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                            The ternary auride Ba 3 Mg 4 Au 4 was synthesized from the elements in a sealed tantalum ampoule. The Ba 3 Mg 4 Au 4 structure was refined from single-crystal X-ray diffractometer data: Gd 3 Cu 4 Ge 4 type, space group Immm , a = 447.95(10), b = 843.07(18), c = 1564.2(5) pm, wR 2 = 0.0935, 680 F 2 values, 23 variables. Ba 3 Mg 4 Au 4 is a 1:2 intergrowth structure of BaAu 2 -(AlB 2 type) and BaMg 2 Au-(MgCuAl 2 type) related slabs. The two crystallographically independent gold atoms both have tricapped trigonal prismatic coordination, i.e. Au1@Mg 6 Ba 3 and Au2@Mg 2 Ba 6 Au. The Au–Mg (284–303 pm) and Ba–Au (331–349 pm) distances cover small ranges that are close to the sums of the covalent radii. The magnesium atoms in the MgCuAl 2 -related slab show Mg–Mg distances of 320–332 pm. The different coloring variants of the Gd 3 Cu 4 Ge 4 type are briefly discussed.
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                            A new arsenato-polyoxovanadate with the composition {[Ni(dien) 2 ] 3 [V 6 As 8 O 26 ]} 2+ ·2 Cl – has been crystallized under solvothermal conditions as turquoise block-like crystals. The central structural feature is the [V 6 IV As 8 III O 26 ] 4– cluster anion, which is composed of two trinuclear {V 3 O 11 } groups consisting of three edge-sharing VO 5 polyhedra. Pairs of pyramidal AsO 3 moieties share a common corner forming As 2 O 5 units, which interconnect the {V 3 O 11 } groups. One of the [Ni(dien) 2 ] 2+ complexes adopts the s-fac (Ni1) and the second complex the mer configuration (Ni2). The Cl − anion is involved in strong hydrogen bonding interactions and links the [Ni(dien) 2 ] 2+ complexes to form twelve-membered rings which host the [V 6 As 8 O 26 ] 4– cluster anions. The Hirshfeld surface analysis yields a detailed picture of the intermolecular interactions revealing clear differences for the two unique [Ni(dien) 2 ] 2+ complexes. Intermolecular contacts also include As⋯H, O⋯H and H⋯H interactions. In the electronic spectrum the bands of d – d transitions of the vanadyl group and of the Ni 2+ cations overlap, preventing a detailed analysis.
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                            Understanding the chemisorption of atoms on precious metal surfaces is of substantial interest for the rational design of heterogeneous and electrochemical catalysts. In this study, we report density functional theory (DFT) investigations of the chemisorption of atomic H and O on bimetallic Pt x Ir y (111) surfaces for bifunctional anode catalyst materials in polymer electrolyte membrane (PEM) fuel cells. We found that for both adsorbates, the adsorption on the Pt(111) surface is in general less exothermic than on the Ir(111) surface. Our study has revealed that chemisorption on the bimetallic surfaces becomes more stable with increasing number of Ir surface atoms at the adsorption site. While for hydrogen atoms the ONTOP sites yield the most negative adsorption energies, the chemisorption of oxygen atoms appears to be most stable on the FCC sites for both the mono- and bimetallic surfaces. Using the ab initio thermodynamics approach, we calculated phase diagrams for the chemisorption of H and O atoms on these metal surfaces in order to transfer our findings to finite temperature and pressure conditions. Our theoretical results may provide an improved understanding of the hydrogen oxidation reaction (HOR) and oxygen evolution reaction (OER) on intermetallic Pt x Ir y (111) surfaces and may be helpful for the rational design of new bifunctional PEM fuel cell anode catalyst materials.
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                        Abstract

