P01

P02

Structural, Electronic and optical properties of ZnO doped with Ytterbium
(Yb): Overview of DFT calculation
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Abstract.
In this work, first-principles plane-wave ultrasoft pseudopotential method is employed to investigate band
structures, density of states and optical properties in pure and Yb-doped ZnO theoretically. The energy band is
still direct band gap after Yb doping, and band gap decreases with the increase of Yb concentration. The Fermi
level moves upward into conduction band and the Density Of States (DOS) moves to lower energy with the
increase of Yb concentration, which showing the properties of n-type semiconductor. The calculated optical
properties imply that Yb doped causes a red-shift of absorption peaks, and enhances significantly the absorption
of the visible light and the blue shift of reflectivity spectrum was observed. The research results in this work can
provide a theoretical reference for subsequent researches of Yb-doped ZnO.
Keywords: Yb-doped ZnO, First-principles, Electronic structure, Optical properties.
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Abstract:
Recently few layered transition metal trichalcogenide compounds (TMTC), such as CoPS3,
NiPS3, MnPSe3 and FePSe3, has been experimentally found to be efficient electrocatalysts
for hydrogen evolution reaction (1,2). One intriguing question here would be whether there
are other possible TMTC compounds which may not have yet been synthesized, but can be
efficient HER catalysts. To address this question, in a recent work (3), we have
combinatorially designed and computationally screened single layers of a large number of
TMTC compounds, including those that are not reported in ICSD, for their efficiency as
HER catalysts, by means of calculating the free energies of hydrogen adsorption (ΔGH*) on
the basal planes of these materials. Thirteen as yet unknown TMTC compounds are
identified as efficient HER catalysts having ΔGH* values close to zero. As a continuation of
this project, we are currently studying the dynamical, mechanical and thermodynamic
stability of these compounds to test the feasibility of their experimental synthesis. We have
determined their dynamical stability by means of calculating their phonon band structures
within the density functional perturbation theory framework. We have calculated the elastic
constants of these materials and applied the Born stability criteria to determine their
mechanical stability. Calculations for the thermodynamic stability are in progress, where we
are constructing the convex hull on the ternary phase diagram for each of these compounds.
So far, we have already established that few of these compounds are both dynamically,
mechanically as well thermodynamically stable indicating the possibility that they can be
experimentally synthesized and can be potential candidates as HER catalysts.
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Electronic and optical properties of electron-doped
layered Transition Metal dichalcogenides
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Shahid Beheshti University, Department of Physics, Tehran, Iran
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Layered Transition Metal Dichalcogenides (TMDs) with promising physical properties, e.g. semiconductors with direct (indirect) energy gaps at visible range and large exciton binding energies due to the
reduced screening, have recently attracted strong attention to investigate and tune the optical features
in order to be applied for optoelectronic devices. Doping is one of the most relevant strategists to tune
the single particle electronic band structure and absorption spectra of the materials. More ineterestingly, recent experiments have shown giant gating tunability of optical properties (ie. the refractive
index) of TMDs. Electron doping leads to the Band gap renormalization (BGR) and enhanced screening
in these materials. Starting from first principles calculations in the framework of Density Functional
Theory (DFT) and Many Body Perturbation Theory (MBPT), we accurately study the role of BGR and
screening on the electron hole pair binding of e-doped few-layer MoS2 . Our results show a non linear
behavior for the reduction of the bandgap as a function of electron doping. Using GW approximation
with Plasmon-Pole model (applied for the dynamical screening), the calculated band gap energies are
in very good agreement with the measured data that has been recently published.
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Photoluminescence spectra show that monolayer transition-metal dichalcogenides (ML-TMDs) possess charged exciton
binding energies, conspicuously similar to the energy of optical phonons. This enigmatic coincidence has offered opportunities
to investigate many-body interactions between trion X−, exciton X, and phonon and led to efficient excitonic anti-Stokes
processes with the potential for laser refrigeration and energy harvesting. In this study, we show that in WSe2 materials, the
trion binding energy matches two phonon modes, the out-of-plane 𝐴´ and the in-plane 𝐸´ modes. In this respect, using the Fermi
golden rule together with the effective mass approximation, we investigate the rate of the population transfers between X and
X−, mediated by a single phonon. We demonstrate that, while the absolute importance of the two phonon modes on the upconversion process strongly depends on the experimental conditions such as the temperature and the dielectric environment
(substrate), both modes lead to an up-conversion process on time scales in the range of few picoseconds to sub-nanoseconds,
consistent with recent experimental findings. The conjugate process is also investigated in our study, as a function of
temperature T and electron density Ne. We prove that the exciton to trion down-conversion process is very unlikely at low
electron density Ne < 10 0 𝑐𝑚

and high temperature T > 50 K while it increases dramatically to reach few picoseconds time

scale at low temperature and for electron density Ne > 10 0 𝑐𝑚

. Finally, our results show that the conversion processes

occur more rapidly in exemplary monolayer molybdenum-based dichalcogenides (MoSe2 and MoTe2) than tungsten
dichalcogenides.
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ABSTRACT

METHODOLOGY

Monitoring electronic band gap has become promising building block for desired
applications. The structural properties, phonon dispersion curve, electronic band
structure and reflective optical response of layered MoTe2 have been investigated by
means of first principle calculations. Positive frequency of phonon dispersion curve
and cohesive energy indicate the structural stability of monolayer to quadlayer
MoTe2. For stable and relaxed geometry, the electronic band structure and reflective
optical response have been computed. The indirect band gap decreases from 1.42 eV
to 1.27 eV for monolayer to quadlayer MoTe2, respectively which shows
semiconducting character of layered MoTe2. Considering the frequency gap between
high and low frequency optical mode, layered MoTe2 may be used in selective
transmission of higher frequency range. The reflectivity increases as number of layers
increase and maximum 68% of reflective response is achieved for quadlayer MoTe2 in
UV-C region. This high reflectivity depicts utility of quadlayer MoTe2 as antireflection
coating in UV-C region and good hot mirror material of ultrathin reflectors.

DFT
SIESTA [1]

Monolayer to
quadlayer
MoTe2
GGA-PBE exchange
correlation
Energy cut off of 200300 Ry
Monkhorst pack
sampling of 15x15x1
vacuum of 6 to 7 Å
along z direction between
two adjacent layers

Structural
parameters,
phonon
dispersion curve,
electronic band
structure,
reflectivity

RESULTS
MoTe2 monolayer has 2D honeycomb
like structure.
Monolayer to quadlayer MoTe2 has
semiconductor
character
with
decreased band gap.
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Fig. Electronic band structure and phonon dispersion surves along the high symmetrical direction in the Brillouin zone and Reflectivity R(ω) of layered MoTe2
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State-to-state inelastic rate coefficients of phosphine in collision
with He at low to moderate temperature
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Abstract: The 3D-PES was worked out by means of the standard coupled cluster with single, double and non-iterative triple
excitation approach, in conjunction with the aug-cc-pVQZ basis set and complemented by mid bond functions. This 3D-PES presents
a well of 34.92 cm −1 at {R, θ , phi}= {5.76a 0 , 90, 60}. Afterwards, we incorporated this 3D-PES into time-independent closecoupling quantum dynamical computations to derive the inelastic cross-sections of rotational excitation of (o)p-PH 3 after collision
with He up to (1000) 500 cm −1. Subsequently, we evaluated the rate coefficients for temperatures up to (100 K) 50 K populating the
(41)42 low-lying rotational levels of (ortho-) para-PH3 .These data were derived by averaging the cross-sections thermally over the
Maxwell–Boltzmann velocity distribution. No general propensity rules are found. We also performed a comparison with the rates for
NH3 –He. Our results should be of great help in determining accurate PH3 abundances and, more generally, constraining the
interstellar PH3.
RESULTS

B.Rate coefficients

A. Cross-sections

Figure 2: Inelastic cross-sections of p-PH 3 induced by collision with
He versus kinetic energy

Figure1 : Inelastic cross-sections of o-PH3 , induced by collision with He
The cross-sections of ortho-PH 3 covering the range 9–1000 cm−1
allow us to generate the velocity coefficient for the transitions
between the 41 low-lying rotational levels [up to j k = 10 0 ] for
temperatures up to 100 K. Similary, the cross-sections of para-PH 3
covering the range 8.4–500 cm −1 allow us to generate the velocity
coefficient for the transitions between the 41 low-lying rotational
levels [up to j k = 7 1 ] for temperatures up to 50 K.

Conclusion:

The rate coefficients computed in this work were
compared with those of Machin & Roueff (2005) for the NH 3 –He
system, which is used to estimate the abundances of phosphine. Large
differences are noticed, especially at low temperatures. Therefore,
the results obtained in this work may be of great help to the
astrophysical community, in order to model the physical conditions
of media where phosphine was observed. Indeed, exact knowledge
of the PH 3 abundance may be a clue to constrain the chemistry of
interstellar phosphorus. In addition, the present data may help in the
identification of PH3 in astrophysical media where other P-containing
molecules were detected, e.g. in massive dense cores (Fontani et al.
2016) or the Galactic Centre (Rivilla et al. 2018).

The The rate coefficients computed in this work were compared
with those of Machin & Roueff (2005) for the NH3-He system,
which is used to estimate the abundances of phosphine. Large
differences are noticed.
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Beyond-DFT Studies for Thiophene and Furan Oligomers
V. Alves-Bastos, T. J. da Silva and M. J. Caldas
Institute of Physics, University of São Paulo, Brazil
Combined Thiophene and Furan oligomers are an emerging class of pi-conjugated materials, relevant in particular for optoelectronic applications. Indeed structures formed
by these materials can show enhanced properties [1], combining qualities of both systems. In this work, we compare properties of dimers of Thiophene (2T), Furan (2F) and
Thiophene-Furan (Thienylfuran/TF), basic units to form more complex copolymers. We
study structural and electronic properties adopting ab-initio calculations including manybody GW corrections on top of hybrid DFT+HF [2,3]. In terms of structural results
we find that 2T adopts a non planar antiparallel configuration (as well known), however
2F and TF tend to be antiparallel but planar, as a consequence of the atomic e↵ective
repulsion sulfur-hydrogen and attraction oxygen-hydrogen in the molecules. We find that
the HOMO charge distribution for 2T, 2F and TF are very similar, justifying the similar
Ionization Potential values seen in the experimental results [4], and confirmed by our GW
results. These similarities apply also to the LUMO states. We will discuss also the optical
properties [5], which include other occupied and unoccupied states, focusing mostly on
the TF molecule.
[1] A. E. Steen et al., J. Phys. Chem. C, 123, 15176 (2019); [2] M. Pinheiro Jr et al.,
Phys. Rev. B, 92, 195134 (2015); [3] V. Blum et al., Comput. Phys. Commun., 180,
2175 (2009); [4] I. Novak et al., J. Electron Spectrosc., 61, 177 (1992); [5] C. Liu et al., J.
Chem. Phys. 152, 044105 (2020).
The authors thank LCCA-USP, and CNPq, FAPESP, CAPES via INCT-INEO.
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Understanding site-dependence overall water splitting mechanism
for energetically stable bilayer heptazine g-C3N4
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Among various allotropes of graphitic carbon nitride (g-C3N4), its heptazine planer sheets with
modified layer orientation to relax N-2p and C-2p orbitals forces of bilayer to achieve least
energy state is being considered for the study of oxygen/hydrogen evolution reaction
(OER/HER) mechanism with intermediate adsorbed at different sites using Quantum
ESPRESSO [1] code. Higher electron mobility than of holes decreases the rate of
recombination and higher redox potential decides suitability of designed bilayer for
photocatalytic activity. Lower oxidative overpotential than the monolayer (1.56 eV [2]) with
efficient reduction overpotential which again decreased on addition of water molecule resulting
from the separation of excitons at the energy disordered sites and interfacial charge transport
makes it suitable for overall water splitting. Whereas, increase in overpotential when
adsorption of intermediates are performed on both side of bilayer imply effect of van der Waals
interaction on triplet exciton generation showing its applicability as coating material.
Therefore, understanding of many body perturbative methods with excitons dynamics and
time-dependent DFT methods will be convenient to analyse their respective roles.
[1] P. Giannozzi et al., J. Phys.: Condens. Matter, 21, 395502 (2009).
[2] J. Wirth et al., Phys. Chem. Chem. Phys., 16, 15917 (2014).
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The experimental study of the CO 2 phase diagram is hampered by strong kinetic effects leading to
wide regions of metastability and to large uncertainties in the location of phase boundaries. Here
we determine the CO2 phase boundaries by means of ab-initio calculations of the Gibbs free energy
of several molecular and non-molecular solid phases of CO 2. Temperature effects are included in the
quasi-harmonic approximation. Contrary to previous results, we find that the boundary between
non-molecular phases and phase V has a positive slope and starts at 21.5 GPa at T = 0 K. A triple
point between phase IV, V, and the liquid phase is found at 35 GPa and 1600 K, indicating a broader
region of stability for the non-molecular phases than previously thought. The experimentally
determined boundary line between CO2-II and CO2-IV is reproduced by our calculations, indicating
that kinetic effects are not relevant in that transition.

