


 

 

 

 

 

 

 



 

This section contains answers to some of the long questions 

 

THESE ARE NOT THE ONLY LONG QUESTIONS TO BE 

PREPARED.  

 

Purpose of this section is to let students know how they are 

supposed to attempt the long questions 
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Chapter 1 

Basic Concepts 

Determination of Relative Atomic Mass of Isotopes by Mass Spectrometer 

Definition: 

     Mass spectrometer is an instrument which is used to measure the exact masses of different isotopes of an 

element.  

History: 

 Aston’s mass spectrograph was designed to identify the isotopes of an element on the basis of their 

atomic masses.  

 Dempster’s mass spectrometer was designed for the identification of elements which were 

available in solid state. 

Construction and working: 

     The instrument has following components: 

1. Vaporization Chamber: 

 The substance, the analysis of which is required, is converted into vapour state in the 

vaporization chamber.  

 The pressure of these vapours is kept very low, that is, 10-6 to 10-7 torr. 

 

 
 

2. Ionization Chamber: 

 Vapors are allowed to enter the ionization chamber.  

  Fast moving electrons are thrown upon them.  

 The atoms in vapour state are ionized to cations.  

 The positively charged ions of isotopes of an element have different masses. 

3. Electric Field: 
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 The positive ions enter the electric field.  

 Electric Field is applied between perforated plates. 

 A potential difference (E) of 500-2000 volts is applied. 

 The ions are accelerated. 

 

4. Magnetic Field: 

 The ions are then allowed to pass through a magnetic field of strength (H). 

 The magnetic field makes the ions to move in a circular path and then fall on the electrometer. 

 In this way ions are separated on the basis of their (m/e) values.  

 

5. Electrometer: 

 It is also called ion collector and develops the electric current. 

 The strength of current thus gives the relative abundance of ions. 

6. Mathematical expression: 

     The mathematical relationship for m/e ratio of isotopic ions is: 

 

     m = H2r2 

                                                            e      2E 

Where   ‘H’ is the strength of magnetic field 

‘E’ is the strength of electrical field 

‘r’ is the radius of circular path adopted by isotopes in the magnetic field 

 

7. Comparison with C-12: 

 The same experiment is performed with C-12 and the current strength is compared.  

 This comparison allows us to measure the exact mass number of the isotope of the element 

under study. 

8. Modern spectrograph: 

 In modern spectrograph ions strike a detector. 

 Ionic current is amplified and fed into recorder. 

 Recorder plots a graph. 

9. Mass spectrum: 

     The graph between mass to charge ratio on x-axis and relative abundance on Y-axis is known as mass 
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spectrum.  
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Combustion Analysis 

Definition: It is a technique used for finding empirical formula of the organic compounds which simply 

consist of carbon, hydrogen and oxygen.  

Diagram: 

 

Working: 

1. Furnace 

 A weighed sample of the organic compound is placed in the combustion tube.  

 This combustion tube is fitted in a furnace.  

 Oxygen is supplied to burn the compound.  

 Carbon and hydrogen of organic compound are converted to CO2 and H2O, respectively. 

2. H2O absorber 

 H2O vapours are absorbed in magnesium per chlorate Mg (CIO4)2 solution.  

3. CO2 absorber 

 CO2 gas is absorbed in 50% KOH solution. 

 The difference in the masses of these absorbers before absorbing gases and after absorbing gases gives 

the amount of CO2 and H2O produced.  

Formulas to calculate the percentages of the elements:  

Following formulas are used to calculate the percentages of carbon, hydrogen and oxygen respectively in the 

unknown organic compound.  

% of carbon   % of carbon = 
𝑚𝑎𝑠𝑠 𝑜𝑓 𝐶𝑂2 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 
 x 

12.00

44.00
 x 100  

 

% of hydrogen   % of hydrogen = 
𝑚𝑎𝑠𝑠 𝑜𝑓 𝐻2𝑂 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑜𝑟𝑔𝑛𝑎𝑖𝑐 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 
 x 

2.016

18 
 x 100 
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% of oxygen  The percentage of oxygen is obtained by the method of difference.  

% of oxygen = 100 – (% of carbon + % of hydrogen) 
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Ch 3 

Gases 

Manometric Method 

Manometric method is comparatively an accurate method. 

Assembly 

1. The liquid whose vapour pressure is to be determined is taken in a flask placed in a 

thermostat. 

2.  One end of the tube from the flask is connected to a manometer and the other end is 

connected to a vacuum pump.  

 

Working 

1. The liquid is frozen with the help of a freezing mixture and the space above the liquid is 

evacuated.  

2. In this way, the air is removed from the surface of the liquid along with the vapours of 

that liquid.  

3. The frozen liquid is then melted to release any entrapped air.  
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4. Liquid is again frozen and released air is evacuated.  

5. This process is repeated many times till almost all the air is removed. 

6. Now the liquid is warmed in the thermostat to that temperature at which its vapour 

pressure in the flask is to be determined.  

7. Difference in the heights of the columns of-Hg in liquid by manometric method the two 

limbs of the manometer determines the vapour pressure of the liquid. 

8. The column of mercury in the manometer facing the vapours of the liquid is depressed. 

9. The other column, which faces the atmospheric pressure, rises.  

10. Actually, the pressure on the surface of the liquid in the flask is equal to the sum of the 

atmospheric pressure and the vapour pressure of liquid.  

11. For this reason, the column of manometer facing the liquid is more depressed than facing 

the atmosphere, and it is given by the following equation: 

P= Pa + ∆h 

P=vapour pressure of the liquid at one atm pressure. 

Pa=Atmospheric pressure 

∆h= Difference in the heights of the mercury levels in the two limbs of the manometer 

giving us the vapour pressure of liquid 
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Ch 4 

Liquids and Solids 

 

Hydrogen Bonding 

Definition 

Hydrogen bonding is the electrostatic force of attraction between a highly electronegative atom 

and partial positively charged hydrogen atom. 

Example 

Hydrogen bonding in the molecule of water 

Explanation 

 Oxygen is more electronegative element as compared to hydrogen, so water is a polar 

molecule.  

 There will be dipole-dipole interactions between partial positively charged hydrogen 

atoms and partial negatively charged oxygen atoms.  

 Hydrogen bonding is something more than simple dipole-dipole interaction.  

 Firstly, oxygen atom has two lone pairs.  

 Secondly hydrogen has sufficient partial positive charge.  

 Both the hydrogen atoms of water molecule create strong electrical field due to their 

small sizes. 

 The oxygen atom of the other molecule links to form a coordinate covalent bond with 

hydrogen using one of its lone pairs of electrons. 
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Electronegative atoms creating hydrogen bonding 

 Fluorine 

 Oxygen 

 Nitrogen 

 Rarely chlorine 

Strength of hydrogen bond 

 The strength of hydrogen bond is generally twenty times less than that of a covalent bond. 

 

Other Examples of Hydrogen Bonding 

Hydrogen bonding between acetone and chloroform 

The three chlorine atoms in chloroform are responsible for H- bonding with other molecules. 

These atoms deprive the carbon atom of its electrons and the partial positively charged hydrogen 

can form a strong hydrogen bond with oxygen atom of acetone 
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Hydrogen bonding in ammonia and hydrofluoric acid 

The hydrogen bonding present in the molecules of ammonia and those of hydroflouric acid is as 

follows: 

 

 

The molecules of HF join with each other in a zig-zag manner. 

 

The bond angle is 120 ⁰ 

Low Acidic Strength of HF 

The exceptional, low acidic strength of HF molecule as compared to HCl, HBr and HI is due to 

the strong hydrogen bonding, because the partial positively charged hydrogen is entrapped 

between two highly electronegative atoms. 
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Properties and Application of Compounds containing Hydrogen 

Bonding 

1. Thermodynamic Properties of Covalent Hydrides 

Hydrogen bonding influences the physical properties like melting and boiling points.  

Comparison of the physical properties of hydrides of IV-A, V-A, VI-A and VII-A 

 

 

For comparison the graphs are plotted between the period number of the periodic table on x-axis 

and boiling points in kelvin on y-axis. 

 

Conclusions from the graph 

Boiling point of hydrides of group IV-A 

1. Hydrides of group IV-A have low boiling points as compared to those of group V-A, VI-

A, VII-A. Reason: The reason is that these elements are least electronegative. CH4 has 
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the lowest boiling point because it is a very small molecule and its polarizability is the 

least. 

Boiling point of hydrides of V-A, VI-A, VII-A 

2. In the hydrides of group V-A, VI-A, VII-A NH3, H2O and HF show maximum boiling 

points in the respective series. Reason: The reason is the enhanced electronegative 

character of N, O and F.  

 That is why, water is liquid at room temperature, but H2S and H2Se are gases.  

 The boiling point of water seems to be more affected by hydrogen bonding than 

that of HF Fluorine is more electronegative than oxygen. So, we should expect H-

bonding in HF to be stronger than that in water and as a result the boiling point of 

HF should be higher than that of H2O. However, it is lower and the reason is that 

the fluorine atom can make only one hydrogen bond with electropositive 

hydrogen of a neighboring molecule.  

 Water can form two hydrogen bonds per molecule, as it has two hydrogen atoms 

and two lone pairs on oxygen atom.  

 Ammonia can form only one hydrogen bond per molecule as it has only one lone 

pair. 

Boiling point of halogen acids 

3. The boiling point of HBr is slightly higher than that of HCl. It means that chlorine is 

electronegative enough to form a hydrogen bond. Sometimes it is thought that HCl has a 

strong dipole-dipole interaction but in reality, it is a border line case.  

Boiling point of hydrides of fourth period 
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4. The hydrides of fourth period GeH4, AsH3, H2Se, HBr show greater boiling points than 

those of third period due to greater size and enhanced polarizabilities. 

2. Solubility of Hydrogen-Bonded Molecules 

Example 1 

Water is the best example of H-bonded system. Similarly ethyl alcohol (C2H5OH) also has the 

tendency to form hydrogen bonds. So, ethyl alcohol can dissolve in water because both can form 

hydrogen bonds with each other.  

Example 2 

Similarly carboxylic acids are also soluble in water, if their sizes are small. Hydrocarbons are not 

soluble in water at all, because they are non-polar compounds and there are no chances of 

hydrogen bonding between water and hydrocarbon molecules. 

3. Structure of Ice 

1) The molecules of water have tetrahedral structure.  

2) Two lone pairs of electrons on oxygen atom occupy two corners of the tetrahedron.  

3) In the liquid state, water molecules are extensively associated with each other and these 

associations break and are reformed because the molecules of water are mobile.  

4) When the temperature of water is decreased and ice is formed then the molecules become 

more regular and this regularity extends throughout the whole structure.  

5) Empty spaces are created in the structure.  

6) That is why when water freezes it occupies 9% more space and its density decreases.  
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7) The result is that ice floats on water. The structure of ice is just like that of a diamond 

because each atom of carbon in diamond is at the center of tetrahedron just like the 

oxygen of water molecule in ice. 

 

Hydrogen Bonding and Life Sustenance under frozen water 

 

The lower density of ice than liquid water at 0 ⁰C causes water in ponds and lakes to freeze from 

surface to the downward direction. Water attains the temperature of 4°C by the fall of 

temperature in the surrounding. As the outer atmosphere becomes further cold, the water at the 

surface becomes less dense. This less dense water below 4 ⁰C stays on the top of slightly warm 

water underneath. A stage reaches when it freezes. This layer of ice insulates the water 

underneath for further heat loss. Fish and plants survive under this blanket of ice for months. 

 

4. Cleansing Action of Soaps and Detergents 

Soaps and detergents perform the cleansing action because: 

 The polar part of their molecules are water soluble due to hydrogen-bonding  



8 
 

Prepared By: 
Ms Khair-ul-Bariyah 
Assistant Professor (Chemistry) 
College Section 
FCCU, Lhr 

 The non-polar parts remain outside water, because they are alkyl or benzyl portions and 

are insoluble in water. 

5. Hydrogen Bonding in Biological Compounds and Food Materials 

Hydrogen bonding exists in the molecules of living system.  

Structure of Proteins 

 Proteins are the important part of living organisms.  

 Fibres like those found in the hair, silk and muscles consist of long chains of amino acids.  

 These long chains are coiled about one another into a spiral. This spiral is called a helix. 

 Such a helix may either be right handed or left handed.  

 In the case of right handed helix the groups like >N H and > C = 0 are vertically adjacent 

to one another and they are linked together by hydrogen bonds.  

 These H-bonds link one spiral to the other. X-ray analysis has shown that on the average 

there are 27 amino acid units for each turn of the helix. 

 

Structure of DNA 

 Deoxyribonucleic acid (DNA) has two spiral chains.  
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 These are coiled about each other on a common axis.  

 In this way, they give a double helix. This is 18-20 Å in diameter.  

 They are linked together by H-bonding between their sub units. 

 

Hydrogen Bonding in Carbohydrates 

The food materials like carbohydrates include glucose, fructose and sucrose. They all have -OH 

groups in them which are responsible for hydrogen bonding in them. 

6. Hydrogen Bonding in Paints, Dyes and Textile Materials 

H-bonding in paints and dyes 

One of the most important properties of paints and dyes is their adhesive action. This property is 

developed due to hydrogen bonding.  

H-bonding in glue and honey 

Similar type of hydrogen bonding makes glue and honey as sticky substances.  

H-bonding in cotton, silk or synthetic fibres 

We use cotton, silk or synthetic fibres for clothing. Hydrogen bonding is of vital importance in 

these thread making materials. This hydrogen bonding is responsible for their rigidity and the 

tensile strength. 
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Theories of Metallic Bonding 

Electron pool or electron gas theory 

The first theory of metallic bonding is called electron pool or electron gas theory. 

This theory was proposed by Drude and extended by Loren (1923).  

 

According to this theory: 

Each atom in a metal crystal 

loses all of its valence electrons. These 

valence electrons form a pool or a gas. 

The positively charged metal ions are 

believed to be held together by electron 

pool or gas. 

Explanation 

1. The positively charged ions occupy definite positions at measurable 

distances from each other in the crystal lattice.  

2. Valence electrons are not attached to any individual ion or a pair of ions 

rather belong to the crystal as a whole.  
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3. These electrons are free to move about from one part of the crystal to the 

other. 

4.  The force, which binds a metal cation to a number of electrons within its 

sphere of influence, is known as metallic bond.  

 

 

Valence Bond Theory 

L. Pauling has tried to explain the metallic bond according to valence bond theory.  

Statement 

According to this theory:  

The metallic bond is treated essentially as covalent in character. However, it is 

assumed that the covalent bonds are not localized but are highly delocalized in 

metal structure. 
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Molecular Orbital Theory 

Recently, molecular orbital theory was applied to explain the characteristics of 

metallic solids.  

Statement 

According to this theory: 

It is assumed that the electrons in the completely filled orbitals are essentially 

localized, while atomic orbitals containing the valence electrons interact or overlap 

to form a set of delocalized orbitals. 

Explanation 

1. These delocalized orbitals are the molecular orbitals which extend over the 

entire crystal lattice.  

2. Such a combination of atomic orbitals produce as a large number of closely 

spaced states.  

3. These states of energy are also known as bands of energy. 

4. That is why it is also called a band theory.  

5. The energy gap between two bands determines the properties of the metallic 

solids. 
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Chapter 5 

Atomic Structure 

Discovery of Electron (Cathode Rays) 

Cathode rays are produced in a gas discharge tube. 

Assembly 

1. A gas discharge tube fitted with two metallic electrodes acting as cathode and anode.  

2. The tube is filled with a gas, air or vapours of a substance at any desired pressure.  

3. The electrodes are connected to a source of high voltage.  

4. The exact voltage required depends upon the length of the tube and the pressure inside the 

tube.  

5. The tube is attached to a vacuum pump by means of a small side tube so that the conduction of 

electricity may be studied at any value of low pressure. 

Value of voltage for production of cathode rays 

1. Current does not flow through the gas at ordinary pressure even at high voltage of 5000 volts.  

2. When the pressure inside the tube is reduced and a high voltage of 5000-10000 volts is 

applied, then an electric discharge takes place through the gas producing a uniform glow inside 

the tube.  

3. When the pressure is reduced further to about 0.01 torr, the original glow disappears.  

4. Some rays are produced which create fluorescence on the glass wall opposite to the cathode. 

These rays are called cathode rays.  

 

The colour of the glow or the fluorescence produced on the walls of the glass tube depends 

upon the composition of glass. 
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Properties of Cathode Rays 

Following are the properties of cathode rays: 

1. Cathode rays are negatively charged 

Cathode rays are negatively charged.  

Work of J.Perrin 

In 1895, J Perrin showed that when the cathode rays passed between the poles of the magnet, the 

path of the negatively charged particles was curved downward to point 2 by the magnetic field.  

Work of J. Thomson 

In 1897, J. Thomson established their electric charge by the application of electric field, the 

cathode ray particles were deflected upwards (towards the positive plate) to point 3. Thomson 

found that by carefully controlling the charge on the plates when the plates and the magnet were 

both around the tube, he could make the cathode rays strike the tube at point 1 again.  
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2. Production of fluorescence 

They produce a greenish fluorescence on striking the walls of the glass tube. These rays also 

produce fluorescence in rare earths and minerals. When placed in the path of these rays, alumina 

glows red and tin stone yellow. 

 

3. Shadow casting 

Cathode rays cast a shadow when an opaque object is placed in their path. This proves that they 

travel in straight line perpendicular to the surface of cathode. 

 

4. Cathode rays possess momentum 
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These rays can drive a small paddle wheel placed in their path. This shows that these rays 

possess momentum. Cathode rays are not rays but material particles having a definite mass and 

velocity. 

 

5. X-ray production 

Cathode rays can produce X-rays when they strike an anode particularly with large atomic mass. 

6. Heat production 

Cathode rays can produce heat when they fall on matter e.g. when cathode rays from a concave 

cathode are focussed on a platinum foil, it begins to glow. 

7. Ionization of gases 

Cathode rays can ionize gases. 

8. Reducing effect 

They can cause a chemical change, because they have a reducing effect. 

9. Passage through metal foil 

Cathode rays can pass through a thin metal foil like aluminum or gold foil. 

10. e/m ratio equal to electrons 

The e/m value of cathode rays shows that they are simply electrons.  

Work of J.J. Thomson 

He concluded from his experiments that cathode rays consist of streams of negatively charged 

particles. Thomson also determined the charge to mass ratio (e/m) of electrons. He found that the 
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e/m value remained the same no matter which gas was used in the discharge tube. He concluded 

that all atoms contained electrons. 

Work of Stoney  

He named these particles as electrons.  

Measurement of e/m Value of Electron 

In 1897, J.J Thomson devised an instrument to measure the e/m value of electron. 

Apparatus 

The apparatus consists of a discharge tube. 

Working 

Passage of cathode rays through electric and magnetic fields 

1. The cathode rays are allowed to pass through electric and magnetic fields.  

When both fields are off 

2. When both the fields are off then a beam of cathode rays, consisting of electrons, 

produces bright luminous spot at P1 on the fluorescent screen. 

3. The north and south poles of magnetic field are perpendicular to the plane of paper in the 

diagram.  

4. The electrical field is in the plane of paper.  

When only magnetic field is applied 

5. When only magnetic field is applied, the cathode rays are deflected in a circular path and 

fall at the point P3.  

When only electric field is applied 

6. When only electric field is applied, the cathode rays produce a spot at P2.  

When both fields are applied simultaneously 

7. Both electric and magnetic fields are then applied simultaneously and their strengths 

adjusted in such a way that cathode rays again hit the point P1. 

Determination of e/m value of electrons 

8. In this way by comparing the strengths of the two fields one can determine the e/m value 

of electrons. It comes out to be 1.7588 x 1011 coulombs kg-1.  

 

This means that 1 kg of electrons have 1.7588 x 1011 coulombs of charge. 
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Measurement of Charge on Electron-Millikan’s Oil Drop Method 

 

In 1909, Millikan determined the charge on electron by a simple arrangement. 

 

Apparatus 

 

Metallic Chamber 

 

1. The apparatus consists of a metallic chamber.  

2. It has two parts.  

3. The chamber is filled with air, the pressure of which can be adjusted by a vacuum 

pump. 

 

Electrodes  

 

1. There are two electrodes A and A’.  

2. These electrodes are used to generate an electrical field in the space between the 

electrodes.  

3. The upper electrode has a hole in it. 

 

Working 

 

Atomizer 

 

1. A fine spray of oil droplets is created by an atomizer.  

 

Microscope 
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2. A few droplets pass through the hole in the top plate and into the region between the 

charged plates, where one of them is observed though a microscope.  

 

Illumination 

 

1. This droplet, when illuminated perpendicularly to the direction of view, appears in the 

microscope as bright speck against a dark background.  

 

Force of gravity 

 

1. The droplet falls under the force of gravity without applying the electric field.  

2. The velocity of the droplet is determined.  

3. The velocity of the droplet (V1) depends upon its weight, mg. 

 

 
Where 

 m=mass of the droplet 

 g= acceleration due to gravity 

 

Ionization of air 

 

The air between the electrodes is ionized by X-rays. 
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Taking up of electron by droplet 

 

The droplet under observation takes up an electron and gets charged. 

 

Battery connection 

 

Now, connect A and A’ to a battery which generates an electric field having a strength, E. 

 

Movement against the action of gravity 

 

The droplet moves upwards against the action of gravity with a velocity (v2). 

 

 
Where 

 e=charge on the electron 

Ee=upward driving force on the droplet due to applied electrical field of strength E 

 

Dividing eq (1) by (2) 

 

 
 

The values of v1 and v2 are recorded with the help of microscope. 

The factors like g and E are also known.  

Mass of the droplet can be determined by varying the electric field in such a way that the 

droplet is suspended in the chamber.  

Hence ‘e’ can be calculated. 

 

Calculation of charge on each droplet 

 

1. By changing the strength of electrical field, Millikan found that the charge on each 

droplet was different.  

2. The smallest charge which he found was 1.59 x 10-19 coulombs, which is very close to 

the recent value of 1.6022 x 10-19 coulombs.  

3. This smallest charge on any droplet is the charge of one electron.  
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4. The other drops having more than one electron on them have double or triple the 

amount of this charge.  

5. The charge present on an electron is the smallest charge of electricity that has been 

measured so far. 

 

Calculation of mass of electron 

 

The value of charge on electron is 1.602 x 10-19 coulombs, while e/m of electron is 

1.7588 x 1011 coulombs kg-1. So, 

 

 
Rearranging  

Mass of electron= 9.1095x10-31 kg 
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Ch 6 

Chemical Bonding 

Hybridization 

Definition 

Hybridization is the concept in which atomic orbitals of different energy and shape intermix to 

form a new set of orbitals of same shape and energy. 

OR 

According to this, atomic orbitals differing slightly in energy intermix to form new orbitals, 

which are called hybrid atomic orbitals. They differ from the parent atomic orbitals in shape and 

possess specific geometry. 

Types 

There are three basic types of hybridization: 

1. sp3 

2. sp2 

3. sp 

sp3 Hybridization 

Definition 

One s and three p orbitals intermix to form a set of four equivalent sp3 hybrid orbitals. 

All these four sp3 hybrid orbitals are degenerate (having equal energy) and are directed at an 

angle of 109.50 in space to give a tetrahedral geometry. 

Examples 

CH4, NH3 and H2O 
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Methane 

 

The energies of hybrid orbitals are lower than unhybridized orbitals. 

 

Structure of methane 
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Explanation of Structure of Methane 

 The four new hybrid orbitals of equal energy have a tetrahedral geometry with carbon at 

the centre.  

 The four equivalent hybrid orbitals are directed towards the four corners of a regular 

tetrahedron. Each sp3 hybrid orbital consists of two lobes, one larger and the other 

smaller.  

 The hybrid orbitals are oriented in space in such a manner that the angle between them is 

109.5⁰.  

 Methane molecule is formed by the overlap of sp3 hybrid orbitals of carbon with 1s 

orbitals of four hydrogen atoms separately to form four sigma bonds.  

 The molecule possesses a tetrahedral geometry.  

 The four C-H bonds which result from sp3-s overlap are directed towards the corners of a 

regular tetrahedron.  

 There are six bond angles each at an angle of 109.5°.  

 The tetrahedral structure of CH4 has four faces, four corners and six edges.  

 

All the four hydrogen atoms do not lie in the same plane. 

Ammonia 
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Explanation of Structure of Ammonia 

 One s and three p orbitals of nitrogen atom hybridize to form four sp3 hybrid atomic 

orbitals. They are directed towards the four corners of a tetrahedron.  

 One of the hybrid orbitals is completely filled with electrons and the remaining three 

orbitals are half-filled.  

 The nitrogen atom undergoes three sp3-s overlaps with three s-orbitals of hydrogen 

atoms.  

 The three hydrogen atoms are located at three corners whereas the lone pair of electrons 

is at the fourth corner of the tetrahedron.  

 The result is a pyramidal molecule in which the three hydrogen atoms form the base and 

the lone pair of electrons the apex. 

 The experimentally determined angle in ammonia is 107.5°.  

 The deviation from the tetrahedral angle (109.5°) is explained on the basis of repulsion 

between the lone pair and the bond pairs of electrons.  

 The lone pair is closer to the nucleus of nitrogen then the bond pair and bond angles are 

decreased. 
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Structure of ammonia 

Water H2O 

 

Explanation of Structure of Water 

 Here, 2s and three 2p orbitals of oxygen hybridize to form four sp3 hybrid orbitals which 

will have a tetrahedral arrangement. 

  Two hybrid orbitals are completely filled by the two available lone pairs of electrons. 

 The remaining two half-filled hybrid orbitals undergo sp3-s overlap with H atoms to form 

two sigma bonds.  

 The two H atoms occupy two corners of the tetrahedron and the remaining two are 

occupied by two lone pairs of electrons. 

 The bond angle in water is 104.5°.  

 The deviation from the tetrahedral angle (109.5°) is explained on the basis of repulsion 

between the two lone pairs of electrons with bond pairs.  

 The lone pairs are closer to the nucleus of oxygen.  
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 They repel bond pairs and the bond angle decreases from 109.5° to 104.5°.  

 So, the molecule of water has bent or angular structure. 

 

sp2 hybridization 

Definition 

In sp2 hybridization, one ‘s’ and two ‘p’ atomic orbitals of an atom intermix three orbitals called 

sp2 hybrid orbitals. 

Examples 

BF3 

Ethene (ethylene) 

 

 

Boron Trifluoride 
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Explanation of Structure of BF3 

 One of the p orbitals of fluorine is half-filled i.e. 2pz.  

 This p-orbital of F is in the form of a lobe.  

 BF3 is formed by the overlap of three half-filled sp2 hybrid orbitals of boron with lobe 

shaped p-orbitals of three fluorine atoms.  

 The structure is triangular planar. 

 

 

Ethene H2C=CH2 Ethylene 
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The structure of alkenes can be understood through sp2 hybridization. 

 

Explanation of Structure of ethene 

 Each sp2 hybrid orbital is directed from the centre of an equilateral triangle to its three 

corners.  

 The bond angle between any two sp2 hybrid orbitals is 120°.  

 The unhybridized 2pz orbital will remain perpendicular to the triangle thus formed. 
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 In the formation of ethene molecule, three sp2 orbitals of each carbon atom overlap 

separately with sp2 orbital of another carbon and 1s orbitals of two hydrogen atoms to 

form three sigma bonds.  

 This gives rise to what is called the sigma frame work of ethene molecule.  

 The unhybridized orbitals of each carbon atom will then overlap in a parallel fashion to 

form a π – bond. 

 

Structure of ethene 

 

sp Hybridization 

Definition 

In sp hybridization, one ‘s’ and one ‘p’ orbitals intermix to form two sp-hybrid orbitals called sp 

hybrid orbitals. 

Examples 

Ethylene, BeCl2 
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Beryllium Dichloride 

 

Explanation of Structure of BeCl2 

 It is formed when two sp hybrid orbitals of Be atom overlap with the half-filled p-orbitals 

of chlorine atoms.  

 The outermost half-filled 3pz orbital of Cl has lobe shape. 

 

Structure of Beryllium dichloride 

 Be atom lies at the center and two Cl atoms on either side so that the Cl-Be-Cl angle is 

180°. 

Ethyne (HC=CH) Acetylene 
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 The structure of alkynes can be explained by sp hybridization.  

 In this type one 2s and one 2p orbitals of the carbon atom mix together to give rise to two 

degenerate sp hybridized atomic orbitals.  

 These orbitals have a linear shape with a bond angle 180o. 

 

 The two unhybridized atomic orbitals, 2py and 2pz are perpendicular to these sp 

hybridized orbitals.  

 Ethyne molecule is formed when two sp hybridized carbon atoms join together to form a 

sigma bond by sp-sp overlap.  

 The other sp orbital is utilized to form a sigma bond with 1s orbital of hydrogen atom. 
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 The two unhybridized p orbitals on a carbon atom will overlap separately with the p 

orbitals of the other carbon atom to give two π -bonds both perpendicular to the sigma 

framework of ethyne.  

 The presence of one sigma and two π bonds between two carbon atoms is responsible for 

shortening the bond distance. 
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 Valence Bond Theory(VBT) 

VBT is concerned with both bond formation and the shapes of the molecules. 

Main Points: 

1. This theory considers molecule as a combination of atoms. 

2. According to this, a covalent bond is formed when half-filled orbitals (in valence shell) of 

two atoms overlap. 

3. Pair of electrons (one from each atom) then occupies the overlapped orbital (thus bond 

formation take place). 

4. Larger the overlap stronger is the bond. 

5. Direction of the bond is determined by the direction of the overlap. 

6. Depending upon the overlap covalent bond can either be σ(sigma) or π (pi). 

sigma bond (σ bond): 

                           When two orbitals overlap in such a way that probability of finding an electron 

is maximum around the line joining the two nuclei it is called sigma bond. 

pi bonds (π bond): 

                           When two orbitals overlap in such a way that probability of finding an      

electron is above and below the inter-nuclear axis it is called pi bond. 

Types of overlaps with examples: 

1. s-s overlap: 

                     s-s overlap gives rise to sigma bond  

For Example: H2 molecule 

H= 1=1s1 
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2. s-p overlap: 

                      When s and p orbitals overlap sigma bond is formed. 

For example:In HF molecule 1s of H and 2pz of F overlap to form sigma bond 

H= 1=1s1 

F= 9= 1s2,2s2,2px
2 ,2py

2,2pz
1 

 

3. p-p overlapping: 

Type1: When there is a single bond then p-p overlap gives rise to sigma bond. 

For example: F2 molecule (half-filled 2pz orbitals of both fluorine atoms overlap with 

each other) 

F=9=1s2,2s2,2px
2 ,2py

2,2pz
1 

 

T

y

p

e

 

2

When there is a double or a triple bond then pi bond is also formed in addition to sigma 

bond  

For example:N2 molecule 

N7 = 1s2,2s2,2px
1,2py

1,2pz
1 

All the three partially filled p orbitals of one N atom overlap with p orbitals of other N 

atom 

 pxoverlaps with px to form a sigma bond 

 py overlaps with py to form a pi bond 
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 pz overlaps with pz to form a pi bond 

Hence, triple covalent bond is formed 
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Valence Shell Electron Pair Repulsion Theory (VSEPR) 

Postulates: 

1. Both lone pairs as well as the bond pairs participate in determining the geometry of  

the molecules. 

2. All electron pairs remain at maximum distance apart to avoid repulsions. 

3. Lone pairs occupy more space than bond pairs because bond pair is attracted by two 

nuclei whereas lone pair is under the influence of one nucleus. 

4. Lone pairs exert greater repulsion forces than bond pairs. 

5. The magnitude of repulsions between the electron pairs is of the following order: 

lone pair-lone pair>lone pair-bond pair>bond pair-bond pair 

These repulsions are called Vander Waals Repulsions. 

6. Two electron pairs of double bond and three electron pairs of triple bond occupy more 

space than one electron pair of single bond. 

7. Electron pairs of double bond and single bond are considered as single electron pair in 

determining the geometry of the molecule. 

Types of Molecules: 

 Let us consider 

A= As central polyvalent atom 

B= Types of atom bonded to A 

More than one ‘B’ type atoms are linked to A to give AB2, AB3, AB4 type molecules. 

1. AB2 Type molecules: 

 

Total electron pairs= 2 

Bond pairs= 2 

Lone pairs= 0 

Geometry= Linear 

Angle= 180° 

Shape: 

   

Examples:  BeCl2, HgCl2 

2. AB3 Type molecules: 

Total no of electron pair= 3. We can have two sub-types of AB3 molecules. 
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a. AB3 Type with no lone pair: 

                                 Bond pairs= 3 

                                 Lone pairs= 0 

                                 Geometry= Trigonal planar 

                                 Angle= 120° 

Shape: 

 

 

 

Example (with single bond):  BF3                  Shape:                                         

Example (with multiple bond):             SO3                                

 

 

b. AB3 Type with one lone pair: 

                          Bond pairs= 2 

                          Lone pairs= 1 

                          Geometry= Bent or angular 

                          Angle= less than 120° 

Shape: 
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Example (with single bonds): SnCl2                                                                                                    Shape 

Example (with multiple bond): SO2 

 

3. AB4 Type Molecules: 

                         Total electron pairs= 4 

We can have 3 sub types of AB4 molecules. 

 

a. AB4 with no lone pair: 

                   Bond pairs= 4 

                   Lone pairs= 0 

                  Geometry= Tetrahedral 

Angle= 109.5° 

                  Shape: 

 

 

 

 

Example: CH4, BF3 

b. AB4 type with no lone pair: 

  Bond pairs= 3 

             Lone pairs= 1                                                      Shape: 

 Geometry= Trigonal Pyramidal 

 Angle= less than 109.5° 

Example: NH3. Angle is 107.5° in NH3 

c. AB4 with two lone pairs: 

                         Bond pairs= 2 

                          Lone pairs= 2 

                          Geometry= Bent or angular 

                          Angle= less than 109.5° 

                                                                          Shape: 
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Example: H2O angle in water is 104.5° 
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Dipole Moment 

Definition 

The dipole moment (µ) is defined as the product of the electric charge (q) and the distance 

between the positive and negative centres (r). 

Formula Applied 

µ=q×r 

Vector quantity 

The dipole moment is a vector quantity which has a magnitude as well as a direction. 

Example 

In HCl the molecule becomes polar due to the electronegativity difference.  

 

The separation of positive and negative charges on the molecule is called a dipole and the 

molecule is said to have a dipole moment. 

 

 

The dipole moments of HF, HCl, HBr. HI, CO, NO, etc. are directed from electropositive ends to 

electronegative ends. 

Units 

The dipole moments are measured in Debye (D) units.  

Measurement of Dipole Moment 

Let us consider a hypothetical molecule (A*—B-), or a unit negative charge separated from a 

unit positive charge by distance r = 100 pm (1 Å).  
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The dipole moment of such a molecule can be calculated by multiplying the distance 100pm to 

charge of one electron or proton. 

1.6 x10-19C m= (1.6022x10-19C) x (100x10-12m) = 1.6022x10-29 mC 

Another unit of dipole moment is Debye. The equivalence of Debye and mC is 1 D = 3.336x10-

30mC. So, the dipole moment of the above system in Debye units is: 

 

If the molecule is polyatomic and contains two or more dipoles, then the net dipole moment is 

the resultant of the vector addition of the individual bond moments. 

Examples 

Examples of CO2 and H2O are: 

 

Dipole Moments and Molecular Structures 

Information about the molecular structure 

Dipole moment provides two types of information about the molecular structure:  

(i) Percentage ionic character of a bond  

(ii) Angles between the bonds or the geometry of molecules 

(1) Percentage ionic character 

For this purpose, we should know the actual dipole moment µobs of the molecule and actual bond 

length. The dipole moment of 100% ionic compound is represented as µionic. 
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(2) Bond Angles or the Geometry of Molecules 

Dipole moment of water 

The dipole moment of water is 1.85 D which ruled out its linear structure.  

