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Topic 12 – Solutions

INTRODUCTION TO SOLUTIONS
A. Types of solutions


1. Gaseous solutions




a. Definition

A gas dissolved in another medium




b. Examples





(1) gas - gas solutions

air:  O2, N2, and other trace gases






divers’ breathing mixtures:  O2 and 

noble gases





(2) gas - liquid solutions






soda water:  CO2 in liquid water





(3) gas - solid solutions






pumice:  volcanic gases in solid rock



2. Liquid solutions




a. Definition





A liquid dissolved in another medium




b. Examples





(1) liquid - liquid solutions






rubbing alcohol:  water dissolved 

in alcohol water





(2) liquid - solid solutions






“black fillings”:  liquid mercury 

dissolved in solid silver



3. Solid solutions




a. Definition





A solid dissolved in another medium




b. Examples





(1) solid - liquid





brine solution:  salt dissolved in 

liquid water





(2) solid - solid solution






alloys:  one solid metal dissolved 

in another solid metal


B. Terms for the parts of a solution



1. Solvent

a. The dissolving medium of a solution

b. Does the dissolving

c. Is normally the component of a solution present in the 

    greater amount



2. Solute

a. The substance dissolved in the solvent to form the 

     solution

b. Is dissolved

c. Is normally the component of a solution present in the 

   lesser amount

THE SOLUTION PROCESS


A. Summarized in terms of free energy



1. Entropy changes (increasing disorder) tend to favor solution 

                            formation.




Entropy is a measure of the randomness or disorder in 




a system.

Spontaneous processes increase the entropy.

Solution formation increases entropy so it favors solution formation.



2. Enthalpy changes (heat changes) may or may not favor solution



    formation.


Exothermic processes release heat and so favor solution 


formation.

Endothermic processes absorb heat and so do not favor 

solution formation.



3. It is the total energy change (involving both entropy 



    considerations and enthalpy considerations) that controls the 

                            solution process.


B. Enthalpy changes and solution formation



1. Three interactions involved in solutions




a. solvent - solvent




b. solute - solute




c. solute - solvent




2. These interactions may involve




a. Ionic bonding – in the case of an ionic solute





Extremely strong force





Between oppositely charged ions




b. Intermolecular forces ( in the case of a molecular 

                                        solvent or solute





(1) van der Waals forces






(a) London forces

Weak forces

Between non-polar molecules






(b) Dipole - dipole forces

Stronger forces

Between polar molecules





(2) Hydrogen bonding






Strongest of the three forces

Between molecules with hydrogen bonded to F, O, or N and at least one unshared pair of electrons on the F, O, or N


C. The three processes involved in the formation of a solution

1. Separation of solvent particles from each other




a. Requires additional energy to break




b. (H is positive.



c. Solvents with non-polar molecules require little energy 

                                        to separate them.

d. Solvents with polar molecules require more energy to 

    separate them



2. Separation of solute particles from each other

a. Requires additional energy to break




b. (H is positive.



c. Solutes with non-polar molecules require little energy to 




    separate them.

d. Solutes with polar molecules require more energy to 

    separate them.

e. Solutes with ionic particles require the most energy to 

    separate them.



3. Surrounding the solute particles by the solvent particles




a. Releases energy when formed




b. (H is negative



c. This is called “solvation,” or in the case of water, 



                 is called “hydration.”

d. The solvation of non-polar solutes by non-polar solvents 

     tends to release little energy.

e. The solvation of polar solutes or ionic solutes by polar 

     solvents tends to release more energy.


D. Energy changes and the solution process



1. (Hsolution = (Hsolvent-solvent +  (Hsolute-solute +  (Hsolute-solvent



2. When  (Hsolute-solvent  can overcome  (Hsolvent-solvent 

   +  (Hsolute-solute so that  (Hsolution is negative


a. A solution will form.


b. The formation of the solution will be exothermic



Some heat will be released by the process

3. When  (Hsolute-solvent  cannot overcome (Hsolvent-solvent 

    +  (Hsolute-solute so that (Hsolution is positive


       
a. Entropy changes are critical





(1) Entropy changes for solution formation are 





     favorable.

