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Abstract

In this work we use the LDA+U method to study the possibility of exciton condensation in
perovskites of transition metals with the d6 electronic configuration such as LaCoO3. For real-
istic interaction parameters we find several distinct solutions exhibiting a spin-triplet exciton
condensate, which gives rise to a local spin density distribution while the ordered moments
are vanishingly small. Rhombohedral distortion from the ideal cubic structure suppresses
the ordered state, contrary to the spin-orbit coupling which enhances the excitonic condensa-
tion energy. We explain the trends observed in the numerical simulations with the help of a
simplified strong-coupling model. Our results indicate that LaCoO3 is close to the excitonic
instability and suggest ways how to achieve the exciton condensation.
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ABSTRACT

The first-principle calculations of the relativistic effects has been used to study the electrical and mechan-
ical properties of the super-heavy element Copernicium. We have employed the single electron framework
of the density functional theory including the Darwin term, mass-velocity and spin-orbit interaction to
exhaustively analyze the phase stability of the five basic lattice structures body-centered cubic (bcc),
face-centered cubic (fcc), simple cubic (sc), hexagonal closed packed (hcp) and rhombohedral (rh) one.
It was found that the role of the spin-orbit coupling is crucial to compute the correct electronic structure
of the ground-state, i.e. bcc structure instead of the hcp one, which is in accordance with Ref.[1], but in
contradiction to Ref. [2], It was observed, the all other structures are energetically less favorable than
the bcc one. Further we determined mechanical properties (bulk modulus and elastic anisotropy) using
calculated elastic constants for all structures. These also allow us to investigate the phase stability crite-
ria that showed that Cn element can exist in two stable states corresponding to the bcc and surprisingly
to the sc structure. Consequently, the pressure-induced structural phase transition between these two
stable phases has been detemined. In addition, it was found that the ground-state bcc structure exhibits
the highest elastic anisotropy from single elements of the Periodic table. Finaly, the analyzes of electronic
properties of the Cn element support the experimental findings that the Copernicium is a metal.

MOTIVATION & AIM

• What is the ground-state structure of Copernicium (Z=112)?

• What is the role of relativistic effects on phase stability ?

• Is Copernicium metal or not ?

• Are the predicted phases mechanically stable ?

Mechanical stability[5]:

• cubic structures: c11 − c12 > 0, c11 + 2c12 > 0, c44 > 0

• hcp structure: c11 − |c12| > 0, c33(c11 + c12)− 2c212 > 0, c44 > 0

• rh structure:c11 − |c12| > 0, c33(c11 + c12)− 2c213 > 0, , c44(c11 − c12)− 2c214 > 0, c44 > 0

• c′ = c11−c12
2 , and A = c44/c

′[6], for A = 1 isotropic behavior[7]

RESULTS: Effect of relativity taken into the calculations
Non-relativistic (NR):

a [a.u.] c [a.u.] ∆E[mRy/at.] Vat. [a.u.3] B [GPa] cij [GPa]

fcc (S) 9.4356 1.1
210

A = 2.33
47

c11 = 47.4
c12 = 47.2
c44 = 0.2

bcc (U) 7.5190 5.9
213

A = −0.17
45

c11 = 29
c12 = 53
c44 = 2(2)

sc (U) 6.2762 18.7
247

A = −0.26
33

c11 = 64
c12 = 17
c44 = −6

hcp (S) 6.5184 11.3365 0 209 48

c11 = 89
c12 = 36
c13 = 35
c33 = 54
c55 = 24

rh (U) 7.5649 86.8o 6.8 215 50

c11 = 58
c12 = 43
c13 = 47
c14 = 1
c33 = 38
c44 = −7

Scalar-relativistic (SR):

a [a.u.] c [a.u.] ∆E[mRy/at.] Vat. [a.u.3] B [GPa] cij [GPa]

fcc (U) 9.1080 0.1
189

A = −52
35

c11 = 34.5
c12 = 35.0
c44 = 13

bcc (U) 7.2443 1.0
190

A = −17
34

c11 = 33
c12 = 35
c44 = 17

sc (U) 6.0901 9.9
226

A = −0.07
22

c11 = 57
c12 = 4
c44 = −2

hcp (S) 6.44297 10.4847 0 188 35

c11 = 49
c12 = 29
c13 = 27
c33 = 52
c55 = 7

rh (S) 7.2930 88.8o 2.1 194 32

c11 = 49
c12 = 27
c13 = 20
c14 = 0.02
c33 = 51
c44 = 4

SR with spin-orbit coupling (SOC):

a [a.u.] c [a.u.] ∆E[mRy/at.] Vat. [a.u.3] B [GPa] cij [GPa]

fcc (U) 9.0726 0.40
187

A = 0.57
38

c11 = 15
c12 = 50
c44 = −10

bcc (U) 7.1243 0.69
181

A = −4
47

c11 = 28
c12 = 57
c44 = 58

sc (U) 6.0326 7.53
220

A = −0.02
32

c11 = 70
c12 = 13

c44 = −0.59

hcp (S) 6.4097 10.3624 0 184 14

c11 = 62
c12 = 42
c13 = −58
c33 = 150
c55 = 24

rh (U) 7.2232 88.5o 1.62 188 38

c11 = 72
c12 = 72
c13 = 13
c14 = −4
c33 = 45
c44 = 3

SOC + rel. local basis (RLO):

