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Figure 1.1: Flow chart for iterative solution of the Kohn-Sham equation.
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Figure 11.2: The structure of the program WIEN2k.

lbeall Jualds 7,11
4 sisall ) 5a¥) 48y sl Jlastinly Alu 1 028 juzaad ) 5 jaiall cililual) JS Cu il
(& Aaedall 5 [8 7] (DFT) A8l 4l 4y k0 o A sall [6-4] JolSl) () 5aS)) e Lidaks 3] 3l
G3lati 43y plall o2a Jlaativy bl il 48y (f La 3 L3Y) 5aad [3] WIEN2K lal) geali il
Ll Y1 5 Jaliil) () e Aadlae s Leie S clluall CMade 5 O lelee (e d2c LA sy

25



JalSl) ¢y gaSl) aa Lol 531 Jal) 4y giaeall ) ) A5y jha L Saadl)

Al ¢l shy y Aalaie Ll&s e ¢ (Muffin — tin shpere (MT)) Giiae <l S HUadl Cailiail ¢ 5 5 5Ky
Al R el Ay il s sl ) el 2 s dae 2383 ) adadl)
A )8 bl Jlarialy ¢ e8I 128 el 13gd 35 STV Ll )W) 5 Jaliil) ) saSl arma Al aa 53 Y ]
Al Sl 5l Jlastinl a3 281 (GGA) parall z il 85 (LDA) o sall AES oy 5 Lgia S
ol Y 5 Jaliil) ) gaS Aalladl
.[9] (Perdew and Wang) &is 5 5230k <ok (e z 3l (LDA) g gall Z8ES oy 85 -
(Perdew, Burke and Ernzerhop) <52 51 0501 5 &5 5 503 b Gala (e 2 aall awsall & il oy 585 -
.[10] GGA96 Llal 5 GGAPBE sl 4l ja il 5«
AN Ja gyl (S Cumy R e <l S U] Giladl liaS 2
Ll e g (S Lo LSl (e il S (S5 (i)
Al s 5 SIS Jads (i)
A g i) s JS daabios e W) (ns 321 Cang alall Al 3uil) (al 5410 3ol Gl Jal (0 3
A8 day 5 a8 55 ol shy o dihaia b K Asies 8alall & A g IY) Alall as 3 ysinall dpaldll
dsana dac AT Ay 4ild 4y 5 STy VA S daaliee Baa] 13) cliluad) o) ja) Llee oSy Y 43l Lay
ALl Al Il e W) Cpm (dAT Aima daa ) 5a (38 VA Ay i Wiy Al YA (e
bl 3o i€ (Kl F clbliall 48y culS LK €5 il YT aae 3l 5 LS bada salall
Ol sk p dikia A (k—points) L e 2xe Cpual paaty e Gl Ladly sl cay 13gd J sk
Ton ge Ay i bl Al dga (e lbuaall ALy A sina dgia ) bae g bl 48 480 Jaad i)
4 siasall ) 5aY) (o 2530 23ay IS5 8 Llee (814 siuall 2 5aY) (g0 Sl Y 220 L lai A g )
GOl LR o) ya) a Ay siaall ) saY) (e 22al) 138 LER) G bl Al gl A8 e J saanll
RO iy s (R K Jabaalls das gl J1sal) 830 & siiadl) 2 0¥ 220 23ay 241 43U
A sSad) A0 8 4 sl ) s dnie Joal Jiar K 5 Gitiaiae &l K1l Coad jaal
;I Janll b dlaninall Gloal) i ebas aif b Lasi s
10 Lslose OIS (Fan sal) Jsal) i 8 Aadiiosal) 4 gasel) Jlsall 22e dany) |
A paial) AU 84 siusal) As gl yshai Jal (e Jarisall A sall 425 G
5 Rur (Fe)= 2.2 Bohr «Ryr (Mg) = 1.4 Bohr: ok LS ulS (fiiie ol S il Cilail
R (O) =1.2 Bohr

26



JalSl) ¢y gaSl) aa Lol 531 Jal) 4y giaeall ) ) A5y jha L Saadl)

——alall

[1] O.K. Andersen, Phys. Rev. B 12 (1975) 3060.

