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1. Describing Thermodynamic Properties

2. EOS (PVT relationships) of Matters

3. The Corresponding State Theorem 

4. Calculation of Property Changes



Thermodynamic Properties: What we know

• We have applied balance analysis to solve the energy issue 
of all kinds of process. 
– System definition.

– Process description.

– Mass balance.

– Energy balance.

– Entropy balance.

– Find thermodynamic properties of matters in the process.                  

– Solve the energy issue of the process.

• These confirm that U, H, A, G, S are all important 
thermodynamic properties.

• How can we obtain all these thermodynamic properties of 
different matters?



1. Describing Thermodynamic Properties



Thermodynamic Properties

• The importance of partial derivative,

• Tools while using mathematics,

– Extensive and Intensive properties:

– Triple products rule:

– Chain rule:
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Triple products rule
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Thermodynamic Properties

• By correlations,

– an open system during a reversible process without WS

– a closed system during a reversible process without WS,

– While U is a state properties and 
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      and     

dNGVPdSTdUddMGPdVTdSdU  or      ˆ

VPdSTdUdPdVTdSdU  or      

(4.2-13a)



Evaluation of Thermodynamic Partial Derivatives 





Entropy change



Internal Energy Change & Enthalpy Change



Useful definitions & thermodynamic identities



Summary:Thermodynamic Properties

• Ex.



Ex. 6.2.3
Develop expressions of (i) thermal expansion coefficient, (ii) 

isothermal compressibility, (iii) Joule-Thompson coefficient, and (iv) 
CP – CV. Apply (a) ideal gas and (b) van der Waal gas into these 
expressions.







Evaluation of changes in thermodynamic properties of 

real substance accompanying a change of state
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Cubic equation of state (EOS)



Cubic Equation of State

• The general form of Cubic EOS (in the P-explicit format),
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Virial equation



Virial-type equations of state





Ideal gas: change of state



Departure functions



Evaluate departure H & S from EOS



Calculate departure H & S from PR EOS



Illustration 6.4.1: Construction of Thermodynamic Properties Chats











Illustration 6.5-1











The Principles of corresponding states



The Corresponding State EOS

• By analyzing van der Waal EOS (read pp.237-240), it is 
suggested that all fluids can obey the same EOS in 
terms of reduced T (Tr = T/TC), reduced P (Pr = P/PC), 
reduced V (Vr = V/VC). This is called the corresponding 
state theorem.

• Experiments verify

the existence of 

such a possibility.



The Corresponding State EOS

• By defining Z = PV / RT
– Two-parameter corresponding state is

Z = Z(Pr, Tr)

– Three-parameter corresponding state is

Z = Z(Pr, Tr, w)

where w = -1 – log10[P
vap(Tr = 0.7) / PC] , the accentric 

factor.

• Typically, the plot of Z vs Pr is used (the following 
pages).



The first generalized correction: the vdW EOS





The generalized chat of compressibility factor



Three parameters CSP



Departrure functions from CSP



Pitzer’s three parameter CSP





Illustration 6.5-1: Use of Generalized chat (CSP)







Generalized EOS



Departure functions from PR EOS



Illustration 6.7-1





Estimation methods for critical and other properties



Joback Group Parameters



Illustration 6.9-1 Group contribution





The 3rd Law of Thermodynamics

• The 1st Law of Thermodynamics: the conservation of energy.

• The 2nd Law of Thermodynamics: the positive-definite nature 
of entropy generation.

• The 3rd Law of Thermodynamics:

The entropy of all substance in the perfect crystalline state 
(for solids) or the perfect liquid state (for liquids, e.g., He) is 
zero at the absolute zero of temperature
– DS = 0 for any chemical reaction at 0 K.

– It is impossible to obtain a temperature of absolute zero.


