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PREFACE 

 
Target’s “Absolute Chemistry Vol - 2.1” is compiled according to the notified Std. XII syllabus for NEET-UG 
& JEE (Main). The content of this book is framed after reviewing various state syllabi as well as the ones 
prepared by CBSE, NCERT and COBSE.   
The sections of Theory, Quick Review, Formulae, MCQs and Topic Test form the backbone of every chapter 
and ensure adequate revision.  
These MCQs are framed considering the importance given to every topic as per the NEET-UG & JEE (Main) 
exam. They are a healthy mix of theoretical, numerical, multi-step reactions and graphical based questions.   
The level of difficulty of these questions is at par with that of various competitive examinations like CBSE, 
AIIMS, CPMT, JEE, AIEEE, TS EAMCET (Med. and Engg.), BCECE, Assam CEE, AP EAMCET (Med. and 
Engg.) & the likes. Also to keep students updated, questions from most recent examinations such as 
AIPMT/NEET, MHT CET, KCET, GUJ CET, WB JEEM, JEE (Main), of years 2015 and 2016 are exclusively 
covered.  
In the development of each chapter, we have ensured the inclusion of important points that are enclosed within a 
box. These topics will enhance students’ knowledge and provide them an edge to score better in the highly 
competitive exams.    
We are confident that this book will cater to needs of students across a varied background and effectively assist them 
to achieve their goal. We welcome readers’ comments and suggestions which will enable us to refine and enrich this 
book further. 
Please write to us at: mail@targetpublications.org   

All the best to all Aspirants! 
Yours faithfully, 
Authors 
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 States of matter:   
i. Matter can exist in three physical states  solid, liquid and gas. One state of matter can be changed to another 

state by changing the conditions of temperature and pressure. The equilibrium between solid, liquid and gas is 

 Solid 
heat

cool
  Liquid 

heat

cool
  Gas  

ii. All the above transformations can also be brought by either changing the pressure alone or changing both 
temperature and pressure. 

iii. Pure substances undergo changes in their physical state at a specific or particular temperature (eg. iron, 
mercury, ice, etc. have sharp melting or boiling point). However, impure substances undergo change in 
their physical state over a range of temperature.     

iv. The physical state of matter is due to presence of different intermolecular forces of attraction such as 
 a. dipole-dipole interactions b. dipole-induced dipole interactions 
 c. London forces   d. hydrogen bonding 
 
 General characteristics of solid state: 
i. A solid is defined as that form of matter which posesses rigidity and hence possesses a definite shape and a 

definite volume.  
ii. Due to rigid nature, solids cannot be compressed like gases. This is due to small intermolecular distance of 

separation between neighbouring molecules. Also, solids cannot be poured like liquids because the 
positions of constituent particles, atoms or molecules cannot be changed. Thus, solids have fixed mass, 
volume, shape and density.  

iii. The density of solid state is greater than the density of liquid state or gaseous state. Ice (solid water)  is an 
exception, which has density lower than that of liquid water. The density of mercury (liquid state) is very 
high (13.6 g mL1). 

iv. Solids are hard. Hardness is due to presence of strong intermolecular forces of attraction. These forces are 
stronger than those present in liquid state and gaseous state. Exceptions are sodium, potassium and 
phosphorus which are soft. 

v. Pure solids have characteristic melting points. Solids with strong intermolecular forces of attraction have 
high melting points. Solids with weak intermolecular forces of attraction have low melting points. 

 eg. Diamond has very high melting point (few thousand kelvin) and helium has very low melting point 
(almost absolute zero). 

vi. In solid state, constituent particles, atoms or molecules exhibit vibratory motion. They oscillate about their 
mean positions but do not have translatory motion and therefore remain stationary at one position. 

vii. In comparison with liquids and gases, solids diffuse very slowly. 

