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1. Experimental Procedures 

1.1 Materials and Methods 

All reagents were purchased from chemical suppliers and used without further purification unless otherwise stated. Triimidazo[1,2-

a:1',2'-c:1'',2''-e][1,3,5]triazine (TT)[1] and 3-bromotriimidazo[1,2-a:1ô,2ô-c:1ôô,2ôô-e][1,3,5]triazine (TTBr),[2,3] were prepared according 

to literature procedures. 

Carbazole (Cz-Lab) was synthesized from 2-aminobiphenyl according to the literature.[4]  

Films dispersed in polymethylmethacrylate (PMMA) were prepared by spin coating (2000 rpm, 60s) a dichloromethane solution 

(chromophore/PMMA = 0.5 wt%; PMMA = 10 wt% with respect to the solvent) on a quartz substrate. 
1H and 13C NMR spectra were recorded on a Bruker AVANCE-400 instrument (400 MHz). Chemical shifts are reported in parts per 

million (ppm) and are referenced to the residual solvent peak (DMSO, 1H 2.50 ppm, 13C 39.5 ppm; CH2Cl2, 1H 5.32 ppm, 13C 54.00 

ppm). Coupling constants (J) are given in hertz (Hz) and are quoted to the nearest 0.5 Hz. Peak multiplicities are described in the 

following way: s, singlet; d, doublet; t, triplet; m, multiplet. 

Mass spectra were recorded on a Thermo Fisher LCQ Fleet Ion Trap Mass Spectrometer equipped with UltiMateÊ 3000 HPLC system.  

UV-Visible spectra were collected by a Shimadzu UV3600 spectrophotometer. Melting points were determined with a capillary melting 

point apparatus Stuart Scientific SMP3. Elemental analysis was carried out at the Microanalytical Laboratory of the University of Milan 

with a PerkinElmer 2400 instrument. 

 

1.2 Synthesis of 3-(9H-carbazol-9-yl)triimidazo[1,2-a:1',2'-c:1'',2''-e][1,3,5]triazine TT-(N)-Cz 

TT-(N)-Cz was prepared by Cu(I) catalyzed Ullmann-type reaction between TTBr and carbazole (see Scheme S1).[5] In a typical 

synthesis, TTBr (300 mg; 1.08 mmol), carbazole (215 mg, 1.28 mmol), lithium tert-butoxide (345 mg, 4.31 mmol), CuI (10 mg, 0.05 

mmol), few crystals of 1,2-dimethylimidazole and dry toluene (8 mL) were transferred under nitrogen into a 50 mL Schlenk flask 

equipped with a magnetic stirrer. The system was heated under static nitrogen atmosphere with an oil bath at 130 °C for 15 h. The 

reaction was then cooled to room temperature and quenched by stirring for 15 minutes with a solution of Na2SO3 (20 mL). The reaction 

mixture was diluted with 150 mL of AcOEt and filtered on a pad of Celite. The organic phase was separated, dried over Na2SO4 and 

evaporated to dryness at the rotary evaporator. The solid crude reaction mixture was purified by gravimetric chromatography on SiO2 

with CH2Cl2/MeOH as eluents (Rf = 0.3 in DCM/MeOH = 98/2) followed by further purification by automated flash chromatography on 

reversed-phase C-18 SiO2 with CH3CN/H2O as eluents to give the TT-(N)-Cz as a white solid (160 mg; Yield 40%).  

NMR data (9.4 T, CD2Cl2, 298 K, ppm): 1H NMR ŭ 8.17 (d, 2H, J = 7.4 Hz), 7.92 (d, 1H, J = 1.7 Hz), 7.69 (d, 1H, J = 1.6 Hz), 7.50 (s, 

1H), 7.40 (t, 2H, J = 8.0 Hz), 7.34 (t, 2H, J = 7.4 Hz), 7.33 (d, 1H, J = 1.7 Hz), 7.18 (d, 2H, J = 8.0 Hz), 6.87 (d, 1H, J = 1.6 Hz); 13C 

NMR ŭ 142.95 (C), 136.10 (C), 135.39 (C), 134.71 (C), 129.92 (CH), 129.90 (CH), 128.19 (CH), 126.97 (CH), 124.38 (C), 121.60 (CH), 

121.14 (C), 121.02 (CH), 111.88 (CH), 111.48 (CH), 110.58 (CH). 

MS (ESI-positive ion mode): m/z: 364 [M+H]+. Elemental Analysis Anal. Calcd. for C21H13N7 (%): C, 69.41; H, 3.61; N, 26.98. Found: 

C, 69.75; H, 3.72; N, 26.44. Melting point 323°C. 

