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Programme 

9:30-9:55 Arrival, Registration and Poster set-up 

9:55-10:00 Welcome by Symposium Co-chairs 
Prof Andrew Mills, Queens University Belfast 
Prof Jason Riley, Imperial College London 

10:00-11:15 Session 1 
Session Chair: Jason Riley 

10:00-10:45 Plenary: Prof Detlef Bahnemann, Hannover University  
Solar Photocatalytic Water Splitting: Some Critical Issues 

10:45-11:00 Yimeng Ma, Imperial College London  
Rate Law Analysis of Water Oxidation on Metal Oxide 
Semiconductors  

11:00-11:15 Dr Savio Moniz, University College London 
Strategies for improving charge separation and transfer in 
semiconductor photocatalysts for efficient solar fuels synthesis 

11:15-11:40 Coffee and Poster Presentations (room G01) 

11:40-12:45 Session 2 
Session Chair: Jason Riley 

11:40-12:05 Prof David Fermin, University of Bristol  
The Effect of Deep Trap States in the Photoelectrochemistry of 
Nanostructured Electrodes  

12:05-12:30 Prof Jason Riley, Imperial College London  
Striped Metal-TiO2 Nanorods for Improved Photocatalysis 

12:30-12:45 Dr Andreas Kafizas, Imperial College London 
Where do photogenerated holes go in anatase:rutile TiO2? A 
transient absorption spectroscopy study of charge transfer and 
lifetime 

12:45-13:45  Lunch and Poster Presentations (room G01) 

Semiconductor  Photochemistry  
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SFN 
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13:45-14:55 Session 3 
Session Chair: Andrew Mills 

13:45-14:10 Prof Tony Byrne, University of Ulster 
Novel nanomaterials for photo-driven CO2 reduction 

14:10-14:25 Dr Marina Ratova, Manchester Metropolitan University  
Narrow band gap semiconductors deposited by magnetron 
sputtering as visible light-activated photocatalysts 

14:25-14:40 Nathan Wells, Queen’s University Belfast  
Photocatalyst Activity Indicator Inks - From Concept to 
Commercialisation 

14:40-14:55 Eva Beukes, University of Aberdeen  
Electron Transfer in Quantum Dot Sensitised Titania 

15:55-15:15   Coffee and Poster Presentations (room G01) 

15:15-16:40 Session 4 
Session Chair: Andrew Mills 

15:15-15:40 Prof Mike Bowker, University of Cardiff 
Photocatalytic Reforming of Oxygenates for Hydrogen 
Production 

15:40-15:55 Dávidné Nagy, University of Edinburgh 
Control of the Morphology and Phases in Nanocrystalline WO3 
Synthesis and Their Effect on the Band Gap 

15:55-16:10 Guan Zhang, University of St Andrews 
Photocatalytic bioethanol production 

16:10-16:35 Prof Peter Robertson, Queen’s University Belfast 
 Photocatalytic reactor technology for energy conversion and 

water treatment 

16:35-16:40 Closing remarks: James Durrant, SFN Co-ordinator 

16:40-17:45  Reception and Poster Presentations (room G01) 

17:45  Meeting Close  
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Workshop Information 

The workshop will be held at the Royal School of Mines, South Kensington Campus, Imperial 

College London (building 

number 9 on the map to the 

right).  The entrance to the 

building is on Prince Consort 

Road.   

Please register at the desk in 

room G20 (ground floor, turn 

right after entering the 

building); the talks will be in this 

room.   

Once you have registered, if 

you have a poster please put 

this up in room G01 (ground 

floor, to the left after entering 

the building) before the talks 

start.   

Poster presentations and 

refreshments (including lunch) 

will be in room G01. 
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Oral Presentations  

Solar Photocatalytic Water Splitting: Some Critical Issues 

Prof Detlef Bahnemann 

Hannover University 

Solar photocatalytic water splitting is most certainly a blooming research area with an ever 

increasing (and unkown) number of research groups working worldwide very actively in this 

field. Hence, this presentation does not aim to present an overview of these activities which 

appears to be an (almost) impossible task. I will rather discuss some crucial issues that 

according to my judgement are frequently overlooked when working in this field with great 

enthusiasm. In principle, the photocatalytic system seems to be ideal for basic investigations 

as it mimics a short-circuited photoelectrochemical device which definitely should be the 

final target of all such efforts. Unfortunately, however, as stoichiometric photocatalytic 

water splitting is rarely observed most published work fucuses on so-called sacrificial 

systems that include molecules other than H2O to be oxidized (e.g., CH3OH) or reduced 

