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Equacao de Gibbs-Helmholtz

METMAT

« A integracao da Equacao de Gibbs-Helmholtz
determina a equacao da energia livre de Gibbs (G) em

funcdo da temperatura (T) para o sistema mantido a
pressao (P) constante.
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Equacao de Gibbs-Helmholtz

G=H-TS

Mas, numa transformacao
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Re-arranjando:

H=T oG G
BT

‘////////”///////////////;;;;;ando:

e multiplicando por:

dr
T2

HdT TdG — GdT (X) _ YdX — XdY
T2 T2 Y) Y2
HdT TdG — GdT G
- /\ q AG B AH a7
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Exercicios

METMAT

1. Calcular a variagao de entropia do universo e a variagcao da energia livre
de Gibbs quando um atomo-grama de Cu super-resfriado a 1340 K solidifica
irreversivelmente nesta temperatura a 1 atm de pressao.

Dados:

Cps) = D41 + 1,5x10.T (cal/atg.K)
C,y = 7,5 cal/atg.K

AH_ ., = 3100 cal/atg

T, ,, = 1356 K

[Resposta: AS, = -2,29 cal/K; 4S,,c = +2,31 cal/K;
AS = 10,02 cal/K; 4G, = -37,0 cal/mol]
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3. [Bodsworth & Appleton, problem 3.5, p.55] O titanio apresenta as formas
alotropicas o e 3. Atemperatura de transformacao do Ti hexagonal
compacto (o) em Ti cubico de corpo centrado (B) € 1155 K. Calcular a
temperatura do ponto de fusao hipotético parao Ti (a).

DADOS:

Cpoy = 9,28 + 2,4 x 10°.T (cal/mol.K)

T, ,5=1155K AH,_,5 = +830 cal/mol

Cyp = 6,91 cal/mol.K

Ty, =1933K AH, ,, = +4500 cal/mol

C,n = 8,00 cal/mol.K S,es 1 = 7,3 cal/mol.K N
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AG

TI,o

Solucéo usando Termodinamica do loop

AGOL—)| =0

A(3(>c—>| =0

oa—>pf

Ti,p

AG,

Ti,l —
AG, 5 + AG,, =0

ABassp = AGILp

Equacao de Gibbs-Helmholtz
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METMAT AGa—>,B = —Tj T2 dT
T
(AHr, .+ | Ac, dT)
AGa—>ﬁ - = j =k T2 n dT

dT

j (830 + [/ ..(6,91 — 5,28 — 2,4x103T) dT

AG“"ﬁ - T 2

AGq_ g = 0; Ty p = 1155K; cte = —9,634

AG, ;= -1,63TINT + 1,2x10°3T2 + 9,63T + 548,18 (cal/mol)
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AGy.p = Ahop |

T
(AHr,, . + le Ac, dT)
AGp = = j T2

dT

dT

f (—4500 + [, ,(6,91 — 8,0) dT

AGl_’B = —T Tz

AG,5 = 0; Tiz = 1933K; cte = 7,01

AG 5 = 1,09TInT - 7,01T - 2393 (cal/mol)
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Resposta: (AG em cal/mol)

AG,_,4 = -1,63TInT + 1,2x103T2 + 9,63T + 548,18
AG,;=1,09TInT -7,01T —2393,03

T =1842K

Liquido=Beta Diferenca

a—>f
1
3000
T (K)
Alfa=Beta T (K)

-214,54 1800 -304,78
-209,09 1840 -214,29
-208,75 1842 -209,74
-208,68 18424 -208,83
-208,68  1842,41 -208,81
-208,68  1842,42 -208,79
-208,68  1842,43 -208,76
-208,68 = 1842,44 -208,74
-208,68 = 1842,45 -208,72
-208,67 = 1842,46 -208,69
-208,67 | 1842,47 -208,67
-208,67 = 1842,48 -208,65
-208,67 @ 1842,49 -208,63
-208,67 18425 -208,60
-208,67  1842,51 -208,58
-208,66 = 1842,52 -208,56
-208,66 = 1842,53 -208,53

90,24
5,20
0,99
0,15
0,12
0,10
0,08
0,06
0,04
0,02
0,00
-0,02
-0,04
-0,06
-0,09
-0,11
-0,13
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Solucao usando a definicao de G