The calculations show that water has an angular structure with a bond angle 104.5° between the 

two O-H bonds.  

A linear H2O molecule (H-O-H) would have zero dipole moment. 

Other examples  

H2S and SO2 

The triatomic molecules H2S or SO2 etc. are also bent like H2O. 

 

 

 

CO, CO2 and CS2 
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CO has a dipole moment while CO2 does not have any. 

The reason is that CO2 has a linear structure, where the dipoles being equal and opposite, 

cancel out each other’s effect. Similarly, CS2 has zero dipole moment. 

 

BF3, AlCl3, CH4, SiH4 and CCl4 

Symmetrical triangular planar molecules of BF3, AlCl3 and perfectly tetrahedral molecules like 

CH4, SiH4, CCl4 also have zero dipole moments.  

 

 

This is all due to the cancellation of individual bond moments. 
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Ch 7 

Thermochemistry 

Glass Calorimeter 

Purpose 

It is used to determine the enthalpy of neutralization. It determines the value of ∆H.  

Enthalpy of Neutralization 

The standard enthalpy of neutralization is the amount of heat evolved when one mole of 

hydrogen ions [H+] from an acid, react with one mole of hydroxide ions from a base to form one 

mole of water. For example, the enthalpy of neutralization of sodium hydroxide by hydrochloric 

(OH-) acid is -57.4 kJ mol-1. 

Assembly 

Following are the key features of the assembly of glass calorimeter: 

1. This usual type of calorimeter is basically an insulated container. To serve the purpose of 

insulation broken pieces of glass or cotton wool is used. 

2. It has a thermometer. 

3. It has a stirrer. 

 

Working 

Following are the steps involved in working of glass calorimeter: 

1. Reactants in stoichiometric amounts are placed in the calorimeter.  

2. When the reaction proceeds, the heat energy evolved or absorbed will either warm or 

cool the system.  
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3. The temperature of the system is recorded before and after the chemical reaction.  

4. Knowing the temperature change the mass of reactants present and the specific heat of 

water, we can calculate the quantity of heat q evolved or absorbed during the reaction. 

Thus: 

 

Where m = mass of reactants 

 s = specific heat of the reaction mixture  

∆T = change in temperature 

Heat Capacity 

The product of mass and specific heat of water is called heat capacity of the whole system. 

Bomb Calorimeter 

Purpose 

A bomb calorimeter is usually used for the accurate determination of the enthalpy of combustion 

for food, fuel and other compounds. 

Enthalpy of combustion 

The standard enthalpy of combustion of the substance is the amount of heat evolved when one 

mole of the substance is completely burnt in excess of oxygen under standard conditions. It is 

denoted by ∆H oC. For example, standard enthalpy of combustion of ethanol ∆H ⁰C is -1368kJ 

mol-1. 

Assembly 

Following are the key features pf assembly of bomb calorimeter: 

1. It consists of a strong cylindrical steel vessel  

2. It is lined with enamel to prevent corrosion.  

3. It is provided with a thermometer and a stirrer. 

4. Platinum crucible is inside the steel bomb to hold the sample. 

5. Ignition coil is also provided. 
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Working 

Following are the key points of working of bomb calorimeter: 

 

1. A known mass (about one gram) of the test substance is placed in a platinum 

crucible inside the bomb.  

2. The lid is screwed on tightly and oxygen is provided in through a valve until the 

pressure inside is about 20 atm.  

3. After closing the screw valve, the bomb calorimeter is then immersed in a known 

mass of water in a well insulated calorimeter. 

4. It is allowed to attain a steady temperature.  

5. The initial temperature is measured, by using the thermometer present in the 

calorimeter.  

6. The test substance is then ignited electrically by passing the current through the 

ignition coil.  

7. The temperature of water, which is stirred continuously, is recorded at 30 sec 

intervals. 

8. From the increase of temperature ∆T, heat capacity (c) in kJK-1 of bomb 

calorimeter including bomb, water etc., we can calculate the enthalpy of 

combustion.  

 

q= c×∆T 

Where c=heat capacity 

∆T=change in temperature 

 

Heat capacity 
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The heat capacity ’c’ of a body or a system is defined as the quantity of heat 

required to change its temperature by 1 kelvin. 
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Ch 9 

Solutions 

Measurement of Boiling Point Elevation: Landsberger’s Method 

The best method for the determination of boiling point elevation of a solution is Landsberger’s 

method.  

Apparatus 

The apparatus consists of four major parts: 

(a) An inner tube with a hole in its side. This tube is graduated.  

(b) A boiling lask which sends the solvent vapours into the graduated tube through a rosehead.  

(c) An outer tube, which receives hot solvent vapours coming from the side hole of the inner 

tube.  

(d) A thermometer which can read up to 0.01K. 

 

Working 

1. The solvent is placed in the inner tube.  

2. Some solvent is also taken in a separate flask and its vapours are sent into this tube. 

3. These vapours cause the solvent in the tube to boil by its latent heat of condensation.  

4. This temperature is noted which is the boiling point of the pure solvent.  

5. The supply of the vapours is temporarily cut off and a weighed pellet of the solute is 

dropped in the inner tube.  

6. The vapours of the solvent are again passed through it until the solution is boiled.  
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7. This temperature is again noted. 

8. The supply of the solvent vapours is cut off.  

9. The thermometer and the rosehead are removed and the volume of the solution is 

measured. The difference of the two boiling points gives the value of ∆Tb.  

Formula Applied 

The following formula is used to calculate the molecular mass of solute: 

 

 

 

Measurement of Freezing Point Depression: Beckmann’s Freezing Point 

Apparatus 

An easy method to perform measurement of freezing point depression is Beckmann’s freezing 

point apparatus. 

Apparatus 

The apparatus consists of three major parts: 

 a. A freezing tube with a side arm. It contains solvent or solution and is fitted with a stirrer and a 

Beckmann’s thermometer.  

b. An outer larger tube into which the freezing tube is adjusted. The air jacket in between these 

tubes helps to achieve a slower and more uniform rate of cooling.  

c. A large jar containing a freezing mixture.  
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Working 

1. Around 20 to 25g of the solvent is taken in the freezing tube.  

2. The bulb of the thermometer is immersed in the solvent.  

3. Approximate freezing point of the solvent is measured by directly cooling the freezing 

point tube in the freezing mixture. 

4. The freezing tube is then put in the air jacket and cooled slowly. In this way, accurate 

freezing point of the solvent is determined.  

5. The solvent is re-melted by removing the tube from the bath and weighed amount of 0.2 

to 0.3 g of the solute is introduced in the side tube.  

6. The freezing point of the solution is determined while stirring the solution.  

7. The difference of the two freezing points gives the value of ∆Tf  

 

Formula Applied 

 

The following formula is used to calculate the molar mass of solute: 
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Depression of Freezing Point 

Freezing point: 

Temperature at which the vapour pressure of liquid becomes equal to vapour pressure of solid is called 

the freezing point of a substance. In order to determine the molecular mass of solute depression of 

freezing point is determined. 

Freezing point of solvent: 

 Take pure solvent. 

 Note its vapour pressure change with 

decrease of temperature till it freezes. 

 Plot a graph between temperature (X-

axis) and Vapor pressure (Y-axis) 

 Curve ABC is obtained. 

 AB shows liquid phase and BC the solid 

phase. 

 T1is the freezing point of solvent. 

FreezingPoint of solution: 

 Now add a pallet of solute in solvent. 

 Decrease the temperature till it freezes. 

 Note the vapour pressure change with temperature. 

 Plot a graph between temperature and vapour pressure. 

 Curve DEC is obtained.  

 T2is the freezing point of solution 

 Depression of freezing point  𝚫Tf=-T1 -T2  

Determination of molar mass of solute: 

𝚫Tf∝ m 

𝚫Tf∝kfm _ _ _(1) 

kf→Cryoscopic constant  

m  →Molatity 

Molatity (m) =  mass of solute  x_______1_________ 

 molar mass of solute  mass of solvent in Kg  
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m  =  W2     x    ____1_____  

  M2 W1/1000 

   

m   =  W2x____1000_____   (2)  

M2 W1 

 

Where W1→ mass of solvent 

              W2→mass of solute 

              M2→molar mass of solute 

Putting values of m in equation 1 

𝚫Tf=  KfW2x____1000_____     

M2 W1 

 

𝚫TfxM2xW1 =  KfxW2x1000 

 

 M2  =KfxW2 x  1000_    

𝚫TfxW1 
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Chapter 10 

Electrochemistry 

Definition 

“Electrochemistry is concerned with the conversion of electrical energy into chemical energy in 

electrolytic cells as well as conversion of chemical energy into electrical energy in galvanic or 

voltaic cell” 

Electronic Conduction Electrolytic Conduction 

1. This type of conduction is present in metals 1. This type of conduction is present in molten 

salts or their aqueous solutions 

2. This conduction is due to the movement of 

free electrons present in metals 

2. This conduction is due to the movement of 

positive and negative ions 

3. No physical or chemical change take place 

in conductor during electronic conduction 

3. Ions undergo oxidation and reduction 

reactions at respective electrodes 

4. Example: copper, iron etc 4. Example: Electrolysis of molten NaCl to Cl2 

and Na 

 

Ionization 

When some electrolyte is dissolved in water the process is called ionization. 

NaCl (s)     H2O    Na+ (aq) + Cl- (aq)   

Electrolysis 

A chemical change caused by passage of electricity through molten compound or through its 

aqueous solution is called electrolysis. 

2 NaCl (s) + 2 H2O (l)   2NaOH (aq) + H2 (g) + Cl2 (g) 

Electrochemical Cells 

Definition 

“The cell in which a chemical reaction utilizes electrical energy or produces electrical energy is 

called electrochemical cell” 

There are two types of electrochemical cells: 
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1. Electrolytic cells 

Definition 

“An electrochemical cell in which electric current is used to drive a non-spontaneous reaction is 

called electrolytic cell” 

 

Electrolytic cell consists of two electrodes i.e. cathode and anode dipped in an electrolyte and 

connected through an external DC source of electricity. 

Working 

When electricity is passed through the solution, positive ions move towards negative electrode 

i.e. cathode. They pick up electrons from cathode and are reduced.  

On the other hand, negative ions move towards positive electrode i.e. anode where they give up 

their electrons and are oxidized. 

Oxidation takes place at anode while reduction takes place at cathode. The whole process is 

known as electrolysis. 

Electrolysis of Fused Salts 

 

PbCl2 (s)     Ionization       Pb+2 (l) + 2Cl- (l) 

At cathode: 

Pb+2 (l) + 2e-   Pb (s)  (Reduction) 
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At anode: 

2 Cl- (l)  Cl2 (g) + 2e- (Oxidation) 

Net Cell Reaction 

PbCl2 (s)   Electrolysis Pb (s) + Cl2 (g) 

 

 

Electrolysis of aqueous solution of salts (using inert electrodes) 

1. Electtrolysis of aqueous solution of NaNO3 

NaNO3   Na+  + NO3
- 

2 H2O(l)             H3O
+ (aq) + OH- (aq) 

At cathode 

4H3O
+ (aq) + 4e-   4H (g) + 4H2O (l) 

4H (g)         4H2 (g) 

At anode 

4OH- (aq)   4 OH (aq) + 4 e- 

4 OH   O2 (g)+ 2 H2O (l) 

Net cell reaction 

2H2O (l)  2H2 (g) + O2 (g) 

Examples of electrolysis 

(When electrodes take part in reaction) 

a. Electrolysis of CuSO4 using Cu electrode 

Electrolyte: aqueous CuSO4 

Cathode: pure copper 

Anode: impure copper 
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At anode: 

Cu (s)  Cu+2  (aq) + 2e- 

At cathode: 

Cu+2  (aq)+ 2e-     Cu (s) 

b. Electrolysis of AgNO3 using Ag electrodes 

Cathode: pure Ag 

Anode: Impure Ag 

Electrolyte: AgNO3 

 

At anode: 

Ag (s)  Ag+ (aq) + e- 

At cathode: 

Ag+ (aq) + e-   Ag (s) 

Electrolytic processes of Industrial Importance 

a. Electrolysis of Molten NaCl 

Sodium metal and Cl2 is prepared in Down’s cell using iron cathode and graphite anode. 

NaCl (s)  Na+ (l)  + Cl- (l) 

At cathode: 

2Na+ (l) + 2e-   2Na (s) 

At anode: 

2Cl- (l)   2Cl (g) + 2 e- 

Cl (g) + Cl (g)   Cl2 (g) 
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Net cell reaction: 

2 NaCl (l)  2 Na (s) + Cl2 (g) 

b. Electrolysis of conc. aqueous solution of NaCl 

Caustic soda is obtained on industrial scale by the electrolysis of concentrated aqueous solution 

of NaCl using titanium anode and mercury or steel cathode in Nelson’s cell. Saturated aqueous 

solution of NaCl is called brine. 

NaCl (s)  Na+  (aq) +    Cl- (aq) 

2H2O (l)   H3O
+ (aq) + OH- (aq) 

At anode: 

2Cl- (g)       Cl2  (g) + 2e- 

At cathode: 

2H2O (l)+ 2e-                         H2  (g) +  2 OH- (aq) 

Overall reaction: 

2Na+ (aq) + 2Cl- (aq) + 2H2O (l)       Cl2 (g) + H2 (g) + 2Na+  (aq)+ 2OH- (aq) 

c. Extraction of magnesium and calcium 

Magnesium and calcium metals are extracted by the electrolysis of their fused chlorides. 

MgCl2 (s)      Electrolysis Mg  (l) + Cl2 (l) 

d. Extraction of aluminium 

Aluminium is extracted by electrolyzing fused bauxite (Al2O3.2H2O) in the presence of fused 

cryolite (Na3AlF6). Cryolite decreases the melting point of aluminium oxide. 

e. Preparation of anodized aluminium 

Anodized aluminium is prepared by making it an anode in an electrolytic cell containing 

sulphuric acid or chromic acid which coats a thin layer of oxide on it. The aluminium oxide layer 

resists attack by corrosive agents. The freshly anodized aluminium is hydrated and can absorb 

dyes. 

f. Extraction of copper 
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Electrolytic cell can also be used for purification of copper using CuSO4 as electrolyte. Impure 

copper as anode and pure copper as cathode. Cu atoms from impure copper are converted to Cu+2 

and pure copper is deposited on anode. Impurities are left at anode. 

At anode: 

Cu (s)         Cu+2 (aq)+ 2e- 

At cathode: 

Cu+2 (aq)+ 2e-        Cu (s) 

g. Electroplating 

Copper, silver, nickel or chromium plating is done by various types of electrolytic cells.  

 

Voltaic or Galvanic Cell 

Definition 

The electrochemical cell in which a spontaneous oxidation-reduction reaction taking place in 

solution produces electricity is known as voltaic or galvanic cell.  

OR 

The electrochemical cell in which chemical energy is converted to electrical energy is known as 

voltaic or galvanic cell. 

Construction 

 Two half cells are electrically connected 

 Each half cell is a portion of total cell in which half reaction takes place 
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A galvanic cell consisting of Zn and Cu electrodes at 25 ⁰C and 1 M electrolyte solution. 

Half Cells 

Left half cell consists of Zn strip dipped in 1.0 M solution of ZnSO4 giving following 

equilibrium. 

 

Right half cell consists of Cu strip dipped in 1.0 M solution of CuSO4 giving following 

equilibrium. 

 

Working 

 The half cells are connected electrically by a salt bridge 

 Zn tends to lose electrons more rapidly than Cu 

 If the external circuit is closed by connecting the two electrodes electrons flow from zinc 

through external circuit to copper electrode 

Half Cell reactions 

At anode 

Zn (s)   Zn+2 (aq) + 2e- (oxidation) 

At cathode 

Cu+2 (aq) + 2e-  Cu (s) (reduction) 
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Overall voltaic cell reaction 

Zn (s) + Cu+2 (aq)  Zn+2 (aq) + Cu (s)   E⁰ = 1.1 volts 

Representation of voltaic cell reaction: 

Zn (s)/ Zn+2 (aq) 1M               Cu+2 (aq) 1M/Cu (s)  E⁰= 1.1 volts 

Sign    shows salt bridge 

Function of salt bridge 

If the external source of electricity is applied to voltaic cell electrode reactions can be reversed. 

Reverse non-spontaneous reactions occur and cell is called reversible cell. 

For Zn-Cu cell 

Zn+2 (aq) + 2e-  Zn (s) Cathode 

Cu (s)   Cu+2 (aq) + 2e-  Anode 

Overall 

Zn+2 (aq) + Cu (s)  Zn (s) + Cu+2 (aq) 
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10.5 MODERN BATTERIES AND FUEL CELLS 

Primary Cells: 

“Those cells which cannot be recharged are called primary cells.” 

Examples are dry cell, alkaline battery, mercury and silver battery.  

Secondary Cells: 

“Those cells which can be recharged are called secondary cells.”  

Examples are lead-acid battery, Ni-Cd-battery and fuel cells. 

10.5.1 Lead Accumulator or Lead-Acid Battery 

(Rechargeable) 

It is secondary or a storage cell. Passing a direct current through it must 

charge it. The charged cell can then produce electric current when 

required.  

Cathode: The cathode of a fully charged lead accumulator is lead oxide, 

PbO2.  

Anode: Its anode is metallic lead.  

Electrolyte: The electrolyte is 30% sulphuric acid solution (density 1.25 

g cm-3).  

Fiber glass sheets between the grids prevent shorting by accidental physic 

al contact.  

Voltage: When the two electrodes are connected through an external 

circuit, it produces electricity by discharge. A single cell provides around 

2 volts. For 12 volts, 6 cells are connected in series. 
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Discharging: 

 At the anode the lead atoms release two electrons each to be oxidized to 

Pb2+ ions, which combine with SO4
2- ions present in the electrolyte and 

get deposited on the anode as PbSO4.  

 

At the cathode the electrons from the anode are accepted by PbO2 and 

hydrogen ions from the electrolyte then undergo a redox reaction to 

produce lead ions and water as follows: The Pb2+ ions then combine with 

the SO4
2- ions and they both deposit at the cathode as PbSO4.  
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When both electrodes are completely covered with PbSO4 deposits, the 

cell will cease to discharge any more current until it is recharged. The 

overall reaction is 

 
When the cell is discharged, it generates electrical energy as a voltaic cell.  

Recharging: 

During the process of recharging, the anode and the cathode of the 

external electrical source are connected to the anode and the cathode of 

the cell respectively. The redox reactions at the respective electrodes are 

then reversed. These reactions are summarized as follows: 

During the process of discharging, the concentration of the acid falls 

decreasing its density to 1.15g cm3. After recharging, the acid is 

concentrated again bringing its density to its initial value of 1.25g cm3. At 

the same time the voltage of the battery, which has dropped during 

discharging, return to around 12 volts. 

Uses: 

It is commonly used as a car battery. It is used for starting the engine of a 

vehicle, for lighting up of car lights and so on. 
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10.5.2 Alkaline Battery (non-rechargeable) 

It is a dry alkaline cell. 

Anode:  Zinc rod serves as the anode. 

Cathode: Manganese dioxide functions as the cathode.  

Electrolyte: The electrolyte, contains potassium hydroxide and is 

therefore basic (alkaline).  

Construction: The battery is enclosed in a steel container. The zinc anode 

is also slightly porous giving it a larger surface area. This allows the cell 

to deliver more current than the common dry cell. It has also longer life. 

Reaction at Anode: 

 

Reaction at Cathode: 

 

Overall Reaction: 

 

Voltage 

The voltage of the cell is 1.5 V 
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10.5.3 Silver Oxide Battery 

 

Anode:   

Anode is made up of Zinc metal. 

Cathode:  

The Cathode is of silver oxide Ag2O. 

Reaction at Anode: 

 

Reaction at Cathode: 

 

Overall Reaction: 

 

Voltage 

The voltage of silver oxide battery is about 1.5 V. 

Uses: 

These tiny and rather expensive batteries have become popular as power 

sources in electronic watches, auto exposure cameras and electronic 

calculators.  
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10.5.4 Nickel Cadmium Cell (Rechargeable) 

 A strong cell that has acquired wide spread use in recent years is the 

NICAD or nickel cadmium battery. It is a rechargeable cell. It is light in 

weight. 

Anode:  The anode is composed of cadmium, which undergoes oxidation. 

Cathode: The cathode is composed of NiO2 which undergoes reduction. 

Electrolyte: An alkaline electrolyte is used in Ni-Cd cell. 

Reaction at Anode: 

 

Reaction at Cathode: 

 

Overall Reaction: 

 

Recharging: 

Just like lead storage cell, the solid reaction products adhere to the 

electrodes. For this reason, the reaction is easily reversed during 

recharging. Because no gases are produced during either charging or 

discharging, the battery can be sealed. 

Uses: It is used in battery operated tools and portable computers. It also 

finds its application in cordless razors, photoflash units. 

Voltage: Voltage of the cell is 1.4 V. 
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10.5.5 Fuel Cells (rechargeable) 

Fuel cells are other means by which chemical energy may be converted 

into electrical energy. When gaseous fuels, such as hydrogen and oxygen 

are allowed to undergo a reaction, electrical energy can be obtained.  

Electrodes: The electrodes are hollow tubes made of porous compressed 

carbon impregnated with platinum, which acts as a catalyst. At the 

electrodes, hydrogen is oxidized to water and oxygen is reduced to 

hydroxide ions. 

Electrolyte: The electrolyte is KOH.  

Diagram: 

 

Reaction at Anode: 

 

Reaction at Cathode: 
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Overall Reaction: 

 

Such a cell runs continuously as long as reactants are supplied. 

Operating Temperature: This fuel cell is operated at a high temperature 

so that the water formed as a product of the cell reaction evaporates and 

may be condensed and used as drinking water for an astronaut. 

Power: A number of these cells are usually connected together so that 

several kilowatts of power can be generated.  

Advantages: This cell finds importance in space vehicles. Some of its 

advantages are as follows: 

1. The fuel cell produce electricity and pure water during space lights.  

2. Fuel cell are light, portable and sources of electricity.  

3. Many fuel cells do not produce pollutants.  

Other Examples: 

Some other cell reactions in fuel cell are: 

 

 

Efficiency: Fuel cells are very efficient. They convert about 75% of fuels 

bond energy into electricity. 
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1. Balance the following equations by oxidation number method. 

(i) Cu + HNO3     Cu(NO3)2 + NO2 + H2O 

(ii) Zn + HNO3     Zn(NO3)2 + NO + H2O 

(iii) Br2 + NaOH     NaBr + NaBrO3 + H2O 

(iv) MnO2 + HCl     MnCl2 + H2O + Cl2 

(v) FeSO4 + K2Cr2O7 + H2SO4   Fe2(SO4) + Cr2(SO4)3 + 

K2SO4 + H2O 

(vi) HNO3 + HI     NO + H2O + I2 

(vii) Cu + H2SO4     CuSO4 + SO2 + H2O 

(viii) HI + H2SO4     I2 + SO2 + H2O 

(ix) NaCl + H2SO4 + MnO2   Na2SO4 + MnSO4 + H2O + 

Cl2 

Ans:  

(i) 

a. Mention oxidation numbers:  
       

   
 
 
 

( 2)3 ( 2)2( 2)3 ( 1)20 1 5 2 5 4 2

3 3 2 2

2

Cu HN O C u N O N O H O

 
 

b. Point out oxidized or reduced species: 

Nitrogen has been reduced and copper has been oxidized. 

c. Figure out reduced and oxidized elements: 

Loss and gain of electrons is mentioned using arrows 

 
d. Balancing of the number of electrons gained or lost: 

 

 
HNO3 + Cu + 2HNO3 Cu (NO3)2 + 2NO2 + H2O 

 

e. Use inspection method to balance rest of the equation: 

 

2HNO3 + Cu + 2HNO3 Cu (NO3)2 + 2NO2 + H2O 

Cu + 4HNO3 Cu (NO3)2 + 2NO2 + 2H2O 

Balanced equation 

( )
0 5 2 4

3 3 3 2 22
HNO Cu HNO C u NO NO H O

+ + +

+ + + +

( )Oxidation 2e--

( )Re duction 1e-
+

( )
0 5 2 4

3 3 3 2 22
HNO Cu HNO C u NO NO H O

+ + +

+ + + +

( )Oxidation 2e--

( )Reduction 1e x2-+
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(ii) 

a. Mention the oxidation numbers: 

 

   
  b. Point out oxidized or reduced species: 

  
c. Figure out reduced and oxidized elements: 

 

   
           d. Balancing of the number of electrons gained or lost: 

    
   

   HNO3 + 3Zn + 2HNO3  3Zn (NO3)O2 + 2NO + H2O 

 e. Use inspection method to balance rest of the equation:  

   6HNO3 + 3Zn + 2HNO3  3Zn(NO3)2 + 2NO + 4H2O 

   3Zn + 8HNO3    3Zn (NO3)2 + 2NO + 4H2O 

                      Balanced equation 

(iii) 

a. Mention the oxidation numbers: 
( 2)30 1 2 1 1 1 1 5 2 2

22 3B N OH N B N B O H Or a a r a r
        

    

 b. Point out oxidized and reduced species: 
0 1 5

22 3B NaOH NaB B H Or r Na rO
 

    

0 0 1 5

22 2 3B B NaOH NaB B H Or r r Na rO
 

   
 

c. Figure out reduced and oxidized elements: 

 

 
d. Balancing of the number of electrons gained or lost: 

Zn + HNO                 Zn (NO )  + NO + H O3 3 2 2

o +1 +5 -6 +2 +10-12 +2

HNO  + Zn  + HNO                Zn(NO )  + NO + H O3

o +5

3

+2

3 2

+2

2

HNO  + Zn  + HNO                Zn(NO )  + NO + H O3

o +5

3

+2

3 2

+2

2

-2e (oxidation)

+3e (Reduction)

HNO  + Zn  + HNO                Zn(NO )  + NO + H O3

o +5

3

+2

3 2

+2

2

-2e x 3 

+3e x 2 

0 0 1 5

22 2 3B B NaOH NaB B H Or r r Na rO
- +

+ + ++

( )Oxidation 10e-
-

( )Reduction 2e-+
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Br2 + 5Br2 + NaOH 10NaBr + 2NaBrO3 + H2O 

e. Use inspection method to balance rest of the equation: 

Br2 + 5Br2 + 12NaOH  10NaBr + 2NaBrO3 + 6H2O 

6Br2 + 12NaOH  10NaBr + 2NaBrO3 + 6H2O 

  3Br2 + 6NaOH  5NaBr + NaBrO3 + 3H2O 

                     Balanced equation 

(iv) 

a. Mention the oxidation numbers: 

 

    Mn
+4

O2
4

 + H
+1

Cl2
1

   Mn
+2

Cl2
2

 + Cl2
o

 + H2
+2

 O
2

  

b. Point out oxidized and reduced species: 

 

  HCl + Mn
+4

O2 + HCl
1

    Mn
+2

Cl2 + Cl2
o

  + H2O 

c. Figure out reduced and oxidized elements: 

   
 d. Balancing of the number of electrons gained or lost: 

 

   HCl + MnO2 + 2HCl  MnCl2 + Cl2 + H2O 

 e. Use inspection method to balance rest of the equation: 

   2HCl + MnO2 + 2HCl   MnCl2 + Cl2 + 2H2O    

or 

   4HCl + MnO2   MnCl2 + Cl2 + 2H2O 

                        Balanced equation 

(v) 

a.          Mention the oxidation numbers: 

    
          b.         Point out oxidized and reduced species: 

 

    
          c.         Figure out oxidized and reduced elements: 

 

( )Oxidation 10e x1-
-

( )Re duction 2e x5-
+

0 0 1 5

22 2 3B B NaOH NaB B H Or r r Na rO
- +

+ + ++

HCl + MNO  + 2HCl           MnCl  + Cl  + H O2 2 2 2

+4 -1 +2 0

+2e (Reduction)

2(-1e) (Oxidation)

FeSO  + K Cr O  + H SO               K SO  + Cr (S O )  + Fe (SO )  + H O4 2 2 7 2 4 2 4 2 4 3 2 4 3 2

+2 +6-8 +2 +12 -14 +2 +6 -8 +2 +6 -8 +6 +18 -24 +6 +18 -24 +2 -2

FeSO  + K Cr O  + H SO               K SO  + Cr (SO )  + Fe (SO )  + H O4 2 2 7 2 4 2 4 2 4 3 2 4 3 2

+2 +6 +3 +3
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d.       Balancing of the number of electrons gained or lost: 

 

    
  6FeSO4 + K2Cr2O7 + H2SO4  3Fe2(SO4)3 + Cr2(SO4)3 + K2SO4 + 

H2O 

e.       Use inspection method to balance rest of the equation: 

 

  6FeSO4 + K2Cr2O7 + 7H2SO4  3Fe2(SO4)3 + Cr2(SO4)3 + K2SO4 + 7H2O 

                      Balanced equation 

(vi) 

 

           a.       Mention the oxidation numbers: 

    
          b.        Point out oxidized and reduced species: 

   
c. Figure out reduced and oxidized elements: 

    
d. Balancing of the number of electrons gained or lost: 

   
  

  2HNO3 + 6HI   2NO + 3I2 + H2O 

e. Use inspection method to balance rest of the equation: 

 

  2HNO3 + 6HI   2NO + 3I2 + 4H2O 

            Balanced equation 

(vii) 
 

a. Mention the oxidation numbers: 
   

2FeSO  + K Cr O  + H SO               K SO  + Cr (SO )  + Fe (SO )  + H O4 2 2 7 2 4 2 4 2 4 3 2 4 3 2

+2 +6 +3 +3

2(3e) (Redaction)

-1e(2) (oxidation)

2FeSO  + K Cr O  + H SO               K SO  + Cr (SO )  + Fe (SO )  + H O4 2 2 7 2 4 2 4 2 4 3 2 4 3 2

+2 +6 +3 +3

2(3e) x 1 = +6

-1e(2) x 3 = -6

HNO  +HI            NO + H O + I3 2 2

+1+5 -6 -1 +2 -2 +2 -2 0

HNO  +HI            NO + I + H O3 2 2

+5 -1 +2 +20

HNO  +HI            NO + I + H O3 2 2

+5 -1 +2 +20

+3e (Reduction)

-1e(2) (Oxidation)

HNO  +HI            NO + I + H O3 2 2

+5 -1 +2 +20

+3e x 2 = +6

-2 x 3 = -6
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b. Point out oxidized and reduced species: 

  

   
c. Figure out reduced and oxidized elements: 

 

   
d.         Balancing of the number of electrons gained or losr: 

  H2SO4 + Cu + H2SO4  CuSO4 + SO2 + H2O 

e. Use inspection method to balance rest of the equation:  

  2H2SO4 + Cu    CuSO4 + SO2 + 2H2O 

            Balanced equation 

 (viii) 
 

 

a. Mention the oxidation numbers: 

    
 b. Point out oxidized and reduced species: 

    
c. Figure out reduced and oxidized elements: 

    
d. Balancing of the number of electrons gained and lost: 

   2HI + H2SO4  I2 + SO2 + 2H2O 

           e.         Use inspection method to balance rest of the equation: 
 

   2HI + H2SO4  I2 + SO2 + 2H2O 

                       Balanced equation 

(ix) 

 

 

a. Mention the oxidation numbers: 

    
b. Point out oxidized and reduced species: 

    
c. Figure out reduced and oxidized elements: 

Cu + H SO               CuSO  + SO  + H O2 4 4 2 2

0 +2 +6 -8 +2 +6 -8 +4 -4 +2 -2

Cu + H SO               2 4 CuSO  4 + SO  2 + H O2

0 +6 +2 +4 +2 -2

H SO               2 4 + 

Cu + H SO               2 4 CuSO  4 + SO  2 + H O2

0 +6 +2 +4 +2 -2

H SO               2 4 + 

-2e (Oxidation)

+2e (Reduction)

HI + H SO2 4 I + SO  + H O22  2 4

+1-1 +1(2) +6 -2(4) 0 +4 -2(2) +1(2) -2(2)

HI + H SO                I  + SO  + H O2 4 2 2 2

-1 +6 0 +4

2

HI + H SO                I  + SO  + H O2 4 2 2 2

-1 +6 0 +4

2

-1e (2) (Oxidation)

+2e (Reduction)

NaCl + H SO  + MnO               Na SO  + MnSO  + Cl  + H O2 4 2 2 4 4 2 2

-1+1 +2 +6 -8 +4 -4 +2 +6 -8 +2 +6 -8 0 +2 -2

NaCl + H SO  + MnO               Na SO  + MnSO  + Cl  + H O2 4 2 2 4 4 2 2

-1 +4 +2 0
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d. Balancing of the number of electrons gained and lost: 

  2NaCl + H2SO4 + MnO2  Na2SO4 + MnSO4 + Cl2 + H2O  

e. Use inspection method to balance rest of the equation:  

  2NaCl + 2H2SO4 + MnO2 Na2SO4 + MnSO4 + Cl2 + 2H2O 

            Balanced equation  

 

   2. Balance the following ionic equations by ion-electron method. 

(i) Fe3+ + Sn2+    Fe2+ + Sn4+ 

(ii) MnO4
1- (aq) + C2O4

2- (aq)  Mn2+ (aq) + CO2 (g) 

(iii) Cr2O7
2- + Cl    2Cr3+ + 3Cl2 

(iv) Cu + NO3
1-    Cu2+ + 2NO2 

(v) Cr2O7
2- + Fe2+    Cr3+ + Fe3+  (acidic media) 

(vi) S2O3
2- + OCl1-    Cl + S4O6

2-  (acidic media) 

(vii) IO3
1- + AsO3

3-    I + AsO4
3-  (acidic media) 

(viii) Cr3+ + BiO3
1-    Cr2O7

2- + 3Bi3+  (acidic media) 

(ix) H3AsO3 + Cr2O7
2-   3H3AsO4 + 2Cr3+ (acidic media) 

(x) CN + MnO4
1-    CNO + MnO2 (S) (basic media) 

 

Ans:  

(i) 

 

 Oxidation half reaction 

   Sn2+  Sn4+ 

 Reduction half reaction 

   Fe3+  Fe2+   

 Balance 

   Sn2+  Sn4+ + 2e  ……..(1) 

  

   Fe3+ + e Fe2+        …….. (2) 

 Multiplication of equation (2) by two followed by addition of both equations 

   2Fe3+ + 2e  2Fe2+ 

   Sn2+   Sn4+ + 2e     

   Sn2+ + 2Fe3+  Sn4+ + 2Fe2+ 

(ii) 
  

   2

4 2 4 2 2MnO (aq) C O (aq) MnO (s) CO (g)
 

NaCl + H SO  + MnO               Na SO  + MnSO  + Cl  + H O2 4 2 2 4 4 2 2

-1 +4 +2 0

+2e (Reduction)

-1e (2) (Oxidation)
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7 2(4) ( 3)2 2(4) 2 11(2) 2 4 2(2) 4 2(2)
1 2 1

4 2 4 2 2 2(MnO ) (C O ) H O MnO CO (OH)
  

Oxidation half reaction:    
 

 2

2 4 2C O CO

 Reduction half reaction:
  1

4 2MnO MnO  

Balance number of atoms: 
2

2 4 2
C O CO       

 2

2 4 2C O 2CO .............(1)
 

    
4 2

MnO MnO 4OH    

       2 4 22H O MnO MnO 4OH ……………………(2) 

 Balance charges: 

      2

2 4 2C O 2CO 2e        …………………(3) 

         2 4 23e 2H O MnO MnO 4OH …..…….(4) 
 

Balance electrons: 

    
  2

2 4 23C O 6CO 6e  

         2 4 22x[3e 2H O MnO MnO 4OH ]
 

                                            ______________________________________
 

         2 4 26e 4H O 2MnO 2MnO 8OH  

Final equation 

 
  2

2 4 23C O 6CO 6e  

    

