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 Study Guide Properties of Pure Substances 

( prepared by JCO.  Mostly from M.Boles Study Guide) 

 

We now turn our attention to the concept of pure substances and the presentation 
of their data. 

Simple System 

A simple system is one in which the effects of motion, viscosity, fluid shear, 
capillarity, anisotropic stress, and external force fields are absent. 

Homogeneous Substance 

A substance that has uniform thermodynamic properties throughout is said to be 
homogeneous. 

Pure Substance 

A pure substance has a homogeneous and invariable chemical composition and 
may exist in more than one phase. 

Examples: 

1. Water (solid, liquid, and vapor phases)  

2. Mixture of liquid water and water vapor  

3. Carbon dioxide, C02 

4. Nitrogen, N2 

5. Air is treated as a pure substance as long as there is no change of phase, even 
though it is a mixture of gases. 

State Postulate 

Again, the state postulate for a simple, pure substance states that the equilibrium 
state can be determined by specifying any two independent intensive properties. 



 2

 



 3

Looking at the PvT surfaces from different views we get very useful diagrams: T-
v, P,v and p-T (often called phase-diagram): 

 

 
 

 

It is important to memorize the basic features of those 2-D diagrams (names, 
regions, how do the constant pressure and constant temperature lines look like, in 
a T-v diagram draw a constant pressure line, and then you should be able to 
locate a constant pressure line that corresponds to a higher pressure and to a 
lower pressure).  Make sure you can draw a diagram and indicate on it those basic 
features. 
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You can see in the P-T (or phase diagram) and on the PVT surface that  we make 
a difference between substances that expand on freezing (e.g. water) and those 
that contract. 

The CRITICAL POINT is a limiting state above which there is no clear 
distinction between the liquid and vapor phases. 

At the TRIPLE POINT all the phases (liquid, solid and vapor) coexist. 

 

 

 



 5

 

 
The triple point for water is 0.01oC, 0.6113kPa and the Critical point for water is 
374.14oC, 22.09 MPa. 

Exercise 1:  (Make sure you can do it) 
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Draw on a P-v diagram the following processes: 1. constant pressure, 2. constant 
volume, 3. constant temperature. 4.  Assume you have a CLOSED system inside 
a RIGID tank, can you sketch how will the processes look like on the diagram? 

 

Draw a T-v diagram. Indicate the critical point, indicate all the regions. 

 

Using the tables: 
The following steps will help you locate the appropriate table. 

1. What substance? 

2. draw a P-v or T-v diagram,  and locate the information you have. 

3. Usually you will go next to the saturation table (remember there are usually 
two presentations: one ordered by temperature (“temperature table” ) and 
the other ordered by pressure “pressure table”). 

4. The right table to use can be determined by comparing the known 
properties to properties in the saturation region (saturated table).  For 
example if pressure and specific volume are specified (Pgiven, vgiven), we go 
to the saturation table (pressure table) and read vf and vg. and compare with 
the vgiven. 

 

If vgiven < vf  we are in the compressed liquid region. 

If vf < vgiven<vg we are in the saturation region (L+V). We calcualate the 
quality, x , to evaluate the remaining desired properties. 

If v > vgiven we are in the superheated region. 
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QUALITY: 

 

We  defined the quality of a liquid, vapor mixture ( a state in the saturation dome) 
as: 

 

total

vapor

mass
mass

x =  

this allow us to calculate any specific property on the saturation region knowing 
the values of the property for the saturated liquid and saturated vapor: 

( )fgf x φ−φ+φ=φ  

or  calling  

fgfg φ−φ=φ  

we have  

fgf xφ+φ=φ  

Examples and notes: 

1. the quantity (1-x) is sometimes called moisture. 

2. 0< x< 1 always.  But sometimes we can be given the quality in percentage ( 
85% quality means x=0.85) 

3. the specific volume v of  a mixture inside the saturation region can be 
calculated from the formula above as: 

( )fgf vvxvv −+=  

4. Water, saturated mixture, T (or P) given and v given.  How can you 
calculate the quality? 

 

With  T go to saturation table, read vf and vg  and then from the formula 
above: 
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here y represents any specific property for the saturated mixture 
(liquid+vapor). You can see the relation between the use of the quality on 
thermodynamics and the use of the “lever rule” on two phase regions 
studied in material science. 
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Property Tables 
In addition to the temperature, pressure, and volume data, Tables A-4 through A-8 contain the 
data for the specific internal energy u the specific enthalpy h and the specific entropy s. The 
enthalpy is a convenient grouping of the internal energy, pressure, and volume and is given by 

H=U+PV 

The enthalpy per unit mass is 

h=u+Pv 

We will find that the enthalpy h is quite useful in calculating the energy of mass streams 
flowing into and out of control volumes. The enthalpy is also useful in the energy balance 
during a constant pressure process for a substance contained in a closed piston-cylinder device. 
The enthalpy has units of energy per unit mass, kJ/kg. The entropy s is a property defined by 
the second law of thermodynamics and is related to the heat transfer to a system divided by the 
system temperature; thus, the entropy has units of energy divided by temperature. We will deal 
with entropy later. 

Saturated Water Tables 

Since temperature and pressure are dependent properties using the phase change, two tables are 
given for the saturation region. Table A-4 has temperature as the independent property; Table 
A-5 has pressure as the independent property. These two tables contain the same information 
and often only one table is given. 
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Example 1: 
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