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1. Synthesis

1.1 General

Fluorene, 1,2-diaminobenzene and all the other reagents utilized for the preparation of the
intermediates and final structures were purchased from various commercial sources and were used
as received. Compounds 5-7 were synthesized according to the established procedures.'l A 500
MHz NMR spectrometer was employed to measure the 'H NMR and 13C NMR spectra for all the
intermediates and final structures using TMS or residual CHCl; signals as the internal standards.
The detailed syntheses for the intermediates and the final chromophores are presented in the next
section. High-resolution mass spectra (HRMS) were measured by using an ESI-TOF mass
spectrometer (Waters LCT) and MALDI-TOF MS spectra were measured by using a Voyager DE-
PRO mass spectrometer (Applied Biosystem, USA).

1.2 Synthesis

Preparation of the end-groups
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Scheme S1. The synthetic procedures for the preparation of building units and the final coupling

toward target model chromophores.

9,9-Dihexyl-N,N-diphenyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9 H-fluoren-2-

amine (8) To a mixture of compound 7 (3.26 g, 5.61 mmol) and bis(pinacolato)diboron (1.57 g,
6.17 mmol) in DMF (35 mL) was added potassium acetate (1.68 g, 0.017 mol) and
Pd(dppf)Cl,-CH,Cl, (0.14 g, 0.17 mmol) and the resulting solution was stirred at 90 °C under N,
for 18 h. After cooled down to r.t, the reaction mixture was extracted with ethyl acetate (30 mL x 3)
and the organic layer was collected and dried over MgSQOy). After filtration and removal of the
solvent, the residue was purified by column chromatography on silica gel using ethyl acetate: hexane
(1:30) as the eluent to give the target product (3.0 g) with a yield of 85.0 %. '"H NMR (300 MHz,
CDClL): 6 7.77 (d, J=7.5 Hz, 1H; Hy3), 7.68 (s, 1H; H;s), 7.61-7.55 (m, 2H; Ho, H;,), 7.26-7.21 (m,
4H; H,), 7.12-7.10 (m, 5H; H3, Hg), 7.02-6.97 (m, 3H; H, Hg), 1.92-1.78 (m, 4H; Hy), 1.37 (s, 12H;

H,), 1.03-1.01 (m, 12H; H, Hy, He), 0.88 (t, 6H, H,), 0.59 (br, 4H, H,); 13C NMR: (75 MHz, CDCls):
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8 152.69 (Cyq), 149.73 (Cs), 147.89 (C4), 147.45 (C;), 143.90 (Cyy), 136.03 (Co), 133.76 (Cys),
129.10 (C,), 128.58 (C13), 123.78 (C3), 123.35 (Cy,), 122.46 (C)), 120.75 (Cg), 119.21 (Cy), 118.36
(Cy), 83.60 (Cp), 55.03 (C,), 40.05 (Cy), 31.46 (C.), 29.55 (Cy), 24.90 (C;), 23.63 (C.), 22.52 (Cy),

14.03 (C,); HRMS (EI): m/z: calcd for C43H54BNO,: 627.4255 [M]*; found: 627.4249.

2-Bromofluorene (9) To a mixture of compound 4 (7 g, 42.1 mmol) and ZnCl, (6.88 g, 50.52 mmol)
in acetic acid (110 mL) was added BTMABr; (16.42 g, 42.1 mol) and the resulting solution was
stirred at r.t. for 4 h. After reaction was completed, saturated NaHSOs(,q) was added into the reaction
mixture and stirred for 20 min. The white precipitate was collected and dried in vacuum oven. The
product was obtained as white solid (8.58 g) with a yield of 83.1%. '"H NMR (300 MHz, CDCls): 6
7.76 (d, J= 7.5 Hz, 1H; H;), 7.68 (s, 1H; H,), 7.64 (d, J= 8 Hz, 1H; Hs), 7.54 (d, J= 7.5 Hz, 1H,
H,), 7.38 (t, J= 7.5 Hz, 1H; Hy), 7.33 (t, J= 7.5 Hz, 1H; Hy;), 3.89 (s, 2H, H,); 3C NMR (125 MHz,
CDCl;): 6= 145.18 (C)), 142.82 (Cyy), 140.68 (C7), 130.14 (Cs), 129.86 (C,), 128.23 (Cs), 127.10

(C4), 126.93 (Cyo), 125.03 (C), 121.16 (Cyy), 121.08 (C3), 119.91 (Cy), 36.73 (Ca).

