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S1. Synthesis of FPP,,
Scheme S1: Synthesis of FPP, (OF»)
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Synthesis of S1-1. A Schlenk flask containing 2-bromofluorene (2.0 g, 8.2 mmol) and THF (20 mL) was cooled to 0
°C; and ‘BuOK (2.7 g, 20.4 mmol) was added under an argon atmosphere. The resulting dark red reaction mixture
was stirred for 30 minutes and then 1-bromohexane (3.4 g, 20.4 mmol) was added dropwise. The reaction mixture
was allowed to warm to room temperature and was stirred for additional 12 hours. The reaction was quenched by an
addition of 5% HCI (50 mL) and it was extracted with CH,Cl, (3 x 25 mL). The combined organic layers were
washed with water, saturated brine, and dried over anhydrous MgSO,. It was filtered and evaporated to afford crude
product as an oil, which was purified by column chromatography using silica gel and hexanes as eluent (colorless
oil, 3.2 g, 94%). '"H NMR (CDCl;) 8:0.50-0.65 (4H, m), 0.71-0.80 (6H, t, J = 7.24 Hz), 0.96-1.17 (12H, m), 1.85-
2.00 (4H, m), 7.29-7.34 (3H, m), 7.42-7.46 (2H, m), 7.52-7.57 (1H, dd, J = 8.75 Hz), 7.63-7.68 (1H, m)."’C NMR
(CDCl) 6: 14.17, 22.74, 23.81, 29.81, 31.63, 40.46, 55.50, 119.88, 121.13, 121.15, 122.98, 126.25, 127.06, 127.60,
130.02, 140.16, 140.27, 150.42, 153.09.

Synthesis of S1-2. To a Schlenk flask containing a degassed solution of KOAc (1.8 g, 18.12 mmol) in dioxane (50
mL) were added S1-1 (2.3 g, 5.6 mmol) and Pd(dppf)Cl, (60 mg) under an argon atmosphere.. The mixture was
stirred for 10 min and then bis(pinacoloto)diboron (1.7 g, 6.7 mmol) was added. The resulting mixture was refluxed
for 12 h. After cooling to room temperature, the reaction mixture was poured into water (100 mL); and extracted
with CH,CL, (3 x 50 mL). The combined organic layers were washed with water and evaporated. The crude product
was purified by column chromatography (SiO,, hexanes) to afford S1-2 as a colorless liquid (1.97 g, 77%). 'H NMR
(CDCl;, 400 MHz) &: 0.48-0.65 (4H, m), 0.71-0.78 (6H, t, J = 6.94 Hz), 0.94-1.14 (12H, m), 1.36-1.42 (12H, s),
1.89-2.05 (4H, m), 7.29-7.35 (3H, m), 7.67-7.75 (3H, m), 7.78-7.81 (1H, dd, J = 7.46 Hz); °C NMR (CDCl;, 400
MHz) &: 14.16, 22.72, 23.77, 25.08, 29.82, 31.61, 40.38, 55.20, 83.83, 119.04, 120.22, 123.05, 126.78, 127.62,
128.94, 133.82, 141.03, 144.26, 149.99, 151.42.
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Synthesis of OF ;. The S1-1 (0.75 g, 1.82 mmol) and S1-2 (0.84 g, 1.82 mmol) were added to degassed anhydrous
1,2-dimethoxyethane (60 mL) in an oven dried Schlenk flask under an argon atmosphere and the flask was further
evacuated and filled with argon (3x). In another oven dried Schlenk flask, a solution of anhydrous sodium carbonate
(5.0 g) in degassed water (20 mL) was prepared under an argon atmosphere and the flask was repeatedly evacuated
and filled with argon (3x). To the first Schlenk flask, Pd(PPh;), (90 mg) was added followed by the aqueous sodium
carbonate solution under a strict argon atmosphere. Note that the reaction flask was subjected to repeated
evacuation and filling the flask with argon cycles (3x) after addition of each reagent. The flask was covered with
aluminum foil and the reaction mixture was allowed to reflux overnight (~12 h). The resulting mixture was cooled to
room temperature, quenched with water (50 mL) and extracted with dichloromethane (3 x 25 mL). The combined
organic layers were dried over anhydrous magnesium sulfate, evaporated and dried under vacuum. The crude
product was purified by column chromatography on silica gel using hexanes as eluent to afford pure OF, (0.67 g,
62%). m.p: 72-73 °C; '"H NMR (CDCl;, 400 MHz) &: 0.65-0.75 (8H, m), 0.75-0.82 (12H, t), 1.01-1.20 (24H, m),
1.97-2.16 (8H, m), 7.29-7.42 (6H, m), 7.60-7.64 (2H, S), 7.64-7.68 (2H, dd, J = 7.88 Hz), 7.72-7.77 (2H, d, J= 6.85
Hz), 7.77-7.81 (2H, d, J = 7.85 Hz); °C NMR (CDCl;, 400 MHz) 3: 14.18, 22.72, 23.91, 29.85, 31.62, 40.53, 55.30,
119.86, 120.02, 121.55, 123.05, 126.17, 126.92, 127.12, 140.43, 140.65, 140.94, 151.13, 151.59.

Scheme S2: Synthesis of FPPs (OF3)
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Synthesis of S2-1. 2,7-Dibromofluorene (5g , 15.5 mmol) was converted to 9,9-dihexyl-2,7-dibromofluorene (S2-1)
in THF (50 mL) using ‘buOK (5.2 g, 46.6 mmol) and 1-bromohexane (6.4 g, 38.8 mmol) at 0 °C using the procedure
described for the preparation of S1-1 above. The crude product was further purified by column chromatography on
silica gel using hexanes as eluent to afford S2-1 as a thick colorless liquid (6.5 g, 86%). 'H NMR (CDCl; 400 MHz)
3: 0.50-0.64 (4H, m), 0.73-0.82 (6H, t, J= 6.99 Hz), 0.95-1.17 (12H, m), 1.84-1.95 (4H, M), 7.42-7.47 (4H, m),
7.49-7.53 (2H, dd, J = 7.72, 0.84 Hz). C NMR (CDCl; 400 MHz) &: 14.16, 22.73, 23.78, 29.73, 31.61, 40.35,
55.82,121.28,121.61, 126.30, 130.29, 139.20, 152.68.
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Synthesis of S$2-2. The S2-1 (4.4 g, 8.90 mmol) was bornylated using PdCl,(dppf) (60 mg), dioxane (50 mL), and
KOAc (5.3 g, 54.0 mmol), bis(pinacoloto)diboron (5.0 g, 19.7 mmol) using the procedure described above for S1-2.
The crude product was purified by column chromatography (SiO,, hexanes) to afford S2-2 as a white powder (4.3 g,
82%). m.p: 82-84 °C; '"H NMR (CDCls;, 400 MHz) &: 0.45-0.62 (4H, m), 0.68-0.78 (6H, t J = 6.86 Hz), 0.92-1.13
(12H, m), 1.34-1.43 (24H, s), 1.93-2.05 (4H, m), 7.69-7.74 (2H, d, J = 7.61 Hz), 7.74-7.76 (2H, s), 7.78-7.83 (2H,
dd, J = 7.55 Hz); C NMR (CDCl;, 400 MHz) &: 14.16, 22.70, 23.68, 25.06, 25.16, 29.75, 31.56, 40.22, 55.29,
83.83, 119.51, 129.03, 133.79, 144.04, 150.57.

Synthesis of OF;. The monobromide S1-1 (1.73 g, 5.17 mmol) and bis(boronic) ester S2-2 (1.02 g, 2.07 mmol)
were subjected to Suzuki coupling in degassed 1,2-dimethoxyethane (60 mL) containing a solution of sodium
carbonate (5.0 g) in water (20 mL) and Pd(PPh;)4 (90 mg) as a catalyst using the procedure described above for OF,.
Crude product was then purified by column chromatography (silica, hexanes) to afford pure OF; (0.88 g, 51%). m.p:
92-94 °C; '"H NMR (CDCl;, 400 MHz) &: 0.60-0.87 (30H, m), 0.99-1.20 (38H, m), 1.97-2.16 (12H, m), 7.29-7.42
(6H, m), 7.60-7.70 (8H, m), 7.72-7.77 (2H, d, J = 6.94 Hz), 7.77-7.79 (1H, s), 7.79-7.81 (2H, d, J = 2.95 Hz); °C
NMR (CDCl;, 400 MHz) &: 14.18, 22.72, 23.93, 29.81, 29.85, 31.60, 31.60, 40.53, 55.30, 55.45, 119.87, 120.04,
120.09, 121.55, 121.64, 123.06, 126.17, 126.29, 126.93, 127.14, 140.12, 140.46, 140.63, 140.66, 140.94, 151.13,
151.61, 151.92.

