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Water150 ,
, , 40
Bruker Rigaku D/max-120 X ,
Cu Ko(Z 1.5406A) 3°min’';
Nicolet ;
TG/DTA 7300 ; UV-2501PC
- ; CHI660b
: , , Ag/
AgCl , 0.1 mol-L"!
, 100
mV-s.
1.2
1.2.12,7- -N-9- @
[12] . 2,7- -N-9-
(1a) (1.28 g, 78%).
IR (KBr, cm): 2914, 2853, 1587, 1451, 1316,
1228, 1124, 1052, 910, 792, 589. 2,7- -N-9-(2-
) (1b) (131g,

80%): IR (KBr, cm™): 2927, 2 855, 1 587, 1450,
1317, 1228, 1131, 1050, 878, 792, 593; 2,7- -
N-9- (1c) Q.11g,

76%): IR (KBr, cm™): 2921, 2 846, 1 587, 1451,
1320, 1228, 1131, 1052, 910, 799, 589.

122 N-9-  27- (4,4,5,5- 1,3.2-
2-) (@
[12] CNS9- 27
(4,4,5,5- 1,3,2- 2- ) (2
0.92¢g, 59.3%). IR(KBr, em™): 2973,

2925, 2851, 1481, 1338, 1257, 1143, 1074, 963,
859, 685; 'H NMR (CDCls, 400 MHz, & ppm): 8.12
(d, 2H), 7.88 (s, 2H), 7.68 (d, 2H), 4.35 (t, 2H), 1.28
(m, 33H), 0.88 (m, 6H). N-9-(2- )-2,7-
(4,4,5,5- -1,3,2- 2- )  (2b)
(0.85 g, 58%). IR(KBr, cm™): 2973, 2925,
2851, 1481, 1338, 1257, 1143, 1074, 963, 859, 685;
'H NMR (CDCls, 400 MHz): & 8.12 (d, 2H), 7.87 (s,
2H), 7.67 (d, 2H), 4.26 (t, 2H), 1.39 (m, 33H), 0.90
(m, 6H); N-9- 2,7- (4,4,5,5- -1,3,2-
2- ) (20) (0.46 g,
31%). IR(KBr, cm™"): 2973, 2925, 2 851, 1481, 1 338,
1257, 1143, 1074, 963, 859, 685; '"H NMR (CDCls,

400 MHz): & 8.12 (d, 2H), 7.88 (s, 2H), 7.67 (d, 2H),
437 (t, 2H), 1.88 (m, 2H), 1.57 (m, 37H), 1.24 (m,
2H), 0.88 (m, 6H).
123 56-  -47- (3- 2-
©)
[13] , 0.75 g,
50%. 'H NMR (CDCls, 400 MHz): & 7.56 (d,
2H), 7.14 (d, 2H), 2.51~2.55(t, 4H), 1.58~1.61 (m,
4H), 1.16~1.26 (m, 12H), 0.78~0.82 (t, 6H).

)-[2,1,3]

1.2.447- (5- -3- -2- )-5,6- -[2,1,3]
(4)
[13] , 0.32g,

62%. IR(KBr, cm™): 2924, 2855, 1426, 832,
736, 514; "H NMR (CDCls, 400 MHz): & 7.10 (s, 2H),

2.45~2.49(t, 4H), 1.57~1.62(m,4H), 1.18~1.21(m,
12H), 0.78~0.82 (t, 6H).
1.3
2 (0.1 mmol) 40.066 g (0.1
mmol) NaHCO; 0.44 g (5.2 mmol) 25 mL
, 12 mL 3.6 mL
3mL 30min Pd(PPh;),
0.0076 g (6.6 umol), 85 3d
2.4 mg(19.7 pmol) 0.5 mL
N-9- -4,7- (3- -2- )-5,6-
-[2,1,3] PI: 0.068
g, 57%. IR (KBr, cm™): 2923, 2851, 1600,

1458, 1329, 869, 797, 535; '"H NMR (CDCls, 400
MHz): 6 8.12, 7.76, 7.44, 4.26, 2.56, 1.50, 1.25, 0.90.

