@ Engineering Technology

Open Access Journal

.

) Jumper
J key to the Relizl;lrst:':lgelii
Opinion

Volume 5 Issue 3 - July 2023
DOI: 10.19080/ET0AJ.2023.05.555661

Eng Technol Open Acc

Copyright © All rights are reserved by Gopal Sanyal

Theoretical Prophecies for Gas Detection by
Layered Nanomaterials: An Outlook from
Density Functional Theory

Gopal Sanyal*
Mechanical Metallurgy Division, Materials Group, Bhabha Atomic Research Centre, Trombay, India
Submission: June 23, 2023; Published: July 11, 2023

“Corresponding author: Gopal Sanyal, Mechanical Metallurgy Division, Materials Group, Bhabha Atomic Research Centre, Trombay, Mumbai- 400085,
India Email: gsanyal@barc.gov.in

Abstract

Layered two dimensional nanomaterials consisting of delocalized charged constituents in general, such as graphene and other allied carbon
nanomaterials, transition metal dichalcogenides, MXene, etc., especially those which are semiconductor in nature, though possessing a tunable
bandgap, are of particular interest to scientists engaged in exploring new materials for improved energy storge, conversion, gas detection,
carbon capture etc. Conduction of physical experiment for such survey is of utmost importance before accepting a specific substance to be fit for
any particular usage, ca. gas detection. It is necessary for the substance to qualify for satisfactory level of sensitivity, selectivity, response time,
recovery time etc. for the intended gas. Yet, the lower bound of length scale for such experiment is always limited to certain minimum dimension
which is unable to explain the actual mechanism behind the gas sensing phenomenon from electronic interaction point of view. One promising
resolution to this issue is density functional theory (DFT) calculation to theoretically simulate the sensing phenomenon. Adaptation of such
theoretical approach is beneficial in predicting feasibility of gas detection for any detector-analyte couple through calculation of binding energy,
and explaining the inherent mechanism by orbital interaction analysis, charge transfer calculation etc. Such strategy is also capable of reducing
the cost of expensive physical experimentation so that pragmatic researchers gather a first-hand idea about worth of involving huge capital
towards fabricating any particular gas sensor. The current work is to present a precise concept about DFT calculations for prediction of layered
nanomaterials as gas detectors.
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Introduction

are mostly electrochemical [11] in nature, i.e. chemiresistive, and
charge transfer between host and analyte is the most important
phenomenon behind the gas detection course. The efficacy of gas
sensing for a particular layered nanomaterial depends on a host of
vital characteristics such as the number of atomic layers, presence
or absence of defects/dopants, the conductivity of the host etc
[12]. The graphene-analogous nanosheets bid prospects to tailor
them by means of surface functionalization, introduction of
decorating substance or defects and formation of hybrid structure
by combination with another material with varied constituents.

Gas sensor, as a vital expedient to perceive harmful gases, offers

a vibrant course to watch the density and ecological info of gas in
view of assuring the protection of ecology [1]. The gas-detection
course comprises very feeble communications that are tough to
sense in practice. Computations may deliver significant perception
regarding the detection method, e.g, probable adsorption
conformations, favored adsorption places, adsorption energy,
charge transport, alterations in optical and electronic attributes,
and diverse styles to improve adsorption which may partake a
dynamic part in the progress and manufacture of effectual gas and . .
X . Experiments are necessary to test competence of a gas sensor in
biomolecule detectors [2]. 2D nanostructured resources, counting

o terms of sensitivity, selectivity, specificity, response and recovery
graphene-based structures [3], phosphorene [4], silicene [5],

) o ) . time etc [13]. However, finding the actual knowhow behind the
germanene [6], metal oxides [7], transition metal dichalcogenides

) ) o ) sensing mechanism in terms of charge transfer in atomic scale is
[8], MXenes [9], binary oxides [10] etc. exhibit great gas-detection

o . ) beyond the current capability of practical investigation, though
capability. The sensing mechanism of these 2D nanostructures
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such information is quite necessary in order to design and develop
cost effective gas detectors [14].

