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(7371 3434 6ellA,

2 2-o'd N (2-ethylhexyl)o]aL,

R'= 2- €5 A (2-ethylhexyloxy) ).
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ITO 7]38;

=(Ag) AFF o] SAA o ® AFH QIME =(inverted) 7% A& 5 ORE k= Al HFHA.

&7 AE =,

2,2'-((22,2'7)-((12,13-bis(2-butyloctyl )-12,13-dihydro-[1,2,5]thiadiazolo[3,4~

elthieno[2'',3'':4" 5" ]thieno[2',3":4,5]pyrrolo[3,2-glthieno[2',3":4,5]thieno[3,2-b]indole-2,10-
diyl)bis(methanylylidene))bis(5,6-difluoro-3-oxo-2,3-dihydro-1H-indene-2,1-diylidene))dimalononitrile
(Y6BO) 2 o] Fo RS EAOo=Z 3l LA HFHA.
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KR
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[0021] [s}eh4) 3]

[0022]
[0023] (7] 3384 314, R 2-o & & A (2-ethylhexyl) Q).

[0024] w3, 7] 3ok 42 FAEE A BEdA B9g o Al shgtes Al gt
[0025] [3}8}2] 4]

[0026]

[0027] (7F7] 8psta] 404, RS 2-o &2 (2-ethylhexyl) ).

[0028] w3, st7] sebA ' FAHEE A HYHA B8 3 i setes Al
[0029] [}e}4] 5]

[0030]

[0031] (A7) 382 5ollA | RS 2-dl" & A (2-ethylhexyl) ).
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(371 33k 6o A,
o 2-o|’dd A (2-ethylhexyl)o] i,
R'E 2-ol€ 32 A (2-ethylhexyloxy) ).

R, sh7] sk 72 A Ee A2A A BUS e A shees Ale itk

CHECERCE)

L 2-o’ A (2-ethylhexyl)o]aL,

"= 2-o "’ @A 2] (2-ethylhexyloxy) ).

=4 ggh= R o) F

K

A =l A= £ 7| fo 48 555 47 3Y
o A =Y " M JAHE ztes AT 2 SIS xeste 972 18R BSAR] (inverted type
polymer solar cell, iPSC) & 4 3

A7) 7w;e FFIEO =2 FYI AAR o|FA RS AL F 3, fFEl(glass), HEIIERUOIE
(polycarbonate) Zg v E v elEH g o] E (polymethylmethacrylate), Zdod e e o] E
(polyethyleneterephthalate), &#]o}n|=(polyamide), Z@]dEZ%E(polyehtersulfone) 58 EZQ o=
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s F Art.

gk, A7 FEAASS A7 TS i FRER o|Fo A =Y % HA AgHE EFse EFEC] F
e +=x22 49 Ad 5 den, o, 47l AR gEEe 2,2'-((27,2'7)-((12,13-bis(2-
butyloctyl)-12,13-dihydro-[1,2,5]thiadiazolo[3,4-e]thieno[2'"',3"":4' 5' thieno[2',3"':4,5]pyrrolo[3,2-
glthieno[2',3':4,5]thieno[3,2-blindole-2,10-diyl)bis(methanylylidene))bis(5,6-difluoro-3-oxo-2,3-
dihydro-1H-indene-2,1-diylidene))dimalononitrile (Y6B0) &9 WE#A AHEHE A&t slo] upghz] st

A7) k= 2 &= ITO(Indium Tin Oxide), SnO,, I1Z0(Iny0s—Zn0), AZO(aluminum doped Zn0O), GZO(gallium
doped Zn0) 59 w& AtstE, &FvEAl); &g, 5(Aw, Wa(Pt) 9 Holuwd, IEF w5, Ad
o

=
AgE S Qor, A5 weste] FHATE ol whas.

A7) B el we wEA B PAH ez, 110 719 7] HHA 1A 7 F ol sl &
ASE o) mEA SRR olFol Ax mu L YEBOR ool A HEE Eishe BYF AsE
HA(0)E TP FEAREF; D () AFF 0] #AHoR AFY n¥A HFAAT B F 9o

2]
W, oojul, 7] 10 713 B 7] AT Afolel Astold (n0)S+ F7t2 & & vt

2k ol , o] 3 (benzodithiophene, BDT) Q. ZA] Wzt
E| o3 (BDT), H4st WY (BDIF) T2 A 8§ FHOo2A ddu FEZA(TIND-HT %= TIND-
DHT)7} A dAe= 4 D 25 7HAH, 5% FANE 88 7K uEYAA 2824 BSdAE
T3] 9 FEAAT =Y AAEA K& AT = Q.

