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1. Materials 
Cobalt(II) nitrate hexahydrate [Co(NO3)2· 6H2O, Sigma-Aldrich, 99.5%], Thiourea [Merck, 
99%], Ethylenediamine [Alfa Aesar, 99%], Melamine[Alfa Aesar, 99%]. All the chemicals 
were of analytical grade and used without further purification. 

2. Characterization 
Crystallographic properties of the as-prepared materials were characterized via Powder 
X-ray diffraction using a Rigaku SmartLab X-ray diffractometer with Cu Kα (λ=1.54 Å) 
radiation and a Ni filter over a Braggs angle of 10-80°. The chemical composition of the 
materials and oxidation states of the elements were examined by X-ray photoelectron 
spectroscopy (XPS) using AXIS Supra-Kratos analytical spectrophotometer with a 
monochromatic X-ray source, Al Kα, of 1486.6 eV. The morphological studies of the 
materials were performed by scanning electron microscopy (SEM) using VEGA3 TESCAN, 
Czech Republic. Elemental analysis of the samples was further performed by energy-
dispersive X-ray spectroscopy (EDS) during SEM characterization. JEOL JEM F200 
transmission electron microscope was used to record TEM images and SAED patterns of 
the materials at an acceleration voltage of 200 kV. Absorption studies were performed in 
UV-Vis spectrophotometer (T90+, PG Instruments). Photoluminescence (PL) studies were 
performed using HORIBA Scientific FluoroMax-4 spectrofluorometer. 

3. Electrochemical studies 
Electrochemical studies were carried out using a three-electrode configuration in CHI 
electrochemical workstation (Model 643B, Austin, TX). The three electrodes used are a 
material-coated glassy carbon electrode as the working, a Pt wire as the counter, and 



Ag/AgCl as the reference electrode. A phosphate buffer solution (PBS) of pH 7.2 was used 
as an electrolyte for the electrochemical studies. Cyclic voltammograms are recorded 
after deaerating the solution with nitrogen purging. The behavior towards the Fe3+/Fe2+ 
couple and the electrochemical impedance spectra of the modified electrodes were 
recorded in 0.1 M KCl containing 1mM of K3(Fe(CN)6 and 1mM of K4Fe(CN)6. 

 

Figure S1. XPS spectra of GCNNS, (a) survey scan, high-resolution spectra of (b) C 1s and (c) N1s. 
XPS spectra of Co3S4, (d) survey scan, high-resolution spectra of (e) Co 2p and (f) S 2p. 

Table S1. Comparison of the binding energy of the core levels in Co3S4, GCNNS, and 
Co3S4/GCNNS. 

 
Core level 

 
Material 

 

 
Binding Energy (eV) 

 
C 1s 

GCNNS 284.8, 290.1 

Co3S4/GCNNS 284.8, 288.0 

 
N 1s 

GCNNS 395.25, 396.7, 397.7, 401.3 

Co3S4/GCNNS 398.4, 399.3, 400.5, 404.6 

 
Co 2p 

Co3S4 778.48, 793.54, 780.12, 796.24, 783.20, 801.85 

Co3S4/GCNNS 783.3, 798.26, 780.7, 796.1, 804.2 

 Co3S4 161.76, 162.91, 164.19, 168.58 



S 2p Co3S4/GCNNS 161.9, 164.9, 166.8, 171.48 

 

 

 

Figure S2. Comparison of PL spectra of Co3S4, GCNNS, and Co3S4/GCNNS measured at an 
excitation wavelength of 330 nm. 

 

 

Figure S3. (a) CVs obtained for the reduction of 1 mM H2O2 at 1 mg/mL GCNNS containing 
various amounts of Co3S4; 0.1, 0.15, 0.2, and 0.25 mg/mL in 0.2 M PBS of pH 7.2, (b) CVs 

obtained for the reduction of 1 mM H2O2 at 0.2 mg/mL Co3S4 containing various amount of 
GCNNS of 0.5, 1 and 1.5 mg/mL in 0.2 M PBS of pH 7.2. 



 

Table S2. Comparison of related non-enzymatic  H2O2 sensors with the performance of 
Co3S4/GCNNS. 

 

Material Technique Linear range 
(µM) 

LOD  
(µM) 

Sensitivity 
(µAμM-1cm-2) 

Reference 

TiO2/SiO2 Phosphorescence 7 - 70000 0.16 - [1] 

Graphene-CdS Electrochemiluminescence 5 - 1000 1.7 - [2] 

MoS2 Fluorescence 2 - 20 - - [3] 

Porphyrin Iron-
grafted mesoporous 

silica 

Colorimetry 293 - 8800 67 - [4] 

Pt NPs@fibrous 
silica 

Optical sensor 1 - 10000 15 - [5] 

Co3O4 Amperometry 0.4 - 2200  0.105 0.96 [6] 

Au/Cu  Amperometry 20 - 100  0.073 0.94 [7] 

Cu2S@Co3S4 CV - - - [8] 

GCN hollow spheres CV 0.150 - 1.8  26.48 0.35 [9] 

ZnO/GCN Chronoamperometry 5 - 200 2.0 - [10] 

CuO/GCN DPV 0.5 - 50  0.31 3.327  [11] 

ZnFe2O4/GCN Amperometry 5 - 200  1 0.19 [12] 

Co3s4/GCNNS Amperometry 0.01 - 1500  0.070 1.160 This work 
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