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1. TPE derivatives

In the ground state, the bonds drawn in bold have lengths between 1.440-1.475 A, which is
longer than a normal C=C bond but shorter than a normal C-C bond. Metric parameters of the
intermediates (IM) are derived from the theoretical calculations, while geometries of the photo-
cyclized compounds (PC) were obtained from the X-ray single crystal structure analysis. Com-
pounds in blue are newly made and are reported in this manuscript for the first time.
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Figure S1. TPE derivatives 1-6 and their transformations upon photoexcitation.
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2. Synthetic protocols of TPE derivatives

The compounds 1, 3, 5, 1-PC and 5-PC are literature known compounds and were synthesized accord-
ing to procedures published elsewhere.™™ The compound 1-PC published in literatures is carried out by
chemically-induced cyclization reaction using DDQ (2,3-dichloro-5,6-dicyano-p-benzoquinone) as an
oxidizing agent, in which the intermediary cyclized TPE (1-1M) is formed by using methanesulfonic
acid as a catalyst.*?

All the chemical reagents were purchased from Sigma Aldrich and used as received without further pu-
rification. The *H and *C NMR spectra were measured at room temperature on a Bruker ARX 400
NMR spectrometer using CDCl3 as solvent and tetramethylsilane (TMS: 6=0 ppm) as internal standard.
High-resolution mass spectra (HRMS) were recorded on a Finnigan MAT TSQ 7000 Mass Spectrome-
ter System.

2.1 Synthesis of 2

Bre _Br B(OH), O O
O O Pd(PPh3),, Ko,CO3, PTC,
Tol, H,0
2a 2

The compound 2a was synthesized according to a literature procedure and purified by col-
umn chromatography.®! A mixture of 2a (1.370 g, 4.053 mmol), 3,5-dimethylphenylboronic
acid (0.757 g, 5.047 mmol), Pd(PPh3)4 (0.235 g, 0.203 mmol), tetrabutylammonium hydro-
gen sulfate (phase transfer catalyst, PTC, 0.139 g, 0.409 mmol) and K,CO3 (1.693 g, 12.250
mmol) in toluene (80 mL) and water (40 mL) were added in a 250 mL two-neck flask. The
reaction mixture was heated up to 90°C and stirred under N, overnight. On the next day, the
two-layered reaction mixture was cooled down to r.t., the organic layer was separated and
the water layer was extracted with dichloromethane (3x50 mL). The concentrated residue
was purified via silica gel flash chromatography (dichloromethane/hexane = 1:30). Colorless
block single crystals of 2 were grown from hexane by slow evaporation. 0.967 g of 2 as
white solid was obtained. Yield: 55%. The *H NMR spectrum of 2 is shown in Figure S2.
'H NMR (400.132 MHz, r.t., CDCls), 84 (TMS, ppm): 7.16-7.04 (m, 6H, Ar-H), 7.04-6.94
(m, 4H, Ar-H), 6.76-6.68 (m, 2H, Ar-H), 6.67-6.59 (m, 4H, Ar-H), 2.11 (s, 12H, CH,). The
BC{*H} NMR spectrum of 2 is shown in Figure S3. *C NMR (100.632 MHz, r.t., CDCl5),
dc (TMS, ppm): 144.21, 143.57, 141.52, 140.49, 136.84, 131.33, 129.27, 128.11, 127.59,
126.23, 21.31. MALDI-TOF-HRMS: m/z calcd. for [C3oH,g]: 388.2191; found 388.2200.
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2.2 Synthesis of 4

0 N>
N2H4' HgO, Nast4, r.t.
O O EtOH, eflux Et,0, KOH, EtOH O O

4b

S
4c 0.0
PPh Tol

S

THF, rt. O O T et

4d

The compound 4a was synthesized according to a literature procedure and purified by crystalli-
zation. ' The compound 4¢ was synthesized according to a literature procedure and purified by
column chromatography. ! In a 500 mL one-neck round-bottom flask compound 4a (5.600 g,
28.535 mmol) was dissolved in dry Et,0O (250 mL) and anhydrous Na,SO4 (3.780 g, 26.612
mmol), HgO (12.360 g, 57.066 mmol) were added. A freshly prepared saturated solution of
KOH in EtOH (18 mL) was then added, whereupon the reaction mixture was stirred at r.t. over-
night. The resulting suspension was then filtered and the solid residue was washed several times
with Et,0O, filtrates were combined and concentrated under reduced pressure yielding crude 4b
(as identified by its NMR spectra reported elsewhere)® (5.500 g, 28.315 mmol) as solid which
was used in the next step without further purification. In a 500 mL two-neck round-bottom flask
under nitrogen compound 4c¢ (4.700 g, 20.952 mmol) was dissolved in dry THF (150 mL), then
the solution of compound 4b (5.500 g, 28.315 mmol) in dry THF (200 mL) was added. The reac-
tion mixture was stirred at r.t. overnight. The resulting reaction mixture was concentrated under
reduced pressure until a solid precipitated. The solid was washed with EtOH to obtain crude
product of 4d (as identified by its NMR spectra reported elsewhere) " (7.811 g, 20.000 mmol)
as a white solid. A mixture of compound 4d (7.811 g, 20.000 mmol) and triphenylphosphine
PPhs (9.000 g, 34.313 mmol) in anhydrous toluene (250 mL) was heated to reflux overnight. On
the next day, the resulting reaction mixture was concentrated under reduced pressure until a solid
precipitated. The solid was washed with EtOH to remove the unreacted PPh; to obtain crude
product of 4. The compound 4 was purified via silica gel flash chromatography (dichloro-
methane/hexane = 1:4). Colorless needle-like single crystals of 4 were grown from hexane by
slow evaporation. 5.807 g of 4 as a white solid were obtained. Yield: 81%. The 'H NMR spec-
trum of 4 is shown in Figure S4. "H NMR (400.132 MHz, r.t., CDCl3), 8y (TMS, ppm): 7.25-
7.21 (m, 4H, Ar-H), 7.19-7.10 (m, 4H, Ar-H), 7.09-7.03 (m, 4H, Ar-H), 7.03-6.96 (m, 4H, Ar-
H), 6.91-6.80 (m, 2H, Ar-H), 3.75-3.55 (m, 2H, CH>), 3.05-2.84 (m, 2H, CH,). The “C{'H}
NMR spectrum of 4 is shown in Figure SS5. BC NMR (100.632 MHz, r.t., CDCl3), d¢c (TMS,
ppm): 142.07, 141.46, 141.16, 140.38, 137.83, 129.74, 129.71, 128.93, 127.83, 126.91, 126.37,
125.46, 32.76. MALDI-TOF-HRMS: m/z calcd. for [CosH»]: 358.1722; found 358.1702.
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2.3 Synthesis of 6

The synthesis of side-locked TPE 6 is rather challenging. Up till now, side-locked TPE 6
has not been successfully synthesized and isolated by others, [ although other kinds of
locked structures have been studied. !

CH,OH 1. BuyN'Br’, Tol CH,0OMe CH,0OMe
©/ 2. NaOH, H,0, Me,S0, ©/ CuCN. DMF, reflux _

Br CN
6a 6b
CH,0OMe CH;0Me 1. Mg, THF, reflux Q
+ ©/ 2. HCl (aq) MeOHchHZOMe
—_—
CN
6a 6b 6c
CH,0OMe CHZOMe CH,Br  CH,Br
Q 1.Zn, THF . BF3+Et,0, AcB ‘ O
3 2 cbr
MeOHzCCHzoMe 2. TiCly, reflux__ 2.DCM, reflux___ |
6¢c I I
CH,OMe CH,OMe CH,Br CH,Br

6e
CH,Br CH,Br

! | ! PhLi, Et,0, 0 °C to r.t &&

CH,Br  CH,Br

6e 6

2.3.1 Synthesis of 6a: An aqueous solution of NaOH (20.000g, 50 wt%) was added at r.t. to
a 250 mL round-bottom flask containing 3-bromobenzyl alcohol (2.000 g, 10.693 mmol), tet-
rabutylammonium bromide, "BusNBr, (0.100 g, 0.310 mmol) and toluene (50 mL). After
stirring the solution for 30 min, the reaction mixture was cooled down to 0°C and kept at this
temperature using an ice bath, while dimethyl sulfate, Me,SO,, (8 mL, 84.357 mmol) was
added dropwise. Upon completion of addition the ice bath was removed and the reaction so-
lution was warmed up to and kept at 40°C using oil bath for 3-4 hours. After that, the reac-
tion mixture was cooled down to r.t. and ammonium hydroxide NH,OH (40 mL, 28 wt%)
was added very slowly to quench the excess of Me,SO4, whereupon the reaction mixture was
allowed to stir for an additional hour. The upper layer of toluene solution was separated us-
ing a separatory funnel. The remaining layer was washed with H,O (30 mL) and extracted
with toluene (3%x30 mL). Toluene layers were combined and the solvent was removed. Com-
pound 1 was purified via silica gel flash chromatography (ethyl acetate/hexane = 1:9). 0.887
g of 1 as a pale yellow oil was obtained. Yield: 41%. The '"H NMR spectrum of 6a is shown
in Figure S6. 'H NMR (400.132 MHz, r.t., CDCl3), 8y (TMS, ppm): 7.53-7.48 (m, 1H, Ar-H),
7.45-7.37 (m, 1H, Ar-H), 7.25-7.17 (m, 2H, Ar-H), 4.41 (s, 2H, Ph-CH,), 3.39 (s, 3H, Me-H).
The *C{'H} NMR spectrum of 6a is shown in Figure S7. *C{'H} NMR (100.632 MHz, r.t.,
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CDCly), 8¢ (TMS, ppm): 140.69, 130.66, 130.55, 129.98, 126.05, 122.56, 73.79, 58.29. CI-
HRMS (NH; negative ion mode): m/z caled. for [CsHoBrO]: 198.9837; found 198.9450.

2.3.2 Synthesis of 6b: Copper cyanide CuCN (0.593 g, 6.621 mmol) was added at r.t. to a
100 mL round-bottom flask containing 6a (0.887 g, 4.412 mmol) and dimethylformamide,
DMF, (10 mL). The color of the suspension solution turned to green after stirring for a few
seconds. Then the reaction mixture was refluxed overnight. On the next day, the reaction
mixture, while still hot, was dumped into cold water (0°C) and large amount of drab suspen-
sion formed immediately. The suspension was filtered and a dull light-brownish solid was
obtained. The isolated precipitate was added to a chilled (0°C) mixture of H,O (20 mL) and
ethylenediamine (8 mL), and the suspension was allowed to warm up to r.t. and stirred for 20
min. Dichloromethane, DCM, (60 mL) was added and precipitate dissolved. The solution
was stirred for further 30 min. It was then washed with H,O (20 mL) and extracted with di-
chloromethane (3x20 mL). DCM layers were combined and the solvent was removed. Com-
pound 6b was purified via silica gel flash chromatography (ethyl acetate/hexane = 1:9).
0.539 g of 6b as a yellow oil was obtained. Yield: 83%. The *H NMR spectrum of 6b is
shown in Figure $8. "H NMR (400.132 MHz, r.t, CDCls), 8y (TMS, ppm): 7.63 (m, 1H, Ar-
H), 7.59-7.52 (m, 2H, Ar-H), 7.49-7.40 (m, 1H, Ar-H), 4.47 (s, 2H, Ph-CH,), 3.41 (s, 3H,
Me-H). The *C{*H} NMR spectrum of 6b is shown in Figure S9. *C NMR (100.632 MHz,
r.t., CDCly), ¢ (TMS, ppm): 139.99, 131.77, 131.33, 130.95, 129.28, 118.86, 112.59, 73.49,
58.60. CI-HRMS (CH, positive ion mode): m/z calcd. for [CoHgNO]: 148.0684; found
148.0767.

2.3.3 Synthesis of 6¢: In a 50 mL two-neck round-bottom flask under nitrogen compound 6a
(0.202 g, 1.005 mmol) was dissolved in dry THF (2 mL) and magnesium turnings (0.025 g,
1.028 mmol) were added. The solution was refluxed under nitrogen for 2 hours until all
magnesium turnings disappeared and the reaction mixture turned yellowish brown. The reac-
tion mixture was then cooled down to 0°C using an ice bath. A solution of compound 6b
(0.144 g, 0.978 mmol) in dry THF (2 mL) was added, and the resulting reaction mixture was
refluxed overnight. On the next day, the reaction mixture was cooled down to 0°C and hy-
drochloric acid (37wt%, 1 mL, 12.076 mmol) and H,O (1 mL) were added. The resulting so-
lution was stirred at r.t. for 10 min and then refluxed overnight. The solvent and water were
removed in vacuo, and compound 6¢ was purified via silica gel flash chromatography (ethyl
acetate/hexane = 1:9). 0.164 g of 6¢ as a colorless oil was obtained. Yield: 62%. The *H
NMR spectrum of 6¢ is shown in Figure S10. *H NMR (400.132 MHz, r.t, CDCls), 84 (TMS,
ppm): 7.77 (m, 1H, Ar-H), 7.74-7.67 (m, 1H, Ar-H), 7.61-7.55(m, 1H, Ar-H), 7.51-7.43(m,
1H, Ar-H), 4.52 (s, 2H, Ph-CH,), 3.41 (s, 3H, Me-H). The *C{*H} NMR spectrum of 6c is
shown in Figure S11. **C NMR (100.632 MHz, r.t., CDCls), 8¢ (TMS, ppm): 196.72, 138.79,
137.88, 131.76, 129.54, 129.20, 128.53, 74.30, 58.46. MALDI-TOF-HRMS: m/z calcd. for
[C17H1803]: 270.1256; found 270.1275.

2.3.4 Synthesis of 6d: In a 100 mL two-neck round-bottom flask under nitrogen compound
6¢ (1.613 g, 5.967 mmol) was dissolved in dry THF (35 mL) and zinc powder (0.936 g,
14.314 mmol) was added. The solution was kept at -78°C using a dry ice/acetone bath. Tita-
nium tetrachloride, TiCl4, (0.9 mL, 8.190 mmol) was added dropwise. Upon completion of
addition the dry ice/acetone bath was removed and the reaction solution was refluxed over-
night. On the next day, the reaction mixture was cooled down to r.t. and the crude product
was taken up in ethyl acetate and filtered through a short plug of silica gel. All volatiles were
then removed, and compound 6d was purified via silica gel flash chromatography (ethyl ace-
tate/hexane = 1:6). 1.193 g of 6d as a colorless oil was obtained. Yield: 79%. The *H NMR
spectrum of 6d is shown in Figure S12. *H NMR (400.132 MHz, r.t, CDCls), 84 (TMS, ppm):
7.12-7.03 (m, 8H, Ar-H), 7.01-6.93 (m, 8H, Ar-H), 4.24 (s, 8H, Ph-CH,), 3.15 (s, 12H, Me-
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H). The *C{*H} NMR spectrum of 6d is shown in Figure $13. *C NMR (100.632 MHz, r.t.,
CDCly), 3¢ (TMS, ppm): 143.70, 141.16, 137.60, 130.94, 130.80, 127.95, 126.15, 74.55,
57.71. MALDI-TOF-HRMS: m/z calcd. for [C34H3604]: 508.2614; found 508.2597.

2.3.5 Synthesis of 6e: In a 100 mL two-neck round-bottom flask under nitrogen compound
6d (1.193 g, 2.345 mmol) was dissolved in dry dichloromethane (70 mL). The solution was
kept at 0°C using an ice bath. Boron trifluoride diethyl etherate BFs*Et,O (7.2 mL, 58.339
mmol) and acetyl bromide, AcBr, (4.8 mL, 64.924 mmol) were added. The reaction mixture
was stirred for 10 min, after which the ice bath was removed and the reaction mixture was
refluxed overnight. On the next day, the reaction mixture was cooled down to 0°C and the
aqueous NaHCOs3 solution (36 mL, 10 wt%) was slowly added. The reaction mixture was
stirred at 0°C for 10 min and then warmed up to r.t. The crude product was extracted with
dichloromethane (3x20 mL). DCM layers were combined and the solvent was removed.
Compound 6e was purified via silica gel flash chromatography (ethyl acetate/hexane = 1:20).
0.864 g of 6e as a yellow solid was obtained. Yield: 57%. The 'H NMR spectrum of 6e is
shown in Figure S14. *H NMR (400.132 MHz, r.t, CDCls), 84 (TMS, ppm): 7.20-7.08 (m,
8H, Ar-H), 7.08-7.02 (m, 4H, Ar-H), 7.00-6.89 (m, 4H, Ar-H), 4.28 (s, 8H, Ph-CH,). The
BC{*H} NMR spectrum of 6e is shown in Figure S15. **C NMR (100.632 MHz, r.t., CDCls),
dc (TMS, ppm): 143.23, 140.72, 137.54, 132.09, 131.19, 128.49, 127.61, 33.45. MALDI-
TOF-HRMS: m/z calcd. for [C3oH24Br4]: 703.8571; found 703.8575.

2.3.6 Synthesis of 6: In a 500 mL two-neck round-bottom flask under nitrogen phenyl lithi-
um PhLi (1.5 mL, 1M in Et,O, 1.500 mmol) was added to dry Et,O (30 mL). The solution
was kept at 0°C using an ice bath and a dilute solution of compound 6e (0.255 g, 0.362 mmol)
in dry Et,O (350 mL) was added dropwise (1-2 drops per second) under nitrogen. Upon
completion of addition the reaction mixture was kept at 0°C for additional 3 hours and then
warmed up to r.t. overnight. On the next day, the solvent was removed and the residue was
taken up in a water/Et,O mixture. The layers were separated and the water layer was extract-
ed with Et,O (3x60 mL). The Et,O layers were combined and the solvent was removed. A
yellow solid of crude 6 was isolated. The above procedure was repeated 5 times to obtain
enough raw material for purification. Obtained raw material was then purified via silica gel
flash chromatography which was performed twice, first using dichloromethane/hexane = 1:6
mixture as eluent to get the crude product, and then using pure hexanes to purify the crude
product. Yellow needle-like single crystals of 6 were grown from acetonitrile or THF by
slow evaporation. 0.139 g of 6 as yellow solid was obtained. Yield: 20%. The *H NMR spec-
trum of 6 is shown in Figure S16. 'H NMR (400.132 MHz, r.t, CDCls), 8y (TMS, ppm):
7.27-7.21 (m, 4H, Ar-H), 7.19-7.11 (m, 4H, Ar-H), 7.10-7.04 (m, 4H, Ar-H), 5.73 (m, 4H,
Ar-H), 3.28-3.11 (m, 4H, CH,), 2.13-1.97 (m, 4H, CH,). The *C{*H} NMR spectrum of 6 is
shown in Figure S17. **C NMR (100.632 MHz, r.t., CDCls), 8¢ (TMS, ppm): 141.88, 140.24,
139.82, 136.65, 128.68, 128.09, 127.05, 43.27. MALDI-TOF-HRMS: m/z calcd. for [C3oH24]:
384.1878; found 384.1889.

2.4 Photochemical reactions of 1-4 and 6

The photocyclization reactions were carried out using high-pressure mercury lamp ', A
standard photochemical reaction vessel (1L) with a double-walled quartz immersion well was
used for photo-induced cyclization reaction. A circulating chiller was used to provide cooling
water (~15°C) to the quartz immersion well. Nitrogen (N;) was bubbled through a stirred solu-
tion of TPE derivatives in dry THF for an hour. Then iodine (I;) and (£)-propylene oxide (PO,
30 mL, 428.719 mmol) were added to the solution and the solution was purged with N, for an-
other 15 min before photo-irradiation. The N, flow was maintained all throughout irradiation
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with a S00W high-pressure mercury vapor lamp (PLS-LAMS500) placed in the immersion quartz
well. The progress of the reaction was monitored by TLC and '"H NMR spectroscopy. After
completion of the reaction, the solvent was evaporated under reduced pressure and the photocy-
clized TPE derivatives were purified by silica gel flash chromatography.

2.4.1 Photochemical reaction of 1 (synthesis of 1-PC):

a0, a o L, 0.0
JC DRGNS
1 1-IM 1-PC

1(0.104 g, 0.313 mmol) and I, (0.088 g, 0.347 mmol) in dry THF (250 mL) were used in the
photo-induced cyclization reaction. After 2 hours of irradiation, the resulting solution was con-
centrated under reduced pressure. The compound 1-PC was purified via silica gel flash chroma-
tography using hexane. 0.057 g of 1-PC as a white solid were obtained. Yield: 55%. The spec-
troscopic data of the isolated pure 1-PC (NMR and HRMS) are identical to previous literature
reports for this compound. '

2.4.2 Photochemical reaction of 2 (synthesis of 2-PC):

| - H e
JC SACENOAG
2 2-IM 2-pC

2 (0.104 g, 0.268 mmol) and 1, (0.080 g, 0.315 mmol) in dry THF (250 mL) were used in the
photo-induced cyclization reaction. After an hour of irradiation, the resulting solution was con-
centrated under reduced pressure. The compound 2-PC was purified via silica gel flash chroma-
tography using hexane. Colorless plate-shaped single crystals of 2-PC were grown from hexane
by slow evaporation. 0.093 g of 2-PC as a white solid were obtained. Yield: 90%. The *H NMR
spectrum of 2-PC is shown in Figure $18. 'H NMR (400.132 MHz, r.t, CDCls), 84 (TMS, ppm):
8.94-8.86 (m, 1H, Ar-H), 7.67-7.53 (m, 2H, Ar-H), 7.49-7.41 (m, 1H, Ar-H), 7.40-7.35 (m, 1H,
Ar-H), 7.35-7.30 (m, 1H, Ar-H), 7.28-7.18 (m, 3H, Ar-H), 7.18-7.11 (m, 2H, Ar-H), 6.86-6.79
(m, 1H, Ar-H), 6.78-6.72 (m, 2H, Ar-H), 3.20 (s, 3H, Me-H), 2.41 (s, 3H, Me-H), 2.23 (s, 6H,
Me-H). The *C{*H} NMR spectrum of 2-PC is shown in Figure $19. *C NMR (100.632 MHz,
r.t., CDCly), 8¢ (TMS, ppm): 140.21, 140.12, 137.92, 137.15, 136.76, 135.34, 134.91, 133.90,
133.07, 132.93, 131.24, 131.15, 129.07, 128.17, 127.90, 127.75, 127.51, 127.31, 126.37, 126.28,
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125.49, 124.96, 27.47, 21.54, 21.39. MALDI-TOF-HRMS: m/z calcd. for [C3oHz6]: 386.2035;
found 386.2040.

2.4.3 Photochemical reaction of 3 (synthesis of 3-PC):

3(0.105 g, 0.270 mmol) and I, (0.076 g, 0.299 mmol) in dry THF (250 mL) were used in the
photo-induced cyclization reaction. After an hour of irradiation, the resulting solution was con-
centrated under reduced pressure. The compound 3-PC was purified via silica gel flash chroma-
tography using hexane. Colorless needle-like single crystals of 3-PC were grown from hexane
by slow evaporation. 0.091 g of 3-PC as a white solid were obtained. Yield: 90%. The *H NMR
spectrum of 3-PC is shown in Figure $20. *H NMR (400.132 MHz, r.t, CDCls), 84 (TMS, ppm):
8.86-8.76 (m, 2H, Ar-H), 7.67-7.60 (m, 1H, Ar-H), 7.59-7.51 (m, 1H, Ar-H), 7.47-7.32 (m, 3H,
Ar-H), 7.20-7.15 (m, 3H, Ar-H), 7.14-7.08 (m, 2H, Ar-H), 7.01-6.93 (m, 1H, Ar-H), 6.86-6.80
(m, 2H, Ar-H), 1.95 (s, 6H, Me-H), 1.90 (s, 3H, Me-H). The *C{*H} NMR spectrum of 3-PC is
shown in Figure S21. **C NMR (100.632 MHz, r.t., CDCls), 8¢ (TMS, ppm): 142.57, 139.69,
137.15, 136.66, 135.10, 132.03, 131.69, 130.83, 129.89, 129.49, 127.69, 127.22, 127.12, 126.78,
126.63, 126.45, 126.37, 126.20, 123.15, 121.99, 24.14, 21.19. MALDI-TOF-HRMS: m/z calcd.
for [CaoHo4): 372.1878; found 372.1882.

2.4.4 Photochemical reaction of 4 (synthesis of 4-PC):

003 . Q) ., Q)
- y
isae

4 4-IM 4-PC

4 (0.112 g, 0.312 mmol) and I, (0.088 g, 0.347 mmol) in dry THF (250 mL) were used in the
photo-induced cyclization reaction. After 2 hours of irradiation, the resulting solution was con-
centrated under reduced pressure. The compound 4-PC was purified via silica gel flash chroma-
tography using hexane. Colorless needle-like single crystals of 4-PC were grown from hexane
by slow evaporation. 0.033 g of 4-PC as a white solid were obtained. Yield: 30%. The *H NMR
spectrum of 4-PC is shown in Figure $22. 'H NMR (400.132 MHz, r.t, CDCls), 84 (TMS, ppm):
8.76-8.69 (m, 1H, Ar-H), 8.66-8.59 (m, 1H, Ar-H), 7.74-7.67 (m, 1H, Ar-H), 7.66-7.59 (m, 1H,
Ar-H), 7.56-7.43 (m, 3H, Ar-H), 7.41-7.34 (m, 2H, Ar-H), 7.22-7.15 (m, 1H, Ar-H), 7.14-7.05
(m, 2H, Ar-H), 7.03-6.97 (m, 1H, Ar-H), 6.95-6.89 (m, 1H, Ar-H), 6.72-6.63 (m, 2H, Ar-H),
3.63-3.52 (m, 1H, CHj), 3.46-3.36 (m, 2H, CH,), 2.93-2.83 (m, 1H, CH,). The “*C{*H} NMR
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spectrum of 4-PC is shown in Figure $23. *C NMR (100.632 MHz, r.t., CDCls), 8¢ (TMS,
ppm): 143.17, 140.97, 139.70, 139.05, 135.38, 135.20, 133.20, 132.09, 131.19, 130.92, 130.39,
129.74, 128.40, 127.95, 127.37, 126.98, 126.63, 126.61, 126.46, 125.59, 125.47, 125.14, 122.95,
120.47, 39.71, 33.15. MALDI-TOF-HRMS: m/z calcd. for [C,gHz]: 356.1565; found 356.1563.

2.4.5 Photochemical reaction of 6 (synthesis of 6-PC):

U= U0 e I
=
JC o " Ud

6 6-IM 6-PC

6 (0.075 g, 0.195 mmol) and I, (0.060 g, 0.236 mmol) in dry THF (200 mL) were used in the
photo-induced cyclization reaction. After an hour of irradiation, the resulting solution was con-
centrated under reduced pressure. The compound 6-PC was purified via silica gel flash chroma-
tography using hexane. Colorless block-shaped single crystals of 6-PC were grown from ace-
tonitrile or acetone by slow evaporation. 0.037 g of 6-PC as a white solid were obtained. Yield:
50%. The *H NMR spectrum of 6-PC is shown in Figure S24. 'H NMR (400.132 MHz, r.t,
CDCly), 64 (TMS, ppm): 8.28-8.21 (m, 2H, Ar-H), 7.56-7.41 (m, 4H, Ar-H), 7.40-7.30 (m, 2H,
Ar-H), 7.20-7.09 (m, 4H, Ar-H), 5.42 (m, 2H, Ar-H), 3.43-3.32 (m, 4H, CH,), 3.31-3.23 (m, 2H,
CH,), 2.20-2.06 (m, 2H, CH,). The *C{*H} NMR spectrum of 6-PC is shown in Figure S25.
3C NMR (100.632 MHz, r.t., CDCls), 3¢ (TMS, ppm): 140.67, 137.82, 137.37, 136.00, 135.30,
130.79, 130.02, 128.46, 128.33, 127.44, 126.45, 126.26, 125.23, 43.71, 29.21. MALDI-TOF-
HRMS: m/z calcd. for [C3oH2,]: 382.1722; found 382.1703.
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4 Single Crystal X-ray Crystallography

Suitable single crystals of TPE derivatives were selected under oil under ambient conditions. Single
crystal X-ray diffraction intensity data were collected in a stream of cold nitrogen at 100K or at r.t. on a
SuperNova, dual Cu/Mo Atlas diffractometer. Using Olex2, ™ the structure was solved with the
ShelXS 2 structure solution program using Direct Methods and refined with the ShelXL 7 refinement
package using Least Squares minimization. The details concerning x-ray crystallographic structure solu-
tions and refinement for TPE derivatives are tabulated in Table S1.

Table S1. The crystallographic details of TPE derivatives.

2 3 4 6
CCDC No. 1579022 1586452 1579026 1579025
empirical formula C3oHag C30Has CysHy CsoHas
formula weight 388.52 388.52 358.46 384.49
crystal dimensions, mm 0.35%x0.3x0.28 0.4 x0.35x0.35 0.60 x 0.12 x 0.04 0.18 x 0.15 x0.13
crystal system monoclinic monoclinic triclinic monoclinic
space group P2y P2,/n P-1 P2y
a/A 18.1203(5) 14.1772(3) 11.9827(13) 11.90924(15)
b/A 6.99093(14) 10.8633(2) 13.0612(15) 17.5617(2)
c/A 19.2375(5) 14.2137(3) 14.0684(17) 9.90343(13)
a/° 90 90 117.413(6) 90
p/e 112.450(3) 95.1137(16) 92.608(6) 101.3933(13)
v/° 90 90 90.268(7) 90
Volume/A® 2252.27(11) 2180.36(7) 1951.7(4) 2030.45(5)
z 4 4 4 4
Pealc, ME/mm’ 1.146 1.184 1.220 1.258
F(000) 832.0 832.0 760.0 816.0
VA Mo Ka, A =0.71073 Mo Ka, A=0.71073 Mo Ka , 0.71073 Cu Ko, A =1.54184
p/mm ™! 0.064 0.066 0.069 0.534
temperature/K 99.9(2) 100.00(10) 100.01(10) 100.01(10)
26 range for data collection 6.394° to 52° 6.87°t051.99 3.266° to 51.224° 9.096° to 133.996°
reflections collected 8156 12654 19701 10824
independent reflections. (Rin) 4370(0.0156) 4222 (0.0226) 7147(0.0331) 3578(0.0127)
data/restraints/parameters 4370/0/275 4222/0/275 7147/1840/627 3578/0/271
goodness-of-fit on F* 1.001 1.002 1.016 1.004
Ri,wR; [I>=26 ()] 0.0390, 0.0954 0.0371, 0.1066 0.0503, 0.1378 0.0352, 0.0869
Ry,WR; [all data] 0.0440, 0.0989 0.0482,0.1132 0.0578, 0.1452 0.0369, 0.0883
largest diff. peak/hole / e A” 0.22/-0.19 0.21/-0.19 0.25/-0.18 0.26/-0.19
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Table S1. Continued.

