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Abstract 
 

Nowadays, the most ideal process for hydrogen production is to use water as a hydrogen source through water splitting reaction with the 

present of the titanium dioxide photocatalysts. Titanium dioxide nanotubes (TiO2-NT’s) was synthesized using facile hydrothermal 

method. TEM micrograph shows that the synthesized TiO2-NT’s had tubular structure with “hair-like” nanoscopic filaments with large 

specific surface area, which is needed to be a high performance photocatalyst. The saiz of nanotube are 4 nm and 10 nm for inner and 

outer diameters, respectively. Meanwhile, their surface area was found to be 226.52 m2/g. XRD pattern revealed that the phase structure 

of synthesized TiO2-NT’s was anatase TiO2. Synthesized TiO2-NT’s was tested for hydrogen gas production managed to produce 80 

µmol after 5 hours reaction. 
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1. Introduction 

Hydrogen energy is expected to become as a carbon free energy 

carrier in the future, because of their efficiency and complete ab-

sence of toxic emissions. However, main subject for realization of 

hydrogen energy is to find out the best way for cheap bulk hydro-

gen gas production.  

Hydrogen can be produced using different process such as metha-

nol decomposition (MD) [1], steam reforming (SRM) and partial 

oxidation (POM) [2-5]. Commercially, hydrogen gas was pro-

duced through water gas shift reaction (Equation 1.1). 

 

CO + H2O → CO2 + H2    (Equation 1.1) 

 

Although this reaction could be used for hydrogen gas production, 

however high temperatures is needed make it highly costing. 

Nowadays, the efficient route to produce hydrogen gas is via wa-

ter splitting reaction. In this photochemical reaction, hydrogen is 

produced from water with presence of light and TiO2photocatalyst. 

The TiO2photocatalyst uses energy from light to dissociate water 

molecule into hydrogen and oxygen (Equation 1.2). 

 

2H2O → 2H2 + O2     (Equation 1.2) 

 

TiO2photocatalyst, especially TiO2 nanotubes are attractive at-

tributed to their non-toxicity, inexpensive, stable against photocor-

rosion and chemical corrosion [6]. TiO2 nanotubes was explored 

as a photocatalyst for energy generation such as methane and 

methanol through carbon dioxide (CO2) photo-reduction [7] and 

was widely used in electrochemical devices, photovoltaic dye 

sensitized solar cells and gas sensors application [8-10]. This is 

due to their large surface area, large surface to volume ratio and 

with uniform inner and outer diameters of the nanotubes make 

these elongated hollow structures an excellent candidate as photo-

catalyst [11]. Furthermore, the high sedimentation rate of the 

nanotubes facilitates the used as the photocatalyst due to their easy 

separation, collection and recycling the nanotubes powders from a 

suspension [12-14]. TiO2 nanotubes photocatalyst can be synthe-

sized by numerous methods including templating, anodization and 

chemical vapour deposition. The requirement of controlling 

nanostructure dimension is vital for specialised applications. Re-

garding to that, the hydrothermal process has proven to be effec-

tive methods to synthesize elongated TiO2 nanotubes with uniform 

dimensions. Preparation using this method also avoids the use of 

organic precursors, which can lead to contamination of the product 

and environmental pollution. Thus, TiO2 nanotubes was synthe-

sised using hydrothermal method using commercial TiO2 powder 

as precursor. The synthesised nanotubes was tested for hydrogen 

gas production via water splitting reaction.  

2. Experimental 

2.1. Preparation of TiO2 Nanotubes 

2 g of TiO2 powders (Fluka) was dispersed in 10 M NaOH (100 

ml) and heated at 150°C for 24 h in teflon-lined autoclave. After 

that, the sample was washed with HCland distilled water until pH 

7. In order to the product, the precipitate was filtered using vacu-

um suction filter The collected precipitate was dried at 80°C in 

oven for 24 hours and called as synthesized sample. Finally, as-

synthesized sample was calcined at different temperature (300, 

400, 500 and 700 °C) for 2 hours. 

2.2. Characterization 

X-Ray diffraction (XRD) was carried out using Bruker D8 Dif-

fractometer with Cu-Kα (λ = 1.54021 Å) and scannedfrom 10-80o 

of 2θ. TEM micrograph was captured using Philips CM12 TEM 

and Micromeritics ASAP 2000 instrument was used for the nitro-
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gen gas adsorption analysis at the temperature of -196 °C for sur-

face area and porosity measurements. 

2.3. Photocatalytic Study for Hydrogen Gas Production 

Via Water Splitting Reaction 

The reaction was done in a closed gas-circulation system. 1g of 

prepared photocatalyst samples was suspended in water and stirred 

continuously in an irradiation reactor made of Pyrex glass showed 

in Figure 1. A high-pressure Hg lamp was utilized as the ultra-

violet (UV) light source. The reaction was run for 5 hours and the 

produced hydrogen gas was measured for every 30 minutes using 

hydrogen gas detector.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Photocatalytic testing reactor. 

3. Results and Discussion  

As-synthesized sample is assigned to hydrogen trititanate 

(H2Ti3O7) ascribed to the peaks appeared at 2θ = 25.43° and 48.40° 

(Figure 2(a)). The hydrogen titanate was retained after calcination 

at 300 °C (Figure 2(b)), somehow their peaks became broader due 

to the dimensionality changes [15]. After calcination at 400, 500 

and 700 °C, hydrogen trititanate was decomposed to produced 

TiO2 with anatase phase as indicated by XRD peak appeared at 2θ 

= ~25.57°, 38.05°,  48.28°, 54.10°, 55.29°, 62.90°, 68.92°, 70.45°, 

75.24°, and 82.83° (Figure 2(c)-(e)). TiO2anatase was formed via 

simple decomposition reaction of hydrogen trititanate as in equa-

tion 1.3. 

