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Abstract
Recently, transition metal (TM) and rare earth ion doped II–VI semiconductor nanoparticles have received much at-
tention because such doping can modify and improve optical properties of II–VI semiconductor nanoparticles by large 
amount. In this study, undoped, La doped and La+Ag co-doped ZnO nano particles have been successfully synthesized 
by sol-gel method using the mixture of Zinc acetate dihydrate and ethanol solution. The powders were calcinated at 
600 °C for 2 h. The effect of lanthanum and lanthanum-silver incorporation on the structure, morphology, optical and 
electrical conductivity were examined by X-ray diffraction (XRD), Scanning Electron Microscope (SEM), Energy 
Dispersive X-ray Absorption (EDAX), Fourier transform infrared spectroscopy (FTIR), UV and Photo Luminescence 
(PL) Characterization. The average particle size of the synthesized ZnO nanoparticles is calculated using the Scherrer 
formula and is found to be of less than 20 nm. Luminescences properties were found to be enhanced for the La and 
La+Ag co-doped ZnO nanoparticles.
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1. Introduction

With great to manipulate structure of the materials on the 
level of individual atoms and molecules, nanotechnology 
is a promising highly interdisciplinary field. Nanoparti-
cles can contribute to stronger, lighter, cleaner and smar-
ter surfaces and systems. Transition metal (TM) doped 
ZnO nanoparticles are promising candidates for a variety 
of practical applications due to their potential applicati-
ons because such doping can modify and improve optical 
and electrical properties of these materials. [1–5]. ZnO 

is one of the most promising materials for short- wave-
length optoelectronic applications due to its direct wide 
band gap of 3.37 eV large bond strength, and large 
exciton binding energy (60 meV). The missing absor-
bance of visible light makes this material one of the best 
transition metal oxide nanoparicles so far [6]. Doping 
with transition metal oxides leads to many interesting 
properties of ZnO. With the use of different dopants it is 
possible to increase or decrease the band gap. After do-
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ping, conductivity of ZnO often increases. The effect of 
dopant element completely depends on its difference be-
tween ionic radius of zinc and the dopant material [7, 8].

In this work we report an investigation of structural, 
optical and electrical properties of pure ZnO, La doped 
ZnO and La+Ag co-doped ZnO nanoparticles. The sol-
gel method was used due to the method being high 
purity, novel materials, cost effective, which requires 
low temperatures for processing and a high degree of 
solubility can be achieved. The structural, morpholo-
gical optical and electrical properties were investiga-
ted using X-ray diffraction (XRD), energy dispersive 
X-ray (EDAX) spectroscopy, Scanning Electron Micro-
scope (SEM), Fourier- transform infrared spectroscopy 
(FTIR), visible spectrometer (UV) and Photo Lumi-
nescence (PL) Characterization.

2. Experimental procedure
2.1 Synthesis of Zinc Oxide nanoparticles

Pure, La doped and La+Ag co-doped ZnO nanoparti-
cles were synthesized by a simple and low cost sol-gel 
method. Zinc acetate is taken as the main source for ZnO 
and is dissolved in distilled water by continuous stirring 
for half an hour with temperature maintained at 80 °C. 
Then Lanthanum chloride (LaCl3) and Silver nitrate 
(AgNO3) taken at appropriate proportion of 0.1M, 0.2M 
and 0.3M is added drop by drop and mixed thoroughly. 
To maintain the pH level at 10 and for precipitation, NH3 
and TEA (Triethanolamine) are added respectively. The 
colloidal precipitate obtained was cooled and washed 
several times with ethanol and then acetone to remove 
the organic impurities present, if any. The samples are 
then kept under microwave irradiation for half an hour 
till the solvent was evaporated completely. The powders 
were mixed and grind for 30 min at room temperatu-
re and the milled powders were ultimately calcined at 
600 °C temperatures for 2 h followed by cooling.

The same procedure is followed to prepare La doped 
ZnO nanoparticles by using Lanthanum chloride (LaCl3) 
with the main source Zinc acetate.

2.2 Characterization of the samples

Structural analysis was carried out using X-ray dif-
fractometry (XRD) pattometer using CuKα radiation 
(λ = 1.5406 Å) operated at 40 kV and 30 mA in the wide 
angle region of 2θ range from 30 to 70° with a step 
size of 0.1°. The morphology and microstructure of the 
samples were identified by scanning electron microscope 
(SEM, Philip XL 30). The topological features and the 
composition were determined by energy dispersive X-ray 
absorption (EDAX) using K and L lines respectively. 
Formation of ZnO wurtzite phase and available molecu-
lar bonds were investigated by the FTIR absorption spec-
trum. The absorbance spectra of the samples were obtain-
ed using UV-vis-NIR spectrophotometer to investigate 

the optical properties of these nanoparticles,. The spectral 
absorption spectra were recorded using UV visible spec-
trometer (model: Lambda 35, make Perkin) in the wave 
length range 200 to 800 nm using quartz cuvettes at room 
temperature. The Photoluminescence (PL) Spectrum of 
the ZnO nanoparticles dissolved in methanol has been 
measured using a spectrophotometer in the range of 400 
to 4000 cm–1, (F-2500 FL Spectrophotometer, Hitachi).

