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1. General consideration for synthesis and characterization

All the reactions dealing with air- or moisture-sensitive compounds were carried
out in a dry reaction vessel under a positive pressure of nitrogen or argon. Air- and
moisture-sensitive liquids and solutions were transferred via syringe or Teflon cannula.
Analytical thin-layer chromatography (TLC) was performed using glass plates pre-
coated with 0.25 mm, 230—400 mesh silica gel impregnated with a fluorescent indicator
(254 nm). Thin-layer chromatography plates were visualized by exposure to ultraviolet
light (UV). Organic solutions were concentrated by rotary evaporation at ca. 15 Torr
(evacuated with a diaphragm pump). Flash column chromatography was performed as
described by Still et al.!, employing Kanto Silica gel 60 (spherical, neutral, 140-325
mesh).

Unless otherwise noted, commercial reagents were purchased from Tokyo Kasei
Co., Aldrich Inc., and other commercial suppliers and used as purchased. Anhydrous
solvents were purchased from Kanto, and purified by a solvent purification system
(GlassContour) equipped with columns of activated alumina and copper catalyst prior to
use. Zinc (powder) was purchased from Wako Co., and was washed with 1M HCI aq.,
methanol, and diethyl ether and dried over before use.

NMR spectra were recorded using a JEOL ECA-500 ("H NMR, 500 MHz; 3C
NMR, 125 MHz), JEOL ECZ-500 (‘H NMR, 500 MHz), and JEOL ECX-400 ('"H NMR,
400 MHz; '3C NMR; 100 Hz) NMR spectrometer. Chemical data for protons are
reported in parts per million (ppm, & scale) downfield from tetramethylsilane and are

referenced to the residual protons in the NMR solvent (CDCls: & 7.26). Chemical data
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for carbons are reported in parts per million (ppm, & scale) downfield from
tetramethylsilane and are referenced to the carbon resonance of the solvent (CDCl;: &
77.0). The data are presented as follows: chemical shift, multiplicity (s = singlet, d =
doublet, t = triplet, m = multiplet and/or multiple resonances, br = broad), coupling
constant in Hertz (Hz), and integration. Melting points of solid materials were
determined on a Mel-Temp II capillary melting-point apparatus and are uncorrected.
Mass spectra were obtained on Bruker micrOTOF II (APCI) mass spectrometer. High-

resolution mass spectra were obtained with a calibration standard of polyethylene glycol.
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2. Synthetic procedures for all compounds

3-Bromophenyl N,N-diethylcarbamate (2)

0
PR

OH O 0" 'NEt,
©\ NaH (2 equiv) CI)J\NE’[2 (2 equiv) @\
B thHFz oh rt,8h B
] t, 2. 5
87%

The procedure previously reported by Sanz et al. was followed.?

To a solution of 3-bromophenol (1) (5.26 g, 30 mmol) in 7.5 mL THF, a solution of
sodium hydride (2.36 g, 65 wt%, 64 mmol) in 20 mL THF was dropwise added at
ambient temperature. After stirring for 2.5 h, the resulting brownish mixture was added
N,N-diethylcarbamoyl chloride (7.61 g, 60 mmol) and stirred for 8 h. The reaction
mixture was added water and organic layer was three times extracted with ethyl acetate,
washed with brine, and dried over anhydrous Na,SO,. After the solvent was removed in
vacuo, the crude material was purified by flash silica-gel column chromatography
(eluent: ethyl acetate/hexane, 1/10) to afford the title compound (7.09 g, 87%) as a
colorless liquid. '"H NMR (500 MHz, CDCl3) 8 1.22 (td, J= 7.1, 14.2 Hz, 6H, CH,CH}>),
3.33-3.46 (m, 4H, CH,CHj3;), 7.06-7.13 (m, 1H, ArH), 7.19-7.25 (m, 1H, ArH), 7.30-

7.37 (m, 2H, ArH), which is in agreement with the literature.?
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3-Bromo-2-iodophenyl N,N-diethylcarbamate (3)

0] o]
O)J\NEtg O)LNEtz
LDA (1.1 equiv) I, (1.2 equiv) |
THF —78 °C to r.t., 30 min
Br —78 °C, 30 min Br
2 3
54%

The procedure previously reported by Sanz et al. was followed.?

