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Programa do curso

Capitulo 2 : Classificacao dos sistemas termodinamicos
Leis da Termodinamica. Definicoes. Relacdes de Maxwell

System

FIGURE 2.1 .
The subset of the universe in focus in a particular
application of thermodynamics is usually called
the system. At any given instant of observation,
the condition of the system is described by an
appropriate set of properties. Limitations on
changes in these properties are set by the nature
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FIGURE 22 .
A process is a change in the condition or state of the system. Properties change from their values in some

initial state A to some final state B.

FIGURE 2.7
Geometrically, the change dZ associated with
changes dX and dY is given by the slope of

the surface in the X direction times dX plus

the slope in the Y direction times Y.



Capitulo 3 : Leis da termodinamica
Entropia. Processo reversivel e irreversivel
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Capitulo 4 : Variaveis e relacoes termodinamicas

Funcoes de energia. Variaveis experimentais. Relagcoes de Maxwell

TABLE 4.5 |
Thermodynamic state functions expressed in terms of

the independent variables Temperature and Pressure

V=V(T,P) dV=VadT - VBdP (4.32)
S=S(T,P)  dS=[%]dT - VadP (4.38)
U=(T,P)  dU=(Cp—PVa)dT + V(PR —Ta)dP  (441)
H=H(T,P) dH=CpdT+V(l-Ta)dP (4.42)
F=F(T,P) dF=—(S+PVa)dT +PVpdP (4.43)
G=G(T,P) dG=—SdT +VdP 4.11)

Exemplos trabalhados: 4.2 a 4.11 : estrategias para encontrar funcoes
termodinamicas de casos especificos.
Ex. 4.12 a 4.15: aplicacoes em solidos e liquidos



SPECIFIC HEAT OF GRAPHITE
© THIS RESEARCH
& A.MAGNUS, ANN. PHYSIK 70 303 (1923)
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Cp (CALDRIES/GRAM- ATOM /DEGREE)
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e — . F16. 1, Low-temperature specific heat of graphite compared with previous investigations,

Calor especifico do grafite: J. Chemical Physics 21 (Oct 1953)

Exemplo:
Calculo da entropia
molar do grafite a

temperatura T



Capitulo 5 : Critérios de Equilibrio para um sistema isolado
Formulacao matematica

z=2z(x,y)
(function)

(er:lX‘ .}'max

FIGURE 5.4
If the problem of interest involving the
function in Figure 5.3 requires that the values

FIGURE 5.3

Ilustration of a function z of the tw

maximum. The maximum value of 2
the combination of dependent variab

0 variables, x
and y, in which z shows an extremum that is a

v Zmax, OCCUrS at
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of the variables x and y be constrained by a
relationship y = y(x), then, for this subset of
(x, y) values, the maximum value of z, labelled
z1, is different from the absolute maximum,

Zmax-




Capitulo 6 : Termodinamica Estatistica
Macroestado e microestado de um sistema
Funcao particao
Hipotese de Boltzmann para a entropia:
S = kg InQ

Aplicacao: calculo da contribuigao vibracional ao

Fig. 3.1. The Cy, molecule showing

S W ) NN RO G calor especifico para a molécula de fulereno, a

partir dos dados de espectroscopia Raman

/
Solugdo: Para T = 1000 K, (kt/hc) = 694 cm™

v (cm’') degenerescéncia X = /694 (Cvw/R)
525 3 ‘ 0.757 0.953
354 3 0.51 - 0.98
345 4 0.497 0.977
403 5 0.581 0.97
525 5 0.757 0.953
667 5 0.961 0.929
578 3 0.833 0.964




Capitulo 7 : Sistemas heterogéneos unarios
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Superficies de potencial quimico. Equacao de Clausius — Clapeyron.
Construcao de diagramas de fases



Capitulo 8
Sistemas multicomponentes
Solucoes.

0.4

Propriedades parcial molal
Eq. de Gibbs — Duhem
Fugacidade e Atividade

Modelos

Misturas:
variacao da energia livre de Gibbs
com a concentracao e a temperatura



Capitulo 9 : Sistemas multicomponentes heterogeneo
Regra de Fases

liquid
+ solid solution

T/°C

solid solution
1083

Dispersao solida de perlita



Temperature (°C)

Sistema Pb : Sn (solda)
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Sistema chocolate : caramelo

process —>»
temperature

room

temperature|

T

solid
Alchocolate
+ liguid

|
two:liquid

I
!
solid chocolate : + liquid

solid
caramel

+ liquid

solid chocolate + sglid caramel

chocolate caramel



Capitulo 10 : Termodinamica diagramas de fases
Diagrama de fases binarios. Equilibrio de fases. Miscibilidade

AGmix

(a) Curvas G x X para duas fases diferentes. A composicao nos pontos tangentes
satisfacem as condicdes de equilibrio entre as fases

(b) Curva G x X para uma mistura (Cu : Pb por exemplo) mostrando a
miscibilidade entre eles e a espontaneidade da formacao de solugcdes dos dois
metais




Capitulo 11 : Sistemas multicomponentes e multifases:
Reacoes
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Diagrama de Richardson — Ellingham mostrando a energia livre de

formacao de um oxido metalico e de oxidos de carbono

AG*(CO, CO,)
reaction
<
onsumed)
AG*(M,

(reactnon@

gas consumed)

AG®(C,CO,)

no net gas
formation)

Reaction free energy/kJ

AG*®(C, CO)

(reaction@
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(reaction(b)

Temperature ———
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(@)  C(s)+130,(g) » CO(g) AG*®(C,CO)
(b)  3C(s)+30,(g) - 1COx(8) AG*®(C,CO,)
() CO(g)+30,(g)—» CO,(8)  AG®(CO,CO,)

must have a more negative standard free energy than does a reaction
of the form

(d)  xM(s or 1)+40,(g) = M,O(s) AG®(M,M,0)

Inorganic Chemistry
Shriver & Atkins Chap. 7



Air
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Processo industrial para extracao
redutiva de metais (pirometalurgia)

Minerais: Fe,O, (hematita) e
Fe,O, (magnetita)

Reacoes na zona de redugao

Reacoes na zona de fusao

Inorganic Chemistry
Shriver & Atkins Chap. 7



Programa do curso

Cap. 1 a 4: Leis da Termodinamica. Relagoes termodinamicas, Funcoes de
estado. Exemplos : solidos e liquidos
Cap. 5 Equilibrio em sistemas termodinamicos: Formulacao matematica

Cap. 6 Termodinamica Estatistica: funcao particao e fungdes termodin.
Aplicacoes: modelo Einstein cristais; Gas monoatomico

Cap. 7 Sist. heterogéneos unarios: diagramas de fase, Clausius Clapeyron
Cap. 8 Sistemas multicomponentes homogeneo: Solucdes. Propriedades
parcial molal; Eq. de Gibbs — Duhem; Fugacidade, atividade. Modelos
Cap. 9 Sist multicomponentes heterogeneo: Regra de Fases.

Cap. 10 Termodinamica diagramas de fases: misturas. Equilibrio de fases

Cap. 11 Sistemas multicomponentes e multifases: reacoes. Oxidacao.
Diagrama de Richardson - Ellingham