AGg) =

Gl_Ga
G, =

&

0

Ga=G1
G,=H,—TS,
Gl — Hl —TSI

T
Gg = <H298 +f
298

c dT) T(S + f " Cpa dT)
, T 298 T
P 298 T
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1155
Gl = (H298 + f Cp,adT + AHC(—>B + J
2

AH,_,
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1933

1155

; 1933
g
1155

Cp,ﬁdT + AHﬁ_>1 + f

Cp.B
2P AT +
T

T
Cp,ldT) —

1933
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£ 1+:f 2Lt
1933 ' Jious T
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G, = 28,78T — 1,20x1073T% — 5,28TInT — 1680
Gy = 45,42T — 8,0TInT + 1261,21
1155 T
G,B = <H298 + f Cp’adT + AHaﬁﬁ + ] Cp ﬁdT) —
21?1855 AH 1’1‘155
Cp, - . [ CpB
~T(s +j PLar + —=2 ¢ —dT)
( 2% 208 | 1155 J1155 T
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G, = 28,78T — 1,20x1073T? — 5,28TInT — 1680

Gy = 45,42T — 8,0TInT + 1261,21

Gg = 38,41T — 6,91TInT — 1131,82
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(kcal/mol) (kcal/mol) (kcal/mol)
T(K) Ge Gp Gi
e L. 1155 -13,0 -13,0 -11,4
Equilibrios Estaveis e 1842 47 o5 g 26.1 25 g
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Intervalo do equilibrio (kcal/mol)  (kcal/mol)
Metaestavel T(K) Ga Gp
1155 -13,0 -13,0
1842,47 -25,9 -26,1
1933 -27.,8 -28,0
-24500 ~ 1842 K
-25100 - \
=
E -25700 -
8
© 26300 -
—— Alfa
-26900 4 | — Beta
—— Liquido §
_27500 I I I I |
1800 1820 1840 1860 1880 1900
T(K)

(kcal/mol)
Gi
-11,4
-25,9
-28,0
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- Intervalo do equilibrio

(kcal/mol)  (kcal/mol)
Metaestavel: T(K) Ga Gp
1155 -13,0 -13,0
L 4500 - 1842,47 -25,9 -26,1
1933 -27,8 -28,0
-25100 - 1842 K
5 \
E -25700 A
g
© 26300 -
— Alfa
26900 { | —— Beta
— Liquido
'27500 I I I I |
1800 1820 1840 1860 1880 1900
T(K)

(kcal/mol)
Gi
-11,4
-25,9
-28,0
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Para casa

1. O manganés puro solido tem quatro formas alotropicas que sdo designadas de «, B, y
e o. Fazendo-se a témpera do Mny até a temperatura ambiente, ocorre sua
transformacao parcial em o (sem passar pela transformacdo em (). Calcular a
temperatura tecdrica de transformacao y = a , assumindo que:

e as entalpias e entropias de transformacao sao independentes da temperatura;

e 0s dados de c, para as fases o e y podem ser extrapolados para temperaturas
maiores e menores do que suas faixas de validade. Dados:[100]

Cp (Mna) = 5,16 + 3,81x10-3.T (cal/K.mol)........ [298K - 993K]

Cp (MnB) = 8,33 + 0,66x103.T (cal/K.mol)........ [993K - 1373K]

Cp (Mny) = 10,70 (cal/K.mol)........ccovvvrirniinennee, [1373K - 1410K]

Cp (Mng) = 11,30 (cal/K.mol)........ccovvvvvninerrneen, [1410K - 1517K]

T(a — B) = 720°C; AH(a — B) = 0,48 kcal/mol;

T(B —y) = 1100°C; AH( —v) = 0,55 kcal/mol;

T(y — 8) = 1136°C; AH(y — o) = 0,43 kcal/mol;

S,98.mn = 7,6 cal/K.mol;



o Soluces regulares
Hildebrand (1928)
Foi desenvolvida quando ha pequenas diferencas de

tamanhos atdmicos/moleculares e quando n&ao ha fortes
interacoes

ASMTed = ASMd = R (X,.InX,.+X5.InXp)

