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Introduction 

In the past decade research has been focussed on the nano 

materials over bulk materials because of their novel 

physical and chemical properties [1,2]. Especially metal 

oxide nanoparticles have attracted interest because of their 

dramatic change in their physical and chemical properties 

[1,2]. Also, it has the application in various fields such as 

biosensors, catalysts, anticancer and antimicrobial agents 

[1,2]. Among these metal oxide nanoparticles, zinc oxide is 

widely employed because it’s an essential microelement for 

humans which exists in proteins and enzymes [3]. It plays a 

significant role in biomedical applications such as drug 

delivery and bio imaging due to its non-toxic nature [4]. 

These biomedical properties are further enhanced by 

doping with transition elements such as copper, cobalt, 

nickel etc. Aluminum oxide nanoparticles have trapped the 

awareness of many researchers due to its great catalytic 

activities [5]. CuO nanoparticles has grabbed noteworthy 

attention because of its use as a potential fabrication of gas 

sensors [6]. The transition element co-doped ZnO can be 

used for treating diseases like hemophilia, genital 

blindness, viral infections, heart disease, diabetes and 

fungal infections [7]. Fungus infections can affect humans, 

animals and plant products. Aspergillus species causes 

disease in humans rarely but it leads to serious lung disease 

namely Aspergillosis [8].  

 It is also one of the most common causes of otomycosis 

(fungal ear infections) which can cause pain and temporary 

hearing loss [9]. Aspergillus species mainly affect plant 

products and food during the storage period and also these 

species frequently appear in tropical and subtropical 

regions than in temperate climates [8]. Rizhopus is a genus 

of common saprophytic fungi on plants and specialized 

parasites on animals. They are multicellular and found on a 

wide variety of organisms. Some Rhizopus species are 

opportunistic agents of human zygomycosis [10]. 

Pencillium expansum can cause severe post-harvest 

diseases in plants as grey and blue mold. It is also a major 

producer of mycotoxin, patulin which is commonly found 

in rotting apples [11].  

 Gold is chosen since it is an excellent antimicrobial 

agent [12]. Cobalt is chosen because iron and cobalt have 

the same physical and chemical properties and also, they 

are adjacent to each other in period 4 of the periodic table. 

ZnO nanoparticles Co-doped with Fe3+ and Pb2+ increases 

the antimicrobial activity against E.coli and S.Aureus 

bacteria [13]. The green synthesis of gold nanoparticles 

have fungicidal effect against A.flavus and A.terreus [12]. 

The Fe-ZnO shows the effective antifungal activity against 

C.albicans as compared to that of pure ZnO [14].  

 Fe doped ceria nanoparticles shows antifungal activity 

with MIC90 value of 0.48μg/mL against clinical isolates of 

C.albicans [15]. The Antifungal activity of C-doped ZnO 

nanostructures against Rhizopus stolonifer fungus has 

improved when compared to the undoped ZnO 

nanoparticles [16]. The pure and Fe doped ZnO 

nanoparticles exhibit antifungal activity against Aspergillus 
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niger, Aspergillus flavus and Rhizopus [17]. The effect and 

mode of action of iron-gold and cobalt-gold co-doped ZnO 

nanoparticles on the growth of such fungi have not yet been 

studied. Therefore, in this study, the antifungal activity of 

iron-gold and cobalt-gold co-doped ZnO against four 

important plant pathogenic fungi such as Aspergillus niger, 

Aspergillus flavus, Rhizopus and pecillium were 

investigated. Among various metal oxide nanoparticles, 

ZnO, iron - gold and cobalt - gold metals were chosen for 

present investigation because of its bio-compatibility and 

less toxicity [18]. 

Experimental 

Materials 

Zinc nitrate hexahydrate (Zn(NO3)2.6H2O), polyethylene 

glycol (PEG400), Iron nitrate and Cobalt II chloride were 

purchased from HIMEDIA AR Grade, India. Gold (III) 

chloride was purchased from Sigma-Aldrich (99.9% pure). 

The detailed procedure adopted to synthesis the ZnO 

nanoparticle was described in the earlier study [17]. 

Synthesis of Zn0.98Fe0.01Au0.01O and Zn0.98Co0.01Au0.01O 

nanoparticles 

The nanoparticles were synthesized through the sol-gel 

method without adding any reducing agents whereas PEG 

serves as a capping agent. For the preparation of 

Zn0.98Fe0.01Au0.01O nanoparticles, iron III nitrate and gold 

III chloride were used as the precursors of Fe3+ and Au3+ 

salts respectively and Zn (NO3)2.6H2O as the source of zinc. 

