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[93]

[94]

[99]
[100]

LAl A o) A B E] = sy o] 42 E3batis A S gl o]o) A §y]

X o
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1. PFPBre| 34 ¥

A&
el A &

e
g
oX
&
N
—‘—l

Lo Aop 5ol nl 37 A glo] A8 a9l
3] 2] H (pyridine)-S 2+7t &= 2] %] (Sigma Aldrich) 2 A o] 3}8} (Junsei
Chemical Company)®l] 4] 151t} 1,6-1] B 2 ¥ & 4k(1,6-dibromohexane)< 5
5 31 &4 (Tokyo Chemical Industry Company)ell A <-4 3stSich W 2t E2 2
3] 24k (mercaptopropionic acid)¥} o}A] £1] E 2 (acetonitrile)-> &3] o] A} (Alfa
Aesar)oll A -8t} 3] 2l & 3] 2 Z-E(pyrogallol)©] a2, N,N-t] #| & 3£ F-o} 1]
= (N,N-dimethylformamide), ¥4t 2, 2 A4S thG ol A ~J &ttt A2 714
(M=, 230 Wl WA 400 )& ZE FHE E B3R w Ao ARntEIH ] A
Aol ALGE AT & & 318 =4 E Sul & Al anp dEg ], 94 Aleldd
E] ¥ (Fisher Scientific), == o} =12 2> 318} (Acros Chemical Company)oll 4] -<]
ssinh

T4 % 54 97}

5 12 PFPBro| 4 4 25 detdlth, 3| 27be| Fo] 2 S5 0.1
(pyrocatechol appended-fluorene)(= 12] 8}31& 2)= #3173 B.H. Lee, LH.
Jung, H.Y. Woo, H.K. Shim, G. Kim, and K. Lee, "Multi-Charged Conjugated
Polyelectrolytes as a Versatile Work Function Modifier for Organic Electronic
Devices", Adv. Funct. Mater. 24 (2014), 1100-1108.°]l 27 ¥ e} o] A3 2 o
2 o]& 71538t 9-5F 2. ¥ +=(9-fluorenone) & 2 B 88% +EH 2 A ZFH AT A
TA 5= 32 1,6-t] H 2 E 84} (1,6-dibromohexane) & A-&-3Fe] 35 Y ol
e} 48t 1%, WS 33E 390 A A3l PFPBrs 76% &
= A3t PFPBr 6 719 84 2t 57| & 2h ¢4 3tE ~uto] 29 o
7)) d &5 2 #(alkylated spiro-type diphenylfluorene)s &7 © =2 gt} PFPBro|
Z3+="H-NMR), "C-NMR, A A& o] 23} A =EF-A (electrospray ionization mass
spectrometry; ESI-MS) 2 A & W2 o)] o]sle] 54 H7E Ao} 34 2 S 7}
Al -ALEE 3] oF 2k

=
T
Z

ok
> _191;
i
i

>
% |
)
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[101]

[102]

[103]

[104]

[105]

[106]

[107]
[108]

9,9-09] 2(3,4,5-E | 3l EF A H ) EF 29 (9,9-Bis(3,4,5-trihydroxyphenyl)
fluorene) (3 & 2)9] &4

22H0.018 mL)2 9-5F2.9+=(3.0 g, 16.6 mmol), ¥ & 7}E]=(9.2 g, 73.0 mmol)
23w 2R EZ R 3240013 mL) o] &=l A2l HH3] Frbersitt. vk
23 E& o E g 7h2 sl A 60°C°ﬂ A 3 XX &) AESHA agkatQl T, vE
T Z2FdES A0 ;t"a WA 3 AdE 25 570 F7sto] 94
(quenching)3} v}, %1 Oiﬂr-pr & wEM AAES 5 F, 150mLe] 27
2 AFSP Y dx  Agh =8 A& F55E3A

S~%:88%; 'H NMR (400 MHz, W §F-2--d,): § 7.74 (d, 2H), 7.41 (d, 2H), 7.31 (t,
2H), 7.23 (t, 2H), 6.23 (s, 4H); "C NMR (100 MHz, ™| §F2--d,): 153.62, 146.46,
141.50, 138.53, 132.87, 128.42, 128.29, 127.62, 120.93, 120.78, 108.99, 65.96 (5= 2
ED 3)

9,9-89] 2(3,4,5-E8] 2(6- L2 E I AU ZA)H ) EF 29 (9,9-Bis(3,4,5-tris(6-
bromohexyloxy)phenyl)fluorine) (3} & & 3)9] &4

