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Dalton’s Law of Partial Pressures and the Ideal Gas Law

CSCOPE Unit 09 Lesson 01 Day 4

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


Dalton’s Law of Partial Pressures

1. Verbal statement

At constant temperature and volume the total pressure exerted by a mixture of gases is equal to the sum of the partial pressures.

2. Equation
Ptotal = P1 + P2 + P3 + … Pn
Model 

At 101.3 kPa the partial pressure of N2 is 79.11 kPa.  What is the partial pressure of the other gases?

	Given
	Find

	Ptotal = 101.3 kPa 
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Ptotal = P1 + P2 + P3 + … Pn
Ptotal = 
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watch sig digs!

101.3

                     ( 79.11
             22.19

	Pothers = 22.2 kPa


Collection of gases over water uses Dalton’s Law of Partial Pressures
1. Description

A bottle is filled completely with water and turned upside down in a reservoir of water.

The gas to be collected is bubbled up into the bottle, pushing out the water.

The key phrase is the equivalent of “collected over water.”

2. Using Dalton’s Law of Partial Pressures

Part of the pressure inside the gas-collection bottle is from the gas and the rest of the pressure is from the water vapor.

The partial pressure of water vapor: 

Depends on temperature

Can be looked up in a table




Ptotal = Pgas +  Pwater vapor

Model

A 500. mL sample of gas is collected over water at 22 (C.  If the outside pressure is 102.7 kPa, what is the pressure of the gas in the gas-collection bottle?  The vapor pressure of water at 22 (C is 2.644 kPa.

	Given
	Find

	Ptotal         = 102.7 kPa
Pwater vapor = 2.644 kPa
	 Pgas = ?




Ptotal = Pgas +  Pwater vapor

Pgas = Ptotal ( Pwater vapor

Pgas = 102.7 kPa ( 2.644 kPa

Pgas = 100.056 kPa

	Pgas = 100.1 kPa


Ideal Gas Law

A. Ideal gases and real gases



1. Ideal gases 

a. The volume of the gas particles themselves is effectively zero.

It would be possible to compress the volume of an ideal gas all the way down to zero – there is no volume of the particles to take up any room.

b. There is no force of attraction between gas particles.

It would be impossible to liquefy an ideal gas – there is nothing to make it condense.

2. Real gases

a. Two assumptions that do NOT hold true for real gases

(1) The actual volume of the particles themselves – that we 

      usually ignore – does sometimes matter.

(2) The force of attraction between the particles – that we 

      usually ignore – does sometimes matter.




b. Two conditions under which real gases behave very differently 

     from ideal gases

(1) High pressure

(2) Low temperature

c. In general, the closer a gas is to the liquid state the more it will 

    deviate from acting like an ideal gas.

Verbal descriptions of the Ideal Gas Law

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.

Used when no variables – P, V, or T – are changing

Equation

PV=nRT 

Used when three of the four are known!

P – pressure in kPa

V – volume in L

n – moles in mol

R – ideal gas law constant

8.3145 
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T – temperature in K

Model

A sample of a gas has a volume of 2.00 L at a temperature of 295 K.  If it contains 0.500 moles what is its pressure?

	Given
	Find

	V = 2.00 L

T = 295 K

n = 0.500 mol

R = 8.3145 
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	 P = ?


PV=nRT

P(2.00 L) = (0.500 mol)(8.3145 
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	P =  
	(0.500 mol)(8.3145 
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	(2.00 L)


	P = 612.194 kPa
	= 612 kPa


Example

A sample of a gas has a pressure of 1473 kPa at a temperature of 25.1 (C.  If it 

      
contains 0.3765 moles what is its volume? 

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.
	R = 0.082057 
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	R = 8.3145
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	R = 62.364 
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Dalton’s Law of Partial Pressures Problems

Table of Vapor Pressure for Water
	Temp (C
	Pressure

in mm Hg
	Pressure

in kPa
	
	Temp (C
	Pressure

in mm Hg
	Pressure

in kPa

	11
	9.848
	1.3129
	
	21
	18.659
	2.4877

	12
	10.521
	1.4027
	
	22
	19.837
	2.6447

	13
	11.235
	1.4979
	
	23
	21.080
	2.8104

	14
	11.992
	1.5988
	
	24
	22.389
	2.9850

	15
	12.793
	1.7056
	
	25
	23.769
	3.1690

	16
	13.640
	1.8185
	
	26
	25.224
	3.3629

	17
	14.536
	1.9380
	
	27
	26.755
	3.5670

	18
	15.484
	2.0644
	
	28
	28.366
	3.7818

	19
	16.485
	2.1978
	
	29
	30.061
	4.0078

	20
	17.542
	2.3388
	
	30
	31.844
	4.2455


01.  Heliox is an artificial mixture of helium (He) and oxygen (O2), generally used 

       as a breathing gas only for extreme diving depths.  At 100 m (330 feet) the 

       partial pressure of the helium is 7025 mm Hg. If the total pressure of the gas 

       delivered to the diver is 8360 mm Hg, what is the partial pressure of the 

       oxygen?

02.  Hydrogen gas is generated in the reaction of solid zinc with hydrochloric 

       acid. The gas is collected over water at a temperature of 18 (C. If the total 

       pressure in the collection bottle is 101.40 kPa, what is the pressure of the 

       hydrogen gas itself?

03.  A sample of a gas has a volume of 5.195 L at a temperature of 116 K.  If it 

       contains 0.716 moles what is its pressure in kPa? 

04.  A sample of a gas has a pressure of 1.330 kPa at a temperature of 85.5 K.    

       If it contains 0.9995 moles what is its volume? 

05.  A sample of a gas has a pressure of 60.99 kPa and a volume of 0.870 L at 

       a temperature of 739 K.  How many moles of gas are in that sample? 

06.  14.5 moles of a gas have a pressure of 283 kPa and a volume of 1.049 L.  

       What is the temperature of the gas? 

07.  A sample of a gas has a pressure of 441 kPa and a volume of 39.06 L at a 

       temperature of 981 K.  How many moles of gas are in that sample? 

08.  A sample of a gas has a volume of 7.147 L at a temperature of 345 (C.  If it 

       contains 82.84 moles what is its pressure in kPa? 

09.  6.75 moles of a gas have a pressure of 729 kPa and a volume of 9.31 L.  

       What is the temperature of the gas? 

10.  A sample of a gas has a pressure of 1519 kPa at a temperature of 23 (C.  

       If it contains 0.3877 moles what is its volume? 
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