3.Results and discussion
3.1. Structural studies

Fig. 1 (a and b) shows the XRD patterns of pure, La do-
ped and La+Ag co-doped ZnO nanoparticles analysed 
with Rietveld refinement. The diffraction peaks of the 
ZnO, ZnO doped with La, and ZnO codoped with La+Ag 
nanoparticles clearly shows the crystalline nature cor-
responding to the diffraction planes (100), (002), (101), 
(111), (102), (110), (200), (103), (112), and (201). The 
XRD patterns shows the reflection planes indexed wurt-
zite hexagonal structure of ZnO (space group P63mc, 
JCPDF #79-0208 with preferred orientation along (101) 
plane in all the samples. The refined pattern is in very 

Figure 1. XRD Pattern of pure and (a) La doped ZnO nanopar-
ticles, (b) La-Ag codoped ZnO nanoparticles.
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good agreement with the measured data. No secondary 
phases such as Oxides of Lanthanum or Oxides of Sil-
ver were observed in the samples, as shown in Fig. 1a 
suggesting that La and Ag occupy the zinc sites in the 
doped and co-doped ZnO samples. Also it reveals that the 
substitution of La and La+Ag does not disturb the wurt-
zite crystal structure of parent ZnO. It is clearly seen that 
the FWHM of the reflection peaks decreased after adding 
the dopant cations, indicating growth of the crystallinity 
or changes in the crystal strains [9]. Also a negligible 
shift in peaks is observed for which FWHM obvious-
ly decreased when doped with different La and La+Ag 
concentration compared to un-doped ZnO nanoparticles. 
The significant change in position of peaks is attributed 
to the different ionic radii of Zinc, Lathanum and silver 
(Zn2+ ~ 0.074 Å, La3+ ~ 0.103 Å and Ag+ ~ 0.115 Å). The 
shifting of the XRD peaks with the doped and co-doped 
ZnO suggests the substitution of Zn2+ by La and Ag in the 
ZnO host lattice. The similar shift has been reported in 
transition metal doped ZnO nanostructures by Ekamba-
ram et al. [10] and Dinesha et al. [11]. Wurtzite lattice 
parameters such as the values of d, the distance between 
adjacent planes in the Miller indices (hkl), lattice con-
stants «a» and «c» are calculated from the peak positions 
of the XRD data and are summarized in (Table 1).

It is seen from Table 1 that the lattice constant values 
of the ZnO increase with the substitution of La and Ag. 
The trend can be explained on the basis of the ionic radii 
of the constituent ions. The La3+ and Ag+ ions replace 
Zn2+ ions. This makes the lattice to expand and lattice 
parameter increase since radii of La3+ ion (0.103 nm) 

and Ag+ ion (0.115 nm) is bigger than that of Zn2+ ion 
(0.064 nm) [12–14].

The XRD can be utilized to evaluate peak broade-
ning with crystallite size and lattice strain due to dislo-
cation. The crystalline size of the un-doped ZnO and 
La doped ZnO and La+Ag codoped ZnO with different 
concentration were determined by the X-ray line broade-
ning method using the Debye-Scherer’s equation as

D =
0 9.

cos

λ
β θ

,

where D is the crystalline size in nanometers, λ is the 
wavelength of the radiation (1.542 Å), β is the peak width 
at half maximum intensity, and q is the peak position. 
Crystallite size of pure and doped ZnO is found to be in 
the range of 10–20 nm.

It is supposed that with decreasing particle size, the 
number of ZnO nanoparticles per unit volume of the pow-
der increases resulting in increased surface area. X-ray 
diffraction results clearly indicate that increase in lantha-
num and silver content results in decrease of zinc oxide 
grain size. It can be assumed that with decreasing particle 
size, the number of particles per unit volume of powder 
increases resulting in increased surface area [15].

3.2 Morphological studies

Fig. 2 (a, b and c) represent SEM micrographs of pure, 
La doped and La+Ag codoped ZnO nanoparticles. From 
micrographs, it is clear that uniformly distributed hexago-

Table 1. Structural parameters of pure, La doped and La+Ag co-doped ZnO nanoparticles.