N-9-(2- )y -47- (3- -2-
»-5,6-  -[2,1,3] P2:
0.054 g, 45%. IR (KBr, cm™): 2923, 2 851,

1600, 1458, 1329, 869, 797, 535; "H NMR (CDCl,,
400 MHz): & 8.10, 7.68, 7.44, 4.20, 2.58, 1.61, 1.37,
1.26, 0.88.

N-9- -47-  (3- 2-
»-5,6-  -[2,1,3] P3:
0.060 g, 50%. IR (KBr, cm™): 2923, 2 851,

1600, 1458, 1329, 869, 797, 535; 'H NM (CDCl,,
400 MHz): ¢ 8.11, 7.67, 7.47, 4.41, 2.63, 1.96, 1.54,
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1.25, 0.85. )
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1. ’ 3 -
| 2 , 2. 3
M,/ M,/ 2
(kgmol™) (kgmol’) P! Ta/ - ,
Pl 12.8 28.2 2.20 365 30 nm. ,
P2 8.88 17.4 1.95 356 T ,
P3 13.0 26.3 2.03 376 3
2.2 636 613  622nm, EX =1240/ 4,
2.2.1 1.95 2.02 1.99eV.
1 ) 3 , Pl ,P2  P3
5% , 3 (Ty) 10 nm R
365 356 376 . P1 P3 , P2
10~20 , -1 R 5
0.6 0.5
—P1 —P1
0.5- ---P2 0.4 ---P2
T P3 5 N N~ P3
3-% 0.2+ EEE 02
01 (@ st N M o e
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B/ nm B/ nm
2 -
2
Jmax /DM Aonser/ M E™ /eV Ey/V HOMO/eV  LUMO/eV
Pl 377/475 Y 395/508 2 6362 1.95 0.74 -5.45 -3.50
P2 372/472 Y 388/499 % 6132 2.02 0.66 -5.37 -3.35
P3 376/471 396/501 2 6222 1.99 0.70 -5.41 -3.42

o1 ;2)



2 , 131
<
223 E
ES
=
, 3 XRD . 3 _%
, P1 P2 P3
21.47° 20.45° 21.15°, (A=2d- ! | | . !
. -20 -1.0 0 1.0 2.0
sinf) T-T 413 420 4.40A. BT/ V
P1 P3 , P2 , -1 4
’ 3
Sukuzi , 3
,P3  mm , 47- (5- -3- -2- )5, 6-
P1 , -[2,1,3] ;
3 , GPC
| M B s
=
e -1
#
= P2 ’ ’
=
EE /\ >
S~
1I5 2IO 2IS 3I0 3I5 4I0 4I5 SIO
20/°
3 XRD '
[1] LI G ZHU R, YANG Y. Polymer solar cells[J]. Nat
224 Photonics, 2012, 6(3):153-161.
(HOMO ) [2] LI W W, FURLAN A, HENDRIKS K H, et al. Efficient
(LUMO ) tandem and triple-junction polymer solar cells[J]. ] Am
Chem Soc, 2013, 135(15):5529-5532.
[14] 3 [3] KREBSF C, FYENBO J, TANENBAUM D M, et al. The
' 4 OE-A OPV demonstrate anno domini 2011[J]. Energy
’ ) Environ Sci, 2011, 4(10):4116-4123.
>3 0.74 0.66 [4] KREBS F C, GEVORGYAN S A, ALSTRUP J A.
15
0.70 eV. ), Eyomo=—(Eox +4.71) Roll-to-roll process to flexible polymer solar cells: Model
eV E uvo = Euomo + E;p‘ s HOMO studies, manufacture and operational stability studies[J]. J
LUMO , PC; BM (E om0 = Mater Chem, 2009, 19(30):5442-5451.
—-6.1eV), Voe = ( l;:HOMqu(mr |- [5] ?ARI'( S H,l ROYHA, B.EhAl.JPRE 1S, et al. Bulkffhc?tero-
| E]_UMO e |) Je—03V [16], 3 junction solar cells with internal quantum etficiency
’ 115 1.00 L1V Pl approaching 100%][J]. Nat Photonics, 2009, 3(5):297-302.
’ ' ’ ’ [6] LIU Q, LI C H, JIN E Q, et al. 9-Arylidene-9H-
, P2 0.15V, P3 Fluorene-containing polymers for high efficiency poly-
0.04 V. mer solar cells[J]. ACS Appl Mater Interfaces, 2014, 6(3):

1601-1607.



