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THE RU IMPURITY EFFECT ON ELECTRONIC, OPTICAL AND THERMOELECTRIC PROPERTIES
OF MoS, NANO-SHEET: A DFT STUDY

The electronic, optical and thermoelectric properties of MoS, nano-sheet in presence of the Ru impurity have been calculated
by density functional theory framework with Generalized Gradient approximation. The MoRuS, nano-sheet electronic structure
was changed to the n-type semiconductor by 1.3 eV energy gap. The optical coefficients were shown that the loosing optical energy
occurred in the higher ultraviolet region, so this compound is a promising candidate for optical sensing in the infrared and visible
range. The thermoelectric behaviors were implied to the good merit parameter in the 100K range and room temperatures and also
has high amount of power factor in 600K which made it for power generators applications.
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1. Introduction

The physical properties of two-dimension (2D) materials
have been opened the new windows in the material sciences
[1-4]. Transition-metal dichalcogenides (TMDs), have been
more attractive due to their electronic, optical and thermoelectric
properties, which are originated in the quantum effects by the
atomic-layer of TMD crystals. The two-dimensional (2D) tran-
sitions metals as MoX, (X =S, Se and Te) have been attractive
for science and industry based on their electronic, mechanical,
thermoelectric, sensors and photo-detectors properties [5-7] as
a surrogate for silicon or organic semiconductors. The MoX,
2D structures have a Mo layer which is sandwiched with two
X layers. Several physical properties of MoX, have been in-
vestigated in the bulk, film and 2D forms, experimentally and
theoretically [8-11]. The MoS, nano-sheet is synthesized by
mechanical exfoliation technique [12], liquid exfoliation [13]
and chemical vapor deposition (CVD) [14,15], physical vapor
deposition (PVD) [16] etc.

The experimental efforts were reported that the MoS, bulk
has an indirect band gap by 1.29 eV, meanwhile, its monolayer
with 0.65 nm thickness has the 1.8 eV p-type direct gap [17],
which is referred to contribute to low-power electronics, ther-
moelectric and flexible optoelectronic applications [18-21].

Moreover, this compound is used for energy conversion [22],
energy storage [23], and hydrogen evolution [24]. The electronic
and optical properties of MoS, 2D are depended on the same
conditions as thickness, defects and impurities, and then need
to be understood in detail for the suitable design of devices and
their functions [8].

The photoresponsivity of MoS, mono-layer was reported
as 880 A.W! for incident light at a wavelength of 561 nm with
photoresponse in the 400-680 nm range [25], which can be
applied in the ultra-sensitive phototransistors. The photolumi-
nescence and absorption capacity of MoS, mono-layer [26] in
the ultraviolet area, makes it a promising composition for the
ultraviolet detectors [27] and absorber layer in low-cost film
solar cells [28-29] and light-emitting diodes (LEDs) [30-34].

Some works have investigated the thermoelectric behaviors
of MoS, nano-sheet [35-39] to solve energy issues. The effi-
ciency of thermoelectric material is shown by the figure of merit
(ZT), which is related to the Seebeck (S), electronic conductivity
(o) and thermal conductivity (K). The ZT of MoS, 2D lies be-
tween 0.02 to 0.53 [40], and some experiment efforts have been
shown that this composition is a good thermoelectric material
with a large S parameter [41]. Some studies have been shown
the effect of the vacancy, defects and doping impurities on the
thermoelectric efficiency of MoS, 2D. The good thermoelectric

! DEPARTMENT OF PHYSICS, FACULTY OF SCIENCES, SCIENCE AND RESEARCH BRANCH, ISLAMIC AZAD UNIVERSITY, TEHRAN, IRAN
2 DEPARTMENT OF PHYSICS, KERMANSHAH BRANCH, ISLAMIC AZAD UNIVERSITY, KERMANSHAH, IRAN

*  Corresponding author: arash_bch@yahoo.com

QOO

© 2020. The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCom-
mercial License (CC BY-NC 4.0, https://creativecommons.org/licenses/by-nc/4.0/deed.en which permits the use, redistribution of
the material in any medium or format, transforming and building upon the material, provided that the article is properly cited, the
use is noncommercial, and no modifications or adaptations are made.


