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Topic 16 ( Acids and Bases

THREE CONCEPTS OF ACIDS AND BASES


A. Arrhenius concept of acids and bases



1. Acids




a. Properties





(1) Taste sour





(2) Aqueous solutions will conduct electricity, 

      and therefore are called “electrolytes”.





(3) Cause indicators to change color






(a) Litmus: blue to red






(b) Phenolphthalein: pink to clear





(4) Aqueous solutions will react with many metals, 

     such as Zn and Mg, to produce H2.

(5) React with compounds containing hydroxide 

     ions to form water and a salt.




b. Arrhenius definition of an acid

An acid is a compound containing hydrogen that ionizes in aqueous solution to produce H+ ions.

We now know that it is more accurate to say that an Arrhenius acid increases the H+ (aq) (hydrogen ion) concentration in aqueous solution.




c. Strong and weak acids





(1) “Strong” and “weak” do not describe the 

                  concentration of their solutions (those terms are 

     “concentrated” and “dilute”).

(2) Strong acids completely ionize in water to 

      H+ (aq) and an anion.

(3) Strong acids include:


HCl


HBr


HI 

HNO3

HClO4

H2SO4

(4) All other acids are considered to be weak 

     because they only partially ionize in water.



2. Bases




a. Properties





(1) Taste bitter





(2) Aqueous solutions will conduct electricity, 

      and therefore are called “electrolytes”.





(3) Cause indicators to change color

     




(a) Litmus: red to blue

(b) Phenolphthalein: clear to pink

(4) Aqueous solutions feel slippery.

(5) React with compounds that form hydrogen ions 

     to form water and a salt.




b. Arrhenius definition of a base

A base is a compound containing hydroxide ion/s that dissociates in aqueous solution to produce OH( ions.

We now know that it is more accurate to say that an Arrhenius base increases the OH( (aq) (hydroxide ion) concentration in aqueous solution.




c. Strong and weak bases





(1) “Strong” and “weak” do not describe the 

      concentration of their solutions (those terms 

      are “concentrated” and “dilute”)

(2) Strong bases completely dissociate in water to 

     form OH( (aq) and a cation.

(3) Strong bases include:


LiOH


NaOH


KOH


RbOH 

CsOH  rarely encountered


FrOH  


Mg(OH)2  essentially insoluble


Ca(OH)2

Sr(OH)2

Ba(OH)2

 


(4) All other bases are considered to be weak 

      because they only partially dissociate in water.



3. The hydrogen ion in water




a. The hydrogen ion is merely a proton with no surrounding

                                        valence electrons.




b. This allows it to combine with water in a way that is 

                             different from  any other ion.
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c. The result is the hydronium ion.





H+ (aq) and H3O+ (aq) are equivalent. 



4. The net ionic equation for the neutralization reaction of 

                            Arrhenius acids and bases.


a. H+ (aq)+ OH( (aq)  H2O (l)


b. Examples 

HCl (aq) + NaOH (aq)  NaCl (aq) + H2O (l)
H+ (aq) + Cl( (aq) + Na+ (aq) + OH( (aq) 



          Na+ (aq) + Cl( (aq) + H2O (l)

H+ (aq)+ OH( (aq)  H2O (l)

H2SO4 (aq) + Ca(OH)2 (aq)  CaSO4 (aq) + 2 H2O (l)
2 H+ (aq) + SO42( (aq) + Ca2+ (aq) + 2 OH( (aq) 
 Ca2+ (aq) + SO42( (aq) + 2 H2O (l)

2 H+ (aq) + 2 OH( (aq)  2 H2O (l)

H+ (aq) + OH( (aq)  H2O (l)





5. Evidence for the Arrhenius theory




a. Comes from the H for the neutralization reaction of 

    a strong acid and a strong base

b. Since the neutralization reaction is the reaction of 

    H3O+ (aq) and OH( (aq) it should give the same 

    Hper mole of water formed.

c. For all neutralization reactions involving strong acids 

    and strong bases the same H value was found: 

    55.90 kJ per mole.