7
ol Ty 1EA(TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT 2 TIND-DHT-BDIF)E &4 s+
5]

T 28 B AAdqoA A Yy L—rz}(TIND HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT @ TIND-DHT-BDTF) 2]
wAb ek Y6BO ofAlEf Q] sheh 7 E wolF= Ewelt

T 38 2 AXNdoA Azxd iz BE U =Y 2829 Y6B0e A t3H (normalized) UV-vis A EF o]

&%k Hutol o] kY akAh, Y6BO B 7EF Ajge] oluA] =9 thelef el
Lo kxzd) stellAe] PSCe A U= of ASE HAdelt.

d

T 5(a)e Y AAdoA Az PSCY Jon/ Joar-Vorr 0151, & 5(b)= PSCY Jp-Tegr FA1 0T,

= 6(a)e Y A g AzsE PSCY Jeot F Z=(light intensity)e] #AIS HoFE= Aol =
6(h)= Tt & Z=(light intensity)®] #AIE HAFE= 4ot}

= 7(a) WA = 7(d)—'C— 1‘&% Aol A Az mu] DEANS E8HEE 59 GIVAXS ojw|X|o]al, = 7
(e)= WY (in-plane, 2 W] (out-of-plane, 00P) ake] &g kel RS Yepd gzl

T 8(a) WA & 8(d)E Y AA A Axs =1 182:Y6B0 B HE 9] GIWAXS o|u]A|o]il, & 8(e)
= HUY(IP) 2 We0or) W] sl gl RS YERd g Zolt).

WS A7 G FAF g

=
Bouye gl glold wEE ¥A /% EE T BE TAH Aol B e axg ¥AR
[e]

R = T

s 5 dua deE e Aol 2 AR AR AR Zleld.

w e el wE AAlds ged WS v = 9l o9 kA dEE THd ¢ dlers 54 A
& ZWol dAjsta & gAA e Edel AAAsAl dwstaat vk, gy ols el sidel whe
AA % ST AN GElel del @Al slo] oluml, X we] Al % 7% Melel EHE BE W
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2 A A ARESE gol= BA] 54 AAdE Aebr] 9 ARE Ao, # wys d4sEe -
7} ol were] mae Fu Egheth, 2 A A,
ERREG s A = A 54, &4, @A, &, H8E, BEE B olss =3
ol EATE ARste= AolA, st Ee 1 o] v SAECY A, WA, w2, P8, BEE
e oS 2 AES A T §UF hsAds VY wiAlekA] @ Zom ofsEojok dtt

A7) = (normal), 2% (secondary), 3¥(tertiary) W Alo]EE A UAE ztE= Edlgiolt). o
W, &d247]= 1 WA 20709 FALR(S, CCyp €Z), 1 WA 1071e] &292(F, GC €4), == 1 U
A 6] @AAA(S, -C L)E 7HE 7 . A &a7)9 o= #EMe, —CHy), o€ (Et, -CHCH;),
I—Eijé(n—Pr, Q‘Eijé], CHQCHQCHg) 2- _‘_j_i ( -Pr , L_Eijé], _CH(CHg)g), 1- ‘-r (Il Bl,l n- “?‘E]E,

g

-CH,CH,CH,CHy), 2-W€-1-Z &3 (i-Bu, i- , —CH,CH(CH3),), 2-%-¥"(s-Bu, s-%49, -CH(CH;)CH,CHs), 2-+€-
2-Z 2 (t-Bu, t-%49, -C(CHy)s), 1-3=(n-AE, -CHCH,CH,CHoCHs), 2-3E (-CH(CH;)CHoCH,CHy), 3-€l (-

CH(CHyCH3)2), 2-w| &l -2-5-2 (-C(CH;),CH,CH3) , 3-H & -2-5-2 (-CH(CH;)CH(CH3)>) , 3-HE-1-FE (-
CHoCH,CH(CHy)2), 2-w®e-1-5-2 (-CH,CH(CH;3)CH.CH,) , 1~ (~CH,CH,CH,CH,CH,CH3) ,  2-3 4 (=CH(CH;) CH,CH,CH,CHs)
3-8 A (-CH(CH,CH;) (CH,CH,CH;) ), 2-wl&-2-& (-C(CHy)2CH,CH,CH;) , 3-vl & -2~ & (~CH(CH; ) CH(CH;3)CH,CHy ), 4-™]

g -2-3E (-CH(CH;) CH,CH(CH3)5) , 3-WE-3-3E (-C(CH;) (CH,CH3)5), 2-wWE-3-#A" (-CH(CH,CH;)CH(CH3)2), 2,3-Y]
21-2-5-2 (-C(CH;3)CH(CH3)»), 3,3-THlE-2-5-8 (-CH(CH;)C(CHy)3, ¥ SE(-(CHy),CH;)& XEF3FA|RE, o]e gk

7 Sol Wil "NPH oleke Fol, T BW, "NDE XU 5 A7 s} oY Fa At 4% =

2 Hh)ea A7z Add 44, 55 ot dd49 Af7l= X, R, -0, =0, -0R, -SR,

EE i
1?5

—Si, -NRs, N Rs, =NR, -CX;, -CN, -OCN, -SCN, -N=C=0, -NCS, -NO, -NO,, =N,, -N;, -NHC(=0)R, -C(=0)R,
-C(=0NRR  -S(=0),0 , -S(=0),0H, -S(=0);R, -0S(=0);0R, -S(=0):NR, -S(=0)R, -OP(=0)(OR)z, -N(=0)(OR).,

