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SUGGESTIONS  

Following are suggestions to help you receive the maximum benefit from our materials as 

you work to help your students develop mastery in understanding the necessary concepts 

required for success on the AP exam. 

 

The questions provided for this unit are grouped into two types. There are multiple choice and 

free response questions that are valuable for the initial teaching of the concepts of chemistry, 

found in the “Student Practices” section, as well as a separate, formative assessment, that 

includes questions which best replicate those found on the actual AP exam.  

 

A best practice for preparing students for the AP exam is to integrate as many “AP style” 

multiple choice and free response questions into classroom instruction as possible. This prepares 

students for the style of questions and the level of difficulty encountered on the AP Chemistry 

Exam. While “retired AP questions” and “released practice exam” questions are excellent 

resources, some topics are more fundamental than others and are not directly assessed on the 

exam. Students need to practice answering questions on these topics that are at the level of rigor 

experienced on the exam. A strong understanding of these subtopics is required for students to be 

able to comprehend more advanced material later. Applied Practice provides ample practice 

questions, even over topics that would not necessarily appear “as is” on a question on the AP 

exam. These are the types of questions found in the Student Practice section, both multiple 

choice and free response, that are provided to support classroom instruction and to familiarize 

students with the type and level of assessment they will experience on the actual AP exam.  

 

The Assessment provided with this unit offers questions that replicate those students will 

encounter on the AP exam and provide students with the opportunity to take an 

approximately 50-minute assessment that mimics the rigor and style of the AP exam. 

 

Please consider the following when assessing student work… ALWAYS grade student 

work on Free Response questions as strictly as is indicated by the scoring guidelines. 

However, always keep in mind… no longer should a student be required to get a “90” to 

get an “A”; students getting scores around 79% and up would earn a “5” on the AP 

Exam. This applies to the multiple choice questions as well. The mantra that should be 

embraced is that it is an achievement to earn a  “3,” “4,” or “5” on one of the most 

challenging AP exams and student work should be scored accordingly.  
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OVERVIEW 

The study of Acids, Bases, Buffers, and Titrations is addressed in the AP Chemistry 

Course and Exam Description guide in Unit 8. Each Unit is divided into subsections or 

Topics. Each Topic is highlighted by one or more Enduring Understanding (EU) 

statements, which are the long-term takeaways related to specific big ideas. These are 

broad ideas that are meant to leave a lasting impression on students.  

 

Each EU is made up of a series of Learning Objectives (LO), which are comprised of 

statements of essential knowledge (EK). These statements, integrated with science 

practices (SP), outline what the students need to know and describe the skills needed to 

successfully meet the objectives tested on the AP Exam. All questions on the AP Exam 

are written based on both the content designated within the learning objectives and one or 

more science practice.  

 

UNIT GUIDE 

To completely cover these topics (including time with students engaged in activities and 

labs) a teacher would likely spend between 15 – 16, 45-minute class periods. Below are 

the LOs and EKs that are addressed in the Course and Exam Description with additional 

suggestions. 

 

LO: SAP-9.A Calculate the values of pH and pOH, based on Kw and the concentration of 

all species present in a neutral solution of water. 

SAP-9.A.1: The concentrations of hydronium ion and hydroxide ion are often 

reported as pH and pOH, respectively. The terms “hydrogen ion” and “hydronium 

ion” and the symbols H+(aq) and H3O
+(aq) are often used interchangeably for the 

aqueous ion of hydrogen.  

• Hydronium ion and H3O
+(aq) are preferred, but H+(aq) is also 

accepted. 

 

SAP-9.A.2 Water autoionizes with an equilibrium constant Kw.  

• Kw = [H3O
+][ OH−] = 1 × 10−14 

  

SAP-9.A.3 In pure water, pH = pOH is called a neutral solution. At 25°C, 

• pKw = 14.0 and thus pH = pOH = 7.0. 

• pKw = 14 = pH + pOH at 25°C 

 

SAP-9.A.4 The value of Kw is temperature dependent, so the pH of pure, neutral 

water will deviate from 7.0 at temperatures other than 25°C. 

• Kw = [H3O
+][ OH−] ONLY = 1 × 10−14 at 25°C. 

• Students should watch for questions about changes in temperature and 

the effect on pH; especially regarding the value of a “neutral solution”  
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SAP-9.C.4: A solution of a weak base involves equilibrium between an un-

ionized base and its conjugate acid. The equilibrium constant for this reaction is 

Kb, often reported as pKb. The pH of a weak base solution can be determined from 

the initial base concentration and the pKb.  

• 𝐾𝑏 =
[BH+][OH−]

[B]
=

𝑥2

𝑀
;    pOH = −log 𝑥 and 14 − pOH = pH 

• p𝐾𝑏 = −log𝐾𝑏 

 

SAP-9.C.5: The percent ionization of a weak acid (or base) can be calculated 

from its pKa (pKb) and the initial concentration of the acid (base). 

