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On behalf of the organizing committee, I am delighted to welcome you to Patras 

to celebrate our true love for Inorganic Chemistry through the ñ1st Panhellenic 

Workshop on Inorganic Chemistryò (GRIC-2021). This is the first Meeting of this kind, which 

comes as part of our efforts to bring together all active Inorganic Chemistry faculty members and 

researchers of Universities and Institutes in Greece and Cyprus, and present, discuss and share 

our research programs, emerging ideas, and scientific activities towards the establishment of 

new collaborations, synergies, and consortiums for joint research funding. 

GRIC-2021 will feature only plenary and invited lectures from Inorganic Chemistry faculty 

members and researchers of Greek and Cypriot Universities and Institutes, as well as special 

events for honoring the recently retired Professors Spyros P. Perlepes (Chemistry Department, 

University of Patras) and Themistoklis A. Kabanos (Chemistry Department, University of 

Ioannina) for their significant contributions to the development of Inorganic Chemistry in Greece 

and their continuous service to the academic community for over 35 years.  

We are pleased to welcome Spyros P. Perlepes (University of Patras) and Themistoklis A. 

Kabanos (University of Ioannina) as plenary speakers. We are also pleased to announce that 

Professor Christiana Mitsopoulou (National and Kapodistrian University of Athens) has been 

named as the Chemistry Europe lecturer from the international peer-review journal EurJIC 

(Wiley-VCH) and Chemistry Europe, an association of 16 chemical societies from 15 European 

countries, representing over 75.000 chemists.   

The Workshop program will showcase outstanding science from across Greece and Cyprus, 

featuring the latest innovations in inorganic chemistry research, both fundamental and applied, 

as well as emerging areas within the cross-disciplinary fields of chemistry, physics, biology, and 

materials science. A Themed Collection, entitled ñInorganic Chemistry in Greeceò, comprising 

scientific papers from Greek senior academics and researchers will be hosted by the scientific 

journal Dalton Transactions (Royal Society of Chemistry).   

The Workshop will take place from November 19 to November 21, 2021, at the Conference 

and Cultural Center of the University of Patras, which is the building next to the Chemistry 

Department, in very close distance from the beautiful area of Rio (Patras). We are confident that 

GRIC-2021 will provide all participants with an unforgettable professional and personal 

experience in the wonderfully vibrant and seaside city of Patras. 

The organizing committee gratefully acknowledges the financial support of our 

sponsors, and the participation of all those contributing to the success of the Workshop. We 

hope that GRIC-2021 will serve as an inspiration to the next generation of scientists and 

will be an opportunity for all of us to celebrate Inorganic Chemistry in Greece with our fellow 

chemists, colleagues, and friends. 

 

 

Theocharis C. Stamatatos 

Message from the Workshop Chair 



 

 

Sponsors 

 

We thank the following sponsors for their generous support of our Workshop. They have allowed 

us to offer you an exciting and rewarding program. 
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Location and Time 

The Workshop will take place from November 19 to November 21, 2021 in the Conference and 

Cultural Center (http://www.confer.upatras.gr/) of the University of Patras, which is the building 

next to the Chemistry Department. 

The registration of the participants will take place at the main area of lecture hall in the 

Conference and Cultural Center, on Friday, November 19, 2021 from 19:00 to 21:00 and 

Saturday, November 20, 2021 from 08:00 to 10.00. 

 

 

General Information 

The ñ1st Panhellenic Workshop on Inorganic Chemistryò (GRIC-2021) has no registration fees 

neither for the invited speakers nor the invited attendants. The registration of all invited 

speakers is mandatory, and this will include: 

Å Course kit (bag) and name badge 

Å Book of Abstracts 

Å Sponsorsô material 

Å Certificate of Attendance 

 

 

Live Streaming 

The ñ1st Panhellenic Workshop on Inorganic Chemistryò (GRIC-2021) can be watched LIVE by 

anyone (free of charge) through YouTube, following the link: https://youtu.be/ORHJO__qpTc 

This is highly recommended for (but not limited to) students (undergraduate and graduate), post-

docs and researchers with interests in inorganic and coordination chemistry, materials science, 

spectroscopy, structural chemistry, bioinorganic chemistry, main group chemistry, polymer 

chemistry, medicinal inorganic chemistry, magnetism, catalysis, optics, and related fields. 

