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Abstract — During the development of low band-gap organic materials(p-type semiconducting organic compounds)
for organic solar cells, an oligomer consisting of 2,5-dioctyloxyphenylene(OP), 3-hexylthiophene(HT), and 2,3-dimeth-
ylthieno[3,4-b]pyrazine(TP) as repeat units, oligo(OP-HT-TP), was synthesized. The oligomer was amorphous in nature
in the temperature range studied, and well soluble in common organic solvents such as chloroform. The maximum
absorption wavelength was 716 nm in solid state. The band-gap and HOMO/LUMO energy levels of oligo(OP-HT-TP)
were measured to be 1.20 eV and -5.27/4.04 eV, respectively. However, the absorbance of the oligomer at maximum
absorption wavelength was less than one fifth of that of poly(3-hexylthiophene) which has been most frequently used in
fabrication of organic solar cells.
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37} n& E22] highest occupied molecular orbita( HOMO)Z}
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Az 378 221 Tl el =LA #-e-Eri6].

Zhe- e A At Sejae ] 7P ANkl A W F
S A ) 352 9 (electron-rich unit)2} AR &) =5
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2 Aqtof|A= AI7EA] WEEEES] 2,5-dioctyloxyphenylene(OP), 3-
hexylthiophene(HT) %! 2,3-dimethylthieno|3,4-b]pyrazine(TP)S. %
o] Folxl aEARE FAJskaLA} S o, A E O Al A s
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2-1-1. 2,5-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)-3-hexylthiophene

2,5-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)-3-hexylthiophene
< el e Al ojate] Al ir{14]. 78 °ColA n-
butyllithium(2.5 M Ak £ 38 mL; 9.5 mM)S AAR-9]7]0)A
2,5-dibromo-3-hexylthiophene(1.30 g, 4.0 mmol)2] tetrahydrofuran(THF)
£ 30 mLell F78kaL 2 AR 53 wHISISITE 0|04 2-isopropoxy-
4,45 5-tetramethyl-1,3,2-dioxaborolane(2.4 mL, 11.6 mmol)y& 2!
%3] A7ketar —78 °CollA] 1 AlIRF wRkek 5, Al oflx] HHAY F<t 3
HEgiTh, ke E34E-2 550l Y dichloromethane® & &
8k & 5= magnesium sulfate® G- A|ASIL s53510] AE)7h
A A2 wkE 129 (ethyl acetate/hexane, 1/10, v/iv)E 2] SFIATHH-
A g 0.84 g, & 50%). 'H NMR(CDCly, 8/ppm): 7.49(s, 1H),
2.85(t, 2H), 1.57(m, 2H), 1.34~1.28(m, 30H), and 0.87(t, 3H). Calc.
for C,,H;4B,0,S: C, 62.88; H, 9.11: O, 15.23; S, 7.63. Found: C,
63.36; H, 9.38: O, 15.01; S, 7.36.

2-1-2. 1,4-dibromo-2,5-dioctyloxybenzene

1,4-dibromo-2,5-dioctyloxybenezene 1310l ¥ E Axjof| w2}
A A|z3FSITH 15). =, para-dioctyloxybenzene(6.0 g, 17.8 mmol)y=
100 mL®] CH,CL/CH;COOH(1:1)°l| &-3llA]7]11, N-bromosuccinimide
6.70 g& H7FSISATE. 24A1%F Wb Frof] A 1A] REg- Eotaa
& 200 mLel| 910, f71E S5 Hefslo] Na,SO; E3} 8-
200 mLE A|HEth EO 7, MgS0,S ARgato] -8 AA%H
Fofl SiE Ao, QXA ol ES YAAA S
Lot FAES ofu} Fofl e wighE® AlFsk3Itk6.10 g,
S=&; 69%). '"H NMR(CDCl;, § ppm): 0.87~0.90(t, 6H) CH;,
1.28~1.83(m, 24H) CH,, 3.94(t, 4H), O CH,, 7.08(s, 2H). Calc. for
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C,,H;Br,0,: C, 53.67; H, 7.37; O, 6.50. Found: C, 54.01; H, 7.62:
0, 6.28.

2-1-3. 5,7-dibromo-2,3-dimethylthieno[3,4-b]pyrazine

5,7-dibromo-2,3-dimethylthieno[3,4-b]pyrazine> =& ol WL ¥
Add=ze] 2]5}o] thiophene . ZHE] 4 TAIE AR A8t
[16]. "H NMR(CDCl,, 8): 2.63(s). IR(KBr, cm™): 2943, 2355, 1625,
1519, 1442, 1394, 1365, 1258, 1169, 1038, 997, 956, 783, 712. Calc.
for CgH¢Br,N,S: C, 29.84; H, 1.88: N, 8.70; S, 9.96. Found: C,
30.25; H, 1.75; N, 8.86; S, 10.26.