a[a.u.] c[a.u.] ∆E[mRy/at.] Vat.[a.u.3] B [GPa] cij[GPa]

fcc (U) 8.7214 0.93
166

A = −14.4
63

c11 = 60
c12 = 65
c44 = 36

bcc (S) 6.9118 0
165

A = 9.75
62

c11 = 67
c12 = 59
c44 = 39

sc (S) 5.6120 1.25
177

A = 0.42
54

c11 = 63
c12 = 49
c44 = 3

hcp (S) 6.1781 10.0889 1.11 167 45

c11 = 70
c12 = 56
c13 = 27
c33 = 59
c55 = 15

rh (U) 6.9911 α = 85.5◦ 2.19 169 56

c11 = 45
c12 = 14
c13 = 82
c14 = 9
c33 = 40

c44 = −0.02

where the (U) and (S) states for the UNSTABLE and STABLE phase, i.e. not-filling/filling the conditions of mechanical stability[5, 7].

RESULTS: Energy vs. volume for investigated structures along the increase of relativistic effects
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RESULTS: volume and stable phases vs. relativity, E vs. volume for RLO,
bandstructure and DOS of bcc and hcp of Cn (SOC vs. RLO)

CONCLUSION
• Ground-state of Cn is bcc structure

(by 1mRy/at over hcp one)

• relativistic effects act as pressure

• Possible sc→bcc phase transition

• Cn in bcc structure is a metal in ac-
cord with exp.[17]

• bcc Cn has unusally high elastic
anisotropy A = 9.75, i.e. higher than
Li (A = 8.52) and on the opposite
bound of A as being for sc Po (A =
0.06)[16]

Computational details

• WIEN2k code [8], local density approximation (LDA) [9], RMTKMAX=15, RMT (Cn)=2.4 a.u., lmax=12, k-points grid
19× 19× 19 mesh, core electrons [Xe]4f 14, 5d10, 6s2 are treated by Dirac approach [10], SOC treated within the second-
variation method [11] with energy Ecut=6 Ry, additional local orbitals for the p semi−core states, where the radial part
of the p1/2 basis is obtained as of the Dirac equations for l = 1 and j = 1

2 [12, 13] (RLO).

• Elastic constants cij obtained from total energy vs deformations along ELAST and IREALST packages [14, 15] with
evaluations done third order fit.
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Effect of high-valent metal-ion doping on the properties of NCM-523 Li-ion 
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Abstract: In recent years, rechargeable Li-ion batteries have received immense 

attention as these materials are among the most promising candidates as 

renewable energy alternatives.[1,2] LiNi1-x-yCoxMnyO2 is arguably the most 

important of currently available cathode materials for Li-ion battery due to their 

stability and high operating voltage.[3,4] In these materials, there are various 

challenging issues like stability, capacity fading etc.[5] In this work, we show that 

the performance of LiNi0.5Co0.2 Mn0.3O2 (NCM-523) can be improved by 1% 

doping by the high-valent metal ion, Mo. We perform density functional theory 

calculations to study the most favourable doping site in NCM-523. We find that 

replacing Ni with Mo is the most favourable process, possibly due to the similar 

ionic radius of Mo6+ and Ni3+. We also observe that the average Ni-O bond length 

is slightly larger in the case of Mo-doped NCM-523, compared to the undoped 

system, in agreement with XANES experiment. Further, it is observed that there 

is an increase in Ni2+ ions and a concomitant decrease in Ni3+ ions due to Mo-

doping. This change in oxidation states is ascribed to a charge-compensation 

effect. 

Keywords: Li-ion battery, DFT, doping, NCM cathode materials. 
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Abstract:. In the last few years, magnetocaloric materials have received a 
lot of attention due to their potential in the cooling industry, as well as their 
importance for academic research. Several materials exhibiting giant 
magnetocaloric effect (GMCE) were discovered, most notably the 
R5(Si,Ge)4 family (where R = rare earth element), which has a wide range of 
compounds presenting distinct properties among themselves. In particular, 
the Er5Si4, is an interesting case to study because it shows an apparent 
(de)coupling between the magnetic and crystal structure and a purely 
structural transition that can only be accomplished at relatively high 
magnetic fields. It is also the only element of the family that shows the 
reversible martensitic-like distortion from orthorhombic to monoclinic on 
cooling. In this work, a thermodynamic model, with the aid of first 
principles simulations, aims to explain the reversible magnetic-field-induced 
structural transition of Er5Si4. 

References and links 

1. Y. Mudryk, N. K. Singh, V. K. Pecharsky, D. L. Schlagel, T. A. Lograsso, and K. A. Gschneidner, “Magnetic 
and structural properties of single-crystalline Er5Si4,” Physical Review B 85(9), 94432 (2012). 

