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Chapter-1 
 

STOICHIOMETRY 
 

Greek philosopher Democritus gave the idea of atoms (460-370 BC). But actual base of 

Chemistry was laid by Muslim scientists. They wanted to obtain gold from lead and copper. So 

the name Alchemiya born. But now a days Chemistry is defined as “Study of composition of 

matter, its structure, its properties, changes occurring in it and laws and principles governing 

these changes.” 

Chemistry is an experimental science. 

 

Stoichiometry is a quantitative chemistry. “Calculations based on law of conservation of mass, 

law of constant composition and balanced chemical equations are called stoichiometric 

calculations.”   

 

 Science, Society Relationship: 

 

Stoichiometry has many applications in human society. 

It calculates: 

 Concentrations of different substances in a sample. 

 Glucose in blood of diabetics. 

 Steroid and other stamina enhancing drugs. So helps in doping control. 

 Cholesterol level in blood. 

 Quantity of medicines. 

 Metal in ore (metallurgy).  

 

Some definitions: 
 

Matter: Any thing that has volume as well as mass is called matter. 

 

Mass: Quantity of matter in a body is called mass. 

 

Weight: The force with which a planet attracts a body towards its centre is called weight. It 

depends upon gravity of the planet e.g. gravity of moon is one sixth (1/6) that of earth’s gravity 

so weight of a body on moon is 1/6 of its weight on earth. 

 

Atom: Atomos is Greek word meaning indivisible. Greek philosopher Democritus gave the idea 

of atoms (460-370 BC). Atom is defined as “smallest particle of matter which possesses all the 

properties of that matter but which cannot exist independently.” e.g. O, H, N, Cl, Br etc. 
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Molecule: It is defined as “smallest particle of matter which possesses all the properties of that 

matter and which can exist independently.” e.g. O2, Cl2, C6H12O6, S8, H2O, He etc. 

 

Ions: Charge carrying species is called ion. Ions bearing positive charge are called cations while 

ions bearing negative charge are called anions. Formation of cations is endothermic process 

while formation of anions is exothermic process.  

Ions are of three types. 

(i) simple ion: 

 If a single atom bears +ve or –ve charge then it is called simple ion e.g. H+, O-2.  

 

(ii) compound ion: When a group of atoms bear +ve or –ve charge then it is called compound 

ion e.g. NH4
+, SO4

-2 etc. 

 

(iii) molecular ion: When a molecule gains or loses electrons, the resulting species is called 

molecular ion e.g. CH4
+, O2

+, CO+, N2
+ etc. Cationic molecular ions are more 

common than anionic molecular ions.  

 

           -------------------------------------------------- 

 

Element:  

 

A substance which is made up of only one kind of atoms is called element e.g. O2, O3, Cl2, S8, 

He etc.  

There are 92 natural elements while total elements are more than 110. 

 

Compound:  

 

A substance which is made up of more than one kind of atoms chemically combined together, is 

called compound e.g. CO2, H2SO4, C6H12O6 etc. 

 

Isotope:  

 

Atoms having same atomic number but different atomic masses are called isotopes.  

e.g. Hydrogen has three isotopes protium 1H
1, deuterium 1H

2 and tritium 1H
3. 

Carbon has three isotopes 6C
12, 6C

13, 6C
14. 

Oxygen also has three isotopes 8O
16, 8O

17, 8O
18 etc.  

More than 300 isotopes occur in nature they include 40 radioactive isotopes.  

Often, elements with even atomic number have more number of isotopes and are abundant. 
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Atomic Number (Z): 

 “Number of protons in the nucleus of an atoms” or “Number of electrons in an atom” is 

called atomic number. 

 

Number of electrons in an atom = Z 

Number of protons in an atom = Z 

Number of neutrons in an atom = A – Z  

 

Atomic masses: 
 

Atomic masses are expressed in three ways: 

 

(i) Mass Number (A): 

 

 Sum of protons and neutrons in an atom is called its mass number or nucleon 

number. 

   A = Protons + Neutrons  

 

 

(ii) Relative atomic mass (Ar):  
 

The atomic mass of an atom as compared to mass of Carbon-12, is called relative 

atomic mass e.g. relative atomic mass of Hydrogen (protium i.e. 1H
1) is 1.0078 amu. 

 

  

(iii)Average atomic mass (Ar):  
 

The weight average of isotopic masses of an element is called average atomic mass of 

the element. 

  

e.g. (i)   Relative isotopic mass Relative abundance 

 Carbon-12  12.00000 amu   98.89% 

 Carbon-13  13.00335 amu   1.11% 

 

     12.00000 x 98.89   +   13.00335 x 1.11 

 Average atomic mass =             =  12.01 amu  

       100                     
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e.g. (ii)   Relative isotopic mass Relative abundance 

 Copper-63  62.93 amu   69.09% 

 Copper-65  64.9278 amu   30.91% 

 

     62.93 x 69.09   +   64.9278 x 30.91 

 Average atomic mass =             =  63.55 amu  

       100                     

 

Atomic mass unit (amu):  

 
This is a unit to measure atomic masses. It is one-twelfth of the mass of carbon-12. 

