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CHAPTER I

INTRODUCTION

1.1. MATERIAL SCIENCE:

The physics of solid is a part of the wider field of material science.  This includes, in addition to solid-state physics, part of chemistry, electrical engineering, ceramics and metallurgy.  Although material science is relatively new term, because of the modern focus of problems of materials design, the field of material science is as old as civilization itself.  In fact the early stage of civilization is labeled in terms of the material, used in implements and the march of early civilization was tied stringently to man’s facility in the production and utilization of his materials.

1.2. SOLID:

When a substance is at a low temperature such that, the thermal agitation of its molecules is not strong enough to move them all around, the intermolecular forces tend to hold the molecules together in more or less fixed position. Then, the material acquires a shape and is said to be in the solid state.

1.3. SOLID-STATE PHYSICS:

Solid state physics, is the study of the physical properties of solids with special emphasis to the electrical properties of solids, and the electrical properties of semiconducting materials in relation to their electronic structure.  Solid-state devices are electronic components consisting entirely of solids without heating elements as in thermionic values.  It includes both theoretical and experimental aspects of solids.  The solid is called a metal if excitation of electrons from the high field level to the lowest unoccupied level can occur with infinitesimal expenditure of energy. Solids are useful, because of their interaction with external forces. It has been introduced to include the study of crystalline solids and amorphous solids. 

Amorphous solid differs from a crystalline substance in being without any shape of its own and has a completely random particle arrangement i.e., no regular arrangement.

Crystalline solid is a number of solids we observe them to be bounded by well-defined plane faces, having same geometry irrespective of the source from which they have been obtained.  Such solids are known as crystals.

Clearly if solids are crystalline we must be able to determine and describe the spatial arrangement of atoms characterizing a crystal.  Most solid matter exists in the crystalline form. 

1.4. CRYSTALS:

The world crystal originates from the Greek word ‘krystallos’ meaning clear transparent ice.  In the middle ages this word was extended to include quartz or rock crystal as freezing of water on the alps mountains into a permanent form of ice.  To a present day student of crystallography the crystal is a chemical compound in the shape of a solid polyhedron bounded by definite planes.  The shape and symmetry is a manifestation of the internal atomic arrangement extending in their dimensions in an orderly way.

This term ‘crystal’ as used in science and technology usually denotes a single crystal.  Single crystal is a solid in which the atoms or molecules are arranged in a regularly repeating pattern.  Most crystalline solids are made up of millions of tiny single crystals called grains and are said to be polycrystalline.  The external form of the crystal is referred to as the crystal habit.  The crystal habit refers to the external appearance of a crystal, which is governed by the regular internal arrangement of its constituents atoms, ions or molecules and by the way in which the crystal has grown.  

1.5. CRYSTAL STRUCTURE:

 
It refers to the three dimensional arrangement of atoms in a crystal.  Giving the position of the individual atoms in the unit cell by the repetition of which the structure arises.  The determination of the structure depends on the application of one or more method of diffraction.


A crystal structure is formed by the addition of a basis of every lattice point i.e.,   a lattice combined with a basis creates a crystal structure. Mathematically it is expressed as,

Lattice + basis 
                        crystal structure

Whereas a lattice is a mathematical concept and the crystal structure is physical concept.

1.6. CRYSTALLOGRAPHY:

           Crystallography is the science which deals with the study of the geometric form and other physical properties of crystalline solids by using X-ray, neutron beams and electron beams. Crystal physics investigates the internal symmetry and the discrete atomic structure of crystals.  The crystals are commonly classified into ionic, covalent, molecular and hydrogen bonded crystals depending upon the bonds holding the atoms of the crystal together.  The chemical and quasi chemical bonds existing between the building units such as atoms or molecules result in the formation of crystalline structure.  When a strongly electropositive metal is combined with strongly electronegative atom such as halide, an ionic crystal is formed.

           There are numerous ways to grow crystal. The choice of method depends greatly upon the physical and chemical properties of the sample.  For solution method of crystallization, the solubility of the sample in various solvent systems must be explored.  If heating methods are selected for growing crystals, the thermal stability and melting point of the sample should be determined. Generally, crystals are grown either from a solution, a melt or vapor phase or from some combination of these.

1.7. CRYSTAL GROWTH:

             Crystal growth represents a controlled change of state, or phase change to the solid state.  This transition may occur from the vapor, liquid or even the solid state itself.  The objective of crystal growth is usually to obtain a single crystal defined as the microscopic extension of a regular repeated geometric network of atoms consisting of one or more elements, from a microscopic scale to a unit ingot.  Therefore, the ingot or bulk single crystal is expected to contain no crystal grain boundaries.

1.8. CRYSTAL GROWTH TECHNIQUES:

             Crystal growth techniques fall into the following categories:

i. Growth from melt (liquid- solid phase transformation)

ii. Growth from solid state (solid- solid phase transformation)

iii. Growth from vapor (gas- solid phase transformation)

iv. Growth from solution (solution- solid phase transformation)

v. Growth from gel

            Selection of the appropriate technique confronts two constrains, those set by the properties of the materials and by the nature of the method.

1.8.1. GROWTH FROM MELTS:

            Most of the substances crystallized from melt include semiconductors, metals, oxides and halides etc., which have simple composition.  Crystal containing five or more components is also growth from the melt.  The main advantage is that it permits higher growth rates than from solution and vapor and its rate of growth does not depend on mass transport process.  There are no impurities introduced in the growth process apart from possible contamination from the crucible material and the surrounding atmosphere.  There are several methods in this technique which are listed below:

a. Bridgeman method 

b. Czochralski method 

c. Kyropoulos method

d. Verneuil method

e. Zone melting

a. Bridgeman method:

            The easiest and inexpensive melt growth technique is normally frozen from one end to the other.  When this is achieved by the use of two-zone furnace, it is called Bridgman-stock Barger technique.  The usual configuration is vertical with the melt is a bowel being lowered slowly from the hot zone to the cooler zone which is below the melting point.  Large metal single crystals as well as optical quality alkali halide crystals for prisms and lenses were grown by this technique.  For fast growth, the material to be grown should melt congruently, ie., the melt and crystal should have the same composition. A crystal, which adheres strongly to the crucible, is undesirable.  To keep the technology simple, materials with high vapor pressure should be avoided but systems capable of withstanding internal pressure of 200 atmospheres at 1800C have been used.  Neither the liquid nor its vapor must attach the crucible significantly.

b. Czochralski method:

             One of the most powerful techniques of growing single crystal consists in pulling a crystal from its melt.  The materials are initially in the crucible.  A suitable environment is provided, according to the chemical nature of the material to be grown.  The melt temperature is then adjusted so that, is slightly above the melting point and the seed is dipped into the melt.  After reaching the thermal equilibrium, the seed is slowly withdrawn from the melt while the power supplied to the melt is simultaneously lowered to maintain the necessary melt temperature. The growth rate depends on the thermal power, pulling rate, initial composition of the melt, state of stirring of the melt, cooling rate, pressure etc., There is no direct contact between the crucible walls and the crystals.  The crystals can be extracted from the melt at any stage of growth.

c.Kyropoulos method:

            Crystal growth is achieved by gradually reducing the melt temperature with aid of special cooler, so that the crystal can develop from a seed dipped and rotated into the melt.  The seed is lowered from above until it touches the melt.  Here the entire volume of the melt can be crystallized.

d. Verneuil method:

This method is also known as flame fusion method.  A powdered substance falls from a bypasses through a gas burner and reaches the upper fused end face of a single crystal seed, which is slowly lowered, with the aid of a special mechanism. By means of an Oxy-h2 flame the charged particle partially fuse and fall into a thin film of the melt. This method results in the successful applications of growth of single crystals of ruby, sapphire, etc.

e. Zone melting:


In the zone melting technique, a liquid zone is created by melting a small amount of material in a relatively large or long solid charge.  Then it is made to transverse through a part or the whole of the charge.  This is the more advantageous methods than other methods due to removal or addition of impurities from or to the crystal is growing.  In this method, the rate of zone movement depends on the orientation of the two solids binding the liquid zone as well as the thickness, the temperature of the zone.

