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Nature abhors a vacuum
(Aristotle, 384-322 b.c.e.) ?{ﬁ

In quantum chemistry, one can equally well say
that Nature abhors an orbital degeneracy.

In band theory, It translates in Nature hating high
DOS at the Fermi level and loving large gaps.



Jahn-Teller effect:
a manifestation of “natural abhorrence”

Example 1. nonmagnetic Ni%* ion in an octahedral environment

J

Distortion of the

m i -‘- octahedral |
environment provides
4 crystal-field splitting

such as the occupied
e, level goes down
and the unoccupied
one goes up




Jahn-Teller effect: magnetism

Example 2 (more realistic): magnetic Ni** ion (e.g., NaNiO,)

Distortion of the
octahedral
environment provides
crystal-field splitting
such as the occupied
e, level goes down
and the unoccupied
one goes up in one
spin channel




Band (cooperative) Jahn-Teller effect

Example 3: Ni®* bands

As long as the
additional crystal
field is larger than (or
at least comparable
with) the band width,
the distortion is
energetically
favorable.




Itinerant or localized?

Localized limit: JT

a)JT,no CO b) CO, no JT

FuIIy_ itinerant limit: Tty < ﬁ_;;’: 2,
No distortion Y -/ UM

— — —
What about a BTN\ Do
crossover? L |

44 A
In the crossover —— —\ e =
charge ordering is \_/: | o "
an option! | L



Energy balance
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JT : energy gain of 2E; per 2 nickels

CO : energy loss of U and an energy gain of J,

Strongly correlated system (Mott insulator):

— Intermediate case (vicinity of

Mott transition)



Phase diagram

T-dependent part of

T nmim this diagram is
: highly speculative
Param. M-H R (no calculations)!
Ins. without

0]0) metal

CO metal

\/

New phase!




Example: RENIO,

orthorhombic Lu N|03 ]
(Pbnm) 7

PM metal

. orthorhombic’|
. Pb -

0 4 8 12 1
p (GPa)

Charge disproportionation
takes place at ambient P
and low temperature.

No JT distortion!

Also: T, decreases with P.
Metallization is very gradual and
occurs inside the OO phase

Why ?7?



Band structure calculations

MN(E), states/eV cell

Total —
i

DOS of nonmagnetic

LUNIO;. Note that Nil e, is
half-filled, and Ni2 is empty

Structure optimization
eliminates OQO!

— total
—— Ni1

DOS of ferromagnetic
LuNIO;. Note that Nil e, Is
now fully spin-split.

Structure optimization
sustains OQO!



Effect of pressure (M. Abd-Elmeguid et al, unpublished)
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LDA+U does not agree with the experiment, in accord
with the weak-correlation scenario!



Mott Insulator or Band Insulator?

Litmus test: character of the Mott insulator:
gap closure - p(T). (cf. DOS

evolution) 1. The gap is large > the

current is carried by the
P=4 DOS metal component.

2. The spectral weight is
gradually transferred from
the insulating component to

the metal component

3. The activation energy
P changes little with pressure;
the character of the
conductivity changes at the

transition




Mott Insulator or Band Insulator?

Litmus test: character of the Band insulator:
gap closure - p(T). (cf. DOS :
evolution) 1. The gap is genrally

smaller and closes
gradually

2. The activated
component gradually
develops metallic

behavior

p 3. Nonmonotonic T-
dependence possible
when the average gap

IS ~ Debye temperature




Experimental resistivity

4
I LuNiO - 27GPa | M. Abd-Elmeqguid, R.
. ’ 3.4 GPa Lenzdorf et al, Cologne

3T ™ T « 62GPa
| 11.8 GPa{

R(T)/R,,.

0 50 100 150 200 250 300
T (K)
Not a “typical Mott-Hubbard transition’!



Magnetism

Large symbols: M=1.4 y; Filled symbols: up
Small symbols: M=0.7 gz Open symbols: dn

Highly unusual

magnetic structure!

Alternating large
and small moments

Ordering along the
Ni-O-Ni direction
is TTIJ

Ordering direction
for Ni*t is 111, for
Ni2*is 111



Magnetism

@Umm T Ty
Highly unusual antiferromagnetism:
no | TrdeTrde Trd Tl
SEX
strong
SEX
T T T T
N
weak |
SEX Superexchange path is

Nil-O-Ni2-O-Nil

“Double” antiferromagnetic
ordering follows naturally.



Other JTCO materials

» CaFeO,, SriFe, 0., Sr,5La,,FeO, — Fe** charge orders into Fe3*
and Fe**

« AgNiO, — Ni3* on a triangular lattice charge orders into 2NiG+9+
and Ni@-29+

» Ag,NiO, — a structural transition of unknown nature: a disordered
JTCO?

e Dynamic JTCO - bipolaron?

e transport, optical, superconducting ramifications?



Summary

1) Perovskite nickelates present a clear example of a novel phenomenon:
Jahn-Teller-driven charge ordering in orbital-degenerate (Jahn-Teller)
systems.

2) JTCO occurs in the crossover region between the localized and
Itinerant regime.

3) In JTCO the orbital degeneracy is lifted not by the usual JT lattice
distortion, but rather by charge disproportionation.

4) The energy balance in this case is driven by the magnetic (Hund-rule
energy)

5) Reduction of the Hubbard U is a key prerequisite.

6) Unusual magnetic ordering emerges as a result of charge
disproportionation.

7) A possibility of a dynamic JTCO (in analogy to the dynamic JT)
suggests a whole range of new phenomena.



