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Section SA: Methodology 

 
1. Computational details 

We performed all-atom molecular dynamics (MD) simulations for the PM6:Y6 (i.e., 

donor:acceptor) blend with the LAMMPS package using the OPLS-AA (optimized potentials for 

liquid simulations-all atom) force field.1-4 To accurately describe the intra and inter-molecular 

interactions, we parameterized the generalized OPLS-AA force field using long-range-corrected 

DFT calculations for atomic charges, bond lengths, bond angles, and dihedral angles of PM6 and 

Y6. In the case of PM6, we considered its trimeric unit and used the middle unit for the 

parameterization. The atomic charges were obtained by fitting the DFT electrostatic potential 

calculated at the ωB97X-D/cc-PVTZ level of theory.5, 6 Bond lengths and angles were directly 

taken from the PM6 and Y6 molecules optimized at the ωB97X-D/6-31G(d,p) level, keeping the 

harmonic force constants unchanged. Dihedral parameters between the core and end-groups were 
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fitted based on DFT-scanned torsion potentials at the ωB97X-D/6-31G(d,p) level of theory.7 These 

DFT calculations were carried out using the Gaussian 16 package.8 

The PM6:Y6 blends used for analysis were obtained by following multiple stages of 

isothermal-isobaric ensemble MD (NPT-MD). Firstly, we randomly placed 10 polymeric chains 

of PM6 consisting of 20 repeat units and 200 molecules of Y6 in an empty cubic simulation box 

of length 500 Å within periodic boundary conditions (density of ~0.1 g/cm3) using the Polymatic 

code.9 Then, 30 ns of NPT-MD was performed at 650 K and 1 atm to equilibrate the system. 

Subsequently, the blend was cooled from 650 K to 300 K at 1 atm at a rate of 10 K/ns. Then, the 

system was allowed to equilibrate for another 30 ns of NPT-MD at 300 K and 1 atm to obtain the 

amorphous films. We finally considered the last 10 ns of the NPT-MD for further analysis. The 

Velocity Verlet algorithm with 2 fs timestep was used in all MD simulations and the pressure and 

temperature were controlled using Nose-Hoover barostat and thermostat. The van der Waals 

interactions were taken into account using a cutoff of 12 Å, with the particle–particle–particle–

mesh (pppm) used for the electrostatics term. We conducted a total of three independent 

simulations of the PM6:Y6 blend, so as to prevent any bias in terms of initial configurations. 

To perform the electronic-structure calculations, we extracted 3000 PM6:Y6 molecular 

complexes (1000 from each box) consisting of dimeric-PM6 chains and Y6 molecules from 

snapshots of the MD simulations using the Pysimm tool.10 These complexes are extracted based 

on a 'close contact' criterion (see Figure S1a), where each close contact corresponds to an 

interatomic distance of less than 4 Å between PM6 and Y6 atoms (see reference 11 for further 

details). In addition, we collected 1500 PM6:2Y6 complexes (500 from each box), comprising 

dimeric-PM6 and two Y6 molecules, from MD snapshots using the same 'close contact' criterion. 

We note that the selection of complexes within both PM6:Y6 and PM6:2Y6 were conducted in an 
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unbiased manner, as evidenced by the wide distribution of center-of-mass to center-of-mass 

distances (dc-c) between the PM6 and Y6 molecules and between PM6 and 2Y6 (see Figure S2). 

To capture dynamic disorder, we extracted 200 configurations from each of ten randomly selected 

PM6:Y6 complexes (thus, totaling 2000 configurations), at intervals of 30 fs, from the trajectories 

of the MD simulations. The excited-state properties were evaluated at the TDA-DFT level of 

theory described below and subsequently σD was accessed. The σS value was then derived from 

 (where σT is the total disorder). Detailed computational methods for this analysis 𝜎𝑆 =   𝜎2
𝑇 ‒ 𝜎2

𝐷

are given elsewhere.12-14 

Furthermore, to analyze the distribution of Y6 energetics, we gathered 1000 monomers and 

1000 dimers of Y6 by isolating Y6 and 2Y6 from PM6:Y6 and PM6:2Y6 complexes, respectively.

