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Inter-Chain Hydrogen Bondable Conjugated Polymer

for Enhancing the Stability of Organic Electronic Devices

Nam Gyu Yang', Sung Jae Jeon' and Doo Kyung Moon'*

'Nano and Information Materials (NIMs) Laboratory, Department of Materials Chemistry and

Engineering, Konkuk University, 120, Neungdong-ro, Gwangjin-gu, Seoul 05029, Korea

Abstract.

isoindigo FEME 7|Etez St= AEAE CIAQIStD ohdstct. ol elsf == 7hsot
AAE2 £BOC chaing & ZELOO| X[2HStRACH Stille coupling reactiong &d A=ZAHE
SetstQICh shMEl DEX PTBPYTBID)E CFQE 22 {72000 & 2ic|0] 248 THAS
tlien, ZEE ol EHME|E S ZASO0| HEE o= AMS s=248E dd5L,
FA% 8lzol U2E {IIBUO =X %s SH2 UEHfSIC FAE =¥ o3
P(TBPyTBIID)= face-on orientation S22 Qlot A%t pi-pi stacking2E densely packedE

TZ=8 A/ =YL, O|F Sl 771804, &, uvol Cigt Ldo| A F7HSHRALEL

P(TBPyTBIID)= ITO glass OF2{HO| AgNPs2t Bt7H| UV—BIocking layerO| X} external protective
layer2 Z=QE|AT AXO| H8S I Hoj=z|X| FSHA light soaking stabilityS HAFA|ZACE
2 dFoN M= DEX PTBPYTBID)E 5R2 self-immobilizing SMH2Z  Qldf

FZIEHSHRE D otL2t HEFEE A= CHE HAXAYME FESHH HEE &+ AS AOo[Ch

Introduction
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SHMAIZ|7] I8t HOtOZ  materials design and selection, device engineering, processing
techniques, encapsulation 52| MEES AME%HC}3
X SHO| CIXtQl ZHOAM Q| W2 active materials, 2 charge transporting materials2)|

ZE WL EN X9 QHEEE EHA7lE WHRE, Wang et al.2l 8R0= A-n-D-m-A

22| small molecule donor =Z2| spacer Z0|& ZH3t= HFE &3 conjugation length”}
Ao EsE AXel F7|HEHO| FHECHE ZME E05RUCH* Device engineering?| 3
LHOZM An et al2 DEX acceptor N2200=2 PBDB-TITIC A|AEIO| third componentZ
EO

5l o 2 3tEl morphologyE Sdll binary system® ot H|WSI0] That=l oYM S
Zt7| Elcte ZOtE HRACES Vin et al.2 additiveZ 2| O|EL[X|EF =oHdst =X

CIOIO|R =2 H 9l (DIO) CHAI oHdst 14-FHQICIE[E (B2 additiveZ d7tsI0 ZE1t
A

HHY0| BF FHEE BNE EYN, H2 BPOl additiveZl active layere| X O 40
E20| EChs Z0tE ESRACES O] 2oz 2| O|8&|&= Y Pl encapsulation 382 &Sl
EfLFTX] AXE QR0 a0t A2REH X2 AXte| £=F1t mechanical stability7hX|
A = AUACLT

Large area fabrication S70|A, 2| X EfLE Of2ioM  AFEAl FIIEHFTE XL
degradation®f| 71& 2 dES 2 OHXIE ZtZ UV-lightztn g = QUChs
Ol2{st UVE XtEHSHO] active materials®| degradation2 &= M2f LS FQSICE Sun et al.2
Uv 99| 8lg [IECE Z5t= TiO, electron transporting layers (ETLs)E E= Q%10 UVE
filterds H3XMCE stabilityE A AIZILCHE Han et al.2 multifunctional O|&% TZX2| hole

AHES] CHHA 4XF MZE 33 & St Ag ©=2| UV-curing
YA AXE ESsteE AAZAME EACH UV-blocking MES S HM=HEl CHEHEA

=
AXIO| RO MO| B O T SAE| QT2
x4

transporting layers (HTLs)E

ZoHd S| = A
S840 oY FaS I ‘structural rigidity'S SAIO| 7t 7L7| I8 2 FFOIME BALE
gHe 2E D5t EE MZol §d XO|E O|8SIRACE W, ¥ 52 & §E XU|9
22 |ESI0 RIVISERC E4E HIAMI= ATe ASFSHM VAo LEHo=z
ZAE0| EEED UM d7= 7t 2 Hste 8dikzol daoth 2FHol 8dizo FES
T BAS0| BOHo 2N Eilil=rt d45tn, oty HI[Hel E40| BstA ElLhB £3|
N-HE Z&35l= dikeptopyrolopyrole (DPP), isoindigo, quinadridone R E=H|Q| ZA20|& ZAtE9
g o|20f =2ZY0| JhsT siteZt =EETAM 2XU, B2 2R FAZEE HEULEN

