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where Ct and C0 are the concentrations of acetic acid at time t and at time t=0, respectively. 

 

 

Figure 4.7. Conversion of acetic acid versus reaction time (a) with R=4 under pressure of 28 

0

10

20

30

40

50

60

70

80

90

100

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

C
o

n
ve

rs
io

n
 (

%
)

Time (days)

40oC

60oC

80oC

0

10

20

30

40

50

60

70

80

90

100

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

C
o

n
ve

rs
io

n
 (

%
)

Time (days)

R=2

R=4

R=6

(a) 

(b) 



133 
 

MPa at different temperatures and (b) under pressure of 28 MPa at 40 oC with different 

volumetric ratio R (R=HOAc/vanadium precursor) (all the data on this figure shown on 

Appendix A). 

From figure 4.7a, it was found that the higher reaction temperature promotes the reaction rate, 

giving a faster conversion than that at lower reaction temperature. Figure 4.9b shows the effect of 

volumetric ratio (R=HOAc/vanadium) on the reaction kinetics. It is found that the low and high R 

(2 and 6) led to higher reaction kinetics while the medium R (4) resulted in slower consumption 

of acetic acid, as agreed with other previous study [42]. 

4.3.3. Formation Scheme of Vanadium Spheres, Belts and Fibers. 

To further understand how these FTIR results reveal the formation of nanoparticles and 

mechanism during the sol-gel reaction in scCO2, we will consider where formation of sphere 

structure is favoured and where formation of nanofiber is favoured. As description above (SEM 

images) for the formation of nanofiber formation, our in situ FTIR results provide evidence for the 

formation of one-dimensional vanadium acetate complex growth. The nanobelt formation 

mechanism is quite complicated, due to both the condensation and self-assembly steps. A bridging 

complex is formed between the vanadium atom of the alkoxide monomer and acetic acid. This 

facilitates 1D condensation growth of the polycondensate molecules. SEM and FTIR images 

showed that microspheres were formed when the reaction temperature was as low as 40oC and the 

volumetric ratio as low as 2 to 4. The solubility of solvent could potentially reduce the numerous 

spherical concentrated coacervates and tactoids to lower the interfacial energy when the straight 

polymers grow long enough, as shown in Figure 4.8. On the other hand, the microsphere structure 
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formed by the anisotropic particles led to the formation of ordered colloidal phases. Strong 

interactions among the solid particles in concentrated sols made the anisotropic colloids remaining 

mutually oriented. This helped lead to the formation of spherical nematic tactoids. As a previously 

study showed [43], a higher degree of aggregation at lower reaction temperatures. This is the 

reason for formation of the observed microspheres. As well, the condensation process is slowed 

down by the formation of hydrogen bonding between CO2 and acetic acid, leading to nanostructure 

formation. Alcohol and ester condensates with unreacted acetic acid were removed by continuous 

washing with scCO2 during the purification process. The solid network of vanadium complex 

could remain due to the low surface tension of scCO2. 

 

Figure 4.8. Schematic of the formation of nanofiber and microsphere structures [41]. 

 

ScCO2 played a significant role in the polycondensation process: (1) it decelerated the 

colloidal particle formation that facilitated the aging process of the wet gel. The well-defined 

colloidal particles were formed by decreasing the hydrolysis rate of hexamer and condensation 
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into the growing macromolecules; (2) CO2 molecules could penetrate the vanadium acetate 

complex geometrics better than other liquids, due to the “zero” surface tension. This can decrease 

the gel aging time by facilitating further condensation of the colloidal particles. Also, hydrogen 

bonding between individual acetic acid molecules can further decrease the rate of condensation 

process. It promotes the formation of nanostructure and minimizes the formation of precipitates. 

In addition, nanomaterial prepared by using scCO2 normally does not require additional 

purification or drying process to maintain the well-defined nanostructure. 

 

4.4. CONCLUSION 

The formation process of vanadium acetate complex in supercritical carbon dioxide was 

studied by using in situ ATR-FTIR for the first time. The observed concentration profiles revealed 

the relationship between conversion and reaction conditions. Higher reaction temperature and 

higher volumetric ratio increased the reaction rate and accelerated the reaction conversion forming 

nanofiber. Lower reaction temperature and lower volumetric ratio resulted in microsphere 

formation. ATF- FTIR is a valuable technology to investigate the morphology evolution of the 

microsphere and nanofibers, with 1D condensation of fiber and 3D condensation of microsphere. 

