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Basadoen\ThermodynamicsofIrreversibleProcesses"{I.Prigogine

1 Capitulo1:ConservationofMass

1.1 Isolated,ClosedandOpenSystems

²welldēnedgeometricalvolume

²macroscopicdimensions

1.Isolatedsystems-noenergy,nomatter,nowork,exchange

2.Closedsystems-energyexchange,butnomatter,nowork,exchanged

3.Opensystems-energy,matter,andworkexchanged

WhattypeofthermodynamicsystemistheplanetEarth?
WhattypeofthermodynamicsystemistheUniverse?

ClassicalTDnormallytreatsisolatedorclosedsystems.

Opensystemsparticularlyimportantinmeteorologyandbiology.

Giveanexampleofalivingbiologicalsystemwhichisclosed?

1.Extensivepropertiesorvariables-dēnedbythesystem asawhole,eg.energy
E,volumeV;andnumberofmolesN-areadditive.

2.Intensiveproperties-takewelldēnedvaluesateachpointinthesystem,eg.
temperatureT,pressurep;andchemicalpotential¹.

Givetwootherexamplesofextensiveandintensivepropertiesorvariablesofasystem?

Thermodynamicsystemdescribedby\fundamentalrelation"

S(E;V;N;:::)

E(S;V;N;:::)

Gibb'sequation
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Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.

http://www.verypdf.com/


2 ConservationofMassinClosedSystems

Closedsystem containingccomponents(°=1:::c).
Variationinmassesresultonlyfrom chemicalreactions.
Changeofmassdm°ofcomponent°intimeintervaldtis

dm°=º°M°d» (1)

º°isstoichiometriccoe±cient(positivewhencomponent°appearsonrightofreaction
equation,negativewhem onleft),M°isthemolarmass.»isdegreeofadvancementor
extentofreaction.
Eg.

N2+3H2!2NH3 (2)

Therefore,
dmN2

¡MN2

=
dmH2

¡3MH2

=
dmNH3

2MNH3

=d» (3)

Totalmassofsystem m=
P

°m°.
Principleofconservationofmassforaclosedsystem

dm=(
X

°

º°M°)d»=0: (4)

X

°

º°M°=0 (5)

calledstoichiometricequation.
Oftenusefultoconsidermolenumbersn=m=M

dn°=º°d» (6)

Chemicalreactionrate

v́
d»

dt
(7)

Changeinnumberofmolesisthus

dn°
dt

=º°v (8)

Forrsimultaneousreactions½

dm°=M°

rX

½=1

º°½d»½ (9)

or

dn°=
rX

½=1

º°½d»½ (10)

whereº°½isstoichiometriccoe±cientofcomponent°inthereaction½.
Rateofreaction½is

v½=
d»½
dt

(11)

Eg.

2C+O2 ! 2CO (½=1) (12)

C+O2 ! CO2 (½=2) (13)

gives

dnC = ¡2d»1¡d»2 (14)

dn = ¡d»¡d» (15)
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2.1 ConservationofMassinOpenSystems

dm°=dem°+dim° (17)

dm°=dem°+M°

rX

½=1

º°½d»½ (18)

or

dn°=den°+
rX

½=1

º°½d»½ (19)

Summingequation(17)over°andusingthestoichiometricequations
P

°º°½M°=0gives

dm=dem (20)

Principleofconservationofmassinopensystems.
Processofsplittingchangeofmassof°intoanexternalpartandaninternalpartdueto
reactionsinsidethesystem canbeperformedforanyextensiveproperty,eg.entropy.
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