The outcomes forecast by hypothetical replications may
corroborate well with the pragmatic quantities and offer
meaningful thoughts for the associated detection mechanism.
With the arrival of high-speed, huge-memory supercomputers,
widespread electronic structure reproductions are nowadays
pretty viable, and the calculation means and courses are improving
every now and then [15]. Numerous renowned procedures for
quantum calculations are braced by several nifty and widespread
codes, both marketable and free [16]. Yet there are many contests
for conjectural calculations: Detection parameters are quite
complex to the selection of the replication inputs [17]. Thus, one
has to be much cautious concerning the simulation actions and
inferring the consequences. The basis of electronic structure
simulations originates since the advancement and birth of
quantum theory in the first part of last century [18]. Quantum
theory not just provided an innovative intuition in consideration
of physics but introduced accuracy and forecasting ability as well.
The applicability of quantum mechanics is unlimited, whether it
is in basic or functional twigs of science. Most significantly, a real-
world course or scheme can be displayed using the equations
of quantum mechanics [19]. Though, equations such as the
Schrodinger equation may not be answered rationally excepting
for some modest arrangements which are for the majority,
extraneous for their minor gauges. Solving such an equation
needs urbane numerical methods. These quantum mechanical
approaches are inimitable in the sagacity that replicating
system does not necessitate any experiential prototype or fitting
parameters since they are first principle or ab initio in form [20]. In
other words, such approaches do not need any erstwhile data from
trials and may be utilized to investigate any prearranged scheme.
Moreover, electronic structure simulations permit investigators to
compute physical properties that may not be quantified straight
or are unreachable for the pragmatists such as the binding energy
of the atom or a molecule in a scheme. Such approaches can be
incorporated in discovering novel compounds that can have a
specific attribute and may be compared to current ones saving
both experimental capitals and time. Numerous attributes of such
supposed compounds can be foretold before turning it informal
for the investigator while probing for a specific property. Hence, in
general, simulations of materials deliver another stage of thought
that may not be achievable since experiment.

Density Functional Theory (DFT) was recognized in 1964
with the two propositions hypothesized by Hohenberg and Kohn
[21], followed by an array of equations developed by Kohn and
Sham [22]. The cause DFT is well-thought-out as a foremost
revolution in computational physics is for its correctness and
viability. This turn DFT superior to other quantum chemistry
methods e. g., the Hartree-Fock (HF) method [23] based on many-
body wave function as the central capricious of the scheme. DFT

on the other hand, considers the electron density. The key to
notable accomplishment in DFT is the selection of appropriate
approximations to the Exchange-Correlation Functional [24]. Yet,
in order to refine the obtained outcome, many times it becomes
necessary to incorporate suitable corrections such as hybrid
functionals, dispersion force etc [25]. A few parameters are
very significant for gaining rationally precise outcomes. These
parameters may also be property reliant as the convergence of the
property may depend on somehow completely diverse stricture
standards. For instance, the energy cutoff (Ecut) is a vital constraint
to attain correct magnitudes for the ground-state characteristics.
Again, another imperative parameter for a precise DFT calculation
is the k-point sampling. Unlike the Ecut, selecting an appropriate
grid to model the Brillouin Zone is seldom a modest chore, and
occasionally lower values for sampling may be more suitable than
those at higher value.

The gas-detection knowhow in graphene and graphene-related
layered inorganic analogs is founded on the charge transfer course
where the sensing resource performs as charge donor or acceptor.
This charge transport course alters the resistance of the detector
substance which aids in sensing the gases. During the desorption
procedure, the resistance of the detecting stuff yields to its original
stage. Theoretical replication of 2D sensing materials is much
valuable as it may impart thorough understanding about charge
transportation, bonding, and orbital interactions which are tough
to obtain by experiments. It may also investigate the detection
machinery and sensing presentation of numerous resources to plan
suitable sensor for the experimentalist to develop. Even though
there are a number of ab-initio calculation approaches, e.g., DFT
[21-22], Hartree-Fock [23], quantum Monte Carlo [26], coupled
cluster [27], multireference configuration interaction [28], etc.,
the furthermost extensively used method is the first-principles
calculation founded on DFT simulations since it rationally and
proficiently defines the weak interaction between adsorbates and
sensing resources. The outcomes foretold by DFT simulations
may back pragmatic findings and offer theoretical insight on the
mechanism of gas detection. Numerous mature marketable or
free quantum software packages are available for carrying out
electronic structure simulations in a convenient way. The greatest
prevalent and vastly used such packages are VASP [29], SIESTA
[30], Quantum Espresso [31], Abinit [32], etc. Interested readers
may refer to a few recently published references [33-37] as
examples for obtaining actual feel about the involved tasks usually
done for theoretically simulating gas detection.