The excited-state calculations were performed using time-dependent DFT (TDDFT) based 

on the Tamm-Dancoff approximation (TDA). We used the long-range corrected ωB97X-D 

functional and 6-31G(d,p) basis set, where range-separation parameter (ω) was set to 0.01 Bohr−1 

based on our previous work.15-17 In the course of the TDA-DFT calculations, we considered an 

implicit dielectric environment based on the polarizable continuum model (PCM) with a dielectric 

constant (ε) value of 3.0, which is commonly used for organic solar cells. The electronic couplings 

between the ground states (and local-exciton states) and the CT states were obtained using the 

fragment charge difference method, which is based on the generalized Mulliken-Hush approach.18, 

19 We note that the long-side alkyl chains in both PM6-oligomer donor and Y6 acceptors were 

substituted with -CH3 groups for these calculations to reduce computation costs. All the excited-

state calculations were carried out using the Q-Chem 5.4.0 package.20 

We note that in PM6:2Y6 complexes the number of triplet states below the first 3CT state 

is doubled compared to PM6:Y6, resulting in four low-lying triplet states instead of two; this is 
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simply due to the presence of two Y6 molecules. Many PM6:2Y6 complexes show degenerate T1 

and T2 states, with some showing minor splitting due to the structural differences between the two 

Y6 molecules; the same is true for T3 and T4 states. Since, the T1 and T2 states in PM6:2Y6 are 

analogous to the T1 state in PM6:Y6 and the T3 and T4 states in PM6:2Y6 correspond to the T2 

state in PM6:Y6, we combined T1 with T2 and T3 with T4 to keep our discussion simple and to 

better analyze their local/CT character. 

The radiative rate (kr) from the 1LE(1EX) state to GS in PM6:Y6 (PM6:2Y6) was computed 

from the Einstein coefficient relation (equation 1)21: 

 (S1)
𝑘𝑟 =

𝑓 × 𝐸2 × 𝑓(𝑛)
1.499

  

where f represents the oscillator strength and E corresponds to the energy of the 1LE (or 1EX for 

PM6:2Y6) state in cm-1. The factor f(n), defined as , takes into account the 
𝑓(𝑛) =

𝑛(𝑛2 + 2)2

9

local-field effect on emission intensity and relies on the refractive index (n) of the blend. Here, we 

considered a typical value of 1.4 for the refractive index, which is commonly observed in the active 

layers of organic solar cells. 

The non-radiative electron transfer rates are calculated using the following equation22: 

  (S2)
𝑘 =

2𝜋
ħ

𝑡2𝜌(𝐸𝑓)

where t denotes the electronic coupling,  is the reduced Plank constant, and  is the density ħ 𝜌(𝐸𝑓)

of final states and summing over all probability densities. Within the semiclassical 

Marcus Levich Jortner (MLJ) framework23, equation 2 can be rewritten as follows:‒ ‒

 (S3)
𝑘 =

2𝜋
ħ

𝑡2(𝐹𝐶𝑊𝐷)
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Here, FCWD denotes the Franck−Condon-weighted density of states, which is given by:

  (S4)
𝐹𝐶𝑊𝐷 =

1
4𝜋𝜆𝑐𝑘𝐵𝑇

∞

∑
𝑛 = 0

𝑒
‒ 𝑆𝑞𝑚 × 𝑆 𝑛

𝑞𝑚

𝑛!
𝑒

‒ (∆𝐸 + 𝜆𝑐 + 𝑛ħ𝜔𝑞𝑚)2

4𝜆𝑐𝑘𝐵𝑇

where kB is the Boltzmann constant, T is the temperature set to 300 K, and ΔE is the energy 

difference between the relevant states; λc refers to classical reorganization energy and was taken 

as:

(S5)
𝜆𝑐 = (∑𝜆𝑗)𝑖𝑛𝑖𝑡𝑖𝑎𝑙→𝑓𝑖𝑛𝑎𝑙 

where the  terms correspond to the reorganization energies for low frequency modes (i.e., <100 𝜆𝑗

cm-1), initial and final represent the initial and final states, ћωqm is the vibration energy of the 

effective high-frequency quantum mode, and Sqm is the Huang-Rhys factor that is associated with 

the reorganization energy from high-frequency modes. ωqm and Sqm were taken as follows:

   (S6) 

