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Experimental Section

Materials and Instruments
Chemicals were purchased from J&K chemistry, Sigma-Aldrich and TCI and used 
directly without further purification. Tetrahydrofuran (THF) were distilled from sodium 
benzophenone ketyl under dry nitrogen immediately before use. Other solvents were 
directly used without further purification. 1H and 13C NMR spectra were recorded on a 
Bruker ARX 400 spectrometer using CDCl3 as the solvent and tetramethyl silane(TMS) 
as the internal standard. High-resolution mass spectra (HRMS) were recorded on a GCT 
premier CAB048 mass spectrometer operated in a MALDI-TOF mode. UV-Vis 
absorption spectra were recorded on a Milton Roy Spectronic 3000 Array spectrameter. 
Photoluminescence spectra were recorded on a Perkin-Elmer LS 55 Spectrofluometer. 
The quantum yield values of solid and solutions were determined using an integrating 
sphere method, excited at 370 nm. Particle sizes were measured on a Zeta potential 
analyzer (Brookhaven, ZETAPLUS). The lifetime was measured by time-correlated 
single-photon counting method. Theoretical computations were carried out on the basis 
set of B3LYP/6-31G (d, p) by Gaussian 09. 

Monitoring the E/Z isomerization
According to literature method,1 0.5 mL of BMOs solutions of CDCl3 (40 mM or 20 
mM) or d6-DMSO (20 mM) were prepared and added into the NMR tubes. After 
capping, the NMR tubes containing the solutions were placed under the irradiation of 
the same portable 365 nm UV mercury lamp at the same position. The process was 
monitored by NMR spectra at the interval of 5 min. The quantum yields of the 
photoisomerization from Z-isomer to E-isomer were calculated by the result of the first 
5 min, in which the percentages of E-isomers were very small (< 10%).  
  
Synthesis of BMOs
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Scheme S1 Synthetic route for BMOs.

Briefly, using BMO-PH as an example, 4-biphenylaldehyde (364 mg, 2 mmol), N-
acetylglycine (476 mg, 4 mmol), and NaOAc (164 mg, 2 mmol) in 5 mL acetic 
anhydride were heated in 120 °C oil bath for 3 h. After cooling to the room temperature, 
cold water was added and the mixture was extracted with dichloromethane. After 
removal of the solvent, the crude product was purified by silica gel column using 
hexane/ethyl acetate as eluent. Other compounds were synthesized similarly. The 
compounds were re-crystallized in dichloromethane/hexane before use. Single crystals 
for single crystal X-ray analysis were obtained in dichloromethane/hexane with slow 
layer-to-layer diffusion.

BMO-H, 47% yield. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.098.07 (m, 2H), 7.47-
7.43 (m, 3H), 7.15 (s, 1H), 2.42 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 168.0, 
166.3, 133.3, 132.7, 132.4, 131.7, 131.3, 129.1, 15.9. MS (MALDI-TOF): calculated 
for C11H9NO2 [M+H]+ 188.0706, found 188.0714.

BMO-PH, 49.4% yield. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.16 (d, 2H, J = 8.4 Hz), 
7.69 (d, 2H, J = 8.4 Hz), 7.64 (d, 2H, J = 7.2 Hz), 7.497.46 (m, 2H), 7.417.40 (m, 
1H), 7.19 (s, 1H), 2.43 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 168.0, 166.2, 
143.9, 140.2, 132.9, 132.6, 132.3, 131.2, 129.2, 128.3, 127.7, 127.3, 15.9. MS 
(MALDI-TOF): calculated for C17H13NO2 [M+H]+ 264.1019, found 264.1022.

BMO-PF, 50.9% yield. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.36 (s, 1H), 8.03(d, 2H, 
J = 8.4 Hz), 7.84 (d, 2H, J = 8.0 Hz), 7.58 (d, 2H, J = 7.6 Hz), 7.437.35 (m, 2H), 7.23 
(s, 1H), 3.97 (s, 2H), 2.44 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 168.2, 165.8, 
145.1, 144.6, 144.0, 140.9, 132.3, 132.1, 132.0, 131.9, 128.7, 128.1, 127.3, 125.5, 
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120.9, 120.4, 37.1, 15.9. MS (MALDI-TOF): calculated for C18H13NO2 [M+H]+ 
276.1025, found 276.1021.

BMO-PM, 50% yield. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.13 (d, 2H, J = 8.4 Hz), 
7.64 (d, 2H, J = 8.4 Hz), 7.59 (d, 2H, J = 6.4 Hz), 7.17 (s, 1H), 7.00 (d, 2H, J = 6.8 Hz), 
3.86 (s, 3H), 2.42 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 168.1, 166.0, 160.0, 
143.5, 139.5, 132.9, 132.6, 132.3, 131.7, 131.4, 128.4, 127.1, 126.9, 114.6, 55.6, 15.9. 
MS (MALDI-TOF): calculated for C18H15NO3 [M]+ 293.1052, found 293.1060.