  

 

   

    

2 4 2

2

2 2 2 4 2 2

6e 4H O 2MnO 2MnO 8OH

3C O 4H O 2MnO 6CO 2MnO 8OH
 

 

(iii) 
 

 Oxidation half reaction 
  Cl  Cl2 

 Reduction half reaction 
  Cr2O7

2 Cr3+ 

 Balancing half reactions 
  Cl  Cl2 
  2Cl  Cl2 

2Cl  Cl2 + 2e  ---------------- (1) 
  
 Cr2O7

2   Cr3+ 
Cr2O7

2   2Cr3+ 

Cr2O7
2   2Cr3+ + 7H2O 

Cr2O7
2 + 14H+    2Cr3+ + 7H2O 

Cr2O7
2 + 14H+ + 6e   2Cr3+ + 7H2O  ---------------- (2) 

Multiplication of equation (1) by three followed by addition in (2) 
 6Cl   3Cl2 + 6e 
  Cr2O7

2 + 14H+ + 6e  2Cr3+ + 7H2O 

Cr2O7
2 + 14H+ + 6Cl  2Cr3+ + 3Cl2 + 7H2O 
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(iv) 
 

Cu + NO
3
1 Cu+2 + NO2 

 
1

( 2)3 ( 2)20 5 4
2

3 2Cu N O Cu N O


  

 
   
   

 

 Oxidation half cell reaction: 

    
0

C u   Cu+2 

 Reduction-half reaction: 
   NO

3
1    NO2 

Balance number of atoms: 
0

C u   Cu+2 

NO
3
1 + 2H+  NO2 + H2O 

Balance charges: 

    
0

C u   Cu+2 + 2e 

NO
3
1 + 2H+ + 1e  NO2 + H2O 

Balance electrons: 

(
0

C u   Cu+2 + 2e)  1 

(NO
3
1 + 2H+ + 1e  NO2 + H2O)  2 

Final equation: 
0

C u   Cu+2 + 2e 

2NO
3
1 + 4H+ + 2e  2NO2 + 2H2O 

           
   Cu + 2NO

3
1 + 4H+  Cu+2 + 2NO2 + 2H2O 

(v) 

 Oxidation half reaction: 
 Fe2+  Fe3+ 

 Reduction half reaction: 
 Cr2O7

2  Cr3+ 

 Balance  
Fe2+  Fe3+ + e --------------- (1) 
Cr2O7

2  2Cr3+ 
Cr2O7

2  2Cr3+ + 7H2O 
Cr2O7

2 + 14H+   2Cr3+ + 7H2O 
Cr2O7

2 + 14H+ + 6e  2Cr3+ + 7H2O  --------------- (2) 

 Multiplication of equation (1) by 6 followed by addition in equation (2) 
 6Fe2+    6Fe3+ + 6e 

Cr2O7
2 + 14H+ + 6e  2Cr3+ + 7H2O 

6Fe2+ + Cr2O7
2+6e  2Cr3+ + 6Fe3+ + 7H2O 

 
 
 

(vi) 
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 Oxidation half reaction: 
 S2O3

2  S4O6
2  

 Reduction half reaction: 
 OCl  Cl 

 Balance number of atoms: 
 S2O3

2  S4O6
2  

S2O3
2  S4O6

2  

Balance charges: 
2S2O3

2  S4O6
2 + 2e --------------- (1) 

 Balancing number of atoms: 
 OCl  Cl 

OCl  Cl 
OCl + 2H+  Cl+ H2O 

Balance charges: 
OCl + 2H+ + 2e Cl+ H2O         --------------- (2) 
Balance number of electrons: 

Adding equation (1) and (2)  
 2S2O3

2  S4O6
2 + 2e 

 OCl + 2H+ + 2e Cl+ H2O 
 
 

 
 

 

(vii) 
 

 Oxidation half reaction: 
 AsO3

3  AsO4
3 

 Reduction half reaction: 
 IO3

  I 

 Balance number of atoms: 
 AsO3

3  AsO4
3 

AsO3
3+ H2O   AsO4

3 
AsO3

3+ H2O   AsO4
3 + 2H+ 

Balance charges: 
AsO3

3+ H2O   AsO4
3 + 2H+ + 2e --------------- (1) 

 Balance number of atoms: 
 IO3

  I 
IO3

  I + 3H2O 
IO3

 + 6H+  I + 3H2O 
Balance the charges: 
IO3

+ 6H++ 6e  I + 3H2O --------------- (2) 

Final Equation: 

Multiplying equation (1) by three followed by addition in (2) 
 3AsO3

3+ 3H2O     3AsO4
3 + 6H+ + 6e 

 IO3
+ 6H++    I + 3H2O 

3AsO3
3+ IO3

    I + 3AsO4
3

 

 
 

 
 

(vii) 

 2S2O3
2 + OCl+ 2H+  Cl+ S4O6

2 + H2 
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 Oxidation half reaction: 
 Cr3+  Cr2O7

2 

 Reduction half reaction: 
 BiO3

1  Bi3+ 

 Balance number of atoms: 
2Cr3+  Cr2O7

2  
2Cr3+  Cr2O7

2 
2Cr3++ 7H2O  Cr2O7

2 + 14H+ 

Balance charges: 
2Cr3+ + 7H2O  Cr2O7

2 + 14H+ + 6e  --------------- (1) 

 Balance number of atoms: 
 BiO3

1  Bi3+ 
BiO3

1  Bi3+ + 3H2O 
BiO3

1 + 6H+  Bi3+ + 3H2O 

Balance charges: 
BiO3

1 + 6H+ + 2e  Bi3+ + 3H2O  --------------- (2) 

Final Equation: 

Multiplication of equation (1) by three followed by addition in equation (2) 
 2Cr3+ + 7H2O  Cr2O7

2 + 14H+ + 6e 

           3BiO3
1 + 18H+ + 6e  3Bi3+ + 9H2O 

2Cr3++ 3BiO3
1+4H+  2H2O + 3Bi3+ Cr2O7

2 
 

 

 
 

 

(ix) 

 Oxidation half reaction: 
 H3AsO3  H3AsO4 

 Reduction half reaction: 
 Cr2O7

2 Cr3+ 

 Balance number of atoms: 
 H3AsO3  H3AsO4 

H3AsO3  + H2O H3AsO4 

H3AsO3  + H2O H3AsO4 + 2H+ 

 Balance number of atoms: 
 Cr2O7

2 Cr3+ 
Cr2O7

22Cr3+ 

Cr2O7
2 2Cr3+ + 7H2O 

Balance the charges: 
H3AsO3  + H2O H3AsO4 + 2H++ 2e  --------------- (1) 
Cr2O7

2+ 14H+ 2Cr3+ + 7H2O 
Cr2O7

2 + 14H++ 6e 2Cr3+ + 7H2O  --------------- (2) 
 

Final Equation: 

Mult iplicat ion of equat ion (1) by three followed by addit ion in equat ion (2)  
 3H3AsO3 + 3H2O3H3AsO4 + 6H++ 6e 

  Cr2O7
2 + 14H+ + 6e 2Cr3+ + 7H2O 

3H3AsO3+ Cr2O7
2 + 8H+   4H2O + 2Cr3+ + 3H3AsO4 
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(x)  
 
 

CN- + MnO
4
1 CNO- + MnO2 

 
              
       

    

1 1 1( 4) ( 2)4 ( 2)25 7 4 3 2 4

4 2C N Mn O C NO Mn O  

 Oxidation-half reaction: 
    CN1    CNO-1 

 Reduction-half reaction: 
    MnO

4
1   MnO2 

Balance number of atoms: 
 

   CN+ 2 OH  CNO + H2O 
   MnO

4
1 + 2 H2O  MnO2 + 4 0H 

Balance charges: 
    CN+ 2OH  CNO + H2O + 2e 
   MnO

4
1 + 2H2O + 3 e  MnO2 + 4 OH 

 
 

    (CN+ 2 OH  CNO + H2O + 2e)  3 
   (MnO

4
1 + 2H2O + 3e  MnO2 + 4 OH)  2 

Final Equation: 
    3CN+ 60H  3CNO + 3H2O + 6e 
   2MnO

4
1 + 4H2O + 6e  2MnO2 + 8OH 

           
   3CN+ 2MnO

4
1 + H2O  3CNO + 2MnO2 + 2OH 
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Chapter 11 

Reaction Kinetics 

Order of Reaction 

Definition 

The order of reaction is given by the sum of all the exponents to which the concentrations in the 

rate equation are raised.  

OR 

The order of reaction may also be defined as the number of reacting molecules, whose 

concentrations alter as a result of the chemical change. 

Importance 

1. The order of reaction provides valuable information about the mechanism of a reaction. 

2. The order of a reaction is an experimentally determined quantity and cannot be inferred 

simply by looking at the reaction equation.  

3. The sum of the exponents in the rate equation may or may not be the same as in a 

balanced chemical equation.  

4. The chemical reactions are classified as zero, first, second and third order reactions. 

Explanation with Examples 

For a general reaction between A and B where ‘a’ moles of A and ‘b’ moles of B react to form 

‘c’ moles of C and‘d’ moles of D. 

aA + bB  cC + dD 

We can write the rate equation as: 

R=k[A]a[B]b 

The exponent ’a’ or ‘b’ gives the order of reaction with respect to the individual reactant. Thus 

the reaction is of order ‘a’ with respect to A and of order b with respect to B.  

The overall order of reaction is: 

(a+b) 

Decomposition of nitrogen pentoxide 

1. Decomposition of nitrogen pentoxide involves the following equation: 
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2N2O5 (g)   2N2O4 (g) + O2 (g) 

Rate = k [N2O5] 

Order of reaction= one 

Hydrolysis of tertiary butyl bromide 

 

Rate = k [(CH3)3CBr] 

Order of reaction= pseudo first order reaction 

The rate of reaction remains effectively independent of the concentration of water because, being 

a solvent, it is present in very large excess. 

Oxidation of nitric oxide 

Oxidation of nitric oxide with ozone has been shown to be first order with respect to NO and first 

order with respect to O3.  

NO (g) + O3 (g)  NO2 (g) + O2 (g) 

Rate =k [NO][O3] 

Order of reaction= two 

Reaction of ferric chloride and potassium iodide 

 

Rate= k[FeCl3][KI]2 

Order of reaction= third 

This rate equation suggests that the reaction is, in fact, taking place in more than one steps.  



3 
 

Prepared By: Ms Khair-ul-Bariyah 
Assistant Professor (Chemistry) 
College Section 
FCCU, Lahore 

 

There are two possible steps of the reaction: 

Slow step 

FeCl3 (aq) + 2KI (aq)    slow      FeI2 (aq) + 2KCl (aq) + Cl- (aq) 

Fast step 

2KI (aq) + 2Cl- (aq)   fast 2KCl (aq) + I2 (s) 

 

Formation of carbon tetrachloride from chloroform 

CHCl3 (l) + Cl2 (g)  CCl4 (l) + HCl (g) 

Rate= k[CHCl3][Cl2]
1/2 

Order of reaction= 1.5 

Photochemical reactions 

A reaction is said to be zero order if it is entirely independent of the concentration of reactant 

molecules. Photochemical reactions are usually zero order. 
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CHAPTER 1 

BASIC CONCEPTS 

DEFINITIONS 

Give definitions of the following terms: 

1. Isotopes  

Isotopes are the atoms of an element having same atomic number but different mass number. For 

example, carbon has three isotopes i.e. C-12, C-13 and C-14, hydrogen has three isotopes i.e. H-

1, H-2, H-3, oxygen has three isotopes i.e. O-16, O-17, O-18 etc. 

2. Mass spectrum 

Mass spectrum is the plot of data in such a way that (m/e) is plotted as abscissa (x-axis) and the 

relative abundance of ions as ordinate (y-axis). 

3. Empirical Formula 

The formula that gives the simplest whole number ratio of atoms of different elements present in 

one molecule of a compound is called empirical formula. For example, CH is empirical formula 

of C6H6 and CH2O is empirical formula of C6H12O6. 

4. Molecular Formula 

The formula that gives the exact number of atoms of different elements present in one molecule 

of a compound is called molecular formula. For example, C6H6 is molecular formula of benzene 

and C6H12O6 is molecular formula of glucose. 
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5. Mole  

The atomic mass, molecular mass, formula mass or ionic mass of the substance expressed in 

grams is called molar mass of the substance. It is expressed as 

Number of gram atoms/moles= Mass/Molar mass 

For example, 1 gram atom of hydrogen=1.008 g, 1 gram atom of water= 18 g, 1 gram formula of 

NaCl=58.5 g, 1 g ion of OH- =17 g 

6. Avogadro’s Number 

Avogadro’s number is the number of atoms, molecules and ions in one gram atom of an element, 

one gram molecule of a compound and one gram ion of a substance, respectively. For example, 

1.008 g of hydrogen=1 mole of hydrogen=6.02×1023 atoms of H, 18 g of H2O= 1 mole of water= 

6.02×1023 molecules of water, 96 g of SO4
2- = 1 mole of SO4

2- =6.02×1023 ions of SO4
2-. 

7. Molar volume 

One mole of any gas at standard temperature and pressure (STP) occupies a volume of 22.414 

dm3. This volume of 22.414 dm3 is called molar volume and it is true only when the gas is ideal. 

For example, 2.016 g of H2= 1 mole of H2 = 6.02×1023 molecules of H2 = 22.414 dm3 of H2 at 

STP, 16 g of CH4= 1 mole of CH4 = 6.02×1023 molecules of CH4 = 22.414 dm3 of CH4 at STP. 

8. Stoichiometry 

Stoichiometry is a branch of chemistry which tells us the quantitative relationship between 

reactants and products in a balanced chemical equation. 

9. Limiting Reactant 

The limiting reactant is a reactant that controls the amount of the product formed in a chemical 

reaction due to its smaller amount. For example,  

2H2 (g) + O2 (g)   2H2O(l) 

2
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According to the balanced equation, 2 moles of hydrogen (4 g) react with 1 mole of oxygen (16 

g) to give 2 moles of water (36 g). As hydrogen is present in small amount so it is the limiting 

reactant. 

10. Actual Yield 

The amount of the products obtained in a chemical reaction is called the actual yield of that 

reaction. Actual yield is less than theoretical yield. 

11. Theoretical Yield 

The amount of the products obtained from balanced chemical equation is called theoretical yield 

of that reaction. Theoretical yield is more than actual yield. 

12. Percentage Yield/Efficiency of a Reaction 

The efficiency of a reaction is expressed by comparing the actual and theoretical yields in the 

form of percentage (%) yield. 

%yield = Actual yield/Theoretical yield × 100 
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CHAPTER 2 

EXPERIMENTAL TECHNIQUES IN CHEMISTRY 

DEFINITIONS 

Give definitions of the following terms with examples: 

1. Analytical Chemistry 

Analytical chemistry is the science of chemical characterization. It includes two steps: 

a. Qualitative analysis 

b. Quantitative analysis 

2. Qualitative Analysis 

In qualitative analysis, the chemist is concerned with the detection or identification of the 

elements present in a compound. For example, in C6H12O6 the detection of presence of carbon, 

hydrogen and oxygen is qualitative analysis of the compound. 

3. Quantitative Analysis 

In quantitative analysis, the relative amounts of the elements are determined. For example, in 

C6H12O6 the ratio of C:H:O is 6:12:6 or 1:2:1. 

4. Filtration 

The process of filtration is used to separate insoluble particles from liquids. For example, 

separation of sand and salt solution through filter paper. 

5. Residue 
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The material left on top of the filter paper after filtration (which cannot pass through the pores of 

filter paper) is called residue. For example, in separation of sand and salt solution, sand being 

insoluble in water and impermeable through the pores of filter paper remains on top of it.  

6. Filtrate 

The part of the solution which easily passes through pores of the filter paper is called filtrate. For 

example, in separation of sand and salt solution, the water carrying dissolved salt in it passes 

easily through the filter paper making filtrate.  

7. Fluted Filter Paper 

When an ordinary filter paper is folded in such a way that a fan like arrangement with alternate 

elevations and depressions at various folds is obtained then it is called fluted filter paper.  

8. Gooch Crucible 

Gooch crucible is made up of porcelain with perforations at the base which are further covered 

with paper pulp or a filter paper cut to its size. It is placed in a suction filtering apparatus to 

increase the rate of filtration. Use of gooch crucible assists in filtration of precipitates which are 

supposed to be ignited at high temperature. Where concentrated HCl and KMnO4 are used 

asbestos mat replaces filter paper.  

9. Sintered glass crucible 

In sintered glass crucible, a porous glass disc is sealed into the bottom. As there is no preparation 

required, like that needed in gooch crucible, it is convenient to use it. 

10. Crystallization 
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Crystallization is the removal of a solid from solution by increasing its concentration above the 

saturation point in such a manner that the excess solid separates out in the form of crystals. For 

example, crystallization of CuSO4 and benzoic acid from water. 

11. Sublimation 

It is a process in which a solid, when heated, vapourizes directly without passing through the 

liquid phase and these vapours can be condensed to form the solid again. The purpose of 

sublimation is to purify a solid. For example, ammonium chloride, iodine, naphthalene, benzoic 

acid etc are sublimates. 

12. Solvent Extraction 

According to solvent extraction a solute can be separated from a solution by shaking the solution 

with a solvent in which the solute is more soluble and the added solvent does not mix with the 

solution. For example, ether extraction. 

13. Distribution law/Partition law 

Solvent extraction is an equilibrium process and follows the distribution law or partition law. 

This law states that a solute distributes itself between two immiscible liquids in a constant ratio 

of concentrations irrespective of the amount of solute added. 

14. Chromatography 

Chromatography originates from the Greek word “Khromatos” meaning colour writing. It is a 

method used for the separation of the components of a mixture sample between stationary phase 

and mobile phase. For example, paper chromatography. 

15. Stationary phase 
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The stationary phase may be a solid or a liquid supported as a thin film on the surface of an inert 

solid. For example, filter paper strips in paper chromatography. 

16. Mobile phase 

Mobile phase flows over the surface of the stationary phase. It may be a liquid or a gas. For 

example, water, ethanol etc. 

17. Adsorption chromatography 

Chromatography in which the stationary phase is a solid is termed as adsorption 

chromatography. For example, TLC (thin layer chromatography). 

18. Partition chromatography 

Chromatography in which the stationary phase is a liquid is termed as partition chromatography. 

For example, paper chromatography. 

19. Retardation factor 

It is the ratio of the distance travelled by a component from the original spot to the distance 

travelled by solvent from the original spot. It is denoted by Rf. As it is a ratio between similar 

quantities so it has no units. 

Rf=Distance travelled by a component from the original spot 

Distance travelled by solvent from the original spot 

20. Distribution coefficient (K) 

It is the ratio of the concentration of solute between two immiscible liquids at equilibrium. No 

matter how much solute is added, the ratio of the final concentrations at equilibrium is constant. 

The constant is called distribution coefficient K and is given by: 
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K = [I2(CCl4)] 

      [I3
- (aq)] 

In chromatography, the distribution of the components of a mixture between the two phases is 

governed by distribution coefficient K. 

K = Concentration of a component in the moving phase 
Concentration of that component in the stationary phase 
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CHAPTER 3 

GASES 

DEFINITIONS 

Give definitions of the following terms: 

1. Atmospheric pressure 

The pressure of air that can support 760 mm Hg column at sea level is called one atmosphere. It 

is the force exerted by 760 mm or 76 cm long column of mercury on an area of 1 cm2 at 0 ⁰C. It 

is the average pressure of atmosphere at sea level.  

2. Gas Laws 

The relationships between volume of a given amount of gas and the prevailing conditions of 

temperature and pressure are called the gas laws. Examples are Boyle’s law, Charles’s law, 

Graham’s law, Dalton’s law and Avogadro’s law.  

3. Boyle’s Law 

The volume of a given mass of a gas at constant temperature is inversely proportional to the 

pressure applied to the gas. 

                    V α  1 (when temperature and number of moles are constant) 

P 

V= k 

                                                                            P 

PV=k (when T and n are constant)…….(1) 

‘k’ is proportionality constant. Its value depends upon the amount of gas. 

From eq (1) another definition of Boyle’s law can be given as follows: 

The product of pressure and volume of a fixed amount of a gas at constant temperature is a 

constant quantity. 

So, P1V1=k and P2V2=k 

Hence, P1V1=P2V2 

4. Charles’s Law 

The volume of the given mass of a gas is directly proportional to the absolute temperature when 

the pressure is kept constant. 

V α T (when pressure and number of moles are constant) 

V= kT 

V = k 

                                                                      T 

If the temperature is changed from T1 to T2 and volume changes from V1 to V2 then 

V1= k   and     V2 = k 

                                                          T1              T2 

The ratio of volume to temperature remains constant for same amount of gas at same pressure. 

5. Quantitative definition of Charles’s Law 

At constant pressure, the volume of the given mass of a gas increases or decreases by 1/273 of its 

original volume at 0⁰C for every 1⁰C rise or fall in temperature respectively. 

 

6. Absolute Zero 
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The temperature -273.16⁰C or 0 K is called absolute zero. This is a hypothetical temperature. It is 

the lowest possible temperature which a gas can attain while remaining in the gaseous state. This 

temperature is impossible to be attained by real gases because attractive forces develop at low 

temperature and they get converted to liquid or solid even before reaching this temperature. 

Motion of the gas molecules ceases at such a low temperature. 

7. Centigrade Scale 

It has a zero mark for the temperature of ice at one atmospheric pressure. The mark 100⁰C 

indicates the temperature of boiling water at 1 atmospheric pressure. The space between these 

temperature marks is divided into 100 equal parts and each part is 1⁰C. 

8. Fahrenheit Scale 

The melting point of ice at 1 atmospheric pressure has a mark of 32⁰F and that of boiling water is 

212⁰F. The space between these temperature marks is divided into 180 equal parts and each part 

is 1⁰F. 

9. Absolute or Kelvin Scale 

The melting point of ice at 1 atmospheric pressure is 273 K. The water boils at 373 K or more 

precisely at 373.16 K.  

10. Avogadro’s Law 

Equal volumes of all the ideal gases at the same temperature and pressure contain equal number 

of molecules.  

Example: If we have one dm3 of each of H2, He, N2, O2 and CO in separate vessels at STP, then 

the number of molecules in each will be 2.68×1022. This is obtained by dividing 6.02×1023 with 

22.414 dm3.  

11. Dalton’s Law of Partial Pressures 

The total pressure exerted by a mixture of non-reacting gases is equal to the sum of their 

individual partial pressures. 

Let the gases be 1,2,3 and their partial pressures be p1, p2, p3. The total pressure (Pt) of the 

mixture of gases is given by: 

Pt = p1 + p2 + p3 

12. Aqueous tension 

The pressure of vapours of water at a particular temperature is called aqueous tension. Water 

vapours are always present in the air and exert pressure. 

13. Diffusion 

The spontaneous mixing of the molecules of different gases by random motion and collision to 

form homogeneous mixture is called diffusion. Example, spreading of flower fragrance. 

14. Effusion 

The passage of gas molecules one by one without collision through a pinhole in a container into 

an evacuated space is called effusion. Example, escape of gas from a punctured tyre. 

15. Graham’s law of diffusion 

The rate of diffusion or effusion of a gas is inversely proportional to the square root of its density 

at constant temperature and pressure 
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                                                           Rate of diffusion α  1 (at constant temperature and pressure) 

                           d 

Rate of diffusion= k 

                             d 

Rate of diffusion × d = k 

or Rate   ×    d = k 

For two gases 1 and 2 

r1/r2  =   d2/  d1 

Density is proportional to mass so 

r1/r2    =    M2/  M1 

16. Critical Temperature 

The highest temperature at which a substance can exist as a liquid is called its critical 

temperature (Tc). Example, oxygen has critical temperature of 154.4 K (-118.75⁰C).  

17. Critical Pressure 

The minimum pressure which is required to liquefy a gas at its critical temperature is called 

critical pressure (Pc). Example, oxygen has critical pressure 49.7 atm. 

18. Critical Volume  

The volume which is occupied by one mole of a gas at critical temperature and critical pressure 

is called critical volume (Vc). Example, critical volume of oxygen is 74.42 cm3 mol-1. 

19. Joule Thomson Effect 

When a compressed gas is allowed to expand into a region of low pressure it gets cooled.  

20. Liquefaction 

The process of conversion of a gaseous substance into the liquid state is called liquefaction of the 

gas.  

21. Plasma 

The ionized gas mixture, consisting of ions, electrons and neutral atoms is called plasma. Plasma 

is a distinct state of matter containing a significant number of electrically charged particles a 

number sufficient to affect its electrical properties and behaviour. 

22. Van der Waal’s constants 

Van der Waal has proposed two constants as “a” and “b” for real gases. The constant “a” stands 

for the measurement of forces of attractions among the molecules of a gas. The constant “b” 

stands for the excluded volume of the gas. Their units are atm dm6 mol-2 and dm3 mol-1 

respectively. 

23. Ideal Gas 

That gas which obeys gas laws like Boyle’s law, Charles’s law and Avogadro’s law is called 

ideal gas. The ideal gas should obey the general gas equation i.e., PV= nRT 

24. Non-ideal Gas 

That gas which does not obey the gas laws under all conditions of temperature and pressure is 

called a non-ideal gas. The general gas equation PV=nRT is not obeyed completely. 

25. Mole fraction of gas 

It is ratio of number of moles of a gas to the total number of moles of all the gases in the mixture. 

X1 = n1/n1+n2+n3 

26. Mean square velocity 
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It is the average of the squares of all the possible velocities of gas molecules. 

 

c2 = c1 + c2 + c3 +…+cn 

n 

27. Root mean square velocity 

It is a square root of mean square velocity of a gas 

 

Crms = 3RT/M 

28. Partial pressure 

The pressure which is exerted by an individual gas in a gaseous mixture is called partial pressure 

of that gas. 

p1 = X1Pt 

29. Triple point 

The temperature where three states of a substance coexist is called the triple point 

30. Isotherm 

A graph between pressure and volume of the gas at constant temperature and the number of 

moles is called isotherm. It is a parabolic curve, It is in the shape of a curve. 
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CHAPTER 4 

LIQUIDS AND SOLIDS 

DEFINITIONS 

Give definitions of the following terms: 

 

LIQUIDS 
1. Intermolecular Forces 

The forces which hold the two molecules together are called intermolecular forces. For example, 

 

 
Dotted lines show intermolecular forces 

 

2. Intramolecular Forces 

The forces of attraction within the molecule are called intramolecular forces. For example, 

 

 
Solid lines show intramolecular forces 

 

3. Dipole-dipole Forces 

The positive end of one molecule attracts the negative end of the other molecule and these 

electrostatic forces of attraction are called dipole-dipole forces. For example, 
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4. Dipole-induced dipole Forces 

Those forces of attractions which exist between already polar molecules and the molecule having 

induced polarity. 

 

 
 

5. Ion-dipole Forces 

The forces of attraction between an ion and a dipole are called ion-dipole forces.  
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6. Dipole 

It is that molecule which has two poles in it. These poles are created due to the difference of 

electronegativities. HCl has dipoles. H is partial positive while Cl is partial negative. 

 

 
 

7. Instantaneous Dipole-Induced Dipole Forces or London Dispersion Forces 

The momentary force of attraction created between instantaneous dipole and the induced dipole 

is called dipole-induced dipole interaction or London forces. Example, this type of interaction is 

seen in Cl2, H2 and noble gases (helium, neon etc.) 

 
8. Boiling Point 

The temperature at which the vapour pressure of a liquid becomes equal to the atmospheric 

pressure. For example, boiling point of water is 100⁰C. 

 

9. Polarizability 

It is the quantitative measurement of the extent to which the electronic cloud can be polarized or 

distorted.  

10. Instantaneous dipole 

The temporary dipole which is produced in non-polar atoms or molecules due to a certain reason. 

Non-polar gaseous molecules create instantaneous dipoles. Helium is best example. 

11. Induced Dipole 

A molecule in which polarity is created due to other polar molecule is called induced dipole. For 

example, HCl induces polarity in noble gases if in mixture. 

12. Hydrogen bonding  

Hydrogen bonding is the electrostatic force of attraction between a highly electronegative atom 

and partial positively charged hydrogen atom. For example, water 
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13. Evaporation 

The spontaneous change of a liquid into its vapours is called evaporation and it continues at all 

temperatures.  

14. Vapour pressure 

The vapour pressure of a liquid is a pressure exerted by the vapours of the liquid in equilibrium 

with the liquid at a given temperature. 

 

Liquid Vapour 

15. Molar heat of vapourization 

The amount of heat required to vapourize one mole of a liquid at its boiling point is called its 

molar heat of vapourization. 

16. Molar Heat of Fusion ( Hf) 

It is the amount of heat absorbed by one mole of a solid when it melts into liquid form at its 

melting point. The pressure during the change is kept one atmosphere. 

17. Molar Heat of Vapourization ( Hv) 

It is the amount of heat absorbed when one mole of liquid is changed into vapours at its boiling 

point. The pressure during the change is kept one atmosphere. 

18. Molar Heat of Sublimation ( Hs) 

It is the amount of heat absorbed when one mole of a solid sublimes to give one mole of vapours 

at a particular temperature and one atmospheric pressure. 

19. Dynamic Equilibrium 

Dynamic equilibrium is a situation when two opposing changes occur at equal rates. For 

example, 

Ice water 

 

 

20. Liquid Crystals 

Liquid crystalline state exists between two temperatures i.e. melting temperature and clearing 

temperature. 
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Crystal Liquid crystal Liquid 

 

 

21. Non-polar molecule 

A molecule in which there is no polarity. This is due to the absence of electronegativity 

difference between two bonded atoms. H2, O2, N2, Cl2 etc are perfectly non-polar molecules. 

22. Polar molecule 

The molecule which has partial positive and partial negative charge on it due to the difference of 

electronegativity between the two bonded atoms is called polar molecule. For example, HCl is a 

polar molecule. 

SOLIDS 
 

1. Solids 

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

2. Crystalline Solids 

Those solids in which atoms, ions or molecules are arranged in a definite three-dimensional 

pattern are called crystalline solids. Example, ionic solids, covalent solids, molecular solids, 

metallic solids. 

3. Amorphous Solids 

Those solids whose constituent atoms, ions or molecules do not possess a regular orderly 

arrangement. Example, glass, plastics, rubber, glue etc. 

4. Crystallites 

The regions of orderly arrangement in otherwise amorphous solids i.e. crystalline parts are called 

crystallites.  

5. Cleavage plane 

That plane along which a crystal undergoes cleavage is called cleavage plane. All the crystalline 

substances have cleavage planes.  

6. Cleavage 

It is a breaking of a crystal along definite planes. 

7. Anisotropy 

Some of the crystals show variation in physical properties depending upon the direction. Such 

properties are called anisotropic properties and the phenomenon is referred to as anisotropy. 

Example, graphite conducts electricity only parallel to the layers. 

8. Symmetry 

The repetition of faces, angles or edges when a crystal is rotated by 360⁰ along its axis is called 

symmetry. Example, plane of symmetry, axis of symmetry, center of symmetry. 

9. Habit of a Crystal 

The shape of a crystal in which it usually grows is called habit of a crystal. Example, NaCl 

becomes needle like in the presence of 10% urea in solution. 

10. Isomorphism 
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It is the phenomenon in which two different substances exist in the same crystalline fom. 

Example, NaNO3 and KNO3 are rhomobohedral as atomic ratio is 1:1:3. 

11. Polymorphism 

It is a phenomenon in which a single compound exists in more than one crystalline form. The 

compound is called a polymorphic and forms are called polymorphs. Example, AgNO3 exists in 

rhombohedral and orthorhombic. 

 

12. Allotropy 

The existence of an element in more than one crystalline form is known as allotropy and these 

forms are called allotropes or allotropic forms. Example, sulphur is rhombic as well as 

monoclinic  

13. Transition Temperature 

It is that temperature in which two crystalline forms of the same substance can co-exist in 

equilibrium with each other. At this temperature, one crystalline form of a substance changes to 

another.  

Grey tin (cubic) 13.2 ⁰C White tin (Tetragonal) 

 
 

14. Crystal lattice 

A crystal lattice is an array of points representing atoms, ions or molecules of a crystal arranged 

at different sites in three-dimensional space. 

15. Unit cell 

The smallest part of the crystal lattice which has all the characteristic features of the entire 

crystal is called a unit cell. 

16. Crystallographic elements/cell dimensions 

The three sides of the crystal a, b, c and the three angles α, β and γ are called crystallographic 

elements or cell dimensions. 

17. Crystal System 

A crystal system may be identified by the cell dimensions of its unit cell along its three edges or 

axes a, b, c and three angles between the axes α, β and γ. 

18. Ionic Solids 

Those crystalline solids in which positively and negatively charged ions are held together 

through ionic bond are called ionic solids. NaCl, KBr, CsF etc are examples. 

19. Lattice Energy 

Lattice energy is the energy released when one mole of the ionic crystal is formed from the 

gaseous ions. It is also defined as the energy required to break one mole of solid into isolated 

ions in the gas phase. It is represented by KJ/mol. 

Na+(g) + Cl-(g)    NaCl (s)  H= -787KJ/mol 

20. Covalent Solids 

Those crystalline solids in which the atoms of similar elements or different elements are held 

together through covalent bonds are called covalent solids. Example, diamond 

21. Metallic Solids 
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Those crystalline solids in which the metal atoms are held together by metallic bonds are called 

metallic solids. For example, Fe, Co, Ni, Au etc.  

22. Metallic bond 

The force of attraction which bind the positive metal ions due to the presence of free electrons is 

called metallic bond. This is due to free electrons in the metallic lattice. 

23. Cubic close packing 

The arrangement of the metal atoms in which the atoms of the fourth layer are just above the first 

layer and the coordination number of any one of the metal atom is twelve. They are ABC or 123 

type crystals. 

 

 
 

24. Hexagonal close packing 

The arrangement of the metal atoms in which the atoms of the third layer are just above the 

atoms of the first layer and the coordination number of any one of the metal atoms is twelve. 

They are ABAB or 1212 type crystals. 
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CHAPTER 5 

Atomic Structure 

DEFINITIONS 

Give definitions of the following terms: 

 

1. Cathode Rays 

It is a stream of negatively charged particles which are called electrons. These are produced at 

very high voltage and very low pressure in the discharge tube. They travel from cathode to anode 

and are produced by any substance in the vapourized/gaseous form. 

 

2. Anode Rays 

It is a stream of positively charged particles which are produced in the discharge tube at high 

voltage and low pressure. They are also referred to as canal rays or positive rays. They pass 

through holes or canals in the cathode.  

 

3. Frequency 

Frequency is the number of waves passing through a point per second. It is denoted by v 

 

 
4. Wavelength  

Wavelength is the distance between two adjacent crests or troughs and expressed in ⁰A, nm or 

pm (1⁰A=10-10 m, 1 nm=10-9 m, 1 pm=10-12 m).  

 

5. Wave number 

Wave number is the number of waves per unit length and is reciprocal to wavelength. It is 

denoted by v. 

 
 

6. Spectrum  

A visual display or dispersion of the components of white light when it is passed through a prism 

is called a spectrum. 
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7. Continuous spectrum 

In continuous spectrum, the boundry line between the coulours cannot be marked. The colours 

diffuse into each other. One colour merges into another without any dark space. The best 

example of continuous spectrum is rainbow. It is obtained from the light emitted by the sun or 

incandescent (electric light) solids. It is the characteristic of matter in bulk.  

 

8. Atomic or Line spectrum 

When an element or its compound is volatilized on a flame and the light emitted is seen through 

a spectrometer we see distinct lines separated by dark spaces. This is characteristic of an atom. 

The number of lines and the distance between them depend upon the element volatilized. For 

example, line spectrum of sodium contains two yellow lines separated by a definite distance. For 

hydrogen there are many lines with different colours and distances. 

