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Figure 1. Chemical
1 %£8) structure of ATz.
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Scheme 1. Synthesis of ATz derivatives and ATz-based polymers

NH, O S-N  OH

\
HoN O‘O Cyclization ’O‘ 4 steps R2
NH, \ \,N Br
O NH, OH N-§
1 2

3a: R' = Cy5Hys, R? = 2-hexyldecyl
3b: R" = CgHy3, R? = 2-octyldodecyl

/' \__s
Me3Sn s \ / SnMe3
4
Pd(PPhs), (2 mol %)

toluene
MW, 180 °C, 40 min

PATz4T-012HD: R" = C4,Hys5, R? = 2-hexyldecyl (96%)
PATz4T-060D: R = CgH,3, R% = 2-octyldodecy! (89%)

1,256-F 37X/ 703X/ 0EHEEYEE L., BIEFAZILFRWNERIEREIC
KU ATz DV EFBXRIFER 2 5/ LT (Scheme 1),

QATz ~DEBREEA

BT, ATz FEE 2 2B, EFOXFCEZTILAFDEALERE, Hid RFELL.
2-F)AFIREZNA-TLELFA Tz EORB—IMz=Stille Ay TYLT, &
BIZNMRDVUAIFERAVTRRILEZEIAS LT, BLHUAMHAEEZET S 2
D ATz £/ 3—%5 4 RT79TTERLI

"Tonf- ATz FEEK 3 2RV, EFATIVOREZLEE 4 EOEH—IM—



Stille AV TYUTICLBHERESHSTET, BHDKRY T—T3H5 PATz4T-012HD
B XU PATzAT-060D ZZNZTHUNE 96% LU 8% THAHZEITHIILTz, Ch oD
EHRFEEEH LT-& A, PATz4T-012HD T 63.3 kDa, PATz4T-060D T 41.5 kDa &
WIThELEHEEREFT/N\M RICEILGERFEOR I —HFohl,

B FEEAOYBILEEEDORE

FT . HFEONERYT—OEN —ARRRARY FLEZRELEZESA . VFRE 700 nm
FTORAIRABEHICIBLEVERRZALTEY ., TORREALRBEL > I RILF—F v
Y TIEH 1.7 eV THof= (Table 1), Ffz. EREMBBRORIIARY ML, 3&
CERELEHRFARONI-C LML, ATz RUI—[ERBVDFRIBEEREZHE D LAS
mot=,

Table 1. Physicochemical Properties of PATz4T-012HD and PATz4T-060D.
compound  Amax, rt (Anax, heat) /MM?  Apa/nm? £ (EY) /eVe Aow/eV?  Auo/eVe

PATzAT-012HD 586 (563) 576 (sh), 613 1.75 (1.72)  -5.38 -3. 66
PATz4T-060D 569 [sh], 605 (563) 570, 608 1.76 (1.71)  -5.39 -3. 68

“Absorption maxima in chlorobenzene solution at rt (out of parentheses) and at ca. 80 ° C (in
parentheses). “Absorption maxima in thin film. “Optical energy gap in thin film estimated from
absorptionedge (Aeqe). All the potentialswere calibratedwith the standard ferrocene/ferrocenium
redox couple (Fo/Fc™: F72 = +0.04 V measured under identical conditions). “Estimated with the
oxidation onset vs Ag/Ag*; A= —4.76 - P*nset. Estimated with the reduction onset vs Ag/Ag™; Auo
= —4.76 - F*eet.
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Figure 2. J-V curves of PATz4T-based inverted



BEICEVWTLHARLGRBREERSLSUVETRENRATE, BonBRIEENREL -1
PATz4T-012HD 3 & U PATz4T-060D @ HOMO L ~NJLIE, #hZFh -5.38 eV, -5.39 eV T
Hot=. Tf-, BLEMNDRIEDL o1 PATz4T-012HD # & U PATz4T-060D D LUMO L ~)L
X, ThEh -3.66 eV, -3.68 eV THY, WTFADIRILF—LARLEIFIEEHRDET
Hotze TD=H, FLAFPVEEIUVFA Iz VBREDTZILFIVAEEDENZELY,
RYI—DBEBFREFIRELER LBV ENDA STz, T, FFOTI—ILRTIE
TA—EOF—3—FF Tz o & BHELET=R) v — (PBTz4T, PNTz4T) LT 5 &,
ATz RYT—I[E K YIEL HMO LRILEZFLTWAZ ENbhofz, —fRIZ, p BFEIK
R T—hHGELY HOMO LRJLEEFTBHZET, PV ZFALERALERIC, KRELRAKE
EETTEMNEPFTES, TNITMAT, ATz 7R v —I% PBTz4T KU PNTz4T KU
LREVIRLF—F vy TE2ETEHI DA oz, Tl ATz BHED 6,12 ZIZE
FHEEOTILIFXFOREEZBALLCET, EFRMNAMNMETLELZHTHLIEZZ T
%, 0% ERZ, TNIFEBERIAEOHREL—BLTEY, ATz BHED 6,12 Z~DT7IL
AXFVEDEAIZKY, HIFLLEAL LUIMO LRNILNERT BT EAHMA>TLNVS,

OFWEEKEEM & L TOFE

MOT. BoE=RIUIT—DORKGEEOMHELTCORAEREZRAET 510,
1T0/Zn0/ (PATz4T :PCe:BM) /MoO; (6 nm)/ Ag (50 nm) M S7E5HRKBZE MR FEERL.
ZTOWNMEFFMLE Figure 2), ER. TEEFESKT. BEKEX (AW 1.5 G 100 mi
cm?) BRI TFIZHULNT, PATz4T-012HD & KU PATz4T-060D =R WLNTHER LI-RFDHEHHE%E
FiL=E A, TNENRAT 3.8% (e =6.39 mA cm? V, =0.82V, FF=0.73) &
KU 5. 7% (e = 10.67 mA cm? V. = 0.83 V, FF = 0.64) ONXELHEMEEZRLI-,
HICENRONEERIE. MEOS FREEERADEWVCE>TELEELIFBD—0
TIIZEDTHDIEEZA TS,

PATz4T-012HD (&, $hBRMGEFABICTHE SN DIRELHEIBHBELTHR L -DIIx
L. PATz4T-060D (FF/ RT—ILTD KA A UGG HEBERMGHEIBEEEZIRL =,
TN, MBEOERERBEICKELGENELILEEATLD,

Fr, AIBETIZI—LY (PCBW) CDREFRICEITHM/NABASLEA X HREKEL
(GIWAXS) BIEM D, MBEL BICKBEMICAFE SN D edgeon BEERZERE LI LA
BoMEEofz (Figure 3) COKSICHAFBEREZRELIZICEMIDHET ., 5. 7% F
TOBWEBHMELZRLEIEMND, ATz BROKGEMMBE L THUVAREMEZRLT
BY. SEODFBHICLY. TLLLIEMNERGENORFENAFTE D,
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CB (1:2 PC,,BM)

PATzA4T-012HD
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Figure 3. GIWAXS images of PATz4T/PCe1BM films on ITO/ZnO substrate; (a)
PATzA4T-012HD and (b) PATz4T-060D.

