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Abstract 

Silver-doped tin oxide (Ag-doped SnO2) nanoparticles (NPs) were manufactured by using chemical co-precipitation 

method. The synthesized Ag-doped SnO2 nanoparticles were characterized by using X-Ray Diffraction (XRD) analysis, 

Dynamic Light Scattering (DLS), Fourier-transform infrared spectroscopy (FTIR), Scanning Electron Microscopy (SEM), 

Energy-dispersive X-ray spectroscopy (EDX) and Ultraviolet-visible (UV-Vis) spectroscopy. The antibacterial activity of the 

prepared Ag-SnO2 nanoparticles was carried out by agar well diffusion method and determination of minimum inhibitory 

concentration against both Gram-negative (Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae) and Gram-

positive bacteria (Staphylococcus aureus, Bacillus cereus, Enterococcus faecalis), anti-biofilm activity was investigated using 

96-well microtiter plate method against Staphylococcus aureus and Pseudomonas aeruginosa. XRD Results confirm 

formation of Ag-doped SnO2 nanoparticles, the average grain size was found to be 23 nm; while DLS analysis indicates an 

average size around 29 nm. Morphological findings by SEM indicate dense particles with sponge-like microstructure that are 

uniformly organized irregularly, The EDX analysis confirms the purity of these nanoparticles with peaks of Ag, Sn, and O 

atoms. SnO2-Ag NPs were exhibited good antibacterial activity against all bacterial strains tested with maximum zone of 

inhibition of 27 ± 1.2 mm for S. aureus, the minimum inhibitory concentration values varied between 8 and 128 µg / ml. 

The significant percentage of biofilm inhibition was found 73.96% and 71.19% against S. aureus and P. aeruginosa biofilm, 

respectively. 

Keywords: Co-precipitation method; Ag-SnO2 nanoparticles; Antibacterial; Anti-biofilm; Minimum inhibitory concentration.

1. Introduction 

Nanotechnology is widely used in several medical fields 

especially diagnosis of diseases and preparation of drugs.[ 

1;2] Nanoparticles of metal oxides such as zinc oxide 

(ZnO), manganese oxide (MgO), titanium oxide (TiO2), 

and iron oxide (Fe2O3) are widely relevant in biological 

applications because of its particular physiochemical 

characteristics [3]. 

 

Tin oxide (SnO2) is an n-type semiconductor with a 

broad Eg = 3.6eV band gap used for prospective catalytic 

applications, gas sensors, dye-based solar cells and clear 

conductive electrode. [4] In addition to these notable 

applications, this metal oxide was also researched for 

antimicrobial study, E. coli (Gram-negative) and S. aureus 

(Gram-positive) have been recorded to be inactivated in 

MilliQ water by SnO2 nanoparticles. [5;6] Before large use 

of antibiotics, several metals, such as silver (Ag), zinc (Zn), 

copper (Cu) and magnesium (Mg) have historically been 

used to kill bacteria. [7;8] Ag used as doping agent for 

nanoparticles enhanced their antibacterial activity and 

changed their mechanical properties. [9] Previous studies 

have demonstrated that silver doped nanomaterials have 

excellent bactericidal effect. [10;11] A recent study carried 

out by Wu et al (2019) showed that there are synergistic 

effects of Ag + and reactive oxygen species (ROS) can 

accelerate the death of bacteria by destroying 

biomolecules. [12] Herein, it should be highlighted that, 

despite many studies were mentioned in the literature 

about antibacterial activity of Co-SnO2, [13;14] they are 

rare or very limited on AgdopedSnO2. 

 

Nosocomial infections are triggered a great deal of 

morbidity, death and enhanced economic stress. One of 

the factors for these alarming diseases is the present 

misuse of antimicrobial agents in clinics that create durable 

multi-resistant bacteria species [15]. Antibiotic resistance is 
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growing rapidly and is a major concern. Therefore, 

antibiotic resistance must be reduced which requires to 

renew research efforts to search for alternatives to 

antibiotics, nanomaterials  (particularly  nanogold  and  

nanosilver)  are becoming  effective  and  efficient  

antibacterial  agent  for  curing human  diseases [16;17]. 

