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Undoped and co-doped (Ag, Co) ZnO powders were synthesized by chemical co-precipitation method without using any 
capping agent. The X-ray diffraction results indicate that the undoped and co-doped ZnO powders have pure hexagonal 
structure and are consisting of nanosized single-crystalline particles. The size of the nanoparticles increases with increasing 
Ag concentration from 1 to 5 mol% as compared to that of undoped ZnO. The presence of substitution dopants of Ag and 
Co in the ZnO host material was confirmed by the Energy dispersive analysis of X-rays (EDAX). Optical absorption 
measurements indicate blue shift and red-shift in the absorption band edge upon doping concentration of Ag and blue 
emission was observed by photoluminescence (PL) studies. 
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1. Introduction 
 

In recent years nanostructure materials have plays an 

important role in the various research fields, because of 

their unique physical properties and novel potential 

applications. Among II-VI semiconductors, Zinc oxide 

(ZnO) is one of the best host materials and an important 

technological material for room temperature UV- lasers 

and the development of various optoelectronic devices 

because it has a wide direct band gap of 3.37 eV and a 

large exciton binding energy 60 meV [1-4]. Furthermore, 

ZnO can be used in many applications such as 

photoconductors, integrated sensors and transparent 

conducting oxide electrodes [5], piezoelectric sensors [6], 

gas sensors [7] solar cell applications [8] because of its 

unique electrical and optical properties. The shape of the 

ZnO nanoparticles depends on the reaction conditions 

during their formation, and many methods have been used 

to synthesize ZnO nanoparticles, for example sol-gel [9], 

hydrothermal [10], and chemical co-precipitation [11,12]. 

Nowadays many of the researchers used some elements 

such as alkali, alkaline earth, transition metal and rare 

earth elements [13-16]. In this concern much effort has 

been devoted to the doping of ZnO nanocrystals. ZnO 

based materials with silver (Ag) [17-20] and also ZnO 

based materials with cobalt (Co) [21-24] extend their 

potential applications found that its microstructure, 

morphology and luminescence performance extremely 

sensitive to the conditions of their preparation. In this 

paper, we report the changes of ZnO nanostructures 

morphology induced by silver (by keeping Co = 5.0 mol% 

concentration as constant). By using chemical co-

precipitation method undoped ZnO and Zn1-xAgxCoyO (x = 

0.00 to 0.05, y = 0.00 and 0.05) nanostructures were 

synthesized [25] and their structural, morphology, and 

optical properties have been investigated. 

 

 

2. Experimental 
 

Pure ZnO nanocrystals were synthesized by chemical 

co-precipitation method at 40
0
C temperature by using zinc 

acetate dehydrate (Zn (CH3COO)2 2H2O) and potassium 

hydroxide (KOH) as precursors and for cobalt and silver 

doping cobalt acetate (Co (C2H3O2)2) and silver nitrate 

(AgNO3) have been used. Zn1-xAgxCoyO (x = 0.00 to 0.05, 

y = 0.00 and 0.05) nanostructures were prepared at 40
0
C 

temperature as the procedure described below. 

Initially 0.2 M solution was prepared by using zinc 

acetate and KOH. Dopant silver nitrate has been added 

drop-wise to the above solution in different concentrations 

varied from 1-5 mol% by keeping cobalt acetate 

concentration as constant, 5 mol % under continuous 

stirring for 10 hrs. After the precipitate was filtered out 

separately and repeatedly washed with deionized water to 

remove unnecessary impurities formed during the 

preparation process. Co and Ag doped ZnO powders were 

obtained after drying at 70
o
C for 9 hrs. Then the final 

products were grinded and annealed at 500
o
C in the 

furnace for 1 hr. 

The structural properties including structure and 

crystallite size of the samples were determined by Seifert 

3003 TT X-ray diffractometer (XRD) using CuKα 

radiation by applying voltage and current of 40 kV and 30 

mA respectively. Morphology of the powders was studied 

by field emission scanning electron microscopy (FE-SEM) 
(Model: ZEISS ULTEA 55, Gemini). Concentration of 

dopants in ZnO was estimated by energy dispersive X-ray 
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spectroscopy (EDS) attached with SEM (Model: CARL-

ZEISS EVOMA 15). UV-DRS (diffuse reflectance 

spectroscopy) spectra were recorded on a Varian UV−vis 

spectrometer in the wavelength range of 200−800 nm, and 

photoluminescence (PL) studies were carried out using PL 

spectrometer (Model: OBINYOUN fluorolog-3) with a 

450 W Xenon arc lamp as an excitation source. 

 

 

3. Results and discussion 
 

3.1 Structural properties of the pure ZnO and  

      Zn1-xAgxCoyO nanoparticles  

 