Samples Molarity variation Lattice parameter (Å) Volume (Å) x 103 Dislocation density, 
δ x 1015(lines/m2)

Grain size (D) nm Strain (ε), x 10-3

a c c/a
ZnO 3.236 5.182 1.601 47.010 2.992 18.317 1.896
ZnO(La) 0.1M 3.280 5.208 1.587 45.856 6.386 12.514 2.987
ZnO(La) 0.2M 3.265 5.236 1.641 48.348 4.046 15.720 2.209
ZnO(La) 0.3M 3.246 5.328 1.642 49.387 3.820 16.167 2.144
ZnO(Ag+La) 0.1M 3.340 5.164 1.545 49.758 3.377 17.209 2.014
ZnO(Ag+La) 0.2M 3.414 5.184 1.518 52.569 5.724 13.217 2.623
ZnO(Ag+La) 0.3M 3.453 5.180 1.500 53.612 5.495 13.419 2.568

Figure 2. (a) SEM images of pure ZnO, (b) La doped and (c) La+Ag co-doped ZnO nanoparticles.
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nal shaped and rod shaped particles were observed for the 
pure and doped ZnO nanoparticles. The particle size is 
decreased for doped ZnO nanocrystals. The morpholo-
gical observation of SEM results indicates particles with 
less aggregation can be obtained from this method.

EDAX analysis is used to examine the elemental compo-
sitions such as Zn, La, Ag and O in the prepared samples. 
Fig. 3 (a, b and c) shows the EDAX spectra of pure ZnO, 
doped with La and co-doped with La+Ag. In EDAX 
spectrum, the peaks were evident related to Zn, O, La 
and Ag which clearly support that nanoparticles are 
made of Zn, O, La and Ag. No other peaks related to 
impurities were detected in the spectrum which further 
confirms the purity of the compounds. The presence 
of La and Ag with appropriate weight percentage in 
Zn–La–O and Zn–La–Ag–O and chemical purity of the 
samples is confirmed by EDAX analysis and is tabulated 
in (Table 2).

3.4 FTIR Studies

FTIR is one of the most widely used techniques for the 
detection of the functional groups and quality of the ma-
terial in pure compounds and mixtures. The FTIR spec-
tra of pure, La doped and La+Ag co-doped recorded in 
the range 400–4000 cm−1 is as shown in Fig. 4. The 
spectra shows the Zn–O bond appear at around 563 cm–1 

which may be related with oxygen vacancy or oxygen 
deficiency in ZnO [16, 17]. This oxygen deficiency 

should translate into an enhanced green emission in UV 
absorption spectra [18]. The broad peak around 3407 
cm–1 is assigned to the O–H stretching vibration of water 
molecule [19, 20]. A weak absorption peak at 2338 cm–1 

is ascertained due to the –CH2 asymmetric stretching 
vibration present in the precipitating agent [21]. The 
peaks at 1417 cm–1 correspond to the C–O absorption 
of ZnO surface and bands at 901 cm−1 correspond to 
C–O stretching vibrations. These results further confirm 
the formation of Wurtzite structure in nanoparticles syn-
thesized at room temperature.

3.5 Optical Studies

Optical properties of ZnO particles become important as 
the size of the particles are reduced to nano size. UV-Vi-
sible absorption spectroscopy is an efficient technique to 
monitor the optical properties of quantum-sized ZnO nano 
particles. To study the effect of the doping of Lanthanum 
and silver on the absorption of ZnO, we measured the 
absorption spectra of the samples at the room temperature 
as shown in Fig. 5 (a and b) For pure ZnO nano particles, 

Table 2. The weight percentage and atomic percentage of pure, 
La doped and La+Ag co-doped ZnO nanoparticles.

Samples Elements Weight percentage Atomic percentage
ZnO Zn 79.76 49.10

O 20.24 50.90
ZnO+La Zn 59.47 36.29

O 23.58 58.83
La 16.98 4.88

ZnO+(La+Ag) Zn 34.38 22.63
O 22.84 61.42
La 12.55 3.89
Ag 30.23 12.06

Figure 3. (a) EDAX images of pure ZnO, (b) La doped and (c) La+Ag co-doped ZnO nanoparticles. 

Figure 4. FTIR images of pure, La doped and La+Ag co-doped 
ZnO nanoparticles.



