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1. General Methods 

NMR Measurements: 1H and 13C NMR spectra were recorded on a BRUKER AVANCE-400 fourier trans-

formation spectrometer with 400 and 100 MHz respectively. The spectra were calibrated with respect to 

the residual solvent peaks. The chemical shifts are reported in parts per million (ppm) with respect to 

TMS. Short notations used are, s for singlet, d for doublet, t for triplet. 

Spectroscopic Measurements: Electronic absorption spectra were recorded on Jasco V-750 UV-Visible 

spectrophotometer and emission spectra were recorded on FLS1000 spectrometer, Edinburgh Instru-

ments. Solution state UV-Vis and emission spectra were recorded in 10 mm path length cuvette. Fluo-

rescence spectra of the films were recorded in front-face geometry to avoid self-absorption. 

Lifetime and quantum yield measurements: Fluorescence lifetimes were performed on a Horiba Delta 

Flex time-correlated single-photon-counting (TCSPC) instrument. A 340 nm diode and 373 nm, 442 nm 

laser diode with a pulse repetition rate of 1 MHz was used as the light source. The instrument response 

function (IRF) was collected by using a scatterer (Ludox AS40 colloidal silica, Sigma-Aldrich). Phosphores-

cence lifetime (λexc. = 340 nm and 430 nm), gated emission and time-resolved excitation and emission 

were measured on FLS1000 spectrometer, Edinburgh Instruments equipped with a micro flash-lamp 

(µF2) set-up. Quantum yields were measured using an integrating sphere in the same instrument.  

High Resolution Mass Spectrometry (HR-MS): HR-MS was carried out using Agilent Technologies 6538 

UHD Accurate-Mass Q-TOFLC/MS. 

Single Crystal X-ray Crystallography: Suitable single crystal of the A+D2 and A+D4 compound was 

mounted on a thin glass fibre with commercially available super glue. Intensity data were collected 

Bruker D8 VENTURE diffractometer equipped with a PHOTON detector and graphite-monochromated 

Mo-Kα radiation (λα = 0.71073 Å, 50 kV, 1mA) at 100 K. APEX III software was used to collect, reduce 

and integrate the raw data. The direct method was used for solving crystal structure, followed by full-

matrix least-squares refinements against F2 (all data HKLF 4 format) using the SHELXL 2014/7 and dif-

ference Fourier synthesis and least-squares refinement revealed the positions of the non-hydrogen 



 

 

atoms.  All nonhydrogen atoms were refined anisotropically and remaining hydrogen atoms were placed 

in geometrically constrained positions and refined with isotropic temperature factors, generally 1.2 × 

Ueq of their parent atoms. Molecular structure drawings were prepared using the program Mercury (ver 

3.1). We have selected the best crystal; however, few alerts are generated and can't be resolved despite 

several attempts due to the weak diffraction of crystals. 

Computational Details: Ground State (S0) of donor-acceptor pairs (A+D5) was optimized using density 

functional theory (DFT). We are not able to optimize other donor-acceptor pairs. Excitation energies 

were calculated using B3LYP functional with 6-31+g(d) basis set except for Br and I.[S1,S2] For which we 

have used Lanl2dz functional with effective core potential. NTO calculations were done after TDDFT cal-

culations. No solvent corrections were added in this work. The spin orbit coupling effect were considered 

to be a perturbation of scalar relativistic Kohn-Sham orbitals after SCF and TDDFT calculations (pSOC-

TDDFT). The SOC matrix elements were calculated using B3LYP functional with a Slater type all-electron 

TZP basis set for all atoms as implemented in the ADF package.[S2-S6] While the excited state calculations 

were performed using B3LYP exchange-correlation functional with the same basis sets as mentioned 

before.  

2. Synthetic Scheme and Procedure: 

Pyromellitic dianhydride (PMDA) was purchased from Sigma Aldrich;  Durene and 2-Ethylhexyl amine 

were purchased from Alfa-Aesar; 1-Bromo-4-iodobenzene and 1,4-Dibromobenzene were purchased 

from TCI, Acetic acid was purchased from Spectrochem and used without further purification. 

