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Table S1 Elemental composition obtained through XPS analysis for the three catalysts

Catalyst Element (in wt. %)
Co N o C
N-MWCNTs-Co-800- 0.86 2.2 5.13 91.8
20min
N-MWCNTs-Co-800- 1.12 1.85 6.84 90.18
60min
N-MWCNTs-Co-800- 0.52 0.92 9.14 89.42
120min
Table S2 Corrosion parameters extracted from the potentiodyanmic Tafel plots
CatalYSt ICOI’I‘ ECOI‘I‘ ﬁa BC Rp
(nA) (mV vs. Hg/HgO)  (mV dec) (mV dec’)  (Ohm cm?)
Ketjenblack carbon 21.642 -362 977 23 90
N-MWCNTs-Co-800- 2311 -326 88 43 1048
120min
1 BB

R,=-
P icore(By + B.) 2303

Where,

R, = polarization resistance
1eorr = COrTOSION Current

B. = anodic tafel constant

B. = cathodic tafel constant
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Fig. S1 (a) TEM image (b) STEM image and (c) corresponding EDX mapping images (for C, N and Co).
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Fig. S2 ORR active site envisioned in the literature (J. P. Dodelet et al. J. Phys. Chem. B 2002,
106, 8705-8713 & Michel Lefevre ef al. Science 324, 71 (2009))
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Fig. S3 (a) Powder XRD patterns and (b) Raman spectra of N-MWCNTs-Co-800-20min and N-
MWCNTs-Co-800-60min
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Fig. S4 TGA profile of N-MWCNTs-Co0-800-120min and the inset shows the XRD pattern of
CO304.
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Fig. S5 XPS spectra of N-MWCNTs-Co-800-20min
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Fig. S6 XPS spectra of N-MWCNTs-Co-800-60min
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Fig. S7 (a) ORR polarization curves for N-MWCNTs-Co-800-20min, N-MWCNTs-Co800-
60min, N-MWCNTs-Co800-120min catalysts and (b) N-MWCNTs-Co-800-120min, N-
MWCNTs-Co-700-120min, N-MWCNTs-Co-800-120min and N-MWCNTs-Co0-900-120min.
Experimental conditions: Oxygen saturated 0.1 M KOH, RDE rotation rate 1600 rpm, catalyst

loading 0.2 mg cm™, scan rate 5 mV s!.
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Fig. S8 ORR polarization curves of the 20 wt.% Pt/C measured in O,-saturated KOH solutions
and 20 wt.% IrO,/C in 0.1 M KOH.



Fig. S9

6 . . , . . 30 - T - -
(@) A © P
Potential / V vs. Hg/HGO Ar — Rotentially" yu:Ha /T2
-4 080 s =830 A ~X

w_4f < 205 —0.100 -
< [=< -0.100 = < ‘
E le -0.120 e = E =010 o — e

L 0140 »® % == ' il ‘g-:‘ﬁ‘g vl
& —0.160 F T it % =0 7 -

n=2 L mi £ n=2 -

i = - " n=4 . = - n=4

gl ® _ A (d) -
Potential/ V vs. Hg/HgO o — 45| Potential/ v vs. Hg / HgO A

olh 080 ok 5 A -0.80

= | -0.100 - - - = —0.100 °
T o e zals I TE
= -0.140 = $ - - =
& —0.160 ¥ =_ - e
" -+ S 15|°®
n=2 e
0 Cd 1 . 1 n=4 1 1 1
0.00 0.01 0.02 0.03 0.04 0.05 000 001 0.02 003 004 0.05
-0.5 =
() (@)™

Fig. S9 ORR Koutecky-Levich plots of N-MWCNTs-Co-800-120min in O, saturated KOH: (a)
0.1 M (b) 1M (c) 4M and (d) 6M.

As per K-L theory, ORR is assumed to follow first-order kinetics with respect to dissolved

oxygen concentration and the measured disk current (ig) can be expressed as shown below:

[1]

Where %, 'L and 'f are the kinetic current, diffusion-limited current, and diffusion limiting

current within the Nafion® ionomer layer respectively.

Furthermore, “*,'L and 'f can be expressed by equations 2,3 &4 respectively.

i, =nFAkC
k 0, 2]

2 1

N| =

-1
Q=QﬂMnFAC%D%U6w =B nw’

[3]



i,=nFAC/ DS L1
! 0270 [4]

where F is the Faraday constant (96500 C/mole of electrons), A is the geometric area of the disc

C D
electrode (0.196 cm?), 02(m01 cm™) is the dissolved oxygen concentration, %2is the diffusion

| o ¢f,and Dj
coefficient of oxygen, v (cm? s!) is the kinematic viscosity of the electrolyte, =2 2 are

the concentration and diffusion coefficient of O, in Nafion® ionomer, ® is the rotation per
minute (rpm), k (cm s’!) is the rate constant for ORR and L(cm) is the thickness of Nafion®
ionomer layer. In our experiments, the thickness of the Nafion® ionomer layer was calculated to
be 0.13 um, assuming that the density of Nafion® to be 2g cm3. On assuming that the

