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Supplementary Notes 

NMR spectra were recorded on a Bruker BioSpin (1H 400 MHz, 13C 100 MHz) 

spectrometer or a JEOL JNM-ECZ600R (1H 600 MHz, 13C 150 MHz) NMR 

spectrometer. Chemical shifts were reported as the delta scale in ppm relative to 

tetramethylsilane (δ = 0.00 ppm), CHCl3 (δ = 7.26 ppm) for 1H NMR and CDCl3 (δ = 

77.0 ppm) for 13C NMR. Data were reported as follows: chemical shift, multiplicity (s 

= singlet, d = doublet, t = triplet, m = multiplet), coupling constant (Hz), and integration. 

High resolution mass spectrometry (HR-MS) analyses were carried out using MALDI-

TOF-MS techniques. UV-Vis absorption spectra were performed on a UNIC-3802 

spectrophotometer. All solvents for syntheses were dried by distillation under nitrogen 

prior to use (tetrahydrofuran and 1,4-dioxane were distilled after reflux with sodium 

under nitrogen). Other chemicals were obtained from commercial suppliers (Innochem 

or Acros). Air-sensitive reactions were all carried out under argon or nitrogen.  
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Supplementary Methods 

Physical Characterizations of Compounds 

 

Supplementary Figure 1. 1H NMR spectrum of compound 1 (400 MHz, CDCl3). 

 

 

Supplementary Figure 2. 13C NMR spectrum of compound 1 (100 MHz, CDCl3). 
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Supplementary Figure 3. 1H NMR spectrum of compound 2 (400 MHz, CDCl3). 

 

 

Supplementary Figure 4. 13C NMR spectrum of compound 2 (100 MHz, CDCl3). 
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Supplementary Figure 5. MALDI-TOF-MS spectrum (black solid line) and simulated 

data (red dash line) for compound 2. 

 

 
Supplementary Figure 6. 1H NMR spectrum of compound 3 (600 MHz, CDCl3). 



S6 
 

 

Supplementary Figure 7. 13C NMR spectrum of compound 3 (150 MHz, CDCl3). 

 

 

Supplementary Figure 8. MALDI-TOF-MS spectrum (black solid line) and simulated 

data (red dash line) for compound 3. 
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Supplementary Figure 9. 1H NMR spectrum of SCPP[8] (600 MHz, CDCl3). 
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Supplementary Figure 10. 13C NMR spectrum of SCPP[8] (150 MHz, CDCl3). 

 

 

 

Supplementary Figure 11. MALDI-TOF-MS spectrum (black solid line) and 

simulated data (red dash line) for SCPP[8]. 
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Supplementary Figure 12. Expanded 2D 1H-1H COSY NMR spectrum (600 MHz, 

CDCl3) of SCPP[8]. 

 

 

Supplementary Figure 13. Expanded 2D 1H-1H NOESY NMR spectrum (600 MHz, 

CDCl3) of SCPP[8]. 
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Supplementary Figure 14. Expanded 2D (H, C)-HSQC NMR spectrum (600 MHz, 

CDCl3) of SCPP[8]. 

 

 

Supplementary Figure 15. Expanded 2D (H, C)-HMBC NMR spectrum (600 MHz, 

CDCl3) of SCPP[8]. 
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Supplementary Figure 16. The aromatic region of variable-temperature 1H NMR 

spectra of SCPP[8] (600 MHz, DMSO-d6).  
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Preparation of aggregates for AIE effect 

Solutions with different water contents were prepared by adding THF solution of 

SCPP[8] (0.3 mL, 3 × 10-5 M), [8]CPP (0.3 mL, 3 × 10-5 M) and SCPP[10] (0.3 mL, 3 

× 10-6 M) to premixed THF/H2O (2.7 mL, with appropriate ratios), respectively. The 

suspensions/solutions were sonicated for 5 min before their fluorescent properties were 

determined. 

 

Supplementary Figure 17. Fluorescence spectra of [8]CPP in THF/H2O mixtures with 

different volume fractions of H2O (fw). 

