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PREFACE 

 

 
Nano catalysts-Next Generation catalysts- have set a new paradigm in catalysis allows 

catalysts to be designed and engineered at the atomic scale. Nano technology provides a 

method to control the structure of catalysts particles, thereby controlling their catalytic 

function. Nano catalyst have, Uniform and controllable particle size, Uniform and 

controllable particle composition, Uniform and controllable atomic structure, Uniform 

dispersion of nano particles, Strong anchoring of nano particle in solid substrates.  

 

Lanthana have many attractive applications in gas-exhaust converters, optical coatings, 

catalysts, super conductors, hydrogen storage materials and next generation high dielectric 

constant gate dielectrics. Synthesizing   lanthana in the nano level proving increasing 

importance due to their use in many applications of significant technological importance. 

These include glasses , ferro electric material, lasers, amplifiers, electroluminescent devices, 

ceramic capacitors, piezo electrics magnets and magnetic films, solid oxide fuel cells and 

also for producing innovative ceramic materials with novel and tunable magnetic ,electronic 

or catalytic properties. 

 

In the present work lanthana was synthesized in the nano level. The catalysts were 

characterized by different techniques and the catalytic activity was studied by the benzylation 

of xylene. 
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1 
 

 

 

INTRODUCTION 

 
 

1.1 Introduction 

 

 

Catalysts-Tools for productivity and Environmental Improvement- are used 

in the manufacture of trillions of goods and materials each year, including 

energy, chemicals, pharmaceuticals and plastics. They are also used to improve 

our environment, finding use in automobiles, industrial exhaust gas cleaning 

and soil and ground water remediation. 

 

1.2 Nano Catalysts 

  

Nano catalysts-Next Generation catalysts- have set a new paradigm in 

catalysis allows catalysts to be designed and engineered at the atomic scale. 

Nano technology provides a method to control the structure of catalysts 

particles, thereby controlling their catalytic function. Nano catalyst have, 

Uniform and controllable particle size, Uniform and controllable particle 
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composition, Uniform and controllable atomic structure, Uniform dispersion of 

nano particles, Strong anchoring of nano particle in solid substrates. 

 

Nanoscale control of catalyst structure goes right to the “bottom line”, 

delivering: Higher activity - Less catalyst usage - Greater raw material 

utilization , Higher selectivity -Little or no byproducts and waste,  Longer life - 

Reduced catalyst cost and Reduced downtime. Through these improvements, it 

provides a significant step toward “Green Chemistry”, with new processes that 

produce only useful and desirable products, with little to no byproducts or 

waste. 

 

1.3 Comparison between Homogeneous, Heterogeneous and Nano Catalysis 

 

 Catalysis can be generally divided in to two types, homogeneous and 

heterogeneous. 

Homogeneous catalysts have many attractive properties such as high chemo 

and regioselectivity and high activities.  But it has various difficulties, such as 

product purification, difficulty of catalyst recovery, and deactivation via the 

aggregation. 
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Heterogeneous catalysis is one to overcome these drawbacks; they have 

excellent stability, they are easily accessible, and most importantly, they can be 

easily separable from the reaction mixture.  However, they do have some 

drawbacks, less catalytic performance relative to their homogeneous 

counterparts, because of reduced contacts between catalyst and substrates and 

use of filtration to isolate the catalyst from reaction mixture. 

 

Nano-catalysis can be considered as a bridge between homogeneous and 

heterogeneous catalysis. It can combine the advantage of both the system. 

Because of nano size, i.e. high surface area, the contact between reactants and 

catalyst increases dramatically and they can operate in the same manner as 

homogeneous catalysts, at the same time, due to their insolubility in the reaction 

solvent, they can be separated out easily from the reaction mixture.  

 

1.4 Lanthana-lanthanum oxide 

 

 Rare earth compounds are interesting due to their fascinating catalytic1, 

photonic, optoelectronic2 and magnetic3 properties, which originate from their 

4f orbital electrons4 . Lanthanum oxide is La2O3, an inorganic compound 

containing the rare earth element lanthanum and oxygen. La2O3 has a large 

http://en.wikipedia.org/wiki/Inorganic_compound
http://en.wikipedia.org/wiki/Rare_earth_element
http://en.wikipedia.org/wiki/Lanthanum
http://en.wikipedia.org/wiki/Oxygen
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band gap amongst the rare earth oxides at 4.3 eV, It has the lowest lattice 

energy, with very high dielectric constant, ε = 27. Lanthanum oxide is an 

odorless, white solid that is insoluble in water, but soluble in dilute acid. 

Depending on the pH of the compound, different crystal structures can be 

obtained. La2O3 is hygroscopic; under atmosphere, lanthanum oxide absorbs 

moisture over time and converts to lanthanum hydroxide. Lanthanum oxide has 

p-type semi conducting properties. Its resistivity decreases with an increase in 

temperature. Its average room temperature resistivity is 10 kΩ·cm. 

At low temperatures, La2O3 has a hexagonal crystal structure. The La3+ 

metal atoms are surrounded by a 7 coordinate group of O2-atoms, the oxygen 

ions are in an octahedral shape around the metal atom and there is one oxygen 

ion above one of the octahedral faces. On the other hand, at high temperatures 

the Lanthanum oxide converts to a cubic crystal structure. The La3+ ion is 

surrounded by a 6 coordinate group of O2- ions.  