1.8.2. GROWTH FROM SOLID STATE:

The solid, which are polycrystalline materials with very large number of small crystalline particle, can be recrystallized by straining the materials and subsequently annealing it or by sintering.  The recrystallization is possible only in those materials, which are stable at high temperature, where appreciable diffusion can occur.  Large crystals of several materials particularly metals have been obtained by this method.

1.8.3. GROWTH FROM VAPOR:

Crystallization from the vapor can be considered as one of the most commonly used method of crystal growth especially for growth of bulk semiconductor crystals, epitaxial films, thin coating and platelet crystals.  A material subliming before melting at atmospheric pressure can be grown from vapor phase conveniently. In the condensation process, the vapor obtained from a solid phase at an appropriate temperature is made to condense at lower temperature.  It is more difficult to grow large crystals from vapor in comparison to solution or melt growth.  Crystal can be grown from vapor phase by two general methods, condensation of saturated vapor and chemical reaction. The vapor growth technique is two types. They are,

a) Physical vapor transport (PVT)

b) Chemical vapor transport (CVT)

a). Physical vapor transport (PVT):

This is the simplest and only pure vapor growth method. It has been used recently for the production of high quality bulk crystals of materials like CdS and Hg Cl2

b). Chemical vapor transport (CVT):

Chemical vapor transport methods are widely used in the growth of new semiconducting, insulating and magnetic crystals.  

1.8.4. GROWTH FROM SOLUTION:

Growth from free solution is the most wide spread method of growing crystals.  The crystals grown from super saturated solution growth at any rate are accompanied by a concentration gradient near the growth face.  The main advantage of this method is that the crystal can be grown well below the melting point and the crystals are not exposed to steep temperature gradients resulting in better quality crystal free from thermal strains.  Good quality crystals of KDP, ADP and KTP are grown by this technique.  In this technique is  two types.  They are

a) Growth from high temperature solution

b) Growth from low temperature aqueous solution

a. Growth from high temperature solution:

     In this technique, supersaturation can be obtained by slow cooling solvent evaporation or the temperature gradient technique.  Slow cooling induces saturation nucleation and crystal growth by reducing the solubility of the solute with decreasing temperature.  Solvent evaporation technique has been used especially for compounds which react with the solvent at lower temperature or for certain of which the valency changes by oxidation at low temperatures. The main advantages of the solvent evaporation are constant temperature during growth.  In the temperature gradient technique nutrient is held in a hotter region.  The saturated solution in the hotter region is transported to a cooler region by natural or forced convection and it becomes super saturated large crystals of Yttrium iron garnet, Lithium ferrite, Gadolinium acuminate and Barium Titanate have been grown by this method. The high temperature solution grown methods are divided into two types, there are

· Flux growth

· Hydrothermal growth

Flux growth : Crystals like BaTio3 and Yttrium iron cornet are being grown by flux growth method.  The principle lying behind this technique is a compound is cooled by an air stream flowing through the seed holder while the solid-liquid interface is below the liquid level cools a crystal.  So the crystal grows are classified as

a. Growth by slow cooling

b. Top seeded solution growth.

a. Growth by slow cooling:

A saturated solution prepared by keeping crucible containing flux and the crystal constituents are maintained just above the saturation temperature as for as to ensure the total dissolution of the solute.  After that crucible is cooled by the rate 0.50C /hour to 50C/hour through a long temperature range, where the desired crystal is known to precipitate, the crucible is cooled to room temperature.  The crystals like BaTio3, KTP and KTA are being grown by this technique.

b. Top seeded solution growth:

In this method, the crystal is grown at the surface of the melt when the temperature at the surface is lower than the temperature at the bottom.  The temperature gradient should be maintained as small and the growth temperature has to be continuously lowered by slow cooling of the melt.

Hydrothermal growth is the growth of the crystal from aqueous solutions at high temperature and pressure. A number of metals, metal oxides and the compounds, which are practically insoluble in water up to its boiling point, and show an appreciable solubility when the temperature and pressure are increased well above 100°C and one atmosphere respectively.  Growth is usually carried out in steel autoclaves with Gold or Silver linings.

The liquid from which the process start is typically in the range 4000C to 6000C and the pressure involved is in the range of hundreds or thousands of the atmospheres.  The requirement of high pressure presents practical difficulties and there are only a few crystals of good quality and large size can be grown by this technique.  Quartz is the crystal being grown industrially by this technique.

b. Growth from low temperature aqueous solution:

Crystallization of this method is extremely popular in the production of chemical reagents, fertilizers and other crystal products. The required compounds are formed either by spontaneous crystallization or by the special introduction of small seeds.  The term “growth from solution” emphasizes the more specific task of obtaining large single crystals. Low temperature solution growth can be sub-divided into three categories are as follows:

1. Slow cooling method

2. Slow evaporation method

3. Temperature gradient method

1. Slow cooling method:

The use of slow cooling is the easiest method for the growth of crystals from solution.  Its main disadvantage is the need to use a range of temperatures.  The possible range is usually small so that much of the solute remains in the solution at the end of a growth run.  To compensate this effect large volumes of solution are required.  The use of a range of temperature may not be desirable, because the properties of the grown material may vary with temperature and the amount of solute incorporated with almost certainly vary. This method has the technical difficultly of requiring a programmed temperature control. It is widely used with great success.

2. Slow evaporation method:


This method is similar to the slow cooling method in view of the apparatus requirements. The temperature is fixed constant, and provision is made for evaporation with no-oxic solvents like water, it is permissible to allow evaporation into the atmosphere.  Typical growth condition involves temperature stabilization to about 

 ±0.0010C and rate of evaporation for a few mm/hr.  The evaporation techniques of crystal growth have the advantage that the crystals grow at a fixed temperature, but inadequacies of the temperature control system still have a major effect on the growth rate.  This method is the only one, which can be used with material having very small temperature coefficient of solubility.

3. Temperature gradient method:

In this method the process that involves the transport of the materials from a hot region containing the source material to the growth to a cooler region where the solution is super saturated and the crystal grows.

1.8.5. GROWTH IN GEL:

Crystals of any material can be grown in gel with ease and perfection.  For all practical purposes the growth of crystals in gel medium is not totally different from that in solution.  A gel is a two-component system.  Semi solid in nature and rich in liquid.  It contains fine pores through which diffusion occurs.  The process of forming a gel is called gelation and is accompanied by a large increase in viscosity.  Varieties of gel namely soft soaps polyvinyl alcohol and various hydroxides in water are available. Silica gels are the best and most versatile growth media.

1.9. CRYSTAL CHARACTERIZATION:

Characterization is the study of physical and chemical properties of the sample. There are many types of characterization methods. Among of all X-ray diffraction (XRD) technique UV-Visible absorption spectrometry (UV-VIS) and Energy Dispersion X-ray analysis (EDX) methods are studied.

X-ray diffraction analysis (XRD) is the primary tool for investigating the structure of crystalline materials, from atomic arrangement to crystallite size and imperfections. UV-Visible spectrometry can be used to determine the concentration of sample. It is necessary to know how quickly the absorbance changes with concentration. It is used to determine the quantitative of the sample.

1.9. OBJECTIVES:

The aim of the study is to grow and analyze a crystal by solution method.  In order to analyze the crystal, the techniques used are

1. X-ray diffraction (XRD)

2. Ultraviolet-Visible spectrometry (UV-VIS)

3. Energy Dispersion X-ray analysis (EDX)


Goal of the present study is to confirm that the grown sample is a crystalline or amorphous material.  Also to analyze its category based on X-ray diffraction (XRD), Ultraviolet-Visible spectrometry (UV-VIS) and to check the presence of the elements using  Energy Dispersion X-ray analysis (EDX).