 
Atomic spectrum of hydrogen 

 

9. Atomic emission spectrum 
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When solids are volatilized or elements in their gaseous states are heated to high temperature or 

subjected to an electrical discharge radiation of certain wavelengths are emitted. The spectrum of 

this radiation contained bright lines against a dark background. 

 

 
 

10. Atomic absorption spectrum 

When a beam of white light is passed through a gaseous sample of an element the element 

absorbs certain wavelengths while the rest of wavelengths pass through it. The wavelengths of 

the radiation that have been absorbed by the element appear as dark lines and the background is 

bright. 

 

 

 
 

11. X-Rays 

X-rays are produced when rapidly moving electrons collide with heavy metal anode in the 

discharge tube. 

 

12. Moseley Law 

The frequency of a spectral line in X-ray spectrum varies as the square of atomic number of an 

element emitting it. 
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13. Heisenberg’s uncertainty principle 

It is difficult to determine the position as well as the momentum of the electron simultaneously. 

 

14. Orbital 

The volume of space in which there is 95% chance of finding an electron is called atomic orbital.  

 

 
15.  Quantum numbers 

The sets of numerical values which satisfy the Schrodinger wave equation, when it is solved for 

H-atom. There are four quantum numbers i.e. n, l, m and s. 

 

16.  (n+l) rule 

Subshells are arranged in the increasing order of (n+l) values and if any two sub-shells have the 

same (n+l) values then that sub-shell is placed first whose n value is smaller. 

 

17.  Aufbau Principle 

The electrons should be filled in energy subshells in order of increasing energy values. The 

electrons are first placed in 1s, 2s, 2p and so on. 

 

18. Pauli’s Exclusion Principle 

It is impossible for two electrons residing in the same orbital of a poly-electron atom to have the 

same values of four quantum numbers. 

Or 

Two electrons in the same orbital should have opposite spins     

 

19.  Hund’s Rule 

If degenerate orbitals are available and more than one electrons are to be placed in them they 

should be placed in separate orbitals with the same spin rather than putting them in the same 

orbital with opposite spins. 

E.g 
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C (6)= 1s2 2s2 2px1 2py1 2pz0 
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CHAPTER 6 

Chemical Bonding 

 

 

DEFINITIONS 

 

Give definitions of the following terms: 

 

1. Octet Rule 

The tendency of an element to gain eight electrons in the outermost shell by gaining, losing or 

sharing electrons is called octet rule.  

 

2. Atomic Radius 

The atomic radius means the average distance between the nucleus of the atom and the outermost 

electronic shell. 

 

3. Ionic Radius 

The ionic radius of an ion is the radius of the ion while considering it to be spherical in shape. 

For example, the ionic radius of K+ is 133 pm and Cl- is 181 pm. 

 

4. Covalent Radius 

The covalent radius of an element is defined as half of the single bond length between two 

similar atoms covalently bonded in a molecule. For example, covalent radius of carbon is 77.3 

pm in CH3Cl.  

 

5. Ionization Energy 

The ionization energy of an element is the minimum energy required to remove an electron from 

its gaseous atom to form an ion. For example, 

 

Mg   Mg+ + e-      H=738kJ/mol 

6. Electron Affinity 

The electron affinity of an atom is the energy released when an electron adds to an empty or 

partially filled orbital of an isolated gaseous atom in its valence energy level to form an anion 

having a unit negative charge. For example, 

Cl (g) + e-  Cl- (g)       H = -349 kJ/mol 

7. Electronegativity 

The tendency of an atom to attract a shared electron pair towards itself is called its 

electronegativity. For example, fluorine is the most electronegative element with E.N value 4. 
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8. Ionic Bond 

According to the Lewis theory, ionic bond is formed by the complete transfer of electrons from 

an atom with low ionization energy to another atom with high electron affinity. For example, the 

bond in NaCl is ionic. 

 

9. Covalent Bond (electron pair bond) 

According to Lewis and Kossel, a covalent bond is formed by the mutual sharing of electrons 

between two atoms. For example, the bond in H2 and Cl2.  

 

10.  Coordinate Covalent Bond 

A coordinate covalent bond is formed between two atoms when the shared pair of electrons is 

donated by one of the bonded atoms. For example, the bond between BF3 and NH3.  
 

11.  Sigma Bond 

The bond formed due to head on approach to two atomic orbitals and in which the electron 

density lies in between the line joining nuclei is called a sigma bond.  

 

12.  pi Bond 

The bond formed due to parallel approach of two atomic orbitals and in which the electron 

density lies above and below the line joining nuclei. 

 

13.  Hybridization 

Hybridization is a concept in which atomic orbitals of different energy and shape intermix to 

form a new set of orbitals of same shape and energy.  

 

14.  sp3 hybridization 

When one ‘s’ and three ‘p’ atomic orbitals intermix to form a set of four equivalent sp3 hybrid 

orbitals then it is called sp3 hybridization.  

 

15.  sp2 hybridization 

When one ‘s’ and two ‘p’ atomic orbitals intermix to form a set of three equivalent sp2 hybrid 

orbitals then it is called sp2 hybridization. 

 

16.  sp hybridization 

When one ‘s’ and one ‘p’ atomic orbitals intermix they form a set of two equivalent sp hybrid 

orbitals then it is called sp hybridization. 

 

17.  Bond Energy 

The bond energy is the average amount of energy required to break all bonds of a particular type 

in one mole of the substance. For example, bond energy of hydrogen molecule is 436 kJ/mol. 
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18.  Bond Length 

The distance between the nuclei of two atoms forming a covalent bond is called the bond length. 

For example, in most of the aliphatic hydrocarbons the C-C bond length is 154 pm.  

 

19.  Dipole Moment 

The dipole moment is defined as the product of the electric charge (q) and the distance between 

the positive and negative charges (r). Its unit is Debye (D). The dipole moment of water is 1.85 

D. 
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CHAPTER 7 

Thermochemistry 

DEFINITIONS 

Give definitions of the following terms: 

 

1. Thermochemistry 

The study of heat changes accompanying a chemical reaction is known as thermochemistry. 

 

2. Exothermic Reaction 

When an exothermic reaction occurs heat is given out by the system and the temperature of the 

system rises above the room temperature. Eventually the temperature of the system falls to room 

temperature again as the heat produced is lost to the surroundings. ∆H  is negative. 

 

    N2 (g) + 3H2 (g)  2NH3 (g) ∆H= -41.6 kJ/mol 

 

3. Endothermic Reaction 

When an endothermic reaction occurs the heat required for the reaction is taken from the reacting 

materials (system) and the temperature of the system falls below the initial temperature. 

Eventually the temperature of the system rises to room temperature again as heat is absorbed 

from the surroundings. ∆H is positive. 

 

N2 (g) + O2 (g)  2NO (g) ∆H=+180.51kJ/mol 

 

4. Spontaneous reactions  

A process which takes place on its own without any outside assistance and moves from a non-

equilibrium state towards an equilibrium state. For example, burning of wood and candle. 

5. Non-spontaneous reactions 

A process which does not happen on its own and some external agency is required to carry out 

reactions. The decomposition of H2O to give H2 and O2 requires electrical current. 

 

6. System 

Anything (materials) under test in the laboratory or under consideration in the classroom for the 

purpose of argument. E.g. zinc and copper sulphate solution. 

 

7. Surrounding 

The environment around the system is surrounding. E.g. table, air etc. 

 

 

8. Boundary 
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A real or imaginary surface which separates the system from the surroundings. E.g. wall of flask 

containing solution. 

 

9. State 

The condition of a system is called state. Initial condition is called initial state and final condition 

is called final state. E.g V1, V2, T1, T2 etc. 

 

10.  State Function  

A macroscopic property of a system which has definite values for initial and final states and 

which is independent of the path adopted to bring about a change. E.g. P, T, V, E, H. 

 

11.  Heat 

Quantity of energy that flows across the boundary of a system during a change in its state due to 

the difference in temperature between the system and surroundings. 

 

12.  First Law of Thermodynamics 

The first law of thermodynamics is also called the law of conservation of energy. It states that 

energy can neither be created nor destroyed but can be changed from one form to another. 

 

13. Enthalpy 

It is the total heat content of the system and is denoted by H. The change of enthalpy is measured 

at constant pressure. The change of enthalpy is denoted by  ∆ H. 

 

14. Enthalpy of a Reaction (∆H⁰) 
The standard enthalpy of reaction   ∆H⁰   is the enthalpy change which occurs when the certain 

number of moles of reactants as indicated by the balanced chemical equation react together 

completely to give the products under standard condition, i.e. 25⁰C (298 K) and one atmospheric 

pressure.  

 

 
 

15. Enthalpy of Formation (  ∆H⁰f   ) 

The standard enthalpy of formation of a compound is the amount of heat absorbed or evolved 

when one mole of the compound is formed from its elements. 
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16.  Enthalpy of Atomization (∆H⁰at) 

The standard enthalpy of atomization of an element is defined as the amount of heat absorbed 

when one mole of gaseous atoms are formed from the element under standard conditions.  

 

 
 

17. Enthalpy of Neutralization ( ∆H⁰n ) 

The standard enthalpy of neutralization is the amount of heat evolved when one mole of 

hydrogen ions from an acid react with one mole of hydroxide ions from a base to form one mole 

of water.  

 
 

18. Enthalpy of Combustion ( ∆H⁰c ) 

The standard enthalpy of combustion of a substance is the amount of heat evolved when one 

mole of a substance is completely burnt in excess of oxygen under standard conditions.  

 

 
 

19. Enthalpy of Solution (∆H⁰sol) 

The standard enthalpy of solution is the amount of heat absorbed or evolved when one mole of a 

substance is dissolved in so much solvent that further dilution results in no detectable heat 

change. For example, enthalpy of solution of ammonium chloride is +16.2 KJ/mol and that of 

sodium carbonate is -25 KJ/mol.  

 

 

20. Hess’s Law of Constant Heat Summation 

If a chemical change takes place by several different routes, the overall energy change is the 

same regardless of the route by which the chemical change occurs provided the initial and final 

conditions are the same. 
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21. Born-Haber Cycle 

It states that the energy change in a cyclic process is always zero. It calculates lattice energy of 

binary ionic compounds M+X- 

 

22. Lattice energy 

The lattice energy of an ionic crystal is the enthalpy of formation of one mole of the ionic 

compound from gaseous ions under standard conditions. 
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CHAPTER 8 

Chemical Equilibrium 

 

 

DEFINITIONS 

Give definitions of the following terms: 

 

1. Reversible Reactions 

The reactions in which reactants combine to make products and products combine to make 

reactants are called reversible reactions. These reactions attain dynamic equilibrium. For 

example, 

 

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

 

2. Irreversible Reactions 

The reactions which take place in only in one direction are called irreversible reaction. These 

reactions attain static equilibrium. For example, 

 

2H2(g) + O2(g) 2H2O(l) 

 

3. State of Chemical Equilibrium 

When the rate of forward reaction becomes equal to the rate of reverse reaction then it is called a 

state of chemical equilibrium. 

 

4. Law of Mass Action  

The rate at which the reaction proceeds is directly proportional to the product of the active 

masses of the reactants.  

Kc= [products]/[reactants] or  

Kc = rate constant for forward step/rate constant for reverse step 

 

5. Le-Chatelier’s Principle 

If a stress is applied to a system at equilibrium the system acts in such a way so as to nullify as 

far as possible the effect of that stress. 

 

6. pH 

pH is the negative log of the hydrogen ion concentration. 

pH= -log[H+] 
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7. pOH 

pOH is the negative log of the hydroxyl ion concentration. 

pOH= -log[OH-] 

 

8. Common Ion Effect 

The addition of a common ion to the solution of a less soluble electrolyte suppresses its 

ionization and the concentration of unionized species increases which may come out as 

precipitate. 

 

 
9. Buffer 

Buffer is a solution which can resist change in pH when a small amount of acid or base is added. 

Example, mixture of acetic acid and sodium acetate and mixture of ammonium chloride and 

ammonium hydroxide. 

 

10. Acidic Buffer 

Acidic buffer is prepared by mixing a weak acid and salt of it with a strong base. Its pH is less 

than 7. For example, acetic acid and sodium acetate. 

 

11. Basic Buffer 

Basic buffer is prepared by mixing a weak base and salt of it with a strong acid. Its pH is more 

than 7. For example, ammonium chloride and ammonium hydroxide. 

 

12. Buffer Capacity 

The capability or capacity of a buffer to resist change in pH when a small amount of acid or base 

is added to it is called buffer capacity.  

 

13. Henderson Equation 

Henderson equation helps in making acidic and basic buffer of any required pH or pOH, 

respectively. It is expressed as: 
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14. Solubility Product (Ksp) 

The solubility product is the product of the concentration of ions raised to an exponent equal to 

the coefficient of the balanced equation. 
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CHAPTER 9 

Solutions 

DEFINITIONS 

Give definitions of the following terms: 

 

1. Phase 

Every sample of matter with uniform properties and a fixed composition is called a phase. For 

example, water at room temperature and normal pressure exists as a single liquid phase. 

 

2. Solution 

A solution is a homogeneous mixture of two or more kinds of different molecular or ionic 

substances. For example, sugar in water. 

 

3. Percentage weight/weight 

It is the weight of a solute dissolved per 100 parts by weight of solution. 5% w/w sugar solution 

will contain 5 g of sugar dissolved in 100 g of solution in water. 

 

4. Percentage volume/weight 

It is the number of cm3 of a solute dissolved per 100 g of the solution. If we dissolve 10 cm3 of 

alcohol in water and the total weight of the solution is 100 g then it is 10% v/w solution of 

alcohol in water. 

 

5. Percentage volume/volume 

It is the volume of a solute dissolved per 100 cm3 of the solution. A 12% alcohol beverage is 12 

cm3 of alcohol per 100 cm3 of solution.   

 

6. Percentage weight/volume 

It is the weight of a solute dissolved per 100 parts by volume of solution. 10 g of glucose 

dissolved in 100 cm3 of solution is 10% w/v solution of glucose. 

 

7. Molarity (M) 

Molarity is the number of moles of solute dissolved per dm3 of the solution. For example, 180 g 

of glucose dissolved in 1 dm3 of water.  

Molarity (M) = Mass of solute/Mol. Mass of solute × 1/volume of solution dm3  

Molarity (M) = Number of moles of solute/Volume of solution dm3 

8. Molality (m) 

Molality is the number of moles of solute in 1000 g (1 kg) of the solvent. For example, 180 g of 

glucose dissolved in 1000 g of solvent.  

Molality (m) = Mass of solute/Molar mass of solute × 1/Mass of solvent in kg 
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Molality (m) = Number of moles of solute/Mass of solvent in kg 

 

9. Mole fraction (x) 

The mole fraction of any component in a mixture is the ratio of the number of moles of it to the 

total number of moles of all the components present. For example, let A, B and C be the three 

components making a solution. The number of moles are nA, nB, nC and mole fractions be xA, xB, 

xC. 

 

xA = nA/nA + nB + nC 

 

xB = nB/nA + nB + nC 

 

  xC =  nC/nA + nB + nC 

10. Parts per million (ppm) 

It is defined as the number of parts (by weight or volume) of a solute per million parts (by weight 

or volume) of the solution.  

Parts per million (ppm) = Mass of solute/Mass of solution × 106 

 

11. Conjugate solutions 

When two partially miscible liquids are shaken together each liquid layer is a saturated solution 

of the other liquid layer. Such solutions are called conjugate solutions. For example, phenol-

water system. 

 

12. Critical solution temperature/upper consulate temperature 

The temperature at which two conjugate solutions merge into one another is called critical 

solution temperature or upper consulate temperature. For example, 65.9⁰C is the consulate 

temperature of phenol-water system. 

 

13. Completely miscible liquids 

Liquids which completely mix up in each other are called completely miscible liquids. For 

example, water and alcohol. 

 

14. Partially miscible liquids 

Liquids which dissolve into one another to a limited extent are called partially miscible liquids. 

For example, ether dissolves water to the extent of 1.2% and water dissolves ether up to 6.5%. 

 

15. Liquids practically immiscible 

Those liquids which do not dissolve into each other in any proportion are immiscible. For 

example, water and benzene. 
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16. Raoult’s Law 

The vapour pressure of a solvent above a solution is equal to the product of the vapour pressure 

of pure solvent and the mole fraction of solvent in solution.  

p=p⁰x1 

The lowering of vapour pressure is directly proportional to the mole fraction of solute. The 

relative lowering of vapour pressure is equal to the mole fraction of solute. 

 

17. Zeotropic mixtures 

Such liquid mixtures which distill with a change in composition are called zeotropic mixtures. 

For example, methyl alcohol-water solution. 

 

18. Azeotropic mixtures 

Azeotropic mixtures are those which boil at constant temperature and distil over without change 

in composition at any temperature like a pure chemical compound. For example, water ethanol, 

water hydrochloric acid mixture. 

 

19. Solubility 

Solubility is defined as the concentration of solute in solution when it is in equilibrium with the 

solid substance at a particular temperature. For example, saturated solution of NaCl in water is 

37.5 g of NaCl in 100 g of water. 

 

20. Colligative Properties 

Colligative properties are the properties of solution that depend upon the number of solute and 

solvent molecules or ions. For example, lowering of vapour pressure, elevation of boiling point, 

depression of freezing point. 

 

21. Heat of solution 

The quantity of heat energy that is absorbed or released when a substance forms solution is 

termed as heat of solution. The enthalpy or heat of solution is defined as the heat change when 

one mole of the substance is dissolved in a specified number of moles of solvent at a given 

temperature. For example,enthalpy of solution (∆Hosol) of ammonium chloride is +16.2 kJmol-1 

and that of sodium carbonate is -25.0 kJmol-1. 

 

22. Hydration 

The process in which water molecules surround and interact with solute ions or molecules is 

called hydration. For example, sodium ions surrounded by water molecules. 

 

 

 

23. Hydrate 
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The crystalline substances which contain chemically combined water in definite proportions is 

called a hydrate. For example, CuSO4.5H2O. 

 

24. Water of crystallization 

Those water molecules which combine with substances as they are crystallized from aqueous 

solutions are called water molecules of crystallization or water of hydration. For example, 

(COOH)2.2H2O oxalic acid. 

 

25. Hydrolysis 

The interactions between salts and water are called hydrolytic reactions and the phenomenon is 

known as hydrolysis. 

NH4Cl + H2O NH4OH + H+ + Cl- 
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CHAPTER 10 

Electrochemistry 

DEFINITIONS 

Give definitions of the following terms: 

 

1. Electrochemistry 

Electrochemistry is concerned with the conversion of electrical energy into chemical energy in 

electrolytic cells as well as the conversion of chemical energy into electrical energy in galvanic 

or voltaic cells. 

 

2. Oxidation number or state 

It is the apparent charge on an atom of an element in a molecule or an ion. It may be positive or 

negative or zero. Example, Na+1, F-1, CO3
-2.  

 

3. Metallic Conduction 

Metals are conductors of electricity because of the relatively free movement of their electrons 

throughout the metallic lattice. This electronic conduction is called metallic conduction. 

 

4. Electrolytic Conduction 

Electrolytes in the form of solution or in the fused state have the ability to conduct electricity. In 

this case, the current is not carried by free electrons through the solution or through the fused 

electrolyte. Here, the current is carried by ions having positive and negative charges. 

 

PbBr2 (s)   Pb2+(aq) + Br- (aq) 

 

 

5. Ionization 

Ionization is the process in which ionic compounds when fused or dissolved in water split up into 

charged particls called ions. 

 

PbBr2 (s) Pb2+(aq) + Br- (aq) 

 

                                     NaCl (s) Na+ (aq) + Cl- (aq)    

 

 

6. Electrolytic Cell 

The movement of ionic charges through the liquid brought by the application of electricity is 

called electrolytic conduction and the apparatus used is known as electrolytic cell. 
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7. Electrolysis 

The electrochemical reactions that occur at the electrodes during the electrolytic conduction 

constitute the phenomenon of electrolysis. 

 

At cathode: Pb2+(l) + 2e-    Pb(s)  (reduction) 

At anode: 2Cl-(l)  Cl2(g) + 2e-  (oxidation) 

 

8. Electrode Potential 

The potential set up when an electrode is in contact with one molar solution of its own ions at 

298 K is known as standard electrode potential or standard reduction potential of the element. It 

is represented as E⁰.  
 

9. Electrochemical Series 

When elements are arranged in the order of their electrode potentials on the hydrogen scale the 

resulting list is known as electrochemical series.  
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CHAPTER 11 

Reaction Kinetics 

DEFINITIONS 

Give definitions of the following terms: 

 

1. Reaction Kinetics 

The studies concerned with rates of chemical reactions and the factors that affect the rates of 

chemical reactions constitute the subject matter of reaction kinetics. 

 

2. Rate of a Reaction 

The rate of a reaction is defined as the change in concentration of a reactant or a product divided 

by the time taken for the change. 

Rate of reaction = change in concentration of the substance/time taken for the change 

Units: moles dm-3sec-1 

 

3. Instantaneous and Average Rate 

The rate at any instant during the interval is called the instantaneous rate. The rate of reaction 

between two specific time intervals is called the average rate of reaction. 

 

4. Law of Mass Action 

It states that the rate of reaction is proportional to the active mass of the reactant or to the product 

of active masses if more than one reactants are involved in a chemical reaction. 

 

5. Specific Rate Constant or Velocity Constant 

The specific rate constant of a chemical reaction is the rate of reaction when the concentrations 

of the reactants are unity. 

Let [A]=1 mol dm-3 and [B]=1 mol dm-3  

Rate of reaction = k×1a×1b = k 

 

6. Rate determining step 

The slowest step is the rate determining step. For example, 

NO2 (g) + CO (g)   NO(g) + CO2 (g) 

This reaction has two steps 

NO2 (g) + NO2 (g)   NO3 (g) + NO (g) 

 

NO3 (g) + CO (g)             NO2 (g) + CO2 (g)    

 

7. Reaction Intermediate 
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The reaction intermediate has a temporary existence and it is unstable relative to the reactants 

and the products. For example, NO3 is the reaction intermediate in the reaction between NO2 and 

CO. 

 
 

8. Half Life Period 

Half life period is the time required to convert 50% of the reactants into products. For example, 

the half life period for the decomposition of N2O5 at 45⁰C is 24 minutes. 

 

9. Activation Energy 

The minimum amount of energy required for the reaction to take place is called activation 

energy.  

10.  Activated Complex 

Activated complex is an unstable combination of all the atoms involved in the reaction for which 

the energy is maximum. It is a short lived species and decomposes into the products 

immediately. It has a transient existence that is why it is also called a transition state. 

 
 

11.  Catalysis 

A catalyst is defined as a substance which alters the rate of a chemical reaction but remains 

chemically unchanged at the end of the reaction. For example, Pt is a catalyst for the reaction 

between H2 and O2 at room temperature. 

 

12.  Homogeneous Catalysis 

In this process, the catalyst and the reactants are in the same phase and the reacting system is 

homogeneous throughout. For example, 
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13.  Heterogeneous Catalysis 

In such systems, the catalyst and the reactants are in different phases. Mostly, the catalysts are in 

the solid phase while the reactants are in the gaseous or liquid phase. For example, 

 

 
 

14.  Activation of Catalyst 

Such a substance which promotes the activity of a catalyst is called a promoter or activator. It is 

also called “catalyst for a catalyst”. For example, hydrogenation of vegetable oils is accelerated 

by nickel. The catalytic activity of nickel can be increased by using copper and tellurium.  

 

15.  Negative Catalysis 

When the rate of reaction is retarded by adding a substance then it is said to be a negative 

catalyst or inhibitor. For example, tetraethyl lead is added to petrol because it saves the petrol 

from pre-ignition.  

 

16.  Autocatalyst 

In some of the reactions, a product formed acts as a catalyst. This phenomenon is called auto-

catalysis. For example, when copper is allowed to react with nitric acid, the reaction is slow in 

the beginning. It gains the speed gradually and finally becomes very fast because of the 

formation of nitrous acid during the reaction.  
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Hybridization 

Shapes of Orbitals 

(Easy to understand step-wise) 

 

 

‘s’ orbital is spherical in shape around x, y and z axes. p has three lobes 

    

Lobe is along ‘x’ axes   Lobe is along ‘y’ axes     Lobe is along ‘z’ axes 

sp3 means 

one ‘s’ and three ‘p’ mix up. So, major portion of p orbitals. Therefore, shape of ‘p’ dominates. 

Ultimate shape of sp3 (1:3) after mixing.  

 

As they are four so smaller lobe inside and larger lobe outside. 

Final Shape 

 

sp2 Hybridization 
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‘s’ is spherical 

One ‘s’ and two ‘p’ sub-shells combine to give sp2 hybrid orbitals.  

Ratio 1:2 

Final Shape 

         

Smaller lobe oriented inside. Bigger lobe oriented outside. As there are three lobes so, 

 

sp Hybridization 

One ‘s’ and one ‘p’ combine to give two sp hybrid orbitals. 
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Final Shape 

Smaller lobe inside bigger lobe outside. 

 

 

 

Examples 

sp2 Hybridization 

Ethene Structure 

 

Total 

5 ϭ bonds 

1 π bond 

sp Hybridization 
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Total 

3 ϭ bonds 

2 π bonds 

sp3 Hybridization 

 

Total                                                            Total 

4 ϭ bonds                                                      7 ϭ bonds 
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Subject:Chemistry Chapter:1 

Class: XI 

Multiple Choice Questions 

 

Sr. 

No. 
Statement A B C D 

1 The mass of one mole of electrons is: 1.008 mg 0.55 mg 0.184 mg 1.673 mg 

2 27  g  of  Al  will  react  completelywith 
how much mass of O2  to produceAl2O3: 

8 g of 
oxygen 

16 gof 
oxygen 

32 gof 
oxygen 

24 g of oxygen 

3 The largest number of molecules are 
present in: 

3.6 g of 
H2O 

4.8 g of 
C2H5OH 

2.8 g of CO 5.4 g of N2O5 

4 The volume occupied by 1.6 g of O2 at 

STP is: 

22.4 dm3 2.24 dm3 1.12 dm3 112 dm3 

5 The number of moles of CO2 which 

contain 8.0 g of oxygen are: 

1.0 1.50 0.50 0.25 

6 One amu is equal to: 1.661×1027 
kg 

1.661×10-27 
kg 

1.661×10-24 
kg 

1.661×10-27 g 

7 Atomic masses of elements were 
determined by: 

John 
Dalton 

Democritus Avogadro’s J. Berzelius 

8 The height of the peak in mass spectrum 
shows: 

Number of 
isotopes 

Mass 
number 

Relative 
abundance 

Number of 
protons 

9 The % of oxygen in water is: 80% 88.88% 8.8% 9.8% 

10 Isotopes differ in: Properties

whichdep

endupon 

mass 

Arrangement 

of electrons 

in orbitals 

Chemical 

properties 

The extent to 

which they may 

be affected in 

electromagnetic 
field 

11 The volume occupied by 1.4 g of N2 at 
S.T.P is: 

2.24 dm3 22.4 dm3 1.12 dm3 112 cm3 

12 One mole of SO2 contains: 6.02×1023 

atoms of 

oxygen 

18.1×1023 

molecules of 
SO2 

6.02×1023 

atoms 

ofsulph

ur 

4 g of atoms of 

SO2 

13 Carbon has isotopes: 5 4 2 3 

14 During combustion analysis of an 
organic compound containingcarbon, 

hydrogen and oxygen the H2O is 

absorbedin: 

Mg(ClO4)2 Conc. NaOH 50% KOH Lime water 

15 Bromine has two isotopes having the 

relative abundance as 35Br79=50.51% 
and 35Br81=49.49%. The average atomic 

mass of bromine is: 

81 80 79.5 79 

16 Tin has isotopes: 7 9 11 5 

17 Pd has isotopes: 4 5 6 7 
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Subject:Chemistry Chapter:2 

Class: XI 

Multiple Choice Questions 

 
Sr. No. Statement A B C D 

1 Solvent extraction is an equilibrium 
process and it is controlled by: 

Law of mass 
action 

The amount of 
solvent used 

Distribution law The amount of 
solute 

2 During the process of crystallization, the 
hot saturated solution: 

Is cooled very 

slowly to get 

large-sized 

crystals 

Is cooled at 

amoderate rate 

toget medium-

sized crystals 

Is evaporated to 

get the crystals 

of the product 

Is mixed with an 

immiscible 

liquid to get the 

pure crystals of 

the product 

3 Solvent extraction method is particularly 
useful technique for separation when the 

product to be separated is: 

Non-volatile 
or thermally 

unstable 

Volatile or 
thermally stable 

Non-volatile or 
thermally stable 

Volatile 
orthermal

ly 

unstable 

4 The comparative rates at which the 

solutes move in paper chromatography 

depends on: 

The size of 

paper used 

Their Rf values Their partition 

coefficients 

The polarity of 

solvent used 

5 The simple identification of elements in 
a compound is called as: 

Quantitative 
analysis 

Qualitative 
analysis 

Gravimetric 
analysis 

Volumetric 
analysis 

6 One of the following substances is not 
used as a drying reagent in a desiccator: 

Conc. H2SO4 P2O5 Silica gel 50% KOH 

7 Which one of the following substances is 
used as decolorizing agent: 

Animal 
charcoal 

Con. H2SO4 CaCl2 Silica gel 

8 Which statement about Gooch crucible is 

incorrect: 

It helps for the 

quick 

filtrationby 
using suction 

The chemicals 

which react with 

paper can be 
filtered 

We use 

manyfolds of 

filterpaper 

It is made up of 

porcelain 

9 The rate of filtration can be increased by 
using: 

Desiccator Chromatographic 
tank 

Cold finger Suction flask 

10 The most common solvent used in 
solvent extraction is: 

Acetone Ethanol Rectified spirit Diethyl ether 

11 One of the following substances does not 
undergo sublimation: 

KMnO4 Naphthalene NH4Cl Iodine 

12 In chromatography the stationary phase: Is a solid May be a liquid 
or gas 

May be a solid or 
liquid 

Is a liquid 

13 Direct conversion of solid into vapors is 
called: 

Crystallization Sublimation Solvent 
extraction 

Chromatography 

14 The rate at which the solute moves in 
paper chromatography depends upon: 

Distribution 
coefficient 

Distribution law Boiling point of 
the solvent 

Low partial 
pressures 

15 I2 dissolves in water in the presence  of 

KI due to the formation of: 

I2 I- I3
-
 I4 

16 A component having small value of K 
mostly remains in: 

Stationary 
phase 

Mobile phase Chromatographic 
tank 

None of these 

17 Which pairs of the following components 
can be separated by sublimation: 

Sand and 
NaCl 

Sand and broken 
pieces of glass 

Sand and 
naphthalene 

NaCl and KCl 
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Subject:Chemistry Chapter:3+4 
Class: XI 
Multiple Choice Questions 

Sr. No. Statement A B C D 

1 Pressure remaining constant at which 
temperature the volume of a gas willbecome 
twice of what it is at 0⁰C: 

546⁰C 200⁰C 546 K 273 K 

2 The molar volume of CO2 is maximum at: STP (0⁰C and 
1 atm) 

127⁰C and 1 
atm 

0⁰C and 2 atm 273⁰C and 2 
atm 

3 Equal masses of methane and oxygen are 
mixed in an empty container at 25⁰C. The 
fraction of total pressure exerted by oxygen 
is: 

1/3 8/9 1/9 16/17 

4 The S.I. unit of pressure is: Torr mmHg Nm-2 
Pounds 
Inch-2 

5 If the value of “a” and “b” are zero for 
certain gas, then the gas is: 

Ideal Non-ideal Real Any 
diatomic gas 

6 Partial pressure of oxygen in the lungs is: 760 torr 320 torr 159 torr 116 torr 

7 The spreading of fragrance of scent in air is 
due to: 

Effusion Diffusion Osmosis Density 

8 The ideal gas constant R, when expressed in 
dm3atm units has a value of: 

0.0821 1.0821 82.21 82.1 

9 The gas law giving relationship between 
volume and pressure of gas is: 

Dalton’s law Charles’s law Graham’s law Boyle’s law 

10 Normal human body temperature is: 37⁰C 98.6⁰C 37 F 273 K 

11 A real gas obeying Van der Waal’s equation 

will resemble ideal gas if: 

Both a and b 

are large 

Both a and b 

are small 
orzero 

a is small and 

b is large 

a is large 

and b is 
small 

12 The number of Na+ ions which surround 
each Cl- ion in the NaCl crystal lattice is: 

8 12 6 4 

13 The crystal of diamond is: Ionic Molecular Covalent Metallic 

14 The existence of an element in more than one 
form is called: 

Allotropy Isomorphism Polymorphism Isotropy 

15 The transition temperature of tin is: 95.5⁰C 13.2⁰C 0⁰C 128.5⁰C 

16 The example of a hexagonal system is: Sugar Sulphur Graphite Diamond 

17 Ice occupies more space than liquid water: 9% 10% 11% 12% 

18 The boiling of water may be 120⁰C, when the 
external pressure is: 

Greater than 
760 torr 

Less than 760 
torr 

Equal to 760 
torr 

Variable 

19 In order to maintain the boiling point of 

waterat110⁰C,theexternalpressureshould 
be: 

550 torr Between500 
and 760torr 

Between 

760and 1500 

torr 

Any 

pressure 

20 The vapour pressure of a liquid depends 
upon: 

Amount of 
the liquid 

Surface area Temperature Size of 
container 

21 K2SO4 and K2CrO4 are isomorphous solids 

and exist in: 

Cubic form Orthorhombic 
form 

Trigonal form Tetragonal 
form 

22 Polymorphism is shown by AgNO3. Which 
one of the following options is true for 
AgNO3: 

Orthorhombic
and 

rhombohedral 

Cubic and 
orthorhombic 

Cubic and 
tetragonal 

Monoclinic 
and 

hexagonal 
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Subject:Chemistry Chapter:5+7 

Multiple Choice Questions 
Sr. No. Statement A B C D 

1 The wave number of the light emitted by a 
certain source is 2×106 m. The wavelength 
of this light is: 

500 nm 500 m 200 nm 5×107 m 

2 Bohr’s model of atom is contradicted by: Planck 
quantum 
theory 

Quantization 
of energy of 

electrons 

Heisenberg’su
ncertainty 
principle 

Quartization
ofangular 
members 

3 Maximum number of electrons in a sub-shell 
is given by: 

2l+1 2l-1 2(2l+1) 2(2l-1) 

4 When the 4s sub-shell is complete, the new 
electron will enter: 

4f orbital 4s orbital 3d orbital 4p orbital 

5 An orbital which is spherically symmetrical 
is called: 

s orbital p orbital d orbital f orbital 

6 The orbitals having same energy are called: Hybrid 
orbitals 

Valence 
orbitals 

Degenerate 
orbitals 

d orbitals 

7 The total number of spectral regions in a 
spectrum of white light is: 

4 6 7 8 

8 The value of Planck’s constant is: 6.626×10-34 
Js 

6.626×10-27 
Js 

6.626×10-21 
Js 

6.626×10-32 
Js 

9 The e/m value for the positive rays is 
maximum for: 

Hydrogen Helium Oxygen Nitrogen 

10 The negative charge on the cathode rays was 
established by: 

William 
Crook 

J. Perrin J.J Thomson Hittorff 

11 Mass of electron is: 9.1095×1031 
kg 

9.1095×10-31 
kg 

9.1095×10-27 
kg 

9.1095×10- 
31 g 

12 Spontaneous reactions are: Reversible Irreversible Not 
irreversible 

None of 
these 

13 The measurement of enthalpy change at 

standard condition means that we should 
manage the measurement at: 

