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1. Absorption and fluorescence spectra and optimized structures of biphenyl and BTEBp 

 Steady-state absorption and fluorescence spectra of BTEBp in cyclohexane (0.3 mM) and 

biphenyl in cyclohexane (0.3 mM) are shown in Figure S1. Absorption maxima are observed at 247 

nm for biphenyl in cyclohexane and 261 nm for BTEBp in cyclohexane. The absorption band of 

BTEBp is shifted approximately 14 nm (2170 cm-1) to the longer wavelength and the molecular 

extinction coefficient is approximately 3.5 times larger than that of biphenyl in cyclohexane. The 

fluorescence spectrum of biphenyl in cyclohexane under 267 nm excitation shows peaks at 305, 315, 

329 (shoulder) nm, while BTEBp in cyclohexane reveals somewhat broader peaks at 311 and 320 

nm and a shoulder at 338 nm. The spectrum for BTEBp was shifted approximately 5 nm (630 cm-1), 

which corresponds to the shift of the absorption band. Biphenyl is known to exist in the planar form 

in the solid state at room temperature,S1-S4 but has a twisted form in the gaseous and solution 

states.S5-S8 A planar structure was suggested for the S1 state in supersonic free jetS7 and in 

n-hexane.S8 A large Stokes shift of biphenyl in cyclohexane, calculated to be 7700 cm-1, results 

from the structural relaxation process from the excited state to the relaxed singlet state.S7 In the case 

of BTEBp in cyclohexane, the Stokes shift was evaluated to be 6200 cm-1, which indicates a similar 

structural change occurs in the excited state of BTEBp. Molecular orbital (MO) calculations predict 

a twisted structure in the ground state of BTEBp, as for biphenyl (Figure S2), which implies that the 

same structural relaxation processes also occur in BTEBp.  
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Figure S1. Absorption and fluorescence spectra of BTEBp in cyclohexane and biphenyl in 

cyclohexane. 
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(a)
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Figure S2. Optimized structures of (a) biphenyl and (b) BTEBp obtained using the Gaussian 03 

density functional theory (DFT) method at the B3LYP/6-31G(d,p) level.S9 The dihedral angle of the 

two phenyl rings is evaluated to be θ = 38.4° for biphenyl and θ = 37.5° for BTEBp.  

 

2. Fluorescence excitation spectra of Bp-PMO 

 Figure S3 shows the fluorescence excitation spectra of a dispersed solution of Bp-PMO 

particles in 2-MeTHF (<1 mg dm-3), with a peak at 299 nm and a shoulder at 264 nm. The observed 

band maximum at 299 nm was considered to be an apparent maximum due to a saturation effect, 

although the concentration of the dispersed solution was less than 1 mg dm-3, which is the detection 

limit of the fluorescence spectrometer. The molar extinction coefficient (ε) of BTEBp in 

cyclohexane was evaluated to be 2.6×104 dm3 mol-1 cm-1 at the absorption peak of 261.5 nm. 

Bp-PMO powder consists of primary particles approximately 300–500 nm in size and the 

aggregation of several hundred particles is shown in Figure 1a. When the aggregated particle size 

was assumed to be 10 μm in diameter, the absorbance of Bp-PMO at 295 nm was estimated to be 

7.6 using the density of PMO (1.1 g cm-3) and the ε of BTEBp in cyclohexane (1.8×103 dm3 mol-1 

cm-1). The absorption band of Bp-PMO is considered to be red shifted, compared to the band of 

BTEBp, so that the ε of Bp-PMO at 295 nm should be larger than the value of BTEBp in 

cyclohexane (1.8×103 dm3 mol-1 cm-1).  

θ = 38.4 ° 

θ = 37.5 ° 
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Figure S3. (a) Fluorescence excitation spectra of Bp-PMO dispersed in 2-MeTHF monitored at 350, 

380, and 440 nm. (b) Absorption spectrum of BTEBp in cyclohexane at room temperature. 

Scattered light of 220 nm was overlapped in the short wavelength region of the spectrum monitored 

at 440 nm (Figure S3a, red line).   

 

3. TDR decay parameters and estimation of α 

 The TDR decay parameters obtained by global analysis are listed in Table S1. A2(λ) and 

A3(λ) are given by the following relations: 

 A2(λ) = ελ
S1FC0αk1(k1-k2)-1-ελ

EFC0αk1k2(k2-kE)-1(k1-k2)-1  (S1) 

 A3(λ) = ελ
S1FC0(1-α)k1(k1-k3)-1-ελ

EFC0(1-α)k1k3(k3-kE)-1(k1-k3)-1 (S2) 

At kE << k2 and k3, A2(λ) and A3(λ) become 

 A2(λ) ≈ ελ
S1FC0αk1(k1-k2)-1-ελ

EFC0αk1(k1-k2)-1 

      = αk1(k1-k2)-1(ελ
S1FC0-ελ

EFC0)    (S3) 

 A3(λ) ≈ ελ
S1FC0(1-α)k1(k1-k3)-1-ελ

EFC0(1-α)k1(k1-k3)-1 

      = (1-α)k1(k1-k3)-1(ελ
S1FC0-ελ

EFC0)    (S4) 
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The parameter α is given by  

 1/α ≈ 1 + A3(λ)(k1-k3)A2(λ)-1(k1-k2)-1    (S5) 

 

Table S1. TDR decay parameters obtained by global analysis. 

λ / nm A1(λ) A2(λ) A3(λ) C(λ) α 

420 0.60  2.11  0.90  1.42  0.68  

440 2.23  2.58  1.04  1.20  0.69  

460 4.05  2.75  1.10  0.98  0.69  

480 4.68  2.82  1.04  0.74  0.71  

500 2.98  2.35  0.83  0.56  0.72  

520 1.15  1.67  0.65  0.56  0.70  

540 0.57  1.22  0.60  0.48  0.65  

560 0.28  1.13  0.56  0.35  0.65  

580 0.09  1.10  0.57  0.35  0.64  

600 0.04  1.14  0.60  0.25  0.63  

620 -0.22  1.17  0.68  0.20  0.61  

640 0.06  1.28  0.68  0.27  0.63  

660 0.02  1.34  0.75  0.35  0.62  

680 0.08  1.32  0.79  0.41  0.60  

700 0.71  1.24  0.77  0.38  0.59  

720 0.41  1.15  0.78  0.44  0.57  

740 1.01  0.98  0.70  0.54  0.56  

760 0.68  0.79  0.68  0.39  0.51  

780 -0.02  0.90  0.47  0.37  0.63  

      <α> =   0.64 ± 0.11  
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4. Fluorescence decay curve of BTEBp neat liquid 
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Figure S4. Fluorescence rise and decay curve for the excimer of BTEBp neat liquid at 420 nm at 

room temperature. The excitation wavelength was 267 nm. The decay curve was deconvoluted as:  

I(t) = -0.063exp(-t/0.70ns) + 0.063exp(-t/5.3ns) + 0.062exp(-t/32ns). 
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