𝜔𝑞𝑚 =
(∑𝜆𝑖𝜔

2
𝑖)𝑖𝑛𝑖𝑡𝑖𝑎𝑙→𝑓𝑖𝑛𝑎𝑙

(∑𝜆𝑖)𝑖𝑛𝑖𝑡𝑖𝑎𝑙→𝑓𝑖𝑛𝑎𝑙

  (S7)𝜆𝑞𝑚 = ћ𝜔𝑞𝑚𝑆𝑞𝑚

where  corresponds to a high-frequency mode,  denotes the reorganization energy associated 𝜔𝑖 𝜆𝑖

to an  frequency, and  represents the total reorganization energy from high-frequency modes. 𝜔𝑖 𝜆𝑞𝑚

The low-frequency vibrational modes with frequencies below 100 cm-1 were treated classically, 

while high-frequency modes (>100 cm-1) were treated quantum mechanically. The calculated 

reorganization energies and Huang-Rhys factors used for computing the rates are provided in Table 

S4. The frequency-related calculations were performed with the Gaussian 16 package8 at the same 

level of theory as the excited-state calculations. 
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To evaluate the impact of static disorder (σS) on the rates, we accounted for  by adding 𝜎2
𝑆

it to , where  is determined from the contributions to static disorder from both initial (4𝜆𝑐𝑘𝐵𝑇 𝜎2
𝑆

) and final ( ) states, expressed as = + .𝜎𝑆 ‒ 𝑖 𝜎𝑆 ‒ 𝑓 𝜎2
𝑆 𝜎 2

𝑆 ‒ 𝑖 𝜎 2
𝑆 ‒ 𝑓

In order to estimate the rate constant for an electron hopping from Y6 of a PM6:Y6 

complex to an adjacent Y6 molecule (mimicking in this way the charge separation) we used 

Equation S2, where t represents the transfer integral for electron transfer and ΔE the change in 

electrostatic energy. By taking the average center of mass-to-center of mass distances between the 

PM6 and two distinct Y6 molecules (one in PM6:Y6 complex and second for the adjacent Y6 

molecule) as 13.69 Å and 20.15 Å, respectively, using an dielectric constant of 4, t of 21.2 meV 

(based on previous calculations11) and other parameters required for the rate calculation from Table 

S4, we estimate that the electron hoping rate is about 1.1×1011 s-1. We note that this rate varies as 

function of ε, such as 4.0×1010 s−1 at ε=3, 1.9×1011 s−1 at ε =5, and 2.6×1011 s−1 at ε=6.
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2. Close contact vs center-of-mass to center-of-mass (dc-c); distribution of dc-c 
distances 
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Figure S1: (a) Schematic representation illustrating the definition of “close contact” and center-
of-mass to center-of-mass distances (dc-c). In the example of a benzene dimer, the "close contact" 
refers to the minimum interaction distance between any two atoms from each benzene ring. In 
contrast, "dc-c" refers to the distance between the centers of mass of the two benzene rings. 
Therefore, the “close contact” distance does not correspond to dc-c. (b) Distribution of dc-c 
values between PM6 and Y6 in PM6:Y6 complexes. (c) Distribution of dc-c values between PM6 

and 2Y6 in PM6:2Y6 complexes. The average distance ( ) and standard deviation (σ) are also �̅�𝑐 ‒ 𝑐

provided. The broad distribution of dc-c values between PM6 and Y6(2Y6) suggests that the 
selection of pairs within the PM6:Y6(2Y6) blend was conducted in an unbiased manner, 
considering various potential interactions between PM6 and Y6(2Y6).

Section SB: Distributions of state energies and charges in Y6 and 
PM6:Y6

3. Distributions of singlet and triplet states in Y6 

Figure S2: (a) Normalized energy distribution of singlet and triplet states for Y6. (b) Histogram 
of the oscillator strengths (f) for the S1 state, with favg indicating the average value. These 
distributions are evaluated based on 1000 Y6 molecules extracted from MD simulations performed 
on the PM6:Y6 blend, with their excited-state properties calculated at the ωB97X-D/6-31G(d,p) 
level with ω=0.01 Bohr-1 using a PCM model with ε=3.0. 
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Table S1: Average energies Eavg (eV) and standard deviations (σ, in eV) of singlet and triplet 
states in monomeric and dimeric Y6.

