	CHEMISTRY 30

Notes and problems

Unit 3: Equilibrium, Acids and Bases


[image: image16.emf]


 










 


Important formulas

pH =  - log [H3O+(aq)]     pOH =  - log [OH-(aq)]

[H3O+(aq)] = 10-pH         [OH-(aq)] = 10-pOH
Keq =   [C]c [D]d
                                                          [A]a [B]b
Ka =   [H3O+(aq)]²            Kb =   [OH-(aq)]²

                                        [Acid]                           [Base]

Prepared by Daniel Veraart
CIS Abu Dhabi
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Dynamic Equilibrium in chemical system
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	Equilibrium in a chemical system
One example of a chemical system at equilibrium is a bottle of soft drink in a closed bottle.  

The top of the bottle is filled with CO2(g) .  Carbonic acid (H2CO3(aq))  is in the solution of pop.

The following reaction creates more gas:    H2CO3(aq  (  CO2(g) +  H2O(l)
Nothing appears to change, until the bottle is opened.  Removing the bottle cap and reducing the pressure alters the equilibrium state of the system.  

The system tries to compensate the lost of pressure by producing carbon dioxide.
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Carbonated drinks that have gone flat because of the lost of carbon dioxide can be carbonated again by the addition of pressurised carbon dioxide to the solution, reversing the reaction and restoring the original equilibrium. This is what we call a reversible reaction.  



In a system at equilibrium, the rate of the forward reaction 

equals the rate of the reverse reaction.
Until now in our study of chemistry, evidence supported the fact that chemical reactions are quantitative (limiting reactant is completely consumed = 100% reaction).  

However, in some reactions, there is a direct evidence for the presence of both reactants after the reaction appears to have stopped. 

Example of another equilibrium:   Na2SO4(aq) + CaCl2(aq)   (   CaSO4(s) + 2 NaCl(aq)
In this system, both reactants and both products are present at all time.

The double arrow (() represents an equilibrium in a chemical system (the forward and reverse reaction happening at the same time)




	Important information
A chemical system in a state of dynamic equilibrium has the following properties:

1. Equilibrium happens only in a closed system.

2. At equilibrium, no observable change in the properties is occurring, changes are only occurring at the molecular level.

3. At equilibrium, the rate of the forward reaction equals the rate of the reverse reaction.
4. At equilibrium, the concentrations of the reactants and the products are unequal.

Types of dynamic equilibrium
There are tree types of dynamic equilibrium:

1.  A phase equilibrium:  
A single substance undergoing a phase change in a closed 




system.


Example:  Water placed in a sealed container:   H2O(l) ( H2O(g)
2.  A solubility equilibrium:
A saturated solute interacting with the solvent in a closed system.


Example:  Saturated solution of Iodine:   I2(s) ( I2(aq)
3.  A chemical reaction equilibrium: Reactants and products interacting with each other at all 





   time.


Example: Iodine gas and hydrogen gas interact: I2(g) + H2(g)  ( 2 HI(g)
Note:
We can describe a state of equilibrium in two ways: in terms of percent reaction or in terms of equilibrium constant.




Percent Reaction at chemical equilibrium
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	Percent reaction
A percent of reaction (yield) is one way of communicating the position of an equilibrium, it tells us if the equilibrium favours the reactants or the products.

The percent of reaction provides an easy way to discuss amounts of chemicals present in equilibrium systems.

                                                                                 78%


Example:  For the equilibrium:   I2(g) + H2(g)   (   2 HI(g)  ,  the percent reaction is 78%

For the iodine-hydrogen system, the percent reaction is about 78%: this means that at equilibrium, 78% of species present in the system are products and 22% are reactants. 

Note:
If the percent reaction is less than 50% ( the equilibrium favours the reactants.


If the percent reaction is 100% ( the reaction is quantitative (products only)




	Percent reaction
	Description of equilibrium

	< 50%
	Reactants favored

	> 50%
	Products favored

	> 99%
	Quantitative reaction
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Lab #20

Equilibrium: An introduction 
If equilibrium is to be achieved opposing reactions must take place in a closed system at the same rate. When the forward and reverse reactions are taking place at the same rate, the system is said to be in a state of dynamic equilibrium. During such a state, no changes are occurring in the macroscopic properties of the system in spite of the fact that changes are occurring at the molecular level.

In this lab, you will construct an analogue for an equilibrium reaction, in which the reactants and products are represented by the water in two separate graduated cylinders. The volume of water exchanged will represent changes in the concentrations. 
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MATERIALS       
- two (25 mL or 50 mL) 
  2 drinking straws with different diameters
PROCEDURE

1. Label both cylinders "A" and “B”. Each group of students will start with different volumes of water.

2. You and your partner are to transfer water simultaneously from one cylinder to the other, using straws of different diameters. Lower the straws into your respective cylinders, and when each straw touches the bottom of the cylinder, place your index finger over the open end of the straw. Transfer the water collected to the other cylinder and allow the straw to drain.

3. Remove each straw and record the volume of water in each cylinder being careful to read the meniscus to the nearest mL.

4. Return the straws to their original cylinders and repeat the process, recording the volumes after each transfer. Repeat the process until three successive transfer results in no change in volume.

5. Add 10 mL of water to cylinder "A". Record the volumes in each cylinder, then resume the water transfer until three successive readings are again identical.

QUESTIONS:
1. Make a table of observations.

2. Plot the volume of water for both "A" and "B" on the y-axis of the same piece of graph paper against the number of transfers on the x-axis. Join each set of points with a smooth curve.

3.
The additional 5 mL of water constitutes a "stress" on the system. Indicate on your graph where the stress is applied.
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The Equilibrium Constant Expression
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Chemists came up with a mathematical expression called the Equilibrium Constant Expression for any equilibrium chemical reaction system; this law can be used to calculate the equilibrium constant Keq if you know the concentration of the reactants and products. 

	
Equilibrium Constant Expression
For the reaction  :  aA + bB ( cC + dD

The equilibrium constant expression is:     Keq  =  [C]c [D]d 

                                                      [A]a [B]b  

Keq : Equilibrium Constant


[A] , [B] , [C] , [D]  : Concentration of A , B , C , D

a , b, c, d  :  Coefficient of A , B , C and D in the balanced equation




Example 1:  
Write the equilibrium constant expression for the equilibrium hydrogen-iodide.





 I2(g) + H2(g)   (   2 HI(g)
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Example 2:  
Write the equilibrium constant expression for: C2H4(g) + Br2(g)  (  C2H4Br2(g)
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	Rules to write the Equilibrium Constant Expression
1. Gases must be included since the concentration of gas can be altered by varying the pressure on them.

Example:    CO(g) + H2O(g)  (  CO2(g) +  H2(g)        Keq =  [CO2(g)] [H2(g)]   
                           
         [CO(g) ] [H2O(g)]

2.
Pure liquids are not included in the expression since the concentration of pure liquids cannot be varied.
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Example:   2 H2(g) + O2(g)  (   2 H2O(l)            Keq =          1______              
                                                                                          [H2(g)]² [O2(g)] 

3.
Aqueous ions in solution must be included since the concentration of ions can be altered by varying the volume of the solvent.