132

2016

[71 HE Z C, ZHONG C M, SU S J, et al. Enhanced power-
convension efficiency in polymer solar cells using an
inverted device structure[J]. Nat Photonics, 2012, 6(9):
591-595.

[8] KIM J H, SONG C E, KIM B S, et al. Thieno[3,2-b]
thiophene-substituted benzo[ 1,2-b:4,5-b’]dithiophene as a
promising building block for low bandgap semi-
conducting polymers for high-performance single and
tandem organic photovoltaic cells[J]. Chem Mater, 2014,
26(2):1234-1242.

[97 DENNLER G, SCHARBER M C, BRABEC C 1J.
Polymer-fullerene bulk-heterojunction solar cells[J]. Adv
Mater, 2009, 21(13):1323-1338.

[10] ZHOU H X, YANG L Q, STUART A C, et al. Develop-
ment of fluorinated benzothiadiazole as a structural unit
for a polymer solar cell of 7% efficiency[J]. Angew Chem,
2011, 123(13):3051-3054.

[11] STUART A C, TUMBLESTON J R, ZHOU H X, et al.
Fluorine substituents reduce charge recombination and
drive structure and morphology development in polymer
solar cells[J]. J Am Chem Soc, 2013, 135(5):1806-1815.

[12] BLOUIN N, MICHAUD A, LECLERC M. A low-
bandgap poly(2,7-carbazole) derivative for use in high-
performance solar cells[J]. Adv Mater, 2007, 19(17):
2295-2300.

[13]JIN E Q, DU C, WANG M, et al. Dibenzothio-
phene-based planar conjugated polymers for high effi-
ciency polymer solar cells[J]. Macromolecules, 2012, 45
(19):7843-7854.

[14] SCHARBER M C, MUHLBACHER D, KOPPE M, et al.
Design rules for donors in bulk-heterojunction solar
cells-towards 10% energy-conversion efficiency[J]. Adv
Mater, 2006, 18(6):789-794.

[15] KIM J H, KIM H U, KANG I N, et al. Incorporation of
pyrene unites to improve hole mobility in conjugated
polymers of organic solar cells[J]. Macromolecules, 2012,
45(21):8628-8638.

[16] SUNJ M, ZHU Y X, XU X F, et al. High efficiency and
high Voc inverted polymer solar cells based on a low-
lying HOMO polycarbazole donor and a hydrophilic
polycarbazole interlayer on ITO cathode[J]. J Phys Chem
C, 2012, 116(27):14188-14198.

Synthesis and Characterization of Carbazole Based Conjugated Polymer for
Organic Photovoltaics

JIAO Chun-ming', XU Qingl*, ZHOU Gang-ming’
( 1.The School of Material Science and Chemical Engineering, Ningbo University, Ningbo 315211, China;
2.Dachang Shengbo Novel Materials Technology Co. Ltd., Ningbo 315021, China )

Abstract: A series of conjugated polymers are synthesized successfully from donor unit with three kinds of
alkyls (-octyl, -isooctyl, -dodecyl) carbazole and acceptor unit based on 4,7-bis(5-bromo-3-hexylthiophen-2-
yl)-5,6-difluoro-[2,1,3]benzothiadiazole via Suzuki coupling reaction. The influence of optical absorption
properties and electrochemical energy levels from different kinds of alkyl chains is investigated. Compared with
the copolymers of branching isooctyl chain and dodecyl possessing longer carbon chains, the copolymer
replaced with octyl exhibits a wider absorption region and narrower optical band gap. Besides, the spacing of n-n
stacking is found to be 4.13 A via XRD spectra, open circuit voltage calculated by the theoretical formula
reaches 1.15 V, which proves to be the suitable material for manufacturing the polymer solar cells.

Key words: alkylcarbazole; fluorined benzothiadiazole; conjugated polymers; polymer solar cells



