Chemistry Chapter 14
The Behavior of Gases

14.1 The Properties of Gases


Compressibility



-gases are the most easily compressed phase of matter



-is a measure of how much the volume of matter decreases with pressure



-for air bags used in cars, the compressibility of the gas absorbs the energy of impact



-gases are easily compressed because of the space between the gas particles


Pressure  -by definition pressure = 
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-gases exert pressure as molecules of the gas hit the walls of the container



-may be in units of kPa, atm, torr, or  mm Hg



-in this chapter generally may need to convert from torr or mm Hg to atm

Four Variables are generally used to describe a gas - volume, temperature, pressure, and amount of gas

Factors Affection Gas Pressure

1.  Amount of Gas


-when you add gas to a container there is an increase in the number of molecular collisions



causes the pressure exerted by the gas to increase

-if enough gas is added to exceed the pressure capacity of the tank, the container will burst



(see diagrams page 415)


-if temperature does not change, and you double the amount of gas, you also double the



pressure exerted by the gas


-if gas is released from the container the pressure decreases


-note diagram one page 416 of how an aerosol spray can works


-a direct relationship between amount of gas and pressure
2.  Volume


-increasing the volume of a container decreases the pressure being exerted by the gas


-doubling the volume decreases the pressure by a factor of 2


-indirect relationship between volume and pressure


-most common volume units of mL and L - no need to convert between these
3.  Temperature


-all temperature values must be converted to Kelvin when doing any gas law problem



K = C + 273


C = K - 273

-assume all answers involving gases are to be in Celsius scale


-increasing the temperature increases the pressure (potato chip bag in sun bulges)


-is you double the kinetic energy of the gas particles you double the pressure exerted by the gas


-a gas in a sealed container exerts a tremendous amount of pressure as the temperature increases


-decreasing the temperature decreases the pressure


-direct relationship between temperature and pressure
STP - abbreviation for standard temperature and pressure

-standard temperature is 0 C = 273 K


-standard pressure is 1 atm, 101.3 kPa, 760 torr, or 760 mm Hg

Significant Digits - Write all answers with 3 significant digits

Questions:

_________________
1.  How does a decrease in temperature affect the pressure exerted by a gas?

_________________
2.  If the temperature is constant, what change in volume would cause the




pressure of an enclosed g85as to be reduced to 1/4 of its original value?

_________________
3.  Assuming the gas in a container remains at a constant temperature, how could




you increase the gas pressure in the container by a factor of 10.

14.2  The Gas Laws

Boyle's Law:  Pressure and Volume Relationship

-if the temperature is constant, as the volume increases, the pressure decreases,   or


-if the temperature is constant, as the volume decreases, the pressure increases


-when the volume goes up the pressure goes down


-volume and pressure are indirectly related


-volume and pressure can be any units

Problem Solving Strategy


-no help to use dimensional analysis


-if volume or pressure increases show as 
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, if volume or pressure decreases show as 
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-since the volume pressure relationship is indirect, if first arrow is 
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, the second arrow is 
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-an arrow up means the value is increases, so want a fraction larger than one(larger number on top)

-an arrow down means the value is decreasing, so want a fraction smaller than one

Example Problem

A 5.25 L sample of a gas is at a pressure of 125 kPa.  What is the volume when the pressure is 75.0 kPa.

Information 1:

5.25  L

125 kPa

Information 2:

     V

75.0 kPa
Logic:  P 
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Sample Problems:

4.  Nitrous oxide, N2O, is used as an anesthetic.  The pressure of 2.50 L of N2O changes from 105 kPa to 40.5 kPa.  If the temperature does not change, what is the new volume?

Info 1:

_____________________________

Info 2:

_____________________________

Logic:  __________________


Equation:
__________________________     =   _______________ 

5.  A gas has a volume of 4.00 L at a pressure of 205 kPa is allowed to expand to a volume of 12.0 L.  What is the pressure in the container if the temperature remains constant?