Lanthana have many attractive applications in gas-exhaust converters5, 

optical coatings6, catalysts7, super conductors8, hydrogen storage materials 9and 

next generation of high dielectric constant gate dielectrics10. Synthesizing   

lanthana in the nano level proving increasing importance due to their use in 

many applications of significant technological importance. These include 

glasses , ferro electric material, lasers, amplifiers, electroluminescent devices, 

http://en.wikipedia.org/wiki/Band_gap
http://en.wikipedia.org/wiki/Dielectric_constant
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ceramic capacitors, piezo electrics magnets and magnetic films11, solid oxide 

fuel cells12 and also for producing innovative ceramic materials with novel and 

tunable magnetic ,electronic or catalytic properties. La2O3 has been examined 

for the oxidative coupling of methane.  

 

1.5 Benzylation of xylene 

 

 Catalytic activity of the catalysts is tested by benzylation of O-xylene 

with benzyl chloride. The Friedel-Crafts alkylation is an important means of 

attaching alkyl chains to aromatic rings and hence is a key reaction in organic 

chemistry producing Diphenylmethane and substituted diphenylmethane which 

are important compounds for synthesis chemistry as well as industrial 

chemistry. 

Traditionally, homogeneous acid catalysts like AlCl3, BF3 and H2SO4 are 

used for Friedal- Crafts alkylations13. However use of Lewis acid catalysts is 

laden with several problems like difficulty in separation and recovery of 

products, disposal of spent catalysts, corrosion, high toxicity etc .These 

catalysts also catalyze other undesirable reactions like alkyl summarizations and 

trans alkylation reactions14. In order to reduce isomerisation and 

disproportionation in aromatic alkylation catalyzed by AlCl3, the reaction is 

http://en.wikipedia.org/wiki/Oxidative_coupling_of_methane
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generally carried out at low temperature and in solvents like carbon disulphide 

and nitromethane, which presents hazards15. Moreover these catalysts are 

moisture sensitive and hence demand moisture free solvent and reactants, 

anhydrous catalysts and dry atmosphere for their handling16 .Most of the 

catalysts have to be added in stochiometric amounts, there by adding to the cost 

of desired product. Hence world wide effort has been made to replace the 

present environmentally malignant catalysts with other catalysts.  

 

1.6 Main Objective of the project 

 The main objectives of the present work can be summarized as, 

o To prepare lanthana by using different techniques like co-precipitation 

,citrate sol gel , microemulsion and template assisted synthesis (using 

starch) 

o Physio-chemical characterization of the prepared catalysts using 

instrumental techniques like XRD, SEM, SEM-EDAX, FTIR studies etc. 

o Acidic sites present in the catalysts is examined by TPD analysis of 

ammonia 

o Catalytic activity of the catalysts is tested by benzyylation of O-xylene 

leading to the formation of substituted diphenylmethane which are 
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important compounds for synthesis chemistry as well as industrial 

chemistry. 
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2 

MATERIALS AND METHODS 

 

2.1 Preparation of Catalyst 

 

Nano lanthana was synthesized using template, chemical co precipitation, 

Sol gel and micro emulsion method using lanthanum nitrate as the starting 

material.  

 

2.2 Template Assisted Synthesis 

 

In template method poly sacharides like starch was used as natural or 

green template. In this method, starch gel was prepared by dissolving starch in 

hot water followed by cooling. To this La (NO3)3.5H2O was added such that 

template to La ratio should be1:1 and 1:4. The resultant solution was stirred for 

30 minutes and calcined at three different temperatures viz, 400oC, 600oCand 

800 o C for 2hrs and cooled to room temperature1.  
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2.3 Chemical co-precipitation 

 

Chemical co precipitation method used NaOH and ammonia as 

precipitant and water and ethanol as dispersant .In this method lanthanum 

nitrate is mixed with 25% ammonia solution followed by 10 ml 1M NaOH . 

The solution was heated at 180 o C in an air oven for 6 hrs, cooled and calcined 

at 600,700 and 800 o C for 6 hours2. 

 

2.4 Citrate Sol Gel method 

 

 In citrate sol gel method Lanthanum nitrate and .2M citric acid were 

mixed using a magnetic stirrer. Viscous gel obtained by heating was dried in an 

air oven at 110 o C for 6 hrs and calcined at 800 o C for 6 hours to get the final 

powder3.  

 

2.5 Micro Emulsion method 

 

 In Micro emulsion method water in oil reverse micellar solutions with 

continuous oil component and discrete aqueous component was prepared. These 

surfactant containing aqueous microentiies called     micro emulsion droplets 
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provide a microenvironment for inorganic precipitation reactions. As a result 

inorganic precipitation in w/o micro emulsion usually generates colloidal 

particles of nanometer scale, which are much smaller than those synthesized in 

normal aqueous solution4. 

 

2.6 Characterization 

 Catalyst characterization is a lively and relevant discipline in catalysis. 

A through characterization of the catalysts was undertaken using different 

spectroscopic as well as quantitative methods. A brief discussion of the 

characterization methods adopted along with its experimental aspects is given 

in the following sections. 