 

 

Oral Presentations 

Oral presentations will be divided in plenary lectures (40 min including questions) and invited 

lectures (20 min including questions). Presenting authors are required to deliver to the slide 

centre available in the conference room their presentation at least one hour before their 

intervention. During the sessions, chairperson will supervise the respect of the scheduled time 

with the support of a countdown system. 

 

https://youtu.be/ORHJO__qpTc


 

 

Social Program 

 

Reception 

The Welcome Reception will take place on Friday, November 19, 2021 at 19:00 in the main area 

of the Conference and Cultural Center. All registered persons (participants, accompanying 

members, and invitees) are cordially invited. 

 

Official Dinner 

The official dinner of the Workshop will take place on Saturday, November 20, 2021 at 21:00 

(Restaurant: Ifigeneia, Ano Kastritsi, Patras). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Meeting and Event Schedule 

 

Friday, November 19, 2021 

 

19:00 Welcome Reception  

 

Saturday, November 20, 2021 

 

09:30-09:50 Opening of the Workshop 

× Greetings from the Rector of the University of Patras 

Professor Christos I. Bouras 

× Greetings from the Chair of the Organizing Committee 

Assoc. Professor Theocharis C. Stamatatos 

09:50-10:20 Event for the Honor of Professor Spyros P. Perlepes 

× Greetings from the Dean of the School of Natural Sciences 

Professor George Papatheodorou 

× Greetings from the Head of the Chemistry Department 

Professor Achilleas Theocharis 

× Greetings from the Association of Greek Chemists 

Professor Athanasios Papadopoulos, Dr. Panagiotis Giannopoulos 

 

 Chair: Th. C. Stamatatos 

10:20-11:00 Spyros P. Perlepes 

Aspects of the Chemistry of Thorium(IV) and Uranium(VI): Our Recent Efforts 

11:00-11:30 Coffee Break 

 Chair: A. J. Tasiopoulos 

11:30-11:50 Christiana A. Mitsopoulou - Chemistry Europe Lecturer 

Noble-free-Metal Catalysts in Electrocatalytic and Light-driven Hydrogen 

Evolution Reactions and their Mechanistic Pathways 

11:50-12:10 Catherine Dendrinou-Samara 

Nano-Theranostics Based on Magnetic Ferrite Nanoparticles 

 

 



 

 

12:10-12:30 Pantelis Trikalitis 

Reticular Chemistry and Beyond: Control of Topology and Framework 

Properties via Ligand Functionalization and Desymmetrization 

12:30-12:50 Sotirios Christodoulou 

Inorganic Colloidal Nanocrystals for Emerging Technologies 

12:50-13:10 Athanassios I. Philippopoulos 

Sterically Demanding Pyridine-Quinoline Anchoring Ligands as Building 

Blocks for Copper(I)-based Dye-Sensitized Solar Cells (DSSCs) Complexes 

13:10-15:00 Lunch Break 

 Chair: T. Lazarides 

15:00-15:20 George Christou 

Molecular Nanoparticles: A Molecular Route to Ultra-small Nanoparticles of 

Important Metal Oxides 

15:20-15:40 Vassilis Tangoulis 

Spin Crossover Nanoparticles: Intelligent Contrast Agents for Magnetic 

Resonance Imaging 

15:40-16:00 George Psomas 

Structure and Biological Properties of Metal Complexes with a Halogen-

Substituted Quinazoline Derivative 

16:00-16:20 Catherine P. Raptopoulou 

Chiral-at-Metal Complexes: The Case of Linear Trinuclear NiII-LnIII-NiII 

Complexes 

16:20-16:40 John C. Plakatouras 

Recent Adventures in Coordination Polymers by Flexible Ligands 

16:40-17:00 Yiannis Sanakis 

Homo- and Hetero-Iron based Polynuclear Transition Metal Clusters 

17:00-17:30 Coffee Break 

 Chair: G. Psomas 

17:30-17:50 Stephen Hill 

Spectroscopic Investigation of a Metal-Metal Bonded Fe6 Single-Molecule 

Magnet with an S = 19/2 Ground State 

 

