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General Methods: 

Spectroscopic Measurements: The excitation and emission spectra were recorded on FLS1000 

spectrometer, Edinburgh Instruments. 

Lifetime and quantum yield measurements: Phosphorescence lifetime (λexc. = 340 nm), gated 

emission, and time-resolved 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. Fluorescence lifetimes were performed on a Horiba Delta 

Flex time-correlated single-photon-counting (TCSPC) instrument with a 375 nm laser diode as the light 

source. The instrument response function (IRF) was collected by using a scatterer (Ludox AS40 colloidal 

silica, Sigma-Aldrich). 

Single Crystal X-ray Crystallography: Suitable single cocrystal of the PmDI-TBB and PmDI-HBB was 

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

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 

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

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

atoms.  All non-hydrogen 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 (version 3.1).  

There are some B-Alerts in PMDI-TBB upon cif-file check which are generated because the structure 

has some amount of disorder. C11 and C12 carbon atoms of the butyl chain are modelled isotropically 

as their contribution to the scattering is affected by the disorder. Dynamically disordered chains (that 

are tethered to a relatively rigid backbone) may exhibit unusual ratios for NonSolvent   Resd 1  C   

Ueq(max)/Ueq(min) Range.       

Synthetic Scheme and Procedure: 

Pyromellitic dianhydride (PMDA) was purchased from Sigma Aldrich; 1,2,4,5-Tetrabromobenzene and 

Hexabromobenzene were purchased from TCI, Acetic acid was purchased from Spectrochem and used 

without further purification. 

 

Synthetic procedure of PmDI: Compound was synthesized according to the literature procedure.S1 

Experimental Procedures: 

Protocol for co-crystal synthesis: 0.05 M solution of both donor and acceptor in a 1:1 molar ratio in 

DMF was prepared. Then the mixture was heated at 70 °C until it gets fully dissolved and then kept at 

room temperature for cocrystallization. 

Protocol for sample preparation:  The phosphorescence studies of the cocrystal were done by taking 

a small amount of the cocrystal between two quartz plates. Solution phase studies were done by 

taking compounds ([c] = 10-5 M) in THF. For neat film studies, donor-acceptor 1:1 mixture in DMF was 

taken and then drop-casted on a clean quartz substrate. The drop-casted films were dried in vacuum 

oven at 60  Cͦ until the DMF was completely removed. 
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Supporting Figures: 

 

Figure S1. Lifetime decay profiles of PmDI ([c] = 10-5 M) in THF (a) at room temperature (λexc.= 375 

nm, λmonitored = 450 nm) and (b) at 77 K (λexc.= 340 nm, λmonitored = 550 nm). 

Note: PmDI at room temperature exhibited characteristic fluorescence with maximum at 434 nm and 

corresponding nanosecond lifetime of 2.17 ns in THF. Upon freezing to 77 K glassy matrix, a red-shifted 

band was observed at 500 nm with an average decay time of 0.4 s, suggesting it to be PmDI 

phosphorescence. At cryogenic conditions, the triplet state of PmDI gets activated because of reduced 

non-radiative vibrational relaxations. 
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Figure S2. Steady-state and gated emission (1 ms delay) spectra of (a) PmDI-TBB (b) PmDI-HBB, which 

prove the presence of a delayed component (λexc.= 340 nm). 

 

Figure S3. (a) Emission spectra of PmDI-TBB in the presence and in absence of air (λexc.= 340 nm). (b) 

Lifetime decay profile of PmDI-TBB in the presence and in absence of air (λexc.= 340 nm, λmonitored = 550 

nm).  

Note: Reduced emission intensity and lifetime in the presence of air (oxygen) suggested triplet 

contribution in the emission. 

 

Figure S4. Temperature-dependent (a) gated emission spectra (1 ms delay; λexc.= 340 nm) and (b) 

lifetime decay profiles (λexc. = 340 nm, λmonitored = 550 nm) for PmDI-TBB cocrystal.  

Note: Upon gradually lowering the temperature from 300 K to 20 K, the emission intensity and lifetime 

enhanced due to reduced thermal vibration that validified the nature of emission to be 

phosphorescence. However, the changes in emission and lifetime were not so significant at lower 

temperatures, which is assumed to be due to pre-existing constrained vibrational motion of the 

molecules within the cocrystal. 
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Figure S5. Neat-film studies for PmDI-TBB and PmDI-HBB: (a) excitation spectra (λmonitored = 550 nm), 

(b) normalized steady-state emission spectra (λexc.= 340 nm). (c) Normalized gated emission spectra (1 

ms delay time, λexc. = 340 nm), (d) lifetime decay profile (λexc.= 340 nm, λmonitored = 550 nm). 

