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UNIT I : Crystal Structure 

Types of crystals-space lattice-basis- unit cell and lattice parameters – Bravais lattices-Lattice 

planes and Miller indices-inter planar spacing in a cubic lattice cubic lattice-SC – BCC – FCC- 

Sodium chloride and Diamond crystal structure – Bonding of solids (Ionic , Covalent , Metallic , 

Hydrogen and Van der Waal).  

Material Science: 

The Comparatively new subject of ‘Material Science’ is concerned with the study of materials 

as a whole and not just with their physical, chemical or engineering properties. 

It relates the properties of materials with the structure at the electronic, atomic and micro levels. 

Solids can be classified as crystalline solids and amorphous solids. Crystalline solids or crystals 

are those in which the atoms or molecules are arranged in a very regular and orderly in a three 

dimensional pattern. When a crystal breaks, the broken pieces are all having regular shape. 

The Crystalline solids have directional properties and therefore they are called anisotropic 

substances. Solids may be made up of metallic or non-metallic crystals. Some metallic crystals 

are copper, silver, Aluminium.tungsten and magnesium.Non-metallic crystals are carbon, 

polymers or plastics. Amorphous solids have no regular structure and in which the molecule is 

the basic structural solid. These solids have no directional properties and therefore they are 

called isotropic substances. An amorphous structure does not generally possess elasticity but 

only plasticity. 

Fundamentals definitions in crystallography:  

Lattice Points: 

Lattice points denote the position of atoms or molecules in the crystals. 

Space lattice: 

An infinite three dimensional array of points showing how atoms or molecules are arranged in a 

crystal is known as space lattice. Thus the angular arrangement of the space positions of the 

atoms or molecules in a crystal is called space lattice or lattice array. 

Unit cell: 

The unit cell is the smallest block or geometric figure from which the entire crystal is built up by 

repetition in three dimensions.It may be considered as the brick of a wall where latter represents 

the crystal. The shape of the wall will depend upon the shape of the brick. Similarly the shape of 

the crystal will depend upon the shape of the unit cell. 

Lattice Parameters of a unit cell: 

The lines drawn parallel to the lines of intersection of any three faces of the unit cell which do 

not lie in the same plane are called crystallographic axes. A crystallographic axes marked x, y 

and z. 



 

 

  

            Figure 3.1 Primitives and interfacial angles between crystallographic axes      

The angle between the axes y and z = α 

The angle between the axes z and x = β 

 The angle between the axes x and y = γ 

The angles α, β and γ are the interfacial angles as shown in figure 3.1. The intercepts a, b and c 

define the dimensions of an unit cell and are known as its primitives or characteristic intercepts 

on the axes. These three quantities a, b and c are also called the fundamentals translational 
vectors. The unit cell formed by the primitives a, b and c is called primitive cell. In a primitive cell, there 

is only one lattice point. If there are two or more lattice points, then it is not a primitive cell. 

            In a space lattice all lattice points may be included in a set of parallel and equally spaced planes 

known as lattice planes. There are 320 such space lattices or space group divided into 32 crystal classes. 

These can be arranged in 7 crystal systems depending on the relativistic lengths and directions of the axes 

of symmetry. In 1848, Bravais showed that 14 classes of lattices were sufficient in three dimensions. 

According to Bravais, there are 14 possible types of space lattices in the seven systems of crystals: 

One triclinic, two monoclinic, four orthorhombic, two tetragonal, one hexagonal, one rhombohedral and 

three cubic. Thus the above fourteen possible space lattices of the seven crystal systems are called Bravais 

lattices. 

           The space lattices formed by unit cells are marked by the following symbols. 

Primitive lattice            - P 

Body centred lattice     - I 

Face centred lattice      - F 

Base centred lattice      - C 

            The seven crystal systems along with their primitives and interfacial angles are shown in figure 

3.2 and the fourteen Bravais lattices are shown on figure 3.3. The table 3.1 gives the fourteen Bravais 

lattices of seven crystal systems along with their Primitives, interfacial angles and examples. 