 



 

 

17:50-18:10 Konstantinos D. Demadis 

Metal Phosphonate Coordination Polymers: Two Tales on their Application in 

Pharmaceutics and Proton Conduction 

18:10-18:30 Patrina Paraskevopoulou 

Polyurea-Crosslinked Biopolymer Aerogels: A New Class of Materials with 

Diverse Applications 

18:30-18:50 Athanasios Salifoglou 

Vanadium in Cancer Therapeutics 

18:50-19:10 Eleni K. Efthimiadou 

Advanced Theranostic Systems Based on Nanostructure Materials 

19:10-19:30 Panagiotis A. Angaridis 

Heterocyclic Thioamide Cu(I) Complexes as Photocatalysts for the 

Photooxidation of Cycloalkenes ï Ligand Tuning and its Effect on Structures, 

Optoelectronic and Photocatalytic Properties 

 

Sunday, November 21, 2021 

 

09:00-10.00 

 

 

Event and Lecture for the Honor of Professor Themistoklis A. Kabanos 

Chair: E. K. Efthimiadou 

Anastasios D. Keramidas 

Mechanism of the Reductive Activation of O2 to O2
2- from a Vanadium(IV) 

Species and Its Potential Use in Fuel Cells 

10:00-10:20 Manolis J. Manos 

Metal Organic Frameworks as Superior Sorbents for Toxic Oxoanions 

10:20-10:40 Theodore Lazarides 

Detection of Nitrophenols in Aqueous Environment by a Fluorescent Zr(IV) 

Metal-Organic Framework 

10:40-11:00 Gerasimos Malandrinos 

Cu(II) Interaction with Peptides Modelling the Microtubule Binding Domain of 

the Tau Protein: Contribution Towards the Elucidation of Cu(II) Ion Role in 

Alzheimerôs Disease 

11:00-11:30 Coffee Break 

 



 

 

 Chair: P. Paraskevopoulou 

11:30-11:50 Anastasios J. Tasiopoulos 

Fine Tuning the Hydrophobicity of a New Cu2+ 3-Dimensional MOF Through 

Single-Crystal Coordinating Ligand Exchange Transformations 

11:50-12:10 Achilleas Garoufis 

Synthesis and Characterization of ɖ6-Arene Ruthenium(II) Bimetallic 

Complexes: Interactions with the Oligonucleotide Duplex d(5ô-

CGCGAATTCGCG-3ô)2 

12:10-12:30 Sotiris K. Hadjikakou 

New Strategies in the Development of Hydrogels for Contact Lenses that are 

Able to Reduce Microbial Infection Risk 

12:30-12:50 Konstantinos Dermentzis 

Electrochemical Recovery of Phosphorous and Hydrogen Gas from 

Phosphate Bearing Wastewater 

12:50-13:10 Vassilis Psycharis 

Chiral {Cu8Ln4} Complexes from Chiral Ligands 

13:10-13:25 Stuart Wakefield 

Sponsor Presentation: Malvern Panalytical Ltd.  

13:25-15:00 Lunch Break 

 Chair: V. Tangoulis 

15:00-15:20 Christos Argirusis 

Effects of Synthesis Conditions on the Sonochemical Preparation of Co-MOF-

74 

15:20-15:40 Theocharis C. Stamatatos 

The ñPeriodic Tableò of N-Salicylidene-2-Amino-5-Chlorobenzoic Acid 

(sacbH2): High-Nuclearity, High-Spin Molecules and Single-Molecule Magnets 

15:40-16:00 George A. Voyiatzis 

Monitoring of the Spin Crossover Phenomenon (SCO) by Temperature 

Dependent Raman Spectroscopy 

16:00-16:20 Constantinos Methenitis 

Pending title: To be announcedé 

16:20-16:40 Athanasios Papadopoulos 

Pending title: To be announcedé 



 

 

16:40-17:00 Kyriakos Bourikas 

The Interfacial Coordination Chemistry in the Synthesis of Inorganic 

Supported Catalysts through a Molecular Approach 

17:00-17:20 Soghomon Boghosian 

Rethinking Molecular Structures of WVIOx Sites Dispersed on Titania: Distinct 

Mono-oxo Configurations and Species Interconversion 

17:20-17:40 Athanassios Chrissanthopoulos 

Synthesis of ZnO/Graphene Nanohybrids by Crystal Engineering of Molecular 

Precursors  

  