2-Bromo-9,9-dihexyl-9H-fluorene (10) A mixture of compound 9 (8 g, 32.64 mmol), NaO'Bu (12.5
g, 130.56 mmol), KI (0.54 g, 0.326 mmol) in THF (70 mL) was refluxed for 30 min and cooled
down to r.t. before the addition of bromohexane (10.76 mL, 83.56 mmol). The whole system was
then heated to reflux for overnight. After the reaction was completed, 9 mL of pyridine was added
and the mixture was refluxed for another 1 h. After cooled down to r.t., IN HClq (30 mL) was
added and stirred for 30 min. The above solution was extracted with ethyl acetate (50 mL x 3) and
the organic layer was collected and dried over MgSQOy). After filtration and removal of the solvent
from the filtrate, the residue was purified by column chromatography on silica gel using n-hexane

as eluent to afford the target product as a yellow
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liquid (11.6 g; yield = 85.8%). 'H NMR (500 MHz, CDCls): 4 7.67 (s, 1H, H,), 7.56 (d, J= 8 Hz,
1H; Hy), 7.47 (d, J= 8 Hz, 2H; Hs, Hyy), 7.34 (t, J= 2.5 Hz, 3H; Hg, Ho, Hyg), 1.94-1.98 (m, 4H; Hy),
1.06-1.16 (m, 12H; H., Hy, He); 0.78 (t, J=7 Hz, 6H; H,), 0.62-0.63 (m, 4H; Hy); *C NMR (125
MHz, CDCls): 6 152.88 (C,), 150.20 (Cyp), 140.08 (C5), 139.97 (C¢), 129.84 (C,), 127.38 (Cs),
126.85 (C4), 126.07 (Cyp), 122.76 (Cy), 120.92 (Cyy), 119.67 (C3), 55.29 (Cy), 40.27 (Cy), 31.56 (Cy),
29.61 (C,), 23.62 (Cy), 22.63 (C,.), 22.52 (Cy), 13.93 (C,). HRMS (EI): m/z: calcd for Ci,H;gNs:

412.1768 [M]"; found 412.1760.

2-(9,9-Dihexyl-9H-fluoren-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxadiborolane) (11) To a mixture
of compound 10 (2.83 g, 6.85 mmol) and bis(pinacolacto)diboron (2.09 g, 8.22 mmol) in DMF (30
mL) was added potassium acetate (2.01 g, 20.55 mmol) and Pd(dppf)Cl,-CH,Cl, (0.31 g, 0.34 mmol)
and the resulting solution was stirred at 90 °C for overnight. After cooled down to r.t., the solution
was filtered through a pad of Celite 545 and the filtrate was extracted with dichloromethane (50 mL
x 3). The organic layer was collected and dried over MgSQOy). After filtration and removal of the
solvent from the filtrate, the residue was purified by column chromatography on silica gel using n-
hexane as eluent to give product as a yellow liquid (2.5 g) with a yield of 79.3%. 'H NMR (500
MHz, CDCl;): 6 7.82 (d, J = 7.5 Hz, 1H; Hy), 7.76 (s, 1H, H,), 7.73-7.70 (m, 2H; Hs, Hy;), 7.34-
7.32 (m, 4H; Hg, Hy), 2.02-1.96 (m, 4H; Hy), 1.39 (s, 12H; H;), 1.11-1.03 (m, 12H; H,, H, Hy), 0.76
(t, J =7 Hz, 6H; H,) 0.61-0.59 (m, 4H; H,); '3C NMR (125 MHz, CDCl3): 8 151.26 (C;), 149.83
(C12), 144.09 (C5), 140.90 (Cg), 133.66 (C,, Cs), 128.81 (Cy), 127.42 (Cyp), 126.61 (Cy), 122.89
(Ci1), 120.03(C3), 118.89 (Cy), 83.63 (Cy) 55.03 (Cy), 40.19 (Cy), 31.42(C,), 29.62 (Cy), 24.90 (Cy),

23.61 (C), 22.51 (Cy), 13.93 (C,).