 

Biofilms are liable for many chronic diseases and it has 

become very hard to control them efficiently due to the 

advent of antibiotic-resistant bacteria. The bacteria's 

biofilm matrix allows them tolerant severe conditions and 

antibacterial therapies [18]. Therefore, it is crucial to 

develop novel anti-biofilm molecules that can efficiently 

minimize and eradicate diseases associated with biofilms.  

 

In this research, SnO2 has been doped particularly with 

Ag in order to maximize its antibacterial activity. Ag-doped 

SnO2 NPs have been prepared by chemical co-

precipitation method, followed by characterization using 

XRD, DLS, FT-IR, SEM, EDX and UV-Vis. Antibacterial 

and anti-biofilm activities have been performed on a large 

number of multidrug-resistant bacterial strains isolated 

from various pathological samples of patients and hospital 

environment. 

2. Experimental 

2.1. Chemicals and bacterial strains 

The chemicals used were obtained from Sigma-Aldrich. 

Bacterial strains were provided by the General 

Microbiology Laboratory, Faculty of Medicine, Badji 

Mokhtar University of Annaba, directed by Professor 

DJAHOUDI A.E.G. 

2.2. Preparation of Ag-SnO2 nanoparticles 

     The technique of co-precipitation was used to prepare 

Ag-SnO2 nanoparticles. An appropriate amount of AgNO3 

is added to 8 g of stannous chloride (SnCl4.5H2O) to reach 

5%, dissolved in a minimum amount of double distilled 

water, and then aqueous NH3 is added to the mixture until 

the solution pH reaches 7. The Formed precipitate was 

stirred at room temperature for 3 hours and then washed 

several times with double-distilled water to remove NO3 

and Cl ions. Finally, the as-obtained product is dried at 

300°C for 2 hours in a hot air oven followed by calcination 

at 800°C for 3 hours in order to achieve fine powder. 

2.3. Characterization of Ag-doped SnO2 

Nanoparticles 

Characterization of prepared Ag-SnO2 nanoparticles 

was performed by X-ray diffraction using Panalytical 

X'PERT diffractometer with CuKα radiation source (π = 

1,5418 Å) and 40 kV/30 mA voltage / current operation to 

determine  crystalline structure and average grain size  of 

Ag-SnO2 NPs. Dynamic light scattering (DLS) was used to 

measure the size of NPs using MALVERN type NANO-

ZS. Fourier Transform Infra-Red Spectroscopy (FT-IR) 

was employed to determine the functional group using 

SHIMADZU FTIR-8400S. Scanning Electron Microscopy 

(ZEISS SEM) noted the morphologies of prepared 

composites. Using Jenway 6405 Uv/vis spectrophotometer, 

in the spectrum 200 – 800 nm, the optical characteristics 

of nanoparticles were examined. Energy Dispersive X 

spectrum (EDAX) is registered using EDAX AMETEK 

Smart Insight to check NPs purity. 

2.4. Agar well diffusion method   

The antibacterial activity of Ag-doped SnO2 

nanoparticles on the growth of Gram-negative (Escherichia 

coli, Pseudomonas aeruginosa, Klebsiella pneumoniae) 

and Gram-positive (Staphylococcus aureus, Bacillus 

cereus, Enterococcus faecalis) pathogenic bacteria was 

checked by agar well diffusion method. Gentamicin       

(10μg/ml) was taken as positive control and Dimethyl 

sulfoxide (DMSO) served as negative control. Solution of 

SnO2-Ag nanoparticles at concentration of 1 M was 

prepared in DMSO by ultra-sonication. The turbidity of 

bacterial inoculums was adjusted to 0.5 McFarland (10
8

 

colony forming units (CFU)/ml) corresponding to an optic 

density of 0.08 to 0.1 read at 625nm after mixing a few 

colonies of 24 hours old culture of each bacterial strain 

with sterile physiological saline. Bacterial inoculums were 

spread using sterilized cotton swab on Petri dishes 

prepared with Muller Hinton Agar and containing three 

wells of 6 mm of diameter. After, the wells were loaded 

with Gentamicin, solution of NPs and DMSO respectively. 

