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CHAPTER : 1  SOME BASIC CONCEPTS OF CHEMISTRY 

 State and explain Law of definite proportion 

A chemical compound always contains the same elements combined together in the same 

proportion by mass.  Proposed by Joseph proust.  

              Example:- Carbon dioxide can be obtained by many methods.   

             Its formula →    CO2                   Mass ratio→ 12:32              Simple ratio →3:8  

 State and explain Law of multiple proportion . 

When two elements combine to form two or more compounds, the different masses of one 

element that combine with a fixed mass of the other element, are in the small whole 

number ratio.  Proposed by John Dalton.                                                                                                                    

 Example:- Hydrogen and oxygen combine to form two compounds, water and hydrogen 

peroxide.                                    

 H2   +   1/2   O2  →    H2O           ,                                    H2   +      O2  →    H2O2 

               2 g             16 g           18 g                                             2 g          32 g       34 g 

             Here hydrogen has fixed mass ( 2 g) . Oxygen has different masses ( 16 and 32) 

               Its ratio  →    16:32 = 1:2                  

             It is simple whole number ratio 

              More examples:- (i)  CO  ,  CO2      (ii)   NO    , NO2  

 Define atomic mass . 

The atomic mass of an element means how many times an atom of an element is heavier than 

one-twelfth of a carbon-12 atom. 

Element  Relative atomic mass  Element Relative atomic mass 

Hydrogen , H 
Carbon ,  C 
Nitrogen , N  
Oxygen , O 
Sodium , Na  
Phosphorus , P  

1 
12 
14 
16 
23 
31 

Sulphur , S 
Chlorine , Cl  
Potassium , K 
Calcium , Ca 
Iron , Fe  
Bromine , Br 
Silver , Ag 

32 
35.5 
39 
40 
56 
80 
108 
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 Define molecular mass  

The molecular mass of a substance (element or compound)  means how many times the mass of a 

molecule  is heavier than one-twelfth ( 1/12) of a carbon-12 atom. 

It is obtained by multiplying the atomic mass of each element by the number of its atoms and 

adding them together. 

Molecular mass of glucose ( C6H12O6)  = (12 X6) + (1 X 12 ) + (16 X 6)  =  72 + 12 + 96  = 180 

Molecular mass of sulphuric acid  ( H2SO4)  = (1 X2) + (32 X 1 ) + (16 X 4)  =  2 + 32 + 64  = 98 

Molecular mass of Calcium carbonate  ( CaCO3)  = (40 X1) + (12 X 1 ) + (16 X 3)  =  40 + 12 + 48  = 100 

Molecular mass of Ethanol( C2H5OH)  = (12 X2) + (1 X 6 ) + (16 X 1)  =  24 + 6 + 16  = 46 

Molecular mass of ammonium sulphate  (NH4)2SO4  = (14 X2) + (1 X 8 ) + (32 X 1)  + (16 X 4)  =  132 

 Define Atomic mass unit (amu) or unified mass (u). What is its value ? 

One atomic mass unit is equal to one-twelfth( 1/12 ) the mass of an atom of carbon-12 .  
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 Define Mole .  

Mole is the amount of a substance which contain 6.022  x  10 23 particles  (Avogadro’s number)  

 
 
 
MOLE 

6.02 x 10 23 particles 

22.4 L at STP  (Molar volume at STP) 

1 gram atom of an element ( eg. 12 g C, 23 g Na) 

1 gram molecular mass of a substance (eg. 180 g glucose) 

1 gram formula mass of an ionic substance (eg. 58.5 g NaCl) 

 Define Molar mass? 

The mass of one mole substance is called molar mass. 

 Give different equations to find out the number of moles. 
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 What is the mass of one mole electron? 

0.55 milligram 

 What is Limiting reagent (limiting reactant) ? 

The reactant that is consumed completely in a reaction is called Limiting reagent  (limiting reactant ).  

Example: 

2 H2(g) +   O2(g) →    2H2O(g) 

2 mol     1 mol           2 mol 

In this reaction , 2 mole hydrogen react with 1 mole oxygen to produce 2 mole water.  

If this reaction is carried out using 2mol H2 and 2mol O2 , 2mol H2 is used up  completely and so H2 is the 

limiting reagent . Here O2 is excess reagent  
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1. Explain Rutherford’s alpha ray scattering experiment. Give its important observations and 

conclusions. 

Rutherford bombarded thin gold foil by alpha particles (positive charge) and the movements of 

rays are detected by circular zinc sulphide screen. 

 Observations Conclusions 
1 Most of the alpha particles passed through the 

gold foil without any deflections. 
Most of the space in an atom is empty. 
 

2 A few alpha particles were deflected through 
small angles . 

A heavy positive centre is present at the 
centre of the atom called nucleus.  

3 Very few alpha particles are deflected back 
(1800). 

Nucleus is very small in size.  

2. What are the postulates of Rutherford atom model? 

(I) Most of the mass and all positive charge is concentrated at the centre of the atom 

called nucleus. 

(II) Electrons are revolving around the nucleus with very high speeds. 

(III) Most of the space inside the atom is empty. 

(IV) Electrons and nucleus are held by electrostatic forces of attraction. 

3. What are the draw backs (failure) of Rutherford atom model? 

(I) Failed to explain the stability of the atom. 

(II)  Failed to explain hydrogen spectrum. 

(III) It does not say anything about the electronic structure of atom.  

4. Give the postulates of planks quantum theory of radiation. 

(i) Radiant energy is emitted or absorbed not continuously but discontinuously in the form 

of small packets of energy called quanta. In the case of light, it is called photon. 

(ii) The energy of a quantum of radiation is proportional to its frequency. 

E α ν           OR E = h ν                                           h= plank’s constant =6.626 x 10-34 Js 

5. What is Photoelectric effect? What are its characteristics? 

When light falls on certain metals, electrons are emitted is called photoelectric effect.  

 e.g., Alkali metals (Potassium, Rubidium, Caesium ) show photoelectric effect. 

(I) For the ejection of electrons, the incident light must have a minimum frequency called 

threshold frequency (ν0). Corresponding minimum energy is called work function  

(II) The kinetic energy of the ejected electrons depends on the frequency of the incident radiation. 

(III) The number of electrons ejected is proportional to the intensity or brightness of light. 
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(IV) The electrons are ejected from the metal surface as soon as the beam of light strikes the 

surface. 

Equation : h ν  = h ν0  + ½ mv2
                                                                                                                             

h ν = energy of incident light  , h ν0  =threshold energy (work function) ,    ½ mv

Kinetic energy  , ½ mv2         =  h ν  

6. Explain line spectrum of hydrogen.

When an electric discharge is passed through 

hydrogen gas at low pressure taken in discharge 

tube, H2 molecules dissociate to form hydrogen 

atoms. The excited hydrogen atoms emit 

electromagnetic radiations of certain frequencies. 

When this radiation is passed through 

spectroscope, we can see many lines. It is called 

hydrogen spectrum.  

Hydrogen spectrum consists of several series.

Their wave number and wavelength is determined 

by the Rydberg equation.  
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   The spectral series of hydrogen spectrum are

Series Spectral 
region 

Lyman series Ultraviolet  

Balmer series Visible 

Paschen series Infrared 

Brackett series Infrared 

Pfund series Infrared 

 

7. What are the postulates of Bohr atom model?

(I) The electrons in an atom revolve around the nucleus in circular paths 

orbits have definite energies called energy shells or energy levels. These are numbered 

1,2,3,4,… or designated as K,L,M,N,….

(II) As long as electrons remain in a particular orbit, it does not lose or gain energy. Therefore 

these orbits are called stationary states.

(III) Only those orbits are permitted in which the angular momentum of the electron is a whole 

number multiple of h/2π .  i.e. Angular momentum, mvr  =nh/2π     n = 1,2,3,……

(IV) Energy is emitted or absorbed by an atom only when an electr

to other. The difference in energy , 

The electrons are ejected from the metal surface as soon as the beam of light strikes the 

                                                                                                                             

=threshold energy (work function) ,    ½ mv2  = kinetic energy

=  h ν  - h ν0  =  h( ν  - ν0 ) 

Explain line spectrum of hydrogen. 

When an electric discharge is passed through 

ressure taken in discharge 

molecules dissociate to form hydrogen 

atoms. The excited hydrogen atoms emit 

certain frequencies. 

is passed through 

, we can see many lines. It is called 

consists of several series. 

Their wave number and wavelength is determined 
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The spectral series of hydrogen spectrum are 

n1 n2 

1 2,3,…. 

2 3,4,…. 

3 4,5,…. 

4 5,6,…… 

5 6,7,……. 

What are the postulates of Bohr atom model? 

The electrons in an atom revolve around the nucleus in circular paths called orbits. These 

orbits have definite energies called energy shells or energy levels. These are numbered 

1,2,3,4,… or designated as K,L,M,N,…. 

As long as electrons remain in a particular orbit, it does not lose or gain energy. Therefore 

e called stationary states. 

Only those orbits are permitted in which the angular momentum of the electron is a whole 

number multiple of h/2π .  i.e. Angular momentum, mvr  =nh/2π     n = 1,2,3,……

Energy is emitted or absorbed by an atom only when an electron in it moves from one orbit 

The difference in energy , ∆E  =  E2 -  E1  =  hν 

The electrons are ejected from the metal surface as soon as the beam of light strikes the 

                                                                                                                                                                     

etic energy 

called orbits. These 

orbits have definite energies called energy shells or energy levels. These are numbered 

As long as electrons remain in a particular orbit, it does not lose or gain energy. Therefore 

Only those orbits are permitted in which the angular momentum of the electron is a whole 

number multiple of h/2π .  i.e. Angular momentum, mvr  =nh/2π     n = 1,2,3,…… 

on in it moves from one orbit 
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8. What are the merits of Bohr atom model? 

(I) Bohr’s model can explain the stability of an atom. 

(II) Bohr’s model can explain the atomic spectrum of hydrogen 

(III) Bohr’s theory helped in calculating energy of an electron in a particular orbit of hydrogen 

atom. 

9. What are the draw backs (Limitations) of Bohr atom model? 

(I) It cannot explain the line spectra of multi electron atoms. 

(II) It cannot explain Zeeman effect and Stark effect. 

(III) It cannot explain de Broglie concept of dual nature of matter. 

(IV) It cannot explain Heisenberg’s uncertainty principle. 

(V) It cannot explain the ability of atoms to form molecules by chemical bonds. 

10.   ������ �� ���� �����, �� =
��.��  � �����    ��
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  ��                

                    Z =  Atomic number  ,      n =  Number of orbits 

11. What is Dual nature of matter? Give de Broglie equation.  

 According to de Broglie,  all microscopic particles in motion (e.g., Electron) has particle character 

and wave character. 

de Broglie equation is, � =
�

��
=  

�

�
   

 Wavelength ( λ) → Wave character.                  

 Momentum (p) → Particle character. 

For electron, wave character is significant. It is against Bohr model. 

12.  State Heisenberg’s uncertainty principle. Give its mathematical forms and its significance. 

It is not possible to determine simultaneously both the position and velocity (or momentum) of a 

microscopic moving particle such as electron with absolute accuracy. 

Mathematical form is     ∆�. ∆� ≥
�

��
   

∆x = uncertainty in position. ∆p = uncertainty in momentum.  

h= plank’s constant =6.626 x 10-34 Js  

    Momentum, p =  mass  x velocity  , p =mv                           

 ∆p= m∆v                                                  ∆�. �∆� ≥
�

��
 

∆v = uncertainty in velocity 

Significance:-This principle rules out the existence of definite paths or trajectories for moving 

microscopic particles such as electrons. 

13. What are orbitals?  

An orbital is the region in space around the nucleus where there is maximum probability of finding 

an electron having a specific energy. 

The concept of orbital is in accordance with the wave nature of electrons and Heisenberg’s 

uncertainty principle.   
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Different orbitals have different shape. 

Orbitals are directional (except s-orbital) and can explain shapes of molecules. 

An orbital can accommodate maximum two electrons. 

 

14. What are Quantum numbers? Which are four Quantum numbers? Explain each. 

  Quantum numbers are a set of four numbers with the help of which we can get complete 

information about the electron in an atom. It is address of an atom. 

There are four quantum numbers. 

(I) Principal quantum number (n). 

(II) Azimuthal or Angular momentum quantum number (l).  

(III) Magnetic quantum number (m). 

(IV) Spin quantum number(s) 

(I) Principal quantum number (n):-    

It represents the main energy level or shell in which the electron is located. It also 

determines the average distance of the orbital or electron from the nucleus.   

  n= 1, 2, 3, 4,  ……….                    

 n=1       first energy level,    n=2       second energy level   

(II)  Azimuthal or Angular momentum quantum number (l) :- 

It determines the magnitude of the orbital angular momentum of an electron. It denotes 

the sub shell in which electron is located in a shell. 

              Its value determines the shape of the orbital.     

               For a given value of n,    l  =   0  to n-1 

l 0 1 2 3 

Subshell s p d f 

Shape of the orbital Spherical Dumb-bell Double dumb-bell complex 

 

For 1st shell  (n =1) l =0   one value   one sub shell 1s 

For 2nd  shell  (n=2) l =0,1   two  values   two  sub shells   2s 2p 

For 3rd shell  (n =3) l =0,1,2   three values   three sub shells     3s,3p,3d 

For 4th shell  (n =4) l =0,1,2,3   four values   four sub shells     4s,4p,4d,4f 

(III) Magnetic quantum number (m) :-It describes the behavior of the electrons in an 

external magnetic field. It refers to the different orientations (orbitals) in a sub shell.    

 For a given value of l       m=  -l  …..0……..+l 

For s Sub shell( l=0) m =0   one value One  s orbital   

For p Sub shell( l=1) m = -1,0,+1      Three values Three  p orbitals  

For d Sub shell( l=2) m =-2,-1,0,+1,+2    Five  values Five  d orbitals 

For f Sub shell( l=3) m = -3,-2,-1,0,+1,+2,+3    Seven values Seven  f orbitals   

(IV) Spin quantum number(s):-It describes the spin orientation of electrons. 

  Spin orientation in two ways – clockwise (+1/2) or anti clockwise (-1/2) 
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15. State (n+l) rule 

(I) Orbitals are filled in the order of increasing value of (n+l) . e.g.,  3s  < 3p 
For 3s , n+l = 3+0 = 3     For 3p , n+l = 3+1 = 4    

(II) If the two orbitals have same value of   (n+l)  value, the one with lower ‘n’ will be filled first.   
For For 3d , n+l = 3+2 = 5     For 4p , n+l = 4+1 = 5     so 4p  > 3d   

16. ELECTRONIC CONFIGURATION  

Element Electronic configuration Orbital diagram 

1H 1s1 
 

2He 1s2 
 

3Li 1s2 2s1 
 

4Be 1s2 2s2 

 
5B 1s2 2s2 2p1 

 
6C 1s2 2s2 2p2 

 
7N 1s2 2s2 2p3 

 
8O 1s2 2s2 2p4 

 
9F 1s2 2s2 2p5 

 
10Ne 1s2 2s2 2p6 

 
11Na  1s2 2s2 2p63s1  

12Mg 1s2 2s2 2p6 3s2  

13Al 1s2 2s2 2p6 3s2 3p1  

14Si 1s2 2s2 2p6 3s2 3p2  

15P 1s2 2s2 2p6 3s2 3p3  

16S 1s2 2s2 2p6 3s2 3p4  

17Cl 1s2 2s2 2p6 3s2 3p5  

18Ar 1s2 2s2 2p6 3s2 3p6  

19K 1s2 2s2 2p6 3s2 3p6 4s1  

20Ca 1s2 2s2 2p6 3s2 3p6 4s2  
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21Sc 1s2 2s2 2p6 3s2 3p6 3d1 4s2  
 

22Ti  1s2 2s2 2p6 3s2 3p6 3d2 4s2  
 

23V 1s2 2s2 2p6 3s2 3p6 3d3 4s2  
 

24Cr  1s2 2s2 2p6 3s2 3p6  3d54s1 
 

25Mn 1s2 2s2 2p6 3s2 3p6 3d5 4s2  
 

26Fe 1s2 2s2 2p6 3s2 3p6   3d6 4s2  
 

27Co 1s2 2s2 2p6 3s2 3p6 3d7 4s2  
 

28Ni  1s2 2s2 2p6 3s2 3p6    3d8 4s2  
 

29Cu 1s2 2s2 2p6 3s2 3p6  3d10 4s1  
30Zn 1s2 2s2 2p6 3s2 3p6  3d10 4s2  

 
17. Which are rules for writing electronic configuration?  

(I) Aufbau principle   :- 
 In the ground state of the atoms, the orbitals are filled in order of their increasing energies.  

1s  <  2s   < 2p < 3s < 3p  < 4s < 3d  <  4p  <  5s  <  4d  <5p  <6s  <  4f  <  5d  <  6 p  < 7s  <  5f  <  6d  <  7p   

(II) Pauli’s exclusion principle    :-  
It states that no two electrons in the same atom can have the same set of four quantum numbers.          
  For the two electrons in the first shell  

For 1st electron n=1 , l =0 , m =0 , s =+1/2 
For 2nd electron n=1 , l =0 , m =0 , s =-1/2 

  Here spin quantum number is different. 
If third electron is present in first shell, there will be same set of quantum numbers. 
It is against Pauli’s exclusion principle     
ie. An orbital cannot accommodate more than two electrons. 
An orbital can accommodate maximum two electrons. 

(III) Hund’s rule of maximum multiplicity 
This rule states that electron pairing in orbitals of same sub shell will not takes place until each 
available orbital of that sub shell is singly occupied (with parallel spin). 
  N      →  1s2 2s2 2px1     2py1   2pz1          

                                                                                                                              
18. Reason for exceptional configuration of chromium and copper. 

Chromium :    1s2  2s2 2p6  3s2 3p6  3d5  4s1      

 
          Copper :   1s2  2s2 2p6  3s2 3p6  3d10  4s1 

 
Half filled and completely filled orbitals have more stability due to symmetrical arrangement and 

greater exchange energy. 
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1. State Modern periodic law  

The properties of elements are periodic function of their atomic numbers.                        

Modern periodic law is proposed by Henry Moseley. 

2. Long form of periodic table (Modern periodic table) 

It is based on modern periodic law.  

The elements are arranged in horizontal rows are called periods and vertical columns are called 

groups.  

There are seven periods and 18 groups in the periodic table.  

Each group constitutes a family of elements with similar properties. 

 In the modern periodic table, the period indicates the value of principal quantum number (n). 

 There are 4 blocks in the periodic table -s-block, p-block, d-block, and f-block. 

3. Periods of modern periodic table 

Periods Length of periods No. of elements Electron filling sub shells 

1 Very short period 2 1s 

2 Short period 8 2s, 2p 

3 Short period 8 3s, 3p 

4 Long period  18 4s, 3d, 4p 

5 Long period 18 5s, 4d, 5p 

6 Monster period 32 6s, 4f, 5d, 6p 

7 Incomplete period Maximum 32 7s, 5f, 6d, 7p 

4. Which are periodic properties?  

(i) Atomic radius          (ii) Ionization energy  

(iii) Electron gain enthalpy           (iv)   Electronegativity         (v) Valency 

5. What is Atomic radius? Explain its variation along a period and in a group. 

Atomic radius is defined as the distance from the centre of the nucleus of the atom to the outer 

most shell of electrons. 

  

In a period, from left to right, atomic radii decrease. 

 From left to right atomic number increases, nuclear 

charge increases. But the electrons are added in the 

same shell. As a result electrons are attracted closer 

to the nucleus by increased effective nuclear charge. 

This leads to decrease of atomic size. 
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In a group, from top to bottom, atomic radii increase due to increase in number of shells. 

 

6. Atomic radii of noble gases are higher than that of halogens. Why? 

This is because noble gases are mono atomic. So Vander Waal’s radius is used to express the 

atomic radius which is greater than metallic radius or covalent radius. 

7. Why cation is smaller and anion is larger than parent atom? 

Cation is formed by the loss of electrons.  Nuclear charge remains same.  So effective nuclear 

charge increases, attraction increases and size decreases. 

Anion is formed by the gain of electrons.  Nuclear charge remains same.  So effective nuclear 

charge decreases, attraction decreases and size increases. 

8. What are isoelectronic species? Give examples.  Arrange them in the increasing order of size. 

Atoms and ions which contain same number of electrons are called isoelectronic species. 

    N3-  ,O2- ,  F-  ,  Na+  , Mg2+  , Al3+                    
(These have different nuclear charge , But contain 10 electrons each) 

The order of decreasing size is N3-  > O2- > F-  >Na+  > Mg2+  > Al3+ 
Among the isoelectronic species, greater the nuclear charge , smaller the size. 

 

9. What is Ionization energy ?  Explain its variation along a period and in a group.  

The amount of energy required to remove the most loosely bound electron from an   isolated 

gaseous atom is called ionization energy (ionization enthalpy). 

