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Electron spin polarization model considering the molecular motions and exciton 

migrations in the TT and T+T states in the multiexciton.  

From the spin-correlated triplet pair model, coupled stochastic-Liouville equation can be 

described in 5(TT)mS − 3(TT)m −1(TT) three-level systems where mS = +2, +1, 0, −1, −2, and m 

= +1, 0, −1, assuming that the quintet-triplet and the singlet-triplet interconversions are 

ignored in the strongly coupled TT states. The quintet-triplet-singlet (Q-T-S) mixings are 

considered in the T+T states. In the strongly coupled TT, 5(TT)mS -1(TT) two level system is 

considered for the quintet generation. For mS = ±1, 3(TT)m with 𝑚 = ±1 participate in the Q-

T-S mixings, respectively, as the three-level systems in the T+T. For mS = 0, 5(TT)0 − 3(TT)0 

−1(TT) mixing may occur in the T+T. This is because 5(TT)0 
3(TT)0 and 1(TT) diabatic levels

are very close each other for the small exchange coupling in the presence of the strong

external magnetic field. The following relations are thus obtained, based upon a previous

report: (51)

�̇�TT1 = −𝑖 [(
𝐸Q𝑚s

TT1 0

0 𝐸S
TT1

) , 𝝆TT1] − 𝑘12𝝆TT1 + 𝑘21𝝆TT2 − 𝑘DISS𝝆TT1

−

(

0
𝑘REC𝜌Q𝑚sS

TT1

2
𝑘REC𝜌SQ𝑚s

TT1

2
𝑘REC𝜌SS

TT1

)

+ 𝑘Back𝝆T+T

 (S1) 

(S2) 

(S3) 

where superscripts in the density matrices represent the strongly-coupled TT1 with large J1, 

the thermally activated TT2 with the intermediate coupling of J2 ≈ −10 GHz, and the de-

coupled T+T site, respectively. EQms and ES are the eigenenergies in TT1. In the subscripts, 

5(TT)mS = QmS, and 1(TT) = S are attributable. HQms Qms, HQms S, HSQms and HSS are respective 

diagonal and off-diagonal terms of the spin Hamiltonians (𝑯TT2, and 𝑯T+T) on the basis spin 

system of 5(TT)mS and 1(TT) in the TT1 state. k12 and k21 are site exchange rate constants 

determined by the vibration frequency (�̅�vib) between TT1 and TT2 sites with k12 = 
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k21exp(−E12/kBT). kDISS and kBack represent the T+T dissociation rate, and the back-reaction 

rate from the T+T state to the TT1 state, respectively. kT and kS represent recombination rates 

from the T+T states via the singlet and triplet characters, respectively. kT = kS = 105 s−1 was 

assumed in the present calculations. The density matrices are thus represented, as follows. 
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Coupled time-differential equations in the 12 (for mS = ±2 with S) or 17 (for mS = ±1 or 0 

with m = ±1 or with m = 0) elements in eqs. (S15)-(S17) are described by regenerating a �⃑⃑�  

vector composed of these elements. Then, the following master equation is obtained: 

𝜕�⃑⃑� 
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where L is summarized in Tables S1, S2. In these tables, QQ1 = 𝜌Q𝑚S
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From eq.(S6), the nine adiabatic-state populations (+
ii) where i = 1, 2, ⋯, 9 in the 

dissociated multiexciton is obtained from the diagonal terms of 𝝆1−9
T+T = 𝑼T+T

𝑡 𝝆T+T𝑼T+T in

the SCTP eigenstates calculated by the eigenvectors 𝑼T+T obtained by diagonalizing the spin 

Hamiltonian of 𝑯T+T, where, 
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Using the SCTP model, the TREPR spectra (SP) are calculated as follows: 

𝑆𝑃 = −𝑖𝑚𝑎𝑔∫ ∫ sin 𝜃 𝑑𝜃 𝑑𝜑
𝜋

0
{∑ (𝜌

𝑚S,𝑚S−1

TT1 + 𝜌
𝑚S,𝑚S−1

TT2 ) + ∑ 𝜌
𝑖,𝑘

T+T
𝑖≠𝑘𝑚S

+ ∑ 𝜌
𝑚,𝑚−1

T1S0
𝑚=1,0 }

𝜋

0
 

(S9) 

where  and  are the polar and azimuth angles of the external magnetic field applied with 

respect to the principal axis system in the TA triplet in the zero-field splitting interaction and, 
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with 
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Eq. (S12) represents the EPR line shape in the T1S0 pair state generated by the triplet-triplet 

annihilation process via the strongly coupled 3TT states. Thus, the population dynamics of 

