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                                                         Chapter-6 
 

STATES III OF MATTER 

 

Solids 
 

Solids are those substances, which are rigid, hard and have definite shape and definite volume. In 

solid particles are strongly held together by strong cohesive forces. In solids particles only show 

vibrational motions. 

 

Uses of solids: 

(i) Rock salt NaCl seasons our food and is body requirement. 

(ii) Diamond is used in jewelry and also used for cutting glass and gems. 

(iii) Iodine salts used for treatment of goiter. 

(iv) Sucrose is used in tea and sweets. 

(v) Pinky (KMnO4) is used as disinfectant.  

(vi) Glass an amorphous solid is used in laboratory glassware, drinking vessels, windows etc. 

 

Types of Solids: 

 There are two types of solids. 

(i) Crystalline Solids: 
These are solids in which particles are arranged in a definite order in three dimensions and their 

melting points are sharp. They show isotropy. e.g. NaCl, Ice etc. Crystalline solids are also called true 

solids.   

(ii) Amorphous Solids: 
The word amorphous means shapeless. These are solids in which particles have no regular orderly 

arrangement and their melting points are not sharp.  e.g. glass, rubber, plastic, glue, coaltar, gems etc. 

Amorphous solids are also called super cooled liquids. 

Many crystalline solids can be converted to amorphous solids by melting them and then 

cooling the molten mass rapidly. 
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Kinetic Molecular Interpretation of Solids: 

In solids particles (i.e atoms, ions or molecules) are very closely packed and are separated by a 

distance of only a few picometers. Very strong forces are present among solid particles so they 

are firmly held in positions and are not ably to move. In solids particles only show vibrational 

motions.        

 

Properties of Crystalline Solids: 
 

Symmetry: 

A crystal possesses a number of surfaces, known as faces, edges and the interfacial angles. These 

are consistently repeated if the crystal is rotated along its axis by 360o. This repetition is called 

symmetry. There are three types of symmetry elements and these are called elements of 

symmetry.  

(i) Plane of Symmetry: It is an imaginary plane passing through the centre of a 

crystal by which the crystal is divided into two halves such that one is the mirror image of the 

other.  

(ii) Axis of Symmetry: It is an imaginary line drawn through the centre of a crystal about 

which the crystal may be rotated so that it presents exactly the same appearance more than once 

in the course of a complete revolution of 360o. 

(iii) Centre of Symmetry: Centre of symmetry is a point at the centre of the crystal which is at 

equal distance from two opposite faces of the crystal.  

A crystal may have a number of planes of symmetry or axis of symmetry but it can have only 

one centre of symmetry.  

   

Geometrical Shape: 

 They have definite geometrical shapes, which remain same even if solid is powdered. 

 

Melting point: 

 They have sharp melting points. e.g. ice melts sharply at 0
o
C. It is characteristic property 

of crystalline solids and it can be used to check the purity of the solid. 
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Anisotropy: 

 The properties, which depend upon direction, are called anisotropic properties. 

Crystalline solids show anisotropic properties. e.g. refractive index, electrical & thermal 

conductivities, coefficient of thermal expansion etc. 

Electrical conductivity of graphite is greater in one direction than in other direction. Actually, 

electrons in graphite are mobile for electrical conduction parallel to the layers only. Therefore, its 

conductivity in this direction is far better than perpendicular to the layers.     

 

Cleavage plane: 

 The plane through which a solid can be easily cut and retain its geometry is called 

cleavage plane. Crystalline solids have definite cleavage planes. Cleavage plane is an anisotropic 

property. 

 

Crystal Habit: 

 The shape in which a crystal grows under normal conditions is called crystal habit. e.g. 

crystal habit of NaCl is cubic. 

 

Isomorphism: 

 

 Iso means same and morph means shape. Phenomenon of existence of different 

substances with same crystalline form (shape) is called isomorphism. Such compounds are called 

isomorphs of each other. Isomorphs usually have same atomic ratio. 

 

  Isomrphs  Crystalline form Atomic ratio 

e.g (i)  NaF, NaCl, MgO Cubic   1:1 

e.g. (ii)  V2SO4, K2SeO4 Orthorhombic  2:1:4 

e.g. (iii) NaNO3, CaCO3 Rhombohedral  1:1:3 

 

They have different chemical as well as physical properties. 
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Polymorphism: 

 

 Poly means many and morph means shape. Phenomenon of existence of same substance 

with different crystalline forms (shapes) is called polymorphism. Such forms or shapes are called 

polymorphs.  