 

 

 



136 
 

REFERENCES 

1. O'Mahony, A.M. and J. Wang, Nanomaterial-based electrochemical detection of 

explosives: a review of recent developments. Analytical Methods, 2013. 5(17): p. 4296-

4309. 

2. Arvidsson, R., S. Molander, and B.A. Sandén, Review of potential environmental and 

health risks of the nanomaterial graphene. Human and Ecological Risk Assessment: An 

International Journal, 2013. 19(4): p. 873-887. 

3. Ganesan, Y., et al., Development and application of a novel microfabricated device for 

the in situ tensile testing of 1-D nanomaterials. Journal of Microelectromechanical 

Systems, 2010. 19(3): p. 675-682. 

4. Jariwala, D., et al., Carbon nanomaterials for electronics, optoelectronics, photovoltaics, 

and sensing. Chemical Society Reviews, 2013. 42(7): p. 2824-2860. 

5. Chen, X. and S.S. Mao, Titanium dioxide nanomaterials: synthesis, properties, 

modifications, and applications. Chem. Rev, 2007. 107(7): p. 2891-2959. 

6. Edelstein, A.S. and R. Cammaratra, Nanomaterials: synthesis, properties and 

applications. 1998: CRC press. 

7. Saıdi, M., et al., Performance characteristics of lithium vanadium phosphate as a 

cathode material for lithium-ion batteries. Journal of power sources, 2003. 119: p. 266-

272. 

8. Soltani, M., et al., Effects of Ti–W codoping on the optical and electrical switching of 



137 
 

vanadium dioxide thin films grown by a reactive pulsed laser deposition. Applied physics 

letters, 2004. 85(11): p. 1958-1960. 

9. Sakurai, Y., et al., Dehydrogenation of ethylbenzene with an activated carbon-supported 

vanadium catalyst. Applied Catalysis A: General, 2000. 192(2): p. 281-288. 

10. Reddy, R.N. and R.G. Reddy, Porous structured vanadium oxide electrode material for 

electrochemical capacitors. Journal of Power Sources, 2006. 156(2): p. 700-704. 

11. Joerissen, L., et al., Possible use of vanadium redox-flow batteries for energy storage in 

small grids and stand-alone photovoltaic systems. Journal of Power Sources, 2004. 

127(1): p. 98-104. 

12. Kiri, P., et al., Fluorine doped vanadium dioxide thin films for smart windows. Thin Solid 

Films, 2011. 520(4): p. 1363-1366. 

13. Coustier, F., et al., Doped vanadium oxides as host materials for lithium intercalation. 

Journal of The Electrochemical Society, 1999. 146(4): p. 1355-1360. 

14. Dong, W., D.R. Rolison, and B. Dunna, Electrochemical properties of high surface area 

vanadium oxide aerogels. Electrochemical and Solid-State Letters, 2000. 3(10): p. 457-

459. 

15. Xiao, K., et al., Preparation and electrochemical properties of vanadium pentoxide 

aerogel film derived at the ambient pressure. Materials chemistry and physics, 2006. 

100(1): p. 26-30. 

16. Pan, A., et al., Facile synthesized nanorod structured vanadium pentoxide for high-rate 

lithium batteries. Journal of Materials Chemistry, 2010. 20(41): p. 9193-9199. 



138 
 

17. Salloux, K., et al., Lithium intercalation in vanadium pentoxide aerogels. Journal of the 

Electrochemical Society, 1995. 142(10): p. L191-L192. 

18. Tepavcevic, S., et al., Nanostructured bilayered vanadium oxide electrodes for 

rechargeable sodium-ion batteries. ACS nano, 2011. 6(1): p. 530-538. 

19. Baudrin, E., et al., Preparation of nanotextured VO2 [B] from vanadium oxide aerogels. 

Chemistry of materials, 2006. 18(18): p. 4369-4374. 

20. Chaput, F., et al., Synthesis and characterization of vanadium oxide aerogels. Journal of 

non-crystalline solids, 1995. 188(1-2): p. 11-18. 