States Y6 (monomeric) 2Y6 (dimeric)

Eavg σ Eavg σ

S1 1.84 0.06 1.70 0.09

S2 2.12 0.07 1.79 0.06

S3 2.37 0.06 1.85 0.06

S4 2.45 0.06 1.92 0.07

S5 2.53 0.06 2.04 0.07

S6 -- -- 2.09 0.06

S7 -- -- 2.15 0.06

S8 -- -- 2.20 0.06

S9 -- -- 2.29 0.06

S10 -- -- 2.33 0.06

T1 1.42 0.06 1.37 0.06

T2 1.62 0.05 1.44 0.05

T3 2.08 0.06 1.58 0.05

T4 2.15 0.05 1.64 0.04

T5 2.21 0.05 1.76 0.08

T6 -- -- 1.89 0.08

T7 -- -- 2.02 0.06

T8 -- -- 2.06 0.05

T9 -- -- 2.09 0.04

T10 -- -- 2.12 0.04
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4. Distributions of singlet and triplet states in PM6:Y6 complexes

Figure S3: Normalized energy distributions of the singlet and triplet states in PM6:Y6 complexes 
based on 3000 MD extracted pairs; the horizontal dotted lines indicate the FWHM of the singlet 
(red) and triplet (blue) state energies (top left panel), providing the range of the singlet and triplet 
energy spread; the energy distribution of the constituent states contributing to the overall singlet 
and triplet distributions is shown in the bottom left panel and their average values are given in the 
right panel. 
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5. Distributions of charges in PM6:Y6

Figure S4: Histogram plots of charges (“q”) and their distribution as a function of energy for 
various singlet states in PM6:Y6 complexes. 
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Figure S5: Histogram plots of charges (“q”) and their distribution as a function of energy for 
various triplet states in PM6:Y6 complexes. 
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6. Percentage of LE and CT character in singlet and triplet states 

Table S2: The extent of LE and CT character in singlet and triplet excited states, evaluated for 
both PM6:Y6 and PM6:2Y6 complexes, based on the q values.

States PM6:Y6 PM6:2Y6

CT%

(q 0.9)≥

LE% (q

0.1)≤

CT% (q

0.8)≥

LE% (q

0.2)≤

CT% (q

0.9)≥

EX% (q

)≤ 0.1

CT% (q

0.8)≥

EX% 

(q 0.≤

2)

S1 83.17 7.33 87.53 8.07 62.71 28.15 65.91 29.69

S2 36.43 43.43 40.10 48.93 43.30 38.49 47.83 41.83

S3 62.20 20.23 67.13 23.77 33.96 45.30 37.96 49.50

S4 77.67 10.83 82.07 12.30 30.89 45.30 36.02 49.57

S5 65.86 18.91 69.36 21.94 34.62 43.36 39.69 47.97

S6 -- -- -- -- 38.21 41.98 42.12 46.23

S7 -- -- -- -- 47.91 34.91 52.29 37.60

S8 -- -- -- -- 57.61 26.08 61.86 29.04

S9 -- -- -- -- 62.94 22.64 66.64 25.20

S10 -- -- -- -- 68.40 17.99 72.51 19.68

T1 0.77 95.70 1.30 97.00 0.73 98.27 1.00 98.73

T2 22.03 57.03 27.07 60.53 1.93 95.40 2.60 96.33

T3 57.33 21.70 62.70 25.50 16.88 69.25 19.88 71.98

T4 76.17 10.27 78.53 13.67 19.41 64.78 22.82 68.45
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T5 80.97 5.17 84.60 7.33 35.82 46.90 40.29 49.17

T6 -- -- -- -- 44.74 38.07 49.53 41.04

T7 -- -- -- -- 51.42 31.87 55.32 35.71

T8 -- -- -- -- 55.39 30.19 59.37 33.09

T9 -- -- -- -- 62.33 23.11 65.70 25.88

T10 -- -- -- -- 68.73% 18.67% 71.70 20.49

7. PM6:Y6 complex 

Figure S6: PM6:Y6 complex taken from MD simulation and further used for NTO calculation. 
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Figure S7: Hole and electron natural transition orbitals (NTOs) in the representative PM6:Y6 
complex (shown in Figure S6) for different singlet and triplet LE and CT states. In the complex, 
Y6 is at the top and PM6 is at the bottom. Also see section SE for further details. 
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8. Energy offsets between singlet CT and triplet CT states 

