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Heck coupling reactionS ©]-2-3ll4] poly[2-(2,6-dimethyl pyran-4-ylidene)mal ononitril e-alt-1,4-bis(dodecyl oxy)-2,5-divinylbenzene]
(PM-PPV), poly[2-{ 2,6-Bis-[2-(5-bromothiophen-2-yl)-vinyl]-pyran-4-ylidene} -mal ononitrile-alt-1,4-bis(dodecyl oxy)-2,5-divinyl -
benzene] (PMT-PPV), poly[2-[2,6-Bis-(2-{ 4-[(4-bromophenyl)-phenylami no]-phenyl}-vinyI)-pyran-4nyidene]-malononitrilealt-
1,4-bis(dodecyloxy)-2,5-divinylbenzene] (PMTPA-PPV)Z 34 }Oﬂrﬂr PM-PPV, PMT-PPV, PMTPA-PPV 2] band gap 2+2}
2.18 eV, 1.90 eV, 2.07 eVE YEIRLTE LUMO olvA] #9& 27} 3.65 eV, 3.54 eV, 3.62 eVE YEFEI HOMO ol A
9= 247 5.83 eV, 561 eV, 552 eVolil AAE AAS }01 =25k A3= AM 1.5 G [1 sun condition (100 mA/cm?)]ellA]
o] &2 0.028%, 0.031%, 0.11%°]3L open-circuit voltage (Voc)& 0.59 V~0.69 VZE YElRITE

A sies of poly[2-(2,6-dimethyl pyran-4-ylidene)ma ononitrile-alt-1,4-biS(dodecyl oxy)-2,5-divinylbenzene] (PM-PPV), poly[2-{2,6-
Bis-[2-(5-bromothiophen-2-yl)-vinyl]-pyran-4-ylidene} -ma ononitrile-alt-1,4-bis(dodecyl oxy)-2,5-divinylbenzene] (PMT-PPV) and
poly[2-[2,6-Bis-(2-{ 4-[ (4-bromophenyl)-phenylamino] -phenyl} -vinyl)-pyran-4-ylidene] -mal ononitril e-al t-1,4-bis(dodecyl oxy)-
2,5-divinylbenzene] (PMTPA-PPV) were synthesized by the Heck coupling reaction. The band gap of PM-PPV, PMT-PPV
and PMTPA-PPV were 2.18 eV, 1.90 eV and 2.07 €V, respectively. The LUMO energy levels of PM-PPV, PMT-PPV and
PMTPA-PPV were 3.65 eV, 3.54 eV and 3.62 eV, respectively and the HOMO energy levels of those were 5.83 eV, 5.61
eV and 5.52 eV, respectively. The photovoltaic devices based on the polymers was fabricated. The efficiency of the solar
cells based on PM-PPV, PMT-PPV and PMTPA-PPV were 0.028%, 0.031% and 0.11%, respectively and the open circuit
voltage (Voc) was 059 V~0.69 V under AM 15 G and 1 sun condition (100 mA/cm?).

Keywords: photovoltaic devices, Heck coupling, donor, low band gap
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Scheme 1. Synthetic route of monomers.

o] At lom, A= tud F§A) HFdA] ML 53 2
= TFeE AEE Aleskal ok H2ells o] IEelA FAsEAl
e A E o] &3 el 3% A HFAE i
k=t A58k TH4]. 2006\ ol Konarkaoll 41+ cyclopentadithiophene
¥} benzothiadiazoleS 5% &35ke] band gape] 1.40 evel SEAE 7
W1l o] FHAE o] &5 7Rk ek A] o] AREzAs W
Al o2 2006 0llA 2007 Atolell 3.16%elA 55%7H] E&S
FIAN e =g AEGHo R waskal Qrh57).

