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Figure S1: (a) Powder XRD patterns of StMnO;, StMn, gFe(,03, StMng 7Fe( 303, StMn, sFeq 505
Sro,MnFeOs (b) Rietveld refinement of powdered XRD pattern of StMnQO;. The pink stars and
black line show the observed and calculated profile respectively, the green vertical lines represent
the Bragg diffraction positions, and the blue line shows the difference between the observed profile

and the calculated profile.



Figure S2: (a-b) SEM images of SrMnO; [50]
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Figure S3: EDX spectra of StMng gFe(,03, StMn, 7Fe( 303, StMng sFeys03 & Sr,MnFeOs
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Figure S4: Cyclic voltammograms recorded in N, saturated and O, saturated 0.1M KOH at 20 mV s-! for
(a) SrtMnOQO3, (b) StMng gFe,03, (¢) StMng sFe( 505 and (d) Sr,MnFeOs
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Figure S5: Linear sweep voltammograms of (a) StMnOs, (b) SrMn, gFe(,03, (c) StMny sFeq 505 and (d)
Sr,MnFeOs recorded at different rotations in O, saturated in 0.1M KOH with the scan rate of 10 mVs.
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Figure S6: RRDE measurement representing the percentage of hydrogen peroxide and the number of
electron transfer under O, saturated 0.1 M KOH at 1600 rpm for (a) StMnOs, (b) StMn gFe;,0s3,
(C) SrMn0.5FeO.5O3, d) SI‘QMHFCO&
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Figure S7: Randles equivalent circuit used for fitting the Nyquist plot of StMn, ;Fe( ;053 sample, where
R, represents charge transfer resistance, R, represents solution resistance and Q represents constant
phase element while W represents Warburg impedance.
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Figure S8: Chronoamperometric measurement for commercial Pt/C catalyst at 0.6 V; vs RHE for
10 hours.
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Figure S9: Chronoamperometric measurements of the OER at a current density of 10 mA cm™
for SrMng 7Fe( 305 and SrMng sFe( 505
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Figure S10: ECSA normalised LSV curves for OER with all the catalysts
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Figure S11: (a-h) Cyclic voltammograms of SrMn, gFe 03, StMng ;Feq 303, StMng sFe( 503, Sr,MnFeOs
under N, saturated and O, saturated 0.1 M KOH and linear sweep voltammograms of SrMnggFe(,0s,
SrMn, ;Fe( 303, StMngsFe;sO; and Sr,MnFeOs, at different rotation in O, saturated 0.1M KOH. (1)

Comparative linear sweep voltammograms for OER in 0.1 M KOH under O, saturation at 1600 rpm; of all
the prepared compounds without carbon support
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Figure S12: Post stability measurement of SrMn ;Fe(305: (a)XRD pattern and (b-c)SEM
images (d)EDX profile
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Figure S13: Cyclic voltammograms recorded at different scan rates for all the catalysts loaded on

carbon
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Figure S14: Current densities (J= Janode- Jeathode) @S a function of scan rate plotted for all prepared

compounds with a slope proportional to Cy; values.



Figure S15: Structural model of (a-b) SrMng;Fe(30; perovskite oxide and (c) Sr,MnFeOs
[Orange ball represents Strontium; red ball represents iron; purple ball represents manganese and
cyan green ball represent oxygen]
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Figure S16: Bifunctionality index of all the catalysts
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Figure S17: A possible bifunctional mechanism for StMn, ;Fe, ;053 perovskite oxide
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Figure S18: A possible ORR mechanism for Sr,MnFeOs perovskite oxide

S19: e, electron calculation
The average ¢, electron can be calculated from the equation (3) in the main manuscript.
For example,
SrMn, ;Fe( 303, the percentage of valence electron
n=-1/2[0*0.58.8+1*0.69+1*0.34+2*0.61] =1.12

Sr,MnFeOs The percentage of valence electron

n=-1/2 [1*0.49+ 2* 66.9 +1* 32.9] =1.0



Table S1: Reflection planes of (a) SrMng gFe(,03, (b) StMn7Fe(303, and (c) Sr;MnFeOs

a) 2 Theta hkl b) 2 Theta c) 2 Theta hkl
22.78 012 16.94 22.85 012
22.84 012 22.6 32.48 110
3235 110 22.74 gég; i?‘;
32.4 110 22.79 ‘