2-PC 3-PC 4-PC 6-PC
CCDC No. 1579024 1579027 1579021 1579023
empirical formula CsoHas CaoHay CasHao CsoHa,
formula weight 386.51 37248 356.44 38247
crystal dimensions, mm 0.4 x 0.35 % 0.02 0.35 x 0.08 x 0.05 0.2 x0.18 x 0.04 0.08 x 0.06 x 0.05
crystal system monoclinic monoclinic orthorhombic monoclinic
space group P2,/c P2i/c P2,2:2, C2/c
a/A 17.4337(14) 7.3960(2) 8.34750(16) 18.2724(17)
b/A 6.9903(4) 30.1314(11) 10.3140(2) 19.5178(15)
/A 17.9350(12) 18.3110(7) 21.0732(4) 18.301(2)
a/® 90 90 90 90
pre 103.640(7) 91.801(3) 90 113.791(12)
v/° 90 90 90 90
Volume/A’® 2124.0(3) 4078.6(2) 1814.32(6) 5972.3(11)
4 4 8 4 12
Peale; Mg/mm’ 1.209 1.213 1.305 1.276
F(000) 824.0 1584.0 752.0 2424.0
VA Mo, Ka, A =0.71073 Mo, Ko, 2 =0.71073 Cu, Ka, A=1.54184 Cu, Ka, A =1.54184
p/mm ! 0.068 0.068 0.558 0.545
temperature/K 99.99(10) 99.93(16) 100.00(10) 220.03(10)
20 range for data collection 6.306° to 51.998° 6.976° to 51.998° 9.548° to 133.954° 6.962° to 133.99°
reflections collected 12065 23858 3673 9314
independent reflections. (Riy) 4123(0.0619) 7936(0.0529) 2661(0.0185) 5270(0.0533)
data/restraints/parameters 4123/0/275 7936/0/529 2661/0/253 5270/0/406
goodness-of-fit on F* 1.003 1.001 1.003 1.000

R,WR, [I>=20 (D]

0.0615, 0.1268

0.0571, 0.1201

0.0285, 0.0690

0.0618, 0.1076

R;,WR; [all data]

0.1085, 0.1463

0.0904, 0.1345

0.0326, 0.0713

0.1205, 0.1257

largest diff. peak/hole / e A

0.22/-0.28

0.25/-0.24

0.13/-0.14

0.27/-0.18
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Figure S26. Thermal ellipsoids drawings of TPE derivatives: (a) 1 (with phenyl group orientation
anticlockwise); & (b) 1 (with phenyl group orientation clockwise); B! (c) 2 (with phenyl group
orientation anticlockwise); (d) 2 (with phenyl group orientation clockwise); (e) 3 (with phenyl group
orientation anticlockwise); (f) 3 (with phenyl group orientation clockwise); (g) 4; (h) 5; ' (i) 6 (with
phenyl group orientation anticlockwise); (j) 6 (with phenyl group orientation clockwise); (k) 2-PC; (I)
3-PC; (m) 4-PC; (n) 6-PC. All H atoms are omitted for clarity.

Since molecular structures of 1 and 6 have approximate D, geometrical symmetry, and these of 2 and
3 approximate C, geometrical symmetry in their respective single crystals, two different enantiomers of
these compounds can be found in their repective unit cells. While molecular structure of 4 also has an
approximate geometrical symmetry that belongs to a chiral point group (C;), the two enantiomers of 4
have the same orientation of the phenyl groups and can be interconverted by a simple flip of the
ethylene link between the two geminal phenyl groups it is connecting. Molecules of 5 in the solid state
have an approximate C; symmetry, thus displaying only one type of phenyl group orientation as well.

5 Photophysical properties

The UV-vis absorption spectra were obtained using a UV-vis spectrometer (Shimadzu, UV-2600, Ja-
pan). The PL measurements were carried out on a Horiba Fluoromax-4 spectrofluorometer. The abso-
lute fluorescence quantum yields were measured using a Hamamatsu quantum yield spectrometer
C11347 Quantaurus_QY. The hand-held UV lamp used in the experiment is equipped with
365nm/254nm 6 Watt UV Tubes (ENF-260C/FBE: BLE-6T365, BLE-6254S). The solvents used in the
measurement of photophysical properties were: tetrahydrofuran (spectrophotometric grade, Merck) and
acetonitrile (99.9%, Energy Chemical Company, dried by molecular sieves). The compounds 1, 1-PC, 3,
5 and 5-PC have already been reported and characterized somewhere else. 2 5 %1 Similar photo-
induced changes in the spectra of the TPE derivatives can be found in the literature .
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Figure S27. (A) UV-Vis spectra of 1-6 in THF solution (10 M); (B) PL spectra of 1-6 in THF solution
(10 M) and in thin film under the first time excitation: 1 in THF, Ex308nm, slit5, PL peaks: 358, 375,
396, 474nm; 2 in THF, Ex310nm, slit5, PL peaks: 383, 472nm; 3 in THF, Ex314nm, slitl, PL peak:
473nm; 4 in THF, Ex276nm, slit5, PL peak: 391nm; 5 in THF, Ex300nm, slit2, PL peak: 389 nm; 6 in
THF, Ex300nm, slit7, PL peak: 397nm, peak shoulders: 370, 387nm; 1 in thin film, Ex308nm, slit3, PL
peak: 445nm; 2 in thin film, Ex310nm, slit5, PL peak: 466nm; 3 in thin film, Ex314nm, slit3, PL peak:
460nm; 4 in thin film, Ex305nm, slit5, PL peak: 393nm; 5 in thin film, Ex300nm, slit2.5, PL peak:
384nm; 6 in thin film, Ex330nm, slit15, PL peak: 462nm.

1-3 in solutions display similar UV absorption peaks at around 310 nm, the UV absorption maxima of
4 and 5 are markedly blue shifted (< 270 nm), and the absorption maximum of 6 is notably red shifted
(368 nm).

While 1-6 in thin film show symmetric fluorescence spectra with only one emission peak, dilute solu-
tions (10 M) of 1-2 and 4-6 in THF upon first excitation do not display symmetric spectra due to the
photocyclization reaction. Extra peaks at 358 nm, 375 nm and 396 nm appear spontaneously in 1 upon
excitation, which are similar to the classical fluorescence peaks of diphenylphenanthrene, © indicating
that 1 undergoes photocyclization reaction upon first time excitation and new species 1-PC might form.
Other TPE derivatives have similar extra emission peaks upon the first excitation. Due to their different
structures, they either show up separately (2) or overlap (4-6) with the emission peaks of the original
compounds. However, a dilute solution (10° M) of 3 in THF has a symmetric fluorescent spectrum with
a maximum peak at 473 nm upon the first excitation, and no obvious extra peaks were observed, indi-
cating that 3 has the lowest yield of the formation of the newly photocyclized species in the TPE deriva-
tives under consideration in this work.
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5.1 Photophysical properties of 1 and 1-PC
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Figure S28. (A) UV-Vis spectra of 1 and 1-PC in solution; (B) PL spectra of 1 and 1-PC in solution;
(C) UV-Vis spectra of 1 in MeCN after irradiating the sample 10 times (30s each time) at 254 nm using
a hand-held UV lamp. (D) PL spectra of 1 in MeCN after irradiation at 254 nm using a hand-held UV
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lamp; (E) PL spectra of 1 in THF (2.74x10®° mol/L) before and after irradiation at 308 nm for 10 times
in the PL fluorimeter; (F) UV-Vis spectra of 1 in THF (2.74x10" mol/L) before and after irradiation at
308 nm 10 times in the PL fluorimeter.

The UV absorption and PL emission spectra of 1 in MeCN are similar to those of 1 in THF (Figure
S28. A, B). Although extra emission peaks at 358 nm, 372 nm and 396 nm due to the formation of the
photocyclized product appear in the PL spectra of 1 in THF, they are not obvious as only a shoulder ap-
pears in the PL spectrum of 1 in MeCN upon the first time excitation. However, upon irradiating 1 in
MeCN for a longer time (Figure S28. C, D), 1 undergoes photocyclization as evidenced by the growing
intensity of the emssion peaks at 358 nm, 374 nm and 396 nm, which are similar to the emission peaks
of 1-PC (Figure S28. B). Similar PL spectra of 1 in THF can be observed after a short time irradiation
(Figure S28. E). The UV absorption spectra change gradually with two new peaks at 289 nm and 300
nm emerging after 5 min irradiation, which are the same absorption peaks of 1-PC in MeCN (Figure
S28. A). During UV irradiation, we observed appearance of a very small peak at 462 nm with an extra
low absorption intensity in the UV absorption spectra (Figure S28. C) with the decreased intensity as
time increases, which can be attributed to the photocyclized intermdediate 1-1M (Figure S1). The results
suggest that 1 could be converted into 1-PC upon UV irradiation in the presence of oxygen, and it
requires a certain time of irradiation for the transformation to be completed. (!

5.2 Photophysical properties of 2 and 2-PC
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Figure S29. (A) UV-Vis spectra of 2 and 2-PC in solution; (B) PL spectra of 2 and 2-PC in solution; (C)
UV-Vis spectra of 2 in MeCN after irradiating the sample at 254nm 10 times (10s for the first time, 30s
for the second time, 1 min each for the following 5 times, 5 min for the 8" time, 6 min for the 9™ time, 4
min for the 10" time) using a hand-held UV lamp; The transparent color of the solution 2 in MeCN does
not change obviously under the UV lamp excitation at 254nm; the photo-cyclized product 2-PC is
formed after 20 min UV excitation. (D) PL spectra of 2 in MeCN after irradiating the sample at 254nm
using a hand-held UV lamp; (E) PL spectra of 2 in THF (1.69x10™° mol/L) before and after 10 times ex-
citation at 310 nm in the PL fluorimeter; (F) UV-Vis spectra of 2 in THF (1.69x10™ mol/L) before and
after 10 times excitation at 310 nm in the PL fluorimeter.

Similar changes in the fluorescence and absorption spectra were observed for 2 in THF and MeCN af-
ter UV irradiation as observed in 1. Compound 2 undergoes photocyclization after UV irradiation with
newly emerged absorption peaks (258 nm, 295 nm, 305 nm) (Figure S29.C) and increased fluorescence
intensity at 385 nm (Figure S29. E), which are very similar to those peaks in its photocyclized product
2-PC.
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Figure S30. (A) UV-Vis spectra of 3 and 3-PC in solution; (B) PL spectra of 3 and 3-PC in solution; (C)
UV-Vis spectra of 3 in MeCN after irradiating the sample at 254nm 10 times (1min each time) using a
hand-held UV lamp; The transparent color of the solution 3 in MeCN does not change under the UV
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lamp excitation at 254nm; the photo-cyclized product 3-PC is formed after long time UV excitation. (D)
PL spectra of 3 in MeCN after irradiating the sample at 254nm using a hand-held UV lamp; the PL
spectra does not change under UV irradiation at 254nm for the first 30s; (E) PL spectra of 3 in THF
(1.35%10"° mol/L) before and after 10 times excitation at 314 nm in the PL fluorimeter; (F) UV-Vis
spectra of 3 in THF (1.35x10™ mol/L) before and after 10 times excitation at 314 nm in the PL fluorim-
eter.

The absorption and fluorescence spectra of 3 after UV irradiation show that only after a significantly
longer irradiation time, new absorption peaks (295 nm, 306 nm) and emission peaks (359 nm, 378 nm,
399 nm) emerge (Figure S30. C, D), which are rather similar to those peaks of 3-PC. This result reveals
that 3 can still undergo photocyclization even if there is steric hindrance due to methyl groups in the o-
position. As compared to 1 and 2, the conversion of 3 to 3-PC is not efficient within the short period of
time upon excitation (Figure S30. E).

5.4 Photophysical properties of 4 and 4-PC
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Figure S31. (A) UV-Vis spectra of 4 and 4-PC in solution; (B) PL spectra of 4 and 4-PC in solution; (C)
UV-Vis spectra of 4 in MeCN after irradiating the sample at 254nm 6 times (30s each time) using a
hand-held UV lamp; The transparent color of the solution 4 in MeCN turns to pale yellow under the UV
lamp excitation at 254nm within seconds, as evidenced by a new UV peak at 450 nm emerging and this
color can last for minutes, then the light yellow color turns to transparent with the UV peak at 450 nm
disappearing, and the photo-cyclized product 4-PC is formed. (D) PL spectra of 4 in MeCN after irradi-
ating the sample at 254nm for 30s using a hand-held UV lamp; (E) PL spectra of 4 in THF (2.79x107
mol/L) before and after 10 times excitation at 276 nm in the PL fluorimeter; (F) UV-Vis spectra of 4 in
THF (2.79%x10” mol/L) before and after 10 times excitation at 276 nm in the PL fluorimeter.

The interesting phenomenon of 4 in solution after UV irradiation is that the transparent color of the
solution turns to pale yellow which lasts for more than a min. This pale-yellow color can be attributed to
the long-lived photocyclized intermediate 4-1M. The yellow color is also evidenced by the UV-Vis ab-
sorption spectra of 4 after excitation (Figure S31. C), in which a new absorption peak at 450 nm emerg-
es after 30s irradiation. Additionally, new absorption peaks at 266 nm and 316 nm emerge in the UV
spectra of 4 in MeCN after 3 min UV irradiation, which are similar to those in the UV spectrum of 4-PC.
4 in MeCN shows an asymmetric emission peak with a maximum emission at 397 nm. The intensity of
this peak grows rapidly with two obvious shoulders emerging after UV irradiation for just 30s (Figure
S31. D). Similar changes in absorption and fluorescence spectra can be observed by 4 in THF after UV
irradiation, indicating that 4 can be converted into 4-PC upon UV light irradiation.
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5.5 Photophysical properties of 5 and 5-PC
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Figure S32. (A) UV-Vis spectra of 5 and 5-PC in solution; (B) PL spectra of 5 and 5-PC in solution (5
in MeCN, slit5; 5 in THF, slit2; 5-PC in THF, slitl); (C) UV-Vis spectra of 5 in MeCN after irradiating
the sample at 254nm for 6s using a hand-held UV lamp; (D) PL spectra of 5 in MeCN after irradiating
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the sample at 254nm for 6s using a hand-held UV lamp; (E) PL spectra of 5 in THF (1.07x10-5 mol/L)
before and after 15 times excitation at 300 nm (slit 2) in the PL fluorimeter; (F) UV-Vis spectra of 5 in
THF (1.07x10-5 mol/L) before and after 15 times excitation at 300 nm in the PL fluorimeter.

The compound 5 under UV excitation is very easy to form the photocyclized product 5-PC, as it can
be evidenced by the emergence of new emission peak at 429 nm after the 2™ time excitation at 300nm

(Figure S32. E, B). During the process of 5 under the UV excitation, new UV absorption peaks at 350

nm and 451 nm emerge, which are attributed to the absorption of 5-PC and 5-1M, respectively (Figure
S32. A, C, F).
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Figure S33. (A) UV-Vis spectra of 6 and 6-PC in solution; (B) PL spectra of 6 and 6-PC in solution; (C)
UV-Vis spectra of 6 in MeCN after irradiating the sample 10 times (30s each time) at 254 nm using a
hand-held UV lamp; The very pale yellow color of 6 in MeCN (or pale yellow color of 6 in THF) solu-
tion turns to transparent after irradiation at 254 nm and the photo-cyclized product 6-PC is formed with
a new peak at 280 nm emerging. (D) PL spectra of 6 in MeCN after 26 times excitation at 300 nm (slit:
6) acquired each 30s in the PL fluorimeter; (E) PL spectra of 6 in THF (2.60x10" mol/L) before and
after 10 times excitation at 300 nm in the PL fluorimeter; (F) UV-Vis spectra of 6 in THF (2.60x107
mol/L) before and after 10 times excitation at 300 nm in the PL fluorimeter.

The pale-yellow solution of 6 in THF turns to transparent after UV light irradiation. While the fluo-
rescence intensity of 6 in solution increases gradually after UV excitation, it undergoes photocyclization
(Figure S33. C) as evidenced by the emergence of new absorption peaks at around 330 nm, 280 nm and
257 nm, which are rather similar to those absorption peaks in 6-PC.

5.7 The absolute quantum yields and AIE properties of TPE derivatives

Table S2. The absolute quantum yields of TPE derivatives.

- The absolute quantum yields (QY, %)

TPE derivatives In soln (10™ M) As solid
1 (Ex303nm) 0.8° 24.1
2 (Ex310nm) 0.6° 30.2
3 (Ex314nm) 60° 97.6
4 (Ex305nm) 1.0° 1.3
5 (Ex310nm) 0.9° 16.5
6 (Ex300nm) 052 0.7

In THF solution.
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Figure S34. The absolute fluorescence quantum yields of 1-6 in THF/H,O mixtures with
different water fraction (Vol, %); the data for the specific points can be found in the Table S3.

Table S3. The absolute fluorescence quantum yields of TPE derivatives in THF/H,O mixtures
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(107 M) with different fractions of H,O content.

Water The absolute quantum yields (QY, %)

Fraction 1 2 3 4 5 6

(Vol, %) (Ex308nm) (Ex310nm) (Ex314nm) (Ex305nm) (Ex310nm) | (Ex300nm)
0 0.6 0.6 63.5 1.0 0.9 0.5
10 0.6 0.7 62.8 0.8 1.6 0.7
20 0.6 0.8 62.4 0.9 1.5 0.8
30 0.8 0.8 61.0 1.1 1.6 0.8
40 0.7 0.7 60.6 1.0 3.0 0.7
50 0.5 0.6 59.1 1.1 6.0 0.7
60 0.7 0.7 55.2 0.9 9.8 0.7
70 0.8 0.8 53.1 0.8 13.3 0.6
80 9.4 1.8 74.8 0.9 15.2 0.6
90 25.7 7.5 75.2 1.1 15.7 0.9

Several experimental studies of the excited-state dynamics in 1 upon excitation using ultrafast time-
resolved spectroscopy have been reported. %% Based on the findings of these reports, formation of
1 twisted radical species, *°! as well as significantly elongated ? and twisted 1*-
27l excited states of 1 after excitation have been proposed. However, the interpretation of the reported
experimental data across the relevant literature is highly inconsistent, making it less conclusive than de-
sirable. In this paper, we employed femtosecond transient absorption spectroscopy (fs-TA), ns-TA, ns-
TR?, ns-TR® and time-resolved fluorescence in order to gain deep insight into the fundamental photo-
physical and photochemical processes taking place in the selected TPE derivatives 1-6 upon photoexci-
tation, and provide an interpretation of the obtained experimental data in the context of our AIE mecha-
nism studies.

zwitterionic state,

21-22

6 Ultrafast time-resolved spectroscopy
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A. Femtosecond Transient Absorption (fs-TA) Experiment.

The fs-TA experiments were done employing an experimental setup and methods detailed previously
281 and only a brief description is provided here. Fs-TA measurements were done using a 1000Hz
femtosecond regenerative amplified Ti:sapphire laser system (Maitai) in which the amplifier was seeded
with the 120 fs laser pulses from an oscillator laser system. The laser probe pulse was produced by uti-
lizing ~5% of the amplified 800 nm laser pulses to generate a white-light continuum (350-800 nm) in a
CaF; crystal and then this probe beam was split into two parts before traversing the sample. One probe
laser beam goes through the sample while the other probe laser beam goes to the reference spectrometer
in order to monitor the fluctuations in the probe beam intensity. For the present experiments, the com-
pounds 1-6 in MeCN solution were excited by a 267 nm pump beam (the third harmonic of the funda-
mental 800 nm from the regenerative amplifier). The 40 mL solutions were studied in a flowing 2 mm
path-length cuvette with an absorbance of 0.5 at 267 nm throughout the data acquisition. And the ab-
sorbance of 1-6 in films was also around 0.5 at 267 nm throughout the data acquisition.

B. Nanosecond Transient Absorption (ns-TA) Experiment.

Nanosecond time-resolved transient absorption (ns-TA) measurements were carried out with a
LP920 laser flash spectrometer provided by Edinburgh Instruments Ltd. The probe light source is a 450
W ozone free Xe arc lamp with 10 Hz to single shot operation versatile sample chamber with integral
controller, high speed pump and probe port shutters, sample holder, filter holders, which produces a
continuous spectrum between 280 to 600 nm. The pulse duration for the ns-TA measurements is 5 ns.
Measurements of the ns-TA spectra were performed according to the following procedure. The fresh
sample solutions were excited by a Q-switched Nd:YAG laser (4th harmonic line at A=266 nm). The
probe light from a pulsed xenon arc lamp was passed through various optical elements, samples, and a
monochromator before being detected by a fast photomultiplier tube and recorded with a TDS 3012C
digital signal analyzer. In the kinetics mode, a photomultiplier detector or InGaAs PIN detector is used
and the transient signal acquired using a fast, high resolution oscilloscope. In the spectral mode an array
detector is fitted to the spectrograph exit port to measure a full range of wavelengths simultaneously.
Unless specified otherwise, the ns-TA experiments were performed in air saturated solutions and the
compounds 1-6 in MeCN solution were made up to have an absorbance of 0.5 at 266 nm.

C. Nanosecond transient resonance Raman (ns-TR?) and time-resolved resonance Raman (ns-TR®) Ex-
periments.

The ns-TR? spectrum was obtained from the difference of the spectra under 266 nm high power and low
power of the pump laser by taking an appropriately scaled difference spectrum to subtract the precursor
and solvent Raman bands. The nanosecond time-resolved resonance Raman (ns-TR?’g experiments were
done using an experimental apparatus and methods discussed in detail previously, ¥ and only a short
description will be given here. The pump laser pulse with a wavelength of 266 nm generated from the
fourth harmonic of a Nd:YAG nanosecond pulsed laser, a 355 nm probe laser pulse produced from the
third harmonic of a Nd:YAG nanosecond pulsed laser and a 309.1 nm probe laser pulse produced from
the first anti-Stokes hydrogen Raman shifted laser line from the second (355 nm) harmonic were em-
ployed in the TR® experiments. The two Nd:YAG lasers were synchronized electronically by a pulse
delay generator to control the time delay of pump and probe lasers, and the time delay between the laser
pulses was monitored by a fast photodiode and 500 MHz oscilloscope. The time resolution for the TR®
experiments is approximately 10 ns. The pump and probe laser beams were lightly focused onto the
sampling system, and the Raman light was collected using reflective optics into a spectrometer whose
grating dispersed the light onto a liquid nitrogen cooled CCD detector. The Raman signal was acquired
for 10-30 s by the CCD before reading out in the interfaced PC computer, and 10-30 scans of the signal
were accumulated to produce a resonance Raman spectrum. The TR® spectra presented here were ob-

S39



tained by the subtraction of a resonance Raman spectrum with negative time delay of -100 ns (probe-
before-pump spectrum) from the resonance Raman spectrum with a positive time delay (pump-probe
spectrum). The TR spectra in this work were calibrated by using known MeCN solvent’s Raman bands
with an estimated accuracy of (5 cm™). Compounds 1, 2, 4, 5 and 6 in MeCN solution were prepared to
have an UV absorption 1~2 at 266 nm in a 1 mm path-length cuvette and then were used in the TR?and
TR® experiments.

D. Femtosecond time-resolved Fluorescence (fs-TRF)

Femtosecond time-resolved fluorescence (fs-TRF) measurements % were performed on the same setup
as fs-TA. The output 800 nm laser pulse (200 mw) is used as gate pulse while the 400 nm laser pulse
(10 mw) (second harmonic) is used as the pump laser. After excitation by the pump laser, the sample
fluorescence is focused into the nonlinear crystal (BBO) mixing with the gate pulse to generate the sum
frequency signal. Broadband fluorescence spectra are obtained by changing the crystal angles and the
spectra are detected by the air-cooled CCD. For the present experiments, the compound 3 in MeCN so-
lution were excited by a 267 nm pump beam (the third harmonic of the fundamental 800 nm from the
regenerative amplifier). The 40 mL solutions were studied in a flowing 2 mm path-length cuvette with
an absorbance of 0.5 at 267 nm throughout the data acquisition.

6.1 Ultrafast time-resolved spectroscopy of TPE derivatives in solution

The optimized structures of the photocyclized intermediates in acetonitrile for UV/Vis and
Raman spectra calculation are shown in the Supporting Information section 7.4.1. These are
calculated at M062X/6-311G (d) level *'?? using the Gaussian 09 package. **! The mechanism
of the formation and oxidization of similar photocyclized intermediates during the photocycliza-
tion process have been well proposed in the literature. B+

6.1.1 fs-TA and ns-TR” spectra of 1
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Figure S35. Contour plot of the time-resolved absorption spectroscopic responses of 1 in MeCN.

S40



Relative Intensity (a.u.)

1200 1300 1400 1500 1600 1700 17
Raman Shift (cm™) 1-IM

Figure S36. The TR? data of 1 acquired in MeCN solution upon excitation after 5-10 ns (black curve;
obtained using a difference of the high and low power 266 nm resonance Raman spectra) is compared to
the computed Raman spectrum of 1-IM in MeCN (red curve). The stars represent the bands caused by
solvent subtraction artifacts.

Femtosecond transient absorption (fs-TA) experiments were used to study the photoinduced cycliza-
tion processes of 1 in MeCN solution. As shown in Figure 2a, the S; exited state of 1 shows up at 0.6 ps
with two absorption bands at 430 nm and 600 nm. Spontaneously, the band at 430 nm grows from 0.6
ps to 1.3 ps while the band at 600 nm decreases red-shifting to 613 nm within a few hundred of femto-
seconds, which could be assigned to the ultrafast elongation of the ethylenic C=C bond. *?4 After 1.3
ps, the transient band at 613 nm decreases with the sequential increasing of the band at 428 nm, which
can be attributed to the quasi C=C bond twisting motion ® coupled with phenyl torsion. At the later
delay times, the band at 422 nm decays rapidly due to the torsion of the phenyl rings. Unlike the previ-
ous studies,’* 2! a small but brand new species is observed after 105 ps with absorption bands at 465
nm. Therefore, an unexplored photoreaction pathway of 1 after the ethylenic twisting process can be
proposed, which could be one of the non-radiative relaxation ﬁ)athways for the ultralow fluorescence
quantum yield observed in solution. Both Gao " and Aldred ? mentioned that the cyclization process
is favored for TPE derivatives in solution. The new species could be assigned to 1-1M, which is formed
during the decay process of torsion of the phenyl rings. Global analysis of the decay kinetics at all
wavelengths indicates that a satisfactory fitting requires three exponential functions with time constants
of 0.39 ps (11), 1.2 ps (12) and 18.9 ps (13). The time constants 0.39 ps (11) and 1.2 ps (1) are corre-
sponding to the C=C bond elongation and quasi C=C bond twisting processes, respectively. The time
constant of 18.9 ps is assigned to the decay process of the phenyl torsion, i.e. the formation lifetime for
the 1-IM intermediate. Besides, the nanosecond transient absorption (ns-TA) and nanosecond time-
resolved Raman (ns-TR?) were also employed to further study the intermediate observed at later delay
times in Figure 2e and Figure S36. As shown in Figure 2e, same spectra with absorption bands at 320
nm and 465 nm were obtained in ns-TA, to which the new species (1-1M) correspond can last more than
1 ms. This is consistent with photophysical property studies discussed above (Supporting Information
Section 5 and Figure 2e, upper panel). In order to confirm the existence of the intermediates obtained
both in the fs-TA and ns-TA results, TD-DFT calculation was employed to evaluate the electronic ab-
sorption spectra of 1-1M as presented in Figure 2e (lower panel). The calculated absorption spectrum of
1-1M displays two bands at 310 nm and 460 nm between 280-600 nm which is in good agreement with
the experimental results. Therefore, the TD-DFT results provide further evidence for the generation of
1-IM.

Figure S36 presents the 266 nm ns-TR? data compared to a computed DFT normal Raman spectrum
for the intermediate 1-1M. This comparison shows reasonable correlation for the vibrational frequency
pattern of the calculated and experimental Raman bands. Although their intensities are different due to
the resonance enhancement effects on the experimental data, the computed data does not have this effect.
The vibrational feature at 1624 cm™ is mostly attributed to the stretching motion of C;=C,;, C>=Cis,
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C16=C17, C15=C19, C23=C24 and C25=C bonds. The feature at 1594 cm™ is mainly correlated with the

stretching mode of C1=Cj;, C;=Ci5, C1-C;, C2-Czz, Ci5-Coo, Ci5-Cis, C21-Co6, C16=Ci7, C18=Cyy,
C23=Cy and Cp5=Cy bonds. And the 1532 cm™ feature is mainly ascribed to the stretching motion of

C1=C,y, CZ=C]_5 and C,-C, bonds.

6.1.2 fs-TA, ns-TA and ns-TR? spectra of 2
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Figure S37. fs-TA of 2 in MeCN solution acquired after 267 nm irradiation: (a) contour plots of the
S42



spectroscopic responses; (b-d) selected spectra at different delay times; (e) selected kinetics at 430 nm
(black square) and 602 nm (blue triangle), the solid lines indicate the fitting trace to the experimental
data points.
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Figure S38. ns-TA of 2 in MeCN solution acquired after 266 nm irradiation: (Left) selected spectra at
different delay times; (Right) comparison of the spectrum at 100 ps (top) with the calculated electronic
spectrum of 2-1M (bottom).
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Figure S39. The TR? data of 2 acquired in MeCN solution upon excitation after 5-10 ns (black curve;
obtained using a difference of the high and low power 266 nm resonance Raman spectra) is compared to
the computed Raman spectrum of 2-1M (red curve). The stars represent the bands caused by solvent
subtraction artifacts.

1200 1300

The fs-TA, ns-TA and ns-TR? results were obtained for the compound 2 in Figure S37, Figure S38
and Figure S39. Compound 2 has similar excited state dynamic process as 1 discussed above. The glob-
al fitting results show that the time constants for the sequential dominant processes of C=C bond elon-
gation, quasi C=C bond twisting and cyclization are 0.32 ps, 1.6 ps and 14.3 ps, respectively.

As shown in Figure S38 (Left), similar spectra with absorption bands at 330 nm and 450 nm as ob-
served at 2.88 ns in fs-TA were obtained in ns-TA experiment, which can be attributed to the photocy-
clized intermediate that last more than 100 ps. In order to confirm the existence of the intermediates ob-
tained both in the fs-TA and ns-TA results, TD-DFT calculation was employed to evaluate the electron-
ic absorption spectra of 2-IM as presented in Figure S38 (Right). The calculated absorption spectrum of
2-1M displays two bands at 323 nm and 520 nm between 280-600 nm, which is in good agreement with
the experimental results.
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In ns-TR? spectra (Figure S39), the vibrational feature at 1606 cm™ and 1536 cm™ is mostly attributed
to the stretching motion of C1-C,, C;=Cy1, C2=Ci5, Cz1-Co6, C15-C1s, C21-Cp2 and Ci5-Cyo bonds. The

feature at 1463 cm™ is mainly correlated with the stretching mode of Cy1-Cas, C24~Cas, C21-C2 and Coo-
Cz3 bonds. And the 1260 cm™ feature is mainly ascribed to the rocking and wagging modes of Cz,-H and

C20-H bonds, and slight stretching mode of C;1-C,, C,;-Cy and Cy5-Cy¢ bonds.

6.1.3 fs-TA spectra and time-resolved fluorescence spectra of 3

a b

1000
8 100 i
b o
> b
© &,
3 10 g
o
£ <
l_

1
350 400 450 500 550 600 650 700 0 500 1000 1500 2000 2500
Wavelength ( nm) Time delay (ps)

o
Q.

30 — 1.19ps 30+ ——83.6ps

%’ 25 ——10.5ps -%‘ 25 - ——888ps
qc) ——63.3ps S 1 —1.26ns
= 20 - ——— 83.6ps = 20 ——1.91ns
8 15 8 15
5 5
& 10- & 104
o D 1
S s S s
i o :

0 — — N 04 —— YNV

400 500 600 700 400 500 600 700

Wavelength (nm) Wavelength (nm)

Figure S40. fs-TA of 3 in MeCN solution acquired after 267 nm irradiation: (a) contour plots of the
spectroscopic responses; (b) selected kinetics at 430 nm (black square) and 610 nm (blue triangle), the
solid lines indicate the fitting trace to the experimental data points; (c-d) Time-resolved fluorescence
(TRF) spectra of 3 from 1.19 ps to 6.3 ns in MeCN after 267 nm excitation.

The initial fs-TA spectra of 3 in Figure 3a are similar to the ones shown for 1 in Figure 2a. As dis-
played in Figure 3a, the increased band at 432 nm with the red-shifted band at 600 nm can be assigned
to the elongation of C=C bond process in 3 in the S;. However, compared with the spectra in Figure 2b
for 1, the continuous changes of the ultrafast spectra in Figure 3b is much smaller: the bands at 610 nm
decreases a little, while the band at 430 nm increases a bit, which indicate that the quasi C=C bond
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twisting process might be inhibited. Besides, a small dip at 477 nm is observed both in Figure 3a and
Figure 3b, which is due to the stimulated fluorescence in the S; excited state.

