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functionalized perylene—-diimide, 2,9-bis(3-((3-(dimethylamino)-propyl)amino)propyl)anthral2,1,9-
def:6,5,10-d'e'f']diisoquinoline-1,3,8,10(2H,9H)-tetraone, PDINN), =] (WeHelmaHzo]E (Poly(methyl
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RSt (Vo) ©] 0.5V WA 1.3 V Hjolx

G F U= (Jge) 7F 20 mA/cm WA 36 mA/cm Hejol1

ZAE&(FF)o] 70% WA 88% W)L
AEHslg & (PCE)o] 20% WA 30% HL<l, HZBATt0lE gFd A,
AT 8

371 Al A5, Q8 © SARIEI10), 7™ ' Ak 1E(FT0) AFEAASA)=(120), AFHADS
APOIE(1ZT0), EFHEAASAIE (A20), JFESAIE-2-QlFHSAFO| = (1T0-Ag-1T0), 1HFHASA =
—&-VEH AFAO| =(120-Ag-120), 1EH AR

LAlo)l -0l F @ﬂagﬂﬂt(nmklﬂm AdZ2uFHaS

Alo] B - fu] 5 A A o] = (AZ0-Ag-AZ0), ¥ HAXA 2F3}bE (transparent conducting oxide, TCO), =i}

w-9}tolo](silver nanowire), BrAUxFH(carbon nanotube, CNT), L2]¥(graphene), % HAEA &8z}

(conducting polymer)Z o] FojZ oA AL = sl o] A4S ¥ 33, HZB 2710l E g3 Ax].

AT 9

AT 19 oA,

7 AE FETE, Nil, Cul, MoOx, CuSCN, ¥ Cw0l=Z o]Fof oA A8y e st} o] S XEgsAL,

A7z GBS (self-assembled monolayer)S X&AY, v EHIE, ZE M, Zoidd, &
g ZEvdadstel=, ZYadAvddl, ZEE, Y. E7LE, EEokEd, EFotAA,

ZYEF e, g, ZE-(3, 4 SAE ) F2] (=H ALY O E)(poly-(3,4

ethylenedioxythiophene) :poly(styrenesul fonate), PEDOT:PSS) % Z@odddt]SAE|QH O R o]Fojzl o
A dEE s sty o)dE EFehe, HRBEATOIE BYE FA.

AT 10
AT 10 QlolAl,

47 BAFE, FA-E Gl MRuatelE R4S e, HmnivtelE Haky 4.

A 100 9lelA,

A7) BAEFE ) FAMALSWPD Qs (o17]0lA, Q& S2AldAh, 0<x<l, & 0<y<1)S EF3AY T Cs,FANA, -

SPbiQs (71014 Qe FEAMD S, 0<x<l, 0<y<l, D 0<z<1)& X8l A ZB AT E Hl9FF 2=,
AT 12

78 1o SlolA

A7) BT, FAyMA 3Sng sPbosI3 & X3S, HRZHAFIOE HSY X

A3 13
A8 10 QoA ,

A7l AR 55, PCBM ([6,6]-phenyl-C61-butyric acid methyl ester), PDIN (2,9-Bis(3-
(dimethylamino)propyl)anthral2,1,9-def:6,5,10-d'e'f']diisoquinoline-1,3,8,10(2H,9H)-tetraone), PFN-Br
(Poly(9,9-bis(3'-(N,N-dimethyl)-Nethylammoinium—propyl-2,7-f luorene)-alt-2,7-(9,9-
dioctylfluorene))dibromide), PDINN  (2,9-bis(3-((3-(dimethylamino)propyl)amino)propyl)anthral2,1,9-
def:6,5,10-d'e'f']diisoquinoline-1,3,8,10(2H,9H)-tetraone), PNDIT-F3N-Br (Poly[[2,7-bis(2-ethylhexyl)-
1,2,3,6,7,8-hexahydro-1,3,6,8-tetraoxobenzol[ Imn][3,8]phenanthroline-4,9-diyl]-2,5-thiophenediyl[9,9-
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bis[3'((N,N-dimethyl)-Nethylammonium) Ipropyl]1-9H-fluorene-2,7-diyl1-2,5-thiophenediyl]), PFN
(Poly[(9,9-bis(3'=(N,Ndimethylamino)propyl)-2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene)]), PDINO (2,9-
Bis[3-(dimethyloxidoamino)propyllanthra[2,1,9-def:6,5,10-d'e'f'ldiisoquinoline-1,3,8,10(2H,9H)~
Polyl[[2,7-bis(2-ethylhexyl)-1,2,3,6,7,8-hexahydro-1,3,6,8-
tetraoxobenzo[ lmn][3,8]phenanthroline-4,9-diyl1-2,5-thiophenediyl[9,9-bis[3-(dimethylamino)propyl ]-9H~
fluorene-2,7-diyl1-2,5-thiophenediyl]1(  PF3N-2TNDI), 2 Polyl[2,7-bis(2-ethylhexyl)-1,2,3,6,7,8~
hexahydro-1,3,6,8-tetraoxobenzol Imn][3,8]phenanthroline-4,9-diyl1-2,5-thiophenediyl[9,9-bis[3"' ((N,N-
dimethyl)-N-ethylammonium) ]-propyl ]-9H-f luorene-2,7-diyl1-2,5-thiophenediyl | (PNDIT-3FN-Br) &  ©]Fo]%
oA AEEE s oS E¥els, HEBATMlE HYd A

