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S1. KINETIC MONTE CARLO

A. Morphology Model

ρNPB ρDCJT B ρPMMA PNPB (%) PDCJT B (%) PPMMA (%) Pdop (%) davg (Å) DCJT Bsites (%)

2.0

0.0 98.0

0.35

0.00 99.65 0.346 33.05 0.0

0.2 97.8 0.05 99.61 0.394 31.65 12.1

0.5 97.5 0.12 99.53 0.467 29.92 25.5

0.8 97.2 0.19 99.46 0.539 28.51 35.4

1.1 96.9 0.26 99.39 0.612 27.33 43.0

1.4 96.6 0.34 99.31 0.686 26.32 49.0

1.7 96.3 0.41 99.24 0.759 25.44 53.8

2.0 96.0 0.48 99.17 0.833 24.66 58.7

TABLE S1. Donor concentration (ρNPB), acceptor concentration (ρDCJT B) and PMMA matrix concentra-

tion (ρPMMA) in molecular weight percentage (wt%). Contribution to sample composition by NPB (PNPB),

DCJTB (PDCJT B) and PMMA (PPMMA), according to equation S3. Probability of a dopant to be found within

the sample (Pdop), average intermolecular distance between dopants (davg) and the percentage of sites con-

taining acceptor molecules (DCJT Bsites) are shown in the last three columns, respectively.

In order to perform KMC simulations, the system’s morphology needs to be obtained in terms

of the number of each molecule and how they are spread across a lattice. To that end, we took

the experimental concentrations of each dopant (NPB and DCJTB) within a PMMA matrix. The

experimental data kept the concentration of NPB, ρNPB, constant at 2.0 wt% while varying the

acceptor’s concentration, ρDCJT B, between 0.0 wt% and 2.000 wt%. Assuming the increase of

acceptor concentration meant a reduction of PMMA concentration while not altering donor con-

centration, we were able to calculate the number of molecules in the system for each acceptor

concentration using

Ni =
ρiNAMtotal

Mi
, (S1)

where Ni is the number of each molecule, NA is Avogadro’s number, ρi is the concentration in

wt%, Mtotal is the sample’s total mass and Mi is its molecular weight. Thus, the total number of
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molecules is,

Ntotal = ∑Ni = NAMtotal ∑ ρi

Mi
(S2)

The probability of finding a certain molecule is simply given by the ratio of the number of said

molecule and the sum of all molecules,

Pi =
ρi

Mi ∑ ρi
Mi

(S3)

Our KMC model consists of a cubic lattice of 50×50×50 sites that only accounts for dopants

in its sites, with an average intermolecular distance that varies according to concentration due

to the different number of acceptor molecules. To obtain the intermolecular distance between

donor and acceptor molecules we calculate the probability of finding one of the dopants within the

PMMA matrix as

Pdop =
PNPB +PDCJT B

PNPB +PDCJT B +PPMMA
, (S4)

which can be interpreted as the percentage of dopants in the system. With that in mind, the

intermolecular distance between dopants, davg, was calculated as

davg = d0
3

√
1

Pdopants
(S5)

in which d0 is a estimated intermolecular distance between all molecules, including the PMMA

matrix. Considering d0 = 5 Å, we were able to calculate the average intermolecular distance and

the relative percentage of materials present in the lattice’s sites. The parameters described above

are shown in Table S1.

B. Medium Polarity

Experimental data suggests strong sample polarization as a result of increasing DCJTB dopant

concentration1,2. The same phenomenon is observed in films made of a similar molecule: 4-

(Dicyanomethylene)-2-methyl-6-julolidyl-9-enyl-4H-pyran (DCM2). As a result, the emission

spectra of these molecules undergo redshift as their concentration increases, similarly to what is

observed in solution when solvent polarity increases. As such, this sample polarization effect can

be modeled by considering the static dielectric constant of the film to increase with the dopant’s

concentration. To quantify this effect, we rely on the observation that emission energies are af-

fected by solvent polarity as follows3:
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Esol = Evac −χ
(

ε −1
ε +1

)
(S6)

where Esol and Evac are the emission energies in solution and vacuum; χ is the solvent suscepti-

bility and ε is the solvent’s static dielectric constant.

