Molecular Orbital (MO) Theory
Molecular orbital theory was developed, in the years after Valence Bond Theory had been established (1927), primarily through the efforts of Friedrich Hund, Robert Mulliken, John C. Slater, and John Lennard-Jones. MO theory was originally called the Hund-Mulliken theory.
The main ideas of this theory may be assumed as follows:-
1. Overlap of TWO atomic orbitals will lead to formation of TWO Molecular Orbitals , one with LOWER energy, called BONDING Molecular Orbitals (BMO) and other with HIGHER energy, called ANTI-BONDING Molecular Orbitals (ABMO).
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2. The atomic orbitals of the atoms in a molecule completely lose their identity after the formation of molecular orbitals.
3. The number of atomic orbitals overlapped will be same as number of molecular orbitals formed.
4. Only those atomic orbitals can combine which have comparable energies as well as proper orientation. e.g.  1s can combine ONLY with 1s and NOT 2s. Similarly  ‘s’ can combine with pz but not with px or py and pz can combine with pz and not with px or py.
5. Electons fill the Molecular Orbitals in the same way as they fill the Atomic orbitals following the: (i) Aufbau Principle – orbitals filled in increasing order of energies
(ii)Pauli’s Exclusion Principle – no two electrons in same orbital can have same set of all quantum numbers, i.e., maximum number of electrons in an orbital is two and that two with opposite spins, and,
(iii)Hund’s Rule of Multiplicity – pairing of electrons in M Os of same energy levels does not take place until each of them have one electron each (they are singly filled). 

Formation of molecular orbitals (Linear Combination of Atomic Orbital - LCAO method or wave mechanical approach).
A more general, but slightly more complicated approach is the Molecular Orbital Theory. This theory builds on the electron wave functions of Quantum Mechanics to describe chemical bonding. To understand MO Theory let's first review constructive and destructive interference of standing waves starting with the full constructive and destructive interference that occurs when standing waves overlap completely. 
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Thus the combination of two atomic orbitals gives two new molecular orbitals – one by addition effect, known as  - Bonding Molecular Orbitals, other by Subtractive effect, called – Anti Bonding Molecular Obitals. The probability of finding electrons in B O increases whereas it decreases in ABO.
To see how we use these concepts in Molecular Orbital Theory, let's start with H2, the simplest of all molecules. The 1s orbitals of the H-atom are standing waves of the electron wave function. In Molecular Orbital Theory we view the bonding of the two H-atoms as partial constructive interference between standing wave functions of the 1s orbitals.
[image: H2Constructive]
We can also have partial destructive interference.
[image: H2Destructive]
The energy of the H2 molecule with the two electrons in the bonding orbital is lower by 435 kJ/mole than the combined energy of the two seperate H-atoms. On the other hand, the energy of the H2 molecule with two electrons in the antibonding orbital is higher than two separate H-atoms. To show the relative energies we use diagrams like this:
[image: MODiagram1]
In the H2 molecule, the bonding and anti-bonding orbitals are called sigma orbitals (σ).We can also form bonding orbitals using other atomic orbitals. To a first approximation only orbitals with similar energies can combine. For example, we can combine two p orbitals to form a sigma BO[image: sigmaporbitals]
Using p orbitals a second type of orbital called a π orbital can also be formed.
[image: pibond]

The filling of orbitals, as per the above rules may be given as: 
(a) Upto 14 electron systems: (for H2 to N2) : -
σ(1s) < σ*(1s) < σ(2s) < σ*(2s) < [π(2px) = π(2py)] < σ(2pz) <  [π*(2px) = π*(2py)] > σ*(2pz)
(b) Above 14 electron systems: (for O2 to Ne2) : -
σ(1s) < σ*(1s) < σ(2s) < σ*(2s) < σ(2pz) < [π(2px) = π(2py)] <  [π*(2px) = π*(2py)] > σ*(2pz)
I - Filling of orbitals above 14 electron systems: (for O2 to Ne2): - the relative energies of MOs are given as (Energy Sequence)
σ(1s) < σ*(1s) < σ(2s) < σ*(2s) < σ(2pz)< [π(2px) = π(2py)] <  [π*(2px) = π*(2py)] > σ*(2pz)
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II - Filling of orbitals upto 14 electron systems: (for H2 to N2): - the relative energies of MOs are given as (Energy Sequence )
σ(1s) < σ*(1s) < σ(2s) < σ*(2s) < [π(2px) = π(2py)] < σ(2pz) <  [π*(2px) = π*(2py)] > σ*(2pz)
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	Condition for the linear combination of atomic orbital (or overlap of A.O.)
1. Energy of overlapping atomic orbitals should be equal or nearly equal.
2. The combining atomic orbitals must have the same symmetry about the molecular axis.
3. The combining atomic orbitals must overlap to the maximum extent.
Molecular behavior:-
1.   Stability  of molecules in terms of bonding and antibonding electrons.
Nb= No. of electron in bonding orbital
Na=No. of electron in antibonding orbital.
(a) Nb>Na =the molecule is stable
(b) Nb<Na=the molecule  is unstable
(c) Nb=Na =the molecule is unstable
2. Stability of molecule in terms of Bond Order:

     Bond Order(B.O.) = ½(Nb-Na)
Stable molecule= if B.O. is positive (+ve)
Unstable molecule=if B.O. is negative (-ve)

3. Bond dissociation energy α B.O. α Stability
4.  Bond Length α 
5. Diamagnetic and Paramagnetic nature
If all the electron in the molecule are paired,it is diamagnetic in nature.On the other hand,if the molecule has some unpaired electron,it is paramagnetic in nature.

Difference between B.M.O. and A.B.M.O.

	Bonding Molecular Orbital
	Antibonding Molecular orbital

	1. They are formed by the additive effect of the atomic orbitals(ΨAB=ΨA+ΨB).
2. It increases the electrons density between the nuclei.
3. These orbitals have lower energy.
4. It stabilize the molecule.
5. These are represented by σ,π etc.
	1. They are formed by the subtractive effect of the atomic orbitals. (ΨAB=ΨA-ΨB).
2. It decreases the electrons density between the nuclei.
3. These orbitals have higher energy.
4. It destabilize the molecule.
5. These are represented by σ*,π* etc









Difference between valency bond method and molecular orbital method 
	Valency Bond Method
	Molecular Orbital Method

	1. In valency bond method,a molecule is composed of atoms which retain their individual identity even after bond formation.
2. An electron moves in the field of one nucleus i.e. atomic orbitals are monocentric. 
3. Valence bond method does not explain the paramagnetic of O2 successfully.
4. Atomic orbitals in valence bond method are represented by s,p,d,f.
	1. In molecular orbital method ,the combining atoms lose their individual identity.
2. An electron moves in the field of more than one nuclear , i.e. molecular orbitals are polycentric.
3. Molecular orbital method explain the paramagnetic of O2 successfully.
4. Molecular orbitals in molecular orbital method are represented by σ, σ*,π ,π*etc


Questions :-
1. How do bonding and antibonding molecular orbitals differ with respect to : (a)energies,(b)the spatial distribution of electron-density?
2. Arrange  O2,O2-,O22-and O2+ in order of increasing bond length. 
3. On the basis of molecular orbital theory explain why N2 is diamagnetic and o2 is paramagnetic?
4. Write electronic configuration ,molecular orbital diagram ,bond order,and magnetic character of following molecules/ions.
(i) H2 ,H2+,H2-
(ii) He2,He2+
(iii) B2,B2+
(iv) N2,N2+,N2-,N22-
(v) O2,O2+,O2-,O22-
(vi) F2









                                   
Band theory of Solids (The Band Model)
This model of the bonding in metals (solid) is based on molecular orbital theory. The atomic orbitals on these metal atoms with same symmetry and same energy overlap resulting in the formation of energy bands.Salient features of band theory:-
1. Molecular orbitals form by the overlapping of atomic orbital of valence shell of metal atom and inner shell remain intact and are not affected.
2. If there are ‘n’ atomic orbitals one of each atom, in a metallic crystal, they may overlap to give ‘n’ molecular orbitals corresponding to ‘n’ energy level.
3. The energy separation between any two adjacent energy levels would go on decreasing with increasing in the number of overlapping orbitals,and thus the energy difference between the molecular orbitals becomes smaller and smaaler and ultimatellly say that there is band of molecular orbitals.
Ex.  Na  metal- 
         11Na=1s2, 2s2,2p6,3s1
[image: http://wps.prenhall.com/wps/media/objects/4680/4793217/images/aabjwcba.jpg]
4. The highest occupied energy band is called the valence band while the lowest unoccupied enrgy band is called the conduction band.
5. [bookmark: Band,_electron][bookmark: 03370.png][bookmark: Valence_band][bookmark: Conduction_band]The gap between the valence band and the conduction band is called forbidden gap. No electron exist in forbidden gap. The width of the forbidden gap is called energy gap(Eg)
[bookmark: 03371.png][image: http://sub.allaboutcircuits.com/images/03371.png]


