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Chapter 7 Phase equilibrium in one component system 
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* At constant T, P.       equil.     G’= Gmin,   dG’ = 0 
* G = H – TS 

For constant P = 1 atm with H(T), S(T) known. 

                  G(T) can be calculated for  
⎪
⎩

⎪
⎨

⎧

phase single
system closed

component one

                 Gα(T) for different phases => stable (equilibrium) phase at 
specific T is the lowest Gα phase. 

2.      G(T), ΔG(T) at constant P = 1 atm 
Consider: P = 1 atm, T = 273 K.   H2O(s)  H2O(l) 

* Adding heat, if (ice + water) coexist, only ratio of ice/water changes, total 
Gibbs free energy G’ remains constant. 

         ΔG = GH2O(l) – GH2O(s) = 0 
         i.e. GH2O(l) = GH2O(s) 

         Assume:  
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Chemical potential  molar Gibbs free energy. 
 

Definition:  
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For one component system (i), nj = 0 
Adding one mole of i, i.e. Δni = 1 
∴  ΔG’ = Gi = μi 
* P = 1 atm, T < 0℃.          GH2O(s) < GH2O(l)  
                ∴ΔG = GH2O(l) – GH2O(s) > 0    ice is stable. 
          T > 0℃.          GH2O(s) > GH2O(l)   water is stable. 

                  G(s)(T) = ?    G(l) = ?   Cp(s), Cp(l) 

        * H2O
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Note:  H(l) > H(s) 
      S(l) > S(s) 
      ΔH = H(l) – H(s) > 0  
      ΔS = S(l) – S(s) > 0      but ΔH > ΔS 
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* Shape of G(T), ΔG(T) curves (P = 1 atm) 
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           ∵ T > 0, S > 0, Cp > 0 
           ∴  
 
 
 
 
 
 
         ② Phase transition: (melting) 
            ΔG = G(l) – G(s)  
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3.  G(P), ΔG(P) at constant T. 

* shape of curves 
① Homogeneous single phase 
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② Phase transition (melting) 
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    For H2O, ∵△V>0, P↑  △G↓  liquid water is stable. 
 
 
 
 
 
 
 
 

Usual 
 
4.  Phase equilibrium between solid and liquid. Ts->l(P) = ?   Tm(P) = ? 

Equilibrium. G(l) =G(s)    ∴dG(l) = dG(s) 
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Most materials, △Vsl > 0.  ∴ P↑ => Tm↑ 
 
 
 
 
 
 
 
 
 
* Note: 3D diagram G-T-P (phase) Fig. 7-3(D) (or 7-8(G)) 
  G(T,P) = H(T,P) – T × S(T,P) 
  Projection of G(s) = G(l) curve on (T-P) plane. 
 

5.  Solid (liquid)  Vapor phase equilibrium 
   * Equilibrium vapor pressure over solid (liquid)? 
    Condensed phase → Vapor 
    ΔV = Vvapor – Vcond. ≒ Vvapor 
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      If Tb, △Hb, Cp(l), Cp(v) are known, then saturated vapor pressure P(T) can 

be calculated. 
      Note: normal boiling temperature: Tb.    At T = Tb, P = 1 atm. 
      e.g.   Cp,H2O(l) = 75.44 J/k 
            Cp,H2O(v) = 30 + (10.7×10-3)T + (0.33×10-5)T-2  J/k 
            Tb = 100℃ = 373 k     △Hb = 41090  J/mole   
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6.  Phase diagram in one component system 
On a P-T space, draw curves for: 
    s→l, l→v and s→v  equilibrium 
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For H2O  
 
 
 
 
 
 
O: triple point 
At triple point  P(s→v) = P(s→l) = Ptriple 
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     ∴① if P(s→v)(T), and P(l→v)(T) are known, 
          Tt can be calculated.  
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*  3D diagram G-T-P 
 
 
 
 
 
 
 
 
 
     *  According Gibbs Phase Rule: F = C + 2 - P 
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     * G-T curves at different P (see Fig. 7.12) 
     * G-P curves at different T (see Fig. 7.13) 
7.  Solid-solid equilibria 
     *  Allotropy: elements exist in more than one crystal form. 
       e.g. Fe: α, γ, δ 
     *  Polymorphism: compounds exist in more than one crystal forms. 
       e.g. ZrO2: monoclinic, tetragonal, cubic, (liquid) 
     *  Solid(α)  Solid(β) 
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   EX. 2:   Carbon (Graphite)  Diamond     P = ? 
          T = 298 k,   H(graphite) – H(diamond) = -1900 J  
                     Sgraphite = 5.73 J/k-mole 
                     Sdiamond = 2.43 J/k-mole 
                     ρ(graphite) = 2.22 g/cm3 

                               ρ(diamond) = 3.515 g/cm3  
   Solu:   graphite → diamond  at T = 298 k 
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