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1.The use of renewable energy in the form of methane via electrolytic hydrogen generation using carbon dioxide as the feedstock
Koji Hashimoto, Naokazu Kumagai, Koichi Izumiya, Hiroyuki Takano, Hiroyuki Shinomiya, Yusuke Sasaki, Tetsuya Yoshida, Zenta Kato

Abstract
The history reveals the continuous increase in world energy consumption and carbon emissions. For prevention of intolerable global warming and complete exhaustion of fossil fuels we need complete conversion from fossil fuel consumption to renewable energy. We have been performing the research and development of global carbon dioxide recycling for more than 25 years to supply renewable energy to the world in the form of methane produced by the reaction of carbon dioxide captured from chimney with hydrogen generated electrolytically using electricity generated by renewable energy. We created the cathode and anode for electrolytic hydrogen generation and the catalyst for carbon dioxide methanation by the reaction with hydrogen. The methane formation from renewable energy will be the most convenient and efficient key technology for the use of renewable energy by storage of intermittent and fluctuating electricity generated from renewable energy and by regeneration of stable electricity. Domestic and international cooperation of companies for industrialization is in progress.
2.Enhancement of oxidative electrocatalytic properties of platinum nanoparticles by supporting onto mixed WO3/ZrO2 matrix
Iwona A. Rutkowska, Anna Wadas, Pawel J. Kulesza

Abstract
Nanostructured mixed metal (W, Zr) oxide matrices (in a form of layered intercalated films of WO3 and ZrO2) are considered here for supporting and activating catalytic platinum nanoparticles toward electrooxidation of ethanol. Remarkable increases of electrocatalytic (voltammetric, chronoamperometric) currents measured in 0.5 mol dm−3 H2SO4 (containing 0.5 mol dm−3 ethanol) have been observed. Comparison has been made to the behavior of methanol and acetaldehyde under analogous conditions. The enhancement effects are interpreted in terms of specific interactions between platinum nanoparticles and the metal oxide species, high acidity of the mixed oxide sites, as well as high population of surface hydroxyl groups and high mobility of protons existing in close vicinity of Pt catalytic sites. The metal oxide nanostructures are expected to interact competitively (via the surface hydroxyl groups) with adsorbates of the undesirable reaction intermediates, including CO, facilitating their desorption (“third body effect”), or even oxidative removal (e.g., of CO to CO2). The fact that the partially reduced tungsten oxide (HxWO3) component is characterized by fast electron transfers coupled to proton displacements tends to improve the overall charge propagation at the electrocatalytic interface.
3.Enhanced catalytic activity of solid and hollow platinum-cobalt nanoparticles towards reduction of 4-nitrophenol
Jan Krajczewski

Abstract

Previous investigations of hollow platinum nanoparticles have shown that such nanostructures are more active catalysts than their solid counterparts towards the following electrochemical reactions: reduction of oxygen, evolution of hydrogen, and oxidation of borohydride, methanol and formic acid. In this work we show that synthesised using standard galvanic replacement reaction (with Co templates) hollow platinum nanoparticles exhibit enhanced catalytic activity also towards reduction of 4-nitrophenol by sodium borohydride in water. Unlike in the case of procedures involving hollow platinum catalysts employed so far to carry out this reaction it is not necessary to couple analysed platinum nanoparticles to the surface of an electrode. Simplification of the analyzed reaction may eliminate same experimental errors. We found that the enhanced catalytic activity of hollow Pt nanoparticles is not only connected with generally observed larger surface area of hollow nanostructures, but is also due to the contamination of formed hollow nanostructures with cobalt, from which sacrificial templates used in the synthesis of hollow Pt nanostrustures have been formed. Because using sacrificial templates is a typical method of synthesis of hollow metal nanostructures, formed hollow nanoparticles are probably often contaminated, which may significantly influence their catalytic activity.
4.Nanostructured MnxOy for oxygen reduction reaction (ORR) catalysts
Luisa Delmondo, Gian Paolo Salvador, José Alejandro Muñoz-Tabares, Adriano Sacco, Nadia Garino, Micaela Castellino, Matteo Gerosa, Giulia Massaglia, Angelica Chiodoni, Marzia Quaglio

Abstract
In the field of fuel cells, oxygen plays a key role as the final electron acceptor. To facilitate its reduction (Oxygen Reduction Reaction—ORR), a proper catalyst is needed and platinum is considered the best one due to its low overpotential for this reaction. By considering the high price of platinum, alternative catalysts are needed and manganese oxides (MnxOy) can be considered promising substitutes.They are inexpensive, environmental friendly and can be obtained into several forms; most of them show significant electro-catalytic performance, even if strategies are needed to increase their efficiency.In particular, by developing light and high-surface area materials and by optimizing the presence of catalytic sites, we can obtain a cathode with improved electro-catalytic performance. In this case, nanofibers and xerogels are two of the most promising nanostructures that can be used in the field of catalysis.In this work, a study of the morphological and catalytic behavior of MnxOy nanofibers and xerogels is proposed. Nanofibers were obtained by electrospinning, while xerogels were prepared by sol-gel and freeze drying techniques.Despite of the different preparation approaches, the obtained nanostructured manganese oxides exhibited similar catalytic performance for the ORR, comparable to those obtained from Pt catalysts.
5.The influence of coating solution and calcination condition on the durability of Ir1-xSnxO2/Ti anodes for oxygen evolution
Zenta Kato, Ryo Kashima, Kohei Tatsumi, Shinnosuke Fukuyama, Koichi Izumiya, Naokazu Kumagai, Koji Hashimoto