2. Gordon J. Miller, “Complex rare-earth tetrelides, RE5(SixGe1-x)4: New materials for magnetic refrigeration and a 
superb playground for solid state chemistry,” Chemistry Society Reviews 35(9), 799 (2006). 

3. V. K. Pecharsky, A. O. Pecharsky, Yu Mozharivskyj, K. A. Gschneidner Jr., and G. J. Miller, “Decoupling of 
the Magnetic and Structural Transformations in Er5Si4,” Physical Review Letters 91(20), 207205 (2003). 

4. C. Magen, C. Ritter, L. Morellon, P. A. Algarabel, M. R. Ibarra, A. O. Tsokol, K. A. Gschneidner Jr., and V. K. 
Pecharsky, “Magnetic-field-induced structural transformation in Er5Si4,” Physical Review B 74(17), 174413 
(2006). 

5. A. M. Pereira, J. P. Araújo, M. E. Braga, R. P. Pinto, J. Ventura, F. C. Correia, J. M. Teixeira, J. B. Sousa, C. 
Magen, P. A. Algarabel, et al, “Transport and magnetic properties of the Er5Si4 compound,” Journal of Alloys 
and Compounds 423(1), 66 (2006). 

6. V. Franco, J. S. Blázquez, B. Ingale, and A. Conde, “The magnetocaloric effect and magnetic refrigeration near 
room temperature: materials and models,” Materials Research  42(1), 305 (2012). 



Electric field gradients at 181Ta probe in Zr7Ni10 and Hf7Ni10

intermetallic binary alloys; investigations by time-differential

perturbed angular correlation spectroscopy

Sourav Kumar Dey,1 Chandi Charan Dey,1 and Satyajit Saha1

1Saha Institute of Nuclear Physics, HBNI,

1/AF, Bidhannagar, Kolkata – 700064, India.

Abstract

Intermetallic compounds of Zr7Ni10 and Hf7Ni10 have been studied by perturbed angular cor-

relation (PAC) spectroscopy considering their important technological applications. In both these

samples, production of multiple phases have been observed. In Zr7Ni10, four quadrupole frequen-

cies have been found at room temperature. The predominant component (∼41%) with values of

ωQ = 72.8(2) Mrad/s, η = 0, δ = 1.6(6)% has been attributed to ZrNi3 phase. The second major

component (∼29%) with values of ωQ = 58.5(3) Mrad/s, η = 0.73(1), δ = 0 is tentatively assigned

to Zr7Ni10 phase. Additional minor phase (∼12%) with values of ωQ=77.4(7) Mrad/s, η=0.81(2)

and δ=0 has been identified as Zr8Ni21. In Hf7Ni10, similar values of quadrupole frequency at room

temperature has been found which indicate its iso-structurility with Zr7Ni10. The main compo-

nent (∼68%) with values of ωQ=72.4(4) Mrad/s, η=0 and δ=7(1)% has been attributed to HfNi3.

The second minor phase (∼11%) with values of ωQ=56.9(6) Mrad/s and η=0.84(3) is assigned to

Hf7Ni10. Temperature dependent PAC measurements have been carried out in these alloys in the

temperature range 77-973 K to observe any structural and compositional changes in the sample.

The sample Zr7Ni10 has also been characterized by X-ray powder diffraction (XRD) measurements.

From the analysis of the XRD spectrum, production of Zr7Ni10 phase has been confirmed. In addi-

tion, ab-initio calculations using the augmented plane wave plus local orbitals (APW+lo) method,

within the framework of the density functional theory (DFT) will be performed to compare with

experimental results in both the compounds to assign the quadrupole frequency components.
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Inorganic and hybrid organic–inorganic main-group halides that adopt the perovskite structure combine 

excellent performance in photovoltaic applications, ease of preparation, and abundant constituent 

elements, but the origins of their remarkable properties are a matter of debate [1]. Here, we address two 

unusual aspects of these materials which have significant implications for functionality. 

First, X-ray scattering studies reveal local, temperature-activated off-centering of the group 14 cations 

within their coordination octahedra across the materials class reflecting a preference for lower symmetry 

coordination than that implied by crystallographic approaches [2,3]. Ab initio calculations, optical 

measurements, and analogies to existing theory implicate the ns2 lone pair electrons (and the 

corresponding second-order Jahn-Teller effect) as the origin of this phenomenon, which we propose 

leads to enhanced defect screening, reduced thermal conductivity, and unusual temperature-

dependence of the electronic bandgap [2]. We further demonstrate tuning of this phenomenon by 

homovalent chemical substitution on all sites of the perovskite structure [3]. 

Second, the size, shape, and polarity of the molecular cations are shown to have a profound effect on the 

temperature evolution of structure and dynamics in the lead iodides [4,5]. In contrast to the well-studied 

MAPbI3 (MA = CH3NH3), FAPbI3 (FA = HC[NH2]2) exhibits an unusual reëntrant pseudosymmetry on 

cooling which is reflected in the optical properties, as well as persistent molecular motion below 100 K 

which indicates a markedly different molecule–cage interaction in the two compounds [5]. Despite 

markedly different barriers for molecular rotation, solid state nuclear magnetic resonance reveals similar 

dynamics at ambient temperatures for these high-performance compounds. Lastly, comparisons of the 

structure evolution of FAPbBr3 and FASnI3 from that of FAPbI3 suggest that the nature of the metal—

halogen bond has an inductive effect on the strength of hydrogen bonding to the halogens. This work 

was supported by the U.S. Department of Energy, Office of Science, Basic Energy Sciences under award 

number DE-SC-0012541. 