(2) If entropy changes can overcome the 

     unfavorable effect of the positive enthalpy: 


(a) A solution will form




(b) The formation of the solution will be 

                                          endothermic



      
Some heat will be absorbed by 





the process



4. This leads to the rule:  “like dissolves like.”



a. Non-polar solvents dissolve non-polar solutes. 





(1) (Hsolute-solvent releases little energy.





(2) However  (Hsolvent-solvent and (Hsolute-solute require 

                 even less energy.




b. Polar solvents dissolve polar and ionic solutes.

(1) (Hsolvent-solvent and (Hsolute-solute require a lot 

     of energy

(2) However  (Hsolute-solvent releases a lot of energy.




c. Non-polar solvents will not dissolve polar or ionic 

    solutes because (Hsolute-solvent releases too little energy 

    to overcome (Hsolute-solute .

d. Likewise, polar solvents will not dissolve non-polar 

    solutes because (Hsolute-solvent releases too little energy 

    to overcome (Hsolvent-solvent .

SOLUBILITY


A. Terms relating to solutions and their formation



1. Dissolving 

The process of a solute interacting with a solvent to go into solution



2. Crystallization

The process of a dissolved solute coming out of solution and forming a crystalline solid (a closely related term is “precipitation”)



3. Soluble




A given solute will dissolve in a given solvent



4. Insoluble



A given solute will not dissolve in a given solvent


5. Miscible



Fluids that will dissolve in each other in all proportions

“Fluids” refer to liquids and gases because both can flow.



6. Immiscible




Fluids that will not dissolve but will form separate layers


B. Solubility and solutions



1. Solubility




a. Definition of solubility

The amount of a substance that dissolves in a given amount of a solvent at a given temperature to 

form a saturated solution




b. Determined experimentally




c. Usually given as grams of solute per 100 grams of 

                                        solvent, particularly for solubilities in water



2. Saturated solution




a. Definition

A solution in which undissolved solute and dissolved solute are in equilibrium so that additional solute cannot dissolve




b. Description

The rate of dissolving equals the rate of

crystallization



   dissolving (
solute + solvent (((((( solution






              ( crystallization



3. Unsaturated solution




A solution that is not at equilibrium so that additional 



solute can dissolve



4. Supersaturated solution




An unstable solution not at equilibrium that contains more

solute than a saturated solution does




5. Comparison among these three




(the solubility of NaCl at 20(C is 36.0 g/100.0 g H2O)




      three beakers with 100.0 g of H2O

	
	
	
	
	

	unsaturated

30 g NaCl
	
	saturated

36 g NaCl
	
	supersaturated

37 g NaCl


EFFECTS OF TEMPERATURE AND PRESSURE ON SOLUBILITY

A. Solids



1. Effect of temperature on the solubility of solids




a. Most molecular substances increase in solubility with 

    increasing temperature.




b. GENERALLY, ionic substances increase in solubility 

                            with increasing temperature, BUT a number of ionic 

                            substances decrease in solubility with increasing 

                            temperature.




c. There is no clear correlation between the sign of 

                 (Hsolution and the variation of solubility with 

                 temperature.





(1) The solution process of CaCl2 is exothermic 

                  but the solubility increases with increasing





      temperature.





(2) The solution process of NH4NO3 is endothermic 

      but the solubility increases with increasing 

                                                      temperature.



2. Effect of pressure on the solubility of solids




Pressure changes have very little effect on the solubility 

of solids.


B. Gases



1. Effect of temperature on the solubility of gases




The solubility of most gases decreases with increasing 

temperature.



2. Effect of pressure on the solubility of gases




a. The solubility of most gases increases with increasing 

     pressure.




b. An explanation for this based on the kinetic molecular 

                 theory





The amount of gas that will dissolve depends on 

how often the gas molecules above the surface of the liquid collide with the liquid’s surface – the higher the pressure, the greater the number of 





collisions per unit of time.




c. Henry’s Law





(1) Verbal definition






The solubility of a gas is directly 

proportional to the partial pressure of the gas above the solution.





(2) Mathematical definition






S = kHP







S is the solubility of the gas in the 

units of mass per unit volume of solvent.







kH is the Henry’s Law constant for 

that specific gas and that specific liquid at that specific temperature.







