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Gibbs Free Energy (c«uS) J 3_ad) 4ual)

Gibbs Free Energy

G=H-TS=U+PV-TS S
= dG = dU+PdV+VdP-TdS—SdT W Combine both:
= dG =VdP - SdT

From 1% law: |
dU=TdS - PdV

G = G(P,T) = dG = (0G/0P)dP + (0G/0T)pdT
Comparing the two equations we see that:
V = (0G/0P) and S = — (6G/0T),
For isothermal-isobaric system the equilibrium state corresponds
to the minimum of the Gibbs Free Energy (dG=0).

- From G = H— T8, we see that low values of G are obtained with
low values of H and high values of'S.




The Helmholtz Free Energy (il sgal) J 5 _adl 43l

The Helmholtz Free Energy

-,

A=U-TS | s
= dA = dU-TdS-SdT \ C»Gmblne both:

= dA=-PdV - SdT
From 1% law:

dU =TdS — PdV J

A=AV,T) = dA=(0A/6V)dV + (8A/0T),dT
Comparing the two equations we see that:
P=—(0A/6V); and S = — (CA/OT)y,

At constant T and V the equilibrium state corresponds to the
minimum of the Helmholtz Free Energy (dA=0).
- From A = U— T8, we see that low values of A are obtained
with low values of U and high values of S.
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Also, we can obtain the following relations:

T m[{)l I x(i}.}i] Vﬁ(cﬁ'ﬁ}

Js \ dS J, dP

p-{2)
LoV ),

3
o 5 These fundamental
relations can be

= { %J o __(:2&) e ( 3(;) used to derive
*dy T Cid e dT' ), Maxwell equations.

~1eob LaS dpulu) cilBdlad) aladiiuly LELE) (e JyguSla Y slae

Maxwell’s Equations

! /‘// .//

‘ g { W
| s ﬂ; ﬁt} s L f};&} (i
/’ 138/, ( \av ) ¢ E

I \ &
i
w_,‘

Since U is a state fum:tmn the order of differentiation ior its second
derivative does not matter: \,

(9 (U} } E \ (2 ( U ) | ity 2
/ 188 \av J‘% ] ﬁ \\ i«?«w L dS J, | Tasav r)‘v’r}‘; )
(_ . : B Ej{f \‘ M \ 2l ¢ ~S N\ AN
RPN Sl (AT \fopY /
Thmefor&: tm*a system wit onstant CDmpOSItlml\ : j\wr{ : }
\\ {}V \K a‘% ,«"/
And from other fundamental equations we have:- 1-~ soopc O TeNE o
E aT) "“E oV ( as) _(ap ) F fﬁ) :-{“ A J
L3P ), \3s ), LIV J; LaT ), P/, \dT,
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Maxwell’s Equations: Example 1

Consider the dependence of the entropy of an ideal gas on
the independent variables T and V: S = S(T,V)
ds=| ﬂf‘i} an(ﬁ} dv
\dT J, .V J,

e

%, - M

A ’t‘w}v ' % Q"‘ wix | r /‘]\’ -—L:—-f:i":;' s &
Using the following Maxwell equation L.ﬁ.‘w:} m(ﬂ}
| (}V AT X akl‘}q’ : b
: | nE (P) _R
and the ideal gas law, PV = RT, which gives (;ﬁ' ] %)
P L
dS = g%"%tl"l‘ +-!3“de
I v
fa.l B T,
Integration between states 1 and 2 gives 5, =5, =C, '“T‘ +Rin==
I ]
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Maxwell Equations: Example 2

dl
Recall that e "’"*E}T} (iw(d‘v’} }
' I

While Pand | = ] can be directly measured e\{penmantally,{ I

* It would be mcfui to express this term through other vmlables

« Differentiating the combined 1% and 2 %aws dU=TdS - PdV by V
at constant T we have

B )
\ov ), Lav), WAEN;
(di’)
LoT

i I{ (v } (ap® \g this is valid for any system, we have
- T J,\9T )y not used any approximation.

Using Maxwell’s equation: {“%%}
= |

Maxwell Equations: Example 3
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: e : /7 AT Y g
Considering V = V(P,T): dV = {(w } dP + (%w 3 d1
L L
‘apY. (av/ar) Yo o
and differentiating by T at {___} =l o o= 5 L0y T")V
d\/ —|© constant V/we have: AT )y (dV/faP), S Rl A
= —— i ek Soafo U N el
\\%‘Vf (v } (P % o o —c =_Tl@V/AT), . EVie
ince cp-c, =" - —c, =-T—"F—Z2 ST/ A
: Lm Lar ) Y (ov/ap),
(6V/ET)p and (EBV/E?P)T are extensive properties \
It would be more convenient to express ¢, - ¢, through intensive proper ties. \
For isotropic materials we can define
P % {fav) . s |
b ”T,}m"% /g coefficient of .therma),_€xfansion d is small (f(ir ml]fjs E
(0 R (e.g. 1.7x10° K for
SISV I T A R Cu, 1.0x105 K for
"M ==|==] =K isothe Compressylit 4, 1.0
Sv v I ar ) % isothermal ...?)“:\PL ) () S il ae (o0
<> =g =Ty ' ‘
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V2V a
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