Abstract
For oxygen formation without forming chlorine in seawater electrolysis for hydrogen production we have been using the anode consisting of three layers of MnO2-type multiple oxide catalyst, intermediate layer and titanium substrate. The intermediate layer was used for prevention of oxidation of the titanium substrate during anodic polarization for oxygen evolution and was prepared by calcination of butanol solutions of H2IrCl6 and SnCl4coated on titanium. The protectiveness of Ir1-xSnxO2 layer formed was directly examined using Ir1-xSnxO2/Ti anodes in H2SO4 solution changing the preparation conditions of the layer. When the sum of Ir4+ and Sn4+ was 0.1 M, the highest protectiveness was observed at 0.06 M Sn4+. Although an increase in calcination temperature led to the formation of Ir1-x-ySnxTiyO2 triple oxide with a slightly lower catalytic activity for oxygen evolution, the anode calcined at 450 °C showed the highest protectiveness.
6.Highly active carbon supported Pd cathode catalysts for direct formic acid fuel cells
Mikolajczuk-Zychora, A. Borodzinski, P. Kedzierzawski, B. Mierzwa, M. Mazurkiewicz-Pawlicka, L. Stobinski, E. Ciecierska, A. Zimoch, M. Opałło

Abstract
One of the drawbacks of low-temperature fuel cells is high price of platinum-based catalysts used for the electroreduction of oxygen at the cathode of the fuel cell. The aim of this work is to develop the palladium catalyst that will replace commonly used platinum cathode catalysts. A series of palladium catalysts for oxygen reduction reaction (ORR) were prepared and tested on the cathode of Direct Formic Acid Fuel Cell (DFAFC). Palladium nanoparticles were deposited on the carbon black (Vulcan) and on multiwall carbon nanotubes (MWCNTs) surface by reduction of palladium(II) acetate dissolved in ethanol. Hydrazine was used as a reducing agent. The effect of functionalization of the carbon supports on the catalysts physicochemical properties and the ORR catalytic activity on the cathode of DFAFC was studied. The supports were functionalized by treatment in nitric acid for 4 h at 80 °C. The structure of the prepared catalysts has been characterized by thermogravimetric analysis (TGA), X-ray diffraction (XRD), transmission electron microscope (TEM) and cyclic voltammetry (CV). Hydrophilicity of the catalytic layers was determined by measuring contact angles of water droplets. The performance of the prepared catalysts has been compared with that of the commercial 20 wt.% Pt/C (Premetek) catalyst. The maximum power density obtained for the best palladium catalyst, deposited on the surface of functionalized carbon black, is the same as that for the commercial Pt/C (Premetek). Palladium is cheaper than platinum, therefore the developed cathode catalyst is promising for future applications.
7.[image: image1]Highly active Ni/Y-doped ZrO2 catalysts for CO2 methanation
H. Takano, Y. Kirihata, K. Izumiya, N. Kumagai, H. Habazaki, K. Hashimoto

Abstract
The catalytic methanation of CO2 was carried out on Ni catalysts supported on Y-doped ZrO2 with various Y3+ concentrations and Ni/(Zr + Y) molar ratio = 1. The catalysts were characterized by X-ray diffraction, scanning transmission electron microscopy, specific surface area, temperature-programmed desorption of CO2, and temperature-programmed reaction. In addition, operando diffuse-reflectance infrared Fourier-transform spectroscopy (DRIFT) was used to identify the adsorbed reaction intermediate. Catalysts supported on Y-doped ZrO2 show higher catalytic activity than the catalyst on Y-free ZrO2 with a monoclinic ZrO2 phase. The catalytic activity is also dependent upon the Y3+ concentration, and the highest activity was obtained for the catalyst with a Y/(Zr + Y) molar ratio of 0.333, which consists mainly of fcc Ni and cubic ZrO2 phase. Y3+ doping into ZrO2introduces oxygen vacancies, which play an important role in enhancing the catalytic activity. The operando DRIFT study reveals that a CO adsorption intermediate is absent, and bidentate carbonate is an important intermediate for CH4 formation.

8.TiO2 assisted photo-oxidation of wastewater prior to voltammetric determination of trace metals: Eco-friendly alternative to traditional digestion methods
Beata Lejbt, Natalia Ospina-Alvarez, Krzysztof Miecznikowski, Beata Krasnodębska-Ostręga

Abstract
Voltammetry is a sensitive method for metal determination and one alternative to ICP MS, but its limitation is the influence of the organic matrix on the measurements. To avoid those interferences, wet digestion with H2O2 accelerated with UV irradiation is applied and evaporation of excess of reagents is required. In this study, photolytic oxidation in quartz tubes with anatase was carried out, using as object of study wastewater samples with high amount of organic matter. Cadmium and lead determination was carried out in order to test metal recoveries. Lead recoveries reached c.a 85% for UV digestion with hydrogen peroxide, 98% for digestion with anatase immobilized with polyvinylidene fluoride (N-metylo-2-pirolidon) and c.a103% for digestion with immobilized anatase (anatase in gum). The results obtained showed the usefulness of TiO2 layer as an oxidation medium. An easy, cheap and eco-friendly digestion method of surfactants without any reagent has been developed, with equal sensitivity but and the same detection limit of traditional digestion methods.
9.Surface studies of praseodymium by electron spectroscopies
Mirosław Krawczyk, Marcin Pisarek, Wojciech Lisowski, Aleksander Jablonski