P is the partial pressure of the gas.

The pressure exerted by that particular gas in a mixture of gases.

The sum of all the partial pressures of gases in a mixture has to equal the total pressure of the mixture.






(3) Examples







(a) The solubility of pure nitrogen

      gas in water at 25( C and 1.00  

      atm is 6.8 x 10(4 mol/L.  

      Calculate the value of kH.

	Given
	Find

	S = 6.8 x 10(4 mol/L

Ptotal  = 1.00 atm
	 P = ?

 kH = ?


For a pure gas the partial pressure is the total pressure.








S = kHP







kH = 
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(b) What is the solubility of pure nitrogen 

      in water at 25( C and a pressure of 

      12.50 atm?

	Given
	Find

	kH = 6.8 x 10(4 
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Ptotal  = 12.50 atm
	 P = ?

 S = ?


For a pure gas the partial pressure is the total pressure.







    S = kHP
                                            

       = 
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                   = 8.5 x 10(3 mol/L

SOLUTION CONCENTRATION



A. Molarity



1. Definition

The concentration of a solution expressed as moles of solute per liter of solution NOT per liter of solvent



2. Symbol – M


3. Equation




M = 
[image: image6.wmf]V

mol

     where V is in liters

B. Mass percentage of solute



1. Definition

The mass percentage of solute is the percent 
by mass of solute in a solution



2. Symbol – % (m/m)


3. Equation

	% (m/m) =
	mass of solute (g)
	x 100 %

	
	mass of solution (g) 
	


	% (m/m) =
	mass of solute (g)
	x 100 %

	
	mass of solute (g) + mass of solvent (g)
	




4. Examples




a. What is the percent by mass of KCl in a solution made 


                 when 0.892 g of KCl are dissolved in 54.6 g of water?

	Given
	Find

	mass solute = 0.892 g

mass solvent = 54.6 g
	 % (m/m) = ?


	% (m/m) =
	mass of solute (g)
	x 100 %

	
	mass of solute (g) + mass of solvent (g)
	


	% (m/m) =
	0.892 g
	x 100 %

	
	0.892 g + 54.6 g
	


	=
	0.892 g
	x 100 %

	
	55.49 g
	



               = 1.61 %

b. How would you make 100.00 g of a 0.90 % NaCl 

    aqueous solution?

	Given
	Find

	mass of solution = 100.00 g

% (m/m) = 0.90 %
	 mass of solute = ?

 mass of solvent = ?


   0.90 % = 0.0090

   mass of solute = (0.0090)(100.00 g) = 0.90 g

   mass of solution = mass of solute + mass of solvent

   mass of solvent = mass of solution ( mass of solute

   mass of solvent = 100.00 g ( 0.90 g = 99.10 g

ANSWER: 


Dissolve 0.90 g of NaCl in 99.10 g of water


C. Molality



1. Definition




The concentration of a solution expressed as moles of 

solute per kilogram of solvent


2. Symbol – m


3. Equation

	m  =
	moles of solute

	
	kilograms of solvent




4. Example




Calculate the molality of a sulfuric acid solution containing 


24.4 g in 198 g of water.  The molar mass of H2SO4 is 

98.07848 g/mol.

	Given
	Find

	mass H2SO4 = 24.4 g

mass water = 198 g

MM H2SO4 = 98.07848 g/mol
	 m = ?


	m =
	24.4 g H2SO4
	1 mol H2SO4
	1000 g H2O

	
	198 g H2O
	98.07848 g H2SO4
	1 kg H2O

	ratio of solute to solvent
	convert mass of solute to moles
	convert g of H2O to kg H2O


    = 1.256466 m




    = 1.26 m


D. Mole fraction




1. Definition

The ratio of the moles of a component substance to the total number of moles
2. Symbol – X
Note: there are NO UNITS for mole fraction


3. Equation

	XA   =
	moles of substance A

	
	total moles of all components




4. Example




What is the mole fraction of 36.0 g of HCl dissolved in 

64.0 g water?

