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3. Results and Discussions

3.1 Structural and Compositional Studies

3.1.2 FTIR studies

Table S1. Vibrational bands of CoFe2-xYxO4 (x = 0.00, 0.02, 0.04, 0.08) 

Composition νt (cm-1) νo (cm-2)
0.00 536.16 289.16
0.02 541.84 306.64
0.04 546.00 315.93
0.06 550.14 329.92
0.08 552.49 335.86
0.10 549.25 330.15
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3.1.3 XPS Studies

Figure S1. Wide scan survey spectrum of CoFe2-xYxO4 (x = 0.00, 0.02, 0.04, 0.08) at room 
temperature.

Figure S2. (a) Co 2p core level XPS spectra and (b) Fe 2p core level XPS spectra of        
CoFe2-xYxO4 (x = 0.00, 0.02, 0.04, 0.08) 



Figure S3. Deconvoluted Co 2p3/2 XPS spectra of CoFe2-xYxO4 (x = 0.00, 0.02, 0.04 and 
0.08). The inset shows the magnified image of Co3+ (I) and Co3+ (II) peaks in CoFe2-xYxO4.

Figure S4. Deconvoluted Fe 2p3/2 XPS spectra of CoFe2-xYxO4 (x = 0.00, 0.02, 0.04 and 
0.08). The inset shows a magnified image of the Fe2+ (II) peak in CoFe2-xYxO4.



Figure S5. Deconvoluted O1s XPS spectra of CoFe2-xYxO4 (x = 0.00, 0.02, 0.04 and 0.08). 

Table S2: (a) Binding energy of Co, Fe, and Y in CoFe2-xYxO4 (x = 0.00, 0.02, 0.04, and 0.08) 
system.

Binding Energy in eV
Composition

Spectrum Assignment
x = 0.00 x = 0.02 x = 0.04 x = 0.08

𝐶𝑜2 +𝑡 (𝐼) 782.43 782.37 782.06 782.11
𝐶𝑜2 +𝑡 (𝐼𝐼) 780.97 780.95 780.57 780.69
𝐶𝑜2 +𝑜 (𝐼) 779.62 779.52 779.32 779.50
𝐶𝑜3 + (𝐼) 777.31 776.99 777.00 777.15

Co 2p3/2

𝐶𝑜3 + (𝐼𝐼) 775.11 774.66 774.83 775.17
𝐹𝑒3 +𝑡 (𝐼) 713.60 713.46 713.30 713.48
𝐹𝑒3 +𝑡 (𝐼𝐼) 712.04 711.94 711.77 711.97
𝐹𝑒3 +𝑜 (𝐼𝐼) 710.62 710.49 710.34 710.54
𝐹𝑒2 + (𝐼) 709.55 709.33 709.24 709.48

Fe 2p3/2

𝐹𝑒2 + (𝐼𝐼) 706.92 706.66 706.58 706.72
𝑌3 +𝑜 -- 159.37 159.28 159.63

Y 3d3/2 𝑌3 +𝑜𝑣 -- -- -- 158.58

𝑌3 +𝑜 -- 157.29 157.21 157.58
Y 3d5/2 𝑌3 +𝑜𝑣 -- -- -- 156.45

O 533.25 532.93 532.87 533.02
Os 532.04 531.75 531.71 531.84O 1s
Ov 531.04 530.90 530.87 530.99



OM1 529.71 529.58 529.53 529.56
OM2 528.37 528.24 528.25 528.27

3.1.4 EDS Analysis

Figure S6. EDS micrographs of CoFe2-xYxO4 (x = 0.00, 0.02 and 0.08)

Table S3. The atomic ratio of Co/Fe and Y/Fe in CoFe2-xYxO4 (x = 0.00, 0.02 and 0.08).  

Co/Fe ratio Y/Fe ratioComposition
From EDS Theoretical From EDS Theoretical

0.00 0.55 0.5 0 0
0.02 0.53 0.51 0.01 0.01



0.08 0.58 0.52 0.03 0.04

3.2 Morphological studies

Figure S7 Grain distribution curves of CoFe2-xYxO4 (x = 0.00, 0.02, 0.04, 0.06, and 0.08)



3.3 Optical Studies

Figure S8. Direct band gap calculation of CoFe2-xYxO4 (x = 0.00, 0.02, 0.04, 0.06, 0.08 and 
0.10) 



Figure S9. Indirect band gap calculation of CoFe2-xYxO4 (x = 0.00, 0.02, 0.04, 0.06, 0.08 and 
0.10)

Figure S10. Estimation of Urbach energy of CoFe2-xYxO4 (x = 0.00, 0.02, 0.04, 0.06, 0.08 
and 0.10)



Figure S11. Estimation of εL and N/m* of  CoFe2-xYxO4 (x = 0.00, 0.02, 0.04, 0.06, 0.08 and 
0.10)

3.4 Dielectric and Impedance Formalism

3.4.1 Frequency-dependent Studies

Figure S12. Theoretical fit using modified Havriliak Negami relaxation model associated 
with the conductivity of  CoFe2-xYxO4 

       



Figure S13. (a) variation of real impedance and (b) variations of the imaginary impedance of 
the CoFe2-xYxO4 system

Table S4. Variations of resistance, capacitance, and n value of grain and grain boundaries in 
CoFe2-xYxO4 system

x Rg 
(MΩ)

Cg (pF) Rgb 
(MΩ)

Qgb (pF/Ω) ngb Cgb (pF) Qil 
(pF/Ω)

nil

0.00 0.11 38.47 4.39 552.44 0.82 147.3 - -
0.02 1.62 378.90 13.68 13501.00 0.35 613.57 16.25 0.99
0.04 0.21 21.84 10.47 256.8 0.82 70.04 - -
0.06 0.11 38.45 4.37 559.11 0.82 149.32 - -
0.08 0.14 23.491 5.12 332.5 0.81 74.52 - -
0.10 0.16 22.711 8.00 278.87 0.81 66.6 - -

Figure S14. Phase angle variations of the CoFe2-xYxO4 system



3.4.2 Temperature-dependent studies

Figure S15. Temperature-dependent real impedance dispersion curve of CoFe2-xYxO4 system 



Figure S16. Temperature-dependent imaginary impedance dispersion curve of CoFe2-xYxO4 
system



Figure S17. Temperature-dependent phase angle dispersion curve of CoFe2-xYxO4 system



3.5 A.C. conductivity studies

Figure S18. Temperature-dependent frequency response AC conductivity curve of CoFe2-

xYxO4 system



Figure S19. Variations of frequency exponent of different charge carriers of CoFe2-xYxO4 
system with respect to temperature



Figure S20. Estimation of activation energy (Ea) of  CoFe2-xYxO4 (x = 0.00, 0.02, 0.04, 0.06, 
0.08 and 0.10)

Table S5. Activation energy of CoFe2-xYxO4 system

Composition, x Activation Energy (eV)
0.00 0.80
0.02 1.07
0.04 0.69
0.06 0.82
0.08 0.87
0.10 0.74


