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Materials, general procedures and synthesis.

Materials. Mono[6-O-(4-methyl-phenylsulfonyl)]-B-cyclodextrin ~ (6-OTs-p-CD)  was
synthesized according to literature procedure.! B-cyclodextrin, methyl 4-hydroxybenzoate, 4-
hydroxybenzaldehyde, 4-hydroxyacetophenone and tert-butyl-4-hydroxybenzoate were
purchased from J&K chemical Ltd. SiliaSphere C18 was purchased from Beijing Greenherbs
science and technology development Ltd. All other reagents were commercially available and
used as supplied without further purification. Solvents were purified according to standard
laboratory methods. The molecular structures were confirmed using 'H NMR, '*C NMR and
high-resolution ESI mass spectroscopy or MALDI-TOF mass spectroscopy.

General. 'H NMR and '*C NMR spectra were measured on a Bruker AV-400 spectrometer.
The UV-Vis absorption spectra were obtained on a Varian Cary 100 spectrometer (1 cm quartz
cell was used). RTP spectra and lifetime were recorded on a Varian Cary Eclipse
spectrophotometer. Phosphorescence mode: Excitation slit = 10 nm; Emission slit = 10 nm;
Delay time = 0.1 ms; Gate time = 2.0 ms. Quantum yields were determined with a spectrometer
C11347-11 (Hamamatsu, Japan), Powder X-ray diffraction (XRD) was performed on a
D/max2550V. The calculations were performed with the Gaussian 09 software package. The
restricted and unrestricted (TD)B3LYP functional and the 6-311+G(d) basis set was used for
both DFT and TDDFT calculations®*. The lowest excitation states were included in the TDDFT

calculations.
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Figure S1. Synthesis of B-CD-HBA, B-CD-MHB, 3-CD-HAP, B-CD-HBD.
Synthesis of tert-butyl 4-hydroxybenzoate modified pB-cyclodextrin (B-CD-TBHB) To a
stirred solution of 6-OTs-B-CD (0.5 g, 0.39 mmol, 1.0 eq) and K,CO; (0.27g, 1.95 mmol, 5.0
eq) in 20 mL dry DMF was added tert-butyl 4-hydroxybenzoate (0.379 g, 1.95 mmol, 5.0 eq).
The mixture was stirred at 80 °C under argon for 3 days and filtered after cooled to room
temperature. The solution was concentrated into 3 mL and added dropwise to 200 mL ethyl
acetate to afford the crude product, then purified with SiliaSphere C18 reversed-phase column
chromatography to obtain p-CD-TBHB (0.3 g, 59%). '"H NMR (400 MHz, DMSO-d;) 6 = 7.86
—7.78 (m, 2H), 7.05 — 6.96 (d, J=8.7, 2H), 5.85 — 5.64 (m, 14H), 4.95 — 4.75 (m, 7H), 4.54 —
4.40 (ddt, J=17.1, 10.5, 5.3, 6H), 3.80 — 3.44 (m, overlaps with HOD), 1.56 — 1.50 (s, 9H). °C
NMR (101 MHz, DMSO-dg) 6 = 164.74 — 164.58, 162.07 — 161.87, 131.12 — 130.65 , 123.60
—123.27,114.44—-113.93,103.38 — 100.83, 81.63 — 81.28, 80.21 — 79.91, 73.14 — 72.81, 72.48



—72.28,72.28—-72.19,72.09 — 71.85, 60.88 — 58.96, 30.30 — 26.06. HRMS (MALDI-TOF-MS)
m/z: [M + Na]* caled for [CsoH,sNaOs,]*, 1333.4427; found, 1333.4380.

