
The Ideal-gas & Equations of State 



2

• Equation of state: Any equation that relates the pressure, 
temperature, and specific volume of a substance.

• The simplest and best-known equation of state for 
substances in the gas phase is the ideal-gas equation of 
state. This equation predicts the P-v-T behavior of a gas 
quite accurately within some properly selected region.

• at low pressures the volume of a gas is proportional to its 
temperature. 

R: gas constant
M: molar mass (kg/kmol)
Ru: universal gas constant

Ideal gas equation of state



•Gas and vapor are often used as synonymous words.
•The vapor phase of a substance is customarily called a gas 

when it is above the critical temperature. 
•Vapor usually implies a gas that is not far from a state of 

condensation.
• An ideal gas is an imaginary substance that obeys the 

relation
 Pv = RT
In the range of practical interest, many familiar gases such as 
air, nitrogen, oxygen, hydrogen, helium, Argon, neon, krypton, 
and even heavier gases such as carbon dioxide can be treated 
as ideal gases with negligible error (often less than 1 %).
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Mass = Molar mass  Mole 
number

Various 
expressions of 
ideal gas equation

Ideal gas equation at 
two states for a fixed 
mass

Real gases behave as an ideal gas at low densities (i.e., low 
pressure, high temperature).

Properties per unit mole are denoted
with a bar on the top. 
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Is Water Vapor an Ideal Gas?• At pressures below 10 kPa, water vapor can be 
treated as an ideal gas, regardless of its 
temperature, with negligible error (less than 
0.1 percent). 

• At higher pressures, however, the ideal gas 
assumption yields unacceptable errors, 
particularly in the vicinity of the critical point 
and the saturated vapor line. 

• Figure on the left shows the percentage 
of error involved in assuming steam to be 
an ideal gas, and the region where steam 
can be treated as an ideal gas.
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Compressibility Factor—a Measure Of Deviation From Ideal-gas 
Behavior

Compressibility 
factor Z A factor that 
accounts for the 
deviation of real gases 
from ideal-gas 
behavior at a given 
temperature and 
pressure.

The farther away Z is from unity, the more the gas 
deviates from ideal-gas behavior.
Gases behave as an ideal gas at low densities (i.e., 
low pressure, high temperature).
Question: What is the criteria for low pressure and 
high temperature?

The compressibility factor is unity for
ideal gases. 

At very low pressures, all gases approach 
ideal-gas behavior (regardless of their 
temperature). 

Real Gas

Z > 1

Z < 1

Ideal Gas
Z = 1

Answer: The pressure or temperature of a gas is 
high or low relative to its critical temperature or 
pressure.



7Comparison of Z factors for various gases.

Reduced 
temperatu
re

Reduced 
pressure

Pseudo-
reduced 
specific 
volume

 It can be noticed that at many 
states the compressibility factor Z 
is approximately unity 

1. At very low 
pressure (PR<<1),

2. At high temperatures 
(TR>2) except when PR 
>>1.The Z factor is the same for all 

gases at the same reduced pressure 
and temperature. 
This is called the principle of 
corresponding states. 
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When P and v or T and v 
are given, 
generalized chart can 
still be used

crcr

actual
R P/RT

vv 

Pseudo-
reduced 

volume lines

RTP
Z




RP,pressureducedRe

Pseudo reduced specific volume 

2- TR and vR

3- PR and vR

vR is pseudo reduced 
specific volume defined 
as:
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Other equations of state
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Percentage of error involved in various 
equations of state for nitrogen (% error =[(|vtable - 
vequation|)/vtable] *100) 
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