In a period, from left to right ionization enthalpy increases due to increase in nuclear charge and 

so valence electrons are more tightly held by the nucleus. 

 But some irregularities are observed. Beryllium has higher ionization energy than Boron due to 

stable electronic configuration   ( 1s22s2) . Similarly nitrogen has higher ionization energy than 

oxygen due to half filled stable electronic configuration ( 1s22s22p3). 

 In a group, Ionization enthalpy decreases from top to bottom due to increase in atomic size.  
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10. What are the factors affecting ionization energy? 

 (i) Atomic size (ii) Nuclear charge (iii) shielding effect or screening effect of inner electrons                                               

(iv) penetration effects of electrons (s>p>d>f)      (v) electronic configuration. 

11. First ionization enthalpy of sodium is lower than that of magnesium but its second ionization 

energy is higher than that of magnesium. Explain. 

For sodium (1S22S22P63S1) , first electron is removed from 3s orbital , that is easy , because 

removal of electron can form stable electronic configuration.  So first ionization energy is low 

(Na+→1S22S22P6 ) 

For Magnesium (1S22S22P63S2) , first electron is removed from completely filled  3s orbital , that is 

difficult , because removal of electron is from stable electronic configuration. So first ionization 

energy is high. 

But for Na+, its second ionization energy is high because of stable electronic configuration. 

12. What is electron gain enthalpy ( Electron affinity)? Explain its variation along a period and in a 

group.   

The amount of energy released when an electron is added to isolated gaseous atom is called 

electron gain enthalpy.               

X (g) +e−    →  X(g) 
−    ∆H  = ∆egH   

In a period, from left to right electron gain enthalpy becomes more and more negative.                              

It is due to increase in nuclear charge. 

In a group, Electron gain enthalpy decreases from top to bottom due to increase in atomic size.  

13. Electron gain enthalpy of noble gases are zero or positive .Why? 

Due to completely filled electronic  configuration( ns2np6). 

14. Electron gain enthalpy of fluorine is less than that of chlorine .Why? 

This is due to the very small size of fluorine atom. As a result, inter electronic repulsion in the 2p 

sub shell of F is more than that in the relatively larger 3p sub shell in chlorine atom. 

15. What are Factors affecting electron gain enthalpy ?  

(i) Atomic size  

(ii) Nuclear charge,  

(iii) Electronic configuration 

16. What is Eectro negativity? Explain its variation along a period and in a group.                                                                   

Electro negativity is the ability of an atom in a molecule to attract the shared pair of electrons 

towards it. Halogens have highest electro negativity in their periods.                                                                                                                       

Fluorine is the most electro negative element.                                                                                                                                           

Electro negativity increases from left to right in a period due to increasing nuclear charge.                                          

Electro negativity decreases from top to bottom in a group due to increase in atomic size. 

( ഈ NOTES ന്െട   വീഡിേയാ �ാസുകൾ കാണാൻ CHEM DSM എ� YOUTUBE ചാനൽ 

കാണുക. SUBSCRIBE  െച�ുക  ) 

                           PREPARED BY: YOOSAFALI T K , GHSS VARAVOOR (8040) ,9947444175 

========================================================================= 

Join Telegram Channel: https://t.me/hsslive Downloaded from www.Hsslive.in ®



 

 

        CHAPTER 4     CHEMICAL BONDING AND MOLECULAR STRUCTURE
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===============================================================

1. What are the main postulates of valence shell electron pair repulsion theory
(I) The shape of the molecule depen
(II) The electron pairs repel each other

state of minimum energy or maximum stability.
(III) A multiple bond is treated as if it is 
(IV) The repulsive interaction decreases in the order.

Lone pair-Lone pair  > Lone pair

Type No. of electron pairs

AB2 2 (bp) 

AB3 3(bp) 

AB4 4(bp) 

AB5 5(bp) 

AB6 6(bp) 

AB3E 3(bp), 1 (lp)

AB2 E2 2(bp), 2 (lp)

AB4E 4(bp), 1 (lp)

AB3 E2 3(bp), 2 (lp)

AB2 E3 2 (bp),  3(lp)

AB5E 5 (bp), 1 (lp)

AB4 E2 4(bp),  2 (lp)

2. Explain the shape of following molecules on the basis of VSEPR theory.

BeCl2 
 

Be →atomic number 4 , electronic configura�on 2,2 . Be
electrons. Bonded with two chlorine atoms. S
To minimize repulsion, linear geometry. Bond angle 180 

BF3 

B→ atomic number 5 , Electronic configuration 2,3 . B
electrons. Bonded with three fluorine atoms. 
it.  To minimize repulsion, trigonal planar geometry. Bond angle 120 

CH4 

C→ atomic number 6 ,  E
Carbon has four valance electrons.
  Bonded with four hydrogen atoms
repulsion, tetrahedral  geometry. Bond angle 109.5 
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What are the main postulates of valence shell electron pair repulsion theory (VSEPR THEORY 
The shape of the molecule depends on the number of valence electron pairs of the central atom.
The electron pairs repel each other. As a result, the electron pairs try to stay as far apart to acquire a 
state of minimum energy or maximum stability. 
A multiple bond is treated as if it is a single electron pair. 
The repulsive interaction decreases in the order. 

Lone pair  > Lone pair-Bond pair > Bond pair-Bond pair   

No. of electron pairs Shape of the molecule Examples

Linear BeF2, BeCl

Trigonal planar BF3 

Tetrahedral CH4 

Trigonal bi pyramid PCl5 

octahedral SF6 

3(bp), 1 (lp) Trigonal pyramidal NH3 

2(bp), 2 (lp) Bent or inverted V shape H2O 

4(bp), 1 (lp) See- saw SF4 

3(bp), 2 (lp) T shape ClF3 

2 (bp),  3(lp) Linear XeF2 

5 (bp), 1 (lp) Square Pyramid BrF5 

4(bp),  2 (lp) Square planar XeF4 

Explain the shape of following molecules on the basis of VSEPR theory. 

→atomic number 4 , electronic configura�on 2,2 . Beryllium has two valance 
nded with two chlorine atoms. So Beryllium has two bond pairs around it. 

To minimize repulsion, linear geometry. Bond angle 180 0  

lectronic configuration 2,3 . Boron has three valance 
e fluorine atoms. So Boron has three bond pairs around 

To minimize repulsion, trigonal planar geometry. Bond angle 120 0  

,  Electronic configuration 2,4 .    
valance electrons.                        

Bonded with four hydrogen atoms.  So Carbon has four bond pairs around it. 
repulsion, tetrahedral  geometry. Bond angle 109.5 0  
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PREPARED BY: YOOSAFALI T K , GHSS VARAVOOR (8040) ,9947444175 

================================================================         

THEORY )  
ds on the number of valence electron pairs of the central atom. 

. As a result, the electron pairs try to stay as far apart to acquire a 

Examples Bond angle 

BeCl2 1800 

1200  

109.50 

1200, 900 

  900 

1070 

104.50 

 

 

 

 

 

has two valance 
has two bond pairs around it.  

has four bond pairs around it.  To minimize 
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PCl5 

P→ atomic number 15, 

 Electronic configuration 2,8,5 .  
 Phosphorus has five valance electrons. Bonded with five chlorine atoms.   

So Phosphorus has five bond pairs around it.  

To minimize repulsion, trigonal bipyramid geometry.   

Bond angle 120 0 and  90 0 

 

SF6 

S→ atomic number 16,  

Electronic configuration 2,8 ,6 .          

 Sulphur has six valance electrons. 

 Bonded with six fluorine atoms .  

So Sulphur has six bond pairs around it. 

 To minimize repulsion, octahedral  geometry. 

 Bond angle 90 0  

NH3 
N →atomic number 7 ,  

Electronic configuration 2,5 .  

Nitrogen has five valance electrons. Bonded with three hydrogen atoms .  

So Nitrogen has three bond pairs and one lone  pair.  

There are two type repulsions.  

Bond pair-bond pair repulsion and bond pair- lone pair repulsion.  

 Bond pair-lone pair repulsion is greater and bond angle is slightly reduced from tetrahedral angle to 107 0 .  

Geometry is  trigonal pyramidal. 

H2O 
O → atomic number 8 , 

 Electronic configuration 2,6 . 

 Oxygen  has six valance electrons. Bonded with two hydrogen atoms.                                   

So Oxygen has two bond pairs and two lone pairs around it.  

There are three type repulsions.     

Bond pair-bond pair repulsion  <  bond pair- lone pair repulsion < lone pair 

– lone pair repulsion.     

Due to these repulsions bond angle is reduced from tetrahedral angle to 104.5 0.                                                         

Geometry is bent shape or inverted V shape. 

XeF4   :- It has square planar geometry . Four bond pairs and two lone pairs 
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3. Draw the potential energy curve for the formation of a hydrogen molecule on the basis of inter nu

distance of the hydrogen atoms.  

4. The orbital overlap concept of covalent bond formation.(VALENCE BOND THEORY)
(I) Covalent bonds are formed by the overlapping of half filled atomic orbitals present in the valence 

shell of the combining atoms.
(II) The orbitals undergoing overlapping must have electrons with opposite spins.
(III) The greater the overlapping , the stronger the bond formed. 

5. What are the difference between sigma bond and pi bond?

Sigma bond (σ bond) 
Sigma bond is formed by the end to end (or axial ) 
overlap of atomic orbitals 

This can be formed by overlap of s-s ,s

sigma bond is strong bond 

Free rotation of atoms around sigma bond is 
possible 

Pz + Pz → sigma bond (σ)       , Px

6. What is Hybridization? Give their Characteristics
 Inter mixing of atomic orbitals of same element with slightly different energies and different shape to get 
orbitals of same energy and shape is called hybridisation.
Characteristics 
(I) The number of hybridised orbitals formed is 
(II) Hybridized orbitals have same energy and shape and so more effective in forming stable bonds.
(III) The hybrid orbitals are directed in some directions, and give geometry to the molecules.

7. Explain sp3 hybridisation using  CH

 
 
 
Here one s orbital and three p orbitals undergo hybridisation, and  four sp
formed.  
Tetrahedral geometry. Bond angle is 109.5

Draw the potential energy curve for the formation of a hydrogen molecule on the basis of inter nu

 
The orbital overlap concept of covalent bond formation.(VALENCE BOND THEORY) 

Covalent bonds are formed by the overlapping of half filled atomic orbitals present in the valence 
shell of the combining atoms. 

als undergoing overlapping must have electrons with opposite spins.
The greater the overlapping , the stronger the bond formed.  

What are the difference between sigma bond and pi bond? 

Pi bond (π bond) 
to end (or axial ) Pi  bond is formed by the side wise 

(or lateral ) overlap of atomic orbitals

s ,s-p ,p-p orbitals  This can be formed mainly  by overlap of p

Pi  bond is weak  bond 

Free rotation of atoms around sigma bond is Free rotation of atoms around pi  bond is  not possible

x + Px →pi bond (π) ,            Py + Py →pi bond (π) 

Give their Characteristics 
Inter mixing of atomic orbitals of same element with slightly different energies and different shape to get 
orbitals of same energy and shape is called hybridisation. 

The number of hybridised orbitals formed is equal to the number of orbitals that get hybridized.
Hybridized orbitals have same energy and shape and so more effective in forming stable bonds.
The hybrid orbitals are directed in some directions, and give geometry to the molecules.

sation using  CH4  as example. 
 
 
 
 
 
 

Here one s orbital and three p orbitals undergo hybridisation, and  four sp3 hybridized orbitals are 

Tetrahedral geometry. Bond angle is 109.50. 

Draw the potential energy curve for the formation of a hydrogen molecule on the basis of inter nuclear 

Covalent bonds are formed by the overlapping of half filled atomic orbitals present in the valence 

als undergoing overlapping must have electrons with opposite spins. 

Pi  bond is formed by the side wise  
(or lateral ) overlap of atomic orbitals 

This can be formed mainly  by overlap of p-p orbitals  

Free rotation of atoms around pi  bond is  not possible 

Inter mixing of atomic orbitals of same element with slightly different energies and different shape to get 

equal to the number of orbitals that get hybridized. 
Hybridized orbitals have same energy and shape and so more effective in forming stable bonds. 
The hybrid orbitals are directed in some directions, and give geometry to the molecules. 

hybridized orbitals are 
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8. Explain sp2 hybridisation using  BF

Here one s orbital and two p orbitals undergo hybridisation, and  three sp

formed.  

Trigonal planar geometry. Bond angle is 120

9. Explain sp hybridisation using  BeCl

 Here one s orbital and one p orbital 

formed. Linear geometry. Bond angle is 180

10. Hybridisations in hydrocarbons 

In alkanes, all carbon atoms are in sp

In alkenes , double bonded carbons are in  sp

In alkynes , triple bonded carbons are in  sp  hybridisation 
Ethane :  

   

 

 

 Ethene   (Ethylene) :  

 

hybridisation using  BF3   as example 

 
  

 

 

 

 

Here one s orbital and two p orbitals undergo hybridisation, and  three sp2 hybridized orbitals are 

Trigonal planar geometry. Bond angle is 1200 

Explain sp hybridisation using  BeCl2   as example  

  
p orbital undergo hybridisation, and  two  sp hybridiz

geometry. Bond angle is 1800 

In alkanes, all carbon atoms are in sp3 hybridisation.  

In alkenes , double bonded carbons are in  sp2  hybridisation  

, triple bonded carbons are in  sp  hybridisation  

 

Ethane →7 sigma bonds 

  
Ethene   (Ethylene) → 5 sigma bonds and 1 pi bond                            

hybridized orbitals are 

hybridisation, and  two  sp hybridized orbitals are 

5 sigma bonds and 1 pi bond                            
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Ethyne ( Acetylene) : 

11. HYBRIDISATION AND SHAPE OF THE MOLECULES

Hybridization No. of electron pairs

sp 2 (bp) 

sp 2 3(bp) 

sp 3 4(bp) 

sp 3 3(bp), 1 (lp) 

sp 3 2(bp), 2 (lp) 

12. What are the postulates of Molecular orbital theory(MOT)?
(I) In molecules, electrons are present in molecular orbitals. 
(II) Molecular orbitals are formed by the combination of atomic orbitals of same energy and proper 

geometry. 
(III) The number of molecular orbitals formed is equal to the number of combining atomic orbitals.
(IV) Molecular orbitals are associated with the nuclei of all the bonded atoms in a mol
(V) In molecular orbitals electrons are filled according to Aufbau principle, Pauli’s exclusion principle and 

Hund’s rule. 
13. What are the differences   between bonding molecular orbital and anti bonding molecular orbital?

BMO         ψA  + ψB 

BMO is formed by the addition (attraction) of atomic 
orbitals 

It has greater electron density between the nuclei of 
bonded atoms 

Its energy is less than the energy of atomic orbitals

14. Define bond order . How is bond order related to bond length and bond strength?
Bond order is defined as half of the difference between the number of electrons in the bonding molecular 
orbitals and the number of electrons in the anti bonding molecular orbitals .    

Bond order  = ½ [Nb  - Na ] 
If the bond order is positive , molecule is stable.
If the bond order is zero, molecule is unstable. Such molecule will not exist.
Bond order  is directly proportional to  bond strength and bond dissociation energy.
Bond order  is inversely proportional to  bond length.
Bond order = 1  ,  single bond  , Bond order = 2  ,  

15. Explain the stability and magnetic property of H

 
 

 

Ethyne ( Acetylene) → 3 sigma bonds and 2 pi bond  

 

 

 

HYBRIDISATION AND SHAPE OF THE MOLECULES 

No. of electron pairs Shape of the molecule Examples 

Linear BeF2, BeCl2 

Trigonal planar BF3 

Tetrahedral CH4 

Trigonal pyramidal NH3 

Bent or inverted V shape H2O 

What are the postulates of Molecular orbital theory(MOT)? 
In molecules, electrons are present in molecular orbitals.  

formed by the combination of atomic orbitals of same energy and proper 

The number of molecular orbitals formed is equal to the number of combining atomic orbitals.
Molecular orbitals are associated with the nuclei of all the bonded atoms in a mol
In molecular orbitals electrons are filled according to Aufbau principle, Pauli’s exclusion principle and 

What are the differences   between bonding molecular orbital and anti bonding molecular orbital?

ABMO                   ψA – ψB    

BMO is formed by the addition (attraction) of atomic ABMO is formed by the substraction (repulsion) of atomic 
orbitals 

It has greater electron density between the nuclei of It has less electron density between the nuclei of bonded 
atoms 

Its energy is less than the energy of atomic orbitals Its energy is more  than the energy of atomic orbitals

Define bond order . How is bond order related to bond length and bond strength? 
of the difference between the number of electrons in the bonding molecular 

orbitals and the number of electrons in the anti bonding molecular orbitals .     

If the bond order is positive , molecule is stable. 
, molecule is unstable. Such molecule will not exist. 

Bond order  is directly proportional to  bond strength and bond dissociation energy. 
Bond order  is inversely proportional to  bond length. 

Bond order = 2  ,  double bond  , Bond order = 3  ,  triple bond
Explain the stability and magnetic property of H2 molecule (2 electrons) 

 

σ1s2                                                  

Bond order  = ½ [Nb  - Na ]   = ½ [2 
Here the bond order is positive , 
stable.   Bond order = 1 ,  single bond,            
No unpaired electrons, diamagnetic.

3 sigma bonds and 2 pi bond   

Bond angle 

1800 

1200  

109.50 

1070 

104.50 

formed by the combination of atomic orbitals of same energy and proper 

The number of molecular orbitals formed is equal to the number of combining atomic orbitals. 
Molecular orbitals are associated with the nuclei of all the bonded atoms in a molecule. 
In molecular orbitals electrons are filled according to Aufbau principle, Pauli’s exclusion principle and 

What are the differences   between bonding molecular orbital and anti bonding molecular orbital? 

ABMO is formed by the substraction (repulsion) of atomic 

between the nuclei of bonded 

Its energy is more  than the energy of atomic orbitals 

of the difference between the number of electrons in the bonding molecular 

double bond  , Bond order = 3  ,  triple bond 

]   = ½ [2 - 0 ] = 1 
the bond order is positive , molecule is 

,  single bond,             
No unpaired electrons, diamagnetic. 
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16. Why He2 molecule will not exist? (4 electrons)

17. He2
+   is stable. Give reason  

σ1s2   σ*1s1         Bond order  = ½ [N
Here  the bond order is positive , molecule is stable.   

18. Calculate the bond order and predict the 

 σ1s2   σ*1s2   σ2s2   σ*2s2  

Bond order  = ½ [Nb  - 
 Here the bond order is positive , molecule is 
Bond order = 2  ,  double bond. 
Here unpaired electrons are present in π*2p
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molecule will not exist? (4 electrons) 

 σ 1s2   σ*1s2           
Bond order  = ½ [Nb  - Na ]   = ½ [2 
Here the bond order is zero , 
unstable. So it will not exist.
 
 
 
 
 
 
 

Bond order  = ½ [Nb  - Na ]   = ½ [2 - 1 ] = 0.5 
Here  the bond order is positive , molecule is stable.    
Calculate the bond order and predict the magnetic property of O2 molecule (16 electrons)

2   σ2pz
2    π2px

2      = π2py
2            π*2px

1      

Na ]   = ½ [10 - 6 ] = 2   , 
the bond order is positive , molecule is stable. 

Here unpaired electrons are present in π*2px
    and  π*2py  , so oxygen molecule is paramagnetic.
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]   = ½ [2 - 2 ] = 0  
Here the bond order is zero , molecule is  
unstable. So it will not exist. 

molecule (16 electrons) 
1      = π*2py

1             

, so oxygen molecule is paramagnetic. 
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1. State Boyle’s law and give its mathematical forms.

The law states that at constant temperature, the volume

to its pressure.      

Mathematically,    � ∝  
�

�
    (at constant T and n)   

� =  �
�

�
                   

PV   = constant,    OR    

 Pressure  x  volume  = constant

   P1V1  =  P2V2 
2. Draw the graphical representations of Boyle’law (isotherm)

   
3. The size of weather balloons become larger and larger as it ascends to higher altitudes. Give reason.

 At higher altitudes, atmospheric pressure

Boyle’s law) 

4. At constant temperature , for a given mass of a gas , density is directly proportional to pressure. Prove.

       A relationship between density and pressure of a gas is derived from Boyle’s law.

       Density = mass/volume 

       Volume = mass/density  , �

       According to Boyle’s law , PV = k

       Substituting the value of V,    

  There fore  � = � �
�

�   
�   = P k’ 

       d  ∝  P       ie.   , density is directly proportional to pressure.

5. State Charle’s  law and gives its mathematical forms.

The law states that at constant pressure, the volume of a given mass of gas is directly proportional to the 

temperature on Kelvin scale.  
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and give its mathematical forms. 

