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C.10.G Define acids and bases and distinguish between Arrhenius and Bronsted-Lowry definitions and predict products in acid-base reactions that form water.



Acids and Bases Arrhenius definition of an acid: The Arrhenius definition was the first one proposed for acids and bases. An Arrhenius + acid is any substance that produces hydrogen ions (H ) in water. For example, when hydrochloric acid (HCl) is dissolved in water, it ionizes into hydrogen and chloride ions. HCl(aq)  Hydrochloric acid



+



-



+ Cl (aq) H (aq) Hydrogen ion Chloride ion +



-



Remember: Acidic aqueous solutions have [H ] > [OH ] and turn blue litmus paper red.



Arrhenius definition of a base:



-



An Arrhenius base is any substance that produces hydroxide ions (OH ) when it dissolves in water. For example, when calcium hydroxide, Ca(OH)2, dissolves in water, it ionizes into calcium and hydroxide ions.  Ca(OH)2(aq) Calcium hydroxide



2+



Ca (aq) Calcium ion -



+



-



2OH (aq) Hydroxide ion



+



Remember: Basic aqueous solutions have [OH ] > [H ] and turns red litmus paper blue.



BrØnsted-Lowry definition of an acid: Not all acid-base reactions take place in aqueous solutions, so hydroxide ions are not present in every reaction between an acid and a base. BrØnsted and Lowry resolved this by defining acids and bases according to how protons are exchanged. A hydrogen ion, which is a hydrogen atom that has lost its only electron, is a proton. The BrØnsted-Lowry definition of acids and bases regards every reaction between an acid and a base as a transfer of a proton. The BrØnsted-Lowry acid, then, is any substance that donates a proton in a reaction, whether or not this takes place in a aqueous solution. For example, in a reversible + reaction of ammonium (NH4 ) and ammonia (NH3), ammonium reacts with hydroxide and donates a proton to form ammonia. +



NH4 (aq) Ammonium ion



+



-



OH (aq)  NH3(aq) Hydroxide ion Ammonia



+



H2O(l) Water



BrØnsted-Lowry definition of a base: A BrØnsted-Lowry base is any substance that accepts a proton in a reaction. For example, consider the reversible reaction below. When ammonia (NH3) reacts with + water, ammonia accepts a proton to form ammonium (NH4 ). NH3(aq) Ammonia



+



H2O(aq)  Water



+



NH4 (aq) Ammonium ion



+



-



OH (aq) Hydroxide ion



You’ll notice that while ammonia, the base, accepts a proton, water donates a proton. The water in this reaction, then, serves as an acid. In any reaction in which a proton is exchanged, the substance that accepts the proton is the base, while the substance that donates the proton is the acid.



Theory Arrhenius



Acid Definition Adds H3O+ ions to solution Proton donor



BrØnsted-Lowry



Base Definition Adds OH- ions to solution Proton acceptor



Predicting other products in acid-base reactions that form water: When acids and bases react, the reaction usually forms water and always forms a salt. A salt is any substance that is formed from a positive and a negative ion. Consider the reaction of sodium hydroxide (NaOH) and hydrochloric acid (HCl) shown in the equation below. When the acid loses a proton and the base provides a hydroxide ion that accepts + a proton, the product is water. The sodium (Na ) and the chloride (Cl ) ions remain in solution as a dissolved salt, sodium chloride, NaCl(aq). This is a double replacement reaction:



NaOH base C.10.H Understand and differentiate among acid-base reactions, precipitation reactions, and oxidation-reduction reactions.



+ +



+



 



HCl acid



-



Na Cl salt



+ +



H2O water



Types of Reaction Three important types of reactions are acid-base reactions, precipitation reactions, and oxidation-reduction reactions. These reactions commonly take place in aqueous solutions.



Reaction



Description and Example



Acid-base



Double replacement reaction; most reactions are: acid + base  salt + water HCl + LiOH  LiCl + H2O



Precipitation



Occurs when two aqueous solutions react and produce a solid precipitate; (s) indicates solid but if precipitate is not identified with a (s) then you can use solubility rules to predict the precipitate formed. NaCl(aq) + AgNO3(aq)  NaNO3(aq)



Oxidation-reduction (redox)



+ AgCl(s)



An electron(s) from one reactant (reducing agent) is given to the other reactant (oxidizing agent); changes some oxidation numbers in the reactants. Fe



+ 2HCl  FeCl2 + H2



Oxidation number of Fe changes from 0 in reactant (elemental) to +2 in ionic compound FeCl2. H changes + from +1 in reactant (HCl) to 0 in H2. Fe is oxidized by H , + and H is reduced by Fe. Half reactions: 2+



Fe  Fe



+ 2e-



+



and 2H + 2e-  H2



C.10.I Define pH and use the hydrogen or hydroxide ion concentrations to calculate the pH of a solution



pH of a Solution What is pH?



+



The strength of an acid depends on the concentration of hydrogen ion (H ) in a solution, which can be expressed in terms of molarity. For example, the concentration of -7 hydrogen ions in water is 1.0 x 10 M. This means that for each liter of water, there is 0.0000001 mole of hydrogen ions. A much easier way to express the strength of an acid is by its pH, which is the negative logarithm of the hydrogen-ion concentration. +



log[H ]



pH =



-7



The pH of water is the negative of the log of 1.0 x 10 M, which is 7. Water has an equal amount of hydrogen ions and hydroxide ions, so it is considered neutral. Solutions with a pH lower than 7 are considered acidic, and solutions with a pH higher than 7 are considered basic. Each change of a whole number in pH represents a difference of a factor of 10 in the concentration of hydrogen ions.