Fig. 1. Theoretical phase diagram for carbon dioxide at high pressure and temperature.
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computational time under proposal HP10CVCDOB. B.H.C-O thanks COLCIENCIAS for a graduate
scholarship and the support from the ICTP STEP programme. B.H.C-O and J.A.M. also thank the
Vicerrectoría de Investigaciones of the Universidad de Cartagena, for the support through internal
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[3] M. Santoro and F. Gorelli, Phys. Rev. B 80, 184109 (2009)
[4] F. Datchi et al., Phys. Rev. B 94, 014201 (2016).
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In this work we have investigated the hydrogen evolution reaction (HER) catalytic activity of
two MPSe3 (M: Mn, Fe) nano-ribbons with selected edge sites using first-principles density
functional theory (DFT) based electronic structure calculations. Both these materials belong to
the layered metal phosphite tri-chalcogenides family. In a very recent experiment1, Gusm o et
al. studied the HER activity of a series of these MPSe3 bulk compounds among which FePSe3,
followed by MnPSe3 showed the best efficiency, next to Pt (the best known HER catalyst till
date), among their considered systems. On the other hand, in our earlier work,2 we screened a
large number of ternary transition metal tri-chalcogenide monolayers to study their hydrogen
evolution activity on the corresponding basal planes, through determination of the hydrogen
adsorption free energy (
MnPSe3 have quite large

). At the end of our screening we found that both FePSe3 and
values indicating that these are not at all good catalysts for

HER. This apparent discrepancy may have been caused by the fact that we adsorbed hydrogen
only on the basal plane. There are materials (e.g. MoS2 monolayer) where the basal planes are
not active but the edge sites show efficient catalytic activity. This could be the case in our
systems also. Therefore, to resolve this discrepancy, and to have a deeper understanding, we
have studied catalytic activity of the edge sites of single layers of these materials.3

Different edges are exposed by constructing several nanoribbons from the corresponding
monolayer. Thereafter, the stable most ribbon structures are considered for further
investigation of their HER activity. The HER catalytic activity has been predicted through
determination of the
edic i ,

e ha e a

both with and without solvation effect. During this activity
e

ed he h d ge c

e age de e de c . Ba ed

N

approach of reaction coordinate mapping, we have envisaged the HER active edges for these
two compounds while successfully addressing the correspondence between the experimental
observation and theoretical prediction. From our DFT calculations it has been observed that
the free energy of hydrogen adsorbed on the edge sites are much lower from our previously
calculated values suggesting the edges as catalytically active regions in these materials.
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Abstract:
Perovskites with general chemical formula ABO 3 (A = divalent alkaline/ trivalent rare-earth metal,
B = transition metal) are well studied materials due to their wide variety in physical, chemical and
magnetic properties. In recent years emphasis is put on the case of B site substituted perovskite
oxides, namely double perovskites, A2BB’O6, due to their various interesting properties and possible
applications [1].
Recently a ferromagnetic (FM) insulating compound Sr3OsO6 is reported with high
TC value of 1000K [2]. This is unusual since in general most of the ferromagneric compounds are
known to be metal or half metal, and not insulator. Also, few ferromagnetic insulators known so far
are low TC materials, not high TC. Here we have studied this curious behavior by employing firstprinciples calculations in conjunction with exact diagonalization of the full t 2g multiplet problem of
two Os sites. Our analysis highlights the fact that stabilization of Sr 3OsO6 in the cubic phase in
epitaxially grown thin film is the key to both ferromagnetic correlation and the high-temperature
scale associated with it. It also provides a natural explanation for why the sister compound
Ca3OsO6, exhibits low-TN antiferromagnetism in its monoclinic structure. We also uncover the
origin of insulating behavior of ferromagnetic Sr 3OsO6, which is found to be driven by the opening
of a Mott gap in the half-filled spin-orbit coupled j = 3/2 manifold of d 2 Os. We thus conclude the
registry to SrTiO3 substrate is responsible for counter-intuitive stabilization of Sr 3OsO6 in cubic
phase, and key to its ferromagnetism.
References:
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2. Y. K. Wakabayashi et al., Nature Communications, 2019, 10.1038/s41467-019-08440-6.
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Rev. B 101, 184422 (2020).

Machine learning materials properties for small datasets
Pierre-Paul De Breuck, Geoffroy Hautier, Gian-Marco Rignanese

UCLouvain, 1348 Louvain-la-Neuve, Belgium

pierre-paul.debreuck@uclouvain.be

BACKGROUND
Machine Learning enables the prediction of any material property almost instantaneously, speeding up material
discovery and design.
Current models which have good accuracy can be categorized as:
Model

Any crystal type

Any property

Required data size

Ad-hoc

No

No

> 100

Deep graph

Yes

Yes

> 10 000

Ad-hoc: case per case study, targeted on a specific group of materials and a specific property, with hand-tailored
descriptors and prior-knowledge.
Deep graph: based on deep convolutional neural networks, by representing the crystal as a graph.

MODNet (this work) bridges the gap between these two categories by proposing a universal framework, with
good accuracy on small datasets.
Usecases: band gaps within GW (80 materials), lattice thermal conductivity (101 materials), vibrational thermodynamics (1245 materials), most experimental properties, etc.

METHODS
Feature generation A huge feature space is generated with matminer:
they describe the crystal in terms of physical, chemical and geometrical
properties. Compared to graph learning, these features contain preprocessed knowledge based on meaningful features.

1.

matminer

Feature selection Not all features are useful. Too
2. many features give rise to the curse of dimensionality.
Features are chosen iteratively such that the next
feature has the highest
score:

with the target,
the current feature set and ( , ) two parameters determining the balance between redundancy and relevance.
The normalized mutual information (NMI) is bounded between 0 and 1 and
provides a measure of any relation between two random variables X and Y. It
goes beyond the Pearson correlation by taking any relation into account.

Genome
encoder
Property
groups

Joint Transfer Learning Possibility to learn on multiple properties. A
neural network with a tree like architecture is used: depending on the
similarity between properties, layers are shared among them. Succesive
blocks encode and decode the materials representation, each time getting
more specific to the final property.
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By learning properties together, knowledge from different properties are
stored in common layers, improving the performance of the model. This is
known as joint transfer learning.

RESULTS
nz

Benchmarking (MAE) on formation energy (Ef [eV/atom]), band gap (Eg [eV]), non-zero band gap (Eg [eV])
and refractive index (n [-]) for different training sizes (Ntrain)
Property Ntrain MODNet MEGNet MEGNet∗ SISSO
Ef
504
0.210
0.342
0.262
0.312
60 000
0.044
0.028
0.028
0.299
Ef
504
0.71
0.94
0.83
0.80
Eg
60 000
0.34
0.30
0.27
0.75
Eg
504
0.87
0.98
0.96
0.94
Egnz
nz
36 720
0.45
0.38
0.33
0.86
Eg
0.08
0.06
0.12
n
3 240
0.05

MODNet:
MEGNet:
MEGNet*:
SISSO:

our work
MatErials Graph Network, a deep graph learning model
MEGNet with transfer learning from weights learned on the formation energy
Sure Independence Screening and Sparsifying Operator

Absolute error distribution on vibrationnal thermodynamics :

500 training samples

μ

σ

1100 training samples

count density [%]

a1

..
.

A

Properties

count density [%]
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Institute of Condensed Matter and Nanosciences (IMCN),

AE

σ

AE

S305K [μeV/K/atom]

c-RF:
RF:

μ

S305K [μeV/K/atom]

c-RF

MEGNet

SISSO

MODNet

RF

AllNet

m-SISSO

m-MODNet

Random forest with composition-only features
Random forest with all generated features

AllNet: Neural network without feature selection
m - . : Multi-target learning

CONCLUSION
There is a clear distinction between physical-feature-based methods and graph-based models. Although the
latter are often referred to as state-of-the art for many material predictions, the former are more powerful when
learning on small datasets (below 4 000 samples).
MODNet is based on feature selection (balancing relevance and redundancy) and joint transfer learning.
State-of-the art model for predicting refractive indices and vibrational properties.
The selection algorithm which determines the most important features can provide some understanding of the
underlying physics.

CODE AVAILABILITY
The python package with pretrained models for the MODNet is available at
https://github.com/ppdebreuck/modnet
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Rashba spin splitting and photocatalytic properties of GeC-MSSe (M=Mo, W)
van der Waals heterostructures
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ABSTRACT
Vertical

stacking

INTRODUCTION
of

ultrathin

two-

dimensional materials via weak van der

synthesis of graphene, has led the emergence of one-atom-thick materials
exhibiting extraordinary electronic and optical properties. Beyond the gapless
single layer graphene, 2D transition-metal dichalcogenidies (TMDCs) with

important technique for tuning the physical

general formulaMX2(M=Mo, W;X=S, Se) have been extensively studied due to

properties and designing viable products for

their fascinating properties. In particular, the high structure stability, suitable
band-gap nature (ranging from 1.0 to 1.9 eV), and strong coupling between spin
and valley degrees of freedom make these materials potential candidates for

energy source applications. The geometry,

optoelectronics, field effect transistors (FETs), solar cells, and photocatalytic

electronic, and photocatalytic properties of

applications. [1].

vdW heterostructures of GeC and Janus

Recently, selenization in MoS2 and sulfurization in MoSe2 through chemical

transition

metal

chalcogenides

MSSe

(M=Mo, W) monolayers are investigated by

(d) GeC-Mo(W)SSe in magenta (indigo) for model 2. (e) Schematic of spin texture of

Also, single layers of WSSe have been prepared by CVD method. The space

group 2H-MX2 is changed from D3h to C3v for Janus MXY (M=Mo, W;X,
Y=S, Se) monolayers. Xiaet al. [2] recently reported the energetic feasibility and

different possible models of GeC-MSSe

universality of electronic and photocatalytic properties of Janus MXY
monolayers. SOC-induced Rashba spin splitting in these polar Janus MXY

FIG. 1. Top and side view of (i) model 1 with Se atom located on bottom surface of
Mo(W)SSe layer, (ii) model 2 with S atom placed at the bottom surface of Mo(W)SSe layer,
and (iii), (iv) six possible stacking patterns of GeC-MSSe for both models (see text for
details), and d represents the interlayer distance.

two bands around Γv, and the encircled numbers (1, 2, and 3) represent the magnified
view of valence band-, conduction band-splitting at K-point and Rashba spin splitting
around Γv, respectively.

monolayers has also been demonstrated. It was shown that WSeTe monolayer

alternative order of chalcogen atoms at

has a significant Rashba spin splitting in the electronic band dispersion caused

opposite surfaces in MSSe. The most

by intrinsic out-of-plane electric field induced due to the mirror asymmetry. The

favorable stacking pattern of both models is

FIG. 3. Band structure of (a), (b) GeC-Mo(W)SSe in violet (orange) for model 1 (c),

vapor deposition (CVD) have successfully confirmed Janus MoSSe monolayers.

performing first-principles calculations. Two

heterostructures are presented with an

RESULTS and DISCUSSION

Interest in the field of two-dimensional (2D) materials, after the successful

Waals (vdW) interactions is identified as an

nanoelectronics, spintronics, and renewable

RESULTS and DISCUSSION

giant Rashba spin splitting in these single layers of Janus MXY renders their

potentiality for out-of-plane piezoelectricity and future spintronic device

dynamically and energetically feasible. A

applications [3]. Besides TMDCs and Janus TMDCs, the graphenelike

direct type-II band alignment is obtained in

hexagonal 2D compounds of group IV elements have also been gaining

both models of understudy heterobilayer

considerable attention due to their direct bandgap nature, which makes them a

systems. The spin orbit coupling (SOC)

suitable candidate for designing optoelectronics, photovoltaic devices, and
heterostructures [4]. GeC thin films have been prepared by laser ablation [5] and

effect causes considerable Rashba spin

CVD techniques [6]. It has been reported that 2D GeC has a dynamically stable

splitting in both MSSe monolayers. In

planar structure and exhibits excellent electronic and optical properties [7]. The

particular, a greater Rashba spin polarization

single-layer GeC has higher Poisson’s ratio and lower stiffness compared to

is demonstrated in model 1 (GeC-WSSe)

graphene. Thus, the outstanding performance of single-layer GeC enables it for
achieving enhanced electronic, optoelectronic, and photovoltaic device
FIG. 4. Weighted band structure of (a), (b) GeC-Mo(W)SSe for model 1 (c), (d) GeC-

than model 2 (GeC-MoSSe) caused by the

applications [9].

alternative order of chalcogen atoms and

In this work, inspired by the highly energetic feasibility and satisfying lattice

larger SOC effect of heavier W than Mo

mismatch, we propose the vdW heterostructures of GeC and Janus MSSe to

atoms, which provides a platform for

Mo(W)SSe for model 2. (e) Schematic of charge density difference (with isovalue

and charge accumulation.

different models of vdW heterostructures based on the alternative order of

experimental and theoretical understanding

chalcogen atoms with six possible stacking configurations are presented. It is

of designing two-dimensional spintronic

found that both models with most favorable stacking configurations are

devices. More interestingly, the appropriate

dynamically stable. Further, a comprehensive insight is gained to explore the

band alignments of model 1 with the

0.00023e/Bohr3), where the yellow and cyan colors represent the charge depletion

demonstrate the unprecedented properties by first-principles calculations. Two

electronic properties, including Rashba spin spilitting and photocatalytic
response of the most stable configuration.

standard water redox potentials enable its
capability to dissociate water into

H+/H2

and

O2/H2O. In contrast to model 1, model 2 can
only oxidize water into O2/H2O. The
simulated design of GeC-MSSe is predicted

METHODOLOGY
We performed density-functional theory calculations with projector-augmented
plane wave scheme in VIENNA AB INITIO SIMULATION PACKAGE [9].
The Grimme vdW correction with 500 eV cutoff was used in Perdew Burke

for promising use in future electronic,
spintronics,

and

photocatalytic

water

splitting.

Ernzerhof (PBE) functional to optimize the geometry until the forces and energy
converged to 10−4 eV/Å and 10−5 eV, respectively. A 6×6×1 Γ-centered
Monkhorst Pack k-mesh is used for structural relaxation, which is further refined
to 12×12×1 for optimized structure. Artifacts of the periodic boundary
conditions prevented by a vacuum layer of 25 Å were added along the z-axis. It
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FIG. 2. Phonon spectrum of (a) GeC(MoSSe) in red (blue) (b) GeC(WSSe) in red (green) (c),
(d) GeC-Mo(W)SSe in violet (orange) for model 1 (e), (f) GeC-Mo(W)SSe in magenta
(indigo) for model 2, respectively.

is common that PBE functional underestimates the band-gap values of
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LDA vs GGA comparative study of the electronic and magnetic
properties for dihydrated transition metal oxalate chains
L. F. Garcia*, J. Hernández-Tecorralco, and R. de Coss
Departamento de Física Aplicada, Centro de Investigación y de Estudios Avanzados del
Instituto Politécnico Nacional Unidad Mérida, Yucatán, México
Abstract
Nowadays, density functional theory (DFT) is a powerful tool to calculate the groundstate properties of materials in fields as physics, chemistry, and materials science.
However, the accuracy of the calculation is driven by the choice of the exchangecorrelation (xc) functional, so it is essential to choose the right one for the problem in
question. In the first part of this work, we evaluated the performance of local density
approximation (LDA) and generalized gradient approximation (GGA) to calculate the
electronic and magnetic properties of 1D chains of dihydrated transition metal oxalates
(MOx with M=Fe, Co, and Ni). The MOx systems are interesting from the fundamental
research point of view due to their fascinating magnetic properties. The study of these
1D systems comes from a simplification of the problem since the bulk is formed by
chains that are held together by hydrogen bonds. Besides, these MOx systems could
add an extra challenge to DFT due to electronic correlation effects. Thus, in the second
part of this work, we have used the DFT+U correction to describe the electronic and
magnetic properties of these systems to compare with the available experimental
evidence. Our calculations are based on the plane wave and pseudopotential method
as is implemented in the Quantum Espresso code. The structural and magnetic
properties obtained by GGA gives results in qualitative agreement with experimental
observations. Besides, the DFT+U correction improves the bandgap opening observed
in these materials. The results show a correlation between the filling of d orbitals and
the gradient corrections effects on the ground state prediction.
*e-mail: luisf.garcia@cinvestav.mx
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Chemically Graded Metal/Ceramic Interface - A High Throughput DFT
Study
Prince Gollapalli, Satyesh Kumar Yadav
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600036, India.

