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Correlation Between Crystal Structure and Properties in Polymer Solar Cells
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Abstract — The bulk-heterojunction polymer solar cell based on regioregular P3HT (poly(3-hexylthiophene)) and
PCBM (methanofullerene [6,6]-phenyl Cg;-butyric acid methyl ester) was fabricated. Annealing effects on the crystal
structure of polymer—fullerene blends as well as the UV-VIS electronic absorption spectroscopy were investigated. The
correlation between the crystal organization of bulk-heterojunction film and the power conversion efficiency of solar cell
was studied. Resultantly, the polymer solar cell annealed on 150 °C for 30 min, showed both the enhanced molecular

interactions and the optimized crystal structure and displayed the power conversion efficiency of 3.2 %.
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FATRAZE A ElFAx)= 1992 MEH-PPV poly(2-methoxy-
5-(2-ethylhexyloxy)-1,4-phenylenevinylene) 2} Cq, = 2] @ (Buckm-
insterfullerene) w4 Al0] 2] -4 AR} o] &Ae] W)
AZE AT, 1 ¥, H 0] ¥ (bulk-heterojunction: BHI)S] 7]
Jol AvlEm, 2 g82 AHA 0w YN, 1 At dA
46%2] oA 2g ggo] F3lo wiEw QIvh2-8]. BHI 59
7P Fast d e VR EEXEE S 5 Qi) ks, &
7] AR jEEA] jellA ] AALE EREAE7E 10 nm~20 nmE A5
wlo] g17] wlEoltt. sk, AA|Eo] Al EEld & AF T
(recombination)el] 2|8t =418 FAgleta, Held daks 2 249
A=o R 55317 S8, ARl (donorys 2k HAREA] (acceptor)
Zo] o] A% S T WEY A -3 (bicontinous interpenetrating
network structure)S ©]F-oJoliE SHT} 2, 3]. wEhA, & Aol M= 9]
25t #7425 Sl el 885 HojF3d P3HT:PCBM BHJ
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A/ E2138 A E L3l (3w AFF=32,072 g/mol, FFY
THEAH=64,160 g/mol, TAFE-EA|E, PDI=2.0)2 &34 22
A (PCBM)S A% (rieke metals)?} oF2] 7193 & (American dye
sources)°llA] ZF2F 9181 TE. Poly(3,4-ethylene dioxythiophene)/
poly(styrene sulfonate) (PEDOT/PSS: Baytron®P VP Al 4083)%=
HC Z~E}Z1(H.C.Starck) 2 F-E] -1l 3}3 T}, Tetrabutylammonium
hexafluorophosphate(TBAPF, )= &3lolol| 2 (Alfa Aesar)ollA] A5
ekt 1O FHE F2(F7]: 150x150%0.7 mm®, BAIE: 6+2 Q/
square)t= DEF/ | (Delta Technologies Ltd.)A4 43kt
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o] 30 nm~40 nm771¢] 55 AZSEYk 1 el P3HT:PCBM
FN3 wt.% o1F3hAl S-S 600 rppm~700 rppm S E TR}
[5]. 2 A%} 2F 200 nm 712 52 A& F ek 1 F, 71E
FH(hot plate)oll] ZF2Fe] 12 (-2~300 °C)2 A2 dFthe]
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Fig. 1. Chemical structures of regioregular P3HT (poly (3-hexylthiophene))
and PCBM (methanofullerene [6,6]-phenyl Cg,;-butyric acid
methyl ester).
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Fig. 2. (a) CV for drop-cast P3HT film (working electrode) on glassy
carbon in 0.1 M TBAPF /aceonitrile with Ag/AgCl reference
electrode and platinum counter electrode at scan rate of 100
mV/sec. (b) CV for drop-cast PCBM film (working electrode)
on glassy carbon in 0.1 M TBAPF/aceonitrile with Ag/AgCl
reference electrode and platinum counter electrode at scan
rate of 100 mV/sec.

