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Quantum Field Theory methods in Condensed Matter Physics 

Konstantinos Zoubos 

Department of Physics, University of Pretoria, South Africa 

I will provide an overview of how fundamental concepts from QFT, such as path integrals, the 

renormalisation group and topological configurations such as solitons, can be used to improve our 

understanding of condensed matter systems. Particular applications that I will focus on are the study 

of phase transitions and the associated critical exponents, as well as topologically ordered states in 

quantum spin chains.  

 

 

 

Bosonization of the S-1/2 transport state in interaction-driven lattices  

Aniekan Magnus Ukpong1,2 

1Theoretical and Computational Condensed Matter and Materials Physics (TCCMMP)Group, School 

of Chemistry and Physics, University of KwaZulu-Natal, Pietermaritzburg, South Africa 
2National Institute for Theoretical and Computational Sciences (NITheCS), Pietermaritzburg, 

KwaZulu-Natal, South Africa 

 

*Email: ukponga@ukzn.ac.za Tel: +27 33 260 5875 Fax: +27 031 260 3091 

 

Mesoscopic effects manifest in the dynamics of open quantum systems wherein collective 

degrees of freedom like spin currents and voltages behave quantum mechanically. For instance, 

our recent calculations of magnetic tunnel junctions, modeled as transition metal capped 

ferromagnetic stacks reveal the presence of an exotic electronic phase in the tunneling spin 

current [Phys. Rev. B 100, 03 (2019) https://doi.org/10.1103/PhysRevB.100.035424]. It has 

since turned out that the spin texture of the current is skyrmionic, which could serve as an 

information vector for reading and writing binary data [Nanomaterials 2021, 11, 1770. 

https://doi.org/10.3390/nano11071770]. This work investigates the bosonization of coherent 

fermionic S = ½ states of the tunneling spin current using material platforms in which the U(1) 

gauge and translational symmetries are preserved. The Holstein-Primakov transformation is 

used to couple the polarised spin current to a mixture of bosonic gases to explore the quantum 

non-equilibrium physics of the emergent superconducting tunnel junction circuit. Results are 

presented for the two-point spin correlation function and the dynamical structure factor from 

exact diagonalization calculations performed in symmetry-adapted bases in the (2+1) 

dimension as a paradigmatic model of the conversion of lattice electrons into energetic photons 

via a strong coupling to the system of massless non-interacting bosons. A feasible protocol is 

proposed for implementing a facile energy conversion within the framework of cavity quantum 

electrodynamics with controllable coupling strengths for photonic, magnonic, and phononic 

degrees of freedom. 

  

mailto:ukponga@ukzn.ac.za
https://doi.org/10.1103/PhysRevB.100.035424
https://doi.org/10.3390/nano11071770


 

 

Non-vanishing topological quantum state in TaP 

Kennedy Wamalwa Khaemba 

Department of Physics, Masinde Muliro University of Science and Technology, 52428-00200, 

Nairobi, Kenya 

 

 

Topological quantum materials have electronic band structures that are topologically distinct from 

the commonly known metals and insulators. These materials have in the past couple of years been 

fascinating due to their potential useful applications. Tantalum Phosphide (TaP) (I4 1 md [109]), 

with only four atoms in its unit cell, is predicted to fall in this class of materials and contains subtle 

physics as a Weyl semimetal. To this date, it remains unclear as to what point TaP ceases being 

a topological semimetal. The system’s Weyl chirality is something that has not come out clearly. 

We employ density functional theory as implemented in the Siesta method to probe the critical 

missing gaps on this crystal. Our findings reveal the band structure crossing at three points near the 

Fermi level. Out of the three crossings, two Weyl nodes were observed W 1 at Σ and W 2 along Σ 1 

and N. All the two Weyl nodes reveal a Weyl nature in TaP as explained in the literature. At 

equilibrium, Band inversion, a topological common denominator was observed in this crystal and thus 

confirming the topological nature of tetragonal TaP. Compressing the volume by 3% in TaP, did not 

affect topological properties but led to a slight shift in the Fermi energy in the band structure. The 

information herein is critical in interface formation since /strains are employed. It is important to apply 

modest compression to avoid such transitions. 

 

  



 

 

The relativistic harmonic oscillator in a non commutative space 

Sarra Garaha@, Abdelmalek Boumali b, Sliman Zaiem c , Hadjar Rezki d 

a Laboratoire de Physique Appliquée et Théorique, LPAT, Université de Tébessa 
b Laboratoire de Physique Appliquée et Théorique, LPAT, Université de Tébessa 

c Département de Physique, Faculté des Sciences de la Matière,  
Université de Batna 1 

dLaboratoire de Physique des Rayonnements et de leurs Intéractions avec la Matière, 
 Département de Physique, Faculté des Sciences de la Matière,  

Université de Batna 1 
@Corresponding author gareh64@gmail.com  

   

Background/Purpose:  the non relativistic oscillator is one of the simplest and most 

useful systems in physics. However, despite its simplicity, there is not a well-established 
relativistic generalization in the literature. The first proposal for a special-relativistic harmonic 
oscillator was given by Yukawa that is based on the naive covariant generalization of the 
nonrelativistic potential. On the other hand, D. Ito, K. Mori, and E. Carrieri introduced a Dirac 
equation which is linear in both coordinates and momentum.  
In our work and using the seiberg witten map, we study the relativistic harmonic Oscillator in 
a non commutative space, to see how our particle behaves in this potential, using two 
approach:   Klein Gordon and Dirac oscillator  

Materials & Methods: in this work, we have used the Seiberg Witten method, which is 

based on the fact that certain non commutative gauge theories are equivalent to 
commutative ones and in particular that there exists a map from a commutative gauge field 
to a non commutative one, which is compatible with the gauge structure of each  

Results: the energy is the same as the classical theory with extra terms of the non 

commutative space, that    . 

Conclusion: the non commutativity give us extra terms of the energy, that we can explain 

them as the degeneracy of the energy levels 

References:  
[1]. Aldaya V and Navarro-Salas J 1990 Commun. Math. Phys. 126 575 

[2]. Witten E 1988 Commun. Math. Phys. 114 1  

[3]. N. Seiberg, E. Witten, String theory and noncommutative geometry, JHEP 9909:032 (1999), 
hep-th/9908142 

Keywords: relativistic Oscillator, Non-Commutative space, Seiberg Witten map, The *-

Moyal product 
 

  

mailto:gareh64@gmail.com


 

 

The Structural, Mechanical and Dynamical Stabilities, Electronic and Optical 

Properties of Ternary Rubidium Cadmium Chalcogenides Rb2Cd3X4 (X=S or Se): 

Theoretical Study 

 
Ibrahim O. A. Ali1,2, Daniel P. Joubert1, and Mohammed S. H. Suleiman3 

1. The National Institute for Theoretical Physics, School of Physics and Mandelstam Institute for Theoretical 
Physics, University of the Witwatersrand, Johannesburg, Wits 2050, South Africa. 

2. Department of Science Laboratory, Sudan University of Science and Technology, Khartoum, Sudan. 
3. Department of Basic Sciences, Imam Abdulrahman Bin Faisal University, Dammam, KSA. 

 

We have studied the structural, mechanical and dynamical stabilities, as well as the electronic 

and optical properties of ternary rubidium cadmium chalcogenides Rb2Cd X4 (X=S or Se) 

using first-principles calculations based on density functional theory (DFT) and many-body 

perturbation theory. The calculated lattice constants and the other structural parameters show 

good agreement with available experimental values. Results from elastic constants and 

phonon band structure indicated that the structures were found to be stable against 

mechanical distortions. The studied compounds were found to be semiconductors, anisotropic 

and ductile in nature. Our DFT calculations showed that Rb2Cd3X4 possess DFT direct band 

gaps within the range of (1.87 to 3.08) eV for Rb2Cd S4 and (1.47 to 2.72) eV for Rb2Cd3Se4 , 

depending on the exchange-correlation approximation used. Many-body perturbation theory 

at the G0W0 level of approximation gave a fundamental band gap of 3.01 eV and 2.52 eV for 

Rb2Cd3S4 and Rb2Cd3Se4 , respectively. Optical absorption spectra calculated at the Bethe-

Salpeter equation level of approximation show that the structures are good absorbers of light 

in the visible and ultraviolet regions. Our calculated optical band gap showed anisotropy with 

an absorption edges of (2.57 eV, 2.49 eV and 2.58 eV) and (2.16 eV, 2.10 eV and 2.15 eV) for 

(Rb2Cd3S4 ) and (Rb2Cd3Se4 ) along the a-, b- and c-directions, respectively. The findings on 

the present work would be very beneficial for scientists to explore the potential applications 

of these materials in semiconductor field such as opto-electronic device fabrications. 

 

 

  



 

 

Spiral magnetism and chiral superconductivity in a Kondo-Hubbard triangular 

lattice model 

O. Ndiaye,1 D. Dione,1 A. Traoré,2 A. S. Ndao,1 and J. P. L. Faye2,3 

1 Institute of Applied Nuclear Technology, Cheikh Anta Diop University, 5005 Dakar-Fann, Dakar, Senegal 
2 Department of Physics, Faculty Of Science and Technology, Cheikh Anta Diop University, 5005 Dakar-Fann, 

Dakar, Senegal 
3 CMC Microsystems, Sherbrooke QC J1K 1B8, Canada 

 

Building on the results of [Faye et al., Phys. Rev. B 97, 235151 (2018)], which identified 

an antiferromagnetic (AFM) and Kondo singlet phases on the Kondo-Hubbard square 

lattice, we use the variational cluster approximation to investigate the competition 

between these phases on a two-dimensional triangular lattice with 120o spin 

orientation. In addition to the AFM exchange interaction J⊥ between the localized 

(impurity) and conduction (itinerant) electrons, our model includes the local repulsion 

U of the conduction electrons and the Heisenberg interaction JH between the 

impurities. At half filling, we obtain the quantum phase diagrams in both planes (J⊥,U 

J⊥) and (J⊥, JH ). We identify a long-range, three-sublattice, spiral magnetic order 

which dominates the phase diagrams for small J⊥ and moderate U, while a Kondo 

singlet phase becomes more stable at large J⊥. The transition from the spiral magnetic 

order to the Kondo singlet phase is a second-order phase transition. In the (J⊥, JH) 

plane, we observe that the effect of JH is to reduce the Kondo singlet phase, giving 

more room to the spiral magnetic order phase. It also introduces some small magnetic 

oscillations of the spiral magnetic order parameter. At finite doping and when spiral 

magnetism is ignored, we find superconductivity with symmetry order-parameter d + 

id, which breaks time-reversal symmetry. The superconducting order parameter has a 

dome centered at around 5% hole doping, and its amplitude decreases with increasing 

J⊥. We show that spiral magnetism can coexist with d + id state and that 

superconductivity is suppressed, indicating that these two phases are in competition. 
 

  



 

 

On the Thermodynamic Properties of Dirac Oscillator in Anti-de-Sitter 

space  

 
Lakhdar Sek1*, Mokhtar Falek1, Mustafa Moumni1 

 
1Laboratory of Photonic Physics and Nano-Materials (LPPNNM), Department of Matter Science, 

University of Biskra, Biskra, Algeria. 

 
*Orcid: 0000-0002-5491-2801 

*E-mail: lakhdar.sek@univ-biskra.dz  

 
The two-dimensional solution of the deformed fermionic Dirac oscillator equation studied by 

the Nikiforov-Uvarov (NU) method and is subject to the interaction of the uniform magnetic 

field with the presence of minimal momentum uncertainty in the Anti.de Sitter model. 

Analytically, the exact energy eigenvalues and normalized wave functions are acquired. We 

evaluate the thermodynamic properties of the system in the end. 

 

Keywords: Anti de-Sitter, Dirac Oscillator, Magnetic field, Thermal properties. 
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Correlated effects in molecular conductors, critical phenomena, and the 

Grüneisen parameter 

 
Mariano de Souza  

 
IGCE - Physics Department, Universidade Estadual Paulista (UNESP), São Paulo, Brazil 

 

Over the last decades, it has become clear that electronic correlation effects can give rise to 

exotic manifestations of matter. Examples include Mott and charge-ordered phases, 

superconductivity, and various types of long-range magnetic ordering. Molecular conductors 

[1-3] have served as an appropriate playground for their exploration. The so-called 'Mott 

insulators', having an odd number of conduction electrons per unit cell, according to band 

theory, should be metals. That this is not the case is due to the same order of magnitude of the 

hopping terms and the on-site Coulomb repulsion (“Hubbard parameters“). Interestingly 

enough, superconductivity can be induced by applying moderate hydrostatic pressure. In 

this presentation, fundamental aspects of the Mott Physics, classical/quantum critical 

phenomena, and the Grüneisen parameter [4-6], including the breakdown of the Grüneisen ratio 

near a finite-temperature critical endpoint, are reviewed. Further perspectives are discussed as 

well. 