To a solution of diisopropylamine (3.08 g, 22 mmol) in 60 mL THF, butyllithium in
hexane (13.8 mL, 1.60 mol/L, 22 mmol) was dropwise added at 0 °C. After stirring for
30 min at 0 °C, the solution was cooled down to —78 °C, and 3-bromophenyl N,N-
diethylcarbamate (2) (5.44 g, 20 mmol) was added to the solution of LDA. The reaction
mixture was stirred for 30 min and iodine (6.12 g, 24 mmol) was added at low
temperature. After stirring for 30 min at —78 °C, the reaction mixture was allowed to
warm to ambient temperature, and Na,S,0; aq. was added to the mixture. Organic layer
was twice extracted with ethyl acetate, washed with brine, dried over anhydrous Na,SOy,,
and evaporated in vacuo. The crude material was purified by flash silica-gel column
chromatography (eluent: ethyl acetate/hexane, 1/10) to afford the title compound (4.26 g,
54%) as a white solid. "H NMR (500 MHz, CDCls) & 1.23 (t, /= 7.2 Hz, 3H, CH,CHs),
1.32 (t,J=17.2 Hz, 3H, CH,CHs), 3.40 (q, /= 7.2 Hz, 2H, CH,CH3), 3.53 (q, /= 7.2 Hz,
2H, CH,CH3), 7.09 (dd, J = 1.2, 8.3 Hz, 1H, ArH), 7.23 (t, J = 8.0 Hz, 1H, ArH), 7,48

(dd, J= 1.2, 8.0 Hz, 1H, ArH), which is in agreement with the literature.?
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4-Bromo-2-phenylbenzo[b]furan (5)

Q =——Ph (1.2 equiv) Ph
piperidine (10 equiv)
0 NEL OH Pd(OAC),(PPhy), (2 mol%) 0~
@il NaOH (10 equiv) @il Cul (4 mol%)
EtOH DMF
32 reflux, 4h Br  60°c,5h Br
4 5
without purification 1%

The procedure previously reported by Sanz et al. was followed.?

3-Bromo-2-iodophenyl N,N-diethylcarbamate (3) (2.00 g, 5.0 mmol) and sodium
hydroxide (2.00 g, 50 mmol) was dissolved into 40 mL ethanol and refluxed for 4 h.
After cooling down to ambient temperature, the solvent was removed in vacuo. The
resulting mixture was dissolved into diethyl ether and neutralized by 1M HCI aq.
Organic layer was twice extracted with diethyl ether, dried over anhydrous MgSO, and
evaporated in vacuo. The crude material was used for the next step without further
purification.

The crude material was dissolved in 20 mL DMF. Ethynylbenzene (620 mg, 6.0 mmol),
piperidine (4.96 g 58 mmol), Pd(OAc),(PPh;), (74.4 mg, 2.0 mol%) and Cul (38.0 mg,
4.0 mol%) were added to the solution and stirred for 5 h at 60 °C. The resulting brown-
red mixture was allowed to cool down to ambient temperature and then water was
added. The organic layer was extracted three times with ethyl acetate, dried over
anhydrous Na,SO,, and evaporated in vacuo. The crude material was purified by flash
silica-gel column chromatography (eluent: hexane) to afford the title compound (976
mg, 71% over 2 steps) as a white solid. 'H NMR (500 MHz, CDCls) & 7.06 (s, 1H,

ArH), 7.15 (t, J = 8.0 Hz, 1H, ArH), 7.35-7.42 (m, 2H, ArH), 7.43-7.51(m, 3H, ArH),
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7.85-7.91 (m, 2H, ArH), which is in agreement with the literature.?