     1 a.m.u = 1.66 x 10-24g or 1.66 x 10-27kg 

 
 

Chemical Formulae: 
 

 The symbolic representation of a compound that shows elements in the compound and 

also the ratio of their atoms is called chemical formula.  

Chemical formulae are of three types: 

 
(i) Emperical formula or Simple formula:    
 The formula of a compound that shows elements in the compound and their simple 

atomic ratio is called empirical or simple formula. 

 

(ii) Molecular formula:    
 The formula of a compound that shows elements in the compound and actual number of 

their atoms is called molecular formula. 

 

(iii) Structural formula:    
 The formula of a compound that shows elements in the compound, actual number of their 

atoms and arrangement of the atoms in the molecule is called structural formula. 
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Compound Emperical formula Molecular formula Structural formula 

 

e.g (i) Glucose  CH2O   C6H12O6   O 

e.g (ii) Water   H2O   H2O  H    O  ║ 

           C – H  

                  H  │  

e.g (iii) Ethyl alcohol  C2H6O   C2H6O  C2H5OH CH – OH 

          or CH3CH2OH │ 

          CH – OH 

e.g (iv) Sulphuric acid  H2SO4   H2SO4  HOSO2OH │ 

          CH – OH 

          │ 

          CH – OH 

          │ 

          CH2 – OH 

 

 

Formula unit: 
 

 Simplest unit whose repetition builds crystal is called formula unit. Usually for ionic 

compounds their empirical formula is their formula unit while for covalent compound their 

molecular formula is their formula unit. 

 

 

Mole and Avogadro’s Number (NA): 
 

(1) Mole like dozen is a number. As twelve things are called a dozen, 144 things are called a 

gross similarly: 

“Avogadro’s number (6.02 x 1023) of things or particles is called a mole.” 

 

e.g. (i) 6.02 x 1023 atoms of Hydrogen are called one mole or one gram-atom of Hydrogen. 

e.g. (ii) 6.02 x 1023 molecules of Hydrogen are called one mole or one gram-molecule of 

Hydrogen. 

e.g. (iii) 6.02 x 1023 electrons are called one mole of electrons. 

 

 

      Number of particles 

   Number of moles =     

      6.02 x 1023 
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(2) “Atomic mass in grams is also called a mole or gram atom.” 

 

      Mass In grams 

   Number of moles =     

      Atomic mass in gram or Molar mass 

 

(3) “Molecular mass in grams is also called a mole or gram molecule.” 

 

      Mass In grams 

   Number of moles =     

      Molecular mass in gram or Molar mass 

 

(4) Volume of one mole of a gas at STP is 22.4 dm3 or litre. 

 

Volume (in dm3) at STP  

No of moles =      

   22.4 

 

(5) Volume of one mole of a gas at RTP is 24 dm3 or litre. 

 

Volume (in dm3) at RTP  

No of moles =      

   24 

 
Standard temperature = 0oC or 32oF or 273K     and Standard pressure = 1atm or 760 mmHg(Torr) or 1.01x105 N/m2 (Pa) or 14.7 PSI(Ib/in2) 
Room temperature = 25oC or 77oF or 298K     and Room pressure = 1atm or 760 mmHg(Torr) or 1.01x105 N/m2 (Pa) or 14.7 PSI(Ib/in2) 

 

(6) Moles of solute in the solution = MV   where M = molarity of solution 

         V = volume of solution indm3 

 

 A molecular formula shows Number of atoms of different elements in a molecule of a 

compound, as well as it shows number of moles of atoms of elements in a mole of 

compound. 

  

e.g. One molecule of Ethyl alcohol (C2H5OH) contains two atoms of Carbon, six atoms of 

Hydrogen and one atom of Oxygen. 

      OR 

 

One mole of Ethyl alcohol (C2H5OH) contains two moles of Carbon atoms, six moles of 

Hydrogen atoms and one mole of Oxygen atom. 
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Percentage Composition: 
 

The percentage amount of all elements in the compound is called percentage composition. 

 

      Mass of element in the compound    

   %age of element =        x 100 

      Mass or molar mass of compound 

 

Numerical: 
Aluminium sulphate hydrate [Al2(SO4)3.x H2O] contains 8.20% of Al by mass, calculate x. 

Solution: 

 Formula mass of Al2(SO4)3.x H2O  = 27x2 + 32x2 + 16x12 + x(1x2 + 16) 

or Formula mass of Al2(SO4)3.x H2O = 54 + 96 + 192 + x(18) 

or Formula mass of Al2(SO4)3.x H2O = 342 + 18x 

 

Percentage of Al in Al2(SO4)3.x H2O  = 8.20% 

       Amount of Al in Al2(SO4)3.x H2O 

But Percentage of Al in Al2(SO4)3.x H2O =      x 100 

       Formula mass of Al2(SO4)3.x H2O 

So     8.20  = 54  x 100 

       342 + 18x 

Or    8.20 (342 + 18x)    =   5400 

Or    2804.40 + 147.60x = 5400 

Or    147.60x = 5400- 2804.40 

Or    147.60x = 2595.60 

Or    x = 2595.60 / 147.60 =   17.59   ≈ 18 

 

 

The Mole and Chemical Equations: 
 

A chemical equation is a way to represent chemical reaction by using symbols, chemical 

formulae and notations. 

