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1. Synthesis Procedure 25 

 26 

 27 
 28 

Supplementary Fig 1. Synthetic routes of the target compounds. 29 

 30 
 31 
 32 
Preparation of 5-bromo-2-(1-(4-fluorophenyl)ethyl)isoindoline-1,3-dione (RS-4FBrBI) 4-33 

bromophthalic anhydride (2.27 g, 10 mmol) and 1-(4-fluorophenyl)ethanamine (1.53 g, 11 34 
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mmol) were added to a round-bottomed flask containing 10 ml CH3COOH and the solution 35 

was stirred at 120 °C overnight. The mixture was cooled to room temperature, filtrated, washed 36 

with water, and the crude product was then purified via silica gel chromatography with 37 

DCM/petroleum ether (v/v = 1:5) as eluent at least twice giving pure RS-4FBrBI as a white 38 

solid (2.46 g, 71%). 1H NMR (400 MHz, d-DMSO) δ = 8.08-8.00 (m, 2H), 7.79 (d, J=8.5, 1H), 39 

7.44 (dd, J=8.6, 5.5, 2H), 7.15 (t, J=8.8, 2H), 5.44 (q, J=7.2, 1H), 1.80 (d, J=7.3, 3H). 13C NMR 40 

(101 MHz, d-DMSO) δ = 167.42, 166.84, 163.02, 160.60, 137.67, 137.05, 137.02, 133.88, 41 

130.82, 129.34, 129.26, 128.53, 126.48, 125.44, 115.69, 115.48, 48.81, 18.02. HRMS (EI+) 42 

m/z 346.99499 [(M)+; calculated mass for C16H11BrFNO2
+: 346.99517 amu]. Elemental 43 

analysis (calcd., found for C16H11BrFNO2): C (55.20, 55.17), H (3.18, 3.25). 44 

 45 

Preparation of (R)-5-bromo-2-(1-(4-fluorophenyl)ethyl)isoindoline-1,3-dione (R-4FBrBI) 46 

The synthesis and purification of R-4FBrBI were similar to RS-4FBrBI. 4-bromophthalic 47 

anhydride (2.27 g, 10 mmol) and (R)-1-(4-fluorophenyl)ethanamine (1.53 g, 11 mmol) were 48 

added to a round-bottomed flask containing 10 ml CH3COOH and the solution was stirred at 49 

120 °C overnight. The mixture was cooled to room temperature, filtrated, washed with water, 50 

and the crude product was then purified via silica gel chromatography with DCM/petroleum 51 

ether (v/v = 1:5) as eluent at least twice giving pure R-4FBrBI (2.39 g, 69%) as white solid. 1H 52 

NMR (400 MHz, d-DMSO) δ = 8.04 (d, J=6.6, 2H), 7.79 (d, J=8.1, 1H), 7.45 (d, J=5.4, 2H), 53 

7.15 (t, J=8.5, 2H), 5.45 (d, J=7.0, 1H), 1.81 (d, J=7.0, 3H). 13C NMR (101 MHz, d-DMSO) δ 54 

= 167.42, 166.84, 163.02, 160.60, 137.67, 137.05, 137.02, 133.87, 130.82, 129.34, 129.26, 55 

128.52, 126.47, 125.44, 115.69, 115.47, 48.81, 18.02. HRMS (EI+) m/z 346.99489 [(M)+; 56 

calculated mass for C16H11BrFNO2
+: 346.99517 amu]. Elemental analysis (calcd., found for 57 

C16H11BrFNO2): C (55.20, 55.13), H (3.18, 3.22). 58 

 59 

Preparation of (S)-5-bromo-2-(1-(4-fluorophenyl)ethyl)isoindoline-1,3-dione (S-4FBrBI) 60 

The same synthesis method as RS-4FBrBI. 4-bromophthalic anhydride (2.27 g, 10 mmol) and 61 

(S)-1-(4-fluorophenyl)ethanamine (1.53 g, 11 mmol) were added to a round-bottomed flask 62 

containing 10 ml CH3COOH and the solution was stirred at 120 °C overnight. The mixture was 63 

cooled to room temperature, filtrated, washed with water, and the crude product was then 64 

purified via silica gel chromatography with DCM/petroleum ether (v/v = 1:5) as eluent at least 65 

twice afforded S-4FBrBI (2.26 g, 65%) as a white solid. 1H NMR (400 MHz, d-DMSO) δ = 8.04 66 

(d, J=6.5, 2H), 7.79 (d, J=8.3, 1H), 7.44 (dd, J=10.0, 3.4, 2H), 7.15 (t, J=8.7, 2H), 5.45 (dd, 67 

J=13.5, 6.5, 1H), 1.81 (d, J=7.1, 3H). 13C NMR (101 MHz, d-DMSO) δ = 167.41, 166.83, 68 

163.02, 160.60, 137.66, 137.04, 137.01, 133.87, 130.82, 129.34, 129.26, 128.52, 126.47, 69 

125.44, 115.68, 115.47, 48.82, 18.02. HRMS (EI+) m/z 346.99475 [(M)+; calculated mass for 70 
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C16H11BrFNO2
+: 346.99517 amu]. Elemental analysis (calcd., found for C16H11BrFNO2): C 71 

(55.20, 55.16), H (3.18, 3.29). 72 

 73 

Preparation of 6-(dimethylamino)-2-(1-(4-fluorophenyl)ethyl)-1H-74 

benzo[de]isoquinoline-1,3(2H)-dione (RS-4FMNNI) 6-75 

(dimethylamino)benzo[de]isochromene-1,3-dione (0.24 g, 1 mmol), 1-(4-76 

fluorophenyl)ethanamine (0.15 g, 1.1 mmol) and zinc acetate (0.27 g, 1.5 mmol) were added 77 

to a round-bottomed flask containing 4.0 g imidazole and the solution was stirred at 140 °C 78 

overnight. The mixture was cooled to room temperature, 20 ml water was added and extracted 79 

with CH2Cl2, and then purified via silica gel chromatography with ethyl acetate/petroleum ether 80 

