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__Ruddlesden-Popper phases : nCn

Crlv
e” config. : 3d?

n=1 n= n= = o0

SroCrOq4 SraCr3Oso SrCrOs3

n : number of Perovskite layers

J.A. Kafalas and J.M. Longo, J. Sol. St.
Chem. 4, 55 (1972).



~ Ruddlesden-Popper phases : Srns1CrnOs3
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Difficult synthesis conditions :
High Pressure/Temperature
phases !

& J

SroCrOg SraCr3Oio SrCrO;

n : number of Perovskite layers

J.A. Kafalas and J.M. Longo, J. Sol. St.
Chem. 4, 55 (1972).
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High Pressure &
High Temperature
Synthesis

T ~ 1500°C. Belt
Cells diameter 12 mm
Capsule volume ,
(Au,Pt,acier,CuBe,Ta,BN) 0.04 cm
Mass product’ 160 mg
Pressure range 0-8GPa 0-55GPa| 0-7GPa
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Introduction : Perovskite SrCrOs|

T>40K A

' d dzx dzx

cubic o — 4 & — 4.
paramagnetic by T by T dxy

101 —reeeryryYrYyYeyeryryryYrYyryryTTyrryYyYYTrTTyYTryYTYTYTTTYTYTTYTETT™MY
s

1 0.024
41 0.020
Neutron powder
diffraction § . 001s =
Ortega et al., s ) 00165
PRL 99 (2007) - g
255701 & :

0.012

0.008

Temperature (K)




e e ———— —— — . e "—'_(
Introduction : Perovskite SrCrOsj|

T>40K
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paramagnetic by T by T dxy
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Neutron powder diffraction
Ortega et al., PRL 99 (2007) 255701
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Neutron Powder diffraction
ILL, D1B & D2B instruments
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Neutron Powder diffraction
ILL, D1B & D2B instruments
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Neutron Powder diffraction
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Sracr:

D1B : Claire Colin & Vivian Nassif
D2B : Emmanuelle Suard
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Sracr:

Neutron Powder diffraction
ILL, D1B & D2B instruments

D1B : Claire Colin & Vivian Nassif

D2B : Emmanuelle Suard
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Neutron Powder diffraction
ILL, D1B & D2B instruments
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Neutron Powder diffraction
ILL, D1B & D2B instruments
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Neutron Powder diffraction
ILL, D1B & D2B instruments
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orbital degenerescence regular octahedra
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partial orbital ordering apical distortion
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total orbital ordering apical & in-plane distortion
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Orbital model|

dxy |
orbital degenerescence regular octahedra
o X
dxy ?
partial orbital ordering apical distortion
by ——o ) e
dzx T “““““
dxy *

total orbital ordering apical & in-plane distortion ==#» ESRF & lab XRD : no in-plane distortion

observed
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Orbital model

o X
dxy ?

partial orbital ordering apical distortion
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Orbital model

dyz T Clément Février
ay —3 Claudine Lacroix Kugel-Khomski Hamiltonian
Arnaud Ralko
partial orbital ordering apical distortion = Hetr = Si.Sj X f(Ti;Tj) + 0

Armando A. Aligia . :
spin pseudo-spin
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Orbital model

dzx
dyz T Clément Février
ay —3 Claudine Lacroix Kugel-Khomski Hamiltonian
Arnaud Ralko
partial orbital ordering apical distortion »  Heff = S5i.5j X f(Ti;Tj) + 0
Armando A. Aligia Spin oseudo-spin
Vi Total orbital ordering

AF in-plane and between adjacent Cr planes
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New Ca-based phases
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CrAs motivation
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CrAs motivation

DOS

3D compounds but
quasi-2D band
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High pressure transport measurement
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AFM should be destroyed around 10 GPa according to HP transport
measurements : OK with metal-insulator pressure transition




Neutron Powder Diffraction under pressure
(D1B instrument)
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XRD /HP at RT (ESRF, id27)
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free atom cubic tetragonal orthorhombic
(octahedron type)

FIG. 2. Crystal-field splitting of 3d orbitals under cubic, te-
tragonal, and orthorhombic symmetries. The numbers cited
near the levels are the degeneracy including spins.

d7

d)(z-y2 d 37.2-I‘2
djy,2..2 —4p— dx2.y2 &

S el =t




d-band A
.0. T A \_ B _F'e?rl:mi level
o Y
t é A=I8d-8pl interaction u _\U
charge gap
v > |
it | ‘)\ p-band/
gdoping
g o (@) Mott-Hubbard Insulator
metal ET -
¥ pressure (e.g. Increases t)

FIG. 1. Metal-insulator phase diagram based on the Hubbard
model in the plane of U/t and filling n. The shaded area is in
principle metallic but under the strong influence of the metal-
insulator transition, in which carriers are easily localized by
extrinsic forces such as randomness and electron-lattice cou-
pling. Two routes for the MIT (metal-insulator transition) are
shown: the FC-MIT (filling-control MIT) and the BC-MIT
(bandwidth-control MIT).
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Superexchange
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FIG. 10, Scheme for superexchange in the nondegenerate case.

S b 't I Shown here is the energy increase due to virtual transitions of
am e Or I a S an electron to a neighboring center. An antiparallel orienta-
tion of the spths s seen to be preferred from the energy stand-
point.
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FIG. 12, Superexchange in the case of twofold-degenerate
orbitals. Shown here is the energy increase if only diagonal
transitions are possible ¢ =t +f,#;5,=0). Intraatomic (Hund)
exchange is also taken into account.



Sr214
14/mmm

¢4

L

.

f

b
—>

a~3.81A
c~1252 A



Sr214
14/mmm

b

¢4

|

. S

—>

a~3.81A
c~1252 A

45000

30000

15000

X-ray diffraction

40 50 60 70 80 90
20 (degrés)



X-ray diffraction Transport measurement
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Neutron Powder diffraction
ILL, D1B & D2B instruments
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Neutron Powder diffraction
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Lattice parameters (A)

Neutron Powder diffraction
ILL, D1B & D2B instruments
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Neutron Powder diffraction
ILL, D1B & D2B instruments




Neutron Powder diffraction
ILL, D1B & D2B instruments
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Introduction : Perovskite SrCrOsj|
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FIG. 7. (Color online) U-dependent orbital-projected densities
of states of Cr 1,, states for (a)—(b) the cubic and (c)—(d) the tetrag-
onal phase, at U=0 and 4 eV in C-AFM order. At U=4 ¢V, an Pickett et al.
orbit-ordering transition in d,, orbital occurs in the tetragonal ~ PHYSICAL REVIEW B 80, 125133 2009
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Introduction : Perovskite SrCrOs|

Proposed Metal-Insulator transition
under pressure ?
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4-wires transport measurement under pressure
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Estimated Full Metal-Insulator transition

around 40 GPa
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