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1. Experimental 

1.1 Reagents 

All chemicals were analytical grade, commercially available and used without further 

purification unless otherwise stated. 

1.2 Preparation of catalyst 

Preparation of the active catalyst of K6 [PW9V3O40]·4H2O [1]: 

Firstly, Na8H[PW9O34] was synthesized from Na2WO4·2H2O and H3PO4 according to the ref. 

[2]. 0.61g sample of NaVO3 was added to 20 ml (1.0 M) of sodium acetate/ acetic acid buffered at 

PH 4.8. Then, 4 g of Na8H[PW9O34] was added to the above solution and stirred at 25 oC for 48 h. 

The solution was treated with 3 g of solid KCl and stirred for 30 min. Methanol (50 ml) was added 

to produce precipitate. The solid was filtered and dried in air to give 4.1 g of tan-orange powder. 

IR spectrum (KBr, cm–1): 1085, 1055, 962, 876, 788, 597, 509, 481. 31P MAS NMR: -13.2 ppm. 

Calcd for K6 [PW9V3O40]·4H2O: K, 8.42; P, 1.11; V, 5.49; W, 59.41. Found: K, 8.49; P, 1.06; V, 

5.38; W, 59.35. 

The sample of peroxo species was synthesized as follows: 

780 mg (280 μmol) of K6[PW9V3O40]·4H2O was dissolved in 21 ml (30% aq, 200 mmol) H2O2. 

(the molar ratio of H2O2/ K6[PW9V3O40]·4H2O is the same as the catalytic reaction condition). The 

solution was kept for 5-6 hours at room temperature with vigorous stirring. Finally, an orange 

powder solid was obtained after the aqueous solution was concentrated. IR spectrum (KBr, cm–1): 

1082, 954, 879, 794, 621, 552. 

1.3 Characterization techniques 

Infrared spectra were recorded on a Nicolet FTIR-360 FT-IR spectrometer. The catalysts 

were measured using 2–4% (w/w) KBr pellets prepared by manual grinding. Chemical elemental 

analysis of the catalysts was done on an ICP-atomic emission spectrometer (IRIS ER/S). 31P MAS 

NMR spectra were recorded at 9.4 T on a Bruker Avance-400 wide bore spectrometer. The 31P 

MAS NMR spectra of solid catalyst with high-power proton decoupling were performed at 161.9 

MHz with BB MAS probe head using 4 mm ZrO2 rotors and 3.8 μs pulse and 2 s repetition time 

and 4096 scans, with samples spun at 10 kHz and referenced to 85% H3PO4.GC analyses were 

performed on Shimadzu GC-9AM with a flame ionization detector equipped with FFAP capillary 
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column (internal diameter = 0.25 mm, length = 30 m). GC-MS was recorded on Finnigan Trace 

DSQ (Thermo Electron Corporation) at an ionization voltage of 70 eV equipped with a DB-5 

capillary column (internal diameter = 0.25 mm, film thickness = 0.25μm, length = 30m). 1H NMR 

and 13C NMR spectra were recorded on a Bruker AM-400 and Varian mercury 300 MHz 

spectrometer with TMS as an internal standard and CDCl3 as solvent. 

1.4 Catalytic reaction 

Catalyst (14 μmol), H2O (1 ml), substrate (2 mmol), and H2O2 (10 mmol, 30% aq.) were 

charged in the reaction flask. The mixture was stirred at room temperature (298K) or 338K for 

6-24 h. The reaction was detected by TLC accompanied with GC. After the reaction, the organic 

products were separated from the aqueous phase by extraction and then the organic layer was 

analyzed by GC with the internal standard method. The pure products were obtained by 

evaporation or column chromatography and analyzed by melting point, 1H NMR and 13C NMR. 

After separation of the products, re-addition of pyridines (2 mmol) and H2O2 (10 mmol, 30% aq.) 

to the aqueous phase containing the catalyst was carried out for the next oxidation cycle. 

 

2. Catalyst reuse 

Table S1 Oxidation of pyridine catalyzed by K6[PW9V3O40]·4H2O for different cycles a  

Catalyst Substrate Product Yield (%) TON 

Fresh 
N  N+

O-  
91 130 

Cycle 1 
N  N+

O-  
92 131 

Cycle 2 
N  N+

O-  
90 128 

Cycle 3 
N  N+

O-  
89 127 

a Reaction conditions: 2 mmol substrate, 10 mmol (30% aq.) H2O2, 14 μmol catalyst, 1 ml H2O. 
Room temperature, 12 h. Yields were determined by GC analysis. TON= molar of product/molar 
of catalyst used. 
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3. Kinetics plot of conversion (%) vs time 
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Fig. S1 kinetics plot of conversion (%) vs time in the oxidation of 4-picoline in water with H2O2 

catalyzed by K6[PW9V3O40]·4H2O. 