  Substance Crystalline forms (Polymorphs) 

e.g. (i)  AgNO3 Rhombohedral, Orthorhombic 

e.g. (ii)  CaCO3  Orthorhombic, Trigonal 

e.g. (iii) KNO3  Orthorhombic, Rhombohedral  

 

Polymorphs have same chemical properties but different physical properties. 

 

Allotropy: 
 If elements show polymorphism then it is called allotropy. It is defined as “ The 

phenomenon of existence of an element in more than one crystalline forms”. 

 

  Element Crystalline forms (Allotropes) 

e.g. (i)  Sulphur (S) Rhombic, Monoclinic, Plastic 

e.g. (ii)  Carbon (C) Cubic (Diamond), Hexagonal (Graphite) 

e.g. (iii) Tin (Sn) Cubic (Grey), Tetragonal (White) 

Allotropes have same chemical properties but different physical properties. 

 

Transition temperature: 
 The temperature at which one allotrope or polymorph of a substance changes to other 

allotrope or polymorph or  the temperature at which both the allotropes/polymorphs 

coexist in equilibrium is called transition temperature. 

          13.2
o
C 

e.g. (i)   Sn    Sn  

  (Grey or Cubic)   (White or Tetragonal) 
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                                       95.5
o
C 

e.g. (ii)  S8    S8  

  (Rhombic)    (Monoclinic) 

          128.5
o
C 

e.g. (iii) KNO3    KNO3  

  (Rhombohedral)   (Orthorhombic) 

 

Crystal Lattice: 
 The arrangement of particles (atoms or molecules or ions) in a crystal in 

three dimensions is called crystal lattice or space lattice. 

  In a crystal actually particles are located at definite positions in space. 

Points called lattice points or lattice sites represent the positions. The arrangement 

of points in a crystal is called crystal lattice or space lattice. 

 

Unit Cell: 
 The smallest unit that consists of definite number of particles and has definite 

geometrical shape and whose repetition gives crystal is called unit cell. 

e.g. unit cell of sodium chloride is cubic. The three lengths             b          

are represented by letters a, b and c corresponding to x, y          α  γ  a                         

and z axes. “a” is length, “b” is height and “c” is width.        c   β            

The three angles α, β and γ are definite.                         

The angle between lengths b and c is α, angle between  A Unit Cell 

lengths a and c is β and angle between lengths a and b is γ.                  
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There are three types of cubic lattices. 

 

 Simple cubic lattice (Cubic P-type lattice):  
 When particles are present only in the eight corners of a cubic unit cell, then lattice is 

called simple cubic lattice and the cell is called simple cubic unit cell. Particle at each corner of 

the cell is shared between eight cubic unit cells.  

 

 Body centered cubic (bcc) lattice (Cubic I-type lattice): 

 When particles are present in the eight corners of a cubic unit cell and also one particle 

present at the centre of the cube, then lattice is called body centered cubic lattice and the cell is 

called body centered cubic unit cell.     

 

 Face centered cubic (fcc) lattice (Cubic F-type lattice): 

 When particles are present in the eight corners of a cubic unit cell and also one particle 

present at the centre of each of six faces of the cube, then lattice is called face centered cubic 

lattice and the cell is called face centered cubic unit cell. Particle at centre of each face of cube is 

shared between two cubic unit cells. 
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NaCl Crystal: 
 Sodium chloride (NaCl) is a typical example of face centered cubic system. In NaCl 

crystal each Na+ ion is surrounded by six chloride ions and each Cl- ion is surrounded by six Na+ 

ions. Thus coordination number of each ion is 6. NaCl has a face centered cubic arrangement and 

in the octahedral structure, Cl- ion may be regarded as having a cubic closed packed (ccp) 

arrangement in which all octahedral holes are occupied by Na+ ions and same is the case with Cl- 

ions. The distance between two adjacent ions of different kinds is 2.815 Ao (1 Ao  = 10-10 m). 

