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Overview ...working strategy i
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- Understanding & Modeling
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- C-H-t and m-7 .. interactions

Solvatlon

- Molecular Symmetry - H-bond o .
- Molecular and Supramolecular Structure - Electrostatic .. interactions



Thermodynamics of solid / liquid / gas
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Enthalpies of formation (s/l) Entropies and Enthalpies of sub/vap (s/l)
(Combustion calorimetry) (Knudsen effusion methods; static methods)
(high precision solution-reaction calorimetry) (Micro calorimetry)

|
p (T)

Solid — Liquid - 23S
—

| |

- Heat capacities; enthalpies and entropies of fusion; Gas phase ENERGETICS
- temperature of fusion (Computatiopal
(DSC, adiabatic calorimetry; drop calorimetry) thermochemistry)
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Pure substances

PVT diagram

Solid

-Why each compound have a different
and liquid

PVT surface profile?

.I
Critical »,

Constant-pressure

C-H-mt and m-m .. interactions
H-bond

Electrostatic .. interactions

Pressure P

Triple state

Molecular shape

Constant-temperature line - ???
Volume v ceee o e
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Properties of pure substances

PVT diagram

6
gas ’-
. L 4
pV projection
L 2 —
vapour 3 . .
C§L - PT projection :
0 -~ Complex and interesting profile!
Q,
o
Q

- -2 - VT projection :
L 4 Little dependence of the liquid / solid
phases

L 6 - PV projection :
600 . o .
500 Little dependence of the liquid / solid
phases




Properties of pure substances
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Pressure—volume diagram

P Critical point

Over heated gas

Liquid compression _———————

liquid / gas
Equilibrium
(Saturation)

V



Properties of pure substances
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Temperature —volume diagram

T Critical point p= ;0 bar

-7 P= 1 bar

Liquido expantion _———————

gas
Over heated gas

liquid / gas
Equilibrium
(Saturation)

V

V, (m3/mol)
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P-V ...Isothermic lines
8 |

140

Solid

and liquid LN

Critical %,
Sfﬂte k Constant-pressure
. line
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Pressure P

100

Constant-temperature line
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Properties of pure substances
PT diagram

Critical

point - PT projection :

Complex and interesting profile!

Pressure, p

T X
Temperature, T




Properties of pure substances
PT diagram

Critical
Phase point
of a substance is a form of matter that is uniform :
throughout in chemical composition
and physical state.

Pressure, p

Phase transition,
the spontaneous conversion of one phase into
another phase, occurs at a characteristic T for a given p

1 .
Temperature, T




Gibbs Phase Rule

Gibbs Phase rule . / p'T
vorF=C-P+2

for binary mixtures C=2

# Phases P

Variance: Number of degrees of freedon

Pressure, p
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Four
phases in
equilibrium
(forbidden)

Phase a Phase €
F=2, Phase 6
one phase

0, three
phases in
equilibrium
F=1,two
phases in
equilibrium

Temperature, T



Properties of pure substances
PT diagram

Chemical Heat
Volume, V Enthalpy, H potentlal u  Entropy, S capacity, C,
g hYd hYd : Y4 . Y4 N
First-order phase (a) / /
e.g... fusion, vaporization ..etc /
N AN . VAN AN J
s s N, aYa A

Second-order

e.g... some ..... solid- solid ..etc - - - -
\ AN J\ AN J\ J

Temperature, T —>
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Complex

Phase diagram of

Pressure, p/Pa

10°

—
<
|

200

400
Temperature, T/K

600

800



Properties of pure substances

PT diagram

Phase stability

((0G/dT),=-S) _
(ou) . 1o (p;T) = pg(p,T) \
SR i

Sol <& Liq //
S.(g)>S (1)




Properties of pure substances
PT diagram

Phase stability Sol — Lig Lig — gas
((9G/OT), = —S)
MY _ 53
\oT ), 8
:
)
S
Solid Liquid Gas
stable | stable Istable

T; Ty
Temperature, T



Properties of pure substances

Phase stability

lig +— Gas Sol = Liq

— | = 2
ka ) m s = High
p T = -g pressure
g 5
Q S :
= — Low i ™
Q @ : :
= S pressure:
o £ P
S 2
© o
- =
(a) T, T, T

5

f
Temperature, T Temperature, T



Properties of pure substances

PT diagram

Critical
point

Solid

shape of the
equilibrium lines

o2

dT

Pressure, p

T .
Temperature, T




Properties of pure substances

PT diagram

ch(paT) — Hﬁ(paT)

Phase_a -=—— Phase B

Pressure, p

(o) _ ALV
e

k trs
5

(Oug)
\op )y
) | (52)- Sl

trs

J = —Sgm+ Soum = AirsS =

Temperature, T




Properties of pure substances
PT diagram

Shape of the
Phase & ——— Phase B equilibrialines

Phase «

—Semd T+ Vomdp==S5 ,dT+ Vj dp

(VB’m - V(I,m)dp - (SBam - S(}:,m)dT

=3
\ Pressure, p

Clapeyron equation

5
I--.i

S

Temperature, T

dp . Atrs
dT AV




Properties of pure substances

PT diagram

Afusv = Vm (I) - Vm(S)