Introduction 1.0 

01 Solid State 
 1.0 Introduction 
 
 1.1 Classification of solids 
 
 1.2 Classification of crystalline solids  
 
 1.3 Unit cell and two and three dimensional 

lattices 
 
*1.4 Bragg’s law and its applications  
 
 1.5 Seven crystal systems 
 
 1.6  Three types of cubic lattices 

  1.7  Packing in solids 
 
  1.8 Packing efficiency 
 
  1.9 Calculation of density of unit cells 
 
  1.10 Imperfections in solids 
 
  1.11 Classification of point defects 
 
  1.12 Electrical properties of solids 
 
 **1.13 Band theory  
 
  1.14 Magnetic properties of solids 

* marked section is only for JEE (Main)  **marked section is for NEET-UG 
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Solids are classified into the following two types on the basis of the presence or absence of orderly arrangement 
of the constituent particles: i. Crystalline solids  ii. Amorphous solids  
i. Crystalline solids: 
 a. A crystalline solid  is a homogeneous solid in which the constituent particles, atoms, ions or 

molecules are arranged in a definite repeating pattern.  
OR 

  The substance whose constituent particles (atoms, ions or molecules) are arranged in a definite 
geometric pattern in three dimensional space is called crystalline solid. 

 b. Crystalline solids have long range order in which a large number of 
small crystals (unit cells) repeat periodically over the entire crystal. 

 c. A unit cell is a basic repeating structural unit of a crystalline solid and it 
has a regular pattern or arrangement of particles. 

 d. Crystalline solids have an arrangement that ensures maximum  total 
intermolecular force of attraction.  

 e. The stability and the properties of crystalline solids depend upon following 
forces of attraction between the constituent particles:  

  1. ionic bonds   2. covalent bonds 
  3. hydrogen bonds  4. van der Waals forces 
 f. Most of the solid substances are crystalline in nature.  
 eg.  1. Elements such as copper, silver, iron, sulphur, phosphorus and iodine form crystalline solids. 
  2. Compounds such as sodium chloride, potassium nitrate, zinc sulphide, sugar, quartz, etc. form 

crystalline solids. 
 g. Pure crystalline solid has sharp melting point i.e. it melts 

at one constant temperature. This is due to the presence 
of uniform orderly arrangement of constituent particles. 

 h. The physical properties (refractive index, electrical 
conductance, dielectric constant, etc.)  of crystalline 
solids change with change in direction of measurement. 
This can be understood on the basis of the different 
arrangement of particles in different directions, as shown 
in figure. Thus, crystalline solids are anisotropic. 

 i. The ability of crystalline solids to change values of 
physical properties when measured in different 
directions is called anisotropy. 

Note: Isomorphous solids and polymorphous solids: 
 i. Two or more substances having the same crystal structure are said to be isomorphous (iso – same, 

morphous – form) solids and the phenomenon is called isomorphism.  
 ii. The atomic ratio of the constituent atoms of the substance is same for isomorphous substances as 

shown in the following table:  
Isomorphous substances Atomic ratio 

NaF and MgO 1 : 1 
K2SO4 and K2SeO4 2 : 1 : 4 
NaNO3 and CaCO3 1 : 1 : 3 
Cr2O3 and Fe2O3 2 : 3   

 iii. NaCl and KCl have same atomic ratio, similar molecular formula and similar chemical properties. But they 
have different crystal structures. Thus, NaCl and KCl are not isomorphous. 

 iv. A single substance that crystallises in two or more forms under different conditions is called 
polymorphous (many forms) solid and the phenomenon is called polymorphism. 

 v. Polymorphic forms are also called allotropic forms. 
  eg.  a. Graphite, fullerene and diamond are allotropes of carbon. 

Crystalline quartz

Anisotropy in crystalline solid
Particle Particle 

O

Q

P

R
NM

Classification of solids 1.1 
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   b. Rhombic sulphur and monoclinic sulphur are polymorphic forms of sulphur. 
   c. Calcium carbonate and silicon dioxide also have two polymorphic forms. 
ii. Amorphous solids: 
 a. The substances that appear like solids but do not have well developed perfectly ordered crystalline 

structure are called amorphous (no form) solids. 
OR 

  The substances whose constituent particles are not arranged in any regular arrangement are called 
amorphous solids. 

 b. Amorphous solids do not have an orderly arrangement of constituent 
particles, atoms, ions or molecules. Even if such an arrangement is 
present, it is present upto a short distance (not more than few 
angstroms). Thus, they have short range order. 

