
(Molecular-weight Estimation from Experimental Data) 
SHEET NO.2 

 
  
At the end of this lecture, you should be able to: 
  
- Estimate number-average molecular weight from the colligative properties 

(those properties of solutions that depend on the ratio of the number of solute 
particles to the number of solvent molecules in a solution). 

- Estimate viscosity-average molecular weight from a viscometer measurements.  
- Some different questions on molecular weight calcaultion.  
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QUESTION 1:  
Given the following data of osmotic pressure (𝜋) of polycarbonate solution, what is 

the number-average molecular weight of this polymer? (T = 25°C; density = 1.0 

g/cm3.)  
 
 
 
 
 
 

𝝅/𝑪 (pa L/g) 0.255 0.26 0.27 0.27 
 

0.29 0.295 
 

C (g/L) 0.001 0.009 0.015 0.019 0.023 
 

0.029 

 

 

https://www.protec-arisawa.com/reverse-
osmosis-the-power-to-dominate-the-ocean/ 

https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/
https://www.protec-arisawa.com/reverse-osmosis-the-power-to-dominate-the-ocean/


SOLUTION: 

The relation between the osmotic pressure , concentration and the number-average molecular weight is as follows (please 

this equation is given in the M.wt lecture): 

(1) 





Now, return to Eq. 1:  

 

(1) 

Comparing this equation with the general form of a line equation , it is easy to note that   

the term 
RT

Mn
 represents the intercept value the red circled area  in the graph . 

  
 Therefore, one can conclude that the value of the term 

RT

Mn
 is 0.2093 pa cm3/g and hence           

Mn = 8314*298/0.2093  ( or Mn = 11,837,419 g/mole). 

 

 

NOTE: the gas constant (R ) is  8314 L⋅Pa⋅K−1⋅mol−1 

https://en.wikipedia.org/wiki/Litre
https://en.wikipedia.org/wiki/Pascal_(unit)
https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Mole_(unit)


QUESTION 2:  

 
Given the following data of the falling time of  polystyrene-cyclohexane solution in a 

viscometer, what is the viscosity-average molecular weight of this polymer? (T = 

35°C)  
 
 
 
 
 
 

𝑭𝒂𝒍𝒍𝒊𝒏𝒈 𝒕𝒊𝒎𝒆  
(𝒔𝒆𝒄) 

t0 = 3 8 14 22 32 44 56 

C (g/L) 0  0.1 0.2 0.3 0.4 0.5 0.6 

SOLUTION: 

 

The viscosity average molecular weight is correlated with the intrinsic viscosity through Mark-Howink 

equation as follows: 

 

  

 
 
 



The intrinsic viscosity in the above equation can be found from the reduced viscosity 
When the polymer solution concentration approaching zero (i.e. very dilute solution) : 
 
 
 
This can be found graphically by plotting the reduced viscosity against the 

concentration using the given data :  

  

 
 
 
 
 
 
  
NOTE:                                                       this equation is given in the M.wt Lecture.  

Falling time  

(sec) 
t0 = 3 8 14 22 32 44 56 

C (g/L) 0  0.1 0.2 0.3 0.4 0.5 0.6 

𝜂red 0 16.67 18.33 21.11 24.17 27.33 29.44 







𝑭𝒂𝒍𝒍𝒊𝒏𝒈 𝒕𝒊𝒎𝒆  
(𝒔𝒆𝒄) 

3 4 7 9 10 
 

12 14 
 

C (g/L) 0 0.001 0.009 0.015 0.019 0.023 
 

0.029 

Mark-Howink equation Constants  



The intrinsic viscosity from the plot is 13.4 and Mark-Howink constants are 0.08 and 0.5 for K 
and a , respectively.  
 