• % ionization =
𝑥

𝑀
× 100 where x = [H3O

+] or x = [OH−] 

Be sure to provide ample practice for students to: 

• determine conjugate acid-base pairs from reactions with acids and water or bases and 

water 

• calculate the pH of strong acids and bases 

• identify the stronger acid/base give a reaction, comparing Ka values, etc. 

• explain the difference between a strong and weak acid/base  

• compare weak acids with strong (or weak bases with strong) and understand the 

impacts changing the concentration of each has on the pH of the solution 

• solve problems using weak acids/bases quickly, especially determining 

• pH of weak acids or bases, the K value, or the initial concentration using the 

equilibrium expression: 

• Acids: 𝐾𝑎 =
[H3O+][A−]

[HA]
=

𝑥2

𝑀
;   pH = −log 𝑥 

• Bases: 𝐾𝑏 =
[BH+][OH−]

[B]
=

𝑥2

𝑀
;    pOH = −log 𝑥   

• conceptualize the process of salt hydrolysis with a focus on why the reaction 

increases or decreases the pH of the solution 

• practice writing hydrolysis reactions and identifying the components of the reaction 

responsible for the increases or decreases in the pH of the solution 

• determine the pH of solutions where salts of weak acids and bases are produced 

• the salt formed from a weak acid is a weak base (conjugate base) – to calculate 

the pH do so exactly as described above for a weak base 

• NOTE: typically, you will be provided with the Ka value of the salts 

corresponding weak acid, that must be converted to Kb 

• the salt formed from a weak base is a weak acid (conjugate acid) – to calculate 

the pH do so exactly as described above for a weak acid 

• NOTE: typically, you will be provided with the Kb value of the salts 

corresponding weak base, that must be converted to Ka 

• analyze or create particulate representations to express concentrations of weak acids, 

bases, or salts in varying situations 

 

© 2019 Applied Practice, Dallas, TX. All rights reserved. 9



• describe the predominate species along a titration curve, including using particulate 

representations of the species along the curve 

• For titrations that are between a weak acid and strong base or a weak base and strong 

acid, think of a titration curve as having “4 Points of Relevance” 

• Point 1 – BEFORE any titrant is added: at this point, only the original weak 

acid/base is present. Only those particles are in the solution. Solve for the pH 

just like you would for any weak acid/base problem. 

• Point 2 – As soon as titrant is added all the way to the equivalence point; this 

is the BUFFER ZONE. During this time the solution will contain some ratio of 

weak acid/base and its conjugate. Those are the only particles in the solution. 

 

 

The “ideal” buffer solution is formed at the 

half-equivalence point. Here there are the 

same number of moles of weak acid/base 

remaining as the number of moles of 

conjugate made from the reaction with the 

titrant. At this point, since the ratio of weak 

acid/base to conjugate is equal to 1, the pH 

of the solution is the same as the pKa of the 

weak acid/base.  

 

 

 

 

• Point 3 – AT Equivalence Point; at this point ALL of the weak acid/base has 

been reacted with the titrant.  The only particles in the solution are the 

conjugate of the weak acid/base. Solve the pH just like you would for any salt 

hydrolysis problem (see above for pH of salts). 

• Point 4 – POST Equivalence Point; at this point any added titrant is going 

directly into solution as there is nothing left for it to react with. The only 

particles in the solution are the conjugate of the original weak acid/base and 

the strong titrant particles (strong acid or base). Simply determine the number 

of moles of excess strong acid/base added and calculate the molarity (M) of 

that solution based on the total volume of the titration. Use this molarity to 

calculate the pH for a strong acid/base. 

• determine the pKa based on the half equivalence point of the titration (see above) 

• select an appropriate indicator examining a list of indicators and their pKa values 

• connect titrations to buffered solutions – from the first drop of titrant until the 

equivalence point the solution formed in a titration is a buffer 

• recognize that a reaction between a weak acid and a strong base creates a buffer 

solution as long as amount of base added doesn’t fully consume the amount of 

acid present 

 

  

Point 1 

BEFORE → 

Point 2: Buffer Zone 

 Point 3: AT Equivalence Pt. 

