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9-1:Strong Acids and Bases

Calculating pH:

For practical concentrations (≥10-6 M), pH or pOH is 

obtained directly from the formal concentration of 

acid or base. 

What is the pH of a 1.5 × 10-3 M HCl solution?

HCl(aq)  H+ +   Cl-,    so [H+] ≈1.5 × 10-3 M 

pH = -Log(1.5 × 10-3 M ),   pH = 2.824

2.824 + pOH = 14.00

pOH = 14.00 - 2.824

pOH = 11.18 



9-1:Strong Acids and Bases



9-1:Strong Acids and Bases

What is the pH of a 1.0 × 10-8 M KOH solution?

• Answer: It cannot be pH 6.00.  It should be a basic 

solution with a pH higher than 7.00!

• There are two reactions that are important:

(1)  KOH(aq)  K+ +  OH-

(2)  H2O ⇌  H+ +  OH-

Use the systematic treatment of equilibrium.



9-1: Strong Acids and Bases

Equilibrium calculations:

• Write all pertinent equilibrium reactions

• Predict

• Set up equations

• Simplify (assumptions)

• Solve!



9-1: Strong Acids and Bases

What is the pH of a 1.0 × 10-8 M KOH solution?

• Write the equations:

KOH(aq)  K+ +  OH-

H2O ⇌ H+ +  OH- Kw= [H+][OH-]

• We have one equation and three unknowns: K+,OH-, H+ . 

• We need two more equations.  Write the mass balance 

(MB) and charge balance (CB):

MB:    [K+] = 1.0 × 10-8 M

CB:    [K+] + [H+] = [OH-]



9-1:Strong Acids and Bases

What is the pH of a 1.0 × 10-8 M KOH solution?

• Solve starting with the CB:     [H+] = [OH-] - [K+]

[H+] = Kw/[H+] - [K+] substitute for [OH-] 

[H+]2 = Kw - [K+] [H+]                         multiply by [H+] 

[H+]2 + [K+] [H+] - Kw = 0 rearrange

[H+]2 + 1.0 x 10-8 [H+] - Kw = 0          [K+] = 1.0 × 10-8 M, solve for [H+]

[H+] = 9.5 × 10-8 M;   pH = 7.02

• The Quadratic Formula, used to find the value of x in 

the equation ax² + bx + c = 0



9-1: Strong Acids and Bases

What is the pH of a 1.0 × 10-7 M HBr solution?

• Write the equations:

HBr(aq)  H+ +  Br-

H2O ⇌ H+ +  OH- Kw= [H+][OH-]

• We have one equation and three unknowns: Br-,OH-, H+ . 

• We need two more equations.  Write the mass balance 

(MB) and charge balance (CB):

MB:    [Br-] = 1.0 × 10-7 M

CB:    [H+] = [OH-] + [Br-]



9-1:Strong Acids and Bases

What is the pH of a 1.0 × 10-7 M HBr solution?

• Solve starting with the CB:     [H+] = [OH-] + [Br-]

[H+] = Kw/[H+] + [Br-] substitute for [OH-] 

[H+]2 = Kw + [Br-] [H+]                         multiply by [H+] 

[H+]2 - [Br-] [H+] - Kw = 0 rearrange

[H+]2 - 1.0 x 10-7 [H+] - Kw = 0          [Br-] = 1.0 × 10-7 M, solve for [H+]

[H+] = 1.62 ×10-7 M;   pH = 6.79

• The Quadratic Formula, used to find the value of x in 

the equation ax² + bx + c = 0



9-1:Strong Acids and Bases

Calculating pH:

• When the concentration is near 10-7 M, we use the 

systematic treatment of equilibrium to calculate pH.

• At still lower concentrations, the pH is 7.00, set by 

autoprotolysis of the solvent.

[H+] = [OH-] - [K+] or 

[H+] = [OH-] + [Br-]

at lower [K+] or [Br-] (< 10-8 M), [H+] ≈ [OH-]

[K+] & [Br-]

are negligible 



9-2:Weak Acids and Bases

Calculating the pH of weak acids: 

• For the reaction HA ⇌ H+ + A-, we set up and 

solve the equation 

H+ A−

[HA]
=

𝑥2

F − 𝑥
= 𝐾a

• where [H+] = [A-] = x, and   [HA] = F - x. 



9-2:Weak Acids and Bases

pKa = 9.799, Ka = 10-9.799 = 1.59 x 10-10



9-2:Weak Acids and Bases

• For the reaction HA ⇌ H+ + A-,  a certain fraction 

of the initial concentration of the weak acid (F) 

exists as the conjugate base A-.  This is known as 

the fraction of dissociation (a).