(v/v = 1:10) as eluent at least twice giving pure RS-4FMNNI as a greenish-yellow solid (0.22 81 

g, 61%). 1H NMR (400 MHz, d-DMSO) δ = 8.51 (d, J=8.5, 1H), 8.42 (d, J=7.3, 1H), 8.32 (d, 82 

J=8.3, 1H), 7.75 (t, J=7.9, 1H), 7.39 (dd, J=8.3, 5.7, 2H), 7.21 (d, J=8.3, 1H), 7.10 (t, J=8.8, 83 

2H), 6.34 (q, J=7.0, 1H), 3.09 (s, 6H), 1.87 (d, J=7.0, 3H). 13C NMR (101 MHz, d-DMSO) δ = 84 

164.13, 163.54, 162.51, 160.10, 157.07, 137.92, 137.89, 132.99, 132.06, 131.21, 130.25, 85 

128.91, 128.83, 125.50, 124.59, 123.07, 115.24, 115.03, 113.90, 113.46, 48.86, 44.84, 16.98. 86 

HRMS (ESI+) m/z 363.14993 [(M+H)+; calculated mass for C22H20FN2O2
+: 363.15033 amu]. 87 

Elemental analysis (calcd., found for C22H19FN2O2): C (72.91, 72.82), H (5.28, 5.25). 88 

 89 

Preparation of (R)-6-(dimethylamino)-2-(1-(4-fluorophenyl)ethyl)-1H-90 

benzo[de]isoquinoline-1,3(2H)-dione (R-4FMNNI) The synthesis and purification of R-91 

4FMNNI were similar to RS-4FMNNI. 6-(dimethylamino)benzo[de]isochromene-1,3-dione 92 

(0.24 g, 1 mmol), (R)-1-(4-fluorophenyl)ethanamine (0.15 g, 1.1 mmol) and zinc acetate (0.27 93 

g, 1.5 mmol) were added to a round-bottomed flask containing 4.0 g imidazole and the solution 94 

was stirred at 140 °C overnight. The mixture was cooled to room temperature, 20 ml water 95 

was added and extracted with CH2Cl2, and then purified via silica gel chromatography with 96 

ethyl acetate/petroleum ether (v/v = 1:10) as eluent at least twice affording R-4FMNNI (0.25 97 

g, 70%) as a greenish-yellow solid. 1H NMR (400 MHz, d-DMSO) δ = 8.50 (d, J=8.5, 1H), 8.42 98 

(d, J=7.3, 1H), 8.32 (d, J=8.3, 1H), 7.74 (t, J=7.9, 1H), 7.40 (dd, J=8.2, 5.8, 2H), 7.20 (d, J=8.3, 99 

1H), 7.11 (t, J=8.8, 2H), 6.35 (q, J=6.9, 1H), 3.09 (s, 6H), 1.87 (d, J=7.1, 3H). 13C NMR (101 100 

MHz, d-DMSO) δ = 164.12, 163.53, 162.51, 160.10, 157.05, 137.91, 137.88, 132.97, 132.03, 101 

131.19, 130.23, 128.92, 128.83, 125.47, 124.57, 123.06, 115.23, 115.02, 113.90, 113.44, 102 

48.86, 44.82, 16.97. HRMS (ESI+) m/z 363.15015 [(M+H)+; calculated mass for C22H20FN2O2
+: 103 

363.15033 amu]. Elemental analysis (calcd., found for C22H19FN2O2): C (72.91, 72.79), H (5.28, 104 

5.40). 105 

 106 
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Preparation of (S)-6-(dimethylamino)-2-(1-(4-fluorophenyl)ethyl)-1H-107 

benzo[de]isoquinoline-1,3(2H)-dione (S-4FMNNI) 6-108 

(dimethylamino)benzo[de]isochromene-1,3-dione (0.24 g, 1 mmol), (S)-1-(4-109 

fluorophenyl)ethanamine (0.15 g, 1.1 mmol) and zinc acetate (0.27 g, 1.5 mmol) were added 110 

to a round-bottomed flask containing 4.0 g imidazole and the solution was stirred at 140 °C 111 

overnight. The mixture was cooled to room temperature, 20 ml water was added and extracted 112 

with CH2Cl2, and then purified via silica gel chromatography with ethyl acetate/petroleum ether 113 

(v/v = 1:10) as eluent at least twice affording S-4FMNNI (0.24 g, 66%) as a greenish-yellow 114 

solid. 1H NMR (400 MHz, d-DMSO) δ = 8.50 (d, J=8.5, 1H), 8.42 (d, J=7.2, 1H), 8.32 (d, J=8.3, 115 

1H), 7.74 (t, J=7.9, 1H), 7.40 (dd, J=8.4, 5.6, 2H), 7.20 (d, J=8.3, 1H), 7.11 (t, J=8.8, 2H), 6.35 116 

(q, J=7.0, 1H), 3.09 (s, 6H), 1.87 (d, J=7.1, 3H). 13C NMR (101 MHz, d-DMSO) δ = 164.12, 117 

163.53, 162.51, 160.10, 157.05, 137.91, 137.88, 132.97, 132.03, 131.19, 130.24, 128.91, 118 

128.83, 125.48, 124.57, 123.07, 115.23, 115.02, 113.90, 113.44, 48.86, 44.82, 16.98. HRMS 119 

(ESI+) m/z 363.15009 [(M+H)+; calculated mass for C22H20FN2O2
+: 363.15033 amu]. 120 

Elemental analysis (calcd., found for C22H19FN2O2): C (72.91, 72.80), H (5.28, 5.35). 121 

 122 

 123 

 124 
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 125 

Supplementary Fig 2. Synthetic routes of the target compounds 126 

 127 

Preparation of 5-bromo-2-(2-hydroxy-1-phenylethyl)isoindoline-1,3-dione (RS-PgBrBI) 128 

4-bromophthalic anhydride (2.27 g, 10 mmol) and 2-amino-2-phenylethanol (0.94 g, 10.5 129 

mmol) were added to a round-bottomed flask containing 15 ml ethanol and the solution was 130 

stirred at 100 °C overnight. The mixture was cooled to room temperature, filtrated, washed 131 

with water and ethanol, and then purified via silica gel chromatography with ethyl 132 

acetate/petroleum ether (v/v = 1:5) as eluent at least twice giving pure RS-PgBrBI as a white 133 

solid (2.69 g, 78%). 1H NMR (400 MHz, d-DMSO) δ = 8.20-7.96 (m, 2H), 7.82 (d, J=7.9, 1H), 134 

