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Synthesis and Chemical Characterization 
General Synthetic Procedures 
          All experiments were carried out with commercial solvents from Fisher Scientific Ltd, except where 
specifically mentioned. Commercially obtained chemicals were used as received. All manipulations were 
carried out under an inert atmosphere using standard Schlenk line techniques.  
1H NMR, and 13C NMR were recorded at room temperature on a Bruker Avance spectrometer at 400 or 500 
MHz and 101 or 126 MHz, respectively. 1H NMR and 13C NMR spectra were referenced to the residual 
solvent peaks (CDCl3 = 7.26 ppm for 1H NMR and 77.2 ppm for 13C NMR, acetone-d6 = 2.05 ppm for 1H 
NMR and 206.7 and 29.9 ppm for 13C NMR, d6-DMSO = 2.50 ppm for 1H NMR and 39.5 ppm for 13C 
NMR). The following abbreviations have been used for multiplicity assignments: “d” for doublet, “t” for 
triplet, “m” for multiplet, “td” for triplet of doublets and “ddd” for doublet of doublet of doublets. Elemental 
analysis was measured by School of Chemistry, Edinburgh University. GCMS analysis was conducted using 
a Shimadzu QP2010SE GC-MS equipped with a Shimadzu SH-Rtx-1 column (30 m × 0.25 mm). Samples 
for high resolution mass spectrum (HRMS) were sent to School of Chemistry Mass Spectrometry Service 
in University of Leeds for analysis.  
 

Tetrachloropyrazine (4ClPz) 

 

Synthesis of 4ClPz was achieved by using a modified the literature procedure.1 A mixture of 2,5-
dioxopiperazine (1.1 g, 10 mmol, 1 equiv.) and phosphorus pentachloride (10.4 g, 50 mmol, 5 equiv.) were 
added to phosphorusoxychloride (30 mL, 50 mmol, 5 equiv.). The mixture was slowly heated up to 60 °C 
whereby a vigorous reaction was observed to occur. After removal of the volatile acid by distillation using 
a vigreux condenser (~ 1 h), the mixture was heated at 160 °C for 24 h. Upon cooling, the residue was 
dissolved in n-heptane and carefully added to icy water followed by extraction with DCM (3 × 50 mL). The 
combined organic layers were dried with anhydrous magnesium sulfate. The organic solvent was removed 
under reduced pressure and the crude product was purified by silica gel column chromatography. 
DCM/Hexane=1/10 was used as the eluent to afford 4ClPz as a colorless solid. 

Yield: 40%. Rf: 0.45 (10% DCM/Hexanes). Mp: 99-101 °C (Lit. Mp: 100 °C).1 13C NMR (101MHz, 
CDCl3) δ (ppm): 144.0; LRMS (GC-MS) [M]+ Calculated (C4Cl4N2): 217.88; Found: 217.90, retention 
time: 4.64 min. The characterization matches that previously reported.1 

 

2,3,5,6-tetra(9H-carbazol-9-yl)pyrazine (4CzPyz) 
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To a 250 mL flask were added 4ClPz (210 mg, 1 mmol, 1 equiv.), carbazole (830 mg, 5 mmol, 5 equiv.), 
and cesium carbonate (1.6 g, 5 mmol, 5 quiv.). The flask was degassed by three cycles of vacuum-nitrogen 
purging and 20 mL of DMSO was injected. The mixture was stirred at 60 °C for 8 h under a nitrogen 
atmosphere. After cooling, the reaction mixture was poured into icy water followed by extraction with ethyl 
acetate (3 × 50 mL). The combined organic layers were dried with anhydrous magnesium sulfate. The 
organic solvent was removed under reduced pressure and the crude product was purified by silica gel 
column chromatography. DCM/Hexane=1/3 was used as eluent to afford 4CzPyz as a light green solid. 