Point 4: POST 

Equivalence Pt. 
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Equations to Use: 

 

Students should be familiar with the equations in bold: 

 

• Calculating the molar concentration:  𝑴 =
𝐦𝐨𝐥𝐞𝐬

𝐋
 

 

• For strong acids and bases or when you know or can determine the exact amount 

of hydronium or hydroxide ion in the solution: 
 

𝐩𝐇 = − 𝐥𝐨𝐠[𝐇𝟑𝐎+] or  𝐩𝐎𝐇 = − 𝐥𝐨𝐠[𝐎𝐇−]  
 

 

• When you have weak acids and bases an equilibrium expression is required since they 

are not 100% ionized: 

 HA + H2O ⇄  A− + H3O+ 

INITIAL M  

 

 0.0   0.0 

CHANGE − x   + x  + x 

LEFT M − x   x   x 

 

𝐾𝑎 =
[H3O+][A−]

 [HA]
=  

[𝑥][𝑥]

𝑀−𝑥
=

𝑥2

𝑀−𝑥
  

 

Teach students to simplify and use:   
 

𝑲𝒂 =
𝒙𝟐

𝑴
   for weak acids; x =  [H3O+]  

 

𝑲𝒃 =
𝒙𝟐

𝑴
   for weak bases; x =  [OH−] 

 

 

• Other useful equations for calculating pH: 

 

𝟏𝟎−𝐩𝐇 = [𝐇𝟑𝐎+]   or  𝟏𝟎−𝐩𝐎𝐇 = [𝐎𝐇−]   
 

pH = 14 – pOH  
 

𝑲𝒘 = 𝟏 × 𝟏𝟎−𝟏𝟒 = [𝐇𝟑𝐎+] × [𝐎𝐇−]  
 

𝑲𝒘 = 𝟏 × 𝟏𝟎−𝟏𝟒 = 𝑲𝒂 × 𝑲𝒃   

 

% 𝐢𝐨𝐧𝐢𝐳𝐚𝐭𝐢𝐨𝐧 =
𝒙

𝑴
× 𝟏𝟎𝟎     

 

𝐩𝑲𝒂 = −𝐥𝐨𝐠𝑲𝒂 and  𝐩𝑲𝒃 = −𝐥𝐨𝐠𝑲𝒃 
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Acid-Base Foundations 

 

1. Which of the following descriptions best describes the role of water in the reaction 

below? 

 

HCl(aq) + H2O(l) → H3O
+(aq) + Cl−(aq) 

 

 (A) Brønsted-Lowry acid 

 (B) Brønsted-Lowry base 

 (C) Conjugate acid 

 (D) Conjugate base 

 

 

2. Which of the following statements best describe the reaction shown below? 

  

CH3COOH(aq) + H2O(l)) ⇄ CH3COO
−
(aq) + H3O

+(aq) 

 

 (A) Water is an acid because it is donating a H+ 

 (B) H3O
+(aq) is the conjugate base of H2O(l) 

 (C) CH3COOH(aq) is a polyprotic acid as it has multiple H+ to donate 

 (D) Water is a base because it is accepting a H+ 

 

 

3. Considering the three reactions below, which of the following choices correctly 

matches the acid and its conjugate base for the forward reaction. 

 

NH3 + H2O ⇄ NH4
+ + OH− 

HBr + H2O ⇄ H3O
+ + Br

−
  

CN− + H2O ⇄ HCN + OH−   

 

Acid  Conjugate Base 

(A) NH4
+   NH3 

(B) HBr  H3O
+ 

(C) CN
−
  OH− 

(D) H2O  OH− 

 

 

4. Which of the following choices contains only species that are monoprotic acids? 

  

 (A) CH3COOH and C2H5COOH 

 (B) H3PO4 and H2PO4
− 

 (C) H2SO4 and HBr 

 (D) HCl and H2SO4 
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5. Which statement is true in relation to the equilibrium shown below? 

 

H2O + HCN ⇄ H3O
+ + CN– 

 

 (A) CN− is the conjugate acid of H2O 

 (B) H3O
+ is the conjugate base of H2O 

 (C) HCN is the conjugate acid of CN− 

 (D) CN− is the conjugate base of HCN. 

 

 

6. In which of the following choices is the reaction and description most correct? 

   

 (A) HI + H2O → H3O
+ + I

−
 H2O is acting as a Brønsted-Lowry acid 

 (B) HCN + H2O ⇄ H3O
+ + CN− H3O

+ is the conjugate acid of HCN 

 (C) OH− + HCl → H2O + Cl
−
 Cl

− 
is the conjugate base of OH− 

 (D) NH3 + H2O ⇄ NH4
+ + OH

−
 H2O is acting as a Brønsted-Lowry acid 

 

 

7. The pH of a solution that contains [H3O
+] = 1.00 M 

 

 (A) 0 

 (B) 1 

 (C) 7 

 (D) 13 

 

8. The pH of a solution that has a [OH−] = 1 × 10-13 M 

 

 (A) 0 

 (B) 1 

 (C) 7 

 (D) 13 

 

 

9. Which of the following statements regarding the pH scale is true? 

 

 (A) For an acidic solution, the pOH will be less than 7 

 (B) For a solution with a pH of 2, the [H3O
+] = 2 M 

 (C) For a basic solution, the pOH will be less than 7 

 (D) For a solution with a pOH of 10, the [H3O
+] = 1 × 10−10 M 
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MEGA – FREE RESPONSE A 

REINFORCEMENT 

 (20 Points) 

 

1. Answer the following questions about solutions of 0.1 M HCl(aq) and 0.1 M 

NH3(aq).  