(e.g., Ag+), respectively. The - often very interesting - results of these studies, however, 

cannot really be appreciated if the entire chemistry of the (now even more complex) system 

is not understood, i.e., complete material balances definitely need to be provided! Several 

possible mechanisms of the chemical transformation of these sacrificial reagents will thus 

be discussed. Moreover, details of the mechanisms of the two or four electron transfer 

processes finally resulting in the formation of molecular hydrogen or molecular oxygen, 

respectively, are also still far from being understood. Herein, examples of kinetic studies will 

be presented aiming to identify reaction intermediates, their chemical (and thermodynamic) 

nature and their final fate. I am convinced that without a detailed knowledge of these 

processes it will be difficult (if not impossible) to improve their efficiency. Based upon the 

work of our own laboratories this lecture will be mainly concerned with photocatalytic 

reactions occuring at metal oxide particles such as titanium dioxide, hematite, or sodium 

tantalates. However, many of the proposed mechanisms are considered to be quite 

universal. 

  



Semiconductor Photochemistry & Solar Fuels  7 

 

Rate Law Analysis of Water Oxidation on Metal Oxide Semiconductors 

Yimeng Ma, Stephanie Pendlebury, Andreas Kafizas, Florian Le Formal and James Durrant 
Imperial College London 

Metal oxide semiconductors are promising photoanode materials for photoelectrochemical 
(PEC) water oxidation due to it low cost and easy fabrication. Although high photocurrent 
has been achieved in recently years, the water oxidation reaction is still poorly understood 
on such material surfaces, thus limiting the further improvement of PEC performance using 
metal oxides.  

In the talk, I will present the recent results from our group on understanding the reaction 
kinetics of water oxidation on different metal oxides, bismuth vanadate (BiVO4), hematite 
(α-Fe2O3) and titanium oxide (TiO2). These results are based around photo-induced 
absorption measurements of the photogenerated holes and their reaction kinetics during 
water oxidation. Especially rate law analysis is applied to elucidate the reaction order of 
water oxidation in these three materials. The correlation of reaction rate and semiconductor 
properties will be discussed. 

 

 

The Effect of Deep Trap States in the Photoelectrochemistry of Nanostructured Electrodes 

Prof David J. Fermin, Kieren Bradley, Flurin Eisner, Veronica Celorrio 
University of Bristol 

High surface area nanostructured semiconductor films represent a key platform for the 
direct solar energy conversion to fuels. This class of materials commonly exhibits complex 
band electronic structures and defects sites which may act as trap states and recombination 
centres. These centres can significantly decrease the quantum efficiency towards highly 
complex multi-electron transfer reactions such as oxygen evolution. In this contribution, a 
simple but versatile approach is introduced to analyse the nature and density of trap states 
based on transient photocurrent measurements. The methodology establishes a direct link 
between the population of trap states in the dark and the current rise time upon 
illumination. Few test cases will be presented including aligned arrays of TiO2 nanotubes [1], 
ZnO nanorods [2] and nanostructured LaFeO3 films [3]. 

[1] Q. Zhang et al. J. Phys. Chem. C 118 (2014) 18207 

[2] C. Bunzli et al. MRS Online Proceeding Library 1672 (2014) 

[3] V. Celorrio et al. ChemElectroChem 1 (2014) 1667 



Semiconductor Photochemistry & Solar Fuels  8 

 

Striped Metal-TiO2 Nanorods for Improved Photocatalysis 

Gladys Teo, Mary P Ryan and D Jason Riley 
Imperial College London 

In this work, water-splitting cells have been designed to consist of multi-component 

nanorods of titanium dioxide and platinum with well-defined nanostructures to function as 

photocatalytic cell for hydrogen production. As the TiO2Pt nanorods are irradiated with 

light in the presence of a water source, oxygen and hydrogen are evolved at the anode TiO2 

and cathode Pt segments of the nanorods respectively. The alternating segments of TiO2 

semiconductor and Pt metal enable the control of the direction of charge movement and 

light absorption pathways in the material, thereby presenting a solution to improving the 

overall efficiency of photocatalytic hydrogen production. 

By employing template electrodeposition, homogeneous multisegmented TiO2/Pt nanorods 

have been successfully fabricated in anodic aluminium oxide membrane (AAM). This simple 

method of synthesis permits an easier control of the position and composition of TiO2 and 

Pt along the length of the nanorods, which allows for a customizable and highly 

reproducible method of obtaining segmented rods with uniformly distributed active sites for 

efficient catalytic activity. The morphology and material composition of the as‐prepared Pt-

TiO2 multisegmented nanorods were characterized using the scanning electron microscope 

(SEM), transmission electron microscope (TEM) and the x-ray diffraction (XRD); and the 

photocatalytic properties of these multi-segmented TiO2/Pt nanorods are then examined by 

carrying out absorption studies using Rhodamine B (RhB). 