E S rigidet +=2 BotA &t

Zou et al.2 quinacridone FEXME A8 AE7t £AZAYO0| 7t5% ladder EFRIQ| 1EALE
oA, Z2ArES ®E 2 ZA =2Z4gE ddet ol o Zot 7|AN 4ot
LH8OdE LIEtHCel O|E &5ty <*F & 7t=8t &FoMel A8 Zhsdat carbon
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materials2| =
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(@]

o OTFT2F OPVO| active layer0 4522 NMEA|7I

Isoindigo indigo, dikeptopyrrolopyrrole(DPP), quinacridone St &7 CHEXNQ <MH
FHoE ABE = G 2EEMN FRHELEs 52 EUHHE SELE 7HX0 |I[TXAXO|
HELAS M =2 F30|5=2 &M morphologyl| &1t AH XH3to| =22 FCte
AHEOl E2| 3N U7 IZ20| 2R /7[TAAX Z0F0AM BEO| O E|0fRELt® Zhang et
al.2 isoindigoS 7|HtC 2 dt= CHEXLE &

OFETO| H&ot AFHE

0>

4510 0.80 cm?V s &2 FS0|sEE E1dHH
LHSHRA D, James et al.2 D-A-A EtRQ| isoindigo based polymerE
d HE0|5 =2 low LUMO level, face on orientation +ZX& & AS
SOISIQICE™ ESH Li et al2 pyrazine-fused isoindigoS building block2Z ZH= polymer2

sl RZIENLTXIOf HESH0 1.0 VIF He =2 V& EASHAULCE
ES

2 9F0ME= isoindigo FEME 7[HI2E St= DEXHE CIXIQISHD HSHRUCE EXNEE
s°t At 2Eo| 2ItE SOeSY| 95t gof| ofsh & Ztset 2A=Ql +BOC chaing
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P(TBPyTBIID)= face-on orientation §8d22 QIgt Z%t m-nt stacking@ 2 packing &l
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P(TBPyTBIID)= glass OFsH™O AgNPs2t =74 UV-Blocking layer, 12|11 external protective

layer2 EQEQUT AXtO] HES A Tojma|X| YOBA BN FHAIHCL
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Experimental section
Materials synthesis and characterization

Scheme 10 & 22| monomers®t polymer?| synthetic routesE LIEFLQACE. Monomer £2
2, P(TBPYTBIID)2| S&2 O[Tl 2ol52 &1 U HASY +ASIACE AHAMSH e Xt
E4H7} datac supporting informationO] %*Iﬂ%ﬂf. &g =l monomers?t  polymer@]

_..

molecular structure= 'H-NMR spectroscopyE &0l & QIZ|RALCt (See Figure S1).

Gel permeation chromatography (GPCO)E &3l €/dE P(TBPyTBIID)2| 2Xt20| ZHEE ALt Mn
It Mwe ZE2E 3.47 kDa, 4.56 kDaO| {1, PDI= 1.32R%20{ O|= Table 10IA &olgh == k.

Density functional theory (DFT) at B3LYP/6-31G(d) level &E O| &30 P(TBPyTBIID)2| O| &
o FZ0 CHSH theoretical calculationS ZIAStA 1 O|E Figure 10 LIEFLHRACE Donor unit?!
pyrroledt acceptor unit®l isoindigo AFO|2| dihedral angle2 #BOC ZAt&0| EO{X|7| Hof=
49.9°, ZAHE0| HOIX| o O|R0f= 188°E, AFELQl 2 0|=0| O planarst &8 #ECh
m2tM EXE[E o #BOC BAMS0| EEEL B 20| OF 4%t n-n stackingg &d8g A0

gt= AS O5g & UL

Device fabrication

Binary, ternary S97|EfYTX| AXbE ITO/PEDOT:PSS/Active layer/PDINN/AgS| X2 HM|ZHE| ALt
71Hol FAel2 FHot Fe[7|E 2o 1TO B0 HHEEY Us 7|E EHSAcetone/Alconox
solution/Isopropanol/Deionized water0f =AMC{2 E7} 2t2f 1584 ZZ0t ME7|2 MESHSICH
J2|n Uv-2F ME7|2 308 UV-2ES IASto] ;1o el EM J§ES StICH PEDOT:PSS
(Heraeus, Al4083)= AHE ZIT 045 pm PTFE A|2IX| HE 0|83 5, ITO B 20 5000
rpm2 2 60X SO spin coating®tl, 150°COIAl 1522 EX2[5I0] 40 nm F7H[Q| HTL 2fats
AHSIQLt 7 HER2 2 & 3 ppm, M4 S 3 ppm@ EA 27|12 2YEEHARE FAHAN
Ct. HTL QI2+& Active layerS IEYSIF M, binary structure®| Z<0= P(TBPyTBIID)2} Y6-BO-
4C12 1:19] 2% HIZ & 12 mg/mLe| &= 2, ternary structure®| Zd<0= PM62} P(TBPyTBIID),
J2[1 Y6-BO-4Cl= 1:0.008:1, 1:0.016:12] 2% H|Z 05 voln SEELIZEHHUZ Zgtst S EEH
o A7 2300 rpm2E 30X spin-coatingSt 2F 100 nme| FHE 7HX|&= &2 4T 9gt
= FGSIRALE O|F 100°COIM 1022t A 2[et T, PDINN (Sunatech, 1 mg/mL)& 3000 rpm<2
2 30 3¢ AYSHY ETL S HGSIRAL 7|EHES E@FEV(e 1TSE HMH=Z 05510