0.49 M of zinc nitrate hexahydrate, 0.005 M of iron III 

nitrate and gold III chloride were dissolved in 100 mL of 

distilled water. The hydrophobicity of PEG is responsible 

for the formation of mesoporous structure [19]. The 

solutions were mixed and stirred continuously for 2 hours 

using a magnetic stirrer. The pH value was adjusted to 7 by 

carefully adding polyethylene glycol. The solutions were 

heated at 60° C in continuous stirring for 3 hours. After 

stirring, the solution was kept at the same temperature for 

another 24 hours. The obtained powder was dried in the 

oven at 100° C for 24 hours and it was further calcined at 

500° C in the furnace for 1 hour to obtain a nanocrystalline 

powder. The same procedure was followed to synthesize 

Zn0.98Co0.01Au0.01O NPs by using cobalt chloride as a 

precursor instead of iron nitrate. 

Characterization of Zn0.98Fe0.01Au0.01O and 

Zn0.98Co0.01Au0.01O nanoparticles 

The crystal structure and crystallite size of 

Zn0.98Fe0.01Au0.01O and Zn0.98Co0.01Au0.01O NPs were 

characterized by X-ray diffraction (XRD) study using 

Panalytical X'pert-Pro. The XRD instrument was 

functioned with monochromatic beam of Cu Kα radiation 

(1.5406 Ǻ) in the 2θ range of 10˚-80˚. The transmittance 

spectrum of Zn0.98Fe0.01Au0.01O and Zn0.98Co0.01Au0.01O 

nanoparticles were recorded by UV-DRS spectra 

(Shimadzu UV-2450, USA) within 200-800 nm 

wavelength. The morphology of the NPs was examined by 

field emission – scanning electron microscope (FE-SEM; 

Carl Zeiss Microscopy, UK) and the elemental analysis was 

also performed along with FE-SEM analysis. The 

antifungal activity of the NPs was investigated against 

Aspergillus niger, Aspergillus flavus, Rhizopus 

microsporus and Pencillium sp using a well diffusion 

method on potato dextrose agar (PDA) medium. These 

fungi were grown in Actinomyces Isolation Media broth 

(Himedia Mumbai). 

 

Fig. 1. XRD patterns of Zn0.98Fe0.01Au0.01O and Zn0.98Co0.01Au0.01O 
nanoparticles. 

Results and discussion 

The XRD patterns of Zn0.98Fe0.01Au0.01O and 

Zn0.98Co0.01Au0.01O NPs are shown in Fig. 1. The diffraction 

peaks occurred at 2θ = 36.1589, 31.6791 and 34.3842 and 

corresponded to hkl values (1 0 1), (1 0 0) and (0 0 2) 

confirm the existence of the wurzite crystal structure. There 

is a slight shift in the characteristic peaks of the doped 

Zn0.98Fe0.01Au0.01O and Zn0.98Co0.01Au0.01O nanoparticles. 

The average crystallite size of the nanoparticles were 

determined by the Scherrer’s formula [20]. The crystallite 

size of Zn0.98Fe0.01Au0.01O and Zn0.98Co0.01Au0.01O NPs are 

31.38 and 36.14 nm respectively. 

 UV–vis spectra of Zn0.98Fe0.01Au0.01O and 

Zn0.98Co0.01Au0.01O nanoparticles is shown in the Fig. 2. 

The absorption edge of Zn0.98Fe0.01Au0.01O and 

Zn0.98Co0.01Au0.01O nanoparticles are at 374 and 366 nm 

respectively. The corresponding band gap energies are 

3.3151 and 3.3875 eV for Zn0.98Fe0.01Au0.01O and 

Zn0.98Co0.01Au0.01O nanoparticles respectively. The position 

of the absorption peak shifts towards the higher wavelength 

side when compared with the case of doped ZnO 

nanoparticles (362 nm and 3.425 eV). This indicates that 

the band gap of ZnO nanoparticles decreases by doping 

iron/gold and cobalt/gold nanoparticles. The decrease in 

band gap or red shift can be explained by the Burstein-Moss 

effect [21]. There will be a shift in the position of the 

absorption spectra towards the lower or higher wavelength 



  

side while doping elements in ZnO. Generally, the doping 

of the transition metal with ZnO nanoparticles leads to 

decrease in band-gap of materials due to the sp-d 

interactions that exist due to the doping [22-23]. This 

phenomena can be explained on basis of the Burstein – 

Moss band filling effect [23] and this shift is due to the  

sp – d interactions between the band electrons of ZnO and 

the localized d electrons of the Fe ions [23]. Thus, the band 

gap decreases for the Fe doped ZnO samples than the Co 

doped ZnO one [23]. Therefore, it is expected that the  

band gap of Zn0.98Fe0.01Au0.01O and Zn0.98Co0.01Au0.01O 

nanoparticles decrease with a co-doping of iron-gold and 

cobalt-gold. The ZnO nanoparticle bandgap is reduced by 

adding doping iron / gold and cobalt / gold nanoparticles 

due to the addition of 3d transition elements such as Fe,  

Co to ZnO nanoparticles. This doping can alter Fermi's 

strength by raising the valance band and lowering the 

minimum conduction band leading to a reduction in the 

band gap. The narrowing of the band gap can be caused by 

the strong interaction of the s-d and p-d spin exchange 

interactions [24]. 

