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Available online 24 February 2017 theory in terms of incident photon energy at different buckling heights. The results show

that for a fixed bond length, increasing the unit cell buckling height, increases the ab-
sorption and the refractive index in silicene and germanene but decreases in stanene. In
addition, the absorption peaks shift toward the longer wavelengths (red shift) in the case
of silicene and germanene by increasing the buckling height. For clear understanding of
the mentioned results, the behavior of the optical absorption spectrum and refractive
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gmrf;eg buckled configuration index dispersion at different buckling heights are studied within the present work. In the
Density functional theory case of the silicene and germanene reduction of the band gap with increasing the buckling
Dielectric function height could be regarded as the origin of this red shift. Meanwhile unlike the silicene and
Optical properties germanene, band-structure reshaping in stanene could explain the stanene blue shift as a
Graphene-like materials result of the buckling height increment.
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1. Introduction

Nowadays, there are many review and scientific articles about graphene-like materials [1]. After the discovery of the
graphene in 2004 [2,3], research in two-dimensional structures of the group IV elements of the periodic table has accelerated
further.

Generally, two-dimensional material with a honeycomb structure [4] and its unusual electrical, optical and mechanical
properties are attracting topics for researchers to challenge [3]. These challenges, such as optimizing production and cost-
effectiveness, presence or absence of the energy band gap, study the composition graphene-like materials and its impact
on other elements of the physical features are already on going. Despite of the major differences between the two-
dimensional allotropes of the group IV elements, such as graphene, silicene, germanene and stanene they have also some
similar properties and characteristics [5,6]. Silicene, germanene, and stanene [7] have attracted considerable attention in
recent years since the discovery of graphene [8]. Meanwhile silicon is the most used material in the manufacture of diodes,
transistors, integrated circuits and other semiconductor devices. However, from the application point of view silicene and

* Corresponding author. Department of Physics, Azarbaijan Shahid Madani University, 53714-161, Tabriz, Iran.
E-mail address: Phirouznia@azaruniv.ac.ir (A. Phirouznia).

http://dx.doi.org/10.1016/j.spmi.2017.02.039
0749-6036/© 2017 Elsevier Ltd. All rights reserved.


mailto:Phirouznia@azaruniv.ac.ir
http://crossmark.crossref.org/dialog/?doi=10.1016/j.spmi.2017.02.039&domain=pdf
www.sciencedirect.com/science/journal/07496036
www.elsevier.com/locate/superlattices
http://dx.doi.org/10.1016/j.spmi.2017.02.039
http://dx.doi.org/10.1016/j.spmi.2017.02.039
http://dx.doi.org/10.1016/j.spmi.2017.02.039

350

V. Kazemlou et al. / Superlattices and Microstructures 104 (2017) 349—-361

(b) ©

Fig. 1. (a).2-D hexagonal structure, (b). Buckled structure, (c). Planner structure.

other graphene-like materials deserve more attention to be industrially applicable. Both silicene and germanene have four
valence electrons as the other elements of the IV group.
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Fig. 2. Band structure of different buckled silicene configurations within the DFT-LDA method.
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