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Why Srn+1IrnO3n+1 (n=1, 2, and )? 

Ir4+ (5d 5)  

Sr2IrO4  

B. J. Kim et al., PRL 101, 076402 (2008) 

EDCs  (ARPES) 

3d (TMOs) 5d (TMOs) 

d orbital Localized Spatially 

extended 

Band width W Small Large 

Hubbard U Large  

(5~7 eV) 

 Small 

(1~3 eV) 

Conventional Hubbard model :   

U/W >> 1  Insulator  

U/W <= 1  Metal 
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Why Srn+1IrnO3n+1 (n=1, 2, and )? 

Ir4+ (5d 5)  

Sr2IrO4  

B. J. Kim et al., PRL 101, 076402 (2008) 

EDCs  (ARPES) 

3d (TMOs) 5d (TMOs) 

d orbital Localized Spatially 

extended 

Band width W Small Large 

Hubbard U Large  

(5~7 eV) 

 Small 

(1~3 eV) 

SOC  strength Weak 

(~0.01-0.1 eV) 

Strong 

(~0.1-1 eV) 
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Conventional Hubbard model :   

U/W >> 1  Insulator  

U/W <= 1  Metal 



Why Srn+1IrnO3n+1 (n=1, 2, and )? 

B. J. Kim et al., PRL 101, 076402 (2008) 

G. Jackeli et al, PRL 102, 017205 (2009) 
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Picture from Y.-J. Kim 

ü A novel spin-orbital Jeff=1/2 Mott state in Sr2IrO4  



Why Srn+1IrnO3n+1 (n=1, 2, and )? 

ü Possible superconductivity? 
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I41/acd I4/mmm 

üSimilar crystal structure 

La2CuO4  [Cu2+(3d9), S=1/2]            

Sr2IrO4     [Ir
4+(5d5), Jeff=1/2]             

üSimilar electronic configuration 

üTheoretically possible 

by electron doping 
     PRL 106, 136402 (2011)          
     PRL 110, 027002 (2013) 

üExperimentally not 

observed yet 
     Science 345,187(2014) 
      PRL 115, 176402 (2015) 
      Nat. Phys. 12, 37 (2016) 



7 
Y. K. Kim et al., Science. 345, 187(2014) 

üFermi arcs  

(electron doped Sr2IrO4) 

Why Srn+1IrnO3n+1 (n=1, 2, and )? 

ü Possible superconductivity? 

üPseudogap 

(La doped Sr2IrO4) 

Y. K. Kim et al., Nat. Phys. 12, 37(2016) 
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üIMT is observed in La doped Sr2IrO4 

A. de la Torre et al., PRL 115, 176402(2015) 

Why Srn+1IrnO3n+1 (n=1, 2, and )? 

ü Insulator-to-metal transition (IMT) 

insulator insulator metal 



9 
Y. Cao, et. al, arXiv:1406.4978 (2014) 

ü Insulator-to-metal transition (IMT) 

Why Srn+1IrnO3n+1 (n=1, 2, and )? 

üIMT is observed in Rh doped Sr2IrO4 



ü In-plane canted anti-ferromagnetic 

ordering with a small net ferromagnetic 

moment. 

S. Fujiyama et al., PRB  86, 174414 (2012) 

B. J. Kim et al. Science 323, 1329 (2009). 
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Why Srn+1IrnO3n+1 (n=1, 2, and )? 

ü Unusual magnetic properties 

Sr2IrO4 
(n=1) 



ü Out-of-plane collinear anti-ferromagnetic order, with negligible in-plane moment 

S. Fujiyama et al., PRB  86, 174414 (2012) 
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Why Srn+1IrnO3n+1 (n=1, 2, and )? 

ü Unusual magnetic properties 

Sr3Ir2O7 
(n=2) 
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Why Srn+1IrnO3n+1 (n=1, 2, and )? 

ü Unusual magnetic properties 

J. Matsuno, et al, PRL 114, 247209 (2015) 



13 

Why Srn+1IrnO3n+1 (n=1, 2, and )? 

ü Unusual magnetic properties 

B. Kim, P. Liu, et al, PRB 95, 115111 (2017) 

ü (SrIrO3)m/SrTiO3 
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Why Srn+1IrnO3n+1 (n=1, 2, and )? 

ü Unusual magnetic properties 

D. Meyers, et al, Scientific Reports 9, 4263 (2019) 



Why Srn+1IrnO3n+1 (n=1, 2, and )? 

ü Dimensionality-controlled insulator-metal transition 

S. J. Moon et al., PRL 101, 226402 (2008). 15 

Single crystal 

Single crystal 

Thin film 



Why Srn+1IrnO3n+1 (n=1, 2, and )? 

16 S. Y. Kim et al., PRB 94, 245113 (2016). 

J. Fujioka et al., PRB 95, 121102 (2017). 

 SrIrO3 polycrystalline sample 
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Crystal structure 
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c/a =1.04 

4 [101]R+ 3M +

5X+

3-SrIrOPnma

SrIrO3 (n= ) 



Metal-insulator transition phase diagram  

ü The stronger the SOC, the smaller is the critical interaction Uc required for a metal-

insulator transition. 

