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General Experimental details
Measurments

The *H and 3C NMR spectra were measured on a Bruker Avance 111 500 or a Bruker Avance 111 400 spectromerer using CDClj
as solvent and tetramethylsilane (TMS: =0 ppm) as internal standard. The 2°Si NMR spectra were recorded on the Bruker
Avance Il 500 spectromer using CDCIl; as solvent and TMS as internal standard. Exact mass measurement electrospray
ionization-time of flight (EMM-ESI-TOF) mass spectra of compounds 1-3 were recorded on a Waters (Micromass) LCT® mass
spectrometer using CH3;CN as solvent with 3-10mM NH,OAC. The melting points of 1-3 were measured on a Thomas Hoover
Capillary Melting Point Apparatus. Elemental analysis (C and H) was determined by CE-440 Elemental Analyzer. FT-IR spectra
were recorded on a Bruker Tensor27 spectrophotometer using PIKE ATR (Attenuated Total Reflectance).

Suitable single crystals of compounds 1-3 were selected under oil under ambient conditions and attached to the tip of a
MiTeGenMicroMount®. Single crystal X-ray diffraction intensity data were collected in a stream of cold nitrogen at 100K on a
Bruker Quazar SMART APEXII diffractometer with Mo K, (. = 0.71073 A) radiation, or a Bruker SMART APEXII
diffractometer with Cu K, (A = 1.54178 A) radiation. The intensity data was integrated using SAINT and corrected for absorption
using SADABS routines.ﬁ] The structures were solved using direct methods or charge flipping and refined using SHELXL2013
program.? The details concerning x-ray crystallographic structure solutions and refinement for compounds 1-3 are tabulated in
Table S1.

UV-Vis absorption spectra were measured on an Agilent 8453 UV-Visible Spectrophotometer under room temperature.
Fluorescence spectra were measured on a Horiba Jobin Yvon Fluorolog®-3 spectrofluorometer at room temperature. The relative
fluorescence quantum yields of 1-3 in THF solution were determined using quinine sulfate as a standard reference in 0.1N H,SO,
aqueous solution. The absolute solid state fluorescence quantum yields were determined on a calibrated integrating sphere
according to the method described by de Mello et al.,”! using a 325nm CW light from a He-Cd laser for optical pumping, an
Ocean Optics USB2000 miniature fiber optics spectrometer and the same procedure reported elsewhere. [

All calculations reported herein were performed using Gaussian 09 package.”™ Density functional (DFT) was employed with
6-31G (d) basis set of B3LYP theory for full geometry optimization of single molecule. Dispersion force-corrected TD-DFT' !/
B3LYP/6-31G (d) and the B3LYP/6-31G (d) were used to perform excited state UV-Vis calculation and MO calculations,
respectively.

Chemicals and Synthesis Procedures

The synthesis of 1,1-dichloro-2,3,4,5-tetraphenylsilole was carried out according to a literature procedure ! and purified by
crystallization in Et,O. The hydrolysis of 1,1-dichloro-2,3,4,5-tetraphenylsilole gives yellow powder of 1,1-dihydroxyl-2,3,4,5-
tetraphenylsilole according to a literature procedure!®. Triethylamine was purchased from Sigma Aldrich and used as received
without further purification. Dichlorodiphenylsilane, dichlorodimethylsilane were purchased from Gelest, Inc and used directly.

1-(1,4-(1,2,3,4-Tetraphenyl-1,3-butadiene))-3,3,5,5-tetraphenyl Cyclotrisiloxane (1): A solution of 0.357 ml (1.70 mmol)
dichlorodiphenylsilane was added at -20 °C into a 50-ml round-bottom flask containing 0.71g (1.70 mmol) 1,1-dihydroxyl-
2,3,4,5-tetraphenylsilole, 0.01 ml (0.56 mmol) water, 0.47 ml (3.40 mmol) triethylamine and 12 ml THF. The reaction was
started at -20 °C using ice-NaCl bath, then was allowed to warm up to room temperature and stir for 3 hours. The reaction
mixture was filtered and washed with 100 ml THF. After removing the solvent under reduced pressure, 30 ml Et,O were added
and pale yellow crystals of compound 1 were formed under solvent evaporation. Yield: 0.14 g, 11% (based on 1,1-dihydroxyl-
2,3,4,5-tetraphenylsilole). M.p. 247.2 °C. Elemental analysis calcd (%) for Cs;H4005Sis: C 78.35, H 5.06; found: C 78.25, H 5.08.
UV (THF, 1.31 x 10°mol/L, r.t.), Amax (NM) / emax(mol™Lem™): 375/0.79 x 10% IR (vma/cm™): 3070w (C-Hp,), 3051w (C-Hpy),
3024w (C-Hp,), 3001w, 1591m(C=C,,), 1487m, 1440m, 1429m, 1307w, 1130s (Si-Ca;), 1118s (Si-Cpyp), 1085w, 1058w,1033vs
(Si-0-Si), 1014vs (Si-0-Si), 993vs, 964m, 937m, 912m. *H NMR (500.023 MHz, CDCl,), 6, (TMS, ppm): 7.41-7.36 (m, 12H,
Ar-H), 7.22-7.19 (m, 8H, Ar-H), 7.05-6.98 (m, 8H, Ar-H ), 6.84-6.79 (m, 12H, Ar-H)."*C NMR (125.743 MHz, CDCl5), dc
gTMS, ppm): 154.51, 137.68, 137.45, 134.58, 133.10, 132.09, 130.50, 129.72, 129.26, 128.03, 127.71, 127.50, 126.72, 126.02.
°Si NMR (99.3796 MHz, CDCl,), g (TMS, ppm): -28.98, -33.23. EMM-ESI-TOF-MS: m/z calcd. for [Cs,HaO5Sis+H]":
797.2359; found 797.2335.

