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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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-70'V�:6��KHWHURVWUXFWXUHV�ZHUH� IRUPHG��7KH� IRUPDWLRQ� RI� WKH� -70'V�:6��YDQ�GHU�:DDOV

�YG:��KHWHURVWUXFWXUHV�KDYH�VKRZQ�JUHDW�SRWHQWLDO�IRU�WKH�GHVLJQ�RI�QRYHO�HOHFWURQLF�GHYLFHV��,Q

WKLV� VWXG\�� -DQXV�0R66H�:6���:66H�:6���DQG�0R67H�:6��KHWHURVWUXFWXUHV�ZHUH�GHYHORSHG�

DQG WKHLU� VWUXFWXUDO� DQG� HOHFWURQLF� SURSHUWLHV�ZHUH� HYDOXDWHG� XVLQJ� ILUVW� SULQFLSOHV� FDOFXODWLRQV�

EDVHG RQ�')7�FDOFXODWLRQV�XVLQJ�4XDQWXP�(635(662�DQG�9$63�FRGHV��,W�ZDV�IRXQG�WKDW�WKH

KHWHURVWUXFWXUHV� EDQGJDS� LV� VPDOOHU� WKDQ� WKH� -DQXV� 70'V� DQG� :6�� PRQROD\HU�� 6WUXFWXUDO

UHOD[DWLRQV�ZHUH�SHUIRUPHG�XVLQJ�JHQHUDOL]HG�JUDGLHQW�DSSUR[LPDWLRQ��**$��DSSURDFKHV�IRU�ERWK

WKH�PRQROD\HUV�DQG�KHWHURVWUXFWXUHV��6WUXFWXUDO�VWDELOLW\�DQG�HOHFWURQLF�SURSHUWLHV�RI�-70'V�:6�

YG:� KHWHURVWUXFWXUHV� ZLWK� $&� DQG�$'� VWDFNLQJ�ZHUH� LQYHVWLJDWHG�ZKLFK� DUH� WKH�PRVW� VWDEOH

FRQILJXUDWLRQ�FRPSDUHG�ZLWK�RWKHU�FRQILJXUDWLRQV�EDVHG�RQ�WKH�ELQGLQJ�HQHUJ\�DQG�WKH�LQWHUOD\HU

GLVWDQFH�� 5HVXOWV� VKRZ� WKDW� WKH� -DQXV� 0R67H�:6��� 0R66H�:6��� DQG� $'�FRQILJXUDWLRQ� RI

:66H�:6��YG:�KHWHURVWUXFWXUHV�DUH�LQGLUHFW�EDQGJDS�VHPLFRQGXFWRU��EXW�:66H�:6��ZLWK�$&

FRQILJXUDWLRQ�LV�D�GLUHFW�EDQGJDS��7KH�-70'V�:6��YG:�KHWHURVWUXFWXUHV�H[KLELWHG�D�EDQGJDS�LQ

WKH�UDQJH�RI������WR�����H9��,Q�DGGLWLRQ��0R66H�:6��DQG�0R67H�:6��KHWHURVWUXFWXUHV�GLVSOD\HG

D�W\SH�,,�EDQG�DOLJQPHQW�ZKLFK�LV�LPSRUWDQW�WR�LPSURYH�WKH�SKRWRHOHFWULF�FRQYHUVLRQ�HIILFLHQF\�

+RZHYHU�� WKH� EDQG� DOLJQPHQW� RI�:66H�:6�� KHWHURVWUXFWXUH� LV� GLIILFXOW� WR� LGHQWLI\� DQG� QHHG

DGGLWLRQDO�FDOFXODWLRQV��)LUVW�SULQFLSOHV VWXG\�VKRZV�WKDW�WKH�LQYHVWLJDWHG��'�KHWHURVWUXFWXUHV�KDYH

D�VXLWDEOH�EDQGJDS�IRU�SKRWRYROWDLF�DSSOLFDWLRQV��$PRQJ�WKH�-70'V�:6��YG:�KHWHURVWUXFWXUHV�

0R66H�:6�� DQG� 0R67H�:6�� PDQLIHVW� W\SH�,,� EDQG� DOLJQPHQW�� PDNLQJ� WKHP� SURPLVLQJ

FDQGLGDWHV�IRU�SKRWRYROWDLF��39��DSSOLFDWLRQV�

P03



���������	

���
	��������
��	
�
���	���
��


�������	��
�������	
��
	�������
��	�

���������������	
��	��
���������	
��


��� 
������ �
���� 
����
��� �
���� ��� 
��
	�
��� �	��
� ����� ����

����� �	 �
� �	���
�
	�

���
�
���!� ���� ���	��� �	����
�� ��	����� ���� ����

���� 	�� 
���
���� 
�� ���

����!����	�
��� ����� 
	�
��� "����������#� ���� �	� 
��� �
��� �	 �
� �	���
�
	�

���
�
���!$� %�
�� ����!� ����� ���� ����
�!� �����
	���� ���	
!� ���� ���� &'� (���
��
�
���

����	���� �	� ���������� ���� ����� ��
����
�� ���� �������� 	�� 	��
�
)��

�
����!����	�
��� ����� 
	�
��� "�������������#�� �	��
��

��� ���� ��
��	
�
�

�	���
��� �������� 	�� ����!� ������$� %��� 
���� ���� 
���
��
!� �
�����

�� ����	
��  �
�

����������� �!� �	��
��� ���� ������*������
� �(���
	��� 	�� ���� ���!��	�!� ��
��
���
	�

���	
!� 
������� 
��	��� �����������	�� ��
��	
�
�� �	���
��$�*�
��	
�
�� �	���
��� 
������

����� ���
��
��� ���� �������� 
�����
	�� 
�� �	��� ����
�!� �����
	���� ���	
!� ���� &'

(���
��
�
���� ����	����  �
��� ���� &'� (���
��
�
���� ����	�� 
��
������ ���� ����
�!

�����
	�������	
!��������$�%�
������!�
��	
������������
�!������
	�������	
!���������

	�� +$,-� �.�� �
��� ���� ������� 	�� ��
��	
�
�� �	���
��� 
������� ���� �������� �	� /$-+� �.$

*
�
��
�!�� ���� ������	��
������&'� (���
��
�
��������	�� 
��	
���� �� �������� 	�� �$�0

�.�� ���� ���� ������� 	�� ��
��	
�
�� �	���
��� 	�� ���� ������	��
������ &'� (���
��
�
���

����	��
��	
��������������	��+$�/��.$�%�������
�!�	��������
�������
���������������


	�
�����	
�
����
���	���
���	��
�����	
������������������� �
������������	
�
������	 

�	
�� �
	�
������ 
�� ���� �	�����
	�� ����$� %��� ���	
��
	�� �	���
�
���� 
������� ���

	
��
� 	�� +/1� 
�� ���� ���
��
	���� ���� ���� �
�
���� 
��
	���  �
��� 
�� �
���
� ����� ���

���	
��
	���	���
�
����	���������������������
���������������������������������


�
	����������	��
���������	
��
$

P04



����������	��
����
��

����
�

����
����

���	���
�����
�����

����
�
��������
	
��
�������

��
����������
����
��������
�

�������


������������ ��!"�!#�$
��#%� "!�!�!"&'�#��" &!�(!)�*!#�� #!(����
������#��" &!� �(

*��)!"#���+� ��!��!!(� ,�"� ��-"�)!(�!�!"&'� (!�#��'� � #� * ..!(� ,�"�  .�!"� ��)!�  ��(!

� �!"� .#��� ��* ��"!-. *!���!�*��)!����� ..'��#!(�.�/�* - *��'�&" -���!�/������
��#+

�!� .� �0�(!#�  ��(!� � )!� #��/�� ��&�� #-!*�,�*� * - *��'� /��.!� ���&.!�� ..!(�	 "���

� �����!� $��	��%�  ��(!� !0�����#� .��&� .�,!� *'*.!� /��*�� *��� �� ��!� -"��.!�� �,

)�.��!�!0- �#��������!� .��0�(!#+�� ��*��-�#��!��,���1
2�$23�1�4%�/������	����#

!0-!*�!(�#'�!"&'� �� ��* �� ��-"�)!� ��(�*�� �!"� .� ,�"�
��#�(!#�&�+� +���(!..��&� �(

-"����&� ��!� � ��*��-�#��!#� �,� ��	��� �#��!"#� $ "��*� �"5� *��" .� �"� 2�&�2 &%� /���


�0��1
1�$��	����
�0��1
1%5�#�"�*��" .�#� ��.��'� �(�!.!*�"���*�-"�-!"��!#����"!. ����

���!.!*�"�*�!��* .�-!",�"� �*!����
��#�/!"!�!0 ���!(+��"��*� �"���	���/ #��!#�

 --.�* �.!�,�"���!�,�"� ������,�� ��*��-�#��!#�/����
�0��1
1�� ��*.�#�!"#�(�!������#

#�"��&����!" *����#��!(� �!(���"��&��
�����#+���!����!" *�������*"! #!(�/������*"! #!

��� ����!"� �,� 0� /���� #�"��&� * ������� ���!" *����#� ��#!")!(�  �� 0� 3� 65� �/��&� ��� ��&�

 (#�"-�����!�!"&'�$6+76�!8%+��!#� ��.�2 ������,� ��!�� ��*��-�#��!#��**�""!(� ��096

���� / #� "!(�*!(� /���� ��!� ���"�(�*����� �,� (���.!� / ..!(� * "���� � �����!+� 	� "&!

(�,,!"!�*!� �(�� (!"�*� "&!�* .*�. ����#�#��/!(�#�**!##,�.�*� "&!��" �#,!"�,"�����!

.���� �!(�� ��*.�#�!"#������	���)� �
�����#�/������&�!#��*� "&!��" �#,!"�$7+:�!.!*�"��

*� "&!%� ��#!")!(� �����	���
�6��1
1�� ��*��-�#��!+��.!*�"���*� (!�#��'� �,� #� �!#

��� ��!(� *��,�"�!(� ��!� !.!*�"���*� -"�-!"��!#� �,� ��!� � ��*��-�#��!#+� ��!��������

)�.��!�!0- �#���� ��#!")!(� ��� ��	���
�0��1
1� � ��*��-�#��!#� /���� ��!�"

� 0�������8�) .�!#��,���:+6;�8���(�* �!(���!�"�&��(�-��!��� .� #� ��(�*�� �!"� .�,�"


��#

P05



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 ( ) on 
the basal planes of these materials. Thirteen as yet unknown TMTC compounds are 
identified as efficient HER catalysts having   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.

References:

1. Gusmao, et al., The Role of the Metal Element in Layered Metal Phosphorus 
Triselenides upon Their Electrochemical Sensing and Energy Applications. ACS 
Catalysis 2017, 7, 8159–8170.

2. Mayorga-Martinez et al., Layered Metal Thiophosphite Materials: Magnetic, 
Electrochemical, and Electronic Properties. ACS Applied Mater & Interfaces 2017, 9, 
12563–12573

3. Sen et al, Combinatorial design and computational screening of 2D transition metal tri-
chalcogenide monolayers: Toward efficient catalysts for hydrogen evolution reaction, 
The Journal of Physical Chemistry Letters, 2020,11, 3192–3197
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Electronic and optical properties of electron-doped

layered Transition Metal dichalcogenides

S. Samaneh Ataei, Ali Sadeghi
Shahid Beheshti University, Department of Physics, Tehran, Iran

15/01/2021

Layered Transition Metal Dichalcogenides (TMDs) with promising physical properties, e.g. semicon-

ductors 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 ineteres-

tingly, 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.

1
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Phonon-assisted exciton/trion conversion efficiency in transition metal dichalcogenides 
 

Sabrine Ayari ,1, Sihem Jaziri,1,2 Robson Ferreira,3 and Gerald Bastard3 
 
1Faculté des Sciences de Bizerte, Laboratoire de Physique des Matériaux Structure et Propriétés, Université de Carthage, 
7021 Jarzouna, Tunisia 
 

2Faculté des Sciences de Tunis, Laboratoire de Physique de la Matière Condensée, Département de Physique, Université 
Tunis el Manar, Campus Universitaire 2092 Tunis, Tunisia 
 

3Laboratoire de Physique de lÉcole normale supérieure, ENS, Université PSL, CNRS, Sorbonne Université, Université Paris-
Diderot, Sorbonne Paris Cité, Paris, France 
*sabrineayaari8@gmail.com 

 

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 𝐴ଵ´ 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 up-

conversion 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 < 10ଵ0𝑐𝑚ିଶ  and high temperature T > 50 K while it increases dramatically to reach few picoseconds time 

scale at low temperature and for electron density Ne > 10ଵ0𝑐𝑚ିଶ  . 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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Tuning the electronic band gap and reflective optical response of 2D layered 
MoTe2: A DFT study

Bindiya Babariya1, Dhara Raval1, Sanjeev K. Gupta2 and P. N. Gajjar 1, *

1Department of Physics, University School of Sciences, Gujarat University, Ahmedabad 380 009, Gujarat, India
2Computational Materials and Nanoscience Group, Department of Physics and Electronics, St. Xavier’s College, 

Ahmedabad 380 009, Gujarat, India
Email: bindiababariya293@yahoo.com, ravaldhara1994@gmail.com, sanjeev.gupta@sxca.edu.in, pngajjar@gujaratuniversity.ac.in*

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.

METHODOLOGYABSTRACT

RESULTS

EXECUTIVE SUMMARY

¾MoTe2 monolayer has 2D honeycomb
like structure.
¾Monolayer 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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Material a (Å)
Exp. a 

(Å)
dMo-X

(Å)
dX-X (Å)

θX-Mo-X

(degree)
Ec

(eV/atom)

MoTe2

Present 3.600 3.522
[2]

2.766 3.656 82.69 -2.05
Ref. [1] 3.56 2.73 3.60 - -3.71
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State-to-state inelastic rate coefficients of phosphine in collision 

with He at low to moderate temperature

Ayda Badri, Faouzi Najar, Cheikh T. Bop, Nejm-Eddine Jaidane and Majdi Hochlaf

Laboratoire de Spectroscopie Atomique Moléculaire et Applications- Université de Tunis El Manar- Faculté des Sciences de Tunis.

Laboratoire Modelisation et Simulation Multi Echelle, MSME UMR 8208 CNRS, 5 bd Descartes, 77454 Marne-la-Vallée, France.

LOMC–UMR 6294 CNRS, Université du havre, 25 rue Philippe Lebon, BP 1123, F-76063 Le Havre, France 

 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 close-

coupling 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

 A. Cross-sections

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).
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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.

 

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.  

 B.Rate coefficients

 

 

Contact:ayda.badri@fst.utm.tn

Figure 2: Inelastic cross-sections of p-PH 3 induced by collision with 

   He versus kinetic energy 
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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 ma-
terials, relevant in particular for optoelectronic applications. Indeed structures formed
by these materials can show enhanced properties [1], combining qualities of both sys-
tems. 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 many-
body 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 

B.R. Bhagat*, Kishan H. Mali and Alpa Dashora 

Computational Material Science Laboratory, Department of Physics, 

The M. S. University of Baroda, Vadodara 390002, India 

* Email: bhagatbrajesh1996@gmail.com 

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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Redefining the phase diagram of carbon dioxide within the quasi-harmonic

approximation

B. H. Cogollo-Olivo1, S. Biswas2, S. Scandolo3 and J. A. Montoya1 

1University of Cartagena, Colombia
2Goethe University Frankfurt, Germany

3The Abdus Salam ICTP, Italy

* bcogolloo@unicartagena.edu.co

The experimental study of the CO2 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 CO2. 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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Enhanced Hydrogen Evolution Activity at the Edges of MPSe3 (M=Mn, Fe) 

Tri-chalcogenide Layers 
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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, Gusmmo 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 ( ). At the end of our screening we found that both FePSe3 and 

MnPSe3 have quite large  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 
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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  both with and without solvation effect. During this activity 

SUedicWiRQ, Ze haYe aOVR e[SORUed Whe h\dURgeQ cRYeUage deSeQdeQc\. BaVed RQ N¡UVNRY¶V 

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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Title: Understanding the curious magnetic state of Sr3OsO6

Name: Shreya Das  1,  Anita Halder1,  Atasi Chakraborty2,  Prof.  Indra
Dasgupta2 & Prof. Tanusri Saha-Dasgupta1

1. S. N. Bose Centre, Salt Lake, Kolkata.

2. Indian Association for the Cultivation of Science, Jadavpur, Kolkata.

Abstract:
Perovskites with general chemical formula ABO3 (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 first-
principles calculations in conjunction with exact diagonalization of the full t2g multiplet problem of
two Os sites. Our analysis highlights the fact that stabilization of Sr3OsO6 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 Sr3OsO6, 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 d2 Os. We thus conclude the

registry to SrTiO3 substrate is responsible for counter-intuitive stabilization of Sr3OsO6 in cubic
phase, and key to its ferromagnetism. 