[2] J.C. Slater, Phys. Rev. 51 (1937) 151.

[3] P. Blaha, K. Schwarz, G.K.H. Madsen, D. Kvasnicka, J. Luitz, WIEN2k, an Augmented
Plane Wave + Local Orbitals Program for Calculating Crystal Properties, Karlheinz Schwarz,
Techn. University at Wien, Austria, ISBN 3 9501031.1.2 (2001).

[4] G.K.H. Madsen, P. Blaha, K. Schwarz, E. Sjostedt, L. Nordstrom, Phys. Rev. B 64 (2001)
195134.

[5] E. Sjostedt, L. Nordstrom, D.J. Singh, Solid State Commun. 114 (2000) 15.

[6] K. Schwarz, P. Blaha, G.K.H. Madsen, Comput. Phys. Commun. 147 (2002) 71.

[7] P. Hohenberg, W. Kohn, Phys. Rev. B 136 (1964) 864.

[8] W. Kohn, L.J. Sham, Phys. Rev. A 140 (1965) 1133.

[9] J.P. Perdew, Y. Wang, Phys. Rev. B 45 (1992) 13244.

[10] J.P. Perdew, S. Burke, M. Ernzerhof, Phys. Rev. Let. 77 (1996) 3865.

27



Sl Jiadll

Leisilia g daluall gl

28



Lgiddlia g dlual) guiliil) G Suadl)

4 gil) gal 3N 1, 111
L) DAl 4 933 al Al 1.1, 111

538 e BnSa 5k s 3 AB, 0, ibiasl) diaall 13 cianSall Alisd) LSl 5L
& 227 #8)) Fd3m 4dladll 3 ye )l A cdual jia d0a3 DI (FCC : Face-centerd cubic) o5 sl
Al 7358 MgFe,0, S all A0l 408 4,5l Al 111 IS0 Jiay L [1](R s Jslasd)
8 ole sl ZunSall Aullisd) 0 pall 2l 31 ALAAN (g int unSal) Zalal) Atz 3 pall 0
On 528 96 Mlia 22 5 B e 0sS 16 5 A (e LS8 50 (e Ol 32 sl <AB,0, Sl
(2 shandl Bl ;3 5m8 64 I (1/8) 05 A < 550 Gt LonSall Lolal) ALz 1l 3 5 Y
dala @l cldlaal) glas 2] C}.L;...d\ Aol 54832 JI 1/2 caal B b solSl) Jads s =
A e LAY S Gllia A el el 08 sally el Al ) sall 303 55500
I3 Al Lal A & 5K 18 ge 8 ()5S 9 43m (il cld oY) (lislSia lidass Laa 5 4 YY)
ol A 8 30 ) A s L) Alla b sland) el 55 s g g 6 (555 Fm (e LS
(Wyckoff position) <8 sSud ad ga Jai A ¢ 8l Ly LSl A cldlas) ) ¢S5 ¢3m el jlalil)
gsall Jadi eV 16d(0.5,0.5,0.5) adsall Jads B 05l 8a(0.125,0.125,0.125)
0.27 5024 O by sana s3le Lgiad () 5S55 0 s LRI A3aY) ced U Sus 326 (u, 1, 1)
0558 e 0 055V Gy U dad 3y 35 Laie [2]0.25 J Fasbse 0585 (Ujgea) Albiall Lgiag Lol
Ala 3 padll aan lalig A = shaudl el 3 gadll aas b)) I (sam Lee [111] oY) 8 A
rel WS A GlilaaY) S 43m bl o Taadl jidl Al 8 Wl Bz sha)

