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ofo] @ T3l (Pbl,) 641 mg, o}o]¥3} ¥EEZolut]E (formamidinium iodide; FAI) 217 mg, B.&3'd(PbBry) 23

mg ¥ BE3 uWEoRE (methylammonium bromide; MABr) 7 mgS tlwWE ¥ Eo}u]=(N-dimethylformamide; DMF)
0.88 ml % tHadZEAol=(dimethylsul foxide; DMSO) 0.11 mle] E&-&ujo] &afste] HEZBATFOE AT
A EHE Az,

A7) FAEE AAAGET S #2124~ E(UV-0zone

ZH2FPO|E ATA §HS A

5000 rpm o4 30%7r A~@=Y ETh. o

ether) 1 mlE 3 Asle =50 F3tstar =9
/61—

B ARAGS Aol AmB Aol E wheke Azsgn,

FEHAMA7E AFEsle] 15859 THAYS T Ar]

S 2 5%, 1000 rpmellA 10%,

A7 2 FZYo] 1023 A3gd A5 o g Z(diethlyl
< =)

Aelsto] A7) FAAkst

spiro-OMeTAD(2,2',7,7'-Tetrakis[N,N-di (4-methoxyphenyl)amino]-9,9'-spirobifluorene) 100  mg, Li-
TFSI(lithium bis(trifluoromethanesulfonyl)imide) 23 pL, ©EIEZF-E3 W (4-tert-butylpyridine; tBP)
39uL, FK209 Co(III) TFSI 9 10 ulL<S 4-Dimethylaminopyridineo] 1omMe] H=2 &3]¥ =294l 1.1 mL
of &3l FFHET EFES A=),

A7) ABALE BRES Y] sRHAsklE whut abe] Hakd & 3000 rpm oA 3023 2z T
A9ES St

271 AeAEs Aol 5 (Aw) 100 mE 7S HUS AHEete] S&ste] 2B adtolE BGHAE Azt
et

(A4 2)

Al 194, spiro-OMeTAD(2,2',7,7'-Tetrakis[N,N-di(4-methoxyphenyl)amino]-9,9'-spirobifluorene) 100
mg, Li-TFSI(lithium bis(trifluoromethanesulfonyl)imide) 23 pL, ElEz}H-E3] 28 Y (4-tert-butylpyridine;
tBP) 39pL, FK209 Co(III) TFSI 9 10 pLS 4-Amino-2,3,5,6-tetrafluoropyridine®] 15mMe] HT== &3%
294 1.1 nLell &3ete] ATHET EFES A S AQdsta, AAd 17 548 o R A=
H2gto|E HYGHAE Axs3Tt.

(2ATel 3)

Al 1A, spiro-OMeTAD(2,2',7,7'-Tetrakis[N,N-di(4-methoxyphenyl)amino]-9,9'-spirobifluorene) 100
mg, Li-TFSI(lithium bis(trifluoromethanesulfonyl)imide) 23 ulL, HEZHFEu & d(4-tert-butylpyridine;
tBP) 39uL, FK209 Co(I11) TFSI 94 10 uL¥} 4-(Trifluoromethyl)pyridine 2.55ulLg SZ2=ZdA 1.1 mLol &
gete] ATAGT THES Axe AS A9, drld 13 U WHoR HRHATt0lE HEHAE

Az

(2ATel 4)

Al 194, spiro-OMeTAD(2,2',7,7'-Tetrakis[N,N-di(4-methoxyphenyl)amino]-9,9'-spirobifluorene) 100
mg, Li-TFSI(lithium bis(trifluoromethanesulfonyl)imide) 23 ulL, HEZHFEu & d(4-tert-butylpyridine;
tBP) 39uL, FK209 Co(III) TFSI €4 10 pL¥} 4,4" tert-butyl-2,2" dyl 2.95mgs S=2=2ZWA 1.1 nloll &35}

o AFAGT THES Axste AE ALsta, A 17 U3 YHoR FZHAT0E HGHAE Az
SHATE.