References: 
1. S. Vasala, M. Karppinen, Progress in Solid State Chemistry 43 (2015) 1-36.
2. Y. K. Wakabayashi et al., Nature Communications, 2019, 10.1038/s41467-019-08440-6.

3. Shreya Das, Anita Halder, Atasi Chakraborty, Indra Dasgupta, and Tanusri Saha-Dasgupta, Phys.
Rev. B 101, 184422 (2020).
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Machine learning materials properties for small datasets

Pierre-Paul De Breuck, Geo!roy Hautier, Gian-Marco Rignanese

Institute of Condensed Matter and Nanosciences (IMCN), 
UCLouvain, 1348 Louvain-la-Neuve, Belgium

BACKGROUND

METHODS

RESULTS

CONCLUSION

SELECTED REFERENCES

CODE AVAILABILITY

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:

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 thermody-
namics (1245 materials), most experimental properties, etc.

Model

Ad-hoc

Deep graph

Any crystal type

No

Yes

Any property

No

Yes

Required data size

> 100

> 10 000

Ad-hoc:  case per case study, targeted on a speci"c group of materials and a speci"c property, with hand-tailored 
descriptors and prior-knowledge.

Deep graph: based on deep convolutional neural networks, by representing the crystal as a graph.

. . .

. . . . . .

. . .

. . . . . .

Genome
encoder

Property
groups

Z

A1 ANA Z1 ZNZ

. . .
AProperties

 a1 anA 

. . .

a1  anA z1  znZ  z1 znZ 

matminer

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 preproc-
essed knowledge based on meaningful features.

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 speci"c to the "nal property.

By learning properties together, knowledge from di!erent properties are 
stored in common layers,  improving the performance of the model. This is 
known as joint transfer learning.

1.

Feature selection Not all features are useful. Too 
many features give rise to the curse of dimensionality.

Features are chosen iteratively such that the next 
feature    has the highest         score:

2.

3.

with    the target,       the current feature set and (   ,   ) two parameters deter-
mining 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.

Benchmarking (MAE) on formation energy (E
f 

 [eV/atom]), band gap (Eg [eV]), non-zero band gap (Eg
nz [eV]) 

and refractive index (n [-]) for di!erent training sizes (Ntrain)

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.

The python package with pretrained models for the MODNet is available at 
https://github.com/ppdebreuck/modnet

L. Ward, A. Agrawal, A. Choudhary, and C. Wolverton, npj Computational Materials 2, 16028
R. Ouyang, S. Curtarolo, E. Ahmetcik, M. Sche#er, and L. M. Ghiringhelli, Phys. Rev. Materials 2, 083802 (2018)
T. Xie and J. C. Grossman, Physical Review Letters 120
C. Chen, W. Ye, Y. Zuo, C. Zheng, and S. P. Ong, Chemistry of Materials 31, 3564 (2019)
G. Petretto, S. Dwaraknath, H. P. C. Miranda, D. Winston, M. Giantomassi, M. J. van Setten, X. Gonze, K. A. Persson, 
G. Hautier, and G.-M. Rignanese, Scienti"c Data 5, 180065 (2018)
F. Naccarato, F. Ricci, J. Suntivich, G. Hautier, L. Wirtz, and G.-M. Rignanese, Physical Review Materials 3, 044602 
(2019)

c-RF:  Random forest with composition-only features
RF:   Random forest with all generated features

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

pierre-paul.debreuck@uclouvain.be

Property Ntrain MODNet MEGNet MEGNet∗ SISSO
Ef 504 0.210 0.342 0.262 0.312
Ef 60 000 0.044 0.028 0.028 0.299
Eg 504 0.71 0.94 0.83 0.80
Eg 60 000 0.34 0.30 0.27 0.75
Enz

g 504 0.87 0.98 0.96 0.94
Enz

g 36 720 0.45 0.38 0.33 0.86
n 3 240 0.05 0.08 0.06 0.12

co
un

t d
en

sit
y 

[%
]

500 training samples μ σ

co
un

t d
en

sit
y 

[%
]

1100 training samples μ σ

Absolute error distribution on vibrationnal thermodynamics : 

AllNet m-MODNet
MODNetMEGNet

RF
c-RF

m-SISSO
SISSO

S305K [μeV/K/atom]AES305K [μeV/K/atom]AE

AllNet:  Neural network without feature selection
m - . :  Multi-target learning
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Rashba spin splitting and photocatalytic properties of GeC-MSSe (M=Mo, W) 

van der Waals heterostructures
Haleem Ud Din1,2, Bin Amin2

1 College of Physics and Optical Engineering, Shenzhen University, Shenzhen 518060, Guangdong, P. R. China
2 Abbottabad University of Science and Technology, Abbottabad 22010, Pakistan

INTRODUCTION RESULTS and DISCUSSIONRESULTS and DISCUSSIONABSTRACT

METHODOLOGY

CONCLUSIONS
REFERENCESCONTACT

Vertical stacking of ultrathin two-

dimensional materials via weak van der

Waals (vdW) interactions is identified as an

important technique for tuning the physical

properties and designing viable products for

nanoelectronics, spintronics, and renewable

energy source applications. The geometry,

electronic, and photocatalytic properties of

vdW heterostructures of GeC and Janus

transition metal chalcogenides MSSe

(M=Mo, W) monolayers are investigated by

performing first-principles calculations. Two

different possible models of GeC-MSSe

heterostructures are presented with an

alternative order of chalcogen atoms at

opposite surfaces in MSSe. The most

favorable stacking pattern of both models is

dynamically and energetically feasible. A

direct type-II band alignment is obtained in

both models of understudy heterobilayer

systems. The spin orbit coupling (SOC)

effect causes considerable Rashba spin

splitting in both MSSe monolayers. In

particular, a greater Rashba spin polarization

is demonstrated in model 1 (GeC-WSSe)

than model 2 (GeC-MoSSe) caused by the

alternative order of chalcogen atoms and

larger SOC effect of heavier W than Mo

atoms, which provides a platform for

experimental and theoretical understanding

of designing two-dimensional spintronic

devices. More interestingly, the appropriate

band alignments of model 1 with the

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

for promising use in future electronic,

spintronics, and photocatalytic water

splitting.

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.

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

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

is common that PBE functional underestimates the band-gap values of

semiconductors, therefore, HSE06 (Heyd-Scuseria-Ernzerhof) functional is also

used for electronic-structure calculations. However, due to high computational

cost, HSE06 calculations are avoided to refine the k-mesh. SOC effect is

significant in TMDCs and Janus monolayers, hence, SOC is also taken into

account in our calculations. The SOC is incorporated by a second variational

method, which uses scalar-relativistic basis, based on the reduction of original

basis. Phonon spectrum calculations are performed by Phonopy code, which

uses the harmonic interatomic force constants as input, obtained by density-

functional perturbation theory. A 4×4×1 supercell with 6×6×1 k-mesh and 500

eV cutoff are used to ensure the convergence.

¾ The most favorable vdW stacking of GeC with MSSe is energetically and

dynamically feasible.

¾ GeC-MSSe vdW heterostructures have direct type-II band semiconducting nature.

¾ Larger Rashba spin splitting is found in model 1 than model 2 due to alternative

order of chalcogen atoms and larger SOC.

¾ CB and VB edges of model 1 straddle the standard redox potentials for water

splitting and are useful for dissociating water into H+/H2 and O2/H2O.

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

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

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

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

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

applications. [1].

Recently, selenization in MoS2 and sulfurization in MoSe2 through chemical

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

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

universality of electronic and photocatalytic properties of Janus MXY

monolayers. SOC-induced Rashba spin splitting in these polar Janus MXY

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

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

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

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

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

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

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

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

suitable candidate for designing optoelectronics, photovoltaic devices, and

heterostructures [4]. GeC thin films have been prepared by laser ablation [5] and

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

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

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

graphene. Thus, the outstanding performance of single-layer GeC enables it for

achieving enhanced electronic, optoelectronic, and photovoltaic device

applications [9].

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

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

demonstrate the unprecedented properties by first-principles calculations. Two

different models of vdW heterostructures based on the alternative order of

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

found that both models with most favorable stacking configurations are

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

electronic properties, including Rashba spin spilitting and photocatalytic

response of the most stable configuration.

1. Adv. Mater. 29, 1605972 (2017)

2. J. Phys. Chem. C 123, 4549 (2019)

3. Nano Energy 40, 122 (2017)

4. Nanoscale 10, 34 (2018)

5. Phys. Rev. B 98, 165424 (2018)

6. Thin Solid Films 516, 3189 (2008)

7. Phys. Rev. B 80, 155453 (2009)

8. Phys. Lett. A 383, 1487 (2019)

9. Phys. Rev. B 47, 558 (1993)
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Technology, Abbottabad 22010, Pakistan
Email: b2scientist@gmail.com 
Google scholar: 
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&user=hPJnkowAAAAJ#

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.

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

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

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.

FIG. 4. Weighted band structure of (a), (b) GeC-Mo(W)SSe for model 1 (c), (d) GeC-

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

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

and charge accumulation.

FIG. 5. The valence band (VB) and conduction band (CB) edge alignment of GeC,

MoSSe, WSSe and their corresponding heterostructures; the blue dashed-lines

represent the standard oxidation (−5.67 eV) and reduction (−4.44 eV) potentials for

water splitting into O2/H2O and H+/H2, respectively.
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ଅ $OO�WKH�IXOO�+HXVOHU�DOOR\V��)+$V��IRXQG�
WR�KDYH��VWDEOH�PDUWHQVLWH�SKDVH�
FRQILJXUDWLRQ��KDOI�+HXVOHU�DOOR\V��++$V��
SUHIHU�FXELF�SKDVH�

ଅ 7HQWDWLYH�PDUWHQVLWH�WUDQVLWLRQ�
WHPSHUDWXUH�RI�=� �6L�DQG�*H�DUH�WR�EH�
DERYH�URRP�WHPSHUDWXUH�����.���ZKHUHDV�
IRU�=� �6Q�LW�LV�EHORZ�WKH�URRP�
7HPSHUDWXUH

3URELQJ�RI�0DUWHQVLWH�3KDVH

ଅ++$V�VKRZ�EDQG�JDS�YDOXH�
�������������DQG�������H9�IRU�
6L��*H�DQG�6Q�UHVSHFWLYHO\�
ଅ/RZHU�SDQHO�VKRZV�WKH�
GRZQ�VSLQ�'26�RI�)+$V��
ZKHUH�D�VKDUS�SHDN�KDV�EHHQ�
REVHUYHG�IRU�F�D� ��FORVH�WR�
(I��DQG�VSOLWWLQJ�RI�WKLV�SHDN�
WDNH�SODFH�ZLWK�WKH�YDULDWLRQ�
RI�F�D�LQ�)+$V���LQGLFDWLQJ�
-DKQ�7HOOHU�GLVWRUWLRQ�DQG�
VWDELOLW\�RI�WKH�PDUWHQVLWH�
�0��RU�WHWUDJRQDO�SKDVH��DV�
VHHQ�LQ�FDVH�RI�1L�0Q*D�

5DMHHY�'XWW����
��'KDQVKUHH�3DQGH\�DQG�$SDUQD�&KDNUDEDUWL���
�+RPL�%KDEKD�1DWLRQDO�,QVWLWXWH��7UDLQLQJ�6FKRRO�&RPSOH[��$QXVKDNWL�1DJDU��0XPEDL���������,QGLD�

�7KHRU\�DQG�6LPXODWLRQV�/DERUDWRU\��+XPDQ�5HVRXUFHV�'HYHORSPHQW�6HFWLRQ��
5DMD�5DPDQQD�&HQWUH�IRU�$GYDQFHG�7HFKQRORJ\��,QGRUH�����������,QGLD�


(PDLO���GXWWUDMHHY��#JPDLO�FRP�GXWWUDMHHY#UUFDW�JRY�LQ

3URELQJ�WKH�PDUWHQVLWH�WUDQVLWLRQ�DQG�WKHUPRHOHFWULF�SURSHUWLHV�RI�
&R[7D=��=� �6L��*H��6Q�DQG�[� ��������D�VWXG\�EDVHG�RQ�GHQVLW\�IXQFWLRQDO�WKHRU\

�������$FNQRZOHGJHPHQW
$XWKRUV�WKDQN�'LUHFWRU��55&$7��6�9��1DNKH�IRU�VXSSRUW�DQG�HQFRXUDJHPHQW��DQG��
$��%DQHUMHH��6�5��%DUPDQ�IRU�GLVFXVVLRQ��7KDQNV�IRU�FRPSXWHU�FHQWUH�RI�55&$7��
,QGRUH�IRU�FRPSXWLQJ�IDFLOLWLHV��5'�WKDQNV�55&$7�DQG�+%1,�IRU�ILQDQFLDO�VXSSRUW�

%DQG�VWUXFWXUH�DQG�)HUPL�VXUIDFH�$QDO\VLV
ଅ �9DOHQFH�EDQG�PD[LPD�KDYH�EHHQ�
REVHUYHG�DW�KLJK�V\PPHWU\�SRLQW�
:��9����IRU�6L�DQG�DW�/��9���IRU�
*H��6Q�
ଅ7KHUH�LV�D�KROH�YDOOH\�REVHUYHG�DW�
/��9���IRU�6L�DQG�DW�:��9���IRU�*H�
DQG�6Q�UHVSHFWLYHO\�
ଅฐ9� �_9��9�_�IRXQG�IRU�6L��*H�DQG�
6Q�DV���������������������PH9�
UHVSHFWLYHO\�
ଅ �ฐ&� �_&��&�_�YDOXHV���������������
�������PH9�IRU�6L��*H�DQG�6Q�
UHVSHFWLYHO\�
ଅ+LJK�YDOOH\�GHJHQHUDF\�19��KDV�
EHHQ�REVHUYHG�IRU�6L��

ଅ 8LIVQSIPIGXVMG�QEXIVMEPW�KMZI�YW�ER�STXMSR�JSV�XLI�YRGSZIRXMSREP�WSYVGI�SJ�IRIVK]��EW�[IPP�
EW�XLI]�EVI�MQTSVXERX�JVSQ�XLI�JYRHEQIRXEP�TSMRX�SJ�ZMI[�

ଅ %�PEVKI�RYQFIV�SJ�'S�FEWIH�JYPP�,IYWPIV�EPPS]W�WLS[W�LEPJ�QIXEPPMG�GLEVEGXIV��ERH�LIRGI�
WYMXEFPI�JSV�XLIVQSIPIGGXVMG�QEXIVMEPW�

ଅ ,Q�WKH�SUHVHQW�VWXG\�RXU�DLP�LV�WZR�IROG�
��������WR�H[SORUH�LI�&R�7D=�DQG�&R7D=��

���������=� �6L��*H�6Q��H[KLELW�PDUWHQVLWH�WUDQVLWLRQ
��������WR�FRPSDUH�WKH�WKHUPRHOHFWULF�SURSHUWLHV�

��������RI�DOO�WKHVH�PDWHULDOV��LQ�FXELF��DXVWHQLWH�
���������DQG�SRVVLEOH�WHWUDJRQDO��PDUWHQVLWH��SKDVH

�)LJ����6WUXFWXUH�RI�KDOI�DQG�IXOO�+HXOVHU�DOOR\V��ZKHUH�=� �6L��*H�DQG�6Q

,QWURGXFWLRQ

6WUXFWXUH�RSWLPL]DWLRQ
ଅ 7TMR�TSPEVM^IH�HIRWMX]�JYRGXMSREP�XLISV]��(*8
�FEWIH�GEPGYPEXMSR�LEW�FIIR�TIVJSVQIH�F]�
:%74��:MIRRE�%F�MRMXMS�7MQYPEXMSR�4EGOEKI
�JSV�WXVYGXYVI�STXMQM^EXMSR�

ଅ *SV�I\GLERKI�GSVVIPEXMSR��++%�4&)�JYRGXMSREP�LEW�FIIR�YWIH�
ଅ )RIVK]�GYX�SJJ�SJ�����I:�JSV�XLI�TPERI[EZIW�ERH�O�QIWL�SJ����\��\���LEZI�FIIR�YWIH��
ଅ )RIVK]�'SRZIVKIRGI�'VMXIVMSR��������I:

