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Structural properties 
Table S1. The calculated structural parameters of   perovskite.
	Phase
	Doping (%)
	
	
	
	
	Ref.

	Cubic
	0%
	8.7280
	8.7280
	8.7280
	664.8814
	[This work]

	
	0%
	8.7397
	8.7397
	8.7397
	667.5589
	Expt. [1]

	
	50%
	8.6390
	8.6390
	8.6390
	644.7486
	[This work]

	Monoclinic
	0%
	8.6897
	6.1486
	6.1887
	330.4307
	[This work]

	
	0%
	8.7037
	6.1652
	6.1909
	332.2040
	Expt. [1]

	
	50%
	10.5485
	6.0946
	5.0000
	321.4444
	[This work]



Lattice distortion
Table S2. The volumetric distortion (Δ) and linear distortion (δ) (i.e; the lattice mismatch strain) for cubic and monoclinic structure of  perovskite.
	
Phase
	Linear distortion along a,
	Linear distortion along b, 
	Linear distortion along c, 
	Linear distortion, 
δ (
	Volumetric distortion, Δ

	Cubic
	-
	-
	-
	0.03028
	0.03028

	Monoclinic
	0.2139084
	0.0087824
	0.1920
	0.138230
	0.0271957





Elastic properties
The Born stability criteria for the cubic structure [2]:
	+ 2 > 0,  > 0, and  > 0
	         


and for the monoclinic structure [3]:
	C11 - P > 0, C22 - P > 0, C33 - P > 0, C44 - P > 0, C55 - P > 0, C66 - P>0
	           

	C11 + C22 + C33 + 2C12 + 2C13 + 2C23 + 3P > 0
	           

	(C11 – P) (C33 - P) > C235, (C44 - P) (C66 - P) > C246, (C22 + C33 – 2C23 – 4P) > 0
	          

	(C22 – P) [(C33 – P) (C55 - P) – C235] + 2(C23 – P) C25C35 > (C23 + P)2 (C55 – P) + C225 (C33 – P)
	        
           

	2C15C25[(C33 – P) (C12 + P) – (C13 + P) (C23 + P)]+2C15C35[(C22 – P) (C13 + P) – (C12 + P) (C23 + P)]+2C25C35[(C11 – P) (C12 + P) – (C12 + P) (C13 + P)]
-C215 [(C22 – P) (C33 – P) – (C23 + P)2] – C225 [(C11 – P) (C33 – P) – (C13 + P)2]
-C235 [(C11 – P) (C22 – P) – (C12 + P)2]+(C55 – P) [(C13 – P) (C22 – P) (C33 – P) – (C11 – P) – (C23 + P)2– (C22 – P) (C13 + P)2 – (C33 – P) (C12 + P)2 + 2(C12 + P) (C13 + P) (C23 + P)] > 0
	           




           


These conditions are related to various crystal deformations. The calculated elastic constants of lead-free  perovskite meet the requirements, suggesting great mechanical stability. 
Table S3. Computed elastic constants for the undoped and doped cubic phases of  perovskite.
	Doping (%)
	
	
	

	0%
	250.77
	61.68
	59.92

	50%
	261.56
	66.73
	67.79



Table S4. Computed elastic constants for the undoped and doped monoclinic phases of  perovskite.
	Doping (%)
	C11 (GPa)
	C22 (GPa)
	C33 (GPa)
	C12 (GPa)
	C13 (GPa)
	C23 (GPa)
	C44 (GPa)
	C55 (GPa)
	C66 (GPa)
	C15 (GPa)
	C25 (GPa)
	C35 (GPa)
	C46 (GPa)

	0%
	232.41
	214.86
	226.55
	59.89
	71.81
	90.44
	33.51
	37.75
	62.96
	0.29
	0.14
	0.13
	-0.20

	50%
	232.29
	225.73
	224.00
	70.48
	86.81
	86.02
	63.50
	66.81
	78.62
	0.54
	0.24
	0.35
	-0.15



Mechanical properties
Table S5. The calculated bulk modulus, shear modulus, Young’s modulus, Pugh’s ratio, Poisson’s ratio of  perovskite.
	Phase
	Doping (%)
	Bulk modulus, B (GPa)
	Shear modulus,
G (GPa)
	Young’s modulus,
E (GPa)
	Pugh’s ratio,
B/G
	Poisson’s ratio,
ν