tetrone),

AT 14
AT 10 QlolAl,

A7 A2 ASFFL, Ag, Au, Al, Fe, Ag, Cu, Cr, W, Mo, Zn, Ni, Pt, Pd, Co, In, Mn, Si, Ta, Ti, Sn, Pb,
V, Ru, Ir, Zr, Rh & Mg® o]Fox oAl Mex= st o]i& E3ste, 2B AIl0lE gdd 4.
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FpolE kg x| 2 1 Azl #ek Holtk

vl 4 7] &

A AAH R AR AFES FAaATE AT wet A& Jbed 13 duA el gF a7 343 F
=i gtk 18 uAPo BgFS o]gste] AHS A 5 9l "G FXr Fad @7 oy
APo g FEII Q)

FRZHagto]E Hag AXE B T AF, B A olvw, 71 Ast b Zo], 74 tholdE w=7)
5 95 Aw EHow A Y eSS oluA AwE v vk, ey, dzBagtolE e
AE g Tk Az AN B Aol FAH wt B4 Hate oS walsta, FE 9 Ak IF
2 go|stA dte] FEHFlo|E uiube] RBFE ZXAA HAF G AeS FaATh. Ee, ol#e 2
FES Ealo] AT B Ay} FaEo] whel wEBavtolE ulule] dstE wgA7] A "ok, uiebd, 1)
# A U Loz ALEEl] kel HEHATlolE HYY A E Bgd A Axe] £ 9/EE g
ol ARG A= 7]4o] aFHT)
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A7) AL AFE el Rk AT £EE A AT 155 Aol

FYZ: 7] BHF Pl AAAE DA 83 P AR 255 Pl AAE FHAN PAF; D )
FHIN PAF Yol AAeE A2 AFFL TP

wowgel 9 Axdel QlolA, A7) B BAFE, A7 A2 AFFE TASE Fhel A BHFom
FAHE AL WAGE e FAT & AT

2 owyge] o Aol eld, 7] FEHEN WA, P A2 AFFL TAKE F5 A ) B34S
o FANE AL WARES ANY YAES TFT 5 Ao}

oA, 47 FHI WAFE, A7) A2 AFFL FASE 345 A4S Adol=s)
KeN
=

AR s #98 & Aok,

wowne) o AAdel QelA, 7] FHIN PAFS, 5.95 oV WA -3.95 oV W9 A E9F A2
& ek,
oo A AN YolA, 47 FHEN PAFS, AYS obul-71%s AYd-rlolv=, 2,9-02(3((3-

o goln)-Z 2 I )olu| - ) Z 2 H)SLETH2,1,9-def:6,5,10-d'e' f' [T]olo] A =H-1,3,8,10(2H,9H)-H E
2} (aliphatic amine-functionalized perylene-diimide, 2,9-bis(3-((3-(dimethylamino)-
propyl)amino)propyl)anthral2,1,9-def:6,5,10-d"'e' ' Jdiisoquinoline-1,3,8,10(2H,9H)-tetraone, PDINN), =
(e melad# ol E (Poly(methyl methacrylate, PMMA), ¥ Z&]A~"d (Polystyrene, PS)E o] Fo]x ol A
AdE = sk ol s 28 4 .

oA A A QlojA, AV HRBEATFMlE G FXE, MTHG (Voo 0.5V ulF 1.3V
G FEEs) 7 20 mA/cm =] 36 mA/cm WHelolar, FHE(FF)o] 70% WA 88% WHelola,
A A3 g & (PCE)o] 20% WA 30% HAY 4 ATt.