                        
                            This work presents a periodic extension of the GFN-FF force field for molecular crystals named mcGFN-FF. Non-covalent interactions in the force field are adjusted to reduce the systematic overbinding of the original, molecular version for molecular crystals. A diverse set of molecular crystal benchmarks for lattice energies and unit cell volumes is studied. The modified force field shows good results with a mean absolute relative deviation (MARD) of 19.9 % for lattice energies and 10.0 % for unit cell volumes. In many cases, mcGFN-FF approaches the accuracy of the GFN1-xTB quantum chemistry method which has an MARD of 18.7 % for lattice energies and 6.2 % for unit cell volumes. Further, the newly compiled mcVOL22 benchmark set is presented which features r 2 SCAN-D4/900 eV DFT reference volumes for molecular crystals with phosphorus-, sulfur-, and chlorine-containing compounds of various sizes. Overall, the mcGFN-FF poses an efficient tool for the optimization and energetic screening of molecular crystals containing elements up to radon.
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                        Abstract

                        
                            The implementation of the cyclic cluster model (CCM) for molecular mechanics is presented in the framework of the computational chemistry program deMon 2 k . Because the CCM is particularly well-suited for the description of periodic systems with defects, it can be used for periodic QM/MM approaches where the non-periodic QM part is treated as a defect in a periodic MM surrounding. To this end, we present here the explicit formulae for the evaluation of the Ewald sum and its first- and second-order derivatives as implemented in deMon 2 k . The outlined implementation was tested in molecular dynamics (MD) simulations and periodic structure optimization calculations. MD simulations of an argon system were carried out using the Nosé-Hoover chain (NHC) thermostat and the Martyna-Tobias-Klein (MTK) barostat to control the temperature and pressure of the system, respectively. For the validation of CCM structure optimization a set of molecular crystals were optimized using the Ewald method for the evaluation of the electrostatic interactions. Two optimization procedures for the determination of the atomic positions and CCM cell parameters were tested. Our results show that the simultaneous optimization of the atomic positions and cell parameters is most efficient.
                        

                    
                

            

        
















    Unable to retrieve citations for this document

    
        
            
                
                
                
                    
                    

                    Retrieving citations for document...
                

            

        

    






    
        
            
            
                    
                    
                        
                            
                                
                                Requires Authentication
                            
                            
                                
                                Unlicensed
                            
                        
                        Licensed
                    
                
            April 5, 2024
            
                
                    A computational characterization of N-heterocyclic carbenes for catalytic and nonlinear optical applications

                    
                
            

            
                
                    Mohammad Alauddin, Mazharul M. Islam

                
                
    
            
                Page range: 215-223
            
        


            

        

        

            
        

        
            
                
                    More
                    
                
            
            



    Cite this



            

    
    
        
            
                
                
                    

    Download PDF


                
            
        
    
    


        

        
            
                
                    
                        Abstract

                        
                            Very recently, N-heterocyclic carbenes (NHCs) have found a wide range of applications in the fields of catalysis and nonlinear optics. Herein, we have employed 1,3-bis-(1( S )-benzyl)-4,5-dihydro-imidazol-based carbene as a reference molecule and substituted one H atom from each CH 2 of the benzyl groups in both sides by CH 3 , NH 2 , and CF 3 to study the thermodynamic and opto-electronic properties of NHCs theoretically. It was observed that the enthalpy ( H ), Gibb’s free energy ( G ), specific heat capacity ( C v ), and entropy ( S ) increase significantly in the presence of the electron-withdrawing groups compared to the electron-donating groups. The IR active in-plane bending vibrations of the CH (NHC) group are shifted to the higher frequency region for the considered substituted molecules compared to the reference carbene. The analysis of the electronic properties shows that the CH 3 -substituted carbene is more reactive for catalytic activities compared to other NHCs. The calculated nonlinear optical (NLO) properties reveal that the NH 2 -substituted NHC has the largest hyperpolarizability value whereas the CH 3 -substituted NHC has the largest dipole moment and polarizability among all, making them potential candidates for the development of NLO materials.
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                        Abstract

                        
                            The monoclinic β -polymorph of gallium oxide is a semiconductor with an ultra-wide bandgap. It is becoming increasingly significant for various technological applications. We have investigated the tracer self-diffusion of oxygen in β -Ga 2 O 3 single crystals as a function of the oxygen partial pressure (2, 20 and 200 mbar) at a temperature of 1375 °C. Isotopically enriched 18 O 2 gas was used as a tracer source and secondary ion mass spectrometry to analyze depth profiles. We observed that, with decreasing oxygen partial pressure, the diffusivities at a given temperature increase significantly. We suggest that this behaviour can be explained by a change in the diffusion mechanism from oxygen interstitials to oxygen vacancies.
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                        Abstract

