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Solid-state NMR analysis of bulk-heterojunction structures for organic solar cells
with high conversion efficiency

Fukushima, Tatsuya
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For bulk heterojunction-type organic solar cells (BHJ-0SCs), donor-acceptor (D-A)
structures in an active layer are considered to have an impact on photoelectric conversion
characteristics. In this study, we investigated on the D-A structures consisting of oligomer-type
material (DTS(FBTTh2)2) and PC71BM system, which are solution-processible materials and are suitable for
the realization of low-cost energy device, to understand the characteristics by spectroscopic techniques
such as ultraviolet-visible spectra, photoluminescence emission spectra, and solid-state NMR
measurements. The power conversion efficiencies of BHJ-0SCs increase from 1.9% to 6.0% by the
investigation of fabrication processes. Structural analyses reveal developments of ordering on
DTS(FBTTh2)2 and phase-separated heterojunction structure on the order of several tens of nanometers by
adding 1,8-diiodooctane of 0.4 vol% to solvents.
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BHEE Jsc Voc FF PCE
B33 BB 77 072 035 1.92
Bk RAE 126 076 053 513

{E#=AE+DIO 128 075 055  5.21

EHAARE+DIO 120 0.78 048  4.53

131
2
1 1.9%
5.1%
1,8-
(D10) 0.4 vol%
Voc
Jsc FF
+DI0
5.2% +DI0 4 5%
@
4
DTS(FBTTh,),:PC,,BM
3
DIO
+DI0
500 800 nm
DIO
DTS(FBTTh,),
1 1
— BRI —EhRaE
08 I iEs#AEgDI0 08 I ssamgeDi0
Bos § 06
& S
5 g
204 < o4
02 02 |
0 ‘ ‘ ‘ 0 ‘ ‘ ‘
300 500 700 900 1100 300 500 700 900 1100
Wavelength / nm Wavelength / nm
3

DTS(FBTTh,),:PC,,BM

PL

120000 ——————————————— 120000
—IEBREY —EBRAY
100000 — &% RiFHE+DIO 100000 — @R REEDIO
7 7
& 80000 S 80000
2 >
2 60000 B 60000
2 5]
£ E
g 40000 g 40000
20000 20000
0 0
700 750 800 850 900 700 750 800 850 900

Wavelength / nm Wavelength / nm

4
DTS(FBTTh,),:PC,,BM

10 nm

10 nm
+DI0
+DI10
(a) DTS(FBTThy),
(b) PC71BM
(c) DTS(FBTThy), : PC7:BM
150 160 5'0 6
3C Chemical Shift / ppm
5 13C CP/MAS NMR
NMR 5
DTS(FBTTh,), PC,,BM
DTS(FBTTh,),:PC,,BM
DIO NMR
13¢ CP/MAS
NMR DTS(FBTTh,),-PC,,BM
1
H
Ty DTS(FBTTh,), PC,,BM
125 ppm 170 ppm



Ty

2
'H Ty
1.2
2
+DI0
Ty
1.0 2.8 DIO
2
H
Ty
A DTS(FBTTh,), PC:BM
g Y=y s 1.23s 125 s
&5 S A +DIO 1.00 s 279s
64

2015 9 16

http://molmat._kuicr.kyoto-u.ac.jp/

€Y
FUKUSHIMA, Tatsuya

@

®