Yield: 40%. Rf: 0.52 (40% DCM/Hexanes). Mp: over 410 °C. 1H NMR (400 MHz, CDCl3) δ (ppm): 
7.89 – 7.85 (m, 8H), 7.55 (d, J = 8.2 Hz, 8H), 7.15 (ddd, J = 7.8, 7.2, 0.9 Hz, 8H), 7.02 (ddd, J = 8.4, 7.2, 
1.3 Hz, 8H). 13C NMR (101 MHz, CDCl3) δ (ppm): 138.0, 135.4, 126.10, 124.5, 121.6, 119.8, 111.1. 
HRMS (ESI-MS) [M]+ Calculated: (C52H32N6) 741.2761; Found: 741.2736. Elemental analysis: Calcd 
for C52H32N6: C, 84.30; H, 4.35; N, 11.34. Found: C, 84.60; H, 4.27; N, 11.11. HPLC: 5% H2O/MeOH, 
1.0 mL min-1, 300 nm; tr (97.9 %) = 11.9 min. The characterization matches that previously reported.2 

 

2-([1,1'-biphenyl]-2-yl)-3,5,6-trichloropyrazine (3ClBPz) 

 

To a 250 mL flask were added 4ClPz (210 mg, 1 mmol, 1 equiv.), [1,1'-biphenyl]-2-ylboronic acid (200 
mg, 1 mmol, 1 equiv.), (1,1'-Bis(diphenylphosphino)ferrocene)palladium(II) dichloride (75 mg, 0.1 mmol, 
0.1 equiv.), potassium carbonate (450 mg, 3 mmol, 3 equiv.). The flask was degassed by three cycles of 
vacuum-nitrogen purging and 2 mL of deionized water and 8 mL of dioxane were injected. The mixture 
was stirred at 100 °C for 12 h under a nitrogen atmosphere. After cooling, the reaction mixture was poured 
into icy water followed by extraction with DCM (3 × 50 mL). The combined organic layers were dried with 
anhydrous magnesium sulfate. The organic solvent was removed under reduced pressure and the crude 
product was purified by silica gel column chromatography. DCM/Hexane=1/4 was used as the eluent to 
afford 3ClBPz as a white solid. 

Yield: 65%. Rf: 0.62 (20% DCM/Hex). Mp: 150 °C. 1H NMR (500 MHz, CDCl3) δ (ppm): 7.64 – 7.57 
(m, 1H), 7.55 – 7.46 (m, 3H), 7.29 (d, J = 2.4 Hz, 3H), 7.18 – 7.10 (m, 2H). 13C NMR (126 MHz, CDCl3) 
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δ (ppm): 152.6, 144.4, 144.3, 143.8, 141.8, 140.0, 133.1, 130.3, 130.3, 130.0, 129.2, 128.4, 127.5, 127.5. 
LRMS (GC-MS) [M+H]+ Calculated: (C16H9Cl3N2) 333.98; Found: 334.10, retention time: 9.10 min. 

 

9,9',9''-(6-([1,1'-biphenyl]-2-yl)pyrazine-2,3,5-triyl)tris(9H-carbazole) (3CzBPz) 

 

To a 250 mL flask were added 3ClBPz (330 mg, 1 mmol, 1 equiv.), carbazole (660 mg, 4 mmol, 4 equiv.), 
and cesium carbonate (1.3 g, 4 mmol, 4 equiv.). The flask was degassed by three cycles of vacuum-nitrogen 
purging and 20 mL of DMSO was injected. The mixture was stirred at 60 °C for 8 h under a nitrogen 
atmosphere. After cooling, the reaction mixture was poured into icy water followed by extraction with ethyl 
acetate (3 × 50 mL). The combined organic layers were dried with anhydrous magnesium sulfate. The 
organic solvent was removed under reduced pressure and the crude product was purified by silica gel 
column chromatography. DCM/Hexane=1/3 was used as the eluent to afford 3CzBPz as a light-yellow solid. 

Yield: 70%. Rf: 0.42 (30% DCM/Hexanes). Mp: 400 °C. 1H NMR (400 MHz, Acetone-d6) δ (ppm): 8.29 
– 8.20 (m, 1H), 8.05 (d, J = 7.7 Hz, 2H), 8.01 – 7.87 (m, 4H), 7.55 (td, J = 7.6, 1.3 Hz, 5H), 7.37 (td, J = 
7.6, 1.4 Hz, 1H), 7.25 – 6.99 (m, 15H), 6.94 – 6.78 (m, 3H), 6.72 – 6.56 (m, 2H). 13C NMR (101 MHz, 
Acetone-d6) δ (ppm): 148.6, 142.6, 140.4, 139.4, 139.3, 138.7, 138.4, 134.7, 132.4, 130.2, 128.5, 128.1, 
128.0, 126.5, 125.9, 124.0, 121.8, 121.3, 120.7, 120.1, 111.4. HRMS (ESI-MS) [M+H]+ Calculated: 
(C52H34N5) 728.2809; Found: 728.2804. Elemental analysis: Calcd for C52H33N5: C, 85.81; H, 4.57; N, 
9.62. Found: C, 85.60; H, 4.66; N, 9.46. HPLC: 2% H2O/MeOH, 1.0 mL min-1, 300 nm; tr (97.9 %) = 4.0 
min.  

