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1) General

Methods and Materials

All the chemical reagents and solvents were commercially purchased and purified
according to the standard methods, if necessary. Air- and moisture-sensitive reactions were
carried out using commercially available anhydrous solvents under inert atmosphere of
nitrogen. Unless otherwise noted. 'H and 3C NMR spectra were recorded on a JEOL JNM-
ECS400 NMR spectrometer ('H: 400 MHz and "3C: 100 MHz). Chemical shift (0) are expressed
relative to the resonances of the residual non-deuterated solvent for 'H (CDCl3: "H(0) = 7.26 ppm)
and for '3C (CDCl3: 3C(6) = 77.0 ppm). High resolution mass spectra (HRMS) were measured
using electron impact mode (El) methods on JEOL JMS-777V spectrometer. matrix-assisted
laser desorption/ionization coupled to time-of-flight (MALDI-TOF) mass spectra were
measured on Bruker Autoflex Ill spectrometer. The preparative TLC (PTLC) purification was
conducted using Wako gel B-5F PTLC plates. Flash column chromatography was prepared
using Kanto Silica gel 60N (neutral, spherical, 40-50 um) and performed with a Yamazen
preparative medium-pressure liquid chromatography system. UV-vis spectra were recorded
on a JASCO V-670 spectrophotometer. Steady-state emission spectra were recorded on
JASCO FP-6500DS and HORIBA Fluoromax-4 spectrometers. Phosphorescence, prompt
fluorescence (PF), and delayed fluorescence (DF) spectra and decays were recorded using
nanosecond gated luminescence and lifetime measurements (from 400 ps to 1 s) using either
third harmonics of a high energy pulsed DPSS laser emitting at 355 nm (Q-Spark A50-TH-
RE). Electron spin resonance spectrum was recorded on JEOL JES-X310 at 123 K after 365
nm light irradiation using 60 W LED.

Electrochemical characterization

Cyclic voltammetry (CV) was measured using Hokuto Denko HZ-7000 voltammetric analyzer at
room temperature with a conventional three-electrode configuration consisting of a glass carbon
working electrode, a platinum wire auxiliary electrode and an Ag wire pseudo-reference electrode
with ferrocene—ferrocenium (Fc/Fc*) as the internal standard. Nitrogen purged acetonitrile was used
as solvent for scanning the oxidation with tetrabutylammonium perchlorate (TBAP) (0.1 M) as the
supporting electrolyte. The cyclic voltammograms were obtained at a scan rate of 100 mV s™.

Transient absorption measurements
Femtosecond transient absorption measurements

The transient absorption spectroscopy measurements were carried out using a home-made
femtosecond pump-probe system. Yb laser (PHAROS PH2-10W, Light Conversion) was used to
create fundamental light pulses at 1030 nm at a repetition rate of 1 kHz. The pulse energy was 200
MJ, and the pulse duration was approximately 290 fs. 65% of the fundamental beam was directed to
ORPHEUS optical parametric amplifier (Light Conversion) to produce excitation pulses at the desired
wavelength or utilized to generate SHG (515 nm) and THG (343 nm) for sample pumping. The rest
of the beam was delivered to a delay stage then attenuated appropriately and focused onto liquid
D,0 or a sapphire crystal to generate a stable white light continuum for sample probing. The probe
light was introduced to polychromators S3 equipped with a CMOS array (USP-PSMM-PK120,
Unisoku) for the visible part of the spectrum and an InGaAs diode array (USP-NIR-PDA256,
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Unisoku) for the near-infrared (NIR) wavelengths. The measurements were carried out by comparing
responses with and without excitation using a chopper synchronized with the fundamental laser
pulses. The spectra were typically acquired by recording 2000 shots, that is, averaging over 2 s.
Excitation energies were sufficiently lowered to avoid multiple exciton generation; this was verified
by recording a series of measurements with different excitation energies for the same sample. No
excitation energy dependence of the response was observed.

Picosecond Transient Absorption MeasurementS!

Picosecond transient absorption measurement (picoTAS, Unisok, Osaka, Japan) was conducted
by the device made by Unisoku Co., Ltd. Measurement method used in this measurement was
Randomly Interleaved Pulse Train Method.

Nanosecond transient absorption measurements

Nanosecond transient absorption measurements were carried out using Unisoku TSP-2000 flash
spectrometer. Surelite-| Nd-YAG (Q-switched) laser was employed for the flash photo-irradiation. A
150 W Xenon arc and halogen lamps were used as the monitor light source.