2-Bromo-9,9-dihexyl-7-nitro-9H-fluorene (12) A mixture of compound 10 (7.86 g, 19.01 mmol)
in acetone (20 mL) and acetic acid (20 mL) was stirred in ice bath. To this mixture was added very
slowly with fuming nitric acid. The resulting solution was stirred at r.t. for 2 h. When the reaction is
completed, IN NaOH,q, was added and stirred, and the mixed solution was extracted by ethyl
acetate (50 mL x 3). The organic layer was collected and dried over MgSQOy). After filtration and
removal of the solvent, the residue was purified by column chromatography on silica gel with n-
hexane: ethyl acetate (100:1) as eluent to give target product as a yellow liquid (6.1 g) with a yield
of 70.2%. 'H NMR (500 MHz, CDCl;) é: 8.26 (dd, J,= 8.5 Hz, J,=1.5 Hz, 1H, Hy), 8.19 (s, 1H,
Hy), 7.76 (d, J= 8.5 Hz, 1H, Hg), 7.63-7.65 (m, 2H, H,, Hy), 1.94-2.08 (m, 4H, Hy), 1.02-1.13 (m,
12H, H,, Hy, He); 0.76 (t, /=7 Hz, 6H, H,), 0.55-0.59 (m, 4H, Hy); '*C NMR (125 MHz, CDCl5):
3 154.33 (Cy), 151.56 (Cy), 147.36 (Cyy), 146.38 (C7), 137.66 (Cs), 130.67 (C,), 126.52 (Cs), 123.63
(Cy), 123.36 (Cy), 122.41 (Co), 119.89 (Cy1), 118.23 (C3), 55.94 (Cy), 39.91 (Cy), 31.35 (Ce), 29.41

(Cy), 23.64 (C.), 22.44 (Cy), 13.87 (C.).

7-Bromo-9,9-dihexyl-9H-fluoren-2-amine (13) A mixture of compound 12 (5.4 g, 11.78 mmol)
and SnCl,-2H,0 in ethyl acetate (130 mL) was refluxed for overnight. After reaction was completed,
saturated NaHCO;(,q) was added to quench the reaction. The above solution was extracted by ethyl
acetate (50 mL x 3) and the organic layer was collected and dried over MgSOy,. After filtration and
removal of the solvent from the filtrate, the residue was purified by column chromatography using
ethyl acetate: n-hexane (1: 25) as eluent to afford desired product as brown liquid (4.5 g) with a yield
of 89%. 'H NMR (500 MHz, CDCl3) &: 7.45 (d, J= 8 Hz, 1H, Hy), 7.37-7.41 (m, Hg Hs), 6.70 (dd,

-5-



Ji1 =9.5 Hz, J,=1.5 Hz, 2H, Ho H,;), 4.28 (s, NH, 2H), 1.85-1.89 (m, 4H, Hy), 1.05-1.14 (m, 12H,
He Hg He); 0.78 (t,J = 7.5 Hz, 6H, H,), 0.62 (m, 4H, Hy); '*C NMR (125 MHz, CDCl;): § 152.32
(C1), 152.09 (C12), 145.41 (C7), 140.49 (Cg), 131.79 (Cip), 129.65 (C,), 125.79 (Cs), 120.59 (Cy),
119.70 (Cg), 119.14 (Co), 114.44 (Cy1), 109.98 (C3), 55.12 (Cy), 40.49 (Cp), 31.48 (Ce), 29.66 (Cy),

23.62 (Cy), 22.58 (Cy), 13.96 (C,).

