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X-ray Crystallographic Measurements.  Single crystals of ThCBM and PCBM were 

obtained by two-layered recrystallization with addition of ethanol on the top of the CS2
 

solution of ThCBM, and addition of methanol on the top of the CS2
 solution of PCBM, 

respectively.  The single crystals were mounted on glass capillaries with silicon grease.  

All measurements were performed on a Rigaku Mercury CCD area detector at –150 ºC 

with graphite-monochromated MoKα radiation (λ = 0.71070 Å) up to 2θmax = 54.7º.  

All calculations were performed using the Crystal Structure crystallographic software 

package,1 and structure refinements were made by a direct method using SIR20042 for 

ThCBM and SIR973 for PCBM, respectively. Crystallographic data are summarized in 

Table 1. As for PCBM, methyl butanoate group is positionally disordered with 50% 

occupancy on each site. The two disordered –CH3C(O)OCH3 groups were depicted in 

Fig. S1. (Group 1: C67, C83, O1, O2 and C79 and Group 2: C81, C80, O3, O4 and 

C82). The oxygen atom of O4 in the Group 2 and the carbon atom of C83 in the Group 

1 occupied crystallographically the same position. For structural analysis, the electron 

density peak derived from these atoms was solely assigned to the carbon atom. 

 

 
Fig. S1 Disorder model of PCBM. 
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Flash-Photolysis Time-Resolved Microwave Conductivity (FP-TRMC) 

Measurements.  The nanosecond laser pulses from a Nd: YAG laser (third harmonic 

generation, THG (355 nm) from Spectra Physics, INDY-HG (FWHM ~5 ns) have been 

used as excitation sources with the power density of 0.76 - 25 mJ/cm2 (0.14 – 4.4 × 1016 

photons/cm2). Probing microwave frequency and power were set at ∼ 9.1 GHz and 3 

mW, respectively. Absorbed power of the microwave in the cavity by local motion of 

photo-generated charge carriers was detected as the changes in electrical output of a 

sensing diode with the raise time of 1.5 ns, and monitored by a digital oscilloscope of 

Tektronix TDS3032B. All the above experiments were carried out at room temperature. 

Overall time constant of the present microwave circuit was 10-7 s derived from the 

Q-value of the microwave cavity. The relative transient absorption of the microwave 

power reflected from the cavity (ΔPr/Pr) was converted into the product of the sum of 

the mobilities of charge carriers (Σµ = µ+ + µ-: values of hole and electron mobilities) 

and the yield of photo-generated carriers (φ) as follows,  

     (1) 

where A, e, φ, N, and Σµ are a sensitivity factor, elementary charge of electron, photo 

carrier generation yield (quantum efficiency), the number of absorbed photons per unit 

volume, and sum of mobilities for negative and positive carriers, respectively.4 

Polarization of the laser pulses is isotropic. ThCBM and PCBM crystals are mounted on 

quartz rods and laminated with poly(methylmethacrylate) (PMMA). The experimental 

set-up is illustrated in Fig. S2. The number of photons absorbed by the crystals is 

estimated by the direct measurement of transmitted power of laser pulses through 

(quartz rod) – (crystal with PMMA) – (quartz rod) geometry (see Fig. S2) with Opher 

NOVA-display laser power meter. The quartz rod is rotated in the microwave cavity, 

and the changes in the effective electric field in the crystals by the rotation of the 

samples were calibrated based on the geometry of the crystals captured by digital CCD 
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camera. Because of the small size of the crystals (the maximum length of the axes was 

less than 1.1 mm), the calibration factors for the effective field strength were estimated 

less than 0.09 which is smaller than the experimental errors originated from the 

measurement of the number of absorbed photons (the error factor in the number was 

0.2). Observed conductivity transients in the crystals are displayed in Fig. 2. The values 

of the conductivity in the figures are already converted into the values of φΣµ in 

equation 1 based on the number of absorbed photons estimated by the above procedure. 

The values of φ in the compounds were determined by photo-current integration 

with a time-of-flight measurement setup in a vacuum chamber (< 10-5 Pa). A planner 

crystal placed onto an Al electrode, and sandwiched with an ITO electrode. The surface 

of the crystal was illuminated by the pulses at 355 nm with the power density of 4.4 × 

1016 photons/cm2. The inter-electrode distance was determined by an Avantes, 

Avaspec-2048 interferometer, determined as 24 µm. Transient current was 

predominantly observed under the applied negative bias of 0.22 – 3.3 × 104 Vcm-1, and 

monitored by a Tektronix TDS 3034 digitizing oscilloscope with the terminate 

resistance ranging from 300 – 3 kΩ. The current was also accumulated by a Keithley 

R6487 current integrator. The other details of the set of apparatus were described 

elsewhere.5 
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Fig. S2 Schematic set-up of anisotropic conductivity measurements based on the 

time-resolved microwave conductivity (TRMC). 
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Table S1. X-ray crystallographic data for ThCBM and PCBM 
  ThCBM PCBM 
empirical formula C71.25H12O2S3.5 C146H28O3S2 
formula weight 1012.09 1893.80 
crystal system triclinic monoclinic 
space group Pī (#2) P21/c (#14) 
T, K 123 123 
a, Å 9.9822(5) 10.274(2) 
b, Å 16.1523(11) 19.101(4) 
c, Å 25.744(2) 19.342(4) 
α, deg 104.099(3) - 
β, deg 99.991(3) 91.6161(9) 
γ, deg 90.458(3) - 
V, Å3 3959.3(5) 3794.1(13) 
Z 4 2 
no. of reflections measured 27288 29006 
no. of observations 11236 8388 
no. of parameters refined 1380 720 
R1

a 0.0693 (I > 2σ(I)) 0.0974 (I > 2σ(I)) 
Rwb, c 0.1785 (all data) 0.2318 (all data) 
GOF 1.117 1.098 

a R1 = Σ ||Fo| – |Fc|| / Σ |Fo|.  b Rw= [Σ(ω(Fo
2 - Fc

2)2 ) / Σω(Fo
2)2]1/2. c ω = 1 / [σ2(Fo

2) + 

(0.0500 • P)2 + 30.0000 • P, where P = (Max(Fo
2, 0) + 2Fc

2) / 3. 
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