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ABSTRACT 
 

 ZnO nanostructures doped with lithium have been synthesis to obtain p-type ZnO and its effect on the morphological 
and optical properties of ZnO is investigate with using physical vapor deposition (PVD) that is a simple and relatively 
inexpensive method. Imaging of nanostructures obtained represents reducing their size and changing morphology of 
nanowires for undoped to nanospears for samples doped with lithium. XRD and XPS analysis was confirmed ZnO 
formation and lithium diffusion into the ZnO structure. PL and Raman analysis was used to study the optical properties. 
PL analysis shows the emission band in the ultraviolet region. It was also revealed that the addition of lithium impurities 
reduced the band gap energy of nanostructures. Raman spectroscopy of nanostructures showed that impurities fixed the 
crystal defect and following it improve the optical properties. 
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1. INTRODUCTION 

 
Nowadays, ZnO Due to the polar properties, large energy band gap (3.37 eV) and small exciton energy (60 meV) at 

room temperature is located highly regarded. This features and Researchers access to ZnO nanostructures growth 
technologies opening new horizons facing mankind. ZnO has many application cases include gas sensor [1], solar cell [2] 
and field emission devices [3]. Doping of ZnO is especially important for electronic applications. Therefore, in recent 
years researchers have been proposed various doping materials for acquiring of p-type ZnO. We can note several 
theoretical studies including hydrogen [4], doping with nitrogen [5], antimony and arsenic [6].  

Janotti & Van de Walle, in 2007 [7] during his research discovered the fact that although first and seventh group of 
the periodic table are best candidates for doping of ZnO and convert it into the p-type, but first group of elements because 
can create lower energy levels with depth and lead to stability of the final product, may be more suitable. But so far, a few 
of researchers have been able to Experimentally synthesis using p-type ZnO nanostructures produced with high stability 
that some of them are mentioned below.  

ZnO thin films doped with lithium by magnetic sputtering deposition method [8], microwires doped with sodium by 
chemical deposition method [9], ZnO thin film doped with lithium by sol-gel method [10], and laser pulses deposition [11], 
ZnO nanopowders doped with lithium by chemical solution combustion method [12] and nanorods doped with potassium 
by chemical solution deposition method [13] are some of these cases. in this work for Doping of ZnO nanostructures with 
lithium used  from vapor transmission method in a horizontal furnace or the same PVD method that is simple and 
relatively inexpensive, and can lead to growth and Doping of ZnO nanostructures with high quality. 
 

2. EXPERIMENTAL 
 
First, the p-type Silicon <100> substrates with dimensions of 1 × 1 cm were prepared and cleaned in HCL after 

boiling, NH3OH and HF; ten minutes for each one. Finally, washed with de-ionized water and dried. The growth of pure 
and Zn1-x Li x O nanostructures was performed in a horizontal tube furnace. This system contains an alumina tube vacuum 
chamber with 150 cm long and 8 cm in diameter. A mixture of the zinc oxide powder (99.99%, Merck) and commercial 
graphite powder(99.99%, Merck) at 1:1 weight ratio was used as the precursor material of ZnO, and LiOH powder (95%, 
Merck) was used as the precursor material of (ZnO+C:Li ,10:2). At center of alumina tube, contained the precursor 
materials and substrate were placed downstream of the precursor materials in desire temperatures, as shown in Fig.1.  High 
purity N2 gas was fed into the furnace at one end, while the other end was connected to a vacuum pump. The growth 
process was allowed to proceed for 1h at 1000°C. A vacuum of -700mmHg was maintained inside the tube furnace during 
the deposition of the nanostructures. 

The morphology and crystal structure of the products were investigated by field emission scanning electron 
microscopy (FESEM, Hitachi S4160) and X-ray diffraction (XRD, Phillips PW3040/60) respectively. The composition of 
the nanostructures was analyzed by X-ray photoelectron spectroscopy (XPS, VG-Microtech ESCA-2000) measurement. 
XPS spectra were recorded with using Mg-Kα radiation (1256.6eV). Room temperature photoluminescence (Perklin Elmer 
LS55) and Raman (Almega Thermo Nicolet Dispersive Raman Spectrometer) spectroscopies were employed to study the 
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optical properties and crystallinity of the ZnO nanostructures respectively. A xenon arc lamp as the light source was used 
for the PL and A Nd: YLF laser with a wavelength of 532 nm were used for Raman measurements. 

 

 
Fig. 1. Schematic of set-up used for growth of ZnO nanostructures 

 
3. RESULTS AND DISCUSSION 

 
Fig. 2 (a) shows the FESEM image of undoped ZnO nanostructures. Their morphologies are nanowires with a rough 

surface. They have a microns length and their average diameters are 125 nm. Nanowires grown at randomly direction with 
high density. Fig. 2 (b) shows the FESEM image of Li-doped ZnO nanostructures. Their morphologies are nanospeares 
with a smooth surface. Their diameters are about 55 nm. It seems that Li doping change morphology from nanowires to the 
nanospears and decreases the size of the nanostructures.  

