12.1 The Mole And Gases

Many chemical reactions involve gases as reactants or products.  The results of numerous experiments have show that gases react or/are produced in  simple volume ratios when the volumes are measured at the same temperature and pressure.  For example, the electrolysis of water always produced two volumes of hydrogen to each volume of oxygen produced, both gases are measured at the same temperature and pressure.  Similarly, 

1L of H2 (g) always reacts with exactly 1 L of Cl2  (g) to form 2 L of HCl (g); 
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and 3 L of H2 (g) always react with 1 L of N2 to form 2 L of NH3 (g) ( ammonia).
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These findings can be summarized in Gay-Lussac’s Law of Combing Volumes:

"When gases react, they do so in simple, whole number ratios by volume."
Avogadro’s Hypothesis

Gay-Lussac’s Law of Combing volumes were explained by Avogadro who proposed that gaseous elements such as hydrogen, chlorine , oxygen and nitrogen are molecules.  Each molecule consists of two atoms of that element bonded together.  Furthermore; Avogadro guessed, or proposed a  hypothesis which is now called Avogadro’s hypothesis as follows:

" Equal volumes of gases at the same temperature and pressure contain equal number of molecules."
Gay - Lussac’s Law of combining volumes can now be explained.  If 1L of nitrogen and 1L of oxygen combined to give 2 L of nitrogen monoxide, then the observations could be explained by assuming that one molecule of nitrogen reacted with one molecule of oxygen to form two molecules of nitrogen monoxide, each of which contained one atom of nitrogen and one atom of oxygen .  These two

nitrogen atoms must have come form a nitrogen molecule which contained two atoms, and the two oxygen atoms must have come form an oxygen molecule which also consisted of two atoms.  The arguments can be summarized:
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MOLAR VOLUME OF GASES

Since many chemical reactions involve gases as reactant and products , the volume occupied by one mole of gas particles is of considerable interest.  According to Avogadro’s hypothesis, equal numbers of gas particles at the same temperature and pressure  occupy the same volumes.  Therefore, 6.02 (1023  gas particles ( one mole of particles ) at 273 k and 101.3 kPa (STP) should have a fixed volume regardless of the nature of the particles or the identity of the gas.  You  can calculate the molar volume of different gases by dividing the molar mass of the gas by the density of the gas.  Do this by completing the table below.

	Gas
	Density (g/L)
	Molar Mass (g/mol)
	Molar Volume(L/mol)

	oxygen, O2
	1.429
	
	

	Helium, He
	0.1785
	
	

	Nitrogen, N2
	1.251
	
	

	Ammonia, NH3
	0.7621
	
	

	Hydrogen, H2 
	0.08988
	
	

	Argon, Ar
	1.784
	
	


The accepted value of the standard molar volume, that is the volume occupied by one mole of a gas at STP is 22.4 L
Simple Calculations Involving Gases And the Mole

A. Changing litres to moles


Sample Calculation: refer to sample problem on page 480
NOTE:  Once you calculate “n”, you can then calculate the mass of the gas and / or  the number of particles in the gas sample as you have already learned that in the previous sections.  

Practice Problems:
1. What is the amount of gas ( in moles) in a sample that occupies a volume of 570 ml at 78 (C and a pressure of 103 kPa?

2. What is the amount of SO2 gas in a steel cylinder of a volume of 4.00L at 25(C and 101.3 kPa?

3. What is the amount of CO2 gas in a 12.0L cylinder at 20(C and 250 kPa?  How many grams of CO2 are in the cylinder?  How many molecules of CO2 are in the cylinder?

B. Changing mole to litres

Sample Calculation : refer to sample problem on page 479
Note:  If you are given the mass (m) of the gas sample and are asked to calculate the volume of the gas at a given temperature and pressure, you must calculate “n”  first ( n = 

), then follow the above method.

Practice Problems
1. Calculate the volume occupied by 0.371 mol of oxygen at -35ºC and 33.00 kPa.

2. Calculate the volume occupied by 1.32 mole of oxygen gas at STP.

3. 0.27 g sample of N2 (g) is in a cylinder.  What volume would this sample occupy at 25ºC and 101.3 kPa?

4. 0.19 g sample of NO2 (g) is collected at 27ºC and 96.92 kPa.  What would be the volume of the gas under these conditions.

1.4 Avogadro’s Hypothesis and Molar mass

Avogadros’s hypothesis states that equal volume of different gases at the same temperature and pressure contain equal numbers of particles.  Since the moles of different gasses have their own characteristic mass, we can predict that the mass of the same volume of different gases measured at at the same temperature and pressure should be in the same ratio as their molar masses therefore, you can test Avogadro’s hypothesis by experiment 

Now you are ready to do the two experiments in your lab manual p. 38, 39, 40 and 41

THE CONCEPT OF MOL - PRACTICE PROBLEMS

1. Calculate the amount of gas ( in mols) in each of the following volumes measured at STP:

a) 67.2 L of methane gas



b) 545 mL of oxygen

2. Calculate the volume, at STP, occupied by each of the following quantities of gas

a) 3.85 mol of SO2 




b) 0.038 mol of CO2 (g)

3. Given 25 g of oxygen gas calculate:

a) the amount of oxygen in this sample in mol

b) the volume of this sample of O2 (g) at STP

c) the volume of the sample of O2(g)  of 27º C and 213 kPa pressure

4. What volume would you expect 0.350 mol of hydrogen gas to occupy at -73ºC and 112 kPa?

( Hint : first find V at STP then change it to -73º C and 112 kPa)

5. What is the mass of 1.12 L of sulfur dioxide gas ( SO2) measured at 101º C and 50.7 kPa?  Hint first find the volume of the sample at STP, then fidn n, then find m.

6. What is the mass of 51.0 l of  (CO2).  Calculate the volume of CO2 (g) , measured at STP that will be formed if the liquid is allowed to vaporize

7.  What is the molar mass if 2.40 g of the gas occupies a volume of 2.80 L at 181 º C and 59.0 kPa?

Hint use molar mass

8.  What is the amount of gas in mole are contained in 4.0 L sample of the gas at 25.0 º C and 101.3 kPa?

9. What is the molar mass of gas if 562 mL sample of the gas has a mass of 1.10 g at STP

10. What volume would 10g of ammonia occupy at 27.0ºC and 202.6 kPa? (ammonia is NH3)
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To calculate the amount of substance (n) given the volume of a gas in L;


1. Correct the volume to STP conditions


2. Divide the volume of the gas at STP by 22.4 L/mol to find the amount of substance (mol)





To calculate the volume of a gas (l) given the amount of the gas in moles:


1. Multiply the amount of gas (moles) by 22.4 l/mol to find the volume of the sample at STP 


2. Correct the volume to the specified temperature and pressure
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