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Zn1-xLixO samples have been synthesized by conventional solid state reaction method and studied their structure, grain 
size, and electrical properties. The crystalline grain size and lattice constants were determined from the profile of x-ray 
diffraction. X-ray study shows that Li is soluble in ZnO upto 30 mol.%. The approximate grain size of the crystal in the 
direction perpendicular to (100), (002), (101), (102) and (110) planes ranges from 45 to 56 nm. The lattice parameters of 
these materials are consistent with the reported values. The dc electrical conductivity measurement shows that all 
samples are highly resistive (∼106 ohm-cm) upto a certain critical temperature (Tc) above which conductivity of the 
materials increases gradually. The band gap energy (3.19-3.5 eV) calculated from conductivity measurement is 
comparable to the optical band gap of ZnO crystal, which reveals that after Tc, electron transition occurs from valence 
band to conduction band only. 
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1. Introduction 
Zinc oxide is one of the most promising 

materials among II-VI wide-band semiconductors. 
It has attracted attention not only as a suitable 
lattice-matched substrate for GaN but also as a 
potentially useful active optoelectronic material in 
its own right [1]. These unique properties raise 
new questions not only about the basic properties 
of ZnO but also about those of related materials 
which can be combined with ZnO in 
heteroepitaxial device structures. But the 
application of zinc oxide as a semiconductor is 
limited by the difficulties in obtaining samples with 
the proper electrical and optical properties [2]. 
Energy absorption in this wide band gap 
semiconductor occurs by exciting electrons to the 
empty conduction band leaving holes in the 
completely filled valence band. Recombination 
usually occurs either close to the crystal lattice or 
in electronic defects of the crystal lattice [3]. 
Physical properties, such as electrical 
conductivity, piezoelectricity and defect structure 
of these materials changed by the amount of 
excess Zn and also by the dopant elements in 
lattice structure. Such type of defects normally 
influences the crystal morphology, structure, 

grain-size, composition etc. In general, 
morphology, crystal structure, crystallite size and 
crystallinity depend on precursor and 
experimental parameters used during solid state 
reaction [4]. There are many techniques widely 
used for the investigation of these characteristics 
such as, x-ray diffractometry, scanning and 
transmission electron microscopies and specific 
surface area measurements. Among these 
techniques, x-ray diffractometry is very simple, 
cost effective and non-destructive. Performing 
line-broadening analysis of x-ray diffraction, one 
can easily estimate the crystallite shape and size 
of a sample. Zinc oxide (ZnO) doped with small 
percentage of Li presents rich x-ray diffractogram 
with various orders of reflections, which allow 
crystallite shape and size analysis. The grain size 
analysis of zinc oxide powder as a function of 
morphological evolution has been done by 
Fernando et al. [5]. The detailed study of grain 
size depending on doping is still unexplored. In 
the present work, we have determined solubility of 
Li into ZnO and estimated crystallite size of Li 
dopped ZnO prepared by solid state reaction 
method and studied their structural and electrical 
properties.  
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Figure 1.   X-ray diffraction patterns of Zn1-xLixO 

2. Experimental 
A series of Zn-Li-O samples were synthesized 

by solid-state reaction method. Stoichiometric 
amounts of high purity reagent grade ZnO, Li2CO3 
were mixed to prepare Zn1-xLixO samples. Mixed 
powders were thoroughly ground and calcinated 
twice at around 850 ºC in air for 12 hours with 
intermittent grinding.  The obtained white powders 
were then pressed into circular pellets with the 
dimension of about 12 mm in diameter and 2-3 
mm in thickness with a pressure of about 2500 
pound / sq. inch. The prepared pellets were then 
sintered in air atmosphere at 875-900 ºC for 12 
hours and furnace cooled to obtain crystalline 
phase.  

The crystalline phase of the materials were 
checked by X-ray diffractometer (RIGAKU, 
Geigerflex) using CuKα radiation  (λ=1.5405 Å, or 
0.154 nm) at room temperature. The diffraction 
scan was recorded in the angular range 
20o ≤ 2θ ≤ 70o with a scanning speed of 2o /min., 

and step sampling of 0.02o. The lattice 
parameters were determined from the XRD 
patterns using Hess-Lipson method. The crystal 
or grain size was determined quantitatively using 
Scherrer method [6]. Digital multimeter  (Keithley 
614 Electrometer) was used for the 
measurement of conductivity of the samples. The 
dielectric properties were studied by a multi-
frequency LCR meter (SR 720) at room 
temperature. The relative dielectric constant εr 
was calculated from the measured capacitance of 
the samples.  

