
Phasesofvnatter
Last time : mixtures
N molecules of typeAA

NB molecules
of type B

Example : mix hunter tnetotl

non ideal mixing , Volume shrinks



Connect same ideas to phase transitions

P#tW: solid, liquid , gas
[same bulk properties everywhere]

Density , compressibility , heat capacity

solid
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most stable : which phase should

your system be in

kinetics can play a role in real world

• Carbon : diamond, graphite, C60

Non equilibrium
"

phase
"

glassy materials → extremely highviscosity
disordered
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Why is this like a mixture ?

TµT)
fixed # molecules
of water

Nice are in solid

nowater are in liq



constant T
,
P

@ constant TIP → Gibbs free energy
is a thermodynamic potential

Gt
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how much does G change if N changes



dG = -sdTtVdPtÉY☒ni
f- I

µ as 8¥ or 8£

µi=(¥ni)p,T,nj±i
µ, depends on pit Mini . . - Minniti . . -



Ñ
,
volume of species i per not

Utot = Ñ, n , 1- Ñznz t . . .

Gtotei = É ni t G-znzt . . .

µi= Ii = Gini = (%⇒p
.tn#ni

Gi c- contribution of species i to the free-
energy

go from 0 moles to ni moles
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g worst p,T,dj±i

ni

•1¥
÷dni = Gsyst - G(ni=o) = Gi
0 + µi

Mini = Gi ⇒ Mi = Gini
G- Éreiiiini←

-1=1



dG = - Sdt + VdPtÉY☒ni
i=l_

G-É ni
'

dG = 2-(µidni + Ri dµi )

|sdT-ÑÑnidµi=⇒
Gibbs- Duhem relation



at const T
,
P ⇒dP=odT=o

Inidpei = 0 chemical potentials
not independent

2 species

NADMA + nBdµB =o
divide

byher( 1-✗A)
= NATNB

✗Adra + XBdµB=o



✗A DMA + ( 1- ✗A)DMB = 0

doers =
Admit
To
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dG= plednet lusdns SO for
spontaneous

n+= netns = const § process

dnetdns __ 0 , -dne=dns



d.G=dns(Ms-Mel or --dne(µe_ is)
20
-

if Ms >Meit

if Ms >Me dnsco less solid

µs< Me dns >o more solid

move from high to low

if dG-0 -5=0 or

µs=Ml
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Takeaways :

µ change in free
energy

with amount of something
"stuff " moves from high ↳ cow

Chem pot

equilibrium between pluses , MA=µ,



HF
SV = ( Ts -Te )dns

normally melting → higher volume

except tlzo

dq= ( tis - tie ) dns


