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Introduction 

 

A thin film is a layer of material ranging from fractions 

of a nanometer (monolayer) to several micrometers in 

thickness. 

 

The nature of distribution of material gives two types of 

films  

i. Discontinuous films 

ii. Continuous films 
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A B S T R A C T 

 

LAMOX thin films have been successfully synthesized by spray pyrolysis technique. 
From XRD analysis, it was observed that all prepared lamox thin films are 
polycrystalline in nature. The LAMOX films exhibit predominant diffraction peak along 
(2 2 3) plane with cubic crystal structure. The plane (2 2 3) intensity was found to be 
increased with increasing precursor concentration. The FT-IR spectra of LAMOX 

nanoparticles sample in the range 400-4000cm-1  is shown for the samples sintered at 
60̊C for 2hrs. In the FT-IR spectrum of LAMOX in range of 400-4000 cm-1  absorption 
bands corrosponding the vibration of cubic at ν1 ˜783.00 cm-1   and   ν2 ˜627.01  cm-1    at 
60̊C. 
   

 
 

 

Citation: Amit Dattatray Shingana., Rohit Shankar Mane (2018). Synthesis And 
Characterization Of Lanthanum Molybidate Oxide By Chemical Spray Pyrolysis 
Technique. International Journal of Advanced Multidisciplinary Scientific Research 
(IJAMSR ) ISSN:2581-4281 Vol 1, Issue 5, July, 2018, #Art.515,  pp 23-31 

  

                                             
                                    

   

 



International Journal of Advanced Multidisciplinary Scientific Research(IJAMSR) ISSN:2581-4281 Volume 1, Issue 5, July, 2018 

  

https://doi.org/10.31426/ijamsr.2018.1.5.515 

           

 

                            https://doi.org/10.31426/ijamsr.2018.1.5.515                         24 

 

International Journal of  

Advanced Multidisciplinary Scientific Research (IJAMSR) ISSN:2581-4281 

Discontinuous films:- 

 When a thin film consists of many small islands of a 

material separated by a small distance, then the film is 

called as discontinuous  film.This situation arises 

generally in ultra thin films due to the discontinuity of 

films the resistivity is very high & shows negative 

temperature coefficient of resistance. 

Continuous films: 

As the thickness of the film is increased by adding the 

material of the film, the gaps between the islands are 

filled & the film becomes continuous.The resistivity of 

such films, however remains higher than the starting 

bulk material. This results from the reduction of mean 

free path of the charge carriers at the surface. 

The science of technology of thin films has been the 

subject of growing interest in recent years because of 

their widespread applications in several fields. The  

increasing industrial demand for reliable thin films in 

microelectronic devices has led to tremendous advances 

in this field.Thin films have extensive applications in 

several optical devices also. 

 

A thin film is a layer of material ranging from fractions 

of a nanometer (monolayer) to several micrometers in 

thickness. Because of two-dimensional solid's potential, 

technical values and scientific curiosity in the properties, 

the field of thin films has become an evergreen in recent 

years. Until, sufficient technological progress has not 

been made to give reasonable scientific confidence to 

thin film research. The usefulness of the thin films and 

scientific curiosity about two-dimensional solids have 

been responsible for the immerse interest in the study of 

the science and technology of thin films. 

Thin films have been used in the study of the 

relationship between the structure of solid and their 

physical properties. Practical applications include 

electrical circuits, optical instruments and magnetic 

information-storage devices. They are also used in 

electronic semiconductor devices, optical coatings & 

household mirror, etc.  Thickness of the thin film is 

usually discussed in terms of angstrom units (Å). Thin 

films are formed by depositing material onto a clean 

supporting substrate to build up film thickness, rather 

than by thinning down bulk material. 

“A surface bounded between two parallel planes 

extending infinitely in two directions restricted in the 

dimension along third direction.” (or) 

“Any solid or liquid system possesses at most two-

dimensional order or periodicity is called as thin film”.  

The thin solid films were probably first obtained by 

electrolysis in 1838. The conventional bulk material is 

characterized by three-dimensional order in which the 

constitute atoms or molecules find themselves. This 

order or periodicity is responsible for the 

structure/nature of the material, which in turn is at the 

heart of distinct physicochemical properties of the 

materials. In case of thin films, the system possesses at 

most two-dimensional order or periodicity. This 

accounts for the vast difference in physicochemical 

properties between bulk material and its thin film 

counterpart. Applications of thin film technology have 

revolutionized the field of optics, electronics, sensors, an 

energy storage device (Supercapacitor) and magnetism. 