3. Results and Discussion 

The X-ray diffraction patterns of the Li doped 
ZnO samples are shown in Fig. 1. It is evident 
from the XRD patterns that the samples are of 
single phase for x = 0.0 to x = 0.3. A small amount 
of other phases like Lithium Zinc Oxide is found 
for x ≥ 0.3, which is realized by the presence of 
few extra peaks in the XRD pattern lying in 
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Table 1. Lattice constants, c/a ratio, Zn-O bond length, and Eg of Zn1-xLixO samples 

Lattice constant 
(Å) c/a ratio 

Zn-O bond 
length (Å) 

Sample Molar 
ratio, x 

a c   

Band gap 
Eg (eV) 

0.0 3.2458 5.2022 1.6027 1.9755 3.20 [11]  

0.10 3.2412 5.2119 1.6080 1.9780 3.50 

0.20 3.2503 5.2076 1.6021 1.9781 3.19 

0.30 3.2504 5.2079 1.6022 1.9871 3.46 

0.40 3.2498 5.2075 1.6024 1.9781 3.22 

Zn1-xLixO 

0.50 3.2497 5.2072 1.6023 1.9780 3.46 

*Zn-O bond length 1.9778 Å [6] 

between 20° to 30° and around 45° of 2θ scan. It 
is also found that reflection lines for Li doped 
samples (x ≥ 0.3) slightly shifted to the left from  
reflection lines of x = 0 sample. But for samples of 
x = 0.4 and 0.5, reflection lines tend to align with 
the lines of x = 0. From these observations it is 
assumed that Li is soluble in ZnO up to x ≤ 0.30. 
Theoretically, this  solubilty limit  seems to be 
high. The structure of Zn is hcp while Li posseses 
both bcc and hcp structure [7]. Though the 
electronic valence is different between Li+1 and 
Zn2+ but for their same structure and proximity of 
ionic radii, the solubility upto 30 mol% is not 
unexpected. The x-ray diffraction profiles could be 
indexed with hexagonal unit cell. The prominent 
peaks in the diffractogram (Fig. 1) correspond to 
the (100), (002), (101), (102) and (110) reflecting 
planes of hexagonal structure. The lattice 
parameters, Zn-O bond length and c/a ratio is 
shown in Table 1. The determined lattice 
parameters are slightly different from that of the 
pure ZnO [8]. The ionic radius of Zn is 0.74 Å 
while the ionic radius of Li is 0.60 [8] and 0.68 [9]. 
The small change of lattice parameters compared 
to pure ZnO indicates that the dopant Li 
substitutes the Zn atoms since the ionic radius of 
Zn (0.74 Å) is comparable to the ionic radii of Li 
(0.68 Å).  The  high solubility limit (x ≤ 0.3) of Li 
into ZnO seems reasonable when ionic radius of 
Li is considered as 0.68 Å. In this case, the 
difference between ionic radii is less than 10%. In 
this context,  slight changes in Zn-O bond length 
(of the order of 10-3 Å) as well as in c/a ratio is 

justified. These small changes in lattice 
parameters and Zn-O bond length are induced  by 
the distortion of structure due to the substitution of 
Zn atoms by off-centered Li atoms in ZnO 
structure. This could also be realized by the small 
shift of reflection planes in the X-ray diffractogram 
(Fig. 1). It is reported that such a small structural 
distortion is connected to the ferroelectric phase 
transition [8]. 

The X-ray diffraction patterns clearly indicate 
that the samples are of crystalline type; the 
reflection line profiles were subjected to calculate 
crystal or grain size perpendicular to the different 
crystalline planes. The grain size, ξ, of the 
samples were determined quantitatively using the 
formula [6], 

θ
λξ

cosB
K

=  (1) 

where, λ  is the wavelength of the incident x-ray 
beam, K is a constant equal to unity and θ  is 
usual Bragg angle.  The unit for ξ is same as that 
of the λ and expressed in nano-meters.  The 
breadth B of a diffraction line may be measured 
by means of an ionization chamber or by 
densitometry of a pattern recorded 
photographically. In general, B is obtained by 
measuring so-called full width at half-maximum 
(FWHM) expressed in radians. Since the 
broadening of a peak is sensitive to the variation 
near the tails at the bottom of the peak hence it 
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very low of the order of 10 -10  Ω cm  and 

Table. 2.     Crystallite or grain size ξ of Zn1-xLixO crystals. 

