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Materials  
The chemicals Cu(NO3)2.6H2O, Ni(NO3)2.6H2O, Co(NO3)2.6H2O, and NaOH were 

acquired from Sigma Aldrich in Taiwan with a purity of 99.5%. These materials were uti-
lized in their original state without undergoing any additional purification processes. 

Characterization 
The synthesized samples were subjected to structural analysis utilizing the XRD 

(Bruker D8 Advance X-ray diffractometer). The surface characteristics and a chemical 
composition of the samples were examined through FE-SEM at 10 kV, utilizing a 
JSM-6500 F instrument from JEOL with EDAX. Functional group analysis of the prepared 
composite was characterized through VERTEX 70v FT-IR Spectrometer. The optical 
properties of the composites were assessed using UV-vis spectroscopy with UV2600 
Shimadzu spectrophotometer. Electrochemical analyses were conducted using an elec-
trochemical workstation (model-CHI60008E, USA) equipped with a conventional 
3-electrode system. 

Electrochemical setup 
Electrochemical tests were conducted utilizing an electrochemical workstation 

equipped with a three-electrode configuration [CH Instruments, model: CHI 60008E, 
USA]. A platinum electrode served as the counter electrode, while a saturated silver 
chloride (Ag/AgCl) acted as the reference electrode. The working electrode has been 
prepared to conduct the measurements. Mixed metal oxide composite working electrode 
was prepared by mixing of metal oxide composite (active material), activated carbon, and 
polyvinylidene difluoride (binder) in the concern weight ratio of 80:10:10. The obtained 
mixtures were made into a slurry using N-Methyl-2-pyrrolidone (NMP) as a solvent then 
coated on Ni foil (1×1) using the Dr. Blade technique. The final product of working elec-
trode was dried at 70°C for overnight. In addition, 1M KOH solution has been used as an 
electrolyte. CV and galvanostatic charge-discharge cycle analysis were performed in the 
potential window of 0 to 0.6 V. EIS was also conducted in the frequency range of 1 to 100 
KHz. 

Table S1. Structural parameters of NC and CNC nanocomposites. 

Sample Phase Standard lattice 
parameter (nm) 

Calculated lattice 
parameter (nm) 

Crystallite size 
(nm) 

CuO-NiO-Co3O4 

CuO [1] 
(monoclinic) 

a=0.4692 
b=0.3481 
c=0.5156 

a=0.4662 
b=0.3438 
c=0.5162 

41.20 

NiO [2] (cubic) a=b=c=0.4203 a=b=c=0.4226 21.10 
Co3O4 [3] (cubic) a=b=c=0.4260 a=b=c=0.4232 26.40 

NiO-Co3O4 
NiO [2] (cubic) a=b=c=0.4203 a=b=c=0.4232 18.90 

Co3O4 [3] (cubic) a=b=c=0.4260 a=b=c=0.4220 28.2 
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Figure S1. EDS mapping of NiO-Co3O4 overall spectrum (a-b), oxygen (c), cobalt (d), and nickel (e), 
respectively. 
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Figure S2. FTIR analysis of CuO-NiO-Co3O4 nanocomposite. 

FTIR analysis 
The FTIR analysis is a useful tool for identifying the presence of functional groups 

on material surfaces. In Fig. S2 shows the IR spectrum of CNC nanocomposite. The 
broad-band absorption spectrum at 3467 and 3237 cm− 1 correspond to the vibration 
stretching of O–H and a band near 2088, 2447, 2848, 2918, and 2958 cm− 1 corresponds to 
the C–H stretching [4]. The band at 1084 cm− 1 is attributed to C–O stretching. The 1467 
cm− 1 band corresponds to the interacting C–O, while the 1535 cm− 1 band is indicative of 
hydrogen-bonded carbonyl stretching and O–C–O stretching of the carbonate on the 
material’s surface [5]. The band at 849 cm− 1 is attributed to C–O–C bending and supports 
the interaction with surface ions. The stretching mode of CuO, NiO, and Co3O4 is as-
signed to the peak ranging from 509, 614, 649 cm− 1 which confirms the formation of metal 
oxide nanoparticles [6, 7]. 

 
Figure S3. UV-vis absorbance spectrum (a) and optical bandgap (b) of the prepared NiO-Co3O4 
composite. 
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Optical analysis 
The absorbance and bandgap spectra of hydrothermally prepared NiO-Co3O4 

composite are displayed in Figure S3. The prepared composite establishment was identi-
fied from the absorbance peaks at 354 and 530 nm. The absorbance peak at 354 nm cor-
responds to NiO and 530 nm is attributed to Co3O4. The prepared composite calculated 
bandgap is 3.88 eV. The wide bandgap of prepared nanocomposite explained the gap 
between the holes and electrons, which suppressed the recombined activity. The obtained 
photo exciton charge carriers provoke the oxygen vacancy on the NiO and Co3O4 [8]. The 
charge carrier mitigations and partings may deduce the organic pollutants and deactivate 
the bacterial system in wastewater and biomedical applications [9]. 

 
 

Figure S4. Error bar for electrochemical workstation (CH instrument: model 60008E) 

Figure S4 shows the error bars of the data collections depicting the relationship between the applied 
voltage and output current in cyclic voltammetry. This graphical representation validates the accuracy of 
the reported measurements. The data collections are almost linear and only start to deviate at high scan 
rates. Therefore, further evaluation of CV curves was conducted at an optimal scan rate of 25 mVs-1. Con-
sequently, the reported values are highly reliable. 
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