3331 40.09 202
32.5 104 e 4030 006
32.61 104 > : 5 46.69 024
3822 113 3;?7 51.07 211
38.32 113 : 52.52 122
39.9 202 32.29 52.68 116

' 32.58 57.96 300
jg'ij 882 32.71 58.03 214

i 3427 58.11 300
46.54 024 3422 58.19 214
46.66 024 3419 58.27 018
50.86 211 340 61.96 125
51.00 211 VBT 68.03 220
52.31 122 3431 68.32 208
5 45 3 0o 71.62 131
52’54 I : 71.65 223

: 34.66 7182 131
52.68 116 36.65 7183 217
57.71 300 36.7 71.86 223
57.82 214 36.9 71.97 119
57.87 018 37.02 72.03 217
57.98 018 39.69 72.17 119
58.15 125 43.45 7281 312

46.19 72.95 036
61.74 220 : 02 0
46.44 :
67.73 208 7316 036
46.62 :
67.92 131 77.50 134
68.14 223 46.84 77.70 128

: 47.68 :

. 134 77.73 134
3? 33 1§4 46.80 80.96 315
=135 03 47.95 82.01 042

: 47.97
77.17 134 1507
77.40 134 29.62
77.46 128 =741
80.63 315 5744
81.63 042 57.67
81.82 226 5771

57.95
58.94
67.31
68.70
77.73




Table S2: Summary of refined cell parameters of StMnO;, SrMnggFe(,03;, SrMng;Fe( 303,
SrMny sFeq 505 and SroMnFeOs

Sample Crystal System Space Group Lattice Cell Cell Fit Parameter
& No A) Volume
a=5.4484
SrMnO; Hexagonal P63/mmc & b= 5.4484 233.6 R,: 779 Ry, 485
194 c=9.0865
Chi Square:1.5
a=5.5289 Rp: 97.1 Ryt 56.6 R.:35.6
SrMn, sFe,0s Trigonal R-3C &167 b=5.5289 355.7
c=13.4367 Chi Square: 2.5
a=5.5067 Ry: 119 R, 658 R.:8.9
SrMn, ;Fe( 505 Trigonal R-3C &167 b=5.5067 352.2
c=13.4142 Chi Square: 2.7
a=5.5075 Rp: 127 Ryp: 60 R :41.7
SrMn, sFe( 505 Trigonal R-3C &167 b=5.5075 352.4
c=13.4167 Chi Square: 2.1
a=5.5591 Ry:177 Ryp: 72 R.:48.5
Sr,MnFeOs Orthorhombic | Icmm & 74 b=15.7079 479.5
c=5.4918 Chi Square: 2.2

R,: Residual parameter, Ry,,: Residual weight parameter, and R.: Expected reliable factor

Table S3:Area integrated Manganese and iron contents for SrMng;Fe;303; and Sr,MnFeOs

obtained from XPS
Composition (%) Mn#** Mn3* Mn?* Fe* Fe?* Fe®
SrMn, ;Fe;0; 58.8 40.2 - 61.2 38.7
Sr,MnFeOs 20.3 62.5 17.2 57 30 11




Table S4: Summary of ORR electrochemical data (onset and halfwave potential, limiting currrent
density and the number of electrons transferred) for all the synthesized catalysts supported on

carbon
Electrocatalyst Eonset (V)3 Eiz (V); Current Chronoamperometry
vs RHE vs RHE density Retention Current (%)
(mA cm?)
SI'Ml'lo,g Feo,z 03 0.95 0.78 5.0 54
SrMn 7 Fey 3 O; 0.99 0.84 6.3 95.8
SrMn0_5F60‘503 0.95 0.77 4.9 90.6
Sr,MnFeOs 0.89 0.71 5.4 85

Table S5: Summary of ORR electrochemical data (onset and halfwave potential, limiting currrent
density and the no. of electrons transferred) for all the synthesized catalysts without carbon

support.
Electrocatalyst Eonset (V)3 Eis (V); Current density
vs RHE vs RHE (mA cm?)
SrMny 7Feo;0s 0.89 0.68 1.71
Ser’lolgFCO.zog 0.92 0.76 2.46
SrMn0,5FeO.5O3 0.90 0.76 2.31
SI'2MI]FCO5 0.97 0.78 2.4