BMO-PC, 22% yield. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.16 (d, 2H, J = 8.4 Hz), 
7.777.72 (m, 4H), 7.68 (d, 2H, J = 8.4 Hz), 7.18 (s, 1H), 2.44 (s, 3H). 13C NMR (100 
MHz, CDCl3) δ (ppm) 167.8, 166.9, 144.6, 141.5, 133.7, 133.5, 133.0, 132.9, 130.4, 
128.0, 127.8, 111.9, 23.6, 16.0. MS (MALDI-TOF): calculated for C18H12N2O2 [M+H]+ 
289.0972, found 289.0984.

TPE-BMO, 46% yield. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.11 (d, 2H, J = 8.4 Hz), 
7.63 (d, 2H, J = 8.4 Hz), 7.40 (d, 2H, J = 6.8 Hz), 7.16 (s, 1H), 7.147.02 (m, 17H), 
2.42 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 168.1, 166.1, 144.0, 143.8, 143.4, 
141.7, 140.5, 137.7, 132.9, 132.5, 132.2, 131.6, 131.3, 128.0, 127.9, 127.4, 126.8, 
126.7, 126.4, 15.9. MS (MALDI-TOF) calculated for C37H27NO2 [M+H]+ 518.2115, 
found 518.2120.

TPA-BMO, 53% yield. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.12 (d, 2H, J = 8.4 Hz), 
7.65 (d, 2H, J = 8.4 Hz), 7.51 (d, 2H, J = 8.4 Hz), 7.307.25 (m, 4H), 7.177.12 (m, 
7H), 7.087.04 (m, 2H), 2.41 (s, 3H). 1H NMR (400 MHz, CD2Cl2) δ (ppm) 8.15 (d, 
2H, J = 8.0 Hz), 7.68 (d, 2H, J = 8.4 Hz), 7.55 (d, 2H, J = 8.4 Hz), 7.317.28 (m, 4H), 
7.147.05 (m, 9H), 2.40 (s, 3H). 13C NMR (100 MHz, CD2Cl2) δ (ppm) 168.4, 166.6, 
148.7, 148.0, 143.7, 133.7, 133.3, 132.9, 132.3, 131.1, 129.9, 128.3, 127.2, 125.3, 
123.9, 123.7, 16.0. MS (MALDI-TOF) calculated for C29H22N2O2 [M+H]+ 431.1754, 
found 431.1775.

Some of phenylaldehydes were synthesized by Suzuki coupling reaction (Scheme S1). 
Using TPA-PA as an example, briefly, 4-bromo-N, N-diphenylaniline(1.29 g, 4 mmol), 
(4-formylphenyl)boronic acid (0.66 g, 4.4 mmol), Pd(PPh3)4 (140 mg) , K2CO3 (1.38 
g, 10 mmol) in 50 mL of THF/water (4:1, v/v) were refluxed overnight under nitrogen. 
After cooling to room temperature, water was added and the mixture was extracted with 
dichloromethane. After removed the solvent, the crude product was further purified 
with silica gel column.

4'-Formyl-[1,1'-biphenyl]-4-carbonitrile, white solid, 100% yield. 1H NMR (400 MHz, 
CDCl3) δ (ppm) 10.09 (s, 1H), 8.01 (d, 2H, J = 8.4 Hz), 7.807.73 (m, 6H). 13C NMR 
(100 MHz, CDCl3) δ (ppm) 191.8, 145.1, 144.3, 136.3, 133.0, 130.6, 128.2, 128.1, 
118.8, 112.3. MS (MALDI-TOF): calculated for C14H9NO [M]+ 207.0684, found 
207.0682.
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4'-Methoxy-[1,1'-biphenyl]-4-carbaldehyde, white solid, 89% yield. 1H NMR (400 
MHz, CDCl3) δ (ppm) 10.03 (s, 1H), 7.92 (d, 2H, J = 8.4 Hz), 7.71 (d, 2H, J = 8.4 Hz), 
7.59 (d, 2H, J = 6.8 Hz), 7.01 (d, 2H, J = 6.8 Hz), 3.87 (s, 3H). 13C NMR (100 MHz, 
CDCl3) δ (ppm) 192.1, 160.3, 147.0, 134.9, 132.2, 130.5, 128.7, 127.3, 114.7, 55.6. MS 
(MALDI-TOF): calculated for C14H12O2 [M+H]+ 213.0910, found 213.0917.

