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Abstract
The search for environmentally friendly antibacterial materials with excellent performance that does not make bacteria resistant is 
still a challenge. In this research, S/CuO/GO nanomaterials were prepared by the sol-gel method using pectin as an emulsifying 
agent. After freeze-drying and calcining processes, the prepared nanomaterials were characterized using XRD, UV-vis diffuse 
reflectance, FTIR, SEM-EDX-mapping, and TEM. The Gram-positive and Gram-negative antibacterial tests were done using the 
MIC and Kirby-Bauer disc diffusion methods. The characterization data showed that the antibacterial material has met the nano-
size of 16 nm, and its antibacterial tests using the MIC method gave promising results. Furthermore, the best MIC test results for 
Escherichia coli and Bacillus sp. bacteria were obtained at a concentration of 0.01000 and 0.00125 mg/mL, respectively. In 
addition, the Kirby-Bauer disc diffusion antibacterial testing for E. coli and B. subtilis produced a clear zone of 12 and 18 mm with 
an exposure time of 15 and 30 min, respectively. These results proved that S/CuO/nGO is potent for antibacterial application.    
 
Keywords antibacterial agent, photocatalyst, nanomaterial, visible light  

1. INTRODUCTION

The search for antimicrobial active materials is 

still ongoing recently. The demand is increased due 

to excessive use of antibiotics that can cause the 

resistant strains of microbial, therefore, the drug 

material does not able to kill the microbes 

completely [1][2]. As a result, microbes that are 

able to survive will be resistant to the previous 

antimicrobial drug dose. So that, alternative 

antimicrobial materials that cannot cause immune 

effects need to be sought.  

Recent advances in inorganic-organic 

nanocomposites have demonstrated promising 

antibacterial performance under visible light 

irradiation. Several examples of materials that 

provide very promising results as Gram-positive 

and Gram-negative antibacterials are explained as 

follows. Functionalized cellulose is really emerging 

an excellent antibacterial activity nanomaterial [3]. 

Nano graphene oxide (nGO) itself, turns out to be 

 
able to function widely as an antibacterial agent [4]. 

Combining nGO with double antibiotic paste (DAP) 

could increase its activity to kill microbial pathogen 

ameliorate significantly [5].  

Furthermore, metal oxides, copper(II) oxide 

nanoparticle (CuO NP) can be used as an efficient 

both antibacterial agent and nano-fertilizer [6][7]. 

The CuO/Cu2O NP is potential to kill the foodborne 

pathogen after 5 h incubation at room temperature 

[8]. In addition, another research group is also 

showed that monodispersed Cu2O NP has an 

excellent potential antibacterial and therapeutic 

applications with the minimum inhibition 

concentration (MIC) result of 0.0625 mg/mL [9]. 

The use of composites such as CuO and ZnO  metal 

oxides impregnated on Ag, and ZnO/Ag@SiO2, 

each proved to provide excellent efficiency as 

antibacterials, 91–99% and MIC test of 0.25 mg/mL 

[10][11]. Zeolitic-imidazolate-frameworks (ZIFs) is 

able to significantly reduce the biomass of pre-

biofilm formation of phatogenic bacteria and has 

low cytotoxicity [12]. Then, metal organic 

frameworks (MOFs) in combination with other 

materials, can act as a platform to kill bacteria 

effectively through the synergistic effect of multiple 

types of mechanisms [13]. Changing the size of the 

metal or metal oxide to nanosclae and modifying 

the metal or metal oxide in the porous structure can 

provide a more promising antibacterial function. 

In addition to find nanomaterials that have good 

antibacterial activity, material preparation that 

considers environmental impacts is also a focus for 
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current research groups. Some examples of 

preparations that use environmentally friendly 

methods are the synthesis of Pt NPs using plant 

extracts such as epigallocatechin gallate (EGCG) 

[14][15]. Silver- or nickel and copper oxides–PVA/

starch/chitosan, and antibacterial materials 

dispersed in medicinal plant nanofibers [16]-[18]. 

This green preparation method is able to provide 

good material activity such as skin protectors, and 

food packaging. Apart from that, the material 

concentration required is very small, only 80 nM.  

Furthermore, more complex modifications have 

also been carried out on several nanocomposites by 

combining active phases such as Cu2O with ZnO 

attached to GOs [19] and CuO/Ag2O–GO system 

[20] provides extraordinary antibacterial activity. 