In Figure 3c, only the decay of the bands was obtained at later delay times. This is consistent with
Gao’s TD-DFT calculations [*!) that predict that both the S; photocyclization and photoisomerization
paths are blocked by the non-negligible barriers, and fluorescence is thus feasible in solution. Global
analysis of the decay kinetics at all wavelengths indicates that a satisfactory fitting requires three expo-
nential functions with time constants of 0.38 ps (11), 11.2 ps (12) and 4.07 ns (t3). The time constants
0.38 ps (11) and 11.2 ps (t) are assigned to the C=C elongation and quasi C=C bond twisting processes,
respectively. Compared to the C=C bond twisting process of 1 (1.2 ps), the one observed in 3 is much
slower. The time constant of 4.07 ns corresponds to the decay of the twisted S; excited state of 3.

As shown in Figure 3d (upper panel), the absorption bands at 353 nm and 460 nm were obtained after
1 us in ns-TA spectra, which indicates that the intermediate 3-1M can also be formed, but at later delay
time. In order to confirm the existence of the intermediate obtained by ns-TA, TD-DFT calculation was
employed to evaluate the electronic absorption spectrum of 3-1M as presented in Figure 3d (lower pan-
el). The calculated absorption spectrum of 3-1M displays two bands at 305 nm and 445 nm between
280-600 nm, which is in good agreement with the experimental results. Therefore, the TD-DFT results
provide further evidence for the generation of 3-1M.

6.1.4 ns-TR’ spectra of 4
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Figure S41. a, Ns-TA spectra of 4 in MeCN at varying time delays acquired after a nanosecond laser
excitation at 266 nm. b, The experimental TR® spectrum (at 1 ps) of 4 observed in MeCN (black curve;
266 nm pump, 355 nm probe) compared to DFT computed Raman frequencies of 4-1M (red curve).

As shown in Figure 4a, the initial spectrum of 4 after excitation yields three absorption bands at
350nm, 450 nm and 620 nm, respectively, in which the band at 620 nm redshifts to 630 nm from 800 fs
to 1.1 ps, which is attributed to the elongation of the ethylenic C=C bond in the S; excited state. After
1.1 ps, the band at 630 nm decreases dramatically, while the band at 444 nm increases noticeably with a
blue shift to 430 nm as shown in Figure 4b. This is associated with the twisting process of the quasi
C=C bond coupled with phenyl torsion. Later, band at 430 nm decays after 3.8 ps giving rise to the
bands at 335 nm and 485 nm, which are due to the cyclization process initiated by the torsion of the
phenyl rings to form the ring-closed intermediate 4-1M. Global analysis of the decay kinetics at all
wavelengths indicates that a satisfactory fitting requires three exponential functions with time constants
of 0.13 ps (11), 1.2 ps (t2) and 14.0 ps (t3), which can be assigned to the ethylenic C=C bond elongation,
quasi C=C bond twisting and cyclization (i.e. lifetime of the decay process of phenyl torsion) processes,
respectively.

The ns-TA spectra of 4 are displayed in Figure 4f (upper panel) and similar long-lived 4-1M species
was observed. But unlike the ns-TA of 1, the broad band at 485 nm blue shifts to 450 nm from 0 ns to
25 ps which could be due to the geometry changes upon relaxation of the compound 4-1M in the ground
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state from higher energy to lower energy (Figure S63 and Figure 4f, upper panel). At the late delay time
(25-100 ps), few changes are observed. The comparison of the ns-TA spectra at 100 us and TD-DFT
calculated electronic spectrum of 4-1M in Figure 4f (lower panel, computed UV peaks: 330 nm and 440
nm) indicates the generation of intermediate 4-1M as proposed above.

Furthermore, ns-TR® experiments were employed using a 266 nm pump and 355 nm probe to explore
finger print information for the intermediates involved after excitation of 4 in MeCN. Figure S41 pre-
sents TR® data compared to a DFT computed Raman spectrum for the intermediate 4-1M. This compari-
son shows reasonable correlation for the vibrational frequency pattern between the calculated and exper-
imental Raman bands. The vibrational feature at 1593 cm™ is mostly attributed to the stretching motion
of C1=Cyq, Co=C15, Cy3=Cy4, Cr5=Cs6, C15=C19g and C16=C17 bonds. The feature at 1532 Cm-1 is mainly
correlated with the stretching mode of C;=C,; and C;-C, bonds. And the feature at 1365 cm™and 1278
cm™ is mainly ascribed to the C,,-H and Cx0-H bonds’ rocking and wagging modes.

6.1.5 ns-TA and ns-TR? spectra of 5
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Figure S42. (a) selected kinetics at 626 nm and 340 nm of fs-TA, the solid lines indicate the fitting trace

to the experimental data points; The global fitting analysis of the decay kinetics at all wavelengths

yields two time constants: 0.3 ps and 8.9 ps. (b) ns-TA of 5 in MeCN solution acquired after 266 nm

irradiation: selected spectra at different delay times; (c) comparison of the spectrum at 100 s (top) with
the calculated electronic spectrum of 5-1M (bottom).
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Figure S43. The experimental TR® spectrum (at 1 us) of 5 observed in MeCN (black curve; 266 nm
pump, 309.1 nm probe) compared to DFT computed Raman frequencies of 5-1M (red curve).

The fs-TA spectra of 5 after 267 nm excitation are displayed in Figure 5a. Similar initial spectra as 4
were obtained for 5 with three absorption bands at 330 nm, 460 nm and 628 nm red shifting before 1.03
ps, which are mainly due to the ethylenic C=C bond elongation process in the S; excited state of 5 as
discussed above. However, after 1 ps, both bands at 462 nm and 630 nm decrease, while the band at 330
nm increases with an emerging broad band at 435 nm, which indicates that the cyclization process to
generate 5-1M takes place shortly after the process of ethylenic bond elongation in S; of 5. During this
process, the quasi C=C bond twisting takes place spontaneously with the decay of the phenyl torsion to
form the intermediate. Global analysis of the decay kinetics at all wavelengths indicates that a satisfac-
tory fitting requires two exponential functions with time constants of 0.30 ps and 8.9 ps, which could be
assigned to the elongation of ethylenic C=C bond and cyclization processes (i.e. the formation of cy-
clized intermediate 5-1M).

Therefore, both the ns-TA and ns-TR® were employed to prove the existence of the intermediate in
Figure S42 and Figure S43. The good agreement between the experimental results and calculation re-
sults indicates that the intermediate obtained at later delay times in fs-TA, ns-TA and TR® experiments
can be assigned to 5-1M. The vibrational feature at 1535 cm™ is mostly attributed to the stretching mo-

tion of C3-C,, C1=Cy1, C2=Css, C21-Cas and Ci5-Cys bonds. The feature at 1462 cm™ is mainly correlated
with the stretching mode of C31-Cag, C24~Cos, C22-Cos, C21-Ca2, C22-Cypp, C15-Cao, C20-Ci9, C17-C1g and

C15-Cys bonds. And the 1319 cm™ feature is mainly ascribed to the rocking and wagging modes of Cy,-H
and Cy0-H bonds, and the stretching mode of C,-Cyy and C;-C; bonds.
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6.1.6 EADS spectra of 6
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Figure S44. EADS spectra of 6 derived from the global fitting analysis (left); selected kinetics at 349
nm (black square) and 446 nm (blue circle) of fs-TA, the solid lines indicate the fitting trace to the ex-
perimental data points (right). The global fitting analysis of the decay kinetics at all wavelengths yields
three time constants: 0.41 ps, 13.7 ps and 845 ps.

The fs-TA spectra of 6 after excitation of 267 nm are shown in Figure 5c-5e. Unlike the other com-
pounds, the initial absorption band (after 700 fs) of 6 yields only one peak centered at 375 nm with a
broad tail up to 650 nm in Figure 5c. Later, the band decreases a little to have a hypsochromic shift to
370 nm up to 4.7 ps, while the tail decays rapidly as shown in Figure 5c. After 4.7 ps, the band at 370
nm keeps hypsochromically shifting to 350 nm but with the intensity increase as shown in Figure 5d.
Furthermore, the 370 nm band also displays an asymmetrical narrowing in which the right side of the
peak narrows from 430 nm to 380 nm, which can be attributed to phenyl torsion during the cyclization
process. And the tail keeps decreasing resulting in a broad band centered at 510 nm. Due to the slight
difference between the continuous changes obtained in the fs-TA spectra, the resulting spectra can be
analyzed by the global fitting with a sequential model to yield the evolution associated difference spec-
tra (EADS) 1% as shown in Figure S44. And global analysis of the decay kinetics at all wavelengths in-
dicates that a satisfactory fitting requires three exponential functions with time constants of 0.41 ps, 13.7
ps and 845 ps. The first EADS curve (black) indicates a new species emerges with a lifetime of 0.4 ps
which could be due to the fast process of the quasi C=C bond twisting and phenyl torsion to form the
intermediate 6-1M. The second EADS curve (red) indicates a lifetime of 13.7 ps species which could be
assigned to the relaxation process of phenyl torsion. The difference between the third EADS curve
(green) and the fourth EADS curve (blue, infinite) is mainly about the small peak at 390 nm, which
might indicates the relaxation process of the ground state 6-1M, and this process (lifetime: 845ps) is
much faster than 4-1M.

Both the ns-TA and ns-TR? were employed to prove the existence of the 6-1M as shown in Figure 5f.
The good agreement between the experimental results and calculation results indicates that the interme-
diates obtained at later delay times in fs-TA, ns-TA and TR?experiments can be assigned to 6-1M. The
TR? spectra in Figure 5f (lower panel) of 6-1M show that the vibrational features at 1738 cm™ and 1641
cm™ are mostly attributed to the stretching motion of C1=Cj;, C,=Ci5, Cp5=Co6, C24=Csp3, C16=C17,

C18=C19 and Cy0-Cy2, C1-Cy, C21-Cps, C24=Cps, C15-Cig, C17-C1g, C22-Ca3, C0-C1g bonds. The vibrational
feature at 1560 cm™ is mainly correlated with the stretching mode of C1-C,, C;=C5;, C,=Cy5, C15-Cyo,

C15-Cs, C21-Caz and Cz1-Cog bonds. And the vibrational features at 1304 cm™and 1259 cm™ are mainly
ascribed to the C,,-H and Cy-H rocking and wagging modes.
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6.1.7 The lifetime of the photocyclized intermediates 1-IM - 6-1M

The decay of photocyclized intermediate’s UV-Vis absorption spectra was obtained using a UV-Vis
spectrophotometer (UH5300 HITACHI). The hand-held UV lamp equipped with 254nm 6 Watt UV
tube (ENF-260C/FBE: BLE-6254S) was used to excite the dilute solutions of 1-6 in acetonitrile (10 M)
in the experiment.

The solutions of 2, 3 and 6 in MeCN (10 M) after UV lamp excitation at 254 nm for different periods
of time have the UV-Vis absorption intensity of ~0.001 at 450 nm, ~0.004 at 460 nm and ~0.007 at 525
nm, respectively, which are too weak to analyze the lifetime of 2-1M, 3-IM and 6-1M.
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Figure S45. The lifetime of the photocyclized intermediate 1-1M. (A) The UV-Vis absorption of 1-IM
at different delay time after the solution of 1 in MeCN (10™* M) under the UV lamp excitation at 254 nm
for 1min. (B) The monoexponential fitting of the decay of 1-1M’s UV-Vis absorption at 465 nm.

The solution of 1 in MeCN (10™ M) after UV lamp excitation at 254 nm for 1min have the maximum

UV-Vis absorption intensity of 0.036 at 465 nm. The monoexponential fitting of the decay of 1-IM’s
UV-Vis absorption at 465 nm shows that 1-1M has the lifetime of 159s.
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Figure S46. The lifetime of the photocyclized intermediate 4-1M. (A) The UV-Vis absorption of 4-1IM
at different delay time after the solution of 4 in MeCN (10 M) under the UV lamp excitation at 254 nm
for 30s. (B) The monoexponential fitting of the decay of 4-1M’s UV-Vis absorption at 450 nm; the pho-
tos of the solution before irradiation (left cuvette, colorless solution), after irradiating for 30s at the de-
lay time of Os (middle cuvette, yellow solution) and 760s (right cuvette, very pale yellow to colorless
solution) are inserted.

The solution of 4 in MeCN (10 M) after UV lamp excitation at 254 nm for 30s have the maximum
UV-Vis absorption intensity of 0.136 at 450 nm. The monoexponential fitting of the decay of 4-IM’s
UV-Vis absorption at 450 nm shows that 4-1M has the lifetime of 761s.
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Figure S47. The lifetime of the photocyclized intermediate 5-1M. (A) The UV-Vis absorption of 5-1M
at different delay time after the solution of 5 in MeCN (10 M) under the UV lamp excitation at 254 nm
for 20s. (B) The monoexponential fitting of the decay of 5-1M’s UV-Vis absorption at 438 nm.

The solution of 5 in MeCN (10 M) after UV lamp excitation at 254 nm for 20s have the maximum

UV-Vis absorption intensity of 0.060 at 438 nm. The monoexponential fitting of the decay of 5-IM’s
UV-Vis absorption at 438 nm shows that 5-1M has the lifetime of 1139s.
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6.1.8 The excited state dynamic processes and time constants of 1-6

Table S4. The evolution of the peak wavelengths and intensities in the excited state dynamic processes
of 1-6. (Arrows’ direction indicating the shift: arrows in blue indicating blue shift, arrows in red indicat-
ing red shift, arrows in black indicating no peak shift; Arrows’ inclination indicating the change of the

intensity of the peak.)

. . Peak wavelengths (nm)
Dominant motions
1 2 3
600 600 600
Ethylenic C=C elongation 1:20 \ 4,28 \ ‘22 P
428 613 615 610
Quasi C=C twisting N * 432 N S’O ¥
) 422 430 428 610
Phenyl torsion * *
. . Peak wavelengths (nm)
Dominant motions
4 5 6
. . 450 620
Ethylenic C=C elongation 350 \ 330 4;0 672'8
C . 350 | 444 630
Quasi C=C twisting V4 ¥ 330 462 | 630 406"
. 335 | 430 A IR v
Phenyl torsion
370 3%0 510
. 485V
Structural relaxation -— 390
350 V 510

Vv The peak observbed in the fs-TA spectra continues its blue shifting ultil ~1.0 ps, which was seen in the ns-TA experiment.

' Derived from EADS spectra.

Table S5. The peak wavelengths of the experimental ns-TA spectra and calculated UV-Vis absorption
of the 1-1M, 2-1M, 3-IM, 4-1M, 5-1M and 6-1M.

Peak wavelengths of absorption (nm)
Photocyclized intermediates 1-IM 2-IM 3-IM 4-1IM 5-1IM 6-1IM
Experimental 320 | 465 330 450 | 353 | 460 | 334 | 450 | 340 | 438 | 345 | 525
Calculated 310 | 453 326 521 | 316 | 445 | 331 | 435 | 333 | 470 | 331 | 535

Table S6. The time constants of 1-6 in MeCN analyzed by global fitting of the fs-TA results and life-
time of the corresponding intermediates analyzed by monoexponential fitting of the decay of intermedi-

ate’s UV-Vis absorption.

Lifetime 1 2 3 4 5 6'
7, (ethylenic C=C bond elongation) 0.39 ps 0.32 ps 0.38 ps 0.35 ps 0.30 ps -
1, (quasi C=C bond _tW|st|ng) 1.2 ps 1.6 ps 11.2 ps 1.6 ps 8.9 psv 0.4 psv
13 (phenyl torsion) 18.9 ps 14.3 ps 4.07 ns 12.9 ps
14 (photocyclized intermediate) 159 s - - 761s 1139s -

v The decay of quasi C=C bond twisting and phenyl torsion take place at the same time.

" The process of the ethylenic C=C bond elongation of 6 in MeCN is within the instrument response time (t<150 fs).
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6.2 Ultrafast time-resolved spectroscopy of TPE derivatives in thin film
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Figure S48. fs-TA of 1 in film acquired after 267 nm irradiation: (Left) selected spectra at different de-
lay times; (Right) contour plots of the spectroscopic responses.
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Figure S49. fs-TA of 2 in film acquired after 267 nm irradiation: (Left) selected spectra at different de-
lay times; (Right) contour plots of the spectroscopic responses.
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Figure S50. fs-TA of 3 in film acquired after 267 nm irradiation: (Left) selected spectra at different de-
lay times; (Right) contour plots of the spectroscopic responses.
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Figure S51. fs-TA of 4 in film acquired after 267 nm irradiation: (Left) selected spectra at different de-
lay times; (Right) contour plots of the spectroscopic responses.
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Figure S52. fs-TA of 5 in film acquired after 266 nm irradiation: (Left) selected spectra at different de-
lay times; (Right) contour plots of the spectroscopic responses.
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Figure S53. fs-TA of 6 in film acquired after 266 nm irradiation: (Left) selected spectra at different de-
lay times; (Right) contour plots of the spectroscopic responses.

The continuous changes of the ultrafast spectra of 1-6 in film were also studied by the fs-TA after 267
nm excitation. Unlike the spectra obtained in solution, only one process with decaying absorption bands
at 450 nm and 630 nm was observed for 1 in film as shown in the Figure S48. This indicates that both
the ethylenic C=C bond twisting and phenyl torsion processes are inhibited and no photocyclized inter-
mediate forms in film. Similar behavior is also observed for the TPE derivatives 2-6 in film upon excita-
tion, however, there is no certainty if the photocyclized intermediate forms or not in 4 and 6.

7 Computational studies

The computed UV-Vis and Raman spectra of 1-IM, 2-IM, 3-IM, 4-IM, 5-IM and 6-IM in ace-
tonitrile are shown in the main manuscript and Supporting Information section 6.1. The opti-
mized structures of the photocyclized-intermediates 1-IM, 2-IM, 3-IM, 4-IM, 5-IM and 6-IM
in acetonitrile are shown in the Supporting Information section 7.4.1.

7.1 The electron density difference between Si_gc and Sy of TPE derivatives

(a) alo (b)

(e)

Figure S54. The electron density difference (EDD) between the Frank-Condon excited state
(S1-rc) and the ground state (Sy) of TPE derivatives in acetonitrile upon photon absorption:
(@) 1; (b) 2; (¢) 35 (d) 4; (e) 5; (f) 6. The source and destination of electron density flow are
indicated with orange wireframe and green wireframe; EDD are calculated at M062X/6-311G(d)
31321 ysing Gaussian 09 package; ©* All hydrogen atoms are omitted for clarity; Iso of density
=0.003.
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All shown plots demonstrate clearly that in all cases, (a)-(f), the central C=C bond of the TPE
unit is the major source of the electron density, which upon photoexcitation it is relocated to the
adjacent C-C(Ph) bonds. This is further well reflected in the optimized geometries of these mol-
ecules in their first excited state (S;) that show significant elongation of the C=C bond basically
losing its double bond character which is concomitantly associated with a noticeable shortening
of the C-C(Ph) bonds that serve fittingly as the destination of the electron density flow.

7.2 The IRC of 1 through the transition state of Ph torsion and C=C twisting in ground
state

7.2.1 The IRC of 1 through the transition state of Ph torsion in ground state
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Figure S55. IRC (intrinsic reaction coordinate) [43] analysis of phenyl torsion of 1 in MeCN
in the ground state. The change of potential energy, the root mean square (RMS) force, the eth-
ylenic C=C bond length, the average changes in dihedral angles of phenyl torsion and the change
in the dihedral angle of ethylenic C=C bond twisting from the Sg min geometry (IRC = 31.29) as
defined in Table S7 are shown in the figure from the top to bottom. The IRC = 0 corresponds to
the transition state (TS) of the phenyl torsion, while the left and right ends correspond to energy
minima in the Sy state (So min’, So min), and their corresponding structures are shown in (a). Nor-
mal mode displacement vectors in TS of the conrotatory movement of the phenyl rings for vibra-
tions at -36.72 cm™ are shown in (b). All calculated at M062X/6-311G (d) using Gaussian 09
package. 1**! Selected data points can be found in the Table S7.

In the minima structures of 1 in MeCN, it has ethylenic C=C twisting angle (zc2i-ci-c2-c15) of
about 8° (Sg_min) or -8° (So_min’) With ethylenic bond length of 1.352 A, while in transition state
they are ~0° and 1.342 A, respectively. Along the minimum energy path (MEP), the phenyl tor-
sion of 1 in the ground state goes from one minimum energy structure with phenyl group
orientation anticlockwise (Sg min) to another minimum energy structure with the clockwise
orientation of the phenyl ring (So min’) passing its transition state and resulting in the phenyl
rings’ torsion angles of ~50° (e.g. ‘L'Cl_(jz_(jls_czo).

In the ground state, the phenyl torsion in 1 in MeCN is weakly coupled with the motion of the
ethylenic C=C bond twisting, in which the torsion of the phenyl rings can be < 90° from Sg min to
So min” With slight changes of the ethylenic C=C twisting (Azcai-ci-co-c15 < 17°) and the bond
length (dci-c2 < 0.01 A). The torsional barrier is rather small (< 6.21 kcal/mol). Furthermore, the
IRC calculation result shows that the average change of the dihedral angles of phenyl rings in-
creases as the ethylenic C=C bond twisting angle increases along the MEP. Their average
change is well fitted by the linear function: A twisting = 0.1823 A average torsion + 1.0305 (Fig-
ure S56), which means that the average change of the phenyl torsion is linearly coupled with the
ethylenic C=C twisting.
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Figure S56. Phenyl torsion in 1 in MeCN in the ground state: linear fit of the change of ethylenic C=C

bond twisting as a function of the average changes of dihedral angles of the phenyl rings. Data points
can be found in the Table S7.

Table S7. IRC (-31.29~31.29) analysis of phenyl torsion of 1 in MeCN in the ground state.

IRC A Energy (kcal/mol) *  Length of C=C (A)® A Torsion (deg.)" A Twisting (deg.)®

-31.29 0.00 1.352 81.85 17.03
-29.37 0.10 1.352 81.22 16.21
-26.96 0.40 1.351 79.24 15.24
-24.55 0.94 1.349 76.34 14.53
-22.14 1.61 1.347 73.16 13.91
-19.73 2.36 1.345 69.76 13.34
-17.32 3.15 1.344 66.27 12.82
-14.91 3.91 1.343 62.74 12.31
-12.50 4.57 1.343 59.05 11.76
-10.09 5.15 1.342 55.36 11.20
-7.68 5.68 1.342 51.73 10.68
-5.28 5.99 1.342 47.95 10.06
-2.88 6.12 1.342 44.23 9.20
0.00 6.21 1.342 41.14 8.51
2.88 6.12 1.342 38.06 7.82
5.28 5.99 1.342 34.38 6.97
7.68 5.68 1.342 30.61 6.35
10.09 5.15 1.342 26.88 5.83
12.50 4.57 1.343 23.13 5.26
14.91 3.91 1.343 19.43 4.72
17.32 3.15 1.344 15.80 4.21
19.73 2.36 1.345 12.29 3.69
22.14 l1.61 1.347 8.90 3.12
24.55 0.94 1.349 5.63 2.50
26.96 0.39 1.351 2.60 1.79
29.36 0.10 1.352 0.59 0.82
31.29 0.00 1.352 0.00 0.00
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* The change of potential energy from the Sy min geometry (IRC=31.29). 8 The length of ethylenic C=C bond. " The average changes in
dihedral angles of phenyl torsion from the Sy i, geometry: A Torsion = |[Ave (delta phenyl torsion)| = |0.25X (delta Tors;)|, delta Tors; =
Atcao-cis.co-c1r ATciaco-cocts Atcar-cor-ci.car Atcacacrce. See Supporting Information section 7.5. ® The change in the dihedral angle of

ethylenic C=C bond twisting from the Sy_mi» geometry: A Twisting = |delta C=C twisting|, delta C=C twisting = Azcz1.c1-co-c1s.

7.2.2 The IRC of 1 through the transition state of C=C twisting in ground state
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Figure S57. IRC (intrinsic reaction coordinate) [43] analysis of ethylenic C=C bond twisting
of 1 in MeCN in the ground state. The change of potential energy, the root mean square (RMS)
force, the ethylenic C=C bond length, the average changes in dihedral angles of phenyl torsion
and the change in the dihedral angle of ethylenic C=C bond twisting from the Sy min geometry
(IRC = 94.36) as defined in Table S8 are shown in the figure from the top to bottom. The IRC =
0 corresponds to the transition state (TS) of the ethylenic C=C twisting, while the left and right
ends correspond to energy minima in the Sq state (So min’, So min), and their corresponding struc-
tures are shown in (a). Normal mode displacement vectors in TS of ethylenic C=C twisting for
vibrations at -52.76 cm™ are shown in (b). All calculated at M062X/6-311G (d) using Gaussian
09 package. **! Selected data points can be found in the Table S8.

Remarkably, the C=C bond twisting is associated with significant changes in the C=C bond
length and potential energy. The motion of the ethylenic C=C bond twisting in 1 in MeCN in the
ground state is strongly coupled with the phenyl torsion, with the transition state (~60.03°) along
this coordinate being 57.83 kcal/mol higher than the So min. Along the minimum energy path, the
ethylenic C=C bond twists from the minimum (S min) to the cusp at the transition state (TS) and
then goes back while during this process the phenyl rings having a larger degree of torsional
freedom complete a full 180° torsion and the length of C=C bond varies a lot from 1.354 A to
1.420 A. The IRC calculation result shows that the change of the twisting angle is as large as 60°.
As the angle of the C=C bond twisting increases in the first half of the process and decreases in
the later half of the process, the dihedral angles of the phenyl rings increase all the time. Their
average change is well fitted by the quadratic function: A twisting = -0.0068 (A torsion) 2
+1.2562 A torsion + 3.8402 (Figure S58), which means the change of ethylenic C=C twisting is
quadratically coupled with the phenyl torsion.
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Figure S58. Ethylenic C=C twisting of 1 in MeCN in the ground state: polynomial fit of the change of

ethylenic C=C twisting as a function of the average changes of the dihedral angles of the phenyl rings.
Data points can be found in the Table S8.

Table S8. IRC (-94.36~94.36) analysis of ethylenic C=C twisting of 1 in MeCN in the ground state.

IRC A Energy (kcal/mol)*  Length of C=C (A)¢ A Torsion (deg.)® A Twisting (deg.)®

-94.36 0.00 1.354 183.18 0.00
-91.52 0.19 1.354 183.26 1.66
-88.68 0.54 1.355 183.00 4.08
-85.84 1.02 1.356 182.22 6.50
-82.99 1.59 1.356 180.68 8.70
-80.15 2.46 1.355 178.80 10.56
-77.31 3.73 1.354 177.04 12.33
-74.47 5.30 1.354 175.34 13.95
-71.63 7.03 1.353 173.70 15.56
-68.79 8.98 1.353 171.95 17.17
-65.94 11.03 1.353 170.12 18.93
-63.10 13.16 1.354 168.30 20.86
-60.26 15.38 1.355 166.50 22.88
-57.41 17.57 1.356 164.70 25.09
-54.57 19.86 1.358 162.82 27.37
-51.73 22.19 1.360 160.76 29.61
-48.88 24,51 1.362 158.58 31.87
-46.04 26.89 1.364 156.14 34.04
-43.19 29.23 1.367 153.56 36.19
-40.35 31.47 1.370 150.93 38.41
-37.51 33.72 1.374 148.12 40.64
-34.66 36.01 1.377 145.06 42.79
-31.82 38.26 1.381 141.83 44.95
-28.98 40.52 1.385 138.34 47.10
-26.13 42.77 1.390 134.59 49.19
-23.29 44.97 1.395 130.64 51.19
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-20.45
-17.60
-14.76
-11.92
-9.08
-6.24
-3.40
0.00
3.40
6.24
9.08
11.92
14.76
17.60
20.45
23.29
26.13
28.98
31.82
34.66
37.51
40.35
43.19
46.04
48.88
51.73
54.57
57.41
60.26
63.10
65.94
68.79
71.63
74.47
77.31
80.15
82.99
85.84
88.68
91.52
94.36

47.20
49.41
51.52
53.47
55.18
56.54
57.47
57.83
57.47
56.54
55.18
53.47
51.52
49.41
47.20
44.97
42.77
40.52
38.26
36.02
33.72
31.47
29.23
26.89
24.51
22.19
19.86
17.57
15.38
13.16
11.03
8.98
7.03
5.30
3.73
2.46
1.59
1.02
0.54
0.19
0.00

1.400
1.404
1.409
1.412
1.416
1.418
1.419
1.420
1.419
1.418
1.416
1.412
1.409
1.404
1.400
1.395
1.390
1.385
1.381
1.377
1.374
1.370
1.367
1.364
1.362
1.360
1.358
1.356
1.355
1.354
1.353
1.353
1.353
1.354
1.354
1.355
1.356
1.356
1.355
1.354
1.354

126.44
121.98
117.34
112.56
107.66
102.67
97.61
91.59
85.57
80.51
75.52
70.62
65.84
61.20
56.74
52.54
48.59
44.83
41.34
38.12
35.06
32.25
29.62
27.04
24.60
22.42
20.36
18.47
16.68
14.88
13.05
11.22
9.48
7.83
6.14
4.37
2.50
2.63
1.98
0.94
0.00

53.06
54.75
56.26
57.58
58.69
59.41
59.87
60.03
59.87
59.41
58.69
57.58
56.26
54.75
53.06
51.19
49.19
47.10
44.95
42.80
40.64
38.41
36.19
34.04
31.87
29.61
27.37
25.09
22.88
20.86
18.93
17.17
15.56
13.95
12.33
10.56
8.70
6.50
4.08
1.66
0.00

* The change of potential energy from the So_min geometry (IRC=94.36). $The length of ethylenic C=C bond. ® The change in the dlhedral
|delta C=C twisting|, delta C=C twisting = Azco1-c1.co-c1s-
The average changes in dihedral angles of phenyl torsion from the Sy i, geometry: A Torsion = |Ave (delta phenyl torsion)| = [0.252 (delta

angle of ethylenic C=C bond twisting from the Sy min geometry: ATwisting =

Tors;)|, delta Tors; =

Atco0.c15-co-c1r ATca-co-co-c1r ATeo-cor-ci-cor Atcgca-ci-co- See Supporting Information section 7.5.
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7.3 The potential energy hypersurface of 1 in ground state and excited state

To differentiate between several possible dominant relaxation channels (i.e. quasi C=C bond
twisting, phenyl torsion and photocyclization) in 1-6 upon excitation, a quantitative understand-
ing of the coupling relationship between the molecular motions is imperative. The ethylenic
C=C bond lengths of 1 in MeCN in the PES calculation (Figure 1) ™ are 1.351 A in S, and
1.471 A in S, respectively. In the excited state, the elongation of the central C1-C2 bond in 1 fa-
cilitates the large angle of the quasi C=C twisting, which is strongly coupled with the torsion of
the phenyl rings. However, the coupling relationship is different from that in the ground state.
Along the MEP in the excited state, the quasi C=C twisting (zc2i-c1-c2-c15) increases from several
degrees to 60 degrees while the dihedral angle of the phenyl ring (zc20.c15.c2-c1) decreases from
50 degrees to 25 degrees, a process during which the potential energy is reduced by almost 20
kcal/mol.

While the dominant motion for the physically viable process of the motions of 1 in MeCN in
the ground state is phenyl torsion, the major motion in the excited state is the quasi C=C twisting.
Obviously, the ethylenic twisting that can be as large as ~60° is strongly coupled with phenyl
torsion both in the excited state and ground state. The barrier of the ethylenic twisting is much
higher (> 50 kcal/mol) than that of phenyl torsion in the ground state, in which the ethylenic
twisting angle is less than 10°. The calculation results show that the change of the dihedral angle
of the quasi C=C twisting in the excited state is well fitted by the quadratic function: A twisting
= 0.0671 (A torsion) * - 3.9048 A torsion - 2.7952 (Figure S59), in which the quadratic coeffi-
cient (0.0671) is 10 times larger than that of the ethylenic twisting in the ground state, indicating
that the quasi C=C twisting coupled with phenyl torsion is significantly stronger in the excited
state. Additionally, the minimum energy path (Figure S59, Table S9) reveals that simple har-
monic oscillations of the quasi C=C twisting may take place in the excited state and then the
damping process may result in the relaxation to the Sy min. 43] For example, the dihedral angle of
the quasi C=C twisting varies from 39° to 54°, while the phenyl torsion angle remains roughly
the same at 27°.
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Figure S59. The minimum energy path of 1 in MeCN in the excited state: polynomial fit of the change
of the quasi C=C twisting (Azcz1-c1-c2-c15) a@s a function of the change of the dihedral angle of the phenyl
torsion (Azcao-c1s-c2-c1). The purple arrow indicates the direction to the S; min geometry. Data points can
be found in the Table S9.

