

[bookmark: _Hlk212800812][bookmark: _Hlk216806814]Table 1: Precursor quantities and experimental conditions for the co-precipitation synthesis of Zn1-xNixFe2O4 nanoparticles.


	Parameter
	Chemical/Value
	Quantity

	Precursors
	ZnSO4H2O
	
Zn1-xNixFe2O4
0.00 ≤ x ≤ 0.04

	
	NiCl2.4H2O
	

	
	Fe2 (SO4).7H2O
	

	Solvent
	Deionized (DI) Water
	100 mL

	Capping Agent
	Polyvinyl Alcohol (PVA)
	1.0 g

	Precipitating Agent
	Ammonia (NH3)
	2 M Solution

	Process
	Potential Hydrogen (pH)
	11

	
	Reaction Temperature
	60 °C

	
	Magnetic stirrer
	1000 RPM for 4 hours

	Post-Processing
	Drying Conditions
	100 °C for 5 hours

	
	[bookmark: _Hlk212361006]Calcination Conditions
	900 °C for 5 hours 





Table 2: Structural parameters, including crystallite size (D), lattice constant (a), and microstrain (ε), derived from the XRD analysis of the synthesized Zn1-xNixFe2O4 nanoparticles.


	Sample
	2θ (°)
	d-spacing (Ǻ)
	FWHM (°)
	Crystallite size (D) [nm]
	Lattice constant [Ǻ]
	Strain [No unit]

	0.00
	35.05
	2.5583
	0.2349
	35.1
	8.485
	0.0032

	0.01
	35.13
	2.5527
	0.1762
	46.8
	8.466
	0.0024

	0.02
	35.19
	2.548
	0.2349
	35.1
	8.451
	0.0032

	0.03
	34.89
	2.5696
	0.4173
	19.7
	8.522
	0.0058

	0.04
	35.14
	2.5515
	0.2349
	35.1
	8.462
	0.0032




Table 3: Tetrahedral (Kt) and Octahedral (Ko) Force Constants of Zn1-xNixFe2O4 nanoparticles

	Sample (x)
	ν1​ (cm-1)
	ν2​ (cm-1)
	Tetrahedral Force Constant, Kt​ (×105 dyne/cm)
	Octahedral Force Constant, Ko​ (×105 dyne/cm)

	[bookmark: _GoBack]0.00
	547
	460
	2.19
	1.55

	0.01
	549
	453
	2.21
	1.5

	0.02
	548
	457
	2.2
	1.53

	0.03
	550
	457
	2.22
	1.53

	0.04
	550
	451
	2.22
	1.49



Table 4: Cyclic Voltammetry (CV) parameters and calculated specific capacitance of                      Zn1-xNixFe2O4 nanoparticles at a scan rate of 10 mV/s

	Sample (x)
	Peak Potential, Ep​ (mV)
	Peak Current, Ip​ (μA)
	Peak Range, ΔV (mV)
	Integrated Charge, Q (μC)
	Specific Charge, Qs​ (mC/g)
	Specific Capacitance, Csp​ (mF/g)

	0.00
	123.3
	1.548
	234
	3.246
	1.082
	4.62

	0.01
	-146.9
	-0.273
	212.9
	1.245
	0.415
	1.95

	0.02
	-257.3
	-0.808
	186.5
	3.622
	1.207
	6.47

	0.03
	-196
	-0.858
	200.9
	3.76
	1.253
	6.24

	0.04
	-338.6
	-0.402
	177
	1.666
	0.555
	3.14




Table 5: Electrochemical Impedance Spectroscopy (EIS) parameters derived from Nyquist plot circle fitting for Zn1-xNixFe2O4 nanoparticles

	Sample (x)
	Grain Resistance, Rg​ (Ω)
	Grain Boundary Resistance, Rgb​ (Ω)
	Total Resistance, Rt​ (Ω)
	Depression Angle, θ (°)
	Relaxation Parameter (n)

	0.00
	1099.9
	8583.4
	9683.3
	44.73
	0.503

	0.01
	973.8
	10493
	11466.8
	40.99
	0.545

	0.02
	995.9
	10250
	11245.9
	39.59
	0.56

	0.03
	904.9
	11119
	12023.9
	36.75
	0.592

	0.04
	1086.3
	9043.9
	10130.2
	43.68
	0.515






Table 6: Dynamic Light Scattering (DLS) parameters of Zn1-xNixFe2O4 nanoparticles dispersed in an aqueous medium

	Sample (x)
	Z-average Hydrodynamic Diameter, dcumulant​ (nm)
	Contin Average Diameter (nm)
	Polydispersity Index (PDI)
	Diffusion Constant, D(×10−9 cm2/s)

	0.00
	3009.9
	7596.3
	0.927
	1.634

	0.01
	3182.6
	8370.7
	1.018
	1.546

	0.02
	3006.4
	7416.7
	0.907
	1.636

	0.03
	4539.9
	13100.2
	1.27
	1.084

	0.04
	4211.3
	12491.6
	1.121
	1.168




Table 7. Magnetic parameters, including saturation magnetization (Ms), remanence magnetization (Mr), coercivity (Hc), calculated net magnetic moment (µB), effective anisotropy constant (K), and remanence ratio (R), for the annealed Zn1-xNixFe2O4 nanoparticles.


	Sample (x)
	Ms (emu/g)
	Mr (emu/g)
	Hc (Oe)
	μB (Bohr magneton)
	K (erg/g)
	R (No unit)

	0.00
	26.158×10−3
	1.3838×10−3
	19.03
	1.13×10−3
	0.249
	0.0529

	0.01
	19.975×10−3
	934.21×10−6
	201.56
	8.62×10−4
	2.013
	0.0468

	0.02
	0.23306
	774.67×10−6
	8.0641
	1.00×10−2
	0.94
	0.0033

	0.03
	23.087×10−3
	725.09×10−6
	150
	9.96×10−4
	1.732
	0.0314

	0.04
	0.11786
	544.20×10−6
	26.774
	5.08×10−3
	1.578
	0.0046