	Cubic
	0%
	124.70
	71.98
	181.08
	1.73
	0.258

	
	50%
	131.23
	78.023
	195.35
	1.68
	0.252

	Monoclinic
	0%
	124.07
	32.25
	89.03
	3.85
	0.380

	
	50%
	129.73
	70.40
	178.84
	1.84
	0.270



Table S6. The calculated bulk modulus B (GPa), shear modulus G (GPa), Young’s modulus E (GPa), Pugh’s ratio , Poisson’s ratio , Universal Anisotropy , Kleinman parameter ,  and machinability index of  perovskite.
	Phase
	Doping (%)
	BV
	BR
	B
	GV
	GR
	G
	E
	B/G
	ν
	AU
	ζ
	

	Cubic
	0%
	124.7
	124.7
	124.7
	73.75
	70.20
	71.98
	181.08
	1.73
	0.26
	6.25
	0.40
	2.08

	
	50%
	131.23
	131.23
	131.23
	79.31
	76.74
	78.02
	195.35
	1.68
	0.25
	6.17
	0.41
	1.94

	Monoclinic
	0%
	124.23
	123.9
	124.07
	50.92
	13.57
	32.25
	89.03
	3.85
	0.38
	25.76
	0.41
	3.70

	
	50%
	129.85
	129.61
	129.73
	71.03
	69.76
	70.40
	178.84
	1.84
	0.27
	12.09
	0.45
	2.04



Table S7. The minimum and maximum limits of E (GPa), β (), G (GPa), and 𝜈 of  perovskite.
	Phase
	Doping (%)
	E
	β
	G
	ν

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Cubic
	0%
	154.9
	226.39
	1.46
	2.67
	2.68
	1.00
	59.91
	94.51
	1.58
	0.15
	0.40
	2.67

	
	50%
	172.2
	234.6
	1.36
	2.53
	2.56
	1.01
	66.98
	97.45
	1.45
	0.16
	0.37
	2.31

	Monoclinic
	0%
	13.03
	204.67
	15.71
	2.25
	2.99
	1.33
	3.35
	77.42
	23.11
	-1.02
	1.73
	-1.70

	
	50%
	156.85
	201.29
	1.28
	2.43
	2.83
	1.16
	58.28
	87.83
	1.51
	0.14
	0.38
	2.71



Table S8. Influence of doping on hardness of  perovskite.
	Phase
	Doping (%)
	H1
	H2
	H3
	H4
	H5
	H6
	H7
	H8

	Cubic
	0%
	12.01
	10.99
	10.62
	11.50
	9.83
	7.92
	11.50
	43.35

	
	50%
	12.64
	11.86
	11.51
	12.40
	10.90
	8.75
	13.02
	43.94

	Monoclinic
	0%
	11.95
	5.40
	4.76
	5.65
	2.81
	3.60
	2.58
	70.88

	
	50%
	12.49
	10.86
	10.38
	11.36
	9.55
	7.83
	10.80
	46.17



The formulae below can be used to calculate bulk anisotropy () and shear anisotropy () [4].
	
	           

	
	           

	
	           


Also, the values for Voigt and Reuss  and  , respectively, calculated by using the formulas below [5]:
	
	       
         

	
	         



Table S9. The Voigt and Reuss values of  &  (in GPa), , , and of  perovskite.
	Phase
	Doping (%)
	
	
	
	
	
	

	Cubic
	0%
	23.40
	3.57
	6.01
	0.02
	0.00
	9.40

	
	50%
	25.73
	2.46
	5.94
	0.02
	0.00
	11.74

	Monoclinic
	0%
	14.79
	10.25
	23.42
	0.58
	1.34
	1.83

	
	50%
	23.16
	0.98
	11.99
	9.02
	0.01
	15.81



Thermodynamics properties
The mean speed of sound  can be calculated by using the equation below [6]:
	
	         


where, denotes the longitudinal sound velocity and  is the transverse sound velocity, which may be calculated using Nevier’s relation [6].
	
	         

	
	         


Table 10. Influence of doping on density , Transverse velocity , Longitudinal velocity , Debye Temperature, Grüneisen parameter , thermal expansion co-efficient, , minimum thermal conductivity , and melting point  of  in cubic and monoclinic structure.
	Crystal
Structure
	Doping
(%)
	

	

	

	

	
(K)
	
	
	
	
(

	Cubic
	0%
	7.38
	3121.90
	5466.44
	2031.15
	237.21
	0.4304
	1.55
	1482.38
	2.22

	
	50%
	7.17
	3299.90
	5730.15
	2105.99
	248.48
	0.4555
	1.50
	1529.21
	2.05

	Monoclinic
	0%
	7.41
	2085.50
	4746.85
	1582.96
	185.24
	0.3368
	2.41
	1391.06
	4.96

	
	50%
	7.18
	3131.30
	5580.46
	2038.54
	240.75
	0.4417
	1.60
	1386.87
	2.27
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