References: 

1) D. H. Fabini, J. G. Labram, A. J. Lehner, J. S. Bechtel, H. A. Evans, A. Van der Ven, F. Wudl, M. L. Chabinyc, R. 

Seshadri, Inorg. Chem. 56 (2017) 11–25. 

2) D. H. Fabini, G. Laurita, J. S. Bechtel, C. C. Stoumpos, H. A. Evans, A. G. Kontos, Y. S. Raptis, P. Falaras, A. 

Van der Ven, M. G. Kanatzidis, R. Seshadri, J. Am. Chem. Soc. 138 (2016) 11820–11832. 

3) G. Laurita, D. H. Fabini, C. C. Stoumpos, M. G. Kanatzidis, R. Seshadri, Chem. Sci. 8 (2017) 5628–5635. 

4) D. H. Fabini, T. Hogan, H. A. Evans, C. C. Stoumpos, M. G. Kanatzidis, R. Seshadri, J. Phys. Chem. Lett. 7 

(2016) 376–381. 

5) D. H. Fabini, C. C. Stoumpos, G. Laurita, A. Kaltzoglou, A. G. Kontos, P. Falaras, M. G. Kanatzidis, R. Seshadri, 

Angew. Chem. Int. Ed. 55 (2016) 15392–15396. 



Anima et al. Chem. Commun., 2016, 52, 264-267 

Electronic band structure of Cu2ZnAS4-x and CuZn2AS4 (A = Al, Ga, In) nanocrystals for 
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Abstract: 

A new family of quaternary semiconductors Cu2ZnAS4-x and CuZn2AS4 (A = Al, Ga, In) has been systematically 

studied using first-principles calculations as implemented in WIEN2k code. Equilibrium total energy of various 

possible crystal structures, phase stability, optical transitions and p-d bonding have been analyzed. In can be 

observed that, the bonding and anti-bonding states overlap more in compounds with heavier III atoms. The optical 

spectra shift to low energy region from In to Ga. Importantly, these new compositions are direct band gap materials 

having band gaps between 1.20 eV and 1.72 eV with a high absorption cross-section, as confirmed from 

experimental absorption measurements and theoretical calculations. Our initial investigations indicate that these 

materials possess the requisite optical characteristics to be used as cost-effective and nontoxic absorber layers in 

solar cell applications. 

Highlight few results: 

 

 

CuZn2InS4 

KS_CuZn2InS
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   Determining correct magnetic phase in magnetic materials is very important to 

understand real nature of materials. Accurate electronic structure requires 

correct choice of magnetic phase. To this purpose, we use ab-initio calculations 

by Wien2k package [1]. PBE-GGA (Perdew-Burkew Ernzerhof 96) exchange 

correlation potential is used for the total energy calculations [2]. Our total energy 

calculations show that Ti2MnAl is stable in antiferromagnetic phase, and then 

according to antiferromagnetic phase, electronic structure calculations reveal 

through bandstructure and the density of states that Ti2MnAl alloy exhibits 

metallic behaviour by the wiew of bandstructure and the density of states. After 

Wien2k, as a sequential code, we also utilize BoltzTraP code [3], which based on 

Boltzman transport theory, to calculate thermoelectric properties. We present 

the electronic thermal conductivity, Hall coefficient, Seebeck coefficient, the 

electrical conductivity, the power factor and the dimensionless figure of merit. 

Higher dimensionless figure of merit means better conversion ability from heat 

to electricty in a material [4]. 

 

Keywords: Magnetic phase, total energy calculations, electronic structure, Heusler material. 

References: 

1. P. Blaha, K. Schwarz, G. Madsen, D. Kvasicka, and J. Luitz, WIEN2k, An 

augmented plane wave plus local orbitals program for calculating crystal 

properties, T. U. Vienna, Vienna, 2001. 

2. Perdew, J. P.; Burke, K.; Ernzerhof, M., Generalized Gradient Approximation 

Made Simple, Phys. Rev. Lett. 77, 3865-3868, 1996. 

3. G. K. H. Madsen and D. J. Singh, Comput. Phys. Commun. 175, 67, 2006. 

4. Enrique Macia-Barber, Thermoelectric Materials: Advances and Aplications, 

Pan Stanford, 2015.  



A DFT based thermoelectric energy research: Co2MnSn 

Heusler alloy as a direct thermal energy conversion 

material 

 
H. Karaa,b, K. Özdoğanb 

 
aDepartment of Physics, Necmettin Erbakan University, Konya, 42090, Turkey. 

 
bDepartment of Physics, Yildiz Technical University, İstanbul, 34220, Turkey. 