Example:    N2H4(g) + H2O(l) (  N2H5+(aq) + OH-(aq)       Keq = [N2H5+(aq) ] [OH-(aq) ]
                    [ N2H4(g) ]

4.
Pure solids are not included since the concentration of a solid cannot be varied.

Example :      2 NaHCO3(s) (  Na2CO3(s) +  H2O(g) + CO2(g)        Keq =   [H2O(g) ]  [CO2(g)] 

5.
Mixture of liquids must be included since the concentration can be varied by changing the relative amounts of the mixed liquids.

Example :       C6H6(l ) + Br2(l) ( C6H5 Br(l) + HBr(g)            Keq =    [C6H5 Br(l) ] [ HBr(g) ]  
                        [C6H6(l) ] [Br2(l) ] 




The Equilibrium Constant (Keq)
The Equilibrium Constant Expression can be used to calculate the Equilibrium Constant Keq if you know the concentration of the reactants and of the products at equilibrium. 

Example: 
For the equilibrium Iodine-Hydrogen, if at equilibrium [H2(g)] = [I2(g)] = 0.22 mmol/L 
and



 [HI(g)] = 1.56 mmol/L, calculate the equilibrium constant.






	Important note
        If  Keq > 1        (  
Products are favored  


( Forward reaction is favored

        If  Keq < 1        (  
Reactants are favored


( Reverse reaction is favored


Equilibrium constant of a reverse reaction
If you know the equilibrium constant (Keq) of a forward reaction, you can calculate the equilibrium constant of the reverse reaction by calculating the reverse of Keq 

Equilibrium constant of a reverse reaction =   1/Keq



Example :



For the following equilibrium:     CH3COOH(aq) + H2O(l) ( H3O+(aq) + CH3COO-(aq)    

At equilibrium,  [H3O+(aq)] = [CH3COO-(aq)] = 1.34x 10-3 mol/L and  [CH3COOH(aq)] = 0.100 mol/L


a) Write the Equilibrium Constant Expression


b) Calculate the Equilibrium Constant




c) Calculate the Keq of the reverse reaction?    _______________

The ICE Table
	The ICE Table
To calculate the Keq of an equilibrium system, the concentration of the reactants and the products must be at equilibrium. 

It is often convenient to create an ICE Table (Initial – Change- Equilibrium) to describe what happens to the concentration as equilibrium is established or re-establishes.




Example #1:  

For the reaction, A(g) + B(g) (  2 G(g) , If the reaction is begun with 1.00 mol/L concentration of A(g) and B(g) and the concentration of A(g) at equilibrium is 0.68 mol/L, calculate the [B(g)] and [G(g)] at equilibrium.




Concentration 

[A(g)]

[B(g)]

[G(g)]




Initial







Change




Equilibrium





Example #2:  


If 80.0 mol of H2(g) and 90.0 mol of N2(g) are injected into a reaction vessel. When equilibrium is established, 37.0 mol of NH3(g) are present. Calculate Keq.
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The Le Chatelier’s Principle

The natural tendency of a closed chemical system is to move toward a state of equilibrium. A description of the equilibrium state of a system includes temperature, concentration (or pressure for gases) of all entities present.

Altering equilibrium states by applying a stress to the system (changing temperature, concentration or pressure) contributes to the specific understanding of chemical systems.

In 1890, the French Chemist Henri Le Châtelier studied some chemical systems at equilibrium disturbed by a change in a property of the system. He came up with a principle called the Le Châtelier's principle:

	Le Chatelier’s Principle
Definition:
When a chemical system at equilibrium is disturbed by a change in a property of the system, the system adjusts in a way that opposes the change.

Le Châtelier's principle provides a method of predicting the response of a chemical system to an imposed stress.

Le Châtelier’s Principle can be used when the following stresses are applied to a system:

   1. Concentration changes     2. Temperature changes
3. Pressure or volume changes




Le Châtelier’s Principle and Concentration changes
	
Important information
The addition of a reactant to a system at equilibrium changes the concentration of that substance, then that system will compensate by shifting the equilibrium to the right (forward reaction). 

The removal of a product to a system at equilibrium changes the concentration of that substance, then that system will compensate by shifting the equilibrium to the right (forward reaction). 

Also the addition of more products or the removal of a reactant will increase the overall yield of reactant(s) by shifting the equilibrium to the left.




Example #1:


The Haber Process is used for the production of ammonia from nitrogen and hydrogen. The system reach equilibrium:  3
H2(g) + N2(g) ( 2 NH3(g)

Suppose that we add hydrogen gas to the system. What would happen to the equilibrium (How would it shift?)

What would happen to the concentration of NH3(g) and N2(g) ?




Le Châtelier’s Principle and Temperature changes
	
Important information
The energy in a chemical equilibrium equation is treated as through it were a reactant or a product.

Endothermic reaction :  Reactants + Energy  ( Products

Exothermic reaction :    Reactants (  Products + Energy

Energy can be added to or removed from a system by heating or cooling the container. In either situation, the equilibrium shifts to minimise the change.

If the system is cooled, the equilibrium shifts so that more heat is produced.

If heat is added, the equilibrium shifts in the direction in which energy is used. 





Example #1:


Consider the following system:   H2(g) + I2(g) + 53.0 kJ  ( 2 HI(g) .   What happened if we raise the temperature of the system?




Example #2:


In the production of sulfuric acid by this reaction:   2SO2(s) + O2(g) (   2SO3(s) +  198 kJ,  how can we increase the percent of yield of sulfur trioxide?

	
Summary
For endothermic reactions, if you want to produce more products, you must increase the temperature of the system.

For exothermic reactions, if you want to produce more products, you must decrease the temperature of the system.


Le Châtelier’s Principle and Pressure changes
	
Important information
The pressure and the volume affect the equilibrium in a chemical system where gases are present. 

Changing the volume or pressure of any equilibrium system involving gases may cause a shift in the equilibrium.

To predict whether a change in pressure will affect a system's equilibrium, you must consider the total amount in moles of gas reactants and the total amount in moles of gas product.

An increase of volume or decrease of pressure will shift the equilibrium toward the side with the larger total number of moles of gases.

A decrease of volume or increase of pressure will shift the equilibrium toward the side with the smaller total number of moles of gases.

NOTES : 
A system with equal numbers of gas molecules on each side of the equation (such as the equilibrium reaction between I2(g) and H2(g) ) is not affected by a change in pressure (or volume).

Decreasing the volume of the container will increase the pressure of the system  (will only affect the system if gas is involved and we have different quantities of moles of products and reactants)



Adding a catalyst will not affect the equilibrium, it only speeds up the reaction.

**A change in temperature is the only stress that will change the value of Keq.**




Example #1:


In the following equilibrium: 
2SO2(g)  + O2(g)  (  2SO3(g)   


a) What happens to the equilibrium if the pressure is increased?





b) What happens to the equilibrium if the pressure is decreased?





Example #2:



In the following equilibrium: 
CO2(g)  + H2O(l)  (  H+(aq)  +  HCO3-(aq)   

What happens to the equilibrium if the volume of the container is increased?




Chemistry 30
LAB : Applying Le Chatelier’s principle 
Problem:
How does changing the concentration affect an equilibrium?

How does changing the temperature affect an equilibrium?

Experimental design:


Changing the concentration of one of the components of the equilibrium mixture with cobalt (II) chloride complex ion or changing the temperature shift the equilibrium.