HsCO
7-Bromo-9,9-dihexyl-N-N-bis(4-methoxyphenyl)-9H-fluoren-2-amine) (14) A solution of
compound 13 (3.8 g, 8.86 mmol), 4-iodoanisole (4.56 g, 19.49 mmol), KOH (3.97 g, 70.88 mmol),
Cul (0.08g, 0.44 mmol), and 1,10-phenanthroline (0.08 g, 0.44 mmol) in toluene was prepared in a
500 mL round-bottom flask and the reaction mixture was heated to 90 °C for 72 h. After cooled
down to r.t., the reaction mixture was filtered through a pad of Celite 545. The filtrate was mixed
with 10% NH4OH,q) (150 mL) and 0.1 N HCI (150 mL). The biphasic mixture was stirred at r.t.,
and then was extracted with ethyl acetate (50 mL x 3). The organic layer was collected and dried
over MgSQy). After filtration and removal of the solvent, the residue was purified by column
chromatography on silica gel using n-hexane: ethyl acetate (200:1) as eluent to give target product
as a pale-yellow powder (3.12 g; yield = 54.9%). '"H NMR (500 MHz, CDCl;): § 7.48-7.40 (m, 4H;
Hg, Ho, His, Hy3), 7.10 (d, J = 8.5 Hz, 4H; H3), 7.01 (s, 1H, H;s), 6.92 (d, J= 7.5 Hz, 1H; Hg), 6.86
(d, J= 8.5 Hz, 4H; H,), 3.82 (s, 6H; Hy), 1.87-1.83 (m, 4H; Hy), 1.22-1.10 (m, 12H; H,, Hy, He),
0.86-0.83 (m, 6H; H,), 0.71-0.69 (m, 4H; Hy); 3*C NMR (125 MHz, CDCl;): & 155.6 (C)), 152.7
(Cy), 151.6 (Cy), 148.5 (Cyp), 144.4 (Cs), 140.2 (Cyy), 133.3 (Cyy), 129.8 (Cy3), 125.9 (Cy), 1259
(Cs), 120.6 (Cy2), 120.2 (Cy), 120.0 (Cg), 119.6 (Cy), 116.2 (C¢), 114.6 (C3), 55.4 (Ch), 55.2 (Cy),
40.1 (Cy), 31.5 (Co), 29.6 (Cy), 23.7 (C,), 22.6 (Cy), 14.0 (C,); HRMS (MALDI-TOF): m/z: caled for

C39H46BrNO;: 639.2706 [M]*; found: 639.2687.



HyCO
9,9-Dihexyl-/N-N-bis(4-methoxyphenyl)-7-(4,4,5,5-tetramethyl-1,3,2-dixaborolan-2-yl)-9 H-

fluoren-2-amine) (15) To a mixture of compound 14 (3.12 g, 4.84 mmol) and
bis(pinacolacto)diboron (1.47 g, 5.81 mmol) in DMF (25 mL) was added potassium acetate (1.43 g,
14.5 mmol) and Pd(dppf)Cl,"CH,Cl, (0.24g, 0.29 mmol) and the resulting solution was stirred at 90
°C for overnight. After cooled down to r.t., the solution was filtered through a pad of Celite 545 and
the filtrate was extracted with dichloromethane (50 mL x 3). The organic layer was collected and
dried over MgSQOy. After filtration and removal of the solvent from the filtrate, the product was
purified by column chromatography on silica gel using n-hexane: ethyl acetate (30:1) as eluent to
give desired product as a white powder (2.49 g) with a yield of 74.6%. '"H NMR (500 MHz, CDCl5):
07.77 (d,J =17.5 Hz, 1H; Hy), 7.69 (s, 1H; Hg), 7.58 (d, J = 8 Hz, 1H; Hy), 7.51 (d, J = 8 Hz, 1H;
Hi3), 7.07 (d, J = 8.5 Hz, 4H; H,), 6.99 (s, 1H; Hys), 6.89 (d, J = 8 Hz, 1H; Hyg), 6.83 (d, / = 9 Hz,
4H; H3), 3.81 (s, 6H; Hy), 1.79-1.93 (m, 4H; Hy), 1.39 (s, 12H; H;), 1.05-1.16 (m, 12H; H, Hg He),
0.80 (t,J = 7.5 Hz, 6H; H,), 0.63 (m, 4H; H,); 3C NMR (125 MHz, CDCl;): 6 155.48 (C,), 152.59
(Cs), 149.56 (Cy), 148.32 (Cyy), 144.20 (C7), 141.46 (Cy), 134.31 (Cyy), 133.73 (Cy3), 128.58 (C1a),
128.57 (Cy2), 125.87 (Cy), 120.57 (Cl5), 120.56 (Cy), 118.05 (Cy), 116.42 (Cg), 114.56 (C5), 83.54
(Ci), 55.43 (Cy), 54.92 (Cy), 40.06 (Cy), 31.47 (Ce), 29.58(Cq), 24.89 (C)), 23.64 (C.), 22.53 (Cy),

13.99 (C,). HRMS (MALDI-TOF): m/z: caled for C4sHsgsBNO,4: 687.4509 [M]*; found: 687.4453.

