
Defects in solids 

Imperfections or defects: Any deviation from the perfect 
atomic arrangement in a crystal is said to contain imperfections 
or defects.  
 
Advantages: 
 
•The conductivity 
 
•Color, luminescence 
 
•Atomic diffusion  
 



      

   
Classification  according to their dimension  
 
 
1. Point imperfections (Zero dimensional defects) 

 
 

2. Line imperfections (one dimensional defects) 
 
 
3. Plane or surface imperfections (Two dimensional  
defects) 
 
 
4. Volume imperfections (three dimensional defects) 



                                                        Crystal defect 
 
 
 
Point defects                  Line defects                Plane defects                Volume  
                    (Surface )            defects 

Vacancy                            Edge dislocation           Grain boundaries            Inclusions 

Schottky                         Screw Dislocation           Tilt boundaries                    Voids 

Substitutional      Twin boundaries   

Frenkel                                                                       Stacking faults 

Colour centres(non stoichiometry) 

   



POINT IMPERFECTIONS 

 

 If an atom is missing from its normal site in the  matrix, the 
defect is called a vacancy defect. 
 

Vacancies:   



Schottky imperfection 

Binary ionic crystal. 
 

 A pair of one cation and one anion can be missed from an ionic   
   crystal. Such a pair of vacant ion sites is called Schottky imperfection. 

 
 This  type  of  defect  is  dominant  in  alkali halides like NaCl, KCl, MgO,  
 
Compounds with high coordination number. Cations and anions donot differ 

much in size. 
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 Frenkel imperfection 

interstitial impurity  



In ionic crystals, an ion displaced from a 

regular site to an  interstitial  site  is  called 

‘Frenkel  imperfection’. 

 

 As cations are generally the smaller ones, it 

is possible for  them to get displaced into the 

void space. 

 

 Anions do not get displaced as the void 

space is too small compared  to  the size of 

the anions. Compounds with low 

coordination number.  

 

 A Frenkel imperfection does not change the 

overall electrical   neutrality  of the crystal. 

This type of defect occurs in  AgCl, AgBr, 

AgI and CaF2, ZnS. 

http://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwihxdq1iZTSAhVGvI8KHd0eAqkQjRwIBw&url=http://www.majordifferences.com/2013/02/difference-between-schottky-defect-and.html&bvm=bv.147134024,d.c2I&psig=AFQjCNFWbkwlHCwazRU0NEfNMEyHXR1p6g&ust=1487315771665328


Substitutional impurity  

 It refers to a foreign atom that substitutes for or replaces a 

parent atom in the crystal. 

 

 Pentavalent or  trivalent impurity atoms  doped  in Silicon or 

Germanium  are also substitutional  impurities in the crystal. 



NON STOICHIOMETRY 

Non-stoichiometric compounds are chemical having elemental composition 
whose proportions cannot be represented by integers 

 

• most often, in such materials, some small percentage of atoms are missing or 
too many atoms are packed into an otherwise perfect lattice work 

 

•Many metal oxides and sulfides have non-stoichiometry  

 

•stoichiometric iron(II) oxide, which is rare, has the formula FeO, whereas the 
more common material is nonstoichiometric, with the formula Fe0.95O 

 

ease of oxidation of Fe2+ to Fe3+ 

 

three "missing" Fe2+ ions, the crystal contains two Fe3+ ions to balance the charge.. 
Thus, the formula for wüstite is written as Fe1−xO (x=0.05 ) 



These defects are of two types: 

(a)Metal Excess Defect and (b) Metal Deficiency Defect 

 

  (a) Metal Excess Defect 

i. Metal excess defect due to anionic vacancies 

ii. Metal excess defect due to the presence of extra 
cations at interstitial sites 

NON STOICHIOMETRY DEFECT:  
 



i) Metal excess defect due to anionic vacancies (colour centers) 

 negative ions may be missing. 
•Schottky Defects like NaCl and KCl 
 
•When crystals of NaCl are heated in an atmosphere of sodium vapour, 
 
 
 
 
 
 
 
 
 
 
 
 
 
•F-centres (from the German word Farbenzenter for colour centre). They impart yellow 
colour to the crystals of NaCl. 
•. LiCl crystals pink and excess of potassium makes KCl crystals violet (or lilac). 
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. The excess metal ions occupy interstitial positions. 

 

  

 

 

 

 

 

 

 

 

 

 

The excess Zn2+ ions move to interstitial sites and the electrons to 

neighbouring interstitial sites and imparts yellow color. 

 

ii)Metal excess defect due to the presence of extra cations 
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two ways: 
(i)  Cation Vacancies     ii)  Extra anions occupying interstitial sites 
 

(i)  Cation Vacancies: the positive ions may be missing from This type of 

defect is possible in metals which show variable oxidation states. examples 

ferrous oxide, ferrous sulphide, nickel oxide etc 

 

b) Metal Deficiency Defects 
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(ii)  Extra anions occupying interstitial sites: 
 
 In the case, the extra anions may be occupying interstitial 
positions. The extra negative charge is balanced by the 
extra charges on the adjacent metal ions. Such type of 
defect is not common because the negative ions usually 
very large and they cannot easily fit into the interstitial sites 
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      LINE IMPERFECTIONS  

Line defects or Dislocations:. They are abrupt changes in 
the regular ordering of atoms along a line (dislocation line) 
in the solid. 