24⁰C and 1 

atm 

25⁰C and 

1atm 

0⁰C and 1 

atm 

100⁰C and 1 

atm 

14 The total heat content of a system is: Internal 
energy 

Enthalpy Entropy All of them 

15 The exothermic process is: Evaporation Sublimation Respiration Boiling 

16 For a given process, the heat changes at 

constant pressure (qp) and at constant volume 
(qv) are related to each other as: 

qp=qv qp<qv qp>qv qp=qv/2 

17 Calorie is equivalent to: 0.4184 J 41.84 J 4.184 J 418.4 J 

18 If an endothermic reaction is allowed to take 

place very rapidly in the air, the temperature 
of the surrounding air: 

Remains 

constant 

Increases Decreases Remain 

unchanged 

19 Neutron was discovered by: Chadwick C.D. 
Anderson 

Rutherford Goldstein 

20 When 6d is complete, the enteringelectron 
goes into: 

7f 7s 7p 7d 

21 In the ground state of an atom, the electron is 

present: 

In the 

nucleus 

In the second 

shell 

Nearest to 

thenucleus 

Farthest 

fromthe 
nucleus 

22 Splitting of spectral lines when atoms are Zeeman Stark effect Photoelectric Compton 

4



 

 

 

 subjected to strong electric field: effect  effect effect 

 

 

 

 

 

 

 

5



 

Subject: Chemistry 

Multiple Choice Questions 
Chapter: 6+8 

 

 

 

Sr. No. Statement A B C D 

1 Which of the following has zero 
dipolemoment? 

NH3 CHCl3 H2O BF3 

2 The maximum number of electrons entering 
in a molecular orbital is: 

1 2 3 4 

3 The S.I. unit of dipole moment is: Debye mC pm nm 

4 Four sp3-hybridized orbitals are oriented in 
space around the central atom at the angles 

of: 

120⁰ 107.5⁰ 104.5⁰ 109.5⁰ 

5 The carbon atom in C2H4 is: sp3- 
hybridized 

sp2- 
hybridized 

sp-hybridized not 
hybridized 

6 Which of the following molecules has 
acoordinate covalent bond? 

NH4Cl NaCl HCl AlCl3 

7 The bond angle of NH3 is: 104.5⁰ 107.5⁰ 92⁰ 95⁰ 
8 

-2 
The structure of CrO4 is: Tetrahedral Octahedral Cubic Triclinic 

9 When the difference of electronegativity 

between the two bonded atoms is 1.7, then 
the %age of ionic character is: 

100% 51% 72% 92% 

10 The most stable elements are: Halogens Lithium 
family 

Noble gases None of 
these 

11 The octet rule is not followed in the 
formation of: 

NF3 CF4 CCl4 PCl5 

12 Which of the following molecules has zero 
dipole moment? 

NH3 CHCl3 H2O BF3 

13 Which of the hydrogen halides has the 
highest percentage of ionic character? 

HF HBr HCl HI 

14 Which of the following species has unpaired 
electrons in antibonding molecular orbitals? 

+2 
O2 

-2 
N2 B2 F2 

15 When HCl is added to H2S aqueous solution, 

its ionization: 

Increases Remains 

constant 

Decreases First 

increases 

then 
decreases 

16 Which of the following solutions have 
highestpH: 

0.1 M 
H2SO4 

0.01 M 
NaOH 

0.02 M 
CH3COONa 

0.01 M 
NaHCO3 

17 The pH of human blood is: 7.0 7.4 4.0 6.5 

18 The pH of 10-3 M H2SO4 solution is: 3.00 2.7 2.00 1.5 

19 The term pH was introduced by: Henderson Sorenson Goldstein Thomson 

20 By adding NH4Cl to a solution of NH4OH in 

water, the ionization of NH4OH: 

Increases Decreases Remains the 

same 

Cannot be 

predicted 

21 The reaction producing SO3 is exothermic. 

The yield of SO3 will be maximum if: 

Both 
temperature 

and pressure 

are reduced 

Temperature 
is increased 

and pressure 

is kept 
constant 

Both 
temperature 

and pressure 

are increased 

Temperature 
is 

reducedand 

pressureis 

increased 

22 The relationship between Kp and Kc is given 

by: 

Kp=Kc(RT)∆n
 Kp=Kc Kp=KcRT None 

23 Law of mass action was given by Guldberg 
and Waage in: 

1909 1906 1846 1864 

 

6



 

Subject: Chemistry 

Multiple Choice Questions 
Chapter: 9+10+11 

 

 

 

Sr. No. Statement A B C D 

1 In  zero  order reaction, the rateis 
independent of: 

Temperature 
of reaction 

Concentration of 
reactants 

Concentration 
of products 

None of 
these 

2 The rate of reaction: Increases as 

the reaction 
proceeds 

Decreases as 

thereaction 

proceeds 

Remains the 

same as the 
reaction 

proceeds 

May 

decrease or 
increase as 

the reaction 
proceeds 

3 The unit of the rate constant is same as 
that of the rate of reaction in: 

First order 
reaction 

Second order 
reaction 

Zero 
orderreactio

n 

Third order 
reaction 

4 Velocity constant is the rate of reaction 
when the concentrations of reactants are: 

Zero Unity Two Three 

5 The unit of rate constant is same as that of 
rate of reaction in: 

First order 
reaction 

Second order 
reaction 

Third order 
reaction 

Zero 
orderreacti
on 

6 Larger the surface area of the reactant 

molecules: 

Lower will be 

the rate of 
reaction 

Higher will be 

therate of 

reaction 

The rate of 

reaction 
remains 

unaffected 

The rate 

may 
increaseor 
decrease 

7 A substance which makes a catalyst more 
effective is called: 

Inhibition Retarder Promotor Auto 
catalyst 

8 A substance which retards the rate of a 
reaction is called: 

Inhibitor Activator Auto-catalyst None of 
these 

9 The catalyst used for the reaction 
HCOOH H2 + CO2is 

Copper Alumina Silica Iron 

10 Which of the following statements 

regarding a catalyst is nottrue? 

A catalyst 

does not alter 

the     

equilibrium  
in areversible 

reaction 

A catalyst 

caninitiate 

thereaction, which 

isnotthermodynami
cally 

favorable 

Catalytic 

reactions are 

very specific 

in nature 

A catalyst 

remains 

unchanged 

in      
composition 
andquantity 

11 The cathodic reaction in the electrolysis 
of dil. H2SO4 with Pt electrodesis: 

Reduction Oxidation Both 

oxidation and 

reduction 

Neither 

oxidation 

nor 
reduction 

12 Stronger the oxidizing agent, greater is 
the: 

Oxidation 
potential 

Reduction
potential 

Redox 
potential 

E.M.F of 
cell 

13 If a strip of Cu metal is placed in a 

solution of FeSO4: 

Cu will be 

precipitated 
down 

Fe is precipitated 

out 

Cu and Fe 

both dissolve 

No 

reactiontak

es place 
14 Oxidation state of oxygen in OF2 is: 0 1/2 +2 -1 

15 Oxidation state of Mn in MnO4
-2 is: +4 +6 +5 -6 

16 Reduction always takes place at: At anode At cathode At both 
electrodes 

None of 
above 

17 Electrolysis is used for: Electroplating Manufacture of 
sodium metal 

Manufacture 
of Al 

All of these 

18 Electrode potential of SHE arbitrarily 
taken in volts is: 

0.00 1.00 0.01 0.50 
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19 Electromotive force of Zn-Cu cell is: 0.0V 0.5V 1.0V 1.1V 

20 Fuel cells are the means by which Heat energy Magnetic energy Sound energy Electric 
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 chemical energy may be converted to:    energy 

21 The electrolyte used in fuel cell is: Aqueous 
NaCl 

Molten NaCl KOH NaNO3 

22 Molarity of pure water is: 1 18 55.5 6 

23 The molal boiling point constant is the 

ratio of the elevation in boiling point to: 

Molarity Molality Mole fraction 

of solvent 

Mole 

fraction of 
solute 

24 0.1 moles of solute dissolved in 100 g of 
solvent will be: 

0.1 molal 1.00 molal 0.5 molal None of 
these 

25 The amount of NaOH required toprepare 
250 cm3 of 1 M solution is: 

1g 10g 2g 6g 

26 Depression in the freezing point is 
directly proportional to: 

Molarity of 
solution 

Molarity of solvent Molality of 
solvent 

Molality of 
solution 

27 The molal boiling point constant is the 

ratio of the elevation in boiling point to: 

Molarity Molality Mole fraction 

of solvent 

Mole 

fraction of 
solute 
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Multiple Choice Questions 

1. Density of an ideal gas can be calculated by the formula: 

a. d=nRT b. d=PM/RT  c.  d=m  RT   d.     d= PV/M 

                                                                  M  

2. Which of the following species has unpaired electrons in anti-bonding molecular orbitals? 

a. O2
2+   b. N2

2-  c. B2  d. F2 

3. The pH of mixture of CH3COONa and CH3COOH is: 

a. 7  b. >7  c. <7  d. 1 

4. The unit of rate constant is the same as that of rate of reaction in: 

a. first order reaction  b. second order reaction c. zero order reaction  d. third 

order reaction 

5. Many elements have fractional atomic masses. This is because: 

a. the mass of an atom is itself fractional b. atomic masses are average masses of isobars

 c. atomic masses are average masses of isotopes d. atomic masses are average masses 

of isotopes proportional to their relative abundance 

6. In the monoclinic crystal system, bond axes are: 

a. a=b=c  b. a=b≠c  c. a≠b=c  d.a≠b≠c 

7. Which of the following compounds do not show process of sublimation: 

a. ammonium chloride b. Iodine c. naphthalene  d. carbon tetrachloride 

8. In endothermic reactions, the heat content of the: 

a. products is more than that of reactants b. reactants is more than that of products c. 

surrounding increases  d. reactants and products are equal 

9. If a salt bridge is not used between two half cells, then the voltage: 

a. decreases rapidly b. decreases slowly  c. does not change d. drops to zero 

10. Orbitals having same energy are called: 

a. hybrid orbitals b. valence orbitals c. degenerate orbitals  d. d-orbitals 

11. 1 gram formula of NaCl is equal to: 

a. 58.5 g b. 23 g  c. 35.5 g d. 12 g 

12. Balmer series in hydrogen spectrum lies in the region: 

10
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a. ultraviolet  b. visible c. infrared d. microwave 

13. When water freezes at 0 ⁰C its density decreases due to: 

a. cubic structure of ice b. empty spaces present in structure of ice c. change of bond 

lengths  d. change of bond angles 

14. According to VSEPR theory, the shape of BF3 molecule is: 

a. trigonal pyramidal  b. tetragonal  c. linear d. trigonal planar 

15. If absolute temperature of a gas is doubled and the pressure is reduced to one half the volume 

of the gas will: 

a. remain unchanged  b. increase four times  c. reduce to ¼  d. be doubled 

16. An excess of aqueous silver nitrate is added to an aqueous barium chloride and precipitate is 

removed by filtration. What are the main ions in the filtrate? 

a. Ag+ and NO3
- only  b. Ag+ and Ba2+ and NO3

-  c. Ba2+ and NO3
- only 

 d. Ba2+ and NO3
- and Cl- 

17. A thermometer used in Landsberger’s method can read up to: 

a. 0.1 K b. 0.01 F c. 0.01K d. 0.01 ⁰C 

11
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Multiple Choice Questions 

1. The wave number of the light emitted by a certain source is 2×106 m-1. The wavelength of this 

light will be: 

a. 500 nm b. 500 m c. 200 nm d. 5×107 m 

2. Which of the following will have the same number of molecules at S.T.P: 

a. 280 cm3 of CO2 and 280 cm3 of N2O b. 11.2 dm3 of O2 and 32 g of O2 c. 44 g of CO2 

and 11.2 dm3 of CO  d. 28 g of N2 and 5.6 dm3 of oxygen 

3. The change in heat energy of a chemical reaction at constant temperature and pressure is 

called: 

a. Enthalpy change b. bond energy  c. heat of sublimation  d. internal energy 

change 

4. One mole of SO2 contains: 

a. 6.02×1023 atoms of oxygen  b. 18.1×1023 molecules of SO2 

c. 6.02×1023 atoms of sulphur  d. 4 gram atoms of SO2 

5. With increase of 10 ⁰C temperature, the rate of reaction doubles, this increase in rate of 

reaction is due to: 

a. decrease in activation energy of reaction b. decrease in the number of collisions between 

reactant molecules c. increase in activation energy of reactants  d. increase in number 

of effective collisions 

6. NH3 shows maximum boiling point among the hydrides of group V-A elements due to: 

a. very small size of nitrogen  b. lone pair of electrons present on nitrogen  c. 

enhanced electronegative character of nitrogen d. pyramidal structure of NH3 

7. Which one does not undergo sublimation: 

a. ammonium chloride b. naphthalene  c.iodine d. mercury 

8. The mass of one mole of electrons is: 

a. 1.008 mg  b. 0.55 mg  c. 0.184 mg  d. 1.673 mg 

9. Which one has a regular tetrahedral shape: 

a. SnCl2 b. CH4  c. SO3  d. BF3 

12
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10. Molarity of pure water is: 

a. 1  b. 18  c. 55.5  d. 6 

11. Splitting of spectral lines when atoms are subjected to strong electric field is called: 

a. Zeeman effect b. Stark effect  c. Photoelectric effect  d. Compton effect 

12. The molar volume of CO2 is maximum at: 

a. S.T.P b. 127 ⁰C and 1 atm  c. 0 ⁰C and 2 atm d. 273 ⁰C and 2 atm 

13. Which of the following statements is not correct about galvanic cell: 

a. Anode is negatively charged b. reduction occurs at anode  c. cathode is 

positively charged  d. reduction occurs at cathode 

14. Which of the following is a pseudosolid: 

a. CaF2  b. Glass c. NaCl d. All 

15. Solvent extraction method is particularly useful technique for separation when the product to 

be separated is: 

a. non-volatile or thermally unstable  b. volatile or thermally stable  c. non-volatile 

or thermally stable  d. volatile or thermally unstable 

16. The number of bonds in nitrogen molecule is: 

a. one sigma and one pi b. one sigma and two pi c. three sigma only d. two sigma 

and one pi 

17. For which system does the equilibrium constant Kc has the units of (concentration)-1: 

a.  

b.  

c.  

d.  
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Multiple Choice Questions 

1. An excess of aqueous silver nitrate is added to an aqueous barium chloride and precipitate is 

removed by filtration. What are the main ions in the filtrate? 

a. Ag+ and NO3
- only  b. Ag+ and Ba2+ and NO3

-  c. Ba2+ and NO3
- only 

 d. Ba2+ and NO3
- and Cl- 

2. Pressure remaining constant at which temperature the volume of a gas will become twice of 

what it is at 0 ⁰C: 

a. 546 ⁰C b. 200 ⁰C c. 546 K d. 273 K 

3. The number of bonds in nitrogen molecule is: 

a. one sigma and one pi b. one sigma and two pi c. three sigma only d. two sigma 

and one pi 

4. When water freezes at 0 ⁰C its density decreases due to: 

a. cubic structure of ice b. empty spaces present in the structure of ice c. change of 

bond lengths  d. change of bond angles 

5. Isotopes differ in: 

a. properties which depend upon mass b. arrangement of electrons in orbitals c. 

chemical properties  d. The extent to which they may be affected in electromagnetic 

field 

6. 18g glucose is dissolved in 90 g of water. The relative lowering of vapour pressure is equal to: 

a. 1/5  b. 5.1  c. 1/51  d. 6 

7. The nature of the positive rays depend on: 

a. the nature of electrode b. the nature of the discharge tube c. the nature of the residual 

gas d. all of these 

8. The velocity of photon is: 

a. independent of its wavelength b. depends on its wavelength  c. equal to square of 

its amplitude  d. depends on its source 

9. One calorie is equivalent to: 

a. 0.4184 J b. 41.84 J c. 4.184 J d. 418.4 J 
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10. Acetone and chloroform are soluble in each other due to: 

a. intermolecular hydrogen bonding  b. ion-dipole interaction c. instantaneous 

dipole  d. all of these 

11. Solvent extraction is an equilibrium process and it is controlled by: 

a. law of mass action  b. the amount of solvent used  c. distribution law 

 d. the amount of solute 

12. In zero order reaction the rate is independent of: 

a. temperature of reaction b. concentration of reactants  c. concentration of products 

 d. none of these 

13. Which of the following species has unpaired electrons in antibonding molecular orbitals? 

a. O2
2+   b. N2

-2  c. B2  d. F2 

14. 27 g of Al react completely with how much mass of O2 to produce Al2O3: 

a. 8 g of oxygen b. 16 g of oxygen c. 32 g of oxygen d. 24 g of oxygen 

15. The cathodic reaction in electrolysis of dil. H2SO4 with Pt electrodes is: 

a. reduction  b. oxidation  c. both oxidation and reduction d. neither 

oxidation nor reduction 

16. The molar volume of CO2 is maximum at: 

a. STP  b. 127 ⁰C and 1 atm  c. 0 ⁰C and 2 atm d. 273 ⁰C and 2 atm 

17. The pH of 10-3 mol dm-3 of an aqueous solution of H2SO4 is: 

a. 3.0  b. 2.7  c. 2.0  d. 1.5 

15
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Numerical 

CH:1 

1. calculate each of the following: 

(a) Mass in grams of 2.74 moles of KMnO4 

Moles of KMnO4=2.74 mol 

Mass in grams of KMnO4=? 

KMnO4 (M=39 + 55 + 64 = 158 g mol-) 

Number of moles =
Mass in grams

Molar mass   

Mass=Mole  Molar mass 

 

Mass of KMnO4  =No. of moles  Molar mass 

= 2.74  158 

= 432.9 g 

(b) Moles of 0 atoms in 9.00g of Mg(NO3)2   

Mass of Mg(NO3)2 =9g 

Moles of moles of oxygen atoms =? 

Mg(NO3)2(M=39 + 55 + 64 = 158 g mol1) 

Number of moles = 
mass in grams

molar mass   

 

Moles of Mg(NO3)2=
9

148  = 0.061 mol 

1 moles of Mg(NO3)2 contains oxygen =6 mol 

0.061 moles of Mg(NO3)2 contains oxygen  =6  0.0061 

= 0.366 mol 

 

(c) Number of O atoms in 10.037 g of CuSO 4.5H2O 

Mass of CuSO4.5H2O          =  10.037g 
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No. of Oxygen atoms   =  ? 

CuSO4 5H2O (M=63.5 + 32 + 64 + 90=249.5 g mol-1) 

Number of formula units   =  
mass x Avogadro Number

Molar mass   

Number of formula units of CuSO4.5H2O =  
10.037
249.5  x6.02x1023 

     = 2.41 1022 

1 formula unit of CuSO4.5H2Ocontains  = 9 oxygen atoms  

2.41 1022 formula units of CuSO4 5H2O contains =  9x2.41x1022 oxygen atoms 

     = 2.17 1023 oxygen atoms 

(d) Mass in kilogram of 2.6 1020 molecules of SO2 

Molecules of SO2   =     2.6×102 

Mass in kilogram of SO2   = ? 

SO2 (M=32 + 32 = 64 g mol-1) 

Number of particles   =  
mass

molar mass
   x NA 

   Mass   =  Number of particles x molar mass 

        NA 

Mass  = 2.6×1020  x  64 

                                       6.02x1023 

 =  27.64x10-3 g 

   =  27.64x10-3x10-3 g 

= 27.64 x 10-6 g 

   = 2.764x10-5 g 

(e) Moles of Cl atoms in 0.822 g C2H4Cl2. 

Mass of C2H4Cl2    =  0.822g 

Moles of Cl atoms   =  ? 

C2H4Cl2 (M=24 + 4+71 = 99 g mol-1) 

99g of C2H4Cl2 contains moles of Cl = 2 

1g of C2H4Cl2 contains moles of Cl = 
2

99  
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0.822 g C2H4Cl2 contains moles of Cl =  
2

99  0.822 

     = 0.017 mol 

 

(f) Mass in grams of 5.136 moles of silver carbonate. 

Moles of Silver Carbonate:   =    5.136 mol 

Mass in grams of Silver Carbonate =      ? 

Ag2CO3 (M=2(107.87) + 12 + 48 = 275.74 g mol-1 

Moles   =  
mass

molar mass  

Mass    =  moles x molar mass 

Mass of Ag2CO3    = No. of moles  moles of mass 

       = 5.136  275.74 

    = 1416.2 g 

 

(g) Mass in grams of 2.78  1021 molecules of CrO2Cl2 

Molecules of CrCO2Cl2 =     2.78×1021 

CrO2Cl2 (M=52+32+71= 155 g mol-1) 

    Number of particles =   
mass in grams

molar mass    x NA 

Mass  =   Number of particles x molar mass 

     NA 

 

  Mass of CrO2Cl2    =  2.78×1021 x 155 

                 6.02 x 1023 

       = 0.715 g 

 

(h) Number of moles and formula units in 100g of KClO3 

(i) Number of K+ ions, ClO3
- ion, Cl atoms and O atoms in h 

                     Mass of KClO3  = 100g 

Number of moles of KClO3  =  ? 

Number of Formula units of KClO3 =      ? 
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KClO3 (M=39+35.5+48= 122.5 g mol-1 

Number of moles =  
mas in grams 

molar mass   

                   Number of particles =  number of moles x NA 

i. Calculation of Number of moles: 

Moles of KClO3   = 
100

122.5 = 0.816 mol 

ii. Calculation of Number of formula units: 

Number of formula units of KClO3 = 0.816x 6.02 1023 

     = 4.9  102 

 

Calculation of Number of K+ ions, ClO3
- ion, Cl atoms and O atoms 

KClO3 :  K+ ions 

1 : 1 

4.9 1023 : 4.9  1023  

Number of K+ ions = 4.9  1023 

---------------------------------- 

KClO3 :  ClO3
- ions 

1 : 1 

4.9 1023 : 4.9  1023  

Number of ClO3
- ions = 4.9  1023 

          -------------------------------------- 

KClO3 :  Chlorine atoms 

1 : 1 

4.9 1023 : 4.9  1023  

Number of Chlorineatoms = 4.9  1023 

          -------------------------------------- 

KClO3 :  Oxygen atoms 

1 : 3 

4.9  1023 : 3 x 4.9  1023  
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  : 1.047x 1024 

Number of Oxygen atoms = 1.047x 1024 

 

2. Aspartame, the artificial sweetener, has a molecular formula of C14H18N2O5. 

(a) What is the mass of one mole of aspartame? 

Molecular formula of aspartame =  C14H18N2O5 

Mass of one mole of aspartame (Molar mass) = ? 

Molar mass of C14H18N2O5  =   14(12) +18(1) +2(14) +5(16) 

    =  168+18+28+80 

    =  294 

          1 mole of aspartame  = 294 g mol-1 

 

(b) How many moles are present in 52g of Aspartame? 

Mass of aspartame = 52  

Number of moles =  
mass in gram
molar mass

  

Mass    =  mole x molar mass 

Moles of Aspartame =   ? 

 

Moles of aspartame  = 
52

294  = 0.17 mol  

 

(c) What is the mass in grams of 10.122 moles of Aspartame. 

Moles of aspartame = 10.122 mol 

Mass in grams of Aspartame =      ? 

Moles =  
mass in gram
molar mass   

Mass  =  moles x molar mass 

Mass of aspartame = 10.122  294 

     = 2975.86 g 

  

(d) How many hydrogen atoms are present in 2.43g of aspartame? 
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Mass of aspartame  = 2.43 g 

Hydrogen atoms in Aspartame =     ? 

Number of particles =  
mass

molar mass   x NA 

Number of particles of aspartame  =  
2.43
294  x 6.02 1023 = 4.97x1021 

C14H18N2O5 :   H atoms 

1 :  18 

4.97  1021  :  4.97  1021 x 18 

   : 8. 95 x 1022 

Number of H atoms  = 8. 95 x 1022 

 

 

3. A sample of 0.600 mole of a metal M reacts completely with excess of fluorine to form 46.8g MF2  

(a) How many moles of F present in the sample of MF2 that forms. 

 

     M  +  F2  MF2 

         Mole=0.6  excess  Mass= 46.8 g 

calculation of Moles of F in MF2  

                    M  : MF2 

                    M   : MF2 

  1 mole  : 1mole 

           0.600 mol : 0.600 mo 

       Moles of MF2  = 0.6 mole 

   Moles of F in MF2 =  0.6x2=1.2 mole 

(b) Which element is represented by the symbol M? 

                          Moles of MF2 =   
mass

molar mass  

                             Molar mass =    mass 

      moles 

      =  
46.8

0.600
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      =  78g mole-1 

             Molar mass of MF2 = 78 

                           M + 2F  = 78 

                          M + 2(19) = 78 

                                       M       = 78 – 38 = 40 

           Molar mass of M    = 40 g mol-1 

Molar mass of ‘40’ g mol-1 identifies Calcium (Ca) 

 

4.  Calculate the percentage of nitrogen in the four important fertilizer i.e.  

 (i)  NH3    (ii)   NH2CONH2      (iii)   (NH4)2SO4       (iv)    NH4NO3 

% age of Nitrogen    =      ? 

%age of Nitrogen    =
Mass of Nitrogen in fertilizer

 Molar mass   100 

(i) NH3 (Ammonia)  

  Molar mass of NH3  = 14 + 3 = 17 g mol1 

  %age of Nitrogen  =    
Mass of Nitrogen in fertilizer

 Molar mass   100 

      = 
14
17  100 = 82.35 % 

(ii) Urea (NH2CONH2) 

  Molar mass of NH2CONH2 = 60 g mol1 

  %age of N    = 
28
60  100 = 46.67 % 

(iii) (NH4)2SO4 (Ammonium Sulphate) 

  Molar mass of (NH4)2SO4 = 132 g mol1 

  %age of N   = 
28

132  100 = 21.2 % 

(iv) NH4NO3 (Ammonium Nitrate) 

  Molar mass of NH4NO3  = 80 g mol1 

  % age of N   = 
28
80

  100 = 35 % 
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5. Calculate the percentage of nitrogen and phosphorus in each of the following: 

(i) NH4H2PO4  (ii) (NH4)2HPO4   (iii) (NH4)3PO4 

 

(i) NH4H2PO4 Ammonium hydrogen phosphate 

  Molar mass of NH4H2PO4 = 115 g mol1 

  % age of N    = 
14

115
  100 = 12.17% 

  % age of P   = 
31

115
  100 = 26.96% 

(ii) (NH4)2HPO4 (Diammonium Hydrogen Phosphate)  

  Molar mass of (NH4)2HPO4 = 132 g mol1 

  % age of N    = 
28

132  100 = 21.21% 

  % age of P   = 
31

132  100 = 23.48% 

(iii) (NH4)3PO4 (Ammonium Phosphate)  

  Molar mass of (NH4)3PO4 = 3(14 + 4) + 31 + 4 (16) 

      = 3(18) + 31 + 64 

      = 54 + 31 + 64 = 149 g mol1 

  % age of N    = 
42

149  100 

      = 28.19% 

  % age of P   = 
Mass of P

Molar mass
  100  

      = 
31

149  100 

      = 20.8 % 

 

6. Glucose C6H12O6 is the most important nutrient in the cell for generating chemical potential energy. 

Calculate the mass % of each element in glucose and determine the number of C, H and O atoms in 10.5 g of 

the sample. 

Mass of Glucose     =  10.5 g 

(i) Mass % of each element in Glucose  =    ? 



Compiled by  
 DilawarJaved  

                                                                                                                                                             Lecturer  
                                                                                                                                                                                                       Department of chemistry, FCCU. 

Help Taken from a number of books including Book of Prof. Naveed Rehmat 

(ii) No. of atoms of C, H & O in 10.5g Glucose =    ? 

 

(i) Molar mass of C6H12O6   = 72 + 12 + 96 

      = 180 g mol-1 

     % of C  = 
Mass of Carbon

 Molar mass   100 

       = 
72

180  100 = 40 % 

     % of H  = 
12

180
 100 = 6.66 % 

     % of O  = 
96

180 100 = 53.34 % 

 (ii) Mass of glucose    = 10.5g 

  Moles of glucose    = 
10.5
180  = 0.058 mol 

 1 mole glucose contain C-atoms   = 6  6.02  1023 

0.058 mole glucose contains C-atoms    = 6  6.02  1023 0.058 

       = 2.1  1023 atoms 

 1 mole glucose contains H-atoms  = 12  6.02  1023 0.058 

0.058 moles glucose contains H-atoms   = 126.0210230.058 

       = 4.21023 atoms 

 1 mole C6H12O6 contains O-atoms  = 6  6.02  1023 

0.058 mole C6H12O6 contains O-atoms   = 6  6.02  1023  0.058 

= 2.1 x 1023 

 

7. Ethylene glycol is used as automobile antifreeze. It has 38.7% carbon, 9.7% hydrogen and 51.6% oxygen. Its 

molar mass is 62.1 grams mol. Determine its empirical formula. 

 

% of Carbon    =    38.7% 

% of Hydrogen    =    9.7% 

% of Oxygen    =    51.6% 

Molar mass of Ethylene glycol  =    62.1 g mol-1 



Compiled by  
 DilawarJaved  

                                                                                                                                                             Lecturer  
                                                                                                                                                                                                       Department of chemistry, FCCU. 

Help Taken from a number of books including Book of Prof. Naveed Rehmat 

Empirical formula of Ethylene glycol =      ? 

 

C : H :  O 

Moles    
38.7
12   : 

9.7
1   : 

51.6
16   

    3.225 : 9.7 : 3.225 

Mole ratios   
3.225
3.225  : 

9.7
3.225  : 

3.225
3.225  

    

Atomic ratio   1 : 3 : 1 

Empirical formula of Ethylene glycol is CH3O 

 

8. Serotenin (Molar mass = 176g mol-1) is a compound that conducts nerve impulses in brain and muscles. H 

contains 68.2% C, 6.86% H, 15.09% N and 9.089%O. What is its molecular formula? 

%ages of elements in Serotenin: 

% age of Carbon    =  68.2% 

% age of Hydrogen   =  6.86% 

% age of Oxygen    =  9.08% 

Molar mass of Serotenin  =        176 g mol-1 

Molecular formula of Serotenin =     ? 

 

i. Finding empirical formula: 

      C :   H :    N :   O 

 Moles   
68.2
12   : 

6.86
1   : 

15.09
14   : 

9.08
16    

    5.68 : 6.86 : 1.08 : 0.57 

 Molar ratios  
5.68
0.57

  : 
6.86
0.57

  : 
1.08
0.57

  : 
0.57
0.57

   

 Atomic ratio  10 : 12 :   2 :   1 

Empirical formula is C10H12N2O 

ii. Finding Molecular formula: 

Empirical formula mass = 120+12+28+16 

     = 176g 
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  n = 
Molar mass

 Empirical mass  = 
176
176  = 1 

  Molecular formula  = n  empirical formula 

     = 1 (C10H12N2O) 

   Molecular formula of Serotenin is C16H12N2O 

9. An unknown metal M reacts with S to form a compound with a formula M2S3. If 3.12g of M reacts with 

exactly 2.88 g of Sulphur. What are the names of metal M and the compound M2S3. 

 

Mass of M     =       3.12 g 

Mass of S     =       2.88  

Unknown metal M   =      ? 

Compound M2S3    =      ? 

           2M +  3S       M2S3 

         3.12g  
2.88
32   =  0.09 mole                                                               

          Identification = ?   Identification =?  

    S :  M 

According to equation: 3mol : 2 mol 

    3/3 : 2/3 

    1 : 2/3 

   1 x 0.09 : 0.09 x 2/3 

   0.09  : 0.06 mol 

   Moles of M =  0.06 

   Moles  =  
Mass

Molar mass  

Molar mass = Mass 

 Moles 

   = 3.12 

 = 3.12/0.06= 52 g mol1 = molar mass of Chromium 

The metal ‘M’ is Chromium and compound ‘M2S3’ is Cr2S3 

  

10. The octane present in gasoline burns according to the following equation  
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2C8H18(l) + 25O2(g) 16CO2(g) + 18H2O(l) 

(a) How many moles of O2 are needed to react fully with 4 moles of octane? 

  2C8H18 (l) + 25O2 (g)   16CO2 (g) + 18H2O (l) 

  (Octane) 

   Moles of O2  =      ? 

 2 moles of C8H18 need O2  = 25 mol 

 1 moles of C8H18 need O2  = 
25
2   

 4 moles of C8H18 need O2  = 
25
2   4  

      = 50 mol 

 

(b) How many moles of CO2can be produced from one mole of Octane? 

Moles of CO2    =     ? 

 2 moles C8H18 produce CO2  = 16 moles 

 1 mole C8H18 produce CO2  = 
16
2   8 mol 

  

(c)How many moles of water are produced by the combustion of 6 moles of Octane? 

 

Moles of Water     =       ? 

 2 moles C8H18 produce H2O  =  18 moles 

 1 mole C8H18 produce H2O  = 
18
2   

 6 mole C8H18 produce H2O  = 
18
2   6 = 54 mol 

  

(d) If this reaction is to be used to synthesize 8 moles of CO2, how many grams of 

oxygen are needed? How many grams of octane will be used? 

 

Mass of Oxygen needed    =       ? 

Mass of Octane used    =      ? 
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 16 moles CO2 need O2  = 25 moles  

 8 moles CO2 need O2   = 
25
16  8 = 12.5 moles 

 Mass of O2    = 12.5  32 = 400 g 

16 moles CO2 need C8H18  = 2 moles 

 8 moles CO2 need C8H18  = 
2

16  8 = 1 mol 

      = 114 g= molar mass of Octane 

 

11. Calculate the number of grams of Al2S3 which can be prepared by the reaction of 20g of Al and 30g of 

Sulphur. How much the non-limiting reactant is in excess? 

 

2Al               +              3S                →            Al2S3 

mass=20 g                   mass=30 g                      mass=? 

 molar mass=27 gmol-1  molar mass=32 gmol-1          molar mass=150 gmol-1 

  mole=20/27                       mole=30/32 

         = 0.74mol      =  0.935mol 

 

i. Identification of limiting reactant and calculation of mass of Al2S3 

 To identify limiting reactant moles of both reactants shall be compared with product 

     Al  :   Al2S3 

 According to equation: 2 mole  :  1 mole 

     2/2  :  1/2 

     1  :  1/2 

     1x0.74  :  0.74 x 1/2 

     3.125  :  0.34 mol 

S  :   Al2S3 

According to equation:  3 mole  :  1 mole 

     3/3  :  1/3 

     1  :  1/3 

     0.935 x 1 :  0.935 x 1/3 
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       :  0.311 mol 

As number of moles of product obtained from Sulphur are less so Sulphur is limiting reactant.  

Actually 0.31 mole Al2S3shall be obtained. 

    Mass of Al2S3  = No. of moles  Molar mass 

       = 0.311  150 

       = 46.8 g 

ii. Calculation of excess amount of non-limiting reactant: 

 for this purpose, moles of both reactants shall be compared 

  S  :  Al 

 According to equation: 3 mole  : 2 mole 

     3/3  : 2/3 

     1  : 2/3 

     0.935 x 1 : 0.935 x 2/3 

       : 0.623 mol 

 For 0.935 moles of S, we need only 0.623 moles of Al, however we have been provided 0.74 moles of 

Al. 

 Excess moles of Al     =  given mole- required mole 

       = 0.74 - 0.623 

       = 0.116 

 Excess mass of Al    =  mole x molar mass 

       = 0.116 x 27 

       =  3.15 g 

 

 

12. A mixture of two liquids, hydrazine N2H4 and N2O4are used as a fuel in rockets. They produce N2 and water 

vapors. How many grams of N2 gas will be formed by reacting 100g of N2H4 and 200g of N2O4. 