Conclusion

Although scientific research regarding gas sensing by layered
nanostructure yielded appreciable progress over the last decade
or so, resulting in newer, compact and efficient gas sensors, cost
of such materials is still not attractive for large scale industrial
production at many places. This is so because there are still many
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drawbacks such as wider bandgap, thermodynamic stability over
narrower temperature range etc. limiting their space for better
application. Lowering of detection limit, selective detection, and
reduction in recovery time are still challenging and these require
thoughtful engineering of the nanometric material through either
increase in active site, tailoring the ease of charge transfer, usage
of filters or change in ambience’s wavelength by use of different
monochromatic light etc. These trials need involvement of huge
capital for successful development of appropriate gas sensors with
better attributes. Ab-initio calculation offer a smarter choice for
gathering useful information regarding feasibility and efficacy of
any nanometric sensing material for detecting a particular gas or
biomolecule by carrying out computer simulation which is much
cheaper than practical experiment. Moreover, it is possible to
interpret the sensing knowhow by postprocessing the simulation
data which is helpful in deciding whether it is of worth to develop
such gas sensor for practical purpose. The greatest advantage of
such simulation method is that it can be done without any prior
physical knowledge. In particular DFT is most popular for its
accuracy and versatility over the others since it considers electron
density as the variable and that is logical and consistent as per
today’s thought. Hence, theoretical simulation can be considered
to be an indispensable part for sustainable development of novel
layered nanostructured gas sensors.

Acknowledgements

The author is greatly indebted to Dr. Brahmananda
Chakraborty, Scientist, BARC and Professor, HBNI, Mumbai, India
for his able mentorship in teaching theoretical research.

Conflict of Interest

It is hereby declared that there exists neither any known

economic interest nor any conflict of interest.

References

1. Liang Ge, Xiaolin Mu, Guiyun Tian, Qi Huang, Junaid Ahmed, et al.
(2019) Current applications of gas sensor based on 2-D nanomaterial:
a mini review. Frontiers in Chemistry 7: 839.

2. Chakraborty Brahmananda (2019) Electronic structure and theoretical
aspects on sensing application of 2D materials. In Rout CS & Late D
(eds.), Fundamentals and Sensing Applications of 2D Materials,
Woodhead Publishing, UK, pp. 145-203.

3. Wenjing Yuan, Gaoquan Shi (2013) Graphene-based gas sensors.
Journal of Materials Chemistry A 35: pp. 10078-10091.

4. Liangzhi Kou, Thomas Frauenheim, Changfeng Chen (2014)
Phosphorene as a superior gas sensor: selective adsorption and distinct
[-V response. The journal of physical chemistry letters 15: 2675-2681.

5. Walia Gurleen Kaur, Deep Kamal Kaur Randhawa, Kanwalpreet Singh
Malhi (2021) Rise of silicene and its applications in gas sensing. Journal
of Molecular Modeling 27: 1-11.

6. Gupta Sanjeev K, Deobrat Singh, Kaptansinh Rajput, Yogesh Sonvane.
(2016) Germanene: a new electronic gas sensing material. RSC
advances 104: 102264-102271.

7. Sun Yu Feng, Shao Bo Liu, Fan Li Meng, Jin Yun Liu, Zhen Jin, et al.
(2012) Metal oxide nanostructures and their gas sensing properties: a
review. Sensors 12(3): 2610-2631.

8. Kumar Rahul, Neeraj Goel, Mirabbos Hojamberdiev, Mahesh Kumar
(2020) Transition metal dichalcogenides-based flexible gas sensors.
Sensors and Actuators A: Physical 303: 111875.

9. Lee Eunji, Dong-Joo Kim (2020) Recent exploration of two-dimensional
MXenes for gas sensing: From a theoretical to an experimental view.
Journal of The Electrochemical Society 167(3): 037515.

10. Wang Chengxiang, Longwei Yin, Luyuan Zhang, Dong Xiang, Rui Gao
(2010) Metal oxide gas sensors: sensitivity and influencing factors.
Sensors 10(3): 2088-2106.

