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Synthesis of the imidazolium macrocycle 1. 
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Scheme S1. Synthetic route of the imidazolium macrocycle 1.

Preparation of the bridged TPE derivative 4: The preparation was carried out according to literature 
(Adv. Mater. 2011, 23, 3261–3265). To a flask equipped with a magnetic stirrer was charged with zinc dust 
(16 g, 160 mmol) and THF (100 mL) under nitrogen atmosphere. The mixture was cooled to 0 oC, and 
TiCl4 (8.8 mL, 80 mmol) was added slowly by syringe. After the mixture was heated to reflux for 2.5 h, it 
was cooled to ambient temperature. Then 4,4’-dimethoxybenzophenone 3 and 9-fluorenone 2 (1:1.5 mole 
ratio, total 10 mmol) in THF (60 mL) was added, and the mixture was refluxed for 12 h. The reaction was 
quenched with 10% K2CO3 aqueous solution (100 mL) followed by extracting with dichloromethane. The 
organic layer was desiccated with anhydrous sodium sulfate, filtered, and evaporated to dryness under 
vacuum. The residue was purified by column chromatography to give yellow powders (1.3 g, 33%).
Preparation of dialdehyde 5: To a flask charged with 4 (1.0 g, 2.56 mmol), hexamethylenetetramine (3.58 
g, 25.6 mmol) and tifluoroacetic acid (20 mL). The resultant mixture was refluxed under stirring for 30 min. 
After cooled to room temperature and quenched with 15 mL of water, the mixture was stirred for 4 h 
followed by extracting with dichloromethane (3 × 25 mL). The combined organic layer was desiccated with 
anhydrous sodium sulfate, filtered, evaporated to dryness under vacuum. The resultant slurry was purified 
with column chromatography to give orange red powders (410 mg, 36%).
Preparation of the dialcohol 6: To a flask was charged with 5 (410 mg, 0.92 mmol), NaBH4 (350 mg, 
9.19 mmol) and EtOH / THF (3: 2, V / V, total 25 mL). The mixture was stirred at ambient temperature for 
3 h before it was washed with water and extracted with dichloromethane (3 × 25 mL). The combined 
organic phase was desiccated with anhydrous sodium sulfate, filtered, and evaporated to dryness under 
vacuum. The residue was subjected to column chromatography to give yellow powders (170 mg, 41%).



Preparation of the dichloride 7: To a flask was charged with 6 (180 mg, 0.4 mmol), pyridine (60 L, 0.8 
mmol) and 10 mL of dichloromethane. After stirred at room temperature for 10 min., a solution of SOCl2 
(0.17 mL) in dichloromethane (5 mL) was added dropwise over 30 min. The mixture was heated at 40 oC 
under stirring for 6 h before it was quenched and washed with water. The combined organic phase was 
desiccated with anhydrous sodium sulfate, filtered, and evaporated to dryness under vacuum. The residue 
was recrystallized with CH2Cl2 and MeOH to give yellow solids (172 mg, 88%).
Preparation of the diimidazole 8: To a flask was added 7 (96 mg, 0.2 mmol), imidazole (136 mg, 2 
mmol), potassium carbonate (54 mg, 0.4 mmol), and redistilled CH3CN (8 mL). After the mixture was 
refluxed under stirring for 5 h, it was cooled to room temperature, washed with water, and extracted with 
dichloromethane (3 × 15 mL). The combined organic layer was desiccated with anhydrous sodium sulfate, 
filtered, and evaporated to dryness under vacuum. The residue was purified by column chromatography to 
give yellow powders (100 mg, 91%). Mp: 204.3205.7 oC; 1H NMR (400 MHz, CDCl3) δ (ppm) 7.58 (s, 2 
H), 7.45 (s, 2 H), 7.23 (d, J = 8.6 Hz, 4 H), 7.09 (s, 2 H), 6.92 (s, 2 H), 6.91 (d, J = 8.6 Hz, 4 H), 6.78 (s, 4 
H), 5.13 (s, 4 H), 3.87 (s, 6 H); 13C NMR (100 MHz, CDCl3) δ (ppm) 160.2, 147.4, 140.0, 139.5, 137.4, 
135.0, 132.0, 131.9, 129.8, 125.8, 125.0, 119.3, 118.2, 114.1, 55.3, 50.9; FTIR (KBr) ν 3439, 2929, 1601, 
1571, 1506, 1443, 1416, 1389, 1291, 1248, 1175, 1108, 1075, 1028, 906, 820, 737, 663, 630, 598 cm-1; 
ESI+ HRMS m/z calcd for C36H31N4O2 551.2447 [M+H], found 551.2422 [M+H].
Preparation of the imidazolium macrocycle 1: To a flask was added 6 (106 mg, 0.19 mmol), 8 (94 mg, 
0.19 mmol) and tetrabutylammonium chloride (268 mg, 0.96 mmol), and acetonitrile (8 mL). After the 
mixture was refluxed for 12 h under stirring and was cooled to room temperature, the resultant precipitates 
were collected by filtering and washed with dichloromethane to give red yellow powders (150 mg, 76%). 
Mp 251.4253.2 oC; 1H NMR (400 MHz, DMSO-d6) δ 9.36 (s, 2 H), 7.95 (s, 4 H), 7.81 (s, 4H), 7.24 (d, J 
= 8.0 Hz, 4 H), 7.20 (d, J = 8.4 Hz, 8 H), 7.04 (d, J = 8.8 Hz, 8 H), 6.67 (d, J = 8.4 Hz, 4 H), 5.41 (s, 8 H), 
3.84 (s, 12 H); 13C NMR (100 MHz, DMSO-d6) δ 159.8, 147.9, 139.6, 139.4, 139.1, 138.9, 135.7, 134.3, 
133.2, 131.2, 131.0, 127.9, 123.9, 122.7, 120.7, 114.3, 55.2, 52.1; IR (KBr) ν 3398, 3135, 3055, 3004, 2958, 
2835, 1595, 1563, 1501, 1447, 1412, 1358, 1290, 1244, 1170, 1142, 1107, 1021, 966, 897, 819, 776, 732, 
586, 537, 472 cm-1; ESI+ HRMS m/z calcd for C66H54ClN4O4 1001.3833 [M-Cl], found1001.3835 [M-
Cl].