1 - M. de Souza, J-P. Pouget, J. Phys.: Condens. Matter 25, 343201 (2013) 
2 - M. de Souza, L. Bartosch, J. Phys.: Condens. Matter 27, 053203 (2015) 
3 - P- Lunkenheimer et al., Nature Materilas 11, 755 (2012) 
4 - G.O. Gomes, H.E. Stanley, M. de Souza, Scientific Reports 9, 12006 (2019) 
5 - L. Squillante et al., Scientific Reports 11, 9431 (2021) and Materials Research 

Bulletin 142, 111413 (2021) 
 

  



 

 

Ab initio study of the dynamic of polaron in graphene 
 

Fobasso Mbognou Florette Corinne 
 

Department of Physics, University of Dschang, Dschang, Cameroon. 

Two-dimensional materials have often exhibited better mechanical, thermal, electronic, optical and 

transport properties than their three dimensional counterparts, which has made them good candidates 

for various optoelectronic applications due to their physical properties of modulation by quantum 

confinement effects. Graphene has very interesting physical properties. It is distinguished by its chemical 

stability, high electrical conductivity, optical transparency, high mechanical strength and good thermal 

conductivity [1]. The Fermi level of intrinsic (undoped) graphene is located at the interaction of the Dirac 

cones at the K and K' equivalent points. Graphene is also quasi-transparent. Graphene, a single atomic 

layer of graphite, has been intensively studied as a thinnest material because of its unique physical 

properties and many potential applications. Phonon mode of graphene plays a key role in charge carrier 

dynamics. The interaction between electron and phonon plays an important effect on physical 

properties of graphene. In recent years, several researchers have studied the effect of electron–phonon 

coupling on energy spectrum of graphene [2-5]. The effect of electron–phonon interaction and spin-

orbit coupling simultaneously on energy spectrum of low-dimensional structures particularly graphene 

have been investigated theoretically [6]. More efforts have been made to find ways of inducing a gap 

in graphene. These models offer an ideal test bed for methodological development and shape our 

current understanding of polarons. At the other end of the spectrum, ab initio calculations based on 

density functional theory (DFT) are ideally positioned to address the complexity of real materials. Indeed, 

studies of polarons under realistic conditions have begun to emerge during the past decade [7]. 

However, also DFT faces important limitations: the calculations necessitate large supercells [8]; hence, 

they are prohibitive for intermediate and large polarons which require several thousand atoms; local 

exchange-correlation functionals tend to suppress polaron self-trapping; calculations using Hubbard-

corrected or hybrid functionals suffer from the sensitivity to the Hubbard parameter or the exchange 

fraction. More fundamentally, the relation between DFT calculations of polarons and the vast literature 

on model Hamiltonians remains unclear. Chen et al in 2018 [9] reported the emergence of polaron 

quasiparticles at the interface of graphene/hexagonal boron nitride heterostructures. Adam et al [10] 

studied the Phonon structures in the electronic density of states of graphene in magnetic field. They 

evaluated the density of states incorporating electron-phonon coupling in this case and find that the 

coupling has pronounced new effects: shifting and broadening of Landau levels, creation of new peaks, 

and splitting of any Landau levels falling near one of the new peaks. Comparing their calculations with 

a experiment, they found evidence for a phonon with energy similar to but somewhat greater than the 

optical energy mode and a coupling corresponding to a mass enhancement parameter. 
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First-principles calculations of the electronic ground state in tantalum arsenide are combined 

with field-theoretic calculations for the renormalization group analysis of the massless Dirac 

fermion state on graphene. This computational framework provides the theoretical and 

computational bases for understanding the nature of the underlying quantum phase transitions 

in selected Dirac materials. Our results show the emergence of topological quantum phases and 

distinct transitions between trivial and topological electronic states, especially when two 

applied externally tunable parameters are mixed. In addition, the calculations reveal a spin-flip 

transition in the carrier transport phase when a 2D Dirac material is inserted as the tunnel barrier 

material in the ferromagnetic metal-insulator-metal heterostructure to create a perpendicular 

magnetic tunnel junction. The spin-flip transition signals a first-order quantum phase transition 

from half-metallic to metallic phase at the critical applied electric field. These findings 

highlight the importance of material selection for the tunnel barrier layer, and the effect of 

combining the ground-state symmetry breaking fields to drive the switch between distinct 

phases of the carrier transport. Signatures of the tunneling magnetoresistance and the near-field 

electrodynamics yield useful insights that suggest that Dirac materials constitute the ideal 

candidates for facile energy interconversion in the next generation of spintronic, plasmonic and 

optoelectronic technologies. 
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Theoretical Studies and Simulation of Gold−Silica−Gold Multilayer 

“Fanoshells” for Sensing Applications 
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We develop a theoretical framework, based on a multipole, quasi-static approach, for the 

prediction of the localized surface plasmon resonances in Fanoshells formed via geometrical 

symmetry breaking in multilayer nanoshells consisting of a metallic core, a dielectric inner 

shell, and a metallic outer shell. By tuning the core and shell offsets of a gold−silica−gold 

multilayer nanoshell, we show that the theoretical model is in good agreement with 

electrodynamic simulations. The dipolar resonances are more suppressed when the core and 

the outer shell are both offset and less suppressed when either the core, the inner shell, or the 

outer shell is offset. Our theoretical model [1] allows us to relate these effects to the coupling 

constants arising from single symmetry breaking. Using three performance parameters, we 

propose the outer shell offset as the optimal Fanoshell for sensing applications. This study 

systematically investigates offset-based, single symmetry-broken, metal−dielectric−metal 

multilayer nanoshells within the Rayleigh regime. 

 

1. L.C. Ugwuoke, T.P.J. Krüger, ACS Appl. Nano Mater. 5:6249–6259 (2022).   

 

 

 

 

 
 
  



 

 

Theoretical description of various modes of annealing of crystal lattice defects 

P.Selyshchev 

Department of Physics, University of Pretoria (Private bag X20 Hatfield 0028 South Africa, 

pavel.selyshchev@up.ac.za) 

 

Thermal annealing of radiation defects is both one of the most practical and fairly effective methods 

for restoring the performance properties of materials after irradiation and a method for obtaining 

materials with the required properties. Annealing caused by heating the sample surface can occur in 

different ways. 

Taking into account the thermoconcentration positive feedback (nonlinear interdependence of 

temperature and defect annealing rate), theoretical models of various annealing regimes, including 

the self-propagating annealing regime, are constructed. The kinetics of each mode is described, their 

characteristics and properties are found. It is shown that the thermal concentration feedback leads 

to a stronger than exponential dependence of the number of annealed defects on time and is the 

mechanism of self-sustaining annealing and its propagation. An analytical expression is obtained for 

the propagation velocity of the traveling annealing wave. Criteria for the instability of the traveling 

wave regime with respect to perturbations of the propagation velocity and temperature profile are 

established. The reason of the oscillations of the self-propagating annealing front is established, and 

the frequency of these oscillations is found. 

  

mailto:pavel.selyshchev@up.ac.za
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Lead halide perovskite CsPbCl3 is known as a potential candidate for photovoltaic technology due to 
its efficiency, low cost and easy fabrication procedure. However, Pb toxicity and long-term instability 
have driven scientists to search for alternative chemical elements. In this work, we investigate the 
substitution of Pb by elements of the same column in the periodic table, namely Sn or Ge. We also 
consider the substitution of Cl by Br or I. The structural and the electronic properties of the obtained 
alloys are analyzed using the density-functional theory (DFT) through the software package 
Quantum ESPRESSO. The electronic study shows that all these materials are semiconductors with a 
direct gap. The gap energy decreases when substituting Pb by Ge or Sn, and also when replacing Cl 
by Br or I. These results shed some light on how to tune the band gap value of the perovskites CsBX3 
(B = Pb, Sn, Ge and X = Cl, Br, I), which is crucial for photovolta¨ıc applications. Keywords: 
Perovskites; Band gap; Quantum Espresso; DFT. 
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In this study, The GGA -PBE+ U and van der Waals correction methods were used to 

investigate the adsorption properties, surface structural, electronic, and optical 

conductivity of ZnO and graphene monolayer coated by ZnO (ZnO/G-Monolayer) via the 

first-principles calculations.  When the system site is at the Top site with the vdW 

equilibrium spacing of 3.13 Å, the ZnO/ G-Monolayer interface is the most stable. 

Moreover, after ZnO molecular doping on G- monolayer, the length bond of C-C increases 

with a slight change in the length bond of Zn-O which weakens the strength of the C-C 

bond. On the other hand, after coating ZnO/G Monolayer with ZnO supercell, we found 

the changes in the band gap and TDOS, due to the new defects transitions appearing around 

the Fermi level that correspond to the presence of carbon vacancies. Furthermore, ZnO/G 

Monolayer leads to an enhancement of the adsorption of visible light (75%). Besides, a 

strong optical conductivity with an increase in dielectric function, extinction coefficient, 

and refractive index was observed for the heterostructures. Hence, the results obtained 

provide a theoretical explanation for the excellent performance of ZnO/G Monolayer in 

optoelectronic applications.  

Keywords: DFT study, ZnO/Graphene monolayer, van der Waals correction, optoelectronic 

applications 

 

Graphical abstract: Side and Top views of the differential charge density distributions of (a) ZnO/ML-

G (Bridge site), (b) ZnO/ML-G (Top site), and (c) ZnO/ML-G (Hollow site), respectively. Blue means 

loss electrons and yellow means gain electrons 
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This work provides graphical information and tabulated values on crystal structure, 

electronic and optical properties of Sr-doped ZnO using GGA +U calculations (Ud,(Zn) = 

10 eV, Up,(O) = 7 eV and Up,(Sr) = 2 eV). In our calculations, the optimized lattice parameters 

and calculated band gap of pure and Sr-doped ZnO are consistent with the experimental 

values. The doping with Sr with controlled quantities into a pure ZnO is an effective 

method to adjust its electronic and optical properties. In fact, the red and blue shift in the 

band gap at low and high Sr concentrations, respectively, affects significantly the optical 

performance of Sr-doped ZnO. As a result, the transmittance values obtained for low 

doping in the visible and UV regions were 88.5% and 60%, respectively, which are higher 

than those of pure ZnO. At high concentration of Sr doping, in the ultraviolet light range 

of λ = 100-160 nm, the stronger and broader occupied states result in lower transmission 

than pure ZnO, which becomes slightly greater in the range of 250-550 nm. Then, it 

slightly decreased owing to the enhancement of absorption in the range of 550-1000 nm, 

which relatively increased the absorption coefficient in the visible light region. Hence, the 

dual behaviour regarding optical band gap evolution due to Sr doping, extends the scope 

of the targeted application.  

Keywords: Sr-doped ZnO, Crystal structure, Electronic properties, Optical properties, First 

principles, GGA+U. 

 

Graphical abstract: Schematization of band gap variation in function of Sr concentration 

and (b) transmittance of ZnO and Sr doped ZnO at different values of 

wavelengths. 
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Half metallic ferromagnetism (HMF) have been shown to be present in some bulk 

half-Heusler compounds. Unfortunately, the HMF present in the bulk compound 

is often lost at the surface structures of these compounds. In this research work, 

the electronic and magnetic properties of Half-Heusler NaCrAs alloy is 

investigated both in the bulk and surface structures using density functional theory. 

Our result shows that the HMF present in the bulk half-Heusler NaCrAs alloy is 

retained at the clean 110 surface. The bulk compound exhibits magnetic moment 

of 4 mu_B per formula unit with the significant part of the magnetic moment 

residing on the Cr atom. Half-metallic ferromagnetism is also retained even in the 

presence of point defects at the 110 surface. Both the bulk and surface structures 

exhibit high Curie temperature. We predict that half-Heusler NaCrAs alloy is a 

potential spin filter and spin source in spintronic devices.  
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Computational modelling in materials science and engineering involves solving 

materials-related problems using computer programming. There are various 

mathematical models for analyzing problems at multiple length and time scales, 

which help in appreciating the evolution of material structures and how these 

structures control material properties efficiently. With this knowledge, materials 

selection for specific applications and materials design for advanced applications 

can be done. There are different computational models applied to various material 

categories. At the electronic level, Density Functional Theory (DFT) is the 

preferred computational model. At the atomistic simulation level, Molecular 

Dynamics (MD) and Monte Carlo (MC) techniques are the preferred tools. At the 

nano and micron simulation levels, the Phase-field Method (PFM) is the most 

appropriate model. At the structural level, the Finite Element Method (FEM) is the 

most useful computational technique. Computer simulations, besides being a 

connecting link between analytical and experimental approaches for analyzing 

hypothetical problems, are also an exploratory research tool used under physical 

conditions that cannot be feasible in real laboratory experiments. Hence, computer 

simulation has established its applications in systems where the gap between 

theoretical prediction and laboratory measurements is large. Therefore, there is 

always a close synergy between computational modelling and experimental 

analysis. The cooperation is in the form that the experimental analyst designs 

experiments that make the job of modelling easier, while the modeller models real 

systems that can be empirically feasible. Computational modelling has made 

simulations of practical interest in material science and engineering for advanced, 

smart and robust product designs and testing feasible. 