�̇�𝑚𝑚
TT1 = 𝑘Back 𝜌T𝑚T𝑚

T+T is incorporated in eq.(S7) and 𝜌𝑚𝑚
T1S0  = 𝜌𝑚𝑚

TT1  is substituted to (S12) to 

obtain the isolated triplet product caused by the triplet-triplet annihilation. 



In eq.(S11), ⟨𝑖|�̂�𝑦|𝑘⟩
2
, 𝜀𝑖 and 𝜀𝑘 are obtained from the eigenvectors 𝑼T+T and the

eigenvalues by diagonalizing the spin Hamiltonian of 𝑯T+T to determine the eigenstates 

of |𝑖⟩ =  ∑ 𝑐𝑖𝑗
9
𝑗 |TT⟩𝑗.

 In the zero-field splitting interaction of HTTzfs (= S1D1S1 + S2D2S2), Si is the i-th triplet spin 

operator (i = 1 and 2 for A and B moieties, respectively in the TATB multiexciton), and Di 

represents the ZFS tensor of the individual triplet. The matrix of the HTTzfs tensor is 

dependent on the orientation of the principal axes in the D2 tensor (X2, Y2, Z2) with respect to 

the principal axes in D1 tensor (X1, Y1, Z1), the geometries of the second pentacene groups 

were generated by using Euler rotation angles (  ) with respect to the principal axes in Di 

as follows.  
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Direction for the second triplet-state position in TT was set by the polar angles (2 and 2) 

with respect the (X1, Y1, Z1) principal axes. The direction of the external magnetic field (B0) 

was set by the polar angles (, ). Thus, cos2D where D is the angle between B0 and the 

inter-spin vector as the principal axis in HTTss = DSS (cos2D −1/3)(3S1ZS2Z − S1S2) is defined 

for each B0 direction, as reported previously. 



Computation method of the transverse magnetization in the pulsed EPR measurements: 

The nutation profiles and the echo-detected field swept spectrum of the triplet pair are 

computed from the expectation values of the transverse magnetization of <Sy> in the quintet 

wavefunctions based upon the report by Gierer et al. (52) on the radical pairs. After the pulse 

durations of x (s) and t2 (s) in the first and second pulses, respectively in Fig. 6A, <Sy(delay, 

x)> is represented for a specific field direction, as follows: 
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with 
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𝜔0 is the angular frequency of the microwave. 

Equations S15 and S16 represent y-magnetization responses by the first and second 

microwaves with an angular frequency of 𝜔0 in the quintet states those of which are in 

equilibrium between TT1 and TT2 states, as detailed in the previous studies in dimer systems. 

Method to compute the sublevel populations [𝜌𝑚S𝑚S
TT1 (𝜏𝑑𝑒𝑙𝑎𝑦) and 𝜌𝑚S𝑚S

TT2 (𝜏𝑑𝑒𝑙𝑎𝑦)] after the

SF and sublevel energies (𝐸Q𝑚S

TT1  and 𝐸Q𝑚S

TT2) in the presence of the external magnetic field are 

detailed in the previous reports (20, 51).  T2D = 150 ns and T1 = 3.8 s are employed as the 

decoherence time and the spin-lattice relaxation time in Equations S15 and S17, respectively. 

k12 and k21 represent rate constants of the conformational changes between TT1 and TT2. It is 



noted that such quick conformation changes themselves do not induce the decoherences in 

𝜌𝑚S𝑚S+1
TT1 and 𝜌𝑚S𝑚S+1

TT2 because the nutation frequency of the quintet EPR transitions in eq. 1 is 

not altered by the exchange process with k12 and k21. The echo signals are thus obtained as 

follows: 
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𝜋
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𝜋
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where θ and φ are the polar and azimuth angles of the external magnetic field applied with

respect to the principal axis system in the TA triplet in the zero-field splitting interaction (Fig. 