S EYEHE (100 mL) = 33E 2(2.0 g, 4.83 mmol)2] 8o 4= K,CO; (4.4
g, 31.9 mmol)Z 7}k ), 5 ¥ FoF nukdl 3 g-olof 1 6-v]H 2R 3478 g,
31.9 mmol)S A7}t ATt A E EFE S o= V] A dloll A 80°Coll A 24 A|
b Et AdetA antetgloh vhg L3t E S A2 o2 YAl & & E X
oA AASATE W3 &3

o
FEAT 4715E ¥
ﬂ

o o{o

5 15%; "H NMR (400 MHz, CDCL): § 7.76 (d, 2H), 7.41 (d, 2H), 7.38 (t, 2H),
7.30 (d, 2H), 6.34 (s, 4H), 3.89 (t, 4H), 3.74 (t, 8H), 3.41 (t, 12H), 1.85 (m, 12H),
1.69 (m, 12H), 1.45 (m, 24H); *C NMR (100 MHz, CDCl,): 152.53, 151.19, 141.03,
140.23, 137.11, 127.67, 126.25, 120.39, 107.60, 73.18, 68.90, 65.72, 34.14, 34.00,
33.87, 33.02, 32.87, 32.71, 30.32, 29.90, 29.86, 29.33, 28.26, 28.19, 28.09, 27.50,
25.52,25.46,25.39,22.90 (& 4 2 5).

PFPBr¢] &4

929 3.1 g, 3.9 mmol)= oM EHEZH 30 mL) T 3= 3(4.6g, 3.3 mmol) 2]
Sl H7tstelct. A EH —';i = O}E 71 A 3}oll A 80°Coll A 244 3t F<F
A st A wwketglo) vkg & Ao = WAAN 3, & & ol A A
At vEbg 23 =8 ﬂﬁiiﬂﬂ (150 mL)S. & FE830th 7715 &
2] 8} 3L & (100 mL)E A & 8}l F-° MgSO,= 7 &3t aL Gu & X ol A A
ﬁq_ Z/\gﬂ E 74 34 ﬂfﬁﬂ}ilﬂﬁﬁl(@a?} oﬂFJ o]_/(ﬂgﬂ ] 611/\]-(1/3, v/
V)E &3l AAste] A A& 55T

EO{' m?i'

st
=
1. 2
E_
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[109]

[110
[111
[112
[113

— e e

[114]
[115]

81 95%; 'H NMR (400 MHz, ol §--2--d,): § 9.22 (t, 12H), 8.63 (t, 3H), 8.58 (t,
3H), 8.14 (m, 12H), 7.84 (d, 2H), 7.45 (d, 2H), 7.38 (d, 2H), 7.31 (t, 2H), 6.38 (s, 4H),
4.76 (m, 12H), 3.87 (t, 4H), 3.74 (t, 8H), 2.04 (m, 12H), 1.68 (m, 12H), 1.44 (m, 24H);
"C NMR (100 MHz, Ethanol-de): 153.38, 152.19, 151.93, 146.73, 146.63, 145.99,
142.33, 141.11, 129.46, 129.40, 128.74, 128.62, 126.97, 121.27, 108.16, 79.49, 73.95,
69.47, 66.65, 62.68, 62.61, 57.52, 57.38, 57.17, 56.96, 56.74, 56.53, 32.43, 30.71,
29.88, 26.68, 26.59, 26.56, 26.41, 17.95, 17.76, 17.58, 17.39, 17.20, 17.01, 16.82 (% 6
2 7).