 

Scheme S1. Synthetic scheme for PmDI (Acceptor) 

PmDI: Pyromellitic dianhydride (1) (0.50 g, 2.4mmol) was taken in a 100 mL round bottom flask and 25 

mL acetic acid was added into it and stirred at room temperature for 30 minutes. 2-Ethylhexylamine 

(0.66 g, 5.1 mmol) was added to the reaction mixture and the reaction mixture was allowed to reflux for 

12 hours. Water was added to the reaction mixture to get white precipitate. The precipitate was then 

filtered and dried under vacuum for 10 hours. Column chromatography was performed using chloroform 

as an eluent to get the pure product as white solid (0.86 g, 85 % yield). 1H NMR (CDCl3, 400 MHz), δ 

(ppm) = 8.26 (s, 2H), 3.64 (d, 4H, J = 7.2 Hz), 1.85 (t, 2H, J = 6 Hz), 1.55-1.26 (m, 16 H), 0.94-0.87 (m, 12 



 

 

H); 13C NMR (CDCl3, 100 MHz), δ (ppm) = 166.6, 137.2, 118.2, 42.6, 38.3, 30.6, 28.5, 23.9, 23.00, 14.0 

10.4 HRMS (APCI): m/z calculated for C26H36N2O4: 440.2675: observed 440.2760 [M] ꜙ. 

3. Experimental Procedures 

We have used the following acceptors and donors for the 3CT and 3LE phosphorescence studies. The 

donors D1
S7, D2

 S8 and D3
 S9 were synthesized according to the literature procedures. 

 

Protocol for co-crystal synthesis: We have prepared saturated solutions of both donor and acceptors in 

chloroform and mixed them in a 1:1 molar ratio. Then acetonitrile was added into it as a bad solvent. 

The mixture was heated at 70 °C for ten minutes and then kept at room temperature for crystallization.  

Protocol for sample preparation: All solution state studies were performed, keeping the final concentra-

tion of the samples to 0.05 mM and 0.1 mM from a stock solution of THF (1 mM). For thin films, acceptor 

molecules (1 mg) were mixed with 100 mg of PMMA. This mixture was then heated at 50 °C for 10 

minutes followed by sonication (5 minutes) to dissolve all the components thoroughly. Then, 0.5 mL of 

this solution was drop-casted on a clean quartz substrate. Finally, the drop-casted thin films were dried 

at 60 °C for 30 minutes before performing the photophysical studies. For the phosphorescence studies 

of the co-crystal, a small amount of the co-crystal was placed in between two quartz plates.  

4. Supporting Figures 

  

Figure S1. Fluorescence lifetime decay profiles of PmDI in various solvents:  1LE emission in THF (λexc. = 

340 nm, λcollected = 420 nm), 1CT emission in toluene, p-xylene, mesitylene (λexc. = 404 nm, λcollected = 500 

nm) and TMB (λexc. = 442 nm, λcollected = 500 nm), IRF is the instrument response function (𝜏avg. = 1.82 ns, 

2.62 ns and 6.42 ns for toluene, p-xylene and mesitylene, respectively). Further details are mentioned in 

Table S1. 

A (PmDI) D1 D2 D3 D4 D5



 

 

Note: Lifetime analyses show that 1CT emission of PmDI in various aromatic solvents have a higher life-

time than the 1LE emission in THF, further validating the CT nature of the broad emission band as a result 

of the CT complexation of PmDI with aromatic solvents. 

 

Figure S2. Comparison of the spectroscopic studies of A+D2 complex and A alone at 77 K in THF glassy 

matrix: a) Excitation spectra (λmonitored = 560 nm), b) delayed emission spectra (delay time = 0.5 ms). 

Corresponding lifetime decay profiles when excited at c) λexc. = 340 nm, (𝜏avg. = 0.48 s and for A alone and 

𝜏avg. = 0.33 s (excluding fast component) for A+D2), and d) λexc. = 430 nm (𝜏avg. = 0.16 ms). In both cases 

the emission collected at 560 nm. (Concentration of each component is 0.1 mM). Further details of life-

times are mentioned in Table S2. 