 

 

Scheme S1. Synthetic path for the preparation of TT-(N)-Cz 

1.3 Synthesis of 3-(9-ethyl-9H-carbazol-3-yl)triimidazo[1,2-a:1',2'-c:1'',2''-e][1,3,5]triazine TT-(C)-Cz 

TT-(C)-CZ was prepared by Suzuki coupling between TTBr and 9-ethyl-9H-carbazole-3-boronic acid pinacol ester (see Scheme S2). 

In a typical reaction, TTBr (200 mg; 0.72 mmol), 9-ethyl-9H-carbazole-3-boronic acid pinacol ester (280 mg, 0.87 mmol), potassium 

carbonate (400 mg, 2.89 mmol), Pd(PPh3)2Cl2 (50 mg, 0.07 mmol), water (2 mL) and DMF (10 mL) were transferred into a 100 mL 

Schlenk flask equipped with a magnetic stirrer. After three freeze-pump-thaw cycles the system was heated under static nitrogen 

atmosphere at 90 °C for 12 h. The reaction was then cooled to room temperature and evaporated to dryness. The crude reaction 

mixture was purified by gravimetric chromatography on SiO2 with CH2Cl2/MeOH as eluents (Rf=0.25 in DCM/MeOH=98/2). The product 

was further purified by filtration on a pad of Celite to give the TT-(C)-Cz as a white solid (190 mg; Yield 67%).  

NMR data (9.4 T, DMSO-d6, 298 K, ppm): 1H NMR ŭ 8.44 (d, J = 1.6 Hz, 1H), 8.16 (d, J = 7.5 Hz, 1H), 8.00 (d, J = 1.6 Hz, 1H), 7.94 

(d, J = 1.6 Hz, 1H), 7.79 (dd, J = 8.5, 1.7 Hz, 4H), 7.70-7.64 (m, 2H), 7.49 (t, J = 7.5, Hz, 1H), 7.31(d, J = 1.6 Hz, 1H), 7.30 (s, 1H), 

7.22 (t, J = 7.5, Hz, 1H), 7.13 (d, J = 1.7 Hz, 4H), 4.51 (q, J = 7.1 Hz, 2H), 1.37 (t, J = 7.1 Hz, 3H). 13C NMR ŭ 139.8 (C), 139.4 (C), 

136.1 (C), 135.9 (C), 135.5 (C), 128.9 (C), 128.4 (CH), 128.1 (CH), 127.8 (CH), 126.5 (CH), 125.9 (CH), 122.2 (C), 121.9 (CH), 121.6 

(C), 120.4 (CH), 118.9 (CH), 118.6 (C), 111.6, (CH), 111.1 (CH), 109.2 (CH), 108.3 (CH), 37.0 (CH2), 13.8 (CH3). 

MS (ESI-positive ion mode): m/z: 392 [M+H]+. Elemental Analysis Anal. Calcd. for C27H17N7 (%): C, 70.57; H, 4.38; N, 25.05. Found: 

C, 70.95; H, 4.67; N, 24.68. Melting point 226.5°C. 
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Scheme S2. Synthetic path for the preparation of TT-(C)-Cz 

2. Results and Discussion 

2.1 Crystal Structure Analysis 

Single-crystal X-ray diffraction data for TT-(N)-CzM, TT-(N)-CzT and TT-(C)-Cz were collected at room temperature on a Bruker APEX 

II CCD area detector diffractometer, using graphite-monochromated Mo KŬ radiation (ɚ = 0.71073 ¡). After integration, an empirical 

absorption correction was made on the basis of the symmetry-equivalent reflection intensities measured.[6]  

The structures were solved by direct methods using SHELXS[7] and subsequent Fourier synthesis; they were refined by full-matrix 

least-squares on F2 (SHELX 2014[8]) using all reflections. Weights were assigned to individual observations according to the formula 

w = 1/[ů2(Fo
2) + (aP)2 + bP], where P = (Fo

2 + 2Fc
2)/3; a and b were chosen to give a flat analysis of variance in terms of Fo

2. Anisotropic 

parameters were assigned to all non-hydrogen atoms. All the hydrogen atoms were clearly visible in difference-Fourier maps; however, 

they were eventually placed in idealized position and refined riding on their parent atom with an isotropic displacement parameter 1.2 

(or 1.5) times that of the pertinent parent atom.  

The final difference electron density map showed no features of chemical significance, with the largest peaks lying close to the center 

of bonds.  

Crystal data, data collection and refinement details of the structural analyses are summarized in Table S1.  

