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A E @i Yamamoto fHIK SN, 5 T EHESA 1,2-BUR D BRA 1, 3-BU Uy B 45 S ST YT R LR R S
YGRS B PTST. H 540 28 1 21 41 0 3% FAZ 1 SL IR R AR AT LG UE . $R I3 AT 28 S -1 I W A o't 138 01 v, A 27 1 ot
DR R, B35 B LB 2R & 1) PTST BoA R4 #ESE 1 5 76 270 ~ 700 nm St 3% 9 Rl 9 A 5 10758 Y IR0, 4%
ABEHE TEATT LG XK AT R A5 ST 5T 3R & W B0 B R o5 A BLIE (LUMO) MIRERE (B, ) B
fig. 24 PTST U 60% B iR mF, BRI 5% (3-CL 2R MEMY ) pY 2858 2P K, UMl P3HT 5 PTST 2 [a] £7 7 W] (2. i)

TR

XA Yamamoto BTN, R R, AL EASY,

K PH BB % 16 R HlL R 2 A ot A R R fE HL A
AR ERZ —. EREIT R AR IR—K
PH EE b 9 3 B b, R A K BH H Tt B AT A A AR
B, miER, 5 FaMnet, 5% 1mT—/E
U L2 BRI WS SR TR, AT SRR AR, R
3 T A AR T AR R R, R A
ZE AT ED . 2010 48, HFRERSY
K B i R 5 5 R AT K 7. 739% T R S TEHL
K FF L R AR AT A R R 25 . LR 7 T A
o B 4R ) SR A 1) K B R S 2 A2 A T 0 S R
JH B B AT A P e 32 TR bR, T A B A
AT AE T LT R LT A T R A
BCEAT B B TR A BORTE T IR AT R
B i S 1) L SR G b Rk R i v SR K B RS
il B2t B o R A A KT 1

BAGE fOor 13- R AEY 2 1R
BB AR S R E PR A RE, L AE AT O
YA AR SR AW, BRI 1 B A W A B o, v b e
SRERAZ B AT 6. 2007 4F, AU SAHRE T
PAEA 13- B2 45 /0 B e i R & W G AR
#F PSQ8 A1 PSQ12, FHAXFE 200 ~ 490 nm A W
"', 2010 4F, Visker Z 428 1% 1,3-HUC )5 MR
SER R IT R A WG R MR, HALFE 600 ~ 775
nm JE A Y, LUMO BEZhly —3.6 eV . 4R
M HRTRr Ik, & 12-BUR T BR 45 10 1) R & W6
FRAF RSB AR TE . 1, 2-BUC A 7 iR HAT e

RAYR MR, 52 AR

O 3-FR T -1, 2- T A A T, B AR D
HAbs R e o 3-3R T M1, 2- U 45 R
JLGI A B R 3-be SL Uy B T 5D, A BRG]
LG Rl N AT R G SR A A v B L TSR S
BRI BE

1 SLWEs

1.1 St

Bruker AV400 4% 1 FL 4% 1 ( Me, Si /£ 4
F&, ¥ Kk CDCI,) ; Perkin-Elmer 2000 7 27 4} 5
WA (KBr J£ Jr) ; PL-GPC 210 %I 5 I % i85 435
{¢; Instrument TGA Q500 %Y # & /3 #F 1¥;
Shimadzu UV 2100 %128 4h-0 UL 4L ; LK 2006
AL AL 2 T AR S 5 HITACHI F-7000 %€ 663548 5

T HGE YR N 48 TE K b 3L S ZE A
FH 5N, N-Z W BE T e ( DMIF) 28 1 8 5 0 1 2
7K. 3-IRVEM (VLA RfE A A BR A E ) . 7 i
A3k owE oy, 230 omE
Ni( PPh, ), CL 1 Zn""™ 4R 45 K 5 48 SC ik 1 % .
1.2 dEFENEK
1.2.1 3-c FEBEM A L

e )meE (4 g, 167 mmol) IRAUIE C %t (25
g, 152 mmol) 1 60 mL JG7K Z Bt fm A F] 250 mL
SHOM . RO, IR R 2 A e
A W 5EEE, SRS A 110 mg Ni(dppp) C1, 13-
TRVEWY (19.2 g, 1118 mmol) , A& Wl 12 h J5,
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A, B 400 mL pkE 1 2 mol/L £h K
W, R, JHCBEFEIL(60 mL x 3). FIJEK
BRBREE TR 0, DRER TR BRI, BE
UG ANAS 3-C FEmEwy, JC R ik 18.73 ¢
(F=% 94% ). bp 78 ~80°C /800 Pa,'H-NMR
(CDCl,, 400 MHz, §):7.03 (s, 1H), 6.91 ~
6.94(dd, 2H), 2.62(t, 2H), 1.62(m, 2H),
1.33 ~1.26(m, 6H), 0.88(t, 3H).
1.2.2 2-R-3-CREBEW YA R

