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Prof. Yusuke Yamauchi
University of Queensland, Australia
Website: http://mesochem.xyz/
Personal bibliography: Professor Yusuke Yamauchi received his Bachelor's degree (2003), Master's degree (2004), and
Ph.D. degree (2007) from the Waseda University, Japan. After receiving his Ph.D., he joined the National Institute of Materials
Science (NIMS), Japan, to start his own research group. At the same time, he started to serve as an adjunct professor to
supervise Ph.D. students at the Department of Nanoscience and Nanoengineering, Waseda University. After being granted
the A.R.C. Future Fellowship, in May 2016, he joined the Institute for Superconducting & Electronic Materials (ISEM), the
Australian Institute for Innovative Materials (AIIM), the University of Wollongong (U.O.W.) as a Professor. In 2018, he moved
to the University of Queensland (UQ). Presently, he is a Senior Group Leader at the Australian Institute for Bioengineering and
Nanotechnology (AIBN) (on secondment from the School of Chemical Engineering until 2026), a Professor at the School of
Chemical Engineering, and a Director at the Australian Materials nanoTectonic Centre. He concurrently serves as an ERATO
Research Director at the JST-ERATO Yamauchi Materials Space-Tectonics, a Group Leader at the Mesoscale Materials
Chemistry Group, the International Center for Materials Nanoarchitectonics (WPI-MANA), the National Institute for Materials
Science (NIMS), a Visiting Professor at the Waseda University, an Advisory Board Member of prestigious journals (Small, Small
Structures, ChemCatChem, J. Inorg. Organomet. Polym. Mater., etc.), and an Associate Editor of the Journal of Materials
Chemistry A published by the Royal Society of Chemistry (R.S.C.) and Chemical Engineering Journal (Elsevier).
He has published more than 850 papers in international refereed journals (>10 Nature's and Science's sister journals, >20 J
Am Chem Soc, >10 ACS Nano, >10 Chem Sci, >30 Angew Chem Int Ed, >25 Chem Mater, >10 Mater Hor, etc.) with > 50,000
citations (h-index > 115, Google Scholar; h-index > 100 Web-of-Science). He is selected as one of the Highly-Cited
Researchers in Chemistry in 2016, 2017, 2018, 2019, and 2020 and in Materials Science in 2020. He has received many
outstanding awards, such as the NISTEP Award by the National Institute of Science and Technology Policy (2016), the
Chemical Society of Japan (C.S.J.) Award for Young Chemists (2014), the Young Scientists' Prize of the Commendation for
Science and Technology by MEXT (2013), the PCCP Prize by the Royal Society of Chemistry (2013), the Tsukuba
Encouragement Prize (2012), the Ceramic Society of Japan (CerSJ) Award (2010), and the Inoue Research Award for Young
Scientists (2010). Recently, he was selected as one of Australia's Top 40 Researchers of Research Report published by The
Australian in 2019 and 2020.

Materials Space-Tectonics: A Conceptual Paradigm for Creating Second-Generation Porous
Materials
Jongbeom Na1,2, Yusuf Valentino Kaneti1,2, Dipak Patel1,2, Md Shahriar A Hossain1,2, and
Yusuke Yamauchi1,2,3,4*
1

AIBN and School of Chem Eng, The University of Queensland, Brisbane, Australia
Australian Materials Nanotectonics Centre, The University of Queensland, Brisbane, Australia
3 JST-ERATO Yamauchi Materials Space-Tectonics Centre, MANA, NIMS, Ibaraki, Japan
4 JST-ERATO Yamauchi Materials Space-Tectonics Centre, Waseda University, Tokyo, Japan
*
E-mail: y.yamauchi@uq.edu.au
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Different types of inorganic nanomaterials have been designed by using various methods including sol-gel,
electrochemical/chemical reduction, calcination, hydrothermal reaction, etc. The dimensionality of these nanomaterials (x,
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y, z) can be classified as zero-dimensional (0D), one-dimensional (1D), two-dimensional (2D), or three-dimensional (3D),
respectively. Accordingly, for 0D nanomaterials dimensions are measured on the nanoscale (< 100 nm for each
dimension). 0D nanomaterials, for example nanoparticles (or sometimes, nanocrystals), most commonly have isotropic
morphologies where the usually thermodynamically stable planes of lower reactivity are exposed at the nanoparticles’
surfaces. For 1D nanomaterials, a single dimension is extended beyond the nanoscale. This class of nanomaterials
includes nanotubes, nanorods, and nanowires. In contrast to 0D and 1D nanomaterials, 2D nanomaterials have recently
attracted great interest for the next generation of promising. However, such 2D materials are often formed by
stacking/assembly, processes that vastly reduce their active surface areas, and negatively affects their performance in
potential applications. Despite recent and significant advances in inorganic nanomaterials of different dimensionalities, we
still remain active in making substantial efforts to develop new nanomaterials to help address energy- and
environmental-related issues. Our group is fully aware of the serious limitations of the currently available materials’
designs. The continued use of the current nanomaterials design paradigm based on traditional 0D, 1D, 2D nanomaterials
obscures the innovative approaches required to address the aforementioned serious issues. Therefore, we have
developed a new conceptual paradigm “materials space-tectonics” which is defined as the creation of novel
mesoporous/nanoporous materials with precisely controlled internal space (or pore size), composition, and morphology
with the assistance of nanomaterials informatics to optimize their functional applications. We will present our recent
advance on nanoarchitectural chemistry
The overarching aims are to:
•

Control and enhance the “space-tectonics” of conductive nanoporous materials (carbons, metals, sulfides,

phosphides, etc.): (i) large increase in accessible surface area, (ii) selection of exposed crystal facets (e.g., facet selection,
chirality), (iii) generation of catalytically ultra-active sites on kinks and step sites (e.g., high index facets), and (iv)
increased diffusion rates of guest molecules (reactants) inside the components, especially in the case of 2D materials.
•

Connect nanoporous components in hybrid nanoarchitectures: development of methodologies for the

hybridization of novel nanoporous conductive materials with precisely controlled building blocks (like Lego®) for hybrid
architectures to bring out many advantages beyond what is currently known, such as (i) unlimited increases in the
interface between different components (e.g., hetero-junctions, charge-separation), (ii) maintaining high diffusion rates of
guest molecules (reactants) inside the hybrid materials through the introduction of multiple and hierarchical pore
structures, and (iii) formation of gradient potential energy or polarization within assembled materials (e.g., one-directional
electron/energy transfer, light-harvesting, up-conversion, multi-electron reduction).

References
Yamauchi Y. et al., (TBA), Nature Protocols, Just Accepted; Nature Communications 12, 3563 (2021); Nature Protocols 15,
2980 (2020); Nature Communications 8, 15717 (2017); Nature Communications 8, 15581 (2017); Carbon materials: MOF
morphologies in control. Nature Chemistry 8, 638 (2016), etc.
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Professor Slava V. Rotkin
The Pennsylvania State University
Website: https://www.mri.psu.edu/rotkin-slava
Slava V. Rotkin is Frontier Professor of Engineering Science & Mechanics at Penn State University. He received MSc in
Optoelectronics from Electrotechnical University and Ph.D. in Physics & Mathematics at Ioffe Institute (St. Petersburg, Russia).
Rotkin is an editor of 3 books and author of 170 papers and proceedings. Most recently, his work is focused on near-field
optics and plasmonics, nano-biophysics, and 2D quantum materials. Rotkin mentored 30 graduate students, 10 postdoctoral
fellows, more than 60 undergraduates and a dozen of high-school students. Rotkin is recipient of several scientific awards,
including Fellow of the Electrochemical Society, Hillman Award, Class of '68 Fellowship, Libsch Early Career Research Award,
Feigl Junior Faculty Chair, and Beckman Fellowship.

Nanoscale multidimensional materials imaging: Towards label-free biosensing in
2D-heterostructures
Slava V. Rotkin
Materials Research Institute and Department of Engineering Science & Mechanics,
The Pennsylvania State University, Millennium Science Complex, University Park, PA 16802, U.S.A.
Emergent need to achieve better, more precise and sensitive drug detection in medicine and health care recently has been
addressed by developing biosensors based on two-dimensional materials (2DM). 2DMs and their van der Waals
heterostructures offer new response and/or transduction mechanisms and better performance. They have potential for
label-free biosensing and, as it will be demonstrated, could be designed and/or integrated together to generate several
signals in response to a single analyte. Such a capability enables a multimodal detection, which exceeds single-mode
biosensing through its higher throughput, as well as by better ability to differentiate the analyte from background signals in
a complex media, and potentially allows multiplexing (responding by several channels to a group of substances in parallel).
While significant attention has been paid to exploring new 2D materials and demonstrating their biosensing capabilities,
knowledge on what allows and what limits successful multimodal detection, especially for compound 2DM heterostructures,
is still limited. Atomically thin 2D materials, having an ultimate surface-to-volume ratio, may possess surface
non-uniformities at the nanometer scale (atomic impurities/adsorbates/defects, wrinkles/ruptures) that modulate their
optical properties. Lattice mismatch and work function difference in the heterostructure material result in strain and charge
transfer, often varying at nanometer scale, hard to detect and study.
Here, a new multidimensional optical imaging technique will be presented. It allows us to map sub-diffractional distributions
for doping and strain and understand the role of those for modulation of electronic properties of a vertical heterostructure
comprised of monolayer graphene and single layer flakes of MoS 2. An optical label-free detection of doxorubicin, a
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common cancer drug, is reported via three independent optical detection channels (photoluminescence shift, Raman shift
and Graphene Enhanced Raman Scattering). Non-uniform broadening of components of multimodal signal correlates with
the statistical distribution of local optical properties of the 2DM heterostructure. Multidimensional nanoscale imaging allows
one to reveal the physical origin for such a local response and propose the best strategy for mitigation of materials
variability.

Acknowledgement
Author acknowledges partial support from NSF CHE-2032582, CHE-2032601, DMR-1539916 and DMR-2011839 grants.
References
[1] S. Chu, A. Majumdar, Nature 488, 294, 2012.
[2] R. A. Sheldon, J. R. Soc. Interface 13, 20160087, 2016.
[3] X. Zhang, K. Wilson, A. F. Lee, Chem. Rev. 116 12328, 2016.
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Professor Adam Lee
University of RMIT
Website: https://orcid.org/0000-0002-2153-1391
Personal bibliography: Adam is Professor of Sustainable Chemistry at RMIT University and previously held Chair
appointments at Cardiff, Warwick, Monash and Aston universities, and an EPSRC Leadership Fellowship. He has a B.A. and PhD
from the University of Cambridge; his research addresses the rational design of nanoengineered materials for clean catalytic
technologies. Adam has authored >270 articles (h-index 71, 17,781 cites), received the 2011 McBain Medal of the R.S.C. and
S.C.I., and 2012 Beilby Medal and Prize of the R.S.C., IOM3, and S.C.I. He is a Fellow of the R.S.C. and Royal Australian Chemical
Institute and Editor-in-Chief of Materials Today Chemistry.

Nanoengineered Catalysts for Sustainable Chemistry
Adam F. Lee
Centre for Advanced Materials and Industrial Chemistry (CAMIC), RMIT University, Melbourne VIC3000, Australia
Abstract
Concerns over the economics of proven fossil fuel reserves, and global acceptance of the anthropogenic origin of rising
CO2 emissions and associated climate change from combustible carbon, is driving the quest for new routes to sustainable
energy sources. Catalysis has a rich history of facilitating energy efficient, selective molecular transformations, and in a
post-petroleum era will play a pivotal role in overcoming the scientific and engineering barriers to sustainable and
economically viable energy vectors. Here I outline challenges in the design and application of catalytic technologies for the
upgrading of lignocellulosic biomass to liquid transportation fuels, and of bio-derived molecules for fine chemical synthesis.
Advances in the rational design of nanoporous solid acid and base catalysts, such as soft-hard dual templating methods
and stepwise template extraction, enable the fabrication of hierarchical porous architectures [4] for energy efficient
esterification and transesterification of bio-oil components into biodiesel. Judicious compartmentalisation of different active
sites within hierarchical porous frameworks (Figure 1) permits biodiesel production from low grade oils which cannot be
processed by current technologies [1]. Synergies between nanoporous solid acids and metal nanoparticles also facilitate
active and selective upgrading of phenolic components of pyrolysis bio-oils to hydrocarbon fuels, and precious metal
thrifting [2]. Active site compartmentalisation also facilitates chemical cascades to produce valuable chemical
intermediates, exemplified by the stepwise production of cyanoesters [1].
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Figure 1. (a) Spatially orthogonal acid and bases sites in hierarchical porous solid for biodiesel
production from waste oils, and (b) resulting catalytic performance.

Reference
[1] M. A. Isaacs, C. M. A. Parlett, N. Robinson, L. J. Durndell, J. C. Manayil, S. K. Beaumont, S. Jiang, N. S. Hondow, A. C.
Lamb, D. Jampaiah, M. L. Johns, K. Wilson, A. F. Lee, Nat. Catal. 3, 921, 2020.
[2] A. Shivhare, J. A. Hunns, L. J. Durndell, C. M. A. Parlett, M. A. Isaacs, A. F. Lee, K. Wilson, ChemSusChem 13, 4945,
2020.
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Professor Rafael Luque

University of Cordoba
Website: http://www.uco.es/~q62alsor/index.htm

Prof. Rafael Luque (PhD 2005 from Universidad de Cordoba, Spain) has significant expertise in biomass and waste
valorisation practices, (nano)materials science, heterogeneous (nano)-catalysis and green chemistry (>500 publications, >30
000 citations, H-index 80, Google scholar), leading the NanoVal group at Universidad de Cordoba, an internationally
consolidated group. Prof. Luque is also the Director of the Center for Molecular Design and Synthesis of Innovative
Compounds for Medicine at RUDN University in Moscow, Russia (since 2018), Chair Professor at the Department of Applied
Chemistry at Xi’an Jiaotong University (China) and more recently, DFSP Distinguished Scientist at King Saud University in
Saudi Arabia. Prof. Luque is the 2018 and 2019 Highly Cited Researcher (Clarivate Analytics) and received numerous awards
including the most recent 2015 Lu Jiaxi Lectureship from the College of Chemistry and Engineering in Xiamen University
(China) and 2018 A.C.S. Sustainable Chemistry & Engineering Lectureship Award.

Benign-by-design advanced functional nanomaterials for catalytic applications
Rafael Luque
Departamento de Quimica Organica, Universidad de Cordoba, Campus de Rabanales, Edificio Marie Curie (C-3), Ctra
Nnal IV-A, Km 396, E14014, E-mail: q62alsor@uco.es

The design of benign and environmentally sound methodologies has been the driving force of scientists in recent years.
Attractive and innovative protocols that nowadays are even part of industrial ventures including biomass-derived porous
carbonaceous materials, designer nanomaterials for electrochemical applications and catalytic strategies for
biomass/waste conversion into useful materials, chemicals and fuels as well as environmental remediation have been
recently developed in our group in recent years. These topics have extensively covered innovative valorization strategies
from a range of biomass and waste feedstocks including food chain waste for the production of nanomaterials, chemicals
and fuels.
In this lecture, we aim to provide an overview of recent efforts from our group in leading the future of global scientists from
chemical engineers to (bio)chemists, environmentalists and materials scientists including some key industrial projects in
the development of advanced biorefinery concepts for food chain waste valorization to valuable chemicals, fuels and
advanced nanomaterials in our aim to stimulate and promote entrepreneurial activities within the academic and student
community.
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Prof. Claudio Cazorla
Polytechnic University of Catalonia, Spain
Personal bibliography: Dr. Cazorla was awarded his doctorate in Computational Physics by the Polytechnic University of
Catalonia (Barcelona, Spain) in 2006. From 2006 to 2010, Dr. Cazorla worked as a postdoctoral researcher in the group of Prof.
Michael Gillan and Prof. Dario Alfè at University College London (London, United Kingdom). In 2010, Dr. Cazorla moved to the
Institute of Materials Science of Barcelona (Barcelona, Spain) to work under the supervision of ICREA Prof. Massimiliano Stengel;
from 2011 to 2014, Dr. Cazorla enjoyed of a JAE-DOC Fellowship in the same institution. In 2014, Dr. Cazorla was awarded an
A.R.C. Future Fellowship in the School of Materials Science and Engineering at UNSW Sydney (Sydney, Australia), where he has
worked until 2020 as a Senior Lecturer. Recently, Dr. Cazorla obtained a Ramón y Cajál Fellowship and returned to the Physics
Department of his alma matter institution. Dr. Cazorla’s primary research interests are the application and development of
computational techniques to understand and design materials with potential for nanoelectronics and energy
conversion/harvesting applications.