 

2.2 Computational details 

DFT and TDDFT calculations on isolated ógas-phaseó molecules of TT-(N)-Cz, TT-(C)-Cz and on dimers of TT-(N)-Cz extracted from 

the crystal structures of its TT-(N)-CzM and TT-(N)-CzT polymorphs were performed with Gaussian 16 program (Revision A.03)[9] 

using the 6-311++G(d,p) basis set. In all cases the molecular geometries have been optimized starting from the experimental structures 

as derived from X-ray studies. Based on previous theoretical results as obtained on the parent cyclic triimidazole and its pyrene-, 

pyridine- and cloro-, bromo- and iododerivatives,[2,3,10ï16] the wB97X[17] functional was used owing to its ability in correctly treating 

at the same time not only ground and excited states properties, but also intermolecular interactions. In fact, the PBE0 and CAM-B3LYP 

functionals were previously found to accurately reproduce the absorption spectrum of the isolated monomers but failed to provide stable 

p-p stacked dimers. On the other side, the B97D functional, while providing stable p-p dimers, was found to be instable for TDDFT 

calculations.  
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2.3 NMR, Mass and IR Spectra 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1. 1H NMR spectrum (top) and 1H NMR expanded region (bottom) of TT-(N)-Cz (CD2Cl2, 298 K, 9.4 T).  
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Figure S2. 13C NMR spectrum (top) and aromatic expanded region (bottom) of TT-(N)-Cz (CD2Cl2, 298 K, 9.4 T). 
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Figure S3. LC-MS profile of TT-(N)-Cz  
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Figure S4. 1H NMR spectrum (top) and 1H NMR expanded region (bottom) of TT-(C)-Cz (DMSO-d6, 298 K, 9.4 T).  
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Figure S5. 13C NMR spectrum (top) and aromatic expanded region (bottom) of TT-(C)-Cz (DMSO-d6, 298 K, 9.4 T). 
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Figure S6. LC-MS profile of TT-(C)-Cz  

 

 

 

 

 

 

 

 

 



10 

 

 
 

Figure S7: Comparison between IR spectra of TT-(C)-Cz (red) and TT-(N)-Cz (black). Selected IR peaks for TT-(C)-Cz (cm-1): 3157w, 2974v, 
1602s, 1583s, 1573s, 1459m, 1330m, 1231s, 1154m, 1123s, 895w, 792vs, 743vs, 724vs, 688vs, 674vs. Selected IR peaks for TT-(N)-Cz (cm-

1): 3139w, 3084w, 1591m, 1442m, 1310m, 1228m, 1128m, 1112m, 893w, 841m, 771w, 740m, 720m, 697m, 684m, 662m.  

2.4 Crystal Data 

 

 

Figure S8. Ortep view of (a) TT-(N)-CzM, (b) TT-(N)-CzT and (c) TT-(C)-Cz with labelling scheme. Ellipsoids at 30% level of probability.  



11 

 

Table S1 Crystal data, data collection and refinement details for TT-(N)-CzM, TT-(N)-CzT and TT-(C)-Cz. 

 TT-(N)-CzM TT-(N)-CzT TT-(C)-Cz 

Crystal data    

Chemical formula C21H13N7 C21H13N7 C23H17N7 

Mr 363.38 363.38 391.43 

Crystal system monoclinic triclinic orthorhombic 

Space group P21/c (No. 14) P-1 (No. 2) Pna21 (No. 33) 

Temperature [K] 120(2) 293(2) 293(2) 

a [Å] 15.955(8) 9.4407(5) 18.4001(8) 

b [Å] 12.442(6) 13.8332(8) 7.0753(3) 

c [Å] 8.344(4) 15.2011(9) 28.4435(12) 

Ŭ [°] 90 63.477(1) 90 

ɓ [°] 90.32(1) 74.034(1) 90 

ɔ [°] 90 78.038(1) 90 

V [Å3] 1656.3(15) 1699.49(17) 3703.0(3) 

Z 4 4 8 

ɛ(MoKŬ) [mmī1] 0.093 0.091 0.089 

Crystal size [mm] 0.35 × 0.30 × 0.02 0.55 × 0.12 × 0.05 0.45 × 0.17 × 0.12 

Data collection    

No. of measured reflections 24029 68594 70998 

No. of independent reflections 3428 10366 11275 

No. of observed reflections  

[I > 2ů(I)] 

1768 7447 7499 

Rint 0.095 0.0206 0.0504 

Rů 0.144 0.0287 0.0689 

(sin ɗ/ɚ)max [Åī1] 0.629 0.715 0.714 

Refinement    

R[F2 > 2ů(F2)] 0.0622 0.0476 0.0481 

wR(F2) 0.1818 0.1298 0.1061 

S 1.004 1.034 0.894 

No. of reflections 3428 10366 11275 

No. of parameters 253 505 544 

No. of restraints 0 0 1 

ȹɟmax, ȹɟmin (e Åī3) 0.330, ï0.326 0.257, ï0.207 0.238, ï0.196 
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Table S2. Geometric parameters of hydrogen bonds [distances (Å) and angles (o)] for TT-(N)-CzM, TT-(N)-CzT and TT-(C)-Cz. 

