Honors Chemistry — Choice Board Assignment
States of Matter & KMT Investigation: The Heating-Curve Data Analysis
Area 2: Must Do — Option B  
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 the materials scientist on the quality team that ships a 20 g sample of purified water. Before any lot is released, the team follows a fixed report chain: catalog every material's atomic data, verify its isotope and mass profile, read the lab's recorded heating run of the sample, classify the elements the lot contains, and label every compound that leaves the shelf. 

Part 1 - Spec Sheets: Catalog the Material Set   (Target SC.912.P.10.5 T1)
A material cannot be certified without its atomic data. For each element in the team's set, complete the registry row: atomic number, protons, neutrons, and electrons of a neutral atom, the mass number (most common isotope), and the metal / nonmetal / metalloid class.
	Element
	Symbol
	Atomic # (Z)
	Protons
	Neutrons
	Electrons
	Mass #
	Metal / Nonmetal / Metalloid

	Helium
	He
	2
	
	
	
	
	

	Nitrogen
	N
	7
	
	
	
	
	

	Magnesium
	Mg
	12
	
	
	
	
	

	Silicon
	Si
	14
	
	
	
	
	

	Sulfur
	S
	16
	
	
	
	
	

	Potassium
	K
	19
	
	
	
	
	

	Zinc
	Zn
	30
	
	
	
	
	

	Silver
	Ag
	47
	
	
	
	
	


Part 2 - Mass Spec & Isotope Tags: Verify the Identity   (Target SC.912.P.10.5 T1)
The mass spectrometer report verifies each element's identity the way a barcode does: an element shows up as the same proton count paired with different possible neutron counts. For each isotope pair, write the isotope notation, state what is the same and what differs, and explain why both belong to the same element. Then, for bromine, use the isotope data below to compute the weighted average atomic mass on the periodic table - and explain why weighting by natural abundance, not a simple average, is the correct way to get that number.
	Isotope pair
	Isotope notation
	Same atomic #? (Y/N)
	Same mass #? (Y/N)
	What differs?  Why same element?

	Hydrogen-1 and Hydrogen-2
	
	
	
	

	Oxygen-16 and Oxygen-18
	
	
	
	

	Iron-56 and Iron-58
	
	
	
	

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

	Br-79
	78.918
	50.69
	

	Br-81
	80.916
	49.31
	



Average atomic mass of bromine:   

Part 3 - The Data Log: Read the Heating Curve   (Target SC.912.P.10.5 T2)
The centerpiece of the report is the recorded heating run: a 20 g sample of ice heated on a hot plate and logged every minute, starting at -10°C. This is where the states and phase changes live, so it gets the deepest analysis. Work through the steps in order: PREDICT before you label, then read the five regions, explain the plateaus with KMT, extend to the cooling curve and the other phase changes, and complete the states and phase-change tables for the manual.
	Time (min)
	Temperature (°C)
	Time (min)
	Temperature (°C)

	0
	-10
	16
	45

	1
	-7
	17
	55

	2
	-4
	18
	66

	3
	-1
	19
	77

	4
	0
	20
	88

	5
	0
	21
	96

	6
	0
	22
	100

	7
	0
	23
	100

	8
	1
	24
	100

	9
	3
	25
	100

	10
	6
	26
	100

	11
	10
	27
	100

	12
	15
	28
	100

	13
	21
	29
	103

	14
	28
	30
	107


Step 1 - Predict before you analyze: 
Before labeling any segment, write your PREDICTION of what the particles are doing during the plateau at 0°C. Which factor - particle motion or forces of attraction - must win for ice to become liquid water, and what do you expect the temperature to do while this happens?
Step 2 - Label the five regions: 
Identify the time ranges for (a) all-solid warming, (b) melting, (c) all-liquid warming, (d) boiling, and (e) all-gas warming. For each range name the state(s) present and where the plateaus (constant temperature) occur.

	Region
	Time range
	State(s) present
	What the particles are doing

	a. Solid warming
	
	
	

	b. Melting
	
	
	

	c. Liquid warming
	
	
	

	d. Boiling
	
	
	

	e. Gas warming
	
	
	



Step 3 - Explain the plateaus with KMT: 
The temperature is CONSTANT at 0°C and 100°C. Why doesn't the temperature rise while energy is still being added? Name which factor wins during melting and during boiling, and describe what the added energy is really doing at the particle level.
Step 4 - The other phase changes: 
Your lab then cooled the same water. On your graph, sketch the expected cooling curve (liquid cools, plateaus at 0°C while freezing, solid cools below 0). Explain freezing and condensation with KMT, then explain dry ice going straight from solid to gas (sublimation) and its reverse (deposition) at the particle level.
	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
	
	
	



Step 5 - Evaporation: 
During the liquid-warming region the open beaker also loses vapor from its surface. Explain evaporation at the particle level and distinguish it from boiling.
Part 4 - Classify the Elements: Know Your Sources   (Target SC.912.P.10.5 T3)
Before the materials ship, the report classifies each element - metal, nonmetal, or metalloid - and predicts the ion it forms, so the team knows how each will react and whether it needs special handling as a diatomic element. Use the staircase line and Lesson 4.
	Element
	Forms cation or anion?
	Ion symbol
	Diatomic? (Y/N)

	Potassium (K)
	
	
	

	Bromine (Br)
	
	
	

	Sulfur (S)
	
	
	

	Calcium (Ca)
	
	
	

	Zinc (Zn)
	
	
	

	Iodine (I)
	
	
	



Part 5 - Label the Material Set   (Target SC.912.P.10.5 T4)
Every compound leaving the shelf needs a legally correct label, and the label requires the right system. Classify each formula as ionic (metal + nonmetal) or covalent (nonmetal + nonmetal), then apply the correct naming 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

	KBr
	
	
	

	N2O3
	
	
	

	MgO
	
	
	

	PCl5
	
	
	

	ZnCl2
	
	
	

	N2O4
	
	
	

	Covalent compound (formula)
	Name it using prefixes

	CO
	

	N2O3
	

	SF6
	

	PCl5
	

	NO2
	

	Covalent compound (name)
	Write the formula

	Carbon dioxide
	

	Dinitrogen tetroxide
	

	Sulfur dioxide
	

	Phosphorus trichloride
	

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

	CaCl2
	

	Al2O3
	

	KI
	

	ZnS
	

	Ionic compound (name)
	Write the formula

	Magnesium oxide
	

	Potassium bromide
	

	Calcium oxide
	

	Sodium sulfide
	


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

	Write the formula for calcium chloride
	

	Name Al2S3
	

	Name CO2
	

	Write the formula for sodium sulfide
	




