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Fabrication of a novel organic photovoltaic film

SUN Xiu-xuan,GUO Kang-quan

(College of Mechanical and Electronic Engineering  Northwest A& F University ,Yangling s Shaanxi 712100, China)

Abstract: [Objective] To improve the traditional inorganic solar cells,a novel copolymer was synthe-
sized and developed. [Method) The copolymers of PGI-FEDOT) derived from EDOT and isoindigo were ob-
tained through the palladium-catalyzed Suzuki coupling method. The properties were characterized through
a variety of instruments, including thermo gravimetric analysis, UV-vis absorption spectra and Current-
Voltage measurement. The organic solar cells using traditional architecture were fabricated to investigate
the potential photovoltaic performance. [Result] The novel polymer had good thermal stability,reasonable
highest occupied molecular orbital energy levels (Eyomo) and lowest unoccupied molecular orbital energy
levels (E ymo). The photovoltaic performance test of organic solar cells based on PGI-EDOT) showed the
maximum short-circuit current density (J.) of 2. 80 mA/cm’,an open circuit voltage (V,.) of 0.45 V,and
a fill factor (FF) of 28% with the resulting average power conversion efficiency (PCE) of 0. 35%. [Con-
clusion) Follow-up studies are needed to improve the energy conversion efficiency of the novel copolymer.
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1.3.1 BARS4 1696 435K 6-15 05| be-2-
(2.5 g,11. 8 mmol), 6- & 4L (2. 67 mg, 11. 8
mmoD) i 7E 80 mL ZFEH, A 0.5 mL #E R,
Ml 24 h, W2 %G 08K 08 0 iR
JFAR R 2618 K L B 2R WG vh vk . 328 T
S, BEEY 1472 g, 95%)., 'H-NMR
(CDCLy) §:10.7 (bs,2H),9. 14 (d.J=8.7 Hz,
2H), 7. 22 ~ 7.15 (m, 4H), 76 & % .
CisHgBr,N,O,, i+ %8 {4. C, 45. 75; H. 1. 925 N,
6.67, SLU{E.C.45.72;H.1.90;N,6.62,
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(4.2 g,10 mmoD) FIHx B4 (8. 3 mg,50 mmoD) il A
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mmoD) 7 A Z e W& &, BEEZEF = 100 C
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VAOEC KD =1+ D Rk 45 2% 2 (5.48 g.
85%).' H-NMR(CDCl;) §: 9. 00 (d. J = 8. 7 Hz,

2H),7.13 (d,],=8.7 Hz,J,=1.5 Hz.2H),6. 81
(d,J=1.5 Hz,2H).,4. 17(t,4H), 1. 83(m,4H),
1.54 (m,4H), 1. 36 ~1. 27 (m, 24H),0. 87 (t,
6H), 7€ & 2 #r: CHy,Br,N,O,, i & . C,
61.36;H.7. 44; N, 3. 98, S {f. C. 61. 32; H,
7.41;N,3.96,
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1.3.3 BARZ4 3694k ERIWET T F ™
¥y 2 (4.35 g,5.0 mmol) , WIBE 45i JR s A 642 g (3. 05
g, 12 mmol) A AL H 1. 17-80 C % 3L ) — % &
[PdCL, (dppf) 1(220 mg) . BR8N (2. 95 g,30 mmol)
WK MA R R R . ZFMA 2 mL JGK 1.4-—
EONER K OB AR R 218 TR 2 80 CIFHEHE 30 h,
R R ER, o8, I A /O b (VTR
Bt VOECE) =1+ D347 ohvk, ve 45 08 W, A
HH B AT B 445 A S DB AR DOUE JF T 3028 TR A b 45
CTT M 12 h BRI EEEK™Y 3 (3.6 g,
75%).'H-NMR (CDCl;) §:9. 15 (d,J =7. 2 Hz,
2H),7.48(d,J,=8.7 Hz,J,=1.5 Hz,2H),7. 15
(d,J=0.6 Hz,2H),3.69 (d.J=7.5 Hz,2H),
1.95(bs,2H),1.59~1.19 (m,64H),0.85 (t,]=
6.6 Hz,6H); TTZE 4 #7: Cis His B,N, Oy o 11818
C,72.18;H,9.59;N,3. 51, L¥{H.C,72.16; H,
9.57;N,3. 49,
1.3.4 BARSH 4656 R ¥ 3,4-C 8 HEEN
(EDOT) (1. 42 g,10. 0 mmol) 1 A #] 30 mL 1