7.45-7.38 (m, 2H), 7.38-7.31 (m, 2H), 7.31-7.24 (m, 1H), 5.33 (dd, J=9.9, 5.6, 1H), 5.17 (s, 135 

1H), 4.39 (t, J=10.4, 1H), 4.07-3.93 (m, 1H). 13C NMR (101 MHz, d-DMSO) δ = 167.92, 167.34, 136 

137.76, 137.65, 133.81, 130.77, 128.97, 128.62, 128.15, 127.88, 126.52, 125.48, 60.46, 57.28. 137 

HRMS (ESI+) m/z 346.0074 [(M+H)+; calculated mass for C16H13BrNO3
+: 346.0073 amu]. 138 

Elemental analysis (calcd., found for C16H12BrNO3): C (55.51, 55.37), H (3.49, 3.56). 139 

 140 

Preparation of (R)-5-bromo-2-(2-hydroxy-1-phenylethyl)isoindoline-1,3-dione (R-141 

PgBrBI) The same synthesis method as RS-PgBrBI. 4-bromophthalic anhydride (2.27 g, 10 142 

mmol) and (R)-2-amino-2-phenylethanol (0.94 g, 10.5 mmol) were added to a round-bottomed 143 

flask containing 15 ml ethanol and the solution was stirred at 100 °C overnight. The mixture 144 

was cooled to room temperature, filtrated, washed with water and ethanol, and then purified 145 

via silica gel chromatography with ethyl acetate/petroleum ether (v/v = 1:5) as eluent at least 146 

twice affording pure R-PgBrBI (2.62 g, 76%) as a white solid. 1H NMR (400 MHz, d-DMSO) δ 147 
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= 8.12-8.01 (m, 2H), 7.82 (d, J=7.9, 1H), 7.44-7.37 (m, 2H), 7.34 (dd, J=9.9, 4.8, 2H), 7.31-148 

7.25 (m, 1H), 5.32 (dd, J=9.9, 5.6, 1H), 5.16 (t, J=5.9, 1H), 4.38 (td, J=10.5, 5.4, 1H), 4.06-149 

3.93 (m, 1H). 13C NMR (101 MHz, d-DMSO) δ = 167.94, 167.36, 137.77, 137.62, 133.80, 150 

130.75, 128.99, 128.64, 128.16, 127.88, 126.53, 125.49, 60.44, 57.25. HRMS (ESI+) m/z 151 

346.0076 [(M+H)+; calculated mass for C16H13BrNO3
+: 346.0073 amu ]. Elemental analysis 152 

(calcd., found for C16H12BrNO3): C (55.51, 55.42), H (3.49, 3.50). 153 

 154 

Preparation of (S)-5-bromo-2-(2-hydroxy-1-phenylethyl)isoindoline-1,3-dione (S-PgBrBI) 155 

The same synthesis method as RS-PgBrBI. 4-bromophthalic anhydride (2.27 g, 10 mmol) and 156 

(S)-1-(4-fluorophenyl)ethanamine (0.94 g, 10.5 mmol) were added to a round-bottomed flask 157 

containing 15 ml ethanol and the solution was stirred at 100 °C overnight. The mixture was 158 

cooled to room temperature, filtrated, washed with water and ethanol, and then purified via 159 

silica gel chromatography with ethyl acetate/petroleum ether (v/v = 1:5) as eluent at least twice 160 

affording S-PgBrBI (2.52 g, 73%) as white solid. 1H NMR (400 MHz, d-DMSO) δ =  8.11-8.02 161 

(m, 2H), 7.82 (d, J=7.9, 1H), 7.44-7.38 (m, 2H), 7.38-7.31 (m, 2H), 7.29 (ddd, J=7.1, 3.5, 1.2, 162 

1H), 5.33 (dd, J=9.9, 5.6, 1H), 5.17 (t, J=5.8, 1H), 4.39 (td, J=10.7, 5.2, 1H), 4.00 (dt, J=11.3, 163 

5.8, 1H). 13C NMR (101 MHz, d-DMSO) δ = 167.92, 167.34, 137.76, 137.65, 133.81, 130.77, 164 

128.98, 128.62, 128.15, 127.88, 126.52, 125.48, 60.46, 57.27. HRMS (ESI+) m/z 367.9895 165 

[(M+Na)+; calculated mass for C16H12BrNNaO3
+: 367.9893 amu]. Elemental analysis (calcd., 166 

found for C16H12BrNO3): C (55.51, 55.53), H (3.49, 3.68). 167 

 168 

Preparation of 6-(dimethylamino)-2-(2-hydroxy-1-phenylethyl)-1H-169 

benzo[de]isoquinoline-1,3(2H)-dione (RS-PgMNNI) 6-170 

(dimethylamino)benzo[de]isochromene-1,3-dione (0.24 g, 1 mmol), 1-(4-171 

fluorophenyl)ethanamine (0.15 g, 1.1 mmol) and zinc acetate (0.27 g, 1.5 mmol) were added 172 

to a round-bottomed flask containing 4.0 g imidazole and the solution was stirred at 140 °C 173 

overnight. The mixture was cooled to room temperature, and then 20 ml water was added, 174 

extracted with CH2Cl2, and purified via silica gel chromatography with ethyl acetate/petroleum 175 

ether (v/v = 1:3) as eluent at least twice giving pure RS-PgMNNI as a yellow solid (0.24 g, 176 

66%). 1H NMR (400 MHz, d-DMSO) δ = 8.50 (d, J=8.5, 1H), 8.44 (d, J=6.8, 1H), 8.34 (d, J=8.0, 177 

1H), 7.75 (t, J=7.9, 1H), 7.40 (d, J=7.6, 2H), 7.30 (t, J=7.5, 2H), 7.26-7.14 (m, 2H), 6.28 (t, 178 

