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ESI 1. COMPUTATIONAL DETAILS
The exchange-correlation potential was treated by the generalized gradient approximation (GGA) as proposed by Perdew-Burke-

Ernzerhof [1-2] in both the computational methods. We used the simplified, rotationally invariant approach introduced by Dudarev et al [3] 
to take into account the strong on-site Coulomb repulsion amongst the localized Pr 4f electrons. The effective Coulomb potential (Ueff = U-J 
= 5.5 eV, where U = 6.5 eV and J = 1 eV) [4] was applied for the f-state of Pr in both VASP [5] as well as Wien 2k [6] calculations. The 
structural optimization was performed using the conjugate gradient algorithm [7]. In order to obtain the ground state structure, the lattice 
parameters, ionic positions and the shape of the unit-cell were relaxed until the pressure on the optimized structure was almost zero and 
the Hellmann-Feynman forces were less than 0.01 eV/Å using the projector augmented wave (PAW) [8-9] formalism as implemented in 
VASP [5]. All the calculations were then performed with this relaxed structure. The plane wave cut-off energy of 500 eV and 6×6×4 k mesh 
were used to achieve reasonable convergence. The sampling integration over the Brillouin zone was employed using the Monkhorst-Pack 
method [10]. The Fermi surface was treated by the Methfessel-Paxton [11] method with a smearing of 0.5 eV. For WIEN 2k calculations the 
multi-pole expansion of the crystal potential and the electron density within the muffin tin (MT) spheres were cut at l = 10. The RMT 
(muffin-tin radius) was selected to be 2.13, 1.80, and 1.54 au for Pr, Al, and O elements respectively in the case of PAO compound. For PGO 
the RMT was 2.12, 1.87, and 1.47 au for Pr, Ga, and O respectively and 2.33, 2.09, 1.79 au for Pr, In, and O respectively, for the compound 
PIO. Non-spherical contributions to the charge density and potential within the MT spheres were considered up to lmax = 6. The cut-off 
parameter RMT×Kmax = 7 was chosen, which controls the convergence of the basis set (Kmax is the plane-wave cut off). The convergence 
criterion was set to be 10-4 Ry. The core states were treated relativistically, the semi-core states were treated semi-relativistically, i.e., 
ignoring the spin-orbit (SO) coupling. The energy cut-off between the core and the valence states was set at -8.0 Ry. 

ESI 2. OPTICAL PROPERTIES
The linear response of a material to an external electromagnetic field with a small wave vector is measured through the complex dielectric 
function . Since we are keen on understanding the optical response of the material, the frequencies of our interests lie in the optical ( ) 
frequency range, viz., 1013-1016 Hz. Time-dependent perturbations of the ground electronic states can be used to depict the interaction of 
photon (which is associated with the electromagnetic field) and the electrons of the material. The subsequent optical transitions between 
the occupied and the unoccupied electronic states that occur because of the electric field of the photon give rise to the observed optical 
spectra. Optical spectra can in this manner be expressed in terms of the joint density of states between the valence band (VB) and the 
conduction band (CB). Eigen vectors obtained from the solution of the Schrodinger equation can give the VB and CB, which are then used 
to obtain the momentum matrix elements and finally the complex dielectric function [12]. The imaginary part of the complex dielectric 
function can thus be written as [13]
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where e is the charge and m is the mass of the electron, the symbols  and V represent the angular frequency of electromagnetic 
radiation striking the crystal, and unit cell volume respectively. represents the crystal wave function with crystal momentum k, and | kn 

 spin stands for the eigen value  that corresponds to the momentum operator . The Fermi distribution function  identifies  Ekn p j ( )fkn

the transition from the occupied to the unoccupied state and  shows the total energy conservation.( )'E Ekn kn   h

In order to compute the optical properties the Brillouin zone integration was performed with a dense mesh of uniformly 
distributed 24×17×24 k—mesh in the Brillouin zone, which corresponds to 1296 k points in the irreducible Brillouin zone. The symmetry 
group of the studied compounds has two dominant components of the dielectric tensor, corresponding to the electric field perpendicular 

and parallel to the optical c-axis, which completely characterizes the linear optical properties. These are and , i.e, the ( )2
xx  ( )2
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imaginary parts of the frequency dependent dielectric function. The real part of the dielectric function  can then be derived from the ( )1 
imaginary part using the Kramers-Kronig relation,
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where implies the principal value of the integral. The knowledge of both the  and can be used to calculate some P ( )1  ( )2 
important optical functions such as refractive index, reflectivity, and absorption coefficients. 
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