[bookmark: 03372.png]

[image: http://sub.allaboutcircuits.com/images/03372.png]
Electron band separation in semiconducting substances, (a) multitudes of semiconducting close atoms still 

Explanation of conductors, Semiconductors and Insulator on the basis of Band Theory :
1. Insulator Energy Band
	[image: http://hyperphysics.phy-astr.gsu.edu/hbase/solids/imgsol/band4.gif]
	Most solid substances are insulators, and in terms of the band theory of solids this implies that there is a large forbidden gap between the energies of the valence electrons and the energy at which the electrons can move freely through the material (the conduction band).
Glass is an insulating material which may betransparent to visible light for reasons closely correlated with its nature as an electrical insulator. The visible light photons do not have enoughquantum energy to bridge the band gap and get the electrons up to an available energy level in the conduction band. The visible properties of glass can also give some insight into the effects of "doping" on the properties of solids. A very small percentage of impurity atoms in the glass can give it color by providing specific available energy levels which absorb certain colors of visible light. The ruby mineral (corundum) is aluminum oxide with a small amount (about 0.05%) of chromium which gives it its characteristic pink or red color by absorbing green and blue light.
While the doping of insulators can dramatically change their optical properties, it is not enough to overcome the large band gap to make them good conductors of electricity. However, the doping of semiconductors has a much more dramatic effect on their electrical conductivity and is the basis forsolid state electronics.


2. Semiconductor Energy Bands
	For intrinsic semiconductors like siliconand germanium, the Fermi level is essentially halfway between the valence and conduction bands. Although no conduction occurs at 0 K, at higher temperatures a finite number of electrons can reach the conduction band and provide some current. In doped semiconductors, extra energy levels are added.
The increase in conductivity with temperature can be modeled in terms of the Fermi function, which allows one to calculate the population of the conduction band.
	[image: http://hyperphysics.phy-astr.gsu.edu/hbase/solids/imgsol/band5.gif]


3. Conductor Energy Bands
	In terms of the band theory of solids, metals are unique as good conductors of electricity. This can be seen to be a result of their valence electrons being essentially free. In the band theory, this is depicted as an overlap of the valence band and the conduction band so that at least a fraction of the valence electrons can move through the material.
Ex :
	[image: http://hyperphysics.phy-astr.gsu.edu/hbase/solids/imgsol/band6.gif]


[bookmark: c5][bookmark: c6][bookmark: c7][bookmark: c8]
[image: http://www.online-sciences.com/wp-content/uploads/2015/03/conductors-4.gif]

[image: http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0m/section_16/fa16422f21491587fc2633abe061c723.jpg]



                                       Liquid crystal (the mesomorphic state)
There are certain solids which when heated they first fuse sharply yielding turbid liquids and then again yield clear liquids at a higher temperature. The turbid liquid show anisotropy (they have different physical properties in different direction). Thus anisotropic properties are associated with crystalline state , so the turbid liquids are called Liquid crystals.
        Hence, “The intermediate state (mesomorphic state)of a substance which has a cloudy as translucent appearance showing anisotropy is called a liquid crystal”
	Ex :                         1450C                                                    178OC
         		A                                                       A                                             A
Where ,  A=p-cholestryl benzoate
Note - In 1888, Friedrich Reinitzer (picture) is credited for the first systematic description of the liquid 
             crystal phase and reported his observations when he prepared cholesteryl benzoate, the first 
             liquid crystal.
  The first  temperature  at which solid changes into turbid liquid is known as transition point and the second temperature at which turbid liquid changes into clear liquid is known as melting point.