CHAPTER II

REVIEW OF LITERATURE

2.1. INTRODUCTION:

There are many characterization studies about a crystal.  This chapter is dealt with the review of literature of study on the X-ray diffraction (XRD) technique and Ultraviolet-Visible (UV-VIS) absorption spectrometry. Structural analysis comprises the set of physical laws and mathematics required to study and predicts the behaviour of structures of the synthesized compound.  In practice, structural analysis can be viewed more abstractly as a method to drive the engineering design process or to prove the soundness of a design without dependences on directly testing it.

XRD is a powerful non-destructive technique for characterizing crystalline materials.  It provides information on structures, phases, preferred crystal orientations (texture) and other structural parameters such as average grain size, crystallinity, strain and crystal defects.  X-ray diffraction peaks are produced constructive interference of monochromatic beam scattered from each set of lattice planes at specific angles.

Ultraviolet and visible spectrometers have been in general use for the last 35 years and over this period have become the most important analytical instrument in the modern day laboratory. In many applications other techniques could be employed but none rival Ultraviolet -Visible spectrometry for its simplicity, versatility, speed, accuracy and cost-effectiveness. This description outlines the basic principles for those new to Ultraviolet -Visible spectrometry. The Ultraviolet-visible spectra revealed that the opaque nature of the crystal. The Ultraviolet visible spectral data is used to measure the concentration.

2.2. SOLUTION METHOD OF CRYSTAL GROWTH:

Ashokk.batra et.al (2003)  described modified deuterated friglycine sufate (DTGS) single crystal have been grown from the deutreated aqueous solution simultaneously doped with L-alanine and neodymium sulfate in the ferroelectric phase using temperature lowering technique.  The effects if these different dopants on the growth, dielectric and pyroelectric  properties have been investigated .doped crystals exhibited higher material figures of merit for pyroelectric sensing device and vidicons applications with wider operating temperature, compared with virgin DTGS crystal.

K.vasantha and Dhanuskodi (2004) represent the single crystal of a new nonlinear optical material, L-alanium maleate, were successfully grown by slow evaporation of the aqueous solution at room temperature.  The grown crystals were characterized by single crystal X-ray diffraction method to determine the cell parameters. Thermo gravimetric and differential thermal analyses reveal good thermal stability of the material.

Y.L.GEng et.al(2005) developed a atomic force microscopy has been used to investigate the growth mechanisms of the L=arginine phosphate monohydrate(LAP). Crystal growth from the aqueous solution containing excessive amount of l-arginine molecules under this condition, the LAP crystals grow by both 2D nucleation mechanism and spiral dislocation mechanism.  2D nucleation growth is the intrinsical growth mechanism owing to the crystal structure of LAP.  The spiral growth mechanism probably results from the distortion of the crystal lattices produced by the LAP units or separated l-arginine molecule pinning points of impurities and curved step type induced by them are also explored.

Crystal growth of anatase type titania in aqueous solution f titanium tetrafluoride and titanyl sulphate at 600C was applied for low temperature reparation of dye-sensitized solar cells.  Crystalline titania films grown on a transparent conducting substrate were directly utilized as a photo electrode for the solar cells.  The improvement of porous electrodes consisting of titania  nanoparticles was also achieved through subsequent grain growth and neck formation in the solutions. The maximum efficiency of the photovoltaic performance obtained by the low temperature processes was almost equal to that with a conventional heating procedure. It was described by Takatsugu Watanabe et.al(2006).

P.Mythili et.al (2007) described Glycinium oxalate (GOX) single crystals were grown by slow cooling solution growth method.  The X-ray diffraction and Fourier transform infrared studies confirm the grown crystal.  The hardness values of GCX are found to be higher than glycin.  The increase in hardness may be due to the C-H---O bonding.  The UV-Visible studies show that GOX crystals can used for nonlinear applications. 

Michael f. Doherty (2007) represent solution crystallization is the most common operation in these industries for the separation and purification of products that are solids at room temperature and pressure.  During crystallization, many physico-chemical characteristics of the substance are defined, including crystal polymorph, shape and size, chemical purity and stability, bioavailability, solubility and dissolution rate.  Recently, progress has been made in developing techniques for predicting the morphology of solution grown organic crystals.  This is mainly due to the lack of high fidelity engineering design models for crystallization technology.  One of the key missing links is the integration of this integration of solid state and solution state chemistry coupled to engineering design models.  The focus of this presentation is to describe models and methods that provide a strong coupling between crystal chemistry and crystal engineering for improved product and process design for the production of organic crystals of specified polymorph, shape and size with particular emphasis on pharmaceutical products.

2.3. X-RAY DIFFRACTION 
This part contains review of literature on X-ray diffraction(XRD) for varies crystal.

Hobart.H.Willard et.al (1986) X-ray diffraction furnishes a rapid , accurate method for identifying the crystalline phase in material.  Sometimes it is the only method available for determining which of the possible polymorphic forms of a substances are present for example carbon as graphite or dimond. Differentiation among various oxides such as FeO, or between materials present in such mixtures as KBr+Nacl, KCl_Nabr or all four substances is easily accomplished with X-ray diffraction whereas chemical analysis could show only the ions present and not the actual state of chemical composition identifying the presence of various hydrates is another.

Ragula bhaskar et.al (1994) reported, the quartz is considered a probable carcinogen.  In order to enforce health and safety standards, techniques that can accurately determine the quartz content of materials are necessary.  Currently, two techniques dominate quartz analysis-the Infrared (IR) spectrophotometry method and the X-ray diffraction (XRD) method.  Unfortunately, there are problems associated with these techniques, such as sample preparation and particle size effect.  This study focuses on particle size effect of quartz determination by IR and XRD.  Both IR and XRD methods are size dependent but in an opposite way.  As particle size increases, IR peak height decreases and XRD peak height increases for the same quartz content.

J.P.Itie et.al (1996) reported, the combined X-ray absorption spectroscopy (XAS) and X-ray diffraction experiment (XRD) on powders, both in the dispersive mode, may enable that determination of structural parameters as a function of pressure.  After phase transitions, it may even be possible to determine the structure of the high pressure phases.  The EDX enables the determination of the cell parameters, and eventually the space group from systematic extinctions.

Vicky L. Kett et.al(2003) represent the subambient behavior of aqueous mannitol solutions is of considerable relevance to the preparation of freeze dried formulations.  In this investigation the properties of 3%w/v mannitol solutions were investigated using differebtial scanning calorimetry (DSC), cold stage nucroscopy (CSM ) and X –ray diffraction (XRD) to identify the thermal transitions and structural transformations undergone by this system.  

 Deborah F.Eckel et.al (2004) tells Organo –clay polymer nanocomposites offer improved material properties at very low filler loadings making them of immediate interest for application in body panels, claddings and instrument panels.  This improvement in properties requires that the organo-clay be well dispersed if not completely exfoliated.  Conventionally, the dispersion and exfoliation of the organo-clay is evaluated using transmission electron microscopy (TEM) and X-ray diffraction (XRD).  XRD was found to be capable of detecting exfoliation and intercalation but is limited because of clay dilution, preferred orientation, mixed-layering and other peak broadening factors.

V.Bansal et.al (2004) described the Asphaltene samples obtained from crude processed at two Indian refineries were characterized for chemical composition and structure by nuclear magnetic resonance(NMR), X-ray diffraction fluorescence spectroscopic techniques, and chromatographic techniques.  Estimation of NMR average structural parameters were obtained by combined 1H,NMR, 13NMR DEPT-45 and QUAT pulse sequence spectral editing techniques.  The macrostructure and crystalline parameters of these samples were obtained by XRD.  The nature of functional groups has been obtained by IR technique.  A combined NMR and XRD parameters were used to estimate the size of average aromatic structural units.