S19A). In eq. (S15), the off-resonance effect described in the parentheses is ignored because 

of the largely reduced y-magnetization response when T2Q = 100 ns is applied at the off-

resonance in eq. (S3). This may correspond to the sharp angle selectivity of the quantum gate 

(Fig. S19A) at the specific field position of B0 = 348.1 mT for the sharp resonance 

polarization in Fig. 6C. However, minor off-resonance effects are included in the nutation 

components of 31 and 25 MHz in Fig. 6D considering that the nutation frequency of the 

radical is 12 MHz in Fig. S16, because 31 and 25 MHz in Fig. 6D are slightly higher than 

√6 ×12(= 29) and 2×12(= 24) MHz, respectively.

The red spectrum in Fig. 6C shows the computed echo signal of eq. (S15) at delay = 1.1 s

with substituting x = 5 ns and t2 = 13 ns as a function of the external magnetic field B0. For 

the nutation profiles in Figs. 6E and 6F, eq. (S15) is plotted as a function of x for delay = 1.1 

s at B0 = 348.1 mT applying t2 = 16 ns. For the delay time dependence of the echo signal 

(Fig. 6F), the echo signal of eq. (S15) is plotted as a function of delay at the field position of 

352 mT.  

We also mapped the initial response function of eq. (S16) to all the field directions to 

visualize angle selectivity of the y-magnetization for all the four quantum gates. (Fig. S19) 



Fig. S1. FT-IR spectra of PDBA (blue line) and Pn-MOF (red line) obtained at room 

temperature. 



Fig. S2. SEM image of Pn-MOF. 

Fig. S3. TGA curve of Pn-MOF under N2 atmosphere. The heating rate of the 

measurement was 5 °C/min. Weight loss below 100 °C is attributed to the uptake of water 

from the air into the pores of the Pn-MOF. 



Fig. S4. Nitrogen adsorption isotherm of Pn-MOF at 77 K. The filled circle represents the 

adsorption and open circle represents desorption. 



Fig. S5. Transient absorption spectra of Pn-MOF at different temperatures. (a) 300 K, 

(b) 250 K, (c) 200 K, (d) 150 K. The TAS spectra in this spectral range are insensitive to spin

multiplicity, as no substantial spectral change was observed.



Fig. S6. Effects of the conformation angles. Effects of the conformation angles of  in the 

TT1 (red) and TT2 (blue) on the spin-polarized EPR spectra of the multiexcitons at the delay 

time of 0.3 s. The other parameters are fixed and are listed in Table S3.  



Fig. S7. Comparisons between the computed EPR spectra. Comparisons between the 

computed EPR spectra obtained by considering the conformation change between TT1 ( = 130 

degrees) and TT2 (150 degrees) in the red solid lines and spectra (blue dashed lines) obtained 

by summing the data in Fig. S6 with weighting 1:4:6:4:1 amplitudes for  = 130, 140, 150, 160 

and 170 degrees in the TT2 in (A) and with the 1:4:6:4:1 amplitudes for  = 110, 120, 130, 140 

and 150 degrees in the TT1 in (B). The bars in the right represent the distributions of the 

molecular conformations to obtain the dashed lines. 



Fig. S8. Time-resolved EPR spectra of Pn-MOF in paraffin at 150 K obtained at 1 s 

after the laser pulse. The measurements were carried out using a home-built X-band (~9 

GHz) dielectric resonator with a window for laser irradiation at a magnetic field generated by 

an electromagnet. Samples were photoexcited by using a pulsed laser (Tolar-527, Beamtech 

Optronics). Wavelength, repetition rate, and pulse energy were 527 nm, 100 Hz, and 2~3 

mJ/pulse, respectively. An electromagnet was purchased from Takano (MC160A-16). The 

gap and the pole size were 50 mm and 120 mm, respectively. A power supply PAG60-55 

(Kikusui) with the stability of 10-4 was used. A microwave was generated from SG22000Pro 

(DS instruments) with the power of ~10 µW. The EPR signal was converted to DC using 

diode detector, amplified with a low noise amp (ALN0905-12-3010, Dynamic RF Inc.), and 

detected by an oscilloscope (DSOX3024T, Keysight). The samples were put into capillaries 

and measured at 150 K. The red line is obtained by the rotation model analysis in Fig. 5 using 

the parameters in Table S3 that explained the TAS profile in Fig. 4C. 