The need for new and improved optics, electronics and 

magnetic devices has stimulated the study of thin solid 

films of elements as well as binary and ternary systems, 

with controlled composition and specific properties.  
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Basic steps:- 
 

a) Creation of material to be deposited in 

an atomic, molecular or particulate 

form prior to deposition. 

b) Transport of material, thus created to 

the substrate in the form of vapor, 

steam or solids spray 

c) Deposition of material on the substrate 

& the thin film growth by nucleation 

&growth process. 

 

Physical properties of thin film 

The mechanical properties of thin films are quite 

different from those of the bulk material. For e.g. the 

strengths exhibited by some films appear to be as much 

as 200 times as great as for well annealed bulk samples 

and are usually several times as great as the strengths of 

severely cold worked bulk material. 

An electronic effect of thinness is observed in very thin 

dielectric films as an abrupt change in the conductance 

at constant field as the thickness is reduced below some 

finite dimension. With dielectric films thicker than about 

100A0, the field required to cause a given current to flow 

is generally independent of film thickness. Thinner 

films, however, exhibit a large increase in current 

density due to "tunnelling". This is because the 

probability of an electron with a given energy 

penetrating the potential barrier presented by the 

dielectric increases exponentially with decreasing 

thickness. 

Thinness results also in a marked change in the 

conductivity of metallic films as film thickness becomes 

of the same order as, or smaller than the electron mean 

free path. When this occurs scattering of electrons at the 

film surface becomes a significant factor and the 

effective conductivity is reduced. Observations of film 

resistivity as a function of thickness, thus provide one 

means of estimating the electron mean free path. This 

method has been found different in practice, since films 

of a high degree of perfection are required. The 

resistivity of metal films may be separated into thermal 

motion and another caused by scattering at lattice 

imperfections. The imperfections in depositing metal 

films result in resistivity higher than those observed in 

bulk metals. The effect of temperature on the two modes 

of scattering is not the same and this result in differences 

between the temperature coefficients of resistance of 

bulk metals and those of polycrystalline metallic films. 

The magnitude of this difference may be used to infer 

the degree of imperfection in films. 

The emerging technology needs various types of thin 

films of a variety of applications. Many materials have 

been prepared in the form of thin films over a century 

because of their potential technical value and scientific 

curiosity in their properties. Thin film is defined, as any 

solid or liquid system possesses almost 2-D order or 

periodicity. Properties of thin film differ significantly 

from those of bulk to surface and interface effects; this 

dominates the overall behavior of the thin films. Thin 

films have a very wide range of applications and extend 

from the micrometer dots in microelectronic, photo 

electronic, thermo electronic, superconductivity, 

information-storage media, fuel cells, and bio-

compatible coatings. 

The properties of thin films depend on the method of 

deposition. The required properties and versatility can be 

obtained by choosing the proper method of thin film 

deposition. Thin film deposition methods can be broadly 

classified as either physical or chemical. Under physical 
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methods, we have vacuum evaporation, and sputtering, 

where the deposition takes place after the material to be 

deposited has been transferred to a gaseous state either 

by evaporation or an impact process. Under chemical 

methods, we have the gas phase chemical processes such 

as conventional chemical vapor deposition (CVD), laser 

CVD, photo CVD, metal organo-chemical vapor 

deposition (MOCVD), and plasma enhanced CVD. 

Liquid phase chemical methods include electro 

deposition, chemical bathe deposition (CBD), modified 

chemical bath deposition (M-CBD), successive ionic 

layer adsorption and reaction (SILAR), electro less 

deposition, anodization, spray pyrolysis, liquid phase 

epitaxy, etc. 

 

 

 

 

 

 

In the present work Lamox films will be chemically 

deposited from simple aqueous solution using chemical 

spray pyrolysis technique. The effect of preoperative 

parameters such as concentration of solution, deposition 

temperature, spray rate, air pressure, etc. will be studied 

and optimized to get uniform thin films. 

              

  
 

The thin film characterization will be studied using X-

ray diffraction. XRD study was used for the 

determination of crystal structure. The film thickness is 

determined by using the gravimetric weight difference 

method. 

