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Gay-Lussac’s Law and Avogadro’s Law

CSCOPE Unit 09 Lesson 01 Day 3

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


Gay-Lussac’s Law – the Temperature-Pressure Relationship


1. Verbal definition
For a given mass of gas at constant volume, the pressure is directly proportional to the Kelvin temperature.

The temperature must be in Kelvin.
2. Equation

	P1
	=
	P2

	T1
	
	T2


Model


A sample of a gas has a pressure of 98.9 kPa at 253 K.  What is its pressure 


at 298 K?

	Given
	Find

	P1 = 98.9 kPa

T1 = 253 K

T2 = 298 K
	 P2 = ?


	P1
	=
	P2

	T1
	
	T2


	98.9 kPa
	=
	P2

	253 K
	
	298 K


(253 K) P2 = (98.9 kPa)(298 K)

	P2 =
	(98.9 kPa)(298 K)

	
	253 K


P2 = 116.49 kPa

	P2 = 116 kPa


Examples

How many times larger or smaller would the pressure of a sample of a gas in a container be if the Kelvin temperature of the gas were quadrupled?

A sample of a gas has a pressure of 1.005 atm at 30.0 (C.  What is its pressure 

at a temperature of 60.0 (C?
Avogadro’s Law – the Quantity-Volume relationship

1. Verbal definition

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


2. Mathematical definition

	V1
	=
	V2

	n1
	
	n2


Model


If 3.50 mol of a gas have a volume of 78.45 L at a certain temperature and 
pressure what would the volume be if 1.50 mol of the same gas were added 
while keeping pressure and temperature constant?

	Given
	Find

	n1 = 3.50 mol

V1 = 78.45 L
	n2 = ?

V2 = ?




n2 = 3.50 mol + 1.50 mol = 5.00 mol

	V1
	=
	V2

	n1
	
	n2


	78.45 L
	=
	V2

	3.50 mol
	
	5.00 mol


(3.50 mol) V2 = (78.45 L)( 5.00 mol)

	V2 =
	(78.45 L)(5.00 mol)

	
	3.50 mol


V2 = 112 L

	V2 = 112 L


Examples

How many times larger or smaller would the volume of a sample of a gas  in a container be if the number of moles of gas in that container doubled?

A mixture of hydrogen and oxygen with a 2:1 ratio has a volume of 67.2 L.  What is the volume of the water vapor when the H2 and the O2 react according to the equation:

2 H2 (g) + O2 (g) ( 2 H2O (g)

while keeping pressure and temperature constant?

Conceptual Exercises

01. How many times larger or smaller would the pressure of a sample of a gas 

    in a container be if the temperature of the gas went from 200. K to 400. K?

02. How many times larger or smaller would the temperature of a sample of 

      a gas in a container be if the pressure of the gas went from 2.0 atm to 

      8.0 atm?

03. How many times larger or smaller would the volume of a sample of a gas 

      in a container be if the number of moles of gas went from 1.00 mol to 

      3.00 mol?

04. How many times larger or smaller would the volume of a sample of a gas 

      in a container be if the number of moles of gas went from 8.0 mol to 

      2.0 mol?

Exercises

Procedure


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


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

3. Write the correct formula and plug in the numbers.

4. Show all of your math.

5. Box the final answer and don’t forget to include the units.

Gay-Lussac’s Law Problems


05.  A sample of a gas has a pressure of 777 mm Hg at a temperature of 99 K.  


       What is its pressure at 205 K?


06.  A sample of a gas has a temperature of 668 K and a pressure of 0.884 atm.  

                   If the pressure is increased to 12.75 atm, what is the new temperature?

Avogadro’s Law Problems

07.  If 4.5 mol of a gas have a volume of 98.7 L at a certain temperature and 

       pressure what would the volume be if 2.5 mol of the same gas were added 

       while keeping pressure and temperature constant?


08.  A mixture of nitrogen and oxygen in a 1:3 ratio has a volume of 4.00 L.  

                   What is the volume of the nitrogen trioxide when the nitrogen and oxygen

                   react according to the equation:

N2 (g) + 3 O2 (g) ( 2 NO3 (g)

                   while keeping pressure and temperature constant?

Mixed Boyle’s Law, Charles’ Law, Gay-Lussac’s Law, and Avogadro’ Law Problems


09.  At 25.0 (C a 2.50 L sample of gas has a pressure of 82.2 kPa.  If the 

    
       temperature is decreased to 0.00 (C what will the new pressure be?  

                 (NOTE: T is in (C NOT in K!!)

10.  If 2.25 mol of a gas have a volume of 51.0 L at 0.00 (C and a pressure of 

       3.75 atm what would the volume be if 1.20 mol of the same gas were added 

       while keeping pressure and temperature constant?

11.  At 278.2 K a sample of oxygen gas has a volume of 1125 L and a pressure 

       of 1229 mm Hg. If the pressure is changed to 1012 mm Hg while keeping the

       temperature constant what will the new volume be?

12.  At 246 (C a sample of oxygen gas has a volume of 478 mL and a pressure 

       of 3247 kPa.  If the volume is changed to 569 mL what will the new 

       temperature be?

Unit 09 Lesson 01 Day 3