 

2.7 X-Ray Diffraction 

X-ray diffraction (XRD) is an analytical technique looking at X-ray 

scattering from crystalline materials, based on Bragg’s law. Each material 

produces a unique X-ray fingerprint of X-ray intensity versus scattering angle 

that is characteristic of its crystalline atomic structure. Qualitative analysis is 

possible by comparing the XRD pattern of an unknown material to a library of 

known patterns. This technique also reveals detailed information about the 

chemical composition and crystallographic structure. It also used to identify 
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components in a sample by a search and match procedure. Furthermore, the 

areas under the peak are related to the amount of each phase present in the 

sample5.  

In an X-ray diffraction measurement, a crystal is mounted on a 

goniometer and gradually rotated while being bombarded with X-rays, 

producing a diffraction pattern of regularly spaced spots. The two-dimensional 

images taken at different rotations are converted into a three-dimensional model 

of the density of electrons within the crystal using the mathematical method of 

Fourier transforms, combined with chemical data known for the sample. 

 

In the present study the structure and crystallinity and particle size of the 

catalysts, were analyzed on a RIGAKU D/MAX-C diffractometer using CuKα 

radiation (λ = 1.5405Ao). The samples were scanned from 3º to 80º (2θ) with a 

tubular voltage of 40 kV and a tubular electric current of 35 mA.  

 

2.8 SEM and SEM-EDAX 

 

The scanning electron microscope is a type of electron microscope that 

images the sample surface by scanning it with a high energy beam of electrons. 

The electrons interact with the atoms that make up the sample producing signals 

http://en.wikipedia.org/wiki/Crystal
http://en.wikipedia.org/wiki/Goniometer
http://en.wikipedia.org/wiki/Fourier_transform
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that contain information about the samples surface topography, composition 

and other properties such as electrical conductivity. Accelerated electrons in an 

SEM carry significant amounts of kinetic energy, and this energy is dissipated 

as a variety of signals produced by electron-sample interactions when the 

incident electrons are decelerated in the solid sample. These signals include 

secondary electrons (that produce SEM images), backscattered electrons (BSE), 

diffracted backscattered electrons (EBSD that are used to determine crystal 

structures and orientations of minerals), photons (characteristic X-rays that are 

used for elemental analysis SEM-EDAX), visible light (cathodoluminescence) 

and heat. Secondary electrons and backscattered electrons are commonly used 

for imaging samples: secondary electrons are most valuable for showing 

morphology and topography on samples and backscattered electrons are most 

valuable for illustrating contrasts in composition in multiphase samples6. X-ray 

generation is produced by inelastic collisions of the incident electrons with 

electrons in discrete orbital of atoms in the sample. As the excited electrons 

return to lower energy states, they yield X-rays that are of a fixed wavelength. 

Thus, characteristic X-rays are produced for each element in a mineral that is 

excited by the electron beam. SEM analysis is considered to be non-destructive 

that is, x-rays generated by electron interactions do not lead to volume loss of 

the sample, so it is possible to analyze the same materials repeatedly7.  

http://serc.carleton.edu/research_education/geochemsheets/electroninteractions.html
http://serc.carleton.edu/research_education/geochemsheets/bse.html
http://serc.carleton.edu/research_education/geochemsheets/ebsd.html
http://serc.carleton.edu/research_education/geochemsheets/xrays.html
http://serc.carleton.edu/research_education/geochemsheets/semcl.html
http://serc.carleton.edu/research_education/geochemsheets/xrays.html
http://serc.carleton.edu/research_education/geochemsheets/xrays.html
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Working: A beam of electrons is produced at the top of the microscope 

by an electron gun.  The electron beam follows a vertical path through the 

microscope, which is held within a vacuum.  The beam travels through 

electromagnetic fields and lenses, which focus the beam down toward the 

sample.  Once the beam hits the sample, electrons and X-rays are ejected from 

the sample. Detectors collect these X-rays, backscattered electrons, and 

secondary electrons and convert them into a signal that is sent to a screen 

similar to a television screen.  This produces the final image. 

 

In the present study prepared samples were evaluated by a dynamic light 

scattering technique with a JEOL JSM-840 A (Oxford make model 16211 with 

a resolution of 1.3 eV). Particle composition was obtained from the energy 

spectrometer (EDS) of this scanning electron microscope. 

 

2.9 Brunauer-Emmett-Teller (BET) 

 

 It aims to explain the multilayer physical adsorption of gas 

molecules on a solid surface. Surface Area is an intrinsic property of powdered 

porous materials that can reveal important information regarding the usefulness 

of a material for an application. Surface area plays critical role in the bio-

http://en.wikipedia.org/wiki/Adsorption
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Solid
http://en.wikipedia.org/wiki/Surface
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availability of Pharmaceuticals, dispersion of dyes, adsorption capacity of 

carbon, catalyst and many more. 

  

Surface Area can be calculated since physically adsorbed molecules are 

not restricted to specific sites and are free to cover the entire Surface. This 

process is reversible. Nitrogen gas is adsorbed at liquid nitrogen temperature. 

Based on the amount of gas adsorbed at a given pressure, the BET equation is 

used to calculate the number of adsorbed gas molecules that would be required 

to form a mono layer on the surface8. With knowledge of the cross - sectional 

area of the gas molecule adsorbed, the Surface Area can be easily calculated. 

