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ABSTRACT

The size and photoluminescence quantum efficiency of FAPbBr; perovskite nanocrystals could be adjusted by adjusting the
viscosity of the solvent and the reaction temperature. If toluene and silicone oil were mixed at a weight ratio of 1:1, FAPbBr3
perovskite nanocrystals can be synthesized at an elevated temperature of 50°C according to the ligand-assisted re-precipitation
method. As a result, perovskite nanocrystals with optimal peak wavelength of 535 nm, full width at half maximum of 24.8
nm, and photoluminescence quantum efficiency of 87.5% were achieved. TEM analysis confirmed that the particle was an
average size of 10 nm. This synthetic method provides a more convenient route to synthesize perovskite nanoparticles while

avoiding aggregation of particles.
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Fig. 1. Scheme for particle growth via viscosity and
temperature control.
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Formamidinium bromide(FABr, 98%), Lead bromide
(PbBr, 98%), N,N-dimethylformamide(DMF, 99.8%),
E590(99.5%), S84 Koleic acid)(technical grade, 90%),
1-58H2(1-butanol)(99.9%), 2= o l(octylamine)(99%)
BE AR ARt GEEHN Pstom, 7Y
% AAglo] vtz AResisch

2.1. Precursor Sol(P Sol) Az

OM|EO 2 A|A3]L 50°C LEoA] 108 AZSE 20
mL H}o]2o]] FABr 0.249 £(2.0 mmol), PbBr, 0.367
g(1.0 mmol), DMFE FJoto] 4| -8ofo] Rul& 5
mL THE3L 300 rppmof|A] 1087 wHkehch ARt
7] FEC| Bygith

2.2. Ligand Sol(L Sol) H|Z=

opflECE AASITL 50T QEOA 108 AX3
100 mL 3-neck ZF2-E v}E Z2}AI(RBF)9| g4t
3 mL, 1-58R 20 mL, 1832 <€olyl 0.242 mL
0189 & 152 mmohE FY3 EFAE FUHo]
S Fu7) 73.242 mL7} =|A g % 300 pmOjlA] 10
B2b Wkl ARG W] FEo] Bl
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2.3. Formamidinium Lead Bromide(FAPbBr;) 2t

FAPbBr; H|Z2HATIO|E YL:-AAPeNC)S T
517] QoA HEH LARP S ARSSITH21,22].
20 mLH}o]o]| L sol 7.5 mLe} WHIA}S dil wHE
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[A] & AEAO] HL g HASI]E gtk AAte] Hol
= 9314 2ol %= ([Cs-NH,])Z Pb2] =% ([Pb])
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O] M= 0.56 cPRl HFH AHof ARSRH AEE 2
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(diphenyl dimethicone)<-
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H3-8715 3087 F-AI5E 3of| P sol L solo] Y
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CToll B L solQ] 2= HEAE 7]E2=E 0.0~
0.1TE FAFUTt 2% 271 A2 o 242 5
AsHA A8t LEE +0.1C oW o=z %A
Al =¥ PWLo|A] £0.2 nm o9} ¥58< 7HlZ
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27. =4

ZBLE AH|SE JascoAle] FP-8500 E3454A S
o}gsio] PeNCel W 2uET U 5SS A
t}. o7](excitation) TS 400 nmO] 1l ¥ (emission)
AHEZHL 410~800 nm7A] LTk
PeNC9] %9} HokS A7] oAl 200 kV 7
Ao 2 A== FEIAFY] Tecnai F20 3R]
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3. 20 ¥ oz
gtER ARGETHY AERl SEHOMI(Cs-NH,) 9
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S 70% 2704 [FAY[PbI=2/1, [Ce-NH,}E LTt
Fofl FAPbBr; PeNCE P/Jstoitt. 2jt=ql Lot
gt 4]l 291 Pb*" ] 5eH]Ql [Cs-NH,)/[Pb]o] wh
£ Z-§(absorptance, ABS)2} T HEE(PLQE)E &
25}99rHTable 1). [Cs-NH,J/[Pb]7} 0.7891 Lo
59.5%0] Lro. ZT o} 88.5%9] PLQES KT} Pb
AFA7E BaL 2RE=]l SHofrlo] A2 AHolA=