f

5x107 torr O[St LEHO|A silver (Ag)E 100 nm FELSHGILCE

|'|I'

UV-blocking layerg ZE&dt= |F7|EfYTX|= UV-blocking layer/AgNPs/ITO/PEDOT:PSS/Active

HO|X| 4/ 21



layer/PDINN/Age| X2 HMZE|RACEH 7|Eo| MHE|2 FHS |F2[7|T 20| ITO 0| H Lo
Us 7|E BEHSAcetone/Alconox solution/Isopropanol/Deionized waterd| =AMOjZ2 E7F 22}
1524 =280 ME7IZ MAESIICE 1% 7|Eo| otsH™MOo| AgNPs (Aldrich, diluted in IPA)S 3000
rpm2 2 602 S spin-coatingdt L 200°COIM 102 ¢t EXM2|SHRACE T = P(TBPyTBIID)E
3000 rpm2 2 30x &¢ spin-coatingStl 200°COIAl 1027t €K 2|30 UV-blocking layergE &
MSLACEH d2|3 UV-2F MEZIZ 302 UV-2ES TARIY [TO BHo| BH JHEE ULt
PEDOT:PSS (Heraeus, Al4083)= AHE =7 0.45 um PTFE A|2IX| ZEE 0|83 o{utst 1, ITO ™
210l 5000 rpm2E 60Z& S2t spin coatingdtil, 150°COIA 1527t SM2[SH 40 nm FH <
HTL 23S dMSIQCE 7|82 2 5% 3 ppm, A2 5& 3 ppm?@ EHA 22Q7|9 22k}
A2 RZFCL HTL 2 PM62t Y6-BO-4CIE 1:19| 28 HIZ & 12 mg/mLe 5=2Z 0.5 vol%
of ZEELIZEUZ Z=adt SEEHMO| 88iAZ{ 2300 rpm2E 30X spin-coatingdto] <t
100 nme| FHE 7HX= &g 4T HUs FHSIACE 0|2 100°CoIM 1022t SEX2lst F,
PDINN (Sunatech, 1 mg/mL)2 3000 rpm2 2 30% FQt FESI0] ETL 8fats Hgsiict, 7|
2 g3E7|Q 1TSS MHE 0|&5I0] 5x107 torr 0|5t YLHO|A silver (Ag)E 100 nm T

AL

rE
mjn

libas
Of

Results and discussion

Confirmation of #BOC side chain cleavage

EXMEZ|E Solil +BOC ZAE0| HHEBEM 47| =222 74

=2 N B3I FT-IR 248 3
2ol HA P(TBPYTBID) =4t Wole &= FFS C=0 HE7|7} EMst=H dtihe
isoindigo backbone®| C=00|1, CtE sfLtE= #BOCS| C=00|Ct EX2| HMol= Z+Zo| C=00
SiSt= peak2 Figure 2 (a)2| FT-IR spectrum@| 1730 cm™'@t 1780 cm 'O Al ZQlgt 4= ULt
dgiut ENEE &9 EAE0| EEE 1 H 0[=0|= #BOC2| C=00| 3{Yst= 1780 cm-
0 A Q] peakO| AtztEES =Qlgt = JASD N-HO| SiYsts 243 peakO| 3200 ~ 3470 cm
SZ0M LEFH A2 ol . O|F &8l N-HQI C=0 Zto| =AZT0| O|F0fX|Z|2tn
oj&e = QUCE M7 Bt H2 isoindigoll C=00] siZdt= 1730 cm'0|AM Q| peakO| O
smaller® wavenumber@ 1685 cm'Z shiftgl2 & = U=0Ol O[Tt peak?l shift= C=02F N-H

AtOlo] #=£Z%0] C=02 ZY¥EHES A=A TV MEOIH Ol HdAAFOMe Zitetz

4 n
o
ful

—

K| otC} 2023

Thermogravimetric analysisE &6 & 1&2Xte] @X £/40| EME|RUALCE Figure 2 (b)0fA
150°C ~ 200°C AO|Of| A =4t BE 2olLt=0 Ol dUEoz Q50 st 22
E