                                                  2N2H4 + N2H4 3N2 + 4H2O 

 

mass of N2H4=100 g           mass of N2O4=200 g           mass=? 

molar mass=32 gmol-1 molar mass= 92 gmol-1 Molar mass=28 gmol-1 

mole=100/32=3.125         mole=200/92=2.17 
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Identification of limiting reactant and calculation of mass of N2: 

 To identify limiting reactant moles of both reactants shall be compared with product 

 

    N2H4  :  N2 

According to equation:  2mol  : 3 mol 

    2/2  : 3/2 

    1  : 3/2 

    1x3.125  : 3.125 x 3/2 

    3.125mol : 4.68 mol 

N2O4  :  N2 

According to equation:  1mol  : 3 mol 

    1x 2.17  : 3x 2.17 

    1  : 6.51 mol 

As number of moles of product obtained from N2H4 are less so N2H4 is limiting reactant. Actually 4.68 moles of N2 

shall be obtained. 

    Mass of N2 = No. of moles  Mol. Mass 

      = 4.68  28 

      = 131.04 g 

 

13. Silicon Chloride (SiC) is an important ceramic material. It is produced by allowing sand (SiO2) to react with 

carbon at high temperature. 

SiO2 + 3C SiC + 2CO 

When 100kg sand is reacted with an excess of carbon, 51.4 kg of SiCis produced.  

What is the % yield? 

                SiO2    +       3C    SiC  +    2CO 

     Mass=100Kg                    mass = 51.4Kg 

 =100,000 g                                 = 514,00 g(Actual yield) 

 Molar mass= 60 gmol-1  Molar mass = 40 gmol-1 

% age yield = ?  

% age Yield : 
actual yield

theoretical yield  x 100 
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i. Calculation of Theoretical yield of SiC 

  According to Equation 

 60g SiO2 produces   = 40g SiC 

 100,000 g SiO2 produces  = 
40
60   x 100,000 

      = 66666.6 g SiC 

 

ii. Calculation of % age yield of SiC 

    % age yield = 
actual yield

theoretical yield    100 

      = 
51400

66666.6  100 

      = 77.1 % 

 

 

 



Compiled by  
Dilawar Javed  
Lecturer 
Department of chemistry, FCCU. 

Help Taken from a number of books including Book of Prof. Naveed Rehmat 
 

Numerical 

 CH: 3 

 

1. A sample of carbon monoxide gas occupies 150.0ml at 25.00C. It is then cooled at 

constant pressure until it occupies 100.0 ml. What is the new temperature? 

Ans.  V1 = 150 cm3      T1 = 25oC + 273 = 298K 

V2 = 100 cm3      T2=? 

Using the equation from Charles’s law 

V1

T1
  =  

V2

T2
  

T2= 
V2 x T1

V1
  

T2= 
100 x 298

150
 =198.6 K 

As K = oC + 273 
oC = K – 273 = 198.6 – 273 = 74.30C 

 

2. Helium gas in 100cm3 container at a pressure of 500 torris transferred to a container 

with a volume of 250 cm3. What will be the new pressure? 
i. No change in temperature occurs. 

Initial volume of He gas (V1) =100cm3 

Initial pressure of He gas (P1)=500 torr 
Final volume of He gas (V2) =250 cm3 

 
Final pressure of He gas (P2)= ? 

 

 
  P1V1= P2V2 

 

  P2= 
P1V1

V2
  

 

P2 =
500 torr 100 cm3

250cm3 
 

   =200 tor 
 

ii. When the temperature changes from T1 = 20oC to T2 = 15oC. Then general gas 
equation for one mole is to be applied. 

 
 

T1  = 20oC  

T2  = 15oC  
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T1  = 20oC + 273 = 293 K 
T2  = 15oC + 273 = 288 K  

 

P1V1

T1
   = 

P2V2

T2
  

P2  = 
P1V1

T1
 

T2

V2
  

P2  =        
500100

293
 

288

250
  

 

            =       196.58 torr 

 
3. What are the densities in Kgm-3 for following gases at S.T.P (P = 101325 Nm-2 T = 273 K, 

Molecular mass are in Kg.mol-1(i)Methane (ii)Oxygen(iii)Hydrogen 
 

 
Ans: (i) 

Temperature of CH4 = 273 K 

Pressure of CH4  = 101325 Nm-2 
General gas constant R = 8.3143 JK-mol- 

 
Convert gram into kilogram 

Molar mass of CH4 = 16 gmol- 

   = 16  10-3 kg mol 

 d = 
PM

RT
  

 

d  = 
101325Nm-216 10-3 kg mol-1

 8.3143JK-1 mol-1273K
  

 d = 
101325Nm-216 10-3 kg

 8.3143273Nm
  

As J = N.m 

d = 
1621.2

2269.8
  

 = 0.714 kg m-3 
 

 

(ii) 
Convert gram into kilogram 

Molar mass of O2 = 32 gmol-1 

   = 32  10-3 kg mol-1 

 

  d = 
PM

RT
  

d = 
101325Nm-22 10-3 kg mol-1

 8.3143JK-1 mol-1273K
  

 d = 
101325210-3 

8.3143273K
 
Nm-2 kg

J
  

Since  J = Nm 
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 d = 
3242.4

2269.8
  Kgm-3 

  = 1.428 kg m-3 

 
(iii) 

Convert gram into kilogram 
Molar mass of H2= 2 gmol-1 

  = 2  10-3 kg mol-1 

 

 d = 
PM

RT
  

 

d = 
101325Nm-22 10-3 kg mol-1

 8.3143JK-1 mol-1273K
  

 d  = 
101325210-3 

8.3143273K
 
Nm-2 kg

J
  

Since J  =  Nm 

 d = 
202.65

2269.8
  

  = 0.089 kgm-3 

 

Compare the values of densities in proportion to their mole masses. 

 

Ans. 

 dH2   : dCH4
   : dO2

 

  0.089   : 0.714   : 1.428 

  0.089/0.089  : 0.714/0.089  : 1.428/0.089 

     1  :    8   :    16 

 

How do you justify that increase of volume up to 100 dm3 at 27oC of 2 moles of NH3 

will allow the gas behave ideally, as compared to S.T.P conditions. 

Ans.  

2 moles of NH3 at 0oC and 1 atm pressure will be having volume around 44.828 dm3. Under these 

conditions it will be close to ideal behavior, but not perfect ideal. The reason is that NH3 is a 
polar gas and same forces of attractions are present at 0oC.  

 When the temperature is increased to 27oC and volume is increased upto 100 dm3 , then NH3 
will definitely behave more ideally.  

 
4. A sample of Krypton with a volume of 6.25 dm3 and a pressure of 765 torr and a 

temperature of 20oC is expanded to a volume of 9.55 dm3 and a pressure of 375 torr. 

What will be its final temperature (in oC) 
 

Ans.  
Initial volume of gas (V1)  = 6.25 dm3 

Initial pressure of gas (P1) = 765 torr 

Initial pressure of gas (T1) = 20oC 
Final volume of gas (V2)  = 9.55 dm3 

Final pressure of gas (P2) = 375 torr 
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Initial pressure of gas (T1) = 20oC + 273 
     = 293 k 

Final temperature of gas (T2)= ? 
 

  
P1V1

T1
  = 

P2V2

T2
  

  T2 = 
P2V2

P1V1
 T1 

T2 = 
375torr 9.55 dm3 293K

 765 torr 6.25dm3   

 = 
375  9.55  293

7656.25
 K 

  T2 = 219.5 

  T2 = 219.5 – 273 
   = –53.5oC 

 

 

5. Working at a vacuum line a chemist isolated a gas in weighing bulb with a volume of 255 

cm3 at a temperature of 25oC and under a pressure in the bulb of 10.0 torr. The gas 

weighed 12.1 mg. what was the formula mass of this gas? 

Ans.  
Pressure of gas  = 10 torr 
Volume of gas   = 255 cm3 

Temperature of gas  = 25oC 
Mass of gas  = 12.1 mg 

Unit Conversions: 

Pressure of gas  = 10 torr 

    = 
10

760
 = 0.0132atm 

Volume of gas   = 255 cm3  
=   0.255 dm3 

Temperature of gas  = 25oC + 273 = 298 K 
Mass of gas = 12.1 mg = 0.0121 g 

Formula mass (M) = ? 

 PV = 
m

M
 RT 

  M = 
WRT

PV
  

 

  M=
0.0121g0.0821dm3 atm K-1 mol-1 298k

 0.0132 atm  0.255dm3   

    =
0.01210.0821298

0.0132 atm  0.255
  gmol-1 

  M =
0.296

0.003366
  = 87.93 gmol-1 

6. What pressure is exerted by a mixture of 2.00g of H2 and 8.00g of N2 at 273K in a 10 dm3 

vessel? 
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Ans.  

Mass of H2   = 2.00g 

Mass of N2   = 8.00 g 

Temperature of mixture  = 273K 

Volume of the gas  = 10dm3 

Pressure of mixture of gases  = ? 

   PV = nRT 

   P = 
nRT

V
  

Calculation of moles: 

First of all convert masses of H2 and N2 into moles. 

Number of moles of H2  = 
Mass of H2

 Molar mass of H2
  

Since, molar mass of H2 = 2.00g mol-1 

Putting the values  

Number of moles of H2  = 
2.00

2.00
 = 1 mole 

Mass of N2  = 8.00g  

Number of moles of N2 = 
Mass of N2

Molar Mass of N2
  

 

 

Putting the values 

Number of moles of N2  = 
8.00

28
  = 0.286 

 

To calculate pressure of mixture of gases, we take total number of moles.  

Total number of moles   =1 + 0.286=1.286 

 

Calculation of total pressure of gaseous mixture: 

          P=
1.286 moles 0.0821dm3 atm K-1 mol-1273K

10dm3   

=
28.82

10
 atm = 2.88 atm 

7. (i) The relative densities of two gases A and B are 1:1.5 Find out the volume of B which 

will diffuse in the same time in which 150 dm3 of A will diffuse? 
 

Ans.  

Density of gas A  = 1.00 
Density of gas B  = 1.5 

Volume of A diffused = 150 dm3 
Volume of B disused  = ? 

  
rA

rB
  = 

dB

dA
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Volumes of gases differ correspond to the rates of diffusions.  
 

 
150

rB
  = 

1.5

1
   

Taking square on both sides 

 
(150)2

r2
B

 = 
1.5

1
  

  r2
B = 

(150)2

1.5
  

   = 15000 dm6 

  rB = 15000  

   = 122.47dm3 

 

(ii) Hydrogen (H2) diffuses through a porous plate at a rate of 500 cm3 per minute at 0oC. 

What is the rate of diffusion of oxygen through the same porous plate of 0oC. 

Ans. 

Rate of diffusion of H2 at 0oC = 500cm3min-1 
Rate of diffusion O2 at 0oC = ? 

 

   
rO2

rH2 
 = 

MH2

MO2
   

Molar mass of H2  = 2 g mol-1 

Molar mass of O2  = 32 g mol-1 
 

   
rO2

500
  = 

2

32
   

  
rO2

500
  = 

1

16
   = 

1

4
  

  rO2
 = 

500

4
 = 125 cm3 min-1 

So the rate of diffusion of O2 is 125 cm3/min 

 
(iii)The rate of effusion of an unknown gas A through a pinhole is found to be 0.279 times 

the rate of effusion of H2 gas through the same pinhole. Calculate the molecular mass of the 

unknown gas at S.T.P. 
 

Ans.  
Rate of effusion of H2  = 1 

Rate of effusion of A  = 0.279 

Molar Mass of A   = ? 
 

   
rH2

RA
  = 

MA

MH2
   

 

Taking square on both sides 

 



1

0.279
  2 = 

MA

2
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  MA = 
2

0.0778
  

   = 25.7 gmol-1 

8. Calculate the number of molecules and the number of atoms in given amount of each 
gas. 

(i) 20 cm3 of CH4 at 0oC and pressure of 700 mm of mercury(Hg) 
 

Volume of CH4  = 20cm3 

Volume of CH4  = 0.02dm3 
Temperature of CH4 = 0oC  

Pressure of CH4  = 700 mm Hg  
 

Number of moles of CH4= ? 

 
Temperature of CH4 = 0oC + 273 K =273 K  

Pressure of CH4  = 
700

760
  = 0.92 atm 

 

  PV  = nRt 

  n = 
PV

RT
  

 n  = 
0.92atm0.02dm3

0.0821dm3 atm K-1 mol-1273K
  

  = 
0.920.02

0.0821273
 moles 

 n = 
0.0184

22.356
 moles 

Number of molecules of CH4= 8.2  10-4 6.02  1023 

  = 49.36  1019 

  = 4.936  1020 

One molecule of CH4 has number of atoms = 5 

Number of atoms inCH4= 5 4.936 1020 

  = 2.47  1021 

 

 

 
 

(ii) 1 ml of NH3 at 100oC and pressure of 1.5 atm 
 

Volume of NH3  = 1 ml 

Temperature of NH3 = 100oC  
Pressure of NH3  = 1.5 atm 

   
Number of moles of NH3 = ? 

 

Volume of NH3  = 1 ml = 0.001 dm3 
Temperature of NH3 = 100oC + 273 = 373 K  

 
 PV = nRT 

 n = 
PV

RT
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Calculation of moles 

 n =
1.5atm  0.001 dm3

 0.0821 dm3 atm. K-1 mol-1 373K
  

  = 
1.5 0.001

30.62
 moles 

  = 4.89  10-5 moles 

Calculation of number of molecules and number of atoms 

Number of molecules of  

NH3 = moles  NA 

   = 4.89  10-56.02 1023 

   = 2.95  1019 

One molecule of NH3 has number of atoms =4 

2.94  1019 molecules have number of atoms 

                                   = 42.943 1019 

    = 1.179  1020 

 
 

9. Calculate the masses of 1020 molecules of each H2, O2 and CO2 at S.T.P what will happen 

to the masses of these gases, when the temperature of the gases are increased by 100oC 

and the pressure is decreased by 100 mm of Hg. 

ANS.  

Molecules of H2  = 1020 

Molecules of O2  = 1020 

Molecules of CO2 = 1020 
Increase of temperature= 100oC 

Increase of pressure  = 100 mm of Hg 
Molar mass of H2 = 2g mol-1 

 

Mass of H2  = ? 
Mass of O2   = ? 

Mass of CO2  = ? 
 

Mass of H2 molecules =
Molar mass  number of molecules of H2

 NA
  

Since 1 mole of H2 at S.T.P has number of molecules = 6.02  1023 

6.02  1023 molecules of H2 at S.T.P. have Mass =  2.00g 

 
 

 

Mass of H2 molecules at S.T.P = 
2

6.02  1023  1020 

Mass of H2 molecules at S.T.P =
2

6.02
  10-3 =3.3  10-4 g 

 
 

Molar mass O2  = 32 gmol-1 
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Mass of O2molecules  =
Molar mass  number of molecules of O2

NA
  

 

Mass of 1020 molecules of O2 at S.T.P=
32

6.021023  1020g 

    = 5.31  10-3g 

 

Molar mass of CO2 = 44 g mol-1 
 

Mass of CO2 molecules      =
Molar mass  number of molecules of CO2

 NA
  

 

Mass of 1020 molecules of CO2 at S.T.P = 
44

6.021023 1020 

    = 7.30  10-3 g 

 

The change of temperature and pressure does not affect the masses because mass can neither 
be created nor bedestroyed so it remains constant. 
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Numericals 

Exercise 

Chapter 8 

 
1. Kc for the following reaction is 0.016 at 520oC 

   2HI(g)  H2(g) + I2(g) 

The equilibrium mixture contains [HI] = 0.08 M,  [H2] = 0.01 M and [I2] = 0.01 M. To this 

mixture more HI is added so that its new concentration is 0.096 M. What will be the 

concentrations of HI, H2 and I2 when equilibrium is re-established? 
 
Solution: 

Given Information: 

[HI] = 0.08 M 

[H2]  =  0.01 M and  

[I2]  =   0.096 M 

 Kc =  0.0016 

     2HI  H2+I2 

Requirement: 

At equilibrium 

[HI]   =   ? 

[H2] =   ? 

[I2] =   ? 

Calculation and Result: 

2HI   H2 + I2 

Initial conc. in moles dm-3     

0.08   0.01  +  0.01  

On adding more HI the new concentration of HI 

0.096  0.01  + 0.01 

Change in conc. 

0.096   0.01 + 0.01 

Equilibrium conc. in moles/dm-3 
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   0.096 – 2x  (x +0.01)  + (x +0.01) 

The equilibrium expression for the reaction can be written as: 

     Kc = 
[H2][I2]

[HI]2    

On substituting the values we get  

     0.016 = 
(0.01 +x)  (0.01 + x)

(0.096  2x)2 
 

     0.016 = 
(0.01 +x)2

(0.096  2x)2 
 

Taking square root on both sides  

     0.016  = 
(0.01 +x)2

(0.096  2x)2 
  

     0.126 = 
0.01+x

0.096 - 2x
  

   0.126 (0.096 – 2x) = 0.01 + x 

   0.012 – 0.252x   = 0.01 + x 

   0.012-0.01  =  0.252 x + x 

   1.252x    = 0.002 

     X = 
0.002

1.252
  

=  0.0016=[I2]= [H2] 

Conc. of HI at equilibrium = 0.096-0.0016=0.095 mol dm-3 

 

2. The equilibrium constant for the reaction between acetic acid and ethyl alcohol is 4.0. A 

mixture of 3 moles of acetic acid and 1 moleof C2H5OH (ethyl alcohol) is allowed to come 

to equilibrium. Calculate the amount of ethyl acetate present at equilibrium state in 

number of moles and grams. Also calculate the masses of reactants left behind. 
 
Solution:  

Given Information: 

  Equilibrium constant Kc   = 4 

Initial conc. of acetic acid, (CH3COOH)  = 3 

Initial conc. of ethyl alcohol C2H5OH  = 1 mol 

Requirement: 

Amount of ethyl acetate present at equilibrium = ? 
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Let the number of moles of ethyl acetate at equilibrium = x moles  

Chemical Equation:   

  CH3COOH  +  C2H5OH  CH3COOC2H5 +  H2O  

Initial conc. in moles: 

 3    1 0    0 

Equilibrium conc. in moles dm-3 

  (3 – x)  (1 – x)   x   x 

Formula applied: 

Equilibrium constant expression for the reaction can be written as:  

     Kc = 
[CH3COOC2H5][H2O}

[CH3COOH][C2H5OH]
  

 Subsisting the values 

     4 = 
(x)(x)

(3x)(1x)
  

     4 = 
x2

x24x+3
  

 By cross multiplying  

   4(x2 – 4x +3)  = x2  

   4x2 – 16x + 12   = x2 

   3x2 – 16x + 12   = 0 

 To find out the values of x, since  

     x = 
b b24ac 

2a
  

 Here a = 3, b = -16 and c = 12 

 Putting these values 

     x = 
+16 (16)24(3)(12) 

2(3)
  

      = 
+16 256144 

6
  

      = 
+16 116 

6
  

      = 4.43 or 0.9 mol 
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The values, x = 4.43 moles is not possible as it is greater than the concentrations of the reactant. 

Thus 0.9 mole of ethyl acetate is present at equilibrium. 

Number of moles of ethyl acetate at equilibrium = 0.9 moles 

Molar mass of ethyl acetate = 88 g mol-1 

Mass of ethyl acetate = 0.9  88 = 79.46 g 

Number of moles of water produced = 0.9 moles 

Molar mass of water= 18 g mol-1 

Mass of water produced = 0.9  18 = 16.2 g 

Moles of alcohol left behind = 1.0 – 0.9 = 0.1 

Molar mass of ethyl alcohol= 46 g mol-1 

Mass of alcohol left behind = 0.1  46 = 4.6 g 

3. Study the equilibrium  

  H2O(g) + CO(g)  H2(g) + CO2 (g)
 

(a) Write an expression of Kp 

(b) When 1.00 mole of steam and 1.00 mole of carbon monoxide are allowed to reach 

 equilibrium,33.3% of the equilibrium mixture is hydrogen. Calculate the value of 

 Kp. State the unit of Kp. 

 

Solution (a):  

  (a) Kp = 
PH2

PCO2

PH2O.PCO
  

Solution(b): 

Given Information: 

Moles of steam    = 1.00 

Moles of CO2    =   1.00 

Conc. Of H2 in equilibrium mixture    =    33.3% 

Requirement: 

Value and units of Kp   =    ? 

Calculation and Result: 

   H2O(g) + CO(g)  H2(g)  +     CO2 (g) 

Initial conc.     1 mole    1 mole  0 mole       0 mole  

Eq. Conc.        1 – X     1 – X moles          x moles        x moles  
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Total moles of reactants and products   = (1 – x) +(1 – x) + x + x  

 Total moles at equilibrium   = 2 moles  

 Conc. of H2 at equilibrium  = 33% 

      = 
33

100
 2 = 0.66 mole 

       X  =  0.66 

Kc = 
[H2][CO2]

[H2O][CO]
  

      = 
(x) (x)

(1x) (1  x)
  

      = 
(0.66) (0.66)

(10.66) (1  0.66)
  

      = 
(0.66) (0.66)

(0.33) (0.33)
  

     Kc = 4 

As number of moles of reactants are equal to that of products so Kp=Kc=4 

4. Benzoic acid, C6H5COOH, is a weak non-basic (Ka = 6.4  10-5 mol dm-3). What is the pH 

of a solution containing 7.2g of sodium benzoate in one dm3 of 0.02 mole dm-3 of benzoic 

acid?  
 
Solution:  

Given Information: 

Ka of Benzoic acid    = 6.4  10-5 

Mass of sodium benzoate, C6H5COONa = 7.2 g 

Moles of benzoic acid    =  0.02 moles  

Requirement: 

pH of the Solution    =     ? 

Calculation and Result: 

  Molar mass of C6H5COONa = 144g/mole 

  Moles of C6H5COONa  = 
7.2

144
  

       = 0.05 moles   

  Moles of benzoic acid   = 0.02 moles 
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      pH =pKa + log 
[Salt]

[Acdi]
  

       =log Ka + log 
[Salt]

[Acid]
  

       =log (6.4 10-5)+ log 
[0.05]

[0.02]
  

       =(0.80  5) + log 2.5 

       =5  0.80 + 0.39 

      pH = 4.59 

5. A buffer solution has been prepared by mixing 0.2 M CH3COONa and 0.5 M CH3COOH in 1 

dm3 of solution. Calculate the pH of solution. pKa of acid=4.74 at 25oC. How the value of 

pH will change by adding 0.1 mole of NaOH and 0.1 mole of HCl.  
 
Solution: 

Given Information: 

 [CH3COOH] = 0.5 M  [CH3COONa] = 0.2 M 

pKa = 4.74  

Requirement:    

pH = ? 

Calculation and Result: 

      pH = pka + log 
[Salt]

[Acid]
  

      pH = pka + log 
[CH3COONa]

[CH3COOH]
  

      pH = 4.74+ log 
0.2

0.5
  

      pH = 4.74+ log 0.4 

      pH = 4.74 – 0.4 or pH = 4.34 

By adding 0.1 M NaOH, concentration of CH3COOH decreases to 0.4 M and that of CH3COONa 

increases 0.3 M, thus new concentrations are  

[CH3COOH] = 0.4 M [CH3COONa] = 0.3 M 

      pH = pka + log 
[CH3COONa]

[CH3COOH]
  

      pH = 4.74+ log 
0.3

0.4
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      pH = 4.74+ log (0.75) 

      pH = 4.74 – 0.12 = 4.62 

By adding 0.1 m HCl, concentration of CH3COONa decreases from 0.2 M to 0.1 M and that of CH3COOH 

increases from 0.5 M to 0.6 M. 

[CH3COOH] = 0.6 M[CH3COONa] = 0.1 M  

      pH = pka + log 
[CH3COONa]

[CH3COOH]
  

      pH = 4.74+ log 



0.1

0.6
   

      pH = 4.74 – 0.78 = 3.96 

6. The solubility of CaF2 in water at 25oC is found to be 2.05  10-4 mol dm-3. What is the 

value of Ksp at this temperature?  
 
Solution: 

Given Information: 

 Solubility or concentration of CaF2 =  2.0510-4 mol dm-3 

Requirement: 

Value of Ksp     =    ? 

Calculation and Result: 

     CaF2  Ca+2             + 2F 

 t = 0 sec   2.05  10-4  M     0           0  

 t=equilibrium           0 mol dm-3 2.05  10-4 mol dm-3 22.05 10-4mol dm-3 

     Ksp = [Ca+2][F]2 

      = (2.05  10-4) (2  2.05  10-4)2 

      = (2.05  10-4) (4.10  10-4)2 

      = (2.05  10-4) (16.81  10-8) 

      = 34.46  10-12 

= 3.446  10-11 

7. The solubility product of Ag2CrO4 is 2.6  10-2 at 25oC. Calculate the solubility of the 

compound. 
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Solution:  

Given Information: 

Solubility product of Ag2CrO4    =  Ksp =   2.6 × 10-2 

Required: 

Solubility of Ag2CrO4     =    ? 

Calculation and Result: 

 Let solubility of Ag2CrO4 be ‘S’ 

   Ag2CrO4 2Ag++  CrO
2

4


 

Initial stage        S   0  0 

Equilibrium stage        S   2S   S 

 Ksp  = [Ag+]2[CrO
2

4


]   

 2.6  10-2 = (2S)2 (S) 

 2.6  10-2 =     4S3 

 Or   S3 = 
2.6  10-2

4
  

     = 0.0065 

    S = 3 0.0065  

    S = 0.1866 mol dm-3 

8. Calculate the pH of 
 

a) 10-4 mole.dm-3 of HCl 
 

Solution: 

Given Information: 

[HCl] = 10-4 mol dm-3 

Requirement: 

pH =   ? 

Calculation and Result: HCl         H+  +     Cl- 

     1 mol 1 mol          1 mol 

   10-4 mol 10-4mol       10-4mol 

  Hence    [H+] = 10-4mol dm-3 
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     pH  = log [H+] 

      = log [10-4] 

=  (4) log 10 

      = 4(1) 

     pH =     4 

 

b) 10-4 mole dm-3 of Ba(OH)2 
 

Solution:  

Given Information: 

[Ba(OH)2] =     10-4 mole dm-3 

Requirement: 

pH =       ? 

Calculation and Result: 

Ba(OH)2     Ba2+  +     2OH- 

 1 mol 1 mol            2mol 

 10-4 mol 10-4 mol2x10-4 mol 

 

 Hence    [OH] = 2 10-4mol dm-3 

    pOH = log [OH] 

     = log (2  10-4) = (0.30  4) 

     = 4 – 0.30 = 3.70 

   pH + pOH = 14 

    pH = 14 – POH  

= 14 – 3.7 

= 10.3 

 

c) 1.0 mol dm-3 of H2X which is only 50% dissociated.  
 

Solution:  

Given Information: 

Moles of H2X     =   1.0  ( 50% dissociated) 
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Requirement: 

pH of H2X  =   ? 

Calculation and Result: 

     H2X        2H+             +          X-2 

    1 mol dm-3 2 mol dm-31 mol dm-3  

Dissociated 50 %:     0.5 mol dm-3              1 mol dm-30.5 mol dm-3 

Hence  [H+]  =  1 mol dm-3 

    pH = log [H+] 

     = - log [1] 

     =      0 

 

d) 1.0 mole dm-3 of NH4OH which is 1% dissociated. 

 
Solution: 

Given Information: 

     [OH-]  = 1 
1

100
  = 0.01mol dm-3 

       = 10-2 mol dm-3 

 

Requirement: 

     pH  = ? 

Calculation and Result: 

   NH4OH    NH4
+             +        OH- 

   1 mol dm-3  1mol dm-31mol dm-3 

Dissociated (1%):     0.01 mol dm-3          0.01 mol dm-3       0.01 mol dm-3 

 

     pOH  =  log [OH]  

     pOH  = log [102] 

     pOH  = 2  

Since,     pH + pOH = 14 

     pH  = 14 – pOH 

     pH  = 14 – 2 
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     pH  = 12 

8. Write K c for the following reactions.  

 

Ans: 

(i) 

  Kc= [Sn4+][ Fe2+]2 

        [Sn2+][ Fe3+]2 

(ii) 

Kc= [Ag][ Fe3+] 

        [Ag+][ Fe2+] 

(iii) 

Kc=   [NO]2 

        [N2][O2] 

(iv) 

Kc= [NO]4[ H2O]6 

        [NH3]4[O2]5 

(v) 

Kc= [PCl3][ Cl2] 

           [PCl5] 

 

9. How would you prove that at 25oC, 1dm3 of water contains 10-7 moles of H3O
+ and 10-

7 moles of OH 

Ans: In neutral water, at 25oC, The product of [H+][OH-] is equal to 10-14 

 As  [H+]  =  [OH-] 

 or       [H+][H+] = 10-14 

   [H+]2 = 10-14 

   [H+] = 10-7 mol dm-3 

 and  [OH-] = 10-7 mol dm-3 

     10. Calculate the pH of 10-4 mole.dm-3 of HCl 

 

Given Information: 

[HCl] = 10-4 mol dm-3 

Requirement: 
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pH =   ? 

Calculation and Result: HCl             H+        +     Cl- 

             1 mol                     1 mol           1 mol    

                  10-4 mol                  10-4 mol       10-4 mol  

    Hence     [H+] = 10-4 mol dm-3 

     pH  = log [H+] 

      = log [10-4] 

=  (4) log 10 

      = 4(1) 

     pH =     4 

(b) 10-4 mole dm-3 of Ba (OH)2 

 

Solution:  

Given Information: 

[Ba(OH)2] =     10-4 mole dm-3 

Requirement: 

pH  =       ? 

Calculation and Result: 

Ba(OH)2         Ba2+        +     2OH- 

             1 mol                       1 mol            2mol    

                  10-4 mol                  10-4 mol           2x10-4 mol 

 

 Hence    [OH]  = 2 10-4 mol dm-3 

    pOH = log [OH] 

     = log (2  10-4) = (0.30  4) 

     = 4 – 0.30 = 3.70 

   pH + pOH = 14 

    pH = 14 – pOH  

= 14 – 3.7 

=  10.3 
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(d) 1.0 mol dm-3 of H2X which is only 50% dissociated.  

 

Solution:  

Given Information: 

Moles of H2X       =   1.0  ( 50% dissociated) 

Requirement: 

pH of H2X  =    ? 

Calculation and Result: 

           H2X              2H+             +          X-2 

         1 mol dm-3                  2 mol dm-3                  1 mol dm-3  

Dissociated 50 %:      0.5 mol dm-3              1 mol dm-3                    0.5 mol dm-3               

Hence  [H+]  =  1 mol dm-3 

      pH = log [H+] 

     = - log [1] 

     =      0 

(e) 1.0 mole dm-3 of NH4OH which is 1% dissociated. 

 

Solution: 

Given Information: 

     [OH-]  = 1  
1

100
  = 0.01 mol dm-3 

       = 10-2 mol dm-3 

Requirement: 

     pH  = ? 

Calculation and Result: 

         NH4OH             NH4
+               +        OH- 

         1 mol dm-3            1mol dm-3                    1mol dm-3 

Dissociated (1%):      0.01 mol dm-3          0.01 mol dm-3       0.01 mol dm-3           

 

     pOH  =  log [OH]  

     pOH  =  log [102] 

     pOH  = 2  
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Since,      pH + pOH = 14 

     pH  = 14 – pOH 

     pH  = 14 – 2 

     pH  = 12 
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Numericals 

Chapter 9 

 

1. Calculate the molarity of glucose solution when 9g of it are dissolved in 250 cm3 of 

solution. 
 
Solution:   

Given Information: 

  Mass of glucose   = 9 g 

  Volume of solution  = 250 cm3 

      = 
250

1000
 = 0.25 dm3 

Requirement: 

 Molarity of glucose  =     ? 

Formula applied:  

Molarity   = 
Mass of solute

Molar mass of clute
 

1

vol. of soluton in dm3  

Calculation and Result: 

   Molar mass of glucose  = 180g/mole 

    Molarity  = 
Mass of solute

Molar mass of clute
 

1

vol. of soluton in dm3  

      = 
9

180
 

1

0.25
  = 0.2 M Answer 

2. Calculate the mass of urea in 100g of H2O in 0.3 molal solution. 
 
Solution: 

Given Information: 

   Mass of water  = 100 g 

      = 
100

1000
  = 0.1 kg 

   Molarity of solution  = 0.3 M 

Requirement: 

   Mass of urea  = ? 
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Formula applied:   

Molality  = 
mass of urea

molar mass of urea
 

1

mass of solvent in kg
  

Calculation and Result: 

 Molar mass of urea, (NH2)2CO = 60 g mol-1 

       = 
mass of urea

molar mass of urea
 

1

mass of solvent in kg
  

   Mass of Urea  = Molarity molar mass mass of solvent in kg 

      = 0.3  60  0.1 

      = 1.8 g  Answer  

3. Calculate the concentration of solution in terms of molality Kg1 which is obtained by 

mixing 250g of 20% solution NaCl with 200g of 40% solution of NaCl. 
 
Solution: 

Given Information: 

250 of 20% NaCl, 200 g of 40% NaCl solution  

Requirement: 

Concentration of Solution  =       ? 

Formula applied:  

Molality  = 
mass of solute

molar mass of solute
 

1

mass of solvent in kg
  

 

 

 

Calculation and Result: 

First Solution  Second Solution  

250 of 20% NaCl, 

Mass of NaCl = 
20

100
 250 

 =  50g  

200 g of 40% NaCl solution  

Mass of NaCl = 
20

100
  200 

 = 80 g 

Total mass of NaCl in two solution = 50 + 80 = 130 g 

 Total mass of solution  = 250 g + 200 g = 450 g 
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 Mass of solute (NaCl)  = 130g 

 Mass of solvent   = 450 – 130 – 320 g 

     = 
320

1000
  = 0.32 kg 

    Molality = 
mass of solute

molar mass of solute
 

1

mass of solvent in kg
  

     = 
130

58.5
 

1

0.32
  

                                                    = 6.94 mol kg1Answer 

4. An aqueous solution of sucrose has been labeled as 1 Molar. Find the mole fraction of the 

solute and solvent. 
 
Solution: 

Given Information: 

Molarity of Sucrose solution  =     1M 

Requirement: 

Mole fraction of Solute and Solvent =     ? 

Calculation and Result: 

 1 Molar aqueous solution of (C12H22O11) means that 1mole sucrose is present in 1000 g of water. 

Moles of sucrose (solute) 

     n2 = 1 moles 

   Mass of solvent   = 1000g 

 Moles of solvent (H2O), n1  = 
1000

18
  = 55.5 mol 

   Total moles  = 1 + 55.5  

= 56.5 moles 

 Moles fraction of solute, X2  = 
n2

n1+n2
 = 

1

56.6
  

     Or X2 = 0.0176  Answer 

 Moles fraction of solvent, X1 = 
n1

n1+n2
  

      = 
55.5

56.5
  

      = 0.98  Answer 
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5. You are provided with 80% H2SO4 having density 1.84 g cm-3. How much volume of this 

H2SO4 sample is required to obtain one dm3 of 20% W/W H2SO4 which has a density of 

1.25 g cm-3 
 
Solution:  

Given Information: 

 Provided solution (80% H2SO4 having density 1.84 g cm-3) 

    Density  = 1.84 g cm-3 

Requirement: 

Volume of H2SO4 sample   =    ? 

Calculation and Result: 

It means that 1 cm3 of H2SO4 has mass = 1.84 g 

  1000 cm3 of H2SO4 has mass = 1.84  1000 

      = 1840 g 

Because acid is 80% so 

 100 g H2SO4 solution has H2SO4 = 80 g 

 1 g H2SO4 solution has H2SO4 = 
80

100
  

1840 g H2SO4 solution has H2SO4 = 
80

100
  1840 

      = 1472 g 

  Moles of H2SO4   = 
mass of H2SO4

Molar mass
  

      = 
1472

98
  = 15.02 

Required solution (20% H2SO4 having density 1.25 g cm-3) 

  Density     = 1.25 g/cm-3 

  1 cm3 of H2SO4 has mass = 1.25 g 

  1000 of H2SO4 has mass  = 1.25  1000 = 1250 g 

Because acid is 20%, so  

100 H2SO4 solution contains H2SO4 = 20 g 

1250 g H2SO4 solution contains H2SO4 = 
20

100
  1250 = 250 g 
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  Moles of H2SO4   = 
250

98
 = 2.55 mol 

  Provided H2SO4  = Requirement H2SO4 

    M1V1  = M2V2 

  15.02  V1   = 2.55  1000 

    V1  = 
2.55  1000

15.02
 

      = 169.7 cm3 (Requirement volume)  

 

Note:  Measure 169.7cm3 of “provided solution”, add water to get 1dm3 of required solution.  