Synthesis route of the copolymer P(iI-EDOT)

N, N-— /5 FI 5k Jiie (DMF) 2 J5 8% N-J 4R 35 3
fik 7 2 (NBS, 3. 78 g.21. 0 mmol) ¥ f#1E 30 mL (¥
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MmAB R, TR 2 b 75 R 45
Je B 100 mL (¥ K A SR 25 2% B 4 g A5 2 1
DUVE AR 2 M43 3 5 A IE O % 0 bk 2 570 45 21 7= 4 4
(2.76 g,92%) ., H-NMR(CDCl;) §:4.13(s,4H),
JLE /M CGH,Br,O,S, i % ff. C. 24. 02; H,
1.34, S2E{H.C,24.06;H,1.32,

1.3.5 PULFEDOT) #5& a  RAY A K8 g
Suzuki {8 B & W #4175, B 559 3 (399 mg, 0. 5
mmoD) fl =4 4(149 mg,0. 5 mmol) il A 1.5 mL
R SOV A R AW ARG EE i A3 41
PTEIR I R 2 0 AR B RS T PR A AL ) =
(PR EPIED — 48 (Pd, (dba,),) (15 mg) FI L &
P(o-tyD; (10 mg) . ¥ e W& & T 85 “C Jz Jif 36 h,
BHIREERIMA 100 mL FEE, o0k, G g G m
[E] 44 W Joit 28 J2 A 4 15 o AU A DA 0 ) A 3 e ¢
7= PGI-EDOT) , P76 B S 03 % T 45 [ 44 72
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H2S TR A5 °C TR 15 5 4[5 {K (226 mg,
66%) ' HHNMR(CDCl,) §:8. 98 ~38. 70(M,2H),
7.40~6. 80 (m,4H),4.13(m,4H),3.60~3. 25
(m,4H),2. 20 ~0. 60(m, 70H) . # iK% 5 @
(GPC): 4 F i & (M,) = 28 700 u, 4 Ht & %«
(PDD=2.14,
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Fig. 2 TGA thermo gram of PGI-EDOT) with
heating rate at 10 °C /min under nitrogen
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K FAE R 22 2 8, PGI-EDOT) (9 48 56 | 4k
e, DR B 2 R EYRIRES . >k CHI 660D
R HL AR 22 4 B AGHE AT I, SR RN 50 mV /s, T
A PR Ry 3% e P ARG Al B F A A B 22 LR L 2 LE L AR
SRy WL I H SR FL A o PR VR R DU OE T N U R i (n-
Bu, NPF) () Z 5 % # (0. 1 mol/L) ., 7R 2 77 »
S A R BRIV P AR TE B AR A
WA R AW H B AE A . LE AR TR A0t 4%
PR A5 Fe/Fe' AHXS T 400 F0H 5K H i 09 4804k L o7
9 0.39 V, Fe/Fe' #XFF H25 R 2 1Y 8 AL 8 J5 iy
ol —4.80 eV, W, PGEFEDOT) B & 2 5 %
T BEZL (Enowo) PR AR 5 P RE (ELowo) W] LLE
i R 28 A TR
Enovo=—e(Eo,+4.8—E 5 croret) ) s (D
E1uvmo = Enovo +Egopl ° 2)
Krf e fUEITH T, E. 8 PAGIEDOT) (8 46 41k