= L
5|0 AUE £BOC ZAr&C| E2g LIELHCE Table 20f EHEEHR| 17

-

==

g +BOCO| & T =Xt
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0| Attzof Tt £7| HE CfH] 200°C O|F eFgstEl = HEQ| HE SEoids W S84
62%(=dE Y 38%)7t LI2EH|, Ol= O[2H2=2 AL 2ol 65%0 0f2 7t7t2 grolct. Of
£ 3o 150°C ~ 200°C T+ZHOIM #BOC ZAtSQ| 0| LOIHSS =l 5 QUCE02 HX|
application®l A& ZAtE2| E&0| Lot o|x2] =HO0| 0|§& ZA0[7| 20 ZAtE0] 20T
O|2o| Fx0M2l 2N oPgds =M ZR7 AL WatM 14 &40l 2 200°C 0]

o
= 1=
0| LOolLtE X[HS T2 2854, Ol= 461°C
=

dot A oY AS &0 4 UEMl Ol +BOC ZAEQ T2 0| M7l A&
7to] a2t =0T HHEYO ost Aot -m stackingQZHEE 2= Zatetd oM 5 U
ch.

=0 2RZZE0

tigt 8oil=S H|wSIRALCE Figure 2 ()2 28 EHXZ| To= ZEE P(TBPYTBIID)Zt

SR22EE0 A =KX EMZ| =o= HEA He AS =Y = ACL ol
Z:

= I
8oizo| HE Sdf EAMZ| T LEFE N-HP C=00] oJ8f A&7t =270 HHE/Of
# 2

Optical and electrochemical properties

UV-vis absorption spectrum& P(TBPyTBIID)E chloroform0f =0{solutionl} film &EfZ ZHZSIRA
OM, Figure 3 (a)0ll LtEFLHQICE P(TBPYTBIID)= THIFE FHQl 300 ~ 400 nm FHO|AM Q| -
transition2| S peakdt FIE APl 400 ~ 800 nmOl|A pyrrolelt isoindigo AFO|2] &3t ICT

(intramolecular charge transfer) interaction2 LIEIL= S &Iy = QL2425

ot solution®A] 500 ~ 700 nmB Y| 5= peakO| film & JA|l 450 ~ 800 nmZE, EXZ| Al
0= 400 ~ 1080 nm EEZ7}X| broad si&E =2l &= A2, maximum absorption peak (Amay)
2 618 nmOA 637 nmZ, @X2| AlO|l& 765 nm7tX| red-shiftgts ZHolgt 5~ QUL Ot
absorption spectrum@| red-shift= film formingO| E|BHA EXtE 7t high aggregation and
packingO| Oft ZAMO|Ct. E3| P(TBPyTBIID)2| &% EX 2| 0|20= #BOC ZAE2S| FEO
olsff =OFX HHEU C=0, N-H ¢t =A2Zgte= QI8 0|2{3t aggregationdt m-m stackingO| O
g FOE AM 2 Z9| red-shifte| O|FE &2 = UCL Film HEHS| UV-vis absorption
spectrumS 25 Ef ot EXLO| optical band gap2 EKX2| MF 22t 148 eV, 1.22 eVE LIELR

C}. @X2| M=o pTBPyTBID)2| &tE A E 2 Table 30| H2|tRiCH
Cyclic voltammogram& AF&3dt0] P(TBPyTBIID)2| H7[2tety £9= S5 Figure 3 (b)Of

H[O[X| 6/ 21



LIEFLHRACE  Cyclic  voltammetry ZH7&E2  Priceton  Applied Research Model 273A
Potentiostat/Galvanostat2 0|83l Al 7§ M3 T4l 7|& MI2Z Ag/AgClE AtE
SHRACE HSHEZE 0.1M Tetrabutylammonium -hexafluorophosphateE acetonitriled|| =0{ ALE5tR
OO 50 mV/s2| scan rate2 FHESIRULCE 7[& M= EF S IS ferrocenes TAHEO| =0 &
gotn, ZHE ferrocenel| HYYE TS| OHX| =2 -48 evE Fotn CHE2| A& 0|&dl
HOMO level2 HASIRACE [HOMO(eV)=-4.8-(Eonset-E1/aperroceney)]  AIXHE EX 2| Mot 29
P(TBPyTBIID)2] HOMO #t2 ZtZf -522 eV, -523 eVE LIEtLCE AAHEl HOMO Ztat UV-vis
absorption2 &3l ¢t band gap energyE 0|3 @X 2| M= -3.74 eVt -4.01 Ve LUMOE
22t A MSERACE DFTE Sof A4Sl P(TBPyTBIID)S| HOMO 2 LUMO, M2 E=E Figure S20