                        
                            The optical band gap of the semiconductor CuTa 2 O 6 , synthesised via solid-state reaction, can be greatly reduced by annealing in ammonia, which leads to a significant red-shift of the visible light absorption. Using X-ray photoelectron spectroscopy (XPS), we have shown that this absorption extension does not result from the incorporation of nitrogen, but can be attributed to copper defects formed under the reducing conditions of ammonia treatment. Photocatalytic hydrogen evolution experiments were used to investigate the influence of these defects on the photocatalytic performance. We have further shown that CuTa 2 O 6 with similar increased visible light absorption can be prepared by annealing with an organic reducing agent – sodium citrate – in inert gas atmosphere.
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                        Abstract

                        
                            The hexagonal high-temperature form of LiBH 4 is known as a fast ion conductor. Here, we investigated its suitability as a solid electrolyte in high-temperature all-solid-state cells when combined with the following active materials: Li metal, graphite, lithium titanium oxide (Li 4 Ti 5 O 12 , LTO), and nanocrystalline rutile (TiO 2 ). First results using lithium anodes and rutile nanorods as cathode material show that a cell constructed by simple cold-pressing operates at reversible discharge capacities in the order of 125 mA h g −1 at a C -rate of C /5 and at temperatures as high as 393 K. Besides TiO 2 , the compatibility of the LiBH 4 with other active materials such as graphite and LTO was tested. We found evidence of possible interface instabilities that manifest through rare, yet still detrimental, self-charge processes that may be relevant for hydrogen storage applications. Moreover, we investigated the long-term cycling behavior of the cells assembled and demonstrate the successful employment of LiBH 4 as an easily processable model solid electrolyte in practical test cells.
                        

                    
                

            

        
















    Unable to retrieve citations for this document

    
        
            
                
                
                
                    
                    

                    Retrieving citations for document...
                

            

        

    






    
        
            
            
                    
                    
                        
                            
                                
                                Requires Authentication
                            
                            
                                
                                Unlicensed
                            
                        
                        Licensed
                    
                
            April 5, 2024
            
                
                    Cu2Mg5Sn5Se16 – the first selenospinel of the A2B5C5X16 type

                    
                
            

            
                
                    Kevin D. Profita, Eva M. Heppke

                
                
    
            
                Page range: 251-255
            
        


            

        

        

            
        

        
            
                
                    More
                    
                
            
            



    Cite this



            

    
    
        
            
                
                
                    

    Download PDF


                
            
        
    
    


        

        
            
                
                    
                        Abstract

                        
                            A new member of the A 2 B 5 C 5 X 16 family of compounds – the first one containing Se – has been synthesized. Following a one-step mechanochemical synthesis route, starting from the binary selenides and Mg metal, Cu 2 Mg 5 Sn 5 Se 16 has been obtained. Structural evaluation was carried out using X-ray diffraction with subsequent Rietveld refinement. Cu 2 Mg 5 Sn 5 Se 16 adopts the spinel type with space group Fd 3 ‾ $\overline{3}$ m and exhibits a statistical distribution of Cu, Mg, and Sn on Wyckoff position 16 d whereas Wyckoff position 8 a is only occupied by Mg. Despite the fact that structures containing MgSe 4 tetrahedra are rare in the literature, it appeared to be the most plausible way of distributing the cations in this compound.
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                        Abstract

