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Acids and Bases Pogil Extension Questions: A Comprehensive Guide

Problem Oriented Guided Inquiry Learning (Pogil) has revolutionized the way chemistry concepts are taught. By
presenting students with real world scenarios and prompting them to reason through the underlying science, Pogil
encourages deep understanding and critical thinking. When it comes to the classic topic of acids and bases, Pogil
extension questions can take the learning experience from rote memorization to meaningful exploration.

In this article, we’ll explore how to design, implement, and assess Pogil extension questions that focus on acids,
bases, pH, pOH, buffer systems, and titrations. Whether you're a high school teacher, a college instructor, or a
self learner looking to challenge yourself, this guide will help you create engaging, research based learning activities
that align with current educational best practices.

Why Pogil Matters for Acid Base Chemistry

Acid base chemistry is foundational, but it can feel abstract when taught through textbook definitions alone. Pogil
addresses this by:

e Encouraging active participation: Students work through problems in small groups, fostering collaboration.
¢ Promoting conceptual understanding: Questions are framed to require reasoning rather than simple recall.
e Supporting inquiry based learning: Students hypothesize, test, and refine their ideas.
e Facilitating formative assessment: Instructors can gauge misconceptions in real time.

When applied to acid base topics, Pogil extension questions can demystify complex concepts such as equilibrium,
conjugate acid base pairs, and the interplay between pH, pOH, and ionic strength.

Core Concepts to Cover

Before diving into Pogil questions, ensure students have a solid grasp of these fundamentals:

Definition of acids and bases (Arrhenius, Brgnsted—Lowry, Lewis).
Concentration units: molarity (M), normality (N), and equivalents.
pH, pOH, and the relationship pH + pOH = 14 (at 25 /°C).
Henderson—Hasselbalch equation for buffer solutions.

Acid and base dissociation constants (Ka and Kb).

Neutralization reactions and stoichiometry.

Titration curves and equivalence points.

Buffer capacity and the role of conjugate pairs.
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These topics provide the scaffolding needed for students to tackle more complex Pogil extensions.
Designing Effective Pogil Extension Questions

When crafting extension questions, aim for the following criteria:

¢ Relevance: Connect the problem to real world applications (e.g., pharmaceuticals, environmental science).
e Depth: Encourage multi step reasoning rather than single step calculations.



« Clarity: Use precise language, but avoid unnecessary jargon.
» Scaffolding: Provide hints or partial information to guide students.
¢ Assessment alignment: Ensure the question aligns with learning objectives and assessment rubrics.
Example 1: Buffer System in a Biological Context
A common scenario involves the human bloodstream maintaining a pH of 7.4. Students might be asked to:
1. Identify a suitable buffer system in blood (e.g., bicarbonate buffer).
2. Write the equilibrium expression for the bicarbonate system.

3. Calculate the concentration of bicarbonate needed to offset a given change in hydrogen ion concentration.
4. Discuss how the buffer capacity changes with different concentrations.

This question integrates chemical equilibrium, the Henderson—Hasselbalch equation, and real world significance.

Example 2: Acid Base Titration in an Industrial Setting

Consider a scenario where a chemical plant must neutralize a waste stream containing a weak acid. Students
could:

1. Determine the stoichiometry of the acid and base involved.

2. Sketch the titration curve and identify key points (half equivalence, equivalence).
3. Explain how temperature variations might shift the equivalence point.

4. Propose a monitoring strategy to ensure safety and compliance.

By linking theory to industry practice, students appreciate the importance of accurate acid base calculations.

Sample Pogil Extension Questions

Below is a curated list of Pogil extension questions, complete with sub questions and suggested answer outlines.
These can be adapted to various educational levels.

1. pH Prediction for a Mixed Acid System
Scenario:A solution contains 0.05 M hydrochloric acid (HCI) and 0.02 M acetic acid (CH fCOOH). The temperature
is 25 /°C.

1. Calculate the pH of the solution.
2. Explain why the presence of the strong acid dominates the pH calculation.
3. Predict the pH if the HCI concentration is halved.

Answer Outline:

HCI fully dissociates ! [H z] = 0.05 /M.

Acetic acid contributes negligibly (Ka "H 1.8 /x /10 { u).
pH = -log(0.05) "H 1.30.

