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Figure 111.1: A schematic representation of the cubic spinel structure of SiMg204. The
oxygen atoms (red spheres) occupy the corners of the octahedral and tetrahedral; Si and Mg
are at the centres of the tetrahedral and octahedral, respectively. The origin of the unit-cell is

chosen at

the B (i.e., Si) position.
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Table 111.1: Calculated lattice constant ao (in A), internal coordinate of the oxygen atom u, bulk

modulus B (in GPa), and the pressure derivative of the bulk modulus B for the SiMg,Os4,

SiZn,04 and SiCd204 compounds in comparison with available experimental and theoretical

results in the literature [3-5].

SiM@204 SiZn204 SiCd204
Present Expt. Others Present Others Present Others
ao 8.14571 807092 8.1318° 8.1606! 8.1718° 8.7382! 8.7504°
8.0226 2 8.0351° 8.03202 8.0499° 8.60012 8.6164°
8.039 ¢ 8.0830 ¢ 8.6170°¢
8.1385%
u 0.24341 0.2419° 0.2429! 0.2409° 0.2357! 0.2333°
0.2432 2 0.24315° 0.24272 0.2427° 0.23482 0.2349°
0.2442 ¢ 0.2432°¢ 0.2362°¢
Bo 183.681 169 ° 204,581 186° 169.391 1550
197.732 193 P 221.612 206 P 190.242 191°
B’ 3951 4.32° 4.211 4721 50°P
4.05 2 3.80° 4.47 2 4622 4.35°

! Present work using the GGA-PBESsol; 2 Present work using the LDA;

4 Ref. [3] :J. Lazewski, P.T. Jochym, K. Parlinski, P. Piekarz, J. Mol. Struct. 596 (2001) 3;
b Ref. [4]: S.H. Wei, S.B. Zhang, Phys. Rev. B: Condens. Matter 63 (2001) 045112.;
¢ Ref. [5]: A. Bouhemadou, R. Khenata, Modell. Simul. Mater. Sci. Eng 15 (2007) 787.
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Figure 111.2: First Brillouin zone of the FCC lattice, the high symmetry points are indicated.
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<l pliall 83 5d giall [5] 4y plaill bl ae 4548 SiCdy04 5 SiZN204 ¢SiMG204 Allinand) ) sall
ALl ) gal Lia (381 55 A 5yl o) gall AU ) gl gyl il e () 5 LEYT jand Apalell
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Table 111.2: Calculated fundamental band gap energy Eq (in eV) using two different approaches
for the exchange-correlation potential: LDA and GGA-PBEsol compared with available

theoretical results.

Present work Other [5]
SYSEM | A GGA-PBESOl LDA  GGA
SiMg204  5.26 4.90 5.01 5.19
SiZnoO.  2.84 2.56 2.77 2.90
SiCd:0s  1.36 1.18 1.17 1.34
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Figure 111.3: Electronic band structure of the cubic spinel SiMg.04 along the high-symmetry
directions in the Brillouin zone, calculated using the LDA and GGA PBEsol. The Fermi level

is shifted to zero.

Energy(eV)
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Figure 111 .4: Electronic band structure of the cubic spinel SiZn,04along the high-symmetry
directions in the Brillouin zone, calculated using the LDA and GGA PBEsol. The Fermi level
is shifted to zero.
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Figure 111.5: Electronic band structure of the cubic spinel SiCd>04 along the high-symmetry
directions in the Brillouin zone, calculated using the LDA and GGA PBEsol. The Fermi level

is shifted to zero.
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Figure 111.6: Site and angular momentum decomposed DOS for the cubic spinel SnMg20a.

The Fermi level is set to zero.
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Figure 111.7: Site and angular momentum decomposed DOS for the cubic spinel SiZnz0Os.

The Fermi level is set to zero
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Figure 111.8: Site and angular momentum decomposed DOS for the cubic spinel SiCd20Oa4.