Rational Engineering of Binary Oxides and Semiconductors for Photocatalytic
Applications
Claudia Cazorla
Departament de Física, Universitat Politècnica de Catalunya, Campus Nord B4-B5, Barcelona 08034, Spain
Photocatalytic materials are pivotal for the implementation of disruptive clean energy applications like conversion of
H2O and CO2 into fuels and chemicals driven by solar energy. However, efficient and cost-effective materials able to
catalyze the chemical reactions of interest when exposed to visible light are scarce due to the stringent electronic
conditions that they must satisfy. Chemical and nanostructuring approaches are capable of improving the catalytic
performance of known photoactive compounds, however the complexity of the synthesized nanomaterials and the
sophistication of the employed methods make systematic design of photocatalysts difficult. Here, we present the results of
recent first-principles studies on binary oxides and semiconductor materials that have the potential to improve the
systematic screening and rational design of photocatalytic materials 1,2. First, we introduce an efficient multi-configurational
supercell approach for estimating the mixing thermodynamics and structural and functional properties of semiconductor
solid solutions, which takes into consideration the effects of configurational disorder and lattice vibrations on the free
energy. The method is applied to (GaP)x(ZnS)1-x solid solutions with the finding that compositions x≈25, 50, and 75%
render promising photocatalysts for water splitting under visible light. And second, we show that application of biaxial
stress on semiconductor binary oxides can modify their optoelectronic and catalytic properties in a significant and
predictable manner. In particular, upon moderate tensile strains CeO 2 and TiO2 become suitable materials for
photocatalytic conversion of H2O into H2 and of CO2 into CH4 under sunlight, respectively. The band gap shifts induced by
biaxial strain are reproduced qualitatively by a simple analytical model that depends only on structural and dielectric
susceptibility changes. Thus, compounds mixing and strain engineering represent two promising routes for methodical
screening3 and rational design of photocatalytic materials.
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References
[1] Shenoy, J., N., Hart, J., N., Grau-Crespo, R., Allan, N. L. & Cazorla, C. Mixing thermodynamics and photocatalytic
properties of GaP-ZnS solid solutions. Advanced Theory and Simulations, 2, 1800146 (2019).
[2] Liu, Z., Shenoy, J. N., Menéndez, C., Hart, J. N., Sorrel, C. C. & Cazorla, C. Strain engineering of binary oxides for
photocatalytic applications. Nano Energy 72, 104732 (2020).
[3] Liu, Z. & Cazorla, C. First-principles high-throughput screening of piezo-photocatalyst materials for water splitting under
visible light. To be published (2021).
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Prof. Manoj Gawande

Institute of Chemical Technology, India
Website: https://www.gawandesgroup.com/
Personal bibliography: Manoj B. Gawande received his Ph.D. degree in Chemistry in 2008 from the Department of Chemistry,
Institute of Chemical Technology, (Formerly UDCT) Matunga, Mumbai, India, under the supervision of Prof. R.V. Jayaram. During
his research tenure, he has been awarded several prestigious fellowships including Senior Research fellowship (S.R.F.) from CSIR,
New Delhi India; Brain Korea-21 (BK-21) Research fellowship from Ministry of Science, South Korea; and F.C.T. Research
fellowship from MCTES, Lisbon, Portugal. In 2013, he worked as a Visiting Professor at Division of Chemistry and Biological
Chemistry, Nanyang Technological University, Singapore. In 2015 and 2016, he received “Deans Award “ from Palacky University,
Olomouc Czech Republic for best publications output. In the year 2019 and 2020, he selected as top 2% scientists in the world
published by Stanford University
Presently, he is working as an Associate Professor at Institute of Chemical Technology, Mumbai Marathwada Campus Jalna.
During his stay at RCPTM, Palacky University, he has several visiting professor/scientist positions including Prof. Steve Ley
(Cambridge University, Cambridge United Kingdom), Prof. Dunwei Wang (Boston College, Boston, Chestnut Hill, MA, U.S.A.), and
Prof. Rajender S. Varma (E.P.A., Cincinnati, U.S.A.). His research interests are in the development of greener raw materials and
synthesis of nano-materials and their applications in sustainable chemistry. He has published more than 135 scientific
publications, including reviews, patents, papers, editorial and commentary articles (more than 10,000 citations). Recently he has
elected as “Life Fellow” of the Indian Chemical Society. Also, Prof. Gawande has been awarded the prestigious “R.S.C. Research
Fund” grant 2021 by the Royal Society of Chemistry (R.S.C.), Cambridge, UK. Also, this month he is nominated as Fellow of
Maharashtra Academy of Sciences.
Dr. Gawande is an editor of several leading journals including Current Organic Chemistry (Bentham publications), Associate
Editor for Current Catalysis, Regional Editor for Current Organic Synthesis (Bentham Publications), and Editorial board member of
Scientific Research (Nature Publication). Recently he invited to edit a virtual Issue as a Guest Editor on “N-doped carbon Materials:
Synthesis and Applications” by A.C.S. Sustainable Chemistry and Engineering (A.C.S. publications) and a Special Issue on
“Single-Atom Catalysts” by Small and Advanced Material Interfaces (Wiley publications).

Single-Atom Catalysts Synthesis and Applications
Manoj B. Gawande
Department of Industrial and Engineering Chemistry, Institute of Chemical Technology
Mumbai-Marathwada Campus, Jalna, Maharashtra 431213, India.
E-mail: mb.gawande@marj.ictmumbai.edu.in
A heterogeneous catalyst is a pillar of many contemporary environmentally friendly innovations, and understanding the
relationship between its structure and properties is crucial to its progress. Several sophisticated synthesis methodologies,
such as control synthesis of atomically precise heterogeneous catalysts and their applications for different critical
applications in organic catalysis, energy, and environmental remediation, have been developed over the last decade. The
ability to tailor precise atomic-scale control of catalysts has allowed for a significant increase in activity and selectivity. The
use of atom scale chemistry to numerous energy and environmental technologies, such as fuel cells, chemical reactors
for organic synthesis, and environmental remediation, has proven to be beneficial. In this talk focus will be on the
synthesis, characterization, and applications of single atom catalysts.
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Prof. Juan Carlos Colmenares
Institute of physical chemistry of the polish academy of sciences, Poland.
Website: https://photo-catalysis.org/
Personal bibliography: Prof. Dr. Juan Carlos Colmenares Q. graduated from Warsaw University of Technology (Chem. Eng.
1995) and obtained his M.Sc. (1997) in catalysis for organic technology and Ph.D. (2004) in chemical and material sciences from
the same university, and his scientific degree of habilitation (D.Sc. 2015) from the Institute of Physical Chemistry of the Polish
Academy of Sciences in Poland. His interests range from materials science, nanotechnology, and heterogeneous catalysis to
biomass/CO2 valorization, solar chemicals, sonication, photocatalysis, and water/air purification. After obtaining his Ph.D., he
worked at the University of Córdoba, Spain (20052006) in Prof. Marinas group as a postdoctoral fellow, and at the University of
Southern California, Los Angeles (U.S.A.) (20062009) in Prof. G. A. Olahs (Nobel Prize in Chemistry) group as a postdoctoral
research associate. He is a Marie Skłodowska-Curie fellow. He serves as an expert evaluator for many important scientific
journals/institutions and chemical companies (Colombia, U.S.A., Poland, Spain, China), and as a member of the editorial advisory
board for Scientific Reports and Molecules (Photochemistry Section) journals. He has coauthored more than 90+ works published
in international scientific journals and books, and filed six patent applications (three accepted). Presently, he is working as an
associate professor at the Institute of Physical Chemistry of the Polish Academy of Sciences in Poland.

Sonochemistry as a versatile tool for photocatalysts’ synthesis and intensification of a
photocatalytic process within the lignocellulose valorization concept
Juan Carlos Colmenares1, Dimitrios A. Giannakoudakis1,2, Abdul Qayyum1, Ayesha Khan1, Swaraj R. Pradhan1,
Dariusz Łomot1
1 Institute of Physical Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224, Warsaw, Poland,
2 Department of Chemistry, Aristotle University of Thessaloniki, University Campus, Thessaloniki
*e-mail address of corresponding author: jcarloscolmenares@ichf.edu.pl, http://photo-catalysis.org

Abstract
Lignin, an amorphous polymer which accounts for 30% of the organic carbon in the biosphere, is underutilized and only
employed as a combustible material for its high heat value. The structure and aromatic units present in lignin makes it a
valuable source for the production of a wide range of products ranging from macromolecules (e.g. phenol-formaldehyde
resins) to value added chemicals such as vanillin, guaiacol, syringaldehyde and eugenol, which find applications in food
and pharmaceutical industries [1,2]. Future methods of lignin valorization must be based on new materials and green
technological approaches just because the existing methods don’t meet the necessary environmental and economic
requirements.
The need to move to renewable source derived chemicals, following the principles of Green Chemistry, was the motivation
of our work. Photocatalysis is a well explored method, although the process intensification without using hazardous
chemical or energy is of a great importance. The exploration of the synergistic effect in catalysis upon the simultaneous
utilization of two sources of power, ultrasound and light, is barely explored and remains a challenging issue. A crucial
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reason behind this is the difficulty in design and constructing a well-defined sonophotoreactor capable to take advantage of
the combination of sonochemistry and photochemistry assets [3].
This lecture is a report of selected experiments of photocatalysis intensification by acoustic cavitation using a batch
sonophotoreactor for a selective photocatalytic oxidation process based on TiO2, and the use of ustrasonic waves to
prepare a versatile nanocomposite based on CuOx/TiO2 for lignocellulose-inspired model compounds (such as
5-hydroxymethylfurfural (H.M.F.) and benzyl alcohol (BnOH)) selective oxidation and hydrogen generation by aqueous
phase photocatalytic reforming of methanol. More specifically the lecture will be on:
a. Designing a sonophotoreactor towards sustainable selective oxidation of benzyl alcohol to benzaldehyde:
We report selected experiments of intensification of a photocatalytic selective oxidation through the use of ultrasonic waves
[3]. The effort of our research is focused on the utilization of sonophotocatalysis for the selective transformation of
lignin-based model molecules by nanostructured metal oxides (e.g. TiO2). A plethora of parameters that affects the
acoustic cavitation phenomena and as a result the potential of sonochemistry were investigated (e.g. ultrasound frequency
and power). Various important photocatalytic parameters such as the wavelength and intensity of the irradiated light,
photocatalyst loading, type of solvent, mixture of solvents, and solution pH were also optimized.
b. Surface decoration of TiO2 nanoparticles with CuOx nanoclusters for additives free photocatalysis: H2 production and
selective oxidation of biomass-derived model compounds:
The homogeneous decoration of the TiO2 nanoparticles with mixed cupric and cuprous oxide nanoclusters (< 4 nm) was
achieved following an ultrasound-assisted ultra-wet impregnation simple synthetic approach. The nanocomposite’s
(TiO2-CuOx) physicochemical features were analyzed in depth by several instrumental methods. TiO2-CuOx revealed an
elevated efficiency to continuously generate molecular hydrogen upon the irradiation of low power ultraviolet (365 nm)
irradiation produced by L.E.D., at ambient conditions and without the addition of any other reagent. On the contrary, no H2
production was achieved under these conditions using the benchmark commercial TiO 2 P25 as photocatalyst. Going a step
further, the photocatalytic capability of the nanocomposite was also evaluated for the additives-free selective partial
oxidation of 5-hydroxymethylfurfural (H.M.F.) and benzyl alcohol (BnOH), two biomass derived model platform
chemicals/building blocks [3-6]. TiO2-CuOx presented higher selectivity and yield compared to P25 for the selective
oxidation of H.M.F. and BnOH to the value-added chemicals 2,5-diformylfuran (D.F.F.) and benzyl aldehyde (PhCHO),
respectively. The pronounced photoreactivity of TiO 2-CuOx was linked to the synergistic effect arisen by the composite
formation and the homogeneous decoration of the spherical nanoclusters on the TiO2 nanoparticles.
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Prof. Michel Wong
Institut Charles Gerhardt Montpellier, France
Website: https://www.icgm.fr/michel-wong-chi-man
Personal bibliography: Dr. Michel Wong Chi Man has made a significant contribution to the development of sol-gel science
and technology, both scientifically and through his contributions to the sol-gel community. Scientific contributions: His research
is predominantly based on sol-gel chemistry and covers quite a broad area, including synthesis of hybrid silica (mainly Bridged
Silsesquioxanes) and their applications, such as catalysis, porosity control, separation chemistry, optics, molecular imprinting,
drug delivery... In particular, he developed a general approach to self-direct the structuring of bridged silsesquioxanes at several
length scales (from molecular to macroscopic scale) to obtain hybrids with lamellar periodicity at the molecular scale, chiral
helices, hollow tubes, and fluorescent macroscopic gels. His studies afforded significant insights into the mechanistic formation of
these nanostructured materials. He introduced molecular recognition systems to structure hybrids for molecular imprinting
systems. Mechanised mesoporous nanoparticles for cancer treatment and diagnoses (drug delivery, targeting and imaging) have
also been developed. His group is developing cage silsesquioxanes (POSS) and very recently his international team reported a
family of styryl-functionalised POSS (T8, T10, T12 and T18) and successfully isolated the largest ever reported cage (T18),
potentially related to zeolitic framework, which will open a new avenue for sol-gel science.
Contributions and active roles for Sol-Gel and Silicon Chemistry communities: He has contributed to the community in
various ways. The following essential activities is well recognized. He organized the 14th International Sol-Gel Conference (ISGC)
in Montpellier (2-7 September 2007) and recently the 19th International Symposium On Silicon chemistry (ISOS) in Toulouse,
France (5-7 July 2021). He served as (i) International Advisory Board member of the ISGC since 2007 and of ISOS since 2008, (ii)
Board member of the ISGS (2011-2017), and (iii) Editorial Board member of the Journal of Sol-Gel Science and Technology
(2020-). Teaching sol-gel chemistry abroad, as a sort of sol-gel ambassador, should also be noted.

Bridged silsesquioxanes as potential hybrid silica-based materials for applications
Wong Chi Man M.
Institut Charles Gerhardt Montpellier, University of Montpellier, CNRS, ENSCM Department of “Hybrid and Porous
Materials”, Montpellier, France
e-mail: Michel.wong-chi-man@enscm.fr
Summary
The history of three decades of Bridged silsesquioxanes as important hybrid materials for several applications such as
catalysis, optics, nanomedicine will be presented as well as the nanostructuring and the two methods for preparing these
silica-based materials.

Abstract
In early 1990’s, Bridged silsesquioxanes (B.S.) [1, 2] were introduced as a new family of hybrid silica-based materials and
are obtained in a 1-step sol-gel hydrolysis-condensation of polytrialkoxyorganosilane precursors, [(EtO) 3Si]n-R with R as
the central organic fragment connected to at least two trialkoxysilyl groups (Figure 1). Owing to the wide variety of organics
that can be introduced, hybrid silsesquioxanes with targeted properties can be prepared. In this presentation the selfstructuring of B.S. through self-assembly will be detailed [3] and the design of new organosilane precursors with
sought-after properties to develop B.S. mainly for catalytic, optical and nananomedicine applications will be shown [4].
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Fig. 1. 1-step synthesis of Bridged Silsesquioxanes from bis(triethoxy)silane precursors

We also recently reported the synthesis of new functional silsesquioxane T n cages (n = 8, 10, 12 and 18) by a
Fluoride-catalyzed hydrolysis of a mono trialkoxysilane (styryltyriethoxysilane) [5]. The latter cage with n = 18 is the largest
cage silsesquioxane ever reported. These works are being developed to produce well-defined cage-like silsesquioxanes
starting from these different cage sizes (Figure 2).

Fig. 2. 2-step synthesis of Bridged Silsesquioxanes from functional mono(triethoxy)silane precursors

References
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Prof. Vivek Polshettiwar
Tata Institute of Fundamental Research, India.
Website: https://www.nanocat.co.in/prof-vivek-polshettiwar.html
Personal bibliography: Prof. Vivek Polshettiwar, after his Ph.D. in 2005, worked as a postdoc in France and U.S.A. for few
years before starting his own independent group at KAUST in 2009. In 2013, he moved to TIFR, and his group is working on
the development of novel nanomaterials as catalysts to tackle “climate change”. He has published nearly 120 articles with an
h-index 55 and around 13700 citations in reputed journals like PNAS, Nature Communications, AngewChem, Chem. Sci., etc.
He is the recipient of the prestigious ORISE Research Fellowship at US-EPA. He was awarded as Top-25 cited author in 2011
by Tetrahedron and Young Scientist Award at DSL-2012. He also received an Asian Rising Star lectureship at 15th Asian
Chemical Congress (A.C.C.), Singapore (2013), from Nobel Laureate Professor Ei-ichi Negishi. In 2015, he was admitted as a
Fellow of the Royal Society of Chemistry (R.S.C.), United Kingdom. He was awarded a Bronze medal by the Chemical
Research Society of India (CRSI), India. He was also recognized as emerging investigator-material science by R.S.C., U.K. He
was awarded the prestigious Materials Research Society of India - MRSI Medal 2019. He was elected as Fellow Maharashtra
Academy of Sciences in 2019. In 2020, he received Young Research Awards in Nano Science & Technology from the
Department of Science & Technology (DST), Gov. of India. In 2021, he was elected as a Fellow National Academy of Sciences,
India (NASI).

Plasmonic BlackGold for Storing Solar Energy into Carbon Dioxide
Vivek Polshettiwar
Department of Chemical Sciences, Tata Institute of Fundamental Research (TIFR), Mumbai,
Email: vivekpol@tifr.res.in
Climate change due to excessive carbon dioxide is the “Most Serious Problem Mankind Has Ever Faced”. Capture and
then conversion of CO2 to useful chemicals and fuels are the best ways to tackle these challenges. On the other hand, a
sustainable way to solve the energy problem is to generate alternative energy sources such as solar electricity or
hydrogen. However, storage of electricity and hydrogen gas is still a challenge. Therefore, CO 2 conversion to fuels and
chemicals using renewable hydrogen and solar energy can provide a solution to these challenges.
We discovered a new kind of nanosilica (DFNS),1-6 which is now being used by more than 150 reputable groups
worldwide for various applications. We recently transformed yellow gold to black gold,2 and similar to the natural trees,
the black gold acts like an “artificial tree” that uses CO2, sunlight, and water to produce fuel. I will present this work.
References:
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[4] Maity, Polshettiwar et al. Nature Comm. 2020, 11, 3828.
[5] Belgamwar, Polshettiwar et al. Chemical Science 2021, 12, 4825.
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Dr. Yusuke Ide
National Institute for Materials Science (NIMS).
Website: https://samurai.nims.go.jp/profiles/IDE_Yusuke?locale=en
Personal bibliography: 2001 Bachelor, Waseda University (Direction of Prof. Makoto Ogawa)
2003 Maser, Waseda University (Direction of Prof. Makoto Ogawa)
2007 Doctor (Eng.), Waseda University (Direction of Prof. Makoto Ogawa)
Professional experiences (in reverse chronological order):
2006 Research Associate, Department of Earth Science, Waseda University
2010 Assistant Professor, Graduate School of Engineering, Hiroshima University
2012 Senior Researcher, MANA, NIMS
2018 Group Leader (acting)/Senior Researcher, MANA, NIMS
2020 Group Leader (acting)/Principal Researcher, MANA, NIMS
Research interests: Material design of inorganic 1D-to-3D nanostructures, such as layered titanates and mesoporous silicas, for
adsorption, catalysis, photocatalysis and UV-shielding.

