















































































































I Anintro to end

Welcome to Fuga city Thermodynamics

chemicalengineeringjuniorstobedying
astaughtbya bunchof

y y

Let'sget
startedwith afewkeybits

V
L ml m om gal

101.325kPa

T Temperature atthemolecularleveltheaveragekineticenergyofthosemolecul

C K K 9 273.15

O Kis absolutezeroDocwaterfreeze
Gastime Ilo'twaterboil
Let'slookatthesedudes

re allelseconsta

squishingsomegas

i
andviceversa

whatwillitdo

T Vgoesdown
RobertBoyle Bobby EdmeMariette

Pat
ressureandVolumewastheirjam isproportionalto

BoyleMariette low


















































































































Moredudes
Charles Law

whenyouholdallelseconstant
V increaseswithT

Vat

www

d
As

an egg

JacquesCharles
Heatingsomegas

gettingfunky
with Volume

onlyafewmoredudes new

Gay Lussac's Law
MathPart

when
you
holdall

elseconstant

mummy

stig I
pincreaseswith

JosephLouisGayLussac it
Pat

Ok lastish ones Dalton'slawofPartial Pressures

Twoequalvolumesofgas Pearptiptip
havethesamenumber petpstpofmolecules even ifthe p potp
gases are different

approximately plotpitpr
pistpietpis

ImoleofanygasatSTP iputprepist
potprotpaitItp loi.szskpa.zss.is putputpzat
pastprotputStandardtemperatureandfressure

Amedeo Avogadro JohnDalton pistprotpset

Things they
addup ipsitpsztpstnpx.ITppsstpsstpsst














































































































Bringing it alltogether That
Whatis an idealgas
madeof particlesthat
experiencenointermolecular

forces

Ihavenosize
Esmallerthanthis BenoitPaul August

eggEmileClapeyron Kronig
Rudolf

Ideal.gstiPVnRT or part when
Itunes

tunes
molarvolume

12 8fi j Tjtmq a constantfor an
idealgas

P FT Boyle Mariette Pat constant

wat constant P
Rpt Charles

P IT GayLussac Pat constant v

Example time
myisie

kindasucks

v69mmol PERF

F 420K P
p

8.3145
412041 50.61Pa

I 6949
Pa Pr Rt
T ER
T 8 5 11 6.253

106k

thesenumberswere
chosenbythe

students

no














































































































Whoa there friend 0 ChemistryandMath
toooo

Background Time

Behold an atom

electronscloud
whichshowswhere

Imams

gig

my

i

forexampleInsistingmostlyemptyspace
buttheystill

tap 1,8deltaused toindicate
largedifferencesCA or

i j i unlikewhatwe
1

2 alpha
A proportional Mygamma

Carbonidk

g g g g
Otheta

go sign

ksi

w

Iii
LondondispersionForces

IT r pi
r w omega

y.gg gyI x
underway heh bar

Plandisconstant














































































































slope rate of change
now a little bit of

calculus

Y negativechangeinge ifyou'veseenthisequation
for a linebefore ymxtb

y x

s ioftheline therateof

Étsyfthangeing
Crise

changeofthatline
withrespectaH

III arm
slope

withrespect totheother DX
By Ychangesby 4when

whatabout graphof

position usof

go i therateof time

change

V e

cool

O to60
in

2a
second

velocityvs

me

time
whoa

ooh veryfast

andthe
calculus bit

ÉÉÉÉÉÉÉÉff
EÉ
V É

respect to T
I acceleration

yayoppositesft
sloperateofchange
derivative

x
Judt or

it ftp.dt
ointegralof
Cpwith

respect

Twin t.ie e IfffromTteTr
acceleration aMantiderivative

integral














































































































The Laws of Thermodynamics therefore

0thlow A IIc TIE Tat

1stLawingging w tardily isWpositive

change heat work
defineW asworkdone
onthesystemby
its surrounding2ndLaw DS Emmi d any ofthe
II Giggs Yuuniverseisincreasing

3rdLaw gifted constantentropy

lowercasemeansmolar unitsmall
Properties of things
that arerelevant to thermodynamics

Energy gigkmargundfies o

Internal Energy

U u
unitsof J Jnd S 5 units of JfkFma

Joules J ks
energy Gibbs Free EnergyEnthalpy

H ha
unitsof III G g

g units of J Jaiii i

relevantequations
G HTS
DE SATVSP

Cr Cr or Cp Cp bothhaveunits of fo
11Shangeininternalenergy

II changeinenthalpy

Itinerarium Elp
ÉÉÉÉ

P

y

What is a State Function

see functions erpath independent functions Katy fpÉyare functions that alwaysgivethesamevalue
ifyoustare at PointA