The Fermi level is set to zero.
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Figure 111.9: Interactions of electromagnetic radiation with matter-absorption, reflection,

transmission.
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Figure 111.10: Calculated imaginary part of the dielectric function for the cubic spinels:
SiMg20s, SiZn,04 and SiCd,04 at zero pressure.
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Figure 111.11: Calculated real part of the dielectric function for the cubic spinel: SiMg20a,

SiZn204 and SiCd204 at zero pressure.
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Figure 111.12: Absorption spectra of the spinel oxides SiMg20a, SiZn,04 and SnCd204 as

calculated using the GGA PBEsol functional.
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Table 111.3: Calculated static dielectric constant &, (0), static refractive index n(0), and pressure

coefficients of the refractive index n(0) for the SiMg204, SiZn204 and SiCd>04 compounds.

System £(0) n(0) E (n=1) 1 @ (10°5(GPa) ™)
n, dp

SiMg204 2.195 1.479 18.88 -2.43

SiZny04 2.396 1.548 16.62 -2.56

SiCd204 2.483 1.682 19.82 -2.68
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Figure 111.13: Refractive index n(®) and extinction coefficient K(w) spectra for the cubic
spinel SiMg204, SiZn204 and SiCd20..
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Figure 111.14: Optical reflectivity R(w) and electron energy-loss function L(w) spectra for the
cubic spinel SnM@20s4.
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Figure 111.15: Optical reflectivity R(w) and electron energy-loss function L(®) spectra for the
cubic spinel SnZn,04.
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Figure 111.16: Optical reflectivity R(w) and electron energy-loss function L(w) spectra for the
cubic spinel SnCd20a.
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Figure 111.17: Temperature dependence of the lattice parameter at some fixed pressures for

SiMg204, SiZn,04 and SiCd20a4.
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Figure 111.18: Temperature dependence of the bulk modulus at some fixed pressures for
SiMQ20s4, SiZn204 and SiCd20a.
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Figure 111.19: Temperature dependence of the volume thermal expansion coefficient at some
fixed pressures for SiMg204, SiZn204 and SiCd204.
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Figure 111.20: Temperature dependence of the constant volume heat capacity at some fixed
pressures for SiMg204, SiZn,04 and SiCd20a.
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Figure 111.21: Temperature dependence of the constant pressure heat capacity at some fixed
pressures for SiMg204, SiZn,04 and SiCd204.
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Figure 111.22: Temperature dependence of the Debye temperature at some fixed pressures for
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Abstract
The structural, electronic, optical and thermodynamic properties of three principal
representatives of spinel oxides SiMg204, SiZn204 and SiCd204 have been investigated using the
Pseudopotential plane-wave (PP-PW) within density functional theory. The structural parameters,
including the lattice constant (a), the free internal parameter (u) of the oxygen atom, the bulk modulus
(B) and its pressure derivative (B') of the considered compounds, calculated using both the local
density (LDA) and generalized gradient approximations (GGA) to the exchange-correlation
potential, are consistent with the available literature data. The electronic properties, including the
band structure and density of states, of the studied materials are explored in detail using, in to the
LDA and GGA-PBE, The results obtained for the band structure using GGA-PBEsol show a
significant improvement over other theoretical works and are closer to the experimental data. Optical
functions, including the dielectric function (¢), the refractive index (n), the extinction coefficient
(k), the reflectivity (R), the linear absorption spectrum («) and the electron energy-loss (L) are
calculated for the energy range 0-30 eV. Thermal and pressure effects on some macroscopic
properties of SnMg204, SnZn»04 and SnCd»04 are predicted using the quasi-harmonic Debye model
in which the lattice vibrations are taken into account. We have computed the variations of the lattice
constant (a), bulk modulus (B), volume expansion coefficient (o), heat capacities (Cv and Cp) and
Debye temperature (4,) versus pressure and temperature in the ranges of 0 —-30 GPa and 0 —1600 K.
The results of the present study are compared with the available experimental and theoretical data in

the scientific literature to test the reliability of our results.
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