248 old YA H o] & X 3= WY Al H EAAETL

2-1. A5 2 U

ANE

Ha A& Z2717F 10 nm WA 15 nm 8! 4Fs}oled Y59 AH(ZnO-NP) (2.5 wt
%, Ol 2T E2IAATE F)E A 1t Ao A AT A 2
(donor)?! = 2][(2,6-(4,8-H] 22(5-(2-o € A 3- & F @ 2)E] o #-2-¢)-wl =
[1,2-b:4,5-b'1E] Bl & #))- 2 E-(5,5-(1',3-T] -2-E| o] I -5',7-1] Z~(2-]| &l &) 21y
Z[1',2-c:4', 5'-c'1H E] 2 3-4,8-T] )] (poly[(2,6-(4,8-bis(5-(2-ethylhexyl-3-fluor
o)thiophen-2-yl)-benzo[1,2-b:4,5-b']dithiophene))-alt-(5,5-(1',3'-di-2-thienyl-5",7'-
bis(2-ethylhexyl)benzo[1',2'-c:4',5'-c'|dithiophene-4,8-dione)]; PM6) X < 41 £
(acceptor)] 2,2-[[12,13-H] 2~ (2-o| & & 4)-12,13-T] 3] = 2.-3,9-T] - Ul A H] 2~
Bl ol = [2",3":4',5' €] o] 1-[2',3":4,5]3] & 2 [3,2-e:2',3"-g][2,1,3] Wl ZE] o} ] o}
Z-2,10-t L = E B H(5,6-H FF 2 -3-5 4 1H-¢1 91-2,1(3H)- v A ]
dhul 2223 Y E -] (2,2'-[[12,13-Bis(2-ethylhexyl)-12,13-dihydro-3,9-
diundecylbisthieno[2",3":4",5"]thieno[2',3":4,5]pyrrolo[3,2-e:2',3'-g][2,1,3]benzothi
adiazole-2,10-diyl]bis[methylidyne(5,6-difluoro-3-oxo- 1H-indene-2,1(3H)-diyliden
e)]]bis[propanedinitrile]; Y6)-= H & 2] 1 E v ¥ 2~(Brilliant Matters)ol| 4] - 5}
At Z[(9,9-8] 2B -(NN-t]d|elo}n] )T 2 )2 7-ZF 0 &)U E-2 79
9-U] 5 55 2 d)] (poly [(9,9-bis(3'-(N,N-dimethylamino)propyl)-2,7-fluorene)-
alt-2,7-(9,9-dioctylfluorene)]; PFN)-2 1-™ E] 2] & (1-Material)oll A -} 3} Ul
PEDOT:PSS & 91(AI 4083 2 PH 1000 55 *5)& 3| #}-$-2 (Heracus)oll A
dato] T E ARG SEATE ] o A Ao A ARG BE g ef BEsh
F(KBr)& Al 1vp e g) x| ol A 4915kt £ 8 A £ OPDE 7| ¥ o = ALE-X
= 71 E8] o1 Z(polyimide) E F(F7| 100 pm)- W[ 228 A| 7} 2 3} 8L 0 2 HE
T-u 8} A T

54 3 A& (Dynamic light scattering; DLS)

ZnO-NP, ZnO-NP:KBr ¥ ZnO-NP:PFPBr2| 17| ¥ ¥ 3= 54 32-¥H(DLS)
A1 (DLS-7000, 2. =7V 2 & AR&-3ste] S48kt DLS 549 49 =1
135°% A48 a1, AZ o] 51 25.0°C +0.1°CE A A FA381A ). ZnO-
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NP:KBr ¥ ZnO-NP:PFPBr &1 2] 73-¢-, Y1 4 KBr & PFPBr<= 2-H|5 A] of §F-& (2-
methoxyethanol; 2-ME)°l| &8 A| A T} &3¢t 5 %= 2] KBr 'Y PFPBr -8 92 77} A

[116]
[117]

[118]
[119]

[120]
[121]

[122]
[123]

[124]
[125]

[126]
[127]

1= |

Z& o). =53] wuket & thokdl oko] KBr @ PFPBr 2-ME & 9% ZnO-NP
IPA(isopropyl alcohol) w4kl o]l ] 71&kar 12 Al {F & oF &3tel o] 247t & 5527}
oF 8 mg/mL WA 2F 10 mg/mL2!, ZnO-NP:KBr & ZnO-NP:PFPBr &9 =5 &}
Rt EF B s=E x4t Al o IPAE ZF &l HrtstAd

XPS &4

XPS 282 hv=1,486.6 eVl A U] A 24 Ex=A2WolH Al KaZ| &2He
XPS -3 Al(K-alpha+, A 5. ALo] A E] ) 5 AL-&3Fo] 4238 8131 T} ZnO-NP, ZnO-
NP:KBr ¥ ZnO-NP:PFPBr ¥} %2 UV Q&0 & A& g A g & 7| ghof] 2 g
23 Jl| 2~ ¥ (spin casting) 3} o] TH| S TE, 1 9 dhabS A AR AL =2 H
Hh 2ol A 80°Coll A 5 4 &t o @ gk 2, AES XPS w3 Aol =341 5X
10° mbar®] F ¥ oA XPS ~FE# S =531}

B dn g &4

338} &A1) 7 (optical microscopy; OM)(LVlOONPOL 14 Tys AHESEe] Q1 5
22| ZnO-NP, ZnO-NP:KBr 2 ZnO-NP:PFPBr 2} 2] 31 o] ] 2] & 70 A &}

ﬂx}‘éﬂ & v 7 (Atomic force microscopy) ¥4
H] (A

A A3 & ] H(AFM) Al 2= E1(AFMS 100N, 3] EFX])oll i= OM ¥4 o] A& A=
SAE S AR EE 0, o] ol A & A EHY] 9l Bl = Al
3= A&ttt

3 H 2 E (bending test)

ZnO-NP, ZnO-NP:KBr % ZnO-NP:PFPBr " F14 ¢ &
¥ 7N 22" (drop casting) ®== =3 7l 2~®] (spin casting)=
e 5 E Y wd ZIAISNM)ell ARehar vheFeh w3l WHd (r=0.5 mm WA
1.5 mm) o2 HHE- % 0 2 w3 r)

FAA A AP 7 (scanning electron microscopy; SEM) #4

AA W& A} A A} A 1| 7 (field emission scanning electron microscopy; FE-
SEM, S-4800, 3] E}*]) & A}-8-35}] ZnO-NP, ZnO-NP:KBr % ZnO-NP:PFPBr J|
T vA 2 R A 548 BIEe vk SEM o] M A= 15 kV e ZHEE A gl
A 5 5ahgct.