Classification of liquid crystal :

1. Thermotropic  Liquid Crystal
2. Lyotropic  Lliquid Crystal

1. Thermotropic Liquid Crystal: the liquid crystal prepared by varying their temperature are called thermotropic liquid crystal. These are three type-
(a) Nematic  Liquid crystal : the word nematic means thread like. Nematic types of liquid crystal show near normal flow behavior of liquids. In these liquid crystals, the long axis of the molecules are lined up. Nemetic liquid crystal have a translucent appearance because they scatter light strongly. Ex. P-azoxy anisol. 
                                    [image: Nematic phase of a liquid crystal]
 
(b) Smectic liquid crystal: the meaning of smectic is soap like. These liquid crystal do not flow like normal liquid. Smectic liquid crystal are formed by certain molecules with chemically dissimilar parts. The chemically similar parts attract each other and there is tendency to form layers as well as to have the molecules aligned in one direction. Ex. P-azoxy benzoate.                         

                                                           [image: Smectic phase of a liquid crystal]
(c) Cholesteric liquid crystal :  the term cholesteric is used because the molecular structure of the liquid crystals characteristically has a large number of compounds containing cholesterol. cholesteric liquid crystal is also known as chiral nematic liquid crystal. The molecules in cholesteric liquid crystals are arranged in layers. The molecular layers in a cholesteric liquid crystal are very thin, with the long axes of the molecules parallel to the plane of the layers.
                                              [image: Discotic shaped liquid crystal molecules]
2. Lyotropic liquid crystal  : lyotropic liquid crystal exhibits liquid crystal behavior when it react with water or a specific solvent. Many biological structures such as the brain,nerve system,muscle, and blood contain lyotropic liquid crystal.
Application of liquid crystal:
1. Liquid crystal are used in electronic display instruments. Ex. LCD,digital disliays.
2. Used as commercial lubricants.
3. It used for detecting tumors in the body by using a method called thermography.
4. These are employed as solvents for studying the structure of anisotropic molecules spectroscopically.
5. These are most suited to biological function. Since the colour of liquid crystal depends sensitively on temperature ,these are being used to measure skin temperature.
6. Solitary wave propagation in liquid crystals
A high intensity laser beam injected in a liquid crystal can produce a local reorientation of the director molecules. In this way the light produces it's own waveguide and the laser light will not diffract but stays confined in a narrow beam. The soliton application can lead to an addressable liquid crystal waveguide to switch light between several optical fibers.
[image: Principle of solitary wave propagation in liquid crystals]
7. Hollow liquid crystal fibers
Hollow optical fibers have already proved their use. If we fill them with liquid crystals gives they can give interesting controllable behavior to the optical fibers.
8. Optically addressed liquid crystal displays
In optically addressed liquid crystal displays, the strong electric field of a non-visible wavelength with high intensity is used to switch the molecules in stead of an externally applied voltage.
9. Liquid crystal solar cell
A new and promising application using liquid crystals is the liquid crystal semiconductor. Liquid crystals are organic molecules similar to polymers. In polymers containing conjugated systems (alternating single and double bond) the creation of a higher and lower pi-bond leads to the creation of a band gap simular to semiconductors. The use of such a liquid crystal in a device simular to the Grätzel cell can lead to new types of solar cells.














   					Solid state
Introduction 
Intermolecular forces and thermal energy are the two factors on which physical states of matter depend. While the intermolecular forces of attraction tend to keep the particles closer; the thermal energy tends to keep the particles apart from each other by making them move faster.
When the net resultant of these two opposing forces, i.e. intermolecular forces and thermal energy, makes the particles cling together and forces them to occupy fixed positions, matters exist in solid state.
Characteristic properties of solid state:
a. Solids have definite mass, volume and shape
b. Solids are incompressible and rigid
c. In solids, intermolecular distances are very short
d. In solids, intermolecular forces are very strong
e. The constituent particles of solids have fixed positions.
f. The constituent particles of solids can only oscillate about their mean positions.
Classification of solids – Solids can be classified into two types on the basis of the arrangements of their constituent particles (atoms, molecules or ions). These two types are Crystalline Solid and Amorphous Solid.
Crystalline Solid
Solids having large number of crystals; each with definite characteristic geometrical shape; are called crystalline solids.
The constituent particles of crystalline solid are arranged in regular pattern which is repeated periodically over the entire crystal. Such type of arrangement is called long range order. Crystalline solids are anisotropic in nature, i.e. many physical properties, such as electrical resistance, refractive index, etc. are different along different axes. Crystal of NaCl, Quartz, Ice, HCl, Iron, etc. are some examples of crystalline solid.
[image: Anisotropy of crystalline solids]