-N(=0)(0 )5, -N(=0)(0H),, -N(0)(OR)(0), -C(=0)R, -C(=0)X, -C(S)R, -C(0)OR, -C(0)0, -C(0)0, —C(0O)SR,

-C(S)SR, -C(O)NRR, -C(SINRR, -C(=NR)NRR(®{7]A, Z} X&= =9 —121
H37

g=270: F, Cl, Br, &% o], R &
HqHo= H, &4, ofd, ofddd, sERAlS, B BRIV dyofe F

B EFEAT, oo AT

ofsh, £ wHe NS Sol A AYs)w et

A (TIND-HT 2 TIND-DHT) ] 34

) TIND-HT =2 TIND-DHT &= 1,3-t B 22 -4H-A| S 2 HEH c]E| 2. 9-4,6(5H)-t] (1, 3-dibromo—4H-
cyclopentalclthiophene-4,6(5H)-dione) ¥ 5-3AE] 2 #-2-7} 2 B ¢d| 3] = (5-hexyl thiophene-2-carbaldehyde)
e 4,5-HAAE Q. HA-2-7t B & H|E}o] = (4, 5-dehexyl thiophene-2-carbaldehyde) A}o]2] Knoevenagel =3t Wh
<ol o3 FEEATHE 1)

(1) 5-hexylthiophene-2-carbaldehyde (3}gE&E 2)9] A

DMF 0.548g(7.5 mmol) % POCl; 1.15g(7.5 mmol)®] E3F=S& 0TolA 30% &+ uykate] Hxmlo]o
(vilsmeier) Aef& ATt 1.30nLe] Rl 2phojo} AlfE 10nl I 22el® 3 0.785¢(4.6mmol) 2-S ]
ool golo] H7FsIATE. W& N, 7k Shell 90ColA WA EFA R Ao WAAZ F NalC0; &
NG W EFEO] HUbeGitt. EFES UFERMBU0) o ® FEHaL, NgS0,E AxA7a, &uE 7etst
o FHAIZTE. HA AAS MC/AN(6:4)S AHEEte] dEgbA AdAazRvtEadgu R F7F GAlste] BHES
A A (0.92g, 88.0%) 2 S5

ol
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MS: [M+], m/z 196 ' NR (400 MHz, CDCls, ppm): & 9.78 (s,1H), 7.59 (d, 1H), 6.88 (d,1H), 2.84 (t,

2H), 1.67 (m, 2H), 1.29 (m, 6H), 0.86 (t, 3H). 13(: NMR (400 MHz, CDCls, ppm): & 182.75, 141.66,
137.13, 125.91, 31.53, 31.31, 30.91, 28.75, 22.59, 14.11.
(2) 2-Bromo—3-hexylthiophene (3% 4)¢ A

3-aldEl el 3g(17.8  mmol)&  EHIEZS|==FI(THF)  40mLell 21 %, N-HERS40lW] = (NBS)
3.49g(19.6mmol)S WA F(ice bath) FoA 3| 713 ct. A2oA 3A]7F ot wh

EYEHsgT. & 100mLE H7bsle RESS FEAIZ 3, tdddEHE 100n®E FE3Av. F713S T8
I A (brine) 2 b AFHBATE. MgSO,Z AERAI 5, &ujE Ut = NS

g2 N (eluent) 0.7 o] &3 APARnE YR AAste] T ©A(4.10g, 93.4%)S
MS: [M+], m/z 246. lH NMR (400 MHz, CDCls, ppm): & 7.20 (d, 1H), 6.82 (d, 1H), 2.60 (t, 2H), 1.61 (m,
2H), 1.35 (m, 6H), 0.93 (t, 3H). 13(: NMR (400 MHz, CDCls, ppm): & 142.06, 128.34, 125.23, 108.93,
31.78, 29.86, 29.54, 29.05, 22.76, 14.25.

(3) 4,5-dehexylthiophene-2-carbaldehyde (3}3& 5)¢ A

27 ZEfado] 2-BRR-3-dE e

U‘I

.41g(21.9 mmol) ™ Ni(dppp)Cl, 0.59g(1 mmol)< THF 25mLel|l *=<it}.
ice bath Zol A hexyl-MgBr& FEo AH3 Atskarh. oleid, EFES A4
FAZT. GEE FEo|= 23 48 HUletel WSS $RAVA, Wk E3EE ditew FUtR &6
Ak, AFE FAHE AEg &, Z2FES MeS0,E AXRA7]a §HE 3 TR FAARHT. APES i

S goldog ALl Ay FRulEad 2 GAste] FA 0 (4.90g, 88.0%)S FEIT).

v
k3

o [fob

o w

1H NMR (400 MHz, CDCI3, ppm): & 7.03 (d, 1H), 6.82 (d, 1H), 2.72 (t, 2H), 2.51 (t, 2H), 1.63 (m, 2H),
1.55 (m, 2H), 1.31 (m, 12H), 0.90 (t, 6H). 13C NMR (400 MHz, CDCls, ppm): & 138.89, 137.78, 128.76,
120.96, 32.03,31.84, 31.73, 30.94, 29.81, 29.30, 29.14, 28.31, 27.87, 22.73, 22.70, 14.19.