 

Where do photogenerated holes go in anatase:rutile TiO2? A transient absorption 

spectroscopy study of charge transfer and lifetime 

Dr Andreas Kafizas 
Imperial College London 

TiO2 is a robust and active photocatalyst that can be improved by forming a mixture of the 

anatase and rutile phases within a heterojunction. How photocatalysis is improved has been 

debated for some time, where no consensus has been reached for the direction in which 

electrons or holes transfer. All time-resolved methods used to study this system have strictly 

probed electron transfer behavior. This article addresses the need to study hole transfer 

behavior, and thus shed a unique light on the behavior of this system. 

Anatase, rutile and heterojunction phase-mixtures were examined by transient absorption 

spectroscopy (TAS) in the visible region (460 – 900 nm). Signals specific to holes in anatase 

(≈ 460 nm) and rutile (≈ 580 nm) were identified, which allowed us to assess the direction 

and degree of hole transfer in phase mixtures.  

A unique model was developed to separate TAS spectra into their respective anatase and 

rutile hole parts, which clearly showed how holes were transferred from rutile to anatase 

sites on the pre-µs timescale. Hole transfer was limited by the diffusion of rutile holes. An 
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optimum hole transfer was observed in a 20: 80 anatase: rutile sample – showing an almost 

factor of five increase in anatase hole yield compared with pure anatase.  

After a period of inhibited decay (pre-ms), the anatase: rutile heterojunctions showed rapid 

decay kinetics, dispelling the notion that enhancement in photocatalysis is due to an 

increased lifetime of photo-generated charge. We propose the increase in photocatalytic 

activity is due to an increase in anatase hole yield, where these anatase holes are generally 

more active than rutile holes in photocatalysis. 

We believe this to be the first time in which hole transfer has been examined in the anatase: 

rutile system. How this impacts upon photocatalysis, water splitting and photocatalyst 

design is discussed. 

 

Strategies for improving charge separation and transfer in semiconductor photocatalysts 
for efficient solar fuels synthesis 

Dr Savio J. A. Moniz, Dr Junwang Tang 
University College London 

The most important factors dominating the efficiency of solar hydrogen synthesis over 

semiconductor photocatalysts include (1) light absorption, (2) charge separation and 

transport, and (3) surface chemical reactions (charge utilization).  Furthermore, no single 

photocatalyst is efficient for both water oxidation and reduction.  This talk will cover 2 

strategies to improve charge separation; firstly, a Z-scheme, principally for suspension-

based systems and secondly, thin film heterojunction photoelectrodes for 

photoelectrochemical (PEC) water splitting. 

The Z-scheme is comprised of 2 semiconductors sandwiched in between a redox shuttle that 

effectively transfers charge between the materials for either oxidation or reduction 

reactions.  Using this approach, we recently demonstrated an organic-inorganic Z-scheme 

system comprised of a metal oxide coupled with structure controlled, robust g-C3N4, capable 

of stoichiometric H2 and O2 evolution under visible light.[1] This shows that g-C3N4 can be 

integrated into a nature-inspired water splitting system, analogous to PSII and PSI in natural 

photosynthesis. 

The materials design strategy is critically important to the mechanism for charge transfer.  

We have shown that a 1D junction cascade photoelectrode consisting of nanoparticulate 

BiVO4 on 1D ZnO nanowire arrays with a cobalt phosphate (Co-Pi) surface OEC exhibits a 

dramatic cathodic shift in onset potential, 12-fold increase in photocurrent and STH value of 

~1% for PEC water oxidation.[2] The reasons for the enhanced activity will be discussed in 

light of the limiting factors described earlier. 

1.  J. Am. Chem. Soc., 2014, 136, 12568.  

2.  Adv. Energy Mater., 2014, 4, 1301590. 
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Novel Nanomaterials for Photo-driven CO2 Reduction 

Prof J.A. Byrne 

University of Ulster 

In this presentation work related to the development of materials and devices for carbon 

dioxide reduction will be presented.  In particular, previous work related to an EU-FP5 

project, “Hybrid system for CO2 conversion by solar energy in a photo-electrochemical 

device (COCON)”, will be reviewed which focused on the development of a two 

compartment photoelectrochemical cell with a photocatalytic anode for water splitting 

linked to a mixed phase electrocatalytic cathode for CO2 reduction in flue gas.  Although the 

prototype efficiency was much too low to be economically viable, some important 

knowledge was gained. Further new developments in relation to fabrication and testing of 

visible light active photocatalytic materials will be discussed, focussing on 

photoelectrochemical assessment of activity.  Current work is focused on the development 

of novel nanomaterials for the solar driven reduction of CO2, utilising molecular clusters on 

the surface of TiO2.   

