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SY S“'eM.

oz Iu'nc\ -
To 90 erm" We naed Fo know hew to  wrelte
e‘. MW Vacteu$ Specles in Tecmy

o‘- T TP z; Compgsi“'?bn e(. Tlo

Ve
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G'Qv\err..\ Fore.\:sm QN‘ MU\'\'?cemponeu\T ucw\qc\ev\eeos

S\ls"'em_s

= du - TJ(AV) - PdV + S‘. ped(ngv)

Nouw Supepose Wt Iw\-eac..\»e. du over the Sige

8} o lnmogeneus s,g;lng

l'.,!..) S"‘a.r "nuaa Qrem Leco Je 3(‘0.) Jau\l

We  will davelep qen eral ‘\'lm.rmoé\{na.m.‘c formalisem Lo
Molti componant S*qu\c—p\\ase_ Sys"‘ew\s (i.e. Mynﬂ;ﬁ;ﬁd&*j ).
UlTimately B LA SRR PFO\:?JL Tl basis  2f Je.'l"urmim‘u?g
fla  mass  Jistribotoen Wthin  a sys-)’cw\ at  Eguilibriom.

T.  Celecs Equakiens (for  homogencoss phases)
Recall  The fundametal  Equabtow [or o general  multicomponant
Systam | c
dw = Tds -pdv + S M A
NEN]
MTuosqgh  This  Equatton  cam  genevally  be appleed  fo moltiphase
assemblages at  gquiliberom | we  can alse  apply  twis  equatied
To  Singqle hemoqenesus  phases — tuew °f they are metastable.
For o kow\eﬁe;\uus phase we can  always wete
S = aV wihere Az Sl Entregy Sewsit
NIz o,V n; My number Jensih
w = oV w: Wlv

£n;rﬁ\/ Jew‘ ;+7

Tacrease the Side a/. sur
Sya\-gm oskl it EngGompasses the Entire Pl«qsz. ;l'lrau7k_
e Wt ggm-\-s‘ou we  ace  not C_L\n.ns .‘.uk any o{, e tatensive
vartaloles  of  tla  system | w,s, n; are all  foxd.
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So, w v
= j d¢>=(TA_—p+2ﬂgn;)S JV
( °
or <

w:=TaVv -PV + S_, MingV
E_ulu.s &gld = E * TS -pPV + S,\ ML N,
[e—————— e
«Fcr o kdmolgngeus Pkﬁ‘e.

Tk‘ [y ii\p r;ssteh‘ N3 Called € E_l gr~§ €.Q;UA'L|‘°'Q which s
Va\?; -(:or any \'\omoiznéous (stv\c‘\e. -p\\asc. ) S\[.s-\-em where
The lensive vacriabkleg ace Cow s\--m‘\' ovelr Hae  Ewntbice
S\l slgm (r\o ara.é:evc\-s n ‘e ‘w\'\mns.‘w_ vaciables are
a.\\ouc.é‘) .

T+ 'F"“M""s é\ctec*\\/ , Theat Qef any ‘l\omaiencoos F\'\CS& “

[
w = TS -PVv + S. M NL uls,v,n)
Je |
¢
Hsu.+w=rs+£.#;“; H(s P, w)
42)
A w-Ts = =PV 4 S IS A(T,V,M)
c
G Wts-pvs S M (T ,p, )
\ ‘ <
s 1?0.4-:?.:\1 -S. /L-_-_l—(_—/\f,_ S((L‘V,ﬁ{)
Azl
§ : w-Ts- ﬁ.,u:hr,- z -PV