Bis(2-phenyl-4-benzo[b]furyl)methanol (6)
Ph

o Ph Ph
\ BuLi (1.1 equiv) HCO,CHj (0.5 equiv)

— OH —
(@) (0]
THF —78 °C to r.t., 30 min
Br —78 °C, 30 min
6

64%

A solution of buthyllithium in hexane (5.16 mL, 1.60 mol/L, 8.3 mmol) was added to a
solution of 4-bromo-2-phenylbenzo[b]furan (5) (2.04 g, 7.5 mmol) in 40 mL THF at —
78 °C and stirred for 30 min. After methyl formate (586 mg, 3.8 mmol) was added, the
resulting pale yellow solution was allowed to warm to ambient temperature and stirred
for 30 min. After addition of water, organic layer was extracted three times with ethyl
acetate, washed with brine, and then dried over anhydrous Na,SO,. After removing the
solvent in vacuo, the crude material was purified by flash silica-gel column
chromatography (eluent: ethyl acetate/hexane, 1/3) to afford the title compound (991
mg, 64%) as a pale yellow solid. Mp: 84-86 °C; 'H NMR (400 MHz, CDCl;)
8 2.46 (5,J =3.4 Hz, IH, CHOH), 6.51 (d, J = 3.4 Hz, 1H, CHOH), 7.08 (s, 2H, ArH),
7.27-7.37 (m, 6H, ArH), 7.42 (t, J = 7.7 Hz, 4H, ArH), 7.49 (dd, J = 1.7, 6.3 Hz, 2H,
ArH), 7.80-7.84 (m, 4H, ArH); 3C NMR (100 MHz, CDCl;) 6 74.0 (>CHOH), 100.5,
111.0, 121.1, 124.3, 125.1, 127.5, 128.7, 128.9, 130.3, 135.4, 155.4, 156.0; HRMS

(APCI+) calcd for C,9H,003 (M): 416.1407; found: 416.1408.
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Bis(2-phenyl-4-benzo[b]furyl)ketone (7)

Ph Ph Ph Ph
MnO, (10 equiv)

— OH — — O —
@) (0] 0) (0]
CH,Cl,
reflux, 48 h
6 7

93%

Bis(2-phenyl-4-benzo[b]furyl)methanol (6) (832 mg, 2.0 mmol) was added to a
suspension of manganese(IV) oxide (1.74 g, 20 mmol) in 20 mL dichloromethane. After
refluxing for 48 h, water was added to the reaction mixture. The organic layer was
extracted three times with ethyl acetate, and dried over anhydrous Na,SO,. After
removing the solvent in vacuo, the crude material was purified by flash silica-gel
column chromatography (eluent: ethyl acetate/hexane, 1/3) and reprecipitation
(dichloromethane/methanol) to afford the titled compound (774 mg, 93%) as a pale
yellowish white solid. Mp: 205-206 °C; 'H NMR (400 MHz, CDCls) & 7.32-7.43 (m,
4H, ArH), 7.47 (t, J = 7.6 Hz, 4H, ArH), 7.53 (s, 2H, ArH), 7.64 (d, J = 7.9 Hz, 2H,
ArH), 7.76 (d, J = 7.9 Hz, 2H, ArH), 7.92 (d, J = 8.2 Hz, 4H, ArH); 3C NMR (100
MHz, CDCl;) 6 102.2, 115.2, 123.3, 125.4, 126.9, 129.0, 129.2, 129.9, 130.1, 130.6,
155.5, 158.2, 196.0 (>C=0); HRMS (APCI+) calcd for CyoH 303 (M): 414.1250; found:

414.1257.
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Tetrakis(2-phenyl-4-benzo|[b]furyl)ethene (TBFE, 8)

Ph Ph .
HfCl, (1.5 equiv)

Zn (3.0 equiv)

— @] —
@) 0]
T e
70°C, 48 h
7

Hafnium(IV) chloride (23 mg, 0.072 mmol) and pre-washed zinc powder (9.4 mg, 0.144
mmol) were suspended in 0.33 mL acetonitrile and stirred for 5 min at ambient
temperature. After addition of bis(2-phenyl-4-benzo[b]furyl)ketone (7) (20 mg, 0.048
mmol) to the suspension, the reaction mixture was heated to 70 °C. The resulting
brownish red mixture was stirred for 48 h, cooled down to ambient temperature, and
added water. Organic layer was extracted with ethyl acetate and dried over anhydrous
Na,SO,. After removing the solvent in vacuo, the crude material was purified by flash
silica-gel column chromatography (eluent: toluene/hexane, 3/10) to afford the title
compound (10.7 mg, 56%) as a yellow solid. Mp: 103-105 °C; '"H NMR (500 MHz,
THF-dg) & 6.75 (s, 4H, ArH), 7.03 (t, J = 7.5 Hz, 4H, ArH), 7.13 (d, J = 7.5 Hz 4H,
ArH), 7.20-7.29 (m, 16H, ArH), 7.57 (d, J = 6.3 Hz, 4H, ArH); 3C NMR (125 MHz,
THF-dg) 6 102.2, 110.7, 124.7, 125.5, 126.8, 129.2, 129.4, 130.3, 131.1, 137.3, 140.7,