LIEtLRID, OIS S&oto] ALtEl H7|etetd 90| tiet dataE Table 401 HE2[SHRACE

A
i

bS|
(e}

Microstructure ordering and morphological characterization

P(TBPyTBIID)2| 27 T+XE BMot7| o X-ray 2/HS FHYSIJULL Q82 out-of-plane mode

Figure 4 (a)2| Out-of-plane mode2| £ dataE 2™ ¥X 2| O|H0|= amorphousst EME Lt
EFLHX|2 EX2|E &8l +BOC ZAE0| &2t Y 20|&= m-n stackingdll siEste =2 2
Z0lM2l (010) peakO| 24.90°0IM WA LiEtES =l = A2l Ol &8 EXZ| o|F

=l
P(TBPyTBIID)7} &%t face-on #+Z2E ZAA E A2t of&g == QUCL P(TBPyTBIID)2| face-on
orientation2 Figure 4 (b)0| LIEFLHRICt Bragg's law equation(A = 2dsin@)S O| &3 HAtEl
P(TBPyTBIID)2| inter-molecular Tt-mt stacking distance= 3.57 AO|C}. ILEX}2| face-on oriention
Autgtoz a8XM0l [5lel O|ls2 O|F = UL LM RUACH26 P(TBPyTBIID)2| ZR0 = &
12|E Sl t+-BOC BAFEO0| ©HEE[O] face-on TFZE ZA EH |FIIEYTX] X0 HEE|RY

= 0 EM2] MEO FHolt HzaEds 22 Aol2 olde & UL

+

>

Chain cleavage efficiency with different annealing conditions

SEHLE +BOC ZAr=2 HEH2 200°COIM 108 Old EME|S HOEZM L0 £

BOC AtE2| EEE flgt @ME|E 200°CEL 2 2E0A Tidst dAAFS0| EXsta,

MM FEE TGA dataO| M= 150°C ~ 200°C 0| ZX £BOC ZBArEQ HeEho| 2de= ZHE
2HoIEt = QURA7| 20| 150°C~200°COIA 2= Sl A|ZHY| M2 HAE &2 280 2t

=
S TIASIRACE 150°CHA 102, 202, 302, 175°CHA 102, 202, 302, 200°CHA 10,
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20272t ENEZIE 3l Z sampleS2l 83HE HBIQL UV-vis spectroscopyE Hlwsh ZIIE
Figure S31} Figure S40f LIEFLRACE ZAEBHC=Z 8ok ZA9| =itk= 150°C 0|0 A
IMEE

(o]

P ME ZSO|A LFEFSEX|SE, UV-vis spectroscopyll ZIME Z0tstH 150°COIAM =

r

302 PH2AZ WS 0 200°C0IM 102 THRS WS Mot SUSN ZAz L 2B AL +
Agg ol + UYL

Organic solvents/Acid/UV resistance

EME| & 4% n-m stackingdt F=AZATES S rigidet +XE A= P(TBPyTBID)S| =2[H
otetd ZEE YOorE7| s {701t uvol Chet LHEE ZHESIYUCEH HAY [F7[&04f Ao
et Wds =37l {6 P(TBPyTBID)E w2l 7IEfI0 Rt F EXMz2| Fu =9
+0 =, HEE, OlaZ2EZ, ddMel, S22RE, SZ=HT, OfMELH F7t
XS F AU BHS T CHE, |21t UV-visible spectroscopy® TEE SEHO|
=4 Oo8E HFEoSIGT 1 ZIIt Figure S50 LIEfLE QUCEH @XMz Ho| HR ZE
P(TBPyTBIID)7} CF, CBOl 83{ZA2H acetic acid| A0 ZEHQl degradation0| 0L}
SEHLE HE|F= AS =Y = JRUCE 2Lt X2 o[=0= st ZE IR
012t acetic acidof| CHSH I A 2o =[AHLE &3 =X| B
ChE2 2= SHAMOIAA Afel UvC 150 FHIE AREDI0] 2537 nm ORECHel UVE, 15 ~ 20
mW/cm?2| intensity2 30& Z=ASIS W 2 mg/mL &X2| P(TBPyTBIID) solutionZ ZEE
29t3FO| toleranceE FHSIALCL EHMEIE AKX @2 filme 2 30232 UVE ZAISHAS M
P(TBPyTBIID)7t 2| 23&|0f |2t 2 HI|0| = Figure S60iAf

=
=
vis spectrumE E M HO| baseline =X7X| LH2{7t HS =olg =

ot

= ZIE 22+ A/UCH

. whel ANelE S -
BOC ZAMZO0| 28l A0l 22 AlZH UVO| LEEOE MERE AMys A3 2 4

A2, Figure 55 £ P(TBPyTBIID)2| &=7F TISHX|H intensity?t HFYHLE FX| Y= AS
= 7 AChL
DEXZF UVE HA = DOHX|Ql UVZE backbonel| EtAE ZZAHSIN O|FZAYES BOH

free radicale &gt &l=0l, O] radicalO| CH7[S2l 4o BEZ5H0 C=0F FdgstA &L

ZBHORE C=08 gt AHE0| BOX[A EICH? PTBPYTBIID) =7t 2 ZAL0& f9
o7 S0l 2|8 photodegradationO] YO{L{A E|X|BH P(TBPYTBIID)7} 5 mg/mL O|AQ| =z 2

