
Crystallization-Induced Energy Level Change of 

[6,6]-Phenyl-C61-Butyric Acid Methyl Ester (PCBM) 

Film: Impact of Electronic Polarization Energy 

Yufei Zhong
1,2
, Seiichiro Izawa

1,2
, Kazuhito Hashimoto

1
, Keisuke Tajima

2,3*
, 

Tomoyuki Koganezawa
4
, and Hiroyuki Yoshida

3,5*
 

1
Department of Applied Chemistry, School of Engineering, The University of Tokyo, 

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan, 
2
RIKEN Center for Emergent 

Matter Science (CEMS), 2-1 Hirosawa, Wako 351-0198, Japan, 
3
Japan Science and 

Technology Agency, PRESTO, 4-1-8 Honcho Kawaguchi, Saitama 332-0012, Japan, 

4
Japan Synchrotron Radiation Research Institute, 1-1-1 Kouto, Sayo-cho, Sayo-gun, 

Hyogo 679-5198, Japan, and 
5
Institute for Chemical Research, Kyoto University, 

Gokasho Uji, Kyoto 611-0011, Japan. 

 

Figure S1: 2D GIXRD patterns. 

Figure S2: XPS spectra. 

Figure S3: LEIPS spectra. 

Figure S4: UV-Vis spectra. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

Figure S1 a) In-plane GIXRD patterns of PCBM/TiO2/ITO at different annealing 

temperatures. Crystallization starts occurring at 140 °C and the peak at 

approximately 17.6° gradually increases in area at higher annealing temperature up 

to 150 °C. 2D GIXRD patterns of PCBM/ITO film b) before and c) after the 

annealing at 150 °C for 5 min. Only a broad ring was observed in the film before 

annealing, while clear diffractions are observed as spots after annealing. 

 

 

5 10 15 20
0

400

800

1200

 

 

In
te

n
s
it
y
 (

a
rb

.u
n
it
)

2θ (°)

 150 °C

 145 °C

 140 °C

 125 °C

 100 °C

 75 °C

 50 °C

 No annealing

a



 

 

210 205 200 195

 

 

In
te

n
s
it
y
 (

a
rb

. 
u

n
it
)

Binding energy (eV)

 Before annealing 

 After annealing

a

210 205 200 195

 

 

In
te

n
s
it
y
 (

a
rb

.u
n

it
)

Binding energy (eV)

 After annealing

 Before annealing

b

 

290 288 286 284 282 280

c

In
te

n
s
it
y
 (

a
rb

.u
n

it
)

Binding energy (eV)

 Before annealing

 After annealing

 

Figure S2. XPS measurements of PCBM/ITO in the regions of a) Cl2p for PCBM 

spin-coated from chlorobenzene [binding energy of Cl in C6H5Cl (200.5 eV) is 

indicated by a dashed line], b) Cl2p for PCBM spin-coated from CHCl3 [binding 

energy of Cl in CHCl3 (206.8 eV) is indicated by a dashed line] and c) C1s peaks 

before and after annealing. No Cl2p peak was observed, indicating the absence of 

solvent residue in the PCBM film. The shift of the C1s peak was clearly observed 

after annealing. Peak maxima were obtained by Gaussian fitting for five different 

points from the same sample, which gives 284.97±0.04 eV and 284.79±0.04 eV for 

the PCBM film before and after annealing, respectively. 
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Figure S3. LEIPS profiles measured at different photon energies for the PCBM films 

a) before and b) after annealing at 150
o
C for 5 min. Arrows indicate the onsets of 

spectra. c) Plot of the onset energy as a function of photon energy for determining the 

electron affinities from the intersections with the x-axis. 
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Figure S4. Transmittance absorption spectra of PCBM film before and after 

annealing on quartz substrate. 