Scheme S3: Synthesis of FPPs (OF,)

O 0-00 -0 0-¢o

R OR
OF, (or FPP,) S3-1
R._R
. B,O Pd(PPhs),
@ @ Ne) DME/ag Na,COg4
S1-2

OF, (or FPPg)

Synthesis of $3-1. A solution of OF, (2.8 g, 4.2 mmol) in CH,Cl, (30 mL) under an argon atmosphere was treated
dropwise with a solution of Br, (1.54 g) in CH,Cl, (10 mL) with the aid of a dropping funnel. After addition was
completed (~10 min), the resulting mixture was stirred for additional 2 h at room temperature. The reaction mixture
was poured into 5% aqueous NaOH solution (100 mL), CH,Cl, layer was separated and the aqueous layer was

extracted with CH,Cl, (3 x 25 mL). The combined organic layers were then washed with water (3 x 25 mL), dried
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over anhydrous MgSO, and evaporated in vacuo. The crude product was purified by column chromatography (SiO,,
hexanes) to afford pure S3-1 (1.8 g, 53%). m.p: 108-110 °C; '"H NMR (CDCl;, 400 MHz) &: 0.65-0.75 (8H, m),
0.75-0.82 (12H, t J = 6.8 Hz), 1.01-1.20 (24H, m), 1.91-2.10 (8H, m), 7.46-7.50 (4H, m), 7.56-7.65 (6H, m), 7.72-
7.76 (2H, d, J = 7.89 Hz); °C NMR (CDCls, 400 MHz) &: 14.16, 22.71, 23.86, 29.75, 31.59, 40.41, 55.66, 120.17,
120.99, 121.24, 121.54, 126.35, 126.42, 130.15, 139.48, 139.90, 140.92, 151.27, 153.37.

Synthesis of OF, The dibromide S3-1 (0.1 g, 0.12 mmol) and the boronic ester S1-2 (0.13 g, 0.28 mmol) were
subjected to Suzuki coupling in degassed 1,2-dimethoxyethane (20 mL) containing a solution of sodium carbonate
(2.5 g) in water (10 mL) and Pd(PPh;)4(25 mg) as a catalyst using the procedure described above for OF,. Crude
product was then purified by column chromatography (silica, hexanes) to afford pure OF, (0.09 g, 55%). m.p: 80-82
°C; "H NMR (CDCls, 400 MHz) 3: 0.60-0.87 (40H, m), 0.99-1.20 (48H, m), 1.97-2.16 (16H, m), 7.29-7.42 (6H, m),
7.60-7.73 (12H, m), 7.72-7.77 (2H, dd, J = 7.11 Hz), 7.77-7.82 (2H, d, J = 7.86 Hz), 7.82-7.87 (4H, dd, J = 7.83
Hz); °C NMR (CDCl;, 400 MHz) &: 14.19, 22.72, 23.93, 23.99, 29.83, 29.86, 31.60, 31.61, 31.64, 40.53, 55.32,
55.47, 119.88, 120.05, 120.12, 121.57, 121.65, 123.07, 126.19, 126.30, 126.95, 127.15, 140.13, 140.17, 140.48,
140.63, 140.69, 140.94, 151.15, 151.61, 151.94, 151.95.

Scheme S4: Synthesis of FPP1y (OF5)
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Synthesis of S4-1. A cooled (~0 °C) solution of OF, (2.8 g, 4.2 mmol) and catalytic amount of I, (~50 mg) in
CH,Cl, (30 mL) was stirred for 5 min under an argon atmosphere and was then treated dropwise with a solution of
Br, (0.67 g, 4.2 mmol) in CH,Cl, (10 mL) with the aid of a dropping funnel. After addition was completed (~10
min), the resulting mixture was stirred for additional 2 h at ~0°C. The reaction mixture was poured into 5% aqueous
NaOH solution (100 mL), CH,Cl, layer was separated and the aqueous layer was extracted with CH,Cl, (3 x 25

mL). The combined organic layers were then washed with water (3 x 25 mL), dried over anhydrous MgSO, and
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evaporated in vacuo. The crude product was purified by column chromatography (SiO,, hexanes) to afford pure
$4-1 (1.2 g, 35%). m.p: 90-92 °C; 'H NMR (CDCls, 400 MHz) &: 0.60-0.81 (20H, m), 0.98-1.19 (24H, m), 1.90-
2.09 (8H, m), 7.28-7.39 (3H, m),7.44-7.50 (2H, m), 7.55-7.67 (5H, m), 7.70-7.76 (2H, d J = 7.65 Hz), 7.76-7.79
(1H, d, J=7.81 Hz); °C NMR (CDCls, 400 MHz) &: 14.19, 22.73, 23.87, 23.90, 23.78, 29.84, 31.61, 31.62, 40.45,
40.52, 55.30, 55.65, 119.90, 120.07, 120.15, 121.13, 121.22, 121.52, 121.53, 123.05, 126.19, 126.32, 126.42,
126.95,127.20, 130.13, 139.31, 139.97, 140.38, 140.60, 140.84, 141.16, 151.10, 151.21, 151.62, 153.37.

Synthesis of OF 5. The monobromide S4-1 (1.89 g, 2.53 mmol) and bis(boronic) ester S2-2 (0.5 g, 1.01 mmol) were
subjected to Suzuki coupling in degassed 1,2-dimethoxyethane (30 mL) containing a solution of sodium carbonate
(2.5 g) in water (10 mL) and Pd(PPh;)4 (50 mg) as a catalyst using the procedure described above for OF,. Crude
product was then purified by column chromatography (silica, hexanes) to afford pure OFs (0.90 g, 54%). m.p: 88-90
°C; '"H NMR (CDCls, 400 MHz) &: 0.60-0.90 (50H, m), 0.99-1.20 (60H, m), 1.97-2.19 (20H, m), 7.29-7.42 (6H, m),
7.60-7.90 (26H, m); °C NMR (CDCls, 400 MHz) &: 14.19, 22.72, 23.93, 23.94, 23.96, 23.97, 24.00, 29.83, 29.86,
31.62, 31.63, 40.53, 55.32, 55.48, 119.88, 120.05, 120.13, 121.58, 121.66, 123.07, 126.19, 126.30, 126.95, 127.15,
140.13, 140.17, 140.48, 140.64, 140.67, 140.69, 140.94, 151.16, 151.62, 151.95.

Scheme S5: Synthesis of FPP;; (OFy)
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Synthesis of S5-1. The S4-1 (2.3 g, 3.08 mmol) was bornylated using PdCl,(dppf) (60 mg), dioxane (50 mL), and
KOACc (0.96 g, 9.24 mmol), bis(pinacoloto)diboron (0.94 g, 3.70 mmol) using the procedure described above for S1-
2. The crude product was purified by column chromatography (SiO,, hexanes) to afford S5-1 as an oil (1.95 g,
80%). "H NMR (CDCls, 400 MHz) &: 0.65-0.82 (20H, m), 1.01-1.20 (24H, m), 1.36-1.44 (12H, s), 1.91-2.10 (8H,
m), 7.28-7.40 (3H, m), 7.57-7.67 (4H, m), 7.71-7.86 (6H, m); °C NMR (CDCl;, 400 MHz) &: 14.16, 22.71, 23.83,
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25.09, 29.78, 29.83, 31.58, 31.60, 40.37, 40.51, 55.28, 55.37, 83.84, 119.18, 119.86, 120.01, 120.48, 121.58, 121.63,
123.03, 126.19, 126.92, 127.13, 129.02, 133.96, 140.24, 140.49, 140.90, 141.16, 143.96, 150.32, 151.12, 151.57,
152.19.

Synthesis of OFg The dibromide S3-1 (0.1 g, 0.12 mmol) and the boronic ester S5-1 (0.22 g, 0.28 mmol) were
subjected to Suzuki coupling in degassed 1,2-dimethoxyethane (30 mL) containing a solution of sodium carbonate
(2.5 g) in water (10 mL) and Pd(PPh;)4 (50 mg) as a catalyst using the procedure described above for OF,. Crude
product was then purified by column chromatography (silica, hexanes) to afford pure OFg (0.14 g, 61%). m.p: 82-84
°C; "H NMR (CDCls, 400 MHz) §; 0.60-0.90 (60H, m), 0.99-1.20 (72H, m), 1.97-2.19 (24H, m), 7.29-7.42 (6H, m),
7.60-7.90 (32H, m); °C NMR (CDCls, 400 MHz) &: 14.19, 22.72, 23.94, 23.96, 24.00, 29.83, 31.62, 40.53, 55.32,
55.48, 119.88, 120.05, 120.13, 121.58, 121.66, 123.07, 126.95, 127.15, 140.13, 140.17, 140.49, 140.66, 140.68,
140.70, 140.69, 140.94, 151.15, 151.62, 151.96.

Scheme S6: Synthesis of FPP;4 (OF)
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Synthesis of S6-1. A cooled (~0 °C) solution of OF; (0.3 g, 0.3 mmol) and catalytic amount of I, (50 mg) in CH,Cl,
(20 mL) under an argon atmosphere was treated dropwise with a solution of Br, (0.12 g, 0.75 mmol) in CH,CI, (10
mL) with the aid of a dropping funnel. After addition was completed (~10 min), the resulting mixture was stirred for
additional 2 h at ~0°C. The reaction mixture was poured into 5% aqueous NaOH solution (100 mL), CH,Cl, layer
was separated and the aqueous layer was extracted with CH,Cl, (3 x 25 mL). The combined organic layers were
then washed with water (3 x 25 mL), dried over anhydrous MgSO, and evaporated in vacuo. The crude product was
purified by column chromatography (SiO,, hexanes) to afford pure $6-1 (0.25 g, 72%). m.p: 76-78°C; 'H NMR
(CDCl;, 400 MHz) 8: 0.65-0.75 (12H, m), 0.75-0.86 (18H, t J = 6.8 Hz), 1.01-1.20 (36H, m), 1.91-2.10 (12H, m),
7.46-7.52 (4H, m), 7.57-7.69 (10H, m), 7.74-7.78 (2H, d, J = 7.85 Hz), 7.80-7.85 (2H, d, J = 7.85 Hz); °C NMR
(CDCl;, 400 MHz) o6: 14.18, 22.69, 22.72, 23.88, 23.96, 29.77, 31.58, 31.60, 40.44, 55.47, 55.66, 120.17, 121.16,
121.22,121.55,121.62, 126.33, 126.42, 130.15, 139.37, 139.96, 140.21, 140.48, 141.12, 151.24, 151.95, 153.37.
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Synthesis of OF; The dibromide S6-1 (0.2 g, 0.17 mmol) and the boronic ester S5-1 (0.31 g, 0.40 mmol) were
subjected to Suzuki coupling in degassed 1,2-dimethoxyethane (30 mL) containing a solution of sodium carbonate
(2.5 g) in water (10 mL) and Pd(PPh;)4 (50 mg) as a catalyst using the procedure described above for OF,. Crude
product was then purified by column chromatography (silica, hexanes) to afford pure OF; (0.20 g, 38 %). m.p: 116-
118 °C; 'H NMR (CDCls, 400 MHz) 3: 0.60-0.90 (70H, m), 0.99-1.22 (84H, m), 1.97-2.19 (28H, m), 7.29-7.42 (6H,
m), 7.60-7.90 (38H, m); °C NMR (CDCl;, 400 MHz) &: 14.19, 22.72, 23.94, 24.00, 29.83, 29.86, 31.62, 40.53,
55.32, 55.48, 119.88, 120.05, 120.13, 121.58, 121.66, 123.07, 126.18, 126.31, 126.95, 127.15, 127.37, 140.13,
140.17, 140.49, 140.68, 140.95, 151.15, 151.62, 151.96.

