18th MAY, 2020	           JESUS AND MARY SCHOOL AND COLLEGE              MODULE-2
CLASS XII
CHEMISTRY
CHAPTER: SOLID STATE
NOTE:
Dear Students, today I’m going to tell you a very simple and lucid way of understanding Close packing in Crystals with the help of colourful pictures and simple explanation. This is an integral part of the Physical chemistry topics you get in the Board Examinations. Study the following notes carefully and then test yourself by attempting the given assignment in the last of this module. Please note that this work must be done in chemistry note book which will be checked when College resumes.
[bookmark: what-is-close-packing]Close Packing in Crystals
In order to analyze close packing of constituent particles (ions, molecules or atoms) in a lattice, we get into the assumption that constituent particles (ions, molecules or atoms) are hard spheres of identical shape.
[image: Different Types of Layers form closed packed structures]
Fig.1: Different Types of Layers form closed packed structures
[bookmark: one-dimensional-close-packing]What is Close Packing?
[bookmark: two-dimensional-close-packing]The packing of constituent particles inside lattice in such a way that they occupy maximum available space in the lattice is known as Close Packing.
Close Packing is done in three ways, namely:
· One Dimensional Close Packing
· Two Dimensional Close Packing
· Three Dimensional Close Packing

One Dimensional Close Packing
In one dimension close packing, the spheres are arranged in a row touching each other. In one-dimensional close packing, each sphere is in direct contact with two of its neighbour spheres. The number of nearest spheres to a particle in a lattice is called Coordination Number. Since there are two spheres in direct contact with the one sphere, the coordination number of one-dimensional close packing is 2.

Two Dimensional Close Packing
Two-dimensional close packing is done by stacking rows of hard spheres one above the other. This can be done in two ways:
· AAA type
· ABA type
AA Type
[image: AA type packing]
Fig.2: AA type packing
The packing in which one sphere touches two spheres placed in two different rows one above and one below is called AAA type close packing. The coordination number of AAA type two-dimensional close packing is 4. The AAA type is formed by placing one-dimensional row directly one above the other in both horizontal and vertical directions. It is also called two-dimensional square close packing as the rows of spheres when arranged in vertical and horizontal alignments form a square.
AB Type
[image: AB Type Packing]
Fig.3: AB Type Packing

[bookmark: three-dimensional-close-packing]The packing in which the spheres in the second row are located in the depressions of the first row. The ABA type close packing is formed by placing one-dimensional row let’s say B type over the A type close packing and this series continues to form a two dimensional hexagonal. The coordination number of ABA Type packing is 6 as each sphere is in direct contact with 6 other spheres.
In ABA type close-packing we find triangular empty spaces called voids. These are of two types:
· Apex of triangle pointing upwards
· Apex of triangle pointing downwards
 
Three Dimensional Close Packing
The formation of real lattices and structures take place through three-dimensional close packing. They are formed by stacking two-dimensional layers of spheres one above the other. This can be done by two ways:
· Three-dimensional close packing from two dimensional square close packed layers
· Three-dimensional close packing from two dimensional hexagonal close packed layers
Three-dimensional close packing from two-dimensional close packed layers
Formation of three-dimensional close packing can be done by placing the second square closed packing exactly above the first one. In this close packing, the spheres are aligned properly in horizontally and vertically. Similarly, by placing more layers one above the other, we can obtain a simple cubic lattice. The unit cell of the simple cubic lattice is called the primitive cubic unit cell.
Three-dimensional close packing from two dimensional hexagonal close packed layers
Three-dimensional close packing can be formed with the help of two-dimensional hexagonal packed layers in two ways:
· Stacking the second layer over the first layer
· Stacking the third layer over the second layer
 
Stacking the second layer over the first layer
Suppose we take two hexagonal close packed layer ‘A’ and place it over the second layer B ( as both layers have different alignment of spheres) such that spheres of the second layer are placed in the depressions of the first layer. We observe that a tetrahedral void is formed when a sphere of the second layer is right above the void (empty space) of the first layer. Adding further we notice octahedral voids at the points where the triangular voids of the second layer are placed right triangular voids of the first one in such a way that triangular space doesn't overlap. Octahedral voids are bordered by six spheres.
[image: Types of voids in three-dimensional closed packing]
Fig.4: Types of voids in three-dimensional closed packing
If there are ‘N’ closed spheres, then:
· Number of Octahedral Voids equals to “N”
· Number of Tetrahedral Voids equals to “ 2N”
Stacking the third layer over the second layer
There are two possible ways of placing the third layer over the second layer:
· By Covering Tetrahedral Voids
· By Covering Octahedral Voids


