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Fig. S1. (A) XRD patterns, (B) Raman spectra, (C) FTIR spectra. High-resolution XPS spectra in (D)

C s region and (E) O 1s region of GO and rGO.
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Figure S2. (A) Cyclic voltammetry curves in a potential window where no Faradaic processes occur
at various scan rates (10, 20, 40, 60, 80, and 100 mVs™) to calculate ECSA of TCN-NH,Py, and (B)

Current density vs Scan rate plot for TCN-Py, TCN-NH»Py, and TCN-COOHPy.
After obtaining the Ca (double layer capacitance), the next expression is applied to finally,

calculate the ECSA:

Car
ECSA = —
C

N

Where C; is the specific capacitance reported for carbon-based materials and is taken as a

default value (Cs=40 ufF).
To calculate V vs. RHE from V vs. Hg/HgO, the next expression can be used:

Ey ysruE = Ev vs.ng/ngo + (0.059 pH) + 0.140



in the literature is compared to the values obtained in this study.

Table S1. The OER and ORR performance of several MOFs and MOF-derived materials documented

Material On-set Overpotential @10 | Tafel slope On-set Overpotential @1 Half-wave Ref.
potential mA cm? [mV vs. [mV dec] potential mA ecm? [mV vs. potential [V vs.
(OER), [V RHE] (OER) (OER) (ORR), [V RHE] (ORR) RHE]/Tafel slope
vs. RHE] vs. RHE] [mV dec’!]
TCN-Py 1.58 423 73 ~0.82 413 -/72
(this work)
TCN-NHPy 1.55 402 82 ~0.82 418 -/81
(this work)
TCN- 1.56 380 41 ~0.82 419 -/67
COOHPy
(this work)
CoTCN ~1.61 430 41.9 0.74 569 -/147 !
CoTCN:rGO 1.6 390 61.84 ~0.83 426 -I75 !
3:1
CoTCN:rGO ~1.61 430 62.56 ~0.83 412 -/80 !
(1:1)
CoTCN:rGO 1.63 460 75.53 ~0.83 401 -/82 !
(1:3)
rGO 1.65 360 2444 ~0.83 404 -/70 !
NiPc-MOF 1.48 250 74 - - - 2
Ni-MOF - 406 58.5 - - - 3
V-Ni- - 259 67.5 - - - 4

MOEF/NF
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Table S2. The performance of various metal-organic frameworks (MOFs) and MOF-derived

materials utilized in zinc-air batteries reported in the literature compared with the values obtained in

this study.
Material AE [V] Power density, [mW ecm?] | Specific capacity, [mA h g] Ref.
TCN-NH,Py (this work) 0.87 V@ 5 mA cm™ - 795
CoTCN:rGO(1:1) 0.96 V@ 5 mA cm™ - 760 !
Cosas@NC920* 0.858 V@ 2 mA cm? 166 847.5 16
FeCo-NC* - 146.8 855.74 17
CC@FeCoNiMoRu-HEA/C + | 0.858 V@ 5 mA cm? 171.5 795.9 18
Pt/C*

NiFe-MOF/NiFe,O4* 0.88 V@ 2 mA cm™ 158.4 700 19
CoFe@NCNT/NCS-800 ** 0.79 V@ 5 mA cm™ 196.1 827.21 20
S-FeNi/NiFe204@NC-800 ** | 0.76 @ 10 mA cm™ 129 837 21
FeNi@NC-900 * 0.72 V@ 10 mA cm? 119 830.1 2

*heat treated MOF, **Hofmann-type MOF-derived and heat treated.
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Figure S3. Energy dependence of current derived from the discharge test of every composite

assembled in Zn-Aire batteries.
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Figure S4. (A) Galvanostatic charge-discharge cycling performance at 5.0 mA-cm?, (B) Energy and
energy efficiency, C) Nyquist plot at 0, 24, 48, and 72 h of Zn-Air battery cycling performance at -

1.0 mA-cm?.
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Figure S5. (A) XRD patterns and (B) Raman spectra for TCN-NHPy fresh and cycled (NH,Py-
OH), and C) Raman spectra adjusted for NH,Py-OH.
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Figure S6. High-resolution N 1s XPS spectrum of the cycled electrodes.

Table S3. BET surface area, total pore volume, and average pore width of Py-OH, NH,Py-OH, and

COOHPy-OH obtained from N> adsorption-desorption isotherms.

Sample BET surface area (m%g) | Total pore volume (cm?/g) | Average pore width (A)
Py-OH 51.35 0.1288 100.4
NH,Py-OH 83.34 0.2683 128.8
COOHPy-OH 48.04 0.1185 98.7




DC and AC magnetic measurements support information.

A convenient method for classifying the freezing/blocking processes obtained by the dynamic
measurements is determined by the Mydosh parameter ®, which is an empirical parameter that

denotes the relative shift of the temperature per frequency decade »:

_ ATmax
TmaxAlog10(f)

Where AT, is the difference among the 7. values measured in the Alogio( /') frequency
range. For weakly or non-interacting superparamagnetic systems, the expected value for the Mydosh
parameter ® must be ® ~ 0.1-0.13; the values below this interval are characteristic of nanoparticle
systems with intermediate interactions and the values below the interval are related to strong
interparticle interacting systems or result from spin-glass like surface behavior (® ~ 5 x 103 — 5 x
1072) 242°. Consequently, the analyzed systems exhibit the aforementioned shift in Tmax with

increasing frequency and a Mydosh parameter value characteristic of spin glasses (see Figure S7A).

To verify the above, the frequency-dependent values of y” were fitted to the 3D critical
scaling law for spin dynamics, in which the relaxation time diverges at a finite temperature (Tg# 0K),
following the equation below:

zv
Tg/ Tmax - Tg

Where T, is the critical temperature of the glassy state, 1o the relaxation time, and zv the critical
exponent. The values of 1 calculated by fitting (see Figures S7A, S7B, and S7C) fall within the
range of canonical spin glasses (from 107 to 102 s), and the value of zv for this same type of

system ranges from 4 to 12 3%3!,
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Figure S7. The zv, 1, and @ values fit closely into a canonical spin glass behavior evident at low

temperatures for all samples.
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