Abstract
Electron transport properties in praseodymium (Pr) foil samples were studied by elastic-peak electron spectroscopy (EPES). Prior to EPES measurements, the Pr sample surface was pre-sputtered by Ar ions with ion energy of 2–3 keV. After such treatment, the Pr sample still contained about 10 at.% of residual oxygen in the surface region, as detected by X-ray photoelectron spectroscopy (XPS) and Auger electron spectroscopy (AES) analyses. The inelastic mean free path (IMFP), characterizing electron transport within this region (4 nm-thick), was evaluated from EPES using both Ni and Au standards as a function of energy in the range of 0.5–2 keV. Experimental IMFPs, λ, were approximated by the simple function λ = kEp, where E is energy (in eV), and k = 0.1549 and p = 0.7047 were the fitted parameters. These values were compared with IMFPs for the praseodymium surface in which the presence of oxygen was tentatively neglected, and also with IMFPs resulting from the TPP-2M predictive equation for bulk praseodymium. We found that the measured IMFP values to be only slightly affected by neglect of oxygen in calculations. The fitted function applied here was consistent with the energy dependence of the EPES-measured IMFPs. Additionally, the measured IMFPs were found to be from 2% to 4.2% larger than the predicted IMFPs for praseodymium in the energy range of 500–1000 eV. For electron energies of 1500 eV and 2000 eV, there was an inverse correlation between these values, and then the resulting deviations of −0.4% and −2.7%, respectively, were calculated.

10.MnO2-protected silver nanoparticles: New electromagnetic nanoresonators for Raman analysis of surfaces in basis environment
Heman Burhanalden Abdulrahman, Karol Kołątaj, Paweł Lenczewski, Jan Krajczewski, Andrzej Kudelski

Abstract
The first example of the synthesis of Ag nanoparticles protected by a few nanometers thick layer of MnO2 (Ag@MnO2) has been reported. Synthesized Ag@MnO2 nanoparticles effectively locally enhance the electric field of the incident visible radiation, which allows, for example, for a large enhancement of the efficiency of Raman scattering for species located in the close proximity to such nanostructures. It means that Ag@MnO2nanoparticles may be used as nanoresonators for shell-isolated nanoparticle-enhanced Raman scattering (SHINERS) measurements. The obtained Ag@MnO2 nanoparticles are almost two orders of magnitude more efficient in enhancing Raman signal than previously used for SHINERS measurements in the alkali environment Au@MnO2 nanostructures. Moreover, in comparison to Ag@SiO2 nanoparticles, which are standard silver nanoresonators for SHINERS experiments, Ag@MnO2 nanoparticles are significantly more stable in the basic conditions. Deposition of the MnO2layer (by the reduction of KMnO4 with by K2C2O4 in an alkaline condition) on hollow silver nanoparticles (h-Ag) has been also analyzed. Hollow silver shells are significantly less stable than the solid Ag nanostructures and are practically entirely destroyed during the process of the MnO2deposition. However, in this condition, the majority of h-Ag nanoparticles form agglomerates containing about 101 h-Ag items which are connected by MnO2, and after dissolution of the silver auxiliary templates very regular MnO2 sponge nanostructures with the diameter of 150–300 nm are formed.

11.The role of oxygen in plasmon-driven transformation of silver nanoparticles
Jan Krajczewski, Karol Kołątaj, Sylwia Parzyszek, Heman Burhanalden Abdulrahman, Andrzej Kudelski

Abstract
Plasmon-driven transformation (PDTr) of silver nanoparticles is a very valuable tool for formation of various anisotropic silver nanostructures. PDTr involves two steps: slow surface dissolution of silver nanoparticles, and redeposition of dissolved silver by the photocatalytic reduction of Ag+ cations. Photocatalytic reduction of Ag+ occurs preferentially at such places of silver nanostructures, at which strong surface plasmons are excited (usually sharp edges, tips). Therefore, during PDTr the inhomogeneity of nanoparticles may increase. Up to now all synthesis of Ag nanoparticles utilizing PDTr have been carried out in the solution containing dissolved oxygen. In this contribution we have shown that when another oxidising agent (e.g., 1,4-benzoquinone) is present in the reaction mixture, the PDTr of silver nanoparticles can be carried out even in the deoxidised solution. Moreover, using oxidising agents other than oxygen allows for some modification of the PDTr process (especially synthesis of smaller Ag nanostructures). Explanation of the observed phenomenon is proposed (involving complete oxidation by the dissolved oxygen of some very small Ag clusters).
12.[image: image2]Properties of ordered titanium templates covered with Au thin films for SERS applications
Katarzyna Grochowska, Katarzyna Siuzdak, Michał Sokołowski, Jakub Karczewski, Mariusz Szkoda, Gerard Śliwiński

Abstract
Currently, roughened metal nanostructures are widely studied as highly sensitive Raman scattering substrates that show application potential in biochemistry, food safety or medical diagnostic. In this work the structural properties and the enhancement effect due to surface enhanced Raman scattering (SERS) of highly ordered nano-patterned titanium templates covered with thin (5–20 nm) gold films are reported. The templates are formed by preparation of a dense structure of TiO2 nanotubes on a flat Ti surface (2 × 2 cm2) and their subsequent etching down to the substrate. SEM images reveal the formation of honeycomb nanostructures with the cavity diameter of 80 nm. Due to the strongly inhomogeneous distribution of the electromagnetic field in the vicinity of the Au film discontinuities the measured average enhancement factor (107–108) is markedly higher than observed for bare Ti templates. The enhancement factor and Raman signal intensity can be optimized by adjusting the process conditions and thickness of the deposited Au layer. Results confirm that the obtained structures can be used in surface enhanced sensing.
13.Syntheses and properties of several metastable and stable hydrides derived from intermetallic compounds under high hydrogen pressure
S.M. Filipek, V. Paul-Boncour, R.S. Liu, I. Jacob, T. Tsutaoka, A. Budziak, A. Morawski, H. Sugiura, P. Zachariasz, K. Dybko, R. Diduszko

