Chapter 5
Gases
Chapter Objectives:  This chapter will describe some of the basic properties of gases and the related theory to explain their behavior.  We will use the ideal gas law to calculate the relationships between pressure, temperature, volume and amount of gases.  The Kinetic Molecular Theory will be used to explain many of the properties of gases.
Reading:  Pgs. 190 - 230
Problems:  
· Day 1 (5.1 – 5.3) – pg. 235 (37, 39, 41, 43, 45 and worksheet)

· Day 2 (5.4 – 5.5) – pg. 236 (47 – 63 odd)
· Day 3 (5.6 – end) – pg. 237 (65, 67, 71, 73, 75, 77, 81, 83, 85, 103, 107, 111)
You should be able to:

1. Describe some of the general properties of gases.
2. Use the Kinetic Molecular Theory to explain physical properties of gases on the molecular level.
3. Define pressure and convert various pressure units.
4. Use Boyle’s Law to relate pressure and volume of a gas.
5. Use Charles’ Law to relate temperature and volume of a gas.
6. State Avogadro’s law and define STP.
7. State the Ideal Gas Law and know how to rearrange and use the eqn.
8. Calculate the density of a gas.
9. Determine the gas stoichiometry in reactions using gas volumes.
10. Apply Dalton’s Law of partial pressures to determine the total pressure.
11. State the basic postulates of the Kinetic-Molecular Theory.
12. Use the KMT to relate temperature and molecular motion.
13. State Graham’s Law of Effusion and use this principle in calculations.
14. Describe the conditions under which gases are most likely to be nonideal.
Chapter 5 – Gases
Vapor – gaseous state of a substance normally found as a liquid or solid.
5.1  Properties of gases and Pressure

A.  Properties of gases:



*  widely spaced particles



*  constant, random motion



*  readily flow



*  no shape or volume



*  easily compressible



*  exert pressure on their surroundings:

        - Pressure = force/area 
        - Pressure = number of collisions particles have w/ their containers


B.  Pressure:


1.  The barometer – tool used to measure pressure



2.  Standard Pressure units




1 atm                                 101.325 kPa



760 mmHg

     29.921 in Hg








760 torr                            14.696 psi (or lb/in2)

C.  Manometers – devices used for mearing gas pressure.



1.  Closed – similar to a barometer.    Pgas = Δh
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2.  Open 




a.  If Pgas > Patm, then Pgas = Patm + Δh
[image: image2.jpg]Pbar

122

€

Pgas

201
285,15k




b.  If Pgas < Patm, then Pgas = Patm – Δh 
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5.2  The Gas Laws of Boyle, Charles, and Avogadro


A.  Boyle’s Law
1. At constant temperature, pressure varies inversely (indirectly) with volume.

P1V1 = P2V2
a.  P is inversely (indirectly) related to V.
b. Boyle’s law works best at low pressures.
B.  Charles’ Law

1.  The volume of a gas increases linearly (directly) with temperature,

                 provided the pressure remains constant.

V1 = V2
T1     T2



a.  The temperature MUST be measured in degrees Kelvin.




     *  K = oC + 273




     *  0 K is “absolute zero”

C.  Gay-Lussac’s Law



1.  The pressure of a gas increases linearly (directly) with temperature, provided

                             the volume remains constant.

P1  =  P2
T1     T2



*  Temp must be in Kelvin.
D.  Avogadro’s Law



1.  For a gas at constant temperature and pressure, the volume is directly

 

     proportional to the number of moles, n.

V1  =  V2
n1       n2
5.3  The Ideal Gas Law


A.  An ideal gas strictly obeys all the simple gas laws and has a molar volume at STP of

                  22.4L.
PV = nRT
R = 0.0821 L*atm       or    8.31      J             or    62.4 torr * L
   



       K*mol                     mol*K                         mol*K


B.  Limitations of the Ideal Gas Law



1.  Works well at low pressures and high temperatures.



2.  Most gases do not behave ideally above 1 atm pressure.



3.  Does not work well near the condensation conditions of a gas.

C.  Combined Gas Law:

P1V1   =   P2V2
T1            T2
5.4 Gas Stoichiometry


A.  Standard temperature and pressure (STP):



*  0oC, 273K



*  760 torr, 1 atm


B.  Molar volume



*  1 mole of an ideal gas occupies 22.4 liters of volume at STP.


