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1. Synthesis 

 

General methods. All of the chemicals were reagent grade and used as purchased. All of the reactions 

were performed under an inert atmosphere of dry nitrogen using distilled dry solvents. The reaction 

progress was monitored by thin layer chromatography (TLC) analysis using silica gel 60 F-254 TLC 

plates. The compound spots were visualized using UV light. Melting points were measured using a 

Buchi B-540 melting point apparatus without correction. Flash column chromatography was carried out 

on silica gel (230–400 mesh). 1H and 13C NMR spectra were recorded on Bruker Avance-500 (500MHz) 

or Jeol JNM-ECA-600 (600MHz) spectrometer at 278K. Chemical shifts are reported in ppm (δ) units 

relative to the undeuterated solvent as a reference peak (CD3CN‒d3: 1.94 ppm/1H NMR, 1.32 and 

118.26 ppm/13C NMR). The following abbreviations are used to represent NMR peak multiplicities: s 

(singlet), d (doublet), t (triplet), m (multiplet) and br (broad). IR spectra were measured by an Agilent 

Technologies 5500 Series FT-IR spectrometer. High-resolution mass spectra (HRMS) were recorded 

using Fast atom bombardment (FAB) mass spectroscopy. 

 

General procedure of synthesis of crown ether containing calix[2]triazole[2]arene (2–4). 

 

The crown ether containing calix[2]triazole[2]arenes 2–4 were prepared from the 

calix[2]triazole[2]arene 1 and corresponding ethylene glycol ditosylate. Cs2CO3 (1.85 mmol, 6 equiv) 

was added to a solution of calix[2]triazole[2]arene 1 (0.308 mmol, 1 equiv) and the corresponding 

ethylene glycol ditosylate (0.370 mmol, 1.2 equiv) in anhydrous DMF (31 mL) under a nitrogen 

atmosphere. After heating at 100oC for 3 days, the reaction mixture was cooled to room temperature.  
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DMF was removed in vacuo and  the crude product was purified by column chromatography on silica 

gel using CH2Cl2/methanol mixtures as the eluent. 

 

Crown ether containing calix[2]triazole[2]arene (2) 

Following the general procedure, the crude product was purified using column  

chromatography on silica gel (CH2Cl2/methanol, 20:1 v/v) to yield product 2 (185 

mg, 93%) as a white solid; m.p. 258262 oC; 1H NMR (CD3CN, 500 MHz) δ 7.97 (s, 2H), 7.25 (s, 4H), 

5.73 (d, J = 13.7 Hz, 2H), 5.17 (d, J = 13.7 Hz, 2H), 4.30 (d, J = 14.1 Hz, 2H), 4.22–4.18 (m, 2H), 4.05–

4.00 (m, 2H), 3.99–3.95 (m, 4H), 3.74–3.72 (m, 4H), 3.64 (d, J = 14.2 Hz, 2H), 3.62–3.60 (m, 4H), 

1.15 (s, 18H) ppm.; 13C NMR (CD3CN, 125 MHz) δ 154.2 (2C), 148.8 (2C), 148.0 (2C), 135.8 (2C), 

130.8 (2C), 129.5 (2C), 127.9 (2C), 123.2 (2C), 75.0 (2C), 71.8 (2C), 71.1 (4C), 50.6 (2C), 34.9 (2C), 

31.4 (6C), 29.4 (2C) ppm.; IR (CH2Cl2) υmax 2953, 2904, 2866, 1483, 1200, 1111, 1047, 935, 733 (cm-

1); HRMS (FAB) m/z calcd for C36H49N6O5 645.3764 ([M+H]+), found 645.3756. 

 

Crown ether containing calix[2]triazole[2]arene (3) 

Following the general procedure, the crude product was purified using column  

chromatography on silica gel (CH2Cl2/methanol, 20:1 v/v) to yield product 3 (166 

mg, 78%) as a white solid; m.p. 218221 oC; 1H NMR (CD3CN, 600 MHz) δ 7.88 (s, 2H), 7.27 (s, 4H), 

5.72 (d, J = 14.2 Hz, 2H), 5.18 (d, J = 13.8 Hz, 2H), 4.27–4.22 (m, 4H), 4.10–4.07 (m, 2H), 3.95–3.87 

