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An ‘Intro\"dugct‘i/oh

Iridates are an exciting
frontier of Mott physic
and spin-orbit
coupling where new
physics may emerge.




[ Mot\z p’hysms?s‘ln’ Ozl‘bltl odp'lmlg and\'th'e -
gquest to find a quantum spin liquid

o Iridum in magnetic oxidation

o Mott Insulator

o Strong Spin-0rbit Coupling

o Octahedrally coordinated Ir and Li
o Ir octahedra edge-share with 3 n.n.
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Mot physms spin- orbit codpllng and the
guest to find a quantum spin liquid
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Kitaev

Quantum Spin Liquid

with Exotic Excitations and
Computational Possibilities
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THIS TALK

Mapping the Kitaev Model to Li,Ir0,
Ideal octahedral geometry is crucial for the model.

Only hexagonal lattices have been studied,
but we propose a series of new structural candidates
— the “harmonic honeycomb iridates.



THIS TALK

Magnetic Measurements 1st Harmonic Honeycomb LI,IRO,

Magnetism is spin-anisotropic at low temperature.
Magnetization deviates expected linear behavior in high field.



THIS TALK

Ongoing studies on Harmonic Honeycomb Iridates
DFT Relaxations of series members may help determine which
members are most energetically favorable — thus guide synthesis
and explain why we have only synthesized particular members.
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THIS TALK

Mapping the Kitaev Model to Li,Ir0,
Ideal octahedral geometry is crucial for the model.

Only hexagonal lattices have been studied,
but we propose a series of new structural candidates
— the “harmonic honeycomb iridates.
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S RUCTURE: 1sT HARMONIC HONEYCOMB LITHIUM IRIDATE
(Li,Ir0,)
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IR IN AN OCTAHEDRAL ENVIRONMENT

[rd+

5 electrons
5d Crystal Field S0C ) =3/2

Tess Smidt - UCB & LBL 12



IR IN AN OCTAHEDRAL ENVIRONMENT

J 4 states are complex superposition of the
d., d, andd, orbitals

Xy’ “yz’

For example: J « =72, m=)
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IR IN AN OCTAHEDRAL ENVIRONMENT

J 4 states are complex superposition of the
d., d, andd, orbitals

xy’ “yz’

For example:

RIee =y Detrpm==slin/ 2
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~DESTRUCTIVE INTERFERENCEIN ~ ~
THE QUANTUM ComPASS MODEL

Superexchange

Ir in octahedra interact
through shared oxygen.

Two exchange paths

P, destructively interfere
due to “imaginary”
orbital component of the

Z XZ

y J.¢ states.
In-plane interactions
cancel. Only interactions
perpendicular to bonding

X7 -  plane survive.

G. Jackeli and G. Khaliullin, Phys. Rev. Lett. 102, 017205



~DESTRUCTIVE INTERFERENCEIN ~ ~
THE QUANTUM ComMPASS MODEL

Superexchange Typical Heisenberg isotropic
spin interaction

Ir in octahedra interact

through shared oxygen. H = JS’L ' S]
Reduce to a spin-anisotropic
Interaction

Two exchange paths
P, destructively interfere

due to “imaginary” H _ JSz S;
Dy W4

orbital component of the

vz X2 . states. ‘ ‘
In-plane interactions
cancel. Only interactions
perpendicular to bonding

X7 -  plane survive.

G. Jackeli and G. Khaliullin, Phys. Rev. Lett. 102, 017205






ITAEV MODEL IS MADE OF THREE
ORTHOGONAL ComPASS MODELS

{ However, octahedra in materials are
rarely perfect. In-plane interactions do

not exactly cancel.