155.9, 156.4; HRMS (APCI+) caled for CsgH3,0,4 (M+H): 797.2686; found: 797.2672.
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3. Computational Study
The geometry of each TBFE conformers and 2-phenylbenzofuran were optimized
with Density Functional Theory (DFT) calculation at the B3LYP/6-31G* level on

Gaussian09 packages.’

Geometry optimization of TBFE.

Conformation 1 (TBFE-c1):

Figure S1. Optimized structure of TBFE-c1 and a dihedral angle between the BF unit

and the central alkene structure.

Table S1. Theoretically optimized coordinates of TBFE-c1 (calculated at the B3LYP/6-
31G* level of theory).

Total energy: E(RB3LYP/6-31G*) =-2532.76502081 Hartree

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 0 0 -0.684465
2 6 0 0 0 0.684465
3 6 0 -1.253149 0.159253 1.478439
4 6 0 -1.580424 -0.700728 2.554399
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Conformation 2 (TBFE-c2):

Figure S2. Optimized structure of TBFE-c2 and dihedral angles between the BF unit

and central alkene structure.

Table S2. Theoretically optimized coordinates of TBFE-c2 (calculated at the B3LYP/6-
31G* level of theory).

Total energy: E(RB3LYP/6-31G*) =-2532.76497285 Hartree

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y V4
1 6 0 -0.472662 -0.954036 0.568073
2 6 0 0.734704 -1.451061 0.97805
3 6 0 1.280968 -2.735017 0.44651
4 6 0 2.585721 -2.828306 -0.093517
5 6 0 0.538919 -3.921412 0.512578
6 6 0 3.054881 -4.074481 -0.55091
7 6 0 1.043847 -5.150433 0.057534
8 6 0 2.321706 -5.251659 -0.491754
9 1 0 0.424555 -6.039158 0.137739
10 1 0 2.727566 -6.191201 -0.851596
11 6 0 -1.175424 -1.489495 -0.635443
12 6 0 -0.518073 -1.605378 -1.86874
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Conformation 3 (TBFE-c3):

Figure S3. Optimized structure of TBFE-c3 and a dihedral angle between the BF unit

and central alkene structure.

Table S3. Theoretically optimized coordinates of TBFE-¢3 (calculated at the B3LYP/6-
31G* level of theory).

Total energy: E(RB3LYP/6-31G*) =-2532.76478938 Hartree

Center Atomic  Atomic Coordinates (Angstroms)
Number  Number Type X Y Z
1 6 0 0 0 -0.684465
2 6 0 0 0 0.684465
3 6 0 -1.253149 0.159253 1.478439
4 6 0 -1.580424 -0.700728 2.554399
5 6 0 -2.141525 1.214102 1.222935
6 6 0 -2.763283 -0.470873 3.284856
7 6 0 -3.306866 1.418002 1.978317
8 6 0 -3.645639 0.569783 3.032974
9 1 0 -3.955727 2.254591 1.735456
10 1 0 -4.54252 0.709092 3.627159
11 6 0 -1.253149 -0.159253 -1.478439
12 6 0 -2.141525 -1.214102 -1.222935
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Conformation 4 (TBFE-c4):
67.1°

NG9S0

Figure S4. Optimized structure of TBFE-c4 and dihedral angles between the BF unit

and central alkene structure.

