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Gas Stoichiometry

Unit 09 Lesson 02 Day 1

Vocabulary

	Avogadro’s Law
	
	At constant pressure and temperature, the volume of a gas is directly proportional to the number of moles of the gas.

	
	
	

	Boyle’s Law
	
	For a given mass of gas at constant temperature, the volume of a gas varies inversely with the pressure.

	
	
	

	Charles’ Law
	
	For a given mass of gas at constant pressure, the volume of a gas is directly proportional to the Kelvin temperature.
The temperature must be in Kelvin.

	
	
	

	Combined Gas Law
	
	A gas law that combines Boyle's Law, Charles' Law, and Gay-Lussac's Law, it states the ratio of the product of pressure and volume to the absolute temperature of a gas is equal to a constant, this gas law is used when pressure, volume, and temperature are all changing, the temperature must be in Kelvin

	
	
	

	Dalton’s Law of Partial Pressures
	
	At constant temperature and volume, the total pressure exerted by a mixture of gases is equal to the sum of the partial pressures.


	
	
	

	Gay-Lussac’s Law
	
	For a given mass of gas at constant volume, the pressure is directly proportional to the Kelvin temperature.

	
	
	

	Ideal Gas Law
	
	A gas law that describes the relationships between measurable properties of an ideal gas, it describes the physical behavior of an ideal gas in terms of the temperature, volume, pressure, and number of moles of a gas that are present, this gas law is used when no variables – P, V, or T – are changing, the temperature must be in Kelvin

	Gas stoichiometry
	
	The quantitative relationship between reactants and products in a chemical reaction with reactions that produce gases


Going from mass to volume – overall plan

1)  Will involve using the “big, long line” to convert from mass of the given 

     substance to moles of the desired substance

2)  Then using the Ideal Gas Law to convert from moles of the desired substance

      to volume of the desired substance under the conditions of pressure and 

      temperature given
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	Ideal Gas Law


Going from volume to mass – overall plan

1)  Will involve using the Ideal Gas Law to convert from volume of the given

     substance to moles of the given substance under conditions of pressure 

     and temperature given

2)  Then using the “big, long line” to convert from moles of the given substance 

      to mass of the desired substance

	Ideal Gas Law
	
	
	
	

	
	
	
	
	
	
	

	volume of A
	(
	moles of A
	
	
	
	

	
	
	(
	
	
	
	

	
	
	moles of A
	(
	moles of B
	(
	mass of B

	
	
	
	
	
	
	

	
	
	Big, Long Line


Doing gas stoichiometry calculations

	
	Going From Mass To Volume
	Going From Volume To Mass

	
	
	

	1.
	Write the chemical equation.
	Write the chemical equation.

	
	
	

	2.
	Balance the chemical equation.
	Balance the chemical equation.

	
	
	

	3. 
	Set up a “Given and Find”.
	Set up a “Given and Find”.

	
	
	

	4.
	Calculate the molar mass for the substances where mass is needed.
	Take the volume and plug that value into the Ideal Gas Law Equation and calculate the number of moles using the given pressure and temperature:

	
	
	

	5. 
	Do a mole relationship.
	Round the result to the correct number of significant digits.

	
	
	

	6.
	Draw a map.
	Calculate the molar mass for the substances where mass is needed.

	
	
	

	7. 
	Draw a “big, long line” with one bar for each arrow and put the starting amount on the top left of the “big, long line.”
	Do a mole relationship.

	
	
	

	8.
	Use the process of taking units cattycorner and bringing new units down from the map.
	Draw a map.

	
	
	

	9. 
	When converting from one substance to another use the ratio of the       moles – the coefficients from the balanced equation.
	Draw a “big, long line” with one bar for each arrow and put the starting amount on the top left of the “big, long line.”

	
	
	

	10.
	When converting from the mass of a substance to the moles of that substance, use the molar mass for that substance.
	Use the process of taking units cattycorner and bringing new units down from the map.

	
	
	

	11. 
	Use unit cancellation and the appropriate conversion factors until you reach the desired units.
	When converting from one substance to another use the ratio of the       moles – the coefficients from the balanced equation.

	
	
	

	12.
	Round the result to the correct number of significant digits.
	When converting from the mass of a substance to the moles of that substance, use the molar mass for that substance.

	
	
	

	13. 
	Take the moles you calculated and plug that value into the Ideal Gas Law Equation, using the given pressure, volume, and temperature:
	Use unit cancellation and the appropriate conversion factors until you reach the desired units.

	
	
	

	14.
	