Stabilized Aqua-Fe Complexes as Post-TiO2 Materials
Y. Ide
International Center for Materials Nanoarchitechtonics (WPI-MANA), National Institute for Materials Science (NIMS), 1-1
Namiki, Tsukuba, Ibaraki 305-0044, Japan.
TiO2 nanoparticles are widely used in sunscreens, cosmetics and photocatalysts. However, the use of these
nanoparticles raises health concerns; for instance, their nanometric size/nanoscale reactivities can lead to cytotoxicity.
Because TiO2 nanoparticles are released into the environment during their manufacturing and subsequent use, humans
will increasingly be exposed to TiO2 nanoparticles, which can enter the body via the skin and inhalation. The classification
of TiO2 as a category-2 carcinogen by the European Commission has inspired research on the development of suitable
materials (U.V. absorbers as active ingredients in sunscreen/cosmetic products and photocatalysts) to replace TiO2
nanoparticles.
In terms of abundance and environmental compatibility, Fe and Fe oxides (as well as Fe oxyhydroxides) are good
candidates for post-TiO2 materials. However, typical Fe-oxide crystals like hematite are not white, unlike TiO2, because
they absorb visible light (to near-infrared light). Also, typical Fe-oxide crystals show a poor photocatalytic activity
considerably lower than that of TiO2 nanoparticles. In contrast, aqua–Fe(III) complexes (e.g. [FeIII(H2O)6]3+) and their
dimers (e.g. [(H2O)4FeIII(O.H.)2FeIII(H2O)4)]4+) have wider energy gaps (band gaps) than Fe-oxide crystals; thus absorb U.V.
light, and show a good photocatalytic activity comparable to TiO 2 nanoparticles. However, these aqua–Fe(III) complexes
are extremely unstable because [FeIII(H2O)6]3+ is stable only in strongly acidic solutions (pH < 0.2) and undergoes rapid
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hydrolysis and condensation to form colored Fe-oxide clusters and crystals when the solution pH increases.
Despite the ubiquity of aqua–Fe(III) complexes in biological enzymes (Fig. 1) and their useful properties and
cost-effectiveness for many applications, artificially stabilising these fleeting molecules for practical use remains
challenging in terms of their stability, the precise control of aqua–Fe(III) complex structures, and the safety of supports.
Herein, we demonstrate that dimeric aqua–Fe(III) species can be stabilised using mesoporous silicas or layered silicates to
produce U.V. absorbers or photocatalysts whose performances exceed to that of commercial TiO 2 nanoparticles.1,2 We
also report that an exceptional type of green rust, which is a Fe(II)/Fe(III) mixed-valent iron mineral and previously thought
to be very instable against oxidation, shows high oxidation stability and good photocatalytic activity higher than that of a
benchmark TiO2 nanoparticle.3

Fig. 1. Dimeric aqua–Fe(III) species, represented by grey octahedra, in
(a) one of our materials and (b) a natural enzyme.

References
[1] Y. Ide et al., Chem. Sci. 2019, 10, 6604.
[2] H. El-Hosainy et al., submitted.
[3] R. Tahawy et al., Appl. Catal. 2021, 286, 119854.
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Dr. Hoang-Phuong Phan
Queensland Micro and Nanotechnology Centre, Griffith University, QLD, Australia
Website: https://www.phan-lab.com/
Personal bibliography: Dr. Hoang-Phuong Phan is a Vietnamese Australian scientist, and an ARC DECRA fellow at the
Queensland Micro and Nanotechnology Centre, Griffith University. His research interests cover a broad range of semiconductor
devices and applications, including silicon/silicon carbide MEMS/NEMS, integrated sensors, flexible electronics, and bio-sensing
applications. Dr. Phan has been a visiting scholar at the National Institute of Advanced Industrial Science and Technology (AIST),
Japan in 2016, Stanford University, CA, U.S.A. in 2017, and Northwestern University, IL, U.S.A. in 2019. Dr. Phan has published
over 100 journal articles (e.g. Nat. Comm., Science Adv., A.C.S. Nano, Adv. Funct. Mater., Adv. Sci., Angew Chemie., Nano
Energy), two U.S. patents, and two book/book-chapters, all in micro and nanotechnologies. He was the recipient of the Japanese
Government scholarships (MEXT) for undergraduate & postgraduate studies from 2006 to 2013 at the University of Tokyo, Japan,
as well as GUPRS & GUIPRS scholarships from Griffith for the doctoral course (2013-2016). Dr. Phan was honored with the G.U.
publication award, the GGRS-IEIS travel grant, the Springer outstanding theses award, the Australian Nanotechnology Network
Fellowship, GU Postdoctoral Fellowship, the DECRA award, the Pro Vice-Chancellor E.C.R. award (2019), and the Vice-Chancellor
Excellence in Research Award for E.C.R. (2020). He serves in the Executive Technical Program Committee of the 2021 IEEE
International Conference on MicroElectroMechanical Systems (IEEE MEMS21).

Nanomembrane silicon carbide electronics for bioimplantable applications
Hoang-Phuong Phan
Queensland Micro- and Nanotechnology Centre, Griffith University, Nathan, QLD 4111, Australia
Implantable electronics are of great interest owing to their capability for real-time and continuous cellular-electrical-activity
recording [1]. Nevertheless, since such systems involve direct interfaces with surrounding biofluidic environments,
maintaining their long-term sustainable operation, without leakage currents or corrosion, is a daunting challenge [2].
In this talk, I present a new bio-integrated bioelectronics system based on cubic silicon carbide nanomembranes grown on
silicon wafers [3], released and then physically transferred to a flexible substrate, Figure 1 [4,5]. Our findings demonstrate
that flexible platforms based on nanomembranes of SiC offer many attractive features as long-lived implantable devices
owing to its chemical stability in biofluids, outstanding water barrier characteristics and extremely low permeability to ions,
suitable for stable operation with projected lifetimes of many decades in biological environments. The fabrication
approach to release and transfer nanomembranes SiC onto flexible polymer substrates such as P.I. establishes a route to
systems well suited for integration with soft tissues, enabling the development of unusual wide-band-gap semiconducting
devices with bendable, foldable and flexible formats and advanced functional modes. The robustness of the SiC
bio-interface along with its interesting physical properties including thermoresistive, piezoresistive effects suggest a
promising path toward advanced versions of long-term implantable electronics for chronic neural and cardiac
electrophysiology.
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Prof. Damien Debecker
Institute of Condensed Matter and Nanosciences (IMCN), Belgium
Website: https://damiendebecker.wordpress.com/research-group/
Personal bibliography: Damien Debecker is a Professor at UCLouvain. His research group – started in 2012 at the Institute of
Condensed Matter and Nanosciences – focuses on the development of new heterogeneous catalysts and chemo-enzymatic
catalysts, promoting more sustainable chemical processes. Targeted applications include CO2 capture and hydrogenation,
upgrading of bio-based platforms and lignocellulosic biomass to chemicals and fuels, enantioselective organic synthesis,
selective oxidation, olefin metathesis, etc. Recently, he was awarded with the Young Researcher Award by the Catalysis Division of
the French Chemical Society, and he is currently the holder of the Francqui Research Professor chair.

Mesostructured, hybrid, and chemo-enzymatic heterogeneous catalysts obtained by
aerosol processes
D. Debecker
Institute of Condensed Matter and Nanosciences (IMCN) – Université catholique de Louvain (UCLouvain), 1348
Louvain-la-Neuve, Belgium
The technical features of aerosol processes make them highly interesting for the continuous, large scale, and
tailored production of divided nanomaterials, and in particular of advanced heterogeneous (nano)catalysts. In addition to
the “simple” aggregation of preformed particles via spray drying, reactive aerosol processes – such as the
“aerosol-assisted sol-gel” process (AASG) – allow synthesizing tailored-made catalysts with tunable surface properties,
textures, compositions, surface functionalities, etc. The method is based on the sol-gel chemistry process, possibly
coupled with the evaporation-induced self-assembly (EISA) concept. It allows producing micronic or submicronic,
inorganic or hybrid organic-inorganic particles bearing tunable and calibrated porous structures at different scales. Here,
we explain why this peculiar mode of preparation has led to high-performance solid nano-catalysts in various applications
including olefin metathesis, lactate synthesis, olefin epoxidation, (trans)-esterification. We will also demonstrate the
concept of chemo-enzymatic heterogeneous catalysts able to run cascade reactions. Our objective is to demonstrate the
tremendous possibilities offered by the coupling between bottom up sol-gel routes and aerosol processing technologies,
which will arguably represent a major route of innovation not only in the field of catalyst preparation, but also more broadly
in the mushrooming nanotechnology field.
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Dr. Bohayra Mortazavi
Leibniz University Hannover, Germany
Website: https://nano.tu-dresden.de/pages/whois_Bohayra_Mortazavi.html
Personal bibliography: Bohayra is a senior researcher in Leibniz Universität Hannover, Germany. His research area is
related to multiscale modeling, materials and systems for energy storage/conversion and machine learning. Prior to joining
Leibniz Universität he accomplished 6 years of postdoctoral research in Bauhaus-Universität Weimar and Technische
Universität Dresden, respectively. He has held a PhD since 2013 from University of Strasbourg in collaboration with
Luxembourg Institute of Science and Technology on the multiscale modeling of thermal and mechanical properties of
nanostructured materials and polymer nanocomposites. His Bachelor and MSc studies are related to
mechanical/manufacturing engineering, graduated in 2005 and 2008, respectively

First-Principles Multiscale Modeling Enabled by Machine-Learning Interatomic Potentials
Bohayra Mortazavi
Density functional theory calculations are robust tools to explore the mechanical properties of pristine structures at their
ground state but become exceedingly expensive for large systems at finite temperatures. Classical molecular dynamics
(C.M.D.) simulations offer the possibility to study larger systems at elevated temperatures, but they require accurate
interatomic potentials. Herein the authors propose the concept of first-principles multiscale modeling of mechanical
properties, where ab initio level of accuracy is hierarchically bridged to explore the mechanical/failure response of
macroscopic systems. It is demonstrated that machine-learning interatomic potentials (MLIPs) fitted to ab initio datasets
play a pivotal role in achieving this goal. Our study highlights that MLIPs were the missing block for conducting
first-principles multiscale modeling, and their employment empowers a straightforward route to bridge ab initio level
accuracy and flexibility to explore the mechanical/failure response of nanostructures at continuum scale.
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Dr. Olga Guselnikova (JSPS fellow)
National Institute for Materials Science (NIMS)
Personal bibliography: Following the simultaneous completion of two doctorates in Analytical Chemistry in Russia (Tomsk
Polytechnic University) and Materials Science (University of Chemical Technology Prague) in 2019, Dr. Guselnikova started her
postdoc in NIMS. Her major scientific interests are Surface chemistry and functionalization of nanomaterials, SERS,
Plasmonic chemistry. Her major breakthroughs are the developments of organic layers for novel plasmonic sensors for the
precise detection of bioanalytes and ecotoxicants.

Plasmon-enhanced catalysis: surface chemistry effect
Olga Guselnikova
International Center for Materials Nanoarchitechtonics (WPI-MANA), National Institute for Materials Science (NIMS),
1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan.
Recently, the utilization of plasmon assistance was demonstrated to be a useful tool for promoting various chemical
transformations, where existing limitations of heterogeneous catalysis, such as high temperature and pressure and
utilization of an elaborated catalyst, can be overcome [1]. During the illumination of the plasmonic substrates, localized
plasmon resonance or surface plasmon-polariton plasmon resonance are excited to interacted with adsorbed/covalently
attached organic molecules leading to the chemical transformations. Therefore, through the diversity of factors affecting
these transformations, substate structure and surface chemistry are one of the key factors.
Last years, we performed a series of works that describe the effect of plasmon-active substrates (bimetallic and anisotropic
surfaces), and surface chemistry (surface attached co-catalyst, initiators). We demonstrated that the thickness of precious
layer and illumination mode (continuous or pulsed) affect the selectivity of hydrogenation for acetylene and
nitro-compounds [2,3]; the selective excitation of anisotropic nanoparticles lead to the selective grafting of functional
groups [4]. Simultaneously, we demonstrated that often the surface-attached functional groups play a key role and could
initiate the polymerization [5], growth of covalent organic framework [6], azide-alkyne cycloaddition [7] and CO2
cycloaddition [8].
References
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Ulbrich, P., Svorcik, V. and Lyutakov, O., Nanoscale, 2020, 12(27), 14581-14588
[5] O. Guselnikova, S. Marque, E. Tretyakov, D. Mares, V. Jerabek, G. Audran, J.-P. Joly, M. Trusova, V. Svorcik, O.
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[6] Guselnikova, O., Kalachyova, Y., Elashnikov, R., Cieslar, M., Kolska, Z., Sajdl, P., Postnikov, P., Svorcik, V. and
Lyutakov, O., Microporous and Mesoporous Materials, 2020, 309, 110577.
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Lyutakov, O., Chemical Science, 2021, 12, 5591-5598
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Dr. Jie Wang

Hohai University, China
Waseda University, Japan
Personal bibliography: Dr Jie Wang received her doctor degree of Engineering (2017) from Nanjing University of
Aeronautics and Astronautics, China. After that, she joined National Institute of Materials Science (NIMS), Japan and worked as
a postdoctoral researcher (2017-2018) and JSPS postdoctoral researcher (2018-2020) under the supervision of Prof. Yusuke
Yamauchi. In 2021, she joined Waseda university as an assistant professor supported by the ERATO project. Presently, she is a
researcher in Hohai university, China. Her research direction is functional nanomaterials for energy storage end environmental
remediation. She has published over 60 journal papers, with 22 as the first author and 9 as the corresponding author. The total
citation count is more than 4,600, leading to an H-index of 35 (Google Scholar Dec 2021). More than 10 papers have been
cited over 100 times and four papers are selected as E.S.I. highly cited papers.

Promoting Electrochemical Energy Storage Performance of Nanosheets by Developing Novel
2D Nanoarchitectured Hybrid Materials
Jie Wang1,2, Yoshiyuki Sugahara2, and Yusuke Yamauchi2,3,4*
1

Key Laboratory of Integrated Regulation and Resource Development on Shallow Lake of Ministry of Education, College of
Environment, Hohai University, Nanjing 210098, China
2

JST-ERATO Yamauchi Materials Space-Tectonics Project, Kagami Memorial Research Institute for Materials Science
and Technology, Waseda University, 2-8-26 Nishiwaseda, Shinjuku-ku, Tokyo 169-0051, Japan
3
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Abstract
The fast-growing interest in two-dimensional (2D) nanomaterials is undermined by their natural restacking tendency,
which severely limits their practical application. The hybridization of 2D nanosheets with other low-dimensional materials,
such as nanotubes and nanoparticles, can generate additional channels for ion transportation within the interlayer space.
Recently, a new class of 2D porous heterostructures, in which an ultrathin 2D material is sandwiched between two
mesoporous monolayers assembled on either side, has introduced a new paradigm to the field of 2D materials. The novel
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porous heterostructure produces unique characteristics that are not found in other 2D material hybrids and composites,
such as the high exposure of their surface area to electrolyte and their well-defined pores for charge transfer. Control over
the geometry of mesoporous layers (e.g., pore size and orientation and layer thickness) can be achieved by selecting
different structure-directing agents (e.g., type and molecular weight) and by controlling the assembly conditions to satisfy
design requirements. The efficacy and versatility of this concept is demonstrated by the substantially enhanced capacities,
improved rate capabilities, and longer life stabilities of energy storage devices, including supercapacitors, Li–S batteries,
Li-ion batteries, and Na-ion batteries.
References
Nature Communications 8, 1-9 (2017); Angewandte Chemie International Edition 59, 19570-19575 (2020); Nature
Communications 6, 1-9 (2015); Advanced Materials 28, 9385-9390 (2016); ACS Nano 12, 5436-5444 (2018); Advanced
Functional Materials 25, 526-533 (2015); Angewandte Chemie International Edition 58, 10173-10178 (2019).
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Center for Physical Sciences and Technology in 2013. He works as a researcher at the Institute of Materials Science at
Kaunas University of Technology since 2014. He has been working with ultrafast spectroscopy methods like
time-resolved fluorescence and transient differential absorption spectroscopy of organic semiconductors, diamond-like
carbon, graphene, and plasmonic materials for more than ten years. His research field is about ultrafast relaxation
dynamics in organic semiconductors, plasmonic metal nanoparticles, diamond-like carbon, and graphene. He is a peer
reviewer of international journals “Materials Science (Medžiagotyra)" and Nanoscale. He is the winner of the early career
researchers' grant in the Technical sciences for the work "Applications of Laser Technologies for Micromachining of
Materials and Their Characterization via Steady-State and Ultra-fast Spectroscopy" together with Dr. Tomas
Tamulevičius in 2017. He was/is a member and leader of several projects funded by the Lithuania Science Foundation.

Excited state relaxation dynamics in various shapes plasmonic gold nanoparticles
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Abstract
At the moment, there is a great interest in plasmonic nanomaterials due to the variation of their possible applications in solar
cells, photocatalysis, nonlinear optics, sensors and medicine. The mentioned applications are possible due to their localized
surface plasmon resonance (LSPR) properties like light scattering, high local electrical field, thermal effects and hot
electrons. There are quite well-developed synthesis techniques of metallic plasmonic nanoparticles, especially for gold

30

Nanotech-Eurasia-2021

nd

2 Eurasian Conference on Nanotechnology, Baku, Azerbaijan

`
nanoparticles. This allows the synthesis of plasmonic nanomaterials with various shapes and sizes. It is well known that the
plasmonic properties depend on the chosen metal. It is reasonable to think that the shape and size of the metal could also
influence the plasmonic properties of metal nanoparticles. We suggest that the best way to compare plasmonic properties is
by comparing their LSPR relaxation dynamics. LSPR relaxation is a complex process that consists of several ultrafast
processes like electron-electron scattering (~100 fs), electron-phonon coupling (~1 ps) and phonon-phonon scattering
(~100 ps) that goes with optomechanical oscillations. To measure these processes, we need a fast technique and the best
method so far is transient absorption spectroscopy (T.A.S.) which is based on ultrashort laser pulses (~290 fs). The
comparison of LSPR relaxation decay times could show where nanoparticles could be used, it could also tell about the
homogeneity of sizes and shapes, crystal structure and defectiveness of analyzed nanoparticles. During our research, we
have analyzed gold nanoparticles prepared by wet chemistry methods. We have measured LSPR decay dynamics of
nanoparticles with shapes of nanorod, decahedra and sphere with T.A.S. We have shown how T.A.S. dynamics could help to
explore the electro-optical properties of gold metal nanoparticles and help to detect shape influence on LSPR properties.
Acknowledgement
This project has received funding from the Research Council of Lithuania (LMTLT), agreement No S-M-ERA.NET-21-2.
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Personal bibliography: Dr Gutiérrez Moreno works as a senior researcher at the Fusion Group at the Barcelona
Supercomputing Center. He graduated in Physics from the University of Granada in Spain and completed his PhD at the
Department of Materials Science and Engineering at the University of Ioannina in Greece. He was a postdoctoral researcher at
the Materials Modelling for Devices group at Tyndall National Institute in Ireland and at the Institute for Advanced Study at
Shenzhen University in China. His research focuses on studying the structural and electronic properties of metals and
metal-oxides surfaces and interfaces from Density Functional Theory (DFT) and Molecular Dynamics (M.D.) simulations. The
outcomes from his work have been practical to a wide range of applications such as fusion power reactors, photocatalysis,
energy storage systems, nanoelectronic devices or biomedical implants.