andend at PointB m
no matterhowyougetthere Enthalpyisanexampleofastatefunction














































































































Get Real

What if particles havesize

andwhat iftheyinteract
with

eachother oofouch

0 1 09
81

Act I Act 2 Act 3
tragic

Real matter has phases And sotheidealgaslaw
which

assumes that particlesdon'tinteract
witheachothercantapply toreallife

Eiger'atureta phasesofmattercomeabou
D supercriticalfluid fromvarious intermolecular

interactions At lower
p temperatures particles aremoving
did

Y jog together asany a inthe
aroundless andsocomecloser

fregifelting
avaporizing

glass t

qq.gg
solidstate When theyare
at highertemperatures theymove

sublimating

q

aroundmore astheydoin fluid
Stateslikeliquidandgas

vanderWaals Equation of State Eos

ng
idkwhatiftheycrashintoeachotherlikepooltable

balls 8

EEFÉÉÉt_p ajiIiea factorthat PEbdescribes
accountsforaccountsformuchparticles fetobeseparated a particle's size

what if theyattractrepelone
another SutherlandModell

of gigging
as rso VanderWaals vdW Johannes Diderik

A
repulsive

Tsutherland

vanderWaals
Tin
on equation

or p Est P I Ff Aboutaandbtheseareexperimentallys'd let abea facerthat determinedconstantsthatareuniquetoeach
accountsforattractiverepulsive gasYoucanfindagas'srawconstantsin
interactionsbetweenparticles tablesorbysearchingforthemonline
















































































































But it's just a model

For a realfluid

I If
skeg'Entinitiges

bouncerightofflike
pooltableballswill

notbouncingaTrent XÉÉ
gRedlich Kwong

p RE FEI faecaltemperatureTeofthefluidofinterest

where a fi FI b BE
JosephNeng OttoRedlich Thismodel criticalpressurePcofthe

fluidofinterestShunkwong Bothwerechemicalengineers GoChemE

Thismodel to describethe relationship
between PTandv of arealfluidis

quiteaccurateThisequation
whilestillonlya modelto describethe behavior of

fluids doesa betterjobatdoingsothanthevander
Waalsequation and amuchbetter

jobthantheidealgaslaw
Alsoit's simpler in formthanotherequationsofstate

thataresimilar in accuracylikethescarylooking
BenedictWebbRubinequation googleifyoudare

Let'sgetfunkywith Virial Expansion
the compressibilityfactor É

writing z as a powerseries
intermsof P ort

We'lldefine Z RT or Pr zRT
Whenza attractiveforcesdominate

z Pyp Bip p DP E'p't
polarinteractions

gg gs t t

z É It Et Et
hydrogenbondsdipoles

Whenz repulsiveforcesdominate where BT B T arethesecondvirial coefficients
I gottooclose y T arethethirdvirialcoefficients
nowrepel andsoon

mm moreideal

zaattractive








Thismeansthatwhen we accountfor afluid'scritica
propertiesmostfluidwillbehavenearlythesame

Whatis a reducedproperty
Rememberthisdiagram

atthecriticalpoint When we consider reducedproperties
eachproperty Pitt we considersome P v orTwiththeirrespective

i i

iii

thisthen
isalsoat itscritical
value criticalvaluesdividedout
wehaveforeveryfluid

o acriticaltemperature Tc ofthefluid

andacriticalmolarwinner III ftp.es.w.tn
ng gacriticalpressure Pc

ofthefluid

00reduced Tf LDtemperature rLee Kesler 2 2 TrB wzTrPr reduced
Thismodelcanbeusedto approximate withpretty volume Vr Fo thesevaluescanlos

bythisdefinition
when 910411,459

p

p
ji

aLeeKeslerchartthatprovidesvaluesfor z andz whichare Pil then PP
if EyedÉcellffidsLthe

principleofcorrespondingstatesaswell
Tr l thenFtcw whichaccountsformolecular Val then r v

TandPr reducedproperties soyoucangeteachvalue
simplybyreferring totheaforementionedLeeKeslercharts

T.it 1 iiim mm

o Im P p
of a fluidlike ItU orS For

this

kindofproperty rememberthataslong
as

wegofrom
pointAtopointB thefinal

valueofAMwillbethesame 1RealidealMYTPEDMhereisshortfor T 2IdealexpansionMal
MaMiwherewe AM MdepTp guidedAMisdealMdT.pe II feltMayerstartatsome TP
g y y g g g ppg yIt isnontrivialtosay
thatDMMaMbecause much itdeviatesfrom idealityAtdifferenttemperatures

andpressurestheproperty
ifMwaspathdependent mayhavedifferent

valuesthanonemightexpect
fromusinganidealgas

thiswouldnolongerbe approximation butthesedifferencescanbequantifiedusing
the departure

true
functionat thegivenconditions M.gggP1gMredTP

MidedTP

formolar
enthalpy efferencebetweenthe

haltP v TEHdpw.gg rfeinhff Tif1p 1p.dp me 5

formolar
entropy Eosofchoice whichcaninturnsauce.pt i EFap iii n esbewrittenina

LeeKestermode
ÉÉ hefty w hogging


