15th June, 2020        JESUS AND MARY SCHOOL AND COLLEGE          MODULE-4
CLASS XII
CHEMISTRY
CHAPTER: SOLID STATE
NOTE:
My dear Students, today I’m going to give you a very simple and lucid way of understanding ‘Characteristics of crystalline solids, Electrical, Magnetic and Dielectric properties’ with the help of colourful diagrammatic representation and simple explanation in tabulated form. 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.
......................................................................................................................................................
Characteristics of different types of Crystalline Solids

· Crystalline solids are of four types on the basis of its constituent particles:
1. Ionic 2. Metallic 3. Atomic or Covalent 4. Molecular
· Comparative study of all the 4 types of crystalline solids can be done as follows:
	Property
	1.Ionic Crystals
	2.Metallic Crystals
	3.Atomic or Covalent Crystals
	4.Molecular Crystals

	
i. Constituents particles forming the crystals.


ii. Forces holding the constituent particles.



iii. Hardness.




iv. Solubility.






v. Melting and boiling points.

vi. Electrical conductivity.


vii. Examples.
	
Positive and negative ions i.e., cations and anions.


Electrostatic force of attraction acting between the cations and anions.


Hard and brittle.




Soluble in polar solvents.






High.


High in fused state.


NaCl.
	
Metallic positive ions surrounded by sea of electrons.

Electrostatic force of attraction acting between metallic positive ions and sea of electrons.

Usually hard.




Dissolves in solvents by chemical action.





High.


High.


Cu metal.
	
Neutral atoms.



Covalent bonds (shared pairs of electrons).



Usually very hard.




Insoluble in most solvents.





Very high.


Usually low


Diamond, graphite
	
Polar or non-polar molecules.


Weak polar force in polar molecular crystals, van der Waals’ forces in non-polar molecular crystals.

 Polar molecular crystals are moderately hard and non-polar molecular crystals are very soft.

Polar molecular crystals are usually soluble in polar solvents while non-polar molecular crystals are usually soluble in non-polar solvents.

Low


Extremely low.


Ice (polar molecular crystal), solid carbon dioxide (non-polar molecular crystal).



· Comparative study of two different  types of covalent crystals can be discussed as follows_
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Electrical Properties of Solids
Electrical properties of solids are measured in terms of conductivity. Conductivity may be defined as the ease with which electric current can pass through a given substance. All solids do not conduct electricity in equal amounts. Some of them have high conductivity, whereas some of them do not conduct electricity at all. On the basis of conduction of electricity, solids can be broadly divided into three categories:
1. Conductors:
These are the solids that allow easy passage of electric current through them without any chemical change. Metals are generally good conductors of electricity in the order of 104 to 107 Ω-1 m-1.Eg. Cu, Ag, Au etc. It decreases with increase in temperature.
2. Insulators: Its conductivity is least which in the order of 10-10 to 10-20 Ω-1m-1. Eg. PVC, rubber etc. In this case, the band gap between the valence band and conduction band is very large. Even if a large amount of energy is provided to these solids, they do not conduct electricity.
3. Semi-conductors: 
They allow only partial conduction of current through them. The electrical conductivity is 10-6 to 104 Ω-1m-1 which is intermediate between conductors and insulators. There are two types of semi-conductors:
	a)  Intrinsic semi-conductor
	b)  Extrinsic semi-conductor

	
An insulator when conducts electric current either at high temperature or on irradiation with electromagnetic waves, it is known as intrinsic semi-conductor.
	
When an impurity is added to an insulator, it makes available either electrons or holes for electric conduction, such an insulator is called extrinsic semi-conductors.



· Extrinsic semi-conductors are of two types:

	i) n-type Semi-conductors
	ii) p-type Semi-conductors

	
When the atoms of impurity provides more electrons than the parent atom forming the insulator, n-type of semi-conductors is formed. This is done by adding As or P (Gr 15 element) to Si (Gr 14 element) known as doping. Impurity of Gr 15 element has five valence electrons and remains unused, such free electron in the crystal move under influence of electrical field conducting electric current.
	
When doping element has one electron less  (Gr 13 element) than the parent element (Gr 14 element), then semi-conductors formed are termed as p-type semi-conductors. In this case electron vacancy or hole helps in conducting electric current e.g., a semi-conductor containing gallium atoms as impurity in silicon.