d ¢ = -sd7 -Pav - Sinsdpy
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][. EOLF'\'IA.\ Molar Quan-\-i"’tes
We cawn %evxera.\iie +|/\2_ Prc\l ToLS 0(‘3 €] men‘\'s '\'o _cc_g;/_
Extensive skq\-g E:u,oc_lced o* o kaw\oiev\ZouS SVS'L’-'V"\ .
3 ¥
bar‘\'?cu\o.r\\/ USQ_(-u\ are e E.der Ee.lc\."'rahls rela t.o) T
PM"\?«\ melac Qvav\h"--‘cs .
L
S"?P°5¢— Y is Seme e¢xtensive state vartable I;— ose
Expond Y (C TP, N, Ny - Ne)
Y aY ' S /oY
dY - < ) at "'(—‘—') P (—") dN;
3T /ey oF T-t’d ;‘. NI /e N7
For a ‘Acrv\aqu\tcus S\/ Stenn we Can '\A'\cjra'\b dY aver Tl
Site o\- Ha $~ls)re'~\ Lu.pc‘m\_ all o‘. T twl"ev\ sive variables
g:seé S
we ob{'c..'m ,
S ) e o
af\‘:. T, N'
<
S Y
£zl
where ’j; E oY "pactial molar "
oNL [rpm’
[+
o | J\'\Hgfaa& +ie i‘lPUa+“°"J ‘b\l N: ,2' Nb
»3)
3
= . X é— all vartables here
(j f.g:‘l g" * are h\‘:emsf\cc
\A\\tf|>
AN

‘ Molqr (3

,
z
z

mole Fre.n.“‘o‘od

cC
r-
m

2 )
(BNL To,N’ egr{-:q\ Molar Y
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G‘N«D\‘JC&‘ DC‘\-grm‘(V\Q'\-?oﬂ A.L. Partral M&laf‘ OQAH"""')'t‘_c,L .
<
E_xa.up\g. U = Z )(k 'U‘):
Notal all é‘- Tha X ‘s are /\_:-_9_7- I‘AJQPCMJQU\:’— Stuce _g Xe -'l .
Iy
T‘se.r-.(-‘orl. \ we Coand (xprgss 2 S terms ol. qn]’ Set o{-
C -\ X:'s S— VAT, P, Ny, s Ne )
v ( T,P, X K, xc-l)
C-l i
u = . v o+ ([-2.7(*_)1&.
iz iz
S NV
Xe
c-
S 21(; ('U,;—'U‘c.) t+ Ve
A=l
= (3, ” T
KilT)p % ¢1,c
(‘-51) 2 U, -u
éx,_ T,e, *5#z,c z <
° Y
I °
e °
() s -
et [ [
3 xc~| TP, K; ¢4 c1,e
c-J N <=t
v
‘ XL(S’.‘L. 2 Aot TU e v (1)
»=l 1 T,P,)(j*‘_" £zl
< U - vc,
or (23 ]
v v - B ()
iz LR 2 S
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Thes, we can  Jedermine U For any Compenent f{. ‘U’(T‘Pl_)_g)
s laoun (Nete That v s enly o F.u.;c,-\-ton of C-1

Compasition  variables )

Considec a 2 - Cop;n_g_r_\ivx_“"_sls_*_e._v:\_ %

-U-;_""U'-')(l (9—1{)
3X, T,

v, v -X 9_}_") . Qv
l : (3&; —,° i +XL &x‘)T'PJ
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., Gibbs - Dohem  Equakees |

For « s:nﬁ\e. Component phase i+  takes three  vaciables o
defiae e shade ol Tl system,

For E€xample, te uniquely  define e stata o water wy
Can  specthy T, P,N . Nete  That we need 46 specify oF
leas one & xtensive vaciable  Ss Tkt we il kncw T
Size of Ta  system,

Howsever , once we  seecily  esly 2 _inteasive veriables
i, TX®) Than ol othee  dndensive  vartables  are Pixedt
T Gibbs - Divem  Equatien  provides  us  with o diffacential
Equotion rc.\m*:«% e wdensive  variables of o kemoﬁgngoo;
'F\\«sc,

Recell Coler's Belakow for o ‘oeweqen eeos  phasel

U = TS~ PV @ A_Z‘:_.‘ MiNL
. < <
dW zTAS + saT - PAV -vaP * % PidV ?’1 N dp
bat |, Prem  th Ludamedal g vadnn,
¢
dw = TS - PAV v & o dwg

> B § Gbbs - Dokem

= Lso\'r—vdP r &N du: =0 € quakiond
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Thos, for o

\I\emot\eneous qusz , Tha _whensive

2 Xidps -2dT + - dP

.\L T \i‘ ? ate ,@?ﬁn;‘-

R es*r? c‘\' cc)