ଅ (OHFWURQLF�VWUXFWXUH�FDOFXODWLRQV
ଅ 7TMR�TSPEVM^IH�IPIGXVSRMG�WXVYGXYVI�GEPGYPEXMSRW�LEZI�FIIR�TIVJSVQIH�F]�YWMRK�;-)2�O�
WSJX[EVI�

ଅ 0MRIEV�EYKYQIRXIH�TPERI�[EZI��0%4;
�QIXLSH�MW�YWIH
ଅ )RIVK]�GSRZIVKIRGI����\�����6]�

7UDQVSRUW�3URSHUWLHV
ଅ 8VERWTSVX�TVSTIVXMIW�FEWIH�SR�WIQM�GPEWWMGEP�&SPX^QERR�XVERWTSVX�XLISV]�[IVI�GEPGYPEXIH�
F]��&SPX^8VE4�WSJX[EVI�

&RPSXWDWLRQ�0HWKRGRORJ\

7UDQVSRUW�3URSHUWLHV

)LJ����D�L�LLL��UHSUHVHQWV�WKH�EDQG�VWUXFWXUH�RI�
&R7D=�6L�*H�6Q��E�L�LLL��DQG�F�L�LLL��UHSUHVHQWV�LVR�HQHUJ\�
VXUIDFH����PH9�EHORZ�WKH�9%0�DQG����PH9�DERYH�WKH�&%0�

ଅ �0�SKDVH�RI�&R�7D6Q�
KDV�WKH�KLJKHVW�HOHFWULFDO�
DQG�WKHUPDO�FRQGXFWLYLW\�
DPRQJ�)+$V�ZKHUHDV�
WKHVH�EHFRPH�WKH�ORZHVW�
IRU�WKH�DXVWHQLWH��$��
SKDVH�LQ�FRPSDULVRQ�WR�
6L�DQG�*H�
ଅ(OHFWULFDO�DQG�WKHUPDO�
FRQGXFWLYLW\�RI�&R7D=�
�= 6L�*H�6Q��VKRZ�
VHPLFRQGXFWLQJ�EHKDYLRU
ଅ $�SKDVH�IRU�&R�7D=�
VKRZV�RQH�RUGHU�KLJK�
YDOXH�RI�6�DV�FRPSDUHG�
WR�0�SKDVH�

ଅ $PRQJ�WKH�++$V�
&R7D6L�IRXQG�WR�H[KLELW�
KLJKHU�YDOXH�RI�6�LQ�
FRPSDULVRQ�WR�RWKHU�WZR��

&RQFOXVLRQ

5HIHUHQFHV
����5��'XWW��'��3DQGH\�DQG�$��&KDNUDEDUWL��-RXUQDO�RI�3K\VLFV��&RQGHQVHG�0DWWHU��
�������������������������DQG�UHIHUHQFHV�WKHUHLQ�

)LJ����D�L�LL��DQG�E�L�LL��UHSUHVHQWV�EDQG�VWUXFWXUH�RI�$�SKDVH�RI��
&R�7D=��6L��6Q��IRU�XS�DQG�GRZQ�VSLQ�UHVSHFWLYHO\��

)LJ����D�L�LL��DQG�E�L�LL��UHSUHVHQWV�EDQG�VWUXFWXUH�RI�0�SKDVH�RI��
&R�7D=��6L��6Q��IRU�XS�DQG�GRZQ�VSLQ�UHVSHFWLYHO\�

)LJ����(OHFWULFDO��Ͳ�ͳ��	�7KHUPDO��ͩ�ͳ���HOHFWURQLF���&RQGXFWLYLW\

�)LJ����6HHEHFN�FRHIILFLHQW��6��RI�&R[7D=��= 6L�*H�6Q���[ ����

)LJ����9DULDWLRQ��RI��HQHUJ\��GLIIHUHQFH��EHWZHHQ��WKH��WHWUDJRQDO���0���DQG��FXELF���$���SKDVH��ಳ(0ಿ$��LQ�&R[7D=��=� �6L��*H�DQG�6Q���
[� ������ZLWK�UHVSHFW�WR�F�D

)LJ����8SSHU�SDQHO�VKRZV�WKH�'26�RI�++$V�DQG�/RZHU�SDQHO�VKRZV��WKH�'26�
RI�GRZQ�VSLQ�IRU�)+$V

)LJ����)HUPL�6XUIDFH�RI�&R�7D=�LQ�$�DQG�0�SKDVH�

ଅ 6LJQDWXUH�RI�OLQHDU�EDQG�FURVVLQJ�DQG�IODW�
EDQGV�YHU\�FORVH�WR�WKH�)HUPL�OHYHO�KDYH�EHHQ�
REVHUYHG�IRU�WKH�$�SKDVH�RI�DOO�WKH�)+$V��

ଅ 2QH�RUGHU�GLIIHUHQFH��EHWZHHQ�WKH�6�YDOXH�RI�
$�DQG�0�SKDVH�RI�)+$V�LV�IRXQG�GXH�WR�WKH�
WZR��UHDVRQV��

���$�KLJK�YDOXH�RI�19�LQ�$�SKDVH�WKDQ�0�SKDVH�
���/DUJH�VORSH�RI�'26�RI�$�SKDVH�LQ�WKH�YLFLQLW\�
RI�()�LQ�FRPSDULVRQ�WR�WKH�0�SKDVH�
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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 ground-
state properties of materials in fields as physics, chemistry, and materials science. 
However, the accuracy of the calculation is driven by the choice of the exchange-
correlation (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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%$1'*$3 23(1,1* ,1 *5$3+(1( ,1'8&(' %<
3$77(51(' )/2:(5�/,.( 7232/2*,&$/ '()(&76

7R LGHQWLI\ DSSOLFDWLRQV RI JUDSKHQH� D GHHS VWXG\ RI LWV SURSHUWLHV LV
QHFHVVDU\� LQFOXGLQJ GHIHFWV� 2QH FODVV RI WKRVH GHIHFWV LV WRSRORJLFDO�
L�H� JUDLQ ERXQGDU\ ORRSV �*%/� >�@� ,W KDV EHHQ REVHUYHG WKURXJK
VFDQQLQJ WXQQHOLQJ PLFURVFRS\ �670� IORZHU�OLNH SDWWHUQV� 5HFHQW
PHDVXUHPHQWV VXJJHVW WKDW VRPH RI WKHVH RQH�GLPHQVLRQDO WRSRORJLFDO
GHIHFWV FDQ KDYH XQLTXH HOHFWURQLF SURSHUWLHV� VXFK DV D RQH�
GLPHQVLRQDO FRQGXFWLYLW\ >�@� ,Q WKLV ZRUN� ZH SURSRVH DQG LQYHVWLJDWH
D K\SRWKHWLFDO V\VWHP IRUPHG E\ D KH[DJRQDO DUUD\ RI VXFK IORZHU�
OLNH GHIHFWV ZLWK GLIIHUHQW VHSDUDWLRQV IRUPLQJ D VXSHUODWWLFH� 8VLQJ DE
LQLWLR GHQVLW\�IXQFWLRQDO WKHRU\ ZLWKLQ WKH PHWD�**$ DSSUR[LPDWLRQ
SURYLGHV D KLJK OHYHO RI DFFXUDF\ DQG IOH[LELOLW\ LQ WKH VLPXODWLRQ RI
WKH SURSHUWLHV RI WKHVH VXSHUODWWLFHV�
$WRPLF DQG HOHFWURQLF VWUXFWXUH� IRUPDWLRQ HQHUJLHV� DQG VLPXODWHG
VFDQQLQJ WXQQHOLQJ PLFURVFRS\ LPDJHV RI WKHVH VXSHUODWWLFHV DUH
FRPSXWHG DQG DQDO\]HG�

5HVXOWV GHPRQVWUDWH WKH H[LVWHQFH RI D EDQGJDS RSHQLQJ LQ GHIHFWLYH
JUDSKHQH VXSHUODWWLFH� LQGXFHG E\ WKH )/' GHIHFW ZKHQ DUUDQJHG DW
FHUWDLQ GLVWDQFHV ZLWK KH[DJRQDO FRQILJXUDWLRQ� ,Q WKH �[� DQG �[�
VXSHUODWWLFHV� ZH REVHUYH D EDQG JDS RSHQLQJ RI ��� �H9� DQG ���
�H9� UHVSHFWLYHO\� 7KH PDJQLWXGH RI WKH FRKHVLYH HQHUJ\ SHU DWRP
�೽೻� GHFUHDVHV IURP SULVWLQH JUDSKHQH WR �[� DUUDQJHPHQW� ,Q
IXWXUH UHVHDUFK� LW ZLOO EH DQDO\]HG WKH FDXVH RI WKLV SKHQRPHQRQ
DQG WKH QDQR�HOHFWURQLF DSSOLFDWLRQV�

>�@ (� &RFND\QH� *� 0� 5XWWHU� 1� 3� *XLVLQJHU� -� 1� &UDLQ� 3� 1� )LUVW� DQG -� $� 6WURVFLR� ¼*UDLQ ERXQGDU\ ORRSV LQ JUDSKHQH�½ 3K\V� 5HY�
%� YRO� ���
S� ������� 0D\ �����
>�@ +� 3LQWR DQG -� /HV]F]\QVNL� )XQGDPHQWDO 3URSHUWLHV RI *UDSKHQH� +DQGERRN RI &DUERQ 1DQR 0DWHULDOV� :RUOG 6FLHQWLILF� PDU �����
>�@ *� .UHVVH DQG -� )XUWKPOOHU� ¼(IILFLHQF\ RI DE�LQLWLR WRWDO HQHUJ\ FDOFXODWLRQV IRU PHWDOV DQG VHPLFRQGXFWRUV XVLQJ D SODQH�ZDYH EDVLV VHW�½
&RPSXWDWLRQDO 0DWHULDOV 6FLHQFH� YRO� �� QR� �� SS� �� · ��� �����

>�@ +� 3HQJ DQG -� 3� 3HUGHZ� ¼6\QHUJ\ RI YDQ GHU ZDDOV DQG VHOI�LQWHUDFWLRQ FRUUHFWLRQV LQ WUDQVLWLRQ PHWDO PRQR[LGHV�½ 3K\V� 5HY� %� YRO� ���
6HS �����
>�@ .� 3DORW ʲDV DQG :� $� +RIHU� ¼0XOWLSOH VFDWWHULQJ LQ D YDFXXP EDUULHU REWDLQHG IURP UHDO�VSDFH ZDYHIXQFWLRQV�½ -RXUQDO RI 3K\VLFV�
&RQGHQVHG 0DWWHU� YRO� ��� QR� ��� S� ����� �����

)LJXUH �� 7KH ೻څb��� �� ZLWK �� DWRP FRUH� OHIW VKRZV WKH
H[SHULPHQWDO 670 LPDJH LQ WRSRJUDSKLF PRGH ZLWK WXQQHOLQJ
FXUUHQW RI ��� S$ DQG ELDV YROWDJH RI ��� 9 DW 7  ��� ഃ�
ULJKW SDQHO LV WKH ')7 FRPSXWHG 670 LPDJH ���� 9�� WKH
FRUUHVSRQGLQJ ODWWLFH LV VXSHULPSRVHG LQ WKH LPDJH �$GDSWHG IURP
>�@��

)LJXUH �� &RPSXWHG 670 IRU KH[DJRQDO DUUD\ RI GHIHFWV ZLWK
SDWWHUQ �[�� �D� VKRZV WKH FRPSXWHG 670 IRU D VHULHV RI YROWDJHV�
�E� VKRZV D ODUJHU YLHZ RI WKH KH[DJRQDO SDWWHUQHG �[� IRU 9%,$6
����9b�7KH EOXH OLQH GHQRWHV WKH XQLW FHOO RI WKH GLVSOD\HG
VWUXFWXUHV��F� &RPSXWHG SDUWLDO GHQVLW\ RI VWDWHV �3'26� IRU WKH
GHIRUPHG�XQGHIRUPHG UHJLRQ LQ JUHHQ�JUD\� �G� &RPSXWHG %DQG
VWUXFWXUH� LW LV VKRZQ (�(I� ZKHUH (I LV WKH )HUPL OHYHO DW
�����H9��

0(7+2'2/2*<

&21&/86,21

5()(5(1&(6

$&.12:/('*0(17
7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH +3&�(XURSD� �+3&��:(�(<� IRU SURYLGLQJ VWDWH�RI�WKH�DUW KLJK�
SHUIRUPDQFH FRPSXWLQJ IDFLOLWLHV IRU WKLV UHVHDUFK� DOVR WR WKH 6FKRRO RI 3K\VLFDO 6FLHQFHV DQG
1DQRWHFKQRORJ\ DW <DFKD\ 7HFK 8QLYHUVLW\ IRU WKH VXSSRUW LQ WKLV ZRUN�

7DEOH �� 7KH UHVXOWV RI WKH
FDOFXODWLRQV IRU SULVWLQH JUDSKHQH
DQG �[���[���[���[���[�
DUUDQJHPHQWV� ഓഠഡ LV WKH RSWLPDO
GHIHFWLYH ODWWLFH� ആഓഥഠഞ LV WKH
QXPEHU RI DWRPV� ೽೻ LV WKH
FRKHVLYH HQHUJ\ SHU DWRP�
೽ങbUHSUHVHQWV WKH EDQGJDS�

)/2:(5�/,.( '()(&76

6LPXODWLRQV

5(68/76

670 LPDJHV

)XQFWLRQDO 6&$1 � U99��
>�@� ZKLFK LQFOXGHV WKH 9DQ
GHU :DDOV GLVSHUVLRQV�
&XWRII HQHUJ\ RI ��� H9�
7KH VHSDUDWLRQ RI WKH N�
SRLQW PHVK ZDV �����

7HUVRII�+DPDQQ
DSSUR[LPDWLRQ

&RPSXWHG SULVWLQH
JUDSKHQH DQG �[��
�[� ��[� ��[�� �[��
VXSHUODWWLFHV

Œƒœ

ŒƔœ

�[�

�[�

'RP©QLFD 1� *DU]³Q� +HQU\ 3� 3LQWR
<DFKD\ 7HFK 8QLYHUVLW\� GRPHQLFD�JDU]RQ#\DFKD\WHFK�HGX�HF

)LJXUH �� &RPSXWHG 670 IRU KH[DJRQDO DUUD\ RI GHIHFWV ZLWK
SDWWHUQ �[�� �D� VKRZV WKH FRPSXWHG 670 LPDJHV IRU D VHULHV RI
9%,$6 YROWDJHV� �E� &RPSXWHG SDUWLDO GHQVLW\ RI VWDWHV �3'26�
ZKHUH WKH JUD\ �JUHHQ� UHJLRQ EHORQJV WR WKH SULVWLQH�OLNH &
�IORZHU UHJLRQ &)� DWRPV� �F� VKRZV D ODUJHU YLHZ RI WKH
KH[DJRQDO SDWWHUQHG �[� VXSHUFHOO IRU എ೺ഁ೹ഋ  ���� എ� QRWLFH WKH
VFDOHEDUV LQ ۢb� 7KH EOXH OLQH GHQRWHV WKH XQLW FHOO RI WKH
GLVSOD\HG VWUXFWXUHV�
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Chemically Graded Metal/Ceramic Interface - A High Throughput DFT 
Study 

 
Prince Gollapalli, Satyesh Kumar Yadav 

Department of Metallurgical and Materials Engineering, Indian Institute of Technology (IIT) Madras, Chennai 
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 

1. E.B. Watkins et al., Thin Solid Films, 616, 399 (2016). 
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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 analyti-

cal 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 pro-

gram packages [1, 2]. Based on these developments, but aiming now for a highly e�cient semi-

empirical 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 al-

ternative 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 ap-

proaches.

[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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Large twisting angles in Bilayer graphene
Moiré quantum dot structures

Jozef Bucko & František Herman

Department of Experimental Physics, Comenius University, Bratislava

herman2@uniba.sk

Abstract

Recent exploration of the commensurate structure in the tur-

bostratic double layer graphene shows that the large angle

twisting can be treated by the decrease of the effective ve-

locity 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 sys-

tems (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 tun-

ning knob of the position symmetry in the graphene systems.

Complete overview of the large angle twisting on the consid-

ered dot systems is provided.

