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Ca2RuO4 has a rich phase diagram, featuring a metal-
insulator transition with a structural distortion upon 
cooling, antiferromagnetic ordering upon further cooling, 
and metallisation and ferromagnetic order, followed by a 
further structural transition, under pressure [1,2]. It is one 
end member of the Ca2-xSrxRuO4 series that includes the 
proposed triplet superconductor Sr2RuO4 at the other end.  

 
Figure 1. Crystal structure of Ca2RuO4. 

Ca2RuO4 shows intriguing collective phenomena in its 
own right, such as electric-field-induced metallisation and 
current-induced diamagnetism, negative thermal 
expansion, and a Higgs mode [3-6]. Several of these 
properties are intricately linked to structural distortions of 
the RuO6 octahedra, which in turn are susceptible to 
pressure-induced changes. In fact, Ca2RuO4 shows an 
unusual c-lattice expansion under hydrostatic compression 
[2]. However, while its electronic structure has been 

explored in several computational studies at ambient 
conditions [7,8], its structural and electronic properties 
under pressure have not been investigated in detail before.  

Here, we study the high-pressure phase evolution of 
Ca2RuO4 using density functional theory (DFT) and 
DFT+U calculations, considering a wide range of on-site 
repulsion terms U to reflect the expected decrease of U 
with pressure. We show that the c-lattice expansion in the 
metallic high-pressure phase and the structural phase 
transition can be described well if the U-term is fine-tuned 
appropriately. The arrangement and distortions of the 
octahedra are found to be intimately connected to this 
unconventional behaviour. The sensitivity to the size of U 
highlights how close the metallic phase remains to the 
Mott insulating phase.  

 
 
Acknowledgments: This work was supported by studentship 
funding from EPSRC under grant no. EP/L015110/1. 
Computing resources provided by the UK national high 
performance computing service, ARCHER, and the UK 
Materials and Molecular Modelling Hub, which is partially 
funded by EPSRC (EP/P020194), and for which access was 
obtained via the UKCP consortium funded by EPSRC grant no. 
EP/P022561/1, are gratefully acknowledged. 
 
[1] F. Nakamura et al., Phys. Rev. B, 2002, 65, 220402. 
[2] P. Steffens et al., Phys. Rev. B, 2005, 72, 094104. 
[3] F. Nakamura et al., Sci. Rep. 2013, 3, 2536. 
[4] S. Cow et al, Science 2017, 358, 1084. 
[5] K. Takenaka et al., Nat. Commun. 2017, 8, 14102. 
[6] D. P. Chen et al., Nat. Phys. 2017, 13, 633. 
[7] E. Gorelov et al., Phys. Rev. Lett., 2010, 104, 226401. 
[8] G. Zhang, E. Pavarini, Phys. Stat. Sol. RRL, 2018, 12, 

1800211.

 