Characteristics of crystalline solid –
a. Crystalline solids have definite characteristic geometrical shape.
b. Crystalline solids have sharp characteristic melting point.
c. Crystalline solids have definite and characteristic heat of fusion.
d. Crystalline solids produce pieces with plain and smooth surface when cut with a tool of sharp edge.
e. Crystalline solids are anisotropic in nature.
f. Crystalline solids are true solid.
g. Constituent particles of crystalline solids are arranged in long range order.
Amorphous Solid
Solids having irregular shapes of particles are known as Amorphous Solids. The word ‘Amorphous’ came from Greek ‘Amorphos’ which means no shape.
The constituent particles of amorphous solids have only short range order of arrangement, i.e. regular and periodical arrangement of particles is seen to a short distance only. The structures of amorphous solids are similar to that of liquids. Glass, rubber, plastics, etc. are some of the examples of amorphous solids. Amorphous solids are isotropic in nature, i.e. physical properties of amorphous solids are same in all directions.
Characteristic of amorphous solid –
a. Particles of amorphous solids are irregular in shape.
b. Amorphous solids soften gradually over a range of temperature.
c. Amorphous solids produce pieces of irregular shapes when they are cut into two pieces.
d. Amorphous solids do not have definite heat of fusion.
e. Amorphous solids are isotropic in nature, i.e. they have same physical properties in all directions.
f. Amorphous solids are not true solids and hence these are also known as Pseudo Solid or Super Cooled Liquid.
g. The arrangement of constituent particles is in short range order.
Crystalline Solids:
Crystal Lattices and Unit Cells
Crystal lattice is the depiction of three dimensional arrangements of constituent particles (atoms, molecules, ions) of crystalline solids as points. Or the geometric arrangement of constituent particles of crystalline solids as point in space is called crystal lattice.
[image: Crystal Lattice Solid state]
Characteristics of crystal lattice:
· Each constituent particle is represented by one point in a crystal lattice.
· These points are known as lattice point or lattice site.
· Lattice points in a crystal lattice are joined together by straight lines.
· By joining the lattice points with straight lines the geometry of the crystal lattice is formed.
Unit Cell – The smallest portion of a crystal lattice is called Unit Cell. By repeating in different directions unit cell generates the entire lattice.
[image: solid state - parameter of unit cell]
Parameters of a unit cell:
· A unit cell is characterized by six parameters. These parameters are three edges (a, b and c) and angles between them (α, β and γ).
· Dimensions along the edges of a unit cell is represented by a, b and c.
· Edges of unit cell may or may not be mutually perpendicular.
· The angle between b and c is represented by α, between a and c by β and between a and b by γ.
Types of Unit Cell: - There are two types of unit cells – Primitive and Centred Unit Cells.
a. Primitive Unit Cells (Simple cubic cell): – When particles in unit cell are present only at the corners, it is called the primitive unit cell.
                                      [image: primitive cell]
Number of atoms in Primitive Cubic Unit Cell –
In primitive unit cell, atoms are present at corners only. In a crystal lattice every corner is shared by eight adjacent unit cells. Therefore, only 1/8 of an atom, or other constituent particles, belong to a particular unit cell.
Therefore,
Since, there are 8 atoms present in a unit cell on every corner,
[image: Solid state 1]
Thus, 1 atom is present in a Primitive Cubic Unit Cell.

b. Body Centred Unit Cells: – If one constituent particle lies at the centre of the body of a unit cell in addition to the particles lying at the corners, it is called Body-Centred Unit Cell.
                           [image: Body centered lattice]

Therefore, the number of atoms present in a Body Centred Cubic (bcc) Unit Cell
[image: Solid state 2]

c. Face-Centred Unit Cells: – If one constituent particle lies at the centre of each face besides the particles lying at the corner, it is known as Face-Centred Unit Cells.Each atom present at corners is shared by adjacent eight atoms and each atom present at the centre of face is shared between adjacent two atoms.
                     [image: face centered lattice]
            Therefore, number of atoms in an fcc unit cell -
[image: Solid state 3] 

d. End-Centred Unit Cell: – If one constituent particle lies at the centre of any two opposite faces besides the particles lying at the corners, it is known as End-Centred Unit Cell. It is also known as base-centred unit cell.
There are seven types of unit cell formed. There are only 14 possible crystal lattices, which are called Bravais Lattices.











