QF' DQB Lecture#19

Quimica-Fisica

Physical Chemistry

... iremos explorar, refletir, aprender ?..

Area of chemistry concerned with the application of the techniques and theories of physics to the study of chemical systems.
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Excess functions, X",
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0.5
x(C,Cl,)

Ideal properties of mixing

nR{x, Inx, + xp In xg}

ApixG =nRT{x, In x, + x5 In x5}

Real properties of mixing
H*=nfRTx,xy

ﬂ is a dimensionless parameter that is a
measure of the energy of AB interactions
relative to that of the AA and BB interactions.
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Ideal properties of mixing

Excess functions, X",
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Simple model | cobesive interactions H E_ 1 ﬁR Tx A Xp
(a) X(C sHg)
HE > 0 A-B Weaker than overall ﬂ is a dimensionless parameter that is a
B-B A-A measure of the energy of AB interactions
relative to that of the AA and BB interactions.
HE <0 A-B Stronger than overall

B-B A-A
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ALicG=nRTl{x, In x4 + x5 In xg}

Excess functions, X%,

XE = Y real _ Yideal SE _ ﬂmhs . .&mSidEﬂ "ﬂmbzG = 11+IRT{;.~;:rﬂl In Xy T Xp In Xp -
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The thermodynamic mixing

Coligative Properties
(arising from the presence of a solute in a solvent)

2. elevation of boiling point; 3. depression of freezing point;

AT =K,b AT =K;b

molality, 4, in the solution

Synoptic Table 5.2* Freezing-point and boiling-point constants

K;/(K kg mol™) K, /(K kg mol™")

Benzene 5.12 2.53
Camphor 40

Phenol 7.27 3.04
Water 1.86 0.51

A solution of 1 molal ()=1) >
- 1.86 K of boiling point increase
- 0.51 K of freezing point decrease
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Chemical potential, ¢

molality, b,

: Solution

Va pq:lu r

T T, I, T,

Freezing point Boiling point
depression elevation
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Solubility

Up = Ug(l) + RT In xp

we can write

v

15 (s) = 15(1) + RT In x

AH (11

R LTf

Inxp=

Pure liquid If 7= T; >Xp=1

ial,

Total Solubility
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v
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B(s)

uz(solution)

Equal at
equilibrium

——Hz(s)

J

Fig. 5.25 The heterogeneous equilibrium
involved in the calculation of the solubility
is between pure solid B and B in the

mixture.
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P | p+1I1
Osmotic pressure . _
U (p) = Uy (xp, p+1T) h I | | u
B

HaGep> p o+ IT) = U3 (p + IT) + RT In x, Pure solvent Solution
RTxy=11V 15(p) w(p + 1)
/'—>
The osmotic pressure, 11,
pressure that must be applied to the solution to stop the influx of solvent.
- Equal at
equilibrium

IT=[B|RT
] Fig. 5.27 The equilibrium involved in the

|B] = ny/Vis the molar concentration of the solute calculation of osmotic pressure, I7, is
between pure solvent A at a pressure p on
one side of the semipermeable membrane
and A as a component of the mixture on
the other side of the membrane, where the
pressure is p+ I1.

van 't Hoff equation:
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The osmotic pressure, 11, _
. : . Solution
pressure that must be applied to the solution to stop the influx of solvent. -

van ’t Hoff equation: Height .
proportional to| I} ]
I[T=[B]RT  [B]=mngy/Visthe molar concentration of the solute osmotic pressure| i |
L -]
LF
b b Sﬂlvent.ﬂh
. /
Pure solvent Solution — |
w5(p) lp + 1) Semipermeable
membrane
Equal at Fig.5.20 [n a simple version of the osmotic

equilibrium pressure experiment, A is at equilibrium on
each side of the membrane when enough

Fig.5.27 The equilibrium involved in the
calculation of osmotic pressure, 1, is
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has passed into the solution to cause a
hydrostatic pressure difference.
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The osmotic pressure, 11,
pressure that must be applied to the solution to stop the influx of solvent.

van 't Hoff equation:

I[T=[B]RT  [B]=mngy/Visthe molar concentration of the solute
Reverse Osmosis
Osmose Applied Pressure Pure Water
» e
Osmose
Aguaﬂruta\ e, [ ::: Inversa
. = Fresh
W Salt Water
. T . Water
s | 0O Semi-Permeable
Ll ﬁ e o° Membrane
-3 0% %% o o
o Contaminants e
0009 % 89%0%0::::x
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Water Flow
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The solvent activity

The quantity aais the activity of A, a kind of ‘effective’ mole fraction,

Table 5.3 Standard states

— g * * Component Basis Standard state Activi Limits
Upa=ux+RTIn(p,/py) : g
Solid or liquid Pure =M
=ux+RT1
JuA — Juﬁ. n ﬁ'ﬁ Solvent Raoult Pure solvent a=plp*,a=yx Yy—>lasx—1
(pure solvent)
Solute Henry (1) A hypothetical state of a=p/IK,a=yx Yy—lasx—0
the pure solute
_ 2)A othetical state o a=7yb/ Yy—lasb—0
Pa (2) A hypothetical f bib® b
a AT “ the solute at molality &*
Pa

In each case, t=u®*+RTIn a.

lllustration 5.3 Calculating the solvent activity

Ha=uUx +RTInx,+RTIn vy, ] - B
The vapour pressure of 0.500 M KNO,(aq) at 100°C is 99.95 kPa, so the activity of
water in the solution at this temperature is

Ay, —> X, as xﬁ—:’»l 99.95 kPa

©101.325 kPa

a, =0.9864
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The solvent activity

The quantity aais the activity of A, a kind of ‘effective’ mole fraction,

) .
C
Ua=ux+RTIn(p,/pX) 5 0.8
5 L1
Q
&) C
Ha=Mx+RTInay Z 0.6}
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T 0.4 ..
2
P s
Ay =— = 92
Pa 2

Hipotetical ax activity
For activity coefficient =1
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Raoult’s Law
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Fig. 5.31 The variation of activity and
activity coefficient of chloroform
(trichloromethane) and acetone
(propanone) with composition according
to (a) Raoult’s law, (b) Henry’s law.
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The activities of ions in solution

The quantity aa1s the activity of A, a kind of ‘effective’ concentration,

Activities of ions in solution

ideal __ , ideal ideal
G;nea_uiea+u1_ea

ideal

G, =p, +u =4+ 4l L RTIny, + RTIny. =G4+ RTIn v,y

- 1/2 mean activity coefficient
Y= (%Y y

geometric mean of the individual coefficients

u, =9+ RTIny,  u =p 9 +RTIny,
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The activities of ions in solution

The quantity aa1s the activity of A, a kind of ‘effective’ concentration,

Debye—Hiickel theory of ionic solutions
Describes a tendency for anions to be found around cations, and of
cations to be found around anions

The chemical potential, central ion is lowered as a result of its
electrostatic interaction with its ionic atmosphere.

Debye—Hiickel limiting law o o
° o o
Q i
logy,=—|z,z | ATY? ,
o
A =0.509 for an aqueous solution at 25°C o

ionic I:%ZZ§(bf/be) Q

strength
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