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Figure S1. The experimental and simulated XRD patterns of compound 1. 

 

 

 

 

Figure S2. The EDX spectrum of compound 1. 

We used EDX to characterize the composition of compound 1. According to the EDX 

spectrum, Mo and Ru were detected with approximate ratio of Mo: Ru found to be 6.4: 1 and 

this result has been checked using multiple samples to reduce the error in the value. However, 

as we know, the EDX measurements have about 8% error, which is estimated on comparison 

with other reported POMs. Therefore, using both the structural data and analysis results of 

various techniques including ICP, EDX, XPS, charge balance arguments, we are able to estimate 

the formula of the title compound. Using this approach we can give the formula of 1 as 

Cs3Na6H[MoVI14RuIV2O50(OH)2]·24H2O (Mo : Ru = 6.6 : 1). 

 

 



Figure S3. The 1D chain-like structure of 1a. 

 

 

Figure S4. The structural comparison of (a) polyanion 1a and (b) polyanion [Mo14O38(OAc)6]2–. 

 

Gas chromatographic analysis  

GC conditions for standard 1-phenylethanol, standard acetophenone and the oxidation of 

1-phenylethanol to acetophenone product. Column information GsBP-5, L = 30 m, 0.25 mmID, 

injector temperature 300 °C, column flow rate 1.80 ml/min, column initial temperature 50 °C, 

temperature program 8 °C/min, detector temperature 300 °C. 

According to Figure S5a and S5b, the retention of standard 1-phenylethanol, standard 

acetophenone in the selected condition are at 7.30 (±0.03) and 7.40 (±0.03) min, respectively. The 

peaks at 1.63 min in both Figure S5a and S5b are attributed to the solvent of acetonitrile. Figure 

S5c showed GC spectra for the oxidation of 1-phenylethanol to acetophenone product. There is 

a single peak of product centered at 7.43 (±0.03) min, which is almost identical to that of 

standard acetophenone (Figure S5b), indicating that the title compound can efficiently 

catalyze oxidizing 1-phenylethanol merely to acetophenone. In addition, the peaks appeared 

at 1.63, 1.67, 2.41, and 6.23 min are corresponding to acetonitrile, tert-butyl alcohol (the 

reduction product of TBHP), and TBHP, and decane (serves as a protectant for TBHP). 



 

Figure S5. GC spectrum of (a) standard 1-phenylethanol; (b) standard acetophenone; (c) the oxidation of 

1-phenylethanol to acetophenone product. 

 

 

  

 

Figure S6. (a) Contrast experiments with different catalysts at different reaction times. Reaction 

condition: substrate (1 mmol) and acetonitrile (3 mL), temperature (85 °C); (b) Contrast experiments 

with different catalysts at different reaction temperatures. Reaction condition: substrate (1 mmol) and 

acetonitrile (3 mL), time (3 h). Yield determined by GC with dodecane as an internal standard. 



 

Figure S7. The reaction results of the hot filtration test. 

The hot filtration test 

As POM catalyst 1 is insoluble in the reaction system and can be recovered by simple 

centrifugation and dried, the hot filtration experiment was carried out to remove the catalyst 

at a reaction time of 0.5 h and the reaction was further allowed to proceed with the filtrate 

under the optimal conditions. It appears that scarcely no obvious conversion was observed in 

the filtrate, suggesting that the epoxidation process in this study is heterogeneous (Fig. S7). 

 

Table S1. Summary of pure inorganic ruthenium-containing POMs with well-defined structures. 

Compouds Year Ref. 