 
Supplementary Figure 18. AIE properties of SCPP[10]. a Fluorescence spectra of 

SCPP[10] in THF/H2O mixtures with different volume fractions of H2O (fw). b 

Emission change of SCPP[10] in aqueous THF with fw = 0-90 vol % under 365 nm UV 

light. 
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HPLC experiments of SCPP[8] 

 

Supplementary Figure 19. Successful separation of SCPP[8] enantiomers. 

 

Temperature-dependent CD spectra (M)/(P)-SCPP[8] 

 

Supplementary Figure 20. Temperature-dependent CD of (M)/(P)-SCPP[8]. a 

Temperature-dependent CD spectra of (M)-SCPP[8] from -10 °C to 125 °C. b 

Temperature-dependent CD spectra of (M)-SCPP[8] from 125 °C to -10 °C. c 

Temperature-dependent CD spectra of (P)-SCPP[8] from -10 °C to 125 °C. d 

Temperature-dependent CD spectra of (P)-SCPP[8] from 125 °C to -10 °C. 
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Comparison of CPL performance 

 

Supplementary Figure 21. The structures of SCPP[8] and relevant SOMs. 

 

Supplementary Table 1. The luminescence dissymmetry factors of SCPP[8] and 

relevant SOMs 

 glum/10-3 (in solution) glum/10-3 (in aggregation) 

(M)-SCPP[8] +6.9 +19 

(M)-A11 +3.1 +6.2 

(S)-A22 - +2.8 

(S)-A33 +4.1 -2.8 

(M)-A44 -1.1 -15 

(S)-A55 +2 +2 

(S)-A66 +5.5 -2.2 

(S)-A77 +4.5 +6.2 

(S)-A88 +3.7 +4.3 

(M)-B19 -3.5 - 

(M)-B210 -3.7 - 
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Computational detail 

Density functional theory calculations were used to identify the performed by 

using Gaussian 09 software11. Geometrical optimization were carried out at the 

theoretical level of B3LYP/6-31G(d,p), where DFT-D3(BJ)11 and Polarizable 

continuum model (PCM)12 methodologies can be used to correct dispersion force and 

solvent effect. The resultant structures were further validated by frequency analysis 

without imaginary frequency. The strain energy was calculated using the computational 

methods reported by K. Itami14,15,16.  

SE = E(SCPP[8]) + 16E(Biphenyl) - E(Tetraphenyl-benzene) - 14E(Triphenyl). 

Moreover, time-dependent density functional theory (TD-DFT) with PBE0-1/3/6-

31G(d,p)//PCM, where PBE0-1/3 features the 1/3 HF term more than pristine PBE0, 

were used to simulate the CD spectra. 

 

Supplementary Table 2. Energy and Strain energy for SCPP[8] and [8]CPP 

 Energy(a.u.)  Energy(a.u.) 

SCPP[8] -3464.95078363 [8]CPP -1848.6113304 

Tetraphenyl-benzene -1156.64050300 - 

Biphenyl -463.36737140 

Triphenyl -694.45656700 

 

strain energy 

(kcal/mol) 

127.83             64.15 

 

Supplementary Table 3. Energy level for SCPP[8] and [8]CPP 

Name SCPP[8] [8]CPP 

LUMO+3 -1.411 -0.602 

LUMO+2 -1.452 -1.297 

LUMO+1 -1.800 -1.298 

LUMO -2.137 -1.933 

HOMO -4.917 -5.052 
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HOMO-1 -5.169 -5.667 

HOMO-2 -5.529 -5.667 

HOMO-3 -5.542 -6.680 

Gap 2.780 3.118 

 

 

Supplementary Figure 22. Frontier molecular orbitals of SCPP[8]: HOMO-3(a), 

HOMO-2(b), HOMO-1(c), HOMO(d), LUMO(e), LUMO+1(f), LUMO+2(g) and 

LUMO+3(h). 