Keywords: Computational tool, Modelling, Computer simulation, Finite element, 

Phase-field, Molecular dynamics, 
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Hydrogen storage in liquid organic hydrogen carrier (LOHC) systems is a very 

promising technology for coupling renewable hydrogen with various sectors 

including hydrogen for stationary and mobile applications. The reversible storage 

of hydrogen in LOHC systems such as methylcyclohexane (MCH) is facilitated by 

catalysts of which platinum group metals have widely been used. In this study, the 

catalytic activity of MoP in dehydrogenating MCH have been investigated and 

compared to Pt. Using density functional theory calculations with van der Waals 

corrections, the catalytic dehydrogenation of methylcyclohexane to toluene on Pt 

(111) and MoP (101) surfaces has been carried out. MCH dehydrogenation was 

done via stepwise abstraction of H atoms from MCH until toluene was obtained. 

The calculated adsorption energies indicated that all the adsorbates stably bind to 

the respective surfaces and from the calculated reaction energies, the rate 

determining steps were identified. The calculated reaction energies for 

dehydrogenation of MCH to toluene was 73.04 kJ/mol (0.757 eV) and 44.99 

kJ/mol (0.456 eV) on Pt (111) and MoP (101) surfaces respectively indicating that 

MoP surfaces act as good evolvers for MCH dehydrogenation reactions. 
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In gold-based heterogeneous catalysis, the adsorption and oxidation of carbon 

monoxide (CO) is a frequent prototypical reaction; nonetheless, many aspects of 

its reactivity remain unknown. The tendency of oxygen (O) atoms to self-organize 

on stepped gold (Au) surfaces has recently been demonstrated. This leads to the 

formation of quasi-ordered -O-Au-O- chains with directional Au-O bonds, which 

are further stabilized in the presence of admetal silver (Ag) impurities. This project 

applies ab initio molecular dynamics (AIMD) simulations to examine in-depth the 

dynamic mechanistic picture of nanoporous gold (npAu) surface restructuring and 

reactivity during catalysis, with an emphasis on the adsorption of oxygen atoms 

on the gold surfaces. These simulations should also reveal how the presence of 

additional adsorbates such as CO and water alongside surface and subsurface Ag 

impurities affects the self-organization of O atoms on npAu surfaces, and the effect 

of adsorbates on the dynamic mechanistic picture of these surfaces. 
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Density functional theory calculations plus spin polarization and van der Waals correction were 

applied to investigate the 2D triclinic transition metal dichalcogenide monolayers and 

heterostructures (MX2 - MX2) as candidate catalytic material towards hydrogen evolution 

reaction (HER). We found that the MX2-MX2 heterostructures are feasibly strictly from the 

formation energies and bind energies consideration. The adsorption energy for 1/2 H2(g) on the 

different surface configurations of the MX2-MX2 were considered. We found that 1/2 H2(g) 

stably bind to various surfaces considered. From the Gibbs free energy calculated, the HER 

activity can be evaluated. We found that WS2- PdS2 2D triclinic heterostructure have a Gibbs 

free energy of 0.13 eV. This WS2- PdS2 2D triclinic heterostructure considered configuration 

shows significant promise as a possible catalytic material for hydrogen evolution reaction. The 

various considered MX2-MX2 heterostructures have magnetic metallic ground state. This opens 

up the possibility for application as 2D magnets. 

Keywords: transition metal dichalcogenide heterostructure 
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The two-dimensional (2D) hexagonal boron nitride (h-BN) semiconductor has a wide bandgap 

and is made up of boron (B) and nitrogen (N) atoms arranged in a honeycomb lattice and 

connected by strong covalent bonds. We use first-principles based density functional theory 

(DFT), hybrid functional (GauPBE), and random phase approximation to explore the electronic 

and optical properties of pristine and 2D-(h-BN)1-xCx, x = 11 and 22 (carbon homo-doped 2D 

h-BN) monolayers. The formation energy analysis showed that the structural stability of carbon 

homo-doped 2D h-BN monolayer was better than 2D-(h-BN)1-xSx, x = 11 and 22 (sulfur 

homo-doped 2D h-BN) monolayer. The estimated band gaps in the carbon homo-doped 2D h-

BN system were 5.9 (pristine), 4.25 (x = 11 C), and 2.42 (x = 0.22 C) eV, with the band gap 

decreasing as the concentration of the C atom increased. The polarization was parallel to the 

sheet as the carbon-homo doping concentration increased, and the band edge dropped to a 

minimal energy level, as validated by DFT + RPA calculations. Furthermore, the presence of 

LFE influence the optical properties of the homo-doped 2D h-BN. 
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First-principles calculations have led to significant discoveries in materials science. Half-

Heusler (HH) alloys, which are potential thermoelectric materials, have demonstrated 

significant improvements in thermoelectric performance owing to their thermal stability, 

mechanical strength, and moderate ZT. Using Density Functional Theory (DFT), the structural, 

mechanical, electronic, and lattice dynamical properties of cubic Half-Heusler Alloys ZrCoY 

(Y=Sb,Bi) have been investigated. The unknown exchange-correlation functional is 

approximated using the generalized gradient approximation (GGA) pseudopotential plane 

wave approach. The structural parameters, that is, equilibrium lattice constant, elastic constant, 

and its derivative are consistent with reported experimental and theoretical studies where 

available. Mechanical properties such as anisotropy factor A, shear modulus G, bulk modulus 

B, Young’s modulus E, and Poison’s ratio n are calculated using the Voigt–Reuss–Hill average 

approach based on elastic constants. Debye’s temperature, as well as longitudinal and 

transversal velocities, are predicted from elastic constants at GGA-PBE and GW levels of 

theory. The study of elastic constants showed that the compounds are mechanically stable, and 

the phonon dispersion study showed that they are dynamically stable as well. The ductility and 

anisotropic nature of the compounds are confirmed by the elastic constants and mechanical 

properties. 
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In this work we present the effect of Cobalt (Co) substitution on iron (Fe) and Selenium (Se) 

site, and tellurium (Te) substitution on Se site of FeSe. We applied density functional theory 

(DFT) as implemented in Quantum ESPRESSO . All calculations were done for the space 

group P4/nmm with non-spin polarized orbitals with lattice parameters a=b=3.765[a.u], 

c=5.51[a.u]. We found that Co and Te substitution changes the bands and DOS of FeSe. In 

FeSe 0.5 Co 0.5 a number of bands are near the Fermi level and the electron bands are 

completely changed; this may indicate that Co substitution at Se site is possibly electron 

doping. Whereas in Fe 0.5 Co 0.5 Se, a deep electron band is observed at M. The flat band 

from gamma to Z direction is observed to be below E F . The DOS result show that Fe 0.5 Co 

0.5 Se has lowest value (2.299 state/cell/eV) compare to FeSe 0.5 Co 0.5 (11.324 state/cell/eV) 

and FeSe 0.5 Te 0.5 (3.6327). This suggests that FeSe 0.5 Co 0.5 is a good candidate for high 

Tc. Te substitution at Se site increase DOS and Co substitution on Fe site reduces DOS, in 

agreement to experimental report in enhancing and suppressing Tc respectively. 
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Computer modelling has increasingly become a driving force in the discovery and design of 

novel materials. The computational simulation methods are influencing all areas of study, with 

a great impact in physics, materials science, chemistry, biology and engineering. With the 

advancement of computing powers, complex materials and their properties are increasingly 

investigated. Over the past two decades, modelling of materials moved from conventional 

methods development and purely computational studies towards the discovery and design of 

novel materials guided by modelling results, data mining and machine learning together with 

a closer collaboration between predictions and experimental validation. This presentation will 

demonstrate advances made from molecular modeling to applying machine learning models to 

predict the properties of energy materials.   
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The electronic, optical, photocatalytic, and magnetic properties of the Iron-Selenite Bi25FeO40 

compound have been investigated using the first principal calculations based on density 

functional theory (DFT) and Monte Carlo simulations (MCs). It was found that Bi25FeO40 is a 

P-type semiconductor with an indirect band gap of about 2.16 eV which is in a good agreement 

with the previous experimental and theoretical works. The studied compound displays a 

ferromagnetic behaviour with a spin moment of the unit cell of about 4.06 μB. Thus, the 

exchange-coupling interactions were calculated using ab initio calculations to determine the 

Curie temperature (TC). Besides, the studied semiconductor Bi25FeO40 compound exhibits a 

weak ferromagnetic behaviour below TC = 271.96 K; this value is in good agreement with 

experimental results of the previous studies which indicate a weak ferromagnetic behaviour of 

Iron-Sillenite below room temperature. The relative ratios of effective mass calculations 

highlighted the reduction of generation recombination of electron-hole pairs. The mechanism 

of the water treatment and degradation of pollutants as a photocatalyst of the γ-Bi25FeO40 was 

studied. Therefore, among its features, Bi25FeO40 would be a good coating material in the UV 

range due to its reflectivity spectra. The total magnetization, susceptibility and the specific heat 

of this compound are also discussed. 

Keywords: Ab initio calculations; Optical properties; Photocatalysis; Coating materials; 

Monte Carlo simulations. 
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The mechanistic study of CO2 coupling with propylene oxide (PO) into cyclic carbonate 

catalyzed by (CH3)4PI has been investigated using the B3LYP/6-311++G (d, p)/B3LYP/6-

31G (d) level of theory for non-iodine atoms and LANL2DZ was used, together with its 

associated basis set for the iodine atom. Two hypothetical reaction mechanisms were proposed 

for the studied reaction and thermodynamic and kinetic parameters were computed for each 

step to determine the more favorable route. The density functional theory (DFT) study reveals 

that the reaction prefers to proceed through a three-step mechanism (pathway II) than a tri-

molecular intermediate (pathway I) where the CO2 and the catalyst act simultaneously on the 

PO ring. The rate-determining step of the catalytic reaction is found to be the ring-opening step 

with an energy barrier of 27.1 kcal/mol (pathway II) in the gas phase, which is kinetically more 

favorable than that of non-catalytic CO2 fixation with a relatively higher barrier of 63.7 

kcal/mol. The synergetic effect of MgCl2 is tested as a cocatalyst for the (CH3)4PI/MgCl2 

catalyzed reaction and it gave a better result and minimized the activation energy for the 

reaction and the rate-determining step was the ring closure with the free energy of activation 

18.8 kcal/mol in the gas phase. The polarizable continuum model was used to account for the 

solvent effect, obtaining the best results of 23.1 kcal/mol in water for pathway I and 16.5 

kcal/mol and 14.9 kcal/mol in dimethyl sulfoxide for pathway II and binary system, 

respectively. 
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efficiency photovoltaic applications: a DFT study 

Georgies A. Asres*a, Birhan Tesfaye Beshir a,b and Kingsley O. Obodo c,d  

a) Center for Materials Engineering, Addis Ababa Institute of Technology, School of Multi-disciplinary 

Engineering, Addis Ababa, Ethiopia 

E-mail: georgies.alene@aait.edu.et 

b) Center for Dimensional Metrology Department, Scientific Metrology Directorate, National Metrology 

Institute of Ethiopia, Addis Ababa, Ethiopia 

c) HySA Infrastructure Centre of Competence, Faculty of Engineering, North-West University, South 

Africa (NWU), South Africa 

d) National Institute of Theoretical and Computational Sciences, Johannesburg, South Africa 

 

Two-dimensional materials have been shown to possess peculiar properties that make them 

particularly appealing for use in photocatalytic and photovoltaic systems. In this work, 

calculations of van der Waals corrected density functional theory were carried out on AAII-Se 

MoSSe, AAII-Te MoSTe, and AAII-Se WSSe heterostructures. According to our research, the 

heterostructures exhibit exceptional stability as a result of their minimal binding energy and 

lattice mismatch, which makes them ideal for epitaxial development. AAII-Se MoSSe and 

AAII-Se WSSe are semiconducting materials, while AAII-Te MoSTe possesses metallic 

characteristics, according to the electronic band gap calculation. Interestingly, type II band gap 

alignment is seen in all three heterostructures, which is helpful for photovoltaic and 

photocatalytic applications. The high power conversion efficiency of AAII-Se MoSSe and 

AAII-Se WSSe heterostructures, which may reach 12.15 percent and 9.37 percent, 

respectively, was also found. The two heterostructures are promising candidates for 

photovoltaic applications based on these fascinating properties. The heterostructures are good 

for the oxygen evolution process but lack the proper band edge locations for overall water 

splitting at pH = 0. By adjusting the band edges using strain, it is possible to improve the 

heterostructures' overall ability to split water. 
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Study of Structural, Electronic, Magnetic and Magnetocaloric Properties of the 

intermetallic RE2Cu2Cd compound; Ab initio calculation and Monte-Carlo 

Simulation 
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In this manuscript the electronic, magnetic, and magnetocaloric properties of the intermetallic 

RE2Cu2Cd compound have been investigated. The ab-initio calculations based on the Density 

Functional Theory (DFT) method was used to study the structural, electronic properties and 

the exchange-coupling interaction of the compound. The Monte Carlo simulations (MCs) 

combined with the metropolis algorithm have been employed to study the magnetic properties 

and magnetocaloric effect of the studied compound, including the total magnetization, total 

susceptibility, magnetic entropy change, the adiabatic temperature change, the relative cooling 

power (RCP), and the hysteresis phenomena of the compound have been investigated. Based 

on the obtained results, we can conclude that the RE2Cu2Cd compound is a good candidate for 

magnetic refrigeration applications. 