Modern Electronic Materials 4(4): 135–141 139

the absorption intensity decreases for wavelength greater 
than 384 nm. This was assigned to the intrinsic band gap 
of the ZnO due to electron transitions from the valence 
band to the conduction band. After being doped with La 
and co-doped with La+Ag, the absorption peaks shifted 
towards shorter wavelength region from 384 nm i.e. blue 
shifted. The blue shift in the absorption spectrum edge is 

a clear indication for the incorporation of La and La+Ag 
inside the ZnO lattice [22, 23]. It is apparent that the 
absorbtion edge shifts to higher energy or lower wave-
lengths with decreasing the size of ZnO nanoparticles i.e 
the size of the particles starts decreasingdue to percentage 
increase in doping. This marked shift is due to quantum 
confinement effect [24]. The bandgap energy is evaluated 
for the samples using the relation,

( )αhv A hv Eg
n

= −( ) ,

where α is the absorption coefficient, A is a constant, 
hν is the incident photon energy, Eg is the energy band 
gap of the material. The value of n is 1/2 or 2 depen-
ding upon whether the transition from valence band to 
conduction band is direct or indirect. Taucplot Fig. 5c 
is drawn of (αhν)2 vs hν. The extrapolation of the li-
ner part that meets the abscissa gives the value of the 
band gap energy Eg of the material which is listed in 
the Table 3. The band gap energy estimated for all the 
samples pure (ZnO) at 600 °C is 381 nm that is slightly 
higher, and for further increase in doped Molarity the 
band gap decreases.

The PL spectra are useful to disclose the efficiency 
of charge carrier trapping, immigration, and transfer 
and to understand the fate of electron hole pairs in se-
miconductor particles since PL emission results from 
the recombination of free carrier. PL spectra of pure, La 
doped and La+Ag co-doped ZnO nanoparticles is taken 
and is as shown in Fig. 6 (a and b). The luminescence 
peak of pure ZnO observed at 388 nm and for La doped 
at 421 and 493 nm, for co-doped ZnO observed at 421 
and 491 nm, there is substantial enhancement of lumi-
nescence intensity due to increase of La and La+Ag con-
centration, which acts as effective luminescent centers. 
The PL results show that co-doped rare earth elements 
are the major luminescent component and can effecti-
vely improve the luminescence of La doped and La+Ag 
co-doped ZnO. A weak ultraviolet (UV) emission at 
490 nm is observed for pure ZnO nanoparticles and is 
related to the near band- edge emission [25–27]. Three 
weak and two strong emissions at 393, 446, 535 nm 
and 421, 493 nm were observed for the La doped ZnO 
nanoparticles which have also been observed for La+Ag 
co-doped ZnO nano particles. Compared with the PL 
spectrum of pure ZnO, the UV- emission peak of La do-
ped ZnO and La+Ag co-doped samples exhibit a consi-
derable redshift.

Table 3. The band gap energy values of pure, La doped and 
La+Ag co-doped ZnO nanoparticles.

Sample Energy gap (Eg)
ZnO 3.33
La Doped ZnO 3.16
La+Ag codoped ZnO 3.04

Figure 5. Optical absorption spectra of pure and (a) La doped 
ZnO nanoparticles, (b) La+Ag co-doped ZnO, (c) (αhν)2 vs (hν) 
spectra of doped and co-doped ZnO nanoparticles.
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4. Conclusion

In the present study, pure, La doped and La+Ag co-do-
ped ZnO nanoparticles were synthesised via Sol Gel route 
and further analyzed through X-ray diffraction, scanning 
electron microscopy, Energy Dispersive X-ray Absorption 
(EDAX), Fourier transform infrared spectroscopy (FTIR), 
UV-Vis absorbtion spectroscopy, and Photo Luminescen-
ce (PL) Characterization. The XRD spectrum demon-
strates that nanoparticles have the hexagonal wurtzite 
structure. The nano particles of average size 10–20 nm 
have been obtained at various concentration of La and 
La+Ag through sol-gel method. The substitution of La 
and co- substitution of La+Ag does not disturb the wurt-
zite crystal structure of parent ZnO. SEM images sho-
wed the uniformly distributed hexagonal shaped and rod 
shaped particles were observed for the pure and doped 
ZnO nanoparticles. FTIR showed that various functional 
groups are present in pure and La doped ZnO nanoparti-
cles.Optoelectronic investigation has been carried out by 
UV-Vis spectroscopy and Photoluminescence. UV visible 
absorption spectra results of La doped and La+Ag co-do-
ped ZnO nanoparticles indicates that there is a blue shift in 
absorption spectra. The band gap energy estimated for all 
the samples pure (ZnO) at 600 °C is 381 nm that is slightly 
higher, and for further increase in calcinations temperature 
the band gap decrease. Photoluminescence spectra results 
that pure ZnO nanoparticles exhibits UV emission peak 
at 388 nm observed in the UV and in the visible region. 
Thus, the overall results show that the co-doped (La+Ag) 
ZnO nanostructures are suitable for the development of 
optoelectronic and spintronics devices.
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