Figure S8: Distribution of energy offsets (in eV) between singlet and triplet CT2 states [ΔE(1CT2-
3CT2)] across individual complexes for PM6:Y6. The percentages of complexes showing positive 
and negative energy offsets are also provided. 
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Section SC: Disorder and defect states in PM6:Y6

9. Static and dynamic disorders in the PM6:Y6 blend 

Figure S9: Normalized distributions of total disorder including both static and dynamic 
contributions (blue lines) and of just dynamic disorder (black lines) for singlet and triplet LE and 
CT states. This analysis is based on 2000 PM6:Y6 complexes collected at 30 fs intervals from MD 
simulation trajectories.

10. Origin of the defect states in PM6:Y6

As mentioned in the main text, it has been observed that ~0.4% PM6:Y6 pairs exhibit q

0.1 values in their S1 state; additionally, their S1 energies are found to be lower (typically below ≤

1.60 eV), compared to the S1 states of Y6 molecules or the LE states of the majority of PM6:Y6 

complexes. Upon an in-depth analysis utilizing NTOs, we found that the S1 states in these pairs, 

while having negligible PM6 to Y6 charge transfer, in fact exhibit intra-Y6 charge transfer (iY6-

CT). This means that, while both the hole and electron are located within the Y6 molecule, the 

hole is typically located on the core moiety and the electron positioned on one of the terminal parts. 
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The considerable twist in the dihedral angle Φ within Y6 in these pairs plays a pivotal role in 

driving the occurrence of iY6-CT character in the S1 states of these PM6:Y6 pairs.

Figure S10: Structure of Y6 illustrating the dihedral angle (Φ) of interest. 

To further corroborate this observation, a single Y6 molecule was considered and its 

dihedral angle Φ (see Figure S10) was systematically rotated from its equilibrium geometry. As 

shown in Figure S11, the S1 energy decreases as Φ is twisted, reaching a minimum around a 

perpendicular conformation of ~90° between the central and terminal Y6 segments. This suggests 

that the reduction in the S1 energy of Y6 is indeed a consequence of the twisting of Φ. In addition 

to this, the Figure S12 illustrates how the wavefunctions of the hole and electron evolve in response 

to changes in Φ in this isolated Y6 molecule. It becomes evident that as Φ increases towards 90°, 

the prevalence of iY6-CT becomes more pronounced. For instance, at Φ= ~60°, a significant iY6-
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CT feature emerges within Y6. However, at Φ= ~90°, the system exhibits complete iY6-CT, with 

this character gradually diminishing as Φ reaches above ~140°. This compelling evidence strongly 

suggests that the twisted Φ within Y6 is a key responsible for the iY6-CT characteristics. 

Figure S11: Black line: Torsional energy related to dihedral angle Φ (in °) in Y6. Red line: 
Evolution of S1 energy as a function of Φ. The rotational energies were calculated at the ωB97X-
D/6-31G(d,p) level with ω=0.010 Bohr-1, using the PCM model with ε=3.00 (Gaussian 16 
package). The S1 energies were calculated at the same level of theory (QChem 5.4 package). 
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Figure S12: Hole and electron NTOs for the Y6 S1 state as a function of Φ (°). These calculations 
are carried out at the ωB97X-D/6-31G(d,p) level with ω=0.010 Bohr-1, using the PCM model with 
ε=3.00 (Gaussian 16 package). The λ value indicates the weight of the NTO.

Analysis of dihedral distribution of Y6 in PM6:Y6 blend 

To gain insight into the variations in dihedral angle Φ (see Figure S10) in Y6, we collected 

the Φ angle values from all three distinct simulation boxes and constructed the corresponding 

histogram, depicted in Figure S13. This analysis reveals that the predominant distribution of Φ for 

Y6 molecules within the simulation boxes falls within the range of 0 to ±50°. However, it is 

interesting to note the existence of Y6 conformations that exhibit significant deviations in dihedral 

angles from the aforementioned range. These deviations can vary from ~ ±50° to ±180°, with a 

peak occurring around ±150°. Therefore, in view of the evolution of the CT character in single Y6 

molecules (see Figure S11) and by examining the Φ distribution, it can be concluded that the lower-
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energy S1 states with q 0.1 observed in PM6:Y6 result from Y6 conformations featuring Φ ≤

values in the range of ±60° to ±140° and are characterized by distinct iY6-CT features.