Table 1. Absorptance and photoluminescence quantum
efficiency (PLQE) with different [Cs-NH,]/
[Pb]. 70% relative humidity condition at 25°C.
Increase in Octylamine concentration results
in better FAPbBr; PeNCs surface passivation
with Octylamine, showing high absorptance
and high PLQE. Higher than 1.56 for
[Cs-NH,]/[Pb] is good for both Absorptance

and PLQE
[Cs-NH,]/[Pb] Absorptance (%) PLQE (%)
0.78 59.5 88.5
1.56 90.9 92.8
233 91.8 91.2
3.11 90.7 91.2
(a)
536
534
- 532 +
E 530 +
;I 528 —
o
526 +
524 . . .

05 10 15 20 25 3.0
[C,-NH,]J/[Pb]

Fojgfxl o] Wol JAE I FANA &
=0}E=0]7t FAPbBr; PeNC9] %7 & 01 o o5t
L5 HQlth FTtER]l SHotvle] Al

7}eto] [Ce-NH,}/[Pb] Zko] 1.56S g o 90% 7} 4

L 53359} 91%7} Y= PLQEE 3HH3SH 4= 9J9ith
o]l AASE £=29] F7t=r} XHO]—Of'O]: QA= 91H

s5) 2= 912 oju|sit}.

Fig. 2= A% 25T, At 70% ZA0A ¢
A3t FAPbBr;Q] [Ce-NH,]/[Pblo] wWE PWLT}
FWHME HojZt}l [Ce-NH,)/[Pbl=1.5614% 713
Ao (blue-shift)et TFYTH(524 nm)S HQITKFig.
2(a)). BHH [Ce-NH,}/[Pb]=3.1101M= 7Fg 22 7]
9] FWHM Z}(25.5 nm)S EQIthFig. 2(b)). [Cs-NH,)/
[Pb]e] ko] 0.7821 A9 Pb7l FeFo =z ZEAsk=
oItk Pb 57t =obA HEE == 3ARESO]
ZgElo] TRt 2715 7Hl= APt BAEA
ok AAER S ARHEA 2 YR tiER Al
A1 A2 JRERE] FA| EIL, ofds] JAR] A
7] B37F AA =HolA FWHMe] & 1(32.7 nm, 2
5C)0 &2 LA Hrt. [Cs-NH,J/[Pb]e] Fo] 3.1191 7

(b)

(£ (5]
=1 —=
T T

[oe]
w
T

FWHM (nm)

25 L 1 L " 1 L |
0.5 1.0 1.5 2.0 25 3.0 35

[C,-NH_V/[Pb]

Fig. 2. PL data of FaPbBr; for different [Cg-NH,]/[Pb]. The synthesis was conducted in the hood under 70%
relative humidity condition at 25°C. (a) PWL (nm) vs [Cs-NH,])/[Pb]. [Cs-NH]/[Pb]=1.56 gives bluest

PWL, and (b) FWHM (nm) vs [Cs-NH,]J/[Pb].

Increase in [Cs-NH,]/[Pb] to 3.11 gives lowest FWHM.

PWL for Peak Wavelength, FWHM for Full Width at Half Maximum.
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SOJA|I(FWHM 25.5 nm) QP& 0 =2 g UjofjA &
ARS RAIBHA| Hol E3%7t 711 Eth(Table 1).
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22 A9 oA AHEEE 50%=E FA5kL
LEE 0T, 25T, 50T, 80CE Y-o] FAPbBrLE &
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80°C o] oA Edg4to] FA5HA S7H6HA
Fo] tiRE 2 YA} ThEo)Rl Ao, o]Fof Ay
g YAEE] AAIFANAN F IR = AAE O] F2
YAF {12 A T zhge] EdFo] Attt A& 9
ngith I8EE =009] HIE YA AdHow
Fo] Z s 2k HYE £ 987t Qi
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HE EYZ =9Jstax} gt
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Oglrl
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Fig. 32 JE=FEZ fIsiA AdolA Hgfo= A
&= L sol?l EF4<of| HIZ-8HlQl AEE 29
Sotsto] ARESHEA 11 BlgtE d2 AXE gt
Aot dtEE 50%). FEs 250l wet Hilst
of 2o wEt ARSt AxpE ol wket Aooh &
= Teslol7] fIsiA Table 104 ERIgH A2