1H-Benzo|d][1,2,3]triazole (17) To a mixture of compound 16 (3 g, 27.70 mmol) in CH;COOH
(20 mL) was added an aqueous solution of NaNO, (4.57 g, 68.48 mmol/10 mL H,0) and stirred at
r.t for 1 h. After reaction was completed, saturated NaHCO3(,q) was added to neutralize the reaction

mixture. The above solution was extracted with
-7 -



ethyl acetate (50 mLx 3) and the organic layer was collected and dried over MgSQOy,). After filtration
and removal of the solvent from the filtrate, the pure product was obtained as a pale-yellow solid
(3.09 g) with a yield of 93.6%. '"H NMR (500 MHz, CDCl;) 6 7.98 (dd, J; = 6.5 Hz, J, = 3 Hz, 2H;
H,), 7.46 (dd, J; = 6.5 Hz, J, = 3 Hz, 2H; H3), 3C NMR (125 MHz, CDCl;): 6 138.81 (C)), 126.05

(Cy), 114.91 (C3). HRMS-EI: m/z: calcd for C¢HgN3: 120.0556 [M]*; found: 120.0554.

a
b

d c

(e

e Y
2@ & 562

3(18a) (418l3))
2-Hexyl-2H-benzo[d][1,2,3]triazole & 1-Hexyl-1H-benzo|d][1,2,3]triazole (18a & 18b) To a
solution of compound 17 (3.07 g, 25.7 mmol) in methanol (30 mL) was added NaO'Bu (3.71 g,
38.55 mmol) and the resulting solution was stirred and refluxed for 30 min before the addition of
bromohexane (5.4 mL, 38.85 mmol). The reaction mixture then was heated to reflux for overnight.
After reaction was completed, 1 mL of pyridine was added into the reaction mixture and the whole
system was refluxed for another 1 h. After cooled down to r.t., the solvent was removed from the
reaction mixture by a rotary evaporator and the residue was re-dissolved in ethyl acetate (50 mL),
which was mixed with 1 N HCl,q) (10 mL) and stirred for 30 min. The above solution was extracted
with ethyl acetate (S0mL x 3) and the organic layer was collected and dried over MgSOy,. After
filtration and removal of solvent from the filtrate, the residue was purified by column
chromatography on silica gel using EA: n-hexane (1:5) as eluent to afford two separable isomers:
Compound 18a: Yellow liquid (2.1 g; yield = 40.1%). 'H NMR (500 MHz, CDCl;): 6 7.85 (d, J, =
6.5 Hz, J,=2.5 Hz, 2H; H,), 7.36 (d, J; = 6.5 Hz, J, = 2.5 Hz, 2H; H3), 4.70 (t, J/ = 7.5 Hz, 2H; Hy),
2.13-2.07 (m, 2H; H.), 1.34-1.29 (m, 6H; Hy, H., Hy), 0.86 (t, J= 6 Hz, 3H; H,); 13C NMR (125
MHz, CDCl;): 6 144.24 (C,), 126.06 (C,), 117.89 (Cs), 56.58 (Cy), 31.14 (C,), 29.97(Cy), 26.18 (C,),
22.35 (Cy), 13.88 (C,). HRMS (EI): m/z: caled for C,HgN3: 204.1495 [M]*; found: 204.1478.
Compound 18b: Orange liquid (2.52 g; yield = 48.1%). '"H NMR (500 MHz, CDCls): 6 8.04 (d, J=

8.5 Hz, 1H; Hs), 7.51 (d,J = 8 Hz, 1H; H,), 7.45
-8-



(t, J= 8 Hz, 1H; Hy), 7.35 (t, J= 8 Hz, 1H; Hs;), 4.62 (t, J= 7 Hz, 2H; Hy), 2.01-1.96 (m, 2H; H,),
1.32-1.28 (m, 6H; H,, H,, Hy), 0.85 (t, J= 6.5 Hz, 3H; H,); 13C NMR (125 MHz, CDCl;): & 145.94
(Cp), 132.86 (Cy), 126.98 (Cs), 119.91 (Cy), 119.91 (Cy), 109.22 (C5), 48.12 (Cy), 31.08 (C,), 29.54
(Ca), 26.27 (C,), 22.29 (Cyp), 13.79 (C,). HRMS (EI): (m/z): caled for C,HgN3: 204.1495 [M]*;

found: 204.1493.