Note: a) Excitation spectra of A+D2 pair shows red-shifted band compared to the bare acceptor (A), sug-

gesting the formation of CT complex even in solution under cryogenic conditions. Emission spectrum of 

A+D2 gets red-shifted by 44 nm (λmax. = 544 nm) compared to A upon direct excitation at the CT band 

(λexc. = 430 nm) pointing towards the CT nature of the phosphorescence emission. Unlike A, the sharp 

decay component in the lifetime decay plot of A+D2 implies the formation of another state different 

from that of 3LE state, which is the 3CT state. However, we have successfully extracted the newly formed 

state upon selectively exciting at the CT band, which clearly shows a short lifetime component compared 

to the 3LE emission, and validated our hypothesis of 3CT state formation. 
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Figure S3. Normalized steady-state and delayed (delay time = 50 μs) excitation (above) and emission 

(below) spectra of a,c) A+D1 and b,d) A+D2 co-crystal (λexc. = 340 nm λmonitored = 560 nm).  

Note: The delayed excitation spectrum validates the long-lived nature of the CT process and its role in 

the origin of long-lived greenish-yellow emission of the co-crystals. 
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Figure S4. Spectroscopic studies of A+D1 and A+D2 co-crystals under air and vacuum: Steady-state emis-

sion spectra (λexc. = 340 nm) of a) A+D1 and c) A+D2 and corresponding lifetime decay profiles (λexc. = 340 

nm, λcollected = 560 nm) of b) A+D1 (𝜏 = 22.02 μs in air and 34.14 μs in vacuum) and d) A+D2 (𝜏 = 12.24 μs 

in air and 17.39 μs in vacuum). Further details of lifetimes are mentioned in Table S3. 

Note: Increase in the emission intensity and lifetime under vacuum confirms the presence of triplet 

contribution to the emission from the co-crystals.  

 

Figure S5. Temperature dependent studies of A+D1 and A+D2 co-crystals: Steady-state emission spectra 

(λexc. = 340 nm) of a) A+D1 and c) A+D2. Corresponding lifetime decay profiles (λexc. = 340 nm, λcollected = 

560 nm) of b) A+D1 (𝜏 = 48.47 μs at 20 K and 24.12 μs at 300 K), and d) A+D2 (𝜏 = 35.83 μs at 20 K and 

17.39 μs at 300 K). Further details of lifetimes are mentioned in Table S4. 

Note: The increase in the emission intensity (a,c) and lifetime (b,d) upon decreasing the temperature 

confirm the phosphorescence nature of the emission. 
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Figure S6. Steady-state emission spectra of individual donors (D1 and D2), acceptor (A) shows weakly 

emissive nature of individual donors and acceptor (λexc. = 340 nm). 

 

Figure S7. Spectroscopic studies under de-aerated conditions and temperature dependent studies of A 

(PmDI) in PMMA films (1 wt.% of A doped in PMMA matrix): a) Steady-state emission spectra (λexc. = 340 

nm) and b) lifetime decay profile (λexc. = 340 nm, λcollected = 500 nm) under aerated and vacuum (𝜏avg. = 

7.72 µs in air and 𝜏avg. = 30.79 ms in vacuum). Inset represents the zoomed in lifetime decay profile in 

presence of air.  c) Steady-state emission spectra (λexc. = 340 nm) and d) lifetime decay profile (λexc. = 340 

nm, λcollected = 500 nm) in variable temperature measurements (𝜏avg. = 525 ms at 20 K and 77 ms at 300 

K). Further details of lifetimes are mentioned in Table S5. 

Note: The increase in the (a) emission intensity and (b) lifetime under vacuum confirms the presence of 

triplet contribution to the emission. Further, an increase in the (c) steady-state emission intensity and 
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(d) lifetime upon decreasing the temperature confirms the locally excited (3LE) phosphorescence nature 

of the PmDI emission in the absence of any donor molecules.  

 

Figure S8. Phosphorescence study of A under cryogenic conditions (77 K in THF): a) Steady-state emission 

spectrum (λexc. = 340 nm) and b) lifetime decay profile (λexc. = 340 nm, λcollected = 500 nm, 𝜏avg. = 0.54 s) ([c] 

= 0.05 mM). Further details of lifetimes are mentioned in Table S6. 

Note: Given steady-state emission spectrum and lifetime decay profile of the acceptor at very low con-

centration in THF glassy matrix is attested to the locally excited (3LE) phosphorescence emission of PmDI 

monomer in the absence of any donor molecules.  

