,

Cndevciais ‘ilU\mOC‘)i“ﬁa.mi cos,

Qc(s.i Cep 1, Addins

C—C‘D 8 LLW\OV\S

Ccp 7. Secns

r‘)a{ 0w po‘\e.nc_'\cl {envnodinémica ¢° e {Z)wcpé de asicc)o
cown dimewnsco de enenadc (83.0)
Q; Lewnonan 4% Cei (29.3) : (‘)c{in\'q:b ewm(%ic indeane U
funcco de eslcdo e 10l:ewnengic,
- considenan  Om stsjtamc cl 2 anaos de Cibendede : nesse ceso,
% poss(\/eQ de{mm 4 pole_wcicas -lenmod;n&»micos,~
N pmlicUQm. p/__OwW Sisl&w’\c hidnoslc’iica= ivmos que :
U+ ewnengic i‘(\-le/\‘ﬁc
Q
1= O+ OV = &ﬂlcgpia . Eq. (48.))
(83.2)
F:=0-T¢g fuﬂc,ab de He@hollz nu enen(a)-’c Civoe de HeOmhotlz
6 - F % P\/
s U-To+ pv i v w Gibbs ow " " w (Gibbs

Dhs, « quoﬂ-lidac)es ow\a’Qo%cs padewn sen inlnoc)uzidcs p/_0s Sis/emc:s

4@Amoc)anc‘:mic@s s.‘mpées (2) - (3 d;chl\'c)os p%s, (25.0) - (25.6)

Jvie ¢ SubsliiuiCp-o =08 = .

V > x ., de acondo lebele (6.3)

tilibra




D

© Considenon: poJrenciais icnmod&nf;m(cos (B3.2) sob uyn pNoCesso

\‘n(;im'le.simcé.

(@Y) evwn%ic \'Y\-[enm,

Eq.(388) +  dU = TdS - pdv

Comno (78.3) ¢ ovwe di{meﬂcicé excic e/ow J & Ovne -‘Funqc'o

de _esdedo, podewnos escneven

U= U(SV) (84.3)

Nesse caso S e Vi vapnidvels imdepmde.n-lg neduncis

G.83DCicdes o U .

s Ju: /QUY ds v+ [d0) dv
(os/, Cov/s

® eq (783 = T =

YO e o-:-/30) (84.2)
os/ 5

[
\ v kOv /s

(z) PhlaQPic.,

Como H=04+pvV => dH= dU + pdv+ vdp

- 1dS ~pc)\/ £ PIV 4 \/dp

Eq.(¥8.1) 2

> dH = Tde + Vdp - H: H(s,p) (84.3)

covno dH - /pU) ds « [ad) dp

(os /e \Nop/s

L. 17 - [ad) . NEATA (84.4)

\03}9 kOP/s

tilibra




nnlnn: cf\lcgpic e in-\enesscvxle R/ descnevyen Uwn PnOCeSSO

isobdnico

como p-—c-le. Eq~(8<\.3\’7 di- Tds : dBrev

L L:C‘i. (74 .\)

(85.9)
L AW = Qeev cclon dnocedo vic PnocessO nevensived.
(2) {Uﬂqcb de Hel@mholls,
oo F=0-1% -=> dF = d0 - TdDS - ST
= TdS - pdV -T 9IS - SIT
l» d¢ = -Sd1 - pdv = F=F(T\V) (B5.2)
como dF = /OFE\ dT + [QE)\ dv
ov /y \ ov/
L 6:-(0E\ e .- [OF) (85.3)
\ov /v ° ' \ov /~
-\no*cun & (‘DOSS\'\IeQ ex\\onessw\ os Poie.vwcic‘\% U e & em
dencnos e F oz F(TN):
Coxno F=0-7% = Q= €+T15
¢ Lq (85.3) penm\'.]e_ cscnever S em denmos F _dewos que
U:= F - 1[0F\
\OT P
Sinifen b= U+p\/ = F -T/C)F\ -\//()\:\ (85.4)
\OT/V \(‘)V /T
e G=F*p\/=F-\//clE\
= \DV J+

cquagies de Gibhs- Hel@mhoods tilibra




G {u‘nc’cfo de Hchthlz [ in-leneSSc\nlo. Rs descneven \"DnoCcsso

\'%o*e}wmicf; s

\¢ Coi ® Eq.(762): dw/ = du - dR ¢ Ju - TAs

RO PnoceSSO Nevenaived e iso-le}wmco. -le\mos que

dWeev: dJu -T99 = d(U-T98) = JF (86.1)

f pade sen visds ooven wine "cnm6sc polewc‘«c@

p/_ 0 D00CeSSO

(4 (‘:Uﬂqab Qe gibb&.