01

S0 densedtH packing®l0] U= BF WGE  2CIFOl EXUWel CHE 2tC{Z

O O
HWES 22N P(TBPYTBIID) AtA|2| E3iE U= A2 Ol = QUL
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Photovoltaic properties

P(TBPyTBIID)2| active material in photovoltaic cells2A2| capacityS 2Qlst7| 9/5t0] 1459

AYEQl Y6-BO-4CIHt blenddto] |IIENYTX| AXHE HMESHALE. #BOC ZAMSO| EHEfEHA
M7= P(TBPyTBIID)S| £4 B3}7} photovoltaic properties®l O/X|= FZFS examinedt”?| 2IsH
SHHQ v6 REHe ZAN2| x=HQl 100°C 1023, P(TBPYTBID)S| 100% ZArES| EHEf0]
AojLtE 2EQ1 150°C 30222 EM2| =A X0|2 £ Z =AHO {IIEHYFX| AXto|
=42 Hoetnh. O A0 100°C 102 HMEIE o &K= 0.64 mA/cm22] J 2t 0.68 V2| Vo,

21.9%2| FFE HO[|D 0.096%2| PCEE LtEILHRAX|TE, 150°C 302 EHME|E o LAte] dR0=

1.46 mA/cm?Q| J, 0.50 V2| V.., 41.7%2| FFE E0|0 0.305%2| PCEE LIEFLHQUCE. (See Figure 6
(a), Table 5) O|2{3t PCEQ| B&t2 J. 2 FFO| M2 E QI3 LIEIG=H], Ol ZAMES EEoR
olsff Mzl ®Hztz 2AMg £ Ak oM HHSIRAXO| 150°C 302 FNZE oA =T
P(TBPyTBIID)2| ZAtE0| Z&F EEfe|A =0, 0| &df X FZ= XAt nEHES =
ZHA ZBH m-m ostacking® HAMBoZM £3E dstoz ol HMslo| 0|52 &0|stH b7

I{20|Ct2e E3| VY AHYO AMELE Uut™Moz 43t face-on HIEES  LIEH=G|,

ok

P(TBPyTBIID)7t ZAtE & O|= face-on HiEE ZAA =AY WEO| D-AS| H{ZO| Z=3HE
O|R0| J, &7t o JQIo| ZQUCt & = QUCH ETH ZAS 2 PHOM dGE Atst
SAZABH E3t charge carrierS2| hoppingdl =88 FUCID & & QUCH

CI=2 22 P(TBPyTBIID)E PM6:Y6-BO-4CI systemOf| third componentE2 = 5t0] ternary deviceE
HMESH 58871 oAtk Al 2Ats B8ol miatE Z49H7| fI8l 100°C 102, 150°C
3029 & xR FNE|E TASHIUCH HUHO R reference device®l PM6:Y6-BO-4CI AXtet

[E W, PTBPyTBID)7} F7HE dR0= 1 YO DY =75 Vb FF| 40|
X5tE|0] 280 Hadte AE &g = URACL (See Table S1) O|= P(TBPyTBIID)7t H 7= HA
PM62 Y6-BO-4Cl blend?t ¥@43l= bulk-heterojunction2| morphologyE diX|7| WHZO|C}
XILEl p(TBPYyTBID)7t S22 0] PM6:Y6-BO-4CI0| & M3t= morphologylf LES

o
FAL, O|F FFe| Haz =old £ QAL ED 150°Ce =2 2=0M HMZE 2o met

tu
%
(o]

<
b5
N
Ot
o)
kl
ko)
ujn
)
(@)
m
oy
B>
1o
=
O}

Lol delez = + U2H, Ol=

Hd Z20AM 2

mujru

S22 P(TBPyTBIID)E UV-blocking layer2A1 PM6:Y6-BO-4CI systemOff =St AKXt
20|M photovoltaic S0 O FeS O[X|=X|E 2MSIUCt P(TBPYTBID)= YA 6Z0IM
o
o

AXO0| UVOIM LieEs Ze OUHXE S8 AHshs 27 /7| W20 3 XAHEZM Uv-

m
L -
r

o

blocking layer 9i&t& & = QICt 2Lt P(TBPyTBID)Zt |2|7|T otzfo ZE = 500 nm ~

1000 nm @O W ES NF Faoprl HRO| U0l A NEIACL mRtM surface
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ﬂJlHJ

plasmonic effect& &% HSFLE 0|F YFREE E67| {8 X HZE & ITO glasse
EHO| AgNPsE ZGBHRA 13136 AgNPsi= IPAO] 1/100, 1/1000, 1/10000 M7H2| SE== 3|43}0]
AHESHRICE 1 2|0l external protective layer@ UV-blocking layer2MN 2| dgt2 SA|0f| St 5
5t7| 2[sff P(TBPYTBID)E 5 mg/mL, 10 mg/mL F7H2| s=&2 F7t ALY § SM2E S ~