Analogously, the TiO2–CuO embedded in GO has 

good MIC values of 2.5 and 5.0 mg/mL for E. coli 

dan S. aureus, respectively [21]. Combining two or 

more metal oxides as active phases to porous 

structures, such as TiO2 or GO, aims to promote 

electrons from HOMO to LUMO levels with lower 

energy so that the spectrum range that acts as an 

antibacterial in visible light is more pronounced. In 

addition to, the choice of GO as a metal oxide or 

composite active phase support is based on its 

characteristics in preventing agglomeration and 

facilitating control of the release of metal ions 

thereby improving the performance of the 

composite material. Furthermore, GO able to 

produce reactive oxygen species (ROS) and interact 

with bacterial membrane [22]. Another 

consideration on choosing sulfur as one of the 

active components because sulfur has been used 

since ancient times as an antiseptic. Recent studies 

suggest that sulfur has better antibacterial 

capabilities when combined with chitosan [23], and 

if it combined with TiO2 providing 75% activity to 

prevent bacterial growth [24]. Based on the 

description of the related literatures above, the 

combination of sulfur and CuO which are 

distributed on GO, will be challenging for its 

application as antibacterial on Gram-positive and 

Gram-negative bacteria. 

Therefore, this research concerns the 

nanomaterials synthesis of S/CuO embedded on 

nGO as composites. The preparation had been done 

using the green-chemistry method and the 

characterization is thoroughly examined using both 

morphological and spectroscopic techniques. These 

analyses providing the valuable insights into how 

the antibacterial materials perform. The 

antibacterial properties assessment of the 

synthesized composites, the Kirby-Baurer disk 

diffusion assays together with MIC, using E. coli as 

Gram-negative and Bacillus sp as Gram-positive 

representing model bacteria. By comparing the 

antibacterial activity of CuO, S/CuO, and S/CuO/

nGO, the aims of this research are to highlight the 

potential of S/CuO/nGO composites and to expand 

 

 

 
 

 
Figure 1. Difractogram of  S/CuO/nGO in different ratio.  
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the availability of nanomaterials in combating 

bacteria. 

  

2. MATERIALS AND METHODS 

 

2.1. Materials and Reagents 

Equipment needed for this research includes 

stirring rods, spin bar, ice bath, desiccator, 

sonicator, pH meter, incubator, petri dish, laminar 

air flow, Bunsen, stopwatch, microscope, analytical 

balance, centrifuge and tubes, aluminum foil, hot 

plate stirrer, test tubes and its racks, oven, furnace, 

desiccator, visible lamp, catalytic reactor, 

thermometer, glass funnels, Erlenmeyer and 

volumetric flasks, beaker, mortar and pestle, vials, 

and spray bottle. The materials prepared for use in 

this research are corncob powder, NaNO3 (99.9%), 

FeCl3·6H2O (³ 98%), NaOH 1 M, Cu(NO3)2·3H2O 

(99.5%), HCl 1 M, HCl 5%, aquadest, natural 

graphite of synthesis result, H2SO4 (95%), H2O2 

(30%), KMnO4 (99.0%), BaCl2·2H2O (99%), pectin 

(food grade), alcohol, nutrient agar, endo agar, 

nutrient broth, lactose broth, brilliant green lactose 

broth, and cotton. 

 

2.2. Synthesis of Nano-CuO 

A total of 12 g of pectin was dissolved in 400 

mL of distilled water then stirred until 

homogeneous for approximately 3 h. On the other 

hand, 400 mL of 0.157 M Cu (NO3)2 is prepared 

and put into 2 infusion bottles of the same volume 

and the speed is adjusted so that it runs out 

simultaneously when added to the pectin solution, 

accompanied by the addition of ammonia solution 

up to pH 11. The sample is stirred and heated at a 

temperature below 80 °C until a gel forms, then put 

in the refrigerator until frozen. Furthermore, the 

frozen gel was freeze-dried for 55 h and calcined 

for 1 h at 700°C. The CuO formed is then analyzed 

to determine the crystalline phase formed [25][26]. 

 

2.3. Synthesis of Nano-nGO 

GO nanosheets were prepared in two steps, 

namely oxidation of natural graphite powder via the 

modified Hummers method and ultrasonication. In 

the first step, 2.5 g of NaNO3 and 5 g of natural 

graphite were dissolved in a glass beaker using 120 

mL H2SO4 (95%), and stirred for 10 min while 

being placed in an ice bath until the temperature 

was below 5 °C. A 15 g of KMnO4 was added 

slowly while stirring and cooling so that the mixture 

temperature was maintained below 5 °C for 3 h. 

The mixture was then removed from the ice bath 

and then heated at 98 °C for 15 min while adding 

distilled water to 400 mL. A total of 15 mL of H2O2 

solution was added slowly. The resulting GO 

suspension was then centrifuged with 5% HCl 

solution which was then tested using BaCl2, then 

 

 

 

Table 1. Phase distribution and crystallinity percentages based on its diffractogram.  