The law states that at constant temperature, the volume of a given mass of gas is inversely proportional 

(at constant T and n)        

Pressure  x  volume  = constant 

representations of Boyle’law (isotherm) 

The size of weather balloons become larger and larger as it ascends to higher altitudes. Give reason.

At higher altitudes, atmospheric pressure is low. When pressure decreases volume increases (Based on 

At constant temperature , for a given mass of a gas , density is directly proportional to pressure. Prove.

A relationship between density and pressure of a gas is derived from Boyle’s law.

=  
�

�
 

According to Boyle’s law , PV = k 

Substituting the value of V,    � �
�

�
� =  �      

 

, density is directly proportional to pressure. 

and gives its mathematical forms. 

The law states that at constant pressure, the volume of a given mass of gas is directly proportional to the 

STATES OF MATTER 

(8040) ,9947444175 
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of a given mass of gas is inversely proportional 

  
The size of weather balloons become larger and larger as it ascends to higher altitudes. Give reason. 

is low. When pressure decreases volume increases (Based on 

At constant temperature , for a given mass of a gas , density is directly proportional to pressure. Prove. 

A relationship between density and pressure of a gas is derived from Boyle’s law. 

The law states that at constant pressure, the volume of a given mass of gas is directly proportional to the 
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Mathematically,     V ∝   T  (at constant P and n)       

OR         
�

�
= �           

OR         
������

�����������
= ��������

OR           
��

��
=  

��

��
 

6. Draw the graphical representations of charle’s law (isobar)

7. State Avogadro’s law and gives its mathematical form.
Avogadro’s law states that equal volume of all gases under similar conditions of temperature and 
pressure contain equal number of molecules.      

    V  ∝  n  (at constant  T and  P )
8. Derive ideal gas equation (equation of state)

A gas that follows Boyle’s law, Charles’ law and Avogadro law strictly is called an ideal gas. 
Such a gas is hypothetical.             

            Boyle’s law, � ∝
�

�
  (at constant T and n)  

Charle’s  law, V ∝  T  (at constant P and n)
Avogadro’s  law, V  ∝  n  (at constant  T and  P )

Combining the above three laws,    

PV = nRT      This equation is called ideal gas equation (equation of state).
R = universal gas constant. R = 8.314 JK

9. Prove that the density of a gas is directly proportional to molar mass.
Ideal gas equation, PV = nRT                   n  =w/M           

    ∴ �� =
���

�
 

� =
���

��
         ,                                 

i.e. density is directly proportional to molar mass.             

10. Combined gas law is         
���� 

��
=

11. What are the postulates of Kinetic 
(I) All the gases are made up of extremely small particles called molecules.
(II) The molecules are separated by large distance and so there is no attractive force between 

the gas molecules. 
(III) The volume of the gas molecule is negligible as
(IV) The molecules are in random and rapid motion. During their motion, they collide with each 

other and on the walls of the container. 

(at constant P and n)        

��������                  

Draw the graphical representations of charle’s law (isobar) 

 

The lowest hypothetical or theoretical 

temperature of – 273.15 

gases are supposed to have zero volume is 

called absolute zero. A scale of temperature 

based upon this is called the 

temperature.               

T K  = t 0C   +273 
and gives its mathematical form. 

Avogadro’s law states that equal volume of all gases under similar conditions of temperature and 
pressure contain equal number of molecules.             

n  (at constant  T and  P ) 
(equation of state). 

s Boyle’s law, Charles’ law and Avogadro law strictly is called an ideal gas. 

(at constant T and n)                      

T  (at constant P and n) 
n  (at constant  T and  P ) 

Combining the above three laws,    � ∝
��

�
            OR                   � =  

���

�
 

PV = nRT      This equation is called ideal gas equation (equation of state).
. R = 8.314 JK-1mol-1   R = 0.0831 L bar K-1mol-1 R = 0.0821 L atm K

Prove that the density of a gas is directly proportional to molar mass. 
PV = nRT                   n  =w/M            

                              d  = w/V , density = mass/volume           ∴ � =

∴ � =
��

�� 
 

i.e. density is directly proportional to molar mass.                                                                                                                                                 

=
�� ��

��
 

What are the postulates of Kinetic molecular theory of gases? 
All the gases are made up of extremely small particles called molecules. 
The molecules are separated by large distance and so there is no attractive force between 

The volume of the gas molecule is negligible as compared to the total volume of the gas.
The molecules are in random and rapid motion. During their motion, they collide with each 
other and on the walls of the container.  

he lowest hypothetical or theoretical 
0C (0 K) at which all 

gases are supposed to have zero volume is 

called absolute zero. A scale of temperature 

based upon this is called the absolute scale of 

Avogadro’s law states that equal volume of all gases under similar conditions of temperature and 

s Boyle’s law, Charles’ law and Avogadro law strictly is called an ideal gas.  

PV = nRT      This equation is called ideal gas equation (equation of state).                                                          
R = 0.0821 L atm K-1mol-1 

=
���

�
 

                                                                                                                             

The molecules are separated by large distance and so there is no attractive force between 

compared to the total volume of the gas. 
The molecules are in random and rapid motion. During their motion, they collide with each 
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(V) The pressure of the gas is due to the collision of molecules on the walls of the container. 
(VI) Molecular collisions are perfectly elastic ie. There is no net loss or gain energy in their 

collisions. However, there may be redistribution of energy during such collisions. 
(VII) Different molecules possess different speed and hence different energies. However, the 

average kinetic energy of the molecules is directly proportional to its absolute temperature.  
12. Draw the graphs of P  vs PV  graph and Z  vs  P graph of real gases and ideal gas. 

 

       

 

 

 

 

 

 

 

 

 

 

Compressibility factor,   � =  ��
���

  

       For ideal gas Z =1 .   
For Hydrogen, Nitrogen etc ,  Z value is greater than that for ideal gas. 

  At low pressure and high temperature, real gases show ideal behavior. 
13. Why do real gases deviate from ideal behavior? 

It is due to the two faulty assumptions of kinetic theory of gases. 
(I) There is no attractive force between the gas molecules. 
(II) The volume of the gas molecules is negligible as compared to the total volume the gas. 

But at high pressure and low temperature, total volume of the gas is low. So the gas molecules are 
closer, there is attractive force between the gas molecules and the volume of the gas molecules 
cannot be neglected. 

14. What is Boyle temperature or Boyle point? 
The temperature at which a real gas behaves like an ideal gas over an appreciable range of pressure is 
called Boyle temperature or Boyle point.  
Boyle temperature or Boyle point of a gas depends upon its nature. 

15. Write Vander Waals equation ( Modified ideal gas equation) and explain each term. 

�� +
��  �

��
� (� − ��) =  ��� 

        P= pressure ,   V  = volume  ,  
n2a/V2  = pressure correction ,    nb     = volume correction 
 ‘a’ and ‘b’ are vander waal’s constant and depends on the nature of the gas.  
The value of ‘a’ is a measure of the magnitude of attractive force between the gas molecules.  
 The value of ‘b’ is a measure of the effective size of the gas molecules. 
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1. Define system and surrounding. 

System :- The part of universe under study 

Surroundings :-  The remaining part of the universe that interact with system 

Universe = system + surrounding 

2. Explain open system, closed system and isolated system with example. 

Open system :- A system which can exchange both energy and matter with the surroundings.                              

E.g.   Hot water in a cup 

Closed system :-   A system can exchange only energy but not matter with the surroundings.                                     

E.g.   Hot water in a closed steel tumbler. 

Isolated system :-  A system which can neither exchange matter nor energy with the 

surroundings.  E.g. Hot water in a perfectly insulated thermos flask. 

3. What are state functions and path functions?   Give examples for each. 

(I) A function or property that depends only on the initial state and final state of the 

system and not on the path followed is called state function.  

Examples :- Temperature(T) , Pressure (P), Volume (V) , Internal energy (U) , Enthalpy 

(H) , Entropy (S) , Gibbs free energy (G) 

(II)  A function or property that depends on the initial state and final state of the system 

and on the path followed also is called path function. Examples:-  Heat(q) , work (w) 

4. What are extensive and intensive properties?   Give examples for each. 

(I) Extensive properties :-  These are properties which depend on the amount of matter 

present in the system.   

Examples: - Mass (m) , Volume (V) , Length (l), Internal energy (U) , Enthalpy (H) , 

Entropy (S) , Gibbs free energy (G), heat capacity etc 

(II) Intensive properties:- These are properties which are independent  on the amount of 

matter present in the system.  

Examples : - Temperature ,pressure,  density , refractive index , viscosity , surface 

tension , specific heat , molar heat capacity 

5. Explain (a) isothermal process (b) isobaric process (c) isochoric process (d) adiabatic process. 

Types of process Explanation Condition 
Isothermal process A process which takes place at constant  temperature ∆T= 0 

Isobaric process A process which takes place at constant  pressure ∆P= 0 

Isochoric process A process which takes place at constant  volume ∆V= 0 

Adiabatic process A process which takes place at constant  heat d q= 0 
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6. What is Internal energy (U) ? 

 Internal energy is the total energy present within a substance. 

Internal energy is the sum of all types of molecular energies like translational energy, 

rotational energy, vibrational energy, electronic energy , nuclear energy etc.  

It is a state function and extensive property.  

It can be changed by the following ways: 

(i) By allowing heat to flow in to the system or out of the system 

(ii) By doing work on the system or by the system.  

7. State First law of thermo dynamics and give its mathematical form. 

It is law of conservation of energy. It states that energy can neither be created nor destroyed.   

Mathematical form is ∆U = q + w 
∆U = change in internal energy, q = heat, w = work 

For expansion work ( w = - P∆V) ,  ∆U = q − P∆V 

Work done on the system,  w = +ve,                                 Work done by the system,  w = −ve, 

 Heat absorbed by the system, q = +ve ,                           Heat liberated by the system , q = −ve 

8. What is the the significance of ∆U ? 
 Change in internal energy (∆U) is the heat absorbed or evolved at constant volume. 

∆U = q − P∆V                    
For a process taking place at constant volume (∆V =0).           So       ∆U = qv 

9. Define Enthalpy (H)  
Enthalpy is the heat content of the system.  
Enthalpy is the sum of the internal energy and pressure volume energy.    

  H = U + PV                   
 It is a state function and extensive property. 

10. Give the relation connecting ∆H and ∆U. 

∆H   =   ∆U   + P ∆V                  OR           
  ∆H   =   ∆U   +  ∆n RT       Where         ∆n= nP − nR 

11. What is the significance of ∆H? 
 Change in enthaly (∆H) is the heat absorbed or evolved at constant pressure. 

∆H   =   ∆U   + P ∆V ( at constant pressure ) 
From first law of thermodynamics , ∆U = q − P∆V 
∆U + P∆V  = q                                       

Therefore ∆H = qp  .     

12.   The relation connecting q p and  q v  is q p  =  q v + ∆n RT 
13.   What are exothermic and endothermic reactions? Give its sign of ∆H. 

Exothermic reactions Endothermic reactions 
The reactions which takes by the liberation of 
heat is called exothermic reactions 

The reactions which takes by the absorption 
of heat is called endothermic reactions 

 Eg.   C+O2→CO2         ∆H   =   −393.5 kJ 
 

Eg.   N2+O2→ 2 NO         ∆H   =   180.5 kJ 
 

For exothermic reactions, ∆H   =   −ve.  
 

For endothermic reactions, ∆H   =   +ve.  
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14. What is Thermo chemical equation? 

A chemical equation which indicates the enthalpy change occurring during the reaction is called thermo 

chemical equation.    Eg.   C(s) +O2(g)→CO2   (g)      ∆H   =   −393.5 kJ 

(i) For exothermic reactions, ∆H   =   −ve, For endothermic reactions, ∆H   =   +ve. 

(ii) Physical states of reactants and products should be specified. 

(iii) When the coefficients in the chemical equations are multiplied or divided, the value of ∆H must be 

multiplied or divided. 

(iv) When a chemical equation is reversed, the sign of ∆H is reversed. (magnitude remain same) 

15. Define Enthalpy of reaction 

The enthalpy change during a chemical reaction. 

∆rH   = Sum of enthalpies of products − Sum of enthalpies of reactants 

The enthalpy change during a chemical reaction when all participating substances are in standard state is 

called standard enthalpy of reaction. (standard state: pure forms, 1 bar pressure, 298 K temperature) 

16. State and illustrate Hess’s Law of Constant Heat of Summation. 

It states that the enthalpy change in a chemical reaction is the same whether the reaction takes place in 

one step or several steps. 

 

  

 ∆Hr  = ∆H1 +∆H2 + ∆H3 

 

 

  

17. What is spontaneous process and non spontaneous process?  

Spontaneous process is a process that takes place without the help of any external agency. 

e.g.   Flow of water from high level to low level, flow of heat from hot body to cold body 

Non spontaneous process is a process that takes place with the help of an external agency. E.g. flow of 

water from low level to high level. 

18. Which are driving forces for spontaneous process? 

(a) Decrease in energy  (b) increase in disorder or randomness of the system  

19. Define Entropy (S) ? 

Entropy (S) is a measure of degree of disorder or randomness of the system.  Its unit is J/K/mol   

�����������

�
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20. Predict in which of the following entropy increases(∆S = +ve) entropy decreases(∆S = -ve) 

(a) Melting of ice → entropy increases (∆S =  +ve) 

(b) Adding a drop of ink in water→ entropy increases (∆S =  +ve) 

(c) 2 N2O5(g)  →     4 NO2(g)  +  O2(g) → entropy increases (∆S =  +ve)  

(d) Condensation of steam in to water→ entropy decreases (∆S =  −ve) 

(e) Freezing of water in to ice→ entropy decreases (∆S =  −ve) 

(f) Solid camphor converted to camphor vapour→ entropy increases (∆S =  +ve) 

(g) 2 NaHCO3 (s)  → Na2CO3 (s)  +  CO2 (g)  +  H2O (g) → entropy increases (∆S =  +ve) 

(h) 4 Fe  +  O2 (g) →2  Fe2O3 (s) → entropy decreases (∆S =  −ve) 

(i) Graphite to diamond→ entropy decreases (∆S =  −ve) 

(j) H2 (273 K)→ H2 (300 K) → entropy increases (∆S =  +ve) 

(k) I 2 (s)→ I 2 (g) → entropy increases (∆S =  +ve) 

(l) NaCl (s)   +  H2O → NaCl (aq) → entropy increases (∆S =  +ve) 

21.  State Second law of thermo dynamics and gives equation 

It states that the entropy of the universe increases in the course of every spontaneous (natural) change.                

∆Stotal = ∆Ssystem  +   ∆Ssurrounding   >  0 

                         ∆Suniverse  >  0 

22. State third law of thermo dynamics 

The entropy of any pure crystalline substance approaches zero as the temperature approaches absolute 

zero. This is called third law of thermodynamics 

23. Define Gibb’s free energy (G)  

Gibbs energy is defined as the maximum amount of available energy that can be converted to useful work.           

G  =H – TS 

24. The relation connecting    ∆G, ∆H, and ∆S is          

   ∆G= ∆H −T ∆S. 

25. Explain Gibb’s energy and spontaneity. 

(i) If ∆G is negative, the process will be spontaneous. 

(ii) If ∆G is zero, the process is in equilibrium. 

(iii) If ∆G is positive, the process will be non spontaneous. 

26. What are the conditions for ∆G to be negative  (spontaneous process) 

(I) Exothermic process (∆H  = −ve)  and ∆S = +ve   , ∆G will be always negative and the reaction is 

spontaneous. 

(II) Exothermic process (∆H  = −ve)  and ∆S = −ve   , ∆G will be negative only when  

∆H > T ∆S  and the reaction is spontaneous only at low temperature. 

(III) Endothermic process (∆H  = +ve)  and ∆S = +ve   , ∆G will be negative only when 

∆H  < T ∆S and the reaction is spontaneous only at high temperature. 

(IV) Endothermic process (∆H  = +ve)  and ∆S = − ve   , ∆G will be always positive and the reaction is always 

non spontaneous. 
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1. What are reversible and irreversible reactions. 

A reaction which takes place both in forward and backward directions under the same conditions is called 

reversible reactions.       

N2 (g)  +  3 H2 (g)  ⇌   2 NH3 (g)   ,     

2SO 2 (g)     +   O2 (g)   ⇌ 2 SO3 (g) 

A reaction in which the products do not react to give back the reactant is called irreversible reactions. 

AgNO3  +  NaCl     →  AgCl  + NaNO3   

2. Explain the concept of chemical equilibrium. 

 Consider a general reversible reaction       � + � ⇌   � + � 

 

Suppose the reaction is carried out in a closed 

container. In the beginning, the concentration of A 

and B are maximum and concentration of C and D are 

minimum (zero). As the reaction proceeds, the 

concentration of A and B decreases and 

concentration of C and D increases. Hence the 

forward reaction will be high in the beginning and it 

will decrease gradually because of the fall in 

concentration of A and B.  On the other hand, the 

velocity of backward reaction increases due to 

increase in concentration of C and D.  Finally a stage 

is reached in which the rate of forward reaction will 

become equal to the rate of backward reaction. This 

stage is called chemical equilibrium. 

 

3. What is law of chemical equilibrium and equilibrium constant? 

         Consider a general reversible reaction,   � + �  ⇌ � + �    ,               �� =   
[�][�]

[�][�]
             

      Consider a general reversible reaction,�� + ��  ⇌  �� + �� 

�� =
[�]�[�]�

[�]�[�]�
 

At a given temperature, the product of molar concentration of products divided by the product of molar 

concentration of reactants with each concentration term raised to a power equal to its coefficients in the 

balanced chemical equation is a constant. This constant is called equilibrium constant. This law is called law 

of chemical equilibrium. 
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In the case of gaseous reaction, it can be written in terms partial pressure also.    �� =  
��

�    ��
�

��
�    ��

�  

4. The relation between Kp and Kc is   Kp   = Kc  (RT)∆n
  

Kp  =   Equilibrium constant in terms of pressure.   
Kc  =   Equilibrium constant in terms of concentration. 
∆n = No. of mole of gaseous products - No. of mole of gaseous reactants. 
If ∆n =0  , Kp   = Kc   

5. What are the characteristics of equilibrium constant?  
(I) The equilibrium constant has a definite value for every reversible reaction at a particular 

temperature. However, it varies with change in temperature. 
(II) The value of equilibrium constant is independent of initial concentration of reactants. 
(III) For a reversible reaction, the equilibrium constant for the reverse reaction will be the 

reciprocal of the equilibrium constant for the forward reaction. 
(IV) The value of equilibrium constant is not affected by the addition of a catalyst to the reaction.  

This is because the catalyst increases the speed of both forward reaction and backward 
reaction to the same extent. 

6. Explain Arrhenius concept of acids and bases with examples 
Arrhenius acid is a substance which give hydrogen ion(H+) in aqueous solution.   
 e.g., HCl, CH3COOH etc. 
Arrhenius base is a substance which give hydroxyl ion(OH-) in aqueous solution.  
e.g., NaOH,  NH4OH etc. 
 

7. Explain Bronsted  Lowry  concept of acids and bases with examples. 
Bronsted acid is a proton(H+)  donor.             
Bronsted base is a proton(H+)  acceptor. 

 CH3COOH          +  H2O(l)    ⇌   H3O+       + CH3COO-  

 Acid                                  Base                Acid                 Base 
 

8. What are conjugated acid  base pairs with examples 
  Conjugated acid   = Base  + H+                                                       
  Conjugated base   = Acid  − H+ 
  The pairs of acids and bases which are formed  by the loss or gain of proton are called conjugated 
acid base pairs.   

   CH3COOH       +  H2O    ⇌   H3O
+       + CH3COO-  

   Acid                         Base               Acid                   Base 

     Here CH3COO- is a conjugate base of acid CH3COOH 
   H3O+       is a conjugate acid  of base H2O           

  NH3         +  H2O    ⇌   NH4
+       + OH-  

  Base                  Acid               Acid            Base 

     Here OH- is a conjugate base of acid H2O.               NH4
+      is a conjugate acid of base NH3    

Conjugate base of strong acid is weak and conjugate base of weak acid is strong. 

Species Conjugate acid Conjugate base 

H2O H3O+        OH- 

HCO3 – H2CO3 CO3 2–   

HSO4 – H2SO4 SO4 2–   

NH3 NH4
+        NH2 – 
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9. Explain Lewis concept of acids and bases with examples.
Lewis acids are electron pair acceptors. 
Lewis acids are electron deficient molecules or cations (Positive ions) 
e.g. , BF3 , AlCl3 , Mg2+ , Co3+   , H+    
Lewis bases are electron pair donors.
 Lewis bases are neutral molecules having lone pair or anions (Negative ions) 
e.g. , NH3 , H2O , OH- , Cl-    

10. What are Amphoteric substances? 
 Substances which can act as both acid and
E.g., H2O , HCO3

-  , HSO4
- 

11. Define ionic product of water. What is its value at 298 K

Water undergo self ionization as follows.

