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Thermally stimulated infrared spectroscopy and its application to molecular structur
e analysis of carrier traps in organic semiconductor thin films

Furukawa, Yukio
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We have studied infrared spectral changes of PEDOT:PSS/P3HT:PCBM films, which are
active materials of organic thin film solar cells, upon irradiation of 532 nm light. Spectral changes wer
e observed upon 60 min irradiation. The observed spectra are likely attributed to the overlaps of the ban
ds due to trapped positive polarons in P3HT and chemical species generated by light irradiation. They are

stable at room temperature. Large spectral changes were observed with increasing temperature, which are

attributed to the changes of spectrum of PEDOT:PSS. Thus, it is difficult to obtain the activation energy
of the trapped polarons. We will obtain the activation energy by measuring the rate of the reactions at

several temperatures.

P3HT PCBM



(3 ) (P3HT) la Cg
[6,6]-phenyl-Cg;-butyric acid
methyl ester (PCBM) 1b

BaF,/P3HT:PCBM
poly(3,4-ethylenedioxythiophene)-
poly(4-styrenesulfonate) (PEDOT:PSS) 2

BaF,/PEDOT:PSS/P3HT:PCBM 2

@
)
©)

(b)
(b) PCBM

1 (8 P3HT

= Z ~z Z
\\l | | |
_ N x

S05 "SO3H  SOzH SOzH

2 PEDOT:PSS

@

BaF, BaF,
EL EL 2-
5
30 uv
BaF, PEDOT:PSS
Heraeus Clevious PVPA14083

140°C
10
P3HT  Aldrich,
regioregular  P3HT Plexcore 0OS2100, 98%
head-to-tail, Mn: 45,000-65,000 PCBM
E100H, 99.5%
20 mg 1.0 mL
60 °C 3
PEDOT:PSS

PSHT PCBM

140 °C
10

2
Digilab
FTS-7000
P3HT 532

nm Nd:YAG
Oxford Instruments

77 400K

(1) BaF,/PEDOT:PSS/P3HT:PCBM 2

BaF,/PEDOT:PSS/P3HT:PCBM 2
298 K 60

60 3



AA110°

AA 1107

AA 1107

AA 1107

1 1 1 I
1600 1400 1200 1000

-1
Wavenumber / cm

3 BaF,/PEDOT:PSS/P3HT:PCBM 2

1800

60
298K
60
4
30
5
0.6
0.4
02| FRATON B 3

941

04
0.6

986

s pe
04| TRATON 60538

0.2

T T T
1800 1600 1400 1200 1000
Wavenumber / cm’

4 BaF,/PEDOT:PSS/P3HT:PCBM 2

60
298 K
0.6
P o
0.44 g - § 3
o 2
WSOFF Hig D
o -W
0 3 o~ =3
0.8 = e Sg %
© o
HESTOFF 3043 ©
0.6
o«
0.4 2
T

T T T
1800 1600 1400 1200 1000
-1
Wavenumber / cm

5 BaF,/PEDOT:PSS/P3HT:PCBM 2

60

30
208 K
4 60
5
30
P3HT
086 941 cm’!
(2) BaF,/P3HT:PCBM
298 K BaF,/P3HT:PCBM
60
6
0.6
2, 0.4+ °
0.2 < -
O_
1.4
g 1.2 g
b BBSTON 6051 § 3
1.04 A

T T
1800 1600 1400 1200 1000
-1
Wavenumber / cm

6 BaF,/P3HT:PCBM

60
298
K
60
30
7
3.04
<?C)
T 27
BBSTOFF Ei%
2.4
45
C?O
< 4.2 mstorF 305
3
3.94
T T

T T
1800 1600 1400 1200 1000
Wavenumber / cm’



7 BaF,/P3HT:PCBM
60 30

298

K

6 BaF,/PEDOT:PSS/P3HT:PCBM

BaF,/PEDOT:PSS/P3HT:PCBM

2
PEDOT:PSS PEDOT:PSS
P3HT:PCBM
(3) BaF,/PEDOT:PSS
298 K BaF,/P3HT:PCBM
60
8
0.4
(?g 021 2 o -
021 3 2
o 004 g g g
o FASTON 60531 N
i 1.2
244 T g T T T
1800 1600 1400 1200 1000

Wavenumber / cm”

8 BaF,/PEDOT:PSS

60
298 K
60
30 9
1.0 2
@ =
e 0- 8 g "o g
5 2 g e
< -1.0-
p FBSIOFF ik
2.0 3
1.0 - ®
= o
@ 0.04 % % =
=
< -1.01
3 FBSOFF 3093t
©
2.0 3
T T T T
1800 1600 1400 1200 1000
Wavenumber / cm”’
9 BaF,/PEDOT:PSS 60
30
298 K

30
PEDOT:PSS
PEDOT:PSS/P3HT:PCBM 2
PEDOT:PSS PEDOT:PSS
P3HT:PCBM

(4) BaF,/PEDOT:PSS/P3HT:PCBM 2
78 K

78K BaF,/PEDOT:PSS/P3HT:PCBM

60
60
10
1.5
“’g 1.04
3 o5-{maton mi
(=] © ;
0+ & . 8 2
1.5 N =
C?O
T 1.04
b FBATON 6043
0.5
T T T T
1800 1600 1400 1200 1000
Wavenumber / cm’
10 BaF,/PEDOT:PSS/P3HT:PCBM 2
60
78 K
30
11
1.54 N~
o g ~
= 054
P )
04 FHOFF Bk g
2 8 5
2.0 ¥ S
Q
“ 1.54 .
k=)
T 1.04
3 BBETOFF 305 #
0.51 3
g 3
0.0 T T T — T
1800 1600 1400 1200 1000

El
Wavenumber / cm

11 BaF,/PEDOT:PSS/P3HT:PCBM 2
60
30
78 K

10 60
P3HT



1727, 1469, 1377, 986, 941 cm'
11

1149, 1012, 9869, 941 cm!

1729, 1467, 1377, 1290, 1265
cm

(5) BaF,/PEDOT:PSS/P3HT:PCBM 2

78 K
4)
78 K 100, 200, 300, 400 K
12
2.0

2.0 o ~
"o 104 B B3 8888 33
X 0.0420K S A NA
30 8

2.0 "

AA 1 x10°
o
. =
1
w
3248
-~
1
1299

1 I 1 I
1800 1600 1400 1200 1000
-1
Wavenumber / cm

12 BaF,/PEDOT:PSS/P3HT:PCBM 2

60
12
PEDOT:PSS
2
2 PEDOT:PSS
PEDOT:PSS

PEDOT:PSS/P3HT:PCBM 2
60

2014

(M

FURUKAWA, Yukio