 

Methods and materials: 

Experimental setup:- 

 It consists of mainly  

a) Air tight chamber  

b) Hot plates with temperature controlling 

arrangement 

c) Spray nozzle  

d) Gas regulator valve 

 Air Tight Chamber: 

 Since numbers of toxic gases are evolved during the 

Experimental set up of  Spray Paralysis Technique 
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spray, it is necessary to fix the spraying unit in an 

airtight metallic chamber. An outlet of the chamber was 

fitted to exhaust to remove the gases evolved during 

spray deposition. 

 Hot plates with temperature controlling unit: 

The iron disc, with diameter 16 cm and thickness 2 cm, 

was supported on the electric heater (3000W). Maximum 

temperature up to 600 0c can be obtained with this 

arrangement. Chromelalumel thermocouple was used to 

measure the temperature of the substrates and is fixed at 

the top. 

The surface of the hot plate was monitored with the 

temperature controller model. The temperature of hot 

plate was directly displayed on digital display.   

Spray nozzle: 

It is made up of a glass and consists of the inner solution 

tube surrounded by the gas tube through which carrier 

gas flows. A vacuum is created at the tip of the nozzle 

with application of pressure to the carrier gas and the 

solution is automatically sucked and the spray starts. 

Gas regulator valve: 

The gas regulator valve was used to control the flow of 

the gas. It controls the flow of gas from 0 liter / min. to 

10 liter / min. 

 

  

 

 

 

Effective of preparative parameters 

 
Precursors 0.3M lanthanum chloride+3M mo. acid+25ml 

water 

Deposition 

Temperature 

350˚C 

Substrates Glass 

Spray Rate 3ml/min 

Air Pressure 0.7 bar 

Nozzle to 

substrate distance 

30 cm 

  

Characterization Techniques: 

The thin film characterization will be studied using X-

ray diffraction. XRD study was used for the 

determination of crystal structure.  

Table 3.1: Summary of different characterization 

techniques used in the present study to find 

properties of the films 

 

 

Synthesis and Characterization of Lanthanum 

molybdic oxide Thin Films 

 

Deposition of  thin films by Spray pyrolysis 

 

Substrate Cleaning 

  

Before any substrate can be used, it must be adequately 

cleaned. The proper cleaning technique depends on the 

nature of the substrate, the nature of the contaminants 

and the degree of cleanness required. The cleaning 

Sr. 

No. 

Characterization 

techniques 

Thin film properties 

1 X-ray diffraction Identification of 

material and crystallite 

size determination 

2 FT-IR Detection of compound 
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involves the breaking of adsorption bonds between the 

substrate and the contaminants without damaging the 

substrate surface itself. The following procedure has 
been adopted for cleaning of the micro-slide (glass) 

substrates: 

 

a) The micro-slide was washed with double 

distilled water, 

b) Boiled in 0.5 M chromic acid for 1 h and kept 

at it for 24 hours, 

c) Washed with double distilled water and  

d) Ultrasonically cleaned with double distilled 

water for 10 min and used prior to the 

deposition. 

 

 Film formation and reaction mechanism  

     

Aqueous solution of lanthanum chloride and molybdic 

acid when sprayed over the hot substrate, pyrolytic 

decomposition of the solution takes place and results in a 

well adherent white film of lamox. The possible 

chemical reaction that takes place is as follows,  

La2cl3 +MO2COOH+H2O  

 
La2Mo2O9+ Cl3↑+COOH↑ 
 

 

Results and Discussion: 

Structural studies:  

Structural studies for LAMOX thin film deposited on 

glass substrate: 

For the structural elucidation of the annealed LAMOX 

thin films, X-ray diffraction was exploited in the 2θ 

range of 20-1000 respectively. Fig.4.1 (a) shows a typical 

XRD pattern of deposit LAMOX thin films deposited on 

a glass substrate. The deposited LAMOX film shows 

cubic crystal structure [JCPDS card no. 70-1382][9]. 

The experimental interplaner distance (d) values for  are 

equivalent to the standard ‘d’ values and thus confirm 

the formation of respective compound. It is clear from 

the XRD pattern of the LAMOX thin film material that 

the diffraction peaks at angles (2θ) are assigned to the (1 

1 1), (2 0 0), (2 1 1), (3 1 1), and (3 2 1),  planes of the 

LAMOX crystal lattice. 

 

 
 

 

 

 

 
 

 

 

Fig.4.:-XRD pattern of LAMOX deposited on glass substrate

The peak positions are well agreed with JCPDS card NO.70-1382 In above XRD pattern 

the Cubic system is present.
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Fig.: 3.4 (a) XRD a glass substrateX deposited on 

glass substrate. 