(Large angle) twisted bilayer graphene

quantum dots

Figure 1: Moiré pattern situ-

ation close to the boundary of

the cartoon 7nm wide BGM-

QD system considering differ-

ent values of the large twisting

angle ✓. R represents radius of

the dot and D corresponds to

the Moiré period.

Model

Figure 2: Brillouin zone of the unrotated (red), rotated (blue) single layer graphene, as

well as twisted bilayer graphene (black).

• Effective velocity:

vF (✓) = v
SL

F

⇣
1� ↵

�K2

⌘
, �K =

4

3a0
sin

✓

2
.

v
SL

F
: 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.

• 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 po-

tential 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.

• Assuming radially symmetrical system hri = 0:

�E�r � 0.

• Uncertainty principle allows us in principle to have well lo-

calized 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 (✓).

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 ✓:

~vSL
F

R
! ~vF (✓)

R
.

Numerical Analysis

Formulation of the Eigenproblem

• Dirac equation of motion describing BGM-QD system:

H
⌧(✓) ⌧(✓) = E

⌧(✓) ⌧(✓),

• The two-site envelope wave function (due to cylindrical

symmetry) can be factorized as:

 ⌧(r,') =
e
im'

p
r

✓
1 0
0 e

�i'

◆
 ⌧

1(r),

where r and ' are the polar spatial coordinates and  ⌧

1(r)
is the remaining part of the envelope wave-function.

• The final eigenenergies as well as final form of the eigen-

vectors can be found from the solution of the boundary con-

dition (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

Figure 3: Energy levels of the

BGM-QD considering m = 0,

potentials U0 = � = 10�,

where � = ~vF (✓)/R, two dif-

ferent 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 ✓ consider-

ing both valleys ⌧ = ±1.

Each of the curves plotted

in the figure can be fitted by

an empirical formula (mo-

tivated by the second order

perturbation theory):

"
0 = "0

✓
1� � csc2

✓
✓

2

◆◆
,

considering fitting parame-

ters "0 and �

Envelope wave-function

Figure 5: Wave function of the twisted bilayer quantum dot as a function of the twist-

ing angle ✓. Parameters related to the considered model: m = 0, ⌧ = 1, U0 = � = 2�,

R = 25nm, ⇢ = 1, and the twisting angle is changing from ✓ = 4� (top curve) to ✓ = 20�

(bottom curve).

Summary

• 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 an-

gles 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).

• Tunable distance of the energy levels on the infrared scale

ranging from � ⇡ 7meV (considering R = 100nm) al-

ready up to � ⇡ 700meV (considering R = 1nm) craves

for the application in the infrared spectroscopy area.

All of the mentioned ideas show promising research fu-

ture 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 tun-

ing by the large angle twisting of two graphene flakes placed

above each other. It shows, that this effect leads to the de-

crease of the electron velocities. Described effect causes sev-

eral features in the energy and state description including e.g.

higher localization of the envelope wave-function.

References

[1] S. Shallcross et al. “Electronic structure of turbostratic graphene”. In:

Physical Review B 81.1 (Apr. 2010), p. 165105.

[2] Eliska Greplova et al. “Fully Automated Identification of Two-

Dimensional Material Samples”. In: Phys. Rev. Applied 13 (June

2020), pp. 064017–. URL: https://Journals.aps.org/
prapplied/abstract/10.1103/PhysRevApplied.13.
064017.

[3] Jozef Bucko et al. “Automated exploration of bound states in twisted

bilayer graphene quantum dots”. In: To be published (2021).

[4] C. Volk et al. “Electronic Excited States in Bilayer Graphene Dou-

ble Quantum Dots”. In: Nano Letters 11 (Aug. 2011), pp. 3581–

3586. URL: https://pubs.acs.org/doi/10.1021/
nl201295s.

[5] Marius Eich et al. “Spin and Valley States in Gate-Defined Bilayer

Graphene Quantum Dots”. In: Physical Review X 8 (Feb. 2018),

p. 031023.

[6] A. Kurzmann et al. “Excited States in Bilayer Graphene Quantum

Dots”. In: Physical Review Letters 123.026803 (Sept. 2019), pp. 1–5.

URL: https://Journals.aps.org/prl/abstract/10.
1103/PhysRevLett.123.026803.

[7] Tobias Wenz et al. “Quantum dot state initialization by control of

tunneling rates”. In: Physical Review B 99 (May 2019), 201409(R)–.

URL: https://arxiv.org/pdf/1903.02395.pdf.

[8] Niels Ubbelohde et al. “Partitioning of on-demand electron pairs”. In:

Nature Nanotechnology 10 (Dec. 2015), pp. 46–49. URL: https:
//www.nature.com/articles/nnano.2014.275.

Acknowledgements

We are grateful for financial support from the Swiss National Science Foundation

through Division II (Grant No. 184739). We are also grateful to Eliska Greplova, Peter
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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 transition-
metal dichalcogenides and physisorbed organic molecules, host intriguing charge-
transfer dynamics e↵ects that are relevant for opto-electronics [1]. In the frame-
work 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 (OHí, Clí, 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 Vignif\ing ʌ- ʌ* WUanViWiRnV. 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. 

Abigail Jennifer G & Dr Rajadurai Vijay Solomon* 

Department of Chemistry, Madras Christian College (Autonomous), East Tambaram, 
Chennai 600 059. 

Email: vjsolo@gmail.com 

 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-S\ULGLQHV (BTPV) aQG 6,6ƍ-bis-1,2,4-

triazin-yl-2,2ƍ-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: 6,6ƍ-bis(1-R-1H-1,2,3-triazol-4-yl)-2,2ƍ-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 
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Influence of shape on hydration of gold nanoparticles 

G. Jayabalaji   and  J. Meena Devi*

Centre for Nanotechnology & Advanced Biomaterials (CeNTAB) and School of Electrical &
Electronics Engineering (SEEE), SASTRA Deemed University, Thanjavur-613401, Tamilnadu, India.

Keywords: Gold nanoparticles, Shape, Hydration and Molecular Dynamics simulation

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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Vacancy-driven magnetic changes on doped
manganites: the effect of a localized electronic
defect level
Dilson Juan1,2,3, Miguel Pruneda2, and Valeria Ferrari1,3

1Instituto Sabato, UNSAM - CNEA, Av. Gral Paz 1499, San Martı́n, 1650 Buenos Aires, Argentina.
2Catalan Institute of Nanoscience and Nanotechnology - ICN2, CSIC and BIST, Campus UAB, 08193 Bellaterra,

Spain.
3Instituto de Nanociencia y Nanotecnologı́a, CNEA - CONICET. Departamento de Fı́sica de la Materia

Condensada, GIyA, CAC - CNEA, Av. Gral Paz 1499, San Martı́n, 1650 Buenos Aires, Argentina.

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)SrxMnO3 (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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DFT STUDY ON GLOBAL REACTIVITY PARAMETERS OF PNA STACKS 
1K. Indumathi, 2A. Abiram and 1G. Praveena* 

1Department of Physics, PSGR Krishnammal College for Women, Tamil Nadu 
2 Department of Physics, Karunya Institute of Technology and Sciences, Tamil Nadu 

Corresponding author e-mail: gopalpraveena@gmail.com 
 

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 GG-

CC (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].  

 
Fig 1: Optimized structure of GG-CC PNA dimeric strand at B3LYP/6-31G* level of theory. 
 
References  
1. P. E. Nielsen, M. Egholm, R. H. Berg, O. Buchart, science, 254 (1991) 9677-78.  
2. Mologni, L., leCoutre, P., Nielsen, P.E. and Gambacorti-Passerini, C., Nucleic. Acids. Res. 1998, 26, 1934-1938. 
3. K. Indumathi, A. Abiram & G. Praveena , Molecular Physics, 118:1 (2020) DOI: 10.1080/00268976.2019.1584682. 
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Influence of Hydrogen Sulphide and its derivative on the surface properties and hydrogen 

permeation through a model PdCu membrane by the first-principles study.

Kanika Kohli,† Debabrata Chattaraj,║ Chiranjib Majumder,║, ┴  and Prasenjit Ghosh*, ‡,  §

     †Department of Chemistry, Indian Indian of Science Education and Research, Dr. Homi Bhabha Road, Pune, India

    ‡Depatment of  Physics, Indian Indian of Science Education and Research, Dr. Homi Bhabha Road, Pune, India

  §Centre for Energy Sciences, Indian Institute of Science Education and Research, Dr. Homi Bhabha Road, Pune, India

   ║Product Development Division and ┴ Chemistry Division, Bhabha Atomic Research Centre, Mumbai 400085, India

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 H2S, 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 hydrogen-
permeable 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.

P72



��������	�
	�������	��
���
����
�
��������

�������
�	
������������
�����
��	�

������������
��
�
�����	��
��
�	������
���

��	�����	��

���
 	�������	��
 �������
 �
 �	�	���
 �����������
 ��	
 ���
 ���
 �������������	�
 ��

��������
 ������
 	�
 ����	��
 ��
 �	��� ��	��	����
 �	�����	����!"�
 ���
 �!!"��
 ��
 ���


�����
 �����
 ���
 ��
 ���
 �#�	���
 �����
 ����	�������
 �	�������
 ���
 ��	�����	���
 ��
 ���

����
��������
 �����	$�
 ��
 ���
�	��%
���
��������
�$�����
 	���
���
��
 ���
�	
��&����

��	�
 	�
 ����������'�����
 �	
 ����
 ��
 ��������
 ���
 ����
 ��
 �����%
 ���
 ��������	�

�����	�
�������
 ���
 ���
 �����
 	�
 ����������
 ��	�

 ���
 �����	�	��
 ����	��
 ������!��

������%
 (����
 ��
 ���
 �!�
 �����	�
�
 ���
 ���
 ��������
 �$�����	���
���'
 ���
 ����
�

��������
�����
���
����������%
�����
	�
��
��������	�������
��
����
����
���
�	
��
���

��
������
���#	�	��%
)
����������	�����	��
��
����
�����	$�
 ��
�	
�#�	�	��
 ���
�����
���

�����	�

 �������
�
 ��������
 �����'
 ����	�
 ���	���
 �������	�

 ��
 �
 �����	��
 ��

�	������%���
 ���	
��
 ��	�����	��
 �	����
 �����
��
 �����	�

 ���
 ���
��

�	�������%����	���	���
 ���
 ���	
�	�

 ����
�
 ���$���	�

 �������
 ���
 �	�������%

��������
����
������������
�
��������	����
�����	
�
���
���
��
���
�!�������
��

���	���������
�������
���
���
���
�	�����	��
��
�����	$������
�
������������
����
���

	�
���
����
�������
�����
��
����	����������������
���
���*
�����	��%

P73



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

Au(111) surfaces 
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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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Decoupled Strain Response of Ferroic Properties in 
Multiferroic VOCl2 Monolayer 
Akshay Mahajan* and Somnath Bhowmick 

Department of Materials Science and Engineering, Indian Institute of 
Technology, Kanpur, Kanpur 208016, India 

*Email: amahajan@iitk.ac.in  

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 out-
of-plane magnetization to a ferromagnetic (FM) ground state with in-
plane 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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Self-consistent DFT + U + V study of the structural, 
electronic, and magnetic properties of Pyrolusite (β − MnO2) 

Ruchika Mahajan1, Iurii Timrov2, Nicola Marzari2 and Arti Kashyap1 

1Indian Institute of Technology Mandi, Kamand, Mandi (HP)-175005, India 
2 Theory and Simulation of Materials (THEOS), and National Centre for Computational Design 

and Discovery of Novel Materials (MARVEL), École Polytechnique Fédérale de Lausanne 
(EPFL), CH-1015 Lausanne, Switzerland 

  

   Email: arti@iitmandi.ac.in 

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. 

 

References 

[1] Yao, Wentao and Odegard et al., Nano Energy, 48(301--311), 2018. 

[2]  Franchini, Cesare and Podloucky et al., Physical Review B, 75(9): 195128, 2007. 

[3] Yu, XL and Wu, SX et al., Solid state communications, 146(3-4): 166—168, 2008. 
[4]  Iurii Timrov, Nicola Marzari, and Matteo Cococcioni. Physical Review B, 98(8):085127, 
2018. 
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First-principles discovery of a high-temperature quasi-tetragonal

phase in the Li
+
conductor Li3+xGexP1-xO4

Giuliana Materzanini1,2, Elisa Gilardi2,3, Daniele Pergolesi2,3 and Nicola Marzari1,2

1Theory and Simulations of Materials (THEOS), École Polytechnique Fédérale de

Lausanne, CH-1015 Lausanne, Switzerland

2National Centre for Computational Design and Discovery of Novel Materials (MARVEL),

CH-1015 Lausanne, Switzerland

3Research with Neutrons and Muons (NUM), Paul Scherrer Institute, CH-5232 Villigen,

Switzerland

In the light of recent first-principles molecular dynamics simulations (Materzanini et al.,

Phys. Rev. Mater. 2020, accepted) predicting high Li-ion conductivity in hypotheti-

cal tetragonal Li10GeP2O12 (LGPO), we aim at enlightening possible entropy-driven phase

transitions from the existing orthorhombic LISICON structure (↵-o-LGPO) to the fast con-

ductive hypothetical tetragonal ↵-t-LGPO. We perform extensive variable-cell (NPT) Car-

Parrinello 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 relax-

ation, 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+xGexP1-xO4. 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.

1
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The degradation of CdS-based paints 

S.Mayda1, F. Vanmeert2,3, A. Romani4,5, L. Monico2,4,5, K. Janssens2, B. Partoens6, D.Lamoen1 

1EMAT & Nanolab Center of Excellence, Department of Physics, University of Antwerp,  
Groenenborgerlaan 171, 2020 Antwerp, Belgium 

2AXES & Nanolab Center of Excellence , Faculty of Science, University of Antwerp,  
Groenenborgerlaan 171, 2020 Antwerp, Belgium 

3Laboratories of the Royal Institute for Cultural Heritage (KIK-IRPA),  
Parc du Cinquantenaire 1, 1000 Brussels, Belgium 

4CNR-SCITEC, via Elce di Sotto 8, 06123 Perugia, Italy 

5SMAArt  Centre  and  Department  of  Chemistry,  Biology  and Biotechnology,  University  of  Perugia,  
via Elce di Sotto 8, 06123 Perugia, Italy 

6CMT & Nanolab Center of Excellence, Department of Physics, University of Antwerp,  
Groenenborgerlaan 171, 2020 Antwerpen, Belgium 

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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Ab-initio Gilbert damping on systems with lack of inversion symmetry:
Fe50Co50(100) case

I. P. Miranda1, A. B. Klautau2, A. Bergman3, D. Thonig3,4, H. M. Petrilli1, and O. Eriksson3,4

1Universidade de São Paulo, Instituto de Física,
Rua do Matão, 1371, 05508-090, São Paulo, SP, Brazil

2Faculdade de Física, Universidade Federal do Pará, Belém, PA, Brazil
3Department of Physics and Astronomy, Uppsala University,

Box 516, SE-75120 Uppsala, Sweden and
4School of Science and Technology, Örebro University,

Fakultetsgatan 1, SE-701 82 Örebro, Sweden

Gilbert damping has a critical importance in determining the lifetime, di�usion, 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 ab-

initio 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 Fe50Co50(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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TiWle: ​FXndamenWal VWXdieV on Whe Uole of nXcleaU qXanWXm effecWV in WeUephWhalic acid.  
 