Quantum yield calculation
A relative value of quantum yield was obtained by following relationship with using the corrected
spectra data JASCO Spectra Manager™.

b = (Fu) Ast . Du ] Iex,st ) nu2
¢ * Fst (Au) (Dst) (Iex,u) nstz

Here, Fgis the fluorescence quantum yield for the standard sample; F, and Fg are the integrated values
for the emission spectra of the unknown and standard samples; A and A, are the absorbance at the
excitation wavelength of the standard and unknown samples; I and I, are the intensities of the
excitation light at the excitation wavelengths for the standard and unknown samples; and n, and ng are
the average refractive indexes for the emission spectra measurement range for the standard and
unknown samples.

In this measurement, Tris(2,2-bipyridyl)Ru(ll) hexahydrates as the reference (QY = 0.55).52
Sample concentrations were low enough (less than 10% absorption across the spectrum) and the
same sample solutions were used in both absorption and emission spectra measurements. Also,

lex sl lex,u Was corrected automatically in the software and considered to be 1.0. Therefore, the above
equation becomes:

Global and Target Analysis
Global (singular value decomposition-based) and target (differential equation-based) analysis is
accomplished using the Glotaran software package (http://glotaran.org).S3
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Dipole moment of ground (pg) and excited state (u)

The Stokes shift is determined as the difference in wavenumber between the lowest energy
absorption and the highest energy florescence band. Estimates of these values obtained
experimentally using the Lippert—-Mataga equation.5*

Av = [2(;19 - /,Lg)z/hca3]Af +°

Af =[(e-1)/2e + D] - [(n* - 1)/(2n” + 1))

Where AV is Stokes shift, the superscript “0” indicates the absence of solvent, Ug and L, are dipole
moments in the ground state and the excited state, respectively, a is Onsager cavity radius, here the

value gets from gaussian calculation. € and n are solvent dielectric constant and refractive index
respectively.

The Onsager cavity radius and, Ground-state and Singlet excited state dipole moments (in Debye,
D).

Onsager c(;;;/ity radius Hga Lo Uy
TPA-TOS 6.57 3.41 33.32 54.27

aGround-state dipole moment estimated by Gaussian software.
bExcited-state dipole moment estimated by Gaussian software.

¢Excited-state dipole moment calculated from equation.

Calculate spin-spin distance
Spin-spin distance rin 3CS state of TPA-TOS was estimated from the EPR D value (triplet ZFS)

with using the point-dipole approximation.s5

2 2

Ho9 HUp1
D] =2 oy o D]~ 1/3

A h 3
If Disin mT:

o 52040
r(h) ~ (—)1/3
28.025|D(mT)|
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2) Synthetic details
Synthesis of TPA-TOS

W ure
@ (110 mol%)

PdCly(amphos), (2 mol%)
Zn complex A (150 mol%))

THF, 80 °C, 1h
81%

MeN
Tio. VoM NMez e

Ho _zn_ _H
Meg\? ?/ Me,
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WA,
NM92|!|M62N

TPA-TOS ot A

Scheme S1. Synthesis of TPA-TOS.

2-(4-(diphenylamino)phenyl)-1H-tricyclopenta[def,jkl,pqr]triphenylene-1,4,7-trione (TPA-
TOS)

To a 4 mL test tube equipped with a magnetic stir bar were added TOS-
N Brs6 (38.6 mg, 0.10 mmol), 4-(diphenylamino)phenylboronic acid (34.7 mg,
@ 0.12 mmol), PdCly(amphos)2 (1.4 mg, 2.0 ymol), Zn complex AS7 (52.1

mg, 0.15 mmol), and THF (1.0 mL). The mixture was stirred for one hour
at 80 °C and then cooled to room temperature. The mixture was extracted with DCM (ca. 3 mL x 3).
The combined organic extract was dried over Na,SO,. After filtration, the filtrate was concentrated
under reduced pressure. The residue was purified by PTLC (CH,Cl,) to give the green solid.