	Given
	Find

	mass HCl = 36.0 g

mass H2O = 64.0 g
	 mol HCl = ?

 mol H2O = ?

 total mol = ?
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	mol HCl =
	36.0 g HCl

	
	36.461 g HCl/mol






                = 0.9874 mol HCl

	mol H2O =
	64.0 g H2O

	
	18.0153 g H2O/mol






                   = 3.552 mol H2O





   total mol = 0.9874 mol + 3.552 mol 

                                                                  = 4.539 mol

	XA   =
	moles of substance A

	
	total moles of all components


	XHCl =  
	0.9874 mol

	
	4.539 mol






          = 0.21754 = 0.218

CONVERSIONS AMONG CONCENTRATION UNITS


A. Converting percent to mole fraction



1. Procedure




a. Assume that there is 100.00 g of solution.




b. Use percentages to determine the mass of each 

    component.




c. Convert mass to moles.




d. Calculate mole fractions.



2. Example




Find the mole fraction of HCl in a solution of hydrochloric 

acid that is 36% HCl by weight.

	Given
	Find

	% (m/m) of HCl = 36%

MM HCl = 36.461 g/mol 

MM H2O = 18.015 g/mol
	 mass HCl = ?

 mass H2O = ?

 mol HCl = ?

 mol H2O = ? 

 XHCl = ?






mass HCl = (0.36)(100.00 g) = 36 g





mass H2O = (0.64)(100.00 g) = 64 g

	mol HCl =
	36 g HCl

	
	36.461 g HCl/mol HCl







           = 0.987 mol HCl

	mol H2O =   
	64 g H2O

	
	18.015 g H2O/mol H2O






                       = 3.55 mol H2O

	XA   =
	moles of substance A

	
	total moles of all components


	XHCl =  
	moles of HCl

	
	moles of HCl + moles of H2O


	=  
	0.987 mol

	
	0.987 mol + 3.55 mol






                        = 0.218




                        = 0.22


B. Converting molality and mole fraction



1. Converting from molality to mole fraction




a. Procedure





(1) In the units of molality, convert the kg of H2O 

      to mol H2O





(2) Work mole fraction as usual.




b. Example





Find the mole fraction of HCl in a solution that 

is 1.00 m.

	Given
	Find

	m = 1.00 m
mass H2O = 1.00 kg

mol HCl = 1.00 mol

MM H2O = 18.015 g/mol
	 mol H2O = ?

 XHCl = ? 


	mol H2O =   
	1.00 x 103 g H2O

	
	18.015 g H2O/mol H2O








  =  55.51 mol H2O

	XA   =
	moles of substance A

	
	total moles of all components


	XHCl =  
	1.00 mol

	
	1.00 mol + 55.51 mol






                      = 0.017696





                      = 0.0177



2. Converting from mole fraction to molality




a. Procedure





(1) Assume total moles = 1.0000 mol





(2) Determine the mole fraction of H2O.





(3) Convert the mole fraction of H2O to 

      kilograms H2O.





(4) Work the molality problem as usual.




b. Example





Find the molality of an HCl solution whose mole 

fraction of HCl is 0.117.

	Given
	Find
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         mol H2O = 0.883 mol H2O


	kg H2O =  
	0.883 mol H2O
	18.015 g H2O
	1 kg H2O 

	
	
	1 mol H2O
	1000 g H2O




   = 1.591 x 10(2 kg H2O

	m  =
	moles of solute

	
	kilograms of solvent


	m  =
	0.117 mol HCl

	
	1.591 x 10(2 kg H2O





                   = 7.354 m





       = 7.35 m


C. Converting molality and molarity



1. Converting from molality to molarity




a. Procedure





(1) Convert the moles of solute to mass of solute.





(2) Calculate the total mass of the solution.





(3) Use the given density to determine the volume 

                 of the solution.





(4) Calculate the molarity as usual.




b. Example





Find the molarity of an aqueous solution of HNO3 

that is 39 m and that has a density of 1.42 g/mL.

	Given
	Find

	m = 39 m
( = 1.42 g/mL

MM HNO3 = 63.013 g/mol
	 mass HNO3 = ? 

 mass H2O = ?

 mass solution = ?