 



TABLE 3.1 

Crystal systems and Bravais lattices 

 

 

 

 



 



 



Nomenclature of crystal planes: Miller indices 

                           Crystal may also describe in terms of their intercepts on the three axes. For 

example, plane ABC of figure 3.5 has intercepts of 2 axial units on x axis and 2 axial units on y 

axis and 1 axial unit on z axis. In other words, the numerical parameters of the plane ABC are 

2.2 and 1.Hence its orientation is (2, 2, 1).However, as suggested by Miller it is more useful to 

describe the orientation of a plane by the reciprocal of its numerical parameters rather than by its 

linear parameters. These reciprocals when appropriately converted to whole numbers are called 

Miller indices. Thus the Miller indices are the set of three integers (h k l) used to indicate the 

different planes in a crystal. The use of Miller indices for notation of crystallographic planes is 

universal. Hence the Miller indices of plane ABC of figure 3.5 are (1/2: 1/2: 1) or (1 1 2) because 

the ratio sign (: ) is generally omitted. Miller indices for a plane are always shown in parenthesis. 

The general form for indices of a plane is (h k l) .Braces {h k l} signify all the Planes that are 

equivalent in a crystal. For example in a cubic crystal {1 0 0} is equal to the set of its six faces 

(100), (010), (001), (1̅00), (01̅ 0) and (001̅).The symbol for a family of parallel planes is 

 < h k l >. 

 

 

 

 



Procedure for finding Miller indices 

a. Choose a system of three coordinate axes, preferably along crystallographic axes. 

b. Find the intercepts of the plane (whole Miller indices are desired) on the three coordinate 

axes. Let these be X Ý, Ź  
along x, Ý and Ź axes respectively. 

c. Then express them in terms of the axial units or primitives. Let them be 𝑋1= pa,  Ý = qb 

and Ź = rc. 

d. Next take the numerical parameters of the plane i.e. p: q: r.The numerical parameters 

must be in whole numbers. 

e. Find the ratio of their reciprocals (1/p: 1/q: 1/r). 

f. Convert these reciprocals into whole numbers by multiplying each with their L.C.M to 

get the smallest whole numbers. This gives the Miller indices (h k l) of the plane. 

Same important crystal planes of a cubic crystal are shown in figure 3.6 

 

 

 
 

 



Perpendicular distance between two parallel planes in a cubic crystal lattice 

 

                Suppose that the plane shown in figure 3.7 belongs to a family of planes whose 

Miller indices are <h k l >. Therefore in a cubic lattice of cube edge ‘a’ the intercepts of 

the plane on the three axes are 
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Let ON = d = perpendicular distance from the origin to the plane. Let the direction 

cosines of ON be cos α
1
 ,cos β

1
 ,cos γ

1
 where 

  

             Cos α
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(Here angles have been taken with a dash so as to avoid confusion with interfacial angles 

α, β and γ) 
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               (Or) d = ON = 
𝑎

√ℎ2+𝑘2+𝑙2
  

  Let OM be the perpendicular distance of the next parallel plane from the origin. Its 

intercepts are  

                   
2𝑎

ℎ
,
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𝑘
 𝑎𝑛𝑑 
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            Therefore OM = 2d = 
2𝑎

√ℎ2+𝑘2+𝑙2
 

 

            Therefore the spacing between adjacent planes = OM - ON =NM 

            NM = d = 𝑎

√ℎ2+𝑘2+𝑙2
 

 

Important features of Miller indices 

 

     There are many important features of the scheme of the Miller indices: 

 All equally – spaced parallel planes have the same index numbers ( h k l) 

 When a plane is parallel to any of the three coordinate axes, its intercepts on 

that axis is as infinity. Hence its Miller indices for that axis are zero. 

 When the intercept of a plane on any axis is negative a bar is put on the 

corresponding Miller index. 