Explanation for the conduction of electricity in conductors, semi-conductors and insulators (Band Theory):
This theory explains the quantum state that an electron takes inside metal solid. Every molecule comprises of various discrete energy levels. The way electrons behave inside a molecule is well explained through this theory.
· In atoms, electrons are filled in respective energy orbits following Pauli’s exclusion principle.
· In molecules, two atomic orbitals combine together to form a molecular orbital with two distinct energy levels.
· In solids, 1023 stacked up lines confined in a tiny space would look like a band. Thereby forming energy continuum called energy bands.
· This theory helps to visualise the energy difference between conductor, semiconductor and an insulator by plotting energy gap between their valence band and conduction band in each case.
1. Conduction of electricity in metals or Conductors: The atomic orbitals of the metal atoms are close in energy (other we can say no energy gap). They overlap to form molecular orbitals which are very close to each other and form energy bands. There are two types of bands in conductors:
a) Valence Band: The band formed from atomic orbitals of lower energy is called valence band. It contains the valence electrons and has lower energy. This is the outermost filled energy band.
b) Conduction Band: It is formed from empty or partially filled atomic orbitals of higher energy. In metals, the valence band is very close to conduction band and therefore electrons can easily move from valence band to conduction band due to very less energy gap. Thus metals become good conductors. For eg. in lithium metal, the electronic configuration is 1s2 2s1.The 2s orbitals overlap to form partially filled valence band. The 2p-orbitals overlap to form empty conduction band. Under the influence of applied electric field, the electrons can move into the empty conduction band easily. Thus, Li conducts electricity.
[image: ]
Fig. represents the distinction between conductors, insulators and semi-conductors on the basis of Band theory
2. Conduction of electricity in Insulators: In case of insulators, the energy gap between these two bands is very large and under normal conditions, enough energy is not available to promote the electrons from the completely filled valence band to the empty conduction band. It is called forbidden zone. Therefore, insulators do not conduct electricity.
3. Conduction of electricity in Semi-conductors: In semi-conductors, the energy gap between the valence and conduction band is in between to that of conductors and insulators. Therefore the energy available is just sufficient to excite the electrons from valence band to conduction band under normal conditions. It makes small current to flow through semi-conductors. The conductivity of semi-conductors may increase by doping. 
Magnetic Properties of Solids

Solids can be divided into different classes depending on their response to magnetic field as follows_

1. Diamagnetic Substances:
These substances are weakly repelled by the magnetic field because they have paired electrons in their constituent atoms. Being paired, the magnetic moment of one electron is compensated by the equal and opposite magnetic moment of the other electron.
e.g.TiO2, V2O5, C6H6, NaCl, etc.

2. Paramagnetic Substances:
These substances are weakly attracted by the magnetic field because they have unpaired electrons in their constituent atoms.  These lose magnetism in the absence of magnetic field.
e.g. O2, Cu2+, Fe3+ etc.

3. Ferromagnetic Substances:

 [image: ]
Schematic alignment of magnetic moment in Ferromagnetic substances

These are strongly attracted by the magnetic field and show permanent magnetism even in the absence of magnetic field.
e.g. Fe, Co and Ni etc.

4. Anti-ferromagnetic Substances:

[image: ]
Schematic alignment of magnetic moments in Antiferromagnetic substances

These substances have net magnetic moment zero due to compensatory alignment of magnetic moments. 
e.g. MnO, FeO,Cr2O3 etc.

5. Ferrimagnetic Substances:

[image: ]
Schematic alignment of magnetic moments in Ferrimagnetic substances

 These substances have a net dipole moment due to unequal parallel and anti-parallel alignment of magnetic moments. These substances lose ferrimagnetism on heating and become paramagnetic.
e.g. Fe3O4, ferrites etc.

Dielectric properties of Solids


[bookmark: _GoBack][image: ]
 BRAGG’S EQUATION: Bragg pointed out that scattering of X-rays by crystals could be considered as reflection from successive planes of constituent particles in a crystal. He derived a simple equation that relates the wavelength of X-rays to the distance between the planes in a crystal and the angle of diffraction. This equation is called Bragg equation. 


		nλ = 2 d sin θ
Where,
 d= distance between the planes of constituent particles in the crystal
λ= wavelength of X-rays used
θ=angle between the incident X ray beam and plane of the crystal
n=1, 2, 3, …
......................................................................................................................................................
ASSIGNMENT
Question: 1
Give a comparative study for the structure of diamond and graphite.
 