 M = ?


	mass HNO3 =
	39 mol HNO3
	63.013 g HNO3

	
	
	1 mol HNO3



                                                         = 2.46 x 103 g HNO3


                                                    mass of H2O = 1 kg (by definition) 

                                                      = 1.0000 x 103 g

        


          mass solution = mass HNO3 + mass H2O

                                                                    = 1.0000 x 103 g + 2.46 x 103 g

                               = 3.46 x 103 g




   
( = mass/V




   
V = mass/(
	V =
	3.46 x 103 g
	1 L

	
	1.42 
[image: image14.wmf]g
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             =  2.44 L

	M =
	mol

	
	V


	=
	39 mol

	
	2.44 L


               = 15.98 M 

 = 16 M



2. Converting from molarity to molality




a. Procedure





(1) Assume volume of solution = 1.0000 L, which is 

      1.0000 x 103 mL.





(2) Use the given density to determine the mass of 

      the solution.





(3) Calculate the mass of the solute.





(4) Calculate the mass of the solvent.





(5) Calculate the molality as usual.




b. Example





Find the molality of an aqueous solution of HNO3 

that is 16.0 M and that has a density of 1.42 g/mL.

	Given
	Find

	M = 16.0 M
( = 1.42 g/mL

MM HNO3 = 63.013 g/mol
	 mass of solution = ?

 mass HNO3 = ?

 mass H2O = ?

 m = ?







( = mass/V





      mass = (V


                       mass of solution = (1.42 g/mL)(1.0000 x 103 mL)





              = 1.420 x 103 g

	mass HNO3 =
	16.0 mol HNO3
	63.013 g HNO3

	
	
	1 mol HNO3




      
                     = 1.008 x 103 g HNO3

                 mass HNO3 + mass H2O = 1.420 x 103 g



                 mass H2O = 1.420 x 103 g ( 1.008 x 103 g





         = 4.12 x 102 g 





         = 0.412 kg

	m  =
	moles of solute

	
	kilograms of solvent


	m  =
	16.0 mol HNO3

	
	0.412 kg H2O





                = 38.8 m 
    = 39 m
INTRODUCTION TO COLLIGATIVE PROPERTIES


A. Definition



Colligative properties are those properties of a solvent that depend 

on the total concentration of nonvolatile solute particles present and not on the chemical identity of the solute particles.


B. List of colligative properties



1. Vapor pressure lowering



2. Boiling point elevation



3. Freezing point depression



4. Osmotic pressure

We will cover these colligative properties for nonelectrolytes first and deal with electrolytes later.

VAPOR PRESSURE LOWERING


A. Vapor pressure lowering



1. Definition




Vapor pressure lowering of a solvent is a colligative 

property equal to the vapor pressure of the pure solvent minus the vapor pressure of the solution.



2. Symbol – (P


3. Equation




(P = PA( – PA





PA( is the vapor pressure of the pure solvent





PA is the vapor pressure of the solution



4. Example

What is the vapor pressure lowering of an aqueous solution of ethylene glycol at 25 (C with a vapor pressure of 23.58 mm Hg?  At 25 (C water has a vapor pressure of 23.76 mm Hg.  The vapor pressure of ethylene glycol itself can be ignored when compared with water.

	Given
	Find

	PA( = 23.76 mm Hg
PA  = 23.58 mm Hg
	 (P = ?






(P = PA( ( PA




(P = 23.76 mm Hg ( 23.58 mm Hg 

                                                    = 0.18 mm Hg


B. Raoult’s Law



1. Verbal definition

The partial pressure of a solvent over a solution equals the vapor pressure of the pure solvent times the mole fraction of solvent in the solution.



2. Mathematical definition




PA = PA(XA




PA is the partial pressure of the solvent

For a NONVOLATILE solute PA is the total vapor pressure of the solution.

PA( is the vapor pressure of the pure solvent.

XA is the mole fraction of the solvent.

3. Vapor pressure lowering depends on the concentration of the 

     solute but not on its specific nature as long as the SOLUTE is 

     a NONVOLATILE substance that is also a

    NONELECTROLYTE.

a. Derivation of an equation for vapor pressure lowering for 

    a nonvolatile nonelectrolyte “B” and a solvent “A”

	Equation for vapor
pressure lowering
	(PA = PA( ( PA                equation 1

	Raoult’s Law
	PA = PA(XA                       equation 2

	Substituting

equation 2 into equation 1 
	(PA = PA( ( (PA(XA)

	Factoring
	(PA = PA((1 ( XA)           equation 3

	By definition
	XA + XB = 1

	Solving for XB
	XB = 1 ( XA

	Substituting into equation 3
	(PA = PA(XB





b. Example

Calculate the vapor pressure lowering for a solution of 100. g sucrose, C12H22O11, in 1000. g of water at 

25 (C.  The vapor pressure of pure water at 25 (C is 23.8 mm Hg.