Table S9. The minimum energy path of PES as a function of the quasi C=C twisting (zc21-c1-c2-c15) and
the dihedral angle of the phenyl torsion (zco-c15.co-c1) 0f 1 in MeCN in the excited state.

Twisting (deg.) Torsion (deg.) Energy (kcal/mol) A Twisting(deg.)* A Torsion (deg.)® A Energy (kcal/mol)*

0 48 84.62 -60 24 25.00
3 45 82.21 -57 21 22.59
6 45 79.68 -54 21 20.06
9 42 77.24 -51 18 17.62
12 42 74.99 -48 18 15.37
15 39 72.73 -45 15 13.11
18 36 70.95 -42 12 11.34
21 36 68.88 -39 12 9.27
24 36 67.43 -36 12 7.81
27 33 65.82 -33 9 6.21
30 30 64.66 -30 6 5.04
33 30 63.35 -27 6 3.73
36 30 62.44 -24 6 2.82
39 27 61.57 -21 3 1.95
42 27 60.88 -18 3 1.27
45 27 60.44 -15 3 0.82
48 27 60.14 -12 3 0.52
51 27 59.94 -9 3 0.33
54 27 59.80 -6 3 0.19
57 24 59.71 -3 0 0.09
60 24 59.62 0 0 0.00

® The changes in dihedral angles of the quasi C=C twisting from the S1_min geOMetry (60°): ATwisting = Arcoi-ci-co-cis- " The changes in
dihedral angles of phenyl torsion from the S; i, geometry (24°): A Torsion = Azcyo.cis-co-c1- S€e Supporting Information section 7.5. *The
changes of potential energy from the S; i, geometry (59.62 kcal/mol).
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7.4 The Gibbs free energy and MOs of the TPE derivatives
7.4.1 The Gibbs free energy of the TPE derivatives

Theoretical calculations were employed to gain more insight into energetics of the observed pho-
tocyclization processes and to study and compare thermodynamic stability of TPE derivatives 1-
6, with that of their photocyclized analogues and proposed intermediates. Their optimized
ground state (Sy) geometries and Gibbs free energies of the reactions in acetonitrile were calcu-
lated at M062X/6-311G (d) level using Gaussian 09 software package. >*! While only one opti-
mized (minimum energy) geometry for the TPE derivatives 1-6 and their corresponding photo-
cyclized products is possible, for each 4a,4b-dihydrophenanthrene-type intermediate* of 1-6
there are at least two different possible structures that have to be considered. Namely, one with
the two hydrogen atoms attached to the carbon atom of the newly formed C-C bond (highlighted
with a red circle) in anti-conformation and one with the aforementioned hydrogen atoms in syn-
conformation. We have computed and compared all possible structural configurations and the
respective energies for each intermediate. In the following energy diagrams, optimized structures
of the photocyclized intermediates 1-IM—6-IM with the lowest energy are shown. The computed
UV and Raman spectra of the intermediates 1-IM—6-IM in acetonitrile are shown in the Sup-
porting Information section 6.1.

* Although different cyclization patterns leading to intermediary products other than dihydro-
phenanthrene-type derivatives are also conceivable during the photocyclization of compounds 1-
6, we note that an empirically verified rule states that cyclization occurs only from those species
whose “free valence number” exceeds the value of 1(unity). “*>"! In agreement with this rule,
our experimental findings, and an abundant body of literature (2, 36-40, 52], the 4a, 4b-
dihydrophenanthrene-type intermediates were considered.
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Figure S60. The Gibbs free energies and geometric structures of 1, 1-IM and 1-PC.

In case of molecule 1 (TPE), the polycyclic photocyclized 4a,4b-dihydrophenanthrene-type interme-
diate 1-1M of the lowest energy has the hydrogen atoms in 4a and 4b positions (highlighted with the red
circle) in anti(periplanar) conformation, and is roughly 39.3 kcal/mol higher in energy than 1, which
can be certainly attributed to its highly strained geometry resulting from the obvious distortion of the
phenyl rings involved in the photocyclization process from planarity and partial loss of aromatici-
ty/conjugation upon intermediate formation. The presence of the oxidizing agents (I, O,) causes the
facile abstraction of two hydrogens and facilitates formation of dehydrogenated ring-fused phenan-
threne-type photocyclized product 1-PC. According to our calculations, it is thermodynamically some-
what more stable (14.4 kcal/mol) than the original compound 1, due to the presence of a more extended
fully aromatic phenanthrene = system in 1-PC. The dehydrogenation step is strongly exothermic with
AG amounting to as much as ca. 54 kcal/mol confirming spontaneous formation of 1-PC in accordance
with experimental observations.

>
Cd

AG (kcal/mol)

o

Figure S61. The Gibbs free energies and geometric structures of 2, 2-1M and 2-PC.

Similarly, according to our calculations, 2 would form the polycyclic photocyclized dihydrophenan-
threne-type intermediate 2-IM upon photocyclizations, in which the hydrogen atoms at the saturated
tetrahedral carbon atoms (4a and 4b positions, highlighted with the red circle) are in anti(periplanar)
conformation. This structure is ca. 43 kcal/mol higher in energy than 2, which in analogy to the structur-
ally very similar 1, can be certainly attributed to its strained geometry resulting from the distortion of
the phenyl rings from planarity and partial loss of aromaticity/conjugation upon 2-1M’s formation. The
presence of the Me groups in meta position of the phenyl rings in 2 does not appear to noticeably desta-
bilize the intermediate. Also, in this case, calculations suggest that formal abstraction of two hydrogens
leads to formation of dehydrogenated ring-fused phenanthrene-type photocyclized product 2-PC, which
is thermodynamically more stable than 2. Interestingly, in contrast to 1-PC, 2-PC is more stable than its
parent compound by only roughly 7 kcal/mol, one possible reason for that could be the fact that the
phenanthrene ring in 2-PC is not ideally planar, thus somewhat diminishing the stabilizing effect of re-
aromatization in 2-PC upon dehydrogenation. While the overall transformation process 2 to 2-PC is on-

S65



ly weakly exothermic, the dehydrogenation step is almost as strongly exothermic for 2 as it is for 1 (ca.
51 kcal).

5
>

AG (kcal/mol)

o

Figure S62. The Gibbs free energies and geometric structures of 3, 3-1M and 3-PC.

Photocyclization of 3 is different from all the other compounds in the series in that our calculations
suggest that its photocyclized hydrophenanthrene-type intermediate 3-1M has a methyl group in the 4a
position (highlighted with the red circle) in its energetically lowest anti(periplanar) conformation. Simi-
lar to 1 and 2, this structure is about 39 kcal/mol higher in energy than its parent compound 3, which can
be attributed to the same reasons that hold true for the formation of 1-IM and 2-1M. Remarkably, ac-
cording to our results, the presence of the methyl groups in ortho position of the phenyl rings and in the
4-position of the hydrophenanthrene ring in 3-1M does not appear to noticeably destabilize the interme-
diate. Contrary to the previous examples, formation of the stable photocyclized ring-fused phenan-
threne-type product 3-PC, would require formal abstraction of the very stable methane molecule, which
is the thermodynamic driving force behind the progress of this reaction. In addition to that, the phenan-
threne ring in 3-PC is almost ideally planar, providing better aromatic stabilization in 3-PC. Thus, the
overall transformation process from 3 to 3-PC is predicted to be spontaneous and notably more exo-
thermic (AG=24 kcal/mol) than in the case of compounds 1 (AG= ca. 14 kcal/mol) and 2 (AG= ca. 7
kcal/mol), with the re-aromatization step being strongly exothermic (ca. 64 kcal) compared to those of 2
(54 kcal) and 1 (ca. 51 kcal).

S66



AG (kcal/mol)

o

Figure S63. The Gibbs free energies and geometric structures of 4, 4-1M and 4-PC.

Compound 4 appears to be unique bacause in this case our calculations suggest that its overly rigid
structure and ensuing lack of flexibility could potentially lead to formation of three polycyclic photocy-
clized dihydrophenanthrene-type intermediates: synclinal 4-1M, (approximately) synperiplanar 4-IM’,
and antiperiplanar 4-IM”’, of very similar energies, with 4-IM” being ca. 7 kcal/mol higher in energy
than 4-1M, and 4-IM”’ only ca. 4 kcal/mol higher in energy than 4-1M, upon photocyclization. Interest-
ingly, in two of them (4-1IM and 4-IM”), the hydrogen atoms in 4a and 4b positions of the dihydrophe-
nanthrene ring (highlighted with the red circle) are in syn-conformation, as opposed to the more intuitive
and prevalently predicted antiperiplanar-configuration in the intermediates of all the other compounds.
Although we cannot exclude the possibility of 4-IM’and 4-IM”’ being formed and involved in the pho-
tocyclization process, we’ll limit ourselves in this discussion to 4-1M, as this specific isomer is the one
with the lowest energy, and thus the most likely one to be involved and observed experimentally. Alt-
hough, being the intermediate of the lowest energy, remarkably, 4-1M is a long-lived intermediate and
has the highest parent compound-intermediate energy gap of ca. 52 kcal/mol of all studied compounds
in this series. In analogy to the structurally related but significantly more flexible 1, 2 and 3, the energy
gap in this case is also due to the significant distortion of the molecule, strain in the 1,4-cycloheptadiene
ring and loss of aromatic stabilization in the intermediate. However, the unusually large energy gap is
most likely to the extreme rigidity of 4 caused by the presence of the “locking” ethylene link (-CH-
CHoy-) in it. In this case, the motion of the “locked” phenyl rings is strongly restrained, thus imposing a
highly unfavorable syn-geometry on the photocyclized intermediate. Also, in this case, calculations sug-
gest that formal abstraction of two hydrogen atoms is a highly exothermic (AG=62 kcal/mol) and spon-
taneous process that leads to formation of phenanthrene-type photocyclized product 4-PC, which is only
roughly 9 kcal/mol thermodynamically more stable than the parent compound 4. One possible explana-
tion for that could be the considerable ring strain in 4-PC arising from the ethylene bridge link connect-
ing two phenyl groups in 4-PC, and thus forming a strained 1,4-cycloheptadiene ring and causing visi-
ble distortion of the phenanthrene ring in 4-PC from planarity, thus reducing the stabilizing effect of re-
aromatization in 4-PC.
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Figure S64. The Gibbs free energies and geometric structures of 5, 5-1M and 5-PC.

Similarly, in 5, ethylene links on both ends of the TPE increase inherent rigidity of the structure,
which, in this case, leads to preferred formation of the polycyclic photocyclized dihydrophenanthrene-
type intermediates 5-1M with the hydrogen atoms in 4a and 4b positions in antiperiplanar conformation
(highlighted with the red circle). In contrast to 4-1M, experimental findings indicate that 5-1M is rela-
tively short-lived and has a parent compound-intermediate energy gap of ca. 45 kcal/mol. In contrast to
the structurally related but by far more flexible 1, 2 and 3, the large energy gap in this case is primarily
due to the strain of the 1,4-cycloheptadiene ring and loss of aromatic stabilization in the intermediate as
we saw them in 1-IM, 2-1M and 3-1M. The extreme rigidity of 5 caused by the presence of the “locking’
ethylene links prevents the formation of highly distorted and thus energetically unfavorable structures.
In this case, the motion of all four “locked” phenyl rings is restrained to such a degree that only minor
reorganizations in structure of 5 are possible, and a minor rotation of the phenyl rings will lead to the
formation of the photocyclized intermediate. Also, in this case, calculations suggest that dehydrogena-
tion of 5-1M is a spontaneous and exothermic (AG=56 kcal/mol) process that leads to formation of the
phenanthrene-type photocyclized product 5-PC, which, according to our calculations, is barely any
more thermodynamically stable than (1 kcal/mol) the parent compound 5. One possible explanation for
that could be that the stabilizing effect of re-aromatization in 5-PC, is almost entirely offset by the addi-
tional ring strain that is introduced into the system upon photocyclization.
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Figure S65. The Gibbs free energies and geometric structures of 6, 6-1M and 6-PC.

For compound 6, our calculations suggest formation of a photocyclized dihydrophenanthrene-
type intermediate, 6-1M, in its energetically lowest antiperiplanar conformation. Remarkably, 6-
IM is only 19 kcal/mol higher in energy than its parent compound 6. A general rule of thumb
stating that reactions with a barrier of 21 kcal/mol or less proceed readily at room temperature,
one would expect extraordinary facile formation of 6-IM under given conditions. 531 This could
be attributed to the fact that, although designed to be significantly more rigid than its non-locked
analogues, in the optimized structure of 6, the phenyl rings that form the dihydrophenanthrene
ring upon cyclization are offset stacked. Thus, only a minimum of additional structural reorgani-
zation in 6 is required for the intermediate to form upon photoexcitation. The overall transfor-
mation process from 6 to 6-PC is predicted to be spontaneous and notably more exothermic
(AG=36 kcal/mol) than in the case of other locked compounds 4 and 5, with the dehydrogenation
and re-aromatization step being similarly strongly exothermic (ca. 56 kcal/mol) compared to 4
(62 kcal/mol) and 5 (ca. 56 kcal/mol). This is most certainly due to the presence of the additional
phenanthrene ring in 6-PC that is almost ideally planar and provides better aromatic stabilization
in 6-PC.
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7.4.2 The MOs of the TPE derivatives

The molecular orbitals (MOs) of TPE derivatives in acetonitrile are calculated at M062X/6-
311G (d) level using the Gaussian 16 package. [>4]

In all intermediates, the central carbon-carbon bond is elongated to such an extent that on a
case-by-case basis it can be considered to be either a somewhat elongated or an actual single
bond (Figure S1), thus, effectively interrupting the conjugation of the m-system in the newly
formed 4a,4b-dihydrophenanthrene-type ring in the respective intermediate.

Figure S66. (a) LUMO and (b) HOMO of 1, (c) LUMO and (d) HOMO of 1-IM, (¢) LUMO
and (f) HOMO of 1-PC; iso = 0.03.

(b) (d) (f)
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Figure S67. (a) LUMO and (b) HOMO of 2, (¢) LUMO and (d) HOMO of 2-IM, (¢) LUMO
and (f) HOMO of 2-PC; iso = 0.03.

(c)

(d)

Figure S68. (a) LUMO and (b) HOMO of 3, (c) LUMO and (d) HOMO of 3-IM, (¢) LUMO
and (f) HOMO of 3-PC; iso = 0.03.

HOMOs and LUMOs of the non-locked TPE derivatives 1-3 are delocalized and mainly com-
prised of the p-orbitals of the C=C bond with less significant yet substantial contributions from
the m-system of the adjacent phenyl rings, demonstrating that a certain amount of stabilization
for these systems can be attributed to the significantly conjugated and delocalized m-system pre-
sent in these molecules. Obviously, HOMOs in 1-3 have a pronounced bonding character, while
their LUMOs are strongly anti-bonding in nature, which is also well-reflected in the notably
elongated carbon-carbon bond of the central TPE-moiety in the excited state of these molecules.

As two of the phenyl rings not involved in the photocyclization processes of the intermediates
(1-IM, 2-IM and 3-IM) are essentially perpendicular, HOMOs and LUMOs of the intermediates
reside almost exclusive on the newly formed 4a,4b-dihydrophenanthrene-type ring. Remarkably,
HOMOs and LUMOs of the intermediates consist mainly of the m-system of the 4a,4b-
dihydrophenanthrene-type ring with an additional contribution from the newly formed sigma C-
C single bond for the HOMOs. This distribution of the frontier orbitals indicates a significant
amount of conjugation still present in this type of molecules.

HOMOs and LUMOs in the photocyclized compounds (1-PC, 2-PC and 3-PC) resemble
those in the intermediates in terms of their location, and those of the original non-locked com-
pounds 1-3 in terms of their bonding/anti-bonding nature.
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(c)

(d)

Figure S69. (a) LUMO and (b) HOMO of 4, (c) LUMO and (d) HOMO of 4-IM, (¢) LUMO
and (f) HOMO of 4-PC; iso = 0.03.

In 4, HOMO and LUMO are primarily located on the C=C bond and two phenyl rings (one
locked and one non-locked) on the same side of the C=C bond. HOMO in 4 has a pronounced
bonding character, while LUMO in 4 is clearly anti-bonding in its nature. Similarly, in the in-
termediate 4-IM, HOMO and LUMO reside almost exclusively on the newly formed 4a,4b-
dihydrophenanthrene-type ring with minor contributions from the phenyl ring on the locked side
of the molecule to both HOMO and LUMO as well as the newly formed sigma C-C bond to
LUMO. This distribution clearly reflects conjugation pattern of the m-system in the 4a,4b-
dihydrophenanthrene-type ring. It is noteworthy that there is a partial shift of electron density
within the 4a,4b-dihydrophenanthrene-type ring upon excitation (HOMO-LUMO transition),
with the electron density being relocated from the m-system of the 4a,4b-dihydrophenanthrene-
type ring into the o-(C-C) framework of this ring. In contrast, after oxidative dehydrogenation of
4-IM and formation of 4-PC, a well-conjugated phenanthrene m-system is established with the
adjacent phenyl rings connected to it being, at least partially, part of it. This is well reflected in
the wide spread HOMO and LUMO in 4-PC encompassing almost the whole entirety of the
molecule, with HOMO and LUMO being bonding and anti-bonding in nature, respectively.
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Figure S70. (a) LUMO and (b) HOMO of 5, (c) LUMO and (d) HOMO of 5-IM, (¢) LUMO
and (f) HOMO of 5-PC; iso = 0.03.

In contrast to 4, HOMO and LUMO in 5 are strongly delocalized over the whole n-system of
the molecule. HOMO in 5 has a pronounced bonding character, while LUMO in 5 is clearly anti-
bonding in its nature. In contrast to 5, HOMO and LUMO in the intermediate 5-IM are located
almost exclusively on the newly formed 4a,4b-dihydrophenanthrene-type ring with negligible
contributions from the phenyl rings not involved in the ring formation process. While this distri-
bution clearly reflects conjugation pattern of the m-system in the 4a,4b-dihydrophenanthrene-
type ring of 5-IM, we note that HOMO of 5-IM also has significant contributions coming from
the newly formed o(C-C) bond in the 4a,4b-dihydrophenanthrene-type ring and antiperiplanar
C-H bonds in 4a,4b-positions of the same ring. The latter contribute to the LUMO in 5-IM as
well. Similar to 4-IM, the electron density is relocated from the m-system of the 4a,4b-
dihydrophenanthrene-type ring into the o-(C-C) framework of this ring upon excitation. Interest-
ingly, after oxidative dehydrogenation of 5-IM, a somewhat perturbed but reasonably well-
conjugated phenanthrene n-system of 5-PC is established, but unlike in case of 4-PC and 6-PC,
the frontier orbitals in 5-PC remain essentially localized on the phenanthrene ring, which is al-
most certainly a consequence of the significantly distorted geometry of 5-PC that does not allow
for planarization and more for effective conjugation in it. HOMO and LUMO in 5-PC have
bonding and anti-bonding character, respectively.
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Figure S71. (a) LUMO and (b) HOMO of 6, (c) LUMO and (d) HOMO of 6-IM, (¢) LUMO
and (f) HOMO of 6-PC; iso = 0.03.

In 6, HOMO and LUMO are strongly delocalized over the whole n-system of the molecule.
HOMO in 6 has a pronounced bonding character, while LUMO in 6 is clearly anti-bonding in its
nature. Remarkably, due to the spatial proximity there is a significant overlap between the MOs
located on the carbon atoms that form the new o(C-C) bond of the 4a,4b-dihydrophenanthrene-
type ring in LUMO of 6. In contrast, in the intermediate 6-IM, HOMO and LUMO reside almost
exclusively on the newly formed 4a,4b-dihydrophenanthrene-type ring with negligible contribu-
tions from the phenyl rings not involved in the ring formation process. While this distribution
clearly reflects conjugation pattern of the m-system in the 4a,4b-dihydrophenanthrene-type ring,
it is noteworthy that HOMO of 6-IM also has significant contributions coming from the o(C-C)
bonds of the ethylene (-CH,-CH,-) bridge as well as the newly formed C-C bond in 4a,4b-
dihydrophenanthrene-type ring. Peculiarly, C-H bonds in 4a,4b-positions of the dihydrophenan-
threne ring contribute significantly to LUMO in 6-IM. Similar to 4-IM, the electron density is
relocated from the m-system of the 4a,4b-dihydrophenanthrene-type ring into the o-(C-C)
framework of this ring upon excitation. In contrast, after oxidative dehydrogenation of 6-IM and
formation of 6-PC, a well-conjugated phenanthrene m-system is established with the adjacent
phenyl rings connected to it being, at least partially, part of it. HOMO and LUMO in 6-PC are
delocalized all over the m-system of the molecule with HOMO and LUMO being bonding and
anti-bonding in nature, respectively.
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7.5 The geometry changes of TPE derivatives at Sy and S; in solution and in solid state

Table S10. The metric parameters for 1 at the ground state (Sp), first excited state (S;), and the corre-
sponding structural difference A (S1-Sp) in both THF solution and solid state obtained at the M062X/6-
311G(d) level using the Gaussian 09 package.** Bond lengths (d) are given in A, angles in °.

1 in THF solution in solid state Crystal
Structural parameters So S: A (S1-Sp) So S: A (Si-Sg) | structure (5]
d(C1-C2) 1.351 1.470 0.119 1.351 1.445 0.094 1.356
d(C1-C3) 1.492 1.442 -0.050 1.491 1.454 -0.037 1.492
d(C2-C9) 1.492 1.442 -0.050 1.491 1.450 -0.041 1.496
d(C2-C15) 1.492 1.442 -0.050 1.486 1.440 -0.046 1.503
d(C1-C21) 1.492 1.442 -0.050 1.489 1.433 -0.056 1.491
£ (C3-C1-C21) 114.585 123.765 9.180 113.713 118.755 5.042 115.368
£(C9-C2-C15) 114.585 123.767 9.182 115.209 118.118 2.909 113.905
£ (C3-C1-C2) 122.707 118.110 -4.597 121.245 119.942 -1.303 123.012
£(C21-C1-C2) 122.708 118.125 -4.583 124.984 121.164 -3.820 121.581
£(C9-C2-C1) 122.708 118.123 -4.585 121.463 120.973 -0.490 124.975
£(C15-C2-C1) 122.708 118.110 -4.598 123.270 120.898 -2.372 121.103
7 (C4-C3-C1-C2) -130.384 | -153.545 -23.161 -124.248 -129.590 -5.342 -138.074
T (C26-C21-C1-C2) -130.388 | -153.505 -23.117 -134.126 -148.559 -14.433 -132.750
7 (C10-C9-C2-C1) -130.387 | -153.508 -23.121 -131.891 -139.497 -7.606 -137.781
7 (C16-C15-C2-C1) -130.386 | -153.552 -23.166 -140.294 -138.682 1.612 -123.786
T (C8-C3-C1-C2) 50.921 21.878 -29.043 56.911 42.361 -14.550 45,792
T (C22-C21-C1-C2) 50.917 21.901 -29.016 47.949 26.507 -21.442 47.489
T (C14-C9-C2-C1) 50.918 21.903 -29.015 47.495 34.777 -12.718 45.002
T (C20-C15-C2-C1) 50.919 21.878 -29.041 43.104 31.830 -11.274 55.877
7 (C3-C1-C2-C9) 5.923 62.726 56.803 7.051 18.836 11.785 8.721
T (C3-C1-C2-C15) -174.077 | -117.241 56.836 -170.032 -162.377 7.655 -169.669
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T (C21-C1-C2-C9) -174.077 | -117.306 56.771 -175.904 | -156.824 19.080 -173.655
7 (C21-C1-C2-C15) 5.923 62.727 56.804 7.014 21.963 14.949 7.955
plane angle between C3-
C1-C21 and C9-C2-C15 5.923 62.725 56.802 8.425 20.865 12.440 8.925
d(C20-C22) 3.250 3.635 0.385 3.168 2.820 -0.348 3.246
d(C8-C10) 3.851 3.989 0.138 3.829 3.807 -0.022 3.978
d(C20-C26) 3.851 3.989 0.138 3.889 3.879 -0.010 3.846
d(C16-C22) 3.851 3.991 0.140 4.089 3.661 -0.428 3.614
d(C16-C26) 5.315 5.467 0.152 5.470 5.427 -0.043 5.200
d(C4-C10) 5.315 5.467 0.152 5.192 5.257 0.065 5.494
d(C4-C14) 3.851 3.991 0.140 3.613 3.601 -0.012 4.020
d(C8-C14) 3.250 3.635 0.385 3.234 3.070 -0.164 3.204
A C
-174.077° 15 -170.032° 15
2(1
3 21 3 21
- 7.051°
? 9
1in THF: S, 1in solid: S,
B D
15
-117.241° -162.377° 15
2(1
3 21 3 21
18.836°
62.726° 9
9
1in THF: S, 1in solid: S;

Figure S72. The changes in the dihedral angels 7 (C3-C1-C2-C9) and 7z (C3-C1-C2-C15) of 1 in solution
(THF) and in solid state, at Sp and S;, respectively, with molecules looked upon along the C2-C1 bond
with C2 as the proximal carbon atom are shown.

Detailed list of the major structural parameters of 1 in solution and solid phase both in ground (So)
and excited (S;) states is shown in Table S10. The A (S;-Sp) of each parameter is used to illustrate the
structural change after 1’s excitation in both solution/solid.

In the ground state, the four phenyl groups are individually connected to C1 and C2 through the C-C
single bonds with nearly identical bond lengths of 1.492 A in solution. And the C1-C2 bond is a typical
ethylenic double bond with a bond length of 1.351 A. The four non-substituted phenyl rings have the
same orientation character, which results in an approximate D, symmetry of the molecule with 7 (C8-
C3-C1-C2) = 7 (C22-C21-C1-C2) = 7 (C14-C9-C2-C1) = 7 (C20-C15-C2-C1) = 50.9°.

Upon an electronic excitation, the C1-C2 bond is significantly elongated from 1.351 A to 1.470 A,
while the bonds connecting the ethylenic C1-C2 bond with the peripheral four phenyl groups in S; are
markedly shortened from 1.492 A to 1.442 A, indicating that a better conjugation around the central C-
C bond in the molecule is established upon 1’s excitation. Similar changes in these bond lengths can be
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seen in the other TPE derivatives as well. ®® With these bond lengths changing at the molecular center,
the angles £« (C3-C1-C21) and £(C9-C2-C15) become larger, too, increasing by more than 9°. Further-
more, the distances between the carbon atoms of the neighboring phenyl rings d (C20-C22) and d (C8-
C14), which can potentially facilitate the formation of the dihydrophenanthrene intermediate, become
larger due to the increased amplitude of the C1-C2 bond twisting motion after its elongation. This is
likely to increase the time span for phenyl torsion to find the specific configuration to form the interme-
diate. The biggest configuration change after excitation is the increase of the twisting angles (e.g.
(C21-C1-C2-C15)) of the ethylenic C1-C2 bond by 56.8°, which is coupled with a big increase of the
torsion of the phenyl rings by 29.0°, i.e. 7 (C20-C15-C2-C1). At this point, it is clear that the electronic
excitation magnifies the nonplanar character of the molecular geometry, as also can be seen from the
Figure S72.

While 1 undergoes similar structural changes upon excitation in the solid state and solution, the am-
plitude of these changes in the solid is significantly smaller, with the only difference being the distances
d(C20-C22) and d(C8-C14) becoming much shorter upon excitation in the solid state, as compared to
their change in solution, indicating that the molecular motion is notably restricted in the solid state, es-
pecially for the twisting mode of the C1-C2 bond and torsion of phenyl rings (Figure S72).

Table S11. The metric parameters for 2 at the ground state (Sp), first excited state (S;), and the corre-
sponding structural difference A (S1-Sp) in both THF solution and solid state obtained at the M062X/6-
311G(d) level using the Gaussian 09 package.** Bond lengths (d) are given in A, angles in °.

2 in THF solution in solid state Crystal
Structural parameters So S: A (S1-Sp) So S A (51-Sp) structure

d (C1-C2) 1.354 1.468 0.114 1.351 1.441 0.090 1.355

d (C1-C3) 1.491 1.444 -0.047 1.492 1.443 -0.049 1.493

d (C2-C9) 1.491 1.443 -0.048 1.492 1.442 -0.050 1.497

d (C2-C15) 1.491 1.443 -0.048 1.496 1.460 -0.036 1.500

d (C1-C21) 1.491 1.444 -0.047 1.494 1.454 -0.040 1.498
2 (C3-C1-C21) 115.080 122.432 7.352 115.784 118.407 2.623 116.019
2 (C9-C2-C15) 114.981 122.425 7.444 112.530 115.151 2.621 112.629
¢ (C3-C1-C2) 122.460 118.784 -3.676 123.459 121.823 -1.636 123.291
2 (C21-C1-C2) 122.460 118.784 -3.676 120.752 119.716 -1.036 120.691
¢ (C9-C2-C1) 122.509 118.790 -3.719 124.614 123.581 -1.033 124.551
2 (C15-C2-C1) 122.509 118.785 -3.724 122.856 121.266 -1.590 122.831

d (C5-C27) 1.507 1.507 0.000 1.508 1.508 0.000 1.510

d (C7-C28) 1.507 1.508 0.001 1.508 1.509 0.001 1514

d (C25-C30) 1.507 1.507 0.000 1.507 1.507 0.000 1.508

d (C23-C29) 1.507 1.508 0.001 1.506 1.506 0.000 1511
T (C4-C3-C1-C2) 132.531 151.782 19.251 138.959 144.543 5.584 140.901
7 (C26-C21-C1-C2) 132.531 151.776 19.245 130.475 134.467 3.992 131.901
T (C8-C3-C1-C2) -48.547 -23.285 25.262 -42.997 -31.718 11.279 -40.720
T (C22-C21-C1-C2) -48.547 -23.285 25.262 -48.429 -38.911 9.518 -46.662
T (C10-C9-C2-C1) -48.542 -23.381 25.161 -58.855 -40.049 18.806 -60.052
T (C20-C15-C2-C1) -48.542 -23.355 25.187 -61.305 -49.117 12.188 -60.992
7 (C14-C9-C2-C1) 132.779 151.622 18.843 125.005 135.571 10.566 123.401
7 (C16-C15-C2-C1) 132.779 151.646 18.867 120.293 126.786 6.493 120.391
7 (C3-C1-C2-C9) -9.456 -49.052 -39.596 -5.193 -15.984 -10.791 -6.462

S77




r (C3-C1-C2-C15) 170544 | 130940 | -39.604 | 174961 | 164569 | -10.392 | 173371

r (C21-C1-C2-C9) 170544 | 130962 | -39582 | 175642 | 166.733 | -8.909 | 174.401

r (C21-C1-C2-C15) 9456 | -49.047 | -39501 | -4204 | -12714 | -8510 5772
%'i‘”gz""lngf dbég’"gezn Ccf’s' 9.457 49.048 39.501 4.706 14.390 9.684 6.156
d(C20-C22) 3.228 3.308 0.080 3.203 3.113 -0.180 3.207
d(C8-C10) 3.228 3.309 0.081 3.322 3.043 -0.279 3.329
d(C20-C26) 3.828 3.862 0.034 3.940 3.864 -0.076 3.956
d(C16-C22) 3.829 3.861 0.032 3.582 3.574 -0.008 3.564
d(C16-C26) 5.322 5.441 0.119 5.193 5.236 0.043 5.195
d(Cc4-C10) 3.828 3.863 0.035 4.181 4,074 -0.107 4.222
d(C4-C14) 5.322 5.441 0.119 5.395 5.477 0.082 5.387
d(Cc8-C14) 3.829 3.861 0.032 3.777 3.803 0.026 3.719

The changes in the dihedral angels z (C3-C1-C2-C9) and 7 (C3-C1-C2-C15) of 2 in solution (THF) and
in solid state, at Sp and S, respectively, with molecules looked upon along the C2-C1 bond with C2 as
the proximal carbon atom are shown below.