AXWhorV: ​UnmeVh Mondal ​a​ , Ali HaVVanali ​b​, PraVenjiW GhoVh ​c 

a) DeparWmenW of ChemiVWr\, Indian InVWiWXWe of Science EdXcaWion  and ReVearch, PXne-411008, India 
b) CondenVed MaWWer Ph\VicV SecWion, The AbdXV Salaam InWernaWional CenWer for TheoreWical Ph\VicV, SWrada CoVWiera 11, 34151 TrieVWe                 

IWal\ 
c) DeparWmenW of Ph\VicV and CenWer for Energ\ ScienceV, Indian InVWiWXWe of Science EdXcaWion and ReVearch, PXne-411008, India 

 
 
AbVWracW: 
 
MXlWiple proWon WranVfer (MPT) iV Whe moYemenW of VeYeral proWonV along h\drogen bondV ZiWh              
inWereVWing manifeVWaWionV in a YarieW\ of chemical and biological proceVVeV. From proWon            
hopping in ZaWer Wo proWon WranVfer in DNA baVe pairV, Whe Vcience of MPT iV crXcial and needV                  
deWailed inYeVWigaWion. AV a loW of facWorV affecW Whe naWXre of proWon WranVferV in comple[               
V\VWemV, Ze decided Wo VWXd\ a leVV comple[ proWoW\pical molecXlar cr\VWal, WerephWhalic acid             
(TPA). TPA molecXle iV a diben]oic acid ZiWh Whe carbo[\l groXpV aW Whe para poViWion of Whe                 
ben]ene. Each TPA molecXle bindV Wo WZo neighboXring TPA molecXleV WhroXgh O-H---O bondV             
Wo form linear chainV. MXlWiple chainV e[perience Zeak C-H---O h\drogen bondV Wo form a VheeW               
and eYenWXall\ mXlWiple VheeWV VWack on Wop of each oWher WhroXgh Zeak Yan der WaalV               
inWeracWionV Wo form Whe cr\VWal. BaVed on Whe VWacking and cr\VWal VWrXcWXre, TPA e[iVWV in Whree                
cr\VWal formV​3,4 namel\ Form I, II and III, oXW of Zhich Form III iV VWable aW high WemperaWXre                  
ZhereaV Form I and II are boWh debaWed Wo be Whe moVW VWable configXraWion aW loZ WemperaWXreV.                 
HoZeYer, oXr ​ab iniWio calcXlaWionV (XVing BLYP e[change-correlaWion fXncWional) find Form I Wo             
be Whe moVW VWable configXraWion aW 0K. E[iVWing e[perimenWal reporWV​1,2,6 VXggeVW Whe h\drogen             
aWomV along Whe O-H---O bond VhXWWleV beWZeen Whe WZo TPA molecXleV . ThiV doXble proWon               
WranVfer (DPT) iV belieYed Wo onVeW aroXnd 70 K and iV commonl\ Wermed aV Whe order-diVorder                
WranViWion.  
 
In WhiV VWXd\ Ze inWend Wo find Whe anVZerV of Whe folloZing qXeVWionV:  
 

(a) WhaW iV Whe naWXre of Whe doXble proWon WranVfer? IV iW VWepZiVe or concerWed?  
(b) Are Where an\ correlaWionV beWZeen DPT occXrring aW WZo differenW H-bond           

ViWeV(inWrala\er and inWerla\er)? 
(c) HoZ do molecXle-molecXle inWeracWion and Whe cr\VWal field affecW Whe doXble proWon            

WranVfer? 
(d) HoZ are Whe proWon WranVfer and Whe correlaWionV (if an\) modXlaWed b\ nXclear qXanWXm              

effecWV(NQE)? 
(e) Since Whe proWon iV VignificanWl\ delocali]ed dXe Wo NQE, iV Where an\ coXpling beWZeen              

Whe proWon and Whe elecWronic degreeV of freedom?  
 
In order Wo addreVV Whe aforemenWioned qXeVWionV Ze performed ​ab iniWiR ​molecXlar d\namicV             
(AIMD) VimXlaWion ZiWh claVVical WreaWmenW of Whe nXclei aW 70, 200 and 300 K. AW loZ                
WemperaWXreV, NQE are oYerl\ pronoXnced for h\drogen aWomV, Wherefore generali]ed langeYin           
eqXaWion baVed paWh inWegral molecXlar d\namicV VimXlaWionV​7 (PIGLET) Zere performed Wo           
deWermine accXraWe VWaWiVWical properWieV and WhermoVWaWWed ring pol\mer molecXlar d\namicV          
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VimXlaWionV​8 (W-RPMD) for d\namical properWieV aW Whe aboYe menWioned WemperaWXreV. ClaVVical           
nXclei AIMD VimXlaWionV do noW VhoZ an\ proWon WranVfer (along O-H---O and C-H---O h\drogen              
bondV) aW 70 and 200 K ZhereaV aW 300 K Ze do find diminXWiYe proWon WranVfer for Whe WZo                   
h\drogen aWomV along O-H---O h\drogen bondV aW Whe chain jXncWion. DPT iV alVo foXnd Wo haYe                
a concerWed mechaniVm aW Whe chain jXncWion. HoZeYer, DPT occXrring aW WZo adjacenW H-bond              
ViWeV along Whe linear chain iV VWepZiVe and doeV noW occXr VimXlWaneoXVl\ aW 300 K.               
IncorporaWion of NQE enhanceV Whe proWon WranVfer b\ WXnneling and aV a reVXlW Vmall DPT iV                
obVerYed aW 70 K. The proporWion of proWon WranVferV conWinXoXVl\ increaVeV ZiWh increaVe in              
WemperaWXre. Similar Wo Whe claVVical caVe aW 300 K, Whe DPT iV moVWl\ concerWed bXW Ze do find                  
a non-negligible proporWion of proWonV Wo be cloVer Wo one molecXle Whan iWV neighboXr. SXch               
inVWanceV mighW indXce fracWional charge on Whe parWicipaWing molecXleV for an oYerall neXWral             
V\VWem. Unlike Whe claVVical caVe aW 300 K, correlaWionV of DPT aW WZo adjacenW H-bond ViWeV can                 
be boWh VWepZiVe and concerWed. AW 70 K, Whe VWepZiVe correlaWion iV dominanW ZhereaV Whe               
increaVe in WemperaWXre makeV Whe WZo proceVVeV comparable. In order Wo XnderVWand Whe             
d\namical properWieV, qXanWXm W-RPMD VimXlaWionV Zere XVed Wo appro[imaWel\ calcXlaWe Whe           
infrared(IR) VpecWra. The IR VpecWra VhoZV conViderable broadening in Whe O-H VWreWching            
region aV Whe WemperaWXre iV increaVed, WhXV, enabling a direcW relaWionVhip ZiWh proWon WranVfer.              
AddiWionall\, Ze looked inWo deXWeraWed TPA aW 70 K and foXnd no proWon WranVfer and a                
conVeqXenW leVV broad O-D VWreWching in Whe IR VpecWra.  
 
The VhXWWling h\drogen aWom operaWeV Xnder a doXble Zell formed b\ Whe O aWomV of Whe                
neighboXring TPA molecXleV. DXe Wo V\mmeWr\, Whe doXble Zell poWenWial e[perienced b\            
h\drogen aWomV in a TPA dimer iV V\mmeWric bXW becomeV aV\mmeWric in Whe cr\VWal dXe Wo                
laWWice effecWV. PreYioXV reporWV​1,2,6 argXe Whe aV\mmeWric naWXre of Whe poWenWial Zell Wo caXVe              
proWonV Wo WXnnel and VhoZ NQE aW loZ WemperaWXreV aroXnd 70 K. The e[acW naWXre of Whe                 
laWWice effecWV iV difficXlW Wo XnderVWand WhroXgh e[perimenWV. Therefore, Ze looked inWo NQE in              
Whe gaV phaVe loZ-dimenVional modelV of TPA namel\ dimer, chain and VheeW. BoWh Whe              
claVVical and qXanWXm VimXlaWionV preVenW ]ero proWon WXnneling aW 70 K along ZiWh increaVed              
O---O bond diVWanceV Z.r.W Whe cr\VWal. The abVence of proWon WranVfer for loZ dimenVional              
V\VWemV VXggeVWV Whe role of VWacking of Whe TPA VheeWV Wo aV\mmeWri]e Whe doXble Zell in Whe                 
cr\VWal.  
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AVVHVVPHQW RI DHQVLW\ FXQcWLRQaOV RQ CaUbRQ DLR[LGH LQWHUPROHcXOaU LQWHUacWLRQV 
 
 Eli]ane E de MoUaeVï , Ale[VandUo KiUch ï , JXlio Romano Meneghinið and CaeWano R. 
MiUandaï 
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BUa]il 
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The need Wo UedXce caUbon dio[ide (CO​2​) emiVVionV iV one of Whe moVW VignificanW              
enYiUonmenWal challengeV facing VocieW\. CaUbon capWXUe and VWoUage (CCS) iV a majoU            
VWUaWeg\ Wo decUeaVe CO​2 ​emiVVionV fUom foVVil fXel VoXUceV Wo Whe aWmoVpheUe.            
UndeUVWanding CO​2 inWeUacWion iV cUXcial foU Whe deYelopmenW of VXcceVVfXl caUbon capWXUe             
and VWoUage WechnologieV. In WhiV ZoUk Ze inYeVWigaWed Whe peUfoUmanceV of Whe implemenWed             
fXncWionalV ZeUe inYeVWigaWed in Whe SIESTA: Whe Yan deU WaalV (YdW) diVpeUVion coUUecWion             
ZiWh Whe (i) BH [1], (ii) C09[2], (iii) KBM [3], LMKLL [4], and (Y) VV [5] YeUVion, and Whe                   
geneUali]ed gUadienW appUo[imaWion YeUVion GGA [6] Wo deVcUibe Whe inWeUacWionV of Whe CO​2              
homodimeUV WhUoXgh Whe denViW\ fXncWional WheoU\. The XVe of WheVe fXncWionalV foU Whe CO​2              

haV noW been UepoUWed in Whe liWeUaWXUe. TheUefoUe Whe eneUg\ inWeUacWion beWZeen Whe CO​2               
homodimeUV, Whe YibUaWional modeV, and Whe Volid phaVe ZaV calcXlaWed XVing           
YdW-DF3-W\peV. ​The calcXlaWion of Whe inWeUacWion eneUg\ beWZeen Whe dimeUV, Ze obVeUYed            
WhaW Whe T-Vhaped (TS) and paUallel diVplaced (PD) configXUaWionV aUe Whe moVW VWable             
configXUaWionV. The qXaliWaWiYe and qXanWiWaWiYe behaYioU of Whe fXncWional YdW-DF-C09 foU           
Whe PD configXUaWion iV in agUeemenW ZiWh Whe ZoUkV b\ KalXgina eW al.[7]/BXkoZVki ​eW al. [8],                
Whe\ XVed high-leYel CCSD(T)/aXg-cc-pVXZ (X = D,T,Q,CBS)/SAPT WheoU\. In addiWion, Whe           
fXncWional YdZ-DF-C09 ZaV able Wo UepUodXce e[peUimenWal daWa fUom Whe Volid phaVe of             
CO​2 ​and Whe YibUaWional modeV V\mmeWUical, aV\mmeWUic and bending VWUeWching. The           
compaUiVon beWZeen diffeUenW W\peV of fXncWional feaWXUeV of YdW can offeU gXidance foU             
paUameWeUi]aWion of foUce fieldV VXiWable foU claVVical VimXlaWionV Wo poWenWiall\ bUing inVighWV            
inWo indXVWUial VolYenW VWXdieV and opWimi]e pUopeUWieV of maWeUialV deVigned foU CO​2 ​capWXUe             
and VWoUage. 
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The need Wo UedXce caUbon dio[ide (CO​2​) emiVVionV iV one of Whe moVW VignificanW              
enYiUonmenWal challengeV facing VocieW\. CaUbon capWXUe and VWoUage (CCS) iV a           
majoU VWUaWeg\ Wo decUeaVe CO​2 emiVVionV fUom foVVil fXel VoXUceV Wo Whe            
aWmoVpheUe. UndeUVWanding CO​2 inWeUacWion iV cUXcial foU Whe deYelopmenW of          
VXcceVVfXl caUbon capWXUe and VWoUage WechnologieV. ThiV ZoUk peUfoUmV a          
benchmaUk of Whe e[change-coUUelaWion fXncWionalV Wo deVcUibe Whe Yan deU WaalV           



inWeUacWionV of Whe CO​2 ​WhUoXgh Whe denViW\ fXncWional WheoU\. The XVe of WheVe             
fXncWionalV foU Whe CO​2 ​haV noW been UepoUWed in Whe liWeUaWXUe. TheUefoUe Whe eneUg\              
inWeUacWion beWZeen Whe CO​2 homodimeUV, Whe YibUaWional modeV, and Whe Volid phaVe            
ZaV calcXlaWed XVing YdW-DF3-W\peV. The fXncWional YdW-DF-C09 accXUaWel\        
deVcUibed Whe eneUg\ inWeUacWion beWZeen Whe diffeUenW configXUaWionV of Whe dimeUV           
and Whe V\mmeWUical, aV\mmeWUic, and bending VWUeWch. The W\peV of fXncWional           
YdZ-DF3 VWXdied in WhiV ZoUk deVcUibed Whe Volid phaVe of Whe dU\ ice coUUecWl\. The               
compaUiVon beWZeen diffeUenW W\peV of fXncWional feaWXUeV of YdW can offeU gXidance            
foU paUameWeUi]aWion of foUce fieldV VXiWable foU claVVical VimXlaWionV Wo poWenWiall\           
bUing inVighWV inWo indXVWUial VolYenW VWXdieV and opWimi]e pUopeUWieV of maWeUialV           
deVigned foU CO​2​ capWXUe and VWoUage. 
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High throughput computational screening of perovskites for photovoltaics 
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Perovskites are archetypal multifunctional materials—they could be inorganic, organic or their 
hybrid variants. Recently these classes of perovskites emerged as promising photovoltaic multi-
junction 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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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 
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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, band-

gap 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. 
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Ab-initio energetics of graphite and multilayer graphene:
stability of Bernal versus rhombohedral stacking
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3Sorbonne Université, CNRS, Institut des Nanosciences de Paris, UMR7588, F-75252, Paris, France.
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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 increas-
ing 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. Patri-
arche, 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).
[4] J. P. Nery, M. Calandra, and F. Mauri, arXiv:2011.09614v1 (2020).
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Abstract

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 mo-
ment 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.

Computational Model

• Quantum ESPRESSO first-principles simulation package [1, 2] has been used for all
the calculations.

• Interaction between the nuclei and the electrons is modeled by ultrasoft pseudopo-
tentials [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

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. 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 mag-
netic moment and the number of dangling bonds presents in the nanopore by an empirical
equation :

µVn
= NDB

�
1 + |✏Vn|

�
µB (1)

NDB is the number of carbon atoms containing the dangling bonds, µB is the Bohr mag-
neton and ✏Vn a dimensionless real number (|✏Vn| < 1), calculated as function of vacancy
defects’s number n :

✏Vn = exp(�n/a0)� a2 ⇤ sin(⇡ n + a1) + a3 (2)

a0 = 0.509306, a1 = �0.123454, a2 = 0.204424 and a3 = 0.04.
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).

Single nanoporous graphene structures

Fig.2 : Spin density distribution around single nanoporous graphene structures. The nanoporous structure Sa
6 differts to Sb

6 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, Sb

6, 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 interac-
tions 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 in-
duced magnetism. The structures S2, S4 and Sa

6 the 2p and 2s orbitals exhibit perfect symmetrical
spin-up and spin-down DOS,

Electron spin densities presented above (Fig. 2), revealed that the magnetization is concentrated
on C atoms around nanopores.

Double nanoporous graphene structures
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Fig. 4: Sum of local partial density of states (LPDOS) 2p and 2s for the carbon atoms surrounding each single

nanopore belonging to S1S1, S1S1, S1S2, S2S2, S1S
1
1 and S1S1

1. (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 mag-
netic 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
graphene in good agreement with the DFT values.

• The interactions between nanopores in graphene play a fundamental role in
its magnetic behavior.

• The magnetic properties of individual nanopores participating in the interac-
tions appear to also have an impact on the magnetization.

• The nanopores may interact with each others resulting in an increase or total
annihilation of the magnetic moment.
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Title – Effect of electron-phonon interaction on 
Transport Properties of Lead Iodide(PbI2) Monolayer
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Abstract-  
Electron-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 electron-

phonon 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. 
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Thus our results reveal that it is crucial to include  electron-phonon interaction in 
transport properties of PbI2 monolayer.  



Cubic Phase Stability of Mixed-cation Perovskites: DFT 
calculations and machine-learning prediction 

 
Heesoo Park1, Adnan Ali1, Raghvendra Mall2, Halima Bensmail2, Brahim Aïssa1, Stefano Sanvito3, 

Abdelhak Belaidi1, and Fedwa El-Mellouhi1* 
 

1 Qatar Environment and Energy Research Institute, Hamad Bin Khalifa University, P.O. BOX 34110, Doha, Qatar 
2 Qatar Computing Research Institute, P.O. BOX 34110, Hamad Bin Khalifa University, Doha, Qatar 

3 School of Physics, AMBER and CRANN Institute, Trinity College, Dublin 2, Ireland 
 

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 mixed-
cation 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. 
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[2] Ali et al. “Machine Learning Accelerated Recovery of the Cubic Structure in Mixed-Cation Perovskite Thin 
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Ab-initio study of CsPbCl3 and Mn-doped CsPbCl3 monolayers as solar cell 
absorbers
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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 Mn-
doped 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

• 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.