R ERE

-1 3344 (organic photodetector; OPD)+ 14 ¢t 52 o] v] = 7] 3 §] o)

PEDOT:PSS(PH1000 &) A =& 23 7l 22¥(spin casting) 5} o] #| 2}3} A T}
PEDOT:PSS & o] DMSO(Dimethyl sulfoxide) 5 wt% X 294 (Zonyl) FS-300
SHeFE (0.16 wt%)2 3 7Fsto] PEDOT:PSSS| A7 Ak B &4 S7HA
Ak AFE 9 71014 150°C A 10 2 Bt ol Y5 ATk 4B 7%
=/ 2} 2k F=(hole transporting layer/electron blocking layer; HTL/EBL) S 2 4],
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[128]
[129]

[130]

[131]

PEDOT:PSS(AI4083 53)E +% & 7] A PEDOT:PSS/DMSO/Zonyl FS-300
Fr A= ol 23 A 2"l vhE 150°Col A 15 ¥ ot wlolH et = A
A7 AN S2E vtaR § FEA 58 FESEAT F 5571 14 mg/mL
ol PM6:Y6(EF 715 1:12) FEEZFEE £ 918 A2 PEDOT:PSS(AI4083
) Aol 2 A=Ak A7PA =AM &G ul)e] 1-S 222 E(1-
chloronaphthalene; 1-CN)< PM6:Y6 2ol 7[5t} 71 2, PM6:Y6 o],
ETL/HBLO]| th$t ZnO-NP 7| ¥k &9 o] U] W& GHA4d S 98t &9 olAE
A2 uLyo] 38 W ek 89105 m/mL) S 27 E PEN & 29 7] 28 8%
t}. ZnO-NP, ZnO-NP:KBr (5% 7] 1:0.010, [Br] = 0.6 uM), *=+= ZnO-NP:PFPBr
(F% 71 1:0.025, [Br]=0.6 uM) T 2= 7| =¥ 5} PFN & 9 ¢l ETL/HBL
& FAl ok npA o 2 Ag A= (F7 100 nm)-2 2133 27 (F 2X10° Torr)
NA A FU7|E o] 8ot T2 stltt -1 OPDE| &4t v B &= QE 54
A] 2~ € (QuantX-300, Newport)S ©] &3] =539t}

2-2. 23

ZnO-NP ¥ PFPBr A}©] 2] t}7} A& Z-£ (multivalent interactions between
ZnO-NP and PFPBr)

ZnO-NP/MCCE (multicharged conjugated electrolyte) 2F 22| F-1 4] a7do o gt
ZnO-NP2} MCCE 7+9] o] 435 28 a3 &5 ZAFSHY] 98], PFPBr (A 1
= 289 a ) At gttt = 1 WA 7, PFPBro] §4 3 54
H7F o gk A A g A B E bl T o] = PFPBr A 3“2 (multicharged PFPBr
clectrolyte)<> ZnO-NP<} MCCE Aol 9] Al ol Al Zn™*-Br-N* A 32| g4 -& 53}
o] ZnO-NP9} th% o] & 4} & 28 (multiple ionic interaction)< =8l 5 A 7| ¥
T}, ZnO-NP:KBr + 34 2] v-o| 2 (single-charged) K* ol €], thF 0]
¥ PFP* & o] 2] ZnO-NP A}o] 9] U5 o] & 4 & A& ZnO-NP:PFPBr 41 9] &
A= FAE = AT

ZnO-NP, ZnO-NP:KBr 2 ZnO-NP:PFPBr &9 ¢] DLS & 48 =33}, ZnO-
NP 2 PFPBr Alo] &] 78k o] & A5 2F-8 © & <18t ZnO-NP:PFPBr -2 o] A 7}
T3 -5 H (aggregate) S AR T = 89] biz v} 92| KBr H=+= PFPBr 3}
& ol e ZnO-NP9| 7] &3 E o v A & Ve lith ZnO-NP:KB+=, ¢ ff 9
ZnO-NP (217 ¢F 15 nm WA 50 nm)&] 7] ¥3E ¢} v] 1 8le] ZnO-NP:KBr £ <1
o] KBr &ell #Aglol, A 5ddt A7 ¥ X E YErdT 1oy, x4 o=,
ZnO-NP:PFPBr & -2 ZnO-NP:PFPBr £ < o 5] PFPBre] %Fo| &:7}5kef u}e} 3
A o7 A A7 WEF F7hehE 41S ERATE whebA], ZnO-NP:PFPBr &
No] B = A A o R F7bet, o] = & o] o|u x| & FlHt} (& 89 b). ¥h
¥, ZnO-NP:KBr & 92, ZnO-NP:PFPBr - 9 #} H] 513}%] ZnO-NP:KBr & 4 of] &
A gk =H] 9] KBr (57, [Br])el F7HE 2ol &= -8k, 588 Al et
A o7 Zrhehi= 7] ¥ 2 B 1=, ZnO-NP:PFPBr £ 9lo] AL&3 17} &
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[132]
[133]