[Cs-NH,)/[Pb]=1.56 27Z ARgsto] AHZ XY
AT} [Cs-NH,]/[Pb]=1.56, AP LT 25TE Y
ARt Table 19} Fig. 3049] 25T A4}
PLQE:= Table 1914 © &4 U2t ol &84
(H,0)7} PeNC #H9| A Alo|Eof 2oiA EH 24
9 APl Eo] S04 (fiAlHol ) PLQEE S7HA
21 Axetal Argo] 7RssitH23]. Table 1 &2 4%
EE 70%, 25 25T ZZA04 43t Ao|1, Fig.
39] AEZL ATEE 50%, 2% 25T ZA0A S+
St 210 &, Table 19] PLQE”} Fig. 39] = Ai&E
50%, 25k 25T AFoIA 22 HME] PLQEHTH=
S71eE Aolgal & 4= qltH24).

Fig. 3(a)= §F3-8 QY] L soll] AzlE 2Y9
Aol e SYE(%)Y] HekE 2o wEh 4
gt Zolt}. 80T e A2 20U F%(wt%)
oflA A@gol fli= HEZ HolFANE 0°CollA] 50T
7= HAIZ o R vttt A2 HRlt oyt A
& Y g=o = {uiE AMEShe B9 S8 A
Ak AR BRItk 27t 225 AAEo| A
fHog ¢ At o= 27t F7IH =W =4
AT} S7ISHA Eol 2 AR e R ThEo
t}. o]% A & SHHSE YRFQ| ofo] Agt Aol
< Lol ¥Rlojtt.

Fig. 3(b)= BF3-8 2F9] L sollf A& U9
AF%o] THE FWHM(nm)9| HIFE 2 weh &
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Fig. 3. Temperature-dependent optical properties with increasing wt% of L sol in the reaction mixture. [Cs-NH,]/

[Pb] is set to 1.56 under 50% relative humidity condition at various temperature. (a) Absorptance (%) vs
L sol (wt%). Synthesis at 80°C showed low reproducibility. (b) FWHM (nm) vs L sol (wt%). FWHM
increased along with wt% of L sol at all reaction temperature. (c) Peak wavelength (PWL) (nm) vs L sol
(wt%). PWL blue-shifted with increasing amount of L sol (wt%), approaching a point at 519 nm. At the
point where 100 wt% of L sol (100 wt% of Silicone oil) is used in the reaction mixture, temperature
effect disappears. (d) PLQE (%) vs L sol (wt%). Equal mass mixture of toluene and silicone oil
(toluene:silicone 0il=50 wt%:50 wt%) showed similar high PLQE, irrespective of reaction temperature.

7PA17 18 FWHMO| e} 10 7] S743he 21g
= Stk o]&= okRt =719 FAPbBr;o] 3 éi o
s} 7Rs Sk Aele 99e] o] S M-Lwrt
1ol el FAPs7} 518 o] Al THEol
A3 1 A, B 2718 s At gAEn
T 89T % Sk ol Ao PAE stee
HA) 5 At 7Rs3t YA ofste] Yrse] B
= gojof RarElo] Qi o] Hof el 712
Holgh FFE W FWHME 57151 =i

—_

Fig. 3(c)= B8 2] L solHf] A2lE 249
AF%0] TS PWL(nm)2] WIS 2=0f wt &1
3 Jefmolct. Aelx 92 Atgee] S715HA
H PRS2 9l= FSHA 519 nmE PWLo| Z5E
t} W2 HAo 2 A gojgl: 2 AE 7 o]2 AHA|SH
&l tiet PL S4= 2T Zol7]o] 5 ol A
7} 22435t o5+ 2R 37]9] FAPbBr; PeNC YA[=0]
519 nm PWLEZ 7= Zolgtal 8% 4= qltt