{O[RuIV(X)P2W17O61]2}16‒ (X = OH, Cl) 1993 S1 

{[(WZnRu2III(OH)(H2O)](ZnW9O34)2}11‒ 1995 S2 

{[(Zn2Ru2III(OH)(H2O)](ZnW9O34)2}14‒ 2004 S3 

[SiW11O39RuIII(H2O)]5−   2006 S4 

[{a-SiW11O39RuIII}2O]12−  2007 S5 

[{PW11O39}2{(HO)RuIV-O-RuIV(OH)}]10– 2008 S6 

[{RuIV4O4(OH)2(H2O)4}(γ-SiW10O36)2]10‒ 2008 S7 

[RuIV4Cl4O2(μ-OH)4(γ-SiW10O36)2]12‒ 2008 S8 

[γ-XW10O38{RuIVN}2]6‒ (X = Si, Ge)  2009 S9 

[(γ-PW10O36)2RuIV4O5(OH)(H2O)4]9‒ 2010 S10 

[{RuIV4O6(H2O)9}2Sb2W20O68(OH)2]4‒ 2012 S11 

[{RuIV4O6(H2O)9}2{Fe(H2O)2}2{β-TeW9O33}2H]4‒ 2012 S11 

 

Table S2. The bond valence sum calculations of all crystallographically unique molybdate and 

ruthenium atoms on 1a. 

Atom lable BVS Atom lable BVS 

Mo1 6.03 Mo5 5.99 

Mo2 6.02 Mo6 6.10 

Mo3 6.03 Mo7 6.02 

Mo4 6.09 Ru1 3.97 

Table S3. The bond valence sum calculations of all crystallographically unique oxygen atoms on 1a. 



Atom BVS Atom BVS 

O1 1.69 O14 1.77 

O2 1.71 O15 1.81 

O3 1.98 O16 1.72 

O4 1.76 O17 1.73 

O5 1.19 O18 1.73 

O6 1.91 O19 1.73 

O7 1.63 O20 2.07 

O8 1.85 O21 2.08 

O9 1.84 O22 1.69 

O10 1.66 O23 1.88 

O11 1.79 O24 1.74 

O12 1.82 O25 1.91 

O13 1.65 O26 1.89 

 

 

Table S4. Optimization of catalytic oxidation of 1-phenylethanol  

Entry 
Catalyst 

(mol%) 
Temp. (°Ϲ) 

TBHP  

(equiv.) 
Time (h) Yield[a] (%) 

1 0.15 85 8.0 3 100 

2 0.10 85 8.0 3 93 

3 0.05 85 8.0 3 86 

4 0.03 85 8.0 3 84 

5 0.15 85 7.0 3 95 

6 0.15 85 6.0 3 93 

7 0.15 85 5.0 3 62 

8 0.15 75 8.0 3 97 

9 0.15 60 8.0 3 75 

10 0.15 50 8.0 3 46 

11 0.15 85 8.0 2 94 

12 0.15 85 8.0 1 83 

13 0.15 85 8.0 0.5 54 

14[b] ‒ 85 8.0 3 27 

15[c] 0.30 85 8.0 3 80 

16[d] 2.10 85 8.0 3 33 

Reaction conditions for the entries 1 to 16: substrate (1 mmol) and acetonitrile (3 mL). [a]Yield 

determined by GC with dodecane as an internal standard. [b]Blank experiment: the reaction 

was carried out without catalyst 1. [c]RuCl3·nH2O used as a catalyst. [d]Na2MoO4·2H2O used as a 

catalyst. 

 

 

 



Table S5. Crystallographic data of 1. 

 1 

Empirical formula Cs3H48Na6O76Mo14Ru2 

Formula weight 3346.35 

Crystal system triclinic 

Space group P-1 

a [Å] 9.846(7) 

b [Å] 14.133(10) 

c [Å] 14.335(10) 

α /° 118.558(14) 

β /° 97.674(14) 

γ /° 95.575(16) 

Volume/Å3 1706(2) 

Z 2 

ρcalcg/cm3 3.256 

μ/mm-1 4.654 

F(000) 1563.0 

Crystal size/mm3 0.37 × 0.22 × 0.18 

Data/parameters 6013/275 

Rint 0.0156 

Goodness-of-fit on F2 1.023 

R1, wR2 [I ≥ 2σ (I)] 0.0435, 0.110 

R1, wR2 [all data] 0.0509, 0.117 
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