 

 

Narrow band gap semiconductors deposited by magnetron sputtering as visible light-
activated photocatalysts 

Dr Marina Ratova, Glen T. West, Peter J. Kelly 
Manchester Metropolitan University 

The present work focuses on the deposition and analysis of narrow band gap semiconductor 

materials often named as potential alternatives to TiO2, such as tantalum oxynitride, cerium 

oxide and bismuth complex oxides. However production of these materials reportedly 

requires long reaction times and sophisticated equipment. In the present work these 

materials were deposited using magnetron sputtering. Magnetron sputtering is a simple and 

scalable technique widely used both in industrial and laboratory production facilities. 

Deposited coatings were analysed by a range of methods, including SEM/EDX,XRD and 

Raman spectroscopy. The photocatalytic properties of the coatings were studied using a 

variety of techniques under visible light illumination. The photocatalytic efficacy of materials 

was compared to a commercially available photocatalysts. The influence of deposition 

conditions and post-deposition processing on photocatalytic properties is discussed. 
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Photocatalyst Activity Indicator Inks - From Concept to Commercialisation 

Nathan Wells and Andrew Mills 

Queen’s University Belfast 

Semiconductor photocatalysis (SPC) is the key principle underpinning the rapidly growing 

commercial self-cleaning material sector. Such materials utilise a nanometer scale coating of 

anatase titanium dioxide, which, when exposed to UVA light, is able to both reduce ambient 

oxygen and oxidise most surface organic pollutants by virtue of its photogenerated surface 

electron and holes, respectively. Because the process is slow, and the photocatalyst coating 

invisible to the eye, a rapid, striking method of testing the activity of the materials is needed 

both for QA and demonstration/marketing purposes. Described is a method for detecting 

the presence, and activity of semiconductor photocatalyst materials that utilises a redox dye 

encapsulated in an ink that is fast, simple and cheap, thus making it perfect for research, 

industry and end-user application. 

 

Electron Transfer in Quantum Dot Sensitised Titania 

Eva Beukes and Russell F Howe 
University of Aberdeen 

EPR spectroscopy was used to study charge transfer processes in CdSe quantum dot (QD) 

sensitised titania. Visible light excitation of QDs directly adsorbed onto titania causes 

electron transfer to the titania, producing characteristic EPR signals of trapped electrons. 

Under ultraviolet excitation the trapped electron signals seen in titania are suppressed in 

the presence of directly adsorbed quantum dots, as is the formation of superoxide in the 

presence of oxygen. This suggests reverse electron transfer from the titania to QDs can also 

occur. No visible light excited electron transfer occurs in the case of QDs attached to the 

titania surface via bi-linker molecules, but under ultraviolet excitation a similar suppression 

of electron trapping in the titania phase is seen.  These results show that the nature of the 

interface between QDs and titania is crucially important in the electron transfer processes in 

both directions. 

 

Photocatalytic Reforming of Oxygenates for Hydrogen Production 

Prof Mike Bowker 
University of Cardiff 

Photo catalytic hydrogen production by use of an organic sacrificial agent represents one 

possible way to produce fuel in a sustainable manner. An important factor here is the 

splitting ratio, alpha , and consideration is given to maximising this value. We also compare 

the behaviour of traditional Titania based materials with carbon nitrides for these reactions. 
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Control of the Morphology and Phases in Nanocrystalline WO3 Synthysis and Their Effect 

on the Band Gap 

Davidne Nagy, Xianfeng Fan 
University of Edinburgh 

WO3 is an important n-type semiconductor oxide which has been studied extensively for 

electrochromic, gas sensor and Visible active photocatalytic applications. In nanoscale, the 

electronic and optical properties of WO3 are particularly determined by their phase and 

morphology. In this work, a facile hydrothermal method has been employed for the 

preparation of WO3 nanostructures with different morphologies and crystalline structures. 

The effect of solution pH between pH 0.10 and 2.01, the EtOH/H2O mixed solvent medium 

and the chain length of the polymeric surface modulator on the characteristics of WO3 has 

been explored. The WO3 nanostructures were characterised by SEM, TEM, XRD and UV-Vis 

diffuse-reflectance. The Scherrer equation was employed to estimate the crystallite sizes 

and Tauc plot and Kubelka-Munk theory was used to calculate the band gap energies. 