(m, 4H), 3.71–3.66 (m, 6H), 3.65–3.60 (m, 4H), 3.47 (s, 4H), 1.16 (s, 18H) ppm.; 13C NMR (CD3CN, 

150 MHz) δ 154.1 (2C), 148.7 (2C), 147.9 (2C), 135.6 (2C), 130.7 (2C), 129.6 (2C), 128.0 (2C), 123.2 

(2C), 74.5 (2C), 71.4 (2C), 71.3 (2C), 71.2 (2C), 71.1 (2C), 50.8 (2C), 34.9 (2C), 31.4 (6C), 29.5 (2C) 

ppm.; IR (CH2Cl2) υmax 2951, 2864, 1483, 1362, 1201, 1111, 1045, 928, 732 (cm-1); HRMS (FAB) m/z 

calcd for C38H53N6O6 689.4027 ([M+H]+), found 689.4031. 
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Crown ether containing calix[2]triazole[2]arene (4) 

Following the general procedure, the crude product was purified using column  

chromatography on silica gel (CH2Cl2/methanol, 20:1 v/v) to yield product 4 (206 

mg,  91%) as a white solid; m.p. 180184 oC; 1H NMR (CD3CN, 500 MHz) δ 7.92 (s, 2H), 7.26 (s, 

4H), 5.74 (d, J = 13.8 Hz, 2H), 5.17 (d, J = 13.9 Hz, 2H), 4.28 (d, J = 14.2 Hz, 2H), 4.26–4.24 (m, 2H), 

4.11–4.08 (m, 2H), 3.94–3.87 (m, 4H), 3.69–3.67 (m, 5H), 3.65–3.61 (m, 5H), 3.51–3.48 (m, 4H), 3.37–

3.36 (m, 4H), 1.16 (s, 18H) ppm.; 13C NMR (CD3CN, 125 MHz) δ 154.0 (2C), 148.7 (2C), 148.0 (2C), 

135.7 (2C), 130.7 (2C), 129.6 (2C), 127.9 (2C), 123.3 (2C), 74.3 (2C), 71.41 (4C), 71.39 (2C), 71.1 

(2C), 71.0 (2C), 50.8 (2C), 34.9 (2C), 31.4 (6C), 29.5 (2C) ppm; IR (CH2Cl2) υmax 2954, 2904, 2868, 

1675, 1484, 1364, 1203, 1112, 1047, 734 (cm-1); HRMS (FAB) m/z calcd for C40H57N6O7 733.4289 

([M+H]+), found 733.4295. 

 

General procedure of synthesis of crown ether containing calix[2]triazolium[2]arene (5–7). 

 

The crown ether containing calix[2]triazolium[2]arene 5–7 were prepared from the corresponding 

crown ether containing calix[2]triazole[2]arene 2–4. (Me3O)+BF4
– (0.810 mmol, 3 equiv) was added to 

a solution of crown ether containing calix[2]triazole[2]arene 2–4 (0.270 mmol, 1 equiv) in CH2Cl2 (108 

mL) under nitrogen atmosphere. The reaction mixture was stirred at room temperature for 12 h. 

Thereafter, methanol (4.50 mL) was added to quench the reaction, and then the solution concentrated 

in vacuo. The crude product was purified by column chromatography on silica gel using 

CH2Cl2/methanol/AcOH mixtures as the eluent. 
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Crown ether containing calix[2]triazolium[2]arene (5) 

Following the general procedure, the crude product was purified using column  

chromatography on silica gel (CH2Cl2/methanol, 20:1 v/v, 1% AcOH) to yield 

product 5 (176 mg, 77%) as a white solid; m.p. 110120 oC; 1H NMR (CD3CN, 500 MHz) δ 8.14 (s, 

2H), 7.46 (d, J = 2.3 Hz, 2H), 7.42 (d, J = 2.3 Hz, 2H), 6.08 (d, J = 14.1 Hz, 2H), 5.34 (d, J = 14.2 Hz, 

2H), 4.57 (d, J = 15.9 Hz, 2H), 4.18–4.14 (m, 2H), 4.09–4.06 (m, 8H), 3.89–3.81 (m, 6H), 3.78–3.71 

(m, 4H), 3.62 (t, J = 4.2 Hz, 4H), 1.20 (s, 18H) ppm.; 13C NMR (CD3CN, 125 MHz) δ 154.9 (2C), 149.8 

(2C), 143.3 (2C), 131.3 (2C), 130.1 (2C), 129.9 (2C), 129.8 (2C), 127.4 (2C), 75.7 (2C), 70.7 (2C), 

70.5 (2C), 70.1 (2C), 54.1 (2C), 38.5 (2C), 35.1 (2C), 31.3 (6C), 26.2 (2C) ppm.; IR (CH2Cl2) υmax 2958, 

2871, 1574, 1489, 1365, 1205, 1048, 932, 734 (cm-1); HRMS (FAB) m/z calcd for C38H54BF4N6O5 

761.4192 ([M‒BF4
–]+), found 761.4197. 

