Nano structural characteristics of Zirconium Sulphide thin films
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Abstract 
Zirconium sulphide thin films have been prepared by spray pyrolysis method on a glass substrate at 2500C. Detailed structural and optical properties of the films were presented. The crystal structure of the as deposited film was studied by X-ray diffraction (XRD) technique. Systematic XRD analysis of the film clearly indicates the polycrystalline hexagonal phase of the film with (110) orientation. The average grain size of the film is calculated using Scherrer’s relation and it is found to be 18nm. The spectral absorption coefficient of the film at the fundamental absorption region (400nm-900nm) was determined using the spectral data of absorbance. The energy band gap (Eg) was determined from Tauc’s plot and it is found to be 2.55eV. SEM studies show a high yield of the nanostructures distributed throughout the sample area.
Keywords: Thin films, spray pyrolysis, nano structures.
1. Introduction 
The fourth column transition metals have interesting properties resulting from their exhibition of both metallic and covalent bonding characteristics. The covalent crystalline properties are high melting point; extreme hardness and brittleness; and chemical inertness. The metallic characteristics are electrical conductivity and metallic reflectance [1]. The great demand for less expensive metal sulphide and passive films which can be used in various electronics and optical devices makes the study of  zirconium based thin films important Thin films of zirconium based material can be prepared by number of technique which includes Plasma enhanced CVD method[2],  Chemical  vapour  deposition [3, 4], and Plasma spray method[5]. Among the various thin film deposition technique available home built spray pyrolysis [6]  technique is particularly attractive because of its low cost commercially scalable route for depositing zirconium sulphide thin films over large area substrate.[7,8,9].

2. Experiment

2.1. Preparation of Thin Films

Zirconium sulphide thin films were deposited on an optically flat well cleaned glass substrate by using a home made double nozzle sprayer. The 50ml of the spray solution was prepared from aqueous 0.01M of zirconium oxy chloride (ZrOCl2.8H2O); 0.01M of thiourea (CS(NH2)2). The atomized chemical solution is sprayed on to the preheated substrate maintained at 2500C   with the help of compressed air as carrier gas. The carrier gas flow rate was maintained at 3ml/min at a pressure of 12kg/cm2. The distance between the spray nozzle and the substrate is 35cm. To avoid excessive cooling of the substrate, spraying was done with time gap of 30 seconds between successive spray. Details of this setup have been published elsewhere[10]. The terminal thickness of the film was measured by gravimetric technique and it is found to be 2600nm.
3. Result and Discussion 