 

 

Photocatalytic bioethanol production 

Guan Zhang, Federica Fina and John T.S. Irvine 
University of St Andrews 

As an example of combining semiconductor photocatalysis and solar fuels production, we 

are trying to develop a cost effective, low environmental impact approach to produce 

bioethanol from cellulosic waste by photocatalysis combined with fermentation in a single 

reactor. Photocatalysis is a process which uses a catalyst to accelerate a photoreaction by 

generating free radicals, which are capable of oxidizing cellulose to release sugars. The 

released sugars which will pass through a semi-permeable membrane where they will be 

fermented by yeast (or other selected microbes) to yield bioethanol. Both UV and Visible 

light active photocatalysts will be screened for the maximum generation of free radicals. In 

the first step, visible light active photocatalysts such as WO3 and CdS have been tested for 

the photocatalytic degradation of cellulose. 
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Photocatalytic Reactor Technology for Energy Conversion Applications 

Prof Peter K. J. Robertson, Nathan Skillen, Morgan Adams, Linda A. Lawton, John T.S. Irvine 

Queen’s University Belfast 

Photocatalysis for water splitting or as a route to bioethanol production is an attractive 

approach as a potential ‘solar fuel generator’. Advancements in the development of visible 

light responsive catalysts for H2 production are frequently reported; however, the 

development of novel photo reactors which can enhance the potential of such catalyst is 

less frequently detailed. The key considerations for photocatalytic reactors, however, 

remain the same; effective mass transfer to the photocatalyst surface and efficient 

deployment and illumination of the photocatalyst. This presentation considers the 

development of photocatalytic reactor configurations for energy conversion under 

simulated and natural solar illumination.   
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Poster Presentations 

Analysis of light transport for CO2 photo reduction 

Olusegun Koleola, Ola Oluwafunmilola, Jin Xuan, Mercedes Maroto-Valer 

Herriot Watt University, Edinburgh 

The low conversion of the photocatalytic reduction of CO2 into solar fuels is due to several 

factors, including the amount of light wave radiation available for absorption. This study 

reviews the role of light irradiation in CO2 photoreduction and its possible optimisation to 

increase conversion. This work will also involve the development and parametric 

optimization of a light transport model using COMSOL Multiphysics. The light model is based 

on Maxwell’s equation, quantum theory, chemical rate equations and phase transition 

equations. The study will develop various boundary conditions that will increase conversion 

of CO2 to solar fuels and define the optimum amount of sun light required for driving the 

CO2 photoreduction process. 

 

 

The Effect of ZnO Seed layer thickness on the performance of flexible ZnO Dye sensitised 

Solar Cells 

Hussain Alessa1, Jagdeep S Sagu1, T. A. Nirmal Peiris1, Ijaz Ahmad Bhatti2, K. G. Upul 

Wijayantha1 
1Department of Chemistry, Loughborough University,  

2Department of Chemistry & Biochemistry, University of Agriculture 

The synthesis of numerous ZnO nanostructures has attracted significant interest due to their 

promising energy-related applications. In particular, ZnO nanorods have received extensive 

attention in the electrochemical devices due to the ease of fabrication at ambient 

conditions. Fabrication of ZnO nanorods on various substrates and using such electrodes to 

construct different energy conversion devices is one of the key research interests in material 

processing. 

ZnO seed layers, at different thickness, were coated on ITO-PEN substrates using sputtering 

technique, followed by the growth of ZnO nanorods using chemical bath deposition. The 

effect of different thickness was studied by different characterisation methods. 
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Understanding factors affecting products formation in photocatalytic reduction of carbon 
dioxide 

Elizabeth Bay,  Dr. Oluwafunmilola Ola, Dr. Jan-Willem Bos, M. Mercedes Maroto-Valer 
Herriot Watt University, Edinburgh 

 
In photocatalytic reduction of carbon dioxide for the production of solar fuels, it is 

imperative to be able to quantify the reaction conversion. Current reported terms include 

product yield, product selectivity and quantum efficiency, with some limited attempts at 

turn over frequency. Confusion with units and diversity of lab procedure make comparison 

of results across research groups very difficult, due to the lack of rate equations and 

normalized product yields. Therefore, here we present a discussion of factors influencing 

product formation in order to enable a framework around photocatalytic testing procedure, 

and more specifically about semiconductor photocatalysis for the production of solar fuels. 

The factors discussed include catalyst, reactor design, light source and testing conditions. 

Practical considerations of product measurement and experimental inputs are presented to 

enable a deeper discussion of experimental work and possible outcomes. This will allow 

connections and clarity to help derive quantifiable results for photocatalytic production of 

solar fuels. 