Scheme S7: Synthesis of FPP s (OF,g)
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Synthesis of S7-1. A cooled (~0 °C) solution of OF4 (0.25 g, 0.19 mmol) and catalytic amount of I, (50 mg) in
CH,Cl, (20 mL) under an argon atmosphere was treated dropwise with a solution of Br, (0.08 g, 0.5 mmol) in
CH,CI, (10 mL) with the aid of a dropping funnel. After addition was completed (~10 min), the resulting mixture
was stirred for additional 2 h at ~0°C. The reaction mixture was poured into 5% aqueous NaOH solution (100 mL),
CH,Cl, layer was separated and the aqueous layer was extracted with CH,Cl, (3 x 25 mL). The combined organic
layers were then washed with water (3 x 25 mL), dried over anhydrous MgSO, and evaporated in vacuo. The crude
product was purified by column chromatography (SiO2, hexanes) to afford pure S7-1 (0.2 g, 71%). m.p: 84-86 °C;
'H NMR (CDCl;, 400 MHz) &: 0.65-0.88 (40H, m), 1.01-1.20 (48H, m), 1.91-2.16 (16H, m), 7.46-7.52 (4H, m),
7.57-7.71 (14H, m), 7.74-7.78 (2H, d, J = 7.85 Hz), 7.80-7.85 (4H, d, J = 7.85 Hz); °C NMR (CDCl, 400 MHz) &:
14.18, 22.69, 22.72, 23.88, 23.96, 29.77, 29.80, 31.60, 40.44, 40.47, 40.48, 55.47, 55.66, 120.17, 121.13, 121.22,
121.55, 121.62, 121.65, 126.33, 126.42, 130.15, 139.37, 139.96, 140.09, 140.27, 140.42, 140.68, 141.14, 151.24,
151.25,151.93, 151.96, 153.38.

Synthesis of OF; The dibromide S7-1 (0.14 g, 0.1 mmol) and the boronic ester S5-1 (0.20 g, 0.25 mmol) were
subjected to Suzuki coupling in degassed 1,2-dimethoxyethane (30 mL) containing a solution of sodium carbonate
(2.5 g) in water (10 mL) and Pd(PPh;)4 (50 mg) as a catalyst using the procedure described above for OF,. Crude
product was then purified by column chromatography (silica, hexanes) to afford pure OFy (0.06 g, 26%). m.p: 115-
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116 °C; '"H NMR (CDCls, 400 MHz) &: 0.60-0.90 (80H, m), 0.99-1.22 (96H, m), 1.97-2.19 (32H, m), 7.29-7.42
(6H, m), 7.60-7.90 (44H, m); °C NMR (CDCls, 400 MHz) &: 14.19, 22.72, 23.94,23.99, 24.01, 29.83, 31.62, 40.53,
55.32, 55.48, 119.88, 120.05, 120.15, 121.66, 123.07, 126.18, 126.31, 126.95, 127.19, 140.13, 140.17, 140.49,

140.68, 140.95, 151.15, 151.62, 151.96.
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NMR Spectroscopy

"H NMR spectrum of S1-1 in CDCI3
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3C NMR spectrum of S1-2 in CDCI3
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3C NMR spectrum of OF; (or FPPg) in CDCl3
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'"H NMR spectrum of OF, (or FPPg) in CDCI3
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3C NMR spectrum of S4-1 in CDCl3
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"H NMR spectrum of S5-1 in CDCI3
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3C NMR spectrum of OF; (or FPPy,) in CDCIl3
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'"H NMR spectrum of OF; (or FPP4) in CDCI3
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3C NMR spectrum of S$7-1 in CDCI3
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X-ray crystallography
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Figure S1. Thermal ellipsoid plots (50% probability) derived from the X-ray crystal structures of FPP,.
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Figure S2. Thermal ellipsoid plots (50% probability) derived from the X-ray crystal structures of S6-1.

Table S1. Summary of X-ray crystallographic data collection and structure refinement for FPP, and S6-1.

Identification code raj24w raj24o

Empirical formula CsoHes C16.95H99.80Br2Cly 17
Formula weight 667.03 1332.34
Temperature/K 100.00(10) 100.00(10)

520



Crystal system monoclinic monoclinic
Space group P2y/n P2/c
alA 15.87557(15) 20.7077(2)
b/A 15.63800(15) 23.4686(2)
c/A 16.84324(13) 31.3951(4)
a/° 90.00 90.00
pre 99.7843(8) 108.9208(12)
y/° 90.00 90.00
Volume/A® 4120.72(6) 14433.0(3)
4 4 8
Peateg/cm’ 1.075 1.226
wmm’' 0.441 3.136
F(000) 1464.0 5619.0

Crystal size/mm”

0.22 x0.12 x 0.11

0.3989 x 0.3238 x 0.0373

Radiation

CuKa (A=1.54184)

CuKa (A=1.54184)

20 range for data collection/®

7.08 to 147.48

6.2 to 147.34°

Index ranges

-16<h<19,-18<k<19,-20<1<20

25<h<21,-29<k<27,-38<1<38

Reflections collected

40089

100398

Independent reflections

8232 [Rip = 0.0272, Ryigms = 0.0181]

28598 [Riy = 0.0420, Ryjgna = 0.0343]

Data/restraints/parameters

8232/0/456

28598/7/1566

Goodness-of-fit on F*

1.032

1.060

Final R indexes [[>=20 (I)]

R, = 0.0373, wR, = 0.0940

R, = 0.0820, wR, = 0.2159

Final R indexes [all data]

R, = 0.0444, wR, = 0.1002

R, = 0.0980, wR, = 0.2310

Largest diff. peak/hole / ¢ A

0.25/-0.24

1.68/-1.34
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Figure S3. MALDI mass spectroscopy of FPP,.
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Electrochemistry
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Figure S4. Cyclic voltammogram of OF; in CH,Cl, at 22 °C. Note that OF, undergoes irreversible electrochemical oxidation
due to a facile coupling of OF| cation radical with neutral OF; to form OF,, whose redox peaks can be seen on the return scan.!

A plot of the first oxidation potentials E,; of FPP, against cos(t/(n + 1)) showed a linear decrease up to 8 p-
phenylene units followed by an abrupt breakdown from linearity, i.e. Eo remained almost unchanged going from
FPP,, to FPP4 (Table S1). It is noted that evolution of the second and higher oxidation potentials of FPP, with
increasing n show drastically varied slopes in E, vs cos(it/(n + 1)) plots as compared to E. (Figure S5),
suggesting that stabilization of polycations (i.e. dications and trications) is much more effective as compared to
cation radicals with increasing »n. It is interesting to note that the first, second and third oxidation potentials are
converging to a single potential. A detailed experimental and computational investigation is planned to explore the
role of multiplicity, i.e. singlet vs triplet dications and doublet vs quintet trications, and their respective stabilities in

comparison to doublet cation radicals.
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Figure S5. Experimental first, second and third oxidation potentials £, of FPP,, against cos(t/(n + 1)).

Table S2. First, second and third oxidation potentials of FPP, in V vs Fc/Fc'.

n 2 4 6 8 10 12 14 16
Eou 127 0.90 0.79 0.75 0.74 0.74 0.73 0.73
Eoo 1.28 1.03 0.91 0.85 0.80 0.73 0.73
Eow 1.22 1.04 0.95 0.84 0.73
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S2. Generation of FPP,” by redox titrations

The reproducible spectra of cation radicals of FPP, in dichloromethane at 22 °C were obtained by quantitative
redox titrations using three different aromatic oxidants, i.e. THEO"SbCls (Ereq1 = 0.67 V vs Fe/Fc, Amax = 518 nm,
Emax = 7300 cm™ M™),> NAPSbClg (Erea; = 0.94 V vs FC/Fc', Apax = 672 N, €pae = 9300 cm™ M™)* and
TRUX"SbClg (Ereqr = 0.78 V vs Fe/Fc', Apax = 1400 nm, &g = 9216 c™ M),

}
COY (00

Figure S6. Chemical structures and names of three aromatic oxidants used in redox titrations.