 H2O        +  H2O    ⇌  H3O
+       + OH-                                                               

         � =  
[����][���]

[���]�
 

K[H2O]2  = Kw = [H3O+ ]    [ OH
Ionic product of water is the product of concentration of hydronium ion and hydroxyl ion.

Its value at 298 K is 1 x 10-14 

In pure water , concentration of hydronium ion and hydroxyl ion is equal. 

[H3O
+ ]    =1 x 10-7 

 , [ OH-]=1 x 10-7 

12. Define PH and calculate the PH of neutral solution.

PH is defined as negative logarithm of hydronium concentration.  

PH  =  − log[H3O+ ] 
For neutral solution, [H3O

+ ]    =1 x 10

PH  = − log(1 x 10-7)  = 7 

For acidic solution PH is less than 7.       

 For basic solution PH is greater than 7

For neutral solution PH is 7 

13. The relation between PH and  POH is                   

                                   PH  +  POH  
14. What is Buffer solution? Which are two types? Explain each

Buffer solution is a solution which resists the change in pH 
base.  Blood is an example of natural buffer. 
These are two types  
(I) Acidic buffer:- Its pH is less than 7. It is mixture of weak acid and its salt with strong base.   

eg. , solution of acetic acid and sodium acetate.
(II) Basic buffer:- Its pH is more than 7. It is mixture of weak base and its salt with strong acid.                                  

eg. , solution of ammonium hydroxide and 

concept of acids and bases with examples. 
Lewis acids are electron pair acceptors.  
Lewis acids are electron deficient molecules or cations (Positive ions)  

electron pair donors. 
Lewis bases are neutral molecules having lone pair or anions (Negative ions)  

acid and base.    

 
What is its value at 298 K? 

Water undergo self ionization as follows. 
                                                               

[ OH-]  
product of water is the product of concentration of hydronium ion and hydroxyl ion.

concentration of hydronium ion and hydroxyl ion is equal.  

of neutral solution. 

is defined as negative logarithm of hydronium concentration.   

=1 x 10-7  , [OH-]    =1 x 10-7   

is less than 7.        

is greater than 7 

is                    

=14 
What is Buffer solution? Which are two types? Explain each 

which resists the change in pH value by the addition of small amount of acid or 
Blood is an example of natural buffer.  

Its pH is less than 7. It is mixture of weak acid and its salt with strong base.   
eg. , solution of acetic acid and sodium acetate. 

Its pH is more than 7. It is mixture of weak base and its salt with strong acid.                                  
eg. , solution of ammonium hydroxide and ammonium chloride. 

 

product of water is the product of concentration of hydronium ion and hydroxyl ion. 

value by the addition of small amount of acid or 

Its pH is less than 7. It is mixture of weak acid and its salt with strong base.                                 

Its pH is more than 7. It is mixture of weak base and its salt with strong acid.                                  
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1. Define Redox reactions  

Reactions in which both oxidation and reduction takes place simultaneously are called redox 

reactions.                                          

Reduction + oxidation→ Redox reac�on 

Examples from our daily life : (I) Rusting of iron (II) Operation of cells and batteries (III) 

Combustion of cooking gas , coal , wood etc. 

2. Define the term Oxidation state (oxidation number) 

 The charge that an atom would have in a compound or ion. 

3. Rules assigning oxidation number. 

(I) In free state (O2, Cl2,   N2,  H2, Cu , Na  , Fe , P4   ,  S8 ) → 0 

(II) For mono atomic ion, charge is the oxidation state (Ag+ → +1, Cu2+ →+2 , Cl 
- →-1, O 

2-  →-2) 

(III) Fluorine→   -1 (in compounds) 

(IV) Hydrogen →  +1 (in compounds)(excep�on in  metal hydrides like NaH -1) 

(V) Oxygen  → -2  (in compounds)(exception in peroxides like H2O2  → -1, in OF2→+2) 

(VI) Alkali metals→+1  ,Alkaline earth metals→ +2 in their compounds 

(VII) For neutral molecule total charge equal to zero 

(VIII) For poly atomic ions, sum is equal to the charge of the ion. 

4. Define oxidation and reduction on the basis of oxidation number concept  

   Oxidation: Increase in oxidation number.                     

    Reduction: Decrease in oxidation number. 
                             -2        0                 -1        0 

                  H2S  + Cl2→ 2HCl + S   

Here the oxidation number of sulphur in H2S   is -2, it is increased to zero (oxidation ). 

Here the oxidation number of chlorine  in Cl2   is 0, it is decreased to -1 (Reduction ). 

H2S  is reducing agent (reductant), Cl2 is oxidizing agent (oxidant). 

5. What is Oxidant and reductant? 

The substance undergoing oxidation is reducing agent(reductant) and the substance 

undergoing reduction is oxidizing agent (oxidant)  

6. Which is the substance undergoing oxidation, reduction, oxidant and reductant in the 

reactions. 
0   +4                                                 +2 

(I)  Pb + PbO2 +2 H2 SO4 → 2 PbSO4  +  2H2O 

       Pb undergo oxidation , PbO2 undergo reduction,  PbO2 is oxidizing agent, Pb is reducing agent. 
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                +4              -1     +2           0 

(II) MnO2 +4 HCl→MnCl2+Cl2+2H2O           

     HCl undergo oxidation , MnO2 undergo reduction,  MnO2 is oxidizing agent, HCl is reducing agent. 

 
     -2            +5                   +4                               0 

H2S +2 HNO3
  → 2NO2+ 2H2O+S 

    H2S undergo oxidation, HNO3
  undergo reduction, HNO3 is oxidizing agent, H2S is reducing agent. 

 

7. Explain the different types of redox reactions with examples. 

(I) Combination reactions:-A reaction in which one element combines with another 

element or compound to form product is called combination reactions.   

  2 H2  + O2→ 2H2O  ,  

  CH4   +   2  O2  →  CO2 +2  H2O  

(II) Decomposition reactions:- A reaction in which a compound breaks down to form two 

or more components in which one of the product should be in the elemental state. 

2KClO3→2KCl+3 O2    ,                

2 NaCl    → 2 Na    +  Cl2 

(III) Displacement reactions:-A reaction in which an atom or ion in a compound is replaced 

by another atom or ion.               

 CuSO4 + Zn →Cu + ZnsO4  (metl displaces a metal) 

              2 Na + 2 H2O→ 2 NaOH    +  H2 (metal displaces a non metal) 

(IV) Disproportionation reactions:-A reaction in which the same species undergo 

simultaneous oxidation and reduction is called disproportionation reaction.                                                                                       

The element should be in the intermediate oxidation state. 

            -1           -2    0                                                    

     (i)   2 H2O2→2H2O +O2                             

               0                                                                  -3                              +1 

      (ii)   P4  + 3 NaOH + 3 H2O→   PH3 + 3 NaH2PO2 

 

8. All decomposition reactions are not redox reactions.  Give example. 

Decomposition of calcium carbonate to calcium oxide and carbon di oxide is not a redox reaction. 

In this reaction, no change in the oxidation number of any elements.    
+2  +4   -2         +2  -2         +4 -2 

CaCO3→ CaO+ CO2 

9. ClO3
−   undergo disproportionation, but ClO4

−    does not. Explain. 

In ClO4
−     , the oxidation state of chlorine is +7. This is the highest oxidation state of chlorine.  

It can only decrease its oxidation number, but cannot increase it. So ClO4
-  does not undergo                                

disproportionation reaction  . 

  In ClO3
- , the oxidation state of chlorine is +5. It can increase or decrease its oxidation number. So 

it undergo disproportionation reaction.   
                                               +5                 -1              +7 

                                4 ClO3
-  → Cl 

-  +  3 ClO4
−   
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10. Balance the following reaction by half reaction method    

 ���� +  �����
�� →  ���� + ���� (acidic medium) 

(I) Split the skeleton in to two half –oxidation half and reduction half 

             Oxidation half :   ���� →  ����                 

            Reduction half   :  �����
�� → ���� 

(II) Balance atoms other than hydrogen and oxygen 

    ���� →  ����           ,                  

      �����
�� → � ���� 

(III) Balance oxygen by adding water and hydrogen by adding H+ 

 ���� →  ����   ,     

   �����
�� +  �� �� → � ���� +  � ��� 

(IV) Balance the charges by adding electrons 

 ���� →  ���� +  � ��   ,       

 �����
�� +  �� �� +  ��� → � ���� +  � ��� 

(V) Equalize the number of electrons in both half reactions. 

  ����� → � ���� +  � ��  ,        

  �����
�� +  �� �� +  ��� → � ���� +  � ��� 

(VI) Adding the two half reactions        ����� �����
�� +  �� �� → � ���� + � ���� +  � ��� 

11. Permanganate ion oxidizes iodide ion to iodine in basic medium. Balance the equation by half 
reaction method.      
The skeletal equation is ����

� +  ��  → ���� +  �� 
(I) Split in to two half               

Oxidation half :   ��  → ��          
 Reduction half :  ����

�  → ���� 
(II) Balance atoms other than hydrogen and oxygen. 

 � ��  → ��                                                     ����
�  → ���� 

(III) Balance oxygen by adding water and hydrogen by adding H+ . Since it is basic medium add 
OH- on both side equal to H+ ions.  Replace H+  and OH-  by H2O.  Cancel excess water 
molecules. 
  � ��  → �� 
  ����

� +  � ��  → ���� +  � ��� 
  ����

� +  � �� +  � ��� → ���� +  � ��� +  � ��� 
  ����

� +  � ��� → ���� +  � ��� +  � ��� 
 ����

� +  � ��� → ���� +  � ��� 
(IV) Balance the charges by adding electrons           

    � ��  → �� +  � �� 
 ����

� +  � ��� + � �� → ���� +  � ��� 
(V) Equalize the number of electrons in both half reactions. 

  �(� ��  → �� +  � ��) 
� (����

� +  � ��� + � �� → ���� +  � ���) 
 ��  
 � ��  → � �� +  � �� 
 � ����

� +  � ��� + � �� → � ���� +  � ��� 
(VI) Adding the two half reactions   

        � �� +  � ����
� +  � ��� → � �� +  � ���� +  � ��� 
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1. Explain the commercial preparation of dihydrogen.  

(i) By the electrolysis of water using platinum electrodes.  

2H2O → 2 H2  + O2 

(ii)  By the electrolysis of  brine solution. 

 2 NaCl  +  2 H2O  → 2 NaOH   + H2  +  Cl2 

(iii) From water gas:  Water gas or syn gas is a mixture of carbon monoxide and hydrogen. 

 It is produced by heating hydrocarbons or coke with steam.     

CH4 +H2O(g)
  → CO+ 3 H2 

C+H2O(g)
  → CO+ H2 

The process of producing water gas from coal is coal gasification. 

The carbon monoxide in water gas is converted to carbon dioxide by passing steam in the 

presence of iron chromate catalyst. This is called water gas shift reaction.   

CO+ H2+H2O(g)
  → CO2+2 H2      

CO2 is removed by dissolving in water and dihydrogen is produced. 

 

2. What are hydrides? Explain each  

The binary compounds of hydrogen with other elements are hydrides.  

These are three types (i) ionic hydride (ii) covalent hydride (iii) metallic hydride 

(i) Ionic or saline hydride: With s block elements.  

They are crystalline. They conduct electricity in molten state and in aqueous solution.  

E.g. NaH , KH , CaH2 (-1 oxidation state) 

(ii) Covalent or molecular hydride: With p block elements. 

The hydrides of group 13 are electron deficient hydrides(B2H6). These are lewis acids.   

The hydrides of group 14 are electron precise hydrides (CH4). 

 The hydrides of group 15,16,17 are electron rich hydrides(NH3, H2O,HF ). These are lewis 

bases. 

(iii) Metallic hydrides or interstitial hydrides: With d and f block elements.  

e.g. LaH2.87, VH0.56 .  

They are non stoichiometric.    

Hydride gap is group 7,8,9. 

3. What are Hard water and soft water? What is the reason for hardness of water? 

The water which give lather with soap is called soft water.  

The water which does not give lather with soap is called hard water.  
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Hardness of water is due to the presence of bicarbonates, chlorides and sulphates of calcium and 

magnesium. 

The cations present in hard water form insoluble salt with soap and prevent the formation of 

lather. 

 ������������ +  ��� → (���������)�� + 2 Na+           (M = Ca or  Mg) 

 

4. What is Temporary hardness?  What is the reason for it? 

Hardness can be removed by boiling is called temporary hardness.  

It is due to the presence of bicarbonates of calcium and magnesium. 

5. Give  different methods used  for the  removal of  temporary  hardness  

(i) Boiling:  

(ii) Clarks method 

 

6.  What is Permanent hardness?  What is the reason for it? 

Hardness cannot  be removed by boiling is called permanent hardness.  

It is due to the presence of chlorides and sulphates of calcium and magnesium. 

7. Give different methods used for the  removal of  permanent   hardness. 

(i) By the treatment with washing soda ( sodium carbonate)     

(ii) By calgon’s method  

(iii) By ion exchange method/ Zeolite method 

(iv) By synthetic resin method  

 

8. What are the disadvantages of hard water ?  

(I) Hard water is not good for laundry purpose because it forms precipitate with soap and do 

not give lather with soap. 

(II)  Hard water is harmful for boilers because of scale formation. This reduces the efficiency of 

boilers.                                        

9. Explain why hydrogen peroxide is not stored in glass vessels. 

Hydrogen peroxide decomposes in the presence of light or by rough surface. So it is kept in 

dark plastic or wax lined glass  bottles.          

2H2O2 → 2H2O +O2 
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1. Group 1 and 2 are s-block elements. 

Group No. Members of the family General outer 
electronic 
configuration 

Oxidation 
state 

1 (Alkali metals) Lithium  (Li)      →   [He]  2s1  
Sodium (Na)     → [Ne]  3s1  
Potassium(K)    → [Ar]   4s1  
Rubedium (Rb)  → [Kr]  5s1 
Cesium(Cs)        →   [Xe]  6s1  
Francium(Fr)     → [Rn]  7s1 

ns1 +1 

2 (alkaline earth 
metals) 

Beryllium (Be)       → [He]  2s2 
Magnesium (Mg)  → [Ne]  3s2  
Calcium(Ca)            → [Ar]   4s2  
 Strontium(Sr)       → [Kr]  5s2 
Barium(Cs)           →   [Xe]  6s2  
Radium(Ra)          → [Rn]  7s2 

ns2 +2 

 

2. Group 1 is called Alkali metals . Why? 

Because they form hydroxides with water and are alkaline in nature. 

3. Group 2 is called Alkaline earth metals . Why? 

Because their oxides and hydroxides are alkaline in nature and they are present in the earth crust. 

4. Alkali metals are kept in kerosene oil.  Why? 

Because of its high reactivity with air and water. 

5. Alkali metals not found in nature. Why? 

Because they  are highly reactive and hence do not occur free 

6. Solutions of alkali metals in liquid ammonia are blue in colour. Why? 

 The blue colour is due to the presence of ammoniated electrons.        

  M  +  (x+y) NH3→ [M(NH3)x]
+   + [e(NH3)y]

−    

7. Which are the Anomalous properties of lithium ?  

(I) Lithium gives monoxide (Li2O) only. Others form monoxides, peroxides and super oxides. 

(II) Lithium reacts with nitrogen gives lithium nitride. Others not. 

(III) Lithium chloride is deliquescent. Others not. 

(IV) Lithium is harder and has high melting and boiling point. 
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8. Explain the Manufacture of sodium carbonate(solvay process). 

      Raw materials : Lime stone(CaCO3), ammonia (NH3)  and brine solution (NaCl). 

In this process, carbon dioxide obtained by the decomposition of lime stone is passed through 

brine solution saturated with ammonia.Sodium bicarbonate is precipitated.  It is filtered and 

heated to get sodium carbonate.        

By product in this process is calcium chloride. 

           2 NH3  + H2O   +  CO2   →  (NH4)2 CO3 

(NH4)2 CO3    +  CO2     + H2O         →           2 NH4HCO3 
NH4HCO3  + NaCl     →   NaHCO3 + NH4Cl 
 2 NaHCO3  →    Na2 CO3    +  CO2     +H2O 

9. How will you prepare sodium hydrogen carbonate (Sodium bi carbonate)? 
Sodium bi carbonate is prepared by passing carbon dioxide gas through sodium carbonate 
solution.             

Na2 CO3    +  CO2     +H2O   → 2 NaHCO3   
10. How calcium oxide and calcium hydroxide is produced? 

Calcium oxide (Quick lime) is formed by heating Lime stone (CaCO3).         

   CaCO3 →   CaO + CO2   
Calcium hydroxide (slaked lime) is produced by adding water to quicklime (CaO) 

CaO +H2O   →    Ca(OH)2     

11.  What is Milk of lime and lime water ? 
Slaked lime is white solid sparingly soluble in water. 
 A suspension of slaked lime in water is called milk of lime.  
An aqueous solution of slaked lime is called lime water. 

12. What is Bleaching powder ? How is it prepared? 

Bleaching powder is a mixture of calcium chloride and calcium hypochlorite. 

It is prepared by passing chlorine gas through dry slaked lime.   

2 Ca(OH)2  + 2 Cl2 → Ca(OCl)2   + CaCl2 + 2 H2O 

13. What happens when carbon dioxide is passed through lime water? 

When carbon dioxide is passed through lime water, it turns milky due to the formation of insoluble 

calcium carbonate. 

 When excess carbon dioxide is passed, milkiness disappears due to the formation of soluble 

calcium bicarbonate.    

Ca(OH)2    + CO2  → CaCO3+  H2O  

  CaCO3+  H2O +  CO2 → Ca(HCO3)2 

14. Give the reaction between calcium carbonate and hydrochloric acid.  

  CaCO3+  2HCl →  CaCl2  +  H2O +  CO2 
15. What is Plaster of paris?  How is it prepared?  

Plaster of paris is calcium sulphate hemi hydrate.  
It is prepared by heating gypsum at 393 K 

CaSO4.  2 H2O → CaSO4.  1/2 H2O 
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16. Plaster of paris is used for moulding statues. Why? 
On mixing with water , it forms a plastic mass which sets in to hard solid.  

17. What is Dead burned plaster ? 
When heated above 393 K, plaster of paris loses water of crystallization and becomes dead burnt 
plaster (CaSO4 ) which does not set in the presence of water. 

18. What is cement? How cement is manufactured? 

The important constituents of cement are di calcium silicate, tri calcium silicate and  
tri calcium aluminate. 
Raw materials : Lime stone , clay 
Lime stone clay are mixed and heated , cement clinker is formed. It is mixed with gypsum and 
powdered. This is called Portland cement.    
Gypsum is added to slow down setting of cement. 

19. What is Setting of cement? 
When mixed with water, cement slowly set in to hard mass.  
Setting is due to hydration of molecules of cement. It is an exothermic process.  

20.  Important compounds, formula and uses 

 

Compound 
 

Formula Uses 

Washing soda   
OR  
 Sodium carbonate deca hydrate 

Na2CO3. 10 H2O Used for softening of hard water 
In soap ,glass and paper industries 

Baking soda  
OR 
 Sodium hydrogen carbonate 

NaHCO3 For making cakes 
Mild antiseptic 

Quick lime    
OR  
 Calcium oxide 

CaO Used in building industry 
Used as flux in metallurgy 

 

Slaked lime  
 OR 
 Calcium hydroxide 

Ca(OH)2 Used in white wash 
For softening of hard water 

Calcium carbonate  
OR 
 Lime stone   
OR  
Marble 

CaCO3 To make quick lime, cement etc. 
Marble is used as building material 

Plaster of paris  
OR  
Calcium sulphate hemi hydrate 

CaSO4. 1/2 H2O For making models, statues etc. 
As plaster for setting fractured bones 
In dentistry 

Gypsom  
OR  
Calcium sulphate dihydrate 

CaSO4.  2 H2O To slow down the setting of cement 
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1. Group 13 to 18 are p block elements. 

2. Give the preparation of diborane. 

(i)  It is prepared by treating BF3 with  LiAlH4 (Lithium aluminium hydride) 

� ��� +  � ������ → � ���� +  � ��� + � ����  

(ii) It is prepared by treating BF3 with NaH ( sodium hydride) 

� ��� + � ��� 
��� �
�⎯⎯� ����  + � ���   

(iii) By the oxidation of sodium borohydride with iodine.     

2 NaBH4  + I2 → B2H6  + 2 NaI  +  H2 

3. Explain the structure of diborane. 

In diborane, each  boron is  in sp3  hybridisation.  

The two boron atoms and four hydrogen atoms lie in one plane. 

 These four hydrogen atoms atoms are called terminal hydrogen atoms.  

The other two hydrogen atoms lie above and below this plane.  

These hydrogen atoms are called bridging hydrogen atoms.  