 

husnukara@konya.edu.tr 
 

 

   Thermoelectric conversion have strong points, such as independence of heat 

amount, no moving parts and power generation by temperature difference, and 

advantages, such as recovery of dilute waste heat, no maintenance, long lifetime, 

low cost, less noise and no vibration [1]. For the band structure calculations, the 

Wien2k program [2], the application of the linearized augmented plane wave 

(LAPW) method, was used as the DFT code and the BoltzTraP program [3], 

which calculates semi-classic transport coefficients using Boltzmann transport 

theory. The material exhibits nearly semiconducting behavior in one spin 

channel and metallic behavior in the other. Half-metallic Co2MnSn 

ferromagnetic Heusler alloy has an increased energy transfer efficiency with 

increasing temperature. 
 

Keywords: Energy research, thermoelectric, DFT,  thermal energy conversion material. 
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Alloying and doping have always been an effective way of improving the properties of materials, be it electronic, 

magnetic or superconducting. In this, we performed first-principles calculations of electronic and superconducting 

properties of FeSe0.9-xSix (x = 0.0, 0.05) alloys using the Green’s function Korringa-Kohn-Rostoker Atomic Sphere 

Approximation within the coherent potential approximation (KKR-ASA-CPA), based on density functional theory 

[1-4]. The CPA approach is used to handle the disorder in the systems. Our calculations show that these alloys are 

nonmagnetic in nature. We found that the substitution of Si at Se sites into FeSe0.9 yielded subtle changes in the 

electronic structure with respect to the parent FeSe. The results have been analysed in terms of changes in the 

density of states (DOS), band structures, Fermi surfaces (FS) and the superconducting transition temperature (Tc) of 

FeSe0.9 and FeSe0.85Si0.05 alloys. In particular, we find that the Si-doped FeSe0.9 exhibits the same topology of the FS 

as that of FeSe, differing only in subtle FS nesting features. Our calculations show that the calculated Tc for these 

alloys are close to experimental values. 
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 Low-dimensional spin structures are of fundamental interest to investigate magnetic 

anisotropy and unusual local magnetic properties. In this study, the SeCuO3 tetramer-like 

spin system was studied combining experimental and theoretical DFT calculations. 

Magnetic susceptibility, ESR spectroscopy and NQR measurements have evidenced that this 

compound exhibits an highly anisotropic antiferromagnetic behavior [1-3]. More recently, 

we have carried out neutron scattering and NQR/NMR measurements. To explain these new 

data, collinear and non-collinear calculations were performed using the VASP code. In 

addition, Electric Field Gradient and Hyperfine Field quantities have been estimated using 

the WIEN2k code and are compared to our NQR/NMR data. 
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Photovoltaic materials are nowadays essential in our daily life, but many 
efforts are still needed to improve their performances and reduce their cost.  
Here, we have considered a glass-ceramic compound, which has been 
discovered in our lab [1]. It exhibits a photoelectric current arising from a 
p-n heterojunction. Here we show our preliminary experimental and 
theoretical results, which aimed to characterize properly the chemical 
nature of material compound. We will discuss about the origin of the n-type 
conductivity of Sb2Se3. Finally, PyDEF software [3] is used to define the 
charge state of the defects responsible of the p-n junction.  
 
The first idea about the possible mechanism of charge photogeneration, 
separation and transport can be proposed in the figure.  
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Abstract. In this work, a systematic DFT calculation was carried out to investigate the effects of various 

kinds of dopants on the electronic structure of MoO3 (010) Surface. The possibility to obtain magnetic 

phase from native defects in orthorhombic MoO3 is investigated. We find that both Mo and O vacancies 

can induce a magnetic phase of ∼2 μB with a local magnetic moment, whereas corresponding Mo 

vacancies (VMo) provides the transition of the insulating molybdenum trioxide into a metallic-like phase 

and changes the electronic transport. Next, we present results on the influence of the common gas 

molecules on the electrical resistivity. The most stable configurations, magnetism, adsorption energies 

and electronic properties are thoroughly discussed. Due to the calculated adsorption energies, we find 

that MoO3 bilayers exhibit suitable parameters for serving as a gas sensor. Among the possible elemental 

doping, we find that Lithium adsorption shifts the Fermi level into the MoO3 conduction band and makes 

the n-type semiconducting. 

Keywords: Molybdenum trioxide, Surface, Vacancy, Dopant, Gas adsorption, DFT 

Introduction- In recent decades, transition metal oxides with layered crystalline structures are studied 

extensively for their significant physical, chemical, multifaceted structural and functional diversity [1, 2]. 

the intrinsic properties of a large diversity of Mo-containing systems have been investigated in detail, in 

particular to elucidate relationships among the electronic structure of these systems and their catalytic 

behaviors [3]. Indeed, Materials who are composed of atoms which are covalently bonded in two-

dimensional (2D) planar spaces are considered quasi 2D materials [4]. One of the most important is 

molybdenum-trioxide (Molybdite). It is attractive for its photochromic, thermochromic properties and it is 

a widely used catalytic, gas sensing precursor,  electrochromic as optical devices, production and 

promotion of field-effect transistors  and micro batteries as electronic tools [5-8]. 