A C
9 9
; 2(1) 2(1)
-9.456 . 5
170.544° 15 174.961° 15
2in THF: S, 2in solid: S,
B D
9
9
-49.052°,
15.982° 2(1)
3 21 3 \ 21
> 164.569° 15
130.940 15
2inTHF: 5, 2in solid: S,

Figure S73. The changes in the dihedral angels 7 (C3-C1-C2-C9) and 7 (C3-C1-C2-C15) of 2 in solution
(THF) and in solid state, at Sp and S;, respectively, with molecules looked upon along the C2-C1 bond
with C2 as the proximal carbon atom are shown.

In solution in the ground state (So), 2 has identical bond lengths of 1.491 A for the C-C single bonds
connecting the four phenyl groups to the typical ethylenic C1=C2 double bond with a bond length of
1.354 A. The four phenyl rings result in an approximate symmetry in the molecule with dihedral angles
7 (C8-C3-C1-C2) = 7 (C22-C21-C1-C2) = 1 (C10-C9-C2-C1) = 7 (C20-C15-C2-C1) = -48.5°, which are
smaller than those of 1. Thus, except for the intrinsically enhanced rigidity of the structure introduced
by the m-position methyl substituted phenyl rings, they have no big influence on the geometry changes
as compared to 1 in terms of a S;-Sp comparison.

Upon an electronic excitation, similar changes in the central C-C bond lengths can be seen in 2 as ob-

served in 1, indicating a better conjugation around the central C-C bond in the molecule is established
upon 2’s excitation. With these bond lengths changing at the molecular center, the angles 2 (C3-C1-
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C21) and £(C9-C2-C15) become wider, too, increasing by more than 7°, which is smaller than those in
1. The biggest configuration change after excitation is the increase of the twisting angles (e.g. 7 (C21-
C1-C2-C15)) of the ethylenic C1-C2 bond by 39.6° which is coupled with a big increase of the torsional
angel of the phenyl ring by 25.2°, i.e. 7 (C20-C15-C2-C1). These angles are smaller than those in 1,
which is probably due to the more rigid structure caused by the m-position substituted phenyl rings. Fur-
thermore, the distances of two atoms in the phenyl rings, d (C20-C22) and d (C8-C10), become larger
due to the increased amplitude of the C1-C2 twisting motion after its elongation.

While 2 undergoes similar structural changes upon excitation in the solid state and solution, the am-
plitude of these changes in the solid is significantly smaller (Figure S73).

Table S12. The metric parameters for 3 at the ground state (Sp), first excited state (S;), and the corre-
sponding structural difference A (S;-Sp) in both THF solution and solid state obtained at the M062X/6-
311G(d) level using the Gaussian 09 package.!*®! Bond lengths (d) are given in A, angles in °.

3 in THF solution in solid state Crystal
Structural parameters So S, A (S1-So) So S, A (S1-Sg) structure
d (C1-C2) 1.355 1.461 0.106 1.357 1.451 0.094 1.357
d (C1-C3) 1.502 1.453 -0.049 1.502 1.459 -0.043 1.502
d (C2-C9) 1.490 1.446 -0.044 1.492 1.452 -0.040 1.493
d (C2-C15) 1.490 1.446 -0.044 1.490 1.445 -0.045 1.487
d (C1-C21) 1.502 1.453 -0.049 1.499 1.454 -0.045 1.507
¢ (C3-C1-C21) 115.336 120.860 5.524 117.437 119.652 2.215 116.798
£ (C9-C2-C15) 115.236 121.975 6.739 116.485 120.626 4141 116.068
2 (C3-C1-C2) 122.329 119.571 -2.758 120.819 119.181 -1.638 121.241
¢ (C21-C1-C2) 122.334 119.569 -2.765 121.739 121.163 -0.576 121.971
£ (C9-C2-C1) 122.382 119.013 -3.369 120.861 118.750 -2.111 120.529
2 (C15-C2-C1) 122.382 119.012 -3.370 122.608 120.590 -2.018 123.391
d (C4-C27) 1.510 1.509 -0.001 1.507 1.509 0.002 1.501
d (C8-C28) 1.510 1.507 -0.003 1.508 1.505 -0.003 1.506
d (C26-C30) 1.510 1.509 -0.001 1.510 1511 0.001 1.506
d (C22-C29) 1.510 1.507 -0.003 1.509 1.507 -0.002 1.503
T (C4-C3-C1-C2) 125.082 135.440 10.358 123.478 128.007 4529 122.201
7 (C26-C21-C1-C2) 125.093 135.433 10.340 122.274 127.926 5.652 122.221
T (C8-C3-C1-C2) -57.672 -41.345 16.327 -56.901 -46.537 10.364 -57.731
T (C22-C21-C1-C2) -57.667 -41.345 16.322 -58.505 -46.396 12.109 -60.011
T (C10-C9-C2-C1) -44.268 -23.488 20.780 -43.750 -32.046 11.704 -45.182
t (C20-C15-C2-C1) -44.267 -23.494 20.773 -41.312 -23.960 17.352 -39.852
7 (C14-C9-C2-C1) 136.504 152.293 15.789 133.434 140.083 6.649 132.581
7 (C16-C15-C2-C1) 136.509 152.287 15.778 141.410 150.557 9.147 142.801
T (C3-C1-C2-C9) -9.084 -43.046 -33.962 -11.926 -26.562 -14.636 -11.182
7 (C3-C1-C2-C15) 170.916 136.955 -33.961 165.536 151.331 -14.205 166.871
T (C21-C1-C2-C9) 170.913 136.954 -33.959 168.845 154.175 -14.670 169.209
T (C21-C1-C2-C15) -9.087 -43.045 -33.958 -13.693 -27.932 -14.239 -12.752
planc angle petween S | 9.085 43044 | 33950 | 13049 | 27.331 | 14282 | 12.065
d(C20-C22) 3.315 3.488 0.173 3.381 3.234 -0.147 3.389
d(C8-C10) 3.315 3.488 0.173 3.266 3.230 -0.036 3.294
d(C20-C26) 3.665 3.571 -0.094 3.570 3.503 -0.067 3.595
d(C16-C22) 4.008 4.097 0.089 4.067 4104 0.037 4.139
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d(C16-C26) 5.295 5.307 0.012 5.253 5.317 0.064 5.293
d(C4-C10) 3.665 3.571 -0.094 3.510 3.421 -0.089 3.513
d(C4-C14) 5.295 5.307 0.012 5.154 5.147 -0.007 5.141
d(C8-C14) 4,008 4.097 0.089 3.828 3.811 -0.017 3.836
A c
9
9
9.084° 2(1) -11.926°
3 \ 21 3 21
170.916° 15 165.536° 15
3in THF: S, 3in solid: S,
B D

-26.562° 2(1)
21
o 151.331°
136.955 15 15
3in THF: S, 3insolid: S,

Figure S74. The changes in the dihedral angels 7 (C3-C1-C2-C9) and z (C3-C1-C2-C15) of 3 in solution
(THF) and in solid state, at Sp and S;, respectively, with molecules looked upon along the C2-C1 bond
with C2 as the proximal carbon atom are shown.

In solution, upon excitation 3 displays geometry changes similar to the ones predicted for 1 and 2
with the difference being that in 3 the changes in dihedral angles of phenyl torsion are smaller: Az (C8-
C3-C1-C2) = Ar (C22-C21-C1-C2) = 16.3° and At (C10-C9-C2-C1) = Az (C20-C15-C2-C1) = 20.8°,
which is indicative of the out of sync torsion of the four phenyl rings due to the steric hindrance caused
by the methyl groups in the o-positions of two phenyl rings. Similar bond lengths’ changes can be found
in the central C1-C2 bond in the molecule. Similar to 1 and 2, the changes in the distances d (C20-C22)
and d (C8-C10) become larger. However, the 2 (C3-C1-C21) and £(C9-C2-C15) angles increased by
less than 7°, and the change of the C1-C2 twisting angle (e.g. 7 (C21-C1-C2-C15)) is almost 34°, indi-
cating a more rigid structure as compared to 1 and 2.

While 3 undergoes similar structural changes upon excitation in the solid state and solution, the am-
plitude of these changes in the solid is significantly smaller (Figure S74).
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Table S13. The metric parameters for 4 at the ground state (Sy), first excited state (S;), and the corre-
sponding structural difference A (S:1-Sp) in both THF solution and solid state obtained at the M062X/6-
311G(d) level using the Gaussian 09 package.!*®! Bond lengths (d) are given in A, angles in °.

4 in THF solution in solid state Crystal
Structural parameters So So structure

d (C1-C2) 1.346 1.348 1.359

d (C1-C3) 1.495 1.498 1.525

d (C1-C21) 1.493 1.492 1512

d (C2-C9) 1.492 1.502 1.505

d (C2-C15) 1.497 1.497 1.518

£ (C3-C1-C21) 114.784 113.954 119.300
£ (C9-C2-C15) 115.064 116.656 115.430
¢ (C3-C1-C2) 123.530 121.837 121.200

£ (C21-C1-C2) 121.684 124.197 120.014
¢ (C9-C2-C1) 124.013 119.382 121.030

£ (C15-C2-C1) 120.835 123.771 123.430

d (C4-C27) 1.522 1518 1.493

d (C27-C28) 1.532 1530 1.542

d (C26-C28) 1.505 1.505 1.492

T (C3-C4-C27-C28) -2.673 2.313 6.300
T (C4-C27-C28-C26) 60.939 54.738 55.018
T (C27-C28-C26-C21) -72.408 -73.128 -77.300
£ (C3-C4-C27) 126.066 126.198 126.300
¢ (C4-C27-C28) 118.366 118.881 119.113
£ (C27-C28-C26) 111.839 113.431 114.512
2 (C28-C26-C21) 118.463 118.572 118.115
7 (C4-C3-C1-C2) 127.625 124.146 132.300
7 (C8-C3-C1-C2) -55.057 -58.232 -58.400
7 (C26-C21-C1-C2) -109.670 -112.265 -121.200
7 (C22-C21-C1-C2) 71.720 68.800 75.300
T (C10-C9-C2-C1) 137.766 110.766 107.440
7 (C14-C9-C2-C1) -44.371 -68.424 -73.850
7 (C16-C15-C2-C1) -87.720 -140.069 -138.840
7 (C20-C15-C2-C1) 93.580 40.772 43.250
7 (C3-C1-C2-C9) -6.724 -7.221 -7.200
T (C3-C1-C2-C15) 176.864 177.984 178.200
T (C21-C1-C2-C9) 173.840 174.134 173.111
7 (C21-C1-C2-C15) -2.571 -0.661 -1.411

d(C20-C22) 4.073 3.327 3.343

d(C8-C10) 3.998 3.422 3.379

d(C20-C26) 4.023 3.579 3.632

d(C16-C22) 3.317 4.324 4.283

d(C16-C26) 4.633 5.308 5.322

d(C4-C10) 5.402 4.941 5.025

d(C4-C14) 3.802 3.806 4.086

d(C8-C14) 3.256 3.579 3.687
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Figure S75. The changes in the dihedral angels 7 (C3-C1-C2-C9) and 7 (C3-C1-C2-C15) of 4 in solution
(THF) and in solid state, at Sp and S;, respectively, with molecules looked upon along the C2-C1 bond

with C2 as the proximal carbon atom are shown.

The excited state calculations of 4 in both solution and solid state did not converge. Thus, the geome-
try changes in 4 upon excitation and comparison to 1-3 in terms of A (S;1-Sp) could not be studied.

Table S14. The metric parameters for 5 at the ground state (Sy), first excited state (S;), and the corre-
sponding structural difference A (S;-Sp) in both THF solution and solid state obtained at the M062X/6-

311G(d) level using the Gaussian 09 package.!*® Bond lengths (d) are given in A, angles in °.

5 in THF solution in solid state Crystal
Structural parameters Sy S; A (S1-So) Sy S; A (S1-So) structure®
d (C1-C2) 1.347 1.467 0.120 1.348 1.454 0.106 1.347
d (C1-C3) 1.492 1.462 -0.030 1.494 1.459 -0.035 1.490
d (C2-C9) 1.498 1.453 -0.045 1.501 1.459 -0.042 1.491
d (C2-C15) 1.492 1.462 -0.030 1.494 1.459 -0.035 1.490
d (C1-C21) 1.498 1.452 -0.046 1.501 1.459 -0.042 1.491
< (C3-C1-C21) 114.955 117.222 2.267 114.264 116.546 2.282 114.159
2 (C9-C2-C15) 114.955 117.222 2.267 114.264 116.546 2.282 114.159
2 (C3-C1-C2) 122.183 119.549 -2.634 122.722 120.444 -2.278 122.631
¢ (C21-C1-C2) 122.767 121.524 -1.243 122.914 120.942 -1.972 123.031
£ (C9-C2-C1) 122.767 121.524 -1.243 122.913 120.941 -1.972 123.031
¢ (C15-C2-C1) 122.183 119.550 -2.633 122.723 120.443 -2.280 122.631
d (C4-C27) 1.506 1.500 -0.006 1.503 1.499 -0.004 1.612
d (C27-C30) 1.530 1.524 -0.006 1.524 1.520 -0.004 1.436
d (C26-C30) 1521 1.518 -0.003 1.517 1.515 -0.002 1.555
d (C14-C28) 1521 1518 -0.003 1.517 1.515 -0.002 1.555
d (C28-C29) 1.530 1.524 -0.006 1.524 1.520 -0.004 1.436
d (C16-C29) 1.506 1.500 -0.006 1.503 1.499 -0.004 1.612
T (C4-C27-C30-C26) -60.165 -60.262 -0.097 -58.227 -56.109 2.118 -56.212
7 (C14-C28-C29-C16) 60.165 60.260 0.095 58.232 56.112 -2.120 56.212
£ (C3-C4-C27) 118.453 118.189 -0.264 118.118 117.641 -0.477 116.730
£ (C21-C26-C30) 126.338 126.317 -0.021 126.774 126.580 -0.194 127.950
2 (C9-C14-C28) 126.338 126.317 -0.021 126.773 126.578 -0.195 127.950
£ (C29-C16-C15) 118.453 118.189 -0.264 118.120 117.642 -0.478 116.730
T (C3-C4-C27-C30) 72.992 75.209 2.217 75.642 77.850 2.208 76.880
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r (C27-C30-C26-C21) 2.816 0.264 -2.552 -0.308 -4.283 -3.975 0.315
r (C9-C14-C28-C29) -2.816 -0.261 2.555 0.305 4.283 3.978 -0.315
r (C28-C29-C16-C15) 72992 | -75.210 2218 75640 | -77.853 2213 -76.880

r (C4-C3-C1-C2) 114889 | 134.451 19,562 116.953 | 137.337 20.384 119.282
r (C16-C15-C2-C1) -114.889 | -134450 | -19561 | -116.948 | -137.346 | -20.398 | -119.282
7 (C8-C3-C1-C2) -65.582 | -45.238 20.344 64.488 | -44.540 19.948 -62.582
7 (C20-C15-C2-C1) 65.582 45.236 -20.346 64.492 44,534 -19.958 62.582
r (C26-C21-C1-C2) 130705 | -153.008 | -22.303 | -129.944 | -149.995 | -20051 | -127.232
r (C14-C9-C2-C1) 130.705 | 153.007 22.302 129.946 | 150.007 20.061 127.232
t (C22-C21-C1-C2) 52,649 33.763 -18.886 54.121 37.284 -16.837 55.942
r (C10-C9-C2-Cl) -52.649 | -33.760 18.889 54122 | -37.283 16.839 -55.942
r (C3-C1-C2-C9) -3.719 115292 | -11573 -3.859 116931 | -13.072 -5.420
r (C3-C1-C2-C15) -180.000 | 179.998 0.002 179.995 | 179.995 0.000 180.001
r (C21-C1-C2-C9) 180.000 | 179.999 -0.001 179.997 | 179.986 0011 | -180.001
r (C21-C1-C2-C15) 3.719 15.289 11570 3.852 16.912 13.060 5.420
’gi”g;lr‘g'rf dbgtg"_vé‘;r] 5135' 0.000 0.004 0.004 0.004 0.013 0.009 0.008
d(C20-C22) 3.444 2.958 -0.486 3.481 3.063 -0.418 3511
d(C8-C10) 3.444 2.958 -0.486 3.482 3.063 -0.419 3511
d(C20-C26) 4.036 4.019 -0.017 4.043 3.990 -0.053 3.940
d(C16-C22) 3513 3.575 0.062 3.599 3.650 0.051 3.683
d(C16-C26) 5.172 5.460 0.288 5.209 5.452 0.243 5.189
d(C4-C10) 3513 3.575 0.062 3.599 3.650 0.051 3.683
d(C4-C14) 5.172 5.460 0.288 5.209 5.452 0.243 5.189
d(C8-C14) 4,036 4,018 -0.018 4.403 3.990 -0.053 3.940
A C
-180.000°
2 9 2(1) 15
3 37190 20 3 ¥ ocos 21
179.995°
5in THF: S, 5in solid: S,
B D
9 5292, 16931° 203) 15
3 e L
179.998° 179.995° 2
5in THF: S, 5insolid: S;

Figure S76. The changes in the dihedral angels 7 (C3-C1-C2-C9) and 7z (C3-C1-C2-C15) of 5 in solution
(THF) and in solid state, at Sp and S;, respectively, with molecules looked upon along the C2-C1 bond

with C2 as the proximal carbon atom are shown.
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The top-bottom locked compound 5 has an even more rigid structure as compared to 1-4, which is ev-
idenced by the very small changes (~2.3°) in the angles of £ (C3-C1-C21) and £(C9-C2-C15), and near-
ly a 0° change of the plane (C3-C1-C21) to plane (C9-C2-C15) angle upon excitation. Although the C1-
C2 twisting angle does change (A7 (C21-C1-C2-C15) = 11.57°), it is much smaller than the twisting an-
gle changes in 1-3. While the changes due to the phenyl torsion upon excitation is similar to those in 3
(e.g. A7 (C20-C15-C2-C1) = -20.35°, Az (C22-C21-C1-C2) = -18.89°), it is indicative of the out of sync
torsion of the four phenyl rings in 5. That further demonstrates that the introduction of the two ethylene
bridges in the top-bottom positons in TPE resulting in 5 significantly restricts the C1-C2 twisting, while
at the same time exerting some influence on the phenyl rings’ motion that given their small amplitude
can be classified as vibrations. Another big difference in 5 as compared to 1-3 is that the d (C20-C22)
and d (C8-C10) distances become much smaller (2.958 A) upon excitation, which might be due to the
small angles of phenyl rings’ vibration and the restricted C1-C2 bond twisting in this highly rigid struc-
ture. Similar bond lengths’ changes can be found in the central C-C bond in 5 as compared to 1-3.

5 undergoes similar amplitude of structural changes upon excitation in the solid state and solution
(Figure S76), which might be due to its rigid structure.

Table S15. The metric parameters for 6 at the ground state (Sp), first excited state (S;), and the corre-
sponding structural difference A (S1-Sp) in THF solution at the M062X/6-311G(d) level using the
Gaussian 09 package.® Bond lengths (d) are given in A, angles in °.

6 in THF solution in solid state Crystal
Structural parameters So S A (Si-Sp) So structure
d (C1-C2) 1.371 1.400 0.029 1.371 1.373
d (C1-C3) 1.498 1.495 -0.003 1.497 1.500
d (C2-C9) 1.498 1.494 -0.004 1.500 1.498
d (C2-C15) 1.498 1.452 -0.046 1.500 1.502
d (C1-C21) 1.498 1.451 -0.047 1.498 1.497
£ (C3-C1-C21) 115.119 117.530 2.411 115.682 115.679
2 (C9-C2-C15) 115.117 117.459 2.342 115.014 115.209
£ (C3-C1-C2) 122.444 122.052 -0.392 121.446 122.730
2 (C21-C1-C2) 122.437 120.213 -2.224 122.746 121.530
£ (C9-C2-C1) 122.438 122.162 -0.276 122.919 122.020
£ (C15-C2-C1) 122.445 120.155 -2.290 121.974 122.710
T (C23-C30-C29-C19) 65.504 57.617 -7.887 64.497 64.240
T (C7-C27-C28-C11) 65.505 65.946 0.441 64.237 64.690
T (C22-C23-C30-C29) -78.058 -59.884 -18.174 -81.264 -81.740
T (C30-C29-C19-C20) -78.060 -60.076 -17.984 -74.666 -73.440
T (C8-C7-C27-C28) -78.054 -78.600 -0.546 -82.298 -79.100
T (C27-C28-C11-C10) -78.067 -78.381 -0.314 -73.871 -75.980
2 (C8-C7-C27) 119.436 119.586 0.150 120.452 119.450
2 (C7-C27-C28) 109.720 109.472 -0.248 109.498 110.180
£ (C27-C28-Cl11) 109.718 109.484 -0.234 109.937 109.379
£ (C28-C11-C10) 119.437 119.581 0.144 119.719 119.339
£(C22-C23-C30) 119.439 116.301 -3.138 119.804 119.730
£ (C23-C30-C29) 109.721 108.783 -0.938 109.764 109.529
£ (C30-C29-C19) 109.718 108.701 -1.017 109.679 110.088
£ (C29-C19-C20) 119.433 116.229 -3.204 119.851 119.320
7 (C4-C3-C1-C2) -126.604 -124.167 2.437 -119.944 -126.750
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7 (C14-C9-C2-C1) -126.594 -124.505 2.089 -131.354 -125.310

7 (C8-C3-C1-C2) 40.932 42.494 1.562 47.234 38.900
7 (C10-C9-C2-C1) 40.952 42.108 1.156 35.711 43.400
7 (C26-C21-C1-C2) -126.600 -152.961 -26.361 -123.821 -119.870
7 (C16-C15-C2-C1) -126.600 -152.149 -25.549 -127.494 -131.960
7 (C22-C21-C1-C2) 40.936 18.283 -22.653 41.142 47.240
7 (C20-C15-C2-C1) 40.946 18.580 -22.366 41.988 35.670
T (C3-C1-C2-C9) -7.363 -9.328 -1.965 -7.701 -8.460
7 (C3-C1-C2-C15) 172.627 176.248 3.621 175.973 168.020
7 (C21-C1-C2-C9) 172.647 176.026 3.379 168.044 174.990
T (C21-C1-C2-C15) -7.363 1.601 8.964 -8.282 -8.530

plane angle between C3- )
C1-C21 and C9-C2-C15 7.363 3.649 3.714 10.091 10.079
d(C20-C22) 2.600 1.700 0.900 2.600 2.583
d(C8-C10) 2.600 2.604 0.004 2.603 2.582
d(C20-C26) 3.790 3.616 -0.174 3.754 3.676
d(C16-C22) 3.790 3.608 -0.182 3.816 3.882
d(C16-C26) 5.377 5.515 0.138 5.366 5.354
d(C4-C10) 3.790 3.778 -0.012 3.676 3.804
d(C4-C14) 5.377 5.374 -0.003 5.344 5377
d(C8-C14) 3.790 3.785 -0.005 3.865 3.771
A c
9 9
3 21 3 21
172.627° 15 175.973° 15
6in THF: S, 6in solid: S,
B
9
REY 2(1) .
1760260 2t
6in THF: S,

Figure S77. The changes in the dihedral angels 7 (C3-C1-C2-C9) and 7z (C3-C1-C2-C15) of 6 in solution
(THF) and in solid state, at Sp and S;, respectively, with molecules looked upon along the C2-C1 bond
with C2 as the proximal carbon atom are shown.

Remarkably, in 6 in solution, the elongation of the bond C1-C2 upon excitation is rather small (from
1.371 A to 1.400 A). The asymmetric changes in the lengths of the bonds connecting the ethylenic C1-
C2 bond with the peripheral four phenyl groups upon excitation reveal that only two bonds (C2-C15 and
C1-C21) in one side of the bilaterally locked TPE 6 are markedly shortened from 1.498 A to 1.452 A.
This happens to be the side on which a very small d (C20-C22) distance of 1.70 A is predicted which is
rather close to the length of a C-C single bond, that subsequently forms in the corresponding intermedi-
ate 6-1M. The distance d (C8-C10) on the other side of the bicyclic 6 in the excited state is predicted to
remain approximately the same (2.60 A) as compared to its ground state.

Similarly, small changes (~2.4°) in the £ (C3-C1-C21) and £(C9-C2-C15) angles, and very small
change (~3.7°) of plane (C3-C1-C21) to plane (C9-C2-C15) angle are found in 6 upon excitation as
compared to 5. The changes of the phenyl torsion upon excitation differ markedly depending on which
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side of the bicyclic system of 6 they are located. On the side that ends up constituting the carbon
framework of the dihydrophenanthrene ring after cyclization, one has similar changes in phenyl torsion
(e.g. At (C20-C15-C2-C1) = -22.37°, Ar (C22-C21-C1-C2) = -22.65°) as in 3, while on the other side
there is no significant torsional changes (e.g. Az (C8-C3-C1-C2) = 1.56°, Az (C14-C9-C2-C1) = 2.09°).
Thus, the changes of the four phenyl rings’ torsion in 6 are out of sync. Additionally, the changes in the
C1-C2 twisting angle (e.g. Az (C21-C1-C2-C15) = 8.96°) upon excitation is smaller than that in 5. All of
the above demonstrates that the compound 6 is the most rigid TPE derivative under consideration in this
work.

The excited state calculation of 6 in solid state did not converge, thus the geometry changes in 6 as
solid upon excitation and their comparison to 1-3 and 5 in terms of A(S1-Sp) will not be discussed.

7.6 The optimized geometry of TPE derivatives

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

Quantum mechanical calculations for 1-6 in solution were performed at the DFT level of theo-
ry using M062X functional BUand 6-311G (d) basis set **as implemented in the DO0.1 version
of the Gaussian 09 software package. 1**!

The optimized geometry of 1-6 in solid state were analyzed using ONIOM(QM:MM) ap-
proach, an integrated quantum mechanics: molecular mechanics (QM:MM) method.’"*” In the
two-layer ONIOM calculation the system was divided into two parts, a selected centrally locat-
ed molecule was treated by a DFT/TD-DFT (QM) method using M062X functional *!! while the
packing surroundings in the crystal were treated by a low-level method, molecular mechanics
(MM) method, the Universal Force Feld (UFF).!®!! Geometry optimization, vibrational frequency
and excited state calculations were performed usin% the 6-311G(d) basis set as implemented in
the DO0.1 version of Gaussian 09 software package. " I The solid-phase Hessian of Sy was evalu-
ated analytically at the DFT level, while that of S; was calculated numerically at the TD-DFT
level. The electrostatic interactions in the model were calculated semiclassically incorporating
the MM charges into the QM Hamiltonian (electronic embedding). [60-62] Ty our QM/MM model
we neglect possible intermolecular excitonic couplings and assume that the intramolecular mo-
tions dominate the photophysical process. During the QM/MM simulations, only the central
(QM) molecule was active for optimization, while all the surrounding (MM) molecules remained
rigid.
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Figure S78. QM molecule of 1 (highlighted by cyan) surrounded by 70 MM molecules. All
hydrogen atoms are omitted for clarity. Optimized cluster with 1in the ground state and excited
state are calculated using ONIOM QM:MM model with the high-level part of model shown us-
ing ball-and-stick representation (QM), and the low-level part of the model using wire represen-
tation (MM). All calculated at the M062X/6-311G (d) level P!~ using the Gaussian 09 pack-

age.l’’!
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Figure S79. QM molecule of 2 (highlighted by cyan) surrounded by 58 MM molecules. All
hydrogen atoms are omitted for clarity. Optimized cluster with 2 in the ground state and excited
state are calculated using ONIOM QM:MM model with the high-level part of model shown us-
ing ball-and-stick representation (QM), and the low-level part of the model using wire represen-
tatio[1313](MM). All calculated at the M062X/6-311G (d) level =% using the Gaussian 09 pack-
age.
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Figure S80. QM molecule of 3 (highlighted by cyan) surrounded by 60 MM molecules. All
hydrogen atoms are omitted for clarity. Optimized cluster with 3 in the ground state and excited
state are calculated using ONIOM QM:MM model with the high-level part of model shown us-
ing ball-and-stick representation (QM), and the low-level part of the model using wire represen-
tation (MM). All calculated at the M062X/6-311G (d) level P!~ using the Gaussian 09 pack-

age.l’’!
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resentation (QM), and the low-level part of the model using wire representation (MM). All cal-

using ONIOM QM:MM model with the high-level part of model shown using ball-and-stick rep-
culated at the M062X/6-311G (d) level ' using the Gaussian 09 package.[33]

hydrogen atoms are omitted for clarity. Optimized cluster with 4 in the ground state is calculated

Figure S81. QM molecule of 4 (highlighted by cyan) surrounded by 75 MM molecules. All
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Figure S82. QM molecule of 5 (highlighted by cyan) surrounded by 70 MM molecules. All

hydrogen atoms are omitted for clarity. Optimized cluster with 5in the ground state and excited

state are calculated using ONIOM QM:MM model

with the high-level part of model shown us-

ing ball-and-stick representation (QM), and the low-level part of the model using wire represen-

tation (MM). All calculated at the M062X/6-311G (d) level *'** using the Gaussian 09 pack-

age.*’!
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Figure S83. QM molecule of 6 (highlighted by cyan) surrounded by 58 MM molecules. All
hydrogen atoms are omitted for clarity. Optimized cluster with 6 in the ground state is calculated
using ONIOM QM:MM model with the high-level part of model shown using ball-and-stick rep-
resentation (QM), and the low-level part of the model using wire representation (MM). All cal-
culated at the M062X/6-311G (d) level ' using the Gaussian 09 package.[33]
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Table S16. The optimized geometric structure of 1 in MeCN at the transition state (TS) of ethyl-
enic C=C bond twist performed at M062X/6-311G(d) using the Gaussian 09 package."*”!

Atom X y z
C -0.710000 -0.000000 0.000000
C 0.710000 0.000000 0.000000
C -1.434300 -1.051800 -0.754400
C -2.733900 -0.797600 -1.245100
C -0.792100 -2.189200 -1.297100
C -3.383000 -1.674400 -2.108000
H -3.235300 0.128000 -1.003400
C -1.445900 -3.071800 -2.138700
H 0.247700 -2.386000 -1.075600
C -2.761000 -2.837300 -2.538300
H -4.381500 -1.427900 -2.451100
H -0.912000  -3.940700 -2.507000
H -3.269600 -3.527300 -3.201200
C -1.434300 1.051800 0.754400
C -0.792100 2.189200 1.297100
C -2.733900 0.797500 1.245100
C -1.445900 3.071800 2.138700
H 0.247700 2.386000 1.075600
C -3.383000 1.674400 2.108000
H -3.235300 -0.128000 1.003400
C -2.761000 2.837300 2.538300
H -0.912000 3.940700 2.507000
H -4.381500 1.427900 2.451100
H -3.269600 3.527300 3.201200
C 1.434300 -1.051800 0.754300
C 2.734000 -0.797700 1.245000
C 0.792100 -2.189300 1.296900
C 3.383000 -1.674600 2.107800
H 3.235300 0.127800 1.003400
C 1.445900 -3.072000 2.138400
H -0.247700  -2.386000 1.075400
C 2.761000 -2.837500 2.538000
H 4.381500 -1.428200 2.450900
H 0.912000  -3.940900 2.506600
H 3.269600 -3.527600 3.200800
C 1.434300 1.051800  -0.754300
C 2.734000 0.797700  -1.245000
C 0.792100 2.189300 -1.296900
C 3.383000 1.674600 -2.107800
H 3.235300 -0.127800  -1.003400
C 1.445800 3.072000 -2.138400
H -0.247700 2.386000 -1.075400
C 2.760900 2.837500 -2.538000
H 4.381500 1.428200  -2.450900
H 0.912000 3.940900 -2.506600
H 3.269600 3.527600 -3.200800

Table S17. The optimized geometric structure of 1 in MeCN at the transition state (TS) of phe-
nyl rotation performed at M062X/6-311G(d) using the Gaussian 09 package."”

