
Scan Table 3.3 here 

 

HW Problem 1 

Calculate the sp’s for TMPTA, and two isocyanurates in Supplement.  

 



3.3 Thermodynamics of mixing 

3.3.1 Types of solutions 

3.3.1.1 The Ideal solution  

In 3.2, solubility of a polymer in a solvent was examined in terms of 

their respective sp, which was governed by heat of mixing. The   

entropy of mixing is entirely ignored. 

 

Ideal solution (See the Supplement) 

Interactions between A-A = B-B= A-B  

ΔVM=0, ∆HM ൌ 0 

Ideal solution follows Raoult’s law. 

     pଵ ൌ pଵ
୭nଵ   (3.8) 

 

pi=Partial pressure of component, i 

pi
o=Vapor pressure of pure i 

ni=Mole faction of component, i in the solution 

 

The free energy of mixing (∆GMሻ= ΣFree energies of dilution per 

molecule (Incompressibility assumed) 



∆GM ൌ Nଵ∆Gଵ ൅ Nଶ∆Gଶ    (3.9) 

 

∆GM ൌ kT ቂNଵln ቀ
୮భ

୮భ
౥ቁ ൅ Nଶln ቀ

୮మ

୮మ
౥ቁቃ   (3.10) 

 

k=Boltzmann constant, T=Absolute temperature 

N1, N2, = Number of molecules for component, 1 and 2.  

From Section 3.9 (E&R) (italic) 

ΔGmix=n (moles) RTΣxilnxi=n’ (molecules) kTΣxilnxi=kTΣnilnxi=(3.11) 

<nk=(n/NA) NA k =NR (Note k=R/NA)> 

 

Plug 3.8 into 3.10, 

∆GM ൌ kTሾNଵ ln nଵ ൅ Nଶln nଶሿ  ( <0 )   (3.11) 

                             

ΔGM <0 : Necessary, but not sufficient condition for miscibility 

 

Since ΔHMൌ0 for ideal solution ሺΔGM ൌ ΔHM –TΔSMሻ,  

entropy of mixing becomes 

 

∆SM ൌ െkሾNଵ ln nଵ ൅ Nଶln nଶሿ    (>0)  (3.12) 

 

ΔSM>0→Mixing always occurs spontaneously for ideal solution. 



3.3.1.2 Statistical thermodynamics of mixing 

Eq (3.12) can be derived from the statistical thermodynamics as follow. 

Boltzmann Eq. 

 ΔSM ൌ k lnΩ        ሺ13ሻ 

 

Ω=Total number of ways of arranging N2 identical solute molecules in 

No=N1+N2 lattice slots and N1 solvent molecules in No (Figure 3.3). 

 



The total number of arrangement is given by, 

Ω=No!/(N1! N2!ሻ       (a) 

Make use of String’s approximation: 

ln N! ൌ NlnN െ N   (3.14) 

 

Plug (a) into (13), and apply String’s formula, 

ΔSM ൌ k lnΩ=kln No!/(N1! N2!ሻ ൌk[(NolnNo-No)-(N1lnN1-N1)- (N2lnN2-N2)] 

ൌk [(N1 +N2) lnNo - N1 - N2 - N1lnN1 + N1 - N2lnN2 + N2 ] 

ൌ k ሾሺNଵ ൅ Nଶሻ lnሺNଵ ൅ Nଶሻ െ Nଵln Nଵ െ NଶlnNଶሿ   (3.15) 

ൌ kሾሺNଵ ൅ Nଶሻ ln No െ Nଵln Nଵ െ NଶlnNଶሿ   

Rearrange this to get (12) 

=-k [N1(lnN1-lnNo) +N2(lnN2-lnNo) ]  

==-k [N1lnN1/No +N2lnN2/No] 

ൌ െkሾNଵ ln nଵ ൅ Nଶln nଶሿ     (12) 

Above was driven for low molecular weight solute and solvent where 

one molecule occupies one lattice slot) 

 