(E= PN Y

BOC ZAr&EZ2 EEAIXLCL siE skE&= UVol|l 23 P(TBPyTBIID)7t &diEX
71222 510f 2SR, ZAr=0| EEE P(TBPyTBID)= =0t BHYE, 4t n-n stacking,

=
sE&

rir

LS

MEt =2Z8s S 2 =2A, oSy ZEE 77| WE0 uv XtE 0[2I0= AgNPs2)
2HES YOFE external protective layer2M= &g £ QICh 0|29 g2 ds FEO
HH Ol FIIENITA] &AF A SLot YAz THMSRALE (See Figure 6 (b), Figure S7)

AgNPs2} P(TBPyTBIID)E UV-blocking layer2 =it AXtQl AL P(TBPyTBID)S| &Z=7t
TISiZIo W2 10.64%, 8.81%E BE0| LASIFOH (See Figure 6 (c), Table 5) reference
device®| 13.08%2} H|WMIS M ZtZH 19%, 33% LTt ZEO|QULCE 0|23t &89l ZAE
QIR0 P(TBPyTBID)7t ZEEEMN X WEE FUL= F2 0| E0=A7| WE0|H o=

J2l a2 =Y 4 QACE AgNPs EBF F7HEl &X9] BL ). o OiMet 37tz & o

n

-—

~ZE St ALY,

=

UV-blocking layere| =2 UVO| 2|ot 2XtQ| degradations 2f7| flsiMAcEz QHI-H 2|
ShA O|RE HAESHY| I8 CHZIZOAM AM 1.5G, 100 mW/cm? & Ot2{o|A 2A|ZtS ¢t
photo-stability testS ZIAst¥ 1 1 ZADt7t Figure 6 (c)0ll LtEFLFRICE Reference devicell Z<
A2t § 280| RI|R S| 46%2 BE2BS |FXISHAKX|T, 5 mg/mLe| P(TBPyTBIID)7t 2 &
d20&= 51% 10 mg/mLel 48 52%2| BES FAXASts AS =Holg = UUCL of2f3t
OHY Mol T2 P(TBPYTBID)7t AgNPset &7 UVE =AM O=Z XChstR7| M0 A7

ZO|Ck ZF Y initial photovoltaic performances®t photo-stability test2| Z1t= Table S2 ~

S50 LIEfLE QUCEH 602F-E=Xel 28 das= 0| 2|3t burn-in degradation MZ22 Of

Z12tol= &R Wel uvol oldf dgdEol FRHE ZS|E L 0|2{%H burn-in degradation?

OlfE BE 7IE50| MAZIJAXIT =Zo| AFSALZ= UVO| ol&f €S0l 2=

M7|= morphology H2t7F FEI QI ZHoz2 EHAr|d QL3378 g0 0|2, = burn-in
3

degradation O|20|& J2fZS Zte| 7|E7(7} IA XO|7k LIX| Helt 602 X2 7|27

HotE H|Ws| =™ UV-blocking layer?t =E Z227F &M 52 PEdE EOols A2
gholgh 4= QUCt.

1. Conclusion
QOFSHALE, N-HE ZEste 2Xt0l isoindigot pyrroledl +BOC ZAMES XESIYD, Stille

HO|X] 10/ 21



(@

coupling reaction2 0|23 D-A X2 1EX}t P(TBPyTBIID)S &MsIRACt EXZ|E S +BO
chainO| &2z, 0|8 &3 N-H7} =Z%|0f isoindigoll C=02} At 2 g4ddt

=
ouf PEMORE planarity’t SAEE HIE JAMYCH ASZ £AZSI A mn stacking
7

ogt
4]

0x

of Zitz Zot A tE-dut LHE0fMO| den Mt yvol= HCls EHE2 #A EUCL Of
2{ot E42 0|8l P(TBPYTBID)E F7IEHYTX|0| UV-blocking layer2 = 25tAZ I AgNPs2f

& UVE RItHC R XUt 282 A ZAAF|X| R2HAM photostability?t 2 & 0| =
OIZ|RACE EEDH SA|0] P(TBPYyTBIID)= ZAtE EE 0|2 ZOY 7|AH ZEZ AgNPso| EEE
OFOtF &= External protective layer2M = Z8g = QUQUCL 28 ZA0| HEot oFEY 49 H
T ME trade-off A 0|7 IE0 UV blocking layer2M 2| B2 SCHzIS7| YsHM= & At

ole] #= H %E = Us XES Ot X|Fazste= 20| EQSICH ESH P(TBPYTBIID)Zt

Mu

i

AN

500~1000 nm HYOiel S STALEN B8 HAE =7 W0 0|F £0[7| M =
2, 22 F2 WENHES X= FEE modifydtd visible YAl S5 Z|ASCHH T 7Y
ME 25 LERE ZAo|Ct

