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Understanding the Chemistry of Half-Life: A Practical Lab Using Pennies

When students first encounter the concept of a half-life, they often imagine a dramatic countdown or a mysterious
radioactive process. In reality, the half-life is a fundamental principle that governs not only nuclear decay but also
many everyday chemical reactions. One of the most engaging ways to bring this abstract idea to life is through a
hands on laboratory experiment that uses something as familiar as a penny. By measuring how quickly a penny
corrodes in a controlled environment, students can calculate the half-life of the oxidation process and gain a deeper
appreciation for kinetics, stoichiometry, and data analysis. In this article, we’ll walk through the entire chemistry
half life lab pennies answersstep by step, from setting up the experiment to interpreting the results and
answering the most common questions students ask.

Why Use Pennies? The Science Behind the Choice

At first glance, a penny might seem like an odd choice for a chemistry lab. However, pennies are composed
primarily of copper, a metal that reacts predictably with oxygen and acids. The corrosion of copper follows a
pseudo first order kinetic model, making it ideal for demonstrating exponential decay and half-life calculations.
Additionally, pennies are inexpensive, widely available, and safe to handle, which makes them an excellent
teaching tool for high school and introductory college chemistry courses.

Theoretical Foundations: Half-Life and Exponential Decay

The half-life is the time required for a quantity to reduce to half its initial value. In nuclear physics, it describes the
decay of unstable isotopes. In chemistry, it can describe the rate at which a reactant is consumed or a product is
formed. The general equation for a first order process is:

N(t) = N € x e<sup>" kt</sup>

where N(t) is the amount remaining at time t, N & the initial amount, kis the rate constant, and e is the base of the
natural logarithm. The half-life (t*2) can be derived from this equation as:

t<sub>%.</sub>=1In(2) / k "H 0.693 / k

By measuring how long it takes for a penny to lose a specific mass or change color, students can determine the
rate constant and subsequently calculate the half-life of the oxidation reaction.

Key Concepts for Students to Grasp

» First order kinetics: The rate depends linearly on the concentration of the reactant.
« Exponential decay: A rapid initial change that slows over time.

¢ Rate constant (k): A measure of how quickly a reaction proceeds.

e Half life (t%2): The time for the quantity to reduce by 50 /%.

Lab Overview: Materials, Setup, and Safety

Materials Needed

e Standard U.S. pennies (copper brass composition)



« Distilled water

» Hydrochloric acid (HCI, 1 /M)

e Magnetic stirrer and stir bars

e Beakers (250 /mL)

« Digital balance (£0.01 /g accuracy)

e Thermometer

e Timer or stopwatch

e Personal protective equipment: lab coat, goggles, gloves
« Glassware: pipettes, graduated cylinders

* Drying oven or desiccator

Safety Precautions

Students should always wear goggles, gloves, and a lab coat when handling acids. The 1 M HCI solution is
corrosive and can cause skin irritation or burns. Ensure that the work area is well ventilated and that a neutralizing
agent (e.g., sodium bicarbonate) is readily available in case of spills. Dispose of waste solutions according to
institutional guidelines.

Experimental Setup

1. Weigh each penny:Use the digital balance to record the initial mass (MO) of each penny to two decimal places.
Record the data in a lab notebook.

2. Prepare the reaction solution:In a 250 mL beaker, add 200 mL of distilled water and 50 mL of 1 M HCI. Stir
gently with a magnetic stirrer to ensure homogeneity.

3. Submerge the penny:Place the penny in the acid solution, ensuring it is fully immersed. Start the timer
immediately.

4. Monitor the reaction:At predetermined intervals (e.g., every 5 minutes), remove the penny, rinse it with distilled
water, blot dry, and weigh it again. Record the mass (Mt) and the elapsed time.

5. Drying step:After the final weighing, place the penny in a drying oven at 60 °C for 30 minutes to remove residual
moisture. Weigh again to confirm the final mass (Mf).

6. Data analysis:Use the mass loss data to calculate the fraction remaining and determine the rate constant (k).
From k, compute the half-life of the oxidation process.

Collecting and Recording Data: Tips for Accuracy

Precision in measurement is key to obtaining reliable half-life values. Here are some strategies to minimize errors:

* Use a consistent mass scale: Calibrate the digital balance before each session.

e Control temperature: Conduct the experiment in a temperature controlled room; variations can affect reaction
rates.

« Use a magnetic stirrer to maintain uniform solution conditions.

« Record exact times using a stopwatch; even a one second difference can skew results.

« Take multiple replicates (at least three pennies per set) to average out random errors.

Data Table Example

Below is an example of how the data might be tabulated:



Time (min) Mass (g) Fraction Remaining

0 0.5000 1.0000
5 0.4985 0.9970
10 0.4970 0.9940
15 0.4955 0.9910
20 0.4940 0.9880
25 0.4925 0.9850
30 0.4910 0.9820

From Mass Loss to Rate Constant: Calculations Explained

Assuming the oxidation follows first order kinetics, the mass remaining at timd can be expressed as:
M(t) = M<sub>0</sub> x e<sup>" kt</sup>

Taking the natural logarithm of both sides yields a linear relationship:

InN[M(t)/M<sub>0</sub>] =" kt

Plotting In[M(t)/M<sub>0</sub>] versus time tproduces a straight line with slope " k. Once k is determined, the half-
life follows from the earlier equation:

t<sub>Y%</sub>=0.693/k

Step by Step Calculation

Calculate the fraction remaining at each time point: ft = M(t)/MO.
Take the natural logarithm of each fraction: In(ft).

Plot In(ft) versus time t and perform a linear regression.
Determine the slope (" k) from the regression line.

Compute the half-life: t%2 = 0.693 / k.
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For instance, if the slope from the regression is " 0.015 /min" 1, then:
k =0.015 /min<sup>" 1</sup>
t<sub>%</sub>=0.693/0.015 "H 46.2 /minutes

Common Pitfalls to Avoid

¢ Incomplete rinsing: Residual acid can continue reacting after the time point, skewing mass measurements.

e Temperature fluctuations: Even minor changes can alter reaction rates significantly.

¢ Using pennies with different surface finishes: Polished versus rough surfaces can have varying reaction rates.
« Not accounting for evaporation: Loss of solution volume can concentrate the acid, accelerating the reaction.

Interpreting the Results: What Does the Half-Life Tell Us?



The half-life derived from the penny oxidation experiment is a quantitative measure of how quickly the copper
surface corrodes under acidic conditions. It provides insight into the kinetics of metal corrosion, which has
implications in fields ranging from materials science to environmental engineering. By comparing the experimental
half-life to theoretical predictions or literature values, students can assess the accuracy of their experimental design
and the validity of the first order assumption.

Real World Applications

e Corrosion prevention: Understanding oxidation rates helps in designing protective coatings and inhibitors.
* Environmental monitoring: Estimating the degradation of metal structures in acidic rain.

 Industrial processes: Optimizing acid etching procedures in semiconductor manufacturing.

¢ Educational tools: Demonstrating kinetic principles in a tangible, relatable way.

Frequently Asked Questions (FAQSs)

1.Why do pennies corrode faster in acid than in plain water?

Acidic solutions increase the concentration of hydrogen ions (H+), which accelerate the oxidation of copper by
forming copper(ll)
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