 

 Crown ether containing calix[2]triazolium[2]arene (6) 

Following the general procedure, the crude product was purified using column  

chromatography on silica gel (CH2Cl2/methanol, 20:1 v/v, 1% AcOH) to yield 

product 6 (154 mg, 64%) as a white solid; m.p. 160165 oC; 1H NMR (CD3CN, 500 MHz) δ 8.11 (s, 

2H), 7.44 (d, J = 2.0 Hz, 2H), 7.41 (d, J = 2.1 Hz, 2H), 6.05 (d, J = 14.3 Hz, 2H), 5.32 (d, J = 14.3 Hz, 

2H), 4.50 (d, J = 16.0 Hz, 2H), 4.24–4.20 (m, 2H), 4.13–4.08 (m, 8H), 3.87–3.79 (m, 6H), 3.69–3.67 

(m, 4H), 3.66–3.58 (m, 4H), 3.44 (s, 4H), 1.20 (s, 18H) ppm.; 13C NMR (CD3CN, 125 MHz) δ 154.7 

(2C), 149.7 (2C), 143.0 (2C), 131.4 (2C), 130.1 (2C), 130.0 (2C), 129.7 (2C), 127.4 (2C), 74.9 (2C), 

71.2 (2C), 70.6 (2C), 70.5 (2C), 70.2 (2C), 54.3 (2C), 38.4 (2C), 35.1 (2C), 31.3 (6C), 26.3 (2C) ppm.; 

IR (CH2Cl2) υmax 2957, 2871, 1576, 1490, 1366, 1207, 1057, 1036, 932, 734 (cm-1); HRMS (FAB) m/z 

calcd for C40H58BF4N6O6 805.4454 ([M]+), found 805.4444. 
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 Crown ether containing calix[2]triazolium[2]arene (7) 

Following the general procedure, the crude product was purified using column  

chromatography on silica gel (CH2Cl2/methanol, 20:1 v/v, 1% AcOH) to yield 

product 7 (220 mg, 86%) as a white solid; m.p. 195200 oC; 1H NMR (CD3CN, 500 MHz) δ 8.18 (s, 

2H), 7.46 (d, J = 2.3 Hz, 2H), 7.42 (d, J = 2.3 Hz, 2H), 6.08 (d, J = 14.4 Hz, 2H), 5.34 (d, J = 14.3 Hz, 

2H), 4.57 (d, J = 16.0 Hz, 2H), 4.23 (dt, J = 11.5, 3.9 Hz, 2H), 4.13 (dt, J = 11.5, 3.9 Hz, 2H), 4.09 (s, 

6H), 3.85–3.82 (m, 6H), 3.72–3.66 (m, 4H), 3.65–3.57 (m, 4H), 3.53–3.46 (m, 4H), 3.36–3.29 (m, 4H), 

1.21 (s, 18H) ppm.; 13C NMR (CD3CN, 125 MHz) δ 154.6 (2C), 149.7 (2C), 143.1 (2C), 131.3 (2C), 

130.2 (2C), 130.1 (2C), 129.9 (2C), 127.5 (2C), 74.7 (2C), 71.4 (2C), 71.0 (2C), 70.6 (4C), 70.4 (2C), 

54.4 (2C), 38.4 (2C), 35.1 (2C), 31.3 (6C), 26.3 (2C) ppm; IR (CH2Cl2) υmax 2956, 2905, 2872, 1575, 

1490, 1366, 1206, 1052, 1036, 732 (cm-1); HRMS (FAB) m/z calcd for C42H62BF4N6O7 849.4716 ([M‒

BF4
–]+), found 849.4697. 

 

Synthesis of alkyl chain containing calix[2]triazole[2]arene (8). 

