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Colligative Properties of Solutions

» Colligative properties are properties of solutions that
depend upon the ratio of the number of & les to

the number of €glventinolecules in a solution, and not on
the type of chemlcal species present.
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» Colligative properties of solution include: ol ztb &
«— 1. Dowering of vapor pressure et
2. Elevation of boiling poin Sheoi0
3. Depression of freezing point ).,z_,u Z,\»

4. Osmotic pressure
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Colligative Properties of Solutions

[D Lowering of vapor pressure
« When #on=volatilesolife is dissolved in a/yolatile — 0 S

[selv@it, the vapor above the solution is provided by the o\l
solvent only. The solute artlcles (atoms molecules or =5s5
lops)atthe surface ca dency of the JM
solvent =~ —= 5 f;‘ g cliek
« Therefore, the _t_eggngy_of the solvent molecules to-exert- g

vapor pressure is lowered in the presence of the solute.
@ < Sa’lv(e (_?L'._gj‘ 2925 ‘_;’
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Colligative Properties of Solutions

Lowering of vapor pressure

* Vapor pressure lowering of a solution depends on the

number-of solute-malecules (mole fraction) presentin-the
-solution:
side @ous @7)UE | ¢ The higher the solutefraction, the lower the vapor

20%8) dh 2 pressure abave the solution.

aBgs ] ‘Vapor pressure lowering is
i colligative properties.)
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Colligative Properties of Solutions
[z Boiling Point Elevation

« Normal Boiling Point: is ‘the temperature’ at which the
vapor- pressure s(P) of the liquid becomes equal’ to the
atmospheric pressures )3‘\:5‘\’ Yo r Ap S

sdde 552 > da> «— « Presence of solute particles Ower the vapor pressur® of

OB e 5o the solutlon (we need to ificrease temperatureto ifgreaseny

BUIRGH LR PP 0 makKe 1t boil).

Coy\M\ L))  The boiling point of a solution (T) is higher than that of
the pure solvent alone (T°)
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Colligative Properties of Solutions

Boiling Point Elevation
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Colligative Properties of Solutions

Boiling Point Elevation

« The boiling point glevation, AT, is estimated by this

equation. £ T opsas)s
AT, = Kym

@@ AT, Tote odls =55

. . . \ \uub
« K,: molal elevation ¢onstant (ebullioscopic constant) =

« m: molality sobok |G o AV
n. 09 wo\es So\u)’e
A Ko sdvent
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Colligative Properties of Solutions

Boiling Point Elevation: Example

An aqueous s of a drug gave & boiling point
|  elevation of ) Approximate Kb (ebullioscopic
AT, - 0.103 ¢ constant) for the solvent water is 0.515 deg.kg/mol.
a. What is the molality of the drug?
k,= ©.s15 _J_S/\% If the Mwt of the drug is 65) what is_the
wokel” el concentration.in %.w/w? o
AT =K,m_
m=AT, /K
=0. 10'3/0 515= 0.2 mol kg! = 0.0002 mol g*!
%wiw=mxMwt ——— T
=0.0002 x 185
=0.037g/g=3.7g/100g=3.7% w/w

00002 pes| 5 \85_3 = 0.0'}73 + \co
o g R T

518 = 874 win
\0© D

-—
=

Colligative Properties of Solutions
i = )| Depression of the Freezing Point s Caluice

foD
* Solute particles wﬂl@h&i@z@gmint of the L duke

solution
¢r( eezin
« The freezing point of pure water 1@) but freezing point | , o’.f:g"h)
of aqueous solutions islower | p — FP iy g

Al - Applications: Vuce a0
O

Vides M2 o= cD— Amtisfreeze solution (ethylene glyesl)
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= v als)
silke s e G \51 ) SN Ao &
WD\ Y2\ Cu 2y WADYol, M
ces® ((oalddd) sicapyainT +L0Q a2 an

!f
1 G = = kA VNS 'Z.‘guh }ZA
. O?C b“’«\:’\s.\ >\ 2> A2 ?’\"’ L2 s \FQ‘N"\'&??U”Z)\D’ S . \) —

Scanned with CamScanner


https://v3.camscanner.com/user/download

Colligative Properties of Solutions
Depression of the Freezing Point
'he ] OWETIng' f'the*freezmg}mmt'of‘a:'stsl@ 18 dm,Qtly

proportional toghj‘mﬁlméﬂtra'fo' fiof thelSoIute (i.c.
number of particles in solution, (molecules or ions).

