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Transport and magnetic properties of LaCoO,
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J. Baier et al., Phys. Rev. B 71, 014443 (2005)

Insulator at T < 100 K the energy gap Eg = 0,2 eV.

| S. Yamaguchi et al., Phys. Rev. B 53, R2926 (1996)

Narrow-gap semiconductor with gap Eg smothly
transforms into metal with heating at T ~ Eg, in
LaCoO, Eg = 2300K, experiment reveals smoth
insulator metal transition at Ty = 550 — 600K

1000

B o
—

2

0

I

I ! 1

T

0

200

400 GO
Temperature (K)

bk

1000

Spin state transition from non magneticat T~0 K
C ICpECxoa B IapaMariHuTHOC.

-J.B. Goodenough 1958r. T=0 LS (S=0), T#0 HS (S=2)
- S¢=1 from Curie law, HS vs IS?

-small gap between Lg and HS states results in one
maximum at T~150K, the second peak is unclear

Two-stage spin state transition LS-IS at T=100K and

IS-HS at T=500-600K (K. Asai et al., J.Phys.Soc.J. 67,
290 (1998) results in two-peak susceptibility but

contradicts EPR (S. Noguchi et al., Phys. Rev. B 66,
094404 (2002)),

XMCD(M.Haverkort et al., Phys. Rev. Lett. 97, 176405
(2006))

INS (A. Podlesnyak et al., Phys. Rev. Lett. 97, 247208
(2006))



Energy of d6 ion in a cubic crystal field
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Fig. 1. Tanabe—Sugano diagram for the cobalt ion 1n a cubic
crystal field. The solid line marked by a square stands for
the HS state; the dotted line with a trunfrk for the 1S state;
and dashed line with a circle, for the L':': state. The calcula-
tions were carried out at U ;=4 eV and V,= 248 eV.

Absence of S=1
ground state In
Tanabe-Sugano
diagram for d6
configuration
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FIG. 6. Calculated low-energy electronic structure of the Co't
ion in LaCoOQ; originating from the °T,, cubic subterm with the
!4, singlet ground subterm put 140 Kbelma the lowest °T 1¢ State.

Full atomic multiplet
calculations
reproduce well
the ESR experiment

Z. Ropkaand R.J.
Radwanski, Phys. Rev. B
67,172401 (2003)

HS d6: S=2, L=1

J=1,J=2, J=3



Review of the Generalized Tight-Binding (GTB) method

[S.G. Ovchinnikev and LS. Sandalov, Physica C 161, 607 (1989)]
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Cluster perturbation theory: Synthesis of local quasiparticles exact treatment and
Hubbard perturbation from the atomic limit



Generalized tight binding method as a perturbative realization of Lehmann view

The GTB method consists of 3 steps:
e Cu
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Dyson equation in the X-method
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Single-electron GF:

Dyson equation:
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Val’kov,

Ovchinnikov 2001
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Strength operator }5(%:, wﬂ) results from X-operators algebra

(similar to spin algebra — Baryakhtar, Yablonsky, Krivoruchko, 1983)

Renormalization of the spectral weight (oscillator strength) due to ﬁ(kJ wﬂ)
‘Hubbard |” approximation:

E—O P Fm)é

mam e

Fom) = { X2y L {x@\

Gy (w,) =6

m = mip. a)

Frrr

r/{iwﬂ — (Ep — 5Q)}?




Hybrid LDA+GTB scheme without fitting parameters
(in collaboration with prof.V.I.Anisimov group, Ekaterinburg, (Korshunov,
Ovchinnikov, etal, Phys.Rev.B 2005))

* Projection of LDA band structure and construction
the Wannier functions for p-d —model

 Ab initio calculation of p-d —-model parameters

* Quasiparticle band structure GTB calculations in the
strongly correlated regime with ab initio
parameters
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LDA (black) and projected to d(Co)p(O) basis
LaCoO3 band structure (all 5 d and 3 p orbitals)
Orlov, Nekrasov, Pchelkina etal., JETP 2011
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Low energy terms for Co+3 and electron
addition and removal configurations

LaCo0O3
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In-gap states result in
gap decreasing and
metallization at

T(MIT)=585K

(arb. u.)