Closing Remarks - Announcement of GRIC-2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Lecture Timetable GRIC-2021é at a glance  

Friday, November 19 Saturday, November 20 Sunday, November 21 
 

09:30 - Opening of the Workshop 09:00 - Event: Honoring Prof. 
Themistoklis A. Kabanos 

 
Chair: E. K. Efthimiadou 

Anastasios D. Keramidas 
 

09:50 - Event: Honoring Prof. Spyros 
P. Perlepes 

10:00 - Manolis J. Manos 

 
Chair: Th. C. Stamatatos 10:20 - Theodore Lazarides 

 
10:20 - Spyros P. Perlepes 10:40 - Gerasimos Malandrinos 

 
11:00 - Coffee Break 11:00 - Coffee Break 

 
Chair: A. J. Tasiopoulos Chair: P. Paraskevopoulou 

 
11.30 - Christiana A. Mitsopoulou 11:30 - Anastasios J. Tasiopoulos 

 
11:50 - Catherine Dendrinou-Samara 11:50 - Achilleas Garoufis 

 
12:10 - Pantelis Trikalitis 12:10 - Sotiris K. Hadjikakou 

 
12:30 - Sotirios Christodoulou 12:30 - Konstantinos Dermentzis 

 
12:50 - Athanassios I. Philippopoulos 12:50 - Vassilis Psycharis 

 
13:10 - Lunch Break 13:10 - Stuart Wakefield (Malvern 

Panalytical - Sponsor Presentation) 
 

Chair: T. Lazarides 13:25 - Lunch Break 
 

15:00 - George Christou Chair: V. Tangoulis 
 

15:20 - Vassilis Tangoulis 15:00 - Christos Argirusis 
 

15:40 - George Psomas 15:20 - Theocharis C. Stamatatos 
 

16:00 - Catherine P. Raptopoulou 15:40 - George A. Voyiatzis 
 

16:20 - John C. Plakatouras 16:00 - Constantinos Methenitis 
 

16:40 - Yiannis Sanakis 16:20 - Athanasios Papadopoulos 
 

17:00 - Coffee Break 16:40 - Kyriakos Bourikas 
 

Chair: G. Psomas 17:00 - Soghomon Boghosian 
 

17:30 - Stephen Hill 17:20 - Athanassios Chrissanthopoulos 
 

17:50 - Konstantinos D. Demadis Closing Remarks ï 
Announcement of GRIC-2023 

 
18:10 - Patrina Paraskevopoulou 

 
 

18:30 - Athanasios Salifoglou 
 

 
18:50 - Eleni K. Efthimiadou 

 

19:00 ï Welcome Reception 19:10 - Panagiotis A. Angaridis 
 

 
21:00 ï Official Dinner 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Aspects of the Chemistry of Thorium(IV) and Uranium(VI): 

Our Recent Efforts 

 

S. P. Perlepes,*a, b M. Iliopoulou,a C. Chaikali,a D. I. Tzimopoulos,c C. P. Raptopoulou,d 

V. Psycharis,*d S. T. Tsantis*a, b 

 
a Department of Chemistry, University of Patras, Patras 26504, Greece, b Foundation for 

Research and Technology- Hellas (FORTH), Institute of Chemical Engineering Sciences (ICE-

HT), Patras 26504, Greece, c Department of Chemistry, Aristotle University of Thessaloniki, 

Thessaloniki 54124, Greece, d Institute of Nanoscience and Nanotechnology, NCSR 

ñDemokritosò, Aghia Paraskevi Attikis 15310, Greece 

E-mails: perlepes@patreas.upatras.gr, v.psycharis@inn.demokritos.gr, 

sokratis.t.tsantis@gmail.com 

 

The inorganic chemistry of actinoids is currently receiving the intense attention of many groups 

around the world for a variety of reasons. In our talk we shall describe our recent results on: (1) 

Uranyl complexes of benzotriazoles to understand their strong adsorbent capacity for removal of 

