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O. Synthetic Methods 
 
**Care should be taken when using (IO6)5- based materials since there is a risk of explosion or combustion**. 
Synthesis of K6[H3W18O56(IO6)]·9H2O 1: Na2WO4·2H2O (20.0 g, 60.6 mmol) was dissolved in water (50 ml) 
and H5IO6 (1.0 g, 4.4 mmol) in water (10 ml) was added. The pH was adjusted to 1.0 by the addition of 6M HCl 
followed by refluxing the solution for 1 h. After the solution cooled to around 80 °C, KCl (15 g) was added 
under stirring. As the solution cooled a white powder formed and was discarded by filtration and light green 
crystals were isolated from the filtrate after a few hours. Collection of the light green crystals by soaking the 
solid using filtered mother liquid to eliminate further white powder and recrystallisation from a minimum 
amount of water offers large crystals (1-2 mm in size) of 1. Yield: 3.4 g (20.9%). I.R. (KBr disk, ν / cm–1): 3577, 
1614, 1025, 962, 819, 596, 493, 457, 425. Elemental analysis, calc. for H21IK6O71W18: I 2.63, K4.86, W 68.5%. 
found: I 2.84, K 4.90, W 69.2%. Synthesis of (TPA)6[H3W18O56(IO6)]·2CH3CN 2: K6[H3W18O56(IO6)]·9H2O 1 
(3.0 g) was dissolved in water (50 ml). Tetrapropylammonium  bromide (2.5 g) dissolved in water (10 ml) was 
added with stirring. The precipitate was centrifuged and washed with water, ethanol and dried in vacuum. The 
compound was purified by recrystallisation from acetonitrile. Yield: 2.6 g. I.R. (KBr disk, ν / cm–1): 3484, 3382, 
2970, 2938, 2879, 1631, 1487, 1385, 1020, 948, 597, 489, 454, 404. Elemental analysis, calc. for 
C76H177IN8O62W18: C 16.21, H 3.17, N 1.99%. found: C 16.46, H 3.24, N 1.92%. (TBA)6[H3W18O56(IO6)] 2’ was 
also obtained using the procedure as described above with tetrabutylammonium bromide replacing 
tetrapropylammonium  bromide, and confirmed by chemical analyses and mass spectrometry. 2’ has also been 
obtained as single crystals and structurally determined. While the cluster anion is well defined, the TBA+ cations 
are heavily disordered. Synthesis of (TEAH)6[H3W18O56(IO6)]·2H2O 3: Na2WO4·2H2O (10.0 g, 30.3 mmol) and 
triethanolamine hydrochloride (7.0 g, 37.7 mmol) were dissolved in water (20 ml) and H5IO6 (0.5 g, 2.2 mmol) 
in water (5 ml) was added in. The solution pH was adjusted to 1.3 by dropping in 6M HCl and the solution was 
heated to reflux and stirred for 0.5 hr. After half volume of the solvent was removed and the solution cooled 
down to room temperature, light green crystalline product was then isolated in three days. The sample was then 
purified by recrystallisation from minimum amount of water. Yield: 5.2 g (57.9%). I.R. (KBr disk, ν / cm–1): 
3343, 1623, 1449, 1404, 1204, 1093, 1093, 1028, 916, 895, 648, 588, 541, 480. Elemental analysis, calc. for 
C36H98IN6O80W18 (water lost): C 8.11, H 1.87, I 2.38, N 1.58, W 62.1%. found: C 8.99, H 2.06, I 2.44, N 1.58, W 
61.6%.     
 
 
 



I. Mass spectral study of compounds in acetonitrile 
Cryospray mass spectral measurements were made at 20 °C under nitrogen. The solution of the sample was 
diluted so that the maximum concentration of the cluster ions was of the order of 10-5 M and this was infused 
into the source at 180 μL/h. The mass spectrometer used for the measurements was a Bruker micrOTOF-Q and 
the data was collected in negative ion mode. The spectrometer was previous calibrated with the standard tune 
mix to give a precision of ca. 1.5 ppm in the region of 500-5000 m/z. The standard parameters for a medium 
mass data acquisition were used and the end plate voltage was set to -500 V and the capillary to +4500 V. The 
collision cell was set to a collision energy of -8.0 eV/z with a gas flow rate at 25% of maximum and the cell RF 
was set at 600 Vpp. 
 
 

(m/z) 
Figure S1.1: Negative mode mass spectrum of (TPA)6[H3IW18O62] 2 in acetonitile.  
2514.53: {TPA3K[H3IW18O62]}2- 
2588.14: {TPA4[H3IW18O62]}2- 
2607.13: {TPA4K[H2IW18O62]}2- 
2680.74: {TPA5[H2IW18O62]}2- 
2765.74: {TPA6[H1IW18O61]}2- 
2857.84: {TPA7[IW18O61]}2- 
 
 
 
 



 
Figure S1.2: Mass spectra of (TPA)6[H4W19O62][12] in acetonitile. 
1676.48: {TPA3[H2W19O61]}3- 
1682.48: {TPA3[H4W19O62]}3- 
1744.56: {TPA4[H3W19O62]}3- 
2617.40: {TPA4[H4W19O62]}2- 
2709.54: {TPA5[H3W19O62]}2- 
 
 
II  1H-NMR study on compound (TBA)6[H3W18O56(IO6)] 2’ in acetonitrile at -30oC 
 

 
 
Figure S2: 1H-NMR spectrum of (TBA)6[H3W18O56(IO6)] 2’. Protons in the cluster [H3W18O56(IO6)]6- are located 
at 5.78-5.82 ppm.  



 
 
 
III Catalytic experiments: 
 
Solution (a). 2.52 mg (5885 g/mol, 0.43 µmol) of (TBA)6[H3W18O56(IO6)] 2’ was dissolved in 0.75 mL of CD3CN. 
1H NMR spectra were measured at room temperature. The protons from the TBA+ cations can be clearly 
assigned in 1H NMR spectra. 
 
(b) 20 µL of benzyl alcohol (dc = 1.04 g/mL, 0.192 mmol) was added to solution (a). The aromatic protons on 
the phenyl ring (7.0-7.5 ppm) and those from -CH2- group (4.64 ppm) can be identified immediately. 
 
(c) 3 µL of H2O2 (35%) was added to (b).  As a result of the presence of water in the H2O2 solution, the signal of 
the protons from water molecules appear to be overlapped with one group of protons from the TBA+ cations, 
which broaden the signals at 3.2 ppm. 
 
(d) Solution (c) was kept at 60 °C for 3 hours. 1H NMR spectra were recorded. While some new peaks appear in 
the range of 7.5 to 8.0 ppm, the signal at 10 ppm from the aldehyde proton can be observed; calculation based on 
relative intensity of signals at 10 ppm and 4.64 ppm showed ca. 20 % conversion of the benzyl alcohol added. 
 
(e) Another 3 µL of H2O2 (35%) was added to (d). The solution was kept at 60 °C for 24 hours and 1H NMR 
spectra were recorded. The relative intensity of the signal at 10 ppm for the aldehyde proton was increased, 
indicating more conversion of benzyl alcohol to benzaldehyde. 
 
(f) After (e) was kept at 60 °C for further 24 hours, 1H NMR spectra were recorded again. 
 
(g) 3 µL of H2O2 was added to (f) and the solution was kept at 60 °C for 24 hours, 1H NMR spectra were 
recorded. A 92% conversion of benzyl alcohol to benzaldehyde was finally observed and there was no obvious 
change upon further addition of H2O2 and extension of heating time. 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 
 