R; = 0.55 (CH,Cl,); m.p.: 400 °C (dec.); '"H NMR (600 MHz, Chloroform-d, ppm): 6 = 7.63 (s, 1H),
752 (d,J=11.2Hz, 2H), 743 (d, J= 7.3 Hz, 1H), 7.40 (d, J= 8.0 Hz, 1H), 7.38 (d, J = 9.6 Hz, 1H),
7.37(d,J=7.7Hz, 1H), 7.31 (t, J=7.7 Hz, 4H), 719 (d, J = 7.7 Hz, 4H), 7.11 (t, J = 7.3 Hz, 2H),
7.09 (d, J = 8.4 Hz, 2H); 3C NMR (150 MHz, Chloroform-d, ppm): 6 = 188.74, 188.48, 186.97,
150.67, 150.48, 149.83, 149.10, 148.88, 147.06, 146.30, 144.50, 144.08, 143.96, 143.57, 143.33,
136.94, 131.04, 129.67, 129.19, 128.38, 128.31, 126.71, 126.62, 126.49, 126.34, 125.92, 125.79,
124.25, 120.95; IR (ATR, cm™): v~ = 2938, 2923, 2851, 1716, 1589, 1561, 1512, 1488, 1329, 1286,
1193, 1181, 951, 756, 746, 697; HRMS (El): m/z Calcd. for CzgHgNO3*: 549.1365 [M]*; found:
549.1360.
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NMR Spectrum S1. 'H NMR spectrum of TPA-TOS (600 MHz, Chloroform-d, 300 K).
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at 300 K.
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NMR Spectrum S3. '3C NMR spectrum of TPA-TOS (150 MHz, Chloroform-d, 300 K).
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3) Supplementary Figures and Tables

Table S1. Photophysical Properties of TOS and TPA-TOS in various solvents (¢ = 1.0 x 105 M) at
300 K.

labs [nm]

Solvents (£ [10%M-1-om-1) lem [NnM]2 (W)
Hexane 296 (6.1), 643 (1.2) 703 (0.66, 0.34Y)
Benzene 292 (6.7), 652 (1.2) 393 (0.05)
PhCN 302 (7.1), 653 (1.2) 354 (0.02)
TPA-TOS MCH 301 (7.5), 652 (1.2) 355 (0.12), 703(0.07)
MeCN 300(7.6), 662 (1.2) 355 (0.01)
Zeonex® 304, 665 739 (0.74)
PMMAc¢ 300, 644 732 (0.32)
2)ex = 300 Nm in N,. PTested under an O, atmosphere. €0.5 wt%.
e 1.0
+0.55 V ‘TE 0.8
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w
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Figure S1. Redox properties evaluated by cyclic voltammetry (solid black line) and differential pulse
voltammetry (red dotted line) of 1 mM of TPA-TOS (102 M, vs. Fc/Fc*) in 0.1 M BusNCIO, in MeCN
electrolyte at the scan rate of 100 m V/s. lllustration of the procedures used for finding the onset

oxidation potential Enset (left) and the onset wavelength Agnset (right), respectively, from the CV and UV-
vis spectrum.
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A/ nm nm) of TOS in DCM (¢ = 1.0 x 10* M) at 300 K.
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Figure S3. Simulated UV-vis spectrum of TPA-TOS calculated at B3LYP/6-311G** level of theory.

Figure S4. Isosurfaces of hole and electron distribution of TPA-TOS corresponding to (a) 600-800
nm (So—S1) and (b) 300 nm (Sy;—Ss,) absorptions calculated at B3LYP/6-311G** level of theory.
The blue and green isosurfaces indicate hole and electron distributions, respectively.
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Figure S5. PL spectra (lx = 300 nm) of TPA-TOS in (a) hexane and (b) MeCN (¢ = 1.0 x 1075 M) at
300 K.
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Figure S6. PL spectra (lx = 650 nm) of TPA-TOS in nonpolar solvents (¢ = 1.0 x 1075 M) at 300 K.
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Figure S7. Excitation spectra (le,, = 750 nm) of TPA-TOS in hexane at 300 K (¢ = 1.0 x 107% M).
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Figure S8. UV-vis-NIR absorption spectra (a) and PL spectra (lex = 300 nm) (b) of TPA-TOS (1 wt%)
in doped PMMA and Zeonex film at 300 K. The inset image was 1% TPA-TOS Zeonex film taken
under UV lamp (/ex = 365 nm) irradiation.
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Figure S9. (a) Delayed emission spectra of TPA-TOS collected 200 ns after excitation at 650 nm in
hexane (c = 1.0 x 107 M). (b) Emission spectra of TPA-TOS with different concentration in hexane.
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Figure S$10. a) Emission spectrum of TPA-TOS (¢ = 11073 M, /., = 300 nm) in 2Me-THF glass at 77
K. b) Phosphorescence spectrum of TPA-TOS-doped Zeonex film (/,x = 300 nm) at 300 K.