3.1 XRD Studies 

XRD pattern of the zirconium sulphide films were studied at room temperature by using RIGAKU diffractometer (model RAD II A) with CuKα radiation (1.15418 Å) where other radiations are suppressed using Ni filter. The data were recorded at a scan rate of 0.20/min and in the range of 200<2θ<800. The crystallinity pattern of as deposited films prepared by spray pyrolysis technique at 2500C is shown in Fig.(1). Observation of the film shows smooth surface and well adhesive nature of the film with substrate. The peaks observed in the diffractograms confirm the nanocrystalline nature of the ZrS2 film. The pattern also reveals the film is polycrystalline with hexagonal crystal structure and preferential orientation along (110) plane. No other impurities peaks are observed. Also the intense peak oriented along (110) lattice plane indicates that the growth of the film is parallel to the substrate. The other strong peaks observed correspond to the (101) and (201) orientations. The diffraction peaks appears in the spectrum have been identified as 31.940, 49.480 and 60.450 are verified with the known patterns of standard X-Ray Diffraction data file (JCPDS file No:ZrS2 03-1099). X-ray diffraction line broadening (XDLB) was used to estimate the grain size of the film by utilizing Scherrer’s formula [11-12] 
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Where k is the shape factor constant (0.89), ( is the wavelength of CuK( line, ( the Bragg’s angle of reflection, ( is the  full width half maximum (FWHM) of intense peak.  The average grain size of ZrS2 calculated using Scherrer’s equation is 18nm. Here, the grain size calculated by Scherrer's formula is less than 50 nm. This small grain size is due to the evaporation of individual fine droplets during the sprayed process [13].
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Fig. 1 XRD pattern of Zirconium Sulphide thin film     Fig.2 Absorbance spectra of Zr Sulphide thin film                                                                        
3.2. Optical Studies
A computer controlled ELICO make (SL159 UV-VIS) single beam spectrophotometer was used to obtain absorbance (A) of zirconium sulphide thin films over wide wavelength range of 400nm - 900nm at room temperature with unpolarized radiation. The experimental accuracy of the absorbance is (± 0.005) and the wavelength is (± 0.05 nm). The observed absorbance data were corrected relatively to optically identical uncoated glass substrate. The absorption spectra of the zirconium sulphide with molarity of 0.01M prepared at 2500C were recorded as a function of wavelength range 400nm - 900nm with glass as the reference and is shown in Fig.(2). It shows the representatives of optical absorbance as a function of wavelength which reveals that the absorbance of the film decreases gradually with increase in wavelength. The absorption co-efficient (α) is calculated using Lambert’s law [14]:
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 Where ‘A’ is the absorbance ‘t’ is the thickness of the film, neglecting the reflection co-efficient which is negligible and insignificant near the absorption edge. Then absorption co-efficient (α)  is found to be in the order of 104cm-1. The optical band gap Eg was calculated using Tauc’s plot (αhν)2 Vs hν. The photon energy at the point where (αhν)2  is zero represents Eg, which is determined by extrapolation of the linear portion of the curve. The typical plots of (αhν)2 versus hν for zirconium sulphide thin films is shown in Fig.(3). The optical band gap of the as deposited film is found to be 2.55 eV. 
3.3. SEM Studies

The SEM micrograph of the zirconium sulphide thin film is taken using cold field emission of SEM (JEOL, JSM 6701F, Japan) to support the XRD observations. Prior to the observation, using an auto sputter fine coater (JFC 1600, JEOL Japan) about 50A0 gold was sputtered on the thin film surface for better contrast and to avoid charge accumulation. Figure (4) is the SEM micrograph showing the zirconium sulphide thin films with morphology very similar to the others reported earlier [15-17]. The SEM image in Fig.(4) reveals a good yield of the nanostructures. Interestingly, a large proportion of it is nanotubes. The zirconium sulphide nanotubes structure could be created reproducibly and they were randomly oriented as a porous membrane and found to cover the entire substrate. Although the zirconium sulphide nanotubes (Fig. 4) are not as well defined as the other non carbon nanotubes reported [16,17]. The nanotubes as can be seen from the SEM image in Fig.(4) are quite lengthy, some being more than a micron long with a smooth surface.
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Fig.3 Tauc’s plot of Zr Sulphide thin film               Fig.(4) SEM picture of Zr Sulphide thin film
Their outer diameters are found using image identifier which is found to be 42nm. However, the inner diameters of the zirconium sulphide nanotubes are smaller. Breaks in nanotubes were rarely observed which implies that nanotubes are of very high strength [18]. On close inspection; layer fringes are visible along the tube walls. Interrupted layer growth is observed in the inner edge of the tube wall, causing terminated layers and thus non uniformity in the wall thickness. Also visible in Fig. 4 is the nanoscale substructure within the undoped zirconium sulphide nanotubes, demonstrating their polycrystalline nature. Several terminated layers are observed at the outer edge of the tube wall, possibly owing to the absence of growing materials at these edges. A considerable amount of defects are also present along the length of the tube wall.
4. Conclusion
Spray deposited Zirconium sulphide thin film of thickness 2600 nm deposited on glass substrate at 2500C are polycrystalline having HCP structure. Deposited film shows preferential orientations along (110) plane in addition to other prominent planes (101) and (201). The grain size of the deposited film found using Scherer‘s relation is 18nm. Sem picture confirms the good yield of nanotubes. Our results do show that the growth of nano tubes of Zirconium sulphide can be achieved by simple and economical spray technique. Large quantities of nanotubes can be synthesized by this method; advances in growth processes are making NTs more commercially viable.
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