2,2,6,6-Tetramethyl-4,4,8,8-bis(1,4-(1,2,3,4-tetraphenyl-1,3-butadiene)) Cyclotetrasiloxane (2) A solution of 0.565 ml (4.69
mmol) dichlorodimethylsilane was added at -20 °C into a 100-ml round-bottom flask containing 3.92g (9.38 mmol) 1,1-
dihydroxyl-2,3,4,5-tetraphenylsilole, 1.31 ml (9.38 mmol) triethylamine and 40 ml THF. The reaction was started at -20 °C using
ice-NaCl bath, then was allowed to warm up to room temperature and stir for 3 hours. The reaction mixture was filtered and
washed with 120 ml THF. After removing the solvent under reduced pressure, 40 ml Et,O were added and pale yellow crystals of
compound 2 were formed under solvent evaporation. A solvatomorph (S1) of compound 2 was also found. Yield: 0.20 g, 9%
(based on 1,1-dihydroxyl-2,3,4,5-tetraphenylsilole and dichlorodimethylsilane). M.p. >300 °C. Elemental analysis calcd (%) for
CeoHs204Si4: C 75.91, H 5.52; found: C 75.25, H 5.49. UV (THF, 1.07 x 10°mol/L, I.t.), Ayax (NM) / €qax(mol™Lem™): 366/1.27



x 10% IR (Vimax/cm™): 3070w (C-Ha,), 3057w (C-Hpy), 3020w (C-Hp,), 2966w (C-Hye), 1595m (C=Cp,), 1573m (C=Cy,,), 1487m,
1440m, 1303m, 12575 (Si-Cye), 1232s, 1205s, 1180s, 1151s, 1087vs (Si-O-Si), 1070vs (Si-O-Si), 1062vs, 983s, 910w, 837s,
804s, 788s, 761s. *H NMR (400.182 MHz, CDCIly), 6y (TMS, ppm): 7.18-7.12 (m, 12H, Ar-H), 7.04-6.98 (m, 20H, Ar-H), 6.82-
6.80 (m, 8H, Ar-H ), -0.32 (s, 12H, Si-CH5)."*C NMR (100.635 MHz, CDCls), dc (TMS, ppm): 153.45, 138.63, 137.99, 133.19,
129.83, 128.98, 127.93, 127.42, 126.45, 125.85, 0. °Si NMR (99.3796 MHz, CDCl3), dsi (TMS, ppm): -15.50, -42.01. EMM-
ESI-TOF-MS: m/z calcd. for [CgoHs,04Si,+H]*: 949.3016; found 949.2991.

2,2,6,6-Tetraphenyl-4,4,8,8-bis(1,4-(1,2,3,4-tetraphenyl-1,3-butadiene)) Cyclotetrasiloxane (3) A solution of 0.41 ml (1.94
mmol) dichlorodiphenylsilane was added at -20 °C into a 50-ml round-bottom flask containing 1.62g (3.88 mmol) 1,1-
dihydroxyl-2,3,4,5-tetraphenylsilole, 0.54 ml (3.88 mmol) triethylamine and 24 ml THF. The reaction was started at -20 °C using
ice-NaCl bath, then was allowed to warm up to room temperature and stir for 3 hours. The reaction mixture was filtered and
washed with 100 ml THF. After removing the solvent under reduced pressure, 40 ml Et,O were added and pale yellow crystals of
compound 3 were formed under solvent evaporation. Yield: 0.24 g, 21% (based on 1,1-dihydroxyl-2,3,4,5-tetraphenylsilole and
dichlorodiphenylsilane). M.p. >300 °C. Elemental analysis calcd (%) for CgoHgoO,Sis: C 80.23, H 5.05; found: C 79.83, H 5.01.
UV (THF, 8.12 x 10 mol/L, r.t.), Amax (NM) / €max(mMol™Lem™): 370/1.52 x 10% IR (vna/cm™): 3074w (C-Hp,), 3049w (C-Hy),
3020w (C-Hap), 1591m (C=C,,), 1571m (C=C,,), 1485m, 1440m, 1429m, 1313m, 1303m, 1116vs (Si-Cpp), 1097vs (Si-O-Si),
1062s (Si-O-Si), 1033s, 1026s, 995s, 943m, 914m, 841w, 790m, 763m, 740m.*H NMR (400.182 MHz, CDCl,), dy (TMS, ppm):
7.31-7.21 (m, 12H, Ar-H), 7.07-6.95 (m, 24H, Ar-H), 6.80-6.73 (m, 16H, Ar-H ), 6.60-6.58 (m, 8H, Ar-H).”°C NMR (125.743
MHz, CDCl,), dc (TMS, ppm): 153.94, 138.08, 137.84, 134.79, 133.49, 132.62, 130.19, 129.92, 129.31, 128.15, 127.62, 127.38,
126.50, 125.57. Si NMR (99.3796 MHz, CDCly), ds (TMS, ppm): -43.21, -46.49. EMM-ESI-TOF-MS: m/z calcd. for
[CaoHe004Sia+NH,]*: 1214.3907; found 1214.3914.