The two types of dislocations are, 
 

Edge dislocation   
 

Screw dislocation 



      Edge dislocation 

Some types of dislocations can be visualized as being caused by the termination of a 
plane of atoms in the middle of a crystal. In such a case, the surrounding planes are 
not straight, but instead they bend around the edge of the terminating plane so that 
the crystal structure is perfectly ordered on either side 

https://upload.wikimedia.org/wikipedia/commons/9/99/Dislocation_edge_d2.svg
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      Edge dislocation 
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Burgers vector 

 The magnitude  and  the direction of the step defines the 

Burgers Vector (BV). 

 BV =       =  b 

 The Burgers Vector is perpendicular to the edge dislocation  

line. 

QP

 represents the magnitude and direction of the lattice 

distortion resulting from a dislocation in a crystal lattice. 

https://en.wikipedia.org/wiki/Magnitude_(vector)
https://en.wikipedia.org/wiki/Dislocation
https://en.wikipedia.org/wiki/Crystal_structure


ADVANTAGE:  

 
plastic deformation: 
Impurity atoms of larger 
diameter tends to 
concentrate above/below 
the edge. Ex: Cu/Al 
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Screw dislocation 

 In this dislocation, the atoms are displaced in two separate 

planes perpendicular to each other. 

 It forms a spiral ramp around the dislocation. 

 The Burgers Vector is parallel to the screw dislocation line.     

 Speed of movement of a screw dislocation is lesser compared 

to edge dislocation. Normally, the real dislocations in the 

crystals are the mixtures of edge and screw dislocation. 
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Screw dislocation 

 In this dislocation, the atoms are displaced in two separate planes perpendicular 

to each other. 

 It forms a spiral ramp around the dislocation. 

 The Burgers Vector is parallel to the screw dislocation line.     

 Speed of movement of a screw dislocation is lesser compared to edge 

dislocation. Normally, the real dislocations in the crystals are the mixtures of edge 

and screw dislocation. 
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ADVANTAGE:   atoms can be added at this sites of crystal for chemical reaction,   
physical changes and phase transformation 
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two types  

 external and internal surface imperfections. 

Plane or surface imperfections (Two dimensional defects) 

External surface imperfections 

They are the imperfections represented by a boundary. At the 

boundary the atomic bonds are terminated. 

The atoms on the surface cannot be compared with the atoms 

within the crystal. The reason is that the surface atoms have 

neighbours on one side only. Where as the atoms inside the 

crystal have neighbours on either side. Since these surface 

atoms are not surrounded by others, they possess higher energy 

than that of internal atoms. 
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Internal surface imperfections: 

Internal surface imperfections are the imperfections 

which occurred inside a crystal. 

It is caused by 

grain boundaries.  

tilt boundaries,  

twin boundaries 

stacking faults. 
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Grain boundaries 

Crystals or grains of different orientation in a poly crystalline 

solid during nucleation or crystallization. 

During crystallization, new crystals form in different parts and 

they are randomly oriented with respect to one another. 

They grow and impinge on each other. 

The atoms held in between are attracted by crystals on either 

side and depending on the forces, the atoms occupy equilibrium 

positions. 
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GRAIN BOUNDARIES 

These positions at the boundary region between two 

crystals are distorted. As a result, a region of transition 

exists in which the atomic packing is imperfect.  

The thickness of this region is 2 to 10 or more atomic 

diameters. 

The boundary region  is called a crystal boundary or a 

grain boundary . 

The boundary between two crystals which have different 

crystalline arrangements or different compositions, is 

called as interphase boundary or commonly an interface. 
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TILT BOUNDARIES 

This is called low-angle boundary as the orientation 

difference between two neighbouring crystals is less than 

10°. 

The disruption in the boundary is not so severe as in the 

high-angle boundary. In general low-angle boundaries 

can be described by suitable arrays of dislocation. 

Actually a low-angle tilt boundary is composed of edge 

dislocation lying one above the other 

 The angle or tilt will be 

  

 where b = Burgers vector and  

 D = the average vertical distance between     

         dislocations. 

D

b

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TILT BOUNDARIES 

This is called low-angle boundary as the orientation difference between two neighboring crystals is less than 10°. 

The disruption in the boundary is not so severe as in the high-angle boundary. In general low-angle boundaries can be described 

by suitable arrays of dislocation. 

Actually a low-angle tilt boundary is composed of edge dislocation lying one above the other 

The angle or tilt will be where b = Burgers vector and  D = the average vertical distance between dislocations. 



32 

TWIN  BOUNDARIES 

If the atomic arrangement on one side of a boundary is 

a mirror reflection of the arrangement on the other side, 

then it is called as twin boundary. 

As they occur in pair, they are called twin boundaries. 

At one boundary, orientation of atomic arrangement 

changes. 

At another boundary, it is restored back. The region 

between the pair of boundaries is called the twinned 

region. 

These boundaries are easily identified under an optical 

microscope.  
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TWIN  BOUNDARIES 

If the atomic arrangement on one side of a boundary is a mirror reflection of the arrangement on the other side, then it 

is called as twin boundary. 

As they occur in pair, they are called twin boundaries. At one boundary, orientation of atomic arrangement changes. 

At another boundary, it is restored back. The region between the pair of boundaries is called the twinned region. 

These boundaries are easily identified under an optical microscope.  
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STACKING FAULTS 

Whenever the stacking of atomic planes is not in a 

proper sequence throughout the crystal, the fault caused 

is known as stacking fault. 

For example, the stacking sequence in an ideal FCC 

crystal may be described as A-B-C-A-B-C- A-B-C-……. 

(CCP) But the stacking fault may change the sequence to 

A-B-C-A-B-A-B-A-B-C. The region in which the 

stacking fault occurs (A-B-A-B) forms a thin region and 

it becomes HCP. 

This thin region is a surface imperfection and is called 

a stacking fault. 
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STACKING FAULTS 