https://orcid.org/0000-0002-9701-3654
https://orcid.org/0000-0002-2383-4169
https://orcid.org/0000-0003-2541-3728
https://orcid.org/0000-0001-9887-5291
mailto:arash_bch@yahoo.com















https://pubs.acs.org/action/showCitFormats?doi=10.1021%2Facs.jpcc.6b10572



https://www.ncbi.nlm.nih.gov/pubmed/21278752
https://www.ncbi.nlm.nih.gov/pubmed/24640984



https://www.ncbi.nlm.nih.gov/pubmed/22467187
https://www.ncbi.nlm.nih.gov/pubmed/22467187
https://www.ncbi.nlm.nih.gov/pubmed/22467187
https://www.ncbi.nlm.nih.gov/pubmed/23241535
https://www.nature.com/articles/s41598-018-29247-3#auth-1
https://www.ncbi.nlm.nih.gov/pubmed/23301811
https://www.ncbi.nlm.nih.gov/pubmed/23943511
https://www.ncbi.nlm.nih.gov/pubmed/26677953
https://www.nature.com/articles/nmat2090?foxtrotcallback=true#auth-1
https://www.nature.com/articles/nmat2090?foxtrotcallback=true#auth-2

	B. Kalandyk￼1*, R. Zapała￼1, S. Sobula￼1, G. Tęcza￼1, K. Piotrowski2
	Assessment of Microstructure and Mechanical Properties 
of the Slag Ladle after Exploitation

	N. Kocoń1, J. Dzik￼1*, D. Szalbot￼1, T. Pikula￼2, 
M. Adamczyk-Habrajska￼1, B. Wodecka-Duś￼1
	Synthesis and Dielectric Properties of Nd Doped Bi5Ti3FeO15 Ceramics

	Jiayan Li1,2*, Benson Kihono Njuguna1,2, Ping Ni1,2, Liang Wang1,2, Yi Tan1,2
	Research on Distribution and Morphology of Primary Si Under the Effect 
of Direct Current

	Y. Palaci￼1*, M. Olgun1
	Influences of Heat Treatment on Mechanical Behavior and Microstructure of the Explosively Welded D Grade Steel / En Aw 5083 Aluminium Joint

	Zhu Yongmei1, Chen Junjie1, Tang Wenxian1, Cui Weicheng2,3, 
Wang Xiaorong1, Wang Fang2*, Yin Baoji1
	Fatigue and Corrosion Fatigue of 18Ni Maraging Steel

	U. Elaiyarasan￼1*, V. Satheeshkumar￼2, C. Senthilkumar￼3
	A Study on Tribological Behaviour of Electro Discharge Deposited 
ZE41A Magnesium Alloy Using Wear Map

	Amir Baghani1, Ali Kheirabi2*, Ahmad Bahmani3, Hamid Khalilpour4
	Reducing Melt Surface Turbulence by Employing Surge and Filter in a Conventional 
Non-Pressurizing Gating System: Simulation and Experiment

	S. Amares1,2*, R. Durairaj2, S.H. Kuan2
	Experimental Study on the Melting Temperature, Microstructural 
and Improved Mechanical Properties of Sn58Bi/Cu Solder Alloy Reinforced 
with 1%, 2% and 3% Zirconia (ZrO2) Nanoparticles

	J. Redutko￼1*, A. Kalwik￼1, A. Szarek￼1
	Influence of Curing Time on Properties of Dental Photosensitive Resin Applied 
in DLP Technique of 3D Printing

	Abid Hussain1, Amer Bashir Ziya2, Shabbar Atiq3, Muhammad Saleem1, 
Mahtab Ullah2, Sajjad Ahmad2, Naseeb Ahmad￼1*
	Atomic Ordering Behavior of CoTi Alloy with Addition of Transition Metals 

	Serkan Öğüt1*, Hasan Kaya2, Aykut Kentli1, Kerim Özbeyaz1, 
Mehmet Şahbaz3, Mehmet Uçar4
	Investigation of Strain Inhomogeneity in Hexa-ECAP Processed AA7075

	R.L.P. Teixeira￼1*, J.C. de Lacerda￼1, I.C. Conceição￼1, 
S.N. da Silva￼2, G.O. Siqueira￼1, F. Moura Filho￼1
	The Effects of Niobium on the Bioactivity of Ni-Ti-Al-Nb Shape Memory Alloys 

	Ş. Ţălu￼1*, S. Kulesza￼2, M. Bramowicz￼3, K. Stępień￼4, D. Dastan5
	Analysis of the Surface Microtexture of Sputtered Indium Tin Oxide Thin Films 


