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Colligative Properties

Challenged Penpersonship
Notes

colligative properties of solutions

colligative Ll
One entry found.
Main Entry: col'li-ga-tive

AerriamWebste
% Pronunciation: 'k&-le- ga-tiv, ka-lli-ge-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

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

quantitative treatment of colligative properties

Handout #53 Colligative Properties

from relationships for Chem 163B final:

Colligative properties:
« freezing point lowering:

Moo [1 1 .
y =P - 7

X

R T, T Ay g ~ RT; (1, X))
« boiling point elevation:
AH 1 1 ToAH,
3 Xy =exp - T Lo
R I, T. AH + RT: In(7,X,)

osmotic pressure:
RTIn(y,Xy) nRT w_  RT

Ta-d > for dilute so

7, v, v

ﬂ:apcfu/[y) reassuring ??

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

.

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.

It's as easy as|., II., lll.,IV.

freezing point depression (solid 2 liquid [solution])

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

solid is pure"solvent" B
X, =mole fraction solvent B in solution
X, =mole fraction solute A in liquid

pure solid; = pure (iquid; at T, = thenormal melting poinr(T' hion)
15 (T)) =15 (X5 = 1T)

Aug(T7) = ﬂ.;'(T;) —uz (T;)=0

AH(T))= A iy >0 for solid  liquid

ng
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freezing point depression (solid 2 liquid [solution])

II. Still at T7 , add solute A to solvent with resulting
mole fractions X, and Xg

,uf, (XB,T;) is now chemical potential of solvent (B) in solution
o\ Ny

AT, the (Tf)*#B(XB’Tr) n“x{Tr)

original | Ap’” (T7) = RT; In(y;X;) “proof”

freezing .
temperature (At~ (T} ) <0

§—0

Aty

soat T* the forward reacton (melting of the solid)

7
would now occur spontaneously

freezing point depression (solid 2 liquid [solution])

. )
111. Alter temperature to restore equilibrium T; — T T | . A8
I I I T
solventat new T;  solventat T; change Ty —T¢
calculate Ap: i{—\!lE(Tf)} _ 7—\#3(T,'3} j
Tr—T, L ) Un )
. [(AuT)) .
but at new T;: | %I) = Osince at 'new’ equilibrium T}, , A,HH(TFX‘”)= 0
want ULk
with:  Apy(T")=RT In(y,X,) from Il extra:

A
one gets: U:Rhll}’ai}l{—st‘”} ﬂ
7

/ AN

change in Aug due to adding solute change in Aug due to temperature change

freezing point lowering

IV. Obtain relationships between Xg and change in T
o

RIn(y, X, )= j d

. T
T,
7 since lhs <0 and AHgng>0
= 1 1 r 1
Rin(ysXs)=~AHg | ——— L Lhorer
;I 7 T Y
freezing point depression

(~ eqn 932 E&R ,,.)

extra:

l

boiling point elevation (cooking veggies in salt water !!)

Colligative properties:
« freezing point lowering
s (11 i T

4 Xy =exp T
. R |T, T; Al ., X,)
« boiling point elevation
AH s 1 1 T AH,
gLy =exXp ; . T, T RT"
T R 1, I Ay e £ R 10( 75X, )

boiling point elevation and freezing point depression
similar except for sign change
(due to Xg’ product in melting, reactant in vaporization)

I, T

so T,>T,, HIGHER BOILING POINT with salt

HANDOUT #53 ﬂ 10

. ysXp<landAf__._. >0 implies that [L 1J<o

non-volatile ionic solutes in vapor pressure and colligative properties

for Xg, mole fraction solvent,
Xy=X

X salvanr =

NaCl — Na* +Cl-

Hygivent

" 1 mole - 2 moles ‘particles’
A tvene * Msoual sclure perticies) P

in mole fraction : moles solute = total moles ions
HW?7 #52b nmoles salt M* (X~ ),—=n moles M = 2nmoles X~
3n moles solute
moles H,0

P P LK S
(moles H,0+3x noles salt)

molality =m= (moles solute)/(1000 g solvent)
molarity =M= (moles solute)/(1L solution)

HW8 #58 AB, (s) 22 xA™"™ + B ‘Ksp molality reference’