B Ao M= 2-pyran-4-ylidene-maononitrile (PM) F =415 7]
2% solar cllofl 247158 W2 band gaps 7= SEAE &
3199t} Cyano groupS 73t dectron-withdrawing E4& 7IA 2 &2
AL jellA] electron affinity s 571417131 dectron F9-& F3A7)=
acceptor &38H& 3t} Donor$} acceptor®] Wl AR A Ul

charge transfer @7dell &Jato] AA=4e] FFFP o] Aupgo s

T oX (T
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olE3kar, at 22 band gapS Kol donor &2 9] el tisl] &
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Tributylamine Alok TCIARS] A5 AHE-3kGlaL, 1 219 e A
ok AldrichARe] AlES AHE8FSIHE Tetrahydrofurane (THF) 2} dieth-
yl etheri= sodium/benzophenones: ©]8-3to] FHAIA ARSIl
N,N'-dimethylformamide (DMP) & d471A5 Eo]go] F=o] bubbling
sto] ks AA g & ARSIt

2.1.1. 2-{2,6-Bis[2-(4-bromophenyl)vinyl]pyran-4-ylidene} -malononi-
trile (42 &4
4-Bromobenzaldehyde 1.85 g (10.0 mmol) 2} 2-(2,6-dimethyl pyran-4-
ylidene)malononitrile (PM) 0.86 g (5.00 mmol)} 3 mL 2] piperidines
30 mL 2] acetonitrilec]] 2313k &, 80 CellA] 12 h 7 A7tk Wk
FTE F, o] £ E& 9a w7 IAE FEISe] 1A 3
E(1.91 g, 75.3%)> ¥SITE 'H NMR (400 MHz, CDCl3), (ppm): 6
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o @ reflux / Acetonitrile, 80°C

Q,
QO

7.61-7.58 (d, J = 85, 4H), 7.47-7.44 (d, J = 88, 4H), 7.48-7.43 (d,
J =157, 2H), 6.80-6.75 (d, J = 15.9, 1H), 6.73 (s, 2H). Anal. Calcd
for Co4H14BrN,O : C, 56.95; H, 2.79; N, 5.53. Found: C, 56.94; H,
2.73; N, 5.49.

2.1.2. 2-{2,6-Bis[2-(5-bromothiophen-2-yl)-vinyl]-pyran-4-ylidene} -
malononitrile (5)2| &
5-Bromothiophene-2-carbaldehyde 1.92 g (10.0 mmol)$} PM 0.86 g
(500 mmol)S $19} #2 WHow 3AEIITH2.14 g, 82.7%). H
NMR (400 MHz, CDCls, ppm): & 7.47-7.43 (d, J = 15.7, 2H), 7.07
(s, 4H), 6.65 (s, 2H), 6.45-6.41 (d, J = 15.8, 2H). Anal. Cacd for
CooH10BroN,OS, @ C, 46.35; H, 1.94; N, 541; S, 12.37, Found: C,
46.36; H, 1.97; N, 552; S, 12.35

2.1.3. 2-[2,6-Bis-(2-{ 4-[ (4-bromophenyl)-phenylamino]-phenyl} -vinyl)-
pyran-4-ylideng]-ma ononitrile (6)2] &M [g]

4-[(4-Bromo-phenyl)-phenyl-amino]-benzal dehyde 3.52 g (10.0 mmol))
¥} PM 0.86 g (5.00 mmol)& 918} -2 o s FA3HITH3.30 g,
78.6%). 'H NMR (400 MHz, CDCls, ppm): 8 7.00-7.46 (m, 28H),
6.61 (s, 2H), 6.58 (d, J = 16 Hz, 2H). ®*C-NMR (100 MHz, CDCls,
ppm): & 158.78, 156.00, 150.00, 14651, 146.08, 137.42, 137.74,
130.00, 129.74, 129.24, 128.23, 126.75, 125.76, 124.83, 122.02,
116.84, 116.33, 115.82, 115.75, 106.70. And. Cdcd for CagHzBraN4O :
C, 6858; H, 3.84; N, 6.67, Found: C, 68.59; H, 3.87; N, 6.78

2.1.4. 1,4-Big(dodecyloxy)-2,5-divinylbenzene (7)2| &

3 7] 432 a9 Wl 2ste) skl 0 T
ol AA)¥ 50 mL THF (tetrahydrofurane)ell methyltriphenylphospho-
niumbromide 7.90 g (22.0 mmol)E Y|tk n-BuLi (21.0 mmol, 1.2
M in hexang) S 33| 27Fe 3 22004 30 min wH3IC} Anhydrous
THFE 50 mL o 7}t & 2,5-bisdodecyloxy-benzene-1,4-dicarbal de-
hyde 5.03 g (10.0 mmol)E 2|1l 4 h §<F 57 Atk Hke-&gt
E< digthyl ether 2 F&31 o &= A2 $it). Anhydrous MgSOs&
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Scheme 2. Polymerization of PM-PPV, PMT-PPV, and PMTPA-PPV.