The four terminal B-H bonds are 2centre 2 electron bonds ( 2c – 2e).  

The two bridged B-H-B bonds are 3centre 2 electron bonds ( 3c – 2e).  

Thus diborane is an electron deficient compound. 
 

 

            
 

4. What happens when diborane is exposed to air? 

It catches fire on exposure to air releasing large amount of energy. 

B2H6  + 3 O2 →B2O3 + 3 H2O   ,      ∆H0  = -1976 kJmol-1
 

5. What is inorganic benzene. How is it prepared? 

Borazine (B3N3H6) is called inorganic benzene.  

Its structure is similar to benzene with alternate BH and NH bonds.  

It is prepared by the reaction of ammonia with diborane. 

3 B2H6  + 6 NH3 
∆
→ 2 B3N3H6  + 12 H2 
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6. Explain the allotropes of carbon.

(i) Diamond  :- 

In diamond, each carbon has  sp

four other carbon atoms  and three dimensional net work structure is formed.  So it is hard. 

Due to the absence of free electrons , it is not electrical conductive.

(ii) Graphite :- 

In graphite, each carbon has  sp

layes are held by weak vander waals forces. So each layer can slide over one another. 

Therefore graphite is soft and slippery. Due to the presence of free electrons, it is a good 

conductor of electricity.  Graphite is used as solid lubricant.

(iii) Fullerenes:- 

Fullerenes are synthetic allotropes of carbon. Most common is C

fullerene. It contain 20 six membered rings and 12 five membered rings. A six membered 

ring is fused with six or five membered rings . Five membered ring is fused with six 

membered rings only. Each carbon is sp

with three carbon atoms and fourth electron is free. This electron is delocalized and so 

fullerene is aromatic. 

7. Which is the thermodynamically 

Graphite 

8. What are water gas and producer gas? Give th

Water gas is a mixture of carbon monoxide and hydrogen. 

It is produced by passing steam through coke

C  +  H2O (g)   
�������� �
�⎯⎯⎯⎯⎯⎯⎯�  CO  

Producer gas is a mixture of carbon monoxide and nitrogen.

 It is produced by passing hot air through coke.

2 C  +  O2 (g) + 4  N2 (g)  
���� �
�⎯⎯⎯� 

Both are industrial fuels. 

9. Draw the structure of Carbon monoxide.

In CO , there is one sigma bond and two pi bonds between carbon and oxygen atom.

  
10. What are silicons? Give their preparation and uses.

Silicons are organo silicon polymers with repeating unit (

It is produced by the hydrolysis of dichloro dialkyl silane followed by polymerization.

They are used as sealant, greases, 

Being biocompatible they are also used in surgical instruments and in cosmetics.

 

 

2 RCl   +  Si  
�� ������ ,��� �
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�  R2SiCl

 

Explain the allotropes of carbon. 

In diamond, each carbon has  sp3 hybridisation.  Each carbon is tetrahedrally  connected to 

four other carbon atoms  and three dimensional net work structure is formed.  So it is hard. 

Due to the absence of free electrons , it is not electrical conductive. 

arbon has  sp2 hybridisation. It has hexagonal layered structure. Different 

layes are held by weak vander waals forces. So each layer can slide over one another. 

Therefore graphite is soft and slippery. Due to the presence of free electrons, it is a good 

onductor of electricity.  Graphite is used as solid lubricant.  

Fullerenes are synthetic allotropes of carbon. Most common is C60 . It is called buckminster 

fullerene. It contain 20 six membered rings and 12 five membered rings. A six membered 

ring is fused with six or five membered rings . Five membered ring is fused with six 

membered rings only. Each carbon is sp2 hybridised. Each carbon forms three sigma bonds 

with three carbon atoms and fourth electron is free. This electron is delocalized and so 

Which is the thermodynamically most stable form of carbon? 

What are water gas and producer gas? Give their preparation and use. 

Water gas is a mixture of carbon monoxide and hydrogen.  

It is produced by passing steam through coke. 

(g) + H2 (g) 

roducer gas is a mixture of carbon monoxide and nitrogen. 

It is produced by passing hot air through coke. 

 2CO  (g) + 4 N2 (g) 

Draw the structure of Carbon monoxide. 

In CO , there is one sigma bond and two pi bonds between carbon and oxygen atom.

What are silicons? Give their preparation and uses. 

Silicons are organo silicon polymers with repeating unit (-R2SiO-).  

It is produced by the hydrolysis of dichloro dialkyl silane followed by polymerization.

They are used as sealant, greases, electrical insulator, and for water proofing of fabrics.

Being biocompatible they are also used in surgical instruments and in cosmetics.

SiCl2  
� ���
�⎯⎯�  R2Si(OH)2 

�������������� ,����
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�   

hybridisation.  Each carbon is tetrahedrally  connected to 

four other carbon atoms  and three dimensional net work structure is formed.  So it is hard. 

hybridisation. It has hexagonal layered structure. Different 

layes are held by weak vander waals forces. So each layer can slide over one another. 

Therefore graphite is soft and slippery. Due to the presence of free electrons, it is a good 

. It is called buckminster 

fullerene. It contain 20 six membered rings and 12 five membered rings. A six membered 

ring is fused with six or five membered rings . Five membered ring is fused with six 

carbon forms three sigma bonds 

with three carbon atoms and fourth electron is free. This electron is delocalized and so 

In CO , there is one sigma bond and two pi bonds between carbon and oxygen atom. 

It is produced by the hydrolysis of dichloro dialkyl silane followed by polymerization. 

electrical insulator, and for water proofing of fabrics. 

Being biocompatible they are also used in surgical instruments and in cosmetics. 
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11. Diamond ,graphite and fullerene 

Diamond Graphite Fullerene 

 

 

 

sp3 hybridisation Sp2 hybridisation Sp2 hybridisation 

Tetrahedral and three 
dimensional net work structure 

Hexagonal layered structure C60 soccer ball shape 

Not electrical conductor Electrical conductor Not electrical conductor 

Hardest in nature Soft  Hard (Synthetic) 

 Thermodynamically most stable Aromatic 

Used in ornaments  and in 
cutting tools 

Used as solid lubricant Use in tumor treatment 
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1. Nomenclaturre of organic compounds  

Alkanes →  Root word + ane  

Alkenes →  Root word + ene  

Alkynes →  Root word + yne  

Number of 
carbon atoms  

Root word  Number of carbon atoms Root word 

1 Meth-  6 Hex- 

2 Eth-  7 Hept- 

3 Prop-  8 Oct- 

4 But-  9 Non- 

4 Pent-  10 Dec- 

 

Compound  IUPAC Name  Root word  Suffix 

CH3−CH3 Ethane  Eth- ane 

CH3−CH2−CH3 Propane  Prop- ane 

CH3−CH2− CH2− CH3 Butane But- ane 

CH3−CH2− CH2− CH2−CH3 Pentane Pent- ane 

CH2=CH2 Ethene  Eth- ene 

CH2=CH−CH3 Propene Prop- ene 

CH2=CH− CH2− CH3 Butene But- ene 

CH≡CH Ethyne Eth- yne 

CH≡C−CH3 Propyne Prop- yne 

 

2. Some alkyl groups 

CH3−       Methyl 

CH3−CH2−         Ethyl 

CH3−CH2− CH2−        Propyl 

          CH3          

 CH3─CH─         Isopropyl  

 

CH3−CH2− CH2− CH2−           Butyl  
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3. Structure and nomenclature of some compounds

              CH3          CH3                            

     CH3─CH─CH2─CH─CH2─CH

 

 

CH3 – CH2 – CH- CH2 –  CH 

                     CH2-CH3     CH

4. Nomenclature of cyclic compounds

 

5. Nomenclature of aromatic compounds

Structure and nomenclature of some compounds 

3                            CH3 

─CH2─CH─CH3            2,4,7 – Trimethyloctane

CH – CH2 – CH3     

CH3                            3-Ethyl-5-methylheptane

Nomenclature of cyclic compounds 

1-Methyl-3-propylcyclohexane

 
Nomenclature of aromatic compounds 

 

Trimethyloctane 

methylheptane 

 

propylcyclohexane  
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 1,2 – 

1,4 – Dibromobenzene

6. Nomenclature of  compounds having functional groups

Decreasing order of priority

7. Give the IUPAC names of the following compounds: 

i) CH3─CH2─CH─CH2─CH2─CH─CH

                     OH                    CH

ii) CH3-CH2-CH=CH-CH2-COOH
 Ans: 

Dibromobenzene 1,3 – Dibromobenzene

Dibromobenzene 

 1-Chloro-2,4-dinitrobenzene 

 2-Chloro-1-methyl-4-nitrobenzene 

Nomenclature of  compounds having functional groups 

Decreasing order of priority

    6-Methyloctan

Hexa

Hexane

Give the IUPAC names of the following compounds:  

─CH─CH2─CH3  

OH                    CH3  

COOH 

Dibromobenzene 

 

Methyloctan-3-ol 

Hexa- 1,3-dien-5-yne 

Hexane-2,4-dione 
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i) 6-Methyloctan-3-ol  

ii) Hex-3-en-1-oic acid  

8. What is isomerism? Which are two types of isomerism?

Compounds having same molecular formula but different properties are called isomers and the 

phenomenon is called isomerism. 

There are two types (i) structural isomerism  and (ii) stereo isomerism

9. Structural isomerism :-Structural isomers have same molecular formula but different structural 

formula. 

(i)  Chain isomerism : They have  same molecular formula but different carbon chains.   

        

 

 

 

 

 

(ii) Position isomerism : They have  same 

functional group.  

                                                            

(a) CH3 CH2 CH2 CH2OH ,       

             Butan-1-ol                         

(b) ��� − �� = �� −

                   But-2-ene                         But

(iii) Functional group isomerism : They have  same molecular formula but different   functional 

groups. 

(a) CH3 CH2 CH2 CH2OH       

(b)  

are two types of isomerism? 

Compounds having same molecular formula but different properties are called isomers and the 

phenomenon is called isomerism.  

There are two types (i) structural isomerism  and (ii) stereo isomerism 

ctural isomers have same molecular formula but different structural 

Chain isomerism : They have  same molecular formula but different carbon chains.   

They have molecular formula C5H12 

Position isomerism : They have  same molecular formula but differ in the position of 

                                                                         OH 

OH ,       CH3 CH2 CHCH3                                Molecular formula : C

                          Butan-2-ol    

− ��� , ��� = �� − ��� − ��� 

ene                         But-1-ene                             Molecular formula : C

isomerism : They have  same molecular formula but different   functional 

OH       CH3 CH2O CH2 CH3                             Molecular formula : C

Compounds having same molecular formula but different properties are called isomers and the 

 
ctural isomers have same molecular formula but different structural 

Chain isomerism : They have  same molecular formula but different carbon chains.    

molecular formula but differ in the position of 

Molecular formula : C4H10O 

ene                             Molecular formula : C4H8 

isomerism : They have  same molecular formula but different   functional 

Molecular formula : C4H10O 
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(iv) Metamerism : It arises due to different alkyl 

group. 

CH3 CH2O CH2CH3  ,  CH

10. Stereo isomerism :-  

Stereo isomers have same molecular formula, same structural formula, but difference in 

spatial arrangement. This isomerism is stereo isomerism.

 These are two types (i) Geometrical isomerism and (ii) Optical isomerism

11. Detection of carbon and hydrogen 

Organic compound is heated with cupric oxide. 

Carbon is converted to carbon dioxide which turns lime water milky. 

Hydrogen is converted to water which turns anhydrous copper sulphate to blue.

12. Detection of nitrogen: Lassaigne’ s test

It is done using sodium fusion extract (Lassaigne’ s extract) .

It is prepared by heating organic compound with sodium in a fusion tube. When red hot, it is 

plunged in to water taken in a china dish. The solution is boiled and filtered. Filtrate is called 

sodium fusion extract (Lassaigne’ s extract) .

It is prepared to convert covalent bonded organic compounds into water soluble ionic 

compounds. 

No.  Experiment 
1 Extract is treated with ferrous 

sulphate and concentrated 
sulphuric acid 

 
13. Which is the blue coloured compound in th

Ferriferrocyanide, Fe4

14. Explain Leibig’s method for the estimation of carbon and hydrogen.

Organic compound is heated with copper (II) oxide, carbon is converted to carbon dioxide and 

hydrogen to water.  

From the weight of carbon dioxide,  perce

 From the weight of water, the percentage of hydrogen can be calculate

 

���������� �� ������

 

���������� ��

 Molecular formula : C3H6O

Metamerism : It arises due to different alkyl groups on either side of the same functional 

,  CH3 OCH2CH2 CH3                           Molecular formula : C

Stereo isomers have same molecular formula, same structural formula, but difference in 

arrangement. This isomerism is stereo isomerism. 

These are two types (i) Geometrical isomerism and (ii) Optical isomerism 

Detection of carbon and hydrogen  

Organic compound is heated with cupric oxide.  

Carbon is converted to carbon dioxide which turns lime water milky.  

Hydrogen is converted to water which turns anhydrous copper sulphate to blue.

Detection of nitrogen: Lassaigne’ s test 

It is done using sodium fusion extract (Lassaigne’ s extract) . 

s prepared by heating organic compound with sodium in a fusion tube. When red hot, it is 

plunged in to water taken in a china dish. The solution is boiled and filtered. Filtrate is called 

sodium fusion extract (Lassaigne’ s extract) . 

vert covalent bonded organic compounds into water soluble ionic 

Observation 
Extract is treated with ferrous 
sulphate and concentrated 

Prussian blue colour 

coloured compound in the Lassaigne’s test for nitrogen? 

4[Fe(CN)6]3  
Explain Leibig’s method for the estimation of carbon and hydrogen. 

Organic compound is heated with copper (II) oxide, carbon is converted to carbon dioxide and 

From the weight of carbon dioxide,  percentage of carbon is calculated.  

From the weight of water, the percentage of hydrogen can be calculated. 

������ =  
�� � ���� �� ������������� ������

�� � ���� �� ������� ��������

�� �������� =  
� � ���� �� ����� ������

�� � ���� �� ������� ��������

O 

groups on either side of the same functional 

Molecular formula : C4H10O 

Stereo isomers have same molecular formula, same structural formula, but difference in 

Hydrogen is converted to water which turns anhydrous copper sulphate to blue. 

s prepared by heating organic compound with sodium in a fusion tube. When red hot, it is 

plunged in to water taken in a china dish. The solution is boiled and filtered. Filtrate is called 

vert covalent bonded organic compounds into water soluble ionic 

Inference 
Presence of nitrogen 

Organic compound is heated with copper (II) oxide, carbon is converted to carbon dioxide and 

������ � ���

��������
 

������ � ���

��������
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             PROBLEM  

1.             0.41 g of an organic compound gave on combustion 0.8010 g of CO
the percentage of carbon and hydrogen in it.
 

% �� ������ =  
�� � ���� ��

�� � ����
 

% �� �������� =  
� � ����

�� � ����

2. On complete combustion, 0.246g of an organic compound gave 0.198g of CO

Determine the percentage composition of carbon and hydrogen in the compound.

 

Solution:  

% �� ������ =  
�� � ����

�� �
= ��. ��% 

 
 

% �� �������� =  
� � ����

�� � ����
 
 

3. Write the metamers of C4H10O. 

Ans: 

The metamers of C4H10O are  

 CH3─O─CH2─CH2─CH3 and CH3─CH

 

4. Write the IUPAC names of the following compound : 

5-Oxoheptanoic acid 

=======================================================================

      PREPARED BY: YOOSAFALI T K , GHSS VARAVOOR (8040)

                  9947444175                             YOUTUBE CHANNEL : 

( ഈ NOTES ന്െട   വീഡിേയാ 

കാണുക. SUBSCRIBE  െച�ുക

========================================================================

0.41 g of an organic compound gave on combustion 0.8010 g of CO2 and 0.4212 g of water. Calculate 
the percentage of carbon and hydrogen in it. 

�� ������������� ������ � ���

���� �� ������� ��������
=  

�� ��. ���� ����

�� � �. ��

���� �� ����� ������ � ���

���� �� ������� ��������
=  

� � �. ���� � ���

�� � �. ��

On complete combustion, 0.246g of an organic compound gave 0.198g of CO2 and 0.1014g of H

position of carbon and hydrogen in the compound.

���� �� ������������� ������ � ���

� ���� �� ������� ��������
=  

��

���� �� ����� ������ � ���

���� �� ������� ��������
=  

� � �. ����

�� � �. ���

─CH2─O─CH2─CH3.  

Write the IUPAC names of the following compound :  
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and 0.4212 g of water. Calculate 

����  

��
= ��. ��% 

���
= ��. ��% 

and 0.1014g of H2O. 

position of carbon and hydrogen in the compound. 

�� ��. ��� ����  

�� � �. ���

���� � ���

���
= �. ��% 
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1. How will you prepare alkanes? 

(i) By the hydrogenation of alkenes and alkynes in the presence of Ni or Pd or Pt catalyst. 

��� = ��� +  ��

�� / �� / ��
�⎯⎯⎯⎯⎯⎯⎯� ��� − ���                                   

��� − � ≡ �� +  2 ��

�� / �� / ��
�⎯⎯⎯⎯⎯⎯⎯� ��� − ��� − ��� 

(ii) Alkyl halide on reduction with Zn and HCl, alkane is formed. 

                         CH3 CH2Cl  + H2      
��/��

�⎯⎯⎯�      CH3 CH3  + HCl 

(iii) By Wurtz reatction : Alkyl halides react with metallic sodium in dry ether to form alkanes with 

even number of carbon atoms. This reaction is known as wurtz reaction. 

� − � + � �� + � − � 
��� �����
�⎯⎯⎯⎯⎯⎯�  � − � + � ��� 

��� − �� + � �� + �� − ���  
��� �����
�⎯⎯⎯⎯⎯⎯�  ��� − ��� + � ���� 

    Bromo methane                                                                          Ethane 

������ + � �� + �� − ����  
��� �����
�⎯⎯⎯⎯⎯�  ��� − ��� − ��� − ��� + � ���� 

          Bromo ethane                                                       n-Butane 

2. Explain Isomerisation with example 

Normal alkanes on heating with anhydrous aluminium chloride and HCl, branched chain alkanes 

are formed is called isomerisation. 

CH3 (CH2)4CH3 
����.����� /���
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�    CH3 – CH - CH2 - CH2 -CH3   +   CH3 - CH2 – CH - CH2 -CH3    

                                                                   CH3                                                                                    CH3 

 n- Hexane                                         2- methyl pentane                        3- methyl pentane  

3. Explain aromatization or reforming with example. 

                              

 

 

 

 

 

 

Normal alkanes having six or more carbon atoms on heating at high temperature and pressure 

in the presence of catalyst like chromium oxide, benzene and its homologues are formed. 
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4. What are Conformations ? 

The different spatial arrangements of atoms arising due to free rotation around a carbon-

carbon single bond are called conformations. 

5. What are different types of conformations of ethane? Compare their stability. 

Sawhorse  projections of ethane                                      Newman projections of ethane 

              
Ethane has staggered ,eclipsed and skew conformations. 

Staggered conformation is more stable. This is because hydrogen atoms of two carbon atoms 

are at maximum distance and repulsion is minimum and stability is maximum. 

Eclipsed conformation has hydrogen atoms closed together , repulsion maximum, stability 

minimum. The intermediate conformations are called skew conformations 

6. How will you prepare alkenes? 

By dehydrohalgenation(Removal of hydrogen halide) of alkyl halide using alcoholic potash, alkene 

is formed. 

� �

���.���

� � 
Alcoholic potassium hydroxide is a dehydrohalogenating agent. 

7. State  and explain Markownikkoff’s rule 

Markownikkoff’s rule :- It states that “ when unsymmetrical reagent is added to unsymmetric  

alkene, the negative part of the addendum (adding molecule) gets attached to the carbon 

containing lesser number of hydrogen atoms. 

When HBr is added to 1-propene, the major product is 2-bromopropane 

                                                                                              Br 

��� − �� = ��� +  ��� →    ��� − �� − ��� +   ��� − ��� − ��� − �� 

                        1-  propene                             2-  bromopropane (Major)         1-bromopropane    (Minor)                          

8. What is peroxide effect or kharasch effect or anti markownikkoff’s rule? Give an example. 

In the presence of organic peroxides, addition of HBr to unsymmetric alkene takes place 

against Markwnikkoff’s rule. Only HBr shows peroxide effect. 

��� − �� = ��� +  ��� 
������� �������� 
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�  ��� − ��� − ��� − �� 

                                                                                                           1-bromopropane (Major product ) 

9. Give the preparation of acetylene (ethyne) 

(i) From calcium carbide.:-  Calcium carbide on treatment with water gives 

acetylene(ethyne)       ���� + � ��� → �� ≡ �� + ��(��)� 

(ii) From 1,2 –dibromoethane : On dehydrohalogenation using alcoholic KOH 
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10. How will you convert  acetylene to acetaldehyde?