 Miller indices do not definite a particular plane but a set of parallel planes. 

 It is only the ratio of the indices which is of importance. (i.e. the (4 2 2 ) Planes 

are the same as ( 2 1 1) planes. 

 A plane passing through the origin is defined in terms of a parallel plane having 

non-zero intercepts. 

For the cubic systems of crystals 

a. The angle θ between two directions [u1 v1 w1] and [u2 v2 w2] can be easily 

calculated from the expression 

                   



                      Cos θ =        
 u1 u2+ v1 v2+ w1 w2

(u12+ v12+ w12)1/2(u22+ v22+ w22)1/2 

                                            
 

b. The normal to the plane with index number (h k l) is the direction [h k l] 

c. The distance d between adjacent planes of a set of parallel planes of the indices 

( h k l ) is given by  

d = 
𝑎

(ℎ2+𝑘2+𝑙2)1/2
 where a is the edge of the cube. 

 

From this expression one can easily note that planes with low index numbers 

have wide index planar spacing compared with those having high index 

numbers. Moreover low index planes have a higher density of atoms per unit 

area than the high index planes. In fact the low index planes play an important 

role in determining the physical and chemical properties of solids. 

 

Crystal structures of important engineering materials: 

 

Atomic radius ‘r’ 

                    Atomic radius is defined as half the distance between the nearest 

neighbouring atoms in a crystal. 

Co-ordination number 

                     It is the number of nearest equidistant neighbours that an atom has 

in a unit cell. Its value depends upon the type of crystal structure. The nearest 

neighbouring distance is taken as 2r. 

Density of Packing 

                       It is the ratio of volume occupied by atoms in an unit cell to the 

total volume of the unit cell .It is also called packing factor or packing fraction. 

i.e. Packing fraction , P.F.= v/V 

 Where v = volume occupied by the atoms in the unit cell and  

             V = total volume of the unit cell. 

A high value of P.F.indicates that the atoms are very closely packed in the unit 

cell and loosely packed in the unit cell. 

 

 

Simple Cubic (SC) Structure : 

                                 

                           The unit cell of this structure has atoms only at the corners of 

the cube. Consequently these atoms touch along cube edges. This structure is 

loosely – packed because each atom has only six nearest neighbours. So the 

coordination number is six. It is also because each corner atom is linked with 

seven other unit cells that can be imagined to be built around the unit cell 

containing the atom. So each corner atom has four neighbours in the same 

plane, one vertically above and one immediately below, giving a total of six 

nearest neighbouring atoms. If ‘r’ is the atomic radius and ‘a’ is the side of the 

cube then it is obvious from figure that r = 
𝑎

2
 .Since each corner atom is shared 



by eight surrounding cubes, share of each cube comes to one eighth of an atom. 

In this case, the cube contains eight corner atoms. 

 
         

 

  

 

 

Figure 3.15 Simple Cube 

 

 

 

 

 

 



       So the unit cell of simple cube contains 8×1/8 = 1atom.In this case, the unit cell is 

equal to the primitive cell. 

           Packing fraction = 
Volume of all atoms in the unit cell

Volume of the unit cell
 

                                          

                                       = 
1×4/3𝜋𝑟3

𝑎3
  = 

4𝜋𝑟3

3(2𝑟)3
 since a = 2r 

                                    

                                       = 
𝜋

6
              = 0.52 

     Thus the packing fraction is about 52% and hence this structure is a loosely packed 

one. Only one element i.e. Polonium exhibits this structure (in a certain temperature 

region). 

 

Body Centred Cube (BCC) Structure: 

                The unit cell of such a structure is sketched in figure 3.16 (a). It has one atom at 

each corner and one atom at the Centre of the cube. Such a structure is not formed of 

closed packed planes since each atom has only eight nearest neighbours. However the 

atoms are in contact along body diagonals. It should be noted that in this case, the nearest 

and not the other corner atoms. Since there are eight surrounding unit cells for any corner 

atom, their eight body centred atoms form the nearest neighbours for any corner atom. 