4.7-Dibromo-2-hexyl-2H-benzo[d][1,2,3]triazole (19) To a solution of compound 18a (2.06 g,
10.1 mmol) in HBr (48%; 40 mL) was added bromine (2.4 mL, 36.44 mmol) and the resulting
solution was refluxed for overnight. After reaction was completed, saturated NaHSO;,q) was added
to quench the reaction. The mixture was extracted using ethyl acetate (50 mL x 3) and the organic
layer was collected and dried over MgSQOy). After filtration and removal of the solvent from the
filtrate, the residue was purified by column chromatography using ethyl acetate: n-hexane (1: 100)
as eluent to afford desired product as colorless oil (3.3 g) with a yield 0of 90.2%. 'H NMR (500 MHz,
CDCl): 6 7.43 (s, 2H; Hi), 4.77 (t, J = 7 Hz, 2H; Hy), 2.16-2.12 (m, J = 7 Hz, 2H; H,), 1.38-1.32
(m, J = 6.5 Hz, 6H; H,, H,, Hy), 0.87 (t,J = 6 Hz, 3H; H,); *C NMR (125 MHz, CDCl;): & 143.67
(C1), 129.44 (C5), 109.93 (C,), 57.41 (Cyp), 31.08 (C,), 30.10 (Cy), 26.12 (C,), 22.32 (Cy), 13.86 (C,).

HRMS (EI): (m/z): calcd for C1,H;sBr,N3: 358.9633 [M]*; found: 358.9628.

4,7-Bis(9,9-dihexyl-9 H-fluoren-2-yl)-2-hexyl-2 H-benzo|d][1,2,3]triazole (1) To a 250 mL round-
bottom flask was charged compound 19 (0.8 g, 2.2 mmol), compound 11 (2.23 g, 4.84 mmol),

-9.



K,CO3 (2.39 g, 17.6 mmol), Pd(PPhs)4 (0.25 g, 0.22 mmol), H,O (7 mL) and 1,4-dioxane (21 mL)
and the resulting solution was refluxed for 24 h. After cooled down to r.t., the solution was filtered
through a pad of Celite 545 and the filtrate was extracted with dichloromethane (50 mL x 3). The
organic layer was collected and dried over MgSQOy) and after filtration and removal of the solvent,
the residue was purified by column chromatography using CH,Cl,: n-hexane (1:10) as eluent to give
target product as a yellow liquid (1.63 g; yield = 84.9%). '"H NMR (500 MHz, CDCls): 8 8.14 (dd,
J1 =8 Hz, J, = 1 Hz, 2H; H5), 8.07 (s, 2H; Hs), 7.86 (d, J = 8 Hz, 2H; Hg), 7.77 (d, J = 7 Hz, 2H;
Hy), 7.75 (s, 2H; H3), 7.40-7.32 (m, 6H; Hy,, Hy3, Hys), 4.84 (t, J = 7 Hz, 2H; Hy), 2.25-2.22 (m,
2H; H,), 2.11-1.99 (m, 8H; Hy), 1.49-1.36 (m, 6H; H,, H., Hg), 1.17-1.06 (m, 24H; H-, Hs:, He');
0.93 (t,J =7 Hz, 3H; H,), 0.77 (t,J = 7.5 Hz, 20H; H,-, Hy'). 3C NMR (125 MHz, CDCl;): 6 151.28
(Cis), 151.04 (Cy), 143.68 (C,), 140.88 (Cyp), 140.83 (Co), 136.18 (Cs), 130.55 (Cy), 127.43 (Cy),
127.03 (C3), 126.75 (Cs), 124.30 (Cs), 123.17 (Cy1), 122.89 (Cyp), 119.79 (Ci4, Ci3), 56.76 (Cy),
55.10 (Cy), 40.36 (Cr), 31.48 (Ce), 31.27 (Ce), 29.97 (Cy), 29.79 (Cy»), 26.34 (C,) 23.85 (Co»), 22.57

(Cy), 22.49 (Cp), 13.94 (Cy,C,). HRMS (MALDI-TOF): m/z: caled for CeHgsN3: 867.6425 [M]*:

found 867.6459.

7,7'-(2-Hexyl-2H-benzo[d][1,2,3]triazole-4,7-diyl)bis(9,9-dihexyl-V,N-diphenyl-9H-fluoren-2-
amine) (2) To a 250 mL round-bottom flask was charged compound 19 (0.74 g, 2.04 mmol)
compound 8 (2.83 g, 4.51 mmol), K,CO3 (2.26 g, 16.35 mmol), Pd(PPhs)4 (0.24 g, 0.21 mmol), H,O
(9 mL) and 1,4-dioxane (27 mL) and the resulting solution was stirred at 90 °C under N, for 18 h.
After cooling to r.t., the reaction mixture was extracted with ethyl acetate (30 mL x 3) and the
organic layer was collected and dried over MgSQy). After filtration and removal of the solvent, the
residue was purified by column chromatography on silica gel using ethyl acetate/hexane (1:20) as