10.375 A sbose Al 028 8 (0585 440, AVl dadll 5 <O(u,u,u) 5 B(5/8,5/8,5/8)<A(0,0,0)

29



gl g o) i) A Juad

Figure I11.1: A schematic representation of the cubic spinel structure of MgFe,0,. The
oxygen atoms (red spheres) occupy the corners of the octahedral and tetrahedral; Mg and Fe
are at the centres of the tetrahedral and octahedral, respectively. The origin of the unit-cell is

chosen at the B (i.e., Mg) position.
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Figure 111.2: Total energy versus primitive cell volume for MgFe, 0, using the GGA.
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Table I11.1:Calculated lattice constant (a,, in A) internal structure parameter (u), bulk modulu
(By, in GPa) and it pressure derivative (B’) for the MgFe,0,, compared with available
experimental data and previous theoretical calculations.

MgFe;O4
Present Expt. Others

ay(A) 8.4623A 8.4210% Il

u 0.2608615 8.387"
Bo(GPa) 143.6116"

B’ 1.9573A
Vo (R3) 1022.28724

Eo (Ry) -12173.40084*

A present work using GGA-PBEsol; 2Ref. [4] ; °Ref. [5].

(el COBAY) G glaty Y G A el il o Liailis Ca aad) 380 30 1111 Jsaad) Cp

& MgFe, 0, =S all g 4y, shll 4808l Culil 4y jaill aall 138 Ulee (8 Lple Jiaaiall aadll (g

lale Jeaniall 4y 5 oll) A0Sl s a8 CilS Cua [504] GGA-PBESOI < & Jlaxinds 0.93% 2 52

Jalras U (Aol Jalrall Lal cpalall ) sinall (8 58 siall il (pe Jaliy ST 128 Uilee &
Ad el dpliaald) 5 A il ciluldll le 8 LYY Haad B laxadall dauilly 48idia 5 B Laleuaty)

A5 Jalaall g 4 ) gll) A el to Sl g ) ) 8l Al 3 2.1, 111

MgFea0s S all U (529 ool Jabaall 5 @ 4 shl) AS0al il <yt Oy Lidd
e Al 5311 JSEY) A dliadl 5 GGA-PBESOI J) G Jlasinsly Syl 5 1)) szl ae
i 1 5 Sl g juel) laaall o W5 ) ae Ay ) sll) ASLEN G a8l 311 JSA Gy A
a1l Jabaall 2 35 4,111 JSEN G MgFez04 S all Jaaall 185 ) e 4 51 08 anss (il
Mg O (e O O] i U dad ) 35 Levie | Sl g yagl) danall 3aly ) ae (53 5Y)
g o) LB gad aaas lall s Mg g shaed) sol) 35ad pan a1 ) (535 Lee [111] ola3Y]
(e 29 G P bl ae U SV daleall 5 a4l Al cull Gl et Aadle G Fe
(S (ye Al Al
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{a(P) —a+aP+SP (1.4
u(P)=u,+qP +rpP?

Ayl AAN B (B s 1) (=LY s(a s q) hdll bl GO ad 2 111 sl = e
MgFe;04 S yall 552V 3l Jaledl)

Table 111.2: Calculated linear and quadratic pressure coefficients of the lattice constant ao

(a(P) = a,+ a P+ P?and internal parameter u U(P) =u, +qP+rP?) for MgFezOx.

a(10° A/GPa) pa0° (A/IGPa)®) q (104 GPal)  r(10°GPa?)

SnM@204 -1915 10.55 5.9039 -3.2534
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Figure 111.3: Lattice constant-pressure relation (a— p) ; the solid line is a quadratic least-

squares fit: a(P) = a,+a P+BP? using the using the GGA-PBEsol for MgFe2Oa.
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Figure 111.4: Internal parameter-pressure relation (u — p) ; the solid line is a quadratic least-

squares fit: U(P)=u, +gP +rP?) using the GGA-PBEsol for MgFeOx.
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Figure 111.5: First Brillouin zone of the FCC lattice, the high symmetry points are indicated.