Now,, applying Mark-Howink equation gives:  
 
                                                 13.4 = 0.08 (Mv)

0.5                                  Mv = 28000 g/mol. 
 
 
 
H.W: Repeat QUESTION 2  using the value of the inherent viscosity where: 
 
 
 
 
 
 
  



QUESTION 3 
 

Assume that the molecular weight distribution shown in the figure below are for polyvinyl chloride. For this data 

compute: (1) the number average molecular weight , (2) the number degree of polymerization , and 3) the weight 

average molecular weight. 

 

 

 
Molecular weight 

range (g/mole) 

Mole fraction 
(xi) 

5000 - 10000 0.05 

10000 - 15000 0.16 

15000 - 20000 0.22 

20000 - 25000 0.27 

25000 - 30000 0.2 

30000- 35000 0.08 

35000 - 40000 0.02 



SOLUTION: 
 

 

 

 

Molecular weight 

range (g/mole) 

Mole fraction 
(xi) 

Mean Mi Xi Mi 

5000 - 10000 0.05 7500 375 

10000 - 15000 0.16 12500 2000 

15000 - 20000 0.22 17500 3850 

20000 - 25000 0.27 22500 6075 

25000 - 30000 0.2 27500 5500 

30000- 35000 0.08 32500 2600 

35000 - 40000 0.02 37500 750 

Mn = 𝑥𝑖𝑀𝑖
𝑛
𝑖  = 21150 g/mole 

1)  𝑀𝑛 =
 𝑁𝑖𝑀𝑖
𝑛
𝑖

 𝑁𝑖
𝑛
𝑖

=  𝑥𝑖𝑀𝑖
𝑛
𝑖  ;  where xi is the mole fraction.                    (1)  



 

2)  
 

𝐷𝑝 =
𝑀𝑛

𝑀𝑜
=

21150
𝑀𝑜

 ;  where Mo for vinyl chloride (CH3CH2Cl)    

Mo for vinyl chloride (CH3CH2Cl) = 3(12)+3(1)+35.5 =62.5 g/mole 

𝐷𝑝 =
𝑀𝑛
𝑀𝑜

=
21150 g/mole

62.5 g/mole
= 338  

 

3)  
 

𝑀𝑤 =
 𝑤𝑖𝑀𝑖
𝑛
𝑖

 𝑤𝑖
𝑛
𝑖

=  𝑦𝑖𝑀𝑖
𝑛
𝑖                     (2)   

            
where yi is the mass fraction  
 
Since mole fraction is given in the data, one may need to convert each mole fraction to 
mass fraction using the following relation: 

yi = 
xi Mi

𝑀
𝑛

 (3)  



Now use eqs. 2 and 3 to build the following table:   

Molecular 

weight range 

(g/mole) 

Mole 
fraction 

(xi) 

Mean 
Mi 

Yi 

(from Eq. 3) 

yi Mi 

5000 - 10000 0.05 7500 0.0177 132.98 

10000 - 15000 0.16 12500 0.0945 1182.03 

15000 - 20000 0.22 17500 0.1820 3185.58 

20000 - 25000 0.27 22500 0.2872 6462.77 

25000 - 30000 0.2 27500 0.2600 7151.30 

30000- 35000 0.08 32500 0.1224 3995.27 

35000 - 40000 0.02 37500 0.0354 1329.79 

Mw = 𝑦𝑖𝑀𝑖
𝑛
𝑖  = 23439.72 g/mole 



HOMEWORK (using both inhernet and reduced viscosity vakues) :  

 
Given the following data of the falling time of  polystyrene-cyclohexane solution in a 

viscometer, what is the viscosity-average molecular weight of this polymer? (T = 

35°C)  
 
 
 
 
 
 

𝑭𝒂𝒍𝒍𝒊𝒏𝒈 𝒕𝒊𝒎𝒆  
(𝒔𝒆𝒄) 

t0 = 3 8 14 22 32 44 56 

C (g/L) 0  0.1 0.2 0.3 0.4 0.5 0.6 
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THANK YOU  

FOR  

YOUR ATTENTION 


