
(<r2>=cnl2, freely jointed, rotating, hindered rotation models) 

4. Chain conformation depends on temperature, solvent structure, 

crystallization, orientation, presence of other polymers. 

 

Molecular weight determination 

♦Gaseous molecules: By IG law  

Molecules must be separated (diluted→ideal gas law) 

PV=nRT → n → MW= weight/n 

♦Polymer: By dilute solution law (Solution thermodynamics)  

Polymer chains must be separated in solvent  

<Sperling Ch 4: Concentrated solution, phase separation, diffusion> 

 

3.1.2 How does a polymer dissolve? 

▶Amorphous polymer at T>Tg (Polymer melts); 

Follow Fick’s law of diffusion, 4.4) 

JA= -CD∇xA=-D∇CA   <Flux is directly proportional to the gradient> 

    C=CA + CB, D=Dffusivity 

▶ T<Tg = Non-Fickian <Diffusion depends on (relaxation) time> 

Slow diffusion of solvent into the polymer→ Plasticizes 



polymers→Lowers the Tg below ambient temperature→ Swelling 

occurs rapidly in rubbery state→ Swollen-unswollen boundary 

moves inward (Stress at the swelling boundary causes craze or 

fracture: ESCR)→ Polymers diffuse out of swollen mass into solvent 

to follow Fickian diffusion. 

▶Cross-linked polymer only swells to equilibrium, not dissolved. 

▶Also, polymers with high Tm, or strong secondary bonds (PAN) are 

not dissolved without degradation→ MW cannot be determined 

directly.  

 

3.2 The solubility parameter 

Solubility of A in B is governed by the free energy of mixing 

ΔGM=ΔHM-TΔSM        (3.1) 

ΔGM < 0 : Solution occurs spontaneously. 

ΔGM > 0 : Separation occurs spontaneously. 

TΔS>0 : ∵ Entropy increases upon mixing→ Entropy drives mixing. 

▶ΔHM>0 (Endothermic) for nonpolar organic compounds. 

▶Exception is found when the two species attract one another by 

having opposite polarities (acid and base), or hydrogen bonding.  



▶For regular solutions, (No specific interactions; Moderately diverges 

from the ideal solution) Hildebrand and Scott:   

   ∆HM VM
∆E

V

∆E

V
ν ν        (3.2) 

VM=Total volume of mixture  

ΔE= (Molar) Energy of vaporization at zero pressure (infinite separation) 

V=Molar volume of each component (1=Solvent, 2=Polymer)  

ν= Volume fraction of each component (1=Solvent, 2=Polymer) 

ΔE/V= Cohesive energy density (Energy of vaporization per unit 

volume) [=] (cal/cm3), (MPa) 

Solubility parameter is defined as  

               δ
∆E

V
       (3.3) 

When the components have identical/essentially identical sp values, 

they are dissolved, miscible (compatible), where the solution process 

is spontaneous due to the positive ΔSM. (Eq 3.1) 

<Note Eqs. (3.2) and (3.3) are invalid for negative heat of mixing> 

 

 

 



3.2.1 SP Tables 

Scan Tables 3.1 and 3.2  

 

Why methanol (δ=14.5 (cal/cm3)1/2) or water (23.4) does not dissolve polybutadiens (8.4) 

or polystyrene (9.1)? Why benzene (9.2) and toluene (8.9) dissolve these polymers? 



Rule of thumb 

Polymers will dissolve in solvents having sp within about one unit of 

their own, in (ca/cm3)1/2.  

 

3.2.2 Experimental determination of sp (See SY Lee) 

The sp of a new polymer is determined by several means. 

►Cross-linked polymers by swelling test. 

Define the swelling coefficient (Q).. 

       Q      (3.4) 

m=Weight of the swollen polymer 

mo= Weight of the dried polymer 

ρs=Density of the swelling agent 

 

Plot Q vs sp of various solvents (Figure 3.1)-The maximum defines the 

solubility of the polymer. <The best solvent swells the polymer the 

most>  

►The theoretical extent of swelling is predicted by the Flory-Rehner 

theory <Cross-link density and solvent-polymer attractions are considered>.  

Scan Figure 3.1 here 



 

sp of PS=? 

sp of PU=?  

sp of PU-PS IPN= 2x104 (J/m3)1/2 

The peak for the IPN is broader and appears in-between the two.  

 

►Soluble polymers 

The intrinsic viscosity of the polymer in several solvents is measured 

and plotted [η] vs sp of solvents. Since, chain conformation is most 

expanded in the best solvent (To be seen w/ Eq 3.82), the intrinsic 

viscosity is the highest for the best polymer-solvent match. 

Scan Figure 3.2 here. 



 

3.2.3 Theoretical calculations of sp: An example  

Chemical structure → Estimate sp (Group contribution theory) 

Define the molar attraction constants, G for each group, 

         δ
∑ G

M
       (3.5) 

ρ=Density 

M= Molecular weight (of repeat unit, mer) 

Group molar attraction constant (G) by Small and Hoy (Table 3.3) 


