CH142
Chapter 16- Acid-Base Equilibria
I. Acids and Bases
a. Introduction
i. Acids have sour tastes and cause certain dyes to change color, whereas bases taste bitter 
1. Acid: a substance that, when dissolved in water, increases the concentration of H+ ions
2. Base: a substance that, when dissolved in water, increases the concentration of OH- ions
II. Brønsted-Lowry Acids and Bases
a. The H+ Ion in Water
i. Hydronium ion: H3O+, the interaction of a proton with water 
1. The behavior of H+ ions in liquid water is complex because hydronium ions interact with additional water molecules through hydrogen bonding
b. Proton-Transfer Reactions
i. Reactions involving acids involve both proton donors and proton acceptors
1. [bookmark: _GoBack]Brønsted-Lowry: focuses on the transfer from a proton donor to a proton acceptor
a. Acid: a substance that donates a proton to another substance
b. Base: a substance that accepts a proton
ii. Since Brønsted-Lowry is based upon the idea of proton transfer, reactions do not have to occur in an aqueous solution
1. Also, a substance can only function as an acid if another substance simultaneously behaves as a base
iii. Amphiprotic: a substance capable of acting as either an acid or a base
c. Conjugate Acid-Base Pairs 
i. In acid-base equilibrium, both the forward and back reactions involve proton transfer
1. Conjugate acid-base pair: an acid and a base that differ only in the presence or absence of a proton
a. Conjugate base: every acid has one, formed by removing a proton from the acid
b. Conjugate acid: every base has one, formed by adding a proton to the base
d. Relative Strengths of Acids and Bases
i. Some acids are better proton donors than others, and some bases are better proton acceptors than others
1. The stronger an acid, the weaker its conjugate base and vice versa
a. Strong acid: completely transfers its protons to water, leaving essentially no undissociated molecules in a solution
i. Its conjugate base has a negligible tendency to accept protons in aqueous solution
b. Weak acid: only partially dissociates in aqueous solution and therefore exists in the solution as a mixture of the undissociated acid and its conjugate base
i. Its conjugate base shows a slight ability to remove protons from water
c. Negligible acidity: contains hydrogen but does not demonstrate any acidic behavior in water
i. Its conjugate base is a strong base, reacting completely with water to form OH- ions
ii. The ions H3O+ and OH- are the strongest possible acid and base that can exist at equilibrium
1. If H2O is a stronger base than A-, it is favorable to transfer the proton from HA to H2O, producing H3O+ and A- and equilibrium will lie to the right
2. If A- is a stronger base than H2O, the equilibrium lies to the left, which occurs when HA is a weak acid
iii. In every acid-base reaction, equilibrium favors transfer of the proton from the stronger acid to the stronger base to form the weaker acid and base
III. The Autoionization of Water
a. The Ion Product of Water
i. Autoionization: water can act as either a Brønsted-Lowry acid or base, meaning it can act as a proton acceptor or donor
1. Kw: the ion-product constant for the ionization of water
a. At 25C, it equals 1.0 x 10-14
ii. Neutral solution: a solution in which [H+] = [OH-]
iii. Acidic solution: a solution in which [H+] > [OH-]
iv. Basic solution: a solution in which [H+] < [OH-]
IV. The pH Scale
a. Introduction
i. pH: used because the molar concentration of H+ is usually very small; it is the -log[H+]
1. pH is reported with two decimal places because only the numbers to the right of the decimal point are significant figures in a logarithm
ii. pH decreases as the concentration of hydrogen ions increases
1. The pH of an acidic solution is less than 7.00
2. The pH of a basic solution is greater than 7.00
b. pOH and Other “p” Scales
i. pOH: used because the molar concentration of OH- is usually very small; it is the -log [OH-]
c. Measuring pH
i. The pH of a solution can be measured with a pH meter, which uses a pair of electrodes to measure the solution’s small voltages
1. Acid-base indicators, which are colored substances that can exist in either an acid or base form, may also be used to measure pH
a. Red litmus indicates a pH of 5 or lower
b. Blue litmus indications a pH of 8 or higher 
V. Strong Acids and Bases
a. Strong Acids
i. The most common strong acids are: HCl, HBr, HI, HNO3, HClO3, HClO4, and H2SO4
1. In an aqueous solution of a strong acid, the acid is normally the only significant source of H+ ions
b. Strong Bases
i. The most common soluble strong bases are the ionic hydroxides of the alkali and alkaline metals 
1. These compounds completely dissociate into ions in aqueous solution
ii. Strongly basic solutions are also created by certain substances that react with water to form OH-
VI. Weak Acids
a. Introduction
i. Most acidic substances are weak acids and therefore only partially ionized in aqueous solution
1. If a general weak acid as HA, we can write the equation for its ionization as: 
a. 