NMR spectra of Compounds 1-3
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Figure S1. *H-NMR of compound 1 (500.023 MHz, CDCI,/TMS)
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Figure S3. Si-NMR of compound 1 (99.3796 MHz, CDCI5/TMS)
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Figure S4. *H-NMR of compound 2 (400.182 MHz, CDCI5/TMS)
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Figure S5. *C-NMR of compound 2 (100.635 MHz, CDCIls/TMS)
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Figure S7. *H-NMR of compound 3 (400.182 MHz, CDCI5/TMS)
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Figure S8. *C-NMR of compound 3 (125.743 MHz, CDCls/TMS)
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Figure S9. Si-NMR of compound 3 (99.3796 MHz, CDCI5/TMS)



Single Crystal X-ray Crystallography of Compounds 1-3

Table S1. The crystallographic details of compounds 1-3, S1 and S2.

1 2 3 S1# S2™
empirical formula C52H40035i3 C60H5204Si4 C80H6004Si4 C60H5204Si4 CZSHZZ
formula weight 797.11 949.37 1197.64 949.37 358.45

crystal dimensions, mm

0.221 x 0.135 x 0.101

0.263 x 0.196 x 0.128

0.151 x 0.059 % 0.048

0.133 x 0.1 x 0.039

0.40 x 0.20 x 0.10

crystal system triclinic monoclinic triclinic triclinic monoclinic
space group P1 C2/c P1 P1 P2j/c

a/A 10.688(4) 19.956(8) 11.226(3) 12.373(7) 7.860(3)
b/A 14.471(8) 28.804(9) 12.704(3) 12.616(6) 5.7022(19)
c/A 17.002(6) 10.023(3) 13.186(3) 18.679(7) 22.413(8)
o/° 104.62(5) 90 115.699(4) 75.714(15) 90

pre 103.75(4) 102.117(6) 103.433(5) 73.48(2) 103.090(17)
y/° 103.50(4) 90 101.434(5) 66.738(15) 90
Volume/A’® 2348.0(19) 5633(3) 1549.3(7) 2538(2) 978.5(6)

4 2 4 1 2 2

Pealc, Mg/mm’ 1.127 1.119 1.284 1.242 1217
F(000) 836.0 2000.0 628.0 1000.0 380.0

VA CuKa, 1.54178 Mo Ka, 0.71073 Mo Ka, 0.71073 Mo Ka, 0.71073 Mo Ka, 0.71073
w/mm ! 1.237 0.149 0.150 0.165 0.069
temperature/K 100(1) 100(1) 100(1) 100(1) 100(1)

20 range for data collection 5.66 to 144.838° 2.522 to 55.098° 3.674 to 53.17° 3.556 to 51.444° 3.732 to 63.522°
reflections collected 40264 65866 22893 25301 24189
independent reflections. (Riy) 8905(0.0302) 6489(0.0294) 6424 (0.0512) 9643(0.0476) 3331(0.0305)
data/restraints/parameters 8905/673/641 6489/0/310 6424/0/397 9643/354/679 3331/0/127
goodness-of-fit on F* 1.040 1.038 1.019 1.016 1.060

R,wWR, [>=25 ()]

0.0385, 0.0984

0.0359, 0.1007

0.0442, 0.0952

0.0490, 0.1076

0.0453, 0.1309

R;,wR, [all data]

0.0488, 0.1044

0.0416, 0.1056

0.0685, 0.1046

0.0792, 0.1197

0.0499, 0.1348

largest diff. peak/hole / e A~

0.36/-0.36

0.42/-0.29

0.37/-0.34

0.37/-0.32

0.50/-0.20

[a] A solvatomorph (S1) of compound 2. [b] A polymorph of 1,2,3,4-tetraphenyl-1,3-butadiene (S2) was formed during the synthesis of cyclotetrasiloxanes if the
reaction was carried out in the presence of Et,0.

Figure S10. Thermal ellipsoids drawing of compound 1 (all H atoms are omitted)
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Figure S13. Thermal ellipsoids drawing of compound S1 (all H atoms are omitted)



Figure S14. Thermal ellipsoids drawing of compound S2 (all H atoms are omitted)

Table S2. Selected structural parameters of compounds 1-3

1 2 3
d(C=Sisioie)avg (A) 1.855(3) 1.8516(4) 1.8565(15)
d(O=Sisiole)avs (A) 1.634(2) 1.6132(3) 1.6168(11)
£ (C=SisiieC) (°) 94.3(2) 93.80(2) 94.77(9)
2£(O=Sisiiole=0) (°) 107.02(16) 109.79(2) 108.49(7)
cyclosiloxane ring planarity
(RMSD) 0.041 0.136 0.052

The structural details of compounds 1-3 are highlighted in Table S2. The C-Sigje and O-Sigjole bond lengths of these
compounds are very similar to those found in silafluorene-containing compounds, ! and these bond distances are within the
range of those reported in the CSD for related silole and cyclosiloxane compounds.

Similarly, the C-Sigje-C and O-Sipnioe-O bond angles of 1-3 are within the range of those reported in the CSD for
tetraphenylsilole (£C-Sis;oe-C: 91°-95°) and cyclosiloxane structures. However, the C-Sig;qe-C bond angles (93.80°-94.77°) in 1-
3 are all larger than those observed in the silafluorene-containing ring compounds (92.6°-93.43°). 1 We attribute the widening of
the C-Sis;jle.C bond angle to the increased steric clash of the phenyl substituents on the silole group.

