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1. Introduction – The use of solar energy to produce hydrogen represents an interesting route to satisfy 

the energy demand due to its inexhaustibility, and several studies were carried out on photoreforming of 

organics and photocatalytic water splitting [1]. At present, the key challenge of many researchers is 

represented by the development of a visible – light active photocatalyst. TiO2 still represents the most 

widely used material, despite its low adsorption in the visible range, which reduces its applicability in the 

visible wavelength range of the solar spectrum. To overcome this shortcoming, many researchers have 

proposed the combination of TiO2 with other materials capable to extend the light absorption to the visible 

range [2]. In the present study, the effect of the sacrificial species and their concentration on hydrogen 

evolution reaction (HER) is evaluated over a visible-light active Cu2O/TiO2 photocatalyst prepared via 

ball milling. The photoefficiency for HER is also evaluated at varying system temperature, pH, and 

radiation type. The quantum yield and the light – to – chemical energy values are estimated. 

2. Experimental – To prepare the photocatalyst, a fixed amount of TiO2 (1500 mg) is mixed in the agate 

milling tank (PM100, RETSCH, milling time = 1 min, rotation rate = 200 rpm), with agate balls and a 

fixed amount of Cu2O (150 mg). Some samples are then calcined under N2 atmosphere (2 h, 500°C). 

Photocatalytic tests are performed in an annular glass batch reactor, equipped with a lamp located in a 

quartz sleeve; the temperature of the reactor is controlled with a thermostat. To perform the experimental 

runs, the photocatalyst (700 ppm) is suspended in an organic containing solution at fixed pH, after 

inertization. In some cases, the suspension was exposed under solar radiation.  

3. Results and Discussion – Some authors have reported the significant effect of solution pH on HER for 

different photocatalytic materials as well as for different photogenerated 

hole scavengers. Several runs at varying the pH of the solution in which 

the catalyst is dispersed are carried out. In Image 1, a remarkable 

reactivity may be observed under alkaline conditions, while negligible 

activity is recorded at acidic conditions (data not shown). An attempt to 

explain the result may be done through the following considerations: (i) 

copper species involved in the visible light induced hydrogen generation 

are more stable and (ii) a more efficient adsorption of the sacrificial 

agent on the catalyst surface occurs. 

Moreover, to evaluate the effect of 

temperature on the photocatalytic 

system, some experimental runs are performed varying the temperature 

of the suspension between 25°C and 80°C. A positive effect of this 

variable is observed (See Image 2), due to the increasing of the reaction 

rate and the improvement of the product desorption on the catalyst 

surface. Finally, a set of experiments are performed under direct solar 

radiation, thus obtaining a maximum light-to-chemical energy efficiency 

of about 6.5% in the UV range.  

4. Conclusions – The photocatalytic system is suitable to the visible 

light-driven hydrogen generation, and the UV component of the solar 

spectrum can improve the photocatalytic performance. A beneficial effect is recorded upon increasing 

temperature: a 4.5-fold increased efficiency for HER is observed at T=80°C with respect to ambient 

temperature. Furthermore, alkaline conditions of the reacting mixture during the photocatalytic 

experiment improve the photoefficiency for HER.  
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Image 1.  Hydrogen production rate at 

varying the pH of the suspension. 

 
Image 2.  Hydrogen production rate at 

varying the temperature of the system. 