Simulation of tungsten metal from large-scale ab-initio methods
Jose Julio Gutierrez Moreno*
Barcelona Supercomputing Center (BSC), C/ Jordi Girona 31, 08034 Barcelona, Spain.
Stephan Mohr, Barcelona Supercomputing Center (BSC), C/ Jordi Girona 31, 08034 Barcelona, Spain & Nextmol (Bytelab
Solutions SL), C/ Roc Boronat 117, 08018 Barcelona, Spain.
Mervi Mantsinen, Barcelona Supercomputing Center (BSC), C/ Jordi Girona 31, 08034 Barcelona, Spain & ICREA, Pg. Lluís
Companys 23, 08034 Barcelona, Spain.
Abstract
Tungsten (W) is widely used in many industrial and technological fields due to its strength, stability, temperature resistance,
high sputtering threshold and good thermal conductivity. The interest in W metal has raised in the last few years for its
potential application in plasma-facing components in fusion power. In addition, W-based alloys and intermetallic compounds
are used as diffusion barriers for semiconductor devices due to their chemical inertness towards the surrounding materials
and high chemical blocking efficiency. Unfortunately, the likely formation of point defects from high-temperature fluxes may
negatively affect the structure and properties of the material.
Ab initio density functional theory (DFT) calculations have been typically used to elucidate the characteristics of the smallest
defects in a wide range of materials with very high accuracy. Unfortunately, the computational cost in standard DFT
calculations is proportional to the cube of the number of electrons, limiting accessible systems to a few hundreds of atoms.
Our work shows that DFT calculations for large systems are possible with the so-called linear scaling (L.S.) algorithms,
meaning that doubling the number of atoms in a system leads to a computation time only twice as large. The L.S. version of
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the wavelet-based BigDFT code is used to model perfect and defective metallic systems with thousands of atoms, yielding
results comparable to conventional cubic-scaling DFT. Our electronic structure models of tungsten metal are in good
agreement with plane-wave DFT and are successfully compared against the experimental features in tungsten’s
photoelectron spectrum. These calculations show the possibility of addressing the challenge of simulating realistic defective
and disordered mixed-metal alloys with ab-initio accuracy, overcoming the typical limitations of traditional DFT.
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Personal bibliography: Hussein Assadi graduated from the School of Materials Science and Engineering, the University

of New South Wales, Sydney, Australia in 2011. He has also spent some time in Japan first at Osaka University as a JSPS
Fellow (2013–2015) and then at the National Institute for Materials Science (2016–2019). He is currently interested in
investigating the electronic and thermal properties of mesoporous materials using a combination of experimental and
theoretical (ab initio) techniques.

Theoretical Methods for Predicting the Thermal Conductivity of Materials
M. Hussein N. Assadi
School of Materials Science and Engineering, The University of New South Wales, N.S.W. 2052, Australia.

Abstract
Thermal response, including thermal expansion, heat capacity, thermal conductivity and melting temperature, often
determine the suitability of thermoelectric, photovoltaic, and catalytic materials for real-world applications. As a result, the
successful utilisation of many clean and green energy technologies requires reliable prediction of the thermal response of
the components under operational conditions. Consequently, having accurate knowledge of materials’ anticipated thermal
behaviour over a wide temperature range based on condensed matter theories becomes indispensable for successful
high-yield, durable, eco-friendly and cost-effective green energy materials. An example of the effect of thermal
conductivity on the thermoelectric figure of merit is given in Fig. 1.
The thermal response of crystalline materials can be understood by the vibration of atoms around their equilibrium
positions, referred to as phonons [1]. Ab initio knowledge of phonons’ behaviour can predict quantities such as thermal
expansion coefficients, heat capacity, and thermal conductivity of a given material [2].
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Figure 1. The dependence of Seebeck coefficient (SCoef), electrical conductivity (σ), and thermal conductivity (κ) on carrier
concentration (n) for polycrystalline Pb1−xSnxTe at 300 K. The thermoelectric figure of merit (Z.T.) reaches its maximum only
for a very narrow window of n. A change in temperature shifts all these curves in a non-trivial manner, resulting in a
maximum Z.T. at a different n. Reproduced from Ref. [1]. Copyright 2020 Assadi et al.
This presentation reviews the recent developments in calculating phonon-related solids’ properties based on density
functional theory and force fields based lattice dynamics calculations. We also discuss each method’s strengths and
shortcomings, paying particular attention to the computational costs, parallelisation efficiency, and accuracy of the
calculated properties. Specifically, modern tools such as the Alamode package [3] for harmonic and anharmonic phonon
calculations and the Compressive Sensing Lattice Dynamics method [4] and package is reviewed. Furthermore, recent
advances in developing highly accurate force fields based on density functional calculations and machine learning as
implemented in the PyXtal_FF code [5] is discussed. Finally, new frontiers in calculating phonon related properties based
on highly efficient tight-binding density functional theory are put forward.
References
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after which he became a lecturer at the Tanta University. At the same time, he started to serve as an Assistant professor to
supervise M.Sc. and Ph.D. students at the Department of Chemistry, Tanta University. He worked as a Postdoctoral Research
Fellow at NIMS and the National Institute of Advanced Industrial Science and Technology (AIST), Japan, and the Nanjing
University of Aeronautics and Astronautics (NUAA), China, and a Visiting Researcher of NIMS and AIST, Japan, and a Research
Academic of the Australian Institute for Bioengineering and Nanotechnology (AIBN), the University of Queensland (UQ),
Brisbane, Australia. Presently, he is an Associate Professor at the Department of Chemistry, Tanta University, Egypt. He
concurrently works as a Postdoctoral Researcher at the JST-ERATO Yamauchi Materials Space-Tectonics at the Mesoscale
Materials Chemistry Group, the International Center for Materials Nanoarchitectonics (WPI-MANA), NIMS. His papers have
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Recently, he was selected as one of the Top 2% Researchers of a Report "Updated science-wide author databases of
standardized citation indicators" published by Elsevier B.V. and Stanford University in 2017, 2019 and 2020. His research
interest focuses in the synthesis and applications of nanoporous materials with controlled composition and morphology
for energy and environment-related utilizations.
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Abstract
Formic acid (HCOOH) is an essential intermediate in chemical synthesis, medicine, food industry, and leather tanning.
Direct contact with its vapors and inhalation could lead to burning of the skin, nerve injury and dermatosis [1]. In the
present study, a chemical sensor based on a quartz crystal microbalance (QCM) sensor capable of detecting a trace
amount of HCOOH is introduced. This sensor is composed of colloidal phenyl-terminated carbon nitride (Ph-g-C3N4)
quantum nanoflakes prepared via a facile solid-state method through supramolecular preorganization strategy. This
approach does not require using any hard templates, hazardous chemicals or hydrothermal treatments in the same way
as the other modified carbon nitride synthesis and is safe to use [2]. The comprehensive characterizations and Density
functional theory (DFT) calculations revealed that the designed QCM sensor exhibited enhanced detection sensitivity and
QCM Sensor Design for
Vaporized HCOOH

Formic acid senor

selectivity for volatile HCOOH originating from chemical and hydrogen-bonding interaction between HCOOH and the
surface of Ph-g-C3N4. This sensing technology establishes a simple, low-cost alternative solution based on
phenyl-terminated attached-g-C3N4 nanoflakes to improve the performance of QCM sensor for discrimination between
HCOOH, HCHO and CH3COOH vapors in smart electronic noses.
References
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a postdoctoral fellowship sponsored from the Japan Society for the Promotion of Science (JSPS) in the University of Tokyo, and
in 2007 got a position as permanent associate professor at the University of Orléans in France. He was awarded some invited
researcher programs: Canon Foundation and JSPS that allowed him to stay in Japan in 2010, 2013 and 2015. Since 2018, he is
seconded employee from the University of Orléans and currently works at Waseda University in Japan. His research activities
aim at understanding the stability and the microstructures of colloidal systems showing birefringent properties, as new routes
to prepare hierarchical advanced materials for diverse applications including adsorbents in water remediation strategies.

Environmental properties of organoclay hybrid materials based on clay minerals and
nonionic/cationic surfactants
Régis Guégan
Abstract
Clay minerals show interests as adsorbent materials with their large specific surface area, ion exchange capacities and
outstanding hydration properties with an exfoliation of the nanosheets that can self-assembled in liquid crystalline phases
[1]. In addition, these layered materials can be used as reinforcers in polymer nanocomposites as well as host matrix for the
preservation of biomolecules or to confine and orientate guest molecules in hybrid materials.
Surfactants used as chemical modifier to develop hybrid organoclay materials and/or in association with clay mineral in
solution generate a hydrophobic environment improving and enlarging the possible applications of raw clay minerals [2-3].
In this present contribution, the preparation of organoclays based on nonionic surfactants [4-5] will be discussed with a
particular attention of their environmental properties as adsorbents for the removal of organic contaminants that will be
contrasted to those of conventional cationic organoclay systems (i.e. prepared with alkylammonium cationic surfactants)
and raw clay minerals. Nonionic organoclays with their dual hydrophilic/hydrophobic behaviors, unlike cationic ones
showing a hydrophobic surface, and untreated clay minerals displaying a hydrophilic behavior, represent the most
polyvalent material for the adsorption of a wide range of micropollutants showing different chemical nature [6].
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School of Materials Science and Engineering in Nanyang Technological University, Singapore. In 2019, she joined Beijing
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Nanoporous Materials for Confined Electrocatalysis
Cuiling Li*
Department of Chemistry, Beijing Institute of Technology, China, 100081
* E-mail: licuiling@bit.edu.cn
Well-constructed porous materials take essential roles in developing clean and efficient energy conversion systems to
compete the serious energy crisis and the global environmental pollutions that have arisen from the excessive consumption
of fossil fuels [1,2]. The porous features (i.e., pore size and connectivity) of porous materials greatly influence their
electrocatalytic performance. Polymeric micelles, which are formed in solution when the hydrophobic portions are driven to
an interior structure while hydrophilic portions are turned outward facing toward the water, can specifically create relatively
large pore sizes (over 10 nm) with less limited mass transport. We have focused on the polymeric micelles as stable and
rigid templates for obtaining porous materials with
ultra large pore sizes [3,4]. Flexible tuning pore
constructions

by

a

simple

polymeric

micelle

approach is still challenging and has been rarely
reported. Herein, by using polymeric micelle
assembled structures as templates, mesoporous Pd nanoparticles with tunable porous constructions can be synthesized by
simply tuning the solvent compositions. Thanks to the flexible pore constructions, the effect of porous structures on the
electrocatalytic performance can be thoroughly studied. All the results confirm that the superior electrocatalytic activity is
dependent on the mass transport efficiency as well as the open porous structures [5].
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evolution with excellent professional and technical skills achieved for fabrication of many nanomaterials such as GO, rGO,
BiFeO3, metal doped BiFeO3, BiFeO3/rGO, BiVO4, BiFeO3/BiVO4 heterojunction, TiO2 nanotubes, TiO2/BiVO4 and WO3. In
November 2019, Dr. Soltani received the Japan Science Promotion Association (JSPS) Scholarship from Kyoto University, Japan.
She then joined the Professor Yoshida's research group at Kyoto University and continued her research on the heterogeneous
photocatalyst for solar energy conversion until November 2021. During her research in Japan, various dual cocatalysts
consisting of Ag and transition metal oxide (TMOx) were loaded on a CaTiO 3 (CTO) photocatalyst by different loading methods
and examined for the photocatalytic CO 2 reduction with water as an electron donor. Currently, she worked at the Department
Chemistry at Alberta University. There, her research focuses on dye-sensitized photoelectrochemical cells (DSPECs) for CO2
reduction and water splitting. She has received several awards and honors based on her research and fellowship. Dr Soltani has
authored several research articles and book chapter and patent.

A Photocatalyst Giving Two Valuable Compounds from Carbon Dioxide and Water
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Abstract
Carbon monoxide (CO) is an important feedstock for the chemicals industry 1 and hydrogen peroxide (H2O2) is also an
important chemical with versatile applications2. The current processes for their productions still leave much to be
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improved, i.e., the CO production from coal releases a proportion of carbon dioxide and the anthraquinone oxidation
process for the H2O2 production from oxygen (O2) and hydrogen (H2) requires multiple unit operations with significant
energy consumption and considerable emissions [1,2]. In view of sustainability, it is important to develop an efficient
way to produce these chemicals from not the fossil sources (coal) and the high-energy source (H2) but abundant
renewable souses such as CO2 and water by utilizing renewable solar energy. Utilization of photocatalysis would be a
potential way to produce them since it can convert solar energy to chemical potential [3] In the present study, a
photocatalytic system for the simultaneous production of the two valuable products, CO and H 2O2, was established by
a combination of photocatalytic CO2 reduction and water oxidation using a newly developed calcium titanate (CaTiO3)
photocatalyst loaded with silver–manganese oxide (Ag–MnOx) dual co-catalyst in the presence of hydrogen
carbonate (HCO3−), where the produced CO is easily separated from the aqueous solution to gas phase and the
H2O2 is stably stored in the aqueous HCO3− solution.

Keywords: CaTiO3, CO2 reduction, water oxidation, dual cocatalyst, CO and H 2O2
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Sustainable catalytic and photocatalytic H2 production
Esmail Doustkhah
International Center for Materials Nanoarchitechtonics (WPI-MANA), National Institute for Materials Science,
1-1 Namiki, Tsukuba, 305-0044 Ibaraki, Japan
Abstract
H2, as a fuel, could be the last resort for the production of sustainable energy sources. Nowadays, many efforts
have been made to investigate catalytic and photocatalytic approaches to develop sustainable and economical
processes for H2 production. The utilization of nanomaterial architecture can be a rational solution for
sustainable and efficient H2 production in all these H2 production approaches. Nanoarchitechture of materials
can be obtained either by top-down or bottom-up synthesis approaches, such as templated materials
synthesis. Chemically, nanomaterials for H2 production can be nitrides, oxides, sulfides, carbides, and
carbon-based. A fraction of these nanomaterials is naturally abundant, while others can be developed from
abundant nanomaterials and precursors. In theory and sometimes in the experimental analysis,
Nanostructures should possess a high surface area. However, they are usually unfavorably less active or
inactive in the natural form. For example, in the case of layered materials, their interlayer nanospace and
surfaces are inaccessible to catalytic reactions. As a result, these layered nanomaterials require additional
post-modifications (e.g., exfoliation or functionalization) to envoke their great physio-chemical potentials in the
photocatalytic/electrocatalytic/catalytic H2 production. Therefore, breakthroughs in competitive catalytic H 2
production mandates developing new layered nanomaterials and frameworks that supersede traditional
layered nanomaterials’ boundaries.
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Mohamed Esmat
University of Tsukuba, Japan
Personal Bibilography: Mohamed Esmat is currently a final-year PhD student in the Materials Science and Engineering
program at the University of Tsukuba (Japan). In early 2019, he was awarded the Junior Researcher Fellow at National Institute
for Materials Science (Japan). His PhD research is focusing on the structural conversion of layered titanates for enhancing the
photocatalytic performance toward solar energy conversion and environmental remediation.