ORFEANEMEE AFM) [2& 5 0PV RFOREEHE

PATzAT-012HD & XU PATzAT-060D O OPV %4 CEMNELF-ERZAET 571-6, RF
MAOBEME AFM) ZHVT, R L PV RFOXREELIABDD—ZHELE
(Figure4), £D#ER, PATz4T-060D FERED —FFHYEMS RMS) DfER 1.37mm T
HY, PATzAT-012HD &Y £ :EMGMIMN DN GHEIBMBEZHRL TS LA D, =
DESLGERBGST/BERF, PV DXV T7RESLIVBREZRET S0,
PATz4T-060D A% PATz4T-012HD &£ Y £ &Ly OPV HEZRLI-EE X B,

—
0 [nm]

Figure 4. Topological (left) and error-signal (right) images of the thin film of (a,b) PATz4T-012HD and (c,d)

PATz4T-060D.
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F—E—FF Tz EMAEDHERHIE ATz ZRVI—%2ER L1z, RENOAFESE
2,6-CFI/TURSH) UEHERMELT, 1,256-F ST/ TFURSE/ oA
EFBLIE, BIEFAZILEERESESIET, Az FEXADERICHI L=, T0#%

BAEBMRIGESCHESIET ATz E/I—~EEHRL, RAZWELEZEFA TV
BARLEOHKEEGRGICEY, 2 BEO ATz RYT—%4EMT A LICHILI-, Chb %,
0PV RFAEMBALIZET S, ATz4T-060D ZAWVTHERE LT /A ARV Th L FH LT
#RL, 5.7% OXBELEMMEFZER LTz, GINAXS AIEICK YR I—DAFERES LV
WERMEERABELRZEZS, WTAOR)I—HEERMED edge-on EEMZER L TV,
EEFICEIT5R) T —ORERENMEVERE, ATz EEPICAIFHAETHLI7ILOF
DEEZBALEEOTHIHEEATLD, ERIC, BRIAEOHEREMNS, 7FILaFIHEI
RUVT—0 n FEICKHLTEEAMICHELTEY, IANFFREIIE TSR LHE
HEERAZMEILIZEEZ TS, LHALAENL—AT, BYLGEEBEEMBL TGN
CHEH 5T, ATz RARYI—[ERFET/NA REMEER Lz, TORH, ATz DS54
EAFEHICEY, SHEFERMHEIFKETEILEEATLS,

(2% H)
O ATZADEBBEBANT 41— NNV Y

1HEBT, LEDESLGEBN-FRERERET 50, FT7OT7V—ILBRRDHT-
B7O€TE—21z=v bELT, 7Y ES00,2-¢56-¢ JER[,25]F 77—
(ATz) #ZBRL, TN &I+ — 3 —FF Tz &MAEHLELFHR D-A BRI <7—
PATzAT-060D D& RLIZHII L TULV %, PATz4T-060D (& 5.4 eV F2EDFEL HOMO LAR)LZE
BT 58, ditdd BT ZARIVT—ZHVV-KEEMLY LSVEKREE © 0.8V) %
RUTzo 2, EHLERYI—EBRFLR—ILBEEZRL, 75— L UFEAK (PCxBW)
ZAHWOWTHERLE OPV RFIE, KT 5. 7% OFEM|HMEEZRLZ, LHALEGNG,
PATz4T-0600 DT RIILF—F vy (X 1.76 eV THY, WURFEEAFS 680 nm fHAFETL
MERLTOWEVBERSH >z, COERD—DELT, 7/€T4—21=v +THD
ATz BHD 6, 12-(ICRNVEFHRESEDTILIXDEZEALLEH, ATz BREBARDEF
BHMAMNMETL, RYUT—0 LUMO LARJLDEFIZEHEL, TRILF—Fr v ITHRKRELAH
fEFEZTNS,



Scheme 2. Synthesis of ATz derivatives with ester functionality and ATz-based polymers

O CqqHz23 CgHq7
PATz4T-0120D R'= X [ R2 =
o)

C1oH21
O._CiiHzs C1oHa1
PATz4T-e12DT R'= % ][ R2= L
o} C12H2s
C4H
1 OT(Q ’ 2 Cofha
PATZz4T-eBOHD R' = C.H.. RE=
H{ 63 CgHq7

n

ZIT 2 5BIE ATz BRIZET27 Y b UEBLORIGENE L, BHICEREREL
AEBELERICEB L, ATz @ 6,12 MICALAMAIEN DBEFRIIMETH LT VLA F
EEFEBALT ATz RR') < — PATz4T-eR'R? Z#F1=125%5t L 1= (Scheme 2) , EFK5ItE
EDT7UNAXLEFEATEIEITKY, ATz BROBFEMAAE LT 52 EAHH
TES, TNz, RUT—D LIM0 LRJLAETL, TRILX—Fr v THNhELHED
C&T, RINFEEZILIRT D EMNTED EEZT -, EFIC, BEABH OFT) EITKkD
BB EICLY, ATz I2FA T2 LEEFILESYO HOMO & LUMO
LRIWEREHLIZED S, ZUNAFIEEZEALR ATz FEK (ATz2TeMe) o LUMO L
NWVETZILAFOEZFZEALEFER (ATz2ToMe) &Y HETL TLV =z, LUMO LAR)ILEETF
TH <, HOMO LRNJLBREBFICTETLTVSD, £RELTIRILEF—Fv v 7L HIhH
TEHBIDNELLGELTNST8, RIRBEMIRIRT 5 EABFTE D,

SE, PULAFROEEZBAL, BHRELCEREBEZRELT 520, ERLHAE A
HEEALRE 3 BEOHRT VAT IER ATz RYT—%BHKL, 0PV ZRFALEH
Lf=o Ff=, T oDOERYEOHMIERBELZREL, PV L OHEBEZHLHMIC
L=,

7 Y IVIER G

RIZ, ATz B EICEFREIMETHITIUILAFOEZEALLLEVOEREL K
>1= (Scheme 3), THF j&idh, xti5d % 5 L/KERIEA YD LZMZ 60°C T 1 BREEH
L7zo KBZRAWLT 0°C ITHENL 1%, IET 2BIELEHMED - Y EMR Tz, RIEBER
FERFEFTHRER SOIC—MEHLI, KEMRASIETRIGEFLESYE, 70AKRILA
EZRVTHE L=, SafReF M D LKBERTHERBERE L&, BKRE< I RIS
LTHEEL, COREGBERE»BE%R O—42)—INKL—42—ZRVTAIEEZEELT,
SUATNASLIOAR TS T4—ICKURERTEHI LT, BHDILEMTH S 6a-6c
EREEERE LT 72-84% DIETET=,



Scheme 3. Synthesis of ATz derivatives 6 with ester functionality

(e}
KOH (4 equiv) R)kCI (6 equiv)
THF rt, overnight
60°C,1h
CaHy7 O Cq1H23 CqoH21
R2 = (74%) ob: R'= ) , R2= (72%)
Hjk/kaHm o] MCqus
C4H
o 4o ) sH13 (84%)
6c: R'= CeHis R°= 0
\{ o ehs, CgH17

EMRY < — PATz4T-eR'R? DAL

FULMAFOREZEALE ATz £E/7%— 71 ERBZLEFA T UFER 8 AL
T, BH—/IZ=Stille Ay TYUJTIZKBHEERIGEHIHESI LT, ZEHNRY v—
PATz4T-eR'R? &R L1z (R¥—L 4),

Scheme 4. Synthesis of PATz4T-eR'R?