# 90 mL () DMF 1 3-c KL BEW) (8.42 g, 50
mmol) il A#] 250 mL (% B KM, 433 ImA
8.9 ¢ (50 mmol ) NBS, 7TEE R T FLd k. iR
B WEIA 200 mL K, A3 =S T e A B
JH 2 mol/L 1y & 48 Ak B Wk B, JC K B R 8 T
PRAE . TR 2% TR R ZE RV R, R 25 8 DA
2-PR-3-0 Jk wE G A M R W AR 10.5 g (7 R
85% )", bp 110 ~ 112°C /800 Pa,' H-NMR
(CDCl,, 400MHz, §):7.16 (d, 1H), 6.76 (d,
1H), 2.56(t, 2H), 1.62(m, 2H), 1.36 (m,
6H), 0.88(t, 3H).
1.2.3 3,4-7(4'-C BL-5"-JR ey 3L ) 3-3F T 4 -
1,2-Z i (¥} & 8 (BTSTB)

£ 100 mL /) =HUf H, FER KA T
AT = AE (4.1 g, 30 mmol) 1 20 mL (4 T5
KA B, FHUKEREYH, 76 0°C R hn oy it
A (3.71 g, 15 mmol) BYIC/K — 5 4 (20 mL)
VW, 15 min P INSEEE , SRS N 2-1R-3-C 5
WEWY (3.71 g, 15 mmol) ) 4 H % (10 mL).
OC TFHi+kE 2 h J5, ¥ K5 A 200 mL {9 % 5
B2 v W b, FE RSP 30 min. AU LE AR R,
i Eh R VR U, P FH 0L R Bl TR S AN VR TR I, S
FHZR B K . A HUAH F JCK B R 86 T i 1%,
UEFR TR, BERR A S AR R AR A, HIEC
B 45 A AR R, R 50% L
ik 85 ~86°C; IR(KBr):1765.3 ecm ™' (v C =
0);'H-NMR ( CDCl,, 400 MHz, §):8.06 (s,
2H), 2.67(t, 4H), 1.66 (m, 4H), 1.38 (m,
6H), 0.90(t, 6H) ;" C-NMR (CDCl,, 100 MHz,
8):192.45, 171.01, 145.20, 134.60, 128.78,
122.28, 31.54, 29.56, 29.38, 28.88, 22.59,
14. 09.
1.3 EB&% PTST &R

TEASARITT , 8 25 mL B S BI b 4 v
A BTSTB (2.2896 g, 4 mmol) . . ( =2 3) & 1k

B(2.6168 g, 4 mmol) | = R H: @ (2.3082 g,
8.8 mmol) .KI (0.9296 g, 5.6 mmol) . Fl 32 mL
) DMF. Ji#& % 60°C fig #% 10 min J5, fER M
TRAF N HA Zn 3 (0.7848 g, 12 mmol) , fIFAZE
S8OCHEFE 48 h. iifFIbfe, AKRREZZER, ¥
R 1 L B EEH 4 mol- L' (L IR IR & W
(V:v=15:1) . FAHRATE, S5, BUHK
UCHH 4 mol- L' iy £R 2 A0 B BEVE 3. H T 0 R
AU RIS IEH 24 h, A T4 24 h, 18
M [H & PTST 800 mg (=% 48.6%)'"'. IR
(KBr):1763.4 em ™' (C=0), 1643.6 cm ' (v
C—O0);'H-NMR (CDCl,, 400 MHz, §) :7. 83 (br,
1H), 6.89(br, 3H), 2.51(br, 8H), 1.53 (br,
8H), 1.25 (br, 24H,), 0.85 (br, 12H);" C-
NMR ( CDCl,, 400 MHz, §):192.36, 164.27,
163.95, 146.56, 144.87, 143.48, 142.41,
134.41, 131.18, 128.41, 127.80, 123.03,
31.59, 30.44, 30. 19, 28.96, 22.58, 14.06.