 

D-H···A  d(H···A), Å  d(D···A), Å  ÏDHA, o Symmetry operation for 

acceptor 

TT-(N)-CzM 

C8-H8···N1  2.45 3.399(4) 177.9 -x, 1-y, 2-z 

C12-H12··· N1 2.74 3.476(4) 134.5 x, y, z-1 

C18-H18··· N3 2.75 3.430(4) 129.2 1-x, 1-y, 1-z 

C5-H5···C12  2.66 3.608(5) 171.7 x, 3/2-y, 1/2+z 

C1-H1···C12  2.81 3.694(5) 154.1 x, 1/2-y, 1/2+z 

TT-(N)-CzT 

C18A-H18A···N3A  2.61 3.374(2) 139.7 1-x, -y, 1-z 

C20A-H20A···N5B  2.62 3.521(2) 164.1 1-x, -y, 1-z 

C11A-H11A···N1A  2.68 3.289(2) 124.0 1-x, -y, 1-z 

C7A-H7A···C20B  2.81 3.675(2) 155.7 1+x, y, z 

C5A-H5A···C10A  2.84 3.704(2) 155.5 1+x, y, z 

C17B-H17B···N1B  2.68 3.410(2) 135.9 x-1, y, z 

C20B-H20B···C12A  2.62 3.528(2) 164.1 1-x, -y, 1-z 

C1B-H1BA···C19B  2.89 3.779(2) 160.3 1-x, 1-y, -z 

TT-(C)-Cz 

C8A-H8A···N5B  2.39 3.285(3) 161.4 1-x, 1-y, z-1/2 

C8B-H8B···N5A  2.46 3.290(3) 148.8 3/2-x, y-1/2, z+1/2 

C7B-H7B···N1A  2.69 3.590(3) 162.2 1-x, 1-y, z+1/2 
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2.5 Photophysical Data 
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Figure S9. Normalized PL excitation (dotted lines) and emission spectra of Cz-Lab in DCM solution (continuous line) at 298 K. Emission 
spectra: lexc = 300 nm (black). Excitation spectra: lem = 354 nm (black); lem = 372 nm (red). 
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Figure S10. Normalized PL excitation (dotted line, lem = 413 nm) and emission spectra of Cz-Lab crystals (continuous line, lexc = 300 nm) at 
298 K.   
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Figure S11. Normalized PL excitation (dotted lines) and emission spectra of Cz-commercial crystals (continuous lines) at 298 K. Emission 

spectra: lexc = 300 nm (black); lexc = 380 nm (red); lexc = 450 nm (blue); lexc = 515 nm (green). Excitation spectra: lem = 419 nm (red); lem = 

505 nm (blue); lem = 580 nm (green).  
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Figure S12. Normalized PL emission (continuous line, lexc = 288 nm), normalized excitation (dotted line, lem = 345 nm) and normalized 
absorption spectra (red dashed line) of TT-(N)-Cz in DCM 2·10-6 M at 298 K.  
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Figure S13. Lifetime measurement (lexc = 300 nm, lem = 345 nm) of TT-(N)-Cz in DCM 2·10-6 M at 298 K. 

 



15 

 

250 300 350 400 450 500 550 600 650 700

N
o

rm
a
liz

e
d
 I

n
te

n
s
it
y
 (

a
.u

.)

Wavelength (nm)

 
Figure S14. Normalized PL emission (continuous black line, lexc = 300 nm) and excitation (dotted line), lem = 399 nm (blue line), lem = 411 nm 

(black line), lem = 500 nm (red line) spectra of TT-(N)-Cz in DCM 2·10-6 M at 77 K. 
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Figure S15. Lifetime measurement (lexc = 300 nm, lem = 399 nm) of TT-(N)-Cz in DCM 2·10-6 M at 77 K. 
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Figure S16. Lifetime measurement (lexc = 300 nm, lem = 411 nm) of TT-(N)-Cz in DCM 2·10-6 M at 77 K.  
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Figure S17. Normalized PL excitation (dotted line, lem = 345 nm) and normalized emission (continuous line, lexc = 300 nm) of TT-(N)-Cz in 
PMMA film (0.5 wt%) at 298 K in air. 
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Figure S18. Lifetime measurement (lexc = 300 nm, lem = 344 nm) of TT-(N)-Cz in PMMA film (0.5 wt%) at 298 K. 
 

10

100

1000

10
4

20 30 40 50 60 70 80 90 100

P
L
 I

n
te

n
s
it
y

t (ns)

 
Figure S19. Lifetime measurement (lexc = 300 nm, lem = 345 nm) of TT-(N)-Cz in PMMA film (0.5 wt%) at 90 K in vacuum. 