Therefore the coordination number of BCC structure = 8.The number of atoms in each 

unit cell of this type is as follows: 

 

 

 

 

 
 

Figure 3.16 Body centred cube 

 



i. One center atom and  

ii. 8×1/8 = 1 corner atom 

Hence number of atoms per unit cell = 1+1 = 2 and its coordination number is 

eight. 

Therefore this type of unit cell is not equal to the primitive cell. Let us calculate 

the density of packing in BCC structure. From the figure 3.16 (b) in the triangle 

ABC. 

AC
2 

    =  AB
2 

+ BC
2
 

            = a
2
 + a

2 
= 2 a

2 
 

AD2     =  AC
2
 + CD

2
 

            = 2a
2
 + a

2
 = 3 a

2
  

        Therefore AD     = √3 a 

If r is the atomic radius then AD = 4r (see figure 3.16 (c)) 

Therefore    4r        = √3 a 

(or)               r         = 
√3 

4
 a 

Packing fraction     = 
𝑣 

𝑉
=  

2×4/3𝜋𝑟3  

𝑎3
 

                               = 
8𝜋  

3𝑎3
(

√3 

4
 a)

3
 = 

√3 

8
 𝜋 = 0.68 

Thus the packing fraction is equal to 68% and so it is not a closely packed structure. 

Tungsten, Sodium, Iron and Chromium have this type of structure. 

Face Centred Cubic (FCC) Structure: 

             The unit cell of this structure is shown in figure 3.17(a).This structure is a close –packed 

because each atom has 12 nearest neighbours. It has the stacking sequences of ABC ABC. 

              Figure 3.17(b) shows the stacking sequence ABC ABC in it without the correct size of 

atoms. The close packed atomic planes are inclined at an angle to the cube faces and are known 

as octahedral planes. In a FCC unit cell, position A contains one corner atom and position B 

contains 6 atoms and then position C contains one 6 atoms with different orientation and again 

position A contains one corner atom and so on. Thus the stacking sequence in FCC is ABC 

ABC. 

               The atoms are in contact with the diagonal atoms. Here each corner of the cube 

contains one atom and at each face centre of the cube there is an atom. Thus there are eight 

corner atoms and six face centred atoms. In this case the nearest neighbours of any corner atom 



are the face centred atoms of the surrounding unit cells. Any corner atom has four such atoms in 

its own plane, four in a plane above it and four in a plane below it. Thus its coordination number 

is twelve. 

 

 

 

 

Figure 3.17 (a) Face centred cube                          (b) Stacking sequence of ABC ABC….in FCC 

 

Each of the 6 face – centred atoms is shared by the two adjoining cubes .Hence a total of 6/2 = 3 

such atoms belong to the unit cell, i.e. corner atoms for the unit cell is equal to one atom. Hence 

total number of atoms per unit cell of this type is (3+1) = 4. 

             From the figure 3.17 (a) in the triangle ABC 

            AC
2 

    = AB
2 

+ BC
2
 = a

2
 + a

2 
= 2 a

2 
 

          But AC = 4r 

Therefore (4r)
 2

 = 2a
2
 

             (or)                           a  =  √8 r 

                Packing fraction       =       
𝑣 

𝑉
=  

4×4/3𝜋𝑟3 

𝑎3
 

                                                 =  
16𝜋𝑟3  

3𝑎3
 = 

16𝜋 𝑟3 

3(√8r)3
 = 

𝜋 

3 √2 
 = 0.74 



Thus the packing fraction is 74%.When we compare with S.C and B.C.C., this has high packing 

fraction and so most of the metals like Copper, Aluminium and Silver have this structure. 