 

 

Supplementary Figure 23. Frontier molecular orbitals of [8]CPP: HOMO-3(a), 

HOMO-2(b), HOMO-1(c), HOMO(d), LUMO(e), LUMO+1(f), LUMO+2(g) and 

LUMO+3(h). 

 

Supplementary Table 4. Oscillator strengths and transitions of the peaks from 

experiment and DFT calculations under the theoretical level of PBE0-1/3/6-

31G(d,p)//PCM) 

λExp. λDFT fosc Transitions 

 SCPP[8] 

368 
371.77 3.3466 HOMO-2→LUMO(56%) 

HOMO-4→LUMO+1(14%) 
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346 

340.07 0.2228 HOMO→LUMO+2(57%) 

HOMO-2→LUMO(37%) 

333.76 1.5938 HOMO-5→LUMO(48%) 

325.57 0.4180 HOMO→LUMO+4(44%) 

305 

301.44 0.7219 HOMO-1→LUMO+5(50%) 

292.55 0.2244 HOMO-3→LUMO+1(44%) 

287.66 0.1531 HOMO-2→LUMO+3(50%) 

[8]CPP 

340 339.69 1.8662 HOMO-1→LUMO(51%) 

HOMO→LUMO+1(45%) 

 

 Supplementary Table 5. Ground-state structure of SCPP[8]  

SCPP[8] 

C 3.112894 1.773448 -0.615729 C -3.174965 -2.003775 -3.376317 

C 2.334512 0.883658 -1.379802 C -2.469229 -0.962256 -2.779064 

C 3.174965 2.003775 -3.376317 C -3.811041 -2.811850 -1.211370 

C 2.469229 0.962256 -2.779064 C -4.067002 -4.372321 -3.129657 

C 3.811041 2.811850 -1.211370 C -3.775740 -3.016382 -2.603712 

C 4.067002 4.372321 -3.129657 C -3.344605 -4.871961 -4.229605 

C 3.775740 3.016382 -2.603712 C -4.613206 -6.675341 -2.554516 

C 3.344605 4.871961 -4.229605 C -4.805526 -5.309533 -2.382881 

C 4.613206 6.675341 -2.554516 C -3.697749 -7.169480 -3.502484 

C 4.805526 5.309533 -2.382881 C -3.177535 -6.238389 -4.421168 

C 3.697749 7.169480 -3.502484 C -3.634935 -9.508435 -2.502269 

C 3.177535 6.238389 -4.421168 C -3.064561 -8.495377 -3.297322 

C 3.634935 9.508435 -2.502269 C -0.918189 -9.614342 -3.027265 

C 3.064561 8.495377 -3.297322 C -1.706313 -8.645934 -3.630564 

C 0.918189 9.614342 -3.027265 C -2.843517 -10.481398 -1.896817 

C 1.706313 8.645934 -3.630564 C -1.444037 -10.486593 -2.056777 

C 2.843517 10.481398 -1.896817 H 3.061235 1.731600 0.465838 

C 0.514491 11.073539 -1.060061 H 3.194368 2.066019 -4.459763 

C 1.444037 10.486593 -2.056777 H 1.958685 0.245150 -3.414290 

C -0.867591 11.169858 -1.309982 H 4.272239 3.552019 -0.568125 

C 0.000000 11.198402 1.318754 H 2.799634 4.189666 -4.873095 

C 0.922490 11.217846 0.279337 H 5.085817 7.356128 -1.854635 

C -1.370964 10.998838 1.068416 H 5.456072 4.973689 -1.582376 

C -1.788822 11.116309 -0.270620 H 2.540710 6.574987 -5.232442 

C -1.662743 9.509563 3.033087 H 4.698592 9.492677 -2.286161 

C -2.253318 10.340259 2.063352 H -0.150179 9.585263 -3.205841 

C -4.362758 9.195528 2.505514 H 1.217467 7.905465 -4.252698 

C -3.648133 10.227468 1.902177 H 3.314919 11.193784 -1.227074 

C -2.374356 8.482458 3.634319 H -1.236204 11.166280 -2.330261 

C -4.245652 6.857104 3.502497 H 0.368292 11.219318 2.338956 
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C -3.716726 8.228245 3.299684 H 1.978652 11.210493 0.526433 