6. Drawbacks to the Arrhenius theory




a. It is limited to aqueous solutions.




b. It ties bases to OH( when other species can play a similar 

    role.


B. Brønstead-Lowry concept of acids and bases



1. Brønstead-Lowry definition of acids and bases




a. Brønstead-Lowry definition of an acid 

An acid is the species that donates a proton in a proton transfer reaction.




b. Brønstead-Lowry definition of a base

A base is the species that accepts a proton in a proton transfer reaction.

2. Comparison of the Arrhenius concept and the 

    Brønstead-Lowry


a. All Arrhenius acids and bases are also Brønstead-Lowry 

                acids and bases.




b. The Brønstead-Lowry concept, however, is not limited 

                to bases containing hydroxide, and it is not limited to 

                aqueous solutions.



     

For example, it may be useful to run some reactions 



using alcohol as a solvent.

c. Example comparing the Arrhenius concept and the    

    Brønstead-Lowry concept

The problem for the Arrhenius theory was aqueous solutions of ammonia.


      


NH3 (aq) + H2O (l)  NH4+ (aq) + OH( (aq) 

NH3 does not contain a hydroxide ion, so it is not an Arrhenius base.

NH3 does accept a proton from H2O so it is a Brønstead-Lowry base.

We know that it is a true base because it increases the OH( (aq) (hydroxide ion) concentration in aqueous solution.



3. Example of the equation for the neutralization reaction of 

    Brønstead-Lowry acids and bases.

 


NH3 (aq) + HF (aq)  NH4F (aq)



4. Conjugate acids and bases




a. Conjugate acid





(1) Definition of a conjugate acid

A conjugate acid is the substance formed when a proton is added to a Brønstead-Lowry base.





(2) Description of a conjugate acid






A conjugate acid can function as a 

Brønstead-Lowry acid because it can donate a proton.




b. Conjugate base

(1) Definition of a conjugate base

A conjugate base is the substance formed when a proton is donated by a Brønstead-Lowry acid.





(2) Description of a conjugate base






A conjugate base can function as a 

Brønstead-Lowry base because it can accept a proton.

5. Writing the formulas for conjugate acids and conjugate bases




a. Writing the formulas for conjugate acids 





(1) Procedure

The formula for the conjugate acid of a species is that species with one proton added.





(2) Examples – give the conjugate acids for:






(a) HSO4(






HSO4( plus one proton is H2SO4





(b) H2O







H2O plus one proton is H3O+






(c) NH2(






NH2( plus one proton is NH3






(d) F (






F – plus one proton is HF




b. Writing the formulas for conjugate bases





(1) Procedure

The formula for the conjugate base of a species is that species with one proton removed.





(2) Examples – give the conjugate bases for:






(a) HI







HI with one proton removed 

      is I(





(b) PH4+







PH4+ with one proton removed

                                                                                 is PH3






(c) H3PO4







H3PO4 with one proton removed 

            is H2PO4 –






(d) HSO4(






HSO4( with one proton removed 

            is SO4 2(




6. Identifying conjugate acids and bases


a. Procedure

The conjugate acid will come from the original base and the conjugate base will come from the original acid.




b. Examples






(1) H2C2O2 (aq) + H2O (l) ( 

 
       HC2O2( (aq) + H3O+ (aq)

                                                                                              conj base      conj acid

(2) H+ (aq) + HPO42( (aq) ( H2PO4( (aq) 

 






           conj acid 

                                                                                                  AND 

                                                                                                conj base

(3) NH2( (aq) + H2O (l) ( 

                                     NH3 (aq) + OH – (aq)







             conj acid    conj base











(4) PH4+ (aq) + H2O (l) (  

                                    H3O+ (aq) +  PH3 (aq) 








 conj acid      conj base  


C. Lewis concept of acids and bases (1932)



1. Lewis definition of acids and bases 




a. Lewis definition of an acid 

An acid is the species that accepts a pair of electrons from another species forming a covalent bond.




b. Lewis definition of a base

A base is the species that donates a pair of electrons to another species forming a covalent bond.