The interface in nano-sized metal-ceramic heterostructure plays an important role in dictating their properties.
Interfaces between metals and ceramics are assumed to be atomically sharp, but recent studies suggests that
Ti(metal)-TiN(ceramic) system is atomically compositionally graded across the interface[1]. This chemically
graded interface can potentially find applications in wear resistance coatings, barrier layer for IC interconnects,
hetero-catalysts, etc. Such chemically graded interfaces have some unusual characteristics like, gradual
variation of elastic modulus across the interface. Bonding at the interface could improve due to smooth
variation in lattice parameter, elastic modulus and other properties. To explore other combinations of
metal/ceramic systems that could plausibly result in chemically graded interface by experimental effort is
formidable. Here, we performed first-principles calculations based on density functional theory to predict the
formation of chemically graded interface. In Ti-TiN, chemical gradation is attributed to creation of N vacancy
in TiN; and diffusion of N into interstitial site of Ti. This provides a quantitative way to calculate driving force
to form a chemically graded interface. We calculate vacancy formation energy, interstitial formation energy;
sum of two quantities give estimate of driving force to form chemically graded interface. We have considered
different combinations of metals (M) and ceramics (MaXb) to evaluate if they can form a chemically graded
interface, where M = Ti, Zr, Hf, V, Nb, Ta, Al, Mg, Cr, and Fe; and X = C, N, and O.
References
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Excited-state properties for semi-empirical tight binding
Anna Hehn, Fabian Belleflamme, Jürg Hutter
Department of Chemistry, University of Zurich, Winterthurerstrasse 190, 8057 Zurich,
Switzerland.

Understanding properties of electronic excited states is fundamental for describing various kinds
of spectroscopy and for modeling photochemical phenomena. The therefore required analytical excited-state gradients have been reported for time-dependent density functional theory for
Gaussian and plane wave basis sets and have become a standard tool in quantum chemistry program packages [1, 2]. Based on these developments, but aiming now for a highly efficient semiempirical approach suitable for excited-state dynamics and large-scale applications on confined
materials, we present excited-state gradients for the simplified Tamm-Danco↵ approximation
(sTDA) [3] as implemented in the mixed Gaussian and plane waves framework of the CP2K
program package [4]. For electronic spectra, sTDA was already proven to be a powerful alternative to conventional hybrid density functionals, enabling to treat larger system sizes of
thousands of atoms while still yielding reasonable accuracy with deviations in the range of 0.5
eV. We outline the implementation strategy for corresponding excited-state properties and show
first benchmark results in comparison to standard time-dependent density functional theory approaches.

[1] F. Furche, R. Ahlrichs, J. Chem. Phys. 117, 7433 (2002).
[2] J. Hutter, J. Chem. Phys. 118, 3928 (2003).
[3] S. Grimme, J. Chem. Phys. 138, 244104 (2013).
[4] The CP2K developers group. CP2K is freely available from http://www.cp2k.org/.
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Moiré quantum dot structures
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Abstract

Envelope wave-function

• Assuming radially symmetrical system hri = 0:

Recent exploration of the commensurate structure in the turbostratic double layer graphene shows that the large angle
twisting can be treated by the decrease of the effective velocity within the energy spectra of the single layer graphene
[1]. Within our work, we use this result as a starting point,
aiming towards understanding the physics of by a large angle
twisted double layer graphene (i.e. Moiré) quantum dot systems (BGM-QD). We show that within this simple approach
using the language of the first quantization, yet another so far
unrealized (not up to our knowledge), illustrative property of
the commutation relation appears in the graphene physics.
Intriguingly, large twisting angles show to be a suitable tunning knob of the position symmetry in the graphene systems.
Complete overview of the large angle twisting on the considered dot systems is provided.

(Large angle) twisted bilayer graphene
quantum dots
Figure 1: Moiré pattern situation close to the boundary of
the cartoon 7 nm wide BGMQD system considering different values of the large twisting
angle ✓. R represents radius of
the dot and D corresponds to
the Moiré period.

E r

0.

• Uncertainty principle allows us in principle to have well localized states together with the exact values of energy. All
that due to the symmetry of our system and the equation of
motion.
Experiment
• In the real life experimental conditions, we would expect
r to be on the same scale as the radius of the dot R:
ER ⇡ ~vF (✓).

Summary

Reduced energy scale
• Reduced Fermi velocity (which leads to the reduction of
the energy scale occurring in the graphene physics) affects
the behavior of the allowed energies as well as states in the
dot problem with the twisting angle ✓:
~vFSL
~vF (✓)
!
.
R
R

Numerical Analysis
• Dirac equation of motion describing BGM-QD system:

Model
Figure 2: Brillouin zone of the unrotated (red), rotated (blue) single layer graphene, as
well as twisted bilayer graphene (black).

⌧

(✓) = E ⌧ (✓)

⌧

(✓),

• The two-site envelope wave function (due to cylindrical
symmetry) can be factorized as:
✓
◆
eim' 1 0
⌧
⌧
(r, ') = p
1 (r),
i'
0
e
r
where r and ' are the polar spatial coordinates and
is the remaining part of the envelope wave-function.

• Effective velocity:
⇣

vF (✓) = vFSL 1

↵ ⌘
,
K2

4
✓
K=
sin .
3a0
2

vFSL: the single layer Fermi velocity.
↵: the binding constant element between states in indiv. graphene layers.
K: the distance of valleys in the individual graphene layers.
a0: (0.142nm), the shortest distance between Carbon atoms in the graphene layer.
✓: the twisting angle.

⌧
1 (r)

• The final eigenenergies as well as final form of the eigenvectors can be found from the solution of the boundary condition (at r = R) using states inside (<) and outside (>) of
the dot:
⌧
⌧
<(R, ') = >(R, ').
• The difference between solutions inside and outside of the
dot is coming from the bounding potential U (r).
Results and discussion
Energy states scaling

• Hamiltonian:
H ⌧ (✓) = vF (✓) (p + eA) . + ⌧

z

+ U (r) ,

p: the momentum operator.
A: the vector potential for magnetic field parallel to the z-axis A = B/2( y, x, 0).
: the Pauli matrices.
⌧ : the valley number.
: the constant mass term creating gap 2 induced by the underlying substrate.
U (r): the confining potential assuming U (r) = 0, (U (r) = U0) for r  R, (r > R)
respectively.

Uncertainty principle
Theory
• Commutator of the Hamiltonian (assuming the vector potential A = 0) together with the position operator r:
[H ⌧ (✓), r] = vF (✓) [p, r] · ,
= i~vF (✓) .
• Twisting angle ✓ entering the reduced effective velocity
works as a tuning knob of the deviance from the exact
symmetry of the position operator and the Hamiltonian.

• Small graphene flakes suitable for the quantum dots are not
a problem to produce. Therefore the demand regarding the
theory [2, 3] as well as experiment [4, 5, 6].
• Twisting the BGM-QD system in the regime of large angles shows to be suitable tool in order to get better localized
states. Such a state also has lower energy due to reduced
velocity.
• Use of the better localized states is natural in the tunneling
applications [7, 8] (and references therein).

Formulation of the Eigenproblem

H ⌧ (✓)

Figure 5: Wave function of the twisted bilayer quantum dot as a function of the twisting angle ✓. Parameters related to the considered model: m = 0, ⌧ = 1, U0 = = 2 ,
R = 25 nm, ⇢ = 1, and the twisting angle is changing from ✓ = 4 (top curve) to ✓ = 20
(bottom curve).

Figure 3: Energy levels of the
BGM-QD considering m = 0,
potentials U0 =
= 10 ,
where = ~vF (✓)/R, two different valleys ⌧ = ±1 (+1
solid, 1 dashed), as well as
two different values of twisting
angle ✓ = 5 (red and blue) and
✓ = 30 (green and orange).

Figure 4: Evolution of
the states in the conduction
band as a function of the
twisting angle ✓ considering both valleys ⌧ = ±1.
Each of the curves plotted
in the figure can be fitted by
an empirical formula (motivated by the second order
perturbation theory):
✓
"0 = "0 1

csc2

✓ ◆◆
✓
,
2

considering fitting parameters "0 and

• Tunable distance of the energy levels on the infrared scale
ranging from ⇡ 7 meV (considering R = 100 nm) already up to ⇡ 700 meV (considering R = 1 nm) craves
for the application in the infrared spectroscopy area.
All of the mentioned ideas show promising research future in the field of the twisted bilayer graphene quantum dot
physics. Our modest contribution to the fast developing field
lays in the direction of the very simple description of the tuning by the large angle twisting of two graphene flakes placed
above each other. It shows, that this effect leads to the decrease of the electron velocities. Described effect causes several features in the energy and state description including e.g.
higher localization of the envelope wave-function.
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Ab initio modelling of laser-induced ultrafast
electronic dynamics at the perylene@MoSe2
interface
Matheus Jacobs, Jannis Krumland, and Caterina Cocchi
January 2021
Hybrid interfaces formed by atomically thin semiconductors, such as transitionmetal dichalcogenides and physisorbed organic molecules, host intriguing chargetransfer dynamics e↵ects that are relevant for opto-electronics [1]. In the framework of real-time time-dependent density functional theory [2,3], we investigate
the ultrafast electronic dynamics at the type-II interface formed by perylene
molecule physisorbed on a MoSe2 monolayer. We monitor the evolution of the
charge carriers in the electronic bands under a resonant femtosecond pulse. Our
results provide a valuable starting point to explore further relevant dynamical
e↵ects, such as vibronic coupling.
[1] M. Jacobs et. al., Adv. in Phys.: X 5, 1749883 (2020)
[2] N. Tancogne-Dejean et. al., J. Chem. Phys. 152, 124119 (2020)
[3] J. Krumland et. al., J. Chem. Phys. 153, 054106 (2020)
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Structure and Excitation properties of Functionalized Tin porphyrins: A TDDFT study
Metalloporphyrins are the most commonly used chromophores as they show strong absorption bands
in the visible region and also for their natural light harvesting properties The present study highlights
the impact of axial ligands (OH , Cl , and H2O) and protonation at pyridine sites on the structure and
electronic spectra of Sn(IV)tetrakis(4-pyridyl) porphyrins (SnTP) using time-dependent density
functional theory (TDDFT). The considered 8 SnTP molecules such as i) [SnTP]2+, ii) [SnTPH]6+, iii)
[(OH-)Sn(OH-)TP], iv) [(OH-)Sn(OH-)TPH]4+, v) [(Cl-)Sn(Cl-)TP], vi) [(Cl-)Sn(Cl-)TPH]4+, vii)
[(H2O)Sn(H2O)TP]2+ and viii) [(H2O)Sn(H2O)TPH]6+ were optimized at B3LYP/6-31+G* level of
theory with LANL2DZ basis set for Sn metal. The optimized geometries were later used in
calculating single point energies using the same level of theory in Gas, THF and DMF phases with the
conductor-like polarizable continuum (C-PCM) model. The excitation energies are obtained for 30
singlet states and it is observed that the absorption bands are located in the near UV-visible region
between 250nm and 550nm ignif ing - * an i i n . The observed structural effects correlate well
with the experimental data and clearly depict the impact of axial ligands on the SnTP ring. The
absorption spectra along with the frontier orbitals in all three phases show noticeable dependence of
axial ligation on the photophysical properties of SnTPs. This in turn provokes to study the effect of
different axial ligands on the excitation properties of Sn porphyrins and the application of [(OH-)Sn
(OH-)TP] and [(Cl-)Sn (Cl-)TP] as photosensitizers.
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Theoretical Insights on the Role of Bis-1,2,3-triazolebipyridine Ligands for Selective
Separation of Am(III)/ Eu(III) in Nuclear Waste Management.
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Nuclear power has drawn attention to generate ample reliable energy to meet the global
energy demands as an alternative to that previously sourced from fossil fuels. However, the
long-term storage of significant amounts of the radioactive Spent Nuclear Fuel (SNF)
generated as waste from these nuclear power plants pose as an obstacle for its application.
While most of the short-lived fission products and uranium are less hazardous, the long-lived
actinides (Am, Cm, Np) are highly radiotoxic[1]. This necessitates the need to eliminate or
reduce the radiotoxicity by separation or transmutation of the long-lived minor actinides into
short-lived or stable elements. 2,6-bis-1,2,4-triazin-3-yl-

(BTP ) a

6,6 -bis-1,2,4-

triazin-yl-2,2 -bipyridines (BTBPs) have been extensively studied for An/Ln separation[2].
These ligands and their derivatives have been reported to exhibit limitations such as instability
in highly acidic conditions, limited solubility in non-polar dilutants, and moderately slow
phase-transfer kinetics. In order to overcome these limitations, a class of tetradentate nitrogen
donor ligands: 6,6 -bis(1-R-1H-1,2,3-triazol-4-yl)-2,2 -bipyridines (R = alkyl or aryl) or
BTzBPs have been experimentally synthesised[3]. However, the origin of selectivity for
effective complexation with metal nitrates has not been fully explained. This work aims to
provide theoretical insights into the binding efficiencies, Frontier Molecular Analysis, Energy
Decomposition Analysis, Charge Analysis, Bond Order Analysis and QTAIM calculations for
the stage for full-scale application with respect to hydrophilic and hydrophobic substituents.

