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Abstract- Visible light active BaMnOx type photocatalyst was synthesized by using sol-gel method. The photocatalyst was characterized by 
X- ray diffraction, BET-SA, and UV-visible diffused reflectance spectroscopy (UV-DRS). BaMnOx photocatalyst exhibited an optical band gap 
of 2.9 eV with the absorption predominantly in visible region of the light spectrum. The crystallite size of BaMnOx is 24.63 nm as calculated 
by the Debye Scherer equation. The BET surface area value for BaMnOx photocatalyst was found to be 16.2 m2/g. The photocatalytic hydro-
gen generation was carried out by using Pt as co-catalyst and ethanol as a sacrificial donor. Hydrogen generation was investigated by etha-
nol assisted water splitting reaction under visible light irradiation, using a compact glass reactor and tungsten lamp as a source of visible 
light. The rate of photocatalytic hydrogen evolution was observed to be 7463 µmol.g-1.h-1 of Pt-BaMnOx

 photocatalyst.  
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Introduction 
Hydrogen has been projected as one of the renewable sources of 
energy and future alternative for the conventional fuel [1]. The 
issues like limitations of the reserves of the fossil fuel and their 
environmental damages are the main drivers for the hydrogen 
based energy in future [2]. Generation of hydrogen from renewa-
ble sources like water and utilizing the solar radiations is the most 
attractive and potential option as per the following reaction [3]:  
H2O à H2 + ½ O2, ΔG=+238 KJ/mol --- (1) 
As observed from equation 1, water can be split into H2 and ½ O2, 
and the dissociation of water can occurs at 1.23 eV, which other-
wise requires a very high temperature [4, 5,]. To overcome these 
problems, the photocatalytic way of hydrogen generation from 
water can be an alternative and cleaner route, despite many prac-
tical challenges.  
Titanium dioxide was the first material used for electrochemical 
water splitting reaction by Fujishima and Honda in 1972 under 
ultra-violet radiations [6]. Extensive attempts were made by differ-
ent researchers to design visible light active photocatalysts, to 
utilize the maximum amount of solar energy [7]. Various photo-

catalysts like metal oxides, perovskites, layered perovskites, 
mixed metal oxides etc have been widely developed, studied and 
used for the generation of hydrogen [8-12]. Perovskite/ mixed 
metal oxides type materials are stable, crystalline and very flexible 
in their composition and can incorporate various metal ions in 
their structure [13]. As photocatalytic water splitting reaction is a 
redox reaction and the mixed metal oxide type compounds exhibit 
both reducing as well as oxidizing properties, several perovskite 
and mixed oxides type materials have been reported for the pho-
tocatalytic hydrogen generation reaction [9-12].  
 
Material and Methods: 
 
Materials 
Barium nitrate, manganese nitrate and citric acid were used for 
the synthesis of mixed oxide type BaMnOx without further purifica-
tions. 
 
Synthesis 
Mixed oxide BaMnOx was synthesized by sol gel method. Barium 
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nitrate was used for Ba as A-site element and Mn for B-site ele-
ment. DI water was used to prepare aqueous solutions. The re-
spective salt solutions were mixed and homogenized by constant 
stirring. The formation of gel was observed. It was then kept for 
drying in an oven at 900C and then pre-calcined at 5000C for 2 h to 
remove all the organic impurities present in the mixture. It was 
then finely ground in a mortar- pestle and re- calcined in air at 
7000C for 4h.  
 
Characterization 
The photocatalyst was characterized by XRD and UV-DRS tech-
niques. The crystallite size and crystalline phase of photocatalyst 
BaMnOx was studied by X- ray diffraction (XRD) using Rigaku 
Miniflex II Desktop X-ray diffractometer with Cu Kα radiation 
source at 30kV and 15mA and using a scanning rate of 50/ min.  
The BET surface area analysis was performed by using 
Quantachrome Autosorb-1, in thermo stated bath at liquid nitrogen 
temperature of 770K. The UV-Vis diffuse reflectance spectrum (UV
-DRS) was obtained by using Spectophotometer UV-1800 UVDRS 
Shimadzu, while BaSO4 was used as a reference material. 
 