Typical XRD patterns of ZnO and Zn1-xAgxCoyO  

powders are shown in Fig. 1. The diffraction peaks of all 

samples are quite matching with the hexagonal wurtzite 

structure of ZnO data [JCPDS 36-1451]. No traces of 

impurity peaks are observed. The crystallite sizes of the 

synthesized powders are estimated from X-ray lines 

broadening using Scherer’s equation D =   , where 

‘β’ is full width at half maximum (FWHM), ‘θ’-diffraction 

angle, and ‘λ’-wavelength of X-rays [26]. In past study, 

transition elements like Co doped ZnO nanoparticles, with 

increase in dopant concentration of  ‘Co’, the average 

particles size may decrease or increase, the lattice 

constants are decreased or increased and the position of 

the X-rd peaks shifted towards lower or higher ‘2θ’ value. 

Such changes also suggests that most of  the ‘Co’ ions 

with smaller ionic radii (0.065 nm) substitute Zn ions 

(0.074 nm) in the ZnO lattice and in some cases  Co doped 

ZnO doesn’t show any change in lattice parameters, 

particles size and position of the X-rd peaks as reported in 

literature [27-31]. The diffracted intensity and size of the 

particles increases with increase of ‘Co’ concentration and 

hence the lattice parameters decreases [32, 33]. Also in 

‘Ag’ doped ZnO nanoparticles, the X-rd peak positions 

moves towards lower angle, because of atomic radii of 

Zn
2+ 

is lesser than the Ag
+
. The average particles size 

decreased or increased, diffracted intensity decreased by 

increasing doping concentration of Ag [12, 19, and 34]. 

However, we used two transitional elements such as Ag, 

Co, which are co-doped in ZnO nanoparticles; we 

observed that there is no change of X-rd peak positions of 

Zn1-xAgxCoyO nanoparticles. Thus, we may conclude that 

the diffracted intensity, particles size increases and hence 

lattice constants are decreased by increasing dopant 

concentration of Ag for the following reason. The ionic 

radius of Ag
+
 (0.122nm) is greater than the ionic radii of 

Zn
2+ 

(0.088nm) and also, the ionic radii of Co
2+

 (0.065 nm) 

is smaller than the ionic radii of Zn
2+

.
  

The evaluated 

particle sizes and lattice constants of the samples are given 

in Table 1. Intensity point of view, the diffracted intensity 

of Ag doped ZnO nanoparticles increases by increasing of 

Ag concentration from 1-5 mol% (by keeping Co = 5 mol 

%). The diffracted intensities of all concentrations of Ag 

doped ZnO nanoparticles shows higher intensity than the 

pure ZnO and is clearly noticed from Fig. 1. The enhanced 

intensities of the XRD peaks of co-doped ZnO samples 

suggest better crystallinity. However, the evaluated bond 

length ( ) and lattice parameters (a, and c are given in 

Table 1) of ZnO gradually decrease with increasing dopant 

concentration of Ag (by keeping Co = 5.0 mol %). To see 

the effect of doping on Zn-O bond length, bond length ( ) 

has been calculated using the following formula [35].   

 

                                       (1)      

                                         

where a and c are the lattice parameters and  

 

 

 

 
 
Fig. 1. X-rd pattern of: (a) Pure ZnO (b) 1 mol% Ag 

doped (c) 2 mol % Ag doped, (d) 3 mol% Ag doped, (e) 4 

mol%   Ag   doped,  and   (f)   5  mol  %   Ag  doped  ZnO  

                                    nanoparticles.      

 

 

Table 1. Bond length (L), particle size (D), and lattice 

parameters LP (a and c) of pure and co-doped ZnO samples. 
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3.2 Morphology and elemental studies of the  

      nanoparticles 

 
 Field emission Scanning electron microscope (FE-

SEM) was used to investigate the morphology of the 
samples as shown in the Fig. 2. Undoped ZnO image 
appears like the shape of cauliflower (Fig. 2(a)) and 5 
mol% of Ag + 5 mol% of Co doped ZnO nanoparticles 
forms the quasispherical shape (Fig. 2(b)), all these 
particles present in the size of 100 nm. Fig. 3 depicts the 
energy dispersive spectra (EDS) of undoped ZnO and 5 
mol% of Ag:Co:ZnO nanocrystallites. EDS spectra of 
undoped ZnO having only two elements, Zn and O, 
indicates the purity of the ZnO sample and that an 
additional Co, Ag elements exists in Ag: Co: ZnO 
nanocrystals. Quantitative analysis of the dopants atomic 
concentration in ZnO (atom %) is listed in Table 2. The 
relative error of accuracy is less than ±3mol%. It can be 
found that the Ag content increases from 0.13% to 1.23%, 
based on the Ag doping levels (*chemical composition of 
Co =1.37 atom% was detected by EDS, for constant Co = 
5 mol %). 