Table S6: Bond distance length in (A),Mn-O, Fe-O, Mn-O-Mn, Mn-O-Fe and Mn-Fe as observed in
SrMnO.gFeo,zO% SI'MI]().7FC()'303, SI'MI]O.5FC()_503 and SI'zMIlFeOi



Composition Mn-O(1) Fe-0(2) Mn-O(1)-Mn | Mn-O(2)-Fe Mn-Fe
P &) A) A) A) &)
SrMn, sFe(,05 1.97172 1.97172 1.97172 1.97172 -
SrMn, ;Fe( ;05 2.00497 2.00497 2.00497 2.00497 -
SrMn, sFe, 505 1.95406 1.95406 1.95406 1.95406 -
Sro,MnFeOs 1.95586 1.95586 1.84502 1.84502 0.42396

Table S7: O1-O1 bond distance length in (A), O-Mn-O and O-Mn—O bond angle (°) as Observed
n SrMnO.gFe().zOb SI'MI’I().7FC().303, SrMnO.gFeO.203 and SI'2M1’1F€O5.

Composition 01-01 O-Mn-O Mn-O-Mn Fe-O-Fe Mn-O-Fe
(A) ) ©) ) (@)

Face sharing Corner sharing Corner

sharing
SrMn, gFe(,0; 2.81100 89.0692 162.841 162.841 162.841

SrMn, ;Fe(30; 2.78689 90.9313 151.8 151.8 151.8

SrMny sFey sO; 2.7757 90.5118 168.158 168.158 168.158
Sr,MnFeOs 2.74383 78.2867 137.921 138.3 138.376

Table S8: ECSA, Mass activity and Specific activity listed for all the synthesized catalysts.




Electrocatalyst ECSA Mass Activity | Specific Activity
(m2g™) (mA mg) (mA cm?)
SrMn Fe O 1.8 354 1.91
0.8 02 3
StMn Fe O 8.2 121.3 1.47
0.7 0.3 3
StMn Fe O 54 41.8 0.76
0.5 0.5 3
SrzMnFeO5 1.5 248 1.56
Table S9: Summary of the literature reports for ORR and OER
Eonse= Current El/Z(ORR) Ej-10 AE:Ej-lO(OER)' Ref
Electrocatalyst Loading (Vs vs density (V; vs RHE) (OER) Eiz0rr)
(mg cm??) RHE) J(mAcm?) (V; vs (V; vs RHE)
RHE)
SrMn, ;Fe, ;0 0.28 0.99 6.38 0.84 1.66 0.82 This
0.75€0303 . . : : : ) work
StMny sFeq sO 0.28 0.95 4.87 0.77 1.79 This
0.57'C0.53 ) ) ) ) ) 1.01 work
StMny sFeq,,0; 0.28 0.95 5.01 0.78 - - This
work
Sr,MnFeOs 0.28 0.89 5.4 0.71 1.82 0.93
LaFeCo-H 0.750 52 0.713
Lay, St;sMnO, 0.5 0.87 i 0.8 ] i 4
LaMnO, 0.312 0.67 1.80 1.13 1
0.312
LaMng C0,O3 0.71 1.63 0.92 1
0.312
LaMny,Co440s 0.68 1.64 0.96 1
1.54 @
NA 0.74 - - 2mA
Lag gSro,Mn;  Ni,O; - 3
cm?
0.5 -0.197 vs 0.774 @
L2410 MnO; SCE(V) | -4.54 5mA 0.97 2
) cm2




0.47 0.87 0.75 1.727 0.89
NA
SI‘4M1’13O]() 0.80 0.5 - - 6
Lag oY MnO; 0.236 0.90 6.58 0.75 1.8 - 7
- - 0.78 1.66 -
LKMnO; NA 3
Lag4Cay4Co05/Sb NA 0.76 2.8 0.79 1.60 - 0
doped SnO,
A,Sm,_ Mn,Os. 0.25 0.884 0.789 0
s(Ba,Sn; . Mn,0s_5)
1.63
) 02 0.71 -3.7 0.62 @ 10
LaggsY.15Nig7Fe 303 11
mA
0.78 -6.1 0.62 1.65
L32C00.5F60.5Mn06_5 NA 12
1.51
NA 0.85 -5.5 0.70 @280
LaCoO3 @ rGO 13
mV
Lag ¢Sro,Tig 65
Feos50;.5 L0 0.992 6.07 0.86 1.77 0.76 14
LSTFO/NCNT ’
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