 

Cs2CO3 (603 mg, 1.85 mmol) was added to a solution of calix[2]triazole[2]arene 1 (150 mg, 0.308 

mmol) and ditosylateS1 (210 mg, 0.370 mmol) in anhydrous DMF (31 mL) under a nitrogen atmosphere. 

After heating at 100oC for 3 days and then allowing to cool, the DMF was removed in vacuo. The crude 

product was purified using column chromatography on silica gel (CH2Cl2/methanol, 20:1 v/v) to yield 

product 8 (131 mg, 60%) as a white solid; m.p. 108113 oC; 1H NMR (CD3CN, 500 MHz) δ 7.84 (s, 

2H), 7.25 (s, 4H), 5.49 (d, J = 13.9 Hz, 2H), 5.22 (d, J = 13.9 Hz, 2H), 4.15 (d, J = 14.3 Hz, 2H), 3.99 
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(dd, J = 16.4, 8.4 Hz, 2H), 3.92 (dd, J = 15.1, 7.5 Hz, 2H), 3.69 (d, J = 14.3 Hz, 2H), 1.99 (t, J = 7.05 

Hz, 4H), 1.42–1.33 (m, 20H), 1.25 (t, J = 9.05 Hz, 4H), 1.14 (s, 18H) ppm.; 13C NMR (CD3CN, 125 

MHz) δ 154.1 (2C), 148.8 (2C), 148.3 (2C), 135.6 (2C), 130.4 (2C), 129.7 (2C), 128.0 (2C), 122.7 (2C), 

75.4 (2C), 51.0 (2C), 34.9 (2C), 31.7 (2C), 31.4 (6C), 29.6 (2C), 29.4 (2C), 28.9 (2C), 27.9 (2C), 26.7 

(2C), 26.3 (2C), 26.1 (2C) ppm; IR (CH2Cl2) υmax 2926, 2853, 1479, 1363, 1203, 1106, 1046, 992, 733 

(cm-1); HRMS (FAB) m/z calcd for C44H65N6O2 709.5169 ([M+H]+), found 709.5168. 

 

Synthesis of alkyl chain containing calix[2]triazolium[2]arene (9). 

 

(Me3O)+BF4
– (125 mg, 0.846 mmol) was added to a solution of triazole 8 (200 mg, 0.282 mmol) in 

CH2Cl2 (113 mL) under nitrogen atmosphere. The reaction mixture was stirred at room temperature for 

12 h and methanol (4.70 mL) was added to quench the reaction, and then the solution was concentrated 

in vacuo. The crude product was purified using column chromatography on silica gel (CH2Cl2/methanol, 

20:1 v/v, 1% AcOH) to yield product 9 (154 mg, 60%) as a white solid; m.p. 123128 oC; 1H NMR 

(CD3CN, 500 MHz) δ 7.66 (s, 2H), 7.46 (d, J = 2.2 Hz, 2H), 7.44 (d, J = 2.2 Hz, 2H), 5.76 (d, J = 14.7 

Hz, 2H), 5.40 (d, J = 14.7 Hz, 2H), 4.27 (d, J = 16.4 Hz, 2H), 4.19 (s, 6H), 3.90–3.85 (m, 6H), 1.79–

1.73 (m, 4H), 1.34–1.23 (m, 24H), 1.20 (s, 18H) ppm.; 13C NMR (CD3CN, 150 MHz) δ 154.5 (2C), 

149.9 (2C), 144.3 (2C), 131.8 (2C), 130.6 (2C), 129.7 (2C), 128.7 (2C), 126.3 (2C), 75.7 (2C), 54.9 

(2C), 38.6 (2C), 35.2 (2C), 31.5 (2C), 31.3 (6C), 29.5 (2C), 29.0 (2C), 27.9 (2C), 26.7 (2C), 26.6 (2C), 

26.1 (2C), 26.0 (2C) ppm; IR (CH2Cl2) υmax 2928, 2857, 1577, 1491, 1367, 1208, 1055, 984, 732 (cm-

1); HRMS (FAB) m/z calcd for C46H70BF4N6O2 825.5597 ([M‒BF4
–]+), found 825.5593. 
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2. X-Ray Crystallographic Data 

X-ray crystallographic data for 2 

 

Figure S1. X‐ray crystal structure of 2. CCDC 1916779 (2) contains the supplementary crystallographic 

data for this paper. These data can be obtained free of charge from the Cambridge Crystallographic 

Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 

Table S1. Crystal data and structure refinement for 2. 
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X-ray crystallographic data for 3 

 

Figure S2. X‐ray crystal structure of 3. CCDC 1916782 (3) contains the supplementary crystallographic 

data for this paper. These data can be obtained free of charge from the Cambridge Crystallographic 

Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 
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Table S2. Crystal data and structure refinement for 3. 

