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Fig. 1 Synthetic route of PCPDTBT

1.2.1 4,4-8(2-4H A HDAH-H %[ 25 1-bs 3, 4-
b’ DOUBENS (2) [ 4 1 AW 2 585l SCHk 7y
P K 4B % L2 1-bs 3, 4-b7 TR BE 3t
(1.5 g,8.43 mmol) % T 757K DMSOC(50 mL) ', ¥
W AT, 85 I AR 1) KOH (1.89 g,
33.7 mmol) LA S84 (50 mg), BB I 2-4 3
CEIR(3.25 ,16.9 mmoD), fEAVIRY FHiHE R
2116 h. 7K, 285 FH R 360 T R R A L, ISC4R
AU, HOR R BT 15 B 28 v 7, K= i &
FEEA 5 53 85 CIE CUbe A 6 B R , 45 21 3 3 64 1) il
RIAK 2.64 g 77 % 78% . "H-NMR ( CDCI, » 400
MHz,6):7.12 (m>2H),6.92 (m; 2H), 1.88 (m;
4H),0.94 (m> 16H),0.77 (t,6.4 Hz,6H),0.61 (t,
7.3 Hz, 6H).

1.2.2 4,4-W(2-L3CH)-2, 6- M= HIEH)-
AH-FR L2, 1-bs 35 4-b" JXUBEW) (3) 1A ik b
AW 3 ISR T VA e A R KA 2(1.5
2,3.72 mmoD¥¥ T 57K THF(30 mL) . #0724l
B - 78°C, B M AN AT HAL(5.96 mL, 14.9
mmol) . 7F - 78°C N V. 1 h AR5 7E 3 h WHHH %=
i, 7EFW TR 1 h ZE AN 1 mol/L ) —H
KAL) THF % (18 mL, 18 mmol), 7E & IR
ROV ZY 20 h JF HARTE R ER . UK, RS

FH A BT BE Tk A 1. 43 W, A6 HUAH IR B+
T oS | B RSl EZ B U R = | Qe 7
b PRI D 3 B CHR 2R A PR R , 753 2103t 1 ok
WK 2.44 g, 72 90% . H-NMR (CDCl; , 400 MHz,
$):6.98 (m, 2H), 1.85 (m, 4H), 1.30 (m, 2H),
0.92 (m, 16H), 0.78 (t, 6H), 0.62 (t, 6H), 0.38
(m> 18H).

1.2.3 PCPDTBT(4) ) &5 REY) 4183
Rk T VL1 SOk A B A K 3C0.291 ¢, 0.399
mmol) EA J% 4, 7-¥R-2, 1, 3-7K Jf WE . M: (BTZ)
(0.115 g, 0.391 mmol) ¥ T Jo7K FI A (30 mL) . %
W B A, SR 5 N Pd, Cdba), (0.0072 g
0.0078 mmol ) Al = 2K JE % (0.0164 g, 0.0625
mmol) . 4K ZE B 10 min 5 M#ATHE 2 120°C, 7
BAMRY NHEFE RV 48 h IRG YA HG I 500
ml FHEE R, 98, BT AR T &R (150
mL), ZEM8 I . 43 AR 2 5 R A K TR
(6.3 g, 84 mL 7K), ZSRY T 2212 FH 2 80°C,
NP B o B A HUA, R 5 T A AT (R
ARVENEFD , #4452 (1) 2 A5 P (50 mL) A
FI R (500 mlL), i i, B0 [l 44 FF FH 3 I
FE 8 h LABR A E A% 5T, SO0 i 2 K, Il i
Jig 28 Ji v A0, T8 T M, AR 8 7 R4 30 mg.
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"H-NMR (CDCL,, 400 MHz, 6):8.18 (s, 2H),7.91
(s, 2H),2.10 (s, 2H), 1.08 (m> 20H), 0.76 (m,
12H) .GPC( M, = 3812, M, = 6065, d = 1.59). UV-
Vis: A, = 686 nm.

