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1. Experimental details

Sample Preparation. The details in synthesis, characterization, and X-ray crystallographic analysis
of 5CD and 10CD are described elsewhere.'® The single crystals of 5CD and 10CD for X-ray analyses
were obtained by the vapor diffusion method with CHCl3/n-hexane and benzene/heptane, respectively.

Steady-state Measurements. Steady-state absorption spectra were measured on a UV/Vis/NIR
spectrometer (Varian, Cary5000) and fluorescence spectra were measured on a fluorescence
spectrophotometer (Scinco, FS-2). All spectroscopic measurements were carried out in toluene solution
to ensure long term photostability of the samples.* HPLC-grade toluene was purchased from Sigma-
Aldrich and used without further purification.

Picosecond Time-resolved Fluorescence Measurements. A time-correlated single-photon-counting
(TCSPC) system was used for measurements of spontaneous fluorescence decay. As an excitation light
source, we used a mode-locked Ti:sapphire laser (Spectra Physics, MaiTai BB) which provides
ultrashort pulse (center wavelength of 800 nm with 80 fs at FWHM) with high repetition rate (80 MHz).
This high repetition rate was reduced to 800 kHz by using homemade pulse-picker. The pulse-picked
output was frequency doubled by a 1-mm-thick BBO crystal (type-l, 6 = 29.2°, EKSMA). The
fluorescence was collected by a microchannel plate photomultiplier (MCP-PMT, Hamamatsu, R3809U-
51) with a thermoelectric cooler (Hamamatsu, C4878) connected to a TCSPC board (Becker & Hickel
SPC-130). The overall instrumental response function was about 25 ps (FWHM). A vertically polarized
pump pulse by a Glan-laser polarizer was irradiated to samples, and a sheet polarizer set at an angle
complementary to the magic angle (54.7°), was placed in the fluorescence collection path to obtain
polarization-independent fluorescence decays.

Femtosecond Transient Absorption Measurements. A femtosecond time-resolved transient
absorption (TA) spectrometer used for this study consisted of a femtosecond optical parametric
amplifier (Quantronix, Palitra-FS) pumped by a Ti:sapphire regenerative amplifier system (Quantronix,

Integra-C) operating at 1 kHz repetition rate and an accompanying optical detection system. The



generated OPA pulses had a pulse width of ~100 fs and an average power of 1 mW in the range 580 to
690 nm, which were used as pump pulses. White light continuum (WLC) probe pulses were generated
using a sapphire window (2 mm thick) by focusing of small portion of the fundamental 800 nm pulses,
which were picked off by a quartz plate before entering into the OPA. The time delay between pump
and probe beams was carefully controlled by making the pump beam travel along a variable optical
delay (Newport, ILS250). Intensities of the spectrally dispersed WLC probe pulses were monitored by
high speed spectrometer (Ultrafast Systems). To obtain the time-resolved transient absorption difference
signal (AA) at a specific time, the pump pulses were chopped at 500 Hz and absorption spectra
intensities were saved alternately with or without pump pulse. Typically, 6000 pulses were used excite
samples and to obtain the TA spectra at a particular delay time. The polarization angle between pump
and probe beam was set at the magic angle (54.7°) using a Glan-laser polarizer with a half-wave retarder
to prevent polarization-dependent signals. The cross-correlation fwhm in the pump-probe experiments
was less than 200 fs, and chirp of WLC probe pulses was measured to be 800 fs in the 450-850 nm
regions. To minimize chirp, all reflection optics were used in the probe beam path, and a quartz cell of 2
mm path length was employed. After completing each set of fluorescence and TA experiments, the
absorption spectra of all compounds were carefully checked to rule out the presence of artifacts or

spurious signals arising from, for example, degradation or photo-oxidation of the samples in question.



2. Computational details

Quantum mechanical calculations were performed by Gaussian09 program suite.> Geometry
optimizations were carried out by the density functional theory (DFT) method with Coulomb attenuated
method Becke’s three-parameter hybrid exchange functional and the Lee-Yang-Parr correlation
functional (CAM-B3LYP),® employing a basis set containing 6-31G(d) for all atoms.” The X-ray
crystallographic structures were used as initial geometries for geometry optimization.?® To simulate the
ground-state absorption spectra, we used time-dependent (TD) DFT calculations with the same
functional and basis set as used in the geometry optimization.® Relaxed scan along inter-corrole
torsional angle coordinate were carried out without pentafluorophenyl substituents to reduce the
computational cost. Mulliken population analysis on corrole monomer was performed at the same level
of theory with and without pentafluorophenyl groups to assure the appearance of asymmetric n-electron

structure irrespective of the presence of meso-substituents.



3. Supporting tables and figures (Table S1-S2, Fig. S1-S7)

Table S1. Molecular Orbital Coefficients of Carbon Atoms Constituting Free-Base Corrole.

