
How has your academic background 
prepared you for your current role?

I have been involved in the field of materials 
science since graduating in 1973 with a Master’s 
degree in Physics and Applied Mathematics 
from the Novosibirsk State University, Russia. 
I then joined the Department of Solid State 
Physics in the Institute of Inorganic Chemistry 
at the Russian Academy of Sciences (RAS), 
where I was Head of the Laboratory of 
Thermodynamics from 1993-95. 

I have become increasingly interested 
in synthesis and the study of functional 
materials such as transparent-conducting, 
luminescent, photovoltaic and photocatalytic 
materials. One of the most powerful methods 
used for preparation of these materials is 
chemical vapour deposition (CVD). 

In 1995, I was invited to set up a Materials 
Science Laboratory at Algarve University, 
Portugal. The main work of the laboratory 
is the synthesis and study of functional 
materials adapted to the southern Portuguese 
region for applications such as solar 
energy conversion and clearing water from 
agricultural organic pollutants (pesticides). 

What tasks does your highly skilled 
team undertake?

Modern material science demands efforts 
from a variety of different kind of methods. In 
our laboratory, we use CVD to synthesise thin 
film materials and multi-layered structures. 
We also study crystal structures as well as 
electromagnetic properties. We collaborate 
with many highly skilled specialists. For 
example, surface compositions are provided 
by Professor Ana Maria Botelho do Rego 
from the Institute Superior Técnico in Lisbon, 
Portugal. Analysis of photocatalytic activity is 
conducted by Professor Maria da Conceição 
Mateus from the Chemical Department of 
Algarve University. Effective surface, energy-
dispersive X-ray spectroscopy and atomic 
force microscopy studies are conducted at 
Rostock University, Germany, by Professor 
Eberhard Burkel’s group. 

Can you describe the aim of your 
laboratory’s experimentation with 
complex compound CVD for oxide and 
sulphide thin film preparation?

The main idea for the development of 
CVD synthesis of iron sulphides and oxides 
is that crystal-modified iron pyrite, with 

high light absorption and a relatively small 
energy gap, is a prospective material for 
photovoltaic applications. 

From the same precursors, metal sulphides 
can be transformed into metal oxides at 
different oxidation stages by CVD in an 
argon/oxygen atmosphere. This opens up 
the possibility for multilayer materials with 
semiconducting and magnetic layers. 

In the case of complex compound usage, 
a single precursor contains all of the 
necessary components to produce a target 
compound. How does a single precursor 
affect thin film growth?

Each molecule of complex compound 
precursor contains ready-made fragments 
of a target compound. For example, we used 
iron-bis diethyldithiocarbamate as precursor 
to prepare iron sulphide (FeS2). Every 
molecule in such precursor compounds has 
Fe–S bonds. So FeS2 can be prepared from one 
vapour source with a single precursor, which 
simplifies thin film preparation technology. 
More importantly, in preparing doped iron 
compounds, not only is the number of vapour 
sources reduced, but the kinetics of precursor 
decomposition during thin film growth is 
much higher. Therefore, a crystal structure 
can be more easily formed with atoms of 
doped elements in the right position in a 
crystal cell. 

What is the purpose of your recent 
project concerning the photocatalytic 
properties of titanium oxide (TiO2) thin 
films doped with metal? 

Professor Valentin Bessergenev describes how he and his team use an enhanced chemical vapour 
deposition method to fabricate nanomaterials for photovoltaic and photocatalytic applications

Growing  
modern materials
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Functional materials possess certain native 
properties, such as magnetism, luminescence 
or energy storage functions. They are found 
in all classes of materials from ceramics to 
polymers to organic molecules, and scientists 
have made great leaps in understanding their 
workings that they can even synthesise these 
materials for specific purposes. One of the most 
power methods that scientists use to prepare 
functional materials is Chemical Vapour 
Deposition (CVD). The technique is used in the 
production of several important items, including 
wear-resilient coatings, semiconductors, 
superconductors and synthetic diamonds.

In CVD, a substrate is heated and exposed 
to vaporised chemical compounds, termed 
precursors. These precursors then react with 
the substrate surface, generating a thin film. 
Variations in reactor parameters such as vapour 
pressure, chamber geometry and temperature, 
or substrate and precursor composition change 
the nature of the chemical reactions that take 
place during thin film deposition, resulting in 
different material structures and thus qualities. 