[134]

[135]

$t -5 5ol A el o] PFPBr 8§91 9] ®WatA| g8 H s
% & ol A ZnO-NP&} PEPBr Alo] 9] o] 2 43 2F-8-of] 2]
| A 71918 A 4= At} (& 9). ZnO-NP:PFPBr <3} =
Ab 7] HF &} B 5= ZnO-NP (He| 3}8H4) A5 282 78k 9 g v
% o] PFPBro| &35 Ho]zt},

ZnO-NP:PFPBr 25}2] 543 7}

ZnO-NP, ZnO-NP:KBr 2 ZnO-NP:PFPBr 2} o]l A4 XPS =4 & 43181 ZnO-
NP$} PEPBr Alo] 9] o] & 5 285 &2l8t gt} & 109] as=, DLS 543 5
3t} okl B 5 5 9] KBr @ PFPBra ZH= ZnO-NP:KBr 2 ZnO-NP:PFPBr 4} 9]
Br 3d . o]-4=5= XPS 2~ ¥ E &S v}eb ) @ 9] KBr © PEPBr&| XpS 2% E
G5 58] 52 109] aoll YEFA TR KBro] A E Y2 K Fol 21} A3 Br
%O] %(O] 3t A Br (free Br) 2. = A 6})01] }‘1 kA dy , Br 3ds, 2 Br 3d3/2°ﬂ &l g sl
68.8¢cV X 69.8eVE T4 2% 5h= F 79 A% st 9 =AE vebd ) ZnO-
NP:KBr Z 352 ZnO-NP:KBr Z31=-2] KBr %ol @A glo] & o] KBrit 7 €]
23t A E DS el A 9 Zn*-Brol sl @E= 70.0eV 2 71.0eVE 41 0
2 oh= w9 2F2 skl I a7 HEEHACH

x4 & %, ZnO-NP:PFPBr BHHE 9 2 o] PFPBr BHete] A3t vl sto] o 3%
2 A oA 2 Hgetr) ol FH A E S YEHA T ZnO-NP:PFPBré] ©] &
H 2~ E L Br3ds, ¥ Br3dis(S, A Bryoll 47} 8l 93h= 67.2¢eV R 68.2
eVE T4 2 2 ahi= e o] PFPBro| F 71 9] A ¥ ot EJELQ}H A% 3=, Zn
2+—Br o] 2 Aol Al Fali= 2 69.0eV E 698 eVE T4 0 F= FU 5 1

£ zt=th A Br Bl aLsko] Zn-Brol] o gk A B3] = 9] H 4] (q, Azl Agree Br)
& PFPBr/] %ko] 0.27 uM([Br] = 1.6 uMol| sl e &2 ZF7138ke]] ula} 7189 o
W, 1%, U] B 4] PFPBro| ARE- el whet A} st glvh (5 109 b). St
7] 3 190 AA| g XPS ghev| Bl & YAkt & 109] ai= PFPBro| Br 0]+
o] KBré| Br &©°]<-°l| ®]3] PFPBro| t] Y& & 5 %ol A 5 ZnO-NP 3£ 2] Zn
*FoleH o anA o g i H ke AS HolEth Zn*t 9 Br o] & Alol 9] &
724 Q1 vl 913= ZnO-NP:PFPBr A ¥ ¢l A Zn™-Br-N* o] 2 A2 Al g o2 ¥
YA 2 thg o] & PFP" §ol 2 &3 ZnO-NP7F A3 2 2H-8-2 s &
o} (% 109] ). 47| PFPBr th5 Zn*-Br-N* o] 2 A 3-& 7} 4| ©. & PFPBr
ZnO-NP:PFPBr £ &= A o1& ZnO-NPE H.F-3}o] Wbl § A4 & FgA| A

o]
AR

o oo

o

[}
=
gl

_—

(o]

_I

[3E1]

Material Molar concentra| BE at the maximum intensity (¢V) |Bromide ratio
tion of Br(uM) Free Br Zn-Br Az Afree Br
3d5/2 3d3/2 3d5/2 3d3/2
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[136]
[137]

[138]

[139]

