Evaluating Zn ferrite (ZnxFe3-xO4; 0 ≤ x ≤ 1) for alkaline water oxidation: An electrochemical and Operando spectro-electrochemical study
Amisha Sonia, Manisha Malviyaa*, B. Lalb, Dhanesh Tiwarya 
aDepartment of Chemistry, Indian Institute of Technology (BHU), Varanasi, 221005, India, 
bDepartment of Chemistry, Institute of Applied Sciences and Humanities, GLA University, Mathura, 281406, India.
*e-mail: manisha.apc@itbhu.ac.in
Electronic Supplementary Information
Synthesis of Zinc ferrite nanoparticles
0.115 moles of desired zinc ferrite nanoparticles was synthesized. Ferrous sulphate and zinc nitrate hexahydrate are used as precursors in stoichiometric ratios which are shown in Table S1.
Table S1. Required stoichiometric amounts of metal precursors used for the synthesis of zinc ferrite nanoparticles.
	Catalysts

	Zn(NO3)2.6H2O
	FeSO4

	
	No. of moles
	Amount
(g)
	No. of moles
	Amount
(g)

	Zn0.25Fe2.75O4
	0.008
	1.655
	0.109
	16.6748

	Zn0.5Fe2.5O4
	0.017
	3.2583
	0.098
	15.006

	Zn0.75Fe2.25O4
	0.025
	4.917
	0.088
	13.505

	ZnFe2O4
	0.034
	6.556
	0.079
	12.004



iR-correction
EiR-Corrected = ERHE – iRs                                                    (S1)
Where, EiR-Corrected is the iR corrected potential vs. RHE,
              ERHE is the potential before iR correction,
              Rs is the solution resistance [1]. 
Where EiR-corrected is the iR corrected potential vs. RHE, ERHE is potential before iR correction, while Rs is the uncompensated solution resistance between the working and reference electrodes. Rs is evaluated from impedance spectra as the real impedance value measured at the highest frequencies, where the imaginary impedance is 0.
EHg/HgO conversion to ERHE
ERHE = EHg/HgO + 0.0592×PH + E0Hg/HgO                             (S2)
Where, ERHE is the potential with respect to RHE,
	E0Hg/HgO is the standard Hg/HgO electrode potential (=105.3mV) [2],
	EHg/HgO is the experimentally obtained potential,
	PH is found to be 13.44 for 1M KOH (obtained from digital PH meter).
Here, we’ve taken the potential range 0 to 0.7V vs. Hg/HgO, which is further converted to RHE and iR compensated according to above equations. (Equation S1, Equation S2).
Double layer Capacitance (Cdl)
                        𝐶𝑑𝑙 = (𝛥j)/2𝑑(𝑉𝑏)                                        (S3)
Where, Cdl is the double layer capacitance,
j = ja-jc; ja and jc are the anodic and cathodic current densities,
	Vb is the scan rate.
After plotting the capacitive current density vs. scan rate, the half of the slope of the straight line gives the value of Cdl [3].
Roughness factor (Rf)
                                     Rf = Cdl/Cs                                       (S4)
Where, Rf is roughness factor
	Cdl is the double layer capacitance
	Cs is the specific capacitance for the smooth surface which is 40Fcm-2 [4].
Electrochemically active surface area (ECSA)
                              ECSA = Rf × S                                     (S5)
Where, ECSA is the electrochemically active surface area,
	Rf is the roughness factor,
	S is the geometrical surface area of the electrode which is 0.07 cm-2 for GCE [5].
Apparent Current Density (japp)
Apparent current density is the current per unit area of the electrode surface area (0.07cm2 for GCE). At a particular potential it is measured from the fig S1 and the values are given in the table1.
True Current Density (jtrue)
                               jtrue = japp/Rf                                                               (S6)
Where, jtrue is the true current density,
	japp is the apparent current density,
	Rf is the roughness factor.
Specific Current Density (jspecific)
                     jspecific = japp/material loading                        (S7)
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Figure S1. Tafel plots (i – E curve) for GC/ZnxFe3-xO4 at 0.5mVs-1 in 1M KOH at 250C
[image: E:\amisha\Paper work\Zn Ferrite\Tiff\Cdl Zn0.5.tif]
Figure S2. A) Cyclic voltammograms in non-faradaic region of GC/Zn0.5Fe2.5O4 electrode at different scan rates in 1M KOH at 250C and, B) capacitive current density vs. scan rate plot of GC/ Zn0.5Fe2.5O4 electrode