The onset positions were determined by the intersection of the tangent to the low-energy edge of
each emission spectrum with the baseline. AE;, was then calculated from the difference between the
corresponding singlet and triplet energies using the relation E = hc/A.
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Figure S11. Emission spectra of TPA-TOS with the increase of volume fraction of MeCN in hexane
(fa)- Aex = 300 nm, ¢ =1 x 10° M. (a) Emission intensity change against fa. (b) I/l values versus fj
of MeCN. Here, I, and / are the emission intensity in pure hexane and each hexane/MeCN mixture,
respectively. Inset image shows the emission change depending on the fy value under 365 nm UV
light. (c) The Lippert—-Mataga plot for TPA-TOS.
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Figure S12. Femtosecond transient absorption map of TOS (¢ = 1.0 x 10 M, lsx = 343 nm) in
deaerated a) toluene and b) MeCN at 300 K. It was impossible to get the data in hexane due to the

sample solubility.

£
j=
3

E: 3

g w

mo g

5 <
<]
i

'1 T T T T 0 T T T T
600 800 1000 1200 0 1000 2000 3000 4000
Wavelength, nm Time, ns

£
c
8

38 2

5 %

- <
o3
=2

'5 T T T T
400 500 600 700 800 0 50 100 150 200
Wavelength, nm Time, us

Figure $13. Picosecond (a) and nanosecond (b) transient absorption spectra and corresponding
time profiles (c) and (d) of TPA-TOS in deaerated hexane after laser excitation at 355 nm (c =103
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Figure. S14. Time-resolved fluorescence emission (A, = 280 nm) for TPA-TOS in ZEONEX® film at
300 K under air.
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4) Theoretical calculations

The preliminary calculation data of molecular geometry of S, state were optimized by density
functional theory (DFT), and the geometries of S,, T, states were optimized by time-dependent DFT
(TDDFT) at the B3LYP/6-311G** level with the Gaussian-16 program.S® Isosurfaces of hole and
electron distribution, were generated by Multiwfn.S%1© The approximate optimization results reveal
that the molecular will twist in the excited states. Thus, the efficient intersystem crossing (ISC) or
reverse ISC process should be ascribed to a twist structure in the excited state.

To test if the assumption of fast equilibration between the singlet and triplet manifold holds, the
rate of ISC and rISC has to be estimated. We only consider the direct T, to S, transition, because
calculation of T2 and S2 have a large energy gap with T, and S, so neglecting the intersystem
crossing. And for this purpose, employ the Fermi Golden Rule approximation in combination with a
Marcus formalism to estimate the density of states from the reorganization energy A and the driving
force AE according to the equation. S

— 21 2 1 o (AEST + /1)2
k= ?l(l/’fli{soll/’i” \/%expaﬁz;( - W

Here, h is the Planck constant, ke is the Boltzmann constant and T is the temperature. (l/}flysowi)

spin-orbit coupling between the initial and final adiabatic electronic states. When calculate kisc, A
corresponds to the difference between the vertical energy of the final state (here T1) at the geometry
and in the solvent field (non-equilibrium regime) of the initial state (here S1) and its adiabatic energy.
When calculate kisc, A corresponds to the difference between the vertical energy of the final state
(here S1) at the geometry and in the solvent field (non-equilibrium regime) of the initial state (here
T1) and its adiabatic energy, while the driving force AEgy is identified as the adiabatic singlet—triplet
gap. SOC is calculated by using the ORCA with the effective charge approximation of the Breit-Pauli
self-selected orbital Hamiltonian.S1?
Calculation of excited state lifetime according to Einstein's formula.
L= 3

va2

Table S2 Calculated results of TPA-TOS.

SOC(S+-T4) (cm™)  ISC(s™) rISC(s™") lifetimet(s)  ks(s) lifetimet(t)  ky(s')
S; 0.01 1.25E+03 4. 75E+02 1.03E-08 9.68E+07 -2 -
T, 0.32 1.03E+06 3.73E+05 6.52E-07 1.53E+07 1.61E-01 6.20

a2 The oscillator strength is 0.