The degree of planarity of the cyclosiloxane ring was determined by fitting a plane to all Si and O atoms of the ring and
measuring the root mean squared deviation (RMSD) of the atoms from that plane. In general, these cyclosiloxane rings are more
nearly planar than those of the silafluorene-containing compounds. ™



Infrared Spectra of Compounds 1-3
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Figure S15. FTIR spectrum of compound 1.
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Figure S16. FTIR spectrum of compound 2.
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Figure S17. FTIR spectrum of compound 3.

UV-Vis Absorption and Fluorescence Spectra of Compounds 1-3 in THF Solution and as crystals

Solutions of ~0.01 mg/ml compounds 1-3 in HPLC Grade THF were used to test the UV-Vis absorbance and
fluorescence spectra at room temperature. Crystals of 1-3 were used to test the solid state fluorescence.
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Figure S18. (a) Normalized UV absorption of 1 in THF solution; (b) Normalized fluorescence emission of 1 in THF solution, Ae= 325 nm;
(c) Normalized fluorescence emission of 1 as crystals, Ae= 325 nm. (d) Fluorescene excitation spectrum of 1 in THF solution at
Aactivation=500 nm.
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Figure S19. (a) Normalized UV absorption of 2 in THF solution; (b) Normalized fluorescence emission of 2 in THF solution, Ae= 325 nm;
(c) Normalized fluorescence emission of 2 as crystals, A= 325 nm. (d) Fluorescence excitation spectrum of 2 in THF solution at

Aactivation=490 nm.
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Figure S20. (a) Normalized UV absorption of 3 in THF solution; (b) Normalized fluorescence emission of 3 in THF solution, Ae= 325 nm;
(c) Normalized fluorescence emission of 3 as crystals, A= 325 nm. (d) Fluorescence excitation spectrum of 3 in THF solution at
Aactivation=496 nm.



Aggregation Enhanced Emission (AEE) of Compounds 2-3

Solutions of 10" mg/ml compounds 1-3 in THF/H,O mixtures varying with 0-95% water content at room temperature were used

to investigate the aggregation enhanced emission properties.
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Figure S21. (A) PL Emission Spectra of 10° mg/ml compound 2 in THF/H,O mixtures with different fractions of H,O. (B) Plot of I/l, at 490 nm
versus the water fraction, where |y is the PL emission intensity in pure THF solution, Ae=370 nm. (C) Photograph of 2 in THF/H,O mixtures
containing different volume fractions of water taken under illumination of a UV lamp at 365 nm; from left to right: water fractions 0%-95%.
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Figure S22. (A) PL Emission Spectra of 10° mg/ml compound 3 in THF/H,O mixtures with different fractions of H,O. (B) Plot of I/l, at 495 nm
versus the water fraction, where |y is the PL emission intensity in pure THF solution, Ae&=370 nm. (C) Photograph of 3 in THF/H,O mixtures
containing different volume fractions of water taken under illumination of a UV lamp at 365 nm; from left to right: water fractions 0%-95%.



Relative Fluorescence Quantum Yields of Compounds 1-3 in THF Solution

According to compounds 1-3’s fluorescent emission in a similar region to Quinine sulfate, quinine sulfate dihydrate was chosen
as a standard reference to measure the fluorescence quantum yield. To test fluorescence quantum yield, solutions of the standard
and test samples with identical absorbance at the same excitation wavelength can be assumed to be absorbing the same number of
photons, thus, a simple ratio of the integrated fluorescence intensities of the two solutions (recorded under identical conditions)
will yield the ratio of the quantum yield values.!*"

Compared to a single-point method calculated using the integrated emission intensities from a single sample and standard
reference pair at identical UV absorbance, calculating the slope of the linear fitting line generated by plotting the integrated
fluorescence intensity against the absorption for multiple concentrations of fluorophores provides much higher accuracy. Hence,
we use the following equation to determine the quantum yield.

Grad, || n,°

O, =0
' 7 Gradgs; )\ 75"

Where D is the fluorescence quantum yield, Grad is the gradient of the linear fitting line from the plot of integrated

fluorescence intensity vs absorbance, s the refractive index of the solvent, the subscripts X and ST denote standard and test
sample respectively.

In this study, quantum yields of compounds 1-3 were investigated in HPLC Grade THF using quinine sulfate in 0.1N H,SO, as
a standard. All measurements were carried out at room temperature. The UV-Vis absorbance in the studied range (350-650nm)
was kept below 0.1 using 10mm path length 23-Q-10 Starna Quartz Cells to avoid re-absorption effects.*! The fluorescence
intensity was kept below 3x10° according to the limitation of the detector and acquisition of better signal to noise ratio. The
quantum yield of quinine sulfate in 0.1N H,SO, reported is 0.5771*2 under excitation wavelength 350 nm. The refractive indexes
of THF and 0.1N H,SO, at room temperature are 1.406 and 1.33, respectively. The following parameters were used for the
acquisition of fluorescence data.