Each redox titration experiment was carried out by an incremental addition of sub-stoichiometric amounts of
electron donor (FPP,) to the solution of an oxidant cation radical (Ox+'). The 1-¢ oxidation of FPP, to FPP, " and
reduction of Ox'"to Ox can be described by an equilibrium shown in eq. 1.

Ox" + FPP, 2 Ox + FPP, " (eq. 1)

The redox titrations with two successive 1-¢” oxidations involve multiple equilibria: one- and two-electron redox
reactions between the donor and oxidant (eqs. 2 and 3) and comproportionation/disproportionation of D*/D™* (eq.
4).

K,

ox**+ D 2 Ox+ D* (eq. 2)
K,
ox* + D™ 2 Ox + D2 (eq- 3)
K
3 (eq. 4)

D** + D =2 2D"

Numerical deconvolution®’ of the UV-VIS absorption spectrum at each increment (Figures S7-S19, A) produced
the individual spectra of FPP," and/or FPP,”" and Ox" (Figures S7-S19, B). Moreover, the resulting individual
spectra of Ox™", FPP, ™, and FPP,” provided the mole fractions of each species which were plotted against the

added equivalents of FPP, (Figures S7-S19, C). The mole fraction/equivalent of added donor FPP, (MF/D) plots

FPP,
ox1

FPP,

FPP, . 6,7
0x2 -E )

were fitted by varying AG, (= E, - Eﬁ)e";.) and AG, FE P
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Figure S7. A: Spectral changes observed upon the reduction of 0.061 mM NAP™ in CH,Cl, (3 mL) by addition of 15-uL
increments of 0.96 mM solution of FPP4 in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
its component spectra, i.e. NAP™ and FPP," (as indicated). C: Plot of the mole fractions of NAP* (red) and FPP,"™ (blue)
against the added equivalents of FPP,. Symbols represent experimental points, while the solid lines show best-fit to the
experimental points using AG; =-29 mV.
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Figure S8. A: Spectral changes observed upon the reduction of 0.038 mM NAP™ in CH,Cl, (3 mL) by addition of 30-uL
increments of 0.25 mM solution of FPPg in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
its component spectra, i.e. NAP™ and FPP¢" (as indicated). C: Plot of the mole fractions of NAP* (red) and FPP¢"™ (blue)
against the added equivalents of FPP,. Symbols represent experimental points, while the solid lines show best-fit to experimental
points using AG; =-122 mV.
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Figure S9. A: Spectral changes observed upon the reduction of 0.06 mM NAP"™ in CH,Cl, (3 mL) by addition of 14-uL
increments of 0.45 mM solution of FPPg in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
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its component spectra, i.e. NAP*, FPPg" and FPPg*". C: Plot of the mole fractions of NAP"™" (red), FPPs" (blue) and FPPg*"
(green) against the added equivalents of FPPg. Symbols represent experimental points, while the solid lines show best-fit to
experimental points using AG; =-123 mV and AG; = 149 mV.
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Figure S10. A: Spectral changes observed upon the reduction of 0.044 mM NAP™ in CH,Cl, (3 mL) by addition of 15-uL
increments of 0.29 mM solution of FPPyy in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
its component spectra, i.e. NAP™, FPP1,™ and FPPy,>*. C: Plot of the mole fractions of NAP™ (red), FPPy," (blue) and FPP;>
(green) against the added equivalents of FPP;y. Symbols represent experimental points, while the solid lines show best-fit to
experimental points using AG; = -152 mV and AG; = 144 mV.
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Figure S11. A: Spectral changes observed upon the reduction of 0.07 mM THEO™ in CH,Cl, (3 mL) by an addition of 15-uL
increments of 0.7 mM solution of FPPy in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
its component spectra, i.e. THEO™ and FPP,,". C: Plot of the mole fractions of THEO™ (red) and FPP," (blue) against the
added equivalents of FPPy,. Symbols represent experimental points, while the solid lines show best-fit to experimental points
using AG; =10 mV.
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Figure S12. A: Spectral changes observed upon the reduction of 0.019 mM TRUX" in CH,Cl, (3 mL) by addition of 15-uL
increments of 0.4 mM solution of FPPyy in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
its component spectra, i.e. TRUX" and FPP;,". C: Plot of the mole fractions of TRUX" (red) and FPP,," (blue) against the
added equivalents of FPPy,. Symbols represent experimental points, while the solid lines show best-fit to experimental points

using AG; =-56 mV.
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Figure S13. A: Spectral changes observed upon the reduction of 0.123 mM NAP™ in CH,Cl, (3 mL) by addition of 10-uL
increments of 0.41 mM solution of FPPy, in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
its component spectra, i.e. NAP™, FPPy,™ and FPPy,2*. C: Plot of the mole fractions of NAP™ (red), FPP," (blue) and FPP;,>
(green) against the added equivalents of FPP;,. Symbols represent experimental points, while the solid lines show best-fit to
experimental points using AG; = -155 mV and AG; = 144 mV.
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Figure S14. A: Spectral changes observed upon the reduction of 0.058 mM THEO™ in CH,Cl, (3 mL) by addition of 15-uL
increments of 0.68 mM solution of FPPy, in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
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its component spectra, i.e. THEO™ and FPP;,™. C: Plot of the mole fractions of THEO™ (red) and FPP;," (blue) against the
added equivalents of FPPy,. Symbols represent experimental points, while the solid lines show best-fit to experimental points
using AG; =-14 mV.
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Figure S15. A: Spectral changes observed upon the reduction of 0.031 mM TRUX" in CH,Cl, (3 mL) by addition of 15-uL
increments of 0.4 mM solution of FPPyy in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
its component spectra, i.e. TRUX" and FPP;,". C: Plot of the mole fractions of TRUX" (red) and FPP,," (blue) against the
added equivalents of FPPy,. Symbols represent experimental points, while the solid lines show best-fit to experimental points
using AG; =-53 mV.
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Figure S16. A: Spectral changes observed upon the reduction of 0.113 mM NAP™ in CH,Cl, (3 mL) by addition of 18-uL
increments of 0.34 mM solution of FPPy4 in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
its component spectra, i.e. NAP™, FPP1,™ and FPP,>*. C: Plot of the mole fractions of NAP™ (red), FPP1," (blue) and FPP.,*
(green) against the added equivalents of FPPy,. Symbols represent experimental points, while the solid lines show best-fit to
experimental points using AG; = -145 mV and AG; = 149 mV.
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Figure S17. A: Spectral changes observed upon the reduction of 0.058 mM THEO" in CH,Cl, (3 mL) by addition of 15-uL
increments of 0.68 mM solution of FPPy, in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
its component spectra, i.e. THEO™ and FPP,,™. C: Plot of the mole fractions of THEO™ (red) and FPP,™ (blue) against the
added equivalents of FPPy,. Symbols represent experimental points, while the solid lines show best-fit to experimental points

using AG; =-27 mV.
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Figure S18. A: Spectral changes observed upon the reduction of 0.026 mM TRUX" in CH,Cl, (3 mL) by addition of 15-uL
increments of 0.3 mM solution of FPPy4 in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
its component spectra, i.e. TRUX", FPP,*" and FPP.*". C: Plot of the mole fractions of TRUX™ (red), FPPy4™ (blue) and
FPP,* (green) against the added equivalents of FPP,. Symbols represent experimental points, while the solid lines show best-
fit to experimental points using AG; =-51 mV and AG;; = 109 mV.
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Figure S19. A: Spectral changes observed upon the reduction of 0.11 mM NAP™ in CH,Cl, (3 mL) by addition of 18-uL
increments of 0.16 mM solution of FPP¢ in CH,Cl,. B: Deconvolution of each UV-VIS absorption spectrum from figure A into
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its component spectra, i.e. NAP™, FPP¢" and FPP;s>*. C: Plot of the mole fractions of NAP* (red), FPPy" (blue) and FPP;¢**
(green) against the added equivalents of FPP;s. Symbols represent experimental points, while the solid lines show best-fit to
experimental points using AG; =-122 mV and AGj,; = 83 mV.

S3. Density Functional Theory (DFT) calculations

Computational details

The electronic structure calculations were performed using density functional theory (DFT) as implemented in
Gaussian 09 package, revision D.01.*> An accurate description of the m-conjugated cation radicals is challenging for

219 Iy this work

DFT because self-interaction error often leads to the artificial delocalization of the positive charge.
we used BILYP-40/6-31G(d)'""? level of theory with 40% contribution of the Hartree-Fock exchange term'>'* that
was previously benchmarked against experimental data."” Solvent effects were included using the implicit integral

120 with dichloromethane solvent parameters (¢ =

equation formalism polarizable continuum model (IEF-PCM)
8.93). In all DFT calculations, ultrafine Lebedev’s grid was used with 99 radial shells per atom and 590 angular
points in each shell. Tight cutoffs on forces and atomic displacement were used to determine convergence in
geometry optimization procedure. Harmonic vibrational frequency calculations were performed for the optimized
structures to confirm absence of imaginary frequencies. For cation radicals, wavefunction stability tests® were
performed to ensure absence of solutions with lower energy. The values of <S*> operator after spin annihilation
were confirmed to be close to the expectation value of 0.75. Unpaired spin density surface were obtained using
isovalue of 0.001 a.u. Atomic charges were calculated using Natural Population Analysis approach.”>** Calculations

of the first excited state of FPP, and FPP,” were performed using the time-dependent density functional theory

(TD-DFT) method.****
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FPP, in neutral and cation radical states
Neutral FPP,

HOMO distribution in FPP,,

The equilibrium geometries of neutral FPP, (n = 2-18) show that all p-phenylene units are structurally identical
with the dihedral angle of ~0.08 + 0.05° within one fluorene unit and ~37.15 + 0.11° between two adjacent
fluorenes. The HOMOs of neutral FPP, are delocalized over the entire poly-p-phenylene chain following bell-
shaped distribution with the maximum in the center of the chain (Figure S20). The HOMO (¢yomo = Xk CikXk
where cy, is a coefficient of atomic orbital ;) distribution are quantified by per-unit HOMO densities calculated as
Gm = Yon €2 Where m is index of p-phenylene unit and 7 is an index of atomic orbital in unit m. For the purpose of

_(x-w?
quantification, HOMO density distributions were fitted to the Gaussian function e 202 | where y and o are the

center and width of the distribution. Here we use value of 30, which includes 99.7% of the distribution, to quantify

the effective size of the HOMO density distribution (Table S3).