Structure of Graphite:
It is also a crystalline form of carbon.
	In graphite each carbon atom is covalently bonded to three carbon atoms to give trigonal geometry. Bond angle in graphite is 120oC. Each carbon atom in graphite is sp2 hybridized. Three out of four valence electrons of each carbon atom are used in bond formation with three other carbon atoms while the fourth electron is free to move in the structure of graphite.

	
	

	
	

	
	Basic trigonal units unite together to give basic hexagonal ring. In hexagonal ring C-C bond length is 1.42Ao.In graphite these rings form flat layers. These layers are arranged in parallel, one above the other. These layers are 3.35Ao apart and are held together by weak van derwaals forces only. These layers can slide over one another. Thus it is very soft.

	
	Fourth electron of each carbon atom forms delocalized -bonds which spreads uniformly over all carbon atoms. Due to this reason graphite conducts electricity parallel to the of its plane.



[image: http://lpmmc.grenoble.cnrs.fr/UserFiles/Image/graphite.jpg]
                     
	[bookmark: _Applications]Applications

	[bookmark: _Refractory_Materials]

	1. Due to its high temperature stability and chemical inertness graphite is a good candidate for a refractory material. It is used in the production of refractory bricks and in the production of “Mag-carbon” refractory bricks (Mg-C.) Graphite is also used to manufacture crucibles, ladles and moulds for containing molten metals. 
2. [bookmark: _Chemical_Industry]The electrodes used in many electrical metallurgical furnaces are manufactured from graphite such as the electric arc furnaces used for processing steel. 
3. There are many high temperature uses for graphite in the chemical industry such as in the production of phosphorus and calcium carbide in arc furnaces. 
4. High purity electrographite is used in large amounts for the production of moderator rods and reflector components in nuclear reactors. 
5. [bookmark: _Mechanical_Applications]The main application for graphite as an electrical material is in the manufacture of carbon brushes in electric motors. 
6. Graphite is used widely as an engineering material over a variety of applications. Applications include piston rings, thrust bearings, journal bearings and vanes. Carbon based seals are used in the shafts and fuel pumps of many aircraft jet engines.
7. It is used in the preparation of electrodes as it conduct electricity. It is used as 'pencil lead'.




Structure of fullerene:

[bookmark: ref148492]Fullerene, also called buckminsterfullerene,  any of a series of hollow carbonmolecules that form either a closed cage (“buckyballs”) or a cylinder(carbon “nanotubes”). The first fullerene was discovered in 1985 by Sir Harold W. Kroto  of the United Kingdom and by Richard E. Smalley and Robert F. Curl, Jr., of the United States. Using a laser to vaporize graphite rods in an atmosphere of helium gas, these chemists and their assistants obtained cagelike molecules composed of 60 carbon atoms (C60) joined together by single and double bonds to form a hollow sphere with 12 pentagonal and 20 hexagonal faces—a design that resembles a football, or soccer ball. The C60molecule was named buckminsterfullerene (or, more simply, the buckyball) after the American architect R. Buckminster Fuller, whose geodesic dome is constructed on the same structural principles. Carban atom in fullerene are sp2 hybridization state similar to graphite.three out of four valence electron are used in hybridization while the fourth one is π-electron delocalized inside (called endo π electron)and outside(called exo π-electron)of the surface of fullerene.