Sodium Chloride Structure: 

              Sodium Chloride crystal is an ionic crystal. In the sodium chloride lattice, the sodium 

ion and chloride ion are situated side by side. It consists of two FCC sub lattices, one of chloride 

ions having its origin at the (0, 0, 0) points and the other of the sodium ions having its origin 

midway along a cube edge, say, at (a/2, 0, 0) point. Even though there is an attractive force 

between sodium ion and chloride ion ,they can’t come very close to each other due to a repulsive 

force which arises only at a particular distance between the two ions and it is a short range, 

charge independent and very intense force. Each ion in the sodium chloride lattice has six nearest 

neighbor ions at a distance a/2.Otherwise its coordination number is six. The ionic radius of 

chloride is about 1.81×10
-10

m and for sodium, it is about 0.98×10
-10

m.Each unit cell is sodium 

chloride has four sodium ions and four chloride ions. Thus there are 4 molecules in each unit 

cell. 

Diamond Cubic Structure: 

           Germanium, Silicon and carbon (Diamond) possess this structure which is a combination 

of two interpenetrating FCC sub-lattices. 

 

 

Figure 3.20 Diamond cubic structure 

 

 As seen from the unit cell of diamond cubic structure (fig 3.20(a)) one sub-lattice say’X’ has its 

origin at (0, 0, 0) and the other say ‘Y’ at a point one quarter of the way along the body 

diagonal.i.e. at the (a/4, a/4,a/4) point. This structure is loosely packed since each atom has only 

four nearest neighbours.i.e its coordination number is4.In the unit cell, in addition to the eight 

corner atoms, there are six face centred atoms and four more atoms located inside the unit cell as 

shown in figure. Each corner atom is shared by eight adjacent unit cells and each face centred 

atom is shared by two unit cells.  



Hence the total number of atoms per unit cell =    
1

8
×8+ 

1

2
×6+4 = 8 

        From the figure     XZ
2  

 = ( 
𝑎

4
)

2 
+ ( 

𝑎

4
)

2
 = 

a2

8
 

        Further     XY
2 

= XZ
2
+ YZ

2 

                                                                                = 
𝑎2

8
 + 

𝑎2

16
 = 

3𝑎2

16
 

         But     XY = 2r 

         Therefore     (2r)
2 

 = 
3𝑎2

16
 

         (Or)        a      = 
8

√3
 r 

         Packing fraction                         = 
𝑣 

𝑉
=  

8×(
4

3
)𝜋𝑟3  

𝑎3
 

                                                                                  = 
32𝜋𝑟3      

3(
8𝑟

√3
)3

  = 
√3

16
 𝜋 

               = 0.34 (𝑜𝑟) 34% 

So it is a loosely packed structure. 

Primary Bonds: 

Ionic or Electrovalent Bond: 

                The bond formed between two different atoms, one of which has low ionization energy 

and other has high electron affinity, by the transfer of valence electrons from one atom to the 

other is called Ionic bond. Such bonds are mainly formed in inorganic compounds like NaCl and 

KOH, etc. and never in pure elements. This bond is naturally the attractive electrostatic force 

existing between a positive and negative ion when they are brought into a closer distance, these 

ions are formed when the atoms involved loss or gain electron in order to stabilize or complete 

their outer shell electronic configuration.       

 Consider the formation of ionic bond in NaCl. 

 

 



 

 

Figure 2.2 Formation of NaCl molecule 



            I orbit (K shell) contains 2 electrons 

II orbit (L shell) contains 8 electrons 

III orbit (M shell) contains 1 electron 

So the first two shells of sodium are complete, but the third is incomplete .In the case of chlorine, 

I orbit (K shell) contains 2 electrons 

II orbit (L shell) contains 8 electrons 

III orbit (M shell) contains 7 electrons 

Suppose a chlorine atom and a sodium atom approach one another. Sodium atom can 

release one electron to get stable configuration and at the same time chlorine atom can 

accept one electron so as to form a complete electronic configuration in its M shell.The 

outer shell of sodium is 5.Ev/atom and the electron affinity of chlorine atom is 

3.8eV/atom. 