21. Li, G., et al., Low-valent vanadium oxide nanostructures with controlled crystal 

structures and morphologies. Inorganic chemistry, 2007. 46(14): p. 5787-5790. 

22. Matsuyama, K., et al., Environmentally benign formation of polymeric microspheres by 

rapid expansion of supercritical carbon dioxide solution with a nonsolvent. 

Environmental science & technology, 2001. 35(20): p. 4149-4155. 

23. Blanchard, L.A. and J.F. Brennecke, Recovery of organic products from ionic liquids 

using supercritical carbon dioxide. Industrial & engineering chemistry research, 2001. 

40(1): p. 287-292. 

24. Eastoe, J., et al., Micellization of hydrocarbon surfactants in supercritical carbon 

dioxide. Journal of the American Chemical Society, 2001. 123(5): p. 988-989. 

25. Kendall, J.L., et al., Polymerizations in supercritical carbon dioxide. Chemical Reviews, 

1999. 99(2): p. 543-564. 

26. Sanli, D., S. Bozbag, and C. Erkey, Synthesis of nanostructured materials using 



139 
 

supercritical CO2: Part I. Physical transformations. Journal of Materials Science, 2012. 

47(7): p. 2995-3025. 

27. Li, H., J. Li, and Y. Huo, Highly active TiO2N photocatalysts prepared by treating TiO2 

precursors in NH3/ethanol fluid under supercritical conditions. The Journal of Physical 

Chemistry B, 2006. 110(4): p. 1559-1565. 

28. Wu, C.-I., et al., Preparation of TiO 2 nanoparticles by supercritical carbon dioxide. 

Materials Letters, 2008. 62(12): p. 1923-1926. 

29. Gu, W. and C.P. Tripp, Reaction of silanes in supercritical CO2 with TiO2 and Al2O3. 

Langmuir, 2006. 22(13): p. 5748-5752. 

30. Lucky, R.A. and P.A. Charpentier, A One‐Step Approach to the Synthesis of ZrO2‐

Modified TiO2 Nanotubes in Supercritical Carbon Dioxide. Advanced Materials, 2008. 

20(9): p. 1755-1759. 

31. Stallings, W.E. and H.H. Lamb, Synthesis of nanostructured titania powders via 

hydrolysis of titanium isopropoxide in supercritical carbon dioxide. Langmuir, 2003. 

19(7): p. 2989-2994. 

32. Weibel, G.L. and C.K. Ober, An overview of supercritical CO 2 applications in 

microelectronics processing. Microelectronic Engineering, 2003. 65(1): p. 145-152. 

33. Teacă, C.A., et al., Structural changes in wood under artificial UV light irradiation 

determined by FTIR spectroscopy and color measurements–A brief review. BioResources, 

2013. 8(1): p. 1478-1507. 

34. Doeuff, S., et al., Hydrolysis of titanium alkoxides: modification of the molecular 



140 
 

precursor by acetic acid. Journal of Non-crystalline solids, 1987. 89(1-2): p. 206-216. 

35. Sui, R., A.S. Rizkalla, and P.A. Charpentier, Formation of Titania Nanofibers: A Direct 

Sol− Gel Route in Supercritical CO2. Langmuir, 2005. 21(14): p. 6150-6153. 

36. Hasan, M., M. Zaki, and L. Pasupulety, Oxide-catalyzed conversion of acetic acid into 

acetone: an FTIR spectroscopic investigation. Applied Catalysis A: General, 2003. 

243(1): p. 81-92. 

37. Burcham, L.J., et al., In situ IR, Raman, and UV-Vis DRS spectroscopy of supported 

vanadium oxide catalysts during methanol oxidation. Topics in Catalysis, 2000. 11(1): p. 

85-100. 

38. Ozer, N. and C. Lampert, Electrochromic performance of sol-gel deposited WO 3–V 2 O 

5 films. Thin Solid Films, 1999. 349(1): p. 205-211. 

39. Neumann, R., Polyoxometalate complexes in organic oxidation chemistry. Progress in 

Inorganic Chemistry, Volume 47, 1998: p. 317-370. 

40. Weeks, C., et al., The one dimensional chain structures of vanadyl glycolate and vanadyl 

acetate. Journal of Materials Chemistry, 2003. 13(6): p. 1420-1423. 