Fig. S1. 1H NMR of diimidazole 8 in CDCl3.



Fig. S2. 13C NMR of diimidazole 8 in CDCl3.



Fig. S3. IR spectrum of diimidazole 8.



Fig. S4.HRMS spectrum of diimidazole 8.

Fig. S5. 1H NMR of the imidazolium macrocycle 1 in DMSO-d6.



Fig. S6. 13C NMR of the imidazolium macrocycle 1 in DMSO-d6.



Fig. S7. IR spectrum of the imidazolium macrocycle 1.
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Fig. S8. HRMS spectrum of the imidazolium macrocycle 1.
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Fig. S9. Change of the fluorescence spectra of 1 with volume percentage of toluene in DMSO. [1] = 1.0  
10-5 M, volume percentage of toluene in DMSO: 0, 20, 70, 90, and 95; ex = 378 nm, ex/em slits = 5/10 nm.
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Fig. S10. Change of the fluorescence spectra of 1 with hexane fraction in CHCl3 containing 2% DMSO. [1] 
= 1.0  10-5 M, ex = 378 nm, ex/em slits = 5/10 nm.
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Fig. S11. Change of the fluorescence spectra of 1 with DMSO fraction in H2O. [1] = 2.5  10-5 M, ex = 
378 nm, ex/em slits = 10/10 nm.
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Fig. S12. The fluorescence spectra of 1 in water containing 50% DMSO with addition of different anions. 
ex = 378 nm, ex/em slits = 5/10 nm. [1] = 1/2[Anion] = 5.0 × 10-5 M.
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Fig. S13. Change of absorbance difference at 253 nm with concentration of ppi. The red curve is the result 
from fitting.



Fig. S14. ESI+ TOF HRMS of compound 1 in the presence of ppi anion. Multiple peaks observed for the 
1:1 complex of [1-ppi], such as [M-PPi+3Na+]+ C66H54N4Na3O11P2 1209.2957 found 1209.2904 and [M-
PPi+2H++Na+]+ C66H56N4NaO11P2 1165.3319 found 1165.3382. The observed molecular mass of the 1:1 
complex of [1-ppi] indicate its formation.



Fig. S15. dynamic light scattering (DLS) measurement: (a) compound 1 with addition of ppi anion without 
the presence of Zn (II) as reference, 0.0103 μm sized aggregates detected, (b) compound 1 with addition of 
ppi anion in the presence of Zn (II), 2.5714 μm sized aggregates detected which indicate that large 
aggregates formed in the presence of Zn (II), without the presence of Zn (II), no significant aggregates 
formed.



 

Analytes Methods Reference Detection limit (nM) 

 

 

 

 

 

PPi 

Fluorescence Chemical communications, 48(2012), 

1784-1786 

Compound1/2=1260/2020 nM 

Fluorescence Analytica Chimica Acta, 1034(2018), 

119-127 

42 nM 

Fluorescence Dyes and Pigments, 166(2019), 233–

238 

Compound1/2/3/4/5= 

13.5/22.2/103/184/198 nM 

Fluorescence Dyes and Pigments, 168 (2019), 205–

211 

72.2 nM 

Fluorescence Dyes and Pigments, 181(2020). 108553 Compound1/2=22.3nM /113 nM 

Fluorescence Spectrochimica Acta Part A: Molecular 

and Biomolecular Spectroscopy, 

247(2021), 119073. 

320 nM 

 

Fluorescence This work 67 nM 

Table S1: comparison of detection for ppi with literature reports of similar probes:

Note 1: more discussion of the mechanism
The mechanism for the sensing of pyrophosphate anion with probe 1 is further discussed below. The 
macrocycle 1, which bear 2 positive charges, has high affinity towards negatively charged anions through 
electrostatic attraction. Macrocycle 1 has a cavity of size around 6 Å based on a crystal structure of similar 
macrocycle reported before (reference 9c, RSC Adv., 2015, 5, 60096–60100). The size of cavity of 1 
matches very well with the size of pyrophosphate anion (around 5.4 Å). The size fitness between 1 and 
pyrophosphate anion allow strong binding between 1 and pyrophosphate anion, which has been shown by 
UV-titration and HRMS analysis. However, this 1:1 association complex has very similar solubility as the 
probe 1 itself. The fluorescence of 1, similar as many other compounds with aggregation induced emission 
characteristics, changes its emission upon formation of aggregates. In here, the inclusion complex [1-ppi] 
does not change much of the solubility which means no significant aggregates are formed. The formation of 
aggregates, however, could be caused by coordination with Zn (II). The pyrophosphate anion, although 
included into the cavity of macrocycle 1, still have the ability to coordinated with Zn (II). This coordination 
with Zn (II) significantly changed the solubility of the resulting complexes, i.e. formation of aggregates, 
and hence changed the emission. The formation of aggregation by Zn (II), however, could be many folds. 
One possibility is that an irregular polymer like coordination complexes formed which naturally leads to 
large aggregates. Second possibility is that defined complexes formed between Zn (II) and [1-ppi], such as 
(1-ppi) Zn, which have low solubility because of charge neutralization.


