Chemistry 11

Unit IV

Problem Set 4.5 - Calculating Empirical Formulae

Empirical formulae represent the shift away from the mass ratios we have been working with previously to the ratios of the number of particles.  Now that we are able to look at the relative masses of atoms, when we have the mass ratio, we can convert to the ratio of the numbers of atoms.  From the copper oxide lab, we found that a number of ratios of copper to oxygen were possible (CuO and CuO2 or CuO2 and CuO4 ect.).  Now that we know the relative mass of copper and oxygen, we should be able to work out from the mass ratio the ratio of the number of atoms of copper to the number of atoms of oxygen.  Here is how:

Starting from the percent composition we found that 

Black

%Cu = 79.9 
%O = 20.1

Red

%Cu = 88.8
%O = 11.2 

But we can now work out the number of moles of atoms of each.  Suppose we have a 100 g sample of both the black and the red oxides.  

Black

79.9 g Cu
20.1 g O

Red

88.8 g Cu
11.2 g O

Knowing the mass of 1 mole of Cu is 63.546 g/mole and the mass of 1 mole of oxygen is 15.9994 g/mole, 

Molar mass = (mass)/(moles)

and 

moles = (mass)/(molar mass)






Black

moles copper = (79.9 g)/(63.546 g/mole) = 1.26 moles








moles oxygen = (20.1 g)/(15.9994 g/mole) = 1.26 moles

so the ratio of moles of copper atoms to oxygen atoms in the black oxide is 1.26:1.26, which is also the ratio of copper atoms to oxygen atoms.  The empirical formula of black copper oxide must then be CuO






Red

moles copper = (88.8 g)/(63.456 g/mole) = 1.40 moles








moles oxygen = (11.2 g)/(15.9994 g/mole) = 0.700 moles

so the ratio of moles of copper atoms to oxygen atoms in the red oxide is 1.40:0.700 or 2:1.  The empirical formula must then be Cu2O.  It is important to note that these mole ratios should be whole numbers, and so if they are not, they should be rounded to the nearest whole number.

From these calculations chemists began to gain an understanding of the combining capacities of chemical compounds.  


3.1	Calculate the percent composition of each of the elements in the compound Na2S2O3. (review from last unit)





3.2	There are two oxides of carbon.  Oxide A is 27.3% carbon and 72.2% oxygen.  Oxide B is 42.9% carbon and 57.1% oxygen.


	a) Calculate the empirical formulae of the two oxides.


	b) How do these two compounds illustrate the Law of Multiple Proportions.





3.3	An oxide of aluminum is 52.9% aluminum.  What is the empirical formula for this compound?





3.4	A hydrocarbon is 85.7% carbon and 14.3% hydrogen.  What is the empirical formula for this compound?





3.5	Calculate the empirical formula of a compound consisting of 36.4% sodium, 25.5% sulfur, and 38.1% oxygen.





3.6	A compound of nitrogen and oxygen is analysed.  2.000 g of nitrogen and 4.57 g of oxygen are found.  What is its empirical formula?.





3.7	How much gold chloride, AuCl3, could be made from 5.00 g of gold?


	a) do the calculation using percent composition


	b) do the calculation using moles.
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