2 odbgo] o AAlde] gJojA, A7) Al AFHL, AF ' FAI=(IT0), SFd © SA=(F10), <)
AAZAOI=(120), AFHARZAO|=(1Z210), EFH|wHIASAIol= (AZ0), UFESAP=E-2-UF
E(1T0-Ag-110), QAFAHAFAPO| =-2-QlFH AFAF| = (120-Ag-170), AFH AR ZALO| = A
= (IZT0Ag-17210),  <&FvEAASAI) E-2-AF 0 FH TEAL| =(AZ0-Ag-AZ0), F% A=A
(transparent conducting oxide, TCO), &ux=9}o]o](silver nanowire), ErAu=%H (carbon nanotube, CNT),
e A (graphene), @ HAEA TEA}F(conducting polymer)ZE o] Fo] X oA Ay = sl o] AS x3HE 4

sk,

2 o] o Axdo gJojA, AV AF FE5ZS ) NiO,, Cul, MoOx, CuSCN, @ Cu,0o.= o]Folzl Tl A A
9x= sy oS XFsAY, Arixd WA EA S (self-assembled monolayer)S X&shAY, &
ZYyE, ZEledH, Zgoidd, ZgoiAdd, Zolvdddutel=, Zydanddl, ZEQlE,
9. FEIE, EEorEd, ZEoAA, FYEFod, FUxddl, ZF-(3,4-cE AU ZAIE L
=) Z (2 A E o] E ) (poly-(3,4-ethylenedioxythiophene) :poly(styrenesul fonate), PEDOT:PSS) @ Z&
AN A A E| o= o] Fof3 oA MEEE gl o] g 23 4 Sl

B e d AAde) oA, A7 84T, FA-E ol HEEATLolE EHE X3 & Qlr).

2 e A AAldel dojA, AVl 4TS, FAMALSHPbQ; (A7]elA, QE TEALA, 0<x<l, # 0<y
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Lo

2 oatgo] o AAldel oA, 7] AR =552, PCBM ([6,6]-phenyl-C61-butyric acid methyl ester),
PDIN (2,9-Bis(3-(dimethylamino)propyl)anthral2,1,9-def:6,5,10-d'e'f' ]diisoquinoline-1,3,8,10(2H,9H)~
tetraone), PFN-Br (Poly(9,9-bis(3'-(N,N-dimethyl)-Nethylammoinium-propyl-2,7-fluorene)-alt-2,7-(9,9-
dioctylfluorene))dibromide), PDINN  (2,9-bis(3-((3-(dimethylamino)propyl)amino)propyl)anthral2,1,9-
def:6,5,10-d'e'{ " ldiisoquinoline-1,3,8,10(2H,9H)~tetraone), PNDIT-F3N-Br (Poly[[2,7-bis(2-ethylhexyl)-
1,2,3,6,7,8-hexahydro-1,3,6,8-tetraoxobenzol Imn][3,8]phenanthroline-4,9-diyl]-2,5~-thiophenediyl[9,9-
bis[3' ((N,N-dimethyl)-Nethylammonium) Ipropyl |-9H~f luorene-2,7-diyl]1-2,5-thiophenediyl]), PFN
(Poly[(9,9-bis(3'-(N,Ndimethylamino)propyl)-2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene)]), PDINO (2,9-
Bis[3-(dimethyloxidoamino)propyllanthra[2,1,9-def:6,5,10-d'e'f'ldiisoquinoline-1,3,8,10(2H,9H)~

tetrone), Poly[[2,7-bis(2-ethylhexyl)-1,2,3,6,7,8-hexahydro-1,3,6,8-
tetraoxobenzo[ lmn][3,8]phenanthroline-4,9-diyl]-2,5-thiophenediyl[9,9-bis[3-(dimethylamino)propyl ]-9H-
fluorene-2,7-diyl]-2,5-thiophenediyl]( PF3N-2TNDI), 2 Poly[[2,7-bis(2-ethylhexyl)-1,2,3,6,7,8-

hexahydro-1,3,6,8-tetraoxobenzol lmn][3,8]phenanthroline-4,9-diyl]-2,5-thiophenediyl[9,9-bis[3' ((N,N-
dimethyl)-N-ethylammonium) ]-propyl]-9H-fluorene-2,7-diyl]-2,5-thiophenediyl ] (PNDIT-3FN-Br) =  o]Foj%l
oA AEEE sy oS XE8E 4 9.

