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Abstract

Cesium lead halide perovskite quantum dots (QDs) have recently emerged as highly promising opto-elec-
tronic materials. Despite the relative facile anion exchange reactions in cesium lead halide perovskite QDs,
in depth study of the anion exchange reactions such as reaction kinetics are required that can provide insight
into the crystal transformation in the cesium lead halide perovskite QDs. Herein, we investigated the anion
exchange reaction from CsPbl; QDs to CsPbBr; QDs with varying the particle size of the starting CsPbl;
QDs. By characterizing the PL spectra in the anion exchange reaction process, we observed that discontinuous
PL peak shifts during I-to-Br anion exchange reaction in starting CsPbl; QDs over a critical size. Origin
of the discontinuous I-to-Br anion exchange kinetics are mainly due to thermodynamically unstable nature

of the CsPb(Bt/l); alloy QDs.
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Z(LED) ¥ d#o|A Sl &8 7Ix7F Hojut} [1-
5]. 7A A2 MAPbX; | ZEATIO|EE B34
o2 o]§3t BRI FHmsta s At ¥
W Alo] FEER W E] dAAle oF 20% o]/
&S Hold 3o [6], Hold Ak B 10%
opde] o FAEES 7= WFTHO| LE(LED)
= 2 2 axtE 2 BAS 2oy v (7).

SHAIRE, {771 slolHel= FEHXATolE £

o R Y g =EFHUL W, ¥ BEANE 2
Ay f7) HRoR BalE H, §714%l I
Hol £ FFFS vNE EAGE /AL 9
o} [8].

o] B3 # all inorganic cesium lead halide
perovskite (CsPbX;, X=BrI,Cl) ¥AHE |-F7] 3}
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Fig. 1. Optical (a) absorption, and (b) photoluminescence of the CsPbl; QDs dispersed in hexane.
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2.1 CsPbl; 2Kt &M

Round bottle flaske]l Cs,CO; 100 mg, 1-
octadecene (1-ODE) 5mlL, oleic acid (OA)
03mLE 2% 120°ColA 1A17F et AFE 7]
oAk 7k gk, o232 E217]0lAM 150°CE
20% 59t 7FE 38t Cs-oleate A& THETE o]
T 8719 255 100°CE FA| g}

3 neck-round bottle flaskol Pbl, 125 mg, 1-
ODE 10 mL, OA 1 mL, oleylamine (OLA) 1 mL
S loadingslte] 120°ColA 1A17F 5<F R e
A 71§, o2 71 19171614 140°C ~ 170°C

0 }04 A %3} Cs-oleate &2 0.8 mLE W=
A FY3F 5 ice-water bath® %7 =5 A0

2 yzskict. o] Wl Cs-oleate T <=5 Ao
gte] CsPbl; YAHe] =718 243l

g & 2 RRES A A 9184 CsPbl,
GAE BHof| HgFe] Methyl acetate (MeOAc)E
23 AalitElste] CsPbly FAES A A &
3 # CsPbly; YAH-S Hexaneoll E4HAZ T

o

=

2.2 CsPbl; 2XI&e| 0|2

CsPbl; YA 2] 2ol w3k vkg-o A3 A
ANE dF FAste] FWasAtt [12]. PbBr, 36
mgﬂ- ODE 10 mL, OA 0.4 mL, OLA 04 mLE
25mL 3-neck flaskol] B3 120°CoA 20% &<t
ZF 7FE3sl] oleylammonium bromideE A %3}
O™ hexaned| ¥2FE CsPbly; YA 9]
oleylammonium bromideE %2 ¥ ([Br}/[QD] =
10 ~ 10°), 220l A mukste] ol Wit whg-S

751 53 O}A}\ I:]'

2.3 CsPbl; KI&o| st EMETII
CsPbl; FAH 9] 53 2 EZH 2 SCINCO AR
UV-visible spectrophotometer S-3100-2- 0]4‘3—‘5]-@ =4
atom, P 2 EYL 395 nm the] = #o]A
2 Fo37]3}e], Ocean OpticsA}2] spectrophotometer
QE65000 spectrometer= 2FQ13} T},

a3 18 A % ‘ts..ﬂ% o] g3t FHdE CsPbl
3 2FEYol. §MdE CsPbl
ookx}xq S 645 nm°ﬂ/\1 band edge S5 ¥IE HO|
™, 660 nmol|A] excitonic photoluminescence (PL)
Y35 Btk PL ¥=9] HEXZL 39 nmo|H, PL
quantum yield= 2F 80%°] O]E‘:‘r ag 194 R’
o] CsPbl; ¥AF4 ¢l 43H4 HH‘:7“% Fakod, &
Aol AFEE AR Z7l= °F 8 nmE 7HE
Aoz T} [8,14].