 

 

9,9'-(3,6-dichloropyrazine-2,5-diyl)bis(9H-carbazole) (2Cz2ClPz) 
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To a 250 mL flask were added 4ClPz (210 mg, 1 mmol, 1 equiv.), carbazole (130 mg, 2 mmol, 2 equiv.), 
and cesium carbonate (640 g, 2 mmol, 2 equiv.). The flask was degassed by three cycles of vacuum-nitrogen 
purging and 20 mL of DMSO was injected. The mixture was stirred at 40 °C for 8 h under a nitrogen 
atmosphere. After cooling, the reaction mixture was poured into icy water followed by extraction with ether 
acetate (3 × 50 mL). The combined organic layers were dried with anhydrous magnesium sulfate. The 
organic solvent was removed under reduced pressure and the crude product was purified by silica gel 
column chromatography. DCM/Hexane=1/3 was used as the eluent to afford 2Cz2ClPz as a light green 
solid. 

Yield: 60%. Rf: 0.42 (40% DCM/Hex). Mp: 250 °C. 1H NMR (400 MHz, CDCl3) δ (ppm): 8.22 – 8.17 
(m, 1H), 7.58 – 7.50 (m, 3H), 7.48 – 7.39 (m, 1H). 13C NMR (101 MHz, CDCl3) δ (ppm): 142.6, 138.0, 
135.2, 125.9, 124.5, 121.6, 119.8, 111.1. LRMS (GC-MS) [M+H]+ Calculated: (C28H17Cl2N4) 479.08; 
Found: 479.19, retention time: 18.56 min. 

 

9,9'-(3,6-di([1,1'-biphenyl]-2-yl)pyrazine-2,5-diyl)bis(9H-carbazole) (2CzBPz)  

 

To a 250 mL flask were added 2Cz2ClPz (480 mg, 1 mmol, 1 equiv.), [1,1'-biphenyl]-2-ylboronic acid (600 
mg, 3 mmol, 3 equiv.), (1,1'-bis(diphenylphosphino)ferrocene)palladium(II) dichloride (75 mg, 0.1 mmol, 
0.1 equiv.), potassium carbonate (1.3 g, 9 mmol, 9 equiv.). The flask was degassed by three cycles of 
vacuum-nitrogen purging and 2 mL of deionized water and 8 mL of dioxane were injected. The mixture 
was stirred at 100 °C for 12 h under a nitrogen atmosphere. After cooling, the reaction mixture was poured 
into icy water followed by extraction with DCM (3 × 50 mL). The combined organic layers were dried with 
anhydrous magnesium sulfate. The organic solvent was removed under reduced pressure and the crude 
product was purified by silica gel column chromatography. DCM/Hexane=1/4 was used as the eluent to 
afford 2CzBPz as a white solid. 

Yield: 65%. Rf: 0.44 (20% DCM/Hexanes). Mp: 395-398 °C. 1H NMR (400 MHz, d6-DMSO) δ (ppm): 
8.08 (d, J = 7.6 Hz, 4H), 8.04 – 7.93 (m, 2H), 7.46 (td, J = 7.6, 1.2 Hz, 2H), 7.31 (td, J = 7.6, 1.4 Hz, 2H), 
7.16 (t, J = 7.5 Hz, 4H), 7.03 (t, J = 7.7 Hz, 4H), 7.00 – 6.86 (m, 12H), 6.48 (d, J = 7.0 Hz, 4H). 13C NMR 
(101 MHz, d6-DMSO) δ (ppm): 148.6, 142.6, 140.4, 139.3, 138.7, 134.7, 132.4, 130.3, 128.5, 128.1, 125.8, 
121.8, 121.3, 120.7, 111.4. HRMS (ESI-MS) [M+H]+ Calculated: (C52H35N4) 715.2844; Found: 715.2856. 
Elemental analysis: Calcd for C52H34N4: C, 87.37; H, 4.79; N, 7.84. Found: C, 87.54; H, 4.89; N, 7.78. 
HPLC: 2% H2O/MeOH, 1.0 mL min-1, 300 nm; tr (98.5 %) = 4.8 min.  