John S.O.Evans (2004) described, powder X-ray and neutron diffraction are extremely powerful tools for  probing the structural chemistry of materials in the solid state.  Both techniques can be used to gain information about the composition of a bulk material, the degree of crystallinity of its components, information about its unit cell size and symmetry, and in favorable cases, full three dimensional structural information comparable to that obtained from a single crystal method.  Powder diffraction experiments can be readily performed under the influence of external factors such as temperature, pressure or applied magnetic field, under laser illumination of a sample and even function of time or chemical environment during the synthesis of materials,  giving valuable kinetic and mechanistic insight into their formation.

Zhongyu hou et.al(2004) described,  the Sn29Se56Sb10Co5 amorphous thin films were prepared on the polymer substrates, and was irradiated at room temperature by Nd:YAG pulsed laser in air, with the wavelength of 532nm pulse width of 90ns after equilibration.  Irradiation-induced surface morphological modifications were characterizes using secco-etching aided scanning electron microscopy.  Complementary information was obtained from X-ray diffraction (XRD).

Davorin medakovic et.al (2006) tells the X-ray diffraction (XRD) was used to study the mineral composition of the shells and shell layers of the European flat oyster ostrea edulis (Linnaeus) collected at two localities in the east Adriatic Sea of the coast of Croatia.  The variations of the shell element chemistry between two different shell layers were determined by X-ray photo electron spectroscopy (XPS) and scanning electron microscopy (SEM) with an energy dispersive X-ray microprobe(EDX).  XRD showed that the dominant component of the outer prismatic foliated shell layers was calcite with traces of aragonite and halite.

Essential background on the determination absolute configuration by way of single-crystal X-ray diffraction is presented.  The use and limitations of an internal chiral reference are described.  The physical model undetrlying the Flack parameter is explained.  Absolute structure and absolute configuration are defined and their similarities and differences are highlighted.  The necessary conditions on the Flack parameter for satisfactory absolute-structure determination are detailed.  The symmetry and purity conditions for absolute-configuration determination are discussed. The topics of right-handed axes, XRD intensity measurement, software, crystal-structure evaluation, errors in crystal structures, and compatibility of data in their relation to absolute-configuration determination are described. Characterization of the compounds and crystals by the physicochemical measurement of optical rotation, CD spectra and enantioselective chromatography are presented.  Some simple and some complex examples of absolute-configuration determination using combined XRD and CD measurements.   It was described by H.D.Flack and G.Bernardinelli (2007).

Gum Kondagogu, a tree exudates gum is a plant growing naturally in the forests of India.  This gum is yet to be commercially exploited, as the physico-chemical properties of this gum are yet to be characterized.  Various physico-chemical methods like scanning electron microscopy(SEM)  , differential scanning calorimetry (DSC), static light scattering(SLS viscometry, elemental analysis, inductively coupled plasma atomic emission spectrometry (ICP-AES) X-ray diffraction have been employed to characterized this gum in the present study. It was described by V.T.P.Vinod et.al(2008)

M.Erol et.al (2008) reported, the can catalagzi, Seyitomer and Afsin-Elbistan thermal power plant fly ashes were used to investigate the sintering behavior of fly ashes.  For this purpose, coal fly ash samples were sintered to form ceramic materials without the addition of any inorganic additives or organic binders.  In sample preparation, g of fly ash was mixed in a  mortar with water.  Fly ash samples were uniaxially pressed at 40MPa to achieve a reasonable strength.  The powder compacts were sintered in air.  X-ray diffraction analysis revealed that quartz, mullite and wollastonite phases occurred in the sintered samples.

SusilAdhikari et.al (2008) reported, increasing biodisel production has resulted in a glut of glycerin that has to precipitous drop in market prices.  In this study, the use of glycerin as a biorenewable substrate for hydrogen production, using a steam reforming process, has been evaluated.  Production of hydrogen from glycerin is environmentally friendly because it adds value to this byproduct generated from biodiesel plants.  Catalysts were characterized with thermo gravimetric analysis and X-ray diffraction techniques.

Dong chen et.al (2008) described, the aluminum corrosion is a significant concern in the aqueous chemical environment of the reactor containment building following a hypothetical loss-of –coolant accident (LOCA) at a nuclear power plant.  Aluminium corrosion may lead to the formation of precipitates that can, in combination with insulation debris block the recirculation sump screens.  This study investigated alluminium corrosion experimentally at both bench and pilot scale under conditions representative if several types of nuclear power plants.  Evidence of corrosion was determined using aqueous concentrations measured with inductively-coupled plasma (ICP) spectrometry and surface examinations using x-ray diffraction (XRD, X-ray photoelectron spectrometry (XPS)

S.Basavaraja et.al (2008) reported development of environmental friendly procedures for the synthesis of metal nanoparticles through biological processes in evolving into an important branch of nanobiotechnology.  They reported on the use of fungus “fusarium semitectim” for the extra cellular synthesis of silver nanoparticles from silver nitrate solution.  Highly stable and crystalline silver nanoparticles are produced in solution treated  with the filtrate of the fungus F.Semitectum with the aqueous silver nitrate solution.  The formations of nanoparticles are understood from the UV-Visi and X-ray diffraction studies.

2.4. UV-VISBLE SPECTROMETRY

It deals with the literature survey for Ultraviolet visible spectrometry for various samples

M.Nali et.al in (1997) developed a separation procedure for nickel and vanadyl petro-porphyrins. This new method can applied routinely and directly to crude oils and organic extracts of possible source rocks without any preliminary treatment.  it is based an absorption chromatography using cyanopropyl bonded silica gel as packing material followed by solid phase extraction for further purification of the obtained fractions second derivative UV-Visible spectroscopy has  been used to followed the column development and to combine the chromatographic fractions. 

jairajV.Pothuluri Daniel Et.aal (1998) described, the metabolism of 2-nitrofluoranthene (2-NFA), one of the most abundant and genotoxic environmental pollutants in air, and of a mixture of 2-nitrofluoranthene(2-NFA),and 3-nitrofluoranthene(3-NFA),was studied using(I) the fungus cunninghamella elegans ATCC36112 and (II)rat liver microsomes.  The fungal metabolites were separated by reversed phase high-performance liquid chromatography (HPLC) and identified by1H nuclear magnetic resonance (NMR)Ultraviolet-Visible spectrometry.

Didier pernin and Jacques Simon (2001) represented the phthalocyanine and lutetium bisphthalocyanine derivatives functionalized side chain are synthesized and characterizes.  The complexation properties towards potassium ion are studied by UV-Visible absorption spectrometry.

F.Reche et.al (2001) tells, a new method to determine formaldehyde in finger-points for children use is presented, including the optimization of the supercritical fluid extraction(SFE)variables and the comparison of SFE conditions has been carried out by using a factorial design of 4 factors in 2 level (24).  Three different detection techniques, UV-VI spectrometry, gas chromatography with flame ionization detection (GCFID) and gas chromatography coupled to mass spectrometry (GC-MS) have been used.

Andreas Eichhofer et.al (2003) represents series of seven single-crystalline ionic CdSe cluster compounds, all possessing the cluster anion[Cd8Se(SePh)12Cl4]2-, but with different counterions, has been synthesized.  The compounds were characterized in the solid state, solution and gas phases using single-crystal XRD, powder XRD, UV-Vis spectroscopy and FT mass spectrometry.  The results of the crystal structure determination show that the increasing size of the different counterions does not simply lead to an increase in the shortest inter-cluster distance, but rather to changes in the crystal structure.

