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Introduction

Fig. S1 Chemical structure of phenanthroimidazole
Experimental section

Scheme S1. Synthetic scheme for intermediates 3 and 4
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Compounds a and b were prepared according to the synthetic route reported in the literature

as shown in Scheme S1.
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Thermogravimetric analysis
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Fig. S2 Thermogravimetric analysis (A) and differential scanning calorimetry (B) curves of

luminophores 1 and 2.
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Photophysical properties
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Fig. S3 (A) Fluorescence spectra of 1 (A) and 2 (B) in different solvents of varying polarities.

(excitation wavelength or Aex = 340 nm).

z

1.0+

0.8 1

0.6 1

0.4 4

0.2 4

Normalized absorbance

Cyclohexane
—— Toluene
—— THF

Chloroform
—DCM
— Ethyl acetate

DMF
— Acetonitrile

0.0

T T T
350 400 450 500

Wavelength (nm)

T
300

Normalized absorbance

1.2 —— Cyclohexane
Toluene
—— THF
1.0 Chloroform
—— DCM
| Ethyl acetate
0.8 DMF
— Acetonitrile
0.6
0.4 4
- \\\k_
00 T T T v T — 1 T
300 350 400 450 500 550

Wavelength (nm)

Fig. S4 UV-vis absorption spectra of 1 (A) and 2 (B) in different solvents of varying

polarities.
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Equation y=a+b*x
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Fig. S5 Stokes Shift (Av) of 1 and 2 as a function of the solvent polarity parameter (Af).
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Table S1 Solvatochromic properties of luminophores 1 and 2.

Compounds Solvent Af Jab(Nm) | Aem(nm) | Stokes shift (cm™) o7
Cyclohexane 337 397 4484.67 0.0187
Toluene 340 407 4841.74 0.0438
0.014
Chloroform 337 417 5782.38 0.0153
0.15
1 DCM 336 420 5952.38 0.0207
0.21
Ethyl acetate 333 422 6333.35 0.01931
0
DMF 334 428 6575.63 0.0208
Acetonitrile 310 428 8893.57 0.0115
Cyclohexane 367 402
2372.34 0.0081
Toluene 361 409
0.014 3250.95 0.0276
Chloroform 365 411
0.15 3451.82 0.0100
2 DCM 363 415
0.21 3066.36 0.0111
Ethyl acetate 363 409
0.26 3098.33 0.0059
DMF 364 417
3491.71 0.0118
Acetonitrile 365 428
4026.77 0.0284

& The fluorescence quantum vyields were recorded using 9,10-diphenylanthracene as a

standard in ethanol solution.
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Fig. S6 Normalized excitation spectra of 1 (A) and 2 (B) in different solvents of varying

polarities.
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Fig. S7 Emission spectra of 1 and 2 at 90% THF-water mixture.

S6



4 4
(A) (B)
Water Vol% -, Water Vol%
3 0% 3 0%
| 10% i 10%
20% 20%
@ 30% 3 30%
2 40% c 40%
© 21 50% @ 2- 50%
e 60% 8 60%
) 70% 2 70%
8 80% te! 80%
< 14 90% <, ] 90%
0 . : \.* = 0 : ¥
200 300 400 500 600 200 300 400 500 600
Wavelength (nm) Wavelength (nm)
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Fig. S9 Powder X-ray diffraction curves of 1 (A) and 2 (B) in pristine, ground and annealed

form.
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Crystallographic data

Single crystal X-ray structures of 1 and 4 were performed on a CCD Agilent Technologies
(Oxford Diffraction) SUPER NOVA diffractometer. The strategy for the Data collection was
evaluated by using the CrysAlisPro CCD software. The data were collected by the standard
'phi omega scan techniques, and were scaled and reduced using CrysAlisPro RED software.
The structures were solved by direct methods using SHELXS-97, and refined by full matrix
least-squares with SHELXL-97, refining on F2. The positions of all the atoms were obtained
by direct methods. All non hydrogen atoms were refined anisotropically. The remaining
hydrogen atoms were placed in geometrically constrained positions, and refined with
isotropic temperature factors, generally 1.2Ueq of their parent atoms. SQUEEZE was applied
to omit disordered DCM molecule. The crystal and refinement data are summarized in Table
S1. The CCDC number 1571257, 1571869 and 1571258 contains the supplementary
crystallographic data for 1, 3 and 4. These data can be obtained free of charge via

www.ccdc.cam.ac.uk (or from the Cambridge Crystallographic Data Centre, 12 union Road,

Cambridge CB21 EZ, UK; Fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk).

