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Lecture notes Week 10, part (a).  Properties of a Pure Substance  
 
 
Pure substance:  homogeneous, uniform chemical composition. 
 
A pure substance may exist in more than one phase. 
 

• VAPOR 
• LIQUID 
• SOLID 

 
A substance may coexist in any two or three phases 
 
Properties: pressure (p), specific volume (v), and temperature (T) 
 
Phase equilibrium:  Consider a thought experiment of a phase change from a liquid 
phase to a vapor phase at constant pressure. 
 
Consider the following experiment:  
 

• take a cylinder with some liquid water  
• cover it with a frictionless piston 
• place a weight on top of the piston 
• heat the water in the piston 

 
This will be a constant pressure process.  The weight on top of the piston 
determines the pressure exerted on the contents in the cylinder below the piston.   
 
   
 
 
 
 
 
 
 
 
 
 
Observe the temperature and phase of the water as more and more heat is added. 
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Conduct the above experiment at many different pressures and plot similar 
constant pressrue lines, noting when first vapor appears (saturated liquid point) and 
the last drop of liquid disappears (saturated vapor poit). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Connect all the observed saturated liquid and saturated vapor points.  The line 
connecting all of these points forms a saturated dome. 
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Regions in and around the saturation dome. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note that in the saturated liquid–vapor region, the temperature and pressure are not 
independent as they are in the regions outside the dome. 
 
If the temperature and pressure are not independent, and two independent variables 
are needed to specify a state, what might be the other independent variable? 
 
We shall define a new variable, called the QUALITY , and give it the symbol χ. 
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NOTE:   

• Quality is defined only in the saturated liquid-vapor region. 
• Its value lies between 0 and 1,  0 1χ≤ ≤  
• χ = 0 for saturated liquid 
• χ = 1 for saturated vapor 
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The following notation is used: 
  
  vsat.liq = vf   
 vsatvapor = vg 
  
Recall:   

Vv
m

=   or  V = mv,  where v is the specific volume and m is the mass. 

Also  
 m = mliq + mvap = mf + mg 
 
From  
 V = Vf + Vg 
we have  
 mv = mliqvf + mvapvg 
 mv = (m – mvap)vf + mvapvg  

    (1 )vap vap
f

m m
v v

m m
= − +  

   v = (1 - χ) vf + χ vg = vf + χ (vg – fv) 
let  
 vfg = vg - vf 
 
hence  
  

v 

T 

      vf 
mtot = mf 
   χ = 0 

      vg 
mtot = mg 
   χ = 1 

v = vf + χ vfg 
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Note that a saturated liquid-vapor specific volume, v, represents a combination of 
saturated vapor, vg , and saturated liquid, vf, in proportion to their masses, as given 
by the quality, χ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note that the same pvT data can also be represented on a p-v diagram as shown 
below.  Note that the constant temperature line has a negative slope. 
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Tables of Thermodynamic Properties  
 

Saturation Tables – These tables include the saturation temperature and pressure, 
and the specific volume, internal energy, enthalpy and entropy for both the liquid 
and vapor phases.  Data is organized in columns.  The first column is keyed to 
either the temperature or pressure as the independent variable.  An example of a 
table with temperature in the first column (the Temperature Table) is shown below. 
 

 
 
The temperature in the above table is generally listed in some convenient equal 
intervals.  The intervals are close enough to allow linear interpolation between the 
listings.   For each temperature there is a corresponding pressure and values for the 
liquid and vapor phases of other dependent variables.   
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An example of a Pressure Table, with pressure as the independent variable, is 
shown below.  Note that here the pressure is also spaced in some convenient small 
intervals to allow linear interpolation for intermediate data.    
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Superheated Tables – In the superheated vapor state there are two independent 
variables, generally the temperature and pressure.  It is common practice to 
organize the data in blocks of selected pressures and list the remaining data as a 
function of temperature at that pressure.  An example of a superheated table is 
shown below. 
 

 
 
Linear interpolation is used to obtain intermediate data. 
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The data in the tables is nothing more that a digitized representation of actual 
continuous physical behavior.   
 
Tabular data is represented schematically on T-v and p-v diagrams below.  Each 
dot represents a data point in the table. 
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