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  ATR-FTIR Spectra of 4-Mercaptopyridine and CuNCs@4MP
           

           

Fig. S1: ATR-FTIR spectra of a) 4-Mercaptopyridine (4MP); b) CuNCs@4MP, 

absence of S–H stretching at 2622 cm–1 after CuNCs formation.
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Field emission scanning electron microscope (FESEM) images of 

solid sample of CuNCs@4MP

Fig. S2: The FESEM images of solid samples of CuNCs@4MP showing the 

chips like morphology.
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EDX spectra of CuNC@4MP

Fig. S3: Energy-dispersive X-ray (EDX) analysis confirmed the existence of Cu, 

C, N, and S in CuNCs@4MP.
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Zeta potential of CuNCs@4MP

Fig. S4: The surface charge (i.e., zeta potential, ζ) of CuNCs@4MP was observed 

to be +11.5 ± 4.9 mV. 

             
Stability of CuNCs@4MP at different pH
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Fig. S5: a) Fluorescence emission spectra of CuNCs@4MP at different pH 

range (from pH 3 to 13); b) represents no significant changes in the emission 

intensity of CuNCs@4MP at different pH ranges.

Fluorescence intensity comparison of old and fresh sample of 

CuNCs@4MP

 Fig. S6: Comparison of fluorescence emission intensities of freshly prepared 

and nine months old CuNCs@4MP.

ECSA normalized LSV and apparent TOF for CuNCs.
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Fig. S7: a) ECSA normalized LSV and b) apparent TOF for CuNCs.

High resolution XPS of Cu 2p pre and post-OER CuNCs, and O1s

Fig. S8: High resolution XPS of a) Cu 2p pre and post-OER of CuNCs, and b) 
O1s
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Morphological studies of pre and post OER treated CuNCs
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Fig. S9: FESEM micrographs of CuNCs a-b) pre-OER and c-d) post-OER at 2 
and 1 µm respectively and TEM images of e) pre-OER and f) post-OER

Controlled comparative electrochemical tests

Fig. S10: a) Comparative plot of LSV, b) Cdl plot for RuO2/GS and bare GS, c) 
ECSA normalized LSV plot. 
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DFT Calculations
For each of four OER elementary steps, ΔE at any applied potential U is expressed 
as:

ΔE1 = E(*OH) – E(*) + ½ E(H2) – E(H2O) – eU

ΔE2 = E(*O) – E(*OH) + ½ E(H2) – eU

ΔE3 = E(*OOH) – E(*O) + ½ E(H2) – E(H2O) – eU

ΔE4 = E(O2) + E(*) + ½ E(H2) – E(*OOH) - eU

with total energy given as  =  𝐸𝑛

𝑛

∑
𝑘 = 1

Δ𝐸𝑘

and the theoretical overpotential (η ) at U = 1.23 V is given by:

η =  
(
1
𝑒

max
𝑛 = 1, 2, 3, 4

Δ𝐸𝑛) – 𝑈𝑜

where  is equilibrium potential, 1.23 V. 𝑈𝑜
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Fig. S11: a, b) Absorption spectra and the optimized structure of Cu8(4MP)2 

nanocluster calculated using BSE@G0W0@B3LYP c) Radial distribution 
function (RDF) plot between Cu-Cu

 

Comparison of CuNCs@4MP stability with other reported 
nanoclusters

S.No. Capping Ligand Stability Time Ref.
1. ss DNA 30 minuets 1
2. Egg white 48 hours 2
3. PVP/Dihydrolipoic acid 3 days 3
4. Cysteine 15 days 4
5. BSA 18 days 5
6. PVP 1 month 6
7. Transferrin 1 month 7
8. GSH 2 months 8
9. BSA 2 months 9
10. 5-Methyl-2-thiouracil 3 months 10
11. BSA 6 months 11
12. 4-Mercaptopyridine >9 months This work

Table S1: Stability of other reported CuNCs compared with our newly 
synthesized 4-Mercaptopyridine capped CuNCs.
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