 BET equation is expressed by  

 

and are the equilibrium and the saturation pressure of adsorbates at 

the temperature of adsorption and is the monolayer adsorbed gas quantity.   

C is the BET constant, which is given by 

 

 is the heat of adsorption for the first layer, and  is that for the 

second and higher layers and is equal to the heat of liquefaction 

 

http://en.wikipedia.org/wiki/Dynamic_equilibrium
http://en.wikipedia.org/wiki/Saturation_pressure
http://en.wikipedia.org/wiki/Monolayer
http://en.wikipedia.org/wiki/Liquefaction
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 In the present work the BET surface areas were determined by 

adsorption –desorption of nitrogen on a Micromeritics Flowsorb II 2300 

apparatus at 77K. Before each experiment, the samples were degassed under He 

at 623 K for 30 min before adsorption of nitrogen using 30 5 N2/Ar as the 

adsorbate. 

2.10 Temperature Programmed Desorption of ammonia 

 

Acidity plays an important role in all organic reactions occurring over 

solid catalysis. The stability and selectivity of solid catalysts are determined to a 

large extent by their surface acidity ie, the number, nature, strength and density 

of acid sites. The acidity required for catalyzing the transformation of reactants 

into valuable products can be quite different.  

Surface acidic site distribution in the catalysts were found out by 

Temperature programmed desorption of ammonia9. Measurements were 

performed in a conventional flow type apparatus made of a steel reactor, at a 

heating rate of 10oC min-1 in N2 atmosphere. Palletized sample (0.5g) was 

treated inside the reactor with N2 at 300oC for 2 hrs and cooled to room 

temperature. Ammonia was injected into the sample in the absence of N2 flow 

and kept as such for 15 minutes for the equilibrium adsorption of ammonia to 

all acidic sites. Excess and physisorbed ammonia were fleshed off for 30 
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minutes at room temperature. The desorbed ammonia was collected at a 

temperature interval of 100oC into 0.01N H2SO4 solution. This was quantified 

by direct titration with.01N NaOH using phenolphthalein indicator. 

 

2.11 FT-IR 

 

 Infrared absorption spectroscopy is a rapid, economical and non-

destructive physical method universally applicable for structural analysis. The 

number, position, bandwidth and intensity of absorption bands may be 

correlated with the electronic and molecular structure. It is a direct method for 

monitoring transitions between quantized vibrational levels induced by 

absorption of light in infrared region. The spectrum is generally recorded by 

passing a beam of polychromatic infrared light through a sample and 

monitoring the radiant power of transmitted light at each frequency of source. 

FTIR spectra of the samples were measured by the KBr disc method in the 

range of 400-4000 cm-1 using a Perkin Elmer RX-1 spectrometer. 
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2.12 Catalytic Activity measurement 

 

The liquid phase catalytic reactions performed were benzylation of O-

xylene with benzyl chloride. All the liquid phase reactions were carried out in a 

50 ml round bottomed flask equipped with an oil bath, and a water condenser. 

The temperature of the oil bath is maintained between room temperature and 

140 o C. At specified intervals (0, 2, 4 and 6 hrs), the catalyst was filtered off 

from the reaction mixture. The product was subjected to gas chromatography 

and product identification was achieved by comparing the retention time with 

those of the standard compound10. The percentage conversion of benzyl 

chloride is the total percentage of benzyl chloride transformed into the products. 

The selectivity of the product is the amount of the product divided by the total 

amount of products, expressed in percentage. 
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3 

 
Physiochemical Characterization 

 
 

3.1 Introduction 

 

The characterization of the prepared samples was done by versatile 

techniques like X-ray diffraction, Scanning electron microscopy, ammonia TPD 

and surface area and pore volume measurement. The catalytic activity was 

studied by benzylation of o-xylene with benzyl chloride. The result and the 

conclusions drawn from the analysis are detailed in this chapter. 

 

3.2 Catalysts prepared by Template assisted synthesis (using starch) 

3.2.1 X-Ray Diffraction (XRD) 

The formation, particle size and crystallinity of the prepared catalysts 

were studied by X-ray Diffraction. Figure 1 and Figure 2 depicts the XRD 

patterns of the lanthana prepared by using starch template in the 1:1 and 1:4 

ratio. 
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   FIGURE 1. XRD-spectra of La2O3 particles obtained by         FIGURE 2.   XRD-spectra of La2O3 particles obtained by                  

     calcination at (a) 400oC (b) 600oC (c) 800 o C for 1:1                calcinations at (a) 400oC (b) 600oC (c) 800 o C for 1:4                     

                                                                                                  

     mixtures                                                                                       mixtures 

                   

              Sharp peak in the XRD patterns can be attributed to the crystalline 

nature of the catalysts. It can also be seen that the crystalline character increases 

with temperature as suggested by the markedly sharpened ,high intense peaks in 

the diffrectogram1.The crystallite size calculated by  Debye –Scherrer formula 

was found to be between 15-40 nm  for 1:1 mixture and 13-30 for 1:4. It 

indicates the influence of starch concentration on the particle size. It was also 

found that temperature has considerable effect on the particle size. Smallest 
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crystallite size 13nm (1:4) and 15 nm (1:1) is obtained for the sample calcined 

at 600oC. 