R1, R2

Hydrophilic and hydrophobic groups

R3, R4, R5, R6 - Methyl

Keywords: BTzBP ligands, Radioactive minor actinides, Actinide separation, Am3+/Eu3+
stripping, Nuclear Waste Management.
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Abstract:

Gold nanostructures of diverse shapes such as gold nano rods, cubes, stars and plates have variety
of optical, chemical, biological applications and medical applications due to their fine tunable,
physical, chemical and novel properties. The simulation studies on the gold nanoparticles of various
shapes in water is important to acquire better understanding to facilitate the design of nanomaterials
with desired functions for biological and technological applications. In the present work, molecular
dynamics simulations have been employed to study the hydration of the gold nanoparticles of various
shapes such as sphere, cube, rod and wire, focusing on their interactions with water at the interface.
The wettability of the gold nanoparticles and the micro structure and dynamics of their interfacial
water molecules were found to vary with the shape of the gold nanoparticles. This observed
difference can be due to complex factors and may be attributed to the difference in their surface area,
and degree of anisotropy. The present simulation result suggests, that the surface interactions of
the gold nanoparticles with the aqueous medium can be modified by altering their shape. The
outcome of this work may aid biological and technological applications.
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ABSTRACT
Oxygen vacancies are common to most metal oxides and usually play a crucial role in determining the
properties of the host material. In this work, we perform ab initio calculations to study the influence of
vacancies in doped manganites La(1 x) Srx MnO3 (LSMO), varying both the chemical composition and the
vacancy concentration within the ferromagnetic-metallic range (0.2 < x < 0.5). We find that the presence
of a localized electronic defect level modifies the magnetic and electronic properties. The occupation of
this level, which can be tuned by the number of available electrons in the system, does not only affect
the half-metallic properties of LSMO along with a compression/expansion of the lattice parameters, but
also reduces the strength of the double-exchange interaction, thus favoring spin-flipped configurations
(local antiferromagnetism) and the deterioration of the metalicity. Our results provide theoretical evidence
shedding light on the long-standing puzzle regarding the experimentally observed degradation of the
magnetic and transport properties found in reduced manganites.
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ABSTRACT
Peptide nucleic acid (PNA) is a synthetic oligonucleotide, which is widely studying due to its
unique properties such as high affinity, great specificity and stability [1, 2]. In this work, we
have selected three sequential forms of peptidic chain tailored dimeric structures such as GGCC (shown in Fig 1), AA-TT and AA-UU to reveal their reactivity properties. All the
considered systems were subjected to optimize using B3LYP/6-31G* level of theory. The
global reactivity descriptors (GRD) such as vertical ionization potential(VIP), vertical electron
affinity(VEA), electronegativity(χ), chemical potential(µ), chemical hardness(ղ), chemical
softness(S), electrophilicity(ω), HOMO-LUMO gap(Egap) and polarizability (α) has been
calculated for all the considered systems to understand the effect of replacing peptidic
backbone instead of sugar phosphate group. On comparing the results with natural backbone,
it is observed that peptidic chain containing strands have enhanced reactivity properties [3].

Peptide backbone
[N-2(aminoethyl)Glycine]

Fig 1: Optimized structure of GG-CC PNA dimeric strand at B3LYP/6-31G* level of theory.
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Abstract
Dense metallic membranes based on Pd alloys are being employed for the purification of hydrogen produced from
“Steam-Methanol Reforming”(SMR) or “Water-Gas shift” reaction, because of their high hydrogen permeability and
catalytic activity concerning hydrogen dissociation. However, they are susceptible to poisoning, induced by impurities
in the gasifier effluent streams like H2S, in the form of corrosion or catalyst deactivation[1,2]. In this work, we report a
systematic theoretical study of the dissociation process of H 2S, its influence on the H2 adsorption and dissociation
process. Moreover, the effect of its derivative (sulphur) on the hydrogen adsorption, dissociation and hydrogen
penetration via the solution diffusion mechanism through a model PdCu(110) membrane as a function of the sulphur
coverage have also been studied. We found that the dissociation of H2S on PdCu(110) is facile, with an energy barrier of
0.27 eV. Additionally, we observe slight lowering of H2 dissociation barrier in the presence of H2S as compared to that
observed on the clean PdCu(110) membrane. Our calculations also suggest that there is a significant decrease in the
hydrogen adsorption energy in the vicinity of the sulphur adatoms. Irrespective of the hydrogen coverage, blocking of
hydrogen adsorption happens only for higher sulphur coverages. Based on the energy barrier calculations, we find that
while sulphur promotes the H2 dissociation process on PdCu(110) surface, it inhibits H penetration into the subsurface
(one of the important steps in H penetration at the feeder side of the membrane). The poisoning effect of sulphur occurs
at higher sulphur coverages. Since, the temperature is one of the controlling factors for the stability of hydrogenpermeable membranes, further, we are also studying the temperature dependant kinetics of the dissociation and
penetration steps involved in the permeation mechanism using a microkinetic model, and the rate-limited flux
prediction study.
References:
[1]. Casey P O’Brien, Bret H Howard, James B Miller, Bryan D Morreale, and Andrew J Gellman. Inhibition
of hydrogen transport through pd and pd47cu53 membranes by h2s at 350°c. Journal of Membrane Science,
349(1-2):380{384, 2010.
[2]. Wilke, M.; Scheffler, M., Poisoning of Pd(100) for the dssociations of H2: a theoretical study of co
adsorption of hydrogen and sulphur. Surface Science Letters 1995, 329, L605-L610.

P73

P74

Static barrier of the clusters on the metallic Cu(111), Ag(111), and
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Abstract

The diffusion properties of small clusters Agn, Cun, and Aun on the Cu(111) and Au(111)
surfaces have been studied using molecular statics, to understand the atomistic processes
underlying the motion. Here, the atomic interaction is modeled by the semi-empirical
potential. We found that on the tow surfaces Cu(111) and Au(111), the small clusters diffuse
via the zigzag mechanism and the concerted jump. The static energies are found by the drag
method, and The activation energy associated with the various diffusion mechanisms has been
deduced. In addition, We have found that the value of this physical quantity always has a
tendency to decrease in the case of the tetramer for all the systems treated. The same results
have been found by various scientific researches, which confirm the validity of our EAM
model.
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Abstract
Two-dimensional (2D) magnetoelectric multiferroic materials are a
special class of 2D materials that holds promising applications in the
miniaturization of logic and memory devices, along with the
possibility to realize new low-dimensional device architectures. In
this work, we have reported a strain-engineering-based study for a 2D
multiferroic material, VOCl2 monolayer, that shows independent
control of magnetic and ferroelectric properties via applying strain
along the different in-plane crystallographic directions. An in-plane
strain of around 4% along the non-polar axis was found to cause a
transition from an antiferromagnetic (AFM) ground state with an outof-plane magnetization to a ferromagnetic (FM) ground state with inplane magnetization. Additionally, the tensile strain along the polar
axis enhances the ferroelectric polarization. An increase in the
ferroelectric switching energy barriers and the magnitude of the
magnetic exchange coupling parameter suggest enhancing
ferroelectric and ferromagnetic stability with tensile strain. The work
reveals the VOCl2 monolayer as a strain-tuneable multiferroic
material holding great promises for future generation nanoelectronic
devices.
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Abstract:
Pyrolusite (β−MnO2) is one of many polymorphs of MnO2 which contains 1x1 tunnels within the crystal structure
causing immense selectivity towards ions or electron transfer kinetics. Hence it has been widely used in charge
storage systems as an electrode materials or bifunctional catalyst [1]. In previous DFT+U works that used the
empirical U = 4 and 6 eV it was found that the ferromagnetic configuration of β-MnO2 is the most stable one [2].
However, experimentally it is known to have a helical noncollinear magnetic configuration with a band gap in
the range of 0.26 to 0.3eV [3]. Here, we present the study based on the use of the self-consistent on-site (U) and
inter-site (V) Hubbard parameters computed from first principles using density-functional perturbation theory
[4]. We show that the inter-site Hubbard V is very relevant for the accurate description of the structural and
electronic properties of β−MnO2. We find that the G-type antiferromagnetic configuration is energetically more
stable than the ferromagnetic one, and also we correctly predict the insulating properties of this material.
Modelling of the helical noncollinear magnetic configuration in this material is challenging when including U
and V, and this is the goal of our future studies which would highlight whether the inter-site Hubbard V is able
to reproduce the experimental magnetic configuration.
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In the light of recent first-principles molecular dynamics simulations (Materzanini et al.,
Phys. Rev. Mater. 2020, accepted) predicting high Li-ion conductivity in hypothetical tetragonal Li10 GeP2 O12 (LGPO), we aim at enlightening possible entropy-driven phase
transitions from the existing orthorhombic LISICON structure (↵-o-LGPO) to the fast conductive hypothetical tetragonal ↵-t-LGPO. We perform extensive variable-cell (NPT) CarParrinello molecular dynamics at temperatures between 600 K and 1200 K, starting both
from ↵-o-LGPO and ↵-t-LGPO structures, that we simulate in 100-atom supercells. We
show that, at T ⇠1100 K, both ↵-o-LGPO and ↵-t-LGPO transform into a quasi-tetragonal
new phase ( -t-LGPO), that is stable at 600 K and is predicted, through DFT cell relaxation, to be the lowest-energy phase of LGPO. Interestingly, we monitor a phase transition
to the same structure also from ↵-o-LGPO and ↵-t-LGPO at another stoichiometry, namely
x = 0.67 in Li3+x Gex P1-x O4 . Experimental work is being conducted to investigate the
formation of

-t-LGPO, and the possible competing processes that could dominate over

↵-o-LGPO phase transformation at high temperatures. Although, from the calculations,
-t-LGPO shows an improvement in conductivity against the original LISICON structure
only at high temperatures, its stabilization can be regarded as an important challenge for
synthesis and characterization of novel oxide superionic materials.
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Cadmium sulfide (CdS)-based yellows have been used in many historical artworks. These historical
heritages are threatened by the degradation of the CdS-based paints. Although the origin of this
process has been studied for many years, the details are still not fully understood. Here, we present
a theoretical study for CdS and compounds such as CdCl2 and Cd(OH)Cl that have been
demonstrated to play a key role in the oxidation process of CdS together with high humidity
levels[1]. We perform our calculations within the framework of DFT using the PBE and HSE
functionals, and the GW approximation with the VASP code. In order to understand the oxidation
mechanism of CdS to CdSO4 and the influence of humidity and chlorine-compounds on this
oxidation, we have calculated the band offsets between CdS, CdCl2 and Cd(OH)Cl. Relative band
positions are determined from slab calculations and by aligning the branch point energies[2]. Our
results suggest that a single layer of Cd(OH)Cl is a polar semiconductor, featuring a built-in electric
field. Stacking of several layers of Cd(OH)Cl creates a pocket of holes at the Cl-terminated surface,
and a pocket of electrons at the OH-terminated surface, which attempt to compensate for the built-in
electric field. This results in a difference in ionization energy at both surfaces of approximately 5.8
eV (PBE). The resulting band alignment between Cd(OH)Cl and CdS will therefore strongly
depend on which Cd(OH)Cl surface is in contact with CdS. We believe this effect plays an
important role in the observed degradation processes in some CdS-based paints.
[1] Monico, L. et al., Sci. Adv. 2020, 6, eaay3514.
[2] Schleife, A. et al., Appl. Phys. Lett. 2009, 94, 012104.
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Gilbert damping has a critical importance in determining the lifetime, diffusion, transport
and stability of domain walls, magnetic vortices, skyrmions, and other complex magnetic
configurations. Given its high scientific interest, the possibility to obtain this quantity in a
first-principles fashion [1] opens new perspectives of optimizing materials for devices. A way
to do that is to use Kambersky’s breathing Fermi surface (BFS) [2] and torque-correlation
(TC) [3] models, which have been explored in terms of pure/alloy bulk and surfaces via
reciprocal-space methods. However, considering the nonlocality of the damping parameter
that is predicted for bulk itinerant magnets [4] there is a gap in literature for systems with
lack of translation symmetry. Therefore, we will discuss a recent implementation of an abinitio calculation of the damping in the real-space RS-LMTO-ASA method [5], based on the
BFS/TC models. This allowed us to capture the orginis of the large damping anisotropy
observed in Fe50 Co50 (100) surface [6, 7].

[1] K. Gilmore et al., Phys. Rev. Lett. 99, 027204 (2007).
[2] V. Kamberskỳ, Czech. J. Phys. B 26, 1366 (1976).
[3] V. Kambersk˝, Czech. J. Phys. 34, 1111 (1984).
[4] D. Thonig et al., Phys. Rev. Mater. 2, 013801 (2018).
[5] S. Frota-Pessôa, Phys. Rev. B 46, 14570 (1992).
[6] Y. Li et al., Phys. Rev. Lett. 122, 117203 (2019).
[7] I. P. Miranda et al., arXiv:2101.02794 (2021).
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Ab rac :
M l iple pro on ran fer (MPT) i he mo emen of e eral pro on along h drogen bond
ih
in ere ing manife a ion in a arie of chemical and biological proce e . From pro on
hopping in a er o pro on ran fer in DNA ba e pair , he cience of MPT i cr cial and need
de ailed in e iga ion. A a lo of fac or affec he na re of pro on ran fer in comple
em , e decided o
d a le comple pro o pical molec lar cr al, ereph halic acid
(TPA). TPA molec le i a diben oic acid i h he carbo l gro p a he para po i ion of he
ben ene. Each TPA molec le bind o o neighbo ring TPA molec le hro gh O-H---O bond
o form linear chain . M l iple chain e perience eak C-H---O h drogen bond o form a hee
and e en all m l iple hee
ack on op of each o her hro gh eak an der Waal
in erac ion o form he cr al. Ba ed on he acking and cr al r c re, TPA e i
in hree
3,4
cr al form  namel Form I, II and III, o of hich Form III i
able a high empera re
herea Form I and II are bo h deba ed o be he mo
able config ra ion a lo empera re .
Ho e er, o r ab ini io calc la ion ( ing BLYP e change-correla ion f nc ional) find Form I o
be he mo
able config ra ion a 0K. E i ing e perimen al repor 1,2,6

gge he h drogen
a om along he O-H---O bond h le be een he o TPA molec le . Thi do ble pro on
ran fer (DPT) i belie ed o on e aro nd 70 K and i commonl ermed a he order-di order
ran i ion.
In hi

d

e in end o find he an

er of he follo ing q e ion :