Table S4. Theoretically optimized coordinates of TBFE-c4 (calculated at the B3LYP/6-
31G* level of theory).
Total energy: E(RB3LYP/6-31G*) =-2532.76440056 Hartree

Center Atomic  Atomic Coordinates (Angstroms)
Number  Number Type X Y Z
1 6 0 -0.000067 -2.165376 0.00005
2 6 0 -0.000043 -0.796416 0.000024
3 6 0 -0.717644 -0.003 1.039935
4 6 0 -1.560476 1.085209 0.70547
5 6 0 -0.553146 -0.272624 2.406115
6 6 0 -2.198507 1.805191 1.734368
7 6 0 -1.194501 0.476525 3.405463
8 6 0 -2.041421 1.537927 3.086601
9 1 0 -1.026568 0.221289 4.44782
10 1 0 -2.551095 2.12426 3.843692
11 6 0 -0.909744 -2.98 0.861411
12 6 0 -0.39626 -4.011452 1.661231
13 6 0 -1.214679 -4.8236 2.460708
14 6 0 -2.600926 -4.663566 2.476637
15 1 0 -0.758745 -5.596036 3.073367
16 1 0 -3.252015 -5.288337 3.078883
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Conformation 5 (TBFE-c5):

52.4°

Figure S5. Optimized structure of TBFE-c5 and dihedral angles between the BF unit

and central alkene structure.

Table S5. Theoretically optimized coordinates of TBFE-c5 (calculated at the B3LYP/6-
31G* level of theory).
Total energy: E(RB3LYP/6-31G*) =-2532.76338993 Hartree

Center Atomic  Atomic Coordinates (Angstroms)

Number  Number Type X Y Z
1 6 0 0.460103 -0.678823 -0.505498
2 6 0 -0.460195 -0.678822 0.505858
3 6 0 -1.10091 0.557382 1.043793
4 6 0 -1.746145 1.514012 0.223514
5 6 0 -1.15447 0.779702 2.427851
6 6 0 -2.366013 2.628965 0.824112
7 6 0 -1.768086 1.909303 2.989818
8 6 0 -2.39152 2.867178 2.190173
9 1 0 -1.763944 2.034332 4.068735
10 1 0 -2.883052 3.741094 2.604184
11 6 0 1.100794 0.557407 -1.043418
12 6 0 1.154259 0.779759 -2.427476
13 6 0 1.767883 1.909345 -2.989471
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Geometry optimization of 2-phenylbenzofuran.

Figure S6. Optimized structure of 2-phenylbenzofuran.

Table S6. Theoretically optimized coordinates of 2-phenylbenzofuran (calculated at the
B3LYP/6-31G* level of theory).
Total energy: E(RB3LYP/6-31G*) =-614.738458820 Hartree

Center Atomic  Atomic Coordinates (Angstroms)
Number  Number Type X Y Z

1 6 0 -1.776875 -0.593294 -0.000026
2 6 0 -1.905217 0.809325 0.000001
3 6 0 -3.193134 1.369082 0.000029
4 6 0 -4.288713 0.510805 0.000034
5 6 0 -4.124567 -0.887477 0.000009
6 6 0 -2.855825 -1.46745 -0.000023
7 6 0 0.273384 0.229305 0.00001

8 6 0 -0.55959 1.31372 -0.000022
9 1 0 -3.331542 2.446715 0.000046
10 1 0 -5.292883 0.925709 0.000055
11 1 0 -5.001895 -1.528 0.00001

12 1 0 -2.711685 -2.542891 -0.000046
13 1 0 -0.256922 2.351277 -0.000027
14 8 0 -0.45584 -0.946463 -0.00006
15 6 0 1.725184 0.091591 0.000012
16 6 0 2.327011 -1.179149 0.000033
17 6 0 2.551721 1.230142 -0.000015
18 6 0 3.714589 -1.303361 0.000033
19 1 0 1.699144 -2.063398 0.00005
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3.936781
2.106484
4.526183
4.163043
4.559298
5.608092

1.099695
2.220848
-0.167662
-2.293279
1.99043
-0.267348

-0.000016
-0.000038
0.000009
0.000053
-0.000035
0.000007

Table S7. Oscillator strength f, wavelength A, and estimated radiative rate constant 4,° of

HOMO -> LUMO excitation calculated for optimized structures of each TBFE

conformers and 2-phenylbenzofuran. k,° was estimated by substituting calculated f'and A4

into k° ~ f12.

