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Note taking Guide:  Gas Laws part II: Avogadro’s Principle and The Ideal Gas Law
1. Since we ignore the volume and mass of gas molecules, can we assume anything about the volume all gases occupy?
2. Can we apply this information to solve for the three properties of gases: temperature, volume, and pressure?

3. Can we apply this to solve stoichiometry problems?

Quick: What are all of the ways you can think of to increase the volume of a balloon?

Avogadro’s Principal

· Even though particles that make up gases vary greatly in size, KMT tells us 





 when talking about the volume a gas occupies.

· Therefore, we can say 1000 krypton gas particles occupies the same volume as 1000 helium particles!

· Avogadro first proposed this idea in 1811

· States that 





at the same temperature and pressure contain the 






· 1 mol contains 6.02 x 1023 particles
· STP is Standard Temperature and Pressure = 273K and 1.00 atm pressure (STP)

· Avogadro’s Law states that 





of any gas at Standard Temperature and Pressure (STP) occupies 






· Therefore we can use  22.4 L/mol as a conversion factor
Let’s practice:

1. Find the number of moles in a sample of gas that has a volume of 5.32 L at STP?
2. The main component of natural gas used for home heating and cooking is methane (CH4).  Calculate the volume that 2.00kg of methane gas will occupy at STP.

Molar Volume Practice

Calculate the volume of the following at STP:

1. 2.00 moles of oxygen gas (O2)





​​​​​​​​​____________

2. 5.13 moles of ammonia gas (NH3)





​​​​​​​​​____________

3. 0.425 moles of carbon dioxide gas (CO2)




____________

Calculate the number of moles of the following at STP: 

1. 11.2 L of fluorine gas (F2)






____________

2. 44.8 L of sulfur dioxide gas (SO2)





____________

3. 0.415 L of ammonia gas (NH3)





____________

Ideal Gas Law

· Now that we know that one mole of all gases occupy the same volume, we have a NEW Gas Law to introduce.
· While the 





deals with the relationship of gas properties under 






· The 





uses the basis of that relationship and applies it to a 





of those properties and the amount of gas that is present using Avogadro’s Law. 
· Known as the Ideal Gas Law because it works best for gases that obey the assumptions of the kinetic molecular theory!
Why do we call it the Ideal Gas Law?
	Ideal Gas Assumptions

· Motion is totally 


 and linear

· All gas particle collisions are 



· Gas particles 


have any intermolecular attraction

· Gas particles have 




	Real Gas

· Motion is almost but 


 random

· Gas particle collisions are 


 elastic

· Gas particles experience 


intermolecular attraction

· Gas particles do have 


 


of volume




Known as the Ideal Gas Law because it works best for gases that obey the assumptions of the kinetic molecular theory!

P = Pressure
V = Volume

n = Number of moles

R = 




T = Temperature

· By selecting the values for 


 conditions, the value of the constant can be determined:

· Standard value for Temperature = 273K

· Standard value for Pressure = 1 atm

· Standard value for the amount of gas = 1 mole

· Standard value for volume = 22.4L

· Let’s solve for R: (hint: rearrange the formula for the unknown before you start!)
Let’s practice using the ideal gas law:

1. Calculate the number of moles of ammonia gas (NH3) contained in a 3.0 L vessel at 300K with a pressure of 1.5 atm.
2. What volume will 2.0 moles of nitrogen occupy at 720 torr and 20oC?  (remember that 1.0 atm = 760 torr and that temperature must be in Kelvins)
3. Find the number of grams of CO2 that exert pressure of 785 torrs at a volume of 32.5 L and a temperature of 32oC.
Try some on your own:  Solve the following problems.
4. A tank contains 115 moles of neon gas. It has a pressure of 57 atm at a temperature of 45ºC. Calculate the volume of the tank.
5. A scuba tank has a pressure of 195 atm at a temperature of 10ºC. The volume of the tank is 350 L. How many moles of air are in the tank?
6. A helium-filled balloon has a volume of 208 L and it contains 9.95 moles of gas. If the pressure of the balloon is 1.26 atm, determine the temperature in Celsius degrees.
7. A tank of oxygen has a volume of 1650 L. The temperature of the gas inside is 35ºC. If there are 9750 moles of oxygen in the tank what is the pressure in PSI?
8. A canister of acetylene has a volume of 42 L. The temperature of the acetylene is 305 K and the pressure is 780 torr. Determine the amount (moles) of gas in the canister.
9. Calculate the volume of a CO2 cartridge that has a pressure of 850 PSI at a temperature of 21ºC. The cartridge contains 0.273 mol of CO2.
10. A tank contains 2500 L of argon gas. The pressure is13790 kPa and the temperature is 25ºC. How many moles of argon are in the tank?