 

 

Experimental set up of  Spray Pyrolysis Technique  
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Table 1: Comparison of observed and standard  ‘d’ 

values of LAMOX film deposited by Spray Pyrolysis  

method. 

Sr. 

No 
 

Standard ‘d’ 

values 
 

Observed ‘d’ 

values 
 

Planes 
(hkl) 
 

1       3.6821 3.1984 (2 1 0) 

 

2       3.9190 2.9190 (2 1 1) 

 

3       3.6722 2.1543 (3 1 1 ) 

 

4      3.1188   2.1543 (3 2 1) 

 

5      2.9124  1.9124 (3 2 2) 

 

 

The crystallite size (D) value is calculated using the 

Scherrer formula, 

 

D=0.9λ/βcosθ       (2) 

 

Where, 

 

λ is the  wavelength of X-ray used(1.5406A0), β is the 

full width at half maximum (FWHM) of the peak which 

has maximum intensity and θ is the Bragg angle. The 

calculated crystallite size is found to be D=29.32nm.  

 

Optical Studies: 

  

Infra-red absorption spectra of LAMOX thin film are 

presented into the above figure. This figure shows that 

four major absorption band in the frequency range 400-

4000 cm-1. The high and low frequency absorption band 

is observed in the frequency range 627.1-783cm-1. These 

bands are common characteristics of LAMOX. 

 

 

The FT-IR spectra of LAMOX nanoparticles sample in 

the range 400-4000cm-1  is shown for the samples 

sintered at 60̊C for 2hrs in above fig.3.4. In the FT-IR 

spectrum of LAMOX in the range of 400-4000 cm-1  

absorption bands corresponding the vibration of cubic at 

ν1 ˜783. 00 cm-1   and   ν2 ˜627. 01  cm-1    at 60̊C. 

Scanning Electron Microscope 
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The micrographs revealed formation of particals with 

different diameters, as described in the literature. We 

observed particle size at 2 µm and 1µm.   

Conclusion 

In the recent year, oxides in the form of thin film have 

received great attention by many scientists because of 

their interesting properties like transparent, conducting 

and wide band gap as well as sensing characteristics etc. 

 In the field of material research, one is often confronted 

with problem of material preparation and in order to 

reduce costs, a relatively simple method is needed to be 

able to assess quickly the various physicochemical 

properties of materials.  

Preparation of the materials in thin film is relatively easy 

and less expensive as compared that of growing in single 

crystals. There are many methods of thin film 

preparation, such as vacuum evaporation, sputtering, 

chemical bath deposition (CBD), spray pyrolysis, electro 

deposition, anodization, SILAR and so many methods. 

Out of these methods, vacuum evaporation method is 

relatively pure and simple, most popular, can be used for 

preparation of large area thin film.  

 In the present work, we report the deposition of cobalt 

oxide thin films using chemical bath deposition method 

and films are characterized for their structural, surface 

morphological, optical and electrical properties. Also the 

effect of precursor concentration on the film thickness 

and structural properties is studied and the results are 

discussed. The work carried out is divided into four 

chapters.  

The general introduction of the thin film and various 

deposition techniques are mentioned with the broad 

classification of thin film deposition techniques. The 

literature survey of LAMOX thin films is given. The 

purpose of the project is stated therein. 

Further deals with theoretical background and basics of 

Spray Pyrolysis method.It deals with the introduction, 

basics, mechanism and advantages of the spray pyrolysis 

method and the effect of preoperative parameters such as 

temperature, deposition time, the concentration, pH of 

the solution etc.  

Therefore, it describes the details of preparation of 

LAMOX thin film using the Spray pyrolysis method. 

The lummox thin films obtained using a spray pyrolysis 

method which is white in color and adherent. Also the 

various thin film characterization techniques like crystal 

structure, Surface morphology, Thickness measurement, 

optical studies, wettability test etc. are discussed in this 

chapter. 

 LAMOX thin films are deposited by spray pyrolysis 

method using precursor lanthanum molybdenum oxide. 

From the obtained results, it can be concluded that the 

deposited thin films are cubic (LAMOX) in nature and 

exhibits simple cubic structure. SEM analysis shows 

homogeneous and densely packed grain clusters. 

Thickness of the films increases with increase in time, 

but after a certain time it will decrease.  
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