Info 1:

_____________________________

Info 2:

_____________________________

Logic:  __________________


Equation:
__________________________     =   _______________ 

6.  A gas at a pressure of 835 torr has a volume of 325 mL.  What is the pressure when the volume is 

225 mL.
Info 1:

_____________________________

Info 2:

_____________________________

Logic:  __________________


Equation:
__________________________     =   _______________ 

7.  A gas has a volume of 3.50 L when the pressure is 135 kPa.  What is the volume at standard pressure?

Info 1:

_____________________________

Info 2:

_____________________________

Logic:  __________________


Equation:
__________________________     =   _______________ 

Charles' Law:  Temperature and Volume Relationship

-if the pressure is held constant, as the temperature of a gas increases, the volume occupied


by that gas increases


-there is a direct relationship between volume and temperature

-Charles observed that at constant pressure the graph of gas volume vs temperature produces



a straight line


-when line is extrapolated (extended) to a volume of zero, intersects the temperature axis at



a temperature of -273 C 


-Lord Kelvin realized the significance of this temperature - absolute zero


-absolute temperature scale used in all gas equations where temperature is changing - the



conversion of Kelvin temperature must be done


-assume all temperature answers are to be in Celsius - so need to change to Kelvin, do



the calculation, then change back to Celsius
Problem Strategy:


-if temperature increases 
[image: image12.wmf]A

then volume increases 
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 and need fraction larger than one



(larger number on the top)


-if temperature decreases 
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then volume decreases 
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 and need fraction smaller than one



(larger number on the bottom)
Sample Problem:

A gas has a volume of 3.50 L when the temperature is 35.0 C.  What is the volume when the temperature is -15.0 C?

Information 1:

3.50 L

308 K

Information 2:

    V

258 K    Logic:  T 
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Problems:
8.  If a sample of gas occupies 6.80 L at 325 C, what will be its volume at 25.0 C?

Info 1:

_____________________________

Info 2:

_____________________________

Logic:  __________________


Equation:
__________________________     =   _______________

9.  A 5.00 L sample of air is at -50.0 C.  What is the volume when the temperature is 100. C?

Info 1:

_____________________________

Info 2:

_____________________________

Logic:  __________________


Equation:
__________________________     =   _______________

10.  A gas has a volume of 2.50 L when the temperature is 25.0 C.  What is the temperature is the volume becomes 4.25 L?

Info 1:

_____________________________

Info 2:

_____________________________

Logic:  __________________


Equation:
__________________________     =   _______________

11.  A gas has a volume of 335 mL when the temperature is 15.0 C.  What is the temperature when the volume is 275 mL?

Info 1:

_____________________________

Info 2:

_____________________________

Logic:  __________________


Equation:
__________________________     =   _______________

The Temperature - Pressure Relationship 


called Guy-Lussac's law


-as the temperature of an enclosed gas increases at constant volume, the pressure increases

-the pressure of a gas is directly proportional to the Kelvin temperature


-explains why the pressure in an aerosol can increases when the temperature increase

Problems:

12.  A sample of nitrogen gas has a pressure of 6.58 kPa at 539 K.  What is the pressure at 211 K?

Info 1:

_____________________________

Info 2:

_____________________________

Logic:  __________________


Equation:
__________________________     =   _______________
13.  The pressure in a car tire is 198 kPa at 27.0 C.  What is the temperature of the tire if the pressure increases to 225 kPa?

Info 1:

_____________________________

Info 2:

_____________________________

Logic:  __________________


Equation:
__________________________     =   _______________

Combined Gas Law

-combination of Boyle, Charles, and Guy Lussac


-as volume, temperature, and pressure all change together each can be treated and evaluated



independently of each other

-the combined gas law allows you to do calculations for situations in which only the amount of 



gas is constant.

Sample Problem:

A sample of gas at 75.0 kPa pressure and a temperature of 20.0 C has a volume of 15.3 L.  What is the volume of the gas at STP?

