Lecture 22-23
Chemistry 163B W2020
Colligative Properties

Challenged Penpersonship
Notes




colligative properties of solutions

Merriam- : :
colligative *
\ Webster g

One entry found.

Main Entry: col-li-ga-tive

Pronunciation: 'ka-ls- ga-tiv, ke-lli-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>

http.//www.merriam-webster.com/dictionary/colligative



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:

YaX, =exXp _m L _ i T = T}: ’ﬁHB melting
¢B="E L T - - -
R Tf Tf ! ﬂHB melfing _RT}" h][ -'VB-‘/‘!“B ]

« boiling point elevation:

v ); _ . &Hm;mﬂ:arfon 1 _ 1 T — TE:;J AHB vaporization
i B B e}ip R T T. bp Aﬁ - 1 u
bp bp B vaporization + Rrbp 11(1/3"1{3 )
« 0smotic pressure:
—RTIn(yzX RT =n_, RT
7= _(/B ) T H‘*f = Dsolue for dilute solution
VB I’B V.mh@ﬂf

(/lopcfu/{g} reassuring 77


http://switkes.chemistry.ucsc.edu/teaching/CHEM163B/HANDOUTS/collig_props.pdf

quantitative treatment of colligative properties

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

phases.

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.

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

It's as easy as|., Il., 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 Ain liquid

pure solid, =2 pure liquid, at T = the normal melting point (T usion )
py (T7) = pp (X =1T7)

Apg(T") = pp (T7) = p1 (T7) =0

AP_[(T;) = >0 for solid = liquid

B melting



freezing point depression (solid 2 liquid [solution])

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

H5™" 78 (X gol ;) is now chemical potential of solvent (B) in solution

lowers
s—/ ° / ° s °
At T, the Ay (Tf)::uB(XBan)_:uB(Tf)
original A,uz% (T')=RT In (75X,) “proof”

freezing .
temperature @ (T f@

soat T’ f the forward reacton (melting of the solid)

would now occur spontaneously




freezing point depression (solid 2 liquid [solution])

[ll. Alter temperature to restore equilibrium Tf° —> Tf

Au
o J N
solvent at new T,  solvent at Ty change T¢—>T¢

CGlCUlate All. [AIUB (Tf)J _ [AluB (T;)J _]j{ AP_[Bmelting dT

° 2
Tr—>T; T I no L

i Au, (T
but at new T;: (MJ = 0 since at 'new' equilibrium T, , A, (T ,Xff)) =0
P

want Iy
with: AILIB(T;)ZRT; 111(]/BXB) from |l extra:
" AH
B meltin
one gets: 0=RIn(y,X,)+ —I 7 “EdT ﬂ
- TN
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

TAH,, .
Rln(y,X,)= j ;";ehmg dT  from Il
7

since Ins <0 and AH,,¢ing>0

1 1

———|>0 T, <T;
. f f
{Tf TJ

freezing point depression

— 1 1
Rln(yBXB)Z_AHBmeltin |:__ ojl
) Tf Tf

T;AH,, ..
f B melting (~ eqn 9.32 E&R4th)

T = ]
—RT; In(y,X,)

I AH

B melting

extra:

i




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

Colligative properties:
« freezing point lowering:

VX =exp _ _ melfing L _i. Tf - f Bm:afnng.
R Tf Tf ‘ﬁHB melting _RTf h][ }JEXB )
« Dboiling point elevation:

}}B _/YB = exp vaporization | . 1. pr _ _ bp Bvapor::anm
T R I, I, : +RT, In(y;X;)

bp B vaporization T
* boiling point elevation and freezing point depression
similar except for sign change
(due to Xg? product in melting, reactant in vaporization)

T

bp bp

so T,>T, HIGHER BOILING POINT with salt

v, X, <land Aﬁvaporizaﬁon >0 implies that {L_L} <0

HANDOUT #53
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https://switkes.chemistry.ucsc.edu/teaching/CHEM163B/HANDOUTS/collig_props.pdf

non-volatile ionic solutes in vapor pressure and colligative properties

for Xg, mole fraction solvent, NaCl — Na*+ +Cl-

X — X — n solvent
B solvent +n 1 mole — 2 moles ‘particles’
solvent (total solute particles)

in mole fraction : moles solute = total moles ions

nmoles salt M** (X‘ )2 —> nmoles M** + 2n moles X~

HWY7 #52b

3nmoles solute

moles H,0
H,0 —
(moles H,O0 +3 x moles salt)

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

HW8 #58 AB,(s) =2 xA*"™ + yB*™ ‘Ksp molality reference’

(@) (ap) ) )

K =
v ( aAB solid ) 1

11



Osmotic Pressure Equilibrium

B bar

not permeable to
solute

5 aqueous soln. i H Ol

=
aw




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

|. pure solvent at P, is originally in equilibrium with

pure solvent at Py ; i.e. Pq=P i =P

right™
pure liquid; (P, left) 2 pure liquid, (F,,right) atT
'left' and 'right' refer to compartments separated by

solute impermeable membrane

15, (P left) = 1, (B right)

