

1. Introduction Colloidal OIP nanoparticles (NPs) can be another form of OIP
emitters that can achieve high EL efficiency by efficiently confining the
exciton in perovskite NPs (<20 nm) [1,11]. Recently, bright-green-
emitting colloidal OIP-NPs based on methylammonium (MA, CH3NH3)

lead bromide (CHzNH3PbBr3) have been demonstrated and high PLQE

Organic-inorganic hybrid perovskite (OIP) materials are promising
emitters due  to  widely-tunable  emission  wavelength
(400 nm=A<780 nm), high color purity with narrow full width at half

maximum ((FWHM) ~ 20nm) and low material cost [1-10].
Furthermore, their solution-processability as polycrystalline bulk films
has allowed a rapid increase in electroluminescence (EL) efficiency
from 0.1% of exterial quantum efficiency EQE to 11.7% in only three
years by reducing perovskite grain size or by incorporating various
organic ammonium moieties in their crystals [1-10]. Nevertheless,
polycrystalline bulk films of OIPs still need to overcome low photo-
luminescence quantum efficiency (PLQE) at low excitation density
(<10% cm™2), and low EL efficiency at low current density, due to low
radiative recombination rate of electron-hole pairs under these condi-
tions [1-7,11].

(~90%) have been achieved [11,12]. Furthermore, their simple synth-
esis process at room temperature (RT) showed great possibility for
wide use in industry [11,12]. However, EL device made of the colloidal
MAPDbBr3-NPs still showed much poorer EL efficiencies (current
efficiency CE~11.49 cd/A and EQE~3.8%) [13] than did MAPbBrs
polycrystalline bulk film-based light-emitting diodes (LEDs)
(CE~42.9 cd/A and EQE~8.53%) [2] possibly due to inefficient charge
injection and transport though the insulating ligand. Furthermore, MA
cation can reduce the stability of the perovskite crystal under heat,
moisture and light [14], so MAPbBr3-based colloidal perovskite NPs
are not sufficiently stable.

* Corresponding author.

http://dx.doi.org/10.1016/j.nanoen.2017.05.002

Received 31 March 2017; Received in revised form 29 April 2017; Accepted 1 May 2017
Available online 05 May 2017

2211-2855/ © 2017 Elsevier Ltd. All rights reserved.

[MZ} 0|8, MAF 3 FE(E-mail, §2HA) : Hetol= K al]




K:5l1

stz | =nsx| il

KOREA BASIC SCIENCE INSTITUTE

SSSd 10-1065805

=2telE X 2| HE(55)

G

(19) HFA=2E3]3(kR) (45) ¥2GA 20114099199
(11) $598%  10-1065805

(56) AB7|EEAEH
JP11174004 A=
JP2000040483 Ax
JP2005098863 A
JP2007024614 Ax
+2 gatgel gstel A48 4

(12) 555331 (B1) (28) SS9 20119009099

(51)  Int. Cl. (73) S8 A

GOIN 1/36 (2006.01) GOIN 23/20 (2006.01)
(21) 2993 10-2009-0052638 e
(22) 9% 2000069152 (72) &34

A TFL3 20093069159
(65) BANE 10-2010-0134155
(43) FMIAH 201031292394

(74) tgQ
nas

AN R7E 5 F 5 7 A Y
(54) ¥2 92-4 54 ¥4 9T BE &0

(57) 2 o

® age Sof g BAR; da-dg FHA7D ABEA WY & gle

LIS
9t =g 2 39l BEHC] glon 47 BEL Aolo] T3 Y] BARS APl
] gl ALgsE A4F 29

*L;l AE F4FE 2HAE B e £t o]Fold £T Ax- *4 4 24
o] B3+ Ao|t},

B owgel AF ool gaR A4 0F B4 2004 He4o] Uk ARol gEANE da-d 91 Aug
%OIBMI & & 98 B ohich 4 63l gol 240l golne 4l ol Witz A A2 o5

'WEE—

Screw driver

illgl

P Kapton film

thermal couple line