(7-[m. / “|‘-’ r:[mﬂy |
4 Im | | 1m
\ JA )
1

K, - (i) (Vi

(.45

Osmotic Pressure Equilibrium

'D=11’+ e P,=1 bar

not permeable to
solute

H,00

left right
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osmotic pressure (solution [solvent + solute]2 pure solvent )

pure solvent at P is originally in equilibrium with
pure solvent at P, ; i.€. Pieq=Pign=Py

pure Liquid; (P,.left) 2 pure (iquidy (F,.right) arT
left' and 'right’ refer to compartments separated by
solute impemmeable membrane

15 (R left) = pi (R right)

osmotic pressure (Il add solute to left compartment)

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

e 2071 up(Poleft)= g (Pleft) + RTIn(75X;5) < g5 (Byoright)

3P Jeff) < it (Boright)

so the solvent B moves spontaneously left « right
(i.. diluting solution on left)

add X , solute to liguid i 'left' comparment resuiting in X for solvent

osmotic pressure (lll, alter pressure)

Il alter Pressure: Pgq — (P + T),o to restore equilibrium
solution (X ;. P, + r.left) & pure solvent(F,.right)
want: pion(Xp, Lot IeR)= I pyre sotvent (P T78HY)

{ c.ﬂ:m\ B+x Bex
i Y Y duf (X,)= [ F,dP
Py -3 £ 5 3

t B, Jr I’[ i[
uE (Xp. By + 1) =i (Xo.B)+[ R +a - B T3

u' (Xy B+ 7) = (X B )+ 1Ty

5 (X5 B+ 7)= 3 (Py)+ RT In(y5X;) + 775

#3(R)+RT ln(75X5) + a5 = u3 (B)
gelo/ 7 WBTBITTE
left

200
right
RTIn(75X5)

VE 15

T=

osmotic pressure (a little more manipulation)

IV. Obtain relationships between X, and n, change in P

ATl (1)

Va

forys =1 and X;=1-X,
_ RTh(1-X,)
T
Vy=n RT

7 = R
ﬂ T solution "s_ohrre

further manipulations

reverse osmosis

FROM TAP WATER TO PURE WATER

Water Systems
P ESP Water Products.com
For the 21st Century

Reverse Osmosis

Normal Osmosis
[ —

Concanirason

-y g

eacson ot
i

Reverse Osmosis

[

hitp:/ non.

X |_osmosis.jpg
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effect of osmosis on blood cells

Hypertonic Isotonic Hypotonic

ourside ~imside - i 7 ourside » inwide
salt X XD Xpe=xgt X X5 salt
ourside - inwide ide - inside outvide - inside
X7o <Xwo Xio =Xpo Xio >Xpo
water curside inside ide ide ourside inside
Mpo <MHao ifg'; = }1;;} Hrgo > Hpo water
H,0 H,0 H,0

outside < inside outside <> inside outside => inside

collapse i) o burst 19

/

hyponatremia

Woman dies after water-drinking contest
Water intoxication eyed in YHold Your Wee for a WIl’ contest death

A %:NBC VIDEQ
Updatad 7124 puen. BT, Sat., Jam. 13, 2007 —_
SACRAMENTO, Calif. - A woman who competed
in 3 radio station's contest to see how much
water she could drink without going ta the
bathroom died of water intoxication, the
coroner’s office said Saturday

Jennifer Strange, 28, was found dead Friday in
her suburban Rancho Cordava home hours after
taking part in the "Hold Your Wee for a Wi"
contest in which KDND 107.9 promised a
Nintendo Wi video game system for the winner.

“She said to one of our supervisors that she
was on her way home and her head was hurting
her real bad,” said Laura Rios, one of Strange’s
co-workers 3t Radiological Associates of
Sacramento, “She was crying and that was the
I35t that anyone had heard from her.”
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quantitative treatment of colligative properties

Handout #53 Colligative Properties

from relationships for Chem 163B final:

Colligative properties:
+ freezing point lowering:

s \A EY'\‘- - I T = “
« boiling point elevation:
A, | 1 1]
= exp) . T, : -
& &% T, + RIS (7, )
«  osmotic pressure:
RTln( 7, X
M7sXs) L MRT_BeseRT f e solurion
Vy Vy Vit

&opcfu/{y) reassuring 77
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€nd of Lectures 22-23

freezing point depression (solid 2 solution)