Fig. S9. Quintet EPR spectra computed by several TT2 conformations. (A) Spin polarized 

quintet EPR spectra at 0.1 s computed by several TT2 conformations. (B) Averaged spectrum 

considering the distribution in the TT2 conformations. 



Fig. S10. Computed time evolution of the transverse magnetization spectrum. (A) 

Computed time evolution of the transverse magnetization spectrum using the conformation 

model between  = 130 degrees and 150 degrees. (B) Computed time evolution of the 

transverse magnetization spectrum with using the motion between  = 125 degrees and 110 

degrees. (C) Red computed spectra are obtained by adding the data (B) to (A). Note that the 

time dependence of the transient EPR spectrum in Figure S10B is obtained using the same 

kinetic parameters of kDiss = 3.0×106 (s-1), kBack = 1.1×106 (s-1) and kRec = 5.6×107 (s-1) as used 

for Figure S10A (Table S3, 300 K), denoting that the ns-TA decay in Fig. 4C is unaffected by 

incorporating the different conformation dynamics. 



Fig. S11. Reproduction of previously reported spectra and comparison with the present 

spectra. (A) Computed spin polarized EPR spectrum of the quintet TT state of the tetracene 

dimer (TIPS-BP1') conformationally defined by the rigid linkage in doi.org/10.1038/s41467-

023-36529-6 (14). The calculation is performed using the sublevel populations obtained at

0.2 s in the TT1 state considering the J-modulation between J1 = 1.4×106 MHz and J2 = -

5.6×104 MHz with a common TATB conformation defined by (  ) = (0°, 111°, 0°) and

( ) = (70°, -90°) in the TT1 and TT2 states with D =1322 MHz and DSS = -55 MHz. These

angle parameters are characterized as the TB conformations with respect to the principal axis

system of the TA in the TATB multiexciton and are consistent with the reported dimer

geometry. This spin-polarized EPR spectrum demonstrates validity and compatibility of the

present numerical model with the reported theory in doi.org/10.1038/s41467-023-36529-6

(14). (B) Same as Fig. S8 observed at 150 K in the present MOF sample. (C) Computed spin

polarized EPR spectrum of the quintet TT state for the pentacene dimer obtained with D

=1265 MHz and DSS = -55 MHz. The other parameters are identical with those for (A). The

better fit is obtained based upon the structure in Fig. 4B as an average dihedral angle (140°)
between  = 164° and 113° in Table S3.



Fig. S12. Computed ns-TA decay profiles using two different models at room 

temperature. In (A), the red profile (Fig. 4C) is obtained with considering the J-modulation 

between J1 =  −1.4×105 MHz and J2 = −1.9×104 MHz in TT1 and TT2, respectively in Table 

S3. In (B), J1 = J2 =  −1.4×105 MHz is set assuming that the J is frozen in the strongly 

coupled state. In this model (TT diffusion model), the TA decay profile is reproduced with 

kDISS = 4.0×106 s-1, kBack = 4.0×106 s-1, and kRec = 2.4×107 s-1. The green and blue profiles are 

contributions of the strongly coupled 5TT and the SCTP (T+T). In model A, the quick 5TT 

rise within 100 ns is consistent with the observation of the AAEAEE polarized quintet 

multiexciton at 100 ns in Fig. 4A. In model B, however, the contribution of the quintet state 

is minor at 100 ns and thus is inconsistent with the AAEAEE polarization at 100 ns. 



Fig. S13. 2D mapping of the TREPR data up to 4.0 s after laser irradiations obtained 

at room temperature in Fig. 4A. 



Fig. S14. Enlarged TREPR data for the delay times larger than 1 s in Fig. 4A. 



Fig. S15. Nutation profile and nutation spectra in Fig. 6D. (A) Nutation profile with 

introducing the window function shown by the red curve. (B) Fourier transform of the 

nutation data of the red line in (A), showing two different quintet nutation frequencies at 31 

MHz and 25 MHz. Additional minor component is also obtained as a shoulder band at a 

higher frequency region around 37 MHz. This is due to the off-resonance effect caused by 

field directions nearby the Q0,1 region in Fig. S19. The width of the main peak is around 5 

MHz and roughly coincides with 2T2D = 200 ns together with the width of the minor peak at 