	Round the result to the correct number of significant digits. 
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Model

Potassium reacts with water with great vigor to produce potassium hydroxide and hydrogen. If 0.500 L of hydrogen are produced at 29.5 °C and 0.997 atm, what mass of potassium reacted?
a)  Write and balance the chemical equation:


             2 K (s) + H2O (l) ( 2 KOH (aq) + H2 (g)

b)  Set up a “Given and Find”:

	Given
	Find

	V = 0.500 L

T = 29.5 °C

P = 0.997 atm
	grams K = ?

moles of H2 = ?

molar mass of K = ?


c)  Converting °C to K


29.5 + 273.15 = 302.6 K

d)  Using the Ideal Gas Law Equation

PV = nRT

(0.997 atm)(0.500 L) = n(0.082057 
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	n
	=
	(0.997 atm)(0.500 L)
	= 0.020076 mol
	= 0.0201 mol
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e)  Calculate molar masses:



K = 39.10 g/mol

f)  Do a mole relationship:


1 mol H2 = 2 mol K
g)  Draw a map:

	mol H2
	((
	mol K
	((
	g K


h)  Draw a “big, long line”:

	mol H2
	((
	mol K
	((
	g K



	0.0201 mol H2
	2 mol K
	39.10 g K

	
	1 mol H2
	1 mol K


h)  Round the result to the correct number of significant digits. 

	=
	1.57182 g K
	=
	1.57 g K


Example

Solid potassium chlorate decomposes into solid potassium chloride and oxygen gas. If 13.50 grams of potassium chlorate are decomposed what volume of oxygen at 425 °C and 101.33 kPa will be produced?

Exercises

Procedure


1. Complete a “Given and Find” on your own.


2. Don’t forget to convert Celsius to Kelvin as necessary.


3. Draw the correct “big, long line” where needed

4. Write the correct formula and plug in the numbers where

    needed.

5. Show all of your math.

6. Box the final answer and don’t forget to include the units.
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01.  Iron ore is roasted to produce solid iron and gaseous oxygen according to 

       the following equation:

Fe3O4 (s) ( 3 Fe (s) + 2 O2 (g)

       If 975 grams of iron ore are roasted, what volume of oxygen will be produced  

       at 1250 °C and 0.998 atm?

02.  When methane (CH4) is burned in a Tirrill burner it produces carbon dioxide 

       and water vapor according to the following equation:

CH4 (g) + 2 O2 (g) ( CO2 (g) + 2 H2O (g)

      If 1228 L of water vapor were produced at 950 °C and 758 mm Hg, what 

       mass of methane was burned?

03.  Silicon tetrafluoride can be prepared by heating solid barium 

       hexafluorosilicate (BaSiF6)  to produce solid barium fluoride and silicon    

       tetrafluoride gas according to the following equation:

BaSiF6 (s) ( BaF2 (s) + SiF4 

       If 250.0 grams of barium hexafluorosilicate are heated, what volume of  

       silicon tetrafluoride gas will be produced at 325 °C and 101.25 kPa?

04.  When a butane torch is burning it produces carbon dioxide and water vapor  

       according to the following equation:

2 C4H10 (l) + 13 O2 (g) → 8 CO2 (g) + 10 H2O (g)

       If 988 L of carbon dioxide were produced at 1225 °C and 1.005 atm, what   

       mass of butane was burned?

05.  Nitroglycerin is a heavy, colorless, oily, explosive liquid.  The energy from 

       the initial decomposition produces a pressure wave that detonates the   

       surrounding nitroglycerin. This self-sustained shock wave propagates 

       through the nitroglycerin at nearly thirty times the speed of sound causing an 

       almost instantaneous reaction. The products of the explosion are extremely 

       hot gases.  Nitroglycerin detonates according to the following equation:

4 C3H5N3O9 (l) ( 6 N2 (g) + 12 CO2 (g) + 10 H2O (g) + O2 (g)

       If 2.00 grams of nitroglycerin were detonated, what volume of nitrogen gas 

       would be produced at 4995 °C and 2020 kPa?

06.  Timothy McVeigh and Terry Nichols used large amounts of fuel oil and 

       ammonium nitrate in their terrorist bomb attack on the Alfred P. Murrah  

       Federal Building in downtown Oklahoma City on April 19, 1995.  Ammonium  

       nitrate explosively decomposes according to the flowing equation:

NH4NO3 (s) ( 2 N2 (g) + 4 H2O (g) + O2 (g)

       McVeigh and Nichols detonated 9.430 x 105 grams of ammonium nitrate. 

       What volume of water vapor was produced at 762.1 mm Hg and 975 °C?
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