Nitrogen doping-mediated oxygen vacancies enhancing co-catalyst-free solar
photocatalytic H2 production activity in anatase TiO2 nanosheet assembly
Mohamed Esmat, Hamza El-Hosainy, Rafat Tahawy, Wipakorn Jevasuwan, Nao Tsunoji, Naoki
Fukata, Yusuke Ide
Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba, Ibaraki, Japan
International Center for Materials Nanoarchitectonics (WPI-MANA), NIMS, Tsukuba, Japan
Abstract
Introducing oxygen vacancies (Vo) into TiO2 photocatalyst has been considered an effective strategy for improving
co-catalyst-free solar photocatalytic activity [1, 2]. However, the methods used to synthesize it require high
pressure/temperature and/or hazardous/costly reagents. Here we propose Vo introduction, concomitant with N-doping in
TiO2, as an alternative strategy for achieving efficient co-catalyst-free solar photocatalytic activity under less extreme
conditions. After calcination at 450 ˚C of mesoporous spherical assemblies of a layered titanate nanosheet containing
N,N-dimethylformamide as its synthesis solvent in the structure, we successfully synthesized mesoporous spherical
assemblies of nanosheets composed of anatase TiO 2 nanoparticles with Vo mediated by N doping. This material exhibits
good co-catalyst-free solar photocatalytic activity for hydrogen evolution via water splitting under irradiation with simulated
solar light, which is considerably higher than that of typical co-catalyst-free defective TiO2 materials [1]. We discuss the
possible role of the introduced Vo in facilitating charge separation and raising photocatalytic efficiency.
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Chitosan nanoparticles containing berberine chloride (B.B.): Synthesis, characterization
and controlled release kinetics
Hessam Jafari, Urmia University of Medical Sciences, Urmia, Iran Solid Tumor Research Center, Cellular and
Molecular Medicine Institute
Parisa Labib, Urmia University of Medical Sciences, Urmia, Iran Solid Tumor Research Center, Cellular and
Molecular Medicine Institute
Ali Akbari*, Urmia University of Medical Sciences, Urmia, Iran Solid Tumor Research Center, Cellular and Molecular
Medicine Institute
Abstract
In this work, a simple ionotropic gelation method in the presence of tripolyphosphate (T.P.P.) was used to load B.B. in
chitosan nanoparticles (BB/CTS NPs). The obtained N.P.s were successfully characterized using Fourier transform
infrared spectroscopy (FT-IR), transmission electron microscopy (T.E.M.), scanning electron microscopy (S.E.M.)
with an energy-dispersive X-ray (E.D.X.) spectroscopy and X-ray diffraction (XRD). This nanoparticle showed
encapsulation efficiency (E.E.) of 88%. Drug release behaviour of N.P.s was tested in two different pHs (4.5 and 7.4).
Compared to pH of 7.4, the amount of release drug was high in acidic media. Moreover, drug release mechanism
was investigated by two models namely Korsmeyer-Peppas and Higuchi.
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(HA)-based hybrid bionanocomposite hydrogels: ciprofloxacin delivery, release kinetics and antibacterial activity."
Journal of Molecular Structure 1225 (2021): 129095
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[3] Jafari, Hessam, Mehdi Hassanpour, Ali Akbari, Jafar Rezaie, Gholamreza Gohari, Gholam Reza Mahdavinia, and
Esmaiel Jabbari. "Characterization of pH-sensitive chitosan/hydroxypropyl methylcellulose composite nanoparticles
for delivery of melatonin in cancer therapy." Materials Letters 282 (2021): 128818.
[4] Akbari, Ali, Mohsen Padervand, Elham Jalilian, and Farzad Seidi. "Sodium alginate-halloysite nanotube gel beads
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Graphene/PU/PMMA composite for designing of prostheses: Molecular analysis using
semiempirical methods for determining the effect of blood flow on composite
Juan-Ramón Campos-Cruz, Norma-Aurea Rangel-Vázquez*
TECNM/Instituto Tecnológico de Aguascalientes. CP 20256. Mexico
Corresponding author: polymer1979@yahoo.com
Abstract
The field of nanoscience has increased in recent years in areas such as computing, sensors, biomedical and many
other applications. Currently, nanomaterials have a huge variety of applications due to their structural characteristics;
materials with improved physicochemical properties that are dimensionally more suitable in the field of nanoscience
and technology are being examined [1]. In this regard, the discovery of graphene and graphene-based polymer
nanocomposites is an important addition in the area of nanoscience, which plays a important role in modern science
and technology.
Graphene is considered as the two-dimensional carbon nanofiller with a one atom thick flat sheet of sp2 bonded
carbon atoms that are densely packed in a honeycomb-shaped crystal lattice, which has remarkable properties such
as high thermal conductivity, superior mechanical properties and excellent electronic transport properties. However,
the improvement of the physicochemical properties of nanocomposites depends on the distribution of the graphene
layers in the polymer matrix, as well as the interfacial bonding between the graphene layers and the polymer matrix.
Interfacial bonding between graphene and the host polymer dictates the final properties of the graphene reinforced
polymer nanocomposite [2], so that computational chemistry is an extremely useful tool since it allows to know and
determine the behavior and interactions at the nanometric level through the calculation of molecular properties
through the application of new computational technologies and mathematics to understand the systems at a
chemical level for this it was used this tool to carry out this research consists of the development of a
graphene-based nanocomposite for biomedical applications, specifically for the manufacture of prostheses, made
using computational chemistry [3].
In this research project, the effect of blood flow on the design of prostheses designed with polyurethane (PU),
graphene and polymethyl methacrylate (PMMA). Gibbs free energy, potential map electrostatic (MESP) and FT-IR
were determined for designing of these prostheses, using the AM1 and AMBER models of quantum mechanics
and molecular respectively. Determining the effect of blood flow is vital importance because it depends on the
behavior that the prosthesis will have when implanted in the body environment, and therefore, the conservation of
properties and functionality, for this the composition reported in Hanks's solution was used.
Keywords: graphene, polymers, PM3, modelling
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An Analytical Simulation of SICs of In0.68Al0.09Ga0.23As/InP in Nanomedical Engineering
Sciences
Pyare Lal*
Department of Physics, Banasthali University,
Banasthali Vidyapith-304022 (Rajasthan) INDIA
*E-mail corresponding author: drpyarephysics@gmail.com
Abstract
This proposed research article’s pivotal objective has been to study of investigation on an analytical simulation
of SICs (Shortwave Infrared-gain Characteristics) of In0.68Al0.09Ga0.23As /InP heterogeneous nanostructure at
room temperature under transverse bi-modes (TE and TM) in nanomedical engineering sciences. In taking
account of advanced simulation techniques, an improved effective mass theory of single and multi sub-bands
have been operated to enumerate the various shortwave infrared light material-gain-parameters and Es-Hs
quasi Fermi sub-band energy levels. In this proposed research work, in the starting the various graphical
performances of Es-Hs (Electrons-Holes) quasi Fermi sub-band energy levels with concentration of carriers (in
1018 cm-3) at room temperature have been simulated analytically. Next, the computing performances of SI
(Shortwave Infrared-gain) within the photon's wavelength and concentration values of carriers (in 10 18 cm-3)
under transverse bi-modes have been analysed graphically in this simulated research work. In addition, the
elemental performances of SID (Shortwave Infrared Differential-gain) in cm-2 with various concentration values
of carriers (in 1018 cm-3) for transverse bi-modes at room temperature have been simulated computationally. In
the computational simulation through the results, the crest values of SI have been found corresponding to two
peaks at the photon's wavelengths ~ 1333 nm and 1555 nm at room temperature under TE-mode. Although,
under transverse TM-mode, the crest value of SI-gain amplification has been found corresponding to a single
peak at the wavelength ~ 1333 nm at room temperature. The SI-peak intensity emitted by proposed
heterogeneous nanostructure of wavelengths ~ 1333 nm and 1555 nm has been largely used in the
fiber-optic-cables based SITs (Shortwave Infrared Tele-communications) and SITs (Shortwave Infrared
Therapies) through the process of TRs (Total-internal Reflections) with diminished attenuation

of

shortwave signals (in dB× km-1) owing to zero fiber dispersion, scattering and absorptions in nanomedical
engineering sciences.
Keywords: Es-Hs quasi Fermi sub-band energy levels, SID, SITs, TRs, TE -TM bi-modes, In0.68Al0.09Ga0.23As
and InP
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Electronic Properties of BN-doped S-graphene sheets
Roya Majidia,*, Soroush Parvizib, Tahereh Pourdehghanc
Department of Physics, Shahid Rajaee Teacher Training University, Lavizan, Tehran, Iran
Materials Engineering Department, Shahid Rajaee Teacher Training University, Lavizan, Tehran, Iran
c Department of Physics, Shahid Rajaee Teacher Training University, Lavizan, Tehran, Iran
a

b

Abstract
The structural and electronic properties of BN-doped S-graphene sheets are studied based on density functional
theory. It is found that pure S-graphene sheet shows semi-metallic properties, while BN-doped S-graphene sheets
are semiconductors. Hence, BN doping is a proper way to tune the electronic properties of S-graphene sheet.
Besides graphene, other 2D structures such as graphyne, twin-graphene, T-graphene, R-graphyne, etc. have been
attracted great attention in recent years [1-3]. These new materials show metallic, semimetallic, and semiconducting
properties. Very recently, a non-hexagonal carbon allotrope of carbon named S-graphene is predicted theoretically
[4]. It is formed of tetragonal and hexagonal rings of carbon atoms. Like graphene, S-graphene is a semi-metal with
zero band gap. The zero band gap in graphene and S-graphene limits their application in nanoelectronic devices.
Hence, different approaches for band gap opening are investigated. It is shown that doping is an effective method to
open a band gap in graphene. Motivated by these results, we have studied the electronic properties of the BN-doped
S-graphene sheets.
All calculations are performed based on the density functional theory as implemented in OpenMX3.8 package [5].
The generalized gradient approximation with the Perdew-Burke-Ernzerhof is employed to calculate the exchange
correlation energy [6]. The energy cutoff is set to be 150 Ry. A 2 × 2 supercell of S-graphene sheet is considered
(Figure 1). All structures are fully relaxed until the force on each atom is less than 0.001 eV/Å.

Figure 1.

Atomic structure of S-graphene sheet.

To study the electronic properties, the electronic band structure and DOS of S-graphene are calculated. The effect
of different concentration of BN impurities on the electronic properties is investigated. As expected, the energy band
gap of S-graphene is zero. A band gap is opened with BN doping. For instance, the electronic band structure of
S-graphene with 6% BN is plotted in Figure 2. Our results suggest that BN doping can effectively engineer the band
gap of S-graphene. Hence, BN-doped S-graphene sheets could have great potential in electronic device
applications.
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Figure 2. Electronic band structure of BN-doped S-graphene.
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Stabilization of Pd–Ni Alloy Nanoparticles on SBA-15 Nanoreactor: Effect of Nanoalloy
and Sonication in Heck Coupling Reaction
Robabe Mohammadi, a,* Hassan Alamgholiloo,b
a
b

Department of Chemistry, Faculty of Science, University of Maragheh, Maragheh, Iran.
Department of Organic Chemistry, Faculty of Chemistry, Urmia University, Urmia, Iran
* Corresponding author: Robabmohammadi705@gmail.com

Abstract
Immobilization and stability of bimetallic nanoparticles (NPs) are necessary for increasing catalytic performance in
modern synthesis. Herien, a new strategy for anchoring and long-term stabilizing Pd–Ni alloy NPs with Pd: Ni mole
ratios 2: 3 onto ordered mesoporous material silica SBA-15 was reported. Subsequently, the catalytic activity of Pd2–
Ni3@SBA-15 was developed in Heck coupling reaction under ultrasound irradiation. The successful incorporation of
bimetals into the structure was confirmed by characterization using wide angle XRD, FESEM, AFM, and TEM
spectroscopy. Furthermore, electrons of Pd 2–Ni3 alloy NPs was excited by sonication and created synergic effect
between Pd and Ni metals for boost conversion in Heck coupling reaction. Overall, the proposed protocol is the
greener, recyclable, and more suitable option for the large-scale application. The current study widens the
applications of bimetallic NPs for catalytic application.
Keyword: Heck-coupling reaction; Pd2–Ni3@SBA-15; Nanoalloy; Ultrasound irradiation;
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Synthesis and Characterization of a Novel CuO@PANI nano-Hybrid: A new material for
Electrochemical monitoring.
Hicham Meskher*, Fethi Achi.
Laboratory of Valorization and Promotion of Saharian Ressources (VPSR), Kasdi-Merbah University, Ouargla,
30000, Algeria
Abstract
By using in-situ one-step chemical oxidative polymerization, a novel organic-inorganic nanohybrid of polyaniline
doped copper oxide nanoparticles (CuO@PANI) was prepared. The influence of the synthetic approach, the doping
effectiveness of copper oxide NPs, as well as the nanostructure of the as-synthesized nano-hybrid, were all studied.
CuO@PANI nanohybrid was characterized by Fourier transform infrared spectroscopy (FT-IR) , field emission
scanning electron microscopy (SEM) and X-ray fluorescence (XFR). The results showed favorable interaction
between PANI and CuO NPs. The electron microscopy analysis of nano-hybrid indicates that CuO is well dispersed
and agglomerated in the PANI matrix as can be seen clearly in X-ray fluorescence analysis. Moreover, X-ray
assessment indicated that the amount of CuO NPs strengthens the crystallinity of PANI. In the other hand, FT-IR
spectroscopy has confirmed the interactions of the hydroxyl group of CuO with the quinoid ring of PANI in addition to
metal vibration bands confirming the formation of highly pure CuO nanoparticles on the surface of PANI nanofibers.
Moreover, for the electro-responsive behavior study, the composite was dispersed in ethanol (3 mg/ml), and its
electrocatalytic activity was examined via a potentiostate in presence of catechol. As a result, the electrical
conductivity of the synthesized hybrid was found to be drastically increased (around 60 %) as compared to that of
pure PANI at room temperature due to the formation of conducting path between CuO and PANI surface. Hence,
through this work we highly recommend to use this hybrid for future sensing applications.
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Title: Advancement of nanocarrier entrapped phytochemicals for the treatment of breast
cancer
Parizad P a, Krishnamurthy R a, Giftson J Senapathy a*
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Abstract:
Breast cancer is yet a considerably fatal noncommunicable disease worldwide due to lack of diagnosis, costly and
painful treatments, side effects and the relapse of it. The conventional treatments have sever post treatment harmful
effects which leaves them less pursuable. The advanced nano-phytochemicals includes phytochemicals and
nanocarriers which are not harmful and yet serves the purpose of killing the cancer cells.
Phytochemicals recently is gaining more importance due to easy, natural availability and safe therapeutic efficiency
when compared to commercial drugs. Hence a promising and advance nano-phytochemical can be created by
reviewing the various merged research studies.
In this review the potential of phytochemicals and nanocarriers for the treatment of
Phytochemicals when used alone or in combination with nanocarriers induced apoptosis and necrosis of the cancer
cells. They produced reactive oxygen species in cancer cells and acts as anti-oxidents for the normal cells.
This review delves into the act of phytochemicals and nanocarriers and its mode of action for the treatment of breast
cancer.
Keywords: Breast Cancer, Nanomedicine, Phytotherapy, Chemotherapy
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Immobilized L–Proline on Carbon Nanofibers as Organocatalysis for Enantioselective
Biginelli Reaction
Mohammad Taqi Jafari–Chermahini*
Abstract
A mixture of carbon nanofibers with a twisted morphology is synthesized by catalytic pyrolysis of acetylene at 700 °C
using ZnFe2O4 nanoparticles as the catalyst precursor by chemical vapor deposition method by using acetylene as
carbon source. Obtained carbon nanofibers were chemically functionalized by treatment with aryl diazonium salts to
provide binding anchors for L-proline molecules. L-proline as the catalytic active site was immobilized on
carbon-produced nanofibers by using a covalent binding strategy. The structural and chemical nature of the catalyst
was characterized by a variety of techniques including XRD, FTIR, Raman, and SEM. An efficient one-pot
enantioselective synthesis of Biginelli reaction by three-component reaction of ethyl acetoacetate, benzaldehyde,
and urea in water in the presence of Immobilized L-proline on carbon nanofibers is reported. A series of
dihydropyrimidinones were obtained in high yields with good to high enantioselectivities. The as-synthesized
polymers were characterized with NMR, FTIR, melting points, mass spectroscopy, and polarimetry. The as-prepared
catalyst is efficient, selective, durable, recyclable, and reusable.
ZnFe2O4 nanoparticles were synthesized via chemical co-precipitation as reported in the literature [1]. Typically, 1.35
g (5 mmole) of Iron(III) chloride hexahydrate (FeCl3·6 H2O) and 0.34 g (2.5 mmole) of Zinc chloride (ZnCl2) were
successively dissolved in 5 mL of deionized water containing 0.85 mL of 12.1 mol -1 HCl. The metal precursor solution
was added dropwise into 200 mL of a 1.5 mol-1 NaOH solution under vigorous mechanical stirring at room
temperature. The pH is maintained at about 12 during the process. The mixed solutions were placed in an ultrasonic
bath for 30 min. The precipitate was isolated in a strong magnetic field and washed several times with deionized
water and dried under vacuum at 70 °C for 24 h [3, 4].
According to previuosly reported method [2], carbon deposits were synthesized by means of a homemade thermal
CVD system consist of a quartz tube at atmospheric pressure. A 50 mg of anhydrous ZnFe2O4 nanoparticles (NPs)
was spread out onto the alumina boat and was placed into the first heating zone. The temperature of the substrates
was raised to 700 °C at a rate of 10 °C/min in a Argon atmosphere. The 50% Argon flow was then replaced by
acetylene for 45 min growth time. The substrates slowly cooled down to room temperature in argon ambient (Figure
1). As-prepared CNFs were purified by addition of concentrated hydrochloric acid (37%) for 24 h at room temperature.
The carbon nanofibers (CNFs) were then rinsed repeatedly with deionized water until neutral pH was attained and
dried at 70 °C overnight.
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Figure 1. CVD method for carbon nanofibers production

In summary, we have successfully functionalized CNFs by covalent carbon-carbon bond formation to L-proline
groups and suggest that this changes the catalytic activity of the enantioselective Biginelli reaction. The LP@CNFs
applyed to conduct the Biginelli reaction. The corresponding dihydropyrimidinones were obtained in good to
excellent yields. The developed method has many advantages such as environmentally friendliness, shorter reaction
times, efficiency, excellent product yields, easy workups, and importantly, efficient reuse of the recovered catalyst.
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Ultrafine CoPd nanoparticles supported on reduced graphene oxide for highly
methanol-tolerant cathode electro catalyst for alkaline fuel cells
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Abstract:
A simple one pot chemical reduction for the preparation of ultrafine CoPd nanoparticles supported on reduced
graphene oxide (CoPd/RGO) has been developed by using methyl ammonia borane (MeAB) as reducing agent.
The facile method described it is suitable for low cost, large scale fabrication and significantly removes the Pt
necessity. The prepared CoPd/RGO catalyst was characterized by transmission electron microscopy (TEM &
HRTEM), X-ray diffraction methods and energy dispersive spectroscopy. The electro catalytic activities of the
CoPd/RGO composites were evaluated toward ORR in alkaline media. The electrochemical activity of resulting
catalyst compared with the commercial Pt/C (20wt %) and homemade Pd/RGO (20wt %) catalysts. The prepared
CoPd/RGO nanoparticles shows higher methanol tolerance than commercial Pt/C (20wt %) in the reduction of
oxygen and are auspicious cathodic electro catalyst for fuel cell applications.
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Entropy-stabilized metal oxide supported on reduced graphene oxide as highly active
heterogeneous catalyst for selective and solvent-free oxidation of toluene
Seyedsaeed Mehrabi-Kalajahi, Department of Physical Chemistry, Kazan Federal University, Russia
Ahmad Ostovari Moghaddam, Department of Materials Science, South Ural State University, Russia
Fahimeh Hadavimoghaddam, Gubkin National University of Oil and Gas, Moscow, 119991, Russia
Mikhail A. Varfolomeev*, Department of Physical Chemistry, Kazan Federal University, Russia
Abstract
Noble metal free heterogeneous catalysts are highly anticipated for selective and solvent-free oxidation reactions;
however, their practical applications have been greatly restricted owing to the relatively low conversion of non-noble
metal catalysts. Herein, a noble free (FeCoNiCu)3O4 medium entropy oxides (MEO) catalyst was successfully
prepared using a simple calcination process, and grafted on reduced graphene oxide (rGO). X-ray diffraction (XRD)
and scanning electron microscopy (SEM) analyses confirm the formation of a high entropy spinel oxide phase with
some CuO particles as the second phase inclusion. The MEO@rGO catalyst exhibited excellent performance for
solvent-free aerobic oxidation of toluene with 18.2% conversion and selectivity of >90% for benzaldehyde in only 4
hours, outperforming all previously reported noble and noble free metal catalysts. Multiple analytical investigations
reveal that the synergistic effect of multiple cations in MEO, abundant oxygen vacancies and active sites on rGO
leads to high catalytic activity.
The XRD spectra of the FeCoNiCu-MEO, rGO, and MEO@rGO powders are shown in Figure The XRD spectra of
FeCoNiCu-MEO showed an entropy stabilized oxide phase with inverse spinel structure, and a Cu-rich oxide as the
second phase. No other phases, especially oxides could be detected in the XRD spectra of the powder. The
conventional inverse spinel structure is described as a twisted oxygen fcc lattice with cations occupying one eighth of
the tetrahedral (1 site) and one half of the octahedral positions (2 sites). It can be expected that this structure
becomes more distorted in FeCoNiCu-MEO. Moreover, in the FeCoNiCu-MEO, there are 4 cations which need to
occupy the interstitial sites of fcc lattice, entailing the filling of one more interstitial sites compared to the conventional
inverse spinel structure. It should be also considered that the precipitation of Cu-rich oxide phase changes the
stoichiometric ratio of the elements, which in turn affects the interstitial filled sites of the fcc lattice in FeCoNiCu-MEO.