CoCl42-(al)  +  6 H2O(l)   (    Co(H2O)62+(al) +  4 Cl-(al)   + Energy

              
  Blue                                         Pink

Procedure:


1. Obtain 25 mL of the equilibrium mixture. Place a small amount of the mixture into 5 small test tubes.

2. Test tube #1 is used as a control.  Record color in a table.

3. Add drops of water to test tube #2.  Record your observation.

4. Add 3 or 4  crystals of  silver nitrate to test tube #3.  Record your observation.

5. Add a small scoop of KCl to test tube #4. Record your observation.

6. Warm up test tube #5.  Record your observation.

7. Cool test tube #5.  Re 

8.  cord your observation.

Questions:


1.
Complete the table of observation.

	
	Test tube 1
	Test tube 2
	Test tube 3
	Test tube 4
	Test tube 5
	Test tube 5

	Applied Stress
	
	
	
	
	
	

	Color
	
	
	
	
	
	


2.
How does adding silver nitrate change this system equilibrium? Explain your answer

3. How does adding hydrochloric acid change this system equilibrium? Explain

4. 
How does changing the temperature affect this chemical equilibrium?  Explain
\
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Graphs and equilibrium

We can represent an equilibrium using a graph of the concentration of the reactants and product vs the time of the reactant.


Example #1:    In the equilibrium:  
H2(g)  + I2(g)  (  2 HI(g)   

Assume that the reaction is begun with 1.00 mol/L concentration of the reactants. After the equilibrium is reached, the concentration are:  [H2(g)] = [I2(g)] = 0.22 mol/L and the [HI(g)] = 1.56 mol/L.

The graph for this equilibrium would look like this:





Concentration

   (mol/L)




                                                                             Time

Example #2:    

In the equilibrium:  
O2(g)  +  2 SO2(g) (  2 SO3(g) +  Energy   , the concentration of the reactants and products is given in the following table.  Draw the graph and find the time when the equilibrium is established:

	Time (min)
	[O2(g)]
	[SO2(g)]
	[SO3(g)]

	0
	50
	100
	0

	5
	32
	65
	33

	10
	24
	48
	53

	15
	20
	40
	62

	20
	17
	33
	65

	25
	16
	31
	69

	30
	15
	30
	70

	35
	15
	30
	70

	40
	15
	30
	70

	45
	15
	30
	70

	50
	15
	30
	70





Concentration

   (mol/L)








                                                                        











                                  Time

Example #3:    


In the equilibrium:  
O2(g)  +  2 SO2(g) (  2 SO3(g) +  Energy  .  Draw a sketch of the following graphs:

A graph representing what happens to the 
A graph representing what happens to the 

equilibrium if SO2(g) is added from the system.          equilibrium if SO3(g) is removed from the system.






A graph representing what happens to the 

A graph representing what happens to the equi-

equilibrium if the temperature of the system 
            librium if the volume of the system is decreased.

is increased.







	
Important information
Adding an inert gas (noble gas) like Neon or Argon to the system will not affect the equilibrium.

            ( Because, this stress is not changing the [gas].  The number of moles of gas stays the same.




Example #4:    

In the equilibrium:  
O2(g)  +  2 SO2(g) (  2 SO3(g) +  Energy  .  Draw a sketch of the following graphs:

A graph representing what happens to the

equilibrium if an inert gas is added to the system.
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Dissociation of water molecules
The conductivity of pure water is negligible in most tests but can be measured with sensitive equipment.  

Apparently water molecules dissociate into ions to a very slight extends.










      
           10 -6 %

The equation for the dissociation of water can be expressed as:    H2O(l)  + H2O(l)    (    H3O+(aq) +  OH-(aq)
The ion H30+(aq) is called the hydronium ion.  

At 25.0C, only about two out of every billion (109) water molecules will be dissociated into the hydroxide ion and the hydronium ion.

	
Equilibrium constant expression for the dissociation of water
The equilibrium constant expression for water (Kw) is:

Kw   =  [H3O+(aq)] [OH-(aq)]

We know that in one litre of water, [H3O+(aq)] =  [OH-(aq)] =  1.00 x 10-7mol/L

Kw =  [H3O+(aq)] [OH-(aq)] = 1.00 x 10-14 mol²/L²  at SATP
Using this equilibrium constant expression, the concentration of H30+(aq) and OH-(aq) can be calculated:


[H3O+(aq)] =  1.00 x 10-14 (mol/L)² 

[OH-(aq)] =  1.00 x 10-14 (mol/L)² 



                  [OH-(aq)]



               [H3O+(aq)]




Examples:  

1. A solution of hydrochloric acid is found to have a [H30+(aq)] of 0.15 mol/L.  Calculate the concentration of the hydroxide ion.



2. Calculate the hydronium ion concentration in a 0.25 mol/L solution of barium hydroxide.


Review of basic definitions for acids and bases
	Important information about acids

Names for acids refer to aqueous solutions of the pure substance. 
For example:     HCl(g) is called hydrogen chloride while the aqueous solution, HCl(aq) is hydrochloric acid.

The most common acids are given on P. 8 and 9 of your booklet.  There are two types of acids:


1.  Strong acid: The first 6 acids of the table: HCl , HBr , HI, H2SO4, HNO3 and HClO4.


2. Weak acids: All the other acids of the table. ( HOOCCOOH , H2SO3 , …). 

To find if an acid is strong or weak, we can check the conductivity of the solution

· If the solution conducts electricity greatly ( Strong acid

· If the solution conducts electricity slightly ( Weak acid 



Mr. Arrhenius definition of an acid:


 
Acids are substances that dissociate in water and increase the hydrogen ion (H+) concentration in aqueous solution.

                               Ex. :  HCl(g)    (    HCl(aq)    (    H+(aq)    +   Cl-(aq)  

NOTE
The hydrogen ion doesn’t really exist in water because it reacts immediately with water to produce what we call the hydronium ion

            H+(aq)  +  H2O(l)  (  H30+(aq)  




	Important information about Bases

The common bases are positive ions bonded to hydroxide ions (OH-). When bases dissolve in water, they dissociate to produce a metallic ion and the hydroxide ion. 
Arrhenius definition of a base



Bases are those substances, which dissolve in water and increase the hydroxide ion (OH-) concentration in aqueous solution.

                          Ex. : NaOH(s)     (      NaOH(aq)   (   Na+(aq)    + OH-(aq)  




Properties of acids and bases

	Properties
	Acids
	Bases

	Taste
	  
	

	Color with litmus
	
	

	Reaction with metals
	
	

	pH
	
	

	Neutralize what?
	
	

	Conductivity
	
	

	Color with phenolphthalein  
	
	

	Color with bromothymol blue
	
	

	Danger?
	
	


	Acid-Base Indicators

Acid-base indicators are substances, which have one color in acidic solutions and another color in basic solutions.

The color change for each indicator is related to specific pH values 

List of indicators : Data booklet P. 10

Indicators can be use to find:

   1.
the approximate pH of a solution.

   2. 
the equivalence point for the neutralization reaction.    


Formulas to calculate the pH and the pOH
In 1909 a chemist, Soren Sorenson, developed a simplified system for referring to the degree of acidity of a solution. He used the term pH for power of hydrogen.  pH refers to the concentration of hydronium ions in solution. 

[H3O+(aq)] ranges from about 10.0 mol/L down to 1.0 x 10-15 mol/L in common aqueous solutions. A range on the order of a quadrillion to one can only be expressed by using logarithm.  Expressed as a numerical value without units, the pH  can be calculated using the following formulas:

	Summary : Formulas to be memorized

pH = - ( log10 [H3O+(aq)] ) 

pOH = - ( log10[OH-(aq)] )


       [H3O+(aq)]  =  10-pH


     [OH-(aq)]  =  10-pOH

pH + pOH = 14




Examples:
1.
Find the pH of a 0.0060 mol/L KOH solution.







