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Supplementary Materials S1. Rietveld Refinement for Mn-BC and Mn-AC 

In order to determine the phase structure, a Rietveld refinement analysis was performed using 
Topas R (version 6, Bruker, AXS, Karlsruhe, Germany) software package. The initial structural 
models for the crystal structure refinement were the structures of KNLNT (orthorhombic, ICSD 
195887 and tetragonal, ICSD 195888 crystal systems) [1], modified according to the nominal 
composition (0.95(Na0.49K0.49Li0.02)(Nb0.8Ta0.2)O3–0.05CaZrO3) and Mn3O4 (tetragonal, ICSD 76088) [2]. 
The fundamental parameters approach [3] was used to describe the peak profiles, while the 
background was estimated using a 10th order Chebychev polynomial. The sample displacement, 
lattice parameters, crystallite size, scale factors, strain, thermal displacement parameters, and atomic 
coordinates were stepwise refined to obtain a calculated diffraction profile that best fits the 
experimental pattern. Finally, the quality of the fit was assessed from the goodness-of-fit parameters: 
Rwp, Rp, Rexp, RB, and G.O.F.  

Table S1. Refined structural parameters for Mn-BC and Mn-BC and fit parameters. 

 Mn-BC Mn-AC 
Phase KNLNT KNLNT Mn3O4 KNLNT KNLNT Mn3O4 

Crystal system Orthorhombic Tetragonal Tetragonal Orthorhombic Tetragonal Tetragonal 
Space group Bmm2 P4mm I41/amd Bmm2 P4mm I41/amd 

Unit cell parameters 
a(Å) = 5.6489(4) a(Å) = 3.9673(1) a(Å) = 5.7639(6) a(Å) = 5.6392(2) a(Å) = 3.9700(8) a(Å) = 5.7625(3) 
b(Å) = 3.9730(1) - - b(Å) = 3.9665(1) - - 
c(Å) = 5.6253(1) c(Å) = 3.9959(2) c(Å) = 9.4566(8) c(Å) = 5.6246(1) c(Å) = 3.9928(1) c(Å) = 9.4605(1) 

Rwp 9.93 7.98 
Rexp 5.95 3.68 
Rp 7.35 6.32 

G.O.F. (χ2) 1.67 2.17 
RB 1.859 2.724 7.385 2.539 1.541 3.033 

Supplementary Materials S2. Grain Size Distribution of Mn-BC and Mn-AC 

The grain size distributions for the samples Mn-BC and Mn-AC are similar. They are both 
asymmetric distributions, skewed towards larger grains. 
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Figure S1. Grain size distribution analysis for (a) Mn-BC and (b) Mn-AC. 

Supplementary Materials S3. Segregation of an Amorphous Phase of Mn-rich Phase at Grain 
Boundary for Mn-BC Sample 

An atomic layer of Mn-rich segregation was found at the grain boundary for the Mn-BC ceramic 
as the EDXS analysis proved. 

 
Figure S2. (a) ADF STEM image showing a grain boundary in Mn-BC ceramic. (b) EDXS analysis 
showing the Mn Kα peak present at the grain boundary (Spectrum 1) and absent inside the grain 
interior (Spectrum 2). 
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