At the Materials Science Laboratory at Algarve 
University, Portugal, the CVD process has been 
tailored to produce new thin films using a single 
complex chemical compound as a precursor, 
instead of the usual practice of using at least 
two. The objective is to develop photocatalytic 
materials for efficient water and air 
purification technologies and for applications 
in solar energy. According to Professor Valentin 
Bessergenev, Head of the Laboratory, the 
complex compound CVD method (CC-CVD) 
expedites the formation of thin films using 
CVD, since bonds between molecules in the 
target material are already established in 
the precursor. Early materials produced in 
Bessergenev’s laboratory via CC-CVD had 
luminescent, conducting or photovoltaic 
properties, and, more recently, his team has 
used the method to produce titanium oxide 

(TiO2) thin films doped with metal, which 
have superior photocatalytic properties and 
unusual ferro-electric mechanisms.

TAILORED THIN FILMS

From 2000-04, Bessergenev and his team 
at Algarve University collaborated with 
the Russian Academy of Sciences’ Institute 
of Inorganic Chemistry, the Portuguese 
Foundation for Science and Technology, 
Rostock University and the Hamburger 
Synchrotronstrahlungslabor (HASYLAB) 
to produce and study oxides, sulphides, 
magnetised ferrite and intermetallic films, 
mesoporous crystalline materials and oxide 
materials. The diverse group also examined 
the crystal structures of the thin films 
prepared by CVD at different temperatures, 
under various atmospheric conditions and at 
the high temperature phase transformations 
of TiO2 nano-powders prepared by the sol-
gel chemical process. These investigations 
established that using different precursors 
enabled synthesis of highly targeted TiO2 
materials with different physical properties: 
“We found that it is possible to prepare TiO2 
thin films in different crystal forms, namely 
the rutile and anatase modifications,” 
Bessergenev explains. 

From 2005-06, in collaboration with other 
universities in Portugal, Bessergenev and 
his lab went on to explore the targeted 
development of new photocatalytic 
materials. Since then, much of Bessergenev’s 
work, which has been supported by the 
Portuguese Foundation for Science and 
Technology, has concentrated on techniques 
for developing semiconductors from iron, 
manganese and cobalt precursors for solar 
cells and synthesising metal-doped TiO2 
films, with the aims of increasing its solar 
light photocatalytic efficiency and extending 
the photovoltaic lifetime of the material.

Advanced techniques for growing functional nanomaterials at Algarve 
University elucidate how a range of variables imprint specific characteristics 
on certain metal oxides, opening up possibilities for new applications

The main goal is that by studying 
the physical and chemical properties 
of pure and doped TiO2 thin films 
and nano-powders will be able to 
better understand the mechanism of 
photocatalysis in dielectrics. 

We dope TiO2 with different elements, 
substituting titanium or oxygen sites in 
crystal cells; our objectives are to create 
active centres on the surface of TiO2 
to extend the lifetime of electron-hole 
pairs and to increase adsorption of a 
pollutant to the surface and so increase 
photocatalytic activity. Through creating 
additional impurities, electronic levels 
inside the dielectric band gap of TiO2 can 
extend photocatalytic activity to the visible 
light region. 

In terms of future research, will you 
develop any partnerships?

Based on long-term collaboration 
between Algarve University and Rostock 
University, we aim to develop an efficient 
material for hydrogen production, as 
well as water and air purification based 
on photocatalytic splitting of water on 
TiO2 electrodes. We also aim to present 
a joint project to the Berlin Synchrotron 
Laboratory (BESSY) to acquire an additional 
knowledge about titanium and oxygen 
electronic states, using BESSY facilities 
for X-ray photoelectron spectroscopy 
(XPS). Transition metal oxides behave as 
oxygen exchange systems, but there is 
a lack of quantitative knowledge about 
oxygen variation with temperature in 
different environments. XPS experiments 
performed in situ in a vacuum, and in 
other environmental conditions, should 
clarify the intrinsic processes in transition 
metal oxides.