3.2.2 Scanning Electron Microscopy (SEM) 

             Scanning electron microscope images revealed the morphology of the 

obtained powders (Fig. 3). 

        

                                          (a)                                                                                                    (a) 

        

                                      (b) (b)  

            

                               (c )                                                                          (c) 

                               1:1                                                                         1:4 

FIGURE 3.  SEM-images of La2O3 particles obtained by calcination at (a) 400oC (b) 600oC (c) 800 o C for 1:1 and 1:4 

mixtures   
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 Sem reveals the agglomeration of the particle. 

Agglomeration is found to be less in 1:4 mixture compared with the other. 

3.2.3 SEM-EDAX 

                Particle composition was confirmed from SEM-EDAX (Table -1 and 

Table-2). The result shows carbon impurity is eliminated completely at 8000 C. 

Figure 4 and Figure 5 shows the SEM-EDAX graph of the 1:1 and 1:4 samples 

calcined at 800 o C. 

               

Temp Element Mass% 

Atom

% KeV 

400 C  K 25.69 45.24 0.277 

 O  K 37.14 49.1 0.525 

 La L 37.17 5.66 4.648 

600 C  K 25.69 45.24 0.277 

 O  K 37.14 49.1 0.525 

 La L 37.17 5.66 4.648 

800 C  K    

 O  K 26.93 76.19 0.525 

 
La L 73.07 23.81 4.648 

              

TABLE 1.Sem-Edax data of the samples calcined at                  TABLE 2. Sem-Edax data of the samples calcined at  

 400oC, 600oC and 800 o C for 1:1 mixtures                                 400oC, 600oC and 800 o C for 1:4 mixtures 

   

                                                                                             
                                                                                            

FIGURE: 4 Sem-Edax of lanthana prepared by                                 FIGURE: 5  Sem-Edax of lanthana prepared by  

  

calcination at 800 o C (1:1) sample                                                         calcination at 800 o C (1:4) sample 

Temp. Element 

Mass

% 

Atom

% KeV 

400 C  K 32.57 50.59 0.277 

 O  K 39.12 45.61 0.525 

 La L 28.31 3.8 4.648 

600 C  K 19.55 34.89 0.277 

 O  K 44.46 59.56 0.525 

 La L 35.99 5.55 4.648 

800 C  K    

 O  K 35.47 82.68 0.525 

 
La L 64.53 17.32 4.648 
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                  Use of natural polymers as templates for synthesis of lanthana nano 

particle seems beneficial. Conversion of La coordinated to the polymer site can 

be easily converted to La2O3 by proper heat treatment. The particles of lanthana 

obtained are of nano dimensions with average particle size of 13 nm. Nano 

dimensions is found to be lowered by maintaining lower concentration of starch 

and calcination of the sample at  600oC.Crystalline character of the sample 

found to increase with temperature and the sample calcined at 800 o C was 

found to be more crystalline and also with lower carbon content . 

 

3.3 Catalyst prepared by Co-precipitation method 

 

3.3.1 X-Ray Diffraction (XRD) 

          Fig.6 shows the XRD pattern of the catalysts prepared by Co-

precipitation method, calcined at 800oC for 4 and 6 hours.   
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FIGURE 6. XRD Spectra of catalysts prepared by Co-Precipitation method calcined at 800 oC for 4hrs and 6 hrs 
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          XRD pattern proves the formation of crystalline particles with the 

crystalline character increases with calcinations time as suggested by the 

markedly sharpened, high intense peaks in the diffractogram. The crystallite 

size calculated by Debye –Scherrer formula was found to be between 14-30 nm. 

Calcination time does not have much effect on the particle size, even though 

found to decrease slightly with time. 

              The position of the peaks in the XRD diffractogram indicates the 

formation of lanthanum hydroxide (JCPDS –card No. 36-1481), but literature 

proves the instability of lanthana which is formed at 750-800oC will convert 

into hydroxide even after exposure to air for 2 hours2,3 . Literature also proves 

that the amount of lanthanum hydroxide in the lanthana film increases with the 

time of exposure. This study also confirms this factor. 

 

3.3.2 Scanning Electron Microscopy (SEM) 

            Scanning electron microscope images revealed the morphology of the 

obtained powders (Fig. 7).Sem reveals the agglomeration of the particle. 
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                                             4 hrs                                                                    6hrs 

 
FIGURE 7. SEM images of catalysts prepared by Co-Precipitation method calcined at 800 oC for 4hrs and 6 hrs 

 

3.3.3 Temperature Programmed Desorption of Ammonia (TPD) 

 

                Results of the TPD analysis of the catalysts prepared by Co-

precipitation are plotted in the Fig No.8.TPD results shows the presence of 

weak acidic sites in the catalyst, and acidity is found to decrease with the 

increase in calcinations time. 
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             FIGURE 8. TPD analysis of catalysts prepared by Co-Precipitation method calcined at 800 oC for 4hrs and 6 hrs 

 

       Co-precipitation methods are found to be an efficient method for the 

synthesis of nano lanthana. The particle size of the catalysts is found to be in 

the range of 14-30 nm. Crystallinity of the catalysts is found to increase with 

the calcinations time. TPD measurements show the presence of weak acidic 

sites in the catalysts and acidity is found to decrease with the increase in 

calcinations time. 