J=7.0, 1H), 5.04 (t, J=5.6, 1H), 4.40 (dd, J=11.8, 5.4, 2H), 3.08 (s, 6H). 13C NMR (101 MHz, 179 

d-DMSO) δ = 164.60, 164.01, 156.99, 139.36, 132.95, 131.96, 131.18, 130.31, 128.54, 127.57, 180 

127.18, 125.48, 124.58, 123.14, 114.02, 113.46, 61.01, 56.66, 44.82. HRMS (ESI+) m/z 181 

361.15472 [(M+H)+; calculated mass for C22H21N2O3
+: 361.15467 amu]. Elemental analysis 182 

(calcd., found for C22H20N2O3): C (73.32, 73.19), H (5.59, 5.70). 183 

 184 
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Preparation of (R)-6-(dimethylamino)-2-(2-hydroxy-1-phenylethyl)-1H-185 

benzo[de]isoquinoline-1,3(2H)-dione (R-PgMNNI) A similar synthesis method as RS-186 

PgMNNI. 6-(dimethylamino)benzo[de]isochromene-1,3-dione (0.24 g, 1 mmol), (R)-1-(4-187 

fluorophenyl)ethanamine (0.15 g, 1.1 mmol) and zinc acetate (0.27 g, 1.5 mmol) were added 188 

to a round-bottomed flask containing 4.0 g imidazole and the solution was stirred at 140 °C 189 

overnight. The mixture was cooled to room temperature, and then 20 ml water was added, 190 

extracted with CH2Cl2, and purified via silica gel chromatography with ethyl acetate/petroleum 191 

ether (v/v = 1:3) as eluent at least twice giving pure R-PgMNNI (0.26 g, 71%) as a yellow solid. 192 

1H NMR (400 MHz, d-DMSO) δ = 8.52 (d, J=8.5, 1H), 8.44 (d, J=6.8, 1H), 8.33 (d, J=7.8, 1H), 193 

7.76 (t, J=7.9, 1H), 7.38 (d, J=7.7, 2H), 7.29 (t, J=7.5, 2H), 7.21 (dd, J=7.7, 5.6, 2H), 6.26 (t, 194 

J=7.0, 1H), 5.05 (s, 1H), 4.38 (d, J=7.2, 2H), 3.09 (s, 6H). 13C NMR (101 MHz, d-DMSO) δ = 195 

164.61, 164.01, 157.02, 139.34, 132.97, 131.99, 131.20, 130.31, 128.55, 127.54, 127.19, 196 

125.50, 124.58, 123.12, 113.98, 113.47, 60.99, 56.64, 44.83. HRMS (ESI+) m/z 361.15454 197 

[(M+H)+; calculated mass for C22H21N2O3
+: 361.15467 amu]. Elemental analysis (calcd., found 198 

for C22H20N2O3): C (73.32, 73.26), H (5.59, 5.74). 199 

 200 

Preparation of (S)-6-(dimethylamino)-2-(2-hydroxy-1-phenylethyl)-1H-201 

benzo[de]isoquinoline-1,3(2H)-dione (S-PgMNNI) A similar synthesis method as RS-202 

PgMNNI. 6-(dimethylamino)benzo[de]isochromene-1,3-dione (0.24 g, 1 mmol), (S)-1-(4-203 

fluorophenyl)ethanamine (0.15 g, 1.1 mmol) and zinc acetate (0.27 g, 1.5 mmol) were added 204 

to a round-bottomed flask containing 4.0 g imidazole and the solution was stirred at 140 °C 205 

overnight. The mixture was cooled to room temperature, and then 20 ml water was added, 206 

extracted with CH2Cl2, and purified via silica gel chromatography with ethyl acetate/petroleum 207 

ether (v/v = 1:3) as eluent at least twice giving pure S-PgMNNI (0.23 g, 63%) as a yellow solid. 208 

1H NMR (400 MHz, d-DMSO) δ = 8.50 (d, J=8.4, 1H), 8.44 (d, J=6.8, 1H), 8.33 (d, J=8.0, 1H), 209 

7.75 (t, J=7.9, 1H), 7.40 (d, J=7.5, 2H), 7.30 (t, J=7.5, 2H), 7.22 (dd, J=10.2, 8.0, 2H), 6.28 (t, 210 

J=7.0, 1H), 5.05 (t, J=5.2, 1H), 4.40 (dd, J=11.2, 5.0, 2H), 3.09 (s, 6H). 13C NMR (101 MHz, 211 

d-DMSO) δ = 164.59, 164.01, 156.99, 139.35, 132.95, 131.96, 131.18, 130.31, 128.55, 127.56, 212 

127.19, 125.48, 124.58, 123.13, 114.00, 113.45, 61.00, 56.65, 44.82. HRMS (ESI+) m/z 213 

361.1546 [(M+H)+; calculated mass for C22H21N2O3
+: 361.15467 amu]. Elemental analysis 214 

(calcd., found for C22H20N2O3): C (73.32, 73.19), H (5.59, 5.66). 215 

 216 

 217 

 218 
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2. Supplementary Figures and Tables 219 

 220 

Supplementary Fig 3. Chiral high performance liquid chromatogram (Chiral HPLC) spectrum 221 

of the model compounds in ethanol (30 µM) with ethanol and n-hexane (30: 70) monitored at 222 

the onset absorption of 300 nm. 223 

 224 

Supplementary Fig 4. Chiral high performance liquid chromatogram (Chiral HPLC) spectrum 225 

of the model compounds in ethanol (30 µM) with ethanol and n-hexane (100: 0) monitored at 226 

the onset absorption of 370 nm.  227 
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 228 

Supplementary Fig 5. Chiral high performance liquid chromatogram (Chiral HPLC) spectrum 229 

of the model compounds in ethanol (30 µM) with ethanol and n-hexane (40: 60) monitored at 230 

the onset absorption of 300 nm. 231 

 232 

Supplementary Fig 6. Chiral high performance liquid chromatogram (Chiral HPLC) spectrum 233 

of the model compounds in ethanol (30 µM) with ethanol and n-hexane (70: 30) monitored at 234 

the onset absorption of 370 nm.  235 
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 236 

Supplementary Fig 7. Circular dichroism (CD) spectra of dilute solutions of model 237 

compounds in (Host molecules for a and c, and guest molecules for b and d) dichloromethane 238 