Synthesis of 4-hydroxybenzoic acid modified p-cyclodextrin (-CD-HBA) B-CD-TBHB
(0.2 g, 0.15 mmol) and trifluoroacetic acid (2 ml) were added into a flask containing 15ml
DMF. The mixture was stirred at room temperature for 20 hours. The solution was concentrated
into 3 mL and added dropwise to 200 mL ethyl acetate to afford the crude product, then purified
with SiliaSphere C18 reversed-phase column chromatography to obtain B-CD-HBA (0.1 g,
52%).'H NMR (400 MHz, DMSO-dy) 6 =9.88 —9.85 (s, 1H), 7.88 — 7.82 (m, 2H), 7.16 — 7.11
(d, /=8.9,2H), 5.81 — 5.68 (m, 15H), 4.92 —4.79 (m, 7H), 4.52 — 4.41 (m, 6H), 3.76 — 3.45 (m,
overlaps with HOD). *C NMR (101 MHz, DMSO-dy) 6 = 167.11 — 166.85, 162.45 — 162.15,
131.78 — 130.76, 123.63 — 121.98, 115.12 — 113.47, 102.55 — 101.39, 81.69 — 81.20, 73.09 —
72.79,72.52 —72.28, 72.28 — 72.15, 72.09 — 71.88, 60.04 — 59.58. HRMS (MALDI-TOF-MS)
m/z: [M - H] caled for [CsoH75sNaOj3,]-, 1253.3836; found, 1253.3838.

Synthesis of Methyl 4-hydroxybenzoate modified p-cyclodextrin (-CD-MHB) To a stirred
solution of 6-OTs-B-CD (0.5 g, 0.39 mmol, 1.0 eq) and K,CO; (0.27g, 1.95 mmol, 5.0 eq) in
20 mL dry DMF was added Methyl 4-hydroxybenzoate (0.297 g, 1.95 mmol, 5.0 eq). The
mixture was stirred at 80 °C under argon for 3 days and filtered after cooled to room
temperature. The solution was concentrated into 3 mL and added dropwise to 200 mL ethyl
acetate to afford the crude product, then purified with SiliaSphere C18 reversed-phase column
chromatography to obtain -CD-MHB (0.28 g, 56.8%).'H NMR (400 MHz, DMSO-dj) 6= 7.92
—7.86 (d, J/=8.4, 2H), 7.08 — 7.02 (d, J=8.4, 2H), 5.81 — 5.67 (m, 14H), 4.91 — 4.77 (m, 7H),
4.52 — 4.38 (m, 6H), 3.81 (s, 3H), 3.77 — 3.36 (m, overlaps with HOD). 3C NMR (100 MHz,
DMSO-dg) 6 165.92 ,162.36, 131.11 , 121.78 , 114.46 , 101.91, 82.10,81.78 , 81.50 , 73.00 ,
72.36,72.22,71.99, 67.21 ,59.87,51.77. HRMS (MALDI-TOF-MS) m/z: [M + Na]J* calcd for
[CsoH76NaO;7]*, 1291.3958; found, 1291.3953.

Synthesis of 4-hydroxyacetophenone modified p-cyclodextrin (§-CD-HAP) To a stirred
solution of 6-OTs-B-CD (0.5 g, 0.39 mmol, 1.0 eq) and K,CO; (0.27g, 1.95 mmol, 5.0 eq) in
20 mL dry DMF was added 4-Hydroxyacetophenone (0.266 g, 1.95 mmol, 5.0 eq). The mixture
was stirred at 80 °C under argon for 3 days and filtered after cooled to room temperature. The
solution was concentrated into 3 mL and added dropwise to 200 mL ethyl acetate to afford the
crude product, then purified with SiliaSphere C18 reversed-phase column chromatography to
obtain B-CD-PHAP (0.28 g, 56.8%). '"H NMR (400 MHz, DMSO-dg) 6 =7.94 — 7.88 (d, /=8 .4,
2H), 7.08 - 7.01 (d, J=8.8, 2H), 5.83 — 5.68 (m, 14H), 4.92 —4.78 (m, 7H), 4.55 — 4.39 (m, 6H),
3.76 — 3.36 (m, overlaps with HOD), 2.54-2.43 (s, overlaps with DMSO-d,).'*C NMR (100
MHz, DMSO-dg) 6 196.35, 162.26, 130.37, 129.83, 114.29, 102.34, 101.92, 101.74, 82.06,



81.78, 81.50, 73.01, 72.36, 72.22, 71.99, 69.42, 67.16, 59.88, 26.35. HRMS (MALDI-TOF-
MS) m/z: [M + Na]* calcd for [CsoH76NaOs¢]", 1275.4008; found, 1275.4010.