Biexponential fit (t1= 0.12165ns (0.77), t2=10.63431 (0.23); tav=10.25 ns c2=1.817461) 
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Figure S20. Phosphorescence decays of TT-(N)-Cz in PMMA at RT (lem= 412nm, lexc = 300 nm). Solid line is a mono-exponential fit 

(t=319.3ms; Adj. R-Square 0.99975) in vacuum. 
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Figure S21. Phosphorescence decays of TT-(N)-Cz PMMA at 90 K (lem= 410nm, lexc = 300 nm). Solid line is a mono-exponential fit (t=842.1 
ms; Adj. R-Square 0.9824) in vacuum. 
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Figure S22. Normalized PL excitation (dotted lines) and emission (continuous line) spectra of TT-(N)-CzT crystals at 298 K. Excitation spectra: 

lem = 350 nm (black); lem = 380 nm (red); lem = 440 nm (green); lem = 480 nm (blue); emission spectra: lexc = 300 nm (black); lexc = 400 nm 

(red); lexc = 450 nm (blue).  

 

    
 
Figure S23. Photos of TT-(N)-CzT needle crystals at 298K under 366 nm irradiation (right) and under white light irradiation (left). 
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Figure S24. Photoluminescence contours maps of TT-(N)-CzT crystals at 298 K, obtained with low band-pass filters at 325 nm (a), 375 nm 
(b) and 475 nm (c) 
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Figure S25. Lifetime measurement (lexc = 300 nm, lem = 353 nm) of TT-(N)-CzT crystals at 298 K. 
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Figure S26. Lifetime measurement (lexc = 300 nm, lem = 399 nm) of TT-(N)-CzT crystals at 298 K. 

 

0,0 2,0x10
7

4,0x10
7

6,0x10
7

8,0x10
7

1,0x10
8

10

100

1000

0,0 2,0x10
7

4,0x10
7

6,0x10
7

8,0x10
7

1,0x10
8

-5

0

5

t
1 
 =      560.69 µs   19.97% 

t
2 
 =    3360.24 µs   38.95%

t
3 
 =  26043.27 µs   41.08%

t
av
=  23358.71 µs

 

 Sample

 Fit

C
o
u
n
ts

 
W

e
ig

h
te

d
 R

e
s
id

u
a
l

Time (ns)

c
2
 = 1.319

 
Figure S27. Lifetime measurement (lexc = 360 nm, lem = 443 nm) of TT-(N)-CzT crystals at 298 K. 
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Figure S28. Lifetime measurement (lexc = 360 nm, lem = 540 nm) of TT-(N)-CzT crystals at 298 K. 
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Figure S29. Lifetime measurement (lexc = 300 nm, lem = 341 nm) of TT-(N)-CzT crystals at 77 K. 
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Figure S30. Lifetime measurement (lexc = 300 nm, lem = 396 nm) of TT-(N)-CzT crystals at 77 K. 
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Figure S31. Lifetime measurement (lexc = 300 nm, lem = 440 nm) of TT-(N)-CzT crystals at 77 K. 
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Figure S32. Lifetime measurement (lexc = 300 nm, lem = 516 nm) of TT-(N)-CzT crystals at 77 K. 
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Figure S33. Normalized PL excitation (dotted lines) and emission (continuous line) spectra of TT-(N)-CzT ground crystals at 298 K. Excitation 
spectra: lem = 350 nm (black); lem = 380 nm (red); lem = 440 nm (green); lem = 480 nm (blue); emission spectra: lexc = 300 nm (black); lexc = 
400 nm (red).  
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Figure S34. Photoluminescence contours maps of TT-(N)-CzT ground crystals at 298 K, obtained with low band-pass filters at 325 nm (a), 375 
nm (b) and 475 nm (c). 
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Figure S35. Lifetime measurement (lexc = 300 nm, lem = 349 nm) of TT-(N)-CzT ground crystals at 298 K. 
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Figure S36. Lifetime measurement (lexc = 300 nm, lem = 380 nm) of TT-(N)-CzT ground crystals at 298 K. 
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Figure S37. Lifetime measurement (lexc = 340 nm, lem = 440 nm) of TT-(N)-CzT ground crystals at 298 K. 
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Figure S38. Normalized PL excitation (dotted lines) and emission (continuos lines) spectra of TT-(N)-CzT ground crystals at 77 K. Emission 
spectra: lexc = 300 nm (black); lexc = 350 nm (red); lexc = 390 nm (blue). Excitation spectra: lem = 350 nm (black); lem = 380 nm (red); lem = 440 
nm (blue).  
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Figure S39. Lifetime measurement (lexc = 300 nm, lem = 340 nm) of TT-(N)-CzT ground crystals at 77 K. 
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Figure S40. Lifetime measurement (lexc = 300 nm, lem = 380 nm) of TT-(N)-CzT ground crystals at 77 K. 
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Figure S41. Lifetime measurement (lexc = 340 nm, lem = 440 nm) of TT-(N)-CzT ground crystals at 77 K. 
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Figure S42. Normalized Phosphorescence spectra of TT-(N)-CzT crystals at 77 K before (solid line, delay 1 ms, window 5 ms) and after grinding 