Como G- l'/%p\/ -> J6:=0dF & POV + Vdp

= -Sdrv ‘Pd" ¢ pdv + Vdp

L JG: -SIT + Vdp => G:= 6(T.p) (86.2)

como d6 = [96) dT + [JG) dp

k(’)T/P \OP}T

Ly s:-/0G6) e Jx BB (86.2)

\ov/p ~ \op /v

‘ﬂo-lan p P/ 0w DNOCesSO isobdnico e iso(eﬁm"cD

Ly dG 0 ow G:cle;

., a Jmc‘nS'\c,'c'o de jq:csc e 1% ondewn .
QCSOW‘!O:
O=0U(s.N)
H=H(S.p) : (‘)O'le,hCiciS lenwnodinémicos (86.4)
Fo= F (L) e denvnos de svcs vonidveis
G=:= G (T.p) independendes nedoncis

tilibra




¢

AN

®7), .

Obs. ) + o escolhe de own (‘)e,le/\ml\ncdo po-lenc‘\cQ. e_s-lc' associcde
Qo covx\'\unlo de vonicveisS yeis o(‘)eq‘uoc)o P
descneven 0 sasie,mc

05%s.2: p/ owm sislewnce o W ancus de @ibendede |, « possivel

147 . .
de.—\(i\n(r\ 2 Po—(e\nc\ms lmmor‘)in&mic_os (\/c\\Jc cbeixo)

{hawns gon cnede de leaendne

considenon sislema c)csmi-lo pchs vanicveis (x.x\\‘)

se (- foxgy -> /d(\ dx (0(\ C)\\ = O x + vdy
\Ox/y \oyw/x
Onde  W=Lx) e V= V(ix)
ideic de,lenmino\n Jnans{onmac’cb 1c0 que Sislema
Se_\gc C)cSC/\ilo Peec:s vaniciveis (WU, 4)
oodan + d{: udx s \/dl\ : d(ux) - xdu + vdy
df - d(uxy = d(f-ux) = vdy - xdu (87.1)
DAV ’\'naﬂs‘(:Onmcdc de Leaef\c)ne. de g(%-z\,) w.ad,
%(un_\,\ : ((x.ﬁ\ - WX (871.2)
como _da = -xdu &+ vda -  G:alu)
O > SO °
= /9a\ du + [(Qa) dy - X = - [dg) - V:(Dq)
(E)x Log/u Lo& /x \og/u

onde X=X(wy) e V= viwyd tilibra




C

aolon

Eq‘ (87.2) de{ivw. uwe mudcnc;c de  vonicueis

() => Cung)

e po\nlic:uQm. IO/ 0os poie\ncicis -Ie_nmoc):némiCos, 'Lemos Q‘ue

(1) evengic in-lefw\c e eﬂlCQ\D(c,

Eq (38N du = Tds - pdv

Coo dlpvy= pdvr Vde =» -pdv: Vdo -d(pv)

L> du = Tds -d(pv) + Vdp

dd + d(pv): d(U+rpv) = Tds + Vdp =dH : Componon Eo,‘.(m.D

| O PV e |4: IJQS\\;ﬂ 1 _companan Eq.(ﬁ?.’l)

L.e., lewnos  owne ina‘ﬁs{. e Legendnz csspciede &

mudence de vonidvel (S5V) => (S.p)