2 AN IRAZ o]FET} o] uEA} AR A= AR
A} #F 7| (differential scanning calorimetery: DSC)Z 4] A] <F
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ek ZleloHi2).

P3HTS} PCBM Z5 Aol thsto] 71stet] Abst e As
= Ak Sl =3 A (eyclic voltammetry)s A3
t}. Fig. 2= T8I % (drop casting) .2 BHA < A=7o] A%
5023 wt.% olshilAlg-oell thste] /%1 3k-(Ag/AgCl)
B A= wig (P ] S-S ARESle] o2 RSV = Alojd
0.1 M TBAPFPHIEUEZ gollofx ] e Fdd1-(CV)=
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Table 1. Electrochemical oxidation/reduction potentials and HOMO-LUMO energy levels

E™ (V) EHOMO (10.1) (eV) E*“(V) ELUMO (1£0.1) (eV) Electrochemical band gap (eV)
P3HT 0.46 -5.16 -1.94 -2.76 2.40
PCBM 1.44 -6.14 -0.87 -3.83 231

P3HT:PCBM = 1:1
Unannealed

——100°C
150 °C
——200°C
250 °C
——300°C

N
1

Normalized Absorbance (a.u.)

T T T T T T T T T
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Fig. 3. UV-Vis absorption spectroscopy for PSHT:PCBM (=1:1 wt.%)
film at various annealing conditions.
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Fig. 4. (a) Schematic illustration of GIXRD measurements. (b) 2-Dimensional GIXRD pattern for the P3HT: PCBM (=1:1 wt.%) film (¢) GIXRD
pattern for the P3BHT: PCBM film (= 1: 1 wt.%) after various annealing conditions.
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Fig. 5. (a) Schematic illustration of out-of-plane XRD (b) 2-Dimensional XRD pattern for the P3HT: PCBM film (=1:1 wt.%) after various
annealing conditions (c) XRD pattern for the P3HT: PCBM film (=1:1 wt.%) after various annealing conditions.
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Fig. 6. Current-voltage characteristics for the P3HT: PCBM (=1:1 wt.%) solar cell after various annealing conditions (a) Unannealed, 100 °C, and

150 °C, (b) 200 °C, (c) 250 °C, and (d) 300 °C.

FEE (100) 2792 2717F 2AY 279 mlido] wig- f
A& YERAT Fig. 5(c)ell 215k, (100) 3] =13 Ad=2o11A] 100 °C
AA e 7= vlsssiglont, 150 °C EA Al o S
31, 200 °C FA A ZaT] 2= ST 1 5, 250 °CH 300 °C
IHg] 2= ot 2ol (100) ZHo] A2 s]ES 18k
T AT o= GIXRD A¥eFE AF(Hlim)gct. webs, Aol
2ok oz s)he XA Atel sk, A2elA 200 °C EA]
T2} AP sl 3A dEE & Z0E oA5E gt
Fig. 6= 7} 9A2] 270 9 AF-AS 48 HojEe). 1 A
= Table 29 A2)sIt}. Fig. 58} Table 20) LFERS 73} o], &
ﬂal Aol efoFdRe] a82 oF 2.3%Q1H], 100 °ColA dA2] &
= &9l mE] 3%% T/, 150 °collx] EAe s Bal a&
o] 3.2%7HA Z7FiTt. I8, 200 °C, 250 °C, 2 300 °ColA S &
2] g 7-9-oll=, &&o] w7l "oFtt. 200 °ColA] A w2

a7} 7,
A
'_V -1

N

3lerast 46 15 2008 22

Table 2. Photovoltage (V,,), photocurrent density (J;), fill-factor (FF),
and power conversion efficiency (1) as a function of annealing

conditions
Conditions V,. (V) . (mA/em?)  FF (%) N (%)
Unannealed 0.55 10.6 40 2.3
100 °C 0.61 9.0 54 3.0
150 °C 0.63 10.1 50 32
200 °C 0.64 0.2 10 0.01
250°C 0.66 0.2 10 0.01
300 °C 0.23 0.5 23 0.03
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