Hakan Alp et.al(2007) reported, the two new macro cyclic ligands containing nitrogen and sulfur donor atoms were designed and synthesized with amide group were used in solvent extraction of picrates of metals such as Ag+, Hg2+, Cd2+, Zn2+, u2+,Ni2+,Mn2+,Co2+ and Pb2+ from aqueous phase to the organic phase.  The metal picrate extractions were investigated at 250.10C by using UV-Visible spectrometry.

Acetylacetonates were prepared electrochemically in good yield using the pure liquid, acetyl acetone, as the solvent, in which the supporting electrolyte, tetra-n-butyammonium hexa fluorophosphates, was dissolved; the metal of interest served as the electrodes.  The products were characterized by UV-Visible spectrometry.  It was described by S.R.Lang and J.J.Lagowski in 2007

Bhardwaj et.al in (2007) described the dimorphic fungus, pencillium marneffei, produced and secretes a brick red pigment, during growth at temperatures below 300C.  It generally diffuses into common only used media like sabourand dextrose agar and malt extract agar.  The pigment was purified by reverse-phase liquid chromatography and subjected to structural determination by elemental and spectral analysis using atomic absorption (AAS), ultraviolet-visible (UV-VIS) fluorescence, and infrared spectrometry. 

 C.T.Guo (2008), the diamond-like carbon films were coated on optical polycarbonate using-enhanced chemical vapor deposition.  A mixture of SiH4 and CH4/H2 gases was utilized to reduce the internal compressive stress of the deposited films.  The structure of the DLC films was characterized as a function of film thickness using Raman spectroscopy.  The dependence of G peak positions and the intensity ratio of ID/IG on the DLC film thickness were analyzed in detail.  Other studies involving atomic force microscopy UV-Visible spectrometry and three adhesion tests were conducted.

CHAPTER III

MATERIALS AND METHODS

3.1. INTRODUCTION:

This chapter deals with the characterization of solution grown crystal using 

X-ray diffraction (XRD) technique, Ultraviolet-Visible (UV-VIS) absorption spectrometry and Energy Dispersive X-ray analysis (EDX).

3.2. NEEDS OF CRYSTAL:


At one time natural specimens were the only source is large and well-formed crystals.  It is the human nature to study his environment and seek to understand many natural processes that manifests.  Even the casual observer soon becomes impressed by how of many solids are obvious to the unaided eye.  Single crystal of minerals such as quartz is the common example. In early days crystals were appreciated mainly because of their ornamental value.  But now-a-day many applications for single crystals have been discovered in solid-state devices. 

 
Crystals are used in watches transistorized radius, computers, lasers etc. in general crystals were used in semiconductor devices, mechanical components, magnetic devices, piezo-electric devices jewelry, photo electric devices, X-rays and optical devices etc. Crystal is the pillars of modern technology.  No electric industry, no photonic industry and no fiber optical communication work without the application of crystals. Due to the development in crystal growth field and awareness about the structural properties related to molecular level, there is a great advancement in science and technology.


3.3. SOLUTION GROWN CRYSTAL:

In a solution, water can hold an amount of solute. This is called the solubility of a solution.  When the temperature of the solution is increased, hot water can dissolve more solid substances than cold water, because heated water molecules move further, making room for solid substance to be dissolved.  When no more of the solid substance can be dissolved, the solution is said to be saturated.  As this solution cools, the water molecules move closer and less room for the solution to hold the dissolved solid.  Crystals begin to form and build on another as the water in excess solute evaporate.  This process is called recrystallization and depending on this, it may obtain a mass of many small crystals or one large crystal. 

Succinic acid (C4H6O4) and L. Ascarbic acid (C6H8O6) are taken in proportion of 6 gms and 4gms they are dissolved in 300ml of distilled water at a temperature of 70ºC using a magnetic stirrer.  The saturation is reached at 18 gms and 12gms of the Succinic acid L.Ascabic acid respectively.  Then the solution is stirred continuously for 3 hours.  Further it is filtered and kept in a petri dish for formation of the compound material under slow evaporation method.

3.4. CHARACTERIZATION OF CRYSTAL:


Characterization of the grown crystals of any crystallizing materials is the integral part of the crystal growth, for understanding the nature of the grown crystal as well as for device application.  In other words, it is study of physical property i.e. shape, size, surface and structure etc., and chemical properties i.e. how many functional groups are present in the solid, which compound is presented and how many molecules are there in the crystal.

There are three main categories of physical techniques, which may be used to characterize solids; these are diffraction, microscopic and spectroscopic techniques.  In addition, other techniques such as thermal analysis, magnetic measurements and physical property measurements. 

Main features for a well characterized solid crystal 

· The form of the solid, whether it is single crystal or polycrystalline and the number, size, shape and distribution of the crystalline particles

· The crystal structure

· The crystal defects that are present their nature, number and distribution

· The impurities that are present and whether they are distributed at random or are concentrated into small regions

· The surface structure, including any compositional in homogeneities or absorbed surface layer.

3.5. STRUCTURAL ANALYSIS:

Many examples exist in the literature and technology, which prove that the important physical properties of crystal materials are strongly affected by their structure.  Till date many of these approaches were qualitative in nature or were very limited.  In recent years, a general consensus has been emerging for the need of quantitative approaches to the structural characterization and their correlation with physical property measurements.  A large number of techniques such as high resolution X-Ray and Neutron Diffraction (XRD and ND) Technique, Transmission and Scanning Electron Microscopy (TEM and SEM), Scanning Probe Microscopy (SPM), Nuclear Method (NM) and a variety of surface techniques have been used for many years to characterize mostly qualitatively the chemistry and structure of crystal.

Among these techniques, X-ray diffraction technique plays a vital role in all aspects of semiconductor technology from fundamental research to manufacturing.  X-ray diffraction technique is a very simple and non-destructive technique requiring only very small area of the sample, with the advancement in technology and computer control over the high power X-ray source, diffractometers and counters. This method of analysis has become popular and fundamental applications are widely used.

3.6. THEORY:


Crystal structure is defined by the crystallographic data of the unit cell.  These data contain the shape and dimensions of the unit cell and atomic positions within it.  In thin films, only a small amount of scattering material is available for conventional structural analysis by X-rays.


A plane in a crystal is given by its Miller indices. There are the reciprocal intercept of the plane with the a, b, c axes reduced to the smallest integers having the same ratio.


A direction in a crystal is given as the triplets (hkl) of the smallest integer components of a vector in this direction, referred to a, b, c co-ordinate system.  An intercept parameter is the inter planner spacing dhkl between neighboring planes.

3.7.X-RAY DIFFRACTOMETER:

The x-ray diffractrometer consists of three parts, a basic diffraction unit, a counter gonimeter and an electronic circuit panel with an automatic recorder.   The diffraction angles and intensity of lines can be measured with great accuracy.  The diffraction angle 2( and intensity of the lines are measured using XRD.  A counter receives the diffracted rays.  The counter tube is moved along the goniometric circle.


The specimen is mounted in the center of the diffractometer and rotated by an angle around an axis in the crystal plane.  The counter is attached to an arm rotating around the same axis by an angle 2(.  It can be observed that the diameter of the focusing 

circle continuously shrinks with increasing diffraction angle.  Only (hkl) planes parallel to the crystal contributes to the diffracted intensity.  The intensities are recorded in the computer and the printout of the XRD pattern is taken.  The fundamental equation involved start from Bragg law.

BRAGG LAW:


Two geometrical facts are

1. The incident beam, the normal to the reflecting plane and the diffracted beam are always co-planar.  

2. The angle between the diffracted beam and the transmitted beam is always 2(.  This is known as the diffraction angle. 

The Bragg law is in the form

n(=2dsin(  ---------- (1)
Where, 

n--1,2,3….order of the reflection 

(--Wavelength of the incident radiation

d--it is the spacing between the atomic planes from which reflection takes place.
(--It is the angle between the incident beam and the atomic plane causing the reflection.