A

mlm



See Maek Lee et al./J. Korean Inst. Surf. Eng. 51 (2018) 257-262 259

(a) (b)
- T Y v
=. o I I : IxL-ACstIJ
s =
2 S CsPbl3
@ £

]
£ =
— E a-CsPbBr,
o 1 | N | .

10 20 30 40 50

500 600 700 20 (degree)
Wavelength (nm)

Fig. 2. (a) PL spectra during a CsPbl; to CsPbBr; QD conversion. (b) Powder XRD patterns of pristine CsPbl; QDs

(red) and anion exchanged CsPbBr; QDs (green), in which the bars on the top and bottom represent the bulk
structures of CsPbl; and CsPbBr;, respectively.
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Fig. 3. PL spectra during a CsPbBr; to CsPbl; NC conversion for two different starting CsPbl; QD samples. (a) 678
nm emitting, and (b) 692 nm emitting CsPbl; QD samples.

Hexane £vufjol] E2FH  CsPbly;  FAFH 9 Zo| A= PL HEx|EZo| =4 Sojuby 27 o]4te]
oleylammonium bromide 3}3t&S #71sle] CsPbl, FHE = Gaussian PL B 7= AL o
A4S CsPbBr; YA o= il%—s}L Lol W St} ol#fek dd2 olul= CsPbl;ollA CstBr3
3 wkg-S 3T [12]. olwl] ALl gole 2 A¥== g FEAQ] CsPblBrs, & T

=

W WS Fedate] CsPbly A W CsPbl,Br; Ao A= A=} We] Brg 19 o]&=7]9] =}
g7 %2 7A CsPbBr; Ao E HolxE= vk ololl oJa] W straino] WAYSte] Eory s A
25 M3 JEstg e, kg 3ol aliquot Z2M, Bt} ePY 3 Brrich &8 Irich §5F 7%
< AFHst o]E9] PL 2HERS F4sIiTh 2 2 Wsle] PL 937t FA Hol sAY e A4
2 2a 9 7] Br o€ #9 ¥ 660 nme| CsPbl, Ho| sl Row AztET16,17]. Bords a2
FAHH PL A7} AlZbe] Ao whel A o=m TFEAA 7F A1 Brd 19] wEEg-o] dojd o]
JA o] F3shH, 560 = o]$ol= PL A o]Fo] Fofl, Br o]o] il wkg-87] oA AxpH o
O o] dojubA] o™, 513 nmellA PL ¥AE Z Br ©]°] CsPbl;] 1" o] %3l CsPbBrs

Btk o= ¢ 8 nm A7]9] CsPbl; YA 5 7t A== H-go 2 FAFT CsPblolAl CsPbBry
3 Algko]l At F- CsPbBry; FA o= 2)¢hd 29| FolL wENFEo] Ws] FAstr] Yl o
< & U [11,12,15]. =gk 272b oA & 2 Z+A717F & CsPbl; FAFE A €] Br o] H7}
o] gol& w3 A Fe| Xray diffraction (XRD) o M Lol& W] =S 3helsith
HE A4S Fste], CsPbBr; FAHo]l Jol2 i (=¥ 3). 29 3(a) 2 3(b)ol AH&E CsPbl; YA
g W3- 02 CsPbl; FAH o2 ASE S 3151 e 7tz 678 nm 2 692 nmolA] EEH, 29
t}. 39, Br o] FY F 230 XolAl+& 587 nm 20 AFRE °F 8 nm =7]¢] CsPbl; UAAET}H T
oA W& WEXES VA= PL 5448 HolH, 270 Z JA=Z7E 7 AR F5E 5 U [14].
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Fig. 4. (a) In- situ PL spectra during a CsPbl3 to CsPbBr3 QD conversion. (b) PL spectrum at the reaction time of
80s (green) fitted by the sum of three Gaussian peaks (wine), with separate P1 (red), P2 (green), and P3 (blue)
components. (c) PL peak center, (d) PL intensities, and (e) PL linewidth of the deconvoluted PL spectra in figure (a).
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