2.
Find [H3O+(aq)] in a bottle of pop that has a pH of 2.09 .





3.
If you add 1.52 g of NaOH(s) to make 500 mL of solution, find the pH of the solution.








Lab #22

Classification of solutions
Problem : 
Classify different compound in solutions as:   Ionic – Molecular – Bases –Strong acid or Weak acid.
Materials :  
- Spot plate


- Small plastic cup

- Conductivity apparatus

- Bromothymol blue 

- Phenolphtalein

- 5 unknown compounds

- Drain cleaner

- Aspirin
- Rubbing Alcohol
- Sulfuric acid



- Baking soda

- Tide

- Rolaids 

Procedure :

1. Dissolve a small amount of each unknown compound and household substance in water.

2. Test all solutions for conductivity. Record

3. Using a spot plate, test all solutions with bromothymol blue and phenolphthalein. Record your observations in a table.

Questions:

1. Make a table of observations.

2. In your table, 


a) Classify each compound or substance as Ionic – Molecular – Bases –Strong acid or Weak acid.
 
b)  Match each unknown compound with the following compound:






-  Benzoic acid

- Sodium chloride 

-  Hydrochloric acid



- Sucrose

-  Potassium hydroxide
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Conceptual definitions of acids and bases
	
Conceptual definitions
Conceptual Definitions:
Used to explain the behaviour of acids and bases by relating the properties to chemical composition.  Two conceptual definitions are studied in Chemistry 30: 

1. Arrhenius definitions

2. Bronsted-Lowry definitions




	
Arrhenius's conceptual definitions
An acid is a substance that ionises in water to produce hydrogen ions (H+(aq))

Ex. : HCl(aq) (  H+(aq) + Cl-(aq)
A base is a substance that ionises in water to produce hydroxide ions (OH-(aq))

Ex. : Ba(OH)2(aq) (  Ba2+(aq) + 2 OH-(aq)
This theory explains the process of neutralisation in which H+(aq) and OH-(aq)  combine to form water.


The various strengths of acids were explained in terms of degree of ionisation. Strong acids are those which produce a large number of H+(aq) ions in water (For strong acids, the molecules are nearly 100% ionised)

Weak acids produce fewer H+(aq) ions in water solution.  Only a fraction of the molecules dissociate.
	Acid
	Classification
	% dissociation in water

	HCl (aq)
	Strong
	100 %

	HNO3(aq)
	Strong
	100 %

	H2SO3(aq)
	Weak
	30 %

	CH3COOH(aq)
	Weak
	1.3 %


	
Revised Arrhenius's definitions
Acidic solutions form when substances react with water to form hydronium ions.


Examples:
HCl(aq) + H2O(l)   (  H3O+(aq) +  Cl-(aq)



CH3COOH(aq) + H2O(l) (  H3O+(aq) +  CH3COO-(aq)
Basic solutions are formed when substances dissociates or react with water to form hydroxide ions.


Examples:
NaOH(s)  (  Na+(aq)  +  OH-(aq)



NH3(aq) + H2O(l) (  NH4+(aq) +  OH-(aq)



The concept of hydrolysis
The revised Arrhenius’s theory is also known as the hydrolysis theory (reaction of acids and bases with water). The participation of water is important for the identification of an acid or a base.  

Example #1:  Ammonia is a base because of the reaction of ammonia with water that produces the hydroxide ion.

NH3(aq) + H2O(l) (  NH4+(aq) +  OH-(aq)

Example #2:  Sodium carbonate in water produces a basic solution:





First, sodium carbonate dissociate:    Na2CO3(s)  (  2 Na+(aq) +  CO32-(aq)
Second, the carbonate ion reacts with water: CO32-(aq)+ H2O(l) (  OH-(aq) +  HCO3-(aq)

Example #3:  Sodium hydrogen sulfate in water produces an acidic solution:





First, sodium hydrogen sulfate dissociate:    NaHSO4(s)  (  Na+(aq) +  HSO4-(aq)
Second, the hydrolysis: HSO4-(aq)+ H2O(l) (  H3O+(aq) +  SO42-(aq)

Example #4:  Carbon dioxide in water produces an acidic solution:





First, carbon dioxide reacts  with water:    CO2(s)  + H2O(l)  (  H2CO3(aq)



Second:   H2CO3(aq)+ H2O(l) (  H3O+(aq) +  HCO3-(aq)
Exercises:

1.  
Explain why the following substances are considered as acids or bases (According to Arrhenius)

a) Na3PO4(s), produces a solution with a pH = 11 when dissolved in water.




b) NH4Cl(s) produces a very weak acidic solution when dissolved in water.



c) Baking soda produces a very weak basic solution when dissolved in water.





d)   Nitric acid is a very acidic solution.





The Bronsted-Lowry Acid-Base Concept

The revised Arrhenius’s definitions are still too restrictive.  Reactions of acids and bases do not always involve water.

A more correct and useful concept is called Bronsted-Lowry acid-base concept.  The concept was named for the two scientists, J.N. Bronsted and T.M. Lowry, who developed their ideas independently in 1923.

These scientists focused on the role of an acid and a base in a reaction rather than on acidic or basic properties of their aqueous solutions.

The Bronsted-Lowry concept is often called the proton transfer theory because acids and bases are defined according to their effect on hydrogen ions (protons) in solution reactions.

	Bronsted-Lowry definitions = Proton transfer theory
Acid :  
An acid is a chemical specie (ion or molecule) that loses a proton in a chemical reaction

Base : 
A base is a chemical specie that gains a proton in a chemical reaction

Acid-base reaction:
An acid-base reaction is a chemical reaction in which a proton is transferred from an acid to a base to form a new acid and a new base. 




Example #1:      According to Bronsted-Lowry, an acid loses a proton to a water molecule, for example, in the reaction of acetic acid (CH3COOH(aq)) with water, the reaction is 

                                                                  H+                                                    H+
                                                        _____________                          ____________

                                                        |                                                  | 

      

CH3COOH(aq)    +      H2O(l)    (      H3O+(aq)   +     CH3COO-(aq)
                  

      Acid                     Base               Acid                 Base  

On the reactant side:  CH3COOH(aq) (acid) gives a proton to water; that it why it is an acid.




H2O(l)  gains a proton; that is why in this reaction, water is considered as a base.

On the product side:   H3O+(aq)  gives a proton to the acetate ion and is considered as an acid.




CH3COO-(aq) gains a proton and is considered a s a base.

Example #2:    According to Bronsted-Lowry, what are the acids and bases of this equilibrium system?  Show the transfer of protons.


             

NH3(g)  +     H2O(l)     (      NH4+(aq)     +   OH-(aq)
              
   



H3O+(aq)     +     NH3(g)   (     H2O(l)      +     NH4+(aq)  



	Conjugate acid-base pair
If we look at the following acid-base reaction equilibrium:

                    CH3COOH(aq)  +    NH3(aq)    (     CH3COO-(aq)  +    NH4+(aq)
                        Acid                  Base                   Base                Acid 

The acid on the reactant side ( CH3COOH(aq) ) gives a proton to become a base ( CH3COO- (aq)  )

The base on the reactant side ( NH3(aq) ) receives a proton to become a acid ( NH4+(aq)  )

A pair of substances that differ only by a proton is called a conjugate acid-base pair.

