Honors Chemistry — Choice Board Assignment
Atomic Structure Lab: Identify the Evidence (PhET Simulation Lab)
Area 2: Must Do — Option A  
Standard SC.912.P.10.5  •  All Level 3.0 Targets: T1, T2, T3, T4
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	MUST DO



The Scenario
You are a forensic chemist on the evidence team for a series of chemical-supply thefts. Eight residues were recovered from the scenes and scanned at the accelerator facility. The lab director's standing order: NO residue is identified until its whole story is read - rebuild each atom, read its isotope fingerprint, explain the state it was found in, sort it on the periodic table, and label any compound jar found nearby. In this simulation lab you follow that exact workflow inside PhET.

Materials / Setup
Device with internet access and these three free PhET HTML5 simulations (downloadable for offline use):
1) Build an Atom:  https://phet.colorado.edu/en/simulations/build-an-atom
2) Isotopes and Atomic Mass:  https://phet.colorado.edu/en/simulations/isotopes-and-atomic-mass
3) States of Matter: Basics:  https://phet.colorado.edu/en/simulations/states-of-matter-basics

Part 1 - Read the Scans: Rebuild Each Evidence Atom   (Target SC.912.P.10.5 T1)
The accelerator scan for each residue gives the number of protons, neutrons, and electrons - but as raw numbers, not as an atom. Your first step is to REBUILD each scan into an atom using the 'Build an Atom' simulation so you can SEE the element it belongs to. Build a neutral atom for each evidence element below, check your build on the Element and Game tabs, and complete the Evidence Log: particle counts, the mass number (protons + neutrons) of the most common isotope, and the element's metal/nonmetal/metalloid class. The proton count is the identity serial number - it alone decides what each element IS.

	Element
	Symbol
	Atomic # (Z)
	Protons
	Electrons
	Neutrons
	Mass #
	Metal / Nonmetal / Metalloid

	Hydrogen
	H
	1
	
	
	
	
	

	Carbon
	C
	6
	
	
	
	
	

	Oxygen
	O
	8
	
	
	
	
	

	Sodium
	Na
	11
	
	
	
	
	

	Chlorine
	Cl
	17
	
	
	
	
	

	Iron
	Fe
	26
	
	
	
	
	

	Copper
	Cu
	29
	
	
	
	
	

	Uranium
	U
	92
	
	
	
	
	





Part 2 - Isotope Fingerprinting: Same Element, Different Mass   (Target SC.912.P.10.5 T1)
Every evidence atom is now identified by its proton count, but forensic work never stops there: the same element can exist with different neutron counts, and the RATIO of those isotopes is a fingerprint that can point to the source of the material. Use the 'Isotopes and Atomic Mass' simulation to inspect each isotope pair below, write the isotope notation, and explain what differs and why both atoms are still the same element. Then, using the natural abundances the sim shows for chlorine, calculate the weighted average atomic mass - the number that actually appears on the periodic table - and explain why weighting by abundance is correct rather than taking a simple average.

	Isotope pair
	Isotope notation
	Same atomic #? (Y/N)
	Same mass #? (Y/N)
	What differs?  Why same element?

	Carbon-12 and Carbon-14
	
	
	
	

	Chlorine-35 and Chlorine-37
	
	
	
	

	Uranium-234 and Uranium-238
	
	
	
	

	Isotope
	Mass (amu)
	Natural abundance (%)
	Contribution (amu)

	Cl-35
	34.969
	75.76
	

	Cl-37
	36.966
	24.24
	



Average atomic mass of chlorine:   

Part 3 - State of the Evidence: How Was It Left at the Scene?   (Target SC.912.P.10.5 T2)
The scene photos record each residue's physical state - a solid granule, a liquid splatter, or a faint vapor haze. Before that detail can help the case, you must understand WHY matter exists in those states. Open the 'States of Matter: Basics' simulation, choose neon or water, and heat and cool it while watching the particles. From what you OBSERVE (plus Lesson 4 for plasma), complete the states table, then explain each phase change with KMT - for every change, name which factor wins: particle motion or the forces of attraction.

	State
	Definite shape?
	Definite volume?
	Particle spacing
	Particle motion
	Forces of attraction

	Solid
	
	
	
	
	

	Liquid
	
	
	
	
	

	Gas
	
	
	
	
	

	Plasma
	
	
	
	
	

	Phase change
	Direction (from one state to the other)
	Energy added or removed?
	Particle-level explanation (KMT) - which factor wins

	Melting
	
	
	

	Freezing
	
	
	

	Evaporation
	
	
	

	Boiling
	
	
	

	Condensation
	
	
	

	Sublimation
	
	
	

	Deposition
	
	
	


Part 4 - Sort the Suspects: Classify Each Element   (Target SC.912.P.10.5 T3)
With the residues identified and their isotopes read, the periodic table starts narrowing the source: a metal could have come from wiring, a nonmetal from an industrial chemical, a diatomic element from a gas cylinder. For each element, predict whether it forms a cation or an anion and write its ion symbol, and flag whether it is one of the seven diatomic elements.

	Element
	Forms cation or anion?
	Ion symbol
	Diatomic? (Y/N)

	Sodium (Na)
	
	
	

	Chlorine (Cl)
	
	
	

	Oxygen (O)
	
	
	

	Iron (Fe)
	
	
	

	Magnesium (Mg)
	
	
	

	Nitrogen (N)
	
	
	



Part 5 - Match the Compound Jars: Label the Evidence   (Target SC.912.P.10.5 T4)
The final piece of every scene was a jar of an unknown compound found near the residue. Match each jar by labeling it correctly: classify each formula as ionic (metal + nonmetal) or covalent (nonmetal + nonmetal), then apply the right system - Greek prefixes for covalent compounds (drop 'mono' on the first element) and the metal's name + the nonmetal's base name + '-ide' for ionic compounds with NO prefixes. Use the ion charges to build the formula ratios.
	Formula
	Metal + nonmetal, or nonmetal + nonmetal?
	Ionic or covalent?
	Elements present (write the element names)

	NaCl
	
	
	

	CO2
	
	
	

	CaS
	
	
	

	N2O
	
	
	

	AlCl3
	
	
	

	SF6
	
	
	

	Covalent compound (formula)
	Name it using prefixes

	CO2
	

	N2O
	

	SO3
	

	P2O5
	

	N2O4
	

	Covalent compound (name)
	Write the formula

	Carbon tetrachloride
	

	Sulfur hexafluoride
	

	Nitrogen monoxide
	

	Carbon disulfide
	

	Ionic compound (formula)
	Name it using '-ide'

	MgF2
	

	KBr
	

	MgO
	

	NaF
	

	Ionic compound (name)
	Write the formula

	Sodium chloride
	

	Calcium sulfide
	

	Aluminum chloride
	

	Lithium iodide
	



Mixed practice - choose the correct system: 
	Item
	Name or formula (choose the right system)

	Write the formula for sodium oxide
	

	Name K2S
	

	Name N2O5
	

	Name MgBr2
	



