() ecavpic indenne ¢ funceo de He@mhooly,
Como J(Ts) = TdS + SIT -> TdS = d(1s) - I
\> Jo = 1dsS - eIV = Jd(T8) -SAT - pdV
Lt> 9o - d(Ts) = d(0-19) =-59T-pdv : dF : compancn £q.(87Y
b F=0-TS e F=¥¢(Ty) : Cowmpanan Ee.(87.2)
C e, dewnns ovoc -lnc\ns‘(. de La%gﬁdne, associcda &
mudence  de Vanicve@ (Sv) =¥ (T,V)

tilibra




(2) {unqo&s de licémkoe.h e (2:bbs,

cowo  dipy): pdv + Vdp -~ - odv: Vdp - dieV)

b dF = - SdT - pdv = - SIT + Vdp - d(pv)
> dF 4+ d(pV) = J(FrpVy)=-SdT+ Vdo =d6 (83.1)
L G: F+pV e (G : &G (Tp), (83.%)

b 8, +e.mos vwne 4ncns(“. de Le%ewdr\é assoCicde &

mudance de vonicve? (T.V) -» (T p)

- O Pnoce.c);mevv\o aciwe pode Sen O\Qene/\chzc:do RO S\Slemc

c/ %nous Ae Q;bmdcc)e;

Ex.: g;o sob levxSc‘o_

Eg (444> : dy = de v £dL ;. §. lensco sob L:-‘o
R/ pnocesso nevensivel . d8eev:=Tds : Eq (F4.1)
( inclouindo o Vo Coma V va descicco do Sisjemc. L exnos Que

dQ = Tds + {dL -pdV =~ = 0(5.L.V)

{ o) in )i s et Po-lé:\ncic@ G:-6(T.v.p),

> do: 1dS +5dY -$S9T + {dJL -pdv - vdp ¥ Vdo

A N
~—

~—

d(19) -C)((‘a\/)

< L J(0-TS v pV) = -sd1 + {JL ¢+vde = d6,
(89.3)

e, G:=0-T9+pv e G:6(11.p) tilibra




Qan\clo—e-S de Haxwell,

4 nelacpes ~ denivades poncicis das vanigvelis

tenvnaci peaiccs gu\ndcm evxlcss :

/a_I\ = - /C)P\
( lov/s  Los/,
/m\/ : -/:za)
KC)\/ P \os U :_I)QQC:C‘_()E.S de Hoxwe0? (90.1)
/[OTN = {r)l\
Lop /s \os/p
OTN = ([ ov)
\op/y  \os/

Eq.(90.)) + denivedes c.jmov\-lm dos poopniededes das di(MQﬂC'\CiS

das {u\nqoés de _esledo U, H, F e G.

- \iodan -pnoc)olo “Jdes d'-cao\naisu V1S - P\/'

* Ranes oposlos de  Vonicveis = cle

sinol 'POSiJNO se he (DT/Br‘ﬂ

‘Vamnos \/Qr\'\(‘\iCc«-« Eq (90.\) ¢

/ Eq. (1¢.3)
¥

tBq (842): [ATY . P% 2 0 . d (o0 - - (dp)
Lov /e IOvaIS DsdHY os Vov /g \os /,

anennglivgx como  U=08V) e dQ = T1ds- pdy d-‘-(‘\e/\e\n(_ic-a echa

L Eq (312 : [ITY - [J(-@)
Vov/s Los /), tiibra




W . M ) [ad) (mz)

\oe/s  opos  osop

o'F . O .,<L/aF> =-/c)_p>

L £q.(85.3) : - /S -

Cov/i  ovoT ooV

ow  £3-061) (7Y = (v )\
(OP/v \os /s
. Eq (B63) i -/aS) . .96 - O . o /26 -{oV)
kaP)T C)paT ITIP o KOP T \OT/P
0104 Eq.(ié-l) /C)T\ = - /c)_‘g\
kc)\//\; \os/s
Obe - ae neCacoes (B4, (B4.4), (853), (B63) e (30.)) podewn sen
denivedes ¢ X\Z)ou\li/\ do d\a%ncma (‘“'\.\F Sec. 7.2, Ccllex)
v v i
i A
N/

il >< 6 (91.1)