 

 

 

Fig. 2. FE-SEM images of: (a) Undoped ZnO, (b) 5 mol%  

of Ag + 5 mol% of Co doped ZnO nanoparticles. 

 

 

 

 

Fig. 3. EDAX Spectrum of: (a) Pure ZnO   (b) 5 mol% of Ag,  

Co doped ZnO nanoparticles  (ZnO: Ag: Co). 

 

 

Table 2. Dopant concentration in ZnO measured by  

EDS (EDAX) method. 

 

 
 

3.3 Optical studies of the pure ZnO and 

       Zn1-xAgxCoyO nanoparticles 

 

UV-DRS spectra were recorded on a Varian UV−vis 

spectrometer in the wavelength range of 200 − 800 nm. 

The UV-vis diffuse absorption spectra of samples with 

different Ag concentration (by keeping Co = 5 mol %) 

were shown in Fig. 4. The band edge for pure ZnO sample 

appeared at 3.26 eV (380 nm), while the band edge  of the 

co-doped ZnO  samples shifted to longer wavelengths with 
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increasing Ag concentration, meanwhile the co-doped 

ZnO samples exhibits two types of bands which are 

present in UV-region and visible region. The strong UV-

band present between 250-355 nm and strong absorption 

bands lies between 550 to 700 nm. In previous studies 

transition elements like silver, the excitonic absorption 

peak of  undoped and silver doped samples appears around 

260 nm, which fairly blue shifted from the absorption edge 

(Eg = 3.4 eV) of bulk ZnO, the excitonic absorption peak 

of  undoped and silver doped samples become broad as 

temperature increases [12] and the excitonic absorption 

peaks observed at 262 nm and 284 nm due to ZnO 

nanoparticles shows blue shift [33, 36] and also ‘Co’ 

doped in ZnO nanoparticles has been observed the redshift 

of the band gap edge ‘Eg’ [37] and interpreted as mainly 

due to the sp-d exchange interactions between the band 

electrons and localized d electrons of the Co
2+

 ions 

substituting ‘Zn’ ions [38]. In this paper, we used two 

transitional elements such as Ag and Co, which are doped 

in ZnO nanoparticles. All co-doped ZnO samples 

exhibited two strong absorption bands like UV-band 

between 250-355 nm and visible band between 550 - 700 

nm are observed. Three additional peaks at 550-700 nm 

appear in the spectra of the co-doped samples (see fig. 4), 

these peaks are attributed to the 
4
A2(F) → 

2
E (G) (656 

nm), 
4
A2(F) → 

4
T1 (P) (612 nm), and  

4
A2(F) → 

2
A1(G) 

(565 nm) transitions respectively. These transitions are 

involved in the crystal field splitting of 3d levels of Co
2+ 

in 

ZnO [39].
 
The blue shift and red shift can be observed 

clearly from Fig. 4, the absorbance is more for pure ZnO 

and decreased for co-doped ZnO samples, but the 

absorbance slightly increases from 2-5 mol% of Ag doped 

ZnO nanoparticles, which are having less absorbance than 

1 mol% of ‘Ag’ doped ZnO samples. 1-5 mol% of ‘Ag’ 

doped (by keeping Co = 5 mol% as constant) ZnO samples 

exhibits UV-bands, among these 1 mol% of Ag doped 

ZnO shows highest degree of UV-band, but the intensity 

of the UV-bands raised with raise of dopant concentration 

of Ag from 2-5 mol%. On the other hand, we report that in 

the visible band Ag doped concentration increased from 1-

5 mol% in ZnO samples (by keeping Co = 5 mol% as 

constant). Fig. 4 shows the highest degree of peaks for 1, 

4, 5 mol% of Ag doped ZnO samples as compared to the 

data shows highest degree of absorption peaks for 3 mol% 

of Co
2+

 content doped ZnO, reported by Q. Xiao et. al 

[37]. Diffuse reflectance spectra of pure ZnO shows the 

absorption edge near 380 nm and all co-doped ZnO 

samples revealed characteristic absorption edge around 

250-260 nm. Undoped and co-doped ZnO powders 

exhibits reflectance in the visible region. In the past study, 

reflectance of ‘Ag’ doped ZnO samples decreases with 

increase of ‘Ag’ concentration [19] and also reflectance of 

‘Co’ doped ZnO nanoparticles decreases with increase of 

‘Co’ concentration [40]. Here, we report that the Pure ZnO 

shows 61% reflectance [Fig. 5(a)], and in the co-doped 

ZnO samples, reflectance of the Ag doped ZnO samples 

increases with the increase in Ag concentration from 1 to 5 

mol% (by keeping Co = 5 mol% as constant) such that 2 

mol% of Ag doped ZnO shows 98% of reflectance and 5 

mol% of Ag doped ZnO shows 82% of reflectance as 

shown in the Fig. 5(b). Band gap energy of the samples 

was estimated through the Kubelka- Munk treatment to 

their DRS spectra.   Figure 6 represent the K-M plots for 

the undoped and Ag doped samples used to determine 

their band gap energies. The band gap energy decrease 

from 3.26 eV (pure ZnO) to ~2.88 eV (5 mol% Ag: Co: 

ZnO) with increase of ‘Ag’ concentration from 1 to 5 

mol%. A small redshift was observed in the Ag doped 

ZnO samples as reported by R.S. Zeferino [19]. Where as 

we report, from Fig. 6, a redshift clearly observed for the 

ZnO samples doped with 1 to 5 mol% of Ag (by keeping 

Co = 5 mol% as constant). 