 

Figure S6. Fluorescence lifetime decay profiles of a) PmDI-TBB, and b) PmDI-HBB cocrystal (λexc. = 373 

nm, λmonitored = 420 nm). 
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 λexc.(nm) 
λcollected 

(nm) 
𝜏1 𝜏2 𝜏3 <𝜏avg.> 

PmDI (rt) 375 450 
2.50 ns 

(16 %) 

0.81 ns 

(73 %) 

10.76 ns 

(11 %) 
2.17 ns 

PmDI (77 K) 340 550 
0.31 s 

(73 %) 

0.66 s 

(27 %) 
- 0.40 s 

 

Table S1. Summary of PmDI lifetime decay in 10-5 (M) THF solution at different temperatures. 

 

 
λexc. 

(nm) 

λcollected 

(nm) 

𝜏1 

(ms) 

𝜏2 

(ms) 

𝜏3 

(ms) 

<𝜏avg.> 

(ms) 

PmDI-

TBB 

(air) 

340 550 
1.76 ms 

(36 %) 

5.22 ms 

(64 %) 
- 3.97 ms 

PmDI-

TBB 

(vacuum) 

340 550 
2.91 ms 

(43 %) 

7.88 ms 

(57 %) 
- 5.74 ms 

PmDI-
HBB 
(air) 

340 550 

 
1.26 ms 
(14 %) 

 

3.17 ms 
(78 %) 

8.41 ms 
(8 %) 

3.32 ms  

PmDI-
HBB 

(vacuum) 
340 550 

1.64 ms 
(29 %) 

3.68 ms 
(69 %) 

17.21 ms 
(2 %) 

3.35 ms  

 

Table S2. Summary of phosphorescence decay for PmDI-TBB and PmDI-HBB cocrystals under air and 

vacuum at room temperature. 

 

 

 



 

 
λexc. 

(nm) 

λcollected 

(nm) 

𝜏1 

(ms) 

𝜏2 

(ms) 

𝜏3 

(ms) 

<𝜏avg.> 

(ms) 

PmDI-TBB 

(20 K) 
340 550 

2.85 ms 

(28 %) 

7.73 ms 

(67 %) 

25.93 ms 

(5 %) 
7.27 ms 

PmDI-TBB 

(300 K) 
340 550 

2.86 ms 

(45 %) 

8.26 ms 

(55 %) 
- 5.83 ms 

PmDI-HBB 

(20 K) 
340 550 

3.99 ms 

(95 %) 

33.32 ms 

(5 %) 
- 5.45 ms 

PmDI-HBB 

(300 K) 
340 550 

2.35 ms 

(68 %) 

5.32 ms 

(32 %) 
- 3.30 ms 

 

Table S3. Summary of phosphorescence decay of PmDI-TBB and PmDI-HBB cocrystals at different 

temperatures. 

Cocrystal 𝑘𝑃𝑟(s-1) 𝑘nr(s-1) 𝑘𝐼𝑆𝐶(s-1) 

PmDI-TBB 136.02 115.86 7.71×108 

PmDI-HBB 126.50 174.69 1.58×108 

                                            𝑘𝑃𝑟(s-1) = ΦP/<τ>P; 𝑘nr = (1- ΦP)/ < τ >P; 𝑘𝐼𝑆𝐶 = ΦP/<τ>F                  

Table S4. Summary 𝑘𝑃𝑟(s-1 ), 𝑘𝐼𝑆𝐶(s-1 ), and 𝑘nr(s-1 ) of PmDI-TBB and PmDI-HBB . 

                                     

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Co-crystals 
Phosphorescence QY 

(Types of crystal) 
References 

 

26 % 
(Cocrystal) 

S2 

 

25 % 
 (Cocrystal) 

S3 

 

33 %  
(Cocrystal) 

S4 

 

24 %  
(Cocrystal) 

S5 

 

55 %  
(Doped crystal) 

S6 

 

62 % 
(Doped crystal) 

S7 

 

54 % 
(Cocrystal) 

This work 

 

Table S5. Summary of existing reported highly efficient cocrystal phosphorescence QY in comparison 

with this work. 

 



 

 

Figure S7. Screenshot of phosphorescence quantum yield for PmDI-TBB cocrystal.  

 

 

 

Figure S8. Screenshot of phosphorescence quantum yield for PmDI-HBB cocrystal.  



 

Figure S9. Screenshot of phosphorescence quantum yield for PmDI-TBB neat film.  

 

 

 

Figure S10. Screenshot of phosphorescence quantum yield for PmDI-HBB neat film.  

 

 



 



 



 

 

Figure S11. Check CIF documents for PmDI-HBB cocrystal. 

 



 



 



 

 

Figure S12. Check CIF documents for PmDI-TBB cocrystal. 



Supporting Characterization Original data: 

 

 

Figure S13. 1H NMR spectrum of PmDI in CDCl3. 

 

Figure S14. 13C NMR spectrum of PmDI in CDCl3. 



 

Figure S15. ESI-HRMS spectrum of PmDI. 
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