Table S2. Crystal data and structure refinement for 1, 3 and 4.

Identification code rm224 rm230 rm193
Empirical formula CosHasN3 Cao Har I Ns CaoHz6BrNa
Formula weight 868.04 664.53 616.54
Temperature 293(2) K 293(2) K 293(2) K
Wavelength 1.54184 A 0.71073 A 0.71073 A
Crystal ;ﬁfgn space Triclinic, P -1 Triclinic, P -1 Monoclinic, P 21/n
al(A) 11.0325(4) 8.1689(12) A 16.0838(5)
b/(A) 13.8922(5) 11.2594(9) A 6.9446(2)
c/(A) 17.6967(8) 17.439(2) A 26.8363(7)
Alpha/(°) 100.024(4) 96.245(9) 90
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Betal(9) 94.455(4) 91.993(13) 91.926(3)
Gammal(9) 109.496(4) 101.903(10) 90
3
Volume 2490.68(18) A? 1557.4(3) A3 2995.80(15) A

Z, Calculated density

2, 1.157 mg/m?

2, 1.417 mg/m?

4, 1.367 Mg/m®

Absorption coefficient 0.513 mm* 1.060 mm* 1.405 mm!
F(000) 912 670 1264
0.260 x 0.210 x
. 0.230 x 0.180 x 0.230 x 0.180 x
Crystal size 0.120 mm 0.130 mm 0.180 mm
© range for data 34541071472 | 30321028846 | 29111032.252
collection/(°)
Reflections collected / 16838 / 9463 13182/ 7155 [R3;i7r17t())7—/098823]
unique [R(int) = 0.0683] [R(int) = 0.0921] e
®=25.242
®=067.684 ®=25.242 o
Completeness to theta 99.8 % 99.8 % 99.9 %

Absorption correction

Semi-empirical
from equivalents

Semi-empirical
from equivalents

Semi-empirical
from equivalents

Max. and min. transmission

1.00000 and
0.70721

1.00000 and
0.48753

1.00000 and
0.78417

Refinement method

Full-matrix least-
squares on F?

Full-matrix least-
squares on F2

Full-matrix least-
squares on F2

Data / restraints / 9463 / 630 / 669 7155 / 0/ 389 9935/0/389
parameters
Goodness-of-fit on F2 1.072 1.316 1.005
Final R indices R1 =0.0780, R1 =0.1382, R1 =0.0630,
[1>2sigma(l)] wR2 =0.2241 wR2 =0.3736 wR2 =0.1208
R1=0.1815
. R1 =0.0889, R1 =0.1809, R j
R indices (all data) WR?2 = 0.2348 WR2 = 0.4207 wR2 =0.1661
Extinction coefficient n/a 0.072(10) 0.0014(3)

Largest diff. peak and hole
(e.A?)

0.348 and -0.387

1.848 and -1.929

0.351 and -0.531
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DFT calculations

TDDFT data

Table S3. Computed vertical transitions, their oscillator strengths and configurations of
phenanthroimidazoles 1 and 2.

Compound  Amax (NmM) f Configuration
HOMO-2-LUMO(0.22724)
1 369.88nm  0.7027 HOMO-LUMO+1(0.60262)

HOMO-LUMO+2(0.24335)

HOMO-2-LUMO(0.63456)
HOMO-1-LUMO(0.17404)
360.33  0.8086 HOMO-LUMO+1(-0.21985)

HOMO-2-LUMO(0.13012)
2 387.10 1.0332 HOMO-LUMO (0.68217)

HOMO-LUMO+1(0.62732)
HOMO-LUMO+2(0.22827)

HOMO-3-LUMO (-0.16557)
HOMO-2-LUMO+3(-0.10500)
HOMO-1-LUMO  (0.39406)
31488 0.3462 HOMO-1-LUMO+2 (0.25834)
HOMO-1-LUMO+3(0.45047)
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DFT calculation data of 1 and 2