Thus the two ions are not touching each other because the sum of their ionc radii is 2.76 Ao 

(0.95+1.81).    

 

 

Lattice Energy: 
 

 The energy required to break crystal lattice of one mole of crystalline solid and to carry 

the particles to infinite distance apart each other. 

 Or 

 The energy released when gaseous particles (ions or atoms or molecules) combine to give 

one mole crystalline solid is called lattice energy. 

 

Lattice energies depend upon charge densities of ions. e.g. lattice energies of some ionic 

compounds are LiCl = 833 kJ/mol, NaCl = 787 kJ/mol, KI = 630 kJ/mol   
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Compound Lattice Energy 

(kJ/mol) 

Compound Lattice Energy 

(kJ/mol) 

LiCl 833 NaI 690 

NaF 895 KBr 655 

NaCl 787 KI 630 

NaBr 728   

  

Classification of Crystalline Solids: 

 Crystals are classified on two basis. 

(a) Classification on the basis of type of bonds that exist among the particles: On this basis 

crystals or solids are divided into four types. 

 

1. Ionic Crystals or ionic solids: 

 The crystals in which particles are held together through ionic bonds are called ionic 

crystals. 

 e.g. NaCl, KBr, CuSO4 etc 

 

Properties: 

i. The binding forces among particles are electrostatic forces or ionic bonds. 

ii. Their crystal lattice is made up of ions. 

iii. Their melting and boiling points are high. 

iv. Their volatility is very low. 

v. They are very hard solids. 

vi. They do not conduct electricity in solid state but in aqueous and molten state are good 

conductor of electricity. 

vii. Their densities are high. 

viii. They are soluble in polar solvents like water. 

ix. Their reactions are fast. 

x. They are brittle.  

 

2. Covalent Crystals or covalent solids: 

 The crystals in which particles are held together through covalent bonds are called 

covalent crystals (solids) or atomic crystals (solids). e.g. Diamond (C), Graphite (C), 

Germanium (Ge), Silicon (Si) and Silica (SiO2).      
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Properties: 

i. The binding forces among particles are covalent bonds. 

ii. Their crystal lattice is made up of atoms except silica. 

iii. Their melting and boiling points are high. 

iv. Their volatility is very low. 

v. They are very hard solids except graphite. Diamond is hardest element ever known. 

vi. They are bad conductor of electricity except graphite. 

vii. They are insoluble in polar solvents but are soluble in non-polar solvents like 

benzene, carbon tetrachloride etc. 

viii. Their reactions are slow. 

ix. They are brittle.  

 

Structure of Diamond: 
Diamond is an allotropic form of carbon. The carbon atoms in diamond are sp3 hybridized. 

 Each carbon has four half filled sp3 hybrid orbitals which are directed in space to  

the four corners of tetrahedron. Each carbon makes strong covalent bonds with four other 

carbons due to sp3-sp3 overlapping of their hybrid orbitals. 

  

Thus each carbon is bonded to four carbons, each of which 

in turn bonded to next four carbons. So a huge molecule 

(macromolecule) is formed. The bond angle is 109.5
o
 

and bond length is 154pm. Due to this arrangement and   Tetrahedral Structure of Diamond 

strong covalent bonds among carbon atoms, diamond is hardest element ever known and is 

least reactive. As no free electrons are available with carbon in diamond so it does not 

conduct electricity. Carbon atoms are closely packed; hence mass to volume ratio is high so 

its density is high.  

Structure of Graphite: 
It is another allotropic form of carbon. The carbon atoms in graphite are sp2 hybridized.  

Each carbon has three half filled sp2 hybrid orbitals and 

one half-filled un-hybridized p-orbital. Thus each carbon  

is bonded to three other carbons through sigma covalent            142pm 

bonds These bonds are formed due to sp2-sp2 overlapping      340pm            

of hybrid orbitals. C-C bond length is 142pm and bond                   

angle is 120
o
.                                                                                          Hexagonal Structure of Graphite 
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As a result of this arrangement of atoms, hexagons are formed. The hexagons make parallel 

sheets or planes. The inter-planer distance is 340pm and the planes are loosely attached to 

one another and can slide one past other therefore graphite is soft.   

It is this reason that graphite is used to write as well as it is also used as lubricant.  