Keywords: DFT; Structural; Electronic; Magnetocaloric properties; MCs; Curie temperature.  
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Nanostructured cobalt oxide (Co3O4) has stimulated attention in the gas sensing 
technology space due to its excellent catalytic properties, stability and high selectivity 
when used as a sensing layer material. Control of the shape and size of Co3O4 
nanostructures is required for it to perform maximally. This is because control of shape 
and size manipulates the surface area of the nanostructures, which is beneficial in gas 
sensing because high surface area can lead to more active sites emerging on the 
surface of Co3O4 for chemical or physical interactions, thereby enhancing the gas 
adsorption and accelerating the gas sensing reaction. In this work, we give account of 
doping cobalt oxide with metal additives such as Sn and Zn, and Density Functional 
Theory simulations were employed to explore the electronic properties of 
nanostructured cobalt oxide Co3O4 using Material Studio of BIOVIA. Band gap energy, 
stability and absorbance properties were studied. 

 

Keywords: Cobalt oxide, Co3O4 nanostructures, Gas sensing, Density functional 

Theory, Doping 
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Titanium Aluminium (TiAl) intermetallic alloy has attracted much interest for research in the 

last decade. This is because of its outstanding structural properties, such as high melting point, 

low density and high-temperature strength. The material have found its applications in sectors, 

such as automobile. The surface properties plays a significant role in determining the material 

stability. However, their surface properties remain restricted and limited at the atomic scale. 

The purpose of this study is to investigate the structural stability of TiAl (100) and TiAl (110) 

surfaces. First-principle calculations have been performed by using the density function theory 

(DFT), within the generalized gradient approximation (GGA) to study the structural stability 

of TiAl (100) and TiAl (110) surfaces. Terminations and number of TiAl (100) and (110) 

surface layers were examined to identify the most stable configuration. The study have shown 

that the TiAl (110) surface has a lower surface energy than the (100) surface. This indicates 

that the TiAl (110) surface is energetically stable as compared to (100) surface. It was found 

that the surface energy converges rapidly with number of surface layers and surface sizes. The 

study revealed that TiAl (110) surface have a larger work function, which had caused its 

structural stability.  
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Star-shaped polymer translocation through a nanopore under a pulling 

force:- A 3D Langevin dynamics simulation study 
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The translocation of star-shaped polymer chains via a nanopore into a three-dimensional 

spherical cavity under a pulling force is investigated in this study. The polymer chains are 

modeled using a coarse-grained approach, with the FENE potential for linked monomers and 

the repulsive part of the Lennard-Jones potential for monomer-monomer and monomer-cavity 

interactions. For the translocation process, a Langevin dynamics simulation model is utilized, 

and simulations are done using the ESPreSSO molecular dynamics simulation tool, which is 

an extendable simulation package for polymeric systems research. The effect of chain size and 

topology, as well as nanopore and cavity parameters, on translocation dynamics, is investigated 

using simulations. Our main finding is that the functionalities, f (number of arms) of the star-

shaped polymer have a strong influence on the translocation process. As a consequence, the 

mean translocation time, hτ i is found to vary with polymer functionality, not uniformly, 

implying that the critical value for translocation is the fastest. Our simulation results also show 

that by varying the sizes of the nanopores, the value of the critical functionality can be tuned. 

A scaling relationship with an exponent close to one is obtained between the mean translocation 

time, and the total number of beads, Ntot as the polymer enters into the cavity, which has a 

significant impact on the translocation process. A scaling relationship is also calculated using 

extremely detailed computer simulation data by examining the effect of polymer conformations 

and cavity size on translocation processes. Finally, we believe the findings of this study will 

aid in the development of nanopore-based polymer sequencing devices. 

  



 

 

Enhanced low-temperature thermoelectric performance of SrSi2 by tuning 

its electronic structure using external bias fields 

Pacome Nguimeya 
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Recent years have seen a revival in interest in thermoelectric (TE) materials, as these materials can be 

used not only to utilize unused thermal energy from sources such as exhaust heat from automobiles 

and factories and solar heat but also for cold power generators and self-power supplies for wireless 

sensors. Due to the small bandgap of low-temperature TE materials, it is difficult to determine their 

physical properties by conventional density functional theory (DFT) calculations. In this study, we 

investigate the effect of external bias fields such as tensile strain and electric field on the TE properties 

of the ultranarrow-gap semiconducting SrSi2 by means of DFT combined with density functional tight-

binding (DFTB). We used the Gaussian-Perdew-Burke-Ernzerhof (Gau-PBE) hybrid functional to clarify 

the nature of SrSi2 and the relationship between external bias fields and the electronic structure in SrSi2 

and to analyze and explain its TE transport properties. An expansion of the bandgap was observed, 

suggesting that external bias fields can be tuned to maximize its TE performance. 
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Virtually all energy powering the processes in the biosphere originates from the Sun. 

Photosynthesizing organisms have developed a delicate hierarchy of nanoscopic machinery 

that supports the processes of light energy capture, excitation energy transfer, and charge 

separation and transport. These so-called primary processes of photosynthesis represent the 

first steps of light- to chemical energy conversion in the light-harvesting organisms. Unlike the 

natural photosynthetic light- to energy conversion as a whole, which has an efficiency of only 

a few percent, its primary processes are highly efficient. Nearly every captured photon converts 

to a separated charge. This high efficiency rests on only a few elementary design principles 

that the photosynthetic machinery follows. In this lecture, we will lay down the fundamental 

quantum physics describing the electronic structure and the energy transfer function of the 

natural photosynthetic light-harvesting antennas. The relation between the spatial structure of 

the antennas and their photosynthetic function will be explained in terms of a few basic physical 

principles universally valid across quantum and classical physics, namely, energy 

conservation, resonance interaction, and equilibrium thermodynamics. We will also discuss the 

role of quantum effects in nanoscopic systems that inevitably rest on the quantum to classical 

physics boundary.  

 

 

  



 

 

The CHPC for Materials Science: An Untapped Opportunity?    
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For the past 15 years the Centre for High Performance Computing (CHPC) has built a sustainable 

opportunity for enabling HPC focused research for South Africa and the region.  In particular, the 

Materials Science user base of the CHPC is not only one of the largest, it has also consistently shown 

significant research outputs by diverse institutions.  However, the question remains: Has the potential 

of the CHPC fully been realized by the scientific community? 

This talk will provide an overview of the role of the CHPC (within the National Integrated Cyber 

Infrastructure System – NICIS) has played to afford state of the art HPC resources for the research 

community.  In particular, the focus will be on successes in supporting the Materials 

Science/Computational Chemistry community and on creating awareness of opportunities that may 

still be eluding some researchers.  Indeed, if the CHPC is still an Untapped Opportunity for some (or 

many), this talk will strive to bridge that gap. 
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In recent years, Lead-free double perovskites have attracted considerable attention as potential 

candidates for photovoltaic applications. However, most double perovskites are not suitable for solar 

cells due to their large and indirect band gaps. In this work, we describe a general design strategy for 

systematically controlling the direct vs indirect nature of the band gap in halide perovskites Cs 2 N a 

1−x In x BiF 6 (0 ≤ x ≤ 1) using Density Functional Theory (DFT). This gap engineering is based on 

chemical adjustment of the character of the conduction band minimum from s-orbital-derived to p-

orbital-derived. Furthermore, the tolerance factor and the enthalpy formation have reported to describe 

their structural and thermodynamic stability. The Optical properties indicate that the 

Cs 2 InBiF 6 exhibits good optical absorption than Cs 2 N aBiF 6 in the visible region with a redshift of 

absorption threshold. The Thermoelectric behavior has been described by electrical and thermal 

conductivities, Seebeck coefficient and figure of merit. The results show an improvement of these 

properties going from Cs 2 N aBiF 6 to Cs 2 InBiF 6 . This study provides new and crucial insights into 

the mechanisms and design rules applicable to halide materials in photovoltaic applications and opens 

the way to use the Cs 2 InBiF 6 halide double perovskite as a potential candidate in the optoelectronic 

applications. 
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In this theoretical approach toward developing efficient organic solar cells, four small novel 

acceptor molecules of A2-D-A1-D-A2 topology are proposed (S1-S4) by the replacement of 

terminal acceptor units (A2) of R molecule with four different types of electron accepting-

units. The photovoltaic aspects of molecules have been studied by the use of DFT based method 

i.e., B3LYP/6-31G (d, p). The energy level of the ground state and excited state, bandgap (Egap), 

excitation energy, transition density matrix (TDM), absorption maxima (λmax), light-harvesting 

efficiency (LHE), the density of states (DOS), open circuit voltage (VOC) and many other 

optoelectronic properties of molecules have been investigated in this research. The Egap and 

ionization potential of the S2 molecule is the lowest of all the investigated molecules. S2-S4 

molecules have exhibited a bathochromic shift in their λmax and out of all of the newly 

suggested molecules, S2 has the highest red-shift in λmax (815.2 nm), the lowest excitation 

energy (1.52 eV), and the highest oscillator strength (1.97). The VOC of the studied acceptor 

molecules was calculated with regard to the PTB7-Th donor, and the findings showed that all 

of the newly suggested molecules had a higher VOC and a greater FF than the R molecule. 

Consequently, the findings of these calculations showed that our computational investigations 

give profound insights to support a realistic implementation of OSCs with these investigated 

acceptor molecules. 

Keywords: Density Functional Theory, small molecules solar cell, non-fullerene 

optoelectronics and Diketopyrrolopyrrole-Based small molecules. 
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Molecular simulations of adsorption processes for wastewater treatments have received 

considerable attention. Despite the attention, exploration of the literature shows serious 

limitations, among which solvent and temperature effects are the most important. In this work, 

we propose a computational approach to study the adsorption of aniline (as an example of 

pollutant) from wastewater using coronene as adsorbent. We identified all possible adsorption 

sites using classical molecular dynamics for further optimization at the ωB97XD/aug-cc-pVDZ 

level of theory. Three different solvation schemes have been explored: implicit solvation of 

aniline + coronene, explicit solvation of aniline + coronene, and implicit-explicit solvation of 

aniline + coronene. For the explicit solvation, we used six water molecules, while the implicit 

solvation is performed using the PCM (polarizable continuum medium) solvation model. For 

each of the four cases (see the Figure below), the adsorption free energy is evaluated as 

function of temperature from 200 K to 400 K. The results show that solvation has a 

considerable effects on the adsorption free energy. Furthermore, we noted that the adsorption 

free energy varies from −39.5 kJ/mol at 200 K to 27.7 kJ/mol at 400 K using the implicit-explicit 

solvation of aniline + coronene. This result highlights the importance of considering 

temperature effects in molecular simulations study of adsorption processes. 
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The use of antibiotics is common in medical treatments, in food and feed chains and their 

presence in wastewaters poses a problem for the human wellbeing and the environment. The 

purpose of this work is the study of the adsorption kinetics and fluctuation dynamics in the 

process of the multicomponent adsorption of antibiotics with different number of aromatic 

rings in their chemical structure, on carbon-based materials like graphene and biochars. We 

apply the pseudo first order kinetic model in the analytical form and pseudo second order 

kinetic model assisted by artificial neural network fitting that complements the lacking 

analytical solutions. Our results aim to assist the estimation of the interplay of different 

antibiotics (TC, SD, SMXZ, SMZ, CFX, OFL, AMOX) in the process of the multicomponent 

adsorption on carbon-based materials (graphene and biochars), in time (transient and steady 

state response) and frequency domain (fluctuation dynamics in equilibrium). The methods and 

models presented here can be used for the study of other adsorbate-adsorbent pairs of 

interest to the treatment of medical wastewaters, sewage plants and aquaculture systems. 

Keywords: artificial neural networks, adsorption capacity, first order kinetics, fluctuation 

biochar, adsorption dynamics, graphene, second order kinetics, selectivity. 
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Biophysics and thermodynamics of active fluctuations in the ear of the 

bullfrog :an introduction 
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Stochastic thermodynamics is an emerging field that studies the thermodynamics of systems 

driven out of equilibrium in the presence of fluctuations. Unprecedented joint theoretical and 

experimental advances have revealed novel universal thermodynamic laws at the mesoscale, 

which includes fundamental constraints for biological processes. A paradigmatic case study of 

nonequilibrium fluctuations are the spontaneous oscillations of mechanosensory hair bundles 

responsible for sound transduction. The pursuit of understanding the motion of such 

biologically-relevant systems has brought to 40 years of biophysical modelling using 

stochastic theory, yet a precise thermodynamic characterisation of sound transduction is an 

open challenge. This colloquium will showcase recent progress in the application of biophysics 

and stochastic thermodynamics to analyse fluctuations of hair-cell bundles responsible for 

sound transduction in the bullfrog’s sacculus. Through a holistic theory-experiment approach, 

it has been shown that spontaneous hair-cell bundle fluctuations are nonequilibrium, i.e. 

active. Moreover, using time-irreversibility measures and thermodynamic uncertainty relations 

we have estimated the rate of entropy production of hair-bundle fluctuations in different 

experimental, physiological conditions [1]. Furthermore, we have introduced and solved 

analytically a non-Markovian model that we have employed successfully in parametric 

inference and to predict the minimal energetic cost required to sustain spontaneous 

otoacoustic emissions in the ear of the bullfrog [2]. 