= A= R7ZIEITXL HEEE ddAZ7Il= MER LS MAIE2EZN FI7IEIYTX Q] &
g3 &5 o ZMIHRRIEE SHRACH= o 3 9|27t ACE £ +-BOC BArS2l EEES 8%
self-immobilizing propertyES %+ P(TBPyTBID)E H< LYot AXtHZE0| S80| 7tegt ZO|LCt
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Scheme 1. Synthetic routes of P(TBPyTBIID)
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Figure 1. Calculated molecular structure of P(TBPyTBIID); (a),(b) top view, (c),(d) side view.

(@) (b)
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Figure 2. (a) FT-IR spectrum of P(TBPyTBIID), (b) TGA curve of P(TBPyTBIID) and (c) picture of
solubility change of P(TBPyTBIID) before and after annealing.
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Figure 3. (a) UV-vis spectrum of P(TBPyTBIID), (b) cyclic voltammograms of P(TBPyTBIID)

before and after annealing.
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(b) Amorphous structure
—— P(TBPyTBIID)_before annealing_OOP 2

—— P(TBPyTBIID)_after annealing_OOP
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Figure 4. (a) XRD of P(TBPyTBIID) before and after annealing in out-of-plane, and (b) schematic
image of P(TBPyTBIID)'s crystallinity change after thermal annealing.
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Figure 5. Tolerance to ultraviolet ray of P(TBPyTBIID) after thermal annealing.
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Figure 6. (a) J-V curves of fabricated OSC devices (P(TBPyTBIID):Y6-BO-4Cl), (b) OSC device
fabrication process with UV-blocking layer (PM6:Y6-BO-4Cl), (c) the results of photo-stability
test of each cell under 3h illumination of AM 1.5G, 100 mW/cm?.

Table 1. Molecular weight of P(TBPyTBIID)

M,? [kDa] My [kDa] PDI2

P(TBPyTBIID) 3.47 4.56 1.32

2 Determined by GPC in chloroform using polystyrene standards.

Table 2. Theoretical and measured weight loss of P(TBPyTBIID) after chain cleavage

Molecular weight MW, nnealed/ MW MW, nnealed/ MW

(n=1) (Theoretical) (Measured)
P(TBPyTBIID)
869.40
Before annealing
0.65 0.62
P(TBPyTBIID)
569.05

After annealing
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Table 3. Optical properties of P(TBPyTBIID) before and after annealing

Abs.
nm opt,a
[nm] P
Polymers . .
Solution Film [eV]
)\max )\max )\onset
P(TBPyTBIID)
618 372, 637 838 1.48
Before annealing
P(TBPyTBIID)
- 359, 765 1016 1.22

After annealing

2 Calculated from the intersection of the tangent on the low energetic edge of the absorption spectrum with the baseline

Table 4. Electrochemical properties of P(TBPyTBIID) before and after annealing

Energy level
v DFT By
Polymers
[eV]
HOMO LUMO HOMO LUMO
[eV] [eV] [eV] [eV]

P(TBPyTBIID)

-5.22 -3.74 -5.11 -3.01 1.48
Before annealing

P(TBPyTBIID)

-5.23 -4.01 -4.95 -2.84 1.22

After annealing
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Table 5. Photovoltaic performances of P(TBPyTBIID):Y6-BO-4Cl based binary OSC devices

Voc FF PCE
Joo [MA/cm?]
[Vl [%] [%]
P(TBPyTBIID)
:'Y6-BO-4Cl 0.64 0.68 21.9 0.10
100°C, 10min
P(TBPyTBIID)
:'Y6-BO-4Cl| 1.46 0.50 41.7 0.31
150°C, 30min

Table 6. Initial photovoltaic performances of PM6:Y6-BO-4Cl based OSC devices with or without
P(TBPyTBIID) and AgNPs UV-blocking layer and normalized PCE of the cells under continuous
illumination of AM1.5G, 100 mW/cm? light (with AgNPs diluted 1/10000 in IPA)

Voc FF PCE(0) PCE(3h)
Jsc [MA/cm?] .
V] [%] [%] [normalized]
Reference 23.54 0.79 70.5 13.08 0.46
AgNPs
) 23.63 0.79 70.6 13.23 0.49
(1/10000 in IPA)
AgNPs
(1/10000 in IPA)
19.98 0.76 704 10.64 0.51
+P(TBPyTBIID)
(5 mg/mL in CF)
AgNPs
(1/10000 in IPA)
16.76 0.73 72.2 8.81 0.52

+P(TBPyTBIID)
(10 mg/mL in CF)
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