e 11 2k O 150 W) HG LA A e AR E
2.2 BE&Y PGIEDOT) Mk 345

REY PGIEDOT) 75 % W A1 [ A BBEOR T 1Y
L hh-a] DL AN 3 s . i 3 Al AL PG
EDOT) 7F = G B Be % W 1) Jse K I e 7F 696 nm
b W GH G AE 828 nm Kb, 5 VAW IOG 1 AR FL
PGI-EDOT) 1 i 5 W WO 3 JF 8 A A= W1 19 21
%o LR THE TR IR AT S T A I VR IR WSO 1S R A A
XL U, PGIFEDOT) 78 AR B R 0% A &
A Ay F B RE R R B 4. e AR B
CE yop ) 2 I Wt L7 52 B BR AT 5 125 38 B4 18 B /DN 14 3
P« TR 4 [ 1A 55 A 335 10 W e i 2k - 35 X
H:Ege =1 240/ CHirp 2 N B AW IH 20 .
AR PGIEDOD) (624 REHF BN 1. 50 eV,
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Fig. 3 UV-vis absorption spectra of the polymers
in chloroform and in films
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1) Evomo M1 Evomo fH 205 —4. 97 F1—3. 48 €V,
2.4 BE&YW PUL-EDOT) IR MHERE
2.4.1 A FHE44 PUFEDOT) 5 A AL X 8 48
ey R & WA E 4 TR B A HLK FH RE
okl 2R S5 fe - 2 8 A E Wy PGI-EDOT) By 6
RYERE. EL A BB el i KW-
4A & R AR ML Dektakl150 & Fr {% . PLASMA-
PREEN Plasma Etching System.dt 5t Z &l i T &
MRS (N B B &P M Keithley PCE il iz
ARGl & T AFRITF .

D RS (ATO) 3 R B 3ETE . w56 F 5 A
FEYEVE 10 min, B A HR B (TTO) Y80 75 7% Uk
10 min, PABR 2 ITO 3¢ 7 RE R R . 2 N kA
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£ TAGE YR 10 min, KU Z 1TO 3§ 2 15k
FERIG VR . FeJo FH S P9 B 75 3 R 10 mins, DAYE
PR REAR B ALY . Z R ABEAR thpE T
2) R M4 Plasma Zb B, 76 1 2% f AT, 2%
FALHRE (AITO) 3% 7 R 1 i# 17 %< Plasma AR HE
Plasma b Bl B 25 5580 1~5 Torr, A A
4~5 mL/s, b BBt [E] 25 10 min, Plasma 43 1 H
M RIEBR TTO FRIER 3 A LY . IR ER K ITO 3
J 2 THT 42 fioh A7 1) [) BsF 42 755 BH B 1) g o 58
RO T AHEY + ROK LR (PEDOT :

PSS) R E R . R A MUK 3 £ 45 — W e Wy
BRLIGHIR (m CR L% — A WEWY) + m (RE LM

WERR) =1+ 2.5) MKW LL 4 000 r/min () 3 J JiE
WAE ITO B bR SR 5 A BE 8 T A2 160 °C 5%
P F AL FE 30 min,

DIGEZ e . 1M 2 A e 7R b 5 2 B
NFEAEFHITFEMRE DT, TFERMNATER
3BT 0,000 5%, AHXTHE BE/NF 0,000 1%, AT
BlEA A TR SRR ARG, KRR
Be-2 P A EMy (PGI-EDOT)) FI(6,6) H 3L Coy T
iR F 3L g (PCy BM) B9 — & (DCB) % W (10
mg/mL,m (R RFE-ZFHE _FBEW) + m((6,6) K3
Co TIRH AR =1+ 1 LL 1 200 r/min 438 & g 5
% PEDOT : PSS &y 3R 1, i Jo 1578 16 P 2 T2
i 1 2R K 1 nm IR AEH)Z .

5)4xJm HL AR 1 ZE B . B F RO RHER TBOLE LA B
JEEHIL Y 2 £ s 78 o L 2S S5 0F TR XA S i i — a2
(4 L R FL 3 e R AR B B AR VR AE AR R T
AT E) 4 A .

4 A1 (100 nm)

ﬁ@t@ LlF (1 nm)

% }% %@E@ %:&:Z.Jﬁ%ﬁﬁ@ PEDOT : PSS(30nm)I
AW HE 1TO
LIS Substrate

K 4 FETESY PGREDOT) A HLK B BE d 1t 9 25 44
Fig. 4 Schematic diagram of the organic solar
cell based on PGI-EDOT)
2.4.2 R F R A4 PUEDOT) # A #L K 8 4%
g RN K R T PGEEDOT) i 4 1A

