Students are encouraged to drill the chapter end problems.

Supplementary

Review of Ideal Dilute Solutions (Engel & Reid, Ch 9)

Ideal solution

Interactions between like and unlike molecules are the same like Benzene-

toluene solution.

A-A=A-B=B-B

Ideal solution follows Rault's law (Definition of ideal solution)
P.=x P, i=1,2 (9.1)

P; = Partial pressure
P, = Vapor pressure (A function of only T!!!)

x; = Mole fraction of component i in liquid phase.

At equilibrium

Hisolution — l/livapor (92)



where
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w;” = For pure i at P° = 1 bar.

@ equilibrium p; """ = 11;"**" then Eq (9.3) becomes:
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For pure liquid i in equilibrium with its vapor, 1; (liquid)=w; (vapor)=y; .

x
1

P?(9.5)

,u,:= ,u,f + BTln

If vapor pressure is measured, chemical potential is calculated.

(9.4)-(9.5) gives
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For an ideal solution, P; = XiPi* (9.1)
(9.1)—(9.6)
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— Central equation for ideal solutions.

9.3 Equations for Ideal Solution
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9.6 Colligative Properties

Properties depending only on the solute concentration, not on the nature (type,

molecular weight of polymer homologue) of solute are called colligative

property.

Examples: bp elevation, fp depression, osmotic pressure

We have seen that the vapor pressure of pure solvent decreases with the

addition of solute (Raoult's law).

» Chemical potential of solid and gas do not change with the addition of solute.

» Only chemical potential of solvent is decreased by adding solute. See Figure

9.11a (#°"*" = w + ATz ). Then Tm decrease lowers triple point and solid-gas

coexistence curve (Figure 9.11b).



The bp elevation and fp depression effects depend only on the solute

concentration, and not on the identity of the solute.
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Iusration of the boiling point elevation
and freexing point depression in twao
different wawvs: (a) These effects arise
because the chemical potential of the
solution is lowered through addition of
the nonvolatile solute, while the chemical
potential of the vapor and liguid is unaft-
fected at constant pressure. (b) The same
information from part (a) is shown using a
P—T phase diagram.

Correct error in caption.

9.7 Freezing Point Depression & Boiling Point Elevation



If the solution is in equilibrium with the pure solid solvent,

Hyatution = Haolid (9.25)

Usoltion = chemical potential of the solvent in the solution
1¥s01q = chemical potential of the pure solvent in the solid form

Imagine ice in (water + salt) solution!

We know (General form for component 1)
wHER= i+ BTNz, (9.7)

Then (9.25) can be rewritten as (i=solvent):
todvens+ BINE oo = Ltia (9.26)

Rewriting gives:

Eoolid ™ Hyolpent

10 2 tens = RT (9.27)
Also by definition:
Hootid — Modvent — — 2 Gfﬂsm,(u = Gy, for pure component)
Plug this into (27):
—4 Gfﬂ-sion,m

N Zogvers= — g (9.28)



We need ATy vs Xgovene relationship @ constant P

To get this, differentiate (9.28) w.r.t. Xgolvent,
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The first partial derivative on the RHS can be simplified using Gibbs-Helmholtz
eq (see 6.3)

| __:'."_  _ il ol  _ G o G G+ T5 - H

0T e T ol 7 T 7T T (633
Then

1 ‘&Hfﬂsim,m af
= )

$GO€‘L‘E‘TL¢ R:‘.rE a$gdygﬂ; £ or
d;lfs o g“‘F‘r'r.:.'szfc-';ﬂ..-m ;
ﬁ = dlN &, e = fusion, thmnsmnt ?