�� ≡ �� + � − �� 
Acetylene (ethyne) is treated with water in the presence of suphuric acid and mercuric 

suphate, acetaldehyde (ethanal ) is formed.

11. How will you convert  propyne to propanone(acetone)?

��� − � ≡ �� + � − ��

Propyne is treated with water in the presence of suphuric acid and mercuric suphate, 

propanone (acetone) is formed.

12. How will you convert s acetylene to benzene?

 

 

 

 

 

 

 

 

When acetylene (ethyne) is passed through red hot iron tube, benzene is formed.

13. How will you prepare benzene ? 

(I) From acetylene (ethyne) :

When acetylene (ethyne) is passed through red hot iron tube, 

 

 

 

(I)  

(II) From sodium benzoate  :

Benzene is formed by the decarboxylation of sodium benzoate with soda lime.

 

 

 

(III) From Phenol :- When phenol is heated with zinc dust  benzene is formed 

 

 
How will you convert  acetylene to acetaldehyde? 

����/��/����
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�   ��� = ��(��)

�������������
�⎯⎯⎯⎯⎯⎯

Acetylene (ethyne) is treated with water in the presence of suphuric acid and mercuric 

suphate, acetaldehyde (ethanal ) is formed.  

pyne to propanone(acetone)? 

�� 
����/��/����
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�   ��� − �(��) = ���

�������������
�⎯⎯⎯⎯⎯

Propyne is treated with water in the presence of suphuric acid and mercuric suphate, 

propanone (acetone) is formed.  

How will you convert s acetylene to benzene? 

When acetylene (ethyne) is passed through red hot iron tube, benzene is formed.

 

acetylene (ethyne) :-  

When acetylene (ethyne) is passed through red hot iron tube, benzene is formed.

From sodium benzoate  :-  

Benzene is formed by the decarboxylation of sodium benzoate with soda lime.

When phenol is heated with zinc dust  benzene is formed 

�������������
⎯⎯⎯⎯�  ������ 

Acetylene (ethyne) is treated with water in the presence of suphuric acid and mercuric 

�������������
⎯⎯⎯⎯⎯�  ����� ��� 

Propyne is treated with water in the presence of suphuric acid and mercuric suphate, 

When acetylene (ethyne) is passed through red hot iron tube, benzene is formed. 

benzene is formed. 

Benzene is formed by the decarboxylation of sodium benzoate with soda lime. 

When phenol is heated with zinc dust  benzene is formed  
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14. Electrophilic substitution reaction :- 
Positively charged electrophile replaces hydrogen of the benzene ring. 

(i) Nitration:- 

 Benzene is converted to nitrobenzene in the presence of nitrating mixture(Mixture of 

concentrated nitric acid and concentrated sulphuric acid) 

 

(ii) Friedel –Craft alkylation(benzene to toluene):-  

When benzene is treated with  methyl chloride in the presence of anhydrous aluminium 

chloride, toluene is formed. It is called Fridel-Craft alkylation 

 

 

 

 

(iii) Fridel-Craft acylation  (convert benzene to aceto phenone)  

 

 

 

 

 

 

 

When benzene is treated with acetyl chloride in the presence of anhydrous aluminium 

chloride, acetophenone is formed.  
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CHAPTER  14        ENVIRONMENTAL CHEMISTRY 
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1. Which are responsible for tropospheric pollution? 
(i)  Gaseous air pollutants like oxides of nitrogen, sulphur and carbon. 
(ii) Particulate pollutants like dust, fumes smoke etc. 

2. Carbon monoxide is highly poisonous. Explain.  
 It binds with haemoglobin to form carboxy haemoglobin. This reduces the oxygen carrying capacity of 
haemoglobin. The low oxygen content in blood results in head ache, weak eye sight, cardiovascular 
disorder and finally leads to death. 

3. Explain Green house effect and global warming  
Green house effect is the phenomenon in which earth’s atmosphere traps the heat from the sun and 
prevents it from escaping into outer space resulting in the rise of atmospheric temperature. When more 
infrared radiations are trapped, the atmosphere becomes hotter and the global temperature rises up. 
This is called global warming. 

4. Which are the green house gases? ( gases responsible for global warming) 
              Carbon dioxide , methane ,ozone ,Chlorofluorocarbons, water vapour 

5. What are the adverse effects of green house effect and global warming? 
(i) Increases global temperature and leads to infectious diseases such as yellow fever, dengue fever etc. 
(ii) It leads to melting of polar ice caps and flood in low level areas. 

6. What can we do to reduce global warming? 
(i) Reduce the burning of fossil fuels by minimizing the use of automobiles. 
(ii) Plant trees and encourage afforestation 
(iii) Avoid burning of dry leaves, wood etc. 
(iv) Aware the public about the bad effects of global warming. 

7. What is Acid rain? How is it formed? 
 When the PH of rain water falls below 5.6, it is called acid rain. Sulphur dioxide and nitrogen dioxide 
present in polluted air is responsible for acid rain.     

2 SO2 + O2 + 2 H2O→  2H2SO4  
4  NO2 + O2 + 2 H2O→  4HNO3 

8. What are harmful effects of acid rain? 
(i) It is harmful to vegetation and aquatic life. 
(ii) It corrodes water pipes and dissolves heavy metals such as copper, lead  and iron from soil and 

rocks. 
(iii) It damages building materials. (e.g Tajmahal is affected by acid rain) 

9. What is Biological oxygen demand (BOD)?  
It is the amount of oxygen required by micro organism to oxidize organic matter present in the polluted 
water. It is expressed in ppm (parts per million).  
Clean water has BOD less than 5 ppm.       
 Highly contaminated water has BOD 17 ppm or more. 

10.   What is green chemistry? 
Green chemistry is the programme of developing new chemical processes or making improvements in 
the already existing processes so as to make less harmful to human health and environment. It does not 
employ any toxic reagents or solvents or severe reaction conditions. It would bring minimum pollution. 
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11. Give some applications of green chemistry in day to day life. 
(i) For dry cleaning of cloths liquid carbon dioxide is used. 
(ii) For bleaching of paper hydrogen peroxide is used. 
(iii) Ethanol is commercially prepared by one step oxidation of ethene in the presence of ionic 

catalyst in aqueous solution. 
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                                                                PROBLEMS 

                                            1   SOME BASIC CONCEPTS OF CHEMISTRY 
1. Chlorine has two isotopes of atomic mass units 34.9689 and 36.9659. The relative abundance of the 

isotopes is 0.7577 and 0.2423 respectively. Find the average atomic mass of chlorine.  

������� ������ ���� �� �������� =  
(��. ���� ��. ����) +  (��. ���� ��. ���� ) 

�. ���� + �. ����
 = ��. ���� 

2. Calculate the molar mass of naturally occurring argon from the following data. 

Isotope % abundance  Molar mass 
36 Ar 0.337 35.96755 
38 Ar 0.063 37.96272 
40 Ar 99.600 39.9624 

������� ������ ���� �� �����  

=  
(��. ����� ��. ���) + (��. ����� ��. ��� ) +  (��. ���� � ��. ��� )

�. ��� + �. ��� + ��. ��� 
 

= ��. ���  

3. How many moles of dioxygen are present in 64 g of dioxygen ? 

������ �� ����� =  
���� �� ��� ���������

���� ���������  ����
 =  

��

��
= � ��� 

4. Find the number of oxygen atoms in 4 g of O2. 

� � �� =  
�

��
 ��� �� =

�

��
� �. ��� �  ���� ��������� �� ��

=  � � 
�

��
� �. ��� �  ���� ������ �����   

 
5. Calculate the number of molecules in each of the following (a) 1g N2  (b) 1 g CO2 

� � �� =  
�

��
 ��� �� =

�

��
� �. ��� �  ���� ��������� �� �� 

� � ��� =  
�

��
 ��� ��� =

�

��
� �. ��� �  ���� ��������� �� ��� 

 

Join Telegram Channel: https://t.me/hsslive Downloaded from www.Hsslive.in ®



 

 

6. What is the number of hydrogen atoms in one mole of methane 

One mole methane (CH4)  = 6.02 x 10 23 methane (CH4) 
  molecules  

                                                 = 4  X 6.02 x 10 23 hydrogen atoms  

7. Calculate the number of moles in 1litre of water (density of water is 1 g/ml). Also calculate the number of 

molecules in 1 L of water. 

������ �� ����� = ������ ����� = ���� ������ =
����

��
= ��. �� ���

= ��. �� ��. ��� �  ���� ��������� ��  ���   

 

8. Complete the table 

Mass/ volume of the compound Number of moles Number of molecules 

25.5 g  NH3 …………..mol ………………..molecules 

………………mL at STP 0.25 mol H2O  ………………..molecules 

…………….L at STP ………..mol O2 3.01x 10 22 molecules O2 

150 g CaCO3 ………..mol ………………..molecules 

 Solution : 

��. � � ��� =  
��. �

��
 ��� ��� =

��. �

��
� �. ��� �  ���� ��������� �� ��� 

�. �� ��� ��� = �. �� � ����� �� ��� �� ��� = �. �� ��. ��� �  ���� ��������� ��  ��� 

�. �� � ���� ��������� =  
�.�� � ����

�.��� �  ���� =  
�.�

��
= �. �� ��� = �. �� � ��. � � �� ���   

��� � ����� =  
���

���
 ��� ����� =

���

���
� �. ��� �  ���� ��������� �� ����� 

9. Calculate the mass of a magnesium atom in grams. 

Solution:     Mass of 1 mol Magnesium = 24 g  

Mass of 6.02 x 10 23 Magnesium atoms  = 24 g  

���� �� � ��������� ���� =
��

�. ��� �  ����
= �. �� �  �����     

10. Dinitrogen and dihydrogen react with each other to produce ammonia. 

(I) Calculate the mass of ammonia produced if 2.00 × 103 g dinitrogen reacts with 1.00 × 103 g of 

dihydrogen.   

(II) Which reactant remain unreacted?  

(III) What would be its mass? 

Solution: 

N2(g)    +    3H2(g)   →   2NH3(g) 

1 mol N2    3 mol H2         2 mol NH3 

�. �� � ��� � �� �� =  ����� �� �� =  
����

��
= ��. �  ���  �� 

�. �� � ��� ��� �� =  ����� �� �� =  
����

�
= ���  ���  �� 

According to equation 1 mol N2 require 3 mol H2 . 

Hence for 71.4 mol nitrogen , the moles of hydrogen required = 71.4 X 3 = 214.2 mol H2 

Here 71.4 mol nitrogen is used up. So nitrogen is limiting reagent.  

(I) According to equation 1 mol N2 gives 2 mol NH3 

Therefore 71.4 mol N2 →     2 x 71.4 mol NH3   = 142.8 mol NH3   = 142.8 X 17 = 2472 g = 2.472 kg of 

ammonia 

(II) Dihydrogen (H2) remain unreacted. 
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(III) Mass of H2 unreacted =   500 mol – 214.2 mol = 285.8 mol =285.8  X 2 = 571.6 g =0.5716 kg of  H2 

11. 50 kg of N2 and 10 kg of H2 are mixed to produce NH3. Calculate the amount of NH3 formed. Identify the 

limiting reagent in the production of NH3 in this reaction.  

Solution :    N2(g) + 3H2(g) → 2NH3(g) 

�� �� �� �� =  �� � ���� = ����� � �� �� =  
�����

��
= ����  ���  ��   

�� �� �� �� =  �� � ���� � �� �� = ����� � �� �� =  
�����

�
= ����  ���  �� 

According to equation 1 mol N2 require 3 mol H2 . 

Hence for 1786 mol nitrogen , the moles of hydrogen required = 1786 X 3 = 5358 mol H2 

But we have only 5000 mol H2 , Hence dihydrogen is the limiting reagent . 

So ammonia will be formed from available hydrogen 5000 mol . 

Since 3 mol hydrogen gives 2 mol NH3  

� ��� �������� ����� 
�

�
  ��� ��� 

∴ ���� ��� �������� ����� 
�

�
� ����  ��� ��� = ���� ��� ��� 

  � ��� ��� = ��  

  ���� ��� ��� = �� � ���� = ����� � = ��. � �� 

12. 1.5 g of hydrogen react with 14.5 g of oxygen to form water. 

(a) Which is the limiting reactant 

(b) Calculate the maximum amount of water formed in the reaction 

(c) Calculate the maximum amount of the reactant which remains unreacted. 

Solution:  2 H2(g) +   O2(g) →    2H2O(g) 

                    2 mol      1 mol           2 mol 

�. �� �� �� =  
�. �

�
= �. ��  ���  �� 

��. � � �� �� =  
��. �

��
= �. ���  ���  �� 

(i) According to equation 2 mol H2 require 1 mol O2  

� ��� �������� �������� 
�

�
  ��� �� 

∴ �. �� ��� �������� �������� 
�

�
 � �. ��  ��� �� = �. ��� ���                      

 But moles of oxygen actually present = 0.453  

Therefore Oxygen is present in excess. Hence dihydrogen (H2) is the limiting reagent. 

(ii) 2 mol H2 →   2 mol H2O 

Therefore   1 mol H2 →   1 mol H2O 

Therefore   0.75 mol H2 →   0.75 mol H2O = 0.75 X 18 g = 13.5 g H2O 

(iii) Number of moles of O2 present in the reaction = 0.453 mol 

Number of moles of O2 used up  in the reaction = 0.375 mol 

Number of moles of O2 remains unreacted  = 0.453−0.375 = 0.078 mol  

Mass of O2 remains unreacted  = 0.078 X 32 = 2.50 g  

13. In a reaction A+ B2→ AB2. .Which is the limiting reactant if 5 mol of A react with 2.5 mol of B2 

According to equation 1 mol A require 1 mol B2 

Therefore 5 mol A require 5 mol B2 

But we have only 2.5 g of B2. So B2 is the limiting reactant 
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14. Calculate the mass of SO3 produced, if 500 g SO2 reacts with 200 g of O2 according to the equation  

2 SO2 + O2→2 SO3  .   Identify the limiting reactant. 

Solution:   2 SO2 + O2→2 SO3   

              2 mol SO2 +  1 mol O2→2 mol  SO3   

���� �� ��� =  
���

��
= �. �  ���  ��� 

��� � �� �� =  
���

��
= �. ��  ���  �� 

According to equation 2 mol SO2 require 1 mol O2  

� ��� ���  �������� 
�

�
  ��� �� 

∴ �. �  ���  ��� �������� 
�

�
 � �. �  ��� �� = �. �  ��� ��    

Here   SO2  is used up completely and so SO2  is limiting reagent . 

          2 mol SO2     →     2 mol  SO3   

          Therefore 1 mol SO2     →     1 mol  SO3   

          Therefore 7.8 mol SO2     →     7.8  mol  SO3  = 7.8 ( 32 + 48) = 7.8 X 80 = 624 g SO3 
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                                                                   2 ATOMIC STRUCTURE 
1. A 100 watt bulb emits monochromatic light of wavelength 400 nm. Calculate the number of photons 

emitted per second by the bulb.  

Solution :   Power of the bulb = 100 watt = 100 J s–1  

������ �� ��� ������ � =  �� =
��

�
 =  

�. ���  ������ � �  ����

��� � ����
 = �. ��� � ����� �  

������ �� ������� ������� =  
���

�. ��� � �����
=  �. ��� � ���� 

2. When electromagnetic radiation of wavelength 300 nm falls on the surface of sodium, electrons are 

emitted with a kinetic energy of 1.68 ×105 J mol–1. What is the minimum energy needed to remove an 

electron from sodium? What is the maximum wavelength that will cause a photoelectron to be emitted? 

Solution :       ������ �� �  ������ � =  �� =
��

�
 =  

�.���  ������ � �  ����

��� � ����  = �. ��� � ����� �  

Energy of one mole of photons = (6.626 ×10–34 ) × (6.022 × 1023) = 3.99 X 105  J mol–1  

The minimum energy needed to remove one mole of electrons from sodium   

                  =  h ν – Kinetic energy  =  3.99 X105  –1.68 X 105  = 2.31 × 105 J mol–1  

��� ������� ������ ��� ��� �������� =  
�. �� ����

�. ��� ×  ����
= 3.84 X ����� �  
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����������, � =  
��

�
=

�. ���  ������ � �  ����

3.84 X �����  = ��� � ���� � =  ���  �� 

3. The threshold frequency, ν0 for a metal is  7.0 x 1014 s-1. Calculate the K.E of an ejected electron when the 

radiation of frequency, ν = 1.0 x 1015 s-1 strikes the metal. 

h ν  = h ν0  + ½ mv2 

Kinetic energy  , ½ mv2         =  h ν −h ν0  =  h( ν  − ν0 ) = 6.626 ×10–34 (1.0 x 1015 −7.0 x 1014) =  

6.626 ×10–34 (10 x 1014 −7.0 x 1014) = 6.626 ×10–34 x   1014 (10 −7.0 ) = 1.988 x 10−19 J 

4. What are the frequency and wavelength of a photon emitted during a transition from n = 5 state to the                   

n = 2 state in the hydrogen atom? 

Solution:  n1 = 2  and n2 = 5 

�

�
= ������ �

�

��
−

�

��
�  =  ������ �

�

�
−

�

��
�  =  ������ � 

��

���
 �   ���������   

∴ � , ���������� =  
�

�����
=  �. ������� = ��� � ������ = ��� � ���� � ����� 

= ��� � ���� � =  ��� �� 

� =
�

�
=

� � ���

��� � ���� 
= �. �� � ���� �� 

5. Calculate the wavelength of the first line in Lyman series of the hydrogen spectrum 

�� =
�

�
= ������ �

�

��
�

−
�

��
�� ���� 

For first line in Lyman series ,  n1 = 1  and n2 = 2 

��� ����� ���� ,
�

�
= ������ �

�

��
−

�

��
�  =  ������ �� −

�

�
�  =  ������ � 

�

�
 �   ���������   

∴ � , ���������� ��� ����� ���� =  
�

�����
=  �. ������� = ��� � ������ = ��� � ���� � ����� 

= ��� � ���� � =  ��� �� 

6. Calculate the wavelength of the first line and last line in Balmer series of the hydrogen spectrum 

�

�
= ������ �

�

��
�

−
�

��
�� ���� 

                For first line in Balmer series ,  n1 = 2  and n2 = 3 

��� ����� ���� ,
�

�
= ������ �

�

��
−

�

��
�  =  ������ �

�

�
−

�

�
�  = =  ������ � 

�

��
 �   ���������   

∴ � , ���������� ��� ����� ���� =  
�

�����
=  �. ������� = ��� � ������ 

                                                                                         = ��� � ���� � ����� = ��� � ���� � =  ��� ��   

For last line in Balmer series ,  n1 = 2  and n2 = ∞ 

��� ���� ���� ,
�

�
= ������ �

�

��
−

�

∞�
�  =  ������ �

�

�
− ��  = =  ������ � 

�

�
 �    ����� ����   

∴ � , ���������� ��� ����  ���� =  
�

�����
=  �. ������� = ��� � ������ = ��� � ���� � ����� 

= ��� � ���� � =  ��� ��  

7. Calculate the wave number of the second line in the Balmer series.( from 4th orbit to 2nd orbit) 

�� = ������ �
�

��
�

−
�

��
�� ���� 
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�� = ������ �
�

��
−

�

��
�  =  ������ �

�

�
−

�

��
�  = =  ������ � 

�

��
 �  �����  ���� 

8. Find the maximum number of emission lines, when the excited electron of hydrogen atom in n =6, drops to 

the ground state. 

������ �� �������� ����� =  
�(���)

�
 =  

�(���)

�
 = �� �����  

9. Calculate the energy associated with the first orbit of He+ . What is the radius of this orbit? 

Solution: For first orbit , n = 1 ,  For He , Z = 2  

������ �� ���� �����, �� =
−�. ��  � �����    ��

��
   �   

������ �� �����  �����, �� =  
−�. ��  � ����� �   ��

��
 = −�. ��  � ����� �  

������ �� ���� ����� , �� =  
��.� ��

�
   ��  

������ �� �����  ����� , �� =  
��. � ���

�
= ��. �� �� =  �. ����� �� 

10. The energy associated with the first orbit in the hydrogen atom is -2.18 x 10-18 Jatom-1. What is the energy 

associated with the fifth orbit? 