2

We Cawn 3cnera.\‘\-ze. tie res-\»r:c{u) Gibbs-Dohem 2»7N. o

Pd-rl‘_ht\ ™malar 7v5u+ :fy

Thos |, all oL H, packial  molar  wvolomes in e molticomponent phase
(adepandenT . For Exewple , v a 2-ComponenT pPhase’

AU,_ - — ¥ d v, -~ X.dv,
X |- A,

Parc.mo.\-ers

Gibb s~ Duhem oy K J/“i 20——\ Single phase | Qv TP

c
ARG AN'D av: & dw; Loned TP
e
\"2 Zl:l UL N,.. aﬂ-wny.s Tre
c & '
dv = Zl U...JN‘: * Z Ne O{'U'& a[way; ]Lfoc
KA &l '
é g “). A'U-.q. =0 a'[’ f:"‘a 7_IP
gl
e <
3(;_ c(‘U_,, o)
L3

are N6T

are nst|
a\l Iné&pmé u\'\' Lu'\‘ are. re.la."’eé 'H\ro 01»\ +|~L. (:‘\\)BS~ bvkem . éfua"’:‘an).
Nele Qer o~ S\N‘\L C°w”9°‘\ ent \.P\na.sc. S
Ndw = - sdT +vdP
e A= S/n
5‘\‘“‘\&’ Coﬂ\peﬁc.'ﬂ'r A/"L = - ,A a‘T r U J P
Phase u: VY/N
Mere %cv\zra\\\l , {:or o molticomponant Sy shemat
) c
S\ Nidps = -sdT +vdP
AL




A Stmn‘\n-f' G\'\DES" bo\mw\ iquw\-‘"aﬂ Cen h{_ JQN«;J s.-row\ .hhl..
Ma sy Taw (ﬂ:ngﬂ‘eﬂs. %
ds > % P -8 Foaw
S T+ duw + e 4V T dN,
and c .
s:ra « 2y =y
=) wd(E) cva(g) - F o 4(%) l
or  (wrev)dr v Fap - L owd(E) =0
Ec\(‘lr) + Yt dP - & N: ol(/._—:_-‘;) =5 i
'p“‘ a %Tnc]\b Cowxponu-* SyS“‘UM"
la(t;)-. Adl +XdP ]
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Magrwell  TRelatrens
Racall N aLCJ' 2 = ST + vaP .21 'M;JN,:
| am) Lo(28) . .
9T PA"_' aML TP‘I_\_II ~
( e ) : 2 ( D_\’/"‘ ) T A
l P /v ONC [T,
.n\tse. 2 re\a'\'u‘ehs are E,x"'rew\e\yv \‘Mper"'«a"’ 'omA PPMNJO— a.
Usg(:u\ scheme (:or AC\'et‘Mit\il\ﬁ_ Hae T & P» Jeeu\éevmb ol. T
P
Note (:ar o Single Component System d.: and v, are
Mb\ar cluavv;’:'\'r&s 6* Prre sobstances Lustud\\, \ abelled -ﬂ-:
and 'U,':) N\I\S‘\-uu) a‘. Par"'ra\ M lar 7_.:4-‘-’--'”"‘:5 . Alse  recall
Ma. Gibbs- Duhewr (cl uq,"-\‘en\ ,G..- o stmﬁ\&. Compancu'l' S\I 3‘!‘0&# ',
A/U. = - AJT + u dP S.’n,lt_- Compencn'f
> : |
= (_f) - -A g (éﬁ.) .
27T Je av /.
Av\ '\Mper-h'.w'\' Mo X well fe.\m“\‘e‘f\ {u\v’o\c:vu& the 'L(*- Ca ™ aISo
bL ob“'a?neé grgm M MQSSI&& FuNL‘Lc‘o-JS:
\ K 3 P
ds T rdu + TV - 2 = AN
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shake |

