VAPOR PRESSURE OF A SOLUTION

Recall:
Vapor Pressure:
Pressure of the vapor over a liquid,

measured at equilibrium, at a given

temperature




depends on:
- temperature (increases with temperature)







- nature of the liquid


Volatile Liquids:

- have relatively high vapor pressure


Non volatile Liquids:
- have relatively low vapor pressure

Ex:
Water is much more volatile than Ethylene Glycol (CH2OH CH2OH)

      (higher Pv)









(lower Pv)


It follows:
Ethylene Glycol can be considered to be nonvolatile





compared to Water 

Observation:

The Vapor pressure of a volatile solvent is lowered by addition of a nonvolatile solute.


      Pure Solvent

           Solution



   (water)

(0.0100 mole fraction ethylene glycol in water)




     Pv      17.54 mm Hg


   17.36 mm Hg
 

at 20oC

(P = Vapor Pressure Lowering
= 17.54 mm Hg – 17.36 mm Hg








= 0.18 mm Hg

Raoult’s Observation;

The Vapor Pressure of a solvent (A) over the solution of a nonelectrolyte solute (B) depends on the Mole Fraction (XA) of solvent in the solution.

SOLUTION
=
SOLVENT A
+
SOLUTE B (nonelectrolyte)





(volatile)


(volatile or nonvolatile)

Raoult’s Law:


The partial pressure of solvent (PA) over a solution equals the vapor pressure of the pure solvent (PAo) times the mole fraction of solvent A

in the solution (XA)

PA  = PAo x XA


partial pressure of 

vapor pressure of
                       moles A

solvent A over a

pure solvent A                XA = (((((((              

solution (A+B) 




          

moles A + moles B

                                          

NOTE: 

(1) XA ( 1
therefore:

PA( PAo 
; Vapor Pressure is lowered

(2)
If solute B is nonvolatile: PA = PT (Total vapor pressure of solution)

IDEAL SOLUTIONS:

- are solutions for which Raoult’s Law holds true for ALL VALUES OF 

  MOLE FRACTIONS.


- Solvent A and Solute B are chemically similar


   Intermolecular Forces of Attraction between:


    A (( (( B  similar to A (( (( A    similar to   B (( (( B 


- Solvent A is volatile;
Solute B:
- is a nonelectrolyte









- may be volatile or nonvolatile

NONIDEAL SOLUTIONS:

- are solutions for which Raoult’s Law holds true only if :


- Solute B is a nonvolatile electrolyte



and


- Solution is dilute (XA ((((( XB)

                          PAo 

            PA
(Vapor Pressure                                                         IDEAL SOLUTION
of Pure Solvent A)

(mm Hg)
                                          Concentration of solution increases 


                                          0.2        0.4        0.6        0.8       1.0                XA




                 (Mole Fraction of Solvent A)





                        PAo





    NONIDEAL SOLUTION
                                                     (follows Raoult’s law for

              PA

        dilute solution)

(Vapor Pressure                                                    

of Pure Solvent A)

     (mm Hg)                                                          





Concentration of solution increases

                                           0.2        0.4       0.6        0.8        1.0                XA




                 (Mole Fraction of Solvent A)

For an Ideal Solution:

(P = Vapor Pressure Lowering 

(P = PAo - PA = PAo ( PAo XA = PAo (1 ( XA)

Recall:

Mole Fraction of Component 1 + Mole Fraction of Component 2 = 1

Mole Fraction of Solvent A       + Mole Fraction of Solute B         = 1

XA
+
XB = 1



It follows:
XB = 1 ( XA

Therefore:
                       (P = PAo XB

 

                   



    Vapor Pressure                                 Mole Fraction

                  of Pure Solvent A                                of Solute B       

  

Vapor Pressure Lowering ((P) is a COLLIGATIVE PROPERTY.

This means: (P :
- depends on the concentration of solute





- does not depend on the nature of the solute

Example:

Consider the following solutions at 20oC






 
XB


           PAo


        PA


     (P





Mole Fraction
    Vapor Pressure
   Vapor Pressure       Vapor Pressure


                         of  Solute B       of Pure Solvent A
     of Solvent A in      Lowering













 Solution


Ethylene Glycol          0.0100                17.54 mm Hg         17.36 mm Hg     0.18 mm Hg


in

    Water                      0.0200                 17.54 mm Hg         17.18 mm Hg    0.36 mm Hg

 Urea (NH2)2CO          0.0100                 17.54 mm Hg
       17.36 mm Hg 
  0.18 mm Hg 


             in

         Water                 0.0200                 17.54 mm Hg
       17.18 mm Hg 
  0.36 mm Hg 



Sample Problem

What is the vapor pressure at 23oC of a solution of 1.20 g naphtalene (C10H8) in 25.6 g of benzene (C6H6 )?

The vapor pressure of pure benzene at 23oC is 86.0 mm Hg; the vapor pressure of naphtalene can be neglected.

(HINT: First calculate the vapor pressure lowering of the solution).




      Formula    Mass
Molar Mass
Nr. of Moles
Mole Fraction (X)

Solute B

C10H8
1.20 g
128.2 g/mol
9.36 x 10(3          0.0278




Solvent A
C6H6
25.6 g       78.1 g/mol     327.8 x 10(3         0.973



                          Total Number of Moles                337 x 10(3          1.000


  (P = PAo XB = (86.0 mm Hg) (0.0278) = 2.39 mm Hg

PA = PAo ( (P = 86.0 mm Hg ( 2.39 mm Hg = 83.6 mm Hg
For an IDEAL SOLUTION:


- A (solvent ) and B (solute) are chemically similar substances 


- Both Solvent A and Solute B have significant vapor pressures

It follows:

PT = Total Vapor Pressure over Solution = PA + PB = PA XA + PBXB 

Consider a solution containing toluene (C7H8 ,less volatile) in benzene (C6H6 , more volatile)

(Note: Toluene and Benzene are chemically similar substances)





Vapor Pressure
Mole Fraction
      Partial Vapor
    Mole Fraction



of Pure Liquid

in Solution
     Pressure over 
       of Vapor











Solution


Toluene    PBo = 22 mmHg         XB(s) =  0.30          PB = 6.6 mmHg 6.6mmHg     


(C7H8)










       (((( =XB(v) = 0.11

                                                                                                       59mmHg     


Benzene   PAo = 75 mmHg       XA(s) =  0.70      PA = 52.5 mmHg 52.5 mmHg


(C6H6)










       (((( =XA(v)= 0.89 

     (Solvent A











59mmHg


                           TOTAL

            1.00          PT = 59 mm Hg                               1.00


NOTE:


Liquid is 0.30 mole fraction toluene and 0.70 mole fraction benzene 

 
Vapor is  0.11 mole fraction toluene and 0.89 mole fraction benzene

CONCLUSION:

THE VAPOR PRESSURE OVER A SOLUTION IS RICHER IN THE MORE VOLATILE COMPONENT.

APPLICATION:

The Separation of a more volatile component from a liquid solution by Fractional Distillation:

Fractional Distillation:
repeated enrichment of vapor in the more volatile component 






followed by repeated condensations of the vapor

Examples:
1. 
Fractional Distillation of an ethyl alcohol-water mixture produces a





condensate greatly enriched in ethyl alcohol (more volatile)




2.
Fractional distillation of gasoline separates several fractions which vary





greatly in their volatility ; this is how gasoline (more volatile) is separated





from Diesel fuel (less volatile)
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