[1] É Roldán et al., New Journal of Physics 23, 083013 (2021) 

[2] G Tucci et al., arXiv:2201.12171 (2022) 
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Recent achievements based on lead halide (Pb) perovskites have prompted extensive research 

on low cost photovoltaics to avoid the main challenges in this regard: Stability and toxicity. In 

this study, the modeling of the lead-free (Pb) perovskite solar cell device was carried out by 

considering methyl tin ammonium bromide (CH3NH3SnBr3) as the absorbing layer of the 

perovskite. The objective of this work is to study and optimize the electrical characteristics of 

the solar cell based on MASnBr3 perovskite materials for AM1.5 illumination. 

Method/Analysis: The analysis of the architecture of the solar cell is carried out using the Solar 

Cell Capacitance Simulator (SCAPS). This is a computer software tool well suited for the analysis 

of homo- and heterojunctions, multijunctions and Schottky barrier photovoltaic devices. This 

software tool works and simulates based on the Poisson equation and continuity of electrons 

and holes. For this model, it is used to optimize the different parameters such as the thickness 

of (FTO,TiO2,MASnBr3,Spiro-ometad,CuSCN), the defect density of the absorbing layer and 

their doping (NA), the doping concentrations (ND and NA) of the electron transport material 

(ETM) and the hole transport materials (HTM). 

Improvements: With the proposed simulated model, the efficiency of the perovskite solar cell 

reaches 34%, which is an improvement of 5-6% over previous models, with the optimization 

of some material parameters. Therefore, this simulation work will provide practical information 

for the fabrication of perovskite solar cells to reasonably choose the material parameters and 

achieve high efficiency. 

KEYWORDS: SCAPS-1D, MASnBr3 Absorber, doping, defect, ,thickness. 
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To identify optimum candidate materials that can possibly be used as light absorbers in solar 

cells, we performed first principles calculations to simulate the structural, electronic, optical, 

and mechanical properties of cubic inorganic RbGeX3 (X=Br, I) perovskites with the state-of-

the-art density functional theory as implemented in the Vienna Ab initio Simulation Package. 

The values obtained for the direct bandgaps of RbGeBr3 and RbGeI3 perovskites were 0.63 eV 

and 0.55 eV respectively, while with the inclusion of spin orbit coupling, the direct band gap 

values were 0.47 eV and 0.31 eV, respectively. The perovskites demonstrated significant 

optical absorption in the whole UV-Vis spectrum and were mechanically stable. The results of 

our calculations are in reasonable agreement with available theoretical and experimental data. 

The properties presented offer reasonable flexibility in optoelectronic properties which 

matches well with characteristics suitable for solar cell design and optimization. The 

implication of results on the effectiveness of the photoactive layer of perovskites solar cells is 

discussed. 

Keywords: Crystal structure; Elastic properties; Semiconductors; Optical materials and 

properties. 
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Atomistic simulation of Hexagonal Perovskite HoMnO3 Based on DFT-

Quantum Espresso Calculations 
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In several applications, perovskites proved to have great interest due to their useful 
properties such as; dielectric properties, optical properties, ferroelectricity, 
superconductivity, piezoelectricity, multiferroicity, etc. Ferroelectricity in hexagonal 
manganites Perovskite RMnO3, with R = Y, Dy, Ho, Er, Tm, Yb, Lu, or Sc, was discovered as 
early as 1963 by Bertaut et al. (1963). The origin of ferroelectricity in hexagonal RMnO3 has 
been a matter of discussion. Based on first principle calculations, some authors have 
concluded that the ferroelectricity in YMnO3 is due to electrostatic and size effects. In this 
paper, first principles calculations will be perform to study the ground state electronic 
properties of HoMnO3 using the quantum espresso code within the density functional theory 
(DFT). This compound is based on holmium Ho and manganese Mn which have highly 
correlated electrons. Since the semi-local functional GGA ( Generalized Gradient 
Approximation) does not accurately treat the electronic properties of this kind of compound, 
it will be corrected by the estimation of Hund’s exchange “J” and Hubbard interaction “U” 
parameters. The lattice parameter, elastic constants, will be calculated, analyzed and 
discussed. 
 
Keywords: hexagonal Perovskite : HoMnO3 ; atomistic simulation; Density functional 
theory; Quantum espresso; Electronic properties. 
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Molecular machines, known as motor proteins, are able to propel themselves along the, 
sometimes branched and intersecting, directed filaments of the cytoskeleton. 
Simultaneously, these motor proteins are able to bind to various organelles and vesicles, 
dragging them along as they progress along the filaments. This active transport process is 
utilised within a crowded intracellular environment to deliver the cargoes to specific 
destinations within the cell [1]. In order for the cells to function correctly, a high degree of 
both spatial and temporal organisation of the motors and their cargoes is required. Various 
diseases have been associated with motor protein abnormalities and dysfunction. In human 

neurons this includes neurodegenerative diseases such as Alzheimer’s disease [2]. Although 
sophisticated experimental techniques and various computational and mathematical models 
have led to significant insights pertaining to this active transport process, various aspects 
thereof remain unclear [3]. For example, the exact role that the organisation of the 
cytoskeleton plays in specific aspects of this transport process, such as targeted delivery and 
sorting of cargoes, remains an active area of research [see e.g., 4]. In light of this, the aim of 
this talk is to explore possibilities for the analytical modelling of generic motor proteins 
transporting cargoes along the directed filaments of the cytoskeleton. To begin the 
exploration, the Langevin dynamics of a single motor protein transporting a cargo as it 
progresses along different configurations of a single filament will be considered. Some of the 
more intricate filament configurations will highlight the limitations of this approach. An 
alternative approach, combining a dynamical field theoretical formalism with a networking 
theory, previously employed in polymer physics (see e.g. [5]), will be presented. In doing so, 
it will be shown that this formalism establishes a collective description of motor-driven 
transport that may be applicable to a variety of typical cytoskeletal filament configurations 
and intracellular contexts. The talk will be concluded with a glimpse of how this approach 
allows for various avenues of possible further investigation pertaining to motor-driven 
transport, but perhaps also other dynamical processes that one may encounter in the study 
of active matter. 
 
[1] P. C. Nelson, Biological Physics: Energy, Information, Life. New York: W.H. Freeman and 
Company, 2008. 

[2] E. L. F. Holzbaur, “Axonal Transport and Neurodegenerative Disease,” in Intracellular 

Traffic and Neurodegenerative Disorders, pp. 27–39, Springer, Berlin, Heidelberg, 2009. 

[3] S. Mogre, A. I. Brown, and E. F. Koslover, “Getting around the cell: Physical transport in 

the intracellular world,” Physical Biology, vol. 17, no. 6, 2020. 

[4] M. Burute and L. C. Kapitein, “Annual Review of Cell and Developmental Biology Cellular 
Logistics: Unraveling the Interplay Between Microtubule Organization and Intracellular 

Transport,” Annual Review of Cell and Developmental Biology, vol. 35, pp. 29–54, 2019. 

[5] S. F. Edwards, “A field theory formulation of polymer networks,” Journal de Physique 

France, vol. 49, pp. 1673–1682, 1988. 
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Schistosomiasis ranks second after helminth infections on the list of neglected tropical diseases 

and predominantly affects impoverished communities, with over 90% of affected populations 

concentrated in sub-Saharan Africa. The disease presents a myriad of symptoms that eventually 

digress into more severe complications that include liver fibrosis and portal hypertension as 

well as a predisposition to bladder cancer. For several years, efforts for the elimination and 

control of this infection have proved futile. Such attempts have entailed the use of Praziquantel, 

the only chemotherapeutic drug known to be effective against all schistosome infections. 

However, rising concerns due to its uneludicated mechanism of action and reports of drug-

resistant strains due to total dependence on the drug for over five decades have warranted the 

need to discover novel and more effective anti-schistosomal drugs. The aim of this study was 

to determine the effectiveness of ten polyphenols identified as ‘lead’ compounds in 

schistosome-based treatment in complex with the G4LZI3 universal stress protein (USP), a 

molecule that is regarded as a possible drug target due to its up-regulation throughout the 

multifaceted lifecycle of the schistosome. The conformational changes resulting from the 

formation of the complexes were analyzed using molecular dynamic (MD) simulations. Post-

MD results observed the highest binding energies occurring between the G4LZI3 USP in 

complex with curcumin and catechin respectively. The presence of conserved residues 

observed within all the complexes provides a route map for the structure-based drug design of 

novel inhibitors that may impede the function of the G4LZI3 protein. This study thus suggests 

an alternative approach for the development of anti-schistosomal drugs using natural 

compounds. 

Keywords: Catechin; Curcumin; G4LZI3; MD simulations; Praziquantel; Schistosomiasis    

 

  



 

 

Discovery of novel inhibitors against Schistosomiasis using Dynarrestin~S. 

mansoni axonemal dynein intermediate chain protein complex: a molecular 

dynamics simulation approach 
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of Johannesburg, Kingsway Campus, Auckland Park 2006, South Africa 

Praziquantel (PZQ) has been the drug of choice for the treatment of schistosomiasis for more 

than 50 years, however, resistance to this drug has been documented severally in recent years, 

hence the need for new drugs. This study investigated the effect of the dynarrestin inhibitor on 

Schistosoma mansoni axonemal dynein intermediate chain protein (SmAxDynIC), a potential 

schistosome drug target. This protein functions in schistosome cilia and flagella beating 

therefore, inhibiting this protein could lead to immobility of the worm and the disruption of its 

developmental cycle. Molecular dynamic simulations and post-MD analyses were conducted 

to ascertain the various characteristics of the inhibitor and its interaction with the SmAxDynIC. 

This was followed by the screening for a pharmacophore of the inhibitor to discover ‘lead’ 

compounds against schistosomiasis. Concluding findings indicated that dynarrestin possesses 

favourable inhibitory characteristics against the SmAxDynIC, as well as a very strong binding 

affinity for the active site of the axonemal dynein protein. Three additional ligands were 

identified using the generated pharmacophore and it is suggested that these should be employed 

for both in vitro and in vivo testing on various schistosomal cell lines in future interaction 

studies. 

 

Keywords: Dynarrestin; MD simulations; Praziquantel; Schistosomiasis; SmAxDynIC 
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Linear optical spectroscopy is a crucial analytical tool in biology, chemistry, materials science, 

molecular physics, and various other disciplines. In this presentation, we give an overview of 

the physics that underlies linear spectroscopy and the insight that linear spectra provide about 

materials. We discuss an exact, stochastic, method for calculating linear spectra and compare 

it to four approximate methods in terms of accuracy and computational efficiency: the Full 

Cumulant Expansion (FCE), the coherent time-dependent Redfield (ctR), and two methods in 

which the Redfield and modified Redfield rates are used. We compare the accuracy of these 

methods for the calculation of absorption, linear dichroism, circular dichroism, fluorescence, 

and fluorescence anisotropy spectra of a chlorophyll dimer. We discuss the relevance of these 

results for the accurate simulation of spectroscopic measurements on photosynthetic light-

harvesting complexes, and we briefly show how the simulation of linear spectra may be used 

to determine the Hamiltonian (and consequently the energy transfer dynamics) in these 

systems.  

  



 

 

First principle calculations to investigate the formation of multi-interstitials 
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Density functional theory was used to investigate the structural and electronic properties of germanium 

self multi-interstitial defect complexes. The formation energies and the binding energies confirms the 

possibility of the formation of the muti-interstitial defect complexes in germanium. Due to Jahn-Teller 

distortion, the mono-interstitial is relaxed to split configuration at -2 and -1 charge state. It then turned 

to hexagonal configuration at 0 charge state, a displaced hexagonal at +1 charge state and finally a 

tetrahedral configuration at +2 charge state. The di-interstitial is relaxed to tri configuration at -2 and -

1 charge state and a tre configuration for 0, +1 and +2 charge states. No Jahn-Teller distortion was 

observed in the case of tri and tetra vacancy complexes. Acceptor and double acceptor levels were 

observed at Ev + 0.32 eV Ev+ 0.41 eV for the mono-interstitial. The results were in good agreement to 

do an experimental investigation. For the case of di-interstitial an acceptor level was found at Ev + 0.24 

eV and a double acceptor level at Ev + 0.52 eV which is also compared to the experimental findings. 