Info 1:

75.0 kPa
293 K

15.3 L   
Logic 1:  P 
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Info 2:

101.3 kPa
273 K

    V

Logic 2:  T 
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Solution Strategy

1)  always compare changes to what is being found

2)  remember to change temperature to Kelvin

3)  down arrow goes with inequality less than one - larger number on bottom

4)  up arrow goes with inequality greater than one - larger number on the top

Problems:

14.  A gas at 155 kPa and 25.0 C has a volume of 1.00 L.  The pressure of the gas increases to 605 kPa as the temperature is raised to 125 C.  What is the new volume?

Info 1:
    ____________________________
Logic 1:  __________________________

Info 2:
    ____________________________
Logic 2:  __________________________

Equation:  _________________________________________________  = _____________

15.  A 5.00 L air sample has a pressure of 107 kPa at a temperature of -50.0 C.  If the temperature is raised to 102 C and the volume expands to 7.00 L, calculate the new pressure.

Info 1:
    ____________________________
Logic 1:  __________________________

Info 2:
    ____________________________
Logic 2:  __________________________

Equation:  _________________________________________________  = _____________

16.  A gas has a volume of 10.0 L at STP.  What is the temperature when the volume is 3.50 L and the pressure is 225 kPa?

Info 1:
    ____________________________
Logic 1:  __________________________

Info 2:
    ____________________________
Logic 2:  __________________________

Equation:  _________________________________________________  = _____________

17.  A gas has a volume of 325 L at 25.0 C and 65.0 kPa.  What is the volume when the temperature is 55.0 C and the pressure is 90.0 kPa?

Info 1:
    ____________________________
Logic 1:  __________________________

Info 2:
    ____________________________
Logic 2:  __________________________

Equation:  _________________________________________________  = _____________

14.3 Ideal Gases

Summary:

-to calculate the number of moles of a contained gas requires an expression that contains



the variable "n"

-to review



Boyle 

-
volume and pressure indirectly related



Charles
-
volume and temperature directly related



Guy-Lussac
-
temperature and pressure directly related


-fourth variable - quantity of gas - not considered yet

Avogadro - Volume - Quantity of Gas Relationship

-hypothesized that equal volumes of gas have the same number of molecules


-as the amount of gas increases, the volume occupied by the gas increases


-there is a directly relationship between volume and the amount of gas

Ideal Gas Law

-combine the work of Boyle, Charles, Guy-Lussac, and Avogadro


-has the historical form   p V = n R T 


-p - pressure - must be in either kPa or atm  (if torr or mm Hg need to change)



-V - volume - must be in liters



-n - amount of gas - in moles




-if mass given, must convert to moles




-if unknown, should be converted from moles back to grams



-T - temperature  (must be in Kelvin)



-R - named the Ideal Gas Law Constant




has values of :   
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Problem Solution Strategy:


-copy information given, making necessary conversions



-if given grams, convert using line top far right to moles


-determine which of the four variables is being asked for


-write Ideal Gas Constant R in such a way that the units for the variable being asked for



are on top - if volume or pressure is unknown write normally, if amount of gas



or temperature is unknown, invert the value


-position the three given quantities so that units cancel out



be sure to show cancellation of units


-do calculation and make any necessary conversions to answer


-be sure your answer has 3 significant digits and is properly labeled


-remember many gases (except Noble Gases) are diatomic [O2, H2, N2, F2, Cl2]
Sample Problem

What is the volume of 4.20 g of oxygen gas at a temperature of 35.0 C and a pressure of 75.0 kPa?

Info:
308 K

75.0 kPa
V
0.13125 moles
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Problems:

18.  What volume will 7.25 g of nitrogen gas, N2, occupy at 25.0 C and 165 kPa pressure?

__________
__________
__________
__________


____________________
___________________________________________________  =    ________________

19.  What is the mass of 5.25 L of hydrogen gas, H2, at 45.0 C and 165 kPa pressure?
__________
__________
__________
__________


____________________
___________________________________________________  =    ________________
20.  If 15.0 g of carbon dioxide gas, CO2, is in a 30.0 liter container at a pressure of 0.750 atm, what is the temperature of the gas?