2-1-4. Oligo(OP-HT-TP)

1,4-dibromo-2,5-dioctyloxybenzene(0.492 g, 1.0 mmol), 2,5-bis
(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)-3-hexylthiophene(0.84 g,
2.0 mmol), 5,7-dibromo-2,3-dimethylthieno[3,4-b]pyrazine(0.322 g,
1.0 mmol), 12|31 Pd(PPh,),(138 mg, 6 mol%)S 7230 mL)el
A F, K,CO5 784 (2.0 M, 30 mLyS A7) W25t
25291719] 90 °CollA] 96 AIXT FRE WRISIITE W] B
= 2314, bromobenzene(0.062 g, 0.40 mmolyS H718kaL 6A1XF

A1F1.© ™, phenylboronic acid(0.048 g, 0.40 mmol)S 75kl
IR RES AT, MK, SR kS o] FAAIT,
3} ol e DRAZIE Soxhlet 75 Ao opHlET} Bab
2 Abgsto] Hlkg BAEE Al Stk EE TS 2
FEF(550~600 mL)ell 30173 A7) $-(40~50 mL), HEkE:
o Tt A0 ZH 0.67 0] AE BHES Ak

d
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222. 58
A F7 1A ] 3t F= 'H NMR(JEOL FT-NMR, 400 MHz)
2HEHI FTIRJASCO-4100) 2~HEHS #413510] 1819t}
S o BxeEs A Ty g 2ekE 789 (PL-GPC110, RI
detector)ZHE] S35l o], xFEAY Sul|== 72 EEAE
N3} 22 2 Y55 ARSIIY $43E4 9] U4+ Vario EL 94%
M7 5 ARERte] AT Ak T S A ER] v g
23 E 7] (photoluminescence, PLYS JASCO V-670 247 2 A5}
o] S8, FitsleErs DFHEA7I(TGA, TA instrument Q-50,
7} = 20 °C/minyg ARE3to] AAigl7]elM S48t =
3} A2 Cyclic voltammetric, CV) 742 Versa STAT 35 A3}
o A8 oM, 0.10 M #-Bu/NBF, F2 25 §9S L8319
a1 AR AR elA sk o (70 £ 50 mVis), W

A9} Agag S 27} S} JlEaso 2 ALgagint.