Example of conjugate acid-base pairs:  
►CH3COOH(aq)  and  CH3COO- (aq)  

                                                     
►NH3(aq)  and  NH4+(aq)  

Conjugate acid-base pairs appear opposite each other in your table of acids and bases




Chemistry 30
Day 30

Date: _____________________
      Name:  ________________________

Strengths of acids and bases

	
Two types of acids and two types of bases
All the acids and all bases can be classified into two main categories:

1. Strong acids


1.  Strong bases

2. Weak Acids


2.  Strong bases

All the most common acids are listed on P.11 of your data booklet.


There are only 6 strong acids listed on P.11 :  The six acids above the H3O+ 


All the other acids are considered weak acids

All the most common bases are listed on P.11 of your data booklet.


There are only 1 strong base listed on P.11 :  The OH- ion.


All the other bases are considered weak bases.



	
What are the properties of strong acids?
Definition:
A strong acid is defined as one that completely reacts with water to form aqueous hydronium ions.  A strong acid dissociates completely.

Properties:
Strong acids have a high conductivity (because of the presence of the ions) and have a low pH.

· The pH of a strong acid with a concentration of 0.10 mol/L = 1.0


HCl(aq) is the most common example of a strong acid.  

· When HCl molecules dissolve in water they react completely, forming as many hydronium ions as possible.

                HCl(aq)  + H2O(l)  (  H3O+(aq)  +  Cl-(aq)


To calculate the pH of a strong acid:   pH  =  - log [H3O+(aq)] 


In a solution of a strong acid:  [ H3O+(aq) ] = [acid] 

· If a 0.100 mol/L solution of a strong acid is prepared, the [H3O+(aq) ] of that solution will be 0.100 mol/L.

In a container of a strong acid, the only species present are ions and water.  For example in a container of HCl(aq), there are no molecules of HCl present, only H3O+(aq) ,  Cl-(aq) and H2O(l)





H3O+(aq)      H2O(l)





      H3O+(aq)




    H2O(l)     Cl-(aq)




Cl-(aq)





H3O+(aq)




    Cl-(aq)




H3O+(aq)         H2O(l)




        H3O+(aq)




      Cl-(aq)           Cl-(aq)



	
What are the properties of strong bases?
Definition:
Strong bases are the ionic compounds with the hydroxide ions.




For example:  NaOH , KOH, Ba(OH)2, …


Ionic hydroxides compounds have varying solubility in water, but all are strong bases because ionic hydroxides dissociate completely when they dissolve in water.




NaOH(s)  +  H2O(l) (  NaOH(aq)  (  Na+(aq)  +  OH-(aq)



Ba(OH)2(s)  +  H2O(l) (  Ba(OH)2(aq)  (  Ba2+(aq)  +   2 OH-(aq)
Properties:
Strong bases have a high conductivity (because of the presence of the ions) and have a high pH.

· The pH of a strong base with a concentration of 0.10 mol/L = 13.0



To calculate the pH of a strong base:   pOH  =  - log [OH-(aq)] 







   pH
=  14 - pOH


In a solution of a strong base:  [ OH-(aq) ] = [Base] 

· If a 0.100 mol/L solution of a strong base is prepared, the [OH-(aq) ] of that solution will be 0.100 mol/L.

Note #1:
A 0.100 mol/L Ba(OH)2(s)  solution has more (2X) OH- than a 0.100 mol/L NaOH(aq) so is more basic.

Note #2: 
Strong bases can also be formed by the ion O-2(aq).  For example, CaO(aq) (lime) or Na2O(aq) are very strong bases. Lime is often used as a base to neutralize strong acids.

In a container of a strong base, the only species present are ions and water. For example in a container of NaOH(aq), there are no molecules of NaOH present, only Na+(aq) , OH-(aq) and H2O(l)





Na+(aq)      H2O(l)





      Na+(aq)




    H2O(l)     OH-(aq)




OH-(aq)





Na+(aq)




    OH-(aq)




Na+(aq)         H2O(l)




        Na+(aq)




      OH-(aq)           OH-(aq)



	What are the properties of weak acids?
Definition:
A weak acid is an acid that reacts only slightly in aqueous solution.  Only a small amount of molecule of the acid dissociates. A weak acid produces a small amount of   H3O+(aq)  

Properties:
A solution of a weak acid has a very low conductivity because it has less ions.

· The pH of a weak acid varies between 1.0 to 6.0. The pH depends on how much the acid dissociates.


Acetic acid is an example of a common weak acid.  

· When CH3COOH molecules dissolve in water, only a small percentage react (only 1.3% of the molecules) . Thus for weak acids [H3O+(aq) ]  is much less than concentration of the solution.
                                
           
             1.3% 




CH3COOH(aq)  + H2O(l)    (       H3O+(aq)  +  CH3COO-(aq)
In a container of a weak acid, the main species present are the acid and water. The H3O+(aq)   ions are also present but in very low concentration. For example in a container of the weak acid  HF(aq), there are many molecules of HF present, but only a few H3O+(aq) and F-(aq) .  H2O(l) is also present since we have an aqueous solution.





  H3O+(aq)      H2O(l)




           HF(aq)




   H2O(l)





   HF(aq)             F-(aq)





 HF(aq)




        HF(aq)




HF(aq)         H2O(l)




           HF(aq)




  HF(aq)           HF(aq)



	What are the properties of weak bases?
Definition:
Most weak bases are ionic compounds that dissolve in water and react only slightly in water (hydrolysis) to form hydroxide OH- ion. 

         

 Example:
      Na2CO3(s)  ( 2 Na+(aq)  +  CO32-(aq)  







and then,



     

    CO32-(aq)  + H2O(l)      (       HCO3-(aq)  +  OH-(aq)

Ammonia is a molecular weak base.  When NH3 molecules dissolve in water, only a small percentage reacts with water to produce OH-(aq). 

                                    NH3(aq)  + H2O(l)     (      OH-(aq)  +  NH4+(aq)
Properties:
A solution of a weak base will also conduct electricity however the weak bases have a low concentration of OH- ions therefore ammonia has low conductivity.

· The pH of a weak base varies between 8.0 to 13.0 . The pH depends on how much hydroxide ions are produced.

In a container of an ionic weak base, the main species present are the metallic ion and the basic ion. The OH- ions are also present but in very low concentration.

In a container of ammonia,  the main species present are the ammonia molecules (and the water molecules).  The OH-  ions are also present but in very low concentration.

                           Solution of Na2CO3(aq)

       Solution of NH3(aq)




Equilibrium Constant for acids = Ka
The strength of an acid can also be communicated using an equilibrium constant.  Acids placed in water reach a state of equilibrium.

For example, concentrated acetic acid dissolved in water ionized in the water :

                                    CH3COOH(aq)  + H2O(l)      (       H3O+(aq)  +  CH3COO-(aq)
For a better description of this equilibrium, chemists use the equilibrium constant expression to calculate the equilibrium constant, known as the acid ionization constant Ka . 

For acetic acid, the equilibrium law is :       Ka  =    [ H3O+(aq) ] [ CH3COO-(aq)]
                                                                                     [CH3COOH(aq) ] 

       The value of Ka for the most common acids are given on P. 11 of your data booklet.