Crystal structure
(a) (b)

Top view Top view

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

Vibrational property

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

Band structure, TDOS and PDOS
(a) (b)

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

J-V characteristics
(a)

(b)

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

Materials Jsc (A/m2) Voc (eV) ƞ (%)

CsPbCl3
monolayer 

9.94 2.84 2.48

Mn-doped CsPbCl3
monolayer

526.10 0.62 25.99

Conclusions
• 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 Mn-
doped 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    and * G. Kalpana  

Department of Physics, Anna University, Chennai-25, India.  

 

 

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 spin-
polarization 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) 

        Babu Baijnath Prasad 1,2 and Guang-Yu Guo 1,3,*

1Department of Physics and Center for Theoretical Physics, 

       National Taiwan University, Taipei 10617, Taiwan 
2Nano Science and Technology Program, Taiwan International 

   Graduate Program, Academia Sinica, Taipei 11529, Taiwan 
3Physics Division, National Center for Theoretical Sciences, 

 Taipei 10617, Taiwan 

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 symmetry-
protected 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 (ʄ/H)(S/cP) aQd -0.73 (ʄ/H)(A/P-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.  

P111



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]



In Silico prediction of antibacterial activity of sesquiterpene
lactones using density-functional theory and quantitative
structure-activity relationship methods
Fabián Puga∗ଵ, Alicja MikolajcǌǇkଶ, Paola E͘ Ordoñe𝑧ଷ and Henry P. Pintoଷ.
1 CompNano Group, School of Physical Sciences and Nanotechnology, Yachay Tech University, Ecuador

2 Laboratory of Environmental Chemometrics, University of Gdansk, Poland

3 School of Chemical Sciences and Engineering, Yachay Tech University, Ecuador

The growing resistance developed by bacteria to medicines is a problem that involves every social stratum; therefore, the development of new and effective anti-

bacterial 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 semi-

empirical 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.

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 ʹ 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.

After full relaxation, the electronic structure was computed to obtain: the

total energy, the electronic energy, the coreʹcore 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 ɲ. All these values are tabulated in Table 1.

Table1. DFT-B3LYP computed properties for selected conformers of studied molecules:

total energy ET, dipole moment p, quadrupole moment Q, polarizability ɲ͕ electronic

energy Ee, coreʹcore repulsion energy Ecоc, HOMO, LUMO, HOMO-LUMO energy gap

Eg. In this table, p, Q and ɲ are in a.u. and the energies in Eh

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 ൌ െ૟, ૟૟ૡ૙ െ ሺ૜૝,૝૝ૠ૛ ∗ 𝑯𝑶𝑴𝑶ሻ ൅ ሺ૞, ૜૞૙૛𝒆ି૙૟ ∗ 𝑬𝒈ሻ
Eq 1. Resulting equations of the best fitting process. 

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

� The calculations for the twenty molecules were carried out using xTB-

CREST 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 structure-

activity 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.

Fabian Puga and Henry Pinto thanks for the support of the School of Physical

Sciences and Nanotechnology at YachayTech University.

1. S. Grimme, J. Chem. Theory Comput. 13, 1989ʹ2009 (2017).

2. F. Neese, Rev.: Comput. Mol. Sci 2, 73ʹ78 (2012).

3. T. Puzyn et al., Nature nanotechnology 6, 175 (2011).

Methods

Results

Results

Acknowledments

Introduction

References

Conclusions and future work

P112



Ultrahigh carrier mobility and Strain Enhancement  properties of 2D penta-PdX2  (X= As, P monolayer: A DFT study
Dhara Raval1, Bindiya Babariya2, Sanjeev K. Gupta3 and P. N. Gajjar4

1,2,4 Department of Physics, University School of Sciences, Gujarat University,  Ahmedabad-380009, Gujarat, India
3 Computational Materials and Nanoscience Group, Department of Physics, St. Xavier's College, Ahmedabad 380009, India

Abstract

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 penta-
PdX2 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.

Introduction

� 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.

Methodology

Results and Discussion

[1] Y. Jing, Y. Ma, Y. Li and T. Heine, GeP3: A small indirect band gap 2D crystal with high Carrier mobility and strong interlayer
quantum confinement, Nano Lett., 2017, 17(3), 1833-1838.

[2] S. Yao, X. Zhang, Z. Zhang, A. Chen and Z. Zhou, 2D Triphosphides: SbP3 and GaP3 monolayer as promising photocatalysts for
water splitting, Int. J. Hydrog. Energy, 2019, 44(12), 5948-5954.
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SIESTA

Optimized 
Lattice 

Constants 
(Å)

DFT

Energy cutoff : 350 eV
K-point sampling: 

14x14x1

Conclusion

Electronic properties

� 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�ǯs 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 Ǯdǯ orbital of the Pd metal atom and Ǯpǯ 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.

Structural , 
Electronic, 

Transport and 
Optical Properties 

Stability of PdX2 Phonon density of states

Penta-PdX2 Angle of

Pd-X-Pd

α (deg)

Angle of

X-Pd-X

β (deg)

Angle of

Pd-X-X

γ (deg)

Lattice parameter

(Å)

Bond length of

X-X (Å)

Bond length of

Pd-X (Å)

Cohesive Energy Ecoh

(eV/atom)

PdAs2 128.657 90 115.677 6.295 2.31 2.46 -3.6364

PdP2 126.042 90 116.98 6.032 2.09 2.39 -4.0979 System Carrier type m*/me C2D

(J/m2)

E1 (eV) μ

(x104 cm2 v-1 s-1)

PdAs2 electron 0.30 263 -1.15 2.99

hole 0.06 263 1.17 54.11

PdP2 electron 0.13 277 -2.20 4.312

hole 0.07 277 2.17 14.60

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 penta-
PdP2 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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Pressure-induced Phase Transitions in Fe4N 

Sourabh Barua1, Bohnni Shikha Biswas2, Andrew C. Burgess3, Jaime Dolado4, Abdelali 
Elomrani5, Wouter Heyvaert6, Sri K7, Victor Landgraf8, Lórien MacEnulty9, Stepan Marek10, 
Adesh Rohan Mishra11, Anoop A Nair12, Riccardo Reho13, Ahmed Subrati14, Fatemeh 
Tabatabaei15, Gulsum Efsun Tekneci16, Seppe Van Dyck17, Antonio Vázquez-López18, Manoj 
Warrier19 and Stefaan Cottenier20 

1Department of Physics, Birla Institute of Technology Mesra, Ranchi, India, 2Department of Physics, Jadavpur 
University, Kolkata, India, 3School of Physics, Trinity College Dublin, The University of Dublin, Ireland, 
4Departamento de Física de Materiales, Universidad Complutense de Madrid, 28040, Spain, 5Laboratoire de 
recherche en Science des Matériaux, des Mathématiques et de la Modélisation (LS3M), Université Sultan Moulay 
Slimane, Faculté Polydisciplinaire Béni Mellal, Morocco,  6Department of Physics, University of Antwerp, 
Belgium, 7Australia, 10Department of Condensed Matter Physics, Charles University, Prague, Czech Republic, 8 
Technical University Delft, the Netherlands ,11Department of Metallurgical and Materials Engineering, National 
Institute of Technology Roukerla,India, 12Indian Institute of Science Education and Research -
Thiruvananthapuram, 13Debye Institute for Nanomaterials Science, Condensed Matter and Interfaces, University 
of Utrecht, Utrecht, Netherlands, 14NanoBioMedical Centre, Adam Mickiewicz University, Wszechnicy 
Piastowskiej 3, 61614 , Poznan, Poland, 15Université Claude Bernard Lyon 1, CNRS, Institut Lumière Matière, F-
69622, Villeurbanne, France, 16Izmir, Turkey, 17Ghent University, Ghent, Belgium, 18Departamento de Física de 
Materiales, Universidad Complutense de Madrid, 28040, Spain, 19Bhabha Atomic Research Center, 
Visakhapatnam, India, 20Center for Molecular Modeling & Department of Electromechanical, Systems and Metal 
Engineering, Ghent University, Ghent, Belgium, 

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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RPA-OEP for solids

SƚefaŶ RŝeŵeůŵŽƐeƌϭ͕ MeƌǌƵŬ KaůƚaŬϸ͕ GeŽƌŐ KƌeƐƐe1

1UŶŝǀeƌƐŝƚǇ Žf VŝeŶŶa͕ ϸVASP SŽfƚǁaƌe GŵbH

SƚefaŶ RŝeŵeůŵŽƐeƌ͕ MSc
UŶŝǀeƌƐŝƚǇ Žf VŝeŶŶa
Eŵaŝů͗ ƐƚefaŶ͘ƌŝeŵeůŵŽƐeƌΛƵŶŝǀŝe͘ac͘aƚ
WebƐŝƚe͗ cŵƉ͘ƵŶŝǀŝe͘ac͘aƚ
PŚŽŶe͗ нϰϯͲϭͲϰϮϳϳϳͲϱϭϰϬ

Contact
ϭ͘ L͘ J͘ SŚaŵ aŶd M͘ ScŚůƺƚeƌ͕ PŚǇƐ͘ Reǀ͘ Leƚƚ͘ ϱϭ͕ ϭϴϴϴ ;ϭϵϴϯͿ
Ϯ͘ L͘ J͘ SŚaŵ͕ PŚǇƐ͘ Reǀ͘ B ϯϮ͕ ϯϴϳϲ ;ϭϵϴϱͿ
ϯ͘ M͘ HeůůŐƌeŶ aŶd U͘ ǀŽŶ BaƌƚŚ͕ PŚǇƐ͘ Reǀ͘ B ϳϲ͕ ϬϳϱϭϬϳ ;ϮϬϬϳͿ
ϰ͘ S͘ RŝeŵeůŵŽƐeƌ͕ M͘ KaůƚaŬ͕ G͘ KƌeƐƐe ;ƵŶƉƵbůŝƐŚedͿ
ϱ͘ T͘ KŽƚaŶŝ͕ M͘ ǀaŶ ScŚŝůfŐaaƌde͕ aŶd S͘ V͘ Faůeeǀ͕ PŚǇƐ͘ Reǀ͘ B ϳϲ͕ ϭϲϱϭϬϲ ;ϮϬϬϳͿ͘
ϲ͘ L͘ HedŝŶ͕ PŚǇƐ͘ Reǀ͘ ϭϯϵ͕ Aϳϵϲ ;ϭϵϲϱͿ

References

TŚe ŽƉƚŝŵŝǌed ƉŽƚeŶƚŝaů ŵeƚŚŽd ;OEPͿ ƉƌeƐeŶƚƐ aŶ
ƵŶaŵbŝŐƵŽƵƐ ǁaǇ ƚŽ ŵaƉ aŶ eŶeƌŐǇ fƵŶcƚŝŽŶaů
fƌŽŵ ŵaŶǇͲbŽdǇ ƉeƌƚƵƌbaƚŝŽŶ ƚŚeŽƌǇ ;MBPTͿ ƚŽ a
ůŽcaů eǆcŚaŶŐeͲcŽƌƌeůaƚŝŽŶ ƉŽƚeŶƚŝaů͘ TŚe OEP
fƌaŵeǁŽƌŬ cŽŵbŝŶeƐ ŝŶ a ƐeŶƐe ƚŚe beƐƚ Žf bŽƚŚ
DFT aŶd MBPT ǁŽƌůdƐ͘ Iƚ ŚaƐ aůů ƚŚe fŽƌŵaů aŶd
Ɖƌacƚŝcaů beŶefŝƚƐ Žf a ůŽcaů KŽŚŶͲSŚaŵ ƉŽƚeŶƚŝaů͕
ǁŚeƌeaƐ fƌŽŵ MBPT ŝƚ ŝŶŚeƌŝƚƐ ƚŚe ƚƌaŶƐƉaƌeŶcǇ Žf
ƚŚe FeǇŶŵaŶ dŝaŐƌaŵŵaƚŝc ƌeƉƌeƐeŶƚaƚŝŽŶ aŶd
ǁŝƚŚ ŝƚ ƚŚe ƉŽƐƐŝbŝůŝƚǇ ƚŽ ŽbƚaŝŶ eǀeƌ beƚƚeƌ
aƉƉƌŽǆŝŵaƚŝŽŶƐ bǇ ƚaŬŝŶŐ ŚŝŐŚeƌ Žƌdeƌ dŝaŐƌaŵƐ
ŝŶƚŽ accŽƵŶƚ͘ AŵŽŶŐƐƚ ŽƚŚeƌ ƚŚŝŶŐƐ͕ accƵƌaƚe KS
ƉŽƚeŶƚŝaůƐ ŽbƚaŝŶed ŝŶ ƚŚŝƐ ǁaǇ caŶ Ɛeƌǀe aƐ ƚeƐƚŝŶŐ
ŐƌŽƵŶd fŽƌ ůŽǁeƌͲůeǀeů aƉƉƌŽǆŝŵaƚŝŽŶƐ aŶd ƐƚaƌƚŝŶŐ
ƉŽŝŶƚƐ fŽƌ ǀaƌŝŽƵƐ MBPT ŵeƚŚŽdƐ͘

Introduction
� DƵe ƚŽ ŝƚƐ ŚŝŐŚ cŽŵƉƵƚaƚŝŽŶaů cŽƐƚ͕ RPAͲOEP 

ŚaƐŶ͛ƚ beeŶ bƌŽadůǇ aƉƉůŝed ƚŽ ƐŽůŝdƐ
� OŶe ƉƌŽbůeŵ͗ ůŝŬe ƐƚaŶdaƌd DFT ŵeƚŚŽdƐ͕ ƚŚe 

OEP ŶeedƐ ƚŽ be ƐŽůǀed ƐeůfͲcŽŶƐŝƐƚeŶƚůǇ
� TŚe cŽŵƉƵƚaƚŝŽŶaů cŽƐƚ caŶ be ƌedƵced bǇ 

cŚŽŽƐŝŶŐ a ŐŽŽd ƐƚaƌƚŝŶŐ ƉŽŝŶƚ ΀ϰ΁͘
� BaƐŝƐ ŝdea͗ ƉƌeͲŝƚeƌaƚe ƚŚe OEP ŽŶ a ƐƉaƌƐe 
݇ͲƉŽŝŶƚ ŵeƐŚ͘

Self-consistency

� ScƌeeŶŝŶŐ ŝŶ ƚŚe RPA ƌedƵceƐ ƚŚe EXXͲOEP baŶd 
ŐaƉƐ ƚŽǁaƌdƐ PBE

� TŚe RPAͲOEP baŶd ŐaƉƐ aƌe ůaƌŐeƌ ŝŶ ƚŚe QPA
Æ Saŵe ŝŶ COHSEX͊

� Eǆacƚ RPAͲOEP ŝƐ cůŽƐeƌ ƚŽ PBE
Æ AůƐŽ ƚƌƵe fŽƌ ƚŚe cŽŶdƵcƚŝŽŶ baŶd dŝƐƉeƌƐŝŽŶ

� LaƌŐeƐƚ effecƚƐ Žf ƚŚe QPA fŽƌ ŝŽŶŝc ŵaƚeƌŝaůƐ 
;ZŶO͕ GaN͕ MŐOͿ Æ Reůaƚed ƚŽ 𝑍ͲfacƚŽƌƐ͊

� Effecƚ Žf ƚŚe QPA ŝƐ ƌedƵced fŽƌ dŝeůecƚƌŝc 
cŽŶƐƚaŶƚƐ͕ ƚƌeŶdƐ cŽŶƐŝƐƚeŶƚ ǁŝƚŚ baŶd ŐaƉƐ