11. Aswal Dinesh K, Shiv Gupta K (2007) Science and technology of
chemiresistor gas sensors. Nova Publishers.

12.Varghese Seba S, Sunil Lonkar, Singh KK, Sundaram Swaminathan,
Ahmed Abdala (2015) Recent advances in graphene-based gas sensors.
Sensors and Actuators B: Chemical 218: 160-183.

13. Ananya Dey (2018) Semiconductor metal oxide gas sensors: A review.
Materials science and Engineering: B 229: 206-217.

14.Liu Xianghong, Tiantian Ma, Nicola Pinna, Jun Zhang (2017) Two-
dimensional nanostructured materials for gas sensing. Advanced
Functional Materials 27(37): 1702168.

15.Wolfe Michael Joseph (1982) Optimizing supercompilers for
supercomputers. University of Illinois at Urbana-Champaign,
Champaign IL, United States.

16. Gonze Xavier, Francois Jollet, Abreu Araujo F, Donat Adams, Bernard
Amadon, et al. (2016) Recent developments in the ABINIT software
package. Computer Physics Communications 205: 106-131.

17.Sosso Gabriele C, Ji Chen, Stephen Cox ], Martin Fitzner, Philipp
Pedevilla, et al. (2016) Crystal nucleation in liquids: Open questions
and future challenges in molecular dynamics simulations. Chemical
reviews 116(12): 7078-7116.

18. Fermi Enrico (1932) Quantum theory of radiation. Reviews of modern
physics 4(1): 87.

19.Bell John S (1966) On the problem of hidden variables in quantum
mechanics. Reviews of Modern physics 38(3): 447.

20.Freysoldt Christoph, Blazej Grabowski, Tilmann Hickel, Jorg
Neugebauer, Georg Kresse et al. (2014) First-principles calculations for
point defects in solids. Reviews of modern physics 86(1): 253.

21.Hohenberg Pierre, Walter Kohn (1964) Inhomogeneous electron gas.
Physical review 136(3B): B864.

22.Kohn Walter, Lu Jeu Sham (1965) Self-consistent equations including
exchange and correlation effects. Physical review 140(4A): A1133.

23.Fock Vladimir (1930) Naherungsmethode zur Losung des
quantenmechanischen Mehrkorperproblems. Zeitschrift fiir Physik 61:
126-148.

24.Yanai Takeshi, David Tew P, Nicholas Handy C (2004) A new hybrid
exchange-correlation functional using the Coulomb-attenuating
method (CAM-B3LYP). Chemical physics letters 393(1-3): 51-57.

25.Grimme Stefan (2011) Density functional theory with London
dispersion corrections. Wiley Interdisciplinary Reviews: Computational
Molecular Science 1(2): 211-228.

26.Hammond Brian L, William Lester A, Peter James Reynolds (1994)
Monte Carlo methods in ab initio quantum chemistry. World Scientific,
1: pp. 320.

How to cite this article: Gopal S. Theoretical Prophecies for Gas Detection by Layered Nanomaterials: An Outlook from Density Functional Theory. Eng
Technol Open Acc. 2023; 5(3): 555661. DOI:10.19080,/ET0AJ.2023.05.555661