Gas stoichometry

· Avogadro’s Law allows for the application of 



to replace 




 to compare any two gases in stoichiometric calculations.
You will see two different types of problems:

1. Volume to volume problems

2. Volume to mass problems

Let’s try some problems:

Volume to Volume:

1. What volume of hydrogen is necessary to react with 5L of nitrogen to produce ammonia? 


(assume constant temperature and pressure)
___N2 + ___H2 ( ___ NH3

a) balance the equation


b) volume to volume ratio


c) what volume of ammonia is produce?

2. If 20 liters of oxygen are consumed in the above reaction, how many liters of carbon dioxide are produced?
___C3H8 + ___O2 ( ___CO2 + ___H2O

a) Balance the equation

b)  volume to volume ratio

Volume to mass problems

3. Ammonia is synthesized from hydrogen and nitrogen.  If 5.0 L of nitrogen react completely with hydrogen at a pressure of 3.00 atm and temperature of 298 K, how much ammonia, in grams, is produced?

___N2 (g) + ___H2 (g) ( ___NH3 (g)


a) balance the equation


b) volume to volume ratio


c) ideal gas law to calculate moles of ammonia


d) use molar mass to calculate grams of ammonia
4. When iron rusts, it undergoes a reaction with oxygen to form iron (III) oxide.  Calculate the volume of oxygen gas at STP that is required to completely react with 55.9 grams of iron.

___Fe (s) + ___O2 (g) ( ___Fe2O3 (s)


a) balance the equation

b) calculate moles of Fe

c) use mole to mole ratio to calculate moles of oxygen


c) use ideal gas law to calculate liters of oxygen
5. (a) Balance the equation: 

___N2(g)   +      ___H2(g) →       ___NH3(g)
(b) Use the equation to determine what volume of ammonia is produced if 2.00 L of nitrogen gas are allowed to react with 8.00 L of hydrogen gas at STP?  Hint: look at the state symbols for this reaction!  Be mindful of a limiting reagent!
(c) For the reaction above, how many moles of ammonium do you have if 9.00 L of ammonia are produced at 1.2 atm and 298K?  How many grams will you have?
(d) Use your answer from (c) and calculate how many moles of hydrogen gas are required to react with sufficient nitrogen to make that quantity of ammonium.  How many grams will you need?
Try some on your own:
1. What volume of O2 is produced when 28.5 g of hydrogen peroxide (H2O2) decomposes to form water and oxygen at 150°C and 2.0 atm?

___H2O2 (aq) ( ___H2O (l) + ___O2 (g)

2. This reaction uses 18.2 g of copper (I) sulfide (Cu2S). What volume of sulfur dioxide gas would be collected at 237°C and 10.7 atm?

___Cu2S (s) + ___O2 (g) (___Cu2O (s) + ___SO2 (g)

3. When 62.7-g nitrogen and excess oxygen react they generate nitrogen dioxide. If the NO2 is collected at 625 K and 0.724 atm, what volume will it occupy?

___N2 (g) + ___O2 (g) (___NO2 (g)

4. What volume of hydrogen gas is evolved from a reaction between 0.52 g of Na and water? The gas is collected at 20°C and 745 mmHg.

___Na (s) + ___H2O (l) ( ___NaOH (aq) + ___H2 (g)
























USEFUL EQUATIONS & CONVERSIONS


PV = nRT�
1.00 atm = 101300 Pa�
�
R = 0.0821�
1.00 atm = 101.3 kPa�
�
TK = TC + 273�
1.00 atm = 760 mmHg�
�
1 cm3 = 1 mL�
1.00 atm = 760 torr�
�
1 L = 1000 mL�
1.00 atm = 14.7 psi�
�
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