KBr - 68.8 69.8 - - -
ZnO-NP:KBr 0.3 68.5 69.5 70.0 | 71.0 0.051
ZnO-NP:KBr 1.6 68.5 69.5 70.0 | 71.0 0.051
ZnO-NP:KBr 3.2 68.4 69.5 70.0 | 71.0 0.062
ZnO-NP:KBr 6.4 68.3 69.3 70.0 | 71.0 0.043

PFPBr - 67.2 68.2 - - -
ZnO-NP:PFPBr 0.3 67.4 68.3 69.0 | 69.7 1.078
ZnO-NP:PFPBr 1.6 67.4 68.3 69.0 | 69.8 1.108
ZnO-NP:PFPBr 3.2 67.4 68.3 69.0 | 69.7 0.919
ZnO-NP:PFPBr 6.4 67.4 68.3 69.0 | 69.7 0.595

ZnO-NP:PFPBr ¥43t9] 7| A& A2

HHE A Q1 1 7l ol ©] 8 ZnO-NP, ZnO-NP:KBr % ZnO-NP:PFPBr + 7 (thick
film) (771 ©F 320 nm WA ©F 450 nm)&] =3 A = ZAFShaL vl alsto], AL A
‘g Hl ZnO-NP:PFPBr %3312 o] 7] A1 4 Aol that o= 2482 dF= F7F
ZAFeR Y T3 Z ) olu] = 71 F(F A 100 um) $ ol ZnO-NP, ZnO-NP:KBr
2 ZnO-NP:PFPBr & -8 =35 7l 2~ ¥ (drop casting)3}] F4}H-& A| 233 o}, &
Uh-g T} kSt 53] WH (bending radius; 1) 0.2 HEg A 0 2 3|31, FstA V] &
AbgEEe] BhE H3) A o] Tuk S AT B 118 r=1.5mmol A 5
3] 914 3] 3 ZnO-NP, ZnO-NP:KBr & ZnO-NP:PFPBr 39} 2] #3l&lu] 7 o

1] %] & EF AT ZnO-NP 2 ZnO-NP:KBr 31718 3] ukako] 4=2] o] ulako] A
T o B8 429 #<9S vehilth. %% o & ZnO-NP:PFPBr 34 d
371 A4 $B e 7hE Foll = 7 glol Wl A4 S LPEHHOJ,
247 A et Zn-Br-N* il 9] A3HE =g BAE A4S 28 0= Q1% Zno-
NP:PFPBr +-2}9] aF44 FAAd & Bt

SEM 5745 E3ato] &9 ghe] W WSS 1R ARSI (= 12). 38t

u| 7 A9} §-A18HA], ZnO-NP 2 ZnO-NP:KBr 31 o A 2o g do] 73
At 22}, ZnO-NP:PFPBr 3918 A3l 3] 248 %
o] gl &g E A R HHES VENY, o] & M Eol A% 2HE o
H A gt whak f-A A o] B2 gk, ZnO-NP:PFPBr f'“% o] A o
FAE 129 g WA )E a12] & o], ZnO-NP:PFPBr 79| & 4] 3] &4t#
F AL 71 A1 A o & 7318 ZnO-NP:PFPBr & &of t ¢t t}5-©] - PFPBro] &
?Jr%— HofEr,

£-3], ZnO-NP:PFPBr 92| 3 & ¥]3= ZnO-NP % ZnO-NP:KBr 393} Ut} =

E} ZnO-NP Z ZnO-NP:KBr ¥ 9}ol] 8] 3}o] ZnO-NP:PFPBr 31} 2] 3 H o] 2t
2o 7 AZ AL o] Az 7Aoo A PFPBri} o o] A3 g o) t] 2&
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[140]
[141]

[142]
[143]

[144]

olgk AU Atk (& 129 j). ZnO-NP Z PFPBr A}¢]
Az 34 A ZnO-NPe| AHf- =8 HAAA BE &

ot A Age A

AR L olo} AHE A THS F S 4= ATE 3 ARM o] 1| A] = 4]
A3 th 2 7D (ZnO-NP 2 ZnO-NP:KBr 3-4919] 72 $-) 2 7132 % & e (ZnO-
NP:PFPBr 79| 7 9& @el3it) (& 13). A7) 2 3= ZnO-NP<} PFPBr Al¢]
o] F}2 Q] o] 2 AFZ A& W ZnO-NP:PEPBr W19] &4MH 71414 A4S B
o] FT},