Atom X y z
C 0.019500 0.670400 -0.010200
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C -0.019500 -0.670400 0.010300
C 1.311000 1.424600 -0.077100
C 1.878100 2.014100 1.054800
C 1.955700 1.567500 -1.307600
C 3.068600 2.727400 0.958700
H 1.401000 1.894900 2.022100
C 3.146900 2.280000 -1.404500
H 1.519400 1.111300 -2.190600
C 3.705800 2.863400 -0.271400
H 3.501600 3.171900 1.847800
H 3.638100 2.379000 -2.366200
H 4.634200 3.418100 -0.345000
C -1.220700 1.504300 -0.052200
C -2.095800 1.420600 -1.138400
C -1.510700 2.404700 0.976300
C -3.242000 2.207800 -1.188000
H -1.871500 0.737800 -1.950600
C -2.660100 3.186200 0.931400
H -0.840900 2.488200 1.825000
C -3.529800 3.090100 -0.151200
H -3.909600 2.132400 -2.039100
H -2.876000 3.871200 1.743600
H -4.424300 3.701600 -0.187200
C -1.311000 -1.424600 0.077100
C -1.955700 -1.567500 1.307600
C -1.878100 -2.013900 -1.054900
C -3.146900 -2.279900 1.404500
H -1.519400 -1.111400 2.190600
C -3.068700 -2.727200 -0.958700
H -1.401000 -1.894700 -2.022100
C -3.705800 -2.863300 0.271300
H -3.638100 -2.379000 2.366100
H -3.501600 -3.171700 -1.847900
H -4.634300 -3.417900 0.344800
C 1.220700 -1.504400 0.052300
C 1.510500 -2.404900 -0.976100
C 2.096000 -1.420500 1.138300
C 2.660000 -3.186400 -0.931300
H 0.840700 -2.488400 -1.824800
C 3.242100 -2.207800 1.187900
H 1.871800 -0.737700 1.950500
C 3.529800 -3.090200 0.151200
H 2.875800 -3.871500 -1.743500
H 3.909800 -2.132300 2.039000
H 4.424200 -3.701800 0.187100

Table S18. The optimized geometric structure of 1 in MeCN at the ground state (Sy) performed
at M062X/6-311G(d) using the Gaussian 09 package.””

Atom X y z
C 0.000000 0.000000 -0.675200
C 0.000000 0.000000 0.675200
C -1.254000 -0.063800 1.480600
C -1.458800 0.864800 2.505900
C -2.622100 0.838800 3.266200
C -3.587900 -0.135800 3.029200
C -3.381400 -1.082000 2.028400
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Table S19. The optimized geometric structure of 1-IM in MeCN at the ground state (Sg) per-

.224000
.067800
.123300
.492800
.772800
.702500
1.254000
1.458800
2.622100
3.587900
3.381400
2.224000
2.067800
4.123300
4.492800
2.772800
0.702500
1.254000
1.458800
2.622100
3.587900
3.381400
2.224000
2.067800
4.123300
4.492800
2.772800
0.702500
.254000
.224000
.381400
.587900
.622100
.458800
.702500
.772800
.492800
.123300
.067800

.045200
.781000
.852100
.161900
.577000
.619900
.063800
.864800
.838800
.135800
.082000
.045200
.781000
.852100
.161900
.577000
.619900
.063800
.864800
.838800
.135800
.082000
.045200
.781000
.852100
.161900
.577000
.619900
.063800
.045200
.082000
.135800
.838800
.864800
.619900
.577000
.161900
.852100
.781000

DLW ORFRPNWWLWNDENDWE O

formed at M062X/6-311G(d) using the Gaussian 09 package.*’!

2
o
3

O NONONONONONONONONQ!

X
.69122800
.42947600
.73337900
.73337900
.42947600
.88244400
.55258900
.84188800
.50869600
.69122800
.53102700
.99016800

y
.32893800
.13774400
.02829900
.02829900
.13774400
.17195900
.04862400
.18607100
.10641200
.32893800
.42277300
.31764200
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.257900
.476000
.848800
.625700
.046000
.697300
.480600
.505900
.266200
.029200
.028400
.257900
.476000
.848800
.625700
.046000
.697300
.480600
.505900
.266200
.029200
.028400
.257900
.476000
.848800
.625700
.046000
.697300
.480600
.257900
.028400
.029200
.266200
.505900
.697300
.046000
.625700
.848800
.476000

z

.55518700
.24096700
.07693500
.07693500
.24096700
.28659300
.44941300
.69939900
.74792400
.55518700
.65579900
.67659400
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Table S20. The optimized geometric structure of 1-PC in MeCN at the ground state (Sg) per-

O W WORFRFRDNWNDNWWFORREDNDDNDIDN

.41070600
.63677600
.43149000
.42947600
.10909000
.71536500
.64762900
.97470100
.36841600
.83596600
.92183400
.11620500
.23551000
.14972200
.42947600
.10909000
.71536500
.64762900
.97470100
.36841600
.83596600
.92183400
.11620500
.23551000
.14972200
.88244400
.55258900
.84188800
.50869600
.99016800
.41070600
.63677600
.43149000
.53102700

.45921800
.04905900
.24085600
.01281300
.10803800
.08863100
.05562600
.17963000
.15658800
.03078600
.07601700
.07269100
.96932400
.00467500
.01281300
.10803800
.08863100
.05562600
.17963000
.15658800
.03078600
.07601700
.07269100
.96932400
.00467500
.17195900
.04862400
.18607100
.10641200
.31764200
.45921800
.04905900
.24085600
.42277300

4.58154100
2.45386400
0.35535800
.24365800
.72466300
.97676300
.76592900
.29378900
.04261100
.68145600
.90176000
.74344000
.33686100
.11366300
.24365800
.72466300
.97676300
.76592900
.29378900
.04261100
.68145600
.90176000
.74344000
.33686100
.11366300
1.28659300
.44941300
.69939900
.74792400
.67659400
.58154100
.45386400
.35535800
.65579900

NODNB_WWDN

formed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom
C

N ONONONON-NeN oo NONONE

X
.051500
.051700
.300000
.305900
.363200
.485600
.468000
.709300
.642300
.728400
.687500
.534200
.534000
.299600
.305000
.362100
.484600
.466600

NNORFREPENNDPWMWOWNDNDNOREEOO

O WND>WWNEFE OO

y
.682000
.682300
.419900
.830000
.361200
.535300
.615800
.851000
.400700
.477200
.976800
.726700
.727200
.420000
.830100
.361000
.535700
.616300
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z

.016800
.017100
.063000
.169400
.209800
.232700
.316300
.195600
.244700
.105500
.091100
.041300
.041300
.062800
.169200
.209400
.232600
.316100



C 3.708500 -2.851800 0.195800
H 4.641200 -3.401700 0.245000
C 3.727900 -1.478000 0.105800
H 4.687200 -0.977900 0.091600
C -1.236600 1.437300 -0.019300
C -1.617300 2.174500 1.104200
H -0.961500 2.203600 1.969000
C -2.828800 2.856900 1.124900
H -3.115300 3.419900 2.006100
C -3.671300 2.815800 0.017100
H -4.615300 3.348400 0.031800
C -3.295000 2.090300 -1.109700
H -3.944900 2.057500 -1.977000
C -2.084400 1.404500 -1.127100
H -1.794700 0.832100 -2.002300
C -1.236900 -1.436900 0.019100
C -2.084500 -1.404100 1.127100
H -1.794600 -0.831600 2.002200
C -3.295100 -2.089800 1.109800
H -3.944900 -2.056900 1.977200
C -3.671500 -2.815400 -0.016900
H -4.615600 -3.348000 -0.031400
C -2.829200 -2.856600 -1.124700
H -3.115800 -3.419700 -2.005900
C -1.617700 -2.174200 -1.104300
H -0.962100 -2.203200 -1.969200

Table S21. The optimized geometric structure of 2 in MeCN at the ground state (Sy) performed
at M062X/6-311G(d) using the Gaussian 09 package.[33]

Atom X y z
C -2.788500  -1.823900 -3.965200
C -1.825200 -2.031600 -2.824700
C -1.361300 -0.962200 -2.067000
C -0.483500 -1.162300 -0.994500
C 0.000000 0.000000 -0.194600
C 0.000000 0.000000 1.159400
C -0.692900 -1.052600 1.956000
C -2.013700  -1.413200 1.670700
H -2.534900 -0.915700 0.859500
C -2.655400 -2.400400 2.408400
H -3.680500 -2.666000 2.174800
C -1.985000  -3.045400 3.445200
H -2.482900  -3.820700 4.016600
C -0.676500  -2.681100 3.750800
H -0.150900  -3.174000 4.561200
C -0.040300  -1.683300 3.020000
H 0.978600  -1.399100 3.264400
C 0.692900 1.052600 1.956000
C 0.040300 1.683300 3.020000
H -0.978600 1.399100 3.264400
C 0.676500 2.681100 3.750800
H 0.150900 3.174000 4.561200
C 1.985000 3.045400 3.445200
H 2.482900 3.820700 4.016600
C 2.655400 2.400400 2.408400
H 3.680500 2.666000 2.174800
C 2.013700 1.413200 1.670700
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Table S22. The optimized geometric structure of 2-IM in MeCN at the ground state (Sg) per-

NMNNMNNOPRrRPOOODOORrRrRPREREFERFEREPEODN

.534900
.483500
.361300
.690200
.825200
.378400
.729900
.486600
.045400
.650700
.000000
.292900
.090100
.408000
.788500
.388200
.995900
.738200
.045400
.486600
.378400
.729900
.000000
.090100
.408000
.292900
.650700
.690200
.388200
.995900
.738200

0.915700 0.
1.162300 -0
0.962200 -2
-0.046100 -2
2.031600 -2
3.319200 -2
4.160600 -3
3.546000 -1
2.454600 -0
2.614800 0.
4.934100 -1
5.218700 -0
4.989300 -1
5.673500 -1
1.823900 -3
2.233800 -4
0.765100 -4
2.328800 -3
-2.454600 -0
-3.546000 -1
-3.319200 -2
-4.160600 -3
-4.934100 -1
-4.989300 -1
-5.673500 -1
-5.218700 -0
-2.614800 0.
0.046100 -2
-2.233800 -4
-0.765100 -4
-2.328800 -3

859500

.994500
.067000
.302400
.824700
.509400
.101800
.465100
.714200

104400

.135700
.121900
.185000
.825700
.965200
.895500
.123500
.771500
.714200
.465100
.509400
.101800
.135700
.185000
.825700
.121900

104400

formed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom

TIoD DT QDD DT OQODOOOTDT Q000000

X

.44638600
.24493500
.07692300
.03121000
.19074000
.48385100
.74014600
.67302000
.57614900
.42773000
.25832800
.33843000
.51761600
.53494100
.14351700
.98672500
.03646700
.86125800
.57322100
.70293700
.40618600

OO RrOoOOoOU T BdDNDNDDNWWNDE OR
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y

.94993200
.80227000
.15856800
.31211200
.02413700
.24890000
.09955300
.41985600
.01980800
.12575600
.45641400
.98413000
.59513900
.03251300
.77860500
.12427100
.46725100
.47066400
.14354400
.24558300
.18028800

.302400
.895500
.123500
.771500

z

.59369500
.18070400
.09509500
.02047600
.10710300
.37198000
.39728800
.18675300
.27969200
.11537400
.11101800
.33652700
.40294100
.58085200
.28187000
.43224200
.84769300
.37810400
.51519200
.01125000
.38845900
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Table S23. The optimized geometric structure of 2-PC in MeCN at the ground state (Sy) per-

P wWNbdhLwLwWwRERERPRPWANDWMTWPrEDNWOWLOWLOERE R

.29522500
.77681400
.15698600
.03984700
.83253300
.82623800
.38252500
.10900800
. 74791100
.24094100
.83453900
.25977800
.28453700
.54224400
.98228800
.59929000
.43780500
.17641400
.86054800
.45022700
.05673000
.57259400
.59384100
.52915400
.92494400
.33920200
.72684100
.21691700
.40882100
.55645200
.59281100
.68799600
.77163900
.69875400
.71822100
.59348500
.21508400

.95846400
.91851400
.21214200
.48379200
.06209100
.48614800
.10469900
.56299600
.19303600
.65574000
.01249100
.03403800
.43454500
.53780400
.52642400
.39217400

4.53505300
-1.88417500
-1.58502700
-0.84265100
-2.22245700
-1.98221800
-3.16498100
-3.65868800
-3.46661700
-4.19329900
-2.82919400
-3.04969500
-3.24318300
-3.83654600
-3.84108800
-4.91602800
-3.06479200
-3.59020100
-1.73351600
-1.18024500
-0.52333400

|
WwworRrooorLrNMDNDDNDE O

0.18085400
-0.71481100
-1.55768100
-0.55741700

0.51312900
0.63557400
1.42003300
1.24151600
1.93427600
2.57493400
3.52501200
2.48411100

2.62927700
-1.51085500
-2.44688200
-1.74118200
-1.07430300
-0.44187400
-1.62389500
-2.30163600
-1.93331800
-2.85633700
-1.05956800
-1.29773500

0.12305400
.81320900
.42832300
.36088500
.07927800
.22970400
.30667900
.20044200
.68049500
.88248200
.77650600
.09448800
.58895600

PP OOOOOOoOOoORr oo

formed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom
C

i ipe O« O NONONONONONONONO NP

-5.
-3.
.555300
.598500
.390200
.116300
.065700
.284000
.193000
.311600
.548000
.425700
.231800
.197100
.733800
.725300

X
086900
701300

y
-0.751400 0.
-1.219700 0.
-0.373700 -0.

1.087700 -0.
1.824900 0.
1.138700 0.

-0.215300 -0.
-0.999800 -0.
-2.398300 -0.
-3.198800 -0.

-2.586100 -0.
-3.218800 0.
-4.686800 -0.
-5.026100 -0.
-4.975400 -1.

-5.222700 0.

S99

z
484400
093900
039400
046200
075600
081900
063800
147000
317500
308100
053500
050900
516400
572200
443500
297900



H -0.217200 -2.849700 -0.452300
C 1.258000 -0.908000 -0.096200
C 1.671500 -1.678600 0.993700
H 1.007300 -1.789800 1.846800
C 2.923000 -2.287200 1.007800
C 3.762800 -2.112400 -0.095700
H 4.747000 -2.574100 -0.0883900
C 3.371900 -1.357800 -1.198900
C 2.109300 -0.760100 -1.186500
H 1.793600 -0.154600 -2.031700
C 4.279500 -1.184200 -2.389400
H 3.924700 -1.773600 -3.239200
H 5.297500 -1.503600 -2.163400
H 4.311200 -0.140300 -2.709000
C 3.362800 -3.131800 2.176100
H 2.792800 -2.893800 3.075100
H 4.422600 -2.985600 2.392600
H 3.216600 -4.194100 1.961900
C 1.147200 1.925700 0.204700
C 1.904500 1.873800 1.375300
H 1.554700 1.273400 2.208900
C 3.106400 2.569200 1.470000
H 3.687800 2.518300 2.383900
C 3.562900 3.325100 0.394500
H 4.501600 3.862800 0.466200
C 2.808700 3.388400 -0.774700
H 3.157700 3.975200 -1.617100
C 1.606400 2.695600 -0.866000
H 1.021300 2.737800 -1.779600
C -1.437800 3.235000 0.157600
H -0.515100 3.782800 0.302300
C -2.624600 3.920700 0.038300
H -2.638500 5.002800 0.099700
C -3.805100 3.207200 -0.201700
H -4.738800 3.733600 -0.363500
C -3.787200 1.829500 -0.241300
H -4.709500 1.324000 -0.470600
H -5.056900 0.061600 1.210300
H -5.628700 -1.582000 0.936900
H -5.676400 -0.416600 -0.372700

Table S24. The optimized geometric structure of 3 in MeCN at the ground state (Sy) performed
at M062X/6-311G(d) using the Gaussian 09 package.””

Atom X y z
C -1.892800 1.179900  -2.400400
C -1.783100 -0.312600 -2.203200
C -0.915800 -0.884900 -1.246200
C 0.000000 0.000000  -0.450200
C 0.000000 0.000000 0.903700
C -1.033000 -0.717600 1.703100
C -2.392500 -0.619900 1.390900
H -2.702800 -0.005800 0.552300
C -3.344900 -1.297000 2.144400
H -4.395100 -1.206700 1.890300
C -2.953300 -2.082800 3.225000
H -3.696200 -2.613200 3.810000
C -1.604300 -2.172900 3.558100
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Table S25. The optimized geometric structure of 3-IM in MeCN at the ground state (Sy) per-

NP RPRPOOODOORREFPWNWNREPEODODORPREFEPWNdWwDNDDNDRE

.292000
.655200
.395400
.033000
.392500
.702800
.344900
.395100
.953300
.696200
.604300
.292000
.655200
.395400
.915800
.783100
.600900
.274900
.573700
.213200
.723300
.691800
.890900
.000000
.763400
.494700
.595900
.892800
.914400
.807700
.048800
.890900
.723300
.573700
.600900
.274900
.213200
.691800
.000000
.763400
.494700
.595900
.914400
.807700
.048800

-2.776700 4
-1.487100 2
-1.559500 3
0.717600 1
0.619900 1
0.005800 0
1.297000 2
1.206700 1
2.082800 3
2.613200 3
2.172900 3
2.776700 4
1.487100 2
1.559500 3.
0.884900 -1
0.312600 -2
1.138000 -2
0.688500 -3
2.518600 -2
3.150000 -3
3.078200 -1
4.156400 -1
2.285100 -1
3.016200 -0
2.383500 0.
3.850800 -0
3.431700 0.
-1.179900 -2
-1.712700 -1
-1.421800 =2
-1.577000 -2
-2.285100 -1
-3.078200 -1
-2.518600 -2
-1.138000 -2
-0.688500 -3
-3.150000 -3
-4.156400 -1
-3.016200 -0
-2.383500 0.
-3.850800 -0
-3.431700 0.
1.712700 -1
1.421800 -2
1.577000 -2

.402900
.809700
.073400
.703100
.390900
.552300
.144400
.890300
.225000
.810000
.558100
.402900
.809700

073400

.246200
.203200
.971700
.694200
.818300
.425500
.879200
.752700
.085000
.109000

338100

.611900

708600

.400400
.448200
.942300
.970500
.085000
.879200
.818300
.971700
.694200
.425500
.752700
.109000

338100

.611900

708600

formed at M062X/6-311G (d) using the Gaussian 09 package. 1**!

2
o
3

N ONONONONONONE

DLW NE OO RN

X

.46341300
.15413600
.02390900
.06952300
.24616300
.55263100
.72548500
.60651600

y
.94029400
.67098300
.95502300
.51443200
.17514500
.37532600
.16812000
.62343500

.448200
.942300
.970500

z

.51576300
.31571400
.09749900
.01760000
.17699900
.28519700
.25605600
.57792300



C 3.71708600 -2.50104000 -0.28599000
H 4.58128100 -3.05673600 -0.63418100
C 2.54879200 -3.23173700 0.17951400
H 2.64491100 -4.30091900 0.34210600
C 1.35801800 -2.63403400 0.40169100
C 0.21749000 -3.48094800 0.91655300
H -0.27267500 -3.00857200 1.77044000
H 0.60512900 -4.44802500 1.23977600
H -0.55322700 -3.66057100 0.16479000
C 2.79391600 -0.09989700 1.78956800
H 2.81213400 -1.04451000 2.33666900
H 3.74512600 0.41038400 1.95402100
H 1.99032000 0.52223100 2.19381600
C -1.25629100 -1.20086400 -0.10463300
C -1.61078000 -1.74636500 -1.35061300
C -2.87073300 -2.32088900 -1.50439500
H -3.15085700 -2.74211400 -2.46481600
C -3.77011400 -2.35657200 -0.44321900
H -4.74926300 -2.80423700 -0.57539900
C -3.40884400 -1.81911100 0.78354000
H -4.10425000 -1.85206600 1.61720300
C -2.15476600 -1.23364100 0.96834400
C -1.79900300 -0.70122200 2.33443700
H -0.80238100 -0.26045000 2.36274900
H -1.83024600 -1.50695300 3.07388400
H -2.51435200 0.06064300 2.65272100
C -0.64128200 -1.72882900 -2.50617100
H -0.23910200 -0.72657800 -2.67989500
H -1.12383200 -2.06960500 -3.42272700
H 0.21585900 -2.38008000 -2.30921900
C -1.29762500 1.64769100 -0.00454300
C -2.21953500 1.58708500 -1.05364100
H -1.97382300 1.02465800 -1.94872400
C -3.44460600 2.23676400 -0.95899100
H -4.14948800 2.17929600 -1.78099300
C -3.76579100 2.96066600 0.18764900
H -4.72278400 3.46470700 0.26324400
C -2.85071100 3.03832000 1.23196200
H -3.09043800 3.60517700 2.12479500
C -1.62410300 2.38620000 1.13384400
H -0.91051400 2.44315700 1.95011800
C 1.14368200 3.11516000 -0.50761800
H 0.18695300 3.61784100 -0.59001800
C 2.28662900 3.82353600 -0.55272500
H 2.25851500 4.89899700 -0.68761700
C 3.57677200 3.16775800 -0.36577200
H 4.46574500 3.78067400 -0.26390500
C 3.66369500 1.83578300 -0.31052000
H 4.63351600 1.37317700 -0.16422600
H 2.47828600 0.64136500 -1.58488000

Table S26. The optimized geometric structure of 3-PC in MeCN at the ground state (Sy) per-

formed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom
C

X
-0.327500

y
-3.574300

S102

z
0.461300



C -1.501900 -2.636000 0.270800
C -2.748800 -3.235800 0.283300
C -3.932400 -2.500900 0.176200
C -3.871300 -1.135100 0.074300
C -2.631900 -0.462100 0.050300
C -2.598800 0.992400 -0.048200
C -1.355500 1.661000 -0.058800
C -0.133600 0.888800 0.003700
C -0.158800 -0.479000 0.057400
C -1.420100 -1.209400 0.121900
C 1.165300 -1.177200 -0.023600
C 1.965200 -1.313200 1.118200
C 3.227800 -1.892300 0.991600
H 3.851800 -2.004700 1.872600
C 3.688000 -2.330500 -0.244300
H 4.673800 -2.774100 -0.331900
C 2.877600 -2.209400 -1.366900
H 3.230400 -2.564500 -2.330100
C 1.609200 -1.638400 -1.271200
C 0.714300 -1.568000 -2.482800
H -0.114600 -2.278600 -2.393500
H 1.266200 -1.810200 -3.391300
H 0.263300 -0.580200 -2.604000
C 1.456200 -0.886700 2.470800
H 1.403200 0.201500 2.551900
H 2.108900 -1.252000 3.264400
H 0.447900 -1.269700 2.652400
C 1.164100 1.635800 0.001200
C 1.525300 2.391800 1.120000
H 0.853900 2.433500 1.972400
C 2.727100 3.091500 1.149600
H 2.993900 3.666900 2.029100
C 3.581100 3.055300 0.051500
H 4.517700 3.600800 0.071400
C 3.221100 2.323000 -1.076300
H 3.875000 2.298800 -1.940800
C 2.020300 1.620900 -1.101300
H 1.747600 1.055600 -1.985500
C -1.326500 3.070800 -0.183100
H -0.372500 3.580500 -0.220900
C -2.487600 3.801800 -0.269400
H -2.445000 4.880600 -0.366100
C -3.725700 3.143500 -0.237600
H -4.647000 3.711200 -0.300600
C -3.775700 1.772300 -0.134200
H -4.749200 1.302800 -0.122900
H -4.797400 -0.581800 0.015200
H -4.890600 -3.007500 0.190500
H -2.808600 -4.313200 0.393500
H 0.319600 -3.633400 -0.414600
H -0.707400 -4.576700 0.658600
H 0.300300 -3.288600 1.305200

Table S27. The optimized geometric structure of 4 in MeCN at the ground state (Sy) performed
at M062X/6-311G(d) using the Gaussian 09 package.”’!

Atom X y z
C 0.953600 -2.864500 1.512100

S103



C 1.757100 -2.253800 0.373500
C 1.374900 -1.152600 -0.411000
C 0.061300 -0.455500 -0.257900
C -0.058800 0.873200 -0.086100
C 1.097900 1.794700 0.113900
C 2.133600 1.483100 1.001700
C 3.195600 2.360400 1.187600
C 3.241900 3.564300 0.489100
C 2.210200 3.890900 -0.385600
C 1.141700 3.018500 -0.561300
H 0.335000 3.287500 -1.234800
H 2.232900 4.828900 -0.928800
H 4.071500 4.247200 0.632700
H 3.987600 2.105500 1.882900
H 2.102600 0.547900 1.550600
C -1.406400 1.519500 -0.003500
C -1.995300 1.722300 1.246300
C -3.244100 2.326700 1.349800
C -3.912900 2.748400 0.204000
C -3.326800 2.562800 -1.044600
C -2.080600 1.951100 -1.146800
H -1.628000 1.802200 -2.122200
H -3.841300 2.889400 -1.941400
H -4.885900 3.219800 0.284800
H -3.695000 2.468400 2.325900
H -1.470100 1.398900 2.140000
C -1.132200 -1.349800 -0.323600
C -1.991700 -1.363300 -1.420400
C -3.084000 -2.225200 -1.448300
C -3.317600 -3.080800 -0.376800
C -2.454000 -3.076800 0.715300
C -1.356800 -2.218100 0.752700
C -0.377700 -2.211500 1.896200
H -0.203000 -1.184000 2.231400
H -0.793300 -2.758100 2.745600
H -2.635800 -3.745600 1.551200
H -4.169600 -3.751300 -0.390900
H -3.748700 -2.227100 -2.304800
H -1.800500 -0.698700 -2.255600
C 2.229600 -0.707100 -1.430200
C 3.450400 -1.315000 -1.672700
C 3.840900 -2.397100 -0.886900
C 2.997600 -2.850300 0.115400
H 3.301100 -3.695800 0.726800
H 4.793800 -2.885400 -1.057600
H 4.091000 -0.951600 -2.468100
H 1.915200 0.135100 -2.037800
H 0.760600 -3.913400 1.259300
H 1.596700 -2.885700 2.397700

Table S28. The optimized geometric structure of 4-IM in MeCN at the ground state (Sy) per-
formed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom X y z
C 2.18414800  -2.97873100  -0.14498000
C 2.64245600 -1.61486800 -0.58862200
C 1.78504100  -0.48992200 -0.66352900
C 0.33282600  -0.50205500  -0.34077300
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Table S29. The optimized geometric structure of 4-PC in MeCN at the ground state (S¢) per-

PR OOOORFrrEFE OOOo
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.42381100
.20007500
.82965200
.41055900
.37946200
.75951900
17726600
.28194200
. 73617800
.83905800
.89015400
.85964300
.72981700
.66898700
.97507500
.50319200
.71250800
.25735400
.67797200
.89980500
.42840700
.02622100
.97336100
.34302100
.80182200
.81230600
.97057100
.66146100
.42337100
.88197400
.49857900
.95687900
.10617900
.55350000
.66110100
.31509200
.31849500
.64115300
.49297100
.97727300
.62418400
.53417400
.99862300
.67605400
.53638600
.05667800

.79242600
.92693100
.69860200
.74574500
.03972200
.27877900
.23098700
.41562200
.28161300
.85498100
.55084200
.69102500
.82038100
.88765400
.77540800

0.58407200
-0.46309300
-0.46841700
-0.69643100
-1.61408900
-1.57265400
-2.63464700
-3.15243300
-2.66818200
-1.86809600
-1.47298500
-2.95090000
-3.86590000
-2.96790100
-2.23604900
-3.93962000
-2.52842700
-1.35502100

0.56177900

2.57784000

2.77454000

0.67940600

0.78242600
-0.30420000
-1.48739500
-2.35466600
-0.24246800

1.70919400

1.53152500
-3.41187300
-3.62974700

PR OONDUOWWDNPBPNREREO

.33154200
.40718200
.63537300
.34163400
.82912800
.60573100
.09889600
.06504800
.19411000
.37630400
.29449100
2.03860200
-0.69749600
-0.40475700
-0.72015600
-1.37864300
-1.63557600
-1.27653800
-2.18148400
-0.29740900
0.07429200
0.98194400
1.80956100
1.84455700
0.87108900
0.87002400
2
2
1
1
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.68279100
.56673300
.17946600
.85546900
1.67246900
-0.91467500
-2.11504500
-1.64914300
-0.47282400
0.10693800
-1.24164400
-1.64163300
-1.48934700
-0.97966100
-0.89440400
-1.78488800
-2.07620900
-1.40868500
-0.91786500
-0.07017500

formed at M062X/6-311G(d) using the Gaussian 09 package.™

X

.431200
.509200
.741500
.868800
.785300

y

-3.505800 0.
-2.583800 0.

-3.179400 -0.
-2.440000 -0.
-1.069200 -0.

S105

z
721800
169600
038100
400900
455300



C -2.561300 -0.409400 -0.230800
C -2.506800 1.046100 -0.141600
C -1.266000 1.679500 0.092200
C -0.050700 0.890800 0.060700
C -0.096600 -0.474000 -0.053400
C -1.379000 -1.175800 -0.029900
C 1.183100 -1.195800 -0.345200
C 1.647700 -2.237300 0.461900
C 0.715500 -2.825600 1.476800
H 0.319600 -2.060900 2.153300
H 1.237600 -3.565400 2.086300
C 2.898700 -2.799700 0.211900
H 3.254400 -3.601800 0.851200
C 3.681900 -2.356900 -0.847600
H 4.654800 -2.801000 -1.026800
C 3.197100 -1.360700 -1.690100
H 3.782600 -1.028400 -2.540000
C 1.957400 -0.787700 -1.436500
H 1.584200 -0.005100 -2.087800
C 1.260900 1.596800 0.174800
C 2.106300 1.304400 1.247000
H 1.789100 0.576400 1.987200
C 3.346000 1.923800 1.363000
H 3.991600 1.683600 2.200300
C 3.756600 2.846100 0.405000
H 4.725100 3.325700 0.490800
C 2.916300 3.152300 -0.662600
H 3.230200 3.869400 -1.412900
C 1.674500 2.536000 -0.772800
H 1.025200 2.770800 -1.610800
C -1.235100 3.074100 0.322200
H -0.290000 3.554700 0.539600
C -2.385200 3.828500 0.279400
H -2.341900 4.896000 0.462200
C -3.612100 3.209000 0.003700
H -4.522600 3.796100 -0.034100
C -3.668400 1.847300 -0.195400
H -4.636700 1.398500 -0.370200
H -4.681700 -0.503700 -0.668400
H -4.814400 -2.938400 -0.580500
H -2.835100 -4.250200 0.115800
H -0.005400 -4.111600 -0.085700
H -0.934900 -4.206700 1.392100

Table S30. The optimized geometric structure of 5 in MeCN at the ground state (Sy) performed
at M062X/6-311G(d) using the Gaussian 09 package.”*’!