Abstract
Brief summary of our former work on high hydrogen pressure syntheses of novel hydrides and studies of their properties is supplemented with new results. Syntheses and properties of a number of hydrides (unstable, metastable or stable in ambient conditions) derived under high hydrogen pressure from intermetallic compounds, like MeT2, MeNi5, Me7T3, Y6Mn23 and YMn12 (where Me = zirconium, yttrium or rare earth; T = transition metal) are presented. Stabilization of ZrFe2H4 due to surface phenomena was revealed. Unusual role of manganese in hydride forming processes is pointed out. Hydrogen induced phase transitions, suppression of magnetism, antiferromagnetic-ferromagnetic and metal-insulator or semimetal-metal transitions are described. Equations of state (EOS) of hydrides submitted to hydrostatic pressures up to 30 GPa are presented and discussed.
14.[image: image3]How important are scaffolds and their surface properties in regenerative medicine
J. Idaszek, E. Kijeńska, M. Łojkowski, W. Swieszkowski

Abstract
The ability of cells to sense various cues present within their natural habitat gives a tremendous opportunity to steer their fate in vitro within artificial matrices (scaffolds). However, the variety of signals and their chemical and physical origin makes engineering of the scaffolds quite challenging and requires careful design in order to obtained the desired outcome. Herein, we discuss the effect of architecture and surface of scaffolds fabricated by means of additive manufacturing and electrospinning on cell retention, spreading, proliferation and differentiation. Additionally, we present some of the reported surface and bulk modifications of the scaffolds, which positively affected cell performance. Finally, in the last part we discuss application of multicellular spheroids as a useful tool to study cell performance within three-dimensional and porous structures.
15.Experimental and theoretical study using DFT method for the competitive adsorption of two cationic dyes from wastewaters
Abdelmajid Regti, Hicham Ben El Ayouchia, My Rachid Laamari, Salah Eddine Stiriba, Hafid Anane, Mohammadine El Haddad

Abstract
The adsorption of cationic dyes, Basic Yellow (BY28) and Methylene Blue (MB) on a new activated carbon from medlar species were studied in both single and binary system. Some experimental parameters, namely, pH, amount of adsorbent and contact time are studied. Quantum chemical results indicate that the adsorption efficiency was directly related to the dye electrophilicity power.
Some theorical parameters were calculated and proved that MB is more electrophilic than BY28, than greatest interaction with surface sites. Kinetic study showed that the adsorption follows the pseudo-second-order model and Freundlich was the best model to describe the phenomenon in the single and binary system. According to the local reactivity results using Parr functions, the sulphur and nitrogen atoms will be the main adsorption sites.
16.Cross-linked multilayer-dye films deposited onto silica surfaces with high affinity for pepsin
Florin Bucatariu, Claudiu-Augustin Ghiorghita, Ana-Irina Cocarta, Ecaterina Stela Dragan

Abstract
Cross-linked thin films based on pH-responsive polymers with a specific ligand inside the organic layer are useful materials in separation processes or in fabrication of controlled delivery systems. Herein, we report the step-by-step deposition of polymer multilayers based on poly(ethyleneimine) (PEI), poly(acrylic acid) (PAA) and poly(sodium methacrylate) (PMAA) followed by the Congo red (CR) immobilization onto composite Daisogel silica microparticles and silicon wafers. The non-crosslinked composites were not stable in extreme basic medium (pH = 13), while thermal and chemical cross-linked samples with CR inside were stable over a wide range of pH. The interaction properties of different proteins [pepsin (PEP), lysozyme, trypsin, bovine serum albumin] with modified solid surfaces were followed by potentiometric titrations, UV and AFM measurements. Only the PEP macromolecules were sorbed onto the Daisogel composite microparticles with CR inside the cross-linked multilayer. The maximum sorbed amount was nearly 200 mg PEP/g Daisogel//(PEI/PAA)4.5 + CR. This high sorbed amount was in accordance with the AFM images, the average high and roughness increased drastically after the sorption of PEP.
17.Antiferromagnetic MnN layer on the MnGa(001) surface
J. Guerrero-Sánchez, Noboru Takeuchi

Abstract
Spin polarized first principles total energy calculations have been applied to study the stability and magnetic properties of the MnGa(001) surface and the formation of a topmost MnN layer with the deposit of nitrogen. Before nitrogen adsorption, surface formation energies show a stable gallium terminated ferromagnetic surface. After incorporation of nitrogen atoms, the antiferromagnetic manganese terminated surface becomes stable due to the formation of a MnN layer (Mn-N bonding at the surface). Spin density distribution shows a ferromagnetic/antiferromagnetic arrangement in the first surface layers. This thermodynamically stable structure may be exploited to growth MnGa/MnN magnetic heterostructures as well as to look for exchange biased systems.
18.Platinum electrodeposition from a dinitrosulfatoplatinate(II) electrolyte
Mathias Weiser, Claudia Schulze, Michael Schneider, Alexander Michaelis

Abstract
In this work a halogen-free electrolyte to deposit platinum nanoparticle is studied. The investigated [Pt(NO2)2SO4]2−-complex is suitable for electrochemical deposition on halogen sensitive substrates. The mechanism and kinetic of particle deposition is investigated using a glassy carbon rotating disk electrode. Nano sized platinum particles are deposited by using pulse plating technique. The size of the smallest platinum nanoparticle is 5 nm. The shape of the particle distribution strictly depends on the plating time. The platinum deposition is usually superimposed with hydrogen evolution. A diffusion coefficient of the [Pt(NO2)2SO4]2‐-complex is determined to 5.4 × 10−6 cm2s−1. The current efficiency depends on the deposition parameters and amounts to 37% under the chosen pulse plating conditions.
19.Enhancement of polar crystalline phase formation in transparent PVDF-CaF2 composite films
Sang Goo Lee, Jong-Wook Ha, Eun-Ho Sohn, In Jun Park, Soo-Bok Lee