(A Ao 5)

A 1A, F443FE(Sn0,) Y e=3HE] E (nanoparticles)S Hlo]24(deionized water)ol] 1:5 W& =2 &3]3}
of FANE SIS Axsta, 7] FAAMIE L9E A7) 7)F Aol Asket § 3000 rpmeZ 30%37F =3
9 (spin-coating)dtal 100TN A 303F EA st 7] JAFEFAANSE A5 Ao FAEE AAdESS
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Azste A2 ASsa, AAd 13} FAS Eon Az sstelE BYAAE Axst,

(A A e 6)

AN 2004, F44F3HE(Sn0,) Y=3}E] Z(nanoparticles)S Hlo]2<=(deionized water)ol] 1:5 B]|&E &3]3}
of FAMEE g9 Axsta, 7] FAMIE LAS 7] 7)F Aol HsksE $ 3000 rme_i 302_7& gl
58] (spin-coating)dtal 100TColA 3087 Exdste] A <

FB] A= -
|28 A AlQe, AAd 29 5T WYow ArualolE HEAXE Az AT

2L

AR AE AGGn, AN 3 FAT BROT AZIAO|E APAAE AL

(Ao 8)

AN o 4o A, FAAZE(Sn0,) Y=3FE] Z (nanoparticles)S Hlo] &4 (deionized water)el 1:5 H] &= &3)s}
of FAMNEE SIS Axsta, 7] FAMIE fAS 7] V) Aol H5HeE 3000 rpmoZ 30%7F A~
59 (spin—coating) 3kl 100 C°ﬂ/‘1 307 dA s A7) dETAAstE AT Al S E ARAES S
Az AL AYsta, AAd 49 L3 WHo R HRHEAIIOE BUYHAAE A 23T.

(A Ao 9)

AAd 194, D354 35 (SnCl2H0) S ool AZ =AU (isopropyl alcohol)ell 33mMe] F=Z &3]3}
12 FAA 8 G NS A Fzstar, A 12 FAAEHE §ANS A7) 7] Aol AEe 3 3000 rpmOE 30%3F
293" (spin—coat ing) st 190 Coﬂ/‘i A EAEste] 7] AFFAstE AT Aol 13 4488 Ak
ALSS Ax3 &, A7) 12 F03E AAAES Aol 2494815 (Sn0,) Y=3}E]Z (nanoparticles) S H]

833te] 23 FANSE g Az
Oﬂ Askst £ 3000 rpmeZ 30
]_

4] 23 FANE G

nqo

o] 24 (deionized water)ell 1:7 H]
/61-7] 1 Z/H}\}-ﬂ_% Z{x}{%}-%

S
AR sel 47 AFEFAA

- ox

308 qashE AT Aol 14 0 27 4% 4%e ERHL FANHE
NFF AARLFE Az AL ALetn, AAe] 1 FAF PYOR AznrsloE HFAAE AxT
Aok

(isopropyl alcohol)ell 33mMe] & £33}

of AHa}gt £ 3000 rpmeE 30%%F
AFEFAASHE A5 Aol 12 FAkskE At
q

Az & A7) 12 FAEE ARA LGS Aol F4448HE(Sn0,) YWeTE] S (nanoparticles)S H]

o] &4 (deionized water)ol] 1:7 H|E&E £a3to] 23} FAAEE NS Axsta, A7) 22} FAAASE gas

A7) 12 FAAEE ARG E Al Aed & 3000 rpml.® 3027 A% FE (spin—coating)dtal 100°C ol A
301 @A st 7] AdETALstE AS Aol 1xF 2 23 FANEE AXAEST S et FAMEE
olFT AAAGTE Axste S Aesta, HAAld] 29 TUS MHOR FHRBEATOIE HFHAAE A X
Stk
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(isopropyl alcohol)ell 33mMe] HE= £3]35}o]
£ 3000 rpme.Z 30%7F

o 1z} F=4ikslE A=A}
Z (nanoparticles)g H]
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[0130] (daLe] 1)
[0131] Al 194, iro-

mg, Li-TFSI(lithium bis(trifluoromethanesulfonyl)imide) 23 uL
tBP) 39ulL, FK209 Co(III) TFSI & 10 pulS & .
Ao 17} T3 WHo R HRB AT E BSHAAE A2SAT

