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1. General

The glass substrates covered with indium tin oxide (ITO) (5 Q sq™) were purchased from
GEOMATEC Co., Ltd. Poly(3,4-ethylenedioxythiophene):poly(styrenesulfonic acid) (PEDOT:PSS)
(Denatron PT-100) was purchased from Nagase ChemteX Co. (6,6)-Phenyl Cg;-butyric acid methyl
ester (PCBM) was purchased from Nano-C, Inc. Poly(3-hexylthiophene) (P3HT) was purchased from
Sigma-Aldrich Co. Titanium tetraisopropoxide was purchased from Wako Pure Chemical Industries,
Ltd. The ITO/glass substrate was cleaned with a UV/ozone cleaner (UV-253) (Filgen, Inc.).
Photocurrent-voltage characteristics were measured by using a CEP 2000 (BUNKOUKEIKI Co., Ltd.).
The light intensity of the illumination source was adjusted by using a standard silicon photodiode
(BS520) (BUNKOUKEIKI Co., Ltd.). The thicknesses of the films were determined with an Alpha-
Step 1Q Surface Profiler (KLA-Tencor Co.). The skeletally-modified fullerenes (SMFs) were prepared

by following the procedure reported previously.*

S2



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

2. CV of 1,Cg and PCBM

The results on cyclic voltammerty (CV) for 2 and 3 were reported earlier.*

Fig. S1 CV (in 1,2-Cl,CsH4 with 0.1 M BusNBF,, scan rate 20 mV s %) of 1, Ceo, and PCBM.
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3. Procedure for fabrication of the BHJ solar cells

The photovoltaic devices with a layered structure of glass/ITO/PEDOT:PSS/1:P3HT/TiO,/Al were
fabricated as follows. The ITO-coated glass substrate (5 Q sq™, 2.5 cm x 2.5 cm) was washed carefully
under ultrasonic irradiation using water, acetone, and ethanol. The substrate was further cleaned with a
UV/ozone cleaner. A thin layer (~40 nm) of PEDOT:PSS was prepared onto the ITO surface by spin-
coating the solution (Denatron PT-100) at 5000 rpm for 1 min. The resulting substrate was heated at
200 °C for 10 min under ambient conditions. Then, an active layer (77 nm) was prepared onto the
PEDOT:PSS layer by spin-coating a solution (50 uL) containing SMF derivative 1 and P3HT (weight
ratio of 1 : 1.6) in dry chlorobenzene with a concentration of 24 mg/mL at 1000 rpm for 40 seconds
under argon. The substrate was annealed at 150 °C for 6 min under argon. After cooling to room
temperature, a thin layer (~10 nm) of TiO4 was immediately prepared on the active layer by spin-coating
a solution of titanium tetraisopropoxide in ethanol (50 uL) at 4000 rpm for ~20 seconds and by being
hydrolyzed for 20 min under ambient conditions. Finally, aluminum electrodes were thermally
deposited under vacuum (3.8 x10™ Torr).

The devices based on SMF derivatives 2, 3, and PCBM were prepared in a manner similar to that
described above. The thicknesses of the active layers of 2:P3HT and 3:P3HT were 84 nm and 95 nm,

respectively.

S4



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

4. IPCE of 3:P3HT-based device

(IPCE: Incident Photon to Current Conversion Efficiency)
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Fig. S2 IPCE spectrum of the BHJ solar cell composed of 3 and P3HT.
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5. UV-vis absorption spectra

The spectra of 1-3 and PCBM in cyclohexane (red line) and as the film on a quartz glass (blue line).

The films were prepared by spin-coating (1000 rpm, 40 seconds) the chlorobenzene solution of each Cg

derivatives (9 mg/mL) on a quartz glass.
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6.

Normalized absorption spectra of the blend films consisting of the fullerene derivative (1-3 or PCBM)
and P3HT. These films were prepared by spin-coating (1000 rpm, 40 s) the chlorobenzene solution
containing each fullerene derivative and P3HT at weight ratio of 1 : 1.6 with a concentration of 24

mg/mL. The spectra were recorded (a) before and (b) after annealing at 150 °C for 6 min under ambient

conditions.

UV-vis absorption spectra of the blend films
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7.

Electron energies (E in hartrees) and Cartesian coordinates for compounds 1 (the two n-octyl groups

were replaced by methyl groups) calculated at the B3LYP/6-31G* level. Optimized geometries of 2 and

Optimized geometry of 1

3 were reported previously.
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8. LUMO Coefficients

(The DFT calculations were performed at the B3LYP/STO-3G//B3LYP/6-31G(d) level.)

The molecular orbital coefficients of the selected atoms were obtained by an equation:
— 2 2 2,05
C= '-CZD}{ * Csz * Csz )

: large coefficients
in the conjugated butadiene unit

T\ ] average coefficients
for 60 sz carbons: 0.12
J (coefficients: 0.02 ~ 0.26)

e | average coefficients
" for 60 sp2 carbons: 0.12
(coefficients: 0.01 ~ 0.26)

]__ average coefficients
" for 59 sp? carbons: 0.12
J {coefficients: 0.01 ~ 0.26)
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