
EnergyEnergy

TheThe capacitycapacity to do to do workwork
oror to to produceproduce heatheat..



Law of Conservation
of Energy

Law of Conservation
of Energy

EnergyEnergy cancan be be convertedconverted fromfrom one form to one form to 
anotheranother but but cancan neitherneither be be createdcreated nor nor 
destroyeddestroyed..

((EEuniverseuniverse isis constantconstant))



The Two Types of EnergyThe Two Types of Energy

PotentialPotential:  :  duedue to to positionposition oror compositioncomposition --
cancan be be convertedconverted to to workwork

KineticKinetic:  :  duedue to to motionmotion ofof thethe objectobject

KE = KE = 11//2 2 mvmv22

((mm = = massmass, , vv = = velocityvelocity))



Temperature v. HeatTemperature v. Heat

TemperatureTemperature reflectsreflects randomrandom motionsmotions ofof
particlesparticles, , thereforetherefore relatedrelated to to kinetickinetic
energyenergy ofof thethe system.system.

HeatHeat involvesinvolves a a transfer transfer ofof energyenergy betweenbetween
2 2 objectsobjects duedue to a to a temperaturetemperature differencedifference



State FunctionState Function

DependsDepends onlyonly on on thethe presentpresent statestate ofof thethe
system system -- not not howhow itit arrivedarrived therethere..

ItIt isis independent independent ofof pathwaypathway..



System and SurroundingsSystem and Surroundings

SystemSystem:  :  ThatThat on on whichwhich we we focusfocus attentionattention

SurroundingsSurroundings:  :  EverythingEverything elseelse inin thethe universeuniverse

UniverseUniverse =  System + =  System + SurroundingsSurroundings



Exo and EndothermicExo and Endothermic

HeatHeat exchangeexchange accompaniesaccompanies chemicalchemical
reactionsreactions..

ExothermicExothermic:  :  HeatHeat flowsflows outout ofof thethe system system 
(to (to thethe surroundingssurroundings).).

EndothermicEndothermic:  :  HeatHeat flowsflows intointo thethe system system 
((fromfrom thethe surroundingssurroundings).).



First LawFirst Law

FirstFirst Law Law ofof ThermodynamicsThermodynamics:  :  
TheThe energyenergy ofof thethe universeuniverse isis
constantconstant..



First LawFirst Law

∆∆EE =  =  qq + + ww

∆∆EE = = changechange inin system’ssystem’s internalinternal energyenergy

qq = = heatheat

ww = = workwork



WorkWork
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P = F
A

Initial
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P = F
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Final
state

∆h ∆h

Area = A A

∆V

(a) (b) 

workwork =  =  forceforce ×× distancedistance

sincesince pressurepressure =  =  forceforce / / 
areaarea,,

workwork =  =  pressurepressure ×× volumevolume

wwsystemsystem =  =  −−PP∆∆VV

a)a) TheThe pistonpiston isis movingmoving a a distancedistance ∆∆hh
againstagainst a a pressurepressure P, P, doesdoes thethe workwork on on 
thethe surroundingssurroundings

b)b) SinceSince thethe volumevolume ofof a cylinder a cylinder isis thethe
areaarea timestimes itsits heightheight, , thethe changechange ofof
volumevolume ofof thethe gasgas isis givengiven by by ∆∆hh x A = x A = 
∆∆VV



EnthalpyEnthalpy

EnthalpyEnthalpy =  =  HH =  =  EE + + PVPV

∆∆EE =  =  ∆∆HH −− PP∆∆VV

∆∆HH =  =  ∆∆EE + + PP∆∆VV

At At constantconstant pressurepressure,,

qqPP =  =  ∆∆EE + + PP∆∆VV, , 

wherewhere qqPP = = ∆∆HH atat constantconstant pressurepressure

∆∆HH =  =  energyenergy flowflow as as heatheat (a(at t constantconstant pressurepressure))



Heat CapacityHeat Capacity

C =  
heat absorbed

increase in temperature
 =  

J
C

 or 
J
K°



Some Heat Exchange TermsSome Heat Exchange Terms

specificspecific heatheat capacitycapacity

heatheat capacitycapacity per gram  =  J/°C g  per gram  =  J/°C g  oror J/K gJ/K g

molarmolar heatheat capacitycapacity

heatheat capacitycapacity per mole  = J/°C mol  per mole  = J/°C mol  oror J/K molJ/K mol



Hess’s LawHess’s Law

ReactantsReactants →→ ProductsProducts

TheThe changechange inin enthalpyenthalpy isis thethe same same 
whetherwhether thethe reactionreaction takestakes place place inin one one 
step step oror a a seriesseries ofof stepssteps..



Calculations via Hess’s LawCalculations via Hess’s Law

1.1. IfIf a a reactionreaction isis reversedreversed, , ∆∆HH isis alsoalso reversedreversed..

NN22((gg)  +  O)  +  O22((gg)  )  →→ 2NO(2NO(gg)     )     ∆∆HH = 180 = 180 kJkJ

2NO(2NO(gg)  )  →→ NN22((gg)  +  O)  +  O22((gg)     )     ∆∆HH = = −−180 180 kJkJ

2.2. IfIf thethe coefficientscoefficients ofof a a reactionreaction areare multipliedmultiplied
by by anan integerinteger, , ∆∆H H isis multipliedmultiplied by by thatthat same same 
integerinteger..

66NO(NO(gg)  )  →→ 33NN22((gg)  +  )  +  33OO22((gg)     )     ∆∆HH = = −−540 540 kJkJ



Standard StatesStandard States

CompoundCompound

-- For a For a gasgas, , pressurepressure isis exactlyexactly 1 1 atmosphereatmosphere..

-- For a For a solutionsolution, , concentrationconcentration isis exactlyexactly 1 1 molarmolar..

-- PurePure substancesubstance ((liquidliquid oror solidsolid), ), itit isis thethe purepure
liquidliquid oror solidsolid..

ElementElement

-- TheThe form [Nform [N22((gg), ), K(K(ss)] )] inin whichwhich itit existsexists atat
1 1 atmatm andand 25°C25°C..



Change in EnthalpyChange in Enthalpy

CanCan be be calculatedcalculated
fromfrom enthalpiesenthalpies ofof
formationformation ofof
reactantsreactants andand
productsproducts.
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CH4(g)

C(s)

CO2(g)

2H2(g)

2H2O(l)

2O2(g) 2O2(g)

Reactants Elements Products

(a)

(b)

(d)

(c)

.

∆∆HHrxnrxn°  =  °  =  ΣΣnnpp∆∆HHff°°((productsproducts)  )  −− ΣΣnnrr∆∆HHff°°((reactantsreactants))
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