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I.   Aim 
We present an ab-initio study performed by means of Density Functional Theory (DFT), group-subgroup 
symmetry analysis and lattice dynamics to direct the design of Ruddelstein-Popper (RP) perovskite 
systems with novel properties and therefore aid experimental synthesis. From this study it is possible to 
obtain information regarding the structural properties and local landscapes, such as octahedra rotations, 
tilts and distortions which occur during a structural phase transition, and that will aid and complement the 

interpretation of analysis performed through Perturbed Angular Correlation (PAC) radioactive nuclear 
techniques. More specifically we focus our study on the Sr3Hf2O7 system characterized by a high-
temperature I4/mmm (S.G. 139) centrosymmetric structure and a ground-state Cmc21 (S. G. 36) 
ferroelectric system. We have probed potential candidates that may form the pathway transition through 
the I4/mmm → Cmc21 the structural phase transitions, and which were obtained through group-
theoretical analysis. 
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II. Theoretical Methodology 
•  Density Functional Theory by employing the semi-local generalized-gradient approximation functional 

with the Perdew-Burke-Ernzerhof parametrisation revised for solids (PBEsol) [1] 
•  Quantum Espresso (QE) [2]: structural relaxations and lattice dynamics calculations  

•  Projector augmented-wave (PAW) [3] with Sr[4s24p65s2], Hf[5s25p65d26s2] and O[2s22p4] electrons  
•  Plane-wave kinetic-energy cut-off of 70 Ry 
•  Sampling of Brillouin-Zone (BZ): Γ-centred Monkhorst-Pack [4] mesh12x12x6 subdivisions 
•  Lattice dynamics implemented in Phonopy package [5] (finite displacement method employed on a 

2x2x2 supercell and phonon frequencies sampled on an interpolated q-point mesh of 50x50x50) 

•  WIEN2K [6]: Band gaps, Electric field gradients (EFG), and Macroscopic polarization 
•  Radii of the muffin-tin atomic spheres: Sr, Hf, and O are set to 2.25, 2.07, and 1.78 a.u., respectively 
•  -6 Ry is set as the boundary separating the core electron states and valence electron states 
•  Cut-off parameter RMT×KMAX : 6.0 (a.u.)-1 

•  The Gmax, Fourier expansion of the charge density, is restricted to 16 (Ry)1/2 

•  Mesh of (6×6×6) k-points applied for the sampling of the irreducible first BZ 
•  Meta-GGA functional, the modified Becke-Johnson approximation (mBJ) [7], applied to obtain more 

reliable band-gap energies 

III. Results and Discussion 
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Table 1 (top): Calculated electric field 
gradients (Vzz) and asymmetric 
parameter (𝜂) of the Sr1, Sr2 and Hf 
sites of the different structural phases 
of Sr3Hf2O7. 

Figure 2 (left): Barnighausen tree for the group-subgroup relationship between the aristotype I4/mmm and Cmc21 ground-state 
Sr3Hf2O7 structures. The ir.rep. labels indicate the distortion components and related isotropy group that contribute to the symmetry-
breaking of I4/mmm → Cmc21 The graph was obtained using the SYMMODES software [8]. 

Figure 4 (right): Potential energy surface along 
each distortion mode, with u = 0 being the 
centrosymmetric tetragonal structure and u = 1 the 
distortion structure corresponding to the isotropy 
sub-group of the frozen mode. All the four 
distortion modes contribute to the Cmc21 distortion, 
although the most significant distortions are related 
to the X2

+ and X3
- modes.  

Figure 5 (top, r ight):  
Phonon dispersion curves of 
the high-symmetry I4/mmm 
phase, the ground-state 
Cmc21 system, and a potential 
phase that forms the pathway 
along the structural distortion. 
The Cmc21 phase is the only 
system which evidences 
dynamical stability at room 
conditions. 

Figure 1 (top): Representation of the different 
structural phases of Sr3Hf2O7, namely the parent I4/
mmm structure, intermediate pathway structural 
phases and the ground-state Cmc21 system (ordered 
by energetic stability with respect to the ground-state 
Cmc21 system. O ions are shown in red, Sr in green 
and Hf in gold. 

Figure 3 (left): Decomposition of the structural distortion from 
I4/mmm → Cmc21 into contributions from lattice modes with 
different symmetries obtained by employing AMPLIMODES [9]. 
The distorted structure derives from the high-symmetry structure 
through four frozen distortions, Γ1

+, Γ5
-, X2

+ and X3-.  


