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ABSTRACT 
The unique size, composition and morphology dependent properties of nanocomposites are of great 
interest because they showed promising role in diagnostics and biomedicine. Combustion method has 
been used as a fast and facile method to prepare Ag doped Co1-XGdXO nanocomposite employing 
glycine as a combustion fuel. The products were characterized by X-ray diffraction technique (XRD), 
scanning electron microscopy (SEM), transmission electron microscopy (TEM) techniques, and 
Fourier transformation infrared spectroscopy (FTIR). Experimental results of X-ray diffraction 
confirmed the formation of CoO phase with spinel Co3O4. Transmission electron microscopy 
indicated that the crystallite size of Ag doped Co1-XGdXO nanocomposite was in the range of               
5-50 nm. The effect of gadolinium and silver on Co3O4 crystallite size and morphology has been 
discussed. Antibacterial activity of the Ag doped Co1-XGdXO nanocomposite was performed using well 
diffusion method on different pathogens Bacillus subtilis and Klebsiella pneumoniae. These 
nanocomposites able to resist the growth of bacteria successfully and emerged as a good 
antibacterial materials. 
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 INTRODUCTION 
 

Nanocomposite materials have been widely investigated for the fundamental scientific and 
technological interests in accessing unique classes of functional materials with extraordinary 
properties and applications. Due to their small size and morphology, nanoparticles exhibit unique 
physical, mechanical, chemical, and biological properties that are significantly different from those of 
their bulk counterparts [1-5]. The nanocomposites have potential practical application in several 
important technological areas such as drug delivery, bio-imaging, environmental remediation, 
catalysis, sensors and other electronic devices [6–12]. 
 
      In recent years, the synthesis of nanosized crystalline metal and metal oxide nanoparticles are of 
great attraction. Because of their large surface area, surface defects [13], fascinating biological, 
optical, and chemical properties they have possible applications in many fields including nano-
biotechnology [14]. Nanoparticles of metal oxide are extensively being utilized in various industrial 
products, i.e., catalysts, cosmetics, sun screens and food additives [15-18]. 
 
      Due to the growing concern of antimicrobial resistance of the pathogens over traditional drugs 
[19], alternative antimicrobials are needed. Metal nanoparticles have great importance in health and 
medicine [20]. Potential use of inorganic antimicrobial agents is of great interest because of their 
advantages over organic antimicrobial agents, because metal and metal oxides possess greater 
durability, lower toxicity, higher stability and selectivity when compared to traditional organic 
antimicrobials. Current advances in the field of nanobiotechnology, mainly the ability to prepare 
metal oxide nanomaterials of definite size, shape, morphology, defects in the crystal structure, 
monodispersity- providing a rich background for research relevant to the development of new 
antibacterial agents [21-22]. 
 
      In vitro and in vivo studies revealed that various metal oxide nanocomposites have potential 
toxicity effects on pathogens [23–26]. Several metal nanocomposites of two or more metallic 
components exhibited unique properties like magnetic, electrical, optical and biological activity      
[27, 28]. Nanocomposites of zinc, cobalt, nickel, silver and iron are being studied extensively as 
potential antimicrobial agents owing to the beneficial synergistic effects of their components and to 
discover their enigmatic role in medical nanotechnology [29]. Furthermore, cobalt-based and cobalt 
oxide nanoparticles, are attracting immense interest owing to their unique structure with excellent size 
and shape dependent properties such as gas-sensing, catalytic and electrochemical properties and have 
potential applications in many important fields catalysis, sensors, magnetism, supercapacitors, energy 
storage, biomedicine etc. [30-32]. It is well known that the morphology and size of nanomaterials 
have a great influence on its properties, which are thus a key factor to their ultimate performance and 
applications. In this regard, it is necessary to tailor synthesize nanoparticles with predesigned size and 
morphology. Furthermore coalescences of metal and metal oxides nanocomposites are expected with 
high surface area which leads to even more attractive applications in conjunction of their traditional 
arena and nanotechnology. Therefore, it is important to prepare nanomaterials with defined 
morphologies and an arrow range of size distribution [33-34]. 
 