¢fandDj o | | |
2 2 in Nafion® film is similar to the corresponding values in KOH solution[ref. 47], I¢

is calculated to be 606, 398 , 100 and 37 mA cm? for 0.1M, 1 M 4 M and 6 M KOH solution

respectively.
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Fig. S10 Nyquist plots obtained using N-MWCNTs-Co-800-120min catalyst coated RDE in (a)

Ny-saturated 0.1 M KOH solution and in O,-saturated (b) 1M (c) 4M and (d) 6M KOH solutions

at-0.08, -0.1, -0.12 and -0.14 V vs. Hg/HgO.
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Fig. S11 Linear sweep voltammetry (LSV) of the N-MWCNTs-Co-800°C-120min with EQCM,
measured in (a) N,-saturated and (b) O, saturated 0.1 M KOH solution.
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Fig. S12 Nyquist plots obtained using 20 wt.% Pt/C catalyst coated RDE in O,-saturated (a) 0.1
M,(b) 1 M, (¢) 4 M and (d) 6 M KOH solutions at -0.02 , -0.04,and -0.06V vs. Hg/HgO (Circuit

used to fit the experimental data is provided as inset in Fig. S12(a)).
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Fig. S13 (a) OER polarization curves of 20 wt.% Pt/C and (b) 20 wt.% IrO,/C in N,-saturated
0.1 M, 1M, 4M and 6 M KOH solution.
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Fig. S14 OER polarization curves of the 20 wt. % Pt/C and 20 wt. % IrO,/C measured in N-

saturated 4 M KOH solution with and without 0.2 M zinc acetate.
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Fig. S15 Nyquist plots obtained using N-MWCNTs-Co-800-120min catalyst coated RDE in N,-
saturated (a) 0.1 M ,(b) 1 M, (c) 4 M and (d) 6 M KOH solutions at 0.720 , 0.740, 0.760 and

0.780V vs. Hg/HgO (Circuit used to fit the experimental data is provided as inset in Fig. S15

(2)).



Fig. S16

70 — T T T 1 T T T T 3 32 T T T T T T
(a) Potential / V vs. Hg / HgO (b)
[ Potential / V vs. Hg / HgO, —=—0.720
56 —¥—0.740
« T —»—0.760
s o 24 -
3] g —&— 0.78
£
g B £
=)
~
—~ : 16 | -
3 S
E 28 i E
! i
a sk -
14 = .
1 Rall
A 1 " 1 A 1 " 1 "
0 1 1 2 'l 1 " 1 i L L
0 20 40 60 80 100 120 140 160 0 10 20 30 40 50 60 70
2
Re(Z) / Ohm em” Re(Z) / Ohm cm
20 ©) . ' ' ’ ' 25 & T T T T T T
[ Potential / V vs. Hg / HgO L
—=—0.720 Potential / V vs. Hg/ HgO
o [—a—0740 1 20 i
g | —»—0.760 )
o / -
= [-e o8y £
sty {1 fu :
- =
S 2
E )
— 8 e -
T E 1.0
:
4 0.5 i
0 : 0.0

20 30 40

Re(Z) / Ohm cm2

3 4 3 5 6 7
Re(Z) / Ohm em

Fig. S16 Nyquist plots obtained using 20 wt.% Pt/C catalyst coated RDE in N,-saturated (a) 0.1

M ,(b) 1 M, (c) 4 M and (d) 6 M KOH solutions at 0.720 , 0.740,0.760 and 0.780V vs. Hg/HgO

(Circuit used to fit the experimental data is provided as inset in Fig. S16(a)).
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Fig. S17 Plot of R versus potential in various KOH solutions for (a) N-MWCNTs-Co-800-
120min and (b) 20 wt. % Pt/C catalyst.
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Fig. S18 OER activity of N-MWCNTs-Co0-800-120min measured in N, saturated 0.1M
KOH solutions with and without Bpy and EDTA.
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Fig. S19 OER and ORR polarization measured at the disk and ring respectively in 0.1M KOH
N,— saturated solution of N-MWCNTs-Co-800-120 min.
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Fig. S20 50 cycles of OER polarization curves of the (a) N- N-MWCNTs-Co0-800-120min and
(b) Ketjenblack carbon measured in N,-saturated 0.1 M KOH solution.
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Fig. S21 Potentiodynamic polarization curves for Ketjenblack carbon (reference) and

N-MWCNTs-Co-800-120min measured in 0.1 KOH solution at 20 mV s! scan rate.
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Fig.S22 Charge-discharge curves of a zinc-air battery measured at 0.5 A g*!' current density (one
cycle includes 15 min of discharge followed by 15 min of charge). Catalyst used is N-MWCNTs-

Co-800-120min.



Fig. S23
(a)

N-MWCNTs-Co-800-120min
catalyst coated carbon felt cathode

. . Zinc coated carbon felt anode

(b) Cathode with current collector 1 \\ I ' Anode with current collector
}) e

L A

i 0

Synthetic air purging tube

0.2M zinc acetate in 6M KOH S

Fig. S23 Shows the (a) photograph of the electrodes N-MWCNTs-Co-800-120min and zinc
coated carbon felts respectively and (b) the experimental zinc-air battery setup.
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Fig.S24 Compares the SEM micrograph of the (a) carbon felt, (b) zinc-coated carbon felt and (c)
EDAX performed on (b).