the eluent to give the pure product as a yellow solid (1.00 g; yield = 41.0%). '"H NMR (300 MHz,
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CDCl): 6 8.14 (dd, J, = 8.1 Hz, J, = 1.5 Hz, 2H; H5), 8.04 (s, 2H; Hs), 7.79-7.75 (m, 4H; Hg, H3),
7.63 (d, J= 8.1 Hz, 2H; Hy;), 7.31-7.28 (m, 8H, Hyg), 7.18-7.16 (m, 10H, Hy7, Hy4), 7.09-7.02 (m,
6H, Hy9, Hy5), 4.84 (t, 2H, Hy), 2.26-2.20 (m, 2H, H.), 2.07-1.88 (m, 8H, Hy), 1.41-1.38 (m, 4H, H,,
Hyg), 1.19-1.12 (m, 24H, H., Hy, He'), 0.95-0.92 (m, 5SH, H,, Hy), 0.84-0.79 (m, 20H, H,:, Hy); 13C
NMR (75 MHz, CDCly): 6 152.68 (C4), 150.99 (Cy5), 148.00 (Cy¢), 147.13 (Cy3), 143.65 (Cy), 140.71
(Cy), 136.05 (Cg), 135.45 (Cyp), 130.40 (Cy), 129.15 (Cyg), 127.47 (Cs), 124.22 (Cy), 123.81 (Cyy),
123.52 (C3), 122.95 (Cy), 122.45 (Cy9), 120.50 (Cy4), 119.37 (Cy»), 119.24 (Cyy), 56.74 (Cy), 55.10
(Cy),40.26 (Cp), 31.52 (Ce), 31.29 (Ce), 29.97 (Cy), 29.72 (Cy), 26.36 (C.), 23.88 (C.»), 22.58 (Cy),

22.52 (Cy), 14.03 (C,, C,): HRMS (MALDI-TOF): m/z: caled for CggHooN's, 1201.7895 [M]*: found:

1201.7886.

7,7°-(2-Hexyl -2H-benzo[d] [1,2,3]triazole-4,7-diyl)bis(9,9-dihexyl-/V,/N-bis(4-methoxyphenyl)

-9H-fluoren-2-amine) (3) To a 250 mL round-bottom flask was charged compound 19 (0.35 g, 0.97
mmol), compound 15 (1.48 g, 2.13 mmol), K,CO; (1.05 g, 7.75 mmol), Pd(PPh;), (0.11 g, 0.09
mmol), H,O (7 mL) and 1,4-dioxane (21 mL) and the resulting solution was refluxed for 24 h. After
cooled down to r.t., the solution was filtered through a pad of Celite 545 and the filtrate was extracted
with dichloromethane (50 mL x 3). The organic layer was collected and dried over MgSQOy). After
filtration and removal of the solvent, the residue was purified by column chromatography using
CH,Cl,: n-hexane (1:3) as eluent to give target product as a yellow powder (0.9 g; yield = 70.3%).
'"H NMR (500 MHz, dg-toluene): 4 8.46 (s,J =1 Hz, 2H; Hs), 8.33 (d, J = 7.5 Hz, 2H; H;), 7.76
(d, J = 8 Hz, 2H; Hy), 7.73 (s, 2H; H3), 7.57 (d, J = 8.5 Hz, 2H; Hyy), 7.39 (s, J = 2Hz, 2H; Hyy),
7.23 (d,J = 8.5 Hz, 8H; Hys), 7.17 (dd, J =8 Hz, J = 2 Hz, 2H; H,), 6.80 (d, J = 8.5 Hz, 8H; H,),
4.49 (t,J = 7.5 Hz, 2H; Hy), 3.40 (s, 12H; Hy'), 2.19-2.14 (m, 4H; Hy), 2.02-1.94 (m, 6H; H,, Hy),