  eg. Tar, glass, plastic, rubber, etc. are amorphous substances. 
 c. Amorphous substances do not have sharp melting point. They melt 

over a range of temperature. As the temperature increases, amorphous 
substances gradually soften, become less viscous and melt. They can 
be moulded or blown into different shapes. When heated to a certain 
temperature or when kept for long time, they may become crystalline. 

 d. Amorphous substances are super cooled liquids. They have fluid 
properties  and  flow down very slowly  under gravity. Due  to  this,  the 

  lower sides of glass panes of windows, photo frames, cupboards and showcases become slightly 
thicker and upper ends become thinner. Thus, amorphous substances are not real solids. They are 
called pseudo solids. 

 e. The physical properties of amorphous solids do not change with change in direction of measurement, 
as the arrangement of particles is irregular in all directions. Since, there is no long range order in 
these solids, they are isotropic. 

 f. The ability of the amorphous solids to have the same physical properties in all directions is called isotropy. 
 Note: i. Amorphous silicon: Photovoltaic cells (for conversion of sunlight to electricity) based on 

amorphous silicon provide one of the best conversion efficiency. 
  ii. Glass: 
   a. Glass is transparent to light. It is produced by fusing together silicon dioxide with sodium 

oxide. The colour of glass is due to addition of boron oxide and a trace amount of transition 
metal oxide. 

   b. Quartz glass is prepared from only silicon dioxide. About eight hundred types of glass are 
manufactured by changing composition. 

   c. Pyrex glass is prepared by fusing together 60 to 80%  SiO2, 10 to 25% B2O3 and 
remaining amount of Al2O3. 

   d. Soda lime glass is produced by fusing 75% SiO2, 15% Na2O and 10% CaO. 
   e. Red glass contains trace amount of gold and copper. 
   f. Yellow glass contains UO2. 
   g. Blue glass contains CoO or CuO. 
   h. Green glass contains Fe2O3 or CuO. 
 
 Differences between crystalline and amorphous solids: 
 

 Property Crystalline solids Amorphous solids 
i. Shape They have definite characteristic 

geometrical shape due to the orderly 
regular long range arrangement of 
constituent particles. 

They have irregular shape i.e., lack 
characteristic geometrical shape 
due to the short ranged orderly 
arrangement of constituent 
particles. 

ii. Melting point They have sharp and characteristic 
melting point. 
 

They do not have sharp melting 
point. They gradually soften over a 
range of temperature. 

Amorphous quartz glass
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iii. Cleavage 
property  

When cut with a sharp edged tool, 
they split into two pieces and the 
newly generated surfaces are plain 
and smooth. 

When cut with a sharp edged tool, 
they cut into two pieces with 
irregular surfaces. 

iv. Heat of fusion They have a definite and 
characteristic heat of fusion. 

They do not have definite heat of 
fusion. 

v. Anisotropy  They are anisotropic, i.e., have 
different physical properties in 
different direction. 

They are isotropic, i.e., have same 
physical properties in all 
directions. 

vi. Nature They are true solids. They are pseudo solids or super 
cooled liquids. 

vii. Order in arrangement 
of constituent particles 

They have long range order. They have only short range order. 

eg.  Copper, silver, iron, zinc sulphide, 
common salt, potassium nitrate, etc. 

Glass, rubber, plastics, etc. 

     
Crystalline solids are classified into the following four types: 
i. Molecular solids ii. Ionic solids iii. Metallic solids iv. Covalent or network solids 
i. Molecular solids: 

 a. Molecular solids are the crystalline solids in which the constituent particles are molecules of the 
same compound. 

b. Based on the type of molecules involved in crystal formation and the nature of intermolecular force of 
attraction between the neighbouring molecules, molecular solids are further classified into polar, non 
polar and hydrogen bonded molecular solids. 

 1. Polar molecular solids: 
  i. Substances such as HCl, SO2, etc. contain covalently bonded molecules. Under normal 

conditions of temperature and pressure, in gaseous state, such molecules exists as discrete 
molecules. On cooling and applying high pressure, these gaseous substances first liquefy and 
then solidify to give polar molecular solids. 

  ii. Polar molecules have permanent dipole moment. In the solid state, these molecules are held 
together by strong dipole–dipole interactions. 

  iii. Polar molecules have charge separation. They are aligned in such a way that opposite charges 
are brought closer. 

  iv. They are soft and do not conduct electricity. 
  v. They have relatively low melting points due to relatively weak bonding. 
  vi. They have higher enthalpies of vapourisation than those of non-polar molecular solids. 
 