 

3.4 Catalyst prepared by Microemulsion method 

3.4.1 X-ray Differaction (XRD) 

           Fig.9 shows the XRD pattern of the catalysts prepared by Micro 

emulsion method, calcined at 800oC for 4 and 6 hours.   
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                  FIGURE 9. XRD Spectra of catalysts prepared by Micro Emulsion method calcined at 800 oC for 4hrs and 6 hrs 

 

            XRD pattern proves the formation of crystalline particles with the 

crystalline character increases with calcinations time as suggested by the 

markedly sharpened, high intense peaks in the diffractogram. The crystallite 

size calculated by Debye –Scherrer formula was found to be between 12-25 nm. 

Calcination time does not have much effect on the particle size, even though 

found to decrease slightly with time. 

            The position of the peaks in the XRD diffractogram indicates the 

formation of lanthanum hydroxide (JCPDS –card No. 36-1481), but literature 

proves the instability of lanthana which is formed at 750-800oC will convert 

into hydroxide even after exposure to air for 2 hours. It has been reported that 

low lattice energy of lanthana is the reason for the hygroscopic nature of 

lanthana 2,3. Thus to enhance the hygroscopic tolerance of lanthana, it is 



 36 

necessary to enhance the lattice energy. It also reports that poorly crystallized 

film will also absorb water easily.  

3.4.2 Scanning Electron Microscopy (SEM) 

               Scanning electron microscope images revealed the morphology of the 

obtained powders (Fig. 10).Sem reveals the agglomeration of the particle. 

     

 

   
                           4 hrs                                                       6hrs 
 
FIGURE 10. SEM images of catalysts prepared by Micro Emulsion method calcined at 800 oC  for 4hrs and 6 hrs 
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3.4.3 Temperature Programmed Desorption of Ammonia 

              Results of the TPD analysis of the catalysts prepared Micro emulsion 

method is plotted in the Fig No.11.TPD results shows the presence of weak 

acidic sites in the catalyst, and acidity is found to decrease with the increase in 

calcinations time. 
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FIGURE 11. TPD analysis of catalysts prepared by Micro emulsion method calcined at 800 oC for 4hrs and 6 hrs 

 

           Micro emulsion is found to be an efficient method for the synthesis of 

nano lanthana. The particle size of the catalysts is found to be in the range of 

12-25 nm. Crystallinity of the catalysts is found to increase with the 

calcinations time. TPD measurements show the presence of weak acidic sites in 

the catalysts and acidity is found to decrease with the increase in calcinations 

time.  
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3.5 Catalysts Prepared by Sol-Gel method 

3.5.1 X-ray Differaction (XRD) 

Fig.12 shows the XRD pattern of the catalysts prepared by sol-gel 

method, calcined at 800oC for 4 and 6 hours.   

 

 

 

 

 

 

 

 
 

              FIGURE 12. XRD –spectra of catalysts prepared by Sol gel method calcined at 800 oC for 4hrs and 6 hrs 

 

       The position of the peaks in the XRD diffractogram indicates the 

formation of lanthanum hydroxide (JCPDS –card No. 36-1481), but literature 

proves the instability of lanthana. A number of studies by other researchers 

have observed similar phenomena 4,5,6. High intense peak in the XRD pattern 

for both samples confirms the crystalline nature and crystalline character is 
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found to increases with calcination time as suggested by increase in the 

intensity of the peak. 

 

3.5.2 Scanning Electron Microscopy (SEM) 

 Scanning electron microscope images revealed the morphology of the 

obtained powders(Fig.13). Sem reveals the agglomeration of the particle. 

     

     

       SEM- catalyst calcined at 800 oC for 4 hrs                 SEM- catalyst calcined at 800 oC for 6 hrs 

FIGURE 13. SEM images of catalysts prepared by Sol-Gel method calcined at 800 oC  for 4hrs and 6 hrs 

3.5.3 Temperature Programmed Desorption of Ammonia (TPD) 

TPD measurement of the catalysts were tabulated by table 3 and table 4 

 

Temperature 

Mill moles of ammonia 

adsorbed per gram x 10 -6 

100 1.8906 
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200 1.7187 

300 1.5898 

400 1.4179 

500 1.3320 

600 1.0312 

700 1.1601 

            

Table 3:TPD – Catalyst prepared by Sol gel method calcined at 800 oC for 6hrs 

 

Temperature 

Millimoles of ammonia 

adsorbed per gram x 10 -6 

100 1.3180 

200 1.1227 

300 .8786 

400 .7322 

500 .5369 

600 .4393 

700 .2440 

                  

Table 4:TPD – Catalyst prepared by Sol gel method calcined at 800 oC for 4 hrs 

 

             TPD measurement confirms the weak acidity of the sample and presence 

of comparatively large no of weak acidic site. Acidic site found to increases 

with calcination time. 

                   Sol-gel method is found to be one of the best and cheapest methods 

for the synthesis of nano lanthana. The particles of lanthana obtained are of 
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nano dimensions with average particle size of 20 nm. Crystalline nature of the 

hexagonal lanthana is found to increase with calcination time. TPD 

measurement confirms the weak acidity of the catalyst.  