Difficulties in Theoretical Investigation of TPA-TOS

However, indeed, theoretical results of excitation properties for delocalized intramolecular CT
systems depend on the level of approximation. Of course, there have been several benchmarking
studies suggesting recommended calculation methods for excitation properties of intramolecular CT
systems. Because of the extended 11-conjugation system, the methodology dependence for the TPA-
TOS was somewhat complicated.

Geometry optimization
First, we performed geometry optimization of TPA-TOS (in hexane) in the S, state at the RB3LYP/6-
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311G(d,p) level with the SMD model for the environmental effects. Then, we simulated the electronic
absorption spectrum at the TD-RB3LYP/6-311G(d,p) level, which reproduced well the position
experimental CT band around 600-800 nm, although the excitation energy seems to underestimate
to some extent. Usually, long-range corrected DFT functionals are recommended for the description
of such CT bands. However, TD-RCAM-B3LYP/6-311G(d,p) overestimated significantly the
excitation energies with the default range-separating parameter (u = 0.33 bohr'). We also performed
the calculations with a recently proposed global double hybrid functional, SOS-PBE-QIDHS'3,
recommended for prediction of CT excitations in a benchmarking study by Mester et al.5'* Among
the employed methods, the TD-B3LYP, TD-RCAM-B3LYP(0.15) or TD-RCAM-B3LYP(0.10) seem
to better reproduce the experimental absorption wavelength.

Table S3. TD-DFT vertical excitation energies for the T4 and S, states of TPA-TOS using the hybrid and
double hybrid functionals based on the Sy geometry optimized at the RB3LYP/6-311G(d,p) level.
Environmental effects of n-hexane solvent were considered using the SMD model for the regular hybrid
functionals and the C-PCM model for the double hybrid functional. The 6-311G(d,p) basis set was used.

Functional E(T4) [eV] E(S1) [eV] (A [nm]) | AEst [eV]
TD-RB3LYP 1.284 1.457 (851) 0.173
TD-RCAM-B3LYP(0.33)# | 1.869 2.497 (497) 0.628
TD-RCAM-B3LYP(0.25)# | 1.863 2.338 (530) 0.475
TD-RCAM-B3LYP(0.20)# | 1.803 2.194 (565) 0.354
TD-RCAM-B3LYP(0.15)# | 1.690 2.003 (619) 0.313
TD-RCAM-B3LYP(0.10)# | 1.520 1.760 (705) 0.240
TD-SOS-PBE-QIDH## 2.293 2.324 (534) 0.031

#The values in round parenthesis denote the range-separating parameter u [bohr].
# A recently proposed global double hybrid functional$'3 recommended for the CT excitations in a benchmarking study.S'4
The “AutoAux” and “RIJCOSX” options in ORCA5 package were employed.

The dihedral angle (6) dependence of relative energies

We also checked the dihedral angle (8) dependence of relative energies of the Sy, T1 and S; states.
The TD-RB3LYP predicted the 6-dependent S4-T; gap (AEst) and AEst ~ 0 around 6 = 90°. However,
it is found that the results of E11(6), Es¢(6), and AEst(6) depend strongly on the choice of functional.
For the TD-RCAM-B3LYP results with y =2 0.2 bohr', AEst was non-zero around 6 = 90°. Particularly,
when we employed the TD-RCAM-B3LYP(0.33), AEst(6 = 90°) > AEst(6 = 30°). Furthermore, the T,
state was below the S, state around 6 = 90°. The double hybrid TD-SOS-PBE-QIDH predicted
negative AEst probably because the perturbative corrections for the S; and T, states were performed
separately. Another issue is the S, potential energy curve. With the TD-RB3LYP method, the S;
potential energy curve was very flat in the range 30° < 6 < 120°, and the geometry optimization for
the S, state resulted in a geometry with 6 ~ 90°. With the TD-RCAM-B3LYP(0.15) method, whose
S, absorption wavelength (Esy = 1.9992 eV, Agpscac = 620 nm, f= 0.1642, solvent: n-hexane) seems
to reproduce well the experimental result, the S; potential energy curve was not so flat around the
region and the geometry optimization for the S, state (the frequency analysis was not performed yet)
resulted in a geometry with 6 ~ 27° (Es; = 1.7389 eV, A¢m cac = 713 nm, f=0.1623, solvent: n-hexane).
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Figure $15. Dihedral angle (6) dependence of the energies of the Sy, T4, S1 and T, states of TPA-TOS
relative to the S, state energy at 8 = 30° (solvent: n-hexane) and the results of AEst(6) = Es¢(0) — E11(6).
The 6-dependent geometries were constructed based on the Sy geometry optimized at the RB3LYP/6-
311G(d,p) level, keeping the remaining geometrical parameters frozen. The 6-311G(d,p) basis set was
used. There were some cases where T; was lower than S;.