 2. Non-polar molecular solids: 
  i. At very low temperatures, non-polar molecular solids are formed from non-polar molecules like 

CO2, H2, Cl2, CH4 and weakly polar molecules like CO and other hydrocarbons. 
  ii. Iodine (I2) is a solid even at room temperature while other non-polar molecular solids are in 

gaseous state at room temperature. 
  iii. Non-polar molecular solids are soft and they do not conduct electricity. 
  iv. They have relatively low melting points, lower than polar molecular solids. 
  v. Weak dispersion forces or London forces are present in non-polar molecular solids. 
  vi. They are volatile and have low enthalpies of vapourisation. 
 
 3. Hydrogen bonded molecular solids: 
  i. Hydrogen bond is formed between hydrogen atom and strongly electronegative atom present in 

the vicinity. Hydrogen atom acquires partial positive charge when it is attached to strongly 
electronegative atom such as oxygen, nitrogen or fluorine. 

Classification of crystalline solids1.2 
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  ii. Solid water (ice) is a hydrogen bonded molecular solid in which the hydrogen bond is formed 
between hydrogen atoms of one water molecule with oxygen atoms of neighbouring water 
molecules. 

  iii. Hydrogen bonded molecular solids do not conduct electricity. 

  iv. They are in liquid state or gaseous state at normal temperature and pressure. The liquids 
solidify only on cooling. 

 Note: Hydrogen bonding in ice and water (Anomalous behaviour): 

  i. The volume of single water molecule is                            

15  1024 cm3. Assuming that all water molecules in 
liquid state are closely packed, the total volume of 1 

mole (18 g) of water is 15  1024 cm3  6.02  1023 = 
9 cm3. This is about one half of the value 18 cm3 

calculated from mass 18 g and density 1 g mL1. 
Thus, one half of the total volume is unoccupied. 

  ii. Ice has hexagonal three dimensional crystal structure 
formed by intermolecular hydrogen bonding with 
one half of total volume unoccupied. 

  iii. Generally the density of solid state is greater than 
the density of liquid state. However, reverse is true 
for water which shows an anomalous behaviour. 

  iv. Liquid water has structure which is identical to that of solid ice. On melting of ice, some of the 
hydrogen bonds are broken and some of the empty spaces are occupied by water molecules. 
Therefore, the density of liquid water is greater than the density of solid ice and thus, ice floats 
on water.  

ii. Ionic solids: 

 a. Ionic solids are crystalline salts formed by molecules containing positively charged smaller sized 
cations and negatively charged relatively bigger anions. 

  eg. NaCl, ZnS, CuCl, LiF, etc. 

 b. Electrical neutrality is maintained in the molecule due to presence of equal number of positive and 
negative charges and their appropriate arrangement so that they balance each other. 

 c. Two types of electrostatic forces are present in ionic solids: 

 1. Electrostatic force of attraction between ions of opposite charges. 

 2. Electrostatic force of repulsion between ions of same charges. 
 d. Due to these two forces, well ordered three dimensional 

arrangement is obtained and most of their properties can be 
explained. 

 e. The arrangement of ions depends on the following three factors: 

 1. sizes of the cation and anion,  

 2. the charges on the ions and 

 3. polarisability of anion. 

 f. The ionic solids are hard and brittle. They have high melting points.  

 g. In solid state, free electrons are not available. Therefore, ionic solids do not conduct electricity. 
However, in  fused state or in aqueous solution, ions become free to move and conduct electricity. 

 h. They have high enthalpies of vaporisation. 

 i. When shearing force is applied, ionic crystals are distorted resulting in the fracture in crystal 
structure. 