/7 N\

n I3 Voniéveis

vonicvei s __J
E.)(-le\nS'\\/CS iwle.v\sivc€

PO"I&V\C\C'\S lerwoclinBmicos (_V\lﬂt VONICVeis ihd(Pe\ﬂdthrS \Oc-(uncis

¥ indice sined pos;i‘.\/o dc denivede
G ‘Da/\l'\/\ do dicgncwe (.1), pade-Se Q{inmon. e.q,
(9Vos)y = T e (9%9)s:-p 1 Eq (842

negcc,oé.s Qe MHeox)ell ~ \/C}\‘[\'C(’S do d\cg)ncmal

pode-se Cc-\C;nmc\n. e.q

tilibra




@),

¢

Sncl pos‘\-&ivo, pois POSiCco s«lcs

- (OV/98) o = (O04)s
dacco\)onc.xs simédnices w.ald. denivedes
’ (O\/@V)s = = (aP/OS)\/ r\olon Sinecd ‘OQQCLVD e oniqv\_lcgc’o
seles dicgancis w.a.l. denivedes
0Obs R/ siclevac c/ n_anovus Je Cibendede , dewnos QR\Polev\ctc;s

A
4(’nmoc):nomic_os .c,\/e/\\(‘\wc.-sa que, ccde \‘Dole\r\Cicﬁ

‘Zn(n-n ﬂeécc,o'c:s de Hexe2€.

‘E‘Df\‘ﬁQC&

/F\\

Sobne 0 Cquie(bf\io lmmod;némsc.o,

ideie + dedenwninen condicoes Qencis P/ c delensineass e
esdedas e equiQ.’bmo -lenw\oc);v\é‘mmo
nicial Y considencn Pml(cu@c wiesse W ‘mo\lime.‘n-lo 1-D
s0b acecd pole.\nc,icQ UJ(x)
I
< \
\ M
]
NUSZEN
'n \ 1 %
)(_\ YZ XS
Se Jdu | RO Ik Xo p_lo Jde e&‘uae.’bmo
dx I)(=>‘e
(92.3)
e se 90 >0 v Xo o plo de equilibniag gg.(c‘uee,
C)X'L x:)(o
z . _1
0 Se ad £D => ' v ' " iNsdc vel
C))(L * = %o
<' (A% \".‘Dc\nliCuQcm, R/ @) exam\?@o aciwe h
Xy, Xz p-los e.o'ui@:b/\io e.slc'vee
ostaved tiliora

AL} "

X2




62,

/Pofle_\nc.;c e guimico

(ps dalc\he%. \/e\gc Sec. V.6, Zc.mens\ls)

19 e du = (ds-(‘:d\/ e U: 0Cs, W (942.2)

\\

coNs\denan : %isle_ma \r‘\idnoslc'.{fco c:benloL Co\nsl'\lu(do pan

l_ (o) \’Y'\\:DO'/\Q‘(\"leo ( 0w J«\‘\‘T)o mclmic@/subslénc\‘c) >

Ls neaSe caso., o necesscnhnio consideaen Vanicve @

lenmodindmice cdicione@ p/ c destnicco do sislewne .

vOwieng de wnoles

Ls U= Uls. v (92.3)

esSse Ceso -lcmos que s

du = /00N ds + [90) dv + [IQ) dn (32.4)
Los }\/\n \ov/en \on /s

covno_discolion enlenonvacnle, tgs. (a2.2) o (924)

L - /000 e - -[00) (92.5)
kOS/\/‘“ KC}\//SV\.
De;g.'mc:,c:o Polewcacﬁ COIWNICO
w= [00) (32.6)
/ L oa /sv
Ly Eq.(32.4) - do: 1ds - Pd\/ \ /uuc)r\. e R/ Sislemc

hidnoslélico S_‘QLQI\lO

e V=0 (S.n) (92.7) |tilibra




6D,

(\O—lnf‘\: Q -le,f\f.e_'\.f\o denvno de Eq‘, (42.1) pode Sen \'v’\le/\\:ane,lcdo

cowms U 4 nebealhg qu{niCo nevensiveé

Cj\)(/c -/u.dv‘\. . (22.8)
Coonpanci Eqs, (32.\) < (972.8) /LL g gonc;:‘\ v vVan iﬁl&ﬂsivc
s des@oceen ev\lo"z van exieng‘.va :

o \/c\gc. 4cbele (6.0)