	
Ionization constant of an acid (Ka)
Since the concentration of the ions are always equal (e.g. every time an ion of H3O+ is formed, an ion of CH3COO- is formed), the Ka of an acid is determined by the following expression:





Ka =  [ H3O+(aq) ]²





     [Acid]

We can use Ka to calculate the  [H3O+(aq)] of any weak acid and then calculate the percent of ionization or the pH.

Notes:       1.     We only use the Ka expression if the acid is weak. Strong acid do not produce equilibrium, they are quantitative



Example #1:




Example #2:
Calculate the pH of a 1.00 mol/L benzoic acid         Calculate the pH of a 0.100 mol/L hydrocyanic acid

solution and the percent ionization                           solution and the percent ionization

Equilibrium Constant for bases = Kb
The strength of a base can be communicated using an equilibrium constant.  Bases placed in water reach a state of equilibrium.

For example, acetate ion dissolved in water produces hydroxide ions and acetic acid:

                                    CH3COO-(aq)  +   H2O(l)      (       OH-(aq)  + CH3COOH(aq)  

For acetate ion, the equilibrium constant expression is:




       Kb  =    [ OH-(aq) ] [ CH3COOH(aq)]
                                                                  [CH3COO-(aq)]

	
Ionization constant of a base Kb
Since the concentration of the ions are always equal, (e.g. every time an ion of OH- is formed, an ion of CH3COOH is formed), the Kb of a base is determined by the following expression:





Kb =  [ OH-(aq) ]²




           [Base]

Notes:
   
1.  We only use the Kb expression if the base is weak.



2.  Your table on P.11 only gives you Ka. 



3.   If you want to calculate Kb for any weak base, you have to use:

Ka x Kb = Kw

Kb = 1.00 x 10-14
    Ka

We can use Kb to calculate the  [OH-(aq)] of any weak base and then calculate the percent of ionisation or the pH.




Example #1:


A 0.10 mol/L solution of aniline (C6H5NH2) has a pH of 8.81.  Calculate its Kb.

Example #2:


Calculate the pH and the pOH of a 0.10 mol/L sodium acetate solution.

Example #3:


Calculate the pH and the pOH of a 0.18 mol/L cyanide ion solution and the percent ionization

Example #4:


Calculate the pH of a 0.152 mol/L barium hydroxide solution.









Example #5:


Calculate the pH of a 0.125 mol/L oxalic acid solution.
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Amphiprotic or amphoteric entities
	Amphiprotic (amphoteric) entities

An amphiprotic entity is one that appears to act as a Bronsted-Lowry acid in some reactions and a Bronsted-Lowry base in other reactions.

Example of amphoteric entities:   

       H2O(l) ,   HCO3-(aq) ,   HSO3-(aq) ,  HOOCCOO-(aq) ,   HS-(aq) ,  H2PO4(aq), ...




Example: The hydrogen carbonate ion in baking soda is amphiprotic, as shown by the following reactions



HCO3-(aq)  +   H3O+(aq)   (   H2CO3(aq)   + H2O(l)
                         

 Base              Acid




HCO3-(aq)  +     OH+(aq)   (   CO32-(aq)   + H2O(l)
                          
Acid                 Base

Acid-Base Indicators

	
Acid-Base Indicators
An indicator is a conjugate weak acid-base pair formed when an indicator dye dissolves in water. 

           
H-Ind(aq)     +      H2O(l)     (       H3O+(aq)     +      Ind-(aq)
                              Acid form                                                          Base form

                              (colour 1)                                                            (colour 2)

Some indicators like cresol red or thymol blue change colours twice (They are called polyprotic substances).

                  
H2Tb(aq)    (          HTb-(aq)       (      Tb2-(aq)
                  
             Red                     Yellow                   Blue




Predicting Acid-Base Reaction

	
Predicting Acid-Base Reactions
1.
List all entities initially present. 


Ionic compounds dissociate into ions in water 

Strong acids dissociate into H3O+ and conjugate base

Weak acids and bases stay the same:  Molecular form (They don't dissociate)

Water is always present

2. 
Identify the strongest base present and the strongest acid present. 

3. 
Transfer one proton from the acid to the base and predict the conjugate base and the conjugate acid as the products.

4. 
Predict the position of the equilibrium, using the following generalization and the table of acids and bases. 

1. A 100% reaction occurs when the H3O+ reacts with a base stronger than NO2-  or when OH- reacts with an acid stronger than HSO3-  .

2. An equilibrium favoring the products occurs when the acid is listed higher than the base on the table.





SA







SB

3. An equilibrium favoring the reactants occurs when the acid is listed lower than the base on the table.





                       SB





SA




Example 1: 

Hydrochloric acid is added to a solution of sodium benzoate. Write the balanced Acid-Base reaction.







Example 2: 

A solution of NaOH(aq) is reacted with aqueous sodium hydrogen carbonate. Write the balanced Acid-Base reaction.





Example 3:

A student mixes solutions of ammonium chloride and sodium nitrite. Write the balanced Acid-Base reaction.




Other type of problems
What is the order of acid strength for the first four members of the carboxylic acid family knowing the following reactions?



CH3COOH(aq)  + C3H7COO-(aq)   (   CH3COO-(aq)   + C3H7COOH(aq)
   (products favored)

HCOOH(aq)  + CH3COO-(aq)   (   HCOO-(aq)   + CH3COOH(aq)
   (products favored)

C2H5COOH(aq)  + C3H7COO-(aq)   (   C2H5COO-(aq)   + C3H7COOH(aq)  (reactants favored)

C2H5COOH(aq)  + HCOO-(aq)   (   C2H5COO-(aq)   + HCOOH(aq)
   (reactants favored)




Lab #27

Predicting Acid-Base Reactions  
Problem:
What reactions occur when the following substances are mixed?

1. Ammonium chloride and sodium hydroxide solutions (odor).

2. Hydrochloric acid and sodium acetate solutions (odor).

3. Sodium benzoate and sodium hydrogen sulfate solutions (benzoic acid has a low solubility)

4. Sodium phosphate added to water (pH change).

5. Solid sodium hydrogen carbonate added to hydrochloric acid (pH change).

Experimental design:


Each prediction of a reaction using the procedure is accompanied by a diagnostic test of the prediction. 

Questions:


1. Write a balanced acid-base equilibrium equation. 


1. __________________________________________________________________


2. __________________________________________________________________


3. __________________________________________________________________


4. __________________________________________________________________


5. __________________________________________________________________

2.   Make a table of observations.
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Neutralization reactions
When we mix an acid and a base together a neutralization occurs, which means that there is a reaction between the acid and the base to produce a neutral solution (Water and Salt).

Acid + Base ( Water + Salt

But complete neutralization only happens if the number of moles of the acid equal the number of moles of the base. This section will show you how to calculate the pH of a solution if you have an excess of acid or base after neutralization. 

	
Steps to find the pH when you mix an acid and a base
1.
Find the number of moles of the acid and of the base.

2.
Find the substance in excess by subtracting the largest number by the smallest number (If there is no excess, the pH = 7)

3.
If one substance is in excess: find its concentration in the final solution.

4.
Find the pH (or pOH).


Example #1:
Excess of acid

We dissolve 3.90 g of NaOH(s) in  0.100 L of 1.00 mol/L HCl(aq) . Find the pH of the mixture.








Example #2: Excess of base.