 

Figure S9. Comparison of 3LE phosphorescence of A alone and 3CT phosphorescence A+D1 and A+D2 co-

crystals: Delayed emission spectra of A at cryogenic conditions (blue, [c] = 0.05 mM in THF), in PMMA 

matrix (black, 1 wt.% of A doped in PMMA matrix) shows 3LE phosphorescence and A+D1 and A+D2 at 

ambient conditions show 3CT phosphorescence (delay time = 1 ms for A and 50 ms for A+D1 and A+D2, 

λexc. = 340 nm for A and 430 nm A+D1 and A+D2). 

Note: Red-shifted and broad emission spectra of A+D1 and A+D2 co-crystals compared to the acceptor 

(A) phosphorescence emission suggests the 3CT nature of the formers’ emission. 
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Figure S10. Temperature dependent studies of A+D1 and A+D2 co-crystals by the selective excitation at 

the CT absorption:  Steady-state emission spectra (λexc. = 430 nm) of a) A+D1 and c) A+D2. Lifetime decay 

profiles (λexc. = 430 nm, λcollected = 560 nm) of b) A+D1 (𝜏 = 49.39 μs at 20 K and 35.67 μs at 300 K) and d) 

A+D2 (𝜏 = 35.38 μs at 20 K and 17.33 μs at 300 K). Further details of lifetimes are mentioned in Table S4. 

Note: Increase in the (a) emission intensity and (b) lifetime upon decreasing the temperature on selec-

tive excitation at the CT band hints towards the phosphorescence nature of the CT emission.  

 

Figure S11. Time-resolved a) excitation spectra, (λmonitored = 560 nm), b) emission spectra upon exciting 

at λexc. = 340 nm and c) upon selective excitation at the CT band (λexc. = 430 nm) of A+D1 co-crystal.  

Note: Time-resolved emission experiments indicate no spectral changes with gradual progress in time, 

suggesting that emission comes from the same excited state, i.e., 3CT state and there is no transfer of 

excitons to other excited states. 
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Figure S12. Structure data and cell parameters of A+D2 single crystal. CCDC Number is 2159661. 

 

Figure S13. a) Unit cell and b) slipped stacked arrangement of acceptor and donor showing various 

intermolecular halogen-carbonyl interactions of A+D2 single crystal (we have removed ethyl hexyl chain 

for better illustration). 
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Figure S14. Excitation energies of A+D1 obtained from TDDFT calculation in the ground state geometry 

using B3LYP functional in conjunction with 6-31+g(d) basis set for C, H, N, O and LANL2DZ basis set for I 

with effective core potential. 

 

Figure S15. Natural Transition Orbitals (NTOs) for A+D1. Singlet states are calculated at TD-B3LYP level 

with 6-31+g(d) basis set for C, H, O and N and LANL2DZ basis set for I with effective core potential, λ is 

the maximum value of singular value decomposition (SVD). 
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Figure S16. Natural Transition Orbitals (NTOs) for A+D1. Triplet states are calculated at TD-CAMB3LYP 

level with 6-31+g(d) basis set for C, H, O and N and LANL2DZ basis set for Br and I with effective core 

potential, λ is the maximum value of singular value decomposition (SVD). 

 

Figure S17. 3CT phosphorescence studies of A+D3 co-crystals and comparison with the 3LE phosphores-

cence of A alone and 3CT phosphorescence A+D2 co-crystals: a) Excitation spectra of acceptor (A) alone 

and donor-acceptor co-crystal A+D2 (red line), A+D3 (orange line), red-shifted band of donor-acceptor 

co-crystal compared to the bare acceptor (A) phosphorescence emission suggests the formation of CT 

state (λmonitored = 560 nm). b) Steady-state emission spectra of donor-acceptor co-crystal (A+D3). c) Cor-

responding lifetime decay profiles when excited at LE (λexc = 340 nm) and CT (λexc. = 430 nm) band, in 

both cases the emission collected at 560 nm (𝜏avg = 106.6 µs in air upon 340 nm excitation). d) Delayed 
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emission spectra of acceptor (A) alone at cryogenic conditions ([c] = 0.05 mM in THF) and in PMMA 

matrix (1 wt.% of A doped in PMMA matrix) show 3LE phosphorescence, and A+D2 and A+D3 in air show 

3CT phosphorescence (delay time = 1 ms for A and 50 µs for A+D2 and A+D3). Further details of lifetimes 

are mentioned in Table S7. 