(dotted line, delay 0.2 ms window 2 ms) (lexc = 300 nm).  
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Figure S43. XRPD of TT-(N)-CzT ground crystals (blue line) compared with the simulated pattern from its crystal structure (red line) 
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Figure S44. Normalized PL excitation (dotted lines) and emission spectra of TT-(N)-CzM crystals (continuos lines) at 298 K. Emission spectra: 

lexc = 300 nm (black); lexc = 360 nm (gray); lexc = 390 nm (red); lexc = 440 nm (blue). Excitation spectra: lem = 357 nm (black); lem = 390 nm 

(gray); lem = 438 nm (red); lem = 514 nm (blue).  
 

 

  
 
Figure S45. Photos of TT-(N)-CzM crystals at 298K under 366nm irradiation (right) and under white light irradiation (left). 
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Figure S46. Lifetime measurement (lexc = 300 nm, lem = 357 nm) of TT-(N)-CzM crystals at 298 K. 
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Figure S47. Lifetime measurement (lexc = 300 nm, lem = 387 nm) of TT-(N)-CzM crystals at 298 K. 
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Figure S48. Lifetime measurement (lexc = 360 nm, lem = 438 nm) of TT-(N)-CzM crystals at 298 K. 
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Figure S49. Lifetime measurement (lexc = 360 nm, lem = 577 nm) of TT-(N)-CzM crystals at 298 K. 
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Figure S50. Normalized PL excitation (dotted lines) and emission spectra of TT-(N)-CzM crystals (continuos lines) at 77 K. Emission spectra: 
lexc = 300 nm (black); lexc = 360 nm (gray); lexc = 390 nm (red); lexc = 440 nm (blue). Excitation spectra: lem = 358 nm (black); lem = 390 nm 
(gray); lem = 438 nm (red); lem = 524 nm (blue).  
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Figure S51. Lifetime measurement (lexc = 300 nm, lem = 358 nm) of TT-(N)-CzM crystals at 77 K. 
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Figure S52. Lifetime measurement (lexc = 300 nm, lem = 387 nm) of TT-(N)-CzM crystals at 77 K. 
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Figure S53. Lifetime measurement (lexc = 360 nm, lem = 438 nm) of TT-(N)-CzM crystals at 77 K. 
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Figure S54. Lifetime measurement (lexc = 360 nm, lem = 524 nm) of TT-(N)-CzM crystals at 77 K. 
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Figure S55. Normalized PL emission spectra of TT-(N)-CzM from commercially available Cz at 298K: lexc = 300 nm (red); lexc = 360 nm (black); 

lexc = 390 nm (blue); lexc = 470 nm (cyano), lexc = 575 nm (magenta). 
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Figure S56. Lifetime measurement (lexc = 300 nm, lem = 354 nm) of TT-(N)-CzM crystals (from commercially available Cz) at 298 K. 
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Figure S57. Lifetime measurement (lexc = 325 nm, lem = 433 nm) of TT-(N)-CzM crystals (from commercially available Cz) at 298 K. 
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Figure S58. Lifetime measurement (lexc = 325 nm, lem = 520 nm) of TT-(N)-CzM crystals (from commercially available Cz) at 298 K. 
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Figure S59. Lifetime measurement (lexc = 325 nm, lem = 637 nm) of TT-(N)-CzM crystals (from commercially available Cz) at 298 K. 
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Figure S60. Normalized PL excitation (dotted lines) and emission (continuous line) spectra of TT-(N)-CzM ground crystals at 298 K. Excitation 
spectra: lem = 367 nm (black); lem = 443 nm (red); emission spectra: lexc = 300 nm (black); lexc = 390 nm (red).  
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Figure S61. Lifetime measurement (lexc = 300 nm, lem = 357 nm) of TT-(N)-CzM ground crystals at 298 K. 
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Figure S62. Lifetime measurement (lexc = 300 nm, lem = 444 nm) of TT-(N)-CzM ground crystals at 298 K. 
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Figure S63. Normalized PL excitation (dotted lines) and emission (continuous line) spectra of TT-(N)-CzM ground crystals at 77 K. Excitation 
spectra: lem = 380 nm (black); lem = 450 nm (red); emission spectra: lexc = 300 nm (black); lexc = 390 nm (red).  
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Figure S64. Lifetime measurement (lexc = 300 nm, lem = 360 nm) of TT-(N)-CzM ground crystals at 77 K. 
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Figure S65. Lifetime measurement (lexc = 300 nm, lem = 444 nm) of TT-(N)-CzM ground crystals at 77 K. 
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Figure S66. Lifetime measurement (lexc = 300 nm, lem = 517 nm) of TT-(N)-CzM ground crystals at 77 K. 
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Figure S67. XRPD of TT-(N)-CzM ground crystals (blue line) compared with the simulated pattern from its crystal structure (red line) 
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Figure S68. Normalized absorption (black dashed lines), excitation (red dotted line, lem = 380 nm) and normalized emission (red continuous 