Question: 2
What is the difference in the semiconductors obtained by doping silicon with Al or with P?

Question: 3
The density of CaO is 3.35 gm/cm3. The oxide crystallises in one of the cubic systems with an edge length of 4.80 Å. How many Ca+2ions and O–2 ions belong to each unit cell, and which type of cubic system is present?
 
Question: 4
A metal crystallizes into two cubic system-face centred cubic (fcc) and body centred cubic (bcc) whose unit cell lengths are 3.5 and 3.0Å respectively. Calculate the ratio of densities of fcc and bcc.     
 
Question: 5
Copper crystal has a face centred cubic structure. Atomic radius of copper atom is 
128 pm. What is the density of copper metal? Atomic mass of copper is 63.5.
 
Question: 6
The first order reflections of a beam of X – rays of wavelength of 1.54 A° from the (100) face of a crystal of the simple cubic type occurs at an angle 11.29°. Calculate the length of the unit cell.
 
Question: 7
X- rays of wavelength equal to 0.134 nm give a first order diffraction from the surface of a crystal when the value of θ is 10.5°. Calculate the distance between the planes in the crystal parallel to the surface examined.
 
  Question: 8
Non stoichiometric cuprous oxide, Cu2O can be prepared in the laboratory. In this oxide, copper to oxygen ratio is slightly less than 2:1 can you account of the fact that this substance is a p – type semiconductor
 
Question: 9
Classify each of the following as being either a  p – type or n – type semiconductor.
Ge doped with In
B doped with Si
 
Question: 10
If NaCl is doped with 10-3 mole% SrCl2 what is the concentration of cation vacancies?
 

Note: Please do all this work in your “Chemistry Notebook” which will be checked when college resumes. Please consider this important.
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3. Dielectric Properties

A substance through which there is no flow of electric charge when placed under an applied
electrical field is known as dielectric material. On application of electric field, shift in charge or dipoles
are created resulting polarisation. The properties of a crystal depend upon the alignment of dipoles.

(a) It may align themselves in ordered manner such that crystals have no dipole moment.

(b) The dipoles may align themselves in such a manner that they cancel each other to have zero

dipole moment or

(c) There may not be any dipole moment.

The crystals which undergo polarisation under the influence of applied electric field show following
properties :

(i) Piezoelectricity : The crystals in which dipoles may align themselves in an ordered way to give
some net dipole are called piezoelectric crystals. Such type of crystals when subjected to a pressure
or mechanical stress produce electricity called piezoelectricity, e,g., quartz, rochelle salt, ammonium
dihydrogen phosphate (NH,H,P0,), lead zirconate (PbZr05) etc.

(ii) Pyroelectricity : Some of the polar crystals when heated produce a small amount of electric
current. The electricity produced is called pyroelectricity.

(iii) Ferroelectricity : Certain piczoclectric crystals show permanent alignment of dipoles even
in the absence of electric field. When the electric field is applied on such crystals then the direction
of polarisation of ions is altered. Such phenomenon is known as ferroelectricity, eg., Potassium
di-hydrogen phosphate (KH,P0,), Rochelle salt (sodium potassium tartarate NaKC,,H,,O(, - 4H,0.

(iv) Antiferroelectricity : When the crystal has dipoles in alternate positions pointing up and down,
there will be no net dipole moment and the crystal is said to be antiferroelectricity, e.g., lead zirconate
(PbZr03).
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It is hardest substance known and its
density is 3.5 g/ml.

Tts crystals are octahedral, colourless and
transparent

In diamond, each carbon atom is covalently
bonded to four other carbon atoms along
four corners of regular tetrahedron. This
pattern extends in three dimensions
Diamond is hard due to strong covalent
bonds present in it

Diamond is non-conductor of electricity

The standard heat of formation (AHf) of
diamond is 29 kJ mol™!
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Graphite is soft and slippery with density
0f2.3 g/ml

It is black coloured, opaque and has
hexagonal crystals

In graphite, carbon atoms are bonded
together in flat layers by strong covalent
bonds in a regular hexagon. These layers
are held together by much weaker van der
Waal’s forces, therefore the crystals of
graphite are soft and slippery.

Graphite is conductor of electricity.

It is thermodynamically most stable. Its
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