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- G SN) &S p(7)
ald— O < A.e.uh 2.3

Ay alassul Efp(r)] Bl Glass madd daalyy debua aldg 08 a3 1965 oo
Bl g sene Joliia plail 2EKH A e ool Koy [2] i Cladne o 435K Aunge
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tads oV Bshadll pe B (paSl) 35 Baa e (gl (S 220 JST GBI saS)) el
V() = Vo (r) [1 —f (—])] +C'f (—]) (34.3)

2
f(r,re;) = exp l— (L> l (35.3)
TCj
) Ja gyl adadll Ao aas o)) da il
: (1 r—20
Lim 0w f) ={; 0
SIS Al Zalal) el e BB G pal) 8 A3 A8 ) ST Gy Janid CF Jaled

(36.3)

57



Luleaadl (5 L) il focadl)

Gl ¢y9aS)) Aaulgy 52sally Ak WP (1) el A Gk ¢ 7 ClAl) L s s
Y el dsns e o B dnga ALY Aaiiall dasal) s e VG (7)
Y/ wii () = G;(r) T > T (37.3)
Baa A8y Aage Y ol A
Wl () = y? [ij (r) + 67+ f (—)] (38.3)

cj

ropl) Jayd asd Cusgyf b g
2 2
(7)) [Iwf;() + 67 rEVf(r/ry)] dr =1 (39.3)

o ladll jaiagyd Al slee e A5G sehadll e BB Osesll slagiul laaa S

6” (Hl)f( ) (AZ (T/T'cj) [le + A(l + 1)] (T/TCJ)A + 2¢; — ZVV'(r)>

V() = V() +

2

2W2j( r) r
(40.3)
Jakil) (5eSy (Hartree) JlyeSl Gsasl) (e IS b e o) el 2 janud cilgdl i
+lalo Yl
Vior(r) = V3 (r) = Vi (r) = Ve (r) (41.3)
"(T ) 1 SExclp" ()
VY, (r) = V3(r) — f = 5pf(r)” (42.3)
v wy, ()|
P (T‘) = Zoccupied valence states |” (43'3)
wy (r)
‘dj‘“‘“ﬂ jals.d\ s Jia Zoccupled valence states Zi

A Laagall Jlgal) e B duisdllg (A& duig pSIY) USY Jia p¥ (1) s
Jadia JS Ciagh Cua (semi—local) ddac—and 4oy BHS 7z3ga3 (389 (B (sall) clliag
t A gail) e elldg o (gl casaSl) sanll ad (e A S

VES = vie(r) + TV () (44.3)

.Schliter s Hamann 5 Bachelet #3500 cas Bl (a8l Slgall JSAI Sian 1305

58



Luleaadl (5 L) il focadl)

dalida) LaUall claasil) daulg ¢ 4ig)gall dnwdll Clliall Cilio Javgic CAil) (9aS Cyad Sy
tob WS ¢ (dalaasy) dsp) eVl

I’/‘-lion(r) — lVlwIl/Z N+ U+ 1)Vli_|(_)?/2 (7')] (45'3)

el
bl s V50(r) 0sasl) DA (g Jlae —padl il palinud
00 = == [V2r, () — Vor, ()] (463)
Domail) (38 aaid SI CEIN (el L
vion(r) = LAD[Pn@) + VO @ISl (47.3)

Troullier-Martins gi (e A&l Ciligas!) diiyh 3.4

((DFT) diball Gl doplay bl 8 G (ppall) pliasY anilal) Golall gaa] &
Al lles Jaeiil aaykall 038 233508 . 1991[23] e & Martins 5 Troullier olaldl sl
ae 24108 5eSs Blill g(Laayladl) sl clip iKY G delal) dlagiad 3k ge Ay SO
e Ll A8y o Blall e dpleall ddS Qi lee (3dal)) QR g <Y Jlea)
sl o O)lg Cus (LIOSO3 e cilSye duyal Wl KA Troullier—Martins 4a)3)) <l g.eS1)
.Quantum ESPRESSO i SIESTA (e dunsy s pe lgaed dic duald 36kl

iegs S| (pseudopotentials)  Auhll  cligeSll  liy  mewd Al ddph o

o

) el Bl @ ey 2p eVl
p AU <l A8 daasall Jlgall Ca)ad

R{’P(r)={f’illE () Jor T>1e g

LeP(™) for r<r,

p(r) = co+ cor? + car* + cgr® + cgr® + c1or 1% + cprt? (49.3)