 

 
Fig. 2. UV – Vis spectra of Zn0.98Fe0.01Au0.01O and Zn0.98Co0.01Au0.01O 

nanoparticles. 

 

 The FE-SEM and EDX images of Zn0.98Fe0.01Au0.01O 

and Zn0.98Co0.01Au0.01O NPs have shown in Fig. 3. 

Zn0.98Co0.01Au0.01O and Zn0.98Fe0.01Au0.01O nanoparticles 

were smooth and spherical-like in shape. The EDX analysis 

were shown to confirm the presence of elemental zinc, 

oxygen, iron, cobalt and gold signals of Zn0.98Fe0.01Au0.01O 

and Zn0.98Co0.01Au0.01O nanoparticles. The atomic 

percentage of zinc, oxygen, iron and gold in 

Zn0.98Fe0.01Au0.01O nanoparticles were found to be 1, 0.981, 

0.099 and 0.01 respectively. Similarly, the weight 

percentage of zinc, oxygen, cobalt and gold in 

Zn0.98Co0.01Au0.01O nanoparticles were found to be 1, 0.981, 

0.01 and 0.01 respectively. Further, EDX analysis for 

Zn0.98Fe0.01Au0.01O and Zn0.98Co0.01Au0.01O nanoparticles 

shows that Zn0.98Co0.01Au0.01O has small variation in 

oxygen content [25,26]. 

 

 

 

 

 

Fig. 3. SEM and EDAX spectra of Zn0.98Fe0.01Au0.01O and 
Zn0.98Co0.01Au0.01O nanoparticles. 
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Fig. 4. Antifungal activity of Zn0.98Fe0.01Au0.01O nanoparticles at four 

different concentrations (10, 20, 30 and 40µl) against (a) Aspergillus niger 

(b) Aspergillus flavus (c) Rhizopus and (d) Pencillium 

 

 The antifungal activities of these nanoparticles were 

tested for the fungi such as Aspergillus niger, Aspergillus 

flavus, Rhizopus microspores and Pencillium sp. The 

antifungal activity of Zn0.98Fe0.01Au0.01O and 

Zn0.98Co0.01Au0.01O nanoparticles are shown in the Fig. 4 

and Fig. 5. It is clear from the figure that the 

Zn0.98Fe0.01Au0.01O and Zn0.98Co0.01Au0.01O nanoparticles 

acts an excellent antifungal agent against the fungi. Table 

1 depicts as the concentration of the nanoparticles increases 

from 10 µL to 40 µL the zone of inhibition values also 

increasing. The 40 µL concentration of Zn0.98Fe0.01Au0.01O 



  

nanoparticles has the zone of inhibition values 22 mm 

against Aspergillus niger, 20 mm against Aspergillus 

flavus, 22 mm against Rhizopus and 25 mm against 

Pencillium. Their standard zone of inhibition values are  

18 mm, 19 mm, 18 mm and 18 mm respectively for 

Aspergillus niger, Aspergillus flavus, Rhizopus and 

Pencillium. Therefore, Zn0.98Fe0.01Au0.01O nanoparticles  

are more effective against all the above said fungi.  

  
(a) (b) 

  
(c)                                           (d) 

Fig. 5. Antifungal activity of Zn0.98Co0.01Au0.01O nanoparticles at four 
different concentrations (10, 20, 30 and 40µl) against (a) Aspergillus niger 

(b) Aspergillus flavus (c) Rhizopus and (d) Pencillium. 

 

 Among that these nanoparticles are most effective 

against Pencillium whose zone of inhibition is 25 mm. 

Similarly, 40 µL concentration of Zn0.98Co0.01Au0.01O 

nanoparticles has the zone of inhibition values 20 mm, 11 

mm, 25 mm and 12 mm against Aspergillus niger, 

Aspergillus flavus, Rhizopus and Pencillium respectively. 

Zn0.98Co0.01Au0.01O nanoparticles are more effective  

against Aspergillus niger and Rhizopus fungi. In particular 

the Zn0.98Co0.01Au0.01O nanoparticles are more effective 

against Rhizopus and zone of inhibition value is found  

to be 25 mm. 