3.6. Catalytic Reaction 

        Catalytic activity of the catalyst prepared by template method (using 

starch) was studied by benzylation of xylene at optimized reaction conditions. 

3.6.1 For 1:4 sample calcined at 400 oC 

         Table 5 shows the catalytic activity of the catalysts, prepared by template 

assisted method (1:4) calcined at 400 oC, for the benzylation reaction  

Reaction Time 

(Hrs) 

Total area % of 

o-xylene 

Total area % of 

benzyl chloride 

Total area % of 

the product 

0 81 17.16 0.43 

2 72 0 26.1 

4 69 0 29.05 

6 68.4 0 28 

 

Table 5: Catalytic activity of the catalysts prepared by template assisted method (1:4) calcined at 400 oC 

 

         Table reveals the good catalytic activity of the catalysts for the 

benzylation reaction and shows full conversion for 2 hrs reaction time. 

        Fig.14, 15, 16 and 17 shows the corresponding gas chromatograms for the 

catalytic reaction for 0, 2, 4 and 6 hrs reaction time. 
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                        Fig.14: Gas Chromatogram for the 1:4 catalyst calcined at 400 oC with 0hrs reaction time 

 

Fig.15: Gas Chromatogram for the 1:4 catalyst calcined at 400 oC with 2hrs reaction time 

 

 

Fig.16: Gas Chromatogram for the 1:4 catalyst calcined at 400 oC with 4hrs reaction time 
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Fig.17: Gas Chromatogram for the 1:4 catalyst calcined at 400 oC with 6hrs reaction time 

 

 

 

3.6.2 For 1:4 sample calcined at 600 oC 

        Table 6 shows the catalytic activity of the catalysts, prepared by template 

assisted method (1:4) calcined at 600 oC, for the benzylation reaction  

 

Reaction Time 

(Hrs) 

Total area % of 

o-xylene 

Total area % of 

benzyl chloride 

Total area % of 

the product 

0 71.3 11.3 1.8 

2 66.9 0 26 

4 67 0 24.8 

6 68.4 0 25 

 

Table 6: Catalytic activity of the catalysts prepared by template assisted method (1:4) calcined at 600 oC 

 

          Table reveals the good catalytic activity of the catalysts for the 

benzylation reaction and shows full conversion for 2 hrs reaction time. 
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        Fig.18, 19, 20 and 21 shows the corresponding gas chromatograms for the 

catalytic reaction for 0, 2, 4 and 6 hrs reaction time. 

                  

Fig.18: Gas Chromatogram for the 1:4 catalyst calcined at 600 oC with 0hrs reaction time 

 

Fig.19: Gas Chromatogram for the 1:4 catalyst calcined at 600 oC with 2hrs reaction time 

 

 

Fig.20: Gas Chromatogram for the 1:4 catalyst calcined at 600 oC with 4hrs reaction time 
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Fig 21: Gas Chromatogram for the 1:4 catalyst calcined at 600 oC with 6hrs reaction time 

3.6.3 For 1:4 sample calcined at 800 oC 

        Table 7 shows the catalytic activity of the catalysts, prepared by template 

assisted method (1:4) calcined at 800 oC, for the benzylation reaction  

Reaction Time 

(Hrs) 

Total area % of 

o-xylene 

Total area % of 

benzyl chloride 

Total area % of 

the product 

0 79 15.9 0.43 

2 70.7 0 26.2 

4 73 0 24.5 

6 71.8 0 27.2 

 

Table 7: Catalytic activity of the catalysts prepared by template assisted method (1:4) calcined at 800 oC 

         Table reveals the good catalytic activity of the catalysts for the 

benzylation reaction and shows full conversion for 2 hrs reaction time. 

        Fig.22, 23, 24 and 25 shows the corresponding gas chromatograms for the 

catalytic reaction for 0, 2, 4 and 6 hrs reaction time. 
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Fig 22: Gas Chromatogram for the 1:4 catalyst calcined at 800 oC with 0hrs reaction time 

 

 

Fig 23: Gas Chromatogram for the 1:4 catalyst calcined at 800 oC with 2hrs reaction time 
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Fig 24: Gas Chromatogram for the 1:4 catalyst calcined at 800 oC with 4hrs reaction time 

       

Fig 25: Gas Chromatogram for the 1:4 catalyst calcined at 800 oC with 6hrs reaction time 

3.6.4 For 1:1 sample calcined at 400 oC 

         Table 8 shows the catalytic activity of the catalysts, prepared by template 

assisted method (1:1) calcined at 400 oC, for the benzylation reaction  

Reaction Time 

(Hrs) 

Total area % of 

o-xylene 

Total area % of 

benzyl chloride 

Total area % of 

the product 

0 79 13.8 0.34 

2 67.3 0 27.3 

4 68 0 27.9 

6 71.8 0 27.2 

   

Table 8: Catalytic activity of the catalysts prepared by template assisted method (1:1) calcined at 400 oC 

            Table reveals the good catalytic activity of the catalysts for the 

benzylation reaction and shows full conversion for 2 hrs reaction time. 
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        Fig.26, 27, 28 and 29 shows the corresponding gas chromatograms for the 

catalytic reaction for 0, 2, 4 and 6 hrs reaction time. 