(a) Wha i he na re of he do ble pro on ran fer? I i ep i e or concer ed?
(b) Are here an correla ion be een DPT occ rring a
o differen H-bond
i e (in rala er and in erla er)?
(c) Ho do molec le-molec le in erac ion and he cr al field affec he do ble pro on
ran fer?
(d) Ho are he pro on ran fer and he correla ion (if an ) mod la ed b n clear q an m
effec (NQE)?
(e) Since he pro on i ignifican l delocali ed d e o NQE, i here an co pling be een
he pro on and he elec ronic degree of freedom?
In order o addre
he aforemen ioned q e ion
e performed ab ini i molec lar d namic
(AIMD) im la ion i h cla ical rea men of he n clei a 70, 200 and 300 K. A lo
empera re , NQE are o erl prono nced for h drogen a om , herefore generali ed lange in
eq a ion ba ed pa h in egral molec lar d namic im la ion 7 (PIGLET) ere performed o
de ermine acc ra e a i ical proper ie and hermo a ed ring pol mer molec lar d namic

im la ion 8 ( -RPMD) for d namical proper ie a he abo e men ioned empera re . Cla ical
n clei AIMD im la ion do no ho an pro on ran fer (along O-H---O and C-H---O h drogen
bond ) a 70 and 200 K herea a 300 K e do find dimin i e pro on ran fer for he o
h drogen a om along O-H---O h drogen bond a he chain j nc ion. DPT i al o fo nd o ha e
a concer ed mechani m a he chain j nc ion. Ho e er, DPT occ rring a
o adjacen H-bond
i e along he linear chain i
ep i e and doe no occ r im l aneo l a 300 K.
Incorpora ion of NQE enhance he pro on ran fer b
nneling and a a re l mall DPT i
ob er ed a 70 K. The propor ion of pro on ran fer con in o l increa e
i h increa e in
empera re. Similar o he cla ical ca e a 300 K, he DPT i mo l concer ed b
e do find
a non-negligible propor ion of pro on o be clo er o one molec le han i neighbo r. S ch
in ance migh ind ce frac ional charge on he par icipa ing molec le for an o erall ne ral
em. Unlike he cla ical ca e a 300 K, correla ion of DPT a
o adjacen H-bond i e can
be bo h ep i e and concer ed. A 70 K, he ep i e correla ion i dominan herea he
increa e in empera re make he
o proce e comparable. In order o nder and he
d namical proper ie , q an m -RPMD im la ion
ere ed o appro ima el calc la e he
infrared(IR)
pec ra. The IR pec ra ho
con iderable broadening in he O-H re ching
region a he empera re i increa ed, h , enabling a direc rela ion hip i h pro on ran fer.
Addi ionall , e looked in o de era ed TPA a 70 K and fo nd no pro on ran fer and a
con eq en le broad O-D re ching in he IR pec ra.
The h ling h drogen a om opera e
nder a do ble ell formed b he O a om of he
neighbo ring TPA molec le . D e o
mme r , he do ble ell po en ial e perienced b
h drogen a om in a TPA dimer i
mme ric b become a mme ric in he cr al d e o
la ice effec . Pre io repor 1,2,6

arg e he a mme ric na re of he po en ial ell o ca e
pro on o nnel and ho NQE a lo empera re aro nd 70 K. The e ac na re of he
la ice effec i diffic l o nder and hro gh e perimen . Therefore, e looked in o NQE in
he ga pha e lo -dimen ional model of TPA namel dimer, chain and hee . Bo h he
cla ical and q an m im la ion pre en ero pro on nneling a 70 K along i h increa ed
O---O bond di ance
.r. he cr al. The ab ence of pro on ran fer for lo dimen ional
em
gge
he role of acking of he TPA hee o a mme ri e he do ble ell in he
cr al.
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The need o ed ce ca bon dio ide (CO2) emi ion i one of he mo
ignifican
en i onmen al challenge facing ocie . Ca bon cap e and o age (CCS) i a majo
a eg
o dec ea e CO2 emi
ion f om fo il f el o ce
o he a mo phe e.

Unde anding CO2 in e ac ion i c cial fo he de elopmen of cce f l ca bon cap e
and o age echnologie . In hi o k e in e iga ed he pe fo mance of he implemen ed
f nc ional
e e in e iga ed in he SIESTA: he an de Waal ( dW) di pe ion co ec ion
i h he (i) BH [1], (ii) C09[2], (iii) KBM [3], LMKLL [4], and ( ) VV [5] e ion, and he
gene ali ed g adien app o ima ion e ion GGA [6] o de c ibe he in e ac ion of he CO2
homodime h o gh he den i f nc ional heo . The e of he e f nc ional fo he CO2
ha no been epo ed in he li e a e. The efo e he ene g in e ac ion be een he CO2
homodime , he ib a ional mode , and he olid pha e
a calc la ed
ing
dW-DF3- pe . The calc la ion of he in e ac ion ene g be een he dime , e ob e ed
ha he T- haped (TS) and pa allel di placed (PD) config a ion a e he mo
able
config a ion . The q ali a i e and q an i a i e beha io of he f nc ional dW-DF-C09 fo
he PD config a ion i in ag eemen i h he o k b Kal gina e al.[7]/B ko ki e al. [8],
he
ed high-le el CCSD(T)/a g-cc-pVXZ (X = D,T,Q,CBS)/SAPT heo . In addi ion, he
f nc ional d -DF-C09 a able o ep od ce e pe imen al da a f om he olid pha e of
CO2 and
he ib a ional mode
mme ical, a mme ic and bending
e ching. The

compa i on be een diffe en
pe of f nc ional fea e of dW can offe g idance fo
pa ame e i a ion of fo ce field
i able fo cla ical im la ion o po en iall b ing in igh
in o ind
ial ol en
die and op imi e p ope ie of ma e ial de igned fo CO2 cap e
and o age.
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High throughput computational screening of perovskites for photovoltaics
Farha Naaz, M. S. Chauhan, and D. L. V. K. Prasad*
Department of Chemistry, Indian Institute of Technology, Kanpur 208016, India
Email: dprasad@iitk.ac.in
Perovskites are archetypal multifunctional materials—they could be inorganic, organic or their
hybrid variants. Recently these classes of perovskites emerged as promising photovoltaic multijunction solar cell materials, much needed for energy. But, that said, the structure stability and
earth-friendly are some of the major concerns that may impede the development of an efficient
photovoltaic cell. Perhaps, due to the inherent structural tolerance that there is no other crystal
structure-type that could be a better sponge as perovskite for the elements in the periodic table,
and therefore, one may predict appropriate compounds that tailored to have all the necessary
distinctive attributes of a productive photovoltaic cell. To this end, in an effort to realize such a
material from first principles, here we predict perovskites through combinatorial optimization
and high throughput approaches. Various chemical filters have been applied to reduce the
screening of the data-sizes and computer intensive calculations. The results are encouraging. The
theoretical high throughput workflow developed and the results of the predicted perovskites will
be presented. The forces and the phonons of the crystals are calculated within the density
functional and density functional perturbation theoretical calculations. The band gaps are
accurately estimated using range-separated and quasiparticle schemes.
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First-principles calculation of magnetism and
magnetocrystalline anisotropy in antiferromagnetic
semiconducting chalcopyrite
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Transition-metal sulfides are an important class of Earth materials with a fascinating
diversity

of

structure

types

[1]

that

exhibit

a

host

of

technologically

relevant

electronic, magnetic, and catalytic properties. Because of the prominent role of
sulfides as a source of nonferrous metals, the oxidation state of metals in these
compounds has been extensively used in order to rationalize their fundamental crystal
properties, the processes of mineral formation and breakdown, mineral processing, and
their participation in environmental contamination associated with mining activities.
However, it is surprising to find that, after numerous studies, there is still some debate
on the assignation of oxidation states in a common mineral of prominent economic
relevance such as chalcopyrite with the high Neel temperature (TN = 823 K), which
represents the bulk of the world supplies of copper [2].
The most common naturally occurring ternary sulphide system is that containing
copper, iron and sulphur. The ternary chalcogenide compounds have recently attracted
great attention due to their important physical and chemical properties and promising
potential applications in solar power engineering and spintronics [3, 4, 5].
We present the results of electronic structure, magnetism and magnetocrystalline anisotropy of
antiferromagnetic (AFM) semiconducting chalcopyrite (CuFeS2) by the first-principles method

within the framework of the spin- polarized density functional theory (DFT) using the Quantum
Espresso packages. For the magnetocrystalline anisotropy energy, the calculation of noncollinear
magnetism was performed using the Force Theorem. We predicted the lattice parameters, bandgap and atomic magnetic moment of the most stabilized ground state of AFM. We computed the
magnetic anisotropy energy (MAE) of bulk and thin films, and our results agree with the results
of neutron measurements.
References
1. Hulliger F (1968) Struct. Bonding (Berlin) p 83
2. Pearce C I, Pattrick R A D, Vaugham D J, Henderson C M B and van der Laan G (2006)
Geochim. Cosmochim. Acta 70 4635
3. DiSalvo F J (1990) Science 247 649
4. Alivisatos A P (1996) Science 271 933
5. Heath J R, Kuekes P J, Snider G S and Williams R S (1998) Science 280 1716
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Ab-initio energetics of graphite and multilayer graphene:
stability of Bernal versus rhombohedral stacking
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There has been a lot of excitement around the observation of superconductivity in twisted bilayer
graphene, associated to flat bands close to the Fermi level. Such correlated electronic states also
occur in multilayer rhombohedral stacked graphene (RG) [1,2], which has been receiving increasing attention in the last years. However, multilayer stacked Bernal graphene (BG) occurs more
frequently in both natural and artificial samples, making it desirable to determine under which
conditions RG might be favored [3]. Here, we study the energetics of BG and RG in bulk and also
multilayer stacked graphene using first-principles calculations [4]. It is shown that the electronic
temperature, not accounted for in previous studies, plays a crucial role in determining which phase is
preferred. We obtain that energy di↵erences between BG and RG are of the order of 0.01 meV/atom,
and justify why they are so small. We also show that the low energy states at room temperature
consist of BG, RG and mixed BG-RG systems with a particular type of interface. Energies of all
stacking sequences (SSs) are calculated for N = 12 layers, and are fit with an Ising model that
uses only a few parameters and transfers to larger N. Our work clarifies inconsistent results in the
literature, and sets the basis to studying the e↵ect of external factors like curvature, doping or an
electric field on the stability of multilayer graphene systems in first principles calculations.

[1] D. Pierucci, H. Sediri, M. Hajlaoui, J.-C. Girard, T. Brumme, M. Calandra, E. Velez-Fort,G. Patriarche, M. G. Silly, G. Ferro, V. Soulire, M. Marangolo, F. Sirotti, F. Mauri, and A. Ouerghi, Evidence for
flat bands near the Fermi level in epitaxial rhombohedral multilayer graphene, ACS Nano 9, 5432 (2015).
[2] H. Henck, J. Avila, Z. B. Aziza, D. Pierucci, J. Baima, B. Pamuk, J. Chaste, D. Utt, M. Bartos, K.
Nogajewski, B. A. Piot, M. Orlita, M. Potemski, M. Calandra, M. C. Asensio, F. Mauri, C. Faugeras, and
A. Ouerghi, Flat electronic bands in long sequences of rhombohedral-stacked graphene, Physical Review
B 97 (2018), 10.1103/physrevb.97.245421.
[3] J. P. Nery, M. Calandra, and F. Mauri, Long-Range Rhombohedral-Stacked Graphene through Shear,
Nano Lett. 20, 50175023 (2020).
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Abstract

Single nanoporous graphene structures

Double nanoporous graphene structures

Density-functional theory (DFT) has been used to calculate the electronic structures and
magnetization in nanoporous graphene. We consider single nanopore (consisting of up
to ten vacancies) and interacting nanopores (consisting in vacancy pairs, divacancy pairs
and vacancy-divacancy pairs) separated at varying distances. We have notice that the
interactions between the nanopores weaken as their separation distance increase and
the formation energy tends to the value of single nanopore whereas the magnetic moment tends to the sum of individual ones. We proposed an empirical model for predicting
the total magnetic moment as a function of nanopore size. This model is able to predict
the magnetic moment of small and large nanopore sizes.
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• Interaction between the nuclei and the electrons is modeled by ultrasoft pseudopotentials [4], and the exchange-correlation functional is modeled GGA-PBE [3].

• A 10a ⇥ 10a ( a = 2.46 Å) hexagonal graphene supercell of 200 carbon atoms to
model our nanoporous defects.

• Two different nanoporous graphene structures containing single nanopores Si i = 1,

2, 3, ...10 and those with double nanopores SiSj (i, j) = (1, 1), (1, 2), (2, 1), (2, 2) .
The indices i and j stand for the number of carbon vacancy.

Result and discussion

Fig.2 : Spin density distribution around single nanoporous graphene structures. The nanoporous structure Sa6 differts to Sb6 by the geometrical form. (Right) Spin density
distribution around the double nanoporous structures. [5].)

The calculated Local partial Density of states (LPDOS) of carbons atoms neighboring the
nanopore, the 2p and 2s orbitals of S1, S3, S5, Sb6, S7, S8, S9 and S10 nanostructures exhibit
asymmetric DOS between spin-up and spin-down electrons. This can be explained by the fact
that electron spins of carbon atoms neighboring each nanopore are aligned by exchange interactions which leads to a magnetic moments of 1.22, 1.01, 1.06, 5.96, 5.23, 4.06, 7.51 and 8.08 µB ,
respectively.
and ⇡ dangling bonds remains after the creation of the nanopores are responsible of the induced magnetism. The structures S2, S4 and Sa6 the 2p and 2s orbitals exhibit perfect symmetrical
spin-up and spin-down DOS,

We calculate the formation energy of all our structures and we obtain values in agreement
with others DFT calculations. Throught the sum of local partial density of states (LPDOS)
calculations and the electron spin density of all our structures we notice the extent of
Carbon vacancies on the electronic and magnetic properties of graphene.
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Fig. 4: Sum of local partial density of states (LPDOS) 2p and 2s for the carbon atoms surrounding each single
1

nanopore belonging to S1 S1 , S1 S1 , S1 S2 , S2 S2 , S1 S1 and S1 S11 . (L) and (R) stand for the left and right nanopores in
these double structures

The formation energy is lesser than that of single nanopore.
However, as the separation between nanopore increases, the formation energy
tends to that of isolated nanopore.
The structure S1S1 is made of single magnetic nanopores S1 but it’s has zero magnetic moment (see Fig. 4).

Conclusion
• Induced magnetism by carbon vacancy defects in single and interacting
nanopores is related to the presence of and ⇡ dangling bonds resulting from
the creation of the vacancies making up the nanopores.

• Our empirical model predicts the total magnetic moment in single nanoporous

9

graphene in good agreement with the DFT values.

DFT curve
Empirical curve

• The interactions between nanopores in graphene play a fundamental role in
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• The magnetic properties of individual nanopores participating in the interactions appear to also have an impact on the magnetization.
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Fig. 1: Magnetic moments calculated from DFT (black curve) and obtained from the empirical equation (2) (red curve). [5]

We establish a relationship between the single nanoporous graphene ground-state magnetic moment and the number of dangling bonds presents in the nanopore by an empirical
equation :
µVn = NDB 1 + |✏Vn | µB
(1)

The computational resources are provided by the Center for High Performance
Computing (CHPC) in South Africa through the MATS0988 project.

References

NDB is the number of carbon atoms containing the dangling bonds, µB is the Bohr magneton and ✏Vn a dimensionless real number (|✏Vn | < 1), calculated as function of vacancy
defects’s number n :
✏Vn = exp( n/a0)
a0 = 0.509306, a1 =
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a2 ⇤ sin(⇡ n + a1) + a3

0.123454, a2 = 0.204424 and a3 = 0.04.