There is no previous experimental observation of tri-interstitial and tetra-interstitial, but our model 

predicted the existence of such interstitials with higher formation energies and defect levels very close 

to the case of mono-interstitial and di-interstitial. 
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Bosons Production by an Electric Field in a Curved Space-time 
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Background/Purpose: The phenomenon of bosons creation in a model of curved 

spaces when an electric field is present, is analyzed. Our purpose is to study the effect of the 
electric field on the creation of particles from vacuum1,2. 

Materials & Methods: We have used the Bogoliubov transformation technique to 

calculate the number density of the spin-0 created particles in a curved space-time , it is 
necessary to specify the asymptotic behavior of  “ in “ and “ out “ vacuum states. This method 
based on the exact mode functions1,2. 

Results: According to the formalism of Klein-Gordon equation in curved space-time, We 

investigated the mechanism of particles production from the solutions which are in terms of 
special functions 3. The results have been interpreted. 

Conclusion:  The obtained results confirm the fact that particle creation is a property of 

curved space-time, Our aim in the future is to study the process of particles creation in non-
commutative spaces.  

References:  
[1]. J. Garriga, Phys. Rev. 1994; D 49: 6343.                      

doi: 10.1103/PhysRevD.49.6343 

[2]. S. Haouat and R. Chekireb, Eur. Phys. J. 2012; C 72: 2034. 

doi:10.1140/epjc/s10052-012-2034-x 

[3]. I.S.GRADSHTEYN ,I.M.RYZHIK ,Table of Integrals, Series and Products. 
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Lead halide perovskites with the general formula APbX3, where A is a cation and X a halide, 
have gained great attention as photovoltaic cells because of their exceptional qualities. 
However, they suffer from the toxicity of lead (Pb), which has incited researchers to seek 
novel environmentally friendly and sustainable energy materials by substituting lead with 
tin (Sn) and/or germanium (Ge). This work aims to study the optical properties of CsBX3 

perovskites, where B is Pb, Sn or Ge, and X is chlorine (Cl), bromine (Br) or iodine(I), using 
the density-functional theory (DFT) through the software package Quantum ESPRESSO. The 
obtained results indicate an increase in the dielectric constant along with a decrease in the 
optical gap when B varies from the heaviest element (Pb) to the lightest one (Ge), and/or X 
changes from the lightest element (Cl) to the heaviest one (I). The determination of these 
properties is essential in assessing the best alternatives to lead halide perovskites. 
 
Keywords: Perovskite 
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Exploring Metalloporphyrin structure for Photodynamic 

Antimicrobial Chemotherapy water treatment method: 

Experimental and Theoretical study 
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Water is an essential natural resource, which continues to lose its biological and physico-

chemical characteristics as a result of both human and economic growth. The classical water 

treatment approaches like boiling are not only time consuming, inefficient and wasteful, but 

have also played a part in increased water-borne diseases and antimicrobial resistance. 

Photodynamic antimicrobial chemotherapy (PACT) combines light, a light-soaking up 

molecule and molecular oxygen. The PACT method is initiated through the application of a 

photosensitizer to targeted water samples containing microorganisms such as Escherichia coli 

and Staphylococcus aureus and irradiating them with light, which results in production of 

triplet state that leads to the generation of reactive singlet oxygen species that cause microbial 

death. The quest for a good photosensitizer that employ visible light and oxygen to produce 

long lived triplet state to enrich PACT is an ongoing research across the globe. In this study, 

we synthesize and explore selected free base porphyrin and metalloporphyrin structures to 

determine the HOMO-LUMO and UV-Vis Spectra data prediction towards the generation of 

long lived triplet state and singlet oxygen species. 
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In the present study, we performed density functional theory calculations (DFT) to investigate 

changes on the electronic and optical properties in Cl and N doped tin oxide (SnO2 ). We 

performed substitutional doping and then calculated the electronic and the optical properties of 

the doped and co-doped SnO2. In all system, a reduction in the bandgap value was evident, 

while gap states were also formed. Furthermore, when co-doping was performed these dopants 

cl,N,Sb and In, they all constitute a single acceptor and donor, respectively. This can also be 

seen in the density of states through the formation of gap states just above the valence band or 

below the conduction band, respectively. These gap states may contribute to significant 

changes in the optical and electronic properties of SnO2 , thus affecting the metal oxide’s 

suitability for photovoltaics and photocatalytic devices. In particular, we found that mono 

doping of N and CL-N co doping of SnO2 induces a high absorption within the visible range 

while also reducing the oxide’s bandgap than mono doping of Sb and In and Sb-In co-doping, 

making it more efficient for light-harvesting applications. 
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Hurwitz Zeta function and its application in condensed matter 

physics 
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In this paper we are studying the one-dimensional harmonic oscillator [1] in the base case. 
then we use General Relativity [2]to formulate the general expression for the one-
dimensional harmonic oscillator, then we study the interaction of the matter in cosmic string 
theory and the deformation of space .finally, we want to compare the two systems in the 
presence and absence of topological defect about some property physics, in this work we are 
using the Hurwitz Zeta function [3] approximation. 
 
[1] A. Boumali, N. Messai, Can.J.Phys 2014, 92, 1460–1463. 
[2] F. Ahmed, EPL (Europhysics Letters) 2020, 130, 40003. 
[3] E. Elizalde, Ten physical application of spectral zeta functions, Vol. 855, Spinger-Verlag 
Berlin Heidelberg, 1995. 
  



 

 

Ni ultra-thin films on Pd(001) surfaces and Oxygen contamination 

effect: First-principles study of stability, magnetism, anisotropy and 

electronic properties 

 

Felors Berhene Mahoungou-Nguimbi 

 
Density functional theory implemented in the PWscf code has been used to study structural, 
electronic and magnetic properties of Ni thin films on (Pd) n surface. Two mayor 
configurations are made to form complex as the (Ni) m /(Pd) n and O-(Ni) m /(Pd) n , where 
n=3,10 and m=1-6. For (Ni) m /(Pd) n system with n=3, a perpendicular magnetic anisotropy 
is obtained, wheras for n=10, a parallel orientation is depicted from 2 up to 4 monolayers and 
perpendicular orientation from 5 up to 5, and this, independently of the Ni layers deposited 
on the Pd multilayers (surface). When O adatom is associated to (Ni) m /(Pd) n systems, a 
similar anisotropy trend is depicted with an enhancement of negative (resp. positive) value 
on the anisotropy magnetic energy for n=10 (resp. n=3). Magnetic anisotropy properties has 
been found to be sensitively dependent on both Ni thin films and Pd substrate thicknesses, 
and a maximum perpendicular (parallel) anisotropy energy value of 0.610 (-0.147) meV has 
been obtained for the bilayer/heterostructure such as Ni 6 /Pd 3 (Ni 2 /Pd 3 ). Our results 
show that, O adatoms tends to adsorb on (Ni) m /(Pd) n surface at the hollow (H) site when 
m=1-6. The analysis of decomposing total magnetic anisotropy energy in term of atomic layers 
and electronic structure modification effect has been done to understand the origin of it 
oscillatory behavior. 
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free FA-based perovskite material FASnI3 for photovoltaic 

application  
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In this work, we are studying the Hybrid-organic-inorganic perovskite (HOIP) FASnI3 for 

photovoltaic application. In fact, we investigate and discuss the structural and electronic 

properties of the solar perovskites material FASnI3 using the DFT method implemented in the 

Quantum Espresso package. the band structure of this material has been presented, it is found 

that this material exhibits a semi-conductor behavior, with a band gap value 1.36eV. also, the 

total and partial density of states (DOSs) have been presented and discussed of this material. 

Indeed, we inspect the structural properties of the studied materials and found that the 

optimized lattice parameter is equal to 6.35Å. In addition, the effect of the lattice parameter on 

the band gap value of this solar perovskite material have been investigated, it is found that 

when increasing the lattice parameter, the band gap increases. we have also inspected the effect 

of adding the spin orbit coupling (SOC) correction on the band gap energy of this solar 

perovskite material. our results can provide some insight for the design of new efficient and 

lead-free perovskite solar material for photovoltaic application. 

 

Keywords: Photovoltaic application, Solar perovskite, electronic properties, Band gap, DFT 

method, SOC correction  
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We report first-principles calculations on the electronic, magnetic, and magnetocaloric 

properties of the perovskite metal compound Mn3GeC. We have studied this compound using 

a combination of density functional theory calculations (DFT) and Monte Carlo methods. The 

metallic perovskite Mn3GeC materials have a secondary ferromagnetic paramagnetic 

transition around Tc = 330 K. Our calculations show that this compound is more stable in the 

equilibrium state of the ferromagnetic network, estimated in agreement with the experimental 

parameter. The results of the simulation reveal that the Mn3GeC structure behaving of metallic 

nature; using calculations of first principles, the magnetic and magnetocaloric properties have 

been calculated. Additionally, the magnetization and the susceptibility have been determined 

and the obtained critical temperature TC is in good agreement with the experimental results. 

The magnetic entropy and the relative cooling power for different external magnetic fields are 

obtained around TC.  

 

Keywords: Perovskite Mn3GeC; Magnetocaloric effect; Magnetic properties; Ab initio 

calculations; Monte Carlo simulations 
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The use of materials for thermal isolation is developing mainly for environmental reasons. It 

has already been shown that materials play an important role on energy consumption, therefore 

it is important to know their thermo-physical properties. In this paper, we first develop a heat 

transfer model whose resolution leads to a numerical calculation code allowing to determine 

the temperature evolution on the whole material. The proposed model takes into account the 

convective flows around the material. First, we used a calculation code to study the influence 

of the convection coefficient on the temperature distribution. We have shown that the influence 

of the convection coefficient on the temperature evolution depends on the type of material used. 

Then, a reduced sensitivity study shows that the thermal diffusivity, the thermal conductivity 

and the convection coefficient are sensitive to temperature and decorrelated from each other so 

they can be estimated separately. Finally, the unknown parameters associated with the solution 

of the heat conduction problem are selected to obtain the closest agreement, in the least squares 

sense, between the calculated and simulated temperatures. In this work, Newton's method was 

used for the determination of the thermo-physical properties of our materials. The estimates 

realized on several types of materials show that the relative error is lower than 3%. 

  

mailto:mohameth1.dia@uadb.edu.sn


 

 

Improved first-principles electronic band structure for cubic and 

tetragonal phases of BaTiO3 using the Hubbard U correction 
 

Derkaoui I1, Achehboune M2, Boukhoubza I1, EL Allam E.M1, Adnani Z3, Hatel 

R1, Rezzouk A1 
 

1 University Sidi Mohammed Ben Abdellah, Faculty of Sciences Dhar el Mahraz, 

Laboratory of Solid State Physics, PO Box 1796 Atlas Fez 30 000, Morocco 

2 Laboratory of Solid State Physics, University of Namur, Rue de Bruxelles 61, 5000 

Namur, Belgium 

3 Laboratoire d’Ingénierie des Matériaux, de Modélisation et d’Environnement, LIMME, 

Faculté des Sciences Dhar El Mahraz, Université Sidi Mohammed Ben Abdellah, 

USMBA, BP 1796 – 30000, Atlas – Fès, Morocco 

 

Corresponding author: derkaouiissam@gmail.com 

 

The influence of Hubbard U on the structural and electronic properties of the cubic 

(Pm3m) and tetragonal (P4mm) phases of perovskite BaTiO3 has been 

investigated for the first time, using the density functional technique (DFT). The 

crystal structure, band structure, total and partial density of states (DOS and 

PDOS) were calculated using the Quantum Espresso (QE) software package with 

the exchange correction energy function in the local density approximation and 

this for both DFT and DFT+U calculations. Through the application of the DFT+U 

method, our results highlighted that the difference in lattice parameters from the 

experimental measurements was approximately less than 1%, and the calculated 

band gap of BaTiO3 perovskite for both phases; cubic and tetragonal was found to 

be 3.2 and 3.4 eV, respectively, providing excellent agreement with the 

experimental values. The results of this work highlight that DFT+U could be an 

efficient method to achieve reliable band gap predictions with moderate 

computational cost. 

Keywords: BaTiO3, Cubic and tetragonal phases, Hubbard correction; DFT+U, 

Electronic properties. 
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Atoms constituting a metal define its molecular crystal structure (atomic system) and interact 

in molecular dynamics simulations of nanometric cutting of the metal.  The removal of the 

material (metal) at nanoscale and generation of high quality surface with a nanometric finish 

is largely influenced by the mechanical and physical properties of the metal as it associates 

with the metal lattice (atomistic) structure. Improved studies of the molecular modelling 

(behaviour of molecules) as it creates mathematical models of molecular properties and 

behaviour of atomistic systems are required for condition prediction of a nanometric surface 

finish.  In this study, atomic system of rapidly solidified aluminium (RSA) alloy, grade RSA 

431, with the use of its alloying elemental compositions by weight percentage is designed and 

constructed with cell geometry and atom positions that are written into a data file using AtomsK 

program. In addition, atomic concentration influencing the structural properties of the alloying 

elements were calculated. Obtained microstructure depicts the spread of the elemental 

compositions and the data file is suitable for a code performing simulations on classical 

particles like the large-scale atomic/molecular massively parallel simulator (LAMMPS) 

software.  Understanding the peculiar characteristic properties of the composing alloying 

elements of the RSA 431, and computer simulations (molecular dynamics) for analysing the 

physical movements of atoms and molecules determine how much influence each of them has 

on the nanometric cutting surface.  Hence, the nanometric surface finish of the RSA 431. 
 