The un-hybrid p-orbitals of carbons are parallel to each other, they form pi-bonds which are 

comparatively weak. So pi-electrons are free to move and hence graphite conducts electricity.  

 

3. Molecular crystals or solids: 

 

The crystals in which particles are held together through intermolecular forces are called 

molecular crystals (solids). 

 e.g. Ice(H2O(s)), Glucose(C6H12O6), Sucrose(C12H22O11), Iodine(I2), Sulphur (S8), Phosphorous (P4), 

Dry Ice (CO2(s)) etc. Gases and liquids are when frozen, they form molecular crystals. 

 

Properties: 
(i) The binding forces among particles are intermolecular forces. 

(ii) Their crystal lattice is made up of molecules. 

(iii) They are comparatively soft. 

(iv) Their melting and boiling points are low. 

(v) They are non-conductor of electricity. 

(vi) Polar molecular solids are soluble in polar solvents while non-polar molecular solids are 

soluble in non-polar solvents. 

(vii) They are brittle. 

  

Structure of Ice: 
Ice (solid water) is a typical example of polar molecular crystal. It is observed that there 

exists hydrogen bonding among H2O molecules in water and in ice. Hydrogen bonding and 

the bond angle of the molecule give rise to a structure that has more empty space in ice than 

in liquid water. In H2O molecule, each oxygen atom is at the centre of a regular tetrahedron, 

whose corners are defined by four other oxygen atoms. The hydrogen atoms lie on the lines, 

connecting the oxygen atoms. Because of the tetrahedral arrangement, the ice structure 

extends in three dimensions. The structure is honey combed with hexagonal channels. 

Because of holes, ice has more volume and smaller density than liquid water. This means that 

for a given volume there will be fewer molecules in ice than in liquid water. This also means 

that ice will float on the surface of water. Because of the polar nature of the molecule and the 

presence of strong hydrogen bonding, ice has high value of heat of fusion.      
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4. Metallic crystals or solids: 

 

 The crystals in which particles are held together through metallic bonds are called 

metallic crystals (solids). e.g. Iron, Copper, Nickel etc. 

  

There are several theories about metallic bonds, one of  Metal Cation Electron Sea  

them is electron gas theory put forward by Loren in 1923. 

This theory states that valence electrons of metal atoms 

are free and they form a pool or gas or sea. The remaining 

portion of the metal atom is cation, it is also known as 

kernel or core. Cations are present in electron sea as 

seeds in watermelon. This electron sea act as glue to bind 

metal cations.  

The force of attraction between Electron Sea and metal cation which hold them together is 

called metallic bond. 

 

Properties: 
1) The binding forces among particles are metallic bond. 

2) Their crystal lattice is made up of metal cations and electron sea.  

3) They are good conductor of heat and electricity due to having free electrons. 

4) Their melting and boiling points are high. 

5) They are hard solids. 

6) They are non-volatile. 

7) They have lustrous surface due to free electrons 

8) They are malleable i.e. they can be hammer out into sheets. 

9) They are ductile i.e. they can be pulled into wires. 
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(b) Classification on the basis of shape of unit cells:  
 

On this basis crystals are divided into seven types or systems. Seven crystal systems are: 

 

S.No Crystal System Axes or lengths Angles Examples 

1 Cubic a=b=c 
α =β= γ =90

o
 

NaCl, NaBr, MgO, Diamond 

2 Tetragonal a=b≠c 
α =β= γ =90

o
 

Sn, SnO2, BaSO4.4H2O 

3 Orthorhombic a≠b≠c 
α =β= γ =90

o
 

FeSO4.7H2O,BaSO4, ZnSO4.7H2O 

4 Rhombohedral or Trigonal a=b=c 
α =β= γ >90

 o
&<120

 o
 

KNO3, NaNO3, CaCO3 

5 Hexagonal a=b≠c 
α =β=90

o
& γ =120

 o
 

ZnO, CdS, Graphite 

6 Monoclinic a≠b≠c 
α = γ =90

o
& β>90

 o
 

Na2CO3.10H2O, Na2B4O7.10H2O  

7 Triclinic a≠b≠c 
α ≠ β ≠ γ ≠ 90

 o
 

CuSO4.5H2O, K2Cr2O7 
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