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EXPERIMENT 5 - DETERMINATION OF PARTIAL MOLAR QUANTITIES  

THEORY:  
 
When one mixes 1 mole of H2O (which has a molar volume of 18 cm3) with a large  
quantity of ethanol, the volume increase observed is not 18 cm3. This simply  
indicates that extensive properties of solutions (such as volume, free energy,  
enthalpy, etc.) cannot be truly added when pure components are mixed. The  
surrounding of a molecule is very important in determining how much volume it  
will occupy, how much energy it will have, etc. So, a H2O molecule surrounded by  
other molecules behaves quite differently from a H2O molecule surrounded by  
ethanol molecules. The quantity of a substance in each environment is known as  
the partial molar quantity of that substance in that given environment.  
 
For a binary system with components A and B, the partial molar volume of the 
component A is given by: 

 

                             푉 =  
, ,

                                                  (1)                       

  

where V is the total volume, nA is the number of moles of A. Partial molar volume of 
A is, therefore, the change in volume per mole of A added when an infinitesimal 
amount of A is added to the solution at constant P and T.  

The total volume of the binary solution is determined by adding the amounts of 
each component. 

V = n 
  

A 
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V A + n V B (2) 
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where VA and VB are the partial molar volumes of A and B, respectively. 
 
The total volume of a molar solution (when nT = 1) can be expressed as follows: 

− 
V = x 
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where xA and xB are the mole fractions of A and B.  
 
It is possible to determine the partial molar volumes (or in general partial molar  
quantities) of the components in a specific mixture and hence determine the total  
volume of a molar solution (using equation 3) or any quantity solution (using  
equation 2).  
 
PROCEDURE:  
 
1. Prepare  approximately 25  ml  samples  of  solutions  of  ethanol  and  water 

containing 0, 20, 40, 60 80  and 100%  (wt/wt) of ethanol. Prepare these 
solutions by accurately weighing the two components into a stoppered bottle. 
Determine the density of each solution at room temperature using the following 
procedure: 
a. Determine the weight of previously oven-dried and cooled pycnometer.  
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b. Fill up the empty pycnometer with distilled water, making sure that the  
 water level in the pycnometer reaches the top of the capillary and is free of  
 air bubbles.  
c. Determine the weight of the pycnometer which is filled with water. When  
 doing this, make sure that the outside of the pycnometer is completely dry.  
d. Given the density of water at 250C, ρ = 0.997044 g/ml, and the density of  
 ethanol, ρ = 0.791 g/ml, calculate the volume of pycnometer: 

 

V = 

 
W g − W p 

ρ 
(4)  

where Wg = weight of the pycnometer and water in it, Wp = weight of the 
pycnometer only, and ρ is the density of water at 250C.  
e. Subsequently weigh the pycnometer which is filled with different mixtures  
 of ethanol and water, and calculate the densities of these solutions.  

 
CALCULATIONS  

1. The partial molar volume of ethanol (in units of ml/mol) is 
− 

V = 
M Wt 
density 

(5)  

 
The molecular weight of ethanol in equation 5 is 46.07 g/mol.   Calculate the 
specific volume (i.e. reciprocal density) of each solution.  
2. Plot the specific volume versus weight percent of ethanol for each solution.  
3. Draw a smooth curve through all the points.  
4. Draw  tangent  lines  to  this  curve  at  different  concentrations (i.e.  weight 

percents). 
5. Determine the y-intercepts of these tangent lines on x = 0% and x = 100%.   The  
 former is the specific volume of water, and the latter the specific volume of  
 ethanol.  
6. For each composition you have drawn a line and determined the specific  
 volumes, calculate the partial molar volume of each component using equation  
 5.  
7. Now draw two “partial molar volume versus mole fraction” curves for water  
 and ethanol.  
8. Determine the partial molar volumes for the components at xEtOH = 0.2, 0.4, 0.6  
 and 0.8 from the plots above.  
9. Calculate the total volume of each solution using equation 2.  
10. Determine the difference in the volume calculated and the volume you would  
 have expected to have had you not known partial molar volumes.  
 
DATA SHEET:  

 
Pycnometer w/ H2O w/ 100% w/ 80% w/ 60% w/ 40% w/ 20% 

EtOH EtOH EtOH EtOH EtOH 
Wg (g)  

 


