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Abstract
The concept of spin-orbit coupling has been known for more th an half a century, and its importance in magnetic materials h as been recognized early on. Still, the interplay of spin-or bit

interactions with electronic Coulomb interactions in para magnetic materials remains a largely unexplored field.

We discuss here the notions of spin-orbital polarization an d ordering, and address their consequences in transition me tal oxides. By extending the combined density functional th eory
(DFT) and dynamical mean-filed theory (DMFT) scheme as impl emented in [1] to the case where spin-orbit interactions are important, we investigate the electronic excitations of th e
paramagnetic phases of Strontium Iridate (Sr 2IrO4) and Strontium Rhodate (Sr 2RhO4).

Conclusion
� We have performed complete ab initio calculations for Sr 2IrO4 and Sr 2RhO4.

Sr2IrO4 is a j eff = 1/2 Mott insulator (U = 2.2 eV, J = 0.3 eV) and S r2RhO4 is a partially spin-orbital polarized metal (U = 1.6  eV, J = 0.3 eV).

� We have emphasized the interplay of the spin-orbit c oupling with electronic Coulomb interactions in 4d and 5d transition metal oxides.

� We have performed LDA+SO+DMFT calculations.

Application to doped Sr 2IrO4 or Ba 2IrO4 (search for supraconductivity) and, more generally,  to other 5d transition metal oxides or compounds.
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Paramagnetic Sr 2IrO4 within LDA+SO+DMFT

At the LDA level, 4 bands cross the Fermi level: 
a metallic Kohn-Sham band structure.

Necessity to treat better
the correlations between electrons.

Ir 5d
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jeff = 3/2

O 2p

Within constrained RPA, we estimate U = F 0 = 2.2 eV and J = (F 2+F4)/14 = 0.3 eV for our model.

Sr2IrO4 is a Mott insulator with one hole in the j eff=1/2 spin-orbital. The size of the gap is ~ 0.25 eV.

There is neither a magnetic order, nor an orbital o rder but a “spin-orbital order”.

Sr2IrO4 is a “ j eff=1/2 Mott insulator ” .

The suppression of spin-orbital fluctuations is a c onsequence of the combined effect of SOC and the st ructural 
distortions.

The jeff=1/2 state is half-filled
The jeff=3/2 states are almost completely filled.

Energy window used to build 
the Wannier projectors

Paramagnetic Sr 2RhO4 within LDA+SO+DMFT

Rh 4d

eg

jeff = 1/2 
jeff = 3/2

O 2p

Energy window used to build 
the Wannier projectors

The Kohn-Sham band structures of Sr 2RhO4
and Sr 2IrO4 are similar.

But : 
� The bandwidths in Sr 2rhO 4 are smaller than that in Sr 2IrO4.
� The O-2p bands are 1 eV higher in energy in Sr 2rhO 4.
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Sr2RhO4Charge

Within constrained RPA, we estimate U = F 0 = 1.6 eV and J = (F 2+F4)/14 = 0.3 eV for our model.
Because the screening by the O-2p bands is more efficient in Sr 2RhO4.

Sr2RhO4 is a

“three-quarter-filled two-bands” system.

0.65-0.69 Å-10.66 Å-1β pocket ( βM and βX)

0.18-19 Å-10.17 Å-1α pocket

LDA+SO+DMFTFrom ARPES 
data [4]

Fermi vector |k F|

Sr2RhO4 is a partially spin-orbital polarized correlated metal. 
Our LDA+SO+DMFT calculations are in excellent agreem ent with ARPES spectra obtained at 10 K [4].

Strontiun Iridate (Sr 2IrO4) and Strontium Rhodate (Sr 2RhO4)

A structure similar to La 2CuO4 or Sr 2RuO4 but with distortions:

IrO6 and RhO 6 octahedra are rotated around the z axis by about 11 .

a(Sr2RhO4) = 5.44 Å ; c(Sr 2RhO4) = 25.75 Å

a(Sr2IrO4)   = 5.49 Å ; c(Sr 2IrO4) = 25.77 Å

Each Ir and Rh atom accommodates 5 electrons .

Effect of the spin-orbit coupling (SOC) in both com pounds:

Sr2IrO4 : an insulating 5d transition metal 
oxide

At 300 K, an optical gap of 0.26 eV [5].

Sr2RhO4 :  a metallic 4d transition metal 
oxide

A paramagnetic metal down to 36 mK [6].

ARPES spectrum for  Sr 2IrO4
(measures performed at 100 K). 

From [3]

Fermi surface in Sr 2RhO4 by ARPES
(measures preformed at 10 K). From [4]

Crystal fieldCrystal field Spin orbitSpin orbit

Spin-orbit in Sr 2IrO4: ζSO ~ 0.4 eV

According to resonant X-ray scattering, 
SOC plays an important role inSr 2IrO4 [7]

The antiferromagnetic phase is well-
described in LDA+U calculations only 
when SOC is taken into account. [8]

Spin-orbit in Sr 2RhO4: ζSO ~ 0.191 eV

The Fermi surface of  Sr 2RhO4 is 
reproduced only if SOC is taken into 
account, according to recent LDA+U 

calculations. [9,10]

Because of the crystal field induced by the oxygen, the  d states are split into eg, jeff=1/2 and jeff=3/2 multiplets.

Calculation performed within  the Local Density 
Approximation (LDA), using Wien2k [11] 

Wannier-like orbitals obtained
with a projection scheme [2]

Evaluation of the interaction U using
constrained Random Phase Approximation (c-RPA) 

[12,13] 

DMFT calculation performed with an impurity solver 
(CTQMC algorithm) [15]

U = Wr = v / (1- Pr v )   with Pr= P - Pd

From [14]

The method : LDA+SO+DMFT
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LDA band structure of Sr 2RhO4 projected on the j eff=1/2 (a), jeff=3/2 |m j|=3/2 (b) and j eff=3/2 |m j|=1/2 (c) spin-orbitals.

(a) – jeff=1/2 (b) – jeff=3/2 |m j|=3/2 (c) – j eff=3/2 |m j|=1/2

LDA band structure of Sr 2IrO4 projected on the j eff=1/2 (a), jeff=3/2 |m j|=3/2 (b) and j eff=3/2 |m j|=1/2 (c) spin-orbitals.

Structure of Sr 2IrO4 or Sr 2RhO4. →
From [2]