Abstract
We consider the influence of calcium fluoride (CaF2) nanoparticles on the crystalline phase formation of poly(vinylidene fluoride) (PVDF) for the first time. The transparent PVDF-CaF2 composite films were prepared by casting on PET substrates using N,N-dimethylacetamide (DMAc) as a solvent. It was found that CaF2 promoted the formation of polar crystalline phase of PVDF in composites, whereas nonpolar α-phase was dominant in the neat PVDF film prepared at the same condition. The portion of polar crystalline phase increased in proportional to the weight fraction of CaF2 in the composite films up to 10 wt%. Further addition of CaF2 suppressed completely the α-phase formation. Polar crystalline phase observed in as-cast composite films was a mixture of β- and γ-polymorph structures. It was also shown that much ordered γ-phase could be obtained through thermal treatment of as-cast PVDF-CaF2 composite film at the temperatures above the melting temperature of the composite films, but below that of γ-phase.
20.Time evolution of secondary electron emission and trapped charge accumulation in polyimide film under various primary electron irradiation currents
Bai-Peng Song, Run-Dong Zhou, Guo-Qiang Su, Hai-Bao Mu, Guan-Jun Zhang, Ren-An Bu

Abstract
Time-resolved evolution of secondary electron emission and trapped charge accumulation in polyimide film is investigated during two interval electrons bombardment, derived from the measurement of displacement current and secondary current via a hemispherical detector with the shielded grid. Under various irradiation current, secondary electron yield (SEY σ) at a certain injected energy decreases exponentially from initial amplitude σ0 to self-consistent steady value σ∞ close to 0.93. The time constant τ of charging process is characterized as a function of incident currentIp, and the results indicate that the formula Ip × τ is fitted by a hyperbolical law. The influence of Ip on the amount of trapped charge is studied and no significant change in its saturation value is observed. The evolution of SEY σ and trapped charge is dependent on incident dose Qp but not the incident rate Ip. Furthermore, the trap density and capture cross section are discussed.
21.Three-dimensional core-shell Fe2O3 @ carbon/carbon cloth as binder-free anode for the high-performance lithium-ion batteries
Xiaohua Wang, Miao Zhang, Enzuo Liu, Fang He, Chunsheng Shi, Chunnian He, Jiajun Li, Naiqin Zhao

Abstract
A facile and scalable strategy is developed to fabricate three dimensional core-shell Fe2O3 @ carbon/carbon cloth structure by simple hydrothermal route as binder-free lithium-ion battery anode. In the unique structure, carbon coated Fe2O3 nanorods uniformly disperse on carbon cloth which forms the conductive carbon network. The hierarchical porous Fe2O3 nanorods in situ grown on the carbon cloth can effectively shorten the transfer paths of lithium ions and reduce the contact resistance. The carbon coating significantly inhibits pulverization of active materials during the repeated Li-ion insertion/extraction, as well as the direct exposure of Fe2O3 to the electrolyte. Benefiting from the structural integrity and flexibility, the nanocomposites used as binder-free anode for lithium-ion batteries, demonstrate high reversible capacity and excellent cyclability. Moreover, this kind of material represents an alternative promising candidate for flexible, cost-effective, and binder-free energy storage devices.

Rational construction of Z-scheme Ag2CrO4/g-C3N4 composites with enhanced visible-light photocatalytic activity
Jin Luo, Xiaosong Zhou, Lin Ma, Xuyao Xu

Abstract
Novel visible-light driven Z-scheme Ag2CrO4/g-C3N4 composites with different contents of Ag2CrO4 were fabricated by a facile chemical precipitation method and characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), UV–vis diffuse reflectance spectroscopy (UV-vis DRS), photoluminescence (PL) spectroscopy and photoelectrochemical measurements. Compared with individual g-C3N4 and Ag2CrO4, the Ag2CrO4/g-C3N4 composites displayed much larger photocatalytic activities for the photocatalytic degradation of methyl orange (MO) solution at room temperature under visible light irradiation (λ > 420 nm). Importantly, the optimum photodegradation rate constant of the Ag2CrO4/g-C3N4 composite at a theoretical weight content of 8.0% Ag2CrO4 for the photodegradation of MO was 0.0068 min−1, which was 5.7 and 4.3 times higher than that of pure g-C3N4 and Ag2CrO4, respectively. Such enormous enhancement in photocatalytic performance was predominantly ascribed to the efficient separation and transfer of photogenerated electrons and holes at the Ag2CrO4/g-C3N4 interface imparted through the Z-scheme electron transfer. Furthermore, radical trap experiments depicted that both the holes and superoxide radical anions were thought to dominate oxidative species of the Ag2CrO4/g-C3N4composite for MO degradation under visible light irradiation. Ultimately, a tentative Z-scheme photodegradation mechanism was proposed. This work may be useful for the rational design of new types of Z-scheme photocatalysts and provide some illuminate insights into the Z-scheme transfer mechanism for application in energy conversion and environmental remediation.
23.Synthesis of surface molecular imprinted TiO2/graphene photocatalyst and its highly efficient photocatalytic degradation of target pollutant under visible light irradiation
Cui Lai, Man-Man Wang, Guang-Ming Zeng, Yun-Guo Liu, Dan-Lian Huang, Chen Zhang, Rong-Zhong Wang, Piao Xu, Min Cheng, Chao Huang, Hai-Peng Wu, Lei Qin