2 BR5IE

REVHEHHRIE

18 Yamamoto Jz N FALEE, Frf5 & 9 W
FHE2-BUR T R A5 ot LR AW OR
BB PTST W gty X 843 ) , SR 3% i
Fra& W], T R A MR 454 5 RVt R &
W) 45 K A5 B R ). 1 % B BTSTB 7 1765.3
em ) 5 W 06 S H C = O FEAEME Wi PTST
FE 1763.4 em ™' b By W i 0 B @A 55, {H 7E
1643.6 cm ™' &by Bl — AN AR 38 A9 I i, i ax 4
W i Sy 1, 3-H AR 5 R (C—O0) 19 % Ak W ik
g PTST i C-NMR % & p Rl BE B T 1,2-
BT B A 1, 3-H0AR T R 04 X6 Bz e e AE U, 43 3]
9 192.36, 163.95 il 164.27, 146.56'"7". &
BRI ANERER Y C-NMR W, 78 84 KW 1
AR 1, 2-BUR T R B R 1, 3-HUAR
TR 1,3-BUR 07 iR J2 i @ AR A i 5 R A Wtk
MoELEZE ML RoT, M EEA K 1,3-2
WEM BT IR, HARR N 1. T B4R A L
FEIZA K1, 3- B Ry R 1 SCHk 238
I i Yamamoto fHEX 52 0 /4 B EBE & A 1,2-HL
BB 1, 3-BUR R e LS R &Y
B MRE AT . A E A 5 0 AL R
THAE, ANTR) A N i B R0 R N 00 % 2 g 7 0 7

B0 TE A — ST

2.1
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Ni(dppp)Cl,

@Br

CeHys

o

CeHy3

(Sjﬁle
NBS _ / \
DMF g~ Br

T 0 0 CeHy3

AICl;, CH,Cl,, 0°C
Br Br / S\ / S\ Br

BTSTB
| H H CH
C6H13 o 0 C6H13 6 13 6 13 61113 6H13
0 Y i S ST / ﬁ/ iy @ st
Ng S KI, PPh;DMF, 80°C
BTSTB
PTST xy=1:3
Scheme 1 The synthetic route to the monomer ( BTSTB) and polymer ( PTST)
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Fig. 1~ FTIR spectra of monomer BTSTB and polymer NH
PTST 8 7 6 5 4 3 2 1

K2 ARG R IR A . i #
§=7.83 Kby TEIE RS Y P 1, 2-BURTT R E A
OGP EENY YIRS (a BT ) MR 5 fh (i
¥ 6=6.89 Wby SEWE SR G Y 1, 3-HUUT IR E
ST FIRT (b ) i3RI, AR
B a BT A b BT B R G S ARy AT LA
BEREY T 1, 2-BUC0r R A 1, 3-HURU 5 iR 1Y
FeBl g 1:3, B oy =1:3.

RE YR LLHN G G 00 A% g 3t
PR 3% 45 R A WY, AS YA TE B B 2% BT A5 21 1Y
REWairg o 1,3- 50T A 1, 2-H0R 75 1R 19
TR Y PTST (R 1).

2.2 REVHSTFEMRSN

KM GPC il £ PTST Wy ¥y 7> v 8 M, , H
RAELIHAEbRME, DA KM sh i, REY
PTST ﬁﬁ%ﬂ’]iﬂﬁv‘?i(ﬂl ) 17400, A4y
Z 7y WUE (PDI) 2.08, X J2 i 75 HE Wy 150 |- 5

9

Fig. 2 '"H-NMR of polymer PTST

AT KRR (), M37E Yamamoto i1 2
LI, BRI 5 Y RE AR 4 b A % A2 DMF 75 5
e, DT AR AT 858 e 73 B AR 22 70 WO A SR 5
Wy.

AW 0 > B (TCGA) A Z I R
TIELHY, TR EE 10 K/min. J1E 4525 (WL
3) KWL Y PIST A R & K4 70 i I %
(386°C). XLl A, L LA 1,2-H)
AT B AN 1, 3-HUAC 7 I 45 A4 50 0 19 3R T IR A 2B
Y, BABGE 81 B AR R, 584l 2
TSR W) OR BH E R R o T R
2.3 RAEWEN-T IR KIE

| 4 J& BTSTB FI PTST #y U & Wk W % W
(10 ~°mol/L) ffy UV-Vis WG HE AT, SRR ¥ e K
B IR WG R 500 nm, 3R G W) 1 B R B I I
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Fig. 3 TGA curve of the polymer PTST

Pk hy 720 nm, ZLF8 T 220 nm, X2 H T EAY)
AR AT R8O i R 3 A R AR g B 1, 2-BOI O R
AR 13- BR B9 JELIAL. i 3R 5 W Y B RS
IR I, T LT B R A W O S RE B
(E) 9 1.72 eV. 5RUEN (P3IHT) MRERRAHLL
BEAR 129 0.3 eV, k5 oK FHOG %A 5 4 9 It
[

1.0 ——BTSTB
VA ——=PTST
0.8
B
<06
oy
z
204
=
0.2
0.0 1 1 1 1 1
300 400 500 600 700 800
Wavelength (nm)
Fig. 4 The UV-Vis absorptions of the polymer PTST
2.4 RBREYHREIAMARIIR