Photocatalytic evaluation 
The photocatalytic experiments have been carried out in a close 
type photocatalytic glass reactor. 10 ml of DI water was boiled to 
remove dissolved oxygen. It was then cooled and to it optimized 
dose of photocatalyst BaMOx was added followed by addition of 
known quantity of ethanol, and co-catalyst platinum. The whole 
experimental set-up was evacuated by using vacuum pump to 
remove air from the system. The solution was continuously stirred 
using magnetic stirrer for uniform dispersion of the photocatalyst. 
The glass reactor was illuminated with two 200W tungsten light 
sources for 4 hours. After the completion of reaction, the generat-
ed hydrogen was evaluated on the GC equipped with molecular 
sieve 5A column using thermal conductivity detector (TCD) 
 
Results and discussion 
Highly crystalline structure of BaMnOx was confirmed by the XRD 
pattern as shown in Fig.1, however, it was found to be a mixture of 
a few crystalline phase instead of a single phase. The crystallite 
size of BaMnOx has been determined by using the Debye-Scherer 
formula. 

D= K. λ/ β. COSθ 
Where, ‘D’ is the crystallite size of particle (A0), ‘K’ crystallite 

shape factor, ‘λ’ is X-ray wavelength (1.5418 A0 for Cu Kά), β is 
the width of diffraction peak, and θ is the observed peak angle 
(degree). The observed crystallite size value for BaMnOx photo-
catalyst is 24.63 nm considering the high intensity peak. 

 
 
 
 
 
 
 
 
 
 

Fig. 1- XRD of BaMnOx photocatalyst 

The optical characterization of photocatalyst was performed by UV
- DRS as shown in Fig.2. The UVDRS spectrum for BaMnOx semi-
conductor indicates the absorbance of light nearly at 428 nm. The 
band gap energy of BaMnOx photocatalyst is therefore estimated 
to be 2.9 eV as calculated by using the formula, (Band gap=1240/
λ) [14]. This shows that the synthesized BaMnOx photocatalyst is a 
visible light active compound. 

Fig. 2- UV-DRS of BaMnOx photocatalyst 
 
Photocatalytic activity 
The synthesized photocatalyst has been evaluated for their activity 
towards hydrogen generation through ethanol assisted splitting of 
water under visible light radiations, by using Pt as a co-catalyst. 
The photocatalyst BaMnOx shows a hydrogen yield of 7463 
µmole.g-1.h-1. This is substantial considering the mixed oxide 
phase.  
 
Mechanistic Aspects 
Based on the above discussed results and related literature, the 
mechanistic aspects for photocatalytic activity of ABOx type BaM-
nOx photocatalyst for the water splitting reaction under visible light 
are proposed. Photocatalyst BaMnOx absorbs the photons of visi-
ble light with energy greater than the band gap, leading to photo-
excitation of electron from valence band to conduction band. The 
electron excitation from VB leaves the hole and simultaneous 
redox reaction usually takes place on Pt site. The electron at CB 
and hole at VB facilitate the oxidation and reduction of water mole-
cule to finally generate O2 and H2. Sacrificial donor like ethanol 
donates electron to prevent recombination reaction and the chain 
of photoexcitation reaction thus continues. The co-catalyst plati-
num is expected to provide sites to atomic hydrogen with the 
transfer of electron from CB to produce hydrogen molecule. For 
overall water splitting reaction in the visible region of solar spec-
trum, it should have band gap energy roughly in between 1.23 to 
3eV. The synthesized BaMnOx photocatalyst shows a band gap 
energy of 2.9 eV as confirmed by UVDRS studies. This also infers 
the visible light activity of compound. In this way, the mixed oxide 
type BaMnOx appears to follow a mechanism of photocatalytic 
water splitting, quite typical for semiconductor metal oxide.  
 
Conclusion 
The BaMnOx photocatalyst was synthesized by using sol-gel meth-
od. The XRD pattesrn of synthesized BaMnOx shows crystallite 
size of 24.63 nm and suggest a mixure of phases. The UV-DRS 
shows a visible light active compound with optical band gap of 2.9 
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eV. The photocatalytic activity of BaMnOx sample was evaluated 
by photocatalytic water splitting reaction with the hydrogen gener-
ation of 7463 µmole.g-1.h-1. This is a reasonably good hydrogen 
generation in visible light illumination and also considering the 
surface area 16.2 m2/g of BaMnOx photocatalyst. Thus photocata-
lytic approach for hydrogen generation shows as a potential alter-
native path of cleaner energy production for future. Further modifi-
cations of materials including various synthesis procedures, prep-
aration of supported and doped metal oxides are in progress to 
attempt further improvement in photocatalytic properties. 
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