Solvent susceptibility and Evac can be determined by fitting experimental emission peaks mea-

sured in different solvents with Equation S6. Once that is done, experimental emission peaks

measured in films of varying dopant concentration can be used to infer the ε values of each film.

Finally, the dielectric constant values obtained this way can be fitted as a function of dopant con-

centration providing ε values for any desired concentration. Results of this procedure are shown

in Table S2.

NPB Conc. (wt%) DCJTB Conc. (wt%) ε n

2.0

0.0 2.45

1.485

0.2 2.88

0.5 3.52

0.8 4.16

1.1 4.80

1.4 5.44

1.7 6.08

2.0 6.72

TABLE S2. Interpolated dielectric constants corresponding to different acceptor concentrations.
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S2. ELECTRONIC STRUCTURE RESULTS

A. Comparing Optical Properties

Molecule Transition Medium ε n Fcalc
max (nm) Fexp

max (nm)

NPB

S0 → S1 Thin film 3.000 1.785 336 3434–6

S1 → S0

[PMMA : NPB]sc 3.000 1.485 440 4257,8

[TCTA : NPB]sc 3.035 1.718 441 4407

[TCTA : NPB]evap 3.035 1.718 441 4307

T1 → S0

[PMMA : NPB]sc 3.000 1.485 603 5407,5508

[TCTA : NPB]sc 3.035 1.718 585 5407

[TCTA : NPB]evap 3.035 1.718 585 5407

DCJTB
S1 → S0

C6H6 2.270 1.490 556 5631,2

CHCl3 4.810 1.446 572 5951

C2H5OH 24.300 1.361 608 6451

DMSO,(CH3)2S : O 46.700 1.386 615 6158,6662

T1 → S0 PMMA 3.000 1.485 779 -

TABLE S3. Calculated (Fcalc
max ) and experimental (Fexp

max) photoluminescence peaks for NPB and DCJTB in

different media. Media’s dielectric constants (ε) and refractive indices (n) are displayed.
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B. DCJTB Thin Films

Ref. 2 reports on AlQ3 films doped with three concentrations of DCJTB: 0.8 wt%, 1.5 wt% and

3.0 wt%. Using Table S2, we can interpolate the dielectric constants for each of those films. We

then use those values for our simulated spectra. Results are shown in Table S4. The interpolation

of dielectric constants and their use in simulating the corresponding spectra reproduce the exper-

imental peaks within reasonable agreement, with a peak to peak difference no higher than 0.15

eV.

Molecule Transition Concentration (wt%) εcalc Fexp
max (nm) Fcalc

max (nm)

DCJTB

0.8 4.16 606 566

1.5 5.64 613 577

3.0 8.84 635 592

TABLE S4. Experimental (Fexp
max) and simulated (Fcalc

max ) fluorescence peaks for AlQ3 thin films doped with

DCJTB in different concentrations. Estimated dielectric constants (εcalc) are shown. Experimental data

taken from Ref. 2
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C. NPB’s Phosphorescence Spectra

FIG. S1. Phosphorescence spectra for NPB (dashed lines) computed with dielectric constants associated

with three different concentrations of DCJTB, 0 wt%, 0.8 wt% and 2.0 wt%. The full lines display the

DCJTB absorption spectra for the corresponding concentrations.
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D. Energy Levels Diagrams

FIG. S2. Energy level diagram for DCJTB with (a) 0 wt% DCJTB concentration (ε = 2.450) and (b) 2 wt%

concentration (ε = 6.720). Here, energy levels are computed as ensemble averages.
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E. Average Spin-Orbit Couplings
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FIG. S3. Average spin-orbit coupling between the triplet states, T1 (in blue) and T2 (in red), and the first

excited, S1, for NPB (a) and DCJTB (b) taken from the first excited state ensemble for both molecules.

F. Average Emission Times

DCJTB Conc. (wt%)
Average fluorescence time (s)

Prompt Fluorescence Afterglow

0.2 1.07×10−8 7.26×10−1

0.5 9.21×10−8 7.19×10−1

0.8 9.30×10−8 6.92×10−1

1.1 9.31×10−8 6.66×10−1

1.4 9.38×10−8 6.66×10−1

1.7 9.46×10−8 6.84×10−1

2.0 9.52×10−8 7.13×10−1

TABLE S5. Average fluorescence time for excitons that fluoresced in DCJTB in the different time scales it

occurs, prompt and delayed (afterglow).
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