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Equacao de Gibbs-Helmholtz

A Iintegracao da Equacdo 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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METMAT

Equacao de Gibbs-Helmholtz

G=H-TS

Mas, numa transformacao

G:H+T(§j
oT J)p



Re-arranjando:

o _H= T( @G) _G e multiplicando por: d_-lz-
oT T
//;)rando:
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Exercicios

METMAT

1. Calcular a variacao 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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ASsistema =?

Cu(l): 1340K —> Cu(s): 1340K

" T

Cu(l): 1356K —> Cu(s): 1356K

1356C, | T (—3100) N 1340C , qT

Adc, = .‘.1340?’d 1356 1356 T

AS,., =0,089—2,286—0,088
AS., =—2,285cal/ K




Cu(l): 1340K — Cu(s): 1340K

METMAT

ASmeio =?
AS = AHmeio _ _AHSistema
e Tmeio Tmeio

AHSistema = AHT +IT2 AdeT ASmeio — AHmeio — — AHSistema
1 K Tmeio Tmeio
1340

Ao, = AHhass + [ o =0T |l g _ A ‘fgjg’m) _ 42313 cal/K
1340
AHg, =-3100+ [ (541+15x10°T-75)dT
AH,, = -3098,91 cal/mol
ASUva — ASSistema + ASmeio

AS v =—2,285 +2,313
AS v = 10,028 cal/K




METMAT

Cu(l): 1340K — Cu(s): 1340K

AGg, = ?

Solucoes para AG:

v AG =AH - TAS
v Usando loop e dG =VdP - SdT
v' Gibbs-Helmholtz para AG
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Usando: _
S AH L TAS AH., =-309891 cal/mol
AS., =—2,285 cal/K.mol

AG,, =7

AG =Gy =G
AG=(H;-TS,)—-(H. -TS,)
AG=(H;—H;)-T(S; =5)

AG =AH —TAS
AG,, = AH., — TAS,,
AG,, = —3098,91—1340x(—2,285)
AG, =—37,01cal/mol

inicial
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Com mais casas decimais, o valor se torna mais proximo dos outros metodos... (ver

adiante)

AG

AG., =AH., — TAS.,
cy = —3098,9120 —1340x(—2,2853)
AG ., =—36,61cal/mol
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v' Usando loop e dG =VdP - SdT

~1356

1340

AG = dG,+0+| dG,

J1340 1356
AG=]" P (VdP —SdT), + jl 356 "(VdP —SdT).
AG = .1340( SAT), + .[1340 (SdT);

Cu(l): 1340K

\

Cu(l): 1356K

Termodinamica do loop:

AG
—>

%

sistema —

Cu(s): 1340K

Cu(s): 1356K

T
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1340

AG=[ dG,+0+ [ dG,

T AT 1340 1356
v Usando loop edG=VdP -SdT | AG = i (VdP SdT), + - (VdP SdT),
AG = 1340( SdT), + - (SdT)

AG = j (S, - S)dT = j (AS, )dT = j T(AS, 12 + j pdT)]dT

G = 1356[_3100 J‘T (5 41+1,5x10 37— 75)d-|-]d-|-
1340 1356 1356
AG = '1133;06[—2,2861+ LTBSG(_ 209 | 0,0015)dT]dT

AG = '115506[—2,2861— 209(InT —IN1356) + 0,0015(T — 1356)]dT

AG = [ -2,2861+1507 - 203~ 209InT +00015T]dT = [ 110,75~ 209InT +00015T]dT
0,0015

AG = 10,75(16) — 2,09[(1356In1356 — 1356) — (1340In1340 — 1340)] + (13562 — 1340%)

AG =172,00 — 2,09[8423,87 — 8308,57] + 32,35 = 172,00 — 240,98 + 32,35
AG = -36,63 cal/mol
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Usando:

v Gibbs-Helmholtz para AG, com Ac, =0

T T?
AH —s
AG,, =-T| T'2 dT
H “PAc dT
s, + C
AG,, =T [— 1356T21356 S dT
Ac,=0=
AH
AG,  =-T j 81356 (T = T j 3100 dT
1
AG,_ =3100T (— T + cte)
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Usando:
v Gibbs-Helmholtz para AG, com Ac, =0

T T? ;
AH 0= 3100X1356(— —+ ctej
AGI—)S _TJ‘ T I2—>s dT 1356
_ —4
AH 1340Ac i cte =7,37x10
—s, +
AG, —TJ‘ 151356 = 1356 dT
AC =0= AG, . = 31OOT(— % + 7,37x104j
AH\| 1356 3100
AGy, =T [Sosss T - T[Z204T | |\o | 51004 228617
AG|—)S =3100T (_ _I_i + Ctej AG"I—>s,1340 =—36,63 cal/ mol
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Solucodes para AG:

DN NN

AG = AH - TAS = -37,01 cal/mol

Usando loop e dG =VdP — SdT =-36,63 cal/mol
Gibbs-Helmholtz: para AG = - 36,63 cal/mol com Ac, =0
Gibbs-Helmholtz: completo: AG = - 36,63 cal/mol
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200 —

AG
= Gibbs-Helmholtz completo =5
METRAAT 7 .
% Gibbs-Helmholtz com cp(s) = cp(l)
3 100
<
3 . Gibbs-Helmholtz completo
g 5 10+
E g Gibbs-Helmholtz com cp(s) = cp(l)
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AG = -3100 + 2,2861T A
_40 I | I 1 I
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Temperatura (K)

AG =-0,75x103T2 + 2,09TInT - 12,8436T - 1645,0120

19