 

Theoretical Calculations 
Ground state optimizations were carried out using Density Functional Theory (DFT) employing the PBE03 
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functional with the Pople4 6-31G(d,p) basis set in vacuum, followed by frequency calculations at the same 
level of theory to ensure that an energy minimum were reached. Excited-state calculations and 
optimazations were performed employing the Tamm-Dancoff approximation (TDA)5,6 to Time-Dependent 
DFT (TD-DFT) using the same functional and basis set for ground states and excited states geometry 
optimization. The spin-orbital coupling matrix element (SOCME) values between excited states were 
obtained by PySOC calculation based on optimized triplet states’ geometry.7 Gaussian098 software was 
employed for the calculations,9 and GaussYiew 5.0 was used for visualization.10 
 

 
Figure S1. Natural transition orbitals analysis of excited states for 4CzPyz. 
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Figure S2. Natural transition orbitals analysis of excited states for 3CzBPz. 
 

 
Figure S3. Natural transition orbitals analysis of excited states for 2CzBPz. 
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Figure S4. Calculated and experimental (in toluene) UV-vis absorption spectra and oscillator strength for a) 
4CzPyz, b) 3CzBPz, and c) 2CzBPz. 
 
Photophysical measurements 
Optically dilute solutions of concentrations in the order of 10-5 or 10-6 M were prepared in HPLC grade 
solvent for absorption and emission analysis. Absorption spectra were recorded at room temperature on a 
Shimadzu UV-1800 double beam spectrophotometer. Molar absorptivity values were determined from at 
least four solutions followed by linear regression analysis. Aerated solutions were bubbled with compressed 
air for 5 minutes whereas degassed solutions were prepared via five freeze-pump-thaw cycles prior to 
emission analysis using an in-house adapted fluorescence cuvette, itself purchased from Starna. Steady-
state emission and excitation spectra and time-resolved emission spectra were recorded at 298 K using an 
Edinburgh Instruments FLS980 fluorimeter. Samples were excited at 340 nm for steady-state measurements 
and at 378 nm for time-resolved measurements Photoluminescence quantum yields for solutions were 
determined using the optically dilute method11 in which four sample solutions with absorbances of ca. 0.10, 
0.075, 0.050 and 0.025 at 360 nm were used. The Beer-Lambert law was found to remain linear at the 
concentrations of the solutions. For each sample, linearity between absorption and emission intensity was 
verified through linear regression analysis with the Pearson regression factor (R2) for the linear fit of the 
data set surpassing 0.9. Individual relative quantum yield values were calculated for each solution and the 
values reported represent the slope obtained from the linear fit of these results. The quantum yield of the 
sample, ΦPL, can be determined by the equation Φ!" = (Φ# ∗ 	
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absorbance at the excitation wavelength (λexc: 360 nm), I is the integrated area under the corrected emission 
curve and n is the refractive index of the solvent with the subscripts “s” and “r” representing sample and 
reference respectively. Φr is the absolute quantum yield of the external reference quinine sulfate (Φr = 54.6% 
in 1 N H2SO4).12 The experimental uncertainty in the emission quantum yields is conservatively estimated 
to be 10%, though we have found that statistically we can reproduce ΦPLs to 3% relative error. 
 
To prepare the 10 wt% doped films of emitters in a host matrix, 90% w/w (90 mg) of host was dissolved in 
1 mL of solvent and to this, 10% w/w (10 mg) of emitter was added. Thin films were then spin-coated on a 
quartz substrate using a spin speed of 1500 rpm for 60 s to give a thickness of ~80 nm. Time-resolved decay 
curves for prompt fluorescence (100 ns time window) were measured using time correlated single photon 
counting (TCSPC) while time-resolved delayed fluorescence decays were measured using multi-channel 
scaling (MCS). The singlet-triplet splitting energy, ∆EST in the glass, was estimated from the onset of 
prompt fluorescence spectra and phosphorescence emission at 77 K. Phosphorescence spectra were 
measured from 1 ms after photoexcitation, with an iCCD exposure time was 9 ms. Prompt fluorescence 
spectra were measured from 1 ns after photoexcitation with an iCCD exposure time was 99 ns. The films 
were excited by a femtosecond laser emitting at 343 nm (Orpheus-N, model: SP-06-200-PP). Emission 
from the samples was focused onto a spectrograph (Chromex imaging, 250is spectrograph) and detected on 
a sensitive gated iCCD camera (Stanford Computer Optics, 4Picos) having sub-nanosecond resolution. 
Prompt fluorescence and phosphorescence in solid state were recorded on a Hitachi F-4600 fluorescence 
spectrophotometer with default collection intervals (delay: 1 ns, gate: 100 ns for fluorescence mode and 
delay: 2 ms, gate: 4 ms for phosphorescence mode). Photoluminescence quantum yield, ΦPL, for solid films 
were measured using an integrating sphere in a Hamamatsu C9920-02 system with excitation at 330 nm 
under air and constant nitrogen gas flow.13 
 