������ �� ����� �����, �� =
��.��  � �����  �   ��  

��   
=  −�. ����� ����� �     

11. Calculate the radius of the second orbit of Li2+. 

������ �� ������ ����� , �� =  
��. � ��

�
  �� =  

��. � ���

�
= ��. �� �� 

12. Calculate the radius of the Bohr’s fifth orbit of hydrogen atom. 

������ �� ����� ����� , � =  
��. � ��

�
=

��. � ���

�
=  ����. � ��  

13. What will be the wavelength of a ball of mass 0.1 kg moving with a velocity of 10 m/s 

� =
�

��
=  

�. ���  ������ 

�. � � ��
=  �. ���  ������ �  

14. The mass of an electron is 9.1×10–31 kg. If its K.E. is 3.0×10–25 J, calculate its wavelength.  

Solution :  K. E. = ½ mv2 

 �������� , � =   �
�  �  �.�

�
      =  ��  �   � � �����

�.�  � �����         =      ��� �/�    

� =
�

��
=  

�. ���  ������ 

�. �  � ����� � ���
=  ���������� � = ������  

15. A photon has a wavelength of 3.6 A0. Calculate its mass.  

Solution: Planck's constant, h = 6.626 x 10-34 Js. Velocity of light = 3 x108 m/s ,      � =
�

��
 

� =
�

��
=  

�. ���  ������ 

�. � � ����� �   �  ���� 
=  �. ���  ������ � 

16. A microscope with suitable photons is employed to locate an electron in an atom within a distance of                                 

0.1 A0.  What is the uncertainty involved in the measurement of its velocity?  

∆�. �∆� =  
�

��
 

∆� =  
�

�� . ∆�. �
 =  

�. ���  ������

� � �. ��  � �. � � ����� �   �. �  � ����� 
= �. ��� � ��� 

17. Calculate the uncertainty in the velocity of an electron, if the uncertainty in its position is 100 pm. 

Solution: ∆x = 100 pm = 100 X 10-12 m                        ∆�. �∆� =  
�

��
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∆� =  
�

�� . ∆�. �
 =  

�. ���  ������

� � �. ��  � ��� � ����� �   �. �  � ����� 
= �. �� � ��� 

18. A golf ball has a mass of 40g, and a speed of 45 m/s. If the speed can be measured within accuracy of 2%, 

calculate the uncertainty in the position. 

Solution : mass =  40 g = 40 X 10-3 kg  

The uncertainty in the speed is 2 % , i.e., 45 X 2/100 = 0.9 m/s   

∆�. �∆� = 
�

��
 

∆�. =  
�

���∆� 
=   

�. ���  ������

� � �. ��  � �� � ���� �   �. � 
= �. �� � ������ 

19. What is the total number of orbitals associated with the principal quantum number n = 3 ?  

Total number of orbitals = n2 = 32 = 9 

20. Represent the orbitals given below:  

i) n = 1, l = 0 ii) n = 2, l = 1. iii) n = 4, l = 0 iv) n = 3, l = 2 v) n=4 , l=3 

Solution : (i) 1s  (ii) 2p  (iii) 4s (iv) 3d (v) 4 f  

21.  An electron is in 4f orbital. What possible values for the quantum numbers n, l, m and  s can it have? 

 For 4f , n=4 ,     l=3 ,           m = -3 ,-2 ,-1, 0 , +1 , +2 , +3    ,     s = +1/2 or -1/2  

22. An electron is in 3d  orbital. What possible values for the quantum numbers n, l, m and  s can it have? 

       For 3d , n=3 ,     l=2 ,           m = -2 ,-1, 0 , +1 , +2    ,     s = +1/2 or -1/2  

23. Find the number of electrons in the subshell with azimuthal quantum number l =2.  

Azimuthal quantum number l =2 means d subshell. d sub shell contains maximum 10 electrons   

24. Find the spherical nodes of 4s , 2p and 4d orbitals. 

No. of spherical nodes = n-l-1   

For 4s  , No. of spherical nodes = n-l-1  = 4 – 0  - 1 = 3 

For  2p  , No. of spherical nodes = n-l-1  = 2 – 1 - 1 = 0 

For 4d  , No. of spherical nodes = n-l-1  = 4 – 2  - 1 = 1 

25. Which is higher in energy 3d or 4s? Why? 

For 3d , n+l = 3 + 2 = 5 

For 4s  , n+l = 4 + 0 = 4 

3d has higher (n+ l)  value and so it has higher energy.  

26. How many orbitals are possible for  (i) the main energy level with n=4 (ii) the subshell with n=5, l=3 . 

Solution: (i) For n=4  , Total number of orbitals = n2 = 42 = 16  

(ii) 5f    . f subshell has 7 orbitals.   Number of orbitals in a subshell = (2l +1 )  = (2 X 3 )+ 1 =7 

27. The number of unpaired electrons present in Ni is …2……. (Atomic number of Ni = 28) 3d8 4s2 
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                          4 CHEMICAL BONDING AND MOLECULAR STRUCTURE 
1. Calulate bond order . Compare the stability ( Bond dissociation enthalpy ). Arrange in the increasing 

order of bond length O2, O2
+ and O2

- , O2
2- 

O2 (16 electrons) →   σ1s2   σ*1s2   σ2s2   σ*2s2   σ2pz
2    π2px

2      = π2py
2            π*2px

1      = π*2py
1             

Bond order  = ½ [Nb  - Na ]   = ½ [10 - 6 ] = 2 
O2

+  (16-1 = 15 electrons) →   σ1s2   σ*1s2   σ2s2   σ*2s2   σ2pz
2    π2px

2      = π2py
2            π*2px

1      = π*2py
0             

Bond order  = ½ [Nb  - Na ]   = ½ [10 - 5 ] = 2.5 
O2

-  (16 + 1 = 17 electrons) →   σ1s2   σ*1s2   σ2s2   σ*2s2   σ2pz
2    π2px

2      = π2py
2            π*2px

2      = π*2py
1            

Bond order  = ½ [Nb  - Na ]   = ½ [10 - 7 ] = 1.5 
O2

2-  (16 + 2 = 18 electrons) →   σ1s2   σ*1s2   σ2s2   σ*2s2   σ2pz
2    π2px

2      = π2py
2            π*2px

2      = π*2py
2            

Bond order  = ½ [Nb  - Na ]   = ½ [10 - 8 ] = 1 
Bond order order :  O2

2-    < O2
-      <  O2  <  O2

+   
Bond strength (Bond stability , Bond dissociation enthalpy ) order :  O2

2-    < O2
-      <  O2  <  O2

+   
Bond length order    O2

2-    >  O2
-      >  O2  >  O2

+   
Solution:  CO2  (1800)  >  CH4  >  NH3  >  H2O 

2. Arrange the following molecules in the order of decreasing C-C bond length  (a) C2H2 (b) C2H4 (c) C2H6 
Solution:  C2H6  >  C2H4   >  C2H2 
3. A molecule XY3 contains three sigma bonds and there is alone pair of electron on the atom X. 

(a) Predict the shape of the molecule  → Pyramidal geometry 
(b) If there is no lone pair on X, What is the geometry of the molecule? →Trigonal planar geometry  
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                                  5 STATES OF MATTER 
1. A sample of gas occupies 100L at 1 bar pressure at 00C. What additional pressure is required to reduce the 

gas volume to 5 L at the same temperature. 
Solution:  
P1V1  =  P2V2 

1 X 100   =  P2 X 5                                                      ∴  �� =  
� � ���

�
= �� ��� 

Therefore the additional pressure required =  20 – 1 = 19 bar 

2. A balloon is filled with hydrogen at room temperature. It will burst if pressure exceeds 0.2 bar. If at 1 bar 
pressure the gas occupies 2.27 L volume, up to what volume can the balloon be expanded ?  
Solution:  According to Boyle’s Law , P1V1  =  P2V2 

P1   =  1 bar , V1  =  2.27 L , P2  =  0.2 bar , V2  =  ? 
1 X 2.27   =  0.2 X V2 

∴  �� =  
� � �. ��

�. �
= ��. �� � 

Since balloon bursts at 0.2 bar pressure, the volume of balloon should be less than 11.35 L.  
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3. On a ship sailing in Pacific Ocean where temperature is 23.4°C, a balloon is filled with 2 L air. What will be 
the volume of the balloon when the ship reaches Indian ocean, where temperature is 26.1°C ?  
Solution  : V1 = 2 L , T1 = 23.4 + 273 = 296.4 K,   T2 = 26.1 + 273  = 299.1 K 

From Charles law,  
��

��
=

��

��
                   

�

���.�
=  

��

���.�
 

 

∴ �� =  
�  ����. �

���. �
= �. ���  � 

4. 600 cm3 of a gas measured at 27 0C is heated to 127 0C keeping the pressure constant. Calculate the increase 
in volume of the gas. 
Solution  :  V1 = 600 cm3  ,  T1  = 270C  =  27  + 273 = 300 K , T2  = 1270C  =  127  + 273 = 400 K , V2  = ? 

 
��

��
=

��

��
     ,                        

���

���
=  

��

���
 

 

∴ �� =  
��� ����

���
= ��� ���  

�������� �� ������ �� ��� ��� = ��� − ��� =  ��� ��� 
5. Consider a gas at 00C. At what temperature will the volume be doubled if the pressure is kept constant? 

 Solution  :  V1 =V ml,  T1  = 0 0C  =  0  + 273 = 273 K , T2  =? , V2  = 2V 

��������� �� �����������
��

��
=

��

��
     ,                    

�

���
=  

��

��
 

 

∴   �� =  
���  �  � �

�
= ��� � = ��� − ��� = ��� ℃ 

6. A definite quantity of an ideal gas is confined in a container at constant volume. When the container is 

immersed in a bath of melting ice, the pressure of the gas is 800 mm of Hg. Find the temperature when the 

pressure is 400 mm of Hg 

Solution  :  P1 =800 mm Hg,  P2  = 400 mm Hg,  T1  = 0 0C  =  0  + 273 = 273 K , T2  =?  

��������� �� ��� ������� ��� ,
��

��
=  

��

��
                      

���

���
=  

���

��
 

∴   �� =  
���  �  ���

���
= ���. � � = ���. � − ��� = −���. � ℃ 

7. 10 g of oxygen were introduced in to an evacuated flask of 5 L capacity maintained at 270C. Calculate the 
pressure exerted by the gas.  
Solution  :  V = 5 L , T  = 270C  =  27  + 273 = 300 K , P = ? ,  R  = 0.083 L bar K−1 mol−1 

� =  
����� ����

����� ����
=  

��

��
= �. ���� 

PV = nRT 

                 � =  
���

�
=  

�. ���� � �. ��� � ���

�
= �. �� ��� 

8. Density of a gas was found to be 3.43 g/L at 1 atm  pressure at 270C. Calculate its molar mass. 

Solution  :  T = 27 0C  =  27  + 273 = 300 K , d = 3.43 g/L , P = 1 atm  ,  M = ? 

� =
���

�
  

∴ � =
���

�
=  

�.�� � �.���� � ���

�
= ��. �  

9. Calculate the temperature of 4 moles of a gas occupying 5 dm3 at 3.32 bar. 

PV = nRT                           ∴   � =  
��

� �
=  

�.�� � �

� � �.���
= �� � 

10. Calculate the mass of 600 cm3 of nitrogen gas at 150 0C and 750 mm of mercury pressure. 
Solution  :   P= 750 mm = 750/760 = 0.987 atm  ,   V  = 600 cm3  = 600 ml  = 0.6 L   , M= 28  
T = 150 + 273 = 423 K ,  R  = 0.0821 L atm K−1 mol−1 

PV = nRT   OR  �� =  
�

�
�� 

∴  � =  
���

��
=  

�. ���  � �. �  � �� 

�. ���� � ��� 
 = �. ��� �  

Join Telegram Channel: https://t.me/hsslive Downloaded from www.Hsslive.in ®



 

 

11. 34.05 ml of phosphorous vapour measured at 546 0C and 1 bar pressure was found to have a mass of 
0.0625g. Calculate the molar mass of Phosphorous. 
Solution  :  V = 34.05 ml = 0.03405 L ,      T = = 546 + 273 = 819 K ,     P = 1 bar , 
 w = 0.0625 g ,                R  = 0.083 L bar K−1 mol−1 

PV = nRT     OR     �� =  
�

�
�� 

∴  � =  
��� 

��
=

�.���� ��.��� ����   

� ��.����� 
= ���. �� � mol−1 

12. An air filled balloon has a volume of 125 L at a pressure of 760 mm of mercury and a temperature of 25 0C.  

What will be its volume when the pressure is 670 mm of mercury and temperature is 18 0C.  

Solution  :  P1 = 760 mm Hg, V1= 125 L , T1 = 25 + 273 = 298 K , P2= 640 mL ,T2 = 18 + 273 = 291 K  , V2= ?  

According to Combined gas law         
���� 

��
=

�� ��

��
 

 

�� =
�� ����

����
=  

��� ���� � ���

��� ���� 
= ���. �� � 

13. At 25 0C and 760 mm of mercury pressure of a gas occupies 600 ml volume. What will be its pressure at a 

height where the temperature is 10 0C and the volume of the gas is 640 ml. 

Solution  :  P1 = 760 mm Hg, V1= 600 mL , T1 = 25 + 273 = 298 K , V2 = 640 mL and T2 = 10 + 273 = 283 K  , P2 = ?  

According to Combined gas law       
���� 

��
=

�� ��

��
 

�� =
�� ����

����
=  

��� � ��� � ���

��� � ���
= ��� �� �� 
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                                       6 THERMODYNAMICS 
1. Calculate the change in internal energy of a system which absorb  100 J of heat and does 215 J of work. 

Solution:     ∆U = q + w = 100 + (−215) = 100-215 = -115 J 
2. Internal change in a process /system is related to the heat and work involved in the process. Complete the 

following table for a system of gas enclosed in a vessel. 

Heat absorbed or evolved by the gas (q) Work done by/ on the gas (w) Change in internal energy ∆U) 
No heat absorbed or evolved by the gas 150 J work done on the gas (a)…………………J 

200 J heat absorbed  by the gas 50 J work done by the gas (b)…………………J 

250 J fo heat evolved by the gas (c)……. J work done on the gas 150 J 

(d)………… J heat absorbed  by the gas 300 J work done by the gas 150 J 

 

Join Telegram Channel: https://t.me/hsslive Downloaded from www.Hsslive.in ®



 

 

Solution:  
(a) ∆U = q + w =0+ 150= 150 J 
(b) ∆U = q + w =200+ (-50) = 150 J 
(c) ∆U = q + w   ,  Therefore     w  = ∆U – q  =  150 – (–250)  =  400 J 
(d) ∆U = q + w   ,   Therefore  q  = ∆U – w  =  150 – (–300)  =  450 J 

3. What is the difference in internal energy of a system, if 100 kJ of energy is radiated out without doing any 
work?  

Solution: ∆U = q + w =–100+ 0= –100 J 
4. Calculate the amount of work done  when 1 mole of a gas expand from a volume of 1 litre to a volume of 5 

litres against the constant external pressure of 1 atm. (1 litre atmosphere=101.3 J) 

W = −Pext∆V = −Pext(Vf  − Vi) = −1 ( 5-1) = −4  litre atmosphere = −4 X 101.3 = − 405 J 

5. The heat of combustion of methane at constant volume measured in a bomb calorimeter at 298 K is found 

to be −885389 Jmol-1.  Calculate the value of heat of combustion at constant pressure. 

Solution : Combustion of methane is      ���(�) +  � ��(�) → ���(�) +  � ���(�)   

∆U   = −885389 Jmol-1        ,   ∆n= nP - nR   = 1 –( 1+2) = 1 –3 =–2    , R = 8.314 J K–1mol–1 

  ∆H   =   ∆U   +  ∆n RT          = −885389 + (–2 )  X 8.314 X 298  = −885389 – 4955  =  –890344 J  

6. The reaction of cyanamide, NH2CN (s), with dioxygen was carried out in a bomb calorimeter, and ∆U was 

found to be –742.7 kJ mol–1 at 298 K. Calculate enthalpy change for the reaction at 298 K.  

NH2CN(s) + 3/ 2 O2(g) → N2(g) + CO2(g) + H2O(l) 

Solution : ∆U =–742.7 kJ mol–1  = –742700 J mol–1   , ∆n= nP - nR   = 2 –3/2  =1/2 , R = 8.314 J K–1mol–1 

  ∆H   =   ∆U   +  ∆n RT      =  –742700 + ½ X 8.314 X 298  =–741500 J 

7. The enthalpy change for the reaction  N2(g) + 3 H2(g) → 2 NH3(g) is -92.38 kJ at 298 K. Calculate the value of 
internal energy change.  
Solution : ∆H =–92.38 kJ   = –92380 J, ∆n= nP - nR   = 2 –( 1+3) = -2 , R = 8.314 J K–1mol–1 

 ∆H   =   ∆U   +  ∆n RT 
∆U  =   ∆H     −  ∆n RT  =  –92380 – (-2) X 8.314 X 298  =– 87424 J 

8.   Molar enthalpy change for vapourisation of 1mol of water at 100 0C and 1 bar pressure is 41 kJ mol-1.  

Assuming water vapour to be a perfect gas, calculate the internal energy change when (i) 1 mol of water is 

vapourised at 1 bar pressure and  100 0C (ii)   1 mol of water is converted to ice. 

Solution: 

(i) Vapourisation is ���(�)  → ���(�)                       

 ∆n= nP - nR   = 1 – 0 =1  , R = 8.314 J K–1mol–1  ,    ∆H   =   41 kJ = 41000 J , T = 100 + 273 =373 K 

  ∆H   =   ∆U   +  ∆n RT   

   ∆U   =   ∆H −   ∆n RT  =  41000 −  1  X 8.314 X 373  = 37990 Jmol
− 1  

(ii) Ice to water ���(�)  → ���(�)                       

 ∆n= nP - nR   =0,  

When ∆n =0 ,   ∆H   =   ∆U    

∆H   =  41000 J =  41 kJ 
9. Enthalpies of formation of ��(�), ���(�) , ���(�) ��� ����(�)   are −110 k Jmol−1,  −393 kJ mol−1  , 81 

k Jmol−1  and 9.7 k Jmol−1  respectively. Find the value of ∆rH
  from the reaction. 

N2O4(g) + 3 CO (g) →N2O(g) + 3 CO2(g)     
 Solution:  

∆rH   = Sum of enthalpies of products - Sum of enthalpies of reactants 
∆�� = [ ∆�(���) +  � ∆� (���)] −  [ ∆� (����) +  � ∆� (  ��)] 

 [  �� + � (– ���)] −   [�. � + �(−���)] =  −���. � ��      
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10. The enthalpy of combustion of CH4, C (graphite) and H2 at 298 K are  −890.2 kJmol-1, −393.4 kJmol-1,   −285.7 

kJmol-1 respectively. Calculate the enthalpy of formation of CH4. 

Solution:  C   +   2 H2   →CH4         , ∆H0      = ? 

CH4  + 2 O2     → CO2   + 2 H2O    ,  ∆H0      =  −890.3  …………(1)  

   C   +   O2   →CO2                ,  ∆H0      =   -393.4 kJ   ……………….(2) 

H2   +   1/2  O2  → H2O          , ∆H0   = - 285.7  kJ  ……………….(3)  

Equation (2) + 2 X Equation (3) – Equation (1) 

C   +   O2   + 2 (H2   +   1/2  O2  ) – ( CH4  + 2 O2) → CO2   + 2 H2O – (CO2   + 2 H2O) ,  

                                                                              ∆H0      =   -393.4 + 2 X (- 285.7  ) – (−890.3) = –74.6 kJ  

C   + 2 H2  – CH4  → 0   ,  ∆H0      =   –74.6 kJ 

C   + 2 H2  → CH4     ,  ∆H0      =   –74.6 kJ 

11. For the oxidation of iron 4 Fe(s) + 3 O2(g) → 2Fe2O3(s), entropy change ΔS is -549.4 J/K/mol at 298K. 
 Inspite of the negative entropy change of this reaction, why is the reaction spontaneous? (ΔrH

0 for the 
reaction is -1648 x 103 Jmol-1).  
Solution:  
ΔStotal = ΔSsystem  + ΔSsurrounding 

∆������������ =  −
∆���

�
= −

(−���� � ���)

���
   = ���� � �������� 

ΔStotal = ΔSsystem  + ΔSsurrounding  =  − 549.4 + 5530  = 4980.6 JK-1mol-1 
Since ΔStotal  is positive , the reaction is spontaneous. 

12. Enthalpy and entropy changes of a reaction are 40.63 kJ/mol and 108.8 J/K/mol. Predict the feasibility of 
the reaction at 270C 
Solution:    ∆H  = 40.63 kJ/mol = 40630 J/mol  , ∆S = 108.8 J/K/mol. , T = 27 + 273 = 300 K 

Substituting these values in ∆G= ∆H  −T ∆S =   40630 −  300 X 108.8  = 7990 J/mol   
Here ∆G is positive , the reaction is not feasible . 

13. Find the temperature above which the reaction MgO  +  C  →  Mg  +  CO becomes spontaneous.                               

(∆H 0= 490  kJmol-1                      , ∆S 0=198  JK-1mol-1 ) 

Solution:    ∆H0= 490 kJ/mol = 490000 J/mol  , ∆S0= 198 J/K/mol. , T = ? 

