
Particle modelParticle model

ParticlesParticles
Atoms, molecules or ions; circles are a modelAtoms, molecules or ions; circles are a model

SolidSolid
Close, fixed positions; vibrate; fixed shape /Close, fixed positions; vibrate; fixed shape /

volumevolume
LiquidLiquid

Close but move past each other; fixed volumeClose but move past each other; fixed volume

GasGas
Widely spaced, random motion; fills containerWidely spaced, random motion; fills container

LimitsLimits
Show spacing / motion; particles keep theirShow spacing / motion; particles keep their

identityidentity
EvidenceEvidence

Models simplify; mixing / diffusion ≠ a reactionModels simplify; mixing / diffusion ≠ a reaction

EnergyEnergy

AttractionsAttractions
Type and strength depend on the substanceType and strength depend on the substance

HeatingHeating
Within a state: faster motion / vibrationWithin a state: faster motion / vibration

State changeState change
Energy overcomes attractions; pure-sample plateauEnergy overcomes attractions; pure-sample plateau

TransfersTransfers
Melting / boiling take in energy; reverse gives itMelting / boiling take in energy; reverse gives it

outout
PressurePressure

Gas particles hit walls; heating a fixed volumeGas particles hit walls; heating a fixed volume
raises pressureraises pressure

ChangesChanges

Reverse pairsReverse pairs
Melt ↔ freeze; vaporise ↔ condenseMelt ↔ freeze; vaporise ↔ condense

Direct changesDirect changes
Sublimation: solid → gas; deposition: gas →Sublimation: solid → gas; deposition: gas →
solidsolid
PhysicalPhysical
Arrangement changes; no new substanceArrangement changes; no new substance

EvaporationEvaporation
Surface escape below boiling point; puddleSurface escape below boiling point; puddle
dryingdrying
BoilingBoiling
Throughout liquid at boiling point; vapourThroughout liquid at boiling point; vapour
bubblesbubbles
ExamplesExamples
Dry ice sublimes; frost deposits; white cloudDry ice sublimes; frost deposits; white cloud
= droplets= droplets

State from dataState from data

ConditionsConditions
Use stated melting / boiling points andUse stated melting / boiling points and
pressurepressure
CompareCompare
Below melting: solid; between: liquid; aboveBelow melting: solid; between: liquid; above
boiling: gasboiling: gas
At the boundaryAt the boundary
Two states may coexist; water: about 0 °C /Two states may coexist; water: about 0 °C /
100 °C100 °C
Heating curvesHeating curves
Slopes: temperature rises; plateaus: stateSlopes: temperature rises; plateaus: state
changeschanges
Negative valuesNegative values
−20 °C is colder than −10 °C−20 °C is colder than −10 °C
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1. Particle model → Energy: Energy changes particle motion and separation.1. Particle model → Energy: Energy changes particle motion and separation.
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2. Energy → State from data: State changes explain heating-curve plateaus.2. Energy → State from data: State changes explain heating-curve plateaus.

SC1SC1
States of matterStates of matter
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