13



osmotic pressure (Il add solute to left compartment)

ll. 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

lect 20-21 . . .
e "7 (P left) = gy (Bulef)+ RTn(y, X, ) < 4y (Bright)

1y (Byuleft) < i (B, right)
so the solvent B moves spontaneously left < right

(1.e. diluting solution on left)

14



osmotic pressure (lll, alter pressure)

lIl. alter Pressure: P, — (P, + 7). to restore equilibrium

solution (X, F, + m,left) 2 pure solvent(F,,right)

want: I‘lsolution(XBIP0+7Z;]eft): I‘l.pure solvent(POIrlgbt)

how does u change
with pressure?

integrate

from II.

left with
P=P,+r

left .
[ aIUB J — VB
aPleft T

w1y (Xy, B+ )
Ui (X, By + )

R+

j dug" (X,)= j V.dP
R R

(X,.B)+[R+7-R]7,
X, b))+ 7V,

AN

" (Xy, B +7)=p; (P)+RTIn(y, X, )+ 7V,

4y (B)+ RTn(7,X,)+ 27, = 13 (R) [ riant with

left

P=P,

ri ght

RTIn(y,X,)
T =-— —
VB

extra:

15



osmotic pressure (a little more manipulation)

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

ﬂ:_RTln(_yBﬁ)

. RTln(_l - X, )
VB
further manipulations ﬂ-VB =n RT
A

7V =n ., RT
solution ﬁlute




reverse osmosis

Hydrostatic
pressure

Osmotic

FROM TAP WATER TO PURE WATER

pressute

BACTERIA, PYROGENS, VIRUSES,

PESTICIDES. HYOROCARBONS, RADIOACTIVE

CONTAMINANTS, TURBIDITY, COLLOIDAL

MATTER, CHLORINE, DETERGENTS, INDUSTRIAL
. ASBESTOS, DISSOLVED 0

SODIUM, CALCIUM, MAGNESIUM, SULFATES,

CADMIUM

TAP
WATER

(IN-COMING)

MEMBRANE

YYy?

IMPURITIES

(QUT TO DRAIN)

Semipermeable

membrane REVERSE OSMOSIS

0SMOSIS

fgua Teehnology

For the 21st Centuny

ADVANTAGES:

+ Improves taste, odor and appearance

+ Highly effective purification process.
Will remave the pollutants listed
above, and more!

+ Consumes no energy
+ Very convenient

 Flushes away pollutants, does not
collect them
+ Easy to keep clean

+ Low production cost - gives you water
of a guaranteed quality for pennies
per gallon

ESP Water Products.com

17



Reverse Osmosis

Normal Osmosis

Higher Contaminant Lower Contaminant
Concentration Concentration

Diraction of

Reverse Osmosis
Applied Pressure Pure Water

Membrane

Diraction of

http://www.zenon.com/image/resources/glossary/reverse _osmosis/normal_osmosis.jpg



effect of osmosis on blood cells

Hypertonic Ian::-tn:: nic Hypotonic

< P

outside inside outside inside outside inside
Sa I t X salt X salt X salt X salt X salt X salt Sa | t
outside inside outs:de ms:de outside inside
XHO <XHO X X XHO >XH20
Wate r outside < inside outside inside outstde inside Wate r
Hu.o Huo Huo = Huo Hao = Huo
H,0 H,0 H,0

outside <= inside outside < inside outside —> inside
collapse %{v{‘ burst 19



hyponatremia

Woman dies after water-drinking contest

Water intoxication eyed in Hold Your Wee for a Wii’ contest death

Ap Associated Press
updated 7:24 p.m. PT, Sat., Jan. 13, 2007

miNBC VIDEO

SACRAMENTO, Calif. - A woman who competed
in a radio station’s contest to see how much
water she could drink without going to the
bathroom died of water intoxication, the
coroner's office said Saturday.

Jennifer Strange, 28, was found dead Friday in
hier suburban Fancho Cordova home hours after
taking part in the “Hold Your Wee for a Wi
contest in which KOMD 107.9 promised a
Mintendo Wi video game system for the winner,

"She said to one of our supervisors that she
was an her way home and her head was hurting Woman in water drinking contest dies

her real bad,” said Laura Rios, one of Strange'’s Jan. 15 Sacramento Bee reporter Christing Jewvett talks
! . . ' . to MSHNBC-TY's Contessa Brewwer about the desth of &
co-workers at Radiological Associates of

_ swwaman who had competed in & radio station contest.
Sacramento, “She was crying and that was the MSHEC

last that anyone had heard from her.”