We mix 99.0 mL of 0.100 mol/L HNO3(aq) with 100 mL of 0.100 mol/L KOH(aq). Find the pH






Example #3: Mixing an acid with an acid.

We mix 25.0 mL of 0.500 mol/L HCl(aq) with 50.0 mL of 0.200 mol/L HCl(aq). Find the pH



Review of acid-base titration and stoichiometry
	
What is a titration?
Definition:
Titration is a common experimental design used to determine the concentration of substance in solution.  


Titration is the progressive addition of a standard solution from a burette into a measured volume of a solution with unknown concentration.


In the case of an acid-base titration, 


( If you titrate a base, the substance in the burette is always a standard solution of a strong acid like HCl(aq).


( If you titrate an acid, the substance in the burette is always a standard solution of a strong base like NaOH(aq).

A titration analysis should involve several trials to improve the reliability of the answer.  You should repeat measurements until three trials in volumes are within 0.1 mL to 0.2 mL. 
A standard solution means that you know the concentration.


What is the endpoint?
The completion of an acid base titration is indicated by a sudden change in the indicator’s colour.  

This sudden change in colour is called the endpoint of the reaction. 

For acid-base titration, the endpoint is normally the pH at which the reaction is complete.

     Example:
For the neutralization of strong acid with a strong base, the endpoint is at pH = 7. 


What is the equivalence point?
The measured quantity of titrant (in mL) added when the endpoint occurs is called the equivalence point.  

The equivalence point is used to do stoichiometric calculations to find an unknown concentration.

 



	
Steps of stoichiometry
1. Write a balanced chemical equation for the reaction and determine the two substances involved in the reaction, the given and the unknown.

· For strong acid + Strong base ( Write a normal neutralization equation

· For weak acids or base ( Write a Bronsted-Lowry equation

2.    Find the number of moles of the given substance using the following formulas : 

                       n = m  (If a mass is given)
 
n = C . V  (If a solution is given)

  
                 M                                                        

3.    Find the molar ratio.

4.    Answer the question by using the number of moles found in step #3 and one of the following formulas:

                   m = n.M            or       C = n / V
       or                 PV = nRT




Example #1: Titration of a strong acid with a strong base

25.0 mL of 0.500 mol/L Ba(OH)2(aq) were used to titrate 40.0 mL of HCl(aq) .  What was the concentration of the acid?





Example #2 :  Titration of a weak base with a strong acid. 

A cleaning solution contains dissolved ammonia.  A 25.0 mL of the solution is titrated to the endpoint with 0.100 mol/L HCl, giving this data : Initial buret reading = 0.6 mL and Final buret reading =  16.3 mL. Find the concentration of the ammonia in the cleanser.








	
Polyprotic and monoprotic substances
Many acids (and bases) can donate (or accept) more than one proton.

These substances are called polyprotic.

In most cases, the polyprotic acids (or bases) can only give (or accept) 2 protons.  

We also called these acids diprotic or these base dibasic.

When those substances are titrated, there will be two distinct reactions happening.  

The two reactions will show on the titration curve.

    
Stoichiometry with polyprotic substances
When you titrate a diprotic substance, two consecutive reaction occurs:

For example:  For the titration of oxalic acid with NaOH(aq):

      First, the OH- reacts with the acid according to the reaction:  



HOOCCOOH(aq)  +  OH-(aq)    ( HOOCCOO-(aq) +  H2O(l) 

     The oxalate ion is still very acidic and will continue to react if you continue to add the base. 




HOOCCOO-(aq)  +  OH-(aq)    ( OOCCOO-2(aq) +  H2O(l) 

     The overall reaction is:  HOOCCOOH(aq)  +  2 OH-(aq)   ( OOCCOO-2(aq) + 2 H2O(l) 

To write the balanced equation involving a diprotic substance, you will have to write both reactions (or the net reaction) before doing the stoichiometry calculations.





         OR

Remember that you need twice as much base to neutralize a diprotic acid or twice as much acid to neutralize a diprotic base. 

The diprotic acids from your table are: 




H2SO4 , H2CO3,  H3PO4 , H2S  and HOOCCOOH

The diprotic bases from your table are:

CO32- , PO43-,  S2-
Substances that can donate or accept only one proton are called monoprotic.



Example #1:    Titration of a diprotic acid with a strong base

50.0 mL of  KOH solution are required to completely react with 150 mL of 0.250 mol/L H2SO4(aq) . Find the concentration of the base.







Example #2:  Titration of a polyprotic base with a strong monoprotic acid

A student titrates a 0.500 mol/L Na2CO3(aq) solution with 35.0 mL of 0.150 mol/L  HCl(aq) . What was the volume of base used?











Example #3:  Stoichiometry problem of an acid reacting with a base and producing a gas.

If enough baking soda (sodium hydrogen carbonate) is used to neutralize 100 mL of HCl(aq) 0.100 mol/L.  What volume of gas will be produced if the temperature is 20.0°C and the pressure is 125 kPa?


Lab #28

Titration analysis of ASA  
Problem:
What is the mass of ASA (C8H7O2COOH) in a consumer tablet?
Experimental design:


An ASA tablet is dissolved in methanol and then titrated with a standardized sodium hydroxide solution using phenolphthalein as the indicator. 

The titration is repeated until three consistent results are obtained (within 0.2 mL)

Procedure:


1. Add about 30.0 mL of methanol to one ASA tablet in an Erlenmayer flask.

2. Stir the tablet until the solid has mostly dissolved. Add 5 drops of phenolphtalein.

3. Record initial buret reading.

4. Titrate the ASA sample with the standard solution of NaOH(aq) to the endpoint. Record the final buret reading.

5. Repeat steps 1 to 4 until three consistent results are obtained.

Questions:


1. Make a table of observation.

2. Calculate the mass of ASA in the sample. Show all the steps of stoichiometry.

3. Calculate the percent of error.

Chemistry 30

PROJECT ON TITRATION CURVES

Project  
Each group of 2-3 students will generate and explain the characteristics of the titration curves for the following titrations:

· A strong acid with a strong base or a strong base with  a strong acid

· A weak acid with a strong base

· A weak base with a strong acid

· A polyprotic acid with a strong base

· A polyprotic base with a strong acid

Project description:  


The lab report will be a power point presentation with the following parts:


· List of materials

· Step by step procedure

· Table of observations

· The five titration curves with the following information:

-   The endpoint

· The equivalence point

· The species present at the different stages of the titration

· The reactions happening during the titration

Titration of a polyprotic base (A2-) with HCl
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Buffers

	
Buffers
A buffer is a mixture of a weak acid and its conjugate base.  A buffer has the ability to maintain a nearly constant pH when small amount of a strong acid or base is added.

A buffer cannot resist a change in pH when there is a continuous addition of an acid or base (unless the buffer is replenished).
Buffer solutions are used to calibrate pH meters and to control the speed of the pH change. Many examples of buffering exist in biochemistry.

One of the best example of a buffer is the human blood : The pH of human blood must be 7.30 to 7.40 .  If the pH level in human blood were not buffered at 7.35, the acid absorbed from a glass of orange juice would be lethal.

All pH curves have at least one region where a buffering action occurs.


Example of buffer #1
Acetic acid - Acetate ion buffer system :   CH3COOH(aq)    /  CH3COO-(aq) 

Consider the addition of a small amount of hydrochloric acid to this buffer, write the equation for this reaction.