(4) 4,5-dehexylthiophene-2-carbaldehyde(3}3E 6)9] 3HA

DMF 6.95g(95.1 mmol) ¥ POCls 14.58g(95.1 mmol)9] EFES 0TolA 30% =<t

. Hlxmlolo] A|kFS 48mLe] UE R R E F 6.15g(24.4 mmol)e] 2,3-TIFAE]QHA LMol A3
e TEES N, £97] sto] whA FAZT. ALeow WZAZ T Nal(0; FEAS HIFsES

_‘_,
El
rE
QL
92
i)
[>
o
=
o
2
2>
12
tlo

b, EFES dER2YB00or FE8kaL, NgSo,= AxA7IaL, &ulE st SEAIZT 2 2 dE

NC/B2H(6:4) % AFEtE APoba Agamstedds® 71 gAsh] ABRA 3

_133
to
e
=
(o))
(e))
(@)
0g
O
()]
(@]
=
&
tio

MS: [M+], m/z 280. 'H NIR (400 MHz, CDCl;, ppm): & 9.78 (s,1H), 7.03 (s, 1H), 2.77 (t, 2H), 2.52 (t,

2H), 1.66 (m, 2H), 1.57 (m, 2H), 1.31 (m, 12H), 0.89 (t, 6H). TR (400 MHz, CDCl;, ppm): & 182.69,

151.88, 140.11, 139.47, 138.48, 31.73,31.60, 31.29, 30.52, 29.12, 29.01, 28.80, 28.13, 22.67, 22.62,
14.13.

(5) 1,3-dibromo-4H-cyclopentalc]lthiophene-4,6(5H)-dione (3}3HE 8)2] A

Lol Egegolyl = 0.240g(1.8 mmol)2] oHolHE ofMEHOIES, A4 3lolA olAEA HE=E Inl
0.406g(1.3 mmol)®] 4,6-t]BZX-1H,3H-Elel}=[3,4-c]F&-1,2-t& Al H7bepsleh. 7 v, ueas
65CollAl WAl EFAIZT. EFES Ao YAAZ &, ice bath 27 3ol 3|4® HClel il MC2 F&
s, F7IAS FEA AL FF HCL FolA 60ToA 2417 Fo FRFAHY. EFES M2 FE38}aL,
NgSO,= AxA71aL, &ulE dstel LAz, &l oz MC/FH(10:1)S Ab8ete] Hejzhbd A9
Eauz &84 aAE AAlste]l &4 aA](0.207g, 51.0%9)5 5383

ff
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MS: M1, m/z 310. H NMR (400 MHz, CDC13, ppm): & 3.51 (s, 2H). C NMR (400 MHz, CDCls, ppm): &
187.07, 145.52, 113.05, 53.29.

(6)1,3-dibromo-5((5-hexylthiophen-2-y1)methylene)—-4H-cyclopentalc]thiophene-4,6(5H)-dione (3}E 9)<

A7) 3k3E 2(0.163g, 0.827mmol) 2 A7) 3&E 8(0.309¢, Ilmmol)e] =&
2

T SREEE AT, W Ed=s 24 24 st 65Tl A & ==l
2t fEEEAEMN0ORE FE}L {715 MgSoE AXRAIAT. Fdste] &rEs AAS &, =84 E
(crude product)s MC/EAH(2:1)S fEdo= Algste] AA=wlEa Iz F7F AGAste] A A

(0.403g, 84.6%)E 453} T).

MS: [M+], m/z 488. I NIR (400 MHz, CDC13, ppm): & 7.94 (s,1H), 7.88 (d, 1H), 6.99 (d,1H), 2.93 (t,

oH), 1.76 (m, 2H), 1.32 (m, 6H), 0.89 (t, 3H). C NMR (400 MHz, CDCI3, ppm): & 181.17, 180.93,
164.38, 144.64, 143.65, 143.20, 139.98. 135.42, 129.46, 127.22. 112.12, 112.01, 31.54, 31.34, 28.92,
22.60. 14.13.

(7)1,3-dibromo-5((4,5-dihexyl thiophen—2-y1)methylene)4Hcyclopentalc]thiophene -4,6(5H)-dione (3}3&
10)9] ¥4

A7) 33FE 6(0.306g, 1.09mmol) 2 A7) 3H3HE 8(0.402g, 1.30mmol)e] &£3EL Igd 6927 34 15mL
o] B FREFEE FAAT. WS EFES DA F7 Fo 65T WA FFAATY. S WS E3E
o {2 og MCE FE3ML A7IF5S NgSO,E AZXAFT. st &wE AAS &, 2AAHE(crude

product) MC/EAH(7:3)& &eldjo Abgste] AdAmRvEINNE F7b Aalste] &4 11(0.357g,
57.0%) & F58kaltt.

MS: [M+], m/z 572. I NR (400 MHz, CDCls, ppm): & 7.88 (s,1H), 7.79(s, 1H), 2.82 (t, 2H), 2.54 (t,

9H), 1.72 (m, 2H), 1.58 (m, 2H), 1.31 (m, 12H), 0.88 (t, 6H). "C NMR (400 MHz, CDC13, ppm): & 181.38,
181.02, 159.76, 145.78, 143.68, 143.23, 141.84, 139.93, 133.65, 129.12, 111.80, 111.75, 31.72, 31.60,
31.32, 30.49, 29.42. 29.24, 29.18, 27.89. 22.68, 22.62, 14.17, 14.14.