        This process of adding an extra electron to the chlorine atom is accompanied by the 

appreciable decrease in the potential energy. The energy lost will appear in the form of 

heat and light during the reaction or formation of NaCl.When sodium atom loses one 

electron ,it becomes a negative ion (i.e.cation).Ionic bond between two neighbouring Na 

and Cl atoms, two ions achieve noble gas structure i.e., they have their shells filled. The 

above process of Na
+
 ion attracting Cl ion does not stop at two ions only. A positive Na 

ion will be surrounded by negative Cl ions and the negative Cl ion will be surrounded by 

positive Na ions. 

        2Na +Cl2+2 Na
+
+2Cl

-
 → 2NaCl 

Similarly in the formation of Magnesium oxide, 

       2Mg + O2 →2 M
++

 + 2 O
--
 → 2MgO 

Here the Magnesium atom releases two electrons and the oxygen atom accepts two 

electrons to form a stable configuration. 

Examples of Ionic solids: NaCl, MgO, MgCl2 , KOH and Al2O3 

Properties of Ionic Solids: 

1. All ionic solids possess a crystalline structure. X-ray diffraction studies show that the 

constituents of these crystals are charged ions and not atoms. 
2. Ionic solids have high melting and boiling points (above 300℃).It is because 

considerable external energy is required to overcome the electrostatic forces existing 

between the ions in such a solid. 
3. Ionic solids are hard and brittle. 

4. Ionic solids are soluble in polar solvents like water and liquid ammaonia. This is because 

the molecule of the polar solvent interact strongly with the ions so as to reduce the 

attraction between the ions. For example, water has a high dielectric constant of 



80.i.e.water will reduce the electrostastic force of attraction between the ions to 1/80 of 

the original value. Ionic solids are insoluble in nor polar solvents like benzene and carbon 

tetrachloride because their dielectric constants are very low. 

5. Ionic bonds are non-directional so that in an ionic crystal, a cation tends to surround itself 

by as a many anions as possible and vice versa. 

 

Covalent Bond or Homopolar Bond: 

                     A covalent bond is formed when two or more similar or dissimilar atoms achieve 

stability by sharing valence electrons between themselves. This kind of bonding is possible 

whenever such sharing results in a lowering of the potential energy of the system. If (Z = 2) 

which has stable noble gas configuration, there is no decrease in the potential energy of the 

system by sharing its two 1s electrons with the electrons of another Helium atom. So the Helium 

atom is monoatomic. 

  Covalent bond between the hydrogen atoms in a hydrogen molecule. This is 

because during the formation of molecule the density of electron distribution increases at points 

between the nuclei along the internuclear axis. If the nuclei are too close together however their 

repulsion becomes dominant and the molecule is not stable. The balance between attractive and 

repulsive force occurs at a separation of 0.74 × 10
-10

m and hence the covalent bond exists with 

decrease in potential energy of the system. Hence some energy must be spent to break the 

covalent bond of hydrogen molecule into hydrogen atoms. Actually 4.5 eV is required to break 

one H-H bond. 

i.e.             H2 + 4.5 eV → H + H 

The hydrogen molecule is represented as 

                      H – H → H2 

Here the horizontal single line between two hydrogen atoms indicates that one electron 

comes from each atom .In the case of chlorine, each atom has seven electrons in the outer 

shell. When two chlorine atoms combine to form a molecule, one electron from each 

atom is shared with the other atom. Thus 

                   Cl – Cl → Cl2 

The formation of Hydrogen Chloride gas can be written as  

                    H – H + Cl – Cl → H – Cl + H – Cl →  2 HCl 

Here one hydrogen atom and one chlorine atom combine and form a hydrogen chloride 

molecule with decrease in potential energy of the molecule by sharing one electron from 

each atom. When more than one pair of electrons is shared between two atoms a double 

(or) triple covalent bond is said to be formed. If oxygen molecule 2 pairs of electrons are 

shared between two atoms and so it has double bond which is represented by double 

horizontal lines. Similarly in case of Nitrogen molecule, three pairs of electrons are 



shared between two Nitrogen atoms ant so it has triple bond which is represented by three 

horizontal lines. These are shown in figure 2.4. 