ZnO Zn0.9Li0.1 Zn0.8Li0.2 Zn0.7Li0.3 Zn0.6Li0.4 Zn0.5Li0.5Sample 

 
( hkl) ξ (nm) ξ  (nm) ξ  (nm) ξ  (nm) ξ  (nm) ξ  (nm) 

100 52 48 51 54 51 50 

002 54 52 54 56 52 51 

101 45 46 52 52 50 53 

102 50 48 53 53 48 56 

110 50 45 49 50 51 54 

Figure 2.      Variation of lnσ with 1/T for Zn1-xLixO 

was corrected for background. The instrumental 
broadening was corrected for the standard ZnO 
sample. The values of crystallite size calculated 
perpendicular to different crystal planes  is 
tabulated in Table 2. From Table 2, it is clear that 
the apparent crystallite size is similar irrespective 
of crystalline planes. It is also seen that crystallite 
size is almost independent of doping 
concentrations. Since all the samples were 
prepared in identical conditions and cooled in 
furnace down to room temperature, the above 
result is quite reasonable. The intensity of the 
(002) peak was lower than (100) peak for x = 0.0 
and substantially increased as a function of 
doping and it becomes dominant for x > 0.3. 

However, the crystallite size is more or less 
independent of doping concentrations. Therefore, 
the increase of reflection intensity for (002) plane 
compared to (100) plane may be related to the 
preferred orientation in the samples. The 
crystallite size in the direction perpendicular to the 
(002) plane is slightly larger than for (100) plane 
(Table 2), and as a result the crystallite shape 
regarded as cylindrical. Similar result is reported 
for ZnO prepared by thermal decomposition 
method [5].  

Figure 2 shows the logarithmic variation of 
conductivity with inverse of absolute temperature. 
It is seen from the figure that the conductivity is 

-6 -7 -1 -1
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Figure 3.      Change of Tc with Li concentration, x. 

almost constant upto a critical temperature Tc 
after which it increases gradually. At the tail end 
i.e., in the high temperature region of the 
conductivity curve, within the measured 
temperature range, a tendency of resistance 
saturation is observed for all samples (Fig. 2). At 
room temperature pure ZnO is an insulator. It is 
established that the conductivity of ZnO 
influenced by the presence of excess Zn atoms in 
formula unit and/ or introduction of impurity atoms. 
In the present case, it seems the conductivity of 
doped ZnO is mostly due to excess Zn rather than 
Li doping. However, the doping concentrations 
affect the transition temperature Tc significantly. 
After the transition temperature Tc, following 
relation can be used to express the mechanism of 
carrier transport [10], 

)
Tk

E
exp(

B

g
0 −= σσ

sol
 (2) 

where, Eg is the energy gap and kB is the 
Boltzmann constant. The energy gap Eg has been 
calculated from the slope of lnσ  vs. 1/T plot. The 
obtained values of Eg are in the range of 3.19-3.5 
eV and it is very close to the optical band gap 
(3.2 eV) of the ZnO crystal. This result reveals 
that the conduction after Tc is thermally assisted 
and occurs due to the transition of electrons from 
valence band to conduction band. The variation of 

transition temperature Tc with doping 
concentration is shown in Fig. 3, which indicates 
that the critical temperature, Tc, gradually 
decreases with the increase of Li concentration in 
ZnO.  

The dielectric constant of the samples was 
cal

4. Conclusions 
 patterns reveal that Li is 

The estimated grain size is of the nano-scale 
wit

culated from the measured capacitance at zero 
bias. Fig. 4 shows the variation of dielectric 
constant with frequency (100 Hz-100 kHz) for 
different doping concentrations. It is observed that 
the dielectric constant of Zn1-xLixO decreases in 
the low frequency region and in the high 
frequency region variation is insensitive. It is also 
found that the dielectric constant is maximum for 
x = 0.2, which indicates that the maximum lattice 
mismatch may occur in this concentration.  

The X-ray diffraction
uble in ZnO upto x ≤ 0.3, beyond this range 

additional Lithium Zinc Oxides phases are also 
formed. The structure of the samples could be 
indexed with hexagonal unit cell and the ratio c/a 
is 1.602. 

h cylindrical shape and independent of doping 
concentrations. After transition temperature Tc, 
thermally assisted direct transition of electron from 
valence band to conduction band is realized for Li 
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Figure 4.    Frequency dependent dielectric constant of Zn1-xLixO. 

doped ZnO. The determined band gap energy is 
comparable to the optical band gap of the 
materials.  
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