Reaction conditions: 2 mmol substrate, 10 mmol (30% aq.) H2O2, 14 μmol catalyst, 1 ml H2O, 

room temperature. 
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4. IR spectra  

 

 
 
      Fig. S2 IR spectra of (a) fresh catalyst of K6[PW9V3O40]·4H2O (b) the peroxo species 
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5. Characterization of oxidation products 

Pyridine-N-oxide [3]  

N+

O-  

1H NMR (CDCl3, 400 MHz) δ 7.97-7.96 (t, 2 H), 7.05-7.03 (m, 3 H); 13C NMR(CDCl3, 400 MHz) 

δ 125.6 (2C), 125.8, 138.6 (2C). 

2-Picoline-N-oxide [4] 
N+

O-  

1H NMR (CDCl3, 400 MHz) δ 8.18 (d, J=6.4 Hz, 1 H), 7.12-7.08 (t, 2 H), 7.04-7.00 (m, 1 H), 2.30 

(s, 3 H); 13C NMR(CDCl3, 400 MHz) δ 16.6, 123.0, 125.9, 126.8, 138.4, 148.0. 

3-Picoline-N-oxide [5] 
N+

O-  

1H NMR (CDCl3, 400 MHz) δ 8.05 (d, J=9.6 Hz, 2 H), 7.16-7.07 (m, 2 H), 2.28 (s, 3 H); 13C 

NMR(CDCl3, 400 MHz) δ18.2, 125.3, 127.3, 136.5, 136.8, 139.3. 

 

4-Picoline-N-oxide [4] 
N+

O-   
1H NMR (CDCl3, 400 MHz) δ 8.10 (d, J=6.8 Hz, 2 H) 7.08 (d, J=6.4 Hz, 2 H), 2.34 (s, 3 H); 13C 

NMR(CDCl3, 400 MHz) δ 19.9, 126.4 (2C), 137.5, 138.3 (2C). 

 

2,3-Lutidine-N-oxide 
N+

O-  

1H NMR (CDCl3, 400 MHz) δ 8.09 (d, J=4.8 Hz, 1 H), 6.98-6.93 (m, 2 H); 13C NMR(CDCl3, 400 

MHz) δ 13.6, 19.4, 121.9, 127.0, 134.8, 137.0, 148.2. 
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2,6-Lutidine-N-oxide 
N+

O-  

1H NMR (CDCl3, 400 MHz) δ 7.13 (d, J=7.6 Hz, 2 H), 7.08-7.05 (m, 1 H), 2.52 (s, 6 H); 13C 

NMR(CDCl3, 400 MHz) δ17.5, 17.6, 123.5, 125.3, 148.6. 

 

2-Chloropyridine-N-oxide [4] 
N+ Cl
O-   

1H NMR (CDCl3, 400 MHz) δ 8.35 (s, 1 H), 7.53 (s, 1 H), 7.24 (s, 2 H); 13C NMR(CDCl3, 400 

MHz) δ 123.9, 126.2, 127.2, 140.8, 142.2. 

 

Quinoline-N-oxide [5] 
N+

O-   
1H NMR (CDCl3, 400 MHz) δ 8.76 (d, J=8.8 Hz, 1 H), 8.55 (d, J=6 Hz, 1 H), 7.82 (d, J=8 Hz, 1 

H), 7.80-7.75 (m, 2 H), 7.68-7.64 (m, 1 H), 7.31-7.29 (m, 1 H); 13C NMR(CDCl3, 400 MHz) 

δ118.7, 120.3, 125.6, 127.4, 127.9, 129.6 (2C), 135.0, 140.4. 

 

Isoquinoline-N-oxide [5] N+
O-   

1H NMR (CDCl3, 400 MHz) δ 8.80 (s, 1 H), 8.16-8.14 (m, 1 H), 7.77-7.76 (m, 1 H), 7.74-7.72 (m, 

1 H), 7.67 (d, J=7.2 Hz, 1 H), 7.63-7.57 (m, 2 H); 13C NMR(CDCl3, 400 MHz) δ 124.2 (2C), 

125.1, 126.5, 129.0, 129.2, 129.3, 129.4, 136.4. 

4-Methyl-quinoline-N-oxide 
N+

O-  

1H NMR (CDCl3, 400 MHz) δ 8.78 (d, J=8.4 Hz, 1 H), 8.46 (d, J=6 Hz, 1 H), 7.94 (d, J=8 Hz, 1 

H), 7.76-7.72 (t, 1 H), 7.67-7.63 (t, 1 H), 7.20 (d, J=6.4 Hz, 1 H), 2.64 (s, 3 H); 13C NMR(CDCl3, 

400 MHz) δ 18.2, 120.2, 121.3, 124.6, 128.3, 129.7, 130.0, 134.5, 134.9,140.8. 
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