C.  Ideal gas law rearranged:



1.   Molecular mass derivation – If given molar mass, solve for moles (using

                              periodic table), then use as “n” to plug into PV = nRT.

2.  Density derivation:

                                  PM = DRT     (“Evening Dirt”)




M = molar mass (g/mol), D = density (g/L)

	Boyle’s
	P1V1 = P2V2
	Constant T
	P up, V down (inversely)

	Charles’s
	V1/T1 = V2/T2
	Constant P
	V up, T up (directly)

	Gay-Lussac’s
	P1/T1 = P2/T2
	Constant V
	P up, T up (directly)

	Combined
	(P1V1)/T1 = (P2V2)/T2
	Changing conditions
	

	Ideal
	PV = nRT
	1 set of conditions
	

	Molecular mass
	PVM = mRT
	
	

	Gas Density
	PM = DRT
	
	


5.5  Dalton’s Law of Partial Pressures

A.  Statement of law



1.  The total pressure exerted by a mixture of gases is equal to the sum of the

                              partial pressures exerted by the individual gases.



2.  Equation:   Ptotal = P1 + P2 + P3 + …

3. Mole fraction:     x1  =     n1    =    P1
                                        ntotal       Ptotal
4.  Collecting a gas over water:   Patmosphere = Pgas + Pwater vapor
5.6  The Kinetic Molecular Theory


A.  Postulates of the KMT related to IDEAL gases:



1.  A gas consists of molecules in constant, random, straight-line motion.


2.  A gas is mostly empty space; Molecules are far apart.



3.  There are no forces of attraction between molecules, except during collisions. 

                             Gas molecules are independent entities and do not affect each other.



4.  Individual molecules may gain and lose energy during collision, but the total

                              energy remains constant (elastic collisions).

5. Temperature = the average kinetic energy of the particles.

B.  The KMT can be used to explain each of the following relationships:

1.  P and V (at constant T)


2.  P and T (at constant V)


3.  V and T (at constant P)


4.  V and n (at constant T & P)


5.  Ptotal = P1 + P2 + …


C.  Root Mean Square Velocity


1.  Velocity of a gas is dependent on mass and temperature.



2.  Velocity of gases is determined as an average.

                                                                    .




Urms = √(3RT)/M




Urms = root-mean-square speed




M = molar mass in kg/mol.




R = 8.3145 J/K*mol




T = temp in Kelvin

3.  Speed of gas molecules increases as molar mass decreases and T increases.

4.  Mean free path – average distance a molecule travels between collisions.

5.7  Effusion and Diffusion:

A.  Effusion – process in which a gas escapes from its container through a tiny opening.


B.  Graham’s Law of effusion 



*  At a given temperature, the rates of gas molecules are inversely proportional to

                            the square roots of the molar masses.



                                                                             .



Rate of effusion for gas 1   =   √M2



Rate of effusion for gas 2         √M1

*  Note – “Rate of effusion” is the same thing as “root mean square speed”


C.  Diffusion – process by which one gas mixes with another.

5.8  Real Gases and van der Waals Equation

           *  Real gases deviate from ideal gas behavior when pressure is high and temp. is low.

           * Real gases are affected by intermolecular forces of attraction (measured P is too low).
           *  Real gases have real volume (measured V is too high).
           *   Under ideal conditions:  PV = nRT







Van der Waals Equation

                 Under non-ideal conditions:  (Pmeasured  +  n2a) (Vmeasured – nb)  =  nRT

                                                                        V2
                                    Where “a” and “b” are different for different gases. 

                                     (Determined experimentally.)

At room temperature or above and at pressures less than a few atmospheres, most gases obey the ideal gas law.
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