1.3 SE&#RRE&

& £F PCPDTBT ) # &£ AN 4% (0.025 mg *
mL ™", [ I AN R EEAF 1) PCBM AT i 40
K ZnO R T (5 nm), 8 7 43 HL 20 min, #7345 [F] B
Bl Gk

2 GRS

2.1 PCPDTIBT HI& K 5 ERERAE

ASCR A Stille #56 RINA BCR G4, 181
NMR UESE 53 2G40 0 HAR =4 . P A3 56 6 W0
il T U BBV T 54T DU SR I S5 771 O A
AR, 5 SCRRE 2 T LG, B8R R O 18, £ v 5
S RSB THE W I RS T B i
—78°C, UM AE H i N HEAT R T S 4l 7 5 O
B R A YT RENT IR, 2 2 T R AW A
R REEE EAE ENTID B, BB REIR AT AL 2
Wt AL R AW 7 7B 2 SO MW AR, 2
KA SCBRC2 0 K H T il 46 GPC iR

Kl 2 &A% PCPDTBT I TGA (#K & 4y
Mo, KINEE G R 5% 109% I B3 BE 55
A 202°C F1 270°C, AH L PAHTCK T 5% F1 10%
IR 2 9 ok 382°C A 440C™ ), B AW
PCPDTBT #A8E PEA R I, X v e 5 &4 1
AR R(M, =3812, M, = 6065).
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Fig. 2 TGA curve of PCPDTBT under nitrogen

atmosphere at a heating rate of 10 K/min

3 7& PCPDTBT FITEI R 22 6], L2 — 4144
B s 2 3k 0. 52 Vversus SCE), HR & G ML
WREH 5 IEH AR Eyoyo = — 1eE,, +4.5 eV

+ Eg |1, HoHh e B, 92380 AT, MR H AR HL AR
Eqe = 0.241 eV, A 3K 3 PCPDTBT [ Eyomo =
-5.26eV.
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- 3 Cyclic voltammogram of PCPDTBT in chloroform solution

Scanning rate is 50 mVes™!.

4 PCPDTBT S LT 28 AR 1 C ]
SYFIFEN TG (B 6), 1l H 8 AR 3% F29¢l
HeREAZ XS AR K (A = 755 nm) v 5 HH i B
E,= he/x =1.64 eV, Il ] LU % PCPDTBT )
Eumo = Eyoyo + E, = —3.62 eV.

2.2 EEMRIBFRERIR

¥ PCPDTBT-PCBM A PCPDTBT-ZnO P #f &
GRPRL I W3 A VR B 1TO b i A B, A
SEM WL H R MITES . I 4 w] LUFE HH, PCPDTBT
55 PCBM A 3 i b oy A LU BC ) 2, S A I T
7E PCPDTBT 5 ZnO 44K ¥ & A EMEt, Il T
—EREFEM A RIS, A1 43 B R 2 KT PCPDTBT-
PCBM & i .

A0 rm

b S EHGS
4 SEM images of the composites from (a) PCPDTBT-PCBM
1 by weight) and (b) PCPDTBT-ZnO nanoparticles (1: 1 by

weight)
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2.3 EEMRIE9E SN AT IR

FATX PCPDTBT-PCBM 1 PCPDTBT-ZnO 44
KL~ P i 52 5 AR 1) 5 0 m LR g gk
AT 7 IE CHEL 5D, RIS B — Rk R W 1% ]
FHECIR, PR A R 0 R g 3% 1 357 B 5t 2 B0
TG e .Y B ) AN RN B 5CAD R 4l
PCPDTBT A 4 AW e, what A7 5 43 3l 76 246+
279405 LA} 686 nm; 2l PCBM A P /N W i lég, o
O EAL T 259 A1 328 nms I E A5 #HEHR I
FERAMX A] WL YG X FN I 20 40 X AR R U 1R e il
SRAEST, BR T /DT 300 nm (1) W ICUEE A T 5 FF R 1
AN ERIEAN, SLRM AL B A AR #] 5(BO Y,
7t 300 ~ 800 nm 76 [F N, PCPDTBT-ZnO 4K ki
TREEERA 3 A8 U8 MR . 31K 350
nm 48K ZnO KL F R AE Y i 2 A L R
S OBC I R A B A AR A, R S S Zn0 992K
WL IR 548 OREAR /N B P 400 nm LA K
550 ~ 750 nm 4, PCPDTBT W& Y0 U 5t 55 AH L &2 &
HIREVR:EER
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Fig. 5  UV-Vis spectra of the composites from (A )