2. Acid dissociation constant: Ka
a. The larger the value of Ka, the stronger the acid
b. Weak acids range from 10-2 to 10-10
b. Calculating Ka from pH
i. In order to calculate the Ka value for a weak acid or the pH of its solutions, the equilibrium constant may be used
c. Percent Ionization
i. Percent ionization: a measure of acid strength; the stronger the acid, the greater the percent ionization
1. Percent ionization: 
a. Or: 
d. Using Ka to Calculate pH
i. Knowing the value of Ka and the initial concentration of a weak acid, the concentration of H+ in a solution can be calculated
1. Write the ionization equilibrium reaction and expression
2. Create an ICE table and then substitute the equilibrium concentrations into the expression
a. If x is more than about 5% of the initial concentration value, it is better to use the quadratic formula
i. As a check, the pH of a weak acid solution should always be higher than that a strong acid solution
ii. The properties of an acid solution that relate directly to the concentration of H+, such as electrical conductivity and rate of reaction with an active metal, are less evident for a solution of weak acid than for a solution of strong acid of the same concentration
1. The percent ionization decreases as the concentration increases
e. Polyprotic Acids
i. Polyprotic acids: acids that have more than one ionizable H atom
1. It is always easier to remove the first proton from a polyprotic acid than to remove the second
2. Ka values become successively smaller as successive protons are removed
a. Most successive losses of protons differ by a factor of at least 103
VII. Weak Bases
a. Introduction
i. Weak bases react with water, abstracting protons from H2O, thereby forming the conjugate acid of the base and OH- ions
1. Base-dissociation constant: Kb
a. Always refers to the equilibrium in which a base reacts with H2O to form the corresponding conjugate acid from OH-
b. Types of Weak Bases
i. Weak bases fall into two general categories
1. The first is neutral substances that have an atom with a nonbonding pair of electrons that can accept a proton
a. Most contain the N atom
b. Amines: substances that include ammonia
2. The second is the anions of weak acids
a. Conjugate bases act as weak bases in water
VIII. Relationship Between Ka and Kb
a. Introduction
i. The product of Ka and Kb is the ion-product constant for water, Kw
1. The product of the acid-dissociation and base-dissociation constant for its conjugate base equals the ion-product constant for water
a. 
ii. As the strength of an acid increases, the strength of its conjugate base decreases so that the product of the two remains 1.0 x 10-4 at 25C
1. This only applies to conjugate acid-base pairs
iii. pKa and pKb = pKw = 14.00
IX. Acid-Base Properties of Salt Solutions
a. An Anion’s Ability to React with Water
i. An anion A- in solution can be considered the conjugate base of an acid
1. Whether an anion reacts with water to produce hydroxide ions depends on the strength of the anion’s conjugate acid 
a. If a proton is added, and it is one of the seven strong acids then the anion has a negligible tendency to produce OH- in an aqueous solution
2. If HA is not one of the seven strong acids, it is a weak acid and its conjugate base is a weak base and it reacts to a small extent with water
a. The OH- ion generated in this way increases the pH of the solution, making it basic
b. A Cation’s Ability to React with Water
i. Polyatomic cations containing one or more protons can be considered the conjugate acids of weak bases
1. Many metal ions react with water to decrease the pH of an aqueous solution
a. This effect is most pronounced for small, highly charged cations like Fe3+ and Al3+
2. Ka values for the 3+ ions are similar to the values of weak acids
a. While the ions of the alkali and alkaline earth metals, do not react with water and do not affect pH
ii. Because metal ions are positively charged, they attract the unshared electron pairs of water molecules and become hydrated
1. The larger the charge on the metal ion, the stronger the interaction between the ion and the oxygen of its hydrating molecules
a. This causes the O – H bonds in the hydrating water molecules become weaker
c. Combined Effect of Cation and Anion in Solution
i. To determine whether a salt forms an acidic, basic, or neutral solution when dissolved in water
