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The Chemistry of Crime: Forensic Toxicology
& Reaction Rates

Lesson Overview
In this lesson, students will step into the role of a forensic toxicologist. By exploring the factors that
influence chemical reaction rates—concentration, temperature, and surface area—learners will
understand how substances interact with the body and how "evidence" can be analyzed in a lab setting.
This lesson combines core 10th-grade chemistry concepts with the high-stakes world of forensic
science.

Learning Objectives
Identify the four main factors that affect the rate of a chemical reaction.
Explain Collision Theory and how it relates to reaction speed.
Conduct a controlled experiment to measure how variables change reaction times.
Apply chemical principles to a forensic "mystery" scenario to determine a "time of ingestion."

Materials Needed
6-10 Clear plastic cups or glass jars
Effervescent tablets (like Alka-Seltzer) - at least 10 tablets
Water (hot, room temperature, and ice cold)
Vinegar (Acetic Acid)
Stopwatch or smartphone timer
Thermometer (optional but recommended)
Mortar and pestle (or a heavy spoon and a plastic bag for crushing)
Safety goggles (or glasses) and a tray to catch spills

1. Introduction: The Case of the Tardy Toxin (The Hook)
Scenario: A local billionaire was found collapsed at 10:00 PM. Doctors found a specific "toxin" (our
effervescent tablet) in his system. The billionaire claims he was poisoned during a 7:00 PM dinner.
However, the "toxin" only reacts and becomes active under specific conditions. As a forensic chemist,
your job is to determine: Based on the state of the reaction in his stomach, was he poisoned at 7:00 PM
(3 hours ago) or was it self-administered much later?

The Core Question: What makes a chemical reaction speed up or slow down? Why don't all reactions
happen instantly?
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2. "I Do": Collision Theory & The Four Factors
For a chemical reaction to happen, particles must collide with enough energy and the right
orientation. This is called Collision Theory. Imagine a crowded dance floor—the more people
(concentration) and the faster they move (temperature), the more likely they are to bump into each
other.

The Four Speed Dial Factors:

Temperature: Heat makes molecules move faster (more kinetic energy), leading to harder and1.
more frequent collisions.
Concentration: More "stuff" in the space means more chances to bump into each other.2.
Surface Area: Breaking a solid into powder exposes more "insides" to the reaction.3.
Catalysts: These are "matchmakers" that help a reaction happen faster without being used up4.
(like enzymes in your saliva).

3. "We Do": Guided Prediction
Before we start the "Forensic Lab," let's hypothesize. If our "toxin" (the tablet) hits a stomach full of hot
soup versus a stomach full of ice water, which will react faster? Why?

Discussion Point: If we crush the tablet into a powder (representing chewing), will the reaction time
increase or decrease compared to swallowing the tablet whole? Write down your predictions for three
scenarios: Cold Water, Hot Water, and Crushed Powder.

4. "You Do": The Forensic Lab Challenge
Set up your "Crime Lab" and perform the following three tests. Use a constant volume of liquid (e.g., 1/2
cup) for each test. Time the reaction from the moment the tablet hits the water until the last bubble
disappears.

Trial A: The Temperature Variable

Cup 1: Ice cold water + 1 whole tablet.
Cup 2: Very hot (not boiling) water + 1 whole tablet.
Record the times.

Trial B: The Surface Area Variable

Cup 3: Room temp water + 1 whole tablet.
Cup 4: Room temp water + 1 crushed tablet (powder).
Record the times.

Trial C: The Concentration Variable

Cup 5: 1/2 cup pure vinegar + 1 whole tablet.
Cup 6: 1/4 cup vinegar mixed with 1/4 cup water + 1 whole tablet.
Record the times.
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5. Analysis & Success Criteria
To "solve the case," you must complete a Lab Report (verbal, written, or digital) that meets these
criteria:

Data Presentation: Create a simple bar graph comparing the reaction times of your trials.
The "Why": Explain why the hot water reacted faster than the cold water using the term "Kinetic
Energy."
Forensic Conclusion: If the "toxin" in our billionaire's stomach was found to be reacting very
slowly, and he had a very cold drink before collapsing, how does that affect your estimate of when
he took the substance?
Real-World Link: Research and name one medication that is "Timed Release." How do chemists
use surface area or special coatings to slow down how fast your body reacts to medicine?

6. Conclusion: Summary & Recap
Today we learned that chemistry isn't just about mixing things—it's about timing. By manipulating
temperature, concentration, and surface area, we can control the world around us, from how fast a car
engine burns fuel to how quickly a headache pill works. Remember: No collision, no reaction!

Differentiation & Adaptations
For Advanced Learners: Calculate the rate of reaction (1 / time in seconds) for each trial. Research
"Activation Energy" and draw a reaction coordinate diagram showing how a catalyst lowers the "hill" the
reaction must climb.

For Struggling Learners: Focus on just two variables (Temperature and Surface Area). Use a visual
"particle model" drawing to show why powder has more surface area than a solid chunk.

For Classroom Settings: Assign different "variables" to different groups and have them pool their
data on a whiteboard to create a large-scale class graph.