ü Critical Uc to a metal-insulator transition :  Sr2IrO4 < Sr3Ir2O7 < SrIrO3   

AFM-I - anti-ferromagnetic insulator     AFM-M - anti-ferromagnetic metal 

M-M - magnetic metal           M-I - magnetic insulator    NM-M - non-magnetic metal 

Effects of U and SOC 

19 



Band structure evolution  

20 



Calculating U based on cRPA  

Picture from F. Aryasetiawan 



Calculating U based on cRPA  

 U (eV) J (eV) 

Sr2IrO4 1.82 0.22 

Sr3Ir2O7 1.67 0.22 

SrIrO3 1.37 0.22 
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üAll the screening channels within t2g subspace are removed 

üU is calculated in the t2g Wannier basis 

P. Liu et al., PRM 2, 075003 (2018) 



Band structure 

23 P. Liu et al., PRM 2, 075003 (2018) 
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üSupercell model 

üBand unfolding 

Primitive cell Supercell 

üUndoped Sr2IrO4 

Doping effects on the electronic structure in Sr2IrO4  

P. Liu et al., PRB 94, 195145 (2016) 
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ü Insulator to metal transition is found by La doping 

ü As La doping concentration increases, the upper Hubbard bands 

gradually shift down, leaving a electronic pocket first at “ςϳȟ“ςϳ  

and enhanced spectral function at X 

Doping effects on the electronic structure in Sr2IrO4  

üLa doping  

P. Liu et al., PRB 94, 195145 (2016) 
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ü Insulator to metal transition is found by Rh doping 

ü As Rh doping concentration increases, the lower Hubbard bands 

gradually shift up, leaving a hole pocket first at X and then at G 

Doping effects on the electronic structure in Sr2IrO4  

üRh doping  

P. Liu et al., PRB 94, 195145 (2016) 
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ü Higher Rh doping leads to the magnetic phase transitions from AFM-I to AFM-II 

Doping effects on the electronic structure in Sr2IrO4  

üRh doping  

P. Liu et al., PRB 94, 195145 (2016) 

J. P. Clancy et al, PRB 89, 054409 (2014)  
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ü The effect of Rh doping is local, 

with negligible effect on the 2NN Ir. 

 

ü Hole transfer from Rh to NN Ir, 

leading to  
3.3Rh +

x=6.25% 

S. Chikara et al., PRB 95, 060407(R) (2017) 

Doping effects on the electronic structure in Sr2IrO4  

üRh doping  

Electron charge density difference 

P. Liu et al., PRB 94, 195145 (2016) 

X-ray absorption near edge 

structure measurements 
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Origin of the canted magnetism in Sr2IrO4  

Constraining magnetic moments approach 

(1) 

(2) 

(3) 

P. Liu et al., PRB.92.054428 (2015) 30 



Origin of the canted magnetism in Sr2IrO4  

31 P. Liu et al., PRB.92.054428 (2015) 



Origin of the unusual magnetism in Sr2IrO4  

Effects of tetragonal distortion and octahedral rotation   

ü As c/a increases to a threshold, spin-flop transition occurs 

ü As  ̜decreases to a critical value, canted FM moment disappears 

32 P. Liu et al., PRB.92.054428 (2015) 



Origin of the unusual magnetism in Sr2IrO4  

 Ab initio magnetic phase diagram in the c/a-  ̜space 

33 P.  Liu et al., PRB.92.054428 (2015) 



Origin of the unusual magnetism in Sr2IrO4  

34 
J. W. Kim et al., PRL 109, 037204 (2012) 

Tetragonal distortion parameter 



ü The c-collinear AFM phase is favorable as the interlayer s distance <4.35 A. 

  

ü As the distance increases further, the ab-canted AFM becomes energetically 

stable phase. 
35 

Possible reason for c-collinear AFM in Sr3Ir2O7 

Sr3Ir2O7 



ü Without epitaxial strain, J2 > J1, leading to out-of-plane magnetic order. 

 

ü Tensile strain favors out-of-plane magnetic order, whereas compressive strain 

induces spin-flip transition from out-of-plane spin to in-plane spin. 

36 

Possible reason for c-collinear AFM in Sr3Ir2O7 

B. Kim, P. Liu and C. Franchini, 95, 024406 (2017) 
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Optical properties  GW+BSE 

38 G. Onida et al., Rev. Mod. Phys. 74, 601 (2002) 



Optical properties  GW+BSE 
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üTamm-Dancoff approximation (TDA) 

üFull BSE 



Optical properties  GW+BSE 
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üTamm-Dancoff approximation (TDA) 

P. Liu et al., PRM 2, 075003 (2018) 

ÅFrequency-dependent macroscopic dielectric function 

ÅOscillator strength of optical transition 



Optical properties  GW+BSE 

41 P. Liu et al., PRM 2, 075003 (2018) 

üRPA 



Optical properties  GW+BSE 

42 P. Liu et al., PRM 2, 075003 (2018) 

üBSE 



Optical properties  GW+BSE 

43 P. Liu et al., PRM 2, 075003 (2018) 