Solid -Liquid ..condensed phases 4,5 =5S,.() - S, (s)

AfusS = AfusH / Tfus

Clapeyron equation

Q

lﬂj d_p: Atrss

a dT Atl’S‘/

9]

o

o dp  ApH
dT  TA.V

Temperature, T



Properties of pure substances

PT diagram

|

Solid -Liquid ..condensed phases

Clapeyron equation dp _ A
dT Atrsv

g _ AwH T -7\ T-T
dT  TA.V lnF:1n[1+ - ]:u, =
Q
o) therefore,
3
A P AGH[TdT A H
@ [dp: fu J— pEp A —= (T=T*)
o r Aﬂ‘SV T T T*Afusv
Linear approximation
AyH. T
Temperature, T p=p*+ In—



DSC: Supercooled Liquid .o ™
-0V

Supercooled Liquid -

e.g. quenching the liquid

Chemical potential, i

Solid Liquid Gas
stable stable | stable

T; b
Temperature, T



Properties of pure substances

PT diagram

Gas

liquid—vapour Clapeyron equation 9P _ AuS
solid—vapour T AV
. D _AgH o A _
Solid dT TA,qpV dT T(RT/p) Vml8) = RT/p,
AV = Vi (8)
Liquid
Q
s dlnp A, H
= dT  RT?
w
L
o

A8 H® 1 A%,S
Iniz_ cr/l' 'm s cr/I¥m
p° R T R

Temperature, T Clausius—Clapeyron equation



Properties of pure substances

P= f(T) ... vapor pressure Measurements InP —

AG°® = AH°—T. AS°=- RT:In (p/p°)

+ Positive Negative
contribution contribution
Gas
A | A
AG° AH° i - T.AS°

Solid / Liquid

T T

Enthalpy Entropy



p=f(7).......... Phase diagrams

2.00
1.50 A

1.00 -
0.50 -

0.00 - \

050 | \

-1.00 - \S\S

In (p /Pa)

-1.50 T T T T T
0.00245 0.00250 0.00255 0.00260 0.00265 0.00270 0.00275
1T (K")
/ Agcrﬂ Hom
Vapour pressures (T) \ A8, S0

Agcr/ | Gom
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Clausius-Clapeyron equation

__Agr/IHr(; .1+ AEr/ISm

R T R

Clarke & Glew equation

T

Cp ..correction



Liquid Solutions
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High-boiling azeotrope, Low-boiling azeotrope,
e.g., hitric acid/water e.g., ethanol/water
p ...fixed

Composition
of vapour Composition

of vapour \

a,

Boiling point
of mixture

Temperature
Temperature

Boiling point L3
of mixture

0 Composition, x5 1 0 Composition, x5 !



Liquid Solutions
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Phase separation

Upper critical
temperature
293 (thermal motion)
290
M
E.g., hexane/nitrobenzene: E
i
b}
3
= , _
a I Tieline I
273 — a

0 Composition, 1

Xhitrobenzene



Liquid Solutions

Phase separation

E.g., triethylamine /water:

Temperature/K

292
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2 phases

—

1 phase

H,O (C.Hs):N

Composition
of one
phase

P=2

Composition
of second

Temperature, T

g1

1 1 1 1
0 02 04 06 08 1

Mole fraction of
triethylamine, x((C,H,),N)

- Lower Tcritical
(complex formed)

0

Composition, X;gyiamine



Liquid Solutions
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Phase separation

H,O Nicotine .
T Upper critical
! temperature

O (thermal motion)
3

3

=

©

D

Q

5
= Lower Tcritical

(complex formed)
61 P=1
[
| |

I |
0O 02 04 06 038 1

Mole fraction of
nicotine, X,



Liquid Solutions
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~
Low-boiling azeotrope S
2
o
& :
c Liquid, :
. el P A
Upper critical
temperature

(thermal motion)

B\ &

0 Mole fraction of B, x; 1




Liquid ..eutetic

Deep eutetic

Strong Liquid
solution stabilization

Temperature, T

—_— 7 ‘a,
\>\ Solid, P]/Z

’ B <]
a, \ / a, a’

0 Mo\vfgction of B, x; L
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Liquid Solutions
_ 32|

Liquid, P =1

Congruent

o

. | -

e melting 2
©

O

Solid C "E“
stabilization O
|_

A C
Composition



Liquid Solutions
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T.I- b o
o ! o : Liquid
Liquid Liquid, Y + solid Na
+ solid K- =] containing
containing . § some K
some Na I D @, Solidl N
Liquid + olid INa
Solid K T solid Na,K  b,: // +solid Na
s isalid K _,_2 ; H containing
containing N\ bt % Sorme
some Na T N = - Solid Na,K
_ 4 /+ solid Na
Solid Na,K : containing
+ solid K some K
containing
some Na P=2 P=2
K Na,K Na

Composition
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Liquid ..Liquid g )
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o
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9 3 Liquid + B
9] v :
= ‘e 8,
Solid, P=2
a a a

Mole fraction of B, x; 1