line, lexc = 300 nm) of TT-(C)-Cz in DCM solution (2x10-6 M) at 298 K.   
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Figure S69. Lifetime measurement (lexc = 300 nm, lem = 382 nm) of TT-(C)-Cz in DCM solution (2x10-6 M) at 298 K.   
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Figure S70. Normalized PL excitation (dotted lines, lem = 372 nm black; lem = 506 nm red) and emission (continuos lines, lexc = 300 nm) spectra 
of TT-(C)-Cz in DCM solution (2x10-6 M) at 77 K.  
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Figure S71. Lifetime measurement (lexc = 300 nm, lem = 372 nm) of TT-(C)-Cz in DCM solution (2x10-6 M) at 77 K.   
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Figure S72. Lifetime measurement (lexc = 300 nm, lem = 506 nm) of TT-(C)-Cz in DCM solution (2x10-6 M) at 77 K.   
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Figure S73. PL decay of TT-(C)-Cz PMMA at RT lexc = 300 nm, lem=377nm. Biexponential fit (t1= 7.644ns (0.26), t2=10.587 ns (0.74); 

tav=9.98 ns, c2= 1.119249). 
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Figure S74. PL decay of TT-C-Cz PMMA at 90 K, lexc = 300 nm, lem= 363nm. Mono-exponential fit t=10.49ns c2= 2.671693. 
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Figure S75. Phosphorescence decays of TT-(C)-Cz PMMA at RT (417 nm, purple diamonds; 515 nm, black diamonds) and 90 K (412 nm, 
blue diamonds; 515 nm, red diamonds) exc 300 nm. Solid lines are exponential fits  
Biexponential fits parameters: 

515nm RT: t1=134.69ms (0.97); t2=2.992ms (0.03) R-square= 0.98356 tav=134.609ms 

417nm RT: t1=2.5438ms (0.55); t2=49.32ms (0.45) R-square= 0.98920 tav=46.509ms 

515nm LT: t1=3.4225ms (0.16); t2=238.77ms (0.84) R-square= 0.99419 tav=238.13ms 

412nm LT: t1=100.029ms (0.02); t2=1652.82ms (0.98) R-square= 0.91317 tav=1650.66ms  
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Figure S76. Normalized PL excitation (dotted lines, 90 K, lem = 378 nm black; lem = 412 nm blue) and emission (continuos lines, lexc = 300 nm, 
298 K black; 90 K blue) spectra of TT-(C)-Cz in PMMA (0.5 wt%).  
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Figure S77. PL emission/excitation contour plot of TT-(C)-Cz crystals at 298 K. 
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Figure S78. Normalized PL excitation (dotted lines) and emission spectra of TT-(C)-Cz crystals (continuos lines) at 298 K. Emission spectra: 

lexc = 300 nm (black); lexc = 415 nm (red); lexc = 430 nm (blue line). Excitation spectra: lem = 403 nm (black); lem = 454 nm (red).  
 
 

 
 
Figure S79. Photos of TT-(C)-Cz (crystals) at 298K under 366nm irradiation (left) and under white light irradiation (center), phosphorescence 
of crystals at 77K (right). 
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Figure S80. Lifetime measurement (lexc = 374 nm, lem = 403 nm) of TT-(C)-Cz crystals at 298 K. 
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Figure S81. Lifetime measurement (lexc = 300 nm, lem = 459 nm) of TT-(C)-Cz crystals at 298 K. 
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Figure S82. Lifetime measurement (lexc = 374 nm, lem = 580 nm) of TT-(C)-Cz crystals at 298 K. 
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Figure S83. Normalized PL excitation (black dotted line, lem = 400 nm; red dotted line, lem = 471 nm) and normalized emission (black continuous 