Fluorescence Emission mode:
Activate: 350nm, Slit: 1.2nm
Start: 360nm, End: 700nm, Inc: 1, Slit: 1 nm

After subtracting background fluorescence, the integrated fluorescence intensities of all samples were calculated from 370 nm
to 650nm.
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Figure S23. (A) UV-Vis Absorbance Cross Point of quinine sulfate and compound 1 at 350 nm. (B) Fluorescence Emission Intensity of quinine
sulfate and compound 1 at A= 350nm. (C) Linear Fit of Integrated Fluorescence Intensity of quinine sulfate and compound 1.
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Figure S24. (A) UV-Vis Absorbance Cross Point of quinine sulfate and compound 2 at 350 nm. (B) Fluorescence Emission Intensity of quinine
sulfate and compound 2 at A= 350nm. (C) Linear Fit of Integrated Fluorescence Intensity of quinine sulfate and compound 2.
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Figure S25. (A) UV-Vis Absorbance Cross Point of quinine sulfate and compound 3 at 350 nm. (B) Fluorescence Emission Intensity of quinine
sulfate and compound 3 at A= 350nm. (C) Linear Fit of Integrated Fluorescence Intensity of quinine sulfate and compound 3.
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Absolute Solid State Fluorescence Quantum Yield of Compounds 1-3

The absolute solid state fluorescence quantum yields of compounds 1-3 were determined on a calibrated integrating sphere
according to the method described by de Mello et al.,” using a 325nm CW light from a He-Cd laser for optical pumping, an
Ocean Optics USB2000 miniature fiber optics spectrometer and the same procedure reported elsewhere.”! The solid state
quantum yield is calculated by the number of photons emitted divided by the number of photons absorbed. The calculation of the
number of photons (the integration of the spectral peaks, see Figures S18-S20) was carried out through Matlab.

Interactions of 1-3 in the unit cell

The CH-= interaction is a weak non-covalent interaction (~4.2 KJ/mol) in which an aliphatic or aromatic CH bond interacts with
the n-face of an aromatic system.!*) We consider CH-x interactions with distance smaller than 2.9 A (the expected van der Waals
distance of CH-m interaction distance).*®'* A typical n-n interaction (~2 KJ/mol)!*® is a non-covalent interaction between
aromatic groups with the distance smaller than 3.8 A.

Aima Arrma

Arsz

Figure S26. Intermoleclar C-H---m interactions of tetraphenylsilole in compound 1 in solid state (powder). (a) A segment of the unit cell of 1 as
taken from the X-ray structure showing interactions for one type of tetraphenylsilole moieties A. For clarity only planes of interacting
tetraphenylsilole moieties (highlighted in red or blue) are shown. (b) (c) intermolecular interactions of tetraphenylsilole moiety A. All distances
arein A,



Figure S27. Intermolecular C-H: -z interactions of phenyls in compound 1 in solid state (powder). A segment of the unit cell of 1 as taken from
the X-ray structure showing interactions betwwen two types of phenyl moieties Ph;> and Ph’”’. For clarity only planes of interacting
tetraphenylsilole moieties (highlighted in red or blue) are shown. All distances are in A.

Figure S29. Intermolecular interactions of tetraphenylsilole in compound 2 in solid state (powder). (a) A segment of the unit cell of 2 as taken
from the X-ray structure showing interactions for two types of tetraphenylsilole moieties A and B. For clarity only planes of interacting
tetraphenylsilole moieties (highlighted in red, yellow or blue) are shown. (b) intermolecular interactions of tetraphenylsilole moiety A. All

distances are in A.



Figure S30. Intermolecular C-H---x interactions in compound 3. A segment of the unit cell of 3 as taken from the X-ray structure showing
interactions betwwen phenyl rings C11 and C23 (distance 2.7921), C11 and C29 (distance 2.8489), C29 and C35 (distance 2.7697). For clarity
only planes of interacting phenyls moieties (highlighted in red, yellow and blue) are shown. All distances are in A.

Excited State UV-Vis Calculations and Molecular Orbitals of 1-3

Table S3. Excitation energies (given as wavelengths A in [nm]) and oscillator strengths (in brackets) are given for the five energetically lowest-lying excited
states of 1-3 (single molecule) as calculated by TD-DFT/ B3LYP/6-31G (d).

1 2 3

" Py I N e

[a] ex [a] [a] X

transitions E (050) transitions E Jex (0SC) transitions E (0s)

] 630 630 639
S, HOMO->LUMO 1.97 (0.29) HOMO->LUMO 1.97 0.32) HOMO->LUMO 194 (0.32)
wl : 419 493 507
S, HOMO-1->LUMO 2.96 0.22) HOMO->LUMO 2.52 (0.00) HOMO->LUMO 2.45 (0.00)
HOMO-2 370 468 471

[ y

Ss HOMO-4= LUMO 3.36 0.02) HOMO->LUMO+1 2.65 (0.00) HOMO->LUMO+1 2.63 (0.00)
] HOMO-3, 359 429 437
S4 HOMO-5>LUMO 3.45 (0.06) HOMO->LUMO+1 2.89 (0.36) HOMO->LUMO+1 2.84 (0.35)
m  HOMO-2, HOMO-4, 357 . 409 . 413
Ss HOMO-5->LUMO 3.47 (0.00) HOMO-1->LUMO 3.03 (0.20) HOMO-1->LUMO 3.00 (0.20)

[a] Excitation energy given in eV; [b] excited states.



Figure S31. (a) LUMO+1; (b) LUMO; (c) HOMO; (d) HOMO-1; (e) HOMO-2; (f) HOMO-3; (g) HOMO-4; (h) HOMO-5 in compound 1.
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Figure S32. (a) LUMO+1; (b) LUMO; (c) HOMO; (d) HOMO-1in compound 2.
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Figure S33. (a) LUMO+1; (b) LUMO; (c) HOMO; (d) HOMO-1in compoun




Optimized Geometry of Compounds 1-3 (single molecule)

The nature of stationary points on the PES (potential energy surface) was determined by calculations of full Hessian matrix followed by
frequency calculations. All structures reported were found to be true minima on the PSE with no negative frequencies.

