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S1. Material and Methods

Chemicals. The meso-β linked BODIPY dimers1 and BODIPY monomer2 were synthesized as previously 
reported. For spectroscopic studies, BODIPY dimers and monomer were dissolved in the appropriate solvents. 
Solvents utilized in this work were obtained from Concord Technology (HPLC grade). 
Steady-State Measurements. Absorption spectra were measured on a spectrophotometer U-3900 (Hitachi, 
Japan), with an optical density between 0.15 and 0.3 at the peak of the lowest absorption band. Fluorescence 
spectra were measured on a spectrometer F-4600 (Hitachi, Japan). For fluorescence measurements, the 
absorbance of the solutions at the band maximum was around 0.1 OD over 1 cm light path.
Femtosecond Transient Absorption Measurements. Femtosecond time-resolved transient absorption spectra 
were measured with a commercial transient absorption spectrometer (Harpia-TA, Light Conversion). Briefly, 
fundamental pulses are derived from an amplified femtosecond Ti:sapphire laser (Astrella, Coherent). The laser 
delivers 40 fs pulses at 1 kHz and the output is split for white-light continuum generation and optical pumping. 
The white-light continuum is used as broadband optical probe from the near-UV to the near-infrared. It is 
generated by focusing the fundamental laser beam onto a 2 mm thick CaF2 plate, which is oriented and 
continuously shifted in perpendicular directions. The required pumping pulse is obtained by an optical 
parametric amplifier (TOPAS-C, Light Conversion). The polarization of the pump beam was set to the magic 
angle (55o) relative to the probe beam. Transient absorption is calculated from consecutive pump-on and pump-
off measurements and averaged over 1000 shots. UV-Vis absorption spectra of the samples are measured before 
and after every measurement in a spectrophotometer. No significant photo-degradation was observed after 
femtosecond measurements. The femtosecond time-resolved differential absorbance data were analyzed by using 
R-package TIMP software with the graphical interface Glotaran3 and CarpetView (Light Conversion). In the 
global target analysis, the differential absorbances  are decomposed as a superposition of several ∆𝐴(𝑡, 𝜆)

principal spectral components  weighed by their concentrations :4  𝜀𝑖(𝜆) 𝑐𝑖(𝑡)

(1)
∆𝐴(𝑡, 𝜆) =

𝑛

∑
𝑖 = 1

𝑐𝑖(𝑡)𝜀𝑖(𝜆).

Quantum calculation. The calculations were carried out using density functional theory (DFT) and time-
dependent DFT (TD-DFT) method as implemented with high-nonlocality hybrid functional, M06-2X,5 was 
chosen together with a 6-311G(d,p) basis set6 for geometry optimization and excitation energy calculations. In 
all the cases, frequency analysis was made after geometry optimization to ensure convergence to an energy 
minimum. D3 version of Grimme’s dispersion with the original D3 damping function was applied during the 
geometrical optimization and excitation energy calculations.7 All simulations were implemented for isolated 
molecules using the Gaussian 16 software package.8 Electronic excitation analysis and visualization of electron-
hole density were conducted by the Multiwfn software.9 The spin-orbit coupling (SOC) matrix elements between 
the excited states were calculated by the TD-DFT at the M06-2X/6-311G(d,p) level without Tamm-Dancoff 
approximation on the optimized S0 and S1 geometries using ORCA 5.0 program package.10 
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S2. Supplementary Stationary Spectroscopy 

Figure S1. Steady-state absorption and emission spectra of monomeric BODIPY in cyclohexane and 
acetonitrile. The chemical structure of monomeric BODIPY was shown in the inset. 

Figure S2. The supplementary intensity-normalized stationary absorption and emission spectra of d1 and d2 in 
solvents at room temperature. Solid and dotted curves represent absorption and emission spectra, respectively.
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Table S1. Fluorescence Quantum Yield of Dimeric BODIPY d1 and d2 in Cyclohexane (ε = 2.02), Toluene (ε 
= 2.37), Chloroform (ε = 4.71), Tetrahydrofuran (THF, ε = 7.42), Dichloromethane (DCM, ε = 8.93), Acetonitrile 
(ε = 35.69), and Dimethyl Sulfoxide (DMSO, ε = 46.82).11

Compound Solvent Fluorescence Quantum Yield
d1 cyclohexane 0.82

toluene 0.51
chloroform 0.09
THF 0.03
DCM 0.020
acetonitrile 0.019
DMSO 0.011

d2 cyclohexane 0.61
toluene 0.08
chloroform 0.013
THF 0.020
DCM 0.004
acetonitrile 0.010
DMSO 0.003
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S3. Transient absorption spectra of Monomeric BODIPY

Figure S3. Femtosecond TA spectra of monomeric BODIPY. Experimental conditions: λex = 515 nm; solvent: 
cyclohexane, toluene, and dichloromethane (DCM).
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S4. Transient absorption spectra of Dimeric BODIPY and Global Analysis

Figure S4. The species-associated different spectra (SADS) of dimeric BODIPY d1 and d2 in cyclohexane, 
toluene, and dichloromethane (DCM) obtained from global target analysis. For better identification of GSB and 
SE features in the SADS, scaled stationary absorption and emission spectra are shown with blue and red shaded 
areas, respectively. LE: localized-excitation state, LE’/LE’’: conformational-relaxed LE state, DE: delocalized-
excitation state, DE’/DE’’: conformational-relaxed DE state, CT: charge-transfer state, and GS: ground state.
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Figure S5. The species assignments and the associated reaction rate constants of the species-associated different 
spectra (SADS) of dimeric BODIPY d1 and d2 in cyclohexane, toluene, and dichloromethane (DCM) obtained 
from global target analysis. LE: localized-excitation state, LE’/LE’’: conformational-relaxed LE state, DE: 
delocalized-excitation state, DE’/DE’’: conformational-relaxed DE state, CT: charge-transfer state, and GS: 
ground state. 
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Figure S6. The fitting results of representative wavelength in the global target analysis of dimeric BODIPY d1 
and d2 in cyclohexane, toluene, and dichloromethane (DCM) for showing the fitting quality.
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S5. TD-DFT Calculation and Electron Excitation Analysis

Figure S7. Electronic excitation analysis of the lowest lying singlet excited states of the dimeric BODIPY d1 
and d2 in the optimized S0 and S1 geometries. Blue and green isosurfaces represent hole and electron 
distributions, respectively.
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