__________
__________
__________
__________


____________________
___________________________________________________  =    ________________
21.  What is the pressure, in torr, of 3.25 g of oxygen gas, O2, in a 15.0 liter container at 35.0 C?

__________
__________
__________
__________


____________________
___________________________________________________  =    ________________
22.  When the temperature of a rigid hollow sphere containing 685 L of helium gas is held at 621 K the pressure of the gas is 1890 kPa.  What is the mass of helium gas in the sphere?

__________
__________
__________
__________


____________________
___________________________________________________  =    ________________
Comparison of Ideal Gases and Real Gases

-remember that no gas is truly an ideal gas


-real gases are much like ideal gases as long as the real gas is not near the temperature where that



gas changes into a liquid


-ideal gases cannot change phase - cannot be changed to a liquid or a solid


-real gases differ most from an ideal gas at low temperature and high pressure

-see graph on page 429 to see deviation between a real and an ideal gas


-differences due to real gases having attraction forces and a volume which may become significant


-may minimize differences by being at high temperature and low pressure



(high temperature - above 0 C,   low pressure - 101.3 kPa or less)

14.4 Gases:  Mixtures and Movements

Avogadro's Hypothesis Review


-molecules of different gases are different sizes based on atomic weight


-proposed that equal volumes of different gases a the same temperature and pressure contain the



same number of molecules


-realized that gas molecules were far apart and there was lots of empty space between the particles


-one mole of gas particles, regardless of size, have a volume at STP of 22.4 Liters

Dalton's Law

-in a mixture of gases, the total pressure is the sum of the partial pressures of the gases


-particles of gas at the same temperature have the same average kinetic energy


-each gas in a mixture of gases, such as in air, contribute separately to the overall pressure



-the greater the percent of a gas, the greater its overall contribution


-named after John Dalton


-used when subtracting water vapor pressure in gas experiments

Problems:

23.  Determine the total pressure of a gas mixture that contains oxygen, nitrogen, and helium.   The partial pressures are:  
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24.  A gas mixture containing oxygen, nitrogen, and carbon dioxide has a total pressure of 32.9 kPa.  If
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25.  How would the number of particles of two gases compare if their partial pressures in two identical containers were the same?

____________________________________________________________________________________

26.  Balloons filled with oxygen, nitrogen, carbon dioxide, and helium are inflated to the same size.Do the balloons contain equal number of molecules?

________________________

Do the balloons contain equal number of moles?

________________________

Do the balloons contain equal numbers of atoms?

________________________

Graham's Law

-diffusion - the tendency of molecules to move toward areas of lower concentration until the



concentration is uniform throughout


-effusion - the process in which a gas escapes through a tiny hole in its container


-Law states the rate of diffusion of a gas is inversely proportional to the square root of the 




mass of the gas



-law also valid for the effusion of a gas out of an opening


-law justified because of the relationship between energy and velocity in the KMT


-remember the formula for kinetic energy, KE = 
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-diffusion is the ability of a gas to move from one place to another


-the heavier the gas the slower the molecules move at a given temperature


-the lighter the gas molecule, the faster the average molecule will move at a given temperature


-between ammonia (molar mass 17) and hydrogen chloride gas (molar mass 36.45) the ammonia



will move further in a given amount of time


-  
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-a variation of this formula which you might find useful is:


-  
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-important to keep in mind an inverse relationship between mass and velocity

Problems:  Be sure to show work

Gas

Velocity


Gas

Velocity

26.
O2

3.25 m/s


CO2

_________

27.
N2

1.75 m/s


H2

_________

28.  
F2

1.75 m/s


Cl2

_________

29.  Which gas effuses faster, hydrogen or chlorine?  How much faster?

30.  Which gas effuses faster at the same temperature: molecular oxygen or atomic argon?

31.  Why does a balloon filled with helium deflate more quickly than a balloon filled with air?

32.  A certain gas effuses four times as fast as oxygen gas, O2.  What is the molar mass of the gas?
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