(0.1 mM). 239 
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 240 

Supplementary Fig 8. UV absorption spectra in dichloromethane (DCM, 0.25 mM for a and 241 

c, 0.05 mM for b and d) at 298 K. 242 
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 244 

Supplementary Fig 9. a, Photoluminescence (PL) spectra in dichloromethane (DCM) (20 μM) 245 

at 298 K. b, PL spectra in DCM (20 μM) at 298 K (excited at absorption maxima). c, PL spectra 246 

and d delayed (∆t = 0.1 ms) emission in DCM at 77 K. 247 
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 248 

 249 

Supplementary Fig 10. a, Photoluminescence (PL) spectra in dichloromethane (DCM) (20 250 

μM) at 298 K. b, PL spectra in DCM (20 μM) at 298 K (excited at absorption maxima). c, PL 251 

spectra and d delayed (∆t = 0.1 ms) emission in DCM at 77 K. 252 

Supplementary Tab 1. Photoluminescence properties of representative molecules in 253 

dichloromethane (DCM). 254 

Molecule Absorption 
max[a] (nm) 

ε  
(L*mol-1*cm-1) 

Emission max 
(nm)[b] 

Lifetime[c] Quantum 
yield (%)[d] 

RS-4FBrBI 300 1000 488[e] 6.50 ms <0.1 

RS-PgBrBI 304 1700 493[e] 7.24 ms  <0.1 

RS-4FMNNI 420 10900 510 9.68 ns 75.7 

RS-PgMNNI 425 11700 518 9.69 ns 68.1 

[a] UV absorption spectra in DCM (5x10-5 M for MNNI, 2.5x10-4 M for BrBI). [b] Emission maxima of 255 
photoluminescence spectra excited at absorption maxima in DCM (RT for MNNI, 77 K for BrBI). [c] 256 
Apparent lifetime in DCM (naonoLED-370 for MNNI, spectraLED-370 for BrBI). [d] Absolute quantum 257 
yield from 400-650 nm in CH2Cl2 at room temperature. [e] 77 K.  258 
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Supplementary Tab 2. Photoluminescence properties of dopant samples at (10 ppm w/w) 259 

and pure host solids at room temperature. 260 

Samples[a] F (nm)[b] F (ns)[c] RTP (nm)[d] RTP (ms)[e] ep[f] 

R@R 485 3.62 615 73.31  
140 

S@R 489 6.22 618 44.79 

S@S 484 5.41 617 70.55  
155 

R@S 489 5.50 618 41.94 

R-4FBrBI /[g] / 482 0.62 / 

S-4FBrBI / / 482 0.85 / 

[a] Guest-host molecular solids (w/w 10 ppm). [b] Fluorescence emission maxima obtained from the 261 
steady-state photoluminescence spectrum excited at 365 nm. [c] Apparent fluorescence lifetime 262 
(naonoLED-370). [d] Phosphorescence emission maxima of delayed emission spectra excited at 424 263 
nm. [e] Apparent phosphorescence lifetime (spectraLED-370). [f] Enantiomeric RTP enhancement 264 
ratios (ep, IS@S/IR@S or IR@R/IS@R). [g] Signal too weak to measure or does not exist.  265 
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Supplementary Fig 11. a, Steady-state PL spectra of two chiral guests (w/w 10 ppm) in the 269 

R-4FBrBI host solid compared with pure R-4FBrBI solid at 298 K (λex = 365 nm). Delayed 270 

emission (DE, ∆t = 0.1 ms) spectra of two guests (w/w 10 ppm) in the R-4FBrBI solid 271 

compared with pure R-4FBrBI solid at 298 K (λex = 424 nm for b, λex = 365 nm for c). d, Ratio 272 

of intensity of DE emission at 620 nm. 273 

 274 

 275 

Supplementary Fig 12. a, Steady-state PL spectra of two chiral guests (w/w 10 ppm, red line 276 

for S-4FMNNI and yellow line for R-4FMNNI) in the S-4FBrBI host solid at 298 K (λex = 365 277 

nm). b, Photographs of combinations of two guests in S-4FBrBI during and immediately after 278 

365-nm light irradiation. c, Delayed emission (DE, ∆t = 0.1 ms) spectra of two guests (w/w 10 279 

ppm) in the S-4FBrBI solid at 298 K (λex = 424 nm). d, Time-resolved emission decay curves 280 

of S-4FMNNI and R-4FMNNI in solid S-4FBrBI. 281 
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 282 

Supplementary Fig 13. a, Steady-state PL spectra of two chiral guests (w/w 10 ppm) in the 283 

S-4FBrBI host solid compared with pure S-4FBrBI solid at 298 K (λex = 365 nm). Delayed 284 

emission (DE, ∆ t = 0.1 ms) spectra of two guests (w/w 10 ppm) in the S-4FBrBI solid 285 

compared with pure S-4FBrBI solid at 298 K (λex = 424 nm for b, λex = 365 nm for c). d, Ratio 286 

of intensity of DE emission at 620 nm. 287 
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 289 

Supplementary Fig 14. a, Steady-state PL spectra of S-4FMNNI (solid borderline) or R-290 

4FMNNI (dash borderline) dopants (w/w 1 ppm-0.1%) in S-4FBrBI solid in air at 298 K (λex = 291 

365 nm). b, Normalized PL spectra of a. c, Delayed emission (DE, ∆t = 0.1 ms) spectra of S-292 

4FMNNI (solid borderline) or R-4FMNNI (dash borderline) dopants (w/w 1 ppm-0.1%) in S-293 

4FBrBI solid in air at 298 K (λex = 424 nm). d, The ep value (intensity of PL emission at 620 294 

nm or DE emission at 615 nm) vs. percentage of guest dopants (1 ppm-0.1%). 295 
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 297 

Supplementary Fig 15. PL spectra of R-4FMNNI dopants (0%-10%) in 0.01% S-4FMNNI@R-298 

4FBrBI solid at air at 298 K (λex = 355 nm for a, 365 nm for b, 424 nm for c). d, Normalized 299 

PL of c. 300 
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 301 

Supplementary Fig 16. a, Delayed emission (DE, ∆t = 0.1 ms) spectra of R-4FMNNI dopants 302 

