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benzene-toluene, quite ideal (similar to Fig 9.2 E&R) !!

Raoult's Law of Ideal Solutions
P=X(E Ry=XPR
P =X (Pi-B)+P;

Benzene and Toluene
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ideal solution: T vs X (P=1 atm) for solution-vapor equilibrium

C-!uene (b.p.=383.78) + benzene (b.p.=353.25)

non-ideal solutions: azeotrope

Definition[s]:
« constant boiling liquid

« solution where the mole fraction of each component
is the same in the liquid (solution) as the vapor

() _ 3
X = x!

« boiling point of azeotrope may be higher or lower
than of pure liquids

380 tol+ben (vapor)
[fromaining=2]
75
S
365
tol+ben (solution)
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ideal positi iations from ideal ion (E&Ry, pp252-254 214-218,,,)
CS, (1) + (CH;),CO (4
e 9-13 Deviations from Raoult’s law. The data in
7 are plotted versus X Dashed lines show the + positive deviations from
expected behavior if Raoult’s law were obeyed

Raoult’s Law:

smaller forces between
components than ‘within’
components

- total pressure greater than
ideal solution

acetone-carbon disulfide: positive deviation = low boiling azeotrope
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low boiling azeotrope

« weaker between component forces
(A©B) (than A A, B ©B)

« fractional distillation leads to constant
boiling azeotrope in vapor

Boiing temperaturs st 750 tor (K}

« and (in pot after azeotrope boils off)
* (Xuaitar > (Xa)azeotrops PUIE A
* (Xaaitar < (Xa)azeotrope PUIE B
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Water-Ethanol Mixture

For the water-ethanol mixture, the azeotrope
concentration corresponds to ~95% of ethanol
in the mixture. This is the limit that can be
reached by distillation of a less-alcohol-rich
mixture.
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non-ideal solutions : negative deviations from ideal solution

CHCI, (1) + (CH,),CO (1)
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simple distillation
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simple distillation (one evaporation; T, varies as X changes)
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fractional distillation

http: btinternet.co.uk/page12/gifs/FracDistRed.gif 19

Top

Fractional Distilation

+ Tpp = 366
380 vapor composition
II. - vapor X'penzene =72
375
a0 III. « condense X'yenzene =72

P i + Tpp=359.5

T vs progress for a distillation

120

110

100

termperature (°C)

fractional (top of column)

vohure of distillat collected

http://www.uwlax.edu/faculty/koster/Image119.gif

21

365
7 ! i
30| e sich ” v 1V. . evaporate
o + Vapor X'yenzene ~-88
- V. efc, ...
0 02 04 06 08 1
X benzens VI. apporaches
Xoenzene=1 20
Electrolytes and
Debye-Huckel Theory
22

activity coefficients for ions (HW8 #58)

Bacl, (s) & Ba'*(aq) + 2CI"(ag)

]
(nh:‘(m )(no"ue) )

Ke= (“i«a.m )

»

[ =1
”En"’:m_’) = 75«" [B”J‘]
Oaten = Ve [CI']
cannot determine y_.. and 7,_ independently

but only 7, .. =7, =7 (}’. =7_ E}’g)

’ O
K, =(r+) [Ba"Jler T

23

Debye-Hiickel Theory

‘a priori’ calculation of activity coefficients, 1., for ions

expect v, < 1 since ions not independent [effective

concentration reduced; a, < c, ]

u is calculated as work done to bring other charges to

region surrounding ion in question

the result is

31
nys=—0z: [r7F7
where 2 depends on the solvent's diedectric constant and other physical constants
z,and 7_arethe (interger) charges on the cation and anion

nnd1=%2m,:f istheionic strength of the solution, m; ismolal concentration of ion
27

[E &Ry, : Eqn 10.32 with x from Eqn. 10.29]

24

1. .start with 50-50 mixture
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Debye-Hiickel Theory

3
Inyt =0z |T 21
where Q depends on the solvent's diedectric constant and other physical constants
z,and z_ are the (inter ger) charges on the cation and anion

and I=;Zm,:f isthe ionic strength of the solution, m; is molal concentration of ion
27

[E & R: Eqn 1032 with x from Eqn. 10.29]

L
logy, =—0.5092|z,z_|I? for water solvent at 298.15K
1
Iy, =-1173|z,z |1 (E&R equ 10.33)

[:%Z(m”;,’,+m,,;f,) fonic strength
: -

25

from cumulative review

+ Concluding factoids
T ics is useful | whole quarter !!

Electrical potential across membranes (e.g. neurons) can be calculated using
Nernst equation | siides 2-3

= Non-idealities in sGIutions

5 A and ics: constant boiling and melting solutions

slides 14-16 Negativ; deviation from Raoult's Law (stronger forces; high boiling azeotrope)
Slides Positive deviation from Raoult's Law (weaker forces; low boiling azeotrope)

r differing components are interdependent

Theoretical method for calculating y: for electrolytes (note =< 1)

observations: thermo =heat

« Count Rumford, 1799
« observed water turning into steam when canon barrel was bored
* work < heat

AGURE

27

observations: mechanical efficiency of steam engine

« Sadi Carnot, 1824
« efficiency of engines

29

26
1t law
dU =dyq - PdV +dw,,
$du-o0
dH =dgq +VdP + dw,,,,
28
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$ds=0
AU =TdS - PV +dbv,,,
dH =TdS +VdP + aw,y,,
30
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“Applications”

How does knowledge about efficiencies of steam engines,
mechanical systems, etc, relate to processes in chemical,
biological, and geological systems?

ANSWERED BY:

J. W. Gibbs- arguably the frist great American scientist who
combined the concepts of heat and entropy and proposed
“[Gibbs] Free Energy”, G, a thermodynamic state function
that leads to a whole spectrum of applications

Free Energy and Equilibrium

AGr p =AH; , —TAS; ,

AGT P — AHT P _ ASJ— R
T T F'_'
_Assur'ram:dmgs T sstem

dG = —SdT + VdP + chw,,,,

dA =—-SdI — PdV +dw,

other

31
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Final Exam

« Conceptual and ‘analytical math’ from throughout term
« Problems concentrate on material since last exam
« Partial molar quantities, Ap for variable composition
« Ideal Solutions and corrections for non-ideality
« Phase equilibria and phase diagrams
one-component, relationship of T and P for one component equilibrium
two-component (solid 5 solution and solution s vapor )
« Colligative properties (HW8)
« Electrochemistry (HW8)
«®and AG, Au
« Three cells
« Vocabulary from concluding factoids
* BRAIN POWER
35
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quantitative-deductive mathematical abilities
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