TBFE BF
2 3 4 5
f 0.2163 0.3587 0.7282 0.1839 0.3312  0.7782
A (nm) 451.68 485.01 415.03 483.59 485.15  298.65
k° (107 s71) 10.60 15.25 42.28 7.864 14.07 87.25

TD-DFT (B3LYP/6-31G*)
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4. UV-Vis Absorption, Fluorescence spectra

UV-Vis absorption spectra were measured with a JASCO V-670 spectrometer.
Fluorescence and excitation spectra were measured with a HITACHI F-4500
spectrometer for solution and Horiba Jobin-Yvon Fluorolog-3 spectrofluorometer for
solid. Photoluminescence quantum yields were measured on Hamamatsu Photonics
C9920-02 Absolute PL Quantum Yield Measurement System, and absolute quantum
yields were determined by using a calibrated integrating sphere system. Fluorescence
lifetimes were measured on Hamamatsu Photonics C11367-02 Quantaurus-Tau. The
absorption maximum wavelengths were used as excitation wavelengths. Spectral grade
solvents (cyclohexane, dichloromethane, ethanol), anhydrous solvents purified by a
solvent purification system (THF, benzonitrile), Millipore Milli-Q water were used as
solvents for UV-Vis absorption and fluorescence measurements.

The radiative and nonradiative rate constants k. and k, are calculated by
substituting fluorescence quantum yield @y and fluorescence lifetime 7 for the
following formula:
k= @/t (1)

knr = (I'CDFL)/T (2)
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Figure S7. Absorption (1.0 x 10> M) and fluorescence (1.0 x 10 M, excited at the
maximum absorption wavelength) spectra of TBFE and 2-phenylbenzofuran in THF.
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Table S8. Photoluminescence properties of TBFE in THF/H,0 (A = 317 nm).

THF/H,0 (v/v) Aem (NM) Drr.
10/90 503 0.273
20/80 510 0.259
30/70 351/530 0.159
40/60 360 0.035
50/50 360 0.030
60/40 360 0.028
70/30 359 0.033
80/20 360 0.039
90/10 360 0.048
100/0 359 0.094

[ 1 1 1

" =% ]
= = 30/70
g 0.8 m— 40/60 B
= m— (0/40
= 0.6 —70/30 n
8 m— 80/20
=
S 0.4 L
£
(@)
Z 0.2

0 |

300 350 400 450 500
Wavelength (nm)

Figure S8. Excitation spectra of TBFE in THF/H2O solvents. Fluorescence wavelength

Apr are 360 nm for THF/H,0 = 100/0-30/70, and 510 nm for THF/H,0O =20/80-10/90).
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Table S9. Fluorescence wavelengths of TBFE in various solvents and relative

permittivity of the solvents (Aex = 317 nm).

Relative permittivity Aem (NM)
Cyclohexane 2.02 352
THF 7.58 359
Dichloromethane 8.93 354
Ethanol 24.5 349
Benzonitrile 26.0 359
a) b) T T
— 1 = Cyclohexane
N 3 — THF
- & — Dichloromethane |
2 0 > 08 — Ethanol
~ @ = Benzonitrile
20 & 0.6 .
< £
g o 8 04 i
T T
o £ 02
z 2
350 400 450 500
Wavelength (nm) Wavelength (nm)

Figure S9. a) Absorption and b) fluorescence spectra of TBFE in various solvents.
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T F = TBFE in THF (100%)
<>=1.207 ns
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08 F <z>=1.313ns
—~ = TBFE in THF/H,O (30/70)
) <7>=1.632ns
s 06 === TBFE in THF/H,O (10/90)
- <7>=2.886 ns
= = 2-PhBF in THF (100%)
c 04 <r>=1.184ns
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£
0.2
0
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Figure S10. Fluorescence decay curves of TBFE in THF, THF/H,O (50/50, 30/70,
10/90), and 2-phenylbenzofuran in THF.
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Table S10. Fluorescence quantum yield @, fluorescence lifetime 7z, radiative rate

constant k. and nonradiative rate constant k,, of TBFE and 2-phenylbenzofuran.