C -5.118322 6.294484 2.552377 H -2.841485 11.030518 -0.517902 

C -3.716429 4.593064 4.227882 H -0.595495 9.562502 3.212629 

C -3.656349 5.968113 4.421181 H -5.421896 9.098239 2.288489 

C -4.395772 4.040108 3.126010 H -4.172571 10.902338 1.233051 

C -5.203578 4.918059 2.378940 H -1.830403 7.780917 4.255818 

C -3.320876 1.748708 3.370949 H -5.641185 6.937362 1.852383 

C -3.999372 2.711469 2.599014 H -3.121518 3.954447 4.871958 

C -3.242487 1.524523 0.610334 H -3.049148 6.352138 5.234109 

C -4.019291 2.505109 1.206628 H -5.824666 4.533681 1.576916 

C -2.536096 0.765773 2.773066 H -3.344394 1.808873 4.454391 

C -2.396336 0.698253 1.373730 H -3.188569 1.486835 -0.471275 

C -0.514491 -11.073539 -1.060061 H -4.537221 3.207037 0.563698 

C 0.867591 -11.169858 -1.309982 H -1.970528 0.090908 3.407967 

C 0.000000 -11.198402 1.318754 H 1.236204 -11.166280 -2.330261 

C -0.922490 -11.217846 0.279337 H -0.368292 -11.219318 2.338956 

C 1.370964 -10.998838 1.068416 H -1.978652 -11.210493 0.526433 

C 1.788822 -11.116309 -0.270620 H 2.841485 -11.030518 -0.517902 

C 1.662743 -9.509563 3.033087 H 0.595495 -9.562502 3.212629 

C 2.253318 -10.340259 2.063352 H 5.421896 -9.098239 2.288489 

C 4.362758 -9.195528 2.505514 H 4.172571 -10.902338 1.233051 

C 3.648133 -10.227468 1.902177 H 1.830403 -7.780917 4.255818 

C 2.374356 -8.482458 3.634319 H 5.641185 -6.937362 1.852383 

C 4.245652 -6.857104 3.502497 H 3.121518 -3.954447 4.871958 

C 3.716726 -8.228245 3.299684 H 3.049148 -6.352138 5.234109 

C 5.118322 -6.294484 2.552377 H 5.824666 -4.533681 1.576916 

C 3.716429 -4.593064 4.227882 H 3.344394 -1.808873 4.454391 

C 3.656349 -5.968113 4.421181 H 3.188569 -1.486835 -0.471275 

C 4.395772 -4.040108 3.126010 H 4.537221 -3.207037 0.563698 

C 5.203578 -4.918059 2.378940 H 1.970528 -0.090908 3.407967 

C 3.320876 -1.748708 3.370949 H 0.000000 0.000000 2.448119 

C 3.999372 -2.711469 2.599014 H 0.000000 0.000000 -2.454745 

C 3.242487 -1.524523 0.610334 H -3.061235 -1.731600 0.465838 

C 4.019291 -2.505109 1.206628 H -3.194368 -2.066019 -4.459763 

C 2.536096 -0.765773 2.773066 H -1.958685 -0.245150 -3.414290 

C 1.227090 -0.094184 0.694560 H -4.272239 -3.552019 -0.568125 

C 2.396336 -0.698253 1.373730 H -2.799634 -4.189666 -4.873095 

C 1.215991 0.189696 -0.701092 H -5.085817 -7.356128 -1.854635 

C -1.227090 0.094184 0.694560 H -5.456072 -4.973689 -1.582376 

C 0.000000 0.000000 1.363402 H -2.540710 -6.574987 -5.232442 

C -1.215991 -0.189696 -0.701092 H -4.698592 -9.492677 -2.286161 

C 0.000000 0.000000 -1.369994 H 0.150179 -9.585263 -3.205841 

C -3.112894 -1.773448 -0.615729 H -1.217467 -7.905465 -4.252698 

C -2.334512 -0.883658 -1.379802 H -3.314919 -11.193784 -1.227074 
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Supplementary Table 6. Ground-state structure of [8]CPP 