 

 

X-ray crystallographic data for 4 

Single crystal X-ray diffraction analysis. X-ray data for single crystals of 4 was recorded with a 

cryoloop mounted on a goniometer head in a cold stream of liquid nitrogen. The diffraction data were 

measured with synchrotron radiation with a Rayonix MX225HS CCD area detector with a silicon (111) 

double-crystal monochromator at the Pohang Accelerator Laboratory, Korea. The ADSC Quantum-210 

ADX program was used for data collection and HKL3000sm was used for cell refinement, reduction, 

and absorption correction. The structure was solved by direct methods and refined by full-matrix least-

squares analysis using anisotropic thermal parameters for non-hydrogen atoms with the SHELXTL 
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program. All hydrogen atoms were calculated at idealized positions and refined with the riding models. 

Also, C14, C34, O3A, and oxygen atom of water solvent(O8) is isotopically refined due to disorder. To 

account for this electron density, the program SQUEEZE, a part of the PLATON package of 

crystallographic software, was used to calculate the solvent disorder area and remove its contribution 

to the overall intensity data.S2  

 

 

Figure S3. X‐ray crystal structure of 4. CCDC 1916784 (4) contains the supplementary crystallographic 

data for this paper. These data can be obtained free of charge from the Cambridge Crystallographic 

Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 

Table S3. Crystal data and structure refinement for 4. 
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X-ray crystallographic data for 7 

Single crystal X-ray diffraction analysis. X-ray data for single crystals of 7 was recorded with a 

cryoloop mounted on a goniometer head in a cold stream of liquid nitrogen. The diffraction data were 

measured with synchrotron radiation with a Rayonix MX225HS CCD area detector with a silicon (111) 

double-crystal monochromator at the Pohang Accelerator Laboratory, Korea. The ADSC Quantum-210 

ADX program was used for data collection and HKL3000sm was used for cell refinement, reduction, 

and absorption correction. The structure was solved by direct methods and refined by full-matrix least-

squares analysis using anisotropic thermal parameters for non-hydrogen atoms with the SHELXTL 

program. Also, O4, C33, C34, C35, C36, C37, C38, C39, C40, and C41 are isotopically refined due to 

disorder. All hydrogen atoms except hydrogen atoms nearby disordered carbon atoms were calculated 

at idealized positions and refined with the riding models. 

 



S12 
 

 

Figure S4. X‐ray crystal structure of 7. CCDC 1916785 (7) contains the supplementary crystallographic 

data for this paper. These data can be obtained free of charge from the Cambridge Crystallographic 

Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 

Table S4. Crystal data and structure refinement for 7. 
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Figure S5. Crystal packing diagram of the unit cell of 7. The hydrogen atoms are omitted for clarity. 
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3. NOESY spectral analysis 

 

Figure S6. 1H-1H NOESY NMR spectra of 5. 

 

Figure S7. 1H-1H NOESY NMR spectra of 6. 
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Figure S8. 1H-1H NOESY NMR spectra of 7. 

 

Figure S9. 1H-1H NOESY NMR spectra of 8. 
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Figure S10. 1H-1H NOESY NMR spectra of 9. 
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4. Details of NMR spectroscopic binding studies 

 

 

Figure S11. 1H NMR spectra of 5, 6 and 7 in CD3CN (1 mM). 
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Figure S12. 1H NMR spectra of 4 in CD3CN (1 mM) in the presence of various anions (F−, Cl−, Br−, I−, 

H2PO4
−, NO3

−, HSO4
− and OAc− (10 equiv)). 