How is the hydrogen ion concentration used to calculate the pH of a solution? +



-5



Consider an aqueous solution with a hydrogen ion (H ) concentration of 1.0 x 10 M. The pH is calculated using the negative of the log of hydrogen ion concentration. pH = =



-5



log (1.0 x 10 ) ( 5) = 5



The hydrogen ion concentration of a solution can also be determined from its pH through a reverse of the calculation. The molar concentration of any substance is described + using brackets, such as [H ]. +



[H ] = antilog (



pH) -1



(Note: Sometimes the antilog is referred to as the “inverse of the log” or as “log ”. On x some calculators, the button for this function is labeled “10 .”) For example, to find the hydrogen ion concentration of a solution with a pH of 11, you can calculate the antilog of -11. +



[H ] = antilog (-11) = 1.0 X 10



-11



M



Here is how you could calculate the pH of a solution with a hydrogen ion concentration of -4 6.3 x 10 M pH = =



-4



log(6.3 x 10 ) ( 3.3) = 3.2



How is the hydroxide ion concentration used to calculate the pH of a solution? The concentration of hydroxide ions (OH) is closely related to the pH of a solution. Recall that as water molecules disassociate, equal amounts of hydroxide ions and hydrogen ions are formed. H20(l)



+



H (aq) Hydrogen ion



+



-



OH (aq) Hydroxide ion



For all aqueous solutions, this self-ionization equilibrium is occurring, with + -14 [H ] [OH ] = 10 . The pOH, or relative concentration of hydroxide ions, can be calculated similar to the way in which pH is calculated. pOH =



-



log[OH ]



So, taking the log of the equilibrium expression, one can derive this relationship: pH + pOH = 14 This is why, in water, the pH and the pOH are both 7. If an acid is added to the water, the concentration of hydrogen ions increases, lowering the pH. As the hydrogen ion concentration increases, the hydroxide concentration decreases. But the sum of the pH and the pOH is always 14. On the basis of this relationship, you can calculate the pOH of a solution as long as you know its pH. The hydroxide concentration can be used to find pH based on the same relationship. -10



For example, if a solution has a hydroxide ion concentration of 1.3 x 10 , then you can calculate the pOH and then find the pH. -10



pOH = -log(1.3 x 10 ) = 9.9 Therefore, pH = 14 – 9.9 = 4.1



Alternatively, if you know the pOH of a solution, then you can calculate the hydrogen ion concentration. Consider a solution with a pOH of 4. How would you calculate the concentration of hydrogen ions of the solution? Use this equation to find pH: Substitute all know variables: Solve for pH:



pH + pOH = 14 pH + 4 = 14 pH = 14 - 4 = 10 -10



The pH is 10 so the concentration of hydrogen ions is 1.0 x 10 . C.10.J Distinguish between degrees of dissociation for strong and weak acids and bases.



Degrees of Dissociation for Acids and Bases To what degree do strong acids and strong bases dissociate? In general, strong acids and strong bases dissociate, or ionize, completely in aqueous solution. In other words, almost 100 percent of a strong acid or strong base interacts with water and ionizes. A strong dissociation is described using one arrow pointing to the right, as shown. HA(aq)







+



H (aq)



-



+



A (aq)



If a given number of moles of a strong acid, represented as HA, is added to a solution, then that same amount of its dissociated ions will be in the solution. The typical reaction of an acid in aqueous solution reacting with water can be written as HA(aq) + H2O(l)



+



-



H3O (aq) + A (aq)



Strong bases generally dissociate into cations and hydroxide ions in water. For example, consider the dissociation of sodium hydroxide (NaOH). NaOH(aq)



+







Na (aq)



-



+



OH (aq)



To what degree do weak acids and weak bases dissociate? Weak acids and weak bases ionize only slightly in aqueous solution. This weaker dissociation can be expressed using arrows pointing in both directions. The arrows indicate that after a certain amount of the weak acid or base dissociates, the reverse reaction occurs at an equal rate. HA(aq)



H+(aq)



-



A (aq)



+



If a given number of moles of a weak acid, represented as HA are added to water, then nearly that same amount of the weak acid will remain in the solution. Only a very small portion of the molecules will dissociate, representing a small fraction of the entire solution. The same is true for a weak base; only a small fraction of the molecules will dissociate.



How can you distinguish between the degrees of dissociation for weak acids and bases? The degree of dissociation of a weak acid in water is represented by the acid dissociation constant (Ka). The degree of dissociation of a weak base in water is represented by the base dissociation constant (Kb). Both are calculated using the equilibrium concentrations of the acid or base, dividing the product of the concentration of the dissociated form of an acid by the concentration of the undissociated form. For example: HC2H3O2



H



+



-



+ C2H3O2



-



+



Ka = [H ][ C2H3O2 ] [HC2H3O2] The higher the K value, the greater dissociation (strength). Ionization constant of water, Kw : water can act as a weak acid or as a weak base in o solution; at 25 C: +



-



Kw = [H ][OH ] = 1.00 x 10



-14



(mol/L)



2



Solve: 5 An aqueous solution contains several solutes. What is the pH if [OH ] = 8 x 10- M? +



-



Kw = [H ][OH ] +



First plug in all variables that is given and solve for [H ]. Remember the Kw for water is a -14 2 constant that equals 1.00 x 10 (mol/L) . 1.00 x 10



-14



(mol/L)



-14



2



2



+



5



= [H ] [8 x 10- M] +



1.00 x 10 (mol/L) = [H ] 5 8 x 10- M + + So, [H ] = 1.25 x 10-10M, pH = -log[H ] = 9.9
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reaction of sodium hydroxide (NaOH) and hydrochloric acid (HCl) shown in the equation below. When the acid loses a proton and the base provides a hydroxide ion that accepts a proton, the product is water. The sodium (Na+) and the chloride (Cl-) ions remain in solution as a dissolved salt, sodium chloride, NaCl(aq). 
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