* Sinien R/ saglamcs {f_c\hcdot, Eg. (2.31) ® -zncvws-‘(or\mcc}c:s

de lecendne | \/Cj\(‘lCicc‘_—Sé_ Que (exencicio):

dl = T1ds \/drp \ /Mdn e W s \A(S\\p.nw
df - -950T -pdy + wdn & F- E(C Vo) (22.9)
JdG = -5d71 Vdp [U~C)V\. g G-—G(’T.g.ﬂ.)
nesse caso lcmosv e.G
O
S - - /()_E\ |D:- /CLE\ Vo /(ME\
KGT /\/.V\. KOV/‘(‘(\, / \‘)“‘}T‘V
v (92.10)
& S - - /Q_G_\ Vo= /()L\ u.-/clé_\
- \C)T /(:.n. \Op /'\‘,V\ / KO(\.)T.P

£ poss(ua@ o\u\enceazC@ Ec\s- (2.1 e (92.9) lr)/ VN S(Slemc

\m'c)moslc'l\-w Q‘oenlo CODSl.’lu(Oo pon N Comx‘:ow&nlcs-.

NnNesse <Caso ~1c_mo§. e.%.

U 0C9 V0L Nz Dm) pu Q=0 (SVn) (92.\1)

tilibra




onde N = # vwnoles Comx\aov\enle, (:
A oy ne, oo 0wl
¢ /d&l\ : Qole_v\c.'cé quimico Cssociedo
()(\.\ N l . !
G componenie i (92.4)
Y\J‘#d b C,lc ]

L> Egs, (A2 . (92.9) ossovnen ¢ —(\or\\mc:

Ju = [(J0N ds + (90 dv [ OQ
&OS/\/‘,\ O\//s\n NEEN \O‘L;}\/‘“'

: 10 - pdv _+ D /puda:

=3

¢ U‘-U(S.(‘D.‘ﬂ,)

i

dil = Tds s+ vde + ) p.dn; W (s.pn)

o>

d€ - -SdT - Qc)\/ : wadm e F- F(f /)

dG = -5d1 + Vdp z_/u\-c)ﬂ; e G-G(T gn)
(92.42)
(oW : Ly = /()r_\
&O(\;)e‘@\w on: /1 v w

e i = /C>G\

Ole@ p/ discussco -Ir\c«ﬁn'c;o'e.s de

- ¢ Kc)ﬂ,k)/\‘?\w

gcsa e neccoes QuivmiCcs

tilibra




no\/c:me.nla‘- Sisjcmc }mdnoglc'licO cbenlo COhSlilo(C)O Ron

! ¢o mx\:oner\lz 5

Considenan = Eg. (329 e Jncnsgor\wm:dc de lecendne:

JE - -SOT - Pc)\/ A j,u_dn, y \ﬁc)fug -nC)y-

4

> J(F-puo) = -5dT - gdv -ad 20 d

(32.33)

e @ = d})(‘\'\\/”}fﬂ ; %nma po_laﬂcmﬂ_ lmmnd;n‘cmmo

tilibra




Sec. 4.2, . 0€iyeina

Vv
‘€ quacaes de Eoulen e Gibbs-Dyhem (s:a voles .. Addison, 2003)
(Y\\C\C|Qa

po@\ﬂ&wnos e {uﬂC_pés howioaénees

2z -
-0 \po@inam(o Qo + OAX ¥ G2 X + ..+C&~ﬁﬁ<n < Um RO Cindmio

de %r\cu L. Se awn#0:

-6 poe\mE)mio X6 Zox 4 3‘ e Lwvn Poeinamia howoaéaeo

de ancu. 2 , pois ¢le ¢

Fhval poQ\r\Smio de oncu 2 P/
cs dueas Vonidveis X e Y .

~

- exlendenda os ideics acime D/ ‘(mncloés‘ Jtmos que :

se  fevnx) = YWl ) anbilagnio

(82.14)
Ly f¢xy & uwne {uqucg’ homoa2vnec de oncu
esce Ccso r A - ‘fclcm de esccle
Consrdenan stiamcs L e 2 | 1c\‘s que V2 = V3 e Mz = P T
DN o ;

Covno av’\lnoi‘bic e ﬂﬂe/\é_?x)ic iY‘\len\nc icmbé\m SCO_Vanicveis cxla\(w%ivas;

{evnos que : Dz = W5y e Uz : MUy,

Cowno U= US V. ), g5 ne€ecdes acime

- UCRS SVL W) = S ulsvan)