25 MHz. 



Fig. S16. Coherence time of the radical species and the quintet triplet-pairs. (A) Pulse 

sequence of the Hahn echo detection (τdelay–π/2–τecho–π–τecho–echo) for isolated radical signal 

at B0 = 342.10 mT in the dark performed after the CWTREPR experiments. (B) The nutation 

profile of the radical species obtained by B1 = 0.45 mT at 342.10 mT with  = 32 ns in the 

absence of the laser irradiation. The nutation frequency (= 12 MHz) exhibits characteristic of 

the doublet frequency of 𝑔𝜇𝐵𝐵1/ℏ by S = 1/2 in eq. (4). (C) The transverse relaxation time of 

T2 = 355 ns was obtained by plotting the echo signal with varying echo in the radical species 

in the dark. (D) For the quintet triplet-pairs, T2 = 122 ns was obtained by plotting the echo 

signal with varying echo at B0 = 348.10 mT (blue arrow in Fig. 6C) with x = 8 ns and t2 = 16 

ns at echo = 1.1 s in Fig. 6A. 



Fig. S17. Schematic representations of time course of the singlet and quintet TT. 

Schematic representations of (A) time course of the singlet and quintet TT at the disordered 

domain in the MOF after the singlet-fission and (B) the conformation dynamics. In (A), the 

quintet populations will be caused mainly by the modulation of the exchange coupling (6J). 

The conformation dynamics can also induce the amplifications in the electronic coupling 

(orbital overlap in TT) for the quick singlet deactivation. Because the dipolar 

interaction in the 5TT is also time-dependent, the resonance magnetic field within the quintet 

sublevel is modulated, resulting in the major echo-silent EPR signal. This is highly 

distinguished from the species responsible for the echo generated at the minor ordered domain 

in the MOF sample. 



Fig. S18. THz spectra of MOF. THz spectra of Pn-MOF were measured using the THz-TDS 

spectrometer in a transmission set up in the air (A) and in paraffin (B) at room temperature. 

In (B), MOF in paraffin was measured in a polyethylene (PE) cell. In (A), the PE cell was not 

used for the powder sample. The arrows around 25 cm-1 correspond to the frequency of the 

motion for the quintet generation in Fig. 6. There are several different motions in the solid 

sample. However, it is in principle important to note from the Redfield theory (49) that the 

singlet-quintet population relaxation is effectively caused when the energy gap by the 

negative J-coupling is close to the motion frequency in the solid. In addition, TT2 state needs 

to be thermally accessible for the spin conversion. 



Fig. S19. Angle selectivity of y-magnetization. Angle selectivity of y-magnetization 

response for the field directions (B0 = 348.1 mT) created by the first microwave pulse in the 

quantum gates obtained from a powder-pattern calculation of the transient nutation profiles of 

the red solid and green dotted lines in Fig. 6E for A) and B), respectively. The positive 

magnetization represented by Qms,ms+1 denotes overpopulation in the sublevel of ms at the 

resonance transition between Qms and Qms+1 with ms = -2, -1, 0 and 1. These maps are 

obtained by plotting transverse magnetization responses (eq. S16) by the short first 

microwave pulse for the four different quantum gates to the magnetic field directions with 

respect to the molecular frame (x,y,z) of the principal axes of the zero-field splitting 

interaction of the TA molecule. In (A), the positive (yellowish) and negative (dark blue) 

magnetization regions by the Q0,1 gates (around the center of the sphere) and by the Q-1,0 

gates (around the sphere poles) are obtained for the common nutation frequency of 31 MHz. 

Summation of these four components will result in the superposition of the amplitudes from 

the high and low frequency components in Fig. 6D, when the small degree of the molecular 

rotation is considered (Fig. 6). In (B), the amplitude by the 𝑄0,±1gates will be minor in the 

dashed line of Fig. 6E when the larger degree of motion is considered (Fig. 4B). 

 We were unable to discriminate the different transitions by the molecular orientations 

experimentally. Nevertheless, one can distribute the angle dependence of the y-

magnetizations to the space directions from the powder pattern analysis of the nutation 

profile (Fig. 6D) and of the echo-detected EPR spectrum (Fig. 6C), as shown in (A). From 

this, it is reasonably assigned that the quantum gate at B0 = 348.1 mT (See arrow at Fig. 6C) 

is dominated by the Q0-Q1 transition, meaning that the specific transition can be selected 

simply by the external magnetic field position. Therefore, the major and minor transitions are 

selected by the magnetic field due to the large anisotropic effect by the dipolar interaction. 