∆G0= ∆H0  −T ∆S0 

At equilibrium , ∆G 0= 0  ,  Therefore    0= ∆H0  −T ∆S0        ,  ∆H0  = T ∆S0 

∴   � =  
∆��

∆��
=    

������

���
= ����. � � 

i.e., The process is at equilibrium at T = 2474.7 K 

Here ∆H0 is positive , the reaction will be spontaneous above 2474.7 K 
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                         7 EQUILIBRIUM 
1. Write the expression for equilibrium constant for the  reaction    2NOCl(g)      2NO(g) + Cl2(g)    

Solution: 

(I) �� =
[��]�[���]

[����]�                        �� =  
��(��)�(���)

��(����)
 

2.  The following concentrations were obtained for the formation of NH3 from N2 and H2 at equilibrium at 
500K. [N2] = 1.5 × 10–2M. [H2] = 3.0 ×10–2 M and [NH3] = 1.2 ×10–2M. Calculate equilibrium constant.  
Solution :         N2 (g)  +  3 H2 (g)  2 NH3 (g)  

�� =
[���]�

[��][��]�
 =  

(�. � × ����)�

(�. � × ����)  �  (�. � × ����)�
= �. ��� ×  ��� 

3. At equilibrium, the concentrations of N2=3.0 × 10–3 M, O2 = 4.2 × 10–3 M and NO= 2.8 × 10–3 M in a sealed 
vessel at 800K. What will be Kc for the reaction N2(g)+ O2(g)  2NO(g)  

Solution :     �� =
[��]�

[��][��]
 =  

(�.� ×����)�

(�.� ×����) � (�.� ×����)  
= �. ��� 

4. An equilibrium system for the reaction between hydrogen and iodine to give hydrogen iodide at 700K in a 5 
litre flask contains 0.6 mole of H2, 0.6 mole of I2, and 3.6 mole of HI. Calculate the equilibrium constant of 
the reaction at 700K. 
Solution :          H2 (g)  +  I2 (g)  2 HI (g),  

[H2] = 0.6/5 = 0.12 mol L-1   , [I2] = 0.6/5 = 0.12 mol L-1   [HI] = 3.6/5 = 0.72 mol L-1    

�� =  
[��]�

[��][��]
 =  

(�. ��)�

�. �� � �. ��
= �� 

5. Calculate Kc for the reaction, PCl5 (g)    PCl3 (g)  +  Cl2 (g) .         PCl5 (g),   PCl3 (g) , and   Cl2 (g) are at equilibrium at 

500K and having concentration 1.41M ,1.59M and 1.59M respectively 

�� =  
[����][���]

[����]�
 =  

�. �� � �. ��

�. ��
= �. �� 

6. For the reaction, 2 NOCl (g)   2 NO (g)  +  Cl2 (g), the value of Kc  is 3.75 x 10-6 at 1069K. Calculate Kp  

 Kp   = Kc  (RT)∆n 
∆n = No. of mole of gaseous products - No. of mole of gaseous reactants = (2+1) –(2) = 1  

∆n =1     , Kp   = 3.75 x 10-6  (0.0821X 1069)1   =  329 x 10-6   

7. For the reaction N2 (g)  +  3 H2 (g)  2 NH3 (g),     the value of Kp  is 2.75 x 10-8 at 300 K. Calculate Kc  . 

Kp   = Kc  (RT)∆n 

∆n = No. of mole of gaseous products –No. of mole of gaseous reactants = (2) –(1+3) = 2-4 =-2  

�� =
��

(��)∆�
=  

 �. �� � ��−�

 (�. ����� ���)��
 =  �. �� � ��−� � (�. ����� ���)� = ����� ��−�   

8. Write the Kc for the reaction .4 NH3(g) + 5 O2 (g)  4 NO(g) + 6 H2O(l)              
What happens to the value of the equilibrium constant (Kc) when the above reaction is reversed? 

�� =  
[��]�

[���]�[��]�
 

When the above reaction is reversed, the equilibrium constant (Kc) will become its reciprocal (1/Kc) 

9. What will be the conjugate bases for the following Brönsted acids: HF, H2SO4 and HCO3 – ?  
Solution:    Conjugated base   = Acid  - H+ 
Conjugated bases  → F– , HSO4

 – and CO3 
2–   

10. Write the conjugate acids for the following Brönsted bases: NH2 
– , NH3 and HCOO– .  

Solution : Conjugated acid   = Base  + H+   

Conjugated acid   →  NH3, NH4 
+ and HCOOH 

11. Classify the the following in to Lewis acid and Lewis base: NH3, H2O,AlCl3 , H+    
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Solution: Lewis acid → AlCl3 , H
+     , Lewis base→ NH3, H2O 

12. Calculate the concentration of hydrogen ion(or hydronium ion) of a soft drink whose pH is 4.4  
   Solution: [H3O

+ ]    =? ,   pH  =  4.4  
   PH  =−log[H3O

+ ]  =  4.4  
     log[H3O

+ ]  =  −4.4     
        [H3O

+ ]  =  Anti log(−4.4 ) = 3.981 X 10-3 M                                                                                                                                                                                    
13. The concentration of HCl is 0.01 Molar .  Calculate its  pH    

  [H3O
+ ]    = 0.01 Molar = 1 X 10-2 Molar                                     

 PH  = − log[H3O+ ]  =  −log(1 X 10-2)  = 2 
15. The concentration of H+ ion in a soft drink is 3.8 x 10-3M. Calculate its pH.   Identify it is acidic or basic.  
Solution: [H3O

+ ]    =3.8 x 10-3M 

PH  = − log[H3O+ ]  =  −log(3.8 x 10-3)  = 2.42 

PH of this soft drink is 2.42. It is less than 7 and so it is acidic 

14. Calculate pH of  1 x 10-8 M solution of HCl  
Solution : 
  [H3O

+]  from HCl   = 1 X 10−8 Molar 
   PH  = − log[H3O

+ ]  =  −log(1 x 10−8)  = 8 
         But it is not possible, because the PH of acid is always less than 7 
         Here two source of [H3O

+ ]   are present ,  HCl and H2O 
                                H2O   +  H2O    ⇌  H3O

+     + OH−     

                                                      HCl    +  H2O    ⇌  H3O
+    + Cl−            

         In very dilute solutions, both sources of H3O
+ must be considered       

                  [H3O
+ ] from HCl    = 10−8  

                   [H3O
+ ] from H2O    = 10−7   

    Total [H3O
+ ] = 10−8   + 10−7   = 10−8   + 10 x 10−8     =  (1+ 10) 10−8   = 11 x 10−8    

    PH  = − log[H3O
+ ]  =  −log (11 x 10−8)  = 6.98 
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                    8 REDOX REACTIONS 

  
1. The oxidation number of oxygen in super oxides    

          Ans:   (c) -1/2       

2. The oxidation number of an atom in the elementary form is…………… 

 Ans : Zero 

3. The oxidation number of sulphur in SO4 2- is ………………. a) 3 b) 4 c) 5 d) 6  

Ans:  +6` 

X + 4(-2) = -2    ,   X-8 = -2    , ,   X= -2  + 8  = + 6 

Join Telegram Channel: https://t.me/hsslive Downloaded from www.Hsslive.in ®



 

 

4. Calculate the oxidation number of Cr in K2Cr2O7 and P in H2P2O5.  

Ans: 

 Oxidation no. of Cr in K2Cr2O7 = +6  

Oxidation no. of P in H2P2O5= +4  

Hints : 2(+1) + 2x + 7(-2) = 0  , +2 +2x-14 =0  , 2x-12 =0  ,        2x = 12 , x = 12/2 =6 

2(+1) + 2x + 5(-2) = 0  , +2 +2x-10 =0  , 2x- 8 =0  ,         2x = 8  , x = 8/2 = 4 

5. Balance the following Redox reaction by ion-electron method or oxidation number method 

(Acid medium)  

Cr2O7 2- (aq) + SO3 2- (aq ) → Cr3+(aq) + SO4 2- (aq)  

OR 

Write the balanced chemical equation of K2Cr2O7 with Na2SO3 in acidic medium to form 

chromium (III) ion and sulphate ion. 

Solution:   

(I) Write the skeletal equation and find the oxidation number 

             +6                   +4                   +3        +6 

Cr2O7
2−     +     SO3

2−       → Cr3+  +   SO4
2 −   

( Oxidation number of Cr decreases and oxidation number of S increases)               

(II) Split the skeleton in to two half –oxidation half and reduction half  

           Oxidation half :   SO3
2−       →   SO4

2 −   

                       Reduction half   :  �����
�� → ���� 

(III) Balance atoms other than hydrogen and oxygen 

  Oxidation half :     SO3
2−       →   SO4

2 −            ,                  

Reduction half   :        �����
�� → � ���� 

(IV) Balance oxygen by adding water and hydrogen by adding H+ 

    Oxidation half :     SO3
2−   + H2O    →   SO4

2 − + 2 H+             ,     

Reduction half   :     �����
�� +  �� �� → � ���� +  � ��� 

(V) Balance the charges by adding electrons 

SO3
2−   + H2O    →   SO4

2 − + 2 H+   +  2 e−            

 �����
�� +  �� �� +  ��� → � ���� +  � ��� 

(VI) Equalize the number of electrons in both half reactions. 

3(SO3
2−   + H2O    →   SO4

2 − + 2 H+   +  2 e−  )   

   3 SO3
2−   + 3H2O    →  3 SO4

2 − + 6 H+   +  6 e−     

     

 �����
�� +  �� �� +  ��� → � ���� +  � ��� 

(VII) Adding the two half reactions 

3 SO3
2-  + Cr2O7

2− + 3H2O  +   14  H+  + 6 e − →  

                                                             3 SO4
2- + 6  H+  +  2 Cr3+  +7  H2O   + 6 e − 

3 SO3
2-  + Cr2O7

2− + 8  H+  → 3 SO4
2- + 2 Cr3+  + 4  H2O 

6. Balance the following Redox process by ion-electron method ( Half reaction method :  

P4(s) + OH− (aq) → PH3(g) + HPO2 − (aq)  Basic medium 
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Ans: 

(I) Write the skeletal equation and find the oxidation number.  

0                  -3        +2  

P4 + OH− → PH3 + HPO2 − 

( Oxidation number of Phosphorus  decreased by 3 and increased by 2)               

(II) Split the skeleton in to two half –oxidation half and reduction half  

                      Oxidation half :   P4 →  HPO2 − 

           Reduction half   : P4 → PH3  

(III) Balance atoms other than hydrogen and oxygen 

           Oxidation half :   P4 →  4 HPO2 − 

           Reduction half   : P4 → 4 PH3  

(IV) Balance oxygen by adding water and hydrogen by adding H+. Since it is basic medium add 

OH- on both sides equal to H+ ions.  Replace H+ and OH-  by H2O.  Cancel excess water 

molecules. 

      Oxidation half :      P4  + 8 H2O  + 12 OH−  →  4 HPO2 − + 12 H+ + 12 OH− 

                                         P4  + 8 H2O  + 12 OH−  →  4 HPO2 − + 12 H2O 

                                         P4  + 12 OH−  →  4 HPO2 − +  4 H2O 

 

          Reduction half   :  P4 + 12 H+ + 12 OH−  →  4 PH3   + 12 OH−   

                                      P4 + 12 H2O →  4 PH3   + 12 OH−   

(V) Balance the charges by adding electrons 

           P4  + 12 OH−  →  4 HPO2 − +  4 H2O  + 8 e−   

     P4 + 12 H2O + 12 e−  →  4 PH3  + 12 OH−   

(VI) Equalize the number of electrons in both half reactions. 

      3 (P4  + 12 OH−  →  4 HPO2 − +  4 H2O  + 8 e−  )  

         3 P4  + 36 OH−  →  12 HPO2 − +  12 H2O  + 24 e−     

   2  ( P4 + 12 H2O + 12 e−  →  4 PH3  + 12 OH−  ) 

 2 P4 + 24 H2O + 24 e−  →  8 PH3  + 24 OH−   

(VII) Adding the two half reactions 

 P4 + 36 OH−  +2 P4 +24 H2O + 24 e− →12 HPO2 − +12 H2O  + 24 e−  +8 PH3 + 24 OH−    

          P4 + 12 OH−   +12 H2O →12 HPO2 − +8 PH3   

7. Balance the following redox reaction using oxidation number method or ion-electron method: 

����� (�) +  ����  (��)  → ���� (��)
� +  ��  (�) +  ��         (in acid medium) 

Solution:   

(I) Write the skeletal equation and find the oxidation state  

                                                      +7                   −1          +3            0 

����� +  ����   → ���� 
� +  ��  +  �� 
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 ( +7 oxidation state  of Cl in Cl

Oxygen in H2O2  increases to zero in O

(II) Split the skeleton in to two half 

           Oxidation half :       

                       Reduction half   :  ��

(III) Balance atoms other than hydrogen and oxygen

           Oxidation half :       

                       Reduction half   :  ��

(IV) Balance oxygen by adding water and hydrogen by adding H

Oxidation half :       ����

           Reduction half   :  ����� +

(V) Balance the charges by adding 

Oxidation half :       ����

           Reduction half   :  ����� +

(VI) Equalize the number of electrons in both half reactions.

Oxidation half :       � (��

           Reduction half   :  ����� +

(VII) Adding the two half reactions

 � ����  + ����� +  � �

     � ����  + �����   →

========================================================================

                              11  ORGANIC CHEMI

1. Write the IUPAC name of 

                       CH3 

(i) CH3 –  CH– CH─CH –

                            CH2

(ii)  

       OH 

            
   Ans:  (i) 4-ethyl 2- methyl hexane 

          (ii) Prop-2-en-ol 

2. Give the IUPAC names of the 

( +7 oxidation state  of Cl in Cl2O7  decreases to +3 in ClO2
−   and -1 oxidation number of 

increases to zero in O2)               

Split the skeleton in to two half –oxidation half and reduction half  

����   →  ��   

�����  → ���� 
�  

Balance atoms other than hydrogen and oxygen 

����   →  ��   

�����  → �  ���� 
�  

Balance oxygen by adding water and hydrogen by adding H+ 

   →  ��  +  � �� 

+  � ��  → �  ����  
� +  � ��� 

Balance the charges by adding electrons 

   →  ��  +  � �� +  � �� 

+  � �� +  � ��  →  �  ����  
� +  � ��� 

Equalize the number of electrons in both half reactions. 

���   →  ��  +  � �� +  � ��) 

� ����   →  �  ��  +  � �� +  � �� 

+  � �� +  � ��  →  �  ����  
� +  � ��� 

Adding the two half reactions 

�� +  � ��   →  �  ��  +  � �� +  � �� +  �  ��

 �  ��  +  � �� +  �  ����  
� +  � ��� 

========================================================================

ORGANIC CHEMISTRY  

Write the IUPAC name of  

– CH2 – CH3  

2-CH3      

methyl hexane  

Give the IUPAC names of the following: 

1 oxidation number of 

����  
� +  � ��� 

========================================================================                          
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Ans: 

i) 3-chloropropanal  

ii) 3-methylpentanenitrile

3. Write the structural formula of the following compounds: 

i) Pent-4-en-2-ol  

ii) 6-Hydroxyheptanal 

 Ans: 

                                            OH

(i)  CH2 = CH – CH2 – CH

(ii) CH3─CH─CH2─CH2─CH

          OH 

4. The bond-line formula of a compound is given below. 

Write its condensed formula and give the IUPAC name.  

Ans:  

HO─CH2─CH2─CH2-CH(CH

IUPAC Name: 4,5-Dimethylhexan

5. Give the IUPAC names of the following compounds: 

i) CH3─CH2─CH─CH2─CH2

                     OH                    CH

ii) CH3-CH2-CH=CH-CH2-COOH

 Ans: 

iii) 6-Methyloctan-3-ol  

iv) Hex-3-en-1-oic acid  

6. How many ‘σ’ and ‘π’ bonds are present in the foll

CH2 = C = CH - CH3  

Ans:  σ bonds - 9  

π bonds – 2 

 

methylpentanenitrile 

Write the structural formula of the following compounds:  

OH 

CH– CH3  

─CH2─CH2─CHO 

line formula of a compound is given below.  

 
Write its condensed formula and give the IUPAC name.   

3)─CH(CH3)─CH3  

Dimethylhexan-1-ol 

Give the IUPAC names of the following compounds:  

2─CH─CH2─CH3  

OH                    CH3  

COOH 

How many ‘σ’ and ‘π’ bonds are present in the following compounds?  
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7. Draw the structures of the following compounds. 

i) 2,3-Dibromo-1-phenylpentane 

ii) 4-Ethyl-1-fluoro-2-nitrobenzene 

8.  Write all the possible chain isomers of the compound with 

9. Write the complete, condensed and bond line structural formulae of  2

10. On complete combustion, 0.246g of an organic compound gave 0.198g of CO

H2O. Determine the percentage composition of carbon and h

 

Solution:  

% �� ������ =  
�� � ����

�� �
= ��. ��% 

 

% �� �������� =  
� � ����

�� � ����

 

11. Write the structures of the following organic compounds. 

a) 2,5,6 – Trimethyloctane 

b) Hexane-2,4-dione  

c) 5-oxohexanoic acid  

Draw the structures of the following compounds.  

phenylpentane  

nitrobenzene  

 
Write all the possible chain isomers of the compound with molecular formula C

 
Write the complete, condensed and bond line structural formulae of  2-bromobutane.

On complete combustion, 0.246g of an organic compound gave 0.198g of CO

O. Determine the percentage composition of carbon and hydrogen in the compound.

���� �� ������������� ������ � ���

� ���� �� ������� ��������
=  

��

���� �� ����� ������ � ���

���� �� ������� ��������
=  

� � �. ����

�� � �. ���

Write the structures of the following organic compounds.  

Trimethyloctane  

molecular formula C5H12 

bromobutane. 

 
On complete combustion, 0.246g of an organic compound gave 0.198g of CO2 and 0.1014g of 

ydrogen in the compound. 

�� ��. ��� ����  

�� � �. ���

���� � ���

���
= �. ��% 
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12. Give the IUPAC name of  

CH3 – CH2 – CH- CH2 –  CH 

                     CH2-CH3     CH

Ans:  3-Ethyl-5-methylheptane

13. Represent 1-Methyl-3-propylcyclohexane using bond line nota

14. How many ‘σ’ and ‘π’ bonds are present in the following compounds?

i) CH3─CH2─CH3  

ii) CH3─C≡CH 

Ans:   

i)  CH3─CH2─CH3            No. of σ bonds 

ii) CH3C≡CH            No. of σ bonds 

=======================================================================

                               13 
1. Free rotation is possible with respect to a C 

interaction between the adjacent bonds 

Ans :   Torsional strain 

2. Identify X in the following reaction

���

                Ans :  

��� − ���

3. From the following, select the one in which Markownikoff’s rule is best applicable. 

i) C2H4 + HCl ii) C3H6 + Br2 

Ans:   iii) C3H6 + HBr 

 

CH – CH2 – CH3  

CH3  

methylheptane 

propylcyclohexane using bond line notation. 

 
How many ‘σ’ and ‘π’ bonds are present in the following compounds?  

No. of σ bonds – 10, No of π bonds – 0  

σ bonds – 6, No of π bonds – 2 

=======================================================================

13 HYDROCARBONS  
Free rotation is possible with respect to a C – C bond in the case of alkanes.  The repulsive 

interaction between the adjacent bonds in a conformation is called .......... 

Identify X in the following reaction 

� − ��� −  ��� − ��   
���.���
�⎯⎯⎯⎯�  �  

� −  ��� − ��   
���.���
�⎯⎯⎯⎯�  ��� − �� = ��� 

elect the one in which Markownikoff’s rule is best applicable. 

iii) C3H6 + HBr iv) C3H8 + Cl2  

========================================================================= 

C bond in the case of alkanes.  The repulsive 

elect the one in which Markownikoff’s rule is best applicable.  
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4. Predict the Products :  

                        ��� − �� = ��� +  ���    
 (������)���
�⎯⎯⎯⎯⎯⎯⎯⎯⎯�     

Ans: 

��� − �� = ��� +  ��� 
������� �������� 
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�  ��� − ��� − ��� − �� 

                                                                                                               1-bromopropane (Major product ) 

5. Complete the following reactions. 

           

                Ans: i) Benzene (C6H6)  ii)  Ethyne (Acetylene) CH≡CH 

4. Identify A and B in the following reaction : 

���� 

���
�⎯�   �  

��� ��� ���� ����,��� �
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�   �   

Ans:  

���� 

���
�⎯�  �� ≡ ��    

��� ��� ���� ����,��� �
�⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯�  ���� 

                                                          A                                                      B 

A → Ethyne (Acetylene) CH≡CH   ,    B → Benzene (C6H6)   

5. Identify A and B in the following reaction :  

 

Ans:  A → Benzene   B → Toluene ( Methyl benzene) 

 

യ ്
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