Synthesis of 4-hydroxybenzaldehyde modified B-cyclodextrin (B-CD-HBD) To a stirred
solution of 6-OTs-B-CD (0.5 g, 0.39 mmol, 1.0 eq) and K,CO; (0.27 g, 1.95 mmol, 5.0 eq) in
20 mL dry DMF was added 4-hydroxy benzaldehyde (0.238 g, 1.95 mmol, 5.0 eq). The mixture
was stirred at 80 °C under argon for 3 days and filtered after cooled to room temperature. The
solution was concentrated into 3 mL and added dropwise to 200 mL ethyl acetate to afford the
crude product, then purified with SiliaSphere C18 reversed-phase column chromatography to
obtain B-CD-PHAP (0.25 g, 52%)."H NMR (400 MHz, DMSO-d;) 6 = 9.88 —9.85 (s, 1H), 7.88
—-7.82 (d, J=8.4, 2H), 7.16 — 7.11 (d, J=8.9, 2H), 5.81 — 5.68 (m, 14H), 4.92 — 4.79 (m, 7H),
4.52 —4.41 (m, 6H), 3.76 — 3.45 (m, overlaps with HOD). '*C NMR (100 MHz, DMSO-ds) &
191.33, 163.39, 162.35, 131.70, 129.59, 114.97, 102.34, 101.91, 82.09, 81.78, 81.52, 73.01,
72.36, 72.20, 71.99, 69.37, 67.36, 59.88. HRMS (MALDI-TOF-MS) m/z: [M + Na]" calcd for
[C49H74NaO56]", 1261.3852; found, 1261.3845.
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Figure S2. RTP lifetime spectra of a) B-CD-HAP, b) -CD-HBD, c) 3-CD-MHB and d) B-CD-
HBA in solid state at room temperature, registered in gate mode. a) A.,, = 437 nm, b) A.,, = 447
nm, ¢) Aq, = 424 nm and d) A.,, =419 nm, excitation voltage = 800 V, excitation slim =20

nm, emission slim = 20 nm.
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Figure S3. RTP excitation spectra of a) B-CD-HAP, b) B-CD-HBD, c¢) B-CD-MHB and d) -
CD-HBA in solid state at room temperature, registered in gate mode. a) A.,, =437 nm, b) Ao, =
447 nm, ¢) Aeyy = 424 nm and d) A, = 419 nm, excitation voltage = 600 V ( B-CD-HAP),700 V
(B-CD-HBD) 750 V (B-CD-MHB) or 800 V (B-CD-HBA), excitation slim =10 nm, emission

slim = 10 nm.
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Figure S4. RTP emission spectra of B-CD-HAP in oxygen-free and aerated condition.
phosphorescence mode; excitation slim = 10 nm; emission slim = 10 nm; Aex = 295 nm,

excitation voltage = 600 V.
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Figure S5. RTP emission spectra of B-CD-HAP and mixtures 4-hydroxyacetophenone : 3-CD

(molar ratio 1:1) powder prepared from DMF solution. Excitation voltage = 700 V, excitation

slim = 10 nm; emission slim = 10 nm; excited at 295 nm.
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Figure S6. At different volume mixing ratios of DMF/EA, a) RTP emission spectra of
B-CD-HAP b) Normalized RTP intensities of B-CD-HAP at 437nm. phosphorescence
mode; excitation slim = 10 nm; emission slim = 10 nm; A, = 295 nm, excitation voltage

=700 V.
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Figure S7. The comparison diagram of calculated HOMO and LUMO for ground states for CD
derivatives and their corresponding phosphors.

The shape of frontier molecular orbital for CD derivative kept pace with its corresponding

phorsphors, verifying that the electrons of CD was not involved in the efficient spin-orbital

coupling.
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