Pd(PPhgz)4 (2 mol %)
additive (10 mol %)

toluene
MW, 180 °C, 40 min

PATZ4T-
O _Ci1Hzs CgH17 O.__CyqHas C1gHa1
el120D: R' = Y \[f , R?= el2DT: R1:X{ \[f , R?=
o] C1oH21 ) C12H2s
C4H
; o o ) CeH13
eBOHD: R = CeH.y RZ=

\/ A s, CgH17

FILAVEHEKRT, LI VRES FhFARETEIE/ X— 1 BEXUVEFAF I



DEORZZ)JALE 8 MEEDNT FSF A (MY T ZUKRRT 4 ) INSTIL0) ZMA,
R4 OREBET, 180° C T 40 HRIRBZEH G o1z, 1=, e12DT DESDIRIZIT,
FYBRFEDOR)T—2/{EHIT, b URAAZIILEDRERIE LTI VL) %t
BERMLTEREZE G2z, RIBRTRICRISERZHREL-ECS, WIThizE£IC
TIVRKOBEKRIZEE LEHFENR SN, ChlE BOSDFREBEERZLOENFERY
=2 AONEBEARTHD, RIEBREAZ/ —IL~MA, FET 3 FREE#HLI.
LBz SBICES>TEIRL, RWTAZ/—IL, AxH>, s00K)LA, Y00
NUEVBREZRAVT, BTV YV AL—HHICEDBRES G o=, EDE&, Honf:
RUIT—VY I RAL—HEHICEYRBRLE-, TOHER, BMETH 3 BOKRY<—
PATz4T-eR'R? (eR'R? = e120D, e12DT, eBOHD) # -/ mOARUHE U Ff-(EY AORILAIZHE
ERLE LT 87-95% DIRETRH{ = (Table 2),

Table 2: Synthesis of PATz4T-eR!R?

PATzAT-eR'R? additive Yield/% M./kDa° PDI°¢ DP.?
e120D none 954 31.6 1.86 20
el12DT Cul 877 30. 1 1.61 18

eBOHD none 93% 24.9 1.65 17

LT, BRTILEREIAR NI ZT74— (GPC) AHZRAVTHELNIZRII—DHDF
BERE LT, B LT- PATzAT-e120D & e12DT OWFEHHRFE (M) 1X, LWTht 30
kDa BETHY, 28E (PD) [EZENEh 1.86, 1.61 THo1=.—7, eBOHD D # 1F
THEL 24.9 kDa THY, PDI (X 1.66 THot=o ChODFERMND, RUT—DOH
FEICKEGEVWIRE MGV O, FFENYELEHEOCHFERFECRITTEZER
FEAELGL, ETD=®H, TILFIILAIEHDEWNZ K DFIEDEZMIRITERT 52 EMFH
BTHAHSIEERT,

EAOFEREXOYELZEEDORAE
PATzAT-eRR2 DItE4MH



BRLTz 3 FBOR)I—DOAEEMEERAET 510, BRIOIBSIVERICETH%850 —
AR ZA RS RLERIELTE Figure 5, Table 3). 1, REDARY FILAIEIL,

- i —
(a) 10 solution film
—e120D (solution at rt)
----- e120D (solution at ca. 80 °C)
8. —e120D (film)
& s
L g
= &
4 2
w <
300 400 500 600 700 800
Wavcelength/nm
(b) 10 ~%— sofution fim —» (C) 10 -— solution film —3
—e12DT (solution at rt) ——eBOHD (solution at rt)
""" e12DT (solution at ca. 80 °C) =====gBOHD (solution at ca. B0 °C)
8 . —e12DT (film) 8} . —eBOHD (film)
- = A =1
E -~ o E o
g © /\ 3 : 3
= / \ G = &
5 £ - 2
T 4 - L/ \\ 8 = 2
w \ S \ < w e
NS
0 L L L *a 0 1 N PR
300 400 500 600 700 800 300 400 500 600 700 800
Wavelength/nm Wavelength/nm

Figure 5: UV-vis spectra of PATz4T-e120D (a), €e12DT (b) eBOHD, and (c). thin-films and solution.

Table 3: Physicochemical properties of PATz4T-e120D, e12DT, and eBOHD.

/Zmax, sol? (8 S 10_4) b/nm (M_1 Cm_])

PATz4T-eR'R? Awax, tim/nme /e
rt heated
e120D 629 (6.15) 595 (4.98) 623 1.59
e12DT 617 (4.84) 566 (4.16) 606 1.63
eBOHD 570 (4.13) 549 (3.81) 594 1.73

ZAbsorption maxima in chlorobenzene solution at rt and at ca. 80 ° C. “Molar absorption
coefficients (in parentheses). “Absorption maxima in thin film. DOptical energy gaps
determined from absorption edge (A egge).
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I MNDEKI OORVEVBAREA W, -, BEOXARY MLAIER, $ 3¢l @
BAKOOARVEUBRREREERLEICEAL, 500 rpm, 30 HTRE a— MK YE
"HLUEEREZAL,

£, /0N VEVBERPICE T HEN —AHRIRARY MLEBIELIZES S, W
FHht 700 nm fFiEFE CTOWREVORIREEZH LTV =, Ffz, 400-500 nm {F3EICERBI S
NFE—VI1F ATz BRO 7-7° BBIRETE 5. ERBRPICE T HERRIUERE,
FhFh 629 nm (e120D), 617 nm (e12DT), 570 nm (eBOHD) TdHo71-. Ch 5 DiBK%E 80° C
fHEFETMRALEZEZ D, RIRARY MLOBENBDLIZ-ZEICMZ, ThETh 120D
(% 34 nm, e12DT (& 51 nm, eBOHD (F 21 nm M TIL— 7 RAERBI SN, CTDIRZRIL,
MBTEIELICEKYRYI—DEENBHLIZZLEZTELTLS, MEBIKREBIZEWNT
e120D0 OBARRUKR(E, HOKR)T—LEEBELT, KYKELELY FLT MBRASH
TW571=8%, e1200 O FEMBEMHERANIZRLEN EANOMN o=, £, eBOHD (&, =R
TOBRRICEEIMOAR Y v —& Y &L KIFICEERRAICBASH, TIL—27 FOIES
INEWTEMND, BRABTERENNEL, RLBVLTFHRNBEEERZET L 0D
2tz ChIE, DEBVRIRTILFILEE ATz BB LICEALTWS=®, RUT—EH
RETOMROGELY 2L, P FEREEERMETLEZCEICEET S EEZ TS,

MNT, BERETOEN—ARBIRARY FLEAELZ, TOHKRE, LWTFhoR)
<—% 600 nm fHEIC—DOTO—RGE—IMNBRI Sz, ThdlE, WIThIEERE
BDARY MLEFELLTWST=8, ERBRPTHERLAKOBRERBEZBLIZC L
ERELTWS, £z, RGNS REELE oI RILF—Fr v T (£ 1F ThTh 1.59
eV (e120D), 1.63 eV (e12DT), 1.73 eV (eBOHD) THo1=, LIAEIIEHEL TS T7ILOF
UEEBEALT- PATz4T-060D @ £ (£ 1.76eV TH51=%, BEFKIMEDTILAFS
HEEZBATHILET HFRYKRIT—0 L ZINE<LT B EITHYILTIz, —A T, eBOHD
&, e120D LU el120D0 D £ LY 0.1 eV BEREVWI LMD, nlE, ME
BLSETILRILEOFEEIZEY, SRMLGER)I—FHRATOELYMNEESL, FHIC
FELEEEREBENERTELGN 2 2-HTHIEEZEZ TS,