 

 

 

 

 

Double bond                                      Triple bond                             Simple bond formation 

  formation                                         formation                                   with more atoms 

 

Figure 2.4  Formation of oxygen, nitrogen and methane molecules 

The bonding of methane (CH4) molecule is also shown in figure 2.4.Carbon has 4valence 

electrons. Each of these electrons forms an electron pair with the 1s electrons of the four 

surrounding hydrogen atoms. Diamond is another example of crystal structure in which carbon 

atoms are linked by covalent bonds. 



Examples of covalent substances: 

                  Gases : Hydrogen , Carbon di oxide , Nitrogen 

                  Liquid : Carbontetrachloride 

      Solids : Diamond ,Germanium ,Silicon ,Tin 

Properties of covalent substances: 

1. The covalent crystals of different materials have very large difference in their 

physical properties due to their bonding types. For example, carbon in the diamond 

structure is the hardest known substances having a high melting point (3280K).But tin 

is very soft and has a low melting point. Similarly Diamond is a very good insulator. 

But Silicon and Germanium are well known semiconductors and Tin is a good 

conductor.  

2. The covalent crystals are of three types 

i. Those in which molecules are small and held together by weak forces. Such 

crystals are soft and easily fusible. 

Examples: Sulphur and Iodine   

ii. Those in which each atom is united with the other by covalent links resulting 

in the formation of giant molecules. 

Examples: Diamond and Silicon Carbide 

 

3. Based on the number of electrons sharing, the bond length and bond energy also 

change in their values. When the number of electrons shared is more, the bond length 

between the bonds is decreased and at the bond energy is increased. 

Bond Bond length 

A
0 

Bond Energy 

KJ/k mole ×10
3 

H - H 0.74 437.6 

Cl - Cl 2 243.6 

C - C 1.5 349 

C = C 1.3 613.2 

C ≡ C 1.2 817 

C - O 1.5 352.8 

C = O 1.2 751.8 

4. Covalent bonds are always directional and thus a change in the direction of the bond 

will result in the formation of different substances. 

5. Covalent substances are soluble in non-polar solvents like benzene and carbon di 

sulphide, etc. This is because of the covalent nature of the solvent. However covalent 

bonds with giant molecules are not soluble in any solvent because of the large size of 

the molecules. 

6. The melting and boiling points of covalent solids are usually low as compared to 

those of ionic compounds. This is because the covalent bond is not so strong as the 

ionic bond and also the electrons are less powerfully attracted towards each other. 



7. Most of the pure covalent solids are good insulators. This is because all the valence 

electrons are tightly held in the covalent bonds. However when certain impurities are 

added to such solids, they become semiconductors. 

8. Covalent compounds may be solids, liquids or gases. Generally those substances 

which have high molecular weights exist as solids. Covalent solids are hard as well as 

brittle and possess crystalline structure. 

9.  

Difference between Ionic and Covalent Bonds: 

S.No. Ionic Bond Covalent Bond 

1 Ionic bond is formed between two atoms 

by transfer of 4electrons from one atom 

to other atom 

Covalent bond is formed 

between two atoms when they 

share one or more pair of 

electrons between them  

2 These bonds are non-directional These bonds are directional 

3 Ionic compounds are soluble in polar 

solvents 

Covalent compounds are soluble 

in nonpolar solvents 

4 Ionic compounds are existing only in the 

form of solids 

Covalent compounds are existing  

in  solids , liquids and gases 

5 All ionic compounds are existing in 

crystalline structure 

Only the covalent solids are 

existing in crystalline structure 

6 Electrical conductivity is increased when 

they are dissolved in polar solvents 

Electrical conductivity is 

increased by suitable doping of 

impurities 

7 These have high melting and high boiling 

points since the ionic bonds are so strong 

These have low melting and  

boiling points since the covalent 

bonds are not as powerful as 

ionic bonds  

8 Ionic solids are not so hard Covalent solids are hard 

9 Examples: NaCl,MgO,Al2O3 Examples: Ge, Si, Diamond 

 