20



quantitative treatment of colligative properties

Handout #53 Colligative Properties

from relationships for Chem 163B final:

Colligative properties:
« freezing point lowering:

’VB‘\’B =eXp _ __ melfing L — i. Tf - f B Mflnng i
. AH g g —RT7 (75X )

f f B melting
« boiling point elevation:
:/B‘X-B — exp vaporization l . 1. 1}’ — _ bp Bvapon..anou .
R pr Ijbp : AHB vaporization + RI})p h]‘( tyB“ B )
« 0Osmotic pressure:
—RTIn(y,X,
= _('/B 5) T nRT = Msotne R T for dilute solution
Vs Vs Vehen
1 27
(/wpcfu/(y) reassuring ?: o


http://switkes.chemistry.ucsc.edu/teaching/CHEM163B/HANDOUTS/collig_props.pdf

€nd of Lecbures 2223



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 :
py (T = "™ (T7)
for the solvent (B) in solution: see /ect 20-21 slide #20

,UB(T ) solvent _ﬂB(msoln)(T ) ﬂ (T )+RT ln(},B B)

s0 now Auty (T7) = 11 (T7) = 11 (T}) = i (T)) + RT; (7, X ) = 115 (T7)

but ,ué' (T ;) —u, (T ;) = 0 since pure liquid and solid are in equilibrium at T

f

thus A, (T")=RT In(y,X,) <0 ﬂ

23



freezing point depression (solid 2 solution)

lll. Alter temperature to restore equilibrium Tf‘ - Tf

AvZ,
O | __ad
oT T?
P
T N
J‘d(A,UB ] _ _J‘ anwltmg dT
AT ) 5 T old stuff
[AﬂB(Tf)J _(AﬂB(Tf.)j . f A[?Bmelting dT
. - 2
Tf P Tf P Ty

24



freezing point depression (solid [ solution)

lll. Alter temperature to restore equilibrium (continued)

(Aﬂzsg(Tf)j _[Alug(T;)J __Tf AI?Bmelting dT
o 2
P P

Iy Iy

Ty

I

A, (T

('uB(f)j = 0 since at 'new' equilibrium 7', , Az, (T, ) =0
P

( Ay (T f. )

7 ] =R1n(7/BXB) fromegnin II.
f P

-
RIn(y,X,)+| - f AH;’;e’””g dT | = ﬂ
~ TN

25

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



freezing point lowering

IV. Obtain relationships between Xz and change in T

TAH
B meltin
RIn(y,X,)= | o
7
AH, . ~independent of T

1 1
Rln(yBXB) — _AHBmelting [

Iy T}}

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

ypXp = eXp|:—

A[{B melting 1 . 1
R |1, T

H (integration of eqn 9.31 E&R)

26




freezing point lowering

IV. Obtain relationships between Xz and change in T (cont)

AH g poime | 11
X — ex . melting .
T p{ R {Tf T;H

R 1 1
— 1n(7/BXB)+F:T_
B melting S f
T;AH,, .
T, =—s—L re (~eqn 9.32 E&R,,,)
AfIB melting _ RTf ln(yBXB)

i

27



osmotic pressure (lll, alter pressure)

lIl. alter Pressure: P,y — (P, + 7). to restore equilibrium

solution (X, F, + r,left) @2 pure solvent(F,,right)

FBy+7x FBy+x

| du"(X,)= [ V,ap
R B

assuming solvent is incompressible
(V, doesn't change with pressure at constant T)
g (Xp. By +7)= " (X, R)+[B + 7= RV,
W (X B ) =l (X, R) 27,

28



osmotic pressure (lll, alter pressure, continued)

/Uéeﬁ (XBaPO +7Z'):/uzlaeﬁ (XBoPo)"'”VB

AN

py (X, P+ )=y (B)+RTIn(y, X, )+ 7V,

want 7 to restore equilibrium such that
H (X Py + ) = 117 (P,)

py(B)+ RTIn(y, X, )+ 2V, =y (R
lefi right

ﬂ:_RTln(_yBXB)

g

29



osmotic pressure (a little more manipulation)

RT1 X
T=- nl(;/B 0) A=solute
B =
fory,=1 and X,=1-X, B=solvent
RTIn(1-X,)
T=— —
VB
In(1+x)=x for small x (i.e.dilute solution, X , small)
X RT
T=—5=
VB
X, = P4 and n,+n, ~n, for dilute solution
n,+ng
7~ Mk
nBVB
Ve =n,RT
7T I/solution = nsoluteRT

30



colligative properties and nonvolatile solutes

« mole fraction solvent Xg =ng/n,

 for non-volatile solute A P*,=

« 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 =55.55/(m+55.55)

solvent™

« forionic solvent (moles solute)=(total moles of ions)

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

55.55 moles / kgH O =.9025

H,0 —
? (2moles solute/kgH O X 3moles ions/moles solute) + 55.55moles / kgHZO)

¥ 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
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