DOS

Ovchinnikov. Orlov
Nekrasov, Pchelkina
JETP 2011

0.6

05F

04r

031

0.2r

)




0025 T T T

002F

0015

<u>/gug

001r

0005

emu/mole)

-3

x (10

200 400

T.K

L

200

400

600

800

1000



200 400 &00
T, K

Mean square root value

1003

Temperature
dependent
magnetic
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Electronic and magnetic properties of magneziowustite Mgl xFexO at P 40

TZ20GPa and 1~2000K
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. Mg-silikate perovskite is insulator up to pressure 143GPa
(K.Ohta etal, 2008).

. Mg1l-xFexO with fcc 3d lattice has percolation threshold
14.2% . Thus conductivity and magnetism at x>0.142 are
determined by FeO.

. 20% of magneziowustite in nonmagnetic nonconducting
matrix in the low Earth mantle is above the percolation
threshold. Metallic MW will result in conducting mantle.

. Mott-Hubbard insulator-metal transition under high pressure is
expected due to bandwidth increase. LDA+DMFT calculations
have revealed metal FeO at P=60GPa (Shorikov, Pchelkina,
Anisimov etal. PRB 2010). Not confirmed experimentally.

. Alternative transition is high spin-low spin crossover due to the
crystal field increase under high pressure



Low-temperature synchrotron Mdssbauer spectra of (Mg, -s,Fe, ,5)O at 38 GPa (a) and 55 GPa (b). High-
frequency quantum beats indicate a magnetic ordering of Fe?* ions in the HS state, whereas the low-
frequency quantum beats indicate the paramagnetic state of Fe?* ions in the HS state. Absence of the

quantum beats indicates the occurrence of the diamagnetic state of the LS Fe?* ion
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Experimental phase diagram (Lyubutin,Struzhkin etal., arxiv 2011)

200
Mgﬂ.75Feﬂ.250
g 150 |-
b HS
($=2)
100 |-
paramagnet
50 |- - A £, %
A---& antiferromagnet
0 | 1 | 1 | 1 | 1 | 1
0 10 20 30 40

Pressure (GPa)



Effect of spin crossover on the effective Hubbard U
(S.G.Ovchinnikov, JETP 2008)

Ueff (dn) = EO(n+1) +EO(n-1) -2E0(N)

Ueff

dé
A ds

4.2

=
N
a1
U_eff (eV)
o |l N w ESN (6]
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Effect of multiplet degeneracy of HS and LS Fe(+2) on
the phase diagram

Fe**(d®): HS, S=2, L=1 g, =(2S+1)(2L+1)=15
LS, S=0, L=0 g, =1

Partitition function L = gHSe‘EH%T + gLSe_E%

HS fraction 1

n,.(P,T)=
N 1+gL5exp(EHS _ELSj
Ous KT
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MW phase diagram at high temperature and pressure
(Ovchinnikov, JETP Lett. 2011)
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Conclusions

 Electronic structure of Mott insulator with singlet
ground term and small spin gap Is strongly
temperature dependent with smooth
metallization at high temperature

 For magnesiowustite a metal state Is predicted
at the Earth’s mantle conditions T~ 2000-2500 K
and pressure 60-80 I'T1a resulting in 400 km
metal belt at the depth 1400-1800 km



C of integration is chosen as # = const. Then the geo-
metric phase related to the ground state 1s

“r=’aT[1EDHH]=?T(1%). (16)
E9 4. pt

The lost of analvticity occurs at the diabolic point lo-
cated at the origin of the parameter space (RA, S\, ).
In vicinity of the diabolic point the geometric phase be-
haves as a step function

T -
|

0, for p=0, ¢ — 40 (f — 0)
2m, forp=0, 2 — -0 (f — m)

Geometric phase is the
order parameter, its
change is 2pi in the QPT

Fig. 2.

Spin crossover is a
guantum phase
transition at T=0

(Nesterov,
Ovchinnikov, arXiv
0907.1310,
JETP Lett.90, 580
(2009)

Geometric phase v (left) and its derivative

&by fdz (right) as a function of the Hamiltonian param-
cters o and £, There is clear step-function behavior at



