Honors Chemistry — Choice Board Assignment
The Thermal Design Brief: Choose the Phase-Change Material
Area 2 ASPIRE TO DO – Option C
Level 3.0 targets stretched: SC.912.P.10.5 T1-T4 - applying structure, states, and phase changes to real materials in a real design decision, with an experiment and a failure-handling task.

The Challenge
A start-up needs you to design their next two products: a reusable cold pack and a building "phase-change wall panel" that stores heat during the day and releases it at night. Candidate materials: ice (water), paraffin wax (a covalent hydrocarbon that melts near 55 °C), sodium sulfate decahydrate (Na2SO4·10H2O, a salt hydrate that melts near 32 °C), and liquid nitrogen. You must predict each candidate's structure and state, explain why phase-change materials work, design the deciding experiment, and defend your product choices - handling a design failure along the way.

Part 1 - Predict Each Candidate
For each candidate, complete the prediction table. For compounds, also classify the elements inside them and name the compound using the correct system (note the hydrate's water in its name). For liquid nitrogen, explain the state with KMT.
	Candidate
	Elements (metal/nonmetal?)
	State at 25 °C with KMT reason
	Ion(s) formed / diatomic?
	Correct name (compounds)

	Water (H2O)
	

	
	
	

	Paraffin wax (hydrocarbon)
	
	
	
	

	Na2SO4·10H2O
	

	
	
	

	Liquid nitrogen (N2)
	

	
	
	


Part 2 - Explain the Physics of the Products
Using KMT and the phase-change table: (a) why does a cold pack filled with ice stay cold for so long while the ice melts - connect this to the flat plateau on a heating curve, naming which factor wins; (b) why does paraffin make a useful night-heating panel even though it is slightly warm by the time it melts; (c) why would liquid nitrogen be a TERRIBLE cold-pack material despite its temperature? Answer in three short paragraphs, each rooted in particles.

Part 3 - Design the Deciding Experiment
You will compare ice, paraffin, and the salt hydrate as cold-pack candidates. Design the experiment: 25 g of each solid heated with a constant source, temperature logged every minute. State the hypothesis, the controlled variables, and the predicted ordering of the plateaus (longest to shortest), and explain at the particle level WHY the plateau length is the measurement that matters, not the starting temperature. Fill in a realistic hypothetical data table for the three runs.

Part 4 - Handle the Design Failure
A prototype wall panel leaks paraffin when punctured, and a reviewer suggests abandoning wax. Respond: what physical property of wax makes a leak possible, why is the failure NOT chemical, and what re-engineering - using only physical-property reasoning - rescues the product?

Part 5 - The Design CER
Write a CER choosing the best cold-pack material and the best wall-panel material from the candidates, using your structure predictions, the plateau evidence, and the failure analysis as evidence. A complete CER states a clear claim, uses specific evidence, and explains the reasoning.

