
 

Introduction to the Thermodynamics of Materials 

 

What determines how matter behaves?  Thermodynamics. 

1. What determines how matter behaves? 
  Final Stable State  Equilibrium State 

  Gibbs free energy: Minimum (at specific T, P) 

 

2. 







ndescriptio cMicroscopi   amics thermodynlStatistica

phenomena. cMacroscopi   amics thermodynClassical
 

                     








function)ion (distributy Probabilit

mechanics Quantum

molecules. electrons, atoms, :Particles

 

 

3. Thermodynamics V.S. Kinetics 

  Thermodynamics:




statemEquilibriu

Energy

 
 

  Kinetics:




state Metastable

rateReaction 
 

 

 

4. Thermodynamic systems of materials 
  ① material system: 

 Unary or/ multi-component (binary, ternary, quaternary) 

 Homogeneous/ Heterogeneous 

 Closed/ Open 

 Non-reacting/ Reacting 

 Simple/ Complex 

  ② 











effects. surface and                             

 magnetic ,electrical nal,gravitatio  todue changesenergy  :systemComplex 

. variationchemical and                         

  thermal,,mechanical  todue changesenergy  :system Simple
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5. Thermodynamic Variables 

  




 variablesextensiveor  Intensive

 variablesprocessor  functions State
 

 State function: a quantity that depends on the condition of the system and 

not on how the system arrived at that condition. 

 State function is independent of path. 

  f

i

Z

Zinitialfinal dZZZZ  

e.g. P, V, T, Xk, S, U, G, H, A 

 For a very complex process, △Z can be computed by the simplest 

path connecting the initial and the final states. 

 State function can be expressed by exact differential, dZ. 

 Process variable: a quantity that only has meaning for a changing system 

and its value for a process depends explicitly on the path. 

e.g. 
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dAtensionSurface

dMMagnetic

dqElectric

dStress

PdVPessure

Force

dZ

xdFW

xdFW

path
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or                                    

 

 “Intensive” property may be defined to have a value at a point in the system. 

It does not depend on the size of the system. 

e.g. P, T, Xk, ρ(density), GAHUSV  , , , , ,  

 “Extensive” property depends on the size of the system 

e.g. V, S, U, H, A, G, nk 
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6. Concept of state 

* 




system. a ofproperty  ogicalphenomenol :state cMacroscopi

particles.t constituen all ofon distributi lstatistica :state cMicroscopi
 

* Thermodynamic state of the simple unary system is uniquely fixed when teh 

values of two independent variables are fixed. 

* Any two properties could be chosen as the independent variables. P, T are the 

most amenable to control. 

* Consider a pure gas   V = V(P,T).   Equation of state? 

  If Eq. of state is known, we can calculate △V. 

      (P1, T1) -> (P2, T2),  △V = (V2-V1) = ?  

 

 

                                           Two paths 

                                           ① 1-> a-> 2 

                                           ② 1-> b-> 2 
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   For any values of T1, P1, the gas system is at equilibrium only when it has 

that unique volume, V1, which corresponds to T1 and P1. 

 

 

 

7. Equation of state of an ideal gas 

















TV   P,constant   :law '

V
1P   T,constant   :law '

sCharles
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Charles’s law: 
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