Unusual reactions
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THE POWER OF COMPLEX COMPOUNDS

In Bessergenev’s CC-CVD experiments, the 
choice of precursor is key. For example, in some 
investigations Bessergenev has used titanium 
isopropoxide – the chemical composition 
of which is Ti(OC3H7)4 – to synthesise TiO2. 
In this instance, Bessergenev demonstrated 
that the titanium-oxygen bonds in titanium 
isopropoxide are sufficiently strong to resist 
complete degradation on a substrate surface 
and that no additional oxygen is required to 
be supplied to the reaction chamber to achieve 
TiO2 deposition. 

As Bessergenev points out, the effect of the 
CC-CVD method is to change the kinetics of 
the atoms involved in thin film growth, making 
them more mobile and subsequently able to 
more easily form crystal structures. This means 
that the process is highly productive at lower 
temperatures than normally required for thin 
film deposition. For example, an iron complex 
precursor evaporates at about 200 ˚C, whereas 
pure iron requires a temperature of about 
2,000˚C, a result that can be critical in the 
industrial setting. 

Additionally, the atomic structure of the 
material can be more readily and precisely 
adjusted through CC-CVD. However, despite 
the wide range of techniques available at 
present for monitoring the intricacies of 
thin film growth, the kinetics of precursor 
decomposition on substrate surfaces are as 
yet not directly observable. “This is a future 
challenge for surface science, but the kinetics 
can be clearly seen from the end results 
obtained using CC-CVD,” Bessergenev asserts.  

A common issue for thin film fabrication is 
reproducibility of results obtained through 
proof-of-concept experimentation. Over the 
course of the last decade, Bessergenev has 
fine-tuned the CC-CVD method, substrate 
and precursor purity requirements and the 
reactor conditions needed for the growth 
of certain films, such as zinc sulphide doped 
with europium, so that doping levels required 
are controllable, results are repeatable and 
deposition rates increased. He is now working 
on the development of a model prototype 
reactor for improved and repeatable fabrication 
of photocatalytic materials. 

NEW APPLICATIONS FOR TIO2

Having established that anatase TiO2 is a 
very effective photocatalyst via the CC-
CVD method, Bessergenev has recently 
experimented with the synthesis of pure TiO2 
and iron sulphide-doped TiO2 thin films and 
TiO2 cobalt nano-powders for photocatalytic 
applications. These tests have delivered an 
anatase crystal form of TiO2 that can achieve 
a photocatalytic efficiency equivalent to 
that of the commercially-available TiO2 
powder Degussa P25 with the advantage 
that subsequent separation from water is not 
required. On the other hand, Bessergenev 
found the rutile form of TiO2 is much more 
stable than the anatase and considers it has 
the potential to serve as an effective high-K 
gate insulator in microelectronic devices. 

Curiously, Bessergenev recently discovered 
both anatase and rutile thin films grown in 
an oxygen-deficient environment display 
ferroelectric break down at high temperatures: 
“TiO2 does not belong to the class of materials 
with crystal structure symmetry appropriate 
for ferroelectricity. This finding opens up 
possibilities of other applications for these 
materials,” he states. An additional surprising 
recent finding is that the electrical conductivity 
of compacted TiO2 nano-powders in a vacuum, 
depending on temperature, can be reversible 
or irreversible. This has led Bessergenev and 
his laboratory to start studying the influence 
of this transformation on the photocatalytic 
activity of TiO2. 

In working with TiO2 thin films, Bessergenev 
also observed variations in the quality of 
some inputs can have desirable effects on 
outcomes: “Oxygen defects in vacuum-
reduced TiO2 thin films and nano-powders 
have an important role somehow analogous to 
doping,” he explains. Bessergenev is therefore 
investigating the role of such defects, including 
imperfections in the substrate surface, on the 
eventual photocatalytic, electrical and optical 
properties of materials. It is clear the many 
innovative research endeavours Bessergenev 
has on his plate will bring new insights into 
the young field, paving the way for more useful 
discoveries that could one day become the 
basis for future materials sciences applications.

‘Black’ and ‘White’ TiO2 nano-powder. The dielectric 
is white and the conductor is black. It is obtained 
from the electrical breakdown of the dielectric 
during heating in a vacuum. 
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