(0%-10%) in 0.01% S-4FMNNI@R-4FBrBI solid at air at 298 K (λex = 424 nm). b, Intensity of 303 

DE emission at 618 nm in a vs. Percentage of R-4FMNNI dopants (0%-10%) (λex = 424 nm). 304 

c, Intensity ratio of DE emission at 618 nm when take 0%R sample as 1 vs. 4FMNNI 305 

enantiomeric excess (ee) values (λex = 424 nm). d, Intensity ratio of DE emission at 618 nm 306 

(see also in Figure 2g) when take 0%R sample as 1 vs. 4FMNNI ee values (λex = 365 nm). 307 
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 308 

Supplementary Fig 17. Temperature-dependent delayed emission (∆t = 0.1 ms, TDDE) 309 

spectra of R-4FMNNI@R-4FBrBI (10 ppm, λex = 424 nm), from 80 K to 400 K with 10 K 310 

interval. 311 
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 312 

Supplementary Fig 18. Temperature-dependent delayed emission (∆t = 0.1 ms, TDDE) 313 

spectra of S-4FMNNI@R-4FBrBI (10 ppm, λex = 424 nm), from 80 K to 400 K with 10 K 314 

interval. 315 
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 319 

Supplementary Fig 19. a, Structures of host (R-Cam: D(+)-camphor) and two chiral guests 320 

(R-4FMNNI, S-4FMNNI) b, Delayed emission (DE, ∆t =0.1 ms) spectra of two chiral guests 321 

(w/w 0.01%) in the R-Cam solid at 77 K (λex = 365 nm). 322 

 323 

Supplementary Fig 20. X-ray diffraction patterns of the pristine solid powders of R-4FBrBI, 324 

R-4FMNNI@R-4FBrBI (R@R) and S-4FMNNI@R-4FBrBI (S@R) dopant solids (10 ppm). 325 
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 326 

Supplementary Fig 21. TG (solid lines) and DTG (dash lines) of Pure R-4FBrBI, R-327 

4FMNNI@R-4FBrBI (R@R) and S-4FMNNI@R-4FBrBI (S@R) dopant solids (10 ppm), from 328 

30-600 C (10 K/min) in N2. Samples do not decompose before 110 C, with a residual mass 329 

less than 0.4%. 330 
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 331 

Supplementary Fig 22. DSC (differential scanning calorimetry) graphs of Pure R-4FBrBI, R-332 

4FMNNI@R-4FBrBI (R@R) and S-4FMNNI@R-4FBrBI (S@R) dopant solids (10 ppm), from 333 

-90 to 180 °C at 10.0 °C/min. 334 
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 335 

Supplementary Fig 23. a, PL spectra of pure R-PgBrBI and S-PgBrBI solid at 298 K (λex = 336 

365 nm). Delayed emission (DE, ∆t = 0.1 ms) spectra of two host solids at 298 K with λex = 337 

365 nm for b and λex = 424 nm for c. d, Time-resolved emission decay curves of pure R-338 

PgBrBI and S-PgBrBI solid at 298 K (excited with spectraLED-370). 339 
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Supplementary Tab 3. Photoluminescence properties of dopant samples at (100 ppm w/w) 345 

and pure host solids at room temperature. 346 

Samples[a] F (nm)[b] F (ns)[c] RTP (nm)[d] RTP (ms)[e] ep[f] 

R@R 518 3.00 621 63.36  
11.5 

S@R 521 2.80 623 40.34 

S@S 518 3.10 621 63.25  
12.7 

R@S 523 4.21 624 41.52 

R-PgBrBI /[g] / 462 0.054 / 

S-PgBrBI / / 462 0.078 / 

[a] Guest-host molecular solids (w/w 100 ppm). [b] Fluorescence emission maxima obtained from the 347 
steady-state photoluminescence spectrum excited at 365 nm. [c] Apparent fluorescence lifetime 348 
(naonoLED-370). [d] Phosphorescence emission maxima of delayed emission spectra excited at 424 349 
nm. [e] Apparent phosphorescence lifetime (spectraLED-370). [f] Enantiomeric RTP enhancement 350 
ratios (ep, IS@S/IR@S or IR@R/IS@R). [g] Signal too weak to measure or does not exist.  351 

 352 

 353 

 354 

 355 

 356 

 357 

 358 

 359 

3. Crystal data 360 

CCDC 2150413-2150416 contains the supplementary crystallographic data for this paper. 361 

These data are provided free of charge by The Cambridge Crystallographic Data Centre. 362 
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Supplementary Tab 4. Crystal data and structure refinement for R-4FBrBI and S-4FBrBI. 363 

Empirical formula C16H11BrFNO2 

R-4FBrBI 

C16H11BrFNO2 

S-4FBrBI 

Formula weight 348.17 348.17 

Temperature/K 299.82(11) 299.48(10) 

Crystal system monoclinic monoclinic 

Space group P21 P21 

a/Å 5.59960(10) 5.60057(5) 

b/Å 29.8187(2) 29.8284(2) 

c/Å 8.19040(10) 8.19092(6) 

α/° 90 90 

β/° 91.3480(10) 91.3294(7) 

γ/° 90 90 

Volume/Å3 1367.20(3) 1367.977(19) 

Z 4 4 

ρcalcg/cm3 1.691 1.691 

μ/mm-1 4.249 4.247 

F(000) 696.0 696.0 

Crystal size/mm3 0.04 × 0.04 × 0.02 0.2 × 0.2 × 0.2 

Radiation CuKα (λ = 1.54184) CuKα (λ = 1.54184) 

2Θ range for data 

collection/° 

10.804 to 158.878 10.804 to 158.69 

Index ranges -7 ≤ h ≤ 7, -37 ≤ k ≤ 37, -9 

≤ l ≤ 7 

-3 ≤ h ≤ 6, -37 ≤ k ≤ 37, -10 ≤ 

l ≤ 10 

Reflections collected 15320 8858 

Independent reflections 5708 [Rint = 0.0268, Rsigma 

= 0.0260] 

5025 [Rint = 0.0200, Rsigma = 

0.0273] 