 

H2Ti3O7 → TiO2 + H2O                       (Equation 1.3)  

 

The formation of TiO2anatase is interesting, as it has been report-

ed that exhibited better photocatalytic activity than other phases 

and amorphous TiO2 [16-18]. 

TEM analysis was carried out the study the morphology of 

TiO2anatase obtained. Only 2 samples was selected which are 

calcined samples at 400°C and 700°C. At 400 oC, the nanotubes 

sample was obtained as the elongated hollow nanostructured was 

observed in the TEM image. The inner and outer diameters of 

nanotube was found to be ~4 nm and ~10 nm, respectively (Figure 

3(a)). The nanotubes was destroyed and altered into nanoparticle 

at 700°C. This alterationoccurred because the dehydration of inter-

layered OH groups which accelerate the crystal growth and induce 

the change of crystallinity thus, perished the nanotubes structure to 

produce irregular nanoparticles [19,20]. The size of anatase TiO2 

nanoparticles obtained was within 20-30 nm. 

 
Figure 2: XRD patterns of (a) as-synthesised sample and after calcination 

at (b) 300 °C (c) 400 °C (d) 500 °C and (e) 700 ° 

 

 
 

 
Figure 3: TEM micrographs of synthesized samples after calcination at (a) 

400 °C (b) 700 °C for 2 hours. 

 

As shown in Table 1, the surface area of TiO2 precursor powder 

was only 9.28 m2/g. Nevertheless, calcined sample at 400°C 

which is TiO2 nanotube possessed large surface area which is 

226.52 m2/g. It is believed that the inner and outer surfaces of the 

nanotube structure were the major reason for their large surface 

area [21]. However, after calcination at 700 °C, the BET surface 

area of the sample was reduced to 60.47 m2/g. This is due to the 

morphology transformation and proved the destruction of tubular 

structure in this sample. Moreover, the coarsening of particles and 

pore coalescence at higher temperatures (700 °C), resulted in a 

significant lower surface area [21].  
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Figure 4 shows the isotherm plot of calcined samples at 400 °C 

and 700 °C, which are TiO2 nanotubes and TiO2 nanoparticles, 

respectively. Both studied samples exhibit similar types of iso-

therm, having a type IV mode, indicating the presence of meso-

pore in the system. Mesopore materials having pores sizes gener-

ally in the range of 2 to 50 nm. For type IV isotherm, it could be 

observed that the adsorption of the nitrogen gas is low at the initial 

relative pressure (P/Po), but then increase markedly at higher val-

ues of P/Po where pore capillary condensation takes place. A hys-

teresis effect associated with the pore condensation and studied 

samples display closely with Type H3 hysteresis loops, implying 

the slit shaped mesoporous characteristics of materials. 

 

Figure 5 displays that the TiO2 nanotubes, the synthesized sample 

calcined at 400oC produced the highest amount of hydrogen gas 

with 80 µmol/g after 5 hours irradiation. Meanwhile, TiO2 nano-

particles (sample calcined at 700 °C) and sample calcined at 

500 °C only managed to produce 42 and 60 µmol/g of hydrogen 

gas, respectively. The loss in photocatalytic activity of calcined-

samples at 500 and 700 °C, were due their low surface area. Low 

surface area will be resulted in less active sites. Less active side 

will lead to the less accessibility of water molecule to react with 

the photogenerated electron on photocatalyst surface for H2 pro-

duction. Commercial TiO2 precursor gave the lowest photocatalyt-

ic activity due to the lowest surface area. Meanwhile, the photo-

catalytic activity of  

as-synthesised sample and sample calcined at 300 °C were very 

low attributed to their amorphous state as proved by XRD analysis. 

The amorphous phase, which usually comprises numerous defects 

such as impurities act as recombination centers thus reduces the 

photocatalytic performance [18]. 

 
Table 1: BET surface area of TiO2 precursor and synthesized sample after 

calcination at 400 and 700 °C. 

Sample BET surface area 

(m2/g) 

TiO2 precursor 9.28 

Calcined at 400 °C (TiO2 Nanotubes) 226.52 

Calcined at 700 °C(TiO2 Nanoparticles) 60.47 

4. Conclusion  

TiO2 nanotubes was produced using hydrothermal method. The 

nanotubes was obtained after calcination at 400 °C. In general, 

hydrogen gas was successfully produced through water splitting 

reaction using synthesized TiO2photocatalyst and commercial 

TiO2. TiO2 nanotubes photocatalyst gave the highest catalytic 

activity with 80 µmol/g hydrogen gas after 5 hours irradiation 

because of larger surface area and high crystallinity. 

Acknowledgement 

The authors are grateful to Universiti Malaysia Terengganu (UMT) 

for providing the facilities to carry out this project and Ministry of 

Higher Education of Malaysia for the financial support vote FRGS 

59358. 

Figure 4: Nitrogen gas adsorption isotherm plot of synthesised samples 
after calcination for 2 hours at (a) 400 °C (TiO2 nanotubes) and (b) 700 °C 

(TiO2 nanoparticles) 
 

 

 
 
Figure 5: Hydrogen production through water splitting reaction using 
TiO2 precursor and synthesised sample calcinedat different temperature.  
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