                        
                            The crystal structures of Ti III 4 [Si 2 O(PO 4 ) 6 ] ( P 3 ‾ $P\overline{3}$ , Z  = 3, a  = 14.733(1), c  = 7.363(1) Å, R 1 = 0.040, wR 2 = 0.098, 7649 ind. refl., 170 variables), Fe II 0.79 Ti III 2.42 Ti IV 0.79 [Si 2 O(PO 4 ) 6 ] ( P 3 ‾ $P\overline{3}$ , Z  = 3, a  = 14.6534(2), c  = 7.3829(1) Å, R 1 = 0.036, wR 2 = 0.088, 4026 ind. refl., 171 variables), and Ti III 2 Ti IV 6 (PO 4 ) 6 [Si 2 O(PO 4 ) 6 ] ( R 3 ‾ $R\overline{3}$ , Z  = 1, a  = 8.446(2), c  = 44.21(2) Å, R 1 = 0.047, wR 2 = 0.120, 1373 ind. refl., 109 variables) have been refined from single-crystal data. The structures show hexagonal closest packing of phosphate groups with metal cations and [Si 2 O] groups occupying octahedral voids [□(PO 4 ) 6 ]. The close relationship of these and other silicophosphate structures to the NiAs and β -Fe 2 (SO 4 ) 3 (see also NaZr 2 (PO 4 ) 3 “NASICON”) structure types is rationalized by group/subgroup considerations. This symmetry approach shows that systematic twinning is highly likely in silicophosphates, thus possibly leading to faulty crystal structure refinements. Our investigation strongly suggests that the proper composition of silicophosphates “ M III 3 P 5 SiO 19 ” ( M  = Cr, V, Fe, Mo) reported in literature is actually M III 4 -[Si 2 O(PO 4 ) 6 ]. In the mixed-valent compounds oxidation states were assigned to the cation sites by comparison to Ti 2 O 3 , TiP 2 O 7 and FeTiO 3 . The powder reflectance spectrum of dark-blue Fe II 0.79 Ti III 2.42 Ti IV 0.79 [Si 2 O(PO 4 ) 6 ] shows a strong IVCT transition at ν ˜ $\widetilde{\nu }$  = 17,500 cm −1 , and magnetic susceptibility data agree very well with the proposed oxidation states.
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                        Abstract

                        
                            Cesium dicyanamide Cs[C 2 N 3 ] (≡ Cs[N(CN) 2 ] or Cs[dca]) was obtained by a metathesis reaction in form of transparent colorless platelets. The results of single-crystal X-ray structure measurements and refinements ( C 2/ c , Z = 8) with the monoclinic cell parameters a = 932.31(8), b = 1274.67(9), c = 824.94(7) pm, β = 110.803(3)° at −70 °C and a = 939.59(7), b = 1281.58(8), c = 827.57(6) pm, β = 110.610(3)° at 20 °C corroborate earlier results for this compound. The Raman and IR spectra of Cs[C 2 N 3 ] are presented for the first time and the result compares well with those of NaCs 2 [C 2 N 3 ] 3 . The heat-driven cyclotrimerization process of Cs[C 2 N 3 ] was studied by thermal analyses (DSC) and temperature-dependent X-ray powder diffraction methods. At 370 °C, its trimerization product Cs 3 [C 6 N 9 ] is formed, crystallizing in the orthorhombic space group Pbam with the cell parameters a = 3043.0(3), b = 1052.4(1) and c = 415.21(4) pm for Z = 4. The IR spectrum of this cesium tricyanomelaminate (Cs 3 [C 6 N 9 ] or Cs 3 [TCM]) is presented, but a well-resolved Raman spectrum could not be acquired owing to fluorescence phenomena. An overview about the cyclotrimerization reactions of all pseudo-binary alkali-metal dicyanamides ( A [C 2 N 3 ]) to their corresponding tricyanomelaminates ( A 3 [C 6 N 9 ]) with A = Li–Cs gives a basis for a discussion of the different thermal and structural characteristics.
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                        Abstract

                        
                            A GPU-based implementation of the Hybrid Monte Carlo (HMC) algorithm is presented to explore its utility in the chemistry of solidification at the example of liquid to solid argon. We validate our implementation by comparing structural characteristics of argon fluid-like phases from HMC and MD simulations. Examining solidification, both MD and HMC show similar trends. Despite observable differences, MD simulations and HMC agree within the errors during the phase transition. Introducing voids decreases the solidification temperature, aiding in the formation of a well-structured solids. Further, our findings highlight the importance of larger system sizes in simulating solidification processes. Simulations with a temperature dependent potential show ambiguous results for the solidification which may be attributed to the small system sizes. Future work aims to expand HMC capabilities for complex chemical phenomena in phase transitions.
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