The plates were incubated at 37°C for 24 h. All assays have 

been conducted in triplicates. The antibacterial activity was 

evaluated by measuring the diameter of the zone of 

inhibition formed around the well. 

2.5. Determination of minimum inhibitory 

concentration  

The Minimum inhibitory concentration (MIC) 

represents the lowest concentration totally inhibiting 

bacterial growth visible after 24 h of incubation at 37°C 

[19]. MIC of Ag-SnO2 NPs was determined by the micro 

dilution method. Gram positive and Gram negative 

bacteria were cultured on Nutrient agar at 37°C for 18 h. 

Inoculum of organisms should be prepared to10
5 

CFU/ml. 

A stock solution of NPs at a concentration of 1024 μg/ml 

was prepared, followed by sonication and autoclaving at 

121°C during 30 minutes. Semi-log dilutions of half-to-half 

in sterile distilled water were prepared (512, 256,128, 64, 

32, 16, 8, 4, 2, 1 and 0.5) µg/ml. 2 ml of each 

concentration was mixed with18 ml of Muller Hinton agar 

to prepare petri dishes. After solidification of the medium, 

2 µl of each inoculum was deposited on the broth media. 

After that, the petri dishes were left at room temperature 

until the moisture was absorbed (spot drying, no more 
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than 30 minutes), and then the dishes were incubated at 

37°C for 18-24 hours.  

2.6. 96-well microtiter plate method 

Anti-biofilm activity of Ag-doped SnO2 NPs was 

determined against Staphylococcus aureus and 

Pseudomonas aeruginosa, using 96-well microtiter plate 

method according to [20]. All biofilm experiments were 

repeated three times. The turbidity of overnight grown 

bacterial cultures in the medium Brain Heart Infusion 

Brown (BHIB) was adjusted to 0.5 McFarland. In the 

wells of microplate, 100 µl of each bacterial suspension 

was mixed with equal volume of solution of synthesized 

Ag-SnO2 nanoparticles having different concentrations (8, 

16, 32 and 64 µg/ mL), incubation is performed at 37°C 

for 24 h. The control test includes wells containing 

inoculum without NPs and the wells containing only the 

growth medium as positive control and negative control 

respectively. After incubation, the culture supernatant was 

discarded, and wells of microplate were washed three 

times with buffer saline phosphate (PBS) to remove non-

adherent cells and the adherent bacteria on the plate were 

subjected to 200 µl of 0.1% violet crystal solution (w / v) for 

30 min. Then microplate was washed three times with 

demineralized water to remove the excess crystal violet and 

dried at room temperature. After that, 200 µl of ethanol-

acetone mixture (75/25%) was added to each well for 30 

min. Biofilm inhibition was determined by recording 

optical density (OD) at 595 nm using microplate reader 

(FilterMax F5 ELIZA) and calculate biofilm inhibition rate 

using the equation given below: 

 

                                            
                                                
     

3. Results 

3.1. X-ray Diffraction Studies and DLS analysis 

 

The X-ray diffraction patterns shown in Figure 1 reveal 

well-defined peaks with relatively lower intensity, an 

indication of the formation of nanocrystalline phase. Phase 

identification reveals the formation of pure tetragonal 

rutile-type structure of SnO2 phase with space group 

P42/mnm, in good agreement with the literature [21]. The 

observed reflections are indexed (110), (101), (200), (111), 

(210), (211), (220), (002), (310), (112), (301), (202), (321) 

and (400) in accordance with JCPDS card No. 41-1445. 