      As the particle size decreases to some extent, a large number of constituting atoms can be found 
around the surface of the particles, which makes the particles highly reactive with prominent physical 
properties. It is crucial to control necessary qualities such as size, magnetic behaviour, shape, stability 
and surface morphology of the particles. Hence manipulation and control of the material properties 
via mechanistic means is needed [35]. Nanoparticles have been synthesized by various methods like 
sol–gel, surfactant-mediated synthesis, co-precipitation, hydrothermal synthesis, thermal 
decomposition and spray-pyrolysis [36-37]. Some of the above methods suffer from the difficulty in 
size-homogeneity and well dispersion of nanoparticles. In this regard, in our present work we made an 
attempt to synthesized Ag doped Co1-XGdXO nanocomposite by utilizing efficient solution combustion 
method to evaluate its antibacterial activity. 
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MATERIALS AND METHODS 
 

      Samples of pure Co3O4, Co1-XGdXO and Ag doped Co1-XGdXO were prepared using simple 
solution combustion method, which allows efficient synthesis of nanosized materials. Glycine acts as 
a fuel material and metal nitrates were served as oxidiser. 
 
Materials Used: Cobaltnitrate (Co(NO3)2.6H2O -Merck), Gadolinium nitrate (Gd(NO3)3.6H2O -Alfa 
aesar), Silver nitrate (AgNO3-Alfa aesar) and Glycine(C2H5NO2-Merck) were of analytical grade 
reagents and were used as supplied by the commercial supplier without further purification. Distilled 
water was used as solvent in all of preparations. 
 
(i). Synthesis of Co3O4 nanoparticles: The stoichiometric proportions of the cobalt nitrate and 
glycine were weighed, dissolved in 100 mL distilled water and sonicated for 15 min to get pink 
coloured clear solution. Then the solution was stirred continuously for 30 min to get homogeneous 
solution. The obtained sample mixture was then kept in a pre-heated muffle furnace maintained at 
400°C. Primarily the gel was formed and the gel gets ignited to give a Co3O4 nanoparticles. The 
samples were washed and dried in an oven at 100°C. The obtained Co3O4 nanoparticles were annealed 
for 2 h maintained at 600°C using muffle furnace. 
 
(ii). Synthesis of Co1-XGdXO nanocomposites: In the synthesis of Co1-XGdXO nanocomposites, 
stoichiometric proportions of the cobalt nitrate, gadolinium nitrate and glycine in 100 mL distilled 
water were weighed and carried out the same procedure similar to the synthesis of Co3O4 
nanoparticles. 
 
(iii). Synthesis of Ag doped Co1-XGdXO nanocomposites: In the synthesis of Ag doped Co1-

XGdXO nanocomposites stoichiometric proportions of the cobalt nitrate, gadolinium nitrate, silver 
nitrate (8wt %) and glycine in 100 mL distilled water were weighed and carried out the same 
procedure similar to the synthesis of Co3O4 nanoparticles. 
 
Characterization: Characterization of nanoparticles is necessary to establish the understandings of 
nature of the material, morphology, their size dependent properties and utilization of these 
nanocomposites in different applications. Hence the synthesized Co3O4, Co1-XGdXO and Ag doped 
Co1-XGdXO nanocomposites were characterized through different analytical techniques viz., X-ray 
diffraction (XRD), Scanning electron microscopy (SEM), High resolution Transmission electron 
microscopy (HRTEM), Fourier transformation infrared spectroscopy(FTIR), Energy-dispersive X-ray 
spectroscopy(EDX). 
 
Antibacterial Activity: Antibacterial activity of the Co3O4, Co1-XGdXO and Ag doped Co1-XGdXO 
nanocomposites was determined using agar disk diffusion method. Antibacterial activity of the as 
prepared nanocomposites was carried out against two different bacterial strains B. subtilis, and K. 
pneumoniae. Bacteria were firstly grown in Müller Hinton broth overnight. 50 μL of the bacterial 
suspension was thoroughly spread on the nutrient agar plates until plates appeared dry. Then wells 
were punched into the nutrient agar plates for testing nanomaterial antimicrobial activity. Antibiotic 
Ampicillin was used as the control. Using a micropipette, about 50 μL of each the Co3O4, Co1-XGdXO 
and Ag doped Co1-XGdXO nanocomposite suspension and antibiotic solution was then poured on the 
disks. Plates were incubated at 37°C for 18 h. Antibacterial activity was measured by calculating the 
diameter of zone of inhibition (ZOI) around the disks. 

 
RESULTS AND DISCUSSION 

 
Morphology and particle size characterization: The XRD studies gives information about the 
structural and crystallinity of the synthesized nanomaterials. XRD patterns of the Co3O4, Co1-XGdXO 
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and Ag doped Co1-XGdXO nanocomposites calcinated at 600°C, were shown in figure 1, which 
indicates the cobalt oxide has cubic phase structure. 
 

 
 

Figure 1: XRD Spectra of (a) Pure Co3O4 (b) Co1-XGdXO and (c) Ag doped  
Co1-XGdXO nanocomposites. 