Fullerenes can be prepared by two methods:-
(i) By the combustion of benzene in oxygen,the flame is diluted carefully in argon atmosphere. It yield 4% fullerenes.
(ii) When carbon are is struck under very low pressure(0.05 atm to 0.1 atom),5 to 15 % fullerene are obtained.
Application of fullerene:-
1. Preparation of super conductors.
2. Electronic devices.
3. Microelectronic deices.
4. Batteries as as charge carrier.
5. Preparation of soft ferromagnet with zero remanece etc. 
6. Fullerenes may used in certain medical applications – nanomedicine
7. Fullerenes are being developed that have excellent lubricating properties (maybe superior to lubrication oils) and these lubricants significantly reduce friction in moving metal parts of machines from cog wheels to ball bearings and maybe artificial joints after orthopedic operations on hips and knees




[image: http://personal.strath.ac.uk/Ashleigh.Fletcher/pics/C60.JPG]
[bookmark: ref148493]

Imperfections in Solids or Crystal defects
Irregularity in the arrangement of constituent particles in solids is called crystal defect or imperfection in solids. There are two types of crystal defects - Point Defects and Line Defects.
Point Defects: Irregularities or deviation from ideal arrangement of constituent particles around the point or atom in a crystalline solid is known as point defects.
Line Defects: Irregularities or deviation from ideal arrangement of constituent particles in entire row of lattice is known as line defects.
Point Defects: Point Defects are divided into three types:
(i) Stoichiometric Defects
(ii) Impurities Defects
(iii) Non-stoichiometric Defects
(i) Stoichiometric Defects: – It is a type of point defects which does not disturb the stoichiometry of solid. This is also known as Intrinsic or Thermodynamic Defects.
Types of stoichiometric defects: Vacancy Defects, Interstitial defects, Frenkel Defects, Schottky Defects.
Vacancy defects and Interstitial defects are found in non-ionic compounds while similar defects found in ionic compounds are known as Frenkel Defects and Schottky Defects.
(a) Vacancy Defects: When some lattice sites left vacant while the formation of crystal, the defect is called Vacancy Defects.
In vacancy defects, an atom is missing from its regular atomic site. Because of missing of atom the density of substance decreases, i.e. because of vacancy defects.
The vacancy defect develops on heating of substance.
(b) Interstitial Defects: - Sometime in the formation of lattice structure some of the atoms occupy interstitial site, the defect arising because of this is called Interstitial Defects.
In interstitial defect, some atoms occupy sites at which; generally there is no atom in the crystal structure. Because of the interstitial defects, the number of atoms becomes larger than the number of lattice sites.
Increase in number of atoms increases the density of substance, i.e. interstitial defects increase the density of substance.
The vacancy defects and interstitial defects are found only in non-ionic compounds. Such defects found in ionic compounds are known as Frenkel Defects and Schottky Defects.
(c) Frenkel Defects: It is a type of vacancy defect. In ionic compounds, some of the ions (usually smaller in size) get dislocated from their original site and create defect. This defect is known as Frenkel Defects. Since this defect arises because of dislocation of ions, thus it is also known as Dislocation Defects. As there are a number of cations and anions (which remain equal even because of defect); the density of the substance does not increase or decrease.
Ionic compounds; having large difference in the size between their cations and anions; show Frenkel Defects, such as ZnS, AgCl, AgBr, AgI, etc. These compounds have smaller size of cations compared to anions.
(d) Schottky Defects: Schottky Defect is type of simple vacancy defect and shown by ionic solids having cations and anions; almost similar in size, such as NaCl, KCl, CsCl, etc. AgBr shows both types of defects, i.e. Schottky and Frenkel Defects.
When cations and anions both are missing from regular sites, the defect is called Schottky Defect. In Schottky Defects, the number of missing cations is equal to the number of missing anions in order to maintain the electrical neutrality of the ionic compound.
Since, Schottky Defects arises because of mission of constituent particles, thus it decreases the density of ionic compound.
(ii) Impurities Defects: Defects in ionic compounds because of replacement of ions by the ions of other compound is called impurities defects.
[image: vacancy defects - solid state]
In NaCl; during crystallization; a little amount of SrCl2 is also crystallized. In this process, Sr++ ions get the place of Na+ ions and create impurities defects in the crystal of NaCl. In this defect, each of the Sr++ ion replaces two Na+ ions. Sr++ ion occupies one site of Na+ ion; leaving other site vacant. Hence it creates cationic vacancies equal number of Sr++ ions. CaCl2, AgCl, etc. also shows impurities defects.
(iii) Non-stoichiometric Defects: There are large numbers of inorganic solids found which contain the constituent particles in non-stoichiometric ratio because of defects in their crystal structure. Thus, defects because of presence of constituent particles in non-stoichiometric ratio in the crystal structure are called Non-stoichiometric Defects.
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