Abstract
The molecular imprinted TiO2/graphene photocatalyst (MIP-TiO2/GR) was successfully prepared with bisphenol A (BPA) as the template molecule (target pollutant) and o-phenylenediamine (OPDA) as functional monomers by the surface molecular imprinting method. The combination between BPA and OPDA led to the formation of the precursor, and the subsequent polymerization of OPDA initiated by ultraviolet radiation can ensure the realization of MIP-TiO2/GR. The samples were characterized by SEM, EDS, XRD, BET, UV–vis DRS and Zeta potential. In addition, adsorption capacities, adsorption selectivity and visible light photocatalytic performances of MIP-TiO2/GR and non-imprinted TiO2/graphene (NIP-TiO2/GR) were evaluated. Moreover, the effects of pH and initial BPA concentration on removal efficiency of BPA were also investigated. The results showed that MIP-TiO2/GR exhibited better adsorption capacity and adsorption selectivity towards the template molecule compared to NIP-TiO2/GR due to the imprinted cavities on the surface of MIP-TiO2/GR. Moreover, the photocatalytic activity of MIP-TiO2/GR toward the target molecules was stronger than that of NIP-TiO2/GR as a result of large adsorption capacity to target molecules and narrow band gap energy on MIP-TiO2/GR. Therefore, modifying the photocatalyst by the surface molecular imprinting is a promising method to improve the molecule recognition and photocatalytic efficiency of photocatalyst for target pollutant.
Effect of morphology and defect density on electron transfer of electrochemically reduced graphene oxide
Yan Zhang, Huilian Hao, Linlin Wang

Abstract
Electrochemically reduced graphene oxide (ERGO) is widely used to construct electrochemical sensors. Understanding the electron transfer behavior of ERGO is essential for its electrode material applications. In this paper, different morphologies of ERGO were prepared via two different methods. Compared to ERGO/GCEs prepared by electrochemical reduction of pre-deposited GO, more exposed edge planes of ERGO are observed on the surface of ERGO-GCE that was constructed by electrophoretic deposition of GO. The defect densities of ERGO were controlled by tuning the mass or concentration of GO. The electron transfer kinetics (k0) of GCE with different ERGOs was comparatively investigated. Owing to increased surface areas and decreased defect density, the k0 values of ERGO/GCE initially increase and then decrease with incrementing of GO mass. When the morphology and surface real areas of ERGO-GCE are the same, an increased defect density induces an accelerated electron transfer rate. k0valuesof ERGO-GCEs are about 1 order of magnitude higher than those of ERGO/GCEs due to the difference in the amount of edge planes. This work demonstrates that both defect densities and edge planes of ERGO play crucial roles in electron transfer kinetics.

25.Exfoliated thin Bi2MoO6 nanosheets supported on WO3 electrode for enhanced photoelectrochemical water splitting
Ying Ma, Yulong Jia, Lina Wang, Min Yang, Yingpu Bi, Yanxing Qi

Abstract
Thin Bi2MoO6 nanosheets are obtained by a microwave-assisted ultrasonic separation process. After exfoliation, the thinner and uniform nanosheets with a thickness of about 10 nm were obtained. The exfoliated nanosheets would provide many amazing functionalities such as high electron mobility and quantum Hall effects. Therefore, thin Bi2MoO6 supported on WO3 electrode (WO3/thin Bi2MoO6) exhibits facilitated charge separation than pure WO3 film and the un-exfoliated Bi2MoO6 nanosheets supported on WO3 electrode (WO3/Bi2MoO6). As a result, WO3/thin Bi2MoO6 shows remarkably stable photocurrent density of 2.2 mA/cm2 at 0.8 VSCE in 0.1 M Na2SO4 which is higher than that of that of WO3 (1.1 mA/cm2) and WO3/Bi2MoO6 (1.5 mA/cm2)

26.Combined DFT and XPS investigation of iodine anions adsorption on the sulfur terminated (001) chalcopyrite surface
Kui Li, Yaolin Zhao, Peng Zhang, Chaohui He, Jia Deng, Shujiang Ding, Weiqun Shi

Abstract
The adsorption of iodine anions (iodide and iodate) on the sulfur terminated (001) chalcopyrite surface has been systematically investigated combining first-principles calculations based on density functional theory (DFT) with X-ray photoelectron spectroscopy (XPS) measurements. Based on the total energy calculations and geometric optimization, the thermodynamically preferred site was copper atom for iodide adsorption and iron atom for iodate adsorption, respectively. In the case of Cu site mode, the iodate underwent a dissociative adsorption, where one I[image: image4.png]


O bond of iodate ion was broken and the dissociative oxygen atom adsorbed on the adjacent sulphur site. Projected density of states (PDOS) analysis further clarified the interaction mechanism between active sites of chalcopyrite surface and adsorbates. In addition, full-range XPS spectra qualitatively revealed the presence of iodine on chalcopyrite surface. High resolution XPS spectra of the I 3d peaks after adsorption verified the chemical environment of iodine. The binding energies of 618.8 eV and 623.5 eV for I 3d5/2 peaks unveiled that the adsorption of iodide and iodate ions on copper-iron sulfide minerals was the result of formation of low solubility metal iodides precipitate. Also two I 3d peaks with low intensity around 618 eV and 630 eV might be related to the inorganic reduction of iodate to iodide by reducing S2− ion of chalcopyrite.

