
Rate evidenceRate evidence

Average rateAverage rate
Change ÷ time; gas volume, mass loss or cloudinessChange ÷ time; gas volume, mass loss or cloudiness

GraphsGraphs
Gradient = rate; plateau = product formation stopsGradient = rate; plateau = product formation stops

InstantaneousInstantaneous
Tangent gradient; consumption rate uses positiveTangent gradient; consumption rate uses positive

magnitudemagnitude

CollisionsCollisions

SuccessSuccess
Particles collide with energy ≥ activation energyParticles collide with energy ≥ activation energy

Concentration / gasConcentration / gas
More particles per volume → more frequentMore particles per volume → more frequent

collisionscollisions
Surface areaSurface area

Smaller solid pieces expose more particles at sameSmaller solid pieces expose more particles at same
massmass

TemperatureTemperature
Faster motion; more collisions exceed energyFaster motion; more collisions exceed energy

barrierbarrier
Rate versus yieldRate versus yield

Reactants used → slower; faster does not mean moreReactants used → slower; faster does not mean more
final productfinal product

Core practicalsCore practicals

Marble / acidMarble / acid
CaCO₃ + HCl produces CO₂; gas syringe orCaCO₃ + HCl produces CO₂; gas syringe or
unsealed mass lossunsealed mass loss
ControlsControls
Same mass / size, acid and temperature;Same mass / size, acid and temperature;
understand limiting amountunderstand limiting amount
Reliability / safetyReliability / safety
Leaks, timing, repeats; dilute acid / eyeLeaks, timing, repeats; dilute acid / eye
protectionprotection
Cross methodCross method
Sulfur precipitate clouds mixture; relativeSulfur precipitate clouds mixture; relative
rate ∝ 1/timerate ∝ 1/time
ComparisonComparison
Dilute thiosulfate at fixed volume; same acidDilute thiosulfate at fixed volume; same acid
/ view / endpoint/ view / endpoint
LimitsLimits
Ventilate SO₂ fumes; cross disappearance ≠Ventilate SO₂ fumes; cross disappearance ≠
reaction completionreaction completion

CatalystsCatalysts

PathwayPathway
Regenerated overall; alternative route lowersRegenerated overall; alternative route lowers
activation energyactivation energy
YieldYield
Same complete-reaction amount; equilibriumSame complete-reaction amount; equilibrium
position unchangedposition unchanged
IndustryIndustry
Useful rates at lower temperature; pollutantUseful rates at lower temperature; pollutant
convertersconverters
EnzymesEnzymes
Biological catalysts; fermentation depends onBiological catalysts; fermentation depends on
conditionsconditions
Test fairlyTest fairly
Keep reactant amounts / conditions equal withKeep reactant amounts / conditions equal with
and without catalystand without catalyst
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1. Collisions → Catalysts: Lower activation energy makes more collisions successful.1. Collisions → Catalysts: Lower activation energy makes more collisions successful.
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2. Rate evidence → Core practicals: Measured changes and reciprocal times compare reaction rates.2. Rate evidence → Core practicals: Measured changes and reciprocal times compare reaction rates.

CC14CC14
Rates of reactionRates of reaction
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