O
OH

O
H

H 

H 

O 
H H

H 

H

OH H

Tetrahedral geometry of water
molecule formed by two covalent

and two hydrogen bonds 

Crystal structure of ionic solid
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iii. Metallic solids: 
 a. Metallic solids are the crystalline solids formed by atoms of the same metallic element. 
  eg. Metals like nickel, copper, gold, etc. and alloys. 
 b. Each metal atom contributes one or more electrons which are 

delocalised over the entire crystal. i.e., they can move freely 
from one end to the other and constitute a sea of free and 
mobile electrons. 

 c. The positive core of the metal atoms remains stationary in 
this sea of electrons. 

 d. Metallic bond is the force of attraction between positively 
charged metallic ion and negatively charged sea of 
delocalised electrons. 

 e. Metallic solids are good conductors of heat and electricity due to presence of mobile electrons. These 
mobile electrons can move from one place to another when electrical or thermal energy is applied. 

 f. They have moderate enthalpies of fusion. 
 g. When shearing force is applied, the layers of metallic solid slide on one another. Thus, the structure is 

not fractured. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 h. Metallic bonds are stronger than ionic and covalent bonds. Hence, metallic solids are tougher than 

other solids. 
 i. The metals are malleable (can be hammered or rolled into thin sheets of desired thickness) and 

ductile (can be drawn into thin wires of required size.) 
 j. Two or more metals can be fused together to form alloys. These alloys have properties that are 

different from their constituent metals. 
 k. Metal surfaces have lustre of grey or silvery colour. Gold has yellow lustre and copper has reddish lustre. 
 
iv. Covalent solids: 
 a. Covalent solids are formed by chemical bonds i.e. covalent bonds between the neighbouring 

constituent atoms of non-metallic solids.  

Application of shearing force 
results in distortion of ionic crystal 
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 b. They are also called giant molecules or network solids as there is a continuous network of covalent 
bonds forming a giant three dimensional structure. 

 c. They may be hard or brittle depending on the type of covalent bonding between the atoms. 
 d.  They have high melting points. 
 e. They are good conductors of electricity if mobile electrons are present, otherwise they are insulators. 
 f. They have high enthalpies of fusion. 
 eg. Three allotropic modifications of carbon i.e., diamond, graphite and fullerene are covalent solids. 
 1. Diamond: 
  i. Diamond is an allotrope of carbon and is used in jewellery. 
  ii. Diamond is a very strong and extremely hard solid due to 

the presence of strong covalent bonds between sp3 
hybridised carbon atoms which continues in all directions 
to form a big giant network of covalent solid. 

  iii. Each carbon atom lies at the centre of a regular tetrahedron 
and other four carbon atoms are present at the corners of 
the tetrahedron. 

  iv. The melting point of diamond is very high (3550C). 
  v. Diamond is a poor conductor of electricity as all the 

valence electrons of carbon are strongly held in carbon-
carbon bonds. 

   
 2. Graphite: 
  i. Graphite is an allotropic form of carbon which contains sp2 hybridised carbon atoms forming 

inter linked six membered rings of carbon atoms.  
  ii. Each sp2 hybridised carbon atom is covalently bonded to three other sp2 hybridised carbon 

atoms. The remaining half filled unhybridised 2pz orbital is used for  bonding, which results in 
formation of layers of carbon atoms in graphite. 

  iii. The adjacent layers of carbon atoms are separated by a 
distance of 340 pm and are held together by weak van der 
Waals forces of attraction. 

  iv. Graphite is hard due to the presence of covalent bonds 
between sp2 hybridised carbon atoms. 

  v. Graphite is a good conductor of electricity, due to the 
presence of delocalised electrons which can move freely in 
the  bonds of the six-membered hexagonal rings. 

  vi. Graphite is used as lubricant for reducing friction because 
in graphite, one layer of carbon atoms can slide over 
another layer. 

  vii. Graphite is used in the manufacture of ribbons used for 
printing in computers and typewriters and it is also used in 
lead pencils. 

  
 3. Buckminster fullerene or Buckball or fullerene: 

  i. It was discovered in 1985 by focusing high power laser on 
carbon. It has formula C60 and is a hollow sphere with  
shape of soccer ball. Carbon atoms occupy sixty 
equidistant places on the sphere. They form hexagons and 
pentagons. 

  ii. In fullerene, carbon atoms are sp2 hybridised. Fullerene 
contains delocalised molecular orbitals spread over entire 
structure of fullerene. 

Network structure of diamond

154 pm 

The structure of C60,
Buckminster fullerene

Layered structure of graphite

141.5 pm
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0 
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