
Reminder
s) ACN ,htt

+ pV I tpv↳
GCN ,PIT)HCN,P , s ) →

-TS

These come from Legendre
transforms, like

ACN ,u,TI= ECN ,u , s)
- S⇐E)µ,
I ←T
want to get
rid of 5

why + pv for example ,

@canst N de-- stout (%Yes
but first law de= Ipdu tdqttdg
So HCNiP ,s) = E - V (84) s

,
n
= E



• Now that we know what variables

thermodynamic potentials depend on, we
can derive relations between derivatives

G. (pst) ⇒ dt-ffplf.pt (F)pdt
But also know G -- E - TS t PV

⇒ d G -- d E - Tds - SIT +pdut VIP

= ( DE - Tds tpdu ) - Sdt t VDP

But DE - Tds - pd U

⇒ dG= - Sd Tt Vdp

so ( 0¥) , = - S ✓
/l¥¥=K

This is how entropy Mees med

in experiment
]

Can be used tomeasure out Iago , is reaching



Table S - l : these kinds of relationships
• a useful properly ¥= Yc Iz
Return to T=¥%

⇒ Cfg ) , = Yt amount entropy
changes from

incense in E is related to YT

•Maxwell relations
Cross derivatives give surprising

relationships between variables

dt-ffplf.pt (E)pdt , e'agitamiia ,
= Udp - Sdi

so -f⇒t=⇐tp←easy to[hadto measure
measure



mixtwesofmultiplespec.ie#
Sofar heehaw not really discussed
mixtures of species

DAq¥→ may have NA t NB =N molecules

or na , ng moles of AIB

fraction of A- is XA= NI
St XATXB=/ hath ×B=nhItnrs

Molar quantities ,
divide out by number of

moles so eg
E-= Eln if one component . Can also

define terms like East E -- Eaters

then E- = XAEATXBIB and EA -- Etna

Now - interesting to note that quantities
like EA depend on XA since A- A , A

-B

and B -B interactions can differ



Example of molar volumes
Let TA -- VAIna for asystem
and TA* be the volume of Aprmole

in a solution with only A (XA -- l)
Then for a mixture Tidal =XATh¥tXBTrs*
what happens when you

add Eton & water?

Vµ¥=Hm4mol viii. " ISIL!, ( 'fotohtmpl
Add 50mL + some get 97mL , non

- ideal !

÷÷i¥÷tm4mrl
X Eton

Xctoh

NA = 51=2.8 nB=S§ = 0.8818
XEton = 0.24

,
DJ I - O . 8mmol
DV tot re - 2.9

since Ulna ,nB) ⇒ dV= (Ina)dnAt¥g)dnB
← It → TTB

depends on stele

To get volume , integrate a lay a path of fixed composition . . .



That was molar volumes
, go back to

Energies (free Energies
n species

Define G-
A
= GAINA = MA St G=¥, Mini

But also , GT -- Mi =@oTnilt.p,n*±i
2 potentially conflicting results

④ GLBT , n , ,n, . -I ⇒dG-LIf1dPtCffI1dTt-SdTtVdPtI.peidaito@nT1dh.t@⇒dmh.
② 6=-2 Mini ⇒ dG=Z(teidnitnidiuil

i

Comparing , this means Znidpi. =- Sdttvdp

or fsdt-vdpt-2nidm.FI
[Gibbs - Duhem Relationship]

Chemical potentials not independent
For dT=o dpzo , condition is Eni dm, -c0

or divide by Eni ⇒ EX;dµi=0
XADMA t XBdµg=0 far 2 species

[ ( I- XA)
⇒ ④µB=-XAµ×µdµA LO if d MA

>O



Manwell Relations including composition
d G = -Sdt TV dp tphdn , t Madriz

⇒ ftp.n
.
III.

min.
etc

Rwtialpressmes
Pi = Xi Pfohl

b/c already in tusche,
just define this way

2-p : = Z Xi Pfohl zptohl -2 Xi =P total

Farideages pi =niRT/u b/c nan interacting
B- = Rt Ini ( Dalton's law)

For non - ideal : repulsion (excluded volume

increases pressure

I attraction decreases pressure



Ch 6 : chemical potentials & phase
transitions

Phases of maker - solid ,
liquid , gas are simple

examples .

Each differs in bulk properties

Density, compressibility , heat capacity ere

Reminder : tf u

% A

.

other phase types :
carbon : dianaref graphite C 60
& kinetics can be very slow, y

this case

Not eg phase : supercooled liquid 1gCase
diff menials properties , no discontinuities
"metastable "