Electrochemistry measurements 
Cyclic Voltammetry (CV) analysis was performed on an Electrochemical Analyzer potentiostat model 
620E from CH Instruments at a sweep rate of 100 mV/s. Differential pulse voltammetry (DPV) was 
conducted with an increment potential of 0.004 V and a pulse amplitude, width, and period of 50 mV, 
0.05, and 0.5 s, respectively. Samples were prepared as dichloromethane (DCM) solutions, which were 
degassed by sparging with DCM-saturated nitrogen gas for 20 minutes prior to measurements. All 
measurements were performed using 0.1 M DCM solution of tetra-n-butylammonium 
hexafluorophosphate ([nBu4N]PF6]). An Ag/Ag+ electrode was used as the reference electrode while a 
platinum electrode and a platinum wire were used as the working electrode and counter electrode, 
respectively. The redox potentials are reported relative to a saturated calomel electrode (SCE) with a 
ferrocene/ferrocenium (Fc/Fc+) redox couple as the internal standard (0.46 V vs SCE).14 

 
X-Ray crystallography 
X-ray diffraction data were collected either at 173 K using a Rigaku FR-X Ultrahigh brilliance Microfocus 
RA generator/confocal optics with XtaLAB P200 diffractometer [Mo Kα radiation (λ = 0.71075 Å)], or at 
125 K using a Rigaku MM-007HF High Brilliance RA generator/confocal optics with XtaLAB P200 
diffractometer [Cu Kα radiation (λ = 1.54187 Å)]. Intensity data were collected using ω-steps accumulating 
area detector images spanning at least a hemisphere of reciprocal space. Data for all compounds analysed 
were collected using CrystalClear15 and processed (including correction for Lorentz, polarization and 
absorption) using either CrysAlisPro.16 Structures were solved by direct (SIR2011)17 or dual-space 
(SHELXT)18 methods and refined by full-matrix least-squares against F2 (SHELXL-2018/3).19 Non-
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hydrogen atoms were refined anisotropically, and hydrogen atoms were refined using a riding model. All 
crystals of 4CzPyz were platy and showed a tendency for imperfect stacking of the plates. This resulted in 
both the apparent twinning in this sample and is also likely a cause of the elevated values of Rint, wR2 and 
the maximum residual electron density. The structure of 2CzBPz showed disorder in the orientation of the 
pendant phenyl of one biphenyl group, which were modelled across two sites. All calculations were 
performed using the Olex2 interface.20 Selected crystallographic data are presented in Table S1. Deposition 
numbers 2280783-2280785 contains the supplementary crystallographic data for this paper. These data can 
be obtained free of charge from The Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/structures. 
  
Table S1. Crystallographic data for 4CzPyz, 3CzBPz, and 2CzBPz. 
 4CzPyz 3CzBPz 2CzBPz 

Formula C52H32N6 C52H33N5 C52H34N4 

Formula weight 740.83 727.83 714.83 

Crystal colour, habit Yellow plate Yellow prism Colorless prism 

Crystal dimensions (mm3) 0.10×0.10×0.01 0.13×0.10×0.06 0.17×0.15×0.13 

Temperature (K) 125  173  173  

Space group P1 P1 C2/c 

a (Å) 8.9357(3) 9.3062(4) 15.5941(5) 

b (Å) 13.9253(6) 9.5819(4) 11.0149(4) 

c (Å) 30.4425(12) 23.3719(10) 22.1871(7) 

α (°) 78.435(3) 101.559(3) 90 

β (°) 86.435(3) 90.366(4) 102.993(3) 