Table S1. Matrix elements of L in 𝜕�⃑⃑� /𝜕𝑡 = 𝐿𝜌 described in the basis spin system of �̂�TT1utilized for

mS = ±2 mixed with singlet states.a) 

QQ1 −k12 

−kDISS 

k21 kBack 

QS1 −k12−kDISS−

kREC/2−i(

𝐸Q𝑚s

TT1-𝐸S
TT1) 

k21 kBack 

SQ1 −k12−kDISS

−kREC/2+i

(𝐸Q𝑚s

TT1-

𝐸S
TT1) 

k21 kBack 

SS1 −k12 

−kDISS−kR

EC

k21 kBack 

QQ2 k12 −k21 i𝐻SQ𝑚𝑠

TT2 −i𝐻Qms S
TT2

QS2 k12 i𝐻Qms 𝑆
TT2 −i(𝐻QmsQms

TT2

−𝐻SS
TT2)−k21 

−i𝐻Qms S
TT2

SQ2 k12 −i𝐻SQ𝑚s

TT2 i(𝐻QmsQms

TT2 −

𝐻SS
TT2)−k21 

i𝐻SQ𝑚s

TT2

SS2 k12 −i𝐻SQ𝑚s

TT2 i𝐻Q𝑚s S
TT2 −k21 

QQ(T+

T) 

kDISS - kBack i𝐻SQ𝑚s

T+T −i𝐻Qms 𝑆
T+T

QS(T+

T) 

kDISS i𝐻Qms S
𝑇+𝑇

−i(𝐻QmsQms

T+T

−𝐻𝑆𝑆
T+T)−kS

− kBack 

−i𝐻Q𝑚s S
T+T

SQ(T+

T) 

kDISS −i𝐻SQ𝑚s

T+T i(𝐻QmsQms

T+T −

𝐻SS
T+T)−

kS− kBack 

i𝐻SQ𝑚s

T+T

SS(T+

T) 

kDISS −i𝐻SQ𝑚s

T+T i𝐻Qms S
T+T −kS −kBack 

a) We chose the basis set obtained by diagonalizing the spin Hamiltonian of �̂�TT1. The matrix

identified by the bold frame is replaced by Table S2 for mS = ±1 and mS = 0 coupled with m 

= ±1 and m = 0, respectively. 



Table S2. Matrix elements of L in 𝜕�⃑⃑� /𝜕𝑡 = 𝑳𝝆 described for the T+T states when mS = ±1 (mS = 0) 

are mixed with m = ±1 (m = 0), respectively, together with the singlet T+T state. Q and T denote Q𝑚S

and T𝑚 of the T+T multiexciton, respectively.

T+T QQ QT QS TQ TT TS SQ ST SS 

QQ -kBack iHTQ iHSQ -iHQT -iHQS

QT iHQT -i(HQQ –

HTT) –

kBack -

kT/2 

iHST -iHQT -iHQS

QS iHQS iHTS -i(HQQ -HSS) -

kBack-kS/2

-iHQT -iHQS

TQ -iHTQ -i(HTT -HQQ) -

kBack-kT/2

iHTQ iHSQ -iHTS

TT -iHTQ iHQT -kBack-kT iHST -iHTS

TS -iHTQ iHQS iHTS -i(HTT -

HSS) -kBack-

kT/2-kS/2 

-iHTS

SQ -iHSQ -iHST -i(HSS -

HQQ) -

kBack-kS/2 

iHTQ iHSQ 

ST -iHSQ -iHST iHQT -i(HSS -

HTT) -kBack-

kT/2-kS/2 

iHST 

SS -iHSQ -iHST iHQS iHTS -kBack-kS



Table S3. Parameters for computations of the delay time dependence of the EPR spectra and 

absorbance changes in paraffin, considering the conformation motions between TT1 and TT2 

states by the multiexciton motions with the frequency of �̅�vib in the model of Fig. 5. (20, 51) 

J /MHz 
D /MHz

a)
E /MHz a) 

DSS / 

MHz 

Euler 

angles b) 

/ 

degrees 

(  ) 