 
 

Sample Phases* χ2* % Molar CuO* % Crystalline of CuO** 

CuO CuO 1.270 ~100 45.18 

S/CuO/nGO (0.25:1) CuO 1.268 ~100 31.87 

S/CuO/nGO (0.50:1) CuO 1.280 ~100 31.87 

S/CuO/nGO (0.75:1) CuO, S4, C23H15N 1.260 95 23.11 

S/CuO/nGO (1.00:1) CuO, S16, C8H9NO2 1.310 79 34.05 

 

Figure 2. Rietica method using to identify phases and percentages of (a) CuO, (b) S/CuO/nGO 0.25/1, and 

(c) S/CuO/nGO 0.75/1  

 

Notes : *) calculated using Rietica program, and **) calculated by Origin program.  
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centrifuged again using distilled water until neutral. 

Collected sediment dispersed in 450 mL of distilled 

water and sonicated for 2 h. After sonication, the 

ultrasonicated precipitate was dried in an oven at 60 

°C to obtain GO nanosheets [27][28]. 

 

2.4. Synthesis of Nano-S/CuO/nGO 

Thiourea was prepared then added CuO material, 

distilled water and ethanol then stirred for 1 h at 

room temperature. The results obtained were stored 

for 24 h at room temperature and calcined at 600 ºC 

to form S/CuO [29]. The preparation of S/CuO/nGO 

nanomaterials was carried out with the ratio of S/

CuO and nGO weighed according to the ratio of 

0.25:1 to 1.00:1. The sample was put into a 500 mL 

beaker and then 400 mL of distilled water was 

added. The sample was then ultrasonicated for 50 

min so that the material and distilled water could be 

mixed, filtered and oven-dried until dry [29][30]. 

 

2.5. Characterization 

Nano photocatalysts prepared were examined 

using X-ray diffraction (XRD, BTXTM III 

Benchtop) with Cu Ka radiation (l = 1.51406 Å, 

scan rate of 0.02°/s) to observe the powder 

crystalline structure of the photocatalysts. Fourier 

transform infrared spectroscopy (FTIR, Thermo 

Scientific iS5) was used to identify the functional 

groups existed in the crystalline structure. To know 

the band gap energy of the photocatalysts, UV-vis 

diffuse reflectance spectroscopy (Shimadzu UV-

3600) is used to collect data subjecting to 

conversion based on the formula of Kubelka-Munk 

and Tauc plot [31]. Microstructure analysis was 

characterized using both scanning electron 

microscopy (SEM, Zeiss) and transmission electron 

microscopy (TEM, JEM-1400) to observe the 

morphology and topography, crystalline structure, 

and composition.  

 

2.6. Antibacterial Activity Tests 

The tools to be used are sterilized for 15 min in 

an autoclave. Glass equipment such as petri dishes 

and test tubes were wrapped using HVS paper 

which is then placed in heat-resistant plastic. 

Bacteria that have been grown on slanted agar 

media are inoculated back onto new agar media, 

starting with sterilization of the agar media in an 

autoclave. The sterilized media is poured into 

sterile petri dishes in the biological safety cabinet. 

The media was allowed to sit until it hardened, then 

one cycle of bacteria was taken from the slanted 

 

 

 

Table 2. Phases in the sample. 

 
 

Samples 2θ FWHM Crystallite Size (nm) 

CuO    

CuO (monoclinic) 38.99 0.42 20.23 

    

S/CuO/nGO (0.25:1)       

CuO (monoclinic) 38.85 0.39 21.72 

    

S/CuO/nGO (0.50:1)    

CuO (monoclinic) 38.85 0.39 21.72 

    

S/CuO/nG) (0.75:1)    

CuO (monoclinic) 38.77 0.61 13.90 

Sulfur (S4), orthorhombic 23.35 0.74 11.04 

C23H15N, orthorhombic 24.12 0.89 9.11 

    

S/CuO/nGO (1.00:1)    

CuO (monoclinic) 39.87 0.36 23.50 

Sulfur (S16), monoclinic 18.21 0.24 33.55 

C8H9NO2, monoclinic 34.93 0.24 34.73 
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agar media. Next, quadrant etching was carried out 

on the agar media. Then the edge of the petri dish is 

placed on a Bunsen, then covered with plastic wrap, 

incubated for 24 h in an incubator at 37 ℃. Then, 

the bacterial colonies that grow were observed 

using colony counter. The antibacterial test will be 

carried out using 2 methods, namely: (1). the MIC 

method using the broth microdilution and followed 

by (2). the clear zone using the the Kirby-Baurer 

disc diffusion method. The samples to be tested are 

GO, CuO, S/CuO and S/CuO/nGO nanosheets. 

Bacillus sp and E. coli bacteria that had been 

cultivated on agar media were inoculated on liquid 

media and placed in an incubator at 37 ℃ for 24 h, 

then taken using a 0.1 µL micropipette, then 

swapped using a sterile cotton bat on agar media in 

a petri dish with adjusted environmental conditions 

[32][33].  

