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S1.  Sample preparation

The samples were prepared by solid state method. For preparation of BaSnO3; BaCO3 and 

SnO2 in 1:1 molar ratio were well grounded and annealed at 900 oC for 5 hours, cooled to 

room temperature in air, grounded and annealed further at 1200 oC for 5 hours. The heating 

rate was 10deg. per minute. The samples were powdered again and used in all the 

measurements. For Eu doping, 0.5 mole % of Eu2O3 with respect BaCO3 (1 mol% Eu with 

respect Ba) was mixed along with the BaCO3 and SnO2 and grounded before annealing. In La 

codoped samples, the requisite mole % of La2O3was added in addition to Eu2O3.

S2 Instrumentation

Powder X-ray diffraction measurements were carried out using a table top AXRD instrument 

(Proto Make) in the 2 range of 20 to 70deg and Cu K (=1.5405 Å) as monochromatic x-

ray source. The scan rate was 2 deg per minute. Reietveld analysis of the samples was carried 

out using the program FULLPROF.1Initial estimates of the lattice parameters were taken 

from ICSD: 190601.2

An Edinburgh make florescence spectrometer (model CD 920) was used for the 

photoluminescence measurements. Xenon flash lamp (µF2) and power-150 Watt was used as 

the excitation source. Both the emission and excitation spectra were recorded with a step of 

1.0 nm per second at lamp frequency of 100 Hz while emission lifetimes were measured with 

chosen excitation and emission wavelengths using time-correlated single-photon counting 

(TCSPC) technique at lamp frequency of 10 Hz.
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Positron annihilation lifetime measurements were carried out using a lifetime 

spectrometer set up using a barium fluoride detector and a lanthanum bromide detector. The 

spectrometer has a time resolution 265 ps. 15 Ci Carrier free 22Na deposited between two 8 

micron polyimide films was the source of positrons and it was immersed in the powder so 

that all positrons annihilate in the sample. All the lifetime spectra were acquired for a million 

counts and were analyzed using PALSFit3 after correcting for the positrons annihilating in the 

polyimide films used to deposit 22Na. SEM images were recorded on a SNE4500 Mini SEM 

instrument.

S3. Theoretical methodology

We have performed density functional theory (DFT) based first-principles calculations using 

Vienna ab-initio simulation package (VASP).4,5 The projector augmented wave 

(PAW)pseudo potentials were used for the ion-electron interactions including the valence 

states of Ba (5s25p66s2= 10 valence electrons), Sn (5s25p2, = 4 valence electrons), Eu 

(5p66s25d1= 9 valence electrons), La (5s25p66s25d14f0= 11 valence electrons) and O (2s22p4 = 

4 valence electrons). However, during electronic structure calculation we have chosen 

potential considering 17 valence electrons for Eu (5s25p66s25d04f7).The generalized gradient 

approximations (GGA) of Perdew−Burke−Ernzerhof (PBE) were used during the structure 

optimization procedure.6,7 The plane wave basis with kinetic energy cut off of 550 eV and 

energy convergence of 10-6 eV for self-consistent iteration have been chosen. Brillouin zone 

sampling has been performed by Г-centered k-point mesh of 8 × 8 × 8 using Monkhorst and 

Pack scheme.8 For all the model structures, the relaxation of both cell parameter and ionic 

positions during geometry optimization has been taken into account. The optimized 

geometries are used to calculate the electronic structure of the system using PBE0 hybrid 

density functional. According to PBE0 functional, exchange functional is treated with both 

PBE exchange ( ) and exact Hatree-Fock (HF) exchange ( ), while the correlation 
PBE
XE XE

part is completely defined by PBE functional ( ).9,10 Thus, the exchange-correlation PBE
CE

energy ( ) can be expressed as, 0PBE
XCE

For the calculation of density of states (DOS) we have chosen tetrahedron method with 

Blöchl correction.11
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S4. Positron lifetimes

The positron lifetimes for saturation trapping of positrons in various kinds of defects 

envisaged in BaSnO3 and in the defect free system were calculated using the MIKA Doppler 

program.12 The lattice parameters and coordinates of the atoms in BaSnO3 were taken from 

reported literature and used.13 Possible relaxation of ions around the vacancies and changes in 

the coordinates of the ions due to alivovalent substitutions in the lattice were not considered 

in determining the lattice positions. A 4x4x4 super cell was considered for the calculations 

and the atomic superposition of free atoms was considered to determine the electron density 

of the solid. Electron-positron correlations were taken within the generalized gradient 

approximation.14 The enhancement factors were taken as given by Arponen–Pajanne–

Barbiellini approximation.15

S5. Synchrotron EXAFS and XANES Measurements

An X-ray Absorption Spectroscopy (XAS) measurement, which comprises of both X-

ray Near Edge Structure (XANES) and Extended X-ray Absorption Fine Structure (EXAFS) 

techniques, have been carried out on BaSnO3 and Eu doped BaSnO3 at Sn K edge and Eu L3 

edge to probe the local structure. The XAS measurements have been carried out at the 

Energy-Scanning EXAFS beamline (BL-9) at the Indus-2 Synchrotron Source (2.5 GeV, 100 

mA) at Raja Ramanna Centre for Advanced Technology (RRCAT), Indore, India.16,17 This 

beamline operates in the energy range of 4 KeV to 35 KeV. The beamline optics consists of a 

Rh/Pt coated collimating meridional cylindrical mirror and the collimated beam reflected by 

the mirror is monochromatized by a Si(111) (2d=6.2709 Å) based double crystal 

monochromator (DCM). The second crystal of DCM is a sagittal cylinder used for horizontal 

focusing while a Rh/Pt coated bendable post mirror facing down is used for vertical focusing 

of the beam at the sample position. Rejection of the higher harmonics content in the X-ray 

beam is performed by detuning the second crystal of DCM. The edge jump (E) of 1.18 and 

1.06 are obtained at Sn K-edge using the optimized weight of the sample pallet of BaSnO3 

and Eu doped BaSnO3, respectively. The Fourier transform range of 3-10 Å-1 with Hanning 

window is used for both the edges and the R range of 1-4.5 Å and 1-3 Å are used for back 

transform and fitting purpose at Sn K-edge and Eu L3-edge, respectively.