1. If the salt contains an anion and cation that do not react with water, the pH is expected to be neutral
a. This occurs when the anion is a conjugate base of a strong acid and the cation is either from group 1A or a heavier 2A metal
2. If the salt contains an anion that reacts with water to produce OH- ions and a nonreactive cation, the pH is expected to be basic
a. This occurs when the anion is the conjugate base of a weak acid and the cation is from group 1A or a heavier 2A metal
3. If the salt contains a cation that reacts with water to produce H3O+ and a nonreactive anion, the pH is expected to be acidic
a. This occurs when the cation is a conjugate acid of a weak base or a small cation with a charge of 2+ or more
4. If the salt contains reaction anions and cations, then the solutions state depends on the relative abilities of the ions to react with water
X. Acid-Base Behavior and Chemical Structure
a. Factors that Affect Acid Strength
i. A molecule contain H will act as a proton donor only if the H – A bond is polarized such that the H atom has a partial positive charge
1. In ionic hydrides, such as NaH, the bond is polarized in the opposite way
2. Nonpolar H – A bonds produce neither acidic or basic aqueous solutions
ii. A second factor that helps determine whether a molecule containing an H – A bond will donate a proton is the strength of the bond
iii. A third factor that affects the ease with which a hydrogen atom ionizes from HA is the stability of the conjugate base, A-
b. Binary Acids
i. For a series of binary acids HA in which A represents members of the same group in the periodic table, the strength of the H – A bond is generally the most important factor
1. The strength of an H – A bond tends to decrease as the element A increases in size
a. Thus, the bond strength decreases, and acidity increases down a group
ii. Bond polarity is the major factor determining acidity for binary acids HA when A represents members of the same period
1. Acidity increases as the electronegativity of the element A increases, as it generally does from left to right
c. Oxyacids
i. Oxyacids: acids in which OH groups and possibly additional oxygen atoms are bound to a central atom
1. The OH group may be present in some acids
ii. If Y is a metal, because of the low electronegativity of the metals, the pair of electrons shared between Y and O is completely transferred to oxygen, forming ionic OH-
1. But, when Y is a nonmetal, the bond to O is covalent and the substance does not readily lose OH-
a. Instead, these compounds are acidic or neutral
b. Generally, as the electronegativity of Y increases, so does the acidity
2. Because the conjugate base of any acid YOH is usually an anion, its stability generally increases as the electronegativity of Y increases 
iii. Many oxyacids contain additional oxygen atoms bonded to the central atom Y
1. These atoms pull electron density from the O – H bond, further increasing polarity
a. This also helps stabilize the conjugate base, allowing it to spread out its negative charge
2. The strength of an acid increases as additional electronegative atoms bond to the central atom Y
d. Carboxylic Acids
i. Carboxylic acids: acids that contain a carboxyl group (COOH), which form the largest category of acids
1. The additional oxygen atom attached to the carbon of the carboxyl group draws electron density from the O – H bond, increasing its polarity and stabilizing the conjugate base
2. The conjugate base of a carboxylic acid can exhibit resonance, which increases stability
XI. Lewis Acids and Bases
a. Introduction
i. For a substance to be a proton acceptor, it must have an unshared pair of electrons for binding the proton
1. Lewis acid: an electron-pair acceptor
2. Lewis base: an electron-pair donor
a. In Lewis theory, a base can donate its electron pair to something other than H+, increasing the number of species that can be considered an acid
ii. When substances are deemed acid or basic, this is typically used in terms of Arrhenius or Brønsted-Lowry
1. The Lewis definition allows for a wider variety of reactions to be deemed acid-base reactions
iii. Lewis acids include molecules that have incomplete octets of electrons or simple cations
1. Some compounds containing multiple bonds can behave as Lewis acids


