
 

Supplementary Materials
1. Experimental

1.1. Materials and chemicals

Graphite (particle size < 20 µm), sulfuric acid (H2SO4, 98 %), phosphoric acid (H3PO4, 85 %), hydrogen 

peroxide (H2O2, 30 %), silver nitrate (AgNO3), and ethanol (C2H5OH, 95 %) were purchased from Xilong 

Scientific Co. Ltd., China. All chemicals were used without further purification. The A. paniculata leaves were 

purchased in Ho Chi Minh City, Vietnam. Bacteria Staphylococcus aureus ATCC 25923, Lactobacillus 

fermentum ATCC 9338, Escherichia coli ATCC 25922, and Pseudomonas aeruginosa ATCC 27853 were 

purchased from Ho Chi Minh City Pasteur Institute, Vietnam. Nutrient broth and nutrient agar were purchased 

from Titan Biotech Ltd., India.

1.2. Extraction of A. paniculata leaves

The purchased A. paniculata leaves were initially rinsed and dried at 60oC, before being ground to collect leaf 

powder. 50 g of the powder was added to 500 mL of a mixture containing distilled water and ethanol. After that, 

the solution was heated to 90oC for 30 min, then vacuum filtered, and the obtained extract was centrifuged to 

remove any remaining residues. Subsequently, the A. paniculata extract was acquired and stored in the fridge.

1.3. Graphene oxide (GO) preparation

Graphene oxide (GO) was synthesized following our previous studies via the improved Hummers’ method by 

using graphite as a precursor [1]. In the first step, 3 g of graphite powder was slowly added to the mixture 

including 360 mL of H2SO4 and 40 mL of H3PO4 under constant stirring at a temperature of less than 20°C. 

Following that, 18 g of KMnO4 was gradually added to the solution while a relatively low temperature remained, 

as well. The mixture was then stirred at 50°C for 12 h, and continuously adding 500 mL of distilled water was, 

afterward, the addition of 15 mL of H2O2 solution. Subsequently, the product was centrifuged and washed with 

distilled water several times before being dried at 60°C for 24 h to obtain solid graphite oxide (GiO). The 

obtained GiO was dispersed in distilled water to achieve a concentration of 5 mg/mL. Finally, after another 12 h 

of ultrasonication treatment, the GO suspension was obtained.

1.4. Characterization of materials

Fourier-transform infrared spectroscopy (FTIR) (Alpha-E, Bruker Optik GmbH, Ettlingen, Germany) was 

utilized to identify the functional groups at wavenumber in the range of 4000 to 500 cm-1. X-ray diffraction 

(XRD) was used to observe the structure of materials by CuKα radiation (λ = 0.154 nm) in the scope of 5~80 ° 

(D2 Phaser, Brucker, Germany). Raman spectra were recorded using a LabRam micro-Raman system at an 

excitation wavelength of 632 nm (He-Ne laser). Energy-dispersive X-ray spectroscopy (EDS) (Jeol-JMS 6490, 

Japan) was performed at an accelerating voltage in a range of 0  3.5 kV. Field emission-scanning electron 

microscope (FE-SEM) images (Hitachi S-4800, Japan) was conducted to observe the morphology and size of 

samples. The colloidal stability was determined using the Zeta potential by dynamic light scattering (DLS, 

Zetasizer Nano ZS from Malvern Instruments, Malvern, UK) at 25°C.
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In addition, the electrochemical properties of samples were evaluated using CV and EIS. Particularly, the 

fabricated samples were mixed with carbon black and dispersed into ethanol. The obtained suspension was then 

coated onto the glassy carbon electrode, which acted as a working electron in a standard three-electrode glass cell 

of a CH Instrument 760D electrochemical workstation. Besides, a Pt wire and a calomel electrode were used as a 

counter and reference electrode, respectively.

1.5. Bioactivities

The antibacterial activities of AgNPs@GO were investigated against the Gram-positive (S. aureus and L. 

fermentum) and Gram-negative (E. coli and P. aeruginosa) bacteria strains using the optical density method. 

Bacteria were pre-cultured in the nutrient medium with a concentration of 106 CFU/mL, then, the sample was 

added and incubated at 37°C for 24 h. The concentrations of the sample were investigated at 100, 25, 12.5, and 

6.25 g/mL. Subsequently, the optical density at 600 nm (OD600) was monitored via UV-Vis spectra and the 

inhibition rate (H, %) was consequently calculated using Equation (S1):

H (%) =  
ODtest  ODpositive

ODnegative  ODpositive
(S1)

where ODnegative, ODpositive, and ODtest were the absorbance of the negative control (distilled water), the positive 

control (antibiotics), and the test sample, respectively.

Besides, the antibacterial performance of the extract, Ag@GO composite, AgNPs, and GO as compared to the 

negative control (distilled water) and positive one (tetracycline) was evaluated using the inhibition zone method. 

At first, the sample was dispersed in deionized water at 100 μg/mL of concentration. Then, 20 μL of the obtained 

suspension was then dropped onto the filter paper in a Petri dish ( 5 mm in diameter). Finally, the sample was ~

incubated at 37oC for 24 h and then the inhibition zone diameter was recorded.

