BiVO4/MoO3 photoanode for the photoelectrochemical hydrogen production from water splitting: Electrolyte effect
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Abstract
Bismuth vanadate (BiVO4) is a promising photoanode material for the photoelectrochemical (PEC) water splitting. However, its poor charge transfer, transport, and slow surface catalytic activity limit the expected theoretical efficiency. Herein, we have investigated the effect of the type of electrolyte on the photoactivity of BiVO4/MoO3 photoanode. BiVO4 was deposited on indium tin oxide (ITO) using spin coating under the optimized experimental conditions and a thin layer of MoO3 was then deposited on BiVO4 by physical vapor deposition (PVD). Then, the photoactivity of the BiVO4/MoO3 photoanode was examined in various electrolytes including KOH, sodium nitrate (NaNO3), sodium sulfate (Na2SO4), and Na2SO4 containing tris(hydroxymethyl)aminomethane (Tris) solution. The results showed that the photocurrent densities were improved from few tens of μA cm-2 in Na2SO4 to 0.8 mA cm-2 in Na2SO4 solution containing Tris (Na2SO4-Tris).
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چكيده
بیسموت وانادات (BiVO4) یک ماده فوتوآند امیدوارکننده برای اکسیداسیون فوتوالکتروشیمیایی (PEC) آب است. با این حال، انتقال بار ضعیف، حمل و نقل، و فعالیت کاتالیستی آهسته سطح آن، کارایی مورد انتظار را محدود می کند. در اینجا، اثر الکترولیت بر روی عملکرد نوری فوتوآند مبتنی بر BiVO4/MoO3 مطالعه و بررسی شده است. BiVO4 به روش لایه نشانی دورانی بر روی ایندیوم قلع اکسید (ITO) و سپس لایه نازک MoO3 به روش تبخیر فیزیکی (PVD) در شرایط بهینه آزمایشگاهی بر روی BiVO4 لایه نشانی شد. فعالیت نوری فوتوآند BiVO4/MoO3 در الکترولیت های مختلف شامل محلول پتاسیم هیدروکسید، سدیم نیترات، سدیم سولفات و سدیم سولفات شامل تریس (Tris) مطالعه شد. نتایج نشان داد که با تغییر الکترولیت از سدیم سولفات به سدیم سولفات شامل تریس، چگالی جریان نوری از چند ده μA cm-2   به بیش از μA cm-2 8/0 بهبود مییابد.
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Introduction
There is a major global effort to meet the growing energy demands by employing sustainable low cost and environmentally friendly methodologies. Photoelectrochemical (PEC) water splitting by the use of n-type semiconductor have showed potential for achieving the aim by the generation of renewable energy carrier, hydrogen fuel, by clean methods in a sustainable manner from water splitting [1-3]. In this direction, various materials such as metal nitrides, metal sulfides and metal oxides have been developed as appropriate photoelectrodes.
 Metal oxides show advantages of good chemical stability, negligible environmental pollution and low cost, but wide bandgap, slow charge transfer and high charge recombination rate hamper their PEC performance. To overcome these drawbacks, several strategies have been proposed to enhance the PEC performance which emphasize on the surface and interface engineering. The intermediate band gap semiconductors such as BiVO4 (~2.4 eV) have received huge research attention. BiVO4 is a good choice because of visible light photo absorption, environment friendly nature, large abundance, and good chemical stability in aqueous media. In pristine BiVO4, the photoanode has poor charge transport properties owing to electron-hole recombination, which results in poor bulk/surface transfer processes. Also, holes at the photoanode surface cannot effectively get transferred to the electrolyte for water oxidation, due to sluggish kinetics. Recombination at the surface also affects the oxidation efficiency of BiVO4 based PEC systems.
In this work, the effect of the type of electrolyte on the photoactivity of BiVO4/MoO3 photoanode was investigated. So, BiVO4 was deposited on ITO using spin coating and then, a thin layer of MoO3 was deposited on BiVO4 by physical vapor deposition (PVD). Then, the photoactivity of the BiVO4/MoO3 photoanode was examined in various electrolytes including KOH, phosphate buffer (pH 7), NaNO3, Na2SO4) and Na2SO4 solution containing tris (hydroxymethyl) aminomethane (Tris). The results showed that the photocurrent densities were improved to 0.8 mA cm-2 in Na2SO4-Tris.

Experimental
Bismuth vanadate (BiVO4) was prepared from its precursors and then it was deposited on ITO by spin coating. Then, a thin layer of molybdenum oxide (MoO3) was deposited on BiVO4 by using physical vapor deposition (PVD) under the optimized experimental conditions. The electrochemical measurements were carried out using a Galvanostat/Potentiostat Autolab PGSTAT302N instrument. The fabricated photoanodes, Ag/AgCl electrode (3.0 M KCl), and Pt plate were employed as working, reference, and counter electrodes, respectively. A 300-W Xenon lamp with an intensity adjusted to 100 mW/cm2 (A.M 1.5G) was utilized as the light source of the experiments.
We examined three electrolytes in this research including 0.1 M KOH, 0.1 M NaNO3, 0.1M Na2SO4, and Na2SO4:Tris (1:1). 

Resalt and discussion
The surface morphology of the samples was investigated by scanning electron microscopy (SEM). As it is clear (Fig. 1), BiVO4 was uniformly coated on ITO. The deposited material has the granular-type morphology, and the grain size is observed to be increased marginally with MoO3 deposition. The electrochemical performance of the sample was examined by the linear sweep voltammetry (LSV) and chronoamperometry as shown in Figures 2-4. As can be seen from the results, compared to 0.1 M Na2SO4 electrolyte, the current density was increased 2.5 times in 0.1 M NaNO3. Interestingly, when Na2SO4 containing tris(hydroxymethyl)aminomethane (Tris) solution (Na2SO4-Tris (1:1)) was employed, the current density was improved drastically to 0.8 mA cm-2.
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Fig. 1: SEM image of BiVO4 photoanode 



Fig. 2: Chronoamperometry of BiVO4/MoO3 photoanode at 1 V (vs. Ag/AgCl) under the standard AM1.5 G solar light illumination in various solutions.


Fig. 3: Chronoamperometry of BiVO4/MoO3 photoanode at the applied potential of 1 V in Na2SO4 and Na2SO4-Tris (1:1) solutions.





Fig. 4: Stability test chronoamperometry curves of BiVO4/MoO3 photoanode at the applied potential of 1 V in NaNO3, Na2SO4 and Na2SO4-Tris (1:1) solutions under the standard AM 1.5 G solar light illumination.






Conclusions
Present investigation was aimed to improve the photoelectrochemical efficiency of the BiVO4-based photoanodes through the investigation of the effect of the electrolyte. As the results showed, the proper electrolyte, i.e., Na2SO4-Tris (1:1) solution improved the current density of the photoanode up to 20 times.
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Current densitty (mA/cm2) 
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Current densitty (mA/cm2) 
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