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S1: Synthesis of Ag2O and V2O5. 

Synthesis of silver oxide

To a 0.5M NaOH solution, 0.1M AgNO3 in 40 ml DI water was added and stirred the reaction 

mixture for 2 hrs at room temperature. A black-colored precipitate was formed, which was 

centrifuged, washed with DI water followed by ethanol, and dried overnight.

Synthesis of vanadium oxide

Vanadium oxide has been synthesized by making slight changes in a reported procedure1. Briefly, 

0.1M NH4VO3 was prepared in 40 ml DI water. To this, CTAB was added and kept for stirring. 

0.1M HNO3 was added to the reaction mixture. Then, a hydrothermal reaction was carried out at 

Electronic Supplementary Material (ESI) for Materials Chemistry Frontiers.
This journal is © the Partner Organisations 2022



2

180˚C for 24 hours. Centrifuged, washed, and dried the reddish-colored precipitate. Then, calcined 

at 500˚C for 2 hours.

The crystal structures of the synthesized Ag2O and V2O5 were examined by X-ray diffraction 

technique and shown in Figures S1 (A) and (B), respectively. XRD pattern of Ag2O exhibited 

distinct diffraction peaks at the two theta values 26.6˚, 32.7˚, 37.9˚, 54.8˚,65.4˚, and 68.7˚ can be 

indexed to the (110), (111), (200), (220), (311) and (222) crystallographic planes of cubic Ag2O 

(JCPDS # 00-012-0793)2. XRD pattern of vanadium oxide displayed diffraction peaks at the two 

theta values 15.3˚, 20.1˚, 21.7˚, 26.1˚, 30.9˚, 32.4˚, 33.2˚, 34.2˚, 36.01˚, 37.3˚, 41.2˚, 42˚, 45.4˚, 

47.2˚, 47.7˚, 48.8˚, 49.5˚, 51.1˚, 52˚, 55.6˚, 61.1˚, 62.1˚, which could be ascribed to the (200), 

(001), (101), (110), (400), (011), (111), (310), (211), (401), (002), (102), (411), (600), (302), (012), 

(112), (020), (601), (021), (321) and (710) crystallographic planes are in accordance with the 

standard data of orthorhombic V2O5 (JCPDS #00-009-0387)3,4.

Cyclic voltammetry of the synthesized Ag2O and V2O5 was carried out to understand the 

electrochemical activity of the catalysts towards ORR in O2 and N2 saturated 0.1M KOH solution, 

which is shown in Figure S1 (C). In O2 saturated solution, both catalysts exhibited an oxygen 

reduction peak. LSV experiments were also conducted in 0.1M O2 saturated KOH media to study 

the ORR activities of these catalysts and is given in Figure 1 (D) and (E). From the results, it was 

observed that the ORR performance of the mixed transition metal oxide (AgVO3) is higher than 

that of the individual oxides (Ag2O and V2O5) in terms of onset potential and in current density.
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Figure S1: XRD spectrum of (A) silver oxide (B) vanadium oxide (C) Cyclic Voltammogram of 

Ag2O and V2O5 in O2 saturated, and N2 saturated 0.1M KOH solution (D) and (E) Linear Sweep 

Voltammogram of Ag2O and V2O5 at different rpm in O2 saturated 0.1M KOH solution 

respectively.
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S2: The detailed reaction scheme of ORR in alkaline media

The 4e- process proceeds through the following steps, if the process is associative:

   (1)𝑂2(𝑔) +  𝐻2𝑂 (𝑙) +  𝑒 ‒ +  ∗  →𝑂𝑂𝐻 ∗ +  𝑂𝐻 ‒

(2)𝑂𝑂𝐻 ∗ + 𝑒 ‒ → 𝑂 ∗ +  𝑂𝐻 ‒

(3)𝑂 ∗ +  𝐻2𝑂 (𝑙) +  𝑒 ‒ → 𝑂𝐻 ∗ +  𝑂𝐻 ‒

(4)𝑂𝐻 ∗ +  𝑒 ‒ →𝑂𝐻 ‒

Where * refers to the active site of AgVO3, (g) and (l) refers to gas and liquid phases, respectively. 

If dissociative:

                                                                 (5)𝑂2(𝑔) +  ∗  → 2𝑂 ∗

                                                    (6)𝑂 ∗ +  𝐻2𝑂 (𝑙) +  𝑒 ‒ →  𝑂𝐻 ∗ +  𝑂𝐻 ‒

                                                                 (7)𝑂𝐻 ∗ + 𝑒 ‒  →  𝑂𝐻 ‒

The adsorption energies of OOH, O, and OH are calculated relative to H2O and H2. They are given 

by 

                         (8)
Δ𝐸𝑂𝑂𝐻 ∗  =  (𝐸𝑂𝑂𝐻 ∗  ‒  𝐸 ∗ ) – (2 𝐸𝐻2𝑂 ‒  3 2𝐸𝐻2

)

                                       (9)
Δ𝐸𝑂 ∗  =  (𝐸𝑂 ∗  ‒  𝐸 ∗ ) – (𝐸𝐻2𝑂 ‒  𝐸𝐻2

)

                              (10)
Δ𝐸𝑂𝐻 ∗  =  (𝐸𝑂𝐻 ∗  ‒  𝐸 ∗ ) – (𝐸𝐻2𝑂 ‒  1 2𝐸𝐻2

) 
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Table S1: Adsorption energy of (Eads) of O2 adsorbed on alpha AgVO3.