 

2.6.1. MIC Tests 

The initial step was to prepare two stock 

solutions; the first for the GO and CuO samples, 

and the second for S/CuO/nGO samples. Ten 

concentrations were used for both solutions, each 

with a difference of half the initial concentration. 

The futher step in the bacterial inoculation process 

is to prepare the nutrient broth media in a test tube 

that has been sterilized in an autoclave. The 

inoculation process begins by taking 1 oce each of 

E. coli and Bacillus sp bacteria and placing them in 

a test tube containing sterile media and then 

incubating for 4 h. Bacterial inoculation is carried 

out in laminar air flow which aims to avoid 

contamination during the inoculation process. Then, 

a treatment was carried out in test tubes and vials 

with a combination of 0.1 mg/mL of each each GO, 

CuO, S/CuO (0.25:1, 0.50:1, 0.75:1, and 1.00:1) 

and S/CuO/nGO (0.25:1, 0.50:1, 0.75:1, and 1.00:1) 

samples, 0.8 mg/mL of nutrient broth media and 0.1 

mg/mL of each E. coli and Bacillus sp. bacteria. 

The testing process for each sample involved 

incubation for 24 h and observation of the samples 

afterward.  

 

2.6.2. Clear Zone Tests 

The MIC test results are used as a reference for 

the disc diffusion test. The initial preparation steps 

are analogous to those for the MIC test. At first, the 

media that has been planted with bacteria were 

prepared. A paper disk was took with sterile 

tweezers and soaked in a solution of CuO, nGO, S/

CuO (each variation) and S/CuO/nGO (each 

variation) for each comparison as well as positive- 

and negative-control. The controls were placed on 

top of the media containing the smear of bacteria 

with a slight pressure so that the paper disk sticks to 

 

 

 
Figure 3. FTIR spectra of  S/CuO/nGO in different ratio.  
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the surface of the media then irradiated using 

visible light with varying times (15, 30, 45, 60 

min). They were incubated at 37 °C for 24 h. 

Inhibition zone measurements were carried out after 

that. Antibacterial activity is declared positive if an 

inhibitory zone is formed in the form of a clear zone 

around the paper disk [33]-[36].  

 

3. RESULTS AND DISCUSSIONS 

 

3.1. XRD Analysis 

The sample that has been prepared and 

characterized by XRD as shown in Figure 1, states 

that the main peak of CuO is at 2θ = 35.46ᵒ in 

accordance with JCPDS data No. 00-048-1548, and 

other peaks are at 2θ = 35.46, 38.66, 48.67, 53.40, 

58.22, and 61.48º. The CuO crystalline phase is 

monoclinic and the crystalline size, based on Debye

-Scherrer calculations, is 26.4 nm. The 

representative peak of sulfur does not appear 

significantly, which should be indicated at 2θ = 

32.51, 46.29, and 74.96, accordance with JCPDS 

data on No. 00-024-1206.  

This states that the sulfur is evenly distributed on 

S/CuO/nGO structure. The results of the monoclinic 

crystalline phase agreed with the results of Dehaj 

and Mohiabadi [37]. Furthermore, the diffractogram 

of S/CuO/nGO with a ratio of S/CuO to nGO of 

0.25, 0.50, 0.75, and 1.00 (Figure 1) shows the 

diffractogram of nGO with peaks 2θ = 10.14 and 

23.441°, and after impregnating S/CuO on nGO, the 

peak of nGO is still visible as a small bump with 2θ 

= 11.01°. Figure 1 shows that nGO is formed at an 

angle of 2θ = 23.01º showing that there are peaks at 

angles of 2θ = 35.54, 35.50, 38.37, 58.34, 61.57, 

65.8, and 67.96º indicating the presence of a CuO 

crystal phase. Having impregnated by sulfur, S/CuO 

phase crystalline peaks showed up at 2θ = 35, 38, 

48, 61, 66 and 72º and accordance with the JCPDS 

01-089-2529; and 00-020-1225. The greater the 

concentration of S/CuO particles impregnated on 

the nGO surface, the smaller the nGO intensity. So, 

the diffractogram is dominated by the CuO 

crystalline phase peak, characterized by the 

increasing intensity of the CuO particles. 

Meanwhile, sulfur itself is completely dispersed 

with CuO so that the diffractogram peaks merge. In 

addition, typical peak of GO nanosheets material 

was also detected after impregnation with catalyst 

S/CuO, namely with the appearance of the peak 2θ 

= 11 and 23º even though it looks like bumps.  