41. Sui, R., A.S. Rizkalla, and P.A. Charpentier, FTIR study on the formation of TiO2 

nanostructures in supercritical CO2. The Journal of Physical Chemistry B, 2006. 

110(33): p. 16212-16218. 

42. Wang, Y. and G. Cao, Synthesis and enhanced intercalation properties of nanostructured 

vanadium oxides. Chemistry of Materials, 2006. 18(12): p. 2787-2804. 

43. Sui, R. and P. Charpentier, Synthesis of metal oxide nanostructures by direct sol–gel 



141 
 

chemistry in supercritical fluids. Chemical reviews, 2012. 112(6): p. 3057-3082. 

 

 

 

 

 

 

 

 

 

 

 

 

 



142 
 

Chapter 5. Conclusions and Recommendations 

1. CONCLUSIONS 

In this thesis, we illustrated a novel one-step hydrothermal route to prepare W doped 

VO2(M)/GO. This method was used to successfully dope W atoms into the crystal lattice of VO2 

and reduce the transition temperature to around 45oC for heating and 40oC for cooling. The phase 

transition temperature was found to be primarily adjusted by phase purity and the nanomorphology. 

Reaction temperature and doping content were found as the two primary experimental factors to 

affect the phase transition temperature (Tc), as they had a large influence on the phase purity and 

structure. The morphologies of the samples are described as micro-, nano-belts, nanotube and 

graphene wrapped nanotubes. According to the XRD, SEM, TEM and DSC results, the particle 

size decreased with increasing reaction time until 6.5 days. Large faceted micro-structure appears 

when the amount of W doping is 1 at.%. With the amount of W doping increased to 2 at. %, 

nanotubular structure was observed. Increasing the amount of W doping to 3 at. %, the formation 

of graphene wrapped VO2(M) nanotube structure is revealed in the SEM images. The VO2(M) 

nanotubes were found to be well dispersed in the graphene matrix forming a uniform hybrid. The 

possible reason that GO thin layers acts as template for the formation of tubular VO2(M). One-step 

hydrothermal is an effective low-cost route to synthesize pure VO2(M) that can be used potentially 

for low cost industrial manufacturing. 

 VO2 was successfully synthesized through a sol gel approach under supercritical CO2 with 

calcination at 500oC. Phase purity, morphology and transition temperature were investigated as 
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functions of the reaction temperature, pressure and the volumetric ratio R value. It was found that 

reaction temperature had a signification effect on phase purity, morphology and Tc. Typically, 

when reacted at 40oC and 41 MPa, the nanoparticle size was in the range of 50-100 nm. When the 

temperature was raised to 80oC, nanobelts were obtained with typically lengths up to 200 nm. 

When the temperature was increased to 100oC, the morphology was changed, with a large quantity 

of nanofibers comprised of microspheres being formed with a diameter of 2 μm. The particle size 

of VO2 was strongly affected by reaction temperature with higher temperatures providing better-

defined VO2 nanoparticles. The transition temperature was found to be around 70oC when the 

reaction temperature was 40oC. Increasing the reaction temperature increase to 80oC led to 

increasing the transition temperature of VO2 to 80oC. The reaction pressure and molar ratio R 

showed only a minor effect. The phase transition properties of VO2 were studied by DSC, 

exhibiting a Tc at 67oC and highest Tc at 87oC. 

 ATR-FTIR monitoring of the sol-gel reaction under scCO2 in this study had two goals: 1) 

to investigate the effective of ATR-FTIR spectroscopy for the in-situ monitoring of solute 

concentration during the aerogel procedure with scCO2, and 2) to study the particle phase and 

morphology changed during the sol-gel reaction. The interaction of vanadium triisopropoxide and 

acetic acid in scCO2 was then studied using FTIR, XPS and SEM. Higher reaction temperatures 

and volumetric ratios were found to facilitate nanofiber formation. Lower reaction temperatures 

and volumetric ratios resulted in microsphere formation. In situ FTIR is a valuable technology to 

investigate the morphology evolution of the microsphere and nanofibers, with the formation of 

nanofibers due to 1D condensation and the formation of microsphere due to 3D condensation. 
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Further investigation of the FTIR spectra showed that the resulting concentration profiles gave a 

direct relationship between conversion and reaction conditions. Higher reaction temperature and 

higher volumetric ratios led to fast reaction times with larger reaction conversions.  