r Chemital Potentials . v,T ‘;CX JQPQV\O;O.MCL
Recall  thet  knowledge of P, %  dependence 4t Chemical
Po"evx"'?a\s is Cewtral 4o tha a.f?pln'c»"-t'on a‘[ ‘{'l\crmaJynnm:‘cs +o
Chemical €qui Liberium ?rbbltm s,
For o $Iv\8\g— compone.n'\' Sys-l»em , e chems cal Fo{-u\-ln‘a\ rs
Stmply e molar ‘:ru_ taeeay .
M S = w -TAa +Pv
or _ _ _ _ Single Compenent sysh
/LL T G = w -Ts +PVv _
Mmolar  volume= U™ or V
molar Enteopy— ,a_.,.’_s:
molar  Epacyy = W o
Aoseloke  values  of vV and 5 (feom Hu 3 lew)  con ke obtatndd.
Wowaver , e alselete  value o WL s et meaningful o Oaly
étg‘.“.erunces in W Can be lens wn or +te  valuo of w relative  to
Sem ¢ reference State | Becavs e Fu Chemit el Po‘Lc.ver-.\ containg
W, we can_ enly  bnowo e value of g relobive b Seme
relaranee skate | This  does paaT cavse  limitetren "Zn.aaré\‘ss
o} what skbes Le cheose as  eur relecence s-\-L‘\‘ch i Y
ol Jifferemces  ia T fp whieh  are important i chemical
‘!’Iu.rm.géy namics,

T s importentT  to emphasize  that  Ho  chetse o)} Tho
Stondard stade  Crefermmce shake) s ar‘oi"rary . However,  we
Mmust aluways """‘"P in Mingd whet YT refecenice states are.
The reference stetes  are  usually chosen ot 2] _convenwience |
Tw (Zae.'\' ; o r.,‘_u..v\ce. sted e Need Nol. Even b_z. a real
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For &xawple, gaseos Species are  usually re_fercncc.c) te
Their hypethelical _pure réa.a»\-c\so.s states | This s  Convenieat]
becasse Al pressure and cpmposr-l-:o,\ Jq_PwJeme_ o} e ideal
9o s stale  dse  simple  fuwcbions and  all qases Lollows tJeal
gas behavior ia Fhe [im . T 0[— | ) densities,

For \TC‘UTJS € Solids +w chemical Po-]-ewl-cals can also
be referenced o e  (deal qes state . Semctimes |, howevec,

o Ts mbore  Convenien' + ceference o \:o,urJ or selid  Componeid
T« a pure \.‘quté or  pure Seltd state. For .<>¢>\u\-e.5J we il
tind Tt I 2 s mosY Convenlen¥ o cefacence Twe
chemical  Potentead 4o o hypothebical  “pucely - dilote "
state .

Before  we 40 ints  fuo c_ompos\‘-hona\ Qcpméu«.es of
Chemieal  potentials  we  wil firgd leok o how we  £xpress
T e T Qg(zenéencc 3 M For pure  Gases, (rfurJ.s a“,
Selids,
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e‘ —
whece M (T = {deal

N

purb C’abeS - Tdeel Gas ‘EG,Ler.nte S‘I'ul't
AS mevs%ton eb s e Q\\ewﬁcu\ Po\-cn\-(a\ ol_ f'e.a.\ aases ( a.ne)
Semetimes \tqué and  Seltds) are rc_ﬁarcnceo’ +o Their ideal gas stafil.
Thes,  we firsd  must  kaow  hew 4o express the T L P dependen ¢dl
A= & ~T5 + PV
O;. ,LL For cha.l 3&50_5. dp > di -Td§ - 5T + PV +T7dP
dp> da -(4@) + 3dT 4 T dP
9 . T
Fcco.“, ( 3___/’“) - \7 = F.r any pure Plnse.
oP
T
= RT for deal Sms ) S?&1l¢.- c'ameenudr
D
Se N J,..L = \—/ O‘P
Nows Substitere in Lo Vv WTh Tl dw! EsS
(ﬁb&a\ln"’c’e\f&r [
1y ©
Lorey = u ey o+ rT L. Ple®
T v deal ges chemical  Petential