Data/restraints/parameters 5708/1/381 5025/1/381 

Goodness-of-fit on F2 1.024 1.059 

Final R indexes [I>=2σ (I)] R1 = 0.0265, wR2 = 0.676 R1 = 0.0259, wR2 = 0.0676 

Final R indexes [all data] R1 = 0.0282, wR2 = 0.0684 R1 = 0.0262, wR2 = 0.0678 

Largest diff. peak/hole/e Å-

3 

0.24/-0.33 0.31/-0.40 

Flack parameter  -0.035(8) -0.033(8) 

 364 

 365 
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Supplementary Tab 5. Crystal data and structure refinement for R-4FMNNI and S-4FMNNI. 366 

Empirical formula C22H19FN2O2 

R-4FMNNI 

C22H19FN2O2 

S-4FMNNI 

Formula weight 362.39 362.39 

Temperature/K 300.41(10) 299.39(10) 

Crystal system monoclinic monoclinic 

Space group P21 P21 

a/Å 11.2514(3) 11.2533(3) 

b/Å 5.62150(10) 5.62290(10) 

c/Å 14.8899(3) 14.8948(4) 

α/° 90 90 

β/° 108.130(2) 108.129(3) 

γ/° 90 90 

Volume/Å3 895.03(4) 895.70(4) 

Z 2 2 

ρcalcg/cm3 1.345 1.344 

μ/mm-1 0.769 0.769 

F(000) 380.0 380.0 

Crystal size/mm3 0.4 × 0.4 × 0.4 0.2 × 0.2 × 0.2 

Radiation CuKα (λ = 1.54184) CuKα (λ = 1.54184) 

2Θ range for data 

collection/° 

8.268 to 158.376 8.268 to 158.194 

Index ranges -13 ≤ h ≤ 11, -7 ≤ k ≤ 6, -

18 ≤ l ≤ 18 

-13 ≤ h ≤ 14, -7 ≤ k ≤ 7, -18 ≤ 

l ≤ 18 

Reflections collected 9857 9610 

Independent reflections 3477 [Rint = 0.0287, Rsigma 

= 0.0243] 

3516 [Rint = 0.0459, Rsigma = 

0.0396] 

Data/restraints/parameters 3477/1/247 3516/1/247 

Goodness-of-fit on F2 1.069 1.078 

Final R indexes [I>=2σ (I)] R1 = 0.0512, wR2 = 0.1392 R1 = 0.0590, wR2 = 0.1679 

Final R indexes [all data] R1 = 0.0549, wR2 = 0.1413 R1 = 0.0643, wR2 = 0.1753 

Largest diff. peak/hole/e Å-

3 

0.36/-0.25 0.39/-0.27 

Flack parameter -0.01(9) -0.1(2) 
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Supplementary Tab 6. Crystal data and sp3 angle of model compound 367 

 crystal 
system 

space 
group 

/° β/° /° sp3 angle/° 

R-4FBrBI monoclinic P2
1
 90 91.35 90 109.28 

S-4FBrBI monoclinic P2
1
 90 91.33 90 109.52 

R-4FMNNI monoclinic P2
1
 90 108.13 90 113.32 

S-4FMNNI monoclinic P2
1
 90 108.13 90 113.08 

 368 

4. Lifetime measurements 369 

 370 

Supplementary Fig 24. Emission decay curves of RS-4FMNNI a and RS-PgMNNI b in DCM 371 

(2x10-5 M) at 298 K (excited with nanoLED-370). Emission decay curves of RS-4FBrBI c and 372 

RS-PgBrBI d in DCM at 77 K (excited with spectraLED-370). 373 

0 20 40 60 80

0

1

2

3

4

In
te

n
s
it
y

 RS-PgBrBI at 493 nm

Time (ms)
0 20 40 60 80

0

1

2

3

4

In
te

n
s
it
y

 RS-4FBrBI at 488 nm

Time (ms)

50 100 150 200

0

1

2

3

4

In
te

n
s
it
y

 Prompt

 RS-PgMNNI at 518 nm

Time (ns)
50 100 150 200

0

1

2

3

4

In
te

n
s
it
y

 Prompt

 RS-4FMNNI at 510 nm

Time (ns)

a

c

b

d



31 

 

 374 

Supplementary Fig 25. Time-resolved emission decay curves of doping samples (a for R@R 375 

and b for S@S) and pure host solid (c for R-4FBrBI and d for S-4FBrBI) at 298 K (excited 376 

with spectraLED-370). 377 
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 378 

Supplementary Fig 26. a, b, c, Time-resolved emission decay curves of 100 ppm R@R, 379 

S@S, S@R solid (Pg series) at 298 K (excited with spectraLED-370). d, Emission decay 380 

curves at 298 K (excited with nanoLED-370). 381 

 382 

Supplementary Fig 27. Time-resolved emission decay curves of Pure Host (R-4FBrBI), 10 383 

ppm R@R and 10 ppm S@R at 77 K (a) and at room temperature (b) when monitored at 420 384 

nm and excited with spectraLED-340. 385 
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Supplementary Tab 7. Photoluminescence properties of dopant samples at (10 ppm w/w) 386 

and pure host solids at 77 K and room temperature when monitored at 420 nm. 387 

Temperature 77 K Room Temperature 

Samples[a]  (ms)[b] Weighted average 
lifetime (ms) 

 (ms)[c] Weighted average 
lifetime (ms) 

R-4FBrBI 5.407       100% 5.407 0.088    13.67%  
0.427    47.16% 
1.367    39.16% 

0.749 

S@R 0.548     14.46% 
 

5.103     85.54% 

4.444 0.081    11.65% 
0.363    49.43% 
1.073    38.92% 

0.606 

R@R 0.408     13.91% 
3.463     86.09% 

3.038 0.077    13.40% 
0.304    41.44% 
0.961    45.16% 

0.570 

[a] Guest-host molecular solids (w/w 10 ppm). [b] Phosphorescence lifetime at 77 K when monitored at 388 
420 nm and excited with spectraLED-340. [c] Phosphorescence lifetime at room temperature when 389 
monitored at 420 nm and excited with spectraLED-340.  390 

