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Abstract 

This study investigates a simple method to synthesize Anatase-TiO2 mesoporous materials using molten 

salt hydrates as the reacting solvent system. In this method, TiO2 thin sheet-like particles are synthesized 

with tunable aspect ratio as well as pore size distribution within the 3-8nm range. The synthesized anatase 

presents surface area as high as 210 m2/gr. The TiO2 particles show very good thermal stability as revealed 

by in-situ Raman spectroscopy without sacrificing their morphology.   
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Introduction

Transition metal oxides are widely utilized in catalysis 

either as the active phase or supports due to their low cost 

of production, ease of regeneration, catalytic reactivity and 

selectivity as well as chemical stability. Specifically, among 

the transition metal oxide catalytic systems, the importance 

of TiO2 in several reactions including oxidation, 

dehydration dehydrogenation reactions etc. has been 

underscored. Although all the three crystal phases of TiO2 

have received considerable attention in catalytic reactions, 

anatase has attracted interest, especially as catalyst supports 

due to its higher surface area. However, the ease of anatase 

to rutile transformation (above 500-550°C) hamper our 

ability to utilize TiO2-Anatase as catalyst support in a wide 

range of high temperature reactions.  

 

Anatase with tunable crystallinity, mesoporosity and 

surface area has been the subject of research since these 

properties affect the performance of TiO2 in different 

applications ranging from photocatalysis, energy storage 

and conversion, water purification and sensing fields (Dong 

et al., 2007) (Chen et al., 2009). Synthesis of thin sheet-like 

metal oxides particles have been reported, with the molten 
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salt (MS) routes to dominate the synthesis methods (Xiao et 

al., 2016) (Peining et al., 2012). However, the high 

operating temperature and the corrosive environments 

required are the main drawbacks that prevent this method 

for scaling up.  

 

In this study, we present a simple and scalable synthesis 

method to synthesize mesoporous anatase, with sheet-like 

morphology and high surface area. In this method, 

hypersaline solutions (Molten Salt Hydrates) are utilized as 

the reacting solvent system at low operating temperature 

(35oC) in the presence of titanium isopropoxide (TTIP) as 

TiO2 precursor. The modified sol-gel technique employs the 

hydrolysis and condensation reaction within the ordered 

structure of molten salt hydrates. The synthesized materials 

are characterized using different techniques encompassing 

Raman spectroscopy, Field Emission Scanning Electron 

Microscopy (FESEM), Transmission Electron Microscopy 

(TEM) and BET surface area measurements.  



  

 

 

Results and Discussion  

Figure 1 shows the FE-SEM image of the TiO2 prepared in 

the presence of molten salt hydrates as solvents. The 

thickness of the sheet-like particles was found to be 70-

100nm. Varying the H2O/Salt and Salt/Precursor ratio, the 

thickness as well as aspect ratio of TiO2 sheets can be tuned. 

 

 

 

 

 

 

 

Figure 1. FE-SEM image of TiO2 thin sheet-like particles 

synthesized at 35°C and calcined at 400°C 

 

 Raman spectra (Figure 2) revealed that anatase was the 

dominant crystalline phase of TiO2 formed in all samples 

while BET measurements revealed high surface areas in the 

150-210 m2/gr range. Thin sheet-like particles were 

observed in FESEM for all samples synthesized within 

H2O/salt ratios below the coordination number of the cation 

of the salt. Upon increasing H2O/ salt ratio, the thickness of 

samples decreased significantly.  

Figure 2. Raman spectra of synthesized TiO2 particles 

 

However, the morphology of samples was significantly 

altered when the ratio of H2O/salt was outside the 

hypersaline regime. In addition, the salt/TTIP ratio appears 

to govern also the thickness as well as overall aspect ratio 

of the TiO2 particles formed. Thorough BET analysis 

revealed that pore size distribution correlates well with the 

H2O/salt and salt/ TTIP ratio at the mesopore regime (3-

8nm). It is also observed that the amount of salt used in the 

solution is responsible for the formation of minor quantities 

of brookite phase in the samples. The crystallinity of the 

prepared materials is improved at high calcination 

temperature without sacrificing significantly their 

morphology. In-situ Raman calcination data will be 

discussed, in an effort to unravel the effect of calcination 

temperature and time on the molecular structure, 

crystallinity and morphology of the final catalysts. 
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