
∆  


  

∆   
∆ 



  


  

∆ ≠  

∆ ≠ 

Figure 9.13

Thermodynamically, real and miscible solutions show:

                                                              (9.42)

For ideal solution:

            
 

   
    (9.43)

This is not applicable for real solution (Figure 14)

Note that  ∆   ≶    depending on composition.

The deviations are small but evident depending on the composition!



Partial molar quantity:

1 mole of pure water (25℃) = 18.1 cm3  ..... (a)

1 mole of water added to ethanol-water solution with xH2O = 0.75 

 ⇒ Increased by 16 cm3 ..... (b)

    a ≠ b (Partial molar volume)

 ⇒ Local structure around water in the solution is more compact.

Partial molar volume is defined (with bar on) as:

  


 (9.44)

▶1 mole of component 1 is added to such a large volume so that the 

solution composition is assumed constant.

So, for binary solution,

 
 

 (9.45)



Partial molar quantities for any extensive properties (U, H, G, A, S) 

can be formed.(Chemical potential is the partial molar Gibbs energy)

Figure 9.15 : Partial molar volume of acetone and chloroform. 

  increases as   decreases, like Gibbs-Duhem eg.

                  Figure 9.15

In terms of partial molar volume, Gibbs-Duhem eq takes the form:

(Partial molar volume and chemical potential are related in the same way to the G-D eq)


 
       


 (9.46)

(Note : "-" on partial molar quantities)

9.10 Ideal Dilute Solution

For dilute solution, ideal solution model is applied.

Chemical potential of a component in real solution is separated in two 

terms (like ideal solution): a standard state one and a partial pressure 

dependent one.




  

  




(9.47)

Recall that for a pure substance,


 

  


 ≠ 
   

First consider only the solvent. We define activity as:

 




(9.48)

Note for ideal solution: 

          

For nonideal solution, activity coefficient (γsolvent) is introduced as:

 


(9.49)

Ideal behavior is obtained as  → .

Chemical potential vs activity

Combining egs (9.47) and (9.48)


  

     (9.50)

⟶ Central eq describing real solution to follow.

Ideal dilute solution is defined as:



 →   → 

See Figure 9.16 where the Raoult's law(dotted line) is observed in 

the limit  →    → 

Figure 9.16

In this limit, acetone molecules at the surface are surrounded by the 

acetone molecules.

⟶   

In the opposite limit where

 →       (Now consider solute)

⟶Acetone molecules at the surfaces are surrounded by CS2. 

 ≠ 


But it is apparent that from Figure 9.16 that

 ∝   ⇒

  
   →  (9.51)

Eg. (9.51) is called Henry's law(kH = Henry's constant).



As the solution approaches ideal,


 → 



For Figure 9.13,


    

  


   

  

⟹ Henry's constants > vapor pressure 

⟹ The system shows positive deviation from the Raoult's law.

   (See Table 9.4 for aqueous solutions of a number of solutes.)

The ideal dilute solution can be concluded as a solution in which 

solvent follow Raoult's law and the solute of Henry's law.

9.11 Activities are defined w.r.t standard state.

For the solvent in dilute solution (xsolvent → 1):

 




  


    (9.52)

By doing so, 

activity (See fig 13)→ concentration and γ→1and solution→ideal as xi→1

Figure 9.13 shows that the activity approaches unity as xsolvent → 1. 

Activity calculated by (9.52) is called Raoult's law standard state 

based activity. But Eq (9.52) and its standard state is not appropriate 

for solute which obeys Henry's law. So, in this case, 




 

   






 →

 
   







   

 
    

(9.53)

w h ere the Henry's 

law standard state 

c h emical potential is 

given by


  

   






(9.54)

Activity and activity coefficients based on Henry's are defined: 

 




  


(9.55)

By doing so, 

activity (See fig 13)→ concentration, γ→1 and solution→ideal as xi→0

Example Problem 9.8

Calculate the activity coefficient for  at   using data 

from Table 9.3. (xCS2 vs PCS2 and PAcetone) Assume a Raoult's law ss.

