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Outline

!   Layered nitride superconductors 

!   Tc
max~26K 

!   Pairing mechanism: conventional or unconventional ? 

!   DFT for superconductivity (SCDFT) 

!   Formalism free from empirical parameters (such as µ* in the 

Migdal-Eliashberg theory)  

!   Successful for conventional superconductors: 

     “Litmus paper” to determine whether the pairing mechanism is   

     conventional or unconventional 

!   Application of SCDFT to layered nitrides 

!   Unconventional SC ? 
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Layered nitride superconductors

MNX 

M=Ti, Zr, Hf 

X= Cl, Br, I 
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Discovery of high Tc SC in layered ZrNCl

Li
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Discovery of high Tc SC in layered nitrides
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Co-intercalation
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Record of High Tc

!  
!  
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Conventional or Unconventional ? 
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Unconventional SC

!  !   Tc !
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NMR



R.Arita 

STM/STS
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Isotope effect
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Static magnetic susceptibility
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Doping effect
Taguchi, et. al., PRL 97, 107001 (2006) 

Tc x
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Unconventional scenario proposed so far

d+id
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Unconventional scenario proposed so far 
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McMillan’s formula for Tc
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Touchstone for Migdal-Eliashberg theory

agrees with experimental Tc ?
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McMillan’s formula for Tc
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Application of McMillan’s formula to LaFeAsO
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Standard Eliashberg study for nitrides

Heid, et. al., PRB 72, 134527 (2005) 

Nax=0.16ZrNCl

µ

µ*
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DFT for normal state
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DFT for superconductors
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Fxc 
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 Al Nb Ta Pb Cu 

 DFT 0.9 9.5 3.7 6.9 <0.01 

 Experimental 1.18 9.5 4.5 7.2 - 
 

 Al Nb Ta Pb Cu 

 DFT  0.14  1.74 0.63 1.34 - 

 Experimental 0.179 1.55 0.69 1.33 - 
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Li

M (Hf, Zr)

N

Cl
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x=0.3 x=0.35
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Result: x=0.3 
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Discussion 

small x 

small DOS 

small $,

low Tc  
Non Migdal-Eliashberg 
mechanism   
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Conclusion 

!   Application of SC-DFT to layered nitride superconductors 

! Tc < 10K for x=0.3, 0.5 

!   Unconventional superconductivity ? 

!   Construction of an exchange-correlation functional for 

unconventional superconductors 