TBFE TBFE in THF/H,O (30/70)

TBFE

) in THF/H,0O

in THF Average Component 1  Component 2
(50/50)

/5% 0.094 0.050 0.159 0.132 0.027
Amp. 120.607 24.394
7(ns) 1.207 1.313 1.632 0.3824 2.556

k: (107 s71) 7.79 3.81 9.74 34.6 1.05
ke (107 571) 75.1 7.23 5.15 227 3.81
TBFE in THF/H,0 (10/90) BF
Average  Component 1 ~ Component 2 in THF

Der 0.273 0.154 0.119 0.656
Amp. 166.093 128.169
7(ns) 2.886 3.579 1.031 1.184

k(107 s7) 9.46 431 11.5 55.4
ke (107 571) 25.2 23.6 85.4 29.1
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5. Dynamic Laser Light Scattering (DLS)

Dynamic laser light scattering (DLS) study on size distribution was carried out on
a Malvern Zetasizer Nano ZS machine.

TBFE (31 mg, 38.9 umol) was dissolved in 10 mL THF. 1 mL of the solution
was added in 10 mL measuring flasks and diluted with water and THF to make the
sample solutions (0.39 mM, THF/H,O = 100/0—10/90). After sonication for 10 min,
each solution was put in glass cells and the measurement took place at 25 °C. Viscosity
and refractive index of the mixed solvents at ambient temperature (7able S11) were
estimated from their mole fraction of THF by linear interpolations of the values
previously reported by Walter et al.* The estimated values were used for transformation
of the resulting correlation function into volume distribution. The correlation functions
obtained in the measurements (Figure S10) were output as volume distribution through

the treatment of a Malvern Zetasizer Nano ZS software.
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Table S11. Estimated viscosity and refractive index of THF/H,O at 25 °C.

THF/H,0 Mole fraction of THF Viscosity Refractive index
(V/v) (cps) (n>D)
10/90 0.283 1.47 1.384
20/80 0.470 1.02 1.395
30/70 0.604 0.796 1.399
40/60 0.703 0.676 1.401
50/50 0.780 0.604 1.402
60/40 0.842 0.558 1.403
70/30 0.892 0.529 1.403
80/20 0.934 0.506 1.404
90/10 0.970 0.486 1.404
100/0 1.000 0.470 1.405

1 1 1 1 1 1 1 1 1
m— 10/90
c m— 20/80
o 0.8 m— 30/70 =
= m— 40/60
2 m— 50/50
- . m— 70/30
o = 80/20
= = 00/10
3 04 === THF only
o
S,
o

0.2

1T 10 10% 10° 10* 10° 10° 107 108
Delay time (s)

Figure S11. The resulting correlation functions of TBFE solutions obtained by DLS

measurement.
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6. Scanning Electron Microscopy (SEM)

SEM observation was performed on an FEI Magellan 400L instrument scanning
electron microscope equipped with AMETEK/EDAZ Genesis APEX4 instrument at a
landing voltage of 1 kV under a reduced pressure of 5 x 107 Pa.

A solution of TBFE (10 pL, 0.4 mM) were deposited on the surface of an ITO /
glass substrate treated by UV/ozone and spin coated. The sample was dried under

reduced pressure (1072 Pa) at room temperature for 2 h prior to measurement.

Count

0 100 200 300 400 500
Size (nm)

Figure S12. SEM image of aggregations of TBFE on in ITO formed by the spin-
coating using THF/H,O = 10/90 (left) and the histogram on diameters of the

aggregations (right).
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Figure S13. SEM images of TBFE on ITO surface. Left: TBEF from THF solution
stuck on ITO surface can be seen as black stains. Right: TBFE from 90% water solution

forms spherical aggregation.
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7. Powder XRD
Powder XRD experiment was performed on a Rigaku SmartLab X-ray

diffractometer equipped with a scintillation counter. The measurement employed Cu

Ko (1= 1.5419 A) radiation at 9 kW (45 kV, 200mA) power.

Intensity (a.u.)

0O 10 20 30 40 50 60
26 (°)

Figure S14. XRD diffraction pattern of TBFE powder obtained from THF/H,O = 10/90

solution.
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8. NMR charts
"H NMR spectrum of 6 in CDCl;.
The peak at 5.298 ppm corresponds to dichrolomethane.
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BC NMR spectrum of 6 in CDCls.
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'H NMR spectrum of 7 in CDCl;.
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BC NMR spectrum of 7 in CDCls.
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'H NMR spectrum of 8 in THF-ds.

The peak at 10.8 ppm corresponds to an impurity in the deuterated solvent.
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The peak at 10.8 ppm corresponds to an impurity in the deuterated solvent.
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