No additional peaks belonging to Ag or its oxides can be 

detected. The average crystallite sizes of the pure and Ag 

doped SnO2 nanoparticles were calculated by the Scherrer 

equation:  D=kλ/βcosθ, where D is the crystallite size, 

K=0.9, λ is the X-ray wavelength, β is the full width at half 

maximum of the diffraction peak, and θ is the Bragg 

diffraction angle of the diffraction peaks. The peak used to 

determine the crystallite size is the intense peak (110).The 

calculated crystallite size was found to be 13 nm for SnO2 

then increases significantly with Ag-doping by more than 

twice reaching 23 nm. This indicates that Ag favors grain 

refinement during synthesis process. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. X-ray diffraction patterns of pure and Ag doped 

SnO2 NPs 

 

 

Dynamic light scattering (DLS) determined particle size. 

The average size of Ag-SnO2 NPs was determined 29.28 

nm. (Figure2)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2. Size measurement of the prepared Ag-SnO2 

NPs. 
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3.2. Scanning Electron Microscopy and EDX analysis  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. SEM Images of Ag doped SnO2 NPs. 

 

Figure3 displays SEM micrographs of the synthesized Ag-

SnO2 nanoparticles. It reveals randomly arranged irregular 

sized compact grains with sponge like structure. Some 

spongy grains are overgrown on the compact sticky grains, 

with the presence of some deep pits. Clustering 

(agglomeration) of very fine particles occurred on the 

surface of large particles. 

 

The energy dispersive X-ray spectrum (Figure 4) reveals 

three elements Ag, Sn and O, which indicate the purity of 

Ag-SnO2 nanoparticles. 

 

 

 

 

 

 

 

 

 

 

Figure 4. EDX spectrum of Ag doped SnO2 NPs 

 

3.3. Fourier Transform Infrared Spectroscopy 

 

The FTIR spectroscopy analysis of chemically synthesized 

nanocomposites revealed that the two spectra are quite 

similar, as shown in Figure 5. Three IR absorption zones 

can be identified in the FT-IR spectra: (i) the absorption 

band located in the range 1628 - 3421 cm
-1

 can be 

attributed to the vibrations of the binding of the absorbed 

molecular water and the vibrations of the hydroxyl groups 

[22]; (ii)  the second band appearing in the range of 400 - 

700 cm
-1

, particularly at 633 cm
-1

 is ascribed to Sn-O-Sn 

and Sn-O antisymmetric vibrations stretching on the 

surface of the oxide bridge formed by vibrational 

condensation of the adjacent surface of hydroxyl group 

[23]; and finally (iii) the absorption band in the range 3300 

- 3475 cm
-1

 (3442 cm
-1

) can be associated to the vibration of 

the OH hydroxyl group bond of the absorbed molecular 

water on the surface of SnO2 [24]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. FT-Infrared spectra of pure and Ag-SnO2 NPs. 

 

3.4. Ultraviolet-visible spectroscopy  

 

The UV-vis spectra as shown in Figure 6 clearly reveal 

that the wavelengths associated with the maximum 

absorbance values vary, as well as the pseudo-trays of 

minimal absorbance. In addition, it is observed that the 

absorption is shifted toward higher wavelength values for 

Ag doped compared to pure SnO2; known as red-shift and 

hence confirming the dissolution of Ag+ within SnO2 host 

lattice by occupying Sn4+ sites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Optical Absorbance of Pure and Ag doped SnO2 

NPs. 
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3.5. Antibacterial activity 

 