BERILFHMFEEZRA V- PATZ4T-eR'R? DT RILF—LARILDOEH

BT, ARLERYT—070 T4 7HEZERT S0, A4 )vIRILEY
ARY— (OV) EIZKY, RYT—EFERD HMO LR)LEEH L=, BlIFEIX, SEEEIC
Ag/Ag’, ERBBHELUREBEICHE, XFEMBELLTT S mnIFILTUEZDLA
FHOLAOARRT7A b (IBAPFy) ZRAWE 0.1 M O7E b= MY LEBEZRZERAL, 100
mV/sec DIFEIRETREESH o=, £z, BEOEHIE S um DFAVYEVFE &
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CO0.5 umDF7ILIFBERERAVTHEL 0.071 cm’* OEBEEZFODAS/EFRAER
EiZ, 1 gl BECARLERYI—0/00KRIVLERE FOY XY R T BHIET
HIlgof-, BIEHKRE% Figure 6 KU Table 4 [ZRT,

BEDHER, WThORYT—EFRIZCENT
LEAMEL DRI M B E R A BRBI SN, B
SIBEEA S HON LALEEHL, %0t - e%
—ARRIRARY FILORIIEN S RIEE o1
IALF—FryTERANT, ThZh LN T~
LRILEEHLE, TOHE, 1200 &0V

e12DT @ HOMO L~JLIE, ZhZEh -5.18 eV, eBOHD
5. 13 eV LRBEDETH >1-c —5 T, eBOHD I

Current/a.u.

(%, 5.42 eV & 120D % e12DT & LhdiL TR 02 0 02 02 08 08 1 12
LY HOMO LRJILEZEFELTLW -, ZDOESIZ, & Potential/V vs Fo/Fc*

I 7ILFILEDEAIZL>T HMO LAR)LAME  Figure 6: Cyclic voltammogram of
T PATZz4T-e120D, e12DT, and eBOHD
T—ITLELERAShTLSA, FEHGERICOVTIEBALMAEL > TV, FTHEM
D—2&E LTI, FEREICEEVRDETILRFILEDEFEIZLY, BEFTRKELIKREIC
Ko THRYT—DEHEBEEN R LN, RUT—FHEITHITS HMO BT EFDERE
EAMERT 5. TDRR, R T—ZHOKEAERTIN, FL> HOMO ZRLI-EHELT-,
—AT, el20D & el2DT [EBEFREIMDTUILAFIEZEALEIZEMMD ST, LIED
MELTWST7IILOFEFZE AL PATz4T-060D (-5.39 eV) &Y HLFLY HOMO LAJL
#rLT=

Table 4: Electrochemical properties of PATz4T-e120D, e12DT, and eBOHD.

PATzAT-eR'R? P onset/V? Fiowo/eV? Elumo/eV°
e120D +0. 38 -5.18 -3.59
e12DT +0. 33 -5.13 -3.51
eBOHD +0. 62 -5.42 -3.69

“Oxidation onset vs Fc/Fc*. “Estimated with the oxidation onset; Aiwo = —4.8 —P et . Estimated
with the following equation; Auwo = FHow + £

12



ETIVEEMZER V- PATz4T-eR'R? OEMEZEE

B L1= PATZAT-eR'R? OBEFREBICHT MR 5510, BEABK OFT) FEICE
SEMILFEHEES otz Figure o RUI—DETNLEME LT, SHEDOHEIRIL
D=, IRTOTILFIEFAFILEELEL, REROBEYRLBETCHLI_EFREEEL
AL, $XTOEEIEL B3LYP/6-31G(d) DL ANILEFRAWVWTEIHE o1,

(a) PATz4T-eR'R%: HOMO = -4.93 eV

Figure 7: HOMO orbitals calculated based on the dimer structures of (a)
PATzAT-eR'R? and (b) PATz4T-0R'R2,

ERLPHEOBREN S, RUIT—EEROATEMEEEEL HICIFFERZTHo1-,
—h, PTULMAFRIEZEALLEGES, 7IWLaFDEZEALEZBEELYE HMO A0 +
—A—FA Tz VLEICBELELTVWS I LD DN D, TDH, TUILAFOEZEAL
25E, REOERBICE>T HMO LRLAMETT S L VS RBHERIE, EFICRERICE
DEONEHBREF—BLTULEL, COERITOVTFHHAIEAN > TLGEWLA, ATz &
KD 6, 12-RLICIXIFE A E HOMO AEEL TLVELZS, EEORICIE7 VLA FOEIC
&% HMO LRNILDRFEILDHMENFEA LGS, HMO LARLLKNERLIZEHEAL TS,
LOLERS, FULAFOREZBALLZRYT—IE, ZLaAFIEFEALELZRY)I—
FYLBHBUENELETL®, OV AEICAW-EREIFEZEICMOEDOKRELGFRYELR
EBTHo1z, OV BIEE, FBEOKRE FREEEICE>THELONIBFUENEILT 5128,
HH LT HOMO LARJVIZEZELTWSHEEELH D, TDIH, SERIEAEFANELGE
D OV LUNDAET HIMO LRILEEHT ZBELH D,
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QFAMBIEXEEM & L TOBEE
BRLIEZR)T—0 0PV MEELTOFERAMERAET S0, #RNLIATOEEGKE
BhERFEERERL, TOFEZTMELI-,

PATz4T-eR'R? VT, Figure 8 D& ST/ R#Ei&
ZLDOHRNILIATOEASRGENRFEERL, HiEd
ML= £, kB L1z 1T0 EfR L, EF@EERA—IL
Javy Y REE L TEEESARTERIAIRKR % 4000 rpm, 30 sec M
ZHTAEYa—FL, 200 °C T 1 BREMATSILT,
BACERBEAE TR, TOEMEIC, BRUEHND  TO subsrg,

75 5iBi®% 600 rpm, 30sec DEHTRE a—+F5H52 L&

Figure 8: Devise structure of
TEMBZMER Lz, HRRIC, R—ILEARBE LT=BIEE fabricated inverted solar cell.
DI7T70, BBELTREEZEXRBETSHET,
1T0/Zn0/ (PATz4T—eR'R?:PCg:BM) /Mo0; (6 nm) /Ag (50 nm) 7/ i57% B BBV E R/ NIL Y AT
AESAGEENRFEMERLI, ARG FEEFEKEZROIENATRELGERALIZAT
CIVIZRFEHREL, B SELKBE (AM 1.5 G 100 mW cm? (1 sun)) BEHTTH

ot

PATz4T-e120D0 ZRALV=#BXEEMADEH
£, e1200 ZAVTHERL=KEENRTF

NERZE (J—BFE (V) %% Figure 9 0
12, BoNABLHBFM% Table 5 I2RT, T,
. n REBEIC PCGEN AL, BELE <
131, 1:22 &L, ZhERFMAELT 1,8-2 £ 7
I—FA5 4L 0I0) 2MAT OV RFE S 4f
o -

B LT, TORKE BonT@HE PCH 5 [T - —1:1(0.75% DIO)

8t —1:2 (0.60% DIO)
I, #NnFh 2.35% 2.86% TH-o1-, iBBLL --==-1:2 (4% DPE)
1155 112 ANEERSEBHZET, B -10 0 sz 0f4 ofe Ofs y
E/)Il.u.lr_ (Jsc) }aJ:UFaﬁﬁ&'EJ_ (Voc) ' j(% VOItage'N

HEZRONEA>THLOD, T4ILTFHE Figure 9. J-V curves of PATz4T-e120D based
- ' inverted solar cells.