• The fraction of dissociation, a, is given by:

• Where x = [A-] = [H+]  and [HA] = F - x



9-2:Weak Acids and Bases

• What is the fraction of dissociation for a  0.05 M solution of 

trimethyl ammonium chloride (Ka = 1.59 × 10-10).

• Start with the reaction and the definition:

HN(CH3)3Cl   HN(CH3)3 
+ +   Cl-

HN(CH3)3 
+ ⇄ N(CH3)3     +   H +

F - x x                       x

From the previous example, we found that the [A-] = 2.8 × 10-6 M.

𝛂 =
[A−]

HA + [A−]
≈
𝑥

𝐹
=
2.8 × 10−6 M

0.05 M
= 5.6 × 10−5

Only a very small fraction of the initial weak acid exists as the 

conjugate base.



9-2:Weak Acids and Bases

• The amount of weak acid that exists in the conjugate base 

form depends on the pH of the solution.

• From the Ka expression we can derive the relationship 

between [H+] and the a value.

• Start with Ka and the definition of alpha:

𝐾a =
[H+][A−]

HA
rearranging

𝐾a

[H+]
=

[A−]

HA
or [H+]/𝐾a = [HA]/[A-]

Ka = 1.59 × 10-10

𝛂 =
[A−]

HA + [A−]
=

1

HA
[A−]

+ 1
=

1

[H+]
𝐾a

+ 1

𝛂 =
𝟏

[𝐇+]

𝑲𝐚
+𝟏

For 𝛂 = 0.5 =
1

[H+]

1.59 × 10−10
+1

In order for a to be 0.5 or higher, the H+ concentration must be no higher than 

1.59 × 10-10.



9-2:Weak Acids and Bases

• Calculating the pH for a weak base

• For the reaction B + H2O ⇄ BH+ + OH-, we set up 

and solve the equation Kb = x2/(F - x), 

BH+ OH−

[B]
=

𝑥2

𝐹 − 𝑥
= 𝐾b

where [OH-] = [BH+] = x, and [B] = F - x. 

• Kb can be calculated from Ka using the relationship

Ka× Kb = Kw (for a conjugate acid-base pair).



9-3: Weak-Acid Equilibria

Ammonia

F – x



9-5:Buffers

• Buffers: A buffer is a mixture of a weak acid and its 

conjugate base. 

• It resists changes in pH because it reacts with added 

acid or base. 

• For the dissociation of a weak acid HA  ⇌  H+ +  A-

The pH is given by the Henderson-Hasselbalch

equation:

pKa = -Log Ka

where pKa applies to the species in the denominator.

• The concentrations of HA and A- are essentially 

unchanged from those used to prepare the solution. 
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9-5:Buffers



Conjugate Acids and Bases

• The conjugate base of a weak acid is a weak base. 

The weaker the acid, the stronger the base.

• However, if one member of a conjugate pair is weak, 

so is its conjugate. 

• The relation between Ka for an acid and Kb for its 

conjugate base in aqueous solution is Kw= Kb× Ka.

• When a strong acid (or base) is added to a weak base 

(or acid), they react nearly completely.



9-5: Buffers

BH+Cl- → BH+ + Cl-

Pka of tris (BH+) = 8.072



9.5: Buffers

Pka of tris (BH+) = 8.072



9-5:Buffers

Pka of tris (BH+) = 8.072

+



9-5:Buffers

Pka of tris (BH+) = 8.072; FM = 157.596 g/mol

+



9-5:Buffers

Mol A- = 50 + 15 = 65; Mol HA = 50-15 = 35

Log 65/35 = 0.27



9-5:Buffers

• The pH of a buffer is nearly independent of dilution, but 

buffer capacity increases as the concentration of buffer 

increases. 

• Must have more moles of buffer present than there are 

moles of acid or base that could be introduced into the 

solution.

• The maximum buffer capacity for a solution is at 

pH = pKa, and the useful range is pH = pKa± 1.



9-5: Buffers

Choosing a buffer system:

• Choose a weak acid /conjugate base system with a pKa

±1 of desired pH.

• Look at the exponent in the Ka value (i.e., the x in the 10-x).  
It should be close to the pH desired.

• Example:  What weak acid would be appropriate for 
making a pH 10.0 buffer?

• Look at acid dissociation constants in Appendix 3.  
Ammonia, NH4

+ has a Ka of 5.70 × 10-10.  

pKa = 9.24. This is an appropriate buffer for a pH range  of 8.24–10.24 
pH units (i.e., pKa±1 ).


