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Introduction 

• This presentation will be helpful for Chem I & II students, As well 
as those taking Thermodynamics I and Physical Chem I 



Why it's important 

• These equations are very important in the study of 
Thermodynamics 

• Understanding these equations and the principles behind them 
will make it easier to make simplifying assumptions about a 
system 

• Will allow the calculation of numerous properties of interest, such 
as work done on a system or heat added to the system 



Some Representative 
Equations 
• A few of the many equations of state are listed below. For the 

purposes of this workshop, only the Ideal gas equation and 
the  Lee-Kesler Equation will be used to solve problems. 

 

• Ideal Gas Equation 

• Van der Waals Equation 

• Lee-Kesler Generalized Correlation 

• Virial Expansion 

 

 



Ideal Gas 

• This is the equation you are probably most familiar with. It is 
the most basic equation of state, assuming that the particles in 
the gas behave in such a way that they do not interact with 
each other at all, and approximate point masses. This makes 
the math very simple as the extensive state of an ideal gas is 
only a function of temperature, pressure, and volume 

• the equation is: 

•                                         PV = nRT  

 

•   



Van der Waals 

• This equation is actually an adaptation of the Ideal Gas 
Equation that addresses non-ideal characteristics using species 
specific coefficients that are empirically determined.  The 
equation is:  

•                             P = RT/(VM-b) - a/VM2  

 

• where 'a' represents the attractive interactions in the gas and 
'b' represents the repulsive interactions, or the molecular 
volume of the gas particles. VM represents molar volume, or 
volume per mole. 



Compressibility Factor  

• Some equations use compressibility factors to account for non-
ideal behavior using a single factor, namely "Z." If Z equals 1 it 
indicates that the gas is behaving ideally, and the further from 
unity Z becomes indicates the more deviation from ideal gas 
behavior. Two ways of calculating the compressibility factor will 
be covered in this presentation. They are:  

• Lee-Kesler generalized correlation 

• Virial expansion  coefficients      



Lee-Kesler 

• The Lee-Kesler generalized correlation calculates Z as a function 
of reduced temperature (Tr) and reduced pressure (Pr). Tr 
and Pr are calculated by dividing the temperature and pressure 
of the gas by its critical temperature (Tr=T/Tc) and critical 
pressure (Pr=P/Pc). These values are then used to find the 
corresponding Z value on a Lee-Kesler chart such as the one 
shown on the next page. Lee-Kesler correlations are also 
tabulated in tables. 

• The equation of state is expressed as: 

•                                         PV = ZnRT 



  



Virial Expansion 

• Virial expansions calculate the compressibility factor using  an 
infinite series expansion each term of which accounts for 
specific non-idealities. For most purposes, the Virial expansion 
is truncated after 2-3 terms. In Virial expansion, the equation of 
state is represented as: 

•                                 Z = PV/RT = 1 + B/V +C/V2  

 

• where B and C are species specific functions of temperature. At 
low pressures, the final term (C/V2) may be dropped without 
significant loss of accuracy. 



The Universal Gas Constant 

• The Universal Gas Constant is represented by "R" 

• It is imperative that when using equations of state you select the R 
with the same units you are using to solve the problem. It is not 
uncommon to get a problem wrong because you used the wrong R 
value. 



Table of R values 

• Some representative values of R that you may encounter 

• R  =    

•         8.314 J mol-1 K-1  

•         83.14 cm3 bar mol-1 K-1 

•         82.06 cm3 atm mol-1 K-1 

•         1.987 cal mol-1 K-1 

•         1.986 btu lbmol-1 R-1 

•         0.7303 ft3 atm lbmol-1 R-1 

•         10.73 ft3 psia lbmol-1 R-1 

•         1,545 ft3 lbf lbmol R-1 



Selecting an equation 

• For purposes of engineering, select the simplest equation that 
provides a "good enough" estimate of the true value. In many 
cases, this will be the ideal gas equation. 

• A gas can generally be well approximated as ideal if it is at low 
pressure and above its vapor point. 

 

 



Example #1 

• 2 mol of Nitrogen have a volume of 49884 cm3, and are 
expanded at constant pressure to 62355 cm3 and a 
temperature of 375K. Assume the heat capacity of Nitrogen in 
this range is 1.041 kJ/kg, and the molar mass of Nitrogen is 28 
g/mol. Find the heat added or removed from the gas. 



Example #1 solution 

• V1 = 49884 cm3, T1 = ?, P1 = P2, n1 = 2mol 
• V2 = 62355 cm3, T2 = 375K, P2 = ?, n2 =2mol 

 
• First, list data then make an ideal gas assumption. If it holds, proceed with it. 
• P2 = n1RT1/V1 = (2 mol)(83.14 bar cm3 K-1 mol-1)(375K)/(62355 cm3) 
•       = 1 bar = P1 
• *one bar is relatively low pressure, so Ideal gas assumptions are acceptable*  

 
• T1 = P1V1/n1R = (1 bar)(49884 cm 3)/(2 mol)(83.14 bar cm3 K-1 mol-1) 
•         = 300K 

 
• T2-T1 = 375K - 300K = 75K 

 
• (2mol Nitrogen)(28 g/mol)(1kg/1000g) = .056 kg 

 
• Q = Cp*DeltaT*m = (1.041 kJ kg-1 K-1)(75K)(.056 kg) = 4.3722 kJ 



Selecting an Equation 2 

• Under more extreme conditions however, a more complicated 
equation will be required. Namely if the pressures are very high 
(>10 bar). There are other factors, but in general pressure is the 
one which is of most concern when deciding on whether to use 
ideal assumptions. If the gas is non-ideal, numerous properties of 
the gas will determine which equation you use.  



Example 2 

• A Van der Waals gas is compressed isothermally from a molar 
volume of VM = 22.4 L mol-1 to .5 L mol-1 at 273.15K. Find the 
work done on the gas. a = 2.283 L2 bar mol-2, b = 0.04278 L 
mol-1. 

• use R = 0.08314 L bar mol-1 K-1 



Example #2 Solution 

• Work (w) equals the integral of P dV 

 

•                                     P = RT/(VM-b) - a/VM2 

• integrating with respect to VM we get:  

•                                     

•                                     W = RTln((VM2-b)/(VM1-b)) + a/VM2 - 
a/VM1 

• evaluated from VM1 to VM2 so that when we plug in the 
numbers we get  

•                                                      

•                                                 W= -83.87 L bar mol-1 



Resources 

• http://energy.sdsu.edu/testhome/Test/solve/basics/tables/tabl
esRG/zLK.html  

 

• Smith, J. M., Ness H. C. Van, and Michael M. 
Abbott. Introduction to Chemical Engineering 
Thermodynamics. Boston: McGraw-Hill, 2005. Print.  

 

• Weast. R. C. (Ed.), Handbook of Chemistry and Physics (53rd 
Edn.), Cleveland:Chemical Rubber Co., 1972.  
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