(2)

Moreover, our model is applies for large nanopore sizes and give good results, this has
been tested for 22, 30 and 40 nanopores sizes and were in agreement with DFT results
(see Table I).
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29 (46) (2017) 465901.
[3] John P. Perdew, Kieron Burke, et al. Generalized gradientn approximation made simple, Phys. Rev. Lett. 77 (18) (1996) 3865.
[4] David Vanderbilt, Soft self-consistent pseudopotentials in a generalized eigenvalue formalism, Phys. Rev. B 41 (11) (1990) 7892.
[5] F. B. S. Nkou, D. H. Douma, et al., Theoretical insights into magnetization in graphene containing single and interacting nanoporous defects,
Physica E: Low-dimensional Systems and Nanostructures 128 (2020) 114564

P102

P103

P104Title – Effect of electron-phonon interaction on
Transport Properties of Lead Iodide(PbI2) Monolayer
author- Vineet Kumar Pandeya Prasenjit Ghoshab
[a] – Department of physics, Indian Institute of science education and research, Pune, India
[b] – Centre for energy sciences, Indian institute of science education and research, Pune, India

AbstractElectron-phonon interaction affects the dynamics of electrons in the crystal through
renormalization of band structure and scattering of charge carriers. The real part of
electron self-energy (Σnk) provides estimates of the band structure renormalization
while the relaxation time (τ, measure of scattering of carriers by phonons) is
obtained from the imaginary part of Σnk . These effects are known to be large for
ionic materials. However, when computing transport properties of solids using
Boltzmann transport equation, typically the effect of band structure renormalization is
neglected. Moreover, τ is also estimated using deformation potential theory where the
effect of carriers coupling with optical phonons are usually neglected.
In this work, in order to systematically understand the effect of these approximations
on the transport properties of ionic solids, we have studied the effect of electronphonon coupling (EPC) on transport properties of a monolayer of PbI2 . PbI2 is
chosen because it has very low thermal conductivity and a high density of
states(DOS) at the valence band (VB) edge which might make it a plausible candidate
for thermoelectric applications.
In this work, using Quantum ESPRESSO software, which is an implementation of
density functional theory (DFT) and electron-phonon Wannier (EPW) code, we have
studied the effect of electron-phonon interactions on electronic band structure and
transport properties of PbI2 monolayer. We notice that electron-phonon interactions
significantly modifies the band structure and reduces the bandgap for PbI2 monolayer
owing to the strong coupling of the optical vibrational mode where motion
corresponds to compression and expansion of the monolayer in the direction normal
to its plane. These are further enhanced with the increase in temperature owing to the
increase in phonon population. This leads to strong carrier scattering which results in
reduced carrier relaxation time at high temperature. From the calculation of the
transport properties with the renormalized band structure, we notice that a significant
amount of electrical conductivity can be achieved even upon low doping. Further the
electrical conductivity upon heavy doping owing to suitable modification in the band
curvature. Unlike electrical conductivity, band gap renormalization reduces Seebeck
coefficient significantly in the low doping region. Further decrease of Seebeck
coefficient is obtained as we go for heavy doping due to strong electron-phonon
interactions. The thermoelectric power factor of PbI2 monolayer is significantly
enhanced owing to the increase in electrical conductivity.

Thus our results reveal that it is crucial to include electron-phonon interaction in
transport properties of PbI2 monolayer.
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Mixing cations is a successful perovskite synthesis strategy to improve the perovskites’
thermodynamic stability as well as their crystallographic phase and lattice parameter control [1,2].
Unfortunately, the relation between a given cation mixture and the associated structural deformation
is not established linearly, hindering the identification of adequate chemical compositions from
achieving optimal photovoltaic performance. Such challenges to control the synthesis of cubic-phase
perovskites arise from the fact that local distortions and microscopic disorder influence the structural
stability, besides, in some cases, phase segregation.
Material synthesis acceleration is nowadays surging due to exploring chemical composition spaces
guided by machine-learning (ML) models. In this work, we have built an extensive database of mixedcation perovskites based on planewave density functional theory calculations followed by an iterative
training of ML models based on increasingly large and diverse chemical compositions aiming at
perovskite synthesis acceleration. Halide perovskites (A! A(#$!) "X& ) consist of the monovalent cation
(A and A' or their mixtures), divalent metal cation (M), and halide (X). Our supercells were built by
varying the ratios of the A/A′-cations mixture by using 2 × 2 × 2 supercells consisting of up to 104
atoms. Our database consists of 1864 unique compositions and accounts for all the relevant local
distortions of the BX6 octahedra induced by the cation mixture. We will discuss the performance of
different models by applying linear regression, XGBoost as well as Neural network. Our optimal ML
model allows us to determine the cubic phase stability at a given cation mixture regardless of the
various cations' pair and concentration, even assessing very dilute concentrations [3]. We validated the
optimal ML model by comparing the synthesized perovskite thin-films by analyzing them with XRD,
SEM, absorption spectrum. Our work illustrates that an efficient ML modelling approach can
significantly guide conventional or self-driving autonomous experimental laboratories that adopt this
strategy for novel materials discovery.
Acknowledgements: This work is sponsored by the Qatar National Research Fund (QNRF) through the National
Priorities Research Program (NPRP8-090-2-047 and NPRP12S-0209-190063) and by the Qatar Environment and
Energy Research Institute (FE). Computational resources have been provided by the research computing group at
Texas A&M University at Qatar. We are grateful to QEERI core labs for the XRD and SEM characterizations.
[1] Park et al. “Importance of Structural Deformation Features in the Prediction of Hybrid Perovskite Bandgaps”
Comput. Mater. Sci., 2020, 184, 109858. https://doi.org/10.1016/j.commatsci.2020.109858
[2] Ali et al. “Machine Learning Accelerated Recovery of the Cubic Structure in Mixed-Cation Perovskite Thin
Films” Chem. Mater., 2020, 7, 2998. https://dx.doi.org/10.1021/acs.chemmater.9b05342
[3] Park et al. “Data-driven Enhancement of Cubic PhaseStability in Mixed-cation Perovskites” Machine Learning:
Science and Technology, 2021 https://doi.org/10.1088/2632-2153/abdaf9
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Abstract

Inorganic perovskites are nowadays studied extensively because of their unique photovoltaic properties. Here study of band
structures, total density of states (TDOS), partial density of states (PDOS) and vibrational properties of CsPbCl3 and Mndoped CsPbCl3 monolayers have been done from density functional theory (DFT) point of view. The absence of imaginary
frequencies in the phonon dispersion curve of unit cell of CsPbCl3 monolayer shows its dynamical stability. The wide
bandgap of CsPbCl3 monolayer limits its application as absorber layer in solar cells. Therefore, in order to reduce the
bandgap of this monolayer Mn has been doped at Pb-site, which not only reduces the concentration of toxic Pb but also
decreases the band gap of the monolayer. Reason behind reduction of band gap in Mn-doped CsPbCl3 monolayer is the
creation of intermediate states due to Mn-3d state. Also the efficiencies of CsPbCl3 and Mn-doped CsPbCl3 monolayers have
been obtained using Shockley-Queisser (SQ) limit and is seen that efficiency of Mn-doped CsPbCl3 monolayer is quite
enhanced compared to pristine CsPbCl3 monolayer.

Computational Details

(a)

• SIESTA code
• Calculations of exchange and correlation energies
using GGA-PBE.
• Double zeta polarization.
• 10x10x1 Monkhorst k-grid and energy cut-off 300
Ry.
• Optimization of monolayers until force on each
atom was less than 10-2 eV/Å.

Materials
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Voc (eV)

ƞ (%)

CsPbCl3
monolayer

9.94

2.84

2.48

Mn-doped CsPbCl3
monolayer

526.10

0.62

25.99

(a)

J-V characteristics

Crystal structure
(b)

Top view

Vibrational property

Top view

Side view
Side view
Fig 1: (a) Top and side view of CsPbCl3
monolayer. (b) Top and side view of Mndoped CsPbCl3 monolayer. Here Mn is
doped at Pb-site.

Fig 2: Phonon dispersion curve
of 2D- CsPbCl3.

Band structure, TDOS and PDOS
(a)

(b)

(b)
Fig 3: Band structure, TDOS and PDOS of (a) CsPbCl3 monolayer and (b) Mn-doped CsPbCl3 monolayer.

Conclusions

Fig 3: J-V characteristics and Power
density of (a) CsPbCl3 monolayer and
(b) Mn-doped CsPbCl3 monolayer.

• Thus it is seen that the doping
of Mn at Pb-site in CsPbCl3
monolayer not only decreases
the concentration of toxic Pb
but also increases the value of
Jsc effectively which in turn
increases efficiency of Mndoped CsPbCl3 monolayer.
• Therefore, it can be said that
Mn-doped CsPbCl3 monolayer
is
suitable
candidate
as
absorber layer in solar cells.
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Half-metallic ferromagnetism in XRuMnGa (X = Co & Ni) quaternary
Heusler alloys -DFT study by using generalized gradient approximation
(GGA) and modified Becke Johnson (mBJ) methods
Roshme P
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Abstract
The structural, electronic and magnetic properties of quaternary Heusler XRuMnGa (X = Co & Ni)
alloys have been studied using FP–LAPW method within (GGA) and (mBJ) approximations. From the
spin polarised total energy calculations, it is found that both the alloys XRuMnGa (X= Co & Ni) are
stable in ferromagnetic (FM) phase. The spin-polarized energy bands of these alloys show that the
majority spin channel has metallic nature and the minority spin channel has a semiconducting nature.
Among the GGA and mBJ approximations used, mBJ approximation is found to enhances the band gap
value. The obtained results show that CoRuMnGa and NiRuMnGa has a minority band gap of 0.063eV
and 0.077eV with a half-metallic gap of 0.016eV and 0.014eV respectively. The total magnetic moment
for CoRuMnGa and NiRuMnGa are 3.0 µB and 4.0 µB per formula unit respectively at their equilibrium
volume. The integer magnetic moment confirms half-metallicity. Investigation of density of states of
these compounds indicates that the magnetic moment mainly originates from the strong spinpolarization of 3d like states of Mn and partial contribution of 3d electrons of both Ru, Co and Ni atoms.
From the calculated properties CoRuMnGa alloy shows promising feature for spintronics applications.
Keywords: spintronics, quaternary Heusler alloys, half metallic ferromagnetic.
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Tunable spin Hall and spin Nernst effects in Dirac nodal line semimetals
XCuYAs (X=Zr, Hf; Y=Si, Ge)
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XCuYAs (X=Zr, Hf; Y= Si, Ge) compounds have unique physical properties ranging
from p-type transparent semiconductors to iron-based superconductors. So, we have
studied the electronic structure, spin Hall and spin Nernst effects in these compounds
based on DFT calculations. First, we have found the nonsymmorphic symmetryprotected Dirac line nodes along the Brillouin zone boundary A-M and X-R for the
XCuYAs compounds having low density of states near the Fermi level. Second, the
spin Hall and spin Nernst conductivities in some of these compounds are found to
be large, e.g., the SHC and SNC (at room temperature) of HfCuGeAs are found to
be as large as -514 ( / )(S/c ) a d -0.73 ( / )(A/ -K), respectively. Also, the
magnitude and sign of the SHC and SNC can be tuned via changing either applied
electric field direction, spin current direction or by chemical doping or gating. A
detailed analysis of the band-decomposed and k-resolved spin Berry curvatures
reveals the origin of the such large values of SHC and SNC among these set of
materials. Spin-orbit coupling gapped Dirac points near the Fermi level as well as
gapless Dirac line nodes are the main source of origin for the XCuYAs compounds
in exhibiting large spin Hall and spin Nernst conductivities. In conclusion, our
findings thus not only provide a valuable platform for the interplay between band
topology, SHE and SNE in the XCuYAs compounds, but they also have promising
applications in spintronics and spin caloritronics.

Reference :1. Babu Baijnath Prasad and Guang-Yu Guo*, Tunable spin Hall and spin
Nernst effects in Dirac line-node semimetals XCuYAs (X=Zr, Hf; Y=Si,
Ge), Phys. Rev. Materials 4, 124205 (2020).
[DOI: 10.1103/PhysRevMaterials.4.124205]
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Introduction
The growing resistance developed by bacteria to medicines is a problem that involves every social stratum; therefore, the development of new and effective antibacterial components is of vital importance for our society. Sesquiterpene lactones (STL) are a group of secondary metabolites isolated from plants that have shown
a wide spectrum of biological activities including antimicrobial, antifungal, anti-inflammatory and anticancer. Unfortunately, the experimental methods to study the
effectiveness of plant-based antibiotics are expensive and time consuming. An alternative to tackle these limitations is performing in silico studies of these
molecules in order to predict their antibacterial activity. In this work computational studies combines quantum mechanical calculations at both levels semiempirical tight binding and ab~initio density-functional theory (DFT) with appropriated hybrid functionals to predict the most energetically favorable conformers,
their atomic and electronic structure, and physical chemical properties of the molecules. These computed values are processed on a quantitative structure-activity
relationship (QSAR) models considering antibacterial activity. The obtained results on the training set of the sesquiterpene lactones molecules will allow us to
propose and find more effective anti-bacterial sesquiterpene lactones-based compounds.

Methods
Twenty STL were selected based on the available documentation on the
general structure of each molecule and its antibacterial activity. The first
step is to computed the energetically favorable conformers and rotamers
of each molecule using the Conformer Rotamer Ensemble Sampling
Tool (CREST) code that implements an efficient semi-empirical quantum
mechanical method and xTB tight-binding method [1]. Since there can be
several conformers for a molecule, those with more statistical weight
and lower energy (most energetically favorable) were selected. Once the
conformers have been identified, each selected structure is computed
using ab~initio density-functional theory (DFT) as implemented in the
ORCA [2]. The level calculation used hybrid functional B3LYP within the
RIJCOSX approximation with def2-TZVPP basis set, def2/J auxiliary basis
set and D3 for atom-pairwise dispersion correction. The obtained results
were used to perform QSAR models which are a smart multidimensional
fitting process capable to provide reliable predictions on the biological
activity of these molecules on MRSA. In order to get the best fitting,
different combinations of descriptors are performed giving different
equations and correlation coefficient. Finally, the selected model will
depend on the correlation coefficient and the relation between
descriptors and toxicity.

Results
Different QSAR models were carried out using different combinations of 2
descriptors. Eq 1 is the equations of the most accurate QSAR model and is
sketched in Fig 1. the equation was:
𝒈 𝑴𝑹𝑺𝑨

,

,

∗ 𝑯𝑶𝑴𝑶

,

𝒆

∗ 𝑬𝒈

Eq 1. Resulting equations of the best fitting process.

Fig 1. Graphic of the multilinear regression (Eq 1)

Results

Conclusions and future work

After full relaxation, the electronic structure was computed to obtain: the
total energy, the electronic energy, the core core repulsion energy, the
energy of the highest occupied molecular orbital (HOMO), the energy of the
lowest unoccupied molecular orbital (LUMO), the HOMO-LUMO energy gap
(Eg), the dipole moment (p), the quadrupole moment (Q) and the
polarizability . All these values are tabulated in Table 1.