According to the experimental studies, the most stable thermodynamically phase crystallizes in 

the simple orthorhombic crystal structure (space group Pbnm) with lattice constants a = 3.962 Å, b = 

13.855 Å and c = 3.697 Å [9, 10]. This structure is made by a series of bilayers which are oriented stand-

up to the (010) Y-axis. These bilayers, coupled to each other by weak van der Waals' interaction, while 

internal bonds are formed by covalent and ionic bonds. The three oxygen atoms are grouped into three 

types, i.e. terminal oxygen (O1), asymmetric bridging oxygen (O2), and symmetric bridging oxygen (O3) 

[11, 12]. 

The bulk of MoO3, in its intrinsic form is an indirect wide band gap material (~2.8 eV), so due to 

the low carrier concentration, the pure case is not suitable for electronic tools [13-15]. particularly,  band 

gap engineering is one of the best approaches via impurity dopant for tuning gap states between the 

valence band (VB) and conduction band (CB) [16, 17]. The most common procedure is adopted by 

Hydrogen and alkali metals. Basically, band filling is used to set the optical and electronic specifications. 

Indeed, the defected states by vacancies may also diminish the band gap. 

The aim of this work is to simulate MoO3 (010) surface with most stable structure and investigate 

its electronic structure. Next we consider defect states and  various MoO3 dopant concentrations via the 

cases of adsorption of gas molecule on the topmost O atom (O3) as potential applications in catalysis, gas 

sensing. Finally, we study different intercalation of Li-ion by substitutional and adsorbed configuration. 

The mechanism of Lithium intercalation is the basis for material’s application as the electrode in the 

rechargeable batteries[18]. 
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Close attention was focused on the compounds with geometric 

magnetic frustrations, since these materials can have interesting 

magnetic properties and magnetic states (spin glass, spin liquid and spin 

ice). A characteristic feature of these compounds is the presence of 

triangular or tetrahedral groups in the structure, which form chains and 

bands (Figure1). Oxyrborates M3B2O6 (M = Co, Ni or Mn) with the 

structure of the kotoite [1] contain structural elements that are 

necessary for the emergence of interesting magnetic features: in their 

structure, there are triangular groups and all metal ions are localized 

inside the oxygen octahedra.  

In this study, we performed density functional calculations [2] for 

studying the crystal, electron, and magnetic structure of Ni3B2O6. The 

exchange and correlation functional was processed using the local spin 

density approximation (LSDA) and LSDA + U, and the approximation of 

the generalized gradient Perdue-Bourke Ernzerhof (GGA-PBE) and GGA-

PBE + U, due to the strong correlations in our material. In addition, we 

would like to present an extensive analysis of the electronic structure, charge density and exchange 

interactions. 
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Figure1. The unit cell of the kotoite 
structure. Bold lines show triangular 
groups in the plane 𝑏𝑐. Oxygen and 
boron ions are omitted. Ions 1, 2 refer 
to the crystallographic position 2a, 
ions 3-6 to position 4f. 
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 In a system containing Mn2+– C2O42–– H2O three crystal forms could be 

obtained depending on the synthesis conditions – monoclinic α-MnC2O4.2H2O (SG 

C2/c), orthorhombic γ- MnC2O4.2H2O (P212121) and orthorhombic trihydrate 

MnC2O4.3H2O (Pcca). For the latter the formula {[Mn(µ-C2O4)(H2O)2] · H2O}n is 

recommended. All of them are one-dimensional structures with molecular-based 

magnetism where the oxalate mediates magnetic exchanges by bridging paramagnetic 

Mn2+ centers. However, the difference in the crystal lattice suggests the different 

strength of magnetic intra- and inter-chain interaction. It is well known the 

antiferromagnetic behaviour of the three forms . To explain the magnetic properties 

and to estimate the magnetic coupling constant J of these periodic systems the hybrid 

density functional theory (DFT) was applied because it account the electronic 

correlation effects which are not involve in Anderson model, Heisenberg model or 

broken symmetry (BS) approach. The simulated XRD and NMR spectra were 

compared with experimental ones.  



ABSTRACT

Special Quasirandom Structures (SQS) proved successful for modelling random disordered
alloys in conjunction with the density functional theory. This approach uses a single disordered
supercell to mimic a real alloy, and to model those properties which depend on the local atomic
configurations. However, the available computing resources are steadily growing, which leads
to bigger supercells, and consequently to exponentially growing number of possibilities how to
arrange atoms in a supercell. An efficient implementation is presented for optimising WARREN-
COWLEY short range order parameters, describing the local disorder, of given supercells. As
optimisation methods Monte-Carlo for big, and a systematic approach for small supercells were
implemented, enabling to check º 1010 to 1011 atomic configurations even on commodity hardware,
and cycle times of < 5 ·10°7 seconds per configuration when paralellization is enabled on bigger
machines. Furthermore elastic stiffness tensors were calculated for supercells which are equal in
terms of the SQS methodology to show up the limits of accuracy of the approach when it comes to
tensorial properties. The last part deals with the comparison of elastic properties of Directional
Optimized Special Quasirandom Structures (DOSQS) and regular SQS cells for different crystal
systems (A4 diamond Si0.5Ge0.5, A1 fcc Ag0.5Au0.5 and A2 bcc W0.5Mo0.5).
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Diluted  magnetic  semiconductors  (DMSs)  are  the  imperative  spintronic  materials  because

these materials show the half metallic ferromagnetism (HMF) and high spin polarization at fermi level