PCPDTBT-PCBM (1: 1 by weight) and (B) PCPDTBT-ZnO

nanoparticles (1: 1 by weight) in chloroform solution

HE R RWOSE LT R G B8, ik
RO C NS T C = Re vy N (N PRy =)
HEITCIEE 0, RS NEA T2 mRH
WA EAER
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Fig. 6 Fluorescence spectra of ( A) PCPDTBT-PCBM

composites and (B) PCPDTBT-ZnO nanoparticles composites in
chloroform solution

The concentration of PCPDTBT is 0.025 mg*mlL~"; The ratio
given in the figure is weight ratios and the excited wavelength is
470 nm.

ME 6 1] LLE H, MUK K 470 nm B,
PCPDTBT )% & 5% 793 nm. /& PCPDTBT #¢ /%
AR OL R, A4 5 2 5 B2 Bt o5 s o 52 A 43
TR I T IR RS Y p g
&4y ¥ PCPDTBT 5 N ! %2 444> ¥ PCBM Al ZnO
YRR A W, T PN F R Y BOR 51 Kk
SN IR L AH FLAE L, W er e B AR 0 R AR NG
FIORH .5 S ik B 1°) BH 2 3 ek, 98 6 v K I % m) LA
EDE SRR BB AR A
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Pt -0 XK W] PCPDTBT 45 %2 4K 43 1 2 1a) 7 /&
T T A EAE R SR 2 AR 5y 1 LA
IR — e R FEN, W2 TN RS, B R DA H Y
ARG R At B 6(BY K I, BEF ZnO 44
KL T 73 B 3 K, DGRV KA F sk . 1X
S R R Bt A 20 KR - Jo 1 0 B8 IR 39 K, oKk 1
ARSI, 3 3500 7 B FEEE 0K

Eei B 6C AR 6(BD, R ILAEAH A LEB R,
PRl 52 PR X5 T PCPDTBT %% Y6 ¥ K g J1 LI N
PCBM > ZnO 44K ¥i 7. X & K4 PCBM 5
PCPDTBT [F] 4 F HLA, i H. PCBM 1t &4 % il
PEAR G, DRI St 7 5 (90 46k T AR 5 40 BAE L2
PCPDTBT-ZnO & & 4 FF 22 K CH& fit 11 A2 ] LA
SEM EI#3 2 3E 512, K1 % PCPDTBT 1) ‘K GE )
BT Zn0 99KRL T

PNV R B R 3 1R R AR T R AR
TR AH 55 4 1 HL T 2 B BE R R SR B O
S S K B AR Z AR 1) g A XA B 1)
i T 1 AN G AR R G B0 A
BAEH, AT 2GR R RER &5 M AT T W5
(B 7.

Charge transler

162 C\,-"—_.
—— 4} eV
PCPDTRT £, | v
[ 1a} POBM
2526 ¢V Lo

] Y

{a)

Charge transfer

o

—— 2 eV

=3.62 ¢V -

PCPDIBL Fy| he

-5.26 ¢V -ﬂ\

— 7 Y

iy

(b
- 7 Energy level diagrams of composites based on PCPDTBT; (a)
PDTBT-PCBM and (b)PCPDTBT-ZnO nanoparticles
1 7Ca), (b) 75 T PCPDTBT 43 il 5 % 1
PCBM Al ZnO Z4KHF01 FLHi AL IR . MR 4 5C

BRIRIE, B R RS 10 5 W 45 1 2 B2 A I A B/
T TR BT B 1 52 48 PCBM AT ZnO 442K
FLT (BRI 5N 1.8 eV R 3.4 eVHS, ¥ KT
254K PCPDTBT 47 it 1.64 eV. HH AT KN A 3L rh
AR RSO KO A 5y 1 ) r A # B2 T AE R
=Y.

