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Calcination Condition of CsPbBr,-SiO, Composite Nanoparticles

Min-Gi Jeon*, Rezaul MD Kabir*, Artavazd Kirakosyan*, Jihoon Choi*'

ABSTRACT: Owing to the superior optoelectronic properties, halide perovskites have emerged as next-generation
materials for display application. In this study, we reported a novel route for CsPbBr, calcination into porous SiO,
nanoparticles to overcome the stability issues of halide perovskite via a spatial confinement of crystal growth within
SiO, pores. The resulting CsPbBr;-SiO, nanoparticles exhibited the photoluminescence (PL) emission peak at 515 nm
under optimal calcination condition. In several polar solvents, PL properties of CsPbBr;-SiO, nanoparticles was
maintained owing to the enclosed pores during calcination process, suggesting their promising application for display
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template capsulation ¥o]gtal & 4= Qlc}.

MOE, Zeolite, SiO,5-2] t}ofsl 259 QFASH template &
A5 HZ2HA7M0| EQ] Eslr} of g ApAlEol o3|
A E =] it}6-8]. 7]|29] template ERE2 1 AA| Q] A7)
S HRHEATIO|E B30 o4 7]Fo] B U &
LS THA, FeHA 5449 Aol 7k WSt AL F Ak vt
57g0l9] Ao FEUth= wAIECl Stk

ool & Aol AR PHW R FAT /B
719} Q42171 7HA) = THEAF gl Xk A2 AH

fr o=

o34 SiO,E template© & Ao}, CsPbBr, Eafo]|= 2 H
_/_\_7]-(’)]]_5_9]—_/] E?‘g- /\73 ZZ:]_——— /\]?540]—031:]— _7:5]7(49,] _T’J—‘B‘P
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2. 8 4
2.1 &2

Cetrimonium bromide (98%, CTAB), tetraethyl orthosilicate
(98%, TEOS), ammonium hydroxide (28-30%), ethyl alcohol
anhydrous (99.5%)+ Sigma Aldrich A}oj|A] =Lufj3} &t}
Cesium bromide (99.9%, CsBr), lead bromide (98%, PbBr,)
= Alfa Aesar AfollA] Fulj8}3i 1L, dimethyl sulfoxide (99.8%,
DMSO)= g sfmoll Al Lo sk giet. B AloF2 k9
AAIgle] a2 AREE AT

2.2Ct3Y SO, L= Xte| &4

A Si0, e Qlxbe] SHA ol Qlo, 224 Stober'H o]
AHEEIGITh WA, 600 mLe] Ho] 2420 3 mM2] CTABS
EARA] 7] 40°Col| A 308-7F 85}l 250 mL o] of k&
7} 4.7 mLe] ammonium hydroxideE CTAB -&-2of 4]-2 t}
&, 4.7 mLo| TEOSE 37F2 £3H3ich. &S 60°Co]
A A8A|Zt FQF ARERE TR A2 71 A] AR ], o EE e
2 ol W A HatT P Ysle] 60°C LEof|A] 35 Fet
Azt dAE YA 58 A7 2 okoll @11
500°C &2 3|7t 5t 7Fhsto] 2hg AHBAAAE ¢ 5]
AAZE 3 AHEE A

2.3 CsPbBr;-SiO, St L@ Xte| &4y

2018 oh3A SI0, b A28} 310 4] 1:37h 4] 9] ThE
= H|E 7}X|& CsBr, PbBr,& CsBr/PbBr,:SiO, = 1:29] 53
H| 2 4lo] 57 dopdl 7, dRulE =7k o] Yal vik o
208 &A 300-800°Ce] aL2of A 3A|7F Bt A~AskiTh

.r.z

(5°C/E0] Ho5E, 7] H917|oA AW). 22 F Qo]
4 YAk ol 2z A ¥ AHsl vigsh e g
U

E& AL vpAute 2, 44 CsPbBr;-Si0, £-3)
=92t 4] 21 (DMSO, ethanol, Ero|-2-4=)o]] EALA|A
7ol ARE-E SAT

2.4 CsPbBr,;-Si0, S L= IXte| 4 24

CsPbBr,-Si0, 2314 9] 434 EA] B4-2 Hitachi AF2)
F-7000 fluorescence spectrometer?} Shimadzu A}2] UV-
2600 UV-Vis spectrometer A|&S ARE-3lo] 24 ). A]
29] JRLEE 72 71 Al=2] 9,10-diphenylanthraceneS:
offghEol 53l FF ME(FAAE = 90%)2t9] vl LS F
3 2795sick. e glzke] Hakwin)7 olulz]i= JEOL 2010
transmission electron microscopy (TEM)& AME-5to] doj%l
t}. 2314 9] A& L2 = Bruker AXS D8 diffractometer %
H] & 0]&-3%} X-ray diffraction (XRD)& 53l &ojH cH(Cu-
Ka, A = 1.54 A).

