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State functions

 Postulate: There is a function U(V,...,S), called internal
energy, which depends only on extensive parameters of
the states (at equilibrium) of the closed system:
V (volume), N (humber particles), etc..., and the entropy

S(V.,...,U)

e U and S are exactly differentiable:
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Laws of thermodynamics

 ist Law, when changing from one state to another:

AU = 0Q) + oW
~
Heat Work

e 2nd Law: for a closed system, AS =0
(work is converted into heat and never the converse)
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 For a system evolving at To and Po constant:

S is extensive, thus AS7.: = AS + AShes
Ist Law: AU =Q+ W =Q — F)AV
But dU = —PdV + TdS
Q AU+ P,AV

dV.o. = 0 thus ASp,, = — % —
WE TR Ik Ik

AU + PR AV A(TpS - U - RV)

Finally, 2nd Law: 0 < ASp,; = AS — T Ty
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 For a system evolving at To and Po constant:
Let G:U_I_POV_TOS
Then, AG <0

e G Is the free enthalpy, it's a state function, minimized
at equilibrium => determine the parameters at equil. !

oG oU
Indeed, at ], — = — -1y =T -1y = T =1
ndeed, at equi 53 53 0= 0 =0= 0
and a—G:aU +Ph=—-P+Fp=0=P=~F
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G = U + BV -1 S
~—##bonds (Constant ~#molecules

o Typically: Uar =1, Ucg =2, and 155 /molecule = 8

* The state at equilibrium is the configuration which
minimizes the tradeoft:

GG (#bonds, #molecules) ~ #bonds — 8#molecules
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