2. Comparison of the Brønstead-Lowry concept and the Lewis 

    concept    


a. All Brønstead-Lowry acids and bases are also Lewis 

                acids and bases.

b. The Lewis concept, however, is not limited to using the 

     hydrogen ion as the electron acceptor. 

c. Example comparing the Brønstead-Lowry concept and 

    the Lewis concept
         

The problem for the Brønstead-Lowry theory was the acidic oxides and the basic oxides. 

Na2O (s) forms a basic solution when it is dissolved in water and SO3 (g) forms an acidic solution when it is dissolved in water.


Na2O (s) + H2O (l) ( 2 NaOH (aq)


SO3 (g) + H2O (l) ( H2SO4 (aq)
When these two aqueous solutions are mixed they will neutralize each other.

2 NaOH (aq) + H2SO4 (aq) (
 

Na2SO4 (aq) + 2 H2O (l)

However, they will still neutralize each other when SO3 (g) is placed in the same container as Na2O (s) and allowed to react.

Na2O (s) + SO3 (g) ( Na2SO4 (s)
This is the same salt formed when an aqueous solution of Na2O is allowed to react with an aqueous solution of SO3.



3. Example of the equation for the neutralization reaction of 

                            Lewis acids and bases.




BF3 + NH3 ( BF3NH3
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4. The formation of coordinate covalent bonds (where one atom 

                            donates both of the bonding electrons) is an excellent example 

                            of a Lewis acid(Lewis base reaction.



5. Identifying Lewis acids and Lewis bases




a. Procedure





(1) If necessary, write Lewis electron dot structures 

      for the reacting species.

(2) Identify which species is accepting the electron 

      pair – it will be the Lewis acid.

(3) Identify which species is donating the electron 

     pair – it will be the Lewis base.




b. Examples





(1) CN( (aq) + H2O (l) ( HCN (aq) + OH(  (aq)
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H2O is accepting the electron pair, 
therefore it is the Lewis acid.

Actually one of H2O’s atoms is accepting the electron pair. 



CN – is donating the electron pair,

therefore it is the Lewis base.





(2) HIO (lq) + NH2( (lq) ( NH3 (lq) + IO ( (lq)
where (lq) denotes liquid ammonia as the solvent
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HIO is accepting the electron pair, 

therefore it is the Lewis acid.

Actually one of HIO’s atoms 

is accepting the electron pair.

NH2( is donating the electron pair,

therefore it is the Lewis base.




(3) Zn2+ (aq) + 4 NH3 (aq) ( Zn(NH3)42+ (aq) 






Zn2+ is accepting the electron pair, 

therefore it is the Lewis acid.

NH3 is donating the electron pair,

therefore it is the Lewis base.

ACID-BASE PROPERTIES OF WATER


A. The autoionization of water



1. Definition of autoionization




a. General definition




Autoionization is a reaction in which two like 

molecules react to form ions




b. For water

Autoionization is the process whereby water spontaneously forms low concentrations of H+ (aq) and OH ( (aq) by proton transfer from one water molecule to another



2. Reaction

H2O (l) + H2O (l) (((  H3O+ (aq) + OH( (aq)


B. The ion-product constant for water



1. Derived

	Kc
	=
	[H+][OH(]

	
	
	[H2O] 2


Because the fraction of water that autoionizes is very small, the molar concentration of water is essentially constant 

(~ 56M at 25 (C).  

Therefore . . .

[H2O]2(Kc = [H3O+][OH(]

new constant… Kw
Kw =  [H3O+][OH(]



2. Value for Kw
Kw = 1.0 x 10(14
3. Values for H+ (aq) and OH( (aq) for aqueous solutions


Kw = [H3O+][OH(] = 1.0 x 10(14



Let x = [H+] = [OH(]


 [H+][OH(] = x2 = 1.0 x 10(14

x = 1.0 x 10(7


    [H+] = 1.0 x 10(7 M in pure water at 25 (C


[OH(] = 1.0 x 10(7 M in pure water at 25 (C


C. Kw and Arrhenius definitions



1. Acids in solutions have [H+] > 1.0 x 10(7 



2. Bases in solution have [H+] < 1.0 x 10(7



3. Neutral solution have [H+] = 1.0 x 10(7


D. Determining concentrations of H+ and OH( for aqueous solutions of 

                 strong acids or strong bases


1. Assumptions

a. The autoionization of water can be ignored (except 

    for extremely dilute solutions).