ZnO-NP:PFPBr 229 7| A4 44

ZnO-NP:PFPBr ¥4} (7] 55 nm W A] 60 nm) 5%, ZnO-NP 2 ZnO-NP:KBr &
wboll u]s}o] £l 4] FAE T (= 14). 513 F2)o] ] = 713 916) ZnO-NP,
ZnO-NP:KBr 2 ZnO-NP:PFPBr & 42 ~ 3 7| 2~ ¥ (spin casting)5}o] 2}2}-S- A
Lot whete] A T = e FA R AN Ao (5 129 g WA
i), Fetdn g S0 vhto A & g AFE A =T} whebA, SEM S4
& Falste] vyt T3} FAFSHAL, ZnO-NP 3 ZnO-
NP:KBr 42} 4 & YebATE ZnO-NP:KBr B} 2}
& ZnO-NP 4t 7} A& Ao 5 Hol A" (5 149
a WA b), aLA & (1X10°)el A © ZE A} (2 149] o). 2
2 0 & ZnO-NP:PFPBr ¥} 31nj) &0l 4 12 ZnO-NP 2 ZnO-NP:KBr 2} )3} 1]
asto] FAe 73l £ (r=1.5 mm)l 2] & dE S UERA] &=
(= 149 c Z D).

< F A A (flexible organic photodetector; flexible OPD)

AR} %5173 & 23 (electron transport layer/hole blocking layer; ETL/HBL)
24 ZnO-NP:PFPBr& AH-&3te] 718 Zdjolu| = 7|3 #lo 41 OPDE Al %}
8to], ZnO-NP:PFPBr H1e}o] 8R4 7| A2 74 & o] &3t} v il & A&t
o] ZnO-NP & ZnO-NP:KBr #¥-3 AR-&-3F A 22k A 2813l vh &= 159] a
L b= A4 a2 52 D A d oA E9 tholol 29 Yeilt) 53], PEN
+ ZnO-NP 7| ¥F ETL/EBL2 7} =% & W], ZnO-NP 7| ¥+ & <4 & 554 & 7H 413t
7] fAste] AFgatglvh. L%, AR AAbE A4 FHE 2R oA r=25
mmol| A 17 73S 7Fet ATt (3= 159 ¢). = 159 d ® e3= 250 3] R4 Q1 5
3] A2 v}t ETL/HBLE A 28 f-1 OPD9] HE-&- 1= (responsivity; R) 2 4
F% (detectivity; D) Z2H E S vpeRH, o] 714, d] o Bl 3= @8} 23 (short-
circuit condition) (0 V)ol 4| =53t} sl & ¢ F A} &5 (external quantum
efficiency; EQE) =3 E &2 &% 169 L EFSIT]

A o] &x}= ETL/HBLY] & & ol &A1 8lo] A EQE 2~ Ed & el
o1, 750 nme| ~F E oA eF 699 o] 2] 4k H AT 18 r=2.5 mmol
A1 250 3] 13 F ZnO-NPE A 21 A} 2] EQE= oF 46.4% 74 3F3) T}, ZnO-
NP:KBrE ¥ 3}6hi= 22k= 250 3] vH5 73] & WA 29 Eg] w9l A EQE
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[145]

[146]

[147]

7} AA A F th 22 0 2| ZnO-NP:PEPBr 7|8+ OPD= U & Z 7 (r =
2.5 mmoll A 250 3))oll A 73] F-oll &= e o] Ax}ef vlalste] 7 o] Mt
EQE &= E =& Vet

wh2} A, ZnO-NP 2 ZnO-NP:KBr ETL/HBLE #| 2t¥ -1 OPD/R ¥ D'E=r=
2.5 mmeoN A 250 3] 753 F A A A HEH, ZnO-NP:PFPBr A~ A= 3] A §-0])
719l TA3 R AFEZHS YEWY (5 159 d). 3F7] F 200 VER Bl gho],
ZnO-NP 2 ZnO-NP:KBr £ A}2] R-& r=2.5 mmell A 250 3] #3 & 22} 45.2%
2 47.6% 7ol 31 EHE 023 A/W 2 022 A/WE 7283t} 8-, D7 32 24
7} 228 X 10" Jones & 2.25 X 10" Jones = A o, o]i= A ] A Ao v]F
o] 46.3% R 44.2% 740 | FETh (742 DT =4.25 X 10" Jones H 4.03 X 10"
Jones). tH2 2 0 2 T A% 3] Al$] T ZnO-NP:PFPBr A~ #}2] R 2 D=, 742}
0.38 A/W % 3.62 X 10" Jones= Y EFSTE 7] gh2 w3 o] o] 2] A
5 (R=0.41 A/W 2 D" =4.02 X 10" Jones)#} B 5 &dte] 22+ 7.3% 2 10.0% %7+ 7+
Aottt

stress)©l] 2] 3] ETL/7] & = (cathode) =l A4 A H @<L 71
7] ZnO-NP/Ag 2 ZnO-NP:KBr/Ag & 91l A H L& Fedu| 4 ojujx &
3ol 59l 1, ZnO-NP:PFPBr/Ags= ol 3= < Qlo] w11
AT (52 159 ). OPD A 5> d Aol A YelLb= AA -5 Ast=

st o, o] =, Tk WA} ol tigh AV] A FES F7HA 7131 FEA/ETL
Nas AH A &4 = o=, 74 o
Ao Wi A7) & A7 o] M g A b= 7] A e 35t v 4, SEM
™, ZnO-NP$} PFPBr Alo] 2] &3} 2] <l o]
8lo] ZnO-NP:PFPBr 19| 7| A4 FAA] o] =LA &4

d
.