Figure 1. XRD spectra of FeCoNiCu-MEO, rGO, and MEO@rGO samples
The transmission electron microscopy (TEM) images of the MEO@rGO are shown in Figure 2a-c. The
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interconnected nanoparticles of the FeCoNiCu MEO can be detected on the surface of the reduced graphene oxide.
These nanoparticles exhibit an irregular morphology and their average size distribution was estimated to be around
10-20 nm, as can be seen in the high magnification image in FiguFigure c.

FiguFigure 2. TEM image of MEO@rGO catalyst at different magnifications showing the morphology
of nano-sized MEO on the surface of rGO.
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Synthesis of graphene oxide-zinc oxide nanorod composite (GO-ZnO) for photocatalytic
degradation of organic dyes and antibacterial activity
Bhabesh Kumar Choudhurya, Kaushik Kumar Bharadwajb, Nayan Jyoti Kakati2, Debabrat Baishyab, Sonit Kumar
Gogoia*
a Department
b Department

of Chemistry, Gauhati University, GB
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of Bioengineering and Technology, Gauhati University, GB Nagar, India-781014

Abstract
The graphene oxide (GO) supported zinc oxide (ZnO) nanorod composite is prepared in a simple protocol at room
temperature through sonochemical treatment followed by precipitation of GO and ZnO nanorods. For
characterisation of the composite is done using different analytical techniques such as powder X-ray deffraction
(PXRD), UV-visible diffuse reflactance spectroscopy (UV-DRS), field emission electron microscopy (FESEM)
spectroscopy, Atomic force microscopy (AFM), Fourier-transform infrared spectroscopy (FTIR) etc. are used. The
composite GO-ZnO has enhanced photocatalytic efficiency under visible light source compared to ZnO counterpart
due to synergetic effect availing the benefit of excellent optical properties of ZnO nanorods and absorption properties
of GO. The white light-emitting diodes (WLEDs) is taken as a visible light source and photodegradation of rhodamine
B (RhB), methyl orange (MO) is considered as model reaction to investigate the photocatalytic activity of the
composite GO-ZnO. Further, the composite also revealed antibacterial activity. Thus, the nanocomposite showed its
promising potential and can be utilized in the pharmaceutical and textile industries.
Keywords: Photocatalysis; GO; ZnO nanorods; RhB; MO; antimicrobial
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Synthesis and characterization of oil Carbon Dots
Vishal Rimal*, P.K. Srivastava
Department of Chemistry,
Birla Institute of Technology, Mesra, Ranchi, India, 835215

Abstract:
Carbon Dots (CDs) have garnered special consideration from researchers due to their unique properties,
inexpensive cost, easy synthesis, and functionalization. Over the years, CDs have been synthesized from various
plant-based precursors like stem, roots, leaves, fruits, seeds, and oils. In the present manuscript, CDs were
synthesized from essential oil. The synthesis involved the use of bottom-up green pyrolysis method without using
any additional reagents. The CDs were characterized using UV-Visible, Fluorescence, and FT-IR spectroscopy.
Anticipated inferences and properties were observed in the study. The manuscript also underlines the imminent
trends and directions in the applicability of CDs.
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Removal of nitrate from water using zero – valent iron graphene oxide composite
Prakash T Kosankar a*, S R Thakre b and Jyoti Thakare c
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Yeshwantrao Chavan College of Engineering, Nagpur -441 110
b Institute of Science, Nagpur- 440 001
c St. Vincent Palloti College of Engineering, Nagpur

Abstract
Pollution of water and water bodies by various organic and inorganic contents because of ever increasing human
activities due to industrialization attracting attention of many researchers to divert their mind in search of suitable
scientific methods to meet with. With the advent of nanotechnologies it becomes users friendly to make water fit to
use for end purpose and add values in mitigating with water pollution. In this paper, we have made an attempt to use
zero valent iron graphene oxide (ZVI – GO) composite after its preparation followed by characterization by various
methods like UV, IR, Xray diffraction, SEM and TEM to remove nitrate in water. In this work, a biodegradable, non
toxic, “green” reducing agent, green tea extract is used for nano-particle synthesis instead of well known sodium
borohydride. Graphene oxide is synthesized from 99.99% pure powder natural graphite powder according to
modified Hummer method. Green tea (Figure. 1) extract is prepared by following the procedure as envisaged by X
Weng et al and added in the mixture of 0.1 ferric chloride solution and graphene oxide. The resulted solution is
heated with stirring on the hot plate for 01 hr. A black precipitate ( ZVI-GO) thus obtained was dried in vacuum and it
was further characterized by various analytical techniques. To what extent nitrate is removed has been studied by
the adsorption of nitrate on zero valent iron graphene composite on the basis of thermodynamic parameters as well
as Langmuir and Freundlich isotherms. This work endows satisfactory results in the removal of 90 % nitrate from
water.

Figure1. Preparation of zero-valent iron graphene oxide composite
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Experimental data were analyzed with adsorption isotherm models including Langmuir and Freundlich isotherms.
Langmuir adsorption isotherm states that adsorption takes place at specific homogenous sites within adsorbent and
has found successful application to many sorption processes of monolayer adsorption (Figure 2).

Figure 2. Langmuir isotherm for Nitrate adsorption by Fe-GO Composite
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Application of Electrochemical Qartz Crystal Microbalance for Protein
Adsorption Characterization
Fateme Ebrahimia, Hossein Salar Amolib, Sayed Ahmad Mozaffaria
a

Thin Layer and Nanotechnology Laboratory, Department of Chemical Technologies, Iranian Research
Organization for Science and Technology (IROST), Tehran, Iran
b

Department of Chemistry, Amirkabir University of Technology, Tehran, Iran

Abstract
Proteins are a group of applied materials which play important role in human health and medicinal
engineering. Protein adsorption on surfaces has been the subject of long-standing debate in terms of
medical diagnostics, patterned cell cultures, tissue engineering, biomaterials for medical implants, and
protein purification, principally because of the wide range of adsorption mechanisms adopted by diverse
protein structures. Electrochemical quartz crystal microbalance (EQCM) technique, which can probe the
time depended changes in mass at interfaces, is a promising tool for investigation of these mechanism.
Here, the kinetic and association constants for the interaction between lactotransferrin (LTF) as a
biomolecular model and the acidic functionalized gold coated QCM electrode (AFQCM) were investigated
using the EQCM technique. Results show that EQCM is capable of tracking the changes in the frequency
due to the adsorption of lactotransferrin protein masses as little as a single molecular layer. Also, the
recorded time-dependent changes of Δf0 due to adsorption of three different concentrations of protein
onto the AFQCM show a rapid and concentration dependent Δf0 decrease. According to the results, LTF
adsorption onto the AFQCM obeys the first-order kinetics and the amount of protein uptake was about
650 ng cm-2 (t=120 s), which corresponds to 4.9 × 1012 molecules cm-2. Assuming the LTF native state
dimensions, this amount is related to the adsorption of a monolayer of protein onto the AFQCM surface.
The Ka value for LTF adsorption onto the AFQCM sensing layer was obtained as 2.91×106 L mol−1. These
results are of great importance in the investigation of interfacial process in the protein-solid surface
interactions.

Figure1. Graphical abstact of the conducted research
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Keywords: Protein adsorption, Lactotransferrin, Bio-macromolecule, Interfacial process, Electrochemical
Quartz crystal microbalance, Kinetic parameters
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Hydrogen production and storage on nanostructured surfaces
Aliezer Martínez-Mesa
Laboratoire Collisions Agrégats Réactivité (LCAR) - UMR 5589,
University Paul Sabatier, Toulouse, France

Abstract
Molecular hydrogen is envisaged to play a significant role in clean energy generation in the future, and to meet the
increasing energetic requirements of modern society. We performed predictive, density-functional simulations of the
structural, physical and chemical properties of nanomaterials which constitute promising candidates for renewable
energy production and storage (e.g., their capacities for hydrogen storage and production via photocalytic water
splitting). The combination of modern computer simulation techniques and high-performance computing technology,
enable a detailed description of the microscopic mechanisms underlying the water decomposition and the hydrogen
adsorption on solid substrates, thereby shaping our understanding of the factors that determine the performance of
the different materials as electrocatalysts or hydrogen storage devices, and their potential exploitation in large-scale
applications. The simulations provide a realistic representation of the photoinduced water splitting and of the
hydrogen uptake in challenging nanoscale materials, where the computational cost of the standard numerical
schemes becomes prohibitive. This would allow to focus experimental investigations on the most promising
candidates for low-cost, chemically and biologically inert, and stable upon illumination water splitting and hydrogen
storage nanoscale devices, projected to operate at ambient temperature and pressure, with the subsequent saving
of limiting resources (e.g., low abundance and high cost components).
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Synergistic Effect of Redox Dual PdOx/MnOx Cocatalysts on the Enhanced H2 Production
Potential of a SnS/α-Fe2O3 Heterojunction via Ethanol Photoreforming
Hossein Etemadi, Tayyebeh Soltani, Hisao Yoshida, Yiming Zhang, Shane G. Telfer and Paul G. Plieger*
School of Fundamental Sciences, Massey University, Private Bag 11 222, Palmerston North 4410, New Zealand
E-mail: p.g.plieger@massey.ac.nz

Abstract:
In the quest for optimal H2 evolution (HE) through ethanol photoreforming, a dual cocatalyst-modified heterocatalyst
strategy is utilized. Tin (II) sulfide (SnS) was hybridized with α-Fe2O3 to form the heterocatalyst FeOSnS with a p−n
heterojunction structure as confirmed by X-ray diffraction (XRD), fourier transform infrared spectroscopy (FT-IR),
UV-Vis diffusive reflectance spectroscopy (UV-Vis DRS) and Brunauer-Emmett Teller (BET) techniques. PdOx and
PdOx/MnOx cocatalysts were loaded onto the FeOSnS heterocatalyst through the impregnation method as verified
by high resolution transform electron microscopy (HRTEM), X-ray photoelectron spectroscopy (XPS) and elemental
mapping. Photocatalytic ethanol photoreforming resulted in the production of H2 as the main product with a
selectivity of 99% and some trace amounts of CH 4. Remarkably, FeOSnS2-PdOx 2% / MnOx 1% achieved the
highest HE rate of 1654 μmol/g up to 2 times and 2.3 times as high as that of FeOSnS2- PdOx 2% and FeOSnS,
respectively.

Keywords: SnS, α-Fe2O3, band gap, heterocatalyst, H2 evolution, photocatalyst
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Advanced drug delivery systems: A potential alternative for the conventional counterpart
Hossein Etemadi, Paul G. Plieger*
School of Fundamental Sciences, Massey University, Private Bag 11 222, Palmerston North 4410, New Zealand
E-mail: p.g.plieger@massey.ac.nz
Abstract
At the present, conventional drug delivery systems presented as tablets, liquids, or capsules, are utilized by major
pharmaceutical industries to commercialize products for illness treatment. However, the main drawback of these
formulations is the lack of intelligence which results in drug distribution to the entire body than only with the target
cells. This nonspecific biodistribution and uncontrollable drug release profile, together with, poor water solubility, and
increased dose and frequency of administrations has increased the demand for developing smart novel
biopharmaceuticals with stimuli-responsive characteristics. These new well-defined platforms should present
precise therapeutic targeting, improved drug bioavailability, low toxicity, high drug loading capacity and sustained
drug release at the site of interest with high controllability and selectivity. Additionally, they should be biocompatible,
biodegradable, stable in physiological conditions, and cost-effective with good storage properties. Hydrogels are
three-dimensional hydrophilic networks which can absorb large amounts of water or biological fluids/compounds.
Benefiting from their chemical structure, they can be designed in a way that respond to external stimuli in the body,
such as changes to pH, ionic strength, and temperature in a preprogrammed and intelligent manner. Considering
their safety profile, intelligence, and industrial scale-up capability, hydrogels are considered promising platforms for
future pharmaceutical industry.
Keywords: Hydrogels, intelligent, Functional, biodegradable
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Cardioprotective Effects of Nano-encapsulated Losartan and Captopril against
Chemotherapic Cardiotoxicity: A Comparative Study
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Abstract
Many chemotherapeutic agents as a common treatment for various cancers may cause severe cardiovascular
complications. Most of cancer patients may not receive effective dose of chemotherapy drugs because of these
cardiotoxic effects. Doxorubicin, Cisplatin, and 5-Fluorouracil are important chemotherapeutic agents used
extensively for different types of chemotherapy treatment for various cancers. In This study, the cardioprotective
effects of nano losartan and captopril in comparison to losartan and captopril against cardiotoxicity caused by these
three anticancer drugs on H9c2 cells after 48 hours were investigated. H9c2 (cardiomyblast cells) is cardiac cell line
widely used in numerous cardiotoxicity studies. Nano-encapsulated losartan and captopril were prepared in
polyethylen glicole/chitosan nanogels.

H9c2 cell were treated with doxorubicin, cisplatin, and 5-fluorouracil in

concentrations of 0.5 ,4 ,400 µM. These cells also are treated with losartan, nano losartan, captopril and nano
captopril in concentration of 700 and 100 μm respectively against doxorubicin, with losartan, nano losartan,
captopril and nano captopril in concentration of 800 and 7.5 μm respectively against cisplatin, and with losartan,
nano losartan, captopril and nano captopril in concentration of 850 and 7.5 μm respectively against 5-fluorouracil.
Cell viability and expression of several key apoptotic genes in H9c2 cells were measured after 48 hours of treatment
by MTT test and Real time-PCR method.
According to the results, nano Losartan and nano captopril in comparison with losartan and captopril increased cell
viability and the growth of H9c2 cells treated with all anticancer drugs after 48 hours in all above mentioned
concentrations. All three groups of anticancer drugs showed toxic effects on cells after 48 hours in mentioned
concentrations. The expression of apoptotic genes changed in different treatments after 48 hours. This study
indicated that nano Losartan and nano Captopril affect apoptotic genes expression.
The aim of present study is to investigate whether nono-encapsulated losartan and captopril compared with
Losartan and Captopril would be effective protectors to attenuate doxorubicin, Cisplatin, and 5-fluorouracil induced
cardiac toxicity in order to improve cancer therapy.
Further investigations are required to understand the mechanism of cardio protective effects associated with nano
losartan and nano captopril against cardiovascular diseases caused by chemotherapy drugs.
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Use of graphene oxide nanocomposite for immobilization of lipase to fabrication a new
nanobiocatalyst
Mohammad Heidarizadeh*, Abdollah Noorbakhsh
*Department of Biotechnology, Faculty of Biological Science and Technology, University of
Isfahan, Isfahan, 81746-73441 Iran
Department of Nanotechnology, Faculty of Chemistry, University of Isfahan, Isfahan, 81746-73441
Iran
Abstract
Immobilization of lipase was successfully achieved on the surface of magnetically separable
Fe3O4/graphene oxide (GO) via a post-modification. This post modification was achieved in
alternation to glutaraldehyde post-modification. The activity of immobilized lipase had not a significant
loss in the activity while on the other hand, it is simply extractable (by keeping its major activity) from
reaction crude by a magnet. Each step of immobilization was carefully monitored by characterization
and all were successfully proved. In summary, dithiocarbamate functions were found as a novel and
alternative method rather than current conventional cases in the immobilization of an enzyme to a
heterogeneous surface for immobilization. Studies showed that this immobilization pathway does not
have a destructive effect on the active site of lipase. Also, recyclability of immobilized lipase showed
that it is covalently attached to the surface and the leaching issue is not observed in this protocol.
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Design and analysis of full optical switches based on 2D photonic crystals
Babak Emdadi
Nanotechnology Laboratory, School of Engineering and Applied Science, Khazar University, Baku,
Az1096 Azerbaijan
Abstract:
Recently, one of the newest human-designed structures has been the interaction of light and matter in
periodic structures that caused the introduction of photonic crystals. The most important function of
photonic crystals is based on the variation of the refractive index is in the inside of the crystals. The
photon emission inside these structures depends on their wavelength. Photonic crystals are devices
that control and manipulate the flow of light [1, 2]. For this reason, photonic crystals are called
non-linear, which are part of the intermittent structure, or all of which are made by nonlinear materials
(like refractive index) [3]. Photonic crystals are the ideal choice for obtaining efficient and effective
non-linear devices for optical switches due to the severe limitation of photonic crystals that allows for
optimization of non-linear interaction [4, 5]. The ability of all-optical switching devices is that it has a
much better processing speed and bandwidth than electronic devices. The goal of this paper is to
design and analyze all-optical switches based on 2D photonic crystals. The research method is that
we used Rsoft software to analyze each structure designed in this paper. According to the results of
the analysis of each structure, we can generally obtain these efficient consequences that first and
foremost, of the remarkable aspects of the ongoing topic is that we’ve designed a full optical structure
based on resonant cavities for creating optical switches, based on a 2D optical structure. Last but not
least, according to the results of the analysis of each structure, it can be concluded that at different
frequencies there is the possibility of designing all-optical switches based on 2D photonic crystals.
Keywords: Nonlinear optics, Photonic crystals, Band structure, FDTD method, Optical switch,
Optical integrated circuits
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Fabrication of Fe3O4@CS/NHCS4O3-Lip as a novel and promising
nanobiocatalyst
Mohammad Heidarizadeh*
Department of Biotechnology, Faculty of Biological Science and Technology, University of Isfahan,
Isfahan, 81746-73441 Iran
Abstract
In the present paper, porcine pancreas lipase (PPL) was immobilized to a new version of magnetite
via a novel stepwise dithiocarbamate/chitosan-based method in alternation to glutaraldehyde.
Magnetic chitosan nanocomposite was post-modified to produce dithiocarbamate moieties on the
surface through amine functions. Then, immobilization of lipase was successfully achieved on the
surface of magnetically separable Fe3O4@CS/NHCS2H via a post-modification. Each step of
immobilization was carefully monitored by characterization and all were successfully proved.
Comparison of immobilized enzyme with free enzyme showed that the method of immobilization is
efficient.
In summary, magnetic nanoparticles of Fe3O4 were successfully synthesized within polysaccharide
network of chitosan and subsequently, amine moieties were successfully modified by CS2 to
generate new functionality in the composite to immobilize lipase covalently. Lipase immobilization
method was achieved by a new method decreases the post modification steps and use of toxic
materials. Activity of immobilized lipase was comparable to free lipase which shows the efficiency of
our method in enzyme immobilization. This method can be applied to other supports which contain
amine groups. Furthermore, other enzymes can be taken to account in immobilization via
Fe3O4@CS/NHCS2H.
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Abstract
One of the measures taken for better transfer in the nanostructure zeolite framework is the creation of
hierarchical structures. In this work, we used TPABr, CTAB and F127 to create hierarchical structures.
Micelles form by self-assembly of surfactant molecules and then form micelle rods by increasing the
concentration of surfactants [1, 2]. In the next steps, hierarchical structures of zeolite are formed by
condensation of zeolite precursors. But the formation of mesopores without creating phase
separation is critical. In the synthesis of these nanostructure zeolites, a high Si / Al ratio was used and
in order to reduce the defects in the high silica zeolite structures, the synthesis was performed in a
fluoride medium. We also investigated the structural, physical and catalytic properties of hierarchical
zeolite compared to ordinary ZSM-5 using XRD, SEM, N2 adsorption-desorption and NH3-TPD
analyzes. The size distribution
of zeolite pores obtained in the presence of TPABr showed the highest frequency in the range of 2 nm.
In the zeolite obtained from the combination of TPABr, CTAB and F127 soft templates, in addition to 2
nm pores, a new range of cavities with the highest frequency at 40 nm was obtained. To investigate
the catalytic activity of the synthesized nanostructure zeolites, we evaluated their performance in the
methanol to propylene process. Synthesized zeolites with multiple soft templates had an excellent
performance in the selectivity of propylene. The high stability of catalyst in the process indicated the
positive effect of creating hierarchical structures as well as appropriate acidity.
The X-ray diffraction patterns of nanostructure zeolites is shown in Figure 1. The results were in good
agreement with the diffraction patterns of ZSM-5 zeolites and indicate the formation of structures with
high crystallinity [4]. SEM images of the synthesized zeolites are presented in Figure 1.
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Figure 1. XRD patterns of synthesized Zeolites and SEM images of nanostructured zeolites.
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Retention behavior of a novel imidazolium based ionic liquid as stationary
phase for capillary gas chromatography and its application in selective
separation of polyaromatic compounds
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Abstract
Ionic liquids (ILs) are nonmolecular solvents [1]. In the field of gas chromatography (GC), the
necessity for new stationary phases that present unique separation selectivity, high efficiency, and
high thermal stability can be provided by ILs. These compounds possess many unique properties that
allow them to function as multipurpose stationary phases that exhibit unparalleled dual-nature
retention selectivity [2]. Characteristics such as negligible volatility, thermal stability and wide liquid
range make ILs ideal stationary phases for capillary gas chromatography (CGC) [3].
PAH is a common term for polycyclic aromatic hydrocarbons and refers to compounds that contain
more than two unsubstituted benzene rings. They have attracted much attention for many years,
because some of them are strong carcinogens.
The IL (Fig. 1) was dissolved in dichloromethane at 3.2% (W/V) and a five meter capillary column was
coated by the static method. The coated column was conditioned from 30 oC to 160 oC at 1 oC/min
and held at 160 oC for 3h. The column was examined with different mixture of compounds (Grob test
mixture, PAHs mixture, n-alkanes, aromatic amines, alcohols mixture and test mixture).
In GC, the thermal stability of the stationary phase is one of the most important considerations, as it
governs the onset of column bleed and ultimately dictates the lifetime of the stationary phase. The
new ionic liquid has good thermal stability up to 420 oC. The ionic liquid stationary phase provided
different retention behavior for many polyaromatic compounds, this difference in selectivity is due to
the unique solvation characteristics of the ionic liquid.
The thermal stabilities of the geminal dicationic ionic liquids are greater than those of most traditional
monocationic ionic liquids. The results also indicated that [C9(2MNPTim)2][(NTf2)2] column
possessed high separation for aromatic compounds.
Keywords: Ionic liquid; Gas chromatography; Stationary phases; capillary column
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Figure 1. chemical structure of employed Ionic liquid
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Nano LDH utilized three-component synthesis of polyfunctionalized
benzo[h]pyrazolo[3,4-b][1,6]naphthyridines
Fatemeh Majidi Arlan
Department of Organic Chemistry, Faculty of Chemistry, Urmia University, Urmia, Iran
Email: majiidi@yahoo.com