(92.15)

Ce. Nanicveis extensives sco {Uﬂcvoé_s howmootnecs de gnew L

+ denivede Eq. (149.2) w.ad. S

Ulsiven) = /00 N 00s) /a0 \

GV (U N\ Q0w
O(,\V\}g‘“ O \O(M’ﬂ }5‘\/ PN

\a(m)m O

2
~—

~—

A4

o~

S n

Cowo n & aniinc’r\ioy pocSemnS Considwman M= A

(tilira)




D(svoaY = (OJY s 4 (30N v + [o0\ «a

0S Jyua \ov/en \ow sy
T = > Egqs. (a2.5) o (92.6)
> 0= TS -pv v por Eguaged de tulen (32.36)

Lq. (146.)) : nelecco eni!\e vanideis lenensdindedices.

denivede vic considepncGoes de escelel

Cowo ¢ ‘(Unqcé de  (Gibbs

:c‘, (832) - G:=Fspv = U-TS s+ OV
® Eq. (346n) + G - TS -pYy + MO -TS+ 0V = pa =» G=/Mn
N
p/ Sis-lc\mc n C()m\‘)()\r\ev\-‘es: G- 2 /uaac
r=2a

{

: nelccco emlne_ c -(\me.,d; de (Gibbs ¢ o poieﬂc'\cﬁ Quimico .

Eq\.(ﬂte.ﬂ L LN PNOCeSSO w\‘;niles'«moQ.

JO = TJS « Sd1T - pdy - Vdp + udn + ndu

* 1dS - ady /udv\ t SAT - VI ndp

L

Ju + Eq. (14).D)
7 5dT -vJde v wduw =0 : Equeged de Gibbs - Dohewm (92.1%)

nolens 1 0O, JL * NGNAICV eSS isn-lcr\%i\lcs

Eq. (\46.3) = 3 u X NCo Sco inchan)enlcg{.




Ex : Considenen acs idec? |, evnengic ialenme Us CoT,

00de C.v':o-lc,;

Veni ficc-se que (or dedelhes, vele Y108 o P09, lewons):

R/¢y
Jswvy)y = Jo /\/a " e X p // (5‘30)/Cv\
v / "\ 7

4

onde UO'—U(so.\/o)

® eo. Jde Lolen (32.16)

Wl /¢,
L w (s vV.a) = Uo/J_Q\ f o~ g““Q\axg/s'SO\ :
/ \ v/ \ < / \ <v
(942.38)
B \\ooi&\nc(cﬁ. qu(m.‘c,o (p/ 6:;% idc,c@_!
L- a0 Lo pq. 92
0 U=

tilibra




@),

e ideie 1 G5 enpnltn eC{‘U\'\/OQtV\it Eq. (32.1) p/ om Sis-lemc

} -
Ak aale /@ alet raltels)

iviicicl 2 : considenan S'\sle_mcs Ye 2, nDanedes exdesmes @

mle/w'»c Y/ nf{gidas :
[ @) 4

Sy 04 I S2 02

Vi Va

Eq (38.1): dUi- TidSi - @idvy o ¢=1.2

7

h\pé-\ese )y e Sis-lemcs \ e 2 isoecdos;

Nesse ccso, nco hé, ewn pNivncipio, J\eecgoés

e.r\lne To e T2 e Rie D2,

hipo’J(csa (2): pomec)c_ inie/mc W {ixa e (‘)icle:/\mic.c;

nesse ccso, he tnoce de cc@on Qv\lne ! e z

sob 6s Vinculos :

U:=0102:che s Visele . va-ele (343.1)

7

como _0:=0(5N), podewios escneven S:=S(E.NV) ou S=S(E)

pois Vi = cle ;

\‘7/ @) $is-[ewm COVY'\POSlO

Eq.(SS.L)

Y
S0, 02) = S0 ¥ ©2002) = Si(o) + S2(0-03) => 5= 5Ly

Lewbhnon Eq. (77 1) ¢ c,slcc)o de equ{Q:bnio ~ eglcc)o wckime S

\» podemios escneven condicev proequi@idnia

ds - o L Cownpongn Eo‘.(QZ.A) (93.2)

9 U tilibra




/\
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