H7ksle] FE-S AAAR] - methanol 2 A28t 3FHE-S A3
t}. 402 g (80.6%), mp: 62~63 C. 'H-NMR (400 MHz, CDCls),
(ppm): & 7.05 (dd, J; = 11.1 and J, = 6.7 Hz , 2H), 6.99 (s, 2H),
573 (dd, J; = 163 and J, = 1.4 Hz, 2H), 5.26 (dd, J, = 9.8 and J,
= 14 Hz, 2H), 3.96 (t, J = 6.5 Hz, 4H), 1.79 (m, 4H), 1.47 (m, 4H),
1.31 (m, 32H), 0.88 (t, J = 6.8 Hz, 6H) 6.73 (s, 2H): MS (M*, m/2);
498 And. Cdcd for CHssO: : C, 81.87; H, 11.72; O, 6.41 Found C,
81.85; H, 11.77

22. &

2.2.1. PM-PPV

3145 (4) 0.02 g (0.4 mmol)3} 3H3HE (7) 0.25 g (0.5 mmol)ell
tri-o-toly-phosphine 24.35 mg (0.08 mmoal), tributylamine 0.25 g (1.04
mmol)} palladium acetate 2.7 mgell anhydrous DMFe] £33t 3,
140 C A& F9718klA 24 h wykstol S3gith dojxl =5
methanol o AT 5, FAIA WA T ES AT

"H-NMR (400 MHz, CDCl3), (ppm): 6 7.25-6.35 (b, 10H), 7.6-7.28
(b, 6H), 551 (b, 3H), 4.1-3.78 (b, 4H), 1.24 (s, 40H), 0.85 (s, 6H)

2.2.2. PMT-PPV

3}3HE (5) 0.21 g (0.4 mmol)¥} 3}3HE (7) 0.25 g (0.5 mmol)S 9]
9} g2 W ow Faalsit),

'H-NMR (400 MHz, CDCl3,), (ppm): & 7.52-7.42 (b, 3H), 7.08-6.64
(b, 10H), 5.55-5.34 (b, 3H), 4.12-3.98 (b, 4H), 1.59-1.25 (b, 40H),
0.87 (s, 6H)

2.2.3. PMTPA-PPV
3= (6) 0.34 g (0.4 mmol) 7} 3H5HE (7) 0.25 g (0.5 mmol)S <]

dlm
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&

=

PMTPA-PPV

o} e W o F3agl)
'H NMR (400 MHz, CDCls, ppm): & 7.26-6.41 (b, 36H), 5.51-5.34
(b, 2H), 4.21-389 (b, 4H), 1.54-1.19 (b, 40H), 0.84 (s, 6H)