FIAN, FEEUR A He B L BRI A g AR AL T LA
H Weller 28 2K 115

AGy = EC(D* /D) — ECA™ JA) — E|

K EDT /DR ECA™ 1A 73 Rl e 4 R I 4 AL
PEFISZ AR IR SR AT, By AR — R A 1
K Ag. X1 PCPDTBT 5 PCBM & & & & K i,
AGyr =052 -(-0.44) - 1.64 = - 0.68; X T
PCPDTBT 5 Zn0 & &M KL K i, AGy = 0.52 -
(-0.54)-1.64= -0.58. WA EEGHMER A H
REABAL AR /N T2, BRI A T DL R AR Y S A 5

JIT LA, AR SCH 9 S v K n) DL i B 7 (1 RS
SERL VSR ELUL UL W . AT BILEE PR R AE 32 26 SOk
Ja P AR CRIHL -2 706, LT AL HOMO g2
PRIT 2 LUMO Rk b, PR 454K 1) LUMO REZ
TR LUMO ek, R A BE & A 1% B2 4T,
T Z AR LUMO R 2 4% J2 A7 R ), I 5 5L
B0 B E RS O X I R A R
KRR AR RO B XA
PEES T o A4 Bt v AT B i b —
5E H 25 N T A T BB SR T Add S IR R A
R, X ANEE B A BT RS Ry R S i
W CAEE ARG T X2 T SRR E
A AR KB A

3 #it

i g ek G OV 6 T PCPDTBT, SR H
WAL IR V5 % T PCPDTBT-PCBM #! PCPDTBT-
ZnO AKKLF RIS S MR e MW 2 &
P28 TP 35 U 8 B W] R G K IS, I )
FEHLHE 77 Re 22 5| R BDOG Bt e B AE
2GR PR B AR A LK g ri b AR A
AL T EEM S H K
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PREPARATION AND PHOTO-INDUCED CHARGE TRANSFER OF
COMPOSITES BASED ON PCPDTBT

DENG Dan, SHI Minmin, CHEN Fei, LI Haiguo» WANG Mang, CHEN Hongzheng

( Department of Polymer Science and Engineering> Key Laboratory of Macromolecule Synthesis and Functionalization
of Ministry of Education, State Key Laboratory of Silicon Materials, Zhejiang University> Hangzhou —310027)

Abstract Poly[ 2, 6-(4, 4-bis-( 2-ethylhexyl )-4H-cyclopenta [ 2, 1-bs 3, 4-b ] dithiophene )-ali-4, 7-(2, 1, 3-
benzothiadiazole) ] (PCPDTBT) is a new kind of low band-gap polymers for applications in organic photovoltaic
devices . However; PCPDTBT was studied as the donor to form the photoactive composites only with organic acceptors
(fullerene derivatives) so far. In this article; PCPDTBT was synthesized, and its chemical structure, thermal stability
and energy levels were identified and characterized by NMR, GPC> TGA» and CV, respectively. Furthermore; the
composites of PCPDTBT with two electron acceptors of 1-(3-methoxycarbonylpropyl)-1-phenyl[ 6, 6 1C;, (PCBM) and
7Zn0 nanoparticles were prepared by solution-blending. Both composites showed fluorescence quenching; indicating
that the photo-induced charge transfer occurred due to the energy level offset between the donor PCPDTBT and the
acceptor. Nevertheless from the SEM images of the two composites, it was disclosed that PCBM molecules were well
dispersed all over the PCPDTBT- PCBM composite whereas ZnO nanoparticles aggregated to some extent in the
PCPDTBT-ZnO composite; leading to a more effective photo-induced charge transfer between PCPDTBT and PCBM.
Keywords PCPDTBT, ZnO nanoparticles, Charge transfer, Fluorescence quenching