http://dx.doi.org/10.19080/ETOAJ.2022.05.555661
https://www.frontiersin.org/articles/10.3389/fchem.2019.00839/full
https://www.frontiersin.org/articles/10.3389/fchem.2019.00839/full
https://www.frontiersin.org/articles/10.3389/fchem.2019.00839/full
https://www.sciencedirect.com/science/article/abs/pii/B9780081025772000051
https://www.sciencedirect.com/science/article/abs/pii/B9780081025772000051
https://www.sciencedirect.com/science/article/abs/pii/B9780081025772000051
https://www.sciencedirect.com/science/article/abs/pii/B9780081025772000051
https://pubs.rsc.org/en/content/articlelanding/2013/ta/c3ta11774j
https://pubs.rsc.org/en/content/articlelanding/2013/ta/c3ta11774j
https://pubs.acs.org/doi/10.1021/jz501188k
https://pubs.acs.org/doi/10.1021/jz501188k
https://pubs.acs.org/doi/10.1021/jz501188k
https://link.springer.com/article/10.1007/s00894-021-04892-0
https://link.springer.com/article/10.1007/s00894-021-04892-0
https://link.springer.com/article/10.1007/s00894-021-04892-0
https://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra11890a
https://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra11890a
https://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra11890a
https://pubmed.ncbi.nlm.nih.gov/22736968/
https://pubmed.ncbi.nlm.nih.gov/22736968/
https://pubmed.ncbi.nlm.nih.gov/22736968/
https://www.sciencedirect.com/science/article/abs/pii/S092442471931903X
https://www.sciencedirect.com/science/article/abs/pii/S092442471931903X
https://www.sciencedirect.com/science/article/abs/pii/S092442471931903X
https://iopscience.iop.org/article/10.1149/2.0152003JES
https://iopscience.iop.org/article/10.1149/2.0152003JES
https://iopscience.iop.org/article/10.1149/2.0152003JES
https://pubmed.ncbi.nlm.nih.gov/22294916/
https://pubmed.ncbi.nlm.nih.gov/22294916/
https://pubmed.ncbi.nlm.nih.gov/22294916/
https://www.sciencedirect.com/science/article/abs/pii/S0925400515005146
https://www.sciencedirect.com/science/article/abs/pii/S0925400515005146
https://www.sciencedirect.com/science/article/abs/pii/S0925400515005146
https://www.sciencedirect.com/science/article/abs/pii/S0921510717303574
https://www.sciencedirect.com/science/article/abs/pii/S0921510717303574
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201702168
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201702168
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201702168
https://dl.acm.org/doi/book/10.5555/910705
https://dl.acm.org/doi/book/10.5555/910705
https://dl.acm.org/doi/book/10.5555/910705
https://www.sciencedirect.com/science/article/abs/pii/S0010465516300923
https://www.sciencedirect.com/science/article/abs/pii/S0010465516300923
https://www.sciencedirect.com/science/article/abs/pii/S0010465516300923
https://pubs.acs.org/doi/10.1021/acs.chemrev.5b00744
https://pubs.acs.org/doi/10.1021/acs.chemrev.5b00744
https://pubs.acs.org/doi/10.1021/acs.chemrev.5b00744
https://pubs.acs.org/doi/10.1021/acs.chemrev.5b00744
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.4.87
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.4.87
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.38.447
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.38.447
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.86.253
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.86.253
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.86.253
https://journals.aps.org/pr/abstract/10.1103/PhysRev.136.B864
https://journals.aps.org/pr/abstract/10.1103/PhysRev.136.B864
https://www.osti.gov/biblio/4613789
https://www.osti.gov/biblio/4613789
https://link.springer.com/article/10.1007/bf01340294
https://link.springer.com/article/10.1007/bf01340294
https://link.springer.com/article/10.1007/bf01340294
https://www.sciencedirect.com/science/article/abs/pii/S0009261404008620
https://www.sciencedirect.com/science/article/abs/pii/S0009261404008620
https://www.sciencedirect.com/science/article/abs/pii/S0009261404008620
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcms.30
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcms.30
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcms.30

Engineering Technology Open Access Journal

27.Jeziorski Bogumil, Hendrik Monkhorst ] (1981) Coupled-cluster
method for multi determinantal reference states. Physical Review A
24(4): pp. 1668.

28. Sherrill David C, Henry Schaefer F III (1999) The configuration
interaction method: Advances in highly correlated approaches.
Advances in quantum chemistry 34: 143-269.

29. Kresse Georg, Jirgen Furthmiiller (1996) Efficient iterative schemes
for ab initio total-energy calculations using a plane-wave basis set.
Physical review B 54(16): 11169.

30.Soler José M, Emilio Artacho, Julian Gale D, Alberto Garcia, Javier
Junquera, et al. (2002) The SIESTA method for ab initio order-N
materials simulation. Journal of Physics: Condensed Matter 14(11):
2745.

31.Giannozzi Paolo, Stefano Baroni, Nicola Bonini, Matteo Calandra,
Roberto Car, et al. (2009) QUANTUM ESPRESSO: a modular and open-
source software project for quantum simulations of materials. Journal
of physics: Condensed matter 21(39): 395502.

32.Gonze Xavier, Bernard Amadon, Anglade PM, Beuken JM, Francois
Bottin, et al. (2009) ABINIT: First-principles approach to material and
nanosystem properties. Computer Physics Communications 180(12):
2582-2615.