Figure S20. Barplot representations of the per-unit HOMO densities in FPP,, calculated using B1LYP-40/6-
31G(d)+PCM(CH,CL,).

Table S3. Center (mean value p) and width (30, i.e. 99.7% of the distribution) of Gaussian distribution of the HOMO density.
Count of the phenylene units start from 0. For example, u = 0.5 corresponds to the position between two units in FPP,.

n u 30
2 0.5 --

4 1.5 43
6 2.5 5.0
8 3.5 6.3
10 4.5 7.4
12 5.5 8.7
14 6.5 9.9
16 7.5 11.1
18 8.5 12.3
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Absorption energies of neutral FPP,
The TD DFT calculations showed that the vertical excitation of neutral FPP, to the first excited state is
dominated by the HOMO->LUMO transition. The calculated excitation energies of FPP, show an excellent

agreement with the experimental energies vy, of the maximum absorption and follow a linear cos(t/(n + 1)) trend

with no breakdown (Table S4, Figure S21).
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Figure S21. Plot of excitation energies (Vi) to the first excited state calculated using TD B1LYP-40/6-31G(d)+PCM(CH,Cl,)
level of theory against cos(m/(n + 1)) trend.

Table S4. Absorption energies v, and oscillator strengths calculated for various FPP,,.

n Vabs, €V Vabs, M Jose
2 4.79 259 0.44
4 4.01 309 1.58
6 3.73 332 2.59
8 3.61 343 3.56
10 3.55 350 4.52
12 3.51 353 5.45
14 3.49 356 6.32
16 3.47 357 7.24
18 3.46 358 8.07
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Cation Radical FPP,**

Charge and spin-density distributions in FPP,"”

To estimate the extent of hole delocalization we performed Natural Population Analysis (NPA) of various

FPP,”. Per-unit distributions of the NPA charge and spin-densities indicate that the size of the hole is limited to

several phenylene units (Figure S22). To quantify the extent of the hole delocalization, distributions of the charge

_(x-w?
and spin densities were fitted to Gaussian function Ae 20% |,

where p and ¢ are the center and width of the

distribution, A is amount of the charge/spin at the center of the distribution. Here we use value of 30, which includes

99.7% of the distribution, to quantify the effective size of the hole (Tables S5-S6).
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Figure S22. NPA charge and spin-density distributions in FPP," calculated using B1LYP-40/6-31G(d)+PCM(CH,CL,) level of

theory.

Table S5. Height 4, center (mean value x) and width (30, i.e. 99.7% of the distribution) of the Gaussian distribution of NPA
charges in FPP,".

n U A 30
2 -- 0.46 --
4 1.5 0.28 43
6 2.5 0.25 3.8
8 3.5 0.22 4.1
10 4.1 0.24 39
12 54 0.22 4.1
14 7.5 0.21 4.2
16 7.7 0.22 4.1
18 5.6 0.22 4.1

Table S6. Height 4, center (mean value x) and width (30, i.e. 99.7% of the distribution) of the Gaussian distribution of NPA
spin-density in FPP,".

n U A 30
2 0.6 0.50 --
4 1.5 0.34 3.8
6 2.5 0.31 3.8
8 3.5 0.28 4.2
10 4.1 0.29 4.0
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12 54 0.27 43

14 7.5 0.26 4.4
16 7.7 0.28 43
18 5.6 0.27 43

HOMO density distributions in neutral FPP, at the geometry of cation radical FPP,”

The HOMOs of neutral FPP, are delocalized over the entire poly-p-phenylene chain and show a bell-shaped
distribution with the maximum of HOMO density in the center of the chain as quantitatively visualized by the
barplots (Figure S20). However, charge and spin-density distributions are delocalized over entire chain only for
FPP,-FPPy, while in higher homologues the spin/charge distribution is limited to only ~8 p-phenylene units (Figure
S22). At the same time, HOMOs of neutral FPP, at the structurally reorganized (cation-radical) geometries are
similar to the spin/charge distributions (compare Figures S22 and S23). Note that the center of the HOMO density
distribution matches the center of the hole distribution, however the HOMO density distribution is by a factor of 1.4

wider than the corresponding hole distributions.

]|
=~ |

_ ek ——
— e

Figure S23. Per-unit barplot representations of HOMOs of neutral FPP,, (n = 2-18) calculated at the equilibrium geometries of
FPP," calculated using B1LYP-40/6-31G(d)+PCM(CH,Cl,) level of theory.

Table S7. Height 4, center (mean value x) and width (30, i.e. 99.7% of the distribution) of the Gaussian distribution of HOMO
density at the geometry of cation radical FPP,".

n U A 3o
2 0.5 0.495 --
4 1.5 0.327 4.0
6 2.5 0.267 4.5
8 3.5 0.230 5.2
10 4.2 0.219 5.5
12 54 0.202 5.8
14 7.4 0.196 59
16 7.7 0.195 59
18 5.7 0.197 59
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Structural reorganization in FPP,"

Oxidation-induced changes in FPP,” follow the nodal arrangement of HOMO resulting in the quinoidal
distortion. Analysis of the equilibrium geometries of the FPP,” cation radicals shows uneven structural
reorganization that follows a bell-shaped distribution (Figure S24).
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Figure S24. Barplot representation of the hole distribution in FPP," as measured by the changes (from equilibrium geometry in
the neutral state) in central C-C bonds, aromatic (quinoidal) C-C bonds and dihedral angles between adjacent fluorenes.

To quantify the extent of the hole delocalization, distributions of the geometrical changes (from the neutral

_(x=w)?
FPP,) were fitted to Gaussian function Ae 202 | where u and o are the center and width of the distribution, A is

amount of the distortion at the center of the distribution. Here we use value of 30, which includes 99.7% of the
distribution, to quantify the effective size of the hole (Tables S18-S11). The quantification of the overall geometrical
changes between neutral and cation radical FPP, was obtained as a sum of relative changes of the central C-C bonds
7, between each pair of adjacent p-phenylenes and quinoidal C-C bonds 7, at each p-phenylene:
g = O OB OEE 0
() (")

where g;is an averaged geometrical change at the ith unit, V(i) — r£R(iQ) is the central C-C bond length change

at ith unit, 7,Y (i) — 7R (i) is the quinoidal C-C bond length change at ith unit, {r¥) and (r,') are averaged values of

central and quinoidal C-C bonds of the neutral FPP,.

Table S8. Height (4, in A) and width (30, i.e. 99.7% of the distribution) of the Gaussian distribution of changes in central C-C
bonds in the FPP,"”.

n A, A 30
4 0.039 33
6 0.039 33
8 0.033 4.0
10 0.034 39
12 0.031 4.2
14 0.031 4.2
16 0.031 4.2
18 0.031 4.2
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Table S9. Height (4, in A) and width (30, i.e. 99.7% of the distribution) of the Gaussian distribution of changes in quinoidal C-C

bonds in FPP,"™.
n A, A 30
4 0.016 2.5
6 0.012 38
8 0.013 35
10 0.013 3.9
12 0.013 3.7
14 0.013 3.7
16 0.013 3.6

Table S10. Height (4, in degrees) and width (30, i.e. 99.7% of the distribution) of the Gaussian distribution of changes in

dihedral angle between adjacent fluorenes in FPP,"”.

n A,° 30
6 11.1 --
8 14.6 2.0
10 13.0 2.1
12 13.6 2.1
14 14.3 2.1
16 14.3 2.0
18 14.0 2.1

Table S11. Center (mean value u) and width (30, i.e. 99.7% of the distribution) of the Gaussian distribution of overall
geometrical changes in the FPP,".

n U 30
4 1.5 2.5
6 2.5 33
8 3.5 39
10 4.1 4.2
12 5.4 4.1
14 7.5 4.2
16 7.7 43
18 5.6 4.2
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Oxidation and ionization potentials of FPP,"
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Figure S25. Schematic representation of various energetic properties: oxidation potential E, ionization potentials (IP) at neutral
and cation radical geometries, stabilization energy A, in the cation radical state and reorganization penalty A, in neutral state.

In a accordance with the finite size of the hole distribution, evolution of the first oxidation potentials £, follows
a linear trend against cos(m/(n + 1)) only for small n and breaks down abruptly for larger n (Figure S26 and Table
S12).
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Figure S26. Evolution of the oxidation potentials E,, of FPP, calculated using BILYP-40/6-31G(d)*PCM(CH,Cl,) level of
theory against cos(r/(n + 1)) trend.
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Table S12. Oxidation potentials E,, of FPP, calculated using BILYP-40/6-31G(d)+PCM(CH,Cl,) level of theory against
number of phenylene units.

n E., eV

2 5.74

4 5.35

6 5.26

8 5.24

10 5.23

12 5.23

14 5.23

16 5.23

18 5.23
6.6 P—T1—T—T—T 6.2 r—T—T—T— T
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Figure S27. HOMO energies and ionization potentials of FPP, at equilibrium geometries of neutral and cation radical states

against cos(m/(n + 1)) trend calculated using B1LYP-40/6-31G(d)+PCM(CH,Cl,) level of theory.