The calculations for the twenty molecules were carried out using xTBCREST and the most energetically favorable conformers were selected
and computed with ab initio DFT using ORCA at B3LYP level.
The internal energy, dipole moment, quadrupole moment, polarization,
electronic energy, nuclear repulsion, HOMO, LUMO and gap energy
were calculated.
The quantum mechanical computed properties are combined with
experimental values of biological activity in a quantitative structureactivity relationship modeling (QSAR) [3].
Preliminary QSAR results tested a variety of combinations which criteria
used only two independent descriptors according to Table 1.
Interestingly, among all the tested models, the best yields a R2 0,52
that correlates HOMO energy and HOMO-LUMO energy as descriptors.
These results suggest a relation between band gap energy and the
mechanism of toxic actions: the smaller the band gap the easier is to
detach one electron from the molecule that could migrate inside the
bacteria producing free radicals that can damage and eventually
contribute to kill the bacteria.
Finally, the development of more affective descriptors to better
describe the toxicity of Sesquiterpene lactones is needed; we are aware
that more extensive exploration of parameters is needed to find the
best correlation with the observed toxicity, this work is underway.
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Table1. DFT-B3LYP computed properties for selected conformers of studied molecules:
total energy ET, dipole moment p, quadrupole moment Q, polarizability
electronic
energy Ee, core core repulsion energy Ec c, HOMO, LUMO, HOMO-LUMO energy gap
Eg. In this table, p, Q and are in a.u. and the energies in Eh
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Abstract

Introduction

In this study, we have investigated the geometrical and electronic properties of
penta-PdX2 (X=As, P) using density functional calculation. The electronic structure
calculations show that the penta-PdAs2 and PdP2 are semiconductors with direct
band gaps of 0.34 eV and 0.30 eV, respectively. The dynamical stability of pentaPdX2 monolayer is proved by the absence of imaginary frequencies in the phonon
dispersion curve. By applying a biaxial strain (for PdAs2 : - 6% to +6% and for PdP2 :
-5.5% to +5.5%) on the monolayer, the effective mass and band edges are tuned
effectively. Remarkably, the range of penta-PdX2 carrier mobility was obtained in
an extremely high ~ 5,4 ,000 cm2 v-1 s-1 for holes and 43,120 cm2 v-1 s-1 for
electrons. Our work would stimulate the fabrication of penta-PdX2 monolayer and
it is envisioned that it is an appropriate future candidate for optoelectronic and
ultra-fast electronic applications.

Research on 2D materials has grown exponentially, due to their unique physical, electronic, chemical and optical properties.
From the last two decades, many of the 2D materials such as transition metal dichalcogenides (TMDCs), hexagonal boron nitride
(h-BN), silicene, phosphorene and arsenene have been explored for nanodevices applications.
Jing et al.1 have reported the carrier mobility of GeP3, 8.84 ×103 cm2 v-1 s-1 for holes and 8.48×103 cm2 v-1 s-1 for electrons.
Yao et al.2 have also predicted the carrier mobility of SbP3 and GaP3 monolayer, where SbP3 monolayer has high electron
mobility of 1600 cm2 v-1 s-1 and 2700 cm2 v-1 s-1 along the armchair and zigzag directions, respectively.
Generally, these 2D materials exhibit the hexagonal phase. Nevertheless, 2D materials fully constructed have been reported in
the pentagonal structure having unique electronic and optical properties such as high carrier mobility.
Therefore, it is now the right time to investigate other novel two dimensional materials, which also have a moderate band gap,
higher carrier mobility and other imperious properties.
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Figure 1. (Colour online) Electronic band structure and total density of states (TDOS). (a) For penta-PdAs2 monolayer
and (b) for penta-PdP2 monolayer. The partial density of states (PDOS). (c) For penta-PdAs2 monolayer and (d) for pentaPdP2 monolayer. The Fermi level (EF) is shifted at the zero energy as represented by the red dashed line. Figure 2.
Energy band gap vs Strain %.
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In conclusion, we have explored the geometrical and electronic properties of penta-PdAs2 and penta-PdP2
monolayer with the first principles simulations. The positive phonon frequencies establish i s dynamically stability. The
PdX2 (X= As, P) is a semiconductor with a direct narrow band gap of 0.30 and 0.34 eV, respectively.
The density of states of the valence band is mainly formed by the d orbital of the Pd metal atom and p state of X-atom in
the PdX2 monolayer. The electronic and optical properties could be affectively tuned by the applied biaxial strain.
The hole mobility (~ 5.499 x105 cm2 v-1 s-1 ) of PdAs2 is much higher than the electron mobility of PdAs2 monolayer and
difference between both carrier (electron or hole) mobilities is beneficial for separation of carriers in the photocatalytic
applications.
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𝛾’-Fe4N is a magnetic alloy with a highly symmetric cubic structure that has been studied for
decades and is applied, for instance, as a coating on steel and as a component in magnetic
devices [1]. An analysis of the phonon band structure under applied pressure has recently
pointed out a structural instability (soft mode), resulting in a phonon-induced phase transition at a
few GPa [2]. The analysis in Ref. [2] is ambiguous in some respects, and therefore we performed
an exhaustive analysis of all distortions that are consistent with the soft modes. Several of them
were found to be stable and have energies that compete with the high-symmetry ground state
structure at zero pressure. A scrutiny of these crystals shows that 𝛾’-Fe4N can lower its energy
either by displacing some atoms or by modulating the magnetic moments, often opting for a
combination of both. The total magnetization of these distorted cells is significantly smaller than
that of the stable phase at 0 GPa 𝛾’-Fe4N. In addition, it is suspiciously close to the
experimentally observed magnetization. Therefore, we speculate that these reduced-symmetry
solutions may be relevant for the experimentally observed Fe4N phase as well.
This work is being carried out by an ad hoc consortium of 20 former participants of an open
online course on computational materials physics [3,4], as a spin-off of a course project that
turned out to have particularly interesting results.
[1] E.L. Peltzer y Blancá et al., Phys. Status Solidi B 246 (2009) 909–928 (2009)
(https://doi.org/10.1002/pssb.200844401)
[2] T. Cheng et al., Journal of Magnetism and Magnetic Materials 451 (2018) 87–95
[3] www.compmatphys.org
[4] https://youtu.be/LqoXYCDu-kw
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I

d c

Titanium oxide is an important transition metal oxide due to its
photocatalytic properties; however, there are still problems in
the use of TiO2 as a photocatalyst due to its wide bandgap. Experimental and theoretical studies of nanoclusters can be very
helpful in the understanding and prediction of catalytic properties of nanoparticles (1 . Nanoclusters will be studied combining semi-empirical density-functional tight-binding (DFTB with
ab initio density-functional theory (DFT methods to resolve the

most stable nanocluster topology, related to the number of TiO2
units contained. Molecular dynamics simulations are ap- plied to
resolve the most likely atomic structure of (TiO2 n (n , , , ,
nanoclusters. The electronic structure of the most likely candidates is computed using ab-initio DFT at the level of hybrid functional B LYP. Physical-chemical properties like formation energies, dipole moment, quadrupole moment, polarizability, HOMO,
LUMO and zero-point energy will be predicted.

M ec a D

Me h d
Calculations were performed using Gaussian basis wave functions in XTB (2 , a semi-empirical quantum mechanical program to obtain sets of stable structures for each cluster. Molecular dynamics (MD at room temperature (T
. K were
implemented for ns with time step fs. The most energetically stable structures were selected for each phase of the MD,
each of them was topologically different.
Afterward, relaxations were performed implementing
ORCA, an ab initio molecular dynamics (AIMD DFT and
semiempirical SCF-MO package (3 , along with the B LYP hybrid functional which consist of Becke’s three-parameter exchange functional and correlation functional of Lee–Yang–Parr
(4 . The calculations were performed at T
K, relaxing different sets of stable structures per cluster of (TiO2 )n (n
, , ,
,
arranged in different configurations.

TiO2 c

e

c

a ic

With the implementation of the molecular dynamics at room
temperature ( T
. K we were able to obtain the most
energetically stable structures in each of the phases per cluster.

e

Titanium Oxide nanoparticles are able to arrange in different
cluster configurations.
(a

(b

(c

Figure . a : c ; b : f ; c :

(d

j ; TiO2 cluster molecular dynamics.

As we see in Fig. , after the energy equilibrium the structure
stabilizes to a range of energies for a period of time, in which
the structure remains with a certain topologically. Then,
occurs a phase transition, where we observe a lowering in the
range of energies and a change in their topology.

C

c

i

With the implementation of Molecular dynamics at room
temperature (T
. K on TiO2 clusters we were able to
obtain different topological phases for each structure. After a
relaxation (T
K of the phases, we could observe the role
of the zero-point energy on the determination of the stability
of the cluster in relation to their computation of the total
energy. We observed that zero-point energy increases with
the size of the clusters due to the modes of vibration.

Figure . Before (up and after (down MD phase transition in xTB package.
a : ( ; b : ( ; c : ( ; d : ( TiO2 cluster structures.

The systems are named after the number of TiO2 atoms
present in the cluster, and a label next to it, to distinguish configurations with an equal number of atoms.
The original cluster structures (Fig. (up were extracted
from Arab. et al (1 , and Fig. (down clusters are the result of
the topological phase transition in MD at room temperature.

Re
Though a relaxation at zero Kelvin (T
K we were able to compute the results displayed in Table . Different topological phases
per cluster are labeled with a, b, c, d, depending on the order they appeared during the molecular dynamics time. The total energy
displayed is the result of the combination of electronic, ionic, and zero-point energy.
Table . DFT B LYP computed values of the Total Energy(Etot , Dipole moment(D , Quadrupole moment (Q , Isotropic polarizability (P , Electronic Energy (Eelec ,
Nuclear repulsion (NR , HOMO, LUMO and Zero point energy (ZPE , for TiO2 clusters set up in different configurations.

System
c a
c b
f a
f b
f d
f a
f b
f c
g a
g a
g a
g b
h a
h a
h a

Etot (Eh
.
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.
.
.
.
.
.
.
.
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.
.
.
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.
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.
.
.
.
.
.
.
.
.
.
.
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P (a.u.
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.
.
.
.
.
.
.
.
.
.
.
.
.
.

Eelec (Eh
.
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.
.
.
.
.
.
.
.
.
.
.
.
.

NR(Eh
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

HOMO(Eh
- .
- .
- .
- .
- .
- .
- .
- .
- .
- .
- .
- .
- .
- .
- .

LUMO(Eh
- .
- .
- .
- .
- .
- .
- .
- .
- .
- .
- .
- .
- .
- .
- .

ZPE (Eh
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

The most energetically stable topological phases with respect to their own cluster are c b, f a, f c, and g a, meanwhile, the
most stable clusters with the same number of atoms are c , f , g , and h . Also, the difference in zero-point energy between
phases is of the order of . eV and it reduces with the increase of the cluster size.
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Using density functional theory combined with the semi-classical Boltzmann transport theory, we
have investigated structural, electronic and transport properties of a van der Waals (vdW) vertical
heterostructure (HS) of BiI3 and ZrS2. We find that the elastic constant of the heterostructure is
larger than the individual monolayers. Electronic structure calculations reveal that HS has a direct
band gap of 1.2 eV which is smaller than the monolayers. The interaction between the layers results
in subtle changes in the electronic properties of the heterostructure such that its transport properties
are also affected. We have used deformation potential theory together with the effective mass
approximation to compute relaxation times (τ) of charge carriers in HS and monolayers. We find
that τ of electrons is significantly increased in HS compared to monolayers. As a result, for electron
in HS, the power factor is about two and hundred times larger than that of a monolayer of ZrS 2 and
BiI3, respectively. This indicates that the maximum power output from a thermoelectric device
made of n-doped heterostructure is larger than that obtained from the individual components. This
suggests that this novel heterostructure might be a plausible candidate for n-type thermoelectric.
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transition metal trichalcogenide TiS3
Jose Angel Silva Guillén1, Enric Canadell2, Pablo Ordejón3, Francisco Guinea4,
Rafael Roldán5
1
School of Physics and Technology, Wuhan University, Wuhan 430072, China
2
Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Campus Bellaterra, 08193 Bellaterra,
Barcelona, Spain
3
Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC and The Barcelona Institute of
Science and Technology,Campus Bellaterra, 08193 Bellaterra, Barcelona, Spain
4
Fundación IMDEA Nanociencia, C/Faraday 9, Campus Cantoblanco, 28049 Madrid, Spain
5
Instituto de Ciencia de Materiales de Madrid, CSIC, Sor Juana Ines de la Cruz 3, 28049 Cantoblanco,
Madrid, Spain
Josilgui@gmail.com
Since the discovery of graphene in 2004, there has been a huge improvement in the fabrication and manipulation
of layered materials. Recently, the discovery that a monolayer of MoS 2 changes its electronic properties with
respect to the bulk brought much expectation in the scientific community towards the transition metal
chalcogenides (TMCs). The MX2 transition metal dichalcogenides (TMDCs) have been thoroughly studied both
experimentally and theoretically. Nowadays, TMCs with different chemical stoichiometries such as the transition
metal trichalcogenides (TMTCs) MX3 are also being intensely studied. Interestingly, TiS 3 has shown to have
cleavage energies close to that of graphite, showing that similar methods can be used to fabricate TiS 3
monolayers.
In the present work we explore the optoelectronic properties of TiS 3. Analysis of the band structure of TiS 3
single-layers suggests the possibility of changing their physical behavior by injecting electron carriers. The
anisotropy of the valence and conduction bands is explained in terms of their complex orbital composition. The
nature of the Fermi surface and Lindhard response function for different doping concentrations is studied by
means of first-principles DFT calculations. It is suggested that for electron doping levels x (number of electrons
per unit cell) ∼0.18-0.30e- the system could exhibit incommensurate charge or spin modulations which,
however, would keep the metallic state whereas systems doped with smaller x would be 2D metals without any
electronic instability. The effect of spin-orbit coupling in the band dispersion is analyzed. The DFT effective
masses are used to study the plasmon spectrum from an effective low energy model. We find that this material
supports highly anisotropic plasmons, with opposite anisotropy for the electron and hole bands.
Finally, we study the effect of strain in these properties. We find that the ellipticity of the valence band can be
inverted under moderate compressive strain, which is accompanied by an enhancement of the optical absorption.
It is shown that the strain tuning of the band anisotropy can be exploited to focus plasmons in the desired
direction, a feature that could be used to design TiS3 nanostructures with switchable plasmon channeling.
References
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ABSTRACT
The genesis of glass formation is one of the most intriguing problems of glass-forming liquids.
In the last three decades bulk metallic glasses have emerged as an important class of materials
due to its excellent physical properties compared to its crystalline counterparts. Understanding
the role of different physical factors affecting the glass-forming ability (GFA) of
multicomponent metallic glass-forming alloys has been a leading area of research in this field.
The GFA of multicomponent metallic alloys has been reported to increase significantly by a
small change in the concentration of the constituent elements[1]. As short- and medium-range
topological order evolves remarkably during the glass-formation in metallic alloys, the
chemical short-range order (CSRO) is expected to play an important role in stabilizing the
liquid alloys against crystallization. [2-4] CSRO can be studied with the help of the partial pair
distribution functions which can be obtained using the classical molecular dynamics (MD)
simulations. In the present work, we have carried out classical MD study of Zr 50Cu-xAlx (x =
5,10,15,20,25,30,40) liquid alloys to understand the effect of the change in composition on the
structure and the CSRO in these alloys. We also attempt to investigate the role of CSRO in
governing the GFA. CSRO has been characterized in terms the Warren-Cowley parameter [5].