Table S2: Adsorption energy and Bader charge of various ORR intermediates. dM-O indicates the 

distance between metal and oxygen atom. Bader analysis has been performed on the ground state 

charge density obtained from a DFT calculation upon adsorption of the species on the adsorption 

site.

AgVO3- 
Site

Eads

(eV)

dM-O

(Å)

dO-O

(Å)

Ag -0.12 2.37 1.26

V -0.97 1.98 1.33

Intermediates Eads (eV) dM-O (Å) Charge (e-)

O2 -0.97 1.98 -0.43

OOH -2.28 1.85 -0.48

O -4.10 1.65 -0.72

OH -3.42 1.81 -0.40
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Figure S2: LSV of commercial Pt/C in O2 saturated 0.1M KOH

Figure S3:  FE-SEM image of AgVO3 after the accelerated durability test
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S3: MEA fabrication

The pretreated Nafion 117 was used as the membrane. The pretreatment approach includes the 

subsequent heating of the Nafion in H2O2 followed by H2SO4 and then DI water. Two sets of MEA 

were prepared, one with Pt-Ru (1:1)/C as anode and Pt/C as cathode, second with Pt-Ru (1:1)/C 

as anode and AgVO3 as the cathode. Carbon cloths were cut into 5cm x 5 cm dimensions. Carbon 

black was suspended in DI water + IPA mixture containing nafion binder to prepare the 

microporous layer and then kept for sonication for 1 hour. The slurry was coated on the PTFE 

(polytetrafluoroethylene) treated carbon cloth using a paintbrush. Catalyst ink was prepared by 

dispersing appropriate catalyst in  DI water + IPA with Nafion binder and then coated on respective 

carbon cloth and dried. The loading of the anode and cathode catalysts on the carbon cloth was 3.5 

mg/cm2 and 2 mg/cm2, respectively. The MEA was made by sandwiching the Nafion 117 

membrane between anode and cathode catalyst coated carbon cloth and hot pressing it at 100˚C 

and 76 kg/cm2. The MEA was then applied to a passive air-breathing direct methanol fuel cell 

(DMFC), and a 1M methanol solution was injected into the anodic compartment. For the OCV 

measurements, DMFC was connected to a multimeter and noted the OCV at different time 

intervals. The OCV vs. time plot is given in Figure S4. AgVO3 cathode reached an OCV of 0.427V, 

which comes in the region of Pt/C cathode (0.481V), indicating the effectiveness of the reported 

catalyst.  
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Figure S4: Comparison of the OCV of DMFC with Pt/C and AgVO3 cathode

Table S3: Comparison of ORR activity of AgVO3 with different MTMOs reported in the literature

Sl. 

No.
Catalyst material Electrolyte Onset Potential (V)

Current 
density @ 
1600 rpm, 
mA/cm2

Reference

1 Co3Mo2OxN6−x/C 0.1M KOH 0.9 V (RHE) -5.5 [5]

2 ZnCo2O4 0.1M KOH 0.83 V (SHE) -2.97 [6]

3 ZnMnCoO4 0.1M KOH 0.94 V (SHE) -5.22 [6]

4 CuCo2O4/N-rGO 1M KOH -0.14 V (SCE) -3.4 [7]

5 MnCo2O4/N-rmGO 1M KOH 0.95 (RHE) -3.7 [8]

6 Silver-molybdate 1M KOH - -2.0 [9]

7 Ag/Mn3O4/C 0.1M NaOH - -5.43 [10]

8 LaMn0.7Co0.3O3 0.1M KOH 0.88 V (RHE) -3.4 [11]

9 LaCoO3 1M KOH -0.2 V (Ag/AgCl) -3.5 [12]
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10 LaMnO3 1M KOH -0.12 V (Ag/AgCl) -4.0 [12]

11 NdCuOx@CN 0.1M KOH 0.015 V (Ag/AgCl) -3.41 [13]

12 CoFe2O4 0.1M KOH 0.85 V (RHE) -5.0 [14]

13 MnFe2O4 0.1M KOH 0.88 V (RHE) -4.70 [14]

14 NiFe2O4 0.1M KOH 0.81 V (RHE) -4.95 [14]

15 NiCoMnO4 0.1M KOH 0.87 V (RHE) -4.0 [15]

16 ZnCo2O4 1M  KOH 0.81 V (RHE) - [16]

17
Al-substituted 

MnFe2O4/rGO
0.1M KOH 0.92 V (RHE) -3.0 [17]

18 Mn3O4/NCNTs/Co 0.1M KOH 0.94 V(RHE) -5.7 [18]

19 ZnCo2O4 0.1M KOH 0.77 V (RHE) -3.0 [19]

20 Ag-MnFe2O4/NG 0.1M KOH 0.886 V (RHE) -4.0 [20]

21 Ag-MnFe2O4/NSG 0.1M KOH 0.908 V (RHE) -6.0 [20]

22 N-CuCo2O4@CNF 0.1M KOH 0.89 V (RHE) -6.9 [21]

23 NiO/NiCo2O4 KOH 0.89V (RHE) -4.77 [22]

24 NiCo2O4 0.1M KOH 0.91 V (RHE) -3.42 [23]

25 CoMn2O4/NC 0.1M KOH 0.93 V (RHE) -5.2 [24]

26
La0.8Sr0.2MnO3-δ / 

CFC
0.1M KOH 0.866V (RHE) -4.86 [25]

27 AgVO3 0.1M KOH 0.82 (RHE) -5.0 This work
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