The cytotoxicity test of AgNPs@GO was determined towards the cancerous KB and the normal HEK-293 cell 

lines throughout the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Cells activated 

were maintained in Dulbecco's Modified Eagle Medium (DMEM) culture media and kept in culture flasks at 

37°C and 5% CO2 for 2 – 3 days. As detail description, at first, 190 µL of cells were seeded into a 96-well plate at 

a density of 3×104 cells/well before being treated with 10 µL of culture medium containing tested samples at 

different concentrations (100, 50, 25, 12.5, and 6.25 µg/mL), followed by incubation at 37°C for 72 h. After 24 h 

of incubation, the culture medium was replaced with a fresh medium. After that, the treated cells were fixed by 

adding 10 μL of MTT working solution, which was 5 mg/mL in phosphate buffer solution to each well, and the 

plate was incubated for 4 h at 37°C in a CO2 incubator. The medium was subsequently removed, and the formed 

formazan crystals were solubilized by adding 100 μL of dimethyl sulfoxide (DMSO) per well. Finally, the 

intensity of the dissolved formazan crystals with purple color was quantified using the enzyme-linked 

immunoabsorbent assay (ELISA) plate reader at 540 nm. The tests were performed on cell lines of KB and HEK-

293. The effects on the cell rate (IMTT, %) were calculated according to Equation (S2) below:



 

IMTT (%) =  
A0  A

A0
× 100 (S2)

where A0 is the optical density of the initial sample and A is the optical density of the examined sample.

1.6. Electrochemical detection of H2O2

Electrochemical tests were performed at room temperature using a potentiostat/galvanostat CompactStat 

(Ivium Technologies, The Netherlands). All electrochemical measurements were run in the three-electrode system 

wherein a platinum wire, Ag/AgCl, and bare or Ag@GO (diameter of 3.0 mm) served as the counter, reference, 

and working electrodes respectively. Electrode characterization was performed using cyclic voltammetry (CV). 

The CV curves were recorded in the potential range of −0.5 to +0.5 V (vs Ag/AgCl) and at a scan rate of 100 mV 

s−1 in 0.1 M phosphate buffer solution (PBS) at a pH of 7.2. The influence of H2O2 was also measured in 0.1 M 

PBS (pH = 7.2) in the scan rate range of 25 to 175 mV s−1 within a separate range of concentration such as 0  15 

M and 60  180 M. All experiments were carried out at room temperature.

2. Results and discussion
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Figure S1. Effect of (a) AgNO3 volume (mL)* and (b) temperature (oC)** on the formation of AgNPs

*1 mL of extract, 1 mL of pH 10 buffer solution, 80oC

**1 mL of extract, 1 mL of pH 10 buffer solution, 0.8 mL of AgNO3 5 g/L



 

Figure S2. Particle size distribution graphs of Ag@GO synthesized at different GO volumes (0, 0.8, 1.6, 2.4, and 

3.2 mL)
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Figure S3. EDS spectra and elemental composition of AgNPs@GO samples
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Figure S4. Effects of (a) scan rate and (b) material volume on the CV curve
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Figure S5. CV curve of AgNPs with different GO volumes of (a) 0, (b) 0.8, (c) 1.6, (d) 2.4, (e) 3.2 mL GO

(scan rate of 100 mV/s with three cycles)

Table S1. Elemental mass percentage of Ag@GO samples

Samples Ag C O Other elements (Na, Mg, S)

Ag@GO-0 61.45 ± 0.5 18.53 ± 0.06 16.3 ± 0.14 3.72 ± 0.08



 

Ag@GO-0.8 55.40 ± 0.42 19.61 ± 0.06 19.65 ± 0.14 5.34 ± 0.10

Ag@GO-1.6 49.81 ± 0.39 20.95 ± 0.06 24.07 ± 0.14 5.17 ± 0.09

Ag@GO-2.4 43.32 ± 0.39 22.96 ± 0.07 25.85 ± 0.16 7.87 ± 0.21

Ag@GO-3.2 38.05 ± 0.32 29.94 ± 0.07 26.98 ± 0.14 5.03 ± 0.09

Table S2. Antibacterial efficiency of materials containing AgNPs

No. Samples Reducing agent Microbial strain Concentration

Inhibition 

efficiency 

(%)

References

P. aeruginosa 94

E. coli 88

S. aureus 79
1 Ag@GO-1.6

A. paniculata 

extract

L. fermentum

100 g/mL

71

This work

S. aureus
2 AgGO glucose

S. epidermidis
100 g/mL ~0 [2]

3 AgNPs@HTCS  S.aureus, E.coli 0.25 g/L 99 [3]

4 CEAgNP DMF S.aureus, E.coli  ~100 [4]

S.aureus 96.7
5 AgNPs

the cell-free beef 

extract E.coli
50 g/mL

97.5
[5]

S.aureus 43
6

AgNPs@Se-

CHAP/PCL

nanosecond laser 

system E.coli
2 mg/mL

45
[6]

P. aeruginosa 95
7 Ch-AgNPs NaBH4

S.aureus
100 g/mL

85
[7]

AgNPsT T. serpyllum 2.5 g/mL

AgNPsS S. officinalis 3 g/mL8

AgNPsJ T. pratense

S. aureus, E. coli

6 g/mL

20  40 [8]

Table S3. Electrochemical detection efficiency of materials containing AgNPs 

No. Sample Linear range (mM) LOD (M) Reference

0  0.015 2.65
1 Ag@GO-1.6

0.06  0.18 29.23
This work

2 [Co(pbda)(4,4- 0.05  9 3.76 [9]



 

bpy)(2H2O)]n/GCE

3 Cu-MOF/MPC/GCE 0.01  11.6 3.2 [10]

4 Co3O4/MWCNTs/CPE 0.02  0.43 2.46 [11]

5 AgNPs/3DG 0.03  16.21 14.9 [12]

6 PQ11-Ag NPs/GCE 0.1  180 33.9 [13]

8 Ag/Cu2O/GCE 0.002  13.0 0.7 [14]

9 Ag-graphene-GC 0.1  40 28 [15]

10 Ag NPs-NFs/GCE 0.1  80 62 [16]
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