(EF)  on  suitable  doping  with  appropriate  atoms.  There  exists  plethora  of  experimental  [1,2]  and

theoretical [3,4] studies which focus on crucial properties of DMS compounds. From last few years,

transition metal (TM) doped DMS compounds have attracted much attention of the researchers due to

the possibility of improved HMF. In order to support the experimental observations, we planned to

remain focused on the  first principle calculation of electronic and magnetic properties of Ti and V-

doped BeS DMS compound. 

The   ground   state   calculations   of  Be1­xTMXS   (TM=Ti   and   V)   compound  at   doping
concentration,  x  =  0.03,  have  been  performed  using  FPLAPW method  based  on  density
functional   theory  (DFT)   [5]   as   implemented   in   WIEN2k   code   [6].  The   exchnage   and
correlation   (XC)   potentials   were   constructed   using   GGA   within   the   parameterization   of
Perdew­Burke­Ernzerhof   (PBE) [7].  The present  calculations  were  based on  the supercell
approach where one Be atom at (0,0,0) in the supercell  of BeS was replaced by tansition
metal (TM) atom. In order to generate 3.125% Ti and V­doping in BeS, a cubic   supercell,
(2×2×2) was constructed. 

We have found that the ground state properties of bulk BeS compound get modified
significantly  due  to  the substitution  of  dopant  at   the cation  (Be)  site.  The new states  are
produced at EF which accounts for the magnetism on the doping.  We have realized that the
ferromagnetism in BeS remarkably  depends on  the TMs.  The emergence of  half  metallic
ferromagnetism in Ti, V­doped BeS compound can be explained by Zener's double exchange
mechanism for ferromagnetism as in other DMS compounds. The HMF characteristics of Ti, V­
doped BeS compound makes it an ideal material for spintronic devices.



Fig. 1 Spin resolved band structure and total DOS of Be1-xTixS (x = 0.03). The horizontal line 
at E = 0 eV 
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In  the  present  study,  inverse  Heusler  alloy  based  spin-gapless  semiconductor  (SGS),  Ti2MnAl  is

investigated using full potential linearized augmented plane wave (FPLAPW) method implemented in

WIEN2k crystal programme. Our investigation reveals that this alloy behaves as SGS, with zero total

magnetic moment, for equilibrium lattice constant (6.23 Å). Further, it keeps its spin gapless state within

-15% to 10% uniform strain. On the other hand for -5% of tetragonal strain, the system behaves as SGS

whereas the positive 5% tetragonal strain completely destroys the spin-gapless character  of  Ti 2MnAl

Heusler alloy. The band gap in up spin channel for Ti2MnAl is 0.55 eV and 0 eV for spin down channel

for equilibrium lattice constant. It varies up to a maximum value of 0.31 eV and 0.36 eV for positive and

negative uniform strain, respectively. The value of this gap for -5% and 5% of tetragonal strain is 0.51 eV

and 0.46  eV, respectively. Our  calculations  provide  an  exhaustive  data  to  be  compared  with  future

experiments and advocate the future applications of this alloy in spintronic applications.
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Employing DFT we studied microscopic mechanisms governing initial stages of growth
of few selected metals on graphene (G), as well as influence of MoS2 on this behavior when
metals are used as intercalators in G/MoS2 heterostructures. Tendency towards planar
(2D) or three-dimensional (3D) growth is rationalized based on atomic-scale description
of the interaction between adsorbates. Li atoms, featuring a long-ranged electrostatic re-
pulsion, are individually dispersed across the G surface, in a sharp contrast with atoms of
transition metal Ti which gather into densely- packed 3D clusters due to a strong short-
ranged metal-metal attraction. Modest attractive interaction between Ca adatoms on G
enable formation of stable monoatomic films with the local coverage of 1/6 monolayer
(ML). Though Au clearly arrange into 3D structures on pristine G, when used as inter-
calator in G/MoS2 it shows strong preference for 2D growth, forming G/Au-ML/MoS2

heterostructure with weakly interacting constituents where Au ML closely resemble elec-
tronic properties of the hypothetical free-standing hexagonal Au monolayer.

Figure 1: a) 2D nanostructure of Ca on graphene (G-Ca-2D) and comparison between
binding energies of different Ca nanostructures on graphene. b) Energy difference between
small 2D and 3D Au clusters in gaseous phase and when intercalated in G/MoS2.