5‘Lq n J ard S{‘u"’l—

(%Y

@ T 3 P=pP® (standard Presen)
©-
'\-\,Pica“\l) T s-\-n.néaré (Jrv_ssur«. ,\? s 'S \ bac
buT Woany eldee  tTables uUse o Tate
r._‘..ec-‘v\.ce, statbe . —rl'ws] 4 is Tw\por‘\'uﬂ'
Te kwnow uhet ."L\L S"‘anéqv«l Sl-a‘l-c 'S
‘ Ee_‘-ore_ You vse T"\l—— o)&.“'“-
O
K| -
® 5 r.
/)' (T)pz) -Iu- (T,P,):RT&MF
an.Q_ \\AL&.\ ase s ‘no.N_, )("kn_ Sawma
o Pressure éepeuaevxcz_.
P (T) ~ A >
p E
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A Bl
° .Req,\ C&a.bv.s - ngugc.:'_‘q — /‘L .7 Z /A-LT,P)
/ T O~ Y
Stace all Qeses: behave ,U.e-LT) 5P
vl e ideal 3u5¢5 in Twe /
Limi ¥ ol lew densities i+ vs conventent Yo use  Ha rdeal qas
$¥u¥ @ m x'a.nJarJ $+a.¥ o€ Ceal ses,
e 3 I3 'S F sa s ’u"“g_
B T
| N S 1o $(re): P2 ©
- i
(T, P) 2 /fL, (TY * RT &m =
L tdeal 30.5 (‘c.(»-.ri.nv.n. at T 51 Pé

S QT‘ P) z ) g-l-'l%o.c.\"\'\, N
The “g—\r%o.c:'\‘s’ " has oaits o‘, pressure . Ii's valve  can be
gl‘f-oc‘-e,\‘ -1y \-t$$ "'kmn '\’\\L ) OJ_‘\‘U%\ Prts suore . 'TL; Pu%qc,l "'\I Vs
o Measore a\_ e * Q'SC“P“‘% ‘\’Q!\A ey " o‘. The %&.5 .

i; ; < P a'h' ro.c.‘-?on \o&.‘\'un.c.n Mo\ecu\c b

" r\t%e.‘-\‘vc.. Aeu ta¥ten ?Pom féee\.\7'\-y "
e §F > P Y'P—PU\S‘ON hetween molecules
" Pos?hw. o\e\r.‘q-\un ?rom ?Ju‘.lf"-\/ "
QA.-'V\ 5: _— P The Fu%&c\.“'\l ﬁqvals ‘H,u_ Pressovore
P—o Lideal) th Yo lmit o P O,
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foqaetdy  CocffrcrenT , Y LT,P)

B\' ()b@-\ni\-?ov\ X (T.P) : g (;:P)

m G"ad"‘:*‘l Co e,{-e-\'c&ev\‘\' s o- u-’-“‘“-&ss number .

b ¥ (T,2) — 1
? -0

"ﬁm.ro.g-aro. s Le Can weite Qor ,U.CT,P)

p(Tp) = /fLT) + RT & SL;‘:)

= ,U.GLT) + 'RTLn%e ¥ RT W ¥ (T,P)
N — T T

/J_o Cr,?)
TS eal 3(».5

7P
Owne e 4. View o gn%ac:-‘-\’ Vs Hhat T Fep resents Tha
Pressure ‘ot awn 18ea) %qs weuld hove 4o have 3w order

to have Tl Sawme €scaping tendency as te ceal qas.
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purc_ \?QEAS and Sc\?és

stnca\e__ Compancn“' Sys\'ems

Since Yhere ts No re.q-c.f‘e.v\u_ Ma:)e_\ f‘)ea\ &70‘;.-)-?0" blr .S"'q"‘c,

‘F“" \‘1“755 or Soltds , we '*'\/P"‘-‘“‘] re/—en.nra. e chemical

po+an road é)’ o ConJ!.VI\S ed P&ms'— ','d 'H\a.'}' 6}' :+-‘

or 50\'\; at P = P& and

Fure_ '.‘7 v;‘J

at T 'szpo.rq. vre aJ, tnteresT,
Recats, (%‘Pi) = v (T,P) = (T,P)
T
b p
] _ [ & - e
— S (TP) = p(T,P%) + Spe VAN

— T
= V" (P-P°%)