Figure S13: Distribution of Φ values (in °) for the Y6 molecules in the PM6:Y6 blend as obtained 
from the MD simulations. 

Also, it is worth noting that the energy required to twist Φ in an isolated Y6 monomer is 

not very large (see Figure S11); for instance, ~4.8 kcal/mol energy is required for Φ to reach ~60°; 

to twist to a perpendicular conformation, i.e., around Φ=90°, the energy requirement increases to 

~8.6 kcal/mol (it should be kept in mind, however, that the rotation energy of an isolated Y6 

monomer, as indicated in Figure S11, may differ from that of Y6 molecules within the blend due 
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to the influence of the surrounding molecules). In any event, it is possible that large dihedral angles 

appear during thermal annealing processes and may give rise to an iY6-CT character and low 

energy of the S1 state. These low-energy states can then be a source of energy loss and lead to a 

reduction in PCE. 

Section SD: Distributions of state energies and charges in 2Y6 and 
PM6:2Y6

11. Singlet and triplet energy distributions in Y6 dimer:

Figure S14: (a) Normalized energy distribution of the five lowest-lying singlet and triplet states 
in a Y6 dimer based on 1000 pairs extracted from the MD simulations. Those Y6 dimers were 
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obtained from the PM6:2Y6 complexes by excluding the PM6 component. Subsequently, TD-DFT 
calculations were conducted using the level of theory mentioned earlier. Triplet states are 
represented by blue lines and singlet states, by red lines. The average energy values of each state 
and their corresponding standard deviations are provided in Table S1. (b) Distribution of the 
oscillator strengths (f) for the S1, S2, and S3 states of Y6 dimers, with favg indicating the average 
value. 

12. Singlet and triplet energy distributions in PM6:2Y6:

Figure S15: (a) Normalized energy distributions for the five lowest-lying singlet and triplet states 
in PM6:2Y6 complexes based on 1500 MD extracted pairs. Subsequently, TD-DFT calculations 
were conducted using the level of theory mentioned earlier. Triplet states are represented by blue 
lines and singlet states, by red lines. (b) Average energy values of each singlet (red) and triplet 
(blue) state and their corresponding standard deviations.
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13. Distributions of charges in PM6:2Y6

Figure S16: Histogram plots of charges “q” and their distributions as a function of energy for 
various singlet states in the case of PM6:2Y6 complexes. 
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Figure S17: Histogram plots of charges “q” and their distributions as a function of energy for 
various triplet states in the case of PM6:2Y6 complexes. 
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14. Distributions of charges between two Y6 molecules within dimeric Y6 complexes

Figure S18: Histogram plots of charges “q” and their distributions as a function of energy for 
various singlet and triplet states in the case of 2Y6 pairs. 1000 2Y6 pairs were extracted from 
PM6:2Y6 complexes by excluding PM6. The plots clearly illustrate that a considerable proportion 
of the S1 states, which subsequently form the 1EX state in PM6:2Y6 complexes, exhibit significant 
CT characteristics (q≥0.9), indicative of inter-Y6 CT; however, a substantial number of 2Y6 pairs 
possess a local excitonic character (q≤0.1). Similarly, the S2 state manifests a mixture of local and 
CT characteristics. In contrast, the lowest four triplet states, which subsequently form the four 
lowest-lying triplet LE states in PM6:2Y6 complexes, completely lack CT characteristics and 
solely possess LE behavior.
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15. Energy offsets between singlet CT and triplet CT states in Y6 pairs 

Figure S19: Distribution of energy offsets (in eV) between singlet and triplet CT states [ΔE(1CT2-
3CT2)] across individual complexes for PM6:2Y6. The percentage of complexes showing positive 
and negative energy offsets are also provided. 
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16. Singlet and triplet LE and CT states

Table S3: Average energies and standard deviations for the singlet and triplet LE/EX and CT 
states in PM6:Y6 and PM6:2Y6 complexes.