A facile and straightforward procedure for one-pot, three-component reaction of aryl glyoxal
monohydrates, 5-amino-1-aryl-3-methylpyrazoles, and 4-hydroxyquinoline-2(1H)-one employing
nano magnetic silica based LDH as a high performance nanocatalyst in H2O/EtOH at 60 oC afforded
the corresponding polyfunctionalized benzo[h]pyrazolo[3,4- b][1,6]naphthyridines

in high yields.

Operational simplicity, employing green media and green nanocatalyst, along with recyclable
nanocatalyst are some beneficial features of this synthetic strategy.

Figure1. The structures of fused heterocycles were confirmed by their FT-IR, 1HNMR, and 13C-NMR
spectral data and microanalysis.
References
[1] F. Majidi Arlan, A. Poursattar Marjani, R.Javahershenas, J. Khalafy, New Journal of Chemistry.
2021, 45, 28.
[2] J. Khalafy, F. Majidi Arlan, A. Poursattar Marjani, V. Sarchami, J. Heterocyclic Chem. 2020, 57,
3961.
[3] B. Eftekhari-Sis M. Zirak, A. Akbari, Chem. Rev. 2013, 113, 2958.

79

Nanotech-Eurasia-2021

nd

2 Eurasian Conference on Nanotechnology, Baku, Azerbaijan

Polyvinyl Alcohol Nanofibers Encompassed with Chitosan/Tripolyphosphate
Nanogels for Controlled Release of Antibiotecs
Nazila Pour Khalili a,b, Fatemeh Tavakkoli c, Maliheh Parsa d, Rasoul Moradi a,e, Pirouz Kavehpour f
a Nanotechnology

Laboratory, School of Engineering and Applied Science, Khazar University, Baku,
Az1096 Azerbaijan

b Center

for Cell Pathology Research, Department of Biological Science, Khazar University, Baku,
Az1096 Azerbaijan

c Department

of Toxicology and Pharmacology,Faculty of Pharmacy and Pharmaceutical Research
Center, Shahid Sdoughi University of Medical Sciences, Yazd, Iran

d Department

of Toxicology and Pharmacology, Faculty of Pharmacy, Zanjan University of Medical
Sciences, Zanjan, Iran

e Department

of Chemical Engineering, School of Engineering and Applied Science, Khazar
University, Baku, Az1096 Azerbaijan

f Mechanical

and Aerospace Engineering Department, University of California, Los Angeles, CA,
90095, USA

Abstract
To reduce the risk of antibiotics overuse and associated side-effects, development of drug delivery
systems (DDS) are necessary. In the present study tripolyphosphate (TPP)/chitosan (CS) nanogels
were synthesized and loaded into Polyvinylalcohol (PVA) nanofibers through electrospinning –
elctrospraying. The synthesized electrospun scaffolds applied for controlled release of antibiotics
e.g. ciprofloxacin, ofloxcacin, levoxcacin, gemifloxacin. For this purpose in the first step
Chitosan/Tripolyphosphate (CS/TPP) Nanogels containing antibiotic drugs were synthesized. In the
second step the PVA nanofibers were produced using electrospinning while the nanogels were
simultaneously electrosprayed on the surface of as- prepared PVA and so the nanofibrous scaffolds
including antibiotics loaded nanogels were fabricated (CS/TSS+antibiotics@PVA).
Aside from synthesis and characterization of CS/TSS+antibiotics@PVA nanofibers, the antibiotics
load and release experiments were performed for evaluation their DDS potential application. Both
pristine and drug-loaded samples were analyzed via Fourier transform infrared spectroscopy (FT-IR),
Ultra-violet visible spectroscopy (UV-vis), Transmission electron microscopy (TEM) and Zeta
potential test. Spectroscopic results indicate that the uptake of each antibiotic candidate is performed
effectively in CS/TSS+antibiotics@PVA nanofibers. The release experiments confirm the controlled
response of nanofiberes and steady deliverance of antibiotics. Figure 1 shows the SEM images of
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preparednanofibers and nanogels, ATR-FTIR spectrum and obtained release pattern.

Keywords: PVA nanofibers, chitosan/tripolyphosphate nanogels, drug delivery systems, antibiotics

Figure1. SEM images of nanogels and nanofibers, ATR-FTIR spectrum of nanofibers and release
pattern
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MnCo2O4.5 spinel structures: from nanoarchitecture to sonocatalytic
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Abstract
The designing of highly-ordered chemical nanostructure by nano-scale dimensions has
attracted numerous activities of material scientists in the last decade. Now, it is proven a little change
in the dimension or morphology of nanostructure causes a considerable difference in their catalytic
performance. Advanced oxidation processes (AOPs) are one the best candidates for the utilization
of these engineered nanostructures in environmental remediations. The sonocatalysis is one the
most effective approaches in water and wastewater purification. This process is highly-depended on
the textural and crystal characters of synthesized nanostructures.
Here, we tried to synthesis the MnCo2O4.5 highly-ordered nanostructures and investigate their
performance in the sonocatalytic degradation of oxytetracycline. The results showed that tuning the
initial molarities of Mn and Co pressures (Mn:Co = 0.25:0.50, 0.50:1.00, and 1.50:3.00), led to the
formation of nano-architected cubes, ellipsoids, and spherical structures. XPS and XRD Rietveld
refinements were confirmed the co-existence of two bulk and surface spinel phases with cation
vacancy in the surface. Moreover, the ICP-OES studies were authenticated that, the MnCo2O4.5 is
the chemical formula of all synthesized nanoarchitectures. Further, the sonocatalytic degradation of
oxytetracycline antibiotic as a model water pollutant was thoroughly studied. The results
demonstrated that the MnCo2O4.5 with cubic structure has the best performance in the degradation
process among all synthesized samples.
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The degradation experiments were carried out to find the optimal operational conditions such
as sonocatalyst amount, initial pollutant concentration, pH, temperature, and ultrasound irradiation
power. Subsequently, the optimal conditions were estimated to be 0.25 g L -1, 10.00 mg L-1, natural
pH of oxytetracycline, uncontrolled temperature, and 300 W, respectively. The degradation turnover
(dTON) was calculated to be 434 μmol gcat. h-1 for cubic-structured sample. Moreover, the EPR
studies were showed the formation of free hydroxyl radicals with high intensity under the
sonocatalytic process. The sonocatalytic-induced oxytetracycline degradation intermediates were
identified by GC-MS analysis. The performance of the proposed method was tested on the tap and
fish farm real water samples and ~ 90 and 70% of oxytetracycline degradation were obtained,
respectively. The reusability and stability of synthesized sonocatalyst were tested under 6
consecutive cycles and confirmed through the FESEM and XRD analyses. Finally, the Co and Mn
leached amounts to water were determined by the AAS analysis and results confirmed that the
leached amounts were under the WHO reported thresholds in water for these elements. In
conclusion, this work can be a state-of-art report for the morphology impact on the sonocatalytic
degradation of water contaminants.
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Abstract
Today, the application of heterojunction photocatalysis as a hot topic in the field of environmental sciences
is widely used. In particular, the design of engineered nanomaterials with well-arranged morphology and
properties is the strait to achieve the best photocatalytic performance. Here, we investigate the
heterojunction structure of WS2-templated ceria nanoroads grown in the exfoliated 2D dichalcogenide
tungsten sulfide (WS2) interlayers to produce excellent photocatalytic activity for the oxidation of organic
compounds, exactly volatile organic compounds (VOC).

The formed Cerium nanorods in the interlayers of WS2 space had a successful correlation which was
obtained by ion intercalation in the interlayers and then convert ions to cerium oxide through a simple
hydrothermal process. We show the photocatalytic performance of WS 2 in the absence of any cocatalyst
or heterojunction is negligible, while in the presence of heterojunction with cerium oxide, a significant
increase in the photocatalytic oxidation of formic acid befalls in the UV-Vis range by production of 6.7 mol
CO2 in 90 min. thus, a successful junction and charge separation appear between CeO 2 and WS2 in
increasing photocatalytic performance.
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Abstract

Water pollution has become one of the most challenging problems of the present age. Millions of tons of
pollutants are constantly entering the water every year, which affects the quality of water. These
contaminants, even in minimal amounts, have long-term effects on water resources quality, which has
become a global concern. Conventional water and wastewater treatment methods can’t effectively remove
these contaminants, so alternative approaches need to be used. Among these numerous methods,
advanced oxidation processes (AOPs) have shown successful results in water and wastewater treatment.
The ability of AOPs to affect a wide range of hazardous contaminants, such as pharmaceuticals, has made
this technology one of the forerunner research fields over the past twenty years.
In this work, the fluoxetine (FLX) removal has been studied via the anodic oxidation (AO) process. Anode
electrodes were Ti/RuO2, Ti/RuO2-IrO2, and Ti/RuO2-IrO2-SnO2, and cathode electrodes were graphite and
carbon nanotubes (CNTs). The performances of electrodes were compared in terms of FLX removal
efficiency. As a result, Ti/RuO2-IrO2-SnO2 and CNTs were the optimal anode and cathode, respectively.
The properties of the optimal electrodes were investigated using scanning electron microscopy, atomic
force microscopy and X-ray diffraction spectroscopy. Cyclic voltammetry analysis was performed to study
the electrochemical behavior of electrodes. The effect of current intensity (mA), initial pH, initial FLX
concentration (mg/L) and process time (min) on the FLX removal efficiency was investigated and the
response surface methodology was applied for the optimization of the AO process. The results showed that
at current intensity, pH, initial FLX concentration and process time of 500 mA, 6, 25 mg/L and 160 min,
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maximum FLX removal efficiency was observed, which was 96.25%. Gas Chromatography-Mass
Spectrometry (GC-MS), and total organic carbon (TOC) analysis was determined to evaluate the
intermediates, and mineralization efficiency. The TOC removal efficiency was reached 81.51% after 6 h
under optimal experimental conditions, indicating the successful removal of the FLX.
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Abstract
Water pollution is one of the most important challenges facing humans. Due to the increase in world’s
population and decrease in water resources, this problem is expected to become more severe in the
future. Also, the impact of various pollutants on water quality is one of the main concerns in the
wastewater treatment field. Pharmaceuticals enter the aquatic ecosystem in multiple ways and adversely
affect the ecosystem. Nowadays, the entry of organic compounds into water resources is one of the
leading global concerns due to the lack of water resources and rapid population growth. Many persistent
pharmaceutical contaminants are highly toxic and have high solubility amounts in aqueous media that
conventional treatment methods can’t remove these contaminants. Therefore, the proper ways to remedy
these contaminants must be investigated. Advanced oxidation processes (AOPs) are one of the highly
recommended methods for removal of pharmaceutical contaminants due to their high efficiency.
In this research, Anodic oxidation (AO) method was used to remove 5-fluorouracil (5-FU) from aqueous
solutions via Ni/RuO2 and Ti/IrO2-TiO2-RuO2 electrodes as cathode and anode, respectively. For this
purpose, the characterization analyses of the electrodes, including Field Emission Scanning Electron
Microscopy, Energy Dispersive X-ray, X-ray Diffraction, and Atomic force microscopy. The
electrochemical performance of the anode was investigated by cyclic voltammetry analyses were carried
out. Then, the effect of effective parameters such as applied current (mA), initial pH of the solution, initial
5-FU concentration (mg/L), and process time (min) on the 5-FU removal efficiency under the AO process
was evaluated via artificial neural network (ANN) modeling. The obtained results showed that the
maximum 5-FU removal efficiency was 96.96%. The amount of applied current intensity, pH, initial 5-FU
concentration, and process time were 300 mA, 5, 20 mg/L, and 140 min, respectively. 5-FU removal
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efficiency under these circumstances. Moreover, the investigation of 5-FU removal by-products and
mineralization efficiency of the AO process was carried out via gas chromatography-mass spectrometry
analysis and total organic carbon analyses, respectively. Six intermediates were observed, and the total
organic carbon mineralization efficiency was 84.80% after 6 h of reaction time. The reusability and
stability of the Ti/IrO2-TiO2-RuO2 anode on 5-FU removal efficiency were measured and shown an
approximately 5% decay in 5-FU removal efficiency after eight consecutive runs.
References
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Abstract
The determination of insulin in serum or plasma is greatly important in the clinical diagnosis of various
types of diabetes and related diseases [1]. Among the variety of detection devices, insulin
electrochemical assays have received considerable interests due to their good sensitivity, simplicity,
and low cost. However, the oxidation of insulin at most of unmodified carbon or metal electrodes suffers
from slow kinetics, which results in large overpotentials of detection [2]. In this content, nickel oxide
nanoparticles (NiONPs) and NiO nanocomposite structures have shown great electrocatalytic activity
for electro-oxidation of insulin [3].
In the present study we demonstrated that the integration of NiONPs and DNA molecules could provide
a very promising DNA-NiONPs nanocomposite with enhanced electrocatalytic ability toward insulin
oxidation. Herein the GC electrode modified with DNA was used as electrochemical platform for
electrodeposition of NiOx nanostructures. The atomic force microscopy (AFM) images showed the
formation of triangular nanoparticles on the DNA-coated GCE, while in the absence of DNA the
electrodeposition of NiONPs led to the formation of spherical nanoparticles. Triangular and spherical
NiONPs showed different morphologies, electrochemical kinetics and catalytic activities. Compared to
the NiONPs-modified GCE, the DNA/NiO nanostructures showed excellent electrocatalytic activity
toward insulin oxidation. Furthermore, EIS measurements showed lower charge-transfer resistance
(Rct) of triangular NiONPS compared to that of spherical ones. The amperometric detection of insulin at
the GC/DNA/NiONPs electrode was found to be significantly more sensitive (> 5-fold) than that of the
GC/NiONPS .
Keywords: Insulin sensor, NiO nanoparticles, DNA, Amperommetric detection
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Accumulation of mercury ions on the surface of graphene: Application for
highly sensitive electrochemical mercury sensor
Fatemeh Iranpour, Ensiyeh Sharifi, Abdollah Noorbakhsh*, Paria Alibakhshi
Department of Nanotechnology, Faculty of Chemistry, University of Isfahan, Isfahan, 81746-73441
Iran
E- mail: a.noorbakhshrezaei@ast.ui.ac.ir
Abstract
Mercury exists at trace and ultra-trace levels in nature and is one of the most toxic heavy metals on earth.
Mercury can enter the human/animal body through the water and food chain. Mercury is accumulated in
nervous tissues and other part of body causing severe health problems such as vital organ damage,
nervous system impairment, kidney failure, and cancer [1,2]. Thus, monitoring trace amount of this toxic
element has become a vital necessity. There are many methods for the detection of heavy metal ions.
Electroanalytical technique is recognized as a fast, sensitive, low cost, reproducible, and accurate
method for trace analysis. So, electrochemical techniques are very good reliable techniques for mercury
detection in trace level [3,4]. In the present work, graphene was synthesized and characterized by using
scanning electron microscopy, atomic force microscopy, energy dispersive spectroscopy, Fourier
transform spectroscopy, and electrochemical techniques. The interaction of mercury ion and synthesized
graphene thin film was investigated by using electrochemical and spectroscopy techniques. Result show
that mercury ion can be accumulated on the surface of graphene film; and the amount of accumulated
mercury on the surface of the film can be determined by using electrochemical technique. Various
experimental parameter were optimized. From the experimental results, fabricated electrochemical
sensors exhibit high sensitivity, low detection limit, wide linear range, and excellent stability for the
detection of mercury. The analytical performance of the proposed sensors are comparable or better than
other electrochemical mercury sensors.
Keywords: Electrochemistry; Nanomaterial; Graphene; Mercury ion; Sensor
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Deep desulfurization of model fuel: the effect of Ni-Mo-(γ-Al2O3) catalyst on the
extraction-electrooxidation method in a biphasic system
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Abstract
The use of fossil fuels in daily affairs as an energy source due to the presence of sulfur in it resulted in sulfur
dioxide gas emission, damage to industry and the environment. Hydrodesulfurization (HDS) is commonly used
to remove sulfur compounds, however, the major limitation in HDS is the removal of aromatic compounds from
fossil fuel, and the focus of the most new methods is on the removal of aromatic sulfur compounds [1-3].
In this study, we developed an improved extraction-electrooxidation desulfurization (E-EODS) system [4] by
employing a Ni-Mo-(γ-Al2O3) catalyst in a MeCN-water/model fuel biphasic system. The Ni-Mo-(γ-Al2O3)
catalyst is deposited on the glass carbon electrode (GCE) and pencil lead electrode (PLE) by applying a
constant current. The surface morphology, and the structure of the catalyst is characterized by ICP, FESEM,
EDS, and X-ray diffraction (XRD) techniques. According to the results, the catalyst particles array is nanoscale
range on the electrode surface. The catalytic activity is investigated for desulfurization through the E-EODS
method. The effects of the composition of the extraction solvent, applied potential, and the process time on the
DBT removal efficiency is assessed. This catalyst can remove sulfur using the E-EODS about 95.2 % within
optimum condition as determined by HPLC technique. In the absence of the catalyst, 37.5 % was removed
under the same conditions. Therefore, the catalytic activity is evaluated using cyclic voltammetry (CV),
chronoamperometry, and electrochemical impedance spectroscopy (EIS) techniques for the EODS.
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electrochemical detection of EGCG: The effect of surface chemistry and
dispersing materials
Paria Alibakhshi, Abdollah Noorbakhsh*, Mohammad Heidarizadeh, Fatemeh Iranpour
Department of Nanotechnology, Faculty of Chemistry, University of Isfahan, Isfahan, 81746-73441
Iran
E-mail: a.noorbakhshrezaei@ast.ui.ac.ir
Abstract
Epigallocatechin gallate (EGCG) is a unique plant compound that gets a lot of attention for its
potential positive impact on health. It’s thought to reduce inflammation, aid weight loss, and help
prevent heart and brain disease [1]. The technique used presently for individual catechin analysis is
high-performance liquid chromatography (HPLC). However, HPLC requires pretreatment of the
sample, space, solvents, and time, which correspond to increased costs. Thus, electrochemical
determination of catechins in green tea involves many advantages in terms of its simple operating
procedure, the low cost of the required equipment, its high speed, and the portability of the
measurement system [2, 3]. Modification of the electrode surface with suitable material is of great
importance in fabricating sensitive electrochemical sensors. In current work, amine-rich and
sulfonates-rich carbon nanotube were synthesized and investigated for electrochemical detection of
EGCG. Synthesized materials were characterized by using electrochemical technique, scanning
electron microscopy, energy dispersive spectroscopy, UV-Vis spectroscopy, and Fourier transform
spectroscopy. Results demonstrated that amine and sulfonate groups play important roles in
dispersion of carbon nanotube and final nanostructure of fabricated carbon nanotube thin layer on
the surface. In continuous, the interaction of fabricated amine-rich/sulfonates-rich carbon nanotube
thin films and EGCG were investigated by using various electrochemical techniques. Experimental
data demonstrated that proposed amine-rich and sulfonates-rich carbon nanotube thin films can be
used for electrochemical determination of EGCG. The proposed EGCG sensor exhibited high
sensitivity, and excellent stability. The analytical performance of the proposed sensors are
comparable or better than other current EGCG sensors.
Keywords: Carbon nanotube, Electrochemistry, Modified electrode, Epigallocatechin gallate
References
[1] Chenyu Chu, Jia Deng, Yi Man, “Green Tea Extracts Epigallocatechin-3-gallate for”; BioMed
Research International. 28, 9, 2017.