Solution




  








 


  







 

Calculated results are shown in Figure 9.17 as a function of . 

Note that 
 → as →.  

The activity and activity coefficients using Henry's law ss are 

calculated and seen in Figure 9.17 (Example Problem 9.8). 

          
 





 


  







 

Note that 
 → as →.  





∆ ∆ 
  

Mole fraction→molality 

Divide Eq (9.56) by (= mass of solvent):

  









(9.56)

        = molality of the solute, 

        = molecular mass of the solvent in .

        

Note   →   as →. 

Using molality as concentration unit, activity and activity coefficient 

of the solute are defined by








with 

→ as →  (9.57)







 with 
→ as → (9.58)

The colligavite properties refer to the solvent properties in a dilute 

solution. So, Raoult's law ss applies. Equations (9.33), (9.35), and 

(9.41)(Derived for ideal solution) can be used with activities replacing 

concentrations, ie m → a =γm or a =γc.

(9.59)

The activity coefficient is defined wrt molality for the boiling point 

elevation (∆) and freezing point depression (∆), and wrt 

molarity for the osmotic pressure (π). Equations (9.59) provides a 

useful way to determine activity coefficients as shown in Example 

Problem 9.11.



Scan Example 9.11 here

9.12 HENRY'S LAW AND THE SOLUBILITY OF GASES IN 

A SOLVENT

The ideal dilute solution model can be applied to the solubility of 

gases in liquid solvents. An example for this type of solution 

equilibrium is the amount of N2 absorbed by water. One of the 

components of the solution is a liquid and the other is a gas. The 

equilibrium of interest between the solution and the vapor phase is

   (9.60)

The chemical potential of the dissolve N2 is given by


 

    (9.61)

In this case, a Henry's law standard state is the appropriate choice, 

because the nitrogen is sparingly soluble in water. The mole fraction 

of N2 in solution, , is given by



 


≈


(9.62)

The amount of dissolved gas is given by

  




(9.63)

Note concentration=activity in ideal dilute solution.

Example Problem 9.12 shows how Equation (9.63) is used to model 

the dissolution of a gas in a liquid.

Example 9.12 here



∆ ∆   


  



  



  




 ∆   
















9.13 CHEMICAL EQUILIBRIUM IN SOLUTION

Brief Review                                                     

→ (6.54)

α, β < 0

        γ, δ > 0

≡


≠  (6.37)

→       @ T, P = constant

Gibbs energy change of the reaction is given by

(6.56)

At standard state (P = 1bar):

∆          


∆    (6.57)

 
















   (6.58)

        = Reaction quotient of pressure

Then Eq (6.56) is written as

∆ ∆     (6.59)

Note: ∆ is separated into two terms: Only one term depends on 

the partial pressure of reactants and products.



If ∆  reaction will spontaneously move to the right.

If ∆  reaction will spontaneously move to the left.

At equilibrium

∆  and 

∆    
   

   

∆
(6.60)

       ≡ Thermodynamic equilibrium constant    

----------------------------------------------------

For a reaction between solutes in a solution @ equilibrium:




  (9.64)

Eq (9.64) can be broken into standard state chemical potential and a 

concentration dependent term. Assume Henry's law (xi→ai) standard 

state for each solute (See eq 9.53), then (64) becomes





 



 

  (9.65)

Then using     

∆  


 

    (9.66)

The equlibrium constant in terms of activity is given by

  




 











 (9.67)

Note co is introduced for dimensionless concentration (eq 6.72).

An equilibrium constant in terms of molarity or molarity can be 



defined by setting all activity coefficients = 1 (   ) in (9.67).

(Reasonable for dilute solution using Henry's law standard state)

 










 ≈ 









 (9.68)

Scan Example 9.13 here


