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Supplementary Figures  

 

 
Figure S1. (a) TEM images of the V6O13-γ-Al2O3 sample, (b) elemental composition by EDX analysis of 
V6O13-γ-Al2O3 sample, (c) UV-Visible diffuse reflectance spectra of the V6O13-γ-Al2O3 sample and pris-
tine γ-Al2O3 for comparison, (d) XRD pattern of the V6O13-γ-Al2O3 sample (peaks are indexed for alu-
mina phase). 
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Figure S2. Raman spectra of the V6O13-ZrO2 and ZrO2. 
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Figure S3. Thermogravimetric analysis data of VO(acac)2 and V6O13-titanate. 
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Figure S4. The reusability of catalyst for 3-hexanol oxidation by V6O13-ZrO2 catalyst over 5 cycles. 
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Figure S5. Photocatalytic oxidation of 3-hexanol under different atmospheres. 
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Figure S6. EPR result of the V6O13-ZrO2 catalyst. 
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Figure S7. EPR result of the V2O5 catalyst. 
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Figure S8. The kinetic study of the oxidation of 3-hexanol using V6O13-titanate catalyst under visible 
light irradiation. 
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Supplementary Tables  

Table S1. Comparison of the reaction conditions and achieved conversions of the other catalysts report-
ed in the literature for the oxidation of 3-hexanol to 3-hexanone.  

Reference Reaction conditions Conversion (%) 

1 Cu catalyst, TBHP, 80 °C, 1 h, microwave irradi-
ation (10 W) 

57~77 

2 Cu catalyst, TBHP, 80 °C, microwave irradiation 
(10 W power), 240 min 

72 

3 Oxidovanadium complexes, 80 °C, 2 h 30 min of 
microwave irradiation (25 W) 

28~32 

4 [FeCl2(Py2S2)] catalyst, 80 °C, microwave irradi-
ation (10 W power), 240 min 

31.7 

5 Cu complexes, 120 °C, 0.5 h 48 

6 Cu (II) + TEMPO, 80 °C, 0.5 h 42 

7 Pd NPs, 85 °C, 15 h 65 

Present study V6O13-γ-Al2O3 or V6O13-γ-Al2O3, 30 °C, 1 atm 
O2, 16 h, LED lamp 0.5 W/cm2

  
100 

 
Compared with some literature reported reaction conditions of heterogeneous catalysts,1-7 it can be seen 
that most of the reported work were conducted under elevated temperatures, while V6O13 catalysts can 
drive the reaction at only 30 °C with irradiation achieving high conversion (100 %). Thus the V6O13 
photocatalyst is much greener and efficient. 
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Table S2. Influence of excited state quenchers and radical scavengers on the conversion rate of 3-
hexanol oxidation to 3-hexanone photocatalysed by V6O13-ZrO2

[a] 

Additive Activity 
V centres / 

mmol 
additive/ 

mmol 
Conv./ % Select./ % 

none None  0.03 0 100 >99 

DTBP radical scavenger 0.03 0.03 100 >99 
pyridine Excited state quencher 0.03 0.03 51 >99 

TEMPO Excited state quencher/ radi-
cal scavenger 

0.03 0.03 5 >99 

     
 

[a] Reaction conditions: 3-hexanol 0.2 mmol; photocatalyst  50 mg; 2 mL of α,α,α-trifluorotoluene; reac-
tion time 16 h; reaction temperature 30 oC; light source, λ=460 nm LED lamp; light intensity, 0.5 
W/cm2. Vanadium centers were calculated based on vanadium centers available in 50 mg of V6O13 
grafted solid according to EDX data. 
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Table S3. The excited states, corresponding absorption wavelengths and oscillator strengths of V6O13 
and adsorption structure of 3-hexanol on V6O13 in the range from 400 to 800 nm. 

System  Energy 
(kcal/mol) 

Excited States in visible-light region 

V6O13 

 

0.0  427.6: 0.0000   436.1: 0.0050 

451.0: 0.0000   461.3: 0.0085 

484.1: 0.0000   512.1: 0.0009 

515.0: 0.0000   522.8: 0.0007 

588.5: 0.0000   603.1: 0.0058 

649.2: 0.0028   691.5: 0.0003 

719.7: 0.0000 

730.9: 0.0016 

V6O13-3-hexanol 

 

-24.3 404.6: 0.0145   414.4: 0.0015 

428.2: 0.0071   442.1: 0.0154 

449.2: 0.0015   462.9: 0.0047 

468.1: 0.0077   489.1: 0.0230 

496.5: 0.0057   515.5: 0.0245 

530.1: 0.0011   565.9: 0.0004 

595.0: 0.0043   612.8: 0.0026 

627.7: 0.0007   664.4: 0.0021 

723.8: 0.0008   759.0: 0.0018 

774.8: 0.0025 
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Calculation Method:  All the structures were optimized in the framework of density funcational 

theory (DFT) with the hybrid B3LYP functional.8 The frequency calculations were carried out to con-

firm that all the structures are geometrically stable, and to obtain the zero–point vibration energies 

(ZPE). The energetic term in the text includes the electronic energy and ZPE correction. The optical ab-

sorption properties were calculated also with hybrid B3LYP functional in the framework of time-

depended DFT (TDDFT).9 For all the calculations, the standard 6-31++G(d,p) basis set was employed 

to describe the atomic orbitals of all atoms involved. All the calculations were performed with Gaussian 

09 package.10 
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