23. 8 H &K M=

400 MHz *H-NMR and ®C-NMR spectrum (JNM ECP-400, JEOL
AN¥} Macro and Micro Elementa Anayzer (Vario macro/micro,
Elementar) & AHE-sto] 71712] @Al 725 gIsIGIch uv 33
SEAI(CARY100CONC) 2} HITACHIAFS] Huorescence spectrophotometer
(F-4500) 2 AH&-ato] S8 S B 23 spectrum2 573131t
A 9] =72 Stanford Research SystemsAle] Stanford Mode
Melting Point Andysis (MPA-100)3 AR&-3le] =33a15it), A3 =
2 WatersAke] 5108 2, A- 2 E, 410 Rl HE7]5 o]43I9ith ©]
&4 chloroforms AHE-3131.0.m, Z 72 polystyrene standards ©]
&3] cdibrationskSith. =3 At A7 (potentiostat 362, EG & G)
2 olg3to] LUMOOIUA] #9158 Ao 71& A=50% Ag
Ag’ (in 0.1 M BwNPFs in methylene chloride), 2% H=2 2 Pt coil
S 727 ARgEka XA A2 S 0.1 M BuNBF, solution in methylene
chloride® AHE-3ISITE AWM EE-& S7d317] fleto] e 150w
Xe lamp (Model LS-150-Xe, Abet technology)S AHE-3131 .01, AM
15 G Filter (Oried Model 81088)5 ]85t AM 15 G conditiong
THEo] 31t} Standard Silicon cell (Certified by National Ingtitute of
Advanced Industrial Science and Technology with protective KG5
filter Model BS-520)2 ©]-€3}9] 1 sun (100 mW/cm?) %718 gk3o]
ZF2Jek 1V A4S Source Messure Unit (KEITHLEY Model 2400)<
olg3ste FHsIqth A71ElFHAe AL ITO7E FHE glass
substrateS water-acetone-methanol-isopropylalcohol =2 Z-5-31A
25 3%t} PEDOT:PSSE 2000 rpmeilA] 2 minZ} spin-coating 3}
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Figure 1. Optica absorption spectra of (a) PM-PPV, (b) PMT-PPV, (c) PMTPA-PPV film (solid line) and the blends with PCBM (1 : 6 by weight)

(dashed line).
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Figure 2. Fluorescence spectra of (a) PM-PPV, (b) PMT-PPV, (c) PMTPA-PPV film (solid line) and the blends with PCBM (1 : 6 by weight)

(dashed line).

150 CellAl 5 mingt annedling 31521t} PEDOT : PSSE #¥3}17]
Aol AH3F ITOS 1 minit UViozone 23kl Adtive layer:=
donor (polymers) 9} acceptor (PCBM)< 1 : 6 (81 £ 31
chlorobenzenee]] 40 mg/mLE 831414 600 rpmellAl 2 min &<t
spin-coatingstal 2 h &<k A4 W917]tel A BAlsisich Al d=E
Ay Faste] f7EFAA] A3 AlFEEith
3. Zdu} 9! &t
Z7ke] G Al S Aol e 70~85%8] TEE 25 7 3
SAth. Heck coupling reactions: ©]-8-3t0] @Al E2] moled]E 1: 1
2 TS A SFA 4, 5 69 rigiddt 7F Wil toluene,
chloroform, chlorobenzene, dichlorobenzenec] t3t 12219 &3)=
7} ZFAeie}, wpeba] EAES 2dsh] ko] ©EEA 4, 5, 63 7
1: 1259 GHH|Z Sosto] TREE AAHOR Wi LHEE
IR A oG Al T FEAY] 5 B BAFY T B R
A2 742 PM-PPVE 3500, 6800¢©]3L PMT-PPVE 3200, 6200,
PMTPA-PPV = 3800, 7000013it. 382 S48 Ak Sl &8
St IEARES] UV-Vise}t PL spectrums S7338F30 L, 2422 S84
2} PCBME 1: 69 0|2 El=3ste] 573 spectrums<= Figure
19 YehiIth PM-PPV, PMT-PPV 2L PMTPA-PPVE 200 nmeilA]
900 nm7HA] & S48 18131 PM-PPV, PMT-PPV, PMTPA-PPV <]
Ao & 98-S 217F 433 nm, 484 nm, 501 nmO.E LFERdT) Ad
29l PMTPAY] 7% 396 nm, 501 nmellA] F<F5 Hol=d) ol= z-
7" transition¥} charge-transfer transitionel] 3l ¥ITH10]. PMT-PPV 9}
PMTPA-PPV= PM-PPVETH Htll & 3Hgo] 50~70 nm red-shift