9 g dal ool ) seSl 8 Jlaxiuls MgFe;0g (Al S jall 28Ul Lol 5 Livs o
Slel pand lgle Jeasiall A8l Ll 35 jalae & clis b2 ga 5 12ad Y GGA—PBE J) <y i
daizal g i g5 i (K ¢(minority-spin (spin down)) Jisl (s s (majority-spin (spin-up))
Ll Jomniall 48Uall il 55 daad () (7011 5 6011 JSEVL munse s LS Aaldall i) ga od
Jlazinls Lile Juaniall 28Ul o) g0 ad  ansy 53 3,111 5220 s GGA-PBEsol J) < i Jleainily
[ Al (puity s 5 pal) soblall Jaill oy p ya g SIS Jay 5 A (p OIS pum gty S (s oy il
a8 311 Jsaall (adly T pdle ol (AU aile 3alall o3¢d (o)) e J Laa ol sy 3 dadaia
bzl die XI5 LT3 8k sl sWAW 5 K-K 5 X-X 5 L-L 5 -8 pblall 48U &) 5a
MgFe;0s  Adlinud) 33l GGA-PBEsol J) <& Jueaiuly (P = 0 GPa) p saall Siilin g ynell
s sl salll Ul il 45yl 4y ylail) il 5 Ay il ol b )5 LaY) s

plc gid@iwjujcidﬁmﬂ@ﬂb;\ycﬁuq.a}gsfﬁLg,al.ud\«._&)d\dm;j
Al Jal a8 e JS A alaalY)

Table 111.3: Some direct (I'-T, L-L, X-X, K-K, W-W, in eV)and indirect (X-I', L-T', in eV) band

gaps for MgFe20a.

X-T L-T I'-I' L-L X-X K-K W-W

MgFe204
Eg (0) (GGA-PBEsol) 257 248 240 482 5.60 564  6.03
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Figure 111.6: The up-spin band structures for MgFe204 along the high-symmetry axes of the
Brillouin Zone using GGA-PBEsol.
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Figure 111.7: The down-spin band structures for MgFe2O4 along the high-symmetry axes of
the Brillouin Zone using GGA-PBEsol.
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Figure 111.8: Enlarged view of the band structure around the fundamental band gap with
indication of the values of the fundamental energy band I'-T", energy of the direct transition

I'-T" and energy of the indirect transition X — I and L-T" for the MgFe.O4 materials gap.
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Figure 111.9: The total density of states (TDOS) of MgFe2O4 using GGA-PBEsol.
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Figure 111.10: The spin-polarized partial density of states (PDOS) of MgFe204 using GGA-
PBEsol.
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Figure 111.11: The spin-polarized partial density of states (PDOS) of MgFe204 using GGA-

PBEsol.
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Figure 111.12: The spin-polarized partial density of states (PDOS) of MgFe204 using GGA-
PBEsol.
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Figure 111.13: The states of the existence of spin electrons material
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Table 111.4: Calculated total and partial magnetic moment (in ug) for MgFe>O4 compounds.

Compound Interstitial region Mg Fe 0] Total magnetic moment

MgFe.O4s  GGA-PBE  1.4592 0.0046 4.0587 0.277 19.9198
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Abstract

In this note, we have studied the structural, electronic, and magnetic properties of the spinal
material MgFe,0,by using the linearly augmented plane wave method with full potential (FP-
LAPW) within the framework of the density function theory (DFT), which is integrated in the
program WIEN2K. We have used the generalized gradient approximation (GGA-PBE) to
manipulate the exchange-correlation potential (XC) in order to calculate the structural,
electronic and magnetic properties. There is a good convergence in the values of the crystal
structure coefficients with the available experimental results. The study of the electronic
properties showed that the studied material belongs to the family of semiconductors, and the

total and partial moments were determined by magnetic properties.