(a) (b)
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Heusler systems with a stoichiometric chemical formula of X2YZ or Y2XZ [1] (X and Y are transition metals and Z 

main group elements) have drawn considerable attention [2]. The electronic structure and the magnetic properties 

in Mn2RuGe and Mn2RuSn are calculated from first principales, the calculations are based on the local density 

approximation, and we use the Korringa-Kohn-Rostoker coherent potentiel approximation (KKR-CPA) method for 

simulating substitutional and magnetic disorder. The defect calculations are  performed by  increasing degree of 

Mn(A)–Ru(C) atomic disorder to determinate which type of structure adopte thoses Heusler alloys. Based on the 

calculated results, the exchange interaction was determinated. 
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In the last  years,  a deep focus has been devoted to manganites and their exquisite properties triggered by the
interplay  of  spin,  orbital,  charge  and  structural  degrees  of  freedom,  driven  by  both  fundamental  interest  and
possible applications on colossal magnetoresistance, magnetocaloric and multiferroic properties [1]. 
In addition, low-cost AMnO3, as well as its doped counterparts, have shown promising results for catalyst solutions
[2]. In these systems orbital occupancy of the metal ion, orbital order and the Jahn-Teller effect play a critical role
on the material’s macroscopic properties. 
In this work, Ab initio density functional theory calculations were carried out for the prototype LaMnO3 under two
different  magnetic  configurations.  Different  values  of  the  on-site  Coulomb  parameters  were  used.  Direct
comparison  with  the  experimental  EFG  temperature  evolution  obtained  by  Perturbed  Angular  Correlation
Technique (PAC) at the La site in LaMnO3 was done by performing calculations with diluted Cd supercells for two
temperatures across  the Jahn-Teller  and orbital  order/disorder  transition.  Experimentally an unexpected  drastic
change in the EFG parameters was observed at temperatures much below the Jahn-Teller transition, pointing to a
new characteristic temperature in this system. This result gives further proof of the recently reported [3,4] partial
melting  of  the  system's  orbital  order  occurring  in  this  system at  temperatures  much below the  order/disorder
transition.
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Suppression of magnetism under pressure in FeS: A DFT+DMFT study
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We investigate the evolution of the magnetic properties in FeS under pressure and show that
these cannot be explained solely in terms of the spin-state transition from a high to low spin state
due  to  an  increase  of  the  crystal  field.  Using  a  combination  of  density  functional  theory  and
dynamical mean-field theory (DFT+DMFT), our calculations show that at normal conditions the
Fe2+ ions are in the 3d6 high-spin (S=2) state, with some admixture of a 3d7L (S=3/2) configuration,
where L stands for the ligand hole. Suppressing the magnetic moment by uniform compression is
related to a substantial  increase in electron delocalization and occupation of several lower spin
configurations. The electronic configuration of FeS ions cannot be characterized by a single ionic
state, but only by a mixture of the 3d7L, 3d8L2 and 3d9L3 configurations at pressures ~ 7.5 GPa. The
local spin-spin correlation function shows well-defined local magnetic moment, corresponding to a
large lifetime in the high state at normal conditions. Under pressure FeS demonstrates a transition to
a mixed state with small lifetimes in each of the spin configurations.
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Verification of ab-initio mixing enthalpy using thermodynamic simulation of phase 
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For understanding the diffusion processes taking place in materials working under harsh conditions, it 

is expedient to conduct the computer simulations. In its own turn, suitable interatomic potentials are 

needed to simulate the kinetic processes. Mixing energy is the most important parameter for the 

precipitation kinetics as it determines the solubility limit of the system [1]. Interatomic potential 

parameters, total and mixing energies, activation energies, vacancy migration energies and other 

parameters, which are necessary for conducting the kinetic simulations, are frequently calculated by 

fitting to results of ab initio calculated usually at 0K. But since ab initio calculations do possess 

limitations and uncertainties (as other computational methods), the results obtained from those 

calculations need to be checked and verified by comparing them to experiments or thermodynamics 

data, in particular taking the effect of temperature on the energy of mixing into account.  

     The proposed approach [2] allowed performing verification of ab-initio calculation results obtained 

by different authors for Fe-Cr mixing enthalpy at 0K, was used to assess the chemical part of the 

mixing enthalpy of Fe-Cr alloys. Analysis of calculated phase diagram fragments and the temperature 

dependences of heat capacities for two alloy compositions, and their comparison with experimental 

data (FIG. 1) has allowed us to estimate the degree of reliability of various approximations used in ab-

initio calculations, and thereby realize their verification for further practical use. 

 

References: [1] E. Vincent, C.S. Becquart, C. Pareige, P. Pareige, C. Domain.  JNM 373 (2008) 387-

401;  [2] A. L. Udovsky and D. A. Vasilyev, IOP Conf. Series: Materials Science and Engineering 130 

(2016) 012065,  http://iopscience.iop.org/article/10.1088/1757-899X/130/1/012065/meta .  

 

      
FIG. 1: The calculated miscibility gaps and spinodal curves of bcc Fe-Cr alloys (a), the temperature 

dependences of isobaric heat capacities for Fe-6.7 at.% Cr and Fe-21 at.% Cr alloys (b) calculated using the 

results of ab-initio calculations of the mixing enthalpy at 0K obtained by different authors, in comparison with 

the experimental data. 
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http://iopscience.iop.org/article/10.1088/1757-899X/130/1/012065/meta
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