Halving HCI I [H z] = 0.025 /M I’ pH "H 1.60.

2. Buffer Capacity in an Environmental Sample

Scenario: A lake’s pH is measured at 6.8. The concentration of dissolved CO , is 1.5 /x /10 { u /M, and the concentration of
bicarbonate (HCO f {) is 2.5 /x /10 { t /M.

1. Using the Henderson—Hasselbalch equation, confirm the pH.
2. Calculate the buffer capacity (;" 6b FtR 7—7FVOa
3. Discuss how an influx of acidic runoff would affect the lake’s pH.



Answer Outline:

e pKaof H,CO f/HCO f { "H 6.35.

* pH =pKa + log([HCO f {J/[H ,CO f]) = 6.35 + log(2.5%x10 { t / 1.5%x10 { u) "H 6.8.
« Buffer capacity ;" O "&3 2 65+F+F A 6p6 *, ¥O 0 ,ud 27, ¥O>"a

« Increasing acidity shifts equilibrium toward CO ,, reducing pH.

3. Acid Base Interaction in a Pharmaceutical Formulation

Scenario:A tablet contains 200 mg of aspirin (acetylsalicylic acid) and 5 mg of sodium bicarbonate. The tablet
dissolves in 100 /mL of water.

Determine the molar concentrations of aspirin and bicarbonate.
Predict the pH of the solution.

Explain how the bicarbonate reacts with aspirin to form salicylic acid.
Discuss potential implications for drug absorption.
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Answer Outline:

e Aspirin: 200 /mg / 180.16 /g /mol {* "H 1.11 /mmol !" 0.0111 /M.

e Bicarbonate: 5 /mg / 84.01 /g /mol { "H 0.0595 /mmol !" 0.000595 /M.

¢ Acid-base reaction: CH fCOO {+ H z " CH fCOOH.

e pH ~ 4.5-5.0; lower pH may enhance dissolution but reduce permeability.

4. Temperature Dependence of Acid Dissociation

Scenario: Acetic acid has Ka = 1.8 /x /10 { u at 25 /°C. The temperature increases to 35 /°C, and Ka changes to 2.4 /x /10 { u.

1. Explain how the change in Ka affects the pH of a 0.10 /M acetic acid solution.
2. Calculate the new pH.
3. Discuss the implications for industrial processes that rely on weak acids.

Answer Outline:

e Higher Ka !" greater dissociation !" higher [H Zz].

e Solving quadratic: [H z] "H " (Ka-c) I 0.0145 /M at 25 /°C; 0.0154 /M at 35 /°C.
e pH decreases from 4.74 to 4.81.

¢ Process control must account for temperature driven pH shifts.

5. Analyzing a Complex Acid Base System in a Wastewater Treatment Plant

Scenario:A treatment plant must neutralize a wastewater stream containing 0.1 M H ,SO ,, and 0.05 M NH ,CI. The goal
is to achieve a final pH of 7.0.

1. Determine the required amount of NaOH to neutralize the stream.
2. Explain the role of NH ,, z as a buffer component.
3. Discuss potential side reactions and how to mitigate them.

Answer Outline:

¢ Neutralization: 2 /H ,SO ,, + 2/NaOH " 2 /NaHSO , + H,0; 2 /NH ,Cl + 2 /NaOH "2 /NaCl + 2 /NH f + 2 /H ,0.
e Stoichiometry: 0.1 /mol H ,SO ,, requires 0.2 /mol NaOH; 0.05 /mol NH ,Cl requires 0.05 /mol NaOH.

Total NaOH = 0.25 /mol per liter.

NH ,, z/NH f pair provides buffering around pKa 9.25.

Mitigation: monitor ammonia release; use aeration.



Integrating Pogil Extension Questions into the Curriculum

Effective integration requires thoughtful planning. Consider the following steps:

1. Pre Assessment: Gauge baseline understanding of acids, bases, and pH.

2. Instructional Sequence: Begin with foundational concepts, then introduce Pogil questions.

3. Collaborative Work: Assign students to small groups to discuss and solve the problems.

4. Guided Reflection: Facilitate a class discussion after each question to surface misconceptions.
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