Note: Here, we have used a donor D3 with less electron-donating capability (two methyl groups are re-

moved), which results in decrease in the extend of CT as evident from the excitation spectra. The CT 

band of A+D3 is blue-shifted compared to A+D2, confirming reduced CT complexation in former when 

compared to latter.  In addition, the comparison of the normalized delayed emission spectra (d) of A 

(3LE), A+D2 and A+D3 (3CT) reiterates the possibility of modulation of emission by varying the donor 

strength. 

 

Figure S18. Spectroscopic studies in de-aerated conditions and temperature dependent studies of A+D4 

co-crystal: a) Steady-state emission spectra (λexc. = 340 nm) and b) corresponding lifetime decay profiles 

(λexc. = 340 nm, λcollected = 560 nm) under air and vacuum (𝜏avg = 0.38 ms in air and, 0.41 ms in vacuum). c) 

Steady-state emission spectra (λexc. = 340 nm) and b) corresponding lifetime decay profile (λexc. = 340 nm, 

λcollected = 560 nm, 𝜏avg = 0.61 ms at 20 K and 0.49 at 300 K) at different temperatures. Further details of 

lifetimes are mentioned in Table S8. 
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Note: Increase in the (a) emission intensity and (b) lifetime under vacuum confirms the presence of 

triplet contribution to the emission. Further, an increase in the (c) steady-state emission intensity and 

(d) lifetime upon decreasing the temperature confirms the phosphorescence nature of the emission. 

 

Figure S19. Structure data and cell parameters of A+D4 single crystal. CCDC Number is 2159217. 

 

Figure S20. a) Unit cell and b) extended single crystal structure of A+D4  showing various intermolecular 

halogen bonding interactions (we have removed ethyl hexyl chain for better illustration).  

Note: Six halogen bonding interactions (bromo-carbonyl and iodo-carbonyl) per donor molecule   results 

in significant enhancement of the SOC value via external heavy atom effect to achieve very high phos-

phorescence efficiency from 3LE state of PmDI. 
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Figure S21. Phosphorescence studies of A+D5 co-crystal: a) Excitation spectra of the acceptor (A) alone 

and donor-acceptor co-crystal (A+D5) (λmonitored = 560 nm), b) steady-state and gated emission spectra of 

A+D5 co-crystal (λexc. = 340 nm, Inset: Photograph of A+D5 co-crystal under 365 nm UV lamp in air). c) 

Lifetime decay profile of A+D5 co-crystal (λexc. = 340 nm, λcollected = 560 nm, 𝜏avg = 2.29 ms). d) Normalized 

delayed emission spectra of acceptor (A) alone at 77 K in THF, doped in PMMA matrix at 20 K (1 wt.% 

with respect to PMMA) and A+D5 at room temperature (λexc. = 340 nm, delay time = 1 ms). Further details 

of lifetimes are mentioned in Table S9. 

Note: Here, we have used 1,4-dibromobenzene as the donor (D5), which shows lesser heavy-atom effect 

compared to donor D4. The excitation spectrum of A+D5 is similar to A which indicates that no CT com-

plexation is present in the former. Similarly, the gated emission spectra of A and A+D5 are exactly similar 

suggesting the origin of co-crystal emission to be the 3LE phosphorescence of PmDI.  However, the de-

creased heavy atom effect is reflected in the quantum yield measurement, where A+D5 shows a quantum 

yield of 11 %, much lesser than that of A+D4 (52 %), indicating the role of the heavy iodine atom 

in A+D4 co-crystal. 
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Figure S22. Powder XRD pattern of A+D4  and A+D5 co-crystals. 

Note: PXRD suggests that the molecular packing of A+D4 and A+D5 co-crystals are similar. 

 

Figure S23. Excitation energies of A+D5 pair obtained from TDDFT calculation in the ground state 

geometry using B3LYP functional in conjunction with 6-31+g(d) basis set for C, H, N, O and LANL2DZ basis 

set for Br with effective core potential. 
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Figure S24. Natural Transition Orbitals (NTOs) for A+D5. Singlet states calculated at TD-B3LYP level with 

6-31+g(d) basis set for C, H, O and N and LANL2DZ basis set for I with effective core potential, λ is the 

maximum value of singular value decomposition (SVD). 

