SEPARATE SCIENCE CHEMISTRY

TOPIC C4: STOICHIOMETRY

Chemical formulae

· Atoms combine in fixed ratios

· They combine in a ratio to give them full outer shells of electrons

· You can tell what the ratio is from the chemical formula

e.g. The formula of water is H2O which tells us two atoms of hydrogen combine with one atom of oxygen

In summary each element has a specific chemical symbol. In chemical formulae these symbols are used to show what elements are present in a molecule or formula of a compound. The small numbers (subscripts) in the formula show the number of each kind of atom in the molecule. 

Chemical equations

· Chemical equations describe what happens in a reaction

· You can give then in words as word equations or you can use formulae, giving symbol equations which give more information.

· The + in an equation means and. The→ means reacts to give

For example burning hydrogen in oxygen

hydrogen +oxygen → water  word equation
2H2(g) + O2(g) → 2H2O(l)  symbol equation

This tells us two molecules of hydrogen react with one oxygen molecule to give two molecules of water

Writing chemical equations

1. Write the word equation

2. Write in the correct formula

3. Count the atoms on each side of the arrow are the numbers equal?

4. If they aren’t equal put numbers in front of formula to balance the atoms (you must not change the formula)

5. Add state symbols to show the state of the substances taking part in the reaction

(s) solid

(l) liquid

(g) gas

(aq) solution (dissolved in water)

For example

1. Potassium + water → potassium hydroxide and hydrogen

2. K + H2O → KOH + H2
3. Reactants: 1 potassium, 2 hydrogen, one oxygen. Products: 1 potassium, one oxygen, 3 hydrogen. Not balanced!

4. 2K +2H2O → 2KOH + H2     balanced (note the numbers in front of the formula are called coefficients)
5. 2K(s) +2H2O(l) → 2KOH (aq) + H2 (g)  
Relative atomic mass Ar
The relative atomic mass of an atom is the mass of the atom compared with carbon-12.

Relative molecular mass Mr
The relative mass of a molecule is the mass of the molecule compared with carbon-12. It can be worked out by adding up the relative atomic masses of all the atoms in the molecule. 
For example the relative atomic mass of water (H2O) is (2x1)+16 = 18

Many compounds are made of ions, not molecules however we still use the symbol Mr but we call it relative formula mass. 

Moles  
The amount of substance is measured in moles. 

A mole of a substance is the amount that contains as many elementary units (atoms, molecules or ions) as the number of carbon atoms in 12g of carbon.
If you weigh out exactly the number of grams as the relative atomic mass or relative molecular mass of a substance, it will contain the same number of atoms (or molecules) as 12g of carbon and it will be one mole of the substance. The actual number of atoms or molecules in one mole is a massive 602000000000000000000000 (6.02 x 1023) and it is called the Avogadro constant.
Mass of a given number of moles = mass of one mole (Ar or Mr) x number of moles  

m= Ar or Mr x n
Number of moles = Mass in grams (of an element or compound)    n= m
                                      mass of one mole (Ar or Mr)                                      (Ar or Mr)
Empirical and molecular formula

The empirical formula is the simplest ratio in which the atoms in a compound are combined
The molecular formula is the actual number of atoms that combine to form a molecule
Empirical formula can be calculated from the masses of the elements that react together to form a compound or from the % composition of a compound. In both cases the procedure is the same. The steps to follow are:-
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The molecular formula is calculated from the empirical formula. The relative atomic mass of the compound is found using a mass spectrometer. Then the steps to follow are:-
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Examples
In an experiment 80g of carbon combines with 20g of hydrogen to form a compound. What is the empirical formula?

Atoms                      C                 H

Masses                    80g           20g

Ar                               12               1

Moles            80/12= 6.67      20/1 =20

Ratio 6.67: 20   in simplest form 1:3

Empirical formula CH3
A compound was found to contain 32.4% sodium, 22.5% sulfur and 45.1% oxygen. Calculate its empirical formula

Atoms   Na                             S                         0
 %         32.4                          22.5                    45.1
Moles 32.1/23=1.4            22.5/32=0.7        45.1/16= 2.8

Ration 1.4:0.7:2.8 (divide by the smallest to find the whole number ratio in this case 0.7)

Simplest form 2:1:4

Empirical formula Na2SO4

The molecular mass of a compound is found to be 30, its empirical formula is CH3. What is the molecular formula of the compound?
Mass of CH3 = 12 +1+1 +1 =15
Mr /empirical mass = 30/15 = 2
Multiply each atom in the empirical formula CH3 by 2
The molecular formula is C2H6 
Moles and chemical equations

Chemical equations need to be balanced. This means that they have the same number of each type of atom on each side of the equation. 

In the equation

Na + O2 → Na2O      it is not balanced 1 Na on the left and two on the right and the other way around with the oxygen

To balance it you add numbers    4Na + O2 → 2Na2O     The numbers mean that 4 sodium atoms react with one oxygen molecule to form 2 sodium oxide molecules.  You can also say that 4 moles of sodium react with 1 mole of oxygen to give 2 moles of sodium oxide.
The amounts reacting are always in the same ratio as the balanced equation

e.g.