Table S4. Optimized geometry of compound 1 (single molecule) at B3LYP/6-31G (d).

Atom number X y z
14 0469151 0000175 -0.000096
8 -0.520187 0.166349 1.326049
14 -2.180872 0153421 1525139
8 -2.836084 -0.000331 0.000172
14 -2.181057 -0.153739 -1.524896
8 0520323 -0.165891 -1.326139
6 -2.684417 -1.768821 -2.319912
6 -1.843778 -2.807495 -2.291281
1 -0.862739 -2.829628 -1.829911
6 -2.247547 4110353 -2.853148
1 -1.581684 -4.968537 -2.818926
6 3502378 -4.218162 -3.456952
1 -3.817035 -5.161556 -3.895652
6 -4.351262 -3.109236 -3.499303
1 -5.326969 -3.187009 3971748
6 -3.943436 -1.898038 -2.938123
1 4.612748 -1.042126 -2.990395
6 -2.728013 1.318372 -2.540226
6 -2.561019 1.330362 -3.938631
1 -2.141173 0.462605 -4.442800
6 -2.933634 2.438832 -4.700636
1 -2.795420 2427630 5778549
6 -3.488210 3559327 -4.076790
1 -3.782279 4422148 -4.668737
6 -3.668621 3.566171 -2.691562
1 4106502 4432887 -2.203296
6 -3.291479 2.456096 -1.932441
1 3439318 2473443 -0.855963
6 -2.727058 -1.318858 2.540628
6 -2.559290 -1.330963 3.938942
1 2139248 0463216 4442965
6 -2.931379 -2.439541 4.701046
1 -2.792577 -2.428426 5.778884
6 -3.486176 -3.560038 4.077398
1 -3.779831 4422944 4669424
6 -3.667334 -3.566775 2.692267
1 -4.105385 -4.433494 2.204159
6 -3.200724 -2.456589 1,933043
1 -3.439145 -2.473842 0.856644
6 -2.684793 1.768359 2320004
6 -3.943172 1.896741 2.939769
1 4611616 1,040234 2993312
6 -4.351440 3107865 3500796
1 -5.326637 3184980 3.974399
6 -3.503650 4217559 3.456802
1 -3.818648 5160899 3.895374
6 -2.249454 4.110593 2.851518
1 -1584431 4969375 2.816018
6 -1.845242 2897806 2.289822
1 -0.864697 2.830602 1.827301
6 1.745532 1.364809 0.117736
6 2965510 0.761564 -0.047629
6 2.965554 -0.761042 0.047517
6 1.745614 -1.364390 0.117486
6 1.445761 -2.810815 0.114876
6 0.442062 -3.311804 0.966994
1 -0.066352 -2.633071 1.646603
6 0101699 -4.664531 0.963382
1 -0.673071 -5.022916 1.635850
6 0743974 -5.547966 0.093240
1 0.475970 -6.601012 0.083904
6 1730271 -5.064367 -0.771837
1 2229010 -5.740905 -1.461130
6 2.079237 -3.714473 -0.761061
1 2839921 -3.350035 -1.443766
6 4258058 -1.504092 0.067763
6 5173446 -1.406684 0993512
1 4.947962 -0.764446 -1.839818
6 6.364256 2133215 0975125
1 7.055899 -2.052519 -1.809483
6 6.669325 -2.957034 0.111180
1 7.600283 3517221 0127530
6 5771728 -3.054021 1.176866
1 6.001616 -3.689164 2.028213
6 4574710 -2.337784 1.152629
1 3.876726 -2.419158 1.980822
6 4257966 1.504700 0.067770
6 5.173257 1.407366 0.993596
1 4.947729 0.765129 1.839891
6 6.364028 2.133966 0.975309
1 7.055595 2.053324 1.809738
6 6.669150 2957783 -0.110981
1 7.600078 3.518024 -0.127255
6 5.771648 3.054701 -1.176754
1 6.001580 3.689844 -2.028090
6 4.574671 2.338391 -1.152621
1 3.876763 2419708 -1.980882
6 1.445519 2.811201 -0.115306
6 0441832 3.311967 0.967575
1 -0.066440 2.633987 -1.647146
6 0101301 4664655 -0.964147
1 -0.673456 5.022869 -1.636723
6 0743394 5.548269 -0.094052
1 0.475262 6.601284 -0.084861
6 1.729678 5.064891 0.771164
1 2.228273 5.741569 1.460424
6 2.078810 3.715039 0.760576
1 2.839474 3.350772 1.443396



Table S5. Optimized geometry of compound 2 (single molecule) at B3LYP/6-31G (d).