	Given
	Find

	mass C12H22O11 = 100. g

mass of H2O = 1000. g
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	mol C12H22O11 =
	100. g C12H22O11
	1 mol C12H22O11

	
	
	342.296 g C12H22O11


                          mol C12H22O11 = 0.2921 mol C12H22O11

	mol H2O =
	1000. g H2O
	1 mol H2O

	
	
	18.015 g mol H2O


                            = 55.509 mol H2O
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           = 0.1246 mm Hg

           = 0.125 mm Hg

BOILING POINT ELEVATION 


A. Verbal definition

Boiling point elevation is a colligative property of a solution equal to the boiling point of the solution minus the boiling point of the pure solvent.


B. Mathematical definition



(Tb = Tb ( Tb(

C. Equation for boiling point elevation



(Tb = Kbm




(Tb is the increase in boiling point.

Kb is a proportionality constant called the boiling point 

elevation constant.

m is the molal concentration (for dilute solutions).


D. Example

Calculate the boiling point of a solution of 100. g ethylene glycol (antifreeze), C2H6O2, in 900. g of H2O.

	Given
	Find

	mass C2H6O2 = 100. g

mass of H2O =  900. g

Kb = 0.52 
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	 m  = ?

(Tb = ?
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	m =
	100. g C2H6O2
	1 mol C2H6O2
	1000 g H2O

	
	900. g H2O
	62.069 g C2H6O2
	1 kg H2O

	ratio of solute to solvent
	convert mass of solute to moles
	convert g of H2O to kg H2O


     
m = 1.790 m

        (Tb = Kbm

         (Tb = 
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         Tb = Tb( + (Tb
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             = 100.93 (C 



FREEZING POINT DEPRESSION


A. Verbal definition

Freezing point depression is a colligative property of a solution equal to the freezing point of the pure solvent minus the freezing point of the solution.


B. Mathematical definition



(Tf = Tf( ( Tf


C. Equation for freezing point depression



(Tf = Kf m




(Tf  is the decrease in freezing point.

Kf  is a proportionality constant called the freezing point 
depression constant

m is the molal concentration (for dilute solutions)


D. Example of calculating freezing point depression

Calculate the freezing point of a solution of 100. g ethylene glycol (antifreeze), C2H6O2, in 900. g of H2O.

	Given
	Find

	mass C2H6O2 = 100. g

mass of H2O =  900. g

Kf = 1.86 
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	m =
	100. g C2H6O2 
	1 mol C2H6O2
	1000 g H2O

	
	900. g H2O
	62.069 g C2H6O2
	1 kg H2O

	ratio of solute to solvent
	convert mass of solute to moles
	convert g of H2O to kg H2O


m = 1.790 m

          (Tf = Kf m

         (Tf = 
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E. Freezing point depression may also be used to determine molecular 

    weight.


1. Any colligative property may be used to determine molecular 

                weight, but freezing point depression is the most common.

a. Freezing point is used because it is the easiest to do.

b. Knowing the freezing point depression you can calculate 

    the molality, and from the molality you can calculate the 

    molecular weight.



2. Procedure




a. Calculate the freezing point depression.




b. Calculate the molality of the solution.




c. Calculate the number of moles in the sample.




d. Calculate the molar mass.




e. Use the molar mass and the empirical formula to 

    calculate the molecular formula.



3. Example of calculating a substance’s molecular weight from its 

    freezing point depression of a solvent.

7.85 g of a sample are dissolved in 301 g benzene.  The freezing point of the solution is 4.45 (C.  The freezing point of pure benzene (C6H6) is 5.50 (C. The Kf for benzene is 5.12 (C/m. The empirical formula of the compound is C5H4.  What is the compound’s molar mass and molecular formula?