Calcination temperature was also found as an important factor in the preparation of VO2 

products. Increasing calcining temperature led to a change of morphology and phase purity. At 

low heat treatments at 200oC, no evidence was found to show VO2(M) existing. When the 

calcination temperature was increased to 500oC, fibrous nanostructure appeared. The transition 

temperature was found at 82oC for heating and 65oC for cooling. Upon further increasing of 

calcination temperature to 800oC, nanosphere structure was formed, indicating the calcination 

temperature had a large influence on the morphology of products which further affected the phase 

purity. 

 

2. RECOMMENDATIONS 

 Although the nanomaterial VO2 has been successfully prepared with suitable phase 

transition temperature (Tc), significant work is required to further optimize this material for 

intended applications. 

1. Examine the different atoms doped VO2(M) and test their characterization. 

• Find an effective way to dope different atoms into VO2(M) and determine how these 

atoms effect the changes of transition temperature, especially p-type doping as Al, Fe. 

• How to increase the transition temperature to suitable for solar thermal device 



145 
 

application. 

2. Find a suitable polymer to effectively support and stabilize the nanomaterial . 

• The nanomaterial/polymer film should be transparent with excellent transmittance in the 

visible light. 

• The film stabilizes with various substrate, such as fabrics, windows. 

• Enhance the mechanical properties of the film 

3. Design an advanced reactor for fabricating large area thin films with low cost.  

4. Use VO2(M) nanomaterials for other applications, including solar thermal devices, gas sensor, 

catalyst, ultrafast Li-ion batteries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



146 
 

APPENDIX: SUPORTING INFORMATION 

28 MPa, 40oC, R=4 

 Position Height Width 

BATCH 1 1212.48 0.328 162.360 

 1287.46 0.925 32.863 

 1413.45 0.742 63.614 

 1527.19 0.300 155.381 

 1709.42 1.142 37.155 

 1768.04 0.263 25.602 

BATCH 2 1213.63 0.214 143.285 

 1288.41 0.822 34.034 

 1415.61 0.894 59.531 

 1530.93 0.415 129.139 

 1712.23 1.024 30.462 

 1768.29 0.251 25.197 

BATCH 3 1208.67 0.214 190.223 

 1288.39 0.789 33.105 

 1415.63 0.970 56.030 

 1534.67 0.463 123.862 

 1712.55 1.024 29.070 

 1768.56 0.246 26.447 

BATCH 4 1208.63 0.218 171.212 

 1288.37 0.781 33.902 

 1415.79 1.039 55.596 

 1534.67 0.510 122.512 

 1712.62 1.011 28.474 

 1768.79 0.235 27.927 

BATCH 5 1208.24 0.220 169.998 

 1288.19 0.739 31.968 

 1417.89 1.356 64.806 

 1538.61 1.007 82.648 

 1712.81 0.937 27.482 

 1767.76 0.231 24.418 

BATCH 6 1211.16 0.261 50.707 

 1286.87 0.779 42.623 

 1413.64 1.594 79.151 

 1527.19 1.229 87.072 

 1713.27 0.869 25.703 

 1764.67 0.247 17.405 
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BATCH 7 1208.47 0.207 170.998 

 1287.96 0.663 28.463 

 1413.73 1.613 95.831 

 1523.46 1.232 80.157 

 1713.63 0.808 25.482 

 1766.40 0.207 20.215 

BATCH 8 1212.92 0.205 76.343 

 1288.19 0.688 24.579 

 1414.66 1.666 130.670 

 1519.72 1.141 59.886 

 1712.65 0.770 27.409 

 1765.11 0.209 17.296 

BATCH 9 1212.43 0.213 94.554 

 1287.38 0.651 22.452 

 1410.94 1.670 138.446 

 1519.72 1.209 61.875 

 1712.79 0.739 26.904 

 1765.46 0.198 16.038 

BATCH 10 1211.99 0.231 179.054 

 1287.48 0.648 36.657 

 1406.97 1.691 103.423 

 1515.98 1.293 88.833 

 1712.95 0.735 26.093 

 1766.49 0.188 18.767 

BATCH 11 1212.11 0.228 168.478 

 1286.90 0.600 32.929 

 1404.99 1.705 132.510 

 1515.98 1.206 82.397 

 1712.94 0.723 25.488 

 1766.96 0.176 19.387 

BATCH 12 1212.53 0.214 190.345 

 1286.21 0.571 40.312 

 1402.46 1.744 140.549 

 1515.98 1.242 80.128 

 1712.59 0.676 26.193 

 1766.66 0.166 17.864 

 

