Basic Thermodynamic Relations

|solated system: this is a system that does not
exchange energy with the surrounding media.

First Postulate (equilibrium theorem)
|solated system aways reaches the equilibrium
State and never leaves it spontaneoudly.

Second Postulate (temperature)

Every equilibrium sysem is completey
determined by the set of externa variables
(volume, pressure, magnetic field, etc.) plus one
internal variable— TEM PERATURE.

At least one additional internal parameter is
needed to describe anon-equilibrium system.

Equilibrium Process. This is a process that
proceeds so dowly that the system is aways in
equilibrium state



TheFirst Law of Thermodynamics

The First Law of Thermodynamics is a
statement of conservation of energy in which the
equivalence of work and heat flow Is taken into
account.

dU =dQ + dwW

The interna energy of the system U depends only on
the actual state of the system and not on the way the
system isdriventoit, i.e itisafunction of state.



The Second Law of Thermodynamics

Efficiency. This is a measure of how well the heat
flow from the hotter thermal reservoir is converted to
work. If the work done in one complete cycle is W,

then efficiency h is defined as the ratio of the work
doneto the total heat flow Q
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One of the main consequences of the
Second Law of Thermodynamics is the
exigence of another function of date
called entropy
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Processes in closed systems are always connected
with an increase of entropy. In equilibrium the
system has maximum of entropy.



TdS3 dU +dW

for dW = pdv

TdS = dU + pdV

Free energy
For open systems

dW £ - (dU - TdS)
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W £ (Fl - |:2 )T
dF=dU-TdS SdT=-pdV-SdT (for T=const) <—

dF =- T - pdV



Basc Thermodynamic Reations

First derivatives of Thermodynamic Potentials:
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Second derivatives of Thermodynamic Potentials:

Heat capacity

compressibility




Thermodynamics of Phase
Trangitions

Every homogeneous part of a heterogeneous system is caled PHASE. Phase
IS @ macroscopic, homogeneous, quas closed part of a system, separated
from the other parts of the system by a separating surface.

According to the Classfication of Ehrenfest
the order of the phase trangition is
determined by the order of the derivative of
thermodynamic potential that jumps at this
point.



Thermal equilibrium

dS;+dS,2 0
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Tb
Ta 3 Tb

Mechanical equilibrium (at T,=Ty,)

be \ - dF.+dF, £ 0
dv >

/ dF = -pdV— ST (SdT=0)
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Chemical equilibrium

b At TP = const the
. two phases exchange
materia
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For thefirst order phasetranstions:
In the transition point the chemical potentials of
the two phases are equal
m = m

It is seen that | order phase trangtions are accompanied by a heat
transfer DQ=T (S, — S1) . The heat of phase transtion is the heat
required to transfer substance from state 1 to state 2.

The maximal work is
Whax= (OF )y =DQ - (DU)r
D6
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& T 2, P



The Kirhoff equation gives the temperature dependerce of the heat of
phasetrangtion in differential form

Equation of Qausus-Clapeiron
m(T,p)=m(T,p). P p=p(T)

dra(p,T) = dma(p, )
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For the second order phase trangtions: In the
trangition point the molar enthalpies, the second
order derivatives of thermodynamic potentials of
the two phases are equal
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Therefore
Dm= deDS(T)dT
A truncated Taylor expansion of DST) in the
vicinity of T, gives
Cs(T) = Cs, +ﬂr'f%m(r T)=08,- OC,,, TmT:nT
So that supersaturation becomes
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Nature of Glass Trangtion: experimental evidence
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