
3.8.3 The Mark-Houwink-Sakurada relationship 

Empirical relationship between the viscosity average MW and intrinsic viscosity. 

ሾηሿ ൌ ΚMV
ୟ      (3.97) 

 

K, a= Constants for a particular polymer-solvent pair at a particular temperature 

(See Table 3.10 for values of K and a) <Mw of sharp fraction of MWD is usually 

substituted for Mv since Mv is difficult to measure directly> 

Values of a             

0.5≤a≤0.8 for random coil (0.5 @ Flory Θ temperature ( α ൌ 1), 0.8 in 

thermodynamic good solvent (α∝M0.1)→α increase from M0 to M0.1. 

 

 

 

 

 

 

 

 

 

 



In general 0  α ≤2 (See Table 3.11) 

 

K is often given in terms of universal constant, Ԅ  
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r
ଶ=Mean square of end-to-end distance of the unperturbed coil. 

Often MHS eq is conveniently expressed in the form of 
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Mଵ ଶ⁄ αଷ ൌ KMଵ ଶ⁄ αଷ       (3.99) 

 

If the intrinsic viscosity is measured both in Θ-solvent and good 

solvent, the expansion of coil is estimated as (Note α=1 in Θ-

solvent)             <Rୣ ൌ Rୣα   (3.95)> 

 

               ሾηሿ ሾηሿ⁄ ൌ αଷ      (3.100) 

 

Values of α vary from unity in Flory Θ-solvent to about 2 or 3 

increasing with M. 

 

3.8.4 Intrinsic viscosity experiments 

Mostly dilute solutions up to 1% polymer are made up. Then  

ηrel ∼1.6 for the highest concentration 

 



Ubbelohde viscometer is used to measure the viscosity.  

(See below for the operation principle) 

 

 
 

Capillary viscometer is working based on the Hagen-Poiseuille Law: 

    Q= V

୲
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      (Q=Volumetric flow rate) 

Rearranging gives (ΔP ൌ ρghሻ 
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 t = K t     K= Capillary constant 

→η=Ktρ 

Then 

 
For dilute solution ρ ~ ρo , then 
 

 

 

 

 



Scan Figure 3.14 
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Two practical points must be noted: 

1) Both lines must be extrapolated to the same intercept at zero 

concentration 

2) Sum of the slopes is related through the Huggins eq 
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and through Craemer eq,  
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Subtracting (102) from (101) gives  

   kᇱ  kᇱᇱ ൌ 0.5                   (3.103)  

If either of these requirements is not met, molecular aggregation, 

ionic effects, or other problems may be indicated. For many polymer-

solvent system k’=0.35, k”=0.15 (Negative). 

 

In order to determine K and a in MHS eq, a double logarithmic 

plot of MW vs intrinsic viscosity is prepared (Figure 3.15) 
                   ሾηሿ ൌ ΚMV
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For calibration, narrow MWD polymer should be used. 

Scan Figure 3.15 here 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

3.9 Gel permeation chromatography  

Also called size exclusion chromatography (SEC) 

 

Depending on the hydrodynamic radius, molecule may or may not enter small 

pores in a bed of cross-linked polymer (Stationary phase). Smaller molecules 

diffuse in and out of the pores via Brownian motion and delayed. Large 

molecules pass by and continue in the mobile phase. (See Figure 3.16) 

 