59



Luleaadl (5 L) il focadl)

DA e G Olalaal) daal S
:qldl) dihia Jala (Norm Conservation) dlghll) Bés Jajpd »
2¢o+ Ln {fO(rC)rz(”l)exp[Zp(r) - ZCO]dT‘} = Ln {fo(m 1‘2|le“5(7”)|2 dr}
(50.3)

1 i) xie A6Y) A ) Lgilindia g Laagal) AN A fpaiud Jagpd o

( p(r) = Ln [PEZCB

< PO = 2V, (1) — 2, 2““)p(c)—[p )]? (51.3)
PY(1) = 2V () + 252 () — 2L ) g7 prrd

| P =2V () - TR P ) + 2P () -

2(l+1)

T P"’m) - z[P"m)] = 2P'(r)P"' (1)

slail) g (hadll) il EY) gueal A GseSl V(1) 5 (P(O=TR{E (1)) s
t S (525 Lee ol die (gjhall

c+c,(2l+5) =0 (52.3)

Martins. s Troullier )l <l saSll dacalgll "dasaill’ Jial 58 1385

sl e g g3 (nadll) Jasuaghl B 9l e Jpuma) s el S5 LS
o Jpemnll 2y« S0 Aungall Jlsal e Jladll (5eSl ans Lo Jans s A5 Aunsal
05l & SIS g 50 e Aailil claabiadll A1) 31k oo | glaadl ajall laall il (e
sl il

60



Luleaadl (5 L) il focadl)

ALEN jealiall 8 Glgiaall =Ll ¢l cpadl Jelis Jie ) duad) @il o)
Al Claaa e V] eV aliea e aed Y Ll V) GlaeY) cpe LAAT oS (-
e 335 L Nl clldlg ([16]

Ultra soft 4ik .4.4

OsSi o Gle ABB Lagall Jlsal) aad Cum 5uaa djlie [19] cilusyailé 238 <1990 ole b
Lis e 8 Jall g WS o1 pdadl) lE Cheai gla cilip S poead dungal) Jlgall slese
Loyil) 138 Gaasd dal e celale Jlgall oda (sS8 of (Say cnldl) dalaie Jaby 4l e LALghal)
c ALkl is Jayds e Ml 5 paY)
b S Qi ey Lee zigail 38 b 1 akadll Hld Caail 83 ad aladia) (e clld da
sl ahlaall Chasl (sgiwall il gal 4igllaal) adadl) ddla
ke cpn AT Cag A Gl e dllia (o)
IS Jls) Auglase WY o(Alighall sany o duih ye) Lude e BN dagall Jlsal o
Mo Jaly Gl dilaie Cadlay cellin Abghl) e Ll Julls ¢ ) giad) B cilig STy
-(secular equation)saasall daladll & (5ylad je dals ) (525 1y
Ailal Cany Jp el saaall Abghall cild JlsallS ¥ ales Jag caend Y Liaill A A86SY o
clal) dalate Jata () (ghuian 2
- Jall LB A Al A8 ClipaSl i ¢dlighal) Jais e Ml .
(ultrasoft pseudopotentials) dagail) daild culu)aild il gast 4y i) 4 Lual) (§