When the DFT-based results show such strong xc-functional dependences, we usually try to perform
the wavefunction theory (WFT)-based methods, i.e., ab initio post-Hartree-Fock (HF) methods.
However, we faced difficulty in conducting the post-Hartree-Fock methods because of the weak but
non-negligible electron correlation effects in the Sy state that could not be recovered appropriately
from the perturbative correction to the spin-restricted (R)HF solution.
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Table S4. Post-HF vertical excitation energies of TPA-TOS for the S, state based on the Sy geometry
optimized at the RB3LYP/6-311G(d,p) level.

Method E(S1) [eV] (A [nm])
RHF+RI-CC2/def2-SVP# 2.668 (465)
UHF+RI-CC2/def2-SVP# 2.658 (466)
RHF+RI-CC2/def2-TZVP* 2.447 (507)

RHF+RI-CIS(D)/6-311G(d,p) # 2.651 (468)
SA5-CASSCF(4,4)+QD-

NEVPT2/6-311G(d,p) #* 2.202 (563)
SA5-CASSCF(6,6)+QD-
NEVPT2/6-311G(d,p) #* 2.474 (501)
SA5-CASSCF(8,8)+QD-
NEVPT2/6-311G(d,p) # 2.384 (520)

# Calculations were performed using Turbomole 7.7 (gas phase calculation).

# Calculations were performed using ORCA 5.0.4. C-PCM was employed (solvent: n-hexane). SAx-CASSCF(n,m)
represent that the state-averaged (SA-)CASSCF calculations were performed for the x singlet states with the n-electron
and m-orbital complete active space.

TThe BS-UHF solution (Eyt = -1765.6466007 a.u., <S?> = 4.09) was lower than the RHF solution (-1765.5899125 a.u.,
<§82?>=0.00).

When we performed the spin-unrestricted (U)HF calculation followed by the instability analysis for
the UHF solution, we obtained the broken-symmetry (BS-)UHF solution with lower energy than the
RHF solution. Although the diradical character y, at the spin-projected (P)UHF level was less than
0.1, meaning that the S, state is fairly “closed-shell”, the solution showed high spin-contaminations
with <§?> ~ 4, because plural diradical characters yq, y1, y», ... exhibited non-zero values. When yq
of a system at the PUHF level is larger than ~0.5, the system can often be regarded as an “open-
shell” system where partially unpaired electrons appear mainly due to the strong (static) electron
correlation. In the present case, however, the RHF solution cannot be a good starting point for the
post-HF calculations. We should note that usual hybrid DFT methods did not give the BS solutions
(unless the fraction of Hartree-Fock exchange is ~ 100%).

When the post-RHF calculations did not work appropriately, the post-UHF or the multireference
calculations may be candidates we should employ. Unfortunately, the former ones are considered
not to give reliable results for the excited states because of the highly spin-contaminated reference
state with <S2> ~ 4. We need to set an appropriate active space for the latter ones, but there are
plural non-zero but small diradical characters y,, y1, ¥, ..., which indicates the difficulty in selecting
active space. Indeed, when we performed the x-state averaged (SAx-)CASSCF(n,m) + QD-NEVPT2
calculations with different numbers of active electrons (n) and orbitals (m), but the results of S;
excitation energy overestimated the experimental result.
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Cartesian coordinates

Optimized cartesian coordinates of Sy for trioxosumanene (TOS)
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Optimized cartesian coordinates of Sy for TPA-TOS
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0.83119
0.136635

0.72867
-2.09856

0.691786
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-1.9081
-0.88427

0.056678

0.810373
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1.258506

0.822788

-0.4072
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-1.7075

0.103322
-1.02476

0.305021
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Optimized cartesian coordinates of S; for TPA-TOS
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Optimized cartesian coordinates of T, for TPA-TOS
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