Other interactions can still occur, such as
Heisenberg interactions

H=1JS; S,




AGNETIC ORDERING OF THE HEISENBERG-KITAEV
MODEL ON THE HONEYCOMB LATTICE

PRL 110, 097204 (2013)



|[EXAGONAL LATTICES AREN'T THE ONLY WAY
T0 GET KITAEV CANDIDATES
Two unique bonding units




~ HEXAGONAL LATTICES AREN’T THE
T0 GET KiTAEV CANDIDATES

Two unique bonding units

Combine to form
same-plane and
twisting bonds



~ HEXAGONAL LATTICES AREN’T THE
T0 GET KiTAEV CANDIDATES
Two unique bonding units

Combine to form
same-plane and
twisting bonds

Still maintain
orthogonality of
bonding planes
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In the Kitaev model limit, all structures are spin liquids at finite temperature.
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THIS TALK

Magnetic Measurements 1st Harmonic Honeycomb LI,IRO,

Magnetism is spin-anisotropic at low temperature.
Magnetization deviates expected linear behavior in high field.
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MAGNETIC SUSCEPTIBILITY HAs LARGE ANISOTROPY
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TRANSITIO Su

SCEPTIBILITY CHANGES SLOPE
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WHY IS T

E B AXIS SPECIAL?

In the crystal structure,
bonds in c direction are special.

In the Kitaev Model, bonds in ¢ direction are
associated with spin interactions along b

Kitaev Model

Hi ==Jg Y 8!8
(ij)eb.

- J}’% Z SfiéS?ié
(ij)e(axeé) .
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WHY IS THE B AXIS SPECIAL?

In the crystal structure,
bonds in c direction are special.

In the Kitaev Model, bonds in ¢ direction are
associated with spin interactions along b

Kitaev Model
Hi ==Jg Y 8!8
(ij)€b,

- J}’% z S’?.:I:ésglﬂ:é
(ij)e(axe) .

Kitaev interactions may be present, but we do not have a
spin liquid (other interactions are also at play).

Tess Smidt - UCB & LBL 31



THIS TALK

Ongoing studies on Harmonic Honeycomb Iridates
DFT Relaxations of series members may help determine which
members are most energetically favorable — thus guide synthesis
and explain why we have only synthesized particular members.
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DFT STRUCTURE AGREES WELL WITH EXPERIMENT
Ir = Spin-orbit coupling (SOC) 5d orbitals = U to open gap

Density Functional Theory + U + SOC
GGA - PBE w/ PAW potentials

b-initio

Plane wave cutoff: 450 eV ‘ ™~
k-point Mesh: 9 x 9 x 3 (primitive cell used) U W\ ackage

Spin-orbit interactions treated self-consistently
Full geometry optimization

Ron A BA [ b

Experimental 5.912 8.446 17.836

PBE + SOC + U 5.9(5) 8.4(7) 17.9(7) I ]
C

Error in lattice parameters less than 1%
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RELAXED MAGNETIC STRUCTURES ALIGN IN AC-PLANE

1. Randomly orient Ir
magnetizations

Randomized
magnetic structures
relax prominently in
ac plane — agrees
with easy-plane
AFM hypothesis
from susceptibility.

35
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CONCLUSIONS

Measurements of H1-Li,IrO; show evidence of
strong spin-anisotropic exchange

The harmonic honeycomb family of iridates —
a new series materials that may have exotic

magnetism and may be candidate Kitaev
materials

DFT
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[E UNDERSTAND THE ANISOTROPY AT
HIGH TEMPERATURE

High Temperature (Infinite) Anisotropy
+ G-factor Argument

X+ = (x) £ x1)/2




Internal relaxations with changing of one lattice parameter

PBE varying ¢

Internal relaxation for {1,1} LIO (PBE)
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Internal relaxations with changing of one lattice parameter

PBE varying b
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Internal relaxations with changing of one lattice parameter

PBE varying a

Internal relaxation for {1,1} LIO (PBE)
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Bonds can twist Twisting creates strips Angle created by
out of plane of bonded hexagons of Ir hexagon planes visible
Tess Smidt - UCB & LBL octahedra. on crystal face I



Bonds can twist Twisting creates strips Angle created by
out of plane of bonded hexagons of Ir hexagon planes visible
Tess Smidt - UCB & LBL octahedra. on crystal face 4
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BONDING OF OcTAHEDRA

Corner-Sharing

oS

Edge-Sharing SrirOs SralrOg4 Sr3lrO7

o 30

Honeycomb lattice Hyper-Kagome lattice