S19 
 

 

 

Figure S13. 1H NMR spectra of (a) 5 and (b) 6 in CD3CN (1 mM) in the presence of various anions (F−, 

Cl−, Br−, I−, H2PO4
−, NO3

−, HSO4
− and OAc− (10 equiv)). 
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Figure S14. 1H NMR spectra of (a) 5, (b) 6 and (c) 7 in CD3CN (1 mM) recorded in the presence of 

increasing concentrations of F− anion. 
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Figure S15. 1H NMR spectra of (a) 5 and (b) 6 in CD3CN (1 mM) recorded in the presence of increasing 

concentrations of H2PO4
− anion. 
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Figure S16. 1H NMR spectrum of (a) 2, (b) 3 and (c) 4 in CD3CN (1 mM) in the presence of H2PO4
− 

anion (10 equiv). 
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Figure S17. 31P NMR spectra of (a) H2PO4
– (2 mM) and (b) with 0.5 equiv. of receptor 7 (1 mM) in 

CD3CN. 

 

 

Figure S18. 1H NMR spectra of 9 in CD3CN (1 mM) recorded in the presence of increasing 

concentrations of H2PO4
− anion. 
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Figure S19. 1H NMR spectrum of (a) 5, (b) 6 and (c) 7 in CD3CN (1 mM) in the presence of H2PO4
− 

anion (1 equiv). 
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5. Titration experiment 

 

(1) 1H NMR studies 

Job's plot for the binding stoichiometric ratio: Stock solutions of equal concentration of triazolium 

crown ether 7 (1 mM) and TBA-H2PO4 (1 mM) in CD3CN were prepared separately. Ten NMR tubes 

were each filled with a total 550 μL solution of triazolium crown ether 7 and TBA-H2PO4 in the 

following ratios (7 : TBA-H2PO4): 10:0, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9. Job’s plot was 

constructed by plotting chemical shift of triazolium C5-H signal against the molar fraction of the host. 

 

 

 

Figure S20. 1H NMR titration data of 7 with TBA-H2PO4 in CD3CN for the construction of the Job’s 

plot. 
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Figure S21. Job’s plot generated from the 1H NMR titration data of 7 with TBA-H2PO4 in CD3CN. 
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1H NMR titration of 7 with TBA-H2PO4: Triazolium crown ether 7 and TBA-H2PO4 were dissolved 

in CD3CN to prepare stock solutions of 7 (1 mM) and TBA-H2PO4 (10 mM). The requisite number of 

NMR samples were prepared adding increasing amounts of the TBA-H2PO4 stock solution (0-270 µL) 

to 530 µL of stock solution of 7. The binding constant was analyzed by Bindfit, plotting chemical shift 

of triazolium C5-H signal against equivalents of the anion added. 

 

 

Figure S22. 1H NMR titration experiment of 7 with TBA-H2PO4 in CD3CN. 
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Figure S23. Screenshot of the summary window of http://app.supramolecular.org/bindfit/. This 

screenshot shows the raw data for 1H NMR titration of 7 with H2PO4
− following the triazolium C5–H 

signal vs. the data fitted to 1 : 2 NMR binding model, the corresponding residual plot and the association 

constants with the calculated asymptotic standard errors. 

 

 

Figure S24. Screenshot of the summary window of http://app.supramolecular.org/bindfit/. This 

screenshot shows the raw data for 1H NMR titration of 7 with H2PO4
− following the triazolium C5–H 

signal vs. the data fitted to 2 : 1 NMR binding model, the corresponding residual plot and the association 

constants with the calculated asymptotic standard errors. 
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Figure S25. Screenshot of the summary window of http://app.supramolecular.org/bindfit/. This 

screenshot shows the raw data for 1H NMR titration of 7 with H2PO4
− following the triazolium C5–H 

signal vs. the data fitted to 1 : 1 NMR binding model, the corresponding residual plot and the association 

constants with the calculated asymptotic standard errors. 

 

 

Table S5. Summary of association constants of 7 for H2PO4
− according to different binding models.a 

 

a The Bindfit software for data analysis was used from supramolecular.org. 
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(2) UV-vis studies 

Job's plot for the binding stoichiometric ratio: Stock solutions of equal concentration of triazolium 

crown ether 7 (10 M) and TBA-H2PO4 (10 M) in acetonitrile were prepared separately. Keeping the 

total volume of 3 mL, aliquots of two stock solutions were added to a cuvette in different ratios. A Job’s 

plot was constructed by plotting UV absorbance at 220 nm against the molar fraction of the host. 

 

 

Figure S26. UV absorbance changes of 7 with TBA-H2PO4 in acetonitrile for the construction of the 

Job’s plot. 