Consider the addition of a small amount of sodium hydroxide to this buffer, write the equation for this reaction.

Example of buffer #2

An important buffer in blood is the H2CO3(aq)    /  HCO3-(aq) system.  The equilibrium for this buffer is : H2CO3(aq)    +  H2O(l)  (  HCO3-(aq) + H3O+(aq)       
A sample of this buffer at equilibrium contains 1.1 x 10-4 mol/L  HCO3-(aq) and 1.2 x 10-5 mol/L H2CO3(aq)    . Find the pH of the buffer.
Interpreting pH Curves

	
Review on pH Curves
Titration curve :
A graph of pH versus amount of reagent added. Titration curves are  useful for :

- showing the pronounced change in pH near the endpoint

- demonstrating the progress of a polyprotic reaction

- finding if a substance is weak or strong




- allowing selection of a proper indicator for a titration

pH curves provide a wealth of information:

· Equivalence point and endpoints




· Initial pH of the acid or base

· Tells us if the substances are strong or weak or diprotic or monoprotic


	
pH curves for the neutralization of strong base or strong acid

The initial addition of the acid (or base) does not produce large changes in the pH of the solution = buffering action 

The midpoint of the sharp drop represent the endpoint of the titration. 

The endpoint is always pH = 7 so bromothym0l blue is used as an indicator.

The equivalence point = volume of acid added to reach the endpoint pH = 7




	
pH curves for the addition of a strong base to a weak acid
Initial pH is higher than 1. The endpoint is higher than pH of 7.

The equivalence point = volume of acid added to reach the endpoint.


pH curves for the addition of a strong acid to a weak base
Initial pH is lower than 13. The endpoint is lower than pH of 7

The equivalence point = volume of base added to reach the endpoint




	
pH curves for polyprotic substances
The pH curve for the titration of monoprotic substances has only one observable endpoint, but the pH curve for the addition of HCl(aq) to Na2CO3(aq)  displays two endpoints - two rapid changes in pH.

pH curves such as this can be interpreted as indicating the number of quantitative reactions for polyprotic acids or bases.




Other types of titrations
	
Titration and heat change
All acid-base reactions are exothermic : If you sketch the graph of temperature vs titrant added, you would get the following curve.

T (°C)

                                                                                  Volume of base added to an acid




Titration and conductivity
During the titration of H2SO4(aq) with Ba(OH) 2(aq), the graph of conductivity vs titrant added is:

Conductivity


                                                                                                          Volume of base added 
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Baking soda (sodium hydrogen carbonate)
	
Important information to remember
Baking soda is a very common substances, its scientific name is sodium hydrogen carbonate or sodium bicarbonate, its formula is NaHCO3(s).

Baking soda is a weak base because it dissociates into Na+(aq) and HCO3-(aq)  when dissolved in water and HCO3-(aq)   is a weak base

When you add baking soda to an acid, the following reactions happen:

HCO3-(aq)  +   H3O+(aq) (   H2CO3(aq)   + H2O(l) 

The acid carbonic produced decomposes immediately into carbon dioxide and water.

             H2CO3(aq) (  CO2(g)   + H2O(l) 




Antacids
	
Important information to remember
The acid in your stomach normally has a pH between 1 and 2. It is made of hydrochloric acid . 

In some cases, your stomach may produce too much acid = hearthburn. 

Antacids:
To relief the acidity in your stomach, you may swallow an antacid which is made



of a weak base.
The most common antacids are made with the ion carbonate (For example Rolaids-Tums).  The carbonate ion is a weak base that neutralize the H3O+(aq)  ion: 
  

           H3O+(aq)  +  CO32-(aq)  ( HCO3+(aq)  + H2O(aq)  




Other Toxic substances
	
Toxic substances
The following substances should be avoided because of their reactivity or toxicity:


-    Chlorine and fluorine gas:   Very reactive oxidizing agent and also poisonous gas.

· Alkali metals:  They are reactive with water

· Heavy metals like Mercury, Zinc, Lead, Cadmium, Nickel, Copper: those metals in solution can be toxic if ingested in high concentration. 




Acid deposition

	
Important information to remember
The primary source of acid deposition is human activity.

Main causes of acid deposition are SO2 (from burning coal that contains sulphur) and NOx (from motor vehicle emissions) reacting with water

SO2(g)    +   H2O(l)  (   H2SO3(aq)   +  ½ O2(g)     (   H2SO4(aq)  

NO2(g)    +   H2O(l)  (   HNO3(aq)  

Problems : 
Acid rain damages stone (CaCO3) by reacting with CO32-


H3O+(aq)   +  CO32-(aq)    (   HCO3-(aq)  +  H2O(l)

Acid rain is a strong oxidizing agent and damages metal.



2 Cu(s)   +  O2(g)   +  4 H+(aq)   (   2 Cu2+(aq)   +  2 H2O(l)



Viewpoints/perspectives to consider
Each of he issues summarized here can be evaluated from a number of viewpoints.  

	
Some viewpoints
Scientific:  Concern that knowledge be obtained by objective observation and experiment.  (Research)

Ecological/Environmental: Concern for the protection of natural ecosystems. 

Economic:  Concern for financial gain and job creation.  (Money)

Technological:  Concern for practical problem-solving and application of scientific knowledge. (Equipment/New discovery)

Political:  Concern about how an action affects a government, a political party, or a politician.

Ethical/Moral:  Concern that an action is morally right or wrong.





Lab #32

Temperature and pH  
Problem:
Does a change in temperature affect the Ka of a weak acid. 

Questions

1. Write a step by step procedure.

1. Write the variables (controlled-manipulated-responding).

3.
Make a table of observation.

4.
What happens to the Ka of the weak acid as the temperature increases?

5.
Is the reaction of a weak acid with water endothermic or exothermic? Explain your answer.

(??????????????????????????)

Lab #22

Temperature and Kw  
Problem:

Does a change in temperature affect the value of Kw ? How is the value of Kw affected if the temperature of pure water is increased or decreased? 

A little reminder:      pH =  - log [H3O+3(aq)]

Questions

2. Write a step by step procedure.

2.
Make a table of observation.

3.
What are the variables of the experiment?

4.
Calculate the value of the Kw for the differente temperature.

5.
Is the equilibrium  H2O(l)  + H2O(l)    (    H3O+(aq) +  OH-(aq) endothermic or exothermic?  Explain

6.
Write a valid conclusion to your experiment.


Read the following page:  P. 676 to 679
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Read the following page:  P. 680 to 681
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Read the following page:  P. 684 to 686
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Read the following page:  P. 693 to 695
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Do Homework #26








Do Homework #27








Read the following page:  P. 712 to 717
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Do Homework #28








Read the following pages:  P. 722 to 726
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Do Homework #29








Read the following page:  P. 737 to 746
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Do Homework #30





Read the following page:  P. 749 - 750








� EMBED MS_ClipArt_Gallery.5  ���








Do Homework #31








Homework #32





pH





HCl (mL)





15





30





7.8





3.9





A2-(aq)





A2-(aq)+ H3O+(aq)  (  HA-(aq) + H2O(l) 





HA-(aq)





First pH 


endpoint





HA-(aq)+ H3O+(aq)  (  H2A(aq) + H2O(l) 





H2A(aq)





Equivalence


    points





Second pH 


endpoint





Read the following page:  P. 569 – 575
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Read the following page:  P. 751 to 756
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Read the following page:  P. 584 to 588
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