TPE-PA, yellow solid, 97% yield. 1H NMR (400 MHz, CDCl3) δ (ppm) 10.02 (s, 1H), 
7.90 (d, 2H, J = 8.0 Hz), 7.70 (d, 2H, J = 8.4 Hz), 7.39 (d, 2H, J = 8.4 Hz), 7.147.02 
(m, 17H). 13C NMR (100 MHz, CDCl3) δ (ppm) 192.1, 146.9, 144.4, 143.8, 143.7, 
141.9, 140.4, 137.5, 135.2, 132.2, 131.6, 131.5, 130.4, 128.0, 127.9, 127.6, 126.9, 
126.8, 126.7. MS (MALDI-TOF): calculated for C33H24O [M+H]+ 437.1900, found 
437.1910.

TPA-PA, yellow solid, 75% yield. 1H NMR (400 MHz, CDCl3) δ (ppm) 10.02 (s, 1H), 
7.92 (d, 2H, J = 8.4 Hz), 7.72 (d, 2H, J = 8.0 Hz), 7.51 (d, 2H, J = 8.0 Hz), 7.317.27 
(m, 4H), 7.157.13 (m, 6H), 7.087.05 (m, 2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 

192.1, 148.6, 147.5, 146.8, 134.9, 133.0, 130.5, 129.6, 128.2, 127.1, 125.1, 123.7, 
123.3. MS (MALDI-TOF): calculated for C25H19NO [M+H]+ 350.1539, found 
350.1541.

NMR spectra and HRMS of BMOs

Fig. S1 1H NMR spectra of BMO-H in CDCl3. The solvent peak was marked with 
asterisk.
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Fig. S2 13C NMR spectra of BMO-H in CDCl3. The solvent peak was marked with 
asterisk.

jmj-161, MW=187, NH3

m/z
50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300

%

0

100
tan140718_1 83 (1.384) Cm (83:85-1:39) TOF MS CI+ 

2.06e4188.0714
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116.0529

189.0761

190.0787
250.0885

Fig. S3 HRMS spectra of BMO-H.
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Fig. S4 1H NMR spectra of BMO-PH in CDCl3. The solvent peak was marked with 
asterisk.

Fig. S5 13C NMR spectra of BMO-PH in CDCl3. The solvent peak was marked with 
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asterisk.

jmj-163, MW=263, NH3

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

%

0

100
tan140718_2 113 (1.884) Cm (109:113-1:73) TOF MS CI+ 

3.95e4264.1022

263.0950

193.0903

192.0837165.0734

164.0612 166.0768
194.0943

210.1179

265.1068

266.1135

Fig. S6 HRMS spectra of BMO-PH.

Fig. S7 1H NMR spectra of BMO-PF in CDCl3. The solvent peak was marked with 
asterisk.
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Fig. S8 13C NMR spectra of BMO-PF in CDCl3. The solvent peak was marked with 
asterisk.

jmj-229,  MW=275; CH4

m/z
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

%

0

100
tan141120_4 84 (1.400) Cm (82:84-1:66) TOF MS CI+ 

2.29e3276.1021

275.0964

205.0850

204.0769

203.0702

202.0688178.0671

232.1092

230.0942

221.0846

258.0909

233.1127

234.1191

277.1083

304.1351278.1158
305.1391

Fig. S9 HRMS spectra of BMO-PF.
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Fig. S10 1H NMR spectra of BMO-PM in CDCl3. The solvent peak was marked with 
asterisk.

Fig. S11 13C NMR spectra of BMO-PM in CDCl3. The solvent peak was marked with 
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asterisk.

jmj-178, MW=288, NH3

m/z
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

%

0

100
tan140731_1 97 (1.617) Cm (94:97-2:73) TOF MS CI+ 

8.29e3289.0984

288.0911

218.0838
190.0673 260.1035219.0813

290.1027

291.1085

Fig. S12 HRMS spectra of BMO-PM.

Fig. S13 1H NMR spectra of BMO-PC in CDCl3. The solvent peak was marked with 
asterisk.
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Fig. S14 13C NMR spectra of BMO-PC in CDCl3. The solvent peak was marked with 
asterisk.
.

jmj-166, MW=293, CH4

m/z
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580

%

0

100
tan140724_2 100 (1.667) Cm (99:104-1:49) TOF MS CI+ 

1.75e3293.1060

223.1007

208.0772197.0959

179.0740152.0591

224.1026 250.1227

276.1061

294.1126

295.1158

296.1260 322.1532

Fig. S15 HRMS spectra of BMO-PC.
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Fig. S16 1H NMR spectra of TPE-BMO in CDCl3. The solvent peak was marked with 
asterisk.

Fig. S17 13C NMR spectra of TPE-BMO in CDCl3. The solvent peak was marked 
with asterisk.
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Fig. S18 HRMS spectra of TPE-BMO.

 Fig. S19 1H NMR spectra of TPA-BMO in CD2Cl2. The solvent peak was marked 
with asterisk.
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Fig. S20 13C NMR spectra of TPA-BMO in CD2Cl2. The solvent peak was marked 
with asterisk.