 

 

Figure S27. Job’s plot generated from the UV-vis titration data of 7 with TBA-H2PO4 in acetonitrile. 
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UV-vis titration of 7 with TBA-H2PO4: Stock solutions of triazolium crown ether 7 (10 M) and TBA-

H2PO4 (1 mM) in acetonitrile were prepared separately. A 3 mL of the host (triazolium crown ether 7) 

solution was transferred to a cuvette and an initial spectrum was taken. Aliquots of the guest (TBA-

H2PO4) solution (15–600 μL) were added to the cuvette and the spectrum was recorded after each 

addition. The binding constant was analyzed by Bindfit, plotting UV absorbance at 220 nm against 

equivalents of the anion added. 

 

 

Figure S28. UV absorbance changes of 7 with increasing the amount of TBA-H2PO4 in acetonitrile. 
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Figure S29. Screenshot of the summary window of http://app.supramolecular.org/bindfit/. This 

screenshot shows the raw data for UV-vis titration of 7 with H2PO4
− following the UV absorbance signal 

at 220nm vs. the data fitted to 1 : 1 UV binding model, the corresponding residual plot and the 

association constants with the calculated asymptotic standard errors. 
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6. Detection limit measurements 

The detection limit of H2PO4
– by 7 (10 M) in acetonitrile was determined using the equation: LOD = 

3/K, where  denotes the standard deviation of blank solution (without analyte), K is the slope between 

UV absorbance intensity and H2PO4
– concentration. The  was obtained from the results of 20 separate 

measurements. 

 

 

 

 

Figure S30. Calibration curve of 7 (10 M) in acetonitrile. The UV absorbance intensities of 7 was 

recorded at 220 nm. 
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7. Theoretical studies 

Calculation details. DFT calculations of 7 and 7-H2PO4
− were performed at the CAM-B3LYP/      

6-31+G(d,p) level of theory,S3 in acetonitrile (IEFPCM),S4 using the Gaussian 16 software suite,S5 

starting from the crystal structure geometry of 4. Input files were generated using Gabedit 2.5.0S6 and 

final geometries were visualized using GaussView 6.0S7 and Gabedit 2.5.0. 

 

 

Figure S31. Ball and stick model of DFT-optimized structure of 7. 

 

 

Figure S32. Space fiiling model of DFT-optimized structure of 7-H2PO4
− at the CAM-B3LYP/6-

31+G(d,p) level of theory in acetonitrile. 
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8. Simulated 1H NMR spectra 

Calculation details. NMR calculation were performed at the PBE0/cc-PVTZ level of theoryS8 in 

acetonitrile (IEFPCM), using the CSGT methodS9 on the CAM-B3LYP/6-31+G(d,p)-optimized 

geometries using the Gaussian 16 software suite. Calculations omitted spin-spin interactions (NMR 

shielding only). The ppm values were obtained relative to tetramethylsilane, calculated in the same 

manner. The ppm values for chemically equivalent protons were averaged out and a theoretical NMR 

spectrum was constructed using a gaussian distribution with a standard deviation of 0.01 ppm, and an 

intensity proportional to the number of equivalent protons. 

 

 

Figure S33. Simulated 1H NMR spectra of 7 and the 7-H2PO4
− complex. 
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9. NMR Spectra 

 

Figure S34. 1H NMR spectrum of compound 2. 

 

 

Figure S35. 13C NMR spectrum of compound 2. 



S38 
 

 
Figure S36. 1H NMR spectrum of compound 3. 

 

 

Figure S37. 13C NMR spectrum of compound 3. 
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Figure S38. 1H NMR spectrum of compound 4. 

 

 

Figure S39. 13C NMR spectrum of compound 4. 
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Figure S40. 1H NMR spectrum of compound 5. 

 

 

Figure S41. 13C NMR spectrum of compound 5. 
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Figure S42. 1H NMR spectrum of compound 6. 

 

 

Figure S43. 13C NMR spectrum of compound 6. 
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Figure S44. 1H NMR spectrum of compound 7. 

 

 

Figure S45. 13C NMR spectrum of compound 7. 
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Figure S46. 1H NMR spectrum of compound 8. 

 

 

Figure S47. 13C NMR spectrum of compound 8. 
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Figure S48. 1H NMR spectrum of compound 9. 

 

 

Figure S49. 13C NMR spectrum of compound 9. 
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