 
In figure 1 (a). the diffraction peak positions at 2θ = 19.01°, 31.31°, 36.88°,38.52°,44.87°, 55.78°, 
59.36°, 65.26° and 77.41° , associated with the(111), (220), (311),(222), (400), (422), (511), (440) and 
(533) crystal planes are accounted for the presence of pure cubic Co3O4 phase with lattice constant a = 
8.084 Ǻ, which is in agreement with the reported value (JCPDS Card No. 80-1545). There were no 
characteristic peaks of impurity were observed. Thus obtained XRD pattern confirms the formation 
and purity of pure cubic Co3O4 phase. The average crystallite size (D in nm) of nanocomposites were 
determined from the XRD pattern using the Scherrer’s equation i.e., 
 
     D = K  / βcosθ 

(where, K is a constant equal to 0.89,  is the X-ray wavelength equal to 0.154 nm, β is the full width 
at half maximum and θ is the half diffraction angle) and it was found to be in the range 5-30 nm. In 
figure 1(b), on addition of gadolinium, due to incorporation of the impurity monoclinic Gd2O3 phase, 
distorted the crystal structure of Co3O4 lattice. Since the ionic radii of the Gd3+ ion (0.938A˚) is larger 
than that of the Co2+ ion (0.69A˚ ), the increased concentration of Gd3+  ions brought the expansion of 
crystal lattice. Consequently we can observe that the peaks get broadened invariably and crystallinity 
of the nanocomposites diminishes and also simultaneously the particle size gets reduced to ~5 nm. In 
figure 1(c), we observed appearance of peaks at 2θ, 37.850 and 64.240, these peaks were characteristic 
peak of cubic metallic silver (JCPDS Card No. 04-0783) which indicates the effective doping and 
presence of silver in the synthesised nanocomposites and from these XRD pattern we can observe that 
the diffraction peaks are markedly shifted towards the lower 2θ values and broadened upon the 
addition of the RE-oxides and silver, thus resulting in the decrease in particle size. The d-spacing 
value of the crystal planes was found to be 0.23nm.The average crystallite size, d-spacing, strain were 
calculated and tabulated in table 1. 
 
      Figure 2 shows the surface morphology of synthesized nanocomposites at different 
magnifications. A typical SEM image exhibits non-uniform net like porous nanocomposites with the 
sizes ranging from 200 to 500 nm. The evolution of gases and release of enormous amount of heat in 
combustion synthesis method results in the formation of porous nanocomposites and agglomeration of 
particles due to high temperature, whereas in case of the Ag-doped Co1-XGdXO nanocomposites, it 
showed the change in morphology by the formation of numerous trapped voids 
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Table 1. Particle size, d-spacing and strain calculated from XRD pattern of Co3O4, 
 Co1-XGdXO and Ag doped Co1-XGdXO nanocomposites. 

 

Sl. No Sample Particle Size 
in nm 

d-spacing 
in A° Strain x10-6 

1 Pure Co3O4 28.68846295 2.434634460 0.00377647 

2 Co1-XGdXO 5.590924423 2.008996116 0.01599067 

3 Ag doped 
Co1-XGdXO 25.8435544 2.374664865 0.00408904 

 
. 

 
 

Figure 2. SEM Images of Co3O4, Co1-XGdXO and Ag doped Co1-XGdXO nanocomposites. 
 
      The particle surface morphology and also size of the synthesized Ag dopedCo1-XGdXO 
nanocomposites were analyzed from TEM images. Figure 3(a) and 3(b) shows the TEM images of the 
synthesized nanocomposites.  

 
 
 
 
 
 
 
 
 
 
 
 
 

(a)                                                              (b) 
 

Figure 3. TEM Images of Ag doped Co1-XGdXO nanocomposites. 
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      The images revealed that the TEM micrographs of the synthesized Ag doped Co1-XGdXO shows 
polycrystalline nature with uneven shape and slightly agglomerated. The particles size is in the range 
of 5-50 nm. These results are in a good agreement with the sizes determined from XRD analysis. 
Moreover, the particles of these nanocomposites have homogeneous and uniform distribution in the 
powder sample.  
 
Surface modification characterization: The formation and purity of the products were further 
confirmed by FTIR spectroscopy. FTIR analysis has been carried out to determine the modes of 
vibrations of chemical bond and surface chemistry present in the prepared samples. FTIR spectra were 
recorded in solid phase using the KBr pellet technique in the regions of 3500–400 cm−1. Figure 4 
shows the FTIR spectra of prepared Ag doped Co1-XGdXO nanocomposites.  
 

 
 

Figure 4. FTIR Spectra of Ag doped Co1-XGdXO nanocomposites. 
 