[image: E:\amisha\Paper work\Zn Ferrite\Tiff\Cdl Zn0.75.tif]
Figure S3. A) Cyclic voltammograms in non-faradaic region of GC/Zn0.75Fe2.25O4 electrode at different scan rates in 1M KOH at 250C and, B) capacitive current density vs. scan rate plot of GC/ Zn0.75Fe2.25O4 electrode
[image: E:\amisha\Paper work\Zn Ferrite\Tiff\Cdl Zn1.tif]
Figure S4. A) Cyclic voltammograms in non-faradaic region of GC/ZnFe2O4 electrode at different scan rates in 1M KOH at 250C and, B) capacitive current density vs. scan rate plot of GC/ ZnFe2O4 electrode

[image: E:\amisha\Paper work\Zn Ferrite\Tiff\Activation energy Zn0.5.tif]
Figure S5. A) Tafel polarization curves of Zn0.5Fe2.5O4 at different temperature at a scan rate of 0.5mVs-1. B) Arrhenius plot for GC/Zn0.5Fe2.5O4 electrode at 1.6V vs. RHE
[image: E:\amisha\Paper work\Zn Ferrite\Tiff\Activation energy Zn0.75.tif]
Figure S6. A) Tafel polarization curves of Zn0.75Fe2.25O4 at different temperature at a scan rate of 0.5mVs-1. B) Arrhenius plot for GC/Zn0.75Fe2.25O4 electrode at 1.6V vs. RHE
[image: E:\amisha\Paper work\Zn Ferrite\Tiff\Activation energy Zn1.tif]
Figure S7. A) Tafel polarization curves of ZnFe2O4 at different temperature at a scan rate of 0.5mVs-1. B) Arrhenius plot for GC/ZnFe2O4 electrode at 1.6V vs. RHE
Thermodynamic Parameters
1. Standard Electrochemical Energy of Activation (Hel0≠)
From the Arrhenius equation,
                                                                   (S8)
Where, k is the rate constant,
	A is the pre-exponential factor,
	Ea is the activation energy,
	R is universal gas constant (8.314x10-3 kJmol-1K-1),
	T is the absolute temperature.
From figure 10B and equation S8, slope of the plot of log (current density) vs. 1/T gives the value of –Ea/R, i.e., 
         Slope = - Ea/R                                                        (S9)
2. Standard Enthalpy of Activation (H0≠)
From equation 3 in the manuscript,
  Hel0≠ = H0≠ - F                                   (3)
Where, Hel0≠ is activation energy and could be calculated from equation s9,
	H0≠ is the standard enthalpy of activation,
	is the transfer coefficient,
	F is faraday constant (96.5 kJmol-1),
	 is the overpotential (at which activation energy is calculated),
For the calculation of transfer coefficient,
RT/bF
Where, is the transfer coefficient,
	R is the universal gas constant (8.314x10-3 kJmol-1K-1),
	T is the absolute temperature,
	b is the tafel slope,
	F is the faraday constant (96.5kJmol-1).
The value of transfer coefficient is calculated according to the above equation at different temperatures and then the average is taken for further calculation of standard enthalpy of activation (H0≠).
3. Standard Entropy of Activation (S0≠)
From equation 4 in the manuscript,
S0≠ = 2.3R[log i + Hel0≠ / 2.3RT – log (nFCOH-)]                             (4)
Where, S0≠ is the standard entropy of activation,
	      R is the universal gas constant (8.314x10-3 kJmol-1K-1),
	      i is the current density at overpotential,
	     Hel0≠ is the standard electrochemical energy of activation,
	     T is the absolute temperature,
	     N is the no. of electron transfer which is 4 e- for OER process,
	     F is the faraday constant (96.5kJmol-1),
            is the frequency term ( = kBT/h),
	    COH- is the hydroxide ion concentration,
            kB is the Boltzmann constant,
            h is the planck constant.
All the values of these terms are given in the text and by using equation (4), Standard entropy of activation (S0≠) were calculated.
	From the above discussion, all the thermodynamic parameters could be calculated and same is done and added in the table 2 in the manuscript.
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