Fig. S21 HRMS spectra of TPA-BMO.
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Fig. S22 Optimized structure of E-BMO-PH and Z-BMO-PH.
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Fig. S23 UV-Vis absorption of BMOs in THF. Dye concentration = 10 μM.
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Fig. S24 Fluorescent emission spectra of BMOs in THF. Excitation wavelength = 365 
nm. Dye concentration = 20 μM.
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Fig. S25 Fluorescent emission spectra of BMOs in solid state. Excitation wavelength = 
365 nm.
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Fig. S26 (A) Emission spectra and (B) AIE plot of relative peak intensity of BMO-PF 
at the concentration of 10 μM in THF-water mixtures with increasing water fractions 
(fw). I0 is the peak intensity of THF solution. Excitation wavelength = 380 nm.
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Fig. S27 (A) Emission spectra and (B) AIE plot of relative peak intensity of BMO-PM 
at the concentration of 20 μM in DMSO-water mixtures with increasing water fractions 
(fw). I0 is the peak intensity of DMSO solution. Excitation wavelength = 365nm.
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Fig. S28 (A) Emission spectra and (B) AIE plot of relative peak intensity of BMO-PC 
at the concentration of 20 μM in DMSO-water mixtures with increasing water fractions 
(fw). I0 is the peak intensity of DMSO solution. Excitation wavelength = 365nm.
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8.5 8.0 7.5 7.0 4.5 4.0 3.5 3.0 2.5 2.0

35 min UV irradiation
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Chemical shift (ppm)

*

Fig. S29 E/Z photoisomerization process is monitored by 1H NMR spectra. 
Starting from a 100% Z isomer (0 min, upper spectra), BMO-H in CDCl3 (40 
mM) was irradiated by a UV lamp for 35min (lower spectra). Solvent (CHCl3) 
peak was marked with asterisk.
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Fig. S30 E/Z photoisomerization process is monitored by 1H NMR spectra. 
Starting from a 100% Z isomer (0 min, upper spectra), BMO-PF in CDCl3 (40 
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mM) was irradiated by a UV lamp for 35min (lower spectra). Solvent (CHCl3) 
peak was marked with asterisk.
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0 min

*

*

Chemical shift (ppm)

Fig. S31 E/Z photoisomerization process is monitored by 1H NMR spectra. 
Starting from a 100% Z isomer (0 min, upper spectra), BMO-PM in CDCl3 (40 
mM) was irradiated by a UV lamp for 35min (lower spectra). Solvent (CHCl3) 
peak was marked with asterisk.
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Fig. S32 E/Z photoisomerization process is monitored by 1H NMR spectra. 
Starting from a 100% Z isomer (0 min, upper spectra), BMO-PC in CDCl3 (40 
mM) was irradiated by a UV lamp for 35min (lower spectra). Solvent (CHCl3) 
peak was marked with asterisk.
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Fig. S33 1H NMR spectra of BMO-PH (d6-DMSO, 20 m) after heating and UV/white 
light irradiation. Solvent peaks were marked with asterisks. 
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Fig. S34 1H NMR spectra in CDCl3 of the crystal BMO-PH after 365-nm irradiation 
for 1h. The scale of inset photo is 0.9 mm*0.9 mm each blog.
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Fig. S35 Restriction of intramolecular motions of BMO-PF by neighboring molecules. 
Some of the short contacts are assigned and distances are noted (unit: Å). 

Fig. S36 Restriction of intramolecular motions of BMO-PM by neighboring molecules. 
Some of the short contacts are assigned and distances are noted (unit: Å). 

Fig. S37 Restriction of intramolecular motions of BMO-PC by neighboring molecules. 
Some of the short contacts are assigned and distances are noted (unit: Å). 
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Fig. S39 UV-vis absorption of (A)TPE-BMO and (B)TPA-BMO in THF and water 
(containing 1vol % THF). Dye concentration = 10 μM.
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Fig. S40 (A) PL spectra and (B) plot of PL intensity at 510 nm of TPE-BMO in 
DMSO/water mixtures versus water fraction. Excitation wavelength = 400 nm. Dye 
concentration = 5 μM.
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Fig. S41 Dynamic light scattering (DLS) result of aggregates of TPE-BMO in 
DMSO/water mixture with 70 vol % water fraction. Dye concentration = 5 μM.
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Fig. S42 (A) PL spectra and (B) plot of PL intensity at 568nm of TPA-BMO in 
DMSO/water mixtures versus water fraction. Excitation wavelength = 420 nm. Dye 
concentration = 5 μM.
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Fig. S43 DLS result of aggregates of TPA-BMO in DMSO/water mixture with 70 vol % 
water fraction. Dye concentration = 5 μM.
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