CHAPTER  8 – THE MOLE CONCEPT
AVOGADRO’S NUMBER

Just like we count in dozens, gross or ream, we count atoms in groups because of their minute sizes. Like in finding the number of atoms in12.01g of C, Experiments have shown that the number of atoms in 12.01g of C is 6.02 x 1023 atoms. This number is known as Avogadro’s number (N) . It is also chemist’s dozen.

MOLE CALCULATION

The mole (mol) is a unit of measure for an amount of a chemical substance.
A mole is also the amount of substance that contains Avogadro’s number of particles. The individual particle may be atoms, molecules, formula units, or any other particles.

1 mol = Avogadro’s number (N) = 6.02 x 1023 atom, molecule, formula unit

1 mole        =   6.02 x 1023
6.02 x 1023
1 mole

How many molecules of chlorine are in 0.250 mol of the yellow gas?
0.250 mol Cl2 x 6.02 x 1023 molecules Cl2

1 mol Cl2
  = 1.51 x 1023   molecules Cl2
MOLAR MASS

           A mole is an amount of substance that indicates the number of particles in a sample. Molar mass of an element is equal to its atomic mass expressed in grams. 1 mol of element contains 6.02 x 1023 atoms.

Atomic mass of Fe = 55.85 amu

Molar mass of Fe = 55.85 g/mol

Naturally occurring O2 = 16.00 x 2 = 32.00g/mol

         Calculate the molar mass of iron (III) oxide

Fe2O3: 2(55.85g of Fe) + 3(16.00g of O) = 159.70g/mol  
MOLE CALCULATION II

              The mole is an amount of a substance and relates the number of particles to the mass of the substance. It is the central unit of chemistry.

6.02 x 1023 particles = 1 mol = molar mass of substance (Mm).

    1 mole        =         6.02 x 1023particles or   1mol        = Mm of substance
6.02 x 1023paticles
     1 mole                        Mm of subs.      1 mol

Calculating the mass of lead given 2.55 x 1023 atoms,

2.55 x 1023 atoms of Pb x 1 mole                 =  0.424 mol
                                         6.02 x 1023atoms Pb
 0.424mol Pb x 207.4g Pb(Mm) = 87.8g of Pb
                           1 mol Pb

MASS OF AN ATOM OR MOLECULE

             Here, we are calculating the mass of single molecule of water, this problem requires a ratio of unit answer gH2O per of H2O.

Given value x unit     =    g H2O
                        Factor       molecule H2O    

   18.00(Mm)  x  1 mol H2O
    1 mole H2O      6.02 x 1023molecule

  =2.99 x10-23gH2O/molecule.
MOLAR VOLUME
             Avogadro’s theory states that equal volumes of gases, at the same conditions, contain equal number of molecules. The volume of 1 mol of gaseous substance at standard conditions is called MOLAR VOLUME. The molar volume of any gas at standard temperature and pressure (STP) is 22.4L/mol.Standard conditions are 00C and 1atm pressure (atmospheric pressure exerted by air at sea level). Mole relationship for selected Gases.

	Gas
	Number of moles
	Number of molecules
	Molar Mass
	Molar Volume

	Hydrogen,H2
	1.00
	6.02x1023
	2.02g/mol
	22.4L/mol

	Oxygen, O2
	1.00
	6.02x1023
	32.00g/mol
	22.4L/mol

	Carbon dioxide, CO2
	1.00
	6.02x1023
	44.01g/mol
	22.4L/mol

	Ammonia, NH3
	1.00
	6.02x1023
	17.07g/mol
	22.4L/mol

	Argon, Ar
	1.00
	6.02x1023
	39.95g/mol
	22.4L/mol


GAS DENSITY
            We recall that the density of gas is much less than the density of a liquid or a solid. Gas density is found by dividing the molar mass of a gas by the molar volume that is, we divide the molar mass by 22.4L/mol.

Calculate the density of ammonia gas, NH3 at STP.(Mm= 17.04g/mol).

Density, g/L(at STP) = molar mass in grams
                                      Molar volume L.

                             =17.04 x   1 mol
                                1 mol       22.4L

                             = 0.761g/L

MOLE CALCULATIONS III

      A mole can be interpreted as : 

· A mole is Avogadro’s number of particles.

· A mole of a substance has a mass equal to its atomic mass in grams

· A mole of any gas at STP occupies a volume of 22.4 L.

         Mathematically, 1 mole = 6.02 x 1023 particles

                            1 mole = molar mass

                             1 mole = 22.4 L at STP 

What volume is occupied by 0.125g of CH4, at STP?
0.125g g of CH4 x 1 mol of CH4      x    22.4L of CH4
                               16g of CH4               1 mole of CH4
PERCENT COMPOSITION

            According to Law of definite Composition, the elements in a compound are always present in the same proportion by mass. Therefore, water always contains 11% of hydrogen and 89% oxygen regardless of the amount. Comparing a drop water to a pool of water all contain 11% hydrogen and 89% of oxygen.
1 mol of H2O = 2(mol H) + 1 mol O

1 molar mass of H2O = 2 (molar mass of H) + 1 molar mass of O

        18.02g of H2O = 2.02g of H + 16.00g of O

Finding % composition of water,

    2.02g of H   X    100 = 11.2% of H

    18.02g of H2O

     16.00g of O      X    100    = 88.79% of O

     18.02g of H2O

EMPIRICAL FORMULA

            The empirical formula of compound corresponds to the simplest whole number ratio of ions in a formula unit. The empirical formula can be calculated from (1) experimental synthesis data or (2) the percentage composition of the compound. After calculating the moles of each element in a compound, the mole ratio is simplified into small whole numbers.

             Empirical formula is also the simplest ratio of atom of each element in a molecule. This is better put as finding the ratio of the different elements present in a compound using experimental methods.

             Example: In a laboratory, experiment, 0.500g of scandium was heated and allowed to react with oxygen from the air. The resulting product oxide had a mass of 0.76g. What is the empirical formula?

0.767g(mass of oxide) – 0.500g (mass of Sc) = 0.267g (mass of oxygen)

Number of mole of oxygen,

0.267g of O x 1 mole of O  = 0.0167 mole of O
                        16g of O

Number of mole of Scandium,

0.500g of Sc x 1 mole of Sc  = 0.0111 mole of Sc
                         44.96g of Sc
  Sc                 O
0.0111 0.0167
0.111 0.0111

1                       1.5           (to get rid of the fraction, we multiply by 2)

 2                       3

 Sc2O3
MOLECULAR FORMULA

              Molecular compounds are represented by individual molecules composed of non-metals atoms. For example, lactic acid and glucose each have the empirical formula CH2O. The molecular formula of lactic acid, C3H6O3, is three times the empirical formula. The actual formula of glucose, C6H12O6, is six times the empirical formula.
               Another example is benzene, the empirical formula is CH. The molecular formula for benzene is some multiples of empirical formula, (CH)n.

Where n = 2, 3, 4, 5 or 6.

                Benzene, acetylene and styrene all have the same empirical formula CH but different molecular formula. Experiments provided the molar masses for benzene (78g/mol), acetylene (26g/mol) and for styrene(104g/mol)
Benzene (CH)n = 78g/mol

Acetylene (CH)n = 26g/mol

Styrene (CH)n = 104g/mol     
Benzene = (CH)n = 78 = 6

                   CH        13

                 =   (CH) 6= C6H6
Acetylene = (CH)n  = 26  = 2

                       CH        13

                 = (CH) 2 = C2H2
Styrene     = (CH)n  = 104 = 8 : (CH)8 = C8H8
                     CH           13