— (FF) AXEIZmLELTz, ZD=, 75—

LUBERDESLDEWVIZKY, B HEIE
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BEFERLTWAZENTREINT, CNODFERKY, BELIX 1:2 ARETE & HIE
L.

Table 5: Solar cell properties of PATz4T-e120D based inverted solar cells.

solvent? p/n? additive’ Jio/mA cm? Vie/V FF PCE/%
CB 1:1 0.75 vol % 6.88 0.75 0.45 2.35
158" pro 6.700 0.75) 0.40) (2.05
CB 1:9 0.60 vol % 6.74 0.76 0.56 2. 86
_6.0g”" R bro ¢ 670 0.75) | 0.48)  (2.42)
CB 1:9 4 vol % 6. 58 0.75 0.51 2. 51
6.7 % DPE 6.2 0.75) 0.49) (2.31)
CB 1:2 8 vol % 6.20 0.74 0.52 2.37
6.7l T DPE 6.93) 0.74) ¢ 0.49) | (2.16)
CB 1:2 4 vol % 5. 41 0.75 0.48 1.96
6. 7el ON 6.27) .. 0.75) ¢ 0.43) . (1.68)
CB 1:9 8 vol % 6.61 0.76 0.54 2.73
6.7 gL ' CN (5.57) (0. 75) (0.51) (2.15)

#verage values are shown in parentheses. 2CB = chlorobenzene. “p/n ratios of p—type polymers
and PCsBM (w/w). <9DIO = 1,8-diiodooctane. DPE = diphenyl ether. CN = 1-chloronaphthalene.

RIZ, REYO— FABIZAWARNFIORTES I HoT=, AMFIE LT, 7=
JII—TF)L OPE) £E 1-vo0+27242L> CN) ZAL, HME% 4 vol% & 8 vol%
THEELIZESH, WTIDBEEETRTONSTA—2HNET LIz, E@RMFEORL
[CEFESGMNoFz, COERIE, 1200 DRAMLGMHEICHY, 120D (FZDELVES S
EIRVERMEDS, ToeXHIZZLL, 140 ° C 0 /0O EVBRRICHEERISE
fELIGM o=, £, SRBRETHETLTE, ERETERONCEKLIHEL, EOFH
[CEVWTLH—LBRZMAT S ENTELEN DT, EDT=8H, 1200 ZRAL-FFIZ
RATYH 2.86% LIELMEICE EFE 0T, EHET/NA RADRBEILLIE, R T —DERME
NMECHETH 1=, ThULOHR#EIIHE LT,

PATzAT-e12DT ZAW-FERKEBEE MDA

RIZ, el12DT ZRAVWTHERLE-ABENRFOEREE (J—FEE (V) $E% Figure
10 2, BoN-AELHREFMNE Table 5 ITRY, £9, REVaI—rBEELELTYAO
Rt y, PCBM £EDEELLE 1:1, 1:2 £LT, PV ZFEHEEL-, TOHER, BE
LEAY 1:2 DIFEIC FF Ao FhcmLELizIED, KYUBW bk FRLEZEZO, RKT
1.37% LR YBWNWEBRMEEZRLIZ, 2O ED L, iBALEE 1:2 THERLEZFOAN,
S YBUGEBREBEEZMR LTS EER, 112 ZRERHELE LTz, £z, e12DT (X e12DT
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LHRTEBHEIAMLELTEY, HELEEEL

BT B LTI LTz, 208, HEDE [
WS EEREO LI KT o 8 | ’
NT, BIRAMAEML S ETRTABOR  © 2

BWiLEH Lo %, 1 vol % @ DI0 % % 4

Mx3CET ERERDEN 3.08mAcn? i & 6F

B 6.61 mA cm? FTREMICALL, RKT é BT 7 1:2

273 OXEEBMELR LI, Shix FM o) | i g; g'F?E))
BIEMALCETECRONBZBERTHY, K 12 R
UI—BEVTI—LUBREIZHT B85 DY e

HOBMBEDE, BHRBEICESHITHRE  Figure 10. 3V curves of PATz4T-e12DT based
B DB E ok o TRABIEI S5 inverted solar cells.

HOBBENELLL, JYMRNEERSBMEZRL-HEZFATVS, LRORERLY,

AMFZEZRAW-BEBEOHIEIMRMTHLSEEZR, AMBEIDERSLIVANEZRE
bl ZDHER, 2 vol% @ DPE #ALVIEE, BEHRERFBEM 9.04 mA cm? FTHE
L, KT 3.38% OEMMBELZFR LTz, Flz, B7=—ILREE, R)I—FET75
—LUBFERICE T HAAHAEERBESE, ERICRIBICEREEEOHRENERT
LITkY, #HEMESHMLETZIENAHMENATND, ZDH, COBRT=——)ILREIZL->
THEZRETERUNEE R, BIEERRK, 120° C T 30 BT =—LUEZEE LT,
LA LAELND, EREREENKIBICET LIS, ERBBEOREBIZEIESHEM 12,

NlE, B7Z—I)LRBICE>THRENMEEL, HIMBENKE(LRYBEFLILN
—DNERTHDHLERL TS,
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Table 5: Solar cell properties of PATz4T-e12DT based inverted solar cells.

solvent? p/n? additive® Tunea/® C7 Ji/mA om™ Vie/V FF PCE/%
CB 11 none none 1.49 0.78 0. 51 0.59
83 T T (1.48) 0.79) _ (0.51)  (0.59)
CB 19 none none 08 0.80 0.56 1.37
83 (2.95) 0.79)  (0.55)  (1.28)
CB 11 1 vol % none 5.54 0.79 0.58 2.54
83 plo (56.05) (0.78)  (0.58)  (2.31)
CB 1:9 1 vol % none 6.61 0.78 0.53 2.73
83 7 po "~ (5.68) 0.78)  (0.50)  (2.22)
CB 1:9 2 vol % none 1. 51 0.77 0. 51 2.96
8.3g? T plo._ 6.79) .77 (0.49)  (2.56)
CB 1:9 1 vol % none 8. 87 0.78 0.49 3.36
83 T OPE 8.44) 0.77) (0.48)  B.12)
CB 19 2 vol % none 9.04 0.77 0.49 3.38
83 T DPE (8.58) 0.76) _ 0.47)  (3.10)
CB 1:2 1 vol % 120 5.10 0. 81 0.47 1.95
8.3 gL' ' DPE (4. 60) (0. 80) (0. 45) (1.67)

#verage values are shown in parentheses. “B = chlorobenzene. %/n ratios of p-type polymers

