Chemistry 11

Unit III

Problem Set 3.5 - Analysis Problems

Chemical analysis is a very common technique for determining the purity of a compound and also to identify a compound.  The method of analysis is done by burning the unknown compound in oxygen in order to convert the carbon to carbon dioxide and hydrogen to water.  Once this is done, the mass of carbon dioxide and water produced are found.  When these masses are known, the masses of carbon and hydrogen in the original sample can be calculated, and thus their percent composition.

Example 1
An organic compound containing only carbon, hydrogen and oxygen was burned in the presence of oxygen.  10.000 grams of the compound is burned.  20.446 grams of CO2 are produced with 6.27 grams of water.  The organic compound has a mass which is 2.69 times heavier than oxygen gas when at the same volume, pressure and temperature.  What is the molecular mass of the compound?

First, we must determine the mass of carbon and hydrogen in the original compound.  
Carbon dioxide is (12.011)/(12.011+2(15.9994) = 27.3% carbon.  
Water is 2(1.0079)/(2(1.0079)+15.9994) = 11.19% hydrogen.  
For 20.446 grams of carbon dioxide, there must be 0.273(20.446g) = 5.58 grams of carbon.
For 6.27 grams of water, there must be 0.1119(6.27) = 0.702 grams of hydrogen
The remainder of the compound must be oxygen 10.000 – (5.58+.702) = 3.718 grams of oxygen

From these masses we can calculate the number of moles:
Carbon 5.58g/12.011 g/mole = .4646 moles

Hydrogen 0.702g/1.0079g/mole = 0.696 moles

Oxygen 3.718g/15.9994 g/mole = 0.232 moles

To find the mole ratio, we divide by the smallest number of moles.  We find:

Carbon .4646/.232 = 2

Hydrogen .696 /.232 = 3

Oxygen .232/.232 = 1

The empirical formula, then, is C2H3O.

The molar mass of the compound is 2.69 times heavier than oxygen gas, which has a mass of 32 g/mole, so its molar mass is 86.08 g/mole.  The mass of the empirical formula is 2(12.011)+3(1.0079)+15.9994 = 43.04

so 


x(43.04)=86.08


x = 2

so the molecular formula is C4H6O2.

1.	A compound which contains C and H is burned to give 23.7 grams of CO2 and 4.85 grams of water.  A sample of the compound, when vapourized, was found to have a mass 2.44 times as much as an equal volume of oxygen gas measured at the same temperature and pressure.  What is the molecular formula of the compound?





2.	A compound consists of carbon and hydrogen.  Combustion of 5.500 grams of the compound produced 17.25 grams of CO2.  Calculate the empirical formula of the compound.





3.	A compound contains C, H, N and O.  A 4.500 gram sample was burned to give 6.83 grams of CO2, 2.33 grams of water, and 0.72 grams of N2.  Equal volumes of N2 and the gaseous compound were found to have a mass of 0.400 grams for the N2 and 2.48 grams for the gaseous compound under identical conditions.  What is the molecular formula for the compound?





4.	A compound contains C, H, N, S, and O.  A 7.58 gram sample was burned to give 8.10 grams of CO2, 1.99 grams of H2O, and 1.03 grams of N2.  A separate sample having a mass of 7.58 grams was treated so that all of the sulphur was converted to BaSO4.  The resulting BaSO4 had a mass of 17.21 grams.  A third measurement indicated that the compound has a molar mass between 200 and 260 g/mole.  What is the molecular formula for the compound?





5.	A metal M forms an oxide M2O3 containing 68.4% of the metal by mass.  What is the metal, M?














Problem Set 3.4
1