When the polymer has x chain segments (mers) the total entropy of 

mixing is given by 

∆SM ൌ െkሺNଵ ln νଵ ൅ Nଶln νଶሻ   (3.16) 



For unit volume, 

∆SM

୩V
ൌ െ

∑ N౟୪୬஝౟౟

∑ V౟౟
   (3.16a)  <For ideal solution V=∑ V୧୧ > 

 

νଵ ൌ Volume fraction of solvent 

νଶ ൌ Volume fraction of polymer 

For polymer െ solvent solution:  

νଵ ൌ Nభ

NభାईNమ
       (3.17) 

νଶ ൌ ईNమ

NభାईNమ
       (3.18) 

 

For polymer-polymer solution: 

νଵ ൌ ईభNభ

ईభNభାईమNమ
      (3.19) 

νଶ ൌ ईమNమ

ईభNభାईమNమ
      (3.20) 

 

∆SM is the combinatorial entropy computed by considering the 

possible arrangements of the molecules on the lattice (Figure 3.3). 

The number of ways that the system can be rearranged is reduced 

when one or both of the species exist as long chains. 

 

 



3.1.3.3 Other types of solutions 

Ideal solution (ΔV=0)  

ΔHM ൌ 0,     ∆SM ൌ െkሺNଵ ln νଵ ൅ Nଶln νଶሻ  

 

▶Athermal solution; ΔHMൌ0,  

 ∆SM ് െkሺNଵ ln νଵ ൅ Nଶln νଶሻ      (3.16) 

 

▶Regular solution (Close to ideal solution) 

  ∆SM=0, ΔHM ൌFinite 

▶Nonideal solutions; ∆SM ്0, ΔHM ് 0 

Note Hildebrand’s use of ideal as a good solvent is different from Θ 

temperature (3.5), which involves a thermodynamically poor solvent.  

 

3.3.2 Dilute Solutions (P J Flory) 

Flory-Huggins theory introduced the dimensionless parameter χଵ to 

represent the heat of mixing; 

 

χଵ ൌ ∆HM

୩TNభ஝మ
         (3.21) 

 

Subing  (21, ΔHM) and (16, ∆SM) in ሺΔGM ൌ ΔHM –TΔSMሻ gives 
 



ۻ۵∆  ൌ ૚ۼሾ܂ܓ ܖܔ ૅ૚ ൅ ૛ૅ ܖܔ૛ۼ  ൅   ૏૚ۼ૚ૅ૛ሿ        (3.22) 

          Entropy terms<0  Enthalpy term>0 

∆GM > 0→Phase separation  

∆GM ൏ 0→Molecular solution (Necessary condition for miscibility) 

 

Eq (22) is the starting point of many eqs  

►The partial molar free energy of mixing:  

Differentiate (22) wrt N1, and use n (molecules) k=N (moles) R→  

ΔGଵതതതതത ൌ RT ቂlnሺ1 െ νଶሻ ൅ ቀ1 െ
ଵ

ई
ቁ νଶ ൅ χଵνଶ

ଶቃ       (3.23) 

 

The osmotic pressure is given by 

π ൌ െ
୼Gభതതതതതത

Vభ
     (3.24), Then  

 

►π ൌ െ
RT

Vభ
ቂlnሺ1 െ νଶሻ ൅ ቀ1 െ

ଵ

ई
ቁ νଶ ൅ χଵνଶ

ଶቃ       (3.25) 

Vଵ= Molar volume of the solvent 

►Expand (25) using ln (1+x)=x-x2/2+… to give the second virial 

coefficient as 

Αଶ ൌ
஝തమ

మ

அAVభ
ቀ

ଵ

ଶ
െ χଵቁ  (3.26)  in  ஠

ୡ
ൌ RT ቀ ଵ

M౤
൅ Aଶc ൅ Aଷcଶ ൅ ڮ ቁ   (3.41) 

νതଶ = Specific volume of the polymer.  

►Flory θ temperature can now be seen as the point where χଵ=1/2, 

and Aଶ=0. 