1 ,p(r)p(,r’)
Evor = 5 \iIT + Viilod) + [ &PV, (p() +5 [ dPrd®r 7T + By
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L leg bl jeday Cus 44 JKAN 8 Gue g8 WS Qhhaal) O AN J 5 U s
el e 33)lie Bsim dad a5 U=1.3 Vg S 4l ani U J daugie o 32 clagiad 8
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i alaziul LiOsO;  J dualul) &) Gl Ll Locajill 038 daca (ge ganill . LiSpa
caby 10 e gsiad Aal (Aleall oldjind)c GGA aaadl )l
Langhalize ¥ pallall 8 45513l 45900 9 SOC el lples o5 dodicall 32i0al) &l s
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A)slal) il A B C
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94



Li0SO03 cdaiivsal) (paall al s e 5 5iall A g IV CiSle il gl M) Joadl

LGl aladl) 2.2

Ll Ld i) Aad) slinad Ldgied) dadl ol hEaY) e @il Ciog
%5 aher 2& 858 Ll st R3C Al cilS lalee Lganall daigpall culgill of AL sl

P 3.4000a ) b miase o WS [16¢14] Cpmaall (e agale LaaSall Al ol V) dSLYL

Cj Cii Cn Cs3 Cuy Css Ces Ci» Ci3 G
L0803 s x| 25362 [ 2835 [ 266.17 | 119.6 | 113.87 | 10685 |53.0 | 116.38 | 125.41
R3c LiOsO; 284.19 | 284.19 | 192.70 | 108.47 | 108.47 | 108.18 | 67.83 106.80 106.80
5% [14]
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alim (s Alles zual ¢(10.4) Osasll ddghian alaiiul LJis dage dibstiadl ClLuS) ody
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sl o3 L ) plimdy sl clcadll G ary A gkl 3 lamgll olallaad
claill sl Lallly SOC Jlea) vie . Aal€al iy Gl G e Glas igldgl) oo
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Abstract

In this study, we analyzed the structural and electronic properties of the polar metal LiOsOs, which undergoes a
structural phase transition from a high-temperature centrosymmetric phase (R 3c¢) to a low-temperature non-
centrosymmetric phase (R3c) at around 140 K. The focus was placed on the interplay between the crystal structure,
magnetic ordering, and spin—orbit coupling (SOC).

Our results indicate that the R3c structure is energetically more stable. Furthermore, the inclusion of both SOC
and antiferromagnetic (AFM) ordering yields similar effects on the electronic structure, manifested by a reduction
in the density of states (DOS) at the Fermi level. This finding is consistent with the experimentally observed poor
conductivity and supports the existence of a magnetic state in the compound. Additionally, structural relaxation
with SOC leads to improved agreement with the experimental electronic structure, reinforcing the correlation
between structural and electronic properties.

To classify the electronic correlation strength of this polar metal, we calculated the Hubbard U parameter using
linear response theory within the DFT+U framework. The results classify LiOsOs as a weakly correlated material,
with a ratio of U/W < 1, which does not justify the application of the LDA+U approach as used in some previous
studies.

The study also encompassed an investigation of the mechanical, thermoelectric, and semi-classical transport
properties. In this context, we examined electronic transport in a Cu/LiOsO3/Cu(111) junction using a combination
of density functional theory (DFT) and the non-equilibrium Green’s function (NEGF) formalism within the
Landauer—Bittiker approximation, aiming to explore the influence of the polar structural transition and magnetic
ordering on transport behavior. The calculations revealed that the structural transition between the two phases has
a minor effect on the transport properties, as both phases exhibit high conductivity. However, the introduction of
AFM ordering leads to a significant suppression of transmission near the Fermi level. Moreover, increasing the
spacer thickness results in a current drop by approximately one order of magnitude, further supporting the
hypothesis of a localized or unconventional magnetic state. On the other hand, spin-spiral calculations suggest that
the system favors a non-collinear magnetic ground state with varied magnetic moments, rather than a conventional
collinear configuration. This may partially explain the experimental challenges in determining the exact magnetic
structure. In conclusion, the combination of non-traditional magnetic ordering and strong spin—orbit interaction in
osmium highlights LiOsOs as a promising candidate for spintronic applications.