X-ray diffraction pattern on the crystal is shown in figure 3.1.The diffraction can occur when the Bragg law is satisfied.

From the x-ray diffraction profiles, the inter planar spacing dhkll was calculated using the Bragg relation

dhkl=(n()/2sin(  ---------(2)

Where,

n--order of diffraction

(--Angle of diffraction

Particle size:


When the size of the individual crystal is less than about 10-5 cm (1000A0), the term “particle size” is usually used.

Crystals in this size range cause broadening of the De bye rings and extent of the broading being given by the equation

D=K(/β cos (  ---------- (3)

Where,

K--          Shape factor=0.94

( --          Wavelength of X-rays used 

( --
The Bragg angle

β --          Full width at half maximum (FWHM).

Dislocation density:

The dislocation density ((), define as the length of dislocation lines per unit volume of the crystal can be m the formula.

(=1/d2      ---------- (4)

Strain, which is the geometrical expression of deformation caused by the action of stress on a physical body, is calculated using

ξ= (β cos ()/4  ----------(5)

The intensities of the diffracted beams depends on the possible diffractions and the lattice parameters such as ‘a’ and ‘c’ in the case of tetragonal symmetry

1/d2= (h2+k2)/a2+l2/c2--------- (6)
The lattice parameters ’a’ and ‘c’ are calculated from the above equation.

Detailed study of the diffraction of X-rays and uses of the crystals as reflection diffraction grating was studied by imagined the three dimensional crystal lattice to be made of a number of different set of parallel planes so that all the lattice points lay on one of the planes and none lay outside them. When X-rays fall upon the atom in a crystal lattice, each atom acts as a source of scattered radiation of the same wavelength and it is, therefore, possible to construct the reflected wave-front in accordance with Huygen’s principle. As the atoms of the crystal are regularly arranged, a beam of X-rays is reflected from a plane of atoms according to ordinary laws of reflection.  The portion of X-rays falling on interatomic space is transmitted into the crystal and is reflected by the successive inner planes.  Thus there are several beams of X-rays reflected from various planes.  This reflected beam then combined to produce constructive or destructive interference depending upon their relative phases.  Each diffraction spot is produced by the interference between the rays reflected from a particular set of parallel planes within the crystal.

The ultimate description of the crystal structure requires the identification of the position.  Co-ordinates of each of the atoms within a crystal, with which the definition of crystal becomes complete.  This information is contained in the intensity of X-ray diffraction peaks. The angular position of the peaks depend on the wavelength, and a more fundamental quantity is the spacing ‘d’ of the lattice planes forming each diffraction peaks.

3.8. X-RAYS AND CRYSTALLINE SOLIDS:

X-rays would be scattered by atoms in a crystalline solid if there is a similarity in spatial scales. If the wavelength and the interatomic distances are roughly the same, diffraction patterns, which reveal the repeating atomic structure, can be formed. A pattern of scattered X-rays (the diffraction pattern) is mathematically related to the structural arrangement of atoms causing the scattering. When certain geometric requirements are met, X-rays scattered from a crystalline solid can constructively interfere, producing a diffracted beam. Sir Lawrence Bragg simulated the experiment, using visible light with wavelengths thousands of times larger than those of X-rays. He used tiny arrays of dots and pinholes to mimic atomic arrangements on a much larger scale. Optical transform experiments, in which visible light is diffracted from arrays, yield diffraction patterns similar to those produced by shining X-rays on crystalline solids. However, the optical transform experiment is easier and safer than X-ray experiments and can be used in the classroom. The X-Ray diffraction pattern is shown in figure 3.2.

3.9. DIFFRACTION PATTERN:
When electromagnetic radiation from several sources overlaps in space simultaneously, either constructive or destructive interference occurs. Constructive interference occurs when the waves are moving in step with one another. The waves reinforce one another and are said to be in phase. Destructive interference, on the other hand, occurs when the waves are out of phase, with one wave at a maximum amplitude, while the other is at a minimum amplitude. Interference occurs among the waves scattered by the atoms when crystalline solids are exposed to X-rays. The atoms in the crystal scatter the incoming radiation, resulting in diffraction patterns. Destructive interference occurs most often, but in specific directions constructive interference occurs.

3.10. EXPERIMENTAL TECHNIQUE OF X-RAY DIFFRACTION:


X-rays is the essential tool for the investigation of internal structure of materials.  This is because their wavelengths are of the order of distance between the atoms in materials which act as a diffraction slit.  So crystal is regarded as the three-dimensional diffraction grating.


 X-rays are produced by bombarding a metal target with accelerating electrons. For X-ray diffraction is a crystal there are two approaches; kinematical and Dynamical.

When the back internal reflections from a crystal layers in the same direction as that of the incident beam are neglected, the theory developed is called kinematical, when that is taken into consideration theory necessary is dynamical.

3.10.1. X-RAY DIFFRACTION TECHNIQUES:

X-ray diffraction techniques are based on the elastic scattering of X-rays from structures that have long-range order.

· Single –crystal X-ray diffraction is a technique used to solved the complete structure of crystalline materials, ranging from simple inorganic solids to complex macro molecules, such as proteins.

· Powder diffraction is a techniques use to characterize the crystallographic structure, crystallite size (grain size), and preferred orientation in polycrystalline or powered solid samples.  Powder diffraction is commonly used to identify unknown substances, by comparing diffraction data against a database maintained by the international center for diffraction data.

3.10.2. SINGLE CRYSTAL DIFFRACTION:


The oldest and most precise method of X-ray crystallography is single-crystal X-ray diffraction, in which a beam of X-rays is reflected from evenly spaced plane of a single crystal, producing a diffraction of spots called reflection.  Each reflection corresponds to one set of evenly spaced planes and regularity, X-ray diffraction data can determine the mean chemical bond length and anglers to within a few thousandths of an anstrom and to within a few tenths of a degree, respectively.

The technique of single crystal X-ray crystallography has three basic steps.  The first and often most difficult step is to obtain an adequate crystal of the material under study.  The crystal should be sufficiently large pure in composition and regular in structure, with no significant internal imperfections such as cracks or twining.  A small or irregular crystal will give fewer and less reliable data from which it may be impossible to determine the atomic arrangement.

In the second step, the crystal is an intense beam of X-rays, usually of a single wavelength producing the regular pattern of reflection.  As the crystal is gradually rotated, previous reflections disappear and new ones appear; the intensity of every spot is recorded at every orientation of the crystal.  Multiple data sets a may have to be collected, with each set covering slightly more than half a full rotation of the crystal and typically containing tens of thousands of reflection intensities.

In the third step, these data are combined computationally with complementary chemical information to produce and refine a model of the arrangement of atoms within the crystal.  The final, refined model of the atomic arrangement-now called a crystal structure is usually stored in a public database.

3.10.3. DETERMINATION OF CRYSTAL STRUCTURE:


The raw material for solving crystal structures is diffracted X-ray intensity data.  A single crystal may give up two or three thousand possible diffracted beams and it is necessary to measure the intensity. This may be done using film method.  Crystal structure determination by XRD has played a role in inorganic and solid state cannot be overemphasized.  Crystal structures have been obtained by this method over a period of some seventy years.  This method has been used to understand crystalline materials, their structures, properties and applications.

3.11. PURPOSE OF X-RAY DIFFRACTION:

Diffraction data has historically provided information regarding the structures of crystalline solids. Such data can be used to determine molecular structures, ranging from simple to complex, since the relative atomic positions of atoms can be determined. X-ray diffraction provided important evidence and indirect proof of atoms. Diffraction patterns constitute evidence for the periodically repeating arrangement of atoms in crystals. The symmetry of the diffraction patterns corresponds to the symmetry of the atomic packing. X-ray radiation directed at the solid provides the simplest way to determine the interatomic spacing that exists. The intensity of the diffracted beams also depends on the arrangement and atomic number of the atoms in the repeating motif, called the unit cell. Thus, the intensities of diffracted spots calculated for trial atomic positions can be compared with the experimental diffraction intensities to obtain the positions of the atoms themselves. From this as well as other indirect methods such as stoichiometric relationships and thermodynamics, evidence of atoms was obtained. However, a direct way to image atoms on the surfaces of materials now exists. 