� BŽƚŚ RPAͲOEP ŵeƚŚŽdƐ aƌe ŽŶ aǀeƌaŐe cůŽƐe ƚŽ 
eǆƉeƌŝŵeŶƚ

Results

� PƌeͲcŽŶǀeƌŐed OEP cŽŶƐŝƐƚeŶƚůǇ ƐƉeedƐ ƵƉ ƐeůfͲ
cŽŶƐŝƐƚeŶcǇ cǇcůe

� QPA ǁŽƌŬƐ ǁeůů eǆceƉƚ fŽƌ ŝŽŶŝc ŵaƚeƌŝaůƐ
� IŶͲŝƚƐeůf cůŽƐed RPAͲOEP ƐcŚeŵe ǇŝeůdƐ dŝeůecƚƌŝc 

cŽŶƐƚaŶƚƐ ŝŶ ŐŽŽd aŐƌeeŵeŶƚ ǁŝƚŚ eǆƉeƌŝŵeŶƚ 

Conclusions

RPA-OEP method

� UŶŝƋƵe ŵaƉƉŝŶŐ                      ;ƵƉ ƚŽ a cŽŶƐƚaŶƚͿ
bǇ ƚŚe OEP eƋƵaƚŝŽŶ ΀ϭ΁

� UƐŝŶŐ ƚŚe 𝐺0𝑊0 ƐeůfͲeŶeƌŐǇ cŽƌƌeƐƉŽŶdƐ ƚŽ ƚŚe 
ƌaŶdŽŵͲƉŚaƐe aƉƉƌŽǆŝŵaƚŝŽŶ fŽƌ ƚŚe eŶeƌŐǇ 
fƵŶcƚŝŽŶaů

� UŶůŝŬe ƐeŵŝͲůŽcaů fƵŶcƚŝŽŶaůƐ͕ ƚŚe RPAͲOEP
eǆŚŝbŝƚƐ ƚŚe cŽƌƌecƚ 1/ݎ aƐǇŵƉƚŽƚŝc beŚaǀŝŽƌ
faƌ aǁaǇ fƌŽŵ aŶ aƚŽŵ ΀Ϯ΁͘

� AƚŽŵŝc ƐŚeůů ŽƐcŝůůaƚŝŽŶƐ aƌe aůƐŽ deƐcƌŝbed ǁeůů 
bǇ ƚŚe RPAͲOEP ΀ϯ΁͘

� QƵaƐŝƉaƌƚŝcůe aƉƉƌŽǆŝŵaƚŝŽŶ ;QPAͿ͗
Sƚaƚŝc aƉƉƌŽǆŝŵaƚŝŽŶ ƚŽ ƚŚe ƐeůfͲeŶeƌŐǇ ΀ϱ΁

� Sŝŵŝůaƌ ƚŽ HedŝŶ͛Ɛ COHSEX aƉƉƌŽǆŝŵaƚŝŽŶ ΀ϲ΁͘
� TŚŝƐ ŶeŐůecƚƐ ceƌƚaŝŶ dǇŶaŵŝcaů ƐcƌeeŶŝŶŐ 

effecƚƐ͕ ŶŽ ƐƉecƚƌaů ǁeŝŐŚƚ ŝƐ ŐŝǀeŶ ƚŽ ƐaƚeůůŝƚeƐ

� ŝŶ ƚŚe QPA͕ ƚŚe 𝑍ͲfacƚŽƌƐ aƌe Ɛeƚ ƚŽ ϭ
Æ QP ůŝfeƚŝŵe ŝƐ aůǁaǇƐ ŝŶfŝŶŝƚe
Æ ƐŽŵe ƉŚǇƐŝcaů fůaǁƐ ΀ϰ΁͘

� BƵƚ͗ FŽƌ ƚŚe ƉƵƌƉŽƐe Žf ƚŚe OEP͕ ƚŚe QPA 
becŽŵeƐ eǆacƚ ŝŶ ŵeƚaůůŝc ůŝŵŝƚ͗
Æ HEG ŝƐ eǆacƚůǇ deƐcƌŝbed ΀Ϯ΁͊
Æ TŚe effecƚ Žf ƚŚe QPA ŽŶ ƚŚe baŶd ŐaƉ Žf a

ƐeŵŝcŽŶdƵcƚŽƌ caŶ be aƉƉƌŽǆŝŵaƚed aƐ ΀ϰ΁

Dynamical screening

Figure 1. SeůfͲcŽŶƐŝƐƚeŶƚ cŽƌƌeůaƚŝŽŶ ƉŽƚeŶƚŝaůƐ fŽƌ ƚŚe 
Ne aƚŽŵ ΀ϯ΁͘ 

Figure 2. A ƐŝŶŐůe ŝƚeƌaƚŝŽŶ ŽŶ a 66ݔ6ݔ ݇ͲƉŽŝŶƚ ŵeƐŚ ŝƐ ƵƐƵaůůǇ 
ƐƵffŝcŝeŶƚ͕ ŝf ƚŚe OEP ŝƐ ƉƌeͲŝƚeƌaƚed ŽŶ a 44ݔ4ݔ ŵeƐŚ͘ DaƐŚed 
ůŝŶeƐ ŝŶdŝcaƚe a ƚŽůeƌaŶceͲƌeŐŝŽŶ Žf ц ϭϬ ŵeV ΀ϰ΁͘

Figure 2. Minimal band gaps from EXX-OEP as Zell as 
RPA-OEP and RPA-OEP Xsing the QPA, as compared 
to the PBE reference. Where the minimal gap is located 
along the ǻ-a[is, the īĺX e[citation energ\ is shoZn 
instead.

Table 1. Macroscopic, ion-clamped dielectric constants in 
the RPA obtained from PBE and different RPA-OEP xc-
potentials. Stars indicate, that experiments are performed at 
wurtzite rather than zinc-blende structure [4].
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IŶƚƌŽdƵcƟŽŶ

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. Ex-
perimental and theoretical studies of nanoclusters can be very
helpful in the understanding and prediction of catalytic proper-
ties of nanoparticles (1Ϳ. Nanoclusters will be studied combin-
ing semi-empirical density-functional tight-binding (DFTBͿ with
ab initio density-functional theory (DFTͿ methods to resolve the

most stable nanocluster topology, related to the number of TiO2
units contained. Molecular dynamics simulations are ap- plied to
resolve themost likely atomic structure of (TiO2Ϳn (n с ϰ,ϲ,ϳ,ϴ,ϭϬͿ
nanoclusters. The electronic structure of the most likely candi-
dates is computed using ab-initio DFT at the level of hybrid func-
tional BϯLYP. Physical-chemical properties like formation ener-
gies, dipolemoment, quadrupolemoment, polarizability, HOMO,
LUMO and zero-point energy will be predicted.

MeƚhŽdƐ

Calculations were performed using Gaussian basis wave func-
tions in XTB (2Ϳ, a semi-empirical quantum mechanical pro-
gram to obtain sets of stable structures for each cluster. Molec-
ular dynamics (MDͿ at room temperature (T с Ϯϵϴ.ϭϱ KͿ were
implemented for ϭ ns with time step ϯ fs. The most energeti-
cally stable structures were selected for each phase of theMD,
each of them was topologically different.

Afterward, relaxations were performed implementing
ORCA, an ab initio molecular dynamics (AIMDͿ DFT and
semiempirical SCF-MO package (3Ϳ, along with the BϯLYP hy-
brid functional which consist of Becke’s three-parameter ex-
change functional and correlation functional of Lee–Yang–Parr
(4Ϳ. The calculations were performed at T с Ϭ K, relaxing differ-
ent sets of stable structures per cluster of (TiO2)n (n с ϰ, ϲ, ϳ,
ϴ, ϭϬͿ arranged in different configurations.

TiO2 cůƵƐƚeƌƐ ƐƚƌƵcƚƵƌeƐ

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

(aͿ (bͿ (cͿ (dͿ

Figure ϭ. Before (upͿ and after (downͿ MD phase transition in xTB package.

a : ϰ(ϮͿ; b : ϲ(ϮͿ; c : ϳ(ϯͿ; d : ϭϬ(ϮͿ 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 con-
figurations with an equal number of atoms.

The original cluster structures (Fig. ϭ (upͿͿ were extracted
from Arab. et al (1Ϳ, and Fig. ϭ (downͿ clusters are the result of
the topological phase transition in MD at room temperature.

MŽůecƵůaƌ DǇŶaŵicƐ

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

  

  

  

Figure Ϯ. a : ϰcϮ; b : ϲfϮ; c : ϭϬjϯ; TiO2 cluster molecular dynamics.

As we see in Fig. Ϯ, 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.

CŽŶcůƵƐiŽŶƐ

With the implementation of Molecular dynamics at room
temperature (T с Ϯϳϴ.ϭϱ KͿ on TiO2 clusters we were able to
obtain different topological phases for each structure. After a
relaxation (T с Ϭ KͿ 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.

ReƐƵůƚƐ

Though a relaxation at zero Kelvin (Tс Ϭ KͿ we were able to compute the results displayed in Table ϭ. 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 ϭ. DFT BϯLYP computed values of the Total Energy(Etot Ϳ , Dipole moment(DͿ, Quadrupole moment (QͿ, Isotropic polarizability (PͿ, Electronic Energy (Eelec Ϳ ,

Nuclear repulsion (NRͿ, HOMO, LUMO and Zero point energy (ZPE Ϳ , for TiO2 clusters set up in different configurations.

System Etot (EhͿ D(a.u.Ϳ Q(a.u.Ϳ P (a.u.Ϳ Eelec (EhͿ NR(EhͿ HOMO(EhͿ LUMO(EhͿ ZPE (EhͿ
ϰcϮa -ϰϬϬϬ.Ϭϰϴ Ϭ.Ϯϰϱ -ϵϬ.Ϭϰ ϭϯϮ.ϵϭ -ϱϵϰϳ.ϳϮ ϭϵϰϳ.ϲϰ -Ϭ.ϯϰϯ -Ϭ.ϭϴ Ϭ.ϬϮϵϳ
ϰcϮb -ϰϬϬϬ.Ϭϳϴ ϰ.ϴϰ -ϴϬ.ϵϰ ϭϯϭ. -ϱϵϬϭ.Ϭϭ ϭϵϬϬ.ϵ -Ϭ.Ϯϲϲ -Ϭ.ϭϱϱ Ϭ.ϬϯϬϱ
ϲfϭa -ϲϬϬϬ.Ϯϯϲ ϰ.ϲϵ -ϭϮϱ.ϱ ϭϵϲ.ϱϴ -ϵϵϰϰ.ϱϭ ϯϵϰϰ.ϮϮ -Ϭ.Ϯϳϰ -Ϭ.ϭϱϯ Ϭ.Ϭϰϳϰ
ϲfϭb -ϲϬϬϬ.ϮϬϮ ϰ.ϭϴ -ϭϮϳ.ϳ ϭϵϴ.ϲϴ -ϵϴϴϱ.ϱϯ ϯϴϴϱ.Ϯϴ -Ϭ.Ϯϴϲ -Ϭ.ϭϱϵ Ϭ.Ϭϰϳ
ϲfϭd -ϲϬϬϬ.ϮϮϭ Ϯ.Ϯϲ -ϭϯϰ.ϭ ϮϬϳ.Ϯϭ -ϵϴϭϯ.ϱϴ ϯϴϭϯ.ϯϭ -Ϭ.ϯϮϳ -Ϭ.ϭϲϭ Ϭ.Ϭϰϳ
ϲfϮa -ϲϬϬϬ.ϭϴϵ ϰ.ϭϭ -ϭϯϮ. ϭϵϳ.Ϯϲ -ϵϵϰϯ.ϳϱ ϯϵϰϯ.ϱϭ -Ϭ.ϯϮϱ -Ϭ.ϭϵϮ Ϭ.Ϭϰϲϲ
ϲfϮb -ϲϬϬϬ.ϭϴϳ ϯ.ϭ -ϭϮϵ.ϲ ϮϬϮ.ϴϯ -ϵϴϯϮ.ϭϵ ϯϴϯϭ.ϵϲ -Ϭ.Ϯϵϴ -Ϭ.ϭϲϴ Ϭ.Ϭϰϲϰ
ϲfϮc -ϲϬϬϬ.Ϯϯϲ ϰ.ϯϴ -ϭϮϱ. ϮϬϰ.Ϯϳ -ϵϴϭϯ.ϵϳ ϯϴϭϯ.ϲϵ -Ϭ.ϯϬϮ -Ϭ.ϭϲϱ Ϭ.Ϭϰϳϯ
ϳgϭa -ϳϬϬϬ.ϯϭϯ Ϯ.ϵϱ -ϭϱϬ.ϳ Ϯϯϵ.ϭϵ -ϭϮϭϱϮ.ϵ ϱϭϱϮ.ϰϵ -Ϭ.ϯϭϭ -Ϭ.ϭϰϲ Ϭ.Ϭϱϱϭ
ϳgϮa -ϳϬϬϬ.ϯϬϴ Ϯ.ϯϭ -ϭϰϳ.ϰ Ϯϰϭ.ϴϳ -ϭϭϵϬϵ. ϰϵϬϴ.ϲϳ -Ϭ.ϯϭ -Ϭ.ϭϲϯ Ϭ.Ϭϱϱϱ
ϳgϯa -ϳϬϬϬ.ϯϯϵ Ϭ.ϵϰϰ -ϭϰϵ.ϲ Ϯϯϲ.ϰϳ -ϭϮϭϯϲ.ϲ ϱϭϯϲ.Ϯϯ -Ϭ.ϯϮϭ -Ϭ.ϭϰ Ϭ.Ϭϱϲϯ
ϳgϯb -ϳϬϬϬ.ϯϭ Ϭ.ϰϵϰ -ϭϱϬ.ϰ Ϯϯϴ.ϳϳ -ϭϮϬϭϱ.ϯ ϱϬϭϰ.ϵϯ -Ϭ.ϯϮϭ -Ϭ.ϭϱϳ Ϭ.Ϭϱϱϳ
ϴhϮa -ϴϬϬϬ.ϯϰϳ ϭ.ϵϮ -ϭϳϰ.ϯ Ϯϳϵ.ϴϳ -ϭϰϮϳϯ. ϲϮϳϮ.ϱϳ -Ϭ.ϯϮϲ -Ϭ.ϭϱϯ Ϭ.ϬϲϮϱ
ϴhϯa -ϴϬϬϬ.ϯϵϮ ϭ.ϵϳ -ϭϳϰ.ϭ Ϯϴϯ.ϭϮ -ϭϰϮϲϭ.ϵ ϲϮϲϭ.ϰϭ -Ϭ.ϯϭϱ -Ϭ.ϭϰϵ Ϭ.Ϭϲϯ
ϴhϰa -ϴϬϬϬ.ϯϰϱ Ϯ.ϳϮ -ϭϳϰ.Ϯ Ϯϳϴ.ϰϭ -ϭϰϯϮϵ.Ϯ ϲϯϮϴ.ϴϰ -Ϭ.ϯϮϯ -Ϭ.ϭϱϯ Ϭ.ϬϲϮϴ

The most energetically stable topological phases with respect to their own cluster are ϰcϮb, ϲfϭa, ϲfϮc, and ϳgϯa, meanwhile, the
most stable clusters with the same number of atoms are ϰcϮ, ϲfϮ, ϳgϯ, and ϴhϯ. Also, the difference in zero-point energy between
phases is of the order of Ϭ.Ϭϭ eV and it reduces with the increase of the cluster size.

AcŬŶŽǁůedgeŵeŶƚƐ
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Title : Structural, electronic and and transport properties of BiI3/ZrS2 van der Waals 
heterostucutre : A first principle investigation

Aurthor(s): Gautam Sharma  1  , Shouvik Datta1,2, Prasenjit Ghosh1,2*
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Pune, Maharashtra 411008, India (2)-Centre for Energy Sciences, Indian Institute of Science
Education and Research, Pune, Maharashtra 411008
email:gautam480@gmail.com, gautam.sharma@students.iiserpune.ac.in

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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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 MoS2 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, TiS3 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 TiS3. Analysis of the band structure of TiS3

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.
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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 Zr50Cu-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. 
[2] Y. Q. Cheng, E. Ma and H. W. Sheng, Appl. Phys. Lett. 93 (2008)111913. 
[3] Y. Q. Cheng, E. Ma and H. W. Sheng, Phys. Rev. Lett. 102 (2009) 245501. 
[4] K. N. Lad, N. Jakse and A. Pasturel, J. Chem. Phys. 136 (2012)104509. 
[5] B. E. Warren, B. L. Averbach, B. W. Roberts, J. Appl. Phys. 22 (1951)1493. 
 