This work is licensed under Creative
Commons Attribution 4.0 License
BY DOI: 10.19080/ET0AJ.2023.05.555661

33.Sanyal Gopal, Surinder Pal Kaur, Chandra Sekhar Rout, Brahmananda
Chakraborty (2023) Defect-Engineering of 2D Dichalcogenide VSe2
to Enhance Ammonia Sensing: Acumens from DFT Calculations.
Biosensors 13(2): 257.

34.Sanyal Gopal, Seetha Lakshmy, Antara Vaidyanathan, Nandakumar
Kalarikkal, Brahmananda Chakraborty (2022) Detection of
nitrobenzene in pristine and metal decorated 2D dichalcogenide VSe2:
Perspectives from density functional theory. Surfaces and Interfaces
29:101816.

35.Lakshmy Seetha, Gopal Sanyal, Antara Vaidyanathan, Saju Joseph,
Nandakumar Kalarikkal, et al. (2021) Catechol detection in pure and
transition metal decorated 2D MoS,: Acumens from density functional
theory approaches. Applied Surface Science 562: 150216.

36. Lakshmy Seetha, Gopal Sanyal, Nandakumar Kalarikkal, Brahmananda
Chakraborty (2023) Pristine and metal decorated biphenylene
monolayer for enhanced adsorption of nitrobenzene: a DFT approach.
Applied Surface Science 613: 155995.

37.Sanyal Gopal, Antara Vaidyanathan, Chandra Sekhar Rout, Brahmananda
Chakraborty (2021) Recent developments in two-dimensional layered
tungsten dichalcogenides based materials for gas sensing applications.
Materials Today Communications 28: 102717.

Your next submission with Juniper Publishers
will reach you the below assets

Quality Editorial service
o Swift Peer Review

e Reprints availability

e E-prints Service

¢ Manuscript Podcast for convenient understanding

Global attainment for your research
o Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission
https://juniperpublishers.com/online-submission.php

How to cite this article: Gopal S. Theoretical Prophecies for Gas Detection by Layered Nanomaterials: An Outlook from Density Functional Theory. Eng
Technol Open Acc. 2023; 5(3): 555661. DOI:10.19080/ET0AJ.2023.05.555661


http://dx.doi.org/10.19080/ETOAJ.2022.05.555661
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.24.1668
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.24.1668
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.24.1668
https://www.sciencedirect.com/science/article/abs/pii/S0065327608605328
https://www.sciencedirect.com/science/article/abs/pii/S0065327608605328
https://www.sciencedirect.com/science/article/abs/pii/S0065327608605328
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.54.11169
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.54.11169
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.54.11169
https://iopscience.iop.org/article/10.1088/0953-8984/14/11/302
https://iopscience.iop.org/article/10.1088/0953-8984/14/11/302
https://iopscience.iop.org/article/10.1088/0953-8984/14/11/302
https://iopscience.iop.org/article/10.1088/0953-8984/14/11/302
https://iopscience.iop.org/article/10.1088/0953-8984/21/39/395502
https://iopscience.iop.org/article/10.1088/0953-8984/21/39/395502
https://iopscience.iop.org/article/10.1088/0953-8984/21/39/395502
https://iopscience.iop.org/article/10.1088/0953-8984/21/39/395502
https://www.sciencedirect.com/science/article/abs/pii/S0010465509002276
https://www.sciencedirect.com/science/article/abs/pii/S0010465509002276
https://www.sciencedirect.com/science/article/abs/pii/S0010465509002276
https://www.sciencedirect.com/science/article/abs/pii/S0010465509002276
https://www.sciencedirect.com/science/article/abs/pii/S0169433221012927
https://www.sciencedirect.com/science/article/abs/pii/S0169433221012927
https://www.sciencedirect.com/science/article/abs/pii/S0169433221012927
https://www.sciencedirect.com/science/article/abs/pii/S0169433221012927
https://www.sciencedirect.com/science/article/abs/pii/S2352492821007091
https://www.sciencedirect.com/science/article/abs/pii/S2352492821007091
https://www.sciencedirect.com/science/article/abs/pii/S2352492821007091
https://www.sciencedirect.com/science/article/abs/pii/S2352492821007091
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/omcij.2017.04.555646
http://dx.doi.org/10.19080/ETOAJ.2022.05.555661

	Abstract
	Introduction