Atom X y z
C -0.847100 0.874700 3.018400
H -0.849300 0.875300 4.110500
H 0.202200 0.873700 2.702100
C -1.536400 -0.361500 2.505100
C -1.391500 -0.694000 1.152700
C -0.577000 0.201700 0.281900
C -1.178400 1.548800 0.022300
C -1.612100 2.414400 1.040800
C -2.184600 3.639200 0.672200
H -2.507300 4.314200 1.460100

S106
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Table S31. The optimized geometric structure of 5-IM in MeCN at the ground state (Sy) per-

2.352400
2.801200
1.949800
2.088000
1.374000
1.071600
1.522900
1.007800
2.542900
0.577000
1.178400
1.612100
1.522900
0.847100
0.849300
0.202200
1.536400
1.391500
2.007000
1.877600
2.769600
3.244700
2.916900
3.508300
2.300000
2.405700
1.007800
2.542900
2.184600
2.507300
2.352400
2.801200
1.949800
2.088000
1.374000
1.071600
2.007000
1.877600
2.769600
3.244700
2.916900
3.508300
2.300000
2.405700

.009800 -
.965900 -
.136900 -
.395400 -
.925400 -
.239700 -
.160700
.013300
2.182400
-0.201700 -
-1.548800 -
-2.414400 -
-2.160700 -
-0.874700 -
-0.875300 -
-0.873700 -
0.361500 -
0.694000 -
1.834900 -
2.083200
2.651400 -
3.538900 -
2
2
1

WNRERE P WWDSD

.326200 -
.960100 -
.187200 -
0.940700 -
-3.013300 -
-2.182400 -
-3.639200 -
-4.314200 -
-4.009800
-4.965900
-3.136900
-3.395400
-1.925400
-1.239700
-1.834900
-2.083200
-2.651400
-3.538900
-2.326200
-2.960100
-1.187200
-0.940700
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.652000
.896800
.659900
.703500
.316100
.099600
.537500
.991200
.937700
.281900
.022300
.040800
.537500
.018400
.110500
.702100
.505100
.152700
.641900
.407000
.471300
.068800
.816200
.467600
.327600
.379800
.991200
.937700
.672200
.460100
.652000
.896800
.659900
.703500
.316100
.099600
.641900
.407000
.471300
.068800
.816200
.467600
.327600
.379800

formed at M062X/6-311G(d) using the Gaussian 09 package.™

Atom
C

N -NONONONONONS!

X

.57599400
.43962900
.74424300
.74424300
.43962900
.57599400
.31748900
.73273300
.64712500

y
0.51353800

0.20311600
-0.08294500

0.08294500
-0.20311600
-0.51353800
-0.59474400
-0.78794000
-0.53986600

S107

z
.47247300
.24544900
.10748900
.10748900
.24544900
.47247300
.77549200
.66753900
.84219100

Wb WP OORDN



jusppasppasiyasiias el O N HON--HONONONONON:-NoN:NoN - NONONeN: -l O NONONONON@ i@ R I O I @ Rt R @ Jas

Table S32. The optimized geometric structure

OQON DB DEEDMNORERE WN DB WNWWDNDWNDNDNOOO

.16079500
.43949800
.51938600
.90319100
.85240600
.05778000
.80469400
.33419800
.78930100
.17351800
.45562900
.29677100
.57599400
.97276300
.10521100
.84123800
. 73907700
.41956500
.39655000
.31772700
.09991200
.29677100
.57599400
.97276300
.39655000
.10521100
.41956500
.84123800
.73907700
.45562900
.33419800
.85240600
.90319100
.43949800
.51938600
.64712500
.16079500
.31748900
.73273300
.05778000
.80469400
.17351800
.78930100
.31772700
.09991200

-0.64606100
-0.40662300
-0.46935000
-0.24042700
-0.15213000

0.89729100
-0.58943000
-0.84434400
-1.75446000
-1.14363800

0.11486100
0.61341500
1.62060000
2.10902300
1.58538500
0.60271600
0.20526900
1.94716400
2.89034500

2.02090800
-1.50049300
-0.61341500
-1.62060000
-2.10902300
-2.89034500
-1.58538500
-1.94716400
-0.60271600
-0.20526900
-0.11486100

0.84434400
.15213000
.24042700
.40662300
.46935000
.53986600
.64606100
.59474400
.78794000
.89729100
.58943000
.14363800
.75446000
.02090800
.50049300
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4.79144800
2.62966500
2.72402800
1.40150300
0.22822100
0.01033900
0.53570400
-1.04097900
-0.76706600
-1.67110700
-1.78620300
-1.17452600
-1.83181900
-3.06900800
-3.68549200
-3.03497300
-3.49807800
-4.65803500
-3.55183600
-1.36315000

2.32399900
-1.17452600
-1.83181900
-3.06900800
-3.55183600
-3.68549200
-4.65803500
-3.03497300
-3.49807800
-1.78620300
-1.04097900

0.22822100
1.40150300
2.62966500
2.72402800
3.84219100
4.79144800
3.77549200
4.66753900
0.01033900
0.53570400
-1.67110700
-0.76706600
-1.36315000

2.32399900

of 5-PC in MeCN at the ground state (Sg) per-

formed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom
C

ONONONONONQ!]

X
0.849800
0.405800
0.138500
0.002400

-0.002400
-0.138500
-0.042800

y
-3.725800
-2.852800
-1.446100
-0.690700

0.690700
1.446100
0.728600

S108
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z

.264000
.426400
.366800
.127800
.127800
.366800
.589100



C 0.042800 -0.728600 2.589100
C -0.002400 -1.437700 3.808600
H -0.159400 -0.918500 4.742300
C 0.124100 -2.803500 3.840200
H 0.073400 -3.337100 4.782300
C 0.377000 -3.491600 2.652200
H 0.581300 -4.557000 2.689100
C 0.002400 1.437700 3.808600
C -0.124100 2.803500 3.840200
C -0.377000 3.491600 2.652200
C -0.405800 2.852800 1.426400
C -0.849800 3.725800 0.264000
C -1.580400 2.991900 -0.865000
C -0.537800 2.358000 -1.732600
C 0.277500 1.363200 -1.185400
C 1.391200 0.931700 -1.915900
C 1.656500 1.424700 -3.186700
H 2.522200 1.069700 -3.734400
C 0.804400 2.369600 -3.750400
H 0.991200 2.752200 -4.747600
C -0.275500 2.841500 -3.013300
H -0.924000 3.605700 -3.430400
H 2.048300 0.184600 -1.482800
H -2.173700 3.702200 -1.443600
H -2.269200 2.250200 -0.446700
H 0.007300 4.257500 -0.163500
H -1.506500 4.493000 0.680000
H -0.581300 4.557000 2.689100
H -0.073400 3.337100 4.782300
H 0.159400 0.918500 4.742300
C -0.277500 -1.363200 -1.185400
C 0.537800 -2.358000 -1.732600
C 1.580400 -2.991900 -0.865000
H 2.269200 -2.250200 -0.446700
H 2.173700 -3.702200 -1.443600
C 0.275500 -2.841500 -3.013300
C -0.804400 -2.369600 -3.750400
C -1.656500 -1.424700 -3.186700
C -1.391200 -0.931700 -1.915900
H -2.048300 -0.184600 -1.482800
H -2.522200 -1.069700 -3.734400
H -0.991200 -2.752200 -4.747600
H 0.924000 -3.605700 -3.430400
H -0.007300 -4.257500 -0.163500
H 1.506500 -4.493000 0.680000

Table S33. The optimized geometric structure of 6 in MeCN at the ground state (Sy) performed
at M062X/6-311G(d) using the Gaussian 09 package.”*’!

Atom X y z
C 4.877600  -0.454800 -0.641100
H 5.809100 -0.281600 -1.185300
H 4.862500 -1.501100 -0.324100
C 4.877600 0.454800 0.641100
H 5.809100 0.281600 1.185300
H 4.862500 1.501100 0.324100
C 3.682500 0.122400 1.500500
C 2.424500 0.613800 1.146600
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Table S34. The optimized geometric structure of 6-IM in MeCN at the ground state (Sg) per-

P NN WWNDNDEOOR

.261700
.000000
.000000
.261700
.424500
.360600
.682500
.753700
.723300
.591900
.654500
.352300
.456400
.261700
.424500
.360600
.682500
.877600
.809100
.862500
.877600
.809100
.862500
.682500
.424500
.261700
.352300
.591900
.753700
.723300
.654500
.456400
.360600
.753700
.723300
.591900
.654500
.352300
.456400
.352300
.591900
.753700
.723300
.654500
.456400
.360600

-0.084200 1.
0.000000 0.
0.000000 -0
0.084200 -1

-0.613800 -1

-1.431600 -0

-0.122400 -1
0.909100 -2
1.299900 -2
1.464400 -2
2.247600 -3
1.088900 -2
1.620300 -2

-0.084200 -1
0.613800 -1
1.431600 -0
0.122400 -1
0.454800 -0
0.281600 -1
1.501100 -0

-0.454800 0.

-0.281600 1

-1.501100 0

-0.122400 1

-0.613800 1
0.084200 1
1.088900 2.
1.464400 2
0.909100 2
1.299900 2
2.247600 3
1.620300 2

-1.431600 0.

-0.909100 -2

-1.299900 -2

-1.464400 -2

-2.247600 -3

-1.088900 -2

-1.620300 -2

-1.088900 2.

-1.464400 2

-0.909100 2

-1.299900 2

-2.247600 3.

-1.620300 2
1.431600 0

488600
685400

.685400
.488600
.146600
.436000
.500500
.440800
.734600
.966900
.714300
.456700
.761400
.488600
.146600
.436000
.500500
.641100
.185300
.324100

641100

.185300
.324100
.500500
.146600
.488600

456700

.966900
.440800
.734600
.714300
.761400

436000

.440800
.734600
.966900
.714300
.456700
.761400

456700

.966900
.440800
.734600

714300

formed at M062X/6-311G(d) using the Gaussian 09 package.™

Atom
C

(@@ Nas NI @ Ryas iy

X

.43834400
.23357500
.49058800
.43834400
.23357500
.49058800
.23854700
.38787900

y

.62905400
.24391100
.31867800
.62905400
.24391100
.31867800
.42899300
.65576500

N W oo oo Ul O

.761400
.436000

z

.02521900
.90405400
.07903600
.02521900
.90405400
.07903600
.77011900
.48172800
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Table S35. The optimized geometric structure of 6-PC in MeCN at the ground state (Sg) per-

|
oheoNol NeoNeoNoNoNoNe]

.07646000
.00009300
.00009300
.07646000
.38787900
.46298300
.23854700
.04830800
.01162000
.08011200
.23289900
.05284600
.21087300
.18930000
.52642300
.41633200
.00009300
.40676500
.19529500
.47355200
.40676500
.19529500
.47355200
.00009300
.52642300
.18930000
.32890200
.75889200
.12738400
.54384100
.63728200
.91356300
.41633200
.12738400
.54384100
.75889200
.63728200
.32890200
.91356300
.05284600
.08011200
.04830800
.01162000
.23289900
.21087300
.46298300

1.42228700

0.74560100
-0.74560100
-1.42228700
-0.65576500
-0.38433800
-1.42899300
-2.75377700
-3.30351500
-3.48720000
-4.56005200
-2.86415200
-3.43495200
-1.48610000
-1.19687400
-0.57768300
-1.49330300
-0.67127300
-1.20565200
-0.43247500

0.67127300
1.20565200
0.43247500
1.49330300
1.19687400
1.48610000
2.29497700
2.75459400
2.31059900
2.55156800
3.38696000
2.51867000

0.57768300
-2.31059900
-2.55156800
-2.75459400
-3.38696000
-2.29497700
-2.51867000

2.86415200
3.48720000
2.75377700
3.30351500
4.56005200
3.43495200
0.38433800

.20857100
.02205400
.02205400
.20857100
.48172800
.42031300
. 77011900
. 75721500
.69172300
.50485000
.54788000
.30946500

0.40228100
-1.26819000
-2.43538300
-2.37333000
-3.69759700
-4.89465000
-5.82398800
-4.87744700
-4.89465000
-5.82398800
-4.87744700
-3.69759700
-2.43538300
-1.26819000
-1.38477800
-2.62352100
-3.77981200
-4.75347900
-2.68974300
-0.49903600
-2.37333000
-3.77981200
-4.75347900
-2.62352100
-2.68974300
-1.38477800
-0.49903600

1.30946500
2.50485000
3.75721500
4.69172300
2.54788000
0
2
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.40228100
.42031300

formed at M062X/6-311G(d) using the Gaussian 09 package.™

Atom
C

Q Q@I

N W O

X

.858000
.849700
.785100
.655800
.402700

y
.641600

0

0.328300
1.191200
1.490400
1.144800

O O O O
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z

.452500
.499900
.272300
.120600
.635500



C 1.230600 1.481200 -0.046000
C -0.034400 0.685800 0.081900
C -0.034400 -0.685900 -0.082100
C 1.230500 -1.481400 0.046000
C 2.402600 -1.145300 -0.635700
H 2.350900 -0.447200 -1.465700
C 3.655700 -1.490700 -0.120700
C 4.857900 -0.641900 -0.452900
H 4.849400 -0.328700 -1.500400
H 5.785000 -1.191500 -0.272900
C 3.715700 -2.401900 0.934700
H 4.681200 -2.685300 1.343200
C 2.547700 -2.899500 1.503200
H 2.600000 -3.613200 2.317800
C 1.314600 -2.399300 1.098900
H 0.416300 -2.676600 1.640900
C -1.287900 -1.394400 -0.272000
C -2.513300 -0.698400 -0.187800
C -2.513300 0.698400 0.187800
C -1.287900 1.394300 0.271900
C -1.312400 2.760800 0.634400
C -2.504000 3.394900 0.905100
C -3.714200 2.687000 0.845900
C -3.729600 1.350600 0.504900
C -4.997700 0.534700 0.543300
H -5.868100 1.186700 0.447400
H -5.068800 0.049100 1.524700
C -4.997800 -0.534600 -0.543100
H -5.868200 -1.186600 -0.447200
H -5.068900 -0.049000 -1.524500
C -3.729600 -1.350500 -0.504900
C -3.714300 -2.687000 -0.845900
H -4.645900 -3.188200 -1.088800
C -2.504100 -3.394900 -0.905300
H -2.506200 -4.442200 -1.186100
C -1.312500 -2.760800 -0.634700
H -0.381400 -3.306300 -0.722800
H -4.645700 3.188300 1.088800
H -2.506000 4.442300 1.185800
H -0.381200 3.306300 0.722400
C 1.314600 2.399700 -1.098500
C 2.547700 2.900000 -1.502700
C 3.715700 2.402100 -0.934400
H 4.681200 2.685700 -1.342900
H 2.600000 3.614000 -2.316900
H 0.416300 2.677200 -1.640200
H 2.351000 0.446200 1.465100

Table S36. The optimized geometric structure of 1 in THF at the ground state (Sy) performed at
MO062X/6-311G(d) using the Gaussian 09 package.™*”!

Atom X y z
C 0.000000 0.675500 -0.000000
C 0.000000 -0.675500 0.000000
C -1.253600 1.481600 0.064800
C -1.451800 2.516500  -0.854500
C -2.229700 1.250600 1.038000
C -2.614200 3.277700  -0.827700
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H -0.690100 2.715400 -1.602000
C -3.386200 2.021800 1.075500
H -2.079400 0.460600 1.766300
C -3.585900 3.032100 0.138400
H -2.759500 4.065200 -1.558700
H -4.133000 1.834800 1.839100
H -4.490400 3.629400 0.165100
C 1.253600 1.481600 -0.064900
C 2.229800 1.250500 -1.038000
C 1.451700 2.516600 0.854300
C 3.386300 2.021700 -1.075500
H 2.079500 0.460500 -1.766200
C 2.614200 3.277800 0.827400
H 0.690000 2.715500 1.601800
C 3.585900 3.032100 -0.138600
H 4.133100 1.834700 -1.839200
H 2.759500 4.065400 1.558400
H 4.490400 3.629500 -0.165300
C 1.253600 -1.481600 0.064900
C 1.451800 -2.516600 -0.854300
C 2.229700 -1.250500 1.038100
C 2.614200 -3.277800 -0.827400
H 0.690100 -2.715500 -1.601800
C 3.386200 -2.021800 1.075700
H 2.079400 -0.460500 1.766400
C 3.585900 -3.032100 0.138700
H 2.759500 -4.065400 -1.558400
H 4.132900 -1.834800 1.839400
H 4.490300 -3.629500 0.165500
C -1.253600 -1.481600 -0.064800
C -1.451800 -2.516500 0.854400
C -2.229700 -1.250500 -1.038000
C -2.614200 -3.277700 0.827500
H -0.690100 -2.715400 1.601900
C -3.386200 -2.021800 -1.075600
H -2.079400 -0.460600 -1.766300
C -3.585900 -3.032100 -0.138600
H -2.759500 -4.065300 1.558500
H -4.133000 -1.834800 -1.839300
H -4.490300 -3.629400 -0.165300

Table S37. The optimized geometric structure of 1 in THF at the first excited state (S;) per-
formed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom X y z
C 0.002800 0.734900 -0.000900
C -0.002800  -0.735000 -0.000900
C -1.080300 1.418400 0.661300
C -1.498200 2.723200 0.296100
C -1.837300 0.752000 1.656800
C -2.576900 3.328200 0.917200
H -0.997200 3.235100 -0.516900
C -2.901900 1.373700 2.286600
H -1.557700 -0.257000 1.942100
C -3.279700 2.666900 1.925900
H -2.884900 4.319600 0.604000
H -3.447800 0.845400 3.060400
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-4.121700 3.147100 2.410900
.091300 1.410400 -0.662400
.843900 0.738900 -1.658000
.518900 2.711700 -0.296100
.913500 1.353000 -2.286700
.556800 -0.267700 -1.944200
.602500 3.308900 -0.916100
.021400 3.226700 0.517100
.300900 2.643000 -1.924800
.456000 0.821100 -3.060500
.917900 4.297700 -0.601900
.146900 3.117100 -2.408900

.080300 -1.418400 0.661300
.498200 -2.723300 0.296300
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.837400 -0.751900 1.656800
.576900 -3.328200 0.917500
.997200 -3.235200 -0.516600
.902000 -1.373600 2.286600
.557800 0.257100 1.942000
.279700 -2.666800 1.926000
.884900 -4.319700 0.604300
.447900 -0.845200 3.060400
4.121700 -3.147000 2.411100
-1.091400 -1.410500 -0.662300
-1.518900 -2.711700 -0.296000
-1.843900 -0.738900 -1.657900
-2.602600 -3.308900 -0.916000
-1.021400 -3.226800 0.517200
-2.913600 -1.353000 -2.286500
-1.556800 0.267600 -1.944100
-3.301000 -2.643000 -1.924600
-2.918000 -4.297700 -0.601700
-3.456000 -0.821100 -3.060400
-4.147000 -3.117100 -2.408700

Table S38. The optimized geometric structure of 2 in THF at the ground state (Sy) performed at
M062X/6-311G(d) using the Gaussian 09 package.”*”!

Atom X y z
C -2.814500 -1.800100  -3.964400
C -1.852300 -2.018000 -2.824800
C -1.369100 -0.952400 -2.074300
C -0.486500 -1.160500 -1.007000
C 0.000000 0.000000 -0.206600
C 0.000000 0.000000 1.147100
C -0.670200 -1.064200 1.948600
C -1.981100 -1.463300 1.669900
H -2.516000 -0.992500 0.852000
C -2.595300 -2.456700 2.422700
H -3.613200 -2.752300 2.194600
C -1.907800  -3.069300 3.467500
H -2.385500 -3.847500 4.052000
C -0.608300 -2.668600 3.764600
H -0.068400  -3.135300 4.580900
C -0.000000 -1.665100 3.018700
H 1.010300 -1.348800 3.258000
C 0.670200 1.064200 1.948600
C 0.000000 1.665100 3.018700
H -1.010300 1.348800 3.258000
C 0.608300 2.668600 3.764600
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H 0.068400 3.135300 4.580900
C 1.907800 3.069300 3.467500
H 2.385500 3.847500 4.052000
C 2.595300 2.456700 2.422700
H 3.613200 2.752300 2.194600
C 1.981100 1.463300 1.669900
H 2.516000 0.992500 0.852000
C 0.486500 1.160500 -1.007000
C 1.369100 0.952400 -2.074300
H 1.687300 -0.059500 -2.309100
C 1.852300 2.018000 -2.824800
C 1.421300 3.310300 -2.507300
H 1.792300 4.149200 -3.091200
C 0.523600 3.544900 -1.470200
C 0.061100 2.456800 -0.727400
H -0.634800 2.624100 0.089700
C 0.054400 4.938100 -1.137000
H 0.317300 5.201000 -0.109500
H -1.031900 5.017000 -1.224200
H 0.501400 5.678700 -1.801000
C 2.814500 1.800100 -3.964400
H 2.374000 2.116500 -4.913200
H 3.091400 0.749400 -4.055700
H 3.729000 2.380700 -3.822100
C -0.061100 -2.456800 -0.727400
C -0.523600 -3.544900 -1.470200
C -1.421300 -3.310300 -2.507300
H -1.792300 -4.149200 -3.091200
C -0.054400 -4.938100 -1.137000
H 1.031900 -5.017000 -1.224200
H -0.501400 -5.678700 -1.801000
H -0.317300 -5.201000 -0.109500
H 0.634800 -2.624100 0.089700
H -1.687300 0.059500 -2.309100
H -2.374000 -2.116500 -4.913200
H -3.091400 -0.749400 -4.055700
H -3.729000 -2.380700 -3.822100

Table S39. The optimized geometric structure of 2 in THF at the first excited state (S;) per-
formed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom X y z
C -3.007900 4.291800 0.522700
C -2.710800 2.929800 -0.050600
C -1.508400 2.294500 0.201500
C -1.225400 1.002300 -0.314300
C 0.000000 0.306900 0.000300
C -0.000200 -1.160900 0.000200
C -1.040700 -1.855700 0.719200
C -1.729900  -1.222400 1.784200
H -1.421800 -0.229500 2.092900
C -2.761700 -1.859800 2.453000
H -3.255900 -1.356100 3.276600
C -3.173400 -3.135200 2.069400
H -3.991100 -3.626000 2.584600
C -2.535700 -3.765600 0.998200
H -2.869700  -4.743500 0.668900
C -1.491400  -3.145200 0.336700
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H -1.041400 -3.630800 -0.521300
C 1.039900 -1.855800 -0.719100
C 1.490000 -3.145700 -0.337300
H 1.039800 -3.631600 0.520500
C 2.534000 -3.766300 -0.999000
H 2.867500 -4.744500 -0.670300
C 3.172000 -3.135600 -2.069900
H 3.989600 -3.626500 -2.585400
C 2.761000 -1.859700 -2.452800
H 3.255400 -1.355800 -3.276100
C 1.729400 -1.222200 -1.783700
H 1.421900 -0.229000 -2.091800
C 1.225800 1.001800 0.314700
C 1.509200 2.293900 -0.201000
H 0.786900 2.771800 -0.853500
C 2.711800 2.928800 0.050700
C 3.672700 2.278600 0.840400
H 4.620000 2.774100 1.037400
C 3.446300 1.001900 1.350600
C 2.238800 0.370300 1.070500
H 2.058600 -0.625400 1.465000
C 4.482200 0.302900 2.193900
H 4.680900 -0.701400 1.813000
H 4.137200 0.198000 3.225600
H 5.422600 0.854700 2.208500
C 3.009400 4.290600 -0.522500
H 3.168200 5.022100 0.273900
H 2.190300 4.646000 -1.148500
H 3.917500 4.270600 -1.129700
C -2.238500 0.371300 -1.070400
C -3.445600 1.003300 -1.350700
C -3.671600 2.280100 -0.840500
H -4.618700 2.776100 -1.037700
C -4.481700 0.304700 -2.194300
H -4.135900 0.198400 -3.225600
H -5.421400 0.857700 -2.210200
H -4.681800 -0.698900 -1.812600
H -2.058600 -0.624500 -1.465000
H -0.786100 2.772100 0.854200
H -3.166300 5.023300 -0.273800
H -2.188800 4.646800 1.148800
H -3.916100 4.272100 1.129700

Table S40. The optimized geometric structure of 3 in THF at the ground state (S¢) performed at
MO062X/6-311G(d) using the Gaussian 09 package.*”!

Atom X y z
C -0.551000 -2.399100 -2.148100
C -1.493500 -2.207300 -0.984600
C -1.269200 -1.238200 0.018200
C 0.000100 -0.434600 0.000000
C -0.000000 0.920200 -0.000000
C -1.245700 1.718300 -0.181000
C -2.187800 1.386900 -1.159500
H -2.001500 0.542800  -1.814400
C -3.355700 2.127400  -1.301300
H -4.074900 1.854600 -2.065500
C -3.599200 3.216900 -0.470000
H -4.512900 3.790700  -0.577000
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C -2.656900 3.573400 0.490900
H -2.834400 4.425700 1.137300
C -1.487000 2.836200 0.626100
H -0.756300 3.115400 1.378700
C 1.245500 1.718500 0.180900
C 2.187700 1.387500 1.159400
H 2.001600 0.543300 1.814300
C 3.355300 2.128300 1.301200
H 4.074600 1.855600 2.065400
C 3.598500 3.217800 0.469900
H 4.512100 3.791900 0.577000
C 2.656100 3.574000 -0.491000
H 2.833400 4.426400 -1.137400
C 1.486400 2.836500 -0.626200
H 0.755700 3.115500 -1.378800
C 1.269500 -1.238000 -0.018100
C 1.493800 -2.207200 0.984700
C 2.639000 -2.998200 0.934200
H 2.807100 -3.732100 1.716100
C 3.565000 -2.855200 -0.090900
H 4.450500 -3.480600 -0.120700
C 3.347400 -1.900000 -1.070200
H 4.066300 -1.779000 -1.875100
C 2.215400 -1.081800 -1.051900
C 2.091200 -0.079500 -2.174200
H 1.092700 0.342800 -2.269600
H 2.360600 -0.548100 -3.123600
H 2.778900 0.755200 -2.010100
C 0.551500 -2.398800 2.148300
H 0.192900 -1.445800 2.540700
H 1.057500 -2.926700 2.957700
H -0.329200 -2.980900 1.864400
C -2.215100 -1.082000 1.052000
C -3.347200 -1.900200 1.070200
C -3.564800 -2.855100 0.090700
C -2.638800 -2.998200 -0.934400
H -2.806900 -3.731900 -1.716400
H -4.450500 -3.480400 0.120300
H -4.066000 -1.779200 1.875100
C -2.090800 -0.079900 2.174500
H -1.092300 0.342700 2.269700
H -2.359700 -0.548800 3.123800
H -2.778800 0.754600 2.010800
H -0.192800 -1.446000 -2.540900
H -1.056700 -2.927500 -2.957300
H 0.329900 -2.980700 -1.863900

Table S41. The optimized geometric structure of 3 in THF at the first excited state (S;) per-
formed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom X y z
C -0.982000 -2.845900 -1.559800
C -1.662200 -2.335000 -0.313200
C -1.185500 -1.213800 0.437600
C -0.000000 -0.496800 -0.000000
C -0.000000 0.964200 0.000000
C -1.166300 1.665700 -0.489800
C -2.066300 1.045100  -1.393300
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H -1.850600 0.047700 -1.757100
C -3.203000 1.698800 -1.843700
H -3.859100 1.201000 -2.549200
C -3.510200 2.979000 -1.391000
H -4.407200 3.482200 -1.733100
C -2.660300 3.599300 -0.470600
H -2.906400 4.582000 -0.083400
C -1.515500 2.962600 -0.030200
H -0.898600 3.442100 0.721000
C 1.166300 1.665700 0.489800
C 2.066200 1.044900 1.393400
H 1.850400 0.047600 1.757200
C 3.203000 1.698600 1.843800
H 3.859000 1.200800 2.549400
C 3.510300 2.978700 1.391100
H 4.407300 3.481900 1.733200
C 2.660500 3.599100 0.470600
H 2.906700 4.581800 0.083400
C 1.515600 2.962500 0.030200
H 0.898800 3.442000 -0.721000
C 1.185400 -1.213800 -0.437700
C 1.662100 -2.334900 0.313100
C 2.850500 -2.949400 -0.064200
H 3.221000 -3.779200 0.529400
C 3.578700 -2.518400 -1.167200
H 4.500200 -3.018600 -1.443300
C 3.110100 -1.444300 -1.914800
H 3.657500 -1.123400 -2.795600
C 1.936500 -0.783100 -1.574800
C 1.438700 0.300100 -2.496800
H 0.362200 0.222500 -2.667700
H 1.941900 0.229800 -3.462100
H 1.627200 1.299000 -2.096200
C 0.982000 -2.845800 1.559700
H 0.645000 -2.030000 2.204400
H 1.672700 -3.467800 2.130100
H 0.098500 -3.449200 1.333200
C -1.936500 -0.783100 1.574700
C -3.110200 -1.444300 1.914700
C -3.578800 -2.518400 1.167100
C -2.850500 -2.949500 0.064200
H -3.220900 -3.779300 -0.529400
H -4.500200 -3.018700 1.443200
H -3.657600 -1.123500 2.795500
C -1.438700 0.300000 2.496800
H -0.362200 0.222500 2.667500
H -1.941800 0.229500 3.462200
H -1.627500 1.299000 2.096400
H -0.645100 -2.030100 -2.204500
H -1.672600 -3.468100 -2.130000
H -0.098300 -3.449100 -1.333200

Table S42. The optimized geometric structure of 4 in THF at the ground state (Sy) performed at
M062X/6-311G(d) using the Gaussian 09 package.™*”!

Atom X y z
C 0.965600 -2.867100 1.505200
C 1.766400 -2.250900 0.367600
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C 1.379900 -1.149300 -0.414000
C 0.064500 -0.456300 -0.258400
C -0.059800 0.872400 -0.085800
C 1.092300 1.799400 0.115700
C 2.141700 1.482300 0.985400
C 3.198500 2.364900 1.173100
C 3.226400 3.580600 0.495000
C 2.181100 3.913400 -0.360500
C 1.117700 3.035400 -0.537800
H 0.299000 3.310900 -1.193900
H 2.188600 4.861300 -0.887000
H 4.052100 4.267900 0.639900
H 4.001200 2.104100 1.853700
H 2.126100 0.537500 1.517900
C -1.410500 1.512700 -0.005900
C -2.001400 1.718400 1.242000
C -3.253300 2.316100 1.341700
C -3.923500 2.728700 0.193700
C -3.335300 2.541000 -1.053300
C -2.086000 1.935700 -1.151400
H -1.631200 1.784700 -2.125600
H -3.851100 2.860600 -1.951900
H -4.899300 3.194700 0.271700
H -3.705800 2.459600 2.316800
H -1.474700 1.402200 2.137300
C -1.126900 -1.353800 -0.320600
C -1.990000 -1.370000 -1.414100
C -3.081600 -2.232300 -1.437200
C -3.311500 -3.086100 -0.363900
C -2.444100 -3.080100 0.724800
C -1.347500 -2.221000 0.757100
C -0.363700 -2.214300 1.896400
H -0.187700 -1.186700 2.231200
H -0.775600 -2.761000 2.747600
H -2.622800 -3.747700 1.562500
H -4.163500 -3.756700 -0.373900
H -3.749400 -2.235500 -2.291300
H -1.802100 -0.706400 -2.250800
C 2.233400 -0.698200 -1.431500
C 3.455900 -1.301200 -1.675700
C 3.850100 -2.384100 -0.893200
C 3.008700 -2.842400 0.108000
H 3.314900 -3.688500 0.717200
H 4.804600 -2.868900 -1.065400
H 4.095500 -0.932800 -2.469600
H 1.917000 0.145700 -2.035600
H 0.769600 -3.913900 1.246200
H 1.611600 -2.894500 2.388700

Table S43. The optimized geometric structure of 5 in THF at the ground state (Sy) performed at
MO062X/6-311G(d) using the Gaussian 09 package.™*”!