By running Rietica program in order to know 

how many phases formed and its crystallite sizes 

using Scherrer calculation, the results are shown in 

Figure 2 and Table 1, respectively. The Rietica’s 

results prove that the crystalline phase formed in 

CuO, S/CuO/nGO for ratio 0.25:1 and 0.50:1 is 

only identified in one phase, namely monoclinic 

CuO. Meanwhile, in S/CuO/nGO with the ratio of 

0.75:1 and 1.00:1 (i.e., the ratio of S/CuO to nGO), 

three phases were identified, namely monoclinic 

CuO, orthorhombic S4, and C23H15N compound 

derived from nGO, and in the ratio of 1.00:1, three 

phases were also identified but it was not the same 

at all. The phases were monoclinic CuO, 

monoclinic S16, and monoclinic C8H9NO2. The 

 

 

 

Table 3. A Summary of the main FTIR peaks. 

 
 

Wavenumber (cm-1) Functional group References 

3427.51–3446.79 O–H [40] 

1707–1710.85 C=O [35] 

1583–15836 C=C [36] 

1114–1383 S=O or SO2 [40] 

1026.13–1111 S=O [40] 

831.32–887 S–S [38] 

779.24 and 1381 C–S [38] 

754 and 786.96 C–H [37] 

480–588 S–CuO , S=O [40] 

422.42–642.30 Cu–O [34] 
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Rietveld calculation results and phase distribution 

are presented in Table 1. The χ2 presents that the 

calculation is valid if its value ≤ 4.0.  

The percentage of crystalline is obtained by the 

ratio of the crystalline area fraction to the sum of 

the crystalline and amorphous area fractions. In 

Table 1, it can be seen that increasing the ratio of S/

CuO to nGO will increase the percentage of 

crystalline CuO. Anomaly occurs at the S/CuO to 

nGO ratio of 0.75:1. This occurs because sulfur is 

seen to form an orthorhombic S4 structure and nano 

graphene forms an orthorhombic C23H15N structure. 

However, the ratio of S/CuO to nGO gives an 

increased crystalline percentage, amounting to 

34.05%. Here, sulfur forms monoclinic S16 and 

nano graphene forms monoclinic C8H9NO2 

structures. In Table 2, the crystallite size is 

determined based on the Scherrer equation. It can 

be seen that increasing the ratio of S/CuO to nGO, 

especially at a ratio of 0.75:1 gives a crystallite size 

of 13.90 nm, which is relatively smaller than CuO 

and the ratios of 0.25:1 and 0.50:1 for S/CuO/nGO. 

Then, the crystallite size increases to 23.50 nm 

when the ratio of S/CuO/nGO becomes 1.00:1.  

 

3.2. FTIR Analysis 

The S/CuO/nGO material is then analyzed using 

FTIR spectroscopy to produces peaks in the IR 

spectrum, namely at wavenumbers 3389 to 3572 cm
-1 indicates the presence of O–H stretching 

vibrations. The stretching vibration of the C=O in 

either carboxyl or carbonyl functional group is 

observed at a wavenumber of 1707 up to 1710 cm-1 

[35], and the wavenumber 1585–1583 cm-1 shows 

C=C bond [36]. Then, the presence of C–H bonds is 

presented by 754 and 787 cm-1 [37]. The vibration 

of Cu–O bonds is shown by peaks existing at 

wavenumber of 422 to 642 cm-1 [34]. Figure 3 

shows that there is a shift in the clusters formed, 

this is due to differences variations are carried out 

resulting in increasingly strong shifts. For the C–S 

sulfur bond itself, it can be seen in the numbers of 

each variation 0.50:1, 1.00:1 is 1381 cm-1 [38]. Gul 

and Alrobei reported the C=C group appeared at 

1581 cm-1 [39]. 

The spectrum of the S/CuO catalyst identified 

 

 

Samples Ebg (eV) 

nGO ~2.00 

CuO 1.75 

S/CuO/nGO (0.25:1) 1.50 

S/CuO/nGO (0.50:1) 1.60 

S/CuO/nGO (0.75:1) 1.42 

S/CuO/nGO (1.00:1) 1.40 

 

Table 4. Bandgap energy (Ebg). 
 

Figure 4. Determination of band gap energy for S/CuO/nGO (0.50:1).  
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from the results of nanomaterial analysis, and S/

CuO/nGO appears several characteristic 

transmittance peaks in the wavenumber range of 

1381, 1111, and 588–480 cm-1 which indicate the 

presence of stretching and bending vibrations in the 

S=O and S–CuO bonds, respectively [40]. The 

difference in transmittance peaks’ appearance in all 

the S/CuO/nGO catalysts’ variations can be implied 

due to the effect of varying amounts of sulfur doped 

on the CuO so that affects the transmittance peak 

results.  The stretching vibration of S–S bond at 

wave number of 887 cm-1 is more pronounced at the 

ratio of S/CuO to nGO equals to 1.00:1 than at 

other ratios. The same is found for C–S bending and 

stretching vibrations. This phenomenon can be 

implied that sulfur is not only bound to Cu metal, 

but also to nGO and to sulfur of another compound. 