3.12. ULTRAVIOLET-VISIBLE SPECTROMETRY:

It involves the spectroscope of photons in the UV-VISIBLE region.  It uses light in the visible and adjacent near ultraviolet (UV) and near infrared (NIR) range.  In this region of the electromagnetic spectrum, molecular undergo electronic transitions.  This technique is complementary to fluorescence spectroscopy.

The UV-VISIBLE region of spectrum extends from 1000-4000A° and is sub-divided into for UV-VISIBLE region (100-200nm), near UV-VISIBLE region (200-400nm).

3.12.1. GENERAL PROPERTIES OF ABSORPTION:
Absorption is measured in terms of the absorption coefficient defined as the rate of attenuation of radian per unit length and, it is expressed typically in units of cm-1.  This quantity various from less than 3X10-5 cm-1 in the near infrared, for the exceedingly highly refined glasses used in fiber optics application, to greater than 106 cm , for certain intrinsic absorption process in crystals.  Absorption is related to reflection through more fundamental quantity called the dielectric function.  The absorption coefficient is also related to the index of refraction by means of a frequency integral.

3.12.2. COLOR AND LIGHT ABSORPTION:


Compounds that absorb light of wavelength between 4000A° appear colored to human eye.  Many common compounds have strong Ultraviolet-Visible (UV-VIS) absorption bonds.  Progressive absorption from 4000 upwards leads to progressive darking through yellow, orange, red, green, blue, violet and finally.

3.13. ULTRAVIOLET-VISIBLE SPECTRUM:


An ultraviolet-visible spectrum is essentially a graph of light absorbance versus wavelength in a range of ultraviolet or visible regions.  Such a spectrum can often be produced directly by a more sophisticated spectrophotometer, or the data can be collected one wavelength at a time by simpler instruments.  Wavelength is often represented by the symbol(.  Similarly, for a given substance, a standard graph of the extinction co-efficient (() versus wavelength may be made or used if one is already available. Such a standard graph would be effectively “concentration corrected” and thus independent of concentration.  For the given substance, the wavelength at which maximum transmittance in the spectrum occurs is called (max pronounced “lambamax”.

The advantages of derivative spectroscopy include:

· Precise determination of the wavelength of peak maxima can be obtained from the zero crossing of the first derivative.

· Improved spectral resolution is obtained especially with the second derivative.  Spectral features which appear as barely noticeable shoulders in the original spectrum become much more prominent.

The wavelength of light that a compound will absorb is characteristic of its chemical structure. Specific region of the electromagnetic spectrum are absorbed by exciting specific types of molecular and atomic motion to higher energy levels.  Absorption of microwave radiation is generally due to excitation of molecular rotational motion.  Infrared absorption is associated with excitation of electrons, in both atoms and molecules, to higher energy states.  All the molecules will undergo electronic excitation following absorption of light, but for most molecules very high energy radiation is required.  For molecules containing conjugated electron systems however light in the Ultraviolet -visible region is adequate.  As the degree of conjugation increases, the spectrum shifts to lowest energy.  Because absorption spectra are characteristic of molecular structure, they can be used to qualitatively identify atomic and molecular species.

3.14. ENERGY DISPERSION X-RAY ANALYSIS (EDX):

 EDX Analysis stands for Energy Dispersive X-ray analysis. It is sometimes referred to also as EDS or EDAX analysis. It is a technique used for identifying the elemental composition of the specimen, or an area of interest. The EDX analysis system works as an integrated feature of a scanning electron microscope (SEM), and cannot operate on its own without the latter.


During EDX Analysis, the specimen is bombarded with an electron beam inside the scanning electron microscope. The bombarding electrons collide with the specimen atoms own electrons, knocking some of them off in the process. A position vacated by an ejected inner shell electron is eventually occupied by a higher-energy electron from an outer shell. To be able to do so, however, the transferring outer electron must give up some of its energy by emitting an X-ray.


The amount of energy released by the transferring electron depends on which shell it is transferring from, as well as which shell it is transferring. Furthermore, the atom of every element releases X-rays with unique amounts of energy during the transferring process. Thus, by measuring the amounts of energy present in the X-ray being released by a specimen during electron beam bombardment, the identity of the atom from which the X-ray was emitted can be established.


The output of an EDX analysis is an EDX spectrum. The EDX spectrum is just a plot of how frequently an X-ray is received for each energy level. An EDX spectrum normally displays peaks corresponding to the energy levels for which the most X-rays had been received. Each of these peaks is unique to an atom, and therefore corresponds to a single element. The higher a peak in a spectrum, the more concentrated the element is in the specimen.


An EDX spectrum plot not only identifies the element corresponding to each of its peaks, but the type of X-ray to which it corresponds as well. For example, a peak corresponding to the amount of energy possessed by X-rays emitted by an electron in the L-shell going down to the K-shell is identified as a K-Alpha peak.  The peak corresponding to X-rays emitted by M-shell electrons going to the K-shell is identified as a K-Beta peak. It is shown in figure 3.4. 

Figure3.1

X-Ray Diffraction of Bragg’s Law

[image: image2.jpg]A’ A A c

B

Atomic-scale crystal lattice planes





Figure 3.2

X-Ray Diffraction of the Crystal
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Figure 3.3

Single Crystal Diffraction Method
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Figure 3.4

Energy Dispersion Analysis of X-ray
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CHAPTER IV

RESULTS AND DISCUSSION
4.1. INTRODUCTION:

Crystal is a solid in which the constituent atoms molecules or ions are packed in a regularly ordered, repeating pattern extending in all three spatial dimensions.  Crystal refers to solid objects that exhibit well-defined and often pleasing geometric shapes.  In this sense of the word, many types of crystals are found in nature.  Today, crystals are the pillars of modern technology.  Without crystals, there would be no electronics industry, no photonic industry, no fiber-optic communications very little modern optical equipment and some very important gaps in conventional production engineering. The results pertaining to the study entitled “characterization study of a solution grown crystal using X-ray diffraction (XRD) and  Ultraviolet-visible (UV-VIS) spectrometry” are discussed under the following subheadings:

· Synthesis of the compound material using solution method

· Analysis using X-ray diffraction (XRD)

· Ultraviolet visible spectrometry(UV-VIS)

· Energy Dispersion X-ray analysis (EDX) 

4.2. SYNTHESIS OF THE COMPOUND MATERIAL USING SOLUTION METHOD:

Succinic acid (C4H6O4) and L. Ascarbic acid (C6H8O6) are taken in proportion of 6 gms and 4gms respectively. They are dissolved in 300ml of distilled water at a temperature of 70º C using a magnetic stirrer.  The saturation is reached at 18 gms and 12gms of the Succinic acid L.Ascabic acid respectively.  Then the solution is stirred continuously for 3 hours.  Further it is filtered and kept in a petri dish for formation of the compound material, under slow evaporation method.


The grown material is taken for characterization studies using the X-ray diffraction (XRD) techniques, ultraviolet-visible (UV-VIS) absorption spectrometry and energy dispersion X-ray (EDX) analysis. The   photograph of the synthesized material is shown in plate 1.

4.3. ANALYSIS USING X-RAY DIFFRACTION (XRD):

Diffraction can occur when electromagnetic radiation interacts with a periodic structure whose repeatitive distance is about the same as the wavelength of the radiation. X-rays have wavelengths on the order of angstroms; in the range of typical inter atomic distances in crystalline solids. Therefore, X-rays can be diffracted from the repeating patterns of atoms that are characteristic of crystalline materials. It happens that X-rays have wavelengths on the order of a few angstroms, the same as typical inter atomic distances in crystalline solids. That means X-rays can be diffracted from minerals which, by definition, are crystalline and have regularly repeating atomic structures. X-rays scattered from a crystalline solid can constructively interfere, producing a diffracted beam. 

