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Abstract: <span>In a conventional Mott insulator, magnitude of local spin moments remain fixed. They are “fixed spin Mott insulators. We suggest
that, in a multi orbital Hubbard model, when local Hund coupling is won over by inter-orbital superexchange couplings between neighboring sites,
local spin moment can decrease its value in a cooperative fashion, through a first order phase transition, These are "Low spin state Mott insulators
(LSSMI). The minimal value of spins that can be reached are zero (half), for even (odd) number of electrons per site, We show that in LSSMI,
depending on orbital degeneracy and electron number per site, novel quantum spin liquids can emerge, We discuss systems such as Fe arsenide, Fe
selenide family and La2CoO3 in the light of our proposal. Certain long standing puzzles, including absence of any magnetic phase transition in
La2Co03 is explained in terms of a novel quantum spin liquid. Some properties of this spin liquid, a liquid of “quantum strings will be discussed
and some predictions made.</span>
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Spin State Transition in Transition Metal Complexes

Octahedrally coordinated transition metals Fe** Fe?3® Co** Co*

Crystal Field Splitting (charge and covalency)
Hund Coupling
Hubbard U
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Fig 1. Schematic diagram for the spin crossover phenomena: (a) the energy scheme for one d electron in
octahedral ligand-field symmetry, (b) six d-electrons in a weak kgand-field, (c) six d-electrons in a strong
kgand-field, and (d) relabonship between the spin state and the ligand field strength
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Ground-state phases in antiferromagnetic spin-crossover chains
C. Timm, U. Schollwock Phys. Rev. B 71, 224414 (2005)

Microscopic modeling of a spin crossover transition
H.O. Jeschke et al. New J. Phys. 9 (2007) 448

Superexchange interaction between Fe-Fe
starts influencing spin state transitions
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[n a molecular solid of Fe complexes a
first order structural phase transition occurs
accompanied by jump in Spin value ata Te ~ 110K

A spin state change causes local charge redistribution and/or JahnTeller Distortions.
The cooperative structural change i1s a response of the molecular lattice to these changes.

. hydrogen bond

(a) x
A
O
N
P

P. Gutlich, A. Hauser, and H. Spiening, Angew. Chem. 33,
2024 (1994)
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Simplest Transition Metal Oxide Mott Insulators (NaCl structure)

Ti0 VO CrO MnO FeO CoO N10O CuO

Ti®* 342 V2+ 34’ Cr* 344 Mn?* 3d° Fe®r 3d® Co’* 3d’ Ni* 3d8 Cu?* 34°

spin - 0 0 0 5/2 2 3/2 1 YA
<----  Antiferromagnetic ---=sessssssssnccne-- . 4
nickel (II) oxide S— S—
— — —

Pirsa: 14020128 Page 32/58



Simplest Transition Metal Oxide Mott Insulators (NaCl structure)

Ti0 VO CrO MnO FeO CoO N1O CuO

Ti** 3d° V2+ 34’ Cr* 344 Mn?* 3d® Fe’ 3d® Co* 3d’ Ni* 3d8 Cu’* 34°

Spin - 0 0 0 5/2 2 3/2 1 Ya
<--== Antiferromagnetic ===ss=ssssssmssnanes . 4
nickel (II) oxide —— —
— — —

Pirsa: 14020128 Page 33/58



Simplest Transition Metal Oxide Mott Insulators (NaCl structure)

Ti0 VO CrO MnO FeO CoO N1O CuO

Ti** 342 V2+ 34’ Cr* 344 Mn?* 3d° Fe®* 3d® Co?* 3d’ Ni* 3d8 Cu’* 34°

Spin - 0 0 0 5/2 2 3/2 1 Ya
<----  Antiferromagnetic --=s=sssesssseseccae-- <
nickel (II) oxide — ——
— — —

Pirsa: 14020128 Page 34/58



TR VEIP Ct 3 Mn™ 3! Fe3d'  Co™ 3d!

S==== Antiferromagnetic

Nickal (11) onide

Page 35/58
Pirsa: 14020128




Ti V |Crf] Mn Fe Co Ni

1000 T T T T I-:.
TN
100
X
‘é’ /
— -
g )
2 I AF 5
S ! ]
? ’
o= . . |
2 3 4 5 6 7 8
n, (3d"

F. Rivadulla et al. Phys. Rev. B 76, 205110 (2007)

Pirsa: 14020128 Page 36/58



Ti V Crl Mn Fe Co Ni

1000 T T T T I-:.
TN
100
X
‘a:; /
- .
g J
2 I AF |
S 1 / ]
— ? I
ol . .. |
2 3 4 5 6 7 8
n, (3d"

F. Rivadulla et al. Phys. Rev. B 76, 205110 (2007)

Pirsa: 14020128 Page 37/58



Ti V Crl Mn Fe Co Ni

1000 T T T T I-:.
TN
100
X
‘é’ /
= 4
g 0 J
2 I AF 5
S 1 / ]
 od ? ’
ol . .. |
2 3 4 5 6 7 8
n, (3d"

F. Rivadulla et al. Phys. Rev. B 76, 205110 (2007)

Pirsa: 14020128 Page 38/58



Ti V Crl Mn Fe Co Ni

1000 T T T T I-:.
TN
100
X
° /
- -
g J
2 / AF 5
S / ]
- d ’
o= . . |
2 3 4 5 6 7 8
n, (3d")

F. Rivadulla et al. Phys. Rev. B 76, 205110 (2007)

Pirsa: 14020128 Page 39/58



La, N1 O, A layered perovskite simular to cuprate
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Ti0 orbital degeneracy

How to avoid Jahn Teller distortion ?

Fusion of two RVB systems (including orbital degeneracy)

3 dimensional Quantum string liquid
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Fusion of two RVB Systems (including orbit

al degeneracy)

S dimensional Quantum string liquid
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Theoretical Possiblities

S=1 Quantum string liquid
Every site has two singlet bonds 2 of the 6 distinct neighbors
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LaCoO, A cubic Perovskite and an old puzzle
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Theoretical Possiblities

S=1 Quantum string liquid
Every site has two singlet bonds 2 of the 6 distinct neighbors

Quantum Branched Polymer Liquid

Every site four singlet bonds to 4 of the 6 distinct neighbors
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