Table S13. HOMO energies and ionization potentials of FPP,, at equilibrium geometries of neutral and cation radical states
calculated using BILYP-40/6-31G(d)+PCM(CH,Cl,) level of theory.

n HOMO @ N, eV IP @N, eV HOMO @ CR, eV IP @ CR, eV
2 -6.41 5.90 -6.10 5.58
4 -5.96 5.54 -5.62 5.18
6 -5.80 5.42 -5.51 5.11
8 -5.73 5.39 -5.46 5.09
10 -5.69 5.38 -5.45 5.09
12 -5.66 5.37 -5.44 5.09
14 -5.65 5.37 -5.43 5.09
16 -5.65 5.37 -5.43 5.09
18 -5.63 5.37 -5.43 5.09
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Figure 28. Energy A, in the cation radical state and reorganization penalty A, in neutral state of FPP,, against number of
phenylene units calculated using BILYP-40/6-31G(d)+PCM(CH,Cl,) level of theory

Table S14. Energy A, in the cation radical state and reorganization penalty A in neutral state of FPP, against number of
phenylene units calculated using B1LYP-40/6-31G(d)+PCM(CH,Cl,) level of theory

n Ao, €V A, eV
2 0.161 0.161
4 0.176 0.185
6 0.156 0.158
8 0.152 0.151
10 0.145 0.143
12 0.145 0.138
14 0.146 0.139
16 0.146 0.135
18 0.144 0.140

Vertical excitation energies of FPP,"”

Evolution of the low-energy electronic excitation in FPP, ”, computed by means of TD-DFT, is also in an
excellent agreement with experimental values and demonstrates linear cos(m/(n + 1)) trend up to 10-12 p-
phenylene units (Figure S29) due to the more extensive delocalization of the hole in the vertically excited state D as
compared with the hole in the ground state Dy (Figure S30). Starting from FPP 107, Vinax Saturates, which corresponds

well with the size of the charge distribution in the excited state.
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Figure S29. Evolution of the vertical excitation energies of FPP," computed using B1LYP-40/6-31G(d)+PCM(CH,Cl,) level of
theory against cos(r/(n + 1)) trend.

Table S15. Vertical excitation energies of FPP," computed using B1LYP-40/6-31G(d)+PCM(CH,Cl,) level of theory against
number of phenylene units.

n CR vur, €V
2 2.28
4 1.16
6 0.86
8 0.70
10 0.63
12 0.60
14 0.59
16 0.59
18 0.59
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Figure S30. Per-unit barplot representations of the charge (red) and spin-density (yellow) distributions of FPP, ™ in ground (Dg)
and first excited (D)) states for n =1-9.
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DFT vs experimental results

Overall, the DFT results are in excellent agreement with experiment (Figure S31). The HOMOs of neutral FPP,
are delocalized over the entire oligomer chain, which leads to the linear evolution of vy, against cos(m/(n + 1))
trend with no saturation. The hole distribution in FPP, " is compact and does not involve more than ~8 p-phenylene
units in the ground state and ~10 units in the first excited state of FPP, . According to the saturation of the

emission energy of FPP,, size of the exciton does not exceed ~10 p-phenylene units.
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Figure S31. Comparison of the experimental first oxidation potential of FPP,, absorption maxima of FPP, and FPP, " and
emission energies of FPP, with corresponding DFT values at BILYP-40/6-31G(d)+PCM(DCM) level of theory.
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S4. Particle-in-a-box model: comparison of cos[r/(n+1)] and 1/n trends

A systematic approach to study redox and optoelectronic properties of m-conjugated polymers involves
measurement of the properties for successive series of oligomers, and subsequent extrapolation of these properties to
the polymeric limit. Such studies of optical properties of neutral oligomers revealed a linear vy, (1/r) trend for both
absorption and emission spectra, where 7 is the number of monomer units.*>>* One of the earliest explanations is
based on the quantum-mechanical model of a particle in one-dimensional box applied to polyenes of length
L = l(n — 1) with n carbon atoms. Eigenvalues of the corresponding Hamiltonian are interpreted as energy levels of
the molecular orbitals

PRI
k7 8miz2(n—1)?
where E, are energy levels of a particle, / is the length between two carbon atoms in the oligomer chain, m is the
mass of the electron, and % is the Planck’s constant. For a chain with n carbon atoms there are n/2 occupied orbitals
(n is even) and HOMO/LUMO energies can be obtained as eyopo = Enj, and €,ypo = Epn/z41- Then, the HOMO-
LUMO energy gap, which corresponds to the experimental vy,y, is often scaled linearly with respect to 1/n:
h 1
smizn

Despite the success of this model to describe properties of short oligomers, extrapolation to polymeric limit

Vmax ¥ €Lumo — €Homo =

based on this trend may lead to incorrect results. For example, the experimental absorption energies of FPP, follows
a linear relationship with 1/n trend only up to n ~ 4-5 (Figure S32A). On the other hand, absorption energies are
linear up to the polymeric limit when plotted against cos(r/(n + 1)) trend (Figure S32B). Indeed, comparison of
the 1/n trend with the cos(m/(n + 1)) dependence shows that 1/n trend is linear with respect to cos(r/(n + 1))

trend up to n ~ 6 and deviates after n ~ 10 (Figure S32C).
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Figure S32. A: Experimental energies of maximum absorption of FPP, against 1/n trend. B: Experimental energies of maximum
absorption of FPP,, against cos(r/(n + 1)) trend. C: Comparison of cos(rt/(n + 1)) trend with 1/n trend.
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S5. Coarse-grained Hiickel Molecular Orbital (HMO) theory

Here, we demonstrate advantages of Hiickel Molecular Orbital (HMO) theory™ to describe evolution of the
redox and optical properties of poly-p-phenylene wires. Originally, HMO theory was applied to polyenes, where the
Hamiltonian matrix is expressed in the basis of p, atomic orbitals and accounts only for the fact of atomic adjacency
and ignores actual geometric parameters. Since here we are interested in the evolution of redox and optical
properties as a number of p-phenylene units in the chain, we represent molecular orbitals of the poly-p-phenylene as
a linear combination of n HOMOs of the isolated p-phenylene units, referred to hereafter as a coarse-grained HMO

theory:

n
Y= Zci¢i
;

where c; is the expansion coefficient, ¢; is the HOMO of the isolated p-phenylene. At this point, we are not
interested in the actual form of the atomic orbitals ¢; and how they can be obtained. However, we assume that these

dv =90

orbitals form an orthonormal basis such that [ ¢; ¢ j

ij» where §;; is Kronecker symbol. We also require that
the molecular orbitals W are normalized, that is |¥|? = X ¢? = 1. Therefore, c? can be interpreted as the amount of
electron localized at the ith unit in the chain. Then, for a HOMO ¥ we will refer ¢ as the HOMO density at the ith
unit.

After substitution of the W into the Schrodinger equation H¥Y = ¥ and sequential multiplication by each ¢;
followed by the integration over the entire space, we obtain an eigenvalue problem:

[H—ellc=0

where H the Hamiltonian nXn matrix in the basis of HOMOs ¢; of isolated fragments, € is the energy of the
corresponding MO (also an eigenvalue of matrix H), c is the vector with coefficients c¢; (also an eigenvector of
matrix H), I is the identity matrix.

Following the Hiickel’s approximation we: neglect all interactions that do not involve adjacent units, take all
diagonal elements to be the same, i.e. H; = ay (HOMO energy of isolated fragment), and assume that the resonance
integral (coupling) between two adjacent units is constant, i.e H;j = fy. This results in the simplified nxn

Hamiltonian matrix, also known as tight-binding Hamiltonian:

ag Pu - 0 0
Bu ay - 0 0
H=|: : =~ :+ ]
0 0 - ay Pu
0 0 - Py ay

where ay is the HOMO energy of the non-interacting p-phenylene unit and Sy is the coupling between HOMOs of

the adjacent p-phenylene units. The eigenvalues of this Hamiltonian matrix are known to have an analytical solution:
35,36

& = ay + 2y cos (n
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Because ¢ < 0 and 8 < 0, the eigenvalue g, with the smallest magnitude corresponds to the HOMO energy of

poly-p-phenylene:

€Homo = Ay — 2Py COS (n :T_ 1)

Following the same protocol, LUMO energy of the poly-p-phenylene can be expressed as

s
€Lumo = a + 2py cos (n n 1)

where «, is the LUMO energy of the p-phenylene unit and S}, is the coupling between LUMOs of the adjacent p-
phenylene units. Then, the HOMO-LUMO gap, which approximates the energy of maximum absorption, has a linear

dependence with respect to cos (nn:)

Vmax ® €Lumo — Enomo = aL — an + 2(Bu + BL) cos (n : 1)-

Application of the presented HMO theory to FPP, requires an improvement as the alternating orientation of the
adjacent p-phenylenes in FPP, imposes two different couplings: strong coupling f3;,, between two p-phenylenes in a
single fluorene unit due to zero dihedral angle and a weaker coupling f8,,; between p-phenylenes in the adjacent
fluorenes due to a larger dihedral angle (~37°). Therefore, here we use two different couplings in the Hiickel

Hamiltonian matrix:

'« B, O - 0 0 07
Bin a .Bout o 0 0 0
0 foe @ = 0O 0 0
H=]| : : : : : :
0 0 0 - a By O
0 0 0 o ﬁout a Bin
(o 0 0 - 0 B, al

Numerical diagonalization of the Hiickel Hamiltonian matrix produces a set of MO energies (i.e. eigenvalues)
with corresponding coefficients of MOs (i.e. eigenvectors). HOMO energy a, and couplings f;, and f,,,; in matrix

H require a parameterization with respect to the reference DFT values.
Parameterization of the coarse-grained HMO model of FPP,

Benzene, a repetitive constituent in the poly-p-phenylene wire, has two degenerate HOMOs that are often termed
as bisallylic and quinoidal orbitals (Figure S33). Interaction of these orbitals in a biphenyl (and also in FPP,) leads
to four MOs: HOMO and HOMO-3 are formed by the strong interaction between bisallylic orbitals of the
monomers, while HOMO-1 and HOMO-2 are formed by a much weaker interaction between quinoidal orbitals of

the monomers (Figure S34A).
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A bisallylic quinoidal
orbital orbital

Figure S33. Two degenerate HOMOs of benzene: bisallylic and quinoidal

Thus, HOMO of the monomeric unit in the HMO model of FPP, can be approximated as a bisallylic orbital of
the benzene (Figure S34). Coupling S can be approximated from the angular dependence of the splitting between
HOMO and HOMO-3, which can be obtained from the scan of dihedral angle in biphenyl (Figure S34B). Then, for
each dihedral angle in FPP, the coupling f was determined from the obtained angular dependence. From this

parameterization, energy of the monomer ¢ = —7.41 eV and couplings ;, = —0.95 eV and f,,; = —0.75 eV

A EHOMO

e’
EHOMO-3
B 1.0FT T
>
© o5}
Q.
0.0 |, ,
0 45
0

Figure S34. A: Molecular orbital diagram of biphenyl. Coupling S is estimated from the splitting of the (bisallylic) HOMO and
HOMO-3. B: For each value of dihedral angle in FPP, coupling  can be estimated from the angular dependence in biphenyl.

Using the parameterized values, Hiickel Hamiltonian matrices were constructed for each FPP, (n = 1-9) and
numerically diagonalized. Diagonalization produced the MO energies ¢; (i.e. eigenvalues) and the corresponding
MO density distributions (i.e. eigenvectors), where the eigenvalue with the smallest magnitude corresponds to the
HOMO energy eyomo of each FPP,, while coefficient cZ in the eigenvector represents HOMO density at the ith
unit.

Due to the presence of two different couplings, energies of MOs from HMO theory form two bands: splitting

between two bands is defined by the larger coupling f;,, while orbitals splitting within each band is defined by the
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smaller coupling f,,; (Figure S35). The eigenvalue with the smallest magnitude corresponds to the HOMO energy
and evolves linearly with the cos(rt/(n + 1)) (Figure S36). HOMO energies obtained from the parameterized HMO
theory are in excellent agreement with the DFT results (Figure S37 left).
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Figure S35. Occupied MOs of various FPP, predicted by the HMO theory. HOMO energies are highlighted with green color.
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Figure S36. Evolution of HOMO energies obtained with the parameterized HMO theory. Two case are shown: HMO theory with
the unperturbed energies of monomeric HOMOs (blue) and HMO theory with the monomeric HOMOs elevated according to the
charge distribution in FPP, " (red).
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Figure S37. Linear correlation between MO energies obtained with DFT and HMO theory. Two case are shown: HMO theory
with the unperturbed energies of monomeric HOMOs (left) and HMO theory with the monomeric HOMOs elevated according to
the charge distribution in FPP, ™" (right).

Inclusion of structural reorganization in the HMO theory
In case of a single benzene ring, upon 1-¢* oxidation, HOMO energy of the neutral state at the reorganized
geometry is elevated by Aa = 0.3 eV (Figure S38). Thus, to account for the structural reorganization due to 1-¢
oxidation of FPP,, HOMO energies a of the monomers can be elevated proportionally to the amount of charge at
each unit in FPP,"":
Aa; = q;Aa
where Aq; is amount by which the HOMO energy of the respective unit should be elevated, g; is amount of charge

at the unit and Aa = 0.3 eV is the HOMO energy elevation in the fully oxidized unit.

00 ——— - - ————————— —
A A
~CR
7a8eV oo b ol HOMO
5N ACM
748V |- =ak=HOMO ______

neutral cation radical
geometry geometry

Figure S38. HOMO energy diagram of neutral state of benzene at neutral and cation radical geometries.
Electronic couplings f3,,,; between each pair of adjacent fluorenes can be adjusted according to the angular

dependence (Figure S34B):
.Bout(‘p) = By cos @
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where f3, is the coupling between monomeric HOMOs at zero dihedral angle, ¢ is a dihedral angle between adjacent
fluorenes. As the result, the modified Hiickel Hamiltonian matrix takes into account structural reorganization using

different couplings (S,,:) and elevated HOMO energies («;) of the respective units:

e Bin 0 0 0 0 1
Bin az Bocospy - 0 0 0
0 focos@q as 0 0 0
H=]: : : : : :
0 0 0 Apsy Bocos @, 0

0 0 0 BO COS Py /2 On-1 .Bin

L 0 0 0 0 Bin ay,

According to the Koopmans’ paradigm, HOMO energy and HOMO density distributions obtained from the
diagonalization of the modified Hamiltonian matrix, respectively approximate oxidation potential and charge

distribution of FPP,"".

Table S16. Height 4, center (mean value x) and width (30, i.e. 99.7% of the distribution) of the Gaussian distribution of HOMO
density obtained from the HMO theory with modified Hamiltonian.

n U A 3o
2 0.5 0.500 --
4 1.5 0.361 34
6 2.5 0.284 4.2
8 3.5 0.244 4.9
10 4.2 0.223 5.4
12 54 0.202 5.9
14 7.4 0.194 6.1
16 7.6 0.186 6.3
18 5.8 0.191 6.1
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Figure S39. Per-unit barplot representations of HOMOs of FPP,, (n = 2-18) obtained from the HMO theory with modified
Hamiltonian.

S6. Multi-State Model (MSM)

Let us introduce continuous reaction coordinate x along the poly-p-phenylene cation radical that represents
structural/solvent reorganization. By solving the Schrodinger equation at each value of x, one can obtain the
potential energy surface E (x) along the reaction coordinate:

HE)W(x) = E(x)¥ (x),
where Hamiltonian H(x) parametrically depends on the coordinate x, E (x) is adiabatic potential energy surface and
W(x) is the wavefunction of the the poly-p-phenylene cation radical. Wavefunction W(x) can be expanded as a

linear combination of the orthonormal basis functions ;:

n

W) = ) (v,

i
where 1; represents wavefunction of the poly-p-phenylene cation radical with the positive charge localized at the ith
unit. At this point we are not interested in the actual form of the basis functions ¢; and how they can be obtained,
however we require that these basis functions 1; form an orthonormal basis and that ¥(x) is a normalized function,
i.e. [¥|? = X'c? = 1. Then, for a given position x, coefficients c? represent the amount of the hole that occupies ith
unit in the oligomer.

After substitution of the W(x) into the Schrodinger equation and sequential multiplication by each i; followed
by the integration over the entire space, we obtain an eigenvalue problem:

[H(x) —E(x)Ilc=0

where H(x) is the Hamiltonian nxn matrix in the basis of 1;, E(x) is the adiabatic potential energy surface with
respect to the charge transfer coordinate x, c is the vector with coefficients c; (also an eigenvector of matrix H), I is
the identity matrix. Here, we represent the Hamiltonian matrix in the tight-binding form where diagonal elements
represent the diabatic surfaces H;(x) and upper/lower diagonals represent the couplings between adjacent diabatic

states.
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In case of poly-p-phenylene wire, complete oxidation of the p-phenylene unit (e.g. ith unit with coordinate x;)
leads to the quinoidal distortions of this unit and accumulation of the negative charge from the solvent around the
unit. Then, with the geometry of the wire and solvent arrangement being fixed, a variation of the charge coordinate x
in the vicinity of the reorganized unit leads to the quadratic increase in energy, while at a larger separation distance
(i.e. x — x;) the energy reaches a finite value following the Coulomb law of the electrostatic interaction.’’
Accordingly, the diabatic state H;(x) can be represented as a bell-shaped continuous function of the charge
coordinate x using the composite quadratic/reciprocal dependence:’’

Alx —x)?, if lx—x| <t
®—aflx—x|, if lx—x;| =t

Hi(x) = { 1
where A is the structural reorganization, A is the energy of the completely separated hole and reorganization,
parameters t = 1/A°/31 and a = 24t3 are defined by the continuity of H;(x) and its first derivative. Parameter t

defines a separation distance after which the interaction mechanism switches from the short-range to the long-range

interaction.
Application of MSM to FPP,",

In case of FPP,”, alternation of the dihedral angles between p-phenylenes within a fluorene and between

adjacent fluorenes requires use of alternating coupling HZ? and HZ2,. Thus, the Hamiltonian matrix can be

represented as:

Hy(x) HZ 0 0 0 0
Hgf Hy(x) Hgllft 0 0
0 HS,  Hy(x) - 0 0 0
Hx) =| : : : : : :
0 0 0 «+ Hp_,(x)  HZ 0
0 0 0 wo HEY Hnpo(x)  HEG
0 0 0 - 0 H%,  H,(x)]

Numerical diagonalization of the Hamiltonian matrix H(x) for each x results in the adiabatic potential energy
surface with the lowest-energy surface Ey(x) corresponding to the ground state of FPP,”. The minimum on the
ground state surface E,(x) defines the position x,,;,, of the center of the hole distribution and the energy at this point
Eo(Xin) directly corresponds to the oxidation potential E., of FPP,. Parameters A, A%, H?, H2, were adjusted
until the MSM provided oxidation energies, Do->D, transitions and charge distributions of FPP,” similar to those
obtained by DFT and/or experiment. The optimized parameters of FPP,” are A = 2,A® = 12, HZ’ = 19, H%, =

15.
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Figure S40. Comparison of the experimental oxidation potentials E,, and stabilization energies Eq(xXi) from MSM.