2. &1 3 EZ(TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT ¥ TIND-DHT-BDTF)<] A

Bl 28 += 2w BDT 3+ BDIFS} 1,3-t]H 2 E-5((5- A E| o dl-2-< ) edl )-4H-Alo| FZHE} ] E] Q.-
4, 6(5H)-t}o](1,3-dibromo-5((5-hexylthiophen-2-y1)methylene)-4H-cyclopentalc]thiophene-4,6 (5H)
-dione, TIND-HT) ZFe] =¥ F=3 WkS(Stille polycondensation reaction)o @ gAJ ¥ o] TIND-HT-BDT 2
TIND-HT-BDTF  Ze|WE <vh. TIND-DHT-BDT 2 TIND-DHT-BDTF Z&|™i TIND-HT thal 1,3-tjHZ=X-
5((4,5-t)aA 2] o #H-2-d) v d)4HA | F Z 3 e} ] E] 2314, 6(5H)-t] (1, 3-dibromo-5((4,5-dihexylthiophen-
2-y1)methylene)4Hcyclopenta [c]thiophene-4,6(5H)-dione, TIND-DHT)S& Al-§-3le] sdg Wi o= A=A
(= 1.

(1) TIND-HT-BDT % TIND-HT-BDTF<] 34
Schlenk Zefx= A @& TIND-HT(0.2 mmol), BDT X+ BDTF(0.2 mmol) 2 Pd(PPhy)4(5%)& Az EF4l
5

(dry toluene) 4mLel &3jA|Ft}. TIND-HT-BDIFe] o3t whe &E3-&E2 N2 F97] 3l A 100Tol A 164 7F
WHESh= 3, TIND-HT-BDTol ohdh 9bs &8-S 17413 &t wukslgith. oJofA], et 74P Al (end-capping
agent) 2 2-EF|FEAEdE A B 2-HIRE OIS 24 7HH 02 Aolo] HIFSIGIYE. g EFES AL
o= YZA7| L wWEkgd Bt IAHMES Hof AX:A F wekE, Ak, ofME, ERIEFORE £EY
FZ(Soxhlet extraction)ste] o AHA ST, vix|o s WegzHE o A o3t S22¥E FIEZF

B E#AE #hskn agstl AazAnc.

TIND-HT-BDT(127mg, 67.9%). H ONMR (400 MHz, CDCls, ppm): & 2.95 (s), 1.58-0.99 (m). GPC=16909,
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PD1=2.38, TIND-HT-BDTF(140 mg, 72.1%). I NIR (400 MHz, CDCls, ppm): & 2.95 (s), 1.57-1.02 (m). GPC:
Mn= 10607, PDI= 2.19.

(2) TIND-DHT-BDT % TIND-DHT-BDTFe] 34

TIND-DHT-BDT % TIND-DHT-BDTF+, whekA|= A TIND-DHT®} BDT ¥+ BDIFS Ab-&sle] x<43k TIND-HT-BDTH %
Jg wHow AT, oW, TIND-DHT-BDIF 3H4<S 93 whe EatEo N 59)7] ahe] 100Co|A 2247
2o} wukalgd L, TIND-DHT-BDT A4S 93k ubg 822 3047 Sob wwtalgn),

TIND-DHT-BDT(160mg, 80%) . I MR (400 MHz, CDCls, ppm): & 1.60-1.02 (m).GPC: Mn= 35746, PDI= 3.38,

TIND-DHT-BDTF (108 mg, 54%). ' MR (400 MHz, CDCls, ppm): & 1.57-1.04 GPC: Mn=35009, PDI= 2.45.

T 2% 7] a7kA EZEWe] B2 RE HAYFEY. BE S FREEEXE 2 ZE2aAl dig &=t

ettt EFEAe FEd —E—Z}%‘:(Mn)% THF &89S 283k A F3 A=ZntET I (gel permeation

chromatography)el &) =49 ow | sz & TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT % TIND-DHT-BDTF

Z}zte] i3l 16.9, 10.6, 35.8 ¥ 35.0 kDao|ATt. N, #9714 E52 SA(TGA) 93] &) & <44

S 7}e A3, TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT 2 TIND-DHT-BDTF ztzte] B3 &%(Ty, 5% 5%

£4)FE 405C, 392, 382TC % 378TEA 7% 4 dAAES Uedlth. AAFAMEZ A (differential
1

o]
scanning calorimetry, DSC) ME g wW2H {2 Aol I 8§ As} 22 & #Ao|(thermal transition)
= #FEA] okt

<A 3>

T 39 EEH FE9 FF 2HER mEd, ZEve F A9 FF WE, S 4 2 37 99 (400-550
) ¥ o 71 3 9 (550-850 nm) ol A AN F 54E& A o2 D-A ZE| oA 7]
doh. A WA Fa3s v wWiEe] pg-oqx Fdolo 3HsteE ghd, 7 WA W=+ BIT X+ BDIF =4
TIND-HT % TIND-DHT JA41E Alele] &x} W] A3} ¢]&F (intramolecular charge transfer, ICT)¥} & ET}.

