Chemistry 163B, Winter 2014
Lecture 23 Colligative Properties

Chemistry 163B
Colligative Properties

Challenged Penpersonship
Notes

colligative properties of solutions

colligative *

One entry found.

Main Entry: col'li-ga-tive

Pronunciation: 'ké-le- ga-tiv, ke-li-ga-tiv
Function: adjective

: depending on the number of particles (as
molecules) and not on the nature of the particles
<pressure is a colligative property>

quantitative treatment of colligative properties

Handout #55

A. Freezing point depression
B. Boiling Point Elevation
C. Osmotic Pressure

quantitative treatment of colligative properties

I. The pure solvent (component B) is originally in equilibrium in the two
phases.

Il Addition of solute (component A) lowers the chemical potential of the
solvent in the solution phase

Ill. Temperature (freezing point depression, boiling point elevation) or
pressure (osmotic pressure) must be altered to reestablish equilibrium
between the solution and the pure solvent phase.

IV. Obtain relationships between X, or Xg and change in T or P.

freezing point depression (solid & solution)

|. pure solvent is originally in equilibrium in the two phases

pure solid; = pure fiquid; atT" the normal melting T
(T = (T7)
Aty (T7) = 15 (1)) = 15 (T7) =0

e o for solid liquid
AH(T?) = AH oy >0 e

fusion

freezing point depression (solid = solution)

Il. Still at T; , add solute A to solvent with resulting
mole fractions X, and Xg

for solid phase of B there is no change :

g (T7)= 45" (T7)

for the solvent (B) in solution:

Ha(T7) = g™ = g™ (T7) = g’ (T7) + RT; In(7X )

50 now Autg (T7) = 1 (T7) = " (T7) = At (T7) + RT; In(75 X )

where A (T7) = 15 (T7) - 45 (T;)

and Ay (T')=0since pure liquid and solid are in equilibrium at T*

thus Aug (T7) =RT"In(7,X;) <0

so the forward reacton (melting of the solid)
would now occur spontaneously at T* 6
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freezing point depression (solid & solution)

Ill. Alter temperature to restore equilibrium T" ->T;

_Au
i
aT T?

P

T T, 0

¢ ¢ AH

_[d (Auej :_,[ Bgeumg dT

s AT o T old stuff

Aug(T;) _ Aug(T]) :_TJ: AHB metting
T, . T R T?

i

freezing point depression (solid = solution)

IIl. Alter temperature to restore equilibrium (continued)

AR EYAW) ;}Aﬁm.mg ot
T T . T?
f P f P T

Aug(Ty)
T

] =0since at 'new' equilibrium T, , Az, (T, ) =0
o

T
and (”;70')] =RIn(y;X,) fromegnin i,
;

f
TLAH,
RIn(rgx,) = ezt g7
7
LA,
Rln(ﬁxa)*{_.[%mlﬂ}:o
T; \

8
change in 4y due to temperature change

change in 4y due to adding solute

freezing point lowering

IV. Obtain relationships between Xz and change in T

AR
RIN(7X5) = jiigﬁ“‘"g dr
T

AHg g ~ independent of T

= 1 1
RIN(¥5X5) ==AHg neting {T**Tf}
f f

since lhs <0 =T, < T; (freezing point depression)

Ao | 11 || . )
Ve Xg =€Xp| ——— ——— (integration of eqn 9.31 E&R)
R T T

freezing point lowering

IV. Obtain relationships between Xz and change in T (cont)
AR, 1 1
X. =exp| — Bmelting | + L
VETaY P|: R 7T

R 1 1
*—7'”(75&)*?*1.
B melting f f

T :M (~ eqn 9.32 E&R)
AHg g = RT7 (75 X5)

Osmotic Pressure Equilibrium

P~ 1 bar

not permeable to
solute

aguecus solr.

left

H O

J

right

osmotic pressure (pure solvent & solution [solvent + solute] )

I pure solvent at P, is originally in equilibrium with
pure solvent at Py ; i.€. Pieg=Prign=Po

pure Ziquid; (R, left) = pure /iquid; (R, right) atT
‘left' and 'right' refer to compartments separated by
solute impermeable membrane

1 (P, left) = 15 (R, right)
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osmotic pressure (Il add solute to left compartment)

Il in left hand compartment add solute A to solvent
with resulting mole fractions X, and Xg

add X, solute to liquid in'left' compatment resulting in X for solvent
5 (Py.left) = 1 (Py,left) + RT In (1, X ) < 5" (R, right)

45 (Py,left) < ug” (P, right)
so the solvent B moves spontaneously left « right
(i.e. diluting solution on left)

osmotic pressure (Ill, alter pressure)

Ill. alter Pressure: P,s—P, + 71 to restore equilibrium

solution (X, P, + 7, left) = pure solvent(P,, right)
left
Opg :\75
oP )

Ry+r Ry+r
[ dug (%)= | VyaP
B R
assuming solvent is incompressible

(V, doesn't change with pressure at constant T)
gt (X B+ 7) = 5" (Xg, Ry ) +[Py + 7= R ]V
/‘n‘;ﬂ(xaxpn+”):ﬂ|;"(xsv%)+”\7a

osmotic pressure (lll, alter pressure, continued)

osmotic pressure (a little more manipulation)

5" (Xa P+ 7) = 5" (X, ) + 2V
15" (X, P+ 7) = 45 (R) + RTIn(rg X ) + 2V

want 7 to restore equilibrium such that
' (Xax P +”):/’;”w (Pﬂ)

445 (R)+RTIn(ysXg) + 2V = 415 (Ry)

o7 MeTRl BT BV

left right
_RTIn(7,Xg)

VE

77RTIn(yEXE)

Ve
for yg =1 and X, =1-X,
_ RTI(1-X,)

B
In(l+x)~x for small x (i..dilute solution, X, small)

22 XaRT
VB

n i }
a=—2 and n, +n; ~n, for dilute solution
n, +ng

_n,RT
h nB\7B
Vg =n,RT
zV,

solution

=N RT

‘Solute

quantitative treatment of colligative properties

Handout #55 Colligative Properties

from relationships for Chem 163B final:

Colligative properties:

freezing point lowering: »,.\, = exp
|

AR,
»  boiing point elevation: X, =exp| ————
|

RT (X, )

= osmotic pressure

reverse osmosis

FROM TAP WATER TO PURE WATER

by ESP Water Products.com

figoa T
For the Zist Century
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effect of osmosis on blood cells

Reverse Osmosis

Hypertonic Isotonic Hypotonic

MNormal Osmosis

Ho =
Reverse Osmosis H'au

3 —
v outside inside outside inside outside inside
I Huo < Huo My = Mo Huo > Huo
o outside inside outside inside
m _ XH’O < XHZO XHZO > XHZO
-outside inside outside _ inside outside inside
e e X > X X =Xai X < X I

|_osmosis.jpg

ttp:/www.zenon y
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hyponatremia

Woman dies after water-drinking contest
Water intoxication eyed in Hold Your Wee for 3 WII® contest death

[y —
“ptatad 3074 pm. BT, Bt &

SACRAMENTD, Cabf, = & weman wi
in a radio station's conb
wa ceudd el =
Bbattwoom died of wat

€nd of Lecture
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