Atom number X y z
14 -2.298137 0.008440 -0.017330
8 -1.355842 -0.068209 1.330411
14 -0.015883 -0.596913 2.164033
8 1.352055 -0.090762 1.361679
14 2.298136 -0.008469 0.017324
8 1.355835 0.068168 -1.330411
14 0.015881 0.596871
8 -1.352048 0.090711
6 0.028062 -0.244385 -3.833914
1 0.019217 -1.335332 -3.728273
1 -0.849694 0.044582
1 0.922650 0.031961
6 0.030757 2.463664
1 0.929393 2.813833
1 -0.844653 2.824286 &
1 0.015330 2930414 -1.291464
6 3.585370 -1.370647 -0.069253
6 4.803550 -0.760900 -0.029063
6 4.798460 0.761070 0.038072
6 3.576853 1361321 0.101285
6 3.289792 2.810569 0.099778
6 2331722 3.330330 0.991853
1 1.837661 2657674 1.687724
6 2.029677 4.692302 1.009864
1 1.303099 5.072490 1723068
6 2.655730 5.564021 0.116252
1 2414864 6.623550 0.123979
6 3.589584 5.059918 -0.793082
1 4.074403 5.726803 -1.501465
6 3.906067 3.702109 -0.799625
1 4.631955 3.322141 -1.511380
6 6.089596 1508748 0.046979
6 6.998201 1.410545 -1.019921
1 6.768248 0.765180 -1.862742
6 8.188236 2.138635 -1.011562
1 8.874477 2.056474 -1.850294
6 8.499377 2.966170 0.070181
1 9.429465 3.528018 0.078677
6 7.608555 3.064650 1141332
1 7.842801 3.702896 1.989231
6 6.412758 2.345890 1.127099
1 5.720115 2428912 1.959645
6 6.100425 -1.497796 -0.058607
6 7.026422 -1.390458 0.992345
1 6.805572 -0.746064 1.838320
6 8.222267 -2.108479 0.964309
1 8.922158 -2.019445 1.790974
6 8521718 -2.934790 -0.121678
1 9.456270 -3.488726 -0.145578
6 7.613387 -3.042279 -1.177169
1 7.838359 -3.679706 -2.028188
6 6.411903 -2.333717 -1.143101
1 5.705380 -2.423861 -1.963171
6 3.307423 -2.821289 -0.045552
6 2.316944 -3.354991 -0.893033
1 1.793064 -2.692616 -1.576926
6 2.018259 4717777 -0.882119
1 1.261970 -5.107975 -1.557772
6 2.682836 -5.577157 -0.004685
1 2.444826 -6.637273 0.010059
6 3.651036 -5.059708 0.860147
1 4.165981 -5.716651 1.556475
6 3.961922 -3.700940 0.838984
1 4.712500 -3.310539 1518517
6 -0.028060 0.244345 3.833906
1 -0.019210 1.335292 3.728260
1 0.849698 -0.044622 4.423451
1 -0.922647 -0.031995 4.403896
6 -0.030766 -2.463706 2.282256
1 -0.929417 -2.813872 2.803334
1 0.844628 -2.824328 2.834882
1 -0.015313 -2.930457 1.291458
6 -3.585349 1.370638 0.069241
6 -4.803539 0.760910 0.029054
6 -4.798474 -0.761061 -0.038084
6 -3.576876 -1.361330 -0.101289
6 -3.289833 -2.810582 -0.099769
6 -2.331755 -3.330361 -0.991824
1 -1.837674 -2.657716 -1.687692
6 -2.029726 -4.692336 -1.009822
1 -1.303141 -5.072537 -1.723011
6 -2.655805 -5.564042 -0.116215
1 -2.414952 -6.623575 -0.123931
6 -3.589669 -5.059922 0.793100
1 -4.074508 -5.726797 1501479
6 -3.906135 -3.702109 0.799629
1 -4.632031 -3.322128 1511369
6 -6.089620 -1.508721 -0.046972
6 -6.998213 -1.410498 1.019935
1 -6.768244 -0.765129 1.862749
6 -8.188259 -2.138570 1.011593
1 -8.874490 -2.056394 1.850331
6 -8.499421 -2.966109 -0.070141
1 -9.429517 -3.527944 -0.078624
6 -7.608611 -3.064609 -1.141300
1 -7.842874 -3.702858 -1.989193
6 -6.412804 -2.345867 -1.127084
1 -5.720170 -2.428904 -1.959636
6 -6.100403 1.497826 0.058601
6 -7.026399 1.390514 -0.992356
1 -6.805557 0.746126 -1.838337
6 -8.222231 2.108555 -0.964317
1 -8.922121 2.019541 -1.790986
6 -8.521673 2.934860 0.121678
1 -9.456216 3.488811 0.145580
6 -7.613345 3.042323 1177173
1 -7.838310 3.679744 2.028199
6 -6.411873 2.333741 1.143102
1 -5.705351 2423864 1.963177
6 -3.307382 2.821277 0.045531
6 -2.316912 3.354972 0.893026
1 -1.793053 2692596 1576935
6 -2.018207 4717754 0.882103
1 -1.261927 5.107947 1.557768
6 -2.682753 5577134 0.004646
1 -2.444728 6.637247 -0.010104
6 -3.650942 5.059690 -0.860201
1 -4.165861 5716632 -1.556548
6 -3.961848 3.700927 -0.839030
1 -4.712417 3.310529 -1.518575



Table S6. Optimized geometry of compound 3 (single molecule) at B3LYP/6-31G (d).