6. 250 cm3 of 0.2 molar K2SO4 solution is mixed with 250 cm3 of 0.2 molar KCl solution. 

Calculate the molar concentration of K+ ions in the solution. 
 
Solution:  

Given Information: 

K2SO4 solution  

Volume   = 250 cm3 

Molarity   = 0.2 M 

KCl solution  

Volume   = 250cm3 

Molarity   = 0.2 M 

Requirement: 

Molar Conc. of K+ ions =    ? 

Calculation and Result: 

  

K2SO4 solution  

Volume   = 250 cm3 

Molarity   = 0.2 M 

K2SO4  2K+    +   SO
4 

0.2 M   2(0.2)   (0.2) 

0.4 M 

KCl solution  

Volume  = 250cm3 

Molarity  = 0.2 M 

KCl     K+    +   Cl 

0.2 M       0.2 M 

0.2M 

 Total concentration of K+ ions = 0.4 + 0.2 

      = 0.6 M 
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 Total volume of two solutions  = 250 + 250 = 500 cm3 

      = 
500

1000
 = 0.5 dm3 

 1 dm3 solution contains K+ ions = 0.6 mol 

 0.5 dm3 solution contains K+ ions = 0.6  0.5 = 0.3 mol Answer 

7. 5g of NaCl are dissolved in 1000 g of water. The density of resulting solutions is 0.997 

g/cm3. Calculate molality, molarity and mole fraction of this solution. Assume that the 

volume of the solution is equal to that of solvent. 

 

Solution: 

Given Information:  

   Mass of NaCl   = 5 g 

   Mass of H2O   = 1000g  

Density of solution    = 0.987 g cm-3 

Requirement: 

Molarity, Molality, Mole fraction of Solution =     ? 

Calculation and Result: 

   Molality   = 
mass of solute

 molar mass of solute
 

1

mass of solvent in kg
  

       = 
5

58.5
 

1

1
 = 0.0854 m Answer 

  Density of solution    = 0.987 g cm-3 

  Mass of solution    = 5 + 1000 = 1005 g 

   Density     = 
mass

 volume
  

  Volume of solution    = 
mass

 density
  = 

1005

0.987
  = 1018.2 cm3 

       = 1.018 dm3 

  Molarity     = 
mass of solute

 molar mass of solute
 


1

volume of solvent in dm3  

       = 
5

58.5
 

1

1.018
  = 0.084 M   Answer 

  Mass of NaCl    = 5 g 
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  Moles of NaCl    = 
5

58.5
 = 0.085 

  Mass of H2O    = 1000g 

  Mole of H2O    = 
1000

18
  = 55.5 

   XNaCl    = 
0.085

55.5 + 0.085
  = 

0.085

55.585
  

       = 0.0015 

   XH2O    = 
55.5

55.5 + 0.085
  = 

55.5

55.585
  

       = 0.99 Answer 

7. 4.675 of a compound with empirical formula C3HsO were dissolved in 212.5 g of pure 

benzene. The freezing point of solution was found 1.02oC less than that of pure benzene. 

The molar freezing point constant of benzene is 5.1oC calculate (i) the relative molar 

mass and (ii) the molecular formula of the compound. 
 
Solution: 

Given Information: 

   Mass of solute W2 = 4.675 g 

   Mass of solvent W1 = 212.5 g 

 Depression in freezing point TF  = 1.02oC 

 Molal freezing point constant Kf  = 5.1oC 

Requirement: 

  Molar mass of solute, M2 = ? 

 

 

Formula applied:  

M2  = 
Kf 1000  W2

 T1W1
  

Calculation and Result: 

    M2  = 
Kf 1000  W2

 T1W1
  

      = 
5.1  1000  4.675

1.02  212.5
 = 110 g mol-1 

 Empirical formula of compound  = C3H3O 
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 Empirical formula mass   = 36 + 3 + 16 = 55 

 Molar mass of compound  = 110 

    n  = 
Molar Mass

Empirical formula mass
  

      = 
110

55
  = 2 

 Molecular formula   = n (empirical formula) 

      = 2  (C3H3O) 

      = C6H6O2  Answer 

8. The boiling point of a solution containing 0.2 g of a substance A in  20 g of ether (molar 

mass = 74) is 0.17 K higher than that of pure ether. Calculate the molar mass of A. Molal 

boiling point constant of ether is 2.16 K.  

 

Solution:  

Given Information: 

   Mass of solute (W2) = 0.2 g 

   Mass of solvent (W1) = 20 g 

Elevation of boiling point (Tb)  = 0.17 K 

Molal boiling point constant (Kb)  = 2.16 K 

Requirement: 

Molar mass of solute (M2)   = ? 

Formula applied:  

    M2  = 
Kb

Tb
 

1000 W2

W1
  

Calculation and Result: 

    M2  = 
Kb

Tb
 

1000 W2

W1
  

      = 
2.16  1000  0.2

 0.17  20
  

      = 127 g mol-1 Answer 

 

 

 



 

Edited and compiled by Waqas Aleem (Lecturer) , FC College 

9. 3g of a non-volatile non-electrolyte solute X are dissolved in 50g of ether (molar mass = 

74) at 239 K. The vapour pressure of ether falls from 442 torr to 426 torr under these 

conditions. Calculate the molar mass of solute X. 

 

Solution: 

Given Information: 

  Mass of soluteW2 = 3g 

  Mass of solvent W1  = 50 g 

Molar mass of solvent M1  = 74 g mol-1 

Pressure of pure solvent Po  = 442 torr 

Pressure of solutionP   = 426 torr 

Requirement: 

Molar mass of solute X   =      ? 

Formula applied:  

M2  = 
W2M1Po

 PW1
  

 

Calculation and Result: 

Change in pressure 

    P = Po – P  

     = 442 – 426  

     = 16 torr 

    M2 = 
W2M1Po

 PW1
  

= 
3 x 74 x 442

16 x 50
      

     = 
98124

800
  

     = 122.6 g mol-1 Answer 
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Chapter No. 1 

Important Short Question 

1. No individual neon atom in the sample of the element has a mass of 2018 amu. 

There are three isotopes of neon i.e 𝑁𝑒,10
20 𝑁𝑒,10

21 𝑁𝑒.10
22 The average atomic mass of 

neon in 20.18 amu. Atomic mass depends upon the number of possible isotopes and 

their natural abundance. 

Average atomic mass: 20 x 90.92 + 20 x 0.26 + 22 + 8.82 

    100 

 Hence the average atomic mass of neon is 20.18 amu. 

2. What are the assumptions of stoichiometry? 

1) All the reactants are completely converted into the products. 

2) No side reaction occurs. 

3) The law of conversation of and and the law of definite proportions are obeyed. 

3. Calculate mass in kg of 2.6 x 1020 

Molar mass of SO2 = 32 + (2 x 16) 

   = 32 + 32  

   = 64 

 Mass  = ? 

No. of molecules = 
Mass  x  NA

𝑀𝑜𝑙𝑎𝑟 𝑀𝑎𝑠𝑠
 

Mass  = 
No of molecules x Molar Mass

𝑁𝐴
 

 =
2.6 x 1020x 64

6.02x1023
 

 = 2.7.64 x 10-3 

 = 2.7 x 10-5 kg 

4. Write function of Mg (ClO4)2 and KOH in combustion analysis. 

In combustion analysis, Mg (ClO4)2 absorbs water and carbon dioxide is absorbed by 

50% KOH. 
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5. Define molecular ion. Write its uses. 

A molecule may lose or gain an election to form a molecular ion, e.g., 

𝐶𝐻4
⊕, 𝐶𝐻⊕ , 𝐶𝐻2

⊕
. 

The break down of molecular ions obtained from the natural products can give 

important information about their structure. 

 

6. How we calculate % age yield? 

The efficiency of reaction is called % age yield. It is expressed by comparing the 

actural the theoretical yields. 

% yield = 
𝐴𝑐𝑡𝑢𝑎𝑙 𝑦𝑒𝑖𝑙𝑑

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 
x 100 

 

7. Actual yield is usually less than the theoretical yield. Give reasons.  

In most chemical reactions the amount of the product obtained is less than the 

theoretical yield. There are various reasons for that. A practically in experienced 

worker has many shortcomings and cannot get the expected yield. The processes like 

filtration, separation by distillation, separation by a separating funnel, washing, drying 

and crystallization if not properly carried out, decrease the actual yield, some of the 

reactants might take part in a competing side reaction and reduce the amount of the 

desired product. 

 

8. A compound may have same empirical as well as molecular formula justify. 

There are many compounds which have same empirical and molecular formulas. For 

example, H2O, CO2, NH3 and C12H22O11 have same empirical and molecular 

formulas. The relation between molecular formula and empirical formula is: 

Molecular formula = n x Empirical formula. 

The multiple ‘n’ is unity in such cases. Actually, the ratio of molecular mass and 

empirical formula mass gives the value of ‘n’. 

N = 
𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑚𝑎𝑠𝑠

𝐸𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑚𝑎𝑠𝑠
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9. What is Avogadro’s number? Give equation to elate the Avogadro’s number and mass 

of an element. 

Avogadro’s number is the number of atoms, molecules and ions in one gram atom of 

an element, one gram molecule of a compound and one gram ion of a substance, 

respectively. 

For example, 

1.008g of hydrogen = 1 mol of hydrogen = 6.02x1023 atoms of H 18g of H2O= 1 mol 

of water= 6.02x1023 molecules of water. 96g of SO4
2-= 6.02 x 1023ions of SO4

2- . The 

required relation is: 

Number of atoms of an element = 
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡

𝐴𝑡𝑜𝑚𝑖𝑐 𝑚𝑎𝑠𝑠
 X NA 

Number of molecules of a compound = 
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝐶𝑜𝑚𝑝𝑜𝑢𝑛𝑑

𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑚𝑎𝑠𝑠
N𝐴 

Number of ions of an ionic specie = 
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝐼𝑜𝑛

𝐼𝑜𝑛𝑖𝑐 𝑚𝑎𝑠𝑠
N𝐴 

 

10. What are isotopes? Why they have same chemical but different physical properties? 

Isotopes are atoms of the element having same atomic number but different mass 

number. For example, hydrogen has three isotopes podium H,1
1  deuterium, H1

2  and 

tritium H1
3 . 

Isotopes of an element have same electronic configuration and as chemical properties 

depend upon the number of electrons in outermost shell so isotopes have same 

chemical properties. They have different physical properties because physical 

properties depend upon mass number and isotopes have different mass number. 

 

11. One mole of H2SO4 should completely react with two moles of Na OH. How does 

Avogadro’s number help to explain it? 

The balanced chemical equation between H2SO4 and NaOH H2SO4 + 2Na OH       

Na2 SO4 + 2H2O. 

One mole of H2SO4 releases two moles of H+ in the solution. It needs two moles of 

OH ions for complete neutralization expressing it in terms of Avogadro’s number: 

1 mol of H2SO4 gives = 2H+ions 

   = 2 x 6.02x1023 ions. 
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2 mol of H2SO4 gives = 2O-Hions 

   = 2 x 6.02x1023 ions. 

12. Describe that one mole of H2O has two moles of bonds, three mole of atoms, ten moles 

of electrons and twenty eight moles of the total fundamental particles present in it. 

 

The molecule of H-O-H has two bonds in it. Therefore, one mole of H2O contains two 

moles of bonds and three moles of atoms, similarly, there are eight electrons in 

oxygen and one electron in each of the two H atoms. One molecule of H2O has 10 

electrons, so one mole of water contains 10 moles of electrons. There are 28 moles of 

all fundamental particles in one mole of water, 10 moles of electrons, 10 moles of 

protons, 8 moles of neutrons. 

 

13. How N2 and CO have same number of electrons, protons and neutrons? 

No. of electrons in N2= 7+7=14, number of protons in N2 = 7+7=14 and number of 

neutrons (14-7) = 7+7=14. In Co, number of electrons in C = 6, number of protons in 

0 = 8, total number of protons = 6+8 = 14. 

Number of neutrons in C=6, number of neutrons in 0=8, total number of neutrons = 

6+8 =14. 

 

14. Why 23g of Na and 238g of uranium have equal number of atoms in them? 

23g of Na = 1 mole of Na 

238g of U = 1 mole of U 

As both are equal to 1 mole so one mole of element has 6.02 x 1023 atoms in that. 

 

15. How Mg-atom is twice heavier than that of C-atom? 

The atomic mass of Mg is 24g mol-1 which is twice in mass as compared to the atomic 

mass of C i.e. 12g mol-1. So Mg atom is twice heavier than that of carbon. 

16. Why 2g of H2, 16g of CH4 and 44g of CO2 occupy separately the volumes of 22.414 

dm3 although the sizes and masses of molecules of the these three gases are very 

different from each other? 

One mole of an ideal gas at S.T.P. occupies a volume of 22.414dm3. sizes and masses 

of molecules of different gases do not affect the volume. Normally it is known that in 
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the gaseous state the distance between the molecules is 300 times greater than their 

diameter. Therefore two grams of H2, 16g of CH4 and 44g of CO2 (1 mole of each 

gas) separately occupy a volume of 22.414dm3. This is called molar volume (Vm). 

 

17. What is the function of electric field in mass spectrometer? 

In mass spectrometer, when a potential difference (E) of 500 – 2000 is applied 

between perforated accelerating plates, then these positive ions are strongly attracted 

towards the negative plate. In this way, the ions are accelerated. 

 

18. With the help of two examples show that molecular formula is a multiple of empirical 

formula. 

The empirical formula of benzene and glucose are CH and CH2 O, respectively. For 

these compounds, the molecular formulas are simple multiple of empirical formulas. 

Hence, 

 Molecular formula = n x Empirical formula 

  CH x 6        = C6H6 

  CH2O x 6    = C6H12O6 

 

19. Define Avogadro’s number and molar volume. 

Avogadro’s number 

It is the number of atoms, molecules or ions in one gram atom of an element, one 

gram molecule of a compound or on gram ion of an ionic substance. For example, 

1.008g of hydrogen = 1 mole of hydrogen = 6.02 x 1023 atoms of H 

Molar Volume: 

One mole of any gas at standard temperature and pressure (STP) occupies a volume of 

22.414 dm3. This volume of 22.414 dm3 is called molar volume and it is true only 

when the gas is ideal.  

For example, 
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2.106 of H2 = 1 mole of H2 = 3.06 x 1023  molecules of 112 = 22.414 dm3 of H2 at 

S.T.P. 

 

20. How is the law of conversation of mass obeyed during stoichiometric calculations? 

Stoichiometric calculations are those which tell us about the quantitative relationship 

between reactants and products in a balanced chemical equation law of conservation 

of mass is obeyed during stoichiometric calculations: 

For example, 

 CaCO3⟶  CaO + CO2 

 100g 56g  + 44g = 100g 

Balanced chemical equation means that masses f reactant and product are some. This 

means that law of conservation of masses is obeyed during stoichiometric 

calculations. 

 

21. How do many chemical reactions taking place in our surroundings in value the limiting 

reactant? 

Many chemical reactions taking place in our surroundings involve limiting reactant. 

In the process of burning of wood, wood is limiting reactant, whereas, oxygen is in 

excess. If we have 30 kababs and 58 slices then only 29 sandwiches are made. One 

kabab will be in excess so slices are limiting reactant. 

 

22. 4.9 of H2SO4 when completely ionized in water, produces equal number of positive and 

negative charges but the number of positively charged ions are twice than the number of 

negatively charged ions?  

4.9g of H2SO4 when completely ionized in water have equal number of positive and 

negative charges but the number of positively charged ions are twice the number of 

negatively charged ions. 

 Moles of H2SO4 = 
4.9

98
 = 

1

20
 = 0.05 moles. 

 H2SO4⇄ 2H+ +   SO4
2- 

 4.9g  2x0.05  0.05 

 (0.05 moles)  moles  moles 
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4.9g of H2SO4 (0.05 mol) when ionized completely produces 0.1 moles of positive 

charges and 0.1 moles of negative charges. Hence, no. of positive and negative 

charges are same 4.9g of H2SO4 (0.05 mol) produces 0.1 moles of H+ ions and 0.05 

moles of SO4
-2ions. Hence, no. of positively charged ions are twice the no. of 

negatively charged ions. 

 

23. How one mg of K2CrO4 produces thrice the number of ions than the number of formula 

units when ionized in water? 

One mg of K2 CrO4 has thrice the number of ions than the number of formula units 

when ionized in water. 

K2CrO4

𝐻2𝑂
⇔ 2K+ + CrO4

-2 

So, from one formula unit of K2CrO4 three ions ( 2K+ and I CrO4
-2). 
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Ch:2 

Important Short Question 

1. Define qualitative analysis and quantitative analysis of a compound. 

Qualitative analysis:- The detection and identification of elements in a compound is 

called qualitative analysis. 

Quantitative analysis:- The determination of amount or percentage of different 

elements in a compound is called quantitative analysis. 

For example, in C6H12O6 detection of C1H,O is qualitative analysis and ratio of 6:12:6 

of C:H:O is quantitative analysis. 

 

2. What is the difference between Crooch crucible and sintered glass crucible? 

Sr 

No 

Crooch Crucible Sintered glass crucible 

1.  Crooch crucible is made up of 

proclaim 

Sintered glass crucible is made of 

glass. 

2.  Base is covered with a filter paper or 

an asbestos mat cut to its size. 

No special propaction is required to 

cover the base with filter paper or 

asbestos mat. 

3.  To filter cone HCl and KMnO4 

solutions asbestos mat is required 

To filter cone HCl and KMnO4 

solutions no preparation is required. 

 

3. How does rate of filtration increase by using fluted filter paper? 
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The alternate elevations and depressions of fluted filter paper give it a fan like 

arrangement, thus, increasing the surface area and as a result rate of filtration 

increases. 

 

4. Name the various experimental techniques which are used for purification of 

substances.  

Various experimental techniques which are used for purification of substances are 

given below: 

1. Filtration.     4.   Sublimation 

2. Crystallization.    5.   Chromatography 

3. Solvent extraction.   6.   Distillation 

 

5. Write down four main characteristics of solvent selected for crystallization of a 

compound. 

1) It should dissolve a large amount of the substance at its boiling point and only 

small amount at the room temperature. 

2) It should not react chemically with the solute. 

3) It should either not dissolve the impurities or the impurities should not 

crystallize from it along with the solute. 

4) On cooling it should deposit well-formed crystals of the pure compound. 

 

6. How chemical characterization of  a compound is done? 

A complete chemical characterization of a compound mush include both qualitative 

and quantitative analysis. In qualitative analysis, the chemist is concerned with the 

detection or identification of the elements present in a compound. Whereas in 

quantitative analysis, the relative amounts of the elements are determined. A 

complete quantitative determination generally consists of four major steps (i) 

Obtaining a sample for analysis (ii) separation of the desired constituent (iii) 

measurement and calculation of results (iv) drawing conclusion from the analysis. 
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7. What do you mean by solvent extraction? Which law control it? 

In solvent extraction a solute can be separated from a solution by shaking the 

solution with a solvent in which the solute is more soluble and added solved does not 

mix with the solution. Usually it is done by placing the solution and the second liquid 

into a separating funned. The funnel is stoppered and the two liquids are shaken 

together. Solvent extraction is controlled by distribution law or partition law. 

 

8. How crystals are dried in a vacuum desiccator?  

Crystals are placed in a watch glass and kept in a vacuum desiccator for several 

hours. The dying agents used in a desiccator are CaCl2, silica gel or phosphorus 

pentoxide. 

 

9. State distribution law. 

The law states that a solute distributes itself between two immiscible liquids in a 

constant ratio of concentrations irrespective of the amount of solute added.  

 

10. Define partition chromatography: 

In partition chromatography, the solute distributes itself in between the stationary 

phase and the mobile phase. For example, paper chromatography. The stationary 

phase may be a solid or liquid absorbed on the surface of an inert solid. 

 

11. Why concentrated HCL and KMnO4 solution cannot be filtered by crooch crucible?  

 

Concentrated HCL and KMnO4 solutions can’t be filtered by using ordinary filter 

paper in Crooch crucible as they react with the filter paper. For using such solutions 

asbestos mat is used. 

 

12. Write names of major steps involved in crystallization. 
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The process of crystallization has the following steps: 

I. Choice of solvent. 

II. Preparation of saturated Solution. 

III. Filtration 

IV. Cooling 

V. Collecting and washing of crystals. 

VI. Drying the crystalline substance. 

VII. Decolourization of undesirable Color. 

 

13. How crystals are dried by reliable method? 

(Same answer as vacuum desiccator) 

14. Define sublimation and partition law. 

Sublimation 

Sublimation is a process in which solid when heated directly converts to the vapour 

phase without passing through the liquid phase and there vapours can be condensed 

to form the solid again. Examples are ammonium chloride, iodine, naphthalene.  

(Partition law given before). 

 

15. Different between adsorption chromatography and partition chromatography. 

        

Sr 

No 

Adsorption Chromatography Partition Chromatography 

1)  In it stationary phase is a solid. In it stationary phase is solid or liquid 

adsorbed on the surface of inert solid. 

2)  In it solute leaves the mobile 

phase and gets adsorbed on the 

surface of stationary phase.  

In it solute distributes between stationary 

phase and mobile phase  

3)  Example: Example: 
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Column chromatography Paper chromatography  

 

16. Define sublimate. 

When the solid is directly converted into vapours without passing through the liquid 

state then the substance is called as sublimate. Example, ammonium chloride, iodine, 

naphthalene. 

 

17. Write main uses of chromatography, 

1) Qualitative and quantitative analysis. 

2) In organic synthesis for separation, isolation and purification of product. 

 

18. Why is there a need to crystallize the crude product? 

The crude product carries impurities with it. There is need to crystallize the crude 

product to remove impurities to make it pure. 
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Chapter 03 

Gases 

1. Explain Boyle’s law according to kinetic molecular theory of gases: 

 

1

2 
𝑚𝑁𝑐2̅̅̅ ∝ T 

1

2 
𝑚𝑁𝑐2̅̅̅ ∝kT  — (1) 

Where k is the proporinality constant. According to the kinetic equation of gases: 

PV= 
1

3
mN𝑐2̅̅̅   — (2) 

Multiplying and dividing eq (2) by 2 on right had side. 

PV= 
2

3
 (
1

2
 mN𝑐2̅̅̅)   — (3) 

Put (1) in (3) 

 PV= 
2

3
 kT   — (4) 

If temperature (T) is constant then right hand side of eq (4) 
2

3
 KT is constant. Let that 

constant be k1. 

Pv =k/ (which is Boyle’s law) Hence at constant temperature and number of moles, the 

product PV is a constant quantity. 

2. What are isotherms? 

The graph of Boyle’s law is called isotherm ‘Iso’ means same and ‘therm’ means 

temperature. If graph is plotted between pressure and volume then curve is obtained. 

 

 

    Isotheem 

    At 0oc. 

V 

(dm3) 

  P (atm) 

 

3. Define Avogadro’s law. 



14 
 

Prepared by: Ms Khair-ul-Bariyah 
Assistant Professor (Chemistry) 
College Section 
FCCU, Lahore 

Equal volumes of all the ideal gases at the same temperature and pressured contain 

equal number of moles. 

  Vα m (P,T constant) 

  V = kn 

One mole of ideal gas at 273.16K and one atmospheric pressure has 22.414dm3. 

4. Prove chat Pi= Ptxi 

PtV = nt RT — (1)  

PiV = ni RT — (2)  

Divide (2) by (1) 

𝑃𝑖𝑉

𝑃𝑡𝑉
=
𝑛𝑖𝑅𝑇

𝑛𝑡𝑅𝑇
 

𝑃𝑖

𝑃𝑡
 = 
𝑛𝑖

𝑛𝑡
 

Pi = 
𝑛𝑖

𝑛𝑡
 x Pt 

𝑛𝑖

𝑛𝑖
 = xi 

Pi = xiPt 

Pi = Pt x i 

5. Calculate fraction of total pressure exerted by oxygen when equal masses of CH4 and 

O2 are mixed in an empty container at 25oC. 

It is equal to its mole faction in mixture. Equal mass of O2 and CH4 is 32kg. 

n02 = 
32

32
= 1 𝑚𝑜𝑙𝑒 

nCH4 = 
32

16
= 2 𝑚𝑜𝑙𝑒 

nt = nCH4 + n02 

x02 = 
𝑛𝑜𝑒

𝑛𝑡
 

     = 
1

1+2
 = 
1

3
 

XCH4 = 
𝑛𝐶𝐻4

𝑛𝑡
 

= 
2

1+2
 = 
2

3
 

 Hence fraction of total pressure exerted by O2 is 2 3⁄  

6. Justify that volume of gas becomes theoretically zero at- 273oC. 
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As we know, 

Vt = Vo(1+
𝑡

273
) 

Vt = ? 

Vo2  = 546 cm3 

T  = -273oc 

Vt = 546 (1-
273

273
) 

  = 546 (1 - 1) 

  = 546 (0) = 0cm3 

 

7. Write down the faulty postulates of kinetic molecular theory of gases. 

1) The molecules of a gas have new forces of attraction for each other. 

2) The actual volume of molecules of a gas is negligible as compared to the volume of 

the gas. 

 

8. What is plasma state? How is plasma formed at high temperature? 

The ionized gas mixture consisting of cons, elections and neutral atoms is called 

plasma.  

When more heat is supplied the atoms or molecules may be ionized. An electron may 

gain enough energy to escape its atom. This atom loses one electron and develops a net 

positive charge. It becomes an ion. In a sufficiently heated gas, ionization happens 

many times creating clouds of free electrons and ions. 

 

9. Write down the values of atmospheric pressure in different units. 

1mmHg = 1torr 

1 pascal = 1Nm-2 

760 torr= 101325 Pa 

 

10. Write down two applications of plasma 

1) Plasma light up our offices and homes, make our computers and electronic 

equipment  work. 

2) They drive lasers and particle accelerators. 

11. Calculate the value of ‘R’ gas constant in SI units. 
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1 atm  = 760 torr = 101325 Nm-2 

 1m3  = 1000dm3 

n  = 1 mole 

T  = 273.6 k 

P  = 1 atm = 101325 Nm-2 

V  = 22.414 dm3 = 0.022414m3. 

R  = 
𝑃𝑉

𝑛𝑇
 

R  = 
101325 x 0.02241

1 x 273.16
 

R  = 8.3143Nmk-1 mol-1 

R  = 8.3143 JK-1mol-1 (1Nm = 1J) 

 

12. The plot of PV versus P is a straight line at constant temperature and with a fixed 

temperature and with a fixed number of moles of an ideal gas. Justify. 

It a graph is plotted with pressure along x – axis and PV along y – axis then a straight 

line parallel to the pressure axis is obtained. If pressure is increased then volume is decreased 

keeping the product PV constant if temperature and number of moles of an ideal gas are kept 

constant. 

13. What do you mean by cutical temperature of gases ? 

The highest temperature at which a substance can exist as a liquid is called its critical 

temperature (Tc). For example, the critical temperature of water is 647.6k (374.44oc). 

 

14. What do you  mean by absolute zero temperature of gases? 

The lowest possible temperature at which a gas converts to liquid even before reaching 

it is called absolute zero. Its value is 273.16oC or OK. It is a hypothetical temperature 

and all real gases convert to liquid before reaching it due to the development of 

intermolecular forces and as the molecular motion of gases cease. 

 

15. Why higher gases diffuse more rapidly than heavier gases? 

Lighter gases have less density and molecular mass due to which they diffuse more than 

heavier gases. 
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𝑟1

𝑟2
 = √

𝑑2

𝑑1
 

  
𝑀

𝑟2
 = √

𝑀2

𝑀1
 

  Gaham’s law also proves it.  

 

16. Why do we feel confortable in expressing the densities of gasses in units of g dm-3 

rather than gdm-3 a unit which is used to express the densities of liquids and solid? 

The unit g/cm3 is a small unit and the value of density of gases is also very small. If we 

express the density of gas in bigger units like g/dm3 then the value becomes reasonable 

to be expressed. 

 

17. Derive Charles’s law by kinetic equation of gases. 

PV = 
2

3
 kT 

V  = 
2

3

𝑘𝑇

𝑃
 

  = (
2𝑘

3𝑝
) T 

At constant pressure, 
2

3

𝑘

𝑃
 = kH (a new constant) 

V  = k11 T 

𝑉

𝑇
 = k// (which is charler’s law) 

 

18. Device molecular mass of a gas by general gas equation. 

PV  = mRT 

N  = 
𝑚

𝑀
 

PV = 
𝑚

𝑀
 RT 

PM = dRT 

M = 
𝑑𝑅𝑇

𝑃
 

 

19. Drive an expression to calculate density of a gas from ideal gas equation. 

PV  = nRT 

N  = 
𝑚

𝑀
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PV = 
𝑚

𝑀
RT 

PM = 
𝑚

𝑣
 RT  (d = 

𝑚

𝑉
) 

PM = dRT 

d  = 
𝑃𝑀

𝑅𝑇
 

 

20. Why SO2 is comparatively non-ideal at 273k but behaves ideally at 327oc? 

Increasing the temperature increases the spaces or decreases the intermolecular forces, 

thus, increasing ideality. So at high temperature of 327⁰C SO2 is ideal as compared to 

273K. 

 

21. Where do natural plasma and artificial plasma exist? 

Artificial plasma can be created by ionization of a gas, as in neon signs. Plasma which 

is natural exists only at very high temperatures or low temperature vacuums. 
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Chapter 04 

Liquid and Solids 

1. Why evaporation takes place at all temperatures? 

Evaporation is surface phenomenon. At any temperature, the surface molecules have 

high kinetic energy than the ones present below. The molecules with high kinetic 

energy leave the surface leaving behind molecules with low kinetic energy. As 

temperature is increased the average kinetic energy of molecules increases and so rate 

of evaporation increases. 

 

2. Why heat of sublimation of iodine is very high? 

Heat of sublimation of iodine is very high because of its large size which results in 

more polarizability. Moreover, in sublimation two stage i-e solid to liquid and liquid to 

vapour are crossed in a single step. 

 

3. Why ionic crystals do not conduct electricity in solid state? 

Ionic crystal do not conduct electricity in solid state because the ions are tightly packed 

in the solid state. They have no free charges and electrons in the solid state due to which 

electricity is not conducted. 

 

4. Define transition temperature with an example. 

It is the temperature at which two crystalline forms of same substance can co-exit in 

equilibrium with each other. For example; 

Grey tin (cubic)
13.2𝑜𝑐
⇔    While tin (tetragonal)  

 

5. Evaporation causes cooling. Why? 

Evaporation causes cooling because when high energy molecules leave the liquid low 

energy molecules are left behind. The temperature of liquid falls and heat moves from 

surrounding to liquid and then temperature of surrounding also falls. 
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6. Ionic crystals are highly little .Why? 

In ionic crystals parallel layers of cations and anions are arranged in alternate positions 

and opposite charges are in front of each other. When external force is applied parallel 

to the layers like charges come in front of each other and repulsion takes place resulting 

in breakage of crystal. This causes brittleness. 

Forces ⟶
⊖

⊕

⊕

⊖

⊖

⊕

⊕

⊖

⊖

⊕

⊕

⊖
 
⊖

⊖

⊕

⊕

⊖

⊖
 Breakage/ Splitting 

7. Cleavage is an anisotropic behavior. Explain it. 

Cleavage is an anisotropic behavior because when stress is applied to crystals they are 

broken along definite angles. 

8. Why boiling point of H2O is greater then HF? 

Boiling point of water is greater than that of HF because HF has one hydrogen bond per 

molecule whereas H2O has two hydrogen bonds per molecule. 

9. Why different liquids evaporate at different rates even at the same temperature? 

Different liquids have different strengths of intermolecular forces and hence different 

boiling points and specific heat capacities due to which they have different rates of 

evaporation. 

10. How the liquid crystals help in the detection of the blockage in veins and arteries? 

Liquid crystalline substances are used to locate the veins, arteries, infections and 

tumors. The reason is that these parts of the body are warmer than the surrounding 

tissues. Specialists can use the techniques of skin thermography to detect blockages in 

veins and arteries. 

11. What is the relationship between polymorphism and allotropy ? 

Polymorphism and allotropy have converse relationship. Polymorphism is a 

phenomenon n which a compound exists in more than one crystalline form while the 

existence of an element in more than one crystalline forms is known as allotropy. 

12. What is isomorphism? Give an example. 

Isomorphism is a phenomenon in which two different substances exist in the same 

crystalline form. For example, NaNO3, KNO3 have rhombohedral crystalline form. 
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13. Transition temperature is the term used for elements as well as compound. Explain. 

It is the temperature at which two crystalline forms of the same substance can co-exist 

in equilibrium with each other. As both compounds and elements have different 

crystalline forms so transition temperature is for both elements and compounds. 

Grey tin (cubic) 
13.2𝑜𝑐
⇔    While tin (tetragonal)  

KNO3 (orthorhombic) 
13.2𝑜𝑐
⇔   KNO3 (rhombohedra)  

 

14. The vapour pressure of diethyl either is higher than that of water at same temperature. 

Give reason. 

Diethyl either has weaker intermolecular forces that water. Water has hydrogen bonding 

which is not present in diethyl ether. That is why, vapour pressure of diethyl ether is 

higher than that of water. 

 

15. What are dipole-dipole forces of attraction? Explain with an example. 

When the forces of attraction (electrostatic force) is between positive end of one 

molecule and negative end of the other molecules then these forces are called dipole 

forces. For example, electrostatic forces of attraction between HCl molecules. 

Hs+  Cls- ---------- HS+ - Cls- 

 

16. Define molar heat of fusion and molar heat of vaporization.  

Molar Heat of Fusion (∆Hf) 

It is the amount of heat absorbed when one mole of solid is converted into liquid at its 

melting point keeping the pressure one atmosphere.  

Molar Heat of Vaporization (∆Hv) 

It is the amount of heat absorbed when one mole of a liquid is changed into vapours at 

its boiling  point keeping the pressure one atmosphere. 
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17. Write four properties of molecular solids. 

1) X-rays analysis shows the regular arrangement of atom along three dimensional 

plane. 

2) The forces which hold the molecules  together in molecules crystals are very weak 

so they are soft and easily compressible.  

3) They are mostly volatile and have low melting and boiling points. 

4) They are bad conductors of electricity. 

 

18. Why heat of sublimation is greater than heat of vaporization? 

In sublimation two stage i.e solid to liquid and liquid to vapors are crossed in a single 

step whereas in heat of vaporization liquid is converted to vapour in a one step process. 

That is why, heat of sublimation is greater than heat of vaporization. 

 

19. Why ice floats on surface of liquid water? 

Ice floats on surface of liquid water because density of ice is less than liquid water and 

ice has 9% empty spaces than liquid water making it lighter than water. 

 

20. Describe cleansing action of soaps and detergents on the basis of H-bonding. 

Soaps and detergents perform the cleaning action because the polar part of their 

molecules are water soluble due to non-polar parts remain outside water because they 

are alkyl or benzyl portions and are insoluble in water. 

 

21. Why boiling point of water varies from sea level to higher places? 

As we move to higher places the external pressure decreases due to which boiling point 

decreases. Water can be made to boil at any temperature by changing the external 

pressure so as we move from sea level to higher places boiling point of water varies. 

For example, water boils at 98OC at Murree hills while at the top Mount Everest water 

water boils at only 69oC at 323 torr. 
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22. Water is liquid at room temperature which H2S is a gas. Comment. 