PATzAT-eBOHD Z ALV -FERKEFEE MDD
&I, eBOHD #AVWTHEL-ABEMNRFOERTE (V—-FFE () K%

Figure 11 12, Boh=-AELMIFLEZE Tableb ITRT ., I, BELZE 111 KU 1:2

EL, ZnEN 1 vol % O DI0 ZMA -/ 0ORVEVAEEAVWTERFEZERELIE

A, M—REEEZERTLIIENTES, 1L, eBOHD A ATz FRLEIZTHIELVRIE

TLXLAEZRETH5-0THH, LHLE

o, REEBEMEBEVThE 0.4% K& ! /

FEHIELMETH 1=, eBOHD [£, 120D 4 0

e12DT LB L TELEL ho ZRLIA, E 4::;::;:::;;/

Vo [FLEBWBMEER LI, COBRELT, § 2f

eBOHD #¢ e120D 4 e12DT & EXTZEL 5 5|

HONO LAAEBL TV EEATNS, B 2 eHo 00
CHODREND, BELA 1:2 ofHtcHr  ° sl —1:1 (CB+1% DIO)
BLUERFHEDTHISE U E T L= 120, . L
BakzE 102 CEEL, FREHORBLE A

Voltage/V
B>tz JAAKRILLEZBERE LTHRTF Figure 11. J-V curves of PATz4T-€BOHD based

EUEM LR, FNALLORFHELY 1 inverted solarcells.
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vol % @ DI0 ZMATHERHLEZFZFOVNTNIZENTE, BIMGEEOMLETRSAGEH
21z, COERARELTEVEREREEZRLEERELT, NEFVREOTILFILE
DEEIZEY, DROLGRYT—FHRTOELZYINEESh, DENLGEREENTE
T, e BEU FF BMETLIZEEZ TS,

Table 6: Solar cell properties of PATz4T-eBOHD based inverted solar cells.

solvent# p/n? additive¢  ie/mA cm2 Vocl V FF PCE/%
CB 11 1 vol % 0.96 0.79 0.31 0.24
. 100ghr T pio (083 ©77) 0.31) ¢ (0.20)
CB 1:9 1 vol % 0.98 0.84 0.45 0.37
_100gLr "7 pio (09 0.82) 0.42) ¢ 0.34)
CHCI3 1:9 none 0.45 0.82 0.40 0.15
_60gLr % 77 (048 ©.78) 0.37) .14
CHCls 1:9 1 vol % 1.39 0.84 0.46 0.53
6.0 gL.! ' DIO (1.37) (0.83) (0.33) (0.38)

#verage values are shown in parentheses. B = chlorobenzene. “p/n ratios of p—type polymers
and PCs:BM (w/w). <DIO = 1, 8-diiodooctane.

A ASEA X FEEL GIWAXS) AIEIZLD IT0O ERETORFEADHAEE

AREFTNARIZENT, EFERFOLFERISHIEICKESEELZRIFT O, &
B TORFERAREICK DBEFHEAEOBERAL, SHEMBORRICHLTEHT
BEETHDH. T CHMLGDFEMEZRAET H71=6, PATz4T-e120D, e12DT, eBOHD o> GIWAXS
BIEEH o1z (Figure 12), BIEICAW=Y > IILIE, BEEMRERE>a— LI
ITO ER b2/ 0OREVFEEF I OARILLBENCRED—FF 5 ETHERL
EEEHDVEIKRBENRFEZTOEEAV =, B8, IhoDFEETRTEEOTN
A REERDEHTHY, ERENLGLENTIETHSD,

T3, RUT—HEOEREEZHELZELZA (Figure12a-—c), e120D s KU el12DT
X, ¢ WARIZAR)I—0 7 A2y EEICHET S (070 BEf, gy @ARIZERY <
—DZASEEICHRT S (7100 BFHIBEEICHEB SN, COZEMD, BEITKBE
MIZEHFE face-on EERZEMEL TSI LA ofz, Fiz, &YRWSFREEER
ZHET 5 el20D (&, el2DT FBEL Y LAUVEHRZRLTEY, sLEEEZHEL TV,
—7, eBOHD £ E#HDEIIRMNERASINIH, HOKR)T—&YHLEL BEVEHRREZR
Lz, Ff=, BABD (700 BHFEHA) DHRICERA S LMD, BREMNEL, S
FLICES L-EEBETHLIZ LALLM EL Tz, RIS, TAETID 7 X2V
R ZEEH LA, e1200 KUV 12T (X 3.9 A THo=DIZxL, BIFEDTILF
IWEZEHFTSH eBOHD (X 4 1A EXYKREREEL D EADM Iz, CDTEE, ATz B
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BECHEDOTZILFILEZEAT S LT, DRMLGR)T—THOELYHMNEES,
B2y XU LEBEZEERTELRVWILEEZRELTEY, 4 —AHRRARY L
BREDHREHFETEZ DL, eBOHD MWDK v—& Y LD FRBEERANTEC
BREMENASVWIEE—HT D, -, UARESAETILIXOELZEFT LR T —HHE
mIEDIELY edge-on BEAEMHT S EEERT HE, Lla &d, ATz EOFEMSAIH
BEHE7ILFILETHNE, FERMED face-on BMZEHRETE S0, FUILLFIEE
BATEHILET, RUT—DARBENLGHEESLUNFEAZHRETEDLZ LD M o1,

—
2]
P

PATz4T-eBOHD

1.5 2D

(010)

q: (A

05 1.0

g, (A7)

08 1.0 15 20

Gy (A '

Figure 12: GIWAXS images of (a-c) polymer single films and (d-f) thin film mixed
with PCe1BM on ITO/ZnO substrate.

BT, SEIEG/LTE 3 FEDR)T—E PGBN CDEREEFRDHLFEERZHAEL-E
A, RUS—HBREIFELDHEMEERLTL: (Figure 12d-f), e120D (X g, EhAMRIC
TASHEEICHRET S (h00) BIFMERESH, 2 ROBHFLALITMNREShT, SO
M5, el200 DREEEEIIMIERMED edge-on BERIZHE LTS Z EAHMSE, ThiC
xtL, el2DT OREBIEL ¢ BAMICS A TBEICHRT S (/100 BHRFHVEBIS NI,

BROEFIFHERINGEN >z, Ffz, Bontz (100 ) TRKRTH--Z e b, #
BEDEWNS VA LERATHSZ LA S, —F, eBOHD DEEZIETIE, EFAEN
BHTEWNI 2 7KD (700 EFOANEBShiz=0, [RETELT 7 AEOEEREE
FEELTWSI N ofz, COESIZTVWTIDEEEERESL, KEBEEMIZKTFLG
edge-on EEMZEMAL, HRENMBHTZ LWL, COLSLEERFEEE, EFIHICK-
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TELIEFY U THREENHT 510, R—LBEBEOETOBBED NSV REELS
Bd, TORHRE SEERLET VLA FLEERT S 3 BOKYT—& PCBI Z#H
BhEETNS RRFE, RINBEMNEELEICENIDLT, B d S&U FF %5
Liz&EZTLS,