2 o] A AAdd oA, 7] A2 AFFLS, Ag, Au, Al, Fe, Ag, Cu, Cr, W, Mo, Zn, Ni, Pt, Pd, Co,
In, Mn, Si, Ta, Ti, Sn, Pb, V, Ru, Ir, Zr, Rh & Mg= o]Foxl oA A= st} oS 283 4 9
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ol &

ro

wE5Eks WA fete], tge W Ee & Eo], §F> Sn0, & AT TF

(atomic layer deposition)o.® FAate], w5 ks WAS= WA S (passivation layer)E BA a3

&, e dmA, F Fefols ARZHAT|ER FAE ST R 35 S w6 Sk, Aol

Ed2A gd FAHOF wiAFEZZ < (bathocuproine, BCP)S E#|o}A (triazine) ¥ &33te] HHr= S0%F

FAstgtt, W dalol=  HEH Al Ed Hate] FA-g dtglel= HmHAFlO|EVF e Jxé*é

T BR, FA-N HfR2Esdte|EZo R g4 ke UAE HYF FA9 A MAE St o9
[e]

>
bl
i)
32
T

i

=

FO to o [ A

T 12 i o] AR oo E #HZBE ATl E Bl X (100)E EAEE dHEo|t),

T 18 HxsH, HZEAT0E HYH Hnwmb,ﬂlﬂ%%uun;ﬂl@%Z(w>%ﬂ$HwF:%%
FEZ(120); AE F55(120) Aol st FAE(130); FAF(130) Aol X3t HAAF 55(140); A
2} FEZF(140) Aol YAEE FEHIAF AXF(150); D FEEA BHE(150) Aol YA EE A2 A=F

A1 A=F5(110) Fo] F4g £d BEAE 23S 91E+ Zﬂl AF5(110)2, &8 5
of 1\ ®© SAFO|=(110), EF Z(FT0), AFAIASACI=(120), AEFHIAHZAL]=(1Z10),
FulEA A = (AZ0), AF %HHQMNEImﬂgHm,LH@ ER SRS @3&4
o] =(120-Ag-170), AFA ARG E-2-A 5 A Aol = (1ZT0Ag-1210), L7154 A5 o] E-2- ]
FA LA = (AZ0-Ag-AZ0), T HAXA AF3}E-(transparent conducting oxide, TCO), 2vb:x=¢}o]o](silver
nanowire), AU x% B (carbon nanotube, CNT), L@ (graphene), % A=A 3182} (conducting polymer)=
o]Folzl oA AEE= gyt oS X ¢ k. e, Al AFF (11002 FF FEF (1200904 54
£ F Advk. e, Al A5F(1102 79, A9, =5 S92 59 22 FHe V9s 2383}

AE 5512002 Al A55(110) ol X 4= Ak, AT $455(120)02, Fo] Faste &A435(130) 2
2 33E Agsta, ol A 45 (130)A4 AAHE AFES Al AFF(110) 2 53 7|ss 3
Ak, AY F55(120)02, = =9 Nil,, Cul, MoOx, CuSCN, E Cu 0l & o]FofR oA AHElmE 3} o
s 2E8E 4 9a, A7)ERY gAd B AZ(self-assembled monolayer)S ZSHAY EE ZE9E ZEL

, A, oA, Fgdaldyel=, Zalgddnjddl, s, 9. ZE, £
olzdl, ZgolAd, ZEIZFed, Zgyzed, Zg-(3,4-oEAYSAE Q) Z7 (2EHAE o]
E)(poly-(3,4-ethylenedioxythiophene) :poly(styrenesul fonate), PEDOT:PSS) % Zgjd g2 Eloso=R
o|FolR Fol A AEEE i ol S xghe 4 9l
FAZ(130)S Al AFZ(11003 AT F4=(1200S
3 4 9tk 245 (130)2, odE =

2] s ZHAFPOE EFS ¥x9st 4 qlh, #4
d& 5o FAMALSHPbLQy (e17]0lA], QF ZRANL, 0x<l, 2 0y<1)< 2 9
FAg MAg 2Sng sPbo 513 & 3T 4 i, odE 50 CsFAMALSnPbi-Q; (7]ollA, 0 T2AYUa, 0<x<1,

e

O<y<l, % 0<z<1)& 38 = drl. o7)oA, FAE ZEv) Y E (formamidinium)g 7|8k, MAE HEodr
H (methylammonium)g ¢j=]3hc}.