 391 

 392 

 393 

 394 

 395 

5. EPR Spectra 396 
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 397 

Supplementary Fig 28. EPR spectra of the host molecule RS4FBrBI in the presence of a 398 

singlet-oxygen capture agent 2,2,6,6-Tetramethylpiperidine (TEMP) before and after exposure 399 

to a broad-band 365-nm LED lamp (340-390 nm). 400 
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6. Solid-state Absorption 401 

 402 

Supplementary Fig 29. Solid-state absorption spectra of the host molecules showing that 403 

they can be excited by beams near 365 nm. 404 

 405 
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7. Nuclear magnetic resonance (NMR) and high-resolution mass spectra (HRMS) 412 

 413 
Supplementary Fig 30. 1H NMR spectrum of RS-4FBrBI in d-DMSO. 414 

 415 
Supplementary Fig 31. 13C NMR spectrum of RS-4FBrBI in d-DMSO. 416 
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 417 
Supplementary Fig 32. EI mass spectrum of RS-4FBrBI. 418 

 419 
Supplementary Fig 33. 1H NMR spectrum of R-4FBrBI in d-DMSO. 420 

20211206EI+CB-12-1_001 #415-483 RT: 1.13-1.29 AV: 69 NL: 1.56E8
T: FTMS + c EI Full ms [50.0000-720.0000]
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 421 
Supplementary Fig 34. 13C NMR spectrum of R-4FBrBI in d-DMSO. 422 

 423 
Supplementary Fig 35. EI mass spectrum of R-4FBrBI. 424 

20211206EI+CB-12_001 #1269-1870 RT: 3.08-4.44 AV: 602 NL: 2.28E6
T: FTMS + c EI Full ms [50.0000-720.0000]
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 425 
Supplementary Fig 36. 1H NMR spectrum of S-4FBrBI in d-DMSO. 426 

 427 
Supplementary Fig 37. 13C NMR spectrum of S-4FBrBI in d-DMSO. 428 
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 429 
Supplementary Fig 38. EI mass spectrum of S-4FBrBI. 430 

 431 
Supplementary Fig 39. 1H NMR spectrum of RS-4FMNNI in d-DMSO. 432 

20211206EI+CB-13_001 #432-727 RT: 1.18-1.85 AV: 296 NL: 8.17E6
T: FTMS + c EI Full ms [50.0000-720.0000]
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 433 
Supplementary Fig 40. 13C NMR spectrum of RS-4FMNNI in d-DMSO. 434 

 435 
Supplementary Fig 41. ESI mass spectrum of RS-4FMNNI. 436 

20211209HESI+C616_1 #30 RT: 0.42 AV: 1 NL: 4.66E6
T: FTMS + c ESI Full ms [100.00-1000.00]
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 437 
Supplementary Fig 42. 1H NMR spectrum of R-4FMNNI in d-DMSO. 438 

 439 
Supplementary Fig 43. 13C NMR spectrum of R-4FMNNI in d-DMSO. 440 
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 441 
Supplementary Fig 44. ESI mass spectrum of R-4FMNNI. 442 

 443 
Supplementary Fig 45. 1H NMR spectrum of S-4FMNNI in d-DMSO. 444 

20211119HESI+cb_16 #22 RT: 0.30 AV: 1 SB: 1 0.04 NL: 2.04E6
T: FTMS + c ESI Full ms [100.00-1000.00]
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445 
Supplementary Fig46. 13C NMR spectrum of S-4FMNNI in d-DMSO. 446 

447 
Supplementary Fig47. ESI mass spectrum of S-4FMNNI. 448 

20211119HESI+cb_17 #18 RT: 0.24 AV: 1 NL: 2.40E6
T: FTMS + c ESI Full ms [100.00-1000.00]
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449 
Supplementary Fig48. 1H NMR spectrum of RS-PgBrBI in d-DMSO. 450 

451 
Supplementary Fig49. 13C NMR spectrum of RS-PgBrBI in d-DMSO. 452 
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453 
Supplementary Fig50. ESI mass spectrum of RS-PgBrBI. 454 

455 
Supplementary Fig51. 1H NMR spectrum of R-PgBrBI in d-DMSO. 456 
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457 
Supplementary Fig52. 13C NMR spectrum of R-PgBrBI in d-DMSO. 458 

459 
Supplementary Fig53. ESI mass spectrum of R-PgBrBI. 460 
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461 
Supplementary Fig54. 1H NMR spectrum of S-PgBrBI in d-DMSO. 462 

463 
Supplementary Fig55. 13C NMR spectrum of S-PgBrBI in d-DMSO. 464 
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465 
Supplementary Fig56. ESI mass spectrum of S-PgBrBI. 466 

467 
Supplementary Fig57. 1H NMR spectrum of RS-PgMNNI in d-DMSO. 468 
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469 
Supplementary Fig58. 13C NMR spectrum of RS-PgMNNI in d-DMSO. 470 

471 
Supplementary Fig59. ESI mass spectrum of RS-PgMNNI. 472 

20211119HESI+cb_9 #25 RT: 0.34 AV: 1 NL: 2.57E7
T: FTMS + c ESI Full ms [100.00-1000.00]
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473 
Supplementary Fig60. 1H NMR spectrum of R-PgMNNI in d-DMSO. 474 

475 
Supplementary Fig61. 13C NMR spectrum of R-PgMNNI in d-DMSO. 476 
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477 
Supplementary Fig62. ESI mass spectrum of R-PgMNNI. 478 

479 
Supplementary Fig63. 1H NMR spectrum of S-PgMNNI in d-DMSO. 480 

20211119HESI+cb_9 #25 RT: 0.34 AV: 1 NL: 2.57E7
T: FTMS + c ESI Full ms [100.00-1000.00]

355 360 365 370 375 380 385 390

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

383.13675

361.15460

384.13953

362.15750
381.29752

385.14352363.16083359.12326 393.20819371.08783 379.15198 390.26871357.13608



52 

 

481 
Supplementary Fig64. 13C NMR spectrum of S-PgMNNI in d-DMSO. 482 

483 
Supplementary Fig65. ESI mass spectrum of S-PgMNNI. 484 

 485 

 486 

 487 

 488 
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T: FTMS + c ESI Full ms [100.00-1000.00]
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