 

Fig.26: Gas Chromatogram for the 1:1 catalyst calcined at 400 oC with 0hrs reaction time 

 

Fig.27: Gas Chromatogram for the 1:1 catalyst calcined at 400 oC with 2hrs reaction time 
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Fig.28: Gas Chromatogram for the 1:1 catalyst calcined at 400 oC with 4hrs reaction time 

 
 

Fig.29: Gas Chromatogram for the 1:1 catalyst calcined at 400 oC with 6hrs reaction time 

3.6.5 For 1:1 sample calcined at 600 o C 

           Table 8 shows the catalytic activity of the catalysts, prepared by template 

assisted method (1:1) calcined at 600 oC, for the benzylation reaction  

Reaction Time 

(Hrs) 

Total area % of 

o-xylene 

Total area % of 

benzyl chloride 

Total area % of 

the product 

0 84.3 15.25 0.03 

2 71.06 0 28.5 
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4 67.3 0 28.5 

6 67.3 0 27.1 

 

Table 8: Catalytic activity of the catalysts prepared by template assisted method (1:1) calcined at 600 oC 

             Table reveals the good catalytic activity of the catalysts for the 

benzylation reaction and shows full conversion for 2 hrs reaction time. 

        Fig.30, 31, 32 and 33 shows the corresponding gas chromatograms for the 

catalytic reaction for 0, 2, 4 and 6 hrs reaction time. 

 
Fig.30: Gas Chromatogram for the 1:1 catalyst calcined at 600 oC with 0hrs reaction time 
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Fig.31: Gas Chromatogram for the 1:1 catalyst calcined at 600 oC with 2hrs reaction time 

 
Fig.32: Gas Chromatogram for the 1:1 catalyst calcined at 600 oC with 4hrs reaction time 

 

 
Fig.33: Gas Chromatogram for the 1:1 catalyst calcined at 600 oC with 6hrs reaction time 

3.6.6 For 1:1 sample calcined at 800 oC 

               

                Table 9 shows the catalytic activity of the catalysts, prepared by 

template assisted method (1:1) calcined at 800 oC, for the benzylation reaction  

Reaction Time 

(Hrs) 

Total area % 

of o-xylene 

Total area % 

of benzyl 

chloride 

Total area % 

of the product 
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0 84.1 13.09 0.08 

2 73.7 1 22.26 

4 79 0 20.3 

6 69.2 0 27.9 

 

Table 9: Catalytic activity of the catalysts prepared by template assisted method (1:1) calcined at 800 oC 

             Table reveals the good catalytic activity of the catalysts for the 

benzylation reaction and shows full conversion for 2 hrs reaction time. 

        Fig.34, 35, 36 and 37 shows the corresponding gas chromatograms for the 

catalytic reaction for 0, 2, 4 and 6 hrs reaction time. 

 
Fig.34: Gas Chromatogram for the 1:1 catalyst calcined at 800 oC with 0hrs reaction time 

 
Fig.35: Gas Chromatogram for the 1:1 catalyst calcined at 800 oC with 2hrs reaction time 
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Fig.36: Gas Chromatogram for the 1:1 catalyst calcined at 800 oC with 4hrs reaction time 

 

 
Fig.37: Gas Chromatogram for the 1:1 catalyst calcined at 800 oC with 6hrs reaction time 

 

Catalysts are found to be efficient for the benzylation reaction showing 

full conversion within 2 hrs reaction time. Comparing the catalysts 1:1 catalyst 

calcined at 700 o C is found to be more efficient.  
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4.1. Summery of the Work 

 

 

          The present work is dedicated to the synthesis and characterization of 

nano lanthana. Nano lanthana was prepared by standard methods like template 

assisted synthesis, sol gel, micro emulsion and co-precipitation. Prepared 

catalysts were characterized by different techniques like XRD, SEM, SEM-

EDAX, TPD etc. The catalytic activity of the catalysts prepared by starch 

template method was studied by benzylation reaction of O- Xylene.  

 

4.2 Conclusions 

 Lanthana can be prepared by different standard methods like template 

assisted, sol gel, micro emulsion and co-precipitation methods. Prepared 

catalysts are in the nano level as indicated by the particle size obtained by 

applying Debye –Scherrer formula. Crystalline nature was confirmed by 

the XRD spectrum. 

 This study also confirms the instability of lanthana which will convert to 

lanthanum hydroxide even by exposure to air for 2 hrs. 

 TPD analysis confirms the presence of weak acidic sites on the catalyst 

surface and is found to increase with calcinations time. 

 These catalysts are found to be effective for the benzylation reaction 

showing full conversion even for 2 hrs reaction time. 
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4.3 Future Outlook 

  Activity of the catalysts prepared by co-precipitation, micro emulsion 

and citrate sol gel methods for the benzylation reaction further to be 

investigated.  

 Preparation and catalytic activity of lanthana alumina mixed oxides. 

 Factors affecting the stability of the lanthana are to be studied. 

 Applications of the catalysts for the industrial and environmental 

improvements are to be investigated.   

 

 

 

 