» AT;: Freezing point depression
+ K;: Cryoscopic constant

* (m: molality of soluti
W ot sole
L \<-3 a\ SG\N\'

Colligative Properties of Solutions

Depression of the Freezing Point
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Colligative Properties of Solutions

Depression of the Freezing Point: Example

What is the freezing point of a solution comprising
Y 242~ -9 3.42 g of sucrose (MW = 342).and 500 g of water?
2 2%/ g}%\TakegﬁtobM86(°Ckgmol1) T

AT,—KI m

m = molality of sucrose lwhe
_Qo. of mole) WYMW §'42/34§>00 .
(_ tsolve Wtsolvent soq "A’

AT, =K. m = 1.86 x 0.02 = 0.037 °C (ie. ATy, freezing

k;.: 1.6

po int depress Sion) |- e e
Hence, the freezing point of this solution is —0.037 °C as
(pure water T;=0 °C) / Yy &

This solution will stay FL -
O-p037= O.037 .

Colligative Properties of Solutions

@ Osmotic pressure
. Whenever a‘solution is separated from a'solvent by a

> that is .L‘u eable only . S
A57a S ang), there 1S a
across the membrane into the solution.

+ This is the phenomenon of

o If the solution is totally confined by a semipermeable
membrane an in the solvent, then a pressure

differential develops across the membrane, which is

referred to ag thw
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Colligative Properties of Solutions

Osmotic pressure
+ Osmotic pressure is determined by fheTtotalrnumber of

fparticlesiinithersolution, regardiess of chemical nature
cp>*@Van’t Hoff recognized a proportionality between .osmoti¢
pressure concentration and temperature and suggested a

relationship that corresponds to @n ideal gas?)

@v=nRT = Van’t Hoff equation: f@@
91? Osmotic pressure in atmespheres

c: fAglagit of solytion

R: Gas constsant (0.082 L.atm/mol.deg)

T: Absolute temperature
AN r,:i&b.a g )_\_e "} = AD\

"o',\}\a?)-’ 2

Colligative Properties of Solutions
Osmotic pressure

k’/f orsé and others have shown that when the concetration

is expressed in molality § @ than in molarity, the results
compare more nearly with the experimental findings:

Morse equation: _1_t_=@®@

7t: Osmotic pressure in atmospheres

nolalif§ of solution
R: Gas constsant (0.082 L.atm/mol.deg)
T: Absolute temperature
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Colligative Properties of Solutions
Osmofi.gv Jpressure: Example

One gram of sucrose, molecular weight 342, is dissolved in(1000 gn®
of solution at 25° C. What is the osmotic pressure in the solution?

Answer

Number of moles of sucrose = W/M.wt = 1/342 = 0.0029 med
Molality = number of molcs/]\s_g_ = 0.0029@ =2.9x103m
n=mRT

T=273+25 =298 K

1= 2.9%103x0.082x298 = 7.08x10-2 atm

Molecular weight determination

Determination of molecular weight by boiling point
elevation TP

R A'l: e lO(X)Wz
AT, = m m= x 1000 = _H-'_|M_:

W soluke

"w = i'-i.u Eo\ukd) |eco 2
W'So\\la — jqe0 ""L"J'P

1000w 1000w»
<:::>= K - _ AT, = K, =
¥ Wwi1AT, P M

= WM

g

Lo, Clic
So\ou"

W, = weight of solute, W, = weight of solvent, M, = molecular weight of solute <z as CS'):} )

Rg=\"
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Molecular weight determination

EXAMPLE5-15
Determination of the Mojgcllu_\ldghw by Boiling
Point Elevation

A solution containing 10.0 g of sucrose dissolved in | g of water
has a boiling point of 100.149°C. What is the molecular weight of

sucrose? We write

1000 % 10.0
Mz = 0.51 X 150 % 0.149
= 342 g/mole
BT, = Fy -
ATlvz Klv 7 \AJ;_/H.N 4 |6
W, ";‘
H.\\) = bH.)xslo .
o-144 \6o\4q4 —loo = @-§! % '°/“”“£‘?Zu'—‘f
\eo—
O . ‘l‘q = 6' 4L Lo
MO = 3(49&/A Y]

f// Molecular weight determination

« Determination of molecular weight by

freezing point depression
1000w» \‘DSB“ UQC—‘)B

fr = K
Mz = R A Tow, <S>

EXAMPLE 5-16 D¥fppRi e

Calculating Molecular Weight Using Freezing

Point Depression

The freezing point depression of a salution of 2.000 g of 1,3-
dinitrabenzene in 100.0 g of benzene was determined by the equilib-
rium method and was found to be 0.6095°C. Calculate the molecular
weight of 1,3-dinitrobenzene. We write

My =35.12 X 6% = 168.0 g/mole
AT; = K‘ F %
i 2-000
oo 04095785 = 5.2 2 MW jsee
|
0 0405 B2 + 20 My o 168a/d
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