Tl g.:\\c.é C.N‘t\&. L') ingtku\-es
Se\td phages,

pure \m‘uré X

It is e‘\gn Conventent +» r-g.‘: erence.  +the cdhemical ?&'\‘G'\'L\‘e.\

a‘, o Cond cvxStb ?\Aaso. 4o That o(- ts ideal

wey we éc.g:?ng +L._ S:sfjo..:_:-\-\l o{-
Selsd [N Y

3@5 5*‘4-& .
-Lv\ | —\—L-Ts

e ,\‘7 vid or
Sowe way as we 3 ﬁor e

qu «

. e £rere)
Mmo(Te) = MoLTY + RT L e

N =

;Aca\ 36«,& f‘u“-ef’-ncl- S;'A.'\‘L m"' Pe

Tha g—\u':sc»u\*'\l Tepres e,v\'}s +k~_ Pre_ss vre +ku“'

~

an 14 cal 3&5 would  have

\{- ot were in chemical

L’i u]\{\orrum with Tl (on;ghsaé P\Mse_.

Ths So o (o) s o reminder  That Fhes s Hae ‘;-uaar—fﬁ/

a\_ o Pyre \\‘quré o Sa\ié .
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Fugua,ei-\»L as an " ESC«PE:\} tendency "

Cons:écr a samp\&_ o\, wo.x-u" Con +&?h¢J at T ‘\' P N°“")
SUPPOSL o voater Vs in chemical E.ciu.'libr-‘um with its vapor
Tkrou?\\ o “ Gore-Tex " menwrkhrane N L.oe, ) oh '\[ 'hw.. vaper Can
be “'ronspor“'u; “l’kreu“v\ gy memberane ,

T1 p TJ P \I'a-?
Q«“Qu?b V&.Por
Q.'\' eiuf\;brtum) .'ﬂ. 3 "
whrey = ot T ey
4
° £ (x,0) ° §3(T,0v)
= M (7)) +RT L T = M T+ RT 0. __?&
o, % 9
= = vep an  altecnabive  eriteq
§ (T.D) S (T‘ > ) S:,._ Chemical fqu'\lfbri
Twere c.on.’ e {’.u1ag(+1 Con "-ru\\l be ani\n'\' o‘. as an

n
E_SCNPTNE '\-d.néc.v\z\' “.

Ccmpcmu\'\- s He
A\Sb) e above
Po"‘-ew"-u‘a‘) we Cawn

eclu:\\'brioM .
As it %ases

Coe,(—(:iciew‘\' X

AT’ io‘u?\\'\:r?um ) i s‘-v«lo.c.u-\l a.s, o

Sam e W €ech ol. e P\Mx.so_s .
(‘L\aAﬂ‘th shew  Huat ) \ilee T ehamical
UsSe 9.[3 o.el-'l‘\l as o measvre of.

we Can ngTnL e Quiac'\ \'\'
oS b
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Pre,ssuc_ .Bg_pq_v\;o,v\;n. a{. \@4 ('Purc_ l?u J.S So’-‘JS, or Jases)
£(TP)
Real! /u(T.P) =,u°('r) + RT In pe
() + RT & £+ =T 0. ¥ (T,P)
2 M oo )
(%/f‘) v = RT RT(g&)
P Jt > af T
or _
(30‘“’\6 ) 2 :V__-__l_c where -\-I‘5 T {deal qas ‘vb\u\wu.
P T rRT at T,P.
= g dl~y = g L ge Qrxad T
Ay
L‘&(Pwﬂ‘) o
, A3 - —
9 ¥ (PT) - Q¥ (®=0,T7) = g V-V og4p
K R . RT
J/
4
QO , Since alt ases are tdeal tw T LGwaT
o P =0
\Tkos‘ Tc we lL.noo-\ -\_{ - \7° as o £UN¢+?°" 6’— ? Fer
The %as , we Cawn ae_'\'c.rmiv\l- \6(?;\—>'
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Fugacity coefficient ¢ as a function of reduced pressure P, and
reduced temperature 7,. (From O. A. Hougen, K. M. Watson, and R. A. Ragatz,
Chemical Process Principles Charts, 2d ed. New York: Wiley, 1960.)
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