Fig. 3(d)= HHS-89 Y L sold] A& 249
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Aol I TEEE(%)2] HekE 250 net 2 E74l ke SR AREot] 50°CollA Al =

QIgh Jefjzoct. EFMATE 2U=50 wt%:50 wt% ?gxm FF2 17.50 nmZ RIFT, AE oAy}
9] vl goAME 2= FFE A9 B k= ABS EIE Y A2 23kt 8uiE ]85t 50T
ol Qlrt. 19| thE vlge] HEjE QU AREs} 01]/‘1 et A FAPbBl’s ARl WL 7.22 nmZ

£ A9ole 2rof Uiz HEgEes HAS F & A= Ack(Fig. 4). 274 vk gz A}ﬁo}oq 3

A% MERES U0 HW QVAs AEol AWE A% FAPbBRS] A Nai 993} ERAS 5Y
WE e ge TEsld B2 AT e9-s0 ez Este] Ui AM8ste] TR FAPLBr,
w0 wiee] Hlgold Y wgel gtEm o ASEY o 2 gt IHBLS L S Atk

FAPbBr3 EHZ 7P & P 2A 2700l Table 2= Fig. 3 A=E TH’t Aoz, 7%
otk AZE QUL 50 wt%:50 wt%R S5kt 9] 50T
Flg 301]*1 2 WL HAYE HojFe 50T &
A 2N, B2t G2 AL8EE 9 30 nm S

FH2 & PeNCsYAPZH FojAA|tE STl A&
QA 50 wi%:50 wi% = Tt} ALESH Bl

g 22 10 nm $259] PeNCsYA | FA4E-E Transmis-
sion electron microscopy(TEM)Z 21Tt =HA|%=
5 ES Fig 30014 AR FWHMRLE & 4 9)
CHEZAG A8 49 243 nm, EZAALIZ ©

U=50%:50%2 AR5t 749 24.9 nmo|t}). AL o] Fig. 4. Transmission electron microscopy (TEM)
= AIZo] PWLL 7k 541 nm, 533.5 nme. St images for (a) FAPbBr; synthesized in

- . ] o Toluene only solvent at 50°C, (b) FAPbBr;
ARERE AEOAT 7.5 nm ZARE0] (red-shift) 7+ E AT synthesized in 50wt%:50wt% mixture of
o] AAHo|= Qx}9] T 77} ARORE QA UERS Toluene and Silicone oil at 50°C. Scale
AAS TEME B34 & 4 9lT. FAPbBr, QA2 bar=30 nm.

Table 2. Absorptance (%), FWHM (nm), PWL (nm), and PLQE (%) for FAPbBr; PeNCs. FAPbBr; PeNCs were
synthesized in 100% toluene or 50wt%:50wt% mixture of toluene and silicone oil as a solvent, under 50%
relative humidity condition at 25°C or 50°C. APLQE values were calculated by subtracting PLQE(%) of
FAPbBr; in 100% toluene at 25°C or 50°C from PLQE (%) of FAPbBr; in toluene:silicone oil of
S50wt%:50wt% at 50°C. Data from Fig. 3. APLQE (%)=PLQE of sample - 80.0% (PLQE of 0 wt%
silicone oil (toluene 100%), synthesized at 50°C)

Silicone oil in L sol (wt%) Temperature (°C) Absorptance (%) FWHM (nm)  PWL (nm) PLQE (%)  APLQE (%)

0 25 94.6 244 538.5 84.1 +4.1

(toluene 100%) 50 94.5 243 5410 80.0 0.0

50 25 95.1 254 535.0 87.5 +15

(toluene:silicone poil=50 wt%:50 wt%) 50 2.1 24.9 5335 87.5 +75
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PeNC: Perovskite nanocrystal

LARP: Ligand-assisted reprecipitation

TEM: Transmission electron microscopy
FWHM: Full width at half maximum

PWL: Peak wavelength

PLQE: Photoluminescence quantum efficiency
Silicone oil: KF-54.
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