 

 

Aerosol-Assisted CVD of Bismuth Vanadate Thin Films and Their Photoelectrochemical 
Properties 

Paul Brack1, Jagdeep Sagu1, Nirmal Peiris1, Andrew McInnes1, Mauro Senili2, Upul 
Wijayantha1, Frank Marken3, Elena Selli2 

1Loughborough University, Loughborough, United Kingdom 
2University of Milan, Milano, Italy 

3University of Bath, Bath, United Kingdom 
 

Thin film BiVO4 photoelectrodes are prepared by aerosol-assisted CVD for the first time on 

FTO glass substrates. The BiVO4 photoelectrodes are characterised by XRD, Raman 

spectroscopy, and EDX and are found to consist of phase-pure monoclinic BiVO4. SEM 

analysis shows that the thin film is uniform with a porous structure, and consists of particles 

approximately 75−125 nm in diameter. The photoelectrochemical properties of the BiVO4 

photoelectrodes are studied in aqueous 1 M Na2SO4 and show photocurrent densities of 

0.4 mA cm−2, and a maximum incident-photon-to-electron conversion efficiency of 19% at 

1.23 V vs. the reversible hydrogen electrode. BiVO4 photoelectrodes prepared by this 

method are promising for use in photoelectrochemical water-splitting cells. 
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Apparent activation energy for visible light photolysis of oxalic acid by g-C3N4/Pt  

M. Caux1, J.T.S. Irvine1, H. Idriss2 
1School of Chemistry, University of St Andrews 

2SABIC-Corporate Research and Innovation (CRI), KAUST, Saudi Arabia 

Photo-catalytic hydrogen production from renewables and organic wastes is an important 

aspect in securing sustainable economy relying on solar energy for future technologies. 

Graphitic carbo-nitride based materials are of high interest because of their stability and 

relatively small band gap (2.7 eV) allowing visible light harvesting1,2. In this project we are 

combining photolysis of di-carboxylic acid (C2O4H2) with CO2 and H2 generation using 1 wt. % 

Pt/ g-C3N4 semiconductor photo-catalyst. Maximum hydrogen production rate at 70°C 

obtained is 3.7mmol.h-1.g-1. Increasing the reaction temperature resulted in increasing the 

reaction rate with an apparent activation energy of 0.2 eV. The photo-catalysts showed an 

induction period similar to other noble metals3; that decreased when pre-reduced in 

Ar/5%H2. 

 

References: 

1. W. Wang, J. C. Yu, Z. Shen, D. K. L. Chan, and T. Gu, Chem. Commun., 2014, 50, 10148–

10150. 

2. K. Domen, X. Wang, K. Maeda, A. Thomas, K. Takanabe, G. Xin, J. M. Carlsson, and M. 

Antonietti, Nat. Mater., 2009, 8, 76–80. 

3. M. a. Nadeem, M. Murdoch, G. I. N. Waterhouse, J. B. Metson, M. a. Keane, J. Llorca, and 

H. Idriss, J. Photochem. Photobiol. A Chem., 2010, 216, 250–255. 

 

 

Earth-Abundant Oxygen Evolution Catalysts Coupled onto ZnO Nanowire Arrays for 
Efficient Photoelectrochemical Water Cleavage 

Chaoran Jiang, Dr. Savio J. A. Moniz, Dr. Majeda Khraisheh and Dr. Junwang Tang 
University College London 

 
ZnO has long been considered as a photoanode for photoelectrochemical water splitting, 

but its performance has been limited by fast charge-carrier recombination, poor stability in 

aqueous solution, and slow kinetics of water oxidation. These issues were addressed by 

applying a strategy of optimization and passivation of ZnO nanowire arrays. The length and 

diameter of bare ZnO nanowires were optimized and the addition of cobalt phosphate (Co-

Pi) and nickel borate (Ni-B) onto ZnO nanowires resulted in cathodic shifts in onset potential 

to 0.3 V (vs. RHE) for Ni-B/ZnO, for which a maximum photocurrent of 1.1 mA /cm2 at 0.9 V 

(vs. RHE) with applied bias photon-to-current efficiency of 0.4 %. Furthermore, the stability 

of  ZnO nanowires was enhanced by using a hole acceptor of Ni-B. 
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Design of Visible Light Activated TiO2 Photocatalysts from First Principles Simulations 

Marco Fronzi, Anna Iwaszuk, Michael Nolan 
Tyndall National Institute, UCC, Ireland 

TiO2 photocatalysts have two key challenges: (1) to shift the TiO2 band gap to the visible 
region, allowing solar energy to be used and (2) enhancing charge separation after 
photoexcitation. We discuss our simulation driven work on a new mechanism for band gap 
modification in TiO2: surface modification of TiO2 with metal oxide nanoclusters.  
Modifying TiO2 with transition metal oxide nanoclusters induces visible light activity, which 
is achieved by introducing nanocluster derived electronic states above the original TiO2 
valence band edge, to shift the VB edge to higher energy. A model of the photoexcited state 
confirms the band gap reduction which is controlled by the coverage of transition metal 
oxide nanoclusters. A range of metal oxide nanoclusters including TiO2, tin oxides, lead 
oxides, ZnO and CuO have been investigated and the mechanisms of band gap modification 
elucidated. Simple rules for modifying TiO2 to induce visible light absorption are presented. 
Models of the photoexcited state of modified TiO2 show that the photoexcited hole localises 
on low coordinated oxygen in the nanocluster and the electron in the TiO2 surface; the 
presence of low coordinated atoms is crucial. Finally, we present initial studies of the effect 
of TiO2 surface hydroxylation and the interaction of molecules (H2, H2O, CO2) at these 
structures. 

