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Mathematlcél Property Relationships

» We have started to define certain TD properties
- MV,US T,p,HGF
 and the relationships between them
— state relationships/equations
» How can we use basic mathematical identities to help
For example, 1
dS=1T+p/TdV+= Zu,dn = dU =TdS — pdV +Zy,dn
l
Similarly H=U+pV=  dH=TdS +Vdp+2yidni
i=1
Kk

G=H-TS=  dG=Vdp-SdT +)_ s4dn,
i=1

k
F=U-TS=  dF =-SdT — pdV +Z,uidni

i=1
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Identltles
du =TdS - pdV+Zu,dn dH :TdS+Vdp+Zk:yidni

i=1l k
dG =Vdp-SdT +Z wdn, dF ==SdT — pdV + ) xdn,
i=1
* These are exact dlfferentlals, so we can deduce the
following

_u] M oo M __oF
Sl 0S|, 5V5n, aanI
_oH| _a6 s_ G| __oF
op | op - ar|, My,
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n’t Hoff Relation

V
« Consider 2 (G) _06[ 1, ,0uT)
TA\T Jon, 0T T T pn
=—Sl+G(—12)
T T
1
=(-TS-G)=
o(G/T) _-H
or |, T?

* For process 1—2 with T,=T, (i.e., T=const)

AG, =AH, -TAS,  _ 4(AG,/T) _-AH,
AGy, /T = AH, /T ~AS,, o o T
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- Maxwell Relations

» For smooth, continuous functions, we have the following
relation from Calculus

— if we can write an exact differential

oF
dF = xdy, + x,dy, +...+xdy,  x =—/ ;etc.
— then ox oy, Vi
23 haivl Reciprocity
oy , oy, , Relation
k#j
» Apply this to previous exact differentials (dU, dH, etc.)
dU =TdS - pdV oT op oV oS
k — == —| =——7—1 |<=dG=Vdp-SdT +..
+ D pdn; = Nls, Sk, |, o,
'* Ll T | -
dH =TdS +Vd +.. ap - as on aT Vi av . = - p +..
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for simple compress. substance
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H axwell Relations

» Can get similar results from the chemical potential
dGEe\/rgns, e.g., ou v
=Vdp—SdT + ) sdn; = =—
ap T 0T ani TP
XX
dF = —pdV —SdT + Y sdn, = O __5
ot P} ani PN
Xk
B— AE/ME 6765
ta | Gonegs
=Geo-|rbgcﬁlwl *_hf g = ﬁ .
Example

» One use of Maxwell Relations is construction of equation-of-
state information
— e.g., how to relate U to measureable props. (p, T, V)

» For non-reacting mixture, let’s assume we can measure (T,V)
oU oU

dU =—| dT +— dV
_ Gibb’s aTl, vl
10U 1|0oU
i Pays  ds— 2 g Lol Loy
ds TdU+TdV: T ot T{&VT p
_o5 _0S
« From Maxwell Relations ©' ./ N
o) _op M| _;0p _p
vl atl, T lavl T,
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Varlable Transformations
Another useful mathematical relation
— cyclic rule (comes from chain rule)
If we have a 3D surface function

i f(:X>xy—xz() :z())' =y(x,z) then o) oz} Oy =-1
—XY, 20 YV oy, x|, 2z
« Also & _ 1 o [ox)_ o 6(&<j
oy, ay/x,| |az\ay) eyer oylez
. ou g P
Example: if we need | aul, aT !
-1
ou| ot| op ou oT| o __@ T
.  —_ 1= — = =
opl, oul, aTl, opl laul, arl, aT |, aply
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