U(VI) from aqueous solutions. (2) The uranyl/Schiff base chemistry associated with separation 

technologies, related to nuclear fuel processing and nuclear waste management. (3) The study 

of trans-{UO2}2+/ amidoxime interactions to model the highly selective removal of this cation from 

seawater with amidoxime-functionalized materials (Figure). (4) Structural comparisons of trans-

{UO2}2+, and {VO}2+ and {VO2}+ (the latter two being the main competitors in the recovery of 

uranium from the oceans) complexes with amidoxime-based ligands. (5) The cluster chemistry of 

Th(IV) which is currently poorly developed [1,2]; and (6) Actinoid-mediated transformations of 2-

pyridyl oximes. 

 
Figure: The molecular structures of the uranyl complexes containing the singly (left) and doubly (right) 

deprotonated forms of a polydentate amidoxime ligand. 

[1] S. T. Tsantis, A. Lagou-Rekka, K. F. Konidaris, C. P. Raptopoulou, V. Bekiari, V. Psycharis, 

S. P. Perlepes, Dalton Trans., 2019, 48, 15668. 

[2] S. T. Tsantis, P. Danelli, D. I. Tzimopoulos, C. P. Raptopoulou, V. Psycharis, S. P. Perlepes, 

Inorg. Chem., 2021, 60, 11688. 
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Mechanism of the Reductive Activation of O2 to O2
2- from a 

Vanadium(IV) Species and Its Potential Use in Fuel Cells 

 

S. Hadjithoma,a M. Papanikolaou,b A. Kartakoullis,a S. C. Hayes,*a C. Drouza,*c P. 

Lianos,*d A. C. Tsipis,*b T. A. Kabanos*b and A. D. Keramidas*a 

a Department of Chemistry, University of Cyprus, Nicosia 2109, Cyprus. E-mail: 

akeramid@ucy.ac.cy and shayes@ucy.ac.cy 
b Section of Inorganic and Analytical Chemistry, Department of Chemistry, University of 

Ioannina, Ioannina 45110, Greece. E-mail: tkampano@cc.uoi.gr and attsipis@uoi.gr 
c Department of Agricultural Sciences, Biotechnology and Food Science, Cyprus University of 

Technology, Lemesos 3036, Cyprus. E-mail: chryssoula.drouza@cut.ac.cy 
d Department of Chemical Engineering, University of Patras, 26500 Patras, Greece, e.mail: 

lianos@upatras.gr 

 

The two electron reductive activation of O2 to O2
2- is of particular interest to scientific community 

mainly due to the use of peroxides as green oxidants and in powerful fuel-cells. Among the metal-

ions which activate O2, vanadium is of particular interest because of its numerous oxidative 

catalytic properties. Reaction of either VIVOSO4
.3.5H2O or VIVOCl2 with N-(8-quinolyl)pyridine-2-

carboxamide (Hpbq) in CH3OH solution under atmospheric O2, at room temperature, resulted in 

the quick formation of [VVO(k2-O2)(pbq)(H2O)] (1). Compound 1 constitutes a rare example of 

formation of a (peroxo)oxidovanadium(V) complex from molecular O2 and an oxidovanadium(IV) 

complex. The reaction of formation of compound 1 vs. time was monitored by 51V and 1H NMR, 

UV-vis, cw-X-EPR, Resonance Raman spectroscopiesand cyclic voltammetry revealing the 

formation of a stable radical intermediate [VVO(k2-O2)(pbq)(H2O)]¶+. Dynamic experiments in 

combination with computational calculations were used to elucidate the mechanism of the 

reaction. The galvanic cell {Zn|VIII,VII||cis-[VVO2(bpq)], 

[VVO(O2)(bpq)(H2O)],[VIVO(bpq)(H2O)2]+|O2|C(s)} was manufactured, demonstrating that this 

technology can be used in Zn|H2O2 fuel cells generating H2O2 in situ from atmospheric O2. 