FHYA PTST i 58 A 40 A e i 1 T 0 i,
FHE1 22 R AE X LA, JT Ag/AgNO, (0. 1 mol/L)
VES R, F R 0T o DO T 56 e SR e 2 % TR
(0.1 mol/L) , Ay 50 mV/s. B4 ML #B
2ot WAR AR AR JE AR R (Fe/Fe ™ ) i A7 %
1E, AL E J Fe/Fe' #H XF F Ag/AgNO, (0.1
mol/L) [ HL#4 Ky —0. 03 V. T4 14 AR 4 )
LR WA S Fros. dEad 2R " HOMO =
—e [E™ - (-0.03 V)] - 4.8 eV, LUMO =
—e [E" = (-0.03V)] - 4.8V, f% L
J5 Y S B 0 K £ (0.87 V) R EVT (- 1,06
V), Al LA R A PTST (5 HOMO B84

-5.70 eV,LUMO G4 Ny -3.77 eV. 1@ Hfb2E
REBL(E,) = EN" - EV R AKX T LGRS
Y PTST (ML Ak RER Ry 1. 93 eV, XA 2E 1A
DR ELE A SN KB N SR A s
B, RAE YR LUMO REZL kL PAHT( -2.9 eV) I
LUMO fE X T 0.8 eV, 5 & IE — Bt W Iz i
LUMO ( -3.8 eV)fegk tbisin ', & R
G W K BH HL Tt 37 464

10
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Fig. 5 Cyclic voltammogram of the polymer PTST

2.5 PTST 5 P3HT fy755¢% K 258

9T Yk PTST JEAR4f 10 5 5 W) Z AR 1 8t

60
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Fig. 6 PL spectra of the blend films of P3HT and PTST
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2R G W) 5 PIHT 4% MR A /Y Lo ) 217 2 1R )5 1Y
AR WO TR IR, 2 a3 (48 TR I 1Y
POLERE (PL) (B 6). &5 KM, {4 PTST:
P3HT =1: 10 i, P3HT [ %¢ g PTST %K T
50% 5 Le @B E) 10 1R, P3HT #9758 % JLF #
PTST 5¢ 4= ¥ K, Ut WG i 7 A P3HT #% % 31
PTST, [A] L UEW] R &%) PTST 2ARLF 09 752
LSZE

3 i

i d Yamamoto ff Bk S B, 45 2 17— Fb 32 5

1 2-HUR TR A 1,3 U IR 1) B L 1) T R
JLZEWY) PTST, B3R Y HAT 3045 1 AR 8 M 7
A DL L PN R 1 I B AR BE B (1. 72 eV)
[ B 8 B 3 ik LUMO REZ ( -3.77 eV); [ H
SR 60% 2R B, P3HT {4 9% 5% B Bk 58 4 4k
VR, X RY], BEY PTST & —FRA
RS T30 R G W K A H b 527 AR
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SYNTHESIS AND CHARACTERIZATION OF POLYSQUARAINE
FOR SOLAR CELLS MATERIALS

HUO Erfu, HUANG Yan, LU Zhiyun, JIANG Qing
( College of Chemistry, Sichuan University, Chengdu 610064 )

Abstract A novel polymer PTST bearing substituted squaric acid units in the main chain is synthesized via
Yamamoto coupling reaction in the presence of Ni( PPh,),Cl, as catalyst, and the chemical structure of PTST is
confirmed by '"H-NMR,"”C-NMR and FTIR. The polymer PTST is readily soluble in common organic solvents
such as chloroform, tetrahydrofuran, methylene dichloride, chlorobenzene and 1, 2-dichlorobenzene, thus
uniform thin films can be prepared from these solutions. The result from TGA shows that the polymer has
excellent thermostability. The UV-Vis absorption spectrum of the polymer in tetrahydrofuran shows broad and
strong absorption bands in the range of 270 ~700 nm and low band gap,suggesting that the polymer has good
coverage with the solar spectrum. The result of cyclic voltammetry indicates that the lowest unoccupied
molecular orbital (LUMO, -3.77 eV) and band gap (E,) of the polymer are decreased by incorporation of
the 3-cyclobutene-1,2-dione segment,implying that the polymer is nearly similar to that of perylene diimide-
based polymers ( —3.9 eV), indicating that the polymer PTST is a potential n-type polymer material for
fabrication of polymer solar cells. When blend poly (3-hexylthiophene) (P3HT) with the polymer PTST, even
under a low doping ratio of 20 wt% ,P3HT would lead to the PL quenching of P3HT obviously, while higher
doping ratio of 1: 1 ( W: W) would lead to completely quenching of emission from P3HT , suggesting that there
exists efficient photoinduced electron transfer from P3HT to the target macromolecule. All these photophysical
and electrochemical properties indicate that the objective copolymer PTST is a potential polymer acceptor
material.

Keywords Yamamoto coupling reaction, Polysquaraine, Novel conjugated polymer, Polymer solar cells

materials, Acceptor materials