 

 

 
 

Fig.  4. UV–Vis diffuse absorption spectra of (a) Pure 

ZnO and (b) different  concentrations of  Ag  doped  ZnO  

        powders (Keeping Co = 5.0 mol% as constant). 
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Fig.  5. Diffuse reflectance spectra of the (a) pure ZnO and  

(b) different co-doped (Ag, Co) Zn nanoparticles. 

 

 
 

Fig.  6. Kubelka-Munk plots and band gap energy 

estimation    for   the     undoped   and   Ag - doped   ZnO  

               nanoparticles (by keeping Co = 5mol %).     

 

 

3.4 Photoluminescence studies of the pure  

       ZnO and Zn1-xAgxCoyO nanoparticles 

 

Photoluminescence (PL) spectroscopy was used to 

study the luminescence behavior of pure and co-doped 

ZnO nanoparticles. Fig. 7(a) shows the PL spectrum of 

pure ZnO, and 5 mol% of Ag, and Co individually doped  

ZnO and Fig. 7(b) shows the PL spectrum of 1 to 5 mol% 

of Ag doped ZnO (by keeping Co = 5.0 mol% as constant) 

nanostructures. 1 to 5 mol% of Ag doped ZnO samples 

have excitation wavelength of 380 nm and have the energy 

3.26 eV which is less than the direct band gap energy of 

ZnO (3.37eV). The PL spectra of pure ZnO has highest 

intensity than the intensity of Ag, Co doped ZnO 

nanostructures, and the intensity of visible emission is 

lesser for 5 mol% of silver doped ZnO than 5 mol% Co 

doped ZnO nanoparticles shown in Fig. 7(a). This is due to 

the most of the Ag
+
 ions might have been incorporated 

into the ZnO lattice through substitution. The undoped and 

co-doped ZnO samples could exhibit a strong and wide PL 

signal in the range from 410 to 465 nm and two obvious 

PL peaks having wavelengths around at 420 nm and 444 

nm are observed in the visible region. In the past, single 

element like 3 mol% of Co
2+

 ions of doped ZnO samples 

shows highest degree of intensity, reported by Q. Xiao et. 

al. [37] and also 2% of Ag doped ZnO samples shows 

highest degree of intensity as reported by R.S. Zeferino et. 

al [19]. 
 
But we report that the PL intensity is maxima for 

5 mol% Ag doped ZnO samples and hence the PL 

intensity increases with rise of silver concentration from 1 

to 5 mol% which is shown in the fig. 7(b), even though all 

these intensities are less than the PL intensity of pure ZnO. 

These PL signals were attributed to excitonic PL, which is 

mainly resulted from surface oxygen vacancies and defects 

of ZnO nanoparticles. It has been reported that the stronger 

the excitonic PL spectrum, the higher the content of 

surface oxygen vacancy and defect [41].  
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Fig.  7 PL spectra of the (a) pure ZnO and 5 mol% of Co 

and Ag doped ZnO nanoparticles, (b) 1 to 5 mol% Ag 

doped   ZnO   nanoparticles  (Keeping Co = 5 mol  %  as  

                                       constant). 

 

 

4. Conclusions 
 

Nanocrystals of pure and co-doped ZnO were 

successfully synthesized by using a chemical co-

precipitation method. The crystalline structure, 

composition, morphology, and optical properties were 

determined by XRD, EDAX, FE-SEM, and DRS, 

respectively. XRD analysis shows that the prepared 

nanostructures have hexagonal crystal structure with pure 

ZnO phase. The evaluated average particle sizes increased 

and bond lengths, lattice parameters of nanoparticles are 

decreased with increase of ‘Ag’ dopant concentration from 

1 to 5 mol%. Also, the band gap energy of ZnO is 

decreased from 3.26 eV to 2.87 eV with the increase of 

‘Ag’ dopant concentration and optical absorption 

measurements indicate a strong blue shift and red-shift 

band edge upon increasing ‘Ag’ doping concentration. 

Blue emission was observed from photoluminescence 

Spectra and PL intensity increases with increase of Ag 

concentration from 1 to 5 mol%. 
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