 

Acknowledgements: This work was co-funded by the European Regional Development Fund 

and the Republic of Cyprus through the Research and Innovation Foundation (Project: 

EXCELLENCE/1216/0515). 
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Heterocyclic Thioamide Cu(I) Complexes as Photocatalysts for the 

Photooxidation of Cycloalkenes ï Ligand Tuning and its Effect on 

Structures, Optoelectronic and Photocatalytic Properties 

 

D. K. Gioftsidou,a N. B. Pliatsios,a M. G. Kallitsakis,a A. Hatzidimitriou,a M. A. Terzidis,b I. 

N. Lykakisa and P. A. Angaridisa 
 

a Department of Chemistry, Aristotle University of Thessaloniki, University Campus, 54124 

Thessaloniki, Greece 
b Department of Nutritional Sciences and Dietetics, International Hellenic University, Sindos, 

57400 Thessaloniki, Greece 

E-mail: panosangaridis@chem.auth.gr 

 

Photoredox catalysis has become a valuable tool in the synthesis of new organic compounds that 

allows many transformations to take place under mild reaction conditions with high yields and 

excellent chemoselectivity. The key element in the majority of these reactions is the use of a 

photoactive compound which, after its photoexcitation, initiates an electron transfer reaction with 

an organic substrate. Although the most popular photocatalysts used are based on Ru(II) and 

Ir(III) complexes, recently, earth-abundant, inexpensive and non-toxic Cu(I) complexes have also 

been investigated as alternative photocatalysts. The majority of these photocatalysts are either 

homoleptic [Cu(N^N)2]+ or heteroleptic [Cu(N^N)(P^P)]+ complexes, where N^N and P^P are 

diimine and diphosphine ligands, respectively, with the latter having been used in a range of 

different chemical transformations. Nevertheless, the use of Cu(I) coordination compounds with 

other types of ligands that are able to exhibit photoredox catalytic behavior remains comparatively 

unexplored. In this study, we present a series of photoluminescent heteroleptic Cu(I) compounds 

bearing as ligands combinations of a CF3-substituted heterocyclic thioamide and different 

phosphines, and investigate their potential to act as efficient photocatalysts for the photo-oxidation 

of cycloalkenes. The ability to control the structures of the complexes as well as the steric and 

electronic properties of their phosphine ligands allows tuning of their structural, photophysical, 

and electrochemical properties, which are found to have a determining effect on their 

photocatalytic efficiency, and allow to observe structure-activity relationships in the context of the 

studied photocatalytic transformation. 

 

 

 

 

 

 

 

 

 



 

 

Effects of Synthesis Conditions on the Sonochemical Preparation of 

Co-MOF-74 

 

C. Vaitsis,a P. K. Pandis,a G. Sourkouni,b C. Argirusis*,a 

 
a Laboratory of Inorganic Materials Technology, School of Chemical Engineering, National 

Technical University of Athens, Zografou-Athens 15780, Greece 
b Clausthaler Zentrum f¿r Materialtechnologie, TU Clausthal, Germany 

Email: amca@chemeng.ntua.gr 

 

Metal-Organic Frameworks (MOFs) have been a new class of porous crystalline materials, 

well-known for their high surface areas and chemical versatility. Depending on the chemical 

nature, synthesis methods and conditions, they can possess varying pore sizes and unique 

morphologies. Over the last years, various methods have appeared, such as microwaves, 

mechanochemistry, electrochemistry and sonochemistry. The sonochemical approach can 

provide smaller particle size, shorter reaction times and phase selectivity. 

In this work, Co-MOF-74 has been prepared via ultrasounds. The comparison to the 

solvothermal method has shown the reduction of reaction time to one hour. Moreover, the particle 

size has been decreased to an average of 200-300 nm, depending on the conditions, while the 

MOF also displayed better thermal stability. The effects of reaction time, ultrasound power and 

solvent ratios have been investigated and the samples particle size has been analyzed through 

Scanning Electron Microscopy (SEM) for the computation of the size distribution. 

 

 

Figure. MOF-74 structure. 

[1] C. Vaitsis, G. Sourkouni, C. Argirusis. Metal Organic Frameworks (MOFs) and ultrasound: A 

review, Ultrason. Sonochem, 2019, 52, 106ï119. 

