
  

Gases 

 Describe the properties which distinguish gases from other states of 

matter 

GAS SOLID LIQUID 

Very Compressible Not Compressible Not very Compressible 

 

Flow Rapidly Do not flow Flow rate depends on viscosity 

(thickness of medium) 

Take shape of container - Take shape of container 

Expand and contract w.r.t. 

temperature 

Negligible 

expansion/contraction w.r.t 

temperature 

Expand and contract w.r.t. 

temperature 

Infinitely expandable Not infinitely expandable Not infinitely expandable 

Low Density Medium to High Density Medium to High Density 

 Calculate properties of gases and gas mixtures using the ideal gas 

equation 
 The Ideal Gas Law is made from combining Boyles, Charles and Avogadro’s 

laws 

  
 R is the UNIVERSAL GAS CONSTANT 

 Value of R depends on units of pressure being used 

 E.g. atm, Pa, psi, torr 

 Pa is most commonly used as it is a SI derived unit of pressure 1Pa = 

1N 

 P is pressure (atm, Pa, psi, torr) 

 V is volume (m3) 

 T is temperature (K)  

 ° 273  
 n is quantity (number of moles) 

 Another expression can be made by substituting:     

 
 

 

 Therefore,  
  

 
 



  

 Also,  . Substituting the density formula into the above 

equation yields:  

  
    

 EXAMPLE: Calculate the density of diethyl ether vapour at 95 ºC and 650 Torr 

 Note: the question asks for density, so use the density formula above 

 Molar mass of diethyl ether = 74.12g/mol 

 Temperature is 368K (95 + 273 = 368) 

 Pressure should be in Pa (SI derived units also include Kg and m3) 

→  1 Torr = 133 Pascals, therefore there is 86450 pa of pressure 

 R Gas constant in this case is 8.314 as Pascals, m3, kg and mol are 

used 

  
   

  

→  
  .

.   
     Pa, K and mol cancel out 

→  2094  2.10  0.0021 /  

 Calculate rates of effusion and diffusion of 

gases 
 Effusion: Escape of molecules through a hole of 

molecular dimensions  

 Diffusion: Mixing of gases, until mixture is 

homogeneous 

 GRAHAM’s LAW:  

 “The rates of effusion of two gases at 

the same temperature and pressure are 

inversely proportional to the square 

roots of their DENSITIES”  

 The same law applies to the rate of DIFFUSION  

  
 Mathematically, we can use:  

    , Note how the rates and densities are inversed 

 From the previous dotpoint, using the ideal gas equation:  



  

 From 200 x 105 Pa and onwards, non-zero volume of gas plays a key 
role: Preal > Pideal 

 Every gas shows deviations from ideality 

   
 He displays no interatomic  
 F2 behaves similar to Cl2  
 N2 and CH4 behave similarly but has less electrons for dispersion 

forces (weaker interatomic attractions) 
 Van der Waals Equation 

 Used to address non-ideality of ‘real’ gases 

  
 The constant ‘a’ reflects the strength of intermolecular forces 

 Larger ‘a’ = stronger intermolecular forces 
 The constant ‘b’ reflects the atomic/molecular size 

 Larger ‘b’ = bigger the gas and smaller the free volume 
 EXAMPLE: A typical CH4 cylinder has a volume of 15.0L and, when full, 

contains 62.0 mol of methane. After prolonged use, only 0.62 mol 
remain. Use the ideal gas equation and van der Waals equation to 
calculate the pressure of the cylinder after use. Assume T = 300K and 
R = 8.315Jmol-1K-1 

 From the Van der Waal equation: 

o    

 n = 0.62 mol (remaining after use) 
 R = 8.315Jmol-1K-1 (given) 
 T = 300K (given) 



  

 V = 1.50 x 10-2 m3 (convert L to m3) 
 b = 4.278 x 10-5 (given constant) 
 a = 2.283 x 10-1 (given constant) 
 Substituting all in the equation: 

o  
.   .  

.     .   .
 

.   .

.
 

o .027 x 105 Pa 
 Boiling Point and Melting Point 

 Boiling Point 
 Can indicate measurements of intermolecular forces 
 At b.p. of a substance, the intermolecular attractive forces 

balance with the kinetic energy of the substance 
 At P = 1.013 x 105 Pa the b.p. is known as the normal boiling 

point 
 Melting Point 

 Also indicates measures of intermolecular forces 
 At m.p., the kinetic energies of the substance 

molecules/atoms are at the point where solidification and 
liquidation are equally possible 

 At P = 1.013 x 105 Pa the m.p. is known as the normal melting 
point 

 Stronger intermolecular forces = high m.p. and b.p. 
 Weaker intermolecular forces = low m.p. and b.p.  

 Classify solids as ionic, molecular or metallic based on their properties 

 Relate viscosity and surface tension to intermolecular forces 
 Solids 

 Have a FIXED shape 
 Have a HIGH DENSITY 
 Have a LOW COMPRESSIBILLITY 
 Properties arise from strong bonding between atoms 
 Atoms may pack regularly to give a crystalline solid 

 EXAMPLE: Silica/Quartz 

  
 May pack irregularly to give an amorphous solid 

 EXAMPLE: Glass 