 

 
 

Fig. 2. FESEM images of a) undoped, b) Li-doped ZnO nanostructures 
 

Fig. 3 shows the XRD spectra of nanostructure.  XRD measurements were performed with Cu Anode and λ = 1.5406 
Å. Diffraction peaks can be perfectly indexed to ZnO according to the peak position (JCDPDS Card No. 800075). Sherrer 
formula for the calculation of crystal size from the XRD peaks is use [14]: 

D =                                                                                     (1) 

Where D is the average grain size, λ is the X-ray wavelength, and β and θ are the full-width at half maximum and 
diffraction angle, respectively. XRD results for a similar peak are in Table. 1. This results show that peak position shifted 
toward smaller angles and with incidence of quantum confinement in effect of size decreasing of nanostructures, the 
distance between crystal sheets and network parameters also increased. This is a confirmation for surface to volume ratio 
increasing. 
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Fig. 3. XRD spectra of ZnO nanostructures 

 
Table 1. XRD results of Fig. 3 

sample Pos. [2θ] d(A) FWHM (2θ) a=b  (A) 
c      (A) 

Crystal 
Structures 

D (nm) 

undoped 36.738 2.4444 0.28 3.3609 
4.5026 

Hexagonal 59.8186 

Li-doped 36.570 2.4553 0.37 3.3699 
4.5420 

Hexagonal 45.2462 

 
ZnO nanostructures XPS spectra for further evaluation of their purity and composition and to examine the electronic 

binding energy shows in Fig. 4. This figure that shows an overall scan, indicated the photoemission peak located at 54.62 
ev for Li-1s shows the seepaging of Li impurities in atomic structure of ZnO [10]. Also photoemission peak for Zn and O 
is obvious in Fig. 4.  

 
 

Fig. 4. XPS spectra of ZnO nanostructures 
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PL analysis is a fast and nondestructive tools for investigating about optical properties of zinc oxide. Fig. 5 shows the 
PL spectra of deposited ZnO nanostructures. Photoluminescence spectra recorded at the excitation wavelengths of 320 nm. 
Generally, two peaks are seen in the PL spectra of ZnO. First, an ultra violet (UV) peak which is also called the near band-
edge emission (NBE), due to the recombination of free excitons through an exciton-exciton collision process. Second, deep 
level emission (DLE) band that corresponds to the singly ionized oxygen vacancy in ZnO and results from the 
recombination of a photo-generated hole with the singly ionized charge state of these defects. In our works also this two 
PL band exists. UV band at 380 and 386 nm and DLE band at 510 nm (green region) which exact details are given in 
Table. 2. This result shows a red shift in UV band that indicates decreases of Eg and could be a result to obtain p-type ZnO 
nanostructures [15]. Full width at half maximum (FWHM) with Li-doping have decreases that indicates better crystallinity 
of the Li-doped ZnO in comparison with undoped nanostructures [16]. These results have good agreement with SEM and 
XRD result. 

 
 

Fig. 5. PL spectra of the ZnO nanostructures 
 

Table 2. PL result 
 

 
 
 
 
 

Fig. 6 shows the Raman spectra of the ZnO nanostructures from 200 to 800 cm-1. According to the group theory, 
single crystalline ZnO belongs to the C4

6V space group, with two formula units per primitive cell and eight sets of optical 
phonon modes at the Γ point of the Brillouin zone, classified as A1 + E1 + 2E2 modes (Raman active), 2B1 modes (Raman 
silent) and A1 + E1 modes (infrared active). The E1 and A1 modes are two polar modes and are split into transverse optical 
(TO), and longitudinal optical (LO) branches [16]. Peak position for each of the nanostructures is presented in Table. 3. 

 
Table 3. Peak position for Raman spectra of ZnO nanostructures 

sample undoped Li-doped 
E2H–E2L 342 cm-1 337 cm-1 
E2 (high) 422 cm-1 423 cm-1 

E1 (LO)  463 cm-1 - 
 

We have seen three major Raman peaks in Fig. 6. E2H–E2L modes, that caused by the multi-phonon scattering. The E2 
(high)–E2 (low) mode can be found only when the ZnO is a single crystal. Another modes, E2 (high) is a characteristic 
peak of wurtzite hexagonal ZnO, confirming that the grown nanostructures are of wurtzite hexagonal phase [16]. A weak 
peak at 463 cm-1 for pure nanostructures that corresponding to E1 (LO) modes is associated with impurities and formation 
defects such as oxygen vacancies. The absence of this peak for Li-doped ZnO nanostructures indicated fixing these defects 
by using the Li dopants. A dominant and intense peak for all samples about 520 cm-1 due to using the silicon substrate.    

Sample UV peak (nm) 
FWHM(nm) 

DLE peak (nm) 
FWHM(nm) 

Undoped 380 
19 

510 
95 

Li-doped 386 
15 

510 
80 
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Fig. 6. Raman spectra of the ZnO nanostructures 
 

4. CONCLUSION 
 
Li-doping in this deposition method changed ZnO nanostructures morphologies form nanowire to nanospear and 

decreases their size. This reduction in nanostructures size, led to a severe the quantum confinement. XRD and XPS 
analysis show ZnO phase formation and diffusion of lithium atoms into the atomic structure of ZnO respectively, which is 
indicated high quality of nanostructures growth in this deposition method. Optical properties of ZnO nanostructures doped 
with lithium improved. This improvement is obvious due to the decrease in the FWHM of emission band observed in PL 
spectrum nanostructures. Also this spectrum shows the band gap energy loss that has reason to obtain the p-type ZnO 
nanostructures. Raman spectra of nanostructures show single-crystal ZnO nanostructure formation and reduce defects 
crystals followed doped with lithium that these cases are again indicative of improved in optical properties.  
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