 

Figure S25. Natural Transition Orbitals (NTOs) for A+D5. Triplet states calculated at TD-B3LYP level with 

6-31+g(d) basis set for C, H, O and N and LANL2DZ basis set for Br and I with effective core potential, λ is 

the maximum value of singular value decomposition (SVD). 

Note: The absence of CT complexation between D5 with the PmDI core (acceptor) is clear from the com-

puted natural transition orbitals (NTOs) of the first excited singlet (S1) and triplet (T1) states, where the 

hole and electron both are located on the π-surface of the acceptor, suggesting towards the LE transi-

tion.  

Table S1. Summary of fluorescence decay of PmDI (A) in various solvents. 

Solvents λexc.(nm) λcollected (nm) 𝜏1 (ns) 𝜏2 (ns) 𝜏3 (ns) <𝜏avg> (ns) 

THF 340 420 0.80 (95%) 2.00 (5%) - 0.86 

Toluene 404 500 0.53 (38%) 1.25 (48%) 7.29 (14%) 1.82 

p-Xylene 404 500 2.52 (20%) 0.74 (61%) 8.78 (19%) 2.62 

Mesity-
lene 

404 500 3.10 (45%) 10.63 
(47%) 

0.41 (8%) 6.42 

TMB 442 500 0.37 (12%) 2.16 (79%) 9.00 (9%) 2.56 
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Table S2. Summary of phosphorescence decay of A+D2 complex and A alone at 77 K in THF glassy matrix. 

 λexc.(nm) λcollected (nm) 𝜏1 (s) 𝜏2 (s) 𝜏3 (s) <𝜏avg.> (s) 

A 340 560 0.28 (27%) 0.56 (73%) - 0.48 

A+D2  340 560 0.33 (100 
%) 

- - 0.33 

A+D2  430 560 0.016 ms 
(32%) 

0.11 ms (39 
%) 

0.37 ms 
(29%) 

0.16 ms 

 

Table S3. Summary of phosphorescence decay of A+D1 and A+D2 co-crystals under air and vacuum. 

 λexc.(nm) λcollected (nm) 𝜏 (µs) 

A+D1 in Air 340 560 22.02 
(100%) 

A+D1 in Vac-
uum 

340 560 34.14 
(100%) 

A+D2 in Air 340 560 12.24 (100 
%) 

A+D2 Vacuum 340 560 17.39 
(100%) 

 

Table S4. Summary of phosphorescence decay of A+D1 and A+D2 co-crystals in different temperature. 

 λexc.(nm) λcollected (nm) 𝜏 (µs) at 20 
K 

𝜏 (µs) at 
300 K 

A+D1  340 560 48.47 
(100%) 

34.12 
(100%) 

A+D1  430 560 49.39 
(100%) 

35.67 
(100%) 

A+D2  340 560 35.83 (100 
%) 

17.39 
(100%) 

A+D2  430 560 35.38 
(100%) 

17.33 
(100%) 

 

 

 

 



 

 

Table S5. Summary of phosphorescence decay of PmDI, doped in PMMA matrix (1 wt.% with respect to 

PMMA) in de-aerated conditions and in different temperature. 

 λexc.(nm) λcollected (nm) 𝜏1 (ms) 𝜏2 (ms) 𝜏3 (ms) <𝜏avg.> 
(ms) 

Air 340 500 1.09 µs (66 
%) 

10.35 µs (28 
%) 

68.37 µs (5 
%) 

7.72 µs 

Vacuum  340 500 4.28 (10 %) 19.57 (43 
%) 

77.86 (47 
%) 

30.79 

20 K  340 500 340 (22%) 590 (78 %) - 535  

300 K 340 500 30.80 (60 
%) 

147 (40 %) - 77.28 

 

Table S6. Summary of phosphorescence decay of PmDI (A) under cryogenic conditions (77 K in THF, [c] 

= 0.05 mM). 

 λexc.(nm) λcollected (nm) 𝜏1 (s) 𝜏2 (s) 𝜏3 (s) <𝜏avg.> (s) 

77 K  340 500 0.298 (26 
%) 

0.595 (78 
%) 

- 0.54 

 

Table S7. Summary 𝑘𝑃𝑟(s-1), 𝑘𝐼𝑆𝐶(s-1), and 𝑘nr(s-1) of A+D1, A+D2, A+D3, A+D4 and A+D5 co-crystals. 