 

 

Keywords: Molecular Modelling, AtomsK Program, Molecular Dynamics Simulations, 

Optimization Strategy, Rapidly Solidified Aluminium (RSA 431) Alloy, 

Nanometric Cutting. 
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We use first principles calculations to characterize four types of dopant-vacancy point defects 

in the two dimensional material graphane for the purpose of application in quantum computing. 

The point defects we consider in this contribution are NcHv, NcCHv, NchHv, NchCHv and 

their various charge states. We derived the formation energies and other electronic properties 

of these point defects. Analysis of the defect level diagrams shows that NcHv is a deep point 

defect that can be potentially utilised as a qubit like the prototype NV centre in diamond. 
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The goal of this study is to investigate the influence of cross-sections data, available in 

DOSXYZnrc Monte Carlo code, on the dose distribution such percentage depth dose and beam 

dose profiles, and it effects on the efficiency. A SATURNE 43 linear accelerator has been 

modeled with BEAMnrc code to simulate a 12 MV photon beam for a square open field size 

of 10 × 10 cm2. The obtained results showed that the depth dose curves, beam profiles dose 

and efficiency are less sensitive to photon, pair, and Bremsstrahlung cross-sections data. 
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We study collisions of kinks in the one-space and one-time dimensional noncanonical 
nonintegrable scalar ϕ6 model. We examine the energy density of the kink, and we find that, 
as a function of the parameters that control the curvature of the potential, a localized inner 
structure of the energy density emerges. We also examine the kink excitation spectrum and 
the dynamics of the kink collisions for a wide range of initial velocities. We find that apart 
from the resonance windows, the production of two to three oscillons occurs for some 
values of the principal parameters of the model.  
 
Keywords: Field theories in lower dimensions; Solitons; Topological field theories; 
Scattering theory ; Bound states. 
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In the present paper we have studied the structural electronic, magnetic properties and 

magnetocaloric effect of the A(A=La,…)B(B=Mn,…)O3 perovskites systems by density 

functional theory means experiment, mean field theory and Monte Carlo simulations. The 

density and band structure of several perovskites systems were studied by Wein2k code with 

generalized gradient approximation. The temperature dependence of the magnetic entropy 

changes and of the adiabatic temperature is also obtained. We have used the experiment results, 

mean field theory and MCSs. The Curie temperature and the field dependence of relative 

cooling power of these systems have been obtained. 
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Entropy generation of the eutectic Ga-In-Sn alloy in a square duct 

under the action of oblique transverse magnetic field 

El Glili Issa 

Of all the different Ga-based alloys, the characteristics of the eutectic GaInSn (Gallium-

Indium-Tin) alloy make it the most adequate for many applications, especially because it is 

liquid at room temperature. In the present study, the Bejan number of the heat transfer, fluid 

friction and magnetic field for steady state, laminar and electrically GaInSn liquids in a square 

duct at constant wall temperature with the effect of a transverse oblique magnetic field has been 

studied. First, the continuity, momentum and energy equations are rewritten in a non-

dimensional format using the dimensionless parameters. The obtained formulations are utilized 

to obtain the Bejan number of heat transfer, fluid friction and magnetic field. After that, the 

non-dimensional governing equations are numerically solved using the finite difference 

technique. The graphs are presented to show the influence of various physical parameters such 

as external magnetic field, duct width, angle of inclination of external magnetic field on 

velocity, temperature distributions, induced magnetic field and Bejan number. 
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The underdamped Brownian motion of particles in a deformable potential in response to a 

constant external force is investigated. Using the matrix continued fraction method, we 

compute the diffusion coefficient of Brownian particles via the dynamics factor structure at 

low temperature and intermediate values of friction coefficient. It is numerically found that the 

transport properties of Brownian particles such as the effective diffusion coefficient, the 

average velocity and the distribution probability are sensitive to the shape parameter r of the 

modified nonsinusoidal Remoissenet–Peyrard deformable potential. The bistable behaviour 

and the distribution of velocity which also shed light on the diffusion anomalies are discussed 

for some values of the shape parameter. We show that for the negative values of the shape 

parameter (r<0), the average velocity versus the external tilting of Brownian particles is 

optimized, while for the positive values (r>0), the average velocity of Brownian particles 

collapses due to the geometry of the system combined with the friction. Finally, the mechanism 

of enhancement of the effective diffusion coefficient for a range of the external force is 

discussed as a function of the shape parameter. We find a power law for the effective diffusion 

coefficient in terms of the shape parameter r, and show that, it evolves as Dth∼∣r∣2. 
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Theoretical models describing organic solar cells (OSCs) are developed in a semi-classical way 
and do not provide a good understanding of what is going on. The complexity of the charge 
separation mechanism at the interface of organic solar cells requires the use of a quantum 
model which can take into account all the parameters that play a very important role in this 
mechanism. We use a fully quantum modeling of electronic transport in organic solar cells. 
The advantage of this approach is that it is an efficient numerical tool with a very low 
numerical cost compared to other quantum approaches. We use quantum modeling to 
understand the physical phenomena that occur as a result of electron-hole dissociation and 
we also want to understand the effect of phonon modes on charge injection. We present the 
effect of recombination at the donor-acceptor interface in the charge transfer mechanism 
and the hot and cold transfer criteria. 
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The effects of an oxygen vacancy (Ov), and Sulfur, Selenium, or Tellurium impurities-doped 

strontium hafnate perovskites (SrHfO3) on electronic, optical properties, as well as hydrogen 

production from photocatalytic water splitting have been calculated using Density Functional 

Theory. The findings showed that the substitution of oxygen atoms by Sulfur, Selenium, or 

Tellurium impurities decreased the wide SrHfO3’s forbidden band effectively. Moreover, 

when Sulfur, Selenium, or Tellurium impurities meet an Ov defect in SrHfO3, the absorption 

coefficient is shifted to the visible spectrum, especially for 8.33% of Sulfur or Selenium-doped 

SrHfO3 due to the shifting of the Fermi level to the conduction band minima which caused the 

n-type semiconductor behavior6giving rise to the enhancement of carrier concentrations. 

Otherwise, the positions of the valence band maxima and conduction band minima respect the 

limits necessary to split water except 12.5% of Selenium or Tellurium-doped SrHfO3, 8.33% 

of Tellurium-doped SrHfO3+Ov, and 12.5% of Selenium, or Tellurium doped SrHfO3+Ov 

compounds. In addition, the negative formation energy values confirm that all studied 

compounds are thermodynamically stables. We believe that ourIresearch will serve as a base 

for future studies on strontium hafnate perovskitesLto be used as semiconductorffor 

photovoltaic and photocatalytic hydrogenjproduction from water splitting devices. 
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Dissipative particle dynamics (DPD) simulations are performed to study the phase transition 

of sodium dodecyl sulfate (SDS) in aqueous solution, which is an anionic surfactant commonly 

known as sodium dodecyl sulfate. In this work, the aim is to find a coarse-grained minimal 

model suitable to produce the full phase diagram of SDS. We examine the coarse-grained 

models of SDS, which have been used in earlier computational studies to produce the phases 

as well as for finding the critical micelle concentration (CMC) of SDS. We contrast the results 

based on these models with the experimental observations to assess their accuracy. Our 

research also takes into account the importance of sodium ions, which come from the partial 

dissociation of SDS, when dissolved in water. The effect of sodium ion has not been considered 

explicitly in the computational work done so far using dissipative particle dynamics. In light 

of the above explorations, we propose new models for SDS and demonstrate that they 

successfully produce a compendious SDS phase diagram, which can precisely overlay the 

experimental results. 
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Today, most electric vehicles and hybrid electric vehicles rely on Li-ion batteries. The main 

drawbacks of Li-ion batteries are their high price, slow charging, and low energy/power density 

compared with that gasoline. The (001) Li2MSiO4 surface ionic diffusion studies revealed 

unlimited and fast ionic diffusion in all three dimensions with over 12-orders-of- magnitude 

compared with the bulk system. In the past two decades, significant efforts have been paid to 

the development of next-generation battery technologies. In particular, metal−air batteries 

(e.g., Li−, Na−, Mg−, Al− and Zn−O2 batteries) are promising and have gained significant 

attention, especially in the making of economical and efficient products in the transport sector. 

However, there are several shortcomings that hinder the practicality of metal-air batteries such 

as poor conductivity and rechargeability, dendrite formation, air contamination (water vapor 

and CO2 contamination), and stability of electrodes and electrolytes. Our theoretical results 

disclosed that despite the insulating nature of these discharge products and the cathode-

electrolyte interfaces, the Li+ and Na+ -ions diffusion takes place at a high rate with an energy 

barrier of less than 0.5 eV. Moreover, results revealed that CO2 contamination significantly 

affects the capacity and overpotentials in Li- and Na-O2 batteries, the significant effect already 

observed at 1% CO2 due to carbonate formation. Charge transport studies showed that surfaces 

and interfaces offer an improved conductivity.  
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The demand for propylene is consistently rising annually due to its vast applications in producing 
different petrochemicals [1]. The fluid catalytic cracking process has been reported have been the 
major propylene source. Due to its rising demand, on-purpose means of producing propylene are 
gradually gaining better attention. Though such a process has been challenged with lower yield in 
the presence of chromium oxide [2, 3]. In our previous studies, we unrevealed the mechanism 
involved in the dehydrogenation of propane to propylene over the catalyst. In this study, we 
deployed a combined use of the microkinetic modelling and central composite design to explore the 
impact of flow rate, pressure, porosity and temperature on the kinetics of propane dehydrogenation 
over chromium oxidation. Also, we investigated the steps to understand how they impacted the 
reaction kinetics via rate-control analysis. Findings from our studies indicated that a rise in reactor 
flow rate, pressure, and porosity drops the reaction rate. In contrast, a temperature rise results in a 
further reaction rate rise. It confirms the overall reaction to be endothermic. The catalyst porosity 
(62.40%) was predicted to have shown greater impact while the most significant, whereas the 
reactor flowrate showed the least (5.69%). The rate-control analysis reveals that 1st hydrogen 
abstraction identified the rate-controlling transition state while adsorbed propane was confirmed as 
the rate-controlling intermediate state.  Using DFT calculations with a cluster model, we explored 
the impact of substituting X in CrXO3 catalyst with Cr, Mo and W so as to understand its impact on 
the surface intermediates’ stability. The analysis reveals that Mo's introduction to the surface better-
facilitated propylene production with lesser stability of propyl (better exothermicity), easier 
propylene desorption and a higher deep dehydrogenation barrier for preventing the production of 
undesired products, unlike the use of W. The study, therefore, suggests the improvement of catalyst 
porosity and possibly impregnation or introduction of catalyst promoters like Mo [4] or any other 
metals to the catalyst surface as a means which would potentially improve the reaction rate and 
selectivity outside the potential contributions obtainable from the change in the reaction 
thermodynamic conditions [5, 6]. 

Keywords: Catalysis, Dehydrogenation, Propylene, Reaction Kinetics, DFT, Chromium Oxide. 
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The main aim of this work was to perform simulations using MCNP6.1 code to calculate the 

production of neutrons, protons, π+, π-, π0, deuterons, tritons, helions, and alpha particles, as 

well as the associated cross sections, from intermediate energy proton-induced reactions on a 
208Pb heavy nuclei target. We proposed various different packages, such as CEM03.03, 

LAQGSM03.03, LAQGSM03.03_nevtype_66, INCL4.5+ABLA07, and the Bertini_Dresner 

events generator, but the benefits of these simulations must be carefully evaluated and verified 

through experimental and theoretical data results. 
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In this study, a comparative study evaluated the effect of Er concentration and 

intrinsic defects (VO and VZn) on the electronic structure and optical properties of 

Er-doped ZnO using the GGA + U method based on the first-principles method. 

The lattice constants and band gap of ZnO calculated in this work are in agreement 

with experimental values. The results showed that the band gap of Er-doped ZnO 

decreases with increasing Er concentration, while it increases with the presence of 

O or Zn vacancies. Furthermore, the existence of VO caused the formation of a 

deep donor in the band gap. However, Er-ZnO+VZn is a degenerate p-type 

semiconductor, and shallow acceptor states were created around the Fermi level. 

The magnetic moment of the doped ZnO structure has been increased and the 4f 

electrons of the Er atoms were responsible for the induced magnetic moments. The 

absorption property was relatively enhanced in the visible range after Er doping. 