Even at 1 x 10(5 M it is only 1 percent!




b. Strong acids are 100% ionized and strong bases are

                100% dissociated (except for extremely concentrated 

                solutions, i.e., in the range of M >10).

2. Procedure

a. Multiply the molar concentration by the appropriate

   factor.

(1) For acids this is a little complicated.

(a) For monoprotic acids this factor 

                  will be one.

(b) For polyprotic acids an equilibrium 

      comes into play as the conjugate base 

      is actually a weak acid.

(2) For bases this factor will be the number of 

     dissociatable hydroxides in the formula.
b. Determine the appropriate concentration for the type of 

    compound (acid or base).


(1) For acids this will be [H+].


(2) For bases this will be [OH(].

 
c. Use Kw to determine the remaining concentration value.



3. Example

Calculate [H+] and [OH(] for a 0.0100 M HNO3 solution.

Since HNO3 has one ionizable hydrogen

[H+] = 1 x 0.0100 M = 0.0100 M

Since Kw =  [H+][OH(]  

	then  [OH(]
	=
	Kw

	
	
	[H+]


	         [OH(]
	=
	1.0 x 10(14
	= 1.0 x 10 (12

	
	
	0.0100
	


THE pH SCALE


A. Definition of pH



1. Verbal definition of pH

pH is the negative of the logarithm in base ten of the molar hydrogen ion concentration



2. Mathematical definition




pH = ( log [H+]


B. Definition of pOH



1. Verbal definition of pOH

pOH is the negative of the logarithm in base ten of the molar hydroxide ion concentration



2. Mathematical definition




pOH = ( log [OH(]


C. Mathematical relationships among Kw , pH, and pOH



Kw =  [H+][OH(]



log Kw = log [H+] + log [OH(]



( log Kw = {( log [H+]} + {( log [OH(]}



( log Kw = pH + pOH



( log Kw = ( log (1.0 x 10(14) = 14.00



pH + pOH = 14.00


D. pH and pOH and Arrhenius definitions



1. Acidic solutions:  [H+] > 1.0 x 10(7



pH < 7




pOH > 7



2. Basic solutions:  [H+] < 1.0 x 10(7

pH >7




pOH < 7



3. Neutral solutions:  [H+] = 1.0 x 10(7

pH = 7




pOH = 7



E. Examples of calculating pH and pOH from molar concentrations



1. Calculate the pH and pOH of a solution where 

    [H+] = 2.50 x 10(2 M



pH = ( log [H+] 

pH = ( log (2.50 x 10(2)

      = ( (( 1.602059991) 

      = 1.602


 

pH + pOH = 14.00




pOH = 14.00 ( pH

        = 14.00 ( 1.602 

        = 12.398 

        = 12.40


2. Calculate the pH and the pOH of a 0.000750 M Ca(OH)2 

                            solution.

Since Ca(OH)2 has two dissociatable hydroxides




[OH (] = 2 x 0.000750 M = 0.00150 M







pOH = ( log [OH(]




        = ( log (0.00150)




        = ( ((2.82390)




        = 2.824




pH + pOH = 14.00




pH = 14.00 ( pOH




      = 14.00 ( 2.824




      = 11.176



      = 11.18

F. Example of calculating [H+] and [OH(] from pH and pOH



Calculate the [H+] and [OH(] of a solution where pH = 3.00

   

pH = ( log [H+] 



[H+] = 10 (pH



            = 10 (3.00



        = 1.0 x 10 (3 M





Kw =  [H+][OH(] 

[OH(] = 
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        = 1.0 x 10(11
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