SY3st, M 203 H 3%, 2009

hS K=t o= phenyl ringell ]38l triphenyl amineZ} thiophene?]
AAFA &3t 27] witolet Al et 242te] F3tAlE PCBM ¥
1:69 TN Bt 543 PL spectrum= Figure 2] Y}
Wlar ehds gads g1t o]+ Yol &Jste] = donor
9] AA7} PCBMOZ 34 0 2 charge transferE o] f-7] e ok =] o
4} 223 photoinduced charge transfer (PCT) @4to] whgsicia &
I Stk =38 A 7S o)8ste], 573% cydic voltammogram
< Figure 3ol YeRUISITE T8AIE2] w3 fF FHoE 349
onset M99} 3 M= ferrocened] théte] PM-PPVE -1.15 V,
-1.47 Volil PMT-PPV+ -1.38 V, -1.55 Vol PMTPA-PPV -1.26
V, -180 VE 77t YT 8w d oA 4l onsetdStell
2J3te] Ak PM-PPV, PMT-PPV, PMTPA-PPV 2] LUMO®UA] &
92 217} 3.65 eV, 354 eV, 3.62 eVo]i LUMO °ly#] =29} &<
spectrum®] &4 edge=H-E] AXF & = Sli= HOMO olyA] 92
Z}7} 583 eV, 561 eV, 552 eVE YUEFGITH11]. CVE o] 835t 574
7+ FqA 9] dA] =915 ol&-3t] Figure 4¢ o= theolo] 1
< UeRaL Talel Vet A3 o] ZH2te] F3AE2] HOMO
=] F212F PEDOT:PSSS] HOMO ofl] £¢], LUMO °u#] &
gk PCBMS] LUMO oflui}#] &9 A= A -skl X3l 1A
donor - PEDOT : PSS7He] 4 5-2] ©]%53} donor - acceptorte] =}
olgo] 7 AOF oA FU EFAR ] g8 TFestElet
Ate . 1ITO7F 8% fa8#el ITOPEDOT : PSYPolymer :
PCBM/Al T-%2] bulk hetero-junction® 2] F71efFA%] 222 =2t
3to] FAAIEAL STk AM 15 G AJHIelA] &) FdH
$=79< Figure 50 YERASITE PM-PPV, PMT-PPV £} PMTPA-PPV
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Figure 3. Cyclic voltammograms of PM-PPV, PMT-PPV, and PMTPA-
PPV.
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Figure 4. Energy level diagram of PM-PPV, PMT-PPV, and PMTPA-
PPV.

oA F$7F robell Wit Voc
Voc8} donor®] HOMO A #9121 s #A1S &

t}h Je (Short Circuit Current)= 327} ©ebel A, = 9]53-Ago]
= A, T Aol 0d W W wigks w) gt s A= A

to B
2
e
oy

B

ot
o
LT
397
T
a2
£

Band Gap= 7M1= ac8AY] 4 9 g 54

277

Fgrolth gk ZF7) 0.19 mA/en?, 0.28 mA/en?, 0.62 mA/cm?=E Lt
ERth B3k FF (Fill Factor)= ARFAQl B9k AsS dFset A
S W97 BolF= AF-Ae FH o7 7hzt 2206, 18%, 28%E LIE}
Bom o] FER Aite FAATFTELS PM-PPVE 0.03%, PMT-
PPV 0.03%, PMT-PPVE 0.11%% LFERI T PM-PPV, PMT-PPV 2}
PMTPA-PPV 2] J8H4], A7]818k4] 54 0% n|Fo] Kol 7} F3HA
£ A7IESRA O £ donorE A ® FHAE AT Je9k FFY
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Hol freFdA] o] S4o] 7Fs8 donorEdole}l kel ITO
PEDOT : PSS/Polymer : PCBM (1 : 6 by weight)/Al7%2] bulk het-
ero-junctiond ElFZA] 22 AFslo] £33 FRHAE =
PM-PPV, PMT-PPV, PMTPA-PPV 9] 202 Vocihe 069 V, 0.62 V,
059 Vo]l Je3ke 0.19 mA/em?, 0.28 mA/en?, 0.62 mA/cm® = LFE}
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Figure 5. Current-voltage characteristics of photovoltaic cells under AM 1.5 condition (100 mW/cm?) (dashed line) and under the dark (solid ling).
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