The presence of vibrations from C–C and C–H 

bonds, which appear at wavenumbers of 1587 and 

758 cm-1, respectively, indicates that these 

 

 

Figure 5. SEM micrographs of S/CuO/nGO (1.00:1) in the left, and others are presenting the element of Cu 

(red), O (yellow), S (blue), and C (green). Operational condition : SE MAG 5000×, HV 20 kV,  

and WD 7.6 mm.  

 

 

Figure 6. TE-micrograph of S/CuO at (a) 50 nm, Mag. 80k ; (b) 100 nm, Mag. 40k; and (c) 200nm, Mag. 

20k with the accel. 120 V. 

 

 

Figure 7. TEM micrograph of S/CuO/nGO (1:1) at (a) 50 nm, Mag. 80k ; (b) 100 nm, Mag. 40k; and (c) 

200 nm; Mag. 20k with the accel. 120 V.  
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vibrations originate from GO. The vibration peaks 

that arise from the bonds owned by S/CuO/nGO 

nano composites prepared are shown in Table 3.  

 

3.3. Band Gap Energy Analysis 

Determination of the band gap energy value 

using the Tauc plot [31] is displayed graphically as 

an example in Figure 4. All other band gap energy 

determinations of varied S/CuO/nGO nano 

composites are presented in Table 4. It can be seen 

that the band gap energy for samples varies with the 

ratio of S/CuO to nGO in the range of 0.25, 0.50, 

0.75, and 1.00 is significantly different. This 

difference is due to differences in the S/CuO 

content in nGO where increasing levels cause the 

band gap energy value to decrease if you look at the 

respective band gap energies of CuO and nGO, 

namely 1.75 and 2.0 eV. The band gap energy 

decreases to 1.4–1.6 eV as the ratio of S/CuO to 

nGO increases. The phenomenon of decreasing 

band gap energy implies that there is a bonding 

interaction between sulfur, CuO and nGO.  

Then, band gap value of each nanomaterial of S/

CuO/nGO is a variation of 0.25:1 of 1.5 eV while a 

variation of 0.75:1 is 1.6 eV. The band gap energy 

results obtained are compared with the band gap of 

CuO which is one of the components of the S/CuO 

catalyst is located in the range 1.2–1.9 eV [41]. This 

can be concluded that there is an influence of the 

amount of S/CuO variation to nGO in the 

composites of S/CuO/nGO catalyst on the band gap 

energy value. The greater the amount of S/CuO in 

nGO, the smaller the band gap energy value 

obtained. The band-gap energy value indicates 

potential as a photocatalyst. The band-gap energy of 

the S/CuO/nGO nanomaterial is in the range of 1.4–

1.5 eV, meaning that the sample can work under 

UV and visible light [42]. 

 

3.4. Microstructure Analysis 

 

3.4.1. SEM Analysis 

If we focus on the SEM distribution results for 

each element such as Cu, O, and S and C; it can be 

seen that CuO material covers the surface of the 

nGO material [43][44], although in certain locations 

and limited, dark areas, indicating that CuO has 

infiltrated the inner layer of nGO. The pattern 

shown by the elements oxygen and sulfur also states 

that S in CuO is in the inner layer of nGO. 

Furthermore, element C which represents nGO 

appears brighter in color at certain locations, which 

indicates that nGO is at the certain surface of the 

material. This can be seen in the leftmost image. 

Therefore, in Figure 5, it is shown that sulfur and 

CuO are well distributed on nano graphene oxides 

representing by the element of both oxygen and 

carbon.  

 

3.4.2.TEM Analysis 

The TE-micrograph result of the S/CuO 

nanomaterial are presented in Figure 6. In the 

results of a special TE-micrograph at a scale of 200 

nm (c), it is clear that CuO is in a monoclinic form 

 

 

Samples 
MIC (mg/mL) 

E. coli B. subtillis 

CuO 0.256 4.096 

nGO 2.048 2.048 

S/CuO (0.25:1) 0.16 0.01 

S/CuO (0.50:1) 0.08 0.16 

S/CuO (0.75:1) 0.04 0.00125 

S/CuO (1.00:1) 0.04 0.08 

S/CuO/nGO (0.25:1) 0.08 0.05 

S/CuO/nGO (0.50:1) 0.01 0.08 

S/CuO/nGO (0.75:1) 0.01 0.00125 

S/CuO/nGO (1.00:1) 0.01 0.004 

 

Table 5. Minimum inhibitory concentratin (MIC). 
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that combines with each other. So that it forms a 

fairly long chain. At this scale, sulfur is not clearly 

visible, only a dark blanket and spherical shape. 