A AENAM F ZH#k(absorption maximum)-2 &N} H|nsle] ok A A Hol(red-shift)HH, o= J_Zﬂ
Aol ZEn Al&el Wk & &) ]eldt}. TIND-DHT-BDTY &<=%(absorption edge)> TIND-HT-BDT %
g o} vaste] A g 154%} ol YA XNE QF(di-hexylthiophene, DHT) F-Zol oJ&9o] NS F=71atH
Ao 7 540l 12tk AL AAETE. EREA| % BDIFE E3sts Zevs= S8k BT 7)
Wb ZE]u 9} Hlulsle] k. ol gk A= HOMO oA #997F 9 ZAl #Has 2= e He
ol F7lske AR #Ho) A E} TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT 2 TIND-DHT-BDTF¢] 333}t
WE e Batto A 223k om | 7247 1.52 eV, 1.54 eV, 1.58 eV @ Z}2} 1.60 eVE #7334 wiz=7] 9
FAE wskth. TIND-HT-BDT, TIND—HT—BDTF, TIND-DHT-BDT % TIND-DHT-BDTF2| &4 7#4=(The absorption

Oﬁ o_&
1 09‘_’,
o

yo, g fo
o o o
‘h SN

2

coefficient) 4.08 X 10 em ', 7.31 % 10  cn , 7.41 X 10" em ', 2 27} 9.24 x 10 en . °]gT}. F-%
A7 = Z2] W (TIND-HT-BDTF 2 TIND-DHT-BDTF)i= ®]E-2:38} Z&]» (TIND-HT-BDT 2 TIND-DHT-BDT):.t}
2 S5 AF #@E MY E 304 & 9lRel e S5 W9lE Y6BO AAlE 9} R AeH, o= 2
M-7IA|F A FH Q)M FAo 2o B oA F4ol glojA] o] e] =}, TIND-HT-BDT, TIND-HT-BDTF,
TIND-DHT-BDT 3 TIND-DHT-BDTFe] 3384 54L& & 1o 8ofw o] 9},

Z g vl HOMO/LUMO olu#] &9+ <8 AYHAFHCV) wE 23t 2 3 QA AY2HE FAs.
HOMO = LUMO oA 9]+ TIND-HT-BDTS] 7%~ -5.37eV/-3.51eV, TIND-HT-BDTFQ] 7¢- -5.42eV/-3.49eV,
TIND-DHT-BDT®] 7-%- -5.26eV/-3.56eV, TIND-DHT-BDTF2] 7-$- 7}Z} -5.34eV/-3.54eVe]At}t. TIND-HT-BDTF 2
TIND-DHT-BDTF Z¢A|e] HOMO &9+ H|&-43} Zﬂxﬂ(TIND—HT—BDT 9 TIND-DHT-BDT)ell ®]3l] o wtom, o]
23k 743k PM6 % PBDB-T-SFo} 2o T ZgwjoAm #zy BT w9z B4 Az =gow Awysd &
ATk, FFH, Y6B0 % tiuHlo] Ao thE A8 A F9 tolo]af e & 4(a)dl =AY, A F9
O 2 RE IWEI=Y (inverted-type) TlHlo]XoAl &o]dt 3} £ 2 % HHo] oy, Tl
dAIE FE 9 A3t olF Avs AR Y &F et =Y-oAlE B=dA PL SAS FAY
TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT % TIND-DHT-BDTF®] PL W3-8 740-900 nm 11 ¥ Y6BO7}
= ZEy Ed=9 AL PL vaE RE ZEud d& a4 o2 A% (quenching) Bth. o5 =4 tis)

x5

us ;9.‘\1
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A PL 9L oo EUish YoRO Abolel AAE slel % s ool g anky

o
s

SEEREN

<® 1> Zelvle] #el 9 AsFed 54
5 Energy level (eV)P b
Polymer (nm) (eV) DOMO LUMO (eV)
TIND-HT-BDT 449, 722 1.52 -5.37 -3.51 1.86
TIND-HT-BDTF 445, 705 158 -542 -3.49 1.93
TIND-DHT-BDT 455, 725 1.54 -5.26 -3.56 1-¥0
TIND-DHT-BDTF 455, 705 1.60 -5.34 -3.54 1.80

Hr
)
2
2
=,
4

Z(cyclic voltammogram)2] Ats} 2 3¢ 7|A] AQjellA] AL 3k

Gaussian 09 X =139 B3LYP/6-31G** <F=ollA "= 3= o]Z(density functional theory, DFT)S A}-8-3}¢]
TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT % TIND-DHT-BDTF¢] ZEElo] Ex Qu]E(frontier molecular
orbital) ¥¥2 #H71Ah. 73k A4S 98] TIND-HT == TIND-HT 9418 ®: BDT(XE BDIF) =u9 &
T 92 AFES WEr|E ks, ek, Agks folshAl shy] flE At wES 2vfe] whR ke LbEL
Wlth. TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT % TIND-DHT-BDIF Z}2+¢] DFT A4k LUMO 2 HOMO olu=] &
Q1= —4.89eV/-2.83eV, -5.12eV/-2.90eV, -4.84eV/-2.68eV & -5.01eV/-2.79eVolt}. o]#ld Azt BDT ©h¢ 9
B4 9A7F ZEm9 HOMO 2 LUNO dlyA] &8 SAldl AAaAA 5 S B, o4 B4 AE
ste] AlAEE LUMO % HOMO oA &=919] g2 Fa 2 17|38t4 Ao HeS nsir).

TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT 2 TIND-DHT-BDIFY] A=A} S ZAe] FHA] S A 93
ITO/Zn0/Donor :Y6BO/Mo0s/Ag2] SIHEI=S 25 717 gulo]~E AFsta eH2EU. olul, Y6BO= JAH
2AZ AFEEATE. FAR] e U9t Y6B0 JAEH Atole] thekst &3 H|&¥ FAS FAA HAESN
oh. A =3 v]&-S TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDTS] 7 9-of+= 3 : 3, TIND-DHT-BDIF®] 7% 3 :
4olAt}. = 4(a)ell m=AlE ule} o] tufo]xzoA a&4Q 3} £ Al F5/4778 Z2A27 7|8
ok AM 1.5G A&l x4 stolA FAstd &3 v &odA MY AF LE-"AU-) 34 = 4(b)l
A Y tulolao] ZhE HEtvE e 20 f.9FF o] vt EE] W] PCEE TIND-HT-BDT(4.99%), TIND-
HT-BDTF(6.21%), TIND-DHT-BDT(10.64%), TIND-DHT-BDTF(11.1%)9] &=A2 Z7}glen,  TIND-HT-BDT, TIND-HT-
BDTF, TIND-DHT-BDT = TIND-DHT-BDTFQ] Ty 32 ZHzF 0.75, 0.84, 0.76 & 0.82Ve]3ltl. BDIF & 9= 7HA+=
Z2™<1 TIND-HT-BDTF ¥ TIND-DHT-BDTF&= ZtZtell of-g-8h HlEAs)t Z2]™ATIND-HT-BDT 2 TIND-DHT-BDT]
g o =2 Je %S JElde=d, ol BIT @9l B2 YAt 93] f==+ 3t o5 H (down-shifted)
HOMO &l 71213k}, Ab7] 47) vlwpo]zo] IPCE 4o wrEw 300~900nme] ¥-& 33 HAE Avsl= Ao
2 o, ol =Y ZEMrF Y6BO JAEHS A drdor HUdY S5 & o] FAAEE P5S
RoFo,

TIND-DHT-BDT Z2]9 (FF = 56.7%) = &2 (hexyl) A}&o] 7150 22 A< (FF)7} 3% 3 TIND-DHT-BDTF(FF
= 59.9%) = A% WA FEAS THHE w2 E)7F BdEe] Sx Al v FdE. IPCE A ERA A
AbE T w2 1.0 HS 29 StellAe] J & wWETE. J. & TIND-DHT-BDIFE Alelstis Z¥™e &4 A9

AL

o

i

o

AE wgith. o] 22 obai TIND-DHT-BDTF ~7]¥F tjulo]2~7} thE 3714 ZHHE AMEgE fufo]~e) EdlY
Hlgo] t27] uj+d Ao|t}.
w3k, AE A (R) 2 HE AI(Ry) HlolHE & 7 (dark condition)olAe] J-V XA FFIATH (=

4(b)2] AI%=). TIND-DHT-BDT(2.38 Qcmz) 2 TIND-DHT-BDTF(3.40 Szcmz) 7149k gjufo] ~3= TIND-HT-BDT(7.05
Qem) = TIND-HT-BDTF(5.52 Qem) 714F tlujol 2o vlE] © e R S UEHEd, o] &Y tlufo] ~9)

Jo B FF FA3 Ax3c}. tutel 29 Ry, - TIND-HT-BDT(0.31 kszcmz), TIND-HT-BDTF(0.32 ksacmz), TIND-

DHT-BDT(0.56 kQecm), TIND-DHT-BDIF(0.57 kQem2)®] wMZ Zrlglon ol Zgve Bdx Asae 2
SRR =
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ZEv el A 5 A4S A el @Y AAAA(electron-only device) ¥ ©Y A-FAAthole-only
device)2A Z}z} 1T0/Zn0(25nm) /=)™ :Y6BO/LiF/A1(100nm) = ITO/PEDOT:PSS(35nm)/Z2]™ :Y6BO/Au(50nm) 2]
T2E 7 E 222 AZstgth. TIND-HT-BDT, TIND-HT-BDIF, TIND-DHT-BDT % TIND-DHT-BDIFS 7]wbo = &}
= rupo] 29 AE o]EE= 72} 1.24 X 10 en Vs, 2.01 X 10 emV's , 2.18 X 10 enV's 2 2.06
X 10 emV s oW, Ax} o]Em= 7+ 1.06 X 10 emV's L 1.58 X 10 emV's , 2.06 X 10 cmV s @