Co-crystals ΦP <τ>F 𝑘𝐼𝑆𝐶 = ΦP/<τ>F 

A+D1 46 % 13.3 ns (λexc. = 442 nm, λcollected = 460 nm) 3.46 x 10-9 s-1 

A+D2 43 % 13.3 ns (λexc. = 442 nm, λcollected = 460 nm) 3.23 x 10-9 s-1 

A+D3 42 % 13.4 ns (λexc. = 442 nm, λcollected = 460 nm) 3.13 x 10-9 s-1 

A+D4 52 % 1.8 ns (λexc. = 373 nm, λcollected = 430 nm) 2.88 x 10-8 s-1 

A+D5 11 % 1.3 ns (λexc. = 442 nm, λcollected = 430 nm) 8.46 x 10-9 s-1 

Table S8. Summary of phosphorescence decay of A+D3 co-crystal. 

Co-crystals <S|HSO|T> T1 

A+D1 S0 34.21 

A+D2 S0 63.94 

A+D4 S0 17.73 

A+D5 S0 10.45 

 



 

 

Table S9. Summary of phosphorescence decay of A+D3 co-crystal. 

λexc.(nm) λcollected (nm) 𝜏1 (µs) 𝜏2 (µs) <𝜏avg.> (µs) 

340 560 47.60 (47 %) 159 (53 %) 106.64 

430 560 33.10 (39 %) 132 (61 %) 93.43 

 

Table S10. Summary of phosphorescence decay of A+D4 co-crystals in de-aerated conditions and in dif-

ferent temperature.  

 λexc.(nm) λcollected (nm) 𝜏1 (ms) 𝜏2 (ms) 𝜏3 (ms) <𝜏avg.> 
(ms) 

Air 340 500 0.22 (35 %) 0.47 (65 %) - 0.38  

Vacuum  340 500 0.19 (28 %) 0.49 (72 %) - 0.406 

20 K  340 500 0.026 (14 
%) 

0.668 (85 
%) 

3.32 (1 %) 0.61 

300 K 340 500 0.17 (10 %) 0.51 (89 %) 1.64 (1 %) 0.49 

 

Table S11. Summary of phosphorescence decay of A+D5 co-crystals. 

λexc.(nm) λcollected (nm) 𝜏1 (ms) 𝜏2 (ms) 𝜏3 (ms) <𝜏avg.> 
(ms) 

340 560 0.31 (8 %) 1.36 (52 %) 3.0 (52 %) 2.29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

5. Supporting Characterization Original Data 

 

 

Figure S26. 1H NMR spectrum of PmDI in CDCl3. 

 

Figure S27. 13C NMR spectrum of PmDI in CDCl3. 



 

 

 

Figure S28. APCI-HR-MS spectrum of PmDI. 

 



 

 

 



 

 

 



 

 

 

 



 

 

 

Figure S29. Check CIF documents for A+D2 co-crystal. 



 

 

 



 

 

 



 

 

 



 

 

 

 

Figure S30. Check CIF documents for A+D4 co-crystal. 



 

 

 

Figure S31. Screenshots of phosphorescence quantum yield for A crystal. 

 

Figure S32. Screenshots of phosphorescence quantum yield for D1 crystal. 

 

Figure S33. Screenshots of phosphorescence quantum yield for D2 crystal. 



 

 

 

Figure S34. Screenshots of phosphorescence quantum yield for D3 crystal. 

 

Figure S35. Screenshots of phosphorescence quantum yield for D4 crystal. 

 

Figure S36. Screenshots of phosphorescence quantum yield for D5 crystal. 



 

 

 

Figure S37. Screenshots of phosphorescence quantum yield for A+D1 co-crystal. 

 

Figure S38. Screenshots of phosphorescence quantum yield for A+D2 co-crystal. 

 

Figure S39. Screenshots of phosphorescence quantum yield for A+D3 co-crystal. 



 

 

 

Figure S40. Screenshots of phosphorescence quantum yield for A+D4 co-crystal. 

 

Figure S41. Screenshots of phosphorescence quantum yield for A+D5 co-crystal. 
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