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Topic 5  The Gaseous State:  
5.1 Empirical approach to the gas laws. 

5.2 Application of the gas laws to reaction stoichiometry. Dumas method etc. 

5.3 The Kinetic Molecular Theory of gases 

5.4 Ideal versus real gases 
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Properties of Gases: 
 Gases assume the volume and shape of their containers. 

 Gases are the most compressible of the states of matter. 

 Gases will mix evenly and completely when confined to the same container. 

 Gases have much lower densities than liquids and solids. 
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Key Terms and Units: 
Pressure: defined as force per unit area 
 
SI units for Force is the newton (N)  or 1 N = 1 kg m/s2  
The SI unit for Pressure is the Pascal (Pa);  1 Pa = 1 N/m2 
 
Atmospheric Pressure is the pressure exerted by  
the Earth’s Atmosphere 
 
 
A Barometer is an instrument for measuring pressure 
 
Standard Atmospheric Pressure (1 atm) is equal to  
the pressure that supports a column of mercury exactly 
760 mm (or 76 cm) high at 0°C at sea level 
 
1 torr = 1 mm Hg = 1 atm 
 
1 atm = 101,325 Pa = 1.01325 x 105 Pa 
 
A manometer is a device used to measure pressures of 
gases other than the atmosphere. 
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Empirical Gas Laws: 
Boyle’s Law: Pressure of a fixed amount of gas maintained at constant 
temperature is inversely proportional to the volume of the gas. 
 
 
   or  PV = k 
 

P1V1 = P2V2 
 
 
 
 
Charles and Gay-Lussac’s Law: the volume of a fixed amount of gas 
maintained at a constant pressure is directly proportional to the absolute 
temperature of the gas.  
 

P ∝ T 
 
Based on Charles Law, Lord Kelvin identified 
-273.15°C as absolute zero.  The basis for the  
absolute temperature or Kelvin temperature  
scale. 

P ∝ 1 
V 

=
V2

T2

V1

T1
P ∝ 1 

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

 
V ∝ n  or  V = kn 
 
Consider the reaction:  
 
 
 3H2 (g) + N2 (g) → 2 NH3 (g) 
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The Ideal Gas Equation: 
Obtained by combining;  
  
Boyle’s Law; 

 
Charles Law;   P ∝ T 

 
Avogadro’s Law;  V ∝ n    
 
PV = nRT  Where;  R is a proportionality Constant called the gas constant 
       
R = 0.082057  
 
The ideal gas equation describes the relationship among the variables P,V, T & n  
 
An ideal gas is a hypothetical gas whose pressure-volume-temperature behavior 
can be completely accounted for by the ideal gas equation. 
 
The conditions of 0°C and 1 atm are called the standard temperature and 
pressure (STP). 
 
At STP 1 mole of an ideal gas occupies a volume of 22.414 L 

P ∝ 1 
V 

L • atm 

K • mol 
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Examples: 
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Useful Variations of the ideal gas law; 
 
 
 
 
 
In other words; 
 
 
      if n1 = n2 
 
 
For Density: 
 
         where;  m = mass 
           M = Molar mass 
          
 
 
         Express gas densities as g/L 
 

P1V1 

n1T1 
R = 

P2V2 

n2T2 
R =

P1V1 

n1T1 

P2V2 

n2T2 
= 

P1V1 

T1 

P2V2 

T2 
=

n 

V 

P 

RT 
= 

m 
M n =

m 

V 
P M 

RT 
= d = 
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Molar Mass Relationship: Obtained by rearranging gas equation for density: 
 
 
 
 
 

Example: A chemist has synthesized a greenish-
yellow gaseous compound of chlorine and oxygen 
and finds that its density is 7.71 g/L at 36°C and 2.88 
atm. Calculate the molar mass of the compound and 
determine its molecular formula. 
 
 
 
 
 
 

x (Molar mass Cl) + y (Molar mass O) = 67.9 g/mol 
 x (35.45 g/mol) + y (16.00 g/mol) = 67.9 g/mol 
 
If x =1 and y =2 then 67.45 g/mol ∴ ClO2 

m 

V 
P M 

RT 
=d =

d RT 

P 
M =

d RT 

P 
M = =

7.71 g/L (0.0821 L•atm/K•mol)(309K)

288 atm 
= 67.9 g/mol
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Gas Stoichiometry: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example: 
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Mole Fraction: A dimensionless quantity that expresses the ratio of the number 
of moles of one component to the total number of moles present.    

 XA +XB = 1 
 PA = XA PT 
 Pi = Xi PT 

PA 

PT 
XA =  

(nA RT)/ V 

((nA + nB) RT))/V 
= 

nA 

nA + nB 

Dalton’s Law of Partial Pressures: The total pressure of a mixture of gases is 
the sum of the pressures that each gas would exert if it were present alone.  
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Example: 
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Example: If 250 mL of gas is collected at 780 mm Hg and 25°C  
determine the number of grams of O2 produced by the reaction. 
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Kinetic Molecular Theory of Gases: 
 
Assumptions: 
 

 Gas is composed of molecules, separated by distances far greater than their 
own dimensions. Molecules effectively "points" with mass negligible volume 

 
 Gas molecules are in constant random motion, and they frequently collide. 
Collisions among molecules are perfectly elastic, with the total energy of all 
the molecules in a system remains the same. 

 
 Gas molecules exert neither attractive nor repulsive forces on one another. 

