Chemleeh

International Journal of ChemTech Research
CODEN (USA): IJCRGG ISSN : 0974- 4290
Vol.6, No.3, pp 1702-1704, May-June 2014

www.sphinxsai.com

ICMCT-2014 [10™ — 12™ March 2014]
International Conference on Materials and Character  ization Techniques

Excitonic effects in bulk CuBr using Time Dependent DFT

Dilna_Azhikodan '*, Sangeeta Sharma ?, Tashi Nautiyal *

!Department of Physics, Indian Institute of Technolo gy Roorkee,
Uttarakhand - 247 667, India.
“Max-Planck-Institut fu'r Mikrostrukturphysik, Weinb erg 2, D-06120 Halle, Germany.

*Corres. author: dilnaazhikodan@gmail.com

Abstract: With a view towards studying the effect of loweritige dimensionality on excitons, we have first
investigated the excitonic effects in bulk CuBr,iethis a direct band-gap semiconductor with zinende
structure. We have employed time-dependent dehsitgtional theory for this investigation. Both, trendom
phase approximation and the bootstrap approximafiwrihe exchange-correlation kernel are used.résults
show a strong signature of excitons in bulk CuBd are expect this to be further enhanced on lowettireg
dimension, a work planned in near future.

Keywords: CuBr; Excitons; Time Dependent Density Functionla¢dry; Bootstrap kernel

|. Introduction and calculational details:

Optical properties of semiconducttingjr alloys and heterostructures are dominateegitons whose
behaviour provides a great deal of information atebectronic structure, in general, and opticaldrartivity, in
particular[1]. Copper halide semiconductors (CuCUBr, Cul) crystallize under normal conditions imet

zincblende (B3) phase (space grou&&ﬁn)[Z]. Both CuCl and CuBr are mixed ionic electrorsemi
conducting materials. CuBr has the advantage oérsupelectronic conductivity, better ambient ahdrtnal
stability. It has a large direct band gag)(2.91 eV [3], with large excitonic binding enezgi(108 meV) [4].

Here we report the signature of excitanbulk CuBr using Time Dependent Density Functiohiatory
(TDDFT) [5]. Such a study has not been reportec€aBr earlier. TDDFT extends Density Functional Tityeo
(DFT) into the time domain and is a formally exawthod for studying optical spectra. In practiceywaver,
accuracy of TDDFT results depends on the approximdor the exchange-correlation (XC) kernel. Wadha
used Bootstrap approximation in the present wofkThis kernel is known to give optical spectraeixcellent
agreement with experiments [6], and is computatipni@ss expensive than solving the Bethe Salpeter
equation, which is an exact technique for studgrgtons. We also report the optical propertie€oBr using
the usual random phase approximation (RPA) [7]civldoes not account for excitonic physics. We selear
signature of excitons in bulk CuBr by comparing ®DFT results with those of RPA.

We have studied the stable B3 phase of the bube Che unit cell consists of one Cu atom at ()0,
and one Br atom at (1/4, 1/4, 1/4). All calculas@re performed using the full potential linearizedmented
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plane wave method as implemented in the Electnorksspace (EIkK) code [9]. This method is highly wete

but relatively computationally expensive compared the pseudo-potential method. Hence structural
optimisation was performed using the projector amigged wave method as implemented in the Vienna Ab-
initio Simulation Package (VASP) [10]. The generatl gradient approximation (GGA) was employed far t
exchange and correlation potential [11]. All thécakations are converged in terms of the cut-oférgy for
plane wave basis set and the size of the k-poirghnfier the Brillouin zone integrations. For selfaststent
convergence 408 k points and for density of stdd€3S) calculations 1140 k points in the irreducisiedge of

the Brillouin zone (IBZ) were used. Optical caldidas are performed with 8000 k points in the IBZ.

Il. Results and discussion:

Our calculated equilibrium value the lattice constant a = 5.723 A agrees well wité teported
value of 5.732 A [12]. The partial DOS for Cu s,dpstates and Br-p states, along with total DOSwBr is
shown in Fig.1. It shows that the main valence b@rgl) is primarily composed of the Cu-d states,hndt
small contribution from the Br-p states, while tbever VB is mainly composed of Br-p states and s@ued
states. Both the VBs are fairly narrow with bandtWwiof ~2.5 eV each. The conduction band (CB),s|ong
over a wide range of energies, has main contributiom Br-3d and Br-3p states. Our calculated enejap
0.464 eV is lower, as expected for DFT calculatjdhan the experiment [3].

The calculations for dielectric functiog, (o) are performed by scissor shifting the groundeskohn-
Sham (KS) energy eigenvalues to make the KS gagl ¢égithe experimental value. Presence of excishiasvs
up as the shifting down of the spectral weight andancement of the peak as compared to the RPAs§&ju
Our results are consistent with this finding. FrBig.2 it's clear that our TDDFT peak is enhanced stmfted
slightly to lower energy compared to RPA resultse Tnset in Fig.2 shows the comparison of our R&ults
with previously reported RPA result [8]. Though lbdhe results are matching in the lower energy, sidgech
discrepancy for higher energies suggests that uewivork has not included enough range of the GBgees
for calculating the optical transitions.
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In summary, we find that the bootstrap kernel
within the TDDFT calculations in bulk CuBr showstaong signature of excitons which is an effectiva for
studying electromagnetic interactions in systentss s the starting step for our study to see thet@nic
physics that emerges when the dimension of thesyist lowered i.€for monolayers and interfaces.

Figure.l. Total and partial DOS of CuBr. Energy zerois  Figure.2. Imaginary part of dielectric function vs.

taken at the top of the valence band. Br-s statesieep photon energy. The inset shows our RPA result (Blac
lying at around -17 eV, hence not shown. Note that curve) vs. previous calculation (Blue curve) fromfR
y-scale in the lower panel is only up to 0.7 staesseV. [8].The results are scissor’s shifted only in theimplot.
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