line, lexc = 300 nm, red continuous line, lexc = 400 nm) of TT-(C)-Cz crystals at 77 K. 
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Figure S84. Lifetime measurement (lexc = 300 nm, lem = 400 nm) of TT-(C)-Cz crystals at 77 K. 
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Figure S85. Lifetime measurement (lexc = 300 nm, lem = 473 nm) of TT-(C)-Cz crystals at 77 K. 
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Figure S86. Lifetime measurement (lexc = 385 nm, lem = 523 nm) of TT-(C)-Cz crystals at 77 K. 
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Figure S87. Normalized PL excitation (dotted lines) and emission (continuos lines) spectra of TT-(C)-Cz ground crystals at 298 K. Emission 

spectra: lexc = 300 nm (black); lexc = 415 nm (red); lexc = 470 nm (blue line). Excitation spectra: lem = 400 nm (black); lem = 469 nm (red); lem 
= 528 nm (blue).  
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Figure S88. Lifetime measurement (lexc = 374 nm, lem = 400 nm) of TT-(C)-Cz ground crystals at 298 K. 
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Figure S89. Lifetime measurement (lexc = 374 nm, lem = 469 nm) of TT-(C)-Cz ground crystals at 298 K. 
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Figure S90. Lifetime measurement (lexc = 374 nm, lem = 530 nm) of TT-(C)-Cz ground crystals at 298 K. 
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Figure S91. Normalized PL excitation (dotted lines) and emission (continuos lines) spectra of TT-(C)-Cz ground crystals at 77 K. Emission 

spectra: lexc = 300 nm (black); lexc = 400 nm (red); lexc = 470 nm (blue line). Excitation spectra: lem = 399 nm (black); lem = 478 nm (red); lem 
= 524 nm (blue).  
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Figure S92. Lifetime measurement (lexc = 374 nm, lem = 399 nm) of TT-(C)-Cz ground crystals at 77 K. 
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Figure S93. Lifetime measurement (lexc = 374 nm, lem = 468 nm) of TT-(C)-Cz ground crystals at 77 K. 

 

 

0.0 2.0x108 4.0x108 6.0x108 8.0x108 1.0x109

10

100

1000

10000

0.0 2.0x108 4.0x108 6.0x108 8.0x108 1.0x109

-5

0

5

t
1     
=      3.07 ms     2.74%

t
2     
=    44.00 ms     8.19%

t
3     
=  433.85 ms   89.07%

tav  =  430.16 ms

 

 Sample

 Fit

C
o

u
n

ts
 

w
e

ig
h

te
d

 r
e

s
id

u
a

l

Time (ns)

c
2 = 1.126

 
Figure S94. Lifetime measurement (lexc = 374 nm, lem = 530 nm) of TT-(C)-Cz ground crystals at 77 K. 
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2.6 Theoretical studies 

Geometry optimization of isolated TT-(N)-Cz and TT-(C)-Cz molecules leads to structural parameters virtually coincident with the X-ray 

ones, with only slight differences in the relative orientation of the composing units, indicating minor effect of crystal packing on the 

molecular conformation. In fact, the optimized dihedral angle q between TT and Cz least-squares planes measures 90.0° in TT-(N)-Cz, 

very close to the X-ray values of 82.4° in TT-(N)-CzM and 71.9/79.6° (for A/B molecules) in TT-(N)-CzT, and 54.1° in TT-(C)-Cz, to be 

compared with the experimental values of 34.2 and 37.8° of the two independent molecules of the asymmetric unit. 

 

Figure S95. wB97X/6-311++G(d,p) electronic levels for TT, Cz and TT-(N)-Cz at molecular level. In blue are reported the singlet levels with the 
corresponding values of oscillator strength f and, for TT-(N)-Cz, the Natural Transition Orbitals involved in the transitions. 
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Figure S96. wB97X/6-311++G(d,p) electronic levels for TT-(N)-Cz and TT-(C)-Cz at molecular level. In blue are reported the singlet levels with 
the corresponding values of oscillator strength f. Natural Transition Orbitals are included for selected transitions. 
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Figure S97. Plots of the wB97X/6-311++G(d,p) MOs mainly involved in the lowest energy transitions of TT-(N)-Cz (isosurfaces value 0.02). 
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Figure S98. wB97X/6-311++G(d,p) singlet and triplet electronic levels for optimized monomeric (centre) and dimeric TT-(N)-Cz, where the 
starting geometries of dimers are extracted from the X-ray structures of TT-(N)-CzM (left) and TT-(N)-CzT, AB dimer (right). 
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Figure S99. wB97X/6-311++G(d,p) singlet electronic levels for optimiced monomeric (centre) and dimeric TT-(N)-Cz, where the starting 
geometries of dimers are extracted from the X-ray structure of TT-(N)-CzT, AA (left) and BB (right) dimers. 

 

 

  