@FLD

AMETIE, #F-GEEE OPV MBERAR TSI EEBME LT, LIATUHARETHRE
L7974 —a2=y rThH5 ATz BIE®D 6, 12-(LIZ, EFRIIKEOTVILAFIE
ZEA LT ATz 7K1 <— (PATz4T-e120D, e12DT, eBOHD) ##r1=I-BAZE L71= (Figure 13),
TFILXILFFITz0%EETSH ATz 0D FOFIFER 3 2:E8RMICERL, KEBIE
IEMERAWEIRTIMES SUVRFREESIHESI2ET, BFKRSIMEEZET D ATz £/
Y—%EHMTHIELITHYILEz, Bonfz=E/I—%2RH, R4 )LbEShfizEF4+ T
SEDEBR—-/IME=Stille Ay TYUTICKDAEERIGESIHES LT, BH5B 3
FEEOMAMAIEEET D ATz ARV I—OERITHII LTz, BoizR) I —0D%HN—
ARRIRARY FLEBIELIZE S D, RYT—(THAFE Y RIGEEA AR L, 750 nm
BETORLELDRINES 1.6-1.7eV DIRILXF—Frv T (F) ERLIz, Thix BF
HEMEOTILOXOEEFBE AL PATzZ4T-060D (£ =1.76 eV) &Y EHL/MSHETH 1=,
COZENLBFREIMEDTUILAFOEFBATELILICLY, ATz BROETFRM
AhMEL, THRLX—F vy THNNSBE-OTEEZTDS, Bohiz 3 BOKRYT—
ZRAV, FRXEENRTFOFUFHERBEILLIZECH, p BFERKRIT e12DT, n B
BRIZ IT-M #AVWTHER LTINS RIZEWNT, &RKXT 3.85% OE#BMEFTRLIz, L

PATz4T-
O._Cq1Ha3 CgH17 O._Ci1Hz3 C1oH21
e120D:R'= Y R2 = e12DT:R' = X I R2 =
o) C1oH21 o) C12Has
C4H
. o 4o ) CeHi3
eBOHD: R' = CesH R =
%{ o e CgH17

Figure 13: Structures of PATz4T-e120D, e12DT, eBOHD.
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ML, COMEIXRINEAIEERLZICE D 5T, LIATHRE L71- PATz4T-060D &Y 1K
WMEFETH Tz COBRZHESNCT BH720HIZ, GIWAXS BIEICk > THEE#EEZRAETL
fz&Z3, RUI—BETHNIE, ATz ERLEICEE7ZILFILEZEALKLEE, 0PV (I
MG HERMED face-on EBRIZEMA LTz, LIETEHRE L 1= PATz4T-060D (&, R <T—H
ETHLIERMEDIEL edge-on EERITH 1= EEEBRETDE, FUIMFXFLEZEATS
CETHEEBSIUNFREAZHETE LI ENbM oz, LOLAASL, WFhDKRY
v—t n BEERLESLER HRENELJETLEEDL, TEUGHEIBEEEEZ
BLTW =, Z0=&, DRMLGERIHEOCT v THEELHRI N, TERHEMNMETL
fEEBZTWS, ERENMENSZERIL, GIWAXS BIENSEE Lz 7 X4 v HER
M 3T A ERBHRENCE, SOICEBEFHECLIVERLEZETILELEYOD 2 E
KIZE T 2BRREEEND, ATz BHED 6, 12-ICEA L7 VILAFORF, ~ F@EIC
XLTEEARICHMELTW-CETHSD, UEDT ENDL, FULFTHFIOEDIFRFE
[T&Y, RUT—FHRTICETA2HRNG 7 ERLTOELGYIEFTEIN:EEZT
AV

4 BEIBICELTHTE. ERATPEESEHENIRMELEZEZEZTORAE
Iz L

5 SHRFEINLIHIE

ARRICETIEREND, FUBDRLELEZEERT 2-HICE, ATz REEEKKR)IT—0
ERUERETILENH D, TOEOIZIE, ATz O 6, 12-I2RY T—FHEATOEL
YEBELAVL S HBREZEATICEABRILEYHTETHDEELA, ZLT,
RUVT—DOHERIEERETDIFELELT, BEHBROD ATz 2K < — (PATz4T-DT,
PATz4T-DH, Figure 14) ZiRZEL1=L), PATZAT-12DT 1KY T —EHD ATz B EIZT L
FIIEFHLLGOYD, AEREENDLG, RUT—FEIABRICKEL-SEEEZ LD

CioH21 Ci2Hos

PATz4T-DT,R = PATz4T-DH R =
'f\/‘\Cmst , MC16H33

Figure 14: Structures of PATz4T-DT and PATz4T-DH.
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CENHRFTED, ERMGTFEELTE EFOFXOFER I AT OEALEHL,
EBRELOICE>THRESNTLEZ v T LMEZRAVERE-BRESOUMZF S ETR
BIZEY, ATz BRREDA FXIEEZREL, BHOBER ATz RYT—2&8mH LT
FETHD (RF—L D),

Scheme 5: Synthetic route of unsubstituted ATz polymer.

29
Ni(cod),
IMesMe
28 e -
NaOAc
toluene
180 °C, 18 h

PATzAT-12DT

T, RUS—DRIMERET SIEL5—DODFEELT, HESEVEREEET 15
BTHHRHOLGRY T —EHRATOELZY ZRINE 7 EFRFFT—ZEATHI LN
Zfond (Figure 15), FILFILFINUREEFBALIEADYOFAE 7> BI) I,
Wik Ltz 7 BFREFITAHILICMAT, AFREARICEALLZTILFILFIZILE
NRYI—FHEELTODELY ZRET I ENFMONTILND, D=8, BEULALEMER
HEHT S BT BHROBAICLY, BLHEREEZET S ATz RUYT—ORZEN /TS
%, §®&IT, ERZDOOFERICIYKRMEZHEL, JYBVLEBRNEZRIMHOMTE
ZB1ET,
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PBDTATz-06HD

Figure 15: Structure of PBDTATZz-06HD.

6 ABRICLYERLERY MARBEES)

(1) RESR (ESEfT, *Corresponding author)
1.

Alkoxy-Substituted Anthral[l, 2-¢:5,6-¢ 1bis([1,2,5]-thiadiazole) (ATz): a New
Electron-Acceptor Unit in the Semiconducting Polymers for Organic Electronics
Hiroki Mori, Shuhei Nishinaga, Ryosuke Takahashi, and Yasushi Nishihara*
Macromolecules 51, 5473-5484 (2018).

Development of a Phenanthrodithiophene-Difluorobenzoxadiazole Copolymer
Exhibiting High Open—-Circuit Voltage in Organic Solar Cells

Hiroki Mori, Ryosuke Takahashi, and Yasushi Nishihara*

J Poly. Sci. Part A: Pol. Chem 56, 2646-2655 (2018).

Vinylene-Bridged Difluorobenzo[c][1, 2, 5]-thiadiazole (FBTzE): A New
Electron-Deficient Building Block for High—-Performance Semiconducting Polymers
in Organic Electronics

Yuya Asanuma, Hiroki Mori, Ryota Takahashi, and Yasushi Nishihara*

J. Mater. Chem. € 7 905-916 (2019).

Transistor Properties of Semiconducting Polymers Based on Vinylene-bridged
Difluorobenzo[c][1,2,5]thiadiazole (FBTzE)

Yuya Asanuma, Hiroki Mori, and Yasushi Nishihara*

Chem. Lett. 48, 1029-1031 (2019).

(2) %R

Bz L

(3) &

¥IZhL

7 Z0Oith

?A

SRR EZDGEF, EREIZTHR)
1.