 
 The average kinetic energy of the molecules is proportional to the 
temperature in Kelvin’s. Any two gases at the same temperature will have 
the same average kinetic energy. The average kinetic energy of a molecule 
is given by; 

 
KE = ½ m u2  Where;  KE is the average Kinetic Energy;  

u2 is the mean square speed (ave. all molecules) 
 

∴  KE ∝ T  : ½ m u2 ∝ T  :  ½ m u2 =C T 
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Use of Kinetic Theory to Explain Gas Properties: 
 
Compressibility of Gases: Since molecules in the gas phase are separated by 
large distances (assumption 1), gases can be compressed easily to occupy less 
volume. 
 
Boyle's Law: The pressure exerted by a gas results from the impact of its 
molecules on the walls of the container. The collision rate, or the number of 
molecular collisions with the walls per second, is proportional to the number 
density (that is, number of molecules per unit volume) of the gas. Decreasing the 
volume of a given amount of gas increases its number density and hence its 
collision rate.  
 
Charles's Law: Because the average kinetic energy of gas molecules is 
proportional to the sample's absolute temperature (assumption 4), raising the 
temperature increases the average kinetic energy. Consequently, molecules 
will collide with the walls of the container more frequently and with greater impact 
if the gas is heated, and thus the pressure increases.  
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Use of Kinetic Theory to Explain Gas Properties: 
 
Avogadro's Law: We have shown that the pressure of a gas is directly 
proportional to both the density and the temperature of the gas. Since the 
mass of the gas is directly proportional to the number of moles (n) of the gas, 
Therefore;  
   P ∝ (n/V) T 
 
 
Dalton's Law of Partial Pressures: If molecules do not attract or repel one 
another (assumption 3), then the pressure: exerted by one type of molecule is 
unaffected by the presence of another gas. Consequently, the total pressure is 
given by the sum of individual gas pressures. 
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Example: If 250 mL of gas is collected at 780 mm Hg and 25°C; determine the 
number of grams of O2 produced by the reaction. (see previous overhead #14) 
 

@ 25°C PH20 = 23.8 mm Hg  and  Ptotal = PO2 + PH20 
 
∴ PO2 = 760 mm Hg – 23.8 mm Hg = 736.2 mm Hg 
 
 
 
 
 
 
PV = nRT  (0.969 atm)(0.250 L) = n(0.0821 L•atm/ K•mol)(25 + 273.15K) 
 
 
            
 
 
n = 9.90 x 10-3 mol   9.90 x 10-3 mol x 32.00 g/mol = 0.317 g O2  
   
 
 

736.2 mm Hg 

760 mm Hg / atm 
= 0.969 atm 

n =  
(0.969 atm)(0.250 L) 

(0.0821 L • atm / K•mol)(298.15 K)
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Distribution of Molecular Speeds:  ½ m u2 = (Constant) T 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From Kinetic theory it can be shown that the total Kinetic Energy of one mole of 
any gas is 3/2 RT.   
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Root-mean-square (r ms) speed (urms) or Average Molecular Speed: 
Knowing the total KE, the number of Particles (NA) and the average KE  
 

NA (½ m u2) = 3/2 RT   and  NAm =  M 
 
 
 
 
 
Because of the relationships between urms and molecular weight (M)  the heavier 
the gas, the slower the molecules move. 
 
R can be converted to energy terms as well  
 
R = (0.0821 L • atm /K•mol) x (1 x 10-3 m3/L) x (101,325    ) 
 
R = 8.314   = 8.314 J/ K•mol 
 
If this value for R is used with Molar weight in kg/mol; urms  in m/sec can be 
determined. 

3RT 

M 
u2 = 

3RT 

M √u2 =√ √u2 = urms 

N m2 
atm

N m 
K mol 
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Effusion and Diffusion: 
 
Diffusion is the term used to describe the mixing of gases. The rate of diffusion is 
the rate of the mixing of gases.  
 
Effusion is the term used to describe the passage of a gas through a tiny orifice 
into an evacuated chamber. The rate of effusion measures the rate at which the 
gas is transferred into the chamber. 
 
Thomas Graham found experimentally that the rate of effusion of a gas is 
inversely proportional to the square root of the mass of its particles.  
 
 Rate of Effusion of Gas 1   M2 

Rate of Effusion of Gas 2   M1 
=
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Deviation from Ideal Behavior: 
The assumptions of the gas laws and the kinetic theory describe an ideal and 
unobtainable case. 
 
If a gas is ideal one mole of the gas would behave such that the relationship: 
  
                   is always valid.  However, in reality we get; 
 
 
To account for the variation 
van der Waals suggested a correction  
factor;  
 
Pideal = Preal +  
 
Where; a is a constant 
  n is the # moles 
  V is the Volume 
 
This correction term corrects for  
intermolecular attraction. 

PV 

RT 
1 = 

an2 

V2 
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van der Waals Equation; 
In addition to the correction for the attractive forces (effecting the pressure) 
  
 
 
 
The gas molecules also take up a finite volume and that must  
be taken into account as well, when this is done the net  
equation becomes; 
 
 
 
 
 
Note:  

 a indicates how strongly molecules attract each other 

 the smallest a is for Helium 

 Generally larger the molecule larger b,  
however that is not absolute. 

 

an2 

V2 
Pideal = Preal + 

an2 

V2 
nRT = ( P +    ) (V – nb) 