1.22-1.08 (m, 38H; Hy, He, Hy, Hy», Her, He, He), 0.85 (t, J = 7.5 Hz, J = 7 Hz, 15H; H,,, Hp). 13C
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NMR (125 MHz, CDCls): 8 155.97 (Cyo), 152.73 (C1),150.77 (Cs), 148.69 (Cy), 144.09 (Cy), 141.70
(Cio), 141.24 (C13), 136.94 (Co), 135.67 (C1g), 134.67 (C»), 130.66 (C-), 1276.18 (C;5), 124.17 (Cs),
123.24 (Cyy), 120.97 (Cs), 120.63 (C3), 119.99 (C14), 116.56 (C1), 114.75 (C17), 56.731(Cy), 55.15
(Cy), 54.51(Cy), 40.59 (Cy), 31.68 (Ce), 31.29 (C,), 30.02 (Cy), 29.76 (Cg), 26.29 (C.), 24.18 (C.),
22.77 (Cy'), 22.45 (Cy), 13.90 (C,), 13.82 (C,). HRMS (MALDI-TOF) m/z: caled for CogHo7N5O4:

1321.8318 [M]": found 1321.8322.

2. Neat-film fabrication and Photophysical Methods

2.1 Neat-film fabrication
Neat films of compounds 1, 2, and 3 were fabricated using the spin-casting method. The materials
were dissolved in toluene at a concentration of ~60 mg/mL. The spinning speed was ~2500 rpm.

The thickness of the neat films was measured to be ~200 nm using a spectroscopic ellipsometer.

2.2 Linear absorption and emission spectra measurements

Linear absorption spectra were recorded on a Shimadzu 3150 PC spectrophotometer with freshly
prepared sample solutions. The same sample solutions were also used for the measurement of
fluorescence spectra and life-time by utilizing a Jobin-Yvon FluoroMax-4 spectrometer equipped
with TCSPC accessories (FluoroHub-B + NanoLED from Jobin-Yvon). The aforementioned
fluorospectrometer equipped with an integrating sphere (Labsphere from Jobin-Yvon; diameter =
100 mm) was also employed to measure the absolute photoluminescence quantum yield (PLQY) of
each model compound in solution and powder phases at room temperature;?! Coumarin 153 (®f =
0.38 £ 5% at Aexe = 423 nm) was used as the standard for the calibration of the integrating sphere
and the instrument.3]

As for the linear optical properties of the prepared neat-films, fluorescence spectra were measured
in a front-face configuration by using a fiber-based spectrograph and a TE-cooled charge-coupled
device (CCD) camera (Princeton Instruments, PIXIS 256BR), with a diode laser (A = 375 nm)
serving as the pumping source. Absolute PLQY's were detected using a calibrated integrating sphere
system (Labsphere) equipped with the same CCD spectrograph. The uncertainty of the fluorescence
quantum yield value was estimated to be around +2% owing to the stability of the excitation source
and the uncertainty of the radiometric calibration source. Thin film absorption spectra were

measured utilizing an ultraviolet-visible spectrophotometer (Shimadzu, UV2600).

2.2 Amplifies spontaneous emission (ASE) related measurements

The experimental setup for ASE-related measurement is illustrated in Fig. S1. A frequency-tripled
Q-switched Nd:YAG laser (NL204 series, EKSPLA Inc.) with a central wavelength at 355 nm was
served as the excitation source. The pump pulses had a repetition rate of 10 Hz and a pulse duration

of 7 ns. A combination of a polarization beam splitter (PBS) and a half-waveplate (A/2) were

-12-



employed to regulate the pump energy. The laser beam was focused onto the front-surface of the
sample to form a long line stripe using a 75 mm cylindrical lens and the side emission from the
sample was collected through an optical fiber and analyzed by a spectrometer ((HR550, Horiba Inc.)
equipped with an electrically cooled charge-coupled device (CCD) (Syncerity, Horiba Inc.). As for
the samples, either a cuvette filled with the studied dye solution (1x1073 M in toluene) or a neat-film
of the studied model chromophores was prepared and fixed at the sample position as shown in Fig.

S1 for this experiment.

Spectrometer

g
.«.‘

Saﬁiple (solution or neat-film)

Q-switched laser

o~

Figure S1. Optical setup for ASE-related experiments.

In addition, it should be noted that the threshold of ASE is theoretically governed by the following
relationships: 4]

(:3

1
EBf o~ Boc——k,
B 8whv®
where B is the Einstein constant, ¢ is the velocity of light, / is Planck’s constant, v represents the
transition frequency, and k= /7 s the fluorescence radiative rate constant where @ and T denotes

PLQY and fluorescence decay lifetime, respectively.
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3. 'H and 3C NMR spectra of the precursors and final compounds
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