AR 755 (140)2 435 (130) Aol AT = vk, AR $535(140)2 S F(130)00A4 B8 AAE A2
ATZ(160) 0.2 FFet= 71%5S F388 & dvh. A4 $453(140)2, dS So] PCBM ([6,6]-phenyl-C61-
butyric  acid methyl ester), PDIN  (2,9-Bis(3-(dimethylamino)propyl)anthral2,1,9-def:6,5, 10-
d'e'f']diisoquinoline-1,3,8,10(2H,9H)-tetraone), PFN-Br (Poly(9,9-bis(3'-(N,N-dimethyl)-
Nethylammoinium-propyl-2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene))dibromide), PDINN (2,9-bis(3-((3-
(dimethylamino)propyl)amino)propyl)anthral2,1,9-def:6,5,10-d"'e'f']diisoquinoline-1,3,8,10(2H,9H)-
tetraone), PNDIT-F3N-Br (Poly[[2,7-bis(2-ethylhexyl)-1,2,3,6,7,8-hexahydro-1,3,6,8-
tetraoxobenzo[ Imn][3,8]phenanthroline-4,9-diyl]1-2,5-thiophenediyl[9,9-bis[3' ((N,N-dimethyl)-
Nethylammonium) Jpropyl ]-9H-f luorene-2,7-diyl]-2,5-thiophenediyl]), PFN (Poly[(9,9-bis(3'-
(N,Ndimethylamino)propyl)-2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene)]), PDINO (2,9-Bis[3-
(dimethyloxidoamino)propyl]anthra[2,1,9-def:6,5,10-d'e'f']diisoquinoline-1,3,8,10(2H,9H)-tetrone),
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Poly[[2,7-bis(2-ethylhexyl)-1,2,3,6,7,8-hexahydro-1,3,6,8-tetraoxobenzo[ Imn][3,8]phenanthroline-4,9-
diyl]-2,5-thiophenediyl[9,9-bis[3-(dimethylamino)propyl]1-9H-f luorene-2,7-diyl1-2,5-thiophenediyl](
PF3N-2TNDI ), El Poly[[2,7-bis(2-ethylhexyl)-1,2,3,6,7,8-hexahydro-1,3,6,8-
tetraoxobenzol Imn][3,8]phenanthroline-4,9-diyl]-2,5-thiophenediyl[9,9-bis[3' ((N,N-dimethyl)-N-
ethylammonium) J-propyl]-9H-f luorene-2,7-diyl]-2,5-thiophenediyl ] (PNDIT-3FN-Br) & o] Fo}zl oAl X e x|

1]
= st ol 23T 5 A,

&5 A F(150)2 A FEF(140) el AAFE = vk, S5 BAF(1650)2 A2 d=55(160)= T
AAste B0 4T (130)e2 ity e AS WA e 7IsS Y 5 Ark. a5 RS (150) A2
A=F5(160)S T3t 55 A7 @45 (130) o2 il e A& HASES 1A dAEE 288 F 9
o S5 BAS(150)2 A2 AE5F(160)s 74 35 A5 ZYolEsgogn @S (130)es &
AEE AS BAEE 7S A8 ok, 584 HAF(150)2, -5.95 eV WA -3.95 eV W99 oy
THE 7 du. 5584 A (150) 3EH HE AT FHS(chemically protective cathode
interlayer) o2 A" F vk, FHIF PAF(150), & 5o AWLE opdl-7]53t HHA-tjoln =
2,9-9] 2= (3((3-tiW|Eolu] ) -Z 2 g )o}ln| 1) TR )QLE [2,1,9—def:6,5,10—d‘e‘f‘]ﬂo}o]iﬂlen‘jd—

1,3,8,10(2H,90)-H E&}¢ (aliphatic amine-functionalized perylene-diimide, 2,9-bis(3-((3-
(dimethylamino)-propyl)amino)propyl)anthral2,1,9-def:6,5,10-d"'e'{']diisoquinoline-1,3,8,10(2H,9H)~
tetraone, PDINN), Z@(Heweladeo]E (Poly(methyl methacrylate, PMMA), = Zg]~€#(Polystyrene,
PSR o] Foxl A HAEE = sl olds XFE 4 Q).