 

P129



�����������	�	�
�	���
���	����	����������	���

������ ���	�� ���
� ��������	��� ����	���	����� ��
���	����	������ ����� �����	���� ����

����	���� 	�� ����� ��
� 
����� ����	���� ��� ������	��� ��� ��  ��	�� ���� �����

�������������	���� ���	��� ��������!� "�� ����	�#���� �����������	�	�
�� ���� �������	��� ��

���������	�������	$��	������ ���������#�� �����#�	���������	������	����� 	����������� ��

 �������%� �
�������	���
���	����	�������
�����!�&��������������������� ��������	��

�#�� ��� ����#����� ���� �����������	�� ��������� ��� ��������
��� ���� ��
� ��
����� �#�� ��� �

����#������������	����� #����������
�
	��������%� ����	�����������	��������������#���

�	���	���	��� ���� ������	�
� ��� �� �	����#�� �	������	��	���� ���������!� '��
� �������
� 
�

��������� ��	�� ��� ����� ����	�	��� �� ��
���#�� � ���� ��������������� ��� ����#����� ���

������	��#	����������������������������#������������	�������������
�������#��
�������	���

��	��	����!�()*�"����	����������"�
	���	�����#��������������	����������������	�����������#����

�����������	�	�
�	����������	����� #	��	��������������������������	����������	�����#��#��

�������!�"������	�#�����"�
	������
������������������������������������#������������	��

���� ������#������
	��	�������	�����������������	���� 
�#�	��������#������#�	���������

���� ����� ����	�#���	��+� ��	������	����������	����
��������������#�	��!�,
�����
	����#�

����������
� ��� ���������� �	�	������ ������������� ,-�� ���� �����	�	��������

�	���������	���������
����
��������������������
�������	 #�	������	�����������	���


��� �#���
� ��������	�� ���� ����	������	����� ���#��!� .	��	�� ���� ������� 
�� 	����	�
� �

����	�#��
��������%���%�
�����	�� ����������	��	��� 	�� ����/#���#���������������� ���

#�����#� ��� ������� ����	�
!� &#��� ����	�� ����� ������
� �������� �#�� 
	��� ���� �	�����

������� ��� ���� �	���������� ��������	�� ����	�
�� ����	��� ��� �� �#��� �������� ������	���

���������������������������	��!�()*������011���	�!���1� �1�2)2!23452

P130



��������	�
��
���
�����������
��

���

���������
������
��������
���
�����

�����
��������������
���
 ���������

����
��������

 ����
�������
���	
��
 ����
����
 
���
 ��

 ���
����
�������!
��
�����	���"

����������
	
���
���
���	#
��������	�
��
������	
�����������
$�����%
�������
���

�
���

 �
�������
��
���
��
��!�
 ����
�������
��
������
������	
 �����������
&���
 ���

��

���
 ����
������
 ��
 ���!�
��!�
 ����
�������
 ��
 &������������
 ��

�������
�������#

'�
 ��
 ��&"
 ���
�
 �
�
 ���	
 �
 ��&
 �������
(
 �������
 ���������
 �)������!
 ���

��
��
�����
��
�����
��
���������
�����#
��
�������
���
��
��
�����
��
�
�����

���
 ����
��
 ���������
 ��
 �����
 �����������
 &�����
 ��������
 ���
 �����
 &����

��
������
 ��
 ��������
 ���
!���
 ��
 ���

 
��
����������
 �����
����
 ����
������

���������
 �
	����
 ��
����
��#
��
 �����
 ����
 ���
��*+,-
���
�+,./�0
 �����������

�
�����
��
�)�������
����
������
��
 ���!�
��!��
 ����
�������
 ��
������#
 ��
��������"
&�

����������
 ����
����
 ������
 ���
 ��
 ���
 �)�
���
 !
��
 ����������
 ��
 ���
 ����
�	��!

������	
 ����������
 ��

 ��*+,-#
 ���
 �����
 ���
 ����
��������
 �

�

 $+11 %
 ���

�����
!����
&���

������
 ��
 ���
����

����
��2�
�
�
���������
��

 �&�
�����
���
 ��
!�

�����
����#

P131



�����������	�
���

�����

���������
�������

���

�

����
��������������
��
����
��
��

�
���������

������
���
������

����
�
������	������


���������
������
������	�����
��
�����
���
��

������������ ��� ���
������������ 
��������
�����������

������ 
�
����

����������� 
�


�������	���

��
�������	��������������������� ����
��
����������
����������
��
��


��� ���
� ������

��� ��� !"#�� ��
��
���� $�
��� ����	� �����
�� ���� ����� ���
������
��

�������� 
��������
���� ������

���� �������
��
��� 
�� $�������� 
������� 
�
����	�
��

�����
��������
�
���
�
���
����
��
�
�������������

�

�������
$

����
�
�
��
���
�
������

�������
��������������������
�����%�����
�������������
��
���

�	�
���$��
��������
��

��
��
�� � ��� ����� ��� ����

��� ���

��� �
�
��&� 
���&� ��'�
���� �� ��
�������	� �$��� 
�

����
��� �
��� �������	� ��
��� ����
�

�	� 
�����
��� ���
������
��� �����
��� (������&

�������
����������

���
�����

�����������������
���������
��
��

���������

�

�������

$�� ��������
��� ���� 
�� 
��� �������

	� ��� 
��� ��
����� ���
��$��� ���� 
��� ���
�
	� ��

�������� ��� ������ �����
�
��� �

�� 
����� )�� ���� �������
��� �� ���

������� ��������

�

�
�� 
����
����� �������������� ���$
��� 
��� ������� �������	��

�� 
��� �$
�

	� ��


���

���$
���	�
���&���
�������������������
�����$�	����
���
�

����������
�����
�

���
�����
����������������������

��
�������������
���
� �������	�
������
��������
��

�
��&� ���
�����$��� ����
�
���� �
��
&� ��� ������� 
��� ������������ ��� �� ���� ����
�
��

����
��
�������� ��������� ���������� 
�� ���� ������ ���� �������� 
��� �����
�� �

�

�
������� ��
����� ������ ����� � ���� �
����

��� ����


����� *���� 
����

��

��� 
�

������
��� ��� �� ��
� ��� ���������� ������ �����&� ������ � 
�� ������ 
�� ������ ���
���

��������������

�

�������
��������
������
�����
�$	�������������
��������
�$���+��	
���

��
�$��,�����
�������	�
��������

�

����

P132



���������������	�
����

���
���
���������

�	����
���������
����������������
����

��
��
��������
�

��� ��
�� ���� � 	� ���
�� ��� ���� ��������
�� 	�
� �	����
�� �������
��� ��� �������� ��
���

����
�������

���������	���������	��
�	��	�
�����	��
�	��

���
���
����	���	��
�
�������

��
��� ���� ����� !�����
	�� "
��	�
#�
� !�	��� $	%�� &�!�"'!$(� �����
� 
�� 
���
��

�����
��	�� ������� &)�*(� 
���������
� 
�� ���� $��+�,� �	��	�� � �
��� ���� �����	�
#�


��	

���� &--'(� 	�
� *�	��.�	�	� ��

�
�
� .�����/������� 	����0
�	�
���� ���� ���

�0��	���� 	�
� ������	�
��� �����
��	�1� ���� ��
�����	�
#�
� �	����	�
���� �	��
� ��� �./

�������
��������	��	������	��
�����	%
�����������������
�������
��������������������

�������� 
�� ��
�����
�� 	���
�	�
��1� ����� ���� �	����
�� �������
��� �	����	�
��� � 
�� 
�

����
� ��	�� ���� �	����
�� ������� ���� ������	� ��
�� 
�� 2134�5� 6� � 31333378� 6�� 	�


41996��
����������733:�����	� �733:�
�%�����	�
�83:�
�%���� ��������
%���1

P133



���������	�
���������

�����������������

����
���������
��
������
�����

������
����	����
��������	
 �����������
 ���
 �	��
	�
�������
 ���������	�
���
 �����������

��������
�����
	�
���
��������������
���
�� ���������
��������������!
"��
��������
��������

�
���������
�������
�	�
����
���������
	�
�������
���#�����������
�����
��
���
��������

	�
���
�$������
��������
�����!

P134



���������	��
��
	��	�	
���������	��
�������

���	��������
	��
�
��
�	�����
����


��	���
�
�	���	���������	��
��
	��	�	�����������	��
�������	��	�������	���	����������


��
�
��
��	��	������	���������
�	���
�	��������
	���	�����
�
�	���	
����	����
	����	���

������	 ��
�
��
�	 ��	 ��������
�	 �
��������	 
�����	 ��	 ��	 �
��	 �
	 
����	 ����������

�

��������	 �
�	 ��	 ���	 ���
	 ��������
	 ��	 �����
����	 ��������
	 �
	 �����	 
���������

�

���������	 ���
��	�������
�
���	 ��	 ���	��������
	 ��	 ������
	����
�	���
	��������


��
	��	��������	��	����
�	���	������

	
���
���	���
�	��	���	����
��	�����

�	��

���������	 �	 �������	 
����
�
�	 �
	 �	 �����	 ������
�	 ��	 �����
����	��������
	 
�����
�

���	 �����	 ��
�	 
���
���
	 ��	 ���	 ����
��	 �����
	 ����	 ���	 ������

�	 ��	 �
�
�	 �

������

��	 
�

�
�	 ����
�����	 ������	  !  "�	��	 ���������	 ���	 �����	 ��
�	 
���
���

����	 �����������	 �������
�	 ���
	 �
�����
��
�	 �	 
���������	 ��
�������	 ���	 
���������


���������	 #�
�����	 ���
	 ��
�������	 ��
	 ��	 �
��	 ��	 �������	 ���	 ��
��
	 ��	 
�����������


�����	���������
�

P135



First Principle Study on Magneto-electric Multiferroics
Reshmi.T1, Dr.Kartick Tarafder2** 

Department of Physics, National Institute of Technology Karnataka, Surathkal

INTRODUCTION OBJECTIVES

Conclusion

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

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

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

Figure showing possible coupling in multiferroics

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

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

� 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).

Density Functional Theory (DFT)

� DFT is a powerful tool in computational material science for the calculation 
of electronic, magnetic and structural properties of solids.

Many body Hamiltonian is given by

Kohn-Sham scheme

Studies on Bismuth ferrite (BiFeO3) 

Electronic and 
Band structure 
calculation for 
pure and Co 
doped BiFeO3

Polarization Calculations
� Pure BFO : �6 ȝC/cm2

� Co doped BFO : ��.�5 ȝC/cm2

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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●CO
2
 activation and dissociation was studied on (100) cubic Ti

2
C surface and MXene to understand 

the effect of surface structure.

●CO
2
 activation requires no barrier on both substrates and has a stronger binding to (100) surface 

due to lower work function.

●CO
2
 dissociation requires higher activation  energy on (100) surface because of its stronger binding.

●As coverage increases CO
2
 molecules are more or less uniformly distributed on MXene while they 

cluster around C vacancies on the (100) surface.

1Department of Chemistry, 2Department of Physics, 3Centre for Energy Science, 
Indian Institute of Science Education and Research, Pune – 411008

CO
2
 capture, activation and dissociation on the Ti

2
C surface and Ti

2
C 

MXene: the role of surface structure
Aswathi Mohan T.1, Nishamol Kuriakose2, Krishnakanta Mondal2 and Prasenjit Ghosh2,3

Atmospheric CO
2
 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 CO
2
 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
2
C and MXene (also the (0001) surface of trigonal Ti

2
C). Our results show that CO

2
 undergoes barrierless 

chemisorption on both of these surfaces with a preference towards (100) cubic Ti
2
C. 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
2
C surface the CO

2
 molecules form clusters around the C-vacancies while on MXene they are uniformly spread 

on the surface.
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    CONCLUSIONS    

 Ti
2
C SURFACES: STRUCTURE & STABILITYCOMPUTATIONAL DETAILS
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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 .

On (100) surface, activated CO
2
 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 CO

2
 to (100) surface.

(0001) 
Trigonal 
surface 
is 
structur-
ally 
similar 
to 
MXene. 

COVERAGE DEPENDENT ACTIVATION

 CO
2
 molecules are more 

or less uniformly 
distributed on MXene 
while they cluster around 
C vacancy for (100) 
surface.  
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●DFT based Quantum ESPRESSO package

●Electron ion interactions described via ultrasoft pseudopotential

●PBE parameterisation of GGA exchange and correlation functional

●DFT-D2 used for dispersion corrections

●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.

●Non magnetic calculation for Ti
2
C (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 CO

2
 dissociation paths for MXene and (100) surface respectively.

●Adsorption energy of species X on surface is calculated as,

E
ads

 = E
tot

(X/surface)-E
tot

(surface)-E
tot

(X)

This work is published as Phys. Chem. Chem. Phys., 2020, 
22, 14599—14612.

Charge transfer of  1.81 e and 2.25 e occur from  MXene and (100) surface to 
CO

2 
respectively. (100) surface has a lower work function hence has a higher 

reducing capacity.

Ti
high C

Ti
low C

C
high C

C
 low C

(111)–Cubic 

(0001)-Tr and MXene  are the most stable 
surfaces. This is followed by (100)–Cubic 
and (111)–Ti

high C
  at C-poor and C-rich 

preperation conditions respectively.

Top Ti     C       Bottom Ti

C (CO
2
)      O

Å

Å

Å

Å

Å

Å

Å
Å

°

°

°

E
ads 

= -3.11 eV

E
ads 

= -3.03 eV

E
ads 

= -4.39 eV

On MXene : Till coverage is 0.33 ML, CO
2
 

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.

C vacancy

Top Ti     C       Bottom Ti
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Two-dimensional ABO3/Me oxide quasicrystal approximants :
insights from Density Functional Theory

T. T. Dorini1,3, F. Brix1,3 , C. Chatelier1,3,4 , M. Sicot1,3 , J. Ledieu1,3 , V.
Fournée1,3 , A. Kokalj2,3 , É. Gaudry1,3

1 Univ. Lorraine, CNRS, IJL, 2 allée André Guinier, Nancy, France 
2 Jo�ef Stefan Institute (IJS), Jamova cesta 39, 1000 Ljubljana, Slovenia

3  IRP PACS2 CNRS Universite de Lorraine, Nancy, France 
4 Synchrotron SOLEIL, Gif-sur Yvette, France

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 BaBO3/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.

Stepan S. Tsirkin
⇤

Department of Physics, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich, Switzerland

(Dated: January 14, 2021)

WannierBerri [1,2] is a new Python code for Wan-

nier interpolation, which is close in spirit to the post-

processing module of the well-known Wannier90 code [3]

(postw90.x), but improves over it by in a few directions.

• 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 meth-

ods 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 analyt-

ical 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 Wil-

son loops, magnetoresistance, and electrical magneto-

chiral anisotropy, are under active development, and

WannierBerri aims to serve as a platform for developing

new Wannier interpolation functionalities.

4x4x4
6x6x6

8x8x8
10x10x10

12x12x12

16x16x16
ab initio grid

101

102

103

104

105

co
m

pu
ta

tio
n 

tim
e,

 s
ec

on
ds

~14 hours 

36 seconds 
WB, with symmetries

WB, w/o symmetries

pw90, with MDRS

pw90, without MDRS

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 calcula-

tions are done with (cyan) and without (red) use of sym-

metries. For WB the minimal-distance Replica method

does not a↵ect the computational time.

[1] http://wannier-berri.org

[2] https://arxiv.org/abs/2008.07992

[3] http://wannier.org

⇤ e-mail : stepan.tsirkin@uzh.ch
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Synthesis, Spectral, Hirshfeld surface analysis, DFT calculations and molecular 
docking studies on dioxol derivatives as potential antibacterial inhibitors   
                                                                                  

V.Vetri velan *  
* Department of Physics, Thanthai Periyar Government Institute of Technology, 
Vellore-632 002. Tamilnadu, India. 

Corresponding author. Tel.: +91 9486898120. Email address: 
vetri.tpgit@gmail.com               (V. VETRI VELAN) 
 
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/6-
311++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 
 

 

References: 
1. Mehmood M.H, Gilani A.H, J. Med. Food 13 (2010) 1086. 
2.  Sudjarwo S.A, Folia Medica Indonesiana, 41 (2005) 190. 
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Polarons In Two-dimensional Pnictogens: DFT Study

Vasilchenko V.  1  , Levchenko S.1, Perebeinos V. 2 , Zhugayevych A. 1

1 – Skolkovo Institute of Science and Technology, Moscow, Russia
2 – University at Bu alo, NY, United States

vasilii.vasilchenko@skoltech.ru

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.  First-

principles  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.
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Novel low dense carbon allotropes from data mining approaches 
 

Kedar Yadav, and D. L. V. K. Prasad* 
 

Department of Chemistry, Indian Institute of Technology, Kanpur 208016, India 
Email: dprasad@iitk.ac.in 

 
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 
 

Sefty Yunitasari1, Fumiyuki Ishii1, and Naoya Yamaguchi1 

1 Kanazawa University, Kakuma, Kanazawa 920-1192, Japan 

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. 
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