	Given
	Find

	mass sample  = 7.85 g

mass of C6H6 =  301 g

Kf = 5.12 
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(Tf = Tf( ( Tf
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      = 1.05 (C

(Tf = Kf m

   m = 
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                  = 0.2051 m

	m  =
	moles of solute

	
	kilograms of solvent


	m  =
	moles of sample

	
	1 kg C6H6


	m  =
	0.2051 mol

	
	1 kg C6H6


From definition and algebra

mol = (m)(kg C6H6)

	kg C6H6 =
	301 g C6H6
	1 kg C6H6

	
	
	1000 g C6H6


     
 kg C6H6 = 0.301 kg C6H6
	mol =
	0.2051 mol
	0.301 kg C6H6

	
	1 kg C6H6
	







mol = 0.061735 mol





MM = 
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        = 127 g/mol

The empirical formula mass of C5H4 is 

64.088 g/mol.

     


    molecular formula = n(empirical formula)


n =
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  = 2

    molecular formula = n(empirical formula)

    molecular formula = 2(C5H4) 

                                   = C10H8

OSMOSIS


A. Osmosis defined

Osmosis is the phenomenon of solvent flow through a semipermeable membrane to equalize the concentrations on both sides of the membrane.


B. Osmotic pressure defined

Osmotic pressure is a colligative property of a solution equal to the pressure that, when applied to the solution, just stops osmosis.


C. Equation for osmotic pressure




( = MRT




( is the osmotic pressure. 




M is the concentration in molarity.

Note that the concentration is in molaRity and not molaLity, as it was with other colligative properties.




R is the ideal gas law constant.

0.082058
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T is temperature in Kelvin


D. Example



Calculate the osmotic pressure in atmospheres at 20.0 (C for a 

normal saline solution with a molarity of 0.155 M. 

	Given
	Find

	M = 0.155 
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R = 0.082058
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T = 20.0 + 273.15 = 293.15 K

                                                ( = MRT 

                                                  = 
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COLLIGATIVE PROPERTIES OF IONIC SOLUTIONS
A. The key difference between the numerical values of the colligative 

     properties of molecular substances and the numerical values of the 

     colligative properties of ionic substances


1. The numerical value of colligative properties depends on the 

                 number of particles in the solution.

a. The greater the concentration of particles, the greater the 

    value of the colligative property being studied.

b. Molecular substances (nonelectrolytes) have only one

    particle in solution for every particle of solute dissolved.

c. Ionic substances (electrolytes) ionize or dissociate into 

    two or more particles for every particle dissolved in 

    solution.

d. Strong electrolytes ionize or dissociate completely, 

    and the number of particles formed in solution for 

    each molecule or formula unit can be determined 

    from their formula.


Examples



NaCl ( Na+ + Cl(


Li2SO4 ( 2 Li+ + SO42(
2. The numerical values of the colligative properties of ionic 

     substances will always be higher than the numerical values of 

     the colligative properties of molecular substances for the same 

     solution concentration.

3. For very dilute solutions the increase in numerical value of the 

    colligative property being studied is directly proportional to ratio 

    of the number of particles formed in solution per particle of 

    solute dissolved.

4. As concentration increases the ratio decreases somewhat due to 

    complex electrical interactions between the ions in the solution.

B. The form of the equations for colligative properties of ionic solutions.


1. General form: (change in value) = iKm

K is the proportionality constant,

Kf or Kb, etc.

m is the molal concentration

i is the van’t Hoff factor



2. The van’t Hoff factor i



a. Can be determined from the formula of the compound

    for very dilute solutions and is equal to ratio of the 

    number of particles formed in solution per particle of 

    solute dissolved.




b. Must be determined experimentally for more 

                concentrated solutions.


C. Example



Estimate the freezing point of a 0.010 m Na3PO4 solution. 

Determine the assumed value of the van’t Hoff factor from the 

formula of the compound.

	Given
	Find

	m = 0.010 m


T = 20.0 ( C


Kf = 1.86 
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therefore i = 4

(Tf = i Kf m
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                                          = 0.0744 (C

  Tf  = Tf( ( (Tf

  Tf  = 0.0000 (C ( 0.0744 (C 

      = ( 0.074 (C
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