Chap. 4. Physical transformations

Phase - form of matter that is uniform throughout in
chemical composition and physical state

e.g.) liquid, gas, different types of crystals, glasses

Phase transition - spontaneous conversion hetween two
phases, which occurs at the transition temperature T, for a
given pressure.

Metastable phase - thermodynamically unstable phase that
persists because the transition is kinetically hindered.

e.g. Diumond, Glass



Phase diugram - shows regions of pressure and
temperature at which various phases are
thermodynamically stable
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Steep negative slope of solid-
liquid phase line (up to 2k bar) :

high pressure favors liquid (liquid
is denser than solid)

Ice VIl melts at 100 °C, exists
above 25 kbar

Different solid phases
(polymorphs) represent
different arrangement of water
molecules
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Solid and gas phases of helium
are never in equilibrium

Solid phase is obtained only at
very high pressure

‘He becomes superfluid at low
temperature, zero viscosity

3He - different from “He, but
possesses a superfluid phase

Entropy of liquid is lower
than that of the solid




Phase stability and phase transitions

For one component system, [ — Gmn =G / n

Same for all the
phases at equilibrium

Condition of equilibrium: dG = (ug — /Ll)dn =0 for any dn.

— M2 = H1
Sm(l) > Sim(s) almost always

Temperature dependence i T
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Pressure dependence
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Effect of external pressure on vapour pressure

_ Any ch in liquid chemical potential should It
d’u (l) - d'u (g ) inniyh‘e :::ee cl:m:;e i:t :(:';u::r l:l:e::ic:l ;o:euniic:lesu




Effect of external pressure on vapour pressure

_ Any ch in liquid chemical potential should It
d’u (l) - d'u (g ) inniyh‘e :::ee cl:m:;e i:t :(:';u::r l:l:e::ic:l ;o:euniic:lesu

At constant temperature ,ressure applied to vapor

| RT
Vi (D)dP = Vi, (g)dp = —dp
1

p
pressure applied to liquid . A p P g
— / Vm(l)dP = RT/ = = RT'In (%)
p* p* p
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Effect of external pressure on vapour pressure

_ Any ch in liquid chemical potential should It
d'UJ (l) - d'u (g ) inniyh‘e ::31‘: ::m:;e i:t ::;«::r I:I:e::ic:l ;o:eunii:lesu

At constant temperature

RT
Vin)dP = Vin(g)dp = = dp

p+AP P
— / szRT/ —szTln(%)
p* p p

Pressure to liquid in addition to
the vapor pressure

Assume V_(l) is insensitive to pressure

(p+ AP — p*)Vin(l) = RTIn (ﬁ)

Assume AP >> (p—p*) = APV””(Z) ~ Rl (pﬁ)



Determining boundaries in phase diagram

If phases o and p are in equilibrium, /o (p, T) = ps(p,T)




Determining boundaries in phase diagram

If phases o and § are in equilibrium, 1o (P, T) = p(p, T)
—  dpa(p,T) = dug(p, T) Q

dita (P, T) = —Sa,mdT + Vo,mdp = —Sg.mdT + Vgmdp = dug(p,T)

(Vg,m - Va,m)dp = (Sg,m - Sa,m)dT



Determining boundaries in phase diagram

If phases o and ¢ are in equilibrium, /o (p,T) = ps(p,T)
—  dpa(p,T) = dug(p, T) Q.-

dita (P, T) = —Sa,mdT + Vo,mdp = —Sg.mdT + Vgmdp = dug(p,T)

(Vﬁ,m - Va,m)dp = (Sg,m - Sa,m)dT
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At’T'SV At'rsS

d_p L At'r‘sS

dT ~ A,.v  Clapeyron equation
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Solid-liquid transition (fusion) positive except for He oo
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Liquid-vapor transition

dp  AyapH <= positive

dar TAyqpV <+ positive, much larger than
that of the solid-liquid
transition

Boiling temperature is more sensitive to
pressure




Liquid-vapor transition

dp  AyapH <= positive

dar TAyqpV <+ positive, much larger than
that of the solid-liquid

transition
Boiling temperature is more sensitive to
pressure
RT
ApapV = Vin(g) = —
p
dp dinp  AypH

)

pdT ~ dT  RI? Clausius-Clapeyron equation
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Liquid-vapor transition E

dp  AyapH <= positive

dar TAyqpV <+ positive, much larger than
that of the solid-liquid

transition
Boiling temperature is more sensitive to
pressure
RT
AfvapV ~ Vm(g) = ?

dp  dlnp  AygpH

—_ odT — dT — RT? Clausius-Clapeyron equation
P T ApapH  AyepH (11
. x\ vap ~ ____vap -
L* dplnp =In(p/p )——/T dT T2 r; R (T T*)

AyapH is assumed to be
independent of temperature

— AvarH (1 1
D = p*e X where x~= Rp (f - F)



Classification of phase transition (Ehrenfest)

0 Olbe,
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(i) First order phase transition (boiling,melting,...)
AirsV and Ay sH o are finite.

<8_“) and (8—“> are discontinuous.
oT ) + op ) 1

Cp is infinite.
(ii) Second order phase transition (conducting-superconducting,...)

AirsV and Ay-sH - are zero.

(‘9#) and (8—“) are continvous.
oT ) op )

Cp is discontinuous.