 

 

Robust and Inexpensive Self-Supported TiO2:WO3 Photodiodes for Photocatalysis 

Neel M. Makwana, Raul Quesada-Cabrera, Ivan P. Parkin, Paul F. McMillan, Andrew Mills 

and Jawwad A. Darr 

University College London 

Queen’s University Belfast 

In photocatalytic applications such as solar disinfection or water splitting, efficiencies can be 

increased by reducing electron-hole charge recombination, thereby increasing lifetimes of 

excitons. One approach to achieve this is to couple two or more appropriate photoactive 

materials into a heterojunction device, where the materials work in tandem to enhance 

charge separation. In this work, we discuss how robust, bilayer heterojunction photodiodes 

were prepared by a simple, low-cost powder pressing technique followed by heat-

treatment. The ceramic wafers consisted of single layers of TiO2 and WO3, and showed 

efficient vectorial charge separation. The wafers displayed enhanced photocatalytic 

degradation towards stearic acid, compared to the respective individual materials. 
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Fabrication and Photoelectrochemical studies of Bi2Ti2O7 Pyrochlore Thin Films by Aerosol 
Assisted Chemical Vapour Deposition 

Andrew McInnes 
Loughborough University 

Phase pure thin film Bi2Ti2O7 photoelectrodes were produced by aerosol assisted chemical 

vapour deposition at 600 oC for the first time. X-ray diffraction analysis showed that the as-

deposited Bi2Ti2O7 films were amorphous in nature, however post-deposition annealing at 

600 oC for 12 h significantly increased the crystallinity to give phase pure Bi2Ti2O7. Scanning 

electron microscopy revealed that the as-deposited film had a cauliflower-like structure 

with features ranging from 0.5-1.0 µm in size. It was found that the post-annealing step 

sintered the features together reducing the pores in the structure and giving rise to larger 

features 1.0-2.0 µm in size. Optical studies showed that the Bi2Ti2O7 film had a direct band 

of 2.74 eV. For the first time, photoelectrochemical properties of Bi2Ti2O7 were tested and it 

was found that the electrodes exhibited a photocurrent density of 1.8 µA cm-2 at 0.23 V vs. 

Ag|AgCl. Results showed that Bi2Ti2O7 is an attractive material for photoelectrochemical 

water splitting. 

 
 

Effect of electrolyte pH for water oxidation on hematite photoanodes in 
photoelectrochemical cells 

Camilo Mesa-Zamora  
Imperial College London 

 
Photoelectrochemical water splitting is a promising process that will help us to supply clean 

and cheap energy, using semiconductor materials as photoanodes. An important constraint 

that has avoided the scaling-up of this process is its limited efficiency which strongly 

depends on the rates of electron–hole recombination. Additionally physicochemical 

conditions such pH of electrolyte contributes to the efficiency of oxygen evolution reaction. 

Photoelectrochemical and spectroscopic measurements, such as transient absorption 

spectroscopy and photoinduced absorption spectroscopy are used in this work to study the 

dynamics of photogenerated holes in nanocrystalline hematite photoanodes at different pH 

conditions. Preliminary results have shown that the mechanism of reaction might be pH 

independent instead the space charge layer in the semiconductor is affected. Transient 

absorption spectroscopy with no applied bias has shown that the population of holes 

increases as the pH increases. Additionally, long-lived photoholes have the same spectral 

characteristics at the working pH window. 
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Microwave-Assisted Processing of Semiconductors for Sustainable Energy Related 
Electronic and Optoelectronic Applications 

Nirmal Peiris  
Loughborough University 

Microwave processing of materials is a relatively novel technological advancement 

alternative to conventional sintering that offers new approaches to improve the physical 

and chemical properties of materials as well as economic advantages through energy 

savings and accelerated product development. Microwave irradiation has shown a great 

potential for processing of different inorganic solids and semiconductor materials for 

various advance electronic and optoelectronic devices such as solar cells, batteries, 

supercapacitors, fuel cells etc.  

Microwave irradiation has shown great potential for the processing of different 

semiconductor materials such as TiO2, ZnO and iron oxides, which are widely used in solar 

energy devices and glass ceramics such as LiAlTiPO4 and LiAlPO4 have the potential to make 

a significant contribution to the improved power performance of lithium-ion batteries. 