3. A EE
3-1. &
A 2,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)-3-hexyl-
thiophene, 1,4-dibromo-2,5-dioctyloxybenzene, “1&]37 5,7-dibromo-
2,3-dimethylthieno[3,4-b]pyrazine> B welof T AHHAE
Fasto] Azt o, o5 2:1:19) EH|E EF4ll 83)|A17]
3L Suzki coupling RH-& 1ol A w25 49 skaat skoith
(Scheme 1). &A1 2] T2 bromobenzene?} phenylboronic acids
ARgste] HIE7]R cappingdFSit). /4 At EASHE vRkS
=212 Soxhlet |4 oAET} ko w FEaar Bogt Hghe
of] FHAIA AABITE.
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Scheme 1. Synthesis of P(OP-HT-TP) from 2,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)-3-hexylthiophene, 1,4-dibromo-2,5-dioctyloxybenzene,
and 5,7-dibromo-2,3-dimethylthieno[3,4-b|pyrazine in the presence of Pd(PPh;), and K,COj; in toluene.
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8 ; é é 41 ('3 é ‘1 0 Fig. 2. TGA curve of oligo(OP-HT-TP) (heating rate: 20 °C/min, N,
Chemical shift (ppm) atmosphere).
Fig. 1. '"H NMR spectrum of oligo(OP-HT-TP) in CDCl;.
solution
FAEAR] SR FLIRY 'H NMR 29 E-S #4899 film
A (Fig. 1). iﬂ*ala_lg 7)FAOEO 2 ALREF GPC B-A0] _
SISk, TRANS] S AT, FARTE RATM, ) :
7}7} 1,6009} 2,500 zx*ﬂ%it} Aol Nek S #-A40f 712 2
Sty NS9O S-S5 5789 A% m:n:0=094:1.0: 0.67= E
UERSHTHN 4.77%, C 66.3%, S 13.4%, H 7.96%). GPCEHE] =74 8
A M, A} 234 0 2] S8 whae] o] nh, )3 Ui <
1) B Aol 8 AR A ek v
9l FE AXFEE A3 m, n, 9 0] Ftgk> 27 24, 25“-1 e Nl e,
= stetuglr] whEel, PARAR: A9 Selnmet @ 5 glo —————
U% UZ]—E]—H OligO(OP-HT-TP)E]'J—l Uﬂuﬂo]-oﬂr/]- 400 600 800 1000 1200 1400
Oligo(OP-HT-TP)= r23) 7+ Wg 97| Gujlof 2 g3 Wavelength (nm)
HQ=d], 1 o)l F shi= ] S]] Bxjgko] ml$- 27| uf Fig. 3. UV-visible absorption spectra of oligo(OP-HT-TP) in chloro-
ot} dzeia)e O]%d_ 23 A3to] ] o33 Fig. 20l] Lheba form(solid line) and in a solid film(dotted line).
e} o), o] el wwle] Qi) Lt 300 °Col A2, of
215 e ol Eelarlel 2 gL aao;@;q Al A RSl FRATEY e Fig o] UERISIT Sobiel
of Fshthe Zle dAEt A F e FEad 635 nmo] 1o, A BE/gE A= 716 nm
2 053k tH(red-shift). 012 st Ar= 24} Afo] 9] Q1=o] 1A 2%
3-2. LS EN HolA] B8 78A] Lolwt| .,_0]1:]. 17]. folo] T4 AHEY
#4d3t oligo(OP-HT-TP)2] S22 2¥5 FN3} 14 FEo tist ofl A Fabd oo 2RE F570A IS 1,033 nme] 3o, ©]
Table 1. Summary of optical and electrochemical data of oligo(OP-HT-TP)
Xab onser ) (NM) EZ (eV) Eoxonser (V) Eredonser (V) E?"b (eV) HOMO (eV) LUMO (eV)
oligo (OP-HT-TP) 1033 1.20 0.56 —-0.67 1.23 -5.27 -4.04

aEgpt (CV) = 1240/ ;\‘ab,om‘er’ bE;“ (CV) = (Eux,un.ret - Ered,on.ret) (CV)
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Fig. 4. PL emission spectra of different weight ratios of oligo(OP-
HT-TP) to PCBM in films: (a) 1:0, (b) 1:1, (c) 1:2.

2ot daks Seae o] 38k e AEP)e] tEFE 0= 120 eV
& JERATH(Table 1).

Fig. 4= oligo(OP-HT-TP)/PCBM E&=o|| th3t pL AHEHS
LFERATE PCBM 3ol S71gtel]l wheba] g aim] ] whage] thgh
23 g80] S7FE™ oligo(OP-HT-TP)/PCBM 77| H]-&°] 1:19
e S2|um el wago] oyt 43wt o]2d A= oligo
(OP-HT-TP)/PCBM 14| E@=ollA 402 o37]% (photo-excited)
oligo(OP-HT-TP)Z €] PCBMO.& A} o) Fo] Hlw 4 &40
dojdrh= A& vERdTh &, PCBM Bl &o] F71gel we}
oligo(OP-HT-TP)Z} PCBM Afo]2] A 7haste] 2t o a4
o= o]Fsith= AL st

33, M7|slEe £M

Oligo(OP-HT-TP)?] #7138 540 =8k Agiapos w2
aglem, 71 Avh= Fig ol YERASIT) o= 2AllellA] Akshxds]
O] THANE py ppei= 0.56 VoI ABIGI=E, o]t A= o] &
2]a1#e] HOMO °lliA] 59171 =527 eVel= UERITK(Table 1).
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Fig. 5. Cyclic voltammogram curves of oligo(OP-HT-TP) in chloro-
form containing 0.10 M Bu,NBF,.
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Fig. 6. Energy diagram of PEDOT:PSS, oligo(OP-HT-TP), and PCBM.
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P3HT2] HOMOS} PCBM2] LUMO ©lU#] Z0]7} 0.7~0.9 eVEA,
oligo(OP-HT-TP)/PCBM S =9} H]5z3lthar & = QITH20]. ©]&]
3t Ak 2 Aol 433 el el PCBM SRI=E A48
o F71ejFAAE A2e 9oz P3HT/PCBM EA=5 A3}
of A& Ak} AR /S vERd Zlsle ekrlgith
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Fig. 7. UV-visible absorption spectra of P3HT (solid line) and oligo
(OP-HT-TP) (dotted line) in chloroform at the same concen-
tration (conc. 0.016 mg/mL).
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