Molecular Orbital

Position Otr)ziéal HOMO-1 HOMO LUMO LUMO+1
2px -0.18764 0.13521 0.15116 -0.12946
' 3px -0.13611 0.11215 0.13424 -0.13374
2px -0.15459 0.00306 0.11138 0.05334
i 3px -0.13637 0.00119 0.11896 0.06140
2px 0.10351 -0.11135 -0.17148 0.08201
’ 3px 0.09149 -0.09281 -0.18001 0.09268
2py 0.22822 -0.04936 -0.06005 -0.10445
* 3py 0.18019 -0.04589 -0.05399 -0.12145
2py 0.02075 0.20715 0.24860 -0.15862
’ 3py 0.01589 0.18420 0.24999 -0.15459
2py -0.19264 0.10876 -0.03614 0.16936
° 3py -0.15102 0.07250 -0.03881 0.16306
2px -0.08073 -0.00591 -0.13119 0.15128
! 3px -0.07427 0.00250 -0.13494 0.17014
2px 0.09557 -0.08134 0.04683 -0.17857
8

3px 0.08968 -0.06756 0.05726 -0.20008
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Table S2. Molecular Orbital Coefficients of Carbon Atoms Constituting Free-Base Corrole Tautomer.

Molecular Orbital

Position Otr;g;a' HOMO-1 HOMO  LUMO  LUMO+1
2, 013625 015906 018211  -0.11650
' 3p, 010029 012026 015418  -0.10543
2, 009879 007223 014074  -0.00411
i 3p, 008737 006603 015373  -0.00953
2, 005658  -0.08458  -0.17055  0.08930
’ 3p, 005536  -0.07390  -018017  0.09561
2, 017016  -0.15187  -0.13640  -0.02770
* 3p, 012189  -012740  -0.13051  -0.03047
20, 016163 011135 023611  -0.19645
’ 3p, 014269 009737 023266  -0.20074
2, 011986  0.20080 005291  0.12926
° 3p, 010011 015804 005964  0.12524
20, 012718 003135  -013295  0.16032
! 3p, 010794 003293  -013981  0.17562
2, 004763  -015355  -0.00367  -0.17907
’ 3p, 004429 -013663  -0.00306  -0.19986

9 2py -0.18125 -0.09987 0.16154 -0.09543
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Fig. S1 Steady-state fluorescence spectra of (a) SCD and (b) 10CD in toluene obtained at various

excitation wavelengths. All spectra are normalized to help comparing the spectral shapes and positions.
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Fig. S2 Nanosecond fluorescence decay profiles of (a) SCD upon photoexcitation at 430 nm, (b) SCD

upon photoexcitation at 460 nm, and (c) 10CD upon photoexcitation at 415 nm. Probe wavelengths are

indicated.
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Fig. S3 Four frontier orbitals of corrole, corrole tautomer, corrole trianion, porphyrin, and porphyrin

dianion calculated at CAM-B3LYP/6-31G(d) level.
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Fig. S4 Energy level diagrams of corrole, corrole tautomer, corrole trianion, porphyrin, and porphyrin

dianion calculated at CAM-B3LYP/6-31G(d) level.
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Fig. S5 Ground state potential curves along inter-corrole torsional angle coordinate and corresponding

Boltzmann distributions of (a) 5CD and (b) 10CD calculated at CAM-B3LYP/6-31G(d) level.

13



(eV) (eV)
0.40
1 (a) - 2.60
0.35 4 1
] - 2.55
0.30 |
] - 2.50
0.25 |
1 - 2.45
0.20 H L
1 - 2.40
0.15 4 L
] - 2.35
0.10 |
] 2.30
0.05 + L
1 —_ - 2.25
0.00 ~ —_ !
1 Vertical Excitation [~ 2-20
-0.05 T T T T T T T T T T
40 60 80 100 120
Torsional angle (°)
Eso Ess Esiso
(eV) (eVv) (ev)
0.40 2.75
1 (b) - 260
0.35 -2.70}
I - 2.55
0.30 L 2.65|
r - 2.50
0.25 - 2.60|
r - 2.45
0.20 - 2.55}
1 r - 2.40
0.15 - 2.50}
1 r - 2.35
0.10 4 L 2.45]
1 r - 2.30
0.05 - - 2.40|
y J— r - 2.25
0004 —g; - 2.35|
1 =—o= Vertical Excitation I - 2.20
-0.05 y T T T . T . T 2.30L
60 80 100 120

Torsional angle (°)

Fig. S6 Ground and the first excited-state potential curves plotted with the vertical excitation energies of
(a) 5CD and (b) 10CD along inter-corrole torsional angle coordinate. All energies were calculated at

CAM-B3LYP/6-31G(d) level.
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Fig. S7 Dominant natural transition orbitals (NTOs) of 5CD (top row) and 10CD (bottom row) with
inter-corrole torsional angle of 60° (left column) and 95° (right column). Contribution of each set of

transition to total transition is indicated in percentage.
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