'.'1'6031-'8‘?1‘5 R 1-2 (9.30)

Integrate this eq from pure solvent (Xsoivent = 1, T = Thusion) to an arbitrary small

solute concentration (Xsoiven, I = T) :

fﬁmtd—:ﬂ_ ‘/‘T &Hfﬂsim,m dT
1 F Twe £ TP (931)

For Xgovent = 1, AHgysionm 18 independent of T, and (9.31) becomes,

1 Rln Ly lvent

1
T I}ﬂsioﬂ. J“Eﬁ*‘usim,m (932)



S0, T<Tfusion (since x<1)

» Molar concentration—Molality (More convenient in dilute solution)
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Note Taylor series for In(1+x)=~x for small x.
m = Molality=moles of solute/mass of solvent

Mjovent = Molar mass of solvent (Mol wt)

(a), (b)— (9.32)
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- for Depression

Note 1: AT o¢ mge (Colligative property,

For boiling point elevation

AHfysion — AHvaporization, Trusion™ Tvaporization m (33)
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BPE and FPD are used to determine the Mn of polymer

_ moles of solute _ - gofsolute 1
g ofzsolvent Mnofsolute " g ofsolvent

1 g of solute

Migtors ™ = Mgty ( M, gofsolvent

1 of solute
—I: o .i'r :I

_ = 1 g of solute
gofsoiventhmm B

M " moles of solvent

b L

—( 1 g of solutefvolof solvent
M, " moles of solvent/ volof solvent

= ﬁ;’ ](gr afsoiutefmiofsaivenﬂ(miDfsaiuentfmoiees DfSDiuent:l

L

1
_(Mﬂ

or 1—10

Jo(molarvolumeof solvent = V] )— (33 ) or (35 ) =M, (Spering Hgs 35,36
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* Buoiling point elevation (ebulliometry)/ freezing point depression (cryoscopy)

for E < 10000

AT V-RT® 1
(—=2) =109 % (1.10)
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V,=Molar volume of solvent (See more in LN #189)
T,= Boiling (freezing) point of pure solvent
M,=Number average molecular weight of polymer

AH=Latent heat of boiling or freezing



9.8 Osmotic Pressure

Suppose a sac of semipermeable membrane is immersed in solvent (Figure 9.12)
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Saolution

An osmotic pressure arises il a solution
containing a solute that Cannot pass
through the membrane boundary is

immersed in the pure solvent.

@t=0, pressure on both sides = P (Atmospheric pressure)
As time goes, solvent diffuses into the sac until equilibrium —
P (in sac) > P (solvent)

AP = Osmotic pressure = T

Origin of osmotic pressure

@ equilibrium

#igi:g;ﬂ(ﬂ P—i_ﬂ_" isdwmj: #:dﬂmiﬂ Pj (936)

. sofution * . . . . .
Since Hsdvent = Hsavent , only an increased pressure in the solution can raise its

u equal to the pure solvent.

Using Raoult's law, LHS is expressed as (See Eq 9.7)
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(37)—(36)

uaoivrmtlf T, P—i_ﬁj + RTlnd"adumﬁ = uaoimtlf T, Pj (37)'
Now effect of T and P on p is given by
du=dG,= V, dP— S, dT

@ T = Constant

* R * p Pt =
Hogpent\ T2 P ) — H yaipent TP = /‘ Vi dP = V'
P - fmh (9.38)

*

¥ = Molar volume of pure solvent # f (P) for liquid
P = Pressure in the solvent
Then (38)—(37)'

TV + BTN L= 0 (9.39)

For a dilute solution, Msdvent = Tsolute—s
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Also, for dilute solution

*

Vo= Tl g olvent Vm (40)’
Then (40), (40)' — (39) becomes

ﬂaoﬂnteﬁ' r
V (van't Hoffeq.)  (9.41)



See the similarity of van't Hoff with 1. G. law.

. g ofsolute
dute ,
e A scdute (9.41a)

(9.412)—(9.41)~ M (Eq 3.38 Spering, (1.11) below)

* Membrane osmometry
for E_ 100000
T _ RT

(—)
c =0 M

(1.11)

Membrane osmometry is used to determine the Mn of polymer




