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Acid-Hase Equilibria

Theionization of acids and dissociation of bases are reversible reactions. Assuch, o Uhohll
they can be described by equilibrium expressions. The general reaction for an acid r./ think my hydronium “\
dissolved in water is asfollows: HA(aq) + H,O(0) = H;O'(aq) + A(aq). HA(aq) '-\'\°" °‘;’:::::r:;":"t':;“'“9y
and A~(aq) are conjugate acid-base pairs, while H;O*(aq) and H,O(() are conjugate “~ equilibrium. "

acid-basepairs. If A~(ag) isamuch stronger base than H,O(1), then equilibriumlies
to the left and most of the acid will bein the form HA (ag), making HA (aq) aweak
acid. If H,O(0) is a much stronger base than A~(ag), then equilibrium lies to the
right and the acid will be largely ionized, making HA (ag) a strong acid. The acid
ionization constant (K,) comes from the equilibrium expression for the reaction. e
For acids, the higher the ionization constant is, the stronger the acid is. If the acid |
isionized completely, [HA] = 0 and K, is infinite. lonization constants for very §
strong acids cannot be calculated. |
In that case, K, is listed as “very |
large.” lonization constants for
acids that do NOT ionize
completely can be calcul ated.

The general reaction between e R
a base and water s Acid-Base banter
B(aq) +H,0(0) = BH"(aq) + OH(aq).

The equilibrium constant for the general reaction refers to the reaction of a
base with water to form the conjugate acid and the hydroxide ion.

The ionization equation of water is the reversible reaction
H,O(0) = H*(ag) + OH7(aq). At 25°C, [H*] =1 x 107 ™/, and [H*] = [OH]
inpurewater. K,, =[H*][OH] = (1x 107 ™/ )(1x 107 ™) =1 x 10 mol/L?
The significance of thisis, in any agueous solution, no matter what else it
contains, at 25°C, the product of [OH7] and [H'] is dways 1.0 x 107,
resulting in three possible situations: [1] a neutral solution where [H*] =
[OHT; [2] an acidic solution where [H*] > [OH]; and [3] a basic solution
where[H"] <[OHT]. Itispossibleto cal cul ate the concentration of hydronium
or hydroxide when either one or the other ion’s concentration is known.
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Answer the following questions based on your understanding of the equilibria involved.

1. Forthefollowing strong acids and bases (100 percent ionized or dissociated), what are the hydronium and hydroxideion
concentrations?

a 3.00x10*M HNO, [H0"] = [OH] =
b. 250 x 102 M Ca(OH), [H,0'] = [OH] =
c. 4.00x10°M NaOH [H;01 = [OH] =

(CONTINUE ON THE NEXT PAGE)
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2. The equilibrium constant for nitrous acid (HNO,), K, = 4.6 x 10™,

a.  Write the equation for the ionization of the acid in water. Identify the conjugate acid base pairs.

b. What isthe hydronium ion concentration if [HNO,] = 3.00 M and [NO,] = 0.037 M?

c. What isthe hydroxide ion concentration based on the above concentrations?

3. Theequilibrium constant for acetic acid (HCH,COO), K, = 1.8 x 10™.

a.  Write the equation for the ionization of the acid in water. Identify the conjugate acid base pairs.

b. What isthe hydronium ion concentration if [HCH,COOQ] = 2.50 M and [CH,COO] = 0.027 M?

c. What isthe hydroxide ion concentration based on the above concentrations?

4. The equilibrium constant for hydrofluoric acid (HF), K, = 3.5 x 10

a. Write the equation for the ionization of the acid in water. Identify the conjugate acid base pairs.

b. What are the relative strengths of the conjugate acids and bases. Justify your response.

5. The equilibrium constants for hydrochloric acid and nitric acid are listed as “very large,” instead of having a numerical

value. Why isthis so?
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