PM6:Y6 PM6:2Y6

States Eavg σ Eavg σ

1LE1 (1EX1) 1.84 0.08 1.72 0.10

1LE2 (1EX2) 1.80 0.07

1LE3 (1EX3) -- -- 1.87 0.07

1LE4 (1EX4) -- -- 1.92 0.08

1CT1 1.67 0.11 1.63 0.11

1CT2 1.87 0.10 1.74 0.10

1CT3 1.97 0.09 1.84 0.09

3LE1 (3EX1) 1.42 0.07 1.41 0.07

3LE2 (3EX2) 1.62 0.07 1.63 0.09

3LE3 (3EX3) 1.83 0.10 1.77 0.09

3CT1 1.69 0.11 1.66 0.11

3CT2 1.87 0.09 1.76 0.10

3CT3 1.95 0.10 1.83 0.10
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Section SE: Origin of LE States in PM6:Y6 and PM6:2Y6

17. Lowest singlet and triplet states in Y6[2Y6] vs. LE states in PM6:Y6 [PM6:2Y6]
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Figure S20: (a) Normalized energy distributions for singlet and triplet LE states in PM6:Y6 
complexes, superimposed on the energy distributions for Y6 molecules. (b) Normalized energy 
distributions for singlet EX states in PM6:2Y6 complexes superimposed on the energy distributions 
for 2Y6 dimers. Also see Figure 4 in the main text for the triplet EX states in PM6:2Y6 complexes 
vs 2Y6 dimers. In PM6:Y6 complexes, the 1LE1, 3LE1, and 3LE2 states overlap completely with the 
energy distributions of the S1, T1, and T2 states of Y6 molecules, respectively. Likewise, in PM6:2Y6 
complexes, the 1EX1, 1EX2, and 1EX3 states coincide entirely with the energy distributions of the 
S1, S2, and S3 states, and the 3EX1 and 3EX2 states coincide with the T1 and T2 states of 2Y6, 
respectively. These observations indicate that the lower-energy singlet and triplet states of the Y6 
molecules and 2Y6 pairs remain unchanged during blend formation. They exclusively contribute 
to the formation of LE states in the blend.
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Section SF: Distributions of oscillator strengths and couplings 

18. Distributions of oscillator strengths for PM6:Y6 and PM6:2Y6

Figure S21: Distributions of oscillator strength (f) of 1LE/1EX and 1CT state in PM6:Y6 and 
PM6:2Y6, with the average value [favg] and standard deviation (σ).
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19. Distributions of spin-orbit couplings 

Figure S22: Distributions of spin-orbit couplings (SOC) among 1CT and 3CT states and among 
1CT and 3EX states for PM6:2Y6 complexes. The corresponding average values are shown in each 
plot. 
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20. Distributions of electronic couplings

Figure S23: Distributions of the electronic couplings between the 1LE(1EX) and 1CT states, and 
between the ground state and 1CT states for the (a) PM6:Y6 and (b) PM6:2Y6 complexes. 
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Figure S24: Distributions of electronic couplings between 3LE(3EX) and 3CT states in PM6:Y6 
and PM6:2Y6 complexes. Their average values are also reported. 
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Section SG: Fate of LE triplet state

21. Rates of local triplet state formation from triplet CT state and reverse rates 

Figure S25: Rate of formation of the 3LE state from the 3CT state (in black) and reverse rate from 
the 3LE state to the 3CT state (in red), as a function of the 3LE-3CT energy splitting.
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Section SH: Rate calculations

22. Parameters for rate calculations

Table S4: Calculated values of classical reorganization energy (λc), reorganization energy 
associated with high frequency modes (𝜆𝑞𝑚), and Huang-Rhys factor (Sqm), as obtained at the 
ωb97XD/6-31G(d,p) level (ω=0.01 Bohr-1, PCM model with ε=3).

Parameters 1LE-1CT 1CT-GS 3CT-3LE 3LE-GS 1CT-CS
λc (eV) 0.1 0.1 0.1 0.1 0.12

𝜆𝑞𝑚 (eV) 0.15 0.15 0.15 0.16 0.15
Sqm 1.40 1.40 1.40 0.72 1.96
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