In the Er-ZnO+VO model, both absorption and reflection are relatively enhanced 

in the visible range, leading to a decrease in light transmittance. Hence, the 

magneto-optoelectronic properties of ZnO could be improved by an optimal 

concentration of Er as well as with the presence of oxygen vacancies. 

Keywords: First-principles; DFT+U; Er-doped ZnO; native defects; Electronic structure; 

Optical Properties. 
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The geodynamic study of the DR Congo can generally, give knowledge of earth's crust 

movements, the seismicity of the region and the structural change taking place across the globe. 

As the Earth's surface is constantly deformed because of the stresses acting on the surface crust 

of the earth, it is possible to accurately assess these forces through the tectonics that studies the 

deformations and folds within the globe. The deformations can be directly linked to the sudden 

release of energy accumulated in the underground rock or on boundaries of tectonic plates, 

which are manifested in the form of earthquakes.  The Democratic Republic of Congo, being 

one of the seismic African countries located near the Rift Valley, has full of active faults in 

Kivu Lake, Tanganyika Lake and in the surrounding areas. Therefore, on the seismic map of 

D.R.Congo, many epicenters and faults are observed at the East part of the country. This part 

is located in the region of African Rift Valley and covers almost a 1/3 of the country. The 

problem that arises here is that of the discovery of other intraplate faults in the Katanga mining 

area. Often, in the DRC, most mining companies hide information or data obtained from 

airborne geophysics so as not to allow the State or other companies to know what they are 

exploiting. Usually, the responsible of these kind of companies give only the Pdf map to the 

government as results of their research. However, a method of retrieving spatial data from a 

physical map is possible. The method consists of scanning the physical map and digitizing all 

the intersections between the flight lines and those of the contour lines to create an ascii file 

using ArcGIS or QGIS software. 
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In this work, further investigation on the capture mechanism of heavy metal dichloride (MCl2 

with M being Hg, Cd, and Pb) using CuS was carried out using the density functional theory. 

Our theoretical results indicate that the interaction of these molecules with CuS surfaces is in 

the range of weak to strong chemisorption. These theoretical studies provide a deeper 

understanding of the adsorption mechanism, giving more interpretation and prediction to 

experimental results and application. 
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This study investigated the discrepancy between the numbers of atomic displacements from the 

direct computation using "VACANCY.TXT" output files (Vac.txt method) and the damage energy-

based calculations (Vac.dam method) using SRIM code version 2013 operated in the Full Cascade 

(FC) mode (Ziegler et al., 2010). The SRIM simulations also involved the calculations of energy 

partitioning, damage dose, and distribution profiles of the implanted ions. The ion implantation 

simulations were performed for He, C and O ions at three different ion energies of 10 keV, 100 

keV and 1 MeV. The ion beams were monoenergetic and unidirectional beams incident 

perpendicularly on the film surface. In all simulations and at each value of ion energy, the target 

thickness was increased until the entire ion beam was absorbed within the target. The simulated 

FTO target stoichiometrically comprised of 78.6% Sn, 16.4% O and 5.0% F. The default target 

density and elemental masses present in SRIM’s input file were used for all the calculations. In 

order to achieve relatively good statistics with compromised computational time, each run followed 

10,000 ion histories.  

The SRIM simulations showed that for all the ions and at all ion energies considered, Vac.txt 

method over predicted vacancies compared to Vac.dam method, and discrepancies generally 

increased with increasing incident ion atomic number. Also, the electronic and nuclear partitioning 

profiles revealed that most of the energies of He, C and O ions were lost in collision with atomic 

electrons due to ionization and excitations, and very little to nuclear events that produce atomic 

displacements or vacancy defects. The simulations also revealed that nuclear stopping powers 

increase at low ion energies; thus, one may expect that most of the vacancies are produced at the 

end region of the ion range. In most cases, the electronic stopping powers are several times greater 

than the nuclear stopping powers. This study also showed that damage dose profiles strongly 

depend on the type of incident particle and its energy, and that significant fractions of atoms in the 

irradiated FTO layers experienced lattice displacements, with 10 and 100 keV O ion resulting in 

amorphization. Comparison of SRIM and iradina calculated vacancies and incident ion distribution 

profiles general showed perfect agreements between the two codes. 
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Hydrogen and sodium titanates have attracted interest as possible photocatalysts for energy 

conversion, storage and environmental remediation. Here, first-principles calcuations based on 

density functional theory have been carried out to study their crystal and electronic structures, 

their exfoliation behaviour and defect formation. In the hydrogen titanate, half of the hydrogen 

forms water in the stoichiometric compound, and the crystal cell has a lower symmetry with 

respect to its sodium counterpart. H 2 Ti 3 O7 and Na 2 Ti 3 O 7 have electronic gaps of 2.96 

eV and 3.13 eV, respectively[1]. Hydrogen and sodium vacancies are the defects with the 

lowest formation energies, making these compounds p-type semiconductors. Oxygen vacancy 

formation is suppressed with respect to titanium dioxide. Finally, the two compounds have a 

low surface energy, promoting exfoliation of the bulk and the formation of 2D materials and 

nanotubes. 
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The 2D materials such as Graphene and Graphene-like materials, transition metal 

dichalcogenide, and perovskite attract more attentions. These materials are widely used in 

innovative technologies. The exfoliation of materials reached Van Der Waals and even non-

Van Der Waals materials. The 2D materials needs to be explored in terms of synthesis, 

properties, and applications.  

In this paper, we are studying the electronic band structure of Antimonene in different forms 

using Density functional theory. The energy band gaps are determined for single layer, and 

bilayer buckled Antimonene, equal to 1.34 eV and 0.21 eV, respectively. However, for 

nanosheets in  different sizes, our work shows that in the absence of symmetry of translation 

gives  discrete energy levels due to the confinement. The diameters of the visualized nanosheets 

(using the software VESTA) are increased from 1.0 nm to 2.6 nm. It is obvious that the band 

gaps of the nanosheets decrease exponentially when their diameters increase.  

 

     Keywords: DFT;  Antimonene monolayer; Antimonene bilayers; Antimonene 2DQDs.  
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The aim of this study is to promote the use of bismuth based materials as green energy 
harvesters. Previously, the industry-standard material used in photovoltaics was either 
crystalline silicon for solar energy harvesting, or amorphous silicon for harvesting indoor 
light [1]. Routes to increased efficiencies and lower cost ratio to power produced were 
detected because the best crystalline silicon solar cells approached their efficiency, while 
there was less than 10% amorphous silicon efficient under indoor lighting. From over a 
decade ago, the photovoltaics community found a new class of lead-halide perovskites as 
practical routes to increase efficiencies. However, an unsafe challenge is the toxic easily-
accessible soluble lead in perovskites. This warrants discovering safer replacements to 
replicate the lead-halide perovskites’ efficiencies in spite of their numerous defects when 
made by low-cost methods. This property is called defect tolerance. In line with the safer 
replacement for lead-halide perovskites’ efficiencies replication, the nanotechnology 
application in the piezoelectric industry offers new alarms about the environmental toxicity 
related to lead based nanomaterials [2]. Bismuth based materials are cheap and are 
applied as indoor energy-harvesting devices to power low-cost and low-power electronic 
devices, memory storage device, non-toxic radiation detectors, photocatalysts to produce 
clean solar fuels, or white light phosphors [1, 3]. Recently, bismuth oxyiodide reached 
4.4% efficiency under fluorescent lighting, which is within the range of efficiencies reported 
for commercialised indoor photovoltaics [2]. However, some bismuth-based solar cells 
encounter challenges of absorbing visible light rather than near-infrared light for outdoor 
photovoltaics, but we predict that these materials have more promise for indoor light 
harvesting, with maximum efficiencies for fully optimised devices potentially reaching the 
40–60% range. Another challenge is that the incomplete design rules for identifying 
bismuth-based materials that could replicate the defect tolerance of the perovskites. The 
performance of bismuth oxyiodide could be enhanced with computational modelling to 
charge transport layers and the thin film morphologies. The implication of this study is to 
support the seventh United Nations Sustainable Development Goals (SDGs) tagged as 
“affordable and clean energy”.  
 
Keywords: green chemistry; bismuth based materials, computational modeling, energy 
harvesters  
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The need for renewable energy as a replacement for fossil fuel has been on the front burner of global 

discussion due to the twin problems of global warming and the exhaustible nature of fossil fuel. Solar 

energy is our most abundant source of renewable energy through the use of photovoltaic material. Dye-

Sensitized cells (DSSCs), a suitable photovoltaic material have been under extensive research due to 

their low cost, simple preparation, low toxicity, and ease of production. Due to the biodegradability and 

availability of natural pigment from plants, the use of natural pigments as a sensitizer for DSSCs has 

been attracting huge consideration. Hence, this research investigated the performance of two natural 

pigments extracted from two locally available plants as a photovoltaic material. 

The natural pigments were extracted from Lawsonia inermis (henna) and vitex doniana (blackplum) 

leaves using the modified Soxhlet technique. The cold extraction of dye was done by placing separately 

the blended leaves of henna and black plum in clean white container. The blended leaves were defatted 

by soaking in n-hexane, after which acetone was used to extract the chlorophyll from the blended leaves.  

Five blends of henna and black plum in ratio of 100:0, 75:25, 50:50, 25:75 and 0:100 were prepared. 

The optical properties of the blended extracts were investigated using Ultraviolet-visible (UV-Vis) 

spectrophotometer between wavelengths of 200 nm to 900 nm. Subsequently, five (5) DSSCs devices 

based on the mixed extracted dyes in the specified ratios were fabricated and the photo-electrochemical 

parameters, such as, power conversion efficiency (η), Fill Factor (FF), Short-Circuit Current (Isc), Open-

Circuit Voltage (Voc) were evaluated. The produced absorption values were 4.564, 4.005, 4.004, 4.005, 

and 4.597 for 100:0, 75:25, 50:50, 25:75, and 0:100 ratios, respectively. The fabrication of the cell using 

the extracted dyes from the black plum leaves extract yielded FF = 59, Isc = 0.05 mA, Voc = 0.0225V, η 

= 0.67%; henna leaves extract produced FF = 47, Isc = 0.02 mA, Voc = 0.0135V, η = 0.13%; blended 

combination 50:50 of henna and black plum leaves gave    FF = 51, Isc = 0.07 mA, Voc = 0.054V, η = 

2.16 %; 25:75 of henna: black plum had FF = 53, Isc = 0.05 mA, Voc = 0.0265 V, η = 0.78 % and 75:25 

henna and black plum yielded FF = 56, Isc = 0.013 mA, Voc = 0.013 V, η = 0.26 %.  

 In conclusion, the results confirmed the blended combination of henna and black plum leaves extracts 

in the right proportion enhanced the conversion efficiency of the DSSCs and therefore opened the 

possibility for further work on the blended dyes for improved photoconversion. 
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Water is one of the most interesting and important substances for life on Earth’s surface. In the 

Interstellar Medium(ISM), H 2 O is the most abundant polyatomic complex after CO and H 2 

and it can interact with other atoms or molecules including water itself to form water clusters. 

In recent years, many theoreticians have studied the interaction of two water molecules with a 

special interest in their spectroscopy using various ab initio and multipolar potential energy 

surfaces(PESs). We engaged to compute the rovibrational states of water dimer with the 

MultiConfiguration Time-Dependent Hartree (MCTDH) method using an accurate 

representation of the six-dimensional CCpol-8s PES in the multipolar form. Here we will 

present the importance of the representation of the multipolar CCpol-8s PES for an MCTDH 

calculation and we will also present the convergence of preliminary zero-point energy of the 

water dimer. 
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In this work we investigate using density functional theory (DFT) the effect of Nitrogen doping 

on optical spectra of small single-walled carbon nanotubes (SWCNT) with chirality (3,3). The 

optical spectra of pristine SWCNT (3,3) and three doped structures were calculated for the 

parallel and perpendicular directions to the tube axis polarizations. The results show an 

anisotropic behaviour in the optical spectra. We calculate also the imaginary and real parts of 

dielectric function, reflectivity, conductivity, and the results show that the new nitrogen doping 

presents an effective tool for tuning the optical properties of SWCNTs as per the requirements 

while fabricating an optical device based on SWCNT for a variety of technological 

applications. 
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Several construction methods have been introduced to build the elements of BIBDs for specific 

parameters, with different techniques suggested for testing their existence, still no general 

technique to determine the existence of these designs has been realized. In this study an algorithm 

to perform Sum construction of automorphic symmetric balanced incomplete block designs has 

been developed. The efficiencies of the Sum constructed automorphic symmetric balanced 

incomplete block designs have equally been determined alongside existence and non-existence of 

such designs. The process involved creation of codes in python and the application of sum 

construction to give new designs of parameters D (v, b, λ1+λ2) with a consideration of Bruck Ryser 

Chwola theorem extensively. A test design constructed using the described method was found to 

be existing with an efficiency of 76.38%.  

 

Keywords: Algorithm, Balanced Incomplete Block Design, Symmetric Balanced Incomplete 

Block Design and Automorphic Symmetric Balanced Incomplete Block Design 
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