 

28 MPa, 60oC, R=4 

 Position Height Width 
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BATCH 1 1227.82 0.442 199.992 

 1287.57 0.933 26.926 

 1415.20 0.788 63.966 

 1533.39 0.396 128.216 

 1714.41 1.274 39.363 

 1767.02 0.276 27.867 

BATCH 2 1220.00 0.431 155.241 

 1287.61 0.976 29.718 

 1417.67 0.883 77.402 

 1534.67 0.507 97.861 

 1714.42 1.266 39.874 

 1766.97 0.268 26.931 

BATCH 3 1220.52 0.365 175.037 

 1287.27 0.690 28.980 

 1418.76 2.066 76.382 

 1523.46 1.925 105.841 

 1714.52 0.884 25.494 

 1762.10 0.223 25.153 

BATCH 4 1282.58 0.507 132.808 

 1410.03 2.090 115.035 

 1515.98 1.850 113.743 

 1714.58 0.520 23.475 

 1760.52 0.174 19.324 

BATCH 5 1288.69 0.730 135.373 

 1398.82 2.117 129.789 

 1519.72 1.862 111.912 

 1714.14 0.388 18.051 

 1758.86 0.182 29.582 

BATCH 6 1299.63 1.294 137.111 

 1398.87 1.893 113.620 

 1512.24 1.940 115.387 

 1714.86 0.391 21.758 

 1760.61 0.156 17.326 

BATCH 7 1301.97 1.012 188.740 

 1390.99 1.735 158.230 

 1515.98 1.714 116.131 

 1715.73 0.324 15.897 

 1759.79 0.149 16.013 

BATCH 8 1299.55 1.220 167.017 

 1389.88 1.686 138.139 
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 1512.25 1.844 123.725 

 1715.71 0.291 16.251 

 1759.90 0.149 17.319 

BATCH 9 1295.36 1.322 157.140 

 1388.19 1.714 127.322 

 1512.25 1.908 127.431 

 1715.78 0.269 15.558 

 1760.18 0.138 17.482 

BATCH 10 1298.64 1.367 167.338 

 1390.77 1.620 136.528 

 1512.25 1.841 124.696 

 1715.90 0.252 15.050 

 1759.72 0.130 16.291 

BATCH 11 1283.00 1.461 168.681 

 1390.62 1.695 140.684 

 1512.25 1.810 120.578 

 1718.64 0.186 11.445 

 1760.42 0.091 15.190 

 

 

28 MPa, 80oC, R=4 

 Position Height Width 

BATCH 1 1215.71 0.532 199.935 

 1286.86 0.758 27.936 

 1418.89 1.016 95.210 

 1542.09 0.586 80.747 

 1716.20 1.150 36.941 

 1770.21 0.364 39.059 

BATCH 2 1302.91 1.340 197.663 

 1391.12 1.473 146.017 

 1512.25 1.743 122.675 

 1718.16 0.193 12.788 

 1763.23 0.203 29.280 

BATCH 3 1292.11 1.704 184.722 

 1388.93 1.432 138.754 

 1512.20 1.793 121.882 

 1717.48 0.159 8.873 

 1759.12 0.093 10.795 

BATCH 4 1294.07 1.714 185.006 

 1396.40 1.522 151.408 
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 1517.95 1.694 107.724 

 1717.09 0.160 7.299 

 1758.32 0.076 4.300 

BATCH 5 1291.59 1.769 181.690 

 1393.27 1.443 134.969 

 1512.25 1.797 119.612 

 1717.66 0.145 8.954 

 1795.05 0.094 10.911 

BATCH 6 1387.61 1.791 77.763 

 1492.86 2.412 199.067 

 1728.45 0.245 73.393 

 1758.82 0.119 3.919 

 