A balance equation represents molecular, molar, mass and volume ratio. However volume ratio 

is for gases only. 

Consider reaction  N2(g)  +  3H2(g)      2NH3(g) 

Molecular ratio  1 molecule 3 molecules   2 molecules 

Molar ratio   1 mole  3 moles   2 moles 

Mass ratio   (14x2)=28g 3(1x2)=6g   2(14+1x3)=34g 

Volume ratio (for gases only) 1 volume 3 volumes   2 volumes 
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Law of conservation of mass: 
 

It states that  “mass can neither be created nor destroyed in a chemical reaction.” 

 

A chemical reaction is just separation and reunion of atoms i.e. no new atom or atoms are formed 

in a chemical reaction. Therefore, mass remains same during a reaction. 

e.g. 

Consider reaction  N2(g)  +  3H2(g)      2NH3(g) 

Mass before reaction  (14x2) = 28g   +  3(1x2) = 6g  + 0 g  = 34 g 

Mass after reaction  0 g + 0 g  +  2(14+1x3) = 34 = 34 g 

 
Total moles of atoms before reaction = 2 mole of Nitrogen atoms   +   6 mole of Hydrogen atoms = 6 moles of atoms 

Total moles of atoms after reaction = 2 mole of Nitrogen atoms   +   6 mole of Hydrogen atoms = 6 moles of atoms 

 

As number of moles of atoms remains same in the reaction so mass remains same. 

 

Law of definite proportions: 
 

This law was put forward by French chemist Joseph Louis Proust in 1799. It states: 

 

“Same compounds are always consisting of same elements combined together in same fixed ratio 

by mass.” 

 

If we analyze samples of water obtained from different sources (e.g sea, spring, rain or produced 

in a reaction), we will find that water from all these sources consist of 11.11% Hydrogen and 

88.89% Oxygen. 

 

Stoichiometry: 
 

Calculations based on balanced chemical equation are called stoichiometric calculations. 

Steps involved in stoichiometric calculations: 

Step-1 Write down balanced chemical equation 

Step-2 Write molar ratio as shown by stoiciometric coefficients of reactants and products. 

Step-3  Calculate number of moles for the given amounts. 

Step-4 Calculate moles of the required substance by unitary method. 

Step-5 Calculate the mass or volume of the required substance if asked. 
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Limiting Reactant: 
 

“The reactant which is earlier consumed in a reaction or the reactant which is completely 

consumed in a reaction to produce product when the reaction is over” is called limiting reactant. 

 

 

Excess Substance: 
 

The substance whose some amount is left unreacted when the reaction is over is called substance 

in excess. 

 Limiting reactant controls the quantity of product produced. 

 

e.g.  

Let 4 moles of nitrogen are made to react with 6 moles of hydrogen to get ammonia. Consider 

reaction to be irreversible. 

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

Molar ratio according to equation 1 mole  3 moles   2 moles 

Suppose 4 moles of N2 and 6 moles of H2 are made to react, then 

Moles present before reaction  4 moles 6 moles   0 mole 

Moles present after reaction  2 moles 0 mole    4 moles 
     (substance in excess) (Limiting reactant) 

 

As H2 is consumed completely so it is limiting reactant while 2 moles of N2 are left unreacted so 

it is substance in excess. Thus product will be calculated by H2 which is the limiting reactant. 

 

Yield of a reaction: 
 

The quantity of product produced in a reaction is called yield of the reaction. 

 It is of three types. 

 

(i) Theoretical Yield: 

 

 The quantity of product as calculated by stoiciometric calculations or calculations 

based on balanced equation is called theoretical yield. 
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(ii) Actual Yield: 

 
 The quantity of product that is practically obtained after the completion of 

reaction is called actual yield. 

 

 

 The actual yield is always less than theoretical yield due 

to following reasons. 
 

(a) Mechanical losses: Mechanical losses may occur at different stages e.g. while handling 

of sample, during separation of product, during purification of product etc. 

(b) Side reactions: Some time due to side reactions, some of the reactants or product change 

to another substance and therefore amount of actual product will be less. 

(c) Reversibility of reaction: Due to reverse reaction some of the product changes back to 

reactants. 

(d) Non-activated molecules: All the molecules of reactants are not activated. Non-activated 

molecules (i.e. molecules possessing energy less than activation energy) will not react. 

(e) Impurity: every sample has impurities in it. Even highly pure substance has little bit 

impurities. So actual yield will be less. 

(f) Reaction conditions: If conditions are not favourable then actual yield will be low. 

 

So it is worth to calculate percentage yield. 

 

 

 

 

(iii) Percentage Yield: 
      Actual yield 

   Percentage Yield   =        x   100  

      Theoretical yield   
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