References
[1] W. H. Wang, Prog. Mater. Sci. 52 (2007) 540.
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on Magneto-electric Multiferroics
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INTRODUCTION

OBJECTIVES
Understanding the mechanism of coexistance of
multiple ferroic orders in multiferroics.

Multiferroic materials are special class of solid
state compounds which are simultaneously
ferromagnetic, ferroelectric and often ferroelastic.

Investigate the multiferroic behaviour of Bismuth
ferrite(BiFeO3) based on Density Functional Theory

The coexistence of several ferroic order parameters
in such materials brings out novel physical
phenomena and offers possibilities for new
functional devices.

Figure showing possible coupling in multiferroics

Implementation of Modern Theory of Polarization
in the calculation of spontaneous polarization.
Electronic structure and band structure studies on
effect of doping at iron site by Cobalt (Co) in
BiFeO3 (BFO).

Multiferroics promises their potential applications
including sensors, data storage recording
technologies, random access multi-state memories,
energy harvesting and photo-voltaic technologies.

Kohn-Sham scheme

Density Functional Theory (DFT)
DFT is a powerful tool in computational material science for the calculation
of electronic, magnetic and structural properties of solids.

Conclusion

Many body Hamiltonian is given by

Studies on Bismuth ferrite (BiFeO3)
Electronic and
Band structure
calculation for
pure and Co
doped BiFeO3
Polarization Calculations

Pure BFO : 6 C/cm2
Co doped BFO : . 5 C/cm2
G – type
Antiferromagnetic
ordering is
observed in pure
Sample

CONCLUSIONS
Our studies indicates a band gap of 2eV. This confirms the
dielectric nature of the material.

Even though pure BFO is antiferromagnetic , Cobalt doping
enhanced its magnetic moment to 0.98 μB .
Our calculations confirm the increased magnetic and
ferroelectric properties in Bismuth Ferrite when Iron site doped
with Cobalt. We can conclude that the magneto-electric coupling
in BFO is enhanced by Co doping.
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CO2 capture, activation and dissociation on the Ti2C surface and Ti2C
MXene: the role of surface structure
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ABSTRACT
Atmospheric CO2 is one of the main components of the greenhouse effect. To overcome this problem there are ongoing efforts to convert CO 2 to some other useful and

harmless products. The capture, activation and dissociation of CO 2 are the preliminary steps in this process. In an effort to understand the role of surface
composition and structure in CO2 adsorption and dissociation, in this work, with the help of first principles density functional theory based calculations, we have
studied the same on the (100) surface of cubic Ti 2C and MXene (also the (0001) surface of trigonal Ti 2C). Our results show that CO2 undergoes barrierless
chemisorption on both of these surfaces with a preference towards (100) cubic Ti 2C. We attribute the reason for this to a lower value of the work function of the
(100) surface. Furthermore, on MXene, the barrier for CO 2 dissociation is lower compared to that on the (100) surface. Coverage dependent CO 2 chemisorption
studies on these two surfaces show that on the Ti 2C surface the CO2 molecules form clusters around the C-vacancies while on MXene they are uniformly spread
on the surface.

Ti2C SURFACES: STRUCTURE & STABILITY

COMPUTATIONAL DETAILS

Tihigh C

Electron ion interactions described via ultrasoft pseudopotential

Tilow C

●

PBE parameterisation of GGA exchange and correlation functional

Chigh C

●

DFT-D2 used for dispersion corrections

C low C

●

Energy cutoff of 55 Ry and 480 Ry used for wavefunction and charge density

●

Marzari – Vanderbilt smearing of width 0.007 Ry used

●

Spin polarised calculations for MXene. Vacuum separation of 15 Å and BZ
sampled by 9*9*1 Monkhorst-Pack k-point mesh. Antiferromagnetic ground
state having intralayer parallel and interlayer antiparallel spins.

(100)–Cubic

(0001)–Trigonal

MXene

(111)–Cubic
(0001)-Tr and MXene are the most stable
surfaces. This is followed by (100)–Cubic
and (111)–Tihigh C at C-poor and C-rich
preperation conditions respectively.

(100)–Cubic

Non magnetic calculation for Ti2C (100) surface. Vacuum separation of 16 Å
and BZ sampled by 6*6*1 Monkhorst-Pack k-point mesh.

●

CI-NEB used for finding minimum energy path. A minimum of 13 and 6 images
used for CO2 dissociation paths for MXene and (100) surface respectively.

●

Adsorption energy of species X on surface is calculated as,

(0001)
Trigonal
surface
is
structurally
similar
to
MXene.

Top view

●

Side view

DFT based Quantum ESPRESSO package

●

●

Eads = Etot(X/surface)-Etot(surface)-Etot(X)

C vacancy

Top Ti

CO2 ACTIVATION

C

Bottom Ti

CO2 DISSOCIATION
MXene

(100) Cubic

Å
Å
Å

MXene

°

Eads = -3.11 eV
Å
Å
Å
°

Eads = -3.03 eV

(100) Cubic

Å
Å
°

Paths 1 (or 4)-5-13-7 of MXene show a barrier of 0.13 eV during C-O
bond breaking and 0.11 eV during O diffusion. C-O bond breaking ocurs
with 0.12 eV barrier for paths 3 (or 2)-6-11 .
Eads = -4.39 eV
Charge transfer of 1.81 e and 2.25 e occur from MXene and (100) surface to
CO2 respectively. (100) surface has a lower work function hence has a higher
reducing capacity.

Top Ti C
C (CO2)
O

On (100) surface, activated CO2 undergoes C-O bond breaking with a
barrier of 0.28 eV, 0.15 eV higher than MXene. This is by virtue of
stronger binding of CO2 to (100) surface.

Bottom Ti

COVERAGE DEPENDENT ACTIVATION

CONCLUSIONS

MXene

●

●

(100) Cubic

●
●

CO2 molecules are more
or
less
uniformly
distributed on MXene
while they cluster around
C vacancy for (100)
surface.

On MXene : Till coverage is 0.33 ML, CO2
molecules do not interact. Above 0.33 ML,
repulsive interaction is seen.
On TiC (100) : Attractive interaction till 0.25
ML and repulsive interaction thereafter.

CO2 activation and dissociation was studied on (100) cubic Ti 2C surface and MXene to understand
the effect of surface structure.
CO2 activation requires no barrier on both substrates and has a stronger binding to (100) surface
due to lower work function.
CO2 dissociation requires higher activation energy on (100) surface because of its stronger binding.
As coverage increases CO2 molecules are more or less uniformly distributed on MXene while they
cluster around C vacancies on the (100) surface.
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Perovskite oxide present a wide range of composition and physical properties, that
have been extensively studied. Recently, a conceptual breakthrough – the discovery of
the quasiperiodic order in ultra-thin perovskite films [1] – reinvigorated the field, and
raised the question of the reasons behind the emergence of the quasiperiodic order in
these systems. In this work, starting from the structural model derived for the
BaTiO3/Pt(111) approximant [2], the structural, thermodynamic, electronic, and
magnetic properties of freestanding two-dimensional oxide quasicrystalline
approximants as well as their characteristics when deposited over metallic substrates,
are systematically investigated to unveil the structure-properties relationships within
the series. Our thermodynamic approach suggests that the formation of such aperiodic
systems is likely for a large range of compositions. Electronic effects are identified as
the main driving force for their formation, while the effect of size-mismatch appears to
be weak. The control of the magnetic properties and the work functions of these
metallic supported ultrathin oxide films is achievable by tuning their chemical
composition. Our results provide well-founded general guidelines for the discovery of
new oxide quasicrystalline ultra-thin films with interesting physical and chemical
properties.

Figure : (a) Structure of the 2D oxide quasicristalline approximant BaBO 3/Pt(111) (top
view); (b) Adhesion energy (Eads) of the 2D oxide layer as a function of the Bader charge
on the B-type atoms (QB).
[1] S. Förster et al. “Quasicrystalline structure formation in a classical crystalline thin-film system”, Nature 2013, 502, 215;
[2] S. Förster et al. “Observation and structure determination of an oxide quasicrystal approximant”, Physical Review Letters 2016,
117(9), 095501.
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Enhancing the speed and precision of Wannier interpolation with WannierBerri code.
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• First, it is faster - sometimes by a factor of
thousands, despite being a python ”script” rather
than an high-performance Fortran90 code. This
is achieved by implementing a series of methods which include a combination of fast and slow
Fourier transforms, explicit use of symmetries and
other algorithms.
• Second, it allows to achieve convergence of Brillouin
zone integration with less k-points. This is done by
a special adaptive-refinement algorithm. Moreover,
in some cases, e.g. in evaluation of Berry curvature
dipole, use of Fermi-sea formulation with analytical Berry curvature derivatives also improves the
k-grid convergence.
• Third, the pythonic structure of the code and its
interface are aimed to be friendly to both users and
developers.
A plethora of quantities are implemented, such as
anomalous Hall conductivity, orbital magnetization,
Berry curvature dipole, and spin Hall conductivity,
among many others. More features, such as Wilson loops, magnetoresistance, and electrical magnetochiral anisotropy, are under active development, and

⇤

e-mail: stepan.tsirkin@uzh.ch

WannierBerri aims to serve as a platform for developing
new Wannier interpolation functionalities.
105

~14 hours

computation time, seconds

WannierBerri [1,2] is a new Python code for Wannier interpolation, which is close in spirit to the postprocessing module of the well-known Wannier90 code [3]
(postw90.x), but improves over it by in a few directions.
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WB, w/o symmetries

102

36 seconds

tries
WB, with symme

101 4
x4
x4

6x
6x
6

8x
8x
8

10

x1
0

ab initio grid
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Computational time for AHC. Time for calculations
with WannierBerri (WB, triangles) and postw90.x (pw90,
circles) for di↵erent ab initio grids. For WB the calculations are done with (cyan) and without (red) use of symmetries. For WB the minimal-distance Replica method
does not a↵ect the computational time.
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[2] https://arxiv.org/abs/2008.07992
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Abstract
The
title
compound
(2Z)-3-(2H-1,3-benzodioxol-5-yl)-1-(6-chloropyridin-3-yl)
prop-2-en-1-one has been synthesized and single crystals were grown by slow evaporation
solution growth technique at room temperature. FT-IR, Raman, UV and NMR spectra of
synthesized compound in the solid phase were recorded and analyzed. The minimum energy
conformer has been found by PES (Potential Energy Surface) and then the structure is optimized.
The optimized geometry and vibrational wave numbers were computed using DFT method. The
NLO, Mulliken, MEP, HOMO-LUMO energy gap and thermodynamic properties were
theoretically predicted. The hyperpolarizability calculation reveals the present material has a
reasonably good propensity for nonlinear optical activity. The NBO analysis explained the
intramolecular hydrogen bonding. The global chemical reactivity descriptors are calculated for
compound and used to predict their relative stability and reactivity. Molecular Electrostatic
Potential (MEP), Electron Localization Function (ELF) and Localized Orbital Locator (LOL)
have been depicted to know the chemically active regions. Hirshfield surface analysis and Fukui
functions calculation were also performed. All the calculations were carried out by B3LYP/6311++G (d,p) method using Gaussian 09. The antibacterial and antifungal activity of the
compound was also tested against various pathogens. The molecular docking studies concede
that title compound may exhibit antibacterial inhibitor activity.
Keywords: DFT, FT-IR, FT-Raman, Hirshfield surface analysis, DOS, Molecular docking
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Polarons In Two-dimensional Pnictogens: DFT Study
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Present work is dedicated to the study of small polarons in emerging
semiconductors: two-dimensional pnictogenes. They are great candidates
for application in electronics and the work done will allow for better
understanding of the nature of charge carriers in these materials. Up to
this point, no information on their polaronic character has been provided
and generally they were considered as free electrons and holes. Firstprinciples cluster calculations and 'nite-size scaling show stability of a
small hole polaron in blue phosphorene and arsenene. It is localized on a
phosphorus atom, leading to the contraction of the bonds around it.
Commonly used hybrids including PBE0, HSE06, B3LYP show consistent
results with the adiabatic polaron relaxation energy slightly below 0.1 eV
for phosphorene and 0.15 eV for arsenene. The adiabatic barriers for
motion of the polaron are small compared to the frequency of strongly
coupled phonons implying barrierless motion of the polaron.

P148

P149

P150

P151

P152

P153

P154

P155

P156

P157

P158

P159

P160

P161
Novel low dense carbon allotropes from data mining approaches
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Allotropes of carbon are very well known for their diverse structure and excellent properties.
Diamond is the naturally occurring hardest elemental material known to the human kind. The
graphite and its analogous structures, graphene and graphdiyne are omnipresent and they occupy
a pivotal role in the chemistry and physics of contemporary materials. The nanoscience and
engineering is spearheaded by fullerenes and nanotubes. In this multifarious carbon kinship,
here, we propose different novel carbon networks built based on parental skeletons of carbon
allotropes with molecular carbon spacers as linkers from data mining approaches. The model
structures are calculated for their electronic structure and stability using density functional theory
and density functional perturbation theoretical methods. The calculated structures are found to be
remarkably stable; the phonon dispersions suggest that the structures are dynamically stable. All
the carbon structures studied here with varied densities due spacers are found to be
semiconductors with tunable band gaps. The predicted novel structures, structure-property
correlations, and the results of the electronic structure calculations will be presented.
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The study of Dirac cones in graphene flakes using band-unfolding method
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The electronic band structure calculation is one of the essential tools to understand the
electronic properties of the materials. The problem of band folding sets in when the supercell
scheme is applied to study alloys or various perturbed systems with impurities and vacancies.
The unfolding method is expected to get the meaningful energy-momentum relation by
avoiding it. The unfolding method proposed by Chi-Cheng Lee et al. (2013) [1] was proven
very useful for calculating the electronic structures of vacancy systems in the OpenMX code.
By using it, we study the graphene flake size dependence of the electronic structure and observe
the desirable Dirac cone features. The result could be a useful starting point to study twisted
bilayer-graphene (tBLG). Moreover, tBLG is aperiodic the same as the flake system while the
unfolding method strongly depends on the choice of the primitive cell.
Keywords: 2D material, graphene, band structures, unfolding method
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