Polar 

angles c)/ 

degrees 

�̅�vib/

cm-1

E12 / 

cm-1 

d)

kDiss e)/ s−1

kRec 
e)/ s−1 

kBack e)/ s−1 

150 

K 

TT1 -1.4 ×105 1,225 -20 -95

 = 95 

 = 164 

 = -30 

2 =70 

2 =160 

15 30 

8.0×105 

(1.2×106) 

1.6×107 

(2.0×107) 

TT2 -1.9×104 1,164 -20 -95

 = 90 

 = 113 

 = 0 

2 =70 

2 =160 

- 

T+T 28 1,225 -20 -45

 = 0 

 = 125 

 = 0 

2 =101 

2 =210 

- - 

2.3×105

(2.8×105) 

- 

300 

K 

TT1 -1.4 ×105 1,200 -20 -105

 = 90 

 = 130 

 = -20 

2 =70 

2 =160 

14 30 

3.0×106

(3.0×106) 

5.6 ×107 

(5.6×107) 

TT2 -1.9×104 1,140 -20 -105

 = 90 

 = 150 

 = -40 

2 =70 

2 =160 

- 

T+T 28 1,200 -20 -45

 = 0 

 = 125 

 = 0 

2 =101 

2 =210 

- - 

1.1×106

(1.1×106) 

- 

a) Zero-field splitting parameters in Hzfs = 𝐷{𝑆z
2 − 𝑆(𝑆 + 1)/3} + 𝐸(𝑆x

2 − 𝑆y
2) for each triplet

in the TATB multiexciton. 

b) Conformation of the principal axes in Hzfs of the TB component with respect to the principal
axes of TA component in the TATB multiexciton with the x-convention.

c) Direction for the TB component was set by the polar angles (2 and 2) with respect the (X1,
Y1, Z1) principal axes in TA.

d) The energy gap between TT1 and TT2 states represented by E12 = E(TT2) - E(TT1).

e) The kinetic parameters are shown in the parentheses to fit the transient absorbance changes
(Fig. 3) of the triplet excitons in the absence of the external magnetic field by the present
vibronic model analysis.



Table S4. Parameters for computations of the delay time dependence of the EPR spectra in 

paraffin in Figure S10B, considering the conformation motions between TT1 and TT2 states. 

(20, 51)  

J /MHz D /MHz  
E 

/MHz 

DSS / 

MHz 

Euler 

angles / 

degrees 

(  ) 

Polar 

angles/ 

degrees 

�̅�vib/

cm-1

E12 / 

cm-1 

kDiss / s−1

kRec / s−1 

kBack / s−1

300 

K 

TT1 -1.7 ×105 1,200 -20 -45

 = 90 

 = 125 

 = -30 

2 =40 

2 =160 

1.9 30 3.0×106

5.6×107 

TT2 -2.2×104 1,140 -20 -45

 = 90 

 = 110 

 =-40 

2 =40 

2 =160 

- 

T+T 28 1,200 -20 -45

 = 0 

 = 125 

 = 0 

2 =101 

2 =210 

- - 1.1×106 - 

Table S5. Parameters for computations of the transient nutation and delay time dependence 

of echo signal at B0 = 348.1 mT at 300 K (delay = 1.1 s), considering the conformation 

motions between TT1 and TT2 states for computations of the sublevel populations (𝜌𝑚S𝑚S
TT1 and

𝜌𝑚S𝑚S
TT2 ) and the sublevel energies (𝐸Q𝑚S

TT1  and 𝐸Q𝑚S

TT2 ) in eq. (S3) by the multiexciton motions

with the frequency of �̅�vib in the model of Fig. 5 (20, 51). 

J /MHz D /MHz  
E 

/MHz 

DSS / 

MHz 

Euler 

angles / 

degrees 

(  ) 

Polar 

angles/ 

degrees 

�̅�vib/

cm-1

E12 / 

cm-1 

kDiss / s−1

a) 
kRec / s−1 

kBack / s−1

a)

300 

K 

TT1 -1.7 ×105 1,225 -25 -105

 = 90 

 = 130 

 = -20 

2 =70 

2 =160 

22 20 < 10
3

1.5×106 

TT2 -2.2×104 1,164 -25 -105

 = 90 

 = 122 

 =-30 

2 =70 

2 =160 

- 

T+T a) - - - - − − - - < 103 - 

a) T+T dissociation is not considered (kDiss < 103 s-1) in the trap multiexciton.
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