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Figure S1. XRD pattern of ZIF-12.
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Figure S2. a) EDX spectrum of Cu/Zn/Co@NPC, b) Cu,Se/ZnSe/CoSe,@NPC, and c)

Cu,S/ZnS/CoS,;@NPC heterostructures.
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Figure S3. Survey spectrum of MOF-derived Cu,S/ZnS/CoS,@NPC heterostructure.
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Figure S4. XPS analysis of MOF-derived Cu/Zn/Co@NPC heterostructure: a) Survey scan, b) Cu
2p, ¢) Zn 2p, d) Co 2p, e) N 1s, f) C 1s.
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Figure SS. XPS analysis of MOF-derived Cu,Se/ZnSe/CoSe,@NPC heterostructure: a) Survey
scan, b) Cu 2p, ¢) Zn 2p, d) Co 2p, e) Se 3d, f) N Is, g) C 1s.
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Figure S6. a) CV profiles of Cu,S/ZnS/CoS,@NPC heterostructure in 2 M NaOH and 2 M KOH,
b) Comparative CV profiles of Cu/Zn/Co@NPC, Cu,Se/ZnSe/CoSe,@NPC, and
Cu,S/ZnS/CoS,@NPC heterostructures in 2 M KOH at a scan rate of 10 mV s,
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Figure S7. Dunn’s method for quantitative analysis to evaluate surface and diffusion capacitance
of Cu/Zn/Co@NPC: a) Plots of log(i) vs. log(v), b) Plots of (i/v!’?) vs. (v!/?), ¢) Contribution from
surface and diffusion capacitance at 10 mV s'!, d) Bar plots for the representation of surface and

diffusion capacitive contribution at different scan rates.
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Figure S8. Dunn’s method for quantitative analysis to evaluate surface and diffusion capacitance

of Cu,Se/ZnSe/CoSe; @NPC: a) Plots of log(i) vs. log(v), b) Plots of (i/v'?) vs. (v'?), ¢)

Contribution from surface and diffusion capacitance at 10 mV s, d) Bar plots for the

representation of surface and diffusion capacitive contribution at different scan rates.
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Figure S9. Potential window optimization of asymmetric device using Cu,S/ZnS/CoS,@NPC

heterostructure.
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Figure S10. Post-electrochemical characterizations: a, b) SEM images deposited in nickel foam,
b) EDX spectrum of Cu,S/ZnS/CoS,@NPC deposited in nickel foam and mapping images of each
element in the sample.
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Figure S11. a, b, ¢) CV profiles of Cu/Zn/Co@NPC, Cu,Se/ZnSe/CoSe,@NPC, and
Cu,S/ZnS/CoS,@NPC heterostructures at various scan rates in 1| M KOH, d, e, f) Linear fit curves
of corresponding capacitive currents.
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Figure S12. Post-OER SEM images: a, b) Cu/Zn/Co@NPC deposited in nickel foam at 2 pm and
200 nm, c, d) , Cu,Se/ZnSe/CoSe, @NPC deposited in nickel foam at 2 pm and 200 nm, and e, f)
Cu,S/ZnS/CoS,@NPC deposited in nickel foam at 2 um and 200 nm.
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Figure S13. Post-OER XPS analysis of MOF-derived Cu,S/ZnS/CoS,@NPC heterostructure: a)
Survey scan, b) Cu 2p, c¢) Zn 2p, d) Co 2p, e) S 2p, f) C 1s, g) N Is, and h) k 2p.
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Table S1. EIS parameters obtained after model circuiting fitted.

Parameters Values Pct. Error (%)
R; (ohm) 2.373 4.809

R (ohm) 66.59 8.564

CPE, Yo, (S-s"n) 0.0001232 15.69

Warburg, Yo, (S-s.5) 0.004463 31.95
Chi-squared 0.00545 -
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Table S2. OER performance comparison with reported MOF-derived materials.

Overpotential Tafel slope
Catalyst Material Electrolyte Stability Ref.
(M @10 mA cm) (mV dec?)
MOF-derived FeNiZnS 1 M KOH 249 mV 414 60 h !
MOF-derived MoCoNiS 1 M KOH 151 MV 44.7 10h 2
MOF-derived
1 M KOH 167 mV 13.77 100 h 3
FC@COMOZS4/Ni3SZ
MOF-derived
1 M KOH 174 mV 66.3 120 h 4
FeCoMnMo/NF-C-S
Cu-Co-S@Cu-MOF/CF 1 M KOH 136 mV 64 100 h 3
RuO, 1 M KOH 146 mV 152.8 - 3
MOF-derived CoS@C
1 M KOH 257 mV 95 12h 6
supported MXene
RuO, 1 M KOH 331 mV 139 - 6
MOF-derived S/CuCoPSe@C 1 M KOH 360 mV 116 48 h 7
RuO, 1 M KOH 280 mV 105 - 7
rGO/IrOy/TiO, 1 M KOH 240 mV 53.81 50 8
MOF-derived This
1M KOH 120 mA 92 30h
Cu,S/ZnS/CoS,@NPC work
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Tafel Slope Derivation
The Tafel slope is derived from the Butler-Volmer equation, which describes the relationship
between current density and overpotential in electrochemical reactions.

The Butler-Volmer equation is:

anFn (1-a)nFn

[eFT —e RT

i= i,
At high overpotential, one exponential term becomes negligible. For an anodic reaction (such as

OER), the equation simplifies to:

anFn
RT

i=ije

Taking the logarithm of both sides:

logi = logi, +—"F
09t = 09 T 5 303RT"
Rearranging gives the Tafel equation:
lodi. + anF
= log1t a—
1= 200 T 5 303RT"
here
e 7= overpotential
e I=current density
e a=intercept
e b= Tafel slope
The Tafel slope (b) is:
b= 2.303RT
~ anF
At 25 °C (298 K) this becomes approximately:
0.059 .
b= V dec
an

Thus, the Tafel slope reflects the reaction kinetics and charge-transfer mechanism of the

electrocatalytic process.
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