A2 A55(160)2 5&FA BHF(150) Aol AR = A, A2 A55(160) AA £55(140) 2 555
A RS (150)S AAA 458 4TS F2E F Aok A2 AF5(160)2, A5 B Ay XS g
& A, dF B9 58 ¥8T 4 A, d5 E9 Ag, Au, Al, Fe, Ag, Cu, Cr, W, Mo, Zn, Ni, Pt, Pd,

Co, In, Mn, Si, Ta, Ti, Sn, Pb, V, Ru, Ir, Zr, Rh & MNgZE o]Fo]zl oA M5 sl} o|A4S xhsh

T4 BAF(150) S FAEHE 7] PDINS AT (130)0A4 A" AAE A 451400 AF A2
AFZ(160) o7 a&dor ¥3tar, ook &4 A2 AFF(160)c2HE9] T4 kS wxss 3lehy
AdAZA 71sE 4 Aok, A7) PDINS oA Y ZAES F o9 AaEd e As 194
(nucleophilic) YAES o]&3l 2(Ag) % AF(Un)I £ thdst 34 AAES AeolEggozn F4

Fe WA 5 Aok,

T4 WA F(150) 2.2 A1, A7) BCPE X &ste 59 HlaustH, A7) PDINS 23k A5, edd %
A= A 9 5 dAA =2 EAAS VS 6tk ol v o] A7) PDINNS X &S HYF
FA= w2, 4, 9 A st A7) Aol MAES & ar, 22.1%9] A M3 a5 (power conversion
efficiency, PCE)S 713S A3t}

Bodbgol Ao wE HRZB ATl E Bldd A=, M ALG Vol 0.5V A 1.3 V EYolar, wahd
FUE(J)7F 20 mA/em . A 36 mA/em . M Slola, AL (FF)o] 70% X 88% W], A wshE & (PCE)o]
20% WA 30% MY 5+ Q).

&= 2v ¥ dge] dAA Gl mE dEBagtolE eekd Ao A=Y (S100)E e = SE ot

E 28 #Hxsd, dHZBEATlE HYgH FAe A=W (S100), 11@%%%%F%H:%ﬂ@um,%ﬂ
Al A55 Aol A3 5555 FA4sts dA(S120); 47 BE 55 o dE2BEAgllE 48 X3se
S-S A= GAIS130); A7) T Bl A FEFS 5= %ﬂ@um, 7] A &S el
S A-S2S o] &sto] S} WASTS FAdsks @A(SIS0); A %%Q&%ﬂ%ﬂ%ﬂﬂ2ﬁ%%§%
3k 2A(S160)E Eghettt
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=

=

=
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=
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=
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=5 % & 68 FxsW, AR/ LE-Ae 542 A7) PDIN B3 FxeF 37] BCP "lYF FX = A9 FAL
gt AFS Btk wEhd, F4534F 125 (150) &2 PDING S AHgste 490k A3l FE5& a&4oz §
Pat 5 gl Aow BAET. 7] PDIN BFd A= 0.87 Vol AMAL (), 31.61 mA cm 9] Wb
W (Jso), 80.61%2] Z=HE(FF), 2 22.09%2] #HHSZE(PCE)S 7Hxu. ¥, A7) BCP Bl9¥33 #AX+

0.87 Ve ZHASH(Vo), 31.29 mA em o ©EHARWE(Jy), 80.67%2] =
(PCE)E 7HATh. E@, 9% P HH(EE) ~HEFORNY 45 BeARAEUOE AF E-49 54

CRNE WEF A% $4 FUYS Hehia, BN 3 ol Lebut,

Z 1
Bl kg = HdEwgas kIR e FE = A&
(%) (V) (mA cm ) (%)
21 Al of] (PDINN) 22.09 0.87 31.61 80.61
(21.1740.37) (0.85+0.01) (31.1840.52) (79.5840.99)
H] 1o (BCP) 21.95 0.87 31.29 80.67
(21.1040.39) (0.85+0.01) (31.2240.51) (79.7240.95)

I AAE 44 100749 AFRA ZAG A

T 7M. (a)E o]E oA AL(23C +4C)oe A7) By S ok A o] (1S0S-D-11), (b)) A 7
sl A o]&E Lo A 60T A DB Ao TH(ISOS-T-11). ©]# & SHAAR A TS FF A3 ZTREFJ wat 7}
&-oo] =7 sl A AR ol AE HYF FXE tiste] FH AL,