Atom number X y z
14 -2.296301 -0.126054 0.148126
8 -1.389694 0.020381 -1.219102
14 -0.148696 0.440314 -2.223642
8 1.306942 0.356655 -1.444717
14 2.296334 0.126102 -0.148377
8 1.389697 -0.020241 1.218840
1 0.148737 -0.440204 2.223421

4
8

6

6

1

6

1

6

1

6

1

6

1 2.448341 1852172 3455284
6 0.133471 0.795848 3631595
6 1031193 0.990800 4399202
1 1943882 0457914 4141879
6 -1.042862 1.866526 5.486330
1 -1.954784 2.005263 6.061186
6 0.116804 2.564756 5.832851
1 0.109918 3247148 6.678755
6 1.284554 2.382497 5.088991
1 2189134 2.923081 5.353508
6 1.290590 1.506047 4001315
1 2.206305 1.378491 3.420702
6 3536732 -1.269481 -0.331849
6 4770683 0.703565 -0.205776
6 4815382 0810684 -0.048056
6 3.613269 1.454429 -0.007480
6 3.365894 2.910186 0002579
6 4141873 3.816737 -0.748984
1 4971572 3446303 -1340936
6 3.848693 5.179453 0757014
1 4.460929 5.854822 -1.349262
6 2.773504 5.676977 -0.014987
1 2547212 6.739745 -0.021706
6 1.986481 4792651 0724997
1 1137601 5.161587 1.293723
6 2.272308 3.427788 0.724998
1 1646338 2.752640 1301122
6 6.133966 1.500303 0.060207
6 7.083778 1434425 0972829
1 6.864314 0.859615 -1.867765
6 8.301569 2106692 -0.864452
1 9.020132 2.051671 -1677910
6 8.598869 2.843701 0284580
1 9.550241 3.361608 0370693
6 7.666785 2.908267 1.322684
1 7.890000 3.475931 2222158
6 6.443899 2.246247 1.208921
1 5.718735 2.303247 2015721
6 6.044902 -1480104 -0.238279
6 6.923433 -1.484888 0857727
1 6.681346 0902693 1.742146
6 8.099165 2235246 0825001
1 8.762047 2233756 1.686229
6 8.426105 2981576 -0.309868
1 9.345009 3560822 -0.336933
6 7.565555 2976538 -1409818
1 7.812500 3551037 -2.208694
6 6.383689 2235743 1372173
1 5.714374 2238745 -2.227631
6 3225434 2710206 0446933
6 2.283177 3143816 -1.398826
1 1.809424 2415750 -2.050066
6 1.974998 -4.496950 -1542357
1 1.263995 -4.805778 2304421
6 2578326 5447607 -0.716646
1 2.333878 6501117 -0.822370
6 3.494902 -5.030504 0252311
1 3961264 -5.750464 0910058
6 3817779 -3.680965 0383456
1 4530269 -3.370407 1.140560
6 0395737 2.187602 -2.844539
6 0.638037 3139963 -2.819031
1 1.598296 2.882760 -2.381997
6 0450282 4422011 -3.340865
1 1.261929 5.143690 -3.302344
6 0777702 4775176 -3.903093
1 0924959 5.772250 -4.310215
6 -1818401 3843077 -3.940138
1 -2.776980 4113263 -4.375592
6 1626735 2.564480 -3.416196
1 2449180 1853118 -3.453005
6 0133359 -0.795700 -3.631844
6 1031572 0991284 -4.398882
1 1.944440 0458951 -4.141060
6 1.043261 -1.866925 -5.486082
1 1.955390 2006157 -6.060490
6 -0.116646 2564427 -5.833248
1 -0.109745 3246752 -6.679206
6 -1.284666 2381524 -5.089964
1 -2.189437 2922441 -5.354985
6 -1.290724 -1505163 -4.002221
1 -2.206653 1377119 -3.431054
6 -3.536746 1.269450 0331903
6 -4.770690 0703489 0205958
6 -4.815317 0810736 0047940
6 -3.613180 -1454419 0007141
6 -3.365809 2910178 -0.003309
6 -4.141526 -3.816845 0.748383
1 -4.970976 -3.446487 1340733
6 -3.848398 5179574 0.756030
1 -4.460424 -5.855038 1348386
6 -2.773529 -5.676989 0013466
1 2547281 -6.739769 0019870
6 -1.986772 -4.792547 -0.726660
1 -1.138164 -5.161418 -1.205832
6 -2.272529 -3.427667 -0.726267
1 1646771 2752425 -1302513
6 -6.133876 -1500403 -0.060351
6 -7.083607 -1.434773 0972775
1 -6.864093 -0.860135 1.867809
6 -8.301380 2107065 0.864359
1 -0.019879 2052240 1677887
6 -8.598746 2843848 -0.284801
1 -9.550104 3361774 -0.370943
6 -7.666745 -2.908161 -1.322995
1 -7.890013 -3.475647 2222569
6 -6.443876 2246117 -1.209196
1 -5.718778 2302921 -2.016069
6 -6.044971 1.479907 0238047
6 -6.923674 1484995 -0.856921
1 -6.681668 0.903134 -1.741583
6 -8.099471 2.235231 -0.823747
1 -8.762487 2.233985 -1684873
6 -8.426305 2.981126 0311438
1 -9.345350 3560277 0338853
6 -7.565586 2975775 1411254
1 -7.812449 3549932 2300374
6 -6.383654 2.235106 1.373163
1 -5.714207 2237869 2228519
6 -3.225504 2.710163 0447358
6 -2.282967 3143518 1.399090
1 -1.808976 2415273 2049952
6 -1.974817 4.496622 1542968
1 -1.263586 4805237 2304906
6 -2.578480 5447520 0717779
1 -2.334065 6501011 0823779
6 -3.495345 5030682 0251019
1 -3.961970 5.750835 -0.908366
6 -3.818174 3681165 0382518
1 -4.530892 3.370826 -1.139495
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