γ (°) 85.027(3) 110.580(4) 90 

Volume (Å3) 3693.3(3) 1904.80(15) 3713.4(2) 

Z 4 2 4 
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ρcalcd (g cm-3) 1.332 1.269 1.279 

μ (mm-1) 0.621 0.075 0.075 

F(000) 1544 760 1496 

Reflections collected 51252 25388 24092 

independent reflections (Rint) 19292 (0.1466) 8408 (0.0438) 4378 (0.0276) 

Parameters, restraints 1046, 0 514, 36 308, 0 

R1 [I>2σ(I)] 0.1277 0.0550 0.0403 

wR2 (all data) 0.4206 0.1333 0.1046 

GoF on F2 1.606 1.028 1.069 

Largest peak/hole [e/Å3] 0.794 / -0.682 0.279 / -0.263 0.231 / -0.214 

 
Solvatochromic Experiments  
Lippert-Mataga Model  
The Lippert-Mataga model, which relates the Stokes shift to the solvent polarity factor f, can be estimated 

from the following equation: ℎ𝑐(𝑣'( − 𝑣!") = ℎ𝑐(𝑣'() − 𝑣!") ) −
*+,$-,%.

#

'&
𝑓(𝜀, 𝑛),  

where ƒ is the orientational polarizability of the solvent; 𝑣' − 𝑣/ corresponds to the Stokes shifts when ƒ is 
zero; 𝜇0 is the excited-state dipole moment; 𝜇1 is the ground-state dipole moment; 𝑎 is the solvent cavity 
(Onsager) radius derived from Avogadro’s number (N), the molecular weight (M), and the density (d = 1.0 
g/cm3 ); 𝜖 and 𝑛 are the solvent dielectric and the solvent refractive index, respectively; 𝑓(𝜀, 𝑛) and 𝑎 can 
be calculated, respectively, as follows: 

𝑓(𝜀, 𝑛) =
ε − 	1
2𝜀 − 1

−
𝑛* − 1
2𝑛* + 1

	, 𝑎 = (
3𝑀
4𝑛𝜋𝑑

)2/4 

 
Table S2. Detailed solvatochromic investigations of absorption and emission. 
Solvents 𝒇(𝜺, 𝒏) 4CPyz 3CzBPz 2CzBPz 

  𝝀𝒂𝒃 

nm 

𝝀𝑷𝑳 

nm 

𝒗𝒂𝒃 − 𝒗𝑷𝑳 

cm-1 

𝝀𝒂𝒃 

nm 

𝝀𝑷𝑳 

nm 

𝒗𝒂𝒃 − 𝒗𝑷𝑳 

cm-1 

𝝀𝒂𝒃 

nm 

𝝀𝑷𝑳 

nm 

𝒗𝒂𝒃 − 𝒗𝑷𝑳 

cm-1 

Cyclohexane 1E-4 424 451 1356 407 435 1582 388 433 2678 
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Toluene 0.014 427 460 1880 403 444 2291 388 436 2837 

Triethylamine 0.047 423 452 1506 403 436 1878 387 436 2904 

Diethyl ether 0.167 421 456 1791 401 442 2313 388 435 2785 

Ethyl acetate 0.199 409 476 3175 399 449 2791 386 439 3128 

THF 0.209 412 474 3382 397 450 2967 385 438 3143 

Acetone 0.305 404 486 4115 393 461 3753 378 445 3983 

Acetonitrile 0.279 399 494 4820 392 479 4633 380 454 4289 

Methanol 0.308 412 520 5159 398 511 5556 384 490 5634 

 

 

  
Figure S5. Solvatochromic PL spectra of a) 4CzPyz, b) 3CzBPz, and c) 2CzBPz (λexc: 380 nm), and d) 
normalized UV-vis and fluorescence spectra in toluene for three emitters (λexc = 360 nm). 
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Figure S6. Temperature-dependent transient PL decay curves of a) 4CzPyz, b) 3CzBPz, and c) 2CzBPz  in 
10 wt% doped PPT film (λexc = 378 nm). 
 

 
Figure S7. Thermogravimetry analysis of 4CzPyz, 3CzBPz and 2CzBPz under N2 flow (30 mL/min), 
heating rate: 10 oC/min. 
 