96

nd

Nanotech-Eurasia-2021

2 Eurasian Conference on Nanotechnology, Baku, Azerbaijan

[2] Hitoshi Muguruma, Satoshi Murakami, Shota Takahashi, ”Separationless and Adsorptionless
Quantification

of

Individual

Catechins

in

Green

Tea

with

a

CarbonNanotube−Carboxymethylcellulose Electrode”; J. Agric. Food Chem. 67, 943, 2019.
[3] Shota Takahashi, Hitoshi Muguruma, Naomi Osakabe, ”Simultaneous Electrochemical
Determination of Isoquercitrin and Epigallocatechingallate at a Carbon Nanotube Electrode”;
Electrochemistry. 87(4), 242, 2019.

97

Nanotech-Eurasia-2021

nd

2 Eurasian Conference on Nanotechnology, Baku, Azerbaijan

The effect of surface chemistry deposition time/ potential on the
electrochemistry and electrocatalytic activity of synthesized nanostructured
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Abstract
In the last ten years nanostructure films have been widely developed for various applications such as
electrocatalytic application, because of their unique electronic, photonic, and catalytic properties [1].
Electrodeposition of nanostructured films is of great importance in the various fields of technology such
as energy storage, water electrolysis, electronics, corrosion protective coatings and electrocatalytic
processes [2]. Electrodeposition techniques provides advantages such as simplicity, low costs, highrate growth, low synthesis temperatures, formation of high pure and homogeneous films [3, 4]. In recent
years, several earth-metal oxides such as Co, Cu, Fe, Ni and their alloys have been investigated as
electrocatalysts. Among them, cobalt oxide (CoOx) has been studied by many groups due to its very
importance [3, 4]. A key factor for the performance of an electrocatalyst is its nanostructuration.
Synthesis conditions strongly affect the nanostructure of synthesized films. Synthesis of low cost,
stable, and thin film on the surface are challenges for fabrication of high performance electrocatalyst
system. In this work, for the first time electrodeposition of nanostructured cobalt oxide film on the
surface of various polymeric compounds with different chemistry is investigated and compared.
Fabricated films are characterized by using scanning electron microscopy, atomic force microscopy,
energy dispersive spectroscopy and various electrochemical techniques. The effect of various synthesis
conditions such as applied potential, deposition time, and electrolyte condition is investigated and
optimized. Experimental results showed that electrodeposition conditions and chemistry of the surface
strongly affect the electrochemistry, morphology and electrocatalytic properties of the electrodeposited
cobalt oxide nanoparticles. Under optimum conditions, film showed very good activity toward the
detection of blood biomarkers.
Keywords: Nanostructure; Biomarker; Electrodeposition; Cobalt oxide nanoparticles
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Activated carbon prepared by corn cobs and its application in pyridine
removal from model fuel
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Abstract
Due to emissions of gasses containing nitrogen and sulfur in the atmosphere as the result of fuel
consumption in cars or other uses, the removal of pollutants in fuel is one of the essential concerns.
Specially, Nitrogen removal is very important because of the numerous problems it causes [1].
Hydrodenitrogenation (HDN) is commonly used to remove nitrogen compounds. HDN method is not
able to remove heterocyclic N-compounds such as pyridine, indole and their derivatives from fossil
fuels that is due to the fact that the active sites of catalyst are involved with nitrogen compounds,
especially basic nitrogen compounds such as pyridines, and amines [2-3]. Therefore, complementary
methods have been used for improving the elimination of nitrogen compounds from fossil fuels.
In this paper, an economic adsorbent was prepared from agriculture waste, and applied for the
removal of nitrogen compounds from model fuel. Removal of pyridine from model fuel onto activated
carbon (nanopore- containing activated carbon) obtained from corn cobs was investigated using a
feasible synthesized method. Activated carbon (AC) adsorbent was prepared from corn cobs by
chemical activation using phosphoric acid as an activator. The effect of various factors (temperature,
reaction time, and initial concentration) was investigated for nitrogen removal. Based on the
concentration data, isotherm models (Langmuir, Temkin, Freundlich) of the adsorption process was
also studied. Obtained results predicted a good agreement between the experimental data with the
Langmuir model. Moreover, the maximum adsorption capacity of pyridine removal by AC was
obtained to be 73 mg. g-1. Also, the regeneration step was performed with different solvents. The
Water/HCl (2 M) was found to be the best solvent for regeneration. Textural characteristics of AC were
determined by BET (nitrogen adsorption at 77 K), FT-IR (Fourier transform infrared spectroscopy),
FESEM-EDX (Scanning electron microscopy), and XRD (The X–ray diffraction patterns).
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Electrochemical synthesis of nickel oxide nanostructured thin film for
sensitive detection of chlorpromazine
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Abstract
The modification of electrode surface with suitable materials is very important for the development of new
generations of electroanalysis devices with enhanced sensitivity and selectivity [1] Electrochemical
deposition is an efficient procedure in preparing metal /metal oxide nanostructure films on the surfaces.
Electrodeposition is of great importance in the various fields of technology such as energy storage, water
electrolysis, electronics, corrosion protective coatings, and electrocatalytic processes [1, 2]. This technique
is an effective method in controllably growing nanostructured thin films of tunable thicknesses on conductive
substrates [3]. Metal oxides nanoparticles/nanostructures are among the widest used manufactured
nanomaterials because of their unique properties [4]. In the present work thin layer of nickel oxide
nanoparticles was synthesis electrochemically on the electrode surface. Synthesized nickel oxide film was
characterized

by

scanning

electron

microscopy,

energy

dispersive

spectroscopy

and

various

electrochemical techniques. The effect of various synthesis conditions such as applied potential, deposition
time, was investigated and optimized. Experimental results showed a very good electrocatalytic activity of
nanostructured nickel oxide thin film toward the oxidation of chlorpromazine. Cyclic voltammetry and
differential pulse voltammetry were used for investigation of electrocatalytic oxidation of chlorpromazine. In
optimum conditions the fabricated sensors exhibited high sensitivity, low detection limit, wide linear range,
and excellent stability. Results showed that the proposed sensor can be applied for the determination of
chlorpromazine in real samples.
Keywords: Nickel oxide; Nanoparticles; Electrochemistry; Modified electrode; Chlorpromazine
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Investigation of ion selectivity of nano/microstructured egg shell
membrane
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Abstract
The possibility of developing new nanostructured materials with specific configurations and
morphology is offering powerful tools for the preparation of membranes with controlled selectivity and
permeability higher than the membranes existing today [1]. An eggshell membrane (ESM) is widely
regarded as a waste material. ESM is a natural biomaterial that has been widely used owing to its
unique interlaced fibrous three-dimensional (3D) structures, nanopores and channels, rich protein
components, and low cost. Moreover, ESM can be made in a variety of shapes and sizes to meet
different demands for non-planar and conformal surfaces. Significant progresses have been made in
the applications of this fascinating biomaterial has been using for adsorption of dyes or heavy metals,
as a selective membrane to control particle transport [2, 3]. In this work, ESM were investigated and
characterized by using various electrochemical techniques, scanning electron microscopy, energy
dispersive spectroscopy, and Fourier transform spectroscopy. In continuous, ion selectivity of ESM
toward alkali and alkali earth metals was investigated and compared. Various experimental conditions
were optimized. ESM exhibited good ion selectivity properties with stability and reproducibility. The
ion selectivity properties of the proposed ESM membrane are comparable or better than the other ion
selective membrane.
Keywords: Nanostructure; Ion selectivity; Egg shell; Membrane; Ion transfer
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dots-cobalt oxide nanocomposite modified polyvinyl alcohol fibers
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Abstract
Vanillylmandelic acid (VMA) and homovanillic acid (HVA) are the major end products of the
catecholamine metabolism. The quantitation of catecholamines and their metabolites in physiological
fluids have great importance, mainly in clinical chemistry, since these compounds serve as diagnostic
markers for diverse metabolic and neurological disorders. Both organic acids exist in the various
biological matrices and are determined frequently in urine, blood plasma, blood serum, cerebrospinal
fluid, and brain tissue. VMA and HVA represent two crucially essential biomarkers of neuroblastoma, the
third most common cancer type affecting children under the age of five [1,2]. Thus, monitoring the trace
amount of these compounds have become a vital necessity. Electrochemical technique is recognized as
a fast, sensitive, low cost, reproducible, and accurate method for trace analysis and are very good reliable
techniques for determination of biomarkers in trace level [3, 4]. The determination of VMA and HVA faces
several analytical problems including similar structures and low concentrations in biological matrices [1].
In this work, polyvinyl alcohol fibers modified with graphene quantum dots-cobalt oxide nanocomposite
were synthesized and characterized by using scanning electron microscopy, energy dispersive
spectroscopy, Fourier transform spectroscopy, and various electrochemical techniques. In continuous,
the electrode surface was modified with graphene quantum dots-cobalt oxide nanocomposite modified
polyvinyl alcohol fibers and used for electrochemical detection of VMA and HVA. Various experimental
conditions were optimized. Experimental results demonstrated the high sensitivity, low detection limit,
wide linear range, and excellent stability of fabricated electrochemical sensors for the detection of VMA
and HVA. The analytical performance of proposed sensors are comparable or better than other VMA and
HVA sensors currently present in literature.
Keywords: Graphene quantum dots; Polyvinyl alcohol; Modified electrode; Cobalt oxide, Electrochemical
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Fabrication of Pure and Sn-doped CuBi2O4 based Electrochemical Sensor for the
Detection of Chloramphenicol
PR. Kaleeswarrana, A. Arumugamb*
a Department

of Nanoscience and Technology, Alagappa University, Karaikudi, India - 630
003.

b

Department of Botany, Alagappa University, Karaikudi, India - 630 003.
E-mail: arumugama@alagappauniversity.ac.in

Abstract
Chloramphenicol (CMP) is one of the most important components of a broad-spectrum
antimicrobial agent. CMP is well-known for its effective antibiotic properties. When CMP is
consumed in large quantities, it can cause health problems such as neurotoxic reactions,
allergic reactions, leukaemia, and aplastic anaemic conditions. As a result, it is vital to examine
various novel electrode materials for the determination of CMP that have high catalytic activity
while also having good conductivity. Only if alternative materials that are both abundant and
inexpensive can be identified, will commercialization of this technology become a possibility in
the future. For the detection of CMP, we have proposed enzymeless as well as p-type Copper
Bismuth Oxide (CuBi2O4) and Tin (Sn) doped CuBi2O4 nanoparticles prepared using
hydrothermal techniques since the dopant is incorporated into metal oxide nanostructures
during the material synthesis formation, both of which are free of noble metals. The XRD and
SEM techniques were used to characterise the synthesised materials. A pH of 7.0 resulted in
the highest catalytic activity demonstrated by CMP. Specifically, an investigation into the
electrochemical oxidation of CMP was carried out to determine the effects of various
parameters, such as the pH, the scan rate, and the metal ion concentration, on the process. It
differs from the original sensor in that it has improved stability and quick recovery values.
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Abstract
As an important means of electrical energy storage through electrical double layer
capacitance or pseudocapacitance, supercapacitors have received tremendous attention
during

the

past

decade.

On

other

hand,

unique

performance

characteristics

of

supercapacitors, such as high-power density and long cycling life, make them ideally suited to
bridging the energy/power gaps between conventional dielectric capacitors and batteries [1].
In this study, Fe-doped strontium cobalt perovskite (SrCo0.5Fe0.5O3, SCF) as electrode
material for supercapacitor were prepared via a sol-gel method. Partial substitution at the B
site of SrCoO3 (SC) perovskite will probably improve specific capacitance, energy density,
power density, and ultralong cycle life all three of which are critical parameters for a
supercapacitor. One character of perovskites that affects all three parameters is the amount
of oxygen vacancy in the perovskite structure, so it is expected that with partial substitution at
the B site of SC increase oxidation states of cobalt and the concentration of oxygen vacancy
in the perovskite structure and improve performance of SCF perovskite as a supercapacitor
electrode.
The perovskite materials were prepared by combustion sol-gel method as follows: The
preliminary materials Sr(NO3)3.6H2O, Co(NO3)3.4H2O, and Fe(NO3)3.9H2O were mixed
according to the stoichiometries ratio at 60°C in 50 ml deionized water, then glycine with a
4.5:1 molar ratio (glycine/perovskite) added to the solution at 80°C. by continued heating and
stirring, the gel was formed and by auto-combustion, a black-brown perovskite powder was
obtained. In order to measurement the electrochemical properties of SCF, SC, and SrFeO3
(SF) an ink was prepped by dispersing the samples powders in a NMP solution and

108

Nanotech-Eurasia-2021

nd

2 Eurasian Conference on Nanotechnology, Baku, Azerbaijan

ultrasonicated for 1hr. after that a three-electrode system at room temperature in a 1M KOH
solution was used. Prepared samples were used as working electrode included 80%wt
perovskite, 15%wt active carbon and 5%wt Polyvinylidene
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