In the present case, XAS measurements have been performed in transmission mode at 

Sn K-edge and fluorescence mode at Eu L3-edge. 



For the transmission measurement, three ionization chambers (300 mm length each) 

have been used for data collection, one ionization chamber for measuring incident flux (I0), 

second one for measuring transmitted flux (It) and the third ionization chamber for measuring 

XAS spectrum of a reference metal foil for energy calibration. Appropriate gas pressure and 

gas mixtures have been chosen to achieve 10-20% absorption in first ionization chamber and 

70-90% absorption in second ionization chamber to improve the signal to noise ratio. The 

absorption coefficient  is obtained using the relation: 

                                                            (1)eII x
T

 0

where,  is the thickness of the absorber. In case of fluorescence mode, silicon drift detector x

is used to measure the fluorescence intensity If and ionization chamber for measuring incident 

flux (I0). The absorption coefficient is obtained using the relation µ=If/I0.

The local structure around the absorbing atom is obtained from the quantitative analysis of 

EXAFS spectra. In order to take care of the oscillations in the absorption spectra  has )(E

been converted to absorption function  defined as follows:18 )(E
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where, E0 is absorption edge energy,  is the bare atom background and  is the 0 0( )E 0 0( )E

step in  value at the absorption edge. The energy dependent absorption coefficient ( )E

 has been converted to the wave number dependent absorption coefficient using ( )E ( )k

the relation, 

                                                                                             (3)0
2
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where, m is the electron mass.  is weighted by k2 to amplify the oscillation at high  ( )k k

and the χ(k)k2 functions are Fourier transformed to generate the  versus R plots in terms ( )R

of the real distances from the center of the absorbing atom. The set of EXAFS data analysis 

programme available within Demeter software package have been used for EXAFS data 

analysis.19 This includes background reduction and Fourier transform to derive the  ( )R

versus R plots from the absorption spectra (using ATHENA software), generation of the 



theoretical EXAFS spectra starting from an assumed crystallographic structure and finally 

fitting of experimental data with the theoretical spectra using ARTEMIS software. 

Figure S1: SEM images of (1) Undoped (ii) 1.0 % Eu3+ doped and (iii) 1.0 % Eu3+, 5.0 % 
La3+ co-doped BaSnO3
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Figure S2: Density of states for BaSnO3. Vertical dashed line indicates Fermi Level.
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Figure S3. (Top) Emission map of 1.0% Eu3+ doped BaSnO3 with different excitations. 
(Bottom)Variation in the emission intensity and asymmetry in the emission (EDT/MDT) 
with excitation wavelength.
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Figure S4A. Normalized emission spectra with 
excitation at 290 nm. The spectra are intensity 
normalized at 597 nm.

Figure S4B: Excitation spectra of La 
codoped samples with emission at 597 nm
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Figure S5: Deconvolution of the emission spectra in La codoped along with 1%Eu samples 
of BaSnO3 for determining asymmetry in the emission.



Figure S6: Density of states for BaSnO3 containing Eu dopant at (A) Ba site ( ), (B) BaEu
Sn site ( ) and (C) both Ba and Sn site ( + ). Vertical dashed line indicates SnEu BaEu SnEu
Fermi Level.



Figure S7: Density of states for BaSnO3 containing Eu and La dopant at (a) Ba site (
+ ), (B) Ba site ( + ) and (C) Eu and La dopant at Ba and Sn site BaEu BaLa SnEu SnLa

respectively ( + ). Vertical dashed line indicates Fermi Level.SnEu BaLa

Table S1: PL and their origin in BaSnO3 as reported by different groups
BaSnO3 Luminescence Peak Origin Remark

BaSnO3 microrod 

synthesized by co-

precipitation[20]

Vey broad green 

luminescence

Inherent property of perovskite 

crystal family ABO3

Literature based 

explanation of peak

Sol-gel synthesized BaSnO3 

[21]

Multiple weak peaks in 

visible reason and intense 

NIR peak

OVs for visible peaks and 

creation of sin centre near VB to 

NIR

No evidence and the 

explanation was 

referenced based

BaSnO3 thin films [22] Peaks at 452 nm, 480 nm 

and 580 nm

Transfer of charge in the visible 

region between Sn2+ and O2− 

No experimental or 

theoretical evidence



levels

BaSnO3 epitaxial film [23] broad emission peak 

centered at 905 nm

Intrinsic defect Interpretation is based on 

literature

Solid state synthesized  

BaSnO3 [24]

broad band centered at 905 

nm (1.4 eV)

recombination of a 

photogenerated valence-band 

hole and an occupied donor level

Neither experimental nor 

theoretical evidence for 

the same

BaSnO3nanopowder [25] Blue and green emission Electronic transition involving 

Ba2+ and Sn4+

Very unlikely

Microcrystalline BaSnO3 

(This work)

Violet, Blue and Green 

emission

Oxygen vacancies Based on DFT and PALS
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