Calculation method: B3LYP/6-31G(d,p) with Gaussian 09

Standard orientation:
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Coordinates (Angstroms)

X Y Z
.363180 -3.213541 -0.092273
.914290 -4.576649 -0.197945
.557099 -4.975748 -0.211334
.779294 -4.227848 -0.147936
.199957 -6.307712 -0.312403
.149911 -6.584926 -0.320535
.193019 -7.292639 -0.407200
.920409 -8.340877 -0.485042
.526965 -6.925377 -0.409871
.273306 -7.706018 -0.495247
.938653 -5.577930 -0.312284
.360697 -5.212315 -0.339417
.396792 -6.169828 -0.441759
.159451 -7.226055 -0.492949
. 729083 -5.795533 -0.478268
.498126 -6.558466 -0.556978
.089424 -4.438364 -0.413718
.136210 -4.150171 -0.442862
.104633 -3.474454 -0.310023
.349314 -2.419122 -0.253187
. 745195 -3.843999 -0.270225
.706502 -2.861527 -0.151344
.657181 -0.997432 0.051021
.682900 -1.998811 0.047783
.870963 -1.505059 -0.067900
.264449 -1.803765 0.087347
.587323 -1.365042 -1.052138
.554676 -2.042829 1.268391
.145111 -1.172448 -1.962596
.210095 -1.164960 -1.007844
.176690 -1.849076 1.302303
.086029 -2.393653 2.147335
.300987 -0.795947 -1.891213
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.626711 -0.691567 1.352827
.344318 -1.925291 -1.795966
.171508 -1.289111 -0.877945
.003465 -0.497123 1.385909
.032228 -0.426169 2.222006
.768317 -1.539351 -1.748434
.805788 -0.773478 0.265031
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.530972 5.280931 1.606226
.940480 4.837262 2.873725
.601714 6.329463 1.518453
.420766 5.425222 4.025025
.664708 4.033015 2.948080
.101504 6.923236 2.675531
.278290 6.673749 0.541836
.502574 6.473368 3.934958
.748780 5.070343 4.997871
.383590 7.733915 2.589883
.105686 6.934050 4.834288
Coordinates (Angstroms)

X Y Z
.484541 -2.258965 -0.205866
.868273 -1.863387 -0.186193
.318668 -0.523349 -0.133722
.597646 0.281310 -0.100975
.667241 -0.218070 -0.118555
.984772 0.819825 -0.078926
.617828 -1.247735 -0.152514
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.087541 -3.591416 -0.204440
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.709847 1.890279 1.163493
.469559 2.355744 2.112464
.859572 2.690003 0.015723
.162189 2.060195 -1.207066
.289929 2.660593 -2.100537
.295251 0.677979 -1.278274
.529829 0.200237 -2.224252
.256783 -2.468197 -0.185820
.813764 -2.178570 -0.148791
.213590 -1.015477 -0.659616
.816517 -0.238847 -1.11144¢
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Copies of NMR and HRMS spectra of the new compounds

'H NMR of 3:

P_o

O N Chloroform-d
/ N '
O

[ee]
N
N ©
| o
¥
o
X —
r~ —
| N o
|
N~
A
[s2)
!
T
S
2ed
SO o5 og @
0
OOOIO N

é

o

[{e]

[}

-
[o
-1 o
P
'ﬂ:o
o
II:!-‘
[(e}

~

I

T
8.5 8.0 7.5 7.0
Chemical Shift (ppm)

Chlorqform-d

@
N
N
lo
N
~
e
o
*
NE
N~
I
(2]
o
~
e
[co)
g2 Al 3
CEOENIN B B o
wlos P
S Yl
RERE N
o © oo P ~ 0 |
'03_ £ I\K'hg \'IE' ] Dichloromethane-d2
© © ) !
'§ﬂ 8
o
I
- I
1.00 1.94 7.002.03
U U uuuugugy
L B L o o o o o B L LA A I e e o R E R RS SRS
10 9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

S18



HRMS of 3:
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13C NMR of 3:
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IH NMR of 4:
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HRMS of 4:
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13C NMR of 4:
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IH NMR of 1:
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HRMS of 1:
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13C NMR of 1:
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Chloroform-d

'H NMR of 2:
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HRMS of 2:
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13C NMR of 2:
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