In H2S no hydrogen bonding is present whereas in H2O two hydrogen bonds per 

molecule are present. That is why, H2O is liquid whereas H2S is gas at room 

temperature. 

 

23. Why one feels sense of cooling under fan after bath? 

The water particles clinging to our skin and body evaporate very quickly with the help 

of the fan. When the water droplets evaporate, they take away heat energy from our 

body. That’s why, we feel the cooling effect. 

 

24. Lower alcohols are soluble in water but hydrogen carbons are insoluble. Give reason. 

Lower alcohols are soluble in water because they have tendency to form hydrogen 

bonds but hydrocarbons are not soluble in water because they are non-polar compounds 

and there are no chances of hydrogen bonding between water and hydrocarbon 

molecules.  

 

25. Why electrical conductivity of the metals decrease by increasing temperature? 

As the temperature increases, the positive spheres start vibrating about their fixed 

positons and so prevent the flow of electrons. As a result, the electrical conducting of 

metals decrease by increasing temperature.  

 

26. Why boiling point of H2O is different at Muree hills and at mount Event? 

 

As we reduce the external pressure, boiling point also reduces, As we go at higher 

altitude, atmospheric pressure decreases. At Murree hills, atmospheric pressure is 

700torr and boiling point of water at 69oc because atmospheric pressure is 323 torr.  
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Ch:5 

Atomic structure 

1. Write down the electronic configuration of Fe (26) and Br (35). 

Fc (26): [Ar] 4s2 3dxy2 3dyz2 3dxz1 3d1x2-y2 3dz2 

Br (35): [Ar] 4s2 3d10 4px2 4py2 4pz1 

2. What is the difference between continuous spectrum and line spectrum? 

Continuous spectrum: 

In this type of spectrum, the boundry line between the colours cannot be marked. The 

colours diffuse into each other. One colour merges into another without any dark space. 

The best example of continuous spectrum is rainbow. 

Atomic or line spectrum: 

When an element or its compound is volatilized on a flame and the light emitted is seen 

through a spectrometer we see distinct lines separated by dark spaces. This type of 

spectrum is called line spectrum or atomic spectrum. This is characteristic of an atom. 

For example, line spectrum of sodium contains two yellow coloured lines separated by 

a definite distance. 

3. Give any two properties of neutrons 

1) Free neutron decays into a proton ( 𝑃+1
1 )  with the emission of an electron ( 𝑛0

0 ) 

𝑛0
0  𝑛+1

1  + 𝑒−1
0  + 𝑛1

0  

2) Neutrons cannot ionize gases. 

4. What is Hund’s rule? 

If degenerate orbitals are available and more than one electrons are to be placed in them 

they should be placed in separate orbitals with the same spin rather than putting them in 

the same orbital with opposite spins. 

C6 = 1𝑠2  2𝑠2 2𝑝𝑥21𝑝𝑥12𝑝𝑧0 

5. Calculate the mass of electron when its e/m value is 1.7588 x 10 11C kg-1 . 

e
m⁄  = 

(1.6022 𝑥 10−19 𝑐𝑜𝑢𝑙𝑜𝑚𝑏𝑠)/𝑐𝑜

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑒
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= 1.7588 x 1011 coulombs kg-1 

Mass of electron = 
(1.6022 𝑥 10−19 𝑐𝑜𝑢𝑙𝑜𝑚𝑏𝑠)/𝑐𝑜

1.7588 x 1011 coulombs kg
 

Mass of electron = 9.1095 x 10-31 kg 

6. Write two importance of Moseley law. 

1) Moseley arranged K and Al, Ni and Co in a proper way in Mendeleev’s periodic 

table. 

2) This law has led to the discovery of many new elements like Tc (43), Pr (59), Rh 

(45). 

7. Define Paul’s Exclusion principle with an example. 

It is impossible for two electrons residing in the same orbital of a poly-electron atom to 

have the same value of four quantum number or . 

Two electrons in the same orbital should have opposite spit (↑↓) 

Principle 

quantum 

number 

Azimuthal quantum 

number ‘l’ 

Magnetic quantum 

number ‘m’ 

Spin quantum 

number ‘s’ 

1  k O  s O +1 2⁄  , -1 2⁄  

No. of electrons accommodated=2 

8. Write nuclear reaction for the decay of free neutron  

𝑛0
1  𝑝 +1

1 + 𝑒−1
0  + 𝑛0

0  

9. What are defects in Ratherford’s atomic model? 

1) Rutherford’s planet-like picture was defective and unsatisfactory because the 

moving electron must be accelerated towards the nucleus. Therefore, the radius of 

the orbiting electron should become smaller and smaller and the electron should fall 

into the nucleus. Thus, an atomic structure as proposed by Rutherford would 

collapse. 

2) The outer electrons could not be stationary. If they were, they would gradually be 

attracted by the nucleus till they ultimately fall into it. 

3) The behavior of electrons remained unexplained in the atom. 
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10. Justify that the distance gaps between different orbitals go on increasing form the lower 

to higher orbits. 

R  = 
𝐸𝑜𝑛2ℎ2

𝜋𝑚𝑧2
 

R  = 
𝐸𝑜𝑛2ℎ2

𝜋𝑚𝑧2
 

  = (
𝐸𝑜ℎ2

𝜋𝑚𝑧2
) n2 

𝐸𝑜𝑛2ℎ2

𝜋𝑚𝑧2
 =0.529 x 10-10m  

R  = 0.529oA (10-10m = 1oA) 

N = 1 r1 = 0.529oA 

N = 2 r2 = 2.11oA 

N = 3 r3 = 4.75oA 

N = 4 r4 = 8.4oA 

N = 5 r5 = 13.22oA 

r2 –r1<r3 –r2< r4 –r3<- - - - - - - - 

 

11. Define Zeeman’s effect and stark effect. 

Zeeman’s effect 

When the excited atoms of hydrogen are placed in a magnetic field, its spectral lines are 

further split up into closely spaced lines. This type of splitting of spectral lines is called 

Zeeman’s effect 

Stark’s effect 

When the excited atoms of hydrogen are placed in an electric field its spectral lines are 

further split up into fine lines. This type of splitting of spectral lines is called Stark’s 

effect. 

12. State the Heisenberg’s Uncertainty principle and give its mathematical form. 

It is impossible to determine body the position and momentum of a revolving election 

simultaneously. Suppose that ∆x is the uncertainty in the measurement of the position 

and ∆p is the uncertainty  itn eh measurement of momentum them 
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∆x ∆p ≥
ℎ

4𝜋
 

13. Give electronic configuration of 𝑝15
31  and 𝐶𝑢29

66  

𝑝15
31   :[Ne] 3s2 3px1 3py1 3pzo 

𝐶𝑢29
66   :[Ar] 4s1 3d2xy 3d2yz 3d2xz 3d2x2z2 3d2z2 

14. How neutrons were discovered by Chadwick? Give the equation of nuclear reaction 

involved. 

Chadwick discovered neutron in 1932. A stream of α particles produced from a 

polonium source was directed at beryllium ( 𝐵𝑒4
9 ) target. It was noticed that some 

penetrating radiation were produced. These radiations were called neutrons because the 

charge detector showed them to be neutral. The nuclear reaction is as follows: 

𝐻𝑒2
4  + 𝐵𝑒4

4   𝐶6
12  + 𝑛0

1  

15. Cathode rays are material in nature. Justify it. 

Cathode rays can drive a small paddle wheel placed in their path. This shows that these 

rays possess momentum. From this observation, it is inferred that cathode rays are not 

rays but material particles having a definite mass and velocity. 

16. What is orbital? Draw the shape of p orbital. 

The volume of space in which there is 95% chance of finding an electron is called 

atomic orbital. 

 

17. Give the electronic configuration of 24Cr. 

Cr : [Ar] 4s1 3d1xy 3d1yz 3d1xz 3d1x2-y2 3d1z2 

17. Give two postulates of Plank’s theory. 

1) Energy is not emitted nor absorbed continuously. Rather, it is emitted or absorbed in 

a discontinuous manner and in the form of wave packets. Each wave packet or 
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quantum is associated with a definite amount of energy. In case of light, the 

quantum of energy is often called photon 

2) The amount of energy associated with a quantum of radiation is proportional to the 

frequency (v) of the radiation. 

E ∝ v 

E = hv 

Where ‘h’ is a constant know as Planck’s constant and its value is 6.626 x 10-34Js. 

18. Describe (n+l) rule for distribution of electrons. 

Subshells are arranged in the increasing order of (n+l) values and if any two subshells 

have the same (n+l) values then that subshell is placed first whose n value is smaller. 

19. Calculate the number electrons in s,p,d and f subshells from the formula and write 

separately.  

The Formula used is 2(2l+1) 

L = o  s = subshell total electrons = 2 

L = 1 p – subshell total electrons = 6 

L = 2 d – subshell total electrons = 10 

L = 3 f – subshell total electrons = 14 

20. Why is e/m value of the cathode rays just equal to that of electron? 

Cathode rays consist of electrons. The e/m value for cathode rays shows that they are 

simply electrons. Therefore, this value for cathode rays is equal to that of electorns. 
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Ch: 6 

Chemical Bonding 

1. How does ionization energy vary in periodic table? 

The ionization energy increases from light left to right in the periodic table due to 

decrease in atomic size, increase in effective nuclear charge and constant shielding 

effect. The ionization energy decreases from top to bottom due to increase in atomic 

size, decrease in effective nuclear charge and increase in shielding effect. 

 

2. Why is the radius of a cation smaller than its parent atom? 

The radius of a cation is smaller than its parent atom because when an electron is 

removed then number of electrons become less than the number of protons and are 

attracted towards the nucleus with greater force. Thus, the nuclear attraction increases 

and the radius decreases. The radius of Na atom reduces from 186pm to 95pm in Na+ 

 

3. Define bond order. Calculate bond order of hydrogen molecule. 

The bond order tells us about the number of bonds formed between two atoms. It is 

taken as half of difference between the number of bonding and anti-bonding electorns 

Bond order of H2 molecule. 

Bond  order = 
2−0

2
  = 1 

 

4. Define coordinate covalent bond and give an example. 

It is formed between two atoms when shared pair of electrons is donated by one of the 

bonded atoms. 

 

 

5. π- bonds are more diffused than 6-bonds. Give reason. 
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Sigma bond is formed by heat-to-head approach and electronic cloud density is 

symmetrically distributed along the line joining the two nuclei but 𝜋 bond is formed by 

parallel overlap and electronic cloud density lies above and below the line joining 

nuclei. That is way 𝜋 – bond is more diffused than ϭ bond. 

 

6. Define electronegativity. Give its trend in the periodic table. 

The tendency of an atom to attract a shared pair of electron toward itself is called its 

electronegativity. Electronegativity increases from left to right in a period because of 

the decrease in size, increase in effective nuclear charge and constant shielding effect. 

Electronegativity decreases from top to bottom in a group because of the increase in 

size, decrease in effective nuclear charge and increase in shielding effect. 

 

7. How the nature of a chemical bond is predicted with the help of electronegativity values 

of two bonded atoms? 

If the difference of electronegativity between the two bonded atoms is greater that 1.7 

then the bond is ionic bond. If the difference of electronegativity between the two 

bonded atoms is less than 1.7 then the bond is covalent bond. 

A difference of 1.7 units shows roughly equal contribution of ionic and covalent bonds. 

8. No bond in chemistry is 100% ionic. Justify it. 

Criteria of electronegativity helps us to understand the nature of bond. In order to 

decide the % of ionic nature in a compound it is better to note the difference of 

electronegativity between the bonded atoms. If the difference is 1.7 or more than that 

then the bond is said to be ionic. For example, NaCl has 92% ionic character and 

calculations tell us that there is no bond with 100% ionic character. 

 

9. The bond angles of H2O and NH3 are not 109.5o like that of CH4 although oxygen and 

nitrogen atom are sp3 hybridized. Why? 

In CH4, NH3, and H2O carbon, nitrogen and oxygen atoms are sp3 hybridized. The angle 

of the three molecules is different due to difference in the number of lone pairs of 

electrons. In CH4 bond angle is 109.5o because no lone pair is present on carbon atom. 

In NH3 one lone pair is present which compresses the bond angle to 107.5o and in H2O 

two lone pairs are present on oxygen atom which compress the bond angle to 104.5o. 
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10. How the percentage of ionic character of a covalent bond is determined by dipole 

moment? 

From the experimentally determined dipole moments, the percentage ionic character in 

a bond can be calculated. For this purpose, we should know the actual dipole moment 

𝜇obs of the molecule and actual bond length. The dipole moment of 100% ionic 

compound is represented as 𝜇 ionic. 

% age of ionic character = 
𝜇𝑜𝑏𝑠

𝜇𝑖𝑜𝑛𝑖𝑐
x 100 

 

11. Differentiate between atomic orbital and molecular orbital. 

The orbital belonging to the individual atoms before intermixing are called atomic 

orbital. When two atoms approach their atomic orbitals intermix to form molecular 

orbitals. Molecular orbitals belong to the molecule as a whole. 

 

12. How the type of bonding effects solubility of compounds? 

Polar compounds, like NaCl, are soluble in polar solvent e.g water. Non- polar 

compounds are soluble in non-polar solvents e.g. acetone in ether. 

 

13. State the geometry of NH3 molecule on the basis of VSEPR theory. 

NH3 is an example of AB4 type molecules with three bond pair and one lone pair. The 

lone paires compress the bond angles to 107.5o. Thus, geometry of NH3 is triangular 

pyramidal. 

 

 

 

14. Why the abnormality of bond length and bond strength in HI is less prominent than that 

of HCl? 
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Chlorine has more electronegativity than iodine. The polarities of HCl and HI bonds are 

unequal. HCl is more polar than HI. That is why abnormality of bond length and bond 

strength of HCl is more than HI. 

15. Why the dipole moment of CO2 is zero but that of SO2 is 1.61D? 

The dipole moment of CO2 is zero because it has a linear structure and both the dipole 

moments cancel out the effect of each other. 

O = c = O   𝜇 = 0 

The dipole moment of SO2 is 1.61D because SO2 is a triatomic molecule and has an 

angular structure with bond angle 104.5O. 

 

16. Why the melting points, boiling points, heat of sublimation and heat of vaporization of 

electrovalent compound are higher as compared with those of covalent compounds? 

Electrovalent (ionic) compounds have oppositely charged ions which are held together 

by electrostatic forces of attraction. These electrostatic forces of attraction are much 

stronger than the covalent bond present in covalent compounds. Therefore, ionic 

compounds have high melting points, boiling points, heat of vapourizaton and heat of 

sublimation than the covalent compounds. 

 

17. Why BF3 is non-polar but SO2 is polar? 

In BF3 the bond moments cancel one another. The structure is symmetrical trigonal 

planer. 

 

 

 

The structure of SO2 is not symmetrical and has a bent structure. 
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18. Why an ionic radius (anion) is greater than atomic radius? 

In anion extra electron adds up and lesser protons attract more electrons resulting in 

overall increase in size of atom. That is why, anionic radius is greater than atomic 

radius. The ionic radius  ofCl- ion increase from 99pm to 181 pm. 

 

19. Ionization energy decreases down the group although nuclear charge increase. Explain. 

Ionization energy decreases down the group although nuclear charge increase because 

shielding effect increases down the group which shields the effect of the increasing 

nuclear charge on the outermost electrons.  

 

20. Ionic compounds do not show the phenomenon of is amorism. Why? 

Ionic bonds are non-directional so they do not show the phenomenon of isomerism. 

They are formed due  to electrostatic force of attraction between oppositely charged 

ions. 

 

21. NH can form coordinate covalent bond with H+ but CH4cannot. Justify. 

In CH4 there is no lone pair of electron to be donated to H+ for the formation 

ofcoordinate covalent bond. Therefore, NG3 having lone pair of electrons on nitrogen 

can form coordinate covalent bond with H+. 

 

22. On what factors strength of bond depends upon? 

Bond energy depends upon the following factors: 

1) Electronegativity difference of bonded atoms. 

2) Sizes of the atoms. 

3) Bond length. 

 

23. Differentiate between coordinate covalent bond and covalent bond. 
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A covalent bond is showing of electrons between the two bonded atoms. For example, 

hydrogen molecule. A coordinate covalent bond is formed when shared pair of electrons 

is donated by only one atom. Example H3N:⟶BF3. 

 

24. Ionization energy is n index to the metallic nature of element. Justify. 

Ionization energy is an index to the metallic character. The element with low ionization 

energy is metal with high ionization energy is a non-metal and with intermediate values 

are mostly metalloids. 

 

25. 75.5pm is compromise distance between the bonded hydrogen atoms. Justify. 

When two hydrogen atoms approach two types of forces are operative i.e attractive 

forces and repulsive forces. At first the repulsive forces. At frist the repulsive forces are 

more but at a certain distance i.e 75.4pm the attractive forces are maximum and the 

repulsive forces are minimum. That is why, 75.4pm is called the compromise distance. 
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Ch:7 

Thermochemistry 

1. What is state function? Give two examples. 

A state function is a macroscopic property of system which has some definite values for 

initial and final states and which is independent of path adopted to bring about a 

change. For example, temperature (T), volume (V). 

 

2. What do you known about internal energy of a system? 

Internal energy is the sum of the kinetic as well as potential energy of the system. It is 

represented by E. 

 Internal Energy = K.E + P.E 

 Kinetic energy deals with translation, rotational and vibrational motion of molecules 

and potential energy deals with the type of bonding. 

 

3. What is thermochemical equation? Give two examples. 

The chemical equation which involves heat changes is called as thermochemical 

equation. 

C + O2    CO2∆H = -393.7KJ/mol 

H2 +1 2⁄  O2   H2O ∆H = 285.58 KJ/mol 
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4. Define heat of neutralization with an example. 

It is the amount of heat evolved when one mole of H+ ions from an acid react with one 

mole of OH- ions from a base to form one mole of water. 

Example: 

HCl (aq) + NaOH(aq) ⟶ Na+ (aq) + Cl- (aq) + H2O(l) ∆H= 57.4k/mol 

 

5. Explain the term enthalpy of atomization. 

The standard enthalpy of atomization of an element is defined as the amount of heat 

absorbed when one mole of gaseous atoms are formed from the element under standard 

conditions. It is denoted by ∆H⁰at 

1
2⁄  H2 (g)   H (g) ∆Ho

at= 218KJ / mol 

6. What is lattice energy? Give an example. 

What is lattice energy of an ionic crystal is the enthalpy of formation of one mole of the 

ionic compound from gaseous ions under standard conditions. 

Na + (g) + Cl-(g)   Na+Cl- (s) ∆H⁰ latt= KJ/mol. 

 

7. Burning of candle is a spontaneous process. Justify it. 

Some spontaneous processes only need energy to start so burning of a candle is a 

spontaneous process because once the candle is lit it burns on its own without any 

external force.  

 

8. Differentiate between endothermic and exothermic reactions. 

When an exothermic reaction occurs heat is given out by the system and the 

temperature of the system rises above the room temperature. Eventually, the 

temperature of the system falls to room temperature again as the heat produced is lost to 

the surroundings. It is shown by - ∆H. 

C (s) + O2(g)    CO2 (g) ∆H= -393.7 KJ/mol. 

When an endothermic reaction occurs the heat required for the reaction is taken from 

the reacting materials (system) and the temperature of the system falls below the initial 

temperature. Eventually the temperature of the system rises to room temperature again 

as heat is absorbed from the surroundings. 

2H2O (l)   H2 (g) + O2 (g)  ∆H= +285.58KJ/mol. 
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9. Why is it necessary to mention thy physical states of reactants and products in a 

thermochemical equation of a reaction? 

It is necessary to mention the physical states of reactants and products in a 

thermochemical equation of a reaction because heat changes are accompanied by 

change in physical state. 

2H2O (l)   H2 (g) + O2 (g) = ∆Ho= 285.58KJ/mol. 

 

10. Define system and surrounding. 

Any portion of the universe which is under study is called a system. For example, 

solution in flask is a system. 

The remaining portion other than system is known as its surroundings. For example, air 

around flask. 

11. Define enthalpy of combustion. 

The standard enthalpy of combustion of substance is the amount of heat evolved when 

one mole of a substance is completely burnt in excess of oxygen under standard 

conditions. It is denoted by ∆H⁰C 

C2H5OH (l) + 302   2CO2 (g) + 3H2O(l) = ∆H⁰c= -1368KJ/mol. 

 

12. Explain the term enthalpy. 

Enthalpy is the total heat content of a system. 

To take account of the increase in internal energy and accompanying work done by the 

gas there is another property of the system called enthalpy or heat content. It is 

represented by H. In general, enthalpy is equal to the internal energy E plus the product 

of pressure and volume. 

H = E + PV 

 

13. Define enthalpy of solution. Give examples. 

The standard enthalpy of a solution is the amount of heat absorbed or evolved when one 

mole of a substance is dissolved in so much solvent that further dilution results in no 

detectable heat change. It is denoted by ∆Ho
sol. 

For example, enthalpy of solution (by ∆Ho
sol) of ammonium chloride is  + 16.2 KJ/mol. 
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Chapter : 8 

Chemical Equilibrium 

1. Define pH. Give its mathematical form. 

pH is the negative logarithm of hydrogen ion concentration  

pH = log [H+] 

 

2. What is common ion effect? Give an example. 

The addition of a common ion to the solution of as less soluble electrolyte suppresses its 

ionization and the concentration of unionized species increases which may come out as 

precipitate. 

Nacl (s) ⇄ Na+ (aq) + cl- (aq) 

HCl (aq) ⇄ H+ (aq) + cl- (aq) 

Cl- ions surrounded Na+ ions and NaCl is precipitated out. 

 

3. What is pka and pkb? 

The negative logarithm of ionization constant of acid is called pka and negative 

logarithm of ionization constant of base is called pkb 

pka = log ka 

pkb = og kb 

 

4. What is Henderson’s equation? 

This equation helps to prepare buffer of required pH and pOH. 

 

pH = pka + log 
[𝑆𝑎𝑙𝑡]

[𝐴𝑐𝑖𝑑]
 

pOH = pkb + log 
[𝑆𝑎𝑙𝑡]

[𝐴𝑐𝑖𝑑]
 

 

4. Why aqueous solution of CH3COONa is basic nature? 

CH3 COOH + H2O ⇆ CH3COOH + Na+ +OH- 

CH3 COOH ions is hydrolyzed in water to give CH3 COOH and OH- becomes free. Na+ 

is not hydrolyzed. The result is that the solution becomes basic in nature.  
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5. Derive solubility product expression for sparingly soluble compound Ag2 CrO4 and 

PbCl2. 

Ksp = [Ag+]2 [CrO4
-2] 

Ksp = [Pb2+ (aq)] [Cl-(aq)]2 

 

6. Why change of volume disturbs the equilibrium position for some of the gaseous phase 

reactions but not the equilibrium constant? 

Those gaseous reactions which proceed with change in number of moles are affected by 

change of volume at equilibrium. Their equilibrium position is disturbed but Kc remains 

same. E.g. 

PCl 5 (g) ⇆ PCl3 (g) + Cl2 (g) 

 

 

7. What are applications of buffer in daily life? 

It is a common experience that the pH of the human blood is maintained at pH 7.35, if it 

goes to 7.00 or 8.00, a person may die. Sometimes one wants to study a reaction under 

conditions that would suffer any associated change in the pH of the reaction mixture. 

So, by suitable choice of the solutes, a chemist can ensure that a solution will not 

experience more than a very small change in pH, even if a small amount of a strong 

acid or a strong base is added. Buffers are important in many areas of chemistry and 

allied sciences like molecular biology, microbiology, cell biology, soil sciences, 

nutrition and the clinical analysis. 

 

8. Derive ionic product of water and what is its value at 25oC? 

H2O  ⇆  H+ + OH- 

1CO   = 
[𝐻+][𝑂𝐻]

[𝐻2𝑂]
 = 1.8X10-16 mol/dm3 

Kc [H2 O]  = [H+] [OH] = 10-14 at 25oc 

Kw  is called ionic product of water. 

 

9. How does catalyst affect the equilibrium constant? 
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A catalyst has no affect on the equilibrium constant of a reaction. It just lowers the 

energy of activation by providing new path to the reaction but does not alter the amount 

of reactants and products. 

10. Write the relationship of Kp and Kc 

aA +bB ⇆ cC + dD 

Kc = 
[𝐶]𝑐[𝐷]𝐷

[𝐴]𝐴[𝐵]𝐵
 

Kc = 
𝐶𝑐𝑐𝐶𝑑𝐷

𝐶𝑎𝐴𝐶𝑏𝐵
 

Kc = 
𝑃𝑐𝑐𝑃𝑑𝐷

𝑃𝑎𝐴𝑃𝑏𝐵
 

Kp = Kc (RT)∆h 

11. A weak acid has strong conjugate base. Justify.  

A weak acid has strong conjugate base as:- 

Ka∝
1

𝑘𝑏
 

This relation justifies that: 

1) Conjugate base of a very weak acid is relatively very strong base. 

2) Conjugate acid of a very strong base is relatively very weak acid. 

 

12. Why NaCl and KNO3 are used to lower the melting point of ice? 

Because both NaCl and KNO3 lower the vapour pressure and hence decrease the 

freezing point acting as an impurity. 

 

14. What are buffer solution? How a basic buffer can be prepared? 

Those solutions which resist the change in their pH when a small amount fan acid or 

a base is added to them are called buffer solutions. 

By making aweak base and a salt of it with a strong acid solutions of basic buffer 

will be given with pH more than 7. Mixture of NH4 OH and NH4Cl is one of the 

best example. 

 

15. State Le-Chatelier’s principle and discuss the effect of change in concentration 

of a product on reversible reaction. 
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 This principle states that if a stress is applied to a system at equilibrium the system 

acts in such a way so as to nullify as far as possible the effect of that stress.  

If product concentration is increased than the reactants then reaction moves in 

backward direction and if product concentration is decreased than the reactants then 

reaction moves in forward direction.  

 

16. How the direction of a reversible reaction at any instant can be determined by 

Kc value? 

 

 

The direction of a chemical reaction at any particular time can be predicted by 

means of [products] / [reactants] ratio, calculated before the reaction attains 

equilibrium. The value of [product] / [reactants] ratio leads to one of the following 

three possibilities.  

(a) The ratio is less than Kc . This implies that more of the product is required to 

attain the equilibrium, therefore, the reaction will proceed in the forward direction. 

(b) The ratio is greater than Kc. It means that the reverse reaction will occur to 

attain the equilibrium.  

(c) When the ratio is equal to Kc , then the reaction is at equilibrium. 
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Chapter 09 

Solution 

1. Why is the vapour pressure of a solution less than that of pure solvent? 

The vapour pressure of solution is less than that of pure solvent because when the solute 

particles are added in the solvent then they form a surface on the solvent particles which 

hinders the escape of the solvent molecules. Thus the vapour pressure decreases of 

solution. 

2. Calculate the percentage by weight NaCl if 2g of it is dissolved in 20g of H2O. 

Weight of NaCl = 2.0g 

Weight of solvent = 20g 

Weight of solution = 20 + 2 

   = 22g 

% age of Nacl by weight = 
2

22
 x 10 

              = 9.09% 

 

3. What is meant by water of crystallization? Give an example. 

Those water molecules which are crystallized out in combined form with the substance 

from aqueous solution. 

BaCl2 . 2H2O, AlCl3, 6H2O. CuSO4, SH2O 

 

4. Define zeotropic mixture. Give example. 

Such liquid mixtures which distil with a change in composition are called zeotropic 

mixtures. Examples, methyl alcohol- water solution. 

 

5. Boiling point of the solvents increase due to the presence of solution. Justify it. 

When solvent is containing dissolved non-volatile solute particles, the escaping 

tendency of solvent particles from the surface of the solution decreases and its vapour 

pressure is lowered. Thus when the vapour pressure decreases, the boiling point 

increases. 
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8. What are the names of four major parts of apparatus used Landsbergers’s method for 

elevation of boiling point? 

The apparatus consists of four major parts: 

1) An inner tube with a hole in its side. This tube is graduated. 

2) A boiling flask which sends the solvent vapours into the graduated tube through a 

rose head. 

 

3) An outer tube which receives hot solvent vapour coming from the side hole of the 

inner tube. 

 

4) A thermometer which can read up to 0.01K. 

9. One molar solution of urea in water is dilute as compared to one molar solution of 

urea in water but the number of particles of solute in both solutions are same. 

Justify. 

In one molal solution, 60g of urea is dissolved in 1kg of water whereas in one molar 

solution 60g of urea is dissolved in 1dm3 of water. As 1kg of solvent is more than 1 

liter therefore molal solution is dilute as compared to molar solution. In both types, 

60g of urea is added which is equal to 6.02 x 1023 number of particles as it is 1 mole 

of urea. Therefore, number of particles are same.  

10. What are azeotropic mixtures? 

Such liquid mixtures which distil without change in composition. For example, 

water-HCl solution. 

11. What is fractional crystallization? 

Fractional crystallization is the separation of solid substances from their solutions 

one by one depending upon their solubilities at different temperature. 

12. Give two statements of Raoult’ s law. 
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The vapour pressure of a solvent above a solution is equal to the product of vapour 

pressure of pure solvent and mole fraction of solution 

P = Pox1 

The relative lowering of vapour pressure is proportional to the  mole fraction of 

solution 

p=pox1 

The relative lowering of vapour is proportional to the mole fraction of solute 

∆𝑝
𝑝𝑜⁄ = 𝑥2 

13. How the molality is independent of temperature but molarity depends upon 

temperature?  

Molarity is dependent on temperature because it is number of moles per liter of solvent. 

As volume gets affected by temperature, therefore, molarity depends upon temperature. 

Molality is independent of temperature because it is number of moles per kg of solvent. 

As mass is not affected by temperature so molality is independent of temperature. 
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Chapter : 10 

Electrochemistry 

1. What is the difference between metallic conduction and electrolytic condution? 

Metallic Conduction Electrolytic Conduction 

Metallic conduction is due the movement 

of free electrons  

Example: All metals 

Electrolytic conduction takes place due to 

the movement of ions in fused or solution 

state of electrolyte. 

Example: Molten NaCl 

 NaCl in water 

 

2. Define standard electrode potential. 

The potential setup when electrode is in contact with one molar solution of its own ions 

at 298K is called standard electrode potential. It is denoted by Eo. 

 

3. Give chemical reaction taking place at anode and cathode in fuel cell. 

Anode:  [H2 (g) + 2OH-(aq) -> 2H2O (l) + 2e-]×2 

Cathode: O2 (g) +2H2O (l) + 4e- -> 4OH- (aq) 2H2 (g) + O2 (g) -> 2H2O(l) 

 

4. What is the purpose of salt bridge? 



47 
 

Prepared by: Ms Khair-ul-Bariyah 
Assistant Professor (Chemistry) 
College Section 
FCCU, Lahore 

The purpose of the salt bridge is to prevent an net charge accumulation in either beaker 

by allowing negative ions to leave the right beaker, diffuse through the bridge and enter 

the left beaker. If this diffusional exchange of ions does not occur the net charge 

accumulating in the beakers would immediately stop the flow of electrons through the 

external circuit and the oxidation – reduction reaction would stop. 

5. Calculate the oxidation number of ‘Mn’ in KMnO4 

 (oxide no. of K+ oxid no. of Mn) (4 oxide no of O) = O 

Oxidation no. of K = +1 

Oxidation no. of O = -2 

Oxidation no. of Mn = x 

1 +1+x+4 [-2]  = 0 

  X = +7 

  M n  = +7 

6. What is the difference between electrolytic cell and volataic cell? 

Electrolytic cell converts electrical energy into chemical energy Non-spontaneous redox 

reaction takes place. Example, Down’s cell. Voltaic cell converts chemical energy into 

electrical energy. Spontaneous redox reaction takes place. Example, Daniel cell. 

 

7. Define oxidation state with two example. 

Oxidation state is the apparent charge on an atom of an element in a molecule or an ion. 

It may be positive or negative or zero. 

Example:- 

1) The oxidation state of Mn in KMnO4 is + 7. 

2) The oxidation state of S in SO4
2- is + 6. 
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8. Write down electrode reactions during discharging in lead accumulator battery. 

At the cathode (reduction) 

PbO2(s) + 4H+ (aq) + SO4
2- (aq) + 2e -> PbSO4 (s) + 2H2 O (l) 

At the anode (oxidation) 

Pb (s) + SO4
2-(aq) -> PbSO4(s) + 2e- 

 

9. SHE acts as anode when connected with Cu but as cathode with Zn. Give reasons to 

support you answer 

To measure the electrode potential of zinc, a galvanic cell is established between zinc 

electrode dipped in 1 M solution of its ions and standard hydrogen electrode at 25 °C. 

Under the standard conditions, the voltmeter reads 0.76 volts and the deflection is in 

such a direction as to indicate that zinc has a greater tendency to give of electrons than 

hydrogen has. The standard electrode potential of zinc is, therefore, 0.76 volts. It is 

called oxidation potential of Zn and is given the positive sign. 

The reduction potential Zn-electrode is -0.76 volt. The electrode reactions will be 

shown as follows: 

 

The electrode potential of copper can also be measured using the same type of galvanic 

cell in which copper is an electrode dipped in 1 M solution of its ions and connected 

with .SHE. Under standard conditions, the voltmeter reads 0.34 volts and the delection 

is in such a direction, as to indicate that hydrogen has a greater tendency to give of 

electrons than copper has. 
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When the sign is reversed, then the -0.34 V is called oxidation potential of Cu 

electrode. The reactions taking place at two electrodes will be shown as follows: 
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Ch:11 

Reaction Kinetics 

1. Write down any two characteristics of enzyme catalysis. 

1) Enzyme catalysis is highly specific. For example, urease catalyzes the hydrolysis of 

urea only and it cannot hydrolyze any other amide even methyl urea. 

2) Enzyme catalytic reactions have the maximum rates at an optimum temperature. 

 

2. Define order of reaction. Give an example. 

The order of reaction is given by the sum of all the exponents to which the 

concentrations in the rate equation are raised. 

2N2 O5 (g) ⟶2N2 O4 (g) + O2 (g)  

Rate = k [N2 O5] 

1st order reaction  

 

3. The sum of the coefficients of a balanced chemical equation is not necessarily important 

to give the order of reaction. Justify. 

The order of reaction is determined experimentally not through balanced chemical 

equation. For example, 

2N2 O5 (g) ⇆ 2N2 O4 (g) + O2 

Rate = k [N2 O5] 

1st order reaction 

 

4. Define homogenous catalysis. Give two examples. 

In this process, the catalyst and the reactants are in the same phase and the reaction 

system is homogeneous throughout. The catalyst is distributed uniformly throughout. 

For example 

2SO2 (g) + O2 (g)   NO (g)  2SO3 (g) 

 

CH3 COOC2H5 (aq) + H2O(l)    H3 O
+  CH3COOH (g) H2SO4 (aq) + C2H5OH (aq) 

 

 

5. What is catalytic poisoning? 
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Catalytic poisoning is due to the presence of foreign substances which render the 

catalysts in effective. For example:- 

1) The presence of CO as an impurity with hydrogen decreases the catalytic activity 

of catalyst in the Haber’s process for the manufacture of NH3. 

2) Trace amount of arsenic in Pt makes platinum ineffective in contact process. 

 

6. Define specific rate constant. Give equation to support your answer. 

The specific rate constant ‘k’ is the rate of reaction when the concentrations of reactants 

are unity. 

[A] = 1mol/dm3 B = 1mol/dm3 

Rate = k x 1a x 1b = k 

 

7. Define autocatalysis  

In some reaction a product formed acts as a catalyst. This is called auto catalysis.                                     

                                                 Mn2+ 

2KHnO4 + 3H2SO4 + 5 (COOH)2 ⟶ K2SO4 + 2MnSO4+10CO2 + 8H2O 
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