However, if you look at the TEM results at a scale 

of 100 nm (b), you can see CuO monoclinic 

covered in sulfur which is shaped like a sphere [45]

[46]. The sulfur surrounds the surface of CuO quite 

evenly. Furthermore, At the 50 nm scale of CuO (a, 

left), a combination of large monoclinic CuO and 

fragmented monoclinic CuO on the sides is visible. 

However, it appears that sulfur still covers it (dark 

and white colored).  

In Figure 7, it can be seen that the CuO structure, 

as shown in Figure 6, is a combination of 

monoclinic phases such as tubes and chains. Next is 

dark colored sulfur, which also surrounds CuO, 

spherical shape surrounds the CuO structure [46]. 

Nano GO, more visible in Figure 6(c), is a spherical 

grain covering the S/CuO. The nGO that is formed 

is not all crystalline as explained in the XRD data, 

so there is a possibility that there is still graphite, 

graphene remaining and the layer is not even a 

single layer. In Figures 7(a) and 7(b), you can see a 

black ribbon-like coil. This allows the presence of 

nGO chains or tubes’ possibility [47][48]. Overall 

the phase size is still on the nano scale.  

 

 

 

Table 6. Clear zone analysis data against E. coli bacteria. 

Sample 
Formed clear zone (mm) at the exposure time 

0 min    15 min 30 min 45 min 60 min 

Streptomycin (+) 20 20 20 20 20 

nGO 1 1 1 1 1 

CuO 2 2 1 1 1 

S/CuO (0.25:1) 2 3 4 3 2 

S/CuO (0.50:1) 3 5 3 4 4 

S/CuO (0.75:1) 3 6 5 6 4 

S/CuO (1.00:1) 5 10 8 6 5 

S/CuO/nGO (0.25:1) 3 7 6 9 6 

S/CuO/nGO (0.50:1) 3 8 7 8 6 

S/CuO/nGO (0.75:1) 4 10 8 6 7 

S/CuO/nGO (1.00:1) 4 12 10 9 8 

 

 

Table 6. Clear zone analysis data against B. subtillis bacteria. 

Sample 
Formed clear zone (mm) at the exposure time 

0 min    15 min 30 min 45 min 60 min 

Streptomycin (+) 20 20 20 20 20 

nGO 3 3 5 5 5 

CuO 3 3 5 5 5 

S/CuO (0.25:1) 3 4 4 3 4 

S/CuO (0.50:1) 4 4 4.5 4.5 4 

S/CuO (0.75:1) 4 5 6 5 5 

S/CuO (1.00:1) 5 5 8 5 6 

S/CuO/nGO (0.25:1) 4 6 8 6 8 

S/CuO/nGO (0.50:1) 3 7 9 7 9 

S/CuO/nGO (0.75:1) 4 8 14 10 8 

S/CuO/nGO (1.00:1) 3 10 18 14 12 
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3.5. Antibacterial Activity of Photocatalysts 

The antibacterial activity test was carried out 

using the MIC and disk diffusion methods. The 

samples to be tested are GO, CuO nanosheets, S/

CuO catalyst and S/CuO/nGO nanomaterials. The 

MIC test is carried out to determine the minimum 

inhibitory concentration of the sample tested. The 

results obtained from the MIC test can be seen in 

Table 5. It showed that the GO and CuO nanosheets 

samples have sensitivity to bacteria in the 

concentration range of 0.2–4.0 mg/mL. This is 

similar to the research of another group, where CuO 

sensitivity appears in the range of 2–10 mg/mL 

[49]. The CuO doped with sulfur has an increase 

activity, namely the appearance of a lower MIC 

value, at the concentration range 0.000125–

0.160000 mg/mL. In addition, sulfur has an 

influence on antibacterial activity at the MIC of 

1.024 mg/mL [50]. Therefore, it can be concluded 

that the addition of sulfur into CuO ameliorates its 

activity as an antibacterial agent.  

The influence of sulfur was also confirmed in the 

overall MIC test results, those samples with good 

MIC values were obtained for S/CuO and S/CuO/

nGO samples with a concentration range of 0.00125

–0.00400 mg/mL. This phenomenon emphasizes 

that the addition of sulfur in larger quantities will 

increase its antibacterial activity with minimum 

inhibitory concentrations, for both types of bacteria, 

Gram-positive and Gram-negative. However, if the 

data in Table 5 is observed more closely, the S/

CuO/nGO nanomaterial has a better impact on 

Bacillus sp than on E. coli.  