[8]CPP 

C 4.502628 1.846310 -1.546478 C 3.636553 -4.800678 -0.545728 

C 5.288466 1.460380 -0.445403 C 3.918468 -3.844129 0.448974 

C 4.797192 3.635448 0.546291 C 5.456035 -0.910597 -1.293350 

C 5.504040 2.435254 0.547951 C 5.544037 0.013862 -0.235511 

C 3.798839 3.041157 -1.548173 C 4.842772 -2.702136 0.241020 

C 2.700048 4.843439 -0.241435 C 5.097431 -2.233503 -1.061419 

C 3.841263 3.917870 -0.448762 C 5.208894 -1.849249 1.299537 

C 2.232355 5.100325 1.060943 C 5.535586 -0.518239 1.067557 

C 0.516614 5.537544 -1.067848 H 4.313251 1.142153 -2.348094 

C 1.847297 5.209631 -1.300026 H 4.935294 4.322939 1.374933 

C -0.014962 5.547498 0.235389 H 6.172470 2.225169 1.377054 

C 0.909846 5.460274 1.292993 H 3.092788 3.215729 -2.351437 

C -2.436563 5.507800 -0.547393 H 2.868165 4.890765 1.914463 

C -1.461427 5.292011 0.445710 H -0.142734 5.657110 -1.920863 

C -3.041775 3.801789 1.548269 H 2.190097 5.126770 -2.325995 

C -1.847297 4.506306 1.546884 H 0.571691 5.560205 2.318993 

C -3.636553 4.800678 -0.545728 H -2.226530 6.176219 -1.376533 

C -4.842772 2.702136 0.241020 H -3.215490 3.094875 2.350996 

C -3.918468 3.844129 0.448974 H -1.143433 4.317681 2.348920 

C -5.208894 1.849249 1.299537 H -4.324183 4.938851 -1.374238 

C -5.456035 0.910597 -1.293350 H -5.126856 2.192458 2.325450 

C -5.097431 2.233503 -1.061419 H -5.554805 0.572082 -2.319325 

C -5.544037 -0.013862 -0.235511 H -4.887024 2.868848 -1.915070 

C -5.535586 0.518239 1.067557 H -5.655491 -0.140801 1.920788 

C -4.502628 -1.846310 -1.546478 H -4.313251 -1.142153 -2.348094 

C -5.288466 -1.460380 -0.445403 H -4.935294 -4.322939 1.374933 

C -4.797192 -3.635448 0.546291 H -6.172470 -2.225169 1.377054 
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C -5.504040 -2.435254 0.547951 H -3.092788 -3.215729 -2.351437 

C -3.798839 -3.041157 -1.548173 H -2.868165 -4.890765 1.914463 

C -2.700048 -4.843439 -0.241435 H 0.142734 -5.657110 -1.920863 

C -3.841263 -3.917870 -0.448762 H -2.190097 -5.126770 -2.325995 

C -2.232355 -5.100325 1.060943 H -0.571691 -5.560205 2.318993 

C -0.516614 -5.537544 -1.067848 H 2.226530 -6.176219 -1.376533 

C -1.847297 -5.209631 -1.300026 H 3.215490 -3.094875 2.350996 

C 0.014962 -5.547498 0.235389 H 1.143433 -4.317681 2.348920 

C -0.909846 -5.460274 1.292993 H 4.324183 -4.938851 -1.374238 

C 2.436563 -5.507800 -0.547393 H 4.887024 -2.868848 -1.915070 

C 1.461427 -5.292011 0.445710 H 5.655491 0.140801 1.920788 

C 3.041775 -3.801789 1.548269 H 5.554805 -0.572082 -2.319325 

C 1.847297 -4.506306 1.546884 H 5.126856 -2.192458 2.325450 
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