Atom X y z
C -0.788900 0.861300 3.040000
H -0.760800 0.863000 4.132000
H 0.251100 0.884500 2.694800
C -1.463100 -0.390900 2.546200
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C -1.344200 -0.722500 1.191200
C -0.573000 0.189900 0.298100
C -1.210900 1.523200 0.053900
C -1.640800 2.379000 1.082000
C -2.252500 3.588400 0.727600
H -2.572900 4.255300 1.523300
C -2.461800 3.953800 -0.591900
H -2.940800 4.898000 -0.825800
C -2.061500 3.090900 -1.608800
H -2.230400 3.345500 -2.648900
C -1.447600 1.894600 -1.279100
H -1.145800 1.217100 -2.069700
C -1.508300 2.129800 2.576300
H -1.004000 2.995900 3.016500
H -2.518500 2.124700 3.001200
C 0.573000 -0.189900 -0.298100
C 1.210900 -1.523200 -0.053900
C 1.640800 -2.379000 -1.082000
C 1.508300 -2.129800 -2.576300
C 0.788900 -0.861300 -3.040000
H 0.760800 -0.863000 -4.132000
H -0.251100 -0.884500 -2.694800
C 1.463100 0.390900 -2.546200
C 1.344200 0.722500 -1.191200
C 1.946600 1.877800 -0.698300
H 1.836800 2.126000 0.352800
C 2.671700 2.707700 -1.547000
H 3.136700 3.606500 -1.157800
C 2.794400 2.382400 -2.893900
H 3.357200 3.026600 -3.560200
C 2.189000 1.230100 -3.388200
H 2.274300 0.983200 -4.442200
H 1.004000 -2.995900 -3.016500
H 2.518500 -2.124700 -3.001200
C 2.252500 -3.588400 -0.727600
H 2.572900 -4.255300 -1.523300
C 2.461800 -3.953800 0.591900
H 2.940800 -4.898000 0.825800
C 2.061500 -3.090900 1.608800
H 2.230400 -3.345500 2.648900
C 1.447600 -1.894600 1.279100
H 1.145800 -1.217100 2.069700
C -1.946600 -1.877800 0.698300
H -1.836800 -2.126000 -0.352800
C -2.671700 -2.707700 1.547000
H -3.136700 -3.606500 1.157800
C -2.794400 -2.382400 2.893900
H -3.357200 -3.026600 3.560200
C -2.189000 -1.230100 3.388200
H -2.274300 -0.983200 4.442200

Table S44. The optimized geometric structure of 5 in THF at the first excited state (S;) per-
formed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom X y z
C 3.043300 0.571800 1.576200
H 3.779700 1.062800 2.216600
H 2.152800 0.384200 2.187600
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C 2.681900 1.461200 0.423500
C 1.514600 1.159100 -0.311700
C 0.730600 -0.046400 -0.045600
C 1.402300 -1.325300 -0.206200
C 2.737300 -1.627000 0.221900
C 3.296100 -2.854700 -0.114700
H 4.298500 -3.071000 0.245000
C 2.628700 -3.814500 -0.871100
H 3.109700 -4.756100 -1.109500
C 1.338200 -3.535300 -1.311000
H 0.796800 -4.245900 -1.925500
C 0.740100 -2.338000 -0.974700
H -0.236400 -2.125700 -1.385500
C 3.620500 -0.753900 1.095700
H 3.918800 -1.346300 1.967700
H 4.545100 -0.549400 0.543900
C -0.730600 0.046400 0.045700
C -1.402300 1.325300 0.206300
C -2.737300 1.627000 -0.221800
C -3.620400 0.754000 -1.095700
C -3.043300 -0.571800 -1.576200
H -3.779700 -1.062700 -2.216600
H -2.152800 -0.384100 -2.187500
C -2.681900 -1.461100 -0.423500
C -1.514600 -1.159100 0.311700
C -1.104200 -2.056200 1.320600
H -0.199000 -1.844600 1.878600
C -1.866900 -3.169700 1.638500
H -1.546000 -3.828800 2.437300
C -3.031700 -3.444800 0.926900
H -3.621600 -4.324100 1.159400
C -3.420100 -2.594600 -0.108700
H -4.302200 -2.830600 -0.696900
H -3.918700 1.346400 -1.967700
H -4.545100 0.549500 -0.544000
C -3.296000 2.854800 0.114800
H -4.298400 3.071100 -0.245000
C -2.628700 3.814500 0.871100
H -3.109600 4.756100 1.109500
C -1.338200 3.535300 1.311000
H -0.796700 4.245900 1.925500
C -0.740100 2.338000 0.974700
H 0.236400 2.125700 1.385500
C 1.104200 2.056200 -1.320600
H 0.199000 1.844500 -1.878600
C 1.866800 3.169600 -1.638600
H 1.546000 3.828700 -2.437400
C 3.031600 3.444800 -0.927000
H 3.621500 4.324100 -1.159600
C 3.420100 2.594600 0.108600
H 4.302100 2.830700 0.696800

Table S45. The optimized geometric structure of 6 in THF at the ground state (S¢) performed at
MO062X/6-311G(d) using the Gaussian 09 package.*!

Atom X y z
C 4.876700 -0.639700 0.456600
H 5.808400  -1.184800 0.285900
H 4.861200 -0.319700 1.502000
C 4.876600 0.639600 -0.457000
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H 5.808300 1.184700 -0.286600
H 4.860900 0.319400 -1.502300
C 3.681800 1.500600 -0.127300
C 2.423800 1.144700 -0.616500
C 1.261600 1.489000 0.081300
C -0.000000 0.685500 0.000300
C 0.000000 -0.685300 0.000300
C 1.261600 -1.488900 -0.081100
C 2.423900 -1.144800 0.616500
H 2.359400 -0.431500 1.431800
C 3.681900 -1.500800 0.127100
C 3.753500 -2.444800 -0.900700
H 4.723400 -2.740800 -1.289400
C 2.592100 -2.973000 -1.454400
H 2.654900 -3.724100 -2.234000
C 1.352500 -2.461100 -1.081700
H 0.456300 -2.768100 -1.611100
C -1.261600 -1.488900 0.081400
C -2.423800 -1.144900 -0.616500
H -2.359000 -0.431500 -1.431800
C -3.681800 -1.500700 -0.127300
C -4.876500 -0.639700 -0.457100
H -5.808300 -1.184800 -0.286700
H -4.860800 -0.319600 -1.502500
C -4.876700 0.639700 0.456400
H -5.808400 1.184700 0.285800
H -4.861300 0.319500 1.501800
C -3.681900 1.500700 0.127100
C -2.424000 1.144700 0.616500
C -1.261600 1.489000 -0.080900
C -1.352500 2.461200 -1.081500
C -2.592100 2.973000 -1.454200
C -3.753500 2.444800 -0.900600
H -4.723400 2.740700 -1.289400
H -2.654900 3.724100 -2.233800
H -0.456300 2.768300 -1.610800
H -2.359400 0.431100 1.431600
C -3.753700 -2.444600 0.900500
H -4.723700 -2.740600 1.289000
C -2.592400 -2.972800 1.454500
H -2.655400 -3.723800 2.234200
C -1.352700 -2.461000 1.082000
H -0.456600 -2.768000 1.611700
C 1.352700 2.461100 1.081900
C 2.592400 2.972900 1.454400
C 3.753700 2.444600 0.900400
H 4.723700 2.740500 1.289000
H 2.655400 3.723900 2.234000
H 0.456600 2.768200 1.611500
H 2.359000 0.431000 -1.431500

Table S46. The optimized geometric structure of 6 in THF at the first excited state (S;) per-
formed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom X y z
C -4.982800 -0.670600 -0.418600
H -5.876100 -1.251900 -0.181100
H -5.018000 -0.412200 -1.482000
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C -4.987000 0.666400 0.397800
H -5.878700 1.247100 0.153000
H -5.031100 0.407700 1.460800
C -3.748300 1.431700 0.072400
C -2.470400 0.763600 0.372800
C -1.237100 1.425600 -0.116000
C 0.016400 0.697800 -0.062600
C 0.016800 -0.695500 0.071100
C -1.238500 -1.423700 0.122200
C -2.467800 -0.762700 -0.375200
H -2.387000 -0.457600 -1.425600
C -3.745700 -1.432900 -0.081400
C -3.766800 -2.600900 0.631100
H -4.722200 -3.058000 0.872600
C -2.572700 -3.234100 1.044500
H -2.618400 -4.173700 1.581400
C -1.341700 -2.637400 0.795700
H -0.438300 -3.103500 1.174800
C 1.277700 -1.497000 0.043400
C 2.442700 -1.092400 0.705000
H 2.378300 -0.318300 1.462900
C 3.702000 -1.483700 0.244500
C 4.896900 -0.599300 0.501600
H 5.828500 -1.157300 0.379300
H 4.880500 -0.190000 1.515300
C 4.894000 0.595400 -0.519100
H 5.827500 1.151700 -0.403800
H 4.869100 0.186200 -1.532800
C 3.702500 1.481600 -0.252800
C 2.439600 1.094500 -0.707700
C 1.279300 1.497500 -0.037100
C 1.388400 2.530500 0.902500
C 2.630500 3.064100 1.228400
C 3.786400 2.498100 0.701000
H 4.760300 2.816600 1.060700
H 2.700300 3.864000 1.957400
H 0.500500 2.871500 1.424000
H 2.369400 0.322800 -1.467600
C 3.778400 -2.504500 -0.705600
H 4.749700 -2.826300 -1.069600
C 2.618700 -3.071300 -1.223300
H 2.682800 -3.874800 -1.948700
C 1.379200 -2.534700 -0.892000
H 0.487700 -2.876700 -1.406300
C -1.338400 2.648700 -0.775200
C -2.569000 3.242400 -1.028700
C -3.767000 2.603700 -0.633100
H -4.720900 3.059900 -0.881600
H -2.612300 4.185900 -1.559000
H -0.433800 3.122300 -1.141800
H -2.396400 0.460500 1.424200

Table S47. The optimized geometric structure of 1 in the QM region at the ground state (Sy) in
solid performed at M062X/6-311G(d) using the Gaussian 09 package.””

Atom X y z
C 2.706900 2.159500 2.925700
C 2.392100 1.739400 7.920700
C 1.698900 0.547400 7.701900
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C 0.578600 0.234400 8.462900
C 3.604600 2.067400 7.117400
C 4.785600 2.343900 7.712400
C 5.255700 1.965600 11.964100
C 5.701500 3.104000 11.298500
C 5.563600 3.211500 9.920800
C 4.972600 2.183700 9.182800
C 4.559800 1.031400 9.854600
C 1.880600 2.786200 3.849900
C 4.686000 0.927100 11.233400
C 8.203300 3.925300 5.665200
C 6.930500 4.399900 5.371700
C 5.820200 3.898600 6.033200
C 5.960800 2.882100 6.980000
C 7.244700 2.422400 7.282700
C 8.357600 2.943600 6.637000
C 2.199000 2.753100 5.197700
C 3.355800 2.116000 5.650300
C 4.198300 1.521000 4.709200
C 3.875700 1.537400 3.356600
C 0.116900 1.132000 9.422800
C 0.787800 2.334800 9.623800
C 1.923200 2.632600 8.883900
H 2.423300 2.151100 1.882200
H 2.053700 -0.143800 6.945500
H 0.066400 -0.707100 8.305400
H 5.351300 1.878100 13.040000
H 6.148600 3.925300 11.845400
H 5.899000 4.106400 9.409000
H 4.126700 0.220600 9.281000
H 0.979400 3.290400 3.527300
H 4.353500 0.028900 11.737800
H 9.063000 4.339600 5.152800
H 6.798500 5.173700 4.633200
H 4.837700 4.307800 5.831700
H 7.377400 1.665200 8.047000
H 9.338200 2.592400 6.927000
H 1.557300 3.235900 5.923700
H 5.109000 1.043900 5.049400
H 4.537700 1.066200 2.638900
H -0.770400 0.893700 9.996900
H 0.444300 3.055800 10.353900
H 2.457900 3.560000 9.058200

Table S48. The optimized geometric structure of 1 in the QM region at the first excited state (S;)
in solid performed at M062X/6-311G(d) using the Gaussian 09 package.[33]

Atom X y z
C 3.62432700 1.64802600 2.92598700
C 2.40161200 1.93249300 7.87478600
C 1.65541100 0.76123000 7.61135700
C 0.56734100 0.41972500 8.39671700
C 3.63226100 2.16847400 7.13746600
C 4.84606000 2.50028600 7.84753800
C 5.12007500 1.89717400  12.06103800
C 5.66770600 3.02761700  11.44944200
C 5.61788900 3.17799000  10.07902700
C 4.98383800 2.21686300 9.26287000
C 4.41926400 1.08887100 9.89635100
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Table S49. The optimized geometric structure of 2 in the QM region at the ground state (Sy) in
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.49014100
.50262300
.18423200
.91237200
.80895900
.96305500
.27690700
.35685600
.48719900
.63300000
.79383600
. 77602600
.16640300
.88935200
.00654000
.60916100
.99374100
.03513800
.15707000
.09587100
.00068000
.94043500
.60747200
.08361000
.03067300
.77484100
.82341500
.41541700
.33538800
.61753300
.67161500
.65920500
.70232900
.60647500
.57466900

.15553700
.92920500
.91645900
.38046800
.96912000
.09842300
.65871800
.04092000
.30423200
.97523800
.55217200
.36966100
.25650500
.41778400
.73946700
.46507100
.08803600
.50524700
.78042700
.82982100
.07881700
.33436500
.40928600
.04534000
.23149500
.06131300
.35344400
.95955100
.66077500
.70780200
.30483200
.00269100
.98936600
.08459300
.63348300

|
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.57423000
.27148500
.62439200
.32277000
.05650300
.16330100
.47017000
.70504000
.94375900
. 71713300
.01769500
.64526900
.44066300
.70992900
.95767800
.86735800
.83190100
.20601900
.13683300
.03662500
.61701900
.28336000
.99829500
.73584400
.02600500
.49823000
.82447400
.28583300
.96523600
.44823900
.59388400
.13389000
.03064300
.51384100
.18560600

=
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solid performed at M062X/6-311G(d) using the Gaussian 09 package.[33]

Atom

[@N= s RGN NONON NONON O NONONE]

N WD OB DNDNDNDDNDWWWWWND W

X
.421200
.448300
.305300
.778300
.213500
.704000
.170000
.112600
.701700
. 776500
.431000
.191700
.027000
.526200
.400400
.112100

y
.726900
.774100
.371600
.687800
.701800
.246400
.527900
.967000
.242500
.653500
.206700
.500900
.023900
.494800
.419600
.619500

O R ONREP>PWMPLWWLWUDNOEDNDRERE
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z

.338500
.403000
.679300
.804600
.675100
.076500
.210700
.201900
.110100
.848300
.980800
.293400
.767000
.035700
.042000
.285000
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Table S50. The optimized geometric structure of 2 in the QM region at the first excited state (S;)

O OO0l U1 U1l © 0 WO W U JJo Oord NN

S wdbkhhwNDNDNREPRPOREREDNDRE

.135900
.656200
.071900
.709200
.923800
.919300
.137900
.123500
.065700
.933400
.730700
.795200
.440400
.067500
.272700
.015100
.920900
.708500
.138400
.875500
.098000
.228200
.569400
.063800
.749100
.492300
.507400
.619200
.939800
.660100
.332700
.619900
.762400
.997600
.894700
.240300
.861400
.952500
.704400
.453000
.593200
.267900

N e

.185000
.190800
.558800
.021700
.664900
.647000
.073600
.206400
.687300
.891300
.264900
.786500
.791900
.251300
.792100
.876900
.274900
.240700
.882000
.784100
.371700
.919600
.155800
.431400
.068200
.406100
.781100
.891300
.665200
.365900
.724100
.218000
.205900
.172700
.331300
.133100
.168200
.231500
.191500
.585900
.703600
.482100
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.352300
.039000
.616000
.065900
.326200
.788100
.996600
.436600
.199700
.210800
.532700
.356900
.236000
.946700
.633600
.311000
.615200
.543100
.071400
.754500
.614200
.608100
.299400
.696900
.452400
.803900
.853800
.835500
.152900
.733800
.960700
.024700
.584200
.255900
.689900
.006200
.559100
.562300
.138500
.815700
.150100
.487800

in solid performed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom
C

T OOQ@D Q0

W wwdbdwwbdhw

X

.41718800
.37737200
.31854300
.85441700
.32418300
.72766000
.10401900
.02513100

S WNORERE DN

y
. 73427000

.79036200
.45744500
.86645400
.89172400
.46531500
.72286000
.19819700

S126
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z

.36524800
.36948800
.60976700
.78673000
.70436600
.02224600
.10153700
.07222600
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Table S51. The optimized geometric structure of 3 in the QM region at the ground state (Sy) in

O OYUI U UIT O WOOWWMdOUIIJO O ONDNDNE W BEDDNDDNDDND

S Wb W wWwNERPE PP OREDNDR

.56986300
.64669400
.25539700
.21946800
.96482400
.67092200
.39784200
.90948900
.03357900
.33444900
.83835200
.63093900
.88308900
.89682200
.07500100
.03406900
.96690000
.82736900
.63525900
.69133700
.39090700
.03014800
.24373700
.94605800
.78184300
.32984700
.16806400
.77640900
.04331200
.29530400
.72125000
.00805100
.61513500
.56577200
.58479300
.79524600
.18248900
.46804600
.08202700
.61457400
.72144700
.90805500
.92192600
.25902300
.97337000
.11054100
.85227200
.64825000
.71539200
.42612400
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N, OO U ONRF B WD

.34571500
.69871300
.18952500
.79157100
.40372800
.82261400
.63679000
.69764900
.27040100
.28113400
.59870900
.97856800
.56766300
.53336500
.98473200
.26178100
. 74333000
.89185200
.25748100
.74400400
.67825700
.10597000
.66535200
.79204300
.23690200
.15688000
.93085600
.67243000
.26996100
.00804100
.36711000
.47792200
.21592000
.29224000
.64657100
.67232500
.38403100
.14949600
.46827200
.34292000
.38836700
.03062200
.14951400
.92279300
.31208500
.07129700
.26624300
.64520100
.73236900
.44436900
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.97632400
.74499600
.86001000
.27819600
.79289100
.05797200
.98164200
.08614200
.16556000
.90461900
.27769600
.09843000
.40755900
.90122900
.02275700
.37451800
.10180800
.08477900
.42281900
.19688300
.26342100
.93705200
.70000300
.32957900
.40784400
.41527900
.98343900
.30272500
.63525400
.81018500
.57459600
.92260100
.77873600
.94224600
.03793300
.84006500
.12472100
.67719600
.84460200
.00021100
.45712800
.07809200
.80206700
.16941500
.59580700
.60007500
.08640800
.71354200
.21253600
.61289300

solid performed at M062X/6-311G(d) using the Gaussian 09 package.™*”!

Atom
C

X
6.327500

y
2.620500

S127

z

3.581400
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.153000
.354300
.104300
.083400
.651800
.344700
.331400
.635000
.066600
.625400
.891300
.277300
.268400
.737600
.816400
.029400
.996600
.750800
.640700
.496000
.715700
.355400
.105900
.045300
.266700
.556400
.036700
.097300
.188600
.891700
.882700
.181100
.502100
.802500
.550200
.888400
.865200
.762000
.735300
.751900
.594600
.729800
.580900
.692900
.713000
.713300
.038000
.707200
.329300
.560200
.063300
.748600
.625400
.072000
.429500
.207700
.674800

P RPENMNWWOWDOWODNWONONRPRPRPRPORPRORPNOOOO M U UM RERPOERERPNNDNDEWWNDODDPMRPRPROODOWPWNDNEREREREREDNDDN

.493000
.719500
.810500
.913400
.197700
.902000
.976900
.809800
.600700
.741000
.683300
.088200
.014300
.058100
.794200
.871400
.769100
.571500
.685300
.794000
.826700
.691600
.790800
.847100
.700600
.890500
.625800
.994500
.465000
.742000
.723000
.410200
.189000
.466300
.573400
.183500
.208900
.629300
.007400
.269000
.773300
.658300
.703200
.301300
.895400
.641400
.704300
.753500
.419300
.967800
.806200
.129800
.289100
.089100
.438700
.887300
.080900
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.914000
.079900
.856200
.244100
.827100
.879200
.959700
.113800
.589000
.721700
.237700
.557700
.011600
.659600
.006600
.943300
.461000
.102800
.861200
.031700
.362500
.490300
.524200
.987700
.361100
.699400
.018600
.855700
.467400
.854500
.888700
.761200
.583100
.570800
.884700
.642800
.645700
.833900
.425200
.218300
.204200
.846300
.169800
.995400
.385500
.598800
.444100
.803600
.390000
.561200
.027200
.320000
.385200
.694500
.271500
.672000
.155600



Table S52. The optimized geometric structure of 3 in the QM region at the first excited state (S;)
in solid performed at M062X/6-311G(d) using the Gaussian 09 package.*!

Atom X y z
C 6.297600 2.624800 3.591700
C 5.023500 2.502300 2.907200
C 6.311700 2.884200 5.027000
C 7.082700 2.044700 5.891200
C 6.964500 2.202100 7.265800
H 7.522300 1.535100 7.914300
C 6.136600 3.173300 7.821100
H 6.070100 3.283300 8.898100
C 5.414300 4.012100 6.983200
H 4.792500 4.798800 7.397000
C 5.483400 3.885700 5.602100
C 7.915300 0.897400 5.374800
H 7.338400 0.271700 4.686700
H 8.249200 0.269900 6.201500
H 8.792600 1.234300 4.823100
C 4.743200 4.893500 4.764600
H 5.072500 4.908700 3.728100
H 4.893400 5.893600 5.174000
H 3.670200 4.687300 4.763300
C 7.553900 2.509300 2.869200
C 8.538700 3.540100 3.013100
C 9.692900 3.485300 2.244200
H 10.417800 4.288200 2.329000
C 9.913200 2.456800 1.330800
H 10.806400 2.457300 0.718300
C 8.958300 1.460100 1.182400
H 9.125700 0.658800 0.471200
C 7.786200 1.462700 1.931600
C 8.279900 4.797300 3.811000
H 7.422600 5.341600 3.396200
H 9.147500 5.458100 3.773800
H 8.031200 4.611400 4.853600
C 6.822900 0.315500 1.769500
H 6.239300 0.145500 2.675300
H 7.361400 -0.601800 1.521800
H 6.107800 0.512200 0.966000
C 3.864000 2.061300 3.662800
C 3.984200 1.156200 4.744900
H 4.938900 0.672200 4.915800
C 2.910100 0.877300 5.576000
H 3.023300 0.173000 6.391700
C 1.689500 1.515500 5.383500
H 0.877500 1.359100 6.083000
C 1.535500 2.395000 4.307700
H 0.591400 2.912100 4.170800
C 2.590900 2.646800 3.451500
H 2.483600 3.376000 2.656600
C 4.901500 2.856500 1.512100
C 5.780100 3.763800 0.865500
H 6.504500 4.313300 1.453200
C 5.686800 3.998300 -0.499700
H 6.338200 4.731600 -0.957800
C 4.760200 3.316800 -1.280200
H 4.704200 3.469800 -2.350600
C 3.886500 2.416400 -0.664000
H 3.159300 1.878500 -1.255600
S129



C 3.943500 2.205000 0.695500
H 3.285900 1.481400 1.152100

Table S53. The optimized geometric structure of 4 in the QM region at the ground state (Sy) in
solid performed at M062X/6-311G(d) using the Gaussian 09 package.™*”!

Atom X y z
C 13.765800  15.806300  -0.641400
13.974100 14.496700 -1.101000
13.219000  13.746400 -0.892700
15.108100 14.146200 -1.813400
15.243200  13.132700 -2.169100
16.065500 15.119700 -2.081100
16.944700  14.874500  -2.659400
15.889000 16.406500 -1.605200

16.640400 17.163200 -1.811200
14.752200 16.775200 -0.876000

14.710000 18.224600 -0.427000
14.790100 18.856100 -1.316700
15.620600 18.404600 0.146500
13.520100 18.705800 0.405000

12.617400 18.687500 -
13.700200 19.746800
13.286700 17.886100
13.556600 18.377400
13.988800 19.367200
13.282400 17.609300
13.493000 18.009700
12.731500 16.340200
12.501300 15.742800
12.472700 15.833900 .635800
12.045000 14.845700 .505500

0.215700
0
1
2
3
4
5
3
4
2
2
12.748200 16.598800 1.507800
0
0
0
1
1
1
2
1
2
0
0

.683300
.645900
.920200
.031400
.048400
.031700
.905200
.780300

12.511000 16.086200 .127300
11.290100 15.860500 .397800
10.010400 16.083200 .345900
9.807500 17.191100 .178200
10.593900 17.926000 .301700
8.610300 17.361900 .865900

8.485500 18.219500 .517900
7.589900 16.425400 .736100
6.666400 16.521800 .289600
7.766500 15.334000 .897400
6.979800 14.596100 .795300
8.958200 15.171900 0.205700
9.074400 14.310800 -0.436500
11.170200 15.469700 -1.843400
10.773200 14.201300 -2.274900

10.555600 13.420500 -1.554000
10.679000 13.909700 -3.631500
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10.336500 12.931000 -3.946600
11.011700 14.871200 -4.578800
10.940100 14.638000 -5.632200
11.428900 16.131400 -4.162400
11.689200 16.888300 -4.895200
11.491100 16.428900 -2.806700
11.804800 17.413200 -2.473800
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Table S54. The optimized geometric structure of 5 in the QM region at the ground state (Sy) in
solid performed at M062X/6-311G(d) using the Gaussian 09 package.””

Atom X y z
C 2.067000 2.722300 8.057100
H 1.706600 3.722900 8.307500
H 3.138700 2.693000 8.262800
C 1.856000 2.482100 6.566600
H 2.348800 3.275500 5.999800
H 0.789300 2.585400 6.346300
C 2.324300 1.156700 5.997100
C 2.107100 1.004200 4.625400
H 1.681500 1.838500 4.082200
C 2.426900 -0.160300 3.952300
H 2.229900  -0.229300 2.889600
C 2.999000 -1.217300 4.652900
H 3.233300 -2.149300 4.153900
C 3.272800 -1.061000 6.002500
H 3.751700  -1.868800 6.544800
C 2.946100 0.111600 6.700600
C 3.203500 0.139600 8.179300
C 1.993200 0.422300 9.007900
C 1.433800 -0.544000 9.838400
H 1.920900 -1.510300 9.917600
C 0.279300 -0.269500  10.562800
H -0.141300 -1.020600 11.221100
C -0.330500 0.974700  10.449900
H -1.233100 1.189100 11.007400
C 0.236700 1.946900 9.633200
H -0.213200 2.932100 9.560200
C 1.398200 1.685500 8.915300
C 5.542900  -2.723100 8.841100
H 5.903200  -3.723700 8.590700
H 4.471100 -2.693700 8.635500
C 5.754000  -2.482800  10.331500
H 5.261200 -3.276000  10.898400
H 6.820700 -2.586000  10.551800
C 5.285700  -1.157300  10.901000
C 5.503000 -1.004700 12.272700
H 5.928600  -1.839000 12.815800
C 5.183300 0.159900  12.945700
H 5.380400 0.229000 14.008300
C 4.611100 1.216800  12.245000
H 4.376900 2.148900  12.743900
C 4.337200 1.060400 10.895400
H 3.858300 1.868200  10.353100
C 4.663900 -0.112300 10.197400
C 4.406500 -0.140400 8.718700
C 5.616800  -0.423100 7.890100
C 6.176300 0.543100 7.059600
H 5.689400 1.509500 6.980400
C 7.330800 0.268400 6.335100
H 7.751400 1.019500 5.676800
C 7.940400  -0.975900 6.448000
H 8.842900  -1.190400 5.890400
C 7.373100  -1.948000 7.264800
H 7.822900  -2.933200 7.337900
C 6.211700 -1.686300 7.982700
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Table S55. The optimized geometric structure of 5 in the QM region at the first excited state (S;)

in solid performed at M062X/6-311G(d) using the Gaussian 09 package.*’!

Atom
C
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X

.93685800
.52328900
.00738500
. 74679400
.22117800
.68161300
.26171300
.03556000
.55886700
.40510000
.18358700
.06320500
.32053000
.39279900
.90011200
.98395000
.20692300
.04697400
.58654500
.14447900
.39525300
.03242900
.32869600
.24967100
.16730500
.34337300
.33365800
.67261100
.08626900
.60206900
.86287500
.38872300
.92811100
.34793900
.57448600
.05145700
.20516900
.42707500
.54680000
.28968500
.21679500
.70938600
.62550600
.40240300
.56231800
.02265500
.46464700
.21389900
.57663200
.93792200
.85885100

PR NDODNDNDDNDWN

y

.85974700
.84334900
.88767200
.57787300
.36959700
.64448700
.25131100
.04500100
.84343100
.11991500
.23032600
.11333900
.05270700
.89774900
.68683600
.27171200
.29465200
.58837200
.34988600
.26919500
.14466200
.89632000
.02787700
.19561600
.00090900
.95128800
.79840600
.85995400
.84355600
.88801700
.57779500
.36949900
.64421900
.25116300
.04443900
.84265700
.12067700
.23146300
.11388500
.05343000
.89791600
.68686100
.27175000
.29497700
.58879000
.34936200
.26860900
.14407000
.89561300
.02838600
.19620600
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z

.97568500
.21020600
.18301900
.49376600
.90901700
.25722500
.97492300
.62267500
.07248500
.96118700
.90737500
.67634100
.20364000
.00213500
.54144900
.71670700
.15810900
.99270200
.94199700
.08117300
.62277300
.31547900
.42980800
.97217500
.56174200
.45626900
.84538700
.92201500
.68765400
.71479700
.40385200
10.
10.
10.
12.
12.

98884500
64017500
92252500
27466400
82496100

.93590100
13.
12.
12.
10.
10.
10.
.73921900
.90457700
.95511800
.81584400
.27424100
.58135600
.46739600
.92495700

98958300
22066500
69314700
89501000
35561100
18061200



C 7.44206100 -2.00128700 7.33573400
H 7.95284500 -2.95158000 7.44140400
C 6.27568500 -1.79874600 8.05207100

Table S56. The optimized geometric structure of 6 in the QM region at the ground state (Sy) in
solid performed at M062X/6-311G(d) using the Gaussian 09 package.™*”!

Atom X y z
C 8.715800  12.418000 2.026400
C 7.851900  11.369400 1.845200
C 12.448400 9.251400 2.117500
H 13.473300 9.063000 2.442600
H 12.417500 9.071800 1.041300
C 11.496000 8.221500 2.824400
H 11.878800 7.215600 2.643500
H 11.522100 8.400300 3.901900
C 4.865300  15.373300 2.580500
H 4.487900  16.392400 2.521100
H 4.633700  14.997400 3.577700
C 4.087900 14.516800 1.523900
H 3.017700  14.654200 1.696000
H 4.328800  14.900400 0.533200
C 10.165300  12.226600 2.351300
C 10.961400  11.245900 1.749400
H 10.626300  10.787800 0.823300
C 12.016400  10.658400 2.451500
C 12.419900  11.239700 3.655500
H 13.211900 10.769200 4.229800
C 11.785800  12.375900 4.146100
H 12.124800  12.841300 5.065400
C 10.639400 12.846100 3.513200
H 10.054900  13.640200 3.966300
C 8.329400 9.949400 1.779100
C 9.309500 9.446100 2.640700
H 9.592400  10.023300 3.515300
C 10.101000 8.357300 2.270700
C 9.707500 7.596100 1.169500
H 10.293300 6.729000 0.878000
C 8.594900 7.963700 0.423900
H 8.271800 7.343800  -0.397900
C 7.944000 9.164100 0.689400
H 7.160400 9.514000 0.026900
C 8.238400  13.836400 2.001900
C 7.108400  14.238900 2.719300
H 6.715100  13.575700 3.482300
C 6.340000 15.318500 2.284900
C 6.868100  16.144400 1.294200
H 6.274300  16.968300 0.916300
C 8.105100 15.878700 0.728200
H 8.498300 16.554300 -0.019100
C 8.771200  14.699300 1.042500
H 9.663500  14.413000 0.496800
C 6.362900  11.541800 1.779100
C 5.726900  12.644000 1.195000
H 6.270200  13.280600 0.504900
C 4.476500  13.068300 1.651200
C 3.739400  12.224800 2.480600
H 2.763200  12.544500 2.828400
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C 4.267500 11.003100 2.874800
H 3.668700 10.320600 3.464400
C 5.586400 10.689400 2.570500
H 6.047000 9.808200 2.997200

8 The photos of TPE derivatives

1-PC

Figure S84. The photos of the TPE derivatives.
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