3. Zm ¥ o

2

CsPbBr;-Si0, &3} U= A} o] m A 2 4 A&E Sio, L}
wolate] B4 B Slal, AE THEA S0, e
JAF] TEM 242 A3ttt Fig. 1(a)of| A Hol&=o] o+
A A F L AL S0, LAt 4B A 02 B
9o (27 ~201.6 + 10.1 nm), SiO, L}=QIz}o] FiHo] 2-
3nm 37|9] FAUsH 7| Lol nEA wetE o] Q= AL
Fig. 1(b)2] TEM o]u]x] AJoflA] 2jIgh 4= glof, 4% Stober
#o] TgAl SI0, L=l ho] g4el Qo] Ateleh 2
& wojze.

OPA U YA 2719k 7| B HES AT TR SO,
U 92} m A& 0|88 CsBr, PbBr, A14|2ko] B3t
47 7174 %, CoPbBr,-Si0, B3t Ul zbe] Heje} s
2 £ BAo] e k.

Fig. 2(a)x= 300-800°C9] 7}7] th& =4 24H &
3} 1} 9] A1 9] Photoluminescence (PL) E4]2 H o &t}
500-700°C TL7H0] Lo A AZE QRS 1 w=7} 511-
515 nmo]| sjrebs Tgo] W S el o]k wE

Fig. 1. TEM images of porous SiO, nanoparticles
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Fig. 2. PL spectra of CsPbBr,-SiO, calcinated at different condi-
tions. (a) T = 300-800°C (CsBr:PbBr, = 1:1), (b) CsBr:PbBr, =
3:1-1:3 ratio (T = 500°C)

~525 nme] 7S04 WS WEsk M= CsPbBr, 2 Ao
Al Hol= A X} 10 nm A blue shiftyl 7122, CsPbBr,
FA ol A 8] W= w =9} ARSI 9,10]. o] W wHo]
blue shift= CsPbBr,7} T3] SiO2F Ao 2 o] o, SiO,
o 71 ohe ASEA B} AL Ao AN
Fhek. thg g SI0, he gl A BAIR 4K eoke ulel 2
A A =4 2 nm 59| 7] QoA Ao 4
2 ARk Si0, 7|3 9F2] CsPbBr; Li=Z %2, CsPbBr, OF
AR fAA A EAHE ot ek e )
70| blue shift H]ojQl= AE| = = 4= 3Ucth. PbBr,o] =7
Q) 373°Cur e Lo 248 dAks AAHOR
ol AHE WA EHET 1L o]4R] 400°Ce] £
EoldE 27X B4 AW o da] Saat Dok &
e AUE WheglRie] Bg a0 go] RET Lk
= PL SHolA H&s] & 4= lek. E]F CsPbBry@f 1 7
A7} W S 4 Gl 800°C oJ4fe] U e SEE

saho] Wt S4S Aslshs Ao wal
Fig. 2(b)= A4 ¢l CsBr:PbBr,2] & H]-8&-S 3:15E 1:3
7] HHpI7h S00°Col A AR BT Lhegixte] PL 5
& wojzr}. CsPbBr,| sfsfepEo] 14 whe 11e] £ v
ol 7 =& A EES BT w2 H&9 CsBr
7F 5017t AE2] 790l i= blue shiftel &S B9l
o, o= H=Fe] Cs* o] 202 3| §olatA| ¥ Cs-richgh
Cs,PbBr, Ao] &AT} 1of w2 W& wb4Ho] blue shiftz AY
ZpEic). Wi = Take] Pb o] Lo] FRlE ol Wi
514 g eje] Marh =) g1t Pborichd CsPh,Bry A2
7 WMER Z4o)7] wiol Avtolur =go] gloj=
#5t4] glol, CsPb,Br, 41e] FAo] W hat vjole] o
H| 2| x| kar ©hes] FAA L] AS TS Eefrhal