 

28 MPa, 40oC, R=2 

 Position Height Width 

BATCH 1 1226.93 0.388 200.000 

 1289.59 0.957 24.869 

 1417.00 0.759 76.485 

 1534.05 0.403 101.930 

 1713.73 1.237 37.085 

 1765.44 0.211 21.484 

BATCH 2 1282.98 0.866 91.235 

 1422.32 0.944 74.959 

 1540.16 0.667 84.528 

 1713.90 1.233 34.754 

 1765.47 0.202 23.182 

BATCH 3 1285.33 0.786 97.488 

 1432.46 1.831 76.790 

 1539.87 1.819 63.859 

 1713.67 1.068 31.052 

 1763.63 0.188 21.397 

BATCH 4 1283.02 0.704 100.224 

 1428.72 2.207 93.904 

 1537.38 1.961 78.006 

 1713.50 0.806 27.701 

 1761.31 0.172 17.719 

BATCH 5 1283.59 0.738 118.752 

 1398.96 2.124 113.249 

 1519.98 1.930 115.495 
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 1713.88 0.467 19.958 

 1759.01 0.137 12.105 

BATCH 6 1289.28 0.906 147.440 

 1386.80 1.944 126.517 

 1512.28 1.892 126.225 

 1714.15 0.398 15.045 

 1758.23 0.113 8.639 

BATCH 7 1295.06 1.208 143.365 

 1389.05 1.829 124.867 

 1512.22 1.897 123.809 

 1714.22 0.378 15.169 

 1758.42 0.115 9.627 

BATCH 8 1298.96 1.516 162.615 

 1398.46 1.633 138.393 

 1515.98 1.805 111.340 

 1714.19 0.971 16.556 

 1758.19 0.110 9.453 

BATCH 9 1290.38 1.688 168.496 

 1395.25 1.576 135.719 

 1515.97 1.807 113.481 

 1714.95 0.282 16.176 

 1757.95 0.081 6.310 

 

 

28 MPa, 40oC, R=6 

 Position Height Width 

BATCH 1 1232.56 1.304 104.891 

 1287.26 1.166 29.724 

 1413.81 1.492 79.852 

 1534.67 0.635 81.843 

 1701.14 1.452 70.047 

 1762.16 0.253 13.379 

BATCH 2 1279.24 1.059 88.522 

 1419.86 1.459 60.837 

 1534.24 0.810 94.795 

 1712.19 1.278 40.651 

 1764.98 0.226 19.686 

BATCH 3 1279.24 1.059 87.171 

 1420.70 1.851 71.406 

 1534.21 1.270 83.369 
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 1712.50 1.223 37.759 

 1764.82 0.218 22.129 

BATCH 4 1284.22 1.170 44.539 

 1417.79 2.070 111.808 

 1523.46 1.315 64.278 

 1712.78 1.130 42.399 

 1764.04 0.200 15.386 

BATCH 5 1282.98 1.097 75.649 

 1413.18 2.148 88.531 

 1519.72 1.559 94.191 

 1713.49 1.065 36.920 

 1764.14 0.193 20.147 

BATCH 6 1284.91 1.034 82.817 

 1409.68 2.164 104.482 

 1515.98 1.546 95.500 

 1713.85 1.014 35.138 

 1764.05 0.181 19.628 

BATCH 7 1282.98 0.997 93.512 

 1404.40 2.160 116.776 

 1512.25 1.575 98.849 

 1713.97 0.942 36.056 

 1764.16 0.166 18.045 

BATCH 8 1282.98 0.906 109.891 

 1401.28 2.146 124.517 

 1514.21 1.630 100.902 

 1714.14 0.916 33.541 

 1764.23 0.163 19.591 

BATCH 9 1282.98 0.981 119.431 

 1399.41 2.107 122.656 

 1512.24 1.625 105.444 

 1714.63 0.872 31.407 

 1763.72 0.155 18.295 
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Fig. UV-vis spectra of W doped VO2/GO (hydrothermal reaction at 300oC, 6.5 days, 2 at. % W 

doping) taken at temperatures of 25 and 90oC. 

 

 
Fig. First order reaction (sol gel with scCO2 at 40oC, 28 MPa, R=4) with reaction constant 

k=0.1658 
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