AHM7™9 = R.T.(X,.Iny,.+Xg.Inyg) = AHET69= AGET€I

ASETed =
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Solucdes regulares

Iny, = — . x2 AGETed = AHM7e9 = (. X,. X

Q : E uma propriedade do par A-B e ndo depende da
composicao quimica. Corresponde a diferenca entre a
energia de atracao do par A-B e a média das energias
de atracao das interacdes entre os pares A-Ae B-B

Q = coeficente de interacdo = z.N,.[dag - Y2 (dap+ Ppp)]
Q) =0 —ideal

Q <0 - negativo — estabiliza a solucao

Q > 0 — positivo - desestabiliza a solucao

AGMTed = R.T.(X,.In X, + X5.In Xp) + Q. X, X



Solucdes regulares

A+B=AB

AGM™9 = R.T.(X4.InX, + Xg.InXp) + Q. X,. Xz = G°F — GMM
G = G"™ + R.T.(X;.InX, + Xz.InX5) + Q. X,. X5

G°' = X,4.6% 4+ X5. G+ R.T.(X4.In X4 + Xp.InXp) + 2.X,4. Xp

\ )| J
| | \Y}

Mistura mecanica Ideal Excesso
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ETMAT Solucdes regulares

REPRESENTACAO DE REDLICH-KIESTER

AGE —_ XAXBELE . (XA _XB)U

LY =A,+B,.T



ETMAT Solucdes regulares

REDLICH-KIESTER: v=0 (solucbes estritamente regulares)
E __ T 0
AGE = XA.XB.Z IT. (X, — X5)° =

= AGE = X,. Xp.LE =
=1 =0

Solucdes sub-regulares: v=1
Solucbes sub-sub-regulares: v=2
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LIGUID
EXCESS MODEL IS REDLICH-KISTER_MUGGIANU

CONSTITUENTS: CU.NI

GCLIQUID,.CU;A>—H298<CFCC_A1.CU;8> =
298 .15<T«< 1358.82: +12964_84-7_.510243=T-5.83932E-21 »T =7 +GHSERCU

1358 .82<T< 32800.88: +13495.4-9.9280463=T-3 64643 E+29 =T »=(-9)

+GHSERCU
GC(LIQUID,.NI;B>—H228<FCC_A1 . HI;HA» =
298 . 15<T< 1728.88: +11235.52V+188 . 457=T-22 @96 =T =LN{T>

—.AB48 407 =T %=2—3 _B231BE-21 =T ==
1728 .88<T< 3880.88: -9549 7/5+268 . 598=T—-43 . 1=T=LN{T>

LCLIGQUID.CU.NI ;82 +11760+1 . A8 4=T
LCLIGUID.GU.HNI;1> —1671 .8

G = Xy GOy + Xpi- Gy + R.T. (X In Xey + Xpyi In X)) + Xew- Xyvie z Ly, (Xcu — Xni)?

GOl = Xy G2y + Xy Gy + R.T. (X In Xy + Xy InXyp) + Xy X [Lh + LT, (Xou — X))
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A partir de medidas calorimétricas a 450°C para o sistema Cd-In liquido, os
seguintes valores de entalpia de mistura foram obtidos:
a) Mostre que o sistema Cd-In é regular na faixa de composicao
indicada,;
b) Calcule os valores das entalpias molares parciais relativas do Cd e

do In
c) Calcule os valores das entropias e energias livres de Gibbs de

excessodo CdedoIn

Xeg 0,105 | 0,2236 | 0,2639 | 0,3688 | 0,5806
AHy,(3/mol)| 467 888 1008 1249 1402
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Xin 0,895 |0,7764|0,7361|0,6312|0,4194
Xcq 0,105 |0,2236|0,2639|0,3688|0,5806
AHm(I/mol) | 467 | 888 | 1008 | 1249 | 1402
Q 4969 5115 5189 5365 57585279 Média
Vi 1,0097| 1,0449 1,0631| 1,1270| 1,3450
Ve 2,0223 1,6989 1,6102 1,4194| 1,1672
AHw,in(3/mol) 58,2 263,9 367,7 718,11779,6
AHwm ca(J/mol) | 4228, 9/ 3182,4 2860,6/ 2103,4| 928,6

AGE™e9 = AHMTed = (. X,. Xp