[2] W.L. Queen, M.R. Hudson, E.D. Bloch, J.A. Mason, M.I. Gonzalez, J.S. Lee, D.Gygi, J.D. 
Howe, K. Lee, T.A. Darwish, M. James V.K. Peterson, S.J. Teat, B. Smit, J.B. Neaton, J.R. Long, 
C. M. Brown. Comprehensive study of carbon dioxide adsorption in the metalïorganic frameworks 
M2(dobdc) (M = Mg, Mn, Fe, Co, Ni, Cu, Zn), Chem. Sci, 2014, 5, 4569-4581. 
 
 



 

 

Rethinking Molecular Structures of WVIOx Sites Dispersed on Titania. 

Distinct Mono-oxo Configurations and Species Interconversion 
 

Th. Kentri,a,b A. Misa,a A. Trimpalis,a E. Korduli,c and S. Boghosian*,a,b  

 
a Department of Chemical Engineering, University of Patras, Patras 26504, Greece 

b FORTH/ICE-HT. Patras 26504, Greece 
c Department of Chemistry, University of Patras, Patras 26504, Greece 

Email: th.kentri@chemeng.upatras.gr 

 

A holistic approach based on in situ molecular vibrational (Raman, FTIR) spectroscopy in 

the temperature range of 120 ï 430oC is applied for studying the molecular structural 

configurations of WVIOx dispersed on titania. The in situ Raman measurements are complemented 

by 18O/16O isotope exchange. The supported WOx/TiO2 catalysts were synthesized by incipient 

wet impregnation at submonolayer coverages in the surface density range of 0.5 ï 4.5 W/nm2. 

Both anatase and industrial Degussa P25 were used as titania supports. Additional neoteric 

Raman studies at static equilibrium conditions were exploited for cross-checking the findings 

suggesting the occurrence of distinct configurations of dispersed WVIOx sites (two species (I, II) 

with mono-oxo termination configuration and one species (III) with di-oxo termination 

configuration). The prevalence of each species is governed by coverage and temperature and a 

reversible temperature-dependent (II) ª (III) interconversion is proposed, mediated by water 

molecules retained on support sites by means of H-bonding. 

 

Figure. Sequential in situ Raman and FTIR spectra obtained for 2.1 WOx/TiO2(P25) in order of 

decreasing temperatures. Evidence for occurrence of three distinct species [(I), (II) and (III)],   

 

Acknowledgements: Support by the project ñMaterials and Processes for Energy and 

Environment Applicationsò (MIS 5002556) is acknowledged.        
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The synthesis of supported catalysts involves the dispersion of bidimensional species, 

nanocrystallites or amorphous nanoparticles of the catalytically active phase on the surface of a 

support (e.g. ɔ-Al2O3, SiO2, TiO2, active carbon) with desirable surface characteristics. The nature 

of the aforementioned species, the size of the supported nanoparticles and their interactions with 

the support determine to a great extent the catalytic behavior of the supported catalysts. In most 

cases the main synthesis goal is the formation of very small nanoparticles along with a high 

loading of the active element, for obtaining a relatively high active surface. In this respect the 

choice of the synthesis technique along with the synthesis conditions is indeed critical. The 

general procedure usually followed for the synthesis of a supported catalyst involves the step of 

impregnation, where the support grains are in contact with the impregnating solution containing 

the species of the active element to be deposited. In this step, various chemical processes take 

place at the solid/liquid interface which are very important. Upon calcination, which is the next 

important step of the preparation procedure, the deposited precursor species on the support 

surface may undergo various transformations. 

Our research team has developed a methodology in order to study and control these 

processes at a molecular level and thus obtaining catalysts with desirable surface characteristics 

[1]. Two representative examples are given in figure 1 [2]. The methodology is based on four 

tools: i) deposition experiments and electrochemical techniques, ii) fitting of the deposition and 

electrochemical data using surface and interface models for the solid/liquid interface in 

conjunction with computer codes for handling these models, iii) semi-empirical quantum-

mechanical calculations and d) spectroscopic techniques. The research done up to date has been 

mainly focused on various catalytic systems where TiO2 acts as the support of the catalysts [2]. 

In this work we present the complete methodology we follow for the study of such catalytic 

systems as well as the latest results from specific catalytic systems that show high potential in 

various processes of industrial, energy and environmental interest. 

  
Figure 1. Molecular configuration upon deposition of W(VI) (left) and Ni(II) (right) on TiO2 surface [2]. 
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