      The spectra contained two strong absorption bands at 576 cm-1 and 667 cm-1 which confirm the 
spinel structure of Co3O4. The band at 576 cm-1 can be assigned to the M–O in which M is Co+3 and so 
coordinates octahedral. The peak at 667 cm-1 is attributed to the stretching vibration mode of M–O 
stretching. This confirms the formation of metal oxides [38, 39]. Spectra also contains very weak 
absorption peak at 1384 cm-1 due to metal carbonate structure [40]. And since there was no other 
absorption peaks in the FTIR it was confirmed that the prepared sample were free of the nitrate-group 
(2213–2034 cm-1) [41]. These spectra confirm impurity free nanocomposites. 
 

APPLICATION 
 

Antibacterial activity studies: The antibacterial efficacy of pure Co3O4, Co1-XGdXO and Ag 
doped Co1-XGdXO nanocomposite against gram positive and gram negative pathogens B. subtilis and 
K. pneumoniae is shown in figure 5. It can be clearly seen that Ag doped Co1-XGdXO nanocomposites  
 
 

  

 

 

 

 

 
 

Figure 5. Antibacterial activity of (A) Pure Co3O4 (B) Co1-XGdXO and (C) Ag doped Co1-XGdXO nanocomposites  
and control (Ampicillin) against (a) Bacillus subtilis and (b) Klebsiella pneumoniae. 
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has exhibited better antibacterial efficiency on both the gram positive gram negative pathogens. 
Furthermore we observed that the Co1-XGdXO nanocomposite showed nearly same antibacterial 
efficiency compared to Ag doped Co1-XGdXO nanocomposite. Because of very small crystallite size 
(~5nm) Co1-XGdXO nanocomposite even though in the absence of Ag dopant, due to high surface ions 
there is an effective interaction with the cell wall and showed better antibacterial activity. These 
results confirm that antibacterial activity not only depends on composition it also depends on size and 
morphology. 

 
      Smaller nanoparticles exhibit greater toxicity. Smaller the size of the nanocomposites higher will 
be the zone of inhibition, since it facilitates the nanocomposites to passivate through the cell wall of 
the bacteria resulting in formation of reactive oxygen species (ROS) which is responsible for cell 
death.The zones of inhibition of synthesized nanocomposites were tabulated in table 2.  

 
Table 2: Zone of inhibition in millimetre (mm) of Pure Co3O4, Co1-XGdXO and Ag doped Co1-XGdXO  

nanocomposites against (a) Bacillus subtilis and (b) Klebsiella pneumoniae. 
 

 
 
 
 
 
 
 
 
 
      
 
 
       The highest antibacterial activity of Ag doped Co1-XGdXO nanocomposite was observed against 
B. subtilis (ZOI-13±1.1). Therefore, based on these results it can be suggested that Ag doped          
Co1-XGdXO nanocomposite can be a good antibacterial agent. 

 
CONCLUSIONS 

 
The nanosized particles of pure Co3O4, Co1-XGdXO and Ag doped Co1-XGdXObnanocomposite were 
synthesized by the solution combustion method. XRD and TEM results showed that Ag doped        
Co1-XGdXOnanocompositewere polycrystalline in nature and ultra small in size ranging from 5-50 nm. 
SEM images showed the net like porous nanocomposites with numerous trapped voids. FTIR studies 
confirmed the formation of metal oxides. Furthermore, the antibacterial activity of all the three 
synthesized nanocomposites was studied against bacteria Bacillus subtilis and Klebsiella pneumonia. 
Ag doped Co1-XGdXO nanocomposite showed excellent bactericidal potential with highest zone of 
inhibition (13±1.1mm) against gram positive bacteria B. Subtilis compared to other nanocomposites. 
Antibacterial activity increased with decrease in particle size, as the formation of ROS by the 
effective interaction of nanocomposites with bacteria. It will be of great interest for the future studies 
to find the antibacterial potential of Ag doped Co1-XGdXO nanocomposite against antibiotic resistant 
bacteria and to evaluate antitumor activity as well. 
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Name of The 
Compound Concentration Organism Used Zone of Inhibition 

(mm) 
Co3O4 

(E 4 - A) 50µg 50µL-1 B.Subtilis 10±1.5 
K.pneumoniae 10±0.9 

Co1-XGdXO  
(E 4 – B) 50µg 50µL-1 

B.Subtilis 13±0.8 
K.pneumoniae 12±0.4 

Ag doped Co1-XGdXO  
(E 4 – C) 50µg 50µL-1 B.Subtilis 13±1.1 

K.pneumoniae 12±1.8 
Control 

(Ampicillin) 50µg 50µl-1 B.Subtilis 17±0.4 
K.pneumoniae 17±0.3 
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