4 7o

Fig. 3(a)-(f}x= 300-800°Cof|A] 22Z% CsPbBr;-SiO, U=
A} TEM o]u] x| o]t} 500°C7FA] = HA ] SiO, U= A}
7 78 & AT 9ot 600°C o] 4Fe] Lol Al <)
2ol Fej7t B EM A= dekege dde 2l o=
i Lol A SiO, YA GUE 112 A4S XY uf=

Fig.3 . TEM images of CsPbBr;-SiO, nanoparticles calcinated at
(a) 300°C, (b) 400°C, (c) 500°C, (d) 600°C, (e) 700°C, and (f)
800°C

Fig. 4. TEM images of CsPbBr,-SiO, nanoparticles calcinated
with CsBr:PbBr, ratios of (a) 3:1, (b) 2:1, (c) 1:1, (d) 1:2, and
(e) 1:3

A71A] 9k= FAFo 2, PbBr,7} Si0,¢} ¥H-2-3) Pb,(SiO,)Br,
Ol 2407 R T+ Bro] E3H5 Pb-silicate AF2] & AJ 7}
o) wE YAt g = AT = Aokl

Fig. 4(a)-(e)= 3:1% ¥ 1:37}X] t} & CsBr:PbBr, & H| 2
500°Cof| 4] 2243} CsPbBr,-SiO, L}=¢] 2] TEM o]u]z|o]
o LIRE 317449] B ]S 7P AEE50] A9 1]
A7} 3§81 ok, Porol o] B B 129} 13
9] & HloAe ZE LEYNE YAt i Eo] |
Y BEY 4 Qrk. BFe] Phrol 0] A o A okAl
Aol Lhe gzt 53] 97 £1:2el 600°CHTH Lk 2
Lol AE YR BHE oS HojFe= o] A=, oF
41 Pb-Silicate 71 F/d o] U= AAe] &3 fdlolzt 5+
53 7HdE Sryskar ok

Fig. 5% 1:19] CsBr:PbBr, & H], 500°C 27104 £~Z3%F
CsPbBr,-Si0, A& 2] XRD =74 ZAi}o|c}. PDF# 54-07529}
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Fig. 5. XRD spectra of CsPbBr,-SiO, nanoparticles
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I

A= oA Sio, Ui dAE EE

stBr3 Si0, B3 U924 A48 £t 3 é
datinh. H L7t 2719 7= 7H oA
A= A= StobertH -2 0] 3| SLHEI =], CsBrat PbBrZQ}
o] z3ti} o]oj R A2 £ CsPbBr,-Si0, B3 L=<
A7} 4B A 0.2 FYE T B el PbBr,o] %
L9l 373CHT O] 2O SRolA] 278 Alo] o] Sl
Bale EAS BoL}, 500°CS 2TsHe LrmolA of
Afgel gt viRo] 7o Q% FEI BIH: A

o] TEM o] v] 2] 4ol 4l 22| 5ich. 54 Al AA]2) 2
ulgo] 119 1 71 2 W Fwol aRS HolE
o, o= CsPbBr9] SfSteFEA el ulet U|sH: A
ofc}. Tepe] Pb?* o 0] 2 Soll A Bkl Pb-Silicate
274 WA 50,9 e Al T2 B0 S 2 A7
CsPbBr, 279 9] 42 XRD 2417} PL 243 £3) 2l
=)Qit}. CsPbBr;-SiO, B3t L= A}o] W5 u]3= CsPbBr,
ol H3 AA R} 10 nmPtE blue shift¥l 515 nmi} Y 2|5}
H 22 g B85 Ko, 80,0 7] SkellM B A71E

Algt jrop fAbE BAE Holal S AlARRITh 34
o B3 ek 39 AF 3 T 24 o) Lol 4

=W EAS Ao Ak 2 AT A
FAA}; Z221 CsPbBr,] PSS 7 &Y 4= ¥+ Si0,

O]

A T
9‘]"’] t\Y:l]-:g—s]'()" O]O‘] ‘,,]?Q_J J,]-qui_ é’% 6_H
AA 2] = v At 2ol B2 S AlAkshH, oF
A} HRZEATPOIE B3 A7) S ¢

AlskaL Qich.

ol

7|

B 20220 % AR @S REAR)S] Ao
2 A TAe] 2] U ol S AATolu], X o
s Ao =2 A=Y TtHNo.NRF-2022R1A2C2003373).
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