       Chapter 15  -   Acids and Bases

I.   Easily Observed Properties of Acids and Bases.

A. Acids



1.  Taste sour.



2.  Blue litmus turns pink.


3.  React with most metals (see activity series) to give off H2 gas and a salt of the metal.
B. Bases


1.  Taste bitter. 



2.  Pink litmus turns blue.


3.  Slippery to the touch.

C. Neutral Substances – any substances that are neither acids nor bases.


II.   Electrolytes and Nonelectrolytes.


A. Electrolyte Solutes. 



1. Dissolve in water – solubility rules tell which ionic compounds are soluble in water!




2. Aqueous solution contains free ions floating around.





3. Solution conducts an electric current.





4. Gatorade, etc.





5. Strong electrolytes – completely (100%) dissociate in water.





a.) Ionic electrolytes - water-soluble ionic compounds, salts, (contain metal or 






NH4+) which dissociate 100% in water to produce ions. 





b.) To dissociate means to break apart into ions.






c.) Molecular electrolytes - aqueous solutions of strong acids (i.e., HCl, H2SO4,






HNO3) which dissociate 100% in water to produce ions - these are polar 







and covalent.





6. Weak electrolytes – partially (less than 100%) dissociate in water.





a.) Aqueous solutions of weak acids (HF, HC2H3O2, HCN) which dissociate






only slightly in water - these are polar and covalent.





b.) Aqueous solutions of weak bases (NH3) which dissociate only partially. 


B. Nonelectrolyte Solutes.





1. Dissolve in water.





2. Aqueous solution contains no ions – do not dissociate in water.




3. Solution does not conduct an electric current.




4. Molecular (covalent) compounds (contain only nonmetals.)
III. Arrhenius Definition of Acids - 1884 - assumes aqueous solutions.


A. Acids are electrolyte substances that contain H’s and form H3O+ ions when dissolved in water. 
IV. Strong and Weak Acids

A. Strong acids ionize 100% in water.



1. Strong acids: HCl, HBr, HI, HNO3, H2SO4, HClO4.



2. Reaction in water goes to completion, no equilibrium, no double arrow.



3. Only ions present in solution.


4. HA + H2O  (  H3O+ + A-     (K is very large, reaction goes to completion.)


5. H3O+ is called the hydronium ion.

B.  Weak acids ionize less than 100% in water; some unionized acid remains.



1. Weak acids: most acids other than the 6 named above as strong acids.



2. Equilibrium occurs in water; double arrow.


3. Aqueous solution contains both molecules and ions.



4. HA + H2O  ( H3O+ + A-   (K is small, equilibrium lies to the left.)
V. Polyprotic Acids – acids that dissociate in water to give more than one hydronium ion.


A. HA is monoprotic, H2A is diprotic, H3A is triprotic.


B. “Protic” comes from the word proton, which is what an H+ ion really is.


C. Polyprotic acids dissociate in steps, one H coming off at a time

D. Each step in the dissociation is an equilibrium and has a Keq.
VI. Arrhenius Definition of Bases – Bases are electrolytes that contain a metal ion and an OH- 





and produce OH- ions when dissolved in water.  

A.  Strong bases dissociate 100% in water.



1. Soluble metal hydroxides: NaOH, KOH, LiOH, Ca(OH)2, Ba(OH)2, Mg(OH)2.



2. No equilibrium, no double arrow.

B. Bases neutralize acids, “kill” the acids, take away their acidity.


C. H3O+ + OH-  ( 2H2O      
VII. Bronsted-Lowry Definitions of an Acid and a Base – 1923 – more general than Arrhenius’ definitions.  


A. Problem with Arrhennius’ definition of a base: NH3 also neutralizes acids, but NH3 has



no OH- ions.


B. An acid is a proton (H+) donor. So to be an acid a substance must have a H!  


C. A base is a proton (H+) acceptor. 



1. A base does not necessarily have to have an OH!


2. A base can be any substance with an unshared electron pair, i.e., NH3, H2O,



Cl-, CO32-, etc.


3. Weak bases “ionize” less that 100% in water; some un-ionized base remains.




a. ammonia (NH3) and other non-hydroxide bases are weak bases.




b. H2O + NH3 ( OH- + NH4+
4. Equilibrium occurs, double arrow. 
5. Equilibrium lies to the left; Keq is less than 1x10-3.

VIII. Autoionization (autodissociation) of water - water reacts with itself, behaving as both acid and base.




A.   H2O + H2O ---> H3O+ + OH-.        


             base    acid        
B. Write equilibrium expression for above reaction.

C.
         [products]
      [H3O+] [OH-]



K = ---------------- =   ----------------



         [reactants]       [H2O] [H2O]


D.  In pure water:  Kw = [H3O+] [OH-] = 1 x 10-14.


E.   [H3O+] = [OH-] = 1 x 10-7.

 F.   Given [H3O+], find [OH-] and vice-versa.

IX. The pH Concept



A.  Definition:   pH is the negative log of the hydrogen / hydronium ion concentration.



            
pH = - log [H+]  or  - log [H3O+]



B.  How to calculate pH given the hydrogen ion concentration:




Enter the [H3O+].




Punch the “log” key.




Punch the “+/-” key to change the sign.



C.  Given pH, find [H+]:  
[H+] = 10-pH



D.   Neutral solution:  [H+] = 1 x 10-7 and pH = 7.



       Acidic solution:  [H+] is greater than 1x10-7;  pH is less than 



       Basic solution:  [H+] is less than 1x10-7;  pH is greater than 7.





Neither ion from this salt reacts with water.

X.  Buffers



A. Definition - A solution that resists a change in pH; a buffer consists of a weak




acid and its conjugate base. 



B. What does a buffer do? It absorbs any acid or base that is added to the solution.



C. How does it do this?




1. The acid part of the buffer “gobbles up” any added base.




2.  The basic part of the buffer “gobbles up” any added acid.



D. The most effective buffer has equal concentrations of acid and conjugate base.