Covering Tetrahedral Voids
In this kind of three-dimensional packing, the spheres of the third layer are aligned right above the spheres of the first layer. If we name the first layer as A and second layer as B, then the pattern will be ABAB… so far and so forth. The structure formed is also called hexagonal close-packed structure also known as hcp.
Covering Octahedral Voids
In this kind of packing the third layer, spheres are not placed with either of the second layer or first layer. If we name the first layer as A, second as B and then the third layer will be C (as it is now a different layer) then the pattern will be ABCABC… The structure formed is also called cubic closed packed (ccp) or face-centred packed cubic structure (fcc). For Example metals like copper and iron crystallize in the structure.
The coordination number in both cases will be 12 as each sphere in the structure is in direct contact with 12 other spheres. The packing is highly efficient and around 74% of the crystal is completely occupied.


[image: ABC Type of Close Packing]
Fig.5: ABC Type of Close Packing

Types of Voids: Voids literally mean gaps between the constituent particles in a closed packed structure of  solid state. These empty spaces are called voids or interstitial sites. These are of two types_
	i)Tetrahedral Void:				 
· The vacant space among four spheres having tetrahedral arrangement is called tetrahedral site or void.
· Relation of radius of atom/sphere(R) and radius of tetrahedral void (rt) is _
		rt= 0.225 R
ii) Octahedral Void: 
· The vacant space  surrounded by six spheres is called octahedral site or void.This void is two times larger than the tetrahedral void.
· Relation of radius of atom/sphere(R) and radius of octahedral void (ro) is _
		ro= 0.414 R
Note:
i) In a close packed structure of ‘N’ spheres, there will be ‘2N’ number of tetrahedral voids and ‘N’ number of octahedral voids.
ii) In ccp or fcc, total number of voids per unit cell =12
iii) In hcp, total number of voids per unit cell =18
iv) The voids are generally occupied by the cations.
v) If all the octahedral voids are occupied by the cations, the number of cations is
         equal to the number of anions.
vi) If all the tetrahedral voids are occupied by the cations, the number of cations is
         twice the number of anions.
	
Coordination number and radius ratio:
The number of atoms which are directly touching to a particular atom in a given arrangement is known as coordination number. 
The ratio of radius of cation to the radius of anion is known as radius ratio.
	Radius Ratio α Coordination number




	S.N.
	Radius Ratio
	  Coordination Number
	Shape

	1.
	< 0.155
	2
	Linear

	2.
	0.155 –0.225
	3
	Trigonal planar

	3.
	0.225 –0.414
	4
	Tetrahedral

	4.
	0.414 –0.732
	6
	Octahedral

	5.
	0.732 –1.0
	8
	Simple cubic

	6.
	Above 1
	12
	ccp.


ASSIGNMENT
A. Fill in each blank with an appropriate word (Do not copy the sentence)_
1.In the sodium chloride crystal structure, each Na+ ion is surrounded by ...........Cl- ions and each Cl- is surrounded by ............ Na+ ions.
2.The number of nearest neighbours with which a given particle is in direct contact in a crystal is called the .................
3.The unit cell of sodium chloride has  ......... Na+ ions and  .......... Cl-  ions.
4.Crystals of .............. and ............... have face centred cubic lattices. c
5.The crystals of diamond is made up of ..........  while that of calcium chloride is made up of ...........
6.The packing fraction of bcc is .......... while that of fcc is  .........
7.The radius of atom(r) in bcc is  ............. and in fcc is  ............... 
8.Both ccp and hcp are ............... packings and occupy about ......... % of the available space.
9.The total number of tetrahedral voids in the fcc unit cell is ..............
10.The percentage of unoccupied space in bcc and fcc arrangements are ........ and ......... respectively.
B. Short Answer Type Questions_
1.Name the most symmetrical and unsymmetrical system.
2.Why the defects of crystalline solids are called thermodynamic defects?
3.How does the conductivity of metallic conductors vary with temperature?
4.Why stoichiometric defects are also known as intrinsic defects?
5.In spite of long range order in the arrangement of particles, why are the crystals usually not perfect?
6.What is the co-ordination number of sodium and chloride ions in sodium chloride crystals?
7. In a bcc and fcc  arrangement of atoms of an element, what will be the number of atoms present in respective unit cells? Justify your answer with calculation.
8.Compare crystals of  copper and diamond and indicate  one similarity and one difference.
9.Write formula to calculate density of the metal atom.
10.Give reason why sodium chloride is bad conductor of electricity in solid state where as good conductor in aqueous state?

NOTE: Please do this work in your old copy which will be checked when school reopens. Please consider this important.                                                                                                                                            
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