The antibacterial activity of Ag doped SnO2 NPs against 

Gram negative and Gram positive multi resistant bacteria 

have been estimated (Figure 7). Results exhibited   

considerable growth inhibition of all bacterial strains by 

Ag-SnO2 nanoparticles compared to control. The presence 

of Ag-SnO2 NPs in the bacterial medium induce the 

secretion of reactive oxygen species (ROS) which allows 

NPs to penetrate the cell membrane and inactivate 

bacteria; this bactericidal power develops with the increase 

of the concentration of NPs. [25] Assuming that the 

interactions between Ag + ions and negatively charged 

groups present on the bacterial walls cause major structural 

damage, including holes. This increases the membrane 

permeability and facilitates the exit of cellular constituents 

as well as the penetration of Ag + ions into the cell. The 

flow of these Ag + ions form bonds with the biological 

molecules containing the thiol group (-SH); cause an 

alteration of the intracellular enzymatic activity and a 

release of K + ions (elements necessary to maintain the 

internal osmotic pressure) [26] and interact with the 

enzymes of the respiratory chain (example: NADH 

dehydrogenase) and prevent the transport of electrons 

from one complex to another in this chain [27]. All of 

these phenomena lead to the death of the bacteria. Our 

results are similar to those of Qamar et al (2017) [28] who 

found that the nanoparticles of Co- SnO2 exhibit significant 

antibacterial activity against B. subtilis and E. coli with 

zone of inhibition of (16 and 22) mm respectively.   

 

Table1: Mean zone of inhibition of bacterial strains by Ag-SnO2 NPs 

 

Bacterial strains Zone of Inhibition (mm) 

Ag-SnO2 NPs (1M) Gentamicin 

positive control 

DMSO 

negative control 

S. aureus 27 ± 1.2 20 ± 1.1 - 

E. coli 25 ± 0.8 15 ± 0.3 - 

K. pneumoniae 26 ± 0.6 13 ± 0.9 - 

P. aeruginosa 22 ± 0.9 14 ± 0.2 - 

E. faecalis 27 ± 0.4 19 ± 1.4 - 

B. cereus 23 ± 0.7 12 ± 0.5 - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Antibacterial activity of Ag doped SnO2 NPs.1: Gentamicin, 2: Solution of Ag-SnO2 NPs, 3: DMSO 
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Antibacterial activity of these Ag-SnO2 synthesized NPs 

was also evaluated using standard dilution method, which 

consists on the determination of the minimum 

concentration of the tested molecule necessary to inhibit 

the growth of the bacteria tested. The final MIC values are 

listed in Figure 8. The MIC values fall within the range 

from 8 µg/ml to 128 µg/ml. A lower MIC demonstrates 

great antibacterial effectiveness. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. MIC values of bacterial strains treated with Ag 

doped SnO2 NPs. 

 

 

3.6. Anti-biofilm activity 

 

Ag-SnO2 NPs have been able to reduce biofilm 

formation of strains tested as shown in Figure 9. The 

obtained inhibition rate with Staphylococcus aureus strain 

is about 73.96%, whereas for the strain Pseudomonas 

aeruginosa is in the order of 71.19%. Al-Shabib et al 

(2018) [29] demonstrated that Tin Oxide hollow 

nanoflowers exhibited significant inhibition of quorum 

sensing regulated virulence and biofilm formation of 

pathogenic bacteria (Serratia marcescens, 

Chromobacterium violaceum and Pseudomonas 

aeruginosa). Gurunathan et al (2014) [30] observed the 

inhibition of the growth of biofilms formed by human 

pathogens: S. pneumoniae, S. flexneri, P. aeruginosa and 

S. aureus treated with Ag NPs at concentrations ranging 

from 0.1 to 1 μg / ml. Our results are encouraging and 

confirm the effective eradication of biofilms formed by S. 

aureus and P. aeruginosa by Ag-SnO2 NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

  Figure 9. Anti-Biofilm activity of Ag doped SnO2 NPs. 
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4. Conclusion 

       The results of this research work indicate that doping 

influenced physical characteristics of synthesized 

nanoparticles by modification of surface (large surface 

area with increase grain size but smaller particle size), 

which enhanced the antibacterial and anti-biofilm 

properties.  In conclusion, Ag-SnO2 NPs are found to be 

potentially exploiting as efficient alternative to combat 

antibiotic resistance in pharmaceutical field.  
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