27.Electrochemical sensors based on gold nanoparticles modified with rhodamine B hydrazide to sensitively detect Cu(II)
Donglai Peng, Bin Hu, Mengmeng Kang, Minghua Wang, Linghao He, Zhihong Zhang, Shaoming Fang

Abstract
An electrochemical sensor based on gold nanoparticles (Au NPs) modified with rhodamine B hydrazide (RBH) (AuNPs-RBH) was developed and applied in the highly sensitive and selective detection of Cu2+ in water. RBH molecules were bounded onto the surface of AuNPs via the strong interaction between the amino groups and Au NPs. The chemical structure variations were characterized by X-ray photoelectron spectroscopy and fluoresence spectroscopy. Additionally, electrochemical impedance spectroscopy was used to determine Cu2+ ions in an aqueous solution with the developed AuNPs-RBH-based electrochemical sensor. Results show that the fabricated sensor exhibits good electrochemical performance because of the presence of Au NPs and high affinity with the Cu2+ resulting from the strong coordination chemistry between Cu2+ and RBH. The as-developed sensor towards detecting Cu2+ has a detection limitation of 12.5 fM within the concentration range of 0.1 pM–1 nM by using the electrochemical impedance technique. It also displays excellent selectivity, regeneration, stability, and practicability for Cu2+ detection. Therefore, the new strategy of the RBH-based electrochemical sensor exhibits great potential application in environment treatment and protection.
28.Microstructural, textural and hardness evolution of commercially pure Zr surface-treated by high current pulsed electron beam
Linjiang Chai, Baofeng Chen, Shuyan Wang, Zhuo Zhang, Korukonda L. Murty

Abstract
High current pulsed electron beam (HCPEB) treatments were performed for a commercially pure Zr sheet, with remarkable surface modifications demonstrated. After the HCPEB treatments, the prior equiaxed grains with a bimodal basal texture are replaced by ultra fine plates with dense nanotwins and an unusual fiber texture of normal to the sheet surface. Increased number of pulses leads to further refined microstructures and intensified textures, jointly resulting in continuous increase of hardness. Reasons for such modifications could mainly be attributed to ultra fast heating/cooling and strong variant selection due to presence of complex thermal and stress fields.
29.Green synthesis of highly fluorescent carbon quantum dots from sugarcane bagasse pulp
Thambiraj S., Ravi Shankaran D.

Abstract
Carbon quantum dots (CQDs) have great potential due to its advantageous characteristics of highly fluorescent nature and good stability. In this study, we aimed to develop a simple and efficient method for the green synthesis of fluorescent CQDs from sugarcane bagasse, a renewable and sustainable resource. The process involves the top down approach of chemical oxidation followed by exfoliation of sugarcane carbon. The synthesized CQDs was characterized by UV–vis absorption spectroscopy, Spectrofluorophotometry, Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), Raman spectroscopy, X-ray photon spectroscopy (XPS), Atomic force microscopy (AFM) and High-resolution transmission electron microscopy (HR-TEM). The synthesized CQDs possess stable fluorescent properties, good bio-compatibility and high quantum yield. The CQDs are highly crystalline with longitudinal dimensions of 4.1 ± 0.17 nm with an average roughness of around 5 nm. The XRD and TEM analysis indicates that the synthesized CQDs possess face centred cubic crystal structure. The results suggest that the proposed CQDs could be utilized for bio-sensor, bio-imaging and drug delivery applications.
30.Surface study of gallium- and aluminum- doped graphenes upon adsorption of cytosine: DFT calculations
  Ali Shokuhi Rad, Daryoush Zareyee, Majid Peyravi, Mohsen Jahanshahi

Abstract
The adsorption of cytosine molecule on Al- and Ga- doped graphenes is studied using first-principles density functional theory (DFT) calculations. The energetically most stable geometries of cytosine on both Al- and Ga- doped graphenes are determined and the adsorption energies are calculated. The net charge of transfer as well as local charge of doped atoms upon adsorption of cytosine are studied by natural bond orbitals (NBO) analysis. Orbital hybridizing of complexes was searched by frontier molecular orbital theory (FMO), and density of states (DOS). Depending on the side of cytosine, there are four possible sites for its adsorption on doped graphene; denoted as P1, P2, P3, and P4, respectively. The order of binding energy in the case of Al-doped graphene is found as P1 ˃ P4 ˃ P3 ˃ P2. Interestingly, the order in the case of Ga-doped graphene changes to: P4 ∼ P1˃ P3˃ P2. Both surfaces show superior adsorbent property, resulting chemisorption of cytosine, especially at P1 and P4 position configurations. The NBO charge analysis reveals that the charge transfers from Al- and Ga- doped graphene sheets to cytosine. The electronic properties of both surfaces undertake important changes after cytosine adsorption, which indicates notable change in its electrical conductivity.

31.Tuning the adsorption behaviors and conversions of CHx species on metal embedded graphene surfaces
Yanan Tang, Zigang Shen, Weiguang Chen, Lijun Pan, Xiaolong Wang, Xianqi Dai

Abstract
The stable geometries and adsorption behaviors of CHx (x = 0, 1, 2, 3, 4) species on the single-atoms metal embedded graphene (M-graphene) are investigated by first-principles calculations. It is found that the adsorbed CHx species have the different stability on the M-graphene surfaces, and the adsorption energies of CHx species on the Al-graphene are smaller than those on the Au-graphene. Besides, the adsorption of CHx species can regulate the electronic structure and magnetic properties of M-graphene systems. Moreover, the diffusion pathways of CHx (x = 0–3) species and the conversion reactions between CHx (x = 1–4) species on the M-graphene are analyzed systematically. In the conversion reactions, the adsorbed C and CH species can be more easily converted into the CHx+2 species through the hydrogenation reactions, the broken M-H bond and the formation of new C[image: image5.png]


H bond need overcome the large energy barriers. These results give a clue for designing graphene-based anode materials with high activity and inhibiting carbon deposition.
32.High-rate and ultralong cycle-life LiFePO4 nanocrystals coated by boron-doped carbon as positive electrode for lithium-ion batteries
     Jinpeng Feng, Youlan Wang