 Till now, there is no exact mechanism for the resistance 

to the fungus with nanoparticle. However, the various 

methodology and hypothesis were adopted to explain the 

interaction between nanoparticles and the membrane which 

causes pores on the membrane and the formation of the 

pores leads to the cell death. Especially, it was found from 

the literature that ZnO nanoparticles possess good 

antifungal activity against Aspergillus nger whose micro 

inhibition control value which is lower when compared 

with the fungus B.Cineria and P.Expansum [27]. While 

doping transition metal, there will be an enhancement in the 

antifungal activity [17,21]. In the case of pure and Fe doped 

ZnO nanoparticles shows better antifungal activity against 

T.Mentagrophytes(s), C.Neoformans, A.Niger, A.Flavus 

and Rhizopus [17,21]. When Au was doped in ZnO 

nanoparticles, the enhancement in the antimicrobial and 

antifungal activity was observed [28]. The increase is 

because of the nature of gold which facilitate the electron 

transfer between the Au doped ZnO nanorods and the 

micro-organisms [28]. A comparison showed that DNA 

cleavage of Au-ZnO nanorods was stronger than that of 

ZnO [28]. Au doped ZnO nanoparticles have antibacterial 

activity against E.Coli, S.Aureus, E.Ashbyii, Bascillus 

Subtilis as well as one fungal strain namely Candida 

Albicans  [28,29].  

Table 1. Comparative summaries of antifungal activity of 

Zn0.98Fe0.01Au0.01O and Zn0.98Co0.01Au0.01O   nanoparticles. 

 
 A detailed mechanistic investigation of antifungal 

mechanism of nanoparticles synthesized by physical, 

chemical and biological methods are yet to be fully 

discovered [21,30]. The physical processes includes the 

interaction of nanoparticles directly with the microbial cell 

wall causing membrane dis-function and the interaction is 

due to the electrostatic attraction [31,32]. There will be 

desorption of ionic species from the nanoparticles and 

thereby generates reactive oxygen species (ROS) in the 

chemical phenomena through superoxide (O2) anions, 

hydroxyl (OH) radicals and hydrogen per oxide (H2O2) 

which causes cell destruction [31,32]. The opposite charges 

of nanoparticles and fungus were indorsed to their 

bioactivity and adhesion due to electrostatic forces. In 

general, nanoparticle sizes has nearly monodispersed and 

mesoporous. Thus, because of the size of nanomaterials 

with fine surface roughness could use its whole surfaces 

through any direction to damage the cell membrane 

channels and blockage the transport property. An 

alternative mechanism, if there is positive ion released from 

the nanoparticles might attach to negatively charged fungus 

cell wall and rupture it, hence, leading to protein 

denaturation and cause death of cells [33]. The properties 

of ROS were due to the large surface area of nanoparticles 



  

with its smaller particle size increases the oxygen vacancies 

[32-34].  

 In the biological processes, the incorporation of 

nanoparticles through ion channels or proteins at the cell 

wall results in the mechanical destruction of the cell 

membrane [31,33]. According to the experimental evidence 

and the literature, the most dominant mechanism 

responsible for the antifungal activity of ZnO nanoparticles 

are the chemical phenomena that is the generation of ROS 

[31]. The size of the microbes will be in micrometer range 

and their outer cell membrane will have pores of nanometer 

size [31]. The nanoparticles used in our work have size 

ranges from less than 50 nm. Therefore, it may penetrate in 

to the cell wall and damage the fungi from the interior [31]. 

Another possibility is the liberation of metal ions from the 

nanoparticles for example when ZnO is doped with fluorine 

the incorporation of F- ions in the O2- sites of the ZnO lattice 

increases the free electron concentration in ZnO which 

results in the increased generation of ROS thereby increases 

the antifungal activity [31]. Similarly, when nickel is doped 

in ZnO nanoparticles the incorporation of Ni2+ ions in Zn 2+ 

ions increases the hole (h+) concentration these h+ reacts 

with H2O and OH- to produce ˙OH radicals. The ˙OH 

radicals is more oxidative than ˙O2
- radicals therefore there 

will be an enhancement in the antifungal activity [29]. In 

this study, the incorporation of Au and Co/Fe in Zn2+ ions 

increase the hole concentration thereby producing ˙OH 

radicals and enhances the antifungal activity [31-33]. Thus, 

in this paper, the antibacterial activity of iron-gold and 

cobalt-gold doped with ZnO nanoparticles were 

successfully explored.  

Conclusion 

Zn0.98Fe0.01Au0.01O and Zn0.98Co0.01Au0.01O nanoparticles 

were synthesised and characterized. Zn0.98Fe0.01Au0.01O 

nanoparticles exhibit high antifungal activity against 

Aspergillus niger, Aspergillus flavus, Rhizopus 

microsporus and Pencillium sp. The reported antifungal 

activity is higher than that of the standard antibiotic 

Nystatin. Whereas Zn0.98Co0.01Au0.01O nanoparticles are 

highly active against Aspergillus niger and Rhizopus  

whose antifungal activity is also higher than that of 

Nystatin. Therefore, these nanoparticles can be used to treat 

the fungal infections in humans, animals and plants. 
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