1.99 X 10 cemV's o]2lth. AE/Axt o]E%= TIND-HT-BDT, TIND-HT-BDIF, TIND-DHT-BDTF 2 TIND-DHT-
BDTS Mz Ha Z7i3low, o= &9 % A9 J.o 7Agky} = A3k, TIND-HT-BDT, TIND-HT-
BDTF, TIND-DHT-BDT 2 TIND-DHT-BDTF 7]¥F tjujo]~e] /AR o]%% H](ratio)= Z+7+ 0.78, 0.71, 0.86,
0.88%4] TIND-DHT-BDT %! TIND-DHT-BDTFE 7}*|& tiufo]+= TIND-HT-BDT ¥ TIND-HT-BDIFE 7FA|& tiu}o]
2o Hlg BT} F3Ho] #3 9rl. olelst Zu= TIND-DHT-BDT 2 TIND-DHT-BDIFE 7|Wlo 2 3= t]nfo] A7}
g Hojd M3t 5 2 FF BEAS HES orEid, ol dld tnlelxe ¢ =& FF 3t WAHsHA dXg

e bl xe] Adt 4 2 4y BAS o]sﬂsm o8, FAF W P’M a5 A% D o)
o IAE AXNAY(Jy, = L (21 slollAe] AF ) - B (F 24 Sl AF HE), Vs = W (Jy =

OcllAe] At - 1, (*I7F Ad)). = Baol =A|gh wpe} ko] TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT %
TIND-DHT-BDTFE 7|Rto. 2 gk tjupo]x~ Zpzbo] st FAF G (K)ol A Ve w62 0.29, 0.28, 0.27 B 0.23
o]lem, ©o]i= TIND-DHT-BDTF7} &3b sk A|gk G (space-charge-limited regime)elld ¥3F 99
(saturation regime)© 29 W& AZS YelWs oumditt. Age] =% 2 =1 FE(h/Ju)S Y E3}
Jgomre AARE 5 gon, %3} AF UE J, = mhdl FEBeRZRE AsrEch. weld, TIND-HT-BDT,
TIND-HT-BDTF, TIND-DHT-BDT % TIND-DHT-BDTFE H]gH PSC &A1 J,. XAAMNA Jon/Jsa = 22 87.8,
76.8, 82.9 B 87.9%01omM, o= X AF(FF)o AFH U R YT Ho INE AL 5
(Guo)< WAA Gux = Jn /a- L& AHESt] FAEACH, ojuf g} L& 24z Hap dstel @459 FAd o
Elfith. TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT % TIND-DHT-BDTF 7|9t t]mfo]xo] Jg olMe Gue ZHzh

1.21 x 100, 1.34 x 107, 1.43 x 107 2 1.45 x 107 0]At}. Gue S4Ze #55 A%y A4uaist
e, B ANeelA Tulelzel Guel ARE TIN-DIT-BIFE Aslstat: Eelul Bge) §5 A%
9

wpgkt}, o] & TIND-DHT-BDTF 718 tjulo]x~7) thE 371#] 2™ E AMESs tulo]xe) Ed
27] uiZQl Rez wlrt,

<

onl
o%

H|&o

)

o

<E 2> AM 1.5G, 100 mW/cn’ 2™ 3tolA] PSCe] #AA A

ol : i - T B OEE (kRth Calculated

olymer m cm

L VM 0 0 @m) 5 (mA/md)
) cm’)
133 075 500 499

TIND-HT-BDT B D ey T AS 13.1
167 084 444 621

TIND-HT-BDTF Aeh Bt 4% &7y Ss2  ooss 165
249 076 567 106

TND-DHT-BDT 343 78 @287 198 238  ose 250

TNG-DETEpE 228 088 288 il aa5 oy 224

{22.5) (0.82) (59.3) (10.9)

WBE PSCol A o]&A A AgH(bimolecular recombination)S A¥ 7] $j8] 4719 Ed= HE9 F = (light
intensity)el Wt J el AL SAAT(E 6(a)). St F ZE 7He] BAE J o« Tweoln] | o] 7] A4
as g #AxEe 7Ie7loltt. BE A Ashb ol EAk AAg glo] FEEH e 1711 ool &
t}. TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT % TIND-DHT-BDTFel thdl a 72 7

1.0122A 4709 tiuto]zofA o]zt AAF o] HAastdS & & Aok, w3, 7} fupo] 29 E%‘ P%_JZ- AN A7}

N
)
—
o e
(e
|
—
O
N)
—
o
(e
©
g
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(trap-assisted recombination)2 Ty #t W g & 7w s Z2EE] HIFEA (T 6(b)). Ve nkT/q

o] 71 E71& In "o A¥How oFdH | A7) n& 2ADY AR (scaling factor)(l < n < 2), ke B=7
/ROL’.":7 = 718 A, TE AW =2 Jehid. no] 13 gom(7]87] = 1 kT/q) tlulo] 2o o] &4}
to] $AIsH, no] 29F ZoW(7]€7] = 2 KT/q) GEA AZAF(EH Bx AAF)o] $AS . & A
TIND-HT-BDT, TIND-HT-BDTF, TIND-DHT-BDT % TIND-DHT-BDTF Z}Z}& 7|wto =z 3k X% 3le ZX]of
2 1.50, 1.24, 1.33 2 1.250]%t}. o]&)st ZA¥= TIND-HT-BDTF, TIND-DHT-BDT 2 TIND-DHT-BDTFE
H= "JHPOV\OHHL Ef 2z AAFo] Al S YepdTE. wela], dulo]~e] dal AAT 3
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