Table S17. Center (mean value ) and width (30, i.e. 99.7% of the distribution) of the Gaussian distribution of the hole
distribution in the FPP,"” obtained from MSM.

20.2 x +-44.1

E,.(exp.),

0
060.70809101.11213

V vs Fc/Fet

n U 3o
2 0.5 72.2
4 1.5 33
6 2.6 3.5
8 3.1 39
10 4.2 4.0
12 6.1 4.1
14 8.1 4.1
16 8.9 4.1
18 6.1 4.1
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Figure S41. Comparison of the charge/spin density distributions and HOMO density of neutral FPP, at cation radical geometry
obtained from DFT with the corresponding distributions obtained from the modeling: HOMO density from HMO theory with
modified Hamiltonian and hole distribution from MSM (4 = 2,A® = 12, Hgf’ =19,H%, = 15).
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S7. Equilibrium geometrical parameters of FPP, in neutral and cation radical

states

Table S18. Equilibrium central C-C bonds in neutral and cation radical states of FPP,, calculated at BILYP-40/6-
31G(d)+PCM(DCM) level of theory.

7

n i N, A rer, A N-TCR, PM
2 1 1.467 1.414 5.29
1 1.465 1.439 2.59
4 2 1.482 1.442 3.94
3 1.465 1.439 2.58
1 1.465 1.456 0.95
2 1.482 1.458 2.35
6 3 1.464 1.425 3.88
4 1.482 1.459 2.27
5 1.465 1.456 0.90
1 1.465 1.462 0.29
2 1.482 1.473 0.88
3 1.463 1.437 2.61
8 4 1.481 1.449 3.28
5 1.463 1.436 2.70
6 1.482 1.472 0.92
7 1.465 1.462 0.30
1 1.465 1.464 0.14
2 1.482 1.477 0.45
3 1.463 1.447 1.62
4 1.481 1.454 2.76
10 5 1.463 1.429 3.41
6 1.481 1.464 1.73
7 1.463 1.456 0.80
8 1.482 1.480 0.18
9 1.465 1.465 0.05
1 1.465 1.465 0.03
2 1.482 1.481 0.09
12 3 1.464 1.459 0.42
4 1.481 1.471 1.05
5 1.463 1.436 2.76
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6 1.481 1.450 3.13
7 1.463 1.439 2.45
8 1.481 1.473 0.87
9 1.463 1.460 0.35
10 1.482 1.481 0.07
11 1.465 1.465 0.02
1 1.465 1.465 0.01
2 1.482 1.481 0.00
3 1.464 1.463 0.03
4 1.481 1.481 0.09
5 1.463 1.459 0.40
6 1.481 1.472 0.98
14 7 1.463 1.437 2.61
8 1.481 1.450 3.13
9 1.463 1.437 2.59
10 1.481 1.472 0.94
11 1.463 1.460 0.37
12 1.482 1.481 0.08
13 1.465 1.465 0.02
1 1.465 1.465 0.00
2 1.482 1.481 0.00
3 1.464 1.463 0.04
4 1.481 1.481 0.07
5 1.463 1.460 0.31
6 1.481 1.473 0.81
7 1.464 1.440 2.38
16 8 1.481 1.450 3.11
9 1.463 1.435 2.82
10 1.481 1.470 1.12
11 1.463 1.459 0.47
12 1.481 1.480 0.10
13 1.464 1.463 0.04
14 1.482 1.481 0.00
15 1.465 1.465 0.00
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Table S19. Equilibrium quinoidal C-C bonds in neutral and cation radical states of FPP, calculated at BILYP-40/6-
31G(d)+PCM(DCM) level of theory.

<’
n i N, A rer, A FN-TCR, PM
1 1.385 1.376 0.95
2 2 1.385 1.376 0.95
1 1.385 1.383 0.19
2 1.382 1.367 1.57
! 3 1.382 1.367 1.58
4 1.385 1.383 0.20
1 1.385 1.385 0.03
2 1.382 1.375 0.75
3 1.382 1.370 1.24
6 4 1.382 1.370 1.20
5 1.382 1.375 0.71
6 1.385 1.385 0.03
1 1.385 1.385 0.00
2 1.382 1.380 0.25
3 1.382 1.377 0.49
4 1.382 1.369 1.32
8 5 1.382 1.369 1.34
6 1.382 1.377 0.51
7 1.382 1.380 0.27
8 1.385 1.385 0.00
1 1.385 1.385 -0.01
2 1.382 1.381 0.13
3 1.382 1.380 0.23
4 1.382 1.372 0.98
5 1.382 1.369 1.30
10 6 1.382 1.373 0.92
7 1.382 1.377 0.55
8 1.382 1.381 0.08
9 1.382 1.382 0.06
10 1.385 1.385 -0.01
1 1.385 1.385 0.00
12 2 1.382 1.382 0.03
3 1.382 1.382 0.03
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4 1.382 1.379 0.32
5 1.382 1.376 0.58
6 1.382 1.369 1.30
7 1.382 1.370 1.25
8 1.382 1.377 0.47
9 1.382 1.380 0.26
10 1.382 1.382 0.01
11 1.382 1.382 0.03
12 1.385 1.385 0.00
1 1.385 1.385 0.00
2 1.382 1.382 0.00
3 1.382 1.382 0.00
4 1.382 1.382 0.03
5 1.382 1.382 0.03
6 1.382 1.379 0.29
7 1.382 1.377 0.54
14 8 1.382 1.369 1.29
9 1.382 1.369 1.27
10 1.382 1.377 0.49
11 1.382 1.379 0.28
12 1.382 1.382 0.03
13 1.382 1.382 0.02
14 1.385 1.385 0.00
1 1.385 1.385 0.00
2 1.382 1.382 0.00
3 1.382 1.382 0.00
4 1.382 1.382 0.02
5 1.382 1.382 0.02
6 1.382 1.380 0.24
7 1.382 1.378 0.42
8 1.382 1.370 1.22
1o 9 1.382 1.369 1.34
10 1.382 1.376 0.62
11 1.382 1.379 0.34
12 1.382 1.382 0.04
13 1.382 1.382 0.04
14 1.382 1.382 -0.01
15 1.382 1.382 0.01
16 1.385 1.385 0.00
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Table 20. Equilibrium dihedral angle between adjacent phenylenes in neutral and cation radical states of FPP,, calculated at
B1LYP-40/6-31G(d)+PCM(DCM) level of theory.

n i On, ° Ocr, On- Ocr, ©
2 1 0.0 0.0 0.0
1 0.2 0.3 -0.1
4 2 37.4 20.1 17.3
3 0.2 0.3 -0.1
1 0.2 0.3 -0.1
2 373 26.2 11.1
6 3 0.1 0.0 0.1
4 -36.9 -27.1 -9.8
5 -0.2 -0.2 0.1
1 0.1 0.2 -0.1
2 37.0 32.9 4.1
3 0.0 0.1 -0.1
8 4 -37.1 -22.5 -14.6
5 0.1 0.2 -0.1
6 37.6 325 5.1
7 0.2 0.3 -0.1
1 0.1 0.2 0.0
2 36.9 35.0 1.8
3 -0.1 0.0 -0.1
4 -37.3 =243 -13.0
10 5 0.0 -0.2 0.1
6 37.2 28.8 8.4
7 0.0 0.1 -0.1
8 -37.1 -36.2 -0.9
9 -0.2 -0.1 0.0
1 0.2 0.1 0.0
2 37.2 36.9 0.3
3 0.0 0.0 0.0
4 -36.7 -31.4 -5.3
12 5 0.0 0.4 -0.4
6 37.1 235 13.6
7 0.0 0.3 -0.2
8 -37.1 -324 -4.7
9 0.0 0.0 -0.1
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10 36.9 36.7 0.2
11 0.1 0.2 0.0
1 0.2 0.2 0.0
2 37.4 373 0.1
3 0.0 0.0 0.0
4 -36.8 -36.4 -0.4
5 0.0 0.0 0.0
6 37.2 31.9 53
14 7 0.0 0.1 -0.1
8 -37.2 -22.9 -14.3
9 0.0 0.1 -0.1
10 36.9 322 4.6
11 0.0 0.1 -0.1
12 -37.1 -36.5 -0.6
13 -0.2 -0.2 0.0
1 -0.2 -0.1 0.0
2 -37.1 -37.1 0.1
3 0.0 0.0 0.0
4 -142.9 -143.5 0.6
5 0.0 -0.2 0.2
6 -37.0 -33.5 -3.5
7 0.0 -0.3 0.3
16 8 37.2 22.8 14.3
9 0.0 0.1 -0.1
10 -37.0 -31.4 -5.6
11 0.0 0.0 0.0
12 37.2 36.6 0.5
13 0.0 0.0 0.0
14 -37.1 -36.9 -0.2
15 -0.2 -0.2 0.0
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Figure S42. Compilation of the normalized absorption and emission spectra of FPP, in CH,Cl, at 22 °C.
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