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Chapter 5 Statistical Thermodynamics 
 

1. Introduction: 
      * Classical thermodynamics: 

① Macroscopic functions   
② 2nd law is only a direct result of the fact that has failed to invent a 

perpetual motion machine (PMM). 
〝Law〞  It has not yet been disproved. 

      * Physical significance or quantity of S? 
2. Entropy and disorder on an atomic scale 
      * Gibbs: entropy  degree of mixed-up-ness at atomic or molecular level. 
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3. Microstate and macrostate 
* Statistical mechanics: probability 
                   equil. state  must probable state. 
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* Quantum theory: ① quantized energy levels 
                ② V↑  (energy gap)↓ 

 
      EX :     4 energy levels: ε0, ε1, ε2, ε3 
               3 distinguishable sites: A, B, C 
               3 indistinguishable atoms 
               Total U = 3u (macrostate) 
               Possible microstates? (10) 

① possible energy combinations: 3 
 
 
 
 
 
 
 
 
② possible microstates = 10 
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4. Determination of the most probable microstate 

* n particles, constant U, V (isolated system) 
* V fixed. => energy levels are fixed 
           energy levels: ε0, ε1, ε2, …………..,εr       (r+1) levels 
∴ number of arrangements: Ω 
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Problem: Determine values of ni (no, n1, n2, ………., nr) 
        which maximizes Ω. 
Stirling’s approximation:  lnX! = XlnX - X 
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Boltzmann equation:  
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5. Heat flow and entropy production 
  * Irreversible process: production of entropy. 
  EX:   TA     >   TB 
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ΔΩA  <  ΔΩB equil.   (ΩAΩB)max 
 
     ∴  δln(ΩAΩB) = 0   at equil.  (Reversible) 
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6. Configurational entropy and thermal entropy 
  * Thermal entropy: redistribution of particles in energy levels during heat transfer 

(thermal energy). Sth 
 
  * Configurational entropy: distribution of particles in space. 
 Sconf. 

 
 
               
 
 
     ∴ 2:2 is the most probable state     most random 
        S≣klnΩ ,      S = Smax  
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    * Ideal mixing: mixing does not cause a redistribution of particles among energy 
levels.  i.e., Ωth(2) = Ωth(1), (complete randomness)  

     Usually, Ωth(2) ≠ Ωth(1),  
             Clustering or ordering may occur. 
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              4 = (2A+2B)    random 
               > 2A         clustering 
               < 2B         ordering 

A 

  
  EX1:  Spectroscopic examination of excited N2 molecules: 

           εi = (i + 1/2)hν     
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EX2:  Isotopes of Pb: 
                   M      at%       N 
                  204      1.5      0.015No 

                  206     23.6      0.236No 
                  207     22.6      0.226No 
                  208     52.3      0.523No 

      Molar configurational entropy Sconf. = ? 
Solu:    
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7. Calculation of S, A, U, Cv from P 
  From (1) in page 5-4, UPntot β+=Ω lnln  
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       * Calculation of V, H, G, Cp requires the volume dependence of partition 
function. 
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                                 Einstein’s model: * Simple cubic structure. 
                                     (each atom has 6 nearest neighbors) 
                                               * Bonding       Spring 
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      Coupled oscillation     only certain discrete vibrational frequencies can 

occur. 
                            Bond energies are “quantized” 
      Allowable energy: εi = (i + 1/2)hν  (i = 0, 1,…..) 
                       h: Plank’s const. = 6.624 × 10-27 erg‧sec/atom  
      * characteristic freq. ν is the only adjustable parameter: ν=νE  
        ν  spring constant. 
        different solid => different ν 
        ν  can be determined by curve fitting. Cv(T), which is measured 

experimentally. 
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                                          * High T, Cv  3R 
                                          * Cv(Einstein) -> 0, when T-> 0. 
                                           Faster than experimental data. 
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       *                     (1819): Cv=3R, all solid elements. (high T)    
                             (Empirical rule, not always correct.) 

Dulong – Petit Rule 

       * Debye theory of Cv 
        (1) Elastic vibration of a continuous solid. 

           Frequency spectrum: ( ) 2
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     At very low temperature. (x → ∞)     Cv≒T3   (Debye T3 law) 
     Debye curve is in very good agreement with experimental data. 
 
       * Cv of electrons (see Thermodynamics, Kinetic theory and statistical 

thermodynamics, by F.W. Sears and G.L. Salinger, §13-6, p 407-413) 
        Free electron gas, 

        TCbT
E
kTRC V

F
V ~   or                       

2

2
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⎛
=
π  

        However, contribution of electron to Cv of a metal is very small (low T) 
compared to atom vibration. Because only very few electrons can be 
excited to high energies. 
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      * In view of the discrepancies between theoretical calculated Cv values and 

experimentally determined value, it is normal practice to experimentally 
determine Cp(T) of a substance. 

        Empirical     Cp = a + bT + c/T2 
   

    *               Cp (AmBn) = mCp(A) + nCp(B) 
      Heat capacity of a solid compound is equal to the sum of heat capacities of 

its constituent elements. 
9. U and Cv of ideal gas 
  Monatomic ideal gas model 
     Assumption: The energy contributed by each particle is simply the kinetic 

energy associated with its translation through space. 

        Specific 6 variables for each atom: 
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⎨
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     Note: the variables are not quantized. The velocity and the position may vary 
continuously.  
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     Note: Position and velocity coordinates are independent of each other. 
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N(E) Very high T, Cv becomes 
important. 
Cp = a + bT + cT-2 

Kopp’s rule: 
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10. Diatomic ideal gas (Polyatomic gas) 

   Kinetic energy of a molecule  
⎪
⎩

⎪
⎨

⎧

center massabout  atoms of vibratioin
Rotation

center mass ofn Translatio

   * Simplification: each component of kinetic energy has the same mathematical 
form.   (e.g. Rotation: Ek = Iw2/2   (v = Rw); 

                    SHM: Ek = mw2(A2-x2)/2   (v = dx/dt = wAcos(wt+a) 
                                             x = Asin(wt+a)) 

     ∑
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j
jj vb
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2ε     n: number of independent motion components. 

     e.g. * one rotation term, if molecule has an axis of symmetry. 
        * one vibration term for each bond in the molecule structure. 
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       * Cv depends on the number of independent components of motion that the 
molecule can display. 

         i.e. Each independent component of motion of the molecule in the gas 
contributes the same quantity, kT/2, to the internal energy.  

        
 =>  Principle of equipartion of energy 

 
       * Ar, He, Ne      Cv~3R/2   (3 translation) 
        H2, O2, N2      Cv~5R/2   (3 translation+1R+1 vib) 
        NH3           Cv~7R/2    (3 t+1R+3 vib) 
       * For N2,  ∵ bond is stiff 

∴ Vibrational E. < Rotational E. < Translation E. 