HLRBHRER M E T AM 1.5 G (100 mW/cm?®) i K
FROGAS UL 35 HE G T CAS A B2 o 48, 2°) 13 31 i
JE-FL % B & & 5 i, &5 BRIz A
TR E (Vo) R 0,45 VoA BB R EE (D N
2.80 mA/em’, ML R B (FF) 2 28%. BA&W
PGI-EDOT) # fig 1 % b 2% (PCE) o] | F =it
A

7=V XJXFF)/P, (3
ey MRB L EALEOR Vo T B L T O
L FF NI R 5 P ASPaEE . R
15 B4 P GIEDOT) B BE 2 7 3 20 8 Ny
0.35%,

i
e
L2
<
g5
® 5
s
© (&)
®
i 1 Il 1 1 Il J
—0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6
/v
Voltage

B 5 3TERASY PGLEDOT) 4 HLA B8 L it 7
1.5 G (100 mW/cm® ) B H00 25 BT T 194 Fiy s - Fb 0 25 8 1l 26
Fig. 5
PUI-EDOT) under the illumination of 1.5 G (100 mW /cm?)
2.4.3 A FHE 44 PGLEDOT) 8 & % & & T 42
S it — 20 A B e R K FH g HE ORI
BB L AR T R A% P GIFEDOT) ¢ PG, BM
(m(PUIFEDOT)) : m(PCy; BM) =1 = 1) {i R AE 5
T BB T RIES . H 3D KiE LK 6.,

J-V curves of the organic solar cells based on

B E/mm [ 8.0
Height
.0
6.0
5.0
8.1 8.1
4.0
| 3.0
- A
58,7, O 2
% 2 oV
{‘ %y '\%j?z@é’o 1.0
Y X 5 GF X=2.02 um; 0
) Y=2.02 pm;
Z=8.16 nm
B 6 AP PGFEDOT) : PCouBM(Fii by 1+ DY

3D ¥ A (2 p mX2 pom)
Fig. 6 AFM tapping mode 3D height image (2 pymX2 pm)
of PGI-EDOT) : PCs; BM (1 : 1) film
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M 6 7] LLF . PGI-EDOT) = PCy BM(#) 3
AT BRI S XN — s B Bz 1 HOB AR 1
RE . TEJ5 2209058 b N Y 5 | 1 0 ) Jo s e 1 1) 2k
VAT DT 32F — 25 B8 v 3K 40 I 1Y) i o B 4 40, S 3L
S0 b 7 T RO AR T 2 R B B S R

3 45 i

DR A AL ) = W R YRR 4
Pd, (dba, ), FIFL & P (o-tyD), #47 Suzuki {8, &
BT L3, 4- 2 —E WEwY (EDOT) Fil % %E ¥ (isoin-
digo) Fy0 Ry Hefil 1y 40 2R 54 PGI-EDOT)

2)RAY PAGIFEDOT) (1) # K 5 Pl ik 45 SR %
B, H 500 2 R By 385 °C L, A B e
£ AT DUTE MR G AR IR & KA rh i

AR 2R . B AW PUI-EDOT) 78
VAW T B i R T WA U AE 696 nmy A2 L 59 VR R W O %
AR LY R W W % I A AR B i i 20, R TR
G PGI-EDOT) 75 3 EAR SR IF A & A4 ] W 1Y
oy F 8k [E] R HER)

O FAAE PR 2 2ok i E R A4 PGI-EDOT)
) L AL 27 PR R L i B = LA RE L (Enowo) il
AR BB B (ELomo) 209 8 — 4. 97 Fl—3. 48
eV, KIHEBAEWH HOMO f1 LUMO fER & i . &
B A L B K FH g L

5) il % 45 ¥ & 1TO/PEDOT : PSS/P (il-
EDOT) : PCs, BM/LiF/Al {75 ML A BH B8 H 3t , 452
PS5 R s HIF B R (Vo) R 0,45 VB S
MBEE (J) R 2.80 mA/em®, LR (FF) KR
28% . etk 5 AL (PCE) 2y 0. 350,

6) B4 PGI-EDOT) : PCy BM (i & L H
Te DRy RMEIE S Hr &L R& R EW P Al
EDOT) i HH#% 1L 30 (PCE) #F— L 3 5 19 — 4>
FORHIR M R, AR R SR B AT N 2 5] ok ok
YR e R S AT, DAAR R AR R R OR .
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