Abstract
An evolutionary modification approach, boron-doped carbon coating, has been used to improve the electrochemical performances of positive electrodes for lithium-ion batteries, and demonstrates apparent and significant modification effects. In this study, the boron-doped carbon coating is firstly adopted and used to decorate the performance of LiFePO4. The obtained composite exhibits a unique core-shell structure with an average diameter of 140 nm and a 4 nm thick boron-doped carbon shell that uniformly encapsulates the core. Owing to the boron element which could induce high amount of defects in the carbon, the electronic conductivity of LiFePO4 is greatly ameliorated. Thus, the boron-doped composite shows superior rate capability and cycle stability than the undoped sample. For instance, the reversible specific capacity of LiFePO4@B0.4-C can reach 164.1 mAh g−1 at 0.1C, which is approximately 96.5% of the theoretical capacity (170 mAh g−1). Even at high rate of 10C, it still shows a high specific capacity of 126.8 mAh g−1 and can be maintained at 124.5 mAh g−1 after 100 cycles with capacity retention ratio of about 98.2%. This outstanding Li-storage property enable the present design strategy to open up the possibility of fabricating the LiFePO4@B-C composite for high-performance lithium-ion batteries.
33.Mass spectrometry analyzes to highlight differences between short and long HiPIMS discharges
Axel Ferrec, Julien Kéraudy, Pierre-Yves Jouan

Abstract
This study investigates the understanding of the impact on the pulse width duration (30 and 100 μs) regarding the plasma dynamic of an HiPIMS discharge by investigating time-resolved and time-integrated ion energy distribution functions. In order to establish an objective comparison, the cathode voltage and the mean power were kept constant at −600 V and 7 W cm−2, respectively. Time average measurements revealed that for a pulse as long as 100 μs, the ion flux at the substrate is mostly composed of argon ions (18% higher). Instead, for a lower pulse width of 30 μs, the ions flux at the substrate seems to be dominated by chromium ions (up to 7%). Furthermore, the huge difference between these discharges resides in the lowest energy part of the IEDFs of singly charged chromium ions where the intensity is actually more important in short HiPIMS pulse. Our results reveal that long HiPiMS pulses are characterized by a longer rarefaction effect close to the chromium target vicinity as compared to shorter pulses. In order to explain these phenomena, time-resolved measurements were carried out and highlighted the fact that low energy ions cannot escape the cathode environment due to the applied high voltage acting as a low-energy ions trap. Current characteristics can be correlated to time-resolved ions fluxes measurements and support this explanation. These findings may help the community to find out that working with shorter pulses (tON[image: image6.png]= 100us



) can have an important benefit to improve the material properties of most common thin films, but also to enhance the adhesion of coatings on substrates by a metallic pre-treatment.

34.In-situ synthesis of SiO2@MOF composites for high-efficiency removal of aniline from aqueous solution
Tongtong Han, Caifeng Li, Xiangyu Guo, Hongliang Huang, Dahuan Liu, Chongli Zhong

Abstract
A series of SiO2@aluminum-MOF(MIL-68) composites with different SiO2 loadings have been synthesized by a simple and mild compositing strategy for high-efficiency removal of aniline. As evidenced from SEM and TEM images as well as the particle size distribution, the incorporation of SiO2 can improve the dispersity of MIL-68(Al) in composites, and result in the smaller particle size than that of pristine MIL-68(Al). Besides, the adsorption of aniline over SiO2, MIL-68(Al), the physical mixture of these two materials, and SiO2@MIL-68(Al) composites was investigated comparatively, demonstrating a relatively high adsorption capacity (531.9 mg g−1) of 7% SiO2@MIL-68(Al) towards aniline. Combining the ultrafast adsorption dynamics (reaching equilibrium within 40 s) and great reusability, 7% SiO2@MIL-68(Al) shows excellent adsorption performance. This indicates that the SiO2@MIL-68(Al) composites possess great potential applications as a kind of fascinating adsorbent in water pollution protection.

35.Soot combustion over Ce1-xFexO2-δ and CeO2/Fe2O3 catalysts: Roles of solid solution and interfacial interactions in the mixed oxides
Hongcheng Li, Kongzhai Li, Hua Wang, Xing Zhu, Yonggang Wei, Dongxia Yan, Xianming Cheng, Kang Zhai

Abstract
Two series of CeO2–Fe2O3 catalysts (CeO2–based and Fe2O3–supported oxides) with varying composition were synthesized by a hydrothermal method and characterized using various techniques. The comparison on the activity and thermal stability of different catalysts for low-temperature soot oxidation was also performed. The presence of both Ce–Fe–O solid solution and CeO2–Fe2O3 interaction were observed over the two types of catalysts. The oxygen vacancy in the solid solution is the crucial active site to facilitating the soot combustion over the CeO2–based samples. Small CeO2 nanoparticles are well dispersed on the Fe2O3–supported catalysts, which results in the formation of Fe–O–Ce species due to the strong CeO2–Fe2O3 interaction. The Fe–O–Ce species could achieve the coupling of the Ce4+–Ce3+ and Fe3+–Fe2+ couples in the CeO2–Fe2O3 interface, which is also identified as an active species for catalytic soot oxidation. The concentration of oxygen vacancy is closely related to the content of iron in ceria lattice, while the formation of Fe–O–Ce species strongly relies on the particle size of CeO2. It is also found that the oxygen vacancy is more active than the Fe–O–Ce species for soot oxidation, but it is very easy to decompose at high temperature, resulting in obvious deactivation of catalysts. By contrast, the Fe–O–Ce species is very stable under high-temperature treatments. For the fresh samples, the CeO2–based and Fe2O3–supported catalysts showed comparable catalytic activity. After long term aging at 800 °C, the loss on activity over the CeO2–based catalyst (Ce–Fe–O solid solution) is much higher than that over the Fe2O3–supported sample. The Fe2O3–supported catalysts are more suitable for practical application than the Ce–Fe–O solid solution.
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