Device fabrication and testing  
OLEDs were fabricated using pre-cleaned indium-tin-oxide (ITO) coated glass substrates with ITO 
thickness of 90 nm. The OLEDs have a pixel area of 2 mm2. The small molecule and cathode layers were 
thermally evaporated using an Angstrom deposition chamber at 10−7 mbar at 0.3 A/s or 0.6 A/s for organic 
layers and 1 A/s for the cathode. OLED testing was performed using a sourcemeter (Keithey 2400) and 
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photodiode, and data analyzed assuming Lambertian emission. Eletroluminescence spectra were collected 
using a spectrograph (MS125, Oriel) coupled to a CCD camera (DV420-BU, Andor). 
 

 
Figure S8. Current density- -luminance characteristics of 4CzPyz, 3CzBPz, and 2CzBPz. 
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Table S3. Device performance comparison of 4CzPyz and selected pyrazine/pyrimidine based blue TADF 
emitters 

Compound ΔEST/ 

eV 

Von / 

V 

λEL / 

nm 

CIE EQEmax EQE100 EQE1000 Lummax / 

cd m-2 

ref 

4CzPyz 0.23 3.0 486 (0.20, 0.39) 24.1% 6.8% 2.6% 11 000 This 

work 

DTCz-Pz 0.27 3.5 460 (0.15, 0.16) 11.6% 4.5% 2.5% 6 900 21 

2TCzPZCN 0.16 3.9 480 (0.15, 0.26) 12.2% 3.0% N.A. 6 260 22 

BFCZPZ2 0.31 3.4 464 (0.15, 0.16) 21.3% 9.1% 5.1% 4 994 23 

BTCZPZ2 0.31 3.2 468 (0.15, 0.18) 19.7% 9.5% 5.8% 15 000 23 

CZ9CZPZ 0.31 3.2 468 (0.16, 0.20) 20.0% 10.0% 6.0% 9 930 23 

3CbzPYR 0.32 4.0 473 (0.16, 0.23) 19.7% 8.8% 4.5% 8 800 24 

1MPA 0.22 3.2 479 (0.16, 0.21) 14.9% 6.8% 2.9% 8 450 25 

 
Table S4. Device performance comparison of 3CzBPZ and blue HLCT emitters based OLEDs 

Compound Von / 
V 

λEL / 
nm 

CIE EQEmax EQE100 EQE1000 Lummax / 

cd m-2 

ref 

3CzBPz 3.1 464 (0.16, 0.21) 9.6% 3.0% 2.0% 15 000 This work 

DTPPI 3.0 462 (0.15, 0.16) 4.2% N.A. 3.5% 12 355 26 

TBPMCN 4.5 460 (0.16, 0.16) 7.8% N.A. 5.5% 5 000 27 

2TriPE-BPI-

MCN 

3.8 450 (0.15, 0.15) 4.6% 4.5% 4.4% 6 130 28 

2CzPh-CNNPI 3.1 440 (0.15, 0.10) 9.0% 4.1% 3.1% 3 650 29 

TPP-TXO2 3.1 450 (0.15, 0.07) 10.5% 5.6% 4.6% 10 000 30 

Cz-TPB 3.2 452 (0.15, 0.10) 4.3% 3.3% 2.0% 3 300 31 
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PyPPA 2.8 464 (0.14, 0.13) 8.5% 8.0% 5.5% 30 300 32 

 

Figure S9. Packing view of the structure of 4CzPyz . 
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Figure S10. LRMS of 4ClPz. 
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Figure S11. LRMS of 3ClBPz. 
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Figure S12. LRMS of 2Cz2ClPz. 
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Figure S13. 1H NMR of 4CzPyz in CDCl3 

 

Figure S14. 13C NMR of 4CzPyz in CDCl3 
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Figure S15. HRMS of 4CzPyz 
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Figure S16. Elemental analysis of 4CzPyz 
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Figure S17. HPLC report of 4CzPyz 
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Figure S18. 1H NMR of 3CzBPz in d-Acetone 

 

Figure S19. 13C NMR of 3CzBPz in d-Acetone 
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Figure S20. HRMS of 3CzBPz 
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Figure S21. Elemental analysis of 3CzBPz 
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Figure S22. HPLC of 3CzBPz 
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Figure S23. 1H NMR of 2CzBPz in d6-DMSO 

 

Figure S24. 13C NMR of 2CzBPz in d6-DMSO 
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Figure S25. HRMS of 2CzBPz 
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Figure S26. Elemental analysis of 2CzBPz 
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Figure S27. HPLC report of 2CzBPz 
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