=79 (a)E s, A7) 1S0S-D-11& 7|9k &7] By 7 g HAE AdolA vehd u}g} 471

PDINN B3 X 3100 AlZF Tolm= 7)o tsle] 90% 4502 AWM a8 (PCE)S 5A59ch. vhd, A

7] BCP B4 A& 1250 AlZE $-of] 2710 thgte] 80% o= HHMBF & (PCE)o] Aste Art.
T 79 (h)E FESPE, A7) 1S0S-T-118 71¥hal 60T e &FolA 750 AlZF F¢te] d-39 3lo|xe] gty
2~E Azto A vhebd ukel, A7) PDINN BjFd A== 800 A7 Fol|k Z7)o] diste] 81% FFEOoE MW
3]

g
S aE(PCE)S FASktr. v A7) BCP elFd &= 800 A7k Fol 7)o tisle] 356 FFo 2 AHHs
A& (PCE)o] vig- AstE|SdTt.

&= 8ellA, (a)e= B Ao e a s (PCE) eizolar, (b)e ejd Ao /Mgt (Voe) 2efze]a,

(o)== BFF Ao derdFe=Jy) 2efzolar, ()= Hd &Ae] Fd&FF) 2=z,

% 8% R, 7] PN HFY AL olFENA 60T LuelA AR Age] 27l uste] o
A% $E0R ARABES(PE), AMPAL(w), BFAFLEUD, 2 FASENS FAF wel, 7] BoP
BFY AAE WS 2 s vtk mebdd, wadel 3] BP By FR uste] el 4]
PDINY el AA7h & 47 dgAe Hae F0d + At

webd, ol|d Aoy Avke §4 AFomVE B4 il oste] AznsvtelE FAES] Yol
SIS Fahol AT QAN clelT ALBY Bl ARGl Aol AL £tk oo
A gk, A% £45(140) ol A FLL PAF(150)9] FAo] BP3} PIINE old A 9l 44
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d 2N 1s9] J=9] ¥ %2 29 ouA 2ol o] 7] BCPoll Hsto] 47] PDINNo| 23te] 3}sh

a2, = 129 (c)& F=3P¥, PCBMZ /PDINT /Agsel A8ld dHo djgk EDSE o] &3lo] EA4g g4 ==
7S YERATE, o] 85.1 FA%ol AATF 14.9 AR VERTH webA |, dEd X-d Fda B3 24
< 23 ALxo st Y3t

T 132 & we] dAAde] mE H2HaTtolE el Ao tiste] Hluld 9} vuste] vElhd EAF B
o] RAZE|T}

T 139 (a) 2 (b)x 7F$AIQr 09 T2 (Gaussian 09 program)S o] &slo] A3 B2 A A9 (molecular

electrostatic potential)ZA], Z+zF BCP ¥4} 2 PDINN #xz}o] s|gd= o},

& 139 (a)E F=shd, BCP w4k o] A4 dsh ZE7F veh it 7] BCP A= 2% 93] (ortho-
position)oll < 7He] i fdxtsa} wE ks 7S & ¢ o, wEbd 2 dxpeke] Fuzhge] wald

AT}
= 139 (b)E F=shd, PDINN w4 o] A4 et w25 vehd vk, PDIN 24 el o8 7o) da
YAE3 7 e Abn dxpse] Ao WA A SS A A

=139 ()& Fxetw, 2 Al Algd & o] 23} PDIN #Apeke] Adhe vkt 7] Hd 184 9
Ag AR A e A QxS F o) Abk A S e 58 dAabsel distel 2 AdhelE
AAZEA AgotA Har, wEbA 7] PDINGE & Apefel] ek ZeAes Wehal do. R, Y
BCP g Aol wlste] 7] PDINN Bldd A7k /i€ g7] b8 7HA= 2lom 244,
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k. Egh, o]9} pEo] 1EE X = FA-g Zdefol= H2ZHA
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—
~
1o

= ()&= 7] PDINNZ O thgt zpe]X Fdzp B33(0PS) B4 a#Z=2A 7FEA i=
(b) A7) PDINNZo| that &) A FHA B33(PS) B4 Z#Z2A o)x Ax L Z(cut-of
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