An)
Mo
0 H o
4,
o
Y
> o

o |o

¥ &2 HEd TR

[3£2]
ETL/HBL Bending cycle R @X=750 nm D" @2=750 nm
s @r=2.5 mm (A/W) (x10", Jones)

ZnO-NP - 0.42 4.25
250 0.23 2.28
ZnO-NP:KBr - 0.42 4.03
250 0.22 2.25
ZnO-NP:PFPBr - 0.41 4.02
250 0.38 3.62
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[148] ¥ oA i= ZnO-NP Z t}Z 0] PFPBr A3 A Alo] ] o] & 4% 2F-8-3} A}
7] %42 #-8-°] ZnO-NP:PFPBr ¥l Hto] 7| A4 S o | A= 4 & £As 3Tt
o d Z5 2 & 715 W) B (diphenylfluorene-based backbone)2 7|HF Q. &2, o] 24
1=

[149]

[150]

[151]

=
™ E 7] (ionic pendant group) 24 U 3] 2] vl F H Znfo] =& zt= PFPBr<
J ol

;j]—

WAbell 93l of ¢] Zn®*-Br-N* | 91 & & A §hr}. whefA], thg-o] & PFP 4ol &
& 7ZnO-NP$} PFPBr Alo] ¢] o] & u| 9 & E3}o] o] 2] ZnO-NPE 712 5= 9}
22 © 2, ZnO-NP:KBr 5 4| ol A @] K* ¢Fol & 2k:= KBr Zn™-Br-K*
Azte] vl a4 v 2 Q15te] o8 ZnO-NPE 712 4= §lo}, gk, ¢ K
Fol & A7he] K ol o] 3to] ZnO-NPE 7h4 4= 91 @ FLE ZnO-NP 3%
W 2] Zn™-Br-K* Wl 9]0 = &3} a1 o 2] ZnO-NPE 714 4= g1t} whh A, ZnO-
NP:PFPBr #}2H& 7] A1 4] 79140 o] =L7] /2 Wb ZnO-NP 3 ZnO-NP:KBr ¥}
12 QR A Q1 1A 1Y ZE ol A A A 7] S FEi7F "ok o] =, Bt
7, SEM, 2 AFM ZA}LS 5-3lo] el&k3i],

1 OPD= & g ol A 7l 7] Al 4 & 71 318k ZnO-NP:PFPBr B} & 2
o1&to] A ZH ) r=2.5 mmoll A 250 3] BH 73] Fo &
3 9] o] ZnO-NP:PFPBr ETL/HBL-& AF-&-3Fo] A 2F¥ f-1¢F OPD= 712t 0.38
A/W % 3.62 X10"” Jones®| -2 R W D" gt o2 w9 e A Q1 A 5-& Y e T
A7) & w7 Aol el Axpe] gk AL vl=stt (R=041 A/W 2 D' =
4.02 X 10" Jones). W &4 2. & ZnO-NP 2 ZnO-NP:KBr& ¥ 3}5}+= OPD+= ZnO-
NP %2 ZnO-NP:KBr ETL/HBLS] v &4 0 & Q18] 53] A2 o] A=} v
a&te] R 2 D7F A A FHAsd o) B 1w & PFPBro| ZnO-NP:PFPBr 2H1}e] A

|

fu

714 B S AN 7 A et A4S 28T o, 5 AR Uxeqda) 7] b
uthuko] Y1 A4 &A1& NS 98 ba-Etar 3k 9l AgRe A Al sk & A
7hA] AN S AR U2 E thEe <l f71 3l A Aol ARG
NEF 3 5 U}

Aegh 2ol A2 oAl E Yk Aol Eflo] &ab= 7] itoke] T4
A2 & 7R A= 2] 7] A Aol v B ARl SRS WA oA Bl o
2 A HE R HA WMol 7hsstthiE 2S ol e 4 g Alolt) Ty
B2 ol ol A 7] E AN o B8 BE ol A o A]F ¢l Aol &4 2 o] o}d
Ro g olgfsfopat dte} o & Bof, dAd P o & AFo] 9li= 74 A 24
WakE o] AAE o glom wparbA] R HakE Ao g Ay o] 9l A &
AEE A%E 2 AAE 5

B0l W= A A Ay s Taehs 58 7 d Yol o sle] e
o« ™, S]] ofn] W], 19]al T dE ME SRR E REEE
Be A B AdE Jerh 2] Ml 8= Ao R sy ofof gk}
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