13.2

Theories of Acids and Bases
I.   Arrhenius Theory 

A. Acids are defined as compounds which


in water to produce 

 ions. 
1. Strong acids ionize completely
2. Weak acids - only about 5% ionize
B. Bases are defined as compounds which


 in water to produce

 ions. 

       1. Strong bases ionize completely
       2. Weak bases – only about 5% ionize
II.   Bronsted-Lowry Theory 

A. Acids are defined as any substance which


 a proton (H+).

B. Bases are defined as any substance which 


a proton (H+).
C. A proton is a(n) 


.

D. Examples: 

1. HCI + H2O ( H3O+1 + Cl-1 

         2. C2H3O2-1 + H2O ( HC2H3O2 + OH-1 

a. HCl is the 
           a. C2H3O2-1 is the 



b. H2O is the
           b. H2O is the




E. Since H2O can act as either a proton donor (acid) or proton acceptor (base) it is said to be _________________________>
F. Acid + Base (Conjugate Acid + Conjugate Base 

1. A conjugate acid-base pair differ only by the presence of ONE





2. Conjugate acid - particle formed when a base 


a proton 
3. Conjugate base - particle formed when an acid 


a proton 

G. Examples:

1. NH3 + H2O ( NH4+1 + OH-1 

a. NH3 is the 



c. NH4+1 is the 





b. H2O is the 



d. OH-1 is the





2. HCO3-1 + H2O (H3O+1 + CO3-2 
a. HCO3-1 is the 



c. H3O+1 is the





b. H2O is the



 d. CO3-2 is the





H. The stronger the acid or base the 



its conjugate.

I.  More examples:

1.  Identify the following A, B, CA, CB
HNO3(aq) + NH3(aq)  (  NH4+(aq) + NO3-(aq)

2.  Write a balanced equation for the reaction that occurs when the cyanide ion, CN-, accepts a proton

from water to form HCN. Is CN- a Bronsted acid or base?

3.  Write a balanced equation for the reaction that occurs when H3PO4, phosphoric acid, donates a proton

to water to form the dihydrogen phosphate ion. Is the dihydrogen phosphate ion an acid or a base?

III.   Lewis Theory 

A. Broadest definition 

B. Acids are any substance which can



a pair electrons. 

C. Bases are any substance which can



 a pair of electrons. 

D. Substances do not necessarily involve hydrogen ions or hydroxide ions. 

E. Examples: 


1.
               F


H


F    H



         F - B       
+
             :
N - H

(     F - B  - N - H




F


H


F    H
F. Lewis acids always have at least one empty orbital, which can accept 2 electrons. 

G. Lewis bases always have a lone pair of electrons to donate to the acid. 

HOMEWORK: Theories of Acids and Bases
1.  What is the Bronsted-Lowry definition of an acid? 

2.  How does the Bronsted-Lowry definition of an acid differ from the Arrhenius definition? 

3.  What is the Bronsted-Lowry definition of a base? 

4.  How does the Bronsted-Lowry definition of a base differ from the Arrhenius definition? 

5. How does an acid differ from its conjugate base? How does a base differ from its conjugate acid? 

What is the Conjugate Base for the following Acids?

What is the Conjugate Acid for the following Bases?
6. H2SO4 





10.  OH-1 





7. HCO3-1 





11.  SO3-2





8. H3O+1 





12. C2H3O2-1





9. NH4+1 





13.  NH2-1 





14. The HSO4-1 ion is said to be



 because it is both the conjugate acid/base (circle one) of SO4-2 and the conjugate acid/base (circle one) of H2SO4. 
For each of the following reactions identify the Acid (A), the Base (B), the Conjugate Acid (CA), and the Conjugate Base (CB) as shown in the example. 

Example:  HNO3 + C2H3O2-1 ( NO3-1 + HC2H3O2 


       

  

        A           B                CB            CA

15. PO4-3 + HNO3 ( HPO3-2 + NO3-1 



18.  OH-1 + HC2H3O2 (C2H3O2-1 + H2O 

16. HSO4-1 + NO3-1 ( HNO3 + SO4-2 



19. H2S + NH3 ( NH4+1 + HS-1 

17. HSO4-1 + NO2-1 ( HNO2 + SO4-2 



20. H2PO4-1 + F-1 (+ HF + HPO4-2