 

 Students are asked to prepare a 50.0 mL quantity of 0.1 M HCl(aq) solution. They are 

provided with a 1.0 M HCl(aq) solution, 10.0 mL graduated pipets, a supply of 

distilled water, a 50 mL beaker, and a 50.0 mL volumetric flask. 

 

(a) Calculate the volume, in mL, of 1.0 M HCl(aq) solution, that the student should 

use to prepare the 0.1 M HCl(aq). 

 

 

 

 

 

(b) Briefly list the steps for preparing the 50.0 mL of 0.1 M HCl(aq). 

 

 

 

 

 

 

 

 

 

(c) For the solution prepared above 

 

(i) Write the net ionic equation that occurs during this process. 

 

 

 

 

 

(ii) Do you expect the solution to be acidic, basic, or neutral? Justify your 

answer using the reaction written in (a) part (i) above. 

 

 

 

 

 

(iii) Calculate the pH of the 0.1 M HCl(aq) solution. 
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(d) A 0.1 M NH3(aq) solution is prepared exactly like the 0.1 M HCl(aq) solution 

above. 

 

(i) Write the net ionic equation that occurs during this process. 

 

 

 

(ii) Do you expect the solution to be acidic, basic, or neutral? Justify your 

answer using the reaction written in (d) part (i) above. 

  

 

 

 

(iii) Calculate the pH of the 0.1 M NH3(aq) solution. The Kb for NH3(aq) = 

1.8 × 10-5 

 

 

 

 

 

 

 

 

 

(e) If 30 mL of the 0.1 M NH3(aq) solution are mixed with 30 mL of the 0.1 M 

HCl(aq) solution the following reaction occurs: 

 

NH3(aq) + HCl(aq) → NH4
+(aq) + Cl−(aq) 

 

(i) Calculate the molar concentration of the NH4
+(aq) formed in this reaction. 

 

 

 

 

 

 

 

(ii) As the NH4
+(aq) is formed in the reaction above, it will react with water 

according to the equation below. Calculate the pH of the solution formed. 

 

NH4
+(aq) + H2O(l) ⇄ H3O

+(aq) + NH3(aq) 
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MEGA – FREE RESPONSE A Level 1 

REINFORCEMENT 

 (20 Points) 

 

1. Answer the following questions about solutions of 0.1 M HCl(aq) and 0.1 M 

NH3(aq).  

 

 Students are asked to prepare a 50.0 mL quantity of 0.1 M HCl(aq) solution. They are 

provided with a 1.0 M HCl(aq) solution, 10.0 mL graduated pipets, a supply of 

distilled water, a 50 mL beaker, and a 50.0 mL volumetric flask. 

 

(a) Calculate the volume, in mL, of 1.0 M HCl(aq) solution, that the student should 

use to prepare the 0.1 M HCl(aq). 

 

 

 

 

 

(b) Briefly list the steps for preparing the 50.0 mL of 0.1 M HCl(aq). 

 

 

 

 

 

 

 

 

 

(c) For the solution prepared above 

 

(i) Write the net ionic equation that occurs during this process. 

 

 

 

 

 

(ii) Do you expect the solution to be acidic, basic, or neutral? Justify your 

answer using the reaction written in (a) part (i) above. 

 

 

 

 

 

(iii) Calculate the pH of the 0.1 M HCl(aq) solution. 
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(d) A 0.1 M NH3(aq) solution is prepared exactly like the 0.1 M HCl(aq) solution 

above. 

 

(i) Write the net ionic equation that occurs during this process. 

 

 

 

 

(ii) Do you expect the solution to be acidic, basic, or neutral? Justify your 

answer using the reaction written in (d) part (i) above. 

  

 

 

 

(iii) Calculate the pH of the 0.1 M NH3(aq) solution. The Kb for NH3(aq) = 

1.8 × 10-5 

 

 

 

 

 

 

 

 

 

 

(e) If 30 mL of the 0.1 M NH3(aq) solution are mixed with 30 mL of the 0.1 M 

HCl(aq) solution the following reaction occurs: 

 

NH3(aq) + HCl(aq) → NH4
+(aq) + Cl−(aq) 

 

(i) Calculate the molar concentration of the NH4
+(aq) formed in this reaction. 

 

 

 

 

 

 

 

 

(ii) As the NH4
+(aq) is formed in the reaction above, it will react with water 

according to the equation below. Calculate the pH of the solution formed. 

 

NH4
+(aq) + H2O(l) ⇄ H3O

+(aq) + NH3(aq) 
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