· 2H2  + O2  → 2H2O 
· 2 molecules + 1 molecule → 2 molecules
· 2moles + 1mole → 2moles
· They will always react in the same ratio
So

1 mole +0.5 mole → 1mole

4 moles +2moles →  4 moles
This can be used to calculate reacting amounts:
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e.g.
What mass of carbon dioxide is produced when 32g of methane is burnt completely in oxygen?
CH4  + 2O2  → CO2  + 2H2O
1mole + 2moles → 1 mole + 2moles
Mr of CH4 is 16 so 32g of CH4 =32/16=2moles
2 moles of methane would  produce 2moles of carbon dioxide
Mr of CO2 is 44   so 44x 2 = 88g produced
When reactants are mixed they may not be mixed in the mole ratios.  In this case there will be one reactant that has more moles than needed this is called the reactant in excess. The other reactant will be the one that determines how much product will be formed this is called the limiting reactant.

e.g.  5.6g of iron is mixed with 6.4g of sulfur and heated to form iron sulphide. Which reactant is the limiting reactant?

Balanced equation Fe +S→ FeS 

Mole ratio Fe:S =1:1

Number of moles Fe(Ar =56) = 5.6/56 =0.1mol   Number of moles S(Ar =32) = 6.4/32= 0.2 mol

So sulfur is in excess and iron is the limiting reactant

e.g.  4.0g of copper oxide is mixed with 1.5g of carbon and heated strongly. What mass of copper would be produced?

Balanced equation:  2CuO +C → 2Cu + CO2
Mole ratio of CuO:C is 2:1

Number of moles of CuO ( Mr= 80) = 4/80= 0.05mol so would react with 0.025 mol of carbon

Number of moles of C (Ar=12) =1.5/12=0.125 , this is more carbon than needed so the carbon is in excess (more than needed)  and copper oxide is the limiting reactant. This means that the amount of copper formed depends on the number of moles of copper oxide.

Since the mole ratio of CuO: Cu is 2:2 (or 1:1) then 0.05 mol of carbon would form 0.05 mol of copper.

Mass of copper formed =0.05 x 64 =3.2g

Concentration of solutions
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The concentration of a solution is the amount of solute, in grams or moles, that is dissolved in 1dm3 of solution
1 dm3 = 1 litre =1000cm3
A one molar solution contains one mole per dm3. 
Concentration  =  amount of solute (mol)  

in mol/dm3           volume of solution (dm3)

Conc = mol/dm3
e.g. What  is the concentration of a of a solution containing 0.1 moles  of a compound in 40cm3?

40/1000 =0.04 dm3     

0.1/0.04 =2.5 mol/dm3
e.g. What volume of 0.5 mol/dm3 hydrochloric acid reacts with 0.12g of magnesium?
Mg +2HCl → MgCl2  + H2     

Mole ratio     1        2

Moles of magnesium 0.12/24 = 0.005 moles

Using the mole ratio 0.005 reacts with 0.01 mol of hydrochloric acid

Volume = mol/conc  = 0.01/0.5 = 0.02 dm3  

In cm3 0.02 x 1000 = 20cm3     

Molar gas volume
One mole of any gas will have a volume of 24dm3 at room temperature and pressure (RTP) 

Room temperature and pressure is RTP
Volume of gas at rtp= number of moles x 24

e.g. What volume does 14g of nitrogen gas occupy at rtp?

Number of mole of N2 =14/28 =0.5 moles

Volume = 0.5 x24 = 12 dm3   =12 000cm3 
In reactions involving only gases:

The mole ratio =volume ratio

e.g. What volume of carbon dioxide is formed when 100cm3 of methane is burnt completely in air?
CH4  + 3O2 =  CO2  + 2H2O 

Mole ratio       1                      1

Volume ratio = mole ratio

                       100cm3             100cm3  

The volume of oxygen required would be 300cm3  

% Yield
Yield: amount of product obtained in a reaction
We can calculate the expected amount of product from the equation using moles, this is the calculated mass
The amount we get is less this is the actual amount
%yield = actual mass  x 100
                 calculated mass
Example: 17kg of aluminium was produced from 51kg of aluminium oxide by electrolysis. What is the percentage yield?
2Al2O3  →  4Al + 3O2
Mole ratio Al2O3  :  Al  = 1:2

Mr Al2O3  =  102

Number of moles of aluminium oxide 51/102= 0.5

This would form 1 mole of aluminium  = 27kg

% yield = actual mass x100

              calculated mass

= 17/27x 100 =63 %

% Purity

When a product is obtained it may still have some of the reactant mixed with it

IMPURE

% Purity = mass of pure product   x 100

                  mass of impure product
Example: Aluminium is burned in oxygen, to give aluminium oxide. 150g of product was obtained but was found to contain 5g of impurities. Calculate the % purity
Mass of impure product= 150g

Mass of pure product = 150-5=145g

% Purity = mass of pure product   x 100

                  mass of impure product

145/150 x 100= 96.7%