It is well proven that microwave treatment on such materials does not change the 

nanostructure while improving the crystallinity and inter-particle necking properties. The 

microwave effect on photoelectrochemical performance of metal oxides such as TiO2, α-

Fe2O3 has been studied and it has found a 3-fold increase in the photocurrent after 

microwave irradiation. The post annealing effect of ZnO nanorods confirmed that the 

hierarchical texture of ZnO is retained under microwave treatment compared to the 

conventional radiant treatment. It has been investigated that the crystal size of LiAlTiPO4 

was affected by microwave irradiation which leads to have better electrochemical 

properties of these materials. The electrochemical investigations of LiAlTiPO4 are 

accompanied by a detailed structural and morphological characterization. The results 

demonstrate that microwave processing is a promising alternative method to the traditional 

conventional sintering for material processing for advance electronic devices. 
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Theoretical Insight of Polypyrrole-TiO2 Composites for Visible Light Photocatalysis 

Habib Ullah 
University of Exeter  

Theoretical insight of a series of pyrrole-TiO2 (nPy-TiO2) composites; stable photocatalysts, 

have been carried out at hybrid density functional theory to understand their electronic 

structure properties. Different oligomers of polypyrrole (PPy) were interacted with TiO2 to 

optimize the nPy-TiO2 composite composition for efficient photocatalysis of environmental 

pollutants and photocatalytic water splitting for solar fuel. This study has revealed that the 

nPy-TiO2 composites have narrow band gap and better visible light absorption capability 

compared to its individual constituents especially when 6Py-TiO2 is accounted. Electronic 

properties such as ESP, DOS, IP, EA, and UV-vis spectra are simulated to investigate the band 

structure (band gap, and band edge positions) of the optimized nPy-TiO2 composites. A red-

shifting of the λmax and narrowing band gap of PPy oligomers are observed upon interaction 

with TiO2. Inter-molecular interaction energy (-35 to -50 kcal mol-1) calculated using simple 

energy, BSSE, and ΔEgCP-D3 methods confirm the existence of strong covalent interactions 

between Py and TiO2 in nPy-TiO2 composites. Electron−hole transferring phenomena are 

simulated with Mulliken and natural bonding orbital analysis which confirmed Py oligomers 

as donor and TiO2 an acceptor in nPy-TiO2 composites.  
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Comparison of Photoelectrochemical Properties of Commercial Titanium Dioxide Samples 

P. K. Sharma, J. W. J. Hamilton, P. S. M. Dunlop, P. Lemoine, J. A. Byrne 
Nanotechnology and Integrated BioEngineering Centre (NIBEC), Ulster University 

The photoelectrochemical characterisation of standard commercial samples is an interesting 

approach to compare the photocatalytic activity. In the current work, various commercially 

available titanium dioxide samples were investigated for their light induced electrochemical 

response.   

P25 (Evonik Aeroxide), PC50, PC100, PC500 (Crystal Global) and ST01 (ISK Japan) samples 

were spray coated on titanium foil with 1 mg/cm2 loading. The photoelectrochemical 

measurements were performed in a 0.1 M perchloric acid as a backing electrolyte in a three 

electrode configuration with platinum gauze and saturated calomel as counter and 

reference electrodes, respectively. The materials were tested for their I-E response using 

linear sweep voltammetry under irradiation from a 450 W Xe source (polychromatic)and 

under monochromatic irradiation at fixed potential (+1.0 V) to determine the spectral 

photocurrent response.  

The order of magnitude observed for the photocurrent at fixed potential was PC50>PC100 

>P25>ST01>PC500 with the PC50 having maximum photocurrent of 86 μA. The 

photocurrent data did not correlate with the photocatalytic activity towards degradation of 

organic compounds previously reported. There was negligible photo-response from all the 

materials at wavelengths greater than 390 nm (corresponds to anatase bandgap 3.2 eV) 

except for P25 (410 nm) due to the rutile component which has a band gap of 3.0 eV (413 

nm).   
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Next SFN Events:  

Early Career Researchers’ Symposium - 6th July 

 

More information: http://solarfuelsnetwork.com/event/idm-ecrs/ 

Travel & accommodation information:  

http://solarfuelsnetwork.com/events/idm-registration/idm-travel-accommodation/ 

Travel & accommodation bursary application: 

http://solarfuelsnetwork.com/funding/ 
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Next SFN Events:  

International Discussion Meeting - 7th-8th July 

 

More information: http://solarfuelsnetwork.com/event/idm-materials-to-devices/ 

Travel & accommodation information:  

http://solarfuelsnetwork.com/events/idm-registration/idm-travel-accommodation/ 

Travel & accommodation bursary application: 

http://solarfuelsnetwork.com/funding/ 