Metallic Bonds: 

                 It has been found that in metals, each atom loses all its valence   electrons and 

becomes a positively charged ion. These free and mobile electrons form a kind of electron cloud 

or gas .The valence electrons are not bonded directly to an individual atom but they move freely 

in the sphere of influence of other atoms and are bound to different atoms at different times. 

                        Thus metallic bond results from the sharing of variable number of electrons by a 

variable number of atoms. Thus it may be looked upon as an unsaturated covalent bond which is 

due to the electrostatic attraction between the negative electron cloud and positive ion cores. The 

cohesion of a metallic crystal is due to the attraction of the positive nuclei and the valence 

electrons passing between them. 

Examples: Sodium, Copper, Gold, Silver, Aluminum 

Properties: 



1. Metallic bonds are responsible for holding the atoms together in metals and their 

alloys. 

2. This type of bonding is weaker than ionic and covalent bonds which are called 

saturated bonds but stronger than van der Waal’s type. 

3. Metallic solids have crystalline structure .Unlike other type of crystals, metallic 

crystals can be deformed without fracture since the electron gas behaves as a 

lubricant which permits the atoms to slide fast one another. 

4. Metallic crystals possess a high degree of crystal symmetry due to symmetrical 

arrangements of positive ions. 

5. Metallic bond is non-directional since this bond can exist only when there is large 

aggregate of metallic atoms. 

6. Since the metallic bonds are weak, the melting and boiling point are lower than the 

ionic and covalent compounds. 

7. Since there are enormous number of free electrons, these type of materials have high 

thermal and electrical conductivity. 

8. Metals are opaque to light since the light energy is absorbed by the free electrons. 

    Secondary Bonds: 

    Hydrogen Bonds: 

A hydrogen bond is a particular type of dipole bond in which one of the atom is a 

hydrogen atom. The other atom has a high affinity to attract electron from the hydrogen 

atom. i.e, each molecule having one end as a hydrogen atom converted into a positive ion 

by a strongly electronegative adjacent atom in the same molecules. Hydrogen bond is 

formed by a hydrogen ion located between two anions. Since hydrogen has only one 

electron it can lose it to either of the two adjoining ions with the result that there is an 

equal probability of finding the electron on either ion. 

                The bond that is formed between ice or water molecules due to attraction between the 

positively charged hydrogen end of a molecule and the negatively charged oxygen end of another 

molecule is called the hydrogen bond. It is also one of the molecular bonds. We can see this type 

of bond in ammonia molecules also. 

 

Figure 2.8   Hydrogen bond between water (ice) molecules 



Properties: 

1. The bond between water molecules is strong enough to persist in the liquid state. It is 

responsible for unusual properties of ice and water. For example, the relatively open 

network of hydrogen bonds in ice as shown in figure 2.6 collapses to a more closely 

packed liquid, accounting for the increase in density on melting. 

2. The hydrogen bonds are unidirectional. 

3. Hydrogen bonded solids have low melting points. We know that the melting point of 

ice is 0℃ . 

4. Because in such solids no valence electrons are available they are good insulators. 

5. They are transparent to light since there are no free electrons. 

6. They are soluble in polar and non- polar solvents. 

7. Such solids may be crystalline and non - crystalline .Moreover as these solids are 

formed of elements of low atomic numbers, they have low densities. 

8. These bonds are stronger than dispersion bonds but are weaker than primary bonds, 

thus these bonds have enough strength to exist in liquid and gaseous states. 

 

 

 

 

 

 

 