Al el staL,

KR

=
<o A7

dl 1(Control)e] A&d&
AELE ®7|8FATE. AAld 19
lr__‘C_i_ 3

(Agd 1D
s al
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=] 1.13 x 10 S/cm BT} i

Ao 1(Ionic molecule) ® H
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o 10] wie AFALE

L
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[0136] (A 2)
A Ald 1(Tonic molecule) ¥ Hl2L e 1(Control)el] W& s

[0137]
ste] = 3o EAStgTh. AAel 1B Hlae] 10 w2
gkeh.
¥ 1
2 HE (FF)
(%) (Q)

D=
(%)

33.7

U -3}1E] Z (nanoparticles)S H]

Azsa, A7) 23 FAMEE Gl

vl ) (spin-coating) 3t 1007 ol A]

NG T S X3t T4 8E
= e

AEAZR,)

spiro-OMeTAD(2,2',7,7'-Tetrakis[N,N-di (4-methoxyphenyl)amino]-9,9'-spirobifluorene) 100
HEZDYE 98 (4-tert-butylpyridine;

2294l 1.1 mLel] &3iste] A3HES EFES Axse A

A% (Ra)
(Q)

8116
7227

79.08
80.562 28.6
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39 ¥ 12 Brael, AAd 10] gE dznssleE gRude Antte AAAF, JAA4T 2 474
sS40 FAEe] FAuaE sl FAVL G
(2l 3)

A2 A E3A (differential scanning calorimetry; DSC)E AF&3led Blale] 1(Control, = 4 FH=) % 24
o 1(Ionic molecule, & 4 §-Z)° W& FFFEZT FHANEE(T)E SHsY & 4o =AISSIT.

AAld 10 e HAIZFETY FEoREE Hluld 1o i FIFEITe FEHoERY x5S Rt
Qom, olE Arjd 1o M HITFETo] HIMAR dste] THE-HIA EFAE FAgste & ko] &F
AH Aoz AlsEn

(A8 4)

AAle] 1 L Huld 1o & HZHAT0E HUAAE A2 7] (N, atmosphere) E 85T2] 7oA A

= 558 #FsY, AAld 1o B2 HZH20)E gddAE 85T E AAE Y] SlllAE 20043 59k 27
TE9 80% oIS A AL AT, wbd, Hlmd 19 W FHZHAF0E HgAAE Y 20
A 200417 BF 27 &89 45%S A3 AL Felskgict.

(Add 5)
AAd 1 2 vl 10 wE HEBEXAIF0E HYAXE 25T L FE 40%9] th718Fol A Azt 2 FAw
Sag WaE Sq0d % 6ol mAe
T 68 #FHxslo], AAd 19 g HIZBEATIIE HGAR = S gk ok Aol A g AS s
9.
olAm o] E wAMoNE EXF AEIET AW AAde o) E o] AWEglor} o= E w9
B} AubAQl oS F7] el ATE AW B OE dwo] Abv)o] Ao FAHEHE AL ofyn E Uiy
o &t ol A Eael AAL b0 Ak olels AR s 44 @ wdo] sath. uely
2 Al Z|AlE AP A AAlde F3tE o] IS ofYEHTE, &3 EHTHEY ¥ oy
o o EHATUAG FEHAL S/4H WPe] G WE AT B WAl A AL W) Serhu
@ Rolnt
=9
zH]
¥2 2% 84
1
N - m
L e ~ .
el ()
o--@ —© e e
T
=g "6
i ojgd 2x i
Ceidon:  PISA BN Anien M EmE =HS 80 FE 42 33 8%  aYB EF
gy
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