II. Still at T7 , add solute A to solvent with resulting
mole frac‘llons Xp and Xg

for solid phase of B there is no change :
(T ) ‘ohJ(T )

for the solvent (B) in solution: see lect 20-21 slide #20

HE(T])= ™ = g (T]) = g (T])+ RT; n(y, X))

sonow Aus(T7) = (T} — i3’ (I]) = w5’ (T7) + RT; (15 X5 ) - 15 (I7)

but gty (T;)— g5 (T} ) = O since pure liquid and solid are in equilibrivm at T
llmsApE(T;):RT;]n(leB) <0 ﬂ

23

freezing point depression (solid 2 solution)

Ill. Alter temperature to restore equilibrium Tf' N Tf

(. Au

} ‘T | __am

| er T’

L Jo
I, I, 3

L AH

_{d{ Aﬂs 77.[ E}:rhmg dT
2T £ T old stuff
{A#f 57| [A"B(T;)E }AHM,E i
- \ 7 ). » T

24
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freezing point depression (solid B solution)

Ill. Alter temperature to restore equilibrium (continued)

Aug(T,) 7{@(13(1'})\. =ij A,
| 1=

dr

Aus(T,) ) . o
}| =0since at new’ equilibrium T, . Apiz (T,)=0
s

/
Apg(TH))
and {Lf% =Rln(ysX;) fromeqninIl.

s p
r =
AHg i,

—Rln(yzX5)= -I#HT

2 T
Foo- -

Rln(73X5)+ -[%dr:o ﬂ

bt |
_ / L AN 2
change in Aug due to adding solute change in Aug due to temperature change

freezing point lowering

1V. Obtain relationships between Xg and change in T

AH ~independent of T

B malting
11
T, T

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

Rln(y,X,)=-AH,, ... {

T
—i_ | (integration of eqn 9.31 E&R)
1

; AH,
75X 5 = exp| - —E

freezing point lowering

1V. Obtain relationships between Xg and change in T (cont)

Mg | 11
S ]
f s

R 1 1
(X )+ =—
itme LT
T;AH,
T,=— 1 2" __ (~eqn932E&R,,)
AH,,,...—RT;In(y,X;)

i
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osmotic pressure (lll, alter pressure, continued)

M (X5 B+ 7) = pff (X,.B) + T
I"?ﬁ(Xs‘Pc +)= 3 (PBy)+ RT In(y5X5 ) + 5

want r to restore equilibrium such that
' (XpoBy = 7) =257 (By)

43(R)+RT (755 )+ 275 = 3 (R)
g7 MR PRV

left right
_ RTIn(yzXg)

) ﬂ

29

26
osmotic pressure (lll, alter pressure)
III. alter Pressure: Pgq — (Py + Tt),¢ to restore equilibrium
solution (X ;. P, + n.left) &2 pure solvent(F,.right)
(2,
e
\ e )
Bz Bex
[ auie ()= [ 7uae
j )
assuming solvent is incompressible
(V5 doesn't change with pressure at constant T)
W (Xp.By =) = (Xp.B)+[B+ 7 =B Ty
W (X5 Py t) = i (X3 B) 7T
28
osmotic pressure (a little more manipulation)
RTIn(ysX5)
= 7$ A=solute
B =
foryg=l and X;=1-X, B=solvent
_ RTh(1-X,)
2
In(l+x)=x for smallx (ie.dilute solution. X , small)
_X.RT
7
X,= U and ny+ng ~ny for dilure solution
HJ + ?ls
nRT
P g e
ngly
aVy=n,RT
TV ottiom = MrohaeRT
30
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colligative properties and nonvolatile solutes

mole fraction solvent Xg =ng/n

for non-volatile solute A P*,=0

concentrations frequently given in molality
M=molarity=(moles solute)/(L solution)

#m=molality=(moles solute)/(1000g solvent)
moles H,0/1000g solvent=55.55 moles
aqueous soln: X,en=55.55/(m+55.55)

for ionic solvent (moles solute)=(total moles of ions)

example: 2 m aqueous solution of CaCl, (complete dissociation)

5555 moles / kgl O

25

¥

= =.902
s 2m oles solutefkghl 0% 3moles ins/males solute) + 5 5.55moles / kght )

*however when referring to the molality of a specific ion, e.g. [CI-]from CaCl,,

the number of ions per mole of solute is already factored in 31