<HEFHEOFLFELHNIEEAL T EE N>

Yasushiro Okuda, Jiao Jiao, Kiyohiko Nakajima, Akihiro Orita, Yasushi Nishihara,
Elucidation of Regioselective Silaboration of Alkynylboronates Catalyzed by

23



10.

11.

12.

Palladium, 43rd international Conference on Coordination Chemistry (1CCC 2018),
Sendai, Japan, July 30-August 4, 2018 [{BfFE:E]
Yasushi Nishihara, Phenanthro[1,2-6:1,7-b" ldithiophene (PDT): Application to
organic photovoltaics, the First International Conference on 4D Materials and
Systems (ECS 4DMS), Yamagata University, Yonezawa, Japan, August 26-30, 2018 [{B
FEE]
Yasushi Nishihara, Keita Hyodo, Shino Hamao, Yuma Shimo, Hiroki Mori, Yoshihiro
Kubozono, Synthesis and Transistor Properties of Dialkyl-Substituted
Phenanthrodithiophenes, 28th International Symposium on the Organic Chemistry
of Sulfur (ISOCS-28), Tokyo Institute of Technology, Japan, August 26-31, 2018
[{B1FEE]
Masayuki Iwasaki, Natsumi Miki, Yuta Tsuchiya, Wataru Kaneshika, Kiyohiko
Nakajima, and Yasushi Nishihara Chelate-Assisted Direct Selenation of Aryl C-H
Bonds with Diselenides and Elemental Selenium, 4th International Symposium on
C-H Activation (ISCHA4), Keio University, Yokohama, Japan, August 30-September
2, 2018 [[RRA—HK]
O, BRI, wEREE, EOS—LUBKBEEMIIETS TS NRUFA
7z URFERR) T —DEMHE, 567 REESFIRSE, LEEKRKE, AR 2018 4F9
B 12-14 8. [RR2—%XK]
IWEABE, & M8, BEER 7UoMSEXRFT7OT7Y—ILEREZET HFERR
)I—DEREYME, 567 RIEnFitims, dLEEXRE, FLIR, 2018 4F 9 A 12-14 8.
[(RR 2 —%%K]
Hiroki Mori, Masaya Watanabe Yasushi Nishihara
Phenanthrol[1, 2-54:8, 7-4" 1dithiophene (PDT) :Application to Organic
Photovoltaics, The 13th International Conference on Cutting—-Edge Organic
Chemistry in Asia (ICCEOCA-13), Bangkok, Thailand, November 1-4, 2018 [1B#F:E
&)
Y. Nishihara, Phenanthro[1, 2-b:8, 7-b’ ]dithiophene (PDT): Application toorganic
photovoltaics, The International Collaborative ‘111’ Project Based on
“Reticular Chemistry of Porous Polymers” Northeast Normal University, China,
November 9, 2018 [{B{Fi&:E]
Hiroki Mori, Shuhei Nishinaga, Ryosuke Takahashi, Yasushi Nishihara
Alkoxy-Substituted Anthrabisthiadiazole-Based Semiconducting Polymers:
Synthesis and Application to Organic Electronic Devices, The 12th SPSJ
International Polymer Conference (IPC 2018), Hiroshima, Japan, December 4-7, 2018.
[QEEHRK]
Yuya Asanuma, Ryosuke Takahashi, Hiroki Mori, Yasushi Nishihara, Development of
Semiconducting Polymers Based on Vinylene-Bridged Thiadiazoles, The 12th SPSJ
International Polymer Conference (IPC 2018), Hiroshima, Japan, December 4-7, 2018.
[(RR 2 —%%]
Masaya Watanabe, Hiroki Mori, Yasushi Nishihara, Development of High-Performance
Non-Ful lerene Solar Cells Based on
Phenanthrodithiophene-Difluorobenzothiadiazole GCopolymer, The 12th SPSJ
International Polymer Conference (IPC 2018), Hiroshima, Japan, December 4-7, 2018.
[RR 2 —%%K]
Yasushi Nishihara, Phenanthro[1,2-54:8, 7-6" 1dithiophene (PDT): Application to
Organic Field-Effect Transistors (OFETs) and Organic Photovoltaics (OPVs),

24



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

International Symposium on Catalysis and Fine Chemicals 2018 (C&FC2018),
Chulalongkorn University, Bangkok, Thailand, December 10-14, 2018. [{BfFi&EE]
Fx ntt, ESEt, BEEE, 7o hOCFA I URRYT—FRWNEETS
—LUBEXGEEMDORE F 66 BICAMEZREFTENEER RRIEZEXE KME
W¥Hv /R, BE, 20093 A9-12 8 [OEHRK]

EIBEE, F s, BEREM, E-LUTEBIAEZTALIXIILAAR Y FT
STYIY—IEETEBRETHAEEHARY T—OBEHK, E66E@GAYESPLESSHER
&, RERIZEXRE KXKEWFvyo/R, BHFE, 2009F3 89128 [[RRE2—F%]
Yasushi Nishihara, Phenanthro[1,2-6:1,7-6" ]dithiophene (PDT): Application to
Organic Field-Effect Transistors (OFETs) and Organic Photovoltaics (OPVs),
International Conference on Heteroatom Chemistry (ICHAC2019), Czech Technical
University, Prague, Czech Republic, June 30-July 5, 2019 [OEEF K]

Hiroki Mori, Development of Semiconducting Polymers Based on New
Electron-Deficient Aromatic Compounds, The 68th SPSJ Symposium on Macromolecules,
Fukui, Japan, September 25-27, 2019 [{B{F#&;E]

‘é?)”*%’i & o8, BmERE NV IDFAFTII-TURS tZ?’-T*/7‘/—)L3F‘
FEHERR)I—DEREAHERKRBEEMADICH, F 68 AENFIIHRE, BHKE,
2019 £ 9 A 25-27T B [RRHZ—%XK]

Yasushi Nishihara, Phenanthro[1,2-6:1,7-6" 1dithiophene (PDT): Application to
Organic Field-Effect Transistors (OFETs) and Organic Photovoltaics (OPVs), The
45" Congress on Science and Technology of Thailand (STT45), Mae Fah Luang
University, Chiang Rai, Thailand, October 7-9, 2019 [{B#:&&E]

FE EE, 7 ORA YT LT ERVNSEREEEMEOAIN, %2 E SPERC 31k
SRS CHMAHAIE I = LR DY A~, EFRSETSE, 20194 11 5 13 B
[{B1FaEE]

Yasushi Nishihara, Development of Organic Solar Cel |s Based on New Acceptor Units
in Semiconducting Polymers, 2019 Annual Meeting of the International
Col laborative ‘111" Project Based on “Reticular Chemistry of Porous Polymers”
Xiamen, China, November 16-17, 2019. [$B#F%:E]

EERISth, F* M4 BEER, 7Y hrACFA I URFEFKKRYT—ZRAL:
ETT—LUBKBEMDEYE 2019 £ BAELZERPENEXHAE EEXZR,
EEREE=ZEX v/ R, 20094 11 B16-17 B [OEHXK]

F OB B)I=ES, TEER, FILOXDEBRTUNSERFTIOTI—ILEETS
FIRFEHAR ) T —DFAS, 2020 £5 67 B AYEZESESEME RS, LEXRFOA
Fv XX, 20203 A12-15 B[AERK] BL. HEIOF V1 LRTLKRDI=HH
1)

25