In the Kirby-Bauer disc diffusion results as 

shown in Table 6, the optimum exposure time 

giving the best clear zone is at 15 min for E. coli, 

and 30 min for B. subtilis. The inhibition zone 

formed for S/CuO and S/CuO/nGO is greater in E. 

coli than in B. subtilis bacteria. The zone formed is 

not too large, this is due to the concentration of the 

sample used which is relatively small. The previous 

research was conducted by Bousiakou et al., the 

clear zone obtained is 0.11 to 0.31 mm for 

Staphylococcus aureus, E. coli and Pseudomonas 

aeruginosa bacteria [51]. These results are due to 

the concentration of nGO used, in the range of 0.25 

to 1.50 mg/mL [51]. Furthermore, the best result of 

this research is shown in the ratio of S/CuO to nGO 

1:1 where the clear zone is 12 and 18 mm for E. 

coli (Table 6) and B. subtilis (Table 7), respectively. 

It seems that the antibacterial activity in B. subtilis 

is greater than that in E. coli. In addition, the initial 

test without visible light irradiation, each material 

as an antibacterial agent, had a clear zone in the 

range of 2–3 mm. From the Tables 6 and 7, the 

minimum concentration used for the clear zone test 

is 0.00125 mg/mL and is in accordance with the test 

carried out by Hajipour et al. [49] with results for 

Gram-positive bacteria of 4.5–13 mm, while Gram-

negative bacteria were in the range of 3–11 mm.  

In general, antibacterial activity in Gram-

negative bacteria (E. coli) has a smaller inhibition 

zone diameter than that in Gram-positive bacteria 

(Bacillus sp). These different results are due to 

differences in the cell wall structure of the two 

bacteria, where Gram-negative bacteria are more 

complex than Gram-positive bacteria. In more 

detail, Gram-negative bacteria have a cell wall 

 

 

Figure 8. Clear zone of S/CuO/nGO (1.00:1) against E. coli (left) is 12 mm and  

B. substilis (right) is 18 mm. 
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consisting of 3 layers, which are, the outer layer, the 

middle layer and the inner layer. However, Gram-

positive bacteria only have a single layer in their 

cell walls.  If looking at the photocatalytic activity 

of both S/CuO and S/CuO/nGO at each ratio, it 

appears that the more sulfur added to each CuO and 

nGO has relatively better antibacterial activity. In 

case of S/CuO, the bacterial activity is in the range 

4 through 8 mm in 30 min exposure. Then, for S/

CuO/nGO, the bacterial activity increases from 8 to 

18 mm as shown in Table 7.  

In the visualization in the range of the clear zone 

at the border and the outer zone next to border, as 

shown in Figure 9, SEM results show that the E. 

coli and B. subtilis bacteria look damaged (the cell 

wall was broken, a black appearance) in both the 

inner and outer boundary zones. The appearance of 

black-marks on the bacteria indicates that the S/

CuO/nGO material with various ratios is able to kill 

the bacteria by damaging its cell membranes. This 

can be explained  through the following 

mechanisms. As known, the CuO NP is active as 

antibacterial by destroying bacterial cell membranes 

through ROS [52]. Apart from that, nGO which 

turns out to be active as antibacterial, is capable of 

damaging through the mechanism of electrons 

withdraw from inside the membrane cell [53]. In 

the recent research of the Baek group [21] using a 

TiO2-CuO@GO hybrid catalyst was able to 

eliminate bacteria through a mix mechanism of both 

ROS and disruption of cell membrane self-

protection. Therefore, by indirect think, the S/CuO/

nGO nano composites can be implied that is able to 

damage cell membranes of  bacteria by the release 

of metal cations, the emergence of ROS, and 

inhibiting biofilm formation of the bacteria [21][54]

-[56].   

 

4. CONCLUSIONS 

 

The study demonstrated that the S/CuO/nGO 

composite nanomaterials were successfully 

synthesized, as confirmed by FTIR, XRD, DRS, 

SEM, TEM, and elemental mapping analyses, and 

exhibited significant antibacterial activity. Among 

the tested compositions, the S/CuO/nGO 

 

 

  

  
E. coli B. subtilis 

Figure 9. SEM-micrographs of E. coli and B. subtillis after exposure to visible light.  
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nanomaterial with a 1.00:1 ratio showed the highest 

efficacy, inhibiting E. coli and B. subtilis with clear 

zones of 12 and 18 mm, respectively, and 

demonstrating very low MIC (0.01 mg/mL for E. 

coli and 0.00125 mg/mL for B. subtilis). SEM 

observations further revealed that bacterial cell 

membranes were visibly damaged at the boundaries 

of inhibition zones, confirming the nanomaterial’s 

potent antibacterial mechanism. These findings 

imply that S/CuO/nGO nanocomposites, 

particularly at ratios of 0.75:1 and 1.00:1, hold great 

potential for applications in antibacterial coatings 

and surface protection. Future research could 

explore long-term stability, cytotoxicity, and 

practical implementation of these nanocomposites 

in medical or industrial coating systems to optimize 

safety and effectiveness.    
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