Panalytical X-ray diffractrometer expert PRO, Materials Research Diffractrometer (MRD) is used in the analysis for taking X-ray diffraction.  This instrument is basically a materials research diffractrometer and is primarily used for research purpose. The X-ray diffraction patterns of the crystals are shown in figure 4.1, and the peak values are tabulated, in table 4.1.

The spectrum reveals the prominent peaks, which confirm that the synthesized material is crystalline in nature.  X-ray diffraction pattern shows the variation of diffracted intensity with various 2θ values.  The peaks in the diffraction patterns are characteristics of the spectrum.  Each peak corresponds to particular value of ‘θ’.

From X-ray diffraction spectrum, it is confirmed that the synthesized material is crystalline in nature.  It is also confirmed through the International Crystalline Diffraction Data (ICDD).  Through search match of the X-ray diffraction results with the standard data, it is revealed that there is presence of succinic acid in the grown crystal.  The reference pattern of succinic acid is attached in figure 4.3. 

The X-ray diffraction pattern of the grown crystal is shown in figure 4.1, 4.2 and 4.3.  The table 4.1 shown the values of d-spacing for various values of 2θ and the corresponding relative intensity. The intensity is maximum for 2θ=50.3974.

4.4. ULTRAVIOLET-VISIBLE SPECTROMETRY (UV-VIS):


In Ultraviolet-visible absorption spectrometry, obtaining a spectrum requires manually measuring the absorption of the sample at each wavelength in the range of Ultraviolet visible.  The Ultraviolet-visible patterns of the crystals are shown in figure 4.4, and the peak values are tabulated in table 4.2.The values of absorption in absolute unit for the wavelength range from 250 nm to 800nm are listed in the table 4.2


It is found that the absorption is maximum at the visible range of 200nm.  It decreases for further increase in the wavelength.  So, the grown crystal is confirmed as a semiconductor material. The result of Ultraviolet-visible (UV-VIS) spectrometry is shown in figure 4.4 and 4.5.

4.5. ENERGY DISPERSION X-RAY SPECTROSCOPY (EDX):


It is an analytical technique used for the element analysis or chemical characterization of a sample.  As a type of spectroscopy, it relies on the investigation of a sample through interactions between electromagnetic radiations.  Its characterization capabilities are due in large part to the fundamental principle that each element has a unique atomic structure allowing X-rays that are characteristic of an element’s atomic structure to be identified uniquely from each other.  These X-rays are characteristic of the difference in energy between the two shells, and of the atomic structure of the element form which they were emitted.


The study of crystal using Energy Dispersion X-Ray Spectroscopy (EDX) reveals that the synthesized crystalline compound contains 44.45% carbon atoms and 55.55% of oxygen atoms.  The data also gives the percentage of weight of carbon and oxygen in the grown crystalline compound. This is shown in table 4.3.

Table 4.1

Values of d-spacing Corresponding to 2θ values Using X-ray diffraction

	Pos[°2θ]
	D-Spacing[A]
	Rel.Int[%]

	19.9594

26.1159

26.6409

31.458

35.0842

47.0415

49.2423

50.3974

57.2583

74.2122

80.4825

101.2701

108.7814

116.5044

121.1274
	4.44858

3.41219

3.34612

2.84386

2.5578

1.93178

1.85047

1.81074

1.60901

1.27788

1.19339

0.99717

0.94825

0.90659

0.88448
	3.76

23.23

16.04

71.15

21.02

24.38

56.29

100

31.74

9.85

14.98

3.91

47.31

9.02

10.38


Table 4.2

	 Relation between Wavelength and Absorption by the Crystal Using ultraviolet –visible spectrometry

Wavelength[λ]
	Absorption

	200

205

210

215

220

225

230

235

240

245

250

300

350

400

450

500

600

700

800
	0.908869

0.853335

0.760787

0.623314

0.4645

0.316048

0.202299

0.131779

0.09893

0.086081

0.080411

0.047512

0.019969

0.012628

0.008583

0.00755

0.005741

0.005567

0.007687


Table 4.3 

Results of Energy Dispersion X-Ray Analysis 

Live time:60.0 sec

Acc.voltage: 20.0 KV take Off Angle:38.1 deg

Qualitative result

	Element line
	Net counts
	Weight %
	Weight %error
	Atom %

	C K

O K
	2420

2709
	37.53

62.47
	0.92

1.27
	44.45

55.55

	Total
	100.00
	                              100.00


Plate 1

Solution grown crystals with Succinic acid(C4H6O4) and L.Ascarbic acid (C8H6O8) as reactants
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Figure 4.1

X-ray Diffraction pattern-1
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Figure 4.2
X-ray Diffraction pattern-2
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Figure 4.3
X-ray Diffraction pattern-3
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Figure 4.4

Ultraviolet Visible absorption pattern-1
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Figure 4.5
Ultraviolet Visible absorption pattern-2
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CHAPTER V

SUMMARY AND CONCLUSION


Crystals are technologically very important materials, in which the atoms or molecules are arranged in a regularly repeating pattern. Crystal structure refers to the three dimensional arrangement of atoms in a crystal .Crystals are used in watches transistorized radius, computers, lasers etc,. In general crystals are used in semiconductor devices, mechanical components, magnetic devices, piezo-electric devices jewelry, photo electric devices, X-rays and optical devices etc., They can be grown by methods like growth from melt (liquid- solid phase transformation), growth from solid state (solid- solid phase transformation), growth from vapor (gas- solid phase transformation), growth from solution (solution- solid phase transformation), and growth from gel.


In the present work, a crystal is synthesized using solution growth method. The reactants used to synthesis the compound material are Succinic acid (C4H6O4) and L. Ascarbic acid (C6H8O6). After reaching saturation, the filtered solution is kept for growth.  The crystal is grown.  The grown crystal is taken for characterization studies using X-ray diffraction (XRD) technique, Ultraviolet-Visible (UV-VIS) absorption spectrometry and Energy Dispersive X-ray analysis (EDX).

To confirm the structure of the synthesized sample the X-ray diffraction (XRD) pattern is used. The ultimate description of the crystal structure requires the identification of the position.  Co-ordinates of each atoms within a crystal, with which the definition of crystal becomes complete.  This information is contained in the intensity of X-ray diffraction peaks. The angular position of the peaks depend on the wavelength, and a more fundamental quantity is the spacing ‘d’ of the lattice planes forming each diffraction peaks.  It is confirmed that the synthesized compound is crystalline in nature.

Ultraviolet-visible spectra revealed the optical nature of the crystal. The absorbance is observed using Ultraviolet –visible spectrum for the sample in the wavelength range of 200nm to 800nm.  It is found that the absorption is maximum for 200nm, which is in the visible range.  There is an absorption peak range from 260nm to 308nm with the peak at 282, reveals the possibilities for the sample to be a semiconductor material.  


The EDX enables the determination of the cell parameters, and eventually the space group from systematic extinctions. EDX Analysis stands for Energy Dispersive X-ray analysis. It is sometimes referred to also as EDS or EDAX analysis. It is a technique used for identifying the elemental composition of the specimen, or an area of interest. These X-rays are characteristic of the difference in energy between the two shells, and of the atomic structure of the element form which they were emitted. Energy Dispersive X-ray analysis (EDX) results of grown crystal shows that synthesized crystalline compound contains 44.45% carbon atoms and 55.55% of oxygen atoms.

To conclude, the crystal can be further used to study its chemical structure and compounds. Also its application can be analyzed.
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